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제 목.Ⅰ

전통적인 식품 소재 콩을 이용한 항당뇨 물질 개발 및 산업화

연구개발의 목적 및 필요성.Ⅱ

궁극적으로 당뇨질환에 유효한 농산물 콩 가수분해물 을 소재화하여 고부가가치의 기능: ( )

성식품을 개발함으로써 농업은 고부가가치 산업으로 농촌은 녹색산업기반의 발전모델을,

제시하며 국민보건 향상 및 관련 산업의 경쟁력을 제고함, .

연구개발의 목적1.

가 국산 콩을 이용한 가수분해물 제조법 확립 및 효율적인 생산 생리활성 규명. CHP ,

나 함유 항당뇨 기능성 소재 개발. CHP

다 식이 실험동물의 주요 조직에 대한 총괄적. CHP DEG (Differentially expressed

분석에 의한 항당뇨 기작 관련 특이유전자 발굴genes)

라 식이 실험동물의 주요 조직에 대한 총괄적 프로테옴 분석에 의한 항당뇨 기작. CHP

관련 특이단백질을 발굴

마 항당뇨 기작 관련 특이 유전자 및 단백질 특성 분석.

바 항당뇨 특이 단백질 이용 분자 의약 후보물질 개발 핵심자료 제공.

사 소재 함유 다양한 제품 개발 원료 형태 완제품 형태 자사브랜드 등으로. CHP : , OEM ,

상품화

연구개발의 필요성2.

가 당뇨대란 년경 에 대비한 효과적인 혈당강하용 기능성식품 개발이 요구됨. (2020 )

나 단백질 함량이 타 식품 재료에 비해 월등히 높은 콩으로부터 항당뇨 활성물질 개발.

연구 필요

다. 식품 존재 를 혈당강하 소재로 활용하기 위하여 가수분해물 제조 기술 개발의CHP

필요성

라. 시대에 적합한 첨단 농업생명과학 기술개발이 요구됨Post-genome (proteomics &

이용genomics )

마. 합성 제조한 원가는 고가이므로 만원 본 연구 제조방법에 의해CHP (350-400 /g)

생산 시 원가 절감에 의한 다양한 식품소재로 활용 필요



연구개발 내용 및 범위.Ⅲ

연구개발 내용 및 범위1.

가 전통적인 국산 콩 소재 선정 및 가수분해물 제조법 확립.

대두 쥐눈이콩 대두박 등 국내에서 생산 및 유통되고 있는 콩을 상업용 단백질 분(1) , ,

해 효소를 활용하여 가수분해물 제조

효소 및 반응 조건에 따른 가수분해 조건 확립(2)

가공 조건에 따른 의 안정성 평가(3) CHP

나 함량 증진에 따른 소재화 여부. CHP

및 여러 생화학적 방법을 통한 함량 증진법 개발(1) Cyclization

생리활성 측정 면역 항산화 등(2) CHP ( , )

소재 가공적성 물성 순도증진에 의한 기능성 소재화 시약 원료형태 액상(3) , , ( , bulk . ,

분말 과립화, )

다. In vitro 에서 항당뇨 활성 분석cell CHP

처리에 의한 당뇨 예방 및 치료 효과 측정(1) CHP

항당뇨 활성측정 생성 지질과산화 측정(2) (nitrite , , caspase-3, cytochrome C, ROS )

처리 세포의 항당뇨 관련 유전자 단백질 발굴 및 특성 분석(3) CHP ( )

라 제 형 제 형 당뇨 실험동물에 의한 항당뇨 활성 검증. 1 ( 2 )

당뇨모델 유발 및 경구투여에 의한 혈당강하 효과 분석(1)

측정(2) Glucose tolerance, insulin level, weight

를 통한 인슐린 생성률 및 조직 복구 측정(3) Histochemical analysis

혈액 및 조직별 발굴 및 특성(4) DEGs (differentially expressed genes), proteome

분석 (MALDI-TOF)

항당뇨 관련 주요 유전자 단백질 발현에 의한 특성 분석(5) ( ) (northern, realtime-PCR,

western blot)

마 에 의한 제 형 제 형 당뇨모델의 항당뇨 기작 규명. CHP 1 ( 2 )

를 이용한 당뇨 관련 유전자들의 발현 분포 분석(1) Diabetes RT-PCR Array Profiler

에 의한 및 기작 규명(2) CHP antidiabetic pathway

바 항당뇨 관련 특이 유전자 단백질 구축 및 실용성 조사. ( ) DB

항당뇨 특이 유전자 단백질 화 및 실용성 조사(1) ( ) database (chip, biomarker,



관련inhibitor )

인체 상동성 비교연구에 의한 의학 소재 후보물질 개발 가능성 조사(2) (optional)

간이 임상 에 의한 혈당강하 효과 규명(3) test CHP (optional)

사 대량생산 및 소재 함유 제품화. CHP

의 대량생산 공정 최적화 및 제형화 조건 확립(1) CHP

가공식품 소재로의 활용을 위한 소재의 가공적성 일반적 특성 안정성 기능성 분석(2) , , ,

소재를 함유한 다양한 형태의 제품화 과립포 드링크 혈당강하 건강보조식품(3) CHP ( , , )

및 시장성 조사

연구개발결과.Ⅳ

함유 가수분해물 제조법 확립 및 함량 증진에 따른 소재화1. CHP

다양한 단백질 가수분해효소를 이용하여 국내산 대두 미국산 대두 쥐눈이콩 대두박

에 대한 가수분해 효과를 측정한 결과 이 가장 높은 가수분해도를 나타냈

다 대두박을 이용하여 으로 제조한 가수분해물의 가수분해도는 로 국

내산 대두 미국산 대두 쥐눈이콩에서의 가수분해도 보다 높은 가수분해도를 보였다 또

한 국내산 대두 미국산 대두 쥐눈이콩 대두박에 대한 가수분해물의 함량을 측정

한 결과 가수분해물의 함량이 로 높은 함량을 나타μ

내었다 다양한 단백가수분해에 의해 생산된 가수분해물에서 의 양은 으로 가

수분해한 대두 가수분해물에서 가장 높은 값을 나타냈으며 가수분해물의 가수분해도

는 에 의해 의 비교적 높은 를 보

였다

의 함량은 가수분해물에서 함μ

량을 나타내었으며 과 를 의 비율로 혼합하였을 때 가장 높은

의 함량과 의 높은 함량을 나타내었다μ

청국장으로부터 분리한 균주를 이용하여 대두 발효물을 제조하고 함량의 증진

여부를 확인하였다 분리한 균주 중 균주는 이상의 단백가수분해 활성을 나타

냈으며 와 로 동정되었다 분리균주를 대두용액에서 배양 시

의 함량은 발효가 진행될수록 점차 감소하였으며 함량은 균주의 종류에 따

라 증가와 감소 지속적인 증가 등의 변화를 보였으나 효소를 이용한 가수분해물에 비해

함량이 상대적으로 낮은 수준이었다

가수분해물에서의 의 수율을 높이기 위해 대두 가수분해물을 알콜 분획한 결과

분획에 의 가 함유되어 있었으며 대두 가수분해물의 산처리에 의한μ

침전 회수 활성탄 처리 및 한외 여과 처리 시 수율과 함량은 한외여과 이



하 회수 에서 와 로 가장 높은 수치를 나타내 대두가수분해물 제조 공정에

공정을 추가하였다

대두 가수분해물의 온도에 따른 의 함량은 에서 증진 효과를 보였으며

열안정성은 산성 조건에서 가장 안정하였다 대두 가수분해물은 에서 가

열 시간이 증가할수록 급격히 감소한 반면 과 에서는 비교적 안정한 열안정성

을 보였다 대두 가수분해물 는 약 이상의 높은 용해도를 나타내었으며 분자량

별로는 순으로 분자량이 적을수록 용해도가 높은

것으로 나타났다 대두 가수분해물의 거품 형성력 및 안정성 또한 저분자량 순으로 나타

났으며 유화력은 증가와 저분자량의 순으로 그리고 소화력은 로 매우 높

은 결과를 나타났다

대두가수분해물 이하 분획의 안전성을 쥐에서 평가한 결과 체중 변화 식이

섭취율 및 음용수 섭취량에서의 차이가 없었으며 혈액학적인 변화도 나타나지 않았다

또한 간 신장 심장 폐 등 장기의 무게 변화와 조직상의 변화도 나타나지 않았다

2. In vitro 에서 항당뇨 활성 분석cell CHP

는 유리 호르몬 과 구조적으로 관련이 있는 자연에 존재하는CHP thyrotropin- (TRH)

원형의 이다 는 과 의 가수분해에 의해 대두로부터dipeptide . CHP flavourzyme alcalase

효과적으로 얻었다 본 연구에서 인슐린을 분비하는 쥐 세포 에서. insulinoma (RIN5mF)

에 의해 유도된 베타세포의 기능 이상 및 세포자살에 대하여 조사STZ (streptozotocin)

하였다 세포를 으로 처리하였을 때 인슐린 분비는 정상세포의 약. RIN5mF 2 mM STZ ,

수준으로 감소하였다 그러나 를 처리하였을 때 세포의 인슐린 분비54% . CHP RINm5F

능은 처리하지 않은 세포의 까지 복구되었다 또한 는 에 의해 유도되는71% . CHP STZ

산화질소는 배 지질과산화는 배 줄임으로서 에 의해 중재되는 세포독성으로2.3 , 2.3 STZ

부터 세포를 보호하였다 더구나 처리는 세포에서 활성화. CHP RINm5F caspase-3 ,

분해 절단과 같은 에 의해 유도되poly (ADP-ribose) polymerase (PARP) , DNA STZ

는 세포자살현상을 약화시켰다 따라서 이런 결과는 항세포자살 단백질인 의 발현. Bcl-2

을 증가시킴으로서 에 의한 산화적 스트레스를 통한 세포자살 현상으로부터 세포를STZ

보호하는 것이고 또한 는 중재 세포독성 및 세포자살에 대한 보호 및 치유 기CHP STZ-

능을 갖는 후보물질이 될 수 있을 것으로 사료된다.

제 형 제 형 당뇨 실험동물에 의한 항당뇨 활성 검증3. 1 ( 2 )

처리에 의해 유도된 제 형 당뇨 모델 쥐에서 포도당 대사 혈당수준 지질 변STZ 1 , ,

화 췌장세포의 생존력에 대하여 효과를 조사하였다 체중 에 의, CHP . STZ (50 mg/ kg)

한 당뇨 유발 후 혈당 수준이 이상 되는 쥐를 당뇨 상태300 mg/dL Sprague-Dawley

임을 확인하고 매일 체중 당 의 를 투여하였다 투여 일째 투여kg 50 mg CHP . 21 CHP-



쥐에서 혈당 수준은 투여하지 않은 쥐에 비해 약 감소하였다 포도당 저항성 테스56% .

트에 의하면 혈당 수준은 분 후에는 크게 증가하였지만 투여 분후 정상 수30 CHP 120

준으로 복구되었다 투여군에서 혈액 인슐린 수준은 투여하지 않은 그룹에 비해. CHP 2

배 정도 증가하였다 처리군에서 중성지방 및 콜레스테롤 수준은 정상 수준으로. CHP

복구 되었으며 조직학적 분석에 의하면 처리시 췌장의 손상된 베타세포는 정상, CHP

수준의 정도까지 복구되었다 염증 반응의 마커로 사용되는2/3 . C-reactive protein

의 전사 수준은 처리군에서 정상 수준으로 복구되었으며 이는 에 의해(CRP) CHP , STZ

손상된 베타세포들이 적어도 부분적으로 복구되었다는 것을 암시하는 것이다 따라서.

는 평균 혈당 수준을 낮추고 인슐린 분비는 증가시키며 당뇨 쥐에서 췌장 베타세CHP ,

포의 생존력을 복구시킴으로서 아주 우수한 혈당 강하 효과를 갖는다고 볼 수 있다 그.

러므로 는 제 형 당뇨를 조절하는 잠재력을 갖는 물질이라 볼 수 있다CHP 1 .

제 형 당뇨 모델2 , C57BL/6J ob/ob 에서 혈당수준 포도당 저항성 체중 지, mouse , , ,

질변화 조직학적 면역학적 실험을 통하여 함유 대두 가수분해물의 항당뇨 활성이, , CHP

조사되었으며 또한 및 렙틴의 변화도 측정되었다 일 를CRP . CHP (2 mg/kg BW, 24 )

ob/ob 에 일 동안 투여하였을 때 혈당 수준은mouse 24 control ob/ob 에 비해mouse

감소하였으며 인슐린 수준은 처리군에서 배 정도 증가하였다 포도당 내성57% , CHP 2 .

조사에서 처리군에서 혈당 수준은 분에서 분 사이에 정상으로 복구되었으, CHP 120 180

나 반면에, control ob/ob 에서는 의 고혈당 상태가 유지되었다mouse 350 mg/dL . 더구

나 전체 콜레스테롤 및 중성지방은 CHP 처리군에서 control ob/ob 에서 보다 약mouse

배 정도 감소하였다 조직병리학적 분석에 의하면 처리에 의해 췌장의 손상된 베2 . CHP

타세포들은 정상 수준으로 복구되었으며, control ob/ob 에서는 췌장이 별로 없mouse

었지만 처리군에서는 일 후 더 커진 췌장들이 관찰되었다 더욱 흥미로운 사실CHP 24 .

은 췌장 베타세포들은 투여 중단 일과 일 경과 후 관찰하였을 때 더 많은CHP 72 130

췌장 베타세포들이 복구되었다 또한 인슐린 분비도 투여를 중단하여도 크게 증가. CHP

하였다 이런 결과는 가 투여군에서 췌장의 생존력 및 복구력을 크게 증가시. CHP CHP

킨다는 것을 보여 주는 것이다 염증 반응의 마커로 사용되는 단백질의 전. C-reactive

사 수준은 control ob/ob 보다 배 정도 감소하였고 포도당 수송 조절에 관여mouse 2 ,

하는 렙틴 단백질은 처리군에서 약 배 정도 증가하였다 이런 결과들에 의해CHP 1.5 .

는CHP ob/ob 에서 인슐린 수준을 증가시켜 혈당을 조절하는데 효과적인 물질이mouse

며 제 형 당뇨 환자들의 고혈당증을 조절하는데 식품첨가제로 사용하기에 좋은 물질, 2

이라 볼 수 있다.

항당뇨 관련 특이 유전자 단백질 특성 분석4. ( )

가. 제 형 과 형 췌장에서 당뇨관련 유전자들의 기능 및 특성 분석



당뇨 관련 연구는 췌장에서 유전자 발현 및 혈당 수준을 조절하는 인슐린 분비 부위

에 집중되어 왔다 그러나 당뇨 유발 과정에 관여하는 분자적 연계망 또는 새로운 유전

자의 발견에 있어서 한 유전자를 집중 연구하는 방식은 배제되어왔다 가 당뇨병

개선에 영향을 주는 분자적 기작에 관한 연구를 이해하기 위하여 당뇨 동물 모델인

유도 당뇨쥐 와 유전적 당뇨 쥐 의 췌장 조직에

서 유전자 발현 양상을 조사하였다 이런 당뇨 설치류들의 치유과정을 이해하기 위하여

당뇨 모델의 췌장조직에서 가 여러 가지 유전자 발현에 미치는 효과가 조사되었다

분석에 의해 처리 시 유전자들의 발현이 감소하였고 유전자

들의 발현 수준은 증가하였다 또한 여러 유전자들의 변화된 발현 수준은 처리에

의해 정상적인 수준으로 복구되었다 그중에서 특히 유전자들은 처리 시 변

화가 큰 유전자 발현 양상을 보였다 기능적 분류에 의하면 유전자들은 이나

처리 쥐에서 에 비해 다르게 발현되는 것으로 분류 되었고 반면에 유

전자들은 처리에 의해 정상 수준으로 복구되었다 제 형 당뇨 병발 요인과 크게

연관되는 지질대사효소 α

등은 과발현 되었고 후각수용체 및 미토콘드

리아 단백질 등의 발현 수준은 감소한다는 결과를 처음으로 마이크로 어레이

결과에 의해 증명하였다

유전적 제 형 당뇨 쥐에서 를 처리하였을 때 췌장 조직에서 에서

보다 유전자들의 발현 수준이 배 이상 변화되었다 반면에 처리에 의해

유전자들은 발현이 증가하였고 유전자들의 발현은 감소하였다 마이크로 어

레이 결과에 의해 렙틴 수용체들의 발현 증가와α 의 발현 감소는 제

형 당뇨 발병에 주요한 생리적 역할을 보여준다 결론적으로 는 당뇨병을 개선시키

는 쪽으로 유전자 발현을 촉진하며 당뇨 유발 요인에 대하여 길항작용을 하는 것으로

판단할 수 있다

나. 제 형 과 형 췌장에서 당뇨관련 단백질들의 기능 및 특성 분석

당뇨병 요인들의 분자적 기작을 알아 보기위하여 당뇨 동물 모델인 유도 당뇨

쥐 와 유전적 당뇨 쥐 의 췌장 조직에서 단백질 발현

양상을 조사하였다 경구 투여에 의해 두 당뇨 모델에서 약 이상 혈당 수준CHP 50%

을 낮추는 혈당 강하 효과를 보였으며 췌장 조직 단백질들이 이차원적 전기영동에 의해,

분리되고 에 의해 단백질들을 확인하였다 당뇨와 연관이 있다고 확인된MALDI-TOF .

단백질들이 의 실질적인 표적이고 제 형 및 형 당뇨병에 강력한 항당뇨 효과34 CHP , 1 2

가 있다는 것이 본 연구에 의해 밝혀졌다 이런 단백질들의 발현에 있어서 변화는 당뇨.

모델 동물들이 당뇨 상태를 극복하는데 필요할 것이라 판단된다 이런 단백질들은 대사. ,

세포구조 산화적 스트레스 신호 및 에너지 전달과 같은 세포기능에 관여한다 어떤 단, , .



백질은 이미 당뇨병과 연관이 되어 있고 새로 발견된 단백질은 당뇨 발병에 중요한 역

할을 할 것으로 보여지므로 좀 더 심층적인 연구가 필요할 것이다 는 당뇨병 관련. CHP

분자기작의 연구 및 당뇨병 치료 등에 강력한 물질로 부상되고 있으며 본 연구에서 제,

시한 발견들은 새로운 시각에서 당뇨병 치료 및 연구에 중요한 자료를 제공할 수 있을

것이다.

다. 제 형 과 형 혈액에서 당뇨관련 단백질들의 기능 및 특성 분석

혈액 단백질의 경우 신체에서 중요한 기능을 수행하며 혈액의 단백질 분포는 여러 생

리적 및 병리학적 조건하에서 변한다 당뇨병 진단을 위하여 새로운 마커 단백질을 확인.

하기 위하여 의해 제 형 유도 및 유전적 제 형 당뇨 쥐에서 혈액, CHP 1 (STZ ) 2 (ob/ob)

단백질들의 발현 수준에 미치는 영향을 조사하였다 경구 투여된 에 의해 혈당이. CHP

정도 감소하는 혈당강하 효과를 보였고 이 때 혈액 단백질들에 대하여 차원적인50% 2

전기영동을 수행하였다 그 결과 나타난 중에서 들이 다르게 발현되는. 500 spot 31 spot

것으로 나타났고 그 단백질들이 에 의해 확인되었다 처리 쥐에서, MALDI-TOF . STZ

의 발현은 감소하였고 등의 단백질들의 발현ApoE , FGA, ApoA-I, ApoA-IV, A1M, CRP

수준은 증가하였다 유전적 제 형 당뇨 쥐에서는. 2 FGB, FGC, F12, C1Q, TNF5, SPA3K

등의 단백질들은 처리에 의해 혈액 내 발현 수준이 감소하였지만CHP , A1M, A2M,

등의 단백질들은 발현 수준이 증가하였다 결론적으로 이런 단백질들의 조절ApoE, TTR .

변화는 당뇨병 상태를 극복하는데 결정적인 영향을 줄 수가 있고 당뇨병의 예방 및 치,

유에 좋은 자료를 제공할 수 있을 것이다.

간이 임상 에 의한 혈당강하 효과 규명5. test CHP (optional)

함유 대두가수분해물의 혈당강하 효과를 측정하기 위해 피험자 명을 대상으로

함유 알약 소환 을 하루에 회 총 일 섭취케 하였다 그 결과 대두가수분해

물 복용 전 혈당이 이었으나 일 복용 후의 혈당은 로 유의

적으로 감소하였으며 복용 전 당화혈색소는 평균 에서 복용 후 로 유의적

으로 감소하는 경향을 보였다 또한 실험 전 후의 혈액내의 지질 성분의 변화를 측정한

결과 실험 전과 후의 유의적인 차이를 보이지 않았으며 와 수치도 유의적인

변화를 나타내지 않았다

대량생산 및 소재 함유 제품화6. CHP

대두가수분해물을 대량 생산하기 위해 물과 탈지대두분 을 넣어 혼합하면서

를 으로 조정한 후 효소를 첨가하여 에서 시간 반응시켰다 반응 후 분간

로 가열에 의한 효소의 불활성화 여과 농축 분무건조를 통하여 대두가수분해물을

얻었으며 이용도를 높이기 위해 캡슐형태 타블렛 및 소환 형태로 제조하였다 이러한



혈당강하작용을 가진 함유 대두가수분해물에 대한 연구결과를 특허출원 건 하였CHP (2 )

고 이를 참여기업인 주 새롬바이오에 기술이전함으로서 이를 이용한 뉴엔슐라 제품을, ( ) “ ”

생산 상품화하여 시판하게 되었다, .

대두가수분해물을 가공식품에 이용하기 위하여 대두가수분해물을 첨가한 대두강정바

를 제조하여 특성을 측정하였다 대두강정바의 값은 곡물강정바에 비해 다소 높았으며

와 값은 차이가 없었다 또한 값은 대두강정바가 곡물강정바에 비하여 낮은 수치

를 보여 대두가수분해물 첨가가 색도에 큰 영향을 주지 않는 것으로 판단되었다 기계적

물성 평가에서 는 곡물강정바가 대두강정바에 비하여 높은 값을 보였으며

값은 유의적인 차이를 보이지 않았다 반면 는 대두강정바가 곡물강

정바에 비하여 낮은 힘에서 깨짐성을 보였다 곡물강정바와 대두강정바의 관능검사 결과

색 향 및 단맛의 정도에서 유의적인 차이는 없었으며 전체 기호도 역시 차이가 없었다

혈당강하 효과를 가진 대두가수분해물의 이용도를 높이기 위해 대두가수분해물이 첨가

된 두부를 제조하여 물리적 특성 등을 조사하였다 일반 두부와 대두가수분해물 첨가 두

부의 값은 각각 과 로 나타났으며

와 에서의 유의적인 차이가 나타나지 않았고 관능검사에서도 일반

두부와 유의적인 차이가 없었다

대두가수분해물 강화 코팅 쌀을 제조하여 흡수 코팅 기능을 살펴본 결

과 대두가수분해물은 한 수화양상을 보였고 수화정도 흡수 속도 는

농도범위에서 무첨가구와 비교하여 큰 차이를 보이지 않았으나 농도 증가에 따른 흡수

저해가 나타나 분무코팅 을 실시하였다 대두가

수분해물 코팅쌀은 다소 불투명하며 유백색을 띄고 현상이 관찰되었고 색도에

서 값이 원료쌀과 코팅쌀에서 각각 과 이었으며 값과 값 모두 원료쌀에 비

해 약간 높아진 경향을 나타내었다 총 색차 는 원료쌀에 비

하여 코팅쌀에서 유의적으로 감소하는 경향으로 나타났다 은 원료쌀

및 코팅쌀 시료의 값은 각각 과 으로 코팅쌀에서 약간 높은 수치를 나타내었다

상온에서의 원료쌀과 코팅쌀의 수화양상은 코팅쌀은 침지 시간 에서부터

되는 양상을 보였다 함유 대두가수분해물로 코팅한 쌀의 표면과 종단면

을 전자현미경으로 관찰한 결과 코팅쌀의 표면에서 현상이 발생하였으나

함유 대두가수분해물의 분무코팅이 비교적 고르게 된 것이 관

찰되었다

시판 두유와 대두가수분해물을 함유한 두유의 색도값도 두유와 대두가수분해물 함유

두유의 값의 차이가 크게 나타나지 않아 대두가수분해물을 두유에 적용하여 기능

이 강화된 두유 제조 가능성을 제시할 수 있었다
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SUMMARY

. Title of Research ProjectⅠ

Industrialization and Development of anti-hyperglycemic food material from soybean

hydrolysate using enzymatic system

. Objective and Necessity of the Research and DevelopmentⅡ

Through development of functional food using material (soybean hydrolysate) effective for

diabetic disease, agriculture will be as high value-added industry, rural will present

development model of green industrial base, and finally public health and competitiveness of

the related industry will be increased.

1. Objective of the Research and Development

A. Establishment of manufacturing method for soybean hydrolysate from domestic soybean,

efficient production of CHP and Elucidation of biological activity

B. Development of anti-diabetic functional material containing CHP

C. Screening of differentially expressed genes related to anti-diabetic mechanism by analysis

for major tissues of CHP feeding animal model

D. Screening of differentially expressed proteins related to anti-diabetic mechanism by

proteomic analysis for major tissues of CHP feeding animal model

E. Analysis for characteristics of specific genes and proteins related to anti-diabetic

mechanism

F. Provision of the essential data for developing moelcular, pharmaceutical candidates using

anti-diabetic proteins

G. Development of various products containing CHP : raw material, end-product of

OEM type, self-company brand

2. Necessity of the Research and Development

A. Need for development of effective, hypoglycemic functional food preparative for diabetes

crisis (2020)

B. Need for research and development of anti-diabetic component from soybean

containing higher protein content than other food materials



C. Need for development of hydrolysate manufacturing technique to apply CHP

present in foods for hypoglycemic material

D. Need for development of high technique of agricultural life science suitable to

post-genome era

E. Need for application as various food materials by cost reduction on CHP

production using our manufacturing method (high price of synthetic CHP)

. Contents and Scope of the Research and DevelopmentⅢ

1. Contents and Scope the Research and Development

A. Establishment of manufacturing method for soybean hydrolysate

(1) Preparation of soybean hydrolysate from soybean, small black soybean and soy flour

using commercial proteolytic enzymes

(2) Establishment of hydrolysis condition according to enzymes and reaction conditions

(3) Stability assessment of CHP according to processing conditions

B. Increasing method of CHP content and materialization

(1) Development for increasing CHP content by cyclization and biochemical methods

(2) Biological activities of CHP (immunological activity, antioxidant, etc.)

(3) Materialization by processing suitability, rheological property, improving the purity

(reagents, bulk material forms: liquid, powder, granulation)

C. Analysis of hypoglycemic effect of CHP in In vitro cell.

(1) Measurement of preventive and therapeutic effects on diabetes by CHP treatment

(2) Assessment of anti-diabetic activities (nitrite, lipid peroxidation, caspase-3, cytochrome C,

reactive oxygen species)

(3) Screening of anti-diabetic related genes (proteins) in CHP-treated cells and Its

characteristics

D. Identification of anti-diabetic activity by Type I and Type II animal model

(1) Induction of diabetic animal model and Analysis of hypoglycemic effect by oral injection

(2) Assessment of glucose tolerance, insulin level, weight

(3) Assessment of insulin production and tissue recovery

(4) Screening of differentially expressed genes and proteome in blood plasma and each tissue

and Its characterization



(5) Characterization of anti-diabetic related genes and proteome (northern,

realtime-PCR, western blot)

E. Elucidation of anti-diabetic mechanism for Type I (Type II) animal model by CHP

(1) Analysis of expression distribution of diabetes-related genes using RT-PCR Array Profiler

(2) Elucidation of the mechanism and antidiabetic pathway by CHP

F. Establishment of data base of anti-diabetic genes (proteins) and application study

(1) Database of anti-diabetic specific genes (proteins) and Its application

(chip, biomarker, inhibitor etc)

(2) Comparative study of human homologous and Possible study of development of

pharmaceutical substitute materials (optional)

(3) Elucidation of hypoglycemic effect of CHP by simple clinical test (optional)

G. Mass production and manufacture of end product containing CHP

(1) Optimization of mass producing process of CHP and establishment of formulating

conditions

(2) Analysis of processing property, general characteristic, stability, and function for using as

a materials of food processing

(3) Manufacture for various forms of material containing CHP (granules, drinks, and

hypoglycemic dietary supplements) and market research

. Results of the Research and DevelopmentⅣ

1. Establishment of preparation process of soybean hydrolysate containing CHP and Its material

by increase of content

Hydrolytic activity was measured on domestic soybeans, U.S. soybean, small black

soybean, and defatted soybean flour using various proteolytic enzymes. Flavourzyme showed

the highest degree of hydrolysis (DH). Especially, DH (60.1%) of deffated soybean by

flavourzyme was higher than in domestic soybean, U.S. soybean and small black soybean.

Also, CHP contents in hydrolysates of several soybeans by flavourzyme were higher than by

other enzyme. Ficin treatment among various enzymes showed the high content of A-N, and

degrees of hydrolysis rate. The contents of CHP were 27.6, 9.3 and 13.4 g/ml in soybeanμ

hydrolysates by flavouzyme, alcalase and pancreatin, respectively, and mixture of flavourzyme

and alcalase (3:1) showed a high level of A-N and CHP content (38.1 g/ml).μ

Four strains separated from the Chonggukjang, showed above 10 unit of protein hydrolysis

activity. The strains were classified to Bacillus subtilis and Bacillus sp. The content of



protein showed a decrease trend with increasing fermentation time by separated strains. CHP

contents showed fluctuation changes, but sustained increasing trend in fermentation period.

Hydrolysate of soybean by Bacillus sp. showed relatively a low content of CHP comparing

with enzymatic hydrolysate.

Soybean hydrolysate was fractionated by alcohol to increase the yield of CHP. 32.9 g ofμ

the CHP was contained in 60 80% of alcohol fraction. The yields of hydrolysates by

ultrafiltration process, acid and active carbon treatment were 71.3%, 13.5% and 4.3%,

respectively. CHP content appeared highly by ultrafiltration.

Soybean hydrolysate showed a promoting effect and cyclization reaction of CHP at 40 6∼

0 . The thermal stability of soybean hydrolysate was high in acidic condition. Soybean℃

hydrolysate (5%) showed a high solubility of 70% above, and the smaller molecular weight

was higher solubility (<10 kDa MW, crude, >10 kDa MW). The foaming capacity and foam

stability appeared <10 kDa MW, crude, and >10 kDa MW in order. The emulsifying

acitivity increased with increasing pH, and appeared >10 kDa MW, crude, and <10 kDa

MW in order.

Digestive activity in the 68.3 to 77.9% also was very high. Weight change, dietary uptake,

and water intake were not significantly different, and hematological changes not observed in

rat model administered soyben hydrloysate. In addition, weight of liver, kidney, heart and

lung and tissue changes did not appeared. Soybean hydrolysate (crude), soybean hydrolysate

fractions less or more than 10 kDa had not ABTS and hydroxyl radical scavenging activity.

2. Analysis of anti-diabetic activity of CHP in in vitro cell, RINm5F

Cyclo (His-Pro) (CHP) is a naturally occurring, cyclic dipeptide structurally related to

thyrotropin-releasing hormone (TRH). CHP was efficiently obtained from soybean meal by

hydrolysis with flavourzyme and alcalase. In this study, the effects of CHP on streptozotocin

(STZ)-induced -cell dysfunction and apoptosis were investigated in rat insulinoma cellsβ

(RINm5F) secreting insulin. When the RINm5F cells were treated with 2 mM STZ, insulin

secretion decreased to approximately 54% that of control cells. However, CHP treatment

restored the insulin secreting activity of RINm5F cells to approximately 71% that of the

untreated control cells. Also, CHP significantly protected the cells from STZ-mediated

cytotoxicity via reduction of nitric oxide (NO) production (2.3-fold) and lipid peroxidation

(1.9-fold), which were induced by STZ. Moreover, CHP treatment also attenuated

STZ-induced apoptotic events, such as activation of caspase-3, poly (ADP-ribose) polymerase

(PARP) cleavage, and DNA fragmentation in RINm5F cells, indicating that CHP could

protect the cells from apoptotic cell death induced by oxidative stress of STZ by increasing

the expression of an anti-apoptotic protein, Bcl-2. These results suggest that CHP could be a



candidate material for a protective and therapeutic agent against STZ-mediated cytotoxicity

and apoptosis.

3. Identification of anti-diabetic activity by Type I and Type II animal model

The effects of Cyclo (His-Pro) (CHP), a cyclic dipeptide structurally related to

thyrotropin-releasing hormone (TRH), on glucose metabolism, blood insulin level, lipid

profile, and the viability of pancreatic cells were investigated in streptozotocin (STZ)-induced

diabetic rats. The rats (Sprague-Dawley) with a blood glucose level above 300 mg/dL after

induction with STZ (50 mg/kg of body weight) were considered to be diabetic and used for

the treatment with CHP (4 mg/day/kg of body weight). The blood glucose level in the

CHP-fed rats was reduced remarkably by approximately 56% as compared to the untreated

diabetic group at 21 days of feeding. In an oral glucose tolerance test, blood glucose levels

were restored to baseline at 120 min after CHP treatment, although the levels increased

significantly after 30 min. Plasma insulin levels in the CHP-treated group were also enhanced

by 2-fold compared to the untreated group. Triglyceride and total cholesterol levels in

CHP-treated rats almost returned to normal levels. Moreover, histological examination showed

that CHP treatment restored impaired -cells in the pancreas up to two-thirds of the normalβ

level. The transcriptional level of C-reactive protein (CRP), used mainly as a marker of

inflammation, was also restored mimicking normal level in the CHP-treated-group, suggesting

that the -cells destroyed by STZ were, at least in part, recovered. Accordingly, CHP wasβ

concluded to have an excellent hypoglycemic effect by lowering average plasma glucose

levels, increasing insulin secretion, and restoring the viability of pancreatic -cells in diabeticβ

rats. We suggest that CHP might be a potential candidate to control Type I diabetes mellitus.

The present study was conducted to examine anti-diabetic activities of soybean hydrolysate

containing cyclo (His-Pro) (CHP) on plasma glucose level, oral glucose tolerance, body

weight, lipid profile, histological and immunohistochemical staining, and levels of C-reactive

protein and leptin in a Type II diabetic animal model (C57BL/6J ob/ob). When the ob/ob

mice were administrated with CHP (2 mg/kg BW, 24 days), blood glucose levels decreased

to approximately 57% that of the control ob/ob mice at 24days of feeding and insulin levels

in plasma were significantly increased (2-fold) in CHP-treated ob/ob mice. In the oral

glucose tolerance test, blood glucose levels were nearly restored to its baseline between 120

and 180 min in CHP-treated ob/ob mice, where as the control ob/ob mice showed high

blood glucose above 350 mg/dL. Moreover, total plasma cholesterol and triglyceride



concentrations in CHP treated ob/ob mice were significantly decreased by approximately

2-fold, compared to those of control ob/ob mice. And also, a histopathological examination

revealed that CHP treatment could restore the impaired -cells of pancreas to the normalβ

level and pancreases are becoming larger at 24day after CHP treatment, whereas few

pancreas of the control ob/ob mice group was detected. Interestingly, pancreatic -cells wereβ

strikingly restored at 72nd and 130th day after stopping CHP feeding, respectively. And also,

insulin secretion was largely enhanced though the CHP treatment was stopped, indicating that

the CHP largely increased viability and restoration of the pancrease in CHP-treated ob/ob

mice group. The transcriptional level of C-reactiveprotein (CRP), used mainly as a marker of

inflammation, was decreased by approximately two-fold than those of the control ob/ob mice

group. Leptin which is involved in the regulation of glucose transport was increased by

approximately 1.5 fold in CHP-treated ob/ob mice. Based on these results, it is demonstrated

that the CHP could be effective for regulating blood glucose to normal level by increasing

plasma insulin level in ob/ob mice. Conclusively, we suggest that this compound might be a

candidate material as a dietary supplement to control hyperglycemia in patients suffering from

type II diabetes.

4. Analytical study of characteristics of anti-diabetic related gene (protein)

A. Analyses of functions and characteristics of anti-diabetic related genes in pancreases of Type

I rat and Type II mouse

Diabetic studies are mostly interested in gene expression in the pancreas, the site of

insulin secretion that regulates blood glucose levels. However, a single gene approach has

been ruled out for many years in discovering new genes or the molecular networks involved

in the induction process of diabetes. To understand the molecular mechanisms by which

cyclo (His-Pro) (CHP) affects amelioration of diabetes mellitus, we performed gene

expression profiling in the pancreatic tissues of two diabetic animal models, streptozotocin

(STZ)-induced diabetic rats (T1DM) and genetically-diabetic (C57BL/6J ob/ob) mice (T2DM).

To understand the healing process of these diabetic rodents, we examined the effects of CHP

on various gene expression in pancreatic tissues of both animal models. Our microarray

analysis revealed that a total of 1,175 genes were down-regulated and 629 genes were

up-regulated in response to STZ treatment, and the altered expression levels of numerous

genes were restored to normal state upon CHP treatment. In particular, 476 genes showed

significantly altered gene expression upon CHP treatment. In a functional classification, 7,198

genes were counted as differentially expressed in pancreatic tissues of STZ- and CHP-treated

rats compared with control, whereas 1,534 genes were restored to normal states by CHP



treatment. Microarray data demonstrated for the first time that overexpression of the genes

encoding IL-1 receptor, lipid metabolic enzymes (e.g. Mte1, Ptdss1, and Sult2a1),

myo-inositol oxygenase, glucagon, and somatostatin as well as down-regulation of olfactory

receptor 984 and mitochondrial ribosomal protein, which are highly linked to T1DM etiology.

In genetically-diabetic mice, 4,384 genes altered in expression by higher than 2-fold were

counted as differentially expressed genes in pancreatic tissues of CHP-treated mice. On the

other hand, 2,140 genes were up-regulated and 2,244 genes were down-regulated by CHP

treatment. The results of the microarray analysis revealed that up-regulation of IL-2, IL12a,

and leptin receptor and down-regulation of PIK3 played important physiological roles in the

onset of T2DM. In conclusion, we hypothesize that CHP accelerates alterations of gene

expression in ameliorating diabetes and antagonizes those that induces the disease.

B. Analyses of functions and characteristics of anti-diabetic related proteins in pancreases of

Type I rat and Type II mouse

To provide insights into the molecular mechanisms underlying diabetes mellitus, we

performed a proteomic study on two diabetic animal models, streptozotocin (STZ)-induced

diabetic rats (T1DM) and genetically diabetic (C57BL/6J ob/ob) mice (T2DM). To better

understand the recovery process of those diabetic rodents, we examined the effect of

hypoglycemic dipeptide Cyclo (His-Pro) (CHP) treatment on the differential expression of

pancreatic proteins in both animal models. Oral administration of CHP had an excellent

hypoglycemic effect in both animal models, lowering the average plasma glucose level by

over 50%. Pancreatic proteins were separated by two-dimensional gel electrophoresis (2-DE)

and identified by MALDI-TOF mass spectrometry. This study allowed, for the first time, the

identification of 34 proteins that are related to diabetes and potential targets of CHP, a

potent anti-diabetic agent for both T1DM and T2DM. The alterations in the expression of

these proteins could indicate a tendency for diabetic animals to overcome their diabetic state.

These proteins are involved in cellular functions such as metabolism, cellular structure,

oxidative stress, as well as signal and energy transduction. Some have already been linked to

diabetes, suggesting that the newly identified proteins might also be significant in the

etiology of this pathology and should be further investigated. Furthermore, CHP has emerged

as a potent tool for both the treatment and study of the molecular mechanisms underlying

diabetes. Thus, the findings presented here provide new insights into the study and potential

treatment of this pathology.



C. Analyses of functions and characteristics of anti-diabetic related proteins in blood plasma

of Type I rat and Type II mouse

The proteins in plasma perform many important functions in the body, and the protein

profiles of the plasma vary under different physiological and pathological conditions. In an

attempt to identify novel marker proteins for diabetes prognosis, we examined the effect of

hypoglycemic dipeptide cyclo (His-Pro) (CHP) on the differential regulation of plasma

proteins in streptozotocin-induced diabetic rats and genetically-diabetic (ob/ob) mice. The

orally-administrated CHP produced an excellent hypoglycemic effect in both animal models,

lowering the average plasma glucose level by over 50%. In the 2-DE analysis of the plasma,

a total of 31 spots among 500 visualized spots were found to be differentially regulated, and

they were identified by MALDI/TOF mass spectrometry. These proteins include the

down-regulation of ApoE and the up-regulation of FGA, ApoA-I, ApoA-IV, A1M, and CRP

in STZ-induced diabetic rats. Moreover, CHP significantly reduced the plasma protein levels

of FGB, FGC, F12, C1Q, TNF5, and SPA3K, as well as increased the abundance of A1M,

A2M, ApoE, and TTR in genetically-diabetic mice. In conclusion, alteration in the

regulation of these proteins indicates that this treatment may be successful in overcoming the

diabetic state. The present proteomic data can serve as the basis for the development of

specific evidence-based interventions allowing for the prevention and treatment of diabetes.

5. Elucidation for the hypoglycemic effect of soybean hydrolysate containing CHP by simple

clinical test

Total of 12.0 g/day (3 times/day) were taken in subject 10 patients to measure the blood

glucose for hypoglycemic effect of soybean hydrolysate containing CHP. As a result, blood

sugar content before taking soybean hydrolysates was 278.25 mg/dL, but after 15 days the

level decreased significantly to 121.25 mg/dL. HbA1c level also decreased from 12.45% to

9.85%. In addition, the changes of lipid components, GOT and GPT in blood were not

changed significantly.

6. Mass production and development of new products containing CHP

2,000 L of water and 100 kg of defatted soy flour were mixed with adjusting to pH 7.0,

and reacted for 12 hours at 50 , and with enzyme to produce soybean hydrolysates largely.

After 30 min the reaction was inactivated by heating at 80 , and through filtration,

concentration and spray drying, soy hydrolysates were prepared. Also, soybean hydrolysates

were prepared in the form of capsule, tablet and small pill form to increase the availability.



Two patents were applied on soybean hydrolysate containing CHP with hypoglycemic effect.

These patents were transferred to the participating company, Saerom Bio, and was

commercialized to product named as New Ensular.

Cereal bar containing soybean hydrolysate was prepared, and its characteristics were

examined to apply to processed foods. L value of soybean hydrolysate bar was slightly

higher than cereal bar, and a and b values were no differences between the soybean

hydrolysate bar and cereal bar. E values of soybean hydrolysate bar was lower level thanΔ

cereal bar. Hardeness of soybean hydrolysate bar showed a high level, but springiness level

did not showed significantly different. However, soybean hydrolysate bar showed a low level

of brittless. Total acceptability of soybean hydrolysate bar did not showed sigificantly

differences.

Tofu was prepared with soybean hydrolysate, and physical characteristics of tofus (SH-tofu:

tofu prepared with soybean hydrolysate, C-tofu: commercial tofu) were measured. The b

levels of SH- and C-tofu showed 16.18 and 15.15, respectively. Texture analysis (hardness,

springiness, cohesiveness, brittleness and chewiness) did not showed significantly difference

between tofus. And sensory analysis also showed no significantly differences.

The dip and spray coating method of a rice with soybean hydrolysate was investigated for

the utilility of rice. Dip coating method was inadequate by a low absorption rate of soybean

hydrolysate, while spray coating method was relatively adequate although formation of some

crack. The coated rice exhibited the external apperance, hydration pattern and rate similar to

that of raw rice. The coated rice showed slightly a high level of moisture absorption rate

owing to methyl cellulose polymer as coating binder.

There were no significantly differences of physical characteristic including colors and

sensory evaluation between commercial soy milk and soy milk added soybean hyrolysate.

Therefore, functional soybean milk with soybean hydrolysate was suggested.

. Research outcome and Its applicable plansⅤ

1. Research papers

Using direct and indirect results obtained from this research, the manuscripts were

submitted to domestic and international journals, published, and 2 manuscripts are under minor

revision (going to be accepted).
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2. Patents and Technical transfer

A. COMPOSITION FOR PREVENTION AND TREATMENT OF DIABETES WHICH

INCLUDES SOYBEAN FERMENTATION PRODUCT OF BACILLUS SP. KH-15

(Application date 2011.01.07; Application number 10-2011-0001900 )

B. COMPOSITION FOR BLOOD SUGAR REGULATION COMPRISING SOYBEAN

HYDROLOLYSATE WITH HIGH CHP(CYCLO(HIS-PRO))

(Application date 2011.07.08; Application number 10-2011-0068055)

3. Applications

A. Technology transfer

(1) Participant : SeromBio

(2) Technology : COMPOSITION FOR BLOOD SUGAR REGULATION COMPRISING

SOYBEAN HYDROLOLYSATE WITH HIGH CHP(CYCLO(HIS-PRO))

(Application number 10-2011-0068055)

(3) Technical transfer : Exclusive license (5 years)

(4) Royalties : Prepaid royalties (10,000,000 won) + Ordinary royalties (2% per total

sales/year)

B. Commericialization and Manufacturing prototype

(1) Commercialization : "New Ensular"

(2) Prototype : Cereal bar containing soybean hydrolysate, Tofu prepared with soybean

hydrolysate, Rice coated with soybean hydrolysate, Functional soybean milk

with soybean hydrolysate
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Table 13. Enzymes for the production of hydrolyzates and CHP from soyprotein

Enzyme Source Temp(°C) pH

Flavourzyme Aspergillus sp. 45-50 5.0-7.0

Protamax Bacillus sp. 35-60 5.5-7.5

Neutrase Bacillus amyloliquefaciens 45-55 5.5-7.5

Alcalase Bacillus sp. 50 8.3

Ficin Ficus carica 45-55 5.0-8.0

Collupulin Carica papaya 50-70 50.-7.5

Pancreatin Porcine pancreas 35-40 6.0-8.0



Fig 2. HPLC analysis of cyclo (His-Pro). The CHP content for each hydrolysate was analyzed by high

performance liquid chromatography (HPLC, Varian 230, Varian Inc., Palo Alto, CA, USA) using a Hamilton

PRP-1 RP 10 m (250 mm × 4.1 mm ID, Hamilton Co.) column and a Hamilton PRP 10 m (25 mm ×μ μ

1.3 mm ID) pre-column. The mobile phase was a mixture of acetonitrile and 0.75 g/L 1-heptanesulfonic acid

in 0.004 M aqueous TFA (10:90, v/v), adjusted to a pH 2.4 with NaOH before use. The flow rate was 0.5

ml/min. The sample (20 L) was injected and monitored spectrophotometrically at 220 nm The pureμ

(synthetic) cyclo (His-Pro) was purchased from the Sigma Chemical Co. (St. Lousi, MO., USA) and used for

the CHP analysis as a standard material.
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Table 14. CHP content of commercial chungkukjang and doenjang

μ

Table 15. Caseinolytic activity of strains from Chungkookjang

Strain Unit Strain Unit Strain Unit

1 14.3 5 12.4 9 4.3

2 4.8 6 7.1 10 6.2

3 4.9 7 10.9 11 7.8

4 10.8 8 2.6 12 9.4



Strain 1 and 7 (Bacillus subtilis)

Strain 4 and 5 (Bacillus sp.)

Fig 11. Morphology of isolated strain from Chungkukjang.



Table 16. Carbohydrate utilization of the isolated strains from Chongkukjang
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Fig. 12. Changes of protein and A-N content during fermentation of soybean.



μ

Table 17. CHP content of alcohol fraction

Fraction CHP ( g)μ

0-30% -

30-60% -

60-80% 32.9

Supernatant 1345.7

Table 18. CHP content after purification treatment

Treatment Yield (%) CHP (%)

Non-treatment 100 0.31

Acid precipitate 13.5 0.84

Active carbon 4.3 0.63

Ultrafiltration 71.3 1.12
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Fig . 13. Effect of Cyclo-His-Pro (CHP) on proliferation of rat insulinoma RIN m5F cells. (A) Korea CHP (B)

Pure CHP
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Fig. 14. Effect of Cyclo-His-Pro (CHP) on proliferation of rat insulinoma RINm5F cells after streptozotocin

(STZ) treatments. (A) Korea CHP (B) Pure CHP
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Fig. 15. Effect of 24 h streptozotocin treatment on the levels of nitrite generation in the RINm5F cells. The

columns represent the M of nitric oxide (NO), in terms of nitrite (NO2), formed 104 RINm5F cells. Data

are means ±S.D. (A) Korea CHP (B) Pure CHP



Fig. 16. Effect of 24 h SNAP treatment on the levels of nitrite generation in the RINm5F cells. The columns

represent the M of nitric oxide (NO), in terms of nitrite (NO2), formed 104 RINm5F cells. Data are means

±S.D.
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Fig. 17. Effect of CHP on lipid peroxidation in STZ-treated RINm5F cells. Values are mean ± SD of triple

determinations. (A) Korea CHP (B) Pure CHP



Fig. 18. Determination of apoptosis by DNA fractionation. RINm5F cells were pretreated with 2 mM STZ for

30 min and followed by incubation with CHP for 24 h. DNA was extracted and analyzed by 1.2% agarose

gel electrophoresis. Lane 1, Marker, Lane 2, control; Lane 3, 2 mM STZ; Lane 4, 2 mM STZ with 0.05

mg/ml CHP, Lane 5, 2 mM STZ with 0.1 mg/ml CHP; Lane 6, 2 mM STZ with 0.15 mg/ml CHP. (A)

Korea CHP (B) Pure CHP



Fig. 19. Western blot analyses of Bcl-2 (A) and Bax (B) in RINm5F cells after exposure to STZ and CHP.

Values are the mean ± SD of triple determinations.



Fig. 20. Inhibitory effects of cyclo(His-Pro) on the activation of caspase-3 (A) and PARP (B) cleavage in

STZ-treated RINm5F cells. Values are the mean ± SD of triple determinations.



Fig. 21. Morphological appearance of the STZ-treated RINm5F cells by inverted microscope. A: Control; B: 2

mM STZ; C: 2 mM STZ with 0.05 mg/ml CHP; D: 2 mM STZ with 0.1 mg/ml CHP; E: 2 mM STZ with

0.15 mg/ml CHP.



Table 19. Effect of CHP on insulin secretion in STZ-treated RINm5F cells

Insulin level (ng/mL)

Control STZ
STZ+0.05 mg/mL

CHP

STZ+0.1 mg/mL

CHP

STZ+0.15 mg/mL

CHP

57.99±1.02 31.67±0.92 34.83±0.58 41.32±4.08
*

41.61±2.53
*

Control STZ
STZ+0.05 mg/mL

pure CHP

STZ+0.1 mg/mL

pure CHP

STZ+0.15 mg/mL

pure CHP

51.32±3.15 26.38±2.56 29.08±1.62 37.64±3.64
*

39.24±1.28
*

a Values are means ± S.D.

* P<0.05, compared with that in STZ group.







Fig. 22. Effect of CHP on the plasma glucose levels in Rat.



Table 20. Effect of CHP on the body weight gain and food intake in STZ-induced diabetic rats for 21 days.

a Values are means ± S.D. (n=7)
b
Body weighr gain/Food intake

* P<0.05, compared with that in control group

** P<0.05, compared with that in STZ group

Fig. 24. Anti-diabetic activity : morphological change during the experimental period.

Group
Body weight gain

(g/day)

Food intake

(g/day)
Food efficiency ratiob

Control 5.57±0.43 36.71±0.91 0.15±0.02

STZ 3.56±0.67 31.71±0.27* 0.11±0.03*

CHP 5.04±0.89 31.41±0.69** 0.16±0.02**



Table 21. Effect of CHP on plasma insulin levels in the STZ-induced diabetic rat

Group

Plasma insulin level (ng/mL)

Day 0 Day 21

Control 11.60±0.20 15.23±0.51

STZ 6.91±0.09 5.38±0.23
*

CHP 6.97±0.12 9.72±0.70
**

a Values are means ± S.D. (n=7)

* P<0.05, compared with that in control group

** P<0.05, compared with that in STZ group

Table 22. Effect of CHP on plasma levels of total cholesterol and triglyceride in the STZ-induced diabetic rat

Group Total cholesterol (mg/dl) Triglyceride (mg/dl)

Control 127.92±1.21 132.58±4.11

STZ 136.39±6.77 287.42±15.05*

CHP 111.67±8.18 148.06±12.32**

a
Values are means ± S.D. (n=7)

* P<0.05, compared with that in control group

** P<0.05, compared with that in STZ group



Fig. 25. Effect of CHP on glucose tolerance in ICR mice.
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Fig. 26. Gel image of silver-stained plasma proteins in rat.
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Table 23. Identification of plasma proteins in rat (CHP).

Protein
name Description Acc. No. kDa pI Expression

direction Reference

1-ATɑ

Plasma glycoproteinmember of the
serpin superfamily which inhibits
trypsin, neutrophil elastase, and other
proteolytic enzymes

gi:112889
P17475

46.14 5.70
Song et al. (2004)
McMillan (1989)

1-I IIIɑ
A protease inhibitor with a wide
spectrum of protein targets
Attaches through its thiolester function

gi:12831225
166.68 5.70

Saso et al. (2000)
Komori et al. (1992)

Apo
A-I

The major protein of plasma HDL
Found in chylomicrons
Synthesized in intestine and liver

gi:113997
P04639

30.39 5.52
Yamada et al. (1984)

Apo
A-IV

(VLDL) secretion and catabolism
Synthesis in intestine

gi:114008
P02651

44.46 5.12 O’Looney et al. (1985)

Apo E
Binding, internalization, and catabolism
of lipoprotein particles

gi:1703338
P02650

35.75 5.23 Yamada et al. (1984)

Cp

A blue copper-containing dehydrogenase
protein Copper-binding glycoprotein
Ferroxidase activity, amine oxidase
activity, Copper transport and
homeostasis, superoxide dismutase
activity

gi:6978695
P13635

120.84 5.34
Prakasam et al. (2003)
Kamalakkannan et al. (2003)

Gc

A multifunctional protein in plasma,
it carries the vitamin D sterols and
prevents polymerization of actin by
binding its monomers

gi:139643
P04276

53.54 5.65
Verhaeghe et al. (1990)
Nyomba et al. (1985)

Hp β

Combine with free plasma hemoglobin,
preventing loss of iron through the
kidneys Protecting the kidneys from
damage by hemoglobin

gi:123513
P06866

38.55 6.10
Saso et al. (2000)
Engstrom et al. (2003)

Hpx

Bind heme and transports Present
at around 1mg/ml in plasma
Responsible for transporting haem
groups to the liver for breakdown
Structurally related to vitronectin and
some collagenases

gi:123036
P20059

51.29 7.58 Saso et al. (2000)

TTR
tetramer

A prealbumin plasma protein that
transports thyroxineA thyroid
hormone-binding protein
Most abundant in the choroids plexus
but also present in the liver

gi:3212535 50.28 5.80 Tuitoek et al. (1996)
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Fig. 27. Silver-stained 2-DE image of rat pancreas tissue.



Table 24. Identification of the rat pancreatic proteins downregulated D and upregulated (U).（ ）

Spot

N o .
Gene name protein Function Acc. No.

D1 LAMR1 Laminin receptor 1
Physiologic and pathologic

processes
gil:8393693

D2 PRDX4 Peroxiredoxin 4

Regulatory role in the

activation of the transcription

factor

gil:37590233

D3
Weak spectrum, no

identification
Unidentified

D4
Good spectrum, no

identification
Unidentified

U1 -glucosidasα
Similar to alpha glucosidase II,

alpha subunit

Folding and maturation of

glycoproteins
gil:34861580

U2 Ela3b
Similar to elastase 3B,

pancreatic

Intestinal transport and

metabolism of cholesterol
gil:34872187

U3 EIF-5A

Similar to Eukaryotic translation

initiation factor 5A (eIF-5A)

(eIF-4D) (Rev-binding factor)

Nucleocytoplasmic shuttle

protein
gil:27672956

U4 NDKs Nucleoside diphosphate kinase
Nucleotide metabolism and

transport
gil:13929192

U5 SOD-1
Dismutase (Cu/Zn superoxide

dismutase)

Destroys radicals which are

normally produced within the

cells and which are toxic to

biological systems

gil:818029

U6 MYL6

Myosin light polypeptide 6

(Mycosin light chain alkali 3)

(Myosin light chain 3) (MLC-3)

(LC17)

Regulatory light chain of

myosin. Does not bind calcium
gil:2842665

U7 HOXA7
Homeobox protein Hox-A7

(Hox-1.1) (R5)

DNA-binding transcription

factor
gil:123220

U8
Weak spectrum, no

identification
Unidentified

U9 MAWDBP MAWD-binding protein
Phenazine biosynthesis- like

protein family
gil:19743770



Fig. 28. Changed genes hierarchical clustering



Fig. 29. Dendrogram and clustering of significantly changed genes.

Fig. 30. Functional classification of normalization genes in 4-fold changed pancreatic gene.
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Fig. 31. Illustration of genes clustered by their biological process in response to CHP.
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Fig. 32. Hematoxylin and Eosin staining of rat pancreas tissue.

Fig. 33. Insulin immunohistochemical staining of rat pancreas tissue.



Fig. 34. Analysis of mRNA expression for CRP (C-reactive protein) in rat pancreas by RT-PCR. Normal,

control group; STZ, STZ-induced diabetic group; CHP, CHP-treated diabetic group. *P < 0.01, compared with

that in control group, **P < 0.05, compared with that in STZ group.
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Fig. 35. Effect of CHP on the plasma glucose levels in genetically diabetic mice during 24 days. All data

were expressed as mean ± S.D. (P<0.05). ( ) Control group, ( ) CHP-treated group.
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Fig. 36. Effect of CHP on glucose tolerance in genetically diabetic mice. All data were expressed as mean ±

S.D. (P<0.05). ( ) Control group, ( ) CHP-treated group.



Fig. 37. Long-term anti-diabetic effect of CHP.

Fig. 38. Anti-diabetic activity : morphological change during the experimental period.



Table 25. Effect of CHP on the body weight gain and food intake in genetically diabetic mice for 24 days.

Group
Body weight gain

(g/day)

Food intake

(g/day)
Food efficiency ratiob

Control 0.27±0.02 4.84±0.07 0.06±0.01

CHP 0.32±0.03* 5.11±0.37* 0.06±0.02

a
Values are means ± S.D. (n=7)

b Body weighr gain/Food intake

*P<0.05, compared with that in control group

Table 26. Effect of CHP on plasma insulin levels in ob/ob mice

Group

Plasma insulin level (ng/mL)

Day 0 Day 24 Day 48 Day 72 Day 130

Control 31.92±5.30 52.12± 17.95 28.75±6.12 14.42±1.90 46.23±7.18

CHP 31.84±6.46 98.27±11.69* 125.87±6.66* 87.40±12.10* 107.38±9.86*

a
Values are means ± S.D. (n=7)

*P<0.05, compared with that in control mice



Table 27. Effect of CHP on plasma levels of total cholesterol and triglyceride in ob/ob mice

Group Total cholesterol (mg/dl) Triglyceride (mg/dl)

Control 95.81±3.41 92.99±3.13

CHP 43.97±2.23* 53.13±4.70*

a
Values are means ± S.D. (n=7)

*P<0.05, compared with that in control mice

Fig. 39. Hematoxylin and Eosin staining. Mice pancreas before and after CHP treatment.



Fig. 40. Immunohistochemical staining before and after CHP treatment.

Fig. 41. Analysis of mRNA expression for CRP (C-reactive protein) in mice pancreas by RT-PCR. C,

Diabetic control group; CHP, CHP-treated diabetic group. *P < 0.01, compared with that in control group
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Fig. 42. Silver-stained 2-DE image of rat plasma proteome. Differentially regulated proteins were marked with

arrows together with identified major mice plasma protein.



Table 28. Identification of plasma proteins in ob/ob mice and responses to CHP-treatment.

Spot
No.a Protein Function Acc. No.

b
Exp.

c
Mw

d
pI
e Coverage

(%)
f

1049 unnamed protein product Gi:74198755 80.71 5.47 18

1092
Coagulation factor XII

(FI2)

Coagulation cascade

and activates factor

XI and prekallikrein.

Gi:171906584 67.94 6.39 10

1381
Serine protease inhibitor

A3K precursor (SPA3K)

Protease inhibitor

Serine protease

inhibitor

Gi:148747546 46.87 5.04 23

1389
Fibrinogen, B beta

polypeptide (FGB)

Immunity and defense

clotting factor
Gi:33859809 55.42 6.7 43

1404
Fibrinogen, B beta

polypeptide (FGB)
Blood clotting Gi:33859809 55.42 6.7 43

1427
Fibrinogen, B beta

polypeptide (FGB)
Gi:33859809 55.42 6.7 43

1495
Fibrinogen gamma chain

precursor (FGC)

Protein binding,

bridging receptor

binding

Gi:19527078 50.04 5.54 48

1613
Alpha-1 protease

inhibitor 2 (alpha-1-PI)
Anti-angiogenesis Gi:191844 44.91 5.33 23

1631
Apolipoprotein A-IV

(Apo A-IV)

lipoprotein

metabolism
Gi:14789706 45.01 5.3 26

1722

Chain A, Crystal

Structure Of Mouse

Transthyretin (TTR)

Gi:161172183 13.77 5.76 69

1741
Alpha2 macroglobulin

(A2M)
Protease inhibitor Gi:134035924

167.1

4
6.24 10

1743
Alpha2 macroglobulin

(A2M)

Regulation of

inflammation
Gi:134035924

167.1

4
6.24 8

1746
Pregnancy zone protein,

isoform CRA_a (PZP)
Gi:148667474

167.0

3
6.24 8

1755
A l p h a - 2 -m a c r o g l o b u l i n

(A2M)
Gi:134035924

167.1

4
6.24 10

1776 Apolipoprotein E (Apo E)
Catabolism of

lipoprotein
Gi:1703338 35.75 5.23 49

1797

Chain A, The Crystal

Structure Of A

Complment-1q Family

Protein Suggests An

Evolutionary Link To

Tumor Necrosis Factor

(C1QTNF5)

Gi:6137745 15.66 5.88 37

1831
Apolipoprotein A-I

(Apo A-I)

Lipid metabolism

Transport
Gi:6753096 30.57 5.6 41

1840 Apolipoprotein A-I Gi:160333304 30.53 5.51 46



a
Numbers are arbitrary assigned for depicting Fig. 42.

b NCBI database accession number.
c
CHP-treated diabetic group compared with control group.

d
Mw: theoretical molecular weight of the matching protein in kDa.

e pI: theoretical isoelectric point of the matching protein.
f
Coverage: percent of identified sequence to the complete sequence of the known protein.

preproprotein

1859
Ig kappa-chain V-J-

region
Gi:194755 11.62 7.96 40

1933 Hemoglobin beta (HBB) Gi:229255 15.63 7.26 69



Fig. 43. Detection of six proteins (Apo A-I, Apo A-IV, Apo E, F12, FGB, and A2M) by Western blot. Band

density was digitized with software and mean ±SD of three independent experiments are shown.



Fig. 44. Detection of resistin, adiponectin and leptin proteins by Western blot. Band density was digitized

with software and mean ±SD of three independent experiment are shown.



Fig. 45. Analysis of mRNA expression for leptin in mice pancreas by RT-PCR. C, Diabetic control group;

CHP, CHP-treated diabetic group.





Fig. 46. Silver-stained 2-DE of image of mice pancreatic proteome. Differentially regulated proteins were

marked with arrows together with identified major mice plasma protein.



Table 29. Identification of pancreatic proteins in ob/ob mice and responses to CHP-treatment.

Spot
No.a Protein Function Acc. No.

b
Exp.

c
Mw

d
pI
e Coverage

(%)
f

5480
Phosphoribosylformylglycinami
dine synthase (FGAM
synthase)

Purine biosynthesis
Nucleotide transport
and
metabolism

Gi:226958458 146.25 5.43 13

6281 Acylpeptide hydrolase,
isoform CRA_d (APEH) Hydrolase Gi:148689322 80.93 5.32 12

6299 Thimet oligopeptidase
(THOP1)

H y d r o l a s e ,
Metalloprotease
Protease

Gi:239916005 78.78 5.67 29

6787 unnamed protein product Gi:12846632 50.43 5.55 25

6952 unamed protein product Gi:74177659 56.73 5.57 23

7064 Eukaryotic peptide chain
release factor subunit 1 (eRF)

Translation release
factor activity, codon
specific

Gi:4759034 49.23 5.51 39

7213 unnamed protein product Gi:74150721 58.27 8.18 58

7303
ATP-specific succinyl-CoA
synthetase beta subunit
(SUCLA2)

Ligase, ATP binding Gi:3766201 46.56 5.65 21

7374
Carboxypeptidase A1
precursor
(CPA1)

Gi:54312076 47.47 5.41 37

7429 unnamed protein product Gi:26350123 33.01 4.80 40

7567
Reproductive homeobox 2A

(RHOX2 )

Regulation of

transcription
Gi:13386376 21.21 4.89 28

7619
Malate dehydrogenase,
cytoplasmic
(MDH1)

Glycolysis
Oxidation reduction Gi:254540027 36.66 6.16 34

7619
Protein phosphatase 1,
catalytic
subunit, beta isoform

Gi:148705446 36.09 6.59 30

7767 Collagen

Cell adhesion
Protease inhibitor
Serineproteaseinhibito
r

Gi:467517 115.37 6.11 14

7854
G u a n i d i n o a c e t a t e
N-methyltransferase
(GAMT)

Methyltransferase
Transferase

Gi:6753944 26.60 5.43 57

7942

Thioredoxin-dependent peroxid
reductase, mitochondrial
precursor
(PRDX3)

Antioxidant
Oxidoreductase
Peroxidase

Gi:6680690 28.34 7.15 28

7968 unnamed protein product Gi:26344461 22.99 5.20 45

8006 mCG10592, isoform CRA_c Gi:148703873 16.58 5.23 33

8013
Lactoylglutathione lyase

(GLO1)

Lyase
Anti-apoptosis
Metal ion binding

Gi:165932331 20.97 5.24 35

8098 Putative hydrolase RBBP9
(RBBP9) Hydrolase activity Gi:86439977 21.07 5.64 45

8125
Lithostathine-2 precursor

(REG2)
Sugar binding Gi:6677705 19.79 5.89 45

8127
Good peak but no

identification



a Numbers are arbitrary assigned for depicting Fig. 46.
b
NCBI database accession number.

c
CHP-treated diabetic group compared with control group.

d Mw: theoretical molecular weight of the matching protein in kDa.
e
pI: theoretical isoelectric point of the matching protein.

f
Coverage: percent of identified sequence to the complete sequence of the known protein.

8143
Lithostathine-1 precursor

(REG1)
Sugar binding Gi:6677703 18.91 6.08 56

8840 unnamed protein product Gi:74220823 44.74 7.53 24



Fig. 47. Detection of APEH and MDHC proteins by Western blot. Band density was digitized with software

and mean ±SD of three independent experiment are shown.
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Fig. 48. Gene expresssion profiles of genetically diabetic (ob/ob) mice. (A) Clustering of significantly changed

genes and (B) differential expressed gene (>2-fold).



Fig. 49. Functional classification of normalized genes in 2-fold changed pancreatic gene (4384 genes).



Table 30. Diabetes-associated genes differentially expressed in pancreatic tissue of ob/ob mice before and after

treatments of CHP

Gene
Symbol Gene name

Fold
(CHP treated/
Diabetic group)

Biological
processa

IL2 interleukin 2 -2.0412 C, D, K, L, M

IL12a interleukin 12a -2.3277 A, D, L

SOCS2 suppressor of cytokine signaling 2 2.2234 F, H, L

Cacna1a
calcium channel, voltage-dependent, P/Q type, alpha

1A subunit
2.1915 F, H, I, L, M

Cacna1c
calcium channel, voltage-dependent, L type, alpha 1C

subunit
-2.0333 I

HNF4g hepatocyte nuclear factor 4, gamma 2.5435 K

IKBKB inhibitor of kappaB kinase beta -2.5893 K, L, M

H2-Ab1 histocompatibility 2, class II antigen A, beta 1 2.5792 D

H2-Q10 histocompatibility 2, Q region locus 10 -2.9078 D

TAP1
transporter 1, ATP-binding cassette, sub-family B

(MDR/TAP)
-2.3747 D, I

SNAP23 synaptosomal-associated protein 23 4.7913 I

SLC2A4
solute carrier family 2 (facilitated glucose transporter),

member 4
2.1053 I, M

H2-T10 histocompatibility 2, T region locus 10 -2.4420 D

H2-Aa histocompatibility 2, class II antigen A, alpha -2.0960 D, F

H2-Dma histocompatibility 2, class II, locus DMa -2.3073 D, F, I

PIK3R1
phosphatidylinositol 3-kinase, regulatory subunit,

polypeptide 1 (p85 alpha)
-2.2487 D, E, F, G, L

H2-Bl histocompatibility 2, blastocyst 2.1343 D,G

MAPK14 mitogen activated protein kinase 14 2.1418 L

FRAP1
FK506 binding protein 12-rapamycin associated protein

1
2.0127 F

Cacna1b
calcium channel, voltage-dependent, N type, alpha 1B

subunit
3.0047 I

H2-M9 histocompatibility 2, M region locus 9 2.5974 D

HNF4a hepatic nuclear factor 4, alpha 2.1543 K, N

PDX1 pancreatic and duodenal homeobox 1 2.2671 F, K

SLC2A4
solute carrier family 2 (facilitated glucose transporter),

member 4
2.1833 I, M

H2-Aa histocompatibility 2, class II antigen A, alpha -2.3132 D, F

H2-DMb1 histocompatibility 2, class II, locus Mb1 2.6386 D

READ Ras-related associated with diabetes 2.2036 I, L

FRAP1
FK506 binding protein 12-rapamycin associated protein

1
2.3085 F

PIK3cb
phosphatidylinositol 3-kinase, catalytic, beta

polypeptide
2.2991 E, L, M



a
A, cell proliferation; B, translation; C, inflammatory response; D, Immune response; E, cell adhesion; F, cell differentiation; G,

apoptosis; H, cell growth; I, transport; J, cell cycle; K, transcription; L, signal transduction; M, homeostasis; N, lipid metabolism; O,

cytokine; P, cell migration; Q, protein biosynthesis.

Lepr leptin receptor -2.3153 L

H2-M1 histocompatibility 2, M region locus 1 -2.5820 D

PIK3cb
phosphatidylinositol 3-kinase, catalytic, beta

polypeptide
3.5083 E, L, M



Table 31. Novel diagnostic marker (Up-regulated) for Type II diabetes mellitus

Gene Symbol Gene name Intensity Biological
processa

ACBD5 acyl-Coenzyme A binding domain
containing 5 60.6458 I

1810030J14Rik RIKEN cDNA 1810030J14 gene 16.4088 -

5730410E15Rik RIKEN cDNA 5730410E15 gene 14.7298 -

Gm444 gene model 444, (NCBI) 14.1354 -

SPC24 NDC80 kinetochore complex
component, homolog (S. cerevisiae) 13.9254 J

Igh immunoglobulin heavy chain
complex 13.3646 -

IGHV5-9-1 immunoglobulin heavy variable
V5-9-1 13.1332 -

AK007235 unnamed protein product 10.9649 -

EG546397 predicted gene, EG546397 10.8724 -

Scnn1b sodium channel, nonvoltage-gated
1 beta 10.6362 I

Hist1h4k histone cluster 1, H4k 10.0859 -

D10Bwg1364e
DNA segment, Chr 10, Brigham
& Women's Genetics 1364
expressed

9.6570 -

FUBP1 far upstream element (FUSE)
binding protein 1 9.6556 K

1700013D24Rik RIKEN cDNA 1700013D24 gene 9.3480 -

EG667905 predicted gene, EG667905 9.3230 -

MGC65593 cDNA sequence BC005512 9.2948 -

EMP1 epithelial membrane protein 1 8.9760 H

EG625690 predicted gene, EG625690 8.8674 B

LHX1 LIM homeobox protein 1 8.7838 K

FUS fusion, derived from t(12;16)
malignant liposarcoma (human) 8.7725 K

IL33 interleukin 33 8.7404 O

CLCC1 chloride channel CLIC-like 1 8.6452 I

EG666731 predicted gene, EG666731 8.0184 -

a
A, cell proliferation; B, translation; C, inflammatory response; D, Immune response; E, cell adhesion; F, cell differentiation; G,

apoptosis; H, cell growth; I, transport; J, cell cycle; K, transcription; L, signal transduction; M, homeostasis; N, lipid metabolism; O,

cytokine; P, cell migration; Q, protein biosynthesis.



Table 32. Novel diagnostic marker (Down-regulated) for Type II diabetes mellitus

Gene Symbol Gene name Intensity Biological
processa

NEGR1 neuronal growth regulator 1 -5.9561 F

SLBP stem-loop binding protein -5.7339 -

POLR2D polymerase (RNA) II (DNA directed)
polypeptide D -5.5862 L

STYXL1 serine/threonine/tyrosine interacting -like 1 -5.5200 -

POLR2I polymerase (RNA) II (DNA directed)
polypeptide I -5.3754 L

BSPRY B-box and SPRY domain containing -5.1818 J

RORC RAR-related orphan receptor gamma -5.1787 G, L

Hist1H4j histone cluster 1, H4j -5.1583 -

TMEM63a transmembrane protein 63a -5.1513 -

DEDD death effector domain-containing -4.9463 H, L

OAS1A 2'-5' oligoadenylate synthetase 1A -4.9023 E

Rad51c Rad51 homolog c (S. cerevisiae) -4.9002 -

TMEM63b transmembrane protein 63b -4.8178 -

LOC637957 similar to ankyrin repeat domain 26 -4.7810 -

VASP vasodilator-stimulated
phosphoprotein -4.7182 G,O

CENPO centromere protein O -4.6675 -

YrdC yrdC domain containing (E.coli) -4.6531 J

ENSMUSG0000004
5836 predicted gene -4.6478 -

IFI35 interferon-induced protein 35 -4.6342 E

HBQ1 hemoglobin, theta 1 -4.5988 J

SLC12A5 solute carrier family 12, member 5 -4.5610 J, N

EXOC5 exocyst complex component 5 -4.5540 J

AI481105 expressed sequence AI481105 -4.5188 L

NCAPH non-SMC condensin I complex, subunit H -4.5032 K

RBP1 nuclear receptor binding protein 1 -4.4762 J

PLA2G4B phospholipase A2, group IVB (cytosolic) -4.4748 -

CTSW cathepsin W -4.2933 -

EG574083 predicted gene, EG574083 -4.2930 -

SLC17A3 solute carrier family 17 (sodium
phosphate), member 3 -4.2805 J

EG546862 predicted gene, EG546862 -4.2082 -

XPR1 xenotropic and polytropic retrovirus
receptor 1

-4.1713 -

TMEM54 transmembrane protein 54 -4.1542 -

LOC627273
similar to T-cell receptor alpha chain V
region CTL-L17 precursor -4.1518 -

PPP1CB protein phosphatase 1, catalytic subunit,
beta isoform -4.1120 K

ARHGAP9 Rho GTPase activating protein 9 -4.1075 M

PSMD7
proteasome (prosome, macropain) 26S
subunit, non-ATPase, 7 -4.0956 -

GM1684 gene model 1684, (NCBI) -4.0799 -

TBCE tubulin folding cofactor E-like -4.0611 G

Hist1H2ad histone cluster 1, H2ad -4.0413 -



a
A, cell proliferation; B, translation; C, inflammatory response; D, Immune response; E, cell adhesion; F, cell differentiation; G,

apoptosis; H, cell growth; I, transport; J, cell cycle; K, transcription; L, signal transduction; M, homeostasis; N, lipid metabolism; O,

cytokine; P, cell migration; Q, protein biosynthesis.

XLR4B X-linked lymphocyte-regulated 4B -4.0223 -



Fig. 50. Quantification of gene expression level by Real-Time PCR. (A) ACBD5, (B) DEDD, (C) FUBP1,

(D) IL2, (E) IL33, and (F) POLR2I.



Fig. 51. Quantification of gene expression level by Real-Time PCR. (A) SLC2A4, (B) PDX1, (C) PARP, (D)

CASP3, and (E) SOCS2.



Fig. 52. Detection of SLC2A4 and PDX1 protein by Western blot. Band density was digitized with software

and mean ±SD of three independent experiments are shown.
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Fig. 58. Heat stability of soybean hydrolysates at pH 3.6, 7.6 and 9.0



Fig. 59. Solubility of soybean hydrolysates at pH 3.6, 7.6 and 9.0



Fig. 60. Foaming capacity and foaming stability of soybean hydrolysates at pH 3.6, 7.6 and 9.0



Fig. 61. Emulsifying capacity of soybean hydrolysates at pH 3.6, 7.6 and 9.0



Fig. 62. Digestibility of soybean hydrolysates



Table 33. Body weight gain and daily intake of SD rats treated orally with soybean hydrolysate for

acute/subacute toxicity

Group for acute toxicitya Group for subacute
toxicityb

Satellite group for subacute
toxicityc

Control Hydrolysate Control Hydrolysate Control Hydrolysate

Female

Body weight
gain (g) 71.03 ± 2.34 69.23 ± 9.27 43.36 ± 3.63 34.36 ± 7.72 72.03 ± 8.88 65.27 ± 9.43

Food intake
(g/day) 18.01 ± 3.23 18.05 ± 3.57 17.99 ± 4.12 17.65 ± 3.94 18.11 ± 3.65 18.25 ± 4.43

Water intake
(ml/day) 43.32 ± 5.33 43.02 ± 5.69 42.63 ± 5.12 42.18 ± 4.89 43.23 ± 3.89 44.02 ± 3.99

Male

Body weight
gain (g) 85.23 ± 3.48 83.12 ± 4.34 75.77 ± 8.11 64.21 ± 8.23* 142.23 ± 9.21 139.34 ± 5.34

Food intake
(g/day) 19.16 ± 3.48 20.30 ± 3.77 20.85 ± 4.14 18.90 ± 3.99 23.98 ± 4.45 23.73 ± 3.19

Water intake
(ml/day) 45.22 ± 3.52 43.27 ± 4.52 43.22 ± 3.24 44.21 ± 3.01 48.26 ± 4.29 46.28 ± 3.56

Values are means ± SD for 5 rats/group. a: The group for acute toxicity was given water vehicle or hydrolysate at 5,000 mg/kg once

followed by no treatment for 14 days. b: The group for subacute toxicity was given water vehicle or hydrolysate at 1,000 mg/kg daily

for 14 days. c: The satellite group for subacute toxicity was given water vehicle or hydrolysate at 1,000 mg/kg daily for 14 days

followed by no treatment for 14 days. *Significantly different from the control, P<0.05. The differences between the control and treated

groups were evaluated by Student’s t-test.



Table 34. Hematological parameters of SD rats treated orally with hydrolysate for subacute toxicity

Hematological

parameters

Group for subacute toxicity
a Satellite group for subacute

toxicity
b

Control Hydrolysate Control Hydrolysate

Female

RBC (×10
6
/ l)μ 7.18 ± 0.52 7.21 ± 0.19 7.47 ± 0.30 7.12 ± 0.17

WBC (×10
3
/ l)μ 8.57 ± 1.55 8.08 ± 1.24 8.00 ± 1.34 7.20 ± 0.22

Hct (%) 43.77 ± 3.75 43.98 ± 2.27 44.73 ± 2.74 45.10 ± 1.37

Hgb (g/dl) 13.51 ± 1.52 13.49 ± 0.94 14.50 ± 0.87 14.47 ± 0.35

MCV (fl) 56.77 ± 1.45 58.42 ± 1.26 59.83 ± 1.37 58.90 ± 1.20

MCH (pg) 18.34 ± 0.58 18.21 ± 0.88 19.33 ± 0.50 19.47 ± 0.65

MCHC (g/dl) 31.12 ± 1.23 31.55 ± 1.59 32.37 ± 0.21 32.50 ± 1.00

Platelets (×10
3
/ l)μ 845.26 ± 54.42 898.87 ± 49.99 728.00 ± 41.52 823.67 ± 38.94

Male

RBC (×106/ l)μ 7.06 ± 0.78 7.24 ± 0.86 7.96 ± 0.38 7.98 ± 0.41

WBC (×103/ l)μ 11.21 ± 1.02 11.00 ± 0.89 10.47 ± 0.31 10.82 ± 0.95

Hct (%) 45.15 ± 3.35 46.66 ± 4.32 47.25 ± 2.35 47.00 ± 4.48

Hgb (g/dl) 13.99 ± 0.98 14.28 ± 1.01 14.97 ± 0.21 15.00 ± 0.78

MCV (fl) 57.78 ± 1.24 57.62 ± 1.08 58.93 ± 1.11 58.83 ± 2.68

MCH (pg) 17.49 ± 0.52 18.00 ± 0.15 18.50 ± 0.52 18.73 ± 0.06

MCHC (g/dl) 31.07 ± 1.01 31.22 ± 1.75 31.27 ± 0.21 31.90 ± 1.44

Platelets (×103/ l)μ 721.42 ± 58.87 705.66 ± 61.41 692.67 ± 60.34 695.00 ± 60.22

Values are means ± SD for 5 rats/group. a: The group for subacute toxicity was given water vehicle or hydrolysate at 1,000 mg/kg

daily for 14 days. b: The satellite group for subacute toxicity was given water vehicle or hydrolysate at 1,000 mg/kg daily for 14 days

followed by no treatment for 14 days. RBC; red blood cell, WBC; white blood cell, Hct; hematocrit, Hgb; hemoglobin, MCV; mean

corpuscular volume, MCH; mean corpuscular hemoglobin, MCHC; mean corpuscular hemoglobin concentration. The differences between

the control and treated groups were evaluated by Student’s t-test.



Table 35. Blood biochemical parameters of SD rats treated orally with hydrolysate for subacute toxicity

Blood biochemical

parameters

Group for subacute toxicity
a Satellite group for subacute

toxicity
b

Control Hydrolysate Control Hydrolysate

Female

Glucose (mg/dl) 89.67 ± 8.02 94.67 ± 13.65 114.00 ± 9.70 116.33 ±10.23

BUN (mg/dl) 8.57 ± 0.50 10.37 ± 0.32
**

13.40 ± 1.40 13.45 ± 1.22

Creatinine (mg/dl) 0.30 ± 0.01 0.30 ± 0.01 0.27 ± 0.05 0.28 ± 0.05

Total protein (g/dl) 5.27 ± 0.06 6.00 ± 0.10 5.81 ± 0.13 5.84 ± 0.14

Albumin (g/dl) 3.53 ± 0.12 3.80 ± 0.01 3.79 ± 0.15 3.80 ± 0.13

Total bilirubin (mg/dl) 0.47 ± 0.06 0.53 ± 0.15 0.58 ± 0.08 0.58 ± 0.09

GOT (U/l) 85.33 ± 5.08 89.33 ± 6.21 90.00 ±6.97 92.92 ± 7.80

GPT (U/l) 27.67 ± 4.16 29.33 ± 2.53 29.33 ± 4.18 30.92 ± 4.23

Male

Glucose (mg/dl) 102.00 ± 8.89 102.33 ± 4.93 118.67 ± 4.04 125.00 ± 6.24

BUN (mg/dl) 7.03 ± 0.32 11.80 ± 0.26 13.00 ± 0.56 13.43 ± 0.31

Creatinine (mg/dl) 0.30 ± 0.01 0.37 ± 0.06 0.30 ± 0.01 0.30 ± 0.01

Total protein (g/dl) 5.40 ± 0.20 5.63 ± 0.15 5.60 ±0.20 5.83 ± 0.06

Albumin (g/dl) 3.50 ± 0.01 3.60 ± 0.17 3.53 ± 0.06 3.62 ± 0.10

Total bilirubin (mg/dl) 0.47 ± 0.06 0.47 ± 0.05 0.47 ± 0.06 0.53 ± 0.06

GOT (U/l) 95.00 ± 5.01 98.33 ± 13.02 96.33 ± 8.13 99.33 ± 6.79

GPT (U/l) 37.33 ± 2.16 35.00 ± 2.61 41.67 ± 2.58 39.01 ± 2.00

Values are means ± SD for 5 rats/group. a: The group for subacute toxicity was given water vehicle or hydrolysate at 1,000 mg/kg

daily for 14 days. b: The satellite group for subacute toxicity was given water vehicle or hydrolysate at 1,000 mg/kg daily for 14 days

followed by no treatment for 14 days. BUN; blood urea nitrogen, GOT; glutamate oxaloactate transaminase,GPT; glutamate pyruvate

transaminase. **Significantly different from the control, P<0.01. The differences between the control and treated groups were evaluated by

Student’s t-test.



Table 36. Relative organ weights of SD rats treated orally with hydrolysate for acute/subacute toxicity

Relative organ
weight (g/100 g
of body weight)

Group for acute toxicitya Group for subacute
toxicityb

Satellite group for
subacute toxicityc

Control Hydrolysate Control Hydrolysate Control Hydrolysate

Female

Liver 3.93 ± 0.35 4.02 ± 0.24 3.77 ± 0.16 3.79 ±0.14 3.72 ± 0.20 3.73 ± 0.10

Kidney 0.98 ± 0.05 0.99 ± 0.09 0.89 ± 0.05 0.87 ± 0.04 0.84 ± 0.11 0.86 ± 0.06

Spleen 0.32 ± 0.01 0.30 ± 0.01 0.26 ± 0.03 0.26 ± 0.03 0.23 ± 0.02 0.25 ±0.05

Lung 0.51 ± 0.02 0.49 ± 0.03 0.48 ± 0.03 0.47 ± 0.02 0.42 ± 0.04 0.43 ± 0.04

Heart 0.38 ± 0.01 0.36 ± 0.03 0.34 ± 0.01 0.34 ± 0.01 0.30 ± 0.01 0.32 ± 0.02

Ovary 0.08 ± 0.01 0.09 ± 0.01 0.06 ± 0.01 0.07 ± 0.01 0.05 ± 0.01 0.04 ± 0.01

Male

Liver 4.77 ± 0.38 4.88 ± 0.44 3.80 ± 0.13 3.72 ± 0.26 3.37 ± 0.10 3.31 ± 0.29

Kidney 1.06 ± 0.13 1.05 ± 0.08 0.87 ± 0.07 0.89 ± 0.01 0.82 ± 0.01 0.86 ± 0.06

Spleen 0.40 ± 0.08 0.36 ± 0.09 0.24 ± 0.01 0.20 ± 0.05 0.20 ± 0.01 0.19 ± 0.04

Lung 0.44 ± 0.01 0.45 ± 0.03 0.41 ± 0.02 0.40 ± 0.01 0.36 ± 0.04 0.38 ± 0.01

Heart 0.38 ± 0.01 0.36 ± 0.03 0.34 ± 0.01 0.34 ± 0.01 0.30 ± 0.01 0.32 ± 0.02

Testis 0.76 ± 0.09 0.74 ± 0.08 0.71 ± 0.07 0.72 ± 0.04 0.68 ± 0.05 0.69 ± 0.04

Values are means ± SD for 5 rats/group. a: The group for acute toxicity was given water vehicle or hydrolysate at 5,000 mg/kg once

followed by no treatment for 14 days. b: The group for subacute toxicity was given water vehicle or hdrolysate at 1,000 mg/kg daily for

14days. c: The satellite group for subacute toxicity was given the water vehicle or hydrolysate at 1,000 mg/kg daily for 14 days

followed by no treatment for 14 days. The differences between the control and treated groups were evaluated by Student’s t-test.



Fig. 63. Representative microscopic findings in the liver of SD rats treated orally with hydrolysate for

acute/subacute toxicity (hematoxylin-eosin stain, ×400).

Fig. 64. Representative microscopic findings in kidneys of SD rats treated orally with hydrolysate for

acute/subacute toxicity (periodic acid Schiff stain, ×400).



Fig. 65. ABTS radical scavenging activity of soybean hydrolysates

Fig. 66. Hydroxyl radical scavenging activity of soybean hydrolysates







Table 37. Primer sequences used for RT-PCRa

Gene

symbol
Gene name Primer sequence

b

-Actinβ -Actin (rat)β
F 5'-CACCCGCGAGTACAACCTTC-3'

R 5'-CCCATACCCACCATCACACC-3'

Mte1
Mitochondrial acyl-CoA thioesterase

1

F 5'-CGAAACTGAGGGCTGAAGTC-3'

R 5'-AGGCTCAGCGTAGCATTTG-3'

Mt1a Metallothionein 1a
F 5'-ACCTCCTGCAAGAAGAGCTG-3'

R 5'-AAACTGGGTGGAGGTGTACG-3'

Miox Myo-inositol oxygenase
F 5'-ATCAGGGGCTGATTGACAAG-3'

R 5'-TAGCCAGGCAAAAGTGACC-3'

Cysltr2
Cysteinyl leukotriene

receptor 2

F 5'-TATTTGTCTGGGGAGCCTTG-3'

R 5'-CATAATTCTGCAGGCCCAG-3'

Mtus1
Mitochondrial tumor

suppressor 1

F 5'-TTCTGCAGGACTGACCCTC-3'

R 5'-TTCCCTCGTTCCATAAGTGC-3'

Wdr68 WD repeat domain 68
F 5'-TCGCCATCTGCTACAACAAC-3'

R 5'-CTGGCCTGGACTTCTACAGC-3'

-actinβ -Actin (mouse)β
F 5'-GTCCCTCACCCTCCCAAAAG-3'

R 5'-GCTGCCTCAACACCTCAACCC-3'

Dedd Death effector domain-containing
F 5’-TTTCCTGTTGCCACTTACCC-3’

R 5’-TCACAGCCCTTTGGTTTTTC-3’

IL2 Interleukin 2
F 5'-GCAGGCCACAGAATTGAAAG-3'

R 5'-TCCACCACAGTTGCTGACTC-3'

Socs2
Suppressor of cytokine

signaling 2

F 5'-TTGGGGTGTGCCTTTACTTC-3'

R 5'-AGTCATGGGACACCTTCCTG-3'

Slc2a4
Solute carrier family 2

, member 4

F 5'-ACATACCTGACAGGGCAAGG-3'

R 5'-CGCCCTTAGTTGGTCAGAAG-3'

Pdx1
Pancreatic and duodenal

homeobox gene 1

F 5'-GAAATCCACCAAAGCTCACG-3'

R 5'-TTCAACATCACTGCCAGCTC-3'

Acbd5
Acyl-Coenzyme A binding domain

containing 5

F 5'-GGAAGTGGAGGTGATGGAG-3'

R 5'-CACCAAGCTGGTCTCTGTG-3'

Fubp1
Far upstream element

binding protein 1

F 5'-AAAGTTCAGCAAGCCAAGG-3'

R 5'-CGAACACCAGCATCATTTTG-3'

IL33 Interleukin 33
F 5'-CCTTCTCGCTGATTTCCAAG-3'

R 5'-CCGTTACGGATATGGTGGTC-3'



a
This was performed using the one-step RT-PCR kit (Takara Bio Inc., Madison, WI, USA).

b F (Forward) and R (Reverse) primer.

PolR2I
Polymerase (RNA) II

polypeptide I

F 5'-ACATGCTGTACCCCAAGGAG-3'

R 5'-GACACGTCTGCGATGATCTG-3'
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Fig. 67. Profile of blood sugar level by CHP treatment in Type 2 db/db mouse
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Fig. 68. Dendrogram of gene expression profiles of diabetic rat pancreas. Gene expression levels of normal

healthy rats are shown in black for base-lines; up-regulated genes are shown in red color, whereas

down-regulated genes are shown in green color (A). Clustering of significantly altered genes in STZ- and

CHP-treated rats based on normal (Nor) healthy rats (B).



Fig. 69. Functional classification of differentially expressed genes ( 4-fold change, a total of 7,198 genes)

(A) normalized by CHP treatment (B) (1,538 genes).
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Table 38. List of genes differentially expressed in pancreatic tissue of SD rats before and after treatments of

STZ and CHP

a
Nor: Normal healthy rats, STZ: STZ-induced diabetic rats, CHP: CHP-treated diabetic rats.

b A, cell proliferation; B, translation; C, inflammatory response; D, Immune response; E, cell adhesion; F, cell differentiation; G,

apoptosis; H, cell growth; I, transport; J, cell cycle; K, transcription; L, signal transduction; M, homeostasis; N, lipid metabolism; O,

cytokine; P, cell migration; Q, protein biosynthesis.

Gene

Symbol
Gene name

Fold change

(STZ/Nor)

Fold change

[(STZ+CHP)/Nor]a
Biological

processb

Mte1 Mitochondrial acyl-CoA thioesterase 1 9.5691 -1.4080 N

Per2 Period homolog 2 4.2200 -2.9968 K, L

Calcrl Calcitonin receptor-like -5.8255 4.3740 A, L

Il1rl1 Interleukin 1 receptor-like 1 3.9482 -1.7223 D, F, L, O

Sult2a1

Sulfotransferase family 2A,

Dehydroepiandrosterone

(DHEA)-preferring, member 1

3.1210 -1.5658 N

Nppb Natriuretic peptide precursor type B 4.9268 1.0538 C, D, H, L

Mt1a Metallothionein 1a 8.6046 -1.6918 M, L

Miox Myo-inositol oxygenase 21.8610 -1.3350 M, L

Fgf7 Fibroblast growth factor 7 -6.2545 -1.0064 N, J, L, A

Parp1
Poly (ADP-ribose) polymerase family,

member 1
-4.9675 -2.2253 H, K

Indo Indoleamine-pyrrole 2,3 dioxygenase 5.8474 3.0781 -

Thbs1 Thrombospondin 1 -4.0268 -1.8188 E

RGD1306802
Similar to hypothetical protein

BC008207
-3.2514 2.6854 -

Nts_predicted Neurotensin (predicted) -7.5657 -1.7323 L

Angpt1 Angiopoietin 1 2.8348 -1.6309 F, L

Tp53 Tumor protein p53 3.2433 -1.4084
F, H, M, K,

I, G, J, A

Pvalb Parvalbumin -4.3552 -1.5475 -

Cbp Csk binding protein 5.3317 2.9955 D, L

Plek Pleckstrin 2.1890 -4.3451 L

Acsl6
Acyl-CoA synthetase long-chain

family member 6
-4.3766 -2.0637 A, N

Sst Somatostatin 2.8527 -10.6356 P

Gcg Glucagon 2.4596 -2.4895 N, L, A

P2ry1
Purinergic receptor P2Y, G-protein

coupled 1
-4.0052 -1.8970 L

Cdkn1a Cyclin-dependent kinase inhibitor 1A 9.3777 5.5511 G, D, J, A

LOC309957 Similar to myocyte enhancer factor 2C 4.8122 1.8311 K



Table 39. Genes differentially expressed (8-fold changed) in pancreatic tissue of SD rats before and after

treatments of STZ and CHP

a Nor: Normal healthy rats, STZ: STZ-induced diabetic rats, CHP: CHP-treated diabetic rats.
b
Abbreviations for biological processes are the same in Table 38.

Gene Symbol Gene name
Fold change

(STZ/Nor)

Fold change

(STZ+CHP/Nor)a
Biological

Processb

Fut2 Fucosyltransferase 2 10.459 1.620 Q

Cysltr2 Cysteinyl leukotriene receptor 2 11.840 -1.595 L

Grid2ip_predicted

Glutamate receptor, ionotropic,

delta 2(Grid2) interacting protein 1

(predicted)

-14.248 -1.632 L

Ibtk_predicted
Inhibitor of Bruton agammaglobulinemia

tyrosine kinase (Ibtk_predicted)
9.897 -1.067 -

Gpr85 G protein-coupled receptor 85 8.613 -1.730 L

Olr984 Olfactory receptor 984 -14.760 1.546 L

Mtus1 Mitochondrial tumor suppressor 1 13.905 -1.336 -

Wdr68 WD repeat domain 68 -50.218 -1.239 L

Ptdss1 Phosphatidylserine synthase 1 9.195 -1.473 N

Mrpl17 Mitochondrial ribosomal protein L17 -15.355 -1.805 Q

Sass6_predicted
Spindle assembly 6 homolog (C.elegans)

(predicted)
37.838 -1.579 J



Fig. 70. Validation of microarray data by RT-PCR in STZ-induced diabetic rats in response to CHP treatment.

Statistical significance between each group was determined by an ANOVA test, where p value is
*
p<0.05 and

**p<0.01. For abbreviation of each protein name, see abbreviations.



β





Fig. 71. Dendrogram of gene expression profiles of diabetic rat pancreas. Gene expression levels of

genetically-diabetic mice are presented in black for base-lines; up-regulated genes are shown in red color,

whereas down-regulated genes are shown in green color (A). The numbers of genes showing significantly

different expression are marked according to their fold changes (B).



Table 40. Diabetes-associated genes differentially expressed in pancreatic tissue of ob/ob mice before and after

treatments of CHP

a
Nor: Normal healthy rats, STZ: STZ-induced diabetic rats, CHP: CHP-treated diabetic rats.

b
Abbreviations for biological processes are the same in Table 38.

Gene

Symbol
Gene name

Fold change

(CHP/control)

Biological

processa

IL2 Interleukin 2 -2.0412 C, D, K, L, M

IL12a Interleukin 12a -2.3277 A, D, L

Socs2 Suppressor of cytokine signaling 2 2.2234 F, H, L

Cacna1a
Calcium channel, voltage-dependent, P/Q type,

alpha 1A subunit
2.1915 F, H, I, L, M

Cacna1c
Calcium channel, voltage-dependent, L type,

alpha 1C subunit
-2.0333 I

HNF4g Hepatocyte nuclear factor 4, gamma 2.5435 K

IKBKB Inhibitor of kappaB kinase beta -2.5893 K, L, M

H2-Ab1 Histocompatibility 2, class II antigen A, beta 1 2.5792 D

H2-Q10 Histocompatibility 2, Q region locus 10 -2.9078 D

TAP1
Transporter 1, ATP-binding cassette, sub-family B

(MDR/TAP)
-2.3747 D, I

SNAP23 Synaptosomal-associated protein 23 4.7913 I

Slc2a4
Solute carrier family 2 (facilitated glucose transporter),

member 4
2.1053 I, M

H2-T10 Histocompatibility 2, T region locus 10 -2.4420 D

H2-Aa Histocompatibility 2, class II antigen A, alpha -2.0960 D, F

H2-Dma Histocompatibility 2, class II, locus DMa -2.3073 D, F, I

H2-Bl Histocompatibility 2, blastocyst 2.1343 D,G

MAPK14 Mitogen activated protein kinase 14 2.1418 L

FRAP1 FK506 binding protein 12-rapamycin associated protein 1 2.0127 F

Cacna1b
Calcium channel, voltage-dependent, N type,

alpha 1B subunit
3.0047 I

H2-M9 Histocompatibility 2, M region locus 9 2.5974 D

HNF4a Hepatic nuclear factor 4, alpha 2.1543 K, N

Pdx1 Pancreatic and duodenal homeobox 1 2.2671 F, K

Slc2a4
Solute carrier family 2 (facilitated glucose transporter),

member 4
2.1833 I, M

H2-Aa Histocompatibility 2, class II antigen A, alpha -2.3132 D, F

H2-DMb1 Histocompatibility 2, class II, locus Mb1 2.6386 D

READ Ras-related associated with diabetes 2.2036 I, L

FRAP1 FK506 binding protein 12-rapamycin associated protein 1 2.3085 F

Lepr Leptin receptor -2.3153 L

H2-M1 Histocompatibility 2, M region locus 1 -2.5820 D

PIK3cb Phosphatidylinositol 3-kinase, catalytic, beta polypeptide 3.5083 E, L, M
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Fig. 72. Functional classification of differentially expressed genes ( 2-fold change, a total of 4,384 genes) in

the genetically-diabetic mice pancreas in response to CHP treatment.



Table 41. List of genes that were strikingly up-regulated by CHP treatment

b Abbreviations for biological processes are the same in Table 38.

Gene Symbol Gene name
Fold change

(CHP/control)

Biological

processa

Acbd5 Acyl-Coenzyme A binding domain containing 5 60.6458 I

1810030J14Rik RIKEN cDNA 1810030J14 gene 16.4088

5730410E15Rik RIKEN cDNA 5730410E15 gene 14.7298

Gm444 Gene model 444, (NCBI) 14.1354

SPC24
NDC80 kinetochore complex Component, homolog (S.

cerevisiae)
13.9254 J

Igh Immunoglobulin heavy chain complex 13.3646

IGHV5-9-1 Immunoglobulin heavy variable V5-9-1 13.1332

AK007235 Unnamed protein product 10.9649

EG546397 Predicted gene, EG546397 10.8724

Scnn1b Sodium channel, nonvoltage-gated 1 beta 10.6362 I

Hist1h4k Histone cluster 1, H4k 10.0859

D10Bwg1364e
DNA segment, Chr 10, Brigham & Women's Genetics

1364 expressed
9.6570

Fubp1 Far upstream element (FUSE) binding protein 1 9.6556 K

1700013D24Rik RIKEN cDNA 1700013D24 gene 9.3480

EG667905 Predicted gene, EG667905 9.3230

MGC65593 cDNA sequence BC005512 9.2948

EMP1 Epithelial membrane protein 1 8.9760 H

EG625690 Predicted gene, EG625690 8.8674 B

LHX1 LIM homeobox protein 1 8.7838 K

FUS
Fusion, derived from t(12;16) malignant liposarcoma

(human)
8.7725 K

IL33 Interleukin 33 8.7404 O

CLCC1 Chloride channel CLIC-like 1 8.6452 I

EG666731 Predicted gene, EG666731 8.0184



Table 42. List of genes that were strikingly down-regulated by CHP treatment

Gene Symbol Gene name
Fold change

(CHP/control)

Biological

processa

NEGR1 Neuronal growth regulator 1 -5.9561 F

SLBP Stem-loop binding protein -5.7339 　

POLR2D Polymerase (RNA) II (DNA directed) polypeptide D -5.5862 L

STYXL1 Serine/threonine/tyrosine interacting -like 1 -5.5200 　

PolR2I Polymerase (RNA) II (DNA directed) polypeptide I -5.3754 L

BSPRY B-box and SPRY domain containing -5.1818 J

RORC RAR-related orphan receptor gamma -5.1787 G, L

Hist1H4j Histone cluster 1, H4j -5.1583 　

TMEM63a Transmembrane protein 63a -5.1513 　

Dedd Death effector domain-containing -4.9463 H, L

OAS1A 2'-5' oligoadenylate synthetase 1A -4.9023 E

Rad51c Rad51 homolog c (S. cerevisiae) -4.9002 　

TMEM63b Transmembrane protein 63b -4.8178 　

LOC637957 Similar to ankyrin repeat domain 26 -4.7810 　

VASP Vasodilator-stimulated phosphoprotein -4.7182 G, O

CENPO Centromere protein O -4.6675 　

YrdC YrdC domain containing (E.coli) -4.6531 J

IFI35 Interferon-induced protein 35 -4.6342 E

HBQ1 Hemoglobin, theta 1 -4.5988 J

SLC12A5 Solute carrier family 12, member 5 -4.5610 J, N

EXOC5 Exocyst complex component 5 -4.5540 J

AI481105 Expressed sequence AI481105 -4.5188 L

NCAPH Non-SMC condensin I complex, subunit H -4.5032 K

RBP1 Nuclear receptor binding protein 1 -4.4762 J

PLA2G4B Phospholipase A2, group IVB (cytosolic) -4.4748 　

CTSW Cathepsin W -4.2933 　

EG574083 Predicted gene, EG574083 -4.2930 　

SLC17A3 Solute carrier family 17 (sodium Phosphate), member 3 -4.2805 J

EG546862 Predicted gene, EG546862 -4.2082 　

XPR1 Xenotropic and polytropic retrovirus receptor1 -4.1713 　

TMEM54 Transmembrane protein 54 -4.1542 　

LOC627273
Similar to T-cell receptor alpha chain V region CTL-L17

precursor
-4.1518 　

PPP1CB Protein phosphatase 1, catalytic subunit, beta isoform -4.1120 K

ARHGAP9 Rho GTPase activating protein 9 -4.1075 M

PSMD7
Proteasome (prosome, macropain) 26S subunit,

non-ATPase, 7
-4.0956 　

GM1684 Gene model 1684, (NCBI) -4.0799 　

TBCE Tubulin folding cofactor E-like -4.0611 G

Hist1H2ad Histone cluster 1, H2ad -4.0413 　

XLR4B X-linked lymphocyte-regulated 4B -4.0223 　



Fig. 73. Validation of microarray data by RT-PCR in genetically-diabetic mice in response to CHP treatment.

Statistical significance between each group was determined by an ANOVA test, where p value is *p<0.05 and
**p<0.01. For abbreviation of each protein name, see abbreviations.
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Fig. 74. Putative antidiabetic mechanism in Type I Rat Pancreas. STZ vs Normal rat. Normalization by CHP

CD86 : T-cell activity (Autoimmune disease occurence)(immune response); IFN : Autoinflammatory andγ

autoimmune diseases (apoptosis, T cell Th1); IL2 : T-cell & NK-cell control, Anticancer activity (cell→

differentiation); Caspase3 : Apoptosis



Fig. 75. Putative antidiabetic mechanism in Type II Mice Pancreas. CHP vs ob/ob mice.

SLC2A4 : Sugar transport and lipid metabolism; SOCS2 : Blocking-Signaling break of the insulin; PDX1 :

Development of the pancreas Insulin gene transcriptional control; Caspase3 & PARP : Apoptosis
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Fig. 76. A representative silver-stained 2-DE image of pancreatic tissues in STZ-induced diabetic rat (A) and

genetically obese (ob/ob) mouse (B), where differentially regulated proteins were marked with arrows together

with identified major rat plasma proteins. For abbreviation of each protein name, see abbreviations.



Table 43. Identification of pancreatic proteins by PMF in STZ-induced rats in response to CHP treatment

a
NCBI database accession number.

b STZ-induced diabetic group compared with diabetic control group.
c
Theoretical molecular weight of the matching protein in kDa.

d
Theoretical isoelectric point of the matching protein.

e Percent of identified sequence to the complete sequence of the known protein.

Protein Function Acc. No.a Expressionb Mwc pId
Coverage

(%)e

Hemopexin (Hpx) Transport GI:122065203 ↓ 52.06 7.58 24

keratin, type I
cytoskeletal 9 (KRT9) Protein binding GI:55956899 ↓ 62.26 5.14 22

protein disulfide
isomerase associated 3,
isoform CRA_a (Pdia3)

Rsponse to oxidative stress GI:160961491 ↓ 65.62 7.62 47

keratin 1 (KRT1) Sructural molecule
activity GI:149023097 ↓ 54.12 7.10 34

N(G),N(G)-dimethylarginine
dimethylaminohydrolase 1
(Ddah1)

Aginine metabolic process
Positive regulation of
angiogenesis Positive
regulation of Nitric oxide
biosynthetic process
Dmethylargininase
activity Metal ion binding

GI:11935049 ↓ 66.20 8.16 17

Chain A,
Guanidinoacetate
Methyltransferase
Containing S-
Adenosylhomocysteine
and Guanidinoacetate
(Gamt)

S-adenosylhomocysteine
metabolic process,
S-adenosylmethionine
Metabolic process,
creatine biosynthetic
process

GI:11560131 ↓ 31.81 5.75 39

peroxiredoxin-4

(PRDX4)

Cell redox homeostasis

Oxidation reduction

Peroxidase activity

Peroxiredoxin activity

↓ 26.51 5.83 61

Apolipoprotein A-I

preproprotein (Apo A-I)
Metabolism & Transport Gi:16758274 ↓ 31.22 6.18 52

Protein DJ-1 (Park7)
Rsponse to drug

Rsponse to oxidative stress
Gi:6978515 ↑ 30.10 5.52 52

60S acidic ribosoma

protein P2 (Rplp2)

Tanslational elongation

Sructural constituent of

ribosome

Gi:16924002 ↓ 20.19 6.32 61

Hemoglobin alpha 2

chain (HBA2)

Oxygen transport &

binding Heme binding
Gi:71795613 ↓ 11.69 4.44 78

Hemoglobin alpha 2

chain (HBA2)

Oxygen transport &

binding Heme binding
Gi:60678292 ↓ 15.45 8.45 58



Fig. 77. Differentially regulated pancreatic tissue proteins among normal (white bars), in STZ induced diabetic

control rats (gray bars), and CHP treated diabetic rats (black bars). Data are exhibited as mean values ± SD

of volume density (%) of the changed spot in 3 individual gels from 6 rats. Statistical significance between

each group was determined by an ANOVA test, where p value is *p<0.05 and **p<0.01. For abbreviation of

each protein name, see abbreviations.
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Table 44. Identification of pancreatic proteins by PMF in ob/ob mice in response to CHP treatment

Protein Function Acc. No.
a

Expression
b

Mw
c

pI
d

Coverage (%)
e

Gi:226958458 ↓ 146.25 5.43 13

Gi:148689322 ↓ 80.93 5.32 12

Gi:239916005 ↓ 78.78 5.67 29

Gi:12846632 ↓ 50.43 5.55 25

Gi:74177659 ↑ 56.73 5.57 23

Gi:4759034 ↓ 49.23 5.51 39

Gi:74150721 ↑ 58.27 8.18 58

Gi:3766201 ↓ 46.56 5.65 21

Gi:54312076 ↓ 47.47 5.41 37

Gi:26350123 ↑ 33.01 4.80 40

Gi:13386376 ↓ 21.21 4.89 28

Gi:254540027 ↑ 36.66 6.16 34

Gi:148705446 ↑ 36.09 6.59 30

Gi:467517 ↓ 115.37 6.11 14

Gi:6753944 ↓ 26.60 5.43 57

Gi:6680690 ↓ 28.34 7.15 28

Gi:26344461 ↓ 22.99 5.20 45

Gi:148703873 ↓ 16.58 5.23 33

Gi:165932331 ↓ 20.97 5.24 35

Gi:86439977 ↓ 21.07 5.64 45

Gi:6677705 ↓ 19.79 5.89 45

↓

Gi:6677703 ↓ 18.91 6.08 56

Gi:74220823 ↑ 44.74 7.53 24



Fig. 78. Differentially regulated pancreatic tissue proteins between genetically diabetic control mice (white

bars) and CHP-treated diabetic mice (black bars). Data are exhibited as mean values ± SD of volume density

(%) of the changed spot in 3 individual gels from 6 rats. Statistical significance between each group was

determined by an ANOVA test, where p value is *p<0.05 and **p<0.01. For abbreviation of each protein

name, see abbreviations.



Fig. 79. Validation of differentially regulated pancreatic tissue proteins in STZ-induced diabetic rats (A) and

genetically diabetic mice (B). Levels of 4 identified proteins from 2-DE analysis were investigated using 3

individual gels from 6 rats and mice, respectively. Statistical significance between each group was determined

by an ANOVA test, where p value is *p<0.05 and **p<0.01. For abbreviation of each protein name, see

abbreviations.







Fig. 80. A representative silver-stained 2-DE image of diabetic rat (A) and ob/obmouse (B), where

differentially-regulated proteins were marked with arrows together with the identified major rat plasma proteins.

For the abbreviation of each protein name, see abbreviations.



Table 45. Identification of plasma proteins by PMF in STZ-induced rats in response to CHP treatment.

Protein Acc. No.
a

Mw
b

pI
c Seq

cov. (%)d
Peptides

e
Score

f Normal

(% vol)g
STZ

(% vol)g
CHP

(% Vol)g

Fold Change

STZ/

Normal

CHP/

STZ

Fibrinogen alpha subunit

(FGA)
Gi:790486 60.96 7.56 28 18/23 191 0.20±0.16 0.57±0.11

*h
0.25±0.09

*
2.85 -2.28

Fibrinogen alpha subunit

(FGA)
Gi:790486 60.96 7.56 33 22/27 222 0.11±0.05 0.41±0.15

*
0.22±0.02

*
3.73 -1.86

Fibrinogen alpha subunit

(FGA)
Gi:790486 60.96 7.56 25 18/24 175 0.04±0.03 0.16±0.05* 0.15±0.007* 4.00 -1.07

Albumin, isoform CRA_a Gi:149033753 53.06 6.72 31 14/15 196 0.017±0.007 0.08±0.03* 0.06±0.02 4.71 -1.33

Apolipoprotein A-IV

(Apo A-IV)
Gi:114008 44.46 5.12 62 26/36 323 0.64±0.13 0.90±0.29* 0.73±0.21* 1.41 -1.23

Apolipoprotein E (Apo E) Gi:1703338 35.75 5.23 34 13/20 134 0.44±0.17 0.18±0.09* 0.46±0.15* -2.44 2.56

Serum amyloid

P-component

precursor (SAP)

Gi:148747488 26.27 5.50 33 6/10 92 0.02±0.004 0.12±0.06** 0.06±0.008* 6.00 -2.00

Apolipoprotein A-I

preproprotein (Apo A-I)
Gi:6978515 30.10 5.52 56 14/17 220 0.89±0.43 1.44±0.77* 0.96±0.55* 1.62 -1.50

Apolipoprotein A-I Gi:113997 30.39 5.52 47 8/21 98 1.28±0.27 2.12±0.45* 1.34±0.52* 1.66 -1.59



a NCBI database accession number.
b
Theoretical molecular weight of the matching protein in kDa.

c
Theoretical isoelectric point of the matching protein.

d Percent of identified sequence to the complete sequence of the known protein.
e
Peptides are number of m/zvaluesmatchedfromaninsilicodigestversusnumberofm/zvaluesunmatched.

f
MASCOT probability-based molecular weight search score calculated for PMF. Protein score is -10*Log (P), where P is the probability that the observed match is a random event and greater than 61 are

significant (p<0.05).
g
Notations for experimental group division: Normal, normal healthy group; STZ, STZ-induced diabetic group; CHP, CHP-treated group.

h
Statistical significance between each group was determined by an ANOVA test, where pvaluewas *p<0.05and**p<0.01.

(Apo A-I)

C-reactive protein precursor

(CRP)
Gi:8393197 25.74 4.89 13 3/3 56 0.45±0.18 0.56±0.11

*
0.47±0.05

*
1.24 -1.19

Plasma glutathione

peroxidase precursor

(GPX3)

Gi:6723180 25.65 8.26 28 9/11 122 0.12±0.08 0.27±0.12 0.005±0.05
**

2.25 -54.00



Fig. 81. Differentially-regulated plasma proteins among controls (white bars), STZ-induced diabetic rats (STZ,

gray bars), and CHP-treated diabetic rats (STZ-CHP, black bars). Five selected proteins of physiological

significance in relation to diabetes are presented. Data are presented as mean values ± SD of volume density

(%) of changed spots in 3 gels from 6 individual rats per group. Statistical significance between each group

was determined by an ANOVA test, where p value is *p<0.05 and **p<0.01. For abbreviation of each protein

name, see abbreviations.





Table 46. Identification of plasma proteins by PMF in ob/ob mice in response to CHP treatment.

Protein Acc. No.a Mwb pIc
Seq

cov.(%)d
Peptidese Scoref

Normal

(% vol)g
CHP

(% Vol)g

Fold Change

CHP/Control

unnamed protein product Gi:74198755 80.71 5.47 18 8/10 104 0.41±0.02 0.26±0.04 -1.58

Coagulation factor XII (FI2) Gi:171906584 67.94 6.39 10 5/5 75 0.11±0.005 0.06±0.02
*h

-1.83

Serine protease inhibitor A3K

precursor (SPA3K)
Gi:148747546 46.87 5.04 23 7/7 122 0.24±0.006 0.12±0.01

*
-2.00

Fibrinogen, B beta polypeptide

(FGB)
Gi:33859809 55.40 6.68 44 19/33 182 1.26±0.31 0.88±0.32 -1.43

Fibrinogen, B beta polypeptide

(FGB)
Gi:33859809 55.40 6.68 45 21/31 238 2.37±0.32 1.91±0.66* -1.24

Fibrinogen, B beta polypeptide

(FGB)
Gi:33859809 55.40 6.68 50 25/41 240 0.99±0.13 0.71±0.21* -1.39

Fibrinogen gamma chain

precursor (FGC)
Gi:19527078 55.04 5.54 48 17/21 236 3.01±0.11 2.24±0.06* -1.34

Alpha-1 protease inhibitor 2

(alpha-1-PI)
Gi:191844 44.91 5.33 23 9/13 112 0.36±0.05 0.16±0.03* -2.25

Apolipoprotein A-IV (Apo A-IV) Gi:14789706 45.00 5.34 41 13/24 133 0.52±0.18 0.83±0.05* 1.60

Chain A, crystal Structure of

mouse transthyretin (TTR)
Gi:161172183 13.77 5.76 69 6/10 114 1.28±0.40 1.69±0.38* 1.32

Alpha2 macroglobulin (A2M) Gi:134035924 167.14 6.24 7 10/14 84 1.70±0.07 2.10±0.52* 1.24

Alpha2 macroglobulin (A2M) Gi:134035924 167.14 6.24 8 14/23 88 0.25±0.04 0.81±0.09
** 3.24

Alpha1 macroglobulin (A1M) Gi:148667474 167.03 6.24 8 11/13 108 0.84±0.07 1.16±0.11* 1.38

Alpha-2-macroglobulin (A2M) Gi:134035924 167.14 6.24 10 15/20 131 0.60±0.13 0.80±0.20 1.33

Apolipoprotein E (Apo E)　 Gi:1703338 35.88 5.54 50 21/35 208 0.69±0.15 1.01±0.09* 1.46

Chain A, the crystal structure of A

complment-1q family protein suggests an
Gi:6137745 15.66 5.88 37 6/8 112 0.40±0.12 0.30±0.05* -1.33



a
NCBI database accession number.

b
Theoretical molecular weight of the matching protein in kDa.

c Theoretical isoelectric point of the matching protein.
d
Percent of identified sequence to the complete sequence of the known protein.

e
Peptides are number of m/zvaluesmatchedfromaninsilicodigestversusnumberofm/zvaluesunmatched.

f MASCOT probability-based molecular weight search score calculated for PMF. Protein score is -10*Log (P), where P is the probability that the observed match is a random event and greater than 61 are

significant (p<0.05).
g
Notations for experimental group division: Normal, normal healthy group; STZ, STZ-induced diabetic group; CHP, CHP-treated group.

h Statistical significance between each group was determined by an ANOVA test, where pvaluewas *p<0.05and**p<0.01.

evolutionary link to tumor necrosis factor

(C1QTNF5)

Apolipoprotein A-I (Apo A-I) Gi:6753096 30.36 5.52 44 16/24 208 3.46±0.47 2.82±0.14* -1.23

Apolipoprotein A-I preproprotein Gi:160333304 30.60 5.51 49 18/34 198 0.55±0.18 0.39±0.18
** -1.41

Ig kappa-chain V-J-region Gi:194755 11.62 7.96 40 4/6 58 0.03±0.05 0.19±0.10 6.33

Hemoglobin beta (HBB) Gi:229255 15.63 7.26 69 8/13 121 3.25±0.98 1.11±0.58* -2.93



Fig. 82. Differentially-regulated plasma proteins between genetically diabetic mice (ob/ob, white bars) and

CHP-treated diabetic mice (ob/ob-CHP, black bars). Ten selected proteins of physiological significance in

relation to diabetes are presented. Data are presented as mean values ± SD of volume density (%) of changed

spots in each group (n=3). Statistical significance between each group was determined using Student’s t-test,

where the p value was *p<0.05. For the abbreviation of each protein name, see abbreviations.



Table 47. Sequences of the identified peptides of differentially expressed plasma proteins in each group by PMF

Protein
Seq

cov.(%)a
Peptidesb Scorec Matched peptide Sequences

Group1: STZ-induced rats in response to CHP treatment.

Albumin, isoform CRA_a 31 14/15 196

(R)MPKTVTSPFYLHEVAR(R) (R)AFKAWAVAR(M) (R)MSQRFPNAEFAEITK(L)

(R)MSQRFPNAEFAEIT(L) (R)FPNAEFAEITK(L) (K)DVFLGTFLYEYSR(R)

(R)RHPDYSVSLLLR(L) (R)HPDYSVSLLLR(L) (K)LGEYGFQNAILVR(Y)

(R)YTQKAPQVSTPTLVEAAR(N) (K)APQVSTPTLVEAAR(N)

(R)RPCFSALTVDETYVPK(E) (K)TVMGDFAQFVDK(C)

(K)AADKDNCFATEGPNLVAR(S)

Apolipoprotein A-I (Apo A-I) 47 8/21 98

(R)VKDFATVYVDAVK(D) (K)DSGRDYVSQFESSTLGK(Q)

(K)QLNLNLLDNWDTLGSTVGR(L) (R)LQEQLGPVTQEFWANLEKETDWLR(N)

(K)QKMQPHLDEFQEK(W) (K)MQPHLDEFQEKWNEEVEAYR(Q) (K)FGLYSDQMR(E)

(K)AKPALDDLGQGLMPVLEAWK(A)

Apolipoprotein A-I

preproprotein (Apo A-I)
56 14/17 220

(R)VKDFATVYVDAVK(D) (K)DSGRDYVSQFESSTLGK(Q) (R)DYVSQFESSTLGK(Q)

(K)QLNLNLLDNWDTLGSTVGR(L) (R)LQEQLGPVTQEFWANLEKETDWLR(N)

(K)MQPHLDEFQEK(W) (K)MQPHLDEFQEKWNEEVEAYR(Q) (K)WNEEVEAYR(Q)

(R)AKFGLYSDQMR(E) (K)FGLYSDQMR(E) (K)FGLYSDQMRENLAQR(L)

(R)LTEIKNHPTLIEYHTK(A) (K)NHPTLIEYHTK(A)

(K)AKPALDDLGQGLMPVLEAWK(A)

Apolipoprotein A-IV

(Apo A-IV)
62 26/36 323

(K)TDVTQQLNTLFQDK(L) (K)TDVTQQLNTLFQDKLGNINTYADDLQNK(L)

(K)LGNINTYADDLQNK(L) (K)LQEHLRPYATDLQAQINAQTQDMK(R)

(K)LQEHLRPYATDLQAQINAQTQDMKR(Q) (R)QLTPYIQR(M)

(R)MQTTIQDNVENLQSSMVPFANELK(E) (R)MQTTIQDNVENLQSSMVPFANELKEK(F)



(K)FNQNMEGLKGQLTPR(A) (R)ANELKATIDQNLEDLR(S) (K)ATIDQNLEDLR(S)

(R)LAPLAEGVQEKLNHQMEGLAFQMK(K) (K)LNHQMEGLAFQMK(K)

(K)SLEDLNKQLDQQVEVFR(R) (K)QLDQQVEVFR(R) (K)QLDQQVEVFRR(A)

(R)AVEPLGDKFNMALVQQMEK(F) (K)FRQQLGSDSGDVESHLSFLEK(N)

(R)QQLGSDSGDVESHLSFLEK(N) (R)EKVSSFMSTLQK(K) (K)VSSFMSTLQK(K)

(K)KGSPDQPLALPLPEQVQEQVQEQVQPKPLES(-)

(K)GSPDQPLALPLPEQVQEQVQEQVQPKPLES(-)

Apolipoprotein E (Apo E) 34 13/20 134

(R)FWDYLR(W) (K)ELEEQLGPVAEETR(A) (R)LGADMEDLRNR(L)

(R)LGQYRNEVNTMLGQSTEELR(S) (R)NEVNTMLGQSTEELR(S) (R)LGPLVEQGR(Q)

(R)TANLGAGAAQPLR(D) (R)TANLGAGAAQPLRDR(A) (R)GRLEEVGNQAR(D)

(R)LQAEIFQAR(I) (R)IKGWFEPLVEDMQR(Q)

C-reactive protein precursor

(CRP)
13 3/3 56 ((R)SFSIFSYATK(T) (K)TSFNEILLFWTR(G) (R)VFSPNVLNWR(A)

Fibrinogen alpha subunit

(FGA)

28 18/23 191

(R)IVERQPSQCK(E) (R)MKGLIDEANQDFTNR(I) (K)GLIDEANQDFTNR(I)

(K)GLIDEANQDFTNRINK(L) (K)LKNSLFDFQK(N) (K)NSLFDFQK(N) (R)NIMEYLR(G)

(R)GDFANANNFDNTFGQVSEDLR(R) (R)GDFANANNFDNTFGQVSEDLRR(R)

(K)AQQIQVLQK(D) (K)DLLPAKDR(Q) (K)MSPVPDLVPGSFK(S)

(K)MSPVPDLVPGSFK(S) (K)SQLQEGPPEWK(A) (R)MHPELGSFYDSR(F)

(R)MHPELGSFYDSR(F) (R)FGSLTSNFKEFGSK(T)

(K)TSDSDIFTDIENPSSHVPEFSSSSK(T)

33 22/27 222

(R)IVERQPSQCK(E) (R)MKGLIDEANQDFTNR(I) (K)GLIDEANQDFTNR(I)

(K)GLIDEANQDFTNRINK(L) (K)LKNSLFDFQK(N) (K)NSLFDFQK(N) (R)NIMEYLR(G)

(R)NIMEYLR(G) (R)GDFANANNFDNTFGQVSEDLR(R)

(R)GDFANANNFDNTFGQVSEDLRR(R) (K)AQQIQVLQK(D) (K)DVRDQLIDMK(R)



(K)RLEVDIDIK(I) (K)DLLPAKDR(Q) (R)QYLPAIK(M) (K)MSPVPDLVPGSFK(S)

(K)MSPVPDLVPGSFK(S) (K)SQLQEGPPEWK(A) (R)MHPELGSFYDSR(F)

(R)MHPELGSFYDSR(F) (R)FGSLTSNFKEFGSK(T)

(K)TSDSDIFTDIENPSSHVPEFSSSSK(T)

25 18/24 175

(R)IVERQPSQCK(E) (R)MKGLIDEANQDFTNR(I) (K)GLIDEANQDFTNR(I)

(K)GLIDEANQDFTNRINK(L) (K)LKNSLFDFQK(N) (K)NSLFDFQK(N) (R)NIMEYLR(G)

(R)NIMEYLR(G) (R)GDFANANNFDNTFGQVSEDLR(R)

(R)GDFANANNFDNTFGQVSEDLRR(R) (R)EINLKDYEGQQK(Q)

(K)MSPVPDLVPGSFK(S) (K)MSPVPDLVPGSFK(S) (K)SQLQEGPPEWK(A)

(R)MELERPGKDGASR(G) (K)TVLGNDGHREVVK(E) (R)MHPELGSFYDSR(F)

(R)MHPELGSFYDSR(F)

Plasma glutathione peroxidase

precursor (GPX3)
28 9/11 122

(K)QEPGENSEILPSLK(Y) (K)EQKFYTFLK(N) (K)FYTFLK(N)

(K)NSCPPTAELLGSPGR(L) (R)LFWEPMK(I) (K)FLVGPDGIPIMR(W)

(K)FLVGPDGIPIMR(W) (K)MDILSYMR(R) (K)MDILSYMR(R)

Serum amyloid P-component

precursor (SAP)
33 6/10 92

(K)VFVFPR(E) (R)SQSLFSYSVNSR(D) (K)VGQYSLYIGNSK(V)

(K)SSPSIVLGQEQDTYGGGFDK(T) (R)GFPPNPNILDWR(A) (R)ALNYEINGYVVIKPR(M)

Group2: ob/ob mice in response to CHP treatment.

Alpha-1 protease inhibitor 2

(alpha-1-PI)
23 9/13 112

(K)DQSPASHEIATNLGDFAISLYR(E) (K)NHYQAEVFSVNFAESEEAKK(V)

(K)VINDFVEKGTQGK(I) (R)RLVQIHIPR(L) (R)LVQIHIPR(L) (K)TLMSPLGITR(I)

(K)TLMSPLGITR(I) (R)IFNNGADLSGITEENAPLK(L)

(R)IFNNGADLSGITEENAPLKLSK(A)

Alpha1 macroglobulin (A1M) 8 11/13 108
(K)QQNSHGGFSSTQDTVVALQALSK(Y) (K)YGAATFTR(S)

(R)SQKEVLVTIESSGTFSK(T) (K)TFHVNSGNR(L) (R)LLLQEVR(L)



(R)LLLQEVRLPDLPGNYVTK(G) (R)LPDLPGNYVTK(G) (K)APFALQVNTLPLNFDK(A)

(K)APFALQVNTLPLNFDKAGDHR(T) (K)KLQDQPNIQR(T) (R)TEVNTNHVLIYIEK(L)

Alpha2 macroglobulin (A2M)

8 14/23 88

(K)QQNSHGGFSSTQDTVVALQALSK(Y) (K)YGAATFTR(S)

(R)SQKEVLVTIESSGTFSK(T) (K)EVLVTIESSGTFSK(T) (K)TFHVNSGNR(L)

(R)LLLQEVR(L) (R)LPDLPGNYVTK(G) (K)APFALQVNTLPLNFDK(A)

(K)KLQDQPNIQR(T) (R)TEVNTNHVLIYIEK(L)

8 14/23 88

(K)QQNSHGGFSSTQDTVVALQALSK(Y) (K)YGAATFTR(S)

(R)SQKEVLVTIESSGTFSK(T) (K)EVLVTIESSGTFSK(T) (R)LLLQEVR(L)

(R)LLLQEVRLPDLPGNYVTK(G) (R)LPDLPGNYVTK(G) (K)GSGSGCVYLQTSLK(Y)

(K)APFALQVNTLPLNFDK(A) (K)APFALQVNTLPLNFDKAGDHR(T)

(K)MVSGFIPMKPSVK(K) (K)MVSGFIPMKPSVK(K) (K)MVSGFIPMKPSVK(K)

(R)TEVNTNHVLIYIEK(L)

10 15/20 131

(K)QQNSHGGFSSTQDTVVALQALSK(Y) (K)YGAATFTR(S)

(R)SQKEVLVTIESSGTFSK(T) (K)EVLVTIESSGTFSK(T) (K)TFHVNSGNR(L)

(R)LLLQEVR(L) (R)LLLQEVRLPDLPGNYVTK(G) (R)LPDLPGNYVTK(G)

(K)GSGSGCVYLQTSLK(Y) (K)YNILPVADGK(A) (K)APFALQVNTLPLNFDK(A)

(K)APFALQVNTLPLNFDKAGDHR(T) (K)MVSGFIPMKPSVK(K) (K)KLQDQPNIQR(T)

(R)TEVNTNHVLIYIEK(L)

Apolipoprotein A-I (Apo A-I) 44 16/24 208

(K)VKDFANVYVDAVK(D) (R)LGPLTRDFWDNLEK(E) (R)DFWDNLEK(E)

(R)DFWDNLEKETDWVR(Q) (K)VQPYLDEFQK(K) (K)VQPYLDEFQKK(W)

(K)WKEDVELYR(Q) (K)VAPLGAELQESAR(Q) (K)VAPLGAELQESARQK(L)

(R)QKLQELQGR(L) (K)LQELQGR(L) (R)LSPVAEEFR(D) (R)LSPVAEEFRDR(M)

(R)TQLAPHSEQMR(E) (K)ARPALEDLR(H) (R)HSLMPMLETLK(T)

Apolipoprotein A-I 49 18/34 198



preproprotein

(K)VKDFANVYVDAVK(D) (K)DFANVYVDAVK(D) (R)DFWDNLEK(E)

(R)DFWDNLEKETDWVR(Q) (K)QKVQPYLDEFQK(K) (K)VQPYLDEFQK(K)

(K)VQPYLDEFQKK(W) (K)WKEDVELYR(Q) (K)VAPLGAELQESAR(Q)

(K)VAPLGAELQESARQK(L) (R)QKLQELQGR(L) (R)LSPVAEEFR(D)

(R)LSPVAEEFRDR(M) (R)TQLAPHSEQMR(E) (K)ARPALEDLR(H)

(R)HSLMPMLETLK(T) (K)TQVQSVIDKASETLTAQ(-)

Apolipoprotein A-IV

(Apo A-IV)
41 13/24 133

(K)TDVTQQLSTLFQDK(L) (K)LVPFVVQLSGHLAQETER(V)

(K)LQEHLKPYAVDLQDQINTQTQEMK(L) (K)LQLTPYIQR(M) (R)NMEELKGHLTPR(A)

(K)ATIDQNLEDLRR(S) (R)SLAPLTVGVQEK(L) (K)LNHQMEGLAFQMK(K)

(R)QLEQQVEEFRR(T) (R)TVEPMGEMFNK(A) (K)ALVQQLEQFR(Q)

(R)QQLGPNSGEVESHLSFLEK(S)

Apolipoprotein E (Apo E)　 50 21/35 208

(R)FWDYLR(W) (K)ELEEQLGPVAEETR(A) (K)ELEEQLGPVAEETRAR(L)

(R)LGKEVQAAQAR(L) (R)LGADMEDLRNR(L) (R)LGQYRNEVHTMLGQSTEEIR(A)

(R)NEVHTMLGQSTEEIR(A) (R)LGPLVEQGR(Q) (R)TANLGAGAAQPLR(D)

(R)TANLGAGAAQPLRDR(A) (R)AQAFGDR(I) (R)AQAFGDRIR(G)

(R)GRLEEVGNQAR(D) (R)EHMEEVR(S) (R)SKMEEQTQQIR(L) (R)LQAEIFQAR(L)

(R)LKGWFEPIVEDMHR(Q) (K)GWFEPIVEDMHR(Q) (R)QWANLMEK(I)

Chain A, crystal Structure of

mouse transthyretin (TTR)
69 6/10 114

(K)KTSEGSWEPFASGK(T) (K)TSEGSWEPFASGK(T)

(K)TAESGELHGLTTDEKFVEGVYR(V) (K)FVEGVYRVELDTK(S)

(K)TLGISPFHEFADVVFTANDSGHR(H) (R)HYTIAALLSPYSYSTTAVVSNPQN(-)

Chain A, the crystal structure

of A complment-1q family
37 6/8 112

(R)SAFSVGLETR(V) (R)VTVPNVPIR(F) (R)VTVPNVPIRFTK(I)

(K)IFYNQQNHYDGSTGK(F) (K)DKAVLFTYDQYQEK(N) (K)AVLFTYDQYQEK(N)



protein suggests an

evolutionary link to tumor

necrosis factor (C1QTNF5)

Coagulation factor XII (FI2) 10 5/5 75

(R)LCHFPFQYHR(Q) (K)CFEPQLLK(F) (K)FFHENELWFR(T)

(K)QALSWGLGHHAFCR(N) (R)LHEGFSSITYQHDLALLR(L)

Fibrinogen, B beta

polypeptide (FGB)

45 21/31 238

(R)KEEPPSLRPAPPPISGGGYR(A) (K)EEPPSLRPAPPPISGGGYR(A)

(K)ENENVINEYSSILEDQR(L) (R)LYIDETVNDNIPLNLR(V)

(K)IQKLESDISAQMEYCR(T) (R)TPCTVSCNIPVVSGKECEEIIR(K)

(R)KGGETSEMYLIQPDTSIKPYR(V) (K)GGETSEMYLIQPDTSIKPYR(V)

(R)VYCDMKTENGGWTVIQNR(Q) (K)KYCGLPGEYWLGNDK(I)

(K)AHYGGFTVQNEASK(Y) (K)QCSKEDGGGWWYNR(C) (K)EDGGGWWYNR(C)

(R)YYWGGLYSWDMSK(H) (K)HGTDDGVVWMNWK(G) (K)GSWYSMR(R)

(K)IRPFFPQQ(-)

50 25/41 240

(R)KEEPPSLRPAPPPISGGGYR(A) (K)EEPPSLRPAPPPISGGGYR(A)

(K)ENENVINEYSSILEDQR(L) (R)LYIDETVNDNIPLNLR(V) (R)SILEDLR(S)

(K)IQKLESDISAQMEYCR(T) (K)LESDISAQMEYCR(T)

(R)TPCTVSCNIPVVSGKECEEIIR(K) (R)KGGETSEMYLIQPDTSIKPYR(V)

(K)GGETSEMYLIQPDTSIKPYR(V) (K)TENGGWTVIQNR(Q)

(K)KYCGLPGEYWLGNDK(I) (K)YCGLPGEYWLGNDKISQLTR(M)

(R)MGPTELLIEMEDWK(G) (R)MGPTELLIEMEDWKGDK(V)

(K)AHYGGFTVQNEASK(Y) (K)QCSKEDGGGWWYNR(C) (K)EDGGGWWYNR(C)

(R)YYWGGLYSWDMSK(H) (K)IRPFFPQQ(-)

48 17/21 236

(R)KEEPPSLRPAPPPISGGGYR(A) (K)EEPPSLRPAPPPISGGGYR(A)

(K)QAQVKENENVINEYSSILEDQR(L) (K)ENENVINEYSSILEDQR(L)

(R)LYIDETVNDNIPLNLR(V) (R)SILEDLR(S) (K)QKLESDISAQMEYCR(T)



(K)LESDISAQMEYCR(T) (R)TPCTVSCNIPVVSGKECEEIIR(K)

(R)KGGETSEMYLIQPDTSIKPYR(V) (K)GGETSEMYLIQPDTSIKPYR(V)

(R)VYCDMKTENGGWTVIQNR(Q) (K)TENGGWTVIQNR(Q)

(K)KYCGLPGEYWLGNDK(I) (R)MGPTELLIEMEDWKGDK(V)

(K)AHYGGFTVQNEASK(Y) (K)QCSKEDGGGWWYNR(C) (K)EDGGGWWYNR(C)

(R)YYWGGLYSWDMSK(H) (K)HGTDDGVVWMNWK(G) (K)GSWYSMR(R)

(K)IRPFFPQQ(-)

Fibrinogen gamma chain

precursor (FGC)
48 17/21 236

(R)FGSFCPTTCGIADFLSSYQTDVDNDLR(T) (R)TLEDILFR(A)

(K)AIQVYYNPDQPPKPGMIDSATQK(S) (K)MVEEIVKYEALLLTHETSIR(Y)

(K)YEALLLTHETSIR(Y) (R)YLQEIYNSNNQK(I) (K)ESGLYFIRPLK(A)

(K)QQFLVYCEIDGSGNGWTVLQK(R) (K)QQFLVYCEIDGSGNGWTVLQKR(I)

(K)EGFGHLSPTGTTEFWLGNEK(I) (K)IHLISMQSTIPYALR(I) (K)IHLISMQSTIPYALR(I)

(R)IQLKDWNGR(T) (R)TSTADYAMFR(V) (K)SSTTNGFDDGIIWATWK(S)

(R)WYSMKETTMK(I) (K)IIPFNR(L)

Hemoglobin beta (HBB) 69 8/13 121

(-)VHLTDAEKAAVSCLWGK(V) (K)VNSDGVGGEALGR(L) (R)LLVVYPWTQR(Y)

(R)YFDSFGDLSSASAIMGNAK(V) (R)YFDSFGDLSSASAIMGNAK(V)

(K)VITAFSDGLNHLDNLK(G) (K)DFTPAAQAAFQK(V) (K)VVAGVAAALAHKYH(-)

Ig kappa-chain V-J-region 40 4/6 58
(-)DIVMTQSPSSLAMSVGQK(V) (K)NYLAWYQQKPGQSPK(L) (K)LLVYFASTR(E)

Serine protease inhibitor A3K

precursor (SPA3K)
23 7/7 122

(R)ALYQTEAFTADFQQPTEAK(N) (K)ISFDPQDTFESEFYLDEKR(S)

(R)KTLFSSQIEELNLPK(F) (K)TLFSSQIEELNLPK(F) (K)FSIASDYRLEEDVLPEMGIK(E)

(K)AVLDVAETGTEAAAATGVIGGIR(K) (K)AVLDVAETGTEAAAATGVIGGIRK(A)

unnamed protein product 18 8/10 104
(K)AGQEPGLQIWR(V) (R)EVQGFESSTFSGYFK(S) (K)HVVPNEVVVQR(L)

(K)VSNGAGSMSVSLVADENPFAQGALR(S) (R)QTQVSVLPEGGETPLFK(Q)



a
Percent of identified sequence to the complete sequence of the known protein.

b
Peptides are number of m/zvaluesmatchedfromaninsilicodigestversusnumberofm/zvaluesunmatched.

c MASCOT probability-based molecular weight search score calculated for PMF. Protein score is -10*Log (P), where P is the probability that the observed match is a random event and greater than 61 are

significant (p<0.05).

(K)SGALNSNDAFVLK(T) (K)TPSAAYLWVGAGASEAEK(T)

(R)SQHVQVEEGSEPDAFWEALGGK(T)





Fig. 84. Validation of differentially-regulated plasma proteins in STZ-induced diabetic rats (A) and

genetically-diabetic mice (B). Levels of 8 identified proteins from 2-DE analysis were investigated using

individual rats or mice (n=3). Band density was calculated by ImageMaster 2D software V4.95 and relative

intensity (%) refers to relative value of target proteins to that of -actin. Statistical significance between eachβ

group was determined by an ANOVA test (for panel A) and Student’s t-test (for panel B), respectively, where

p value is *p<0.05 and **p<0.01. For the full protein names, see the abbreviations section.



β



Number Mean±SD

Number 10

Age (year) 43.5±15.7

Sex (male/female) 4/6

DM duration (year) 4.82±3.72
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Fig. 86. Level of blood glucose and HbA1c before or after administration of soybean hydrolysate.

Table 49. Biochemical changes before and after administration of soybean hydrolysate containing CHP

Pre-treatment Post-treatment P value

Weight (kg) 58.3±9.4 57.9±8.9 NS

BMI (kg/cm
2
) 25.8±4.5 24.9±4.1 NS

Total cholesterol (mmol/L) 5.1±0.8 5.0±0.8 NS

Triglyceride (mmol/L) 4.7±3.3 4.7±3.4 NS

HDL-chol (mmol/L) 1.4±0.5 1.5±0.3 NS

LDL-chol (mmol/L) 3.5±1.1 3.3±0.9 NS

GOT (IU/L) 26.3±16.7 25.8±17.2 NS

GPT (IU/L) 33.2±15.7 31.4±18.5 NS



Fig. 87. Manufacturing process of soybean hydrolysate containing CHP
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주새롬바이오( )
본사 및 공장 경기도 군포시 금정동 한림벤처타운 호: 689-6 201-1

Tel:031-458-3541~2 Fax:031-458-3549

상 품 제 안 서

제품명 뉴엔슐라(New Ensular)

제품의 유형 기타가공식품 제형 환/4mm

섭취방법 일 회 회 포 씩을 식사후에 충분한 물과 함께 섭취1 3 , 1 1 (6.0g)

제품의 구성 포 개월분6.0g × 90 (540g)/1

제품의 성분
대두발효추출물 발효솔잎분말 효모추출물 옥수수전분 바나바추출분-SR101, , -SR101, ,

말 단백아연 크롬효모 비타민혼합제재 히드록시프로필메틸셀룰로오스, , , ,

기능성 식후 혈당조절

주요원료

참고사항

대두발효추출물1) -SR101

제조방법 : 대두에 바실러스 속 세균으로 발효

제품의 특징 : 대두에 존재하는 를 발효에 의한 생Cyclos Histidine Proline(CHP)

산 및 추출

대한민국 특허출원번호 : 10-2011-0001900

발명의 명칭 바실러스 속 의 콩 발효물을 유효성분으로 포함하는“ KH-15

당뇨병 예방 및 치료용 조성물”

“Composition for prevention and treatment of diabetes which includes

soybean fermentation product of Bacillus sp. KH-15“

대두추출물2)

제조방법 : 대두에 존재하는 을 효소를 사용하여 생산Cyclo Histidine Proline(CHP)

제품의 특징 대두에 존재하는 을 추출: Cyclos Histidine Proline(CHP)

대한민국 특허출원번호 : 10-2011-0068055

발명의 명칭 를 고농도로 함유한 대두 가수분해물을 포함하는: CHP(cyclo his-pro)

혈당 조절용 조성물

“Composition for blood sugar regulation comprising soybean hydrolysate

with CHP"

단백아연3)

단백질에 아연을 결합시킨 유기미네랄로서 인슐린 분비 및 작용에 관여함

크롬효모4)

효모에 크롬을 결합시킨 유기미네랄로서 당내성인자라고하는 유기복합체의

필수성분으로 인슐린의 작용을 강화





Table 50. Composition of cereal bar and soybean hydrolysate bar







Table 52. Values of rheological parameters of cereal bars

Table 53. Sensory characteristics of cereal bars

Characteristics

Color

Flavor

Sweetness

Overall acceptability





Table 54. Color value of tofu and SH-tofu

(Tofu)
(SH-tofu)

P value

Crust Crumb Crust Crumb Crust Crumb

L
83.00 ±

2.57

85.58 ±

0.67

81.00 ±

2.48

82.92 ±

0.23
0.247 0.000

a
0.69 ±

0.11

-0.04 ±

0.03

0.89 ±

0.22

0.79 ±

0.10
0.115 0.000

b
16.18 ±

0.27

14.88 ±

0.33

15.15 ±

0.31

15.71 ±

0.24
0.001 0.002



Table 56. Sensory characteristics of tofu and SH-tofu

Characteristics Tofu SH-tofu

Appearance 4.34±0.21 4.12±0.27

Flavor 4.13±0.41 3.89±0.34

Taste 4.16±0.20 4.08±0.31

Texture 3.98±0.22 3.77±0.32

Overall acceptability 4.77±0.45 4.56±0.35



<Tofu>

<SH-tofu>

Fig. 88. Sensory characteristics of tofu and SH-tofu
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Fig. 89. Hydration patterns of rices under the solution containing different concentration of CHP enriched

soybean hydrolysate.



Table 57. Absorption rates of rices under the solution containing different concentration of CHP enriched

soybean hydrolysate.

Concentration Hydration rate constant (k, min-1)

Control 0.150

SHC (1%) 0.089

SHC (3%) 0.087

SHC (5%) 0.079

SHC (10%) 0.047





1)
Degree of whiteness (white + 100 0 black)

2)
Degree of redness (red + 100 -80 green)

3) Degree of yellowness (yellow + 70 -80blue)

4)
E (total color difference) = ,

5)
Each values are mean ± S.D,

6) Means with symbolare significantly different withraw rice by Independent t-test at p<0.05.



Table 59. Geometric characteristics of raw and coated rices.

Raw Rice Coated Rice

Major axis length (mm), 2a 5.37 ± 0.11 6.02 ± 0.29*

Minor axis length (mm), 2b 2.94 ± 0.17 3.31 ± 0.01*

a/b 1.83 ± 0.10 1.82 ± 0.09

Surface area (mm2), S 42.71 ± 0.57 55.21 ± 0.57*

Volume (mm3), V 23.12 ± 1.60 35.23 ± 0.41*

S/V 1.78 ± 0.01 1.57 ± 0.00*

Perimeter (log Xn, mm)

1.50 1.55 1.60 1.65 1.70 1.75 1.80
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Fig. 91. Fractal dimensions of (A) raw and (B) coated rices.
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Fig. 92. (A) Hydration patterns and (B) relationship between water absorption and square root of absorption

time of raw and coated rices.
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Fig. 93. Effect of temperature ((A) 30°C, (B) 40°C, (C) 50°C) on hydration patterns of raw and coated rices.





Fig. 94. Scanning electron microscopy. Whole kernel images of (A) raw and (B) coated rices, longitudinal

section images of (C) raw and (D) coated rices.



Table 60. Color value of soy milk containing soybean hydrolysates
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주새롬바이오( )
본사 및 공장 경기도 군포시 금정동 한림벤처타운 호: 689-6 201-1

Tel:031-458-3541~2 Fax:031-458-3549

상 품 제 안 서

제품명 뉴엔슐라(New Ensular)

제품의 유형 기타가공식품 제형 환/4mm

섭취방법 일 회 회 포 씩을 식사후에 충분한 물과 함께 섭취1 3 , 1 1 (6.0g)

제품의 구성 포 개월분6.0g × 90 (540g)/1

제품의 성분
대두발효추출물 발효솔잎분말 효모추출물 옥수수전분 바나바추출분말 단백아-SR101, , -SR101, , ,

연 크롬효모 비타민혼합제재 히드록시프로필메틸셀룰로오스, , ,

기능성 식후 혈당조절

주요원료

참고사항

대두발효추출물1) -SR101

제조방법 : 대두에 바실러스 속 세균으로 발효

제품의 특징 : 대두에 존재하는 를 발효에 의한 생Cyclos Histidine Proline(CHP)

산 및 추출

대한민국 특허출원번호 : 10-2011-0001900

발명의 명칭 바실러스 속 의 콩 발효물을 유효성분으로 포함하는“ KH-15

당뇨병 예방 및 치료용 조성물”

“Composition for prevention and treatment of diabetes which includes

soybean fermentation product of Bacillus sp. KH-15“

대두추출물2)

제조방법 : 대두에 존재하는 을 효소를 사용하여 생산Cyclo Histidine Proline(CHP)

제품의 특징 대두에 존재하는 을 추출: Cyclos Histidine Proline(CHP)

대한민국 특허출원번호 : 10-2011-0068055

발명의 명칭 를 고농도로 함유한 대두 가수분해물을 포함하는: CHP(cyclo his-pro)

혈당 조절용 조성물

“Composition for blood sugar regulation comprising soybean hydrolysate

with CHP"

단백아연3)

단백질에 아연을 결합시킨 유기미네랄로서 인슐린 분비 및 작용에 관여함

크롬효모4)

효모에 크롬을 결합시킨 유기미네랄로서 당내성인자라고하는 유기복합체의

필수성분으로 인슐린의 작용을 강화





Cereal bar containing soybean hydrolysate)

Tofu prepared with soybean hydrolysate)



Rice coated with soybean hydrolysate)

Functional soybean milk with soybean

hydrolysate
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