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Western lifestyle with high salt consumption letalfiypertension and cardiovascular disease.
High salt may additionally drive autoimmunity bydurcing T helper (#)17 cells, which may
also contribute to hypertension. Induction efLT cells depends on the gut microbiota, yet the
effect of salt on the gut microbiome is unknownmniouse model systems, we show that high
salt intake affects the gut microbiome, particyiably depletingLactobacillus murinus.
ConsequentlyL. murinus treatment prevents salt-induced aggravation alelgtinduced
experimental autoimmune encephalomyelitis and s&isitive hypertension, by modulating
Tul7 cells. In line with these findings, moderatehhgglt challenge in a pilot study in humans
reduces intestinal survival dfactobacillus spp. along with increasedylL7 cells and blood
pressure. Our results connect high salt intakéhéogut-immune axis and highlight the gut

microbiome as a potential therapeutic target tontenact salt-sensitive conditions.
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High salt content in the Western diet is implicatedhumerous disordetsparticularly
cardiovascular diseaseGuidelineé* and public initiatives recommend reducing salaket,
yet an improved mechanistic understanding is waethrnThe deleterious effect of a high salt
diet (HSD) on cardiovascular health is driven bie@dal hypertension and associated with
increased morbidity and mortafty Thus far, most studies have focused on the rbtbe
kidneys, the sympathetic nervous system, and diféatts on the vasculatGrédlowever, some
investigations implicate the immune system in theseesséslinking pro-inflammatory T
cells to the development of hypertension particular, interleukin (IL)-17A producing CH4
helper T cells (§17) may promote hypertensioll. Tul17 cells play a deleterious role in
autoimmune diseases. We and others recently deratetsthat the generation of pathogenic
Th17 cells could be promoted by a high salt enviromm€onsequently, a HSD boostglV
generation and exacerbates actively-induced expetah autoimmune encephalomyelitis
(EAE)!!12 as a prototypic 717-driven autoimmune diseddeActive MOGss.ssinduced EAE
is a disease model recapitulating many aspectsuttipte sclerosis (MS), although differing
from transgenic EAE models in several aspects oélTfunctiort®. The intestine is exposed
to varying salt loads of ingested foods, yet thieraction between HSD and the gut microbiome
has not been thoroughly investigated. Gut micrayesknown to respond to fluctuations in
dietary compositiol?, leading to transient or persistent alterationshef gut microbiom.
Diet-induced shifts in microbiome composition magvé profound effects on the host,
especially on T celld. Tul7 cells are particularly affected by the abundaotepecific
commensal bactefia We sought to examine the influence of high shitllenges on the gut

microbiome, the immune system, and implicationdhfggertension and autoimmunity.
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High salt decreases Lactobacillusin mice

To determine the effect of a HSD on the gut mianaie composition, we analyzed fecal
pellets from normal salt diet (NSD) or HSD-fed F¥Brhice by 16S ribosomal DNA (rDNA)
gene sequencing. Both diets were equally well-abéet, indicated by similar body weight and
food intake (Extended Data Fig. 1a, b). HSD-fedentiad a significantly higher fluid and salt
intake than NSD-fed mice (Extended Data Fig. 1, similar intestinal transit (Extended
Data Fig. 1g). The overall microbial compositioragbd on Operational Taxonomic Units,
OTUs, assigned using Ribosomal Database Projeck)R®Bbowed no obvious pattern shifts
between HSD and NSD mice (Extended Data Fig. 2&3al, Although Jensen-Shannon
Divergence indicated differences between HSD and Nfacterial communities, these
differences were not confirmed by Bray-Curtis onfefac metrics (data not shown). Bacterial
load was not significantly different between NS &5D (Extended Data Fig. 3b), but several
OTUs were significantly decreased under HSD on Hgyincluding species with the genera
Lactobacillus, Oscillibacter, Pseudoflavonifractor, Clostridium XIVa, Johnsonella andRothia,
while others increased under HSD, eRprasutterella spp. (Extended Data Fig. 3c).
Interestingly, analysis of fecal metabolites froranttal carbon and nitrogen metabolic
pathways by gas-chromatography mass-spectromedweshclear differences between the two
groups (Extended Data Fig. 3d-g). The absence rgkiacale taxonomic differences was
unexpected, given the differences in metabolitascbnsistent with the fact that the two diets
are identical in energy content and only diffesait content. To identify the specific bacterial
OTUs that did change across diet, we employed sitsen machine learning approach. An
AdaBoost classifier trained to distinguish NSD fret8D samples on day 14 of the treatment
identified 8 OTUs with nontrivial feature importan@~igure 1a, c) with 92% accuracy (Figure
1b). These OTUs varied in maximum relative abundgfrom 0.04% to 19.5%) and responded
differently to the HSD (Figure 1a, c). OTUs ideisttf as most important were consistent across

different cross-validation runs, and across difiér@gorithms (Extended Data Fig. 4a). The
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most important OTU (25% feature importance) waseaiver of the genusactobacillus, and
was depleted under HSD (Figure 1d). Other featurelsided OTUs fromPrevotellaceae,
Pseudoflavonifractor, Clostridia, Parasutterella, Akkermansia, Bacteroidetes and Alistipes
(Figure 1a, c, Extended Data Fig. 4bactobacillus depletion showed a quick onset detectable
1 day after initiation of the HSD, remaining at ld@vels during the HSD with the lowest
abundance on day 14. When the mice were returnd&i thelactobacillus OTU abundance
returned to baseline levels (Figure 1d).

Since thd.actobacillus OTU was the bacterial group most strongly assediatith high salt,
we aimed to isolate bactobacillus strain from the mouse feces. The 16S rDNA sequehce
the isolate shared 100% identity with the V4-V5 168ion of the OTU described above, and
was identified a&. murinus. We confirmed the decrease of this strain unded HSing qPCR
(Figure 1e, f). Genome sequencing of the isolateveld 93% similarity to two publishdd
murinus genome¥?° (Extended Data Fig. 5a). Notably, there are nairsérof L. murinus
known to be native to the human microbiota, with thosest 16S sequence in the human gut
microbiota matching at below 90% identity (Extendedta Fig. 5b). The prevalence of
different Lactobacillus species varies in humans, each present in 0.5&f28abjects in the
MetaHIT?! Danish subcohort (Extended Data Fig. 5b).

Next, we cultured.. murinus, human-associatddactobacilli and non-related control strains
in vitro and tested their growth under increasing NaCl entrations. Half maximal growth
inhibition (ICse) of L. murinus occurred at comparable NaCl concentrations uneleba and
anaerobic culture conditions (Extended Data Fig.dpcNacCl inhibited the growth of several
human isolates at slightly lower concentrationghwhe exception of. salivarius (Extended
Data Fig. 5e, f). However, not all strains testegrevsimilarly salt-sensitive. For instance,
Akkermansia muciniphila, identified by the classifier and increasing isdleabundance upon

HSD, andEscherichia coli had higher salt tolerances (Extended Data Figghdmportantly,
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in vivo colonic fecal sodium concentrations in HSD-fed enere comparable to growth
inhibitory NaCl concentration vitro (0.252 for HSD vs. 0.133 M for NSD).

Since Lactobacilli are known to metabolize tryptophan to indole meligds’?, we
speculated that HSD would also reduce fecal inddheleed, HSD significantly reduced fecal
levels of indole-3-lactic acid (ILA, Figure 1g) amtlole-3-acetic acid (IAA, Extended Data
Fig. 6a), while indole-3-carboxaldehyde was uncleanglAld, Extended Data Fig. 6b).
Notably, mice monocolonized with the murinus isolate exhibited fecal ILA, IAA and IAld
as compared to germ-free (GF) controls, indicatingwrinus capability of producing these

indoles (Figure 1h, Extended Data Fig. 6¢-d).

L. murinus amelior ates active EAE

In MS?® and EAE#, the importance of the gut microbiome has receipélgn recognized.
The suppression af. murinus by HSD prompted us to investigate whether oraliathtnation
of L. murinus ameliorates HSD-induced exacerbation of activetiuced MOGs.ss EAE.
We relied on a daily gavage protocol to maintainmurinus abundance and fecal indole
metabolites during HSD. Body weight and diseas&lence were similar in all groups. Mice
on a HSD displayed an exacerbated disease couig@rdR2a; Extended Data Fig. 7&).
murinus supplementation during HSD and NSD feeding amatient the disease (Figure 2a and
Extended Data Fig. 7a, b). Similar results wereeoled when HSD-fed mice were treated with
L. reuteri (Extended Data Fig. 7c). We analyzed small im@stamina propria (siLPL) CD4
lymphocytes producing IL-17A by flow cytometry atet maximum of intestinal fIL7
expansion on day 3 post MOG immunization (P.ifISD mice displayed a significantly higher
frequency of |17 cells compared to NSD mice, which was reducedH8D-fed mice
concomitantly receivind.. murinus (Figure 2b). Flow cytometry analysis of splenosyaad
spinal cord infiltrating lymphocytes on day 17 pevealed a significant reduction inT7 cells

by L. murinus (Figure 2c, d) and bl. reuteri treatment (Extended Data Fig. 7d,cempared
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to HSD feeding alone. mRNA expressionldf7a andRorc in spinal cord tissue was decreased
after L. murinus treatment with a tendency towards lovsf2 levels (Extended Data Figure
7f-h). The effect of HSD andl. murinus was largely H17 specific as interferon (IFN)-
producing CD4 lymphocytes were not affected in siLPL, spleesminal cord (Extended Data
Fig. 7i). Since we focused on actively-induced M@§sEAE further studies are needed to
extend the concept for HSD ahdctobacillus treatment to spontaneous EAE.

To elaborate on putative mechanisms for the modwlatf TH17 cells, we focused on fecal
indole metabolites, which are known to improve \ai-induced EAB®. HSD significantly
reduced fecal ILA, while concomitabt murinus supplementation prevented this effect (Figure
3a, b). A similar pattern was observed for fecahldnd IAld (Extended Data Fig. 7j-m). Next,
we investigated the effect of ILA on the differetibn of murine {17 cellsin vitro. ILA
significantly reduced 17 polarization in a dose-dependent manner (Figaye

However, in MOGs.ss immunized GF mice, HSD did not changelV frequencies
compared to NSD (Extended Data Fig. 8a, b), inaigaa crucial role for intestinal bacteria in
mediating the HSD effect oryI7 cells. To corroborate the modulatory effect.ahurinus,
we used segmented filamentous bacteria (SFB) asrkimalucers of intestinal L7 cell$® and
compared MOGsssimmunization in gnotobiotic mice harboring eithetedy SFB (GF+SFB)
or SFB andL. murinus (GF+SFB-. murinus). As predicted, the presence or absenck. of

murinus determined %17 frequencies in siLPL and cLPL (Extended Data 8aj d).

L. murinusreduces salt-sensitive hypertension

Accumulating evidence suggests thal. T cells play a role in the genesis of hyperterfsion
Moreover, a recent meta-analysis provided prelinyingaupport thatLactobacillus-rich
probiotics might affect blood pressure in hyperieasubjectd’. Thus, we tested whether

murinus treatment would decrease experimental salt-seaditypertension.
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Blood pressure increased over 3 weeks of HSD (Eiga, b, Extended Data Figure 9a).
Concomitant daily treatment with. murinus led to a significant reduction of systolic and
normalization of diastolic blood pressure (Figuee B, Extended Data Fig. 9b, t).reuteri
was similarly effective, while nohactobacillus strainE. coli Nissle 1917 was ineffective
(Extended Data Fig. 9d-g).

We next asked it.. murinus treatment affects L7 cells in experimental salt-sensitive
hypertension and analyzed intestinal and splemphocytes by flow cytometry. Compared to
NSD, HSD led to a significant increase in CRORyt" Ty17 cell frequencies in siLPL, which
was significantly reduced bly. murinus treatment (Figure 4c). In addition, flow cytometry
analysis of siLPL, cLPL and splenic lymphocyteseaed a significant reduction ofiI7 cell
frequencies by. murinus treatmenttompared to HSD feeding alone (Figure 4d-f). THeaf
of HSD and concomitarit. murinus treatment on effector T cells was again largebcHjr to
Tul7, as a similar pattern was not observed {gr markers. Except for the siLPL, HSD and
L. murinus treatment did not alter the expression @i Tytokine IFNy (Extended Data Figure
9 h-j). In addition, the frequencies of regulat@®4'CD25" Foxp3 T cells (Teg were neither
significantly affected by the HSD, nor by concomtth. murinus treatment in intestinal and
splenic tissues (data not shown). Thusnurinus prevents HSD-induced generation LY

cells and consequently ameliorates salt-sensitypeension.

Salt challenge in healthy humans

To corroborate our findings in humans, we conduete@xploratory pilot study in healthy
male volunteers, where participants were subjetdean increased salt intake for 14 days.
Participants received 6 g sodium chloride per dayrésponding to 2.36 Ng/day) using slow-
release NaCl tablets in addition to their accustbmiets. According to dietary records, salt
intake from foods and drinks was similar betweesebae and day 14 of high salt. During high

salt challenge, the total salt intake was 13.8#@day (Extended Data Figure 10a). We
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monitored ambulatory blood pressure at baselineadisd salt challenge in a subgroup of 8
participants. To standardize blood pressure meamnts and exclude physical activity or
stress-driven alterations during daytffhenrelated to salt-sensitivity, we monitored noctir
blood pressure during bed rest. Compared to basehigh salt challenge significantly
increased mean nocturnal systolic and diastoliodlpressure (Figure 5a). Since HSD
increased #17 cells in mice, we analyzedI7 cells in human blood before and after high salt.
Analysis of peripheral blood lymphocytes using floygometry revealed a significant increase
in CDA'IL-17A*TNF-o" Tu17 cells (Figure 5b).

To investigate the effect of high salt challengetlos human gut microbiome, we analyzed
the abundance dfactobacilli in fecal samples before and after high salt chgke To achieve
more detailed taxonomic resolution, full shotgun tagenomic was performed (see
Supplementary InformationlLactobacillus is not a dominant member of the human feces. In a
control data set used hété®only 41.3% were positive for aryactobacillus. In our present
study, likewise 5 of 12 (41.7%) subjects were pesitor at least one glitactobacillus species
at baseline (Figure 5c). Overall, we detected ferht gutLactobacillus species at baseline
(Figure 5c, species assignment using SPedfter high salt challenge, nine of ten initially
presentactobacillus populations could no longer be detected in thpaeisve study subjects,
suggesting a loss dfactobacillus species (Supplementary Information and Extendeth Da
Figure 10b, c, d for cross-validation). To test thiee this is expected for the human gut over
time, we reanalyzed 121 published lllumina-sequéheslthy gut metagenont&gwith time
course information. A Kaplan-Meier survival anadysn allLactobacillus populations revealed
a significantly decreased survival (defined hereaginued detectability) rate bactobacillus
gut populations under HSD (Figure 5d). Comparedaiolactobacillus species|.actobacilli
were lost significantly faster under HSD, reflegtinigh salt impact on an intrinsically low-
resilience taxon (Supplementary Information andeBded Data Figure 10e, f). Furthermore,

we observed that several study subjects had gainledst one novélactobacillus species by
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day 14, which was not detected at baseline (Extbiadda Fig. 10g-i). We speculate that this
is the consequence of ingesteattobacillus-containing foods, since study participants were
not subjected to dietary restrictioshus, high salt challenge induces an increase andbl
pressure and HIL7 cells in healthy subjects, alongside reducingvigal of intestinal

Lactobacillus species in subjects harboribgctobacillus at baseline.

Discussion

Our data document the impact of an increased @atitanption on intestinal bacteria in mice
and men and broaden existing knowledge on the teffeicthis nutrient. Several intestinal
bacteria were affected by high salt; particul&dgtobacillus spp. were suppressed. In addition,
fecal metabolites levels, particularly bacterigiptophan metabolites, responded to HSD in
mice. Such effects may contribute to salt-induceti7Tresponses and salt-sensitive conditions.
SinceL. murinus produces ILA, we speculate that its salt-inducedrelase with reduced ILA
generation could be responsible for an enhanedd Tesponse. Importantly, the experimental
approaches in mice demonstrate thaturinus supplementation blunts HSD-induced1lV
activation and ameliorates salt-sensitive hypertensind actively-induced EAHRn vivo.
Yet, actively-induced EAE differs from spontanealisease model$ It is thus currently
unclear whether high salt effects can be generhlieyond the actively-induced model and to
MS. These limitations may also extend to the recentroversy on more general effects of a
HSD in neuroinflammatiol?®3 However, in the actively-induced EAE and hypesten
models used here and in humans, high salt enha@ndeatcells.

Lactobacillus metabolites are known to affect host physiofédyand ameliorate actively-
induced EAE®. Other tryptophan metabolites have been showedoae blood pressiireOur
data in mice suggest that murinus may substantially influence the abundance of fecal
tryptophan metabolites, not excluding the possibilnat other strains (e.gifidobacterium

spp.) may be producers of similar importance. Additibnave demonstrated that ILA inhibited
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murine T417 polarizationin vitro, a finding that needs to be addressed in morel detevo.
These results highlight the microbiome as a salsisige compartment but do not speak against
a more direct effect of high salt on host cellsrliEainvestigations showed that the ionic
microenvironment directly affects various immunéls$&3®, Salt intake also has profound
actions on hormonal systems such as the renin-@mgim-aldosterone axis.

Our exploratory pilot study in humans is limitedpiower and needs to be validated in larger
studies. Considering this limitation, it sugges$iatteven a moderate salt challenge may affect
the persistence of intestinhhctobacilli and other bacteria, along with an increase in pro-
inflammatory |17 cells and salt-sensitive blood pressure changésrestingly, newborn
infants have the greatesactobacillus abundance that decreases over tffle Compared to
microbiomes from indigenous populationkactobacillus abundance in 'Western' gut
microbiomes is lo#f. Salt ingestion already starting at young age rpaytially have
contributed to the relative losslodctobacilli from Western microbiomes and thereby may play
role in the development of hypertension and autaimity.

Finally, the development of microbiota-targetedraipges is an intriguing new avenue for
many diseases. Nevertheless, changes in microbeommgosition or function must first be
carefully shown to contribute to any disease. Cgpeemental data in mice suggest that the gut
microbiota might serve as a potential target tontemact salt-sensitive conditions. The
identification ofLactobacillus as a ‘natural inhibitor’ of high salt-inducedI7 cells in mice
could serve as a basis for the development of rreslention and treatment strategies. It is up
to randomized controlled trials in diseased huntarsst this hypothesis. Moreover, any future
dietary salt intervention trial should thus consia®nitoring the microbiome to expand on our

observations.
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Figurelegends

Figurel. HSD altersthefecal microbiomeand depletesLactobacillusin mice. (a) AdaBoost
identified eight 16S rDNA OTUs distinguishing NSBofn HSD samples(b) Classifier
accuracy per mouse and di@f) Relative OTU abundances on HSD day 441¢ mice,n=8
NSD control mice)(d) Lactobacillus abundance over time. Samples >1% not shown. Btsplo
IQR, whiskers 1.5*IQR(g, f) L. murinus gPCR (=8 mice). **p<0.01, ***p<0.001 paired two-
tailed t-test. (g) Fecal indole-3-lactic acid (ILA)p=12 mice per group. *p<0.05, Wilcoxon
signed-rank test(h) Fecal ILA in gnotobiotic mice =8 germ-free,n=7 L. murinus-

monocolonized mice). ****p<0.0001 unpaired two-tadlt-test.

Figure 2. L. murinus prevents HSD-induced exacer bation of EAE and reduces TH17 cells.
(a) Mean disease scorests.e.m. of M@63EAE mice fed NSDr=9), HSD 6=11), or HSD
with L. murinus (n=6). (b) siLPL (day 3 p.i.) analyzed for CDA-17A" IFN-y" cells fi=4). (c,

d) Spleensr{=5) and spinal cords (NSB=4; HSD n=6; HSD+L. murinus n=5, day 17 p.i.)
were similarly analyzed. Representative plots, tjtieation to the right. Meants.e.m., circles
represent individual mice. *p<0.05, **p<0.01 by eway ANOVA and post-hoc Tukey’s for

(¢), Kruskal-Wallis and Dunn’s post-hoc test {ar b, d). n equals mice per group.

Figure 3. Putativerole for ILA. (a) HSD reduces fecal ILA in MO£5.s5sEAE mice (=5),
day 10 p.i.(b) Fecal ILA in HSD+. murinus treated 1(=6) vs. HSD-fed MOGs.s5EAE mice
(n=8), day 10 p.i. Circles represent samples fronviddal mice. *p<0.05 using unpaired one-
tailedt-test for(a); Mann-WhitneyJ test for(b). (c) Naive murine CD4T cells cultured under
Twl7-polarizing conditions in presence (+ILA) or atse (+vehicle) of ILA, analyzed for IL-

17A (n=3 replicates per group, meants.e.m., one repr@santout of two independent
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experiments is shown). ***p<0.001 vs. vehicle usorge-way ANOVA and Tukey's post-hoc

test.

Figure 4. L. murinus ameliorates salt-sensitive hypertension and reduces Th17 cells.
Continuous blood pressure recordings#¥Y FVB/N mice.(a) Mean systolic pressures over
time and(b) systolic and diastolic pressures as boxplots (Mskers 1.5*IQR). ###p<0.001
vs. NSD, ***p<0.001 vs. HSD (linear mixed modgl}) CD4'RORyt* siLPL in mice fed NSD
(n=7), HSD @=8) or HSD+. murinus (n=9). (d-f) CD4'IL-17A"IFN-y" siLPL, cLPL,
splenocytes in mice fedSD (h=5), HSD =6; siLPLn=7) and HSD+. murinus (n=6; siLPL
n=5). Representative plots per group, quantificasbowing meanzs.e.m., circles represent
individual mice. *p<0.05, **p<0.01, one-way ANOVAd post-hoc Tukey'&, e, f), Kruskal-

Walllis and post-hoc Dunngl).

Figure5. High salt challenge affects blood pressure, Th17 cellsand Lactobacilli in healthy
humans. (a) Mean nocturnal systolic and diastolic blood presswand(b) IL-17A*TNF-o*
cells in CD4 enriched PBMC (one representative subject is shanvn=8 males at baseline
and after challenge. *p<0.05, **p<0.01, ****p<0.000 paired one-tailed-test (a) and
Wilcoxon signed-rank tedtb). (c) Loss of Lactobacilli after high salt challenge. Subjects
positive forLactobacilli at baseline are shown. Split cells show abundatioaseline (left) and
after high salt (right), crosses indicate nond@eci{d) Kaplan-Meier curves comparing the

persistence dfactobacilli to control cohorts (log-rank test).
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M ethods

Animal ethics

All animal experiments were conducted in accordawdé institutional, state and federal
guidelines and with permission of the local aninedhics committees (Landesamt flr
Gesundheit und Soziales Berlin, Germany; Regierdntgrfranken, Wurzburg, Germany;
Ethical Committee for Animal Experiments, Hasseltiiérsity, Belgium). Male mice were

maintained on a 12:12 hour day:night cycle withstant access to food and water.

Mouse high salt feeding and feces collection

All normal salt (NSD, E15430-047) and high salt (J¥15431-34) purified diets used for
mouse experiments were purchased from Ssniff (Sdgstmany). Diets were gamma-
irradiated (25kGy) and identical in composition egcfor NaCl content (NSD: 0.5% NacCl,
HSD: 4% NaCl). Drinking water for HSD animals wagpglemented with 1% NaCl.

For fecal microbiome analyses, male FVB/N mice aggdieeks were purchased from Charles
River and accustomed to NSD. Control animals reethion the NSD (n=8), others were
switched to HSD (n=12) for 14 days. A subgroup wagiched back to NSD for another 14
days (n=8). Body weight and food intake were maeio To avoid cage effects, mice were
housed individually. Fresh fecal pellets were ai#d directly from the anal orifices,

immediately shock-frozen in liquid nitrogen andrstbat -80°C for later analyses.

DNA extraction from mouse feces and 16S sequencing

DNA was extracted from a single fecal pellet froatle mouse using the Power Soil kit (MO
BIO Laboratories, Carlsbad, CA, USA). The protoaels modified from the manufacturer's
instructions to include proteinase K treatmentuidhfer lyse cells. After addition of proteinase

K (final concentration 5 mg/ml) samples were indebaat 65 °C for 10 min and further 10 min
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at 95 °C. Plates were inverted to mix during battubations. The V4 region of the 16S rRNA
gene was amplified with 515F and 806R prirfiéusing a two-step PCR library preparation as

previously describéd. An lllumina MiSeq was run for 250 cycles to prodyaired-end reads.

16SrDNA data processing

The raw sequences were de-multiplexed, allowingagt 2 mismatches in the barcode before
discarding a sequence. Primers sequences were ednadlowing at most 2 mismatches in the
primer sequence before discarding a sequence. Fobraval reverse reads were merged by
comparing alignments with lengths of 25345 nucldedi The alignment with the fewest
mismatches was used unless the number of mismandmegreater than 2, in which case the
read pair was discarded. Merged reads were filtkreduality by removing reads with more
than 2.0 expected errdfs Each unique sequence was assigned a taxonomy BRENF®,
truncating the taxonomy to the highest taxonomiellsvith at least 80% support. Sequences
that were assigned the same taxonomy were theadlache same operational taxonomic unit

(OTU). De novo OTUs were also called using usedrch

16SrDNA data analysis

For most analyses, three samples were excludedibedtheir read counts were low (< 1000
counts). The MDS ordination and PERMANOVA test we@mputed using R’s vegan
packagé®. The phylogenetic tree was generated from a singtdoid sequence from each
OTU. Medoid sequences were selected by aligninghall sequences in each OTU with
PyNAST*, computing a distance matrix with Clustal Onfdgand selecting the medoid
sequence. Aligned sequences with at least 10 nedldsir corresponding OTU were assembled
into a tree with FastTree 2Xaand visualized with R’s ape packagd he AdaBoost classifigt
was run with 10estimators using Python’s scikit-learn modtil@he random forest classiftér

was run with 1B estimators also using Python’s scikit-learn module
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Fecal metabolite analysis

An extraction mixture of methanol-chloroform-wa(stCW) (5:2:1/v:v:v) (Methanol LC-MS-
grade, Chloroform Reagent Plus ® 99,8% Sigma-Atgneith cinnamic acid (2 pug/ml, Sigma-
Aldrich) as internal standard was added to the sanSamples were dissolved in MCW (1 ml/
60 mg of sample) using the tissue lyser (PreceM¥slysis and homogenization, Bertin
Technologies, France), samples were cooled onatveden the shaking cycles. Samples were
shaken at 1,000 rpm and 4°C for 60 min. After addiof ice cold water (half of MCW volume)
samples were shaken at 1,000 rpm and 4°C for 10$aimples were centrifuged for 10 min at
14,000 rpm to separate the polar (top), lipid @oi and interface (tissue debris) layers. Polar
phase containing metabolites was dried under vadoud? h.

Samples were derivatized as follows: the dried aetér were dissolved in 2@l of
methoxyamine hydrochloride solution (Sigma, 40 migmpyridine (Roth)) and incubated for
90 min at 30°C shaken at 1,000 rpm followed by #delition of 40ul of N-methyl-N-
[trimethylsilyl]trifluoroacetamide (MSTFA; Macheriagel, Dueren, Germany) and
incubation at 37°C for 45 min agitated at 1,000 rpime extracts were centrifuged for 10 min
at 14,000 rpm, and aliquots of @Dwere transferred into glass vials (Chromacol, Wit)gas
chromatography-mass spectrometry (GC-MS) measuremigletabolite analyses was
performed with a Pegasus IV mass-spectrometer (LESO Joseph, USA) as described
previously®. The GC-MS chromatograms were pre-processed wittChromaTOF software
(LECO). Calculation of retention index, mass spectdentification and metabolite
quantification were performed using the in housaiMBLVIA Software too?”.

Measured values from 66 metabolites were obtaiSette a paired analysis (metabolites at
NSD baseline vs. metabolites after HSD) was peréoknabsence of a given value made the
exclusion of the corresponding second value nepgs$ais was in only 33 of 1056 cases

(3.1%). A small pseudocount value (0.001) was addeall metabolite values and data was
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log10 transformed. Data from each metabolite waimabzed by subtracting the minimum and
dividing by the maximum value across all eight mitiee PCA was performed using the Python
scikit-learn package's PCA module. The heatmap pvapared with the Seaborn package's

clustermap function.

M easurement of tryptophan metabolites

Fecal pellets derived from mice were processedesqusly described. Chemicals used were
purchased from Sigma-Aldrich and were liquid chrozgeaphy (LC)-MS grade. Pellets were
diluted in 300 pl/10 mg feces 0.2 M acetate bujiét 4.2) and shaken with 1.5 ml methsit-
buthyl ether (MTBE) on a shaker at room temperaditir 400 rpm for 10 min in the presence
of ceramic beads (2.8 mm Precellys Ceramic BeadgjaB). Samples were afterwards
centrifuged at 4°C at 9000xg. From the organic ehasml was transferred into a new
Eppendorf vial and samples were concentrated u&tpgendorf Concentrator 5301.
Concentrated samples were dissolved in 200 ml aitete:H>O 1:4 v/v containing 0.2%
formic acid and stored at -20°C for further anaysi

LC-MS/MS analysis was performed using an Agiler@Q finity Il UPLC system coupled to
an Agilent 6495 Triple Quad mass spectrometer gaapwith an iFunnel ESI ion source
operated in the positive mode (Agilent Technologi®anta Clara, CA, USA). The UPLC
column used was an Agilent Eclipse plus (100 mmlxi@m, 1.8 pum). Chromatography was
performed under gradient conditions using mobilasghA (0.1% formic acid in water) and B
(0.1% formic acid in methanol). Gradient was sthde 5% methanol, increased to 95% after
10 min with a constant flow rate of 0.3 ml/min dwgia total run time of 17 min. The column
temperature was set to 30°C. The injection volunas W pl. Drying gas was adjusted at
130°C/17 I/min, sheath gas at 400°C/11 I/min. Gapjiland nozzle voltage were optimized at
3,500 V and 800 V, respectively. Analytes were rared in the multiple reaction monitoring

mode. The optimal transitions, collision energiesl aell accelerator voltages for each
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compound were determined as in the following ILAzrR06 -> 118 CE: 24V CAV: 1V; ICA
m/z 146 -> 118 CE: 13V CAV: 5V; IAAm/z 176 -> 18E: 17V CAV: 1V. Calibration curves
for the quantification of individual metabolites neeestablished based on the changes in the
relative peak area in response to different tacgetpound concentration. Linearity wefs>

0.99 over a range from 0.05 to 300 ng/ml for anyppound.

Isolation of L. murinus

Fecal samples from healthy male NSD-fed FVB/N mieze dissolved and diluted at a 1:10
dilution in anaerobic PBS (pH 7.6) containing Ligyse HCI at 0.1% in a Coy Anaerobic
Chamber (5% b 20% CQ, 75% N). Samples were diluted 10-fold and each dilutipread

on LAMVAB agar®. Plates were incubated at 37°C under anaerobidittoms and examined
for growth at 24 hours. Individual colonies growiagthe highest dilution were picked into
LAMVAB medium and grown for an additional 16 houksquid cultures were stored in 15%
DMSO. For identification of isolates, DNA was exired by adding 5 pl liquid culture to 20 pl
sterile distilled water and storing at 4°C overnjgh pul of this extract was amplified with
Phusion HF polymerase in a 20 pl reaction usingversal 16S primers 27F (5'-
AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5-TACGGYTACCTGTTACGACTT-

3’). PCR products were purified using Agencourt A& XP and submitted with the 27F
primer for Sanger sequencing. An isolate whoselémgth 16S sequence shared 100% identity
with the V4-V5 region of théactobacillus species identified in the 16S library was selected
for further study. Frozen stocks lof murinus (in PBS + 25% glycerol) were prepared, stored

at -80°C and used for gavage of salt-sensitiveEahid mice.

Salt tolerance of L. murinus and selected gut commensals
Frozen stocks df. murinus were streaked onto MRS agar and incubated at Giilér aerobic

conditions for 24 hours. Single colonies were pickeo MRS medium and grown until mid-
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log phase (Okho = 0.4-0.6), at which time liquid cultures wereutidd 1:100 into MRS medium
containing NacCl in the range of 0 to 2 OsM. In sapaexperimentd;. coli andL. murinus
were picked into LBE. coli) or MRS (. murinus) medium, respectively. Naoncentration of
growth media was determined using atomic absorpmectrometry or calculated. @9 of
cultures was measured following 12-16 additionalreaf growth. For comparison of the salt
tolerance of phylogenetically distinct gut commeéssa. difficile ATCC 700057, A.
muciniphila DSM 26127, andP. excrementihominis DSM 21040 were cultured under the same
conditions. Frozen stocks of each strain, alondp Witmurinus, were streaked onto Brucella
Blood Agar with vitamin K and hematin, and growr8&fC in a Coy Anaerobic Chamber for
24 hours. Individual colonies were transferred Iigoid Gifu anaerobic medium supplemented
with 0.25% porcine gastric mucin (Sigma) and grawtil mid-log phase, at which time they
were diluted 1:100 into MGAM containing NaCl witbricentrations of Naranging from 0.08
to 1.8 M. ODoo of cultures was measured after 48 hours of grd¢wetbompensate for the slow

growth rates of some of the strains).

I'n vitro growth of human-associated Lactobacillusisolates

Human-associatetactobacillus isolates were obtained from the German CulturdeCobn
(DSMZ, Braunschweig, Germanyl. salivarius (DSM-No. 20555),L. ruminis (DSM-No.
20403),L. delbrueckii subsp. Delbrueckii (DSM-No. 20074), fermentum (DSM-No. 20052).

L. acidophilus NCFM, L. paracasei (ATCC SD5275).Lactobacillus strains were grown
anaerobically in a gas chamber (Coy Laboratory fetsj USA; 12% CQ 2,5-5 % H, and
83-85,5% N) in Gifu Anaerobic Medium Broth (MGAM) at 37°C. @xnight cultures were
diluted to an initial OD of 0.01 and growth was essed in the presence of increasing
concentrations of NaCl by monitoring the absorbaaté&78 nm using an Eon (Biotek)

microplate spectrophotometer in 30-minute intervater 30 s of shaking. AUCs were
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calculated using the trapezoidal rule and normdlitte the AUC calculated for growth in

MGAM without addition of NaCl.

Germ-free mice and L. murinus monocolonization

C57BL/6J male mice were bred under germ-free canditand kept under a 12-hour light cycle
and fed sterile NSD (E15430-047, Ssniff, Soestntaery)ad libitum. For monocolonization,
mice were gavaged with 200 pllofmurinus stock solution (10CFU/ml, as described above)
and further maintained under sterile conditionstioo weeks. Fecal pellets were harvested
under sterile conditions and immediately frozenliquid nitrogen, or cultured in liquid
thioglycolate medium (bioMerieux), incubated foddys, streaked on sheep blood agar plates
(oxoid, 24 hours) and further analyzed for speiestification using MALDI-TOF (analyzed

by GIMmbH, Michendorf, Germany) as described prasly®.

Salt-sensitive hypertension in mice

To induce salt-sensitive hypertension, the L-NAMi/snouse model was used as described
previously®. This non-surgical intervention closely recapitetasalt-sensitive hypertension
common in humani& In brief, NSD-fed male FVB/N mice, aged 10-12 k&ereceived
pretreatment with (L-NAME, 0.5 mg/ml, Sigma-Aldrickia drinking water for 3 weeks,
followed by a 1-week washout period with NSD andnmal drinking water. Then, mice were
switched to either HSD with oral administration lofmurinus (daily gavage of 200 pl 10
CFU/ml L. murinus suspension,), HSD with oral administration of cohsolution (daily
gavage of 200 pl PBS/glycerol) or NSD for two wedks blood pressure measurements, mice
were implanted with miniature subcutaneous racdkobetry devices in anesthesia (Data
Sciences International, New Brighton, MN, USA) ptio the L-NAME/salt protocol. Thereby,
systolic and diastolic blood pressures were recbcd@tinuously at 5 minute intervals in freely

moving mice. Following hypertension induction wHED for 3 weeks, HSD was continued
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and mice were concomitantly gavaged with 200 I @BU/mI L. murinus in phosphate-
buffered saline (PBS) + glycerol daily.reuteri andE. coli Nissle 1917 were used for separate
experiments in a similar manner (10FU/ml in PBS + glycerol daily).

Mice were euthanized in anaesthesia, spleens aedtimes were harvested. Single-cell
suspensions of small intestinal (si) and coloniclémina propria lymphoyctes (LPL) were
obtained by enzymatic and mechanical dissociatsamguthe Lamina Propria Dissociation Kit
Mouse (Miltenyi Biotec, Bergisch Gladbach, Germamgcording to the manufacturers’
protocol. Cell debris was removed using Percoll (Gfealthcare) density gradient
centrifugation as described previolf8lySplenocyte single-cell suspensions were obtained
using 70 um strainers, followed by erythrocytedyand subsequent filtering using a 40 um
mesh. Cells were counted by trypan blue exclusmmhlabeled for flow cytometric analysis.
Isolated immune cells were either directly staifi@dsurface markers using the respective
fluorochrome-conjugated antibodies (30 min in PBSpgemented with EDTA and BSA) or
restimulated with 50 ng/ml phorbol-12-myristate-d&tate (PMA, Sigma-Aldrich), 750 ng/ml
ionomycin (Sigma Aldrich) and 0.75ul/ml GolgiStdpl¥ Bioscience) for 4h at 37°C and 5%
CO in RPMI 1640 medium (Sigma) supplemented with FBS, 1% penicillin/streptomycin.
For all measurements, dead cell exclusion was pedad using fixable viability dye for 405nm
(Thermo Fisher). For intracellular staining, celisre permabilized and fixed using the FoxP3
Staining Buffer Kit (eBioscience) and labeled usiihg respective antibodies. Antibodies used
are listed below. Cells were analyzed with the BECISCanto Il flow cytometer and BD
FACSDiva software (BD Bioscience). Data analysis warformed with FlowJo v10 (FlowJo

LLC, Ashland, Oregon, USA).

Experimental autoimmune encephalomyelitis (EAE)
Male C57BL/6J mice (Charles River), aged 10-12 wseelere either fed a NSD, a HSD (Ssniff,

as described above) with oral administratioh.ahurinus or L. reuteri (daily gavage of 200 pl
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10" CFU/mlsuspension) or a HSD with oral administration dfeot (daily gavage of 200 pl
PBS/glycerol). EAE was induced as described presiydt Briefly, mice were anaesthetized
and subcutaneously injected with 200 pg M@4$ and 200 pg CFA. Pertussis toxin (200
ng/mouse) was applied intraperitoneally on daysi@ 2 post immunization (p.i.). Clinical
symptoms were assessed daily according to a 5-poéh ranging from 0 (no symptoms) to 5
(moribund}*. For disease courses, only mice with clinical sionys were included.

On day 17 p.i.,, mice were euthanized in anestreasbCNS tissue was harvested, disrupted
with a 5 ml glass homogenizer and strained thraug@Oum cell-strainer. CNS cell suspension
was resuspended in 6 ml 30% isotonic Percoll (G&8ltHeare) for a three-step density gradient.
Lymphocytes were harvested from the interphaseshed and further analyzed by flow
cytometry. Spleens were disrupted with a glass lgemizer, filtered through a 1Q0n cell
strainer and treated with 0.14 M ammonium chlotalk/se erythrocytes. To analyze the early
inflammatory response in the small intestine, asstibf mice was euthanized on day 3 p.i. and
the small intestine was harvested and processdédsasibed above to obtain LPL.

In two additional experimental setups EAE was il male germ-free (GF) C57BL/6J
mice fed gamma-sterilized (50 Gy) NSD or HSD di€isst, GF mice were either fed NSD or
HSD (2 weeks prior to immunization and thereaft8econd, GF mice were fed NSD and either
monocolonized with SFB (by introduction of fecesnfr SFB monocolonized mice) or SFB and
L. murinus. In both experimental subgroups intestines wergdsted on day 3 p.i. for flow
cytometry analyses.

Single-cell suspensions were analyzed by stainingextra- and intracellular markers. Dead
cells were excluded by a fixable viability dye e#flti80 (eBioscience), Fc-block was performed
using anti-CD16/32 antibody (eBioscience). Foraaoéilular cytokine staining, cells were
stimulated with ionomycin (1 uM) and PMA (50 ng/nm)the presence of monensin (i)

for 4 hours. Cells were stained for surface markéttsthe respective fluorochrome-conjugated

antibodies for 30 min and permeabilized using Kowmatand Permeabilization Buffer
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(eBioscience) according to the manufacturer’s pratolntracellular cytokines were labeled
with the respective fluorochrome-conjugated antiesdor 30-45 min. For antibodies used see
below. Cells were analyzed with the BD FACSCantfld cytometer and BD FACSDiva
software (BD Bioscience). Data analysis was peréatmwith FlowJo (LLC).

For quantitative real-time PCR, tissue was homaggehin 500 pl peqGOLD TriFast with an
Ultra-Turrax for 30 s followed by total RNA isolati with PerfectBind RNA Columns
(peqGOLD HP Total RNA Kit, Peqglab). RNA vyield wasuamptified by absorbance
measurements at 260 nm and reversely transcribedDNA using QuantiTect transcriptase
(Qiagen). PCR reactions were performed at a 5 glesan a qTower real-time PCR System
(Analytic Jena, Germany) in triplicates using Tagn¥sssays (Thermo Fisher) fdtl7a
(Mm00439618 m1),Rorc (Mm01261019 gl) andCsf2 (MmO01290062_m1l). Relative
quantification was performed by tReACT method, normalizing target gene expression on

Actb/B-Actin (Mm00607939_s1as housekeeping gene.

Antibodies used for flow cytometry of murine cells

Anti-CD3e-FITC and anti-CD8VioBlue (clone 17A2, Miltenyi), anti-CD4-APC-VioTl/
(clone GK1.5, Miltenyi), anti-CD4-Pacific Blue amati-CD4-FITC (clone RM4-5, BD), anti-
CD25-VioBlue and anti-CD25-FITC (clone 7D4, Miltahyanti-FoxP3-PerCP-Cy5.5 (clone
FJK-16s, eBioscience), anti-IFNPE-Cy7 and anti-IFN-APC (clone XMGL1.2, eBioscience),

anti-IL-17A-PE (clone eBiol7B7, eBioscience), aRDRyt-APC (clone REA278, Miltenyi).

Electrolyte analysis of mouse feces

Fecal samples from NSD- and HSD-fed mice were cttéand stored at -80°C until further
analysis. n=7-9 feces samples were pooled, weighmdl then processed as described
previously?. In brief, samples were weighted, desiccated, &stissolved and measured for

Na" concentration by atomic adsorption spectrometrgd® 3100, Perkin Elmer).
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M easur ement of intestinal transit
Male FVB/N mice were fed NSD or HSD for 14 days.chliwere administered activated
charcoal (0.5 g/10 ml in 0.5% methylcellulose;@l110g body weight by oral gavage). Twenty

min later mice were euthanized and the distaneelied by charcoal was measured.

High salt challenge study in healthy humans

We performed an open-label clinical pilot studyirtgestigate the effect of an increased salt
intake on cardiovascular and immunoregulatory fiomst in healthy men (ClinicalTrials.gov
identifier: NCT02509962). The study was conducteti@ Experimental and Clinical Research
Center Berlin (ECRC), Germany, in accordance whth éthical standards of the institutional
review board. The institutional review board of @t&aUniversity Medicine Berlin approved
the study (EA1/138/15) and written informed conseas obtained from all participants prior
to study entry. Key inclusion criteria were menea@adl8-50 years and a body mass index
between 18.5 and 29.9 kg/mKey exclusion criteria were any cardiovasculagtabolic
(diabetes), autoimmune, liver and kidney diseaakshol or drug abuse. To increase salt
intake, subjects (n=12, included until March 2016y baseline characteristics see
Supplementary Information) received 10 coated taldaily (three with breakfast, three with
lunch and four with dinner) for two weeks, eachieabontaining 600 mg sodium chloride in a
slow release formulation (Slow Sodium Tablets, Hkafna Ltd., Bedford, UK), yielding an
increase of habitual salt intake by 6 g/d. Subjeare asked not to change their dietary habits
during the study. Sodium intake from ingested foadd drinks was calculated from dietary
records of three consecutive days using OptiDiets Rloftware 5.1.2 (GOE mbH, Linden,
Germany),a professional analysis software that is basedhuntional content of food as

provided by the German Nutrient Datalfdse
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Stool samples were collected at baseline and orl8ayf the high salt challenge from all 12
subjects. Briefly, subjects collected fresh fecamples using disposable toilet seat covers
(Susse Labortechnik, Gudensberg, Germany) andiphaesssels with spatula (Sarstedt AG,
Numbrecht, Germany). Closed vessels with fecal $snwere immediately frozen in a
domestic freezer at -20°C and subsequently tramsféo the study center on dry ice, where
samples were stored at -80°C until further use.

At baseline and on day 13 of the high salt chakker& subjects received ambulatory blood
pressure monitors (ABPM, Mobil-O-Graph, I.LE.M. Gmitolberg, Germany) for nocturnal
blood pressure monitoring (measurements at beavesy 30 min, subjects indicated bed rest
by pressing the day/night button of the ABPM).

Venous blood was taken at baseline and on day 14eoHSD for immediate isolation of

peripheral blood mononuclear cells (PBMC).

M etagenomic sequencing of human fecal samples

Samples were processed, extracted and sequenged te procedure in Voigt et Blwith
Spect! and mOTU* taxonomic abundances estimated using MOEASincelLactobacillus

is low-abundance in the human gut, to verify resate robust to changes in the bioinformatic
protocol, samples were additionally processed usieg complementary tool MetaPhfén
which uses lineage-specific marker genes as oppost@ universal marker genes informing
Specl and mOTU species gquantification, with MetaRh$épecies detection results almost
identical to mOTU species detection results (Exéehbata Figure 10a, b).

Previously published healthy human gut shotgun gegtames where multiple samples from
the same individual at different time points wevaikable were taken from Voigt et #land
from the Human Microbiome Project (2012, procesasddescribed in Forslund et?Zd.
Survival analysis was done using the R 'survivaltkagé’ as outlined by Therneau &

Grambsckg.
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Human blood cell analysis

Peripheral venous blood was obtained from studiigiyaants. Peripheral blood mononuclear
cells (PBMCs) were immediately isolated by densigntrifugation using Biocoll (Merck,
Darmstadt, Germany). $@D4" enriched cell fractions isolated by CDB Cell Kit (Miltenyi)
were plated onto U-bottom plates and were restitedl&r 4 hours at 37°C, 5% G a
humidified incubator. Restimulation was conductedifinal volume of 200 pl RPMI 1640
(Sigma) supplemented with 10% FBS (Merck), 100 Upmehicillin (Sigma), 100 mg/ml
streptomycin (Sigma), 50 ng/ml PMA (Sigma), 250migionomycin (Sigma) and 1.3 pl/ml
Golgistop (BD). After restimulation cells were stad with Life/Dead Fixable Aqua Dead cell
kit (Thermo Fisher) and monoclonal CD3-PerCP-Vio7a6tibody (clone BW264/56,
Miltenyi). Cells were fixed and permeabilized witbxp3/Transcription Factor Staining Buffer
kit (eBioscience) and labeled using anti-IL-17A-AR®770 (clone CZ8-2361, Miltenyi) and
anti-TNF-a-eFlour 450 (clone Mabll, eBioscience) monoclonalibadies. Cells were
analyzed using a FACSCanto Il flow cytometer andCiSBPiva software (BD). Data analysis

was performed with FlowJo (LLC).

Murine Tu17 cell polarization

Splenic T cells were isolated by magnetic activateltisorting using the “Pan T cell isolation
kit 11" (Miltenyi Biotec) according to the manufagter’s instructions. Isolated T cells were
collected and re-suspended in MACS buffer at 3cBlis/ml. For APC free differentiation,
cells were fluorescently stained for 30 min in atiteody cocktail containing anti-CD4-FITC
(RM4-5, eBioscience), anti-CD44-PE (IM7, BioLegendnti-CD62L-APC (MEL-14,
eBioscience) and anti-CD25-PE-Cy5 (PC61.5, eBiosag and subsequently purified by
fluorescence activated cell sorting on MoFlo (BeakrCoulter). Sorted naive T cells

(CD4'CD62L'*CD44°“CD25"9 were stimulated by plate-bound anti-CD3 (2 pg/ad5-
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2C11, BD Pharmingen) and anti-CD28 (2 ug/ml, 37851 Pharmingen) in the presence of IL-
6 (40 ng/ml) and rhTGB4 (2 ng/ml). To determine the influence of indoléa8tic acid on
Tw17 cell differentiation, cells were cultured witehicle (0.1% Ethanol) or 10-5@0/ indole-

3-lactic acid (ILA) for 96h under isotonic or hypamic (+40 mM NacCl) conditions.

DNA extraction from feces and gPCR of 16SrRNA genes

DNA from stool samples was isolated using QIAampADBtool Mini Kit (Qiagen) according
to the manufacturer's instructions. To optimizetbaal community structure representation, a
mutanolysin (Sigma) digestion step was includegl @& 25kU/ml stock/samplé&y. gPCR on a
7500 Sequence Detector (Applied Biosystems, AB)weasl to enumerate bacterial 16S rRNA
gene copies in the genomic DNA extracted from ssaohples. Samples were quantified in 10
ul reactions containing 1x SYBR Green Master Mix JABO0 nM of each primer and 4 ng of
genomic DNA. Standard curves for quantification sisted in ten-fold serial dilutions in the
range of 18 to 1@ copies ofE. coli (Invitrogen, C404010) ok. murinus isolate 16S rRNA
gene amplified with primers 27F (5- GTTTGATCCTGGCAG-3') and 1492R (5'-
CGGCTA CCTTGTTACGAC-3° The total amount of bacterial 16S in stool sampias
quantified with the universal primers Univ 337FA&TCCTACGGGAGGCAGCAGT-3' and
Univ 518R 5-GTATTACCGCGGCTGCTGGCAC‘3 The total amount of different
Lactobacillus DNA in stool samples was quantified using the dwihg primers: L.
murinus/animalis’? LactoM-F (5'-TCGAACGAAACTTCTTTATCACC-3'), LactoM-R(5'-
CGTTCGCCACTCAACTCTTT-3"); L. brevis™ LbrevF (5'-
TGCACTGATTTCAACAATGAAG-3'), LbrevR (5-CCAGAAGTGATASCCGAAGC-3Y;

L. casei/paracaséf LcaseF (5-GCACCGAGATTCAACATGG-3"), LcaseR (5'-
GGTTCTTGGATCTATGCGGTATTAG-3); L. delbrueckii LdelbF (5'-
GGGTGATTTGTTGGACGCTAG-3'), LdelbR (5-GCCGCCTTTCAANTGAATC-3"; L.

fermentum?’® LfermF (5'-GCACCTGATTGATTTTGGTCG-3)), LactoR (5'-
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GTCCATTGTGGAAGATTCCC-3Y; L. plantarum’® sg-Lpla-F (5'-
CTCTGGTATTGATTGGTGCTTGCAT-3), sg-Lpla-R (5'-
GTTCGCCACTCACTCAAATGTAAA-3Y); L. rhamnosus’ LrhamF (5'-
TGCTTGCATCTTGATTTAATTTTG-3'), LactoR (5-GTCCATTGTGAAGATTCCC-3Y;
L. salivarius™® LsalivF (5-CGAAACTTTCTTACACCGAATGC-3), LactoR (5

GTCCATTGTGGAAGATTCCC-3"). All measurements werefpemed in duplicates.

Code availability. Code used for the 16S rDNA data analysis has bpkraded to a github
repository (https://github.com/almlab/analysis-safponsive). Software was obtained from

publicly available sources; papers describing tifevare are cited in the text.

Data availability. Raw files of the bacterial V4-V5 16S rRNA data dinelL. murinus genome
have been uploaded to the NCBI Sequence Read Aras\Bioproject PRINA400793. Raw
metagenomic data of the human study are availalitesi European Nucleotide Archive (ENA,
accession number PRJEB22348). Reference datasdtefouman metagenome analysis are
accessible via ENA (accession number ERP009422)vantttp://hmpdacc.org/. Numerical

source data for all figures are provided with theqr.

Statistics

Power calculation is a prerequisite for any aniexgderiment according to the local animal law
and was performed using G*Power Software VersiarB32. Effect sizes were calculated from
previously published experimentsnimals were randomly assigned to the respectivdybo

weight-matched groups, probiotic and control treathwere administered without knowledge
of the treatment groups. The human pilot study pexformed in an unblinded manner. Data
analysis was performed by the investigators witHmdwledge of the treatment groups or

treatment phase, respectively. All findings showaven been reproduced in at least two
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Extended Data Figure L egends

Extended Data Figure 1. Body weight, food, fluid and sodium chloride (NaCl) intake, and
intestinal transit in mice fed a NSD or HSD. Body weight &), food intake 1), fluid intake

(c), NaCl intake from the chowd], NaCl intake from the drinking watee)(and total NacCl
intake {; sum of NaCl intake from chow and drinking waierinice fed normal salt diet (NSD,
n=8) or high salt diet (HSD, n=8)g)(Measurement of intestinal transit. FVB/N mice &éd
NSD (n=8) or HSD (=9) for 14 days and administered activated char&lg/10 ml in 0.5%
methylcellulose; 0.1 ml/10 g body weight by oral’gge). Twenty minutes later mice were
euthanized and the distance travelled by charc@a measured. Bars show meants.e.m.,
circles represent individual mice. **p<0.01, ****<001 using paired two-tailed Studerit's
test for(a-c), one-tailed Wilcoxon matched-pairs signed rank fias(d-f) and unpaired two-

tailed Student's test for(g).

Extended Data Figure 2. Fecal microbiome profiles of mice kept on NSD or HSD over
time. Taxonomic bar charts showing relative abundancRBP-based OTUs on indicated
days. &) Mice remaining on NSD for 14 days served as NSbDtrols. Baseline NSD day -1
and NSD day 14 are showm) (Separate mice were switched from NSD (days -2-ahdo
HSD for 14 days, and finally re-exposed to NSDdoother 14 days (recovery). For time course
analyses, fecal samples from baseline NSD dayandl-2), early (days 1-3) and late (day 14)

HSD days and NSD recovery days (days 15-17, 1R&pare showm=8 mice per group.

Extended Data Figure 3. HSD alter sthefecal microbiome and the fecal metabolite profile.
(@) Mouse 16S rDNA fecal microbiome samples do not is#pay diet in a MDS ordination
(white, NSD samples; black, HSD samples; grey, vegpon NSD).(b) Real-time PCR on

DNA extracted from fecal samples of mice fed NSIH&D using universal 16S rDNA primers
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(n=8 fecal samples per group from independent nmick¢cated by circles; two-tailed Wilcoxon
matched-pairs signed rank tes{f) Phylogenetic tree showing changes in microbiome
composition caused by HSD. OTUs present in sanfpdes day 14 are indicated by colored
circles (red indicates reduction in HSD samplesehbhdicates enrichment). The circles’ radii
indicate median log fold difference in relative alance between the two diets. Filled circles
mark statistically significant differences (twolal Student'st-test, Benjamini-Hochberg
correction, p<0.05)(d-g) High dietary salt strongly influences the fecaltab®lite profile.
Male FVB/N mice (=8) were fed a NSD and then switched to HSD. Mdiedsovere extracted
from fecal pellets taken under NSD (day -3) and H@&Ry 13), and analyzed by gas-
chromatography mass-spectrome(d) HSD samples are clearly distinguishable from NSD
samples in a principal component analysis for fecalabolites(e) Fecal metabolites clearly
cluster by treatment. The majority of fecal met#tbsl are reduced by HSD. Hierarchically
clustered heatmap, metabolites shown in alphabetidar. Metabolites were normalized by
subtracting the minimum and dividing by the maximuatue across all micgf) Fecal levels

of the nucleoside adenosine were similar in bagitsgdisuggesting that the change in metabolites
is not due to a decrease in overall bacterial bgsr(g) HSD leads to a reduction in total

metabolite peak intensities in fecal samples. *84Qwo-tailed paired Studentgest for(f,

9).

Extended Data Figure 4. Accuracy of AdaBoost and Random Forest classifiers. (a)
AdaBoost and random forest classifiers (trainedamples from days -2, -1, and 14) were used
to predict the classification of all samples frorBBImice. The fraction of samples from each
time point that the classifiers predicted as belogdo animals currently on a HSD is shown.
The two runs of the random forest produced the daactions, so only one line is shown for
the two random forest classifie(b) Time series for the other remaining 7 OTUs impdrta

the classifier. NSD and HSD phases are indicateatbte and grey backgrounds. Miae=(2)
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were switched from NSD to HSD and back to NSD (sabg ofn=8). Other control micenE8)
remaining on NSD shown in white. Boxplots: medi@R, whiskers 1.5*IQR, circles represent

samples from independent mice.

Extended Data Figure 5. L. murinus genome and in vitro growth of Lactobacilli. (a) Venn
diagram of the coding sequences present i thirinus and two other isolates with available
with full genome sequenced) Bootstrapped phylogenetic tree of full-length ¥BSIA from

a variety ofLactobacillus species resident to rodent or human guts. Presaleithe respective
species in the MetaHIT cohort is shownmurinus strains are absent in the MetaHIT cohort.
(c) Growth yield (ORoo) of L. murinus measured at increasing concentrations of NaCbMiier
endpoint measurements of liquid murinus cultures in MRS medium and increasing NacCl
concentrations relative to growth in MRS withouge thddition of NaCl.n=5 independent
experiments(d) Anaerobic growth yield of. murinus, A. muciniphila, P. excrementihominis,
andC. difficile grown at 37 °C for 48 hours in MGAM liquid mediui@rowth at each salt
concentration is normalized to growth at 0.086 M .Nihe respective I£ is indicatedn=3
technical replicates across 2 experimentée) Anaerobic growth of selected
humanLactobacilli in MGAM medium with increasing NaCl concentratioRelative growth
yield is calculated based on AUCs by comparingraavth in MGAM without the addition of
NaCl.n=3 independent experiments with 3 technical repde#f) Heatmap showing data as
in (e). The respective I§is shown in the bottom rowg) Growth yield ofE. coli andL.
murinus, grown at 37 °C for 12-16 hours on LB.¢oli) or MRS broth I. murinus). n=4

technical replicates from two independent experisievieants.e.m.

Extended Data Figure 6. Indole metabolitesin murine fecal samples. (a) Effect of HSD on
fecal indole-3 acetic acid (IAA) ar(8) indole-3 carboxaldehyde (l1Ald) content in FVB/Naai

fed a NSD or HSDr=12 per group irb; n=13 per group irt). (c-d) Germ-free (GF) mice
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monocolonized with.. murinus showed increased fecal IAA and IAld contemt& per group).
*p<0.05 using one-tailed Wilcoxon matched-pairsnsig) rank test fofa-b), ****p<0.0001
using one-tailed Mann-Whitney U test f@m) and ****p<0.0001 using unpaired one-tailed

Student’s t-test fofd). n represents independent mice.

Extended Data Figure 7. The effect of Lactobacilli on actively-induced EAE. (a) Median
cumulative clinical EAE scores at day 15, 16 ancdp@3t immunization (p.i.) of NSDn€9),
HSD (h=11) and HSD mice treated with murinus (n=6) starting at the day of immunization.
Kruskal-Wallis followed by Dunn's multiple compaoiss test *p<0.05, **p<0.01, ***p<0.001.
n represents independent mice, indicated by cir¢bsClinical course of MOGs.ss EAE in
NSD mice (black circlesp=7) and NSD mice treated with murinus (green squares=4.
Meants.e.m.). *p<0.05 using two-tailed Mann-Whitri¢yest.(c) Clinical course of MOGs.
55 EAE in HSD mice (black circles) and HSD mice trelaath L. reuteri (green squares=6
independent mice per group, meants.e.m.). *p<0gBgutwo-tailed Mann-Whitney test.
(d-e) Quantification for CDAIL-17AIFN-y cells on day 17 of EAE in the splef@l) and spinal
cord(e). n=4 independent mice per group. Meanzs.e.m. *p<0ri¥tailed Mann-Whitnel
test. (f-h) Spinal cords on day 17 of EAE were analyzed by-tieee RT-PCR for relative
expression ofl17a (f, n=7 for NSD,n=6 for HSD anch=5 for HSD+L. murinus), Rorc (g, n=5
for NSD,n=6 for HSD anch=5 for HSD+.. murinus) andCsf2 (h, n=8 for NSD,n=6 for HSD
and n=4 for HSD+. murinus). Meanzs.e.m. *p<0.05, *p<0.01 using one-way ANAV
followed by Tukey’s post-hoc tegt) Quantification of IFNy-producing H1 cells in siLPL on
day 3 of EAE (=4 per group) and quantification of IFNproducing F1 cells in spleennc4
per group) and spinal cord on day 17 of EAEH for NSD, n=6 for HSD and n=5 for HSD:+
murinus). n indicates number of independent mice per grouparis.e.m. ns=not significant
by one-way ANOVA.(j-m) Fecal indole metabolites were determined in MOSEAE mice

by LC-MS/MS analysis. Effect of HSD on fecal IAQ) and IAld (k) content on day 10 p.i.
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(n=5 per group fof, n=4 for NSD anch=5 for HSD ink). Fecal IAA(I) and IAld(m) content

in MOGss.55 EAE mice fed HSD with or without concomitantmurinus treatment on day 10
p.i. (N=7 per group foit, n=8 for HSD andn=7 for HSD+L. murinus for m). *p<0.05 using
unpaired one-tailed Student’s t-test fprand |-m) and one-tailed Wilcoxon matched-pairs

signed rank test fok{. n indicates number of independent mice per group.

Extended Data Figure 8. Actively-induced EAE in gnotobiotic mice. (a, b) HSD fails to
induce intestinal §#17 cells in germ-free MO%$s.s5s EAE mice (=5 for GF+NSD anah=6 for
GF+HSD).(a) Analysis of IL-17A and IFN¢ in CD4" siLPL isolated from NSD or HSD-fed
MOGss.ss immunized germ-free mice (day 3 p.i.). Represérgdtow cytometry plots (left)
show one mouse per group. Quantifications showfragies of CDAL-17A*IFN-y” (middle)
and CD4IL-17A*IFN-y* (right) cells and(b) CD4" RORyt" frequencies in siLPL(c-d) L.
murinus reduces small intestinal (siLPL) and colonic (c).PAmina propria Th17 cells in EAE
mice colonized with segmented filamentous bac{@&@#B). MOGs.ss EAE was induced in GF
mice monocolonized with SFB (GF+SFB) and GF miclkmiaed with SFB and.. murinus
(GF+SFB+. murinus). LPL were isolated on day 3 p(c) Left panel shows representative
flow cytometry plots demonstrating IL-17A and IRNexpression in CD4siLPL (one mouse
per group). Middle panel shows quantification of £D-17A'IFN-y" siLPL (n=9 for
GF+SFB,n=8 for GF+SFB+. murinus). Right panel shows quantification of CIBRIORyt"
siLPL (n=9 mice per group)d) Left panel shows representative flow cytometrytpl@ne
mouse per group) depicting IL-17A and IFNexpression in CD4cLPL. Middle and right
panel show quantification of CDH.-17A"IFN-y" (n=8 for GF+SFB,n=9 for GF+SFB+t.
murinus) and CD4 IL-17A*IFN-y* cLPL (n=8 per group). All bar graphs show meants.e.m,
circles represent independent mice. *p<0.05, **@1 unpaired one-tailed Studenttest

for (a-d).
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Extended Data Figure9. Treatment with L. murinusor L. reuteri amelior ates salt-sensitive
hypertension. (a) Mean diastolic pressures over time in responsel$® and HSD with
concomitant.. murinus treatment im=7 FVB/N mice. Scale bar indicates 24 hours. Hariab
line indicates the mean across all values of tepaetive phaseb( c) Mean systoliqb) and
diastolic (c) blood pressures in these miage=T) fed a HSD (black curve) and HSD with
concomitantL. murinus treatment at circadian scale. Arrows indicatettimee of L. murinus
gavage(d, €) Boxplots (median, IQR, whiskers 1.5*IQR) show s¥ist(d) and diastolide)
blood pressures recorded continuously in FVB/N nfecea HSD and a HSD with concomitant
L. reuteri treatment. These mice@X9) were fed a HSD for 10 days prior to concomitant
reuteri treatment for another 7 days. ***p<0.001 vs. HS&ng linear mixed modelf, g)
Boxplots (median, IQR, whiskers 1.5*IQR) show s)ist@) and diastolidg) blood pressures
in mice f=5) fed a HSD and a HSD with concomit&stherichia coli Nissle 1917 . coli)
treatment for 3 days, respectively. Statistics gisimear mixed modelh-j) Quantification of
CD4IL-17A°IFN-y* lymphocytes in siLPLK, n=5 for NSD,n=7 for HSD,n=6 for HSD-L.
murinus) and cLPL and spleen, respectivaly,(n=5 for NSD,n=6 for HSD,n=6 for HSD+L.
murinus). All bars show meants.e.m, circles represent peddent mice. *p<0.05 using

Kruskal-Wallis and Dunn’s post-hoc test {tW), one-way ANOVA for(i-j).

Extended Data Figure 10. High salt challenge in healthy human subjects. (a) Total salt
intake according to dietary records=(2, paired one-tailetdtest).(b, ¢) Metagenome analysis
shows loss oL actobacillus gut populations during human high salt challer&sown are all
subjects (horizontal axis) for which gluactobacilli were detected at baseline and all species
so detected (vertical axis) using the mOT) or MetaPhlAn frameworKc) for bacterial
species identification. Heatmap cells show abuneldocmOTU (insert counts as fraction of
sample total) or average coverage (reads per positor MetaPhlAn of theskactobacilli at

baseline (left part of cells, black border) aneaftigh salt challenge (right part of cells, grey
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border). Cross markers show complete loss (nontigteafter high salt challenge) of each
species. In all cases but one (shown), basekotobacillus populations are no longer detected
post high salt(d) gPCR usingLactobacillus-specific 16S rDNA primers in human fecal
samples positive fdractobacillus at baseline show a loss of the respective spaftesl4 days

of high salt.Lactobacillus 16S rDNA copy number in 4 ng fecal DNA is showiynbols
indicate study subject, colors indicate respectiaetobacillus species.(e) Kaplan-Meier
survival curves contrasting the fate of gattobacillus populations (detected using the mOTU
framework) following high salt challenge (brightireurve) and in healthy control individuals
from reference cohort:€121, see methods) not undergoing any intervenfioight blue
curve). This is compared with corresponding survouaves over time for the set of all other
detected gut bacterial species following high shéllenge (high salt-others, dark red curve)
and without such challenge in controls (NSD-othdask blue curve)f) For a clearer view of
its time range only the salt intervention curvesfi(e) are shown. Two observations are clear.
First,Lactobacillus on average persist for shorter times in the cant the average over all other
species. Second, a high salt challenge strongigases gut loss of boltlactobacillus and non-
Lactobacillus species. As such, in combinatidractobacillus loss is highly pronounced under
high salt intervention and significantly (p<1.62ef&ster than the average over all spedigs.

i) Metagenome analysis shows introduction of ndwatobacillus gut populations during
human high salt challenge. Shown are all subjériszontal axis) for which gutactobacilli
were detected following high salt challenge, ahnd@cies so detected (vertical axis) using the
Specl(g), mOTU (h) or MetaPhlAn(i). Heatmap cells show abundance (insert counts as
fraction of sample total for Specl and mOTU) ané@rage coverage (reads per position for
MetaPhlAn) of theskactobacilli at baseline (left part of cells, black border) aftér high salt
challenge (right part of cells, gray border). Crasmrkers show novel introduction

(nondetection at baseline) of each species.
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