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Supplementary Materials
Materials and Methods

Cell lines. The M12 (34), WEHI-231 (35), and BJAB (36) B cell lines were cultured in RPMI
with 10% fetal bovine serum; M12 and WEHI-231 media was supplemented with 50 uM p-
mercaptoethanol. RAW?264.7, CMT-93, 293T, and HT-29 cell lines were cultured in DMEM
with 10% fetal bovine serum. Media for all experiments contained 100 U/mL penicillin and 100
pg/mL streptomycin. For co-culturing human IECs and B cells, HT-29 cells were grown to
confluency on hanging wells. Polarization was confirmed prior to infections using fluorescein-
conjugated dextran 3000 Da (FITC-dextran) exclusion. Specifically, 4 pg/mL FITC-dextran was
loaded into the apical chamber. At 45 min. post-incubation, basal supernatants were collected
and analyzed for fluorescent signal using a Synergy BioTek plate reader. Basal supernatants with
fluorescence maxima less than 10% of the signal detected in a control well with no HT-29 cells
were considered to be polarized. BJAB cells were then cultured in the basal chamber.

Viruses. Recombinant MNV-1 and MNV-3 that have been previously described (14) were used
for all experiments. In brief, virus stocks were generated by transfecting 5 pg infectious clone
per 10° 293T cells, freeze-thawing cells after 1 d, and infecting RAW264.7 cells with 293T
lysates at MOI 0.05. RAW?264.7 lysates were generated when >90% of cells displayed CPE and
were purified through a 25% sucrose cushion. We have previously described the generation of a
neutral-red containing MNV-1 stock (37). In brief, RAW264.7 cells were infected with MNV-1
at MOI 0.05 in the presence of 10 pg/mL neutral red (Sigma) and a stock was generated as
described above. All steps were carried out in the dark and labeling was confirmed by a
minimum two-log reduction in stock titer upon light exposure. Titers of all MuNoV stocks were
determined using a standard TCIDs assay (16). For HuNoV infections, a stool sample that tested
positive for the GI1.4-Sydney strain was provided by the Centers for Disease Control (CDC); this
stool sample tested negative for GI and GIV HuNoVs, sapovirus, astrovirus, rotavirus, and
enteric adenovirus. We also performed pilot studies with two de-identified stool samples testing
positive for the Gll.4-Sydney strain that were obtained from Shands Hospital associated with the
University of Florida. Stool samples were not processed prior to inoculation of cells unless
otherwise indicated. Titers of HUNoV stocks were determined by quantitative RT-PCR (RT-
gPCR) using established genogroup-specific primer sets (38) (see below for details).

MuNoV infections and growth curves. Cells were infected at MOI 5 unless otherwise indicated
and incubated for 1 h on ice. Cells were then washed to remove unbound virus and incubated at
37°C. At the indicated times post-infection, culture supernatants were collected and virus titers
determined using a standard TCIDs assay (16).

Cell viability assays. Cells were incubated with propidium iodide (BD Pharmingen) at a final
concentration of 2.5 pg/mL for 5 min. at room temperature. Flow cytometric analysis was
performed on a FACSCalibur instrument (BD Biosciences) and the CellQuest Pro software was
used to analyze data. Data are reported as the percentage of cells that did not incorporate dye (%
viable cells).

Western blotting. Cells were lysed in 1x Laemmli sample buffer, and proteins were separated
by SDS-PAGE and transferred to polyvinylidene fluoride (PVVDF) membranes. Previously
described antibodies to the MNV-1 protease-polymerase (ProPol) nonstructural proteins (39), the
VP1 major capsid protein (40), and the VP2 minor capsid protein (14) as well as a mouse anti-
actin antibody (EMD Muillipore) were used sequentially to probe the PVDF membranes for



MuNoV studies. The blots were stripped using Restore PLUS Western Blot Stripping Buffer
(Thermo Scientific) in between antibody incubations. A previously described antibody to a
genogroup Il HUNoV NS6 peptide (41) was used to probe membranes for HUNoV studies.

MuNoV immunofluorescence assay. Cells were fixed in 4% paraformaldehyde in phosphate
buffered saline (PBS) and deposited onto glass slides using a Cytopro Cytocentrifuge (Wescor
Inc.). Cells were then permeabilized with 0.1% Triton X-100/4% PFA in PBS and stained with
anti-ProPol antibody (39) at a 1:1000 dilution followed by an Alexa Fluor 594-conjugated
secondary antibody (Invitrogen). Antibodies were diluted in 1% bovine serum albumin in PBS.
Nuclei were stained with mounting media containing DAPI (Vector Laboratories, Inc.). Stained
cells were imaged with a Zeiss Axioplan-2 Upright Fluorescent Microscope. To determine
infectivity frequencies, three random 40X fields were counted per sample and the data averaged.

MuNoV persistence assays. M12 cells were infected at MOI 5 and plated at 3 x 10° cells/mL.
At 2 dpi, cells were washed extensively to remove extracellular virus and re-plated at 3 x 10°
cells/mL. This procedure was repeated every 2 d. The culture supernatant and cells were
collected at every fifth passage for viral detection using the described TCIDs, assay and IFA,
respectively.

Mice, virus infections, and in vivo tissue titer determination. Wild-type B6 mice (Jackson
#00064) and 1ghm™9" mice (also known as PMT, Jackson #002288), which lack B cells, were
bred and housed in animal facilities at the University of Florida under specific-pathogen-free
conditions. 129S6/SVEv Stat1™R% (Taconic #2045; referred to as Stat1™) mice were bred and
housed in animal facilities at the University of Michigan under specific-pathogen-free
conditions. Six- to ten-week old, sex-matched mice were used in all experiments. Virus
infections were performed perorally (p.o0.) with 25 pL inoculum, unless otherwise indicated. For
neutral red-labeled MNV-1 infections, virus was administered through oral gavage with 100 uL
inoculum and infections were carried out in the dark. For determining in vivo tissue titers,
specified tissues were dissected from perfused mice, weighed, and homogenized in media by
bead beating using 1.0 mm zirconia/silica beads (BioSpec Products, Inc.). Plaque assays of tissue
samples have been described (19, 20). For titering tissues from mice inoculated with neutral red-
labeled MNV-1, tissues were homogenized in the dark. One portion of each homogenate was
titered in the dark (total titer) while a second portion was exposed to light for 30 min. and titered
in a parallel plaque assay (light-insensitive titer representing replicated virus).

Magnetic separation of cells. Groups of B6 mice (n = 8) were inoculated p.o. with mock
inoculum or 10° TCIDso units MNV-1 or MNV-3. At 1 dpi, Peyer’s patches were dissected and
pooled single cell suspensions were prepared by grinding through a 70-um strainer. B cells were
positively selected from bulk Peyer’s patch cells using the EasySep Mouse CD19 Positive
Selection Kit and EasySep magnet (STEMCELL Technologies Inc.). The purity of separated B
cells was measured by flow cytometric analysis and determined to be >97% in each experiment.

MuNoV quantitative RT-PCR. RNA was extracted from purified Peyer’s patch cells using the
E.Z.N.A MicroElute Total RNA Kit (Omega Bio-Tek Inc.) and cDNA was synthesized using the
ImProm-11 Reverse Transcription System (Promega). Quantitative PCR was performed on each
cDNA sample in triplicate. Primers for the MuNoV genome were sense 5°-
CTTTGGAACAATGGATGCTG-3’ and antisense 5’-CGCCATCACTCATCCTCAT-3". Serial
dilutions of a plasmid with the viral target sequence were used to generate a standard curve for
the purpose of determining viral genome copy numbers in each sample.



MuNoV flow cytometric detection. STAT1” mice were inoculated with mock inoculum or 10’
pfu MNV-1. At 1 dpi, Peyer's patches were dissected and single cell suspensions prepared. Cells
were treated with 2.4G2 hybridoma supernatant to block Fc receptors (42), stained for the B cell
surface markers CD19 (clone 6D5; Biolegend) or B220 (clone RA3-6B2; eBioscience),
permeabilized, and stained with a rabbit polyclonal antibody raised against the MNV-1
nonstructural amino-terminal (N-term) protein (43) generously provided by Vernon Ward
(Otago University). An Alexa Fluor 488-conjugated secondary goat anti-rabbit antibody was
used to detect the primary anti-N-term antibody. Flow cytometric analysis was performed on a
FACSCanto (Becton Dickinson) and data analyzed using FlowJo software (Treestar).

Antibiotic depletion of the murine intestinal microbiota. The intestinal microbiota was
depleted by oral gavage of a standard antibiotic cocktail, as previously described (30, 44). In
brief, mice were orally gavaged daily for five days with 10 mg each of vancomycin (Fisher
Scientific), ampicillin (Acros Organics), metronidazole (Acros Organics), and neomycin
(Sigma). After the fifth day of gavage, antibiotics were added to the drinking water at a
concentration of 1 g/L for ampicillin, metronidazole, and neomycin and 500 mg/L for
vancomycin. Fresh fecal samples were collected from mice after the fifth day of oral gavage,
homogenized, plated on brain-heart infusion (BHI) agar plates with 10% sheep blood, and
incubated under anaerobic conditions at 37°C for 2 d followed by aerobic conditions at 37°C for
1 d to confirm efficient microbial depletion. Mice were maintained on the antibiotic- or PBS-
containing water for the duration of the experiment, and infections were only performed after
antibiotic-treated mice were verified to be free of detectable culturable bacteria.

HuNoV infections and genome copy number determination. The indicated numbers of viral
genome copy numbers were applied directly to BJAB cells; or in the apical chamber of a hanging
well containing polarized HT-29 cells grown on the membrane and BJAB cells in the lower
chamber. Cultures were incubated at 37°C for the indicated times, at which point the contents of
the entire well (direct infections) or the entire basal chamber contents (co-culture) were
freeze/thawed two times and the cell lysate used for RNA extraction and RT-gPCR detection of
viral genome copy number. Published primers NK2PF (5°-
ATGTTYAGRTGGATGAGATTCTC) and NK2PR (5’-TCGACGCCATCTTCATTCAC) were
used to amplify genogroup Il viruses at a final concentration of 200nM each (38). Two ul of
undiluted cDNA was added to each reaction and each sample was run in triplicate. Samples were
amplified on a iCycler iQ (Bio-Rad) with SYBR Green Master Mix (Thermo Scientific) under
the following cycling conditions: 95°C for 10 min. followed by 41 cycles of 95°C for 15s, 58°C
for 30s, and 72°C for 30s. Serial dilutions of a plasmid with the viral target sequence provided by
Park et al. (38) were used to generate a standard curve for the purpose of determining viral
genome copy numbers in each sample. A representative standard curve (Fig. S4A) and RT-PCR
products from one direct infection experiment run on an agarose gel (Fig. S4B) are presented.
The 89-nucleotide products detected in this gel were purified and sequenced to confirm
specificity of the reaction. In certain experiments, aliquots of HuNoV stocks were inactivated
with 200,000 wJ cm™ UV for 25 min. prior to inoculation; aliquots of HUNoV stocks were
incubated with 10 pg/mL anti-VP1 antibody (Abcam, catalog # ab92976) for 1 h at 37°C prior to
inoculation of BJAB cells to test for antibody-mediated virus neutralization; and stocks were
filtered through a 0.2 um membrane prior to inoculation.

HuNoV immunofluorescence assay. The protocol described for MuNoV IFAs was used with
the following modifications. After permeabilization, cells were blocked with 5% normal goat



serum. A Tyramide Signal Amplification Kit (Invitrogen) was then used according to
manufacturer’s protocol. Briefly, cells were stained with anti-VP1 mouse monoclonal antibody
(Abcam; catalog #ab80022) at a 1:25 dilution followed by anti-mouse 1gG-HRP and Alexa Fluor
594-conjugated tyramide.

HuNoV passaging studies. A passage 0 (PO) virus stock was prepared by infecting BJAB cells
with 5 x 10° viral genome equivalents of the G11.4-Sydney HuNoV-positive stool for 2 h,
washing the cells extensively to remove unbound virus, subjecting 3 dpi cultures to two freeze-
thaw cycles, pelleting and discarding cellular debris, and aliquoting supernatant. 5 x 10° genome
equivalents of this PO stock were then applied to naive B cells and infections analyzed as
described above. This passaging protocol designed to test whether infectious progeny virus is
produced in BJAB cultures is depicted schematically in Fig. S5 to differentiate it from
experiments designed to assess whether BJAB cells become persistently infected.

HuNoV persistence studies. BJAB cells were inoculated with 5 x 10° viral genome equivalents
of the Gl1.4-Sydney HuNoV-positive stool. At 3 dpi, cells were washed three times to remove
extracellular virus and re-plated at 5 x 10° cells/mL. This procedure was repeated every 3 d. At
each passage, one well was harvested for viral genome copy number determination.

HuNoV:bacteria incubation studies. Enterobacter cloacae was purchased from ATCC (ATCC
13047). Escherichia coli DH5-alpha from our common laboratory stock was used. Bacteria were
inoculated into nutrient broth (NB) and incubated overnight at 37°C. Overnight cultures were
serially diluted in NB to achieve the indicated concentrations and incubated at 65°C for 40 min.
for the purpose of heat inactivation. Inactivation was confirmed by plating on nutrient agar and
inoculating into NB. For HuNoV studies, heat-inactivated bacteria were pre-incubated with virus
for 1 h at 37°C prior to inoculation onto cells. Lysates of heat-killed E. cloacae and E. coli were
probed for H-type HBGA expression by western blotting with anti-H IgM antibody (Santa Cruz).
Synthetic blood type H HBGA (GlycoTech product number 08-019; expected size of 238 kDa)
was run in parallel as a positive control. The H-type antigen expressed by E. cloacae is ca. 63
kDa.



Figures S1-S7

RAW264,7 M12 WEHI
0 los5[ 1] dpi- [ 0oJos5]1[2[3[4a] -dpi- [oJos5]1[2]3T]4
1[3]1]3]1]3] -MNv-[1]3]1]3]1]3[1]3]1]3]1]3] -MNv- [1]3]1]3]1]3[1]3]1]3]1]3

--’ -RdRp- ———  -RARP- pr—
R Pl ———— _\P1- il it
e B TR S G - ————
———— 0 C]- —"--l—---“" ACHIN- [ i i o o g -

Suppl. Figure 1. MuNoV protein synthesis is delayed in B cells compared to macrophages.
RAW264.7, M12, and WEHI-231 cells were infected with MNV-1 (1) or MNV-3 (3). At the
indicated dpi, lysates were generated for the purpose of western blotting. Membranes were
sequentially probed with anti-ProPol which recognizes the RNA-dependent RNA polymerase
(RdRp), anti-VP1, anti-VP2 and anti-actin. The experiment was repeated three times in
duplicate. One representative sample set is presented.
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Suppl. Figure 2. The infectivity of MuNoVs is lower in mature B cells than in macrophages.
(A) RAW264.7 cells were inoculated with mock inoculum or infected with MNV-1 or MNV-3 at
MOI 5. At 1 dpi, cells were stained with anti-ProPol and DAPI and imaged on a fluorescent
microscope. The ProPol antibody was visualized with an Alexa Fluor 594-conjugated anti-goat
secondary antibody. (B) The same experiment was performed for M12 cells except that cells
were infected with MNV-1 or MNV-3 at MOI 20 and cells were stained at 4 dpi. Multiple time
points were examined for M12 and WEHI-231 cells and the data quantified, as presented in Fig.

1C.
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Suppl. Figure 3. Mice lacking B cells or depleted of their intestinal microbiota support
reduced MuNoV replication. Groups (n = 2-3) of B6 and uMT mice (A), and PBS- and Abx-
treated B6 mice (B), were infected with 6 x 10° pfu neutral red-labeled MNV-1 by oral gavage
and harvested at 1 dpi. Virus titers were determined by performing parallel plaque assay on
homogenates of the indicated tissues that were either unexposed (white bars; total titer) or light-
exposed (gray bars; light-insensitive titer) prior to titering. All procedures were performed in the
dark with only a red safelight. The data are presented as pfu per gram tissue on a logarithmic

scale and data for all mice in each group were averaged (N = 2). Limits of detection are indicated
by dashed lines. Error bars denote mean +/- SD.
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Suppl. Figure 4. Validation of the RT-gPCR assay to detect HuNoV genomic RNA. (A) The
standard curve from a representative RT-qPCR run for detecting genogroup 1l HUNoV RNA is
shown, with each plasmid dilution run in triplicate. Error bars denote mean +/- SD. (B) One
reaction per plasmid concentration (e.g., 7 = 10" molecules of plasmid) was run on a 3% agarose
gel (labeled standard curve). Triplicate samples from a direct infection at 0, 3, and 5 dpi are also
shown. The expected product was 89 base pairs. The bands in this gel were sequenced and

confirmed to be GIl1.4-Sydney HuNoV.
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Suppl. Figure 5. Outline of G11.4-Sydney HuNoV passaging and persistence experimental
design. The strategies used to test whether infectious virus is produced during HUNoV infection
of BJAB cells via passaging (left flow chart), and to test whether BJAB cells become persistently
HuNoV-infected (right flow chart), are presented in parallel to differentiate them from one
another.
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Suppl. Figure 6. GI1.4-Sydney HuNoV does not persistently infect BJAB cells. 5 x 10°
genome copy numbers of unfiltered GIl.4-Sydney HuNoV-positive stool were inoculated onto
BJAB cells. The cultures were passaged every 3 d. Viral RNA was measured from a fraction of
cell lysates at each passage using virus-specific RT-qPCR.
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Suppl. Figure 7. Validation of the antibiotic depletion protocol of the murine intestinal
microbiota. Feces from PBS- and Abx-treated treated mice (n = 6 per group) were collected in 1
mL of PBS on the fifth day of oral gavage. Samples were homogenized and plated to BHI/BL
Agar (BD#221843). Plates were incubated in anaerobic chambers at 37°C for 2 d, then incubated
aerobically at 37°C for 1 d, and colonies counted (N = 3).
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