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ABSTRACT
APPLICATION OF MALDI-TOF MS FOR MULTIPLE SOURCE TRACKING FROM
SEWAGE AND SEPTIC TANKS ALONG WITH IDENTIFICATION OF
ANTIBIOTIC RESISTANT PATHOGENIC ESCHERICHIA COLI

Akshita Maheshkumar Mirani
University of Houston-Clear Lake, 2022

Thesis Chair: Michael LaMontagne, Ph.D.

The intensity of extreme flooding events, driven by tropical cyclones and sea-level rise,
may increase dramatically this century. These extreme weather events can spread
untreated sewage from wastewater treatment plants and onsite wastewater treatment
systems

(OWTS, septic tanks), which creates a possibility of outbreaks of water-borne diseases.
Human waste represents a particular threat because it is laden with antibiotic-resistant
bacteria. In particular, bacteria in waters that appear to be contaminated with human
waste show a high level of resistance to the antibiotic polymyxin. To assess the risk of
disease spread, managers need tools to track the source of this contamination.
Escherichia coli (E. coli) is widely used as a fecal indicator bacteria (FIB). Elevated
levels of this FIB suggest microbial contamination but not the source. Commonly used

microbial source tracking tools, are time-consuming and expensive. Matrix-assisted laser



desorption/ionization-timeof-flight mass spectrometry (MALDI-TOF MS) is a time and
cost-effective way to identify bacteria. This proteomics method can distinguish strains of
bacterial species but has not yet been widely used for microbial source tracking.

In this study, E. coli strains were isolated from wastewater treatment plants and a
composite sample from OWTSs. For comparison, a library of isolates was also generated
from seal scat and dog feces. Isolates were then identified by MALDI-TOF MS, and
cluster analysis was performed on mass spectra to determine if this technique can
differentiate the sources of these FIB. To get knowledge on E. coli resistance towards
antibiotics, a disc diffusion assay was implemented to screen representative isolates for
sensitivity to broad spectrum antibiotics and polymyxin B. Colistin resistance of
representative isolates and likely FIB sources (sewage, OWTSs, seal scat, and dog feces)
was checked by PCR using primers pairs specific for the genes mcr-1, mcr-2, and mcr-3.
MALDI-TOF MS distinguished E. coli strains isolated from sewage and OWTSs from E.
coli isolated from animal sources. Antibiotic resistance assays indicated that E. coli
strains isolated from all sources were resistant to ampicillin, streptomycin, and
gentamicin. Bacteria isolated from sewage and OWTS showed resistance to colistin and
polymyxin B and DNA extracted from a sewage sample tested positive for colistin
resistance with primers specific for mcr-3. The results suggests that MALDI-TOF MS
could be applied to track the source of fecal contamination of waterways. This could
improve risk assessment and point to mitigation strategies. Preliminary results also
suggest that polymyxin resistant E. coli strains are common in sewage. Screening for

these antibiotic resistant genes could indicate the presence of human waste.
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CHAPTER I:
INTRODUCTION

Concern for Increasing Flooding events

Climate change will increase the intensity of tropical storms (Knuston et al. 2020)
and has increased the risk of flooding in coastal regions by approximately 35%
(Hettiarachchi et al. 2018). Flooding increases the risk of pathogen transmission and is a
major issue for cities along the coast of the Gulf of Mexico (Sericano et al. 1994),
especially Houston (Pingfeng et al. 2018). For example, in 2017 Hurricane Harvey
flooded 25-30% of the city of Houston, resulting in the spread of untreated sewage from
wastewater treatment plants (Stuckey, 2017). Targetted metagenomic analysis suggests
this event contaminated tributaries to Galveston Bay with human waste (Fig. 1). Flooding
from Hurricane Laura in 2020 spread untreated sewage in the Houston-Galveston area
(Rasha et al. 2020). These floods carry pathogens that may drive outbreaks of water-
borne infectious diseases and create new threats, including antibiotic resistant bacteria

(Garner et al. 2017).
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Figure 1. Nonmetric multidimensional scaling analysis (NMDS) of microbial community
structure for samples collected from Clear Lake (TX) before and after Hurricane Harvey
(HH). Bacterial communities in floodwater (HH (red)) showed similarity to communities
in a water sample spiked with raw sewage (purple). Figure reproduced with permission
from LaMontagne et al. 2022.

Watershed coupled to Western Galveston Bay contain thousands of onsite
wastewater treatments systems (OWTS), which can be an important nonpoint source of
fecal contamination (Withers. 2014). This contamination threatens the economic
viablitity of communities along the bay and, during extreme weather events, the health of
residents exposed to conatminated floodwaters (Yang. 2021). However, this public
health threat is not well studied. In particular, relatively few studies have described
bacterial communities in OWTSs.

Penicillin was discovered by Sir Alexander Fleming in 1928 and first became
commericially available to the general public in 1945. The first case of penicillin-
resistance was observed shortly after in 1947 (Lobanovska et al. 2017). Many of the

antibiotics currently used were produced during the “golden age” of antibiotic production
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in the 1950s and 1960s (Davies. 2006). Since then, the use of antibiotics has increased
dramatically and The Center of Disease Control (CDC) has classified antibiotic resistant
bacteria (ARB) as a severe threat (CDC. 2019). Additionaly, the CDC has classified a
few strains of bacteria as a severe concern, including colistin-resistant E. coli and
vancomycin-resistant Enterococci; both of which have been found to be present in
sewage (Eramo et al. 2017).

Fecal indicative bacteria (FIB) are found in the gut of mammals and are almost
universally used to assess water quality. FIB counts provide useful information to
stakeholders; however, deeper studies of the prevalence and persistence of the ARB and
antibiotic resistant genes (ARG) in FIB collected during water quality monitoring are
needed to further assess public health risks. FIB frequently exchange ARG through
horizontal gene transfer (Granado et al. 2019, Pandey et al. 2014, Ventola 2015).
Floodwater generated by extreme weather events could spread these ARB and ARG
through aquatic systems (Kaufmann et al. 2016). However, the connection between the
increase in floods and spreading of ARB and ARG has yet to be well characterized. To
track the spread of these emerging threats, routine and consistently monitored stations
need to be implemented as well as genetic analysis of ARB (Gong et al. 2019, Kawecki et
al. 2017).

Presence of FIB

Fecal contamination in freshwater can be determined by elevated counts of E. coli
as recommended by the U.S Environmental Protection Agency (EPA). Elevated counts of
this FIB suggest an increased risk of water-borne diseases. However, the increase in
counts do not indicate the source. Therefore, soucre tracking protocols are implemented.

Bacterial source tracking methods can be divided into culture-independent and
culture-dependent approaches (Field. 2002). Culture-independednt methods include

targetted and shotgun metagenomics (Raza 2021, Gomi 2014), and most commonly,
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gPCR with source specific primers (Aridi et al. 2020). Culture-dependent methods
generally involve creating libraries of FIB from sources and samples and then
determining the frequency of FIB associated with different sources. This laborious
bacterial source tracking approache has particular value for managers because they can
identify the source or sources directly responsible for elevated FIB counts. This informs
mitagation strategies and provides legal evidence for enforcement. Culture-independent
methods include targetted and shotgun metagenomics

Culture-dependent protocols of bactrial source tracking, including antibiotic
resistant patterns and ribotyping, can give ambigous results. (Stoppe et al. 2014). Whole
genome sequencing (WGS) has emerged as a powerful tool for tracking infectious
disease outbreaks (Brown et al. 2021, Nouws et al. 2021) but WGS is expensive and time
consuming. Matrix-assisted laser desorption/ionization time of flight mass spectrometry
(MALDI-TOF MS) on the other hand is a fast and inexpensive method of bacterial
identifcation, and has resolution comparable to WGS (Marzhari 2021).

MALDI-TOF MS

Application of MALDI-TOF MS for microbial identification involves ionization
of protein extracts with a matrix and then blasting the sample with short laser pulses. The
resulting charged peptide fragments are accelerated by electromagnetic fields in a
vaccum tube (Wieser et al. 2012). The time fragments take to reach the detector is
propotional to their mass and the degree of ionization. This creates a mass spectrum
figerprint, which can be used to rapidly and reliably identify microbes (Maier et al.
2006). This high throughput method can provide results for hundreds of isolates in an
hour. Commercially available MALDI-TOF systems, use proprietary software to
compare spectra from isolates against a reference database for microbial identification.
The popular Bruker MALDI Biotyping system (Bruker Diagnostics) gives each

fingerprint a reliability score (1.5-3.0) based on matches to refence spectra. A score
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above 2.3 is considered species-level identification. MALDI-TOF MS can also
discriminate strains of bacterial species including antibiotic resistance strains of
pathogens (Singhal et al. 2015, Motlagh and Yang 2019).

Antibiotic Resistance

More than 2.8 million antibiotic-resistant infections occur in the U.S. each
year(CDC, 2021) and ARB are common in human waste. For example, 92 E. coli strains
isolated from children, 40% of the isolates were ampicillin resistant, 25% were
tetracycline resistant, and 26% were streptomycin resistant (Barreto et al. 2009).

To determine resistance of bacterial strains, antibiotic representatives from each
class should be considered. These include, chloramphenicol, ampicillin, tetracycline,
gentamicin, erythromycin, and streptomycin.

Colistin And Polymyxin B Resistance

Resistance to polymyxin is an emerging threat (Li et al. 2019) and floodwaters
generated by Hurricane Harvey appear enriched in genes associated with resistance to
polymyxin (LaMontagne et al. 2022). Polymyxin class antibiotics include polymyxin E
(colistin) and polymyxin B. These antimicrobials are one of the last remaining treatments
for multidrug-resistant Gram-negative bacteria, especially Enterobacteriaceae (Li et al.
2019). Colistin antibiotic is a circular peptide which disrupts the outer membrane of
Gramnegative bacteria (Gogry et al. 2021). Bacteria acquire resistance against this class
of antibiotics by mutation in genes that code for lipopolysaccharides (Li et al. 2020).
Resistance to colistin is common in bacteria isolated from livestock and humans (Olaitan
et al. 2014) and is associated with virulent strains. For example, colistin resistant E. coli
strain NC101 releases colibactin, a genotoxic metabolite that can break DNA and
promote colorectal cancer (Silpe et al. 2022). Resistance to colistin is encoded in the
genes mcr-1, 2 and 3 gene (Chalmers et al. 2018). These genes can be rapidly and

sensitively detected by PCR amplification (Li et al. 2017, Reinthaler et al. 2003).
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In this thesis project, | assessed diversity of E. coli strains isolated from sewage
and OWTS samples. To provide preliminary data on the microbial communities in these
water treatment systems, | did a meta-microbiome analysis of publicly available data. |
then evaluated MALDI-TOF MS as a method of tracking these wastewater sources of E.
coli. Seal scat and dog feces were used for comparison. To track the spread of ARB from
these sources, antibiotic resistance for E. coli isolates was also evaluated and the

prevalence of ARG in waste and fecal sources was also evaluated.



CHAPTER II:

METHODOLOGY

Expected Taxa from Meta microbiome analysis

To compare bacterial communities in between sewage and OWTS, | analyzed

sequences obtained from the European Nucleotide Archive (ENA) and the NCBI Short

Read Archive (Table 1). The 16S rRNA gene data, the reads were subset by segkt and

processed by DADAZ pipeline (Appendix), which gave the top 20 bacterial taxa (Fig. 2).

Shotgun data were also subset by segkt but analyzed with Aldex2 pipeline

(Appendix). Shotgun data were viewed with the online web-browser ccMetagen to obtain

a composition figure (Fig. 3). The majority of the bacteria found were member of the

Gammaproteobacteria class, which includes the Enterobacteriaceae family, and

the Bacteroidia class.

Table 1. Meta-microbiome analysis of sewage and OWTS.

Metadata SRA Platform Strategy Location
OWTS SRR11314289 | Illlumina 16S V4 United states
Truseq
Sewage Water | SRR8573788 | lllumina | Shotgun Montevideo (capital of
HiSeq metagenomics Uruguay)
Wastewater PRINA264400 | lllumina | 16S V4-V5 71U.S. cities
MiSeq
Wastewater PRIJNA505617 | lllumina | 16S V4-V6 Hong Kong
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Figure 2. Top 20 bacterial taxa data for 16S rRNA gene sequences for sewage (out719)
and OWTS (out717) fastq files were processed with the DADA2 pipeline, showing
majority in both samples to be Gammaproteobacteria class.
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Figure 3. Bacterial taxonomic composition obtained for sewage samples shotgun data
processed with ccMetagen.
Sewage, Septic Tank, and Animal Scat Sampling

Sewage samples were collected from influent of Sewage Treatment Plant (STP)
facilities in Houston: Dallas Salmon WWTP on December 2™ 2021 (Fig. 4), and two
other sewage treatment facilities on March 1% 2021, and on February 8" 2021. The
OWTS sample was a composite of several tanks that had been pumped into a vacuum
truck. The sample was collected from a septic tank pumppout service provider (Shamrock
Septic, Alvin TX) on Novermber 17" 2021. Seal scat was collected from captive seals at

Moody Gardens, Galveston TX, from a pen where seals are displayed on August 10™"
9



2021 and dog feces were collected from two mixed-breed one-year old companion

animals on Novermber 23 2021.

All fecal and waste samples were collected in sterile 50 mL falcon tubes (Stellar
Scientific). The tubes were transported back to the laboratory on wet ice. Sewage

and OWTS samples (25 mL) were directly used without any processing. Seal scat and
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dog feces were suspended in 25 mL 1X PBS. The biomass was concentrated from
samples by centrifugation at 8,000 xg for 10 mins at 4°C. The supernatant was discarded
in 10% bleach solution. Pellet obtained was resuspended in 2mL DESS solution (DESS
was prepared by 20% DMSO, 500 mM EDTA, and 5M NaCl). DESS was used because
DMSO helps in cell penetration of EDTA and NaCl, EDTA ceases nuclease activity, and
NaCl ceases enzymatic activity. The DESS suspension was transferred to 4 x 1.5 mL
sterile microcentrifuge tubes. The tubes were centrifuged at 16,000 xg for 2 mins, the
supernatant was discarded, and the pellets were stored at -80°C.
Culturing

Differential and selective media were used to isolate the Gram-negative bacteria.
One library was generated by diluting samples with in 1X PBS to 10 to 10°® dilutions.
100 pl of each diluted sewage sample was directly spread on differential media (BB1
Levin Eosin Methylene Blue (EMB, BD-211221) and Difco MacConkey agar (BD-
212123)). As the above approach yielded few E. coli isolates, samples dilutions were also
mixed with equal volumes of 2X concentrations of primary media and were then
dispersed into 96 well plates. Primary media for E. coli was Al broth (Sigma 17112)
supplemented with 20 mg/mL MUG working solution, which was prepared by diluting
100 mg MUG (Cayman 17205) with DMF (Sigma D-4551). Positive wells after checking
under UV light were further plated on secondary media EMB and MacConkey. Isolates
which showed positive wells along with growth on secondary media were re-streaked on
to Tryptic Soy Agar (TSA, TEKNOVA- T0401) plates.

MALDI- TOF MS

Isolates from TSA were identified using MALDI-TOF MS with a 3-step process.
Individual colonies from TSA plates were selected, processed by ethanol treatment,
extracted with formic acid, and spotted on steel targets following protocols recommended

by Bruker Scientific (Billerica MA, USA). Overnight bacterial cultures were suspended
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in 300 pl of HPLC-grade water and 900 pl of HPLC-grade ethanol. The suspensions
were stored at 4°C for up to 7 days. Suspensions were centrifuged at 14,500 xg for 2 mins
to recover bacterial cells. 50 pl of each 70% formic acid and 100% acetonitrile were
added, followed by centrifugation. The supernatant resulted in protein extracts. 384
polished/ 96 polished MALDI target steel plates were cleaned with freshly prepared 70%
ethanol and 80% Trifluoroacetic Acid (TFA) as recommended by Bruker. Targets were
spotted with 1 pl of extracts. Controls spotted received either 1 pl Bacterial Test Standard
(BTS) or 1 pl of matrix solution. Targets were allowed to air dry and then shipped
overnight with an ice pack to the Proteomics and Mass Spectrometry Core Facility at the
Huck Institute (The Pennsylvania State University, University Park, PA, USA).

Mass spectra obtained after mass calibration with BTS were analyzed using an R
script (R markdown file, see Appendix) following LaMontagne et al (2021). This R script
uses the packages MALDIQuant, MALDIquant foreign, Rweka, pvclust, ggplot2,
INEXT, and philentrophy. Multiple parameters were considered in the R script, including
smoothing, baseline removal, alignments, signal to noise ratio (SNR) and peak detection.
The script used two optimization loops. The first loop, optimized peaks and reports
Jaccard coefficients of technical replicates, and the second loops was used for quality
control and to optimize cosine similarity values calculated from peak heights for
technical replicates. These values provide thresholds to define MALDI-TOF MS
taxonomic units (MTUs), which are analogous to OTUs in metagenomic analysis.

DNA Extraction, Concentration, and Quantification
Environmental sample DNA Extraction

Total DNA was extracted from the samples stored in DESS at -80°C with the
Macherey-Nagel NucleoSpin DNA stool kit (740472), with the following modifications,
the addition of 850 pl of ST1 (from kit) was directly added to the pellets and this

suspension was transferred into bead tubes. Also, DNA was eluted twice.
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E. coli isolate DNA Extraction

For DNA extraction from isolates, two representative from each MTUs were
selected from extraction. MTUs were defined from MALDI-TOF data following
LaMontagne et al, (2021). For pure colonies, bacteria were restreaked on to fresh TSA
plates and cultured in overnight shaker at 35°C in TSB medium. Overnight cultures were
used for DNA extraction by Lucigen (Masterpure, MC85200) as per the manufacturer’s
instructions (Lucigen, MasterPure™ Complete DNA and RNA Purification Kit.
Biosearch Technologies), with the following modifications. First, the initial heating was
done at 65°C for 15 mins with shaking at 300 rpms. Second, the volume of RNAse was
increased to 2 pl of 100 ng/pl of RNAse, which resulted in less RNA contamination.
Finally, two elutions were performed to maximize recovery.

DNA Concentration and Quantification.

To remove small fragments and impurities, magnetic beads were used (Omega
Mag-bind M1378-00). The ratio of beads to sample was 0.5X, with 10 pl of beads and 5
pl of sample. The rest of the protocol was followed using the short fragment removal
(SFR) method (Maggie Weitzman, GC3F). After each step, DNA concentration was
checked using two methods: Nanodrop (Thermo Scientific 2000) and agarose gel
electrophoresis. After final DNA concentration, each sample was quantified using
AccuBlue® (Biotium, AccuBlue® Broad Range dsDNA Quantitation Kit 31007-T).
Protocol was followed as per the manual of instructions. Readings were taken with 96
well plate reader Tecan-i-control software, and parameters for the plate reader are in
Appendix.

The concentrated DNA was quantified with the AccuBlue® high molecular DNA
quantification kit. The standard obtained (Table 2) was plotted in SigmaPlot 14.5
application (Fig. 6). These standards were used to quantify the unknown sample

concentration. A reliable R? value of 0.98 was achieved.
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Table 2. DNA standards Fluorescence after running through AccuBlue® quantification

DNA Fluorescence | DNA conc
2 15235 6.585559
6.25 15655 9.362602
12.5 15713 9.746099
25 16491 14.89024
50 21553 48.36022
100 31424 113.6273
150 35895 143.1896
DNA standards
40000
w001 S et *

a= 151.2406

30000 -

25000 +

Fluorescence

20000 +

15000 +

10000 T T T T T T T T
0 20 40 60 80 100 120 140 160

DNA concentration

Figure 6. DNA standards linear graph made in SigmaPlot 14.5; the graph shows R?
value along with linear graph equation.

Antibiotic Resistance
Kirby-Bauer
To screen for antibiotic resistance, representative MTUs were selected from the
library generated from sewage samples and E. coli strains from different sources.
Bacterial suspensions from fresh overnight cultures in trypic soy broth were diluted in 1X

PBS and measured with a spectrophotometer to obtain an Asoo Nm of 0.07-0.08. From this
14



a dilution with approximately 10° CFU ml* solution, 100 pl was spread on Difco-Mueller
Hinton (BD- 225250) agar plates. Antibiotic discs were placed using a multidisc
dispenser. Plates were incubated at 37°C for 24 hours. Results were recorded by

measuring the zone of inhibition for each disc.

Table 3. Antibiotics used for Kirby- Bauer with their concentration

Antibiotic Disc Concentration Reference
Chloramphenicol 30 g BD 230733
Streptomycin 10 ug BD 230942
Gentamycin 10 g BD 231227
Tetracycline 30 ug BD 230998
Ampicillin 10 pg Gibco™ 11593027
Erythromycin 15 pg BD 230793
Polymyxin B 300 ug OXOID CT0044B

Colistin Resistance- PCR
Primers mcr-1, mcr-2, and mcr-3 were used to check colistin resistance in E. coli
(Table 4). For a positive amplification control, a G-Block that contained
sequences for mcrl, mcr-2 and mcr-3 concatenated together was synthesized (Appendix).
The compatibility for loop formation was checked on IDT website, using gBlocks® gene
fragments entry tool. 2X Platinum Il PCR master mix was used for the reaction. The
cycling conditions were determined based on the melting temperature for primers and

extension temperature for the Tag DNA polymerase (Table 6).
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Table 4. PCR primers and primer sequences

Primer name

Sequence

mcr-1 forward
mcr-1 reverse

5’AAAGACGCGGTACAAGCAAC
3’GCTGAACATACACGGCACAG

mcr-2 forward
mcr-2 reverse

5’CGACCAAGCCGAGTCTAAGG
3> CAACTGCGACCAACACACTT

mcr-3 forward
mcr-3 reverse

5" ACCTCCAGCGTGAGATTGTTCCA
3> GCGGTTTCACCAACGACCAGAA

Table 5. PCR master mix components

Component reaction Final concentration Volume
Platinum 11 PCR 1X 63 ul
Forward Primer 500 nM 0.5 ul
(10uM)
Reverse Primer 500 nM 0.5 ul
(10uM)
Nuclease free water 53 ul
Table 6. Cycling conditions for PCR
Step Temperature Time
Initial Denaturation 94°C 2 min
32 cycles
Denaturation 94°C 15 secs
Annealing 60°C 15 secs
Extension 68°C 24 secs
Final Elongation 68°C 5 mins
Hold 4°C ©
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CHAPTER III:
RESULTS

Sampling and Culturing

Direct culturing of sewage from samples on differential and selective media
yielded multiple colony morphologies (Fig. 7). MacConkey showed pink, white, orange-
colored colonies, and EMB showed metallic sheen, orange, brown, transparent colored
colonies.

Apparently, fast growing species took over the plate (Fig. 7), Dilutions were tried
until 1:100 (Fig. 7 A) and still were obtaining same results as lower dilutions. And
therefore, we also used Al as a primary media for culturing E. coli. A1 media is a

selective and differential media for specifically E. coli.

Figure 7. Sewage samples directly spread on A. MacConkey Agar and B. EMB Agar.
Composition of Sewage by MADLI-TOF MS

A total of 103 bacteria were isolated from sewage and OWTS samples directly
plated on primary media. Most of these were identified at the species level by
MALDITOF MS analysis, with a score of 2.0 and above (Fig. 8). These isolates were
clustered into coherent MTUs. A majority of the isolates were identified as Pseudomonas

(Fig. 10). There were few isolates which were in just 1% (others) Shewanella sp,
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Kluyvera sp, Wautersiella sp, Tsukamurella sp, and Acinetobacter sp. The other (NA),
could not be identified by reference genomes available. This culture-dependent library
showed overlap with the structure of bacterial communities in wastewater, as assessed by
meta-microbiome analysis. Analysis of publicly available 16S rRNA gene sequences
(Fig. 2) and shotgun metagenomic data (Fig. 3), suggested that the majority of the
bacteria wastewater classify as Gamma-proteobacteria, which included

Enterobacteriaceae, and Bacteroidia.

Meaning of Score Values

Range Description Symbols Color
2.300 ... 3.000 highly probable species identification (++) green
2.000 ... 2.299 secure genus identification, probable species identification (++) green
1.700 ... 1.999 probable genus identification (+) yellow
0.000 ... 1.699 not reliable identification (-) red

Figure 8. Score values obtained by comparing sample spectra with reference known
microbes
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Figure 9. Dendrogram from sewage samples showing the sewage composition.
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Figure 10. Taxonomic composition of the sewage isolated identified by MALDI- TOF.
E. coli screening and isolation
Sample dilution from 10*to 10 from sewage, septic tank along with seal scat
and dog feces were inoculated into 96-well plates. After 24 hours, the plates were
observed under UV light. Positive wells glowed under UV, due to interaction with MUG

compound in media (Fig. 11).
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Figure 11. 96 well plate wells glowing under UV light indicate positive for presence of E.

coli

Positive wells from Al media were streaked onto secondary media (EMB and

MacConkey, Fig. 12). Rapid lactose producers on EMB plate showed a metallic sheen

which is consistent with E. coli and MacConkey plate showed dark pink color colonies,

which is also consistent with E. coli. Isolated colonies from these plates were restreaked

again onto the EMB for confirmation (Fig. 13).
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Figure 13. Restreaked isolated colonies on EMB

E. coli Identification by MALDI-TOF MS

Isolates tested positive for E. coli on EMB, and MacConkey were restreaked on

TSA plates for MALDI-TOF MS. Isolates from sewage, septic tank, seal scat, and
dog feces were spotted in triplicates onto a single 384 spot steel target. Upon receiving
the spectra, MTU table (Appendix) was obtained by the R-script, differentiating isolates
with different MTU’s. From 100 isolates, 70 were found to be E. coli with a score value
of more than 2.0, the other 30 isolates included Enterococci, Klebsiella pneumonia, and
Pseudomonas spp (Fig. 14). The dendrogram shows a distinction between libraries

generated from sewage and septic tank from libraries generated from animal sources.
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MALDI-TOF MS did not clearly distinguish libraries generated from seal and canine

scat.

Cluster dendrogram with p-values (%)
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1
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|

Height

0.005
1

0.000
L

Figure 14. Dendrogram for E. coli from multiple sources; Sewage, Septic tanks, Dog
feces and Seal scat, with bootstrap values in red numbers.

DNA Extraction
Isolate DNA extraction
Inspection of agarose gels of DNA extracted from pure cultures indicated the
presence of either RNA or small fragment DNA, due to presence of smaller size bands at
the bottom of the gel (Fig. 15,16). Nanodrop readings also suggested contamination, the

Aol Azgo ratios were above 1.8, which is consistent with RNA contamination.
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Table 7. Nanodrop readings for DNA extraction by for each isolate

DNA
concentration
Sample ID ng/pl Volume(pl) | Yield (ug) | A260/280 | A260/230

3L 1698 35 59 2.09 1.95
MB13 1348 35 47 2.05 1.81
ST21 2186 35 76 2.08 1.86
ST28 1334 35 46 1.97 1.47
TA04 119 35 6 1.97 1.45
BB21 2051 35 71 2.11 2.02

L20 1462 35 51 2.05 1.84
TAO1 1355 35 47 1.99 1.48
LE24 1219 35 42 2.04 1.82
LE27 1301 35 45 2.01 1.73
LE30 1203 35 42 1.92 1.32
LE34 1197 35 4 2.02 1.54
SR40 1615 35 56 2.03 1.79
SR44 1127 35 39 2.03 1.30
SR48 77 35 2 1.72 0.70
SR49 112 35 3 1.76 1.45
SR46 70 35 2 1.72 0.74
SR31 1103 35 38 2.03 1.65
SR34 451 35 15 1.99 1.37
SR27 2056 35 71 2.10 2.14
DEO06 1046 35 36 2.02 1.72
DE04 1167 35 40 1.91 1.41
DE20 1050 35 36 2.08 1.91
DE17 1064 35 37 1.98 1.65
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Table 8. Samples after DNA extraction added in each lane of agarose gel with 5 pl
volume in each well.

Lane Sample
L-Ladder 1KB DNA Ladder
GEL1
1 LE24
2 LE30
3 BB21
4 MB13
) L20
6 TAO4
L-Ladder 1KB DNA Ladder
GEL 2
L-Ladder 1KB DNA Ladder
1 SR27
2 SR40
3 SR31
4 SR34
5 SR21
6 SR28
7 SR46
8 SR48
L-Ladder 1KB DNA Ladder
L-Ladder 1KB DNA Ladder
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9 SR44
10 SR49
11 DE20
12 DE17
13 DEO06
14 DEO4
15 LE27
16 LE34
Ladder 1KB DNA Ladder
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Figure 15. Gel 1, DNA from isolates (1% Agarose gel, in 1X TBE, Gel Red, 150V, 45
mins, 1kb plus DNA ladder). Showing high molecular bands above 10 kb with some
smaller bands at the bottom of the gel indicating small fragment and RNA contamination.
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Figure 16. Gel 2, DNA from isolates (1% Agarose gel, in 1X TBE, Gel Red, 150V, 45
mins, 1kb plus DNA ladder). Showing high molecular bands above 10 KB with some
smaller bands at the bottom of the gel indicating small fragment and RNA contamination

DNA Concentration

Purification to remove small fragments or RNA contamination appeared effective.
Agarose gels after purification with magnetic beads showed little to no contamination
with small fragments (Fig. 17). These agarose gels showed high molecular DNA suitable

for genomic analysis.
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Table 9. Nanodrop readings after DNA purification with magnetic beads

Yield
Isolate | A260/280 | A260/230 | conc ng/ul | (ng)
3L 1.86 1.68 72.2 2527
L20 1.64 0.83 26.5 928
MB13 1.71 1.01 176.7 6184
BB21 1.79 1.15 56.2 1967
DE20 1.76 1.18 65.2 | 2282
DEO4 1.69 0.92 127.2 4452
SR27 2.00 2.08 216.4 7574
LE24 1.58 0.74 43.2 1512
LE30 1.84 1.75 58.8 2058
SR31 1.7 0.88 122.3 4281
ST28 1.67 0.86 225.6 | 7896
TAOL 1.64 0.74 110.9 3882
ST21 1.75 1.06 213.3 7466
SR44 1.98 1.53 131.5 4603
SR49 1.84 131 19.9 697
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Table 10. Samples after DNA concentration added in each lane of agarose gel with 5 pl
added to each well.

Lane Sample
L-Ladder 1KB DNA Ladder
1 ST28
2 SR21
3 DE20
4 DEO4
5 SR31
6 SR49
7 SR44
8 SR27
L-Ladder 1KB DNA Ladder
L-Ladder 1KB DNA Ladder
9 LE24
10 LE30
11 MB13
12 BB21
13 L20
14 3L
15 TAOL
16 TA04
Ladder 1KB DNA Ladder
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Figure 17. DNA from isolates after concentration by magnetic beads (1% Agarose gel, in
1X TBE, Gel Red, 150V, 45 mins with 1kb plus DNA ladder). Gel showed much lesser
contamination by small fragment DNA and RNA.

Total DNA Extraction

Total (metagenomic) DNA was extracted from samples processed with DESS.
DNA extracted from sewage and OWTS gave relatively pure nucleic acids (Table 11).
The purity of Azso/A2go 0f the DNA extracted was near 1.8, indicating DNA extracted
was free of RNA contamination. Azso/Az30 was near 1.8 for seal tube number #2 and
sewage, indicating that they are free of contamination. UV spectra generated from other
samples were above 1.8, which suggests the presence of carbohydrates or glycogen
residues. Based on agarose gel results, high molecular DNA obtained in all the samples

was contaminated with RNA and/or small fragment DNA. (Fig. 18).
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Table 11. Meta samples extraction added in each lane of agarose gel with 5 pul of volume
in each well.

Lane Sample

L-Ladder 1 Kb DNA ladder

1 Sewage

2 Septic tank

3 Seal 1

4 Seal 2

5 Seal 3

6 Dog
L-Ladder 1 Kb DNA Ladder

Figure 18. Total DNA extraction from meta-samples (1% agarose gel made in 1X TBE,
Gel Red, 150V, 45 mins, 1Kb DNA Ladder). Gel showed high molecular bands above 10
kb for all samples.
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Table 12. Nanodrop readings for total DNA extracts from meta-samples

Volume

Sample ID | DNAng/ul | (M)  |Yield (ug) |A260/280| A260/230

Seal #1 31 50 1530 1.97 0.21

Seal #2 213 50 10635 1.89 1.54

Seal #3 37 50 1840 1.75 0.21

Sewage WWTP| 246 50 12295 1.89 1.54

Septic tank 112 50 5600 1.92 0.94

Dog feces 74 50 3680 1.89 0.87

DNA Quantification

AccuBlue standard graph showed a good fit to a linear model, which was used to
calculate unknown sample concentrations (Table 13). Concentration for waste and fecal
samples as assessed by from AccuBlue® agreed with concentration assessed by
Nanodrop spectrometry (Fig. 19). Samples that showed high molecular DNA (Table 13)

and were chosen for antibiotic resistance tests.
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Table 13. DNA quantification by AccuBlue®, shows fluorescence value by 96-well plate
reader along with the samples nanodrop readings. Yellow highlights were the isolates
used for antibiotic resistance assays.

Isolate 1D Acrf;/i:“e A260/280 | A260/230 Na:;ﬂ:"p \E;Z')d

3L 50 1.86 1.68 72 2527
BB21 21 1.79 1.15 56 1967
DEO4 66 1.6 0.92 127 4452
DE20 36 1.76 1.18 65 2282
Dog 81 1.89 0.87 74 3680
L20 2 1.64 0.83 27 928
LE24 18 158 0.74 43 1512
LE30 43 1.84 175 59 2058
MB13 171 171 1.01 177 6185
Seal 1 9 1.97 0.21 31 1530
Seal 2 115 1.89 1.54 212 | 10635
Seal 3 25 175 0.21 37 1840
Septic 10 1.92 0.94 112 5600
Sewage 1 | 193 1.89 1.54 246 | 12005
ST21 157 175 1.06 213 7465
SR27 144 2.00 2,08 216 7574
SR31 89 17 0.88 122 4281
SR44 10 1.98 153 132 4603
SR49 2 1.84 131 20 697
ST28 179 167 0.86 226 7896
TA0L 89 1.64 0.74 111 3882
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Figure 19. Comparison between concentration of DNA from Nanodrop (x-axis) and
concentration of DNA from AccuBlue® (y-axis) made in SigmaPlot 14.5

Antibiotic Resistance

Kirby Bauer for Representative Microorganism

Each antibiotic has its own zone of resistance, susceptibility, and an intermediate
range for different organisms (Hudzieki 2009). First antibiotics were tested on different
species isolates from sewage (Appendix), which included both Gram- positive and
Gramnegative bacteria. All isolates were found to be resistant to ampicillin, and
erythromycin. Isolates were least resistant to chloramphenicol and tetracycline.
E. coli Antibiotic Resistance Broad Spectrum

Antibiotics used for E. coli isolates were chloramphenicol, ampicillin,
tetracycline, erythromycin, streptomycin, and gentamycin. Each antibiotic has its
acceptance zone of clearance, which defines its susceptibility towards bacteria, as
observed in Table 16 (Hudzieki 2009). All E. coli isolates were found to be resistant to
antibiotics streptomycin, erythromycin, and ampicillin. Least resistance was observed for

tetracycline (Fig. 20)

33



E. coli Antibiotic Resistance Narrow Spectrum

Polymyxin B resistance was conducted using the Kirby- Bauer protocol. The zone
of susceptibility (the distance between the zone of clearance) for E. coli was above 11
mm (Bijayini et al. 2010). A strain (SR27) from the septic tank sample showed resistance

towards this antibiotic (Fig. 22).

Table 14. Antibiotic resistance data for E. coli from multiple sources with MTU and the
zone of inhibition

Organism | Isolate MTU Antibiotic (errr;]e) Interpretation
E. coli ST28 1 Chloramphenicol 20 Susceptible
Ampicillin 5 Resistant
Tetracycline 19 Susceptible
Gentamicin 20 Susceptible
Erythromycin 10 Resistant
Streptomycin 14 Resistant
E. coli DEO4 3 Chloramphenicol 0 Resistant
Ampicillin 0 Resistant
Tetracycline 9 Resistant
Gentamicin 0 Resistant
Erythromycin 0 Resistant
Streptomycin 0 Resistant
E. coli SR49 8 Chloramphenicol 18 Susceptible
Ampicillin 0 Resistant
Tetracycline 21 Susceptible
Gentamicin 0 Resistant
Erythromycin 0 Resistant
Streptomycin 0 Resistant
E. coli LE30 6 Chloramphenicol 0 Resistant
Ampicillin 0 Resistant
Tetracycline 19 Susceptible
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Gentamicin 16 Susceptible
Erythromycin 0 Resistant
Organism | Isolate MTU Antibiotic Zone Interpretation
(mm)
Streptomycin 0 Resistant
E. coli SR27 4 Chloramphenicol 0 Resistant
Ampicillin 0 Resistant
Tetracycline 0 Resistant
Gentamicin 20 Susceptible
Erythromycin 0 Resistant
Streptomycin 14 Resistant
E. coli ST21 1 Chloramphenicol 15 Susceptible
Ampicillin 0 Resistant
Tetracycline 18 Susceptible
Gentamicin 17 Susceptible
Erythromycin 0 Resistant
Streptomycin 10 Resistant
E. coli MB13 2 Chloramphenicol 19 Susceptible
Ampicillin 0 Resistant
Tetracycline 21 Susceptible
Gentamicin 16 Susceptible
Erythromycin 8 Resistant
Streptomycin 12 Resistant
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Table 14 cont. Kirby Bauer protocol for Polymyxin B resistance on E. coli isolates and
for direct samples from seal and sewage.

Organism IscIng te MTU | Antibiotic (Zn:)r?f; Interpretation
E.coli | SR27 4 Po'ygy’(i” 0 Resistant
E. coli LE34 6 Polyrgyxin 20 Susceptible
E. coli MB13 2 Polyrgyxin 15 Susceptible
E. coli ST21 1 Polyrgyxin 17 Susceptible

Seal Meta Polyrgyxin 24 Susceptible
Sewage Meta Polyrgyxin 0 Susceptible

Antibiotic Resistance for E. coli

Polymyxin B

.|
Streptomycin

Erythromycin |
Gentamicin
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Tetracycline
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Figure 20. Resistance for E. coli in conjunction with different antibiotics.
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SR27- Septic Tank
Figure 21. Antibiotic resistance plates with 6 different antibiotic discs in each plate
showing zone of clearance for susceptibility.
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MB13- Seal E. coli ST21- Seal E. coli

Meta-sample Seal Meta-sample Sewage

Figure 22. Polymyxin B Antibiotic Resistance by Kirby-Bauer on E. coli and for direct
samples from seal and sewage.
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Colistin Resistance Evaluation by PCR

PCR was done using 16S rRNA primers, mcr-1, mcr-2, and mcr-3 primers and a
positive control with G-Block. G-Block is a concatenation of predicted amplicons with
primers for mcr-1, mcr-2, mer-3. First, gel electrophoresis was conducted for products
generated with 16S rRNA primers, which showed robust amplification for all the samples
(Fig. 23). Mass of bands observed were as expected, as the 16S rRNA primer product
length is 1.5 KB and samples also resulted in an amplicon of 1.5 KB. This indicates DNA
preparations were PCR-amplifiable. For mcr-1 primers, there was positive thick band for
G-Block near 0.3 kb, which was expected. Sewage meta-sample sample and SR27
(OWTS sample) showed larger size molecular bands than expected for mcr-1 primers.
(Fig. 24). There were bands observed for other samples as well, but these were light and
could be due to DNA shearing. For mcr-2 primers, gel electrophoresis showed bands of
the predicted size only for the G-Block control. All bands generated from samples with
mcr-2 primers were less than 0.2 KB (Fig. 25). This is most likely due to unincorporated
primers.

However, mcr-3 primers did yield band of the predicted size from sewage sample

(Fig. 26).
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Table 15. Samples after DNA amplification with 16S primer added in each lane of
agarose gel with 5 pl added to each well.

Lane Sample
L 1 KB DNA Ladder
G-Block
ST21
LE34
SR27
MB13
Sewage sample

~N|o | o, 0N |-

Seal scat

ﬁ
190 o3y

Figure 23. PCR Amplification with 16S rRNA gene primers (1% Agarose gel with 1X
TBE, Gel Red, 150V, 45 mins with 1 kb DNA plus Ladder), shows amplification for all
isolates.
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Table 16. Samples after DNA amplification with mcr-1 primer added in each lane of
agarose gel with 5 pl added to each well.

Lane Sample
L 1 KB DNA Ladder
G-Block
ST21
MB13
SR27
LE34
Sewage sample

N o~ W ||

Seal scat

Figure 24. PCR Amplification with mcr-1 primers (1% Agarose gel with 1X TBE, Gel
Red, 150V, 45 mins with 1 kb DNA plus Ladder), shows unexpected bands for sewage
(lane 6) and SR27 (lane 4) samples, when compared with positive control (lane 1).
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Table 17. Samples after DNA amplification with mcr-2 primer added in each lane of
agarose gel with 5 pl added to each well.

Lane Sample
L 1 KB DNA Ladder
G-Block
ST21
LE34
SR27
MB13
Sewage sample
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Figure 25. PCR Amplification with mcr-2 primers (1% Agarose gel with 1X TBE, Gel
Red, 150V, 45 mins with 1 kb DNA plus Ladder), gel shows expected results with low
molecular bands for all samples. Unexpected bands for sewage (lane 6) and SR27 (lane
4) samples, when compared with G-block (lane 1).
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Table 18. Samples after DNA amplification with mcr-3 primer added in each lane of
agarose gel with 5 pl added to each well.

Lane Sample
L 1 KB DNA Ladder
G-Block
ST21
LE34
SR27
MB13
Sewage sample
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Figure 26. PCR Amplification with mcr-3 primers (1% Agarose gel with 1X TBE, Gel
Red, 150V, 45 mins with 1 kb DNA plus Ladder), gel shows expected results for sewage
sample (lane 6) as compared to G-block (lane 1).
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CHAPTER IV:
DISCUSSION

The study was conducted to evaluate MALDI-TOF MS as a method for multiple
source tracking. E. coli strains were cultured from raw sewage and OWTSs samples and
from animal sources using selective and deferential primary and secondary media. These
E. coli isolates were sorted into human and animal specific cluster using MALDI-TOF
MS, which suggests this mass spectrometry method is suitable for bacterial source
tracking of E. coli from sewage and OWTSs. However, MALDI-TOF MS could not
clearly differentiate between animal sources of E. coli.

Antibiotic resistance of representative isolated was assessed by Kirby- Bauer and
PCR. All tested E. coli isolated were all resistant to ampicillin, streptomycin, and
gentamicin. Only an E. coli isolated from OWTS was resistant to polymyxin B. This is
consistent with the observation that only the sewage meta-sample tested positive for the
presence of a gene with colistin resistance.

E. coli Isolation

In preliminary work, isolation directly to differential and selective media (EMB
and MacConkey) did not consistently yield E. coli isolates. Faster growing species
appeared to take over the plates. Even with the dilution of 1:100 with 1X PBS, there were
only 2 out of 103 isolates identified as E. coli. Therefore, A1 media was used as the
primary media to isolate E. coli. This differential media and selective media is not widely
used or EPA recommended. Most water quality managers use the Colitert kit (IDEXX,
Westbrook, ME) for quantifying E. coli in water samples. Al and the Colitert kit may
select for different E. coli strains.

MALDI-TOF MS
The primary aim for the project was to determine if MALDI-TOF can be

exploited for tracking FIB from sewage and OWTSs. MALDI-TOF appears suitable for
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bacterial source tracking of E. coli from sewage and OWTSs sources. However, did not
differentiate E. coli strains isolated from seal scat and dog waste. These results agree with
an earlier study that showed MALDI-TOF can distinguish E. coli strains isolated from
sewage from strains isolated from bird droppings (Siegrist et al. 2007). The small sample
size of this study limits the interpretation of the results. Wastewater, both sewage and
OWTS represent composites of hundreds of thousands or dozens of people and there is
little variation between E. coli isolated from sewage worldwide (Stoppe et al. 2017).
However, only two dogs and one group of captive seals were sampled herein.

In the cluster dendrogram by MALDI-TOF MS in this study, a difference between
strains isolated from sewage and OWTS was observed, although both systems contain
human waste. This could reflect how the systems function. Sewage treatment plants
process human waste within a day or two and the waste is vigorously agitated and
aerated. OWTS are not agitated and typically accumulate waste for months or years. This
long period of storage gives microbes in the system ample opportunity to exchange ARG.

MALDI-TOF MS has advantages over WGS for microbial source tracking. WGS
requires skilled personnel and is relatively expensive. MALDI-TOF is cheap and easy.
16S rRNA gene sequencing is also inexpensive and easy, and widely used for bacterial
identification; however, this approach lacks the resolution of MALDI-TOF MS and
WGS. For example, in a study on 16S gene sequneces genetated from E. coli strains
isolated from humans and cows. 16S rRNA gene sequnecing was unable to differentiate
E. coli isolates by source. Indeed some the strains of E. coli showed 100% similarity to S.
dysenteriae (Suardana 2014).

The inability of MALDI-TOF MS to distinguish animal sources is consistent with
phylogenomic evidence. Sewage-sourced E. coli strains fall into four phylogroups (A,
B1, B2, and D) that can be differentiated with a multiplexed PCR reaction (Clermont et

al. 2012). Groups A and B2 are found in waterways contaminated with human waste, B1

45



with domestic animals, and D with pristine sites (Stoppe et al. 2014). To evaluate this
approach, | analyzed WGS sequences generated from E. coli strains from human,
companion animal and aquatic animals with functions in the EnteroBase pipeline. Similar
results were obtained as with MALDI-TOF MS. Human waste was differentiated from
animal sources, as clade A was only associated with human waste, but there was no

differentiation observed between animal sources (Fig. 27).

Source Niche
@ Human [18]
(© Companion Animal [15]
@ Aquatic Animal [14]

Q -
>
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Figure 27: Hierarchical clustering based on core genome multilocus sequence typing.
Clusters generated from E. coli strains isolated from humans, companion animal and
aquatic animal.Figure was generated with GrapeTree (Zhou, 2018) in Enterobase (Zhou,
2020)
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Antibiotic Resistance

Bacteria isolated from multiple sources all showed resistance to a range of broad
spectrum and narrow spectrum antibiotics. Resistance to polymyxin B was only observed
for E. coli isolated from OWTS and only the meta-sample DNA generated from sewage
tested positive for the presence of genes associated with resistance to colistin, as assessed
with mcr-3 primers. This suggests that bacteria that carry the polymyxin resistance genes
are prevalent in human waste, and these ARB could be indicative of human waste.

Resistance to ampicillin, streptomycin and erythromycin is common in E. coli
(Tadesse et al. 2012). Resistance to polymyxin B is relatively rare. For example, 1% of E.
coli strains isolated from various sources in China were resistant to polymyxin (Yan et al.
2021). Only mcr-3 primers were effective in generating the expected PCR product.
Primers for mcr-1 yielded larger than expected size bands for sewage and septic tank
samples, and other samples had fainter bands for other isolates. The results for mcr-1 and
mcr-2 primers were inconclusive, which could reflect contaminants in sewage samples
that lead to spurious amplification products (Lorenz 2012). Smaller bands were observed
in comparison with positive control (G-Block) for other isolates for mcr-2 which could be
due to addition of excessive primers in the reaction.

Limitations

A much broader Bruker reference database is required of MALDI-TOF to reliably
identify all isolates, as well as to differentiate between animal sources. This can be
improved in time by addition of more data to Bruker diagnostics or a suitable database.
DNA quantification technique could be improved by using AccuBlue® Green with Qubit
4, as AccuBlue® is time consuming and has multiple steps in making standards from
stock following the protocol in 96 well plates which leads to errors. AccuBlue® could
not be performed in triplicates due to shortage of materials and supply chain issues.

Quantification of the DNA for antibiotic genes could not be performed by qPCR as the
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master mix for the same was not received with in time. However, in the future gPCR

could be used to quantify the antibiotic genes present in the isolate.
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CHAPTER V:
CONCLUSION AND FUTURE DIRECTION

MALDI-TOF MS can differentiate human and animal sources of E. coli quickly
and inexpensively. Isolates from other animal sources, including cats, cattle, feral hogs,
and deer, should also be analyzed. These animals are common in the Houston-Galveston
area and therefore can be a source of fecal contamination.

The Houston-Galveston area is also home to a number of national medical
centers. Isolates from hospital waste would play an important role in knowing the
emergence of resistance coming into sewage (Janda et al. 2007, Jenkins et al. 2012, Wang
et al. 2015). Extreme weather events could spread ARB, including virulent E. coli strains,
from wastewater treatment plants that receive waste from these medical centers.

MALDI-TOF MS enabled microbial source tracking could complement widely
used gPCR approached to ARG, including protocols for sull, sul2, tetG, tetO, tetW, bla.
(Devarajan et al. 2016, Garner et al. 2016, Yun-Wen et al. 2015, Gorecki et al. 2019).
This study suggests gPCR protocols for mcr-3 should be developed too. WGS could also
be used to understand similarity between isolates characterized in this study with the

published literature (Fresia et al. 2019, Vos 2017).
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APPENDIX

Bioinformatics Script:
. BASH Commands: #Create

SRA environment conda create -n sraenv

python=3.6 #Activate environment conda

activate sraenv #Install SRA-tools conda install

-C bioconda sra-tools #Check installation

worked fastg-dump --help
#Split files using accession number
fastg-dump --split-files --gzip
SRR13651719 fastq-dump --split-files
--gzip SRR13651717
#Install fastp conda install -c bioconda fastp #Run fastp
with your accession humber fastp -i
SRR13651719 1.fastq.gz -1 SRR13651719_2.fastq.gz -
o outl719.R1.fq.gz -O out1719.R2.2fq.gz fastp -i
SRR13651717_1.fastq.gz -1 SRR13651717_2.fastq.gz -
o outl717.R1.fq.gz -O outl717.R2.2fq.gz

. Run the out file in DADAZ2
pipeline/ ccMetagen website.

0 DADA2 Pipeline:

file://IC:/Users/akshi/Documents/Spring%2021/BIOL%205334/Results/D
ada2.ht ml

0 ccMetagen:

https://cge.cbs.dtu.dk/services/CCMetagen-1.2/
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SimCos

* E. coli MALDI-TOF Jaccard coefficient:

1.0

06

0.2

Jaccard

* E.coli MADLI-TOF Script:

file:///C:/Users/akshi/Documents/E.coli-try2.html

G-Block sequence:
G-Block sequence as positive control:

>mcr123gBlock

CCAGATAGCTGAACATACACGGCACAGAATACGCCGTCGATGTGCCGCACGATGTGA
CAT

TGCTAAAATTGGTCACGCCATCGATCTTGGCAAGCTGTGGGAAAGTATCGCGCTCATA
GC

CATTGAAGCTGACATGATCGGCGCGTGCCGTCTCACCGACGACGAACACCACTAGGC
22$TACGCATATCAGGCTTGGTTGCTTGTACCGCGTCTTTGGCGTGGCAAACCGACCA
AGCCGAGTCTAAGGACTTGATGAATTTGGCGTTTTTTGTGCGAATTATCGGGCTTGGC
GT

GTTGCCAAGTGTGTTGGTCGCAGTTGCCAAAGTCAAACCTCCAGCGTGAGATTGTTCC
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AGCCAATTTCGTTAATAGTACCGTTAAATACGTTTACAATCGTTATCTTGCTGAACCA

AT

CCCATTTACAACTTTAGGTGATGATGCAAAACGGGATACTAATCAAAGTAAGCCCAC

GTT

GATGTTTCTGGTCGTTGGTGAAACCGCTCGTGG

iTecan plate reader parameters:

Table: Software parameters for 96 well plate reader

Application: Tecan i-control

Tecan i-control , 1.12.4.0

Device: infinite 200

Serial number: 911007534

Firmware:
\VV_2.11 04/08_InfiniTe
(Apr 42008/14.37.11)

MAI, V_2.11_04/08_InfiniTe
(Apr 42008/14.37.11)

Date: 2/1/2022

Time: 11:08:52 AM

System B3506-44487

User UHCL\lamontagne
Greiner 96 Flat Bottom Black
Polystyrene Cat. No.:
655079/655086/655077/655076

Plate [GRE96fb_chimney.pdfx]

Label: PicoGreen dsDNA

Mode

Fluorescence Top Reading

Excitation Wavelength 350 nm
Emission Wavelength 460 nm
Excitation Bandwidth 9 nm
Emission Bandwidth 20 nm
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Optimal
Gain 121 (100%)
Number of Flashes 25
Integration Time 20 | ps
Lag Time 0| s
Settle Time 0| ms
Part of Plate Al-D9
2/1/2022
Start Time: 11:09:06 AM
Temperature:
248 °C
MTU table from R-script combined with Bruker ID and score:
tryE noiseE  signal SNR peaks Bruker ID Bruker  Source
Sco
3L 1 1.98E- 0.000723 36.59308 23 1 Escherichia 2.16 seal
DE17 05 coli
L20 19 1.93E- 0.000952 49.33034 41 2 Escherichia 2.39 dog
MB13 05 coli
BB21 27 1.70E- 0.001201 70.76414 37 2 Escherichia 2.39 seal
LE27 05 coli
DE20 L
54 1.85E- 0.001129 61.08126 34 2 Escherichia 2.39 seal
DEO4 .
05 coli
SR27 L
2 1.89E- 0.000926 49.0007 40 2 Escherichia 2.42 seal
130 05 coli
LE24
LE30 45 1.49E- 0.001261 84.43616 43 2 Escherichia 2.43 sewage
SR46 05 coli
SR40 22 1.95E- 0.00121 62.11994 33 2 Escherichia 2.44 dog
SR34 05 coli
SR31 6 2.35E- 0.000962 40.99852 31 3 Escherichia 2.19 dog
LE32 05 coli
ST28 60 1.75E- 0.001023 58.49031 32 4 Escherichia 2.21 OWTS
TAO3 05 coli
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TAO1
TAO04
ST21
SR44
SR49

42

48

78

73

67

64

50

2.49E-
05

1.91E-
05

2.17E-
05

1.46E-
05

2.02E-
05

1.28E-
05

1.39E-
05

1.81E-
05

with the zone of inhibition

0.000832

0.000939

0.000954

0.000861

0.000903

0.001125

0.001098

0.000895

33.39611

49.08212

43.94273

58.97502

4475576

87.61186

78.85287

49.54762

32

36

32

43

34

38

36

33

Kirby-Bauer results for sewage isolates:

4 Escherichia
coli

4 Escherichia
coli

6 Escherichia
coli

8 Escherichia
coli

10 Escherichia
coli

10 Escherichia
coli

12 Escherichia
coli

12 Escherichia
coli
Escherichia
coli
Escherichia
coli
Escherichia
coli
Escherichia
coli
Escherichia
coli
Escherichia
coli

Escherichia
coli

Supplementary table: Antibiotic resistance data from different organisms

2.35 dog

2.38 sewage

2.08 sewage

2.35 sewage

2.25 OWTS

2.38 OWTS

2.18 OWTS

2.35 sewage

2.36 seal

2.38 seal

2.41 seal

2.42 seal

2.42 seal

OWTS

sewage

o ) Isolate Gram Antibiofi Zone | Interpretation
rganism D Strain ntibiotic (mm)
Enterococcus ... . .
Be02 Positive | Chloramphenicol 19 Susceptible
Ampicillin 0 Resistant
Tetracycline 24 Susceptible
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Gentamicin 11 Resistant
Erythromycin Resistant
Streptomycin 0 Resistant
Aeromonas . . .
veronii Sw75 | Negative | Chloramphenicol 18 Susceptible
Ampicillin 0 Resistant
Tetracycline 27 Susceptible
Gentamicin 24 Susceptible
Erythromycin 0 Resistant
Streptomycin 22 Susceptible
dpeiriatlfi?ics:r?s Sw80 | Negative | Chloramphenicol 17 Intermediate
Ampicillin 0 Resistant
Tetracycline 13 Intermediate
Gentamicin 32 Susceptible
Erythromycin 7 Resistant
Streptomycin 22 Susceptible
Enterobacter . . .
cloacae Sw59 | Positive | Chloramphenicol 12 Resistant
Ampicillin 0 Resistant
Tetracycline 16 Intermediate
Gentamicin 25 Susceptible
Erythromycin 6 Resistant
Streptomycin 15 Intermediate
Pseudomonas Gram . .
putida Sw56 negative Chloramphenicol 18 Susceptible
Ampicillin 0 Resistant
Tetracycline 17 Intermediate
Gentamicin 20 Susceptible
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Erythromycin 8 Resistant
Streptomycin 17 Intermediate
Escherichia coli Sw6 negative | Chloramphenicol 14 Intermediate
Ampicillin 0 Resistant
Tetracycline 17 Intermediate
Gentamicin 22 Susceptible
Erythromycin 10 Resistant
Streptomycin 17 Intermediate
orrﬁ?r?iﬂ(t)ei:/ltailca Swil negative | Chloramphenicol 19 Intermediate
Ampicillin 0 Resistant
Tetracycline 21 Susceptible
Gentamicin 16 Susceptible
Erythromycin 7 Resistant
Streptomycin 16 Intermediate
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