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Applied Environmental Microbiology
AEM 001
Antimicrobial Resistance Pattern of Bacteria Isolated from Laboratory Workers’ White Coats of
Princess Nourah bint Abdulrahman University in KSA
F AL-JUAIB, Biology Department, Faculty of Science, Princess Nourah Bint Abdulrahman University,
Riyadh, Saudi Arabia, G AL-HARBI1, J AL-ABDULLH1, S QALAM1, W AL-ENAZI 1, A AL-TURAIQI1,
A AL-GAMMASHI1, A AL-MUTAIRI1, E EBRAHIM1, Kawther AABED1, 1Biology Department, Faculty
of Science, Princess Nourah Bint Abdulrahman University, Riyadh, Saudi Arabia
White coats are becoming potential spread agents of medicine-resistant organisms. This study is led to define
the level and species of microbial contamination existent on the white coats of laboratory workers (LabWs).
Also, this study investigates the antibiotic sensitivity pattern among those common bacterial isolates. A total
of 64 isolates of bacteria were isolated from 74 white coats of laboratory workers at Princess Nourah bint
Abdulrahman University (PNU) in Riyadh during November 2017. All isolates were examined for
antimicrobial resistance using the disc diffusion method.Of the 74 white coats screened, 46 (62.2%) were
contaminated with bacteria. From 64 total bacterial isolates, the results determined 15 isolates (23.4%) were
gram-negative bacteria (GNB) while 49 isolates (76.7%) were gram-positive bacteria (GPB). The results
further showed that Staphylococcus hominis contamination had the highest isolation frequency (23.3%),
followed by Acinetobacter baumannii (18.8%), and Staphylococcus epidermidis (15.6%). Also, kocuria
kristinae, Staphylococcus xylosus, and Leuconostoc mesenteroides had isolation frequencies 14.1%, 12.5%,
and 10.9%, respectively, whereas Serratia odorifera, Pantoea spp., Staphylococcus pseudintermedius,
Staphylococcus parasanguinis, and Staphylococcus lentus had the least isolation frequencies of 3.1% each.
The antibiotic sensitivity tests showed that the bacterial isolates were resistant to some of the
antibiotics. Staphylococcus epidermidis and Acinetobacter baumannii had the highest resistance to most of
the antibiotics evaluated. Therefore, this study shows that white coats are considered as a source of
laboratories bacterial communities that act as resistance to antibiotics.
Keywords: Antimicrobial resistance, laboratory workers, white coats, PNU, Saudi Arabia.

_________________________________________________________________________________________________________
68th Annual Conference of the Canadian Society of Microbiologists
University of Manitoba, Winnipeg, Manitoba
June 18th – June 21st, 2018
1

AEM 002
Mitogenomics of the ophiostomatoid fungi
Talal George ABBOUD, University of Manitoba, A ZUBAER 1, A WAI1, G HAUSNER1, 1University of
Manitoba
Many members of the genus Ophiostoma are known as blue-stain fungi that stain sap wood that causes the
timber to be downgraded and it limits the marketing of the stained lumber. In addition, some Ophiostoma
species are tree pathogens, such as members of the Ophiostoma ulmi complex that can cause Dutch Elm
disease. Ophiostoma novo-ulmi is the causal agents of the current Dutch elm disease pandemic in Europe and
North America. The complete mitochondrial genome (mtDNA) of Ophiostoma novo-ulmi subsp. novo-ulmi,
the European component of O. novo-ulmi, has been sequenced and annotated. DNA samples were generated
from various species of Ophiostoma and analyzed at the McGill University and Génome Québec Innovation
Centre (McGill University, Quebec, Canada) via shotgun Illumina sequencing using the MiSeq platform. The
DNA preparations were pooled as follows: a set of 20 samples and DNA samples were individually barcoded
and thereafter pooled and sequenced. Average size reads were 250 bps and average quality was 35 and
quality offset was 33. The paired-end reads were trimmed to remove the barcodes/adaptor sequences and
assembled de novo into contigs and scaffolds with the A5-miseq pipeline (McGill University and Génome
Québec Innovation Centre; Canadian Center for Computational Genomics (C3G). Large scaffolds (> 20 kb)
were recovered and analyzed further by utilizing BLAST searches against the NCBI non-redundant database.
For O. novo-ulmi subsp. novo-ulmi one scaffold (scaffold 3: at 65 095 bp) contained the mitochondrial
sequence. The sequence was annotated with the aid of MFannot, RNAweasel and Artemis. Gene order
(synteny) among the currently available members of the Ophiostomatales was examined and it appears to be
conserved and mtDNA size variability among the Ophiostomatales in part is due the presence of introns and
their encoded open reading frames. Phylogenetic analysis of concatenated mitochondrial protein-coding
genes yielded phylogenetic estimates for various members of the Ophiostomatales with strong statistical
support showing that mtDNA analysis may provide valuable insights into the evolution of the
Ophiostomatales. The Ophiostomatales are a large group of fungi that historically have been difficult to
circumscribe into genera thus mtDNA offers new characters that can be applied towards resolving taxonomic
issues. This Order includes fungi with diverse life-histories including human and plant pathogens and bluestain fungi found on a wide range of host plants in associated with various bark beetles. In addition it has
been suggested that mitochondrial instabilities may influence the fitness of plant pathogens and thus trigger
hypovirulence, therefore, there is relevance of for studying mtDNA features with regards to studying tree
pathogens.
AEM 003
Creating a GFP labelled Agrobacterium strain as a tool to capture mobile ciprofloxacin resistance
plasmids from human impacted environments
Zainab AHMEDSEIDI, University of Regina, C.K. YOST1, 1University of Regina
The spread of antibiotic resistance genes in the environment has become a worldwide concern in recent
years. Horizontal gene transfer (HGT) is a process that can facilitate the spread of antibiotic resistance genes
(ARGs) among bacterial communities. Often, ARGs are carried on mobile genetic elements (MGEs) such as
plasmids which are able to transfer those genes among bacterial species via conjugation. Monitoring the
transfer rate of ARGs using a defined recipient strain in conjugation experiments can provide further insight
into environmental factors that can impact the abundance of mobile ARG plasmids, in managed
environments. Ciprofloxacin is broad spectrum quinolone that is important to treat a variety of Gram-positive
and Gram-negative infections. We used a plasmid free strain of Agrobacterium tumerfaciens to capture ARG
plasmids that can replicate within alphaproteobacterial pathogens. The transposon harboured on pTGN (Tang
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et al., 1999) was used to integrate a gfp gene into the UBAPF2 genome. Integration of a gfp marker was
necessary to distinguish ARG plasmid carrying UBAPF2 from background cells that were resistant to
multiple antibiotics. The location of transposon insertion was determined using Thermal Asymmetric
Interlaced PCR and the transposon inserted in the gene prtR, which codes for a predicted anti-sigma factor.
Disruption of the gene did not impact the conjugation abilities of the strain. To test the utility of the strain for
measuring transfer rates and capturing ARG mobilizable plasmids we first focused on wastewater
environments. The bacterial community within the primary influent from a local wastewater treatment
facility was used in a conjugation experiment with the UBAPF2-gfp strain to trap ciprofloxacin resistance
plasmids. The conjugation frequency was calculated per recipient cell and determined to be 4x10-1. One of
the trapped plasmids selected for further characterization via Sanger DNA sequencing of
subcloned AluI fragments. One of the subcloned fragments carried a portion of the qnrDgene which codes for
ciprofloxacin resistance, other subcloned fragments contained sequences coding for several hypothetical
proteins linked to plasmids from a variety of bacterial strains from alphaproteobacteria such
as Ochrobactrum anthropic and gammaproteobacteria such as Proteus mirabilis. Further subcloning and
DNA sequencing is necessary to identify the replication genes and assign the plasmid to an incompatibility
family.
AEM 004
Bacterial communities associated with the surface of fresh matured treated and untreated sweet bell
pepper (Capsicum annuum)
Olayinka AIYEGORO, Agricultural Research Council- Animal Production, TP MAMPHOGORO1, M
MABOKO2, C KAMUTANDO3, 1Agricultural Research Council- Animal Production, 2Agriculture Research
Council-Vegetable and Ornamental Plants, 3University of Pretoria, Centre for Microbial Ecology and
Genomics
Fresh produce including bell pepper can harbour large and diverse populations of bacteria, therefore,
understanding the ecology of microbes associated with pepper is of economical importance. However, most
of the work on produce-associated bacteria have focused on a relatively small number of pathogenic bacteria,
and as a result, we know far less about the diversity and composition of those bacterial communities found on
produce and how the structure of these communities varies: habitats, treatments and sample types. The
bacterial diversity within the surface of mature green and red stage sweet bell pepper [N=80; 2 growing
conditions (hydroponic and open soil) x 2 treatments (treated and untreated) x 20 replicates] were
characterized by high-throughput sequencing of 16S rRNA gene amplicons. High-throughput sequencing of
16S rRNA gene amplicons from 80 samples revealed that Proteobacteria, Firmicutes, Actinobacteria and
Bacteroidetes were the most abundantly represented phyla equally dominated in habitats, sample type and
treatments. Although microbial communities within the peppers from soil and hydroponic were highly
variable, very few “species” (OTUs defined at a 97% identity cut-off) were shared between hydroponic and
soil habitats samples, green and red samples, treated and untreated samples. At the genus level, Arthrobacter,
Bacillus, Burkholderia, Curtobacterium, Enterococcus, Flavobacterium, Lactobacillus, Methylobacterium,
Microbacterium, Novosphingobium, Pseudomonas, Sphingomonas and Weissella, suggesting that these
genera form ‘core' bacterial community on pepper surface, of which all of them are known to contain strains
with plant growth promoting abilities, and act as antagonists against plant pathogens.
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AEM 005
Identifying genes associated with the cmd operon which are important for cell envelope function
in Rhizobium leguminosarum
Mir AKTER, University of Regina, B.J. PERRY2, K.D. NEUDORF1, C.K. YOST1, 1University of
Regina, 2University of Otago
The cell envelope of rhizobial species is complex and known to be important for establishing the symbiotic
association with their host and for helping the cell adapt to stressful conditions in the rhizosphere. Rhizobium
leguminosarum forms a symbiotic association with important leguminous plants such as peas and lentils. A
previously uncharacterized four gene operon, cmdA-D(RL3449-RL3502) in Rhizobium
leguminosarum bv. viciae 3841 has been shown to be essential for proper cell envelope function. Mutation in
this operon results in defective cell envelopes and an increased sensitivity to detergents, hydrophobic
antibiotics and alkaline pH. Another specific characteristic observed in the cmd operon mutants is an inability
of Rhizobium leguminosarumto grow on peptide-rich complex media (TY). Strains that suppress the lack of
TY growth can be isolated from the cmd operon mutants, at low frequencies. A suppressor, able to grow on
TY, in a cmd mutant in non-polar RL3500 (cmdB) mutant background was selected for further
characterization. The RNA Seq of both cmdB mutant and its respective suppressor mutant revealed 20 genes
which are upregulated in the suppressor strain compared to cmdB mutant. Insertion Sequencing (InSeq), a
high-throughput genetic screening technique has been used to simultaneously identify the suppressor locus
and to identify condition lethal genes in the suppressor mutant background. InSeq depends on sequencing
thousands of unique insertion sites from a mutant pool which is created saturating a whole genome using a
mariner based MmeI adapted transposon. Using this approach and selection on TY media, gene RL4066 was
found to be non-essential in a wild-type background but essential in the suppressor mutant which needs
further investigation. Previously, a single nucleotide polymorphism (SNP) was found in the promoter of the
same gene in the suppressor strain. The Insertion sequencing data not only reveals the putative suppressor
locus but also other genes which are connected to the function of the cmd operon.
AEM 006
The Clostridium difficile surface layer protein A (SlpA) serves as a general receptor for bacteriophage
infection
Marie-Maude ALLEN, Université de Sherbrooke, M OSPINA-BEDOYA1, J KIRK2, R FAGAN2, G
GOVONI3, LC FORTIER1, 1Université de Sherbrooke, 2University of Sheffield, 3AvidBiotics Corp.
Clostridium difficile (CD) is responsible for severe intestinal infections in humans and animals, and is
currently one of the most life-threatening nosocomial pathogen. Several bacteriophages (phages) can
infect CD and most of them generally infect only a few strains, suggesting a narrow host range. The ribotype
027 epidemic strain R20291 is known to be susceptible to infection by Siphoviridae phages, i.e. phages with
non-contractile tails. A recent study has shown that the surface layer protein A (SlpA) at the surface of CD
cells serves as a receptor for phage tail-like bacteriocins (Avidocin-CD). R20291 mutant cells lacking slpA
were shown to be resistant to Avidocin-CD. Data available strongly suggested that Myoviridae phages
(phages with contractile tails) could also use SlpA as their receptor, but whether SlpA is also required for
infection by Siphoviridae phages (phages with non-contractile tails) was unknown. Using a
R20291 slpA mutant, we show that the lack of SlpA at the cell surface confers resistance to infection by
phiCD38-2, phiCD111 and phiCD146, three phages of the Siphoviridae family. Thirteen different SlpA types
have been described, including type 4 from the R20291 strain. Complementation of the slpA mutant with the
wildtype slpA type 4 allele restored susceptibility to infection by the three siphophages, demonstrating the
requirement for SlpA in the process. Interestingly, complementation with alleles 8, 9, 11 and 13 also restored
susceptibility to infection by the three phages, suggesting that they can use more than one SlpA type to infect
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their host. Of note, complementation with alleles 1, 10, and 12 also conferred susceptibility to infection by
the Myoviridae phages phiMMP04, phiCD508, and phiCD506, respectively. These phages normally do not
infect the R20291 wildtype strain. Our results demonstrate that SlpA is used by
both Siphoviridae and Myoviridae phages to infect CD, and that certain phages can use more than one SlpA
type to infect their host. Our data so far also suggest thatSiphoviridae and Myoviridaephages use different
non-overlapping SlpA types as their receptor. Further research will be necessary to characterize the
molecular interaction between different phages and SlpA proteins.
AEM 007
Control of Salmonella Newport on Cherry tomato using a cocktail of lytic bacteriophages and studying
the virulence fitness of the developed resistant mutants
Hany ANANY, Agriculture and Agri-Food Canada, N.K. EL-DOUGDOUG2, S. CUCIC2,
A.G.ABDELHAMID2,M.W. GRIFFITHS2, 1Agriculture and Agri-Food Canada, 2University of Guelph
Bacteriophages have been envisioned as tools to control a variety of foodborne pathogenic bacteria.
Salmonella is a global foodborne pathogen that is a threat for public health around the world. Hence, the
objective of this work was to identify and characterize different lytic bacteriophages against Salmonella
Newport and apply these phages to enhance the safety of cherry tomato. Four lytic phages against Salmonella
Newport were selected from 15 isolated phages based on their ability to efficiently lyse the majority of the
twenty six screened Salmonella serovars. The selected phages belong to the families Myoviridae
(vB_SnwM_CGG4-1, vB_SnwM_CGG4-2) and Siphoviridae (vB_SnwM_CGG3-1, vB_SnwM_CGG3-2).
The selected phages were found to be stable at various temperature and pH conditions. In addition, the two
myoviruses showed low frequency of developing bacteriophage insensitive mutants. The virulence gene
expression in the developed bacteriophage insensitive mutants of S. Newport was compared to the parental
phage sensitive strain using RT-PCR and revealed no significant change in these mutants. The four selected
phages have latent periods ranging from 53 to 65 minutes, and burst sizes ranging from 92 to 177.
vB_SnwM_CGG4-1 genome was sequenced and revealed a linear dsDNA genome 159,878 base pairs in
length. Genome analysis of this particular phage has demonstrated no indication of lysogenic and/or
virulence genes presence. CGG4-1 genome has a 43% GC content and contains 263 genes, including three
tRNA encoding genes. Based on the genome annotation and similarity, CGG4-1 phage can be considered as
a new member of the S16virus genus in Tevenvirinae subfamily. A cocktail of the phages was exploited for
biocontrol of S. Newport in broth medium and on artificially contaminated cherry tomato. Complete
inhibition of the bacterial growth was observed at 25 °C for 24 h using a phage cocktail in broth medium. In
addition, a 4.5 log unit reduction in the bacterial count was observed when applying the phage cocktail on
contaminated tomato stored at 25°C for 3 days. These findings suggest that the isolated phages can be used
for biocontrol of Salmonella Newport to enhance the food safety.
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AEM 010
Exploring the Biosynthetic Potential of Lichen Fungi
Robert BERTRAND, University of Manitoba, M ABDEL-HAMEED1, JL SORENSEN1, 1University of
Manitoba
Lichens are symbionts of fungi and algae that produce diverse bioactive molecules. Little is known as to
how lichens biosynthesize these metabolites. Cladonia uncialis, a Manitoba lichen, produces an antimicrobial
and antiprotozoal molecule named usnic acid. Our objectives were to identify the genes responsible for usnic
acid biosynthesis in Cladonia uncialis and demonstrate functional heterologous expression of usnic acid
genes with de novo production of this metabolite within a fungal host. The genome of the fungal partner of C.
uncialis was de novo sequenced and assembled using an Illumina platform. AntiSMASH (V. 4.0) was used
to identify putative natural product gene clusters. A genetically modified strain of Aspergillus
oryzae (NSAR1) was chosen to heterologously express putative usnic acid genes. Genome sequencing of C.
uncialis fungal partner revealed up to 48 gene clusters plausibly related to natural product biosynthesis. A
deductive approach was used to identify the usnic acid gene cluster based on its chemical structure and
isotope labeling experiments. Transformation of these genes in A. oryzae revealed heterologous transcription
of usnic acid biosynthetic genes including intron removal in A. oryzae. However, de novo usnic acid
production in A. oryzae has not yet been observed. Using a ‘homology mapping’ approach we can propose
functions for some of the 48 gene clusters identified in C. uncialis. The discovery of these many gene
clusters in C. uncialis suggests that the potential of this lichen to produce secondary metabolites far exceeds
the number of metabolites known to be produced by C. uncialis. These results suggest that lichens are a rich
but poorly explored source of bioactive secondary metabolites. Our latest efforts to functionally express the
usnic acid gene cluster within A. oryzae will be reported.
AEM 011
A complex community of viruses and virophages infect the alga C. parva
Jenna BLACK, University of Toronto Mississauga, J.M.A. STOUGH1, S.W. WILHELM1,
S.M.SHORT1, 1University of Toronto Mississauga
In this study, we characterized the genome sequence of Lake Ontario viruses which infect the freshwater
alga Chrysochromulina parva. Genomic DNA from C. parva culture lysates was sequenced resulting in 26
M paired-end reads that were assembled into > 15,000 contigs. Initial analyses led to the assembly of a 437
kb genome encoding 503 ORFs with a GC content of 25 %. Phylogenetic analysis of core functional genes
confirmed that this genome represents a nucleocytoplasmic large DNA virus (NCLDV). More specifically,
several genes clustered amongst an emerging group of algae-infecting Mimiviruses informally referred to as
the “extended Mimiviridae”, making it the first to be isolated from freshwater ecosystems. Surprisingly, this
genome’s polB, a core NCLDV gene, did not match the polB amplified from the original C. parva virus
isolates suggesting that more than one type of virus infects this alga. Additionally, sequence assembly also
revealed the existence of at least three virophages (sub-viral agents that parasitize other viruses) with
genomes of ~ 22 kb that may “infect” and exploit the activity of CpV. The virophage genomes encode many
of the currently described virophage core genes, as well as several genes implicated in genetic modification.
To verify the presence of virophages and the two types of viruses in lysates generated by infection of C.
parva cultures, we designed PCR primer sets to specifically target conserved algal virus and virophage genes.
Both types of viruses were detected in some lysate samples but not all. All virophage genes tested were
detected in the lysates, but not genomic material from naïve C. parva cultures indicating that these
virophages are not integrated into their host genomes as is known for some. Altogether, our research has
demonstrated that some freshwater algae are parasitized by a complex consortium of viral and sub-viral
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agents that interact in ways yet to be discovered, and going forward, the dynamics of these two types of algal
viruses and their virophages will be explored using quantitative techniques.
AEM 012
CR-10, A Safe Novel Tool for the Control of Phytopathogenic Fungi and Superbugs
VRR VELAZQUEZ-ROBLEDO , QuímicaInternacionalAplicada S.A. de C.V Lab, OM OULÉ2, ELOR
ESCALANTE-LÓPEZ 1, PLK PARRA-LEÓN1, Éric BOUCHARD2, DM DICKAMAN 2, 1Química
InternacionalAplicada S.A. de C.V Lab, 2Collège universitaire de Saint-Boniface
The frequent use of the same antimicrobial agent or of chemically-related substances tends to generate
resistance in microorganisms, thus causing serious phytosanitary and public health problems. Options that are
effective but harmless for human and animal health and agro-ecosystem friendly are required. CR-10, an
odorless and colorless antimicrobial based on plant extracts and guanidine-based polymers, was investigated
in this study as an alternative for its microbicidal properties and for its inoffensive and non-toxic properties
on human tissues. The fungicidal properties of 0.08% CR-10-disinfectant against phytopathogenic fungi; its
bactericidal properties against Gram-negative and Gram-positive bacteria and its effects on human tissues,
were assessed. CR-10 destroyed the conidia of four fungi including Sclerotinia
sclerotiorum, Colletotrichumspp, Rhizoctonia solani, Alternaria solani and Botrytis cinerea; inhibited the
development of macro and microconidia of Fusarium oxysporum and delayed the development of Sclerotium
rolfsii after 120 h of incubation. It killed Gram-positive and Gram-negative bacteria after 2 minutes of
contact but had no effect on bacterial spores. Cell-cultures showed that CR-10 had virtually no effect on all
cell types, destroying only 20% of the cells, while well-known and marketed antimicrobial products have
killed 100% of the cells. This study showed that CR-10 has fungicidal or fungistatic properties; bactericidal
properties and has virtually no effect on human cells. Therefore, CR-10 has a potential application in the
agricultural sector for the control of fungal diseases; can be used for hospital, food service and household
facilities disinfection and as anantiseptic.
AEM 013
Detection and molecular characterisation of E. coli O26 from cattle faecal samples in the North-West
Province of South Africa
Emmanuel Wihkochombom BUMUNANG, Agriculture and Agri-Food Canada, Lethbridge Research
Centre, TA MCALLISTER1, K STANDFORD1, YD NIU2, A KURMAR3, CN ATEBA 3, 1Agriculture and
Agri-Food Canada, Lethbridge Research Centre, 2University of Calgary, 3North-West University, Mafikeng
Campus
Shiga toxigenic Escherichia coli, and particularly strains belonging to the serogroup O26 are considered to be
an emerging pathotype and are often associated with infections in humans due to consumption of
contaminated food products and water. Contamination of fresh produce, rivers and borehole water is mostly
as a result of contamination with faeces from cattle. This study isolated and characterized Escherichia coli
O26 strains from cattle farms in the North-West Province of South Africa. A total of six hundred faecal
samples were collected from February 2015 to March 2017 from four cattle farms (two beef and dairy). E.
coli was isolated using sorbitol-MacConkey agar. Four hundred and fifty isolates were confirmed as E. coli
using primers for E. coli uidA. Of these, seven isolates were positive for the O26 serogroup based on PCR
amplification of the wzx-wzy region.. Of the seven isolates, five were obtained from beef cattle and two from
dairy cattle in the Rooigrond region. All five isolates from beef were positive for eae, hly, stx1 and stx2,
meanwhile two isolates from dairy were positive only for hly and stx2. Out of six antimicrobial genes tested,
five isolates from beef cattle and none from dairy cattle were resistant to tetracycline, ampicillin or
sulfhonamide. Antimicrobial resistance genes analysis corroborated susceptibility tests. These findings are of
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great importance considering the fact that E. coli O26 serogroup has been overlooked in the area of study
coupled with the fact that resistance and toxic genes can be transferred to other microorganisms in the animal
gut, humans and the environment, posing a threat to the food and medical industry.
AEM 014
Isolation, characterization, and genomic study of a bacterial strain isolated from TPH and PAH
polluted soil
Ilaria CHICCA, University of Pisa, LCS LA CHINA2, BS BECARELLI1, SG SIRACUSA1, DGS DI
GREGORIO 1, LD LEVIN3, 1Department of Biology, University of Pisa, 2Department of Life
Sciences,University of Modena and Reggio Emilia, 3University of Manitoba
In Europe, the pollution of soils and sediments is due mostly (53%) to the presence of Total Petroleum
Hydrocarbon (TPH) products, such as Polycyclic Aromatic Hydrocarbons (PAH), and mixtures of benzene,
toluene, ethylbenzene, and xylene (BTEX) from petroleum refining processes and accidental oil
spills.Because of their hydrophobic and aromatic structure, biodegradation of aromatic hydrocarbons (PAHs
and BTEX) is slow, and often inhibited, because of the low bioavailablity in aqueous environments and of
the stability of aromatic ring structures. For these reasons, hydrocarbon contaminants are widespread in the
environment, in the other hand, the high concentrations of these pollutants has resulted in the natural
selection of microorganisms able to degrade them. This study was conducted to isolate bacteria that can
efficiently degrade TPH compounds in contaminated soils. Soil samples were collected from a former
petroleum refinery in Triste, Italy. Microorganisms were isolated through selective pressure using bitumen
(1%), diesel oil (1%), pyrene (500 ppm), dibenzothiophene (500 ppm), and anthracene (200 ppm) as sole
carbon sources and finally a growth curve experiment was performed in presence of 2% of BTEX as sole
carbon source. The best candidate, identified as a Pseudomonas putida, was been chosen for genome
sequencing. The sequencing was performed using Illumina Hiseq with paired-end libraries. FastQC and
Trimmomatic were used to trim and to filter-out low-quality sequences. The assembly was performed using
the two assemblers, SPAdes and Abyss, exploiting the shred libraries approach, and the GapFiller tool was
used to resolve the gaps as possible. The gene prediction was carried out using Prodigal for the identification
of coding regions (CDS), obtaining the amino acid sequences. The sequences were aligned against databases
as Uniprot, TrEMBL, Pfam, Tigrfam, InterPro, and the protein functions were predicted using Gene
Onthology. The tools used were Blast 2.5.0, HMMer, and Blast2go 4.1. BlastKoala was used to annotate
proteins in Kegg Orthology (KO) term. tRNAscaSE 1.3.1 was used to find tRNAs. Circos was used to
visualize the genome. The pathways involved in BTEX degradation were annotated using BioLegato Birch
3.50D. From the genomic analysis the genome size was 5.89 Mbp, with 72 contigs. The largest contig was
849 Kbp. The N50 and L50 indices were 262 Kbp and 8, respectively. 87.5% of CDS were annotated using
Pfam; 50.6% using KEGG; 32.6% using GO. The pathways of interest were annotated and all of them were
almost complete. The genome analyses revealed a large number of genes involved in biodegradation of
hydrocarbons, and the novel strain of P. putida demonstrated very good ability to grow in presence of
different hydrocarbon compounds. Thus, the genome content of this strain and its hydrocarbon degradation
capabilities suggest it has potential as a strain useful for bioremediation of hydrocarbon contamination in the
field.

_________________________________________________________________________________________________________
68th Annual Conference of the Canadian Society of Microbiologists
University of Manitoba, Winnipeg, Manitoba
June 18th – June 21st, 2018
8

AEM 015
Biodegradation of crude petroleum oil by lipase producing fungi isolated from olive oil mill effluent
site
Ukaeje CONFIDENCE, Cyprus International University, M.A ABDUELBASET0, 1Cyprus International
University
Soil pollution by petroleum hydrocarbons is one of the global environmental problems. Vast contamination
of the environment by hydrocarbons can be attributed to the high transportation and utilization of petroleum
oil and its product around the world. The soil sample was collected from olive oil mill effluent site at Lapta,
Turkish Republic of North Cyprus. Thirty-five isolates belonging to 11 genera were purified and three
isolates, as well as their consortium, were found to be able to grow in association with petroleum oil as the
sole source of carbon under invitro conditions. The isolated strains were identified based on internal
transcribed spacer (ITS) rDNA sequence analysis. The fungal strains with the greatest potentiality to degrade
diesel oil, without developing antagonistic activity, were identified as Aspergillus niger,
Penicillium ochrochloron, and Trichoderma Viride. As compared to the controls, these fungi accumulated
significantly higher biomass produced extracellular enzymes and degraded petroleum oil. Observations with
GC–MS data confirm that these isolates displayed rapid petroleum oil bioremoval.
AEM 016
Hurdles to Characterizing the Microbial Community in Oligotrophic Bentonite Clay
Spencer CROOK, Ryerson University, O KROUKAMP1, M HAUSNER1, G WOLFAARDT1, 1Ryerson
University
Extreme environments present unique hurdles to microbiologists. One such example of an extreme
environment is bentonite clay. This natural material will serve as an environmental barrier to spent nuclear
fuel in a proposed Deep Geologic Repository (DGR). Bentonite has been well characterized both physically
and chemically. However, the oligotrophic nature of bentonite, along with the complex physical structure of
the clay matrix have presented major hurdles in characterizing the native microbial community, especially
through the use of molecular tools. Past studies have attempted to identify relevant organisms which may
affect the proposed DGR design. However, these studies were primarily reliant on culture-based techniques.
The mechanism through which the clay matrix inhibits DNA extraction was investigated through the use of
DNA binding and recovery curves using dsDNA specific probes, spectrophotometry. Using this information,
optimized DNA extraction protocols were developed to increase DNA recovery. The microbial community
was investigated using both culture, and molecular-based techniques. As well, metabolic processes relevant
to the planned DGR were investigated using bentonite enrichments in sealed microcosms. When conditions
which are sufficiently favorable for microbial growth exist, microbially driven metabolic processes appear to
occur which could potentially affect the proposed DGR design. This research underlines the importance of
developing techniques which allow for accurate detection and characterization of microbes present in clays
and other extreme environments.
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AEM 019
Redefinition and unification of the SXT/R391 family of integrative and conjugative elements
Romain DURAND, Université de Sherbrooke, AB BIOTEAU1, VB BURRUS1, 1Université de Sherbrooke
Integrative and conjugative elements (ICEs) of the SXT/R391 family are key drivers of the spread of
antibiotic resistance in Vibrio cholerae, the infectious agent of cholera, and other pathogenic bacteria. The
SXT/R391 family of ICEs was defined based on the conservation of a core set of 52 genes and site-specific
integration into the 5’ end of the chromosomal gene prfC. Hence, the integrase gene int has been intensively
used as a marker to detect SXT/R391 ICEs in clinical isolates. ICEs sharing most core genes but differing by
their integration site and integrase gene have been recently reported and excluded from the SXT/R391
family. Here we explored the prevalence and diversity of atypical ICEs in Genbank databases and their
relationship with typical SXT/R391 ICEs. We found atypical ICEs in V. cholerae isolates that predate the
emergence and expansion in the mid-1980s of typical SXT/R391 ICEs in seventh pandemic toxigenic V.
cholerae O1 and O139. Our analyses revealed that while atypical ICEs are not associated with antibiotic
resistance genes, they often carry cation efflux pumps suggesting heavy metal resistance. Atypical ICEs
constitute a polyphyletic group likely because of occasional recombination events with typical ICEs.
Furthermore, while the genes involved in integration and excision are replaced in atypical ICEs, they remain
under the control of SetCD, the main activator of the conjugative functions of SXT/R391 ICEs. Together
these observations indicate that substitution of the integration/excision module and change of specificity of
integration do not preclude atypical ICEs from inclusion into the SXT/R391 family.
AEM 021
Analysis of microbial community composition on bird feeders for wildlife management
Madison ELLIS, Thompson Rivers University, EM BOTTOS1, BM MCAMMOND1, MW REUDINK1, JD
VAN HAMME1, 1Thompson Rivers University
Providing supplementary food for wild avian communities can have positive impacts on the fitness of various
bird species, however bird feeders may also play both an indirect and direct role in the transmission of avian
pathogens. Studies have found an association between feeding ecology and mortality in wild birds caused
by Salmonella typhimurium and Escherichia coli. The goal of this study was to characterize microbial
communities on bird feeder surfaces and identify potential risks associated with supplementary feeding,
including bird feeder design and location, that may contribute to the exposure and spread of avian pathogens.
Surface swabs from fifteen bird feeders were collected in Kamloops, BC between October and November of
2017. Total community DNA was extracted from all samples and 16S rRNA gene amplicon libraries were
prepared and sequenced on the Ion S5 XL platform. The resulting data enabled the detection of potential
pathogens (S. typhimurium and E. coli), as well as inferences to whether aspects of bird feeder design may
influence community composition and contribute to the spread of infectious agents. Non-metric
multidimensional scaling based on Bray-Curtis dissimilarity between samples showed community
composition varied with respect to feeder design and construction material. No significant differences in
pathogen abundance were observed with bird feeder design or construction material; however, abundance of
an OTU closely related to E. coli was significantly correlated with feeder elevation (p-value 0.03). Sampling
in the fall of 2018 is planned to further investigate these geographic trends. Overall, the results of this study
suggest that swabbing bird feeders is an effective means to assess the bacterial communities present on bird
feeders and to screen for the presence of pathogenic bacteria. Moreover, this study provides a novel
methodology that will enable future environmental DNA and avian population research.
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AEM 022
Screening fungi for antimicrobial compounds
A. KURDI, University of Manitoba, Raelene ENGELBERG1, A. DANIELSON1, S. SHAHHAT1, K.
DUAN1, M. SINGH1, G. HAUSNER1, A. KUMAR1, 1University of Manitoba
Antibiotic resistance in bacteria is considered to be the biggest risk to human health in the 21st century,
threatening our ability to treat infections. Among Gram-negative bacterial species, Acinetobacter
baumannii and Pseudomonas aeruginosa have been identified by the WHO as the top two ‘critical’
pathogens against which new antibiotics are urgently needed. While, among Gram-positive pathogens,
methicillin resistant Staphylococcus aureus (MRSA)remains a problematic organism in clinical as well as
community settings. The purpose of this study is to study fungi isolated from various locations in Manitoba
to assess their potential to antagonize the growth of MRSA, P. aeruginosa, and A. baumannii. Fungi were
isolated from compost material (house hold waste, animal waste, leave litter, and composts including various
combinations of plant debris, worm castings, and wood chips), agricultural and forest soils and from bark
beetle galleries. Soil/compost fungi were isolated by plating diluted samples on Rose-Bengal Agar and
subsequently colonies were transferred on to new plates to ensure they represented pure cultures. Various
methods were applied to assay for the presence of antimicrobial compounds, such as diffusion assays
utilizing fungal agar plugs or paper disks soaked with spent media from fungal broth cultures. In addition, a
high throughput methodology was developed for screening larger number of sample simultaneously. Here we
present a system based on an efflux-sensitized strain of P. aeruginosa (lacking five different efflux pumps) in
order to allow for the discovery of novel antibiotics that would otherwise be missed due the activity of efflux
pumps. In this study an efflux-sensitive reported strain has been generated that expresses the lux operon
allowing for rapid high throughput screening by utilizing luminescence for assessing cell viability and thus
the presence of antimicrobials.
AEM 023
Effect of water distribution method on microbial quality of drinking water in three First Nation
reserves in Manitoba, Canada
Geethani ERAGODA ARACHCHILAGE, University of Manitoba, A FARENHORST1, F ZVOMUYA 1, R
MI1, 1University of Manitoba
About one-half of the homes on First Nation (FN) reserves in the Province of Manitoba, Canada, receive
piped water from a water treatment plant. Many other homes (31%) are equipped with cisterns that are filled
by a water truck. Our objective was to examine whether families in homes with cisterns receive the same
quality of drinking water as families in homes that receive piped water from the water treatment plant. For
this study, the drinking water distribution systems of three FN communities in Manitoba were examined
for Escherichia coli and total coliform counts, free and total residual chlorine concentrations, turbidity,
dissolved organic carbon content and pH. The three communities differed in being equipped with
belowground concrete cisterns, belowground fiberglass cisterns, or aboveground polyethylene cisterns stored
in insulated shelters. Results indicated that free residual chlorine concentration was significantly lower in
water samples from homes with cisterns (0 to 0.80 mg L-1) than those with piped water (0 to 3.4 mg L-1).
Across the three communities and all sampling times, total coliforms were detected in 20% of piped water
samples and 55% of cistern water samples. The frequency and severity of E. coli and total coliform
contamination were greater in drinking water samples from belowground concrete cisterns than those from
fiberglass cisterns. The level of bacterial contamination in belowground concrete cisterns was significantly
greater in May than in March and October, probably because of the inflow of microbial contaminated
rainwater or snowmelt through cracks. Community reports of monthly E. coli and total coliform detections in
2014 confirmed that the contamination of underground cisterns by total coliform and E. coli were greatest in
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late spring. Our results point to the need for drinking water boiling in homes supplied by belowground
concrete or fiberglass cisterns to reduce the risk of water-borne illnesses. We recommend replacement of
belowground cisterns with aboveground cisterns in homes where drinking water cannot be piped directly
from water treatment plants.
AEM 024
Plasmid Diversity in Wastewater Influent Revealed Through Plasmid Enriched Metagenome Analysis
Claire FREEMAN, University of Regina, R.A. KELLN1, C.K. YOST1, 1University of Regina
Bacteria can quickly adapt to new environments partially due to their ability to acquire beneficial genes
available on mobile genetic elements (MGEs), such as plasmids. For example, MGEs typically carry
nonessential genes that may offer a host cell increased fitness in specific environments, such as the ability to
access a new nutrient source, or tolerate toxic compounds. These plasmids can spread through bacterial
communities via conjugation, increasing their potential to diversify. Recent advances in next generation
DNA sequencing and bioinformatic tools have provided the opportunity to explore breadth in plasmid
diversity through a community-focused lens, rather than the traditional approach of studying specific
plasmids from a single bacterial isolate. Wastewater treatment plants (WWTPs) have been identified as hot
spots for the exchange of MGEs due to high bacterial numbers, high nutrient concentrations and fluctuating
selective pressures on bacterial fitness. To assess plasmid diversity in wastewater influent, samples were
collected from the WWTP in Regina, Saskatchewan and were cultured in triplicate in R2A broth overnight.
Plasmids were isolated from the resulting culture via alkaline lysis and subsequent CsCl density gradient
centrifugation. The density gradients yielded distinct lower (covalently closed circular DNA) and upper
(nicked circular or linear DNA) bands, which were both extracted from the centrifuge tube and sequenced on
an Illumina MiSeq, yielding a total of 6.4 million paired-end reads. Reads from upper and lower bands were
assembled into contigs using SPAdes Genome Assembler., up to a maximum of 26,211 bp. Despite the
presence of longer contiguous sequences, the largest putative circular plasmid assembled bioinformatically
was 13,365 bp. A total of 112 putative circular plasmids was detected, with an average size of 2,872 bp.
Based on classification against the NCBI plasmid database, the primary host range of the plasmid dataset
was Aeromonas spp., Acinetobacter spp., and members of Enterobacteriaceae. Twenty different plasmid
replicon groups were detected using the bioinformatic tool, PlasmidFinder. To minimize the influence of
chromosomal contamination in downstream gene detection, only lower bands were used to assess the
antimicrobial resistance gene abundance, and where the most dominant genes provided resistance to
tetracycline, quinolones, and beta-lactam antibiotics. The results from this study indicate that small, (<10,000
bp) cryptic circular elements are present in high abundance in the environmental plasmid pool relative to the
plasmids represented in the NCBI database and that many of these plasmids may persist in the plasmid pool
due to the presence of antimicrobial resistance genes.
AEM 025
Investigating the atypical central metabolism of the cellulolytic Ruminiclostridiumthermocellum:
characterization of key glycolytic enzymes and targeted metabolomics
Alan FROESE, University of Manitoba, S. DALEY1, M. TAILLEFER1, R. SPARLING1, 1University of
Manitoba
Second-generation biofuels, such as ethanol, derived from inexpensive and accessible lignocellulosic
materials, such as wheat straw or paper coffee cups, represent a carbon-friendly alternative or supplement to
traditional petroleum-based fuels. One of the most promising candidates that can simultaneously
depolymerize lignocellulose substrates and produce ethanol is Ruminiclostridium thermocellum, a
thermophilic anaerobe. Central metabolism in R. thermocellum is atypical compared to canonical organisms,
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possessing glycolytic enzymes capable of using GTP or pyrophosphate (PPi) as phosphate donors instead of
ATP. Relatively high levels of pyrophosphate and low levels of ATP have previously been observed
throughout growth, suggesting that pyrophosphate, whose cleavage can be linked to ATP production, is an
important energy metabolite in this organism. Phosphofructokinases (PFK) play an important role in the
regulation of glycolysis andR. thermocellum express three different versions, one of which (Cthe_0347) has
been found to be completely PPi-dependant. R. thermocellum does not contain a pyruvate kinase and instead
converts phosphoenolpyruvate to pyruvate through two pathways: A pyruvate phosphate dikinase (PPDK)
that simultaneously converts AMP and PPi to ATP, or a pathway that utilizes oxaloacetate and malate
intermediates and that simultaneously transfers electrons from NADH to NADPH. As the usage and
regulation of these glycolytic enzymes could have a significant effect on important metabolite levels an effort
was made to characterize the PPDK and another PFK (Cthe_0389), which were expressed in E. coli. The
generally lower Km values and higher activity found in the pyruvate-forming direction suggest a catabolic
physiological role for the PPDK, which is known to act in the anabolic direction in some organisms. The
activity was found to be enhanced up to 4-fold by ammonium. A 3-D model of PPDK was created using the
crystallized structure of PPDK from Clostridium symbiosum (68.6% sequence identity) as a base. Further
modelling and alignment were performed to compare the structures in terms of active site and regulatory
aspects, enhancing our understanding of R. thermocellum’s PPDK. The Cthe_0389 PFK, while predicted to
be PPi-dependant based on homology, was found to have significant ATP-dependant activity. To further our
understanding of R. thermocellum’s central metabolism various important intracellular metabolites were
measured throughout growth and revealed highly variable GTP levels that peaked during exponential phase,
among other observations. These intracellular metabolite measurements were then integrated with the current
knowledge of R. thermocellum’s enzymes to further develop a model for central metabolism in R.
thermocellum, increasing our understanding of this industrially-relevant biofuel-producing organism.
AEM 026
Interaction of the biocontrol agent Pseudomonas chlororaphis strain PA23 with the grazing predator A.
castellanii
Akrm GHERGAB, University of Manitoba, K BRASSINGA1, T DE KIEVIT1, 1University of Manitoba
Pseudomonas chlororaphis PA23 is a biocontrol agent that is able to protect canola against the pathogenic
fungus Sclerotinia sclerotiorum. A number of metabolites contribute to fungal antagonism including
pyrrolnitrin (PRN), phenazine (PHZ), hydrogen cyanide (HCN) and degradative enzymes. Beyond pathogen
suppression, the success of a biocontrol agent is dependent upon its ability to persist in the environment and
to avoid the threat of grazing predators, including protozoa. The focus of the current study was to investigate
whether PA23 is able to resist predation by Acanthamoeba castellanii and to define the role of antifungal
compounds in the bacterial-protozoan interaction. Through a combination of co-cultivation and chemotactic
assays, gene expression analysis, and laser confocal microscopy, the relationship between PA23 and A.
castellani was explored. Our findings revealed that the antibiotics PRN and PHZ contribute to PA23 toxicity
towards A. castellanii trophozoites, either by killing or inducing cyst formation. Chemotactic analysis
showed that A. castellanii preferentially migrated towards regulatory mutants devoid of extracellular
metabolite production, namely the gacS mutant, and two quorum-sensing deficient strain (PA23-phzR and
PA23-AHL). Moreover a PRN biosynthesis mutant (?prn) showed increased A. castellani attraction
compared to the wild type, indicating that PRN acts as a repellent. Next, we monitored how growth in the
presence of A. castellanii affects expression of genes associated with PA23 biocontrol. Co-culturing of the
two organisms led to increased expression of the antibiotic genes phzA (PHZ) and prnA(PRN), as well as two
quorum-sensing genes (phzI and phzR) that control their expression. Exoproduct analysis revealed elevated
levels of the antibiotics PRN and PHZ; however, the concentration of autoinducer signalling molecules
remained unchanged. Collectively, our results indicate that A. castellanii can sense the presence of toxic
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bacterial metabolites and through production of these molecules, PA23 is able to avoid the threat of
predation. Such findings bode well for the persistence of this biocontrol bacterium in the environment.
AEM 036
The lung microbiome and antimicrobial resistome of bovine respiratory disease mortalities
Devin HOLMAN, Agriculture and Agri-Food Canada, Lacombe Research Centre, CL KLIMA2, BJ
RALSTON3, K STANFORD3, TW ALEXANDER4, TA MCALLISTER4, 1Agriculture and Agri-Food
Canada, Lacombe Research Centre, 2Feedlot Health Management Services, 3Alberta Agriculture and
Food, 4Agriculture and Agri-Food Canada, Lethbridge Research Centre
Bovine respiratory disease (BRD) is the most significant cause of morbidity and mortality in feedlot cattle. It
is a multifactorial disease associated with several bacterial agents and is typically managed through
therapeutic or prophylactic use of antimicrobials. Because BRD-related bacteria are targets for drug
treatment, these populations are at greater risk for the development and spread of antimicrobial resistance
(AMR) determinants. Surveillance of AMR in bacteria from fatal BRD cases is necessary to ensure
continued drug efficacy. In addition, few bacterial species are exclusive to the multiple pathologies observed.
Comprehensive identification of microbial agents associated with BRD fatalities can enhance our
understanding of the range of pathogens that contribute to the disease and offer new targets for
prevention/treatment. In this study, we used shotgun metagenomic sequencing of bronchoalveolar lavage
(BAL) samples to characterize the lung microbiome of feedlot cattle mortalities. We also examined the
prevalence of AMR determinants and screened for evidence of integrative and conjugative elements (ICE).
Considerable interindividual variability was observed among cattle with Histophilus somni, Mannheimia
haemolytica, and Mycoplasma bovis abundant in most, but not all samples. Multiple species not previously
associated with BRD were also identified including those from the genera Acinetobacter, Bacteroides,
Bacillus, Clostridium, Enterococcus, Prevotella, Pyschrobacter, and Streptococcus. Additionally, Anaplasma
phagocytophilum and Babesia ovata, a bacterium and protozoan transmitted by ticks, were abundant in
several cases. There were ICE detected in over half of samples including elements previously described
in Bacteroides, Clostridium, Escherichia, Mycoplasma, Pasteurellaceae, Pseudomonas, Porphromonas,
Streptococcus, and Vibrio. AMR determinants accounted for up to 0.5% of sequences in some samples
with blaROB-1,floR, mefA, msrE, mphE, sul2, tet(A), tet(B), tet(H), tet(Q), and tet(W) most frequently
identified. These results demonstrate the wide diversity of microorganisms in the lungs of BRD mortalities. It
also highlights the presence of AMR to macrolides and tetracyclines, two drugs often used as prophylactics
in feedlots. The possible linkage of AMR determinants in these samples to previously identified ICE could
lead to rapid spread of AMR within these environments.
AEM 087
The Pollution Particulate Concentrator (PoPCon): a platform to investigate the effects of particulate
air pollutants on viral infectivity
Nicolas GROULX, University of Toronto, BU URCH1, CD DUCHAINE2, SM MUBAREKA1, JAS
SCOTT1, 1University of Toronto, 2Université de Laval
Background: Anthropogenic air pollution is ubiquitous in urban areas. Microorganisms in addition to other
biological matter comingle with particulate matter (PM) air pollutants but have rarely been considered in air
pollution research. Aerosolized microorganisms may be influenced by interactions with ambient particles in
matrices such as soil and dust. To our knowledge, the influence of PM on airborne microbes has remained
largely unexamined. In the case of microbial agents of communicable disease, such as viruses, the potential
for interactions with pollution may have public health implications. Here we describe an experimental
platform to study aerosol-aerosol interactions between PM2.5 particulate from urban air and artificially
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generated viral bioaerosol. Approach.Φ6 bacteriophage is an enveloped RNA virus used to model influenza
virus in biosafety level 1 settings. ΦX174 bacteriophage is a non-enveloped ssDNA virus used to model
poliovirus in the same conditions. Viruses were aerosolized into a 0.43 m3 chamber containing HEPA (High
Efficiency Particulate Air) filtered air (control) or unfiltered concentrated ambient fine particles (PM2.5).
Virus infectivity was determined by plaque assay against their bacterial host. Relative humidity (RH),
temperature and ozone were recorded. PM2.5 mass concentration, as well as particle counts and size
distribution were also recorded inside the chamber. Concentrated ambient PM2.5 mass concentration ranged
from 100 - 1300 µm/m3 and were mixed with an artificial aerosol of Φ6 bacteriophage or Φ6/ΦX174
bacteriophages. Outcomes. This study revealed interactions between PM2.5 and the enveloped
bacteriophage Φ6 that reduce infectivity of the bacteriophage by 29% compared to a control exposed only to
HEPA-filtered air. Co-aerosolization and aging of concentrated PM2.5 with Φ6 in combination with ΦX174
showed a similar trend in reduction of Φ6 infectivity but revealed an antithetical enhancement of ΦX174
infectivity compared to control exposures in HEPA-filtered air. Ongoing investigations are needed to
understand the nature of interactions between bioaerosols and PM2.5 particles. Conclusions: Preliminary
evidence suggests that the interactions between airborne viruses and airborne fine particulate matter influence
viral infectivity. The development of a platform to study interactions between artificial bioaerosols and
concentrated ambient particles provides an opportunity to investigate the direction, magnitude and
mechanistic basis of these effects, and to study their health implications. The PM concentrator at the
University of Toronto offers a unique opportunity to build an in vitro setup to observe, for the first time, the
effects of PM2.5 on the infectivity enveloped and non-enveloped bacteriophages. In the future, we hope to
examine the precise effects of PM2.5 particles on enveloped and non-enveloped viruses using more detailed
characterizations of gaseous and particulate air pollution constituents.

Infection & Immunity
II 001
Potential antimicrobial activity of Punicagranatum extracts on Acinetobacter
baumannii and Pseudomonas aeruginosa
Yanelis ACEBO GUERRERO, University of Manitoba, M HARIDOSS2, R VAIDYANATHAN2, A
KUMAR1, 1University of Manitoba, 2Dr. MGR Educational and Research Institute, Chennai, TN, India
Antimicrobial resistance is a major cause for concern in health care worldwide. Pathogens like Pseudomonas
aeruginosa and Acinetobacter baumannii are becoming harder to treat due to their resilience in clinical
environments. The lack of new antibiotics, paired with an increase of pan-resistant strains, call for new
strategies to combat antimicrobial resistance. The use of natural products with antimicrobial properties, such
as plant extracts, present a promising option for our search of new antimicrobials. We studied the effect of
the ethanolic and butanolic extracts of Punica granatum fruit rind on the growth and biofilm formation in
wildtype strains of P. aeruginosa and A. baumannii, along with mutants with impaired efflux function. In
addition, we studied the potential synergistic effect of the extracts had when combined with ciprofloxacin.
No bactericidal activity with ciprofloxacin was observed for any of the strains. However, we observed
synergistic activity was observed for A. baumannii ATCC 17978. The extracts were able to inhibit the
biofilm formation in all the strains of A. baumannii, but not on P. aeruginosa. These results suggest that P.
granatum extracts have an effect on the biofilm formation of A. baumannii, although further studies may be
required to isolate the active compound.
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II 002
Data and Curation in the Comprehensive Antibiotic Resistance Database
Brian ALCOCK, McMaster University, AR RAPHENYA1, AN SHARMA1, KK TSANG1, TTY LAU1, A
HERNÁNDEZ-KOUTOUCHEVA0, AG MCARTHUR1, 1McMaster University
The Comprehensive Antibiotic Resistance Database (CARD; https://card.mcmaster.ca) is a resource for
compiling and providing DNA and protein sequences, detection models, and bioinformatics tools on the
molecular basis of antimicrobial resistance (AMR). CARD includes the Antibiotic Resistance Ontology
(ARO), a curated controlled vocabulary ordered hierarchically and structured through appropriate
relationships, to organize all information in CARD. The advantage of CARD is in individual, hand-curated
AMR gene and mutation detection models containing curated reference sequences, AMR-associated
mutations (if applicable) and prediction confidence bit-score cut-off values. To be included in CARD, an
AMR gene must have a DNA sequence available in GenBank, as well as publication in a peer-reviewed
journal that clearly demonstrates a significantly elevated minimum inhibitory concentration (MIC). CARD
provides monthly curation updates based on expert review of the publications in PubMed, guided by the
custom CARDShark text-mining algorithm. CARD curation includes the addition of new AMR detection
models, reference sequences, mutation catalogs, and ontological improvements — all while an extensive
suite of sequence- and ontology-based quality control rules are used to maintain a high level of curation
accuracy. Thorough curation thus ensures that the data in CARD is accurate, consistent and up-to-date. The
core CARD curation paradigm omits some important fields of information: predicted resistomes, distribution
of AMR genes among pathogens, and unpublished AMR sequence variants predicted in silico through
bioinformatics tools. Using CARD’s Resistance Gene Identifier (RGI) software, we have developed CARD
Resistomes & Variants, a collection of predicted AMR gene variants and sequences among the genome,
plasmid, and whole-genome shotgun assemblies available at GenBank for a wide range of pathogens,
including the ESKAPE pathogens and the World Health Organization global priority pathogens. The
resulting dataset catalogs the predicted resistomes of a wide range of isolates, including characterized AMR
genes and predicted sequence variants, providing valuable information on the molecular prevalence of AMR
and AMR gene allelic diversity, important both for epidemiological studies and metagenomic analyses.
CARD Resistomes & Variants also highlights the mobility of AMR genes between pathogens, the novel
transfer of AMR determinants between genomes and plasmids, and the distribution of mutations within
AMR-associated genes. All data curated in CARD are available via extensive web interfaces, plus computerand human-readable download files. The ARO is additionally available on GitHub
(https://github.com/arpcard/aro) and at the OBO Foundry.
II 003
Genomic Comparison of Mycobacterium avium Recovered from Respiratory Specimens and Household
Plumbing
David ALEXANDER, University of Manitoba, L LANDE2, JO FALKINHAM III3, RJ WALLACE JR4, E
IAKHIAEVA4, S OLSHEFSKY5, ADS CAMERON5, 1University of Manitoba, 2Lankenau Institute for
Medical Research, 3Virginia Tech, 4The University of Texas Health Science Center, 5University of Regina
Nontuberculous mycobacteria of the Mycobacterium avium complex (MAC) are opportunistic human
pathogens. MAC infections are potentially life threatening and very challenging to treat. In contrast to M.
tuberculosis, which is transmitted from person-to-person, MAC infections are acquired from the
environment. Although the identification and elimination of environmental reservoirs is important for
infection control and prevention, it has been very difficult to establish epidemiological links between clinical
MAC isolates and specific environmental sources. In the current study, we investigated household plumbing
as a potential source of MAC pulmonary infections. Samples were collected from patients with MAC lung
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disease as well as plumbing sites (e.g. sinks and showers) in patient homes and geographically matched
control households. A total of 116 M. avium subsp. hominissuis isolates were recovered, including 21 from
patient respiratory specimens, 71 from patient homes, and 24 from control households. The genetic diversity
of patient and household strains was assessed by genotyping using a combination of variable number of
tandem repeat (VNTR) analysis, hsp65 gene sequencing and internal transcribed spacer (ITS) sequencing.
Fifteen genotypes were observed, of which 6 were recovered from multiple respiratory and household
samples. In eleven households, the M. avium populations were heterogeneous, such that isolates of multiple
different genotypes were recovered. A subset of respiratory and household isolates from the four most
common genotypes were subjected to whole genome sequencing and core genome single nucleotide variant
(SNV) analysis. Sequencing confirmed that isolates with different VNTR patterns were genetically distant (
> 1200 core SNVs), but also revealed pseudo-clustering within individual VNTR groups. The sequenced
isolates included 8 VNTR-matched pairs of patient respiratory and household isolates. Epidemiologically
relevant SNV thresholds have not been established for M. avium, but for five pairs of isolates, distances
between the clinical and environmental isolates were ≤ 15 SNVs. This suggests that, for nearly 25% of
patients, household plumbing was the likely source of MAC infection. This study highlights the genomic
diversity of MAC strains and the value of routine genotyping. The VNTR scheme used here resulted in
pseudo-clustering of some strains. In contrast, core genome SNV analysis was able to resolve pseudo-clusters
and link patients to potential reservoirs of MAC infection.
II 004
A Pseudo-Outbreak of Carbapenemase-Producing Pseudomonas in a Hospital Intensive Care Unit
DC ALEXANDER, University of Manitoba, J TOMLINSON2, D MCDONALD2, C DOERKSEN2, V
TRAN1, HJ ADAM1, A WALKTY1, J EMBIL1, 1University of Manitoba, 2Health Sciences Centre Winnipeg
Hospital intensive care units (ICUs) provide specialized treatment to critically ill patients. Infection
prevention and control policies help protect these vulnerable patients, but complications, including hospitalacquired infections, do occur. Infections due to antibiotic-resistant organisms are a particular concern
because they are associated with more costly treatment regimens, extended hospital stays, and worse
outcomes. These organisms can be transmitted between patients, hospital staff and visitors, acquired from
contaminated medical equipment, or spread from environmental sources. Here, we describe our investigation
into an ICU outbreak of drug-resistant Pseudomonas aeruginosa. This outbreak occurred at a hospital in
Winnipeg, Manitoba. During a 12 week period in 2017, carbapenem-resistant P. aeruginosa isolates were
recovered from three ICU patients. These urine isolates shared the same antibiotic susceptibility profiles and
were blaIMP gene positive (IMP+) by PCR. Records revealed that an IMP+ P. aeruginosa strain had also been
isolated from the urine of an ICU patient in 2016. Environmental sampling was performed to identify
potential sources of infection. Four additional IMP+ P. aeruginosa isolates and a carbapenemase-producing
P. mendocino strains were recovered from the automated bedpan washers/disinfectors used in the ICU. The
genetic relatedness of the P. aeruginosa outbreak isolates was assessed by whole genome sequencing and
core genome single nucleotide variant (SNV) analysis. Two isolates from the automated washers clustered
together with the three 2017 patient isolates, suggesting an epidemiological link. However, two additional
strains recovered from automated washers had distinct SNV profiles, as did the 2016 patient isolate, which is
more consistent with a pseudo-outbreak. The isolation of multiple genetically diverse and drug-resistant
Pseudomonas strains from different machines raised concerns about the operation and performance of the
automated bedpan washers. Environmental sampling was extended to machines in other ICUs, where an
additional genetically distinct carbapenemase-producing P. aeruginosa strain was recovered. To improve
performance of the automated washers, standard operating procedures were reviewed and revised. Although
diverse medical devices and instruments have been implicated in hospital outbreaks, to our knowledge, this is
the first pseudo-outbreak associated with automated bedpan washers.
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II 005
Serotyping of Mannheimia haemolytica isolated from European cattle with bovine respiratory disease
Sara ANDRES-LASHERAS, Agriculture and Agri-Food Canada, Lethbridge Research Centre, GV
VERTENTEN2, RZ ZAHEER1, CK KLIMA1, TAM MCALLISTER1, CW WILHELM3, CCG
GELFERT4, 1Agriculture and Agri-Food Canada, Lethbridge Research Centre, 2MSD Animal Health,
Boxmeer, The Netherlands, 3MSD Animal Health, Schwabenheim, Germany, 4Intervet GesmbH, Vienna,
Austria
Mannheimia haemolytica (Mh) is a principal bacterial pathogen associated with bovine respiratory disease
(BRD). Serotypes A1 and A6 are generally considered as pathogenic where A2 as non-pathogenic in bovines.
Most Mh vaccines only claim protection against Mh serotype A1, with the exception of Bovilis® Bovipast
RSP (MSD Animal Health) that provides cross protection against serotype A1 and A6 due to the IRP (Iron
Regulated Proteins) technique. This study examined the prevalence of different serotypes of Mh in Europe.
The serotypes of 100 Mh bovine strains isolated between 2011 and 2015 from cattle with respiratory disease
in several European countries (Belgium, Czech Republic, Germany, Denmark, Spain, France, Italy,
Netherlands, United Kingdom) were serotyped. In this study, Mh A1 was the dominant serotype followed by
Mh A6. The distribution of serotypes differed between anatomical sampling locations. Mh A6 was less
frequently detected in the upper respiratory tract than Mh A1 and A2. From this study it is clear that Mh
serotypes A1 and A6 are both important in BRD, confirming previous studies. The low prevalence of Mh A6
in samples of the upper respiratory tract carries the risk of an underestimation of this serotype. An optimal
vaccination strategy against BRD should include protection against Mh serotypes A1 and A6.
II 007
HIV-associated Immune Exhaustion: Can we reverse this dysfunction with a LAG-3 blockade system?
Allison BALASKO, University of Manitoba, C GRAYDON1, M KOWATSCH1, J JUNO2, J LAJOIE1, K
FOWKE1, 1University of Manitoba, 2University of Melbourne
Background: Human immunodeficiency virus (HIV) is a persistent worldwide issue, with 36.7 million
individuals HIV-infected in 2016. The hallmark of chronic HIV infection is immune exhaustion. Immune
exhaustion is a definitive loss of immune system effectiveness, seen regardless of the use of anti-retroviral
therapies (ART), which are some of the most effective HIV therapeutics to date. Lymphocyte-activation gene
(LAG-3), an inhibitory exhaustion marker expressed on immune cells, is associated with this immune
dysfunction observed in HIV. More specifically, our lab has shown that an increase of LAG-3 expression on
invariant Natural Killer T (iNKT) cells correlates with decreased cell functionality in HIV infection. iNKT
cells are critical contributors to a healthy immune response to viral infection. Other immune exhaustion
markers, such as programmed cell death-1 (PD-1), are also seen to be elevated in HIV infection. Either single
or dual LAG-3 and PD-1 antibody blockade mechanisms are currently being used in cancer trials to
overcome the observed immune exhaustion phenotype. Hypothesis: In HIV infection, we hypothesize that
blocking LAG-3 and/or PD-1 via an antibody blockade will restore iNKT and T immune cell function in
vitro. Approach and Results: Step one is to optimize the blockade assays in HIV-negative blood samples
before moving to HIV-positive samples. To mimic the significant amounts of exhaustion markers present on
immune cells in HIV-infected individuals, LAG-3 and PD-1 have been successfully upregulated in HIVnegative immune cells. Through a 24hr anti-CD3/28 stimulation and 24hr rest, I have successfully
upregulated LAG-3 from 6.38% to 46.4% and PD-1 from 27.7% to 60.7% on iNKT cells, as well as
upregulated LAG-3 from 0.75% to 8.23% and PD-1 from 6.1% to 19.8% on T cells. Following LAG-3 and
PD-1 upregulation, our next goal is to stimulate the iNKT and T immune cells with or without the presence
of the LAG-3/PD-1 antibody blockade system, testing for restoration of iNKT and T cell functionality.
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Following this optimization, we will test the blockade system ex vivo on HIV-positive samples, monitoring
for reversion of the immune exhaustion phenotype. The long-term goal of this project is to implement a
LAG-3 and/or PD-1 blockade system to restore immune cell function and the overall immune system
strength in HIV-positive individuals.
II 008
Effect of Different Temperatures, Salinity and pH on the Emergence of SCV Staphylococcus
aureus and Detection of SCVs in Commercial Pork Products
David BECK, Tennessee Technological University, Cookeville, TN, USA, K. DUNHAM1, N.A. NASH1, P.
NGO1, L. GUNNELS1, 1Tennessee Technological University, Cookeville, TN, USA
Problem: Staphylococcus aureus is commonly found on commercial meat products as well as on the human
skin, nares and pharynx. S. aureus causes food-borne illness, dermal, respiratory, urinary and nosocomial
infections. In recent research it was shown that small colony variants (SCV) form when S. aureus is held at
4°C. SCV S. aureus has increased intracellular persistence in animal models and more resistant to
antimicrobials. Our goal was to determine whether this effect is temperature dependent and if SCV S. aureus
could be detected in commercial pork products. We also examined the impact of salinity and pH on the
emergence of SCVs in S. aureus, as S. aureus is halotolerant and able to grow at a variety of pHs.
Experimental Methods: S. aureus was grown to late-log phase and then transferred to different test
conditions (0, 4, 8 12°C, pH 5.5, pH 9.5 and 8% NaCl). The bacteria were then screened at 0, 4, 8, and 12
weeks on SCV growth media. Commercial pork products were swabbed and then cultured on MSA and SCV
growth media. Staphylococcal colonies and small colonies were then subcultured, DNA was purified, and
screened by multiplex PCR for S. aureus, and other staphylococcal species. Staphylococcal isolates were
tested by minimal inhibitory concentration assays for oxacillin resistance. Results: The proportion of SCV to
normal colonies increased under all conditions tested at 4 weeks, and all conditions except acid (pH 5.5) at 8
and 12 weeks. Acid (pH 5.5) killed S. aureus by week 8. Isolates of staphylococci were collected from
commercial pork products which are routinely held at 4°C. We collected 256 halotolerant bacterial isolates
from 102 commercial pork products. We detected S. aureus in 52/102 [50.9%] of commercial pork products.
At least 12/102 [11.8%] of the commercial pork products were positive for SCV S. aureus. Oxacillin
resistance (MRSA) was detected in 7.3% [n=6/82] of S. aureus isolates tested. Conclusion: This project
confirmed that there is, in fact, an increase in the proportion of SCVs to normal colonies with time for all of
the cold conditions tested (0, 4, 8 and 12°C). Under acidic conditions at 4°C, SCVs increased significantly.
Importantly increased SCV formation was seen at 0°C which was a frost-free freezer the most common way
people store meat in their homes. Commercial pork products are frequently contaminated with S. aureus and
SCV S. aureus. The longer S. aureus is kept at 4°C the more likely it is to grow as an SCV S. aureus. This is
the first demonstration of SCV S. aureus in commercial pork products.
II 010
Determining glycogen degradation and utilization capabilities of Gardnerella vaginalis
Pashupati BHANDARI, University of Saskatchewan, JE HILL1, 1University of Saskatchewan
Bacterial vaginosis is a dysbiosis of vaginal microbiome, which is characterized by a shift from lactic acid
bacteria to a mixed population of anaerobic bacteria including Gardnerella vaginalis. Bacterial vaginosis
leads to complications of reproductive health such as preterm birth and acquisition or transmission of
sexually transmitted infections by compromising the barrier function of vaginal mucosa. It has been
established that at least four phenotypically distinct subgroups (A - D) of G. vaginalis exist. The factors that
cause the shift from lactobacilli to a G. vaginalis dominant community are not well understood. Glycogen is
a major carbon source available to vaginal microbiota, however Lactobacillus spp. cannot utilize the
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glycogen directly, but rather take up glycogen breakdown products produced by human α-amylase enzyme.
This enzyme hydrolyzes a-1,4 linkages in glycogen, releasing smaller compounds like maltose, and other
maltodextrins. The extent to which amylases produced by bacteria play a role in this degradation is not
known. Reports of glycogen fermentation in G. vaginalis are inconsistent, which suggests that this trait may
be subgroup-specific. Furthermore, competition for glycogen and its breakdown products may be a key factor
in determining microbial community structure. In order to determine glycogen degradation capabilities of G.
vaginalis, representative isolates from each subgroup were grown on BHI agar containing 1% glycogen or
1% starch and incubated anaerobically at 37°C. Presence of a clear zone around the colonies after adding
iodine indicator indicates α-amylase activity and all 35 strains tested from four subgroups (A (11), B (11), C
(9) and D (4)) were found to be α-amylase positive. To determine the ability to utilize glycogen, growth
curve experiments for selected isolates from each subgroup of G. Vaginalis were performed in BHI broth
with and without 2% maltose or 2%glycogen. Growth rates of 6/8 isolates were greatly enhanced by the
presence of glycogen indicating their ability to degrade and utilize this complex substrate. No enhancement
of growth of vaginal Lactobacillus controls was observed. Interestingly, only subgroup D G. vaginalis
isolates showed an increase in growth rate with addition of maltose, suggesting that subgroups may differ in
preference for maltodextrins. Future work will focus on identification of mechanisms for transport of
maltodextrins by G. vaginalis. Findings from this study will add to our understanding of vaginal microbial
community dynamics.
II 011
Shigella Type Three Secretion System reloaded
N SILUÉ, University of Ottawa, A ALZAHRANI1, W BAJUNAID1, L PINAUD2, François-Xavier
CAMPBELL-VALOIS1, 1University of Ottawa, 2Institut Pasteur
Shigella flexneri is a well-studied Gram-negative enteropathogen, which has been up to this day one of the
gold standard model to comprehend the functioning of the Type Three Secretion System (T3SS) that it shares
with many other bacteria. Despite decades of research many fundamental questions about the functioning of
the T3SS and the role of secreted protein-effectors during host colonization remain unanswered. This has
motivated both my individual effort as a postdoctoral fellow, and the collective efforts of my research group
in the last couple of years. In the frame of the CSM/SCM annual meeting/conférence annuelle, I will show
how we have used mass spectrometry and RNAseq to extend the panel of T3SS substrates in S. flexneri.
These studies have allowed the identification of seven novel secreted proteins. Two of these are encoded on
the chromosome and seem to belong to novel classes of effector. I will also present how we have used a
fluorescent Transcription-based Secretion Activity Reporter (TSAR) to delineate the activity of the T3SS
inside infected host cells. The TSAR demonstrated that the T3SS oscillate between an on- and an off-state
depending on the interaction of bacteria with plasma membrane-derived compartments. The prospect of
using this type of reporter not only in human cell lines but also in vivo inside infected tissue will be briefly
discussed. Furthermore, I will demonstrate how using the TSAR to re-explore old phenotypes has
surprisingly led us to reconsider the cellular context and mechanisms leading to targeting of Shigella by
autophagy, and particularly the role of the effector IcsB in this process. In brief, our findings have furthered
the comprehension of Shigella pathogenesis and described a series of simple technical and conceptual tools
to achieve this. I believe they should spark the interest of everyone curious about host-microbe interactions.

_________________________________________________________________________________________________________
68th Annual Conference of the Canadian Society of Microbiologists
University of Manitoba, Winnipeg, Manitoba
June 18th – June 21st, 2018
20

II 012
Structural analysis of MERS-CoV-specific ubiquitin variants: potent inhibitors of the MERS-CoV
papain-like protease
Ben BAILEY-ELKIN, University of Manitoba, W. ZHANG2, R.C.M. KNAAP3, B. KHARE1, T.J.
DALEBOUT3, G.G. JOHNSON1, P.B. VAN KASTEREN3, N.J. MCLEISH1, J. GU2, M. KIKKERT3, S.S.
SIDHU2, B.L. MARK1, 1University of Manitoba, 2University of Toronto, 3Leiden University Medical Centre
Coronaviruses are enveloped, positive-sense RNA viruses capable of causing serious respiratory disease.
Recently, the Middle East respiratory syndrome Coronavirus (MERS-CoV) emerged into human populations,
capable of causing severe pneumonia, and with a mortality rate of 36%. To date there have been 2143
confirmed MERS-CoV cases, and currently there are no approved MERS-CoV-specific therapeutics
available. During replication, MERS-CoV nonstructural proteins (nsps) are expressed as a single polyprotein,
which is subsequently processed into individual nsps through the proteolytic activity of internally encoded
proteases. A papain-like protease (PLpro) within nsp3 cleaves at three sites within the MERS-CoV
polyprotein, releasing nsp1-3. In addition to its replicative activities, PLpro acts as a deubiquitinating enzyme
(DUB), removing ubiquitin (Ub) from cellular proteins in order inhibit the induction of cellular innate
immune signaling pathways. The replicative and innate immune inhibitory functions of PLpro make it a
viable target for therapeutic intervention. To this end, using a phage display library of billions of Ub variants
(UbVs), we identified UbVs that bound with high affinity and selectivity to MERS-CoV PLpro. These UbVs
were selective for the viral protease, and expression of the UbVs in cell culture inhibited the polyprotein
processing and DUB activities of PLpro, and inhibited PLpro-mediated downregulation of interferon-β
promoter activity. In addition, stable expression of these UbVs in cell culture inhibited MERS-CoV
replication resulting in a greater than 4-log reduction in viral titers, further demonstrating their therapeutic
potential. The crystal structures of PLpro in complex with two UbVs uncovered the molecular basis for their
increased affinity toward PLpro. Amino acid changes in PLpro-specific UbVs were localized to regions
which interfaced with PLpro, and a combination of hydrophobic and hydrogen bonding interactions
increased the affinity of UbVs toward PLpro. These results demonstrate the potential for rapidly generated
UbVs as specific and potent protein-based antiviral molecules.
II 013
Phylogeography and genomic variation of an understudied expanding lineage of Acinetobacter
baumannii
Santiago CASTILLO, Center for Genome Sciences - National Autonomous University of Mexico, L
GRAÑA1, MA CEVALLOS1, P VOLKOW2, R FRANCO3, G LOPEZ4, 1Center for Genome Sciences National Autonomous University of Mexico, 2Departamento de EnfermedadesInfecciosas, Instituto Nacional
de Cancerología, 3Instituto Nacional de Rehabilitacion, 4Instituto de Biotecnología - National Autonomous
University of Mexico
Acinetobacter baumannii is one of the most important nosocomial pathogens nowadays. However its genome
diversity has been considerably understudied in less developed countries. In order to try to amend this, here
we conduct a phylogenomic analysis of 19 newly sequenced genomes from Mexico plus over 95 publically
available genomes from different parts of the world. The total data set has more than 110 genomes and is one
of the most extensive genome collections in terms of Sequence Types (lineages). Among the many linages,
we found what seems to be an endemic lineage to Latin America. This Latin American clade seems to have
emerged very recently and a considerable amount of its genomic variation is due to rapid gene content
variation. Actually, the accrual of mutations is not as fast as the change due to this gene content variation;
and, importantly, thanks to this rapid gene turnover isolates belonging to this linage (and just months apart
from one another) have very different antibiotic resistance profiles. In conclusion, this study demonstrates
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that rapid gene turnover is an important fount of genomic variation in this understudied expanding lineage
and also shows that genome sequencing could be extremely useful to study more comprehensively the
sources of genome variation within bacterial species.
II 014
Investigating host defense peptide resistance and associated mechanisms in clinical isolates of
inflammatory bowel disease-associated Escherichia coli
YounHee CHO, Ryerson University, M. J. RENOUF1, J. B. MCPHEE1, 1Ryerson University
Inflammatory bowel diseases (IBDs) are conditions that are characterized by inflammation of parts of the
gastrointestinal tract. There are two main types, Crohn’s disease (CD) and ulcerative colitis (UC), which
differ from each other in the severity and localization of inflammation. The etiology of IBDs is
multifactorial, involving a complex interaction of host and microbial factors. Patients with IBD have a
microbiota which is distinct from healthy individuals; one of these changes is a greater occurrence of
adherent-invasive Escherichia coli (AIEC). This group of bacteria is so named due to their ability to adhere
to and invade host intestinal epithelial cells, which elicits an inflammatory response in susceptible individuals
to trigger or exacerbate IBD symptoms. These bacteria are relatively poorly characterized, and attempts to
identify characteristic genetic markers have been unsuccessful. This inspires a more big-picture approach:
looking at shared phenotypes that give rise to pathogenic ability. This project focuses on resistance to host
defense peptides (HDPs), small antimicrobial proteins secreted by the host, as a key virulence phenotype for
AIEC and other strains of IBD-associated E. coli. Earlier data shows that HDP resistance is a conserved
phenotype among these strains, and is conserved in a disease-specific manner. Current work is focused on
testing these strains for virulence to determine the importance of this phenotype during in vivo infections, as
well as studying the specific resistance mechanisms being used and the way in which they are regulated in
these bacteria.
II 015
Development of a “National MALDI Database” to enable Provincial Laboratories to Identify Rare and
Novel Clinical Bacterial Isolates Using MALDI-TOF MS Analysis
Patrick CHONG, Public Health Agency of Canada, M UNGER1, T ZIMMERMAN1, G WESTMACOTT1, K
BERNARD1, 1Public Health Agency of Canada
Rapid and accurate diagnosis of infectious diseases is required for effective treatment of patients and to
perform routine surveillance for common nosocomial or community-acquired pathogens. Traditional
methods of identification of bacteria, yeast and filamentous fungi, in clinical laboratories, involve the use of
biochemical and phenotypic testing, as performed at many hospital and community-based private laboratories
in Canada. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS)
has become a revolutionary tool for the rapid and cost-effect identification of microorganisms in clinical
diagnostic laboratories. This method is used to determine microbial identification by determining the unique
‘protein spectrum fingerprint’ for each sample and it performs equally to, if not better than, traditional
biochemical-based identification methods. However, MALDI users rely on proprietary commercial databases
to identify these microbes, where several organisms of public health importance are not represented in these
commercial databases due to their rarity and will not be detected nor correctly identified using the MALDITOF MS method. Furthermore, there is evidence that custom MALDI databases created using local isolates
provide more accurate identifications to species level compared to using commercial MALDI databases.
Thus, there is a clear need to create a supplementary database containing species missing or underrepresented
in commercial spectral databases. This project aims at developing and deploying a “National MALDI
Database” (NMD) that is initially being populated using spectra of select isolates from the National
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Microbiology Laboratory’s vast collection of well-characterized bacteria, one of the largest and most
extensive collection of bacterial isolates in Canada containing common and rare/unusual/novel bacterial
pathogens that are not typically found in the commercial spectral databases. Isolates were processed using
standard formic acid:ethanol extraction protocol, and the spectra for each isolate were generated using the
Bruker Daltonik Microflex MALDI-TOF MS. To date, the spectra of 746 species, either absent from or
underrepresented in the Bruker Biotyper commercial database, has been added to the NMD, and successfully
beta tested independently by five external sites, with an end goal of 800-1000 species being shared in the
final version of the NMD. A major outcome of this project is the provision of the NMD as a centralized
repository of valuable spectra data to be shared across the extended network of Canadian public health and
diagnostic laboratories, leading to rapid identification of potential human pathogens by diagnostic
laboratories locally, thereby providing more focused therapies, shorter hospital stays, decreased mortalities,
and overall enhanced public health outcome.
II 017
Molecular View of Pathogen Effector Kinases and Their Mechanisms of Activation
Miroslaw CYGLER, University of Saskatchewan, K BYERAKHOVA1, C XU1, MT BONIECKI1,
1
University of Saskatchewan
Pathogens modify host cell responses through a set of proteins ejected into the host through a syringe-like
bacterial secretion system. One of the ways the cellular responses are modified to assure pathogen survival
and proliferation inside the host is to highjack and redirect host signaling pathways. Bacterial effector kinases
are among the tools to do just that. Kinases NleH1 and NleH2 from pathogenic E. coli, OspG fromShigella,
SteC and SboHfromSalmonella, LegK1-8 from Legionella and YspK and YpkA from Yersinia represent
currently known effector kinases. Sequence analysis of these kinases indicates that some of them were
derived from eukaryotes via horizontal gene transfer (SteC, LegK1-8, YpkA). Other kinases (NleH, OspG,
SboH and YspK) have been so far identified only in the pathogenic bacteria. The NleH and OspG are
significantly smaller than eukaryotic kinases and contain only the core structure without the N- and Cterminal extensions and have no ‘activation loop’. While NleH kinases are constitutively active, OspG is
stimulated by association with ubiquitin and even more by a conjugate of Ub with some E2s and we have
identified the activation mechanism. We have recently determined the structure of an eukaryoticlike Legionella LegK7 effector kinase with a known mammalian kinase activator and showed that the
association activates this bacterial kinase. Comparison of the mode of binding to human Ser/Thr protein
kinase suggests mechanism of activation. Moreover, we have identified activators of
another Legionella effector kinase, LegK2 and are investigating their mode of action at the molecular level.
II 018
Marine and Cave Clay Microbiomes and Antibacterial Properties
Julian DAVIES, University of British Columbia, SB BEHROOZIAN1, KY YE1, IV VILLANUEVA1, MD
DESMARAIS1, AC CHEEPTHAM2, WR REZNIKOFF3, LL LI1,1University of British
Columbia,2Thompson Rivers University,3Woods Hole Oceanographic Institution
Natural clay minerals have a long history of medicinal applications and often exhibit antibacterial properties.
Recently, we reported the broad-spectrum antibacterial activity of Kisameet clay, a natural clay mineral from
BC, Canada. We describe the chemical and mineralogical properties of some antibacterial clay minerals and
comprehensive studies of the unique microbiomes present in these clays. This study examines the resident
bacterial communities to identify characteristics that may contribute to antibacterial properties. Clay samples
were collected fromMassachusetts Bay, U.S, Raspberry Rising Cave,Chilliwack, and Iron Curtain Cave, near
Mount Tupper, BC, Canada. Antibacterial activity was studied by standard methods. Elemental analysis of
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clay minerals was performed by inductively coupled plasma optical emission spectrometry (ICP-OES). The
mineralogical composition of antibacterial marine clays was characterized using X-ray diffraction.
Microbiome composition of clay minerals was determined bysequencing the variable 4 (V4) region of the
16S rRNA gene and clustered using Mothur software. To identify viable bacteria, cave clays were grown
directly on solid media. Antibacterial assays revealed that aqueous suspensions of some marine clays
exhibited antibacterial properties in vitro. The antibacterial marine clays had microbiome compositions
distinct from non-antibacterial ones and shared characteristics such as low pH and high concentrations of
certain metal ions. This study demonstrates the antibacterial activity of some marine clays together with their
chemical, mineralogical, and microbiome properties. These natural mineral-based agents may be of value in
treating infections caused by drug-resistant bacteria. The characteristics shared by antibacterial clays may
provide a framework for a better understanding of their specific properties.
II 019
Phage Antibiotic Synergy (PAS): A Promising Treatment for Chronic Pseudomonas Lung Infections
Carly DAVIS, University of Alberta, J.J. DENNIS1, 1University of Alberta
Chronic Pseudomonas aeruginosa lung infections are characterized by biofilm growth. Biofilms show an
increased resistance to antibiotics and treatment of these infections proves problematic when the bacterium
has innate multi-drug resistance and the ability to rapidly adapt to its environment. The severe pathogenesis
of P. aeruginosa makes it the most prevalent pathogen found in the lungs of adult cystic fibrosis (CF)
patients. The development of better treatment options is imperative, and phage therapy may be the answer.
Bacteriophages (or phages) are viruses that exclusively infect bacteria. Phage therapy, though previously
abandoned due to the advent of antimicrobial agents, has begun to resurface due to the careless use of
antibiotics creating extreme drug resistant (XDR) bacterial infections that cannot be treated using traditional
methods. A phenomenon known as phage antibiotic synergy (PAS) has been observed in which phage
activity increases in the presence of some classes of antibiotics at sub-inhibitory concentrations. Additionally,
some phages also have the ability to disrupt biofilms, making PAS a promising treatment for biofilm
eradication. This study aimed to investigate the synergistic effects between the lytic jumbo phage phiKZ and
the prescription inhaled aztreonam antibiotic Cayston™ on P. aeruginosa strain PA01. A significant increase
in phiKZ plaque diameter in the presence of sub-inhibitory Cayston™ confirmed a synergistic effect exists.
Intriguingly, when we increased the sub-inhibitory concentration of Cayston™, the plaque diameter
increased accordingly. TEM images show PA01 takes on an aberrant filamentous morphology in the
presence of sub-inhibitory Cayston™. Due to their new morphology, pilus function is also affected, causing
twitching motility to decrease significantly. Current studies involve treating early and late stage MBEC
biofilms to determine if PAS is more effective at clearing chronic infections than phage treatment alone, as
well as quantifying phage propagation in the presence or absence of sub-inhibitory Cayston™ to further
identify the mechanism in which PAS is occurring. The results from this study show phiKZ activity on P.
aeruginosa is increased in the presence of Cayston™. Furthermore, the resulting filamentous morphology
prevents twitching motility. These findings highlight the need for further research into the use of phage and
antibiotics as a potential treatment option for chronic P. aeruginosa infections.
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II 020
SPI-1 and SPI-2 are present in human clinical isolates in Saudi Arabia where S. Enteritidis and S.
Typhimurium are the predominant serotypes
Taseen DESIN, King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia, M.
ALRODAYYAN2, M. ALGHORIBI2, A. MUHANNA3, S. ALJOHANI4, H. BALKHY2, 1College of Science
& Health Professions, King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia, 2King
Abdullah International Medical Research Center, MNGHA, Riyadh, Saudi Arabia, 3John H Stroger Junior
Hospital of Cook County, Chicago, USA, 4National Guard Hospital, MNGHA, Riyadh, Saudi Arabia
Non-typhoidal Salmonella (NTS) species are Gram negative pathogens that are associated with foodborne
illness worldwide. These species typically cause self-limiting gastrointestinal illness in humans, which may
require antibiotic treatment or hospitalization. During the process of infection, Salmonella species use two
molecular injectisomes known as Type 3 Secretion Systems (T3SS) to secrete virulence factors into host
cells. The T3SS are encoded on Salmonella Pathogenicity Island-1 (SPI-1) and SPI-2. Traditionally, SPI-1
has been thought to play a major role in invasion while SPI-2 has been associated with systemic infection. In
Saudi Arabia, NTS species frequently cause human infections resulting in a significant impact on the
economy. The aim of this study was to characterize Salmonella human clinical isolates by determining their
serotype, testing for the presence of SPI-1 and SPI-2 genes and to determine the antibiotic resistance profiles
of these strains. The strains were serotyped using the Check & Trace Salmonella™ System. The presence of
SPI-1 and SPI-2 were tested by PCR on 5 genes including invA, sipA, sopE2, ssaR and sifA. The antibiotic
resistance profile was determined using the Vitek® 2 system. Salmonella enterica serovar Enteritidis (S.
Enteritidis) and S. Typhimurium were the predominant serotypes (24 and 21 %, respectively), followed by S.
Kentucky (10 %) and S. Livingstone (7 %), among the 67 isolates tested. SPI-1 and SPI-2 genes located
within the pathogenicity islands were present in all isolates tested while those located outside the
pathogenicity islands like sopE2 and sifA were not detected in 15 % and 45 % of the isolates, respectively.
All the Salmonella strains were resistant to Cefalotin, Cefoxitin, Amikacin, Gentamicin and Ciprofloxacin. S.
Enteritidis, S. Typhimurium and S. Kentucky strains demonstrated additional antibiotic resistance to
penicillins and glycyclines, while one S. Kentucky strain was resistant to all antibiotics tested including
carbapenams and trimethoprim/sulfamethoxazole. Taken together, preliminary results suggest that S.
Enteritidis and S. Typhimurium are frequently associated with human infections in Saudi Arabia, contain
SPI-1 and SPI-2 virulence genes and confer a certain degree of antibiotic resistance.
II 022
The periplasmic trehalase affects type 1 fimbriae production and urinary tract virulence of
extraintestinal pathogenic E. coli strain MT78 in the mouse
D BRISOTTO PAVANELO, INRS-Institut Armand Frappier, S HOULE1, LB MATTER2,Charles
DOZOIS1,F HORN3,1INRS-Institut Armand Frappier, 2Universidade Regional Integrada do Alto Uruguai e
das Missões, Santo Ângelo, Rio Grande do Sul, Brasil, 3Universidade Federal do Rio Grande do Sul, Porto
Alegre, Brasil
Extraintestinal pathogenic Escherichia coli (ExPEC) are responsible for various infections outside the
gastrointestinal tract in humans and other animals. ExPEC strain MT78 is invasive to a variety of nonphagocytic cells and highly virulent in vivo. In order to identify genes required for invasion of nonphagocytic cells by this strain, we applied a signature-tagged mutagenesis approach to generate a library of
1710 mutants, and tested them in vitro for invasion of avian fibroblasts. Mutants showing reduced cellular
invasion included those with insertions in the fimoperon, encoding for type 1 fimbriae. Another attenuated
mutant was found to have a disruption in the treA gene, which encodes a periplasmic trehalase. TreA
degrades trehalose into two glucoses and its expression is induced under conditions of increased osmolarity
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in E. coli K-12. We generated mutant MT78ΔtreA and characterized it. MT78ΔtreA was able to grow in
modified LB broth with different concentrations of NaCl, but not in minimal M9 medium with trehalose as
the only carbon source. It presented an impaired capacity of association and invasion of avian fibroblasts and
decreased yeast agglutination titer. In a murine model of urinary tract infection, MT78ΔtreA was less able to
colonize the bladder. All phenotypes were rescued in the complemented mutant. Our results show that
the treA gene is needed for optimal production of type 1 fimbriae in ExPEC strain MT78, and that loss
of treA significantly reduces its cell invasion capacity and colonization of the bladder in a murine model of
urinary tract infection.
II 023
New generation of mini-Tn7 vectors for genomic manipulation in multidrug and extreme drug
resistant clinical isolates of Acinetobacter baumannii
Kaleigh DUCAS-MOWCHUN, University of Manitoba, P.M. DE SILVA1, A. KUMAR1, 1University of
Manitoba
The purpose of this study was to create single copy gene expression systems for use in genomic
manipulations of multidrug- (MDR) and extreme drug resistant (XDR) isolates of Acinetobacter baumannii.
Commonly used antibiotic selection markers are not suitable for use in MDR and XDR isolates of A.
baumannii due to high antibiotic resistance of these isolates. In this study, we created mini-Tn7 vectors with
zeocin and apramycin selection markers by cloning ble and aac(3)-IV genes, respectively in pUC18TminiTn7T-Gm-LAC plasmid to generate pUC18T-miniTn7T-Zeo-LAC and pUC18T-miniTn7T-Apr-LAC,
respectively. The selection markers of these plasmids are contained within an FRT-cassette, which can be
used to obtain unmarked insertions upon introduction of a source of Flp recombinase. pFLPe2 is a Flp
recombinase encoded site-specific excision vector that utilizes a zeocin selection marker, and is therefore
compatible for use with pUC18T-miniTn7T-Apr-LAC. pFLPe2A was created in this study as an accessory to
pUC18T-miniTn7T-Zeo-LAC by replacing the zeocin resistance marker of pFLPe2 with the aac(3)-IV gene
for apramycin resistance. The combination of these novel mini-Tn7 plasmids and their compatible pFLPe2 or
pFLPe2A accessory plasmids were used to generate unmarked insertions in MDR and XDR clinical isolates
of A. baumannii. This study demonstrates the practical potential of using apramycin and zeocin miniTn7 constructs to carry out genomic manipulations in A. baumannii strains displaying MDR and XDR
phenotypes.
II 087
A multilayered effector delivery network of the type VI secretion system
B BURKINSHAW, University of Calgary, X LIANG1, M WONG1, A LE1, LINH LAM1, Tao DONG1,
1
University of Calgary
The type VI secretion system (T6SS) is a needle-like protein delivery machine that is widely distributed
among Gram-negative bacteria and plays a key role in interbacterial and host-microbe interaction.The T6SS
injects its inner needle Hcp tube, sharpening tip complex consisting of VgrG and PAAR, and toxic effectors
into neighboring cells.Dedicated effectors are delivered through direct binding to the inner tube or the VgrG
(Valine-Glycine-Repeat protein G)proteins of the tip complex. Here, we report a new mechanism of effector
delivery that requires direct interaction with a component of the tip complex, PAAR (proline-alanine-alaninearginine) repeat protein, and effector-specific chaperone and co-chaperone proteins. The Pseudomonas
aeruginosa PAO1 TOX-REase-5 domain-containing effector TseT directly interacts with PAAR4, a small
dedicated PAAR protein, and a chaperone TecT. TecT forms a complex with its co-chaperone, co-TecT,
which is disrupted by the C-terminal tail of PAAR4. Delivery of TseT via the H2-T6SS requires VgrG4b and
VgrG6 and is greatly stimulated in the vgrG2a and vgrG2b mutants. Finally, we predicted a large family of
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PAAR-dependent TseT effectors in Gram-negative bacteria and validated the antibacterial role of a TseT
homolog in Burkholderia. Our results demonstrate yet another way of T6SS effector secretion via PAAR,
chaperone and co-chaperone proteins and highlight a multilayered competition process that dictates effector
delivery.

Molecular Genetics& Cellular Microbiology
MGC 002
Examining the metabolite production potential of Streptomyces pratensis
Nader ABUSARA, Memorial University of Newfoundland, S SRIVASTAVA1, K TAHLAN1, 1Memorial
University of Newfoundland
The Streptomyces have the capability to produce many specialized metabolites which have applications in
human and veterinary medicine. However, under laboratory conditions genes from most metabolite
biosynthetic gene clusters are weakly expressed or are not expressed at all. Therefore, the products of these
so called “silent” gene clusters are considered to be cryptic as their identities and properties remain
unknown. Streptomyces pratensis ATCC 33331 is predicted to contain 27 specialized metabolites gene
clusters, two of them are high similar to the clavulanic acid and carbapenem gene clusters of Streptomyces
clavuligerus and Streptomyces argenteolus, respectively. CA and the carbapenems belong to the β-lactam
family of natural products and are clinically used in the treatment of certain fastidious and/or sometimes
antibiotic resistant bacterial infections. However, there is not documented evidence to suggest that S.
pratensis can endogenously produce the respective metabolites. We employed an OSMAC (one strain many
compounds) based approach to test the specialized metabolite production capabilities of S. pratensis and
found that it can produce bioactive substances which inhibit the growth of certain bacterial pathogens. RTPCR showed that the late genes from the clavulanic acid or the carbapenem gene clusters of S. pratensis are
not expressed when the production of the bioactive substance(s) is detected. All data indicate that the activity
is not due to carbapenem and/or clavulanic acid production in S. pratensis, and further experiments are
currently underway to identify the responsible agent and the associated biosynthetic gene cluster(s) involved.
MGC 003
Determination of thermostable and oxygen-resistant pyruvate decarboxylases from Sulfolobus species
Faisal ALHARBI, University of Waterloo, J.-P. J. PHAM1, T.K. KNURA2, B.S. SIEBERS2, K.
MA1, 1University of Waterloo, 2University of Duisburg-Essen, Germany
Pyruvate decarboxylase (PDC) is a key enzyme in a two-enzyme pathway for the production of ethanol. It
catalyzes the decarboxylation of pyruvate to acetaldehyde, the substrate for the production of ethanol. No
commonly-known PDC has been found in hyperthermophiles, a group of microorganisms growing optimally
at 80°C and above. Bifunctional PDCs with a pyruvate ferredoxin oxidoreductase (POR) activity have been
found to be present in several hyperthermophilic bacteria and archaea, but they are oxygen-sensitive and
CoA-dependent. It is known that PORs from hyperthermophilic crenarchaea Sulfolobus
solfataricus and Sulfolobus acidocaldarius (Topt = 80°C) are not oxygen-sensitive. However, it was not clear
if their PORs could also have PDC activity. S. solfataricus and S. acidocaldarius were grown at 80°C, and
their cell free extract (CFE) were prepared using a French Press. PDC activity was determined by measuring
the rate of acetaldehyde formation from pyruvate using a high-performance liquid chromatography. POR
activity was measured by monitoring the pyruvate-dependent reduction of benzyl viologen at 578 nm.
PDC/POR enzymes from both Sulfolobus species were purified using a fast performance liquid
chromatography system. PDC activities for S. solfataricus and S. acidocaldarius were determined to be 0.17
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U/mg and 0.25 U/mg respectively at optimal pH of 7 and temperature of 80oC. POR activities for both S.
solfataricus and S. acidocaldarius were measured to be 23 U/mg and 7 U/mg respectively under the same pH
and temperature conditions. Both activities were not oxygen-sensitive. In conclusion, it is the most
thermostable and non-oxygen-sensitive PDC determined.
MGC 004
Essential Bacterial Gene Landscape for Drug Synergy Discovery
Mohan BABU, University of Regina, SK SUNYOUNG1, AH HOSSEINNIA 1, AG GAGARINOVA2, SP
PHANSE1, SY-D YURIST-DOUTSCH3, NSK KUMAR3, EMD DULLAGHAN3, 1University of Regina,
2
University of Saskatchewan, 3The Centre for Drug Research and Development
Commensal bacteria, such as Escherichia coli, are prevalent sources of enterohemorrhagic, diarrheal,
gastroenteral, blood stream, and toxigenic infections. Diarrheal and blood stream infections caused by
antibiotic-resistant (AR) E. coli are estimated to result in 1.8 million deaths worldwide and cost the global
health care system billions of dollars each year. Since AR mechanisms continually evolve, there is an urgent
need to develop new antimicrobials. One way to mitigate AR is via combination therapies targeting two (or
more) pathways at once, to achieve a synergistic response. Yet while this approach has led to some notable
successes in the clinic, it is still not known which essential gene or pathway pairs should be targeted together
for maximal clinical impact. Traditionally, functional dependencies between two bacterial genes in essential
processes have been characterized by ad hoc genetic screens to define epistasis (i.e. non-independent
phenotypic effects seen after combining mutations in two different genes). Yet, strikingly only a small
proportion of the synthetic lethal gene target combination space is currently known. In my talk, I will address
how this knowledge gap can be tackled in a systematic manner by employing an innovative functional
(epistasis) and chemical-genetics investigations using our unique collection of hypomorphic mutants (alleles
with reduced gene function), created for nearly all (~300) essential genes of E. coli. The hypomorphic alleles
were screened against known antibiotics, as well as compounds from our drug discovery partner and the
MicroSource library, using the E. coli Synthetic Genetic Array (eSGA) technology we developed in recent
years to map genetic interaction networks in bacteria on a genomic scale (Nature Methods; PLoS Genetics;
Cell Reports). Our eSGA strategy enabled us to efficiently construct and screen the double hypomorphic
mutants of essential genes or of the 300 single hypomorphic alleles by comparing strain fitness in the
presence or absence of drugs with diverse modes-of-action, to link growth-inhibitory drug compounds to
target bacterial proteins and pathways, and to elucidate how the bacterial cell relies on genetic dependencies
to confer functional robustness of essential processes. The results we generated from this work allowed us to
gain insights into the mechanisms used by bacteria to modulate and resist antimicrobial responses, and reveal
new targets for drug development and/or multi-target therapies. Our ultimate goal is to translate this
knowledge into new therapeutic strategies to address the challenges of multidrug resistant bacteria in the
clinic.
MGC 007
The mutational landscape of quinolone resistance in Escherichia coli
Kamya BHATNAGAR, Carleton University, A WONG1, 1Carleton University
Understanding evolutionary trajectories will be incomplete until a comprehensive insight has been made
about the rate and molecular basis of resistance mutations, followed by pleiotropic consequences of
resistance evolution. This is the first systematic study to look into the effects of different quinolone resistance
mutations and investigates the interplay between the procurement of resistance mutations, the evaluation of
cross resistance between different class of quinolone antibiotics and their respective costs of resistance.
Quinolones are synthetic important class of antibiotics being successfully used in wide varieties of clinical
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treatments. But the rapidly evolving resistance is jeopardizing the efficacy of quinolones. We are focussing
here to understand the E.coli K-12 (MG1655) resistance evolution against three generation of
quinolones. The rate of quinolone resistance evolution is influenced by number of factors, including the
availability of resistance mutations and the pleiotropic consequences of resistance mutations. We found
multiple mutations in regions of gyrA, gyrB and marR, which are known contributors of resistance in
quinolones, including some novel gyrB mutations. Additionally, we measured the cross-resistance and cost of
resistance between resistance mutations. In order to evaluate the repercussion or indirect response of nalR,
cipR and levoR isolates, their MICs are evaluated with the other two corresponding pairs of antibiotics,
whereby we observed varied degree of resistance as well as sensitivities. The cost of resistance also varied
significantly between all the resistant mutants as the data exhibited heterogeneity in their response to fitness
components, like growth rate, lenght of lag time and cell density.
MGC 010
The multidrug resistance-conferring Salmonella genomic island 1 (SGI1) alters the entry exclusion
group of the transfer apparatus of IncC conjugative plasmids
M. HUMBERT, Sherbrooke University, F. COULOMBE1, Vincent BURRUS1, 1Sherbrooke University
Over the past 50 years, the emergence and spread of multidrug resistant bacteria have considerably increased
globally in both environmental and clinical settings. This phenomenon is greatly facilitated by conjugation, a
mechanism of horizontal gene transfer that allows the directional translocation of DNA between two
bacterial cells in direct contact through a type IV secretion system (T4SS). Conjugative plasmids of the IncC
incompatibility group (formerly known as A/C2) spread antibiotic resistance genes in several species
of Enterobacteriaceae and Vibrionaceae. Expression of the T4SS genes of IncC plasmids is activated by the
transcriptional activator AcaCD encoded by these plasmids. AcaCD also activates the expression of several
genes in the multidrug resistance-conferring Salmonella genomic island 1 (SGI1), thereby promoting its
excision from the chromosome and the production of three T4SS protein subunits that reshape the T4SS of
IncC plasmids. Here, we investigated the consequences of these substitutions on entry exclusion, a
mechanism by which DNA transport from the donor cell is blocked by the recipient cell to prevent redundant
exchange of conjugative elements between cells containing elements belonging to the same exclusion group.
Using a collection of deletion mutants in mating assays, we identified the small protein EexC as the entry
exclusion determinant of IncC plasmids in recipient cells while TraGC was found to be its interacting partner
in donor cells. Substitution of fragments of EexC with corresponding fragments of the homologous protein
EexA from an untyped conjugative plasmid of Aeromonas salmonicida showed that the C-terminus of EexC
determine the selectivity of the entry exclusion group. We discovered that SGI1-mediated substitution of
TraGC by TraGS abolishes IncC entry exclusion mediated by EexC, thereby enabling transfer of SGI1
between two cells containing an IncC plasmid. Furthermore, we discovered that SGI1 encodes EexG, an
entry exclusion protein unrelated to EexC but related to TraS of the F plasmid. EexG prevents redundant
acquisition of SGI1 despite the presence of TraGC, suggesting that substitution of TraG subunits alters entry
exclusion of IncC plasmids entirely. Our work also enabled us to propose a preliminary model of invasion of
bacterial populations by SGI1 with concurrent displacement of IncC plasmids.
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MGC 011
Examining cationic antimicrobial tolerant Escherichia coli: Antimicrobial cross-resistance, fitness, and
stability testing
Nicola CARTWRIGHT, University of Manitoba, G. G. ZHANEL1, D. C. BAY1, 1University of Manitoba
Background: Cationic antimicrobial (CA) agents represent disinfectants routinely used in hospitals, food
industries, and in commercial cleansers. CA kill bacteria by disrupting their cell membranes causing cell
leakage and death.Environmental accumulation of CAs can increase bacterial antimicrobial resistance and
adaptation to CAs. CA resistance in Enterobacteriaceae, such as E. coli, are of great concern because it may
enhance cross-resistance among extended-spectrum beta-lactamase (ESBL) and carbapenemase producers.
CA tolerance is linked to cell membrane protein and lipid alterations that increase efflux pump activity, lipid
modifications, and/or porin expression yet it is unclear how these alterations impact antimicrobial crossresistance, stability and fitness. Aim: E. coli was gradually exposed to four CAs, benzalkonium, cetrimide,
chlorhexidine and colistin generating CA adapted E. coli strains used to verify specific lipid and protein
changes in their cell membranes. Hypothesis: Exposing E. coli to increasing concentrations of different CA
will alter similar lipids, porins and efflux systems. CA adapted strains will be less fit than un-adapted strains
and if CA resistance is stably inherited it will increase genotypic variations. Results: E. coli K12 BW25113
strain was adapted to four different CAs and broth dilution antimicrobial susceptibility testing determined the
minimal inhibitory concentration of the strain before and after CA adaption. MIC values revealed a 2-4 fold
increase in all CA adapted strains except for colistin adapted E.coli (200 fold increase) as compared to the
un-adapted strain. Cross-resistance to other CAs demonstrated that benzalkonium and cetrimide adapted
strains were highly resistant to each other but not to chlorhexidine or colistin. Only colistin and chlorhexidine
adapted strains could stably maintain resistance after 10 subcultures without added CA yet cetrimide and
colistin adapted E.coli had reduced fitness as compared to other CA adapted strains. Whole genome
sequencing analysis is in progress and will confirm the extent of genotypic variations in each CA adapted
strain. Thin layer chromatography and mass spectrometry (MS) will be used to identify lipid alterations, and
proteins will be identified using liquid chromatography-MS. Significance: Understanding lipid and protein
changes associated with CA tolerance are important to improve CA effectiveness and combat antimicrobial
cross-resistance in Enterobacteriaceae.
MGC 012
EspK plays an active role in Mycobacterium tuberculosis ESX-1 mediated secretion and virulence
Jeffrey CHEN, University of Saskatchewan, Z. LIM1, 1University of Saskatchewan
The Mycobacterium tuberculosis type-7 ESX-1 protein secretion system is used by the bacterium to
translocate virulence-associated proteins EsxA, EsxB, EspA, EspB and EspC. While the functions of most
ESX-1 components are known, the roles of some have remained ambiguous and poorly defined. Using
genetic approaches we re-examined the function of M. tuberculosisEspK which was previously assumed to
be a non-essential component of the secretion apparatus. We show that EspK is essential for EspB secretion
and for the timely secretion of EsxA. Furthermore, we found that culturing EspK-deficient M. tuberculosis in
the presence of detergents restores the timely secretion of EsxA which may explain why EspK-deficiency
was previously found to have little impact on the bacterium’s virulence. Finally, using site-specific
mutagenesis we show that the highly conserved W-x-G motif in an otherwise polymorphic EspK is
functionally important. Taken together, our findings indicate EspK does indeed play a role in optimal ESX-1
activity and underscores the complex nature of this secretion apparatus and its components.
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MGC 013
Oxidative stress and unfolded protein responses in Neurospora crassa lacking VDAC
Deborah COURT, University of Manitoba, A. MOTNENKO1, O. KROHKIN1, V. SPICER1, S.R.
SHUVO1, 1University of Manitoba
Voltage dependent anion-selective channels (VDAC) in the mitochondrial outer membrane allow the flow of
small metabolites across the membrane and participate in regulation of multiple cellular processes. To
understand the impact of the absence of VDAC on cellular homeostasis, analysis of a VDACless Neurospora crassa strain was performed. The VDAC-less strain displays cytochrome defects and
alternative oxidase activity is observed. Proteomic analysis of the cytosol and mitochondria of the wild-type
and VDAC-less cells revealed that proteins related to translation, amino acid and nucleotide metabolism are
less abundant in the variant cells, while those involved in aerobic respiration, the TCA cycle, carbohydrate
and sugar metabolism were more abundant. This pattern partially overlaps those associated with oxidative
stress and the endoplasmic reticulum unfolded protein response (ER-UPR) in N. crassa. The VDAC-less
strain is sensitive to tunicamycin, an inducer of the ER-UPR, which suggests that there is a high baseline of
unfolded protein in the variant strain. Intriguingly, two proteins involved in conidiation, rco-1 and nrc-2,
were detected only in the VDAC-less strain, suggesting that they are upregulated. On solid medium, the
variant strain generates less aerial hyphae and conidia than does the wild type, phenotypes that are predicted
to result from nrc-2 driven regulation, but not from increased levels ofrco-1. In summary, the proteome of
VDAC-less N. crassa cells is characterized by a lower abundance of proteins involved in energy metabolism
and increases in those associated with stress responses.
MGC 014
Nek9 Exerts Transcriptional Control over p53-Regulated Promoters through Novel Interaction with
Adenovirus E1A Protein
Leandro CRISOSTOMO, University of Manitoba, R JUNG2, P PELKA1, 1University of
Manitoba, 2University of Ottawa
Human adenovirus (HAdV) is an important model of viral oncogenicity. HAdV is capable of driving
quiescent cells into S-phase in order for the virus to replicate efficiently, which is carried out by the Early
region 1A (E1A) proteins. On the other hand, the cellular p53 gene encodes a tumour suppressor protein
responsible for activating and promoting DNA damage response, arresting cell growth and inducing
apoptosis in cells with severe DNA damage. p53 is a natural rival to E1A, as they contest each other by
controlling the transcriptional activity of various key cellular pathways. My work focuses on an E1A
associated cellular protein, Nek9, a serine/threonine kinase generally thought to play a key role in mitosis.
We have previously shown that during HAdV infection, E1A is recruited by Nek9 to the p53-regulated
promoter of a DNA damage response protein GADD45A, resulting in its repression. It is therefore of interest
to elucidate the mechanism by which Nek9 is able to suppress p53 target gene expression. We have recently
observed that p53 promoter activity decreases in presence of Nek9. This trend in reduction of p53 promoter
activity persisted in cells infected with HAdV, as well as actinomycin D; a compound used to induce p53
expression. Nek9, as a kinase, plays an important role in phosphorylation of Histone H3, and we have
observed changes in levels of acetylated and phosphorylated histone enrichment at p53 regulated promoters
upon infection. During a transformation assay using mouse embryonic fibroblast cells, a significant increase
in the number of foci was observed in cells infected with HAdV and overexpressing Nek9, as compared to
cells not overexpressing Nek9. Although more work is required to fully understand Nek9’s role in HAdV
infection and transformation, the results thus far have added more evidence pointing towards Nek9 as a
potent enhancer of oncogenes, such as those expressed by HAdV.
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MGC 015
Impacts of Outer Membrane Porins OmpA and OmpX on Serratia Marcescens Virulence in an
Invertebrate Host Model
Alexander DIAMANDAS, University of Manitoba, A.M. MOYA-TORRES1, K.B.
BRASSINGA1, 1University of Manitoba
Serratia marcescens is an opportunistic pathogen responsible for a variety of infections including
conjunctivitis, pneumonia, uropathogenic, bacteremia and skin/soft tissue infections. Reservoirs of S.
marcescens have been sourced to surfaces in hospitals (floors, curtain dividers, sinks) that when disturbed by
human movements generate bacteria-laden aerosols that can contaminate open wounds and medical
devices. S. marcesens is also able to survive and proliferate in disinfectant solutions (e.g. chlorohexidine,
contact lens cleaners) promoting bacterial transfer. This environmental persistence coupled with the recent
emergence of multi-drug resistance (MDR) has gained S. marcescens prevalence as an important nosocomial
pathogen as indicated by recent surveillance reports and outbreak incidents. S. marcescens MDR is achieved
by a combination of genomic incorporation of genetic elements bearing encoded resistance, and alterations in
the levels of porins present in the bacterial outer membrane; factors that undermine treatment efficacy in
afflicted patients. Porins regulate the uptake of nutrients and modulate outer membrane permeability in
response to changing environmental conditions, but also serve as a major route of entry for antibiotics. While
the presence of plasmid-encoded carbapenemases is certainly a contributing factor to resistance, recent
reports on MDR clinical isolates from nosocomial outbreaks noted that resistance was instead attributed to
defective OmpF and OmpC porin expression and elevated chromosomal AmpC beta-lactamase levels.
Indeed, a recent study determined that genetic deletion of OmpF, but not OmpC, significantly increased
antibiotic resistance to the beta-lactam drugs ampicillin and cefoxitin as well as to nitrofurantoin. Moreover,
the porin mutant strains demonstrated increased bacterial invasiveness and virulence, in comparison to the
parental strain, in the Caenorhabditis elegans infection model. Thus, alteration of porin expression appears
have a dual effect of gained MDR and increased virulence; features that promote bacterial fitness within the
host. To further investigate this relationship, global porin gene expression analyses of the porin mutant
strains were employed on the premise that deletion of ompF or ompC would invoke compensatory
upregulation of other porin genes to maintain cell envelope integrity. Interestingly, the expression levels of
porin
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POSTER SESSION II
Wednesday, June 20th, 2018
3:00 – 5:00 PM
Presenters to be by their posters:
Odd number posters from 3:00 – 4:00 PM ** Even number posters from 4:00 – 5:00 PM

Applied & Environmental Microbiology
AEM 027
Prey versus Predator: Investigating Pseudomonas brassicacearum DF41 Biofilm Formation
on Caenorhabditis elegans
April GISLASON, University of Manitoba, MS NANDI1, TR DE KIEVIT1, 1University of Manitoba
Pseudomonas brassicacearum DF41 is a biocontrol strain that inhibits fungal plant pathogens. The success
of a biocontrol strain is dependent on its ability to persist in the rhizosphere where grazing predators
represent a significant threat. We have previously demonstrated that DF41 is able to avoid predation by the
bacterivorous nematode Caenorhabditis elegans through two distinct mechanisms: i) secretion of toxic
metabolites and ii) formation of a biofilm on the nematode head, which blocks feeding. The ability to form
biofilms on the C. elegans surface is a unique phenotype that has only been reported for a few
strains: Yersinia pestis, Y. pseudotuberculosis, and Xenorhabdus nematophila. In all three bacteria, this trait
is dependent upon production of the exopolysaccharide Poly-N-Acetyl-Glucosamine (PNAG), the product of
the hmsHFRS/pgaABCD operon. Interestingly, the pgaABCD locus is conserved in Gammaproteobacteria,
yet this phenomenon is rare. At present, very little is known about the molecular mechanisms underlying the
ability of DF41 to attach itself to and form biofilms on the C. elegans surface. The objective of the current
study, therefore, was to determine the role of the pgaABCD operon in DF41 biofilm formation and to explore
regulatory mechanisms overseeing this process. A DF41 pgaABCD insertional mutant was created that
showed impairment in its ability to develop biofilms on C. elegans; as such, PNAG appears to be essential
for this trait. We also discovered that L3, L4 and adult nematodes are more susceptible to biofilm formation,
suggesting that outer cuticle development impacts bacterial binding. DF41 exhibits altered gene expression
and metabolite production in response to predator presence, which is mediated through the GacS/GacA
regulatory cascade. Activation of the GacS/GacA regulatory system induces the expression of small
noncoding RNAs that bind to and inhibit global Regulator of Secondary Metabolites (RsmA) proteins. In
other organisms, RsmA family proteins negatively regulate PNAG expression. The genome of DF41 encodes
three putative RsmA proteins: RsmA, RsmE and RsmI. In other pseudomonads, these proteins have been
shown to regulate the temporal synthesis and composition of biofilms formed on abiotic surfaces.
Currently, rsmA, rsmE and rsmI mutants along with translational reporters are being used to determine the
regulation of PNAG. We are also investigating whether PNAG is involved in colonizing plant roots, further
contributing to DF41 persistence in the environment.
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AEM 028
Comparison of Pseudomonas chlororaphis PA23 Application Strategies for Protecting Against Blackleg
disease by Leptosphaeria maculans Avr7
Elham GOLKHANDAN, University of Manitoba, TK TERESA DE KIEVIT1, DF DILANTHA
FERNANDO1, 1University of Manitoba
Brassica napus (canola) is the second most widely produced oilseed crop worldwide. However, this
economically important crop is under constant threat of blackleg disease caused by the fungal
pathogen Leptosphaeriamaculans.Pseudomonas chlororaphis PA23 is a biocontrol agent capable of
preventing L.maculans growth in vitro and in planta in susceptible canola cultivars. It has been previously
demonstrated that PA23 directly antagonizes fungal pathogens through the excretion of antifungal
metabolites including phenazines, pyrrolnitrin, proteases and lipases, with pyrrolnitrin being the primary
compound responsible for antagonism. Despite our growing knowledge of the molecular mechanisms
underlying biocontrol, we have yet to understand which application approach is most effective for PA23mediated suppression of L. maculans. In the current study, different strategies were tested to determine the
most effective way of applying PA23 for preventing black leg disease in canola (var. Westar). Bacteria were
applied as a seed dip, by drench irrigation and as a foliar spray and then 24 hours later challenged with
ascospores of L. maculans Avr7. Infection was allowed to progress for 14 days, after which disease severity
was evaluated by measuring lesion size. A significant reduction in blackleg disease was observed when PA23
was applied to seeds or sprayed on cotyledons. Direct wound inoculation by PA23 was also significantly
effective in controlling the disease; however, no difference was observed when the seeds were irrigated with
PA23. Our findings indicate that PA23-based bioinoculants represent an environmentally-friendly alternative
to controlling blackleg disease caused by L. maculans if applied as a seed dip or foliar spray.
AEM 029
Chemical and Microbial Content of Medical Air Produced On-Site in a Healthcare Institution
Nicolas GROULX, University of Toronto, HM MOVAHHEDENIA1, FQ QHRESHI2, PE EDWARDS2, GE
EVANS1, SM MUBAREKA1, 1University of Toronto, 2Air Liquide Healthcare
Background. Medical air USP/CSA (United States Pharmacopeia, Canadian Standard Association) is a
pharmaceutical drug which is produced onsite for economic reasons. Ambient air is brought into the facility,
processed and delivered to patients. Evidences revealed that the medical air quality correlates with outdoor
concentration of chemical components during extreme smog and fire events, and the effects on the microbial
content are unknown. The chemical composition of medical air has to meet USP/CSA standards. The
microbial bioburden, remains unmonitored and unregulated. Methods. The main objectives of this pilot
study are 1) to charcterize the bioburden of the medical air in an urban healthcare institutionand 2)to
determine whether the outdoor air chemical composition affects the medical air chemical composition. Two
medical air delivery outlets were tested twice weekly during rush hour since November 2017-present using
the MISTRAL impactor, adapted for pressurized systems. With this device, medical air was sampled on
blood agar petri dishes in triplicate (1800L of medical air per sample) and incubated aerobically at 37°C for
72h. In order to compare the bioburden sampled from the medical air with the bioburden retrieved from the
sampling room, ambient air was collected with a Coriolis liquid impactor. Samples were plated on blood agar
petri dishes and incubated as above. Colony forming units (cfu) were calculated and the organisms identified
using mass spectrometry. The chemical composition of medical air was also tested with a portable
multisensor device which allows for several air pollutant concentrations to be measured in real-time in
parallel from the roof’s air intake. This way, we were able to compare on a hourly based time both outdoor
air and medical air composition. Results. We observed 0-13 cfus per blood agar plate withan average
concentration of 0.68 ± 0.08cfu/m3 of air, which was significantly lower 1 cfu/m3 (t test on the mean
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distribution, p < 0.0001). We numbered 28 different species of environmental bacteria. The chemical
sampling revealed that all pollutants were detected inside the medical air. The levels of CO and CO2 were
following the same trend then outdoor air. Discussion. These results underestimate the total bioburden as
only aerobic bacteria were recovered. Moreover, the microbial species identified represented environmental
bacteria ; no opportunistic pathogens were identified. Interestingly, many of the chemical pollutants in the
outdoor were at least partial removed from the medical air. However, CO and CO2 remained and follow
similar trends in the medical and outdoor air. Conclusions. The concentration of aerobic bacteria recovered
from the medical air system was low (<1 cfu/m3), and no opportunistic bacteria were identified. We have
demonstrated the feasibility of a multi-centre, multi-season comprehensive study to develop standards and
limits for microbes in medical air and determine potential risks to patients.
AEM 030
Bioaerosols and transmission of human and animal pathogens, a diverse and growing community of
practice
Nicolas GROULX, University of Toronto, ES SAVORY2, TC CUTTS3, CJR ROY4, GK KOBINGER5, MG
GIRARD6, SM MUBAREKA1, CD DUCHAINE5, 1University of Toronto, 2University of Western
Ontario, 3Public Health Agency of Canada, 4Tulane University, 5Université de Laval, 6Institut de Recherche
et de Développement en Agroenvironnement
Background. The transmission of infectious microbes via bioaerosols is of significant concern for both
human and animal health. However, gaps in our understanding of respiratory pathogen transmission and
methodological heterogeneity persist. New developments have enabled progress in this domain, and one of
the major turning points has been the recognition that cross-disciplinary collaborations across spheres of
human and animal health, microbiology, biophysics, engineering, aerobiology, infection control, public
health, occupational health and industrial hygiene are essential. The Canadian Infectious Bioaerosol
Network (CANIBAN) initiative was launched to focus on critical questions about infectious diseases
dispersed by bioaerosolization. This collaborative initiative supports advances in topics such as bioaerosol
behaviour, dispersion models, risk assessment, risk/exposure effects and mitigation strategies. Currently,
investigators from 11 major academic centres and public health agencies are involved, and we propose to
introduce CANIBAN to the broader microbiology community and catalyze further
collaborations. Approach. Representatives from multiple disciplines were assembled at the 2016
Symposium on the Transmission of Respiratory Pathogens in Québec City, QC. The objectives included 1)
an initial face-to-face meeting to catalyze networking and collaboration across disciplines and sectors, 2)
exchange technical and scientific knowledge in respective areas of expertise and 3) identify research gaps
and future opportunities. Outcomes. Projects in three spheres are highlighted from this and subsequent
meetings, including 1) experimental aerosols: these include artificial aerosols and emissions by
experimentally inoculated/exposed animals, 2) clinical studies: these focus on aerosol-generating
procedures, emissions by infected patients, occupational exposures and presence of bioaerosols in acute
inpatient settings and 3) field studies: these examine emission, transport, fate and mitigation of infectious
bioaerosols in animal confinement facilities, urban settings, wastewater treatment plants, composting biomethanization facilities, and subway systems. Through this network, we stand to gain insights into
fundamental properties of bioaerosols and their generation, and into exposure risk, early warning and
response to high consequence pathogens. This will also build capacity for research and development of
novel mitigation strategies. Conclusions. There is a need for enhanced knowledge translation and a
collective path for researchers, stakeholders and private partners is required to support a network of
individuals and agencies to achieve common goals and surmount these challenges. CANIBAN provides
investigators and knowledge users with opportunities for collaboration, resource sharing and knowledge
transfer and as capacity grows, so will opportunities for training and response.
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AEM 032
Klebsiella plasmids and their relevance for the transfer of antimicrobial resistance determinants
Jens Andre HAMMERL, German Federal Institute for Risk Assessment, G. CARL1, C. JAECKEL1, M.
GROBBEL1, A. KAESBOHRER1, 1German Federal Institute for Risk Assessment
Klebsiella spp. are Gram-negative opportunistic pathogens prevalent on plants, in water and soil but also
colonizing a wide range of livestock/wildlife animals. Klebsiellae were recognized as an important threat to
global public health due to their high level of antimicrobial resistance, mainly associated with the presence of
mobile genetic elements. In this study, resistance-plasmids of Klebsiella spp. isolates from livestock/wildlife
were investigated to elucidate their potential for the spread of antimicrobial resistance. Antimicrobial
susceptibility testing of Klebsiella spp. isolates was performed using broth microdilution following CLSI
guidelines and EUCAST epidemiological cut-off values. S1-PFGE, whole genome sequencing and
bioinformatics were performed to reveal the genetic basis of the observed resistance and the composition of
the plasmids. The transferability of the plasmids was characterized by filter-mating studies. Molecular
analysis of two multidrug-resistant Klebsiella pneumoniae strains revealed that the individual isolates carry
one and four plasmids, respectively. These can be efficiently transferred from Klebsiella
pneumoniae to E. coli and other genera of the Enterobacteriaceae by filter-mating studies. The plasmids
differ significantly in size and genomic composition. The genetic background of the antimicrobial resistances
and the transfer regions on the plasmids will be presented in detail. Our study underlines the high mobility
and transferability of resistance genes from animal derived Klebsiella pneumoniae, pointing at the potential
transfer of these genes to human pathogens.
AEM 033
Diversity of mcr-4 harbouring Escherichia coli isolates from food and livestock in Germany
Jens Andre HAMMERL, German Federal Institute for Risk Assessment, D. SHAMOUN1, S. SCHMOGER1,
M. GROBBEL1, B.-A. TENHAGEN1, A. KAESBOHRER1, 1German Federal Institute for Risk Assessment
Colistin is considered as highest priority critically important antibiotic commonly used to treat severe human
infections caused by multidrug- and/or carbapenem-resistant Gram-negative bacteria. In 2017, Carattoli et
al. reported on the identification of a novel mobilizable colistin resistance-gene, mcr-4, in Salmonella
enterica serovar Typhimurium (4,5,12:i:-). In this study, colistin-resistant Escherichia coli isolates from the
German national monitoring programme for antimicrobial resistance in zoonotic agents from the food chain
were investigated for the presence of mcr-4 and further genetically characterized. Antimicrobial resistance in
E. coli was determined as recommended by 2013/652/EU with the broth microdilution method according to
CLSI guidelines and EUCAST epidemiological cut-off values. Isolates with an MIC ≥4 mg/l were subjected
to PCR. S1-PFGE, Illumina MiSeq-sequencing and bioinformatical analyses were performed to identify and
characterize mcr-4 harbouring isolates in detail. The transferability of mcr-4 harbouring plasmids was
investigated by in vitro filter mating experiments. Up to now, in 13 E.coli isolates, recovered between 2010
and 2017, mcr-4 was detected. Sanger sequencing of PCR products revealed that two novel variants of the
mcr-4 gene (mcr-4.2 and mcr-4.3) are prevalent in the German E. coli isolates. Genome determination and
bioinformatical analysis revealed that the isolates differ in their MLST-, sero- and fim-type. However, all of
them harbour a highly conserved ColE-plasmid prototype that partially differ in size and genetic
composition. Further genetic features of the isolates and plasmids will be presented in detail. Our findings
indicate that mcr-4 is after mcr-1 the most prevalent mcr-like colistin resistance determinant in German E.
coli isolates from food and livestock. Further information on the stability of mcr-4 harbouring genetic
elements, their transmission routes as well as their distribution in livestock, food products and humans are
needed to assess the potential impact of this resistance determinant on public health.
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AEM 035
The dynamics of the fecal and nasopharyngeal microbiome of feedlot cattle administered
oxytetracycline and tulathromycin
Devin HOLMAN, Agriculture and Agri-Food Canada, Lacombe Research Centre, TW
ALEXANDER2, 1Agriculture and Agri-Food Canada, Lacombe Research Centre, 2Agriculture and AgriFood Canada, Lethbridge Research Centre
Bovine respiratory disease (BRD) is the most common cause of morbidity and mortality in feedlot cattle and
prevention and management of this disease typically involves the administration of an antibiotic after feedlot
placement. However, the effect that these antibiotic treatments have on the bovine microbiota is largely
unknown. Therefore, we evaluated the longitudinal effects of a single injection of either oxytetracycline or
tulathromycin on the fecal and nasopharyngeal microbiota of beef cattle that were transported to a feedlot.
We also determined the impact of antibiotic treatment on antibiotic resistance determinants in both the fecal
and nasopharyngeal microbiome. The greatest effect on the fecal and nasopharyngeal microbial community
structure was observed at 2 and 5 d post-treatment. The nasopharyngeal microbiota of the oxytetracyclinetreated cattle also remained perturbed until the end of the study at 34 d post-treatment and the
nasopharyngeal microbiota appeared to be more sensitive to antibiotic treatment than the fecal microbiota.
Members of the bacterial Microbacteriaceae family in the nasopharynx were most affected by antibiotic
treatment. Both antibiotics reduced the abundance of Pasteurella spp. in the nasopharynx at d 2 and 5.
Although cattle received a very similar diet at both locations, the largest change in the fecal and
nasopharyngeal microbiota occurred after transport from the farm to the feedlot. The association between
antibiotic treatment and antibiotic resistance determinants was also stronger in the nasopharyngeal
microbiome than in the fecal microbiome. The abundance of erm(X), sul2, tet(H), tet(M), and tet(W) in the
nasopharynx and tet(M) and tet(W) in the fecal samples was significantly increased 12 d after oxytetracycline
treatment (P < 0.05). Tulathromycin increased the abundance of erm(X), sul2, and tet(M) in the
nasopharyngeal microbiome 34 d post-treatment (P < 0.05). Overall, these results demonstrate that a single
antibiotic treatment can have long-term impacts on the bovine microbiome. A one-time injection of either
oxytetracycline or tulathromycin resulted in significant changes to the nasopharyngeal and fecal microbiota
in the first 5 d post-treatment and the nasopharyngeal microbiota of the oxytetracycline-treated cattle did not
recover during the study period. The abundance of several antibiotic resistance determinants in the fecal and
nasopharyngeal microbiome was also increased at either 12 or 34 d post-treatment.
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AEM 037
Polyhydroxyalkanoates production from volatile fatty acids and potential application to wastewater
treatment
Zimo JIN, University of Manitoba, SW WUSHKE1, WB BLUNT1, CD DARTIAILH1, PS SHARMA1, DL
LEVIN1, RS SPARLING1, 1University of Manitoba
Three bacterial strains, known to synthesize medium-chain length polyhydroxyalkanoate (mcl-PHA)
polymers, were investigated for their abilities to grow and produce PHAs using short chain length, volatile
fatty acids (VFAs) as sole carbon sources. Pseudomonas monteillii MO2, Pseudomonas putida LS46, and P.
putida LS46123 (a recombinant strain of P. putida LS46 that expresses a different PHA synthase) were able
to grow and produce PHAs using either single VFA substrates or VFA mixtures, under nitrogen-limiting
growth conditions. On average, P. putidaLS46 produced the highest total biomass (0.46 g/L) and up to 36%
PHA content of the cell dry mass (cdm) under the conditions tested. The PHA polymers synthesized by P.
putida LS46 consisted primarily of 3-hydroxydecanoate and 3-hydroxyoctanoate. However, the monomer
composition of the polymers varied according to the type of VFA used. When butyric acid was the sole
carbon source, a PHB-co-mcl-PHA polymer containing 8.5 mol% 3-hydroxybutyrate was synthesized. When
valeric acid was the sole carbon source, a PHV-co-mcl-PHA co-polymer containing 27.7 mol% 3hydroxyvalerate was produced. PHAs synthesized by P. monteillii MO2 consisted of similar monomer
compositions compared to P. putida LS46 using VFAs as carbon sources. However, when P.
putida LS46123 was grown on butyric acid, a scl-/mcl-PHA co-polymer containing 88 mol%
hydroxybutyrate was produced, while growth of P. putida LS46123 with valeric acid resulted in a scl-/mclPHA co-polymer containing 92 mol% 3- hydroxyvalerate. This study has shown that potentially valuable sclco-mcl-PHA polymers of novel composition can be produced from inexpensive VFAs
using Pseudomonas strains.
AEM 038
Diversity and metabolic potential of the phylum Cloacimonetes, with a focus on organisms identified in
a municipal waste environment
Lisa JOHNSON, University of Waterloo, A. SAUK1, L.A. HUG1, 1University of Waterloo
Landfills are the final destination for most discarded materials from our society, and the global increase in
urbanization has increased the amount of waste being produced. Current waste disposal practices are not
sustainable over the long term. Microorganisms colonizing landfills are responsible for the majority of the
degradation of organic matter and waste materials, with common end products being the greenhouse gasses
carbon dioxide (CO2) and methane (CH4). While some microbial activities are beneficial within the landfill,
including bioremediation of recalcitrant compounds, microbial growth can be problematic. In our study site,
a Southern Ontario landfill, microbial biofilm routinely over-grows the methane capture system, preventing
methane conversion to biogas and fouling the pipe infrastructure. This research aims to describe previouslyunderstudied landfill microbiota, both from the landfill leachate and the biofilm colonizing the methane
capture system. With shared members between the two samples, we will specifically examine the metabolic
potential of microorganisms belonging to the phylum Cloacimonetes. Leachate and groundwater were
collected from wells at a landfill in Southern Ontario, with sample biomass harvested on a 0.1 mm filter.
Filters were input for DNA extraction using a MoBio PowerSoil DNA isolation kit, and the DNA shotgun
sequenced on an Illumina HiSeq machine. DNA was extracted from a methane intake biofilm sample using
the same kit. The community composition of the biofilm was determined using 16S rRNA amplicon
sequencing on an Illumina MiSeq machine. Landfill metagenome sequence reads were assembled into
contiguous sequences (contigs), and contigs organized into metagenome-assembled genomes (MAGs) using
the analysis platform Anvi’o and binning algorithm CONCOCT. Binning utilized information about
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sequence composition and the coverage of contigs across the multiple landfill samples. Binning resulted in
hundreds of high quality MAGs, including 24 genomes from novel members of the phylum Cloacimonetes
(previously WWE1). The landfill Cloacimonetes were combined with 89 recently published but unanalyzed
environmental Cloacimonetes genomes and one existing cultivated Cloacimonetes’ genome to examine the
overall metabolic capacity of this phylum. Our work clarifies the roles the landfill Cloacimonetes may play in
these heterogeneously contaminated environments. Cloacimonetes were identified in the methane intake
biofilm, so this analysis additionally seeks to identify mechanisms involved in biofilm development, in hopes
of developing a mechanism to prevent future biofouling.
AEM 039
Characterization of antimicrobial resistant bacteria from vegetables and spices imported into Canada
Dongyun JUNG, University of Saskatchewan, J.E. RUBIN1, 1University of Saskatchewan
Antimicrobial resistant bacteria have been increasingly detected from patients in the community indicating
spread independent of healthcare contact. Food is recognized as a possible vehicle for resistant bacteria from
domestically produced foods, although its role in the global epidemiology of resistance via international trade
is not defined. Although drug resistant bacteria have been found in imported foods, our national surveillance
program in Canada which systematically targets meats does not currently include imported foods, including
vegetables and spices. The objective of this study is to identify and characterize resistant bacteria
including Escherichia coli, Salmonella spp., Staphylococcus aureus, Enterococcus spp., broad spectrum βlactamase producers and meropenem resistant Gram-negative bacteria from imported vegetables and spices
in Saskatoon, Saskatchewan. 147 vegetables and spices samples were purchased from 10 international
markets in Saskatoon. From these products, 31 E. coli, 9 Salmonella spp., 21 S.
aureus, 204 Enterococcus spp., 67 suspected ESBL producers and 116 meropenem resistant Gram-negative
bacteria were isolated. Antimicrobial minimum inhibitory concentrations were determined by broth microdilution. Susceptibility profiles were interpreted using species specific resistance breakpoints from the
Clinical and Laboratory Standards Institute and the European Committee on Antimicrobial Susceptibility
testing. E. coli isolates were resistant to between 0 - 8 drugs including β-lactams, quinolones, sulfonamides,
tetracyclines, phenicols and aminoglycosides. Salmonella isolates were overwhelmingly susceptible,
resistance to drugs other than sulfisoxazole was not detected. Two S. aureus were resistant to methicillin,
while the rest were susceptible to the rest of tested antibiotics. 204 Enterococcus spp. isolates were identified
which displayed a wide variety of susceptibility profiles. No vancomycin resistant E. faecium and E.
faecalis were found. Among the β-lactam resistant Enterobacteriaceae, a variety of broad spectrum βlactamases including CTX-M (n=14), TEM (n=3) and SHV (n=4) type ESBLs were identified. All
meropenem resistant isolates were lactose non-fermenters, including Stenotrophomonas spp.,
Pseudomonas spp. or Acinetobacter spp., and none of the most common carbapenemase encoding genes
(NDM, KPC, VIM, IMP or OXA-48) were detected. This study will provide fundamental AMR data on
AMR surveillance policy to alleviate AMR transmission from overlooked sources, and build a better
understanding of the epidemiology of resistance in Canada.
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AEM 040
Characterization of second site suppressor mutations of tktA in Sinorhizobiummeliloti
Sabhjeet KAUR, University of Manitoba, J.P. HAWKINS1, I.J. ORESNIK1, 1University of Manitoba
The interaction of Sinorhizobium meliloti and alfalfa is a well-studied model system for symbiotic
establishment between rhizobia and legumes. The S. meliloti Rm1021 genome consists of a variety of genes
involved in carbon metabolism and transport. Insertional inactivation of tktA, a gene encoding the major
transketolase enzyme for the pentose phosphate pathway, resulted in a strain that was unable to establish an
effective symbiosis with alfalfa.In addition, it was found that strains carrying mutations in tktA were aromatic
amino acid auxotrophs and produced diminished amounts of symbiotically active exopolysaccharides (EPS).
Isolates carrying secondary mutations were isolated that could suppress the effect of a mutation in tktA. The
strains carrying the second site mutations were capable of partially restoring symbiosis, as well as reversing
the conditional carbon phenotypes that were associated with tktA. A transduction strategy was used to
localize the secondary mutations. At least two classes of suppressor mutations have been identified using this
genetic approach. Two suppressor strains were subjected to whole genome sequencing using the PacBio
sequencing platform to identify the single nucleotide polymorphism (SNPs) in the regions that were
identified using transduction and the candidate SNPs were confirmed using Sanger sequencing. A potential
SNP in the regulator SMc02340 which is upstream of the tktB gene was identified. tktB is a minor
transketolase which can suppress some of the phenotypes that are associated with a tktA mutation if it is
overexpressed. We hypothesized that SMc02340 might affect the expression of tktB. To test this hypothesis, a
single cross over mutation is being constructed to verify this candidate gene. In addition, deletion mutants
will be constructed using a Gibson assembly approach to test the symbiotic phenotypes associated with the
suppressor strains. It is hoped that by characterizing the second site mutations which suppress the symbiotic
phenotype associated with tktA will help us understand the role transketolase plays in the symbiotic process.
AEM 041
Multidrug resistance in Pasteurellaceae contributing to fatal bovine respiratory disease cases in North
American feedlots between 2011 and 2016
Cassidy KLIMA, Feedlot Health Management Services, DB HOLMAN2, R ZAHEER3, SR COOK4, BJ
RALSTON4, RM ANHOLT5, YD NIU6, K STANFORD4, SJ HANNON1, C BOOKER1, RR READ6, TA
MCALLISTER3, 1Feedlot Health Management Services, 2Agriculture and Agri-Food Canada, Lacombe
Research Centre, 3Agriculture and Agri-Food Canada, Lethbridge Research Centre, 4Alberta Agriculture and
Forestry, 5POV Inc., 6University of Calgary
Recent emergence of extreme multidrug resistance (MDR) in species of the Pasteurellaceae family may
compromise the efficacy of therapies currently used to prevent and treat bovine respiratory disease (BRD) in
feedlot cattle. This study examines the prevalence of MDR in strains of Mannheimia haemolytica
(MH), Pasteurella multocida (PM), and Histophilus somni (HS) collected from BRD mortalities in North
America. Isolates of MH (147), PM (70), and HS (49) spanning 69 Alberta feedlots from 2011-2016 and two
US feedlots from 2011-2012 were examined for antimicrobial resistance (AMR) in association with
integrative conjugative elements (ICE). Genotyping was performed using PFGE and antimicrobial
susceptibility testing was completed using the Sensititre bovine/porcine panel. PCR was used to screen for
six genes associated with ICEPmu1 and three multiplex PCR assays were designed to screen for a total of 11
antimicrobial resistance genes (ARG). Overall resistance levels were high in all species with an increase in
the number of MDR isolates observed between 2011 and 2016. Of these cases, extreme MDR (resistance to
≥ 5 drugs) occurred in a total of 83% of MH, 93% of PM and 61% of HS isolates. Resistance levels were
greatest to sulfa drugs, neomycin, tetracycline, and macrolides. Correlations between ARGs within strains
indicate that resistance cassettes typical of ICEPmu1 were strongly reflected in all three populations.
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Although ?80% of strains harboured at least three ICE-associated genes, only 11% of MH, 74% of PM, and
29% of HS contained all six, indicating diversity in the backbone of the ICEs detected. Multiple cases of
clonal spread were observed, including strains of PM and MH originally isolated from the US in 2011 and
later detected in Alberta (2015- 2016). For all species, a correlation was found between MDR profile and
feedlot, but no relationship was apparent between MDR profile and specific drug therapies used. Species was
correlated with MDR profile but not with lung pathology, emphasizing the complexity of BRD infections.
This work highlights that ARGs in Pasteurellaceae, likely contained on ICE, are frequently found in feedlot
cattle BRD mortality populations in Canada and the US. Given the gene profiles identified, these mobile
elements can be selected for by macrolides, tetracyclines, and/or in-feed supplements containing heavy
metals.
AEM 042
Characterization of a locus responsible for the metabolism of multiple sugar alcohol substrates
in Sinorhizobiummeliloti
MacLean KOHLMEIER, University of Manitoba, I. J. ORESNIK1, 1University of Manitoba
Sugar alcohols, also called polyols, are carbohydrates that are formed from the reduction of an aldose or
ketose sugar. The most common polyols found in vascular plants are sorbitol, mannitol and galactitol
(dulcitol). Plant derived carbon compounds are secreted from the root tissue into the soil creating an
environmental niche called the rhizosphere. Soil microbes that can utilize the secreted carbon can be more
competitive and are more likely to thrive in the rhizosphere. One such organism is the legume
endosymbiont Sinorhizobium meliloti, a root-nodulating bacterium capable of fixing atmospheric dinitrogen
gas into ammonia during symbiosis. The ability of symbiotic bacteria to compete for nodule occupancy is
often linked to its ability to catabolize carbon compounds, including some polyols. The smo locus
(sorbitol mannitol oxidation) is found on the chromosome of S. meliloti’s tripartite genome. Mutations at
the smo locus reduce or abolish the ability of the bacterium to grow on a number of carbon sources including
sorbitol, mannitol, galactitol, D-arabitol, maltitol, and D-arabinose. The contribution of the smolocus to the
metabolism of these compounds as well as its role in symbiosis and competition for nodule occupancy has
not been previously investigated. Genetic complementation of the mutant strains revealed that smoS is
responsible for growth on sorbitol and galactitol, while mtlK restores growth on mannitol and D-arabitol.
Dehydrogenase assays demonstrate that SmoS and MtlK are NAD+ dependent dehydrogenases catalyzing the
oxidation of their specific substrates. Additionally, it’s shown that mutations to frk abolish growth on
sorbitol, mannitol, as well as fructose, which is consistent with the hypothesis that metabolism of sorbitol and
mannitol proceeds by oxidation into fructose followed by phosphorylation by Frk forming fructose-6phosphate. Transport experiments using a radiolabelled substrate indicate that sorbitol, mannitol, and Darabitol compete for use of the same transporter(s). Strains with mutations at the smo locus do not exhibit
symbiotic deficiencies or the inability to compete for nodule occupancy.
AEM 043
Genetic and Phenotypic Analyses of Aspergillus fumigatus from New Zealand and Saudi Arabian Soils
Gregory KORFANTY, McMaster University, N.P. PUM1, L.T. TENG1, J.X. XU1, 1McMaster University
Aspergillus fumigatus is an opportunistic fungal pathogen that causes highly lethal invasive aspergillosis in
immunocompromised individuals. These infections are routinely treated with antifungal drugs, such as the
azoles. However, a growing global concern is the rising levels of triazole resistance in A. fumigatus, in both
clinical and environmental settings. As a highly motile species, A. fumigatus spores may disperse long
distances and colonize a diversity of ecological niches. While studies were conducted on the patterns of
genetic variations in several regions of the world, there is little or no information on the genotypes and
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phenotypes of A. fumigatus strains from most countries. Here we aim to genotypically and phenotypically
characterize A. fumigatus from the geographically isolated New Zealand, and from the inland Saudi Arabia.
We have obtained 248 A. fumigatus isolates from New Zealand and 68 isolates from Saudi Arabia. Mating
type and susceptibility data suggest Saudi Arabia contains a clonal susceptible population of A. fumigatus,
whereas the New Zealand population has increased recombination and contains resistant isolates to
itraconazole and voriconazole. These samples will be further genotyped using nine polymorphic
microsatellite loci. We hypothesize that due to their geographic and/or cultural isolation, both the New
Zealand and the Saudi Arabia samples will be genetically different from those in other parts of the world.
However, as a western country, samples from New Zealand may be more similar to Western Europe. This
study will significantly enhance our knowledge on the global population structure and epidemiology of A.
fumigatus.
AEM 044
Identification of novel enzymes in the riboflavin biosynthetic pathway of invasive bacteria
Omkar KSHIRSAGAR, Dalhousie University, S. N. YURGEL1, 1Dalhousie University
Vitamin B2 (riboflavin, RF) is a precursor of flavins (FL), FMN and FAD, which are involved in activity of
many enzymes that carry out the cell’s biochemical reactions and play an important role in plant-microbe
interaction. The hypothesis of the research is that α-proteobacteria have missing alternate RF biosynthetic
enzymes which carry out RF biosynthesis for intracellular need of FL in cell metabolism. The objective of
my research is to identify novel potential enzymes involved in FL metabolism in invasive α-proteobacteria.
Our previous study showed that bacteria-derived FL promotes root infection by Rhizobia, facilitating
establishment of effective nitrogen-fixing symbiosis. We also found that symbiotic nitrogen
fixer, Sinorhizobium meliloti, has a potential alternative RF biosynthetic enzyme, Rib32, essential for RF
production for intracellular use. This enzyme is also found in other α-proteobacteria. An introduction of
homologues proteins from several α-proteobacteria could complement RF auxotrophy of rib32 deletion
mutant S. meliloti?rib32, but not by distant homologue from Ochrobactrum anthropi. However, S.
meliloti?rib32, containing O. anthropi rib32, S. meliloti?rib32xOarib32,produced RF prototroph revertant
colonies with low frequency. Our hypothesis is that, for the proper function of RF biosynthetic pathway,
Rib32 must form complexes with other RF biosynthetic enzymes, and the distant homologue of O.
anthropi rib32 could not form these complexes. We speculated that the restoration of RF prototrophy in S.
meliloti?rib32xOarib32 was a result of genetic modification in know or unknown enzymes involved in RBP
of S. meliloti and forms complexes with OaRib32. In this study, we performed phenotypical and genetic
characterization of two S. meliloti?rib32xOarib32 prototroph and identified a potential genetic change that
leads to restoration of RF prototrophy. The revertant were obtained from parental strain of S.
meliloti 1021?rib32xOarib32.DNA isolated from parental and revertants strains and sent for whole genome
sequencing. Using Geneious software for bioinformatic analysis of whole genomes of revertants and parental
strain, SNPs were identified and sorted which are present only in revertants. The results identified genetic
changes on potential known enzyme, PhnM. Growth phenotype test and FL measurement test results
indicated partial restoration of growth in revertant strains and less FL measurement observed as compared to
control strain S. meliloti 1021, respectively. The symbiotic phenotype (Plant) test showed revertant produced
with more white nodules. This research will help to identify novel alternative enzymes which could help to
improve efficiency of symbiotic N2 fixation and develop novel approaches to control plant diseases.
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AEM 045
Seasonal Abundance and Diversity of Aerobic Anoxygenic Phototrophs in Lake Winnipeg’s Euphotic
Zones
Steven KUZYK, University of Manitoba, X. MA1, V. YURKOV1, 1University of Manitoba
Nutrient loading has caused eutrophication in the great lakes of the St. Laurence drainage basin, resulting in
various problems. Lake Winnipeg, another great lake with an independent drainage basin, has been similarly
affected. The change in water chemical composition and the influence on higher-level organisms have been
investigated. However, the impact on microbial diversity is largely unknown. Therefore, we set out to study
the bacterial ecology of Lake Winnipeg, with a main focus on aerobic anoxygenic phototrophs (AAP). AAP
are photoheterotrophs, which use phototrophy aerobically as an auxiliary energy source without producing
oxygen. They are abundant in many aquatic habitats, however, their role in such environments remains under
investigated. Our population study includes the identification of AAP species, their temporal and spatial
variations, and the role in chemical cycling. We have used both culture based, and culture independent
techniques. Six sampling trips during the spring, summer, and fall of 2016 and 2017 focused on the
enumeration and diversity of phototrophs, including AAP, purple non-sulfur bacteria (PNSB), and aerobic
oxygenic phototrophs (cyanobacteria and algae). From the south basin, five sites were recognized as littoral
zones, with liquid and sediment samples collected, and five as limnetic zones, with only liquid collected. The
cultured limnetic heterotrophic population was highest in the spring and at its lowest during the summer.
Conversely, the littoral community peaked in the summer, and dropped during the fall for both years.
Although we observed less aerobic pigmented colonies from littoral sites than limnetic, a higher proportion
of them contained bacteriochlorophyll a, indicative of AAP. Water pH trends were similar for limnetic and
littoral sites with a maximum in the summer, and a predominant decrease in the fall.
Chlorophyll a concentrations measured in 2016, indicative of oxygenic phototrophs, had little variations in
the limnetic samples between seasons, while the littoral locations showed an increase during summer, with a
decrease during the fall. Partial 16s rRNA environmental gene sequencing at each site revealed similar trends
to culture based colony counts, where relative abundance of AAP peaked in summer, as did prokaryotic
oxygenic phototrophs like cyanobacteria. Combined with other information, such as chemical and nutrient
concentrations, it will be possible to evaluate the diversity, distribution, functional role and seasonal
fluctuations of phototrophs in Lake Winnipeg.
AEM 046
Epidemiology and molecular characterization of old and new amdoparvoviruses in Canadian wildlife
M. CANUTI, Memorial University of Newfoundland, E. MCDONALD1, H.E. DOYLE1, S.M. GRAHAM1,
B. RODRIGUES2, A.P. BRITTON3, H.G. WHITNEY1, H.D. MARSHALL1, Andrew LANG1, 1Memorial
University of Newfoundland, 2Newfoundland and Labrador Department of Fisheries and Land
Resources, 3British Columbia Ministry of Agriculture
Amdoparvoviruses (family Parvoviridae) cause an immune-associated, often lethal, wasting syndrome in
various carnivores. Most of the research so far has been focused on captive animals. Since there is limited
understanding of the ecology, host- and geographic distributions of these viruses, we investigated their
presence and molecular features in Canadian wildlife. Tissue samples from various years were screened with
PCR and amdoparvoviruses were identified in skunk (43/50, 86%) and mink (1/2, 50%) from British
Columbia (BC), pine marten (1/58, 17.2%) and red fox (7/127, 5.5%) from Labrador, and mink (8/23,
34.8%) and red fox (2/29, 6.9%) from Newfoundland. Samples from Arctic and red foxes from Quebec,
Nunavut, Northwest Territories and Manitoba (N=228) were negative. Complete or partial genomes were
obtained from positive samples and viruses were molecularly characterized. Three potentially novel viruses
were detected. Two of these viruses were identified in samples from BC, one in mink (Aleutian mink disease
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virus 2, AMDV-2) and one in skunks (skunk amdoparvovirus, SKAV). The non-structural protein (NS1)
sequences of these viruses diverge by >15% from other amdoparvoviral species, fulfilling the ICTV
molecular criterion for species demarcation. AMDV-2, phylogenetically close to the well-known AMDV
(NS1 protein identity: 78-82%) and different from viruses of farmed mink in BC, has so far been identified in
one individual, and its distribution is under investigation. SKAV, now officially classified by the ICTV
as Carnivore amdoparvovirus 4, was phylogenetically close to the mink viruses (NS1 protein identity: 7783%) and analyses performed on 44 sequences revealed the presence of at least 3 circulating lineages. SKAV
was also identified in skunks and in one mink in other distant areas of North America and strains showed
geographic segregation. The third divergent virus was identified in red foxes from Labrador and is tentatively
named Labrador fox amdoparvovirus (LaFAV). Preliminary data based on partial sequencing suggest this
virus is likely a novel species. Among the 7 LaFAV strains we identified two variants with distinct
geographic origins. The virus identified in the marten from Labrador was an AMDV and was similar to
known Canadian mink viruses. Viruses identified in Newfoundland (from both mink and red fox) could be
classified as AMDV and they were phylogenetically close to viruses previously identified in farmed mink.
However, 5 of these viruses, all from mink, were grouped within a clade that contained only viruses found in
the wild. Several different amdoparvoviruses are present in various wild carnivores across Canada. The
individual viral species affect predominantly one animal species, with rare spillover events, and viruses show
geographic segregation. Because several different (novel) viruses were identified, amdoparvoviral diversity is
likely higher than anticipated and many yet undiscovered amdoparvoviruses could exist.
AEM 047
Microbiota modification of Mytilus edulis larvae in response to the use of a new probiotic, the
marennine, in aquaculture
Jordan LATOUR, Université du Québec à Rimouski, S.-B. BERNIER1, K. DOIRON1, R. TREMBLAY1, K.
LEMARCHAND1, 1Université du Québec à Rimouski
In bivalve hatcheries, opportunistic pathogens have been associated with important mass mortality events of
larvae and important economic loss for producers. New alternatives to the use of antibiotics, such as
probiotics, have been proposed to limit the occurrence of such events in bivalve hatcheries and thus to
stabilize bivalve production. Probiotics are microorganisms or natural molecules associated with beneficial
effects for larvaeat different levels, especially to enhance their resistance to external stressors such as
bacterial pathogens.It is now recognized that the composition of the host microbiota influences the host
health status and could be a target of probiotics. The aim of this study is to highlight the protective effect of a
new probiotic, the marennine, on Mytilus edulis larvae during bacterial challenges in relation to a potential
modification of the marennine-treated larvae microbiota. The main hypothesis is that the addition
ofmarennine during larvae rearing processes could modify the conditions prevailing in the rearing medium
and, as a consequence, the composition of the larvae microbiota leading to a better resistance to bacterial
infections. The marennine is a blue pigment, originating from the diatom Haslea ostrearia, which has
demonstrated a positive effect on larvae survival at a final concentration of 500 µg L-1. In this study, D-larvae
(9 days old) and post-larvae (29 days old) were exposed for 96 h to Vibrio splendidus with and without
mareninne at a final concentration of 500 µg L-1. Our results demonstrated that, at this concentration,
marennine has no direct antimicrobial effect on V. splendidus growth kinetics. In addition, the presence of
marennine did not modify the abundance of bacteria in the rearing medium, suggesting no direct
antimicrobial effect of marennine on the bacterial load to which larvae were exposed during the experiments.
Nevertheless, the presence of marennine increased the survival of D-larvae exposed to the pathogen but have
no effect on post-larvae survival. The undergoing molecular analyses and the future metagenomics analyses
of the larvae microbiota diversity will allow us to demonstrate if a modification in the larval microbiota’s
richness might explain the increase of the survival rate during the production of blue mussels in aquaculture.
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Ultimately, our work will enable us to shed light on the importance of the larval microbiota in pathogenresistance during bivalves rearing process.
AEM 048
Polyhydroxyalkanoate (PHA) polymer accumulation and pha gene expression in phenazine and
pyrrolnitrin defective mutants of Pseudomonas chlororaphis PA23
David LEVIN, University of Manitoba, P SHARMA1, R MUNIR1, J PLOUFFE1, N SHAH1, T DE
KIEVIT1, 1University of Manitoba
Pseudomonas chlororaphisPA23 was isolated from the rhizosphere of soybeans and identified as a biocontrol
bacterium against Sclerotinia sclerotiorum, a fungal plant pathogen. This bacterium produces a number of
secondary metabolites, including phenazine-1-carboxylic acid, 2-hydroxyphenazine, pyrrolnitrin, hydrogen
cyanide, proteases, lipases and siderophores. It also synthesizes and accumulates polyhydroxyalkanoate
(PHA) polymers as carbon and energy storage compounds under nutrient-limited conditions. Pseudomonads
like P. chlororaphismetabolize glucose via the Entner-Doudoroff and Pentose Phosphate pathways, which
provide precursors for phenazine production. Mutants defective in phenazine (PA23-63), pyrrolnitrin (PA238), or both (PA23-63-1) accumulated higher concentrations of PHAs than the wild-type strain (PA23) when
cultured in Ramsay’s Minimal Medium with glucose or octanoic acid as the carbon source. Expression levels
of six pha genes, phaC1, phaZ, phaC2, phaD, phaF, and phaI,were compared by quantitative real time
polymerase chain reaction (qPCR), using RNA extracted from the wild-type and three mutant stains. The
qPCR studies indicated that there was no change in levels of transcription of the PHA synthase
genes phaC1 and phaC2 in the phz- (PA23-63) and phz- prn- (PA23-63-1) mutants. In the prn- mutant PA238, transcription of the phaC1 gene was down regulated significantly, while transcription of all other genes
tested remained unchanged. These results suggest that the higher PHA production observed in the phzand prn- mutants was not due to increased transcription of PHA synthase genes, but due to more
accessibility of carbon substrates and reducing power, which were otherwise used for the synthesis of
phenazine and pyrrolnitrin.
AEM 049
Urea containing synthetic nitrification inhibitors lowers N2O emissions but not nitrogen cycling
bacterial communities and gene expression in a soil microcosm study
Nicola LINTON, University of Guelph, A ANDERSON1, K CONGREVES2, C WAGNER-RIDDLE1, K
DUNFIELD1, 1University of Guelph, 2University of Saskatchewan
In Ontario, nitrogen (N) fertilizers generate 3.7 megatonnes (CO2 equivalent) of the greenhouse gas nitrous
oxide (N2O) per year. SuperU is a urea based fertilizer containing two nitrification inhibitors, N-(n-butyl)thiophosphoric triamide and dicyandiamide, which inhibit urease and ammonia monooygenase enzyme
activity respectively. It is hypothesized that nitrification inhibiting fertilizers mitigate N leaching loss and
reduce N2O emissions by delaying urea conversion to nitrate. However, the impact on key bacterial N
cycling groups is unknown. Several bacterial communities are involved in the N cycling pathway and
analysis of functional genes coding for enzymes can be used as markers of community size and activity.
These include urease (ureC), ammonia monooxygenase (amoA), nitrite reductase (nirS/nirK) and N2O
reductase (nosZ, typical and atypical). The objective of this research was to compare short-term N2O
emissions from soil receiving SuperU or urea, and link differences in N2O emissions to size and activity of N
cycling bacterial communities. Soil was collected from the top 15cm in Elora, Ontario, homogenized and 30g
placed in microcosms maintained at 60% WFPS. SuperU and urea were applied at 120kg N/ha, mixed into
soil and incubated for 35 days. N2O emissions were measured 8 times over the course of the study.
Microcosms were destructively sampled on 5 time points to measure soil nitrate, ammonium, bacterial genes
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(community size) and transcripts (activity). For microbial analyses, soil was sampled in triplicate, flash
frozen in liquid N, and DNA and RNA extracted for qPCR quantification of the total bacterial community
and N cycling functional groups using primers targeting 16S, ureC, amoA, nirS/nirK, nosZ and atypical nosZ.
SuperU reduced N2O emissions over the course of the study by 62.65%, compared to the urea treatment.
However, no difference was observed in changes in soil ammonium and nitrate levels over time between the
two treatments. The total and ureC bacterial community was not significantly different between treatments.
In both treatments the amoA bacterial community significantly increased over time from day 1 to 3 after
which it remained elevated. Community size in SuperU was significantly higher for nirS on days 1 and 10
and for typical nosZ overall, but not for nirK or atypical nosZ populations. Denitrifier gene expression
(nirK, nosZ and atypical nosZ) was higher on days 1 and 3 of the study after which it declined. SuperU
fertilization was able to reduce N2O emissions from soil under controlled conditions. N cycling microbial
groups responses to SuperU fertilizer treatment resulted, in general, in significantly higher denitrifier
(nirS and nosZ) population sizes. This research highlights that management practises incorporating delayed
nitrification strategies successfully reduced N2O emissions, maintained similar soil nitrate and ammonium
levels but was not detrimental to bacterial community size or activity.
AEM 050
A comparative genomic analysis of three Pseudomonas syringae strains with variable virulence against
the common bean plant Phaseolus vulgaris
Janet LORV, University of Waterloo, B.J.M. MCCONKEY1, 1University of Waterloo
The archetypal phytopathogen Pseudomonas syringae is a ubiquitous microorganism found in many
environments ranging from snow banks to agricultural crops. With its high genetic diversity, this bacterial
species can be divided into 13 monophyletic groups. Amongst the environmental strains of phylogroup two,
three strains were found to exhibit different virulence levels against the common bean plant, Phaseolus
vulgaris cv. Tendergreen, when inoculated at 1x106 cells/ml and 1x108 cells/ml. Pseudomonas
syringae pv. syringae B728a (PsyB728a), a native phytopathogen, triggered a hypersensitive response (HR)
at both concentrations. Pseudomonas syringae 508 (Psy508) triggered HR at the higher concentration
suggesting avirulence. Pseudomonas syringae TLP2 (PsyTLP2) was unable to elicit a reaction in both cases
indicating putative non-phytopathogenicity. To understand the genomic features contributing to the
phenotype variability involved in bean virulence, the genomes of Psy508 and PsyTLP2 were each sequenced
using a MinION nanopore sequencer developed by Oxford Nanopore Technologies. The flowcells yielded a
total of 2.48 Gbases (~417x coverage) and 1.85 Gbases (~279x coverage) respectively. Draft genomes were
assembled with an overlap-layout-consensus pipeline, without error correction, using the top 25% highest
quality reads. These assemblies were further refined using Nanopolish, a signal-based HMM, and Medaka,
an experimental recurrent neural network. Due to a higher error rate, genome completeness was assessed via
the detection of single orthologous genes specific to Gammaproteobacteria. The assembled genomes are
97% (12% fragmented) and 96% (13.5% fragmented) complete respectively. All three strains contain a single
circular genome and lack any pathogenicity plasmids common to phylogroup one P. syringae strains. When
compared to PsyB728a (6.04Mb), both sequenced strains show a reduced genome with PsyTLP2 having the
smallest genome (5.71Mb) followed by avirulent Psy508 (5.84Mb). The genomes are highly syntenic except
for one region missing from PsyTLP2. Psy508 and PsyTLP2 also share virulence factors with PsyB728a such
as a type III secretion system (albeit a non-canonical variant), two partial type VI secretion systems, as well
as biosynthesis genes for the phytotoxins syringolin A and phaseolotoxin. However, PsyTLP2 lacks the
partial type IV secretion system present in the other two strains. Despite the presence of virulence factors,
differences in the accessory genome and type III effectome are key contributing factors to the pathogenicity
of a Pseudomonas syringae strain.
_________________________________________________________________________________________________________
68th Annual Conference of the Canadian Society of Microbiologists
University of Manitoba, Winnipeg, Manitoba
June 18th – June 21st, 2018
46

AEM 051
Optimization for the Isolation of Legionella from First Nations Potable Water Sources
Teassa MACMARTIN, University of Manitoba, A K BRASSINGA1, A FARENHORST1, 1University of
Manitoba
Legionnaires’ disease is a form of pneumonia that often occurs in immunocompromised individuals from
exposure to aerosolized Legionella bacteria from water systems. Legionella pneumophila is the predominant
species responsible for Legionnaires’ disease cases reported worldwide. Legionella is an intracellular parasite
of bacterivorous protozoa normally found in freshwater; once ingested, Legionella remodels the protozoan
host cell to establish a replicative vacuole for completion of the life cycle by release of bacterial progeny
from the protozoan cell. However, co-culturing of Legionella and protozoa is generally inhibited by
chlorination administered during water treatment procedures. Recently, a study detailed the poor
microbiological quality in most, but not all, of the water supplies in First Nations Communities as
demonstrated by high levels of fecal bacteria. Residual chlorine in treated water has been rendered
ineffective by chemical inactivation by particulate organic matter sediment in water transport trucks,
distribution pipes, and storage cisterns, thereby promoting microbial growth. While fecal indicators are of
definite concern, there is no knowledge on the levels of Legionella species, particularly in the water supplies
with low fecal bacterial counts that could include Legionella and protozoa as part of the natural water biota.
Currently, there is no knowledge on the potential and/or incident rate of Legionnaires’ disease among
inhabitants in First Nations communities in Canada. Cases of Legionnaires’ disease are under reported, or not
reported at all, as individuals with pneumonia are treated with broad-spectrum antibiotics without further
testing to identify the causative agent. To address this lack of information, water samples were taken from
select First Nations communities to assess the levels, if any, of Legionella bacteria in storage cisterns and
distribution pipes. To ascertain species prevalence, isolated Legionella bacteria were subjected to
phylogenetic analyses. In preparation for processing of these water samples, protocols for selection and
identification of Legionella bacteria were optimized using “mock” water samples spiked with Legionella and
other bacteria commonly found in poor quality water. The results provide insight on the presence
of Legionella species in drinking water supplies in First Nations communities, and in turn, potential risk
assessment of the use of contaminated water in households with immunocompromised individuals.
AEM 052
Shifts in abundance of microbial N-cycling communities associated with riparian plantings in southern
Ontario agricultural systems
Tolulope MAFA-ATTOYE, University of Guelph, M BASKERVILLE2, M OLEBERMAN2, N
THEVATHASAN1, K DUNFIELD1, 1University of Guelph, 2University of Waterloo
Riparian buffer systems (RBS) are considered a best management practice in agricultural landscapes to
intercept soil nitrogen leaching and surface runoff; however, the influence of buffers on greenhouse gas
(GHG) emissions, is not well understood. In this context, a series of parallel studies were conducted in 2017,
within the Grand River watershed, as a part of a federally funded agricultural greenhouse gas project. Soil
microbial communities play an important role in nitrogen (N) cycling and reduction of nitrate to N2 gas; and
control the emission of nitrous oxide (N2O) an important GHG. In this study we quantified microbial groups
associated with nitrification and denitrification and N2O emissions in three different riparian land-use types;
grass buffer (GRB), rehabilitated site (RH), grassland (GRL) an adjacent conventional agricultural land
(AGL), and un-disturbed natural forest (UNF). For each site, the study area was 5 m from the edge of the
creek and 30 m long. We established 2 m by 2 m plots adjacent to gas chambers installed for GHG
measurements. In summer 2017, soil samples were collected from each plot at a depth of 0-10 cm for total
nitrogen, organic carbon, ammonium, nitrate and microbial analyses. DNA was extracted from the soil
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samples and the abundance of bacterial and fungal communities and specifically communities associated
with N-cycling, were quantified using quantitative polymerase chain reaction (q PCR). Primers targeting 16S,
18S, and functional genes encoding nitrogenase (nifH), ammonia monooxygenase (amoA), nitrite reductase
(nirS/K), and nitrous oxide reductase (nosZ) were used to amplify the targeted genes in order to assess the
abundance of the bacterial and fungal communities, the free-living nitrogen fixers, ammonia oxidizing
bacteria (AOB) and ammonia oxidizing archaea (AOA), and denitrifying bacteria. The abundance of
bacterial and fungal communities differed according to land-use types, with the highest populations occurring
in the UNF, and the lowest in the AGL site. In contrast, the AGL site had the highest archaeal and
bacterial amoA gene abundance, indicating that nitrification may be highest at this site. The nosZ gene which
is responsible for the conversion of N2O to N2gas was highest in the RH and GRB sites, suggesting complete
denitrification which was related to low N2O emissions measured at these sites. In contrast, nosZ gene
abundance was lower in the AGL sites, indicating that incomplete denitrification may be responsible for the
high N2O emissions detected in the AGL site. Overall, results suggest differences in the land-use types may
influence N-cycling soil microbial community dynamics altering potential N2O fluxes.
AEM 054
Pathogenicity assessment of Arcobacter butzleri isolated from surface water of a Canadian agricultural
watershed
Maria MAHMUD, Agriculture and Agri-Food Canada, M CLOUTIER1, G WILKES1, D LAPEN1, E TOPP1,
A KUMAR2, IUH KHAN1, 1Agriculture and Agri-Food Canada, 2University of Manitoba
Water is considered as a source for the transmission of Arcobacter spp. to humans and animals. This study
was conducted to assess prevalence, distribution and pathogenicity of A. butzleristrains that can potentially
pose health risks to human and animals. The cultures were isolated from surface water of a Canadian
agricultural watershed located in eastern Ontario. Antimicrobial resistance (AMR), virulence-associated
genes (VAGs) and enterobacterial repetitive intergenic consensus-polymerase chain reaction (ERIC-PCR)
assays were performed on 913 A. butzleri strains isolated from twelve water sampling sites. A. butzleri was
commonly detected in all sites where all strains were resistant to one or more antimicrobial agents with high
resistance to clindamycin (98.7%) and chloramphenicol (76.7%) followed by azithromycin (48%) and
nalidixic acid (49%). However, isolates showed significantly high rate of susceptibility to tetracycline (1%),
gentamycin (2%), ciprofloxacin (4%) and erythromycin (5%). Of 8 VAT genes tested, ciaB,mviN, tlyA
and pldA were detected at high frequency (>85%) compared to irgA (25.4%), hecB (19.3%), hecA (14.9%)
and cj1349 (12.1%) genes. Co-occurrence analysis showed isolates resistant to clindamycin,
chloramphenicol, nalidixic acid and azithromycin were positive for the ciaB, tlyA, mviN and pldA
VAGs.ERIC-PCR fingerprint analysis revealed high genetic similarity among strains isolated from sites 1, 9
and 15, and the genotypes were significantly associated with AMR and VAGs results, which highlight their
potential environmental ubiquity and potential as pathogenic strains. The study results show that agricultural
activities contribute to the contamination of A. butzleri in surface water. The information generated from this
study can be helpful in improving farm management practices to control the potential spread of A.
butzleri and their associated health risks to human and animals through contaminated water.
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AEM 055
Evaluating the Effectiveness of Metagenome Plasmid Enrichment by Bioinformatically Comparing a
Metagenome and Plasmidome from a Mine Reclamation Site
Breanne MCAMMOND, Thompson Rivers University, A GUERRIERI1, EM BOTTOS1, M DAGHIO1, JD
VAN HAMME1, 1Thompson Rivers University
Metagenomic analysis of environmental DNA tells us a great deal about the metabolic capacity of the
resident microorganisms; however, assembling environmental metagenomes is time consuming, and requires
a high level of sequencing commitment. In the context of tracking bacterial pathogens and monitoring
antimicrobial and metal resistance genes, a more efficient method might be to enrich plasmids from
metagenomes and sequence them, allowing for higher sample throughput. To put this idea to the test,
metagenomic DNA isolated from samples originating from a mine reclamation site historically treated with
biosolids was treated with plasmid-safe DNase to remove non-circular DNA and generate a “plasmidome”.
Both the metagenome and plasmidome were sequenced using Ion Torrent S5 XL sequencing technology,
generating 6.91 Gb and 5.89 Gb, respectively. Data were annotated in MG-RAST, and the proportion of
antibiotic resistance, metal resistance, and pathogenesis genes in both the metagenome and plasmidome was
determined. The plasmidome was found to have over 7.1 million identified protein features and over 5.8
million identified functional categories. From here, methods to assemble the plasmids from the metagenome
and plasmidome will be developed to determine if small circular plasmids were in fact enriched using DNase
treatments.
AEM 056
Biomineralization by Bacteria Isolated from Iron Curtain Cave Popcorn Speleothem Samples
Richenda MCFARLANE, Thompson Rivers University, N. CHEEPTHAM1, K. DONKOR1, 1Thompson
Rivers University
Caves are home to a wide variety of microbes which are able to survive and thrive in hypogenic
environments. Caves present an extreme habitat to many species, with low levels of organic matter, cold
temperatures, no light, and high mineral content. However, the unique conditions in caves may support
microorganisms with uncommon metabolic pathways, including some microbes that can precipitate calcium
carbonate and other minerals as a by-product of their distinctive metabolic activities. Through the
precipitation of minerals onto their surfaces, microbes contribute to the formation of many cave structures,
like speleothems (secondary mineral deposits). The objectives of this research are to isolate the microbes in
popcorn speleothems and characterize their ability to precipitate calcium carbonate in a lab setting by
growing them in B4 medium, a precipitation medium. So far, the isolation of bacteria from the popcorn
speleothem has yielded 35 bacterial isolates. In addition, chemical analysis of the cave speleothems by Flame
Atomic Absorption Spectrometry is used to determine what minerals are present in the environment the
microbes are living in. As cave bacteria are representative of early life on Earth, understanding the role they
play in the carbon cycle shows us how they may have facilitated the development of other lifeforms by
reducing carbon dioxide in the environment. In addition, studies of biomineralization may provide evidence
for potential heavy metal bioremediation practices, as many bacteria and fungi have high heavy metal
tolerance. Furthermore, microbial mineral precipitation has potential applications in the development of
biocements for building materials.
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AEM 057
Quantitative assessment of agricultural surface water quality, human and animal feces for prevalence
of Arcobacter faecis and A. lanthieri
MARY MILTENBURG, Agriculture and Agri-Food Canada, Eastern Cereal and Oilseed Research Center,
M. CLOUTIER1, O. ISLAM1, D.R. LAPEN1, G. WILKES1, G. TALBOT2, E. TOPP3, I.U.H
KHAN1, 1Agriculture and Agri-Food Canada, Eastern Cereal and Oilseed Research Center, 2Agriculture and
Agri-Food Canada, Dairy and Swine Research and Development Centre, 3Agriculture and Agri-Food
Canada, Southern Crop Protection and Food Research Centre
Arcobacter faecis and A. lanthieri, isolated from human and animal fecal sources, are two newly classified
members of genus Arcobacter. These two species are closely related to A. butzleri, A. cryaerophilus and A.
skirrowii which are known casual agents of disease in human and animals. This study investigated the
prevalence of these species in surface water collected from a mixed-use but primarily agricultural landscape
in the South Nation River watershed, eastern Ontario, Canada. Water and fecal samples from human and
animal sources were subjected to culture-independent direct DNA-based species-specific quantitative PCR
assay. Initially we developed and optimized the species-specific quantitative real-time PCR assays based on
the variable regions of rpoB and gyrA housekeeping genes for A. faecis and A. lanthieri, respectively. Next,
the specificity of primers and amplicons of each target reference strain were verified and confirmed by
dissociation curve analysis using variable DNA concentrations. In order to demonstrate the utility of the
approach on environmental samples, the optimized protocol was validated by quantifying prevalence of each
species in samples collected from agricultural surface water (n= 306) samples and various fecal including
human (n=19) and livestock, poultry and other domesticated animal (n= 249) samples. A. faecis was detected
at the frequency of 14% (n= 42) in water samples with concentrations ranging from 2.5x103 to 4.9x105 cells
100 ml-1 compared to fecal samples (7%; n= 19) where concentration ranges from 1.7x101 to 1.2x104 cells
g-1, respectively. A. lanthieri was detected at a low frequency in water (3%; n= 8) and fecal samples (4%; n=
11) with concentrations ranging from 1.8x104 to 4.1x105 cells 100 ml-1 in water and 4.8x101 to 3.3x104
cells g-1 in fecal samples. We demonstrate a rapid tool for quantitatively detecting and routine testing of A.
faecis and A. lanthieri in recreational, irrigation and drinking water and potential use of this assay in
diagnostic laboratories.
AEM 058
An evaluation of silica-Bacillus microencapsulation for reducing acid mine drainage from sulfur waste
rock in cold climates
Katie MITCHELL, Laurentian University, NCS MYKYTCZUK1, GA SPIERS1, M
SCHINDLER 1, 1Laurentian University
Acid Mine Drainage (AMD) poses a significant threat to the environment, economy and human health due to
its acidity, high sulfur and iron, and heavy metal content. Large volumes of sulfidic waste rock stored at mine
sites produce AMD through oxidation processes. Typically, little-to-no source management is conducted and
instead, runoff is treated at a large cost to the mining companies. In order to prevent AMD at the source, the
microbial communities that drive this production must be understood to be able to develop long term
solutions. Microencapsulation is a technology that applies a thin coating that sprayed onto waste rock in
order to prevent oxidation. Due to a lack of research, there are few documented microencapsulation
techniques that have been tested at large scale or long term enough to allow adoption of this technology in
the mining industry. In our research, we will assess the effectiveness of using a microencapsulation coating
of sodium metasilicate (Na2SiO3) with and without the addition of a “self-healing” component using
a Bacillus subtilisstrain to reduce AMD potential from Sudbury waste rock. We will be studying the
geochemical, mineralogical and microbiological components in both my lab and field-scale trials. Using this
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combined approach, it will be possible to determine if this microencapsulation technique is capable of
controlling both the abiotic and biotic factors that drive AMD production at scales more relevant to
application in the mining industry.
AEM 060
Crop Rotations and the Persistence of Bradyrhizobium japonicum in Manitoba Soils
Patricia ORDONEZ, University of Manitoba, Y. LAWLEY1, I.J. ORESNIK1, 1University of Manitoba
Bradyrhizobium japonicum is a Gram-negative α-proteobacteria that can be found either as a free-living soil
organism or as a symbiotic diazotroph with soybean (Glycine max). B. japonicum inoculants are typically
added to soybean crops to meet their nitrogen requirements. Over the last six years, Manitoba has become the
second largest producer of soybean in Canada with 2.3 million acres seeded in 2017. Due to this recent
increase, very little is known about the agronomic constraints of growing soybean in Manitoba. This includes
how bacterial populations behave in soils that have not previously been inoculated with B. japonicum. To
gain insight, we are studying three different Manitoba fields (Carman, Melita, and Kelburn) with four-year
crop rotations of soybean every year, corn-soybean, canola-soybean, and soybean every fourth year (with
wheat, canola, and corn as the previous crops). Soil samples were collected and extracted for their genetic
material. The DNA samples were then run through quantitative real-time PCR using two primer sets. The
J16S primers amplify the V6 region of the Bradyrhizobium 16S rRNA gene, while the nodZ primers amplify
the nodZ gene necessary for nodulation. The samples were also sent for 16S rRNA sequencing to
characterize and analyze the bacterial community in Manitoba soils. Analysis of the qPCR data show that
canola-soybean rotations have a negative effect on B. japonicum populations, whereas rotations with soybean
every year had a positive one. Due to the nature of the rotations, we were also able to look at the persistence
of B. japonicum over the years. It was found that B. japonicum survives the winter season and that its
population seems to decline at a predictable manner. Finally, we found that there is a substantial population
of Bradyrhizobium in Manitoba soils that lack nodZ and is therefore incapable of forming symbiosis with
soybean.
AEM 061
Genes implicated for prolonged-incubation phase of E. coli under nutrient-limited condition
Bansri PATEL, McMaster University, H. SCHELLHORN1, 1McMaster University
Bacteria can survive long periods in a nutrient deficient state, but little is known about the genes that are
required for surviving prolonged periods of starvation. E. coli has been studied for many decades and there is
a wealth of information regarding gene expression in exponential phase and more recently during periods of
adaptation to stationary phase. In a previous study, to identify genes controlled by the alternative sigma
factor RpoS that controls the expression of hundreds of genes required for adaptation. We found that a large
fraction of E. coli genes continues to increase in expression during prolonged starvation even in RpoS minus
background. In this study, we examined the abundance of transcripts to identify genes and pathways that are
preferentially expressed during prolonged starvation. The data revealed that the genes that increased in
expression are iron acquisition genes which are repressed by the Fur regulator, along with the genes
responsible for siderophore synthesis and arginine degradation pathway (AST pathway). Interestingly, gene
expression between 24 and 48h of incubation is characterized by a set of genes that are largely of unknown
function. Another large set of genes induced during this period promote biofilm formation (adhesion and
fimbrial related-genes) and persistence (toxin-antitoxin genes). One of the most highly-expressed genes
during extended incubation is the Fimbriae Yad operon. Recently, the importance of this operon for adhesion
to human cells and abiotic surfaces have been described. Additionally, the hha gene, which encodes the
haemolysin expression modulating protein and is also a regulator of biofilm formation, is strongly expressed.
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Expression of the cryptic prophage gene clusters including DLPD-12 and CP4-57 cluster genes also increases
in expression which is known to promote biofilm formation. These findings strongly suggest that the
planktonic culture initiates the biofilm formation gene program during prolonged incubation. This switch
could occur at the whole population level or just within a heterogeneous but significant population of cells,
especially adhesions and fimbrial genes which are essential during early stages of biofilm formation for
initial attachment to abiotic or biotic surfaces. This is the first demonstration of the appearance of biofilmrelated genes in the starved planktonic cells.
AEM 062
Detection of E. coli/Total coliforms andAntibiotic Resistance Genes in Drinking Water Collected from
Pine Creek First Nation in Manitoba
R MI, University of Manitoba, Rakesh PATIDAR1, F ZVOMUYA1, E KHAFIPOUR1, K ANDERSON1, A
KUMAR1, A FARENHORST1, 1University of Manitoba
Drinking water issues on reserves across Canada have lasted for decades. According to recent data (Health
Canada, 2018), 118 drinking water advisories are issued in First Nations communities, many because of
inacceptable levels of bacteria in drinking water. In 2016, E. coli/total coliforms and various antibiotic
resistance geneswere detected in some cistern (drinking water holding tank) water samples in Pine Creek
First Nation. Therefore, in this follow up study in Pine Creek First Nation, we collected tap water samples in
homes with cement or plastic underground cisterns, as well as samples from underground sewage tanks of
these homes. Coliform bacteria were present in 81% of the cement cisterns and 56% of the plastic cisterns,
and free residual chlorine levels were typically less than 0.2 mg/L which is required to suppress microbial
growth. Samples, from bothcisterns and sewage tanks, were found to be positive forvarious antibiotic
resistance genes, namely, sul1, ampC, mecA, β-lactamase genes (SHV-type, TEM-type, CTX-M-type, and
OXA-1), and carbapenemase genes (KPC, NDM, and OXA-48 genes);Samples from sewage tanks were also
positive for tetA, sul2, and carbapenemase genes (GES); and samples from cisterns were also positive for βlactamase genes (CYM-2-type). The results suggested that Pine Creek First Nation residents living in homes
with cement or plastic cisternscan be exposed to coliform bacteria and antibiotic resistance genes by drinking
their tap water. Current research focuses on identifying the species of bacteria present in underground
cisterns and sewage tanks so that pathways of cistern contamination can be further understood. The issue of
poor drinking water quality in First Nations communities in Canada remains unsolved and there is an urgent
need for improved monitoring and upgrading of infrastructure in communities relying heavily on cisterns.
AEM 063
Bioactivity and structure-activity relationships of cryptolepine and its derivatives as potential
antibacterial agents for human infections
George PESEWU, University of Ghana, WA MORGAN2, 1University of Ghana, 2University of East London
Antibiotic resistance has increased greatly in recent years and is posing ever-increasing therapeutic problems
worldwide. Cryptolepine is an alkaloid found in Crptolepis sanguinolenta (Lindl.) Schltr. (Asclepiadaceae) a
plant widely used in the traditional medicine of Ghana and other West African countries for the treatment of
microbial infections among other infections. Cryptolepine and its eleven synthetic derivatives were evaluated
for bioactivity and structure-activity relationships against pathogenic bacteria using the broth dilution
method, growth and time-kill assays according to the Clinical and Laboratory Standard Institute guidelines.
MIC and MBC values of cryptolepine ranging from 20-50 µg/ml were found against methicillin-sensitive and
–resistant Staphylococcus aureus (MSSA and MRSA), Streptococcus pyogenes, Escherichia coli and Proteus
vulgaris. Among the derivatives, 8-chlorocryptolepine, 11-chlorocryptolepine, 11-aminocryptolepine, 2fluorocryptolepine, 2-chlorocryptolepine, and 6-chlorocryptolepine showed the higher average activity with
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average MIC and MBC values ranging from 10-30 µg/ml than vancomycin, a commercial antibacterial
standard and represent much potential for the development into new antibacterial agents. Derivatives 2bromocryptolepine, 2-chloro-7,9-dinitrocryptolepine, and 2-fluoro-7,9-dinitrocryptolepine showed no
antibacterial activities. Derivatives 7-bromocryptolepine and 2,7-dibromocryptolepine showed activities but
at a much higher concentrations. The structure-activity relationship showed that chlorination of the quinoline
ring appears to be more significant for activity. Substitution of nitrogen groups to the existing halogenated
quinoline ring reduces the activities of the compounds.The low molecular weight derivativeswere more
potent which give an indication that the structure of these derivatives contributes to their effectiveness.
AEM 064
Extended spectrum β-lactamases producing bacteria isolated from feces of gilts and sows reared in
conventional and antibiotic-free settings
Dominic POULIN-LAPRADE, Sherbrooke Research and Development Centre of Agriculture and Agri-Food
Canada, N. GAGNON1, A. TURCOTTE1, E. TOPP2, J.J. MATTE1, G. TALBOT1, 1Sherbrooke Research
and Development Centre of Agriculture and Agri-Food Canada, 2London Research and Development Centre
of Agriculture and Agri-Food Canada
Antibiotic resistance is a recognized menace which will most likely surpass cancer as the leading cause of
death by 2050. In Canada, approximately 80% of all the antibiotics sold are administered to livestock
animals, promoting the development and spread of antibiotic resistance genes in food-borne pathogens.
Among them are the Enterobacteriaceae producing extended spectrum β-lactamases (ESBLs), which are
secreted enzymes conferring resistance to most of the available antibiotics targeting the bacterial cell wall.
The main objective of this study was to assess and characterize these antibiotic resistant bacteria in feces of
gilts and sows reared in commercial facilities. At one time point, feces of three groups of animals were
sampled: (i) 15 gilts in quarantine after their transport from the multiplication farm, (ii) 14 third-parity sows
reared with conventional practices and (iii) 15 third-parity sows reared in antibiotic-free settings. The total
and resistant bacteria were quantified by plating serial dilutions of feces onto MacConkey II medium (MAC)
supplemented or not with 2 µg/ml cefotaxime (CTX), a third generation cephalosporin, or 8 µg/ml
chlortetracycline (TET), the antibiotic most widely used in swine production in Canada. The phenotypic
resistance profile of over 1,500 isolates was screened and the minimal inhibitory concentration of 18
antibiotics was determined for a subset of multidrug resistant organisms using the disk diffusion method
following the Clinical & Laboratory Standards Institute guidelines. When compared to feces excreted by
conventional sows, the gilts feces contained significantly lower counts of lactose-fermenters growing on
MAC supplemented or not with TET, but they carried a higher percentage of bacteria resistant to TET and/or
CTX. Surprisingly, feces from sows reared in antibiotic-free settings also showed a higher proportion of
TET-resistant bacteria than in conventional settings. As for the CTX resistant colony counts, no difference
was observed between the three groups of animals. Organisms producing ESBLs were isolated from most of
the feces samples. All the animals received a dose of ceftiofur at 3 days of age and cocktails of antibiotics as
additives to their rations in nursery. Exposure to these antibiotics may exacerbate the development of
resistant bacteria, explaining why the gilts carry proportionally more resistant bacteria in their gut than the
older sows, for which the lack of exposure over a longer period may have allowed the antibiotic-susceptible
populations to thrive. Nevertheless, ESBLs-producing Enterobacteriaceae were isolated from the three
groups of animals. As contamination of carcasses with Enterobacteriaceae is very common, there is a
potential for these resistant bacteria to make their way towards fresh meat products. This is especially
worrying as ESBLs provide resistance against antibiotics of very high importance in human medicine with
limited availability of alternative treatments.
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AEM 065
Developing an effective rhizobial strain using an adaptive evolution approach to biologically fix
nitrogen in Phaseolus vulgaris
Gaganpreet Kaur RAI, University of Manitoba, S. KAUR1, I.J. ORESNIK1, 1University of Manitoba
Phaseolus vulgaris, also known as dry-bean, is an important legume that is grown in North America as major
source of dietary protein. Rhizobium etli is gram negative bacterium that is capable of entering into a
symbiotic relationship with Phaseolus vulgaris providing the plant with a source of biologically reduced
nitrogen. However, beans that are grown as a crop in Canada are typically fertilized using industrially
derived nitrogen. The aim of the present study is to provide a proof of principle that adaptive evolution can
be used as a technique to develop inoculum strains that can be used with varieties of beans that are currently
grown in Canada. R. etli CFN42 is a sequenced strain that is being used as a model organism to study plantmicrobe interactions and nitrogen fixation. Although it interacts with current bean cultivars, it does not form
an effective symbiotic association. Following an initial inoculation onto Phaseolus vulgaris cv Envoy, only
small, white ineffective nodules that did not fix nitrogen were observed. These nodules were harvested, and
used as an inoculum on a new set of plants. This process was repeated eight times. The results suggest that
repeated cycling of nodules can lead to the isolation of effective strains. Our data show that whereas CFN42
initially produced nodules that were white and found on the peripheral roots, strains that were isolated by
cycle 3-4 were capable of developing crown nodules. Repeated cycling of these nodules led to strains that
appear to produce pink effective nodules by our 8th cycle. This effectiveness was reflected both in the dry
weights of the plants, as well as the quantitation of nitrogen fixation by acetylene reduction. We are currently
sequencing representative strains from our adaptive evolution experiment using the PacBio platform to
determine the nature of the mutations in these strains. In addition, these effective strains will also be field
tested using small plots.
AEM 066
The impact of Azospirillumbrasilense on Cannabis indica microbial communities and secondary
metabolite production
Emma READ, Thompson Rivers University, EM BOTTOS1, E O'BRIEN2, R O'BRIEN3, JD VAN
HAMME1, 1Thompson Rivers University, 2University of British Columbia Okanagan, 3Valens Agritech
Cannabis is becoming well known for its medicinal uses as a result of the plants’ unique, psychoactive
effects on the body. Secondary metabolite ssuch as Trans-Δ9-tetrahydrocannabinol (THC), the main
psychoactive compound of the plant, and cannabidiol (CBD), an anti-inflammatory compound, are the most
prevalent of the many cannabinoid compounds. THC, CBD and other cannabinoids have become an area of
interest for researchers because of their interactions with the endocannabinoid system; and furthermore, their
potential use in medicine as therapeutic agents. Cannabis for medicinal use is generally consumed via
essential oils extracted from the plant; therefore, increased yields of secondary metabolites such as THC,
CBD and terpenes is desired. It has been shown that plant secondary metabolism can be stimulated through
the symbiotic relationships of plant growth-promoting rhizobacteria and plants, resulting in higher yields of
secondary metabolites. More specifically, the nitrogen-fixing Azospirillum brasilense has been correlated
with increased essential oil yield production in mint, oregano, fennel, and basil. In this experiment, Cannabis
indica seedlings of the Sweet Deep Grapefruit, God Bud and Shishkaberry varieties (n = 48 each) were
inoculated (n = 24 each) with A. brasilense and repotted. The plants were grown to maturity and harvested,
and the terpene and cannabinoid profiles of each plant was evaluated. Rhizosphere samples were taken prior
to inoculation with A. brasilense when the plants were seedlings; during repotting, about half way through
the growth period; and at the end of the growth period before harvest. Amplicons of the 16S rRNA gene were
sequenced from DNA extracts in order to characterize the microbial communities and determine if the
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relative abundance of A. brasilense was higher in inoculated plants. No increase in A. brasilense was
observed in treated samples and, while non-metric multidimensional scaling comparing overall community
composition between samples did not reveal any treatment effects, three distinct microbial community
groupings were observed. Correlative analyses of microbial community profiles to THC, CBD and terpene
profiles may provide additional insights and allow for targeted selection of microbial inoculants to increase
secondary metabolite production in Cannabis.
AEM 076
Validation of the microbiological quality assurance procedures used with axenic mice
Nathalie TURGEON, Université Laval, M LEBEUF1, C FAUBERT2, A PLEAU2, J ROBILLARD2, E
PARADIS2, C DUCHAINE1, 1Université Laval, 2Institut universitaire de cardiologie et de pneumologie de
Québec
Context: Axenic mice, ie free from microorganisms or germ-free, are now frequently required in various
research protocols. For instance, germ-free animals are used for the study of microbiota or various diseases
and they can be colonized with a specific flora without interference from animal’s original flora. Maintaining
mice axenic status requires the use of sterile equipment (cage, diet, etc.), extremely strict confinement
measures, and rigorous quality controls. The research centre of the Institut Universitaire de Cardiologie et de
Pneumologie de Québec (CRIUCPQ) recently acquired facilities required for hosting axenic mice. Facility
managers choose the iso-cage technology (Tecniplast) containing litter, nestlet and food for 5 mice over a
period of 2 weeks that are steam-sterilized. Every mouse manipulation is performed in a specialized class II
bio-confinement hood (IBS), equipped with an immersion tank used to chemically sterilize the outside of
each piece of equipment entering the IBS. Microbiological quality controls: Samples were collected at new
arrival and at every cage changes (feces, nestlet, litter, food, water, mice swab, cage swab, and IBS swabs).
Samples were collected in BHI broth in triplicate using cotton swabs, forceps (litter, food and nestlet), and
pipets (water). Samples were incubated at 25°C and 37°C in aerobic conditions as well as at 30°C in
anaerobic atmosphere. Growth was monitored using optical density. When growth was observed, samples
were plated on BHI agar for purification and identification using standard microscopic and biochemical
observation as well as 16S sequencing. Results: Experimental procedures were validated by hosting specific
pathogen-free mice (non axenic) over 12 weeks. 90-100% from feces, nestlet, mice swabs and cage swabs
samples were positive. 70%-90% of litter and IBS swabs were positive. Less than 70% of food and water
samples showed contamination. Axenic mice were hosted for a period exceeding 9 months in 6 cages, 2-3
animals per cage. IBS swabs were positive during the first 6 weeks. Contaminants found were
Staphylococcus heamoliticus S. capitis, S. hominis, and S. epidermidis. Working procedures were adapted to
prevent accidental contamination from worker’s natural flora. Contaminants were found in 2 cages hosting
germ-free mice (after 12 and 32 weeks). All samples of contaminated cages were positive, the remaining
cages were negative. Contaminants found were pure culture of S. hominis and S. epidermidis.
Conclusion: Maintaining axenic status require strict confinement measure as well as rigorous quality
controls. Microbiological tests were sensitive in detecting contaminants from human commensal flora.
However, viruses and fastidious bacteria cannot be detected using this approach. The development of
molecular biology approach could be complementary to microbiological method.
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Infection & Immunity
II 009
Iron Accumulation by Bacteria During Lag Phase as a Counter-Strategy to Host Nutritional Immunity
Robert BERTRAND, University of Manitoba
Iron is required to sustain life but inflicts oxidative damage. Bacteria, upon entering lag phase, displays a
perplexing tendency to absorb iron in excess, causing hypersensitivity to oxidative damage. Vertebrate hosts
sequester iron during infections to starve bacteria of iron, a process known as ‘nutritional immunity’. A
hypothesis is presented explaining iron accumulation during lag phase as a hoarding strategy with the
purpose of counteracting host nutritional immunity. Iron metabolism in bacteria is regulated by the ferric
uptake regulator (Fur). Nominal negative feedback inhibition of Fur by iron prevents iron accumulation from
occurring. Expression profiling of proteins regulated by Fur suggests that expression of Fur protein is lower
during lag phase than in subsequent growth phases. Transiently low Fur expression is therefore hypothesized
to be the mechanism by which microbes accumulate iron during lag phase. In summary, iron accumulation
by bacteria during lag phase is proposed to be an evolved counter-response to host iron sequestration and low
Fur expression is proposed to be the facilitating mechanism.
II 024
Chem-Seq for High-Throughput Identification of New Genes Involved in Resistance to Imipenem in
Gram Negative Bacteria
Jessica Y. EL KHOURY, Université de Laval, A. MAURE0, H. GINGRAS1, P. LEPROHON1, M.
OUELLETTE1, 1Université de Laval
To support the fight against antibiotic resistance, the World Health Organization has established a list of high
priority pathogens in order to guide research and development of new antibiotics (AB). This list highlights
the threat that multi-resistant Gram negative bacteria pose to human health. We focused our study on the
resistance of three listed bacteria Pseudomonas aeruginosa,Klebsiella pneumoniae and Escherichia coli to
imipenem (IMP), which is a β-lactam AB that inhibits bacterial cell wall synthesis by inactivating
transpeptidases, known as Penicillin Binding Proteins (PBPs). Some of the resistance associated with this AB
are known and linked to a loss of membrane permeability or to the production of enzymes. However, other
genes and metabolic pathways that may be involved in the resistance processes remain to be discovered.
Thus, we used the approach of Chem-Seq that combines chemical mutagenesis with next generation
sequencing technology to discover new resistance genes. Briefly, P. aeruginosa ATCC 27853, K.
pneumoniae ATCC 13883 and E. coli ATCC 25922 strains were treated with Ethyl MethaneSulfonate (EMS)
which produces random mutations by nucleotide substitution then resistant mutants were selected on agar
plates containing increasing concentrations of IMP. Whole genome sequencing was performed on more than
45 mutants of each strain as well as on the wild type (WT) strain of each species. These sequences were
aligned to the reference genomes using the bwa software then single nucleotides polymorphisms (SNPs) and
insertion/deletion (InDels) mutations callings were done by the GATK software. SNPs and InDels common
to the WT were excluded and the remaining mutations were annotated. For each species, mutated genes
common to at least two mutants were determined. In order to ease the comparison between the three species,
the analysis of the Clusters of Orthologous Groups of proteins (COGs) was done and the common COGs
were determined. The number of mutated genes common to at least two mutants was 32, 78 and 421 for P.
aeruginosa, K. pneumoniae and E. coli respectively. Some of these genes are already known to play a role in
the resistance to IMP, such as some porins in the case of P. aeruginosa and E. coli mutants. The proteins
encoded by the mutated genes belong to 16, 70 and 328 different COGs respectively. Among these COGs,
one COG is common to the three bacteria, five are common to P. aeruginosa and E. coli and 23 are common
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to K. pneumoniae and E. coli. Candidates common to P. aeruginosa and E. coli are genes encoding for sensor
histidine kinase, while common mutated genes between K. pneumoniae and E. coli include ones encoding for
N-acetylmuramoyl-L-alanine amidase (amiC) and murein hydrolase activator (NlpD). Functional study
aiming to validate the role of these genes is on-going and a complete analysis to rebuild the resistance of the
highest resistant mutants will also be done. In conclusion, the Chem-seq technique seems to be useful to find
new genes involved in imipenem resistance.
II 025
Oxygen and contact with human intestinal epithelium stimulate virulence gene expression in
enteroaggregative Escherichia coli
Samuel ELLIS, Quadram Institute Bioscience, M.A. CHATTAWAY2, S. SCHÜLLER3, 1Quadram Institute
Bioscience, 2Public Health England, 3Norwich Medical School, University of East Anglia
Enteroaggregative E. coli (EAEC) are important enteric pathogens, causing both acute and persistent
diarrhoeal illness. The identification of the 2011 O104:H4 German outbreak strain as Shiga toxin-producing
EAEC further emphasised the risks of this pathotype. Despite this, EAEC remain poorly characterised
compared to other pathogenic E. coli. Although many putative EAEC virulence factors have been identified,
their association with pathogenesis remains unclear. To determine EAEC virulence markers for the
identification of high risk strains, it is important to understand the regulation of these genes within the human
gut environment. In this study, we have investigated the effect of oxygen availability and interactions with
human intestinal epithelial cells on EAEC virulence gene expression, using prototype EAEC strains 042 and
17-2. To this end, we employed a human intestinal infection model based on a microaerobic vertical
diffusion chamber with polarised T84 colon carcinoma cells, and determined the effect of oxygen level and
host cell interaction on expression of EAEC virulence genes by qPCR and Western blot analysis. In nonadherent bacteria, oxygen generally stimulated expression of putative virulence factors, with significant
upregulation of the global transcriptional regulator aggR and the adherence-mediating dispersin gene aap in
strain 042. Furthermore, an aggR-independent upregulation of multiple virulence factors was observed in
adherent compared to non-adherent EAEC. These included a mucinase (pic), dispersin (aap), multiple toxin
genes (hlyE, astA, and pet) and aggregative adherence fimbriae I and II (aggA and aafA). Enhanced dispersin
protein expression in adherent versus non-adherent EAEC 042 was confirmed by Western blot analysis. In
addition, induction of gene expression in adherent EAEC was dependant on physical host cell contact rather
than release of soluble mediators. Overall, these findings suggest that EAEC strains respond to different
environmental signals in the gastrointestinal tract, such as the oxygen diffusion gradient across the mucosa
and physical contact with the epithelium, to optimise colonisation of the human gut.
II 027
Antimicrobial Resistant Plasmid Effects on Growth in Salmonella enterica serovar Heidelberg
Jayelle FRIESEN, Public Health Agency of Canada, C.S. MANGAT1, A. BHARAT1, M.R.
MULVEY1, 1Public Health Agency of Canada
Antimicrobial resistance (AMR) is one of the largest growing threats to global healthcare. Salmonella
enterica serovar Heidelberg is the third most frequently isolated serovar in Canada and is of particular
interest due to its incidence in Canada and resistance to the cephalosporins. We have previously shown that a
plasmid of approximately 95 kb harbouring the blaCMY-2 gene was responsible for cephalosporin-resistant S.
Heidelberg in chickens, retail chicken meat, and human infections. This study investigates the effects of this
plasmid on growth rates in S. Heidelberg. Two related plasmids carrying blaCMY-2 (pN13-02944 and p122460) were transferred via conjugation into a susceptible S. Heidelberg (N13-1291) with a well-characterized
genetic background. The susceptible recipient, along with the two transconjugants were compared using
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whole genome sequencing (WGS) using the Illumina sequencing platform to confirm the isolates were
isogenic varying only by the presence of the plasmid. Growth curves were conducted in technical triplicate in
LB broth at 37OC with aeration over a 24 hr period. WGS analysis of pN13-02944 and p12-2460 revealed 1
single nucleotide variant between each of the transconjugants. A comparison of the growth rates of the three
isolates indicated the presence of either plasmid resulted in reduced growth. The strains with the 2 plasmids
each had an extended lag phase whereas all three isolates reached stationary phase at approximately 10 hrs.
The isolate carrying pN13-02944 reached stationary phase at an OD600 which was 11% lower than the strain
without the plasmid. The isolate carrying p12-2460 reached stationary phase at a much lower at an
OD600 which was 33% lower than the strain without the plasmid. In conclusion we have shown that very
similar plasmids harbouring the CMY-2 gene can have dramatically different effects on growth in isogenic
strains. Future studies are underway to determine the effects of the plasmids on the proteome and the fitness
of S. Heidelberg.
II 028
Epinephrine and norepinephrine augment Ebolavirus replication
Lauren GARNETT, University of Manitoba, J STRONG2, 1University of Manitoba, 2Public Health Agency
of Canada
Ebolavirus (EBOV) causes multisystem failure mimicking sepsis in humans, with a fatality rate of up to
90%. Although there are a number of experimental and prophylactic treatments for EBOV, there are
currently no approved therapeutic agents. Therefore, patients diagnosed with EBOV are treated based on
supportive care therapy (WHO., 2016). One such supportive care measure includes the use of vasoactive
substances (epinephrine/ norepinephrine) to stabilize blood pressure in an attempt to maintain adequate organ
function (CDC., 2016). Early evidence from the National Microbiology Laboratory, Public Health Agency of
Canada suggests that vasoactive agents can augment replication of EBOV. This indicates that these
hormones, from both supportive care therapy (exogenous) and endogenous secretions, may play a role in
pathogenicity of the disease. Although this is still unpublished preliminary data in regards to EBOV, it has
been demonstrated in other viral infections, such as Enterovirus 71 (EV71). In which they found NE and Epi
increase the viral replication and subsequently enhance disease severity (Liao et al., 2015). The aims if this
study is to explore the effects of vasoactive agents on EBOV viral replication. It is hypothesized that when
cells infected with Ebolavirus are exposed to vasoactive substances (both endogenous and exogenous), such
as epinephrine and norepinephrine, there is augmented viral production. Experiments will be completed in an
enhanced level 2 biosafety laboratory using a cell culture model with various cell lines. The cells will be
infected with Pseudo-typed Vesicular stomatitis virus-Ebola (VSV-EBOV), which expresses EBOV
transmembrane glycoproteins but does not show viral pathogenic potential. It therefore can be used to study
viral replication without the threat of infection (Garbutt M., et al. 2004). Plaque assays with catecholamine’s
added to the agar, flow cytometry and time point infections will be completed to test the hypothesis. If
vasoconstrictors are shown to augment the viral replication as hypothesized, this could lead to future
reconsiderations of blood pressure management techniques for infected patients.

_________________________________________________________________________________________________________
68th Annual Conference of the Canadian Society of Microbiologists
University of Manitoba, Winnipeg, Manitoba
June 18th – June 21st, 2018
58

II 029
T cell receptor signaling is inhibited by the immune checkpoint LAG3, which impairs immunity
during chronic infectious disease
Colin GRAYDON, University of Manitoba, J LAJOIE1, J.K. KINDRACHUK1, K.F. FOWKE1, 1University
of Manitoba
Background: Chronic infections, including HIV, Tuberculosis, HCV and HBV, exhaust immune cells.
Immune exhaustion is an anergic phenotype characterized by upregulation of negative co-receptors called
immune checkpoints which typically impair lymphocyte function by blocking intracellular signaling. LAG3
is an important immune checkpoint for which the mechanism is almost completely unknown. Our study aims
to clarify the effects and mechanism of LAG3 on human T cells. Methods: We stimulated normal human
PBMC with the superantigen Staphylococcal enterotoxin B in the presence or absence of LAG3 blockade.
We also performed kinome analysis to evaluate how LAG3 inhibits T cell signaling following bead-based
crosslinking. The kinome evaluation method analyzes relative phosphorylation of peptides representing
hundreds of kinase targets after incubation with cell lysates. Results: LAG3 significantly inhibited T cell
proliferation following superantigen stimulation. Our kinome analysis found that stimulation of T cells with
CD3 and LAG3 antibody-coated beads reduced the phosphorylation of peptides associated with Akt, mTOR
and PI3K signaling compared to similar stimulation with CD3 and a control antibody. Conclusion: Blocking
LAG3 during chronic infectious disease may enhance pathogen-specific immunity. However, because the
LAG3 mechanism is unknown, blocking agents are limited and the contexts in which LAG3 blockade may
help overcome disease are not clear. We found that LAG3 makes T cells less responsive to stimulation by
interfering with intracellular phosphorylation of peptides. Identifying kinases and transcription factors
impacted by LAG3 would help determine LAG3’s potential for immune enhancement, especially in HIV
where LAG3 blockade may also help reactivate latent reservoirs.
II 030
A high throughput fluorescent assay to determine Gram-negative cationic antimicrobial susceptibility
Branden GREGORCHUK, University of Manitoba, N CARTWRIGHT1, M.R. MULVEY1, M
KHAJEPOUR1, G.G. ZHANEL1, D.C. BAY1, 1University of Manitoba
Background: Cationic antimicrobials (CAs) used as disinfectants and antibiotics (aminoglycosides,
polymyxins) often kill bacteria by membrane disruption causing cell leakage. In Gram-negative bacteria,
tolerance to CAs is associated with membrane modifications that can decrease drug penetration.
Proteobacteria tolerant to CAs frequently enhance cross-resistance to a variety of therapeutic antimicrobials
and biocides. Current screening methods to detect CA tolerant phenotypes are limited to laborious broth and
agar-based antimicrobial susceptibility testing methods which are time consuming (1-2 days) and hard to
replicate due to the lack of clinical laboratory standards institute (CLSI) recommendations, highlighting an
important gap to address. My aim was to develop a rapid fluorescent dye membrane integrity assay
(RFDMIA) to detect differences in the membrane integrity of clinically relevant Proteobacteria utilizing a
DNA/RNA-binding fluorescent dye that only fluoresces when bound to DNA/RNA, as the cell membranes
become disrupted (patent pending). When cells are incubated with dye and increasing CA, we hypothesize
that the membrane integrity will be maintained in the CA tolerant bacterium as compared to a susceptible
control. The fluorescence can be monitored over time and will allow us to rapidly detect CA tolerant
phenotypes which correlate with MIC values. Methods & Results: Initially we determined MIC values
for P. aeruginosa, E. coli, and A. baumannii strains for CAs using microdilution antimicrobial susceptibility
techniques. This included E. coli plasmid transformants expressing a colistin resistance gene(mcr-1) and E.
coli strains artificially adapted to <200 µg/ml colistin. These cultures were tested by RFDMIA using a 96well microplate over 30 min with either cetrimide or colistin to detect CA susceptibility profile. Based on the
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assay, CA tolerant cells were distinguishable from the CA susceptible cells at high concentrations of CAs
with reduced dye emissions at higher drug concentrations for CA tolerant species. MIC significantly
correlated to RFDMIA values suggesting that this technique can predict CA tolerant phenotypes in Gramnegative species. Conclusions: The RFDMIA technique correlates to MIC values for various CAs and may
serve as a rapid technique for studying CA tolerance in Gram-negative species. Future work will explore the
assay’s effectiveness at predicting CA tolerance in Gram-positive species.
II 031
Staphylococcus aureus requires the GraXRS regulatory system to adapt to the phagolysosomal
compartment of macrophages
David HEINRICHS, University of Western Ontario, R FLANNAGAN1, R KUIACK1, M
MCGAVIN1, 1University of Western Ontario
The macrophage phagolysosome is a highly acidic organelle with potent antimicrobial properties yet,
remarkably, phagocytosed Staphylococcus aureus replicates within this niche. Herein we investigated what
gene(s) allow S. aureus to adapt and proliferate within the phagolysosome of the macrophage. We show that
the two-component regulatory systems SaeRS and AgrAC, and the a-phenol soluble modulin peptides, all of
which are important virulence factors inS. aureus, are dispensable for growth in the macrophage
phagolysosome. In contrast, we find that the S. aureus GraXRS regulatory system is essential for replication
of S. aureus within this compartment. We next investigated how GraXRS contributes to phagolysosomal
replication of S. aureus, focusing on the roles of phagosome acidification and antimicrobial peptide exposure
in the process. Under acidic conditions in vitro, the growth of both wildtype USA300 and its
isogenic graSmutant is significantly impaired yet, remarkably, we demonstrate that phagolysosome
alkalinization is not sufficient to enhance bacterial growth. Together these data suggest that S. aureusmay
need to be exposed to phagosome acidification in order to be able to respond appropriately to this niche
within macrophages. To test this notion, we analyzed phagosomes containing replicating S. aureus USA300
by fluorescence microscopy and show that replicating bacteria reside within intact phagosomes that are fully
acidified. This assertion was confirmed by ratiometric pH measurements of phagolysosomes containing live
and dead S. aureus USA300 which have an average pH of 5.4. Importantly, through gentamicin protection
assays and fluorescence microscopy studies we do find that phagosome acidification plays an important role
in modulating the ability of wild-type S. aureus to grow within the macrophage. Strikingly, when phagosome
acidification was blocked prior to phagocytosis, growth of wild type S. aureus was significantly impaired,
thereby mimicking the phenotype of a graS strain. The notion that acidification is a prerequisite to S.
aureus growth within phagolysosomes was supported by our in vitro growth experiments, whereby exposure
to acidic conditions augmented S. aureusresistance to antimicrobial peptides and reactive oxygen species in a
GraS-dependent manner. In vivo, we show that graS and mprF, the latter encoding the multiple peptide
resistance factor and a member of the GraS regulon, are required for survival in the murine liver during the
acute stages of systemic infection when the bacteria reside within liver resident Kupffer cells. We conclude
that GraXRS represents a vital regulatory system that functions to allow S. aureus to adapt and evade killing,
prior to commencement of replication, within host anti-bacterial immune cells.
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II 032
A water-soluble Rifampicin-Tobramycin conjugate sensitizes Pseudomonas aeruginosa to Doxycycline
and Chloramphenicol
Temilolu IDOWU, University of Manitoba, G.G. ZHANEL1, F. SCHWEIZER1, 1University of Manitoba
The WHO has designated carbapenem-resistant Pseudomonas aeruginosa as a priority 1 pathogen that poses
serious threat to public health. This pathogen, which is the leading cause of nosocomial infections as well as
respiratory infection in patients with cystic fibrosis, is well known for its ability to develop resistance to all
classes of antibiotics due to its intrinsic, acquired, and adaptive resistance mechanisms. Notably, its
chromosomally-encoded low membrane permeability and highly efficient efflux systems are important
mechanisms by which the pathogen evades antibiotic actions. We have earlier shown that a novel
tobramycin-hybrid scaffold possesses intrinsic physicochemical properties that can destabilize the outer
membrane and membrane-associated efflux systems in this organism. Here, we report that a water-soluble
Rifampicin-Tobramycin conjugate (at ´MIC) potentiates the activities of doxycycline and
chloramphenicol in vitro against wild-type and multidrug resistant P. aeruginosa. When hybridized as a
single non-cleavable entity, the potencies of the individual composing molecules of rifampicin and
tobramycin were attenuated in P. aeruginosa by magnitudes of 32- and 1024-fold, respectively. Rifamycins
are not used to treat Gram-negative bacterial infections because of their highly hydrophobic nature and
inability to cross the outer membrane. P. aeruginosa is also intrinsically resistant to doxycycline (MIC ≥ 16
μg/ml) and chloramphenicol (MIC ≥ 32 μg/ml). However, in the presence of ≤ 10 mM ( ´MIC) of the watersoluble Rifampicin-Tobramycin conjugate, the absolute MICs of doxycycline (MIC ≤ 0.5 μg/ml) and
chloramphenicol (MIC ≤ 1 μg/ml) were significantly reduced below their respective CLSI susceptibility
breakpoints (extrapolated: doxycycline ≤ 4 μg/ml for Acinetobacter spp, chloramphenicol ≤ 8 μg/ml
for Enterobacteriaceae). Whereas the Rifampicin-Tobramycin conjugate displayed classic adjuvant
properties against wild type P. aeruginosa PAO1, rifampicin and tobramycin as stand-alone agents do not,
even at relatively higher molar concentrations. Previous mechanistic studies show that tobramycin hybrids
dissipate the electric component of the cytoplasmic proton-motive force that energizes efflux pumps in P.
aeruginosa, particularly the RND pumps. Doxycycline and chloramphenicol are known substrates for RND
efflux pumps. The ability to sensitize P. aeruginosa to intrinsically less potent agents is a viable way to
expand the dwindling therapeutic options available to treat this pathogen.
II 033
Understanding the role of para-hydroxybenzoic acid derivatives (p-HBADs) in bovine TB Pathogenesis
Olivia IHEDIOHA, University of Saskatchewan, A. POTTERS1, and J. CHEN1, 1University of
Saskatchewan
Bovine tuberculosis (bTB) caused by Mycobacterium bovis (M. bovis) results in major financial losses to the
cattle industry and also poses a serious health risk to people in many countries. Currently, there is no licensed
vaccine available to prevent bovine tuberculosis. Therefore more research is urgently needed to understand
what will constitute an effective bTB vaccine and to use the information obtained to develop it. Towards this
goal, we first examined the immunogenicity of three different classes of M. bovis biomolecular signatures proteins, cell wall lipids and cell surface sugars on bovine dendritic cells which are immune cells key to
controlling TB. Specifically, we quantified and compared the innate immune response of monocyte-derived
bovine dendritic cells (bDCs) upon stimulation with M. bovis purified protein derivatives (bPPD), total cellwall lipid extract (CWL) and total cell-surface sugar extract (CSSE). Unexpectedly, we found CSSE induced
significantly lower production of proinflammatory cytokines by bDCs even though it was presented to bDCs
at higher concentrations than bPPD and CWL. A search of the research literature subsequently led us to the
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hydroxybenzoic acid derivatives (p-HBADs), suppresses mouse innate immunity and T-cell activation in
vitro. We hypothesize that the only p-HBAD made by M. bovis called p-HBAD-I, may suppress the host
immune system and enable the pathogen to establish successful infections. Indeed we were able to verify
that pure synthetic p-HBAD-I potently suppresses bDC innate immune function. Furthermore, we determined
that p-HBAD-I targets Toll-like receptors (TLRs) 1, 2, 4 and 5 signalling pathway.Ongoing research is
focused on further elucidating the virulence function of p-HBAD-I and the underlying molecular
mechanisms. In the long-term, these studies will contribute to our understanding of bovine TB pathogenesis
and may benefit efforts to develop bovine TB vaccines.
II 034
Genomic Variants Associated with Pseudomonas aeruginosa Eradication Failure in Pediatric Patients
with Cystic Fibrosis
Conrad IZYDORCZYK, University of Toronto, P STAPLETON1, J DIAZ CABALLERO1, T BEAUDOIN1,
YC YAU1, V WATERS1, PW WANG1, DS GUTTMAN1, 1University of Toronto
Due to the strong association between chronic Pseudomonas aeruginosa (Pa) lung infection and morbidity
and mortality in individuals with cystic fibrosis (CF), antibiotic eradication therapy (AET) has become the
standard treatment in patients with new-onset Pa infections. However, for reasons that remain poorly
understood, AET fails to eradicate Pa in up to 30% of individuals with new-onset Pa infections, despite
susceptibility of the bacteria to the administered antibiotics. A recent study investigating bacterial phenotypes
associated with AET failure found Pa chronic infection phenotypes to be associated with AET failure in
children with CF, but the genomic basis for eradication failure remains unknown. In this retrospective study,
we investigate the genomic variants associated with AET failure in a cohort of 43 pediatric patients with CF
with 46 new-onset Painfections (3 patients had 2 new-onset infections) from 1999 to 2013 at the Hospital for
Sick Children, Toronto, Canada. New-onset infections were defined as the first Pa-positive sputum sample
after a period of at least 12 months with a minimum of three Pa-negative sputum samples. A total of 155
Paisolates were collected from the 46 new-onset infections, with 1-10 isolates (median 3) from 1-4
morphotypes (median 1) collected per infection. All patients received the same AET (300mg/5ml inhaled
tobramycin solution twice daily for 28 days), and infections were considered persistent if AET failed and Pa
was detected in a sputum sample taken within 1 week of completion of treatment. Eradication was successful
in 74% of cases (34/46 infections, 121/155 isolates) and failed in 26% (12/46 infections, 34/155 isolates). All
isolates were subsequently sequenced for inclusion in a genome-wide association study. Single-nucleotide
polymorphisms (SNPs) were called for all isolates against the P. aeruginosa LESB58 reference genome, and
the core and accessory genomes identified. Genome-wide associations for SNPs and accessory genes with
eradication status (eradicated or persistent) were analyzed using three methods: logistic regression with
principal components as covariates, logistic mixed models, and phylogenetic simulations as implemented in
the R package treeWAS. No variants (SNPs or accessory genes) were identified by any of the three methods
as being associated with eradication failure under a strict Bonferroni multiple test correction threshold at
alpha = 0.05. The top 10 variants most strongly associated with eradication failure were not concordant
between the three methods. Papersistence in new-onset infections appears to be a complex phenotype not
under the control of a few, strongly associated genetic variants with large effect sizes, but possibly the result
of complex interactions between many loci with small effect sizes and patient characteristics, such as disease
progression and lung physiology.
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II 035
Use of MALDI-TOF mass spectrometry for the identification of bacteria growing as biofilms
Mario JACQUES, Université de Montréal, Sainte-Hyacinthe, AM GAUDREAU1, J LABRIE1, C GOETZ1, S
DUFOUR1, 1Université de Montréal, Sainte-Hyacinthe
Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry (MS) has
become a robust tool for microbial identification. Bacterial protein profiles obtained from intact cells or cell
extracts are compared to a database of bacterial reference mass spectra for rapid identification at the genus,
species and, in some cases, the subspecies level. The identification is typically done from fresh cultures on
agar plates. The purpose of this study was to evaluate the potential of MALDI-TOF MS to identify bacteria
from biofilms. Bacterial biofilms are structured clusters of bacterial cells enclosed in a self-produced polymer
matrix that are attached to a biotic or abiotic surface. This structure protects bacteria from hostile
environmental conditions. Bacteria within a biofilm can resist attack from the host immune response, and are
less sensitive than planktonic cells to the action of antibiotics and disinfectants. We used 18 Gram-positive
(e.g. Staphylococcus aureus, coagulase-negative staphylococci, Streptococcus uberis) and Gram-negative
(e.g. Escherichia coli, Klebsiella, Salmonella) veterinary pathogens used in previous studies by our group
and known to produce biofilms in vitro. We compared three sample preparation procedures on biofilms
grown in microtiter plates. The three sample preparation procedures were: direct transfer; extended direct
transfer; and tube extraction. All samples were analyzed with a MALDI Biotyper (Bruker Daltonik GmbH,
Bremen, Germany). Our results indicate that the direct transfer procedure is not appropriate for biofilm
samples as only 10 out of 18 (55%) bacterial species were correctly identified with 7 out of the 10 with a
high level of confidence (i.e. scores between 2.0 and 3.0). The tube extraction method was slightly better and
able to identify 11 isolates out of the 18 (61%) at the species level and 12 out of 18 (67%) at the genus level.
However, the extended direct transfer method was able to identify 13 isolates out of the 18 (72%) at the
species level and 15 out of 18 (83%) at the genus level, and with a high level of confidence for 13 of them.
To the best of our knowledge this is the first report demonstrating that the MALDI Biotyper can be used to
identify a bacterial species in samples prepared from a biofilm. The presence of the biofilm matrix, usually
composed of polysaccharides, and/or proteins, and/or extracellular DNA, does not seem, with most of the
bacterial species tested, to interfere with the analysis when the extended direct transfer method is used.
II 036
Interactions between cpn-60 defined subgroups of Gardnerella vaginalis
Salahuddin KHAN, University of Saskatchewan, J.E. HILL1, 1University of Saskatchewan
Gardnerella vaginalis is a hallmark of Bacterial Vaginosis, a loosely defined dysbiosis of the vaginal
microbiome. G. vaginalis has four cpn60-defined subgroups: A, B, C and D, that potentially differ in their
virulence. Although multiple subgroups colonize the vagina of women, one usually dominates. This
dominance is however not consistent, suggesting the absence of universally best competitors. When G.
vaginalis is abundant in the vaginal microbiome, encounters between different subgroups would be common
and the results of these direct interactions could be an important determinant of the relative abundance of
subgroups and the degree of biofilm formation. Our objective is to detect direct interactions between
subgroups of G. vaginalis that may be determining the population structure of the vaginal microbiota. To
detect contact independent interaction between subgroups of G. vaginalis, strains representing all four
subgroups were exposed to cell free supernatant derived from stationary phase cultures of isolates from
different subgroups. Test strains were grown in 96-well plates in NYC III and BHI + 1% glucose
supplemented with 10% cell free supernatant. Test strains were also grown without CFS as control. Total and
planktonic growth was measured by optical density and biofilm formation was quantified at 48h using a
crystal violet assay A total of 111 combinations of 27 strains were tested in a pairwise fashion. No effects of
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CFS vs. control cultures were observed suggesting that G. vaginalis isolates are not producing effector
molecules such as bacteriocins that inhibit the growth of closely related strains. To detect contact dependent
effects on overall growth and biofilm formation, isolates need to be grown in co-culture, which requires
optimization of growth conditions for biofilm formation and validation of subgroup specific real-time PCR
assays for quantifying subgroups in mixtures before and after co-culture. Thus, sixteen representative strains
were grown in four culture media: BHI+1% glucose, BHI+0.25% maltose, BHI+0.25% dextrose, and NYC
III. Most (11/16) strains produced greatest amounts of biofilm in BHI + 0.25% maltose. Addition of serum
reduced biofilm formation for 6/7 strains tested. Efficiency and detection limits for the qPCR assays were
determined. Co-culture experiments are in progress. The results of these experiments will better our
understanding of microbial population dynamics and the factors leading to the development of unhealthy
vaginal microbiomes.
II 037
BCG-mediated Trained Immunity – evaluation of the THP-1 monocytic cell-line to identify the most
effective BCG substrain
Christian KORDAN, University of Saskatchewan, J.M. CHEN1, 1University of Saskatchewan
Bacillus Calmette-Guerin (BCG) is a live attenuated form of Mycobacterium bovis, the causative agent of
bovine tuberculosis (TB), and it has been used for almost 100 years as a vaccine to prevent human TB.
However, epidemiological studies suggest that BCG also induces a unique form of innate immune response
called trained immunity, which appears to confer protection in vaccinated children against other infectious
diseases in addition to TB. Empirically, peripheral blood mononuclear cells (PBMCs) from BCG-vaccinated
individuals have been shown to exhibit higher pro-inflammatory responses against non-TB antigens – a
hallmark of trained immunity – and are also better at killing other pathogens in vitro. Moreover, naïve
PBMCs can also be “trained” by incubating them with BCG in vitro to elicit trained immunity. Thus far,
trained immunity has only been demonstrated in primary immune cells such as PBMCs sourced from
patients. To our knowledge trained immunity has not been assessed in immortalized monocytic/macrophage
cell-lines which are less expensive and easier to obtain and culture. Furthermore, the live BCG vaccine
consists of several genetically distinct strains and as a consequence may be antigenically quite different.
These differences may well induce variable levels of trained immunity. Therefore, we hypothesize that
trained innate immunity can be induced in a human monocytic cell-line called THP-1, and different BCG
strains will elicit varying levels of the trained innate immune response. To address this, experiments were
designed to assess BCG-mediated trained innate immunity in THP-1. Using the production of proinflammatory cytokines upon incubation with Gram-negative lipopolysaccharide (LPS) as an indicator of
trained immunity, BCG-Pasteur at varying multiplicities of infection (MOIs), was selected to initially train
naïve THP-1. Subsequently, the MOI of BCG where trained immunity was found to be at the maximal was
used to test the capacity of five other BCG strains (Tice, Danish, Japan, Russia, and Moreau) to induce
trained immunity. We have found that trained immunity can indeed be induced in human monocytic THP-1
cells. Moreover, when trained with different BCG strains, THP-1 showed variances in their pro-inflammatory
response. Our findings thus affords us with a more expedient way to identify and elucidate the molecular
determinants underlying optimal BCG-mediated trained immunity.
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II 038
Distinct double stranded RNA length requirement and the dimeric nature of human oligoadenylate
synthetase 2 (OAS2)
Amit KOUL, University of Manitoba, DR. DEO1, DR. BOOY1, 1University of Manitoba
2’ 5’ Oligoadenylate Synthetases (OAS) are a family of interferon inducible enzymes activated upon
interaction with viral double stranded RNA (dsRNA). RNA-bound OAS enzymes polymerize ATP into 2’
5’-linked oligoadenylate chains. These chains bind to latent RNaseL causing its dimerization and enables
cleavage of both cellular and viral RNA molecules, which in turn inhibits virus replication. Additionally,
active RNaseL generates new small self RNA cleavage products that amplify interferon response. OAS
enzymes are divided into three classes according to size: small (OAS1) consists of a single OAS domain,
medium (OAS2) consisting of two OAS1 like domains and large (OAS3) consisting of three OAS1 like
domains. OAS1 requires a minimum 17 base pair double stranded RNA for activation.Previous work in our
lab hasfocused on the regulation of OAS1 activity by a number of viral dsRNAs including the terminal
regions of the West Nile virus (WNV) genome and the highly structured adenoviral (VA I) RNA. Here we
show the expression and purification of OAS2 from human embryonic kidney (HEK293T) cells.A
combination of gel shifts, RNA protein affinity measurements and enzyme kinetics, with different lengths of
RNAs suggest that OAS2 is functionally distinct from OAS1,has differential specificity for viral RNAs than
OAS1, and may have different dsRNA length requirements for binding and activation. Our results show that
OAS2 may preferably serve as a sensor for dsRNA viral RNAs > 25bp in length. In addition, multiple angle
light scattering and dynamic light scattering experiments suggest that OAS2 exists as a dimer, which is
further supported by the low resolution OAS2 structure obtained from small angle x-ray scattering. This data
provides the first clues to why longer RNAs are potentially preferred by OAS2 and a potential mechanism for
2’ 5’-linked oligoadenylate chain formation.Data obtained would also supplement information about the
minimum dsRNA length requirement for OAS activation and regions of different viral RNAs that act as
potent activator or inhibitor of the OAS enzymes.
II 039
Human Papilloma Virus Peptide Induced Immune Responses in a Healthy Population
Monika KOWATSCH, University of Manitoba, J. LAJOIE1, K.R. FOWKE1, 1University of Manitoba
Background: Human Papilloma Virus (HPV) is a mucosal and epidermal pathogen that induces warts and
genital cancer in epithelial cells. Currently, a vaccine exists to protect from the cancerous HPV variants
though not all HPV types are included in this vaccine. A memory immune response to a pathogen it has
already seen, or a vaccine can be detected and can determine the immune system’s ability to respond to
infection. Detecting memory responses using pathogen peptides is used in a wide variety of tests including;
assessing vaccine efficacy, immune system function, measuring exposure to specific infections. No
commercial test exists for assessing HPV memory immune responses. Such a tool would be useful in
assessing the immune response to a mucosal pathogen and the HPV vaccine. Hypothesis: HPV peptide pool
will elicit immune responses in central memory and effector memory T cells. Objectives: i) identification of
memory T cells by flow cytometry ii) characterization of an HPV peptide pool for use in recall antigen
response assays. Methods: PBMCs from healthy individuals were stimulated with two peptide pools
(control CEF (Cytomegalovirus, Epstein Barr Virus, Influenza virus) peptide pool and 10 HPV peptides from
the E2 protein). PBMCs were stimulated for 12 hours in the presence of Golgi stop and plug for
determination of cytokine production (IL-2, IFN-γ, and TNF-α) or for 6 days for determination of HLA-DR
expression and proliferation. Marker expression as assessed on bulk CD4+ and CD8+ T cells as well as
central memory (CD45RA-, CCR7+) and effector memory (CD45RA-, CCR7-) T cells using flow cytometry.
Results: Both the CEF and HPV peptide pools elicited CD8+ central and effector memory T cell responses.
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While all three cytokines were detected by at least 1 donor IFN-γ was the most sensitive detection method for
both peptide pools. While CEF elicited a broader immune response, our HPV peptide pool was able to elicit a
cytokine response in at least one of our measures in 70% of donors. Conclusion: Our HPV peptide pool
elicits greater than 2 fold recall antigen responses in central and effector memory T cells which are detectable
though cytokine production by flow cytometry.
II 040
Evaluation of the cost and time in the diagnosis of Brachyspira from farm to antimicrobial
susceptibility test results
Ruwini KULATHUNGA, University of Saskatchewan, J.E. RUBIN1, 1University of Saskatchewan
Brachyspira is a genus of bacterial spirochetes which includes a number of animal and human pathogens. In
pigs, Brachyspira associated disease (swine dysentery) characterized by muco-haemorrhagic diarrhoea has
re-emerged in Western Canada since the late 2000s. Swine dysentery affects grow-finisher pigs leading to
mortality, sub-optimal performance and economic losses. Despite advances in diagnostic technologies
therapeutic selection is most often empiric, not guided by laboratory antimicrobial susceptibility tests which
can lead to increasing levels of antimicrobial resistance. On the other hand, when selecting diagnostic tests in
agricultural settings it is important that monies are spent in a manner to maximize diagnostic value while
minimizing costs. Therefore, the purpose of this study was to perform an economic analysis to determine the
most cost-effective diagnostic strategy for identifying and characterizing Brachyspira from clinical
specimens including the determination of antimicrobial susceptibility. In this investigation, between
December 2017 and March 2018, a total of 5 batches of samples including 20 individual specimens (1-7 per
batch) submitted to a regional veterinary diagnostic laboratory for the identification of Brachyspira spp. were
evaluated. All samples were processed using the current diagnostic workflow with the addition antimicrobial
susceptibility testing. Analyses included molecular assays (species-specific quantitative PCR and
conventional PCR targeting a genus-specific target followed by amplicon sequencing) and conventional
culture on solid and liquid media followed by an agar-dilution susceptibility test. For each step of the
diagnostic process, the consumables utilized, and technical time required to perform each assay were
recorded. The value of consumables utilized was then calculated. For each batch of samples, the per sample
cost/time was determined by dividing the total cost/time for each batch by the number of samples tested.
Analytical steps were grouped into three categories; culture and isolation, molecular diagnostics and
antimicrobial susceptibility testing. The total time required from receipt of sample until the generation of a
final diagnostic report is 15 days. Not surprisingly, we found that per sample material cost and technical time
decreases with as sample batch size increases. Overall, the per-sample consumable cost was $57-89 and
required 175-256 minutes of technical time. The most expensive step in the workflow both in terms of
material costs and technical time were the molecular assays which cost $35-47) and required 91-133 minutes
to complete. These results will enable diagnosticians to select the most cost-effective workflow for the
identification of Brachyspira from clinical samples. Furthermore, the inclusion of antimicrobial susceptibility
testing will provide laboratory data to help veterinarians select the most appropriate therapy for their
patients.
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II 041
Understanding the molecular basis of enterohemorrhagic E. coli resistance to cationic antimicrobial
peptides
Chhatra KUNWAR, Ryerson University, D.E. BARNETT FOSTER1, 1Ryerson University
Enterohemorrhagic Escherichia coli (EHEC), is aserious food and water-borne pathogen anda leading cause
of hemorrhagic colitis and hemolytic uremic syndrome. EHEC’s colonization of the gastrointestinal tract is
critically dependent on its ability to sense and respond to various host microenvironments. Some of these
responses promote resistance to host innate immune responses including cationic antimicrobial peptides
(CAMPS) encountered during transit through the intestines. We previously reported that EHEC exposure to
physiologically relevant levels of bile salts triggers upregulation of numerous genes including the two
component system, pmrAB, and the arn operon, resulting in lipolysaccharide modification and increased
resistance to CAMPs including polymyxin B (PMB). A similar pmrAB, arn-dependent PMB resistance has
been observed in Salmonella enterica in the presence of ferric iron. Limiting magnesium (Mg) and mild
acidic pH are also known to induce Salmonella resistance to PMB through a second two component system,
PhoPQ and the protein, PmrD. The goal of this study is to investigate the impact of various
microenvironmental cues including bile salts, iron, magnesium and pH on EHEC’s resistance to PMB. The
study also aims to evaluate the roles of pmrAB, phoPQ andpmrD in in PMB resistance. Killing assays reveal
that for EHEC cultured in high Mg (10mM) and neutral pH where neither PhoPQ nor PmrAB are activated,
there is minimal resistance to PMB. However, EHEC treatment with either low Mg (10μM) or pH 5.8 results
in increased PMB resistance and a dependency on phoP and pmrD. Interestingly, where EHEC shows
enhanced survival under PhoPQ-inducing conditions of low Mg, the phoP mutant shows partial survival and
the pmrD mutant shows no survival, suggesting that low Mg-induced PMB resistance is only partially
dependent on phoP but fully dependent on pmrD. Treatment with ferric iron known to induce only PmrAB
in Salmonella results in increased EHEC resistance to PMB that is independent of phoP and pmrD under low
Mg conditions. Finally, treatment of EHEC with bile salts known to induce PmrAB results in increased PMB
resistance under high Mg conditions with partial dependence on pmrD under non-PhoP inducing conditions.
Results of this study indicate that exposure to bile salts and ferric iron mediate EHEC resistance to CAMPs
in a pmrAB dependent manner. Resistance can be enhanced by low Mg-triggered phoP- and pmrD-dependent
induction with pmrD playing a more critical role. Ferric iron-induced PMB resistance does not depend on
limiting Mg, suggesting that it is mediated solely through PmrAB. This study suggests that a complex
interplay of PhoPQ, PmrAB and PmrD is involved in EHEC’s response to various microenvironmental
signals and in the promotion of EHEC’s resistance to CAMPS. The results also provide intriguing evidence
of both cooperation and redundancy in the mediation of CAMP resistance by these molecular players.
II 042
Expression and characterization of a putative extracellular sialidase enzyme in Gardnerella vaginalis
Shakya KURUKULASURIYA, University of Saskatchewan, J.E HILL1, 1University of Saskatchewan
Bacterial Vaginosis (BV) is a condition that occurs when the healthy, Lactobacillus species dominated
vaginal microbiota is replaced by BV related bacteria. BV is highly prevalent in women in their reproductive
age and known to be associated with preterm delivery and increased susceptibility to sexually transmitted
diseases. High abundance of Gardnerella vaginalis is often found in cases of symptomatic BV, although it is
also found in healthy women without manifesting any signs of BV. This species consists of four groups with
potentially different virulence, and thus detection of Gardnerella vaginalis without subgroup identification
may not lead to an accurate diagnosis of BV. Sialidase is recognised as an important virulence factor in G.
vaginalis that contributes to degradation of vaginal mucus, but genomic determinants of this activity are
unknown. Previous work in our lab has shown that the presence of Gene 2 strongly correlates with
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extracellular sialidase activity. We hypothesize that extracellular sialidase activity shown by some G.
vaginalis isolates is due to an enzyme encoded by Gene 2. The objective of the study is to demonstrate that
Gene 2 encodes a sialidase with extracellular activity. Since previous attempts to express the entire Gene 2
have failed, primers were designed to amplify the predicted sialidase domain. The relevant DNA sequence
was amplified by PCR and ligated into expression vector pQE-80L. Currently, we are optimizing the
expression of the recombinant protein in E.coli. The His-tagged protein will be purified using a Ni-affinity
column and will be used to produce polyclonal antibodies to localize the enzyme in G. vaginalis. Sialidase
activity will be determined qualitatively and quantitatively using 2'-(4-methylumbelliferyl) α-D-Nacetylneuraminic acid as a fluorogenic substrate.The data produced in this study will contribute to clarifying
the roles of sialidases in G. vaginalis, and to develop preferable diagnostics for identifying high risk
microbiomes.
II 043
Host Immune Associations in the Female Genital Tract to Microbial Structure and Functionality in
Manitoban Women
Alana LAMONT, University of Manitoba, K.D. BIRSE1, C. FARR ZUEND1, L. NOËL-ROMAS1, S.
MUTCH1, M. ABOU1, S. MCCORRISTER2, G. WESTMACOTT2, F. MULHALL3, J. SCHELLENBERG1,
V. POLIQUIN1, A.D. BURGENER1, 1University of Manitoba, 2Public Health Agency of Canada, 3Health
Sciences Centre
The vaginal microbiome is a key determinant of women’s health where loss of
vaginal Lactobacillus associates with many negative reproductive health outcomes. However, the
immunological consequences in the vaginal mucosal compartment are not well understood. Here, we use a
systems-biology approach to assess the relationships between vaginal microbiome, proteome and
immunology of Manitoban women. Vaginal mucosal specimens were collected from 30 women enrolled in
the Vaginal Mucosal Systems (VMS) study in Winnipeg, Manitoba, who attended a gynecology clinic for
various health concerns. Mass spectrometry of cervicovaginal lavage samples was used to determine the
vaginal microbiome composition, as well as host inflammation pathways. Cytobrush samples were analyzed
by flow cytometry to quantify levels of relevant mucosal immune cells such as neutrophils, CD4+ and CD8+
T cells. Differences in microbiota, biological pathways, and immune cells were assessed using unpaired ttests. A total of 29 bacterial species belonging to 12 genera were found. Eight women (27%) had nonLactobacillus dominated (nLD) microbiomes while 22 women (73%) had Lactobacillus dominated
microbiomes (LD). Women with nLD microbiomes had elevated vaginal pH (P=3.1E-2), but did not have an
increase in other clinical Bacterial Vaginosis markers, such as positive Whiff test, presence of Clue cells, or
Nugent score (P>0.05). Non-LD women were less likely to report vaginal intercourse in the past month
(P=1.4E-2), but had no significant differences in age, ethnicity, or other epidemiological variables. Women
with nLD microbiomes shared altered mucosal biological pathways involved in cadherin binding (P=1.8E-7)
and epithelial integrity (P=8.5E-5), and trended towards increased neutrophil levels (P=7.6E-2). In nLD
women, 11 bacterial pathways were significantly different, including membrane transport (P=1.98E-2),
prokaryotic cellular communities (P=3.6E-4), and nucleotide metabolism (P=4.5E-3). Women with nonLactobacilluscommunities had a variety of host changes associated with microbial structure and function.
These changes included increased pH, increased neutrophil levels and altered epidermal development
pathways. Further studies of the functional microbiome and its association with host immune changes may
improve diagnosis and treatment of common but poorly understood vaginal conditions, such as bacterial
vaginosis.
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II 044
Optimizing Antimicrobial Resistance Surveillance Tools through Biocuration and Taxonomic
Identification of Resistance Genes
Tammy LAU, McMaster University, A.R. RAPHENYA1, B.P. ALCOCK1, A.G. MCARTHUR1, 1McMaster
University
Genotypic approaches, such as the detection of antimicrobial resistance (AMR) genes in the genomes of
bacteria, is integral for monitoring infectious bacterial outbreaks. Once detected, there is a plethora of
information available for the annotation of these resistance genes to provide valuable biological context.
Integrating all this information is one of the goals of the Comprehensive Antibiotic Resistance Database
(CARD) and the Resistance Gene Identifier (RGI) software. Currently, RGI is able to predict resistance
genes, but it does a poor job of providing biologically relevant context for its results. Improvements were
developed and implemented into CARD and RGI to provide greater biological context with RGI results and
predict the pathogen source of detected AMR genes. The creation of a new classification paradigm in CARD
reorganized biological information for more efficient data parsing by algorithms. This allows for new
visualizations of RGI results by grouping genes based on the drug classes they confer resistance to, the gene
families they belong to, and the mechanisms by which they confer resistance. Furthermore, through
nucleotide alignments of sequencing reads, from bacterial genomes or metagenomic sequences predicted to
be AMR genes, against a database of in-silico predicted AMR sequence variants (CARD Resistomes &
Variants) and metadata parsing, we are able to predict pathogen-specific gene variants or annotate them as
being plasmid-borne. This taxonomic identification of AMR genes is necessary for AMR surveillance in
metagenomics samples, as the pathogen source of resistance dictates the course of treatment. Therefore,
continual optimization of AMR surveillance tools, including the integration of an efficient taxonomic
identification pipeline, will allow clinicians to make rapid and appropriate decisions about antibiotic
treatment.
II 045
Investigating the role of the phenylacetic acid pathway in the quorum sensing-regulated virulence
of Burkholderiacenocepacia
Tasia LIGHTLY, University of Manitoba, SJ WOLFRAM1, JL SORENSEN1, ST CARDONA1, 1University
of Manitoba
The phenylacetic acid (PAA) pathway is responsible for the aerobic catabolism of phenylalanine in several
bacterial species. PAA has been shown to inhibit the virulence of Pseudomonas aeruginosa, Acinetobacter
baumannii and Burkholderia cenocepacia. In this pathway, PAA is first converted by PaaKto phenylacetylCoA, which is then epoxidized by the PaaABCDE complex before further degradation through the TCA
cycle. We previously showed that B. cenocepacia mutants of the paaABCDE operon produce PAA, have low
levels of cepIR expressionand are attenuated for virulence in a Caenorhabditis elegans model of infection.
In B. cenocepacia, the CepIR quorum sensing (QS) system iscomposed of the transcriptional regulator CepR,
which positively regulates the autoinducer synthase, CepI. To investigate if PAA or PAA-CoA is responsible
for the downregulation of QS-related virulence, we created double mutants of the two paaKgenes (paaK1
and paaK2) in B. cenocepacia K56-2. The mutants were tested for the production of PAA, virulencein C.
elegans and cepIR promoter activity. We also tested the effect of PAA on CepR, using a
transcriptional luxCDABE-reporter system where the expression of cepR was induced by an arabinoseresponsive promoter and the lux genes were controlled by the cepI promoter. Similar to
the paaABCDE mutant, the paaK1paaK2 mutant was defective for growth on PAA as a sole carbon source
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and produced PAA, indicating that the PAA pathway was interrupted. In addition, the decrease
in cepIR promoter activity indicated that the CepIR QS system in the paaK1paaK2 mutant was repressed, as
previously seen in the paaABCDE mutant. However, unlike the paaABCDE mutant, the paaK1paaK2 mutant
was not attenuated for virulence in C. elegans. In addition, the transcriptional reporter assay did not identify
PAA as a direct inhibitor of CepR-dependent cepI promoter activity. While the CepIR QS system is deficient
in both PAA producing mutants, the differences in the virulence phenotypes suggest that PAA-related
intermediates, and not PAA itself, may be involved. Metabolomic analysis of cellular extracts and genetic
approaches are currently underway to further elucidate the molecular mechanism of PAA-related attenuation
of virulence.
II 046
Molecular basis for CesT recognition of type III secretion effectors in enteropathogenic Escherichia
coli
Dustin LITTLE, McMaster University, B.K. COOMBES1, 1McMaster University
Enteropathogenic Escherichia coli (EPEC) adhere to the intestinal mucosa of humans producing attaching
and effacing lesions that lead to acute gastroenteritis. EPEC use a needle-like injection apparatus known as
the type III secretion system (T3SS) to deliver protein effectors into the host. Secreted effectors allow for
intimate attachment with the host cell membrane, cytoskeleton rearrangements, increased intestinal
permeability, and interfere with normal cellular processes. Previous studies have shown that secretion of the
translocated intimin receptor (Tir) requires the chaperone CesT and that the secretion of Tir precedes the
delivery of other effectors chaperoned by CesT. To understand the molecular interactions driving hierarchal
effector secretion in EPEC we structurally and functionally characterized Tir and CesT. Using co-expression
and pull-down experiments we mapped the minimal CesT binding region of Tir to residues 35-77. We
determined the structure of the Tir23-80-CesT complex to 2.74 Å, which allowed for the identification of a
CesT-specific recognition motif present in the N-terminus of other effectors, and within the C-terminal
domain of Tir that we show to be a second CesT binding domain. Secretion and host translocation assays
using various Tir point mutants and domain deletions show that CesT binding to the C-terminal domain of
Tir is required for efficient Tir secretion. Tir mutants impaired for host translocation also showed reduced
pedestal formation on infected HeLa cells. Lastly, mutation of the CesT-specific recognition motif present in
NleH, NleA, and EspZ reduced effector translocation, and in some cases, overall effector stability, thus
validating the universality of this CesT-specific recognition motif. Our data suggests CesT preferentially
recognizes Tir because it has two CesT binding domains, and subsequently docks the Tir C-terminal domain
at the T3SS export apparatus. This allows for efficient Tir secretion upon host cell contact, liberating free
CesT that allows for the recognition and secretion of lower affinity effector targets.
II 047
A novel approach of Photo Dynamic Therapy (PDT) against the dominant agent of superficial
infection, Trichophyton rubrum
Lijun LIU, McMaster University, I. VAN-HAM2, H. YOELL1, S. ZHU1, J. XU1, 1McMaster
University, 2Olliane
Fungal superficial infection is caused mainly by dermatophyte. Dermatophyte infections are common at all
ages, in both sexes. Treatments include oral and topical agents however, treatment of superficial infection
can be challenging in children, and elderly mainly due to compliance issues and associated potential health
risks. Photo dynamic therapy (PDT) is a novel approach to treat fungal superficial infection. In this
approach, light is used to excite a photosensitizer to turn readily available oxygen into ROS to kill the
pathogen. We used the pathogenic Trichophyton rubrum as a model and our research is to screen
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photosensitizers and identify the best combinations of photosensitizer x light intensity x light exposure time
again T. rubrum. In vitro Quantitative results will be presented.
Key words: Trichophyton rubrum, Photodynamic therapy, Photosensitizers
II 048
Structural and functional analysis of Golgi in Legionella-infected macrophages
Vinitha MACWAN, University of Toronto at Scarborough, R HARRISON1, M TEREBIZNIK1, 1University
of Toronto at Scarborough
Legionella pneumophila is an opportunistic respiratory pathogen that replicates intracellularly within a
specialized compartment, the Legionella-containing vacuole (LCV). The morphogenesis of this compartment
depends on its fusion with vesicles deviated from the endoplasmic reticulum (ER)-Golgi trafficking pathway.
For this purpose, several Legionella effectors hijack and recruit to the LCV the small, GTPase Rab1, an
important regulator of ER-Golgi vesicle trafficking and the GTPase Arf1, involved in regulating budding of
vesicles from the ER-Golgi intermediate compartment (ERGIC) and Golgi. Here, we examined the structure
and function of the host cell Golgi apparatus during infection in Legionella-infected human U937
macrophages. Intriguingly, the Golgi area detected by immunostaining with the cis- and trans-Golgi markers,
GM130 and TGN46, respectively, in infected macrophages remained similar to non-infected macrophages.
TEM analysis also did not reveal any gross changes in the ultrastructure of the Golgi in infected cells. The
total amounts of resident Golgi proteins were also unchanged upon Legionellainfection. This suggests
that Legionella is able to keep the Golgi intact despite hijacking important ER-Golgi regulators such as Rab1
and Arf1. We were then interested to see the effect of Golgi disruption on Legionella multiplication within
macrophages at early and late time points of infection. Three pharmacological inhibitors were used to cause
Golgi dispersal in infected cells, which had differing effects on bacterial replication in human macrophages.
Finally, we assessed the glycosylation activity of Golgi in infected U937 cells by staining them with
fluorescent Helix promatia agglutinin (HPA), which is a cis-Golgi lectin. The intensity of fluorescent HPA
significantly decreased over time as infection progressed, compared to control cells. This suggests
that Legionella could be affecting the function of glycosylation enzymes through its effectors or hijacking
these sugars, possibly for bacteria growth. Together, our results indicate that the structure of Golgi is kept
intact whereas the function of Golgi is impaired in Legionella-infected macrophages.
II 049
A novel ABC transporter encoded by PA3228 contributes to multidrug resistance in Pseudomonas
aeruginosa
L ZHANG, University of Ottawa, Thien-Fah MAH1, 1University of Ottawa
Background: Pseudomonas aeruginosa is a major opportunistic pathogen that exhibits high-level intrinsic
and acquired antimicrobial resistance. We recently described the identification of a new LysR family
transcriptional repressor, PA3225, which is involved in influencing multidrug resistance in P. aeruginosa.
Located downstream of PA3225 is a gene, PA3228, which encodes an uncharacterized transporter of the
ABC superfamily. This study is aimed at investigating the contribution of the PA3228 transporter to
antimicrobial resistance in P. aeruginosa. Methods: Bioinformatic analysis was carried out to identify
PA3228 homologues in Pseudomonas species and other bacteria. Gene deletion and cloning, quantitative
gene expression, and drug susceptibility testing were conducted to assess the role of PA3228 in antimicrobial
resistance. Specifically, plasmid-encoded PA3228 was introduced to P. aeruginosa and Escherichia
coli wild-type strains as well as mutant strains deficient in their major multidrug efflux pump (MexAB-OprM
or AcrAB of the RND superfamily) to assess the functionality and the substrate profiles of
PA3228. Results: PA3228 is comprised of 610 amino acid residues with consensus signatures/motifs for
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ABC transporters. Its homologues are widely present in other Pseudomonas species, including P.
fluorescens, P. putida and P. syringae, as well as other bacteria. Deletion of PA3228 in wild-type P.
aeruginosa PA14generally did not affect the drug susceptibility phenotype. However, disruption of PA3225
led to a 14-fold increase in PA3228 expression, indicating that PA3228 was negatively regulated by the
PA3225 regulator. PA3228 was found to be partly responsible for the elevated (2- to 4-fold) multidrug
resistance (including fluoroquinolone resistance) observed in the absence of PA3225. PA3225 also downregulates MexAB-OprM expression. Double deletion of PA3228 and mexAB-oprM rendered the resulting
strain more susceptible to fluoroquinolones, cefotaxime and erythromycin. Cloned (plasmid-encoded)
PA3228 conferred resistance to several fluoroquinolones (including the anti-pseudomonal antibiotics
ciprofloxacin and levofloxacin) in P. aeruginosa and Escherichia coli. Conclusion: PA3228 is a novel ABC
transporter that is not significantly involved in intrinsic resistance but can contribute to acquired resistance to
clinically relevant antimicrobials. PA3228 is likely a fluoroquinolone exporter, which may act synergistically
with other drug efflux pump such as MexAB-OprM. Further experimental investigation of the PA3228 ABC
transporter in drug resistance and other functional roles is warranted.
II 050
The Influence of Zn2+ on Polymyxin Resistance in Pseudomonas aeruginosa
Olivia MAROUN, Queen's University, R.K. POOLE1, 1Queen's University
The metal cation Zn2+ is a known driver of antibiotic resistance in several bacterial species,
including Pseudomonas aeruginosa. Zn levels are elevated in the lungs of people with cystic fibrosis (CF), a
disease characterized by thick lung sputum which promotes chronic bacterial infections, predominantly
caused by P. aeruginosa. One reason these infections are difficult to treat is because P. aeruginosa develops
antibiotic resistance in response to the lung environment. Exposure to elevated levels of Zn has been shown
to increase the resistance of P. aeruginosa to carbapenem antibiotics, as well as aminoglycosides and
polymyxins; the latter two are the main antibiotics used to treat CF infections. This study will examine the
effect of Zn as a selective pressure for aminoglycoside and polymyxin resistance development, and provide
mechanistic information about how it does so and, thus, how Zn might promote antibiotic resistance in P.
aeruginosa during chronic lung infections in CF. The hypothesis that Zn can act as a selective pressure for
antibiotic resistance was tested by subculturing wild type P. aeruginosa PA01 in Zn-supplemented growth
medium (0-2 mM range) for 1 week. This long Zn exposure was used to represent CF lung conditions, where
cells are constantly exposed to elevated Zn. After 1 week, cells were plated on antibiotic-containing agar
plates to measure the number of viable CFU/mL, and from this resistance frequency was calculated. Zn
exposure was shown to increase the resistance frequency to polymyxin antibiotics >1000-fold at ≥ 0.5mM
Zn2+. Zn promoted a similar increase in polymyxin resistance frequency in CF isolate PA2. Zn exposure did
not yield a significant increase in resistance frequency to aminoglycoside antibiotics. The main mechanism
behind polymyxin resistance in P. aeruginosa is modification of the LPS, which is carried out by the
products of the arnBCADTEF-ugd operon. A ΔarnB strain failed to show any Zn promotion of polymyxin
resistance, an indication that Arn-mediated LPS modification was key to Zn-promoted polymyxin resistance
development. As well, arn expression was elevated in Zn-selected polymyxin-resistant strains.
The arn operon is controlled by several different two-component regulatory systems (TCSs), 2 of which,
PmrAB and ColRS, have links to Zn. To assess their possible involvement in Zn-promoted polymyxin
resistance development, deletion mutants lacking these individually and in combination were examined for
the impact of Zn on polymyxin resistance development. Single knockouts showed a modest decrease in Zndriven polymyxin resistance development while the double knockout showed a total loss of Zn-promoted
polymyxin resistance. Thus, both PmrAB and ColRS TCSs contribute to Zn-promoted polymyxin resistance
in P. aeruginosa.
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II 052
Identification of the type IV pili as the receptor of broad host range Stenotrophomonas
maltophilia bacteriophages DLP1 and DLP2
Jaclyn MCCUTCHEON, University of Alberta, D.L. PETERS1, J.J. DENNIS1, 1University of Alberta
The emerging bacterial pathogen Stenotrophomonas maltophilia is rapidly increasing in prevalence in
nosocomial and community-acquired infections. This bacterium is ubiquitous in the environment and is
easily transmitted between immunocompromised patients and health care providers. Treatment of S.
maltophilia infections is difficult, however, due to its innate resistance to a broad range of antibiotics and
assortment of virulence factors. A possible alternative treatment is phage therapy, the clinical application of
bacteriophages to eradicate target bacteria. The specificity of phages to their hosts relies on the presence of
the correct cell surface receptor. Two phages previously isolated in our lab are capable of infecting across
taxonomic orders, lysing strains of both S. maltophilia and Pseudomonas aeruginosa, another highly
antibiotic resistant bacterial pathogen. DLP1 and DLP2 are closely related phages, however they have
significantly different host ranges. To explain their unique cross-order infectivity and differences in host
range, we have identified the type IV pilus as their common primary receptor and are characterizing the
mechanism of attachment to both host species by DLP1 and DLP2. Screening of a 2,242 member P.
aeruginosa PA01 mutant library, a host that is susceptible to DLP1 but not DLP2, identified DLP1-resistant
mutants with disruptions in pilus structural and regulatory components. Subsequent complementation of the
disrupted pilin subunit genes in PA01 restored DLP1 infection, indicating that DLP1 uses the type IV pilus, a
virulence factor on the surface of the bacterium, as its primary receptor for adherence. Clean deletion of the
major pilin subunit, encoded by pilA, in the S. maltophilia strain D1585, a shared host between DLP1 and
DLP2, prevented phage binding and lysis by both phages and complementation restored both DLP1 and
DLP2 infection. These results suggest that both phages use the type IV pilus as the first point of contact with
their hosts. Deletion of the major pilin subunit in another S. maltophilia host, 280, that is susceptible to DLP2
but not DLP1, also inhibited phage infection. Complementation of 280ΔpilA with the endogenous pilA gene
restored DLP2 infection, while cross-genera complementation with the D1585 pilA gene allowed infection by
both DLP2 and DLP1. These results support the identity of the type IV pilus as the receptor for DLP1 and
DLP2 infection across their broad host ranges. Future research will examine differing phage binding sites on
the major pilin subunit as well as differences and similarities between phage receptor binding proteins to
explain the different host ranges of these phages. This research further characterizes DLP1 and DLP2 as
phage therapy candidates for the treatment of multidrug resistant bacteria from multiple genera.
II 053
Resistance of Staphylococcus aureus to antimicrobial unsaturated fatty acids is mediated through fatty
acid kinase FakA, TetR family regulator FarR, and RND family efflux pump FarE
Martin MCGAVIN, University of Western Ontario, D.E. HEINRICHS1, K.A. FERGUSON1, H.
ALNASERI1, 1University of Western Ontario
In the nose and on the skin, or at sites of infection, Staphylococcus aureus is exposed to antimicrobial
unsaturated free fatty acids (uFFA) that restrict growth of other pathogens. We previously reported that S.
aureus resistance to uFFA was mediated through farE-farR, encoding an efflux pump FarE and TetR family
regulator (TFR) FarR, and have now undertaken to elucidate how FarE is regulated by FarR, in the context of
uFFA metabolism. Although most TFRs repress a divergently transcribed gene, FarR was needed to induce
FarE in response to uFFA. Electrophoretic mobility shift assays (EMSA) with FarR identified three operator
sites in the farE-farR intergenic segment, each containing a TAGWTTA motif. OfarR overlapped the -10
motif of the farR promoter PfarR, and a G>A substitution in OfarR abrogated FarR binding. Operator OfarER is
in a palindrome that separates the PfarR and PfarE promoters. Nucleotide substitutions in OfarR or OfarER caused
_________________________________________________________________________________________________________
68th Annual Conference of the Canadian Society of Microbiologists
University of Manitoba, Winnipeg, Manitoba
June 18th – June 21st, 2018
73

de-repression of farR but did not promote greater resistance to uFFA. Operator OfarE is upstream of PfarE,
consistent with a role in transcription activation. S. aureus can also detoxify uFFA by incorporation into
phospholipid, through a metabolic process initiated by a fatty acid kinase FakA. Since TFRs normally
modulate gene expression in response to a small molecule ligand, we queried whether FakA function was
needed for induction of FarE. Strikingly, a farE::lux reporter could no longer be induced in response to uFFA
in S. aureusΔfakA, but there was an increased basal level of farE expression, sufficient to promote increased
resistance to uFFA. Consistent with increased resistance, S. aureusΔfakA was hyper-virulent in a murine
tissue abscess model, and hyper-virulence was abrogated in S. aureusΔfakA-farER. Since bacteria are
exposed to acidic pH on the skin, we also assessed the effect of acidic pH on resistance to uFFA. Although S.
aureus could not grow in unbuffered TSB containing 50 µM linoleic acid (LA), it grew effectively in TSB
pH 5.5 + 250 µM LA. Furthermore, S. aureusΔfakA was unable to incorporate exogenous LA into
phospholipid during growth in unbuffered TSB, whereas phospholipid contained > 50% LA when grown in
TSB pH 5.5 + 250 µM LA. S. aureusΔfakA-farER also grew effectively under these conditions. From our
studies, we conclude that (i) farR is regulated by autorepression and is required for induction of farE in
response to uFFA; (ii) phosphorylated uFFA is the physiologic ligand sensed by FarR to
activate farE expression; and (iii), at acidic pH, S. aureus is more resistant to uFFA, independent
of fakA and farE.
II 057
Detection and Characterization of Antimicrobial Resistant Gram-Negative Bacteria from Imported
Reptile and Amphibian Meat Products
Beverly MORRISON, University of Saskatchewan, J.E. RUBIN1, 1University of Saskatchewan
The food supply is recognized as a potential source of antimicrobial resistant organisms. The emergence of
the extended spectrum β-lactamases (ESBL), carbapenemases and more recently colistin resistance in
foodborne organisms is a potential threat to the future use of antimicrobials. Although many countries have
active surveillance programs targeting resistant organisms in retail beef, pork and poultry, they typically do
not capture the diversity of foods available including niche market meats. Therefore, we conducted this
investigation to screen imported reptile and amphibian meat products for antimicrobial resistant Gramnegative bacteria. Fifty-three items including whole soft-shelled turtles (n=11), frog legs (n=20), dried
geckos (n=12), dried snakes (n=9) and dried turtle carapace (n=1) were purchased from niche market shops
in Vancouver and Saskatoon, Canada in 2015. Samples were washed in sterile buffered peptone water and
rinsates were cultured for Salmonella and E. coli, and for organisms capable of growing on CHROMagar
ESBL and meropenem containing (2μg/ml) agar. The antimicrobial susceptibility of isolates was determined
by the combination of broth-micro dilution using the Sensititre system and agar dilution. Based on
phenotypic susceptibility, isolates were screened for ESBLs, carbapenemases and the MCR-1 gene by singleplex PCR. The identity of amplicons was confirmed by DNA sequencing. Salmonella, all pan-susceptible,
were grown from 6 dried geckos. E. coli were isolated from 19 samples, including 9 isolates from 6 food
items which produced CTX-M type ESBLs. One E. coli isolated from a soft-shelled turtle produced a CTXM-55-like enzyme, was resistant to tetracycline, sulfonamides, chloramphenicol, aminoglycosides and the
fluoroquinolones was also colistin resistant and possessed the MCR-1 gene. Broth conjugation using E.
coliJ53 as a recipient revealed that the CTX-M and MCR-1 genes were located on independent plasmids. An
NDM-1 producing Acinetobacter spp. was also isolated from a dried turtle carapace. As the populations in
Canada and the United States become more diverse, the demand for imported niche market food items will
increase. Our results suggest that imported reptile and amphibian meats are an underappreciated source of
resistant organisms with mobile resistant genes to clinically relevant drugs. The presence of bacteria
possessing acquired resistance mechanisms to the last line of defense antimicrobials from these niche market
food items represents a potential public health hazard that warrants further investigation.
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II 058
Development of Model Mouse Microbiota for Gut Microbiome Studies
E WONG, University of Toronto, E BROWNLIE1, S SAHA1, William NAVARRE1, 1University of Toronto
Mouse models are used extensively to study the host-microbiota relationship, but differences in the microbial
communities of mice housed in different facilities have led to considerable problems in reproducibility.
Moreover, methods currently used to correlate microbial shifts to phenotypic changes in the host, such as 16S
rRNA metagenomic sequencing, do not allow for proof of causation. These limitations can theoretically be
circumvented by the use of defined microbial communities. However, the number of readily available
isolated bacterial strains originating from the mouse gut is fairly limited. To address these issues, we are
establishing a collection of fully sequenced bacterial species isolated from the mouse gut to build defined
microbiotas. We have cultured over 300 bacterial isolates representing 43 different bacterial species from the
intestinal tracts of two laboratory mice. These 43 species span the 4 dominant phyla found in both the mouse
and human gastrointestinal tract and account for ~50% of the microbiota by OTU count. We have
successfully isolated members of previously uncultivated species, genera, and even two families. We find
many species are not clonal within the GI tract and that different isolates of the same bacterial species can
differ markedly in their genomes and metabolic capacities. This strain collection, in addition to previously
isolated strains from other groups, will facilitate future work to systematically determine how individual
microbes impact complex microbial communities and the physiology of their mammalian hosts.
II 068
Characterizing the Molecular Pathogenesis of Co-Infections: Modelling the MethicillinResistant Staphylococcus aureus-Influenza A Virus-Respiratory Epithelium Interface
Michaela NICKOL, University of Manitoba, J CIRIC1, J KINDRACHUK1, 1University of Manitoba
Influenza A viruses (IAV) have posed a serious threat to global health for over a century. Although IAV
pandemics often result in exceedingly high fatality rates, such as the 50 million deaths which occurred
throughout the 1918 pandemic, they occur sporadically. However, each year, seasonal IAV outbreaks result
in more than 500,000 deaths globally. Severe influenza infections are generally associated with high risk
populations, such as infants, the elderly, and individuals with pre-existing co-morbidities. However, there is
an increasing appreciation that influenza severity is associated with secondary bacterial complications.
Further, there are concerns regarding the increasing frequency of methicillin-resistant Staphylococcus
aureus (MRSA) associated with severe IAV. Throughout the 2009 H1N1 pandemic, 55% of lethal influenza
cases were complicated by the presence of MRSA. Furthermore, in the United States alone, 65,000 influenza
mortalities each year are complicated by a secondary bacterial infection, with MRSA forming a
disproportionate number of these cases. A previous study conducted in nonhuman primates found that IAVMRSA co-infection resulted in increased disease severity compared to IAV infection alone. While this study
confirmed that disease severity increases in the presence of co-infection, the molecular mechanisms
underlying this phenomenon are unknown. We hypothesized that IAV-MRSA co-infection results in
increased disease severity due to selective modulation of bacterial virulence factors associated with host cell
adhesion and invasion. To test this hypothesis, human respiratory epithelial and microvascular endothelial
cells were infected with MRSA USA300 following prior infection with 2009 H1N1 pandemic IAV. Bacterial
replication kinetics were compared between cells infected with MRSA alone or co-infected with IAVMRSA. Additionally, we examined the modulation of various bacterial virulence factors, specifically those
related to cell adhesion and invasion, by RT-qPCR in cells co-infected with IAV-MRSA. We found thatthe
bacterial growth kinetics of MRSA were not significantly altered during co-infection with IAV as compared
to MRSA alone. However, bacterial virulence factors related to cell adhesion and invasion were upregulated.
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It can be postulated that this upregulation of bacterial virulence factors allows for amplified bacterial
invasion, cytopathology, and disease severity. These results lay the groundwork for further understanding the
molecular mechanisms behind the increased morbidity in influenza patients with secondary bacterial
infections.
II 082
Role of Resistance-Nodulation-Division efflux pump AdeIJK and its TetR transcriptional regulator
AdeN in resistance and virulence of Acinetobacter baumannii
Rakesh PATIDAR, University of Manitoba, M UNGER1, A KUMAR1, 1University of Manitoba
Acinetobacter baumanniihas emerged as a medically important opportunistic pathogen because of its
multidrug resistant nature and constant association with life-threatening hospital-acquired infections. The
Resistance-Nodulation-Division (RND) efflux pump AdeIJK is an important factor contributing to the
intrinsic resistance of A. baumannii to various classes of antibiotics. Expression of AdeIJK is regulated by
AdeN, a TetR-family protein located 813kb upstream of adeIJK that acts as the repressor of the operon. The
objective of this study is to understand the role of AdeN in the antibiotic resistance and virulence of A.
baumannii. In order to understand whether AdeN plays in the transcriptional regulation of genes other
than adeIJK, a gene deletion of adeN was created in A. baumannii ATCC17978. Transcriptomic and
proteomic analysis displayed differential expression of 106 genes (> 1.5 log2 fold) and 31 proteins(> 1.5
log2fold), respectively. In order to determine if this differential expression was a result of the loss of AdeN
or overexpression of the AdeIJK, we created ΔadeN, ΔadeIJK, and ΔadeN:ΔadeIJK derivatives of A.
baumannii ATCC17978. We also used the single copy gene insertion system to express adeN or adeIJK in
appropriate strains. Using these strains, we were able to control the expression of adeN without
overexpression of the AdeIJK pump. Conversely, we were also able to control the expression of
adeIJK independent of AdeN. Antibiotic susceptibility, growth curve, biofilm formation, motility and
virulence were also assessed to understand the impact of adeN deletionor adeIJK. Changes in the antibiotic
susceptibility were dependent on the presence and expression of the AdeIJK pump. We observed that while
motility of A. baumannii was dependent on the presence of AdeIJK, AdeN was required for optimal biofilm
formation. Further, virulence of A. baumannii in Galleria mellonella infection model needed the presence of
both AdeN and AdeIJK. Our work suggests that AdeN and AdeIJK both play an independent role in the
antibiotic resistance and virulence of A. baumannii.

Molecular Genetics & Cellular Microbiology
MGC 016
Acid-pH Mediated Regulation of the Mycobacterial ESX-1 Secretion System
Kylee DREVER, University of Saskatchewan, Z.L. LIM1, J.M. CHEN1, 1
Tuberculosis (TB) is an infectious disease that causes nearly 2 million human deaths and costs the global
cattle industry 3 billion USD each year. Members of the Mycobacterium tuberculosis(M. tb) complex,
including M. tb and M. bovis which cause human and bovine TB respectively, utilize the type VII ESX-1
secretion system for virulence. This system is used to secrete a host of critical virulence factors including
EsxA, a pore-forming protein. Because these virulence factors are also strong T-cell antigens, we hypothesize
that M. tb and M. bovis regulates the release of ESX-1 substrates in response to physiological conditions
found in an infected host to balance virulence and optimal stimulation of cellular immunity. For
instance, the TB bacterium has been shown to encounter acidic pH conditions within the phagosome of its
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target host cell, the alveolar macrophage, and later on in the granuloma and so we assessed if changes in pH
might affect ESX-1 mediated protein secretion. We found that in broth culture media, ESX-1 secretion is
suppressed at low pH in multiple strains of M. tb and in M. bovis. We also found this process is reversible as
ESX-1 substrate secretion resumes when culture broth pH is returned to neutral. Ongoing experiments
utilizing various genetic approaches are uncovering mycobacterial genes that underlie pH-mediated control
of the ESX-1 system. In the long term, the findings from our study will improve our understanding of the
dynamic nature of the ESX-1 secretion system and of TB pathogenesis.
MGC 017
The Impact of Solid Food Introduction on Microbial Succession in the Infant Gut
Luna ELDAKIKY, McMaster University, S DIZZELL1, J SIMIONI 1, J LI1, E GUNN1, KM MORRISON1,
EK HUTTON1, MG SURETTE1, JC STEARNS1, 1McMaster University
The human gut microbiome plays an important role in host health. Gut microbial communities stabilize over
the first 3 years of childhood, during a formative period in development where metabolic and immunological
set points are determined and microbial community permanence is established. It is still unclear what role
individual bacteria have in shaping both host health and microbial community health long-term. Succession
of the gut microbial community in infancy is punctuated with natural disturbances such as the introduction of
solid food and the cessation of breastfeeding, the details and timing of which may be important factors in the
final shape of the microbiome and, ultimately, human health. Previous gut microbiome studies focused on
molecular profiles of bacterial communities generated through amplicon based sequencing or metagenomics.
Although providing a good overview of the microbiome, this approach does not address microbial
metabolism or interactions. A combined approach involving mechanistic studies of cultured isolates is
needed if we are to understand how microbial communities change in response to a disturbance such as solid
food introduction (SFI). My research explores the impact of SFI on the composition and dynamics of the
developing gut microbiome of a breastfed, vaginally-born infant from the Baby & Mi prospective birth
cohort. A total of 6 stool samples were collected from a breastfed infant over the course of 25 days (2
acquired before and 4 after SFI). All samples underwent v3 16S rRNA gene sequencing. Samples 1 and 6
underwent targeted microbial culture. We have coupled molecular profiling with bacterial culture and
functional assays to identify target genera, their relative abundances, and substrate profiles prior to and
following SFI. Prior to SFI (days 1 and 2), the gut microbial population in this infant was predominated by
three Bifidobacterium phylotypes (OTUs), at a relative abundance of approximately 90%. Shifts in bacterial
diversity began to be observed at the first day of SFI (Day 5). By day 25 (post-SFI), microbial diversity
increased significantly and overall Bifidobacterial abundance decreased by approximately 27.5%. Contrarily,
overall Bacteroides abundance increased by 10.6% and 5 dominant phylotypes emerged. Other bacterial
genera such as Actinomyces, Sutterella, and Parabacteroides also increased in abundance. In a pilot study to
assess the ability to culture microbes targeted in this study, we recovered 86.27% of the taxa of interest using
microbial culture, while only 45.1% were recovered through 16S rRNA gene sequencing alone. SFI has a
rapid and potent impact on the diversity of the infant gut microbiome in this one participant. Increase in
microbial diversity is potentially attributed to the emergence of organisms capable of utilizing complex food
substrates (i.e. Bacteroides). Others, more efficient at utilizing simple substrates in milk (i.e.some
Bifidobacteria phylotypes), may have fallen behind. To test this theory, our next steps focus on constructing a
library of Bacteroides and Bifidobacterium isolates from the pre and post-SFI stool samples and screening
them using functional substrate screens.
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MGC 019
Sequencing and Annotation of Rhodosporidiumdiobovatum for the Investigation of Concomitant
Production of Triacylglycerides and Carotenoids
Irene FAKANKUN, University of Manitoba, B FRISTENSKY1, D.B LEVIN1, 1University of Manitoba
First generation biodiesels are produced from feedstocks that also serve as food for humans. The unhealthy
competition between food and fuel has stimulated interest in the use of single cell oils derived from
oleaginous yeast for biodiesel production. Biochemically, oleaginicity is known to be influenced by certain
key enzymes: isocitrate dehydrogenase, ATP citrate lyase, and malic enzyme. However, while these enzymes
have been found to be present in all oleaginous yeast species, their presence does not guarantee oleaginicity.
Therefore, it is important to study the concept of oleaginicity further. Rhodosporidium diobovatum is an
oleaginous, red marine yeast, which has the ability to concomitantly synthesize quality single cell oils for
biodiesel production and carotenoids for the food industry. R. diobovatum is capable of producing high
biomass, with high cell specific yields of triacalyglycerides (TAGs) when grown on waste substrates such as
biodiesel-derived waste glycerol. This character makes this yeast even more attractive because a reduction in
the cost of the substrate will have a positive effect on the cost of biodiesel production. The aim of this
research is, therefore, to understand the yeast on a molecular level when grown on different substrates and
how this relates to the TAGs and carotenoid profiles. The first phase of this work involves the sequencing
and annotation of the R. diobovatum genome. R.diobovatum was sequenced using the Ion torrent (IT) PGM
and Illumina MiSeq platforms. A total of four libraries were constructed, resulting in 3,051,898 reads from
the IT platform, and 9,949,684 reads, 8,240,002 reads, and 5,899,760 reads from three Illumina libraries. Of
all the sequence assembler programs tested, Abyss Genome assembler resulted in the best hybrid assembly of
sequences from the two platforms. It produced 394 contigs, with the largest contig being 563,717 bp. The
assembly N50 number was 122,072, the GC content was 67.01%, and the size of the genome was 21 MB,
which is similar to the genome size of another red oleaginous yeast, Rhodosporidium toruloides. To obtain a
more reliably annotated genome, RNA-Seq was carried out using the Illumina HiSeq platform. Transcripts
were de novo assembled using rnaSPAdes and Trinity combined with two read trimming tools: Trim Galore,
and Trimmomatic. Transrate was used to evaluate the quality of the assemblies. The rnaSPAdes assembler
produced the best quality assembly with samples from the mid-log phase giving a transrate score of 0.12.
While a comprehensive genome annotation is ongoing, enzymes involved in the carotenogenic and lipid
pathways were populated, and used to blast against R.diobovatum transcripts. Results confirm the presence of
key enzymes of the carotenogenic and lipid synthesis pathways in R.diobovatum. This research serves as a
foundation for the biochemical and molecular understanding of yeast oleaginicity and how R. diobovatum is
able to concomitantly produce lipids and carotenoids.
MGC 020
Comparative genomics and phylogenetic analysis of rhizobiophages from western Canada
Damitha GUNATHILAKE, University of Calgary, A.P. HALMILLAWEWA1, M. RESTREPOCÓRDOBA1, B.J. PERRY2, C.K. YOST2, M.F. HYNES1, 1University of Calgary, 2University of Regina
Bacteriophages that infect the rhizobia, bacteria that form nitrogen-fixing nodules on the roots of legumes,
have been studied for decades, and have been suggested as a means of manipulating rhizosphere rhizobial
populations. Genomic studies on rhizobiophages are relatively recent, and only a few complete genome
sequences are available in the databases. We have isolated a large collection of phages that infect Rhizobium
leguminosarum, Mesorhizobium loti, and R. gallicum from rhizosphere soils from a variety of legumes in
western Canada, and characterized them by examining host range, lysogeny, morphology, and genome
composition. Complete genome sequences have been produced for six of them: vB_RleS_L338C genome:
accession no: KF614509, vB_RglS_P106B (KF977490), vB_RleM_PPF1 (KJ746502), vB_RleM_P10VF
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(KM199770) and vB_MloP_Lo5R7ANS (KM199771). The completed genome of M. lotiphage Cp1R7ANSC2 is also available but has not been submitted to a public database. Draft genomes for a further five R.
leguminosarum phages P9VFCI, V1VFA, AF3, P11VFA, L338G and M. loti phage Cp1R7A-A1 have also
been produced. Phages isolated using R. leguminosarum as host all belonged to the Myoviridae or the
Siphoviridae, whereas phages that infected M. loti were mostly members of the Podoviridae, with one
example of a probable Siphovirus. The majority of the phages had genomes that were modified and resistant
to restriction digestion with many common enzymes. On the phages with larger genomes, such as P10VF,
L338G, AF3, and P9VFC1, many genes encoded predicted proteins with no significant homology to
anything in the databases. We have performed genome comparisons between our isolates using NCBI blastn
and blastx. Phylogenetic analysis was performed with amino acid sequences of putative terminases and
capsid proteins, using ClustalX 2.1 for all rhizobiophages sequenced so far and for the aforementioned draft
sequences. From these analyses, we observed that the Rhizobiumphage P10VF has significant similarities and
phylogenetic relationship to Sinorhizobium melilotiphage ΦM9 for which the complete genome is now
available. Furthermore, the draft genomes of Rhizobium phages P9VFCI and AF3 show similarities to
P10VF, although both have genomes larger than P10VF. Another Rhizobium phage, V1VFA, has a part of its
genome identical to P10VF. In spite of being isolated from different geographic locations, from soils planted
to different legumes, and being isolated using different strains, all three of phages P9VFCI, AF3 and V1VFA
are related to P10VF as indicated by the phylogenetic analysis. Siphophage P11VFA shows significant
similarity to L338C, with identical terminase and capsid proteins, but also contains large sections of DNA
similar to a Sinorhizobium plasmid. Mesorhizobium phages Cp1R7AS-C2 and Lo5R7ANS (Podoviridae)
have similar genome arrangements and sizes, and share some properties with T7-like
phages. Mesorhizobium phage Cp1R7A-A1 has a much larger genome with no strong similarities to
anything so far sequenced.
MGC 021
A New Implementation of BIOM Format using Hash Tables
Sayna HAJILOO, Dalhousie University, RB BEIKO1, 1Dalhousie University
The Biological Observation Matrix (BIOM, pronounced “biome”) file format is currently the general-use
format of biological count data exchange. It has been designed to be a standard for biological sample
representation. Numerous large and established projects use the BIOM format namely QIIME, MG-RAST,
and VAMPS development groups. The format is based on HDF5 representing OTU tables or metagenome
tables with respect to metagenomics data. HDF5 is a widely-used format supported by many programming
languages. However, in this format, each table is stored based on two schemes of matrix representation. One
format is Compressed Sparse Row (CSR or CRS) and the other is Compressed Sparse Column (CSC or
CCS). As the sparse BIOM-formatted file increases in size, the matrix manipulation will be arduous.
Although this technique of storage leads to quicker retrieving and querying through a database, insertion in
BIOM format is computationally expensive. There exist many schemes for compressing and representing a
sparse matrix in a database. Generally, they fall into two categories: one category is focused on space
optimization and quick insert-operation; the other category is developed for quick operations excluding
insertion, such as multiplication. The schemes of the first category have often slow look-up. Some of them
are Dictionary of Keys (DOK), List of Lists (LIL), and Coordinate List (COO). CSR and CSC are grouped as
the second category with slow insertion. As previous studies investigated a number of techniques for the
representation of large matrices, none of them can be chosen as an efficient and effective representation.
Therefore, we explore new data structures to solve this issue and take advantage of hash tables to represent
the matrix in large data management. Using hash tables not only enhances the performance of inserting,
updating and retrieving the data but also it reduces the space complexity in comparison with BIOM format,
enabling datasets to grow incrementally by adding new samples as they are sequenced.
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MGC 022
Visually mapping phylogenetic conflicts onto a reference tree
Henry HEBERLE, Dalhousie University, R. MINGHIM2, R. BEIKO1, 1Dalhousie University, 2University of
São Paulo
Investigating the evolutionary pattern of large gene sets sampled from multiple genomes is fundamental to
solving many problems in biology. A phylogenetic tree is a common approach to present an evolutionary
history, showing the transmission of DNA from parent to offspring. However, a phylogenetic tree can be
influenced by processes such as gene loss and lateral gene transfer (LGT). The horizontal transmission and
proliferation of antimicrobial resistance (AMR) related genes is a major and increasing global problem. One
example is the New Delhi metallo-β-lactamase (NDM-1) which has raised a major public health concern for
the reason that this enzyme makes bacteria resistant to a broad range of β-lactam antibiotics. Thus, NDM-1
strains are capable of widespread horizontal transmission among bacterial populations, since it is often
carried by plasmids, increasing the probability of rising drug-resistant bacteria. One tool to investigate these
patterns of AMR proliferation and HGT is that of phylogenetic supertrees. Phylogenetic supertrees are a way
of combining individual gene phylogenies covering a selection of taxa. Since each gene is described as a
phylogenetic tree, the supertree represents an overall evolutionary history of the taxa and individual gene
trees can reveal patterns about horizontal transmission. The results of combining many trees are not trivial
and specific criteria are needed to accommodate the confounding effects of LGT and other sources of
phylogenetic disagreement. To understand the different phylogenetic patterns that exist in a set of trees,
supertree representations must be able to map the patterns present in individual constituent gene trees. In this
work, we aim to create a visual approach for the analysis of supertrees, to allow specialists to find key
information through visual exploration, regarding trees’ disagreements that could not be identified using
regular tree diagrams. Interactive data visualization plays a important role in tree analysis. We believe that
our approach will help the analysts to find hidden information and answer important questions when
analysing supertrees, such as the major pathways and correlated LGT associated with different classes of
antimicrobial resistance such as metallo-β-lactamase.
MGC 023
cpnDB: a reference database of chaperonin sequences
S.J. VANCUREN, University of Saskatchewan, Janet HILL1, 1University of Saskatchewan
The gene encoding the type I chaperonin, cpn60, has been established as a preferred sequence barcode for
Bacteria as it provides more discriminating power than 16S rRNA gene sequences. The cpn60 gene is found
in virtually all Eukaryotes, Bacteria and some Archaea and a 549-567 bp region of the gene can be amplified
with universal PCR primers. cpn60 genes are usually present in a single copy in bacterial genomes, making
them ideal targets for quantitative PCR assays. cpnDB was established in 2004 to provide a manually curated
database of chaperonin sequences and to support cpn60-based applications such as microbial species
identification, phylogenetic investigations and microbial community profiling. cpnDB currently contains
approximately 25,000 sequence records including approximately 4,000 records from bacterial type strains.
The cpnDB webpage (www.cpndb.ca) provides tools for text or sequence-based searches and links to
protocols, and selected reference data sets are available for download. Here we present a description of the
taxonomic coverage of cpnDB, an analysis of cpn60 sequence diversity, and summaries of recent
developments of chaperonin sequence-based methods for detection, identification and quantification
of microbial isolates and complex microbial communities.
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MGC 024
Regulation of plasmid transfer gene expression on pRleVF39b in Rhizobium
leguminosarum bv. viciae VF39SM
Kasuni HINIDUMA GAMA ACHCHI, University of Calgary, M.F. HYNES1, 1University of Calgary
The agriculturally important bacterium Rhizobium leguminosarum normally contains 2-8 large plasmids in
addition to a single circular chromosome. These plasmids carry genes important for carbon catabolism as
well as for rhizosphere competition. Plasmids can be horizontally transferred between bacteria using a
process called conjugation.Four conjugation systems (Types I to IV) have been so far identified that can
mediate horizontal transfer of rhizobial plasmids. Among them, type IVa, identified by our lab on plasmid
pRleVF39b, is the most recently discovered type. This conjugation system is unusual due to the presence of a
truncated relaxase gene (traA), and a gene encoding a negative transcriptional regulator (trbR) belonging to
the Xenobiotic response element (Xre) family as well as lack of common genes found in the other rhizobial
conjugation systems. The annotated coupling protein, TraG, located between the trbN operon and the
relaxase gene, traA, was hypothesized to function in plasmid transfer. Past experiments revealed that TrbR
protein represses the genes from trbN to traA and trbR promoter is not subject to autoregulation by TrbR. To
investigate whether traG gene played a significant role in plasmid transfer, marked and unmarked deletions
in traG gene were constructed. The transfer frequency of traG marked and unmarked mutants,
from Rhizobium to Agrobacterium recipients, exhibited 10-4 and 10-5 reductions respectively. The
functionality of the trbR gene in pSRKGm inducible expression vector was determined prior to production of
the TrbR protein, which will be used to investigate the targets of TrbR in pRleVF39b plasmid transfer.
pSRKGm expression vector was conjugated into wild type and trbR mutant VF39SM, containing pFUS1
promoter probe vector with gusA gene fusions to identify the regulation of P24, P25 and Ptrb putative
promoters by the trbR gene. The expression of these promoters were analyzed using β-glucuronidase assays
in the presence and absence of IPTG. Results confirmed that the trbR gene in pSRKGm is functional.
MGC 025
Effect of Cold-shock proteins (Csp) on Aeromonas salmonicida endogenous chromosomal
rearrangement and virulence
MD HOSSAIN, Memorial University of Newfoundland, JAVIER SANTANDER1, 1Memorial University of
Newfoundland
First described in the 19th century, Aeromonas salmonicida is one of the oldest known fish pathogen and the
causative agent of furunculosis in salmonid fish. A. salmonicida is an important pathogen due to its nearly
worldwide distribution, broad host range and potential devastating impacts on wild and farm fish. A.
salmonicida chromosome and plasmids are susceptible to endogenous rearrangement and mutagenesis caused
by thermal inducible insertion sequences (ISs). ISs appeared to maintain the bacterium in a psychrophilic
lifestyle in order to conserve their genomic integrity.A. salmonicida endogenous mutagenesis is induced at
temperatures over 26ºC, influencing physiology and virulence. Thermal inducible ISs truncates
the vapA gene that codes for the A-layer. Regulation of A. salmonicida ISs is unknown. We determined that
the ISAS3 truncates the vapA gene. Genetic analysis of the ISAS3 promoter showed conserved Crp and Csp
binding boxes. Deletion of crp has a minor effect on endogenous chromosomal mutagenesis. In this study,
we evaluated the role of cspB and cspD genes on endogenous chromosomal mutagenesis and virulence. A.
salmonicida mutants of cspB and cspD were constructed using suicided vectors. The mutants were
characterized by bacteriological techniques. The frequency of endogenous mutagenesis of vapA was
determined based on A-layer synthesis on congo-red TSA. Virulence, tissue colonization, was evaluated in S.
salar primary macrophages. A. salmonicida DcspD mutant showed a low frequency of vapA truncation after
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heat shock and reduced growth at 28ºC. A. salmonicida DcspB mutant showed a faster growth at 28ºC in
contrast to the wild type. Also, we found that A. salmonicida DcspB DcspD has higher virulence in S.
salar primary macrophage cells in contrast to the wild type. In summary, found that CspD play a major role
in the A. salmonicida endogenous rearrangement and mutagenesis caused by thermal inducible ISs.
MGC 026
Optimization of Real Time PCR for detection of, and virulence gene contents in naturally
occurring Vibrio cholerae in Bangladesh
Md Deen ISLAM, University of Manitoba, MR. ISLAM2, Professor RAHMAN3, DR. ALAM2, 1University
of Manitoba, 2International Centre for Diarrheal Disease Research, Bangladesh, 3Department of
Microbiology, University of Dhaka, Bangladesh
Vibrio choleraeserogroups O1 and O139 have been responsible for cholera; a deadly diarrheal disease
capable of killing many people in developing countries where safe drinking water is scarce and people uses
surface water for drinking. V. choleraehas been a resident flora of the natural aquatic environment, and rapid
detection of this bacterium from surface water is crucial for prediction of upcoming cholera to prevent people
from ominous infection. In the present study, a duplex real-time (RT)-PCR has been optimized with the aim
to detect V. cholerae O1 and non-O1/O139, and distinguish them from each other. The method was validated
by testing a series of V. cholerae O1 and non-O1 from old collection, including controlV. cholerae O1 El Tor
and classical biotype strains, N16961 and 0395, respectively. With the validated RT-PCR, V. cholerae was
not detected directly from environmental water samples that were not enriched at least for 3 hours at 37°C.
The sensitivity of the RT-PCR in detecting V. cholerae was determined to be 115 CFU, while the minimum
number for detecting V. cholerae by conventional PCR is 4800 CFU. A total of 23 V. cholerae O1 strains
isolated from enriched surface water samples were studied to determine their biotype, presence of different
virulence markers, antibiotic resistance, and presence of genetic elements and their possible links to
antibiotic resistance of the bacterium. PCR with gene specific primers confirmed all of the 23 V. cholerae O1
strains to be altered El Tor carrying ctxBCL and El Tor type rstR under ET biotype background. Ca. 97% of V.
choleraeO1 strains carried the CTXΦ in chromosome-I, confirming their ET biotype traits. Of 16 V.
choleraeO1 tested, 56% of the strains were carrying intact VSP-I, while 50% were carrying intact VSP-II. Of
16V. choleraeO1 tested, 56% of the strains were found carrying both of the intact VSP-I and VSP-II; two of
the isolates had maximum deletion of open reading frames (ORFs). All 16 strains were determined to be
VSP-II variants, and were confirmed to be CIRS101 type. Antibiotic sensitivity assaywith 22 strains
revealedall to be resistant to Sulfamethoxazole/Ttrimethoprim (SXT), 22.73% to Ampicillin (AMP), and
72.73% to Tetracycline (TE).Ca. 90.91% and 100% were sensitive to Ciprofloxacin (CIP) and Gentamycin
(CN), respectively; and 27.27% of V. cholerae O1 strains were multi-drug resistant (MDR) in the present
study. Rapid detection method of toxigenic V. cholerae from the environment and data from molecular
analyses of the isolates presented in this study might help in effective monitoring and understanding the
ecology, epidemiology and evolution of the deadly pathogen.
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MGC 028
Inability to catabolize rhamnose by Sinorhizobiummeliloti Rm1021 affects competition for nodule
occupancy
D.M.R. RIVERS, University of Manitoba, Derek KIM1, I.J. ORESNIK1, 1University of Manitoba
Rhizobium leguminosarum bv trifolii mutants unable to catabolize rhamnose are impaired in competition for
nodule occupancy. To determine the possibility of this catabolic pathway affecting competition for nodule
occupancy in other species, we performed a comparative characterization of the rhamnose catabolism locus
in the Medicago symbiont Sinorhizobium meliloti. The rhamnose catabolism operon in S. meliloti was found
to be syntenous to that of R. leguminosarum. Although S. meliloti Tn5 mutants unable to use rhamnose as a
sole carbon source were complemented using the R. leguminosarum cosmid that contains the entire wild-type
rhamnose catabolic locus, complementation failed to occur if the cosmids carried Tn5 insertions within the
locus. Further investigation of this phenomenon using lacZ fusions suggested that the S. meliloti regulator,
RhaR, is dominant to its R. leguminosarum counterpart.The comparison of a conditional growth phenotype,
followed by enzymatic assays show that unlike R. leguminosarum, the kinase (RhaK) in S. meliloti does not
possess rhamnose kinase activity. In addition, it was shown that the isomerase (RhaI) was capable of
catalyzing the isomerization of rhamnose to rhamnulose in both R. leguminosarum and S. meliloti. Taken
together, these data suggest that in both species the sugar is isomerized prior to being phosphorylated.
Transport assays using labelled rhamnose confirmed that the ABC importer encoded by rhaSTPQ is required
for transport of rhamnose, and that like R. leguminosarum, the kinase (RhaK) was required for the
functioning of the transporter. Unlike R. leguminosarum, S. meliloti appears to have a rhamnose inducible
transport system that is capable of transporting rhamnose in the absence of rhaSTPQ, but these rates are not
sufficient to support growth on rhamnose as a sole carbon source. Like R. leguminosarum, S. meliloti mutants
incapable of transporting rhamnose were shown to be less competitive in nodule occupancy than the wildtype. This suggests that rhamnose catabolism may be a general determinant in competition for nodule
occupancy that spans across rhizobial species.
MGC 029
Production of solvents by the hyperthermophilic archaeon Hyperthermusbutylicus
Sarah KIM, University of Waterloo, C. TSE1, T.N. NGUYEN1, K. MA1, 1University of Waterloo
Hyperthermus butylicus is an anaerobic hyperthermophilic archaeon producing butanol as one of its major
metabolic end products. It was unclear if H. butylicus could produce other solvents such as ethanol, acetone
and isopropanol, which are also produced by Clostridium beijerinckii NRRL B593, a well-known industrial
producer of these solvents. Glucose fermentation and solvent production in C. beijerinckii is well
documented however, there are no reported findings for fermentation and solvent production on peptides.
Solvent production by both H. butylicus and C. beijerinckii were detected using high performance liquid
chromatography (HPLC) and gas chromatography (GC) analyses. Solvent extracted samples run on the GC
showed the production of butanol, acetone, isopropanol, and ethanol by H. butylicus grown on peptides.
Similarly, butanol, acetone, isopropanol, and ethanol were also produced by C. beijerinckii grown on
dextrose. These results indicate that the hyperthermophilic archaeon and the mesophilic bacterium are
capable of producing the same solvents. Although the metabolic pathways for the production of solvents
in C. beijerinckii are well characterized, the metabolic pathways in H. butylicus are currently unknown. Since
no production of solvents were detected when C. beijerinckii grew on peptides, this indicates that there
would be no metabolic pathway for supporting solvent production from peptides in this species. In
conclusion, although these two distinct species produce the same solvents there may be different metabolic
pathways for solvent production used. Further investigation to determine the pathway for solvent production
by H. butylicus will aid in the understanding of metabolism in the hyperthermophilic organism.
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MGC 031
Movement of an insertion sequence element is correlated with the gain of the ability to utilize xylitol as
a sole carbon source in Sinorhizobiummeliloti
MacLean KOHLMEIER, University of Manitoba, B. A. GEDDES1, P. C. LOEWEN1, I. J. ORESNIK1,
1
University of Manitoba
The legume endosymbiont Sinorhizobium meliloti has a robust metabolic capacity; a large proportion of its
genome is dedicated to carbon metabolism and transport. Despite its catabolic capability, wildtype S.
meliloti is unable to grow using the five-carbon sugar alcohol xylitol as a sole carbon source. However,
spontaneous suppressor mutants that are able to use xylitol can arise. Determination of the nature of the
mutation that permits growth on xylitol in the suppressor strain is the focus of this project. Generation of a
genetic map based on experimentally determined cotransduction frequencies resulted in the identification of a
10 kb chromosomal region. Analysis of the region following whole genome sequencing of the mutant
revealed the presence of a 1 kb insertion sequence (IS) element, ISRm2011-2, that is absent from this locus in
the wildtype. The IS element is within gene which is downstream of two candidate
dehydrogenases, SMc01991 and SMc01992, and may contribute to xylitol catabolism. Expression of
either SMc01991 or SMc01992 in a wildtype background is sufficient to allow growth on xylitol as a sole
carbon source. Dehydrogenase assays demonstrated that both SMc01991 and SMc01992 have xylitol
dehydrogenase activities, which use NADP+ and NAD+ as coenzymes respectively. Interruption
of SMc01990 with a suicide vector, in a manner that mimics the insertion of ISRm2011-2, allows for the
strain to utilize xylitol. However, expression of SMc01990 in either mutant background does not abolish
growth on xylitol, suggesting that expression of SMc01990 is not directly responsible for the inability to
utilize the substrate. Taken together, the data suggest that gain of xylitol utilization is due to a positional
effect of an ISRm2011-2 element that effects the expression of upstream genes.
MGC 032
CsrA homologue regulates AdeFGH efflux pump in Acinetobacter baumannii
Vanessa KORNELSEN, University of Manitoba, R PATIDAR1, A KUMAR1, 1University of Manitoba
Acinetobacter baumannii contains multiple resistance-nodulation-division (RND) efflux pumps of clinical
relevance due to their negative effect on antibiotics susceptibility. AdeFGH is known to decrease the
susceptibility of A. baumannii to chloramphenicol, fluoroquinolones, tetracycline-tigecycline, trimethoprim
and clindamycin. This efflux pump is regulated by AdeL, a LysR-type regulator encoded just upstream in the
opposite direction of the adeFGH operon. A strain displaying AdeL-independent overexpression
of adeFGH was generated via serial passaging of ATCC17978:ΔadeL through increasing concentrations of
chloramphenicol. The resulting strain, AB144, was subsequently sequenced and variant calling showed the
presence of five mutations within the bacterial genome including a mutation in a CsrA homologue and a
mutation upstream of adeF in a putative CsrA binding domain. Complementation of the mutated CsrA
homologue with the wild type version of the gene was able to decrease adeFGH expression.The translation
of these effects on antibiotic susceptibility is being determined. The effect of overexpression of CsrA on
biofilm formation, virulence, growth on various carbon substrates and motility are being determined. Overall,
this work shows the importance of CsrA in A. baumanniiand its ability to regulate AdeFGH.
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MGC 033
Revisiting the growth fitness based scoring models to define genetic interactions in Escherichia coli
Ashwani KUMAR, University of Regina, M. BABU1, S. ZILLES1, 1University of Regina
Motivation: A digenic epistatic relationship, also termed as genetic interaction, is observed when mutations
in two genes yield a phenotype which is surprisingly different from what we expect considering each
mutation's individual effects. Such relationships can comprehend functions of individual genes and their
higher order associations. Historically, a few mathematical scoring models have been used to define genetic
interactions in micro-organisms; however, multiplicative model is by far the most widely accepted, especially
in the last decade. Nonetheless, superiority of these rather simple mathematical models has not been tested
and compared rigorously even though a huge amount of double mutant growth fitness data has been
produced. Results: Here, we propose a machine learning algorithm based scoring model to estimate genetic
interactions between genes on the basis of their single and double mutant growth fitness and show that it
produces either superior or similar results when compared to existing models using different computational
and biological measures.
MGC 034
TxtH is an important component of the thaxtomin biosynthetic machinery in the potato common scab
pathogen Streptomyces scabies
Yuting LI, Memorial University of Newfoundland, J LIU1, K TAHLAN1, DRD BIGNELL1, 1Memorial
University of Newfoundland
Streptomyces scabies causes common scab disease, which is characterized by superficial or corky-like
lesions that form on the surface of root and tuber crops such as potato, radish and carrot. These disease
symptoms induced by this organism are largely due to the predominant virulence factor, thaxtomin A, a
nonribosomal peptide that exhibits phytotoxic activity. Production of thaxtomin A involves the nonribosomal
peptide synthetases (NRPS) TxtA and TxtB, which are large, multimodular proteins containing distinct
enzymatic domains. One of the domains is the adenylation domain (A-domain), which is responsible for
selecting and activating the amino acid substrate for incorporation into the growing peptide product. The Adomains of TxtA and TxtB were showed in vivo to preferentially recruit L-phenyalanine and the novel
substrate 4-nitro-L-tryptophan, respectively, for producing the thaxtomin A backbone. In addition, other
enzymes and proteins are known or predicted to be involved in thaxtomin A biosynthesis, including TxtH, a
small protein belonging to the MbtH-like protein (MLP) family.MLPs typically function as chaperones
required for the proper folding of the A-domain of NRPS enzymes, and/or they function as activators to
stimulate the adenylation reaction catalyzed by the A-domain. The objective of this study was to investigate
the importance of the TxtH MLP in thaxtomin A biosynthesis in S. scabies. To accomplish this, the TxtA and
TxtB A-domains were each overexpressed as histidine (HIS) tagged proteins together or without TxtH in E.
coli.Western analysis demonstrated that both A-domains are insoluble in the absence of TxtH, suggesting
that TxtH functions as a chaperone in S. scabies. Amino acid residues that are essential for this activity were
identified by performing site-directed mutagenesis of the TxtH protein. Specifically, when the TxtA and
TxtB A-domains were expressed with the different TxtH point mutants, the ability to form soluble A-domain
protein was hindered in the presence of certain TxtH mutants. A S. scabies txtHdeletion mutant was
constructed using the lambda Red recombineering system, and analysis of culture extracts using high
performance liquid chromatography revealed that the txtH mutant is significantly reduced thaxtomin A
production levels, though some production could still occur. Notably, other metabolites were found to
accumulate in the mutant culture extracts but not in the wild-type culture extracts. The txtH gene was
additionally overexpressed in S. scabies using the strong, constitutive ermEp* promoter; however, this did
not cause any significant differences in thaxtomin A production levels as compared to the wild-type strain.
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The results of this study confirm that TxtH plays a key role in the biosynthesis of the thaxtomin A phytotoxin
in S. scabies.
MGC 035
A genome-wide screen identifies genes in rhizosphere-associated Pseudomonas required to evade plant
defenses
Zhexian LIU, University of British Columbia, P BESKSROVNAYA1, RA MELNYK1, SS HOSSAIN1, CL
KHORASANI2, S O’SULLIVAN2, LR WIESMANN1, J BUSH2, JD RICHARD1, CH HANEY3, 1University
of British Columbia, 2Harvard Medical School, 3University of British Columbia, Michael Smith Laboratories
Plant root-associated (“rhizosphere”) commensals, including bacteria like Pseudomonas fluorescens, are
known to confer a variety of fitness advantages to their hosts, including growth promotion, immune priming,
and nutrient uptake. Successful rhizosphere colonization is a pre-requisite for conferring benefits to the host.
Despite the important roles of rhizosphere microbes in maintaining plant health, the mechanisms that regulate
rhizosphere fitness and root colonization, including those required to evade host immunity, are poorly
understood. We performed a genome-wide transposon sequencing (Tn-Seq) screen and
identified Pseudomonas fluorescens WCS365 genes required for root colonization of wild-type and
immunocompromised Arabidopsis thaliana. We chose to focus on genes required for fitness on wild type but
not immunocompromised A. thaliana, which are candidates for avoiding or suppressing plant immunity. We
generated clean deletions in a subset of candidate genes and found that deletion of two genes, morA, a
putative diguanylate cyclase/phosphodiesterase gene, and spuC, a putative putrescine:pyruvate
aminotransferase gene, resulted in induction of pattern-triggered immunity (PTI) in planta. We found that
these mutants also had enhanced biofilm formation in vitro as detected by crystal violet assays. This suggests
that c-di-GMP turnover and polyamine metabolism may play important roles in rhizosphere colonization and
plant immune evasion. We found that exogenous putrescine enhances biofilm formation, which is
exacerbated in a ?spuC mutant suggesting that putrescine may be a signaling molecule that triggers a lifestyle
change in the presence of a host. Orthologs of spuC are present in Pseudomonas aeruginosa, and we are
exploring the role of polyamine metabolism in P. aeruginosa biofilm formation. Collectively these data
indicate precise regulation of bacterial lifestyles is essential for survival in association with an eukaryotic
host.
MGC 036
Characterization of a cryptic secondary metabolite in the common scab pathogen Streptomyces scabies
Jingyu LIU, Memorial University of Newfoundland, DRD BIGNELL1, 1Memorial University of
Newfoundland
Streptomyces scabies the main causative agent of potato common scab (CS) disease, which causes significant
economic losses to potato growers worldwide. The ability of S. scabies to cause CS is primarily based on the
production of a phytotoxic secondary metabolite (SM) called thaxtomin A, which is an essential virulence
factor for the organism. In addition, S. scabies has the genetic potential to produce other SMs that might
contribute to CS disease development; however, most of the genes predicted to be involved in production of
these SMs are silent under laboratory conditions, and thus there is little known regarding the nature of these
metabolites and their role in CS disease. The aim of this research is to characterize one cryptic (unknown)
SM that is thought to resemble phenazine metabolites produced by various bacteria. The putative
biosynthetic genes that produce this cryptic metabolite are expressed at low level or not at all under
laboratory conditions, and therefore different strategies are being employed in order to activate or enhance
expression of these genes in S. scabies. Bioinformatics analysis of the gene cluster has revealed the presence
of genes encoding putative transcriptional activator (SCAB12111) and repressor proteins (SCAB12091 and
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SCAB12101) that are predicted to regulate the expression of the metabolite biosynthetic genes. Therefore, in
attempts to activate the gene cluster, we constructed a SCAB12111 overexpression strain and SCAB12091
and SCAB12101 single and double gene deletion mutants. In addition, the gene cluster was introduced into
two heterologous hosts, Streptomyces avermitilis SUK17 and Streptomyces coelicolor M1154, which were
specifically engineered for the expression of SM gene clusters. Preliminary bioassays were performed using
the SCAB12111 overexpression strain and the heterologous expression strains to assess the bioactivity of the
metabolites produced by each. Microbial disk diffusion assays showed that none of the metabolites produced
by the strains displayed any activity against Gram+ or Gram- bacteria or against yeast. A potato tuber disk
bioassay demonstrated that only metabolites from the S. scabies wild type (control) and SCAB12111
overexpression strains cultured in MYM were able to cause necrosis of the potato tissue. HPLC analysis of
the MYM metabolite extracts revealed the presence of thaxtomin A, which most likely is responsible for the
observed tissue necrosis. Interestingly, the amount of thaxtomin A detected was lower in the SCAB12111
overexpression extract than in the control strain extract. This suggests that another metabolite may be
produced in the overexpression strain resulting in decreased production of thaxtomin A. Future work will
focus on comparative metabolic profiling of the constructed strains in order to identify novel metabolites for
further characterization.
MGC 039
Biosynthesis of Usnic acid and its analogues
Navriti MITTAL, University of Manitoba
Lichens are unique organisms that are ubiquitous in nature. More ?than one thousand natural products with
significant biological ?activity have been identified, and many of these molecules can only be found in
lichens. The slow growth of lichens and the difficulty in establishing cultures in the lab make examining the
biosynthesis of ?lichen natural products challenging. One of the most widely studied ?lichen polyketide
natural product is usnic acid (UA), which displays multiple bioactivities such as antibacterial, antitumor,
antiprotozoal, ?antiviral, anti-inflammatory as well as promising cytotoxicity. Therefore, we are interested in
the biosynthesis of UA and exploring the synthesis of analogues of UA that may have novel applications as
pharmaceuticals. Our group used de novo whole-genome sequencing to identify the gene cluster for
biosynthesis of UA in lichen species Cladonia uncialis. The gene cluster contains two genes, one that
encodes for a polyketide synthase (PKS) enzyme and other is a gene that encodes for a tailoring cytochrome
p450 enzyme. These two enzymes have been respectively named methylphloracetophenone synthase
(MPAS) and methylphloroacetophenone oxidase (MPAO). The key polyketide intermediate in the
biosynthesis of usnic acid is methylphloroacetophenone (MPA) a polyphenolic methyl ketone. Oxidative
dimerization of MPA to UA is catalyzed by MPAO. Our first step was the synthesis of key intermediate
(MPA) via chemical synthesis following the synthesis of analogues of MPA by modifying the hydrocarbon
side chain in order to produce analogues of usnic acid. We wanted to explore the structure-activity
relationships of MPA and similar acylated phloroglucinols. We were interested in determining the effect of
acyl chain length on antibiotic activity. Whole cell and biofilm formation bioassays show a relationship
between acyl chain length and bioactivity. The second goal of this project is to acheive the functional
heterologous expression of the tailoring gene (MPAO) into E. coli. Our overarching goal is to explore the
substrate scope of MPAO in order to be able to synthesize analogues of UA. We will describe our efforts
towards the functional expression of MPAO in E. coli. MPAO is a membrane bound fungal cytochrome p450
and a rich history of biochemical studies have shown that the catalytic cycle requires sequential input of two
electrons that must be derived from NAD(P)H. Researchers have found that these electron transfer steps are
associated with redox partner(s) such as NADPH-dependent cytochrome P450 oxidoreductase (CPR),
cytochrome b5 (Cyt-b5) and NADH-dependent Cyt-b5 reductase (CB5R). We have identified two genes, cucpr and cu-cyt-b5, in the genome of Cladonia uncialis that appear to code for similar redox partners. Our
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current efforts are focusing on co-expressing these genes with MPAO in E. coli in order to catalyze the
oxidation of MPA to UA.
MGC 040
Silver resistance in Pseudomonas aeruginosa and Staphylococcus aureus as a mixed species culture
Nadia MONYCH, University of Calgary, RJ TURNER1, 1University of Calgary
Until recently there has been very little development of new antimicrobials. This led to the necessity for the
exploration into alternative antimicrobial agents, one of which is the use of metals as antimicrobials. Metals
have been used for millennia as antimicrobial agents and are also currently used in industrial, environmental,
and medical settings. Although metals have been used for so long there is still much to understand about their
toxicity and resistance mechanisms within bacteria.Bacteria in nature form multi-species interactions and are
often found adhered to surfaces as biofilms. However, when determining antimicrobial efficacy, multispecies interactions are not often considered. Pseudomonas aeruginosa and Staphylococcus aureus are often
found growing together in multiple settings and can lead to higher resistance in coinfections. It is important
to take this into consideration when determining antimicrobial efficacy towards these organisms. When
comparing P. aeruginosa and S. aureus grown as a single versus a dual species culture much higher
resistance to AgNO3, a common metal antimicrobial, is observed for dual species growth. My research
focuses on why this dual species interaction has such a large increase in resistance and what causes it. To
determine this the secreted components of both P. aeruginosa and S. aureus grown together and separately
under multiple culture conditions are being evaluated for their ability to increase either bacteria’s resistance
to AgNO3. It was determined that secretions from the co-culture in simulated wound fluid grown
planktonically increased resistance of both P.aeruginosa and S.aureus to AgNO3. As well the secretions from
either organism cultured alone also increased resistance of the other organism to AgNO3.
MGC 041
Mechanisms of the cation selectivity of NhaP2 Antiporter in Vibrio cholerae
Muntahi MOURIN, University of Manitoba, AW WAI1, JO O'NEIL1, GH HAUSNER1, PD
DIBROV1, 1University of Manitoba
Na+/H+ antiporters of different types differ in their selectivity for substrate alkali cations. NhaP2 antiporter
from Vibrio cholerae exports Na+ and K+, but not Li+. The molecular basis of this selectivity is unknown. We
combined protein structure modeling, site-directed mutagenesis, phenotype analysis and antiport activity
measurements to localize and characterize the structural elements(s) responsible for cation selectivity. A set of
structural models of the wild-type Vc-NhaP2 with K+, Na+ and Li+ as ligands was generated using Phyre2 and
Robetta software and visualized by PyMOL. The obtained model suggests that a cluster of negatively charged and
polar residues belonging to different transmembrane segments (TMSs) forms the putative cation binding pocket in
the middle of the membrane. Specifically, we suggest that Asp133 and Thr132 from TMS V located in close
proximity to Asp162 and Glu157 of TMS VI, are involved in cation binding directly. The model also suggests
that Leu257, Gly 258, and Asn259 from TMS IX together with Thr276, Asp 273, Gln 280, and Tyr 251 from
TMS X as well as Leu 289 and Leu342 from TMS XII, form a transmembrane pathway for substrate ions. This
pathway contains a built-in filter determining cation selectivity. Alanine-scanning mutagenesis verified the model
and showed that structural modifications of the channel resulted in altered cation selectivity and transport activity.
In particular, Leu257Ala, Gly258Ala, Gln280Ala and Tyr251Ala variants gained Li+/H+ antiport capacity that
was absent in the non-mutated antiporter. Thr276Ala, Asp 273Ala, and Leu289Ala variants exclusively exchange
K+ for H+, while a Leu342Ala variant mediates Na+/H+ exchange only, thus maintaining strict alkali cation
selectivity. These experimental results confirm that these residues found through the in silico modeling, play a
central role in the determination of cation selectivity in the Vc-NhaP2 antiporter.
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Presenters to be by their posters:
Odd number posters from 3:00 – 4:00 PM ** Even number posters from 4:00 – 5:00 PM

Applied & Environmental Microbiology
AEM 034
Genetic diversity of VCC-1 carbapenemase-producing Vibrio cholerae in costal waters of Germany
Jens Andre HAMMERL, German Federal Institute for Risk Assessment, C. JAECKEL1, E.
STRAUCH1, 1German Federal Institute for Risk Assessment
Recently, we reported on seven VCC-1 producing Vibrio cholerae isolates that were recovered from coastal
waters of the North and Baltic Sea in Germany. As V. cholerae non-O1/-O139 isolates are widely distributed
in coastal waters with low salinity and sometimes are associated with wound infections and diarrheal diseases
in humans, detailed information on the genetic background of these isolates is necessary to assess the risk for
the distribution of this carbapenem resistance. In order to characterize the genetic diversity of the isolates, the
genome of the reference strain VN-2997 was determined by PacBioRSII and MiSeq sequencing. PacBio
reads were assembled using HGAP followed by mapping of the MiSeq raw reads against the PacBio genome.
Bioinformatics, PFGE profiling, and DNA-DNA hybridization as well as conventional PCR were used to
reveal the organization of the blaVCC-1 gene locus on other V. cholerae genomes. Furthermore, resistance
testing of the isolates was performed by broth microdilution methods according to CLSI guidelines. As initial
MiSeq sequencing of all prevailing isolates did not reveal the genetic localisation of blaVCC-1 within the
genomes, further dissection analyses were performed. PFGE profiling revealed that the isolates exhibit two
distinct XhoI PFGE-patterns, which is in good agreement with the observed MLST-types of the isolates.
DNA-DNA hybridization indicates that one or two copies of blaVCC-1 gene are present in different parts of
the V. choleraegenomes. The presence of one or two blaVCC-1 genes did not correlate with the differences
observed in the MLST-type or the observed MIC level. The organization of the blaVCC-1 harbouring genome
region of the individual isolates will be presented in detail. Our study indicates that VCC-1 carbapenemaseproducing V. cholerae are frequently present in different regions of the German coastline. Despite of the
close phylogenetic relationship of the two observed MLST-lineages the blaVCC-1 genetic context diverges
from isolate to isolate.
AEM 059
Shotgun metagenomics: can it be a one-stop-shop CIDT for enteric pathogen detection and typing in
stool?
Christy PETERSON, Public Health Agency of Canada, M WALKER1, NC KNOX1, J FORBES2, M
GRAHAM1, G VAN DOMSELAAR1, MW GILMOUR1, H ADAM2, AR REIMER1, 1Public Health Agency
of Canada, 2University of Manitoba
As we move towards widespread adoption of culture-independent diagnostic testing, the integrity of public
health surveillance programs has come under threat. Shotgun metagenomics may be an attractive solution as
a single, all-encompassing diagnostic and subtyping assay for frontline laboratories, clinicians and public
health authorities alike. To date, data acquisition and analysis costs associated with microbiome population
surveys have been prohibitive. Furthermore, adoption of any culture-independent test (CIDT) as a frontline
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assay should not occur before public health practitioners better understand the operational parameters and
analysis considerations unique to CIDT. To assess the pathogen detection capacity of sequencing-based
CIDTs with existing technology, we evaluated the ability of shotgun metagenomics sequencing of stool
samples to identify the causative pathogen in enteric bacterial infections. Various sequencing depths were
investigated as a potential cost saving measure. Stool specimens were collected from patients who presented
to the Health Sciences Centre in Winnipeg, Manitoba with gastrointestinal ailments. Three investigatorblinded data sets were generated (600 cycle kit): 1) 10 bacterial culture-positive specimens given each a
dedicated Illumina MiSeq run (high-coverage); 2) 12 bacterial culture-positive specimens divided over 3 runs
(mid-coverage); and 3) 86 symptomatic patient specimens on one MiSeq run (low-coverage). Each data set
was processed for contaminant read removal, read quality trimming, taxonomic profiling, and antimicrobial
resistome inference. An in silico bacterial serotyping approach was performed where possible. Median per
base read depth was calculated as 1 million, 5 million and 30 million for ‘low’, ‘mid’ and ‘high’ coverage
specimens, respectively. Amongst the pathogens present in our blinded test panels, Campylobacter was
found to be the most difficult to identify from shotgun metagenomic reads. Subtyping to the correct serotype
was possible in Salmonella enterica and E. coliculture-positive samples. Un-blinded results confirmed that
lower depth of coverage correctly identified the pathogen in culture-positive specimens less often. Our pilot
results uphold the promise of a shotgun metagenomics approach for CIDT pathogen inference. However,
refinement of wet-laboratory protocols, operating parameters, data analysis tools and pipelines, and curation
of comprehensive reference microbial pathogen databases remain as major obstacles to the adoption of this
method. Creation of clear operational and interpretation guidelines, and means for concise reporting of
metagenomics results will be imperative for uptake in point-of-care diagnostics. Importantly, assessment of
the broader impact of CIDT (lowering available cultured isolates) on public health surveillance program
integrity will need to be addressed before employing metagenomics for public health surveillance.
AEM 067
Novel Methodology for the Isolation of Marine Bacteria from Sediment of the St. Lawrence Estuary
Zach SCHIFFMAN, Concordia University
In recent years, there has been an increasing emergence of antibiotic resistant bacteria, which threaten public
health worldwide. As a result, research has intensified globally with the aim of discovering new antibacterial
compounds. We are focusing on marine myxobacteria, a family of Gram-negative deltaproteobacteria with
enormous biosynthetic potential. These microbes are notable due to their unique cooperative social behavior,
predatory activity, and ability to form fruiting bodies under starvation, which upon maturation undergo
cellular morphogenesis forming desiccation-resistant myxospores. Although, myxobacteria have been
successfully isolated from terrestrial environments, very few investigators have successfully isolated
myxobacteria from marine environments. In this present study, we propose a novel methodology for the
isolation of bacteria from sediment of the St. Lawrence Estuary, by employing selection criteria based on
predatory activity, tendency of fruiting body formation, antibiotic resistance and survival under starvation.
Thus far, we have been successful in isolating numerous marine bacteria, including Bacillus zhangzhouensis,
a novel motile bacillus species isolated only once previously from surface sediment of the South China Sea.
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AEM 068
Characterization of the PhzRI and CsaRI Quorum Sensing Systems of Pseudomonas
chlororaphis PA23
Grace SALIGA, University of Manitoba, N SHAH1, T DE KIEVIT1, 1University of Manitoba
Pseudomonas chlororaphisstrain PA23 is capable of inhibiting fungal pathogens through a process known as
biocontrol. A number of secreted products contribute to fungal antagonism including the antibiotics
phenazine 1-carboxylic acid, 2-hydroxyphenazine (collectively referred to as PHZ), pyrrolnitrin (PRN) and
degradative enzymes. Previous studies have established that production of these exometabolites is in part
regulated by the Phz quorum sensing (QS) system. To appreciate the global effect of QS on PA23 gene
expression, RNA-seq analysis was conducted on two QS-deficient strains, namely PA23-AHL and PA23phzR. PA23-AHL harbors a plasmid-borne copy of the Bacillus aiiA gene, encoding an AHLdegradinglactonase enzyme, while PA23-phzR was constructed through insertional mutagenesis.
Transcriptomic profiling revealed that between 5.5% (PA23-phzR) and 7% (PA23-AHL) of the PA23
genome is under QS control. Expression of genes encoding secondary metabolites such as PHZ, PRN, HCN
and protease were downregulated in the absence of the Phz QS system, consistent with previous phenotypic
analysis. P. chlororaphis contains multiple QS systems, including the Csa (cell surface aggregation) system.
In the current study, we discovered that both csaI and csaR are positively regulated by the Phz regulatory
system. At present, the role of this second QS system in PA23 biocontrol remains unknown. To address this
knowledge gap, PA23-csaI and PA23-csaR strains were created. Preliminary characterization of
the csaI and csaR mutants revealed wild-type antifungal activity in vitro and there were no obvious
phenotypic differences compared to wild type. In PA23, PHZ production imparts a deep orange color to the
bacteria. Because PHZs are not produced by PA23-phzR andPA23-AHL, these strains are white. On most
media, PA23-csaI and PA23-csaR closely resembled the wild type with respect to orange pigmentation;
however, on 2% skim milk media, delayed PHZ production was observed. Additional physiological
differences between PA23-phzR, PA23-AHL and the PA23-csaI and PA23-csaR mutants include cell and
colony morphology, and motility. These findings suggest that csaI and csaR may influence cell surface
components, similar to what was reported for the related bacterium P. chlororaphis 30-84 (Zhang & Pierson,
2001). We are currently analyzing expression of biosynthetic and regulatory genes involved in PA23
biocontrol in the csaI andcsaR mutant backgrounds. Collectively, our phenotypic and transcriptomic studies
will provide a better understanding of the role of the Csa QS system in PA23 physiology.
AEM 069
Exploring microbial diversity across a municipal waste site
Alexandra SAUK, University of Waterloo, L.A. HUG1, 1University of Waterloo
Landfills are a primary means of waste disposal in many municipalities. Landfills are used as a disposal site
for various wastes, including organics (food and yard waste), paper and cardboard, and plastics. The primary
modes of waste degradation in landfills are aerobic and anaerobic decomposition by microorganisms.
However, we know very little about the diversity of these organisms and how microbial diversity changes
across and between landfills. To explore the microbial diversity across a Southern Ontario landfill, six
samples were collected in 2016 via filtration of the liquid from three leachate wells, two temporal samples of
a leachate-collecting cistern, and one groundwater well from the adjacent aquifer. The total community DNA
was extracted and then shotgun sequenced by the U.S. Department of Energy’s Joint Genome Institute to
create six metagenomic databases. The microbial populations in the landfill samples were taxonomically
identified via maximum likelihood phylogenies inferred from the 16S rRNA gene and a concatenation of 16
syntenic universally-present single copy ribosomal proteins. From the six metagenome datasets, 38 and 37
bacterial and archaeal phyla were represented on the 16S rRNA gene and ribosomal protein trees,
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respectively. Parcubacteria (OD1) (20-40%), Firmicutes (20-30%), and Bacteriodetes (15-26%) were the
three most abundant phyla across the sites. Proteobacteria and Microgenomates were also relatively abundant
across sites. Most of the other phyla were present at low abundances (>2% by number of organisms), with
some fluctuations between sites. Below the phylum level, very few organisms were identified across multiple
sites, indicating that while the phylum-level signatures are somewhat conserved, individual populations vary
widely across the landfill. Thus, there are clear patterns in the landfill in regard to which phyla are present at
high and low abundances but there are variations between the sampling sites at high and low levels of
taxonomy. The diversity of the microbial community was investigated in relation to the environmental
parameters of the site to determine what drivers of microbial heterogeneity impact the site. Differences in
metal concentrations, pH, dissolved oxygen and other factors influence the abundance of certain organisms
across the landfill. In conclusion, the landfill microbiome is dominated by a few phyla in high abundance
with a number of other phyla at low abundances, with multiple drivers of microbial heterogeneity identified
across this landfill.
AEM 070
Microbial Activity Microassay development for extant microbial detection and characterization in
extreme environments
David TOUCHETTE, McGill University, Macdonald Campus, L.G. WHYTE1, 1McGill University,
Macdonald Campus
The majority of the Earth’s biosphere exists at cold temperatures and includes multiple cryoenvironments,
many of which are characterized by the most extreme conditions on Earth. Despite the fact that multiple
adaptations to cold temperatures have been documented for microorganisms, the study of cryomicrobiology
is poorly understood with regards to the cold temperature limits of bacterial viability. Cryomicrobiology is
also an important part of astrobiology, as cryoenvironments on Earth are considered terrestrial analogues of
astrobiology targets. Thus, it’s crucial to study and understand life in astrobiology analogue sites. This will
inform us on the potential for life and the methods necessary to detect it beyond Earth and will provide
insights into cryophilic and halophilic life and activity, and knowledge on extreme limits of microbial life.
Axel Heiberg Island’s (AHI) extreme environments, in the Canadian high Arctic, are the best astrobiology
analogues as they are cryophilic, halophilic and low biomass habitats. In order to increase our knowledge of
the microbial communities living in extreme environments and the potential for such of life beyond Earth, we
need to develop and test new life-detection technologies. Thus, our objective is to develop a stand-alone,
robust, and sensitive Microbial Activity Microassay (MAM) for cold-adapted and halophilic microorganisms
based on the Biolog chemistry. To develop this instrument, we are working on the identification of the
carbon and inorganic substrates utilized specially by cryophilic and halophilic microorganisms as a source of
energy and on the determination of the best life-detection colorimetric assay under various conditions
(temperature, detection limits, pH and salinity). Comparing three different redox dyes, preliminary results
allowed us to identify the most robust colorimetric test (GEN III MicroPlate™ from Biolog) and the most
sensitive one (alamarBlue®). These dyes will be tested regarding their sensitivity to specific substrates and
the most promising one will be included in the MAM. At the moment, we are working with the NASA Ames
Research Center BioSentinel team to further develop a stand-alone prototype of the MAM, that will be field
tested this summer with various environmental samples (cold saline springs, permafrost, ice, cryptoendoliths)
surrounding the McGill Arctic Research Station on AHI. The portable and stand-alone Microbial Activity
Microassay will be the perfect instrumentation for in situ life detection in extreme environments and will be
relevant to possible future astrobiology missions.
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AEM 071
Functional gene profiles in stockpiled versus undisturbed LFH from a sub-boreal forest
Nicole SUKDEO, University of Northern BC, E TEEN1, PM RUTHERFORD1, HB MASSICOTTE1, KN
EGGER1, 1University of Northern BC
Stockpiling topsoil or LFH (litter-ferment-humus) layers is commonly performed during mining reclamation,
pipeline installation, or civil engineering projects. LFH stockpiling is important for maintaining propagules
of indigenous plants and maintaining soil microbial community composition. Saprotrophic processes that
compromise seed bank viability or reduce nutrient quality of the stockpile can result when soils are stored
improperly (i.e. with excessive moisture accumulation or with anaerobic zone development). We investigated
changes in functional potential for shallow LFH stockpiles (< 30 cm depth) in a British Columbian subboreal forest using a field-based study. The GeoChip 5.0 microarray was used to compare gene abundance
(signatures associated with soil nutrient cycling processes) for DNA isolated from LFH stockpiled material
versus undisturbed soil controls. We observed trends toward lower signal intensity in stockpiled LFH for
multiple gene categories compared to controls. Gravimetric water content for stockpiled LFH was also lower
than LFH from intact plots. The limitation of substrate availability due to lower water content may account
for lower gene abundance in stockpiles at the end of the growing season, implying that water limitation to
sequestered soils restricts microbial growth and decomposition activities.
AEM 072
Influence of birth weight, micronutrient supplementation, and colostrum administration during
lactation on piglets’ microbiota
Guylaine TALBOT, Agriculture and Agri-Food Canada, L GALIOT2, N GAGNON1, M LESSARD1, L
LOVERSO1, F GUAY2, J LAPOINTE1, B OUATTARA1, D BUENO DALTO1, JJ MATTE1, 1Agriculture
and Agri-Food Canada, 2Université Laval
Weaning of piglets is a stressful period leading to gut microflora perturbations associated with diarrhea. In
gut mucosa, vitamins A and D are precursors of metabolites involved in inflammation and defense against
pathogens. Copper has antimicrobial properties. Bovine colostrum (Col) contains molecules with antiinflammatory and antimicrobial activities. Added to feed, these supplements could act as alternatives to the
prophylactic use of antibiotics in piglets. In this study, we investigated their effects on piglets’ microbiota
before and after weaning (at 16 and 23 days of age (d16 and d23)). A total of 23 control sows and 24 sows
supplemented with vitamins A and D and copper (ADCu) and their piglets (12 per litter) were used. They
received one of the treatments: 1) no supplement, 2) ADCu at d2 and d8, 3) Col from d4 to d10 and 4)
ADCu+Col. They were weighed after birth and within each litter 2 low weight (LW) and 2 high weight
(HW) animals were identified. At d16 and d23, 1 LW and 1 HW piglets per litter were sacrificed to
characterize the community structure of the colon microbiota by using MiSeq Illumina amplicon sequencing
of 16S rRNA genes technology. Results revealed that the microbiota composition at the phylum level was
markedly changed from lactation to post-weaning period regardless of dietary treatments. From d16 to
d23, Firmicutes decreased (78 to 69%) and Bacteroidetes increased (16 to 22%). Bacteroidetes tended to
increase more for the LW (14 to 20%) group compared to the HW (18 to 22%) group (P=0.07). At d16
increase of Firmicutes was associated with HW piglets (75%) compared to LW piglets (70%). The class level
analysis showed the same important effect of weaning with Clostridia increase (41% to 60%) and
Gammaproteobacteria decrease (2.3 to 1.6%). A greater proportion of Bacilli (lipid and carbohydrate
degraders) was observed in HW (42%) than in LW (29%) microbiota at d16 (P=0.01). The increase
of Bacteroidia (plant degraders) from d16 to d23 tended (P=0.085) to become more important in the HW
group (from 14 to 22%) compared to the LW group (16 to 18%). Col treatment significantly increased
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Eubacteriaceae when sows were supplemented (P=0.05). Lactobacillaceae decreased after weaning but the
change was more marked (P=0.03) for the HW (41 to 6%) than the LW (28 to
8%). Ruminococcaceae significantly increased after weaning (from 11 to 20%; P=0.0001). A PCoA analysis
of the microbiota also showed weaning effect (P<0.001). Furthermore at d16, there were significant
dissimilarities between LW and HW microbiota (P=0.03) and piglets receiving Col had microbiota
significantly different from those receiving ADCu (P=0.043). After weaning, there were no weight or
treatment effects on the microbiota. In conclusion, birth weight and weaning had major impact on colon
microbiota before and after weaning, respectively. The modulations of Lactobacillaceae and
Bacteroidia suggest that the microbiota of HW piglets was better adapted to lactation followed by cerealbased diet at weaning than that of LW piglets.
AEM 074
The Influence of Environmental Conditions on the Transfer of Antibiotic Resistance Plasmids in Wildtype Escherichia coli Isolated from Wastewater Treatment Systems
Amir TEHRANI, Ryerson University, F YUSUF1, K GILBRIDE1, 1Ryerson University
Antibiotic resistance in bacteria is a prevalent problem in both disease management and aquatic ecosystems.
The bacteria obtain antibiotic resistances primarily through the transfer of antibiotic resistance genes (ARGs)
via horizontal gene transfer (HGT). The most prevalent of these gene transfer methods, bacterial conjugation,
relies on cell-to-cell contact to deliver the genetic information often carried on plasmids and transposons. An
environment with the ideal conditions for bacterial communities to acquire multiple ARGs is the wastewater
treatment plant (WWTP) system. The WWTP system is considered a `hotspot' for the dissemination of ARGs
because of 1) the high microbial density, 2) the high nutrient concentration and 3) the presence of subinhibitory concentrations of antibiotics. Although these factors have been speculated to promote the
maintenance and transfer of antibacterial traits, they are not fully understood. Therefore, the goal of this
research was to understand the species specificity for conjugation and to determine the conditions that most
influenced the transfer and maintenance of ARGs within microbial communities. Establishing the parameters
that lead to HGT thorough conjugation in wastewater can improve our understanding of ways to decrease
antibiotic resistance dissemination among bacteria. Pure cultures isolated from the WWTP containing
numerous plasmids were sequenced to search for conjugative elements. Among the selected cultures, an E.
coli (36) isolate that contained two conjugative megaplasmids belonging to the incompatibility groups IncF
and IncI was selected as the donor. PCR primers were designed to track the IncF and IncI elements to verify
transferability of the plasmids between possible recipients. An array of 54 possible recipients were screened
for successful transconjugates, however, only one strain of wild-type E. coli(G3) successfully took up and
maintained the transferred plasmids. To test the influence of antibiotic stress on the conjugation process,
reactors supplemented with increasing concentrations of carbenicillin (0, 1, 64, 100 mg/L) were used to
determine the rate of transfer between 36 and G3. The transfer rates were tracked via qPCR by comparing
plasmid to donor relative ratios along with culture based techniques. Lastly, Southern blot was performed to
verify the transfer of IncI/IncF elements and antibiotic resistance gene between the parents (36 and G3) and
transconjugates. Overall, understanding the conditions that promote rapid movement of conjugative elements
from one bacteria to another will provide a better insight into bacterial conjugation and the influence of the
environment on antibiotic resistance gene dissemination.
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AEM 078
Elucidating the diversity of bioplastic degrading microorganisms in a municipal waste site
Veronica VILJAKAINEN, University of Waterloo, LA HUG1, 1University of Waterloo
Biodegradable plastics such as polylactic acid and polyhydroxyalkanoates are considered a promising way to
circumvent the harmful environmental effects caused by conventional plastic waste. As bioplastics become
more popular, their disposal within waste management systems will increase. To date, the polymer
degradation capabilities of the “unculturable” fraction of microorganisms remains largely unexplored,
including the potential for bioplastic degradation in municipal waste sites. This means bioplastics represent a
growing waste stream for which the capacity for degradation is unknown. Here, six metagenomes were
sequenced from a municipal landfill in Southern Ontario, from leachate wells, leachate composite cisterns,
and an adjacent aquifer. Assembled and annotated metagenomes were screened to identify microorganisms
predicted to biodegrade two relevant bioplastics, polylactic acids and polyhydroxyalkanoates. Metagenome
assembled genomes (MAGs) were binned from the metagenomes, and predicted bioplastic degrading
organisms characterized taxonomically and with predictive metabolic profiling. Culturing assays have
successfully screened and isolated bioplastic degraders from landfill biomass, which were subsequently
identified with 16S rRNA gene sequencing and connected, if possible, to characterized MAGs.
Understanding the microbial community mediating bioplastic degradation will identify whether the
environmental benefits of bioplastics can be fully realized at this landfill, and can help guide future
bioremediation of these polymers and inform effective waste management strategies.
AEM 079
Diversity of aerobic anoxygenic phototrophs in Lake Winnipeg and their association with the zebra
mussel Dreissenapolymorpha
Kaitlyn WIENS, University of Manitoba, S KUZYK1, V YURKOV1, 1University of Manitoba
Recently, increasing concerns regarding Lake Winnipeg ecology have arisen, as nutrient loading has been
shown to negatively affect ecosystem balance. Furthermore, additional substrates in lake water tend to be
associated with the proliferation of algal blooms, aquatic invasive species, and introduction of toxins. Of
particular concern is the eutrophication of the lake and how it has affected microbial diversity, as there is
little research published beyond the study of algal blooms by classical chlorophyll measurements. In addition
to the oxygenic phototrophs, aerobic anoxygenic phototrophic (AAP) bacteria are usually associated with
cyanobacterial mats, however their particular role is currently unknown in freshwater ecosystems. As the
phototrophs are believed to be the base of the food chain, their predationis likely an element of a healthy
ecosystem. Threatening this balance are the recently introduced zebra mussels (Dreissena polymorpha).
These organisms are known to change the ecosystem of the lake, as they are filter feeders, but the nutrients or
organisms which they prey upon is still being investigated. A sampling trip in October 2017 focused on the
isolation, enumeration and identification of AAP found in association with zebra mussels, as we believe that
zebra mussels may specifically affect these microbes. Two sites were chosen from the south basin, and
samples of active zebra mussels were taken from two littoral zones: Gimli and Patricia beach. Liquid and
sediment samples were also taken for analysis and comparison against bacteria found in association with
zebra mussels. Strains isolated from the gill, gut and lymph fluid were grown separately on rich organic (RO)
medium, BG-11, purple non-sulfur medium, and RO medium enriched with tellurite. Averaged bacterial
counts were determined on the four media types. Heterotrophs were enumerated for Gimli beach as 8.05 x
103, 2.31 x 105, and 9.50 x 103 CFU/ml for the gill, gut and lymph fluid, respectively, and for Patricia beach
as 9.28 x 103, 1.21 x 104, and 5.18 x 103 CFU/ml, respectively. Pigmented colonies for Gimli beach
represented 40.55, 34.43, and 19.09 % for the gill, gut and lymph fluid, respectively, and for Patricia beach,
represented 31.61, 43.27, and 27.50 %, respectively, of all culturable heterotrophic bacteria. Of the
_________________________________________________________________________________________________________
68th Annual Conference of the Canadian Society of Microbiologists
University of Manitoba, Winnipeg, Manitoba
June 18th – June 21st, 2018
95

pigmented colonies, Gimli beach showed 16.67, 3.37, and 0 % AAP for the gill, gut and lymph fluid,
respectively, and Patricia beach showed 4.22, 0, and 2.78 % AAP, respectively, as confirmed via in
vitro spectrophotometry and lack of anaerobic growth. Paired with community 16S rRNA gene analysis, this
study will help evaluate the presence, abundance, diversity, and distribution of AAP in association with zebra
mussels in Lake Winnipeg, Canada.
AEM 080
Characterization of Ciprofloxacin Resistant Bacteria and QNR Determinants Isolated from Rural and
Urban Water Sources
Farhan YUSUF, Ryerson University, K GILBRIDE1, 1Ryerson University
Bacterial isolates found in aquatic ecosystems often carry antibiotic resistances that are able to proliferate
through multiple mechanisms. Antibiotic resistance genes (ARGs) are commonly found on plasmids and
transposons, which allows them to be disseminated throughout bacterial communities via horizontal gene
transfer causing multi-drug resistance. The development of novel synthetic antibiotics is therefore critical to
continue to treat infectious diseases. Ciprofloxacin, a semi-synthetic second generation fluorquinolone
antibiotic was developed to inhibit bacterial DNA gyrase and topoisomerase IV resulting in cell death.
Although these synthetic compounds are not naturally found in the environment, bacterial isolates found in
these environments have been shown to be resistant. Ciprofloxacin resistance is possible by the acquisition of
quinolone resistance (QNR) determinants that fortify DNA gyrase and topoisomerase IV. The aim of this
study was to determine the prevalence of ciprofloxacin resistance in water sources through the identification
of ciprofloxacin-resistant bacteria (CRB) and associated resistance genes. Bacterial isolates were collected
from several water sources (Humber wastewater treatment plant (WWTP), Toronto storm drain, Buckhorn
Lake, Lake Ontario) and grown on R2A agar supplemented with and without 10mg/L of ciprofloxacin. DNA
extractions were performed on CipR and CipS environmental isolates and then identified using PCR of the
16S rRNA gene region. The most predominately CipR isolates (CRB) belonged to the
genus Brevundimonas and Sphingobacteriacaea while CipS isolates (CSB) belonged to the
genus Bacillus and Pseudomonas. To determine which genes are responsible for ciprofloxacin resistance,
multiplex PCR of associated Quinolone-Resistance (Qnr) genes, QnrA, QnrB, and QnrS, was carried out on
the environmental isolates. The Qnr genes from the Toronto storm drain identified mostly
as QnrB and QnrS while downstream the Humber WWTP isolates contained QnrA and QnrB genes. In total,
75 CSB and CRB environmental isolates were screened for Qnr genes in which multiple isolates from both
phenotypes tested positive for the presence of these ciprofloxacin Qnr genes. Overall, determining the
underlying cause of ciprofloxacin resistance can help mitigate the profound effects of this resistance on
microbial communities and re-establish the effectiveness of these antimicrobial compounds.
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AEM 081
Investigating Enterococcus spp. Diversity and Antimicrobial Resistance across the One-Health
Continuum
Rahat ZAHEER, Agriculture and Agri-Food Canada, Lethbridge Research Centre, R BARBIERI1, S.R
COOK2, L TYMENSEN2, N GOJI3, A CAMERON1, C.W BOOKER4, S HANNON4, T JONES5, K
AMOAKO3, R.R READ6, T.A MCALLISTER1, 1Agriculture and Agri-Food Canada, Lethbridge Research
Centre, 2Alberta Agriculture and Food, 3Canadian Food Inspection Agency, 4feedlot Health Management
Services, AB, Canada, 5Agriculture and Agri-Food Canada, Lacombe Research Centre, 6University of
Calgary
Public concern for antimicrobial use (AMU) and resistance (AMR) in livestock is increasing, as is continuing
pressure for industries and governments to address these concerns. AMU can select for antibiotic resistant
bacteria in the bovine GI tract including zoonotic pathogens that may impact humans via the food chain or by
direct exposure to animals. To effectively investigate the current state of antimicrobial resistance, a holistic
one-health approach was taken to determine the prevalence and AMR status of Enterococcus spp. in the beef
production system and downstream environmental reservoirs, relative to humans. Following the
establishment of an extensive sampling network to represent the strategic nodes of the one-health continuum
over a period of two years, a collection of ~8000 enterococci was generated. Identification
of Enterococcus species using PCR and sequencing revealed a clear pattern with a shift in the predominant
enterococci species of E. hirae in cattle (~90%) and the feedlot environment (~70%) to an increase to more
naturalized species such as E. casseliflavus, E. mundti and E. durans in broader environmental samples and a
preponderance of E. faecium and E. faecalis in urban sewage (94%) and human clinical isolates (97%). These
findings suggest that enterococci species are primarily harboured within specific host or environmental
niches, and that dissemination of bovine-associated enterococcus species beyond the feedlot is minimal. E.
faecium and E. faecalisare known to be responsible for the majority of healthcare-associated enterococcal
infections. Within E. faecalis and E. faecium isolates, differential clustering of commensal and clinical
isolates was identified through whole genomes sequencing, indicating their specific adaptation to their
respective environments. Antimicrobial susceptibility testing of E. faecalis and E. faecium isolates revealed
resistance to category III (tetracycline) and II (macrolide) antimicrobials in 65% and 51% respectively, of
beef production isolates compared to 30% tetracycline resistance and 55% macrolide resistance in combined
urban wastewater and clinical isolates. Resistance to category I including β-lactams and quinolones was
found in 4 and 5% of beef production isolates, respectively compared to 15 and 25% in human clinical
isolates. Among E. hirae isolates from the beef production system, tetracycline and macrolide resistances
were most abundant (~60%) with <2% isolates resistant to β-lactams and <1% to quinolones. Except for the
ubiquity of tetracycline resistance, differences in the AMR profiles appear to be a reflection of the relevant
AMU in each sector of the one-health continuum.
AEM 082
Microbial Responses to Environmental Change in Canada High Arctic
Graham COLBY, University of Ottawa, K ST. PIERRE0, V ST. LOUIS0, S ARIS-BROSOU1, A
POULAIN1, 1University of Ottawa
Current models predict that by 2100, Arctic temperature and precipitation rising by 8.3°C and 40%,
respectively. Microbes are quick to respond to temperature changes and yet, little is known about how
microbial communities and their underlying metabolic processes will respond to on-going environmental
changes. To address this question, we focused on the Lake Hazen watershed, located in Quttinirpaaq
National Park, Nunavut, as it is a unique site to investigate the microbial responses to climate change. Over
the past decade, glacial coverage of the lake has declined, increasing glacial runoff and sedimentation rates
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that, in turn, lead to an increased influx of nutrients through a spatial gradient. As such, this spatial gradient
can be used to study how temporal changes might affect microbial structures in Arctic lakes. For this, we
combined a metagenomics and a metatranscriptomics analysis of sites sampled along transects representing
high, low, and no influence of sediment delivery. We compared the observed structure and function to the
natural geochemical gradients formed through glacial runoff depositing sediment to assess the role of these
covariates. This work shows how a multi-omics approach to environmental microbial ecology provides
extensive information that can be used to predict future microbial dynamics in a changing climate.
AEM 083
Electricity generation from winery wastewater using air cathode microbial fuel cell: addressing the
practical issues
Tianlong LIU, University of British Columbia Okanagan, A.V.N. PILLAI1, D.J. ROBERTS1, 1University of
British Columbia Okanagan
Wine production can generate 5-10 L of wastewater for each L of wine. The wastewater contains high
concentrations of organic compounds and can have an acidic pH. The seasonality of production also adds
challenges to treat this wastewater especially for small-scale wineries. Microbial fuel cells (MFC) offer an
attractive treatment option that will provide simultaneous power generation. However, the practical issues
such as acidic pH, low buffering capacity, and seasonality must be addressed for MFC application. Here we
report the influence of pH, buffers, external resistance and seasonality on the performance of MFC using air
cathode MFCs. The MFCs have a chamber volume of 100 mL using a carbon fibre cloth anode and a
platinum-coated carbon cloth with PTFE cathode. Experiments were conducted in batch mode fed with
synthetic winery wastewater (SWW) (1L) containing 4.191 ml of white wine, 75.52mg of NH4Cl, 17.36mg
of KH2PO4 and 1 mL of mineral solution, to adjust CNP ratio 250:5:1 with final COD of 1000 mg/L.
Different experiments were conducted under buffered and unbuffered conditions, various pH (4.5-7.5),
different concentrations of phosphate buffer (2.5 mM - 100 mM) and switching dog food (alternative feed)
and winery wastewater. Experimental data showed pH had significant influence on MFC performance with
the highest output voltage (0.623V) and COD removal (90%) at pH 6.5 compared to either lower or higher
pH with an initial COD 1000 mg/L. Culture buffered to 6.5 with phosphate buffer performed better than nonbuffered system. Maintaining a pH 6.5 by buffering with 5mM phosphate buffer will provide stable MFC
performance, minimizing the cost of addition The age of the culture and external resistance also influenced
the power yield; a maximum power density of 54 mW/m2 (500 Ω) was observed on the 250th day of
operation, compared to 44 mW/m2(1000 Ω) on the 120th day. The internal resistance was reduced to 395 Ω
on the 250th day from 491 Ω on the 120th day. The seasonality study showed that when the culture was
switched from dog food to SWW there was no lag period on voltage generation and a 17% increase in output
voltage was observed. The required detention time for the culture also increased when fed SWW. This is
promising since a shorter hydraulic detention time is required during the wastewater generation season and
having a longer hydraulic detention time during the offseason will save the costs of purchasing dog food. The
results show that the use of MFCs for winery wastewater treatment looks promising.
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AEM 084
Developing a Bioactive Paper to Detect Enteric Viruses
Nahed MAHROUS, University of Guelph, J.C. HALL1, M HABASH1, 1University of Guelph
Bioactive paper is a low-cost and easy-to-use paper-based sensor that can rapidly and specifically detect
pathogens in a sample. This technology has been developed mostly to detect bacterial pathogens in food
samples, however, novel application to detect other pathogens in different environments is possible. Human
enteric viruses (EV), including norovirus and rotavirus, are the commonest causes of waterborne
gastroenteritis, although, a principal challenge is their routine monitoring in source or drinking water. Since
they are present at very low concentrations, detection requires filtering large volumes of water which can
negatively affect downstream applications such as cell culture or PCR. This research aims to develop a
bioactive paper technology for the direct detection of EV from environmental water samples using single
domain antibodies (sdABs). As a proof of concept, human and bovine strains of rotavirus group A and two
published monomeric sdABs (2KD1 and 3B2) specific to the rotavirus capsid protein (VP6) were selected.
The sdABs have been linked to a cellulose binding domain (CBD) for attachment on nitrocellulose filter
paper. All sdABs, CBD-sdABs, the rotavirus VP6 protein were successfully expressed in E. coli and purified.
Western blotting confirmed specific binding of each sdAB with different strains of rotavirus. The CBDsdABs will be immobilized on nitrocellulose filter paper and evaluated using rotavirus-spiked surface and
ground water samples to examine matrix effects and to validate and optimize the bioactive paper. The
retention of the virus will be analyzed via western blot and qPCR. Ultimately the goal is to field test the
bioactive paper using sample source waters from locations in southern Ontario when the rotavirus is expected
in the environment, typically in the winter months. The successful development of a bioactive paper for the
detection of enteric viruses will provide a critical tool for rapid and cost-effective routine monitoring of a
critical group of human pathogens to inform water safety and treatment.
AEM 085
Sucralose and Caffeine as Chemical Indicators of Fecal Contamination from Wastewater in Rural and
Indigenous Communities
Marsha SERVILLE, Trent University, C.D. METCALFE1, 1Trent University
Sources of drinking water for rural communities, including First Nations are impacted by contamination from
agricultural runoff, municipal wastewater discharges or poorly functioning sewage infrastructure. It is often
difficult to determine the sources of contamination in mixed-use watersheds. In this study, analysis of total
coliforms, microbial source tracking (MST) and chemical source tracking (CST) methodswere used to
identify the sources of contamination in river waterand in treated and untreated drinking water for a First
Nation community in southern Ontario. Caffeine and the artificial sweetener, sucralose were used as
chemical indicators of contamination by domestic wastewater. Grab samples of water were analyzed for total
coliform counts using Colilert® test kits, and for Bacteroidales 16S rRNA genes for human, bovine and
“other” sources using PCR-based analyses. Sucralose and caffeine were also analyzed in grab samples, as
well as by deploying passive samplers to estimate time weighted average (TWA) concentrations from their
accumulation in Polar Organic Chemical Integrative Samplers (POCIS) over the two week deployment
period. Results indicated that coliform bacteria and Bacteroidales were present at high levels in river water
and untreated drinking water, and levels were generally reduced to zero by drinking water treatment. The
majority of Bacteroidales were not of human or bovine origin. Sucralose and caffeine were also present at
high concentrations in river water and these compounds persisted through drinking water treatment at levels
ranging from 20 - 100 ng/L. CST with sucralose and caffeine indicated that the sources of drinking water
were impacted by upstream discharges of domestic wastewater. However, MST using Bacteroidales16S
rRNA genesindicated that sources other than human fecal contamination were responsible for the majority of
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microbial contamination entering the drinking water treatment plant. A similar study will be conducted in a
rural community in the Soufríere watershed in St. Lucia, West Indies that is impacted by multiple sources of
contamination.
Key words: wastewater, total coliforms, Bacteroidales, sucralose, caffeine, drinking water treatment,
contaminants, wastewater, POCIS
AEM 086
Shifts in microbial community composition in response to mining site reclamation
Eric BOTTOS, Thompson Rivers University, B MCAMMOND1, J FOSTER1, LH FRASER1, JD VAN
HAMME1, 1Thompson Rivers University
Novel DNA sequencing technologies have revolutionized soil ecology, providing the opportunity to
characterize the structure and function of soil microbial communities and track changes in these community
characteristics over time. These characteristics can be important markers of ecosystem health, and can be
used to monitor and inform environmental reclamation efforts. In our study, we applied high-throughput
DNA amplicon sequencing to characterize the bacterial and fungal community structures in soils at various
stages of recovery following mining activity, at four mining sites across British Columbia. Our results
showed significant differences in the composition of microbial communities between sites and in soils at
different stages of recovery. Together with measures of plant and insect community composition and
physicochemical soil characteristics, this data is improving understanding of the successional processes that
lead to improved soil health. These findings are being used to inform analyses of functional responses of the
soil microbial communities through metagenomic and metatranscriptomic sequencing to examine how
particular soil amendments may be used to achieve rapid and successful recovery of sites being reclaimed
following mining activity.
AEM 088
Global activation of specialized metabolism in Streptomyces venezuelae
Hindra HINDRA, McMaster University, EJ GEHRKE1, S BOURSALIE1, MA ELLIOT1, 1McMaster
University
Microbial metabolites have historically contributed to the improvement of human health and quality of life.
Recent genome sequencing projects have revealed that the biosynthetic potential of many microbes,
including antibiotic-producing Streptomyces bacteria, is far greater than expected. In contrast, the
biosynthesis of specialized metabolites, through metabolic pathways beyond primary metabolism, are not
always active under laboratory conditions. Previous work in our lab has revealed that nucleoid-associated
proteins - highly abundant proteins that bind throughout the bacterial chromosomes - have potent antibiotic
regulatory functions, and manipulating their activities is proving to be a powerful approach to antibiotic
discovery. The nucleoid-associated protein Lsr2 is conserved throughout the streptomycetes and related
actinomycetes. In the mycobacteria, Lsr2 plays an important role in gene silencing. The objectiveof my
work is to mine the metabolic reservoir activated by deletion of lsr2 in S. venezuelae, which is widely used to
study specialized metabolism. Our hypothesis is that the lsr2 deletion relieves the transcriptional repression
of biosynthetic gene clusters, leading to the production of novel metabolites. Results: (i) RNA-Seq analysis
comparing the gene expression profiles of an lsr2 mutant and wild-type strain have revealed more than half
of biosynthetic gene clusters within the genome were upregulated. (ii) Through HPLC and LC-MS analyses,
we found the loss of Lsr2 led to remarkable changes in metabolite production, including global stimulation of
antibiotics such as chloramphenicol, thiazostatin, and watasemycin. (iii) We are now working to characterize
the product of a large ‘cryptic’ biosynthetic cluster (spanning more than 80 kb) that is under Lsr2 control.
This genetic region harbors a wide range of biosynthetic genes encoding everything from non-ribosomal
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peptide synthetases and non-proteinogenic amino acid-coupling enzymes, through to polyketide synthases
and a halogenase. We have created a number of mutations in this cluster, and analysing the metabolic
profiles of the resulting strains has led us to identify new metabolites not been found in any metabolite
databases. Conclusion: Lsr2 is a universal repressor of gene clusters, and relieving this repression provides
an outstanding strategy to stimulate antibiotic synthesis and discover new metabolites in S. venezuelae.
These new metabolites will be further isolated and tested for biological activities. Significance: This work
serves as a novel approach to broadly improve the production of existing antibiotics and to enable the
discovery of new specialized metabolites from other Streptomyces strains and their relatives.
AEM 089
Building a metagenomics ontology: The winding road to standardization and interoperability
Elvira MITRAKA, Dalhousie University, R.G. BEIKO1, 1Dalhousie University
As the field of metagenomics is becoming a focus of more and more research, it is facing similar difficulties
as the field of genomics decades ago, i.e. the deluge of data, missing standards and data incompatibility. So
much time and resources are already spent on changing one data format to another, just to be able to do
metagenome comparisons. With sequencing and analysis techniques becoming cheaper and more accurate,
we can only expect a bigger influx of data in the coming years. According to a 2016 report by the EBI
(European Bioinformatics Institute) their metagenomics resource has undergone a tremendous growth, with
an increase of over five-fold in the number of processed samples. Ontologies provide standard identifiers,
vocabulary, metadata and machine-readable axioms and definitions. Various research centers, such as the
EBI, JGI (Joint Genome Institute) and NCBI (National Center for Biotechnology Information), that are
accepting and storing metagenomic data, are adhering to the MIxS standard (Minimum Information about
any (x) Sequence) proposed and maintained by the GSC (Genomic Standards Consortium). Despite some
existing standards, there is still a need for a more consistent and unified system to deal specifically with
metagenomic data.Thus we propose the creation of a unifying ontology. In the same vein that the GO (Gene
Ontology) was built to unify genetics, we need an equivalent for metagenomics. Besides the pre-existing
work in general biological ontology systems and the ontologies themselves, we propose new terms and
structure to improve ontological capabilities, aiming to build a metagenomic specific ontology using
semantic approaches by logic inference. It will cover metagenomics from end-to-end; from sample collection
to bench work to bioinformatics analyses. Our metagenomics ontology aims to bring together knowledge
from established ontologies and standards, such as OBI (Ontology for Biomedical Investigations), ENVO
(Environment Ontology), (Population and Community Ontology), BCO (Biological Collections Ontology),
GO and MIxS, and apply the necessary semantic logic to cover the field of metagenomics. We will adhere to
the OBOFoundry principles (Open Biomedical Ontologies). This will facilitate knowledge exchange,
collaborative work, semantic search capabilities, guaranteed interoperability and data standards. We already
have started working on an application ontology, MICON (Microbiologically Influenced Corrosion
Ontology), which is serving as a test case for the larger, more comprehensive metagenomics ontology. The
MICON project will also show how a database designed with an ontology in its background will facilitate
data integration from various sources, not only from academic institutes, but also industry partners.
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AEM 090
Route of administration of antibiotics as a method of reducing antibiotic concentration in feces and
mitigating gut community disruptions in swine
Nicole RICKER, USDA-ARS NADC, J TRACHSEL1, JA JONES1, P COLGAN2, A HOWE2, JF
COETZEE3, CL LOVING1, HK ALLEN1, 1USDA-ARS NADC, 2Iowa State University, 3Kansas State
University
Antibiotic use in food-producing animals is an important contributor to the development and dissemination
of antibiotic resistance genes. Although overall reductions in antibiotic use are desirable, there will continue
to be a need for antibiotic use in order to ensure animal health and well-being. Orally administered antibiotics
are often excreted unaltered and manure may be used for field application. Thus, it is important to identify
best practices for disease treatment while limiting the negative impacts of antibiotics. Administration by
injection may provide a feasible option whereby antibiotics can be utilized while reducing the likelihood of
resistance development both in the animal and the environment. In this study, we examined the fate of
therapeutic doses of oxytetracycline when administered by injection or in-feed to swine, and the impact of
administration route on gut bacterial community structure and resistance gene abundance. Ten sows farrowed
in environmentally controlled barns, and piglets were weaned at 21 days post-farrow and distributed among
three treatment groups. At weaning, a therapeutic dose of oxytetracycline was administered either in-feed for
7 days or injected as a single, time-released dose. A third group remained untreated. One-third of the pigs in
each group were necropsied on days 4, 7 and 14 post-treatment. Serum, oral fluids, ileal tissue, and feces
were collected to monitor the concentration of antibiotic by LC-MS/MS. DNA was also extracted from
intestinal (colon and ileum) and fecal samples for 16S rRNA gene sequence analysis and high-throughput
quantitative PCR of resistance genes. Analysis of antibiotic concentrations illustrated significant difference in
the fate of oxytetracycline based on route of administration. Animals receiving injected antibiotic obtained a
much higher concentration of antibiotic in the serum than animals receiving antibiotic by feed, and
concentrations of oxytetracycline in feces were significantly reduced in the injected group. Consistent with
these results, the fecal and intestinal bacterial communities of the injected group were more similar to the
control group, whereas the in-feed treated animals had a significant shift in gut bacterial community
structure. Resistance gene abundance in feces was also increased in the in-feed treated animals compared to
both the control and injected animals. This study illustrated that injection of antibiotics is an effective
method of limiting gut community disruption while also minimizing antibiotic concentrations in feces.
AEM 091
Authentication of natural health products using plant associated microbiota
Hanan SHEHATA, University of Guelph, S RAGUPATHY1, S NEWMASTER1, 1University of Guelph
It was reported that 9.3% of Canadian adults use natural health products (NHP), of which the size of the
market has been increasing by ~12% annually. Over a thousand companies use close to 30,000 NHP worth
over US$60 billion in annual revenue. The high volume of trade in NHP along with the fact that NHP are
frequently encountered in a crude powder form (with uncharacteristic morphology) led to concerns regarding
their authenticity and purity, especially with several studies reporting considerable adulteration of herbal
NHP. In addition to representing a form of economic fraud, NHP adulteration may impact their therapeutic
efficacy and toxicity, which may carry health risks to consumers. Although most studies focused on one form
of adulteration, species substitution, other forms of adulteration should be considered. For example,
substituting or mixing one plant organ with another when the therapeutic value is associated with a particular
plant organ (e.g. Ginkgo biloba leaves or Withania somnifera roots). The NHP industry/consumers are
concerned about this substitution, whether intentional or unintentional. It is thus essential to conduct proper
testing of NHP to confirm their identity, quality, and purity. Several chemical and molecular DNA based
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diagnostic tools enable the detection of species substitution, however, there is no reliable method to identify
the plant organ when in powdered form. As DNA is the same throughout the plant, DNA based methods may
not differentiate plant organs. However, plants host microbial communities, which are organ specific. We
hypothesize that the characterization of the bacterial communities associated with different plant organs can
help identify the plant organ used to prepare an herbal NHP. To test my hypothesis, two medicinally
important plants were selected (Ginkgo biloba and Withania somnifera). Next Generation Sequencing was
used to characterize plant-associated bacterial communities, following amplification using primers that target
the V4 region of 16S gene. Peptide Nucleic Acids (PNA) were used to block co-amplification of host DNA.
PCR products were sequenced using a 600 cycle MiSeq v3 kit. CLC Genomics Workbench was used to
analyze sequencing data. The composition of the bacterial communities varied between the different organs
of the same plant. Operational Taxonomic Unit (OTU) tables were examined to identify organ specific OTU.
In G. biloba, Bacillus muralis was identified as a root specific OTU. In W. somnifera, a member of the
family Bartonellaceae was identified as an aerial part specific OTU. To use organ specific OTU as markers
to detect adulteration in NHP, marker OTU specific primers were designed and validated for use in qPCR
assays. Primers were designed to detect the adulteration of G. biloba leaf powder with root powder, and the
adulteration of W. somnifera root powder with aerial part powder. The developed qPCR assays will be of
paramount importance to help industry and regulators in quick and accurate authentication of NHP in Canada
and globally.

Infection & Immunity
II 021
Development of di-lipid polymyxin B analogs: investigation on the effect of hydrophobicity through its
fatty acyl component
Ronald DOMALAON, University of Manitoba, L. BERRY1, Q. TAYS1, G. G. ZHANEL1, F.SCHWEIZER1,
1
University of Manitoba
Polymyxins are used to treat multidrug-resistant Gram-negative bacterial infections that are non-responsive
to conventional antibiotics. Notably, they possess limited antibacterial activity against Gram-positive
bacteria. This specificity is due to polymyxin’s selective interaction with lipopolysaccharides (LPS) studded
in the Gram-negative bacteria’s outer membrane while limited interaction with lipoteichoic acid in Grampositive bacteria’s cytosolic membrane has been reported. Electrostatic attraction of the cationic polymyxin
and anionic LPS, but also specific hydrogen bonding between the pair, results to the antibiotic’s localization
along the outer membrane of the Gram-negative bacteria. Consequently, divalent cation bridges responsible
to stabilize the polymeric LPS architecture are displaced by polymyxin. This results to the ‘self-promoted’
entry of polymyxin into the periplasm. Then, polymyxin is believed to straddle along the inner membrane to
induce membrane reorganization and transient pore formation. The synchronous challenges of polymyxin on
both protective membranes of Gram-negative bacteria result to intracellular component leakage and cell
death. While both LPS and lipoteichoic acid are overall negatively-charged, the latter lacks favorable
intermolecular interaction with polymyxin. Polymyxin is a cyclized decapeptide with an acylated Nterminus. The peptide portion is comprised of hydrophilic amino acids, such as L-diamobutyric acid and Lthreonine, while the fatty acyl portion contributes hydrophobicity. Therefore, polymyxin’s are inherently
amphiphilic. We question whether the activity of polymyxin against Gram-positive and Gram-negative
bacteria can be enhanced by tailoring its hydrophobicity. However, we also acknowledge that there must be
an ideal threshold for hydrophobicity to yield agents with desired activity but limited toxicity. To investigate
the effect of hydrophobicity, we developed a synthetic route to incorporate two fatty acyl component to the
polymyxin structure, at its N-terminus and at the amine side-chain of L-diaminobutyric acid position 1. The
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latter amine position was chosen to be acylated as it has been reported to not greatly contribute to the
antibacterial activity of polymxyin. Five di-lipid polymyxins differing in the hydrophobic component were
prepared. Antimicrobial evaluation of the di-lipid polymyxins against Gram-positive and Gram-negative
pathogens revealed an interesting trend in antibacterial activity. Hemolytic assay against red blood cells
showed that derivatives with long fatty acyl component elicited the highest hemolysis. Interestingly, we
identified a non-hemolytic di-lipid polymyxin that greatly enhanced the antibacterial potency of several
clinically-used antibiotics.
II 056
A novel engineered peptide WRL3 with a potent antimicrobial activity against Shiga toxinproducing Escherichia coli O157
Zhi MA, Agriculture and Agri-Food Canada, Lethbridge Research Centre, J. HAN2, B. CHANG2, X. BIE2,
K. STANFORD3, Y.D. NIU4, T.A. MCALLISTER1, 1Agriculture and Agri-Food Canada, Lethbridge
Research Centre, 2College of Food Science and Technology, Nanjing Agricultural University, Nanjing
210095, China, 3Alberta Agriculture and Food, 4University of Calgary
Shiga toxin-producing Escherichia coli (STEC) O157 are associated with a disease spectrum ranging from
diarrhea and hemorrhagic colitis to the potentially fatal hemolytic uremic syndrome. The currently
recommended management of a STEC infection mainly relies on supportive therapy and hydration.
Antimicrobial peptide has been recognized as one of top 10 alternatives-to-antibiotics approaches for
treatment of human infections.Therefore, we aimed to develop an anti-STEC strategy using a newly
engineered amphipathic peptide WRL3.Minimum inhibitory concentration (MIC), transmission electron
microscope, atomic force microscopy and circular dichroism spectra assays were used to characterize
antimicrobial activity and structure of WRL3. Co-culturing E. coli O157 with murine macrophage cells was
used to determine the selectivity of WRL3. Crystal violet assay and scanning electron microscope was
conducted to further evaluate biofilm removal efficacy of WRL3.WRL3exhibited potent antimicrobial
activity at 2 μg/ml againstSTECO157,even in the presence of physiological concentrations of various salts or
serum.WRL3 completely eradicated STECO157cells (106 CFU/ml) within 5 min at 1×MIC, suggesting rapid
and substantial killing efficacy. WRL3 specifically eliminated E. coliO157over host cells in a co-culture
model. Additionally, WRL3 effectively inhibited sessile biofilm bacteria growth leading to a reduction by
70% in biomass. Fluorescent measurements and microscopic observations of live bacterial cells and artificial
membranes revealedthat WRL3 exerted its bactericidal activity possibly by initially targeting the bacterial
membrane, damaging membrane integrity and inducing intracellular content leakage, eventually leading to
bacterial cell death. our data suggest that WRL3 has a great potential as a novel antimicrobial agent for
treatment of STECO157 infections.
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II 059
Interactions Between Adherent-Invasive Escherichia coli and Host Macrophages: A Virulence
Phenotype
Michael RENOUF, Ryerson University, J.B. MCPHEE1, 1Ryerson University
Inflammatory bowel disease (IBD) is a multifactorial, chronic condition that is increasing in prevalence
throughout the western world. Adherent-invasive Escherichia coli (AIEC) are an opportunistic pathogen that
is associated with IBD. Some of the best characterized genetic risk factors for developing IBD are mutations
in genes associated with host-cell autophagy. In turn, one of the phenotypes of interest in AIEC pathogenesis
is the ability to invade into, and survive within host macrophages. Work to-date has focused on
characterizing the intracellular survival phenotypes of AIEC strains and performing screens for existing
virulence factors in order to identify correlations. Our work establishes an intracellular infection model in
RAW264.7 macrophages with AIEC strains from diverse sources and has demonstrated increased frequency
of both bacterial uptake and intracellular survival in disease-associated strains. We have also established a
secondary infection model in order to interrogate the effect of primary AIEC infection on downstream
macrophage function and have found a novel phenotype in the disease-associated strain HM605. Further
investigation has focused on identifying possible mechanisms of AIEC invasion and survival, as well as colocalization using fluorescence microscopy to visualize changes in intracellular trafficking of these bacteria.
This work, along with investigations into other AIEC virulence phenotypes aims not only to provide
elucidation into interesting bacterial genetics, but to identify genetic determinants of virulence that could
impact clinical screening for IBD risk.
II 060
Cigarette smoke suppresses short chain fatty acid release by oral bacteria
I ZELLER, Medical University of Vienna, M MALOVICHKO2, HE HURST2, David SCOTT2, 1Medical
University of Vienna, 2University of Louisville
Bacterial-derived short chain fatty acids (SCFAs) can penetrate into oral tissues where they influence
multiple components of immune and healing responses. Indeed, SCFA concentrations have been correlated
with the inflammatory condition of the gingiva. Tobacco smoking is a major risk factor for plaque-induced
periodontal diseases. Despite increased disease susceptibility, overt oral inflammation is suppressed in
smokers - a clinical conundrum. The potential influence of cigarette smoke on SCFA production by oral
pathogens is unknown. Therefore, GC/MS was employed to monitor the production of several SCFAs
(propionic acid, isobutyric acid, butyric acid, isovaleric acid) by representative oral pathogens (Filifactor
alocis, Fusobacterium nucleatum, Porphyromonas gingivalis) that were exposed, or not, to a physiologically
relevant dose of cigarette smoke extract (CSE; 2000 ng /ml nicotine equivalents) generated from 3R4F
reference cigarettes. The growth of all three species was unaffected by CSE. The capacity to produce SCFAs
by these bacteria was highly varied, with P. gingivalis and F. alocis the most and least efficient generators,
respectively. CSE exposure trended towards lowered SCFA release from P. gingivalis, compared to
unexposed microbes, which became significant for isovaleric acid (p < 0.05). If the same phenomenon occurs
in vivo, a reduced SCFA burden may help explain the reduced vascular response to dental plaque in tobacco
smokers.
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II 063
RNAseq analysis of Shigella flexneri transcriptional program reveals two putative T3SS substrates
NAVOUN SILUE, University of Ottawa
Shigella is an enteropathogen that infects the large intestine of humans. The secretion of protein effectors by
the type three secretion system (T3SS) is used by Shigella to invade cells and modulate a variety of cellular
functions. There are two main waves of effectors. The first wave of effectors is produced prior to activation
of the T3SS. The second wave of effectors is expressed only after activation of the T3SS apparatus and
depends on the transcriptional regulator MxiE and the chaperone IpgC. In addition, strains ipaB4 and
ipaD that are deficient in the tip complex are constitutively secreting in vitro, while the WT and the T3SSdeficient strain mxiD are not. We have used RNAseq to identify significant change in the transcriptional
program of Shigella flexneri M90T when the T3SS is active (ipaD) versus inactive (WT) in vitro. First, all
known genes encoded on the virulence plasmid pWR100 that are controlled by the transcriptional factor
MxiE and 10 chromosomal genes were upregulated when the T3SS was active. In the latter group, 3 are
novel genes dubbed Gem1, Gem2, and Gem3. Next, we used droplet digital PCR (ddPCR) to measure gene
expression in three biological replicates. The ddPCR data confirmed that Gem1 and Gem3 are significantly
upregulated in the ipaD strain. These results suggest that Gem1 and Gem3 are regulated by the activity of the
T3SS, while Gem2 is not. Gem1 and Gem3 have in their promoter a sequence similar to a MxiE box as
observed in known MxiE-regulated, which are upregulated when the T3SS is active. To address if the
expression of Gem1 and Gem3 is controlled by the transcriptional factor MxiE, we inserted Gem1 and Gem3
and their endogenous promoters in a plasmid allowing their expression with a C-terminus 3xFlag tag and
transformed these plasmids in 4 strains of Shigella (e.g. WT, ipaB4, ipaB4 ipgC, and ipaB4 mxiE). Western
Blot analyses showed that Gem1 and Gem3 were expressed only in the ipaB4 strain, suggesting that MxiE
and IpgC regulate Gem1 and Gem3 expression, similarly to genes from the virulence plasmid. To verify
secretion of Gem1 and Gem3, we expressed Gem1- and Gem3-3xFLAG using a lac promoter. We
transformed these plasmids in the WT, ipaD, and mxiD strains. We used the total fraction and supernatant
proteins obtained by Trichloroacetic acid (TCA) precipitation. The expression of Gem1 and Gem3 by
Western Blot indicated that all these strains expressed Gem1 and Gem3, while only the strain ipaD was able
to secrete Gem1 and Gem3. These data suggest that Gem1 and Gem3 are genuine T3SS substrates.
Conclusion: Gem1 and Gem3 encode proteins that share similarities at the expression and secretion level
with second wave effectors, although their respective primary structure is unique. Future experiments will
assess the potential of Gem1 and Gem3 as effectors and their role in Shigella pathogenesis.
II 064
Functional Characterization of MexXY-OprM/OprA efflux systems in Pseudomonas aeruginosa
Manu SINGH, University of Manitoba, A KUMAR1, 1University of Manitoba
Resistance-Nodulation-Division (RND) efflux systems are tripartite complexes that extend from the inner
membrane to the outer membrane and facilitates the efflux of a broad range of substrates out of the cell in
expanse of proton motive force. These are considered clinically most relevant efflux systems in Gramnegative bacteria and play an important role in bacterial intrinsic resistance. In Pseudomonas
aeruginosa, MexXY RND pump is commonly overexpressed in cystic fibrosis isolates,conferring resistance
to a variety of antibiotics, especially aminoglycosides. Unlike most efflux systems, the mexXY operon does
not encode its own outer membrane gene as a co-transcript like in most isolates of P. aeruginosa, with the
exception of strain PA7. Instead MexXY forms a complex with OprM, the outer membrane protein that
functions with the MexAB pump. In P. aeruginosa PA7 strain, oprA is found as a co-transcribed gene for
outer membrane protein in the mexXY operon. Due to its high clinical relevance and its ability of MexXY to
use two different outer membrane proteins to form two separate functional efflux systems, makes it a good
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model system to study efflux pump assembly. The goal of this study is to characterize the two complexes,
MexXY-OprM and MexXY-OprA regarding their function. To study these complexes, artificial operons
of mexXY-oprM and mexXY-oprA under IPTG inducible promoter were constructed and inserted into the
chromosome of P. aeruginosa PA0750 (Δ mexAB-oprM, Δ mexCD-oprJ, Δ mexEF-oprN, Δ mexXY).
As oprA is co-transcribed with mexXY in PA7 strain, the start codon (ATG) of oprA shares adenosine (A)
with the stop codon (TAA) of mexY. Also, the C-terminal of mexYPAO1and mexYPA7vary with respect to the
amino acid sequence which could be crucial for interaction with OprA/OprM. Keeping these two factors in
mind, different combinations of constructs were made, namely; mexXYPAO1-oprMPAO1, mexXYPAO1-oprAPA7,
mexXYPAO1-oprAPA7, mexXYPA7-oprAPA7, mexXYPA7-oprMPAO1, mexXYPAO1, and mexXYPA7. These constructed
strains were tested for the expression of respective genes using qRT-PCR and their antibiotic susceptibility
tested against a variety of substrates, including aminoglycosides. Functional complex formation in each strain
were tested via the ethidium bromide accumulation assay. Role of these complexes in virulence were
assessed using the Galleria mellonella infection model. They were also tested for their impact on biofilm
formation using static growth in 96-well plate for 24 hrs.
II 065
Comparing the substrate overlap and antimicrobial susceptibility of various single component cation
selective multidrug efflux pumps in Escherichia coli
Carmine SLIPSKI, University of Manitoba, GG ZHANEL1, DC BAY1, 1University of Manitoba
Introduction: Multidrug-resistant (MDR) bacteria are a global threat to human health, and the problem is
exacerbated with selective pressures placed on bacteria by constant wide-spread overuse of antiseptic
compounds in clinical, industrial, and household applications. Sub-inhibitory exposure to bacterial membrane
disrupting antiseptics can eventually lead to membrane alterations that reduce drug permeability, reducing
the efficacy of antiseptics as well as antibiotics. A major mechanism of bacterial antiseptic resistance is
efflux: efflux pump proteins comprise many different families, where each family has varying drug
specificity. Aim/Methods: This project will examine the antiseptic substrate profiles of 4 different cation
selective efflux pump members EmrE, MdtK, MdfA, and AceI in E. coli; these pumps are frequently studied
for their antibiotic resistance but not antiseptic tolerance. All four pumps were cloned in to the vector
pMS119EH with and without affinity hexahistidine tags (His6) as well as site-directed mutations to active
site residues. Plasmids were over-expressed in various E. coli wildtype and deletions strains lacking
competing transporters including acrB. Broth dilution and agar plating antimicrobial susceptibility testing
techniques were used to determine minimum inhibitory concentrations (MIC). Membrane locations of overaccumulated proteins were verified by Western blotting and polyacrylamide gel electrophoresis (PAGE)
analysis. Results: Over-expressed His6-tagged efflux pumps confer MIC values similar to their untagged
versions, however, some pumps show a decrease for particular antiseptics suggesting tag interference. Active
site efflux pump variants showed expected reductions in MIC as compared to the wildtype version for nearly
all of the antiseptics tested. Of the 14 relevant cationic antiseptics tested, 5 showed significant overlapping
selectivity by all the efflux proteins of interest, while certain pump members only conferred higher levels of
resistance to specific antiseptics. This highlights the varying range of selectivity from narrow to broad in
different efflux pump family members. Conclusions: Knowledge gained about the substrate selectivity of
these efflux pumps may help elucidate novel targets for efflux pump inhibitors and help guide development
of new antimicrobials. The next phase of the project will determine if anionic phospholipid abundance
alteration in E.colihas an impact on cationic substrate selective efflux protein topology/folding leading to
altered activity.
II 066
Exploring the contributions of siderophores to the evolution of human pathogenic bacteria
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Craig SOUTAR, University of Regina, J STAVRINIDES1, 1University of Regina
Iron is an important limiting micronutrient for many microorganisms. To facilitate iron acquisition, many
bacterial species produce small iron-scavenging molecules, known as siderophores. Siderophores are also
used by various pathogens to acquire iron from host organisms, including humans. The enterobacterial
genus Pantoea is composed of many species groups having diverse life histories, both free-living and hostassociating, with some species causing opportunistic infections in humans. We presently know little about
the role siderophore-mediated iron acquisition strategies might play in host colonization or human infection.
The objective of this research was to investigate the distribution and evolution of siderophore biosynthetic
gene clusters in Pantoea to improve understanding of niche-specialization, host-association, and
opportunism. Complete and draft genomes of plant, environmental and clinical isolates of Pantoeawere
analyzed using antiSMASH to identify siderophore biosynthetic gene clusters. Biosynthetic gene clusters for
three siderophores, desferrioxamine, aerobactin and enterobactin, were represented across multiple species
groups. Phylogenetic analysis of these clusters revealed a complex evolutionary history that involved
multiple transfer events between Pantoea and relative genera. The enterobactin cluster was present in the
common ancestor of all Pantoea with evidence of three independent loss events in different species. The
aerobactin and desferrioxamine clusters both contain strong evidence suggesting horizontal acquisition from
human-pathogenic members of the Enterobacteriales. The gain and loss of siderophore biosynthetic clusters
from different species groups has important implications for understanding adaptation, niche-specialization
and host-association in this highly diversified bacterial group.
II 067
A Pantoea-derived natural product with antimicrobial activity against clinically relevant Acinetobacter
baumannii
Ashley WILLIAMS, University of Regina, J. STAVRINIDES1, 1University of Regina
Multi-drug resistant Acinetobacter baumannii is a nosocomial pathogen for which few treatment options
exist. To identify new candidate antibiotics, a collection of over 100 strains of the bacterial
group Pantoea were surveyed for antibiotic activity via agar overlay assays, and two antibiotic-producing
strains were identified. Pantoea were mutagenized with a mini-Tn5 transposon and tested against A.
baumannii agar overlays for loss of antibiotic production. The mutagenized genes of antibiotic-deficient
mutants were amplified with inverse PCR, sequenced, and compared to annotated genomes. The antibiotic
biosynthetic gene clusters (BGCs) were identical in both strains, being composed of eight genes encoding
two transporters, a regulator, and five enzymes. Comparison of the cluster sequence to antibiotic BCG
prediction software including antiSMASH, PRISM, and BAGEL3 yielded no hits, suggesting the antibiotic
may be novel. To determine the spectrum of activity, wild-type Pantoea and a non-antibiotic producing
transposon mutant were tested against various Gram-negative and Gram-positive pathogens. Results show
that the antibiotic is effective against a wide range of Gram-negative bacteria including Pseudomonas
aeruginosa, several Enterobacteriaceae, and multi-drug resistant strains of A. baumannii. The survey also
suggests activity against Gram-positive bacteria including, Staphylococcus aureus and Streptococcus
mutans. To advance efforts to produce and purify the antibiotic, further exploration of cluster genes was
undertaken. Site-directed mutagenesis of the predicted hydrolase in the cluster resulted in an increased zone
of inhibition, suggesting that the enzyme may function to breakdown or convert the antibiotic to a less
bioactive molecule. The four genes believed to be responsible for antibiotic synthesis were heterologously
expressed in E. coli using the arabinose-inducible pBAD24 plasmid. Antibiotic production was not observed
in E. coli; however, there is evidence of expression in Erwinia amylovora, a close relative of Pantoea.
Overall, this research has identified an antibiotic produced by strains of Pantoea, which is effective against
many clinically relevant pathogens, including multi-drug resistant A. baumannii. In a time where there are
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few options to treat many drug-resistant infections, the identification of new antibiotics and sources is vitally
important.
II 069
Phloroglucinol derivatives exhibit antimicrobial and antibiofilm activities against Staphylococcus
aureus
Haben TESFU, University of Manitoba, N. MITTAL1, A. M. HOGAN1, J. L. SORENSEN1, S. T.
CARDONA1, 1University of Manitoba
The rise in antibiotic resistance among pathogenic microorganisms is creating an imbalance with effective
drugs available for treatment due to the slow rate development of novel drugs. Cystic fibrosis (CF) patients
are susceptible to pathogenic microorganisms that have shown increased antibiotic resistance.
Staphylococcus aureus (MRSA) is one emerging pathogen among CF patients. MRSA has been shown to
form biofilms that contribute to the increase in antibiotic resistance. Phloroglucinol and related natural
products have demonstrated antimicrobial activity against a number of biofilm-forming Gram-positive
bacteria including S. aureus. In this study, we investigated a series of acylated phloroglucinol derivatives to
determine their potential as lead compounds for the design of a novel therapeutic. To assess the activity of
the novel compounds, we carried out minimal inhibitory concentration (MIC) minimal biofilm inhibitory
concentration (MBIC) assays and evaluated the hemolytic activity against ship red blood cells. Of the 12
compounds tested against S. aureus ATCC29213, three showed MIC and MBIC values ranging from 0.25 –
2 µg/ml and 0.5 to 2 µg /ml, respectively. From these three compounds, two were not hemolytic under the
conditions tested. Our results suggest that these acylated phloroglucinols have potential for being further
investigated as antibacterial leads. Current research is focused on exploring the antibacterial and antibiofilm
activity of the compounds against clinical isolates of S. aureus (MRSA) and other pathogenic bacterial
species.
II 070
Development of a Diagnostic Assay for Bacterial Toxin Identification and Quantitation using Targeted
Mass Spectrometry
Mark UNGER, Public Health Agency of Canada, D. DAVLUT1, C. BERRY1, P. CHONG1, G.
WESTMACOTT1, 1Public Health Agency of Canada
Targeted proteomics is a new and expanding field and mass-spectrometry based shotgun proteomics has
already proven valuable for the discovery of biomarkers indicative of underlying microbial infection or
antigens. While shotgun proteomics aims to detect as many proteins as possible from a biological sample,
targeted proteomics is “tuned” to a small subset of user-selected targeted proteins/peptides, thus trading
breadth of coverage for increased sensitivity to detect specific targets. In multiple reaction monitoring
(MRM) mode, the triple quadrupole (QqQ MS) system is tuned to detect signature tryptic peptides from
target proteins, thus facilitating the rapid detection and quantitation of protein biomarkers from biological
samples. This method is highly sensitive and can be used to detect targets present in a sample at
concentrations as low as the attomole range. Targeted proteomics has the potential to enhance and improve
clinical diagnostic protein-detection methods and we are applying this method in a “proof-of concept”
manner to the development of a single, multiplexed MRM QqQ MS assay capable of simultaneous detection
and quantification of five distinct bacterial-produced toxins; Escherichia coli Shiga-toxins 1 and 2
(Stx), Listeria monocytogenes listeriolyin O (LLO), Corynebacterium diphtheriae and C. ulcerans diphtheria
toxins (DTs), and Clostridium difficile toxins A and B (CDT). The selected toxins can be identified using
three unique tryptic peptides characteristic of each toxin which were identified through digestion of
commercially available recombinant toxins. The amount of produced toxin in each biological sample can be
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quantified using standard curves derived from the levels of synthetic versions of the selected tryptic peptides
identified in the recombinant toxins. These methods are expected to achieve the development of a rapid,
multi-target MRM QqQ MS assay that will significantly enhance the capacity and turnaround time of highthroughput reference laboratories to infer the presence of clinically-relevant bacterial species directly from
biological samples, leading to earlier clinical intervention and treatment strategies benefitting patient
outcome.
II 071
Development of a respiratory vaccine for sheep
Mireia VIVAS, University of Saskatchewan, G. CROCKFORD1, N. RAWLYK1, R. BROWNLIE1, J. VAN
DONKERSGOED2, A. POTTER1, 1VIDO-InterVac University of Saskatchewan, 2Alberta Beef Health
Solutions
There are no licensed vaccines available in North America for sheep to prevent acute septicemia and
pneumonia, which accounts for approximately 50% of the deaths in feedlot lambs. Animals are typically
found dead in their pen before treatment with antimicrobials can be initiated. Thus, our objective is to
identify infectious agents prevalent in sheep afflicted with respiratory disease and consequently develop an
effective preventative vaccine. Bibersteinia trehalosi and Mannheimia haemolytica were the most common
infectious agents found in tissue from lambs that died of acute septicemia and pneumonia. The isolated
strains were screened for putative virulence determinants, including the Leukotoxin, Transferrin-binding
protein A, Transferrin-binding protein B, Lactate dehydrogenase, NADH: quinone oxidoreductase subunit A
(nqrA) and subunit F (nqrF). Three groups of 8 sheep each were immunized with formulations containing a
mixture of recombinant proteins, boosted 3 weeks later and finally challenged with M. haemolytica via the
intratracheal route following pre-exposure to Parainfluenza virus 3. The vaccine groups included: Group A
control, Group B: Lkt + TbpA + TbpB and Group C: Ldh, NqrA, and NqrF. Both Group B and C lambs
showed an increase in antigen-specific antibody titers relative to the control group following immunization.
Animals in Group B were completely protected against experimental infection as demonstrated by a lack of
clinical disease and mortality. No lung lesions were observed during the post-mortem. However, in Group C,
60% of the animals died and lung lesions were present in 6 of the 8 lambs of the group. Another vaccine trial
is currently underway to test the antigens from the group B alone and in combination. We anticipate that a
combination of the three antigens will be required for complete protection against M. haemolytica.
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II 072
Structural Studies on Legionella pneumophila Effector Proteins
Kevin VOTH, University of Saskatchewan, M. CYGLER1, L. LI1, I.Y.W. CHUNG1, K. VAN
STRAATEN1, 1University of Saskatchewan
Legionella pneumophila is a Gram-negative intracellular pathogen that causes Legionnaires’ disease and
Pontiac fever in elderly or immunocompromised humans. The ability of Legionella to thrive within host cells
depends on the Legionella-containing vacuole (LCV) which, in turn, relies on the activity of secreted effector
proteins for its formation. Effectors are variable in structure and function, and functional redundancy is
prevalent among them. Consequently, relating structural data to function provides an attractive avenue of
research into molecules which are unlikely to exhibit a phenotype upon gene deletion. Our lab relies on Xray crystallography for structure determination. My work targets effectors LpnE(lpg2222), MavE(lpg2344)
and MavL2(lpg2526). LpnE (Legionella pneumophila Entry) is a Sel1-like repeat (SLR) protein implicated
in host cell invasion, whereas MavE and MavL2 remain functionally uncharacterized. Our studies in
HEK293 cells have shown that LpnE depends on its N-terminal signal peptide (res 1-22) for cis-Golgi
localization. In addition, I have narrowed the range of interacting residues between LpnE and a host inositol
polyphosphate 5-phosphatase called OCRL using size exclusion chromatography with multi-angle light
scattering (SEC-MALS). Finally, I have solved the crystal structures of LpnE, MavE and MavL2. The LpnE
structure reveals an SLR super-helix with a concavity implicated in protein-protein interactions. MavE
exhibits a novel α-helical fold with an NPxY motif located on a surface exposed loop, suggesting interactions
with phosphotyrosine-binding (PTB) domain containing proteins. The MavL2 structure harbors a single
cysteine, which is invisible in the electron density map. This flexible cysteine, in conjunction with
unpublished data on a MavL2-Ube2q1 interaction, may point to a role for MavL2 as an E1 ubiquitin
activating enzyme mimic.
II 073
Colistin resistance and mcr (1-2) genes in presumed beta-lactamase-producing Escherichia coli
isolated from poultry in Quebec, Senegal and Vietnam
PASSORET VOUNBA, Université de Montréal, M RHOUMA1, J ARSENAULT1, R BADAALAMBEDJI2,JM FAIRBROTHER1, 1Université de Montréal, 2École InterÉtats des Sciences et Médecine
Vétérinaires de Dakar
Colistin is one of the last resort antimicrobials used against infections due to multidrug-resistant (MDR)
Gram negative bacteria. However, an association between colistin use in food animals and colistin resistance
in enterobacteria has been described. In addition, plasmid-mediated colistin resistance (mcr genes) has been
identified in avian fecal Escherichia coli throughout the world with, in some studies, a co-presence of mcr
genes and extended-spectrum β-lactamase/cephamycinase (ESBL/AmpC) genes in the same bacterial strains
isolated from poultry. This study aimed to determine the fecal prevalence of colistin resistance among
potential ESBL/AmpC-producing E. coli and the presence of mcr-1 and mcr-2 genes among these isolates
recovered from poultry in Quebec (108 isolates) where colistin is not approved in veterinary medicine, and in
Senegal (93 isolates) and Vietnam (126 isolates) where colistin may be widely used in poultry farms for
disease prevention. Potential ESBL/AmpC-producing isolates were grown on Mueller Hinton (MH) agar
supplemented with 2 µg/mL Colistin Sulfate (CS). The CS Minimal Inhibitory Concentration (MIC) was
determined for presumed CS-resistant isolates growing on this medium by the double dilution method. In
addition, all isolates were screened by PCR for the presence of the mcr-1 and mcr-2 genes. In all, 33, 2 and
27 isolates from Senegal, Quebec and Vietnam, respectively, grew on MH containing CS 2 µg/mL. Of these
isolates, 2 isolates from Senegal with MICs of 8 mg/L and 16 mg/L, and 11 isolates from Vietnam, all with
an MIC of 4 mg/L, were colistin-resistant. No isolate from Quebec was colistin-resistant. In addition, all
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Vietnamese isolates resistant to colistin carried the mcr-1 gene whereas no isolate from Senegal or Quebec
was positive for this gene; none of the examined isolates possessed the mcr-2 gene. The resistance of isolates
from Senegal may be due to other mcr genes not examined in this study or to mutations in the two
components system PmrA/PmrB leading to colistin resistance. This study demonstrated that, although
colistin may be extensively used, the prevalence of colistin resistance and mcr genes in E. coli isolated from
chickens remains very low. Nevertheless, because the colistin-resistant E. coli isolates found in this study are
potential ESBL/AmpC-producers and because colistin is used in last resort for treatment of infections due to
MDR bacteria, there is a need to limit its use in chickens, especially in Senegal and Vietnam.
II 074
Legionella pneumophila or non-pneumophila, that is the question: Understanding the differences
between Legionella species infection on host response
Breanne HEAD, University of Manitoba, A TRAJTMAN1, C GRAHAM1, A.K. BRASSINGA1, K
BERNARD2, K NICHOL3, J KINDRACHUK1, L VELEZ4, Z.V. RUEDA5, Y KEYNAN1, 1University of
Manitoba, 2Public Health Agency of Canada, 3Health Sciences Centre, 4Sede de Investigation
Universitaria, 5Universidad Pontificia Bolivariana
Legionella spp. are intracellular bacteria that cause up to 15% of all bacterial pneumonias, with higher rates
among immunocompromised individuals,and incidence rates are increasing. To date, information
on Legionella and how they interact with the host is based primarily on Legionella pneumophila serogroup 1
(SG1), the most clinically relevant Legionella spp. in North America. However, global distribution
of Legionella spp. has been shown to vary. Due to their underrated importance and fastidious nature, little is
known about the pathogenesis of and immune response to the other Legionella spp.. Consequently, our study
aims to narrow this gap. We have developed an in vitro cell culture model which we will use to correlate
pathogenesis and inflammation with Legionella spp. diversity. Initially, growth curves were used to
determine replication rates for each strain (L. pneumophila SG1 ATCC 33153 and 4 clinical isolates of L.
pneumophila, L. anisa, L. bozemanae and L. micdadei) by growing cultures in buffered yeast extract (BYE)
broth for 6 days, sampling daily for optical density and colony forming units (CFU)/mL. Next, Legionella
spp. will be inoculated into an A549 epithelial cell line and into an in vivo-simulating primary human
bronchial epithelial cell model at a multiplicity of infection of 100. Following a 2-hour incubation, noninternalized bacteria will be killed and internalized Legionella will be selectively enumerated daily over 96hours via a CFU Assay. Infected cells will be sampled to determine bacterial kinetics, host cytopathology,
host kinome response and cytokine production using a CFU assay, lactate dehydrogenase assay, kinome
peptide microarrays, and bead array immunoassay, respectively. Time-matched mock-infected cells will
serve as controls. Finally, cytokine results from the in vitro model will be compared to cytokine profiles
identified in Legionella-positive patient bronchoalveolar lavage samples. Initial bacterial growth curve
results indicate that, in BYE broth, L. pneumophila strains replicate more efficiently compared to nonpneumophila spp., with the L. pneumophila clinical isolate growing the best overall. We anticipate similar
results in the in vitro cell culture models. Further results are pending. However, since L. pneumophila is
thought to be the most virulent Legionella spp., we anticipate that L. pneumophila infection will cause greater
cell cytopathology and have increased pro-inflammatory cytokines compared to that seen with the nonpneumophila spp.. Through this research, we aim to improve upon current knowledge by studying multiple
Legionella spp. – not just L. pneumophila – with the hopes of better understanding the role
that Legionella play in inflammation and pneumonia, with the goal of translating this knowledge to targeted
therapy and improved patient outcomes.
II 075A
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A Green Vaccine for Red Zones: Efficient Stable Expression of Nuclear H5N1 Avian Influenza Virus
HA2 Transgene in Chlamydomonusreinhardtii
ME BAYOUMI, Faculty of Veterinary Medicine, Cairo University, MM SAMIR2, MA ELGAMAL1, HM
AMER1, Ausama YOUSIF1, 1Faculty of Veterinary Medicine, Cairo University, 2Animal Health Research
Institute, Ministry of Agriculture, Egypt.
Green biotechnology is the future of biopharmaceuticals production. The use of algae to produce
biopharmaceuticals is of interest in vaccine-based control programs because of cost and environmental safety
considerations. An attempt was made to express avian influenza virus (AIV) immunogens in algae because
the virus is a serious economic, veterinary, and public health threat. A commercial system was modified to
allow expression of H5N1 AIV hemagglutinin subunit 2 (HA2) in the microalga Chlamydomonas
reinhardtii (C. reinhardtii). Codon-optimized AIV H5N1 HA2 (coHA2) sequences were synthesized and
cloned into the transfer vector pChlamy_3/D-TOPO® (3DcoHA2). 3DcoHA2 plasmids were used to
transform C. reinhardtii strain cc-125 by electroporation. Proper nuclear integration was confirmed in 16%
of screened transformants selectively amplified in Hygromycin-containing TAP media. coHA2 mRNA
transcription was confirmed using RT-PCR. AIV HA2 expression was confirmed using Western Blot
analysis utilizing mono-specific AIV H5N2 polyclonal chicken antisera. Expressing transformants were
maintained on Hygromycin-containing TAP agar for 26 weeks (15 subcultures). Expressing transformants
maintained cell shape, motility and, growth characteristics similar to non-transformed C. reinhardtii cc-125.
A coHA2-C terminus GFP was used to visualize HA2 expression in vivo using confocal microscopy.
Background-normalized GFP-specific fluorescence of transformants was 15 % of the total cellular
fluorescence. Fluorescence in GFP channels 508, 518, 528 and 538 nm was 3.9% of the total cellular
fluorescence of non-transformed algae. Mice immunized using algal lysates generated antibodies to AIV. The
commercial TAP algal growth medium was replaced by a low-cost in-house alternative with little effect on
overall expression of the transgene. Taken together, results indicate efficient stable expression of the AIV
HA2 transgene in algae and, suggest that it will be a viable alternative to conventional vaccine production
platforms in low income countries where AIV is endemic.
II 075B
Non-primate Hepaciviruses in Egyptian Equids
AM HASAN, Genome Research Unit, Animal Health Research Institute, AI ELSAYED2, NM HAGAG3,
MSM EL-SHAHIDY2, MA SHAHEIN0, MG AGGOUR1, F STEINBACH4, Ausama YOUSIF5, 1Genome
Research Unit, Animal Health Research Institute, 2Faculty of Veterinary Medicine, Suez Canal
University, 3Genome Research Unit, Animal Health Research InstituteEl-Shahidy, 4Faculty of Health and
Medical Sciences, University of Surrey, 5Faculty of Veterinary Medicine, Cairo University
Equine hepacivirus (EqHV) is one of the non-primate hepaciviruses recently discovered in the Americas,
Europe and Asia. It is a hepatotropic member of the genus hepacivirus of Flaviviridae. They are close
relatives of hepatitis C virus (HCV). Information onEqHV epidemiology, pathogenesis and genetic diversity
is limited. Information regarding prevalence and distribution of NPHV in Egyptian equids does not exist.
NS3-specific RT-PCR was used to investigate whether EqHV RNA was present in 436 archival equid serum
samples collected from five Egyptian governorates. Of the tested samples, 323 were from Arabian horses
(Equus caballus), 28 were from draft horses and, 85 were from donkeys (Equus asinus). EqHV sequences
were detected in 10 horses and 2 donkey samples (2.75%). Detection rates were 7.01% (4/57) and 2.11%
(8/379) in samples collected during 2015 and 2017, respectively. Phylogenetic analysis based on partial NS3
sequences placed the detected EqHV sequences into two different lineages. Taken together, the data suggests
that the circulating viruses may have been introduced during two separate events.
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II 076
Development of novel, simple, rapid and, highly sensitive lumpy skin disease virus-specific PCR and
real time-PCR assays
Ausama YOUSIF, Cairo University, OH REFAEI1, MM BAYOUMI1, HA EL-SHEIKH2, MA ELGAMAL1,
AA EL-SAYED1, AA FAYED1, MA SHALABY1, 1Faculty of Veterinary Medicine, Cairo
University, 2Faculty of Veterinary Medicine, Zagazig University
Lumpy skin disease virus (LSDV) is a Capripoxvirus that causes lumpy skin disease (LSD) in cattle. LSD is
gradually spreading from Africa and the Middle East into Europe and Russia. Live attenuated SPPV is used
as a vaccine in some endemic areas. Cattle vaccinated using SPPV can develop LSD due to induction of
partial protection, or as a result of vaccine contamination with wild or non-sufficiently-attenuated LSDV
during manufacture. LSDV vaccine quality control can be enhanced by differentiation between LSDV and
SPPV using a simple, rapid, and inexpensive PCR assay that does not require either size differentiation of
PCR products, use of restriction enzymes, melting curve analysis, or background reactions with clinical
samples. So vaccine quality control efforts can be enhanced. In this study, primers were designed to amplify
relatively conserved LSDV DNA sequences spanning parts of an envelope protein gene (LSDV100), and an
adjacent putative core virion protein gene (LSDV101). The design allowed the amplification of a short (503
bp) PCR product that was used for rapid single-step diagnosis of LSDV from skin samples and vaccines (the
diagnostic assay). An alternative reverse primer allowed the amplification of a long (1583 bp) LSDV PCR
product (the leading assay) to facilitate sequence comparisons and generation of purified DNA templates for
determination of test detection sensitivity. The assay specificity was confirmed after testing using DNA
extracts from SPPV, Vaccinia virus, Camelpox virus, Orf virus, fowlpox virus, non-human primate, bovine,
ovine, avian, plant, camel, mosquito, and ticks. A real-time PCR format was developed to determine test
sensitivity. The conventional diagnostic test detected as low as 117 genome-copy-equivalents of LSDV/ ul of
DNA extract. The real-time assay was 10 times more sensitive. In addition to reference MDBK-propagated
LSDV Ismailiya88 and Neethling 1993TC strains, Samples collected from LSD outbreaks during the period
2012-2015 tested positive using the developed PCR assay. Amplification of LSDV sequences was possible
regardless of lesion size and distribution (localized or generalized) on infected animals. The incorporation of
the fast non-enzymatic and simple (FNES) technique for DNA extraction from skin (Yousif et al., 2010)
reduced sample testing time and cost. Application of the developed PCR assay (specifically the diagnostic
one) for the quality control of local SPPV- based vaccines resulted in the detection of LSDV contamination
of the vaccine. The incorporation of the developed PCR assay in LSD control programs was recommended.
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II 077
Post-exposure protective efficacy of T-705 (Favipiravir) against Sudan virus infection in guinea pigs
Zirui ZHANG, University of Manitoba, Z.R. ZHANG2, MD N. RAHIM 1, MD N. RAHIM 2, S.H. HE2, W.J.
ZHU1, W.J. ZHU2, L BANADYGA 2, D SAFRONETZ 2, X.G. QIU 1, X.G. QIU 2, 1University of
Manitoba, 2Public Health Agency of Canada
Ebola (EBOV), Marburg (MARV), and Sudan (SUDV) viruses are the members of Filoviridae family that
cause deadly viral hemorrhagic fever in humans with case fatality rates over 50%. No drug or vaccine has
been clinically approved for the treatment or prevention. Only few of small molecules and inhibitors are
effective against EBOV in vitro and have been assessed in animal models. T-705 (Favipiravir) is a novel
anti-viral drug that has been approved for the treatment of influenza in Japan. T-705 exhibits broad spectrum
antiviral activity against different viruses, including EBOV and MARV, and here we report the in
vitro and in vivo antiviral activity of T-705 against SUDV. T-705 treatment reduced SUDV replication in
Vero E6 cells where ~90% of viral RNA replication was inhibited during T-705 treatment. Half maximal
effective concentration (EC50) and EC90 values were 8.224 µg/ml and 58.80 µg/ml, respectively. The
guinea pigs were treated subcutaneously with 150 or 300 mg/kg T-705 at 1 to 4 days post-infection and
continuing for a total of seven days. T-705 treatments significantly protected SUDV-infected guinea pigs,
with a survival rate of 83-100%. Viral RNA replication and infectious virus production was also significantly
reduced in the blood and other organs such as spleen, liver, lungs, and kidney. Furthermore, early low dose
and late higher dose at 5dpi administrations of T-705 also showed partial protection. Overall, our study is the
first to demonstrate the antiviral activity of T-705 against SUDV, suggesting that T-705 may be a potential
drug candidate for use during outbreaks.
II 078
Role of host and viral factors in persistent and asymptomatic testicular Ebola infections
Andrew WEBB, University of Manitoba, B SCHINDELL1, G SOULE2, D SAFRONETZ2, J
KINDRACHUK1, 1University of Manitoba, 2Public Health Agency of Canada
Background: The recent West African Ebola virus disease (EVD) epidemic subsided in 2016; however,
sporadic cases continued to be reported in the affected area. Transmission of Ebola virus (EBOV) primarily
occurs while interacting with symptomatic individuals or handling fatal cases, but epidemiological analyses
of sporadic infection events indicate that the virus can also be transmitted sexually from clinically healthy
EVD survivors. Numerous studies report that EBOV genomic material or infective virus persists in semen of
EVD survivors long after recovery in the absence of disease symptoms, and these cases are not identified by
approved serum or whole blood diagnostics. Because EBOV persistence within the male reproductive tract
occurs in the absence of physiological abnormalities that are normally associated with EVD, we hypothesize
that host and viral factors contribute to persistent EBOV infection in this immune-privileged niche.
Methods: To investigate this biological phenomenon, we will: (1) determine the transcription and replication
kinetics of EBOV within host testicular cells; (2) elucidate the role of host cellular responses (including
apoptotic and antiviral responses) to EBOV persistence in testicular cells; and (3) validate in
vitro observations in vivo using a humanized bone marrow, liver and thymus (hu-BLT) mouse model of
EBOV infection. Initial testing will be performed using pseudotype EBOV lentiviruses and subsequently
validated with wild-type EBOV. In vitro infections will be performed in isolated testicular cells and using a
3D co-culture model of the blood-testis barrier. Transcription and replication kinetics will be measured by
strand-specific RT-qPCR with primers that differentiate between negative and positive sense viral RNA. The
role of host cellular responses in EBOV testicular persistence will be examined using transcriptomics,
proteomics, and kinomics assays. In vivo confirmation of these observations will be made in a hu-BLT
mouse model of EBOV infection. Significance: Data from this project will elucidate the molecular
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mechanisms underlying persistent and asymptomatic testicular EBOV infections and will provide critical
information that will inform public health strategies for EVD outbreaks and surveillance. More specifically,
this work highlights the role of male EVD survivors as a potential reservoir of infectious EBOV that is not
detected by standard screening procedures.
II 079
Staphylococcus aureus poses a significant health concern for IV drug user populations due to the
increased bacterial survival in controlled-release opioid Hydromorphcontin
Katherine KASPER, University of Western Ontario, B HALLAM1, CE COLEMAN2, I MANOHARAN1, S
STRANGES1, JK MCCORMICK1, M SILVERMAN1, 1University of Western Ontario, 2Queen's University
Staphylococcus aureus is the most common pathogen in injection drug use-associated infective endocarditis
(IDUaIE) and is associated with substantial morbidity and mortality. The local drug of choice in London,
Ontario is a controlled-release opioid, Hydromorph contin (HCR). Unlike the water-soluble tablet
immediate-release hydromorphone (HIR, Dilaudid), HCR is a capsule with multiple beads which are crushed
and soaked prior to injection. Due to low solubility, HCR is often washed and injected multiple times to
fully extract the opioid. We hypothesize that extensive manipulation of HCR can result in multiple chances
for bacterial contamination and that excipients within HCR increase S. aureus survival in the drug
preparation. Used injection drug preparation equipment (IDPE) were collected prospectively at the London
Regional HIV/AIDS Connection (LRHAC) and were washed with sterile saline. The saline solution was
plated on a variety of rich, selective and differential medias. Surveillance of IDPE was conducted for over 6
months, and it was observed that there was a marked amount of IDPE contamination by S. aureus. Of
representative banked strains of S. aureus, 70% were methicillin-sensitive. Persistence of S. aureus in IDPE
prepared with HIR and HCR was tested by performing the first wash with water spiked with a known amount
of two clinical isolates of S. aureus. The bacteria recovered in the second wash was enumerated. At 24
hours, significantly more S. aureus was isolated from the equipment used to prepare HCR as compared to
water. When the S. aureus-spiked in lab-prepared samples were cooked until bubbling using a cigarette
lighter, the S. aureus burden in the samples was reduced by 2log10 but was not eliminated. To evaluate how
long S. aureus survived in a liquid preparation of HIR and HCR, prepared drugs were resuspended in S.
aureus-spiked water and bacterial burden was evaluated until the bacteria were no longer detected in
solution. Neither MRSA and MSSA grew in the presence of HIR or HCR; however, both strains of S.
aureus persisted longer in HCR than in the vehicle control, but interestingly both also survived longer in the
vehicle control than in the HIR treatment. In conclusion, a survey of IDPE was bacterially contaminated with
staphylococci, of which ~70% were MSSA. HCR delays the death of the S. aureus so that they may persist
longer on IDPE. Cooking the drug during preparation killed most of the bacteria but was not always
completely effective, and in June 2017 a cook your drug campaign was started. Recently, a supervised
injection site (SIS) recently opened in London at the LRHAC, and the samples from the SIS thus far have
been almost entirely devoid of detectable bacterial contamination. This implies that the SIS harm-reduction
strategy may reduce the potential of bacteria contamination and subsequent inadvertent injection by the local
PWID population.
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II 080
Evidence of Selection for Loss of the Biofilm Phenotypes in Invasive Nontyphoidal Salmonella Strains
D7795 and D23580
Keith MACKENZIE, University of Regina, Y WANG2, EG HANSEN3, NL HERMAN3, P MUSICHA4, DJ
HERMAN3, NA FEASEY5, AP WHITE3, 1University of Regina, 2Shenzhen University Health Science
Center, Guangdong, China, 3Vaccine and Infectious Disease Organization-International Vaccine Centre,
Saskatoon, SK.; University of Saskatchewan, 4University of Malawi College of Medicine, Blantyre, Malawi;
Centre for Tropical Medicine and Global Health, Nuffield Dept. of Medicine, University of Oxford, United
Kingdom, 5Dept. of Clinical Sciences, Liverpool School of Tropical Medicine, United Kingdom; Centre for
Tropical Medicine and Global Health, Nuffield Dept. of Medicine, University of Oxford, United Kingdom
Nontyphoidal Salmonella (NTS) infections are typically associated with self-limiting gastroenteritis in
immunocompetent individuals. In contrast, novel clades of nontyphoidal Salmonella have emerged as the
leading cause of bacterial bloodstream infections (BSI) in sub-Saharan Africa. This invasive
nontyphoidal Salmonella (iNTS) disease is responsible for an estimated 681,000 deaths per year, with
clinical diagnosis and treatment complicated by the nonspecific nature of disease symptoms, multidrug
resistances, and the prevalence of disease amongst immunocompromised individuals in the region. Biofilm
formation is suspected to have a role in NTS transmission, allowing cells to persist in the environment
between host infections. However, it is speculated that humans are the primary reservoir for Salmonella
strains associated with iNTS, with person-to-person spread acting as the predominant transmission route.
Whole genome sequencing of iNTS-associated strains revealed significant genomic degradation, a feature
associated with pathogen adaptation to the host. We therefore wondered if iNTS strains retain genetic
functionality of the CsgD-regulated pathway of biofilm formation. Our investigation evaluated two iNTS
strains isolated from Malawi, S.Typhimurium D23580 and S. Enteritidis D7795, for phenotypic and
genotypic conservation of the CsgD-regulated biofilm phenotype. Growth of each strain on biochemical
indicator growth media revealed that both S. Typhimurium D23580 and S. Enteritidis D7795 were impaired
in biofilm formation, which we attributed to specific genetic polymorphisms that are unique to each invasive
nontyphoidal strain. In the case of D7795, an inactivating single nucleotide polymorphism (SNP) was
detected in the promoter for csgD, the master biofilm regulator. This SNP was conserved in 166 east/central
African clade S. Enteritidis isolates, and was not present in 250 representatives of the global epidemic/poultry
associated S. Enteritidis clade. We used promoter-based reporter assays and Western blotting to confirm that
D7795 does not express csgD. Chromosomal replacement of the D7795 csgD promoter with that of biofilmpositive S. Typhimurium 14028 restored expression of csgD in D7795 cells and rescued the biofilm
phenotype, suggesting that this SNP is the predominant mutation responsible for impairment of biofilm
formation in D7795. Our research provides preliminary evidence that iNTS disease transmission may be
distinct from that of typical NTS strains associated with gastroenteritis. We predict that biofilm impairment
may reflect changes in the iNTS strains as they become more host-adapted and have a greater reliance on
person-to-person transmission.
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II 081
The Cost of Speed: Evaluating Systematic Failures in Metagenomic AMR Profiling
Finlay MAGUIRE, Dalhousie University, AR RAPHENYA2, B ALCOCK2, AG MCARTHUR2, FS
BRINKMAN3, RG BEIKO1, 1Dalhousie University, 2McMaster University, 3Simon Fraser University
Metagenomics, the direct sequencing of the mixture of genomes present in a sample, is an increasingly
common workflow within the life sciences. It is frequently used to investigate previously intractable
problems such as the functional characterisation of entire microbial environments. One specific use-case of
global and national public-health importance is analysing the nature and environmental transmission
dynamics of antimicrobial resistance (AMR) determinants. Metagenomic analyses hinge on the accurate
identification of genes represented within a sample. In order to do this, researchers typically compare and
align the sequenced reads to reference protein databases using homology search tools such as BLASTX.
Unfortunately, metagenomic datasets are large (often on the order of millions to billions of reads) so these
analyses take significant amounts of time and resources. For this reason several heuristically accelerated tools
have been developed with improved computational performance. However, these heuristics, such as reduced
alphabets and spaced-seeds, trade-off a certain loss of precision for this speed. So far, this loss of precision
has only been quantified on the basis of average metrics such as overall sensitivity and recall. However, the
loss of precision may not be evenly distributed across the entire database, meaning certain proteins will be
systematically misidentified more frequently than others. With the emerging use of metagenomics within
clinical and public-health settings for the analysis of AMR it is vital to identify and understand these ‘blindspots’ as they may result in systematic failure to detect specific AMR determinants. Therefore, using AMR
as a motivating example, we have simulated ~800 million MiSeq metagenomic reads from 3,420 ESKAPE,
WHO priority and curator selected pathogen genomes. This dataset includes examples of all 2,485 AMR
determinants identified within the Comprehensive Antibiotic Resistance Database (CARD) as of March
2018. Using this known ground-truth we have determined the error profiles of the 3 most common
heuristically accelerated tools over a range of parameter settings: DIAMOND, PALADIN and MMseqs2.
Preliminary results demonstrate that 3.9-15.4% of reads originating from AMR determinants are not correctly
identified as AMR related. Worryingly, 6-13 specific AMR determinants are never successfully recovered
including OXA-2, BlaB and daptomycin resistance LiaS. A further 11-23 determinants were found not to be
identified for majority (>75%) of their reads. These include Vgb lyases which are associated with resistance
to streptogramin, one of the few effective agents in the treatment of some of the most significant multidrug
resistance pathogens such as vancomycin-resistant Staphylococcus aureus and Enterococcus.
II 083
Etiology of the progression of Periodontitis: A meta survey of the genes and putative regulatory
mechanisms driving disease
Nikhil RAM MOHAN, Boston College, MMM MEYER1, 1Boston College
Periodontitis is a common inflammatory disease that severely deteriorates the bone supporting teeth. Cultureable organisms underlying the disease have been classified into Red, Orange, Purple, Blue, Green, and
Yellow complexes based on their roles in the periodontal pocket and the healthy gingival sulcus. Previous
metatranscriptomic studies suggested a common shift in the metabolic signature within disease-associated
microbial communities. In this study, we employed a meta approach to screen for common genes and
regulatory non-coding RNAs (ncRNAs) associated with periodontitis. RNA-seq data from three previous
studies, including 49 healthy and 48 diseased samples, were assembled into transcripts de novo. Analyses
revealed 859 differentially expressed (DE) transcripts; 675 up- and 174 down- regulated. Interestingly, only
~20% of the DE transcripts originate from organisms in the red/orange complexes, and ~50% originate from
unaffiliated organisms. Mapping the DE transcripts, and their sources, to KEGG metabolic pathways showed
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gene level interactions between members of different complexes, where genes in upregulated pathways
originate from diverse organisms. This finding supports the polymicrobial synergy and dysbiosis model of
infection. Comparison across the samples revealed taxonomically distinct communities that show significant
variation in expression profiles. However, there was greater correlation among samples collected from a
single study than between different studies, suggesting that systematic differences within individual studies
may influence the datasets. A survey of the DE transcripts for known ncRNAs in the Rfam database
identified a large number of tRNAs and tmRNAs as well as ncRNA regulators such as the FMN, glycine,
lysine, and SAM riboswitches in the up-regulated transcripts, and the cobalamin riboswitch in both up and
down regulated transcripts. De novo in silico riboswitch discovery also identified many putative novel
ncRNAs in highly differentially expressed transcripts. While our findings reflect those of the previous
individual studies, our meta-analyses reveal the common DE genes and ncRNAs, common shift of metabolic
signatures regardless of the individual microbial players, and community wide metabolic networking, in the
progression of periodontitis.
II 085
Vasoactive Intestinal Peptide (VIP) Promotes Intestinal Host Defense by Modulating Group 3 Innate
Lymphoid Cells
HB YU, University of British Columbia, H YANG1, C MA1, GS REID1, JA WASCHEK1, LC OSBORNE1,
BA VALLANCE1, HONGBING YU1, 1University of British Columbia
The mammalian gastrointestinal (GI) tract is a highly innervated organ system, with enteric nerves and
neuropeptides, including vasoactive intestinal peptide (VIP), controlling a number of physiologic responses
that promote normal gut function. Herein, we found a significant increase in the intestinal secretion of VIP in
mice infected with Citrobacter rodentium, a mouse pathogen widely used as a surrogate organism to studythe
pathogenesis of human pathogens: enteropathogenic E. coli (EPEC) and enterohemorrhagic E. coli (EHEC).
This increased VIP secretion appears to be a protective host response, as mice deficient in VIP (Vip-/-)
showed increased morbidity and mortality compared to wild type mice during infection. Intestinal tissues
from Vip-/-mice also secreted significantly less interleukin (IL)-22, a cytokine known to promote
antimicrobial defense and epithelial repair during C. rodentium infection. Consistent with this observation,
the expansion of group 3 innate lymphoid cells (ILC3s), a large cellular source of IL-22, was drastically
reduced in the intestines of infected Vip-/-mice. Intestinal ILC3s from Vip-/-mice also produced reduced levels
of IL-22 in response to IL-23 stimulation. Notably, administration of exogenous IL-22 or adoptive transfer of
ILC3s into Vip-/-mice was sufficient to increase the resistance of Vip-/-mice to infection. Moreover,
exogenous treatment of Vip-/- mice with recombinant VIP ameliorated pathogen-induced colitis, accompanied
by partial restoration of IL-22 production. Taken together, these data identify a novel neuroimmune axis
whereby the neuropeptide VIP controls the expansion and function of ILC3s in the GI tract, thereby playing a
key role in optimizing mucosal defense against intestinal pathogens. Selectively modulating this
neuroimmune axis offers a promising strategy for preventing or treating GI infections.
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II 086
Chemical genetic screen reveals new perturbants of the outer membrane of Gram-negative bacteria
Jean-Philippe CÔTÉ, McMaster University, ED BROWN1, 1McMaster University
Antibiotic resistance has reached crisis proportion due to a lean antibiotic development pipeline and
decreasing efficacy of existing antibiotics. This is particularly critical in Gram-negative bacteria where the
outer membrane forms a barrier that is impermeable to many otherwise effective antibiotics. Therefore, new
strategies and new molecules to treat Gram-negative infections are needed. We have recently developed a
novel screening platform to identify molecules that affect outer-membrane permeability. The screening
approach is based on the observation that Escherichia coli becomes sensitive to vancomycin when grown at
15°C and that this cold sensitivity could be suppressed through inactivation of genes involved in outer
membrane biogenesis. Here, we have screened a diverse synthetic chemical collection for compounds that
suppress the activity of vancomycin in the cold. Many hits from this screen have the ability to potentiate
large scaffold antibiotics at 37°C against a panel of Gram-negative bacteria, including Klebsiella
pneumoniae, Acinetobacter baumannii andPseudomonas aeruginosa. Overall, our screening platform is
successful at identifying many active compounds that affect outer membrane permeability. These compounds
are being investigated for their potential as leads for the treatment of Gram-negative bacteria infections.
II 088
Investigating the Mumps epidemic in Canada through Whole Genome Sequencing
Jasmine FROST, University of Manitoba, J HIEBERT0, H SCHULZ1, A SEVERINI1, 1University of
Manitoba
The Mumps, Measles, and Rubella vaccine was introduced in Canada in 1983, and since then has had a
dramatic effect in eliminating measles and rubella. However, despite the fact that this vaccine has been in use
for over three decades, the mumps virus (MuV) remains endemic within Canada. Before the introduction of
vaccination, mumps was one of the main pathogens behind aseptic meningitis and encephalitis due to viral
infection. While the number of mumps cases has been reduced significantly, the continued outbreaks of
mumps are still a concern. In recent years there has been an emerging trend of mumps outbreaks occurring in
highly vaccinated populations, mostly in vaccinated young adults. It is clear that the vaccine protection is
waning over time, but the exact mechanism for this is not yet known. The National Microbiology Laboratory
conducts molecular surveillance on mumps cases in Canada by genotyping MuV strains collected from
infected individuals at the SH gene. Phylogenetic analysis on approximately 3200 specimens has determined
that MuV genotype G is the circulating strain in Canada and that there has been very little sequence
variability observed over the past decade. There are a few reasons that might explain this lack of variability,
it is possible that this is due to the strain being endemic to North America, or that it is the product of repeated
importations of similar viruses, or finally, that this strain has been selected as a result of vaccine pressure. To
test these hypotheses, whole genome sequencing (WGS) will need to be used in order to get a global picture
of the virus evolution. The superior resolution of WGS will allow us to distinguish between endemic
circulation and repeated importations, and follow the evolution of the virus throughout Canada over the past
decade. It will also allow us to identify MuV variants that are specifically linked to mumps cases in
vaccinated individuals. The results of this research will help to inform mumps vaccination strategies to try
and combat these outbreaks.
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II 089
Regulatory evolution drives immune evasion by Salmonella Typhimurium
Bushra ILYAS, McMaster University, DT MULDER1, DJ LITTLE1, W ELHENAWY1, MM BANDA2, DP
PÉREZ-MORALES2, CN TSAI1, NYE CHAU1, VH BUSTAMANTE2, BK COOMBES1, 1McMaster
University, 2Universidad Nacional Autónoma de México, Cuernavaca, México
Bacterial pathogens coordinate environmental sensing with adaptive gene expression in order to optimize
fitness. This is accomplished by two-component regulatory systems that use the detection of external signals
as cues to control niche-specific gene expression. In Salmonella Typhimurium, the SsrA-SsrB twocomponent system regulates virulence genes needed for intracellular survival within host cells, such as a type
III secretion system, yet the impact of this two-component system on adaptive gene regulation beyond this
classical virulence factor remains poorly understood. Here, we show that SsrB has shaped the regulatory
landscape of a broad transcriptional network controlling bacterial motility in order to limit inflammasome
activation following host cell infection. Using comparative RNA-sequencing between S. Typhimurium and S.
bongori engineered to express SsrB, we show that SsrB represses the expression of flagellar genes in S.
Typhimurium but activates this motility program in S. bongori, a Salmonella species that has evolved in the
absence of SsrB. The molecular basis for motility repression in S. Typhimurium is the presence of an SsrBbinding operator region upstream of the flhDC master regulator that has been selected for in S. Typhimurium.
During infection of macrophages, S.Typhimurium lacking SsrB fails to repress FliC-dependent
inflammasome activation leading to caspase-1-dependent IL-1B release, whereas S. Typhimurium expressing
SsrB limits this innate host defense through SsrB signaling and fliC antagonism. These data reveal an
evolved regulatory circuit in non-coding DNA that co-opts an intracellular-active two-component system to
reduce flagellar gene expression and dampen the host immune response.
II 090
The Lactobacillus rhamnosus R0011 secretome attenuates Salmonella enterica serovar Typhimurium
secretome-induced pro-inflammatory intestinal epithelial cell gene expression
Michael JEFFREY, University of Ontario Institute of Technology, C. MACPHERSON2, O. MATHIEU2,
T.A. TOMPKINS2, J.M. GREEN-JOHNSON1, 1University of Ontario Institute of Technology, 2Lallemand
Health Solutions
Detection of pathogenic bacteria by intestinal epithelial cells (IEC) results in the up-regulation of proinflammatory mediators. These inflammatory mediators play a critical role in the immune response, but their
over-expression contributes to a wide array of inflammatory disease pathologies. Conversely, certain
probiotic lactic acid bacteria, such as Lactobacillus rhamnosus R0011 (Lr-R0011), have been associated with
varied host-immune modulatory activities including down-regulation of pro-inflammatory gene transcription
and expression, with growing evidence suggesting that these bacteria secrete molecules retaining bioactivity.
Probiotic lactic acid bacteria have also been shown to antagonize gut-pathogen activity through direct
inhibition or through the secretion of bioactive molecules. However, less is known about how secreted
molecules from pathogens can interact with host immune cells, with recent findings suggesting that this less
characterized route for pathogenicity is also important. Furthermore, questions remain regarding the roles of
probiotic-derived bioactive molecules in these host-pathogen interactions. To interrogate the underlying
mechanisms behind the activity of secreted molecules from Salmonella enterica serovar Typhimurium (ST)
and the subsequent attenuation of the inflammatory response when IECs are also exposed to secreted
products from Lr-R0011, gene expression profiles in human HT-29 IECs were generated utilizing two-colour
whole-genome microarrays. The Lr-R0011 secretome attenuated the transcription of genes encoding for proinflammatory mediators including ICAM-1, PTSG2, interleukin (IL)-8, IL-17C, and RELB. Gene enrichment
analyses using STRING and Set Distiller revealed that the Lr-R0011 secretome attenuated the expression of a
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number of genes involved in NF-κB, MAPK, and Toll-like receptor signaling pathways which were induced
by treatment with the ST secretome. Cytokine and chemokine protein analysis using a 40-Plex human
chemokine and cytokine panel revealed that the Lr-R0011 secretome also significantly down-regulated proinflammatory cytokine and chemokine production by HT-29 IECs induced by treatment with the ST
secretome. Moreover, combined treatment with the ST and Lr-R0011 secretomes resulted in the upregulation of the transcription of DUSP1, ATF3, and TRIB3, negative regulators of innate immune activity,
indicating a possible mechanism of action behind the observed immunomodulatory activity of the Lr-R0011
secretome. Taken together, these results provide new insights into the role of secreted bioactive molecules
derived from both pathogenic and commensal bacteria in inter-domain communication with host IECs.
II 093
Effects of repeat and phage-like sequences on the virulence of human urogenital mycoplasmas
Orville ROACHFORD, University of the West Indies, Cave Hill Campus
Human mycoplasmas have been implicated in a diversity of acute and chronic diseases such as pelvic
inflammatory disease (PID), urethritis, systemic lupus erythematosus and fibromyalgia. As a consequence of
the resulting morbidity there has been a significant impact on economies. The virulence of mycoplasmas
relies on a number of poorly understood molecular mechanisms involved in the mobilization, organization
and variation of lipoproteins at the surface membranes and in specialized cytadherence structures. This
comparative pathogenomic study identified repeat sequences and phage-like protein sequences within the
human urogenital Mycoplasma genomes. The impact of these tandem repeats on genes involved in
mycoplasma-host attachment and virulence was assessed. Tandem repeats and phage-like elements were
found to be utilized by the species of human urogenital Mycoplasma to increase the frequency of DNA
recombination and to create a greater surface membrane lipoprotein diversity. Additionally, a coiled-coil
structure protein associated with phages was identified. Analyzing the genomes of these difficult-to-cultivate
mycoplasmas in the microbial urogenital milieu is paramount in gaining further insight into the virulence
of Mycoplasma and their specific role in immunomodulation and pathogenesis. This study highlights the
possibility of targeting repeat sequences to repress Mycoplasma lipoprotein variation and thus reducing their
virulence.

Molecular Genetics & Cellular Microbiology
MGC 001
Investigation of the in-feed use of natural probiotics as an alternative to antibiotics on the prevalence
of tetracycline resistant Escherichia coli in feedlot cattle
Taylor DAVEDOW, Lethbridge Research Centre, T RAN1, C NARVAEZ-BRAVO2, T.A.
MCALLISTER1, 1Lethbridge Research Centre, 2University of Manitoba
There is an increasing North American trend towards a healthier diet and lifestyle, and consumers are
becoming increasingly concerned about the safety of the food they eat. There is interest in using
fermentation products from lactobacilli to replace in-feed antibiotics. The present study investigated the
effect of two lactobacilli fermentation products (Products A and B) on the levels of tetracycline resistant E.
coli in cattle feces. Seventy-five Charolais X Angus cross steers were blocked by weight and assigned to one
of five treatments: 1) Control (no additives), 2) Implant, 3) Antibiotics + Implant (monensin and
tetracycline), 4) Product A, and 5) Product B. Fresh fecal samples were collected directly from the rectum of
12 individual steers on each treatment after 112 d on feed. Appropriate serial dilutions were prepared and
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aliquots were spread plated onto MacConkey agar amended with 16 µg/ml tetracycline and MacConkey agar
without antibiotics. Proportion of resistant E.coli was estimated by number of lactose positive colonies on the
selective and non-selective plates. Compared to the control group (14.0%), the proportion of tetracycline
resistant E.coli in feces was similar for cattle provided with Product B (13.7%), but higher in cattle provided
with Product A (20.6%). The proportion of tetracycline resistant E. coli in feces was higher (P < 0.05) in
cattle that received antibiotics (30.9%) than in control, implanted or cattle that received Product B. These
results suggest that lactobacilli fermentation products B has the potential to reduce the amount of tetracycline
resistant E. coli shed in the feces of feedlot cattle.
MGC 006
Do Codons Evolve to Produce 'Hidden' Stop Codons? Testing the Hypothesis in Fungal Biosynthetic
Genes
Robert BERTRAND, University of Manitoba, M ABDEL-HAMEED1, JL SORENSEN1, 1University of
Manitoba
Ribosomal frameshifting is an error that alters the reading frame of the ribosome during mRNA translation.
Mis-translated proteins waste energy and are possibly cytotoxic. The ‘Ambush Hypothesis’ (Seligmann &
Pollock, DNA Cell Biol. 2004, 23:701) proposes that codons are selected to produce out-of-frame (‘hidden’)
stop codons to stop frameshifted ribosomes. We tested this hypothesis on fungal polyketide synthases.
Contrary to expectation, these genes possessed fewer hidden stop codons than expected in a selection-neutral
model (p < 0.005). Many selection pressures other than ribosomal frameshifting influence codon selection,
for example, mRNA stability and translation efficiency. The information-holding potential of the genome is
finite and codons satisfying one selection pressure may not satisfy others. We speculate that the reason why
so few hidden stop codons were found in fungal polyketide synthase genes is because codons were
prioritized to meet selection pressures deemed by evolution to be more important to the fitness of these fungi
than a presumably smaller advantage conferred by having abundant hidden stop codons.
MGC 030
Enabling Population-Scale Genomic Island Analyses
C. BERTELLI, Simon Fraser University, University Hospital Center of Lausanne, Kristen GRAY0, A.C.
LIM0, K.E. TILLEY0, A. SPENCER0, J. PELTIER0, F.S.L. BRINKMAN0, 1Simon Fraser University,
University Hospital Center of Lausanne
Genomic islands (GIs) are commonly defined as clusters of genes in a microbial genome of probable
horizontal origin. GIs are of interest to a broad range of microbiologists since they disproportionately encode
environmental and medically important adaptations, including novel metabolic capabilities, virulence factors
(VFs), and certain antimicrobial resistance (AMR) genes. Previously, the Brinkman laboratory developed
IslandViewer, a web-based bioinformatics platform that integrates predictions from multiple GI-predicting
tools. However, users are restricted to visualizing only two genomes at a given time, making it difficult to
compare GIs across multiple genomes. Current computational methods for GI analysis in general are not
amenable for rapid, user-friendly, and scalable analysis of hundreds of phylogenetically related genomes
being sequenced. To fill this gap, we are developing IslandCompare, an open-source computational pipeline
and web-based visualization resource that enables comparison of GIs across hundreds of bacterial genomes.
GI predictions are performed using two of the most accurate GI prediction tools: SIGI-HMM and the newly
released version 1.0.0 of IslandPath-DIMOB. Core-genome phylogeny is computed using Parsnp, pairwise
genome comparisons are calculated with Mauve, and GI’s are clustered using Mash and an implementation
of the Markov Cluster Algorithm. The web-based interface displays the core-genome phylogenetic tree in an
interactive, user-friendly display with genomes displayed linearly at each tree leaf and clusters of GIs
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highlighted. A zoom-in functionality permits further visualization of genes and RGI-based AMR predictions.
GI prediction has been performed using IslandCompare on curated sample genome datasets,
including Pseudomonas aeruginosa isolates, to enable assessment of this software and improve our
understanding of GI evolution. Initial analyses support the known need to develop more robust predictions of
island borders, and we present a gene-by-gene ortholog-based analysis approach to help resolve this issue.
Using this ortholog-based analysis, phylogenies were generated based on presence/absence of GIs (and other
defined “regions of genome plasticity”). This phylogeny showed surprising similarities with the core genome
phylogeny, suggesting that certain phyletic clades, representing subspecies, may be drawing upon distinct
mobile gene pools. In summary, population-scale GI analyses have demonstrated broad implications for
microbial evolution. IslandCompare, incorporating further improvements in GI border identification, should
facilitate future analyses of this nature, enabling more robust, flexible, and efficient large-scale analyses of
infectious disease outbreaks and other population-level microbial genomics data.
MGC 042
Structural studies of ribosomal frameshifting in Porcine reproductive and respiratory syndrome virus
(PRRSV)
Ankoor PATEL, University of Manitoba, E. TREFFERS2, Y. FANG3, E. SNIJDER2, B.L.
MARK1, 1University of Manitoba, 2Leiden University, 3Kansas State University
To maximize the coding capacity of their polycistronic genome, arteriviruses like porcine reproductive and
respiratory syndrome virus (PRRSV) employ multiple forms of “translational gymnastics”, one of which
being programmed ribosomal frameshifting (PRF). The 5’-proximal region of the PRRSV genome is
occupied by the large open reading ORF1a that encodes for polyprotein pp1a, which is subjected to an
autoproteolytic cleavage cascade that yields 10 non-structural proteins (nsp). Recent studies have shown that
one of these nsps, nsp1β, acts to facilitate a -1 and -2 PRF event in the nsp2-coding region of ORF1a. In
conjunction with the ribosome and the host cell protein poly(C)-binding protein 2 (PCBP2), this mechanism
exposes two novel open reading frames, allowing for the translation of two nsp2 variants with alternative Cterminal sequences, showing relevance for viral replication and virulence. The trimeric complex involving
the ribosome, PCBP2 and nsp1β interacts with a conserved “slippery site” and a downstream highlyconserved 11-nt C-rich motif in the nsp2-coding region of ORF1a to exploit the -1 and -2 ORFs. The exact
nature of how nsp1β, PCBP2, the ribosome and the viral genome interact remains unclear, however the
complex between nsp1b and PCBP2 has a higher affinity for nucleic acid than either protein alone. Former
studies defined a 58-nt stretch of the RNA genome that was essential for inducing PRF and nsp1β/PCBP2
complex formation. With the aim of structural and functional characterization of this protein-protein-nucleic
acid complex, electrophoretic mobility shift assays aided in truncating the nucleic acid molecule to 34-nt.
Using a combination of affinity purification and size exclusion chromatography we have now purified a
stable complex containing nsp1β, PCBP2 and 34-nt DNA or RNA molecules. Several nsp1β mutants have
been created to further explore the importance of certain amino acid residues in complex formation. These
mutations have been created within the theorized RNA binding domain within a highly-conserved alpha helix
as well as within the dimer interface of nsp1b. Dynamic light scattering and small-angle X-ray scattering
have been used to characterize the complexes, which are guiding full structural characterization of the novel
complex by X-ray crystallography.
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MGC 044
Functional analysis of XRE-family transcriptional regulators in Streptomyces clavuligerus
Brandon PIERCEY, Memorial University of Newfoundland, C. MCISAAC1, R. COLLINS1, K.
TAHLAN1, 1Memorial University of Newfoundland
The Streptomyces are renowned for their ability to produce diverse bioactive natural products. Additionally,
they possess many cryptic biosynthetic gene clusters, which are defined as predicted groups of genes that
have the potential to produce previously uncharacterized natural products. S. clavuligerus is a known
producer of the β-lactamase inhibitor clavulanic acid, which is used in conjunction with β-lactam antibiotics
to treat certain β-lactam resistant bacterial infections. S. clavuligerus possesses more than 30 biosynthetic
gene clusters, the majority of which remain cryptic under laboratory conditions. By investigating how natural
product biosynthesis is regulated in S. clavuligerus it may be possible to improve yields and/or activate
biosynthetic gene clusters. In turn, this may lead to the discovery of novel bioactive metabolites. The XREfamily proteins encompass an ill-defined family of transcription factors shown to influence both development
and specialized metabolism in other Streptomyces species. Previous work completed by our group suggests
that XRE-family proteins may play a critical role in regulating specialized metabolism in S. clavuligerus.
Therefore, we selected a subset of genes encoding XRE-family proteins in S. clavuligerus for deletion and
overexpression studies. We are in the process of isolating mutants and conducting metabolite analysis studies
to investigate the roles of the respective genes in regulating specialized metabolism. Results from our
analysis can provide future avenues to manipulate natural product biosynthesis in S. clavuligerus and other
industrially important Streptomyces species.
MGC 046
Identifying and classifying promoter sequences in prokaryotes
Miria RAFANTE, Dalhousie University, R BEIKO1, 1Dalhousie University
Promoter sequences are short DNA segments that play a central role in gene transcription. Finding and
characterizing these regions is fundamental to the effective study of gene expression, specifically,
computational prediction of promoters can help provide insight into the conditions under which genes are
expressed. Despite that, promoter prediction is a challenging problem, and predictive methods have typically
suffered from low accuracy and applicability to only a limited range of bacterial taxa. These limitations are
due in part to simple representations of promoters' features and the limited availability of experimentally
validated and labeled data to train a machine learning classifier beyond model organisms such as Escherichia
coli. Using a Random Forest classifier, our approach overcame the aforementioned difficulties and
accuracies. We carefully selected promoter sequences with strong supporting evidence that they are true
promoter sequences in order to avoid propagation of error in our classifier. An encoded description of each
promoter was generated using measures such as the distance between binding sites, binding sites sizes, the
distance between TSS and gene, etc., and k-mer measures based on the nucleotide composition of the four
sequences that we considered relevant for the classifier learning step. To effectively make predictions for
entire genomes, our approach uses sliding windows that attempt to fit all possible measured features
identified from the analytical study of the true promoter’s intergenic ranges. The classifier makes a
prediction with a measure of certainty for each window as to whether it is a promoter and which type of
promoter it is. These predictions are then combined using rank aggregation into a final classification for each
intergenic region. This approach was validated by employing a nine-fold cross-validation, resulting in an
accuracy i.e. the number of hits over the number of tests, of 0.98 ± 0.003 for the promoter/non-promoter
classification, this surpasses previous methods, and of 0.97 ± 0.006 when predicting 6 classes of promoters.
The approach was also applied to the Salmonella genome and presented remarkably good preliminary results,
however, final performance is still to be evaluated. Our method has the ability to extract and encode relevant
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features that can differentiate the classes and correctly locate and identify promoter types in a genome,
quickly and with high accuracy. Furthermore, this approach can also be generalized to different but related
species. Our next steps will focus on improving the speed of our classifier and will investigate whether our
approach can be generalized to be applied to more distantly related prokaryotes.
MGC 047
Investigation of Non-Structural Proteins to Study the Biology of Streptococcal Phage 2972
Ariane C. RENAUD, Université de Laval, APH HYNES2, SG GAGNÉ1, SM MOINEAU1, 1Université de
Laval, 2McMaster University
Bacterial viruses are master manipulators of bacterial cells. They are able to take complete control of a
bacterium, bypassing bacterial immune systems, hijacking core transcription and translation machinery, and
typically resulting in lysis of the host. Although the broad strokes of phage replication are well understood,
there is very little knowledge about the mechanisms of the host cell takeover. Despite phages having
relatively small and ‘simple’ genomes, generally only the structural proteins have been well characterized. In
contrast, non-structural proteins, which include those involved in host cell takeover, tend to be completely
uncharacterized. This is certainly the case for the model of Streptococcus thermophilus phages, 2972, which
infects strain DGCC7710 widely used in dairy industry. Its genome of 34 704 bp encodes for 44 putative
ORFs, 14 of which are non-structural and have no known function. In this study, the type II-A CRISPR-Cas
system naturally present in S. thermophilus, was used for genome engineering purposes to investigate the role
of non-structural proteins of phage 2972. This natural bacterial immune system provides us with an ideal
means for genetic manipulation of virulent phages, which are otherwise intractable. Bacterial cells were
immunized, by a technique known as plasmid programing, to specifically target gene coding for these
uncharacterized ORFs. During an infection, the phage injects it genome into the cell, and the CRISPR-Cas
system cleaves that genome at the targeted site. By providing a suitable recombination template, we ensure to
obtain recombinant progeny phages with specific mutations. The phenotypes of these phage mutants are
under studied in vivo, and the structures of the wild-type proteins are being determined by Nuclear Magnetic
Resonance spectroscopy (NMR). Here, we are achieving a better understanding of phage biology, focused on
genes likely involved in host manipulation. This could lead to potentially valuable discoveries allowing usto
further fine-tune the bacteria used in various biological processes.
MGC 048
Campylobacter jejuni bacteriophage tropism reliant on complex capsular polysaccharides and
flagellum interactions
Hayley REYNOLDS, J.C. SACHER2, M. FOSS3, M.A. JAVED2, L. VAN ALPHEN2, M.P.
LAMOUREUX 3, A.V. KARLYSHEV4, A. SINGH5, H.C. JARRELL3, S. EVOY5, B.W. WREN6, C.M.
SZYMANSKI2, 1Department of Microbiology and Complex Carbohydrate Research Center, University of
Georgia, Athens, GA, 2Department of Biological Sciences, University of Alberta, Edmonton, AB, 3National
Research Council of Canada, Ottawa, ON, 4School of Life Sciences, Faculty of Science, Kingston
University, London, 5Department of Electrical and Computer Engineering, University of Alberta, Edmonton,
AB, 6London School of Hygiene and Tropical Medicine, London
Campylobacter jejuni is a frequent cause of human gastrointestinal illness worldwide. In addition, the
organism is a natural commensal in the poultry gut, an environment where C. jejuni is under constant
predation by bacteriophages. We investigated the interactions between C. jejuni and several lytic
bacteriophages, originally isolated from poultry, to identify phage-specific receptor(s) and to further
understand the evolutionary pressure for C. jejuni to vary its surface structures. The C. jejuni phages
characterized to date are classified into two groups, phages that require capsular polysaccharides (CPS) for
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infection and those that require flagellar motility. We identified two bacteriophages, NCTC 12673 and
NCTC 12674, that are capable of lysing C. jejuni strain 11168 via the CPS since lysis was not detected in 11
independent acapsular C. jejuni 11168 mutants that affected different processes in CPS formation including
sugar biosynthesis, sugar transfer and CPS assembly. Further characterization of phage NCTC 12673
revealed that the virion also requires flagellar motility for infection since no plaquing was observed on C.
jejuni 11168 motA and motB mutants. Interestingly, we isolated a phage revertant capable of plaquing on the
motility defective mutants and its genome sequence is currently being examined. Our results suggest that C.
jejuni phages target two predominant features on the bacterial cell surface, but that this interaction is more
complex than previously reported. We have identified phages that require both C. jejuni CPS and flagella for
infection, two structures known to be essential for poultry colonization.
MGC 050
Suppression of p53 function via FUBP1 via Human Adenovirus E1A
Andrea SORIANO, University of Manitoba, JR FROST1, M MENDEZ1, L CRISOSTOMO1, O OLANUBI1,
S RADKO1, P PELKA1, 1University of Manitoba
Human Adenovirus (HAdV) is a small non-enveloped icosahedral virus that possesses a linear double
stranded DNA genome of approximately 35 Kilobasepairs. Adenovirus normally infects non-cycling
epithelial cells, which are poor hosts for viral replication. Therefore, adenovirus has evolved mechanisms by
which it deregulates cellular growth through S-phase induction and changes in gene expression, with the goal
of making the cell a more favorable environment for viral replication. Adenovirus replication is divided into
the early and late regions. The early region encodes the early genes E1A,E1B,E2A,E2B,E3,E4 and the late
region encodes viral structural proteins L1-L5. E1A is the first viral gene to be expressed after infection, it
encodes several proteins that contribute to activation of viral gene transcription, reprogramming host cell
gene expression and forcing quiescent cells to re-enter the cell cycle. Inspite of participating in several
cellular activities, E1A possesses no DNA binding ability, instead, E1A binds to different cellular targets in
order to alter their function and/or gain access to cellular promoters. In our current studies we identified the
Far Upstrean Element binding protein (FUBP1) as a novel binding partner of the HAdV protein E1A. FUBP1
binds directly to E1A via the N-terminus and Conserved region 3 (CR3). FUBP1 was first identified as a
regulator of the oncogene c-Myc via binding to the Far Upstream Element (FUSE) of the c-Myc promoter.
Recent studies have identified FUBP1 as a regulator of transcription, translation, and splicing. Here, we show
that depletion of FUBP1 reduces virus growth and drives upregulation of cellular stress response by
activating the expression of p53 regulated genes. We observed that p53 occupancy is enhanced and histone
H3 lysine 9 is hyperacetylated at the promoter of these p53 regulated genes. In addition, E1A was found to
stabilize the FUBP1-p53 complex, therefore preventing p53 promoter binding. Together our results identify
for the first time FUBP1 as a novel E1A binding protein that participates in multiple aspects of viral
replication and is involved in E1A mediated suppression of p53 function.
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MGC 052
Evidence that Outer Membrane Factor, AdeK, is Functional in Combination with Adjacent RND
Efflux Components, AdeAB, in Acinetobacter baumannii 17978
Ellen SYKES, University of Manitoba, P. M. DE SILVA1, R. PATIDAR1, A. KUMAR1, 1University of
Manitoba
Antimicrobial resistance in bacteria has emerged as a critical global health issue in recent
years. Acinetobacter baumannii is a Gram-negative pathogen that has been classified as a Priority 1: Critical
threat to the global population by the World Health Organization (WHO). A specific family of efflux pumps
known as the Resistance Nodulation Division (RND) efflux pumps is largely responsible for intrinsic
multidrug resistance in A. baumannii. These pumps have three components including the inner membrane
RND transporter, the outer membrane factor (OMF) and the periplasmic adapter protein (PAP) that together
span the cell envelope. These three components of the RND complex are generally encoded as an operon.
AdeABC is considered the major RND pump of clinical relevance in A. baumannii. However, in A.
baumannii ATCC17978, a type strain, the gene adeC (the OMF-encoding gene) is absent from the operon
that encodes adeAB genes. However, mutants that display a downregulation of adeAB also show reduced
susceptibility to antibiotics that are substrates of the AdeAB pump. This indicates that the AdeAB pump is
likely functioning with another OMF protein. In this work, we investigate if the AdeAB pump can form a
functional complex with AdeK, the OMF of another RND pump, AdeIJK, in A. baumannii ATCC17978.An
unmarkedadeIJK deletion mutant, (AB185) and an unmarked adeIJK; adeAB deletion (AB205) in A.
baumannii ATCC17978 were created previously. In order to demonstrate the functional flexibility of the
OMF, AdeK, a chromosomal complementation of the two aforementioned strains will be performed. A
construct has been created using the adeK gene amplified from A. baumannii 17978 and ligated into the
pUC18T-miniTn7T-Gm-LAC vector. This vector will then be electroporated into AB185. After this
complementation is complete, qRT PCR data will be generated to determine the expression levels of AdeK in
both of the newly generated strains. In addition, antibiotic susceptibility assays will be carried out with
known substrates of the AdeIJK and AdeABC efflux pumps to determine if in fact the AdeAB-AdeK
complex can efflux similar substrates. Phenotypic assays such as ethidium bromide accumulation and efflux
evaluation will also aid in determining the component involved in efflux pump functionality.
MGC 053
In vivo analysis of clavulanic acid biosynthesis in Streptomyces clavuligerus
Kapil TAHLAN, Memorial University of Newfoundland, S SRIVASTAVA1, K KING1, N ABUSARA1, C
MALAYNY1, J WILSON1, 1Memorial University of Newfoundland
Clavulanic acid is produced by Streptomyces clavuligerus and is a potent inhibitor of β-lactamases, enzymes
that hydrolyze and inactivate conventional β-lactam antibiotics such as penicillins and cephalosporins. It
differs from all other known clavams due to its unique 5R stereochemistry, which is also responsible for its
bioactivity. Clavulanic acid and the 5S clavams share a common biosynthetic pathway and precursors leading
up to the penultimate step during clavulanic acid biosynthesis also have 5S stereochemistry. As to how and
when the stereochemical change from 5S to 5R takes place during the clavulanic acid production has been a
long standing question, with many different hypotheses being proposed. One such hypothesis involves the
product of orf12 (or Ble) from the clavulanic acid gene cluster, which resembles class A β-lactamases and
has an additional N-terminal domain resembling steroid isomerases/cyclases. Previous reports from other
groups have also shown that Orf12 exhibits some in vitro β-lactam esterase activity, the implications of
which during clavulanic acid biosynthesis is not clear. We conducted extensive in vivo mutagenesis,
expression and complementation studies to show that Ble is most probably a bonafide enzyme from the
clavulanic acid biosynthetic pathway of S. clavuligerus. It is intriguing that a protein related to β-lactamases
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would be involved in the biosynthesis of a β-lactamase inhibitor, the implications of which will also be
discussed.
MGC 054
Transcriptional Regulator mmpT5 Controls Efflux Pump Expression in Mycobacterium
intracellulare and Provides Mechanism for Bedaquiline Resistance
Joshua YONEDA, University of Regina, J.C. CHEN2, D.A. ALEXANDER1, A.C. CAMERON1, 1University
of Regina, 2University of Saskatchewan
Bedaquiline (BDQ), a diarylquinoline antibiotic that targets ATP synthase, is effective in treating multidrugresistant tuberculosis (MDR-TB) and non-tuberculous mycobacterial infections. A recent study using BDQ to
treat Mycobacterium intracellulare lung infections observed 7 out of 13 patients suffering a relapse in
infection during treatment [Alexander et al., (2017) J Clin Micro 55:574]. Whole-genome sequence
comparison between pretreatment and drug-resistant relapse isolates revealed that in each infected
individual, M. intracellulare had independently evolved resistance, and all resistant isolates carried
nonsynonymous mutations in the uncharacterized locus mmpT5. The gene mmpT5 is annotated as a TetR
transcriptional regulator, located upstream of the Resistance Nodulation Division (RND) efflux
pump mmpSL. Previous studies have shown a regulatory role of TetR transcription factors on mycobacterial
efflux pumps. In this study, we use Golden Gate cloning to generate a single plasmid construct with
inducible mmpT5 and a mmpSL promoter-luciferase reporter fusion. The optimization of the Golden Gate
cloning technique allowed us to efficiently exchange mmpT5 mutations from different clinical isolates.
Luciferase-reporter assays showed that mmpT5 encodes a transcriptional repressor which
represses mmpSL efflux pump genes. Bedaquiline-resistant clinical mutations in mmpT5 resulted in
upregulation of the mmpSL efflux pump, suggesting a mechanism of bedaquiline resistance. These results
show that the TetR repressor mmpT5 controls the expression of the mmpSL efflux pump and mmpT5 variants
may result in the upregulation of drug efflux leading to drug resistance.
MGC 056
The tRNA5Leu-encoding gene leuX plays a role in the regulation of virulence gene expression in
enterohemorrhagic Escherichia coli O157:H7
Yongxiang ZHANG, Public Health Agency of Canada, L. WANG1, C. R. LAING1, C. CLARK1, V. J. P.
GANNON1, 1Public Health Agency of Canada
Introduction: E. coli O157:H7 is associated with outbreaks and sporadic cases of hemorrhagic colitis and
the hemolytic-uremic syndrome in humans. It contained two major virulence factors: the Locus of Enterocyte
Effacement (LEE) and its possession of Shiga-toxin genes. The LEE allows O157:H7 to express the
“attaching and effacing” (A/E) phenotype, a characteristic lesion described as the intimate adhesion of the
pathogen to enterocytes, destruction of the brush border microvilli, and cytoskeletal changes of the host cell
and is subject to a very complex network of regulation comprised of genetic elements within LEE and
outside of it. Transfer RNA (tRNA) genes frequently serve as target sites for the integration of
bacteriophages or genomic islands into the bacterial chromosome. In this study, we characterized the
tRNA5Leu gene leuX which is located next to the genomic island OI-172 which is reported to regulate the
motility of Escherichia coli O157:H7. Method: Lambda red mutagenesis was used to create the leuXdeletion mutant and ler point mutations (from codon TTG to TTA). Transcriptional expression of LEE1,
LEE2, LEE5 was measured by measuring bioluminescene expression using a promoter::luxCDABE fusion
which was constructed by cloning the LEE5 promoter into the pCS26 plasmid. Isobaric tags for relative and
absolute quantitation (iTRAQ) was used for proteome comparisons. Results and discussion: We created an
leuX-deletion mutant of O157:H7 strain EDL933 and identified phenotypic differences between wild type
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and mutant strains. The deletion mutant had significantly slower growth in BHI medium supplemented with
volatile fatty acids (20 mM propionic acid or 20 mM keto-butyric acid at pH6.5) than the wild type. Motility
assays also showed that the deletion mutant migrated slower than the wild-type EDL933. The deletion
mutant expressed higher amount of LEE1, LEE2, and LEE5 transcripts than the wild type in DMEM
medium. A comparison of protein expression patterns showed that the deletion mutant expressed higher
levels (more than 8 folds) of the LEE proteins (including Ler, EscV, Tir, EspA, EspD) than the wild type.
Implications: LeuX may play an important role in regulation of pathogenicity and ecology of the E.
coli O157:H7.
MGC 058
Fungal Phylogenetics Using Mitochondrial Protein Sequences
Nikita PATEL, University of Manitoba, A WAI1, A ZUBAER1, G HAUSNER1, 1University of Manitoba
The fungi are of economic importance as pathogens or with regards to the production of anti-microbial
compounds, useful enzymes, and potential usage in bioremediation or in energy production. Continued basic
research into the evolution, taxonomy, and physiology of fungi will therefore always be of relevance. Among
the fungi, mitochondrial genomes are variable with regards to their size, organization, and architecture for
reasons that are not well understood. There are two aims of this study (1) to generate a phylogenetic tree with
representatives from all four fungal phyla using mitochondrial protein sequences in order to obtain a
comprehensive fungal phylogeny; (2) to gain some insight with regards to gene content, mtDNA sizes, and
architecture. Thirteen different mitochondrial proteins were chosen: atp6, atp8, cob, cox1, cox2, cox3, nad1,
nad2, nad3, nad4, nad4L, nad5, and nad6. The following genes, atp9 and rps3 (also known as var1 or S5),
were not selected to infer phylogeny due the absence of these genes in certain fungi. Concatenated amino
acid sequences for the sampled mtDNA proteins were aligned with MAFFT and phylogenetic analysis was
conducted with programs contained within the MEGA7 package, MrBayes, and the W-IQ-TREE programs.
The fungal phylogeny was evaluated if it is congruent with current views on fungal evolution and the
phylogeny was also applied to track characters such as AT-content, genome size and the presence or absence
of genes such as rps3 and atp9. The mtDNA-based fungal phylogeny reflected known trends in fungal
evolutionary history, with all fungi grouping within their respective phyla. The node support was consistently
high for the majority of nodes suggesting mtDNA may provide stable tree topologies for resolving deeper
fungal phylogenetic relationships. Currently, most fungal phylogenetic investigations are based on the
analysis of one or a few loci, mtDNA offers a larger pool of genes that can be analyzed. The presence of the
rps3 gene was somewhat sporadic among members of the Chytridiomycota and the Zygomycota while
among the Ascomycota and Basidiomycota the rps3 gene was present in most members except for early
branching members of the Ascomycota. Also, many filamentous ascomycetes fungi encode the rps3 gene
within a group IA intron located within the rnl (large ribosomal subunit) gene. The atp9 gene also appears to
be absent in some members of the Ascomycota. The data also showed that mtDNA size varies greatly among
the fungi (~19 to >200 kbp) and this is in part due to the presence of intergenic spacers and in some cases
large numbers of introns (group I and group II type introns).
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MGC 059
Investigation of the role of histone deacetylase 10 in HIV replication
Xiaozhuo RAN, University of Manitoba, X RAN1, Z AO1, L WANG1, B LIU1, X YAO1, 1University of
Manitoba
During HIV infection, there are several cellular factors inhibiting viral infection and replication. Up to date,
some of histone deacetylase (HDAC) families have been reported to function as cellular inhibiting factors.
For instance, HDAC6 has been shown to inhibit viral infection through repressing cellular tubulin
acetylation. HDAC10 is a member belongs to class IIB HDAC families and its role in HIV replication and
pathogenesis is still unknown. Our previous RNA-seq results have shown that HDAC10 was downregulated
in HIV-associated envelope stimulated infected CD4+ T cells. Here, we have further investigated the
expression changes of HDAC10 during HIV infection and its impact on HIV infection and replication. First,
our results showed that endogenous HDAC10 was downregulated on transcriptional level during HIV
infection in CD4+ T cell lines as well as primary CD4+ T cells. To assess the impact of HDAC10
downregulation on the early stage of replication, we knocked down HDAC10 in CD4+ T lymphocyte Jurkat
cells and found HDAC10 downregulation led to the increase of HIV integration. Through Co-IP, we revealed
that HDAC10 interacted with HIV integrase (IN). In addition, compared with another HDAC member
HDAC6, the interaction between HDAC10 and IN is specific. Further, to investigate the role of HDAC10 in
the late stage of HIV replication, we detected the infectivity of progeny virus from HDAC10 KD cells or
control cells. We found that the downregulation of HDAC10 was associated with an increased infectiousness
of the progeny viruses. Inversely, the HDAC10 overexpressed led a decreased infectivity. Furthermore,
through quantitative RT-PCR, we have analyzed the total and integrated viral DNA in CD4+ T cells infected
by progeny viruses derived from the normal and the HDAC10-KD cells. The results showed that the progeny
virus from HDAC10-KD cells induced higher integration levels. These results suggest that the cellular
HDAC10 plays an important role during HIV infection and replication.
MGC 060
Intron-encoded ribosomal protein S3 and N-acetyltransferases within the mitochondrial genomes of
some fungi: Here today, gone tomorrow?
Alvan WAI, University of Manitoba, A CARTA1, G HAUSNER1, 1University of Manitoba
Mitochondrial genomes (mtDNAs) of filamentous fungi of the phylum, Ascomycota are highly variable in
their architecture and length, which have been attributed to gene order, the presence or absence of introns,
intron-encoded open reading frames, and intergenic regions. Fungal mtDNAs tend to encode a core set of
genes plus the ribosomal protein S3 (rps3) gene and in some instances the N-acetyltransferase (NAT) gene.
Based on an initial study of fungal mtDNAs from the NCBI and JGI databases, two observations were noted:
1) rps3 can be intron-encoded at position mL2449, freestanding (i.e. intergenic), or absent and 2) some
mtDNAs encode a putative ORF for N-acetyltransferase (mt-NAT), a protein that is part of a larger family of
NAT proteins usually encoded in the nuclear genome. A more detailed investigation on members of the
subphylum Pezizomycotina showed that in some instances mtDNAs did not encode rps3 and additional
examples of mt-NAT were uncovered. For some of these fungi (Dothideomycetes), mt-RPS3-related
sequences were extracted from their respective nuclear scaffolds. Both mitochondrial- and nuclear-encoded
versions (i.e. cytoplasmic and mt-NAT-related types) of the NAT protein sequences were also collected.
Sequences were aligned with MAFFT (Multiple Alignment using Fast Fourier Transform) and phylogenies
were inferred using maximum likelihood and Bayesian inference. Phylogenetic analysis of RPS3 sequences
showed that freestanding versions are located in many early-branching members of the Pezizomycotina.
Within the class, Dothideomycetes, those that lost the mt-encoded version of rps3, there appears to be a
nuclear encoded counterpart which is distinct from the nuclear-encoded cytoplasmic versions of RPS3. This
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suggests that in some members of the Dothideomycetes, the nuclear mt-rps3originated from a transfer where
the mitochondrial rps3 was relocated to the nuclear genome. Members of the Helotiales, Pleosporales, and
Xylariales encoded putative mt-NAT ORFs. Two versions exist in mtDNAs: 1) encoded within an intron of
the cytochrome b gene and 2) freestanding. Typically, these ORFs are either intron-encoded or freestanding,
although one example (Annulohypoxylon stygium) was observed where it had both. Phylogenetic analysis
suggests that the mt-NAT can be derived from the nuclear-encoded version of NAT. Thus, the mt-NAT
versions probably arose by the transfer of a nuclear copy to the mtDNA. Overall, mitochondrial genome
diversity is, in part, driven by sequences being transferred from the mtDNA to the nuclear genome (i.e. rps3)
or by nuclear genes being transferred to the mitochondrial genome (i.e. NAT).
MGC 061
Mitochondrial genome expansion and intron mobility in Ceratocystis sensulato species
Abdullah ZUBAER, University of Manitoba, A WAI1, G HAUSNER1, 1University of Manitoba
Ophiostomatoid fungi are a polyphyletic group of organisms that can be assigned into two major lineages.
One includes the genus Ophiostoma and related taxa and the other lineage includes members of Ceratocystis
and allied taxa. Due to convergent evolution these fungi have similar morphologies and are therefore difficult
to classify, frequently requiring the use of molecular markers. In this work the mitochondrial genomes for
members of Ceratocystis sensu lato are being investigated; specifically members of the species
Endoconidiophora resinifera. Endoconidiophora (= Ceratocystis) resinifera (Ascomycota, Order
Microascales) is known for its undesirable effect of causing blue-stain in conifers subsequently degrading the
timber quality and its economic value. Unlike its related species (such as Ceratocystis fimbriata) this
organism was not found to cause infections but can colonize wounds in Picea trees (Conifers). A thorough
investigation of the mitogenomes of E. resinifera and allied species (C. cacaofunesta, C. platani and C.
fimbriata) has been performed by MFannot, RNAweasel, tRNAscan, Mauve, Artemis and BLAST.
Phylogenetic investigation utilizing a concatenated mtDNA protein based amino acid sequence alignment
yielded phylogenetic trees with high node support values suggesting the mtDNA based markers have great
potential in resolving taxonomic issues within the economically important group of fungi. All of the
mitogenomes contain common features of fungal mtDNA having 14 protein coding genes, 2 rRNA genes and
a number of (22 – 28) tRNA genes. These genomes were also found to be rich in self-splicing introns (group
I and group II introns). Most of those introns encode open reading frames for homing endonucleases or
reverse transcriptase that potentially catalyze the mobility of their corresponding introns. The synteny map,
tRNA and intron tables of the Ceratocystis s.l. mitogenomes showed that the gene order is conserved among
members of the same genus, but the observed genome expansions (~103 kbp to ~220 kbp) are significant and
it is due to the high variation of intron numbers. There are slight variations in the tRNA arrangements among
the examined species. In addition gene duplication for certain genes were noted and a piece of plasmidderived gene was detected. Evidence was suggesting that one intron plus its homing endonuclease gene
mobilized from one gene (rnl) to another (rns) forming a side-by-side twintron. The study concludes that
introns play a major role in genomic variation and genomic expansion for the mtDNA of members of
Ceratocystis and possibly for members of the Microascales.
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MGC 062
Characterization of the dif chromosome dimer resolution site in Caulobacter crescentus
Ali FARROKHI, Université de Montréal, G SZATMARI1, 1Université de Montréal
In bacterial cells, division and chromosome segregation are timely and spatially interconnected. However,
the mechanism by which this phenomenon is regulated is not yet completely understood. It has been shown
that the replication of the circular chromosome results in the creation of chromosome dimers in 15% of the
cells in E. coli, and tyrosine recombinases XerC and XerD are involved in the resolution of chromosome
dimers. Interestingly, XerC/D recombinases need the cell division protein, FtsK, to become localized and
activated at the septum, thus creating a tight coordination between cell division and chromosome
partitioning. My project addresses the mechanisms by which XerC/D recombinases perform chromosome
dimer resolution in Caulobacter crescentus during cell division. Rasmus Jensen from Roskilde University
has defined a dif chromosome dimer resolution site, difI, by analyzing the skewed sequences in the C.
crescentus genome. It has been shown that the deletion of difI results in filamentation of 2% to 4% of the
cells during the growing phase. Using the algorithm, Recursive Hidden Markov Modeling, another potential
chromosome resolution dimer site, difII, can be determined which exhibits more similarity to
the dif consensus sequence in proteobacteria, when compared to difI. It is worth mentioning that difII is
located in an intergenic region upstream of a lambda-type integrase gene and downstream of a phage Xre
family transcriptional regulator. Here we show that XerD, compared to difI, exhibits much stronger affinity
for difII. However, XerC can efficiently bind to both hypothesised dif sites, albeit with lower affinity for difI.
Furthermore, we observed a distinct cooperative interaction between XerC and XerD with difII which was
not seen when difI was tested under the same conditions. Consistent with the gel retardation experiments, in
vitro suicide substrate assays show that XerC/D recombination system can efficiently cleave the top strand
of difII, but no obvious cleavage was observed when difI was tested under the same conditions. We believe
these data demonstrate the obvious involvement of difII in the chromosome dimer resolution in C.
crescentus. Albeit, the binding affinity of XerC for difIis not negligible. It remains to confirm the in
vivo ability of XerC/D recombinases to bind to dif recombination sites by CHIP-qPCR. The existence of
two dif sites on the bacterial chromosome is not unique to C. crescentus. For instance, Vibrio cholerae larger
chromosome, ChrI, contains two overlapping dif sites which serve for two different XerC/D mediated
processes: one dif site is for the integration of a toxic bacteriophage, CTX?, and the other one for the
chromosome dimer resolution. It would be interesting to address the possibility of any
potential difI /difII mediated integration of foreign DNA into the Caulobacter genome by in vivo site-specific
recombination assays.
MGC 063
Application of CRISPR Cas as modern phage therapy
Zhabiz GOLKAR, Voorhees, AH HARPER 1, TC CAMPBELL1, 1Voorhees
Antimicrobial resistance of pathogens such as E. coliis a growing concern to the health care system. This
increased concern of pathogen resistance to current therapies is encouraging the development of new
antimicrobial strategies, and is reviving interest in traditional bacteriophage applications.Although
therapeutic and prophylactic application of lytic phages has distinct advantages. over conventional medical
interventions, bacteria have evolved multiple defense barriers to interfere with nearly every step of phage life
cycles. Phages counteract this selection pressure by evolving their genomes to evade bacterial resistance.
The antagonistim between bacteria and rapidly mutating viruses promotes the evolution and propagation of
phage-resistance mechanisms in bacteria. An adaptive microbial immune system, known as Clustered
Regularly Interspaced Short Palindromic Repeats (CRISPR) provides for acquired immunity against viruses
and plasmids. Unlike the restriction–modification anti-phage barrier that cleaves any foreign DNA lacking a
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protective methyl-tag in the target site, the CRISPR–Cassystems are invader-specific, adaptive, and heritable.
In this study,we use bacteriophages for delivering a programmable DNA nuclease, CRISPRassociated (Cas), to reverse antibiotic resistance and to eliminate the transfer of resistance between
strains.This novel approach combines CRISPR-Cas delivery with lysogen, lytic phage selection of antibioticsensitized bacteria. The strategy uses phages in a unique way that overcomes many of the hurdles
encountered by phage therapy, and, therefore, may reduce the prevalence of antibiotic-resistant bacteria in
designated facilities that may have concern for MDR strains.
MGC 064
Plasmid Profiler: Comparative Analysis of Plasmid Content in WGS Data
Adrian ZETNER, Public Health Agency of Canada, J CABRAL1, L MATASEJE1, N KNOX1, E ENNS1, P
MABON1, M MULVEY1, G VAN DOMSELAAR1, 1Public Health Agency oublic Health Agency of Canada
Plasmid Profiler is a pipeline for comparative plasmid content analysis without the need for de novo
assembly. The pipeline is designed to rapidly identify plasmid sequences by mapping reads to a curated
plasmid sequence database. Predicted plasmid sequences are then annotated with their incompatibility group,
if known. The pipeline allows users to query plasmids for genes or regions of interest and visualize the
results in a heat map and comma separated value (csv) table.
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