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SUMMARY
(FE8FE)

I. Title

Discovery and Biofunctionality of Bioactive Compounds Originated from Old
Matured Kimchi

II. Goal and Importance of the research

1. Goal of the research

This study was carried out to find out functional material and physiological
activity of old matured Kimchi. As research of microbes, fermented products
and enzymes in old matured Kimchi, this study will develop functional old
matured Kimchi and health functional food using old matured Kimchi.
Ultimately, in this study will contribute to globalization of Korean food and

increase export of old matured Kimchi.

2. Importance of the research

Most of Kimchi studies have been focused on the freshly fermented-Kimchi
till now. Old matured-Kimchi(OMK) is expected to be quitely different from the
freshly fermented-Kimchi in those of flavors, metabolites and microbes. To
find out new biofunctionalities and resources of OMK, several factors(pH, DO,
salinity) and, components(carbohydrate, protein, lipid) were investigated in
1month old matured-Kimchi(lm OMK), lyear old matured-Kimchi(ly OMK) and
2years old matured-Kimchi(2y OMK). Like this, OMK can vary significantly
from recipe and keeping method. Therefore, a scientific basis of OMK is
required for its industrialization and internationalization. Old matured kimchi will
ultimately be a functional food that targets anti-inflammatory and metabolic

disease related genes.



1.

Iv.

Research Contents and Scope

. Characterization and biofunctionality upon functional resources originated

from old-matured-Kimchi(OMK)

1) Characterization of new physiologicalyl bioactive resources from old-
matured-Kimchi-extracts(OMKE)
2) Cytoimmunological analysis of old matured Kimchi

3) Anti-inflammatory response analysis of old-matured-Kimchi-extracts

. Study of metabolic disease on old matured Kimchi

1) Cell death on liver cells using old matured Kimchi extracts (OMKE)

2) Morphological and cell death effect analysis using OMKE

3) Identifying of metabolic disease related marker genes using OMKE

4) Measurement of transcriptional activity of metabolic disease related
genes

5) Identifying of metabolic pathway in liver cells using OMKE and insulin

6) Accomplishment of signaling pathway in liver cells using OMKE

. Commercialization and formulatiom of functional resources and food

1) Development of functional old matured Kimchi (CODEX) for export
2) Development of unique old matured Kimchi fermented microbes and its
products

3) Accomplishment of fermentation process system

Results and their applications

. Physiological research and identifying functional material of old-

-matured-Kimchi(OMK)

1) Characteristics of old-matured-Kimchi and its microbes.

The salinity is decreased 15.7% in 2y OMK compared with 1m OMK. 2y



OMK contains the lowest percentage of sugar contents such as fructose,
sucrose and glucose. From the viewpoint of colony color and morphology on
the selective media, E.coli and food poisoning bacteria were not detected in
OMKs at all. On the basis of selective media, 184 bacterial strains were newly
isolated in OMK for the purpose of analyzing the biofunctionalities and
population dynamics. Interestingly, B. subtilis and B. megaterium in 1m OMK
played a key role in amylose metabolism, on the other hand, L. paraplantarum

in phosphate solubilizing activity.

2) Biofunctionalities and Metabolites of old-matured-Kimchi(OMK) Bacteria.

On the 184 strains isolated from old matured-Kimchi, biofunctionalities
including proteolytic, lipolytic, amylolytic, cellulolytic activities and phosphate
solubilizing(PS) activities were analyzed with the specific plates and enzyme
assay. The Imonth old matured-Kimchi(lm OMK) contains the high
percentage(50%) of amylolytic bacteria, while lyear old matured-Kimchi(ly
OMK) contains 65% of cellulolytic bacteria. 2years old matured-Kimchi(2y
OMK) showed the similar contents of amylolytic(45%), cellulolytic(45%) and
proteolytic(40%) bacteria. The 1m OMK comprises with 48.1ppm of citric acid
uniquely. While the Im OMK does not have oxalic acid, 1ly OMK and 2y OMK
contain the oxalic acid. In 2y OMK, the contents of lactic acid, Ca and P
reached the highest value, on the contrary, Na contents showed the lowest.
And also, OMK consists of various kinds of unsaturated fatty acid such as
EPA, DHA, gadoleic acid, arachidonic acid, eicosatrienoic acid etc. 2y OMK
contains the highest contents (1,445mg/100g) of total amino acid compared
with Im OMK and 1y OMK while 2y OMK comprises with lower contents of
Arg, Asp and Tyr. Especially, the specific high molecular weight(100KD1) of
protein was produced uniquely in 2y OMK. This protein could be utilized as
standard marker for the validation of OMK.

3) Old-matured Kimchi suppresses Expressions of LPS-induced TNFa, IL-1
B, and IL-6

It has been also reported that old—matured kimchi might have some effects

to anti—cancer, anti—oxidation, and enhanced immune reaction. However, what

kind of signaling mechanism is directly responsible for anti-inflammatory

_10_



effects has not been studied well. So, we investigated whether old-matured
kimchi has effect on production of inflammatory cytokine. We checked the
expression profiles of lipopolysaccharide (LPS)-induced cytokines in Raw264.7
cells, Among the cytokines, expression of Tumor Necrosis Factor alpha (TNF
a), Interleukin-1B (IL-1B), and Interleukin-6 (IL-6) are increased by LPS.
Interestingly, we found that increased expression of LPS-induced cytokines

(especially, TNFa) is suppressed by treatment of old—-matured Kimchi.

2. Study of metabolic disease on old matured Kimchi

Insulin resistance is an important component of the pathogenesis of type 2
diabetes mellitus (DM). It is intimately associated with a high glucose
concentration in blood and is due to defects in either insulin secretion or
insulin action. The purpose of present study was to test if old matured-Kimchi
Extracts (OMKE) could improve insulin resistance at the cellular level and to
determine which genes are involved in. Effects of OMKE in human liver cells
were examined on the expression of genes which constitue the integral parts
of the insulin signaling pathway. Employing RT-PCR and western blot,
expression of the insulin receptor (IR), IR substrate (IRS-1, 2, 4), Estrogne
receptor (ER) and metabolic disease related genes were assayed in HepG2
cells which were treated with OMKE. MTT and FACS analysis were also
performed to investigate the general effects of OMKE on the cell. Indeed,
OMKE activates IR, IRS-1, ER, AKT, mTOR and p70S6K gene expression.
Furthermore, OMKE synergistically affected insulin sensitivity in a low
concentration (1~10 nM) of insulin. These results suggest that the molecular
mechanism for the effects of OMKE on insulin resistance in liver cells is via

increased expression of metabolic related genes.

3. Commercialization and formulatiom of functional resources and food

1) Development of functional old matured Kimchi (CODEX) for export

2) Development of unique old matured Kimchi fermented microbes and its

products

3) Accomplishment of fermentation process system

_11_
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Table 1. At E 52X JutdE 24 Z3
N4
Kisc) @9 Al
A B C D
A 90.3 91.1 91.3 88.8 g/100g  AF&A(2001) FL7rEAz
2| v 0.3 0.3 0.3 0.3 2/100g Chloroform-methanol %%
ol g 1.7 1.9 2.0 2.0 2/100g Kjeldahl®
GE 2.3 2.3 2.1 2.9 2/100g AEZA(2001) 3| EAIF
GrshE 5.4 4.4 4.3 6.0 g/100g 2 FEE (2001 ALY
29 1.9 1.7 1.6 2.3 2/100g 2EFH(2001) 2D AIEH
Fructose 0.4 0.2 0.0 0.0 g/100g 21 FF4(2001) FHEAEH
Glucose 1.1 0.2 0.1 0.1 g/100g 21 FF4(2001) FEAEH
Sucrose 0.1 0.0 0.0 0.0 2/100g 2EFA(2001) FAAEH
A 0.1 0.1 0.1 0.1 ¢/100g  AOAC Ofiicial Method 963.22
EPA 7.6 - - 0.5 mg/100g  21FF%(2001) AFAAEY
DHA 12.2 - - 1.0 mg/100g  AFF%(2001) AgakA1
A AATSA, B:ld HeA, € 29 %eA, D: g %o
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Table 2. AAA¢E 52

911 “L.3

<<
|

B
mc

mD

Qo o
83
o
FS
mg
L

' 1H
+

90.3 90.0 -

x|l A

89.0

ikl

Zxl B

88.0

913

ZxlC

87.0

888

04

L
S

el
(g/100g)

BA
mB
uc

0.3

x| A

0.2

0.3

K

mD

01

0.3

zzlC

0.0

0.3

g

AXA: MMS2X), AX|B: 1d S2X|, X C: 2° F2X|, HX[D: HRE S2%|

A sEobA A, 2

~
o

kel
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Table 3. AAeaE 5249 H& 2423 (@92, &)

- e
‘ ae cio| 2.1
= (9/100g) 20 -
x| A 17 19 mA
Zx| B 19 18 - =B
x| Cc 20 17 - EC
4zl D 2.0 16 - mD
15
-3|&E
4.0
3 |
= (g/100g) 3.0
23zl A 23 A
= 20 - EB
Uxl B 23
Ix] C 21 1.0 - "e
E:’_‘ : ED
#Xl D 29 00 -
3E

S gl gloA 9] SAMAE7IZke] Wold4E 1.7¢/100g — 1.9¢/100g —
2.0g/100g .= o
AAAzE] GuARE 4U8 FomK FH8 dudE o] e Ao 4z

e,

(

e %714 A4 A

i
il
i)
r o)
X
N
0
o
pork
[o
fu
oz,
N
i,
0
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Table 4. AQAdE FE2X9 A& EX47 (@5FE, A4)
- Et3tE

» cre| 8.0

Zxl A 5.4 44 43 HA

2% B 4.4 4.0 mB

zxlc 43 2.0 =

47 D 6.0 mb
0.0

E43tE
-4

v 2.5
N -

2zl A 19 15 WA\

= mB

Uzl B 17 1.0 e

szl c 16 - o
Xl D 2.3 o

4y
FolEe] e SATEYTRe] 71 23 52X (1 R]C;4.3g/100g)9F 1 F-24]
(1 21B;4.4g/100g)o A Al E-2X (1 2] A;5.4g/100g)°l Hl5te] 7Ha= Act,

oj9} o e3lE o]
o HFAER o A3

5]—%1:71—_/,\_{— g u] /\g b= 9] g—/ﬂ =1 o].u] lr_/}l‘
Ao

= A7k,

& TF6.0%)
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Table 5. AALE HF2X9 A& 423 (34, 4%, £=9)

- Sucrose
- chel 02
| e
27l A 01 01 mA
Zx B 0.0 mB
;il c 0.0 01 ne
217 D 0.0 oo 00 00 00 =D
Sucrose
- Fructose
Cjol
gxl A 0.4
Zil B 02
gl Cc 0.0
x| D 0.0
Fructose
- Glucose
R
= (9/100g)

Uzl A kit

Uz B 0.2

Uzl c 01

4%l D 0.1

= 5 2%%?_] A ¥ (Sucrose)S 44
0.1g/100g ¢ FFo= A=A
& "AEHA %L%U‘r. webA, 1d

Sucrose? EZAGELE Z=x-38 5= 9]
Aol drdom Wi AR F

Se) AREEED+ ol Ui
HHX—]]o]—EﬁE]—E = 1‘61- g—%]:o Eﬂﬂ'"{_‘ é\‘_
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Table 6. AALE F249 & #4237 (Z3AD)

- Z3HX|

o

Uzl A
Uz B
x| c
4%l D

01
01
01
01

0.1

0.1

0.0

R
= (mg/100g) 01 01 01 o1

=3

HA
=B
[ {o
mD

AL AAA 5T BT 0.1g/100g $HS Hlow Agdra 7|7l da§l
o] ATt
Table 7. AQAYE 52X A& #2447 (EPA, DHA)
- EPA
10.0
o el 8.0
‘ T (mg/100g)
6.0 mA
%l A 7.6 4.0 mC
uxlc 42 2.0 nD
Xl D 05 0.0
EPA
- DHA
i 20.0
o =i |
& mA
x| A 122 10.0 |
mC
i, 0 | D
Uzl C 145 5.0 1o u
2% D 1.0 0.0 -
DHA
- 7154 BEX3 Aake] dF<l EPA, DHAS ke T3 el o8 Axd
AAARIAEL2A), AXCRAE2A]) AlRTolA AXDM] A-g5-2X])o] H]s}t]
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4) FIAE &4, MAE yHE € 5 47

7h E2AY nAE 7 2 AT JFAG 2A

(D H2A9 s 3 2 AT dAS5 9

A ukA - ((Nutrient Agar medium Difco Co.), WA ¢ (Actinomycete Isolation
Agar medium Difco Co.), TFFEREYU~Z(Pseudomonas Isolation Agar medium
Difco Co.), f2F#F(Lactobacilli MRS Agar medium Difco Co), +33°](Potato
Dextrose Agar medium Difco Co.)s ABuA& o] &35l ZAF &4 -4k}

(2) 529 "AE 3 € MAL A 22

Oh F2A9 MAE 75 2 AT 2A A= Table 8. 3 2t

Aste] Azxg AAELSA, 1d 5, 2d 5ox9 dut F&
B¥ = 8.23X107, 8.8X10", 1.57X10° CFU/g® YEb

EEvFedel o
o A N AR A) )

g S P&

N

() AL
z} 1/935, 1/524=Z W& 7

stol 1d H2A, 2d F2A A <t

PEP

ofN

\1

FAE(MRSH A O] WS FH 9A] 2id BexolA 1.798X10° CFU/g

/\
FToE AAaEd
EhH st ST ad 2d H2A A AdFSA e Hlste] ndE dAE
=

J8haksl Az olf] 7hA A @S Bol= wAE fATE F

h 5, A Azt (CAAD), e Za Al (PARRAD), 2 All o
(AAWAD) REL 238y S7hENer, =84 4 783t 2AHE(Tri-Ca,
Tri-Mg®j#) 5% FA = Ak
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(P ik FANZ Ao FAAEE SoA BumolA el AWHacl
£ A4S o158 B9 ASAeARA BEATA T o o) Fas)

b oM FAAX %

[e) =]
he Rl
€2 F = VI2AERR ol8d 5 Y

Table 8. 524 P& T R AAT dAFT A A8

(2¢] : 10° CFU/ml, 10° CFU/g )

NA MRS PIA Actino LA CA PA AA  Tri-CaTri-Mg

25 2A 82300 293300 203 34 0 348 303 71 8200 1019
oA 1d 88 368900 933 0 0 204 353 214 1073 381
oA 2d 157 1798 1727 1 0 382 962 360 1526 188

TAAX AAESA 41100 46900 0 23 0 25 7 24 324 76

TAAZ B4 1d 54 25353 O 0 0 20 48 38 337 96
AR Fex2d 74 126 86 0 0 76 100 88 125 19
ERAF 2147 2] 33500 93500 0O 7 0 23 52 13 91000 1291
AL H2A] 26 27786 183 0 0 20 29 12 206 39

W meAe) dAR, AFEF AFeln 2

4 (Eosin Methylene Blue Agar medium Difco Co), 4% 5w (Salmonella
Shigella Agar medium Difco Co, TCBS, Listeria Enrichment Agar medium Difco
Co, Mannitol Salt Agar medium Difco Co)s MG X & o]&3l] A} A% 4
I ZFEY A BYFY VlEer B o ity 9 ASsde HEHA FUTh

Cigha ASHiA| 2| AH[2|0F AEBHIA] EEYa HASHIX] 0 4REI HAFUK H[ 22| HEHZ]|
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2g,
shSit.

Soluble starch”}
MgSO,

) 524 uAEEL] AT SHUH
(D) ARG Axe] 428 % S4UY
FAEIA A MEL] BASHEE Tke 7)doe] It wiAE o] &3t
disk W3} patching WY o2 SAS T & At o84 wixl= &3 2o
h A& E3sdipolytic enzyme)
Sierra®] HHS HYPS Ao =AM tween 802 73t LA wiA] (peptone 10g,
CaCly 0.1g, Bacto—agar, Tween 80 10m¢/0)°ll #F= FHFstar 25ColA 3L3F wj
ek =, FA F=Hl Hek AAA YEhUHE AW s e AR #AS)
% tH(Sierra, 1957).
3} %5 (amylase)
v =] (starch 5g, peptone 10g, CaCl2 0.5g, MgCl2 b5g,
MgSOs 2g, KCI 1g, FeSOs 0.001g, Bacto—agar 20g/0)ollA 25T = 34zt wjokst &
A T2 S 3 = 4
0.5g, KCI
k=S

) A &
R
Al Gram’s lodine & Z7lato] A F919] clear zones FAsH=A
1|5 (cellulolytic enzyme)
CaCIQ

1.0g, FeSO; 0.001g, peptone 5g, Bacto—agar 20g/0)°lA 25C= 547 njek
(e}
A7beta R A sus AA

5=
o &
Carboxymethylcelluose(CMC) ®iX|(CMC 5g,
0.5% Congo-red &S Ao *2]3}e] clear zoneS A=A A3

H

(h A
1=
() @z E&) 5 (proteolytic enzyme)
1 A7} wiA( gelatin 5g, beef extract 3g, peptone 5g, Bacto—agar
Aol 1% tannic acid 89S 715t
STk
355 wlA [Aesculin  3g,

Gelatin©

15g/0)°1 4
Yl e=A=
A

A&
("} B-Glucosidase
Aesculin(6,7-dihydroxycoumarin 6-glucoside)”}
— 28 —



Czapek soln. (NaNOs 40g, KCI 10g, MgSO+7H20 200mg/¢) 50m¢, 2% KoHPO, 50
mé, 1% ZnSO,7H20 1ml, 0.5% CuSO4 -5H20 1ml, ferric citrate 0.2g, Bacto—agar
12g/e]ol A 25CE 547 wlket § A 590l Black zoneo] 84 He=XE #3F
3193 tH(Skerman, 1969).

(¥h) Ligninase @A 4%

Poly R-478 dye(Sigma)7} %7} 8l#] [KH:POs 0.6g, MgSO. -7H20 0.5g,
K:HPO, 0.4g, (NHy). tartrate 0.22g, sorbose 4g, Poly R-478 0.2g, mineral
soln.(CaCly -2H;0 7.4g, ferric citrate 1.2g, ZnSOs -7H20 0.7g, MnSO, -5H20 0.5g,
CoClz -6H20 0.1g, Thiamine HCl 10mg/¢) 10m¢, Bacto—agar 15g, pH 4.5]914 2
5CE 543 st & A F9l9 clear zoneo] FAFH=AE #H23} HGlenn
Gold, 1983).

(A, (o}) &84 4t ®al5(Tri-Mg, Tri-Ca)

84 2kdo] H7tE ®iA| [Glucose 10g, MgSOs -7Hz0 0.2g, NaCl 1g, CaCl
22H,0 0.2g NHuNO; 1.5g yeast extract 0.5g Bacto-agar 15g°] &84
(Tri-Mg 4g %% Tri-Ca) 4g 37} / LlolAd 25TC& 533F wjkst § 4 9
clear zone¢] FAHEAE #&s Tt

(7h) NA, MRS& &gk wjA &
oz g7kAe] AedA SAHE wiAE 8kl AEe] ad 24 3 7FEst

AHEA S,
() 154750 S5 Aol ST

(D 184379 Wel@y ~AE=F 24 Anke st 2eh(Table 9

ABRoZ BIBHCA), LR

=
M f71E w3 @50 A #FES KAG, KATS S d= & 5 e, o523

Bacillus subtilisZ &% A th.(Table 11.)

ARES AT Fs] A3 FAS Hole FFES KALS, KALS, KAL9,



KA20, KA 21 58 =94 % 2% Bacillus megaterium®. 2 574 %% th.(Table 11.)

Eox]o] EAst= MEL] ah®A cellulase, amylase, protease &4 9 ¥
Bacillus subtilis, Bacillus megaterium®] 40| & ZAo® AZF ),

flo

AAEAEAHACA)TN} A2 o= FIEA(CA) 28 EL4Y 7H835(Tri-Ca,
Mg)e] FAlel #8 #F KA 1188 Bacillus pumilus®, KA 119% Bacillus

o AY AES] Fa BY P BEHY S 5 e AYBEL B 57
MEEA BAPANE AR e EAst nggEe] Mgy A9
Szt PH RS ety e Fast
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Table 9. 524 FlB=ES] BT A 248

X : no growth, no activity
O : growth, weak activity
O(mm) : growth, strong activity

ex)

3(5) : FHE-EAEFH 3cm=30mm

(@24 2~24% 4449 A7} 5mm)

Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
0 0
Lok o000 66 0o 00X
2 KA2 X 0 X X X X X X
o o o A
5 KA g6 4@ s4a0 © 0 © X X 5eA
0 / NA
4 KA5 O 0 Lo O 0 0 X X
0 0 0
5 KA g5 4 34000 © 0 0 X X
0 0 0 0
6 KAT a4 sap a4 1 0 X X
7 KA8 X X X X X X X X
0 0 A4
8 KA 0 0 0 X 6w 166 X X w
524
9 KALI-2 O 0 0 X X X X X / MRS
10 KAI3 O 0 0 X O X X 0
0.8(4)
0
Il KAlS O o0 O 0 0 0 X 0
0
12 KAl o) o) o) o) o) X X
8 3(6) A4
0 oo
13 KA19 0 2.8(8) 0 0 0 0 X X w_jl
0 / Tri-Ca
“ K0 0 .o O o) o) o) X o)
0
15 ka1 O Lo O o) o) o) X X
0
16 K2 O o o) o) o) o) X o)
17 KA23 X X X X X X X X
A4
0 oo
18 KA24 0 3(10) 0 0 0 0 X 0 wa
/ Tri-Mg
19 KA O 0 o) o) o) o) X X
20 KA2% O o o) o) o) o) X o)
3(8)
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Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
21 KA27 O O 0 0 0 0 0 0
2.6(7)
22 KA28-1 O 0 0 X 0 X X X
23 KA28-2 O X 0 0 0 X X X A4
=AY
o1 kaso O © 0 0 0 X X X /—"IT'—I\]/I
0.9(2) 3.4(13) e
0
25 KA32-2 O 0 0 X 0 193 O 0
0
26 KA33 O 0 0 0 0O som © 0
27 KA34 O 0 0 0 0 0 0 X
0
28 KA35 O 0 0 0 0 L O X
0 0 0
29 KAS6 540 28000 © 9 O ey O X
0 0
80 KAST ey O O O 0 gy XX -
0 0 O
31 KA3% O 0 0 O e oswm X X 2ex
o o o / NA
82 KAS oy O 0 0 e 08y X X
0 0 0 0
38 KMO ooqamszan 0 9 2re 120 X%
o 0
34 KAl 0 540y O 0 O 95 X X
0 0 0
B KMZ s, O 00 oo i XX
36 KAd4d X X X X X X X X
1
37  KA46 X X X X X X X X |
/ MRS
38 KA48 X X X X X X X X
39  KA49 X X X X X X X X 1d
=AY
10 Kaso | ° O 0 0 0 0 0 X /; --]
3.2(13) 3.2(10) 2.2(1) ri-Ca
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Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
0 o0
KL goqy 320 0 © 0 o 0 0
0 0
2 KAz oo 0 0o 0 L, 0 0 X
o o0
14
KA o0 24 ¢ 0 0 0 0 X 5oy
0 N
1KAsE L0 0 o 0 0 o o X/ Tri-Ca
0 0
45 KA poe O 0 O 45 © 0 X
o 0 0
46 KA 5403 350 © O 35 © 0 X
0 0 14 Box
47 KAST o sap 26000 © 0 0 0 0 X TritMg
48 KAS8 X (0] (0] X X X X X
49 KA59 X X X X X X X X
0o o0
0 KAGD 3615y 3301 © 0 0 0 0 X 23
o o o o
Sl KAGL @) 26 3000 ¢ ¢ 9 O X e
/NA
52 KA62 O 0 o 0 0 o 0 X
o o o
03 KAGS oo@) 250 a1z © 09 o X X
0 0
50 KAt o o0 0 0 A0 X X X
55 KA66 X (0] X X X X X X
56 KAGB7 X X X X X X X X
29
o o o o
57 KAG8 35413) 34010) 418) ° 0 0 0 X 5EA
/ MRS
58 KA70 X (0] X X X X X X
59 KA71 X X X X X X X X
23 Zox
60 KA72 X X X (0] X X X X .
/ Tri-Ca
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Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
61 KA7T3 X X X X X X X X
0 0
62 KA™ 5009 309 ¢ ¢ o o X X
0 0
2d
63 KAD o4 9 3ean ¢ 9 0 X X A
o o0 o ki
64 KAT6 5613 3an 4ap © 0 0 0 X / Tri-Ca
0 0 0
65 KATT 5443 sap ssm  © 0 © X X
0 0
66 KA s503) O 4uas) © 0 X X X
0 0
67 KA 0 o s ¢ 0 X XX
0
68 KAR0 O 0 0 0 s X X X
69 KA8L O 0 0 0 X X X X
0
0 KAz 0 oo 0 0 0 0 0 X
(o] (o] Z=AAZ
71 KAS3 o o o o X X =EE
311)  3.4(12) N A 2o
72 KA84 0 0 0 0 1.46) 0 0] X I/NA
) )
3KASS 0 sae O o o o X X
o ) )
74 KA 5343 353 508 O 0 0 0 X
o )
5k o o O gy O X X
)
6 KkABS Lo X X X X X X X
o o
77 KA89 O o o o X X
170) 1) ——
o o
Al A B o
78 KA91 0 0 0 0 303 120 X X A FeA]
p p /MRS
79 KA% O o o O iss osw X
o SAAE A4
80 KA97 o o o X o o
13) 0.8(2) 524 /Tri-Ca
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Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714

81  KA98 2&8) 3((1)2) o o o o o0 X

82 KA%9 2,4(()10) 3,2(()13) ©c o o 00X

83  KAL00 3((1)2) 4((1)0) 0 0 0 0 0 0 ;izég:i]
84 KALOL 3((1)2) 3,4(()12) 0 0 0 0 0 X  puica
85 KAlOZ 3,2(()12) 3,2(()12) ©c o o o 0 0

86  KA103 2?6) 3.45(8) o o o o o o

87 KAL05 2.6(()11) 2.8(()10) ©c o o o 0 0

88 KAL07 3.;)(3) 3;(1) o o o o o X

89 KAL08 3.8214) 3.4(()12) © © © © © © ;Zi:;]
90 KAI9 g O O 0 0 0 0 X  pumpiyg
9L KALIO 2.6(()11) 3.2(()13) ©o o 00X X

92 KA111 X X X X X X X X

93 KAL12 3((1)1) 3((1)2) o o o o o0 X

91 KALLS 3.2(()13) 3.2(()12) ©c o 00X X

95 KALM 2.4(1)(8) © 0 1.4?(1) 1.;)(2) ©o 0 X

9 KALIS 1.5?(7) 3((1)0) o o 0 1.6?(1) o X liz'f;]
97 KALLG 3((1)2) 3.4(()14) © 0 0 1.;)(1) xo X EH/NA
98 KALLT 2.??(8) © o 0 1.;)(2) 1.10(1) xo X

99 KALIS 2.;)(9) o 0 1.;)(1) 1.;)(1) 1.?(1) xoX

100 KALL9 1.5?(6) o 0© 1.;)(1) 1.9?(1) 1.?(1) X
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Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
o o o ANz
WL EAZL 45 O 0 X e as X X B0
0o 0 A
102 KA122 (0] (0] (0] X 29(6) 0.8(1) X X Buk/NA
0 0 0
103 KALSO 4y © O X yg@ osy X X
0 o 0
104 KABSL yay O O X 45y gsy X X
0 o 0
105 KAL32 9oy O 0 X 226 081 X X
0o o0
106 KA133 2.4(8) 2.6(9) (0] X (0] (0] X X
o 0 0
W07 KA 5y sanp ¢ X2 9 i XX
o o0 0
108 KALSS oqgy 3403 ¢ X 19 ¢ X X
o o
109 KALS 00 aog O X 0 o X X -
o o
3o
110 KA137 42(18) 3@® 0 X 0 0 X X i‘:_l le
0 0 « o o o < +4/Tri-Ca
UL KA a0y aas  ©
0 0
112 KA139 1.8(7) (0] (0] X 1.8(5) (0] (0] X
o o0
113 KA140 3(12) 3.4(12) (0] X (0] (0] (0] (0]
o o 0
14 KAML 4 0oy 2aa0 © X O 1 O X
o 0
115 KA142 3.2(13) 3(10) (0] X (0] (0] X X
0
116 KA143 (0] 3(11) (0] X (0] (0] X X
117 KA144 o o (0] X (0] (0] X X
3(10)  3(10)
0 0
118 KAS 0 o000 O X 0 0 X X -
o o0 °
1 mex
119 KA1l46 3(13)  3(10) (0] X (0] (0] X X 2]: :T ]
O O O O O 'C%/NA
120 KA147 (0] 4(10) (0] X 23)
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Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
121  KA148 2.:?(7) 2.6?(8) 0 0 0 0 X X

122 KA149 2?3) 3;(1) 0 0 0 0 X X ;Z{di]
123 KA151 3((1)2) 3?8) 0 0 0 0 X X QJNLA
124 KA152 2?7) 3((1)0) 0 0 0 0 X X

125 KA153 2?7) 2'6(()10) 0 0 0 0 X X

126 KA155 2’9?(8) 2’5(7) 0 0 0 0 X X

127 KA156 O 4((1)3) 0 0 1.?(1) 0 X 0

128  KA157 3'2(()12) 283) 0 0 0 0 X X

129 KA158 O 2.6?(7) 0 0 0 0 X X zizé;_;]
130 KA159 2'8(()10) 2.\?(5) 0 0 0 0 X X BuH/MRS
131 KA160 2.;)(7) 2&9) 0 0 0 0 X X

132 KA161 3((1)2) 3((1)3) 0 0 0 0 X X

133 KA162 229) 0 0 0 13?(3) 0 X X

134 KALG3 3.2(()10) 3.2(()10) © © ° ° X X

135 KA165 2’6?(4) 38) 0 0 0 0 X X

136 KALG6 2.6(()10) 2.8(()10) © © © © X X

137 KA167 3((1)2) 3((1)0) 0 0 2?6) 0 X X 232?;1
138 KAIGS gginaa0n O O O O X X wamic
139 KA169 3((1)0) 3((1)0) 0 0 0 0 X X

140 KA170 3((1)0) 3((1)0) 0 0 0 0 X X

_37_



Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
0 0
141 KA171 311 2.6(14) (0] (0] (0] (0] X X
0o 0
142 KA172 311 3(10) (0] (0] (0] (0] X X
0 0
143 KAIT3 00 2 0 0 0 o X X
0 0 sAAZ
144 KA174 3.8(13) 3(8) (0] (0] (0] (0] X X gt 2o
o} 0 e
145 KA175 3010) 2.6(9) 0 0 o) 0] ¢ X b/ Tri-Ca
0o 0
16 KAIT6 o501y g9 ¢ ¢ O O X X
0o 0
T KALTT Lo oo 00 0 o 0 X
0
48 KA O o0 0 0 0 o X X
149 KA180 o o (0] (0] (0] (0] (0] X
25)  2.66)
0 0
150 KAIBL 9 911) 228) © 0 0 0 0 X
o 0
151 KA182 3.8(15) 3(10) (0] (0] (0] (0] (0] X
152 Ka18s O 0 0o 0 0 0o 0 X il
3(9) 3.2(6) ikl
0] 0] Faby|
153 KAIBY 5815 32019 © 0 0 0 X 0 A
0o 0 0
154 KA gy sanp @ 9 s ¢ OO
0 0 0
155 KAIBG g4y 95 O 18 © O O O
156 KA187 X (0] X X X X X (0]
o 0
157 KAI88 O 0 0 0 ilw 1o O 0
H] -8
158 KAI89 O 0 o 0 X X 0 0 A
159 KA190 O 0 o 0 o .2 o 0 A
1.8(6) /MRS
KA191 (0]
160 KALOL g 0 o 0 0 Lgn O 0
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Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G 714
o M 0 0 0 o 3.4(()15) 1.5(5) o 0 Hl;;%Mi;d
162 KAL94 2.4(()11) 3.1(()11) 0 0 3.4(()15) 0 0 O Hag A
163 KA195 O 0 0 0 0 g X x  #A/Tri-Ca
164 KA196 3(22) 3(22) 0 0 0 0 X X
165 KA197 20 2600 0 0 0 0 X X
166 KA198 L3 0 0 0 0 0 X X
167  KA199 2 0 0 0 0 0 X X .
168  KA200 30) 260 0 0 0] 0 X X 524
169 kazol | 9 © 0 0 0 0 X X /NA

2.5(10) 2.8(100
170 KA202 O 0 0 0 0 X X X
171 KA203 3.1(()10) 3?8) 0 0 0 0 0 0
172 KA204 2.;)(8) 0 0 0 0 0 X X N
173 KA209 X X X X X X X X L/MR?;C
174 KA210 X X X X X X X X
175 KA215 3(22) 3.2210) 0 0 0 0 0 X
176 KAZ16 3.2013) 3.4012) 0 0 0 8 © © ]
177 KA217 1202 0 0 0 0O iy X X ‘;lgj
178 KA218 2801) 3010 0 0 0 0 0 X Tri-Ca
179 KA219 26000 30D 0 0 0 0 0 0
180 KA220 3D 5202 8 0 0 0 0 X
181 Kazzl 312 5200) 540 ©o 0 0 XX
182 KAz22 1.%(1) 1.8(1) 0 0 8 8 X X H] a4
183 KAZZt g O a0 O zew 120 X% e
184 KA225 X X 0 X X X X X /Tri-Mg
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Fig 54132 &3 24@LA) 53 23 A
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Fig 9. #84 Z+& A 7H38 24(Tri-Ca) 53 23 AR
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2h) H2A ek A A v AE

Lo

H =
T ‘;L'l Eo:_Zé

)

() HeAs A0 g #57 2 54 P

M

MRS, PES #ix] & A& 715 &l x| ToA 53 AT ss 1
nAEES AHsle] 16S rDNAEAI T API kit B4 502 BRE5A3}

(7P Primere] Azt
MRS, PES HiA] 2 A& 7|5 &2 ¥ TelA 73 Agedss 29
nAE-E52] 16S rDNAEA S 913l PCR primerE A 23} tH(Table 10).

Table 10. The bacterial strains and plasmids used in this study

Name Phenotype
Plasmids

pBluescript I pBluescriptIl SK(+/-) phagemid, Amp’, /lacz gene, MCS Stratagen
E. coli

F ®80dlacZA (lacZYA-argF)U160 endAl recAl

DHba hsdR17(r—m+) deoR thi-1 supEA4 A-gyrA96 relAl

Primer
16s 63F 5'-CCCAAGCTTAACTGCAGCAGGCCTAACACATGCAAGTC-3"
16s 1406R  5'-CGGAATTCGGGATCCACGGWGTRCAAG-3'

(\}) Genomic DNA F=

#2138 vAES NB broth 5H113°ﬂ T2 FAEsle] 37ColA] 127 164175 i
&3 -, NB broth 50meel wigd #F5 thrl HEstol 127 16A17-5<t wjdstal
oh NS 4CAA lB,OOOrmeE lOmm%‘?} ARG & AeHE HEa Al

Ak ARl AEZ TE buffer 567, 10% SDS 30, proteinase K(20mg/
m) 3ubE H7FeH F vortexingste] #A3) 34¢laL, 37CelA 1A7HE <k incubationd)
Sth 5M NaCl 100 7} & d23 33 CTAB/NaCl solution 80E 7} ¥
vortexingd}e] 65CoA 10mins<t WHS-A|F T} &3 Nof]  chloroformiisoamyl—alcohol
(24:1)& 5% 78t vortexing?d ¥, Smin 59 QAR s o] ASAE A tubeol
A 5Nl s phenolichloroformiisoamyl alcohol(25:24:1)& #7}s}aL
vortexing® 5 10mintt A8kl A5 A4S A} tubedl &AaATH Xl A
o 0.64] #3]2] isopropanols #7138 ¥ 3] invertingdt®] genomic DNAZ} HJ
=9A 3dvh M9 genomic DNA 7Feo] fto®m HeolW, {80 o]
70% ]\5}% 1me 73k & 47T, 13,000rpm e 2 10ming et YA 3] A5 s
H 2ol Jx3k3i Tk RNasert 37He HdSRS2 9 F 37TCAA 30minzt wH-&
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ato] RNAS AIAg - -20Cel 2ashsint.

(th PCRel 93 fAx =2

TFolA F%3 genomic DNAE template DNAR A3}, PCR F¥%&
Gene Cycle™(BIO-RAD Co.)<& Ab&&le] F83l9th. PCR whsgAe A==
primer(10pmol)E 2+z} 3w %7}, template DNA(10ng Genomic DNA) 5uf, Bt

ZH9 39uE PCR Mixer (Bioneer Co. Korea)oll #7}sle] &33% & mineral oil
S AHA7bsk k. PCR WHE 27 S 94°C 4minZt denaturations lcycle, 94C 1min%s
o} denaturation, 60C 1min %} annealing 72C 1min 30sec?} elongation¥}#4 <
30cycle A1383F 3 72TCo|A 10min &<t final extensions 3ttt FE¥ DNAE
0.8% agarose gel® A7|9F3le] skt

(2h) Competent cell A=

E. coli strain DH5a& TYE 3¥ujx|e] =gk & 37Ce|A 127 16A1%F F<t
wFsle] single colonyE Y%t Single colonyE 5ml SOB(2% tryptone, 0.5%
yeast extract, 0.058% NaCl, 0.019% KCI, pH 7.0)°] 1/100 32 HF3Fal Agoo
ol 0.470.601 & w7AA(SF 3AIIHY gttt M GAS 4TAAA AAE
(4,000 rpm, 1088 ¥ 10% glycerols F7lsle] 33 M HeIGinh. o|&A Az
competent cell& Z+7} 80X EF3+] electroporationd ¥3] -70Tol| =3}
2838, EcoR1 22  enzyme digestion®  pBluescriptll  KS  vector®
self-ligationdt A3} pBluescriptll vector 1uls Z}Zr #A|Z3F competent cellol
electroporator(BioRad)& ©]83te 7|F5ZAox &S (transformation) & 533
stod TYE-Amp IZAWIAAA FAHd3&S IRAsH3A T

(WP Cloning

DNAZE cloning2 %3%3% PCR productl] 16S DNAE BamHI 3 Hindll=
double digestiond}lal pBluescriptll KS vector®= BamH 1 3} HindllZ digestiond}
Stt. das PCR 2FE3 cloning vectorE E%3le] T4 ligase(Elpis co)Z
ligatione 16TColA 2A1ZF A&t} Ligation ¥HS-S 20-30%3F drop dialysis
=2 233t saltS AAF 3, cuvetteol E. coli DH5a9} ligation sampleg 419 30
B3 icedl WA§ % eletroporationd A8t SOC 1ml(SOB 980ul. 2M Mg
10xl, 40% glucose 10m0)ol cuvette?] samples &7 < F 37C< shaking
incubatorol A 17 2A13F &<k vl ¥aFSAth 80409] X-gal (20mg/DMF 1m)e] =t
TYE Amp A Ao SOCe wjke Ax=FAE =2ste] 37Tl 1641 F<t Hl
&&le], Blue-White screens &3l A% colonyE PCR 2HE9 vectord] A4
& #Asy] Hste] wdstal plasmidE #E St #E$ plasmidi Bamt 1 2}
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Sall, EcoR1 3} Sall7}ste] 37ColA 2A17F <t digestiondt te 0.8% agarose
geloll A insert DNAE &Hel3}i ),

(¥}) Plasmid DNA #32] % sequencing

FAA(Amp)7F 7 TYE broth ®iA] 5meel] ¥ #FE5 3F3ke] 37CA]
127 16A1 78 vlFst F, 4°C, 12,000rpmell A 583F QA st celld AATh
Ao celld] 100x£2] solution I(0.9% glucose, 10mM EDTA, 25mM Tris-HCl
pH 8.0, 4mg/m)& Y31 EF3ste] dA3sg 5, 200409 solutionI(0.2N NaOH, 1%
SDS)E wol &3AA d&ol 5% &< WHEAFAT. 10%0] A FEF Fo5
WA 150u09] solutionlll(5M potassium acetate 60m¢, glacial acetic acid 11.5ml,
dH,O 28.5m0)S H7HeE F, 102 &t E5olA REEAIZL 5 4T 102 &<
AEste] Ao F5AS A tubeo]l %7]2X 52 phenol: chloroform:
isoamylalcohol(25:24:1)& A 2lsted 8 A|Z] v 51 &<t Aol A& akal
oh dolxl A AE Al tubeol &7 F 100% oEE (-20T) 1mE #H7hste] salts
AABIL 4TAA 5 FF ARl Feds Hddrh oo 70% oEhE (-2
0C) 1mes FH7Fste] AAAN §F 4TelA 53 &t st 45 vgx
AZAZ o AT HTE 5o]i RNase (10mg/mb)E RNAE #3lske] -20To] &
#Hatdek AVIMERAE HHoR ke plasmid DNA #2 A Promega’he]
plasmid purification kitE AF&3th A7|AME AAHLE ZARZH 95l A
331, el NCBI®l BLAST research programe ARE3le] A A]}SH

dlo

o

gy

ot

(2) H2A¢ A mAE

lo
M
)

%2 54 4%

o2 AlRoA E-A4¥E 1847 o
o] A4 AtHTable 11).

% 17078 #3F¢] 16S rDNA 97]4 4

N
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Table 11. 16S DNA #4& 53¢ P& 3 243

Strains Scientific Name 7144
1 KA1 Enterococcus faecalis
2 KA 2 Bacillus subtilis
3 KA 3 Escherichia coli ;;54
4 KA 5 Lactobacillus plantarum /NA
5 KA 6 Bacillus subtilis
6 KA 7 Bacillus subtilis
7 KA 8 Lactobacillus sakei
8 KA 9 Lactobacillus paraplantarum ,Q‘Z‘xy
9 KA 11-2 Lactobacillus sakei strain /MRS
10 KA 13 Escherichia coli
11 KA 15 Bacillus megaterium
12 KA 18 Bacillus megaterium A
13 KA 19 Bacillus megaterium /il%_ga
14 KA 20 Bacillus megaterium
15 KA 21 Bacillus megaterium
16 KA 22 Enhydrobacter aerosaccus
17 KA 24 Bacillus megaterium
18 KA 25 Staphylococcus sps.
19 KA 26 Bacillus megaterium A
20 KA 27 Bacillus flexus /i?—ﬂg
21 KA 28-2 Bacillus asahii
22 KA 30 Escherichia coli
23 KA 32-2 Leuconostoc mesenteroides
24 KA 33 Leuconostoc mesenteroides
25 KA 34 Staphylococcus sps.
26 KA 35 Lactobacillus casel
27 KA 36 Bacillus tequilensis
28 KA 37 Bacillus pumilus zex
29 KA 38 Bacillus subtilis /11\;1
30 KA 39 Bacillus pumilus
31 KA 40 Bacillus subtilis
32 KA 41 Bacillus subtilis
33 KA 42 Escherichia coli
34 KA 44 Lactobacillus malefermentans 1 H24)/MRS
35 KA 50 Bacillus subtilis
36 KA 51 Bacillus subtilis
37 KA 52 Bacillus pumilus 19 5o
38 KS 53 Bacillus subtilis /Tri=Ca
39 KA 54 Bacillus subtilis
40 KA 55 Escherichia coli
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Strains Scientific Name 714
41 KA 56 Bacillus sp. 1d %-27)/Tri-Ca
42 KA 57 Bacillus sp. 1d 5-2A4/Tri-Mg
43 KA 60 Bacillus subtilis
44 KA 62 Bacillus subtilis 24 Zox
45 KA 63 Bacillus sp. N
46 KA 64 Paenibacillus sp.

47 KA 68 Bacillus subtilis 2 2 LA/MRS
48 KA 71 Pediococcus inopinatus )

49 KA 74 Bacillus subtilis

50 KA 75 Bacillus safensis

51 KA 76 Bacillus subtilis Zflf_éf ]
52 KA 77 Bacillus subtilis

53 KA 78 Micrococcus luteus

54 KA 79 Bacillus licheniformis 2 5-24)/Tri-Mg
55 KA 80 Staphylococcus

56 KA 81 Enterococcus faecium

57 KA 82 Bacillus subtilis

58 KA 84 Enterococcus faecium ok
59 KA 85 Escherichia coli A
60 KA 86 Bacillus licheniformis

61 KA 87 Bacillus pumilus

62 KA 88 Microbacterium oxydans

63 KA 89 Enterococcus lactis partial [
64 KA 91 Leuconostoc mesenteroides %‘%ﬁﬁg
65 KA 94 Pediococcus pentosaceus i

66 KA 98 Bacillus amyloliquefaciens

67 KA 97 Leuconostoc mesenteroides

68 KA 99 Bacillus amyloliquefaciens S
69 KA 100 Bacillus subtilis gg/ii(ﬂ
70 KA 101 Bacillus subtilis -

71 KA 102 Bacillus subtilis

72 KA 103 Bacillus tequilensis

73 KA 105 Bacillus subtilis

74 KA 107 Bacillus licheniformis

75 KA 108 Bacillus subtilis N
76 KA 109 Bacillus pumilus S/ Tri Mg
77 KA 110 Bacillus amyloliquefaciens

78 KA 111 Pseudomonas fragi

79 KA 112 Bacillus subtilis =A% 14 Box
80 KA 113 Bacillus subtilis i
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Strains Scientific Name 714
81 KA 114 Bacillus safensis
82 KA 115 Bacillus methylotrophicus
83 KA 116 Bacillus subtilis
84 KA 117 Bacillus aryabhattai 137@5@
85 KA 118 Bacillus pumilus £ ub/NA
86 KA 119 Bacillus safensis
87 KA 121 Bacillus safensis
88 KA 122 Bacillus pumilus
89 KA 130 Bacillus pumilus
90 KA 131 Bacillus pumilus
91 KA 132 Bacillus pumilus
92 KA 133 Bacillus vallismortis
93 KA 134 Bacillus tequilensis
94 KA 135 Bacillus subtilis
95 KA 136 Bacillus subtilis o
96 KA 137 Bacillus tequilensis B b /il%_ga
97 KA 138 Bacillus subtilis o
98 KA 139 Bacillus safensis
99 KA 140 Bacillus subtilis
100 KA 141 Bacillus subtilis
101 KA 142 Bacillus licheniformis
102 KA 143 Bacillus methylotrophicus
103 KA 144 Bacillus subtilis
104 KA 145 Bacillus subtilis
105 KA 146 Bacillus tequilensis
106 KA 147 Bacillus cereus [
107 KA 148 Bacillus subtilis ZLij%Aﬂ
108 KA 149 Bacillus licheniformis T
109 KA 151 Bacillus subtilis
110 KA 152 Bacillus subtilis
111 KA 153 Bacillus subtilis
112 KA 155 Bacillus methylotrophicus
113 KA 156 Bacillus sp.
114 KA 157 Bacillus subtilis
115 KA 158 Bacillus subtilis EANZ o9 Box
116 KA 159 Bacillus tequilensis MRS
117 KA 160 Bacillus subtilis
118 KA 161 Bacillus amyloliquefaciens
119 KA 162 Bacillus safensis
120 KA 163 Bacillus subtilis
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Strains Scientific Name 714
121 KA 165 Bacillus licheniformis
122 KA 166 Bacillus subtilis
123 KA 167 Bacillus subtilis
124 KA 168 Bacillus subtilis
125 KA 169 Bacillus subtilis
126 KA 170 Bacillus subtilis
127 KA 171 Paenibacillus jamilae FEAE 2aEeA
128 KA 172 Bacillus subtilis )
129 KA 173 Bacillus subtilis
130 KA 174 Bacillus tequilensis
131 KA 175 Bacillus subtilis
132 KA 176 Bacillus subtilis
133 KA 177 Bacillus subtilis
134 KA 179 Bacillus subtilis
135 KA 180 Bacillus amyloliquefaciens
136 KA 181 Bacillus subtilis
137 KA 182 Bacillus subtilis
138 KA 183 Bacillus subtilis Hag AA 74
139 KA 184 Bacillus amyloliquefaciens /NA
140 KA 185 Bacillus amyloliquefaciens
141 KA 186 Bacillus licheniformis
142 KA 187 Micrococcus sp
143 KA 188 Leuconostoc mesenteroides
144 KA 189 Lactobacillus curvatus
145 KA 190 Lactobacillus plantarum H]Jﬂ%}ﬁg A
146 KA191-1 Lactobacillus paraplantarum
147 KA191-2 Lactobacillus paraplantarum
148 KA 194 Bacillus subtilis H] 18414 7 %]/ Tri-Ca
149 KA 195 Leuconostoc mesenteroides ) a-g 2147 2/ Tri-Mg
150 KA 196 Bacillus methylotrophicus
151 KA 197 Bacillus subtilis
152 KA 198 Bacillus safensis
153 KA 199 Bacillus pumilus
154 KA 200 Bacillus subtilis B]Jﬂ%fgd
155 KA 201 Bacillus amyloliquefaciens
156 KA 202 Micrococcus luteus
157 KA 203 Bacillus subtilis
158 KA 204 Bacillus pumilus
159 KA 209 Bacillus subtilis ) 5g =24 /MRS
160 KA 210 Bacillus axarquiensis 1§ B eA)/Tri-Ca
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Strains Scientific Name 714
161 KA 215 Bacillus subtilis
162 KA 216 Bacillus subtilis
163 KA 217 Bacillus pumilus
164 KA 218 Bacillus subtilis v]ig E&4)/Tri-Ca
165 KA 219 Bacillus subtilis
166 KA 220 Bacillus subtilis
167 KA 221 Bacillus subtilis
168 KA 222 Bacillus licheniformis
169 KA 224 Bacillus pumilus i J/ﬂli/_‘if A
170 KA 225 Paracoccus yeel
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Gt AR 2d H2A el Ha e 44S B3l (Figl3d)

B-glycosidase &2 TZAZ AAH5E&X] EgdAnt st 24

t}.(Figl4)

Lrehd 2l

o

Ligninase 842 527AF 52X £ EF o3k &S 2vh.(Figld)

5718 vk At AR sAdx 2d 524 BdA 284 rvtave dAdd
(Mgs(POp2)9] 7H8-3F o] yebdth o= asol 44 ﬁEE‘rE FANE

o =
2 oA Bl B 47400 9% 88 Aeow A

Table 12. H2AW Axe] a4 SAE B4 23 &

Strains CA AA PA LA Tri-Mg Tri-Ca Lig B-G
L 57 0 0 0 0 X < 0 0
AN Eex) ™ @ © @ an o @5
! (0] 0] 0]
2 ZeA 1d an @ X X X X ) X
! (0] 0] 0] 0]
3 oA o 1 X 10) X an X ) X
T4 AF 5eX 0O 0 9
4 20) 1 X @ X X X @ X
=4 Az
o © (0] 0] 0
5 2037 X X X X X
@8¢C 2day¥ 20) (D © ™
6 %éé OXH;]% X X X X X
&5 11) ) @
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84 Ze dUd 783K (Tri-Ca)

] Alxe] 49

H

Fig 17. 5224

3 A3

=
=

24

T 2day & 2C4

A THes8

=
S

D BARE F9H

T HEATLCT D)

FeA 23@T ¥, 5

Mo

K

_61_



5) 524 F&99 71532 AEY profile & 54

2} wAE 9 profiles TLC, HPLC, LC-MS 5& o] 83}
shglom HI7)E BAL [CP-MS, AAS 5 o]&3le] B4 xAlslgitt.

Sh
1
N
>

(D) H2AW F714F 24 8y

a2 Alg Y #7142 HPLCE o] &3te] 4 : Z2-Aminex 87H column
717]-Ultimater 3000 (Dionex, USA), O]%%— 0.0IN H2S04, Detector-RI
(Shodex RI-101)

@ FeAW F714 w4 At

Citric acide A& AQIA 19 F2A)ol| A7t 4
Oxalic acid¥ citric ac1d9]-c g2 sAddarigte
29 527, "l m —’F—frg] TR *—Xﬂo}%\@r
Acetic acid 24 177ppm) & EA T Th

Lactic acid®] 7 %”‘3%;7]{“’] F5 o] vlElH o R FopAA 2d
E2AFHAOE A HE2AGEA A HlE of 2.7 sEF EAES
t}.(Figl8-1~2, Tablel3)

Ho oko
E
L
_>.i
’ﬂ
s

Table 13. 714t 4 A% %
(32! : ppm)

T& Citric acid  Oxalic acid Lactic acid Acetic acid
AA A 48.076 0 473.143 230.637
AA B 0 3.948 1182.378 287.529
A C 0 3.013 1331.950 177.318
A D 0 3.375 883.550 343.491

A ARBEA, B:1d BeA, C2d BeA, D oHag 5
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(3) H2AU f714F 5 vl&(ZA D] F84
Acetic acid / Lactic acid®] F=H&S &
2A)), AAB(1A H2A), AACCE H&
0.24, AAC= 0.139] S welth. webr 54
o], /AL FEnE&S AT a |bol] gt validation marker® A&
)

T Ae Aog Azgdrt.(Figl9)

I

0.6
0.5 \
04

s ) =t=Acetic acid /
02 . .
Lactic acid

01

4x A B HAC

Figl9. AXA, B, CHl 2A/341e] = H&

Table 14. AA9d 8 5L&X)9 I |& EXANK

. e E-E ] o 5

TE A B c ) =9 Al
Ca 49.0 49.4 62.7 51.0  mg/100g ICP-AES =44
Na 589.6 6040 559.3 906.5  mg/100g ICP-AES =49
P 56.5 70.6 73.5 60.9  mg/100g ICP-AES =49
7n 0.3 0.3 0.3 0.2 mg/100g ICP-AES =49
Fe 0.5 0.4 0.4 0.4 mg/100g ICP-AES =44
Mg 16.0 15.8 18.9 23.1  mg/100g ICP-AES =49
Se - - 0.1 0.1 mg/kg ICP-MS =AW
Ge - - BHE ERE mg/kg ICP-MS =AY

A AAREA, B 524 19, C 5&4 29, D Hag 524
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Table 15. &}

<
]

62.7

19

mD

80.0
60.0 -

o
(mg/100g)

49.0

Uzl A

494

#zl B

627

x|l c

0.0

51.0

2%l D

Ca

- Na

906.5

<
]

mE
19

mD

1000.0
800.0 -

T
(mg/100g)

600.0 -

589.6

4zl A

400.0

604.0
559.3
906.5

2%l B

200.0

zzlc

0.0

4%l D

Na

=84

el
=

7] SollAd 719lskis W AdaEe]l Cas(PO. ¥ 2

i

)

T

FEEE!

5
I~
Gl
Njo

]

5!

el

gk

o] WA vrebsttt.

tol el 1.6w] o] ut

H| 2852 %] (71 X]D;906 . 5mg/100g) ol H] 3

ol e}
N

o

a5

AADel WSk Y=

=y
5

o
=R

HAA, B, C Al

=

_65_



N2} (9, obad)

Table 16. #

73.6

<
|

mC
mD

80.0
60.0 -

)
o
1
oF S
2l
S
R
E

2]
L0
(e}

Uzl A

40.0 -

©o
o
~

Uxl B

20.0 -

i
o
M~

Uxl C

2]
o
©

Xl D

0.0

03 03

0.3

<
|

mB
mC
mD

0.4
0.3

£t

)
o
o
<]
(=
S~
-
=
=

o
o

UXl A

0.2

o
o

Uzl B

0.1

2l
[=]

azlc

0.0

ol
o

4xl D

Zn

Ca

p
L

!

o

7]

Zn(oF4d)®]
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Table 17. AALE F2X9 A& £443% (2, vlade)

- E€
e 0.6
2s CH2|
R (mg/100g)
2% A 05 0.4 WA
S h = =B
e o 0.2 mL
2D 02 =D
0.0
Fe
- Mg
25.0 23.1
Cio|
?__h'l_ =Tl
(mg/100g) = 160 158 »
215 A 16.0 15.0 - -
217 B 158 100 - :2
=
4z C 189 50 mD
1% D 231
% I 0_0 =
Mg

KeX
=

2
Al A=A et
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Table 18. AAALE X9 A& #4285 (AdwE, A=vs)

- Se
0.2
= |
:II--I: 0'1 T 0'1 0.1
14
FAbN o3 01 01 - mD
Uzl D 01 0.0
Se
- Ge
cie|
= el
x| C 2Hs
Zlx = =
=4l D 228 S7E 1 Ge 0.014 ug/kg 0512 T,

AYE(Se)e 298 H52X(HAC)et B UEEL2A(AAD)NA 0.1mg/100g FF2
2 BolatA A=A

AzrkE(Ge)2 HAEHA EAdth
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A RHE 8

(1) A

Table 19. Ad¥s 524 A #4 23 %

A 100g B/ 244 (%)

TE 353 A AL KE) Ay
A B C
C14:0 v] 2] 2 EAH(Myristic acid) 2.8 2.5 2.2 0.9
C16:0 ) EAF(Palmitic acid) 189 214 203 16.4
%3 C18:0 2Ho} 24k (Stearic acid) 3.0 3.4 3.1 2.4
At ‘ ) ) ) )
C20:0  o}gt7]=4HArachidic acid) 0.5 0.5 0.5 0.4
E3A YA §HA 25.2 27.8 26.1 20.1
Cl4:1 v =Eg 2 Myristileic acid) 0.1 0.1 0.1 0.1
Cl6:1 v E4k(Palmitoleic acid) 3.7 2.1 1.8 0.7
C18:1 28 4HOleic acid) 12.4 12.1 13.3 11.3
C18:2 #3592 (Linoleic acid) 327 342 366 52.6 AOAC
C18:3 & diH(Linoleic acid) 12.9 11.1 11.3 14.0 Official
: R A, © ac ) ) ) )
1noleic acl Method
A=y =
FEI 00 7} =28 2HGadoleic acid) 1.2 1.2 1.2 0.2 963.22
Ak
ofl o] A} of] 1= Ak
C20:2 . oo 0.1 0.1 0.1 0.1
(Eicosadienoic acid)
o o] ZALE & of] w2k
C20:3 ] ] } ‘4, | : 0.1 0.1 0.1
(Eicosatrienoic acid)
C20:4  o}2}7]=%HArachidonic acid) 0.3 0.4 0.3
C20:5 EPA 4.0 3.0 2.4 0.5
C22:6 DHA 4.2 5.3 4.1 0.3
ExapH gt 3 71.7 697 713 79.8
Unknown 3.1 2.5 2.6 0.1
A 100.0  100.0 100.0  100.0
A AAELSA, B &2 13, C &% 243, D Hlag &7

_69_



Table 20. AAALE Fexo) HE &

Al
X

ast (MY2EA, BREAD)

- ZIX| YK O[22 E4)

2 x| uH00gT
u Z4H| (%)

Zx A 28
Uzl B 25
ax|c 27
1% D 0.9

‘ = x| 4100g%
= Z= 34| (%)

4z A 189

Uzl B 214

zxl ¢ 203

4%l D 16.4

2.0

Lo

0.0

25.0
20.0
15.0
10.0
5.0
0.0

ojg| A

214 503

HA
L]
uC
uD

HA
L]
uc
mD

EAYAE AL v AEAR

2.49) ~ 3.18) =A AEHACT.

Fu|Eal AA] vnE71 R Do HlEke] 1.2 ~ 1.3 E=A YElRT.

o

A AB,C Algstoll A Hag A Dol H
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Table 21 . AALE F2A) 9 A& FAZH (&Hool24t, offt7|=4)

- ZSX| L AH 02D
; 4.0
T
= Z=/dH| (%) 3.0 -
2% A 30 -l
%l B 34 20 1 :s
Zzl C 2 10 - ab
=
B =4 0.0 -
2H|OF2 4t
- SR 2O | £
0.6
‘ = X]H+100g5 05 05 05
= A 0,
el 04 - mA
2zl A 05 o
ZAl B 03 02 mC
uzlc 05 o
2 D 04 00 |
ora| = ot

- ESA ] S5 sejolE it okeby A WE A A, B, C ARl vg
212 D |
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Table 22. AARE SR JE EHATH (XL TA)

am x| 410095t 30.0
= ZEAH|(%)

25.0

Zxl A 252
20.0

Zi B 27.8
15.0
Zxl C 26.1 _—
X D 20.1 -
0.0
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Table 23. AQALE 5229 A& 423 (WS84, =D

- E N G E RS )]

o X|4H00g5} 0.2
TE ZA3H|(%)

= 01 01 01 01

xl A 01 0.1 mA
Zxl B 01 mB
x| C 01 0.1 [ [
Xl D 01 mD

0.0
EES T
- SESX| O EYLh

4.0
‘ 2 %|4H100g5H
= Z=/H| (%) 3.0 A
25 A 37 -
= 2.0 B
ozl B 21 alc
uzl c 18 10 e
2% D 07

0.0

~EYGAal gepe mE BEox] 712 A|8(A,B,C,D)oA EF

Zrseite] 4 sARar|zte] AdeE v ow asgln. mebd, 2Evlae
Ao oJal dAA AZRHE F2A (A AB,C)9 A5 EnEHte] qFhs 5
Ao] %A% Validation Marker 2 &8 & Q& Aoz A7,
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Table 24. AAYF FL&X9 A& 447 (294, &84

- EESX[ NS Y 4
14.0
= ZE/3H| (%) 13.0
2% A 124 ':
2% B 1201 =8 :c
Uzl c 133 110 - =
ZZI D 11.3 100
- EESX[ELHE[E LD
60.0
ag x| uH00g}
= Z=/3H| (%)
ZIx| A 327 400 1 ::
21z B 342 200 | 5
27l ¢ 6.6 ' uD
4z D 526 00
2| &84

gudte] A% BE X ARTAA MaH vEE FHALI - 13.30F e
e,
duditel 4% AW REHLA)TE 0A ABC AR vste] U5

ke e,

Hir
flo
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Table 25. AQLE F2X 9] A& £445 CI=&H4t, dolmAtr o)
A
—

- EEIX|YLHIIESE| LD
e X|4H100g S s
oo Z/4H|(%)
23] A e 10 - mA
231 B 12 s -
uszlc 12 ' :(.;
8zl D £z 0.0 -
- S E3X|YLHO| 0| R ALE] Ol = th)
0.2
o X| 4410097
= Z=/dH| (%)
ZIx| A 0.1 = 1 ::
=
2%l B i 01 - mC
4zl C 0.1 mD
2zl D 01 0.0
Of| O] 2 AFC| O] i 4k
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Table 26. AQALE F2X)9 AR EX43 (do]ZALEZ AL, ofgy]EAL)

- EESX| Y00 ZALEE|0f = th)
‘ T - 01 01 o1
=E 01 mA
Uzl A 01 i
Ui B 01 0.1 EC
gzl ¢ 01 =D
uiL i ° o[ 0| RALE S| of i 4
- EZTIX| ko2 | =4
ENEE
- ) oz 03 a 03 e
x| A 0.3 ms
U7 B 04 02 1 mc
2131 e w0 | 00 mD
x| D 0.0 Ofzt7 | =4t

=2

o FAFE Elof 1At} ofebr| EALE B |
9T o5 BEAAYAe EEuidel o8] Azn BAS
e eI BAE v (Brand Narker) 2 288 5 218 2
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Table 27. A4da

5249 Q& #2423 (EPA, DHA)

- EXZSIX|2HHEPA)
u x|ut100g%
7 )
2% A 40 :B
2% B 30 iy
uzl ¢ 24 i
2% D 05
EPA
- 2 X 3}HX|eHHDHA)
e X|4rlo00ge
TE Z43H| (%)
2%l A 42 ::
ZIX| B 5.3 e
uxl ¢ a1 b
ZIX| D 0.2
DHA
EEurdel 93] Alxd RV 52X (A A,B,C)& vluE52X](X|D)
Hlsked EPA, DHA R£wb ofueh 7hE&wat, ofeby]iEdt, ool mAtE e it 5 7154
¥ 3} Auike] theksiAl YElsTE.
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Table 28. AATd HL2X 9

A EAES (EXSAHL 34D

- X|®r100g5t 82,0
‘ = ZAJH| (%) 500 79.8

x| A 717 78.0

76.0

ZZl B 69.7 74.0

o 72.0

% 71.3

2% C 70.0

2% D 79.8 68.0

66.0

64.0

EXsAGAY] F S xEvwgel o

S5 (HAD)e vl&] v F e s 2o

& 715 EXIAYAe] EAEnE AAEH

Zr= o)z, vlag H&X7F EXSA YA F

Y wiEo 2 A,
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Table 29. AALE FLX F FA =4t #4 2% ¥ (2+$1:mg/100g)
N R K EA gk
A B C D
o}~ 32 E4l(Aspartic acid) 146.3 58.3 90.0 123.1
22¥ 9 J(Threonine) 56.0 52.0 53.4 45.2
A *(Serine) 60.0 59.8 67.5 49.1
Z2EWAH(Glutamic acid) 3019 3515  446.1 515.1
3222 (Proline) 58.3 132.4 73.6 63.5
=241 (Glycine) 66.4 69.4 74.1 70.6
orebd (Alanine) 104.7 198.8 192.4 131.1
12 (Valine) 61.6 689  66.3 g7  Derved by
ninhydrin
] %] & 1 (Methionine) 14.2 18.5 21.3 17.4 HPLC
o] 2:2 0] 2 (Isoleucine) 484 557 583 489 analytical
method
o] Al(Leucine) 94.3 97.9 100.2 87.7
E] 241 (Tyrosine) 22.4 11.9 15.1 18.4
¥ d &}21(Phenylalanine) 48.4 50.7 53.7 50.8
22 (Lysine) 92.5 73.9 86.8 69.4
3] 2~E] d(Histidine) 27.2 26.9 27.4 21.4
k7] (Arginine) 32.8 18.4 19.0 32.5
Total 1,235.4  1,345.0 1,4452 1,404.9
PAMELSA, B ReA 19, C 24 2d D W Bex
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Table 30. AAEE F2A9 A& EXEH(F FAMRA 3 : clagzEl, 7o)

- ofo| = 2HOtALIE EAD
tre| 200.0
‘ T (mg/100g) 150.0 Lig
2% A 146.3 mA
215 B 593 100.0 ::
he
% C 90.0 50.0 T
2% D 1231 56
OfATZE A
- ofO| e (A )
= =]
‘ i (mg/100g) .
ZFl A 56.0 "
1% B 520 .
é:’_‘ B mC
2zl ¢ 534 b
21% D 452
2oy

Table 31. AAYF FL2x9 A& ENAI(E FAom = 3 1 A, SR

- OBl Lh(A 2D

R
= (mg/100g) .

x A 60.0 mA,
251 B o 40.0 mE
zzlc 675 20.0 . E
| |

1% 491

U D &6
Az
- Of0| = Ah(Z R EfTILh
‘ ™ = 600.0 SI5T
= (mg/100g) A

2%l A 301.9 : \
Zx B 3515 ne

=
;_.:_:| c 4461 .
2% D 5151 00 |

Adat 53] SFEAE 14X ABC AsddAAd s4dTar|iio]l o 2
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Table 32.

AAdda FE2X 9 AE 242 (F PR F 0 28, 2FA)

- ofO| = +H(Z &)

[
2x A
il B
zzxlC
2% D

150.0
£t9|

583
1324
736
635

- otof = (S|4

£hel
(mg/100g)

66.4

69.4

74.1

100.0

50.0 -

mA
=B
mC
mD

TEUES SATEI0 gt gl Askch
2l S FENAAY 4 8F71ke] 11 2d HE2AFHAOCA 7 =
Fs Yehdih
Table 33. AL E 229 A& £447 (F PAolv=a 5 : dapd, 2)
- OfO| L AH(FEFED)
250.0
- chg| 198.8
BEE
2zl A 104.7 150.0 - HA
2% B 1988 1000 | 1017 mE
1= mC
?:.:_clc 1924 500 | b
2%l D 1311 55 o
¥zt
- OfO| L £H(HED
70.0 68.9
=1l G 66.3
(mg/100g) A
2zl A 616 230 Tl e :B
éi’_" £ o2 600 - mC
#xlc 663 .
2%l D 60.7 550
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Table 34. AAF X9 A& EAAF (3 T4 =4 £ : Wx2Y, o]xZo)al)

- OO = AH(M K| 2)

25.0
£
[ e g, [

AT

Uil A 14.2 15.0
Uzl B 185 100
Uzl c 213 50

2% D 17.4 5

X

- ofO] = H (0] =2 0[4)

ElN

= (mg/100g) _— 557 583
ﬂil A 484 484 48.9 mA
Uzl B 557 400 4 =B
zxlc 583 200 - mc
2% D 489 L

: 00 -
O|2Z0|

WA olzmoldle] Ae HAMEIe] D5H F7hEE ohul kel 9Tk,

#
o,

Table 35. AALE F2x9] A& BN (& FA A £ & 2o]al, HEA)

- ofO| = +H(E 0] &)
105.0
2 5] 100.2
= (mg/100g) 100.0 97.9
4% A 943 95.0 i3 mA
2% B 97,9 0.0 L
' uc
Uzl c 100.2 850 e
=
X D 877 I
20|14
- OtO| = +H(E| 2 4))
& ol
‘ i (mg/100g) .
217] A 224 :B
Zxl B 119 -
Uzl C 151 o
X D 184
E|24

2ol 9 HABEIIZr] WS vASAR FhEglont, BRas] A
= -
o -



Table 36. AAHE 52X A& EXZ47 (F PAoM=A F @ Adgad, Fa)

- OO ke 1h(H| & Eatt)

cho| 260 537
=] = Z
e G

AR A 484 50'0 .

2%l B 50.7 6g -

. H

2zl ¢ 537 i -

2% D 50.8 w0 |

- OB k= 2H(E[ )

» e 100.0 92.5 26.8
TE (mg/100g) 80.0
2% A 925 60.0 =
uxl B 73.9 40.0 : 3
gxl c 86.8 20.0 uD
2%l D 69.4 oo
2|
7hE A

Table 37. AALE FL2X9 A& EAEF (2 A=A & : s|2Ed, I7Y)

- OhO| = 2h (S| 2 E[ T

o el
EC

x| A 27,2
Zxl B 268
x| c 274
Zx D 21.4

- OfO| = A (7| )

‘ = = 400
= (mg/100g) 300 -
2151 A 328 mA
2z B 184 200 4 me
e
x| C 19.0 100 - o
2% D 325 00 |

© S ARl B DA FES FAA,
WE7)zke] &2 AAAA EL F§(32.8mg/100g)S HP o, 1ol
# A%t 82(18.4~19.0mg/100g) S YFER 2L},
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Table 38. AALE LX) HE E4AR (5 T =4 FA)

‘ am Chol 1500.0
= (mg/100g) — 1445.2
X A 12354 1400.0
_ 1350.0
Uz B 1345.0
1300.0
x| C 1445.2 1250.0
1200.0
4% D 1404.9
1150.0
1100.0
0F0| = A-total
ofu Ak F e AT AV te] AeE HEH R HolX|= Y-S Ko,

2d F2A(AAC)MA 2 &5(1445.2mg/100g)S YEFH ST

I

29 BeAe TARY 54L el nolFt dEA 4% F v 9

x Foolu At e 2dE HEAdA 1,445mge 2 M wtoem dvjd
e F2X(1, 2)olA W d&gke e
Wk
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uh) Vilidation biomarker 2 7|54 A €4

(1) protein A1€2] markerg2}

N

524 F29 guld F4 100KDa o]’de] izt @hildo] EolstA 2d &
Aol A AZEHAE 100KDa o] izt dde 2 5229 validations 9]
biomarker24] &3 THEZA LA E-HElE. #A N-terminal sequnces
A3} +=d R-P-P-P(E)-P-D(Q-I-P(T)-D(Q-GZ ZA}FATE Pro HHEA o]
Elu} 84 cyclic peptide form¥d 7FeAdo] =k

oM o o

KDa

100
70
50 15%

40 SDS-page Gel

» 12%

SDS-page Gel

20

15
8%
SDS-page Gel

M:marker, 1: MHM2
5 SZE2x14, 6

Fig 20. Vilidation biomarker B34S 93t Bo.2) 2 dwWad BA ge| AR

S
<
=
Al
o
=
o
j)
3
o
=
=
(e}
=
ofo
B
)
X
offt
s
e
o
lo
ot
=

b &AW AdAE e 4

TAAR F&2A AlsRA 524, 524 14, &% 21)E Campbell and
Lueking(1983)°] 33} Bligh and Dyer(1959)2] ol w} 2 4& F&343t}.

5, 248 5270x 524 A& 5g9 methanol 20mlS 7}8le] vortex mixer
2 30%7r £3A171 % chloroform 20ml& 7}éte] 40%3F vortex mixer® & 43
o 2§ AAE2(B3000rpm, 58)dtel e A (3omDE FEke] 40ToAM WEdx
AFEY. Ax" AlZe)] chloroform 3mlg 7}t XA E8& $3 TLCE AE&
283893 tl. TLC plate silica gel on aluminum(20X20cm, w/UV indicator,
SIGMA  Co.)& 110TelA 147 243t Al 5 ARgsiglen, AdA78vs
chloroform : methanol : DW(65 @ 25 : 4)& AF&38te] AMAIAT. 7] § A2
A AEAR oy Ade] BAE 98te] 5% Sulfuric acid(in ethanoDE
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110CelA 5~10%
A, we
3709] bandE #<l&}SIth 370 bandE validation merker® 83 7}x|7} vj$- 3

W AdsteEel TLCREA S Sl 2d H2A o Art vehvb=

s
y

23 527
£0| band a, b, ¢
w2tol

Fig 21. ¥4z 5244 AA £4& 4% TLC 4% AR

A A F UVEE6nmTE AL B A F UVEHAnm)TE AP, C 0 A F AR, D E

ARz 2d F24 5] band AEQl ARz

1 5273x% AA L&A (chloroform/methanol #%& %%

AFE 5, 3 @ sAAE M HF2A(methanol AFF 5F9),

(chloroform/methanol % §%%), 5 : T2474% 1d 524 (chloroform AF% E%N), 6
Z 299 E-&X(chloroform/methanol F% &3

N 12
Do
offt

U\‘.
N
= N
2
>,
e
rlo
RS
=
o
=
o
=
o]
o,
o
=
=]

BAAE 19 5eA

Az 19 F&A(methanol AFEF FFN), 7 : &4

A
), 8 TAAX 2d ESA(chloroform AF% H%9), 9 :
FFN), a~c 29 2 5ol band(Rf %k a: 043, b



(3) &g ol :=4ke] validation marker % biomarkerZA]e] &t
Aot e opm Aty S TLCWHI HPLCHWH

%, validation ¥ biomaker®4 2] 9&& sl

1 7 ofweAb B4 W
@ TLC ¥¥ @ 5402 AATZIAELSA, 19 527,
S 5g¥ Ao f7 ot FE-8 M(methanol
DW=12:5:3) 50mZE %
1% AR v Aeds Hske ofvwAb

plate(Silica Gl 100x® &3 & A7j8vj(1-butanol

acid : D.W = 80 : 20 : 200 o|&slo] ). #A F=
L 93te] 1% ninhydrin / ethanol

fl8tel 110Tell A 5~10:27F 1t

—|—’

2v

ol Nlo

‘:LT

%
o,

AE

chloroform

4718k & yoltex mixer® 2 A1¢lth.

A8 TLC

acetic

EER

i
rlo

O |salotlcd B4
1. dxelgy
(1) AIZ 2 1mIS URIPREP ImlOl 8l& = 5822+ &X|
(2) 13,000rpm 1022+ AL = 0.24m PVOF syringe filter2 041t
(3) Lithium diluentE AHE3SH0! 1088 514
# URIPREP & Lithum diluent @ Pickering(XIZAt), www.picker inglabs.com

2. S4gY
(1) AF2I121 : Agilent 1100 Series(Maker : Agilent)

(2) Column : Cation exchange 8um, 3x 250mm(Maker : Pickering)

(3) Column Temp.: 40°C (4) Reactor : PININACLE PCX (Maker : Pickering)
(5)

Reactor temp.: 130C  (6) &4 X2 : 1) Flow rate : 0.3ml/min 2) Mobile phase

ES = . = =2 1 [e) [e]
@ TLCS HPLC ®M&ad @ TLC 23 B4 E bandg FHolA R tha
= == =) [e) [e]
ol thAl FEF F HPLCOl A&skqlvh. 1 Wi ta3t g
Voo A B M MW Mo EEEE) 1 2 3 4 5 )

| O Relo=dt 2y 18| 1| Rdrowroline - - - o6 - -
1 mxawy We1 | 2 [Serine - — o - - -
121 3| Asparagine b 0.34 e e - -
6] 74:40\ MBI 1 - 6) DEE URPREP W1 | 4 |Glutanic acid - - (08 [om - -
of BiEt S 1527 X80 35 151 | 5 |Proline - - [ - - -
@ 13 OOOrpm 10271 2423  0.2um PVDF B0 6 _|Glycine - - [0 - - -
syringe filter= O{1} = 24 WO | 7 [Aanine = — |om [ze1 = =
% URIPREP : Pickering(RIZEAP), 2 | 8 [Citrulline - - [0 - - -
wwiw pickeringlabs.com Wz | 9 [Valine - - - - [ -
a2 | 10 [Wethionine = - - ECES -
BEELE 2 | 11| isoloucine N N I N N X
1.2 | 12 |Leucine - - = - - e
@ Uizﬁ‘f“";ﬁé‘:gt 1100 Series iz | 13 [Tyrosine - - - - - [0
(2) Column : Cation exchange 8um, 152 | 4 |Pewialinie - - - - il
3x250mm(Maker: Pickering) jet [ 15 [febe - - - il E 15T -
(3) Column Temp.: 40°C (4) Reactor : PININACLE | 122 | 16 _|Fudrowvlysine 023 (035 [0.74_[061 _[079 _|0.%
PCX (Maker : Pickering) 122 | 17_|omithine .01 = - [oo = -
) Reactor temp.: 130°C 1462 | 18 |Lysine 1. - - - - -
( 1.2 | 19_|Histidine 0.76 = = = = =

1) Flow rate : 0.3m|/min 2) Mobile phase W2 | 2 et i acid__| 0. 0008 [0® 008 [0 | %

A .43 0.78 A.85 .02 3.99 7.00
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b e obw At #4143
@ TLC A4 4¥%

s @R FAotuedkE st Y1E A oblmato® bRl GABA,

ornithine, citrulline 5 ¢F 177}A] ofw]x=4tol] th3t TF RIS 38}17)

H3 TLC at3ich.(Fig 22.)

c AAESAFHAA), 1d HF2A(HAB), 2d HF2A(HX 0ol EAskE

el opleats TLOY o2 243 A3, oF 6~7 band® FAFE Q)

t}.(Fig 23.)

Ofl% ofo| =4t
6) Leu, Isoleu, Tyr, Phe
5) Val, Met, GABA
4) Ala, Glu
3) Gluy, Cit, Pro, Ser

2) Asn
1) Orn, Lys

Fig 22. & ot =459 TLC Fig 23. 2 219] f-gotn|xAtd] gt TLCE4

@ HPLC A3}

SAREeA, 19 Bex, 2d HeAd EAsh: frelohvwmite &

P f TG i i
,;L bl BB i&i . .% £
i
S  ——

Fig 24. %3 A|§¢ HPLC chromatograms
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Table 39. frElopn| =4t HPLC E4 A3 R AA:AXA, 14:2XB, 23:4XC)

HU. [ Mo SEIEH Fala| [1=] 24 [ul 2
131 1| Hydroxyprel ine 6.13 3.48 =
1051 2 |Serine 7.53 5.48 2.88
147,11 3 |Glutanic acid 29.14 45,53 J6.82
115.1 4 |Proline 42.89 | 131.46 61.84
75,07 | 5 |Glycine 7.44 7.78 7.64
BO.09 | & [Alanine B1.39 | 110.73 | 87.06
17.2 | 7 |[Citrulline 3.64 2.30 3.57
103.1 8 |a-amino-n-butyric acid = 3.22 0.62
117.2] 9 |[Valine 26. 86 35.16 28.19
240.3 | 10 |[Cystine = 0.24 017 X
145.2 | 11 |Methionine 3.96 9.53 g.93
131.2 | 12 |Isoleucine 59,37 77,74 77.73
131.2 ] 13 |Leucine 34. 90 51.85 50,02
181.2 | 14 |Tyresine 7,89 .10 12.26
165.2 | 15 |Phenylalanine 17.19 28.60 26,33
103.1 | 16 [Gaba 20.10 25, 56 11.27
61.08 [ 17 [Ethanolamine 1,66 1.53 1.9 X
162.2 | 18 |Hydroxylvsine 74,68 | 118,58 | 141.41 ay
132.2 1 19 |Ornithine 19. 62 0.97 9,76
146.2 | 20 |Lysine 26,50 30,40 35.21
185.2 | 21 |Histidine g.27 11,11 1217
147.2 | 22 | afnincb-aanidinoprapionic acid 1.09 1.23 1.22 X
174.2 | 23 |arainine 4,13 = =

| 464.36 | 709.99 | 555,20

s FrElobu ke A2 1W H2X, 21 H-2X oA = hydroxylysine,
proline, alanine, isoleucine, leucine, glutamic acid 9] o= &

A st

* Tyrosine A4, 1d H2Ao] Hgte] 21d H2AolA AL =2
#(12.26mg/100g)< UERH A,

solshs R ARGl AFF ol Hashs omlwire

hydroxy proline, serine, arginine &= YE}gt
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c oy rkA] 7lsA el dE Ao 4Rl citrullined AT A7 B
Aglo]l Hlaa AA3 32E(2.30~3.64mg/100g)S A3k T

Ornithine¥} GABA®] 79, AXEL2AoA Z}Z} 19.62mg/100g,
20.10mg/100g®] 2 &S Wl v, 2d H2AoAMe 79 4
Hb o] H(9.76mg/100g, 11.27mg/100g)& WERASAT

E78 vt AL R argined ke
e} i)

S HAS ¥ 19 52A9 2d FeAdM e AEHA &%k

AR v 1d o] dEl FeA A FHA L FFS e

=
f
[}
9o
=
i
2
rlo
@
o,
@)
oy
Q
j}
@D
@
oy
Q
j}
@)
=)
@)
—
=
o
=)
jm}
@)
off
o
o
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® FuH o, felolulnirse] )% @ 542 acksn thest ok

@ ot ite] 7] 9 B3
- Hydroxy proline (3|=&A] ZZ39 ; Hyp)
- FEpAle] o dhrEe] e, Hydroxylysine(HyD¥} g7 242 dirle] A% 2 oz
ale] A E= ol gHT)
C 5 E A A el Folreste] 4%5 Apx| gl
- Proline®] Prolyl-hydroxylase®l ¢]3] 44t3}7} = o] (posttranslational modification =X
24) FeH4l fibere] Fx7) <H4g3be ).
- Hypol %<& dauldso] A AL % o] Vet

- Proline
- A4 opu]=4to] ofyt} glutamic acidZ5FE A EH
- g HZA ATPE Fd38he duAdez 283 5 9l
- Serine(Ser, S)
CBollE ANl d3gy) o2 HX4 2
- o] Al g Ay H3 g|BHRl vl go] EAjgic
- A H o R L-Serine2 W@aol oste] Aikxo] Fo) (100t ~ 1,000t/yr)
- Algtoll A& glycine, Cysteine¥ Tryptophan % ©]@] o}n| =43} Sphingolipid, G4+ 52
ATEARZ A8t F, dnd APHol= T3 q3s s
- B2 protease®] FAF-Hol EAGTE TS At} o] FojH| = vl F9le] ofn|At
o]7] % 3}t
- Glutamic acid(Gly, E ; 3841
- FFERe 8] I oju|iibo] T},
RS HIhRol A AAAY FH T,
=E

o
y

L

e
rlo

X

AR 750l T

C e Fule T TS shar k.

- MSG(monosodium glutamate)9} 2<& <4
57| % g}

- FReake 29 GAD(Glutamic acid decarboxylase)ell ¢l8te] GABA7} wHso] Xt}

ez A A7k 9 F0 AR AR

- Glycine(Gly, @)
- Glycine2 FA¢] ©uks = a1 Qlr),
- FA o7 chloroacetic acidell R Uo2NH) S A gletm 24 AAksket, (1,500%F kg/yr)
CABAGEARZA FHHH 3go R FH AE AL
CsE AMR IR, Al Al 9Bt SAAEA ZEla )
- ook APt HrpstRREA oFEo F¥ FE T

e}

S SR, AAAL AFA, FeAAA SAM EFAl(buffering agent) 24 AFE-F AL QT
- 2009dell= 9719 Glycine A7} Bref#], “Arge] #ok2 -5 do] A=

“Panspermia ©|&"& A A|sh= nlgro] At}

- Alanine(Ala, A)
Yl e B2 Wl o] oAl A SHOA 7.8%F AASte] 2AE wo] vlERd).
C el g FrLske] A ofnlst g S FaiA dwbH oR AsbE).
cupEA g g, X A4, T SR T EAUAF ARl WAE Al daE o] Stk
- ZkM 3ol ALT(Alanine aminotransferase)oll €3l Alanine®} d-Ketoglutarate”} Glutamic
acid®} Pyruvate® 35 0] Pyruvate: Glucose® AAYE o] #8072 &2/ @},
CALTE] A¢Fo] wolxd, T8 e $gdol F7hd)
- Valine(Val, V)
- g opn|belm v Aot} T AR PE R AFHE o] Xtk
C A B A FFRso 2R At oY gAE AA AT
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- Citrulline

CAIEERE ghElofo] gute] omE AW Citrullusol A 7] €1 91T
C R GEYols MAdshs 241 Urea cycledl A 3 3t WA =dolth

- ANEEYL Urea cycled] F4] ¥-& F 342l Ornithined} Carbamoyl phosphate 2 H-€] 1+
SoA 7% &, NOQ(Nltrogen Ox1de Synthetase) familyoll 98] ZFvjgo]zl ukg-o] Fak
EZA Arginine . ZHE THEAA] 7| % g},

AV A, A|EE e ;;—5“; Aol 71% 4 Bio-marker® AR5 il itk

CES AEERS S o|$AYE o FE deAa

- Methlonme(Met M)

- WE] 2 Cystein, Carnitine, Taurine, Lecithin, phophatedylcholine®} ©t}& ojg] 21x2
59 A FAAA T3 gAF AER A8

AN AT gle B obw|Ate]lr] wiiEel, HWEled E= HEQWe
AL AFshofoprt gt

- AEI AR HWE QIS Aspartic acid®t Cysteined ETF AF&dhe H2E Esto] g
A ¥ o] M},

CHE oS & A, AR, A, 7], AE A Fol TR SAlS
HhH o] JJr‘”JJr XH’\“ e FHeFo] - H )

5.0
i

!
=z

v

- Leucine(Leu, L)

. jJ/\ o}tx] /\].o]\:]-

. nn;)r n B A olg] 7}H] EAEC od) ¥ EHAO EE At

-Leuuneo 7]— x]ukz/cl _J.Oz/doﬂ}q o]%&]\:].
AgzA k522004 Leucine& Sterol el A&

- Leulle:Val2 2:1:19] H& 2 3 A% 2543 vz zhguka Q)

- Leucines # 9] ¥ FYA7]H, mTOR % =9 %“% Estol FAAAS ATl Hadnt
= Bk 9t

- Phenylalanine(Phe, F)

- HFAoln] F ofn]Abot),

- Phenylalanine& &34 o2 Tylosine - L-DOPA — Dopamine — Norepinephrine
(noradrenaline) — Epinephrine(adrenaline) 5 2.2 #$l%o] Xt} Dopamine, Norepinephrine,
Epinephrine £ Catecholamine®.2 2 &4e#] o}

A &o| A #ldeebd(Phe)S flavonoid A3 34 el A1z EHo)7|% st}

- Ornithine(Orn)
22Yrle] H23E Ve dux &uE G&HoR il grRYole HiES SHAIFY]

ool ot

- r—Aminobutyric acid(GABA)

C AAAGEAZA, GABAE &.—’F o] 49 9gd9o] 2= 504 transmembrane receptor
of Ajtetr 2 A Ho| gl= X ]%H*Oﬂ 288k},

s ol Agtoem QlaA, Sﬂo}z W ClI o]&& Mot e
K" o] &g A% Yoz WA & ion channels EC% UJ%E}

. 0] 2]g 2F8ol| 29]3}e] transmembrane potential(%Fd91zbell 9lo] 115 8HHyperpolarization)

Aol vERA H

. CABA receptor= YA o R F7kx] FE{7F A
GABA4 receptori= Ligand gated ion channel 339 UX-o]m, GABAs receptori=
G-protein®| ]3] ion channele] €] A4} ©3]i= metabotropic receptor(Gprotein—-coupled
receptor)®] t}.

A A FAeE @
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- Isoleucine(le, I)
FTEAA FAEA Kshe 4 ofn|xAtelr)
. N“JJr Ao A 3 FB AT d-Ketoglutarate 258 A2t o] o e]dAS 714 FA o)
oA 3ol <ttt X, TES AFFORE A vk kA o]aFolAlle)S
E”é, T oA SR, o, A=, A Sl wel EAlgt
- Lysine(Lys, K)
R =
- e A o] Lisine Z7]ell Methylation, Acetylation, Ubiguitination 5 ¥ % wWg 14
of #HEE glon, 53 FehalolA Lysylhydroxylaseol 2]8] Lysineo] Hydroxylysine
FHE EAE E gt
- AEF n A& A= aspartic acidZH-E AR,
cARlE FFA 71E 30mg/kg FELE S AFEE AS ﬂ%ﬁ}l Atk
- 9ok(3~ 47H )= 103mg/kg, FoH2W)= 64mg/kgo] &FF Z
- Lysine& $EAFR F23ko] 700,000t 759 A4S &
- Lysine2 2tgjd o2 v|AdE Hg s 53t Aikslar ik

- Histidine(His, H)
C B o mateln] EAEY FHulRgld Fadh AT
- Histidine©] 3]ZE}¥l 0 7 9] ﬂﬂo Histidine decarboxylasedl] 9]} o]Fo]xIt},
C A, APEREFOlA 3] 2~E WS ke AIl ergothioneine o ® A 3E 4 gl
- S AE WS old(Zn) W& ﬁEZ 3~6ul] whE A g}

- Arginine(Arg, R)

B ol tio s 4RI AR o 14 W2l
ND $4E sk o B0 WINE WA & 5 At
CSTIE AZR, AAAR, GRS AA, e, BeE UE S Fad

- Hydroxylysme(Hyl)
- FEEA|glo|Al e vl B x| Fo|u).
CZEYUI golile] FAI(-OH)E &l gl vErTICyE H sk}
. /‘*"5“01]/‘1 B ERAIZEAT} A Fepal Toll A vERH, AdRFoAE YElRdT
- FtskE golld ZEYS EE) iﬂi]'zéfﬂ’ﬂ“i HdE Fehalo] whEojxitt.
- Adiponectin 29| ZeAlA HHo| A= 4709 Lysineol 413}, @3tapgo] dojubw,
Adiponecin®] insulin-sensitizing ‘& 2] =o}x]A =}, (Y. Wang et al.2002)

- Tyrosine(Tyr, T)
CEZA1E e EAEka, ddguhd o2 RE A uellA BAEH AkstA Bele 2714
AR27}F At

ks FriEal B OMAE opdEAeR RiiH, e @ A2 HRAvAd o3 =g
7t Ha g F elmd g e s FRE Rejdc

S E|Ze] BESY A o] WolXa dsto] WeojHw], A% A4 vt Wejn e w9 &
Ak

CERAE W9 7S B $23 AHE SsAI7E S

CERALS AAFER] ¢S FIAY|L, 5K HeE o] gHu, 3o vl Fa
& ety Aa 9A] E2ie] g vtk

- RARE AT AFAE 2829 L-Tyrosine(250mg) Al#= Sk

CETOR FEAE, FHA-TUIE e 3 e $5Feud B, 1% T4 EdERY

A FEE YA, A 7% AR A8, AeAetts, A

ol W&st avrt vk A
A g, AdghAARS A8l a7t vk




@ TLC®} HPLC W3a3E A}

0= oto| 4k
6) Leu, Isoleu, Tyr, Phe
5) Val, Met, GABA

4) Ala, Glu

3) Glu, Cit, Pro, Ser
2) Asn

1) Om, Lys

Fig 25. 3129 f-gjobu| At o3 TLCEA]

Table 40. HPLC #4243

Fig 26. HPLC chromatogram

M.W. | No SierE=g 1 2 8 4 5 6 |[H D
131 1| Hydroxyproline - - - |0.16| - -
105.1| 2 Serine - - 1071 - - -
132.1| 3 Asparagine - 1034 | - - - -
147.1| 4| Glutamic acid - - 10.98|0.38| - -
115.1| 5 Proline - - 1.4 - - -
75.07 | 6 Glycine - - 10.3| - - -
89.09 | 7 Alanine - - 10.33]2.81 - -
175.2 | 8 Citrulline - - 10.20| - - -
117.2] 9 Valine - - - - 1.66 | -
149.2 | 10 Methionine - - - - 103 -
131.2 | 11 Isoleucine - - - - - |2.88
131.2 | 12 Leucine - - - - - |2.02
181.2 | 13 Tyrosine - - - - - 10.55
165.2 | 14| Phenylalanine - - - - - 1.02
103.1| 15 Gaba - - - - 1.1 -
162.2 | 16| Hydroxylysine | 0.23 | 0.35|0.74|0.61]0.79 | 0.45
132.2 | 17 Ornithine 1.01 - - | 0.01 - -
146.2 | 18 Lysine 1.33| - - - - -
155.2 | 19 Histidine 0.76 | - - - - -
147.2 | po| EAMInOoauaNdl | oo 16 07 1 0.09 | 0.06 | 0.09 | 0.08| x

nopropionic acid

Hl 3.43] 0.76| 4.85| 4.02| 3.99| 7.00
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(th) H-otv=Ake] biomaker =& % &g H<l

®

TLC A¥e} HPLCAY % WAy 2y aglm felobneite] 7%

j=i)
=

=

o)

54 EUE gys) 24,

AFLA= o¥ 714 validation biomarkerE =& 3 4= Tt

A A, hydroxylysine?] &&o] AMAELA] 1d H2X], 29 E242
S 22 S 1Ol HollA "M ARSXERE AME-F= hydroxylysine
Steks 5271%9] validation marker® 8% 4 & Ao g A
T UAT

A4, 4871 AYEAHS Bol= ofu|At F tyrosine T GA 2

W EeAd Wol EAEtRREA, 249 HF2A 9 vt AET7|TA
tyrosine?] 9&o] 7y, ¥ HxH3} FHI  IRSUnsulin
Receptor Substrate)f-Axte] TdHF¥ AAS AFS AYSATHA
2A - A o AAste] G e =)

I ELAL tyrosines IRS 2dE wl$ AsHA F=shH 13
9] insulin resistance ¥|S insulin®] sensitived}Al HF-3}=

o4
AT
5 Lol 2Y4E yehdloh

A, 2 ATl ARgE A, 19, 2 HF2Xol A citrulline %
WA AgF EA o, citrullined] thgFet 71548 7EEte] IRS
S

X3 #Eg APS AP A tyrosined H[EF FEOR
a

o] A% RS HESHALAZA AFA FEE AT
ol ol 7Hx 7|ZATEokE Atk 719 E & Aol
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® oA, arginine %2 AAF-SA A AR 1| Z(4.13mg/100g) & A 8FaL
HEeAdde AE AEEA Gk
ol 1ol HeA oA Arg—Orn, Cite 2 A= 8o =
HAEES o3 Zle® oF5o], arginine ¥ A FL2A
validation A X2 &-& & 5 Qv Az7tE.

1d o] A]—E] L

o, rlo

® ARA, FEot Al T Blud H2 kS Holu, AU FH
WA #od3l= proline, alanine, leucine, isoleucine, valine, phenylalanine,
lysine &< EF 1ol H2X oA ¢ B2 dFs HolnzA 52

A= 2 obrlere] waeh @ 5 AT
ol ofuliate] EA s 5L meel ¥ W HeA: ALH
A, AgEE Sol 2 B4 % Aow AzHy
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v} 7]%54 &4 (ornithine, citurulline, GABA 5)¢] bioconversion$ 7+

(1) 7154 =4 (ornithine, citurulline, GABA %)¢| bioconversiondl] tj 3k

AT Y

71’5/ &4 (ornithine, citurulline, GABA)2] bioconversiond] w3t A=
TLC(Thin Layer Chromatography)ell #-83fe] &A1+ g}t

TLCol A&3l7] fAsle] dela Zhzhe] wAES 13402 MRS(Lactobacillus
%), TYE(Bacillus %) 947 wWjAlel 2day &b A vl F th53 o] Enjd 238
Al 100 HE 5 28CAlA 50h widste] TLCEA & AlgE EHlskgith

Table 41. 7] E3hilx] & FHLujx) =4

A A WA 24 /L (&, ZAWAE agar 20g/L A7D
Proteose Peptone No.3 10.0g Ammonium Citrate 2.0g
Beef Extract 10.0g Sodium Acetate 5.0g
MRS Yeast Extract 5.0g Magnesium Sulfate 0.1g
Dextrose 20.0g Manganese Sulrate 0.05g
Polysorbate 80 1.0g Dipotassium Phosphate 2.0g
TIYE Tryptone 1?.0g Sodium chloride 8.0g
Yeast Extract 5.0g
Minimal Glucose 15.0g MgSOy 0.25¢g
Medium KH2PO,4 0.25¢g KCl1 0.12¢g
(%)) Ca(NO3)2 1.0g FeCls trace

Table 42. TLC 248 A& % #FE & Wi 2A@I¢ 294 2 iF=7)

iAE 25 WA 74 Ha

- "
- MRS, MRS+ Arg(0.1%), MRS+ Glu(0.1%) 28°C/50h FH.OO
ANFE Arg @ Arginine

Glu : Glutamic acid
M, M+Arg(0.1%), M+ Glu(0.1%) MRS : AAEg 2ahu
TYE : Bacillus% %
TYE, TYE+Arg(0.1%), TYE+Glu(0.1%) AUk g 32|
M @ FHAH]A]
(Minimal medium)

Bacillus %
- M, M+Arg(0.1%), M+ Glu(0.1%)
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B71eF 22 ARE A oA wgE o7 uf A (sup+ cell / 500ul)=HA] €} 1l
FA(B00u) S FAlEE st e A(sup), AE(celDZE ANEE FHe & 7F 7o) g

M(sup+ cell), ‘&5 MN(sup), *1]+(cell) ’\]E | FrEotr =gt FE8 SvjAdn
(methanol : chloroform : D.W = 12 D 3)7F HEE Smig Atk AEE
vortex mixer® & At I F °J’“Prﬂ(3000rpm 5—r)3}°4 oW FHsho] o
LAHEAE TLC plate(silica Goll 100ul® & g % A7)-&vf(1-butanol : acetic

acid : D.W = 80 : 20 : 200& ©|&3F] A7 st Il & Ao AZRAI7 o
S, ofu|Ake] WHALS. £]3}o] 1% ninhydrin/ethanol &S ZFA|8e] 5% 3 110T
oA 5~10%-37F WkS- Al A TH

(2) Ornithine, citrullline, GABA A& % (bioconversion) 23

Ao A8 AFES T 163790, AN A B #FEIKS 2, LKS
LKS 42, LKS 49, LKS 26, LKS 28)¥ Aol A Helsdd #55 115
(KA 5, KA 8, KA 9, KA 11-2, KA 35, KA 71, KA 94, KA 15, KA 20, KA 21,
KA 24)E°]t}.(Table 43)

Table 43. ornithine, citurulline, GABA A% &4Fd Al8d #F =

Strains Scientific Name Strains Scientific Name
LKS 2 Weissella kimchii KA 71 Pediococcus inopinatus
LKS 42 Weissella koreensis KA 94 Pediococcus pentosaceus
LKS 49 Lactococcus lactis sub sp. LKS 26 Bacillus methylotrophicus
KA 5 Lactobacillus plantarum LKS 28 Bacillus aryabhattai
KA 8 Lactobacillus sakei KA 15 Bacillus megaterium
KA 9 Lactobacillus paraplantarum KA 20 Bacillus megaterium
KA 11-2 Lactobacillus sakei KA 21 Bacillus megaterium
KA 35 Lactobacillus casei KA 24 Bacillus megaterium
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TLC A%l FuAmst Hs EEEA onlwiel FhRe Rige thed 2
oh.(Fig 27.)

HE opH) 14t Rf #
1 Alanine 0.2
2 Threonine 0.2
3 Leucine 0.36
4 Isoleucin 0.34
5 Valine 0.28
6 Methionine 0.29
7 Tyrosine 0.33
8 Tryptophan 0.36
9 Asartic acid 0.14
10 Glutamic acid 0.28
11 Glutamine 0.13
12 Histidine 0.06
13 Lysine 0.05
14 Choline 0
15 Arginine 0.08
16 Ornithine 0.05
17 Citrulline 0.14
18 GABA 0.28

Fig 27, 18% ¥Z& o}n| At TLC A3} (2ug AHA)

(3) 58 biocoversions el A3 Az}

(7h 3 LKS 49(Lactococcus lactis sub. sp.)& MRS(anel), MRS+ Arg(lane2),
MRS+ Glu(lane3)9} 22 E3gu|x]d] A#E F5(Lactococcus lactis LKS49)E HFE
WS W, lane4d(MRS), lane5(MRS+ Arg)9} lane6(MRS+GlwolA Ho] 37t
ol27]d(Arg)e] 100% 2 2UY¥(Orn)S.Z bioconversion(laneb)® = A& &9l 4
AN} (Fig 28-A)

E718 vk A2 A Orns Axy st or wEatsA, Azl 43
A% ZAVEH

Lane7(MRSell LKS 49 #5 HE i &5, lane8(MRS+ Arg 7} wj#]o] LKS
499F AF I Fe D), laned(MRS+Glu ZA7HolAloll LKS49 #5F AEwd 45
Mol A HZzo] wlgFRoz AH3E =UesS dF WE(lanel)dATh. 1Ex
lane10(MRSell ®lF F HAAZ] LKS49 5 HE), lane1 1(MRS+ Arg 8lX] el A Hj

s AAAZ LKS497F AE), lanel2(MRS+Glu H7Fujx]oll A ik & HAHA 71
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T

LKS49u FA )l ol Axue: I=F F45H= A & 5 Ah(Fig
28-A)

Gl SRR AT 2F A9 lanel~12( ¢ a, b, ¢, DEY ARES
25 BalA ol HaiAE Aed AR dav o 2% AaAdAE 100%

pil

AEAS(Arg — Orn)o] o]FoA &= A(laneb)S & = AUt (Fig 28-B)

(W) ¥ KA94 Pediococcus pentosaceus®] 73-%-, MRS(lanel), MRS+ Arg(lane2),
MRS+ Glu(lane3)¢} #2 E3jx|o] AitE #F(Pediococcus pentosaceus KA94)
= AZ 43S v, laned(MRS), lane5(MRS+ Arg)9} lane6(MRS+ Glu)oll A H.50]
A7F Argel A= A3 (Arg—0rn)o] dojual I8 & 5 AATHA-laneb).

E718 vk A2 AAFE Orns AZY st or wEat=A, Azl F43=
A& zAbSFAT

Lane7(MRSell KA 94 5 AFE ®ld 3sd), lane8(MRS+Arg #H7F wx]e] KA
947+ HE WL A5 M), lane9(MRS+Glu H7Hul=lo] KA 94 5 HEMS 45
oA HZZo] Aoz AAFAE SZUHES dFEUE(A-lane8)F = FE
lane10(MRS® W%k & A7 KA94 5 Al3E), lanel1(MRS+ Arg Bl x]ol|A] w
T HAAAZ KAYMFT AE), lanel2(MRS+Glu #H7M Ao A wiF $ Az
KA94stFA )0l A w5zo] Aol B} o] F4(A-lanelDES & 5 AT
TR ERE o, HAwA AR AEH3e] A 100% dolds & F
t}.(B-lane5)(Fig 29).

==
o2 &L

Y0 Mo Y

(th) ¥+ LKS28 Bacillus aryabhattai®]l 73%- Fig 25014 Hol F5o]
TYE(lanel), TYE+Arg(lane2), TYE+Glu(lane3)9t & Hghujxlo] e 5
(Bacillus — aryabhattai 1KS28)% A& § 50h #YgdS w, laned(TYE),
lane5(TYE+ Arg)¢} lane6(TYE+ Glwell 4 vhebed npe} o] Hatujxlol X &%
o] ko] M oFstgl Ok (A-laneb), "9~ SHolstAl HiujR|oA AEHAF O] wje-

dogs & 4 AAMTH(B-laneb)(Fig 30)

(8h) #F KA 21 Bacillus megaterium I} KA24 Bacillus megaterium® 73%-
Fig26, Fig27°14 X F=%9] TYE(anel), TYE+Arg(lane2), TYE+ Glu(lane3)$} 7
& BatuAo] MeE FF(Bacillus megaterium KA21/24)E FE widiS o,
lane4(TYE), lane5(TYE+Arg)®} lane6(TYE+ Glwoll A H5zo] EH3tux]elA= A EZo]
FH(A-lanel D1 A A A AEHAEHB0%C] )0l &kaslA %13 (B-laneb) =
A& = T ASAHFig 31, 32).
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olel g AT S AF A 7149 A

® 0}37]5(Arg)—>9_§@%(0rn)9_i9] Agﬁ:?;}%_ HHZ]% @'HHX] ‘:H),\_]_ X{H]% ‘%1311
BiA(1008] o)A A=)E A + A

@ T3 A Arg—0rn) B&% HFu]A] ZXEA, LKS 499 KA 94759 45
Hu A= 100% A E8S HolmgA Au|g-ugi 34E AFs3it

@ WA w5 (Lactococcus lactis LKS49, Pediococcus pentosaceus KA94,
Bacillus aryabhattai LKS28 Bacillus megaterium KA 21/KA 24)5 =} E4Jo] A}
%5 (Arg—0rn), #8497H83ks, 0885 5 g 7158 THHEEA vF
sk Hmﬂ(*}» HAEAA, BEHE, AdA, sPEE, 2, %%, FHRAA )
o= 240] HO 8381t}

=, Sas uggH YA Arg—0m)egS s An8-Ha
Aol M A E-3E UH% g Jfﬂ DAY EEYS HEhd A A S85HelA

A A AH3(Arg—0rn)e] 100% ©]Fo] AuaA HE =2
] N

AR A=l 17k 7154 LEU”ROm)S e fGA 284
S
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Table 44. Fig 23, 249 A E(FE ol =

A48 TLCA & Wg=3)

%9 | Lane No. ) R =4 mEFEza H]3
Lane 1 MRS Hf=]
Lane 2 MRS+ Arg(0.1%) 71 #] qE A 1] 4] 9] oK
Lane 3 MRS+ Glu(0.1%) #7}sl=]
Lane 4 MRS 1} #] I
- Ho T sup(H &35 )
Lane 5 MRS+ Arg(0.1%) 2 7HilA] (% LKS 49 EE=KA + Call(A%)
. 2 28CellA 50h wi<k el A
R Lane 6 MRS+ Glu(0.19) @7k | 24F 28T I
Lane 7 MRS HjA] Nz B
Ho T
Lane 8 MRS+ Arg(0.1%) 718 A) (75 LKS 49 ®=EKA | sup( 5o
. = ol A 50h H%F
Lane 9 MRS+ Glu(0.19) @7k | 24F 28T I
Lane 10 | MRS #]# a5
Ho T
Lane 11 | MRS+ Arg(0.1%) #H71l=] (3% LKS 49 EEKA cell(AE)
. Z 28Tl 50h ®j%F
Lane 12 | MRS+ Glu(0.19) A7z | J4F 28CA I
Lane 1 M =]
Lane 2 M+ Arg(0.1%) 37} HqE A Hl] 4] ] oK
Lane 3 M+ Glu(0.1%) % 7Fuf#]
Lane 4 M HjA] = 3
e ¥ sup(M FFSe1)
Lane 5 M+ Arg(0.1%) 271l (% LKS 49 EEKA + CellAE)
. 4% 28Co|A 50h wljok el A
Lane 6 M+ Glu(0.1%) A7« Y I I
B
Lane 7 M A qx 5
Lane 8 M+ Arg(0.1%) F 71X (75 LKS 49 =EKA | sup(Hl 359
. 4Z 28TolA 50h Wl
Lane 9 M+ Glu(0.1%) A7« Y I I
Lane 10 M HjA] e
Lane 11 | M+Arg(0.1%) 271l (3% LKS 49 EEKA cell(AE)
. Z 28Tl 50h ®j%¥F
Lane 12 | M+Glu(0.1%) # 7k~ s " "
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<LKS 49 Lactococcus lactis sub sp.9] bioconversion>

M 12 3 45 6 7 8 9 10 11 12

GABA

Cit

Arg
Orn

a: MRS only b:cell+sup c: sup d: cell

M 12 3 45 6 7 8 9 10 11 12

Bla b c d
GABA —-
Cit —
_Arg | o Orn Orn
Arg s
Orn IJ
a:Mmonly b:cell+sup c:sup d: cell

Fig 28. TLC chromatograms of amino acid profiles

A! on complex medium, B: on minimal medium
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<KA 94 Pediococcus pentosaceus® bioconversion>

M 12 3 45 6 78 9 10 11 12

Ala b . C d
Lol W et riln S
GABA —§
" o |
Cit —3 . = RS
Arg OFA OFA OFR
Orn
a: MRS only b: cell+sup c:sup d: cell
M 1 2 3 45 6 78 9 10 11 12
B la b c d
GABA —
Cit — a
Arg OFA OFA OFA
Orn
a: Mmonly b: cell+sup c:sup d: cell

Fig 29. TLC chromatograms of amino acid profiles

A! on complex medium, B: on minimal medium
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Table 45. Fig 25, 26, 279 AW E(fFEor =2t £48 TLCAIE #jdx=A)

%9 | Lane No. =) Z2A wF=A 1A
Lane 1 TYE #j#|
Lane 2 TYE+Arg(0.1%) 3 71HA] qE A 1] 4] ] oH
Lane 3 TYE+ Glu(0.1%) H7FajA)
Lane 4 TYE A "z &
- . (3£ LKS 28 Ei= sup(Hl 35 H)
£ . A 7puf %
Lane 5 TYE+ Arg(0.1%) % 7}H)1A) KA21/24-S + Cell(A1E)
A Lane 6 TYE+Glu(0.1%) 7} 28T~ 50h Hi<d)
Lane 7 TYE A HE 5
- (3£ LKS 28 Ei=
] 7}l < v OF AR
Lane 8 TYE+ Arg(0.1%) % 71H)1A) KA21/24-5 sup(Hl 5o
Lane 9 TYE+Glu(0.1%) %7}l =] 28T~ 50h Hi<d)
Lane 10 TYE A Nz &
- (¢ LKS 28 =+ _
] 7}l < ~ell(A) 3
Lane 11 TYE+ Arg(0.1%) % 7}H)1A) KA21/24-5 cell(A )
Lane 12 | TYE+Glu(0.1%) 714 28T~ 50h Hi<d)
Lane 1 M =]
Lane 2 M+ Arg(0.1%) 37k qE A 1] 4] 2] oH
Lane 3 M+ Glu(0.1%) % 7Fuf %]
Lane 4 M A HE 5
- . (3£ LKS 28 Ei= sup(Hl 35 H)
£ . ] 71 e A
Lane 5 M+ Arg(0.1%) %7k KA21/245 + Coll(A1E)
Lane 6 M+ Glu(0.1%) % 7} ] 28T~ 50h Hi<d)
B
Lane 7 M HjA] HE &
. 15 LKS 28 Ei= <
Lane 8 M+ Arg(0.1%) H7H)=] (LTKA21/24E sup(W] A4S o)
Lane 9 M+ Glu(0.1%) % 7} ) 28T~ 50h Hl<d)
Lane 10 M HjA HE 5
N s EE _
Lane 11 | M+Arg(0.1%) A7HA (LTKZL“SFQZAISE cell(A1 )
Lane 12 M+ Glu(0.1%) 7 7Fuf %] 28T~ 50h Hi<d)
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<LKS 28 Bacillus aryabhattai®] bioconversion>

M 1 2 3

78 9 10 11 12

A

a

S

4 5 b6
b

d

a:TYEonly b: cell+sup

4 5 6

d: cell

78 9 10 11 12

d

Fig 30. TLC chromatograms of amino acid profiles

a: Mm only b: cell+sup

A! on complex medium, B: on minimal medium
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<KA 21 Bacillus megaterium® bioconversion>

M 1 2 3 4 5 6 7 8 9 10 11 12
A la b T— d
e e G
GABA —¢
o e Arg —_ S = —
Arg L.Trn VT AT
Orn R | e
a:TYEonly b:cell+sup c:sup d:cell
M 1 2 3 4 5 6 7 8 9 10 11 12
B a b lo d
GABA —¢
Gt —p —Arg] Orn GOin Orn
Arg — ot T =
Orn
a:M.monly b: cell+sup c:sup d: cell

Fig 31. TLC chromatograms of amino acid profiles

A! on complex medium, B: on minimal medium
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<KA 24 Bacillus megaterium® bioconversion>

M 1 2 3

4 5 6

78 9 10 11 12

GABA —¢
cit —14 @
rg Orn Orn Orn
Arg
Orn el i
a:TYEonly b: cell+sup c:sup d: cell
M 1 2 3 45 6 78 9 10 11 12
B a b c d
GABA
Cit o
Arg _| Arg Orn Orn Orn
Orn — - -

a:M.monly b: cell+sup

c:sup

Fig 32. TLC chromatograms of amino acid profiles

A! on complex medium, B: on minimal medium

- 108 -

d: cell



6) g7 EZ 4

w
i

o

wjr

e

i

P

- 109 -



7 AW AgFe ¥s A7

7h AWAEE A

Mouse #We2] Genomic DNA extraction, PCR (Barcode tagging PCR),
Purification, Quantification, Pyrosequencing

Pyrosequencings 19961 7=l o™, dideoxynucleotide®] chain terminations ©]-88h=
Sanger sequencing¥ TFE7] AMEL DNAAFZO] nucleotide’t ZAdE w) WojA =
pyrophosphates  1Agte]  A7IAEES FA%t;. Roche 454 Life  scienceel &%
pyrosequencing platforme ©]-&3} 31t}

Pyrosequencing< 47}A] &4-21 DNA polymerase, sulfurylaseluciferase, apyrases2lenzyme
cascadeZ ©]-&3F Wi olt}. Double stranded DNAYE HZ7lxolgteo] |4 fragmentation® o]
Atk ZA#3 fragment®] Y% #oll amplification ¥ sequencinge =9 adaptor ABE #9!
t}. 42 o] DNA libraryel DNA capture beadE 41°]Ftl. DNA capture bead ‘o= adaptor
o] ARG} AHAQ primer7t 2% s o] OB E DNA fragmentE beadel Z¥stA®TH
¥ emPCRE %3] amplification ¥, plate?] Z welld 3 7N <] bead?t 91 47}A &xst 37

o7kl €t
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B ARATE B % Fulw G5 A FE 4
() AUAFE B4 2 Fulwr G5 B A A 49T

WAL F 24 58 2AE) 98ty 7

o] 57HA(G1~ GS)/\E1 o

mlo
:\9
L
oAE
rE
:)Il__ntl
j}ﬂ
10
ot
=
)

G2

Fig 33. FUiAdE 4 4 3t 5% 4% 948 8A 4FT

G1: Standard diet, G2: High Fat Diet, (HFD: standard diet w/ lard),

G3: 2t /\J 524 AT, 3nke]e HFD+ A 524,

G4: 2vte]E 1ERSA, 3vteE HFD+ 19 524], G5: 2rte]e 29524, 3vte]= HFD+24d 524

olEde) G 5 AL ol AT E gk A, 5o
(G3, G4, GHEL A R 79
HEAE AHEA e AYTGAME L EgE

EN e >
I

M x wo
=) F-Ll

o 9

O

B 52AE FAll AF(GS, 4, 5T B dHT &

_E,
N
—-

Group 1 Giroup 2 Group 3 Group 4 Giroup 5

";ﬁu fwﬁd \v”'*v K4l ”J

Fig 34. #o|xzd m& 57§ AFTe vt a5 43 23
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o FHAEEY] ¥ 2423 (pyrosequencing)
(1) Az ¥ Genomic DNA extraction

Aol EWE day 574 IFEE FES AFHSAT. AFAT RS AP
&3 W7hx -80TCel ®#sETh WS "t 1X PBS (pH7.2)ell FolA A
W 1X PBS (H 7.2)% Ab83te] ODgoe:0.8~1.00.2 3 48k3lal, G-spin™
genomic DNA extraction kit for bacteria (Intron, Korea)E A}83}9] genomic
DNAE F&3}3th. WM %3 DNA sampleS pyrosequencing< 93 o}f<]
FH I o] AFE-EFiTh

].

(2) Polymerase Chain Reaction (PCR)

=

Day 57 #9 sampleol| ] %3} genomic DNAE pyrosequencing $3h
23 barcode tagging PCRS ¢ a&4do7 A3slr] ¢Js] HA test PCRS
Aot EWe xFE de TS MAEES 16S RNA V3 region genes
9 HH 27f, 518r primer (Bioneer, Korea)S AF&3}3th. Primer?] 7]
} 2

N
2 oy AN
1e e o

® g

e

7]
o}

dlo

27f GAGTTTGATCMTGGCTCAG
518r WITACCGCGGCTGCTGG

PCR mixture®] 42 tha3 #th 0.2540 1-Taq polymerase 5U/u (Intron,
Korea), 5u¢ 10X PCR buffer with MgCly (Inton, Korea), 1xf 10mM dNTPs
(2.5mM each, Intron, Korea), 140 50pM 27f primer, 140 50pM 518r primer, 2u{
template DNAES #7}sta Ed3 TDW=Z AA ETES 507 A 253
Thermocycle  94ColA 583t  pre-denaturationstal, 94 Cell A 305_{}
denaturation, 55Cel|A] 45%%} annealing, 72Col4 1% 30%3} extensions 203
HkE - 72°Co A 78%F final extensiond}$ith. PCR productsi 1% agarose gel
(Seakem GTG agarose, FMC bioproducts, Rockland, ME USA)¥} 1X TAE buffer
& o]&3te] A7YF (100V, 30+%) § %, 2027t EtBrZ 4A3la 37 A2 3o
bandg& &3t
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(7B 10X TAE buffer

TAE buffert ol#le] A2 uwrso] 7lgt Z7] "#(1217TC, 1.27]¢, 158
sle] A}83}9th. TAE buffer:s 10XE 9H50] AML3F wjult} TDWE o] €3}o] 1X
2 g45to] A&

Tris base 48.4g
Glacial acetic acid 11.4ml
0.5M EDTA (pH 8.0) 20ml
TDW 1L

(\}) TE buffer

TE buffer= olgle] Ao 2 WEo] 7l9F =7 WF(121°C, 1.27]1%, 15%) 3}
o] A}8-3l9t}. TE buffer: primerE 3]sk u] AF&-3}9it)

1M Tris-HCl (pH7.6) 1ml
0.5M EDTA 201
D.W 100ml

(th) 5X Native sample loading buffer

rroxe

5X Native sample loading buffer o}gfe] AR 10mlS e AME3)
t}. Bromophenol bluet= 1ml 1X PBSel 0.1g& # xo] H7beilal, HEs
60mM Tris-HCI(pH6.8), 25% Glycerol, 2% SDS, 5% B-mercaptoethanol, 0.1%
Bromophenol blue7} =% wH5o] PCRS 433 DNA samples 1% agarose gel
oA H71dE & W A&t

T =
g

1M Tris-HCl (pH6.8) 0.6ml
50% Glycerol 5ml
10% SDS 2ml
B-mercaptoethanol 0.5ml
Bromophenol blue 1ml
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(3) Sequencingg 9|3 AR 9] FH]

(7}) Barcode tagging PCR

Barcode tagging PCR 7|9 27f, 518r primer ©Xl 27f, 518r primer
sequence ol 6709 nucleotide® ©]FoX  barcode sequence$t 271¢]
nucleotide® ©]5F°]% adapter link sequenceE® #9F°] TE barcode tagged
primers A&3te] 73 h(Table 2). Barcode tagging PCRE& AF 9] oA =
3% template DNA®] pyrosequencings F&3l7] ¢3¢t FH|HAHOE sequencing
o A¥E aFERE FEE F U T d7] AE Ase A4S HEH &
t}. Barcode tagging PCROIA A}-&-3}+= primerol %7}8}= adapter link sequence
= bacterial 16S RNA V3 region gene sequence®} H3 thE A7|= o] Fo]A]
glojok 3l sequencing ¥ barcode$} target gene?| sequenced TEE F UA
AFe IS 3 oW 7] AE B4 adenine (A) I cytosine (C) E71E
o]-&&t3itt.

Barcode tagging PCR mixture®] FAS o3 #th 025 I1-Taq
polymerase 5U/ul (Intron, Korea), 5uf 10X PCR buffer with MgCly (Intron,
Korea), 10 10mM dNTPs(2.5mM each, Intron, Korea), 1ul 50pM 27f barcode
tagged primer, 1x¢ 50pM 518r barcode tagged primer, 240 template DNAE #
7betal Hdd TDW=2 A E3ES 50w7F HA 930t} Thermocycle 94T
oA 583t pre-denatureationd}il, 94ColA4 30%3%} denaturation, 55ColA 45%
7} annealing, 72CelA 1% 30%7%t extensions 203] WHg 72TColA 787} final
extensiond}$1t}h. PCR productsi= 1% agarose gel (Seakem GTG agarose, FMC
bioproducts, Rockland, ME USA)¥ 1X TAE bufferE o]&3}o] #7195 (100V,
30%) 3 F, 2087t EBrz gAsta 383 A# sl bands #EESIT

Table 46. List of PCR primers for pyrosequencing with barcode

Barcode 271/518r
TCATCG TCATCGACGAGTTTGATCMTGGCTCAG
TCATCGACWTTACCGCGGCTGCTGG
GAGTACACGAGTTTGATCMTGGCTCAG
GAGTAC GAGTACACWTTACCGCGGCTGCTGG
TAGCACACGAGTTTGATCMTGGCTCAG
TAGCAC TAGCACACWTTACCGCGGCTGCTGG
ACAGTG ACAGTGACGAGTTTGATCMTGGCTCAG
ACAGTGACWTTACCGCGGCTGCTGG
CACATGACGAGTTTGATCMTGGCTCAG
CACATG CACATGACWTTACCGCGGCTGCTGG
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(W) Purification

PCR product® PCR quick-spin™ PCR product purification kit (Intron,
Korea)s o]&3te] AA & FF3ITh 1% agarose gel (Seakem GTG agarose,
FMC bioproducts Rockland, ME USA)¥} 1X TAE bufferE o]&3ste] A7|9F
(100V, 30%) 3 % | 207 EtBr2 9|43le] bands #+2aksic).

(t}h) Quantification

AA PCR producte] A2 fluorometer (TBS-38, Turner Biosystems,
USA)E o]&3t FTFE=ZA A=, AH83t dyet picogreen (PicoGreen
dsDNA Quantitation kit (MOP-P-11496))°]t}. A% 5 Z} sample®] DNAYS
250ng o8 $AaA @ H, Heusn =AW IeEEs]s)Y (NICEM)O < =8
o] Roche 454_GS_FLX (Roche, Germany)® sequencings 4333t}
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& FRARE A2

WA F%3 bacterial 16s rRNA F2xe] A7|MdE XS %3 fecal
microbiome #3#2] W3S EA% A} standard diet?r A|F3d 15°]u high fat
diet¥t AFg 25 H3 H2AE 7§:rL Folgk aFdA 2A4¥ sequenced] F7}

o Wt

r—{u:

Sequence datas phylum level® #2413 Z3} high fat dietES A|&3%F group?
+ standard dietZ <l grouplol H|8] fecal microbiome®lA] Bacteroidetes”} =}
A3l Firmicutes?] W& S7FdsE RS Q39T o]

3 ol group3, 4, 5 group2°| H|d] Bacteroidetest® H53d}aL
Firmicutes® 43t}

High fat diet AFH ol <98 =% #®|we] A3} bacteroidetest FA3dtal
Fermicutes= %7}sFo] W&l # 9+=dl (Turnbaugh et al, 2006), 2]+ high fat
dietol] 9J38] =% H| W] 2]3F fecal microbiome #X2] F-A Al W3S A

2 B AL Slag,

Olt

Table 47. Summary of reads from pyrosequencing for exploring microbial
community structures in the mouse fecal samples after sequence trimming
and assembly.

groupl group?2 group3 group4 groups

number of sequences 6638 6475 7153 8658 9406

number of contigs 4933 4237 4018 6568 7104
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Table 48. The number of identified phyla from the fecal microbiome

Name of phyla Groupl Group2 Group3 Group4 Groupb
Firmicutes 4142 4713 4294 5044 5990
Bacteroidetes 2152 1511 2531 2881 3235
Verrucomicrobia 190 73 17 259 23
Tenericutes 29 56 109 233 11
Proteobacteria 76 35 50 82 76
Bacteria_unclassified 23 20 66 68 14
Actinobacteria 19 55 44 43 25
TM7x 6 1 38 38 9
Cyanobacteria 0 0 0 3 11
Acidobacteria 1 6 1 4 2
Deferribacteres 0 1 0 0 10
Chloroflexi 0 2 1 1 0
Lentisphaerae 0 0 0 2 0
Planctomycetes 0 0 2 0 0
TM6# 0 1 0 0 0
Nitrospirae 0 1 0 0 0

*TM6 and 7 is belonged to Candidatus_uncultured.
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Table 49. The percentage of identified phyla from the fecal microbiome

Name of phyla Groupl Group?2 Group3 Group4 Group5
Firmicutes 62.40 72.79 60.03 58.26 63.68
Bacteroidetes 3242 23.34 35.38 33.28 34.39
Verrucomicrobia 2.86 113 0.24 2.99 0.24
Tenericutes 0.44 0.86 1.52 2.69 0.12
Proteobacteria 114 0.54 0.70 0.95 0381
Bacteria_unclassified 0.35 031 092 0.79 0.15
Actinobacteria 0.29 0.85 0.62 0.50 0.27
T™M7* 0.09 0.02 0.53 0.44 0.10
Cyanobacteria 0.00 0.00 0.00 0.03 0.12
Acidobacteria 0.02 0.09 0.01 0.05 0.02
Deferribacteres 0.00 0.02 0.00 0.00 011
Chloroflexi 0.00 0.03 0.01 0.01 0.00
Lentisphaerae 0.00 0.00 0.00 0.02 0.00
Planctomycetes 0.00 0.00 0.03 0.00 0.00
T™M6* 0.00 0.02 0.00 0.00 0.00
Nitrospirae 0.00 0.02 0.00 0.00 0.00

@ 100% Nitrospirae

g 90% T™E*

< BO%

ped 70% + Planctomycetes

g g _

w 2 60% - Lentisphaerae

E %. 50% 1 ® Chloroflexi

=]

- Sl B B Deferribacteres

" 30% _ _

- 20% B Acidobacteria

E 10% ~ mCyanobacteria
0% B TM7*
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Table 50. The percentage of most abundant identified phyla and its ratio

Groupl Group?2 Group3 Group4 Group5
. . HFDwith 2
STD HFD HFD with Al HFDwith 14 »
Firmicutes (%) 62.40 72.79 60.03 58.26 63.68
Bacteroidetes (%) 3242 23.34 35.38 33.28 34.39
Firmicutes
. 192 312 170 175 1.85
/Bacteroidetes
35
2
2 3
3
2 25
.
B g
2
Z 15 1
L=}
8 4
3
3 05
Groupl Group2 Group3 Groupd Groups
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Fig 35. E43F 349 =43

A o]t (Table 51~54, Fig 35~39).



(D) TH3F &

Table 51. TdHF

i=]
A

Box] AuYE BA ARE

=2
Kissy
B C
T 87.9 88.1
A 0.3 04
Rk 18 18
A 31 32
@kE 6.9 6.5
“e 27 22
Fructose 01 01
Glucose 192 13
Maltose
SE3pAHF
EPA
DHA
A AAEL2AQ2T), B: HEF F 24h(28T), C: HE ¥

48h(2°C), I :

% 1m(27C)
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48h(28°C),
2C), E: A4 %%X] 24h(270), F : AMELA] 48h(27C), G @ AAEFLSA 1m(2T), H :

Eat N
#/100g ChlorOf‘;;_gethanol
&/100g Kieldahl
/100g ﬂiz—f}ﬁ?
g/100g ﬁ%zggoon
/100g i]Zii](;(gn)
2/100g ‘*Z‘\dj(z;(gn)
2/100g ‘*‘;zj(;(gn)
/100g *4‘*‘;:2(;(;)1)
o | e
mg/100g ‘Xi 5(}2;%1)
D: A% ¥ Im(48h ¥
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6. TEHT F2A e &
il B
F:

w

AAFL2(270),
o] 24h(2C),
% 1m(2T)

HE F 24n(28C), C: HEF
524 48h(2C), G & 4l
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(2) TEHFT 524 F71E 4

Table 52. FAHFT 52X (9] : mg/100g)

aa 1000

EEEE
kisy Ay
A B Cc D E F G H I
ICP-AES
Ca 32.1 349 345 | 326 38.3 344 37.0 | 359 33.7 =
=owH
ICP-AES
Na 735.2 | 804.9 814.4 803.1 | 941.7 785.1 886.7 | 797.2 781.5 =
=owH
ICP-AES
P 50.6 | 49.9 49.3 49.0 | 44.6 451 447 | 447 431 =
=0 wH
ICP-AES
Zn 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.3 =
=owH
ICP-AES
Fe 0.7 0.6 0.7 0.5 0.7 0.9 0.6 0.6 0.6 =
=owH
ICP-AES
Mg 19.3 20.3 208 @ 20.3 20.8 19.7  20.6 18.7 18.7 =
=TowH
A AMELSA(2TC), B: AT F 24h(287C), C: HF F 48h(28C), D : HF F 1m(2C), E :
AAELA] 24h(2°C), F @ AIHAEF2A] 48h(2T), G : A EHESA 1m(2T), H : HF §F 48hn(2T), I :
HE F 1m(20)
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Fig 37. AF5E2A Fr1&
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Fe

2423 ad=z,
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(3) TEHFT H2A AR 4

Table 53. TTHFT 524 AL #4 25 %

A% 100g F=9¥)(%)

T 3}3H4] A FAH D ¥EE) AEy
D G I
C12:0 #+-9- 2 2H(Lauric acid) 0.2 0.2 0.2
C14:0 ) 2] 2 B2 Myristic acid) 1.0 0.9 1.0
C16:0 =hu) E4H(Palmitic acid) 16.3 16.8 17.0
w3 Cl180 22Ho} 2 2KStearic acid) 2.4 2.4 25
AW 2010 o}@k) =K Arachidic acid) 0.4 0.4 0.4
C22:0 Wl @ AHBehenic acid) 0.4 0.4 0.4
C24:0 gax=A24HLignoceric acid) 0.4 0.6 0.6
E3A R A 21.1 21.7 22.1
Cl4:1  mel2=% 82 Myristileic acid) 0.1 0.1 0.1
Cl6:1  ZwE# 4 HPalmitoleic acid) 0.6 0.6 0.6
L AOAC
C18:1 %82 (Oleic acid) 11.0 11.3 11.3 o
Official
C18:2 2]z 84K Linoleic acid) 58.1 54.9 55.8 Method
C18:3 2= #4HLinoleic acid) 8.3 10.3 9.2 963.22
B¥s
;:i C20:1 7+=& 84K Gadoleic acid) 0.1 0.1 0.1
o of o] AT of 122k
C20:2 ) A 0.1 0.1 0.1
(Eicosadienoic acid)
C22.6 EPA 0.1 0.1 0.1
C24.1 DHA 0.1 0.1 0.1

HE g 34 =4t
C24:1 . 0.3 0.4 0.4
(Tetracosaenoic acid)

EIA WAL A 78.8 78.0 77.8

g

Unknown 0.1 0.3 0.1

A 100.0 100.0 100.0

CAMELSA(2T), B: HE F 24h(28T), C: HF F 48h(28C), D : HF F 1m(2C), E :
MELA] 24h(27C), F 1 AAEL] 48h(27C), G : AAELA] 1m(2C), H : AF F 48h(2T), 1 :

% ¥ 1m(2T)

x:ii [P
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(20C), E:

Fig 38. 7 HF ELX A4 &4 Ay
b 1m
e T 48h(27C), 1
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% % 48n(28%C), D: AE ¥
2] 48h(2°C), G @ A4 g
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125 -



Aokl xst

Aspartic
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Threonine

Serine

Glutamin
acid

Proline

Glycine

Alanine

Valine

Methionine

Isoleucine

Leucine

Tyrosine

Phenyl

alanine

Lysine

A

Derived
by
ninhydrin
HPLC
analytical
method

Histidine

Arginine B2AS

Total 1,274.0 1,291.6
AT AAELX(2T), B HE F 24h(287C), C: HF F 48h(28T), D : AF §F 1m(20C), E :
AMFL2A] 24h(27C), F @ AHAEFL2A] 48h(27C), G : AHAELSA 1m((2T), H @ HF F 48h(2T), 1 :
A% F 1m20)
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A AMELX(2T), B: HF F 24h(28T), C: HF F 48h(28T), D : HF F 1m(20C), E :
F o AAELA 48h(27C), G @ AXAELA 1m(27), H : AF F 48h(270), 1 :
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2. Ao ATHLSH « FAAFH HIBY FHAT

7hH HEAE FH) A e
« Aol AFE3E AGAHES Raw 264.7 AlEZFT mouse macrophage cell®
DMEMel 10%<2] FBS®} 1%<] penicillin (100 U/ml), streptomycin (100
U/mD& ¥olA 37 °C, 5% COz Z7olA mjE ALt

W) 5279 AxH G- Agdd o A% 2 A3
o7 wjoks sz Raw2647 Ao H&AE FT/HE, w54,
5 o8 X A¥zAom o] &

(1) LPSll 97k fA5Rbs fricoll thall 5249 53 WAzt e &

Z]12d), =¥ (10, 100, 1000pg/ml)
I 3AIZF Zo] harvestd™, mRNA
JL-6)°] tha] RT-PCRS X33}t
10pg/mé, 100zg/me, 1000ug/mee] H2A AN 8E 27 AHglelal 5t Fo 9%
WSS A7) $18] LPSE 1A ZFEE A2lste] harveststith o= A &
2 A8E RT-PCRS &3 cytokined #&d& 3913t A3} Fig 4004 RH&
ukel o] control (LPS A@)el Bla]l A 2 (1mg/m)olA IL-1B9]
o] 35% #hadk whH, IL-69F TNFa®| 7HAS wn|8ait).

5 FHEIAA, 2214, &
% 5% HAAEE ¥, LPS (lug/mhE
= extractiond}®] cytokineE(TNFa,IL-

5 ot rlo

Fresh Kimchi 1—vecar—maturcd Z—vcar—maturcd
1000 10 100 1000 1000 10 100 1000 1000 10 100 1000 sa/me
B C i
0.3 aTNFa
T na AlL-1b
mchi =
T 07
alL-6
‘ Pre-tretment Z G
% ns
U
E os
! 0.z
i
| | | P |
5 min T 1 hour 1 LPS - * hd
Control 2 year
matured
Clms/mid

Fig 40. LPSell 2§ Cytokine &3 Z7ld tdl], H2A2 &4 58 AA&E30S +,
B wxd Wy iz
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(2) LPSoll 2J%+ cytokine && F 7o ths] E2x]9] 1A17F A e a3

5oz o] AAE AZES 54 1A 3AEe R, AAHE FEE Img/ml

Smg/mlz Z7bA71 F LPSE 147k Hedn mRNAE FE3ho]
cytokineEe°l ts] RT-PCRS 183}t

ARG TR AYAEE FVHAAS W, TNFq, IL-16, IL-69] H3dZFS g
stlth sxo] wE WskE 2] 9a 1lng/mey} Smg/mle] HSAE ZH7E A
3L, AxeE Az WskE ®B7] 93 o] del 53 A Ed As 1At
7} 3AIZke. 2 RSt Mgtk Fig 41004 Rz upe) o], Hexe] A
A =Y A7) S7FEIE cytokined] WE O] AhdhE EGS Holx| &
ki, 238 IL-189 A g-elle= F24 Ao s wdgFo| Srtste 4FA
S Btk AW Img/me TEE IAESH 5eXE AAYI}RS o,
IL-69] gdze 52x1d, 51 2d Ao 27 87%% 97%= &7
A A Wi, [L-189] HdHe 58 AXIS u Bd Axs}

2012 Jan 1;17(1):e56-62)2} L A38l= Wj-go|t}.

A Fresh Kimchi 1-year—-matured 2—year—-matured
1 1 3 1 1 3 1 1 3 pretreat(h)
1 1 5 1 1 1 5 1 1 1 5 1 mg/me
ps - + & - * - = - ¥ - - - 3 -
TNFa
IL-1B
IL-6
GAPDH
B &

aTNFa

1 giL-1b
] 2lL-6
| ‘

|

Kimchi
Pre-treat!

0
| | | | | LPS - + + + +

!
1 hour 1 hour 1 hour 1 hour Control Fresh  1year 2year

P
e——
S
mRNA level
coo
~w
i

Fig 41. LPSel 93 Cytokine ©d ZF7lol] ths] E2x9 AAE A7 5%
JINRE W, 4@ A3
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Aol 2]k cytokine HE A &}
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B S 7RSS W, TNFa, IL-18, IL-62] 23
% a2 Folatgdnh. lmg/mo Bex AR 1A7HEF AA s To], LPS
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K 3] harvestdti, 1 A|EE A
RT-PCRS &3] cytokine?] &S 3Istit).

¢
i
d

Fig 4200415k 2ol LPSE 6413t AAs9e wl, 713 F& 4
W, LPSE 6417t Alat ARES WIS o, TNFaol
A& AALHAL ) oF =

=

U IL-1BoAE 1

A Fresh Kimchi 1-vear—matured 2—year—matured
1 6 1 3 6 1 3 6 1 3 6 cotreat(h)
LPS - + + + + + + + + + + +
TNFa
IL-1B
IL-6
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1
B c =TNFa
BiL-1b
Kimchi glL-5
Pre-treat| T 3
LPS 2
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b4
i
E
| | | | |
1 hour 1 hour I 2 hours |3 hours I toenuol Brmsh ) yer Soean

Fig 42. LPSE A2 A4 L del 524 Azlel B cytokine st

- 130 -



(4) LPSoll 2J3F cytokine A4

o HYPES A 52A ARE lug/meo

£ 6AZHEE A7 3te] harvestd W,

Huck wEhA olejdt 2o ELISAS

a, IL-2, IL-4, IL-5, IL-6, IL-10, IL-17,
screening s}t

*+ Fig 439} o], LPSel| €3 TNFa #H|7} E2X

zo@ ZhaEE= AL AT 5 9= FH

A 30000

25000
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Production of Cytokines
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na
2
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Zotel thel HeA el oA &

FER N AR 7,

IFNy, GM-CSF)¢]

3}

LPS

b FEe g ayvF JEpES 4
238} 107}A cytokine (TNFa, IL-1

WA ol

Al Al ofa) Ao drt

A = A=, [L-1Be] vl 54 Al
os & W3} gl A Bolvh

+ + + +

Fresh 1 year 2 year

TNFo IL-6

Production of Cytokines
(pg/ml)

Lps - R
Fig 43. &%) A& ©& cytokine A% W3} screening
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(7) 29 B2Ad EAlshs 224", AEE, GABA A ¢ Jdast
c2d Fe&Ao gfEY JdE 71A oM =AE<Q L-Ornithine, L-Citrulline,
GABAE9°| cytokine @& Alaye] <1 EZ9l

Raw264.7 A3 1mg/ml2 z}zke] 48 1417 AAgleh & 321 LPS A

et AFWeE fFEssch

QA9 o g 77 A
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535 A 29 Yu % A%

3 2
wre] diAbas ol ol g8t 9% (Fig 50).

Figure 1: Insulin signaling pathway

Insulin

Insulin Glucose

Activation of the insulin receplor evakes increased transcription of SREBP and the phosphondation of members
of the IRS family, SHC and Cbl. Upon tyresine phosphorylation, these proteins interact with signaling melecules
through their SH2 domains, which results in the activation of a variety of signaling pathways, including P1 3-
Kinase signaling, MAPK activation and the activation of the CblI/CAP complex. These pathways actin a
coordinaled manner to regulate glucose, lipid and protein metabolism
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