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(Modulation of the microbiome with a concomitant
anti-obesity effect by Kimchi originated probiotic
feeding)
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SUMMARY

CEXLES

Purpose of this project is to achieve scientific background of anti-obesity effect
of "baek kimchi" through microbiota modulating effect on host’s gastrointestinal
track through putative probiotic strains isolated from baek kimchi. It has been
known by few different research papers that microorganisms related to kimchi
fermentation has anti-obesity effect on animal model and humans through
various pathways and mecahnisms. In this project we have used microbiota
concept that through putative probiotic strains isolated from beak kimchi can
modulate host microbiota and it can bring back the balance of microbiota from
dysbiosised microbiota caused by diet induced obesity. We have used
metagenomics tools to analyse microbiota in mice model and molecular biology
methods to monitor physiological impact on mice after feeding putative
probiotics isolated from baek kimchi during their diet induced obesity
intervention period. Whole project is devided into three different objectives and
coordinators as follow. 1st project has goal to monitor microbiota modulation
through baek kimchi isolated microorganisms, 2nd prject has goal to isolate
safe and functional putative probiotic strains from baek kimchi, and 3rd project
has goal to analyse host anti-obesity related physiological impact after
intervention. Once the project achieve its planed tasks, it will bring great
impact on world wide scientific societies that Korean traditional fermented
food "baek kimchi" is a good microbiota balancer and it has anti-obesity effect

through microbiota modulation.
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12A)17F light/dark cycle 9] 37| A 7]t}

A. Normal Diet (10% fat) +

B. Hight Fat Diet (60% fat)
C. Hight Fat Diet (60% fat)

(Phosphate buffered saline)PBS
+PBS

+ R 2 #E

D. Hight Fat Diet (60% fat) + LGG (Lactobacillus rhamnosus GG)

ol &
T

7% 4% C57BL/6] mice (specific pathogen free)E 32rtz] T
o Z(TEF 8ula)) Lpro] 23°C, 55410% L=,

= A=
E—t ‘l%l__

A 1=
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7t Adaptation 7]7F& A F 85

BEY 12F71A= 4lo]l¢} PBS =& #F

2 Holghg

2ol

=
T=

A ZHron, PBSE % 30ul, T3

= 3x10° / day =

suspend 3t AFFA st} B3 Aol ad-libitum ¥4

BAAEHE A Fs

= 1257 F 13] 7t4%

overdose® 3|AYEl] H,
=235l B2 -80°

2Ag =

B

Microbiota
Ay e A e g E’_OPE— 2E A W 230 dA

extraction 3+ =

T RNAE

< Random HexamerE o]-8&3}o] Reverse Transcriptase
PCRE 3dttt. O 3 grE o cDNAY GC clampr}t A&
Universal primer (v6-v8 region)E A}g-sle] PCR 53
DGGE (1.2% acrylamide gel; 35~60%)E Z38] #A A3}7130 T35 9
diversity S & <13t} Gel 1H94 band o] ¢X|z}olE T diversity ¢
common band& &¢It & bandE elute 3} sequencings =31th
o]2 F3 #A DGGE band 9l 393t taxonomical maps A 23k
F 7P AR o R EAlStE gFEd Eets primerE A Ao
(NCBI primer-BLAST %+ Ribosomal Database Project®] Database&
g3t} A 23k primer2} SYBR green kitS A}-8-35}e] Real-Time
PCR=Z a1F oF 9 +F ST oY sFe<= #FEL KCIC
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(gl A9 ATCC) & F3l type straing T3+ & Standard
E -

S0l HIt AF o] 28t 759 absolute numberE

Al

-z

=
F 2 AE 2 5F

- BHEZA] 10, 15Y o4} pH3.80]8te] WA A FAbFS w23t

- AAE T FGHs vl VE P Bol AMEHI e FUH

WAR, "FFFAEA WA, 2 ARE AlF AYAFAA B

== WA F 3FANA FE3S F 63 Fabwe 2T

- 2EE b oY AHS AAH HIEUI H FRE b

databankE =3+ ¥ FHF AEET

incubatoro| A] 48A17F o] 7] %tk
MRS agar plated]] 2}z #2 colony H=2 M2, =7]|, FHE
THA EZstL, ZF colonyEE MRS brothell &Y #52 HF

(37T incubator) 1¥ & tT}A] agar plateo]| striking 3}<] single

offl

)

-Catalase test: 0.3% H202Z FH]3+ 3 colonyell HE3+ H, 7|®7}
WA FEA] 9= colonyE A €lgith
-Gram staining: #7FAo] ol Hualdl o2 Uehte #
A gt
g AdE MAA {A gR
MHEE FF5 5mle] MRS brothel] 50ul2 HE3te] 37T
16~18417F W]9k 2214170 & 8000 x ¢ 10min A4 Rasle] 742
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Aol MRS broth ¢} glycerole] 5:1 H|&=Z 41¢] Q= freezing
mediaol] F-83] Vortex 3} cryo tubed]] 2o -80T ol H &3t}

WEH d#F o] T nAE database 759 3oz 7]

At Mg o2 E(SSDP)
SAET W AARGL W FH e FHFHE S0

e 3 2 ol%etAl Btk fAFol ol

S5 B A Aoldol Foz Eod & glojop ol DetE o

SFANA F2 FEE 7IAAl H o] probiotics2A 9] TS T

Stk webd B AgelAE dA(Sl9h Aol A BAT v

ez dAH SSDP (Simulated stomach duodenum passage)

Mo fAEe WA WEEY 48 SAse] g Bol

golge #FE 14 AEwT

O fAEE 1843H-5F MRS brotholl A i kA 21T

® Iml ¢ 44 92 etubes] o} VAEeT F, PBSZ 24l
Al E .

® PBSE AAF Z, AAH H4H7S pH3 MRS broth 10mld]]
suspend 3+ ¥, vortexingg+tt.

@ 1 = 1mlg #3&) 10fold & 1
]_

method= initial pointe] -f4t

073 A 5} o Agar plate count

o 5 AFg.

® YA Iml2 37TA e A1 ZF vk F, 4mle] oxgall solutiong
YojFE T 17mle] Synthetic duodenum juice 43¢ =t

® 37°C, 2A17F vieE & 10fold & 1078 A5} Agar plate count
method2 4oldd fAbde] &5 At

@ A HEE gy 9 At =
H] w3l percentage(%) = WEFATE

Holdolgl fAr#e) %

T

FAA YA HAE
@O A A (Erythromycin, Gentamycin, Ampicillin, Tetracycline,

Chloramphenicol, Streptomycin, Ciprofloxacin, Penicillin G)-&
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26 FAHoZ 0.025~64ng/mle] F=2 22 MRS agar plateE
==

@ 18Xt ¥ g3 fAHFS 10° /spoto] HEZ plated] HEF )

@ 24~48A|17F 37T incubatorol A Wl 3, HA2A | FE=MICO)E

=4 %0}

Biogenic amine(BA)AAd HAE
ofn| =2t A A (L-Tyrosine disodium salt, L-Histidine
monohydrochloride monohydrate, L-Ornithine monohydrochloride,
L-Lysine monohydrochloride)E 0.1% 3 7} MRS brothE &t
1841 7F k3t At S 1% 823 5 5~10 wrh vjekste],
decarboxylase &4E &/J3}A]7It}. Sara Bover-Cid and Wilhelm
Holzapfel. (1999)¢ 2]3s] 1¢t¥ decarboxylase media®ll &4
A5t TS ST 37CoA 24~48A17F HijF & HEpao
s ke BARA o5 wEITh
decarboxylase mediasell %1+ bromocresol purple2 pH 5.20f 4]
w@AL HAT pH 682 SelA4E metlo s Wtk mekA BA
Ade g2 8 pH7E Eetd of ReEpe R wWets A& ]85
BAAAS Faldt & gith

At 54 (16S rDNA sequence)
HFH o= SSDP, FAANA, BA test F AEE FFE 165 tDNA
=]

sequencings F3+] 1 taxonomical speciesE

A%

Real time RT-PCR & Western blot & ELISA
- Total RNA & H HA|, cDNA &4 ¥, SYBR green master
mixe} ABI 7500 fast machineg A}-83}4] real time RT-PCR 4 A
- A4 9] standard protocole wet HTE #H §AES EF
antibodyE A5} western blote 2 &<l
- Mouse leptin & LPL ELISA kitE A}g&3te] &% leptin 3} LPL

&= Pl
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HE 29 3 T 4FS o] 93 $Hoz 54
% & 7t 2zUs FHeld MRS #Ad 2=z %

UE]_
TRbE AT E 1)

Ftgatoldl HAES Fato] Fhgatobdl wg AU FRke
2) AHE FES 16s tDNA FHA g7 A4

strain ©]&& R ASFHTHE 1).

datge (2
Al ¥, NCBI¢] BLASTEZ 53}

g 2. JtgatolAl HAE Ay, 4A1 o] catalase YA o R Ut TR A AL HAok (N.C
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2. B9 Fire ¢tAA 2 JleA AAF A1)

2-1. 9F5AHE X g4 g 2E (BSH, Bile salt dehydrogenase)

FEAE At AW ZHZEHE &H S wE 8% FH2HE As 7t
= = T8 AEEdT (3 E 3, £ 1). o]lHg FFA e FdH

E Aot B oolyet 7o Y AE oK F83 8471 ®HUh (Holzapfel et al,

=
oX
L
>
|m

2-2. Biogenic amine(BA
o A WS #ARIekeS {FUd 4 = biogenic aminesE A ddt= A &
215t} Biogenic aminesE AR &= TFE AETgoz HHA HAALE
yEFIHHE 3, ).

2-3. FAAYAE H=E

kel 3AA A AT faler Foll Al horizontal gene transferE 53
A9 2 F ds AES WA Hste A dAd FAAE 7HAA @& T

we AFAoz dEstad (29 3, E).

.

N

_ NegativeCon!roI/ \
(media only) b

¥ 1 B2 # A5 2] phenotype 23}

B 3}t
Faby MRS | catalase _ B
# - o]E | CFU/ml g | gre strain ™ S N A
P ° T H A
1 171 |63 X 10° | - -
2 172 | 7 X 10 - -
38 - Lactobacillus
3| 173 | 6 X 10 + - + | - -
plantarum HSC4
4 14 | 5 X107 | + - L. plantarum HSC4 | + | - -




5 15 | 4 X107 | + - L. plantarum HSC5 | + | - -
6 16 | 3 X 10z + - L. plantarum HSC5 | + - -
7 17 | 1 X 10’ - -
8 178 | 8 X 10’ - -
9 211 |11 X 10| - -
10 212 | 4 X 102 + - L. sakei HISC8 + [ - | Am
111392 213 | 3X10 - -
12 214 | 3 X 10° - -
13 255 | 2 X10° - -
141395 ] 3]1 | 4 X 10° - -
15 471 | 1 X 10° - -
16|38 | 42 | 1 X 10° - -
17 413 | 1 X 10° - -

6 Leuconostoc citrium
18 1A1 [ 1.3 X 10 + - ST -
9] 554 | 1A2 | 9 X 10° - -

s Leu.. Mesenteroides
20 1A3 | 2 X 10 + - HSCo + | - | Gm
n] 39 | 3A1 | 3 X 10’ - -
jJ) 386 4A1 | 2 X 10° + +
B 4A2 | 1 X 10° + - L. brevis HSC10 + | 4+
24 1H1 |42 X 10° | - -
2% 1H2 | 3 X 10’ - -
%] 3 s 11X 107 - -
27 1H4 | 1 X 10" | + - L. plantarum HSC3 | + | - -
28 2H1 |26 X 10" | - -
29 2H2 [ 1.7 X 107 | + - L. sakei HSC7 + | - | Am
30398 | 2H3 | 4 X 10° + - L. sakei HSC7 + | - | Am
31 2H4 | 3 X 102 + - L. sakei HSC7 + | - | Am
3 2H5 | 3 X 10 - -
3 4H1 |11 X 10° | + - L. brevis HSC11 + | +
34 4H2 | 4 X 10° | + - L. plantarum HSC6 | + | - -
Bl 4g |4H3 | 3 X 10f + - L. brevis HSC12 + | 4+
% 77 | 4H4 | 1 X 10 + - L. sakei HSC13 + -
37 4H5 | 1 X 107 | + - L. sakei HSC14 + | - -
38 4H6 | 1 X 107 | + - L. sakei HSC9 + | - -

3. 74 Aol MAEE AR A5l AE fEe] AFAD
#HF 222 MRS iAo A Aol 7hesta FtEetola] S4dolH FFA Edls
o] 031, biogenic aminesE AJ/JstA] gow A UAdo] gle
AEE 6709 straindt thERFo2ZM  LGGHS  SSDP(Simulated  stomach
duodenum passage) H 2 WiHE 2 YEHFA H2ES AXA LAZ fd7

4% g Bl 4744 AT HsAol =L Be AHeATh
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SSDP H~Exw F Zdglol 22X AlgEon A A T HAe Aldfor] Z}
7} pH249} pH3.0 © MRSAIA % & =ZAS Aestdnt (2d 4, % 2). 13}
Al 719] SSDPE|~E A= L. plantarum®] 37}A] straing A3k E straino] =

Aol Brlash HYe AE=ES HAFIH

3 2. SSDP test 23}

by 4 2} A 7
o] & strain™3 ! lg ]z ](p?/f)zl) ? l—g]z (p?/j‘))O)
1J3 L. plantarum HSC4 8.7 x 10° 19.206
1J6 L. plantarum HSC5 1.2 x 10° 14.473
2J2 L. sakei HSC8 <1x10° 0.091
1A3 Leu. meseteroides HSC2 <1x10° 0.004
1H4 L. plantarum HSC3 1.7 x 10° 18.709
4H2 L. plantarum HSC6 <1 x10° 2.769
4H4 L. sakei HSC7 <1x10” 0.101
4H6 L. sakei HSC9 <1x10° 0.010
LGG L. rthamnosus GG <1x10° 0.447

a2t 2xkA1 719 SSDPH|AE 9] ZAue| wet AEEo] 714 =2 L plantarum
HSC4 ¢} L. plantarum<) 2] —Z—(species) ZoA 7 =& AEZEZ Bl L. sakei
HSC7¢ 52480 714 438 4272 d9sidth

1 MARNN B A4 FHEFES o8 FEAY QAR
715 2 kAol R E L. plantarum HSC49} L. sakei HSC7-& C57BL/6 F ol
60% TAW Alolet 7 1x10°CFU/day & 20ul®] PBSel| 210jA] 11F7H4F 1L
ApAolrt Fof & 732 DA Aol A e FE&T @A FoAR) FAs)
8 (probiotic)e.2 & L. rhamnosus GG TF5 A&
Hxreo g AR, s4UEToR PBS(carrier)‘?}Q o ¢ o}
2ulo] QEAE ogatel £Fe AU FEL NHANA T EAE FET
b =

F Qe AL oY AR RE AAE FHA %7@ gy FEeiet g %

7.000 -

CFU/ml(log)

6.000 -

5.000

4,000
0 1 2 3 (hours)



0 pH 3.00§4{ 142} SHEE T =24|7)

==L plantarum HSC3 - 9.491 9.423 8.763
- plantarum HSCd- 9.493 9.242 8777
L. plantarum HSCS- 9.579 9.213 8.739
=¥~ plantarum HsCs| 9.113 ' 8.814 ' 7.554
“®=| sakei HSC7 | 8.872 ' 7.612 | 5.875
L. sakei HSC9 - 8.695 7.369 . 4.702
LGG 9.123 8.541 0.824

19 4. SSDP 234 7] (pH3.00 A 1A1ZF vileF & @5l o]xbel 3 7)sloe] 24]
Axt. 39 524k plate counting method= #9138+ 2] CFU/ml

.
9

jus]
==
o2
S

o ztol7b Utk Aol ZH¢tete] d3o] HPH L vt spAR 2 A3 Aol
Al B viel o] Zaupo]|QElAE Fog & ¥dte A dF2 tFEE
nyo Fasol glol YHAAN 1 A slsked 2 ofeigol Utk
Willem M de Vos &4  2007'd future medicine ol A A3}

(Booijink et al., 2007) <3k vlel o] Apge] A37|He % 7m o ZeiH &
Be 937 B Alolo] AT Qow, 1 ke FEL A} #

e Fod GATe AT WREE D B4 20E TE7) olTel B
H2S A2 At Jeffrey I Gordon 1E oA 20053 PNASo|| #H3 3

|32 (Ley et al, 2005) np9-~ wdle] wWae] &5 B4 3 Ay H|g O
F(ob/ob)@t B} ZF(wild type)zte] o EF-S BIREQ Abgat Fgaol A
TE 2o} & welollA FAE BReEs 3e T

i
lo
2
i

AR ™ (super kingdom level)

= Bacteroidetes F9| 744 1|3l Firmicutes / Bacteroidetes 9] ZF7}e} o]

k28 ARESE H|RE AFAE BT Alge] A dFol Aot Hi=sE Aot
golg-e wxaFTh 2009 Jeffrey 1. Gordon 1EL Apgto) xhﬂ AEL T
Hel &sl7|#e o]yt AES RS T FHY FHdFol HE AFTI A

2 Ql ZEupo| QY ATt AMHAIA FHE AAE HA Aol
= ZEL2 7HHe R Holglen 5 F7HAQ AEE Tl HAAAAM BIHE B
A AT TFECl dFAHNA LI AV YEhEA T 8Tt § 1jr
T FHAA FoAg EH FAT Fo] T BRE F& tHEse ZFAUL obd
2 AR EE AFoNA = Lactobacillus plantarum 3} L. sakei). %2 ?ﬂ——rLoﬂ/\i

A2 EyE Qs Ayl HRFIT O™ (strain specific
= '(I')F}?__EL %"—’ H]U]'J/]'A “4'7‘-] r’HOH FH oﬂ:rL @J/]'L- BA
= Aoz AlY "} 2013 HMP 1&0)A] Natureo] #3x 3 Ul&S A&sHAH

mN'
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AT 9, E3). CT A Mix 189 Aol Mugoz 3
HAAR ol CT 71719 &5o2 24 da7t 2% 47 A%, 2 712 %

¢t Mix 259 AFo] 348 F7tdezs AU

50.0

450

weight (gram)
" i =
(=] (i, =1
=1 =} o

250
L plantarum L sakei

HFD LGG ;- Il
HSC4 HSCT
aram 425 386 196 86 392
Weight Gain
200
120
E 160
£
2
= 140
&
= 12.0
o
¥ 00
20
=3
L plantansm L saken
HFD LGG IS
H3C4 H5C7

gram 148 115 122 127 124

a9 5 FE #e B @ ZUbg wE 8o 1AWl (60%)9 31 HFD:PBS, LGGIL.
rhamnosus GGA @<L planatarum HSC4, L. sakei HSC7 = 1 52 33 Mix = &
4+75:7F Folstg et S A X (parametric t test)y= HFD 153 H|w g *=P<0.05; **=P<0.01.
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Mesenteric Adipose Tissue (MAT)

140
1.20
_ 100
5
é 080
j':'n 0 &0
H
040
0.20
(Ruln]
L plantarum L sakei
LG
HSC4 HSC?
gram 0.97 0.85 0.62 073 Q60
Epididymal Adipose Tissue (EAT)
200
2.50
':E: =
&
£ 150
g
= 100
050
o000
L plantaruim L saker
LGG v
H5C4 H5CY
gram 229 205 =09 =04 217
MAT + EAT
4.00
150
200
E 2
g 250
2
g 200
;‘ 150
=
100
050
000
L plantaruim L sakei
HFD Bl
HiC4 HECT
cranm 226 270 271 277 277

a9 6 AT A9 A,

RE 52 uXAutao] (60%)9} 37 HFD:PBS; LGG:L. rhamnosus

GG A&l +t:L. planatarum HSC4, L. sakei HSC7 =& 71 52 33 Mix Fe|2 & 4+7F3F
o3t A X] (parametric t test) HFD.j_‘gTJ’]' vl g}k, *=P<0.05; *=P<0.01.




QA pio] MaA el Ao AW BEe) AWb) D ZW()e] ¥ AL Inveon T
9 e olgale] 7 Aol B ¢ Aol el Fahge] wha piE A el dusd
WMo Arale] AR Aal e WAL 329 volume(mm’)o.w Al4bal gtk

a® 8. zk W FHe Ivhd AR, RE J3EL uAAoelel 3 C: PBS; G L. rhamnosus
GG; P L. plantarum HSC4; S: L. sakei HSC7;, M: L. plantarum HSC4 +L. sakei HSC7.

3 3. CT #<9 % inveon softwareE E3] AlxlE X4} EF.

3 Total Fat / Subcutaneous Subcu. Fat / Visceral Visceral Fat /

volume (mm’) Total Fat 701 yolume Fat total volume Fat Total volume
LFD 35255 39.9% 136238 15.4% 21627 24.5%
HFD 8388838 67.3% 37238 282% 5165 39.1%
LGG 74572 57.9% 29629 23.0% 44943 34.9%
L plantarum HSC4 72003 58.9% 28259 23.1% 43744 35.8%
L sakei HSC7 7275.8 56.2% 30929 23.9% 41829 32.3%
Mix 8434.6 62.5% 3633.2 26.7% 48514 35.7%

Calculated fat volume

10000
000
BOGD 1
J000 1

mHF
5000 | "

W LGG

=000 1 L plantansm HSC4
4000 mL sakes H5CT
2000 LA
2000 |
1000 |

5

Total Fat Subcutansous Fat Visceral Fat

valume (mm*3)

=

a3 9. CT &9 % inveon softwareE T3] AlAtd AuF B35,

5 WMAXA EHF FAAAS WA Ao FdU vAEF W =
AH1A) 3
51 DGGES 53 Zuldd 24

Els

s=AE A HY H HEH d9 TR F AS st HIT L% (lleum)ol A



) AE FZ3lo] DGGEE ol&af U mA=F WH3ts
gty w2t 24 A4Z o " glote] M E Y-S beadbeatingS ©] 831
gk Fol RNAE F&3te] w2 o mRNAE T 33 A RNAE €41 o
ZHEE A|ZE DNAd GC clampr} €# universal bacterial primer2 PCR3F
SZ42HE & DGGE(Denaturing Gradient Gel Electrophoresis)2 22l St T §%
THj7E AEH o2 o]FolAYE DGGE gelitollAl A2 e d7]A<ge DNA
fragmente Z17] ©2 932 = ©E Urea v=d A= dt}l. nAEY genomic
DNA7} o}y ribosomal RNAE &3 A #F £4L 1998d Zoetendal et al,
o) =ROIA 7%8 vt} 2ol A #E FANE TEAO Y& we FHo=
2ajo] A5 H feldoln AAER Andel B U BEe) 2Aol 1)
beha ekelA glo

AgAols JAR NZE 1EH FAFE 2
= B IFAAM & W nAEFY T ol

AW #F9 odAd F7he A T3 QX2 A the human microbiome
project consortiumoll Al 2012\d ¢l natureol] 7JA|gF =& ollA H3lule}l Fo] AF
S ARl e 2%A ke Algel He) WAEe] ekl =1 ol o @

ofr
ol

Kl

AR we A 7o QR 7l ¢ tAAHow A} AsEE FGAA
FA A Ego] Aty A Ank. AW WAES] A FTbel wkel B A
Zo e nAEES FA5Ye W dEFH AFF 1t 2 HIU) gle AL
FJstATHE 10,11).0] R4kt A€ dHFRTe 2894 o & 848 3
AL dgnlety A B W #F A7 AF ZE AFHY &4 o

2l
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bacteria ileum

1o 1 [us [ 1o | r#> | w6 | Lpane] Loskei | wi |
THEAETIE O PF

. !
"

LGG: L. rhamnosus GG

LP: L. plantarum HSC4

LS: L. sakei HSC7

LFD: low fat diet

HFD: high fat diet + PBS
LGG high fat diet + LGG
L.plant: high fat diet + LP
L.sakei: high fat diet + LS
Mix: mixture of LP and LS

99 10, 7F 2F gk 24 ) WAREE v 28] 223 wheeol fdatel A 7 gl
T3t fakol A FE53 FHAE o] DGGESle] L bandE W aslg]th.

bacteria faeces

[t fs]olH]Lfr]s

LP: L. plantarum HSC4
LS: L. saker HSC7
LFD: low fat diet
H: high fat diet + PBS
L: high fat diet + LGG
p: high fat diet + LP
S: high fat diet + LS
M: mixture of LP and LS
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5-2 Quantitative Real Time PCR & o] &3 % A
DGCEE Ed] #%° DU4e BT 4+ dAT #579 45 ASstr) old

AE IFs JUHAFLE Fodsdt Ji et al, o =&E3 $¢ DGGEJA

&2l Sk ule} Hol] fAkt 9] /}ji% 27 1 microbiota®] W3l S © 89 A
olm2 2 FE9 £E qRT-PCRE FF}AH Y 12)
2 Fase AAAAA BT FAT 44 A gaste AFgE 5an
Firmicutes ¥+ Bacteroidetes &} A|ZF7+49 A& AAZS FHIVE o5y EY
t}. Ley et al, ©] 2005 d PNAS =4 Ar3st H|gke] microbiota =2 <
2 Firmicutes / Bacteroidetes ratioS AAFste] F9olAo] 714 HFEldh A=A ek
Hws] 2 27 4 o534 g A 4#ABAE 58 5 Addo. (2"
13).
T3 Ji et al, o =FA vzt #AAC vtz G A Clostridium  cluster
XIVab ¢} 3% Z7b% me WEALe 4% BAs 24890 (29 14).
Total Bacteria Firmicutes
2.5- A=
£ 2] -
2 15 2
gm- E I I g “ E i H
g ! g
En.s- - '_E HE = 4
= 0.0 T T T T ? T = 1] T T T T T T
‘3@ QEQ \'@e q 2 ék \ga ~§° »d.’ q & .,;#
Groups Groups
Bacteroideres Clostridium cluster XIVab
10+ 5 5
E 8- _fré;z.u-
E 6 I Ei.s- i
o - !
g 4 £ 1.0 i ;
E 24 % 0.5
L B Y ¢ 3
l:l T T T T T T ﬂ.ﬂ"_. T T T T T
¢Q \ﬁq \;:5" 9 & élr \30 q&g \:_p Q & ﬁa-
Groups Groups

a9 12, gRT-PCRS S 3lek A =<2 4. Firmicutes, Bacteroidetes, Clostridium
cluster XIVab+= total bacteria®] CT 3k-2 housekeeping© =2 A}-§-3}o] delta delta CT WS

ol-8-afe] A A% A
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F/B Ratio

250

2.00

ratio

Firmicutes / Bacteroidetes

2.50

200

150

100

s
o 1] . T
0.00 - T T T }
LD-C [ G 2] S M

Firmicutes/Bacteroidetes : Mesenteric Adipose Tissue

150

R? = 0.4234

100

0.50

0.00

0.2 04

06

08

1

Mesenteric Adipose Tissue weight (gram)

19 13. Firnticutes | Bacteroidetes ratio®} MATS] #-A4].

Clostridium Cluster XIVab

25

Clostridium Cluster XIVab

Weight gain : Clostridium XIV

12

1s 1

14

_R2= 0.3938—4—:

a5 T

15 4—

] 8
weight gain (gram)
Mesenteric Adipose Tissue : Clostridium XIV
EEEE
0 I 5 &
T |
. i e i e
1 T T T 1 : N AR
‘ I * I
* | |
T I T S O T O
= e I
P * I
0.2 04 06 08 1 12 ia
Mesenteric Adipose Tissue weight (gram)
8 14. Clostridium cluster XIVab 153 WA A1} = A2=712ke)
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9 admel mE W Lol A9 AF FAF E= WG AFFY) A F
W TF FJdAE EolF o2 (Clostridium cluster XIVab 1E3 A#AA 7 I+
Aoz FAFHAT

6. MyA fd AAFS WA A AA AX WH ZALAR)
Ast A Holol Yated & o 2 1

Og‘:,“
_O|L
8
.

FAE N7 Fitel BT, 175 F(E 4)2 FAT 2% hABA A4S
o feHY gart FAHA FHAF FANE FAAA WS qAAD
AAR 4TS W a5 GHANA gaste A%E ngon 43 A~
HE 5= 2 89 £X5 977 2 342 59 aFAH fIHeE g

AN g AmEE LGGERT 2A #

rma/dL Glucose T3 Cholesteral HOL LDL
LFD 1033 + 208 1033 £ 46.2 1133 £+ 5.8 233 + 208 67 + 58
HFD 2375 £ 96 1050 £ 12 2025 £ 2 50.0+ Q0 100 £ QO
LGG 2000 & 497 1075 £ 29 165.0 + 342 475 + 50 50 & 58
L g wumHSC4 1875 2+ 875+ 171 1625 £ 15 450 + 5.3 50 ¢+ 58
L. sakerHSCT 1575 + 189 85.0 + 23 1525 £ 275 450+ 5 75+« 50
Mix 1775 & 222 925+ 8. 1525 529 450+ 5 25+ 5.0
b. 7t7l% #H A=
UL Total Protein ALT AST
LFD 57+ 06 533+ 208 6433 + 551
HFD 60+ 00 975+ 727 5950 + 5572
LGG 60+ 00 900 + 698 7575 + 7164
L plantarum HSC4 55+ 06 550+ 574 3600 + 4476
L sakei HSC7 60+ 00 975+ 670 6650 + 6298
Mix 55+ 06 400 + 141 2300 + 1783
Gl 8
Uric Acid (mag/dL) LDH (U/L) Creatine kinase (g/L)
LFD 334 Zl 18350 + 9878 307333 + 204641
HFD 50+ 18 15948 + 15298 270250 + 304371
LGG 48 + 15 20738 + 17081 336475 + 374333
L plantarum HSC4 33+ 05 15753 + 15581 168250 + 306982
L sakei HSC7 38+ 10 15630 + 8779 320875 + 356289
Mix 38+ 05 4698 + 2722 53000 + 65633
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Blood Analysis

2600

2204
BHFD
=1 " B i
£ BLGG
& 1800 ¥
E L plartarem HEC4
L sakei HSCT
1400 ) b
1000

Glucose Chalesteral

g 15 del BAYE B9 A% A9 9 zdaded 34 4.

7. = AF7F HalA 9 Short Chain Fatty Acidoll v X]+= 43¢ (1A
E‘r% B OHRE B A AR E g e @A ANAF(SCRA)Y] MEE
Gas Chromatography S ©]-83le] F 2] HolA Flsldti 2y 1 ) Schwiertz et
al,, 20099 Ao ofstd HRk FApe] thg) SCFAY] F& dwkeldl s <
Aoz2 Zgth SHAFF Conterno et al, 2011 o <J3td = SCFA94 =717}
HIRE @S0 Uehde @7l AR tE dHo 2= SCFA= FAE9
A S AAUYT FAl AXHAL - A} o] 7] W&ol SCFA ¢ H[RE, AR
b zddl 0@ 27149 977l Bews HPan itk SCFA ZoAE 7}
F 3%k AHAES acetic, propionic, butyric acid ©]3 ©]%F butyric acid= 3
g A A 2 A E ARt #eldtH, acetic acid= acetyl-coA<}t
fatty acid synthase(FAS)E §3F T i ZI= A4 2 ZhoflA 9 ZH2HE A
doll #AStH, propionic acid ¢ F7le I E=E AAAS AAII= A2 IdHA
Tt 53] Favier et al, 19959] =& <QA83}AH acetic acid®} propinic acid €]
Wl go] A7)} JJrZMW A 2 —z—wiw% el olF FEAA qee @
ol # acetic acid®} propionic acid <]
e AFHS tix2F g Bl fo
S A2 &5t H AL, o]« Favier et al, o] =FoA &<Qlsl nlel o]
2HE9 Astet AW e AsAHE Aol AFETh
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Acetic Acid Propionic Acid

25.00 700
* el
650 +
2000 | =
600
£ £
21500 | S
=+ -
< <
= 1000 | 8 500 -
> >
450
500 +
400
000 350
LFD HFD Ls Mix LFD HFD LGG Lp Ls Mis
ppm| 1894 524 947 1525 | 1462 ppm 561 500 590 585 625 592
Butyric Acid Total Short Chain Fatty Acid
1000 750

800 +

6.00

* *
600 -
400 550
500
200
. - o |
Ls LFD HFD LGG Lp Ls
50 | 259

X 1044 ppm
X 10%4 ppm

00g
Mix

ppm 753 234 =3 129 ppm 591 508 603 598 650 612

a3 16. tﬂO]]/ﬂ GC= EOH QL?{} SCFA.J . el Ade parametric t testE ©]-8-3] HFD 39

2
Hla A 2 AR AT *=p<0.05; **=p<0.01

Acetate / Propionic Acid

400 -
350
3.00
250 -+

200 -+

*
+* *
150 -
100
0.50
0.00
LFD HFD LGG Lp Ls

liltlol 332 - 1.07 - 160 - 1.59 l 247 . 246
19 17. Acetic acid / propionic acid 2] H]E-. folg e parametric t testE ©]-8-3] HFD 3}2]
Bl WA 2 ALFE LT *=p<0.05; *#=p<0.01

Acetate / propionate ratio

0

EE Ay FEo] wWstel WA SCFAS Wsle]l AAAA S B A5
Sistel Al FE) AUA AT SCFAS AU
Acetate®} Propionate 9] H|&o] A7 Firmicutes®] TAAdo] FAFHJT T3tk

2AG Az o9

il
jas}
El
e
1%
et
iy,
i)

El

3 glucose =9} Acetate / propionate H|-& -2 H]
oA FHHIATE GJAHATH(TE 18).
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Acetate/Propionate : Glucose :

Firmicutes Acetate/Propionate

. 3000 — ——R2=10.9279

2000 -+

|
|
Ll
|
|

1000 +

Firmicutes
Glucose

. 3 {-R?=0.4461 00 4

100 150 200 250 200 100 150 200 250 300 350

acetate/propinate Acetate / propionate ratio

a9 18. =AUl =2 Acetate / propionate ¢} Frimicutes, glucose9}2] #A] 182

8. Atz Folol ME A WA #A A% W BF AR
81§ Fol7t 7hah ARzAoA A FAH ARy 245 BA FAR

A = "etstr] 9
3 3 W Az ]/\1 X]HLEH/‘}Q} #HHEE FAAEY LPFE real time
PCR £4& F&| vwstdry. 2 A3 L. rhamnosus GGo} L. plantarum HSC4,
a3 L. plantarum HSCAS} L. sakei HSC7E 4301 T3k #H o holM= AW
2b 0 2kgtel AdE®E FAAES Acyl-CoA  oxidase(ACOX),  Carnitine

lo

palmitoyltransferase 1(CPT1), Peroxiome proliferator-activated receptor alpha(
PPAR-a)9] T&o] iz H]s| %Qﬁﬁli S7HE S #AdstAn ook HE
L. rhamnosus GG} L. plantarum HSC4< St OFdA e AL S B
H FAHAEQJ] Acetyl-CoA carboxylase(ACC), Fatty acid synthase(FAS), Sterol
regulatory element binding protein 1c (SREBPlc) ¢ @dZ ozl B3] {2
Hog ZFytsltFH e, L sakei HSC7E F o4k 2§53 L. plantarum HSC49} L.
sakei HSC7E 4 ojA T3 aFol = ZolE BN A &dH-

a

35 1

3

O HFD

25
OLGG

#x T @EL plantarum HSC4

BL. sakei HSC7

Reltive mRNA level

W Mix

ACOX CPT1 PPAR-a

" 19 A o] Fo] mhe-RoA ke Folol o3k ghol e At Atsl AEd f-dA
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o el izl AW 755 252 Fo] & HE Aste] AFH (FOoZHE Tri-reagents
0]-&-3 total RNAZS F#Z3}al Realtime RT-PCR 412 =3 744 ‘in}‘c‘ﬂ_% golslth. HFD;
high-fat diet only, PBS; phosphate-buffered saline, LGG; L. rhamnosus GG, Mix; L. plantarum
HSC4 +L. sakei HSC7. HFD 1553} #]asle] * P < 0.05, ** P < 0.01, *** P < 0.001 (n=6)

WA Az ZF A= AHAE 2kstel #eEste] L plantarum HSCAE T3k &
A PPAR-a®] #4H< F7HE FdstAvh AAF 43 FEstAAE
rhamnosus GG& Fo3+ 253} L. sakei HSC7E F3t 5 olA4 FASS] H3 o]
izl vl& frodez 7ZAaghe FAdstAeh wH dyde 2 Lo plantarum
HSC4 ¢} L. sakei HSC7S 4 olA T3k 2E oA FASY Hdo] foxog =7}

e BEEAT

35
3 ‘t§tﬂ zx !
OHFD
2.5 g
OLGG

B L. plantarum HSC4

Relative mRNA level
[~ ]

15 B L. sakei HSC7
1 B Mix
05
0
ACC FAS SREBP1c
g 200 A Ag Aol o D}TNHW Sipaleis TOEMl ofgh gt Al At A #Ed {fHAk
So wal Wl AU FFE 1253 Fo §F AS sAste] AHF o HE Trireagents

3lal Realtime RT-PCR 412 &3] f-4dx @3-S 313t} HFD;
high-fat diet only, PBS; phosphate-buffered saline, LGG; L. rhamnosus GG, Mix; L. plantarum
HSC4 +L. sakei HSC7. HFD &3} Blnsted * P < 0.05, * P < 0.01, *** P < 0.001 (n=6)

35
x%
3 -
= 25
i OHFD
3 24 mLGG
E
J HsC4
15 - B L. plantarum HSC
a3 W L. sakei HSC7
2 1 & !
B Mix
05 4
0 - T T
ACOX CPT1 PPAR-a

a9 21 AW Aol ol nhgselA] fARE Folel i@ Ul AgelAe] AWt E) $a
FAAEY WE WE AUY TFE 2FA Fol T A 4] AAR UG Agomy
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Tri-reagents ©]-§-3)] total RNAE F%3}37 Realtime RT-PCR #2412 53| Fxx &2 3Qls}
91t} HFD; high-fat diet only, PBS; phosphate-buffered saline, LGG; L. rhamnosus GG, Mix; L.
plantarum HSC4 +L. sakei HSC7. HFD 1553} Hlusle] * P < 0.05, ** P < 0.01, ** P < 0.001
(n=6)

O HFD

aLGG

B L. plantarum H5C4
-[ WL sakel HSCT7

Reltive mRAMNA lewvel

T W Mix

[=]

ACC FAS SREBP1c

19 22 AN Aol ol FRZOA Ak Folel 2% A AU A T 248
s Bd wsk AEs g5 1253 Fo & FAE Aol A g Ao iy
Tri-reagents ©]-§-3)] total RNAE F%3}37 Realtime RT-PCR #2412 53| Fxx &2 3Qls}

91t} HFD; high-fat diet only, PBS; phosphate-buffered saline, LGG; L. rhamnosus GG, Mix; L.
plantarum HSC4 +L. sakei HSC7. HFD 1553} Hlusle] * P < 0.05, ** P < 0.01, ** P < 0.001

8-2 fAt Fol7l AU leptin®} adiponectin =X o] ] = JgF

frabd Fodoll ok T Ui A RFolAle] AW thAb #E (A 3d #HskE
Ardslr] 98] AW & A EH|E= adipokined] W3S TS T Leptind
Ao A EBH|F o AL5 JAE oUA tALE FHAIIE 7les T

adipokineo|th. AWtz 2 o] =77} &7}t ulg} leptine] EH|E Z7 1}
ek Abge leptine]l gk A Aol A HF leptin®] A& =A FAEHI,
o] uwjiel H|FFe] marker24 Z-&HT oA IALE XA E TE
adipokine¢!l adiponectin® oA hALS ZHsl= FFH< 7|5& st= AMPK

=2 %‘f*éﬁ‘r/‘ ARy Atsts A7) =H, leptindt HithE H|TE7E F7HE

-
ofr
N
d
-
I

¢

4
=9 -i’f 13 fAkE Fojoll 93 ATHL wWAUSES FHAoetus Ao
Leptin®] 74-¢- L. plantarum HSCE Foi3k 253} L. plantarum HSC49} L. sakei
HSCTS 4ol el 2§e4 el vl fodd 448 2UT 4 33
t}. Adiponectin®] 73-¢- L. rhamnosus GGE st 253 L. plantarum HSC4E
FAg a5 fFelyez Frtstath
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Ho g fAbFe Foe €3 W adiponecting] 3 ZE F7}A7)=H], 7HolA]
s AAE ks B gk 2E Fhet A ARFelA AR o4

-

= hi
# RHAY Bd ZAE adiponectine] 93] AFEHE AMPKe Fgo 9%

Ao 2 FAEM oF Tl fibm Folol o3 AT Ha ZHE HABWE F 3
2.
EO
:
70 4
_ 60
&
:=5D 1
£«
£
5 30 -
)
20 -
10
G 1 o -
HFD LGG L. plantarum L. sakel HSCY
HSC4
29 23 #e) Yol leptin A9 HlEL, AW EE RFA Fo] T A APale] Belg

42 mouse leptin ELISA kitE ©]8-3] &4 W leptin 2|5 A8t ok HFD 153 v u s}
o] *p<0.05, **p<0.01, EE i uAWAol9t 4 HFD: PBS; LGG:L. rhamnosus GG; L.
planatarum HSC4; L. sakei HSC7; Mix: L. plantarum HSC4 +L. sakei HSC7. n=4

9

8 4 b
7 T
6 '|'

3 4

2 {

o4 T

w

E-

Serum adipoectin kevel
ipg/ml)

[

HFD LGEGE L. platarum L. sakei HSC7 M
H:C4
a9 24 FHeo dAdA adiponectin =X 2] vl AW FFE 1253 Fo] F AH NPt &

213t @ A& mouse adiponectin ELISA kitE Al-&-3le] @A W adiponectin 2|5 21314t}
HFD &3 vluste] *p<0.05 g w2 uX|W2]ol9} 4 HFD: PBS; LGG:L. rhamnosus GG;
L. planatarum HSC4; L. sakei HSC7; Mix: L. plantarum HSC4 +L. sakei HSC7. n=4

- 24 -



o Faid

Booijink, C.C.G.M., Zoetendal, E.G., Kleerebezem, M. and de vos W.M. 2007.
Microbial communities in the human small intestine: coupling diversity to
metagenomics. Future Microbiol 2(3): 285-295.

Cho, 1., Yamanishi, S.,, Cox, L., Methe, B.A., Zavadil, ]J., Li, K., Gao, Z. et al,,
2012. Antibiotics in early life alter the murine colonic microbiome and
adiposity. Nature 488: 621-626.

Conterno L, Fava F, Viola R and Tuohy KM. 2011 Obesity and the gut
microbiota: does up-regulating colonic fermentation protect against obesity
and metabolic disease? Genes Nutr 6:241-260.

Favier ML, Moundras C, Demigne C and Remesy C. 1995 Fermentable
carbohydrates exert a more potent cholesterol-lowering effect than
cholestyramine. Biochim Biophys Acta 2:115-21.

Holzapfel WH, Haberer P, Snel ], Schillinger U, Veld JHJH. 1998 Overview of
gut flora and probioticss. Int | Food Microbiol 41:85-101.

Ji YS, Kim HS, Park HJ, Lee JE, Yeo SY et al., 2012 Modulation of the murine
microbiome with a concomitant anti-obesity effect by Lactobacillus
rhamnosus GG and Lactobacillus sakei NR28. Beneficial Microbes 3:13-22.

Ley, R.E., Bickhed, F., Turnbaugh, P.J.,, Lozupone,C.A., KnightR.D .and Gordon
J.I, 2005. Obesity alters gut microbial ecology. Proceedings of the National
Academy of Sciences of the USA 102: 11070 - 11075.

Ley, R.EE., Turnbaugh, PJ., Klein, S., and Gordon J.I, 2006. Microbial ecology:
human gut microbes associated with obesity. Nature 444: 1022-1023.

Rajilic-Stojanovic M., Smidt, H. and de Vos, W.M., 2007. Diversity of the
human  gastrointestinal  tract microbiota  revisited. = Environmental
Microbiology 9: 2125-2136.

Samuel, B.S. and Gordon, J.I, 2006 A humanized gnotobiotic mouse model of
host archaeal-bacterial mutualism. Proceedings of the National Academy of
Sciences of the USA 103: 10011-10016.

Santacruz, A., Marcos, A., Warnberg, J., Marti, A.,, Matillas, M.M., Campoy, C.,
Moreno, L.A. et al., 2009. Interplay between weight loss and gut microbiota
composition in overweight adolescents. Obesity 17: 1906-1915.

-5 -



Schowiertz A, Taras D, Shafer K, Beijer S, Bos N A, Donus C and Hardt P D.,
2009 Microbiota and SCFA in lean and overweight healthy subjects.
Epideiology 18:190-196.

Soares, A.F., Guichardant, M., Cozzone, D., Bernoud-Hubac, N., Bouzai<o}-Tiali,
N., Legarde, M. and Geloen, A. 2005. Effects of oxidative stress on
adiponectin secretion and lactate production in 3T3-L1 adipocytes. Free
Radical Biology and Medicine 38(7): 882-889.

The Human Microbiome Project Consortium. 2012. Structure, function and
diversity of the healthy human microbiome. Nature 486: 207-214.

Turnbaugh, P.J., Ley, RE. Mahowald, M.A.,, Magrini, V., Mardis, ER. and
Gordon, ]I, 2006. An obesity-associated gut microbiome with increased
capacity for energy harvest. Nature 444: 1027-1031.

Turnbaugh, PJ., Bickhed, F., Fulton, L., Gordon, J.I., 2008. Diet-induced obesity
is linked to marked but reversible alterations in the mouse distal gut
microbiome. Cell Host Microbe3: 213-223.

Turnbaugh, PJ.,, Hamady, M., Yatsunenko, T. Cantarel, B.L., Duncan, A., Ley,
RE. Sogin, M.L, Jones, W], Roe, B.A. Affourtit, J.P., Egholm, M,
Henrissat, B., Heath, A.C., Knigh, R. and Gordon, ].I., 2009. A core gut
microbiome in obese and lean twins. Nature 457: 480-484.

Turnbaugh, P.J., Ridaura, VK., Faith J,J., Rey FE., Knight, R. and Gordon JL
2009. The effect of Diet on the human gut microbiome: A metagenomic
analysis in humanized gnotobiotic mice. Sci Transl Med. 11;1(6).

Zoetendal et al, 1998. Temperature Gradient Gel Electrophoresis Analysis of
165 rRNA from Human Fecal Samples Reveals Stable and Host-Specific
Communities of Active Bacteria. Applied and Environmental Microbiology.

Oct: 3854-3859

-2 -



Hin

o ghof uj

- 27 .



9
Lo RIANE FUSAAERAN AHG FAAAGEANIe] ATRIA
]

c o] A yEE IET wde WAl FRFAAFTAA AT 34

AA g ATAAA L walok G

cm7bERE e ZIERA Bag Wi tHeR U8 Ee F7E
e ot HYTH

- 28 -




	김치 발효 유산균을 통한 장내 미생물총 개선과 그로인한 항비만 효과

	요약문

	연구결과

	1. 백김치에서 유산균 분리 및 동정 (2세부)

	2. 분리된 유산균의 안정성 및 기능성 검사 (2세부)

	2-1. 담즙산염 탈포합활성 테스트

	2-2 Biogenic amine(BA)생성 테스트

	2-3 항생제내성 테스트


	3. 장까지 살아가 미생물총 개선 가능성이 있는 유산균의 최종선별

	4. 백김치에서 분리한 기능성 유산균주를 이용한 동물실험 (1세부)

	5. 백김치에서 분리한 유산균을 먹인 쥐의 장내 미생물총 변화 조사(1세부)

	5-1 DGGE를 통한 장내균총 분석

	5-2 Quantitative Real Time PCR 을 이용한 장내균총 분석


	6. 백김치 유래 유산균을 먹인 쥐의 생체 지표 변화 조사(1세부)

	6-1 혈액 내 생체지표


	7. 유산균 섭취가 변에서의 Short Chain Fatty Acid에 미치는 영향 (1세부)

	8. 유산균 투여에 따른 신진 대사 관련 인자 변화 관찰 (3세부)

	8-1 유산균 투여가 간과 지방조직에서 지방 합성과 지방산 산화 관련 유전자 발현에 미치는 영향

	8-2 유산균 투여가 혈청내 leptin과 adiponectin 수치에 미치는 영향


	참고문헌

	연구성과 및 성과활용 계획





