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SUMMARY

Title■

Intestinal immune and anti-obese functions of Korean Ganjang

Part 1 :■ Optimization for separation of polysaccharide, amino acid/peptide from

Korean Ganjang and study on its intestinal immune function (in vitro, in

vivo)

We separated amino acid peptide from Korean ganjang by using electrodialysis․

method, Ultrafiltration(MWCO 1000), and also separated polysaccharide from Korean

ganjang by using Ethanol Precipitation.

We triggereed inflammatory reactions by using LPS on human monocyte, mouse

macrophage, and we assess anti-inflammatory activities of amino acid peptide․

separated from Korean ganjang, butyrate, L-glutamine and L-leucine. In results, all

samples decreased TNF- production.α

Korean ganjang, amino acid peptide separated from Korean ganjang and polysaccharide․

separated from Korean ganjang were examined for intestinal immune

system-modulationg activity on IBD model induced DSS. In conclusion, amino acid․

peptide from Korean ganjang administration alleviated weight loss and colon length

shortening caused by DSS, and DAI that is index of stool consistency and fecal occult

blood. Histopathological featres appeared that amino acid peptide from Korean ganjang․

administration alleviated glandular epithelium destruction, neutrophil infiltration. Also,

MPO level was decreased compare to negative control. Polysaccharide from Korean

ganjang administration alleviated weight loss and colon length shortening caused by

DSS and decreased the mRNA expression levels of IL-1 and iNOS.β

Based on above data, we concluded that amino acid peptide and polysaccharide from․

Korean ganjang provide intestinal immune functions such as protection against gut

inflammation.



- 13 -

Part 2 : Research of functions and mechanisms of glucose and lipid metabolism of■

components extracted from Korean ganjang (in vitro) and the anti-obesity

effect of components extracted from Korean ganjang (in vivo)

The peptide/amino acid and polysaccharide from Korean ganjang decreased

cholesterol and TG level significantly in lipid-loaded 3T3-L1 cells.

Peptides in the Korean ganjang are considered could affect lipid metabolism, and

dipeptide WE (Trp-Glu) has been showed its activity as an antagonist of PPAR- . Weγ

found that WE could bind with PPAR- and isoforms measured by Surface plasmonγ –α

resonance (SPR). The Time-Resolved Fluorescence Resonance Energy Transfer

(TR-FRET) assay also confirmed the agonistic effect of WE to PPAR- .α

In this research, we investigated the effects of polysaccharide (poly) and

peptide/amino acids (pep/AA) extracted from Korean ganjang on metabolic diseases.

After 10 weeks feeding by high fat diet (HFD), we fed the C57/BL6 mice poly or

pep/AA, or both poly and pep/AA (poly+pep/AA) for another 12 weeks. The body

weight of mice has not been changed compared with the control group. To investigate

the effects of treatment groups on insulin metabolism, we investigated the oral glucose

tolerance test (OGTT), and found that treatment of extraction of Korean ganjang has

not showed significant effect on OGTT compared with the control group, so that we

have not investigated the insulin sensitivity test.

We also investigated the weight of liver, fat tissue and muscle of the mice and

found that there was no significant difference of treated groups compared with control

group. The H&E staining of liver and fat tissue showed that though the hepatic

histology of three treatment groups has not showed significant difference compared

with each other, they showed less lipid droplet in the liver compared with the control

group. And the size of adipocytes in the poly group was significantly lowered

compared with other groups. The plasma analysis showed that poly treatment reduced

the total cholesterol, HDL, and LDL significantly compared with control group,

whereas the ratio of HDL/LDL increased in poly group. The total cholesterol and

triglyceride (TG) in liver decreased significantly in polysaccharide group compared

with control group as well.

The q-PCR results showed that both the pep/AA and poly+pep/AA treatment

activated the gene expressions of LXR- and PPAR- , the two major regulators ofα α
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hepatic lipid metabolism, in the liver.

However, the activation of LXR- has not induced the activation of SREBP1c andα

ChREBP, as well as the downstream genes ACC1, FAS, and SCD1, therefore has not

induced the process of lipogenesis. The gene expression of Insig2a, which could

inhibit the activation of SREBP1c, has increased significantly in treated groups

compared with control group, which may be the reason of inhibiting SREBP1c.

Activation of LXR- activated the gene expressions of ABCG5, ABCG8, and CYP7a1,α

so that increased the cholesterol efflux via bile acid. In the poly group, the genes

involved in HDL and LDL metabolism, such as HMG-CoA reductase (HMG-CoAR) and

LDL receptor (LDL-R) have been investigated, and the results showed that the gene

expression of HMG-CoAR has been downregulated whereas the gene expression of

LDL-R has not been changed. In the poly group, ABCG5 and ABCG8 were activated

without activating LXR- , which assumed the attention of many other compounds inα

the crude sample of poly group. The activity of SR-BI is associated with a reverse

cholesterol transport that progresses by HDL. We confirmed that the activity of SR-BI

in treatment groups compared with control group, which transferred cholesterol from

other tissues to the liver for an efflux.

PPAR- is a major transcription factor for fatty acid uptake and -oxidation. In thisα β

research, it is not showed the direct activation of PPAR- in the liver. However, theα

poly group induced the activation of CD36 that acted like a receptor of many

compounds such as mutifuctional proteins in poly group treatment, and so activated

the -oxidation in the liver.β

Cholesterol that transferred to the liver by CD36 progresses peroxisomal

-oxidation by ACS and ACOX-1, and mitochondrical -oxidation by CPT-1,β β

respectively.

It has reported that activation of LXR- or PPAR- reduced the plasma levels ofα α

factors involved in inflammation. Therefore, we investigated the inflammatory factors

in the plasma and found that the levels of CRP, TNF- and IL-6 were reduceα

significantly in treated groups compared with control group, along with the reduction

of mRNA levels of TNF- and IL-6 in the liver.α

In the poly group, the crude polysaccharide sample induced the reduction of total

cholesterol, and the increase of HDL/LDL ratio, as well as the decrease of adipocyte
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cell size and lipid accumulation in the liver tissue, via increased cholesterol efflux by

the activation of ABCG5, ABCG8 and SR-BI. And the biosynthesis of lipids was

decreased as well via the inhibition of HMG-CoAR and activation of -oxidation byβ

CD36.

In the pep/AA group, the crude peptide/amino acid sample suppressed the

biosynthesis of lipids via activated LXR- and Insig2a gene expressions in the liver.α

Moreover, the crude peptide/amino acid sample increased cholesterol efflux by the

activation of ABCA1, ABCG5, ABCG8, CYP7a1 and SR-BI as well. Also, the gene

expressions of LDL-R and LPL were increased, which lowered the VLDL and LDL

level in plasma, so that the effects of the crude peptide/amino acid sample could be

expected to reduce the occurrence rate of atherosclerosis and coronary heart disease

(CHD).

Furthermore, inflammation that increases according to obesity was decreased by

these samples as well.

Part 3 : Characterization of intestinal immune system modulating polysaccharide■

from Korean Ganjang (in vitro, in vivo)

Korean traditional soy sauce is a seasoning produced by fermenting soybeans and is

ingredient in Korean cuisines. Recently, Korean soy sauce is considered to be not

only a seasoning for the taste and flavor but also a functional ingredient for human

health. The varying characteristics between traditional and commercial soy sauce may

be initiated by raw materials and fermentation techniques such as koji and mezu

process. In this work, we examined properties of polysaccharides isolated from two

different soy sauces made by the commercial process (CSP-0) and the Korean

traditional process (KTSP-0) as well as their immuno-stimulating activities. Both

CSP-0 and KTSP-0 showed similar sugar compositions, but KTSP-0 was obtained as

a higher yield than CSP-0. Anti-complementary activities of CSP-0 and KTSP-0 were

increased dose-dependently but KTSP-0 (64.7%) was higher than CSP-0 (56%) at

1,000 µg/mL. The effects of CSP-0 and KTSP-0 on murine Raw 264.7 macrophage

functions were demonstrated by production of nitric oxide (NO), tumor necrosis

factor- (TNF- ), and interleukin 6 (IL-6). CSP-0 and KTSP-0 significantlyα α
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augmented NO production by Raw 264.7 macrophages in a dose dependent manner.

However the activity of KTSP-0 was more potent than that of CSP-0. The

productions of TNF- and IL-6 were determined by Real Time PCR andα

enzyme-linked immunosorbent assay (ELISA). TNF- and IL-6 production by KTSP-0α

at 1,000 µg/mL showed 2.6 and 28.7 fold higher than those by CSP-0, respectively.

Also, the mRNA expression levels of TNF- and IL-6 were correspond to ELISAα

results. In order to assess phagocytosis activity, the effects of CSP-0 and KTSP-0 on

mRNA expression of Fc receptor I and II (FcR I and II) were determined by PCR

products. Only KTSP-0 showed enhanced expression of mRNA expression for FcR I

by dose dependent manner whereas CSP-0 did not affect the both FcR I and II

expression. These results suggest that the immuno-stimulating activity of Korean

traditional soy sauce polysaccharide is higher than that of commercial soy sauce

polysaccharide.

We isolated polysaccharides (KSSP-0) from improved Korean ganjang manufactured

from only soybeans. And then, chemical properties and several immuno-stimulating

activities of KSSP-0 were compared with those of overseas commercial soy sauce

(JKSP-0) manufactured from soybeans and wheats. Both JKSP-0 and KSSP-0 showed

similar sugar compositions, but KSSP-0 was obtained as a little higher yield than

JKSP-0. Anti-complementary activity of KSSP-0 (40%) was higher than that of

JKSP-0 (35%) at 1,000 µg/mL. KSSP-0 significantly augmented nitric oxide (NO) and

reactive oxygen species (ROS) production by Raw 264.7 macrophage cells in a dose

dependent manner. However JKSP-0 did not show any inductions in NO and ROS

production. The productions of tumor necrosis factor- (TNF- ) and interleukin-6α α

(IL-6) were determined by reverse-transcription PCR and enzyme-linked

immunosorbent assay (ELISA). TNF- and IL-6 production by KSSP-0 at 1,000 µg/mLα

showed 30.3 and 3.0 fold higher than those by JKSP-0, respectively. Also, the mRNA

expression levels of TNF- and IL-6 were correspond to ELISA results. However,α

when the effects of JKSP-0 and KSSP-0 on mRNA expression of Fc receptor I and II

(FcR I and II) were determined by PCR products, only JKSP-0 showed enhanced

expression for FcR II by dose dependent manner.

KSSP-0 and JKSP-0 were examined for intestinal immune system-modulating activity

in vitro. Only KSSP-0 showed the higher bone marrow cell proliferation activity



- 17 -

through intestinal immune system than that of untreated group. And KSSP-0 and

JKSP-0 from two different soy sauces showed the enhanced production of cytokines

such as hematopoietic growth factor (GM-CSF) and IL-6 in culture supernatant of

Peyer's patch cells, dose-dependently. Also JKSP-0 and KSSP-0 increased the IgA

production by Peyer's patch cells in a dose-dependent manner.

To investigate the in vivo effects of soy sauce polysaccharides on intestinal immune

system, including Peyer's patch cell proliferation, IgA production, and cytokine

production, JKSP-0 and KSSP-0 were administered orally into the mice of four

experimental groups (0.0, 0.5, 1.0 and 0.5 mg/mouse/day, 30 days). In an assay for

Peyer's patch cell proliferation, the group fed with 5 mg/mouse/day of KSSP-0

showed higher activity than the other groups. Oral administration of JKSP-0 and

KSSP-0 induced the IgA production by Peyer's patch cells and increased the IgA

excretion into mouse feces in a dose-dependent manner. However, oral administration

of KSSP-0 was more effective than that of JKSP-0 at the same dosage. The Peyer's

patch cells obtained from the mice which were administered with KSSP-0 (5

mg/mouse/day) showed significantly higher IL-4 production whereas only JKSP-0

administered groups showed significantly higher IL-6 production by Peyer's patch cells

than that of the untreated group. These results suggested that oral administration of

KSSP-0, the polysaccharide from Korean ganjang might effectively activate Peyer's

patch cells and IgA and several cytokines were produced by the activated

lymphocytes, and it could induce the enhancement of systemic immune system. Also,

the resuls indicated that the immuno-stimulating activity of the polysaccharide from

Korean ganjang was much better than that of commercial one.

Above data lead us conclude that Korean ganjang contains select polysaccharides in

addition to seasoning components, and these polysaccharides appear to provide

immuno-stimulating activities beneficial to human health.
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성숙도  
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×  × 
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NaCl
sample양 ×



소비ml×  × F
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  초기  

동결건조    
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항 건

Instrunment GC equipped for use with capillary column

Detection F.I.D

Capillary column
supelco 2380 capillary column

30m, 0.25 m film thicknessμ

Carrier, Flow rate Helumn at 1mL/min

Split ratio 100:1

Zone temperature
Injector 250℃

Detector 270℃

column temperature 60 -(30 /min) 220 (120min) -(8 /min) 250 (15min)℃ ℃ → ℃ ℃ → ℃

Injection volumn 1.0 Lμ



- 29 -



- 30 -

가 가 많았xylose(20.0%) , galactose(13.4%),

었고 미량 가 검 었다fucoss(9.0%) mannose, fucose, rhamnose, arabinose
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측Sodium acetate medium samples pH

에 한 포 생HepG2 cell sodium acetate

(*P<0.05; **P<0.01; ***P<0.001)
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에 도 과3T3-L1 cell sodium acetate lipid accumulation

한 에 도 과Lipid loading(LL) HepG2 cell sodium acetate lipid accumulation
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Fig. 62. Cytotoxicity, NO, ROS production of CSP-0 and KTSP-0 by Raw 264.7

macrophages.
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Fig. 67. IgA production of CSP-0 and KTSP-0 on mouse feces and peyer's patch cells



- 111 -

간 다당들 경 여 통한 에 생산 하 하여Peyer’s patch IgA

통과한 변과 포에 생산 항체량 측 하 다 그 결과 변에Peyer’s patch IgA . ,

든 실험 에 도 함량 았다 비 한 결과IgA . CSP-0 KTSP-0

실험 간에 큰 차 가 나타나지 않았다 에 생산량 측 한. Peyer’s patch cell IgA

결과에 도 변에 비슷하게 든 실험 에 도 생산량 가하 다IgA .

비 한 결과 변에 는 차 보 지 않았다CSP-0 KTSP-0 .

에 생산량 측Peyer’s patch cell IL-4, IL-6 cytokine③

간 다당들 경 여 통한 역 포 식 하 하여Peyer’s patch 0.5,

도 씩 여하 고 안락사 시 벽1, 5 mg/mouse 1 1 30 ,

역 포 득Peyer’s patch 1×10
7

도 간 양하 다cells/mL 3 .

상등액 가지고 측 하 다 는 시키는IL-4, IL-6 . IL-4 naïve T cell Th2 cell

항체생산과 한 가지고 다 측 결과 가 보다 생산량. , KTSP-0 CSP-0

도 가 하 다 생산량 측 한 결과에 는 여 과100% . IL-6 KTSP-0 CSP-0

에 는 가 보다 많 생산량 측 었다KTSP-0 CSP-0 .

Fig. 68. Effect of CSP-0 and KTSP-0 on IL-4 and IL-6 production by murine peyer's

patch cells



- 112 -



- 113 -



- 114 -

Fig. 70. GC chromatogram for the determination of sugar composition of JKSP-0 and

KSSP-0.
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Fig. 72. Anticomplementary activity of JKSP-0 and KSSP-0 purified from

.
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한식 간 폴리사■

카라 드 아미 산 타, ․

드 리 건

한식 간

역계 능 역 평( )

가 (in vitro, in vivo)

( 1 )

100%

한식 간 아미 산 타 드 폴리사카라 드 리** ,․

한식 간 역계 능 역 평가** ( ) (in vitro)

양 포계에 염 사 카 마커 하여 역 평가 진행

-

α

한식 간 역계 능 역 평가** ( ) (in vivo)

-

에 역계 능 평가IBD

-

-

β

한식 간 당지질■ ․

사 능 평가

연 (in vitro)

항비만 능 평가 (in

vivo) ( 2 )

100%

γ

α

β

α

α
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한식 간■

역계 역(

진 규) (in vitro,

in vivo) ( 3 )

100%

한식간 능 우수 하 해 시 상업 양 간 과 한 통** (CSP-0)

식 재래 간 상 다당 리 역계 에 한 평가(KTSP-0) ,

l 학 특 다당 당 사KTSP-0 CSP-0 :

l 간 다당 수 는 약: KTSP-0 10.7 g/L CSP-0 2

l 항보체 : KTSP-0(64.7%) > CSP-0 (56%)

l 생산량 생산량 상 훨Macrophage : KTSP-0 NO , TNF- , IL-6α

씬 우수 만 에 보, KTSP-0 macrophage FcR I mRNA .

l 역 : in vitro에 가 상 역KTSP-0 , in vivo 경

여실험에 여 식능 변 비능KTSP-0 Peyer‘s patch cell , IgA ,

생산능 보Il-4 IL-6 .

고 질 한식간 다당 리 해 간 래 다당** (KSSP-0) , (JKSP-0)

학특 역 비 검

l 학 특 다당 당 사:

l 간 다당 수 한식간 다: KSSP-0 (11.7 g/L) > JKSP-0 (9.5 g/L)

수

l 항보체 : KSSP-0(40%) > JKSP-0 (35%)

l 는 생산 도 가Macrophage : KSSP-0 NO ROS , KSSP-0

는 생산능에 상 훨씬 우수 단TNF- , IL-6 , , macrophage FcR IIIα

가 결과mRNA JKSP-0 ,

l 역 : in vitro에 는 비슷한 도KTSP-0 JKSP-0 Peyer‘s patch

극 등 생산 도 생산 도cell , GM-CSF IL-6 cytokine IgA , in vivo 경

여 실험에 여 식능 변KSSP-0 Peyer‘s patch cell ,

비능 보 생산능 가 는 가 상 우수IgA . IL-4 KTSP-0 , IL-6 JKSP-0

본 연 통해 고 질 한식간 지질 사 역 특 역에 어,

우수 하 탕 한식간 우수 내 학술 문 게. ,

재 시 참여 통해 학술 보하여 한식 계 한 산업에 과학,

시하고 한다 또한 한식간 마 에 어 고 보책 등 본 료data . ,

극 하고 하 같 동 한식간 수 에 크게 공헌하리라고,

하고
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