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Extended Data Fig. 4 | Construction of DcuB deficient C. rodentium. three biological replicates (c). Data are representative of three (b) or two (c)
(a) Workflow for construction of the DcuB-deficient strain of C. rodentium independent experiments. Statistical significance was tested by unpaired
using lambda-derived Red recombination system. (b) PCR was performed two-sided Student’s t-test (c). Error bars represent the mean + SEM. Panel awas
to pick up the successful construction of mutant C. rodentium strain. (c) The created with BioRender.com.
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Extended DataFig. 5| The pathological manifestation of OMMI11 mice in the represents one individual mouse. Data are pooled from two independent
colon. The colonwas harvested at day 7 post infection and the histological experiments. Statistical significance was tested by two-sided one-way ANOVA
manifestation was shown by H&E staining. The pathological scores were with Tukey’s test adjusted for multiple comparisons. Error bars represent the
evaluated blind (n = 6). The scale bars shown in 100 pm and 40 pm. Each dot mean + SEM.
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Extended Data Fig. 6 | Galactose supports A. muciniphila growth and
succinate production. (a, b) A. muciniphila (1*10° CFU) were incubated in LB
medium with or without galactose (25 mM) for 48 h and the growth curve of A.
muciniphila was examined by OD600 measurement (a) and qPCR (b). Each time
point contains at least five replicates. (c, d) The transcriptional expression of
galactosidases and galactokinase in A. muciniphila were detected by regular
RT-PCR (c) and qPCR (d). Amuc_1100 was detected as positive control. Each

column contains six replicates. (e) A. muciniphila were cultured in BHI medium
with galactose (25 mM) or 0.05% mucin, and the production of succinate in the
supernatants was quantified by LC-MS (n = 3). Each dot represents one replicate
inone column. Data are representative of two independent experiments (a-e).
Statistical significance was tested by ordinary two-way ANOVA with Dunnett’s
multiple comparisons test (a, b) and two-sided one-way ANOVA with Tukey’s test
adjusted for multiple comparisons (e). Error bars represent the mean + SEM.
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Extended DataFig. 7| The co-culture of sorted ILC3s and organoids. (a) The
gating strategy for sorting ILC3s from the small intestine by flow cytometry.

The sorted ILC3s were further stained with anti-RORyt and anti-IL-22 antibodies.

(b) Representative immunofluorescence staining for galactosylation (PNA
staining, green) and DAPI (nuclear staining, blue) in organoids. The scale bars
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shown in 50 um. (¢) IL-22 in the supernatant of organoids with ILC3s co-cultured
was detected by ELISA (n = 7). Each dot represents one biological replicate in
one column (c). Data are representative of two independent experiments (b, c).
Statistical significance was tested by unpaired two-sided Student’s t-test. Error
barsrepresent the mean + SEM.
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Extended Data Fig. 8| ILC3 regulates galactosylation by Clgaltl. (a) Clgaltl
expression in the small intestine of the /d2"/ (n = 8) and Rorc“*Id2™" (n = 9) mice
was detected by qPCR. (b) Representative flow cytometry analysis for MC38 cell
line treated with different concentrations of itraconazole (ITZ) that inhibits the
function of CIGALT1 protein for 48 h (n =3). (c) Clgaltl expression inintestinal
organoids treated with or without IL-22 (5 ng/ml) at day 4 was detected by qPCR
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(n=8).Eachdotrepresents one individual mouse (a, ¢) or one replicate in one
column (b). Data are pooled from two independent experiments (a, ¢). Data are
representative of two independent experiments (b). Statistical significance
was tested by unpaired two-sided Student’s t-test (a, ¢) and two-sided one-way
ANOVA with Tukey’s test adjusted for multiple comparisons (b). Error bars
represent the mean + SEM.
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Extended Data Fig. 9| The graphical abstract of ILC3s protecting the host from pathogen infection by glycosylation and gut microbiota regulation. Figure was
created with BioRender.com.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

>
>~
[5)

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

XXX O [0 OKX [ 0
OO0 X X XOKX XK

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  Xcalibur 3.0.63 (Thermo Fisher, CA), Olympus cellSens V1.18 Software, BD FACSDivaTM Software

Data analysis FlowJow (version 10), Graphpad Prism 8.4.3, OlyVIA V3.2 software, Image J software(1.52v)

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 and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio 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
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data generated or analyzed during this study are included in the article. The SCFA and hydrophilic metabolites data are provided in Source Data. 16s rRNA-seq
data are available in the SRA under BioProject accession numbers PRINA859678.
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Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender not applicable

Reporting on race, ethnicity, or | not applicable
other socially relevant

groupings

Population characteristics not applicable
Recruitment not applicable
Ethics oversight not applicable
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|Z| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

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

Sample size The sample size was determined from prior research or pilot experiments relevant to our study, especially from Goto et al., 2014 (doi:
10.1126/science.1254009), Guo et al., 2015 (doi: 10.1016/j.immuni.2015.03.012) and Kamada et al., (DOI: 10.1126/science.1222195). Based
on these studies, similar sample size was sufficient to obtain statistical power to identify the pathogen burden, virulence and epithelia
modification.

Data exclusions  No data was excluded from the analysis.
Replication All experiments were repeated at least twice and always with multiple replicates. All results were reproducible.
Randomization  Mice and samples were randomly allocated. Within an experiment sex-matched littermates or age and sex-matched mice were used.

Blinding For pathologic analysis with H&E staining, the score was evaluated blind by an independent pathologist. For other experiments, researchers
were not blinded to genotypes or treated groups prior to data analysis to prevent mislabeling of different groups.

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
IZ Antibodies IZ |:| ChlP-seq
IZ Eukaryotic cell lines |:| IZ Flow cytometry
|:| Palaeontology and archaeology IZ |:| MRI-based neuroimaging

IZ Animals and other organisms
|:| Clinical data

|:| Dual use research of concern

|:| Plants
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Antibodies

Antibodies used Alexa Fluor 700 anti-mouse CD45 Antibody, (1:500, 30-F11, Cat#103128, Biolegend, https://www.biolegend.com/en-gb/products/




Antibodies used alexa-fluor-700-anti-mouse-cd45-antibody-3407),
Brilliant Violet 510 anti-mouse CD90.2 Antibody (1:500, 53-2.1 Cat#140319, Biolegend, https://www.biolegend.com/en-gb/products/
brilliant-violet-510-anti-mouse-cd902-thy12-antibody-7999),
FITC anti-mouse CD3e Antibody (1:500, 145-2C11, Cat#100306, Biolegend, https://www.biolegend.com/en-gb/products/fitc-anti-
mouse-cd3epsilon-antibody-23),
FITC anti-mouse TCRap Antibody (1:500, H57-597, Cat#109206, Biolegend, https://www.biolegend.com/en-gb/products/fitc-anti-
mouse-tcr-beta-chain-antibody-270),
PE-Cy7 anti-mouse RORyt Antibody, 1:250, B2D, Cat#25-6981-80, eBioscience; https://www.thermofisher.cn/cn/zh/antibody/
product/ROR-gamma-t-Antibody-clone-B2D-Monoclonal/25-6981-82
PerCP-Cy5.5 anti-mouse IL-22 Antibody 142, 1:250, 1H8PWSR, Cat#46-7222-82, eEbioscience, https://www.thermofisher.cn/cn/zh/
antibody/product/IL-22-Antibody-clone-1L22JOP-Monoclonal/46-7222-82
Fixable Viability Dye eFluor 780 (1:500, Cat#65-0865-18, eBioscience, https://www.thermofisher.cn/order/catalog/
product/65-0865-18)
PNA-FITC (1:250, Cat#FL-1071, Vector Labratories, https://vectorlabs.com/products/fluorescein-peanut-agglutinin-pna)
UEA-1-TRITC (1:250, Cat#RL-1062-2, Vector Laboratories, https://vectorlabs.com/products/rhodamine-ulex-europaeus-agglutinin-i)

Validation Antibodies were all sourced commercially with independent validations statement by manufacturer’s website that metioned above.
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Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) MC38 cell line was gifted from Prof. Yang-Xin Fu.
Authentication The cell line used was not authenticated.
Mycoplasma contamination All cell lines were tested negative for the presence of mycoplasma.

Commonly misidentified lines No commonly misidentified cell lines were used in the study.
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals Rorc-cre mice were kindly provided by Dr. Dan R. Littman (New York University, NY). Id2-fl/fl mice were kindly provided by Dr. Anna
Lasorella and Dr. Antonio Lavarone (Columbia University, NY). Cd4-cre mice were from Taconic. Crossing |d2-fl/fl mice with Rorc-cre
or Cd4-cre mice generated Rorc-cre;ld2-fl/fl and Cd4-cre;|d2-fl/fl mice. Germ-Free C57BL/6J mice were bred and maintained at
GemPharmatech and fed an irradiated sterile normal chow diet. All mice used in the experiments were around 6-8-week-old. Both
male and female mice were used in experiments. The mice were maintained under specific pathogen-free (SPF) conditions at
Laboratory Animal Resources Center, Tsinghua University. The ambient temperature is 23-26?, humidity is 40%-70%, and All mice
were housed under 12h-12h light-dark cycles and fed ad libitum. All studies were approved by the Animal Care and Use Committee
of Tsinghua University.

Wild animals The study did not involve wild animals.
Reporting on sex Within each experiment, sex-matched mice were used. Both female and male mice were used in the study.
Field-collected samples  No filled collected samples were used in the study

Ethics oversight All studies were approved by the Animal Care and Use Committee of the Tsinghua University (AP number: 15-GXH1, 23-GXH1).

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).

|Z| 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).
|Z| All plots are contour plots with outliers or pseudocolor plots.

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

Sample preparation The supernatant of 2.4G2 cells was used to block the nonspecific binding to Fc receptors before all surface staining. Single-
cell suspensions were stained for 30 min at 4°C. For cytoplasmic staining, cells were fixed with IC Fixation Buffer




(eBioscience). Dead cells were excluded by Fixable Viability Dye eFluor 506 or Fixable Viability Dye eFluor 780 (eBioscience).
Flow cytometry was performed on Fortessa instruments (BD Biosciences) and analyzed with FlowJo software. Cell sorting was
performed on the FACSAria (BD Bioscience).

Instrument Fortessa, FACSAria(BD™)

Software BD FACSDiva™ Software was used for aquisition. FlowJow (V10) was used for analysis

Cell population abundance After sorting, the sorted population was at least 90% pure as confirmed by further passage on another flow cytometer.
Gating strategy The gated population is indicated in the Methods. For ILC3s sorting, Living CD45lowCD90highCD3- ILC3s were gated.

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