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Materials and methods
Isolation of Lactobacillus
Lactobacillus is isolated and identified as described previously [Wilck N. et al. "Salt-
responsive gut commensal modulates TH17 axis and disease." Nature (2017)].
Faecal samples from healthy mice were dissolved and diluted at a 1:10 dilution in
anaerobic phosphate-buffered saline (PBS) (pH 7.6) containing L-cysteine HCI at
0.1% in a Coy Anaerobic Chamber (5% H,, 20% CO,, 75% N;). Samples were
diluted tenfold and each dilution spread on MRS agar. Plates were incubated at
37 °C under anaerobic conditions and examined for growth at 24 h. Individual
colonies growing at the highest dilution were picked into MRS medium and grown
for an additional 16 h. The single colonies isolated by streaking plating method were
further identified by colony morphology, Gram staining and 16S rRNA sequenced.
Liquid cultures were stored in 15% DMSO. For identification of isolates, DNA was
extracted by adding 5 ul liquid culture to 20 pl sterile distilled water and storing at
4 °C overnight; 2 pl of this extract was amplified with Phusion HF polymerase in a
20-pl reaction using universal 16S primers 27F (5'-
AGAGTTTGATCMTGGCTCAG-3") and 1492R (5'-
TACGGYTACCTTGTTACGACTT-3"). PCR products were purified using
Agencourt AMPure XP and submitted with the 27F primer for Sanger sequencing.
An isolate for which the full-length 16S sequence shared 100% identity with the
V4-V5 region of the Lactobacillus species identified in the 16S library was
selected for further study. Then, the single colony was subcultured 3 times by streak
plate method and identified by 16S rRNA sequenced as shown in fig. S4. The strain
colonies were milky white, round, smooth and convex. All colonies are homogeneous,
indicating that all strains on the plate are single clones (fig. S5A). The strain is Gram-
positive and has a rod-like morphology. And there were no other bacteria observed in
the photomicrograph, indicating that the cultured bacteria are pure (fig. S5B).

The 16S rRNA PCR amplification product was recovered and sequenced. The
16S rRNA sequence of the strain was aligned using the BLAST program in the NCBI

database. The identities between the strain we isolated and the L. reuteri in the NCBI



database was found to be 100% (fig. S5C). So, we can confirm that the strain we
isolated is 100% pure Lactobacillus reuteri. Lactobacillus johnsonii and
Lactobacillus murinus were isolated and identified by the same method (fig. S6 and
fig. S7). Frozen stocks of Lactobacillus including L. reuteri, L. murinus, and L.
johnsonii (in PBS with 25% glycerol) were prepared, stored at —80 °C.

Bacterial culture conditions

Lactobacillus, including L. reuteri, L. murinus and L. johnsonii, were inoculated
anaerobically in an anaerobic incubator (85% nitrogen, 10% carbon dioxide, and 5%
hydrogen) as single colonies in 5 ml of MRS medium at 37°C, respectively.

Man Rogosa Sharpe Medium (MRS) containing (per liter): Peptone 10g, Beef
Cream 5g, Yeast cream 4g, Glucose 5g, Sodium acetate 5g, Dipotassium hydrogen
phosphate 2g, Tween-80 1.08g, Magnesium sulfate (MgSO,4*7H,0) 0.2g,
Triammonium citrate 2g, Manganese sulfate (MnSO4*4H,0) 0.05g were added.

Luria-Bertani Medium (LB) for E. coli containing (per liter): Yeast extact 5g,
Peptone 10g, NaCl 10g were added.

YCFA [Duncan, Sylvia H, et al. "Growth requirements and fermentation
products of Fusobacterium prausnitzii, and a proposal to reclassify it as
Faecalibacterium prausnitzii gen. nov. comb. nov." International Journal of
Systematic and Evolutionary Microbiology (2002)] (per liter): 10 g casitone, 5¢g
glucose, 2.5 g yeast extract, 4 g NaHCO;, 1 g cysteine, 450 mg K,HPO,, 450 mg
KH,PO,4, 900 mg NaCl, 90 mg MgS0,°7H,0, 90 mg CaCl,, 1 mg resazurin, 10 mg
haemin, 10 pg biotin, 10 pg cobalamin, 30 pg p-aminobenzoic acid, 50 pg folic acid
and 150 pg pyridoxamine. Final concentrations of short-chain fatty acids (SCFA) in
the medium were 33 mM acetate, 9 mM propionate and 1 mM each of isobutyrate,
isovalerate and valerate. After autoclaved, Heat labile vitamins were added (per liter):
50 pg thiamine and 50 pg riboflavin.

In vitro fermentation and microbiota analysis

A simulated intestinal model was used to explore the effect of GPS on a

stabilized gut microbial community in vitro. The luminal chamber was continuously

stirred at 220 rpm. and kept at 37°C. The luminal chamber was seeded with 50 ml of



broad-range bacteriological medium YCFA Medium in the presence or absence of
GPS (5mg/ml). The simulated intestinal model system was inoculated with an aliquot
of the fecal sample from each donor individually. A preculture was prepared
anaerobically in a chamber (5% hydrogen, 10% carbon dioxide, and 85% nitrogen) by
adding 2% fecal material to 5 ml of YCFA broth as described above [Li, Xiaojun, et
al. "Protein-Bound B-glucan from Coriolus Versicolor has Potential for Use
Against Obesity." Molecular Nutrition & Food Research (2019).]. After ten hours
of incubation, the culture solution was quickly frozen by liquid nitrogen and
transported to Beijing Biomarker Technologies Co., Ltd. (Beijing, China) by dry ice
for 16s rDNA sequencing.
Growth curve

Measurements were made based on a protocol reported previously [Wu Hao, et
al. "Metformin alters the gut microbiome of individuals with treatment-naive
type 2 diabetes, contributing to the therapeutic effects of the drug." Nature
Medicine (2017)]. After incubation for 14 h, each preculture was inoculated in freshly
prepared LB broth or MRS broth with or without 5 mg/ml GPS in a 10 ml Erlenmeyer
flask with filter at a concentration (v/v) of 0.5% E. coli or 1% L. reuteri in a volume
of 5 ml. The effect of GPS on bacterial-growth kinetics was analyzed by flat colony
counting method. The growth-curve data over 10 h for E. coli and 13 h for L. reuteri

were analyzed using GraphPad Prism software.
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Fig. S1: Taxonomic distributions of bacteria in vitro fermentation experiments from 16S rDNA

sequencing data.
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Fig. S2: Growth of E. coli, L. reuteri, L. murinus, L. johnsonii and L. rhamnosus as single cultures

in the presence or absence of GPS (with six technical replicates and error bars represent + SD).
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Fig. S3: Schematic diagram of the experimental procedure. (A) Depression modeling and GPS
treatment flow chart. (B) Flow chart of fecal transplantation experiments. (C) Flow chart of L.

reuteri supplement experiments.
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Fig. S4: Flow chart of purification and identification of Lactobacillus.

C Lactobacillus reuteri strain Byun-re-01 chromosome, complete genome
Sequence ID: NZ_CP029613.1 Length: 2244514 Humber of Matches: 6

Range 1: 1004419 to 1005203 GenBank Graphics ¥ Next Match

Score Expect  Identities Gaps Strand

1450 bits(785 0.0 785/785(100%) 0/785(0%) Plus/Plus

Query 1 CTOCTACOGG AL G ACCACTAGS G AR TCTTOCACAATOOCOGCARGCCTATERACERRE 6O
\HIHIIHIIIHHIHIIHIHHIIIHHHIHHIIIHHIHHHHI

Sojet 1004419 CTOCTACGGGAGGC (GGGAATUTTOCACAATGOGCOCAACCCTCATORACCARC 1004478

Query 81 ACCCOSTCACTE AL CTOCTAMGCTCTETICTICGAGAMGACETES 120
\H!HIIHIIIHH!HIIHIHHIIHHIHHIHIIIHHIHHHHI

Shjct 1004479 AM T ACMACCTCCC 1004538

Query 121 AACTOTTCACGCAGTCAORGTATOCAACCAGAMAGTCACGOCTARCTACGTGC 180

) \H!HIIHIIIHIH\IIIHIHHIIiHHHIHHIIIHHI\I\IHHI

Sojct 1004839 TGAGAGTAACTGTTCACGCAGTGAOGGTATOCAAC TCACGOOTAACTACGTOC 1004598

Query 181 CABCAGCOBOC0TARTACOTAGO TORCAAGORTTATCCOGATT TATTOSCOSTARAGECA 240
\IHHIIHIIIHHHIIIHIHHIIIHHHIHHIIIHHIHHHHI

Shjct 1004599 CACCACCOCCOCTAA TTTATTGECOCTAAAGCCA 1004658

Query 241 300
I HIIHII!HIHHIIHIHHIIIHHIHHHIIIHHIHHH!II

Shjct 1004659 Goscnm: 1004718

Guery 301 GAAACDGOGCGACTTY TCCATGTGTAGCEGTOGAATS 360
\IHHIIHIIIHIHHIIHIHHIIIHHHHIHIIIHHIHHHHI

Sojet 1004719 GAAACLGOGCGACT T ONGTOGAATG 1004778

Query 361 GATATATCCAMGAACACCAGTECOZAMGOGCCTOTCTRC TCTACAMCTGACECTG. 420
\HHIIIHIIIHHIHIIHIHHIIHHIHIHHIIIHHIHHHHI

Shjet 1004779 CCTACATE ACAACACCACTECCCA 1004838

Shjct 1004899 ATCAGTCCTACCTCTTCCARCCTTTCCCOOCTTCACTCODCCACCTAMCCCATTAAGCAT 1004958

‘ Query 541 CGGCACTAOAD G CARGETTL 500
\ \ \IHHIIHIIIHIHHIIHIHHIIIHHIHHHIIHHIIHHHHI
Shjet 1004959 1005018
Query 601 AGOCCTG! TTTAATTORAMGCTACGCCARGAACCTTACCACGTCTTGACAT - 660
\H!HIIHIIIHHIHIIHIHHIIIHHHHIHIIIHHIHHHJII
Sojct 1005019 AGDGGTGGAGCATGTGOTITARTTORAAGCTACRCGARGAACTTTACCAGGTUTTGACAT 1005078
ery 661 CTTCOeCTAAOCTTACACATARCCORTTOCCT TR 00 CACCCAATC ACAGCTOCTOCATE 720
COTELETRLEL T EUE TP
Shjet 1008079 CTICCCCTAACCTT: TCCCT: ATCACKCCTCCTCCATC 1005138

/ SO ¥y e
B , Sojet 1004839  AGGCTOGAAMGCATGOGTAGCGARCAGGATTAGATACCUTGGTAGTCUATCUONTARAC 1004898
Query 481 ATBACTCCTACCTOTTOCASCCTTTICCORCCTTCAGTGOCOCACCTAMCCCATT AGCAC 540
LR TR LT

g

Query 721 TOCTCACCTCC TE TR TCAGA 780
\HHIIIHIIIHHHIIIHIHHIIIHHHIHHIIIHHHHHHII
Sojct 1008139 1005198

’
r 2. /~ ool
Fig. S5: Colony morphology (A) of Lactobacillus reuteri and its Gram staining (B) and BLAST

comparison results (C).



Lactobacillus johnsonii strain UMNLJ22, complete genome
Sequence ID: NZ_CP021704.1 Length: 1990826 Number of Matches: 7

Range 1: 1003127 to 1003935 GenBank Graphics W Next Match

Score Expect  Identities Gaps Strand

1495 bits(809) 0.0 809/805(100%) 0/805(0%) Plus/Plus

Query 1 CTOCTADCE G ACCT AT ACT ACCCAA TCT TOCACAATOCACCARACTCTCATCOAGTAAC 60
IHHH\IHHIIIHIIIIIHII\IIHIIH\\HIHHIHHIII[IIHII

Sojct 1003127 1003186

Query 61 120

TP T TTTER eTT
Sojct 1003187 GOOGCGTGAGTCAACAMGCCTTTCRCCTOCTAAAGCTCIGTIGETAGTCAAC AMAGATAG 1003246

ey 121 AACTOGOCTTTATT 180
IHHH\IHHII!HIIIIIIHIHIHIHHHHHHIHHIIIHIHII

Sojet 1003247 AACTGGOCTTTATTTCACGGTAATTACT TAGRAAGTCACGCCTAACTACGTCS 1003308

Query 181 CAGOACOCI000TAATACOTACO TCOCAAGCRTICTOCORATT TATTCOGETARAGOCA 240

LLECCELCEECELECEECE TR R R TR
Sojet 1003307 CAGCACOCCOGGTAATACCTACCTOCCAACOSTTGTOCOGATTTATTCOGOOTAAAGCCA 1003366

Query 241 CTOCACCOLETICAATAACTCTCATC TCARMGOCTTOCGCTCAACCGCACAATTECATCA - 300
LLCCLET O CEL LR TET LR T
Sojet 1003367 GTGCACGCOGTICAATAACTCTCATCTGAAAGOCTTOCOCTCAACCGCAGAATTCCATCA 1003426

Query 301 GARACTCTTGAACTTCAGTGCAC AW ACCACACTCGAACTCCATCTOTAGCEGTCCAATS 360
LCCLLELCCC TRV LT LT TELEEC T T
Sbjet 1003427 GAAACTGTTGAACTTCAGTGCACAMCACSAGACTCCAACTCCATOTCTAGOCGTCCAATG 1003488

Query 361 COTAGATATATOCAAGAKCACCACTOBO0 AAGOCOOCTCTCTEO TCTCCAACTEACGCTG 420
NN A AR AN

Sojct 1003487 CCTACAT: CACTCC COCTCICTCCTCTCCAACTEACGCTG 1003546

Query 421 ACGCTCGAAAGCATCOCT AGCCARCAGGAT TACATACCCTGGTAGTOCATGOCE TARACE 480
IHIHHHIH IIHIIIIIIHHIIHIHH\HIHHHIHIIIHIHII

Sojct 1003547 AGGCTCGARACCATCGSTAGCCAACACCATTAGATACCCTCCTACTCCATECOSTARACG 1003608

Query 481 (GTGCTAAGTSTTGGGA 540
IHHH\HIIHIIHIIIIIHII\IIHIHI\\HIHHHIHIIIHIHII

Sejet 1003607 TICCCOCTCTCAC 1003666

b i A
Sbjct 1003667 TODGOUTGCGCAGTACCACDGCAAGCTTCAAACTCARACGAATTCACCCGECODCCCACA 1003726

Query 601 A GTOCAGCATETCSTTT AT TOS AT AMOGCEARGAAOCTTACCAGETCTTCACAT 660
R AR AN AR R RARAYAAL

Spjet 1003727 AGOGGTGGAGCATGTCGTTTAATTOCAAGCAAOGCGAAGAACCTTACCAGGTCTTGACAT 1003788

Query 861 O RCUACC G CLTAC e TRCRTIERCCACCGReACICACE TR RCATE 720
IHIHH \ H IIH IIII HHIIHIHHHHHHHIHIIIII \ il

Sbjer 1003787 CCAGTG TCTTOCCT TOGGEGGH GCATG 1003846

Query T2 GETGTORTCAGCTCG TG TORTEAGATGTTG GG TTARGTONCGCAMCGARCGCARCICTTG T80
R R N A AR AR

Sojet 1003847 GCIGTCGTCAGCTOGTGTOSTCAGATGTTGCETTAACTOCCGCAMCCACCOCAACCITTG 1003908

Query 781
IHIHHHIHIIIHIIIIIH|
Sojct 1003907 TCATTAGTTGCCATCATTAAGTIGECCAC 1003935

Fig. S6: Colony morphology (A) of Lactobacillus johnsonii and its Gram staining (B) and

BLAST comparison results (C).

Lactobacillus murinus strain CR147 ch comp

Sequence ID: NZ_CP023565.1 Length: 2290452 Number of Matches: 6

Range 1: 115483 to 116207 GenBank Graphics ¥ Next Match

Score Expect Identities Gaps Strand
1339 bits(725) 0.0 725/725(100%) 0/725(0%) Plus/Plus

CTOCTACGCGACCCACCACTACCC AATCTTCCACAATCCCCG ARACCCTCATOCACCAAC

CCLUECELCEEECEEL P L EECCETCE L LT TTET ]

Shjct 115483 CTOCTACGGGAGGCAGCAGTAGGGAATCTICCACAATGGGCGARAGCCTGATGGAGCAAC 115542
oG OCT G CETCAAG AAGCTCTICGCATO TAMAAOOCTCTTCTTAGAGAAGAAACTGCG 120
CLCCCCECELLCETECEEL UL EECTE LT LT EELEELETELL ]

Sbjct 115643 GCOGCCTGGGTGAAGAAGGTCTTCGGATOGTAAAACCCTGTTGTTACACAACARAGTOCG 115602

5;

Query 121 CCCTATCTAACCAGARACCL,

HHIIIIIHHIIIIHHIIIIHHiIIIIHIIIIIHHHIIHHIIIIHI
Sbjct 115603 OGTTTCGACGETATCTAACCAGARAGOCACEGLT,

80

115662

Query 181 CAGCAGCCGORGTAATACGTAGCTGOCAMGOSTTATOCGGATTTATIGOGOGTARAGGGA 240
HHIIIIHIHIIIIHHIIIIHIHIIIIHIIIIHIHHIIHHIIIIHI

Sbjct 115663 CAGCAGCCCOCGTAATACGTACGTGCCAAGCGTTATCCGGATTTATTCCGOGTAAACCGA 116722
300

§

ACGCAGGCGGTCTTTTAAGTCTGATGTGAA CITAACOGGAGTAGTGCATTG
[LITTEITTLTTT IIHHIIIIHHIIIIIHIIIIIHH\IIIIHHIIIHI
Sbjct 115723 ACGCAGGCGGTCTTTTAAG AAAGCCTTORGCT TS 115782

360

%

CAAACTOGCACACTTCACTCCACAAGACCACACTCGAACTCCATC TG TAGCCC TG ARATC,

COLCLCECECEEECCLEEEETEE LT TTTELTTTT T
115783 CAAACTCCCACACTTCACTCCACAACACCACACTCCAACTCCATCTUTACCOCTCAMATG 115842
420

o
g

361 COTAGATATATGGARGAACACCAGTGROGARAGORGCTCTCTORTCTOTAACTGACGCTG
LLLEELEATLCEEC L EEEE TP LT LTI ITLToT
115843 COTAGATATATGEARGAACAOCAGTCRCGARAGOCGCTCTCTOSTCTGTARCTGACGETG 116202
421 AGGTTOCAAACOGTGCCTACCARACAGGATTAGATACCCTCGTAGTCCACCCUCTARACG 480

FLLLUCELEELELEEEE TP LR T LT LT
115903  AGGTTOGAAMGOSTGGGTAGEARACAGGAT TAGATACCCTOGTAGTOCACGODGTARACS 115962

481 TITCCCOCCTTCAGTGE 560
HHIiIIIHHIIIIHHIIIIHIHIIIIHIIIIIHHHIIHHIIIIHI

115963  ATGAATGCTAAGTGTTGGAGGGTTTCLGOCCTTCAGTRCTGCAGCTAACGCARTAAGCAT 116022

561 CAATTGACGOGGOCODGCACA 600

HHIIIIIHH!IIIHHIIIIHHIIIIIHIIIIHIHHIIHHIIIIHI
116023 TOOROCTGOGAGTACGACORCAAGGTTCARACTCAARGGAATTGACGGGGGO0CGEACA 116062

AGOGGTGGACCATGTCCTTTAATTCCAAGCAACCOB ALCAACCT TACCAGG TCTTGACAT | 660
FLCLUECEETEEEEEE L EPEC LT TE]
AGOGGTCGAGCATGTCGTTTAATTCGAAGCAACGCGAMCAACCTTACCAGG TCTTGACAT

116142

661 CTTTTGCCAATOCTAGAGATAGGACTT TOOCTTCCGCCACALALTCACAGCTGCTCCATG 720
LLLCCEEETLCEEEEEEC UL EETECEEETE LT TEET

116143 CTTTTGCCAATOCTAGAGATACGACTITOCCTTCGGCGACAAAATCACAGETGCTCCATG 116202

T2l CTICT 725
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Fig. S7: Colony morphology (A) of Lactobacillus murinus and its Gram staining (B) and BLAST

comparison results (C).



Table S1: The number of mice in different groups of depression modeling and GPS treatment

Control UCMS GPS Paroxetine Total
Behavioral test 10 10 10 10 40
Elisa test 10 10 10 10 40
Immunofluorescence 5 5 5 5 20
Total 10 10 10 10 40

Table S2: The number of mice in different groups of FMT.
Abx-UCMS-FMT Abx-GPS-FMT Total

Behavioral test 8 8 16
Elisa test 8 8 16
Immunofluorescence 4 4 8
Total 8 8 16

Table S3: The number of mice in different groups of L. reuteri supplement experiments.

Control UCMS L. reuteri Total

Behavioral test 8 8 8 24
Elisa test 8 8 8 24
Immunofluorescence 4 4 4 12
Total 8 8 8 24




