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SUMMARY
(F 22

[. Title : Selection of soybean plant strain and development of new soybean

products for the increase of children’s growth and learning ability
II. The purpose and necessity of reasearch

1. Purpose

Recently, many ple in Korean are greatly interested in traditional food and slow food
because various type of serious diseases were induced by unbalance of nutritional condition
and ingesting a large amount of fast food. Also, it is needed to develop novel products
which help children’s growth and nutrition. Among of various foods sources, beans have
been provided as nutritional source due to it’s plentiful protein, essential amino acids and
vitamin as well as lower cholesterol and saturated fatty acid level. Especially, it was
successfully used as sources which have ability to prevent some chronic disease, for
Denjang and Cheonkookjang. Of these, Cheonkookjang is one of Korean traditional foods
which made from soybean using fermentation process. They were received on a great
intention because they contained several bioactive compounds including isoflavone and
saponin as well as various nutrients. However, Cheonkookjang can’t get good impression
from children due to the have unique and unpleasant smell. Also, above problems inhibited
the enhancement of market about Cheonkookjang related products. Therefore, in this study,
we are going to contribute the increase of company’s sales and farm income through the
development of variable functional Cheonkookjang related products containing high
concentration of GABA, the selection of appropriate select soybean strain and the

identification of bacteria strain producing low specific perfume products.

2. Necessity

With the development to industrial society, many impediment factors which inhibit
children’s growth are appearing. Among these factors, instant foods are directly induced
many physical diseases such as a suppression of hormone secretion, suppression of body
growth, inhibition of brain development and atopic dermatitis after ingestion into human
body. Recently, it has been widely known that many foods for child may contain several
kinds of food additives which could induce a disturbance of deep sleep and inhibition of
growth hormone secretion. Furthermore, stereotypes induced by ingestion of food additives
and child’s unbalanced diet were considered as one of inhibition factors for child growth.
Also, some previous studies suggested that the growth rate of child suffering atopic

dermatitis was lower than that of normal child. Especially, there is a growing need to



develop a novel functional slow food products for child because various fast foods which

were like to be eat child inhibit the development of brain activity.

[I. Content and scope of research and development

O Selection of soybean and development of fermentation process for the production of

functional Chungkookjang

Selection of functional soybean for Chungkookjang

Development of soybean for Chungkookjang

Isolation of functional microorganism for the production of Chungkookjang

Development of the conditions for enrichment of functionality

Establishing fermentation process for the production of functional Chungkookjang

O Efficacy study of Chenongkookjang on the growth development and learning capacities
for child
- Therapeutic effects analysis of Chenongkookjang on the neuronal cell growth and NGF

secretion abilities (/n vitro analysis).

- Therapeutic effects analysis of Chenongkookjang on various chronic disease including
neurodigenerative disease and atopic dermatitis using animals model expressing human

disease (/n vivo analysis)

O Development of Chungkookjang for children
- Development of smell-less Chungkookjang for children

- Establishing mass production system and application for healthy food permission

IV. Results of research and development

In order to select soybean breedings for Chungkookjang fermentation, fermentation
productivity of 15 breedings of soybeans were analysed. Daepoong and Poongsannamul
soybeans were selected and used in this research by comparison of the amount of
isoflavone which is known as functional compound in soybean. Microorganisms were
screened from the Chungkookjangs collected from various samples, and 1,500 strain were
selected as 1st-screened strains and used for experiment. Out of 1,500 strains, 23 strains
were selected 2nd-screened strains by analysis of the amount of slim material and Yy
-aminobutyric acid(GABA), and the strain MC31 was selected for experiment. Selected strain
was named as Bacillus subtilis MC31 by the results of usage of carbon sources and 16s
rRNA sequence. Maximum amount of GABA was produced when Bacillus subtilis MC31
was cultured at 37C for 48hrs. For elimination of unpleasant smell in Chungkookjang,
Lactic acid bacterium which increases the amount of GABA wse used for mixed culture

with Bacillus subtilis MC31. Lactic aid bacteria were isolated from various Kimchi samples,



and strain No. 383, which produces maximum amount of GABA, was selected for
experiment. The selected strain was named as Lactobacillus sakei 383 by the results of
identification procedure. According to the elimination of unpleasant smell and the amount
of GABA production, optimal fermentation condition was that the mixture of Bacillus subtilis
MC31 and Lactobacillus sakei 383 were cultured at 37C for 72hrs with a 1:1 ratio.

In addition, we investigated the therpeutic effects of Cheongkookjang on the body
growth and learning ability of child. Firstly, the results from in vitro analysis showed that
three soybean strain including daewon, daepung and taekwang was significantly induced
the growth hormone secretion. After secretion, this hormone induced the differentiation of
osteoblast cells and liver cells. Also, two soybean strains including taekwang and shinhwa
among six different strains stimulated the secretion of Nerve growth Factor (NGF) which is
one of key marker for learning ability, and the differentiation of PC12 cells. Furthermore,
Cheongkookjang were administrated into various animal models to verify their effect based
on the results of in vitro analyses. Treatment of Cheongkookjang for shor and long period
induced the secretion of growth hormone, the enhancement of growth plate, the increase of
compact bone and the different regulation of growth hormone receptor signaling.
Furthermore, the model animal for alzheimer’s disease treated with Cheongkookjang
showed the increase of NGF expression, high concentration of blood NGF, and regulation
of NGF receptor signaling pathway. In toxicity analyses, the administration of
Cheongkookjang did not induced any significant alteration on the body and organ weight,
liver and kidney histology, serum biochemistry. The pre-treatment of Cheongkookjang
prevented the impairment of short-term and long-term memory, the death of neuronal cells
as well as stimulate the suppression of acethylcholine esterases activity, the stimulation of
NGF secretion. Especially, we founded the new function of Cheongkookjang in
IL-4/Luc/CNS-1 Tg mice treated with PA alone. The Cheongkookjang-treated mice showed
improvement of common allergic responses including decreased ear thickness, dermis
thickness, auricular lymph node (ALN) weight and infiltrating mast cells.

For development of Chungkookjang product which doesn’t give resistance to children,
the favorite feeling on Chungkookjang was surveyed. Elimination of unpleasant smell of
Chungkookjang product was turned out the key-point of succes or failure of the product
by the result of survey, production of originative Chungkookjang product is in progress.
Confectionary type of Chungkookjang product was developed and searched for marketing,
more development of product is in progress to increase favorite feeling on Chungkookjang.

The survey results about Chungkookjang will be counted on new products.

V. Results of the study and application plan

From most of our results, we published 12 scientific papers containing large novel
data on SCI and KCI grade. Especially, our study identified the novel bacteria strain
having the capacity with low unique and specific perfume and verified the appropriate

soybean strain. The extract of Cheongkookjang produced by above bacteria and soybean

_7_



strain applied to the study of therapeutic effects. Especially, this extract improved the
several chronic disease including neurodigenerative disorder, atopic dermatitis as well as
stimulated the growth of animal body in specific animal model. Furthermore, we submitted
2 patients based on the results from in vitro and in vivo study. Among these, one entitled
"Bacillus subtilis strain with high activity for GABA produce and manufacture method for
Cheongkookjang" contributed to use manufacturing process for novel products, while other
one have to do with Cheongkookjang product for child. Moreover, if the commercialization
of various products were produced based on the manufacture method for Cheongkookjang
using mixed culture strain, these slow foods would be catered consumer need as well as

created novel income of company.
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o -yete] A= FAS AR Nattors FEdFol oFg] a7t &3 nattokinaseet 3
A5 AFHAF angiotensin—converting enzyme(ACE)2] Al &3}, 34aksles] So] ol
A, HE SEvEY] AGGAE dHEHEALE FASII S BRE ol kA
TATd S Ao Ao FEAWld 29E A5 AS

o eyt ME T LaAEA A4 daAAGoM Bacillus subtilis’t A3AFsE a4
2o od F whwldo] AEAS] peptideZ HaE O] AsEFFt golsta, TV 54
st FGA, A Ao m gde Ve s YEUe Ao®E BiEo &

T2 | 9 | 9F | Gun | xY | 24 | HIEMB, HEHIB, | 2 | BY2HE
(%) | (Kcal) G)] (g) (@) | (mg) (mg) (mg) {mg) (mg)
-
(ﬁfcl,_L;IM) 63.8 218 0.2 21.0 14.1 11 0.07 0.19 2.4 64
= Lan
E"j,f;" 61.7| 175 | 95 | 17.8 | 7.7 | 75 0.06 0.1 3.2 0
el A
At
Jgﬁ;f 56.0 178 6.4 18.6 8.7 118 0.06 0.22 3.3 0
oA

<P HAMBH TAHNAY 8 HAIHE 2000-

o H B AFAE Ko st AL FolA fFElE  isoflavone (genistein,
daizein), saponin, phytic acid, oligosaccharide, anthocyanin, trypsin inhibitor &< 2% A
S Edy drstEd 2w d A 88 & & (fibrinolytic enzyme)S thEF SFsla 7] wiE

o 7Is4d AFezs I Taido] AxwEL s
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Z gk )y 85 3]
T g¥ .
G OO gaqar gEas dwada oA
A 409 196 B1 453 89 798 137
Aogt 512 247 428 536 172 891 178
Ak 306 118 137 62 5.1 8 6l
wEEA 255 193 412 296 217 178 131

2R 3 20049 o], Wt 2,546pg/g, W9 1,896~3,5876pg/go] i t}o]
SAQD ke Wt 934pg/g, M9 695.1~15676pg/g, Aol ~EIQl S it 964ug/g, WA
792.8~1136.8ug/g AT

Table 2. & T olAZE o &%
- ol&EZetE (ng/g)
tho] =4)Ql =clo| A H|e] AU 2|9l A
3 T 934.6 646.5 964.5 2.,545.6
Z| 7k 1,567 883.6 1,136.8 3,5687.4
X A7k 695.1 409.4 792.1 1,896.6
B P 89.41 32.17 21.07 -
A MA"e=Z 90dd] $HEEEH  Fo] YEhE B2 AgEd F g5 A Aol
isoflavone™} #¢o] Qtf= ZAyEo] WA HA B AFAEL Fo /¥ isoflavone?]

EAo F&55HA Hlow, 53 = T Fo AuEIel ¥ isoflavone 3HEFel w3 A
T7F BEAHo R FHAY. O AyEA Bl F2 4254~1414pug/g, dE T2 688~2,389
vg/g, IRt T Ht 598ug/g, T TS 362~2,209ug/g] W Jvt HaE S (Kim
et al, 1999), & FA A AT T FFTe Ay T8 FT FHHE1,896~2545.08/¢g
olmE mo g dEo FQ ‘ isoflavone $&2 thad w9l A= &

o] 7} FL& HIE Ao o] T& AR=E

o F

o\

i)

o

£l

ok
ol &
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A5 wE HFE 28] fstel od sbgeld AR At FAw UF el
A AFEL s AEg aen JE AFeR BulEL g 3R FS ARE £
SFig. 1. #79 2 A% 5ge Ade] B3, AFE RS 10mlE hH F awse F8
3 £ge W 087 BASAT WA ARe] FEe] BiEW FHFE shste] 10°~107
A7 gAME HAsar. S48 AR 0T desrzdA 1587 WAt Ao ok 1)

AEES 12 AASAC. 2 A8 100S skim milk ¥iA] (3% skim milk, 1% tryptone,
0.5% yeast extract, 0.5% NaCl, 2% agar, pH 7.5)° =%3}o] 37ColA 2¢ Fob wjslsdct.

vk A3} skim milk¥| A Al A clear zone® =717} Aa AHEEH, AFEE=rE wmE
colony?rS A¥dsle] skim milk AFHBE}A] o] streaking 3] 15009 #F2 13} AEAF=E 2
gatar, F=d daAdge A& A tHFig. 2).

Fig. 1. Chungkookjang samples.

(A) (B) (C)
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e a3y MLl el mffu T m\x :

/A g L0,
y ngm i o o8

-gn ity

LI

(F)
Fig. 2. Skim milk plates, LB slants, and selected strains by 1st screening.
A~C: Skim milk plate, D~E: LB slant, F: selected strain

(2) Aol ogt H=4 A=x

% A ubgo] AFR & I 1508 24A|7F Bt Bo A ste] 23| B I oAz Ae u
F87]d ¥a, autoclaveol A4 105C = 30%E7h = 32 clean bench ¢t A 45
~50C= WZrA7)3L, LB brotholl A 24A17F SoF Fujokalal 6A17F St Fust 13 Adt
o dgsel FTCAA T2 B WEAA AF AL ALAAHEIE. D). 2 A 150
of #FE 7Fd A= %‘3 AES FAA Xt #7E5S A8 ddelA AL s,
=

=
wElste], A= wasy 4TINS

A
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Sample Blank Sample Blank Control Control

MS 123 MS 123 MS 180 MS 120

MS 268 MS 268 MC 31 MC 31
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MC 61 MC 61 MC 150 MC 150
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BG 38

BS 135 BC 153

BS 308 BS 308

Fig. 3. Sample bean and Chungkookjangs fermented by selected strains.
% ApstRe] R A g FF WEY

(3) Protease % poly-y-glutamate 273

Protease A4S =A3d7] YalA LB brothol ®i%3 12 AEFFE 15000rpmo. &
15min &9 YA H A5 AE micro-membranel 2 o I-AFste] T ANES
At "W E paper discE skim milk plate 9o &d8¥1, 284 20uUE AH3 F 37T
A T2AIZE B RS AIA A E clear zoned] AV)E F73Fe] protease S SAIATH

(Fig. 4).
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Fig. 4. Protease activity assay by paper disc on skim milk plate.

% AP oke] ambwle Qo] iE EAQ.

poly-y-glutamate &S 437 HalA= T 156gS 24A1F & Foll XA
A 712 wl & g 87)o] Ya autoclaveol A 105TCol 30&7F =Atstdch =
clean bench ¢htollA] 45~50C = WZ}A|7]aL, LB brotholl Al 24417 &b Fw st 6A]7F
F FujFE 12 AEAFE 2% HESF 37CAA T2A T 5 HEAA

S ot o

A,

dE H=GEs A 2Foz Wese FAE dolof H7|E Hludte] poly-y-glutamate
S S th(Fig. 5). 1 A3 dAES A Fo] =W 2009 #FE 7H-H protease
A3} poly-y-glutamate A o] &= 200 # 55 AE3e] y-aminobutyric acid(GABA) A3
s ZAHT FHAFE A5

(4) B4 HEs v
poly-y-glutamate &4 S F7435to] =7 $aow 7HEsATh
Figure 504 B= whel 3Fo] A& ool uleafr &ge] Eebxitt,

_28_



Fig. 5. Fermented Chungkookjangs.

L.

2] T4

e

(1) BIOLOG &%

HA o] AFHFE HE d™eta, AAdFE o

2 BiologAlte] MicroLog™ system(USA)S o] &3lo] R dFE 4A7F 2 244 7F E9F
3 B AN S =ATo A FAe T =4 A IE MicroLog'V release 4.0 software
o]-§ate] 957l A o]§ IHel| Wt FFE FAHSA

GABA &0 =2 A4S war7= Aoz A8y MC 31, MC 408 API kit= A3
st A3 28¥ o BT Bacillus subtilis(B. subtilis)® 7}s/de] M =2 o2 ey
t}H(Fig. 6).

My o2 M riz
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" API 50 CHBE V4.0

47, a8, 49
2, a)| 1) 2) aj|a)z) aj| a) 2)s
Lbc | ope CIT HS | URE TDA IND | VP GEL NIT

1 1 P |

ERET
Mcao
=ohee

" GOOD IDENTIFICATION TO THE GENUS

[
12.6.14

" API 50 CHB V4.0

| <+ # 4 - < o+ o+ s
1) 1) 12 13, 1) 18] 18] 17, 18 18
I T T T TAE R
w2 2 2 4 2 % 7w w2
T T

30, 31, 32 33 3¢ 35 ) 37 38 39

|
2w ) 2| a) 2 W a
ONPG ADH LDC | 0DC CIT H;S | URE ToA IND

I

!

w om |
i
1

2)

ELEE) o
MS9 12.6.14,

EolL]

GOOD IDENTIFICATION:

[Z== [ APi S0 CrB VA©
[ZxmE gam= me | v -vv--sieaivevorsssrose __{ B [ Arisocrovae
[Ban= | SNSIE BEEABE | +--toooorr S — S reEEE e e
[zane
%D | dox SHUISIE 3ietE =4 (Test against)
508 | 05 |MNE 57% | ARB 50% [SAL 86% |CEL 7% pE— %o | T AEISIE HSeE S (Test against) ‘
GLYG 75% indes
T oo 7o [ GAL Ao [ | | S s 1‘ %7 | 047 [ _ova[amb o [sAL oo GeL e |
o AT e R D 7o [ovaron ] \ |
%10 Lm;x AHEISIE T8 S 4 (Test against) ‘ [ £l %D |‘“JEX ‘ 4l B8 S4(Test against)

o1 00 |LARA 6% | DXYL 93% | GAL 100% | DUL 85%
SOR 6% |NAG 0% | MEL 25%

[ Paenibacillus validus

]

0,05 | LARA &% [RiB_100% | DXL 03% | GAL 100% |

[ouL_ss [ soR e | weL 25| |

Fig. 6. Identification of selected strains by API kit.

% AbRIcke] Tube W& AW obel Eol %713,

Tube Tube Tube
Carbohydrate Carbohydrate Carbohydrate

No. No. No.

0 Control 17 Inositol 34 Melezitose

1 Glycerol 18 Mannitol 35 D-Raffinose

2 Ertythritol 19 Sorbitol 36 Amidon

3 D-Arabinose 20 a Methyl-D—-mannoside 37 Glycogene

4 L-Arabinose 21 a Methyl-D-glucoside 38 Xylitol

5 Ribose 22 N Acetyl glucosamine 39 B Gentiobiose

6 D-Xylose 23 Amygdaline 40 D-Turanose

7 L-Xylose 24 Arbutine 41 D-Lyxose

8 Adonitol 25 Esculine 42 D-Tagatose

9 B Methyl-xyloside 26 Salicine 43 D-Fucose

10 Galactose 27 Cellobiose 44 L-Fucose

11 D-Glucose 28 Maltose 45 D-Arabitol

12 D-Fructose 29 Lactose 46 L—-Arabitol

13 D-Mannose 30 Melibiose 47 Gluconate

14 L-sorbose 31 Saccharose 48 2 ceto—gluconate

15 Rhamnose 32 Trehalose 49 5 ceto—-gluconate

16 Dulcitol 33 Inuline

(2) 16s rRNA sequence
API kit®2 A& 3] B, subtilis® A &l

16s TRNA sequence H]l-3#-213}1

o W

AccuPower”™

=

¥ 32

oI T =

1=}
D

2o~ H
LA BT

&

9, acetyltrimethylammoniumbromide

PCR

= X =

_30_

BeldTEe By o A3 #48&
Luria-Bertani brothel 4]
o]-&3}e] genomic DNAE
t}. =3 DNAES SO = polymerase chain reaction(PCR)S 433t} PCRE
PreMix tubeol] DNA 53 1ul(eF 40 ng), 2+Zt 1 ul®l primers, 17 ule
H7Vske] # &3H3tl. PCR2 initial denaturation 94°C, 3%; denaturation

95
204

EO
A T )

B

1]



94C, 1% annealing 55C, 13#; extension 72T, 3%9 ZHdo =2 30 cycle AAE & final
extensions 72TCol A 527 FAI8te] T&& T4 16S rDNAE F%3517] 9l8te] AFEH
primersi= £E. coli 16S rDNA H-%°] conserved sequences 7|x%% 3to] dAHH  27F
(5'-AGAGTTTGATCMTGGCTCAG-3") primer 1492R(5'-TACGGYTACCT TGT
TACGACTT-3') primere|th. 16S rDNAS] PCR TZAb=E9] AAl= 1% agarose geldl PCR
TEAES 100 Vo Aoz 258 F<t #7195 s F, EtBr2 9Mste] 93t bandE %
2} Qiagen PCR purification kit(Qiagen)E& ©]-&3lo] GAlstt}t. AAE PCR T HAE< 971A
g ZAALS ABI 37771% 9] auto-sequencerE AF-8-3}¢] dye terminator sequencing method =
protocolell wel AAGT. @7IAYE A4S Este] Aozl BT FiE 97492 Blast
network serviceZ ©]€3to] GenBank, EMBL, DDBJo| S2% tt& A9 A7) <gy} v
oM AFEFTA FARAE AR

16s rTRNA sequenceZ H|nl-#A3 A3} GABA AAt#Eo] ®& MC 313 MC 40, choline
Arbekol =& BCS8¥ MS9 EF B. subtilis Q1 A2 Wl At wpeba 2 HA A Hde g
F= ZVZy B. subtilis MC 31, B. subtilis MC 4022 W3l o™ (Fig. 7, 8), ¥ Ao 4
T2 ARRSHATH

Siery= Mua0.lasie serean Coni] : pena for 165 rANA, partlal seq.

gens for 165 rANA, partial sen

Length=1450
Score E
Ssquences preducing significant alignments (Bitsy Value gana, parial

Guary o j
ATCTGT GOTCOTAAAAGATTACCTCACCGACTTCGGETETTACAA
80

PO R PR T e
Sbict 1454

ATCTATCACCTTCG GOTCOTARAAGGTTACCTCACCGACTICGGGETGTTACAA

1395

A GTEATETEACGEACAGETETGTACAAGBOCCGEGAACGTATICACCGCGGEA
1
PECEEE TR LR LR e P e e et

Shjet i . 1354

ACTCTCGTGETGTRACBEGLEETETETACAMGEE GAACGTATTCACCGOGGCATGE

1335

Suehy 5 A AT

| TEATCCGCGATTACTAGCGATTCCAGCTTE SAGTCGAGTTGLAGACTGCGATCCGAA

Baclilus sub ] &0 180

Bz 2 R AR
1334
TECOATCCGAA

25 T
‘168 rbnzor“al FN& ge,
s subtllis G7F 168 fi
sp. AS-2 gana for

CCBCGATTACTAGCBATTCCAGCTTCACGCASTCGAGTTGCAS!

uery N . |Ei|
D CTGAGAACAGATTTGTG CTGCCOTTTGTTETGTCE
3 5 gens RNA, pé A .0 240
°“’""° geiis far - : I AR AR NAR:
-- Shijet B
CTBAGAACAGATTTGTGGGATTGACTTAACCTCBOEGETTTCEETECCOTTT!
s ‘gubtilis strain MO7 & A ge 3.0 1218
subtilis isolate WL : 1
- Duery
165 nbosomal 0, ATTGTAGCACGTGTGTAGCLCAGGTCATANGGEGCATGATAATTTGACGTC
5 ribosomal AN... 300
! g PECEEC R R TR ERE EEELERTT L
Bacllug 13 3 18 mal ANA g, A Shict 1214
=apl, g 118 Bt ibgsomal A... 2 AT CACETETGTAGCCCAGGTCATAAGEGACATGATGATTTGACGTCATCCOCAGE
E\H ribosoma. o 1

Query i)
TTOCTOCGETTTETCACCERCAGTCACCTTTAGAGT GOCCAACTGAATGETI AACTAA




360
PR PP RO T R
Sbjct 1154

TTCCTCCGRTTTGTCACOBGCAGTCACCTT-ABAGTGOCCAACTGAATGLTGECAACTAA
1096

Quary 361
GATCAAGGETTGCACTCATTGCGGGACTTAACCCAACATCTTCACGACACGAGCTGACEA
420

FUPUUELRE L R O e e AeEn e n e
Shyct 1085
GATCAAGGETTGCGCTCATTBCGEEACTTAACCCAACATCT-CACGACACGAGCTGACGA
1037

Query 421
CAGCCATGCACCACCTGTCACTCTGUCCCUBAAGGGEACGTCCTATCTCTAGGATTGTCA

480

R AR AR AR AR RN
Shict 1036
CAACCATECACCACCTGTCACTCTECCCOCGAAGBGRACGTCCTATCTCTAGGATTGTCA
ar7

Guery 481
GAGGATGTCAAGACCTGETAAGGTTCTTCEOGTTGCTTCGAATTAAACCACATECTLOAC
540

N A R R AR A AR RN AR AR R
Sict _ 476
GAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTALTTCGAATTAAACCACATGCTCCAC
n?

541
CGCTTGTGCGGGCCC COGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGG

POCEO R e e e e e v e e e
Sbjot 6
CBCTTOTECGAGCCCCCETCAATTCOTTTOAGTTTCAGTCTTGCGACCATACTOCCCAGG
BS7

Query 601
COGAGTEOTTAATGCGTTAGCTGLAGCADTAAGGGECEGAAACCCCCTAACACTTAGCAL
660

AR AR N RN AR RN RN AR N AR TN
Sbict 856
CGGAGTGcwaaTGcsTTAGGTG.CAocAc'rAAGGGGCGGAAACCccmmcncrmscac
797

661
TCJATCGTI_I'ACGGCGTGGACT&CGAGGGTATC"AATG{.El::l TCOCTCCCCACGLTTTOGE

720

L AR R R AR AR AR AR AR SRR LR LA
Sbjot .
TCATCETTTACGGCGTREACTACCABGETATCTAATCCTETTCGLTCCCCACGETTTCAE
7ar

318

Suery

LEry 721
T"‘CTCABCBT\,AGTTAGAGACCAGAGAGTCGCGTI’CGCC.&CTGGTGTTC‘CTGCACATCTC
780

N e RN AR R AR R AR AN AR Y
Sbj 736
TCCTCAGCGTCAGT"ACAG#CEAG&GAGTCGCCTTCGCCACTGuTG'I_I'CCTCCACATC‘TC
&7

Cuery
TACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACT CAHGTTCCCCAG
B840

R AR RN AR AR R RN AR AR RR AR RRARANY
a7e

Sblet
TACGCATTTCACCGCTACACGTEGAATTCCACTCTCCTCTTCTGCACTCARAGTTCCCCAG
817

Que 841
'I'I'I'CCAAT GACCCTCCCCGATTGAGCCGOEBGGOTTTCACATCAGACTTAAGAAACCECCT

900

) R R AR AR AR AR R AR AR AR AR

Sbict 616
TTTCCAATGACCCTCCCCGGTTBAGCCGGGEGCTTTCACATCAGACTTAAGAAACCGICT
557

Quary 01
GUOBABCCCTTTACGCOCAATAATTCCCGGACAACGCTTACCACCTADGTATTACCGOGGEE

280
FECPRCE TR RO T R R LR e

Sbjct
GCGAGCCCTTTACGCCCAATAATTCC-GRACAACGCTTECCACCTACGTATTACCGCGEC
488

Cruery
TECTGGECACGTAGTTAGCCGTEELTTTECTGETTAGGTACCGTCAAGGTACCGOCCTATIC

1020
TR RN RN AR R A AR AR RN RA A
A87

Sojet
TGCTEECACSTAGTTAGLUGTEGCTTTCTEGTTAGSTACCETCAAGGTACCECCCTATTC
438

Query o2
GAACGGRTACTTIGTTOTTCCCT AACAACAGAGCTTTACGATCCGAAMACCTTCATCACTCA
1080

AR A SRR AR RN AR AR AR A AR
Shict 437
GAACGGTACTTGTTCTTCOCT AACAACAGAGCTTTACGATCCBAAAMACCTTCATCACTCA
378

Cuary 1081
COCGGCGTTECTCCETCAGACTTTCGTCCATTGCEGAABATTCCCTACTORTECCTCCCG
1140

PEECEEEEEEEE R R R TR R re
Shict
CGCGECATTECTCCGTCAGACTTTCGTCCATTGCGAAAGATTCOCTACTGUTGCCTECCE

1141

TAGGAGTCTGGEECCATETCTCAGTCECAGTETGECCGATCACCCTCTCAGGTCEELTATE
R R RN R AR AR AR AR
31
TABGAGTCTGGBCCGTBTETCAGTCCCAGTGTGGLCGATOACCCTCTCAGETCAGCTALG

1200
Sblct
256

Query

1201

CATCETCGCCWGGTGAGCCGTTWCCT CACCAACTAGCTAATGCGOCGCGEGGTCCATCTG
1260

JELLE DU R LR R e L e r LT e ey ey

Sbict
CATCGTTGCCT TGGTEAGCCGTTACCTCACCAACTAGLTAATGLGOCGOGEGTCCATCTG

198

Cuary

257

1261

TAAGTGGTAGCCGAAGCCACCTTTTATGTTTGAACCATGCGGTTCAAACAACCATTOGET

1320

RN RN N R AR AR AR AR A NN AR R AR R R RARA RN

Sbjet

197
TAAGTGGTAGCCGAAGCCACCTTTTATGTTTBAACCATECGGTTCARAACAACCATOCGET

138

Guery

1321

ATTAGCCCCGETTTCCCEGAGTTATCCCAGTCT TACAGGCAGGTTACCCACGTGTTACTE

R R R AR R AR A AR R AR AR

1380

Sbjct
ATTAGCCCCGGTTTCCCGEAGTTATCCCAGTCTTACAGGLAGGTTACGCAC GTGETTACTC

78

Query

137

1361

ACCCGTCCGCCGCTAACATCAGBGAGTAAGCTCCCATCTGTCCGOTCGACT -GOAT-TAT
R R R LR R IR R AN AR A A A T
ACCCGTCCGOCGCTAACATCAGGRAGCAAGCTCCCATCTGTCCACTCRACTTGCATGTAT

1438

Sbiet

18

1439 TAGCACGCCGCA

PRI
TAGCACGLCGCA &8

CQuery 1450

Sbict 17

Fig. 7. 16s TRNA sequence of selected strain MC 31.
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Query= M5 3.1asta.screen.Contig]

Length=1444
Score E

Seguences producing significant alignments! (Bits) Value
pbldN400257 1] Bachlus subtlis strain WRL-101 183 ricosomal AN... 2652 13
gblEUT25126.1| Bacilus subtifis strain JSU-2 165 ribosormal ANA .. 2852 0.0
gb|HMOE5602.11  Bacilius subtilis staln GO3b 1635 ricosomal ANA g... 2851 0.0
pb|GUSE4472.1] Bacllug sp. CR-7 188 ribosomal ANA gene, oartial,.. 2651 0.0
gblEUS15715.1] Bacilus sp: Z5A 165 ribosamal ANA gene, partial ... 2B5] o0
pb |[FA263018.1| Bacillus subtiiis strain ZHAS 188§ rbosomal ANA p.. 2848 0.0
gb|HG143563.1|  Sacilus subtiis strain DZ3 168 ribosomal RNA ge... 2647 Q.0
gbIHGE6109.1| Bacilius subtilis straln J3 185 ribosomal ANA gen... 2647 0.0
gh |HMB54250.1! Bacllus subtiiis subsp. inaguosorum strain KTH-6... 2647 0.0
ob|JN352071.1| Sacilus sublilis straln LSSE-22 185 ribosomal RM... 2845 0.0
gb|JNTODPOE, 1| Sacilus subhils strain YNB1S) 165 rbosomal ANA.. 2845 0.4
gb|JEA11313.1] i auilensis strain KM34 168 dbosomal AN... 2845 0.0
gb[HQ443229.11  Bacilus subtills straln SBRNE 168 ribosomal RNA ... 2845 0o
gb|GUSACE4T Y| Bacilus subtlis strain GICC 10023 168 ribosomal... 26845 Q.0
gb|FJ483514.1| Bacillus subtilis strain EG1 185 ribosomal ANA ge.. 2845 0.0
gb|JFUA2286 1| Bacillus subtiis strain ZMOB 165 (ibosomal ANA g... 2643 0.0
ab| GOB514E8.11  Bachilus subtils strain L83 185 ribosomal ANA g... 2643 0.0
ablJQ287474.1] Bacilus subtilis strain LY-001 165 ribosomal RNA.. 2641 0.0
gb|HE535001.1] Bacilus subtills strain DR12 188 ribosomal RNA g... 2841 0.0
ab|HQE36000,11 Bacilus subtlils strain CCMZ 165 ribosomal ANA g.. 2841 0.0
o |HME31976.1| Bacilus subtilis strain BS-KU 163 ribosomal ANA ... 2641 0.0
gblHMS78812.1 Bacillus sp, HYZ21(2010) 185 ribosomal BNA gene. po. 2641
0.0
gb|EUBB2B46.1| Bacilus subtilis strain H10-5-5165 ribosomal AN... 2641 0.0
gblJF411282.1] Bacllus teguilensls strain M3-1 165 ribosemal AN... 2639 0.0
ghlHM753626.1] Bacilus subtiis subsp. subtilis strain WSE-KSU3.., 2638 0.0
ab|HD3185805.1] Baciilus subtilis strain CICC 20612 168 ribosomal,. 2633 0.0
gh!HMIETEIZ. 1| Bacllus sp, 22(2010) 1685 rlposomal ANA gene, par,.. 2633 0.0
gb|HMO55557,1|  Baclius subtilis steain GD1 185 ribosomal ANA ge... 2638 0.0
gblGQ8E1467.1| Bacilus subtilis strain LXAT 165 rbesomal ANA g.. 2633 0.0

b|GQIE01E7.1| Bacilus sp. JRDE 165 ribosomal BNA gens, partial.,. 2633 0.0
ghb|FJ982665.1 Bacillus subtiis strain JBEODTE 185 ribpsomal AN... 2639 0.0
gblJF411301.1! Bacilus tequilensis strain kmt? 168 fibosomal RN... 2838 0.0
gblJF7BA985.1] Becillus sp. J20 183 rbosoma! RNA gene, partial .., 2638 0.0
gb|HM758652 1] Bacilus subtilie subsp, suttiis straln WSR-KSU3... 2638 0.0
gb|HM753627.1] Beciius subtlis subsp. spizizenil strain WSE-KS... 2638 0.
gbiEUZEES02.1| Bacilus sublilis 185 ribpsomal RNA gene, partial.. 2638 0.0
gb|EUZARTI3 1| Bacilis sp. Z1 165 ribosomsl BNA gene. partial 5. 2638 0.0
gblELIOS0RE5.1| Ssacillus subtilis strain CO-6 185 fibosomal ANA g... 2838 0.0
gblAYB73483,1] Bacllus subllis KCC102 168 rbosomal ANA gene, ... 2636 0.0
gb|GUA72595.1]1 Bacllus sp. LSDZ 168 ribosomal ANA gene. pertial... 26836 0.0
gb|CPOD2B06.11  Baclius subtliis subsp, subtilis RO-NN-1, comple.., 2836 0.0
Qb|HMABEA1A, 1] Baclius subtlis sialn SFAS 163 ribosomal ANA g... 2836 0.0
phb|JF411302.1| Bacilus tequilensis strain kmi4 185 rbosomal RN... 2838 0.0
gb|JF411300.1| Bacillus tequilensis strain km28 168 rbosomal AM... 2838 0.0
gblJF412545 1] Bacillus subtilis strain TUL322 16S ribosomat ANA... 2638 0.0
@b |CPO02468,11 Bacliue suttliis BSn5, completa genocme 2636 0.0
ab|HM027569.1] Baciius subtiis strain 2j2008 165 rivosomal ANA.. 2836 0.0

CTCCGGTTTRTCACCEGRAGTCACCTTAGAGTECCCAACTBAATEOTGGLAACTAAGATC
351

AR AR AR A AR AR AR
Spjet 1141
CTCCGGTTTETCACCGECAGTCACCTTAGAGTGUCOAACTGAATGCTAGCAACTAAGATL
1082

Query 362
AAGGETTGCGCTCGTTECEGEACT TAACCCAACATCTCACGACACGAGCTGACGACAACT

421
PEEELEEEE TR C e e e e e e e e ey
1081

Shict
AAGGETTGCGCTCGTTGCEGRALTTAACCCAACATCTCACGACACGAGCTGACGACAACC
1422

Guery £22
ATBCACCACCTGRTCACTCTGCOCCOGAAGGGBACGTCCTATCTCTAGGATTGTCAGAGGA

481

AR R A AR NN A SR AR AR AR AR
Sbjct 1021
ATGOACCACCTGTCACTCTGCCCCOGAAGGGGACETCCTATCTCTAGGATTGTCAGAGEA
962

Cugry 482
TATCAARACCTGGTAAGGTTCTTCGECETTGCTTICGAATTAAACCACATGCTCCACCEETT
541

R TR RN NN AR RN RN RR AN
Shjct BE1
TRTCAAGACCTGETAAGGTTCTTCGCGTTBOTTCGAATTAAMACCACATGCOTCCACCGETT
a2

Cuary 542
GTGCEGECOCCCATCAATTCETTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAG
&0

TR R e e e e e e el
Sojct 901
GTECEGECCCCCETCAATTCCTTTIGAGTTTCAGTC T TGCGACCGTACTCCCCAGGCOGAG
842

Query a2
TECTTAATGCOTTAGCTGCAGCACTAAGGGGCGGAAACCCOCTAACACTTAGOACTTATE

BE1
LR R AR R A A AN AR NN RN AR A AR AR RAR A
Shjct 841

TGCTTAATGCGTTAGCTGCAGCACTAAGEEECGEBAAMCCOCCTARCACTTAGCACTCATE
Te2

Query 662
GTTTACGGOGTGGACTACCAGGGTATCTAATCCTGTTCBCTCCCCACGLTTTCGETCCTE

721

R A R R R AR R N AR RN AR AR AN
Shict 781
GTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGLTCCTO
22

ab|GU260454.1| Bacillus subtilis strain BFE 5320 188 ribosomal A.. 2838 0.0
gblEU250451.1| Bacilus subtilis strain BFE 5310 168 ribosomal A., 2836 0.0
gblGLUR50450.1| Bacilus subtilis strain BFE 5301 168 ribosomal A., 2636 0.0
>gh| JNAOD257.1| Bacillus subtiis straln WRL-101 185 dbogomal ANA gane, parfial
saquence

Langth=1441

Score = ZB5Z bits (1438). Expect = 0.0

identities = 1439/1440 (98%), Gaps = 171440 (0%)

Strand=Flus/Minus

Query 2

CTGTCACTICRRCAACTEECTCCTAAMAGGTTACCTCACCGACTTCGGGTGTTACAAALT
&1

RN R AR RN AR AR IR R AR A MR RN AR A ARA
Sbict 1441
CTGTCACTTCGAUAECTGEOTCCTAAAAGETTACCTCACCGACTTCGEETGTTACAAATT
1382

Query G2
CTCRTERTGTGANGGGOGETGTGTACAAGGCCOGGRAACGTATTCACCGCGGLATGCTGA

21

R A R A AR R A RN R RN RN R A RRARRARAR
Shiot 1381
CTCETGETGTEACGGEOGATATATACAAGGCCOGGRAMCGTATTCACCGLGECATECTGA
1322

Gugry 122
TOCGCEATTACTAGCGATTCCAGCTICACGCAGTCGAGTTGCAGACTGCGATCCGAACTG

181

R R R R R R LA RN R A R WA R AR A A AR ARANEN|
Sbigt 132
TOCGCBATTACTAGCGATTCCAGCTTCACGCAGTCBAGTTGCAGACTGCGATCCGAACTG
1262

uery 182
AGAACAGATTTGTGGGATTGECTTAACCTCGOGETTTCGCTGCCETTTGTTCTGTCCATT

R RN R R RN AR RN AR AR R AR AR AR RARAA
Shict 1261

AGAACAGATTTGTGGEATTGGCTTAACCTOGCGGTTTCOCTGLLCTTTATTCTGTCCATT
1202

Query
GTAGLACGTGTGTAGCCCAGGTCATAAG GGGCATGATGATTTGACGTCATCCCCACCTTC
el

RN R AR AR TR RN A AR AR A R R AR AARAARAR]
Shict 1201
GTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATEATTTGACGTCATECOCACCTTC
1142

Query a0z

Quary Je2
AGCGTCAGTTACAGACCAGAGAGT CGCCTTCGCCACTEGTATTCCTOCACATCTCTACGE
781

R R A AR R AR A AR A AR AR AR ANAR
Sboict T2
AGCGTCAGTTACAGACCAGAGAGTCECCTTCGOCACTEGTETTCCTCCACATCTOTACGE
662

Query THZ
ATTTCRCCGOTACACGTEGAATTCCACTCTCCTCTTCTGOACTCAAGTTCCCOAGTTTEE

B4l

R R A AR RN RN R AN ARA RN
2hjct B61
ATTTCACCGCTACACGTGGAATTCCACTCTCLTLTTCTRCACTCAAGTTCCCCAGTTTED
602

Quary . o 842
AATGACCCTCOCCCGATTGAGCCEEGEE GC"I'I'I'C.ﬂChTCAGACTTMGAMGCGCCTGGGﬁG

AR R A AR AR AR AR AR AR A AR SRR AR
801

Stlct
AATGACCOTOCCCGETTGAGCCGEEEECTTTCACATCAGACT TAAGARACTECCTGOGBAG
542

ey ooR
CCOTTTACGCCCAATAATTCCGGACAACGCTTECCACCTACGTATTACCGCGGLTGOTEG
9Bl

) RN AR AR R A R AR A RN RN R AR AT

Shict 541
CCOTTTACGCCCAATAATTCOGGACAACGLTTGCCACCTACETATTACCGOGERECTGCTGEE
482

Quary a5z
CACGTAGTTAGCCATEGCTTTCTEETTAGETACCGTCAAGGTACCGCCCTATTCGAACGG

1021
POLECE R TP R LR LR L e
Shict

i
CACOTAGTTAGCCGTEGECTTTCTGETTAGGTACCGTCAAGBTACCGLCCTATTCGAACGE
a7z '

Cuary 1022
TACTTGTTCTTCCCTAACAACAGAGETTTACGATCCGAAAACCTTCATCACTOACGLGEE
1081

PO TEE e e r e e e e e e e e e e e e e
Shjet 42
TACTTGTTCTTOCOTAACAACAGAGCTTTACGATCOGAARACCTTCATCACTCACGCGEE
362

Query 1082
GTTGOTCCGTCAGACTTTCGTCCATTGCGAAAGATTCOCTACTGCTGCCTCCTGTABGAG
1141

AN R R R A AR AR AN A RN AR AR AR

Sbict 361
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F sAAZE A% 01M A
(pH 86)° &3lste] o]& GABA 48 Al5=2 AFESIAT]

GABA #X48& A8 100l 1.0M Bicine-NaOH(pH8.6) 10040(Sigma), 100mM a
-ketoglutarate 100x0(Sigma), ImM NADP 100x0(Sigma#], N5755), Z <5 500/1(&—2— 7}alar
Img/ml GABAse(100mM Bicine €3] &3l) 100xL(Sigma)E 7tk &3 $ 25T A
204 7F Wb AIHTE whEol £ & 340nmelA] FHE=E SAEATE GABA 48 A7}
Eo17A & A GABAse7l E07HA] @& Ao® g2 o] F3EE Y-S54 53
th. GABA 354 A3 F8¥ o7 7k ol & =S TEst= MC 313 MC
408 AP a2 A9stith(Table 3).

rulo
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Table 3. GABA amount in Chungkookjangs fermented by selected strains

sample relative sample relative
amount(%) amount(%)
Control 92.1 MS 9 38.1
BS 308 30.2 MS 80 571
BS 67 429 MS 123 57.1
BS 102 429 MS 190 28.6
BS 135 49.2 MS 268 38.1
BC 21 14.3 MC 10 22.2
BC 26 20.6 MC 21 39.7
BC 58 254 MC 31 984
BC 133 36.5 MC 40 100.0
BC 134 79.7 MC 125 15.9
BC 153 28.6 MC 150 46.0
MC 193 0.0 MC 156 0.0

¥
= piss
A7 ARE ARES vy o Ao w8 +FE AP s H2 grouping?d F,
7y AR Aoy HaE AAEgY sAle ZF AR TAHEE A HE FH
5 Aot

3.9 AAS AR farte] el
o FRE wF PY 2 5

(1) #Fe) £
AFAM FY A 2 AN JAT AE AN 5 500 AATES AR &
ettt #1824 AAFE 1 mie Qo] 9, At FHRFE st 10°~107744)

’

GAEZ A s M E Als 100E 2% CaCOs7F #H7He MRS(Difico, USA) Agar 3
C

Rl o] =sle] 37 TolAl 24A13F E<F wjkste] HeEgo] #EHI Y] £ FEE sAMH
platedl A A E 5HE colony & 74 S FAstH A7) ok Aol thE colonyE AlH

5
shar, $9 wiAe] 2~33) kel 3000 FE RS

FE MRS brothell A 23] o] Al wjdete] &S = § Aol AHES
T+ Gram @3 catalase testE HA|sFF o A8, 5714 2 37
HL kit(API bioMerieux, France)& ©]-&3te] 49719 gt ok o] &4
sgstth FTAH 22 165 rRNA gene?l 9714 dS £2 %

At FHolA GABA Aol =2 strain No. 3839 genus®t speciesE A A 37| 9
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sto] Jejehy, Aststs EAS HESFT Stain No. 3832 Gram YA (Fig. 9), catalase <
A aga xS A &E vl EAd 9 bacilli FEHZ FFEHAT olE dAHRZ 8|45
% 100 p#E MRS brothell E=wsle] 30TCeAl 29z wiker A7 A9 2 J&s P4
Qom FEWE vjarTHTable 4). AP 50CHL kitE o] f3ko] 497) ghasle] o] 44< %
T 5485 A

55

=3k A3 (Table 5), Lactobacillus brevis®t FAFSE Aoz AAE AT} HF2] A
o mel gads DEste 2ol 24 tE 7 AernE Hu A AnE gl
93 16S rRNA gene® 97|MEE ZA3 3 GenBankel =% ojg] fFAHET A5AHS
Hl sk ek, 7 A3 Strain No. 3839 16S rRNAY  Lactobacillus sakeiw 57 ¥ 3 tH(Fig.
10).

rﬂl

Fig. 9. Gram staining of strain No. 383.

Table 4. Morphological characteristics of strain No. 383

Characteristics Isolate 383
Gram stain +
Morphology bacillus
Spore formation -
Anaerobic growth +
Colony circular
Colony color cream
Colony surface smooth
Colony opacity opaque

Catalase reaction —
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Table 5. Biochemical characteristics of Strain No. 383 by API 50 CHL system

Characteristics —AP;SCSHL Characteristics —APégchL
0 Control - 25 Esculine +
1 Glycerol - 26 Salicine +
2 Ertythritol — 27 Cellobiose +
3 D—Arabinose - 28 Maltose _
4 L.—Arabinose + 29 Lactose +
5 Ribose + 30 Melibiose +
6 D—Xylose - 31 Sucrose +
7 L—Xylose - 32 Trehalose +
8 Adonitol - 33 Inuline —
9 B8 Methyl—xyloside - 34 Melezitose -
10 Galactose + 35 D—Raffinose -
11 D—Glucose + 36 Amidon -
12 D—Fructose + 37 Glycogene -
13 D—Mannose + 38 Xylitol -
14 L—sorbose - 39 B Gentiobiose +
15 Rhamnose +W 40 D—Turanose -
16 Dulcitol - 41 D—Lyxose -
17 Inositol _ 42 D—Tagatose -
18 Mannitol _ 43 D—Fucose -
19 Sorbitol _ 44 L—Fucose -
20 a Methyl—D—mannoside _ 45 D—Arabitol -
21 a Methyl—D—glucoside + 46 L—Arabitol -
22 N Acetyl glucosamine + 47 Gluconate +
23 Amygdaline + W 48 2 ceto—gluconate —
24 Atbutine - 49 5 ceto—gluconate —
Symbols : +;positive, +";weakpositive, —;negative
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GCACTTGGCG

GCTCCTGATT

GCCCTAAAGT

GCATGGTGTA

TTAGTTAGTT

GTAATCGGCC

AATCTTCCAC

GGATCGTAAA

CGGTATCCAA

GGCAAGCGTT

TGTGAAAGCC

AGAGGACAGT

TGGCGAAGGC

CAGGATTAGA

TCCGCCCTTC

GGTTGAAACT

CGAAGCAACG

GCTTTCCCTT

GATGTTGGGT

GGGCACTCTA

TCATGCCCCT

GACCGCGAGG

CGCCTACATG

CCCGGGCCTT

TAGGTAACCC

Fig. 10. 16S rRNA gene sequence of selected strain No. 383.

HE
= =

TTE° GABA &

CATTAGTATA

GATAAACATT

GGGGGATAAC

GGGTTGAAAG

GGTGAGGTAA

ACACTGGGAC

AATGGACGAA

ACTCTGTTGT

CCAGAAAGCC

GTCCGGATTT

TTCGGCTCAA

GGAACTCCAT

GGCTGTCTGG

TACCCTGGTA

AGTGCCGCAG

CAAAGGAATT

CGAAGAACCC

CGGGGACAAA

TAAGTCCCGC

GTGAGACTGC

TATGACCTGG

TTTAGCTAAT

AAGCCGGAAT

GTACACACCG

TTCGGGGAGC

strain No. 383% A&

m o
)
al
2

CATGCAGTCG

TGAGTGAGTG

ATTTGGAAAC

ATGGTTTCGG

AGGCTCACCA

TGAGACACGG

AGTCTGATGG

TGGAGAAGAA

ACGGCTAACT

ATTGGGCGTA

CCGAAGAAGT

GTGTAGCGGT

TCTGTAACTG

GTCCATGCCG

CTAACGCATT

GACGGGGGCC

TTACCAGGTC

GTGACAGGTG

AACGAGCGCA

CGGTGACAAA

GCTACACACG

CTCTTAAAAC

CGCTAGTAAT

CCCGTCACAC

CAGCCGTCGT

TACCAACTTT
GCGGACGGGT
AGATGCTAAT
CTATCACTTT
AGACCGTGAT
CCCAGACTCC
AGCAACGCCG
TGTATCTGAT
ACGTGCCAGC
AAGCGAGCGC
GCATCGGAAA
GAAATGCGTA
ACGCTGAGGC
TAAACGATGA
AAGCACTCCG
CGCACAAGCG
TTGACATCCT
GTGCATGGTT
ACCCTTATTA
CCGGAGGAAG
TGCTACAATG
CATTCTCAGT
CGCGGATCAG
CATTAGAGTT

AGAGTGTCCC
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CCCGAAGATT

GAGTAACACG

ACCGCATAAA

AGG-ATGGAC

GC-ATAGCCG

TACGGGAGGC

CGTGAGTGAA

AGTAACTGAT

AGCCGCGGTA

AGGCGGTTTC

CTGGGAAACT

GATATATGGA

TCGAAAGCAT

GTGCTAGGTG

CCTGGGGAGT

GTGGAGCATG

TTGACCACTC

GTCGTCAGCT

CTAGTTGCCA

GTGGGGACGA

GATGGTACAA

TCGGATTGTA

CATGCCGCGG

TGTAACACCC

CCA

GAAGGAGCTT

TGGGTAACCT

ACCTAACACC

CCGCGGTGCA

ACCTGAGAGG

AGCAGTAGGG

GAAGGTTTTC

CAGGTAGTGA

ATACGTAGGT

TTAAGTCTGA

TGAGTGCAGA

AGAACACCAG

GGGTAGCAAA

TTGGAGGGTT

ACGACCGCAA

TGGTTTAATT

TAGAGATAGA

CGTGTCGTGA

GCATTTAGTT

CGTCAAATCA

CGAGTTGCGA

GGCTGCAACT

TGAATACGTT

AAAGCCGGTG

60

120

180

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1483



Table 6. GABA content of selected strains

(unit : pg/g, dry basis)

Strains GABA content Strains GABA content

2 93.878 224 89.176
10 71.012 226 80.693
29 82.353 238 77.651
32 80.878 246 75.161
38 68.154 249 90.190
41 71.289 250 80.693
75 83.459 256 90.374
103 80.417 269 83.644
104 83.091 270 83.552
138 80.786 271 85.672
154 80.970 275 80.693
158 73.133 278 69.445
190 78.665 284 74.516
193 71.289 317 75.069
214 93.325 381 80.601
222 74.977 383 94.892

ol oa] H=AS Axstr] st F=F A& AIATEFE ol &3 Bacillus
subtilis MC313} =779l WAl & AANN F2-AHE  Lactobacillus saker 3832 E 3wl &
= Al

SAeE U5l Bacillus subtilis MC313} Lactobacillus sakei 3835 1:1, 1:2, 1:3, 2:1, 2:3,
31, 329 Hl&E HFeAS W, 7 vEE HAEY A FS fig. 11 HEpfAT v & 11,
1:2, 1:39] A9 HAE9 <ol Z+ 27.30+0.74 mg/g, 25.83+0.76 mg/g, 2550+0.95 mg/go =
Lactobacillus sakei 383¢] H]&©°] FoldrsE HAAZo 4ol Fojus A4S g + U
o} ESk WS 211, 2:3, 31, 3:29 A% 27t 28.44+0.64 mg/g, 27.67£0.88 mg/g, 29.22+1.37
mg/g, 27.61+0.86 mg/g o2 4ol Ao W3 A Lactobacillus sakei 3832 W] &o] mold
5 AAE ¢o] Foluv AdE YEUATE wakA Lactobacillus sakei 3832  Bacillus
subtilis MC319] A= AAlat= As & F AT drk A== JAAEo] 2.15~6.03%
A FrEol dve Hisd Husts W 2 AR Ads 255~292% % Bacillus
subtilis MC313} Lactobacillus sakei 3835 E3tulFste] gt A=43 FASE 49 AAE



S AT =g A5 FeEHet s 9 wagE AdE AT FAEA O (Fig.
12).
3500
2000 A
& - i
E 25.00
g 2000 4 M zlime contentimg/a)
£
2 1500 -
-5}
=
= 1000 -+
[
500 4
000 -
(ay 3 2 2 3 1 1 1
By 1 1 3 2 1 2 3

Rate

Fig. 11. Slime content in Chungkookjang by mixed culture of Bacillus subtilis MC31 and
Lactobacillus sakei 383.
"Inoculation ratio of Bacillus subtilis MC31 (A) to Lactobacillus sakei 383 (B).

Fig. 12. Chungkookjang prepared by mixed culture of Bacillus subtilis MC31 and
Lactobacillus sakei 383.

S|
A

ot 2l o7 A=A 7

olr

3

A

(1) GABA &=
Bacillus subtilis MC313% Lactobacillus sakei 3832 &3ufoko] ola] Aitel H=7o] 7]
AR Jhed B #A e F4 gAE2ded GABAY TES =AYt GABA &% =3
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71oF & WMo R skt

Bacillus subtilis MC313} Lactobacillus sakei 383< 1:11Z A& H=7429 GABA 3TIFE
ol 7] 913 autoclave AlFF, WlYRE, HEAFS 2RO R FFo] GABA FHS 4o
Tl Autoclave AlZbell mE GABA 3¢ ztol&= A9 gldi(Fig. 13), ¥&a2% 35T, 37C
AN A Aoz GABA o] =A SN, w27t mobdaE AAA Q0 GABA
stko] g4 Z7letth AlY =& GABA S wrE ek 37T, autoclave A1 7F 3080l A
0.040+0.000434 mg/go. 2 7}d =9rh 1 thgo =z WFL L 45 T, autoclave A ZF 40%-of A]
0.039+0.000435 mg/g®l GABA 3&s Yetuidith Ald @& GABA % 0.022+0.001097
mg/gl 2, W& 257} 30T, autoclave A 7F2 30+ 0] AT

oy 4
Qo 4
s Q035 4
ESO.CISO .
E 0075 - Autoclaving time
£ 00
- . .
£ oo W15 min
W30 min
< 0015 - ’
5 w40 min
aoLg 4
EE0 min
Q005
Q000 -

a0 a5 a7 44 45
Fermentation temperature(T)
Fig. 13. Effects of different fermentation temperature and autoclaving time on GABA
content in Chungkookjang by mixed culture of Bacillus subtilis MC31 and Lactobacillus
sakei 383.

g 2% 37Col A HE A autoclave Al7FAl W& GABA 3§ (Fig. 14) autoclave A
30:toll A 72A1%F ra sk F = go] b =T EARte] HojAe s dAA 0 GABA &

Z34 Z7FskAth Autoclave AlZFoll whE XFoli= 48A17Fo| A= autoclave Al7F 15%-9]
& ovkal, 3020l A 7R mokth vk 60413l A= AlRbe] SUME S GABASHFO] wobxl
th 72X 3ol M = 5 ZpolE YERA] ko 307l A kel JH =t A Aol
A Bacillus subtilis MC31& @ wleFst o749 GABA 352 autoclave A|7F 504, &&
=5 40T, EEAZE T2AZbell A 1524 pg/mle®E YENSTE.  Bacillus  subtilis MC313}
Lactobacillus sakei 3839 &3 W\t H=dol A Bacillus subtilis MC31e @ wjdst &
T4HT ¥ B2 GABA $ES 45 5 AU

o]

—TLOE e

A
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05 4

0040
0.035

=]

= 0030

£

E0.0ES B Autoclaving time

- ) .

S 0020 A mls m!n
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Fig. 14. Effects of different fermentation time and autoclaving time on GABA content in
Chungkookjang by mixed culture of Bacillus subtilis MC31 and Lactobacillus saker 383.
" Chungkookjang was fermented at 37C.

(2) Protease &4 =4

gAY F8 7ed AE GABA 9o A=e] vt ysAdel S 7ot Ao
2 4 JH1Ee & 587 8= protease EAJo] olof dtrt upElA Eghul ol
ola] AAtE H=Ae] 7|5AS HIEE7] 98l proteased] TS =AY

Bacillus subtilis MC31%} Lactobacillus sakei 3835 1:11%2 &3tsto] 2gst AH=743)
Bacillus subtilis MC31S G4 = HF }04 gt Ao 22 S5
2 Hrleteo] ddgtsta AR F AsdsE LR

50 mM sodium phosphate buffer(pH 7. 2)°ﬂ caseing 0.6%7}
sgon, 71AEN 1 mLe 30CoA 283 I3 F =3
HESAI AT 04 M TCA €9 ImLE 7sho] Ao 303
um syringe filter& AAH o3 Atk oA 1 mLE& UV spectrophotometerE
280nmol A FHEE Ao, 4 1 unitS £E49 1 mLo] 1% &<k 1 umol tyrosine
= AAste B4 o st

Bacillus subtilis MC313} Lactobacillus sakei 383% 1:12 E%ste] wad A=y
Bacillus subtilis MC31& @Y= HEs H=739 protease S SHS 2y =g
osf] AAtE A=A el protease FHA2 39.382+0.654 unit ™, Bacillus subtilis MC31 ©<
Hhgo] os] AAbE He] 79 32.378+0.067 unit®] protease T L Ho] ETehdtg g AYAl
¥ Ad=iFo] =2 protease €S EAFAUTH wEbA ekl os) AdE H=ol
GABA A4F B wrolu e} protease 4% Eof 7150l FAHATS FRlstAT

= rl

o WAAAE 9 daxd 24
Bacillus subtilis MC313} Lactobacillus sakei 3835 44 v &=2 HE3 H34S WH3ashy
HAE dw Bz, 2uks vustAti(Table 7). A X9 74, Bacillus subtilis MC319]

T
H|&o] %342 113 =7t Zdlov, Lactobacillus sakei 3839 W] &o] EoldFE AA
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A A =HF= e 1, 12, 13004 & very dstdS =72 5 A §)
]

Agk v & 1:2, 1:30 45 A2 WA v 1B Y s 29 Bacillus subtilis MC312)
H| &o] Zold4E i o, Lactobacillus sakei 383%] B]&o| Eold4E 22ulo Zo]l5 11

T 5F9 4% gto]l f Aol =ARTh oo AdE FIste] Hlue s w HE& 11
o A EHFTE A gl AAES] & HAEe vUE v vudes W 2A Aot
A ggrow gulk o] wWeo] ¥3E gl weka] GABA = A A=SFE Ax
st uw) HET S5+ Bacillus subtilis MC313} Lactobacillus saker 3832 W] &S 1:11% A3t}

Table 7. Viscosity, foul odor and bitter taste of Chungkookjang by mixed culture of
Bacillus subtilis MC31 and Lactobacillus sakei 383

) Rate B Viscosity Foul odor Bitter taste
1 1 +++ ++
1 2 ++ +
1 3 + +
2 1 +++ +++ ++++
2 3 ++ +++ +++
3 1 ++++ ++++ ++++
3 2 ++++ ++++ +++

"Inoculation ratio of Bacillus subtilis MC31 (A) and Lactobacillussakei383 (B).

“++++1 over powering detectable activity, +++: strong detectable activity, ++: detectable activity, +

weak detectable activity.

ST
=4

s

5. Egujtoel ola Axzd F=e] AL

(1) Bacillus subtilis MC 313} Lactobacillus sakei 3832 &3 wast =732 GABA &
Bacillus subtilis MC313} Lactobacillus sakei 383 1:12 &3 =742 GABA dH=
ol 7] Qe WEg2wol HFAS AR 9 GABA TS FA& Hoth
Figure 159 Wag=%e] wE Hd GABATHS 100%= sto] ¥ GABAY Foi4<l
RS WMEER BASAoH HEZE 37CAA 7HE =2 GABAT RS YEUT HEek
37Tl A FEAZrel] WE GABAS A<l ghake 72A%F BRI =]l TP %o

AAH oz g A zte] dojd 45 GABA dFo] 234 F71stS ¢ 4 AU (Fig. 15). &

25 37CoAA GABA o] =A U2 AL Lactobacillus sakei 3332 5o wE =l o]

2 BT} Lactobacillus sakei 3832] HA S &%+ 35ColYM Bacillus subtilis MC319] F
Cot =

H AKLEE JCE AFY WEALE 3 #Fe) A A% Lxs) vzely] HEo

T a1 = 9.

= Azt
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Figure 15. Effects of different fermentation temperature and GABA content(%) in
Chungkookjang fermented by mixed culture of Bacillus subtilis MC31 and
Lactobacillus sakei 383.

* Chungkookjang was fermented for 72 hr.

GABA content (%)
i
(]

48 60 72

Fermentation time(hr)

Figure 16. Effects of different fermentation time and GABA content (%) in
Chungkookjang fermented by mixed culture of Bacillus subtilis MC31 and
Lactobacillus sakei 333.

* Chungkookjang was fermented at 37C.

(2) Bacillus subtilis MC 313 Lactobacillus sakei 3333 &3t wta sl A =+zfo] ofn| Al
Bacillus subtilis MC 313} Lactobacillus sakei 3835 37C, 72A17F 5¢t &3 w33t =%
ofn = ALS 22F o] AEHQon 1 TES table 8o YERAULH AW =& TEFS e

fo

o]
WHoobr] =22 tyrosine©] ™ ammonium, citrulline, lysine 0% ghgFo] Yol ) ©ubsS U
= ofn|:=2Fel glycine, threonine, alanine %ol A4+ threonine®] 2.08+0.0165 mg/g, alanine©]

2.31+0.0150 mg/g?l &S Uetll o glycined AZEFEH A &gktl. 2uks Y= ofm|w=Akel
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valine, isoleucine, leucine, methionine< 2}ZF 0.05+£0.0008 mg/g, 3.40+0.0241 mg/g,
4.75+0.0559 mg/g, 0.59+0.0038 mg/g®l == HEFHATE Glutamic acidv= GABA A4 -
AR, TF FFd HFGFolA 140400142 mg/ge FHFS YHER oW GABATHS
0.47+0.0027 mg/go. 2 velgtt 7S FHol  Lactobacillus sakei 383% % E3&to] g3t
soycurdel] A o}r| =2 EA17]E T3 GABA $Ho] 865+0.40 mg/100g®] 2L

WMol W2W  Bacillus subtilis MC 315 F&ste] Hae A4S ofveqt 2472 E4 8
A& W, GABAS &2 020 mg/geletar Hxsk . WebA Bacillus subtilis MC

d2 HFsled Had FHRY Bacillus subtilis MC 313 Lactobacillus sakei 383& &3

= H
ato] W EI Aol GABA o] Eobde & o dflew g ofvshe] dhEF w3 ¢
T

Table 8. Amino acid content of Chungkookjang fermented by mixed culture of Bacillus subtilis

MC31 and Lactobacillus sakei 383

(unit : mg/g, Dry basis)

Amino acid Chungkookjang

L-Threonine 2.08+£0.0165

L-Valine 0.05+0.0008

L-Methionine 0.59+0.0038

Essential L-Isoleusine 3.40+0.0241

amino acid L-Leucine 4.75+0.0559
L-Phenylalanine ND

L-Lysine 7.44+0.0461

L-Tryptophan 1.16+0.0266

L-Asparagine 1.04+0.0163

L-Glutamic acid 1.40+0.0142

L-Serine 1.21+0.0192

Citrulline 8.44+0.0656

L-Alanine 2.24+0.0211

L-Cysteine 6.26+0.0491

Non-essential amino L*Tyro'sine 15.76+0.0940

) B-Alanine 2.31+0.0150

acid Ammonium 9.08+0.0319

DL-B-aminoisobutyric acid 6.30£0.0284

L-Ornitine 2.04£0.0119

L-Histidine 3.42£0.0225

L-Arginine 2.99+0.0276

L-Aspartic acid 0.57+0.0060

GABA 0.47+0.0027

Total amino acids 83.00+0.5977

* Chungkookjang was fermented at 37°C for 72 hr.
* ND : Not detected

* All values are meantSD (n=3).
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Figure 17& Bacillus subtilis MC 313} Lactobacillus sakei 383 37C, T2A17F ot &%
Lt g mAEe As WstE UE Aol 0AIZFel = log 7 CFU/go &2 Al &3l
Bacillus subtilis MC 319 4% 12A]3Fol = log 9+0.2102 CFU/g, Lactobacillus sakei 383+
log 7+0.3742 CFU/g& Vet ol& HA =7}t Bacillus subtilis MC 312 60A4] 7ol A
log 13+0.3767 CFU/g7}A S 7}8tR oM Lactobacillus saker 383% 48*1Fol| A log 10+0.1027
CFU/g7tAl S7Fstdth. o] % 72A1%F 744 miAdE o] s AT B3t vlussls o
OAIZFe]l ASE7F oF log 25 CFU/gd % zFol7F Qo 724 7bol A o] 5% 3k oF Jog 3.1
CFU/gAB %= AFol7b vk o= AF Al 9] Aol wet Afol7t ve= 3o

Lactobacillus sakei 383 Bacillus subtilis MC 312t A&=7F 25& & F AUk F
ol M=™W Bacillus subtilis®] W& A5o] FAbde] A5E A AlZlvta Bl 2
A FARE HEs BATh

14 ~
12
16

—— Bacillus subtilis MC31

=—e— | actobacillus sakei 383

Viable Cell Count (log number CFUfg)
==}

a 1z 24 36 48 &0 72
Fermentation time(hr)
Figure 17. Change of viable cell number of Chungkookjang fermented by mixed culture of

Bacillus subtilis MC31 and Lactobacillus sakei 383.
* Chungkookjang was fermented at 37C for 72 hr.

(2) g 4

Bacillus subtilis MC3132}  Lactobacillus sakei 383% 1:1%2 &3tste] @3t =7 Ant
A& table 99 YERSITEH 8 FEF2 61.7120.72%, 23] TS 2.05+0.05%, =T g
g 175440.03%, =4+ FHS 1.9H5%E UEyth ol A ATgelA xS Bacillus

=
subtilis MC312] @ wg Hapxo] dwtAdE shafy Hustd S w 23| &9 e 23

o
ON
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Table 9. Proximate composition in Chungkookjang fermented by mixed culture of Bacillus

subtilis MC31 and Lactobacillus sakei 383

Proximate composition Chungkookjang(%6)
Moisture 61.71+0.72
Crude ash 2.05%0.05
Crude protein 17.54+0.03
Crude fat 8.36+0.01
Crude fiber 1.95

* Chungkookjang was fermented by Bacillus subtilis MC31 and Lactobacillus sakei 383 at 37C for 72
hr.

* Proximate composition was analysed by AOAC method.

* All values are meantSD (n=3)

(3 TI g A=

A=A dRe dadA Foll vAEe] At vt asrt A&ste] Fo A8 d
€ ol AR Bacillus subtilis MC313}  Lactobacillus sakei 383% 1:12 & 3lo] gt
3 A= FP FAFS AHso] table 109 YEFNACT. FFo] F ae F
34.45+0.83%, H=delA= 2063£0.63%o=2  °F 1.6W] AT F}EIFS 4 Fo

o

o

ofll
>

rlo
e

0.96+0.00039%, H=7do] 1.03£0.00015% = “EFSTE Ao WEW WA S o] &35t ofAd o=
A24e AzAe W B gLl PG %A et wusAd og e

ARE A4S BEshe dFE0] glucoses Aol o] 437] wWitoz Heltt

Table 10. Contents of total and reducing sugar in Chungkookjang fermented by mixed
culture of Bacillus subtilis MC31 and Lactobacillus sakei 383

Total sugar (%) Reducing sugar (%)
Steamed soybean 34.45+0.83 0.96+0.00039
Chungkookjang 20.63£0.63 1.03+0.00015

* Chungkookjang was fermented by Bacillus subtilis MC31 and Lactobacillus sakei 383 at 37C for 72
hr.

* All values are mean=SD (n=3).

J4e Sqo B Q50 Aeles Aotk of B 9 F sl Gy
obe) W W Eaisgel A deaminationol o3 ANE™ B o] ko] Fshe
g o) AR

T olFH e} A EHES Tk mEA dubd o R FRAFe] W e o4
t}. Bacillus subtilis MC313}  Lactobacillus sakei 3833 1:1% &3rsle] g3k

o5

(
vy
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MC319] w9l wa P=ge) ghmujole) Az #S 238744018 mgo® LpERo ol
B A% Aypd} okt =& kol Bacillus subtilis MC313  Lactobacillus sakei 383
S &3t wast JFHo| Bacillus subtilis MC31S @ Hgdl HJ=radwt; dryoley dAA

% g[leo]'g] %iﬂ‘%ﬂ' %%E% a} “}F‘ M A‘jr Table 11)

o
o
o,

¥
o
al
fru
o

Ir
o,

Table 11. Contents of ammonium nitrogen in Chungkookjang fermented by mixed culture of

Bacillus subtilis MC31 and Lactobacillus sakei 333

Ammonium nitrogen contents(mg2%)
Chungkookjang 213.35£0.08

* Chungkookjang was fermented by Bacillus subtilis MC31 and Lactobacillus sakei 383 at 37C for 72
hr.

* All values are mean=SD (n=3).

ofv| 8] AT olv| w4k A A (NHy-nitrogen) 2% YER ™ o 23 giol o3 o

Aol FHlE EalHe ARE UEd Aelv. A=A, 9 22 AR 2R
wol FAARR AMRHI Qo AA AFeAdel wEw A= oimnd HiA TS
280 mg% oo 2 A AT Bacillus subtilis MC313} Lactobacillus sakei 38335 1:19]
H &2 FHEsto] T2A 59 Hast H=749] ofn e AAE 419.49+1.08 mg%s TS
Efilom diz¢l ab> T A 55124216 mg%e TS HERUATE EaEvE 218 ol
el o] @wdoe] FajEo] opmwmE] HAvh SRS 4 g AT A Aol o
Bacillus subtilis MC31S @ HFslo] @Hasds o ofv|imd] Hie= 44925 mg%el sF
S et Bausda. 7 A3 obvlwd d4 S A W Lactobacillus
sakei 3835 EFE R A=Y opn|mv] HA FheFo] oz vro

5H

o
NEFAANA AT of
v e A kR oF 159 =4 JERg T (Table 12).

it

il
&

Table 12. Contents of amino type nitrogen in Chungkookjang fermented by mixed culture

of Bacillus subtilis MC31 and Lactobacillus sakei 383

Amino type nitrogen contents(mg%s)
Steamed soybean 55.12+2.16
Chungkookjang 419.49+1.08

* Chungkookjang was fermented by Bacillus subtilis MC31 and Lactobacillus sakei 383 at 37°C for 72
hr.

* All values are meantSD (n=3).

_48_



(6) pHS} FAt=

Bacillus subtilis MC313}  Lactobacillus sakei 3833 &3 &3k A=l A|7HE pHeF 4+
Lo WstE 77t fig. 18% fig. 199 YERUNATH pHE 49 0AIZFel A 6.52+£0.0066S HEFU]
Qlom Alzre] Aol wal AW Z7bake] 72A17be] = 7.88£0.0066S LFERWQIT EAbme] 7
pHSF REi =2 0A]ZFell A= 0.17£0.0020%° A 213 ZFaato] 72417kl = 0.04%E YERH L
Aedstel v wstd S W Bacillus subtilis MC310] 7} &4 pHE= 57}6}@ o
obAth oled Ai= H=E TR Al Aol wel pHF S7FE T 9
o 4 Fo] nud vt dE A=Fe Wt pHRl 721HT= ot =2
AT

.7

ol

e

A=
RS
s}

N

T m

B
7

Mol § foJo

T

€}

pH
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Figure 18. Changes of pH in Chungkookjang fermented by mixed culture of Bacillus
subtilis MC31 and Lactobacillus sakei 383.
* Chungkookjang was fermented at 37°C for 72 hr.
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Figure 19. Changes of titratable acidity in Chungkookjang fermented by mixed culture of
Bacillus subtilis MC31 and Lactobacillus sakei 383.

* Chungkookjang was fermented at 37C for 72 hr.
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2 HJegAdNM = ofde] s - sy S A Ao AlFo] ofe A s 2
g5 S A= dFS RAEES ol&ste] A4S ol fte] A= AFE B
Ao 71 Z2 9t FAsta, AFAEAA VsdT g5e S 7154S gAE)
Atk =S G delA ARnETS Ao e RdEES [L-4/Luc/CNS-1 Z A%
-2~ 5 ol &ste] Mg o R AMEE 7es FAsAT

P} sEA AG AEF

Ao AxEda dFsed EHlss ATsk7] fdste]l GH3 AlXFE doAE2FL2
(Korean Cellline Bank, KCLB)ell A T-138to] Ab&&FAth(Figure 1). 78] HaA FFo=
B #Feid GH3 AxF= 4d3sedd #§+ THlshe AEFEA 2829 &

]

el
714, Azdd 714, AnfEAEY F8A Fo WA AU Aol 220tk GH3 A2
T+ 10% fetal bovine serum (FBS, Gibco, Carlsbad, CA, USA), L-glutamine, penicillin
streptomycin (Cambrex)& &3t Dulbecco’s modified Eagle medium (DMEM, Gibco)el
7C, 5% CO2x719] incubatorol Al vl sttt wiX] = wjd wAgom AMxE7F =] o] 80
~90% Ax AAstd AA A oh

=T - J -

AFs2E FEAE 71 MGE3 AxTE 4oz frd AFs=289 759 2AsAd
9GS A3 sk, Al EFE A FYete] AFESEA T MGE3 AETE AN E25F
o Al FalE AMEZelH (Figure 2), 10%e] €A 2]¥ FBS<®} penicillin/streptomycine ©] &4

DMEM %3 vjx]& 37T, 5% CO2%71 ¢ incubatoroll A ®ialgdct. wix+= wjd wAglom,
A E7F viA] el 80~90% A= A std At A F o).
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= & TFY AlEY HepG2 /ﬂ]i—zrg A EF2 ol skl A7l AL
}9th. HepG2 Al ¥+ Human hepatocyteso]l ™, MG63 Al EZF9} mz7ix 2 A
AN AGIAg e AFs7] 9 ste] AR tHFigure 3). HepG2 A EXF+= 10%2] €A 2]¥ FBS
9} penicillin/streptomycine ©] &% Minimum Essential Medium (Gibco) &3 *] = 37T,
5% CO2z79] incubatorell A w3ttt wi#= wjd wAPew, AxE7E b= el 80~
0% B st A A H o

2 A A EF
Aol AMAAZEEZAI A AAFS 2 (Nerve growth hormone, NGF) #1533 NGF A&
AGRAS dAFsl7] Yste] BB AEFE PCI2 AZFE SFAEFEPo| A FYdte] AR

St o (Figure 4). B35 A5+ Rat neuroblastoma@ A, 10%2] €x12]¥ FBS$} penicillin/
streptomycine ©] ¥ DMEM 3 wjx& 37C, 5% CO.Z7 2] incubatorell A wjj 93} it}
A= wld wA|glom, Alx7E wix] Yo 80~90% A% st At A FH T

_52_



Figure 4. Culture morphology of B35 cells.

w3t Rat Pheochromocytoma$!l PCI12 MEF+= AEI3A AHAXEFTOSZE epinephrine
norepinephine & AZdd2Ede] #H| 7} &dkato] AAGA Aol @Weol AH&dtH(Figure 5).
PCI2 AZF= Buls NGFe Az Agu4s dpsts] 98 Algstdon, 10%e oxg) 5
FBS$¢} penicillin/streptomycine ©] $H+¥ RPMI 1640 &3+ wix]& 37C, 5% CO.Z27 9]
incubatorol A Wi FatAch wiA = v wAPom, MEZF wA Hel 80~90% F gt
Al A Z T

2. AARSANA in vitro 7158 B

e m A=
HetrA A9 Alxe] AEI A
T H=ES 25 mg/mle

ANZF AP 3 AE AELT AFT 2R %_‘—a]%ko =259 o},
M AESES MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diohenyl tetrazolium bromide,
Sigma chemical Co. USA)WH S §3le B4319 0 MTTE Aolle AX U rlEZ=go}
Watel] #EA)3lE oxido-reductase?] &A ZHgol & FAE o] HElAe formazans A S

ig:
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A H=d, gl U 2k formazan®] THMAEE FHER FHTFOEZHN AX AEES
o =35} += @‘d‘%}‘?ﬁ o7 olg% i i (Gerlier and Thomasset, 1986). ®# GH3, MG633} C6
6 3 x 104cell/welD)oll #F3Fo] 24A)3F v k3t H, Vehicle (dH20), 3 =4S 5%

HE Aelstal, 3AF ek w ettt &S WA E A AL, MTTEHS 50 b 7k
5, 4N sk F7F st AlE ol HeEkA AAo] AAEW Dimethly sulphoxide
(DMSO, Sigma Co.) €4S 150 w® ¥ i1, formazang ATt ZF wello] vepd A7zko] W
3}= ELISA-reader (VERSA max, micro-reader, MDS. Co, USA)S o] &3}o] 540 nmol A
=7kt

darzbo]l GH3 AlEFol AT 28 Ao v JFe dhad
af, e s FFHEE AES GH3 AlEFol AHEg 5, 24A17F aj&fgk wjgFd S A
st AP s 2 Eo] FAlE o] &35l9ISlot Blot analysisE® G383tk ME njgd S
Blot kit (Pharmacia Biotech, CA, USA)E ©]-83}% nitrocelulose membrane®] 7 o]A]Zt},
Membrane 1A]7F &<F A2o]x 5% Skim milkzZ E=27 3 F Az A Q0 rabbit
polyclonal anti-GH antibody (Santa Cruz biotechnology Inc., CA, USA)Z 1A]7F&<t A 2|3}
Ath. 18]ar o] x}&A 9l horseradish peroxidase conjugated goat anti-rabbit IgG (GenTest,
MA)E A20A 1A12F st e, ECL Kitg o]&3sto] HdS lstsint

a2 A AE AEES TS AT 2FolA 20% F7Fekl L, ol & A9 g 1/}‘31Z] e
IwaAe 948 dve ¥WstE YE A &tk (Figure 6A). ey A S 20 EH| &
e o, ®H3S Agd 2modA Vehicle A ElarBo =9kow, & 359 74511*}*‘ S
& 2FlAE Vehicle A3 AN 59 AFE =0l 8] H A vH(Figure 6B). Wb
olgjgt Ay Ay= AwAo]l HakrA dY Ao Ao i, dF FFAAE s ERE

o Bulg FEES AASD 9

=
@
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Extracts of Chunglukjong (2.5 mg/ml)
B Vehicle PS5 PW DW DP TG SH

16 -

14 =

1o
Lg
e
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2z
oo

Re Latne proein kvelol GG

Vehide Ps Fw oW oF TG EH
Extraction of Chungkulyang (2.5 mg/ml)

Figure 6. Effects of Chungkukjang manufactured by six different Glycine max strain on
toxicity and Growth hormone (GH) secretion in GH3 cells. Cells were cultured with one of
the different extracts manufactured by different Glycine max strain. Activity of cell viability
was measured via MTT assays (A). The culture supernatants were collected from each of
the cells. GH concentration in the supernatant was measured using a dot blot assay (B).
The values of data represented the means £ SD of three experiments. *P<0.05 is the
significance level relative to the vehicle—treated group.
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h %ﬂ.ﬂr A AEES i xdol vkl AZHA FF9 A=ds dd, de, #H3S 5
mg/mle] FE= AHsAS W, AZAEE0] EUdth(Figure 7A). E3h S22 Y EF
o g, Fe AL 25 50 mg/mlE A s 1Eo] Vehicle A& Bt} =¢koH(Figure
7B). 18y HFS Agd 5ol AFEE FHFES 50 mg/mles A IFAAN F
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B Extracts of Chungkukjang (mg/ml)

a
Vehicle 0.63 125 2.50 5.00
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Figure 7. Effects of Chungkukjang manufactured by three different Glycine max strain (DW,
DP, TG) on toxicity and GH secretion in GH3 cells. Cells were cultured with one of the
different extracts manufactured by different Glycine max strain. Activity of cell viability was
measured via MTT assays (A). The culture supernatants were collected from each of the
cells. GH concentration in the supernatant was measured using a dot blot assay (B). The

values of data represented the means = SD of three experiments.

(1) Hel o&) Enjg AP 2o] Fola e Ealo] nx= o3k

ol o8] GH3 AlZFelA Erlstes dFa=o] AAR Axe &3t A4S 3
A7l AE gdstaal, ZopAlxe] 4w 3ol wx= %S Hrkstr] fste], sgds
o] &3t MxEsE FHA. ol& #dl, WA GH3 MAEFTE serum-free mediaZ THA] vl
o, A4S FE sEEE AHYste] AT wge H, dFsE o] EujE 204 w
o} (conditional medium)<= X st th S Eo] FHEH W FHES MG6E3 AEF A2 st
of AJZre]l Aol mE AEFO WIS dAvAFS ol&sto] wEEAT MG63 AlZF= 9%
} =¥ dAv) 74 (Leica Microsystems, Switzerland)E o]&3lo] M EAAE S #2 d3t)

2 A3, MG63 A2 3t ®HfFelA 7H =dkow, tid, iF, T T AR #F
H A tH(Figure 8). Loyt FAd AstE A2d 2FdAdR= Alx #3tE #F2 & 5 o
T3 AR e S g, B3 204 wjdd s A AEeME sRYEH R
37 £ HAoH, diFe] 203 wddeA s s A o)A &k, dAH R dA
3 Z71E YE A tH(Figure 9). ol8idt A3 Aapddd &) EujE s Eo] MxE A
Fe FXekH, A5 A FAA sEoEA o WS AASaL UTh
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Figure 8. Microscope images and cell viability of MG63 cells treatment with various type of
conditional medium which collected from GH3 cells stimulated with several type of
Chungkukjang. Vehicle—treated cells were treated with dHZ20. Cellular morphology was
viewed at 10x magnification(A). Activity of cell viability was measured via MTT assays (B).
The wvalues of data represented the means = SD of three experiments. *P<0.05 is the

significance level relative to the vehicle—treated group.
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Figure 9. Microscope images and cell viability of MG63 cells treatment with
various type of conditional medium which collected from GH3 cells stimulated
with several type of Chungkukjang. Vehicle—treated cells were treated with dH»O.
Cellular morphology was viewed at 10x magnification (A). Activity of cell viability
was measured via MTT assays (B). The values of data represented the means *
SD of three experiments. *P<0.05 is the significance level relative to the

vehicle-treated group.

Aol o) ANE HgEEEe Ha BolMEolwr FHH WAAE dopr nz,
AR FEAL Ut E OE AT, PAEFE 0§t MFl-FENSS AN
oh TAEFQ HepG2el A4 E=®ol 238 A4 wgde A2 @& ¥ oo 49 @
# shch 7 A ol MGE3AEFS Asksk FASHA, W, hE, Blge] 2% wjg oo
A AE AEge] o FAAE RathFigure 100, £8, FEIEH Bee AP
A, BAs gEe 248 MFAe AT 1FS BE JEHoR AR FEGL
g, Wl 2ad ugee Aud ageddt sReEHe e urhiAd Ragn
(Figure 11). el Az 2ulg YFa=fo] BALF A8Y0R 483 A

ATt
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Figure 10. Microscope images and cell viability of HepG2 cells treatment with
various type of conditional medium which collected from GHS3 cells stimulated with
several type of Chungkukjang. Vehicle-treated cells were treated with dH2O.
Cellular morphology was viewed at 10x magnification (A). Activity of cell viability
was measured via MTT assays (B). The values of data represented the means *
SD of three experiments. #*P<0.05 1is the significance level relative to the

vehicle—treated group.

_59_



A Extraction of Cungkukjang (mg/ml)

0.63 mg/ml 1.25 mg/ml 2.50 mg/ml 5.00 mg/ml

* ...

Relative level of cell viability
s bERAE B
E
g
Relative level of cell viability
BEESELL K

| ...

[
h
k.

=

Nk NS =
& QY W AF P

¥ > b o»
_:.lff s M 4"5 —_— .&
Extracts of DW (mg/ml) Extracts of DP (mg/ml) Extracts of TG (mg/ml)

FEP LS
Figure 11. Microscope images and cell viability of HepG2 cells treatment with
various type of conditional medium which collected from GH3 cells stimulated with
several type of Chungkukjang. Vehicle—treated cells were treated with dH»2O. Cellular
morphology was viewed at 10x magnification (A). Activity of cell viability was
measured via MTT assays (B). The values of data represented the means * SD of
three experiments. *P<0.05 is the significance level relative to the vehicle-treated

group.
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3. st5895X in vitro 7154 ©AY

3
(1) =7 FFol AARAEY] MEAEZEH] NGF vl 2= J3
A 67HA FF(EAN T, e, W, ®3, Aol diste] st
sl7] 9ste], A A AFA A (Nerve growth factor, NGF)E H7F A= A
cholinergic W&o 7Hd =g gaacleln, T4, &3 B3 ABAE]
ul Atk NGF& 9% cytokines 52 A FEZ=E° wkS3he thgs A2 e
H =4, NGF& AAFst= M ¥+ neuron, inflammatory cell (lymphocytes 22
structural cell (fibroblast, epithelial cell, smooth muscle cells) &©°] ¥3tHE T}l A =72
Fol AAEAE AEI NGFO vlo] v A= J3s H7bstr] f1ste], A AE] B35 Al
ZFo A=4e 25 mg/mle] TR 24X AYEd F AE AEEI NGFo #HFE 54

sherh
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L
9 =l
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ol
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&

A ALk

mast cell)

é

o
2 e r

jg oo XL kol

o = v 32

AT BEES W] G4 MIT 248 Asgom, 1 4% Fue daen 44
@ FEolgom, o F AT YA RE FFL AUT 1FAAE AZATE] YR
A FASA. K3, A A A 2FAN ALALE FAHD A AU

o]

MU]r(Figure 12A).

NG B 2e Millipore®] NGF ELISA kitZ ] 3h] i%}moﬂ wel 248k WA A
koS ELISA kite] ZF wellol 100 w09 vkl & a1, plate sealer= plateE S il HA|
ot w3ttt PlateE wash buffer 250 pl= 4 /‘ﬂ s i, anti-mouse NGF monoclonal
antibody 100 plE #H7}slar A2 A shaking ¥ %3 th 241 7F & wash buffer® 4 A %
35231, peroxidase conjugated donkey anti-mouse IgG polyclonal antibody 100 ulE % 7}s}
A 20| A shaking Bl F3FAth. o] 7]o] 100 wle] substrate (TMB)=S #7}ste] 2204 15
o E4reS F=3 T, 100 w09 stop solutions H7tsle] whE-& FAsTE WESF

of we} vebt W3l ELISA-reader (VERSA max, micro- reader, MDS Co., USA)E ©]

3l 450 nmol A AT 2 A3 NGF #4H]= dukd oz tfza3 H|S=3k 4=50]2)
oy 53 HFH AlsE Ad IFolA NGF EH|Fo] 7P =2 oz glxAnt
(Figure 12B).
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Figure 12. Effects of Chungkukjang manufactured by six different glycine max strain on
toxicity and NGF secretion in B35 cells. Cells were cultured with one of the different
extracts manufactured under different strain. Activity of cell viability was measured via
MTT assays (A). The culture supernatants were collected from each of the cells. NGF

concentration in the supernatant was measured using an anti—-NGF ELISA kit (B). The
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values of data represented the means®SD of three experiments. *P<0.05 is the significance

level relative to the vehicle—treated group.

(2) A= =7t AARAE] AEAYEE3I NGF ZHlol vA= J&
AEZREET NGF #Hl 52 vtgo R F 7Hx e & F5 (88, Ashoz Axd F=74o
TE (O 0.63, 1.25, 2.5, 5 mg/ml)i AARAZ] AEAEEI NGF 28] WA= F3Fs
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=
E
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>
Hm

X

KR
a 7&44, B3-S X%E]ﬂ awelMe A5 FEE s Sl b ARAEES Y
ofAl= Alm BAFEEOH, 5 mg/ml olste] T=E A RE IFEC] vehicle 1wl H|
= 7]_

i r:i

st AEEo] =2 AoE BEHAHFigure 13A). NGF 4] &= 5 ==
7}shol| wel molxl= Aow #EEHJQOoHW 53] 25 mg/mle FEAA M B EHE F

_

3t tH(Figure 13B). 23L& g dgolA s, A= F2E59 v=o 02 AXAYEES
AAA o2 vehicle Lol Hlaf wokon 25 mg/mle] #=5 A3 2FdA FoHow F
7Fsk A tH(Figure 13C). 8 NGF w8+ A= 559 X #Agle] dAS #Hl& v
BUle Aoz AAHROY, 1 F 125 mgy/mlY sEAA 7 #e BEHE FEIAT
(Figure 13D). webA] olefgt A A 7= 250 mg/ml 01”94 TER HAY FEES AYSHA

H ol NGFEH|50] $-

A B

Relative level of NGF concentration

Relative level of cell viability
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Figure 13. Effects of Chungkukjang manufactured by two different glycine max strain and
different concentration toxicity and NGF secretion in B35 cells. Cells were cultured with

one of the different extracts manufactured under different concentration. Activity of cell
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viability was measured via MTT assays (A and C). The culture supernatants were collected
from each of the cells. NGF concentration in the supernatant was measured using an
anti-NGF ELISA kit (B and D). The values of data represented the means*SD of three

experiments. *P<0.05 is the significance level relative to the vehicle-treated group.

U ARG EE B4
(1) A= F=F=0 o8] &4]¥ NGF7F PC12AI32 2] &3el m A= 3

gSo2 B3 MEFIAA EHHE NGF7F AAR AEXe E3E XA I)=AXE &tz PCI12 Al
EXFE o] &S Mgd-FEdtsS AASY. olE H3, WA B3b AlEXFE serum-free mediaZ FAY
i ol A=ds Bdy 28t F FFY] A FEES 200 mg/mle] FERE Akl 2447 1)
k3t 9 NGF7F 28" A7 )% (conditional medium)S R ATt NGF7F 28" vjga s

PCI12 AZFo Aelste] Alghe] Aol wE MEF9 WstE dAn A4S ol&ste] ##siith PC12 Al
IFE YA =9 v A (Leica Microsystems, Switzerland) S o] &3lo] A XA IS A2 33}

a2 A, A= FEES A B3 AEZFoNA AFHAT g S " PCI12 AlE5F= txat o)
FAs AEg Axrv o 28 % 237t FEH= Aow #FAHJG(Fig. 3). WA H=F FEE
2 B35 cell?] NGF 23S 24719, #uld NGFE 753802 g Axeo 3= =38 ¢ e
Al

715E& 7Y E AS AASta dth
A Extracts of Tra.n!.l"ﬂuf
c .
Observation of
cell proliferation
Cultare for 24 hrs Culture for 24 hrs
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Figure 14. Microscope images of PC12 cells treatment with various type of conditional
medium which collected from B35 cells stimulated with several type of Chungkukjang
manufactured under different concentration. Vehicle—treated cells were treated with dH2O.

Cellular morphology was viewed at 10x magnification.

(2) H=4FZE 0] PCI2 cellol A high affinity receptors 538 A E o] wx= g3
AoFdos fE¥ NGF7F PC12 AEZFA AEAQ 7S sk ]
NGF receptor s °ll4 high affinityE 2%+ TrkA receptor®t 1 A& dGH}AHS A7)
high-affinity tyrosine kinase receptor®] TrkA recptor= NGF9| target cell®] <13 2 2of A
HAEE 7+ 832 WAA tyrosine kinase activity7} ZF At FE&AE Q14ikes =1
th Qx3td TrkA 845 Ras ¥ A3 ERK/p-ERK %9 @A W& fatslar, o}
oA kinase &4 9] 23S 72t} o] 5 kinase®] Y%= CREBI e A !

A | &4
S BA A 7]7] Yl Aoz o] F A ZItt, NGF 74 29 Ras-based components 7] &% o2

NGF-sensitive neuron 9] &35 fF=3sta FXAste 95 strf. =3k TrkA9 A4tst= Al
X APE S AAstE @l E kinase (Akt kinase)?] S fFEsiH, wAANA I} 737t e
NGF-dependent A<£& w7ttt HA=% FE=E°] TrkA®t TrkA downstream signaling
pathwayoll 7| X]&= dS Aol 7] 93], western blotS Faf #4313t}

2y Ao wjgtd S A PC12 Al*E5% PRO-PREP Protein Extraction Solution (iNtRON
Biotechnology, Korea)< Z7}ste] 33 & 13,000 rpmel A 58 S¢F QAR g sl gl s 2
gt 2gwE wmde] = SMARTTM BCA Protein Assay Kit (iNtRON Biotechnology)g ©] €3}
of st Ott] 30 ugel WAL western blotoll AFE3FT WA, 10% SDS-PAGE gelo] whilz &
71953 ¥ Enhanced Chemiluminescence (ECL) membrane (Amersham Life Science, Piscataway,
Nl Holstal, 5% skim milkell A 1A &< E=2A359 Y. 4 membrane anti-TrkA &3 (Cell
Signaling Technology), anti-p-TrkA @A (Cell Signaling Technology), anti-Akt & (Cell Signaling
Technology), anti-p—-Akt 3| (Cell Signaling Technology), anti—-ERK 384 (Santa Cruz Biotechnology,
Santa Cruz, CA), anti-p—ERK & (Santa Cruz Biotechnology), anti-B-actin @A (Sigma-Aldrich)%
o1& AR A4TColA A wjE T HRP-conjugated® secondary 3FA|E FH71sle] ECL Kit
(Amersham Life Science, Piscataway, NJ)& ©|&3}o] oS 2l

a2 A, A= FEEY 350 " FHEY Aole Aoy, A= FE=S TrkASH Aktd

il
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AibstE £XIA1713, Erke] QIAFSHE AAIA 7]+ Aoz Gt th(Figure 15). ol gt A3+= H =%
2 NGF9] high affinity receptor® &3 A3 HEE X380 2 M neuritic outgrowth® S A A
shal A Th
A Vehicle TG SH
Akt [ < G0-kDa
P-ALt | cm——  G0LDa
Erk | — | = 111D:
reo - 42 kDa
PErk | S s— | 3 44 kDa
B-actin |_—_ | —— |-r 42 kDa
=4.0 - 2.0 12
B : g g 10
e 3 b=t = L
= 330 515 < 8 %
if . 3% E%ﬂ-s
520 éil.l] J Egu.ﬁ
e - 3204
<10 g 205 4 g =
£ z ¥ 02
=00 <00 = 00 |
Vaicle TG SH Vaiicle TG Veiicle TG SH
Figure 15. Effects of the Chungkukjang on down-stream signaling pathway of NGF receptor
TrkA signaling pathway via Western blotting. Total cell lysates were prepared from PC12
cells treated with the conditional medium of vehicle, TG and SH. Fifty micrograms of
protein per sample were immunoblotted with antibodies for each protein. Three samples
were assayed in triplicate via Western blotting. The values are expressed as the
means*SD. *P<0.05 is the significance level compared to the cells treated with vehicle
conditional medium.
(3) A= Hi—‘

E-0] PC12 cello| Al low affinity receptorE =3+ A3 ddo] nx= 3k
Aado® FEH NGF7F PCI12 MEFANA FEAAQ 7lss A Yolr7] $18hdo,
NGF receptor =14 low affinity® 2zt p75° ' ® receptor®t 1 A5G4S 3713819
Low affinity receptor®l p75" ‘= G-protein receptor familyol &0, AEZ2d 5o chopper
domain®} death domaing 2til glo] AzAGS Fasitt, Hd FEEo] p75 "o} p7sh R
downstream signaling pathwaye°ll 7|X&= 9FS LolH 7] 915t4], western blot2 F3f 4
skl

xza2 A= agd S A s PCl12 AlX2F+= PRO-PREP Protein Extraction Solution<
HA7bete] E4g F 13,000 rpmell A 5 &< A4l ste] @i ds Featgint Eejd o
Aol F%+= SMARTTM BCA Protein Assay Kits ©|-&3te] A =Fsgd o 30 ugd @z
S western blotell AF&3FTh WA, 10% SDS-PAGE gelo]l @A S Ad7)9d%3 & ECL
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membrane®] Ao]dta, 5% skim milkollA 1A et B2 Y. 27 membrane
anti-p75° " A (Cell Signaling Technology), anti-RhoA & #|(Cell Signaling Technology),
anti-B-actin ¥A (Sigma-Aldrich)5 2] 12} &A| =2 4T A A vt & HRP-conjugated
¥ secondary ¥#|E H7}ste] ECL KitE o]-&3ste] waS eldtit)

o A, p75" e A HRe Y aFdAE ddo e, ANsEs A

g aEelM =
Byo] Frtste Aoz FAHJY 28y RhoA @wlde] Bde o71x9] A= FEES AP
oA B gz vlste] fojAom Fadste AoR #EHAHFigure 16). ol21d A= A
=4 FEE°] NGF low affinity receptorg &% A dolA Hol2 wgS fstA XEs A4
skar itk
A Vehicle TG SH

PTSTE |o——— ~ 75-1Da

B-actin | sees--m— —_— | . {7 D2

oal
Relativelevd of RhoA expression
[— I — N — N — N — I
S ok oW D e

Vehicle G SH Vehicle TG SH

Figure 16. Effects of the Chungkukjang on the down-stream signaling pathway of the NGF
receptor p75NTR signaling pathway via Western blotting. Total cell lysates were prepared
from PC12 cells treated with the conditional medium of vehicle, TG and SH. Fifty
micrograms of protein per sample were immunoblotted with antibodies for each protein.
Three samples were assayed in triplicate via Western blotting. The values are expressed as
meansxSD.*P<0.05 is the significance level compared to the cells treated with vehicle

conditional medium.

(1) A F4S el & 2559 &1 (Tg2576 transgenic mice)
] T 9SS Hrksh] fste], AmMASsERDQ Tg2576 FA
(Figure 17). A18¥ FAAS npgi2es dx3lolH

Edolt},

|
o
 k(transgenic: Tg) "H-2Z AF&-3}

4 AR Sl M 7 wo

N
>

o
I
Mok
5o

or

_66_



Vehicla CKJ treat
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Figure 17. Tg2576 transgenic mice. (A) Phenotype of Tg2576 mice.
(B) The identification of the Tg mice

() AviEAEe] wulE FI AP
BodAe] AREE Te2576 vhess wFoR Fualy] fshe] AvRdEE vhess
B6SJLF1 vh$-2:} sujste] ciFgatetgich, AR Tg vhest #A4ES 2487 915
H ] .0

of wp~ meo A FE3 genomic DNAE polymerase chain reaction (PCR) #4418 %3}
FPstgh AFg3 Zelolw = v 2t} ; Tg2576-specific primers, sense : 5-CTG ACC
ACT CGA CCA GGT TCT GGG T-3 and Tg2576-specific primers, antisense : 5-GTG
GAT AAC CCC TCC CCC AGC CTA GAC CA-3. Tg2576°] Eo]# <2l PCR 4t== 1.0 %
agarose Aol A7]FEst] FHAAES At 1 23 EE vk dEdA% sE9S
gRlstAem, F /i 15 (n=12): vehicle A2l A5 Aoz yro] Ao ALE-s}
ATt

(3) AMAREDFES] 7|2 s R

Tg2576+= &3 E APP(695) A xke] 670 A ofn| x=4ko] KolA] No=Z 671 A o}n] =4t
o] Mol L wolslo] gtk o] =& F 9-12 /jYe] opUo]= Ykl hippocampus,
presuviculum, subiculum, 423, frontal cortex, temporal cortex %ol A=W, <A = ol A
o] Asts el 5AS Bl

29

E=0] AALEd mAE TS dotry] fske], A& FES Sprague
Dawley (SD) #=o]t}(Figure 18). SD # =+ safety and efficacy testing, reporductive
studies, aging, nutirtion, toxicology, pharmacologyE 3¥3%3&}o] biomedical research®] =&
ofZo A HAAA SR o] §HI Qv FTEEA, HWA giPor wrFo] ok, edlEet A
A AN A AFE AH o] Q= dH|we Bdolt)h o= Taconicol A 1970 d ] NIH &% % =4

AE] (NIF Animal Genetic Resource)25%-E *& Tldt S22 A AMelzoA] FAs< )
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&S specified pathogen—free (SPF)’JE]2] SD @A = (354, 10045 g)=

] AEFA (Osan, Korea)oﬂf\i TFujste] ARSIt BE A= WARA AR AR (Purina
Com., Seongnam, Korea)& AHrw2] 3t 3R aL, 12 Al 2 571(08:00720:00) 2 SPF
el H’“Pﬂ]ﬂ—’ AAAD s EAH(ZE 22+1C, ”ﬂ]* 50+5%)ol Al AbFetqdth EE &
A= S g %%*—é@%ﬂﬁc’lﬁ(f’NU IACAU)ZH-E] #HetA 3 gejdel g HALE
Rk AO](*O] % PNU-2012-0006)= %o} 3=t WA, 45759 H=g& Hutg¥ 3
(Vehicle =&+, L—CKJ A, H-CK] Agd)oez 292 mAstch Vehicle A 872
dH0%HS, L-CJK A8+ =4 255 A5EQ 50 mg/kg 5=, H-CJK A8+ F

2 2Z2ES 1%59 100 mg/ke FEE ATEAEIT. 102 F, A= Zoletil® 1ml/kg
S Fojate] mFH s, AFTS S48t =4S JE5Ah
() A= FEEo] UEHZF Zolgf FA HA+= 93

¥HY Fauel AN AR UAL FPE Yokus] Astel, dmol F A ol 3
F4S Fold F gEE Zolot ¥, #7118 FASAL dEFS v dEE R HFEE
tre]e] 95 WE @r)er Hr|E JheA obe 9% g w}ﬂ‘r*i Ao A= W Ao
AxEA REES 4497, ofd A=) JFTe] #AE Jotuz k. 1 A o
HZo] dols} AL vehicle A 109 59 L-CKJ, H-CKJZ2 23 ol A 24 )
+ WstE YEhd A &gt (Figure 19A).
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& eosin (H&E, Sigma-Aldrich, MO, USA)°o. & AAsla Fst dnFdoxw Mg 228 7
Zatdh A Adw W AzAlEe] YA 54 Leica Application Suite (Leica
Microsystems, Switzerland)< ©]-83to] FAsIA T 2 A3, &= 95 s A3
of 7 WstE #F & F AUk AR FA= vehicle Aol HlE Eo) A=
= A H-CKJ AgaelA FA7 Fo94ox Friatdvh 3 A4 e d=AEE

vl gk A3} proliferative zoned} hypertrophy zone®] A& AE 9 %= H-CK] 7] oA
M =S Aow #EFHAY. wbH L-CK] Aol 2o AA#2] F7+= vehicle A 2]l
Hlal] okt F7hek th(Figure 19B). ol st Ay A= o @757 tig =9 FA< 4ol
of Al J&ge T4 Zyete ofd o RS FA T = AE AAsL AT
A Vehicle LCKJ HCKJ
’ .
| 4
W why A
E 2.5 E El;i T
: i
% 4 %0.2
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Figure 19. Morphological and histological alteration of femur bone growth in SD rats. (A)
Femur length was measured from the fovea capitis to medial condyle after careful
trimming. (B) Thickness of epiphyseal growth plate was measured on the femur section
stained with H&E. Histological morphology was viewed at 20x magnification. Data are
reported as the mean * SD of three replicates. * p<0.05 is the significance level compared

to the vehicle-treated group.

Ao FEE] dr|For Az Bdo nxs JFS dolr ] 93k, ofd SD
R oS 1047 Fost & A28 g8 FHAY. e dd & JHs=
2o FEE A5 ElA A=l ShebdwlF o 2 B H heparinized capillary tube (Cat. No
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5,000 rpmo. 2 30% 3+ AR sl A
2 FAH(ELISA) S o]&sto] AxAE AlE
St ZREFS EYE Rat Growth Hormone ELISA Kit(#KRC5311, Invitrogen, califonia,
USA)Z =A3kth. +98]3 dH 3} standarde= A7 Z®HE plated] ZF wellol % 7}3}o]
500-600 rpm HE==Z A-2oA] 2417t &b vttt 7 well a PV100 automatic plate
washer (Hoefer, Holliston, MA, USA)Z 6% &3}, horseradish peroxidase (HRP)
conjugatesE F7tste] A=olA 30% &<t wiFE Tt o 7] 50 wle] stop solutions 3 7hs)
o REgES THPoH, RkgEde wel yEd WslE Vmax plate reader (Molecular
Devices, Sunnyvale, CA, USA)E ©]83}o] 450 nmoll A =43 1 Ay 83 U A%
289 FX+ vehicle Aol Hls| L-CKJ AgtolA Fo&ew F7ketdlvh. A
H-CK] A+ 43ds28 $E% vehicle el vlal] =%Aw L-CKJ Aol v]s)
37% A #EH A H(Figure 20A). o]H st A= Ak H=Fo] HHITAZEEH JFE

229 SHE FEATIE As AlAea ok

2501, Chase, USA)E o]&3lo <tepadst &
S Ao AT EEY sEE a4 9

= 1

(2

ol

| = Ao ot YIS WX =A] LolrR 7] ko,

to] 7ty S5O 2HE AFTE2E FE&A G g B FS Western Blot A HoR =
gt H ES5FF9A Z2 100 mge PRO-PREP Protein
Extraction Solution (iNtRON Biotechnology, Korea)S #7}ste] w23 2171 3 13,000 rpmell
A 5wt At delds FEsid. Hed @Y sE+= SMARTTM BCA
Protein Assay Kit (iNtRON Biotechnology)< o] &3lo] A& ™ 50-100 ugd w¥AS
western blotol]l AF&3Fth WA 10% SDS-PAGE gelo] @9 719 53% % Enhanced
Chemiluminescence (ECL) membrane (Amersham Life Science, Piscataway, NJ)oll #o]s}aL,
5% skim milkoll Al 1A17F &< E2739 . 2 membranes anti-GH receptor (ab78426,
Abcam, Cambridge, UK) and anti-actin (A5316, Sigma-Aldrich, Saint Louis, MO, USA)&
o] 1aF A2 4ToA WAl w3 & HRP-conjugated¥® secondary &AE 3 71ste] ECL
Kit (Amersham Life Science, Piscataway, NJ)& ©o]&3to W3S st 1 23 3+ %
Ao AFEEE FE&A= vehicle Mol vl H=d Aol FoHoR SIS
th. 53] H-CK] AgeAe Ads=s 584 @il dS L-CK] Aol vl =4 2¢d
HAow AFTZE FE&A9 FdE Ao FroEAH AEFS JEMNIY AR
w7t gl Aoz #EEAH(Figure 20B). ol#d Ay A= F

wol HEot 7 2AolN AGEEE Fede BFE FANUE AA

o

to |o
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Figure 20. Alterations of GH concentration and GH receptor expression. (A) After final CKJ
administration, blood sera were collected from each group of SD rats. GH concentration was
detected using an ELISA kit with 0.5 ng/ml of sensitivity. (B) GH receptor level was
analyzed in two target organs, the liver and muscle, as described in Materials and Methods.

Data are reported as the mean £ SD of three replicates. * p<0.05 is the significance level

compared to the vehicle—treated group.

of ojugt FIFS W A=A Lolr7] ¢}
2HEH AAsT=2RE —’FQXJ]J down stream signaling= Western Blot
o2 A3k Vehicle®} H=74 AHaldtel 1 E52FAA 224 100 mge
PRO-PREP Protein Extraction Solution (iNtRON Biotechnology, Korea)s 3 7Fste] w23}
AlZL % 13,000 rpmell A 5% ¢t A Egete] SilA S Fesiith Ed dulEe] s
SMARTTM BCA Protein Assay Kit (iINtRON Biotechnology)< ©]-&3le] A wkslg] o,
50-100 ug® @ d-S western blotol] AF&3FATE WA, 10% SDS-PAGE gelo] ©wade A

719953 ¥ Enhanced Chemiluminescence (ECL) membrane (Amersham Life Science,
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Piscataway, NJ)ol #ola}lar, 5% skim milkel A 1A17F B¢t E2A3A . ZF membrane
anti—-Akt (#9272, Cell signaling, Denvers, MA, USA), anti-pAkt (#4058, Cell signaling),
anti-Erk (sc-94, Santa cruz, California, USA), anti-pErk (sc-7383, Santa cruz), and
anti-actin (A5316, Sigma-Aldrich, Saint Louis, MO, USA)% 2] 12} A2 4TCoA A Hj
%43k & HRP-conjugated® secondary &AE #7}ste] ECL Kit (Amersham Life Science,
Piscataway, N])& ol-&3dto] TdS ddart. Az ad F8A9 Nadgagds dolr
7] YA s 2R MR dFgE FE T2 AARA Aktet ErkE AAEAC 1 A
I b Ao A &= vehicle Aol vl L-CKJ9 H-CKJ] Al EFoA Akte] <14kst A
=7t astgeHFigure 21A). $HH 8 ZZF oA = vehicle # 2] 7ol H] & H-CKJ =gl
M= Akt Ql4tsl o] Watr) gllony, L-CKJ Aol s ozt #hasideh v Erkel
A4k} AFe Aktoh THEA J&ﬂ 1 tH(Figure 21B). 2 Ao A& Erkel <QlAibshe= L- CKJ
Ao ARk of7k FrFeAAI N, H-CK] Aglitel A= obdd W37t gldth(Figure 21A).
F AdAM = Erk® QIAste A= s ojEFH o= wWstst vk (Figure 21B). ol &
A AL 39 25 2o Ae 2R FEAY dadGHAS M A
A| Al gk},
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Figure 21. Effects of CKJ administration on GH receptor down-stream pathway proteins in

=

=

=}

Rehine kevel of pExldErk

liver (A) and muscle (B) using Western blot. Total cell lysates were prepared from tissues
of vehicle-, L-CKJ-, and H-CKJ-treated groups, as described in Materials and Methods.
Fifty micrograms of protein per sample was immunoblotted using specific antibodies for
each protein. Data are reported as the mean = SD of three replicates. * p<0.05 is the

significance level compared to the vehicle-treated group.

U Ao AUFo7E ddEee AR vAs 9% 4

(1) 24947
A71zke] A= Ferh Adewel Aol WAs 9FE Fkehrl flste] 65 <t SD
A =oll 50, 100, 200 mg/kge] =g W& Folsta vhekdt Jgedate] wmEE A
Aol

AHEE A5 ES specified pathogen-free (SPF)/EfS] SD A =(357, 10045 g)=
A AlEts(Osan, Korea)oll A —rjste] Abgstdditt R == WA 2Abd A& (Purina
Com., Seongnam, Korea)E& #f+4 st &gl 12 Alxke]l =7 571(08:00720:00) 2 SPF
FE Fakdiea A TEAE (R 22¢1C, FdlFE 50£5%)0l A A3 th Bg 2
AT FAdEt Y FEAE & A3 (PNU-IACAU)ZHE Zshgd v &elgdo] dist AALE
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A el ARl Wskr glloen, 1t
*thH(Figure 22B-G). o] &3 2z}
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Figure 22. Effects of CKJ on body weight of SD rats. (A) After administration of three
concentrations of CKJ to SD rats, body weight was measured using an electronic balance
everyday. After final administration, each organ was collected from SD rats and organ
weights measured using an electric balance as described in Materials and Methods (B-G).
Data are reported as the mean £ SD of three replicates. * p<0.05 is the significance level

compared to the vehicle—treated group.

(3 A= FE=o] EZo AR Az nA= G

Ao FEEC UEE T vAE dFS dolrr] fste], A=d Al 7HA] sEe] H
FA}E Fold & E I Zolet FA, =9 Fdo] AT FA, yHE I FAE SAHsA0
O Ay, YEZe Ho F A= vehicle A8 65 &< L-, M-, H-CKJE AHg 3 19
A WstE YER A ko (Figure 23A) A3 H A Zo FACNAE folAH o Wt
AT},
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Figure 23. Morphological and histological alteration of femur bone growth in SD rats. (A)
Femur length was measured from the fovea capitis to medial condyle after careful trimming.
(B) Thickness of epiphyseal growth plate was measured on the femur section stained with
H&E. Histological morphology was viewed at 200x magnification. Data are reported as the
mean = SD of three replicates. * p<0.05 is the significance level compared to the

vehicle-treated group.

B EIAIZL F 10% E2EE- 29 o4 1A stal, depdl o] Ewfdk Fof 4 ym FAE
3k ¥ &S hematoxylin & eosin (H&E, Sigma-Aldrich, MO, USA)S. & <
Bdow MY x2S #EAT. A AEH Wl d=AEY JEjshA
E A2 Leica Application Suite (Leica Microsystems, Switzerland)= ©]-&3lo] =438t 1
A, ez LA A AR FA WstE #F & F ddu AR FA=
vehicle A gwtoll M} Fods Ags BE TFolA AFHe] FA7 FolHow Frtstd
CHFigure 23B). T3k 3@ & o] F7+= vehicle A8l Hl&] A4S AHe|d ZE 150l A
Z7tstglon, ol TR oEH o7 ZUtelE Aoz A TH(Figure 24). o]y e Ax=

o
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(4) A= FE80] A28 FH)d vA&= 9

dod FEEY F7IFA7 A2 Bdef nA = JFE dotr 7] fste], SD =
of A=ES 67 1 Folgt & AFE2Ee wEE SA4sAY. due ) T G =79
FEE =2A37] YA Bz kol W E o 7 HLE] heparinized capillary tube (Cat. No.

o

1
2

2501, Chase, USA)E ©o]&3lo <teopaldst & 15000 rpme2 30 F YAt F5 9
S AU A EEY] sEE EAAY WY A (ELISA) S o]&sto] A=A Al
St L2 EFHS EURE Rat Growth Hormone ELISA Kit(#KRC5311, Invitrogen, califonia,
USA)E =Ast. +=0)3 d A3 standards= 347} Z®€E plated] ZF wellol]l 3 7}slod
500-600 rpm AE=Z A2oA 243 FF wigetd Tt 2 well& a PV100 automatic plate
washer (Hoefer, Holliston, MA, USA)Z 6% A3}, horseradish peroxidase (HRP)
conjugatesE F7tste] A2olA 30% &<t wiFEA . 7)o 50 el stop solutions 3 7hs)
o RS FTHEGACH, BT wel yEd WslE Vmax plate reader (Molecular
Devices, Sunnyvale, CA, USA)E o] &3}o] 450 nmoll A A& 2 A3 83 W AFs
239 FE vehicle Aol wE] AF=Ql L-CKJ Aol = W37t gidlov, M-,
H-CK]J A= FoH oz Frtstaon, d=de] sk oEHor Frlstes Fd=
e A tH(Figure 24A). oleld A+ 1w %9 A4S HotTAZR Y JFa2 H)

S FAM71= AS A Ao
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Figure 24. Morphological and histological alteration of cortical bone growth in SD rats.
Thickness of epiphyseal growth plate was measured on the femur section stained with
H&E. Histological morphology was viewed at 400x magnification. Data are reported as
the mean £ SD of three replicates. * p<0.05 is the significance level compared to the

vehicle—treated group.

%2 100 mg< PRO-PREP
Protein Extraction Solution (iNtRON Biotechnology, Korea)S H7}ste] w23 A7
13,000 rpmelA 5% & A S dwEs FEEn. EEE @A Fx
SMARTTM BCA Protein Assay Kit (iINtRON Biotechnology)< ©]-&3lo] A%l o
50-100 ug®e] @ AS western blotdll AFE3SIA T WA, 10% SDS-PAGE gelo @92 -&
7199%3 % Enhanced Chemiluminescence (ECL) membrane (Amersham Life Science,
Piscataway, NJ)oll #olatal, 5% skim milkel A 1A17F ¢t 27389t 2 membranes
anti-GH receptor (ab78426, Abcam, Cambridge, UK) Z18]3 anti-actin (A5316,
Sigma-Aldrich, Saint Louis, MO, USA)S < 1z A2 4TCelA A widst £
HRP-conjugated® secondary &A1& #H7Fsted ECL Kit (Amersham Life Science,
Piscataway, N))E o]&sto] 2dS it 2 23, 3+ 22404 AFsesd 5849
W3S vehicle A2l vls) L-, M-CK] H#ldolA fFoldoz 714394 H-CK] ¢
A= HEE g 52 AdA e AT 2R 8= vehicle Aol ®lE M-,
Z7Fetd o, L-CKJ Hegdolde offd Wiz gl
2% 8% vehicle A gltell vls] A A
[e)

A
cgAe wAe A 2gxAdd FEge] wEo o=
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Figure 24. Alterations of GH concentration and GH receptor expression. (A) After final
CKJ administration, blood sera were collected from each group of SD rats. GH
concentration was detected using an ELISA kit with 0.5 ng/ml of sensitivity. (B) GH
receptor level was analyzed in two target organs, the liver and muscle, as described in
Materials and Methods. Data are reported as the mean = SD of three replicates. * p<0.05

1s the significance level compared to the vehicle—treated group.

(6) H4E2E FA] AEAdd nAe
ARG FEe] ATt A% BEE FgAe Asdge oW JFL v =
4

omg

= <
olrn 7] flsle, A9 My IHoBREH AHAITE2E £E8A49 down stream signalingS
Western Blot ¥4 o2 ZA3} . Vehicley}t CKJ] A9 7t3 &8z2F o4 27 100
mg-<> PRO-PREP Protein Extraction Solution (iNtRON Biotechnology, Korea)< % 7}sle]
Azt Azl % 13,000 rpmel Al 5% <t A4l ste] dAS FEstth e Tl
% SMARTTM BCA Protein Assay Kit (iNtRON Biotechnology)g ©]-&3Fo] A &al9] o
™ 50-100 ugel @A S western blotol] AF&3LA T WA, 1096 SDS-PAGE gelol] @& &
71953 % Enhanced Chemiluminescence (ECL) membrane (Amersham Life Science,
Piscataway, NJ)o #ola}al, 5% skim milkell A 1A17F E¢F B273th 2 membranes
anti—-Akt (#9272, Cell signaling, Denvers, MA, USA), anti-pAkt (#4058, Cell signaling),
anti-Erk (sc-94, Santa cruz, California, USA), anti-pErk (sc-7383, Santa cruz) 133l
anti-actin (A5316, Sigma-Aldrich, Saint Louis, MO, USA)% 2] 12} A2 4T A A Hj
%3t ¥ HRP-conjugated¥® secondary #&AE % 7}3te] ECL Kit (Amersham Life Science,
Piscataway, N])& ol-&3dto] LdS sttt AFz 2 F8A9 Nadgagds dolr
7] SEiM AT EEY Wk S F= T8 AAEA Aktel ErkE AAsSIAT L A
7, b ZA A= vehicle Ao H T A BE TolA Akt Erkel Q14bshrt
7HAaE A tHFigure 25A). 3+H <5 51—101]/\1% vehicle A 2|70 H]3| RE X9 HLH A
gl A Akt A4S SIS oY, M-CK] A dolA 7Hg =2 ddS BAY. &8 %
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2o A Erke <143t Aee A= wwo| wel 7ZAads AIFS Btk Erk Q4bstE
L-CKJ A gatollA+= vehicle A& wtoll vlaf 2F7F =4 23 o, M-, CKJ A 2] ol A
= asteE A4S 29 th(Figure 25B). o8t Ay J2ge 71
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Figure 25. Effects of CKJ administration on GH receptor down-stream pathway proteins in
liver (A) and muscle (B) using Western blot. Total cell lysates were prepared from tissues
of wvehicle-, L-CKJ-, M-CKJ and H-CKJ-treated groups, as described in Materials and
Methods. Fifty micrograms of protein per sample was immunoblotted using specific
antibodies for each protein. Data are reported as the mean = SD of three replicates. *

p<0.05 is the significance level compared to the vehicle—treated group.
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6. s5E=2 in vivo 7154 ©HM

7h AR Ez oA AR el mAl= dF 24

(1) s=2d4A
12PA=9] in vitro A AA 67141 9] FF TolA NGF &rloll 7Hd &34l Ask-H =7
< in vivo Q70 ARSIl er, A=A Fort AdEEe] HAUAZA/AA] Rl ek TH
o] 85 &<t Tg2576Wh--2=0] 50 mg/kg® As-H=% EES

MAE dge #Bres] 9a

Folstal tpotst Ay EEe Wes B

Ao Atgd BE AFEFEL WAL ZAME A}E(Purina Com., Seongnam, Korea)ZE At
FFA SFEFE a9, 12 AIFe] =W F71(08:00720:00)2 SPE A eIl FAattistu J4Ad 5
EAE(ZE 2241C, FdF%E 50£5%)N A4 Abgatl. E=3F 2 A= FAYTw sEAF
L3 (PNU-TACAU)EFH  #egd3  HFEldol digd AAE AAd Sd(EdHs:

PNU-2012-0071)& o} Fal=lvt. Wx], 157%° Non-Tg 67} (ControD)ot 127} 2]
Tg2576 vwi5-2~& 67 23" (Vehicle A2, SH-CK] Aga)o= FZ9= wjA ATt
Control® vehicle # &S dH.0%HS, SH-CJK A& A3-HAxH F5E5S 50 meg/ke &
=R 8F Bot ArFolsdh 85 F, vh$-2t Zoletil® Imlkgs Folste] ik, AFS
SA4etal =4e A=35k3l

(2) ¥ x4 NGFe 23 &%

Ash-A =] Tg2576 vhg-2~9] dh5e F3 a¥3E Hrhsty] f1s8ked, 417443402 (Nerve
growth factor, NGF)E& #H7} A %2 AA39 k. NGF+ cholinergic w#9] 714 &3 A
dadeln, 24, &3}, AL AAANEY S5 S Wt NGF= ¥ cytokines 5
< A FE=o vbEots v AlEGH oA AAE =, NGFE Aitste Alxs
neuron, inflammatory cell (Iymphocytes < mast cell), structural cell (fibroblast, epithelial
cell, smooth muscle cells) o] ¥3%t}

As-H = FEEo] Te2d76 vhv-2=9 > x2 3 3] NGF &H|dl " A=
st7] 915k NGF &1 &F& HgxzA sty ELISARZ S48t WA, ¥ 229 NGF &

H|= olo}n 7] HOHHL A FEA perfusions 33t A& ¥ 22S 10% formalin
S 48417 AT WA 7 #EE = JEE 10 yme] A7 2 Adste] g}
2 ZZA A8 7|(Thermo Shandon Ltd./Thermo Fisherr

Scientific, Bakewell, England)& ©]83} ethyl alcohol 70, 80, 90, 95, 100%° 2}z 1-2A]3+
A= A sta, xylenel = 4A7F A 8]3-St} Paraffin Enbedding Station (Leica, Heidelberg,
Germany)< AF&3}e] embedding 3+ &, WA dFAE B3I T, Rotary Microtome
(Leica, Heidelberg, ermany)< AF&3lo] &2 (block) S v st %2 Lglol=x= dutF ol
Z2A A8 I}AS AA hematoxylin & eosin (H&E)S. 2 |23 & 3358 1] 7 (Olympus, PA,
USA)e 2 ##3th(Data is not shown). 3k qudoé’%‘% ZAAAL 002 M QJ2I S5
(pH 7.4; PBS)ell A ¢F 10 &<t 23] FAg = WAd Jikstare] g8 AAs 7] 9130

AEC Ha, 7}A1]Eoﬂ 97 %3
°o]-&
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0.3% kst A(HoOp)7F 23 MEdass H7MAZ &Hol A 2087 AHelstal, PBSE
1027 33] AlA ek o5 5% A4 % @3 (normal horse serum)el 303 Fooh 1 & %3
AAES AFHA & 7PHA do] Wt dA&A2 anti-NGF antibody (8]AH]& 1 :
100, Abcam)E 4 Coll A overnight Bl %A 7ttt 1 t}8 PBSE 1084 33 A& &L, o]o]
A o] 2} A2l (goat anti-rabbit)-conjugated HRP streptavidin (Histostain-Plus Kit; Zymed,
South San Francisco, CA, USA)E 1:1,500 B &= 3]A&}o] Ao 1At FoF w A At}
I o ol =AHHEHEE PBSE 1024 33 AlF3 % 005 M Tris-HCl buffer (pH 7.6;
Tris buffer)ol 0.05% DAB (3, 3’ —diaminobenzine tetrahydrochloride, Invitrogen)$} 0.01% 3}
Apstrirt EFE SO R Aeste] of 1087F Aol A WA, =4 dAH ] JAGHE
And stell A gQls * Tris buffer, PBS % F/FFolA 24z 10230 el 2 Al 2§ s,
Harris’ hematoxylin®. 2 thx9gAS 311, F442A HFAHS AAH Permount (Polysciences,
USA)2 &<3le] BX50F-3 optical microscpoe (Olympus, Tokyo, Japan)< & 2el3}$it).
1 A3}, vehicle A2 gF Tg2576 vlg-22 o A2 NGF #4]+= Non-Tgel H]3s] CAl, CA2,
dentate gyrus (DG) G GolA 7HAastdch A3-AH =4S 223k Tg2h76 v A= CA3
FAe AT GGl NGF Zdo] T7hgrs & + Ut (Figure 26A). °o]# 3 A= A
sh-H =S Tg2576 vh9-29] ¥ Ao A9 NGF HdS H3IA7]+ AS AASHaL ok

(3) 4 ] NGFe BHlsx =74
gl U] NGF 9] @2 Millipore?] NGF ELISA kitE +iste] AWl we 54354
t}. vehicle, A1 3-AH = Ao vl A2RHE A8 HHS gssay diluentE o] &
o] samplesS +4H|3}al, samples ELISA kit 2z} wello]l 100 ple] ¥ 3 plate sealer®
plateE Y1 WHAjE¢t vjkstith. PlateE wash buffer 250 & 4 A& 3}al, anti-mouse
NGF monoclonal antibody 100 xl& #7Fslar 2294 shaking ¥l st th. 2A]7F 3 wash
buffer® 4¥ A= 6]1—2,—57_, peroxidase conjugated donkey anti-mouse IgG polyclonal antibody
100 W& H7rekar Ao A shaking Bl SR o] 7]o] 100 xl2] substrate (TMB)S 3 7}s}
o] Ao 15% Fot A4S FE3 H, 100 w09 stop solutiong FH7bste] we-S £2
it wkeE Ao wgl vebd W3lE ELISA-reader (VERSA max, micro— reader, MDS
o
I

AN

Co., USA)E o] &sto] 450 nmollA SAskdt. L 23, % e NGF s=e Wx4 st
Shiel Aol AN e UrEPﬂoiﬂr Non-Tg vF$-2o] 18] vehicled 283 Tg2576
nhe-zo A= A Wl NGF =7t Hadtglov, As-Aags A Tg2s76 whg-22ol A
+ Non-Tge} FAMSHA 3 &=+ & & F At (Figure 26B). ol&fst A= Alsh-7d =%
= Tg2576 vh--229 def AA7E AL AN Y
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M
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Comeantration of NGF fugiml)
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Figure 26. Effects of SH-CKJ treatment on NGF secretion and expression in Tg2576 mice.
Tissues from NGF immunostaining were viewed using a microscope at 200x magnification in
the hippocampus of brain tissue. NGF in DG, CAl, CAZ and CA3 showed broad distribution
and deep intensity in brain tissues of Non-Tg and SH-CKJ treated Tg2576 mice (A). After
SH-CKJ treatment for 8 weeks, the serum level of NGF was measured using an anti—-NGF
ELISA kit (B). Values of the data represent the means£SD of three experiments. a, P<0.05
is the significance level relative to the Non-Tg group. b, P<0.05 is the significance level
relative to the vehicle treated Tg2576 group. DG, Dentate gyrus; CAl, Cortical area 1; CAZ,

Cortical area 1; CA3, Cortical area 3.
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(1) AFHAFEFE0] Tg2576 vk~ 4 NGF high affinity receptorE =3+ A& ddo] 1z
o3k Hz

Ao o®m 2% NGF7F Tg2576 A mjd s d-sEoA A4 7lss steA] dolr 7]
#sled, NGF receptor Tl A high affinityE 2%t TrkA receptor®t 1 Az d&E 3} é-% bz 7}
At high-affinity tyrosine kinase receptor?] TrkA recptori= NGF9] target cell®] 32
o A AT ZF F=gA9 WA tyrosine kinase activity7} ZF A &A1& <lAkE s
st} Q1AstE TrkA &A= Ras @93 ERK/p-ERK 59 @Al wkgS /&
, st A kinase A9 A3 E 71A- 2t} °]E kinase® 9%+ CREBY #& A}
SGANAE EAsA7]7] S8 SR o] sA It NGF 74 29 Ras-based componenti= 7]+
2 NGF-sensitive neuron ¢ #3315 fLstal A= 9&S shop, T3 TrkA2l <l
st AEZ APE S oA st © A kinase (Akt kinase)d] A4S FE8y, wA AT 7+
729 NGF-dependent A<=S vwizistt. A= FEE°] TrkA9t TrkA downstream
signaling pathway®ll 7| x|= 93-S Lolr 7] 913to], western blots &3 =43 T
vehicle} SH-H 43S 8F T A3 Tg2576 w29 3 ZZ 100 mge PRO-PREP Protein
Extraction Solution (INtRON Biotechnology, Korea)S F7}ste]l # 23} Azl 5 13,000 rpmell A 5%
ot AR B AdSs FEegr. B8E gl de] FE= SMARTTM BCA Protein Assay Kit
(iNtRON Biotechnology)< o] &3] A&l ow 30 ugd @M aS western blotol] AF&3FHth WA,
10% SDS-PAGE gelo]l 93 & #H7]9gs3 ¥ Enhanced Chemiluminescence (ECL) membrane
(Amersham Life Science, Piscataway, NJ)o A o]3}1 5% skim milkol Al 1A &9 EZF &R
7} membrane< anti-TrkA A (Cell Signaling Technology), anti-p-TrkA @#|(Cell Signaling
Technology), anti—-Akt ¥A(Cell Signaling Technology), anti-p—Akt 3 (Cell Signaling Technology),
anti-ERK & A(Santa Cruz Biotechnology, Santa Cruz, CA), anti-p-ERK & A(Santa Cruz
Biotechnology), anti-B-actin @A (Sigma-Aldrich)5¢ 1% 3AZ 4ToA WA wjgs F
HRP—conjugatedE] secondary A= #H7}ste] ECL Kit (Amersham Life Science, Piscataway, NJ)&
o]-& 0}04 S gl
~A=FS TrkA9k Erkel Q14ksh= frofm|shAl ®ststal ouh Akto] Q14FsH= ®skA] 7]

H‘I

ol
-

e

T

et R
lo

mN

A %5‘ 015}. 4 FEE2 Non-Tgoll W8] Tg2576 w9204 TrkAel A4rsE A 711, Erk
o] QikstE HXA 7= Aow gRlEAoH T S As-H=F A2t Non-Tgel FAsHA 3]
o= AS e 8 = gy 53], Tg2576 np$-2o A Erke] <AAksl= 312% &71st oy, TrkAE
36% Atk vk Akt dAbsteE oW E WSt dojubA] & okth(Figure 27). o] 21 d Adt= 413}
-HFAL Tg2576 vF-$-2~ol A NGF¢ high affinity receptor® 23+ Az dAES X3 o=z A TrkAS)

Erke] l4b3tE 2 BA71E AL AN ek,

(2) A3-AHqFFZE0] Tg2576 vt9-2=o4 NGF low affinity receptor® &3+ 23 7o
u = FF

AaFdoz 2% NGF7F Tg2576 A vjdsndFzEo|r s ddo] ]% s do}
71 ¢)3ke], NGF receptor %o A low affinity =
7} 39t} Low affinity receptor?l p75" Ri= G-protein receptor family®] —#E}E‘i, A EA

pr
9ol chopper domain® death domaing ztil Qo] AsAGE Faqstt HA2F FE5E
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Figure 27. Effects of SH-CKJ treatment on down-stream NGF receptor TrkA signaling
pathway via Western blotting. Total homogenates were prepared from brain tissue of
Tg2576 mice treated with SH-CKJ for 8 weeks. Thirty micrograms of protein per sample
was immunoblotted with antibody for each protein (A). The intensity of each band was
determined using an imaging densitometer, and the relative level of each protein was
calculated based on the intensity of actin (B). Three samples were assayed in triplicate via
Western blotting. Values of the data represent the means*SD. a, P<0.05 is the significance
level relative to the Non-Tg group. b, P<0.05 is the significance level relative to the

vehicle treated Tg2576 group.

p75" Rel p75N R downstream signaling pathway©ol 7] X% &S <olr 7] 9349, western
blote &3l Akt

vehicle?} SH-A =S 8F &t xgd Tg2576 w29 ¥ %2 100 mge PRO-PREP
Protein Extraction Solutiong #7Fste] 318 $ 13,000 rpmol A 53 <t dAEEste] o
s By Fald gduwlde] HrEi= SMARTTM BCA Protein Assay Kitg ©]-83}o]

sl or, 30 uge @A S western blotoll AF&3FA T WA, 10% SDS-PAGE gelol ©&
WS A 7]9%3 & ECL membraneo] #Ao]3dtal, 5% skim milkoll A 1A S E2 73
t}. 7z membraneS anti-p75. % A (Cell Signaling Technology), anti-RhoA & (Cell

Signaling Technology), anti-B-actin &3] (Sigma-Aldrich)s ¢ 12 A2 4TColA A )
%%t & HRP-conjugated® secondary &S #7}ste] ECL KitE o] &3fo] e S &2l519)
ot 1 AR, AT FEES NGE prs ¢ FEA AEAY #A Fa A pr5t
RhoA, Bcl-2, Bax@] 4717 @i do] kg ofe &S v A| &t (Figure 28). o] s 2
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Figure 28. Effects of SH-CKJ treatment on down-stream NGF receptor p75NTR signaling
pathway via Western blotting. Total homogenates were prepared from brain tissue of
Tg2576 mice treated with SH-CKJ for 8weeks. Thirty micrograms of protein per sample
was immunoblotted with antibody for each protein (A). The intensity of each band was
determined using an imaging densitometer, and there relative level of each protein was
calculated based on the intensity of actin (B). Three samples were assayed in triplicate via

Western blotting. Values of the data represent the means*SD.
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Figure 29. Alteration of body weights of ICR mice. The weight of the whole body was
measured daily using an electronic balance for 14 days. Data represent the means+SD from three
— 2323 —

Table 1. Alteration of organ weights of ICR mice

replicates.



CK.J concentration

Organs Vehicle

Low Middle High
Brain (g) 0.47+0.04 0.49+0.02 0.48+0.02 0.49+0.02
Ovary (g) 0.13+0.06 0.14+0.06 0.13+0.05 0.13+0.05
Testis (g) 0.03+0.01 0.030.01 0.03+0.01 0.02+0.01
Kidney (g) 0.26+0.08 0.28+0.12 0.27+0.08 0.25+0.07
Spleen (g) 0.12+0.02 0.15+0.03 0.13+0.02 0.13+0.01
Liver (g) 1.38+0.39 1.34£0.35 1.3040.31 1.31£0.31
Thymus (g) 0.08+002 0.0740.03 0.08+0.01 0.07+0.02
Heart (g) 0.18+0.04 0.1840.04 0.1740.03 0.1740.03
Lung (g) 0.40+0.05 0.31+0.06* 0.26+0.02* 0.33+0.08*

*P<0.05 indicates a significant difference compared to the| vehicle-treated group.

E ICR w229 &Ml mx= &S #Es7] f18te] vhA

Els WS #F 3] bilirubin, urobilinogen,
ketones, ©@¥&A  pH, YT, WIS FEE LW BA7] URISCrN  optima I
(YeongdongElectronics Co., Ltd., Yongin, Korea f3to] EAEAt 1 A3 ketones9)
E%7} vehicle A2 vluste] =4 S-Sl = E5+313, bilirubin, urobilinogen, T
4, pH, AlF, Md9 = FoAQ W7 eibA 2 dth(Fig. 30). ol 3 Ay A=
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Figure 30. Alteration of urine parameters. After final administration of CKJ, urine was
collected from the bladder of ICR mice using a syringe and the levels of seven factors
were then analyzed as described in the Materials and Methods. Data represent the
means*SD from three replicates. *P<0.05 indicates a significant difference compared to the

vehicle—treated group.
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Hagol ol WAL B4 G B Ad, A9 Qe 2

4 0 w49 Peg
4 A S PO ICR Bh922 Zoletild o 4afo] BiHANT Fugue Ea
AT AT Fohs ALolA 0% WL A, 4T, 15000 pm, 158 AP LA 3

e o

A2
A3 A AHE AR A 7] (Hitachi 747 model, Tokyo, Japan)
Atk =3 S Fo g ICR nh-2olA A &9 1 242 10% formalin
o A 48A1%F 1A ¥, Wz F97l dEE ¢ JdEE A A2 ddste] JhA
of ¥tk JHAIES @3l x2AL FA A 7] (Thermo Shandon Ltd./Thermo Fisher
Scientific, Bakewell, England)E& ©]&3}4] alcohol 70, 80, 90, 95, 100%°] Z+Z} 1-2A|3F A=
A8, xyleneZ 4A1F A3t th Paraffin Embedding Station (LeiCr, Heidelberg,
Germany)S AF&3}¢] embedding 3 &, WEAolA dFAHE B3I FH Rotary Microtome
(LeiCr, Heidelberg, Germany)< AR&3sto] &5 (block)S BHEstAt. 22 &Eefol=& diby
ol & x8 AL 1A hematoxylin & eosin (H&E)S. 2 A3 & 333+4 1) 7 (Olympus,
PA, USA)o. & x#°] Wsts ##stith
At oz 7HEAde 83 ]l Aol $¥xaloacetic transaminase)EFalE AREE T o]
=4b el Helste EaEE 4704 EA(ALT, AST, ALP, LDH)9| s=wslz 3 7bgh
ALT+ GPT (Glutamic pyruvic transaminase)#til%= AF8-%mw 7+ 2 &) &8t ofv] =
2b A e Bt SARA AEIGIA Aoz FEFHE AST+ GOT (Glutamic oA 7
A ZAT, Yo 2 EAS dukdow 7y e 7F A WA Al Eu FabA
o] Wslel a4 AA v Aolo o ASTSF ALPS EA4u]&o] ol 7HyAL7E 3
2 A 29 Hls] H]E&o] 7 skt Bmdk ALPEA 2 Intra-, extra hepatic cholestasisol]l 2]
&to] primary biliary cirrhosisell Al o}F Eo] sdtnz @k #HH SO HEEH A3 A%
2 AlgHEY. LDHE 2o ExHol9l= &4 %A pyruvic acid®} lactic acid’} 7+e] 7144
Azl olste] ZvjzhgS 3tk LDHE XS zZo] gid o ddFoz Seje o
St TFAA FEFS ok 2 AFAM A S ”37}3}
71918 ols 47HA 2 W aas ARE ARSsIlew, I A3 ALT, AST, ALP, LDH %
OO HASAAIRE oAl T #EEA Fdth(Fig. 31A). HEo AwEE Fo
s
5

A= BE HgaolA dZ, IAL bilitubin 2}, iron 2 &

4012@

b | E
WAl HelsE #A3 4 gl (Fig. 31B). olgfst Ay A2 dAdoz kx4
ol EAS v AR E3S AL ATk

(6) Z=r7Fo] A=A HA= FF

ool Al wA= =49%s Hristr] 98, A AsietA 24 2 AA
2] g4 7&’\}2 )‘833}931‘3}. A2 ICR w928 ZoletilS o] &38to] mlHAIZIH +
o1 S Ao 30% WS H, 4T, 15000 rpm, 155 94
@EE} ‘:} ek *ﬁﬂi”—ﬂ AAbe At A7 & o] &sto] S8k =& A
1 A=d A =22 10% formaling-ooll A 48417+ 114 &
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Figure 31. Liver toxicity in ICR mice. After final CK]J administration, blood was collected from
the abdominal veins of vehicle- and CKJ-treated mice and serum concentrations of ALP (Aa),
AST (Ab), ALT (Ac), and LDH (Ad) were then analyzed as described in the Materials and
Methods. (B) Liver tissue of ICR mice was prepared on a histological slide and the cellular
morphology was viewed at 400x magnification. Data represent the means+*SD from three

replicates. *P<0.05 indicates a significant difference compared to the vehicle-treated group.
2 249 W5E Bas

AFELS dHW 274 2&BUN, Cr)¢l s=W3ts A %2 sto] F7hdEth. BUN2 A
AZHE ool Aol A oF 40%7F AFFE L, dmAE AdEY, g 7lsdsE
03 wrl /bR Eok Cre 2504 wuldo] oix oz AMEE T U F A4E 2
dobele] woERA G4 AFF FAHY 0475 oA Wasth Aoz BUN
¥ Cre 77 2Bt BUN/Cr ratiog ©l-83dto] AASAS H7EEH, o= A WA

[
g7 29, Gy, 29, GAA FREE, 0 Fo| WAY A% Frsta, Lol 7
&, 284 AR, A B AFFEE Fol BAY Aot gadth B APelAE
NgEAL BAe7) Slste] BUN Cr ARE Agsigon, a4 Astets 1A 43, »
£ 334 AZNA BUNI Crel #9149 wsiyh 294 bath(Fig. 4A). 3 v 2o]
NAER S WS el WAz wale BRwT A4e 9 oeTH, AR ¥
S(osmolarity), A%, Faole LB S, gATIRY gREAY AAGY, T2E
2 BHge J15e sdstes RoR] A A2 TREW, S0 WA 39, 9
3 54 Akl A 2w ALY A4, ALY, FE, ARG Fo] HAHTL 53, A
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=4S 88t 5292 Paraquat (1, 1'-dimetyhyl-4, 4’-bipyridyliumion)(PQ)+= H]}\\_QZ‘]I
HE 2 £94 AxA T9Y vz Qs 23838 Lf{s=d A7e 548 Yeld =, P
540 FEdE k2o A= 29 Al AE A sk
A=dE FoIg ICR w929 Al FoAe= 95, AN 59 WAJ WaEsE Holx] gta
MAMEE AR F2E FAHL AT WEehsd gRlojy s 54 7]Qlste] A3t
= AFA 2 Aol WA 9 YAlE A A Egka Al#A XS] Z HRHoglo BF
= gleo] EAFAHFig. 32). ol A= Aol o3k FoHQd AFAHALS FukE A
oS AAlska Tt
a - X - 0.5
A 2 s b = 04
E g 03
Z s T 02
g 10 2 ol
= 5 3 00
3 0+ T 3 F & \‘4?
- Vehicle Low Middle High &Y @y L
CKJ CKJ

Cortex

Medulla

Figure 32. Kidney toxicity in ICR mice. After final CKJ administration, blood was collected from
abdominal veins of vehicle- and CK]J treated mice and serum concentrations of BUN (Aa) and
Cr (Ab) were analyzed in duplicate as described in the Materials and Methods. (B) Cortex and
medulla regions of kidney tissue of ICR mice were prepared on a histological section and the
cellular morphology was viewed at 400x magnification. Data represent the means+SD from three

replicates. *P<0.05 indicates a significant difference compared to the vehicle-treated group.
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F2= WARA ZALE AFE (Purina, Seoungnam, Korea)E A+ 2] sl: s
12A)13F8] 27 571(08:00720:00) = SPF/Elel A 2% 2% 22+1TC, Zolss= 50£5%9] =
52035 H 3 (AAALAC International, 15 % : 001525)2] <155
FEAEANA AMFEAT I 2 A FAYEgw sE4A
A3 (PNU-IACUC)ZHY  #sAda &gdel ozt AxE AFH 52
PNU-2013-0378)& o} ¥ et v F-A ol nA= P s &

a9
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N
Lo o

QL
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o
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e
L

T IL-4/Luc/CNS-1 Tg v$2=(n=20)5 159 ovtaly F 42502 +4
A 1FS ofAE-ZFH 2YU(AOO) 100 mlS IS =9 3HY 35:7F ekl
%2 100 mle] 15% phthalic anhydride (PA) (1n AOQO, 41, v/v)& Tt 7 HA 1
<& PA+vehicle 28] PA+CGK A7 ZFo® ¢ Yo HFH4S 50 mg/kgl 2 4F
ol FAF AT 7 no A IF o olFAYE A &t

el

(2) Zd=7Fo] A Fef} FAlol mA = FTF
o] PA HEZ fx9 A9 xdIS

Tg w520 453 HA=43 PAE Ags 5

PA+vehicle A& 1&F°] AOO A2 Lol ] of 7o o] FHlafxlom 7o A ure

Al of] A] °1Fr—°r 2o g2 ekl ‘jr o] st= PA+CGK A L&A oFF Ast= vk

(Fig. 33A). &3t A FA 2] 749 PA+vehicle A2 1F no == AOO A& L& H|s}o]

)

AA =2 &Folstr] 98t IL-4/Luc/CNS-1
et FAE Fdsido. 1 Ay

FAYH o} PA+CGK A € :woﬂxﬂ froldols s UetglthFig. 33B). wekA o)z
3 A Jgo] PAR F2d 7 FA ¢ gWe] FUtE gRHoR oAFS AT

A

Ear thickness (mim)

No ADD PA+Yehicle PAHTK]
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Figure 33. Differences in ear phenotypes and ear thickness. (A) Ear phenotypes of mice in the
four groups were observed by photo images taken during the repeated application of phthalic
anhydride (PA) + cheonggukjang (CK]J). Arrows indicate the ear vein. PA solution was
repeatedly applied to the dorsum of ears of IL-4/Luc/CNS-1 transgenic (Tg) mice during oral
gavage of CKJ. (B) After 4 weeks, ear thickness was observed as described in ‘Materials and
methods’. Data shown are the means * standard deviation (SD) (n=5). *P<0.05 indicates a
significant difference compared to the acetone.olive oil (AOO)-treated group. **P<0.05 indicates

a significant difference compared to the PA + Vehicle.treated group.

(3) &5 | Luciferase &rdo| w] ]

Ao A ALE3 [L-4 FA S vp¢-2 Luciferase ®E o] Human IL-4 promotorE 4
PAIZD Ao o= &deA| §kgo] Hggo] wet FH|H= o8 cytokine T L4 HHORE
5 promotor £ 082 FAAS vt~ Yo Luciferase Wdl ko] Iolx A Ht}. o]#3k
= o] &3] Aol Luciferased 7148 = ’3}1/}0] D-luciferin(Sigma—Aldrich, MO, USA)<
FEo]ste] D-luciferin®] a0 wE &3 %S In Vivo Imaging System(IVIS, Xenogen,
CA, USA)S %3] =433t Whole body image 23+ no A8 53 AOO A& L&l
M o= Qe AFEA kot PA+vehicle A8 IFolAs 7HE =& FARE Q1E0
S AL PA+CGK A AFollAde= 2 X171 A% Fol=xs S s dth(Fig. 34A).
T3k tissue shot ©A4]+= whole body image®} w}ZF7FA| & no A Z1EFoAd+= o= Q3% &
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Figure 34. (A) Detection of luciferase signals in the whole body and (B) each organ of
IL-4/Luc/CNS-1 transgenic (Tg) mice. Mice were treated with ace\-tone\_olive oil (AQO),
phthalic anhydride (PA) + Vehicle and PA + cheonggukjang (CK]J) for 4 weeks and then imaged
at 24 h after final treatment using the Living Image software. Color overlay on the image
represents the photons per second emitted from the organs in accordance with the pseudocolor
scale shown next to the image. In this image, red indicates the highest number of photons per
second, while blue indicates the lowest number of photons per second. L, lung; K, kidney; S,
spleen; H, heart; SL, submandibular lymph node; ML, mesenteric lymph node; T, thymus; P,
pancreas. Data shown are the means * standard deviation (SD) (n=5). *P<0.05 indicates a
significant difference compared to the AOO-treated group. **P<0.05 indicates a significant

difference compared to the PA + Vehicle-treated group.

(4) H=7go] AT} A7 FA w A
4G Bk AZFWRE S5
35A). W7o A F7he delA] vk 4
& %A% 23} PA+vehicle A8 1FE AOO A gl w3 v T
Zhstdth 1Yy L A= PA+CGK A & 1*01]/‘1 el de HAas UetdiAdo(Fig. 35
B,C). stAIRE 49 FA% PA+vehicle®} PA+CGK A& ZF7tel #24 & #olE el
WA eFktH(Fig. 35D). wekA] ol g A= H=7go] PA A= Qg vy fxzde] F
A F7He =0le £%5°] AeS AAET
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7L7L94 “641% ]"1 &% AxH2 ¥4 A5 10% r=2Tdd-g Aol 48A17F A4S & 4

E %2 % 2] 7] (Shandon Citadel 1000, Shandon Scientific
435te] nAHAAZT. A" F2L Paraffin Embedding Station
(Leica Microsystems Nussloch GmbH, Nussloch, Germany)< AF&3le] 3% A7l & Rotary
Microtome (Leica Microsystems Nussloch GmbH)& Al-g&3sle] drdstgct. 22 U 13, A
v 59 WstE dolr7] 9ol H&E FA& s, o= vhdE 245 xylenedl 3+
A 39H, 100% alcoholel] Z+7} 28 18 &< % 95 80, 70% alcoholdl Z+z} 18 30x%%
Zo] E& 1% A3 FH hematoxylin (Sigma-Aldrich, St. Louis MO, USA)ol 3#, 1%
acid—alcohol®l 30%, 10% scott's tap water (Sigma-Aldrich)o] 1+, eosin (Sigma-Aldrich)el
et Aot 24 AAE AAstAT A" 242 tA] 70, 80, 95, 100% alcohol®] =
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kanadabalsam¥ xylened 41 1AAE o] g3ste] A& Sgtol=o nAAZ T AZX3A
o} AxZ2 W3l nxE H2Ao] oS BXS0F-3 @n 2 (Olympus, Tokyo, Japan)g ©]
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Figure 35. Differences in body and organ weight. (A) Body weight of mice in the four groups
were measured with a chemical balance. Phthalic anhydride (PA) solution was repeatedly applied
to the dorsum of ears of IL-4/Luc/CNS-1 transgenic (Tg) mice during oral gavage of
cheonggukjang (CK]J). After final administration, mice from each group were sacrificed under
anesthesia. (B) The auricular lymph nodes (ALN) were then harvested from the neck regions of
the mice using a microscissor, after which they were weighed using a chemical balance. (C)
The spleen and (D) thymus weight were analyzed using a chemical balance. Data shown are
the means * standard deviation (SD) (n=5). *P<0.05 indicates a significant difference compared
to the acetone-olive oil (AOO)-treated group. **P<0.05 indicates a significant difference

compared to the PA + Vehicle-treated group.

= PA+vehicle A8 ZLFo] AOO Ag 2Fd Hste] Z71aksitt. X199 FA4= PA+CGK
Ay IFolA #HASI oW (Fig. 36A, Bb), ®3 e F7+= PA+vehicle A3 IwxHUT
PA+CGK A& 74 o F7ist 23E YEY A tH(Fig. 36B, Ba). Toluidine blue &4 2
7, PA 1EOlA mast cell®] 7 a5t e o= PA+CGK A2l ZwolA #9974 A
sk thH(Fig. 36A, Ba). o= =7do] PAd Y& Fdd 7 FAe S7F 2 oA
fe2]

=

x4
W AEZQ] mast cell & S7HE Adste] ASHES S JAA LS AAFSH

7 wsto] vt e Golur] gIstel @ Ul WAFRBYU B HE

gz pol w )
S SASET. @ A9a2Ed EY FEE Yolr7] 98] Mouse IgE ELISA kit
(Shibayagi, Inc., Gunma, Japan)& ©|-&3}o =43} th. A=A antibody-coated plate®] #
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Figure 36. Histopathology of ear tissue in IL-4/Luc/CNS-1 transgenic (Tg) mice (A-a) with no
treatment (No), and those treated with (A-b) acetone-olive oil (AOO), (A-c) phthalic anhydride
(PA) + Vehicle, and (A-d) PA + cheonggukjang (CKJ). PA solution was repeatedly applied to
the dorsum of ears of IL-4/Luc/CNS-1 Tg mice during oral gavage of CK]J. After 4 weeks,
histological changes were observed as described in ‘Materials and methods’. (A) Slide sections
of ear tissue were stained with hematoxylin and eosin and observed at x400 magnification.
(B-a) The average thickness of the epidermis and (B-b) dermis are presented as graphs. Data
shown are the means # standard deviation (SD) (n=5). *P<0.05 indicates a significant difference
compared to the AOO-treated group. **P<0.05 indicates a significant difference compared to the
PA + Vehicle-treated group.significant difference compared to the PA + Vehicle-treated group.
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Figure 37. Infiltration of mast cells in IL-4/Luc/CNS-1 transgenic (Tg) mice (A-a) with no
treatment (No), and those treated with (A-b) acetone-olive oil (AOO), (A-c) phthalic anhydride
(PA) + Vehicle, and (A-d) PA + cheonggukjang (CK]J). (A) Slide sections of ear tissue were
stained with 0.25%6 Toluidine blue and observed at x400 magnification. Arrows indicate
infiltrated mast cells in the dermis of ear. (B-a) The average number of mast cells is presented
as a graph. (B-b) Serum used to measure the IgE concentration was prepared from blood
samples collected from the abdominal veins of mice. Serum IgE concentration was quantified by
enzyme-linked immunosorbent assay (ELISA). Data shown are the means * standard deviation
(SD) (n=5). *P<0.05 indicates a significant difference compared to the AOO-treated group.
*xP<0.05 indicates a significant difference compared to the PA + Vehicle-treated group.
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2 AAs ¢oto & WE&ES ¥Y 5 washing buffer(50 mM Tris, 0.14 M NaCl, 0.05%
Tween 20, pH 8.0)= ZHHH plateE 33 Ao Act. 3 A =L buffer solutions ©]-&3}4]
8] A3l & standard solutions F=¥=Z 50ul A ‘?}‘é ATk ZF welloll 8lA3sk &% &S 50ul
A 931 standard solutiong 50ul & @Ath 1 F 330rpmol A 1& ¢t shaking ?1 < g2
off 5 2A17F ettt viFe] B well 9 Wl8ES WY ¥ washing buffer2 3% Aloju
1 HRP-conjugated avidine 50ul 2 EE well o] Yo]s+ % 330rpmoll A 1&#3F shakmgO}Cﬂ
1A 7F vjekEtdth -85S M@ & washing buffer® 3 &3 & % chromogenic substrate
reagent-TMBZE 7} well o 50ul 2 231l 330rpmol A 1&7F shakingdF i th. Ao A 20& wj
%3t ¥ reaction stopperZ 50ul # ¥l 330rpmoll A 1¥#7F shaking <+ & wpx|go =
450nmell A 30 oldel FA=E SAHsIAT. L A3 no A B OAOO AP IFEUY
PA+vehicle A2 ZFolA W9 2EY Eo Fx=7F 543 S8tk A% PA+CGK A
g ZFolA FolAe ®Ee #SHA & }‘:}(Flg 37). wekA oleld Aye =]l PAR
frEd AYS2EY B9 S7HE AAAIIA XEES AAET

(7) A=7go] Aol E7EQl alol WA=

Aol mEAFoR Qg Ao]EFI] e w A= GFS dolry] 9ls] VEGEFeh
IL-6 T ol Wd S western blot>® ZA ket 1R8], IL-4/Luc/CNS-1 Tg u} 9]
A %2 PRO-PREP Solution (iNtRON Biotechnology, Korea)& #7}sle] 3 3 13,000
rpmel A 53 &<t A et ©ASs Fetdth #eld @A Fxs SMARTTM
BCA Protein Assay Kit (iNtRON Biotechnology)< ©]-&3te] A #std o 30 ugel vz
< western blotol]l AF&3th WA 6-10% SDS-PAGE gelo]l @S A7953 F
Enhanced Chemiluminescence (ECL) membrane (Amersham Life Science, Piscataway, NJ)ol
Zolstal, 5% skim milkol A 1A17F &9t E2A3FA Y ZF membranes anti-VEGF antibody
(Peprotech Inc., Rocky Hill, NJ, USA), anti-IL-6 (Santa Cruz Biotechnology Inc., Santa
Cruz, CA USA), and anti-actin antibody (Sigma-Aldrich)%5 2] 12} &A= 4TCo|A A o)
43t ¥ HRP-conjugated® secondary &S #H71ste] ECL Kit (Amersham Life Science,
Piscataway, N])E o]&3lo] &S shelsdvt. 7 23 PA+vehicle 18] 184 VEGF9
o] oo F7ekgl o PA+CGK Ag 1804 #2489 th(Fig. 38A, Ba). IL-6 &
o] I g o]et FASHA PA+vehicle A8 ZLEolA F7FekdAIRE PA+CGK A2 1%
ol A FHAstAth(Fig. 38A, Bb). wetA ot A= H=%o] PAR FEd &elA &S
VEGE®} IL-6 @ e =4S Fal spr]s AA G
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Figure 38. Expression of VEGF and IL-6 in lymph nodes. (A) Alteration of the expression of
the two proteins was measured by western blot analysis. After the intensity of each band was
determined using an imaging densitometer, (B) the relative level of each protein was calculated
based on the intensity of actin protein. Data shown are the means * standard deviation (SD)
from three replicates. *P<0.05 indicates a significant difference compared to the acetone-olive oil
(AOO)\_treated group. **P<0.05 indicates a significant difference compared to the phthalic
anhydride (PA) + Vehicle-treated group
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Ao ALgHE A% ELS specified pathogen free (SPF) AEj¢] 47 ICR v~ (65F%,
2045 g)Z A AE}F(Osan, Korea)ol A T¢3&te] Algatgth BE n$ a2 whxbd 2AE A}
& (Purina, Seoungnam, Korea)E Ai372 st=s 3k aL, 12A17Fe] 2" =7](08:00720:00) =
SPEAElo Al &% 2% 22+1TC, dF% 50456%9] o= #Aefy i, FAdTsEATHI
(AAALAC International, 15H 5 : 001525)9] Q135S 53 Fakdigtu HGdAd 5= AEHo
A ARFERIT 3 B Ayt Bt e P 993 (PNU-TACUC) =
Tl el tdt AALE AX FA(FAWM I PNU-2013-0465)2 wol 3= ek A=
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< 4573 Wi ?L%L—Er it A= Fo7l 2 F 7| FANE et st fxatS
PBSE E7}Fo] 39 oer, UmA 4 IS Trimethyltin (TMT, 25 mg/kg)S B35 434
t. Tt ¢kEE §F vk s ety AAE AARE § Zoletil(VirBae, Corros  cedex,
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T
i)
M
9_{:
X
%)

(2) A=o] 71 B mA= FFF

Aol @771l m A= e dolr 7] fste] BE A HAE AAESH. T
71l mx= geS Hrhely] 98] novel-obejct recognition testE 1A17F 7HAS F
AAE Ay o] A2 EAo ik A I =+ retention periodol A F7FsE T L
21 TMT/vehicle 2] LFolA = Fo4 A= ZFol7F UebuA] &okth Al 5= CGK A
gl 259 4 sxoEHer A2 A W AEE7F S7H15-34%)8k] tlE=a
A}t 7&4% e AtH(Fig. 39A). H=7do] 71719d wX & <GS dolrr] 9)she]
passive avoidance testE 24A17F 7FA o 2 AASEAT. 1 A3 TMT/vehicle 8] 1F S 7]
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Figure 39. Alteration of cognitive defects of ICR mice. (A) A novel objective recognition test
was conducted to measure the time spent exploring any one of two objects for 10 min. (B) A
passive avoidance test was conducted to check the step—-through latency for 300 s. The
behavioral changes in mice were measured for 3 days after TMT injection. Ten mice per group
were assayed in the cognitive defect test. Data shown are the means £ SD (n=10). a, p <0.05
compared to the training group. b, p <0.05 compared to the No treated group. ¢, p <0.05

compared to the TMT/vehicle treated group.
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Figure 40. Observation of Nissl-stained neurons in the hippocampus of mice. After TMT
injection into mice pretreated with CGK for 4 weeks, brain tissues were collected from the No,
TMT/vehicle, TMT/L-CGK, TMT/M-CGK and TMT/H-CGK treated groups. Histological
changes were determined as described in the Materials and Methods. The slide sections of brain
tissue were stained with Nissl and then observed at 400x magnification. Data shown are the
means = SD (n=5). a, p <0.05 compared to the No treated group. b, p <0.05 compared to the
TMT/vehicle treated group.
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Figure 41. Measurement of AChE activity and NGF concentration. (A) AChE activity was
measured using the homogenate of hippocampus tissue collected from two mice after TMT
treatment. (B) NGF concentration in the blood serum of the subset group was measured using
an anti-NGF ELISA kit. Data are reported as the meanzSD of three experiments. a, p <0.05

compared to the No treated group. b, p <0.05 compared to the TMT/vehicle treated group.

(5) A=rgol AAGMES A AE v X = &
Aol AAMEL A nAE JFS dolr ] Yste] NGF ELISA kit (CTY304,
Chemicon International Inc., CA, USA)E ©| &3} NGF =& 439t 2 23, A

9] NGF sX=% TMT/vehicle #g 5% ofyg TMT/L-CGK, TMT/M-CGK
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Akt + 60 kDa
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-Erk
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Figure 42. Alteration in the downstream signaling pathway of high affinity NGF receptor. Total
tissue lysates were prepared from the hippocampus of TMT injected mice treated with vehicle
or CGK as described in the Materials and Methods. A total of 50 ug of protein per sample were
immunoblotted with antibodies for each protein. Three samples were assayed in triplicate by
Western blotting. Data are reported as the mean+SD. a, p <0.05 compared to the No treated

group. b, p <0.05 compared to the TMT/vehicle treated group.

A ZgoAE stk 1elv TMT/H-CGK A#l 159 45

Ho}h oF 180% S 7Fstaith. oleigh A= A= 37 NGF #¥ss S7H S AA gt
A7l NGF signaling pathway®] @ @de] X 9FS FAs17] $18te] western

blot& AAEATh 2eFs], w929 HEA 100 mge A Fstel, PRO-PREP Protein

Extraction Solution (iNtRON Biotechnology, Korea)S #7}ate] E23 & 13,000 rpmol A 5

FoEek gAREgsie dwAds st 2EE dde] FEiE SMARTTM BCA

Protein Assay Kit (INtRON Biotechnology)2S ©]&3le] Al om, 30 ugel A

TMT/vehicle A& L&
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Figure 43. Alteration of the downstream signaling pathway of low affinity NGF receptor. Total
tissue lysates were prepared from the hippocampus of TMT injected mice treated with vehicle
or CGK as described in the Materials and Methods. A total of 50 ug of protein per sample was
immunoblotted with antibodies for each protein. Three samples were assayed in triplicate by
Western blotting. Data are reported as the mean+SD. a, p <0.05 compared to the No treated

group. b, p <0.05 compared to the TMT/vehicle treated group.

western blotell  AR&&Th WA, 6-10% SDS-PAGE gelol ©wlds HA7|dE3t %
Enhanced Chemiluminescence (ECL) membrane (Amersham Life Science, Piscataway, NJ)ol
Zolstal, 5% skim milkol A 1A &9 B 2739t ZF membrane anti-TrkA (Cat. No.
2505, Cell Signaling, Danvers, MA, USA), anti-pTrkA (Cat. No. 9141, Cell Signaling),
anti-Akt (Cat. No. 9272, Cell Signaling), anti-pAkt (Cat. No. 4058, Cell Signaling),
anti-ERK (Cat. No. sc-94, Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-pERK
(Cat. No. sc-7383, Santa Cruz Biotechnology), anti-p7bNTR(Cat. No. ab8874, Abcam),
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anti-RhoA (Cat. No. 2117, Cell Signaling), anti-Bcl2 (Cat. No. ab7973, Abcam), anti-Bax
(Cat. No. ab7977, Abcam), anti-caspase-3 (Cat. No. 9662, Cell Signaling), and anti-actin
antibody (Cat. No. A5316, Sigma-Aldrich)s 9 12 A2 4TColA ¥Al wjgst &
HRP-conjugated¥! secondary FAE #H7Fele ECL Kit (Amersham Life Science,
Piscataway, NJ)E ol&3ste] FdS &lstdtt. 1 23, NGF 133hd =84 da <
(TrkA, Akt, Erk)e] ¢14Fsl= TMT/vehicle A 2] ZwolA FHastal F=4 A 2FoM 5
7bahe ¢S UeER AT 53], TrkA<t Akte] <Q14bsteE TMT/H-CGK A7 ZFolAl 7HE
A Jebdth(Fig. 42). @9, NGF AXs4d #84 g 9ad F p757"" RhoA w4 o)
e @y Bax/Bel-2 @9 E o] B &2 vehicle/TMT A2l ZFdlA F7Fskdohrt =3 A2
2 fase A4S Yeidden 53] TMT/H-CGK A& L&A 7Hg wol HAasa
&t AWt Caseppase-3 @& o] &4 o] 49 TMT/L-CGK ¢ TMT/M-CGK # g Jfoﬂfﬂb
vehicle/TMT A2 253 A F3&S yetliled TMT/H-CGK A e ZiollA 214
A TAE YEUNATHEFIg. 43). ekl ol g A= NGF s55 =4 AA=Z 7tk
NGF signaling pathwayE &3 AAAME R g3E YeEPHS A A S}

(6) A=go] 4bsta 2Ed 2ol mx= JIF

npA|Ete 2 CGK7F TMT=Z f3d Absd 2Eg 2o wAs S g21str] 13t
lipid peroxidation (MDA)®] &%E MDA assay Kit (Cat. No. MAKOR5, Sigma-Aldrich)&
o] 83Fo] #2393 superoxide dismutase (SOD)2] &4-2 SOD Assay kit (Cat. No. S331,
Dojindo Molecular Technologies, Inc., Japan)< ©]-&3}e A8ttt 21 A3 MDAS F%+
TMT/vehicle 1Fo] izl H|ste] oF 20% H=dov A=A A ZwFdAe sE¢ 47
glol oA #AaE Yeddlth SOD &49 44 MDA s=¢= wkj& TMT/vehicle A
2] 5ol izl Hlal] oF 37% zAskivh e TMT/L—CGKQP TMT/M-CGK A =1
wolAl SOD &AL g2 Fvoz 3&EFHdew TMT/H-CGK A# IFddA+ iz
ol &S YAt (Fig. 44). webA o]y st A= CGK H3H+= MDA % A3l
SOD &4 %7}?— 3l Fatkst 2oE UEdsS AR gk

W

Concentration of MDA >
Relative level of SOD activity

(nmole/mg of protein)

No Vehicle LCGK M-CGK HCGK
T™T

No Vehide LCGK MCGK HCGK

T™T

Figure 44. Alteration of oxidant stress parameters in the examined group. (A) The level of
MDA was determined in the hippocampus tissue collected from the brains of mice using a lipid
peroxidation assay kit that could detected MDA at 0.1 nmole/mg to 20 nmole nmole/mg. (B)
SOD activity was measured in the homogenate of hippocampus tissue collected from two mice
pretreated with GCK after TMT treatment. Three samples were assayed in triplicate by MDA
and SOD assay. Data are reported as the mean+SD. a, p <0.05 compared to the No treated
group. b, p <0.05 compared to the TMT/vehicle treated group.
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