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Publication Summary

The protective effect of antibodies in infection is well-studied. However, in non-path-
ogenic host-microbe interactions, such as the intestinal exposure to microbiota, the
role of antibodies is less clear. In the publication “Parallelism of intestinal secre-
tory IgA shapes functional microbial fitness” published in Nature in 2021 we
show how luminal secretory IgA antibodies exert control on our intestinal bacteria.
By using single B cell Ig gene sequencing, newly established monoclonal dimeric
recombinant mouse IgA antibody production and numerous antibody-antigen bind-
ing assays we describe the properties of a panel of antigen-specific monoclonal IgA
species derived from single intestinal plasma cells. Using antibody supplementation
in mono-colonized antibody-deficient animals, we studied the impact of intestinal IgA
on host-microbial mutualism at monoclonal level. This in vivo model and several in
vitro experiments enabled us to define that a single monoclonal IgA species can
control our intestinal bacteria by several distinct mechanisms that act at the same
time. In other words, the components of the overall intestinal IgA response act on
nutrient uptake, bacterial metabolism, phage susceptibility, aggregation, bile acid-
induced membrane damage and bacterial motility, in parallel. Our basic findings may
pave the way to use antigen-specific monoclonal IgA to manipulate our intestinal

microbiota and improve mucosal vaccination.
Parallelism of intestinal secretory IgA shapes functional microbial fitness.
Rollenske, T.*, Burkhalter, S., Muerner, L. et al., Nature 598, 657-661 (2021).

* first and shared corresponding author
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Dimeric IgA secreted across mucous membranes in response to nonpathogenic taxa
of the microbiotaaccounts for most antibody productionin mammals. Diverse
binding specificities can be detected within the polyclonal mucosal IgA antibody

response’ ™, but limited monoclonal hybridomas have been studied to relate antigen
specificity or polyreactive binding to functional effects on microbial physiology
invivo™ . Here we use recombinant dimeric monoclonal IgAs (mlgAs) to finely map
theintestinal plasma cell response to microbial colonization with a single
microorganismin mice. We identify arange of antigen-specific migA molecules
targeting defined surface and nonsurface membrane antigens. Secretion of individual
dimeric mIgAs targeting different antigens in vivo showed distinct alterations in the
function and metabolism of intestinal bacteria, largely through specific binding. Even
in cases in which the same microbial antigen is targeted, microbial metabolic
alterations differed depending on IgA epitope specificity. By contrast, bacterial
surface coating generally reduced motility and limited bile acid toxicity. The overall
intestinal IgA response to a single microbe therefore contains parallel components
with distinct effects on microbial carbon-source uptake, bacteriophage susceptibility,
motility and membrane integrity.

To determine the range of different effects that secretory IgA (SIgA)
exertson microbial metabolism and physiology, we exposed germ-free
mice to the auxotrophic commensal model bacteria Escherichia coli
HA107 (ref. '®) to induce luminal intestinal E. coli-binding SIgA in
all animals 21 days later (Extended Data Fig. 1a, b). Almost all single
B220"“IgA*lamina propria plasma cells expressed [gha transcripts with
varying degrees of IgA oligoclonality between mice ™" (Extended Data
Fig.1c-e). Eachmouse expressed adiverse and unique immunoglobulin
generepertoire withnoincrease in somatic hypermutation after HA107
exposure (Extended Data Fig. 1f, g).

We expressed a panel of 91 recombinant plasma cell monoclonal anti-
bodies from three different mice (Supplementary Table1). Recombinant
monoclonal Igk-antibodies were screened as human IgGl to assess anti-
bodybindingwithout avidity effects in polymers (Extended DataFig.1h).
Igh-expressing plasma cells were not analysed further as they had not
increased infrequency after HA107 exposure (Extended Data Fig. 1i). E. coli
HA107 binding either in flow cytometry against intact HA107 bacteria or
enzyme-linkedimmunosorbent assay (ELISA) against its lysate occurred
in17 of 91 (19%) antibodies after HA107 stimulation, but not in 85 mono-
clonal antibodies from germ-free mice (Extended Data Fig. 1j-1and Sup-
plementary Tables 1and 2). All bacteria-reactive monoclonal antibodies
originated fromnon- orlow-expanded plasma cells with low or no somatic
hypermutations, suggesting recent recruitment into the plasmacell popu-
lation (Extended Data Fig. 1m, n). Thus, short-term microbial exposure
induced diverse low-mutated Igclonesableto coat theinducingbacterium.

After re-expressing the monoclonal antibodies in their original
form as dimeric IgA with a IgJ-chain vector (Extended Data Fig. 2a),
we reconfirmed binding of 16 migAs to intact HA107 or its lysate, with
additional antibodies (mlgA o5, mIgA o5, and migA,,,,) able to weakly
coat the HA107 surface or its JM83 parental strain, presumably due to
higher avidity of the dimericIgA compared to the monomericIgGform
(Fig.1a, b and Extended Data Fig. 2b, ).

Bacterial surface gene expression variesin vivo and the mammalian
intestine also contains damaged bacteria®. Using bacterial live/dead
discrimination inflow cytometric antibody-binding assays, we detected
three different mIgA*bacterial populations in faeces of J]M83 monocolo-
nized mice, designated nonreplicating (Syto9™propidiumiodide (PI)"),
replicating (Syto9"€"PI") and dying (Syto9™PI") (Extended DataFig. 2d,
e). Nonreplicating bacterial binding ex vivo largely reproduced the
binding pattern observedin vitro, except for antibody mlIgA,,, (Fig.1c
and Extended Data Fig. 2f). All surface binders, including migA,s,,
boundthereplicating or dying bacterial fraction (Fig. 1cand Extended
Data Fig. 2f). Notably, mIgA ,,;, and mIgA,g, only bound the bacterial
lysate in vitro, but could bind replicating or dying bacteria ex vivo,
suggesting that their antigens were only accessible in those subpopu-
lations. Overall, we characterized ten dimeric migAs that bound the
bacterial surface and six that targeted the bacterial lysate. We suggest
that priming by a single microbe rapidly and efficiently selects plasma
cells secreting IgAs, which may selectively coat the surface of distinct
live and dying microbial subpopulations.

'Department of Biomedical Research, University Clinic of Visceral Surgery and Medicine, Inselspital, University of Bern, Bern, Switzerland. 2Institute of Pharmacology, University of Bern, Bern,
Switzerland. ®Laboratory of Microbial Immunochemistry and Vaccines, Ludwik Hirszfeld Institute of Immunology and Experimental Therapy, Wroclaw, Poland. “B cell Immunology, German
Cancer Research Center, Heidelberg, Germany. *These authors contributed equally: Hedda Wardemann, Andrew J. Macpherson. ®e-mail: tim.rollenske@dbmr.unibe.ch; andrew.macpherson@

dbmr.unibe.ch
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Fig.1|Monoclonal dimericIgA coats distinct bacterial subpopulations.
a,Flow cytometricanalysis of individual migA binding to intact live HA107
bacteria (top) or HA107 lysate (bottom) by ELISA. Red dashed lines indicate upper
binding limit from negative control mIgA,,;os;. b, Flow cytometric analysis of

Dimeric mIgA targets membrane antigens

We confirmed that only the bacterial membrane fraction was targeted
by migA? (Extended Data Fig. 3a, ¢). This did not require live intact bac-
teria, asmany mlgAs with surface-binding properties, including the two
subpopulationbinders, alsobound outer membrane vesicles (Extended
DataFig.3b,d).

mlgA,,s; recognized the core region of lipopolysaccharide (LPS) of
different rough and smooth £. coli LPS structures by ELISA (Extended
DataFig.4a,b). Toidentify targeted protein antigens, we screened 782
viable single-deletion E. coli mutant strains of the Keio collection for
loss of membrane-associated antigen binding in flow cytometry or
lysates by ELISA. This identified type I fimbriae as the likely mIgA ;o5
target and found that the outer membrane proteins OmpW and OmpC
were targeted by mIgA ;4 or mIgA 550, MIgA,, and migA ss,, respec-
tively (Extended Data Fig. 4c-fand Supplementary Tables 3 and 4).

mlgA ,;,5-bound outer membrane vesicle fractions were shown by
electron microscopy to contain fimbriae (Extended Data Fig. 4g) as
well as the smooth K-12 derivate BW24599, indicating that its antigen
exceeds the LPS capsule (Extended Data Fig. 4h). mlIgA,;,s binding was
not competed by a-methyl-mannoside, supporting Fab-dependent
rather than mannose fimbrial lectin attachment (Extended Data Fig. 4i).
Separate mlgA ,;,s-bound and mlgA ,;os-unbound E. coli populations
were consistent with fimbrial genetic phase variation, and sorted
mlgA,;0s-bound live JM83 populations showed selective expression
oftypelfimbrial operon genes (Extended DataFig. 4j). We also directly
verified the antigen specificity of OmpC-binding mIgA ,,soand mIgA ;6

658 | Nature | Vol 598 | 28 October 2021

mlgAbinding of the non-auxotrophicJM83 parental strain of HA107. ¢, Binding of
mlgAsto faecalJM83 nonreplicating (top), replicating (middle) or dying (bottom)
subpopulations gated as in Extended DataFig.2d. mIgA clones and target

antigensareindicated. Dataarerepresentative oftwoindependent experiments.

and mlgA,ss, by recombinant purified OmpC ELISA (Extended Data
Fig. 4k). Binding affinities were estimated by surface plasmon reso-
nance (mIgA ;0 Kp = 2.50 x 107 and mlgA ,,5, K, =1.28 x 107; Extended
Data Fig. 41). We concluded that intestinal mucosal exposure with a
single transitory microbe induces antigen-specific dimeric SIgA target-
ing awide range of membrane-associated antigens.

Invivo reconstitution of secretory migA

To provide a scalable model to test the function of different individ-
ual monoclonal IgAs in vivo, we exploited the fact that mice secrete
peripheral blood-borne dimericIgA viabileinto the intestinal lumen®%,
Negative control mlgAgs o5 injected intravenously (i.v.) intoJM83 mono-
colonized antibody-deficient J,,”” mice resulted in transitory blood
mlgA levels and faecal monoclonal SIgA (mSIgA) becoming detectable
after 6 h, peaking after 9 h (Fig. 2a, b) at concentrations approximating
those of colonized C57BL/6 mice?*. Monomeric IgA translocation was
inefficient and there were minimal levels of luminal SIgA in animals
with ligated bile ducts (Extended Data Fig. 5a-c). Generally, dimeric
mlgAs were efficiently secreted and coated faecal bacteria (Fig. 2c and
Extended Data Fig. 5d), albeit without significant changes in colonic
luminal bacterial density (Extended DataFig. 5e).

mlgAs show distinct functional effects

Toaddress the functional effects of IgA in the intestine, we first recon-
stituted surface-binding OmpC mSIgA,,5, and detected downregulation
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scalable model to study mSIgA function. a, Protocol for in vivomIgA
reconstitutionin monocolonized antibody-deficient},,”" mice.i.g., intragastric.
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of E. coli JM83 ompC compared to the negative control mSIgAgg .30
(Extended Data Fig. 6a; qPCR verification, unpaired Student’s ¢-test,
P=0.023; Supplementary Table 5). migA,,;, reconstitution also
resulted in differential expression of 9.6% of bacterial genes (n =469,
P < 0.05) compared with the negative control. Gene Ontology (GO)
term enrichmentanalysis showed downregulation of genesinvolvedin
transmembrane transport of ions, carbohydrates and metabolic path-
ways (Fig. 3aand Supplementary Tables 6 and 7; qPCR verification fruk,
P=0.0077, unpaired Student’s t-test; ompF, P= 0.0012; glpA, P= 0.0322;
gnd, P=0.0018; Supplementary Table 5). In contrast, stress-induced
genes were upregulated, including genes induced by osmotic shock
or iron uptake and storage, suggesting that OmpC binding results in
dysregulation of osmotic pressure (Fig. 3a and Supplementary Tables 6
and 7). Upregulation of other porins such as OmpF or LamB was not
seen® (Extended Data Fig. 6b).

As with migA,,s,, mIgA,ss, and mIgA,,,, are OmpC-specific, but did
not bind most live bacteria (Figs. 1c and 2e). This allowed us to show
that microbial binding context critically determines functional out-
come. These mSIgAs neither significantly downregulated OmpC after
reconstitution, nor did they phenocopy the effects of the OmpC-binder
mSIgA,,s, on the microbial transcriptome (Extended Data Fig. 6¢, d).
Using a cultured AompfF strain (to avoid alternative porin function)
we showed that mIgA ,,5,, but not subpopulation-binding mIgA ;ss,,
reduced the capacity of *C-labelled glucose uptake (Fig. 3b), indi-
cating that mlIgA s, effectively blocks the OmpC pore. The effect of
mlgA,,s, coating was abrogated in the double-deletion AompCAompF
strain (BL21ACF) and could be restored upon ectopic ompCexpression
(Extended Data Fig. 6e, f). We conclude that the antigenic context in
different bacterial subpopulations has a major effect on the function
of the antibody on the target microbe.

OmpCis not only an outer membrane pore, but also provides T4
bacteriophage access®. We found that mIgA,,s,, and to alesser degree
mlgA,,,,, protected from T4 bacteriophage infection, compared with
the negative control mlgAgg 050, the bacterial surface-binding migA,os;,
the OmpC subpopulation binder mIgA s, or the LPS binder mIgA ,os;
(Fig.3c). We confirmed lack of protection in a AompCstrain (BL21AC)
and restored mlgA,,s, -dependent protection upon ectopic OmpC
expression (Extended DataFig. 6e, g). This provided afurther example
of the context and specificity of mIigA binding shaping the functional
outcome on the target bacterium.

Totest whether our findings could be simply recapitulated by the abil-
ity of IgA to coat the bacterial surface of all subpopulations regardless
of the cognate antigen, we reconstituted mice with mSIgA,,s;, which
efficiently binds nonreplicating, replicating or dying subpopulations
(Fig.1c).Invivo coating by mSIgA,, s, did notimpact the same genes as
mSIgA,,s, (Fig.3d), instead it caused downregulation of genes enriched
in cellular export, whereas upregulated gene sets included those

shedding of mSIgA (right y axis, blue) (X £s.d.,n=1to 7 mice per time point).
¢, Flow cytometric analysis of faecal mSIgA-coated bacteriaat10.5 hp.i. for
HA107-binding mSIgA ,;os and mSIgA .4, polyreactive mSIgA ;s and negative
controlmSIgAgg.q30 (X £ s.d., n=3 mice for each condition). Dataare fromone
experiment (c) or pooled fromsix independent experiments (b).

characteristicallyinduced as aresult of oxidative stress (Supplementary
Table 8). We concluded that the specific functional effects of anti-OmpC
mSIgA,,s, are independent of the ability to coat the bacterial surface.

Given that the fine specificity of mSIgA binding to bacterial OmpC
produces distinctive functional effects, we next sought to confirmthat
different antibody-specific effects could be recapitulated using a dif-
ferentantibody with another defined specificity. GO term enrichment
after reconstitution with fimbrial-binding mSIgA ;s sShowed downregu-
lation of cell adhesion, cell projection and pilus organization mostly
due to downregulation of genes in the fim operon at 10.5 h (Extended
DataFig. 6h,iand Supplementary Tables 9 and 10). After clearance of
the reconstituted antibody, expression levels had recovered by 24 h
(Extended DataFig. 6j, k).

AssecretorylgAagainst Salmonellaleadsto aggregation and enchain-
ment?, we also addressed whether miIgA,,;s could cause aggregation of
its E. colitarget. Using a fim-locked-on strain of E. coli AAEC189[pSH2]
toavoid phase variation of fimbrial expression, we found that mIgA ,;s,
incontrastto OmpC-binder migA,,s,, did lead to significantly increased
aggregation (Extended Data Fig. 7a-c), suggesting that IgA binding of
protruding extracellular structures such as LPS O-antigen or fimbriae
favours aggregation.

These results show that different IgA antigen specificities induced
by microbial colonization generate distinct functional effects on
target intestinal microbes in mutualistic in vivo and in vitro models.
These functional effects are nongenericin the sense that they depend
on target antigen specificity and are not phenocopied purely by
surface-binding effects.

Functional impact of polyreactive migA
Polyreactivity has been generally inferred from the capacity for anti-
bodiestobindtostructurally diverse epitopes (double-stranded DNA,
insulin and LPS) under nonblocking ELISA conditions® and is enriched
in intestinal IgA". This does not exclude antigen specificity nor infers
cross-reactivity between different bacterial taxa or sub-strains®%.
We tested polyreactivity expressed as monoclonal human IgG1 for
comparability with published data'**° by a standard polyreactivity
ELISA (Extended Data Fig. 8a). We detected some weak-to-moderate
polyreactive antibodies with preferential clonal expansion, mainly
after mucosal bacterial priming (Extended Data Fig. 8b-e). There was
no significant increase in polyreactivity in bacteria-reactive antibod-
ies compared with monoclonal antibodies that did not specifically
bind in flow cytometry or ELISA assays (Extended Data Fig. 8f), so we
did not find significantly increased polyreactivity in those antibodies
specifically targeting the inducing intestinal microbe.

Two polyreactive dimeric migAs that coated faecal microbes
(mlgA,;5, and mlgA,,s,; Extended Data Fig. 8g, h) were also tested in

Nature | Vol 598 | 28 October 2021 | 659
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mlgA-coatedJM83 bacteriaaccordingto the category of the migAtarget

(x £s.d.,n=9foreach condition).d, Venn diagram of differentially expressed
(DE) genes at10.5 h after mSIgA ,,5oand mSIgA 5, reconstitution, both compared
to mSIgAgg.030- €, Flow cytometric analysis of faecal JM83 bacteria after exposure
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Source datashow exact Pvalues. f,JM83 bacterial plate motility assay after
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the reconstitution model. In line with previous data on polyreactive
IgA’, these weakly bound single glycans on a microbial/eukaryotic
glycanarray® (Extended DataFig. 8i). In vivo reconstitution of polyre-
active mSIgA 5, compared with the control mSIgAg.o;, decreased the
expression of gene sets for phospholipid biosynthesis and increased the

660 | Nature | Vol598 | 28 October 2021

expression of gene sets for ethanolamine metabolism and carbohydrate
transport (Extended Data Fig. 8jand Supplementary Table11). A differ-
entgeneset alteration was found after polyreactive mIgA,,s, reconstitu-
tion (measured on £. coliJW2203 AompCto eliminate possible effects of
direct OmpC binding); only one common gene set (but containing no
shared genes) was found between mSIgA ;;5, and mSIgA .5, upregulated
or downregulated genes (Extended Data Fig. 8k and Supplementary
Tables11and12). Hence, although polyreactive mSIgAs can show indi-
vidual functional effects in vivo, polyreactivity per se did not produce
aconsistent effect on the bacterial transcriptome in our model.

Generic effects of surface-binding mIgAs

Given that surface-binding IgA is so widespread in the intestine, we
next asked whether we could define generic functions according
to surface-coating properties. We found that all surface-coating
mlgAs, except for fimbrial binder mIgA .5, were able to reduce bile
acid bacterial permeabilization, suggesting that surface coating,
but not binding to protruding extracellular structures, can protect
from bile-acid-induced membrane damage (Fig. 3e and Extended
Data Fig. 9a). We also observed that surface-coating mSIgA s,
mSIgA,;0s and mSIgA,,s, all downregulated genes involved in bacte-
rial motility (Extended Data Fig. 9b and Supplementary Tables 6, 8
and 10) and reduced motility invitro in a plate motility assay’ (Fig. 3f).
Therefore, individual surface-coating IgAs, independently of their
antigen-dependent specific effect, exert generic functional effects
onthe bacteria.

In summary, clonal selection into the plasma cell IgA repertoire
induced by asingle microbe provides a series of SIgA-mediated paral-
lel mechanisms, including metabolic modulation, protection from
bile acids or bacteriophage, and motility alterations; these allow the
immune systemto exert controlsintheintestinal lumen that fine-tune
host-microbial mutualism. Parallelism occurs in two ways: first, the
response to a single microbe has different components on distinct
targets with a series of different functional results; and second, one
mSIgA can have more than one functional result. Although function
cannot be reliably predicted from antigen binding—as is known for
responses against infectious organisms—the very parallelism of the
SlgA response, here generated even by a transitory colonization by a
single taxon, is probably important for constraining intestinal microbes
for mutualisticbehaviour within the host intestine. In these studies, we
measured a series of functional SIgA responses on a single microbe that
was also used as the inducing agent. In diverse microbiotas, SIgAs will
probably also have direct effects of cross-reactivity between species
andindirect functional effects fromalterationsininter-species carbon
source and electron acceptor exchange.
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Methods

Bacterial strains and culture

The following E. coli strains were used in this work: HA107 (ref. ') and
its parental strain JM83, smooth strain BW24599 (ref. *), fim-locked
strain AAEC189 containing plasmid pSH2 (ref. **), single defined dele-
tion strains from the Keio collection and the parental BW25113 wild
type®* and outer membrane protein deletion strains BL21AC and
BL21ACF* containing plasmid pGOmpC?¢. Bacteriawere grown at 37 °C
(200 r.p.m.) inlysogeny broth (LB) (containing 100 pg ml™ meso-DAP
and 400 pg ml™ D-alanine asrequired for HA107 auxotrophy). Gavage
solutions were centrifuged for 10 min at4,000g and washed twice with
sterile PBS. Therequired dose was resuspendedin 500 pl of sterile PBS
and administered to germ-free mice by aseptic oral gavage.

Bacterial fractions

Bacterial membranes, whole lysates and intracellular fractions were
obtained as previously described?. Purified E. coli ribosomes (strain
B) were obtained from New England Biolabs. Purified OmpC and LPS
were obtained as previously described®,

Outer membrane vesicles* were prepared from 1,000 ml overnight
culture of E. coli HA107 by centrifugation at 4,000g for 15 min at 4 °C,
then passing the supernatant through a 0.45-pum filter (Merck). The
filtrate was centrifuged (100,000g, 2 h, 4 °C) and after washing once
inice-cold PBS (pH 7.4) the preparation was suspended in PBS and
stored at-20 °C. The presence of intact outer membrane vesicles and
large extracellular structures was confirmed by transmission electron
microscopy by absorption on glow-discharged and carbon-coated
400-mesh copper grids (Plano) for 1 min, before washing three times
in distilled water and staining with 2% uranyl acetate solution for 45 s
(Electron Microscopy Science). Results were displayed using a trans-
mission electron microscope (80 kV, Tecnai Spirit, FEI) equipped with
adigital camera (Veleta, Olympus).

Protein concentrations of all fractions were determined by BCA
Protein Assay (Pierce).

Mice and sampling

Germ-free C57BL/6 mice were bred and maintained in flexible-film
isolators at the Clean Mouse Facility (University of Bern). Sex bal-
ance and age matching was ensured in all experimental groups and
germ-free status was routinely monitored by culture-dependent and
-independent methods. Single IgA plasma cell sorting was performed
from age-matched 11-14-week-old germ-free and E. coli HA107-primed
B6 animals and IgA reconstitution was performed in 9-14-week-old B6
Ju" animals*®. All mouse experiments were performed in accordance
with Swiss Federal regulations approved by the Commission for Animal
Experimentation of Kanton Bern. Mucosal priming in germ-free mice
was achieved by three consecutive gavages on days 0, 2 and 4 using
10" colony-forming units (c.f.u.) of E. coli HA107.

Polyclonal faecal SIgA fractions were obtained by flushing the iso-
lated small intestine with 5 ml of PBS containing 0.05 M EDTA (pH 8)
and 12.5 pg ml™ soybean trypsin inhibitor (Sigma) into 40 pul 100 mM
phenylmethylsulfonylfluoride (Sigma). The resulting solution was centri-
fuged at4,000g (10 min, 4 °C) and the supernatant was stored at —80 °C.

Faecal mSIgA was obtained by bead-beating (5 min, 30 Hz, room
temperature) of freshsamples in the presence of 2 pl mg™ice-cold PBS
(pH 7.4), followed by centrifugation (12,000g, 5 min, 4 °C).

Smallintestinal lamina proprialymphocytes were prepared as previ-
ously described with minor modifications?. The small intestine was
placed in 1x DPBS (Gibco) onice. Peyer’s patches and fat tissue were
removed and the intestine was opened longitudinally before epithelial
cell separation by incubating the cut tissue with shaking for 25 minin
the presence of EDTA at 37 °C. Subsequently the tissue was washed
using IMDM (2% FCS) and digested using IMDM containing collagenase
typeIA (1 mg ml™, Sigma) and DNase I (10 U ml™, Roche) at 37 °C for

15-30 min. After washing, cells were frozen in aliquots of 5 x 10° cells
in heat-inactivated FCS (Sigma) containing 10% dimethylsulfoxide
(Sigma) using a cell-freezing container (Biocision) before storage in
liquid nitrogen.

Ig concentration and polyreactivity ELISA

Ig concentration and polyreactivity on LPS, double-stranded DNA
and insulin were determined as previously described® or adapted
for mouse IgA using unlabelled anti-mouse IgA coating antibody
(Southern Biotech, 1:500 dilution), detection with horseradish
peroxidase-conjugated anti-mouse IgA (Sigma, 1:1,000 dilution). Puri-
fied hybridomalgA (BD Biosciences) and the polyreactive control ED38
(ref.*) or nonpolyreactive control mGOS53 (ref. ¥’) expressed with mouse
IgA constant regions served as controls.

Antigen ELISA

All antigens or bacterial fractions were coated overnight at 4 °C
using a concentration of 10 pg ml™in 50 pl or 12.5 pul PBS on 96- or
384-well high-binding ELISA plates (Costar), respectively. Plates
were blocked (90 min) with 200 or 50 pl 2% BSA (w/v) in PBS pH 7.4
(Gibco). Plates were washed three times with 1x PBS pH 7.4 (Gibco)
containing 0.05% Tween-20 (Sigma) and incubated with 50 or 12.5 pl
serial dilutions of the indicated antibody concentrations for 1.5 h.
After three further PBS washes, plates were incubated with 50 or
12.5 pl horseradish peroxidase-conjugated anti-mouse IgA and IgG
detectionantibody (both Sigma, 1:1,000 dilution), washed and devel-
oped using azinoethylbenzothiazoline-6-sulfonic acid (Roche).
Primary and secondary antibodies were diluted in 0.5% BSA (w/v)
in PBS pH 7.4 (Gibco).

Bacterial flow cytometry and sorting

Bacteria were either cultured overnight without shaking or obtained
freshly from faecal samples ex vivo and dissolved in 2 pul PBS per mg
faeces. Faecal bacteria were obtained by centrifugation (15 min, 50g,
4 °C).Dilutions (25 pl) at optical density (OD)4,, 0.010r a1:100 dilution
offaecal bacteriain PBS pH 7.4 containing 0.5% (w/v) BSA, respectively,
were mixed with 50 pl antibody diluted at 4 pg ml™ or the indicated
concentrations. After 30 min onice, samples were centrifuged (10 min,
4,000g, 4 °C) and washed once with200 pl PBS/BSA, beforeincubation
onice with 25 pl polyclonal anti-IgG Alexa647 (Jackson; 1:1,000 dilu-
tion), anti-IgA-FITC (C10-3,BD, 1:50 dilution) or BV421(C10-1,BD, 1:20
dilution) for 30 min. After washing with PBS/BSA buffer, bacteria were
resuspended in 100 pl of the same PBS/BSA buffer with appropriate
combinations of 3.34 uM Syt09, 5 uM Syto61 and/or 20 uM PI. Fluores-
cence was acquired on a Cytoflex flow cytometer (Beckman Coulter).
«-Methylmannoside was used at 100 mM to block fimbrial lectin bind-
ing before primary antibody incubation*?. Antibody 4308-bound and
unboundJM83 (1 x 10°c.f.u.) were sorted on a MoFlo Astrios (Beckman
Coulter) into RNAlater (Invitrogen) and diluted 1:1 with sterile PBS
before collecting the cells by centrifugation (20,000g, 10 min, 4 °C).
mlgA ,,5-coated JM83 (1 x 10° cells) were acquired on a Imagestream
XMk I (Amnis) using a x60 objective. The gating strategy is shown
inSupplementary Fig. 1.

Fluorescence-activated cell sorting

Frozen lamina propria cells (5 x 10°) were thawed, washed with 50 ml
FACS buffer (PBS/2% FCS) and incubated with FACS buffer contain-
ing 1 pg ml™ live/dead discrimination marker 7-AAD (Invitrogen) and
a combination of the following antibodies: anti-mouse B220-BV421
(RA3-6B2, BD Biosciences, 1:100 dilution); polyclonal anti-mouse IgA-
FITC (Rockland, 1:100 dilution) and anti-mouse CD19-APC-H7 (1D3,
BD Biosciences, 1:100 dilution). After washing with 1 ml FACS buffer,
single 7-AAD B220""IgA" cells were sorted into 384-well plates using
aFACS Arialll (BD Biosciences). The gating strategy is shown in Sup-
plementary Fig. 1.



Single-cell Ig gene sequencing
Paired Igh, Igk and /gl gene amplification and sequencing from single
lamina propria plasma cells was performed as previously described*.

Recombinant human IgGl1 production

For the parallel production of large numbers of human IgGl monoclonal
antibodies, V(D)) PCR amplicons from single cells were amplified as
previously described* using V gene-specific forward primers and modi-
fied) gene-specific PCRreverse primers (Supplementary Table 13) and
were purified using Nucleospin 96 PCR Cleanup (MACHEREY-NAGEL).

The promoter region and the /IGHGI or IGK constant region of vector
AbVec2.0-IGHG1 (AddgeneID 80795) and AbVecl.1-IGHK (Addgene ID
80796), respectively, were amplified (1 ng DNA template, 500 nM each
primer (Supplementary Table13), 0.25 mM dNTPs (Invitrogen), 1x GC
buffer and 1 U Phusion polymerase (both New England Biolabs)) from
their respective vectors under the following conditions: 98 °Cfor30's,
35x(98°C,105;60 °C,305s;72°C,305),72 °Cfor10 min. Promoter and
constant regions were excised and gel-purified (MACHEREY-NAGEL).

Linear Ig gene expression constructs were assembled using the pro-
moter region, V(D)) amplicon and /IGHGI or IGK constant region, by
NEBuilder HiFi DNA Assembly (New England Biolabs) at an equimo-
lar ratio of 0.03 pmol and amplified by PCR (1:50 dilution (v/v) DNA
template, 500 nM CMV-IE, 500 nM SV40-ENH, 0.25 mM dNTPs (Inv-
itrogen), 1x GC buffer and 1 U Phusion polymerase (both NEB)) under
the following conditions: 98 °C for 30's,40x (98 °C,10s; 64 °C,100 s
(IGHGI) or 60 s (IGKC); 72 °C for 30 s), 72 °C for 10 min. The reaction
was purified using Nucleospin 96 PCR Cleanup (MACHEREY-NAGEL).
DNA concentrations were determined on an M1000 microplate reader
(Tecan) and primers (Supplementary Table 13) were obtained from
MWG Eurofins Genomics.

To produce recombinant monoclonal IgG1, 500 ng each of the paired
linear Igy and Igk gene expression constructs were mixed in 100 pl
OptiMEM containing 3.5 pl Lipofectamine 2000 (both Invitrogen)
and added to1 mIHEK293F cells (0.8 x 10° cells ml™ 24 h before experi-
mentation) in 96-well incubation plates shaking at 200 r.p.m. covered
with gas-permeable sterile foil (Kisker Biotech). Serum-free Excell 293
medium (1 ml, Sigma) was added 24 hlater and cells were incubated (5%
C0,,37°C,200r.p.m.) for 6 days, before collecting the supernatant by
centrifugation (30 min, 4,000g, 4 °C).

Mouse dimericIgA cloning and production

Recombinant monoclonal mouse IgA was produced by adapting a pro-
tocol for human IgG1 (ref. **). Paired /gh and gk V(D)) amplicons were
amplified by PCR using mouse V gene- and ] gene-specific primers
containing an Agel and Afel restriction site, respectively, cloned into
mouse Iga and Igk eukaryotic expression vectors and amplifiedin E. coli
DHI10B. Heavy and light-chain vectors and a vector encoding the joining
chain (15 pg or 150 pg DNA) were PEI-mediated co-transfected in 10 ml
or100 mI HEK293F cells (0.8 x 10° cells mI™ 24 h before experimenta-
tion), respectively. After 24 h an equal volume of serum-free Excell 293
mediumwas added and cells were incubated for 6 days (5% CO,, 37 °C,
180 (20 ml culture) or 130 (200 ml culture) r.p.m).IgA was collected by
centrifuging the supernatant twice (30 min, 4 °C, 4,000g).

Surface plasmon resonance

Monoclonal migA affinity was determined onaBiacore X100 (GE) using
single cycle kinetics. Mouse antibody capture chips (GE) were pre-
pared according to the manufacturer’s instructions and loaded with
mlgA to 180-280 relative response units. Recombinant OmpC protein
was then floated over the chip surface (20 pl min™, 80 s) at concentra-
tions of 1.6, 8,40,200and 1,000 nM and bound protein was allowed to
dissociate for 60 s both in the presence of PBS containing 0.1% (w/v)
N-decyl B-b-maltopyranoside (Sigma). Affinities were estimated using
BlAevaluation software.

migA reconstitution

Germ-free antibody-deficient],”” mice*° were monocolonized by oral
gavage with 5 x 107 c.f.u.JM83 (ref. **). After 72 h, each mouse received
400 pgsterile-filtered migA of known binding characteristicsin 400 pl
PBS at room temperature. To exclude potential cage effects, antibody
groups were split between multiple cages. For in vivo experiments,
mlIgA had been concentrated by 100-kDa cutoff 15-ml spin filter col-
umns (Merck) at 4 °C, pooled, adjusted to 15 ml with sterile ice-cold
PBS pH 7.4 (Gibco), concentrated again and dialysed three times at
4 °C against 50 mlice-cold PBS using 2-ml dialysis cassettes (Pierce).

Bacterial RNA extraction and sequencing

Freshly obtained frozen faeces or sorted bacteria were immersed in
lysis buffer (18 mM EDTA, 0.025 % SDS, 1% 2-mercaptoethanol, 95%
RNA-grade formamide) dissolved and incubated at 95 °C for 7 min.
After 5 min centrifugation at room temperature, the supernatant was
purified by RNase-free DNase Set and RNeasy cleanup column (both
QIAGEN). Integrity and quality of the RNA was confirmed on aBioana-
lyzer (Agilent) and Qubit (Thermo Fisher). Before cDNA library genera-
tion, probe-based depletion of ribosomal RNA was performed on2 pg
of total RNA using a Ribominus Transcriptome Isolation kit for Yeast
and Bacteria (Thermo Fisher Scientific, Invitrogen) according to the
producer’s protocol. Thereafter, the remaining RNA was concentrated
using an RNA Clean & Concentrator-5 kit (Zymo Research) and used to
make cDNA libraries using an Illumina TruSeq Stranded mRNA Library
Prep kit (Illumina) in combination with IDT for Illumina, TruSeq RNA UD
Indexes (Illumina). The Illumina protocol was followed exactly from the
point of RNA fragmentation, omitting the initial polyA selection steps.
The quantity and quality of the generated next-generation sequenc-
ing libraries were evaluated using a Qubit 4.0 fluorometer with the
Qubit dsDNA HS Assay kit (Thermo Fisher Scientific) and an Advanced
Analytical Fragment Analyzer System using a Fragment Analyzer NGS
FragmentKkit (Agilent), respectively. Pooled cDNA libraries were either
single-end or paired-end sequenced using aNovaSeq 6000 reagent kit
v.1.0 (100 cycles) on an Illumina NovaSeq 6000 instrument.

Real-time qPCR with reverse transcription

Differential gene expression using real-time qPCR with reverse tran-
scription (RT-qPCR) was assessed using the SuperScript Il Platinum
SYBR Green One-Step qRT-PCR kit (Invitrogen). High-quality puri-
fied bacterial RNA (2 pl with a minimum concentration of 1 ng pl™)
was mixed with 5 pl 2x SYBR Green reaction mix, 0.2 pl Superscript I
RT/PlatinumTaq mix, 0.2 pl forward and reverse primer at 10 pM and
2.4 plultrapure water. The reaction was performed in 384-well plates
(Bio-Rad) ina CFX384 Detection System (Bio-Rad) using the following
protocol: 50 °C for 5 min, 95 °C for 5 min and 39x (95 °C for 15 s and
59 °C for 30 s). Differential gene expression was assessed relative to
gyrA.Primers used are shown in Supplementary Table 14.

Glucose uptake

Radiolabelled *Cglucose uptake was measured in AompF (JW0912)
obtained from the Keio collection, BL21ACF or BL21ACF trans-
formed with plasmid pGOmpC (induced for 2 h with 0.1 mM
isopropyl-p-D-thiogalactoside) after overnight culture. Bacteria were
washed once (8,000g,3 min, 4 °C). A220-p portion (ODg, 0.1) contain-
ing 100 pg ml™ of the indicated antibody was incubated for 30 min on
ice. All the following steps were performed at room temperature. After
washing once, 2.2 pl 2.5 mM [*C]glucose (0.2 mCi ml™, Perkin Elmer)
was added per tube and immediately vortexed. Serial 100-pl aliquots
were removed from the reaction at the indicated times and bacteria
were captured by centrifugation at 10,000g for 10 s on 0.45-pm cellu-
lose acetate spin filter membranes (Ciro Manufacturing Corporation).
Excess extracellular glucose was removed by immediately washing twice
(8,000g,10 s) with 500 pl unlabelled medium. The filter was added to
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a2-ml collection tube with 100 pl acetic acid (Sigma) and 250 pl tissue
solubilizer (Amersham) and incubated (10 min, 58 °C). After centrifuga-
tion (10,000g,30 s) the entire flow-through was added to 5-mlscintilla-
tion tubes containing 5 ml UltimaGOLD (PerkinElmer). Uptake of [**C]
glucose was measuredina TRI-CARB 2300 scintillation counter (Packard)
for 5 minand expressed as average counts min™. All dilutions and wash-
ings were performed with M9 minimal medium (Sigma) supplemented
with sterile 40 pg ml™ proline (Sigma), 1 mM sodium succinate (Fluka),
0.1 mM calciumchloride (Merck) and1 mM magnesium sulfate (Sigma).

Glycan array binding

Glycan microarray screening was performed as previously reported
with minor modifications®. Monoclonal IgA or pooled sera from three
specific-pathogen-free (SPF) mice were diluted in PBS containing 3% BSA
(Sigma-Aldrich) to 5 pg mI™ or 50 pg ml™, respectively and applied to the
microarrays (Semiotik) for 1.5 hat 37 °C. Bound IgA was detected using
5pg ml™of biotinylated rat anti-mouse IgA (clone, C10-1, BD Biosciences),
followed by 5 png ml™ of Alexa Fluor 633-conjugated streptavidin (Invit-
rogen). Microarrays were scanned at 5-um resolution using a GenePix
4100A Microarray Scanner and analysed using GenePix Pro 7.3 (both
from Molecular Devices). To determine specific binding of IgA to selected
glycans, the ratio of relative fluorescence intensity of the samples tothe
control was calculated. Ratios > 2 were considered as specific binding.

Bile-acid-induced permeabilization

Freshlyisolated faecal samples were dissolved in 2 ul PBS per mg. After
centrifugation (15 min, 50g, 4 °C), a 25-pl portion of a1:100 dilution
was mixed with 50 pl mIgA (20 pg ml™) in PBS/BSA. After 30 min on
ice, samples were centrifuged (10 min, 4,000g, 4 °C), and washed once
with 200 ul PBS/BSA, before incubation with 50 pl 5 mM bile acids*®
(cholic acid:deoxycholic acid, 50:50; Sigma) in PBS for 30 min oniice.
After washing, bacteria were resuspended in100 plbuffer with 3.34 pM
Syto9 and 20 puM PI. Fluorescence was measured on a Cytoflex flow
cytometer (Beckman Coulter).

Bacteriophage infection

A static overnight culture of JM83, BL21AC or BL21AC trans-
formed with plasmid pGOmpC (induced for 2 h with 0.1 mM
isopropyl-p-D-thiogalactoside) was washed with PBS (pH 7.4, Gibco) and
25-pl samples (ODg(, 0.01) in PBS (pH 7.4, Gibco) were mixed with 50 pl
antibody at 20 pg ml™ diluted in PBS. After 30 minonice, samples were
centrifuged (10 min, 4,000g, 4 °C) and washed once with200 pl, before
incubation with 50 pl of 8 x107 or 0.5 x 107 p.f.u. mI™ bacteriophage T4
(Carolina) forJM83 (multiplicity of infection of 16) or BL21AC (multiplic-
ity of infection of 1), respectively for 40 min at 37 °C. After washing, the
bacteriawereresuspendedin100 plLB and plated at serial dilutions. The
c.f.u. were counted and protection from lytic infection was displayed
as fold protection compared to the negative control antibody B8-030.

Invitroreplication

Bacterial growth was determined in 200 pl LB from an inoculation
density of 0D, of 0.01in the presence of 16 pg ml™ mIgA. Cells were
incubated in sterile flat-bottom 96-well plates (Nunc) overnight, with
extensive shaking every 5 min for 20 s and serial determinations of
0Dy, inaM1000 microplate reader (Tecan).

Bacterial aggregation

AnLBovernight culture containing 25 pg ml™ chloramphenicol (Sigma)
ofthe fim-locked E. coli strain AAEC189[pSH2]* was washed three times
with PBS (pH 7.4, Gibco), before 15-pul portions (OD¢,, 0.4) in PBS, pH 7.4
(Gibco) were mixed with 135 plantibody at 25 pg ml™ or yeast mannan
(Sigma) at 0.1 mg ml™ diluted in PBS. After 15 min incubation at room
temperature, aggregation was assessed on a DMI4000 B microscope
(Leica Microsystems) with an HCX PL APO %63 1.40-0.6 oil objective
lens in bright-field mode. Images at a minimum of 18 random slide

locations per sample were acquired, aggregations were counted and
displayed as aggregates per mm?.

Plate motility assay

Bacterial motility was performed as previously described’. Data are
shown as aratio comparing motility in the presence of the negative
control antibody B8-030 and the polyclonal anti-E. coliflagellin rabbit
IgG (Abcam) positive control.

Bioinformatics and statistics

Ig gene features were analysed by scireptor®. Flow cytometry data
were acquired using BD FACSDIVA (v.6.0) or FCAP ARRAY (v.1.0.2) and
analysed using FlowJo (v.9 and v.10) software. Microscopic images were
acquired using the Leica Application suite AF v.3.6 software. Quality
of sequencing runs was assessed using lllumina Sequencing Analysis
Viewer (v.2.4.7) and all base call files were demultiplexed and converted
into FASTQ files using Illumina bcl2fastq conversion software v.2.20.
GO termenrichment for biological processes was performed using the
EcoCycE. coli database using Fisher’s exact statistical testing without
multiple testing correction and a cutoff of P < 0.017 (ref. *®). Bacterial
sequencing reads were annotated to the E. coligenome of strain MG1655
(U00096.2).Image plots were generated using Prism (v.8.4.3) (Graph-
Pad) and ggplot2 and gplots packages in R (v.4.0.3). Differential gene
expression analysis was performed by DEseq2in R (v.3.6.3). Wald test
and Benjamini-Hochberg correction were performed integrated in
DEseq2inR (v.3.6.3). Mann-Whitney U-tests, two-sided Student’s ¢-tests
andFisher’s exact tests were performed in Prism (v.8.4.3) (GraphPad) or
R(v.4.0.3). APvalue <0.05was considered significantin all experiments.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability

Rawsequencereads are deposited under BioProject PRINA702008 and
areassociated with Fig. 3a, d and Extended Data Figs. 6a-d, h—-k and 9b.
Bacterial sequencing reads were annotated to the E. coligenome of strain
MG1655 (U00096.2). GO terms and gene set members were extracted
from the EcoCyc E. coli database at https://ecocyc.org. There are no
restrictions on data availability. Source data are provided with this paper.
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Extended DataFig.1|Iggene and antibody-binding characteristics of
monoclonal antibodies derived fromintestinal plasma cells of germ-free
and transitorily HA107-colonized mice. a, Strategy to obtain HA107-reactive
monoclonal antibodies from lamina propria plasma cells after transient
intragastric (i.g.) microbial priming of germ-free wild-type (WT) mice. b, Flow
cytometric binding analysis of luminal polyclonal SIgA derived from donor mice
(eachlineshowsadilution series fromanindividual mouse, n = 6) tointactlive

E. coliHA107,21 days after transitory colonization. Red dashed line indicates
upper limit of binding from germ-free controls. ¢, Fluorescence-activated cell
sorting gate for isolation of IgA* lamina propria plasma cells for single-cellIg
sequencing, analysis and monoclonal Ig expression. d-g, Isotype distribution
(d), clonal expansion (e) IGHVand IGKV gene combination (f) and number of
IGHVsomatic hypermutations (g) in single lamina propria plasmacell g gene
repertoires of HA107-primed mice derived from six donor mice (d-f) or
comparedto germ-free controls obtained from six donor mice (g), red bar shows
mean.n=378and 379 IGHV sequences derived from single plasma cells from

germ-free or HA107-exposed animals, respectively (g). h, Cloning and
recombinant antibody expression strategy for monoclonal humanIgGl.

i, Frequency of IgA light-chain-expressing cellsinIg gene repertoires of HA107-
primed mice compared to germ-free controls (n = 6 mice), red bar shows mean.

Jj, k,Flow cytometric binding analysis of live intact HA107 bacteria surface-
coating monoclonallgGland negative control B8-030 (j) showing the frequency
of surface-binding IgGlin HA107-associated antibodies and germ-free controls
used at1pg ml™withineachanimal (k). 1, ELISA binding of monoclonal IgG1
derived from HA107-primed mice or germ-free controls used at1 pg ml™to
HA107lysate.m, Clonal expansions of lysate- (grey fill) and surface-binding
(darkfill) monoclonal IgGl: the frequencies of B cell clusters are shown separated
within the overall populations.n, Numbers of IGHV somatic hypermutationsin
HA107-binding (n=22) and nonbinding (n =168) antibodies and their clonal
members derived from HA107-primed mice, red bars show mean values.
Statistics show two-sided Mann-Whitney U-test (g, n). Dataare representative of
two (b, c,j, 1) independent experiments.
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Extended DataFig. 6 | Functional consequences of reconstituted mSIgA
invivoandinvitro.a, OmpCtarget gene expression from faecal JM83
bacterial RNA Sequencing analysis at 10.5 h following reconstitution with
different mlgAs as shown onthexaxis (X +s.d., mSIgA,,son =8, mSIgA,ss, n=10,
mSIgA ;01 =4 and mSIgAg 50 1 = 10 faecal samples fromindividual mice).
b,ompFand lamB gene expression from faecalJM83 bacterial RNA sequencing
at10.5hp.i.after mSIgA,,s, reconstitution (X = s.d., mSIgA,,son=8and
mSIgAgs.o30 1 =10 faecal samples fromindividual mice). ¢, d, Venn diagrams of
downregulated (c) or upregulated genes (d) after reconstitution with different
OmpC-bindingmSIgAsat10.5 hp.i. e, Flow cytometric binding analysis of
mlgA-4250 to ompC-deficient strain BL21AC (top) and BL21ACF (bottom) with
(right) and without (left) ectopic OmpC expression®-¢, Numbers adjacent to
gates indicate bound bacterial frequencies. f, [“C]Glucose uptake in BL21ACF
bacteria with or without pGOmpC complementation coated withindicated
migA, (X £s.d., mSIgAgs.030, 1 = 5 withand 3 without pPGOmpC, mSIgA,50n=6
withand 3 without pGOmpC). g, Protection from bacteriophage T4 infection of

mlgA-4250-coated OmpC-deletion and complemented bacteria (X +s.d.,n=4
for each condition). h, Fimbrial operon members target gene expression from
faecalJM83 bacterial RNASeq analysis at10.5 h following reconstitution with
different migAs as shown on the xaxis (X + s.d., mSIgA,;,sn =5and mSIgAgs 030
n=10faecal samples fromindividual mice). i, Differential gene expression of
enriched GO term gene membersin faecalJM83 bacteria after reconstitution
with fimbriae (fimb.)-binding mSIgA,;,s and negative control mSIgA.o30-
Numbers (right y axis) identify gene annotations in Supplementary Table 10.

Jj. k, mSIgA target gene expression from faecalJM83 bacterial RNA sequencing
24 hfollowing mIgA reconstitution, atatime when mSIgA had been almost
completely shed from the animal via the faeces (X +s.d., individual data points
areshown). Compare10.5 hinaand h. Statistics show two-sided Wald test

(a, b, h) and two-sided paired (f) and unpaired t-test (g), *P < 0.05. Data are from
one experiment (k) or representative from two experiments (e) or pooled from
two (f, g,j), four (a, b, h) and five (¢, d, i) independent experiments.
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Extended DataFig.7|Bacterial aggregation of migA-4308.a, OD of £. coli
JM83 growninthe presence of migA (X +s.d., n=4for each condition,

mlgA, ;05 P=0.0054).b, c, Bacterial aggregates of fim-locked E. coli strain
AAEC189[pSH2]* after addition of mIgA or yeast mannan quantified (b) and
asrepresentative images (c). Box plot shows mean and 25-75th percentiles,

mlgA-4308

mligA-B8-030

whiskers show minimum and maximum value (b). mSIgA,;osn = 68,

mSIgAgs 0301 =70, Mannan n =58 and mSIgA,,s,n = 68. Bar corresponds to
10 pm. Statistics show two-sided paired ¢-test (a) and two-sided unpaired
t-test (b). Dataarerepresentative from three experiments (c) or pooled from
two (a) or three (b) independent experiments.
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Extended DataFig. 8| Properties of polyreactive monoclonal antibodies
derived from plasmacells of germ-free and HA107-primed mice. a, ELISA
binding of monoclonallgGl derived from plasma cells of germ-free (n =85
monoclonal antibodies, top) and HA107-primed mice (n =91 monoclonal
antibodies, lower row) using standard polyreactivity measurement
conditions? to LPS O111:B4 (left panels), insulin (middle) and double-stranded
(ds) DNA (bottom). Red dashed lines show cutoffs according to convention: red
and greenlines show positive and negative control antibodies mlgGlg;s and
mlgGl,,cos3, respectively. b, c Polyreactive antibody frequencies amongall
tested antibodies ordered by donor mouse (b) or clonal frequencies for
HA107-primed mice (c).d, e, Summary data of frequency of antibodies that are
clonally-expanded among polyreactive (upper left) or nonreactive antibodies
(upperright) orincluding HA107-binders (lower left and right respectively)
amongall expressed antibodies (d) and per HA107-primed donor animal
(e).Number of antibodies per groupisindicated (d). X +s.d.,n=3 mice for each
condition (e). f, Frequency of polyreactive antibodies within HA107-binding
(left) and nonbinding (right) antibodies. Number of antibodies per group is
indicated. g, ELISA binding of mIgA,,s, and mIgA ;5. to LPS (left), insulin

(middle) and double-stranded (ds) DNA (right). Red dashed lines show cutoffs
accordingtothe highest value of the mIgA ,cos; negative control, red and green
lines show positive and negative control antibodies mIgAp;sand mIgA ,cos3,
respectively. h, Flow cytometric binding analysis of polyreactive (black) and
nonpolyreactive (lightgrey) IgGl and migAto faecal bacteria pooled from
C57BL/6 SPF (n=6) or RAG™ (n=2) animals (X * s.d.). Number of antibodies
testedisindicated at the top of eachgroup. Red and green symbols show
polyreactive antibodies 4186 and 4250, respectively. i, Glycan array binding of
mlgA,ig6, MIgA,,50and pooled SPF control serum (n = 3).j, Differential gene
expression of enriched GO term gene members in faecal JM83 bacteria after
reconstitution with polyreactive mSIgA,;s, and negative control mSIgAgs.o30-
k, Differential gene expression of enriched GO terms in faecal JM83 and
JW2203(AompC) bacteriaafter reconstitution with polyreactive mSIgA g,
mSIgA,,soand negative control mSIgA;g o5, Statistics show two-sided Fisher’s
Exact (d, f), two-sided unpaired t-test (e) and two-sided Mann-Whitney U-test
(h) +P,4;<0.1. Dataare obtained fromone (h, k), representative from two

(g, i) orthree (a) and pooled from five (j, k) independent experiments.
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Extended DataFig.9|Generic functional effects of surface-coating mSIgA.
a,Flow cytometriclive/dead analysis to faecal £. coliJM83 with (left) or without
(right) preincubation with bile acids. b, DE flagellar motility genes after indicated
mSlIgAreconstitution (Pvalues mSIgA,;s:flgMP=0.038,flhAP=0.036,flhB
P=0.044,fliF P=0.035,fliNP=0.048,fliOP=0.015,fliRP=0.002,fliTP=0.003,

dying (Syto™, PI*)

surface-coating mSIgA
4250 408143084186 B8-030
g = flgh

flagellar motility genes

flizP=0.037,f1il P=0.008, fliL P= 0.028, fliP P=0.042; mSIgA ;05;: fliR P=0.010,
flilP=0.035,f1iPP=0.013; mSIgA,,s.: flgA P=0.028, flgBP=0.025,flgCP=0.014,
flgDP=0.042,flgFP=0.019,flgGP=0.049,flhCP<0.001,flhD P=0.030,fliA
P=0.019,fliE P=0.025). Dataarerepresentative fromtwo (a) or five
(b)independent experiments.
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in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection Flow cytometry data were acquired using BD FACSDIVA (v6.0) or FCAP ARRAY (v1.0.2) software. Sequence base call files were
demultiplexed and converted into FASTQ files using illumina bcl2fastq conversion software version 2.20. Microscopic images were
acquired using the Leica Application suite AF v3.6.

Data analysis Data analysis was carried out with FlowJo v9 and 10, Prism v8.4.3, Rv3.6.3 and R v4.0.3. Ig gene features were analyzed by scireptor
available at https://github.com/b-cell-immunology/sciReptor. Quality of the sequencing runs was assessed using illumina Sequencing
Analysis Viewer (version 2.4.7). Differential gene expression analysis was performed by DEseq2 in R (v3.6.3). Gene-ontology (GO) term
enrichment for biological processes was performed using the EcoCyc E. coli database.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

The raw files for the datasets generated during this study will be available on the SRA repository (bioproject PRINA702008) and are associated to Figure 3a,d and
Extended Data Figure 6a-d, h-k and 9b. Source data is available for Fig. 2b, 3b,e, Extended Data Fig. 5a-d, 6f and 7a,b. Bacterial sequencing reads were annotated to
the E. coli genome of strain MG1655 (U00096.2). Gene-ontology (GO) terms for biological processes was performed using the EcoCyc E. coli database (https://
ecocyc.org). There are no restrictions on data availability.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The frequency of bacteria-reactive intestinal plasma cells after gavage has not been reported , therefore sample size was not predetermined.
To accomodate for potential inter-donor variablility we used 6 donor animals being three more than common in the field. Bacteria-reactive
antibodies were identified from every donor (6/6) analyzed by flow cytometry. Bacteria-reactive antibodies were cloned from 3 animals.
Since all donor animals showed these cells we considered the sample size sufficient.

Data exclusions  No data points were excluded from the analysis.

Replication Experiments were repeated at least once or twice. The only exceptions were experiments that included unique cellular material (for single cell
Ig gene repertoires) because of the destruction of the sample during processing and Fig. 2c; Ext. Data. Fig. 2e, 4j,I, 5a-e and 6k. Animal
experiments carried out once were to limit ethical animal use and enable resources for a series of complementary experiments. Targeting of
type | fimbriae by migA-4308 shown in Fig. 4j was independently confirmed by other methods and was not repeated.

All replication attempts throughout the paper were successful.

Randomization  Mice were randomly allocated to gavage or migA injection treatment groups. No further group allocation was performed.

Blinding Blinding was performed for image analysis shown Extended Data Fig. 7b. For all other experiments blinding during data collection was not
performed as all measurements were objectively quantifiable.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies IXI D ChlP-seq
Eukaryotic cell lines D IXI Flow cytometry
Palaeontology IXI D MRI-based neuroimaging

Animals and other organisms

Human research participants

XXOXOOS
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Clinical data

Antibodies

Antibodies used Flow cytometry antibodies:
anti-mouse B220-BV421 (RA3-6B2, BD Biosciences) 1:100;
polyclonal anti-mouse IgA-FITC (Rockland) 1:100;
anti-mouse CD19-APC-H7 (1D3, BD Biosciences) 1:100;
polyclonal anti-human IgG Alexa647 (Jackson) 1:1000;
anti-mouse IgA FITC (C10-3,BD, 1:50);
anti-mouse IgA BV421 (C10-1, BD, 1:20)

ELISA antibodies:

anti-mouse IgA (Southern biotech) 1:500;

Purified mouse IgA (BD)

Anti-mouse IgG y chain specific-peroxidase conjugated (Sigma) 1:1000;
Anti-mouse IgA a chain specific-peroxidase conjugated (Sigma) 1:1000.

Used for human IgG1 concentration measurement described in reference 8:
Purifed human IgG1, kappa (Sigma);
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Anti human IgG Fc detection antibody (Jackson) 1:1000;
anti-human 1gG Fc fragment specific (Jackson) 1:500.

Validation Flow cytometry antibodies used to identify lamina propria plasma cells and to detect mouse IgA have been validated as
described by the manufacturer and by serial titration of the antibody on pre-defined single cell suspensions of mouse small
intestinal tissue. ELISA antibodies were validated by the manufacturer to be human or mouse-specific and were re-validated on
commercially available antigen targets.

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) HEK293F cells (R79007) were purchased from Thermo Fisher.
Authentication HEK293F cells were not authenticated
Mycoplasma contamination HEK293-F cells were not tested for mycoplasma contamination
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Commonly misidentified lines  No commonly misidentified cell lines were used in this study.
(See ICLAC register)

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals Mice used in this study were housed in the Clean Mouse Facility of the University of Bern. All mice were born and raised sterilely
and kept in sterile fexible film isolators with 12h/12h light/dark cycle, 22-25°C and 40-42% humidity. C57BL/6 mice were used
(9-14 weeks of age of mixed gender).

Wild animals The study did not involve wild animals.
Field-collected samples The study did not involve samples collected from field studies.
Ethics oversight All mouse experiments were performed in accordance with Swiss Federal and Cantonal regulations. Permission was granted by

the Commission for animal experimentation of the Kanton Bern.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots
Confirm that:
|X| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).
|X| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|X| All plots are contour plots with outliers or pseudocolor plots.

|X| A numerical value for number of cells or percentage (with statistics) is provided.
Methodology

Sample preparation Small intestinal lamina propria lymphocytes were prepared as previously described with minor modifications. The small intestine
was placed in 1x DPBS (Gibco) on ice. Peyer’s patches and fat tissue were removed, and the intestine opened longitudinally
before epithelial cell separation by incubating the cut tissue with shaking for 25 minutes in the presence of EDTA at 37°C.
Subsequently the tissue was digested using IMDM (2% FCS) containing collagenase type IA (1 mg/ml, Sigma) and DNase | (10 U/
ml, Roche) at 37°C for 20-30 min. After washing, cells were frozen in aliquots of 5x106 cells in heat-inactivated FCS (Sigma)
containing 10% DMSO (Sigma) using a cell freezing container (Biocision) before storage in liquid nitrogen.

Instrument BD Aria lll, Beckman Coulter CytoFlex, Beckman Coulter MoFlo.

Software BD FACSDiva (v6.0) for collection and FlowJo (versions 9 and 10) for analysis.

Cell population abundance  Purity of each sorted sample was over 90% as confirmed by re-acquisation on the sorter (MoFlo).

810¢ 4290120

Gating strategy Lamina propria plasma cells were gated as single, 7-AAD-, B220lo, IgA+. Bacterial populations were gated on bacteria using FSC/
SSCin log display and an empty flow cytometry buffer control and further on Syto+ cells. Gating borders were established using
isotype controls for bacterial flow cytometry and fluorescence-minus-one controls for intestinal lamina propria plasma cells.
Detailed gating strategies used are shown in Supplementary Figure 1.

|X| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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