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Materials and Methods

Cell lines and reagents

The sources of all cell lines and bacteria used are listed in table S1. All cells were
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) (Invitrogen, #10569-010)
containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin and glutamine
(Invitrogen, #15140-122). For expression of green fluorescent protein (GFP) in cancer
cell lines, lentiviral transduction was carried out using the pLex_TRC206-GFP plasmid.
Gemcitabine (G6423) and oxaliplatin (09512) were purchased from Sigma.

Stroma-mediated chemoresistance co-culture screen

The full screen and method was previously described (5). In brief, on day 0, stromal cells
(1,700 cells/well in 20 pl) were plated in 384-well clear-bottom plates (Corning, product
#3712), together with GFP-labeled cancer cells (1,700 cells/well in 20 ul). On day 1, the cells
were treated with 10ul 5X drug using the CyBi-Well Vario 384/25 Simultaneous Pipettor
(CyBio). On day 4, the medium in all wells was replaced with fresh medium. GFP
fluorescence was read on days 1, 4, and 7 using a SpectraMax M5e Microplate Reader
(Molecular Devices). A fluorescence microscope with high-throughput screening capabilities
(Axio Observer.Z1, Zeiss) was used to document bright-field and GFP images on day 7. All
screens were carried out in quadruplicate.

Conditioned medium (CM) on cell culture screen

To prepare CM, stromal cells were cultured in 15 cm plates (Thermo Scientific, #168381).
CM was harvested 3 days later, when plates were 80-90% confluent. CM was diluted 1:1 with
fresh media. Experiments were performed according to the previously described co-culture
experiment protocol, with the following changes: i) on day 0, 384-well plates were seeded
with 20ul/well of CM instead of 20ul/well of stromal cells; ii) on day 1, the media from all
wells were replaced with fresh CM; iii) on day 4, media were replaced with fresh CM instead
of fresh media, before re-treating the cells with gemcitabine.

PCR for detection of Mycoplasma

The protocol is based on the Takara Kit (#6601). The buffer used, deoxynucleotide
triphosphates (ANTPs) and Taq polymerase were obtained from the Takara Ex Taq kit
(#RRO01A). The following forward and reverse Mycoplasma-specific primers were used for
PCR: 5’- ACACCATGGGAGCTGGTAAT-3’,

5’- CTTCWATCGACTTYCAGACCCAAGGCAT-3". PCR reactions contained 13.9 pul of
Invitrogen UltraPure DDW (10977-015), 2 ul of buffer, 1.6 ul of dNTPs, 0.1 ul of TaKaRa Ex
Taq ™, 0.5 ul of both forward and reverse primers (final concentration of 20 uM), and 2 pul of
genomic DNA or 2 ul of CM. CM was collected after an incubation time of three days on
cells, at which point the cells had reached at least 80% confluence. Reactions were held at
94°C for 30 s to denature the DNA, with amplification proceeding for 40 cycles at 94°C for
30 s, 55°C for 2 min, and 72°C for 1 min.

Eradication of M. hyorhinis from HDF cells by G418 Sulfate
HDF cells were infected with a lentivirus containing the pBabe-Neo plasmid to generate HDF
cells with resistance to G418 Sulfate (Geneticin ®, Gibco #10131-027). Three days after the

2




lentiviral infection, cells were treated with 200 png/ml of G418 for two weeks to eradicate the
infection. After 1, 2, and 4 weeks of G418 treatment, cells were found to be negative for
Mycoplasma infection by PCR.

M. hyorhinis positive or negative colon carcinoma mouse model

All animal work was approved by the Institutional Animal Care and Use Committee
(Columbia, protocol AC-AAANS8002 and Massachusetts Institute of Technology (MIT),
protocol 0414-022-17). The protocol requires animals to be euthanized when tumors reach 2
cm?, or under veterinary staff recommendation. For all experiments, mice were blindly
randomized into various groups using a random number generator. A subcutaneous model of
colon carcinoma was generated by injecting 1x10” M. hyorhinis positive or negative luciferase
expressing MC-26 mouse colon carcinoma cells subcutaneously into the flanks of
immunocompetent, 6 week old, female BALB/c mice (Taconic Biosciences). MC-26 mouse
colon carcinoma cells were grown in DMEM (10% FBS, 1% penicillin-streptomycin and
glutamine) media. For subcutaneous tumor injection, animals were anesthetized using
isoflurane. Gemcitabine was administered intraperitoneally (150mg/kg) on days 0, 4, and 9.
Tumor size was monitored by reading of the firefly luciferase activity using the Spectrum in
vivo imaging system (IVIS) (Caliper Life Sciences).

High-performance liguid chromatography-tandem mass spectrometry (HPLC-MS/MS) (The
Broad Institute)

HPLC-MS/MS was performed on a Thermo Scientific LCMS system, which includes a TSQ
Quantum Ultra triple-quad mass spectrometer, an Accela LC pump, and a Thermo Pal auto-
sampler. Gemcitabine: ions monitored: 264.080/112.135 in positive ion mode, collision
energy: 20v, tube lens offset voltage: 84v. dFdU: ions monitored: 263.048/220.074 in
negative ion mode collision energy: 16v, tube lens offset voltage: 82v. LC method: solvent
A: 5mM ammonium acetate, solvent B: 100% MeOH, column: Agilent Eclipse XDB-c18 2.1
x 50mm, flow rate: 100ul/min. This method was used for experiments described in Fig. 1C,
figs. S4 and S5.

High-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) (The
Weizmann Institute)

For determination of gemcitabine (dFdC) levels in samples, internal standard (I1S) [*3Cy,**N,]-
gemcitabine (Toronto Research Chemicals) diluted in double-distilled water (DDW) was
added to each sample at a final concentration of 500 ng/ml.

The samples were then filtered through a 0.2-um PTFE filter (Millex-LG, Millipore) into
HPLC vials containing inserts.

The LC-MS/MS instrument consisted of an Acuity I-class UPLC system (Waters) and
Xevo TQ-S triple quadruple mass spectrometer (Waters) equipped with an electrospray

ion source and operated in positive ion mode was used for analysis of nucleoside
monophosphates. MassLynx and TargetLynx software (version 4.1, Waters) were applied
for the acquisition and analysis of data. Chromatographic separation was done on a 50
mmx2.1 mm internal diameter, 1.7-um UPLC BEH C18 column equipped with 50

mmx2.1 mm internal diameter, 1.7-um UPLC BEH C18 pre-column (both Waters

Acuity) with mobile phases A (5 mM ammonium acetate, pH 6.8) and B (methanol) at a
flow rate of 0.2 ml/min and column temperature 30°C. A gradient was used as follows,




%B (min.): 5 (0), 30 (1), 30 (3), 100 (3.5), 5 (4), 5 (5). Samples kept at 8°C were
automatically injected in a volume of 1 pl. Retention time for gemcitabine and its labeled
analog was 1.47 min.

For mass spectrometry, argon was used as the collision gas with a flow of 0.10 ml/min.
The capillary voltage was set to 2.67 kV, cone voltage 25V, source temperature 150°C,
desolvation temperature 400°C, and desolvation gas flow 800 L/hour. The analytes were
detected using multiple-reaction monitoring: 264.1 > 95.0 m/z (collision energy
CE=35eV) and 264.1 > 112.0 m/z (CE=10eV) for gemcitabine, and 267.0 > 97.0 m/z
(CE=40eV) and 267.0 > 115.0 m/z (CE=15eV) for IS. This method was used for
experiments described in Fig. 2B, figs. S7 and S9.

Bacteria-mediated gemcitabine resistance screen

Twenty-seven bacteria were cultured overnight in their respective growth conditions (table
S1). The next morning, bacteria were diluted 1:25 in DMEM and transferred into 96-well U-
shaped plates (BD Falcon #353077). Gemcitabine was then added to bacteria at a final
concentration of 80X (40uM) and incubated with the bacteria for 3 hours at 37°C. The
bacteria-drug mix was then diluted 1:8 into 96-well filter plates (Pall #8119), and centrifuged
at 1500 x g for 10 min at room temperature into 96-well receiver plates (VWR #82051-
242). The final filtrate was added to GFP-labeled RKO human colorectal carcinoma cells
(2,000 cells/well), resulting in a 1X concentration of 0.5uM gemcitabine. Cell growth was
monitored for 7 days by reading GFP fluorescence.

Bacterial colonization of tumors

Six-week old, BALB/c female mice (Taconic Biosciences) were shaved and subcutaneously
implanted with a luciferase (firefly) expressing MC-26 colon carcinoma cell line at a
concentration of 1x10” cells/100 pl PBS per flank. For subcutaneous tumor cell injection,
animals were anesthetized using isoflurane. Tumors were allowed to grow for approximately
2 weeks before they reached a size of 4-8 mm. Bacteria were grown overnight at 37°C in their
respective media (table S1). On the day of injection, bacteria were diluted 1:100 into fresh
media and grown to OD600=0.4-0.6. Bacteria were then washed with PBS (0.22um filtered)
3 times. Mice were injected with 5x10° bacteria in 100pl PBS through the tail vein.

Monitoring of tumor burden and bacterial populations

An E. coli Nissle 1917 strain was integrated with a chromosomal bacterial luciferase
cassette (luxCDABE) (23). Luminescence signals were measured 48 hours post-injection
(day 0 on x-axis), using the IVIS Spectrum imaging system (Caliper Life Sciences) set to
the auto-exposure setting (typically 30-60 s). Living Image software (Caliper Life
Sciences) was used for analysis.

To measure bacterial luciferase, a luminescence measurement was made before injection
of luciferin, with an open filter. Mammalian luciferase (Firefly) measurements were
made following bacterial luminescence measurement and 15 min post-intraperitoneal
injection of 100ul of D-luciferin (30 mg/ml), with an open filter. The Firefly values
resulted in radiance units of about 1x108-1x10"°, while bacterial values were 1x10°-
1x107, therefore the contribution of bacterial luciferase to mammalian luciferase values
was negligible. Both bacterial luciferase (luxCDABE) and mammalian luciferase
(Firefly) can be imaged using this method. Both bacterial and mammalian measurements




were compared to pre-injection values. Wet food was given to mice post-bacterial
injection, and cage changes were performed daily.

Gemcitabine and ciprofloxacin administration

Gemcitabine (USP) was administered intraperitoneally (150 mg/kg), typically, on days O,
4, and 9. Wet food was administered post-gemcitabine administration. The antibiotic
ciprofloxacin was prepared at a concentration of 150mg/kg in 100y sterile PBS, and was
administered intraperitoneally, every 12 hours, from day 0 to day 6.

Clinical samples

Fresh samples of pancreatic tumors and normal pancreatic tissue were collected from patients
with pancreatic ductal adenocarcinoma and from organ donors, respectively. The patients
were treated at Massachusetts General Hospital, Boston USA or at the Sheba Medical Center,
Israel. Tumor samples were collected and analyzed according to IRB-approved protocols.

DNA extraction

After weighing each collected tissue sample, DNA was extracted from each sample according
to the protocol specified by the Mo-Bio UltraClean Tissue DNA Kit (#12334-50). This
protocol involves a bead beating step to ensure full recovery of bacterial DNA. DNA
concentration and quality were measured using the Nanodrop ND-1000. For negative controls
the same protocol was applied to empty tubes.

Real-time guantitative polymerase chain reaction (qPCR) for bacteria

The following bacterial primers for the V6 region of the 16S ribosomal DNA (rDNA) region
were used in combination: 5’-CNACGCGAAGAACCTTANC-3’, 5°-
ATACGCGARGAACCTTACC-3’, 5>-CTAACCGANGAACCTYACC-3’, 5’-
CAACGCGMARAACCTTACC-3’, 5>-CGACRRCCATGCANCACCT-3".

DNA (150ng/well) extracted from tissues was combined with 500nM of the above described
primer mix and 1X SYBR Green Master Mix (Qiagen QuantiTect SYBR Green PCR Kit
#204143). The gPCR reaction was performed on the Applied Biosystems gPCR Sequence
Detection System (#2900HT) at 50°C for 2 min, 94°C for 15 min to denature DNA, with
amplification proceeding for 35 cycles at 94°C for 15 s, 50°C for 30 s, 72°C for 30 s, and
completed with a dissociation curve. Raw threshold cycle (C;) values were compared to a
bacterial standard curve produced with Escherichia coli DNA for approximation of bacterial
load (fig. S13). To determine the presence of bacteria in each sample, the natural log was
calculated for each qPCR result, which resulted in a normal distribution of the 41 DNA-free
controls (as verified by the Kolmogorov-Smirnov test) (table S6). To reach a false positive
rate of 0.1%, the cutoff was set to 10.5 bacteria/sample, which is equivalent to a Z-score of
3.1. The Wilcoxon Rank-Sum test was used to demonstrate that patients who underwent
Endoscopic Retrograde Cholangiopancreatography (ERCP) had statistically more bacteria
than patients who did not undergo ERCP.




Bacterial 16S rRNA fluorescence in situ hybridization (FISH)

Ribosomal RNA FISH was performed for the visualization of bacteria in human pancreatic
tumor tissue. The protocol was adapted from Lyubimova et al. (15) and optimized for
formalin-fixed paraffin-embedded (FFPE) tissues. We designed a set of 20 probes
complementary to the 16S rRNA region that have broad coverage of bacterial species:
5’-ACTTGCATGTATTAGGCACG-3’,

5’-GATGATTTGACGTCATCCCC-3’, 5’-CTGAGCCAGGATCAAACTCT-3’,
5’-TACGCATTTCACCGCTACAC-3’, 5’-CAGGGTATCTAATCCTGTTT-3’,
5’-CTACCTTGTTACGACTTCAC-3", 5’>-ATCGTTTACGGCGTGGACTA-3’,
5’-TATCTAATCCTGTTTGCTCC-3’, 5>-TTTACGGCGTGGACTACCAG-3’,
5’-CATTGTAGCACGTGTGTAGC-3’, 5’-TCGACTTGCATGTGTTAAGC-3’,
5’-CGACTTGCATGTGTTAAGCA-3°, 5’>-CATTGTGCAATATTCCCCAC-3’,
5’-AGGGTATCTAATCCTGTTCG-3’, 5>-GATATCTACGCATTTCACCG-3’,
5’-CATGAGGACTTGACGTCATC-3’, 5>-TAAGCATTCTGTCAGCGTTC-3’,
5’-CACCTCTACACTTGTAGTTC-3’, 5>-CGGCATTCCTACAAATATCT-3’,
5’-CATTGTCCAATATTCCCCAC-3’

These 16S rRNA probes were labeled with the Cy5 fluorophore (GE Healthcare
#PA25001). A set of 20 scrambled 16S rRNA probes based on the above described set
was designed and also labeled with the Cy5 fluorophore. The scrambled probe sequences
are as follows:

5’-TGTCAGCTTAGTCGAAACGT-3’, 5’-GAACCGAGTGATTCCCTCTT-3’,
5’-AACTGCGCTGATAACTACCG -3°, 5>-TAACCTTTCCCATGACGCAC -3°,
5’-TTAGTAGTCCTCTAGGTTCA -3°, 5- TGCCCTCACTGTTATACCAT-3’,
5’-CGCTTGAACGTAATGCGGTT -3°, 5>-TTGTATCTCTCTCACTCGTA -3,
5’-CAGCGGCCGTATGTATTACG -3°, 5>-GTACTTGGTTGACCAGCGTA -3°,
5’-TAGCTATAGCCTATTGGGCT -3°, 5>-AGGCCTTTTACTAGGCATAG -3°,
5’-CCTATAGTAGATCTCCTACC -3°, 5>-CACGAATTTGTGGCTTGCAT-3’,
5’-CCTCTGTACTACACGATAGT -3’, 5>-TAACGGGCGCATCTGTCATA -3°,
5’-TGTCTTCTTAGACAGTGCAC -3°, 5’-CTATTCATACTTCCGCTGAC -3°,
5’-CATCTCGCCCAATTAATATG -3°, 5’-CCTATACTAGATCTCCTACC -3°.

Goblet cell probes (PMCID: PMC5293156) labeled with 6-
Carboxytetramethylrhodamine (6-TAMRA) (ThermoFisher Scientific C6123) were
obtained as a gift from Dr. Shalev Itzkovitz’ lab at the Weizmann Institute of Science,
and used as a control for the hybridization protocol in fig. S14. FFPE blocks were cut into
5um slices and deparaffinized by immersing slides in 100% xylene for 10 min, followed
by fresh 100% xylene for 5 min, 100% ethanol for 10 min, fresh 100% ethanol for 10
min, 95% ethanol for 10 min, and finally in 70% ethanol, and kept at 4°C for a minimum
of 2 hours. They were subsequently incubated in 2X SSC buffer (Ambion #AM9765) for
10 min at RT, then treated with 10 pg/ml proteinase-K (Ambion #AM2546) for 10 min at
RT. Following proteinase-K treatment, samples were incubated twice with 2X SSC buffer
for 5 min at RT, rinsed with a wash buffer containing 25% formamide (Ambion
#AM9342), 2X SSC buffer, and nuclease-free water, then incubated with fresh wash
buffer for an additional 5 min at RT. Probes were hybridized to the tissue overnight at
30°C, using a hybridization buffer (300pul/slide) containing 25% formamide, 10% dextran
sulfate (Sigma #D8906), 1 mg/ml E. coli tRNA (Sigma #R4251), 2X SSC buffer, 0.02%
BSA (Ambion #AM2616), and nuclease-free water. Unbound probes were removed by




incubating samples in wash buffer for 30 min at 30°C. Nuclear staining was performed by
incubation with 25 ng/ml DAPI (Sigma #D9564) for 30 min at 30°C. Samples were then
placed in a GLOX buffer containing 1M TRIS (pH8 Ambion #AM9856), 2X SSC, 10%
glucose, and nuclease-free water for 5 min at RT, before being mounted onto slides with
an anti-bleach mounting medium containing GLOX buffer, 37 pg/ml glucose oxidase
(Sigma G2133), and 0.29 mg/ml Catalase suspension (Sigma #3515). Slides were imaged
at 100X or 60X magnification, using an inverted epifluorescent microscope. Exposure
time was 1 s for the Cy5 fluorescence channel, 1 s for the Alexa Fluor 594 fluorescence
channel, 1 s for the TMR fluorescence channel, and 50 ms for the DAPI fluorescence
channel. To discard nonspecific fluorescence background, for some of the images (Fig.
4B), the fluorescence signal from the Alexa Fluor 594 channel was subtracted from the
Cy5 channel using ImageJ. Please note that as pancreatic tissue contains large amounts of
RNAses it is imperative to fix small tumor samples very quickly to best preserve the
RNA.

Immunohistochemistry for bacterial lipopolysaccharide (LPS) in human pancreatic tumors
Immunohistochemistry was performed on 4 um serial sections from formalin-fixed, paraffin-
embedded (FFPE) tissues. The samples were deparaffinized, rehydrated, and pretreated for
antigen retrieval by microwave treatment for 10 min in 10 mmol/l of citrate buffer (pH 6.0).
Endogenous peroxidase was quenched by incubating samples with 0.3% hydrogen peroxide in
PBS for 30 min. To detect gram-negative bacteria, antibody to Lipopolysaccharide core
(Hycult Biotech, Uden, Netherlands; Clone WN1 222-5) was used at a concentration of 1:300
overnight at 4°C. ZytoChem Plus HRP Polymer Anti-Rabbit secondary antibody was used,
according to the manufacturer’s instructions (Zytomed Systems, Berlin, Germany). DAB
substrate Kit was used to detect HRP (Zytomed Systems, Berlin, Germany), and specimens
were counterstained with hematoxylin.

16S rRNA amplification and sequencing

A total of 65 PDAC samples were subjected to 16S rDNA sequencing. Twenty-seven of
these samples originated in the USA and 38 in Israel. For the samples obtained in the
USA, the 16S gene dataset consists of Illumina MiSeq sequences targeting the V4
variable region. Detailed protocols used for 16S amplification and sequencing were
previously described (24). In brief, genomic DNA was subjected to 16S amplification
using primers designed to incorporate the Illumina adapters and a sample barcode
sequence, allowing for directional sequencing covering variable region V4 (Primers:
515F [5’-GTGCCAGCMGCCGCGGTAA-3’] and 806R [5°-
GGACTACHVGGGTWTCTAAT-3]). PCR reactions contained 10 pl of diluted
template (1:50), 10 pl of HotMasterMix with the HotMaster Taq DNA Polymerase (5
Prime), and 5 pl of primer mix (2 uM of each primer). The cycling conditions consisted
of an initial denaturation at 94°C for 3 min, followed by 30 cycles of denaturation at
94°C for 45 s, annealing at 50°C for 60 s, extension at 72°C for 5 min, and a final
extension at 72°C for 10 min. Amplicons were quantified on the Caliper LabChipGX
(PerkinElmer, Waltham, MA), pooled in equimolar concentrations, size selected (375-
425 bp) on the Pippin Prep (Sage Sciences, Beverly, MA) to reduce non-specific
amplification products from host DNA, and a final library size and quantification was




performed on an Agilent Bioanalyzer 2100 DNA 1000 chips (Agilent Technologies,
Santa Clara, CA). Sequencing was performed on the Illumina MiSeq platform (version
2), according to the manufacturer’s specifications, with the addition of 5% PhiX, and it
generated paired-end reads of 175 bases in length in each direction. The overlapping
paired-end reads were stitched together (approximately 97 bp overlap), size-selected to
reduce non-specific amplification products from host DNA (225-275 bp), and further
processed in a data curation pipeline implemented in QIIME 1.7.0 as
pick_closed_reference_otus.py (25). In brief, this pipeline uses a reference-based method
to pick operational taxonomic units (OTUs), and constructs an OTU table. Taxonomy
was assigned using the Greengenes (August, 2013) predefined taxonomy map of
reference sequence OTUs to taxonomy (26). For the samples originating in Israel, we
used a novel method which amplifies 5 regions across the 16S rDNA gene to allow for
better species resolution. The method will be reported in detail elsewhere. The resulting
OTU tables of both datasets were checked for mislabeling (27) and contamination (28). A
mean sequence depth of 73,095 reads/sample was obtained for all 65 samples. For the
final analysis, tumor samples (N=65) were compared to DNA extraction or PCR
technical controls (N=35). Species that were absent across all control samples were all
considered in further analysis. For all other species that had some presence in the control
samples, a p-value indicating abundance in tumors compared to controls was calculated
based on a binomial distribution (proportion was given by the frequency of positive
control samples). Species that passed a Benjamini-Hochberg false discovery rate of 5%
were considered for the final analysis.

Culturing bacteria from human PDAC samples

Fresh tumor tissue (around 3-5mm?) or 50ul of sterile PBS (negative control) was placed in 1
ml of LB broth and cultured overnight at 37°C while shaking. In the morning, LB from
overnight culture was diluted in serial 1:10 dilutions to obtain single colonies on LB agar
plates (without antibiotics). Once bacterial colonies appeared (usually after 1-3 days of
incubation), they were grown individually in LB and stored.

PCR and Sanger sequencing of 16S from single bacterial colonies

The following forward and reverse bacterial primers, respectively, for the V1-V9 16S rRNA
regions, were used for PCR: 5 AGRGTTTGATCMTGGCTCAG 3°, 5°
TACGGYTACCTTGTTAYGACTT 3°. The DDW, buffer, ANTPs, MgCl, and Taq were
obtained from the Platinum® Tag DNA Polymerase High Fidelity kit (#11304-011).

PCR reactions contained 40.8 ul of PCR DDW, 5 pul of buffer X10, 1 pl of 10mM dNTPs, 2 ul
of 50mM MgSOQy, 0.2 ul of Platinum® Taq HF, and 0.5 ul of both the forward and reverse
primers (final concentration of 20 uM). DNA was added by touching a bacterial colony from
an LB agar plate with a tip. Reactions were held at 96°C for 5 min to denature the DNA, with
amplification proceeding for 30 cycles at 94°C for 30 s, 57°C for 60 s, and 72°C for 2 min,
with a final extension of 7 min at 72°C to ensure complete amplification.

The PCR product was run on a DNA separating gel, and the single band (~1465 bp) was
cleaned with the Qiagen - QIAquick PCR Purification Kit (#28104). The PCR product was
sent to sequencing, using the following primers:

27f - 5> AGRGTTTGATCMTGGCTCAG 3°, 926r - 5> CCGTCAATTCMTTTRAGT 3°,
1492r - 5 TACGGYTACCTTGTTAYGACTT 3°. Sequencing results were aligned to the




16S Ribosomal RNA Sequences (Bacteria and Archaea) Database in the NCBI blastn site.

Bacteria-mediated resistance to gemcitabine by bacteria isolated from human pancreatic
tumors

Bacteria from 15 pancreatic tumors were cultured in LB overnight, as described above. The
next morning, bacteria were diluted 1:25 in DMEM and transferred into 96-well U-shaped
plates (BD Falcon 353077). Gemcitabine was then added to bacteria at a final concentration
of 80X (20uM), and incubated with the bacteria for 4 hours at 37°C. To filter out the bacteria,
the bacteria-drug mix was then diluted 1:8 into 96-well filter plates (Pall #8119), and
centrifuged at 1500 x g for 10 min at RT into 96-well receiver plates (VWR #82051-242).
The final filtrate was added to GFP-labeled RKO and HCT116 human colorectal carcinoma
cells, resulting in a 1X concentration of 0.25uM gemcitabine on the cells. Cell growth was
followed for 7 days by reading GFP fluorescence.
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Fig. S1.

Hierarchical clustering of stromal cells (horizontal) according to their ability to confer gemcitabine
resistance to colorectal (CRC) and pancreatic cancer cell lines (labeled in vertical panel). Red and
blue colors represent row maximum and minimum rescue scores, respectively. This supplementary
figure was copied from our previous publication (35).
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Fig. S2.

Rescue of colorectal cancer cells from gemcitabine (Gem) by HDF stromal cells. HT-29 was treated
with 0.02 uM gemcitabine, whereas DLD-1 and RKO cells were treated with 0.1 uM gemcitabine.
(A) Fluorescence microscopy looking at GFP positive cancer cells on day 7. All 4 quadruplicate
wells are shown. (B) Growth curves of cancer cell lines. Colors represent the stromal cell that was
co-cultured with the cancer cell line (control = no stromal cells). Since GFP was detected, only the
growth of the cancer cells in the well was measured. This supplementary figure was copied from our
previous publication (5).
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HDF-conditioned medium (HDF-CM) converts gemcitabine into 2’ ,2’-difluorodeoxyuridine
(dFdU). (A) HPLC-MS/MS of gemcitabine (100nM) standard. (B) HPLC-MS/MS of dFdU
(100nM) standard. (C) HPLC-MS/MS of gemcitabine (100nM) incubated for 4 hours at 37°C
with HDF-CM or with DMEM medium control.
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Fig. SS.

HDF-mediated metabolism of gemcitabine is dependent on M. hyorhinis. Gemcitabine (0.64uM)
was incubated for 24 hours at 37°C with HDF-CM (M. hyorhinis positive), HDF-CM from
G418-treated HDF cells (M. hyorhinis negative), or HDF-CM from G418-treated cells after re-infec-
tion with M. hyorhinis. HPLC-MS/MS was used to detect the percentage of gemcitabine loss after
24 hours, compared to pre-incubation gemcitabine levels.
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Bacteria without CDD Bacteria with CDD, Bacteria with CDDg All bacteria in KEGG H Proteobacteria
m Firmicutes

m Actinobacteria

m Other
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m Bacteroidetes
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Deferribacteres
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Fig. Se.

Distribution of bacterial phyla by CDD status. 2,674 bacteria in the Kyoto Encyclopedia of Genes
and Genomes (KEGG) were classified, based on their CDD isoform, into bacteria without CDD,
bacteria with the long CDD isoform (CDD, ), and bacteria with the short CDD isoform (CDDy) (see
table S5 for more details). As shown, 98.4% of bacteria with the CDD, isoform belong to the
Proteobacteria phylum.
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Fig. S7.

Rate of gemcitabine metabolism by bacteria with different CDD isoforms. Gemcitabine (4 uM) was
incubated with 107 bacteria for 4 hours in M9 Minimal Salts medium (Sigma, M9956-500ML) to
keep the number of bacteria constant throughout incubation. Bacteria were then filtered from the
media, and the remaining gemcitabine was detected by HPLC-MS/MS. All CDD, bacteria were
isolated from PDAC tumors, excluding E. coli. Bars represent the standard deviation between 2
biological replicates, each containing 2 technical repeats.
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Fig. S8.

The effect of gemcitabine on bacterial growth. Overnight bacterial cultures were diluted to 5x10°
bacteria/well, and gemcitabine was added (0-3,200 uM) to each well. OD 600 measurements were
used to detect bacterial growth. (A,B) Bacteria containing CDD, . (C,D) Bacteria containing CDD,.
(E,F) Bacteria lacking CDD. Bars represent the standard deviation between 2 biological replicates,
each containing 3 technical repeats.



>
o
S

)]
o
1

40

30

20

Gemcitabine loss (%)

10

E. coli E. coli E. coli E. coli E. coli
(ACDD) (ACDD) (ACDD) (ACDD)
+empty +CDDg +CDD,

vector

B Empty
kD vector CDD CDD

52
41

27
21

14
1

0 0 2x10* 2x10° 2x102 0 2x10* 2x10° 2x10

Arabinose (mg/ml)

Fig. S9.

Effect of complementing E. coli ACDD with CDDg or CDD, on metabolism of gemcitabine.
FLAG-tagged sequences of CDD, or CDD,, originating from Staphylococcus aureus or Shigella
flexneri (note that the CDD, protein sequence of S. flexneri is identical to that of E. coli K-12),
respectively, were cloned into the pPBAD/HisA vector containing an arabinose-inducible promoter.
These cloned plasmids, or the empty vector, were then transformed into the E. coli ACDD strain.
(A) 40 uM gemcitabine was incubated with 107 bacteria for 4 hours at 37°C in M9 Minimal Salts
medium (Sigma, M9956-500ML) to keep the number of bacteria constant throughout incubation.
For CDD expression, arabinose was added at a concentration of 2x10~ for CDD and 2x10* mg/ml
for CDD, . Bacteria were then filtered from the media, and the remaining gemcitabine was detected
by HPLC-MS/MS. Bars represent standard deviation between 2 technical repeats. (B) Western blot
showing expression of CDD, or CDD, as detected by Anti-FLAG antibody (Sigma #f3165) and
secondary Anti-Mouse IRDye680 antibody (Li-cor #926-68070).

18



25,000 M E. coli (ACDD) + empty vector
B E. coli (ACDD) + CDD,
i m E. coli (ACDD) + CDDg
HLB
20,000 T3
|r Il 1 I
15,000 -
o
[T
O 10,0004 |
5,000 - I | PERE B | T T
To To To "o R @ <o W2 T2 10 a0
Gem (uM) q;l« Q;v Q;L ‘L

Arabinose 44 4 —_—1]

Fig. S10.

Effect of complementing E. coli ACDD with CDD, or CDDy on resistance of PDAC cell line
(AsPC1) to gemcitabine. FLAG-tagged sequences of CDD, or CDD, originating from Shigella
flexneri and Staphylococcus aureus respectively, were cloned into the pBAD/HisA vector contain-
ing an arabinose-inducible promoter. These cloned plasmids, or the empty vector, were transformed
into the E. coli ACDD strain. Bacteria were diluted 1:25 from overnight culture into a well with
DMEM containing gemcitabine (Gem) concentrated 80X the final concentration with which the
AsPCI cells were treated. Gemcitabine values on the x-axis represent the 1X concentration. Addi-
tionally, bacteria were treated with arabinose at increasing concentrations for expression of CDD (0
mg/ml, 2x10* mg/ml, 2x10-* mg/ml, 2x10 mg/ml). After 4 hours of incubation at 37°C, bacteria
were filtered out, and GFP-positive AsPC1 cells were treated with this filtered medium. Medium
was changed and cells retreated on day 4. GFP fluorescence was measured over 6 days to track cell
growth. Values at day 6 were normalized by subtracting day 1 from day 6 (y-axis). Bars represent
standard deviation between 4 technical repeats.
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Bacteria can mediate resistance to oxaliplatin. Bacteria were incubated with drugs for 4 hours in
DMEM at 37°C, after which they were filtered out, and this filtered medium was added to GFP-la-
beled AsPC1 or RKO cells. Results presented are GFP fluorescence reads from day 7 of the experi-
ment. Two bacterial species shifted the dose response curve to the right for both gemcitabine and
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Fig. S12.

CDD does not mediate resistance to oxaliplatin. Oxaliplatin was incubated with different bacteria
(or with bacteria-free medium control) for 4 hours in DMEM at 37°C. Bacteria were then filtered
out, and the filtered media were added to GFP-labeled RKO colon cancer cells. GFP fluorescence
reads at day 7 were normalized to the no-drug control. Both WT E. coli and ACDD E. coli
conferred resistance to oxaliplatin to the same extent.

21



Bacteria/sample
100 1000

o
N
o

AC,
(normalized to no-bacteria control)

-6 1 R?=0.9955

-
o
1

-
N
L

Bacteria/sample
100 1000

(=)
-
ro

AC,
(normalized to no-bacteria control)

-6 R2=0.9918

Fig. S13.

Estimating the number of bacteria by bacterial 16S rDNA qPCR. (A) Increasing amounts of E. coli
bacterial DNA (equivalent to 0-5,120 bacterial cells) were spiked into 150 ng of human DNA, then
subjected to qPCR for 16S rDNA. (B) E. coli cells (0-5,120 bacterial cells) were spiked into human
AsPCI1 cells (equivalent to 150 ng DNA) before DNA extraction. After DNA extraction, these
samples were subjected to qPCR for 16S rDNA. 0.005pg of bacterial DNA was considered to be
equivalent to 1 bacterium, and 6.2 pg of human cell DNA was considered to be equivalent to one
AsPCI1 cell. Bars represent the standard deviation between 3 biological replicates.
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Fig. S14.

Controls for bacterial 16S rRNA fluorescence in situ hybridization probes. (A) Wild type mouse
colon section hybridized with 16S rRNA probe (red) and DAPI (blue). (B) Same mouse colon
section hybridized with goblet-cell marker (Gob5) (yellow) and DAPI (blue). The Gob5 probe is
used as a positive control for the fluorescence in situ hybridization protocol. Three goblet cells are
marked by yellow arrows. (C) Germ-free mouse colon section hybridized with 16S rRNA probe
(red), DAPI (blue), and (D) Gob5 probe (yellow). (E) Wild type mouse colon section hybridized
with scrambled 16S rRNA probe (red), DAPI (blue), and (F) Gob5 probe (yellow). All fields
imaged at 60X magnification. Scale bars, 10 pm.
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Fig. S15.
Bacteria detected by bacterial 16S rRNA fluorescence in situ hybridization probes in 5 PDAC

patients. (A-F) Patient #1. (G) Patient #2. (H-J) Patient #3. (K) Patient #4. (L.-O) Patient #5. All
fields imaged at 100X magnification. Scale bars, 10 pm.
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Fig. S16.

Detection of bacterial LPS by immunohistochemistry. MC-26 mouse colon cancer cells were
injected subcutaneously into the flanks of BALB/c mice. After tumors reached 5-7mm in diameter,
(A) PBS or (B) E. coli Nissle 1917 were injected into the tail vein. Seven days later, tumors were
harvested, formalin fixed, and paraffin embedded. Slides from both tumors were subjected to IHC,
using an anti-LPS antibody staining bacteria in brown. (C,D) Human PDAC tumors subjected to
IHC, using an anti-LPS antibody. Scale bars, 50 um.
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Histogram of bacterial species prevalence across tumor and control samples. 65 human PDAC
samples and 35 negative controls were subjected to DNA extraction followed by 16S rDNA ampli-
fication and sequencing (supplementary methods). The graph depicts a histogram of the percentage
of samples (tumors or controls) that were positive for each bacterial species.
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Bacteria-mediated resistance to gemcitabine by bacteria isolated from human pancreatic tumors.
Bacteria from 15 pancreatic tumors were cultured overnight in LB. The next morning, bacteria
were diluted 1:25 in DMEM, and gemcitabine was added. After 4 hours of incubation at 37°C,
bacteria were filtered out and this filtered medium was added to GFP-labeled RKO and HCT116
cancer cells. Cells were followed for 7 days by GFP fluorescence measurement. For specific
details, see the supplementary methods. Note that bacteria were cultured in LB media and aerobic

conditions, and thus selected against anaerobic bacteria or bacteria that cannot thrive in LB media.
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Table S1A Cancer cell lines used in the study.

Table S1B Stromal cells used in the study.

Table S1C Bacteria used in the study.

Table S2 Identity of reads from whole genome sequencing of HDF conditioned media.

Table S3 CDD and bacteria-mediated gemcitabine resistance.

Table S4 Alignment of amino acid sequences from bacteria that harbor the short or long CDD
gene.

Table S5 CDD in bacteria.

Table S6 16S gPCR results of pancreatic tumors and controls.

Table S7 16S sequencing results (% of reads).
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