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I. Az 2 %Y

1. AHE 75 2 P AE wWjE

npg-20) Aol 1A A FFZ V. cholerae N16961S AM-&-313iTt. V.
cholerae N16961E5 streptomycin®] #7}¢l Luria Bertani broth (LB:
1.0 % tryptone, 0.5 % yeast extract, 1.0 % sodium chloride)el] 1%
A& 3k & 37 T shaking ¥lF7]ol A overnight Wl<FslaAth. N16961
Hj kel AF8 ®  streptomycine 200 pg/ml 9 FEZ  H7FSFY.
Tryptone, yeast extract™ Difco (Franklin Lake, NJ USA) A=<,
sodium choride= HAHAIES AF8391 3L, FAAE Duchefa Biochemie

(Haarlem, The Netherlands) #|3%& AF&3}ST).

2. wh2 FAA Fo 82 FE
A wAE 2H B4 V. cholerae N16961 7 A

]_

pathogen—-free 4 5% female Babl/c vw}$-2o] SAAE oS3}

il
off
&

_?4

flo

FTEE AdFAdN AFFo T streptomycin (Duchefa Biochemie,
Haarlem, The Netherlands), 1 mg/day; vancomycin (Sigma Aldrich, St.
Louis, MO, USA), 250 pg/day; clindamycin (Duchefa Biochemie,
Haarlem, The Netherlands), 1 mg/day; ampicillin (Duchefa Biochemie,
Haarlem, The Netherlands), 2.5 mg/day. WZF+ v~ HbA g
H 33 SHTFE AT stk vhe-ae 4 7 EHE Suhgy Al

9



ARgERTt. A A F 7d A e d vhesd] BN
o $RE BWe -80Co BESATI vk Ay AR

ST
N,
ol
32

N,
m

A& 9)g genomic DNA (gDNA) & F& uw AM&sold. T
ol

cholerae N16961 733} wix|9l AYA| e Alo]o] 24A17HS Fof

—_—

k-0 Aol A FAAATE AAEHES . sty el 4
%ot A2 A17]aL 8.5 % sodium bicarbonate (Sigma Aldrich, St. Louis,
MO, USA) & 50 pe® %< st3lvk. V. cholerae N16961] 600 nm
FHEE 1.0 o] HEF ¥E H 13,000 rpm oA 1E3F AR AA
pelletS Utt. o] pelletS PBS (Phosphate buffered saline)® S
¥ washingdtal 108] FFHA|A 50 pe A intragastric tubeE ©]-8-3}4]
k-2l ZFAAIFT. A | F FE ARl streptomycin®] 200
pg/me e FE=2 H7F ®© LB plated] viable cell countingS

74 A HEE A7 24X Foll wSAE

7y o ¥ v o BEWHS ZH7be] 50 m{  conical tubeo] %3}

PBSe} &7 homogenizer (WiseTis) = E3t9ct. &3 5 4 TollA]

o,
o

1,000 rpm o2 187 JAEZ st EW AAV| S

Bt AENS In¢ FH3be] 4TolA 13,000 rpm ©.& 587+ A4

A

Baldle] 71 pelletd gDNAZ FZ31:= o ALL3I90T. gDNAS] &<

10



QIAmp DNA stool Mini kit (Qiagen, Valencia, CA, USA) & =A|ZFAMY
Aol whet g sl

np9-2~5 A § A%S AE35ke] 50 me conical tubeol Wil PBS
3 m¢ e A homogenizer= HHFUTE. EHAAAH T tuber Eol

Yol AL AHE fAGH BASEE 50 rpm o2 AT

A
Y

3l
2ol EYE tube B Lol ¥Wol AGHE AT
2FAAZIE The kS|l S 9 100 pd E streptomycine] H7F #

LB plate o =%ate] 37C AA wid7lel overnight Mgttt

(e3

A}

oh O
o

A |

Al T 1 me 2 gDNAE F= sl d AMEsta u

=y

ofje
-

glycerol stocks WH=o] -80 To] BE# v, A=

12
filjo

1 md{
4 CeollA 13,000 rpm o2 5E7F UA FE3te] 1 pelletS gDNAZ
FZ3l= d AFgS9dtE. gDNAS] =S QIAmp DNA stool Mini kit

(Qiagen) & Al=AFS] Aol whel 1P}t

1. Ay AR 27 24
qe 99

quantitative real time PCR (gRT-PCR)S 2 &3&litt. Ao A3

ol

U vAE TH Wyl AFoazHE FE3 gDNAR

M
M

Zefoln] AEE= F 1ol WEIATE. RT-PCR2 0. 1mL 96-well plate
(Applied Biosystems, Carlsbad, CA, USA) o final volume 20 p¢ =,
st owell & &3 e Ao m 23ttt SYBR green premix Ex
Tag (Takara) 10 p¢, 3%k <7< 5.6 p¢, 10 pmol forward primer 0.5

11



pf, 10 pmol reverse primer 0.5 pf, Rox dye 0.4 p¢, 108f 3%

template DNA 3 pf . PCR WFg2 95 T oA 10% 18] 95 Tl A

¢

15% % annealing &% 2 A]

B
o

Teholw o 7h7b 2Aske] 40
cycles E¢F WHE3l3l melting curve stage = 95 TolA] 15% &
60 ColA 1¥37+ ¥kg F 95 C 1522 38k, gRT-PCR HE-Sl
Step one plus Real-Time PCR System (Applied Biosystems, Carlsbad,

CA, USA) & A}-&3}Sitt.

5. A 4 Wy

ahge] Buleld A MAE BPe BAS 29 Ade A we)

.
i

AN Qe EEANE oAU wEel Uit vhes
gAY vAE TY BAe vk sehel (5)e) AR
Aol oA whEel vehhlh, @eldl A¥ AshE Student-t-

test® WASIIL, /X0.059 W SAA w7t e Ao st

o,
P

A AL graph pad prism5E AHgske]l z1aagict.

12



3 1. 16s rRNA-targeted primers and conditions for real-time PCR

Annealing
Primer Sequence (5'-3") target Tm Reference
(C)
Uni_16s F GTG STG CAY GGY TGT CGT CA )
total bacteria 60 18
Uni_16s R ACG TCR TCC MCACCTTCCTC
Fir_F GTC AGC TCG TGT CGT GA L
- Firmicutes 54.8 &
Fir R CCATTGTAKYACGTGTGT
Bact_F GGARCATGT GGTTTAATTCGATGAT .
Bacteroidetes 51.6 20
Bact_R AGC TGA CGA CAACCATGC AG
Entbac_F GTT AAT ACCTTT GCT CAT TGA 21
Enterobacteriaceae 60
Entbac_R ACC AGG GTATCT AATCCT GTT
RumiF ACT GAG AGG TTG AAC GGC CA 2
Ruminococcaceae 59
RumiR CCTTTA CAC CCAGTA AWT CCG GA
Pre"Ote;'aceae CCA GCC AAG TAG CGT GCA ”
Prevotellaceae Prevotellaceae 56
R TGG ACC TTC CGT ATT ACC
CcocclF CGGTACCTGACTAAGAAGC . ”
Lachnospiraceae 55
CcocclR AGTTTYATTCTTGCGAACG
Entco_F CCCTTATTGTTAGTT GCC ATC ATT
Enterococcus spp. 60 24
Entco R ACT CGT TGT ACT TCC CAT TGT
Lacto F AGC AGT AGG GAATCT TCC A ) "
Lactobacillus spp. 55.2
Lacto_R CAC CGC TAC ACATGG AG
Bifido_R CCACATCCAGCRTCCAC Spp.
VC_16s_F CTG GAACTG AGACACGGT CC o
- - Vibrio cholerae 61 .
VC 16s R CAT GCG CTT TAC GCC CAG TA This study

13



m. 23

L A A o FH vAAEL] F & T3 W3

oy Ade FAAE 45%H  female Balb/c w20 LdFAzE
AFFe 3 FH  ougxe BEHAgAM AU vAEe IHENS

At FRAE ATFA g owuhexe] F AW wAE
ol sk W3zl A=A Lol 7] Ysle] 16s rRNAS conserved regions
THohs EopolME RT-PCRES A3t (23 1. Ct gho] a9
9 16.36, SM Aol A9 13.13, VAN Ao 4¢ 13.02, (L
Bel A4 1412, AP AT FY 14.202 dxad vusgls
o FAAA AgelA Ctoogrel A ugivh. dizad 47 A

AT P-value #-2> SM AHglollA 2 0.0002, VAN oAl P=

2,

0.0002, CL Aga*ellA P= 0.0003, AMP A Z]atollA A= 0.00122 RE&

FAA ATt A &0.059 2R T v 1lE)le

%.u
é
v
=
=
=z
@
=

AMP A Elel Ct ghell Fo4Ql a7 les & & AT, o=
A Al A vAdEe & 7 7 FoHeR B2 S

Wtk o] A¥E Fe 54 AU wAze] FAAA oA

o

¢

Sojee selstg.
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Total bacteria

201
154 * * * *
O 10A
5- e
0 T - ]
0{\ D > o R
< IR\ &
Antibiotics

19 1. The effect of the antibiotics on the total fecal bacteria

Quantitative real time PCR (qRT-PCR) was performed with primers that amplify the
conserved region of 16s rRNA genes. Annealing temperature was (Ct; threshold
cycle, Con; control, SM; streptomycin, VAN; vancomycin, CL; clindamycin, AMP;

ampicillin).

15



2. FAA A o FY vAE T & (phylum)e] &3 ¥H3}
Y v AELS Firmicutes 3 Bacteroidetes o] WHEES

A geka delA g, AAZ o] F Bl wF zoldl o A

Rl AAsE WARIES FReh ool Bebw ol s} blutol
FEATE A7 EARY. 297 WEe o F £ FHEA

i AztEe] T we] AL Aastgtt (19 2).

ofy
ko
=)

Firmicutes 9] A% (23 24) Ct #ko]l tizxte] 4§ 15.56, SN
749- 12.32, VAN®] 79 12.88, CLe] 749 14.03, AMPS] 79 14.84=
BE AAl Ao Ct gte] xRy ®Hoh 9A vkl P-value #
SM A gl 4 P=0.0004, VAN A&l £0.0011, CL A& s-ll A
P=0.0037, AMP Aol P0.04422 RE A ALolA

0.058lem = AA At tixzae] Ct gtol

Bacteroidetes 9 7% (19 2B) Ct gto] x| 45 15.45, SM
A A9 12,13, VAN AT AF 12.22, (L A A5
13.24, AP A E]+9) 4$ 13.328 RE 3484 A9 Ctgto]l dxT
woh g uskth. P-value #2 SM AHgwrelA P0.0003, VAN
Ao Al P20.0004, CL  AHtollAl  P=0.0007, AMP A ]ellA

P0.00072 EE FAA A TodA K0.05% 2= A AT

o

Beee] Ctoghol felHel Aot 9le

16

o
RS

bl o2 Ee

o
1o
ol
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A L .
(A) Firmicutes (B) Bacteroidetes
20~ 20-
154 - * % 154 % %
G 10- B G 101 e
. S N
] T
S e
O T L] ..--I-...l O T T L]
QQQ & 4?% QQQ (o® QV?\
Antibiotics Antibiotics

9 2. The effect of the antibiotic on the two dominant phylum of the fecal

bacteria

gRT-PCR was performed with primers that amplify the variable region of 16s rRNA
genes of each phylum, (A) Firmicutes and (B) Bacteroidetes. (Ct; threshold cycle,
Con; control, SM; streptomycin, VAN; vancomycin, CL; clindamycin, AMP;

ampicillin).

18



3. FAA A o9& A | BEY HEZQ I (family)d] <3St
ok Y 3k Ado| A Firmicutes &3 Bacteroidetes 2] A3}
w2 2oz A7) wiigol] ZEY G AlFAola SolHel 3=
TS 7 v Zgo|HE RT-PRE AME-3te] o+ E4S Adstolnt.
A WAE o &akE Ut o EABIERE BRE 92 23§ 1R
St 2 & Z Enterobacteriaceae I,  Prevotellaceae I},
Lachnospiraceae ¥}, Ruminococcaceae ¥ ©] Y] 7I1AE thaoz
AR Iy B4E RT-PRES FE AAESIH (2" 3).
Proteobacteria <ol &3 = Enterobacteriaceae 3}ollA Ct FLkol
kel - 24.35, SM Aol A 20.93, VAN Ao A
10.41, CL A9l A% 11.20, AP Aol 4§ 15742 BE
FAA Aol izt Hluekgl-s W Ct gko]l Wokth (2% 34). P-
valuets RE A HyaelA P0.0001% 022 A A2t
kel Ct #holl FeAQl Ael7h A= A shoitt. ol gt

vtz Bl Azl AR AT Fold whese EuelA

=R
3

o
[‘2

Enterobacteiaceae 7} WZFZollA BT} fFojF oz Wol EA|sit=

Bacteroidetes <ol Z3k= Prevotellaceae oA Ct #tol tixa <
A$- 28.56, SM ATl S 19.04, VAN Aol A-$ 26.24, CL
Ao 7 35.08, AP AP 7 35.31% SM, VAN A
w3k Hashgls o Ct grol v whd CL, AP A2l Ct gkl
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=9k}t (19 3B). P-value:™ SM A @ oAl P<0.0001, VAN =] 2] -ol A]
P=0.0052, CL HZ oA P=0.0019, AP HZFTA PO.00012 2E
A AT A PO.0690mg A4 ATy gFxTTe Ct

gol <)

iy

421 o]zt dE AES FAsdrr. olE F3d SM, VAN
ZaRT B Be Prevotellaceae 7V £ 3= wbdo| (L,

o
AP Aol A= tEzTo Wt o AL Prevotellaceae Z}7}

Firmicutes <ol <3l Lachnospiraceae oAl Ct Fkol tixat9
79 14.78, SM Aol A9 12.84, VAN AHZete] A 13.85, CL
Ao - 20.36, AP APl - 29.54% SM, VAN A2l Ct
g dlxTEg e wkE L, AP HEwre Ot @S diEzedRrg
=%t (29 30). P-valuex= SM A E|tellA P=0.1638, VAN A 2]ztell A
P=0.3027, CL Hglsel Al P=0.0002, AMP H2]*oll Al P=0.0007= SM, VAN
Aol = P0.05 o]l CL, AMP Aol P<0.05%1 == SM, VAN
Ay gz Ct @t Zoldle Fedel gle whde] CL, AP
Al hxzae Ct @k Zole KA Aew gRlsiln. ol&
Za CL, AP Aol xR ¥ %S Lachnospiraceae 37}
ZAekE Als gkl

Ruminococcaceae ¥ < A] Firmicutes ol st 2 e 3 F
stuolty.  Ruminococcaceae ol A Ct kel dlxvte] 749 16.83, SM
Aol 49 15.63, VAN Aol A5 16.49, (L Ao 45
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16.87, AMP AHZlare] A9 19.012 SM A& AL UHA FAA

Hir

A Ct gteo] WEwrRY =dv (2" 3D). P-valuex SM
Aol A P0.0274, VAN AatelA P0.6025, CL A tellA
P=0.9167, AMP A ZtellA P=0.0013% VAN, CL AzlelA P0.050] 1
SM, AMP Aol X P0.05F =2 VAN, (L Aelad tizde Ct @
Apololl = fregdol flE Wl SM, AP AP diETe] Ct g
Zpol= FoAAd Aoz FRIEqtt. ol Tl SM, AP Aol

HEZFRHY B WS Ruminococcaceae 37} &4 5= AL lsk3itt.

o) AFo@ 7h7kel FAAZL Fu) vIYEA) e FFE /X w0
wE Y Asl 344 HE geds 99 ¢+ v =W

SAA A A Enterobacteriaceae 37V FATIA F7Vste FS <l
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1% 3. The effect of the antibiotic on the various family of the fecal bacteria

qRT-PCR was performed with primers that amplify the variable region of 16s rRNA
genes of each family, (A) Enterobacteriaceae, (B) Prevotellaceae, (C)
Lachnospiraceae, (D) Ruminococcaceae. (Ct; threshold cycle, Con; control, SM;

streptomycin, VAN, vancomycin, CL; clindamycin, AMP; ampicillin).
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4. FAA Az % F A= £ (Genus)d T3}

FAA A S AW A= Lol owWI WIrE A=A H

N

AFAoz EAe7] fete] Al vAE & 5 & e Enterococcus
%3} probiotics® E#EX  Lactobacillus & T3] RT-PCRZ

JS

M

A

A8 Asyetdet (1™ 4). Enterococcus groupol A Ct  Ftol
el Af 27.02, M Ao A5 27.66, VAN Ao A5
22.66, CL A9 2 19.92, AP A9 2% 16.88= SM
Agars A A FAA Hgare] Ct gho] ozt Eth wk

(719 4A). P-valuew SM AgatellAl P20.1382 , VAN H|atolA
P=0.0002, CL A#elA P<0.0001, AP AelzellAd  P<0.0001= SM
A A9 YA Aol P0.05%8 022 VAN, CL, AMP
A 2ol Ct g Aok FoHl s IRl ol &
Z3] VAN, CL, AMP A Z&olA Enterococcus group®] UZ>ol A
Bt ol EAsta d5S FAsrt.

Lactobacillus groupolA Ct %ol W9 ZH$-18.95, SM A9
749 18.61, VAN A&9 49 19.72, (L &2 45 27.30, AWP
Aol A 17.63= (L A ALt vy A A7)
iz ke] Gt gholl= 2 #Fol7b $ISlth. P-valuew= SM A 2]atell A
P=0.4165, VAN HgtolA P=0.0341, CL AelellA  P<0.0001, AMP
Aol Al P=0.0150= SM HETS At BE FAAA Aol A
PO.05%% == VAN, CL, AP Ara thxae] Ct @l Fo44d
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Ztel7h A5S FRlskadth. o5 F3l VAN, CL Heltel Lactobacillus
groupe] wE Hu O AHA EAetar i, 53] (L AgelA
Lactobacillus group®] %ol &= HS AT, AP Ay
HZa By v W& Lactobacillus group®] =A3HY Fo Al zfo]=

RGXuk 1 zfo| 7} AR = &),
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9 4. The effect of the antibiotic on the several genus of the fecal bacteria

Quantitative real time PCR was performed with primers that amplify the variable
region of 16s rRNA genes of each genus, (A) Enterococcus group, (B)
Lactobacillus group. (Ct; threshold cycle , Con; control, SM; streptomycin, VAN;

vancomycin, CL; clindamycin, AMP; ampicillin).
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5. V. cholerae N16961 78 ¥ 4279 U vAE F 7 &3 &4

GAAS dFA7F A5 3 female Balb/c PF9-2=9] U wAE
THE EHoR RT-PRE 243 A3 A H=2 o vAETH 9
Wstdol tEthE AS gl wAE dAA FAE sta
2417 Holl V. cholerae  N16961S ZAAF T, o]F uwpg-~9
AT AFelA A HAE T BAS RI-PCRZ APk,
G4, N16961 A Aol &%e] A mAE T ol ojwgk Wt
de A LolH 7] st 16s rRNAS conserved regiong FEEE
Zeho]lm 2 gRT-PCRES A3ttt (17 5). Ct #hol ulxare] A%
24.56, SM He]+e] 79 22.73, VAN Ao 49 19.65, CL A9
A5 22.14, AP Aol 49 23.24% RE A Aol Ct Fhol
2R Wokth, P-valuets SM A 2]tol A P=0.1904, VAN = 2]<rof A
P=0.0019, CL Aol P=0.1221, AP Aol A P=0.4062%2 SM, CL,
AMP A ]2 P0.050]3L VAN A2 P0.05%1e 2= N16961 7+
VAN A ef3t szt ake] Ct gb zbelwh fF92Q1 A& gQlsiditt. o5

3l VAN A2l dixarnn W o] EAstal s Fdssit
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% 5. The effect of the N16961 infection on the total small intestinal
microbiota

gRT-PCR was performed with primers that amplify the conserved region of 16s
rRNA genes. *P<0.05 (Ct; threshold cycle, Con; control, SM; streptomycin, VAN;

vancomycin, CL; clindamycin, AMP; ampicillin). n=5.

27



6. V. cholerae N16961 749 ¥ A& AY wAE F & (phylum)2]

73 84
N16961 73 S AA oA Firmicutesi=¥} Bacteroidetes w9 w3

A4S RT-PRZ ATt (29 6). 44 AFAd A o

_

Firmicutes %3} Bacteroidetes °¢] AU "AES hHEES AHA|5=

ol7] Wol & el M skel vised e Bl

e

Firmicutes oA Ct kol tizw+e] 4% 23.95, M A2 4%
22.11, VAN AH#9 4§ 19.72, CL Aol 49 21.83, AMP
Ao Ag 23.48%2 Ustth (¥ 6A). P-valuem™ SM A 2ltollA
P=0.1394, VAN A @ltelld P=0.0052, CL AgollA P=0.1472, AWP
Agldtoll P20.70272  SM, CL, AMP A g]tollA  20.050]a VAN
Aol A PO.05% 022 N16961 7 § VAN Aoy} dix=a9] Ct
gk Aol7h wFoHel Ae skt ol Fa N9l THA F
gz atel Bt VAN A oJHo@ 1o
FSATh.

Bacteroidetes oA Ct @to] Wzl A5 22.27, SM A+ A5

Ho

o]  Firmicutes 9]

2
EAes AL BAago 1Ao7t A egkd A

o
ol

el
21.49, VAN AHgel 72§ 18.66, CL A9l 4 20.80, AMP
Ao A9 22.042 Uk (23 6B). P-value: SM A @] ollA
P=0.4444, VAN AH@ltolA P=0.0064, CL AgrollA P=0.2497, AMP
Aol P20.8358% SM, CL, AMP AgelA  £0.050]aL VAN
Aol Al P0.05% 22 N16961 71 F VAN A iz Ct
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& Aot foHe AL Hsh. 0T Fal N6l 4 F

x| A el VAN A g0l A Bacteroidetes o] FoAH oz wWol

r
2
o
-
ol

(3

A% gAstgon 1 o7t AAt gd AL FeAsdh

ul
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9 6. The effect of the N16961 infection on the phylum of small intestinal
microbiota

gRT-PCR was performed with primer that amplify the variable region of 16s rRNA
genes of each phylum, (A) Firmicutes and (B) Bacteroidetes. * P<0.05 (Ct;
threshold cycle, Con; control, SM; streptomycin, VAN; vancomycin, CL;

clindamycin, AMP; ampicillin). n=5.
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7. V. cholerae N16961 7r¢¥ ¥ AA9o AU wAES hiEZFHQA I
(family)®] o3 &4

o Ageta AFAQ Al mAdE FRe WstE d#sH] 9ske
orx  AHIYA  [Enterobacteriaceae ¥,  Prevotellaceae I},
Lachnospiraceae 3}, Ruminococcaceae T} ©] Y| 7}AE thA OS2 qRT-
PCRE A3ttt (21 7).

N16961 7+ & [nterobacteriaceae oA Ct Zko] thzxz+-9

o
o

-

27.86, SM Ao 75 22.19, VAN A ]9 5 16.80, CL A&+
A5 17.86, AP Ao A$ 21.092 EE A Aol
zamoh Gt ghe] W@kt (29 7A). P-value®™ SN A EatellA
P=0.0012, VAN A 2telA P<0.0001, CL AgollAd P0.0001, AMP
Aol A P20.00052 RE A AT A PD.059 S Z N16961
e = RE A AT Ct #o] dxzd foHez Aolvt
A== G o2  Ea  N169%61  fHE  Fol=
Enterobacteriaceae 37} wWZztoll H|Ete] A ATt ¢ B
A& gl

N16961 #+d 5 Prevotellaceae oA Ct Fko]l WE9 ¢ 28.91,
SM Aol A$- 24.64, VAN Aol A9 23.64, CL, AWP
Aol s FF A7 FFe|A &kt (2 7B). SM, VAN A 2]t
Ct #e vxzTE wdth. P-value:s SM A @ ol P=0.0056, VAN
Aol Al P0.0343% EF PO.0591 072 N16961 79 5 SM, VAN
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A2l Ct ol W23 fodoz Aolrt RSS9l
o] &3l N16961 T+ ¥ Prevoteallacea 7} Wzatell H]ske] SN,
VAN Aol A @ar, (L, AP HEtelMe A7 |4 ¢ ==
Atk As gl

N16961 749 & Lachnospiraceae #olA Ct ko]l tix+29 4% 25.65,
SM Aol 749 20.93, VAN Aejte] 45 23.69, CL Aol 2-F
28.29%2 Yygtt (29 70). AP AHEe A$ melting peakol A
Hojwt7] el Aifel A vk, P-valuew= SM A atelA P=
0.0070, VAN A @]toll A P=0.2027, CL A @]t A P=0.2488% VAN, CL
Aol s 20,0501 SN Aol A PO.05% 022 N16961 7 3
S A2l Ct o] vizaat fFoA o= Afol7F AASFS st
ol2 E& N16961 9 =  Lachnospiraceae 7} SM A 2] tol A
ooz Aas vl tE ATl Ade HErh it

N16961 7+<3 Ruminococcaceae }ol A Ct #kol 9 745 25.23,

R

SM Aol A9 21.15, VAN Hgate] 4§ 22.34, CL A9 25
23.08, AP AT A$ 24.692 2E FAA AYTFY Ct #to)
Bt woktt (29 7D). P-value® SM A @] wtoll A P=0.0008, VAN
Aol A P0.0044, CL Aol P0.0701, AP Ao A
P=0.3505% SM, VAN AHg++e  P0.050]a2 (L, AP AT
P0.053 22 N16961 73 § SM, VAN Azt djza9] Ct gl
oAl Afel7b A= RS Rl o]& Fa N169%6l TA F
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Ruminococcaceae 7} thZFwtol] HISFe] SM, VAN Hglwte] ¢ ©o]

EFAST ot 1Ao7t AAE ks AL Helser).
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1% 7. The effect of the N16961 infection on the several Family of small

intestinal microbiota

gRT-PCR was performed with primers that amplify the variable region of 16s rRNA
genes of each family, (A) Enterobacteriaceae, (B) Prevotellaceae, (C)
Lachnospiraceae, (D) Ruminococcaceae. *P<0.05 (Ct; threshold cycle cycle
threshold, Con; control, SM; streptomycin, VAN; vancomycin, CL; clindamycin,

AMP; ampicillin). n=5.
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8. V. cholerae N16961 79 ¥ 239 AW WA= & (Genus)d T3
£4
N16961 sl 5 A vA= < 4= 9 A”RSA &) {8t

E4 &5 FZee ooy & gRT-PRS A a3k, N 16961 79 ¥
Enterococcus group®l Al Ct #ko]l xR+ A% 29.72, M * g9
749 25.32, VAN Aglte]l 2% 20.96, CL Adte] 7% 23.22, AP
Aol A 22,012 EE A Aol dixe] Ct #ET
wokth (23 8A). P-valuet SM A zltoll A /~0.0106, VAN = 2]<tof Al
P<0.0001, CL AgtellA £=0.0035, AMP A @]toll Al P<0.0001% =5
PO.059 08 N16961 7Y $ RE A4 ATy dzxae Ct
ghell= Y21 zol7t = As Feledint. ol &3l N16961 4
Lo %= Enterococcus group®] WZtol| H|slte] SHAIA| A gt v Wol
AL des ST

N16961 #+94 ¥ Lactobacillus group®llAl Ct gko] tHx<rolA 28.49,
SM A2l tell A 28.82, VAN A eltell Al 31.33, CL AgollA 32.35, AP
Aol A 31.60% RE FAA Aol tixae] Ct gEoh Wit
(7139 8B). P-value:= SN AFrelA ~0.7654, VAN A g|atol A
P=0.0200, CL =g]zelA £=0.0171, AMP A 2lolA 2~0.0143= SN
Ag-S AlQlg VAN, CL, AP A2l A] P<0.05%1 82 VAN, CL, AMP
A iz Ct #helle F948 Aot de AS &8t
o]E &3 N16961 7+ Zol Lactobacillus group®l+s= 224 Zfo]7}
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rr
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AARE & W st = Flsiint.

o
d

N16961 7393 % probiotics® Z <& Bifidobacterium group® w3
A4S RT-PCRZ A 3kadct. Ct gho] dlzate] 4§ 25.20, SM
Ao g 25.30, VAN Ao A9 26.29, (L Ao A
24.15, AMP A& te] A% 29.092 Y$Eth. P-value= SM A g]<toll A
P= 0.9521, VAN AgatollA P= 0.5209, CL @]tollA] P= 0.5464, AMP
Aol Al P= 0.06028 REF P>0.05900m® RE FA4A Aot

QET Ct Rl 79 Aolrk gk AS Faskar.
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1% 8. The effect of the N16961 infection on the several genus of small
intestinal microbiota

qRT-PCR was performed with primers that amplify the variable region of 16s rRNA
genes of each genus, (A) Enterococcus group, (B) Lactobacillus group, (C)
Bifidobacterium group. * P<0.05 (Ct; threshold cycle, Con; control, SM,;

streptomycin, VAN; vancomycin, CL; clindamycin, AMP; ampicillin). n=5.
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9. FAA 93 AW wAE FH WSIl V. cholerae N169619]
AR 72 IF

FAA Ao oA AU WAE A wsE A7 k2o
N16961& 7] Al71aL 24A)12F 5 w929 A%e] N1696lo] Hwhit
HJolals= A #elsly] Y3t viable cell counting® qRT-PCRE
A8ttt (19 9). Viable cell counting A3 A% o] Holde
N169612 thztoll Al 4.50E+01 CFU/ ml, SM A 2]stel A 5.07E+03 CFU/ml
o], VAN A ollAl 1.06E+04 CFU/ml ©]/, CL AHgwtell Al 9.66E+03
CFU/ml o]+, AMP A 2]toll 4 5.43E403 CFU/ml o]4to.& gelwdar, P-
valuet= SM A zlito] 0.0595, VAN AHzate] £=0.0345, CL A 2]<9]
P=0.1430, AMP Aol £<0.102990tF (¥ 9A). VAN A g]toll A
PO.0590m R ol HlEte] VAN A glstol  AR3E N16961°]
freldeog gBoe AS g0 4 ATk, ©@, viable cell counting
ol &= VAN At 5 ¢ vpg-ox] T2 w29 gty = sy o]
1IN0 B A A Aol dolgoA AlAZT.

2o ol V. cholearae N16961S RT-PCRS E38] 2413k A
Ct ko] x| A5 29.56, SM Ao 45 26.14, VAN A9
8% 20.46, CL Aol 45 21.65, AP Ao A5 24.54=%
Ukl P-values R FAA AHzldolA P0.00012 Ygor=z
2wy BE A4 et Ct gk ol 94 3e gl
(29 9B). ¢A] 23t viable cell counting ZA3¢} RT-PCR 2 3=
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1% 9. The effect of the altered gut microbiota composition by antibiotics on
the colonization of N16961

Quantitative analysis of remaining N16961 in the small intestine. The analysis was
performed by (A) viable cell counting. (Con; n=5, SM; n=5, VAN; n=4, CL; n=5,
AMP; n=5.) (B) qRT-PCR. qRT-PCR was performed with primers that amplify the
variable region of 16s rRNA genes of Vibrio cholerae N16961. (n=5) * P<0.05 (Ct;
threshold cycle, Con; control, SM; streptomycin, VAN; vancomycin, CL;

clindamycin, AMP; ampicillin).
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T AU MRBE 2 Wstet o] WE Vibrio cholerae ¥ % 3Rl

i

N16961 el whah w929 Feds dEssin. AW vAdss

¢

13 AAHE ol HAo| oyl wWEel, % wEe] FAAE
o] &3}ttt uolrt V. cholerae N169612] & 7l ZHlS Al EA
= o =80 Hux A+E A3sct.

A !
Aol AW vdE o] vE Fde Bolw ®apsigla (29 1

rr

i)
ol

- 29 4), xAHA v|BE FANME Enterobacteriaceae ¥ (19
3M)¢} Enterococcus group (T1¥ 4A)o] diFTrRTE OjFEel FAA
Ao A dAsHA Frlske s gleit. 1 FeA e
vancomycin A2t A Enterobacteriaceae®} 7}, ampicillin =] 2] oll A
Enterococcus group®| 7Fg @A SHA S7bastvk. o #A YA A 2
oz Al mA=e o] wisteE AEjlA V. cholerae N16961-s
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W Enterobacteriaceae®™ & Enterococcus group®] T
FAA AT FE Fol= 2 dAo] FAHYT (28 34, 1

4p), o] #HE EA o] ol A A TelA V. cholerae

N169610] m}9-229] Aol o B F7F ¥ 2P Holde dAdS
gt (19 9)

HoAFdA e A ATl dxzary o B gl vAds F
o] drtE AL el g wWhH | Croswell A, Amir E, Teggatz P 59
HuPe] waw (2009 FAAE Foldtel W mAE F o FE
A% A3 T o e d8sH FAHAL AAES] Eels Wt
BA e AT, ol A A s=ek 713, AR AFH B
FH, w2 F3 A F Aol A Aol 4 WY Fo] A
A2 JFS = F Jernz F Y Ao fig AolE HAvu

oA s A Aedl oA Al mAaRe F @ 57t
FolEal ol webd WAREW Fu mAZ Aele] 23 Aele] U@
%

Aol &9 7] wFo| V. cholerae N16961 2] AHzlo] MFHo=z =

)



el fAol AeAoer JAFHAa ofHF S Foke] AW

W AE P Abelo] WAG Bl Arta AASHT. el AT

i

8 Aolekn 23 58 54 o] Holyd BHA
cholerae N16961¢] AHZo] © AFAHo=z oFoJxd AL

V.
gAgFozA tAl g W sold AW mABEI V. cholerae Abolol

lo

np9-~o] Fol o|AAA F AI} Enterococcus group?] FE FAEHE

o7

W Enterobacteriaceae™ 7t EoluE dAAAES F5o AHES E5)o]
oI5t L mpg-29] AolA BN Enterobacteriaceae® F A
A whg-

N16961S 7ZFAAA = Ay ool B8] Enterobacteriaceae™} =

J U

P>
o

54 % 2t @ 2

L T O

2

o] Fol o|AAIA FIL V. cholerae
o] A A F whg-9] Aol V. cholerae N169610] © o] HFolli=
A4S F2l5kAtt (data not shown). o9} T2 AL IAAE
23S Wl Enterobacteriaceae™®y Enterococcus group® F7F

AQa 12 Qldl V. cholerae N16961°] wp$-2o] oA ¢ S 427}
O et AEHIE 2 A9 gIgs i slen. w19 olE

Z3ste]  Enterobacteriaceae® ey [Enterococcus group®] ©WEAHOR T,
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Abstract

The Effect of Altered Gut Microbiota Composition on susceptibility to Vibrio

cholerae Infection in Adult Mice

Yujin Yoon

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Sang Sun Yoon)

Many attempts have been made to establish intestinal infection models using
adult mouse, no clear explanation has been proposed why intestinal infection by
Vibrio cholerae O1 El tor N16961 does not occur with human-like symptoms. The
role of gut microbiota in maintaining the intestinal homeostasis and successful
defense against enteric infections has been long considered. In this study, we
hypothesized that mice with altered gut microbiota population by various antibiotics

may exhibit differential capabilities to respond to intestinal infections by V. cholerae
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N16961. A broad spectrum antibiotics, streptomycin and ampicillin, or narrow
spectrum antibiotics, vancomycin and clindamycin, were orally administrated to
each Balb/c mice for 7 days to induce changes in gut microbiota population. Gut
microbiota population of antibiotics-treated or water-treated adult murine models
are analyzed. The murine models were infected with V. cholerae N16961. The
fecal samples of mice were collected before infection and the mice were sacrificed
after 24hours later. Quantitative real-time PCR and gut microbiota community
analyses were performed to provide a comprehensive view of how gut microbe
ecosystem affects against the V. cholerae N16961 infection. Our study will elucidate
a previously undescribed role of commensal gut microbes in defense against enteric

infections.

Key words: gut microbiota, Vibrio cholerae N16961 , quantitative real time PCR

(gRT-PCR), antibiotics
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