T EHEE

A H S 109144-3
11-1541000-001338-01

MEH AE 4K 22 0|83 s 2X
N

Industrialization and Development of anti-hyperglycemic food
material from soybean hydrolysate using enzymatic system
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L. CHP g Zxlel] w2 2418 o4
(1) Cyclization 3 of2] Ays}std W& &3 gF 53
(2) CHP A=]gd 54 (49, &itkst )
(3) &Al 7FeAA, 24, w25l 2% 7IsAd A (Ao, bulk dRIH. A4,

B2, By

t}. In vitro cellol 4] CHP 3tdx &4 4
(1) CHP A gl 93t g out 2 X8 g3 =4
(2) g9 SHSA (nitrite B, A 274

2 3}, caspase-3, cytochrome C, ROS =4)
(3) CHP Az Alxe 3w A Fd2 (&

W) WE Y S5y 24

=

2k A1y (A28) 9=
o\l

(D) F=rd &

Al
=
% 7

(2) Glucose tolerance, insulin level, weight =%

=]

(3) Histochemical analysisS =3t ol&d AHE 2 X7 B4 S

(4) g 9w =AY DEGs (differentially expresse
224 (MALDI-TOF)

S
G) FE= #d T8 FAARENE) T
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genes), proteome W= W EA]

ost EA BA(northern, realtime-PCR,
western blot)
vl CHPel| 2oJ3k #1388 (A23) Y] ddw 712 9
(1) Diabetes RT-PCR Array ProfilerE ©]&3F G dd FHAAE9 Ug ¥ FA4

(2) CHPoll ¢J3} antidiabetic pathway % 7|2+ 4

vl 9w #d 5o §dx (¢lF) DB 45 2 A8A FA}
(1) Fgdx Eo] HH4A (9w A) databased @ A8&A FAF (chip, biomarker,



inhibitor ¥¥)
(2) A & vlad el o7t ofst 24 SR N 7hed £AF (optional)
(3) 7to] A4 testol 23 CHP d973 &3 1+% (optional)
A AR 2 CHP 24 37 #13%&3)
(1) CHP®] di=A 34 HAst 9 AFst =1 g+
(2) 7haAF 2R &85 AT A9 7HeAA, 9 54, 484, 71 4
(3) CHP &A1& 3k thFsh Fuje] A3t (GHx, =93, d34st A48 x23E)
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. CHP 3t 7heitels Alxy g 3 g S e A3
= ol&3sto] iRl v, wl=A i, Feold, i
st 7t RE] a9E SAS A3 flavourzyme©l 7HE =2 Jeasl = E YER
TS o] 83t flavourzyme o E A3 7Rl Ee] TRl EE 60.1%=E o
=4k EH T, Aol T s Bk 2 7}—?5"3115% HAATE &
T, =AW, Aol kel digk vtk
st A3} flavourzyme 7+ v‘i‘ﬂ]g«] CHP &%l 189~282 pg/ml= =2 %S YE
WA ohdd dEzkeEael o) Aitd TheEalEedd A-Ne F2 ficne® 7}
FEdfg iy VheEsEodA P =8 #te dEHlen JheEsEY Jhaase
(DH)+ ficin, alcalase, flavourzyme®l @3l 64.7%, 62.2%, 55.2%<¢] Bl1% =& DHE X
ATF.

CHP®] 352 flavouzyme, alcalase, pancreatin 7Fri-dll&ol A 276, 9.3, 134 ng 3

S YEMIR ST flavourzyme? alcalaseS 319 H &= 238 s o 7MY =2
A-N°| &3 381 pg/mlel =2 CHP s HEU.

AxForty Eeg 55 ol&ste] W wEES AXsal CHP
o -5 elatgltt. FEdt +F F 49T 10 unit ©]7de] @R 24
WO Bacillus subtilis®t Bacillus sp.= 3%t FedFE HF&
protein®] S warl JPLF-F G} 7‘&@“2“{ CHP 52 #59 FTFol w
gt ket A, AHAQ T7F T4 WstE Beloy aAE o &3 =
CHP $&o] ddidoz v ol

b oA el CHPY &8 =ol7] flal dF ZteidEs oF 83 44
60-80% <-2lell 329 ugel CHP7F S5l dhom, tF 7hedalae AbA e
A g, ST Ay 2 kel o3 A2l Al &3 CHP e el 35
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ab Byl 71.3%9 1.12% 2 7P w2 FAE UE diFvkeEsE Az sl
UF #4< F71sklt

T 7bEs=e kel whE CHPY 9 40~60ToIAM 53 avs nilow
A A 2ol A S Crude W 7HEiellE S pH 76904 7t
A AlRbo]l S7FEFE FAS A W, pH 363 9004 = wlaA g3 At
= BYoh U ZhedellE 5% oF 70% o] w8 FelEE dEilen AR
M2 <10 kDa MW, crude, >10 kDa MW o2 2480 A&545 a7t =&
AoR L}E}ME} o ksl AE 849 3% A B ASAY oz Y
wom, 32 pH 7k ARAFe] som Tl 2582 683-77.9%2 "¢ %

S5 RHAE 10 kDa o5 BHe| ehdde HlA B At AT sl el
MAE F 285 AAZTIAL Aot o FASHH Watn vehtb 2k
L S E S I IC I I D =

=]
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. In vitro cellolA CHP 3% <
CHP+ thyrotropin—+2] &£2& (TRH)¥Y FxH o=z #AdHo] e A Ex)st=
A3 o] dipeptide¢|t}. CHPE flavourzyme®} alcalase®] 7hr&-dlo] <l&] WF=5-FH
gyHoE A, B Ao A d&EdHES Y|+ F insulinoma AlXE (RINSmEF)l A
STZ (streptozotocin)oll 2&] F=% WEIAES 7|5 ol W A EApe tiste] AL
Atk RINSmF AIZE 2 mM STZoZ APsde o, Qled 2ul= AYAEe o
54% o zrAadgivh. ey CHPE A#stlS o RINmSF AlxE9] Ql&’
T AP e AL 71%7HA] BT =3 CHP= STZel o] =
Apstd e 230, AEISE 2.3 U0 E=A STZ o FA| %= /‘ﬂf{%* o=
RE AEE H3sYY. vty CHP AHgle RINmSF A Eo| A caspase-3 &4 3}
poly (ADP-ribose) polymerase (PARP) &3&l, DNA Ady 2 STZo 23] FL1Y

r—{m
=

rr

e

= NEAREALS AT wEbA oldl A FA XA @l Bel-29 #HE
S STHNF S 82A] STZo| o3k AbstA ~Ef2E 33 Al ddoziy AxE
B35 sk ZAolal gk CHP= STZ-FA Al2s4 R Alxzapste] digh B35 9 X 7]
TE e FHEZ E 4 9S ZHow Algd.

118 (H28) AL 3 g &4 HS

STZ Azl 93] fred Al 13 Jx Ed FHdA x=9 gl dd4F, A4 W
s}, #gAMze] AEHo| tiste] CHP &3& ZAFSth. STZ (50 mg/AlZF kgl <

2 & d9 4=50] 300 mg/dL °|A F = Sprague-Dawley HE B AHH)
=

kg & 50 mge] CHPE F439th. Fo 2194 CHP-5F
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30% Fol= 2A F/HekgAR CHP Fol 120 ¥3 A4 &
Folto A ol el FFEe Tt @S 1Ed vl 2
CHP AHgtolA SAAY 2 FU2HE T2 B4 FTo=
Al oJskd CHP AeAl #Ade &89 WeAlEs A4
AFt. I35 Hbgo] vpAR AFE-EH+= C-reactive protein
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dom e CRP 2w %5}5 A%tk CHP (2 mg/kg BW, 249)E
ob/ob moused| 24 &< TGRS W Y FF2 control ob/ob moused] H]
Aad FFE2 CHP Aol 2w 4= %7}6}“4. T A
ZAbl A, CHP AHewroll Al 89 52 1208604 180w Atole] Aoz HFHlo
t}, ¥bHe) control ob/ob moused A+ 350 mg/dLe ndH }e}EHﬂ FAH A,
U AdA Zd2"HE 9@ FAAYS CHP A glv-oll A control ob/ob mousedl A Rt} oF
2v) A ZHASith. AW e kA Aol olehd CHP Aol ol 7ol &4% H
FEo R EAEQ oW control ob/ob moused| A= FH o] HE ¢l
AATE CHP Aglatol A= 249 5 o A #AFso] #FHAY. g% Sr 28 AR
2 A WEAEXES CHP 9 <+ 243 1309 A¥ F #HEEe W o B
A vlgAEZEe] HFHATE Eg dEd FH¥| % CHP Fo& Fdstd®= A 57t
shoith. ol A¥t= CHP7F CHP FoltolA A& AL 3 5598 A F7HA
A= AE 2o T2 Ao 95 W] vtAR ARSH = C-reactive @ 9]
Ab 2 control ob/ob mouse EUT 2¥] FE fHAElal, XEW 4
= Y @de CHP Aol A oF 1658 Bx F7lsialnt. old
CHP: ob/ob mouseolA Q&d F+S Z7HAA d3S Z2dst=d av4
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dYad 82 7k CHP i dFheRalie ua A7ass 531%9020)39
31, ol FelrIiel (F)A B ol ool V1wl AFORA o] F o &3 “Frlweh AFL
B, gESFeke] AwatA 52

WF R RS FEAEA o
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a® bak> zpol7b fIdTh =¥ AE #2 tiFAARE S5 vkl Blete] W& 4]
S Ho] dFrledaE H7F A & s T4 ¥ o E g, 744
=4 W7t A hardnesst SEABEE A RR HlEte] w2 @E HloH
springiness &t 19 2Ql ztol& Hol#| gFgkth WA brittlessv WHFABE SE7

15
Aol Hlgke] vk oA APES B =7 Auket A Aute] de A
A B Enke] AmelA oAl Aol gllen, HA VS JA] Aol 7t
st a3E 7 dFteEsEL o8 RE Folv] fls Tl Ee]l AUt
H FHE Axste] 294 54 5 ARG ARk FRe ot e A0
o bk 7Z+7F 16.18% 1515 YWEFS O™ hardness, springiness, cohesiveness,
bnttlenessﬂ chewinessol A&l 4 Q1 ztol7F yrebuA] 4gkar, ¥ Al A= ARk
F-of oAl kel 7h gl

EHTﬂ'T%i‘%HD dat 39 &S Axste] 5 ZY (dip coating) 7lee A¥E A
I Tl &2 hyperbolicdt 3lYdS B THE (S5 £5)T 1~10%
SEWSlolA FR7E e vlaste] & zolE HolA gtoy sk Tl wE S
A3l 7F Y e methyleellulose polymer 3% (spray coating)S 2 A]5HS]
TadllE ZPALS i EFWeH §FWAES 9l cracking ol #EE A A
A Ltol Augdat sigel s 242t 72523 7796019 0.H attd bt BT U8
af oFtF Fobxl AdE YEHATE T A (total color difference, AE):= Wz 2ol ¢
sto] AP FojAom HAdts AF SR UEFHTE Fractal dimensions H&E%
2 PR A5 e 27 1,039 12302 IERA o & XS YERSI
ool By IR S ZYRS HA A 5 minol Al H-E
saturation™ = Fd= Eth CHP 3 tF7lorEsies 283 2o xWd Fud
S AAAuH oz B Ay IR BWAlA cracking d/dol 2Asl oY CHP
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s n2A f o] ¥

ek
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s
(0]

S A7 2 =9 methylcellulose polymer w3 H©
e AT

Al Tt ke E s e T AEdtE ek dfkeEsEs S
e L, a, bake] zkel7F A YEREA ol iR E S Tl A&ste] T

o] Zste Fatr Alx ThsAe AAD = Ak
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SUMMARY

[ . Title of Research Project

Industrialization and Development of anti-hyperglycemic food material from soybean

hydrolysate using enzymatic system

II. Objective and Necessity of the Research and Development
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
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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)

[II. Contents and Scope of the Research and Development

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
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(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

IV. Results of the Research and Development

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 pg/ml in soybean
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 pg/ml).

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
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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 pg of
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
0C. 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 [3-cell dysfunction and apoptosis were investigated in rat insulinoma cells
(RINmS5F) secreting insulin. When the RINmSF 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 RINmSF 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 RINmSF 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
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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 normal
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 was
concluded to have an excellent hypoglycemic effect by lowering average plasma glucose
levels, increasing insulin secretion, and restoring the viability of pancreatic [3-cells in diabetic
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
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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 [B-cells of pancreas to the normal
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 [3-cells were
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
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treatment. Microarray data demonstrated for the first time that overexpression of the genes
encoding IL-1 receptor, lipid metabolic enzymes (e.g. Mtel, Ptdssi, and Sultlal),
myo-inositol oxygenase, glucagon, and somatostatin as well as down-regulation of olfactory
receptor 984 and mitochondrial ribosomal protein, which are highly linked to TIDM 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 [L-2, ILI2a,
and leptin receptor and down-regulation of P/K3 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 TIDM 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.

_18_



5.

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 (0b/0b) 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, AIM, 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.

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. HbAlc 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°C, and with enzyme to produce soybean hydrolysates largely.
After 30 min the reaction was inactivated by heating at 80°C, 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.
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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. AE values of soybean hydrolysate bar was lower level than
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.

V. Research outcome and Its applicable plans
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).

_20_



A. Domestic paper
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B. International paper
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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 2 W A EA
Az FW (F8714) AzA @ A (FA8)
SESEE FAA AEF AT )
Glibenclamide,Glipizide, _
Sulfonylurca 7 . P ARE, dud 2oy 4
Gliquidone
Biguanide 7] Metformin, Phenfomin L Aol Al A=A
a-Glucosidase A3l A Miglitol, Voglibose AL owe
A¥A, Wd, 2 w@ 5o
Glitazone 7| Rosiglitazone, Pioglitazone e T 54
g
x}ﬁéﬂ—’ ‘:E’ AJ/\]_’?_XJE ’B_E =
Meglitinide | Repaglinide, Nateglinide °r e e = °°
o ¥
Ul w7 AlEGEi A Sk kel dukgle] Wi Ebol] gk Q12 o]
wobA APAAAE Aol FALE Acw o dHH, AukelolA vwA Ay
tdgo] FrE AFAEEFYH AAE Fdm AF o] 87dT. &%, 2ols
H 5SS B dxoly 7E Aoz HFgHE AS T Aol HAMo|Xg T
4ol (Pre-diabetes) 4 A A=2<Ql ofz AB7F AR e odfg s Har A 5 3
Fol warso] glal, Pre-diabetesE oz 3 v FRm = B 2E Tl

dd e 25 a o

t}. Cyclo-His-Pro (CHP)S] 4] % 7]%

CHPE= Aol EA3tH &4 A A&34 &48 Ad dipeptide® A TRH
(Thyrotrophin-releasing hormone)2] tA}e}L de novoz AU o 4| 3HAd & o] 3 A Wk 3} 2] 4=l 9
F-sol FESTE 5 CHPo thdh JAlo]dd 4 &A= b 2 FAle &4,
& A Z5E prolactin®] H4] A&, &Fo] o3 Fzg 93} 2ARS ¢hslZ n
oo ZaF dvkar &E A A

CHP= W] Eo]& o2 pyroglutamyl aminopeptidased] 23 TRHZHE RAAEHY (&
2, WA fd AE S0 2z @el FHTol Atk A= A%, A2, B2, non-dairy

creamer, white bread, =r<F Fo EA3y} 2 ¢ v u|ste] ppm H LY SHFow =
Agtek (4], A v A= CHP7F &% casein Hi= soybeans 83k A|E<

Ensure, Ensure Plus®} Osmolite®} 7+ A|EEo] /s o] o} [4-6].
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= Z]€el yad CHP Fuu o @8 d& Fidhe Zfeddl=s Axdhes Ve
Aol o] & dAst AF AAE &8 et qirh

o] I AT AGATAAN dedEv] 24 2 IFHAEAA dezt
§ Aol $A8 AN §A4E WA, T 1% 24 Sl olsste]
T el ol E o &3 ABAL T Aol HFEar dow (E 4),
Gene-fishing % Proteomics 7]&-& o838t A Mk F7lsleE FAo AT}

P 9 52 o] T4 u Proteomics 7]E& °]F3ko] dvh F2 da
Tk @S uHoR WaEstal I Ve e e oy Ede] AdH L
dow ols T Il vy Aug x4 FAE LIt A IAF Folvh
EG f0A 5ATE ) Gy Bol A4 T2 9uge] wAHW oS #
A4 BAAR AHE s aAE AAFT, PREE Py 98 514 B4R 5
FAAES DNA EE protein chipo @ 7|W3l=d 9 3Far o}

Aw7bA g g L aAE el e kst s, dtdst R, dAxS A A
W5 AYdds AA d7AdE Bol oy, T e ¥ LEAFOREEH Y
& 71xl CHPell @3k -1} proteomics, DNA chip ¢ A AR 7wg
23 08 ATe FUHen 2 FEF AGolT.

Table 3. #87]dd Tz A 7L At
2 & 7] A L m o 1P I <
a-Glucosidase inhibitor 3 1 Bayer, Takeda, Chong Kun Dang
. . Chiron, Eli Lilly, Aventis, IDEA ZymoGenetics, Novo
Insulin agonist 130511 427 Nordisk, Akzo Nobel, Biobras, Alkermes, Merck KGaA,
Glucagon like peptide-1 Amylin, Eli Lilly, Novo Nordisk, Restoragen,
X 141 4 .
agonist Zealand Pharmaceuticals
33-Adrenoreceptor agonist 1211 Dainippon, Asahi Kasei, GlaxoSmithKline
D1pept1dyl .pe.ptldase v 2 1 Bristol-Myers Squibb, Novartis
inhibitor
Peroxisome proliferator-
activated receptor a 22 6 Novartis, Kyorin, BMS, GlaxoSmithKline
agonist
Protein tyrosine | 7 Wyeth, ISIS Pharmaceuticals, Ontogen, Abbott,
phosphatase-1B inhibitor Kaken Pharmaceutical
Leptin stimulator 1 1 Amgen, Tularik
Melanocortin-4 agonist 1 Neurocrine Biosciences
AMPK stimulant 2 02| 1 1 Andrx, Merck KGaA, Flamel Technologies
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Wol ALE A, ANk A dEA xR A EAAAY AAE i W 58 e
W, A% AsAES fat A%den b Aow A9 gk
Table 6. A=W 7| FAHFE 213493
an 1977 1998 1999 2000 2001 2002 2007
]_
AT 650 1,090 1,280 1,380 1,501 2,023 3771
("l€>

* Z}& : Nutrition Business Journal, 2003 Food Technology, USA(2003)
Table 7. A2AF : SRZRAEAFE ANAEF
(A @ HESE, 2002. 09)
v & F=o] (2l d) TN F0](%)
Wi 1997 1999 2001 1997 1999 2001
« 7] 5 1201.6 2069.6 3355.4 91.4 91.2 314
ZH~HE 0.3 4.3 27.9 0.0 0.2 0.7
st 13.8 71.6 99.9 1.1 3.2 24
o] gt 92.0 44.9 113.9 7.0 2.0 2.8
FA 0 3.7 186.7 0 0.2 4.5
A 6.7 0.2 184.3 0.5 0.2 4.5
A A =7 0 70.0 1524 0 3.1 3.7
A 1314.5 2269.3 4120.6 100.0 100.0 100.0
247V - gelag, AT L Aoldf E¢
NBJ(2003)0] Bito] wEw AlA Hule SAAE AFe FAF Y= Ye
o 708989 wlEE A 35%E AAFAoH, FHS 647 ER 32%,
YL 36401 R 18%E A ST W f, o] AA AFe) 8% 44T
o wA a9 Ve AFAIEE Ve A Atge]l AstE AW FAHoR UEH
Aee ¢+ Ak
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Table 8. 2173752 3% AAAZAA =9 $A (NBJ, 2003)
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- Chromium-tricarnosinate™= &9 100% =2 2471 7bEsk obA
sl FEje] ABoR HIY

CHP (cyclo-His-Pro)

ooy | - TSRS A BEHE 0 A% a4y zEsm fesduz U
e i 2d e Todas Aow A

C o] Aade 14 BE o] o9 Aow <7l CHP

L oel(zn; A#E Ao BEgs, ddude BYS ods) e A

2 dede] 9] E g HoJFh
- Intramedicine Aol M= AP EZ-3 o] & HFzAAES AW

3. =9 Ix=H

@ Proteomics 7] % & 3}

e

- "]ar Wadsworth Center Chatterjee ZL5 : 1985 A A Hz= A1y Y=y A
Aot ARdE dotuy] fa ojatd AV desE T =
virus-induced hyperglycemia miceo]| A] wulz W3lE o F3knl 9]

- Wl 948 o 9E Nepom L 19879 A1E W BAZEE HLA PAES B
H317] $lske] oA W71 Wl g ol §3ielow, 1 A3 hybrid HLA ¥

Aol ol FUFOE Aol Holglee AT 1 vk,

b}

- vk gl wyol o fdl Collins 25 1990-1992\d ) 4 Ao A] glucosed] I3

S Yolr ] f3 oA H7|g &S o] &3 glucose response protein FH HT-E F

- 2# ¢l Sanchez 1&: 2001'A -8 @ A7}# Glitazone#] B2 H 4] Rosiglitazone-S
A 29w A0l Fojstel AALG WAL 0 oz 2AelA] i w

4 9
A2 g AT 4B Fo Yk,

tlvt= Steno Diabetes Center?] Nerup¥} Sparre ZLE: 199558 & A7M# #1138
I e LREw 248 T3 244 F&7)Ee w7 od a4 A
W, olakd W74 ES F8 AlE BacelA] cytokineol &3 fEuE #H A
Yo &4 g dAs fEsky] A AvE ¥ Stk
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- UCLA Vay Liang Go L& (2003) D =8 FHoA CHP ® ofd HFFo
A g dF ded ) ¥ YA, food 2 B S5 59 =4 93 CHP
b 2o 22T ol &8s T A AR diAlel #o] dvhal Hasksltt [9]

- UCLA Song 1% (2003) : A &d oz A2 H3 ¥ oblob moused]| ] CHP % o}
o] Y FE wEHog A CHP ¥ ofddo] 23k anti-hyperglycemic agentd) S ™ 3}
A TH12]

- o€l ] Michele Vacca “L5 (2006) : PC12 A ¥4 CHP7} & &x4d 2 &2

Aol #oJshs TH3tal A X2 2 apotosisol] IHATA B aLE vt [13].

- v FolAx ot} th3F Mouton TLE (2008) : 2] £A5lE CHPe ek
2 Ao &3k AF7F ¥ FHAY [4].
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&
- Prostate extract supplemented with zinc (Song, Moon K : US patent 5997908,
1999)

i

| &

BN

)=
MRS

)

Dec. 7.

- Compositions and methods for treating diabetes (Song, Moon K : US patent 5834032 ,

Nov. 10. 1998)
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o In vitroo) 4] CHP
g g4 54

o Al A ek
- RINmSF cell
- RPMI1640
- 37C, 5% CO; incubator

- Qleds E¥jste dF dsEdUSAE
(RINmSF; rat insulinoma cell)9] wjeF& 10%
fetal bovine serum, penicillin (100 U/mL),
streptomycin -~ (100 U/mL) S& &3
RPMI1640 wujA]o]A CO, w72 37T,
5% COg /95% air2 ZAH 7] djo]A
wjekstal, 3Yvbd wjkdE wghEsr
trypsin-EDTA & o]-§3}o] At w] s,

0o MTT assay
- Cell proliferation

- Cell viability assay

~ 96 well microplated]] cell (2X10*/well)%

plating,
- AES 24N B ot & ded A
e Alxs v ok AlE 54 2F2 2

mM STZ (streptozotocin)& A o 3048 &b A
78 oS, sl CHPE Xelste] 2447
%

- MTT assay : MTT solution (0.5 mg/ml )& #
7¥8ked  37C  incubatoro] Al 4A] 7 B¢t
incubationstiz  MTT &L A|AS I
DMSO &9-8 7}ste] (100 ul) insoluble
crystal & 9hx13] &A1,

juv)
_

- ELISA readerE A}83l9] wave length
570 nmol A EF =5 =A%
-9y FAEAY Hx AAEE 2Holvt
0 NO test Z7] B4EALH ] A ol 8.
- Griess Nitrite assay - In vitro “&e A cell supernatantd] o}
A= NO9 k8 A=

0 Apoptosis test
- DAN Fragmentation
- Morphology analysis

- Genomic DNA F=.

- 1.2% agarose gelolA #7550 voltage)
S A& & ethidium bromide® ¢ 4]
sto] 2p& -5 ofEfddl A #&Z

- AN A g o]&3t Az dE
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0 I 5¥ H¥
- SD-rat

ANed 2
o7Ivtar 4Rl [14] streptozotocin (STZ)
- ICR mouse 0w

IDDM 3 Hl9] dx f,
of 1 wako] 300 mg/dl o]AFel A W&

kgd FEE AT
o ATEEY WA AR - d9Y ol glucose 54 ¢ glucose AT A
(OGTT, Oral Glucose Tolerance Test) -30 &, glucose A7 F 0, 30, 60, 120,
180 ol my] FE AHAA d& g
& o] &,

- ether® m}F, HRolE@ o2 E FALY]

2 g e 4CoN YAEE F
ddow Ahgd

o Ad, @4 % AL - A3

=) ddsE258Y 72 A7) (7 A, A
AW, S522)E 4=,
- A=¥ A7]|= Proteome analysisE ¢ 3
243 B3H(-70T)

- Proteome analysisE ¢ &l lysis buffer <
(8M urea, 2% CHAPS, 65 mM DTE, 2%(v/v)
isocratic pH gradient (IPG) buffer (pH 3-10
NL, non-linear), trace bromophenol blue)l.=
A e g,

A - 500 pg-1 mg ©@HH-& 2-D geld] loading
st=d, old Z7]d= pH 3-10 NL&
immobilized pH gradient strip& AR&3}5 2
8% A%, 54 pH g9 Agw

jilfe3
)
rob
>

o Proteome +2A1-&

zoom-in-gel& ALEate] AAEN G AT

o Proteome 4 : CHP¢|
odet A TxrRde
P 71&

- gz 9 AP HddeEY Fa7RE 4
234 proteomes HA,

- RS HAS ratdl 2-DE proteome
mapdel  vEd #AEUEESE MALDI-
TOF MASS®E ¥43ta, Holgid Azg g
=3} 1:]-._ Bl

o Proteome analysis
- 2D gl WNYF g
CAT) ¥ Image Processing

- MALDI-TOF MASS &4
- g 57

G
% encoding 3t = vﬁx}%‘ L
- Iscelectric focusing IPGphorE o|-438te 4
gotal, 2-D H719FL Protean IIxL 2D
multi cell (Bio-Rad)& AH&3H DA 9] spote
fluorescence  dye  SyproRuby  (Molecular
Probe) & A&
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gele fluorescence laser scanner

(Bio-Rad)& AH&3te] 10Mb size®  scanning

st & ImageMaster software (Amersham

Pharmacia Biotech)S o]-&8le] A %3t

o cDNA microarray

- Microarrary 7|& o]-&3g 5" : total RNA
F% 9 cDNA 4 9 labeling 34,
hybridization 34, wash & stain, scan ©AE

A spot? intensityS w41

o A AL (H&E <)
1

2 Tnsulin-H S %235} 8-4

- A9 24

paraffin® & 24 % FAF=%
hematoxylin and eosin (H&E) 4 A

o
9 GAE ol gstel WIS ¥ Wn
3

o yd

o,

il

0T Jtridl=e Ax
2 2 23 =¥

o HHAsSRE g4 ¥
nAE LFE ol &5t
T JhradE Az 2
CHP 4

- Cyclo (His-Pro) & Sigma Chemical Co.
AN FS§istel CHP 49
434 XEH  FEelEd (Rhynchosia
Nulubilis), =& 5, Glycine max), tl
FHbE A Fulol o @2 S P 2 RY AlE

wo} Adlo] ALgad

gFEdz A

- flavourzyme, alcalase, nutrase 5 @z
TtrEHEAE AFESHA R Es A
3, JtrEslEe A-N, protein, DH,
APL(average peptide length), dry weight%
CHP ##&& FHsto =10 Fysigion
nAE FE o T kR ES Ax
3te] CHP 3 =4

- HPLCE ©]|&3}%] Hamilton PRP-1 RP 10
um (250 mm x 4.1 mm ID, Hamilton Co.)
column ¥ pre-column Hamilton PRP 10 10
um (25 mm x 1.3 mm ID)o] A& 20 plF
dated 4% 05 ml/min &=
(acenitrile : 0.75 g/l 1-heptanesulfonic acid
in 0.004 M TFA = 10:90 v/v) & &% 206

nmell M A5 W S

elutent

o Cyclization o] ]38 CHP

g e

o Flavourzyme®} alcalase &
FARg g TR EY

CHP =%l

- flavourzyme® alcalaseZ 2] H|&& &
3 AR A MR EEY A-NG proteid]
% 9 CHP ##s S48t 1 &3 7
o}
o)
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_ C7/\T,1i_—ﬂo or= _,LH‘_QI oz?l_
] o }\]‘7(‘]1‘/] _6]_9404‘]4_ o g{% m"l‘ ]'T OHE'/] == - Oﬂ '/]
o Azad AHA wHs ' CHP &% <3 2 A, &4% Ay
o o3 AHAE T ’ )
23 CHP &% =A - : T o] o3 A A CHP &#s =
I3 4
P e = Qere] @ 24 W et
2. A4+-4s51
b F bR e Alx (I 24 g9) 9 shEsA
(1) @ ATFEES] E40S o] &3 7fiaE Az U@ CHP ¥4

Cyclo (His-Pro)+= Sigma Chemical Co.olA F943&te] CHP E4d =2z A}
L3909, qEg FHEolF (Rhynchosia nulubilis), &% (5, Glycine max), T
TR A Fulol o X, ) EEE Ay Wol JheiReE Azl AR Tk
S Az A3 Gl EE & 49 neutrase, alcalase, flavourzyme, protamaxi=
Novo Korea®l A, ficin¥} pancreatine Sigma Chemical Co.°ll 4], collupulin= DSM 2.
2RY 747t g-9)ste] ARRetl o, Bl wkgE27S [Table 1319 2t

Azg F 7EEsl £ CHP (Cyclo-his-pro) ¥ #4& HPLCE ©] &34 tha
¥ ZE oA A8t Hamilton PRP-1 RP 10 um (250 mm x 4.1 mm ID,
Hamilton Co.) column¥ pre-column Hamilton PRP 10 10 ym (25 mm X 1.3 mm
ID)ell A& 20 ul F93t9d <5 05 ml/min®® elutent (acenitrile : 0.75 g/L
1-heptanesulfonic acid in 0.004 M aqueous TFA = 10:90 v/v)& &Z3}o] 206 nm
s M= UV A&7 8 o&ste] A8 W CHP s S433v (Fig 2).

Tt A To AR wWEss 34334 A-N(amino nitrogen), DH(degree
of hydrolysis)} dry weight & 7—}7—} =28t A-N=
TNBS(trinitrobenzensulfonate) & AF&-3te] vh&3 o] A3} [156]. A9 34
3k Al:® 0125 mle #H3ar 1 ml phosphate buffer(pH 8.2, 0.212 M)3 1 ml 0.19
TNBSE 7}sted 50CelA 1417F ¥-& & 2 ml 100 mM HCIE 7hate] 2027 §h&

At whg R 4 ml TRHFE 7S & 1083 WA Fo 340 nmollA FHEE S
AslRF o, olu EFEAZ leucines AFE3F Y. DHE Adler—Nissen(1986) 2 [15]
of Fate] A4kttt
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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 83

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
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= : A) CHP standard
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B) Before hyﬂrolysis of soybeaﬁ meal
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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 pm (250 mm x 4.1 mm ID, Hamilton Co.) column and a Hamilton PRP 10 pym (25 mm x
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 pL) was injected and monitored spectrophotometrically at 220 nm The pure
(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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Fol Fiol e Ui EdEs Axsr] faE S kR E Al Al g4 o
' flavourzyme, alcalase, pancreating ©| &3} U4t dF(S-D), v]l=4E o
(S-F), FAEolF(S-E), tlFES-O)el gk 7t Es Ax
o] VR EE A3 A3} (Fig. 3), Flavourzyme 7FrEs &9 7 =
=2 489-60.19%% 2., alcalase®} pancreatin 7w &2 7fFEEIA T ES £
E HAY M =& MR RE B 9Y flavourzyme VR ES STUAHS-D)
D S AHS-F) tFF 247 55.2%%F 58.9%9] Tt ESIRE, Firolw
2 i gL JFEIAEE EYoy dFENS-0)& ol&3ty Axd JtFEIE
ZhEe s 60.1% M w2 b REARE Wl a2yt S oAl vl
2 AR diFel ke REE Y VRl e 1949 Aol 7k glltl. Flavourzyme,
alcalase, pancreating ©|&3te] ZuU4b F(S-D), vl=4F WF(S-F), FHwolF
(S-E), "l-7uH(S-C)oll gt 7heal &2 CHP §2s 4% A3 (Fig. 4), 7%
A7t = flavourzyme 7FEEEE o] CHP Shako]l 189-282 ug/mlz =& ¢
S XYtk WA alcalasel} pancreatin 7FFEEE|E2] CHP &2 A v 75-134
ug/mle] &S B CHP 3ol =49 flavourzyme 7FrEdl &2 39 79
wE e FUiHS-D)F vlFAE dE(S-F)E vl A 7Rz 276 ng/mlﬂr 282 1
g/mle] TS Helou FY A4Sl Aol= AT I Ak dFE o]&ste] Alx
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Fig 3. DH of various soybean by hydrolysate by enzymes.
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Fig 4. CHP content of various soybean by hydrlysate by enzymes.
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() 7 7heEasls Alx 9 CHP 4
7 s Ee] AlxE AE A
£3Fo] CHP7} 39 7I4E5S A %32l flavourzyme, alcalase, nutrase
FHE BAE AEEY] VRS AXsAY. dFER 8 g8 T 100 ml
g3l pHE 6-82 A% & dEsasiE 0.05-1.0%5 #H7Fste] 50T A

U8-T2AZF FQ MRS ANEY F FPAS Axdtel ArRAEE AGae

==

A 7 dE AREEE AeA 98 dF

oft
>~
>,

i ZheEelwel e CHPY s =ol7] S8 A, €48 R g9

o5 AAET AP 5% AR JtEsE & FALke vheke] pHE 35
2 = }

2T 5 0% WAsk A AdE ofste AAF ths NaOH= pHE 7.0
o2 F3 Aol Axsdivh. A"” A= 5% AR JlewsiE &4 100 mlol
2] & & 7hske] 303t A" 5 ofgste] o AE AATe] de '

l g
0.3% FEUYolFE 70 mlE 7hste] 3083 " Fo ofaelo] A 2
o2 xA3te] Ax3Tt. ol A= 5% R TrEEAE £9948 oo
(PM-10)& o]-&3sto] &A= 10,000 o]ts = o e Kol o]& X33t
A-N9| &k ficino. = 7lgiafgr 5 7his=o] 7
L A& 7Y FA9 collupulin 7FrEEIIES 170 ng/mlfﬂ SheFS B9 oW, alcalase,
171

flavourzyme©] 22} 614499} 6739.2 pg/mle] k=S H Y} (Fig. 5).

+
o2
Hir
flo
B
o
s
rO

T,
iz}
i

k& A-N¢] gh#Fo] W9l pancreatin® collupuline] 27 14233.63% 13560.0
ng/ml= F=& e Helow, A-No| ko] 7 =Sk ficin 7F RS =0l A=
11590.7 ng/mle] ke Hwol 7hE38] Holx peptided ZeolE AL & loH,
A-N3} protein %= 71X a1 A& APLe e 78 & A Adidd v
7bs3ktl. =, protein®dS A-N9 & thu] Al ficin 7IFE3 S Atga oz 713
L peptideE 714 Aoz FAEW, A-N9| gaFo] il protein®] ghaFo] E=UH
collupulin®} pancreatin 7}FEa &8 27 8459 7.7571¢] olm|x=4be JFA I 9=
a2 71 peptideR2 TAEel g Aoz FAHAUL Flavourzyme, protamax,
neutrase®} alcalase™ 217 1.69, 3.79, 4.20, 1.21 olv] =2k 7[A| 3l 9l& Aoz

O

A},

7t & TR m(DIE S-S 23, APLe A3 fARg A3s Holth
Ze peptide= 74 H Aoz FAEE ficinZtrislEo] 64.7%2 7MFEIEE B
o, alcalase®t flavourzyme”Z}<i-3ll& 2 DH7F 247y 62.29%9F 55.2% =2 W4 ¥

DHE XY (Fig. 6).

= AgelA HAs= CHPY & 747 543 A3, protamax, neutrase, ficin,



collupulin® CHP7} S WA &7y Bds] 2e FFEo2 SATS Flsilon,

flavouzyme, alcalase, pancreatin 7}3l &l 4= 276, 9.3, 134 ug/ml Izks

I gk (Fig. 7). 3] flavourzymeol| A= T & 7p5eEg & nls =& s W

Row, CHP ol¢]e] & AREolA vuwd 2o FFS WA pancreatin 7H4E3

oA CHP7} th4 & ks B o pancreatin® &4 UHE F Ao g A

2A77F ard ek

Al 2AFE 7FA AL
P8 4 F CHP o]l =49 flavourzymed} alcalaseE 242t 4

1:3, 042 747 &3F AMg Al 7heRdlEY A8 WEE AU A-N9 Fe

flavourzyme¥} alcalaseE 3:19] H| &= E31319 S

°o ™, alcalase?] &3 HlLo] FolHFE A-N9 &S Ha #AdE 4FS WA

o protein®& A-N9| stFat= vyA 8 A3 H AT Flavourzyme &3 A&

Al protein®] TS AtvtE xpo]E Ho|x| ko) alcalase ©E AR A protein®

YA A48 o 100475 ng/mle] e B A webA flavourzymed} alcalase

>
¢

=3} A8 Al flavourzyme?] &3 AlE v go] =e5E npgAst ATS HolE A
o8 ZAYY flavourzyme TE AL HrUbE E3ALEo] A-N9o| ek F71E H3)
= ASZE g3t (Fig. 8).

Protein®¢] A-N &k th] A] proteind o]l ©*% alcalase &5 A& A FA ]
= peptide Zol7} 7bd A on, &3 A2 A 313 229 v|&E T3 ALLEE A
o] 7b v APLY AolE MYTh I JFEEIEY JEEHEOHE 4T 4
3, APL®] A& FAME B3-S Btk S peptide® 7AE A= FAE 31

T 222 Y AME Al DHE 73.1%% 689%% Wliud %2 7eEdles Bt
(Fig. 9).

Flavourzyme3} alcalase =3 AF-8A] CHP2] 3habs 7h7} =43l
FHalcalases 3112 &3 A 7FE F2 381 png/mle] s How, nwd o A
o] ggko] FAEAY 2:2 £ v go A= CHP 32 259 png/mlez thh v
FrolAtt (Fig. 10).

ol el Aol ot HHE
DHe} CHP ¥H&Fo] H=¢orn
Z3F AbEEI = ST

o
o
=
o
<
@]
&
N
<
8
@)

¢l flavourzymed} alcalaseE 3112 &3 AFE A

e
2 % 7peEEE Axe 271X EAE 319 HE&R

ot} Fig. 5~10 & &3l 2 A7234E YeEhHAT
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(2) A= TEE ol &3 T s

Ao Bacillus spp.ol 2814 L asE 2For o ¢35 YRHEAES AA
Shoh, FRE AR 5 g Agdel Ya, Hirg 10 mlE /e & R0TolA 1580 &
e 3ttt o] & AT olS LB agar PiF| o] 3 Aste] mwslal 717 =74 3k 3
TCoNA 2~39%F vigs = colony M43 JHf &5

B3 52 Bergey's Manual [16]9] we} Hejst4, Aelgsd E4 Il
24, AEZHE, 54, 28 94, LA A3 catalase S-S FASAT 28 5

C

9 AFFA F4L LB HAWIA 50 mlel & FHE3shaL 37T A 584

of

o
ot
©

AARAE7] Y3t Weisburg 5 [17]0] A<t
3k primerE 7| %2 A ZE forward primer$] 5 -AGAGTTTGATCMTGGCTCAG-3’
9} reverse primer?] 5 -GYTACCTTGTTACGACTT-3'& o]&3te] PCR ®+&
(GeneAmp® PCR system 2700, Applied Biosystems)2 A A33t}. PCR FZ4HE
%= 1.5~1.6 kbell al33t= DNA W1=Z gene clean kit(AtmanBio, Korea)S ©] &3}
AA R & FAA s e (Takara Korea, Co)ol 97144 48 97390 97
Ad #4E& Fste] 2 4 759 A7|AEE Blast Network Service®E ©] 83}
NCBI GeneBank database®] 97|14 E3} vagozA AESE/F4d FAAAE £4
ST

AgollA FEss ty 3d AEd A=t g9ds 78k CHP &%= 54

B
i)
i)
=X
N
i

lo
—
[@))
0
S
Z,
>
ne
N
>
e
o

o
Aol w5 T 10 unit o] EAS Hol= wFE 1, 4, 5 T4 HFE 47 143,
10.8, 124, 10.9 unit®] €&
vl ek Fafso] HUd =

7}, 16S rDNA 971449 4 A3} strain 1% 7S Bacillus subtilis #F%2 53 5
lom, strain 49} 5% Bacillus sp. #572 TAYAC} (Fig. 11). ©§F3=22] o] &A
S w3 A3, Bacillus sp.oll a9 ds o5 40 #F9 5 #F vl A xylose,
trehalose, maltose, palatinose, salicin, sorbitol, glucoamine®] ©]-&Alo] zlo]Z H O
], 1H¥ 7H 7% inolsitiol, arabinose, salicin, sorbitol, glucosamine®] ©]-&4 ¢l
zhol & Held v} 747 thE 752 FAHHEY (Table 16)..

5 10% £99 preculturedt EHTFFE 4 2%% HE Fo 30ToA 643t
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Table 14. CHP content of commercial chungkukjang and doenjang

AR NBFH FEEY (g) CHP (ug/ml)
A= A 40 g/200 ml 424 4.2
A= B 40 g/200 ml 431 0.7
A= C 40 /200 ml 3.94 3.2

24 A 40 g/200 ml 3.98 -

¥4 B 40 g/200 ml 3.21 3.2

294 C 40 g/200 ml 3.88 -

Table 15. Caseinolytic activity of strains from Chungkookjang

Strain Unit Strain Unit Strain Unit
1 143 5 124 9 43
2 48 6 71 10 6.2
3 49 7 109 11 7.8
4 10.8 8 26 12 94
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Strain 1 and 7 (Bacillus subtilis)

Strain 4 and 5 (Bacillus sp.)

Fig 11. Morphology of isolated strain from Chungkukjang.
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Protein (mg/ml)

Table 16. Carbohydrate utilization of the isolated strains from Chongkukjang

Strain
Carbohydrate
4 5 7
Sucrose
Tagatose - - -
Glucose + + +
Inositol - - +
Galactose - - -
Arabinose - - -
Xylose + - +
Mannitol + + +
Raffinose - - -
Salicin + - +
Amygdalin - - -
Inulin + - +
Ribose - - -
Maltose + - +
Trehalose + - +
Palatinose + - +
Sorbitol - + _
N-Acetyl-D- + + +
Glucosamine - + -
Amylopectin - - -
Arabitol - - _
16
1.4
1.2
= 1.0
£
(o))
E 08
z
< 06
—O— Strain 1 —O— Strain 1
—v— Strain 4 0.4 —v— Strain4
—{ Strain 5 —— Strain 5
—O— Strain 7 0.2 —O— Strain 7
1 1 1 1 1 1 OO 1 1 1
1 2 3 4 5 6 1 3 4 5

Culture time (day)

Fig. 12. Changes of protein

Culture time (day)

and A-N content during fermentation of soybean.
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(3) Flavourzyme/alcalase 7}++31=2 CHP 5%

Flavourzyme3} alcalase &3H3:1) Ab&ol &3 T 7R &0 So9s CHPE=

Perolmz @2 5] A FsHEE oF AAFIA HF LR AN 2
¥, 60-80% oA 329 ngel CHP7F $HrHeol e A Fsslon g2z #
3 A @ 8% A7 A7 Ao H57h 94 @ Ao mel ¥ AL

or

Hetol =2 FAE] Qi &Fel oz A &= A0Z FAHUTE (Table 17).
UlF 7HpEslEe CHP &3 T3 98] A 93 dAde=

g 2 o] o A E AABtY d& AxE9 CHP 3%

9oyt (5 kDa ol3st #5)7F 71.3%, 4AbH 7} 135% F&

Sholol B 7} 1.12% 2 7MY B2 &S 2o CHPY %

H7b g abEA S A g ol gt A= E lYE (Table 18).

Table 17. CHP content of alcohol fraction

Fraction CHP (ng)
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

¥ in vitro @ in vivo A9 a2 | = EF Y9 e IEHES FE 942 AFA

AHgE CH 2]
Aol F IR ES ol&do Adstgo wl, oo we sstdor FAH CHPE A&t
A9 w2 pure-CHP= %7|8tgt).
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t}. Insulinoma cell (in vitro)oll 4] Cyclo-His-Pro (CHP)¢] ddx=gA

(1) RINm5F Cell®] 54
Insulinoma cell, Insulin A4t
Growth properties (475 -4): adherent, fibroblast type 787
Cell Passage No.: 20
AR A0 RPMI 1640, 10% FBS, penicillin (100 U/ml),streptomycin (100 ug/ml)
37T CO2 Incubatore] A 1l .
AlgE Ao wEl Hemocytometer® M XG55 SA3lo] A&

(2) RINmSF M ¥ oA STZe 2 FE3dt 9x &
vl EbA Eoll A Al 18 A L(predlabetes)J_ eV flel e e E =
el = AE R E X E A (streptozotocin) S AFE3AT [18]. 2EHFEXEA LS
iy pExA oz §FAFEE D-glucosamine® N-nitroso %A 24, deoxyglucose
of sl WlEtAlZS] Mxw FE AT, Folo] nitrosourea F-oll &3
XE54s BAANA AET Zofel AXU HIE doveE Aoz 4EA 9

m]o )

ME b e

RINmSF Al ¥ o8 7FA] 9fAlE(agonist, antagonist)el]l o]&f ¢l& @ En] ko]
gt MslE YEeRd = WERA ZFo|t) [23]. B3] glucose RESAS HHW w2 F
A= g el Eol AFAQ AN WEr AXEE YERY, glucose =
A= 744

S
RINmMSF Al X9 @i °FE streptozotocing 1.6 mM~32 mM STZ % 4

A2 YERN Y passage numbere] = A 32 wk=1} [24, 25].
1

Jr R

=,

9l

el Al KAl diZzstel v)s] 40~60% HEe] AEEAS etk o1 Ay, CHP

O

]
T A FAE A% STZ %= 1.6 mM¥ 32 mM Aol A4 2 mM=

glske] 4 4 3k

B
ol

KeN
=

il

AAEE CHPY AelgdAd s H7tel B7] 98k in vitro 28-S S8l l&d &
A EF2 RINmbFo| CHPE dA % X sle] AEAFE streptozotocine] <
5 d Fix (prediabetes) =9 RINmSF Al ¥e] CHP A& & A¥A% &34

D

ol
-
hge

2 2ot [26]. 2 ZA¥, RINmAFY 3 ng4de CHPY Ay HEE 0.1 mg/ml
¥o2 AYstas o, oF 18% /MAE A} (Fig. 13-14).

Nitric oxide (NO)¥ dstxd AAAY dAird A4 WAV %5 5o 9T

e Aow duHA o oy A M XA L-argininel ZH-E nitric oxi
NO

synthaseo] 9l&] A H}, 18} 7} Aol oz AAYMA shockel 93 &
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54, dFvrsoz fuys 2AEY, NAxHY &4 58 dod A faEg
A48 yEpdYh [27-29]. A4k® CHPOl tidk NO A eS SATo2ZN dA50E
oA E&3E FIE = vk NO 2424 STZ 2 SNAPE Agste] &u)d NO
E 24 [3013F A3, STZS HEsdlel NO fr=d 2Fo] thxie uls 338 Z7}

d9oH, STZe2 NO #% % 0.1 mg/ml CHP HgFolHE STz X283 253
H Al NO®| Ad =ko] of 2.3v) #HAstivt (Fig. 15-16). %3k CHP7F A A 34b s}
n A= el tiste] dotr gttt A Ho] AbstEH A E7F S E WA free radical®]
A zHEH AAE wstA ¥ o] free radical chain reaction mechanism® % 7 &t}
[31]. ¥ A= MDAE FFAEE 3k TBARS WS AASATH STZ A
o A= diFze] wlE] MDA%o] #4335 wolWAR CHPE AgstA dAastaivh
0.15 mg/ml CHP A g7l e STZ Mgl va] 50% A% #4su (Fig. 17).

STZo 2 F%3 @ 24l RINmAF Al oA CHPel 93 apoptosis &Are] W
35 Ao RN apoptosis®] #TAE Fo}lH A DNA Fragmentation, Bcel-2/Bax
Expression, Caspase—3 Activity, PARP CleavageE 221313t} Apoptosis & A=

= genomic DNA 3@ % agarose A A7|gFo o3 Az Ay STZo| 93k

o

CHPE A3l apoptosis A3 #AF-S ##3d 23 DNA ladder #4 @4o] -z
3t (Fig. 18). Bel-2/Bax 23 %8 Western blotS %38 #<ls] ¥y Bel-2 ¢
AL STZE Aed 5ol dxarel vls] 28 #Z4d v Bax @ d2 150 F7}
319 T Bel-2/Bax H] &2 CHP 0.05 mg/ml * % 1.01, 0.1 mg/ml 2] 161, 0.15
mg/ml 1.52= STZ 033 v]a] 7}ttt (Fig. 19). Caspase-3 &2 cleavage ¥
19 kDa wHize] o8 dAHn. STZ& 23 2ol disatel vial 218 F7Fskad
At 0.15 mg/ml CHP Aol A= STZRE A& gh gl nlel 2.8v) skl o=
CHP7} Caspase-3 &4 AE 3] RINmOF AXE apoptosis25-EH HIZE 5 ¢
= As vEbdY (Fig. 20A). PARPO] 4% 116 kDa W=7} STZu ol A 3+48HA|
9 cleavage ¥ 85 kDa Wl=3i= thExtol] ws] STZ A elto] 83w =718dar 0.1
mg/ml CHP A glZol Xz STZRE A2 d 1ol nla] 3 Faskslivh (Fig. 20B).
Morphology ¥ 3o} M¥xgad A= #&3 23 2 mM STZE o
T AEF7E AASA Fashe Je Ho Fa oy, STZoR iy EHo
(o3

CHPE A stdle o &4 Ard Hart a2

=4

Qo) 4

=

==

RINmSF Al 2& Qleds ALEstal #1]8tE RIN-m F(Rat)e] AEA XA IHAY
H AXY [35]. STZ TS n A=A Lolny| 9 dE

o
O
T
av|
N
N
o,
it
(
B
=
=
o2



SAGAY. STZE At el vlaf lad FFo] oF 546% A

S A% a3

0
e

, CHPE AH#3tA d<&d 24|75 e] 7MAEo 015 mg/ml CHP A& A=
Fol STZ Aol s 71% =obxlth (Table 19).

I, in vitrool A FFx THE YERH CHPE ©] 839 in vivo 2l STZ
Aol o FrE ALY BYw FoAA FHm EHRE E453A0H

=

S
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Fig. 13. Effect of Cyclo-His-Pro (CHP) on proliferation of rat insulinoma RINmSF cells. (A) Korea CHP (B)
Pure CHP
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Fig. 14. Effect of Cyclo-His-Pro (CHP) on proliferation of rat insulinoma RINmMSF 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 RINmSF cells. The

columns represent the M of nitric oxide (NO), in terms of nitrite (NO2), formed 104 RINmSF cells. Data
are means £3.D. (A) Korea CHP (B) Pure CHP
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Fig. 16. Effect of 24 h SNAP treatment on the levels of nitrite generation in the RINmSF cells. The columns
represent the M of nitric oxide (NO), in terms of nitrite (NO2), formed 104 RINmSF cells. Data are means
+S.D.
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Fig. 17. Effect of CHP on lipid peroxidation in STZ-treated RINmSF cells. Values are mean + SD of triple
determinations. (A) Korea CHP (B) Pure CHP
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Fig. 18. Determination of apoptosis by DNA fractionation. RINmSF 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
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Fig. 19. Western blot analyses of Bcl-2 (A) and Bax (B) in RINmSF cells after exposure to STZ and CHP.

Values are the mean + SD of triple determinations.
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Fig. 20. Inhibitory effects of cyclo(His-Pro) on the activation of caspase-3 (A) and PARP (B) cleavage in
STZ-treated RINmSF cells. Values are the mean + SD of triple determinations.
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Fig. 21. Morphological appearance of the STZ-treated RINmSF 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.
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Table 19. Effect of CHP on insulin secretion in STZ-treated RINmSF cells

Insulin level (ng/mL)

STZ+0.05 mg/mL STZ+0.1 mg/mL

STZ+0.15 mg/mL

Control STZ
CHP CHP CHP
57.99+1.02 31.67+0.92 34.83+0.58 41.32+4.08" 41.61£2.53"
STZ+0.05 mg/mL STZ+0.1 mg/mL STZ+0.15 mg/mL
Control STZ
pure CHP pure CHP pure CHP
51.3243.15 26.3842.56 29.08+1.62 37.6443.64" 39.24+1.28"

* Values are means + S.D.

* P<0.05, compared with that in STZ group.
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(1) RatelA CHPY 39w &4

=
19 dx 2d HAE 9] AF

s}
o] 100-120g<9) 5% Sprague-Dawley FH S T+
A (H3nto]l e g =A)sle] 2240.5C, F & 55%5%, 124179 Wk AbolEF S F A3 AL
B2 o A stainless steel cageol 1vte]® R ]dto] dFA7 AdA 3tAo &-&Az71
5 2 Ao ozttt A@VbEt 34 Aol ArEA AFASH AL

In vitrool A %= ZHE YeERY CHPE o]&3te 3w &4 AF
vivo assayE 938} streptozotocin (Sigma chemical Co., 50 mg/#A % 1 kg /0.01 M
citrate buffer, pH 4.5)& 13] & FAFste] @4 o= IDDM Hefe] dxrb 729
HAE F= rats ol &St Fdn @4 Tl AFEE rats 4 grouplE LR
[Normal, STZ, STZ+CHP (1 mg/kg body weight), STZ+CHP+Zinc (CHP+Zinc : 1
mg/kg+10 mg/kg body weight)] S 239 & £4 & Ay, izl 13|
CHP % CZ A gl 77t 56% < 20% &3 73t 245 vehAv (Fig.
22).
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STZ A g<tel w)s] o

-

1.

Foith (Table 21).

Folo.m], CHP # 2] (9.72+0.70) 0] 4]

S

=27

[«

JhEE &2 CHPY #AY

3 A= fa

=
(15.23+0.51) ¥ vl A] STZ(5.38+0.23)
ok

o]
=9 "ol o 2w A% T}

(th) CHPA el 2
= 4=

ZHEH A=l

A d 5ol

™

} A4 kel A (A3

CHP A&l 21¢

-

1.

=)

o

=27

[«

=

< 127.92+1.21

T 2H =
STZ

i
__io

ﬂl
puit

%

iz

Ea

5

ol ou CHP xgel ¢

<]

ojsieH,
T ek [38].

=

fsiz

132.58+4.11 mg/dl
— 92 —

o)
A vk

o] ™
136.39+6.77 mg/dl 9} 287.42+15.05 mg/dl FEo=2 Z7}

111.6748.18 mg/dl ¢} 148.06+12.32 mg/dl

(Table 22). 2822 1
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Fig. 22. Effect of CHP on the plasma glucose levels in Rat.
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Fig. 23. Effect of CHP on glucose tolerance in Rat.
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Table 20. Effect of CHP on the body weight gain and food intake in STZ-induced diabetic rats for 21 days.

Group Body (;ngt gain Foz)gd/ diar;;lke Food efficiency ratio”
Control 5.57+0.43 36.71+0.91 0.15+0.02
STZ 3.5620.67 31.71+0.27 0.11+0.03"
CHP 5.04+0.89 31.4140.69" 0.16+0.02"

* Values are means = S.D. (n=7)

> Body weighr gain/Food intake

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

Normal

STZ-
diabetic

CHP-
treated
diabetic

2 days after
STZ treatment STZ CHP administration (4 mg/kg)

Fig. 24. Anti-diabetic activity : morphological change during the experimental period.
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Table 21. Effect of CHP on plasma insulin levels in the STZ-induced diabetic rat

Plasma insulin level (ng/mL)

Group
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"

* 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"

* 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
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(2) Mousel| A CHP9] &9x &4 a3
18 9 29 HE 9ste] A=o] 23-28 gl 558 ICR mouse FAE 79 (3
Hho] @ g 2)she] 22£05C, 5% 55£5%, 1241309 Wek Abo]2& frAahs Aol A
cageol| 1vhe]¥ #elste] dFAz AP Ao &A1z & 2 APS el
Streptozotocin (Sigma chemical Co., 50 mg/#<& 1 kg /0.01 M citrate buffer, pH
4505 13 57 FA8ke Ag24 o2 IDDM dH 9 @i (300 mg/dl o137k 24
miceE ©]&3t3vh HEVIES = Hole A AFAAH Absskdth
CHPS &dxddg xAe7] A3ty STZe2 59 Fxid ICR mice® Ul
1 kgel CHPE i 4759 s3ivh 239 &<k CHP F93t9 +

A 3 A S EAE izl vl A 30% AEwt Ay dgez 58
Ko, ¥=Y WA Faxiiwgd vl A #JASA JidE Aew verdddv (Fig.
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Fig. 25. Effect of CHP on glucose tolerance in ICR mice.
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2}, CHPol 93t A1y Jderde ZZ2HE 74

AFNA CHPE 3= T 7I4E3ES o839 18 Y ZdoA Ao
7 "3 (plasma) 2 #F 4S8 o] &3l oA A7 G S HA AT Tsoelectric

1.

focusing$ IPGPhor (Amersham Pharmacia Biotech)E& o] &3] F33laL, 2-D A7)

9% Protean IIxL 2D multi cell (Bio-Rad)S AF&3t} o]a9] AV|A5e &4
ol gtud & dAE AFHsta dAREE Foto] S dojx FAsH o, &
Lo #HHE WAL ImageMaster 2D Platinum Software v4.9 (Amersham

~

Biosciences)® #4135k A} oF 50001719] spots 5 ¢F 5071 & Ao]E HE &
spotE& AASIATE Sypro Ruby AleFel 28] AAg @l d spot& PROTEAN
2-D Spot Cutter® Z&te] 50 mMe ammonium bicarbonate (pH 8.5, buffer in
50% CH3CN)E o|&3lo A&3% 5 digestion buffer €< (100 mM ammonium
bicarbonate (pH 8.5), 1 mM CaCl2, 10% CH3CN, 50 mg sequencing grade trypsin)
# &3}+8kt} (overnight). 50%CH3CN/5% TFAR RS A3 peptideE F=3%+ U}
<, MALDI-TOF #213} NCBI database-g ©]&3lo] #4319t 2 A3 A1y 9
ol #dEd oy @l d (al-AT, al-T III, Apo A-I, Apo, A-TV, Apo E, Cp,
Hp B)=A FxW fdFe vl dud ses ANF FEo2 7448 e 43¢
Hetdl o, Ge, TTR @9 AL AN FEo2 571 ste 43 Hetddd. o=
A FuEAE A AALeE #Ed do @A S (Apo A-T, Apo A-TV, Apo
E)e] wisish EalshA et} (Fig. 26, Table 23). 3 o] ¢l A7]dES o] 4
A dmdA 443, oF 20008 o]l @A EyEded, 4" of 500
L] @A FoA 34Fe WAl wy Wyl A dyEedth 2 F 13709 @
Nds HFHom A E4ey, G i FoA e ol v wH A
Aol vlwer w 9% WA (a-glucosidas, Ela3b, EIF-5A, NDKs, SOD-1, MYLS,
HOXA7, MAWDBP &)< <7F8t9lal 4% @92 (LAMRI, PRDX4 5)& #4
Ag LAY (Fig. 27, Table 24). 74 @9 a4 24 Aol A= CHP7F @94

J

w
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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 e Expression

name Description Acc. No.  kDa direction Reference
Plasma glycoproteinmember of the

i serpin superfamily which inhibits gi:112889 Song et al. (2004)

al-AT trypsin, neutrophil elastase, and other P17475 4614570 l McMillan (1989)
proteolytic enzymes
A protease inhibitor with a wide .

al-I T spectrum of protein targets gr12831223 166.68 5.70 ! Is(i)sr(r)loerE Zi' 21(120(0109)92)
Attaches through its thiolester function '

Apo e major protein of plasma HDL gi:113997 Yamada et al. (1984)
Found in chylomicrons 3039 5.52 !

A-1 S . P04639
Synthesized in intestine and liver

Apo (VLDL) secretion and catabolism gi:114008 ,

A-IV  Synthesis in intestine P02651 446 5.2 l O’Looney et al. (1983)
Binding, internalization, and catabolism  gi:1703338

Apo E of lipoprotein particles P02650 3575 5.23 l Yamada et al. (1984)
A blue copper-containing dehydrogenase
protein Copper-binding glycoprotein
Ferroxidase activity, amine oxidase gi:6978695 Prakasam et al. (2003)

Cp activity, Copper transport and P13635 120.84 334 l Kamalakkannan et al. (2003)
homeostasis, superoxide dismutase
activity
A multifunctional protein in plasma,

Ge it carries the vitamin D sterols and gi:139643 5354 565 1 Verhaeghe et al. (1990)
prevents polymerization of actin by P04276 ' ' Nyomba et al. (1985)
binding its monomers
Combine with free plasma hemoglobin,
preventing loss of iron through the gi:123513 Saso et al. (2000)

Hp B kidneys Protecting the kidneys from P06866 3855 6.10 l Engstrom et al. (2003)
damage by hemoglobin
Bind heme and transports Present
at around Img/ml in plasma
Responsible for transporting haem gi:123036

Hpx groups to the liver for breakdown P20059 2129 738 < Saso et al. (2000)
Structurally related to vitronectin and
some collagenases
A prealbumin plasma protein that

TTR transports thyroxineA thyroid

tettamer hormone-binding protein gi:3212535 5028  5.80 T Tuitoek et al. (1996)

Most abundant in the choroids plexus
but also present in the liver
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Fig. 27. Silver-stained 2-DE image of rat pancreas tissue.
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Table 24. Identification of the rat pancreatic proteins downregulated (D) and upregulated (U).

?\Jp:t Gene name protein Function Acc. No.
Physiologic and pathologic
D1 LAMRI Laminin receptor 1 gil:8393693
processes
Regulatory role in the
D2 PRDX4 Peroxiredoxin 4 activation of the transcription gil:37590233
factor
Weak spectrum, no
D3 Unidentified
identification
Good spectrum, no
D4 Unidentified
identification
Similar to alpha glucosidase II, Folding and maturation of
Ul a-glucosidas ) ) gil:34861580
alpha subunit glycoproteins
Similar to elastase 3B, Intestinal transport and
U2 Ela3b gil:34872187
pancreatic metabolism of cholesterol
Similar to Eukaryotic translation
Nucleocytoplasmic shuttle
U3 EIF-5A initiation factor SA (elF-5A) gil:27672956
protein
(eIF-4D) (Rev-binding factor)
Nucleotide metabolism and
U4 NDKs Nucleoside diphosphate kinase gil:13929192
transport
Destroys radicals which are
Dismutase (Cu/Zn superoxide normally produced within the )
uUs SOD-1 gil:818029
dismutase) cells and which are toxic to
biological systems
Myosin light polypeptide 6
(Mycosin light chain alkali 3) Regulatory light chain of
U6 MYL6 gil: 2842665
(Myosin light chain 3) (MLC-3) myosin. Does not bind calcium
(LC17)
Homeobox protein Hox-A7 DNA-binding transcription
U7 HOXA7 gil: 123220
(Hox-1.1) (RS) factor
Weak spectrum, no
Us8 Unidentified
identification
Phenazine biosynthesis- like
U9 MAWDBP MAWD-binding protein gil:19743770

protein family
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vl ¢cDNA microarray 71H < ©]8¢ 32 &d S

Agilent Rat genome 4x44K array (Agilent technologies, CA)E o]&3&}o] A=
T, STy CHP 5o 19 44 mRNA ¢H3-& S48, Arrays 53
3o Ao raw dataE F3l AA FHAALEAE normalizationd &, FAAELH F
7o) sfElo] w2} hierarchical clustering plotS E8] #2183t} (Fig. 28). CHP X &
ol A Fredel e WEE HAW 7198712 probeE MWdte] CHP Fojo ul&
A4 Whd k3-8 K-means clustering algorithm-2- A -83le] A3 A {4
fee =A 97 = JeERt (Fig. 29). Normalized dataS 7|59 %2 gene
functional classification= %3 48] o|* =7} & Aa7F He FAXAE &3k 4

=
s AT v A 719809 FAAS) Wek AR e o, FrfuT

do
2

ot

of CHPE Aestsle wf 1534719 Fdx7F AddiEs 592 mRNA 5] <
7F e AaqEE A4S Jehiduk(Fig. 30). CHPOl 9&] = cell proliferation,
signal transduction, immune response, apoptosis, transport, lipid metabolism,
transcription, cell differentiation ## FAAE29 F7F 2 A7 A A (Fig.

31).

Fig. 28. Changed genes hierarchical clustering
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Cluster? Clusters Cluster?

\x/x

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

° Cell proliferation | - Cell proliferation |
g’, Signal transduction - g Signal transduction 1
2 Cell adhesion 1] _g’ Cell adhesion {_]
g Cellcycle ] N Cellcycle {__]
5 Immune response | g Immune response 1|
% Inflammatory response || 25 Inflammatory response ]
“3-'-’ Apoptosis | z Apoptosis |
§ Transport ] '% Transport
‘é Lipid metabolism | % Lipid metabolism {__ |
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E Transcription {1 E Transcription {__ ]
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_g Cell growth {] 5 Cell growth ]
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Nunber of genes Nunber of genes

Fig. 30. Functional classification of normalization genes in 4-fold changed pancreatic gene.
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Cell growth Cell proliferation
Gene Symbal Fold Eold Gene Fold Fold
; (STZ/Nor) | (STZ+EPS/Nor) Symbol (STZ/Nor) | (STZ+EPS/Nor)
S RLELd S Edgl 4571 1095
Nppb 4.9-; 1.054 Cuzdl 4484 1.174
AthgeflT T110 1305 e SR VT
Apc 4360 1345
11 1of Dighl 6550 2289
S L Hrpap20 4530 1203
Ptma 4570 -1373
: Fold Fold Cdso 10943 5427
Gene Symbol | 17 /Nor) | (STZ+EPS/Nor) 7 CEE 1056
Calerl 5826 1374
Cx3cll 3'4f5 4073 Brat ST TTe
Cerl 8036 3300 ol 5254 T 006
Tmem23 -5339 -1.880 Cng2 FEE] 1335
Ephx2 43854 1469
Npphb 4027 1.054 Cell differentiation : :
Cigcll ST 03 | Signal transduction
Spirk3 6.620 1.819 Gine Svmbel Fold Fold
Tmem23 EEET Tee1 e (STZ/Nor) | (STZ+CHP/Nor) Fold Fold
= s Gene Symbol = e
Cds9 10943 5427 Edgl -1.095 (STZ/Neor) | (STZ+EPS/Nor)
Samhdl 4131 Dpysl2 1351 Edgl 3571 1095
Crry 3024 1575 Enah 1052 Dpvsl2 4415 1351
Daslc 4307 1402 Apc -1345 Enah :.1:3 1932
RTI-CE12 1306 1524 Spink3 1819 Apc 4360 -1.343
Prgerd 1406 13T Ptma -1373 Spink3 6.620 1819
e = 7 1056 Ptma 1570 1373
Thp 7870 2033 tr L 2
Fohnd 851 1160 Btgd 7063 7 9325 -4.056
Ll = i Prel EWET Btgt 2963
RTI-CET 0302 3131 5 : o EWET
= Rabd0c 2144 2 2
Prafr 2015 1999 : = Fablic 3144
Tpinl 22861 L :
$100a8 1018 1940 o T Lpinl 22861
Calda3bp 1266 1913 §Pd§ I“ e Ppplrib 3510
Nppb 1927 1054 E e Ndrgl 5.824
7 Enpp3 3379 p— ===
Ragl 4.798 -1.806 = e = PI; T
Zip57 5260 1334 £ ' = =t

Fig. 31. Illustration

of genes clustered by their biological
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process in response to CHP.
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CHP-treated
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Fig. 32. Hematoxylin and Eosin staining of rat pancreas tissue.
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Fig. 33. Insulin immunohistochemical staining of rat pancreas tissue.
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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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10-30 kDa, 30 kDa °]do 2 #3,

=7
0 &

e
o
O

- detAAr diF Ul E(<10 kDa
MW, >10 kDa MW, Crude)g 374
buffer(pH 36 50 mM Citrate-NaOH
buffer, pH 7.6 Phosphate buffer, pH
9.0 Tris-HCI buffer)el 1% &% 1%
o= JheiEdE &9l 1% T ke
A& 100C, 20-60% EA .
F4= 574600 nm).
- 8% diF JEESEEIO kDa
MW, >10 kDa MW, Crude)g 374
buffer(pH 36 50 mM Citrate-NaOH
buffer, pH 7.6 Phosphate buffer, pH
9.0 Tris—HCI buffer)dll 5% &3 5%
7 b E 8. 5% diF ke
TAlE &9 12000 rpm, 105 HA4)H
. Y AA
weight.
AAE ANEF(/EFH A 5% (@@)*x100
0 )

S
3 = o

# 2]

2l oolo N

o _\
lo

E(<10 kDa MW, >10 kDa MW,
Crude)< 37FA buffer(pH 3.6 50 mM
Citrate-NaOH buffer, pH 7.6
Phosphate buffer, pH 9.0 Tris-HCI
buffer)ol 1% &% 1% UlF ZhF3l
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mlE 10,000 rpmelA 287+ TAVZE
TAg FHIe £ AFE EFT F
W(Hds = Fu)E S35 A
A 3R AR & A AFS EF
gk Pt & Fu A3

fratE: i RS E(<10 kDa
MW, >10 kDa MW, Crude)g 374
buffer(pH 3.6 50 mM Citrate-NaOH
buffer, pH 7.6 Phosphate buffer, pH
9.0 Tris—HCI buffer)dl 1% &3 1%
7 ks &Y. 1% T 7 i
Az &Y 12 mld F7]EF 4 mlE €3l
12,000 rpmo A 187 T2V 2 T4
s, wAstd & 50 el 0.1% sodium
dodecyl sulfate 5 mlE o] FAs =
F4E S54G00 nm).

238 % JteEdE(<10 kDa
MW, >10 kDa MW, Crude) 400 mg-2
pepsin 15 mg(in 0.1 N HCI 15 ml) ¥}
=3 5 37colA A whE 2M
NaOH® Z3A7] % pancreatin 4
mg(in phosphate buffer 7.5 ml, pH 8.0)
9 1 ml toluenee FH7Fstal 37°CeA
24417y ¥k8- 0.55M trichloroacetic acid
10 ml &7} 12,000 rpmel A 1087

AEE & JAdNE BCAYo=R F o

LR

A¥FE SD rat 5FH 4T E T

E%%E B Y wol 23:3C, 1k
5£5% N A light/dark 12417y A&

’\1 AF

Foyg 9 AgT 24 FALHLS

OECD guide linedl 3t 94542

5000 mg/kgs 13 Fof, olgAd2 1

mg/kge  14¢  wHE Fosi o,
satellite group< 1,000 mg/kgS 14Y
HHE 2ol & o2 1497 3284

=l

doled FGrp 9@ 22 AR " HEA
ZAAFE hematological analyzer KN-21N
o]

& o]&3t4 red blood cell (RBC)
count, white blood cell (WBC) count,
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hematocrit (Het), hemoglobin (Hgh),
mean corpuscular volume (MCV),
mean corpuscular hemoglobin
(MCH), and  mean
hemoglobin concentration (MCHC)S
Hrtstgl o™, FUJI DRI-CHEM 3500

analyzer (Fuji Photo Film Co., Osaka,

corpuscular

Japan): glucose, blood urea nitrogen
(BUN), creatinine, total protein,
albumin, total Dbillirubin, glutamate
oxaloactate transaminase (GOT), and
glutamate pyruvate transaminase
(GPD) S 54.

A EA Ak 7 E A%

3 = e
E

Nl

212 hematoxylin and eosin (H &
W3 periodic acid schiff (PAS) 4
o=z 7}7h gAaste] dnjdos &

¢

w2 o
oL

o ZAlS) L 54

H7b 9 CHP A&

=7

o O

o P>
2

B b

bolr 12

Bl

it
o,

ABTS radical scavenging activity: ABTS
7.4 mM3}. potassium persulphate 2.6 mM
SHF o A WASte] ABTS-+&
AAZ F o] §9E 414 nmAA FF
g ol 157MH =g F3A T (e=16x104
mol-lem-1)E& o] &3} ethanol® 34
AH-&-SH .

Hydroxyl radical AAZA
deoxyribose oxidation -2 WSS =
A8l 2. Hydroxyl radical® FeSO4 -
TH.09 &4 3lol|lA Fenton HHS-ol 2]3|
Aden B8RS 10 mM FeSO4 -
TH0 49 10 mM EDTA £943 10
mM 2-deoxyribose #9527 200 L=
A7k = 2 8= 200 uLék 01 M
phosphate buffer £ M(pH 74) 1 mLE 4
of TN & F F¥7F 1.8 mL7t HE
% zAstATh wh&&dd 10 mM H202
200 ULE Yol 37TolA 4A7F &k vhE
Azl 3 2.8% TCASE 50 mM NaOHe| &
A7 1% TBAS ZZ 1 mLA #H7HA
7]13L, 100C oA 1027 EHAIZ & 532

nmmol A FF=E 4.

M1 ot o
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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). (A) Control group, (ll) 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). (A) Control group, (ll) CHP-treated group.
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Fig. 37. Long-term anti-diabetic effect of CHP.
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Fig. 38. Anti-diabetic activity : morphological change during the experimental period.
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Table 25. Effect of CHP on the body weight gain and food intake in genetically diabetic mice for 24 days.

Body weight gain Food intake . .
Group Food efficiency ratio
(g/day) (g/day)
Control 0.27+0.02 4.84+0.07 0.06+0.01
CHP 0.3240.03" 5.11£0.37" 0.06+0.02

* 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

Plasma insulin level (ng/mL)

Group

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"

* Values are means = S.D. (n=7)

*P<0.05, compared with that in control mice
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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"

* Values are means = S.D. (n=7)

*P<0.05, compared with that in control mice

Control CHP-treated Stopping CHP administration
diabetic group diabetic group diabetic group

1 x100

x 400

72days 130 days

Fig. 39. Hematoxylin and Eosin staining. Mice pancreas before and after CHP treatment.
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Fig. 40. Immunohistochemical staining before and after CHP treatment.
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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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th CHP o] 9]¢ 28 T oA L2E 5 &4

2 AFA CHPE &R3le UlF 7IadlEs o83ty 28 dm ZdoAa Hdo
7 "3 (plasma) 2 #F 4S8 o] &3l oA A7 G S HA AT Tsoelectric

focusing$ IPGPhor (Amersham Pharmacia Biotech)E& o] &3] F33laL, 2-D A7)

9% Protean IIxL 2D multi cell (Bio-Rad)S AF&3t} o]a9] AV|A5e &4
ol gtud & dAE AFHsta dAREE Foto] S dojx FAsH o, &
Lo #HHE WAL ImageMaster 2D Platinum Software v4.9 (Amersham

~

Biosciences)® #2473 A3} oF 50009 712] spotE & oF 50719 ©d AolE yER =
spotE& AASIATE Sypro Ruby AleFel 28] AAg @l d spot& PROTEAN
2-D Spot Cutter® Z&te] 50 mMe ammonium bicarbonate (pH 8.5, buffer in
50% CH3CN)E o|&3lo A&3% 5 digestion buffer €< (100 mM ammonium
bicarbonate (pH 8.5), 1 mM CaCl2, 10% CH3CN, 50 mg sequencing grade trypsin)
W &35+3kt} (overnight). 50% CH3CN/5% TFA-& NS AL&319] peptideE F&3F t}
<, MALDI-TOF #2433} NCBI databases ©]&3}o] £433t}. ol#fdt A3pE &

Y= 28 Wmwde] v dof vz xeE g oo s i),

(1) 28 9% =9 (ob/ob mice)oll 3t CHP A &le] w& plasma ¥+ 7 W3}
(7I) CHP X ¥ uw}& plasma @42 24
oAl A CHPY 89 Ast &35 vehdls Z24Q 713kE XA 91384,
2% 9x 292 (ob/ob mice)oll A R A (plasma)s
AAlstATh @4 duds o] g3t FUbstAY AAd @il Ee Tmage master
softwareE ©]-&3to] Bl eIl woll WA B Wakd duAvkE deEste] #43)
Atk olxd ArdE A3 (Fig. 42), o] @A 58 Eoldg oz Wy xol& Hol&
S-S HAABEY] Ettan MALDI-TOF MS ¢} NCBI database & ©]&3fe] 3t}
(Table 28). @& A3 Ay 53| xd dirAbda @wlzd Apo A-T, Apo 1V,
Apo EE W53t &3 (F12, FGB, FGC), Z=ZH|olAl AAA (SPA3K, al-Pl,
A2M, PZP), ©9id % 9 A3t (HBB, TTR) Z¥]i th& 7|5& 712 @9
(Cig, Ig)e] & Aol & Q3o of A3z F-¥, CHP Az s @i T2
SPA3K, FGB, Apo A-1V, FGC, al-PI, Clq, HBB2 43 ow, @9z Apo A-1,
TTR, a2M, PZP, Apo E, Igt 71395 &35t

(1}) Western blotting®l] ¢]3F vz F-2

3] Apo A-1, Apo IV, Apo EE H| £33l 28 el vvte] #Hd da (F12,

il
FGB, A2M)& Western blottinge 243l WA S AFshoch B3 23 e
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i
)

A e (Adiponectin Resistin, Leptin}®] CHP glo] ¢J3 H3l=
Western blotting®5 ¢ 2 3Fe13}51th. Western blottingS 2A]3to] o] walAd =
H| 23 2-DEE %3] Q’OLQX]—‘E ekekx)wt wiwk#w w@d (Adiponectin, Resistin,
Leptin)®] & e HAF39 v} Adiponectin (Acrp30, apM1) T2 x|l 2 of 4]
deffor FH|HE oy, I TR =Y x4 8 AAE olst zgo
oy gl Resistin® Az o|A] #E8]¥= Z 2o, adipocytokine¥ Insulin
resistanceo] #o gk}, HIwrd - resistin @@ o] F7}8FH, resistin 57t Al TZD
o] ¢dladl ARA HFadrt Leptine A& 2 tiAE EFE oA F49 oA
& ©9The @vidolry. L A3 CHP Al 9lste] Apo
A-1, Apo E and AZM %H—ﬂé‘fﬂ g Fge Sk e, Apo A-TV, FI2 and FGB
w2 CHP A2l ofste] FAaskrt (Fig. 43). B3, CHP AHglo] ofste] ndw
AA el chugA (Adlponectm Leptin)2 <713 vk, 189 f5 @Al resistin
Aastdh (Fig. 44). A4l #2448 F3to] @A) 219 d7]9s 2}
freld o s oE o7t vEtllE A
w XNEE AF npo]omtA FQlsy] g FUF A9 AEE AR F AS A

o]},

m]o (ld

o1gel A HAAA 4T

rlo 1

(e3

F

(th Leptin A A mRNA &z &4

ob/ob mices leptin A ZH ] o]ste] uRro] fFREo] Gyl WA= i
Al 28 T Edo|th Leptin 2% mice (ob/ob) AW 101]*1 CHP AHzle] up&
leptin mRNAS] 2& e ZASFAT. A 274 2] leptin mRNAE CHP X2 el
ojste] iz WSS w oF 40% FUbsteivh (Fig. 45). =L 23, CHPE 23
Dol A vk AL So Al Fa gk AgE dtal &S e Stk
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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.
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Table 28. Identification of plasma proteins in ob/ob mice and responses to CHP-treatment.

Spot ) . b c d e Coverage
N%(')a Protein Function Acc. No. Exp. Mw"  pl (%) &
1049 unnamed protein product Gi:74198755 ! 80.71 547 18
. Coagulation cascade
1092 (CF°I;§“Ia“°“ factor Xl and activates factor  Gi:171906584 | 67.94 639 10
XI and prekallikrein.
Serine  protease  inhibitor Protease inhibitor
i i:14874754 46. .04 2
1381 A3K precursor (SPA3K) .Ser.ln.e protease G1:148747546 ! 6.87 5.0 3
inhibitor
Fibrinogen, B beta Immunity and defense .
1 . . : 42 N 43
389 polypeptide (FGB) clotting factor G1:33859809 L 3 6
Fibrinogen, B beta . .
1404 L Bl lott :33859809 5542 6.7 43
0 polypeptide (FGB) ood clotting Gi:33 !
g7~ Fibrinogen, B beta Gi33859809 | 5542 67 43
polypeptide (FGB)
Fibrinogen gamma chain Protein binding,
1495 osen & ¢ bridging receptor Gi:19527078 L 5004 5.4 48
precursor (FGC) L
binding
Alpha-1 protease . . .
- 191844 4491 5. 2
1613 inhibitor 2 (alpha-1-P1) Anti-angiogenesis Gi:1918 ! 91 533 3
Apolipoprotein A-IV lipoprotein .
14 45.01 . 2
1631 (Apo A-IV) metabolism Gi:14789706 T 5.0 53 6
Chain A, Crystal
1722 Structure Of Mouse Gi:161172183 T 13.77  5.76 69
Transthyretin (TTR)
Alpha2 macroglobulin S . 167.1
1134035924 24 1
1741 (A2M) Protease inhibitor Gi:1340359 T A 6 0
Alpha2 macroglobulin Regulation of . 167.1
: 24
1743 (A2M) inflammation Gi:134035924 1 A 6 8
Pregnancy  zone protein, . 167.0
1148667474 24
1746 isoform CRA a (PZP) GI:14866747 T 3 6 8
Alpha-2-macroglobulin . 167.1
1134035924 24 1
1755 (A2M) Gi:1340359 T 4 6 0
taboli f .
1776 Apolipoprotein E (Apo E) ~ Ciapolism o Gi:1703338 T 3575 523 49
lipoprotein
Chain A, The Crystal
Structure of A
Complment-1q Family
1797 Protein Suggests An Gi:6137745 ! 15.66  5.88 37
Evolutionary  Link  To
Tumor  Necrosis  Factor
(C1QTNEFS)
Apolipoprotein A-I Lipid metabolism .
: . . 41
1831 (Apo A-D Transport G1:6753096 ! 3057 5.6
1840 Apolipoprotein A-I Gi:160333304 ! 30.53 551 46

- 124 -



preproprotein

Ig kappa-chain V-J-
|gs9 & kappa-chain V-J Gi:194755 1 1162 7.9 40
region
1933 Hemoglobin beta (HBB) Gi:229255 L 1563 726 69

“ Numbers are arbitrary assigned for depicting Fig. 42.
’ NCBI database accession number.
© CHP-treated diabetic group compared with control group.
¢ Mw: theoretical molecular weight of the matching protein in kDa.
¢ pl: theoretical isoelectric point of the matching protein.

! Coverage: percent of identified sequence to the complete sequence of the known protein.
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Fig. 43. Detection of six proteins (Apo A-I, Apo A-IV, Apo E,

F12, FGB, and A2M) by Westem blot. Band

density was digitized with software and mean +SD of three independent experiments are shown.
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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.
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Fig. 45. Analysis of mRNA expression for leptin in mice pancreas by RT-PCR. C, Diabetic control group;
CHP, CHP-treated diabetic group.

- 128 -



(2) 28 Fx= 29 (ob/ob mice)ol| ek CHP Aol wp& 74 2 oz H)
(7}) 2-DE separation and identification of proteins

28 Y 22 (ob/ob mice)ol A fojzl HAHxAS ol&ste] olxd WA EE
AA AT ol Ar|dE S Sk E45low, 4% A oF 50009719 spot
£ 7 oF 5079 & AelE JEE spotE S AAE3 MALDI-TOF #2418 24
3t} (see the marked proteins in Fig. 46). =2 A3 CHP g9 ¢l3le] FGAM,
APEH, THOP1, TCP1, eRF, SUCLAZ, CPAl, RHOXZ, Collagen, GAMT, PRDXS,
Rho GDI 1, mCG10592, GLO1, RBBPY, REGI, and REG2 @3]z chujd b zko
7Aast o, Gdi2, RPS2, Mdhe, Ppplch, and Ctsd ¥ 2 & CHP A gld ¢3te] =
7}t (Table 29). Leptin 2% mice #7% ZZ oA CHP o <3t &4A3d
oged (APEH, THOPI, GAMT, RBBP9, CTSD), Z#¥d (Collagen), 93l
(MDHC), % (FGAM synthase, GDI2), 34F3} (PRDX3), A& 2 A3t iz
(CCT8, SUCLA2, CPA1, RPS2, GLO1, REGI, REG2), 7I€} 7]% (eRF, RHOX2, Rho
GDI 1), &8 A A %L (mCGL0592) w¥ide] Wy zo]& Felstith. §3], 28 ©
w ZdoA abaula] (MDHC), =123 Alzheimer-## ¥ (APEH) ©¥ide] =32+
CHP el o3 7Bdslen, CHP7F 29 "W T74e FHAEA dvhs= 7
s/de AT

(4}) Detection of proteins by Western blotting

GuAn 2o Aug wostgor 3l r] 913le], Western blot 4% o] &
sttt 2 Ax, olxkd dvids W e A 24 A 3e} Western blot
FHoz el v 3 srelal it} (Fig. 47). =L A%, CHP
Aelel olste] APEH wujde] Waere Zrekglem, MDHC ©ude CHP Ael
o olstel gastart (Fig. 4. WA Folol v 29 A79%
Astsl feldom wa Aok Yehs AL %) vk CHP Azel @ A3,
FAFH O Fun (ob/ob) P2 (2% Pl BHUP VMY 54 By
o, 7ol &3ty Ty CHP7F Al Aefe] uio]omprA o] 7pei oz
olo] AAolt} (28 Y MDHC, APEH). W3 @A 2249 A= F A8

2 9% nlo]l9wlA A3y 98 7} Ao Amz &8 4 9le Aol

¢
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o fo
rok
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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.
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Table 29. Identification of pancreatic

proteins in ob/ob mice and responses to CHP-treatment.

Spot . . b ¢ d e Coverage
No.“ Protein Function Acc. No. Exp. Mw pl (%)
Phosphoribosylformylglycinami II:Iuriile tti)éosynttr};isis ot
5480 dine  synthase = (FGAM anlif eotide SPOTL Gi226958458 | 14625 543 13
synthase) metabolism
Acylpeptide hydrolase, ..
0281 i form CRA d (APEH) Hydrolase Gi:148689322 ! 80.93 532 12
Thimet oligopeptidase Hydrolase,
6299 THOPI 8opep Metalloprotease Gi:239916005 | 7878  5.67 29
( ) Protease
6787 unnamed protein product Gi:12846632 ! 50.43 5.55 25
6952 unamed  protein product G1:74177659 1 56.73 5.57 23
Eukaryotic ~ peptide  chain Translation  release
7064 release factor subunit 1 (eRF) factor activity, codon  Gi:4759034 l 49.23 5.51 39
specific
7213 unnamed protein product Gi:74150721 1 58.27 8.18 58
ATP-specific succinyl-CoA
7303  synthetase beta subunit Ligase, ATP binding G1:3766201 ! 46.56 5.65 21
(SUCLA2)
Carboxypeptidase Al
7374  precursor G1:54312076 ! 47.47 541 37
(CPA1D)
7429  unnamed protein product Gi:26350123 1 33.01 4.80 40
Reproductive homeobox 2A Regulation of
7567 o Gi:13386376 ! 21.21 4.89 28
(RHOX2 ) transcription
Malate dehydrogenase, Glveolysis
7619 cytoplasmic yeory . Gi:254540027 1 36.66  6.16 34
Oxidation reduction
(MDHI)
Protein phosphatase 1,
7619  catalytic Gi:148705446 1 36.09 6.59 30
subunit, beta isoform
Cell adhesion
Protease inhibitor .
7767  Collagen Serineproteascinhibito Gi:467517 ! 115.37 6.11 14
r
Guanidinoacetate Methyltransferase
7854 N-methyltransferase Trans%erase Gi:6753944 ! 26.60 543 57
(GAMT)
Ihrsdxin depndnt posd i
7942 ’ Oxidoreductase G1:6680690 l 28.34 7.15 28
precursor Peroxidase
(PRDX3)
7968 unnamed  protein product G1:26344461 ! 22.99 5.20 45
8006 mCG10592, isoform CRA ¢ Gi:148703873 ! 16.58 523 33
Lactoylglutathione lyase Lyase . .
8013 Anti-apoptosis G1:165932331 ! 20.97 5.24 35
(GLOTI) Metal ion binding
8098 fﬁl};ag‘f’,‘;)hydmla“ RBBPY  hogrolase activity ~ Gi:86439977 | 2107 5.64 45
Lithostathine-2 precursor o )
8125 Sugar binding Gi:6677705 ! 19.79 5.89 45
(REG2)
Good eak but no
8127 P !

identification
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Lithostathine-1 precursor o .
8143 Sugar binding Gi:6677703
(REGI)

8840 unnamed  protein product G1:74220823

!
]

18.91

44.74

6.08

7.53

56

24

* Numbers are arbitrary assigned for depicting Fig. 46.

° NCBI database accession number.

¢ CHP-treated diabetic group compared with control group.

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

¢ pl: theoretical isoelectric point of the matching protein.

! Coverage: percent of identified sequence to the complete sequence of the known protein.
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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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(1) ¢cDNA microarray 7]%-& o] 83t 4% & kAt
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Pu§9 A% 24w A 20 o]g WHE UEhlE 43807 §44E 59
oul, 21407 fA4E CHP Aeld] ols) @AFol F/hstgov, 2247 FAAE
w25tk CHP Aol ool ghzzah vl A 26) o]% 2@ Aol ehh &

i AR

AARES 7|edezw BF 3. CHPel 98 = homeostasis, signal
transduction, cell cycle, apoptosis #d FHAE9] FT7F 9@ A4sHE 4TS gl
At (Fig. 49).

Tt dE FAAE %733}7] A3t A4 HIRE (ob/ob) wh--222] 7ol A
Ahe] W WMslE A5kttt 28 WolA FAAle WstE A% Ay 29
e Fxiige] A x4 8l A Soldow g o]
£ Holi= 30719 FaddE FAA (IL2, Socs2, Slc2a4 and Pdx1 etc)E 8133t}
(Table 30). B3k CHP Azle] 2J3to] Holdgo i 8uf o] TH Aol& Hol= T7)
H FA A Acbdb (Transport), Fubpl (Transcription), IL33 (Cytokine) & (237] +#
A, 84t FHAY A Polr2i (Signal transduction), Dedd (Cell growth.
Apoptosis) 5 (4071 FAA, 49HE FAUTE F4A B A= G A85E
A%k vlolewtA Seletry] gk FUF A9 ARE EEY 5 s Aolvh. cDNA
microarray 71W-S %3 CHP A @] o3 fFgdoz Fdx ° =
EA A tale] real-time PCRE G335t mRNA ¢S HAHF4doz &
microarray 23} A2 vlw #4351 A, 7 wWRlel 9% d %
Mg e AL o £ YArh 7 gened] ABE AWEpw FE £E HAAF 18 A
O|EFISl #H wlAE <l Achds, Fubpl®t IL-33 52 CHP A Al $7l8 & Aoz
Uetgtow, A5 B Ao nkg dAber Asdde] @ Al Polr2i, IL29F Dedd

f
2
=2
o

29 G 7)Zoll A CHPoll 9a F5& 2 A2 thAte] #Hd SLC2A4 A=
T7retelon, ded Aadde] dHd fdxk (SOCS2) ®3 CHP A 2lel 23}
S7bstivh. 2Elar F78 den Jded FHA A e A dEE sk
PDX1 rdztel e Frtstd o, aiibEal a4 ## (Caspase-32 PARP)
Ao wre ge 7433t 3 real-time PCRS F33to] mRNA 28-S =4
o8 RBA3] microarray 23%¢ A= vw BEAST o1 Ay, T ko] o3k
data?l F@AAZE ¢ =S AS & F UAT FUHH R G #A-o] 2
SLC2A4 ¢} PDX1 wdxke] euidg westdow 4% Ayt 793 435 &<l
gk o Ax, 28 Swxud #Ed 9 FF% (SLC2A4), ded AE dd
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(50Cs2), #Ad Ax &3 =

el &
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(Caspase-3, PARP) +#d A+ CHPOl & @i vh-$29F v 319

W, CHP7} 24 dx el S4a 7MA 2 & v 7tei =
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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).
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Table 30. Diabetes-associated genes differentially expressed in pancreatic tissue of ob/ob mice before and after
treatments of CHP

Fold

Gene Biological
Gene name (CHP treated/ a
Symbol Diabetic group) process

1L2 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
calcium channel, voltage-dependent, P/ e, alpha

Cacnala . g P Q op P 2.1915 F,H, I, L, M
1A subunit
calcium channel, voltage-dependent, L e, alpha 1C

Cacnalc ) g P P P -2.0333 |
subunit

HNF4g hepatocyte nuclear factor 4, gamma 2.5435 K

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

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

H2-Q10 histocompatibility 2, Q region locus 10 -2.9078 D
transporter 1, ATP-binding cassette, sub-family B

TAP1 -2.3747 D, I
(MDR/TAP)

SNAP23 synaptosomal-associated protein 23 4.7913 I
solute carrier family 2 (facilitated glucose transporter),

SLC2A4 2.1053 LM
member 4

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
hosphatidylinositol ~ 3-kinase,  regulato subunit,

PIK3R1 Prosp . Y £ Y -2.2487 D,E F G, L
polypeptide 1 (p85 alpha)

H2-BI1 histocompatibility 2, blastocyst 2.1343 D,G

MAPK 14 mitogen activated protein kinase 14 2.1418 L
FK506 binding protein 12-rapamycin associated protein

FRAPI | 2.0127 F
calcium channel, voltage-dependent, N type, alpha 1B

Cacnalb ) 3.0047 I
subunit

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
solute carrier family 2 (facilitated glucose transporter),

SLC2A4 2.1833 LM
member 4

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

H2-DMbl  histocompatibility 2, class II, locus Mbl 2.6386 D

READ Ras-related associated with diabetes 2.2036 I, L
FK506 binding protein 12-rapamycin associated protein

FRAPI | 2.3085 F
phosphatidylinositol 3-kinase, catalytic, beta

PIK3cb . 2.2991 E, L, M
polypeptide
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Lepr leptin receptor -2.3153 L

H2-M1 histocompatibility 2, M region locus 1 -2.5820 D
phosphatidylinositol 3-kinase, catalytic, beta

PIK3cb . 3.5083 E, L, M
polypeptide

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

Gene Symbol Gene name Intensity Biologicaa} 1
process

ACBDS5 acyl-Coenzyme A binding domain 60.6458 I
containing 5

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 13.9254 J
component, homolog (S. cerevisiae)

Igh immunoglobulin heavy chain 13.3646 )
complex

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

AK007235 unnamed protein product 10.9649 -

EG546397 predicted gene, EG546397 10.8724 -

Sennlb sloiieut;n channel, nonvoltage-gated 10.6362 I

Hist1h4k histone cluster 1, H4k 10.0859 -
DNA segment, Chr 10, Brigham

D10Bwgl364e &  Women's  Genetics 1364 9.6570 -
expressed
far upstream element (FUSE)

FUBPI 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) 87725 K
malignant liposarcoma (human)

IL33 interleukin 33 8.7404 (0]

CLCC1 chloride channel CLIC-like 1 8.6452 I

EG666731 predicted gene, EG666731 8.0184 -

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

; Biological
Gene Symbol Gene name Intensity process”
NEGRI1 neuronal growth regulator 1 -5.9561 F
SLBP stem-loop binding protein -5.7339 -
POLR2D polymerase (RNA) II (DNA directed) -5.5862 L
polypeptide D :
STYXL1 serine/threonine/tyrosine interacting -like 1 -5.5200 -
POLR2I polymerase (RNA) II (DNA directed) 53754 L
polypeptide 1 )
BSPRY B-box and SPRY domain containing -5.1818 J
RORC RAR-related orphan receptor gamma -5.1787 G, L
Hist1H4j histone cluster 1, H4;j -5.1583 -
TMEM63a transmembrane protein 63a -5.1513 -
DEDD death effector domain-containing -4.9463 H, L
OASIA 2'-5' oligoadenylate synthetase 1A -4.9023 E
Rad51c Rad51 homolog ¢ (S. cerevisiae) -4.9002 -
TMEM63b transmembrane protein 63b -4.8178 -
LOC637957 similar to ankyrin repeat domain 26 -4.7810 -
vasodilator-stimulated
VASP phosphoprotein -4.7182 G,0
CENPO centromere protein O -4.6675 -
YrdC yrdC domain containing (E.coli) -4.6531 J
Eg%MUSGOOOOOM predicted gene -4.6478 -
IFI35 interferon-induced protein 35 -4.6342 E
HBQI1 hemoglobin, theta 1 -4.5988 J
SLCI12A5 solute carrier family 12, member 5 -4.5610 J, N
EXOC5 exocyst complex component 5 -4.5540 J
Al481105 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 -
solute  carrier family 17  (sodium
SLCI17A3 phosphate), member 3 -4.2805 J
EG546862 predicted gene, EG546862 -4.2082 -
XPR1 xenotropic  and  polytropic  retrovirus 41713 )
receptor 1 )
TMEM54 transmembrane protein 54 -4.1542 -
similar to T-cell receptor alpha chain V
LOC627273 region CTL-L17 precursor 41518 )
protein phosphatase 1, catalytic subunit, )
PPPICB beta isoform 4.1120 K
ARHGAP9 Rho GTPase activating protein 9 -4.1075 M
proteasome  (prosome, macropain) 26S ) )
PSMD7 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 -
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XLR4B X-linked lymphocyte-regulated 4B -4.0223 -

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

a

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

and mean +SD of three independent experiments are shown.
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(W) x| 93t cyclization A%

Cyclization &4 7o Wz} & 2%, pHel we} cyclization =7} #1357
U cyclization®] #e]3dl= cyclase©l Fﬁﬁﬂ cyclization®| o] F XY}, F 79
S50 wE cylization®] W3E A7) 918 30-70TCoA 1A H2fekals e
CHP &% W3zs =A39c).

A, £xd wE CHPY & T2 3 99 JteEales 100%2 71533
= o 40—60°C°ﬂ*1-"4 CHP &% T3 ZHE HQoY FAACRE {48 Aol=
gt (Fig 57).
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Fig. 53. Dry weight and A-N (amino-nitrogen) contents after fractionation with alcohol,

acid and charcoal treatment.
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Fig. 54. CHP contents after fractionation with alcohol, acid and charcoal treatment.
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Fig. 55. Dry weight and A-N (amino—nitrogen) contents after fractionation with UF
treatment. F-1: <10 kD MW, F-2: 10-30 kDa MW, F-3: >30 kDa MW
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Fig. 56. CHP contents after fractionation with UF treatment. F-1: <10 kD MW, F-2: 10-30
kDa MW, F-3: >30 kDa MW
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pH 3.6, 765 9.0°14 247+ 100C, 20-60+ dA&std s W F 73 E 2
3% 4% 43 (Fig. 58), CHP2 f‘fh‘%] ¥ 10 kDa ©]8}Ql £32 A4 279
pH 36014 T Mslrt glglod, 4% e 249 pH 769 90014 F
#me] F7F donz o xzidA e d |

o]
=
= Aoz gl ¥ crude?] F UbF

r2
o,

(2) &9 &=

» <10 kDa MW: tlF 7}E3l =
100% &als i pH 9.001 4 = 81.0%-<4 S =E YR

» >10 kDa MW: W5 7}+E38 & al&=rb 7Hd wkekow pHel we) 69.7-77.9%
Wele] & s vER AT

» Crude: pHell wh&)} 74.3-80.4% W99 &3 =E el AT

i
of

<10 kDa MW, Crude, >10 kDa MW <02 Ex}lgo] A& \
2 Yehg oy E3 <10 kDa MW, 5% &9 pH 3.6 7694 100% &=
eI AT (Fig. 59).

(3) A¥ Y = A

» <10 kDa MW: th 7leelE 5 7% dAE 2 SHAA o] 7 =show pH
HAGel A% 49 18.3%, A

»>10 kDa MW: -7 7teiEsi s 5 A% 490 74 wskon, 53] pH 3.6¢04]
= AE dAH] 6.7%, AFE < 5

» Crude: pH 9.0914 AF A9 6.7%, A% HAA 5.0%2 71 wekor o 99
pHol M= A% FA9 133%, A% A 11.7%5 JEeEFHA

i TherEeiEe] A dAdY #® e 2AFERE <10 kDa MW, Crude,
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el Aol E YERATE (Fig. 60).
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Fig. 58. Heat stability of soybean hydrolysates at pH 3.6, 7.6 and 9.0
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Fig. 60. Foaming capacity and foaming stability of soybean hydrolysates at pH 3.6, 7.6 and 9.0
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Fig. 61. Emulsifying capacity of soybean hydrolysates at pH 3.6, 7.6 and 9.0
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Table 33. Body weight gain and daily intake of SD rats treated orally with soybean hydrolysate for

acute/subacute toxicity

Group for acute toxicity" Groupt for subacute Satellite grou.p.focr subacute
OXICIty toxicity
Control Hydrolysate Control Hydrolysate Control Hydrolysate

Female
ga"ifly(;;e‘ght 71.03 + 234 6923 £ 927 4336 £ 3.63 3436 + 772 72.03 £ 888 6527 £ 9.43

Food intake
(g/day)

Water intake
(ml/day)

18.01 £3.23 18.05 £ 3.57 17.99 £ 412 17.65 £ 3.94 1811 +£ 3.65 18.25 + 4.43
4332 £ 533 43.02 £ 5.69 42.63 £ 512 42,18 £ 489 4323 + 389  44.02 + 3.99
Male

ga"ifly(geight 8523 + 348 83.12 + 434 7577 + 811 6421 + 823" 14223 + 921 13934 + 534

Food intake
(g/day)

Water intake
(ml/day)

19.16 £ 3.48 2030 + 3.77 20.85 £ 4.14 1890 + 399 2398 + 445 2373 £ 3.19

4522 £ 352 4327 + 452 4322 + 324 4421 £ 3.01 4826 £+ 429  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.
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Table 34. Hematological parameters of SD rats treated orally with hydrolysate for subacute toxicity

Satellite group for subacute

Hematological Group for subacute toxicity" toxicity”

parameters Control Hydrolysate Control Hydrolysate
Female
RBC (x10%ul) 7.18 + 0.52 7.21 = 0.19 7.47 + 0.30 7.12 £ 0.17
WBC (x10°/ul) 8.57 £ 1.55 8.08 + 1.24 8.00 = 1.34 7.20 £ 0.22
Het (%) 43.77 £ 3.75 4398 + 2.27 4473 + 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 + 145 5842 + 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 3237 £ 0.21 32.50 + 1.00
Platelets (x10°/il)  845.26 + 54.42 898.87 + 49.99  728.00 + 41.52 823.67 + 38.94
Male
RBC (x10%ul) 7.06 = 0.78 7.24 + 0.86 7.96 + 0.38 7.98 + 0.41
WBC (x10°/ul) 11.21 + 1.02 11.00 = 0.89 1047 £ 0.31 10.82 + 0.95
Het (%) 45.15 + 3.35 46.66 + 4.32 4725 £ 235 47.00 £ 448
Hgb (g/dl) 13.99 + 0.98 14.28 £+ 1.01 1497 £ 0.21 15.00 + 0.78
MCV (fl) 57.78 £ 1.24 57.62 + 1.08 5893 + 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 (x10°/ul)  721.42 + 58.87 705.66 + 61.41 692.67 + 6034 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.
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Table 35. Blood biochemical parameters of SD rats treated orally with hydrolysate for subacute toxicity

.. a Satellite group for subacute
Blood biochemical Group for subacute toxicity

toxicityb
parameters
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 1037 + 0.32" 1340 + 1.40 1345 + 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 (UN) 8533 £ 5.08 8933 + 6.21 90.00 £6.97  92.92 £+ 7.80
GPT (U/D) 27.67 £ 4.16  29.33 £ 2.53 29.33 £ 4.18 3092 + 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 £ 032 11.80 + 0.26 13.00 £ 0.56 1343 + 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 (UN) 95.00 £ 5.01 98.33 £ 13.02 96.33 £ 8.13  99.33 + 6.79
GPT (U/D) 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.
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Table 36. Relative organ weights of SD rats treated orally with hydrolysate for acute/subacute toxicity

Relave o Group for acuie oy’ IO e Saellte group for
of body weight)

Control Hydrolysate Control Hydrolysate Control Hydrolysate
Female
Liver 393 £ 035 4.02 £ 024 377 £ 0.16 3.79 £0.14 3.72 + 0.20 3.73 + 0.10
Kidney 098 + 0.05 099 +£0.09 0.89 + 0.05 0.87 £ 004 084 + 0.11 0.86 = 0.06
Spleen 032 +£0.01 030 +0.01 026+ 0.03 026 =003 023+ 0.02 0.25 £0.05
Lung 051 £ 0.02 049 +£0.03 048 + 0.03 047 £ 0.02 042 + 0.04 043 + 0.04
Heart 038 £ 0.01 036 + 0.03 034 + 0.01 034 £ 001 030+ 0.01 032+ 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 477 £ 038 488 + 044 380 + 0.13 3.72 £ 026 337 + 0.10 331 + 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 040 + 0.08 036 + 0.09 024 + 0.01 0.20 £ 0.05 020 + 0.01 0.19 + 0.04
Lung 044 + 0.01 045+ 0.03 041 +£ 0.02 0.40 = 001 036 + 0.04 0.38 + 0.01
Heart 038 £ 0.01 036 + 0.03 034 + 0.01 034 £ 001 030+ 0.01 032+ 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
l4days. 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.
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Fig. 63. Representative microscopic findings in the liver of SD rats treated orally with hydrolysate for
acute/subacute toxicity (hematoxylin-eosin stain, x400).
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Fig. 64. Representative microscopic findings in kidneys of SD rats treated orally with hydrolysate for
acute/subacute toxicity (periodic acid Schiff stain, x400).
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Fig. 65. ABTS radical scavenging activity of soybean hydrolysates
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Table 37. Primer sequences used for RT-PCR"

Gene

symbol

Gene name

. b
Primer sequence

B-Actin

Mtel

Mtla

Miox

Cysltr2

Mtusl

wdr68

L-actin

Dedd

L2

Socs?2

Slc2a4

Pdx1

Acbd5

Fubpl

IL33

B-Actin (rat)

Mitochondrial acyl-CoA thioesterase
1

Metallothionein la

Myo-inositol oxygenase

Cysteinyl leukotriene

receptor 2

Mitochondrial tumor

suppressor 1

WD repeat domain 68

B-Actin (mouse)

Death  effector domain-containing

Interleukin 2

Suppressor of cytokine
signaling 2
Solute carrier family 2
, member 4

Pancreatic and duodenal

homeobox gene 1

Acyl-Coenzyme A binding domain

containing 5

Far upstream element

binding protein 1

Interleukin 33

o M ™M w™w ™M ™M ® ™ "™ M W™ o™ T

o

o~

A~ b ® =™ ® ™M™ ®™T ® T I T
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5'-CACCCGCGAGTACAACCTTC-3'
5'-CCCATACCCACCATCACACC-3'
5'-CGAAACTGAGGGCTGAAGTC-3'
5'-AGGCTCAGCGTAGCATTTG-3'

5'-ACCTCCTGCAAGAAGAGCTG-3'
5'-AAACTGGGTGGAGGTGTACG-3'

5'-ATCAGGGGCTGATTGACAAG-3'
5'-TAGCCAGGCAAAAGTGACC-3'
S-TATTTGTCTGGGGAGCCTTG-3'
5'-CATAATTCTGCAGGCCCAG-3'
S'-TTCTGCAGGACTGACCCTC-3'
S'-TTCCCTCGTTCCATAAGTGC-3'
S'-TCGCCATCTGCTACAACAAC-3'
5'-CTGGCCTGGACTTCTACAGC-3'

5'-GTCCCTCACCCTCCCAAAAG-3'
5'-GCTGCCTCAACACCTCAACCC-3'

5’-TTTCCTGTTGCCACTTACCC-3’
5’-TCACAGCCCTTTGGTTTTTC-3’

5'-GCAGGCCACAGAATTGAAAG-3'
S'-TCCACCACAGTTGCTGACTC-3'

S'-TTGGGGTGTGCCTTTACTTC-3'
5'-AGTCATGGGACACCTTCCTG-3'
5'-ACATACCTGACAGGGCAAGG-3'
5'-CGCCCTTAGTTGGTCAGAAG-3'
5'-GAAATCCACCAAAGCTCACG-3'
S'-TTCAACATCACTGCCAGCTC-3'
5'-GGAAGTGGAGGTGATGGAG-3'
5'-CACCAAGCTGGTCTCTGTG-3'

5'-AAAGTTCAGCAAGCCAAGG-3'
5'-CGAACACCAGCATCATTTTG-3'

5'-CCTTCTCGCTGATTTCCAAG-3'
5'-CCGTTACGGATATGGTGGTC-3'



Polymerase (RNA) II F  5-ACATGCTGTACCCCAAGGAG-3'
polypeptide 1 R 5-GACACGTCTGCGATGATCTG-3'

PolR21

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

bF (Forward) and R (Reverse) primer.
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a3t H e i, Fig. 6704 X nvlel Zo] 25 &< pure CHP (2 mg/Kg)¢t 5
AA 3 CHP (2 mg/0.247 g CHP in Soybean hydrolysate) ] @]wol A A 4259 H3}
7F iyt vadd v dE gles Hoev 1§ Fo $EE 15 (4 ¥F,
mg/Kg)ol A 24 (30 4+, 4 mg/Kg Al F7hske] Fostals Wixe de Wty ¢l
T Aoz FAFAY. 22 HES (db/db mouse &) 3 HFEEYGS W M= 7
Ax, & g9 A8 g9E HolA sk} o] CHPZF leptine] ZoI¥ ob/ob mouse
N = leptind} H]S=gh 2gol o) dgitel, £ A A A # @A
59 Walel 22 g FFHE HO|AW, leptin-receptor’t A H db/db moused
A= CHP7F 2488 de 84 Hste A2 Holw walA 3dn E3E HehlA
gE Aow Al e
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Fig. 67. Profile of blood sugar level by CHP treatment in Type 2 db/db mouse
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L Al 19 Rat3} 2% mouse #FolA Fmad fdx=9 7o 2 54 &4
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A A9 #4253 94E5 yepdh ojet 22 Ad= CHPZF STZ-HE A 18 duF
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rat) Aol thdte] “Rat genome 4x44K array (Agilent) Chipg ©]&3Fo] 3§33t}
B data sfAel ko] AAA R Ve Avd FAA T dEES Wi, 574
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AR (Mtel, Per2, Ilirll, Sult?al, Nppb, Mtla, Miox, Angptl, Tp53, Cbp, Plek,
Sst, Gcg, and Cdknla)E< Ed ool S7hekda, 87 FdA (Calerl, Fgf7,
Parpl, Thbsl, Nts_predicted, Pvalb, Acsl6, and P2ryl)E< wd o] A3 o+

U} Table 3991 A] y_—t«ﬂ}@r Zol, 11 FAAES STZ Aol o3& TAFEo] 8v A
= ZA Ve AY #AAasgr ik o 9wy e CHP A g o& A 5o

2 57U

STZ Al o Aol oAy Fa4EY HdH FF ¥l FolA WA AHF219
gk e By wWsle] tsle] AT Interleukin-1B+ A% B-AX <9 7%
S Azl stz AlY s s SUAZ gE3F= cytokineo]™, B
-A £ 2 aDODtOSlS(/‘ﬂJXVL)E 8k Aow dEA vk 1] %3 A 2% dx
327F interleukin-1BE A4kgvta ¢ A dtt. o] &

—A
2o WHAES L XJ]X}J a}e&iﬂéoﬂ/ﬂ o=c] ZA =<2 interleukin-18¢] A Ako] A

4, iz 1
g oA 2y o] B o] Fo3 4Es ¥ Zlolgta AR ¢S Fodk A
< interleukin-1B+ o|¥ W fAtEol glojA B-AXEe] ¥ 7|5& HEsked ¥
238k A4l Xli zA40] At A 18 Bx FAELS IL-2 Aol F5¢ o 2
e AN A 28 Y BABoAE 2¥X gon od AL FAdPsta Y= A
7hH o A 3 31’%%, ded Fof, YW dBABA sdE Aol glivkar HaHgl
tF [42]. IL-1 receptor®] =& FFo WHE (STZ A FHolx 398 F7h), &

microarray 7 A7} 47 W83 dAEE AE BT

A4 dAbg szl dd ARE 2 37FR §AAEC] [Mtel (9.6-fold), Ptdssl
(9.2-fold), and SultZal (3.1-fold)], STZ A& FolA &L FFozZ LHHG ¢
U oo @y 5 CHP Xl s Addoez BiFoen, ol CHPE A s
A AduvteE x29-5 o Wy gabste] we A9 $ES ol #rhal dddr). =

At mouseoll Al A W myo-inositol A5 A oln=z A4 9 Jge
ZEH A 3R A myo-inositol 28-& WA 7] 93] 29 A& myo-inositol©]
AFeoret vk [43] Al 19 B A2 @ $AE EF AAAd dlE ko
D-chiro-inositol 3 myo-inositol & o] F7Fsvtar By o] Qi) [44]. STZ A&
Ao AN Mioxe 2 o dHe o3 (dsd &Y TAA dTE o=
myo-inositol), myo—inositol®] ©]&Z-g&& 1 EHol A3l o] o dojyrnz
oyl @4 #AA2E Y £ Auta B}t [45]. wEbA, glucagon (Geg)
¥ somatostatin (Sst) e HEE zk= FAAEC] STZ Al FHe A AN =&
Froz WA o, CHP Agd o & o] ARHom Ry AL
ArlelE ok, STZ AHe #HEY &l 3 microarray 24 Z3}, olfactory
receptor 984 (OIr984)¢] % 2.3+ down-regulationS ¥ thE A3 wAolgl B 4
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zk71 o] Zh7hE mlgel B A5 # Aol

I UE microarray 2324 @A = dgo)E o BEelas &3t AAb
=8 e obmAt e XIS ofy JHA AlE Fseol dofshs [47, 48] vl
il A o] w EFZ= 2o} rihosomal protein (Mrp)2] down-regulation Z3}o]t}. &
] =& 507 nEZ=Y} ribosome? large subunit protein 409 W& -& v
=2jof DNA £45 Wxthal Bus s givk [49] 28u 2RFwdrs Mmp ¥
A AR Ste) S AAIVE AEH e X FARE o] HEats
apoptosist 72l tE 7|5 &4 #H] S AolT F=HL2 T FUF duh

A 18 I E o] &3t AL microarray datal =317 skl o8 A B4
FAAE (e.g. Mtel, Mtla, Miox, Mtusl, Cysitr2, and Wdr6S)el t™ale] real time
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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).
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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
Gene Gene name Fold change Fold change Biological
Symbol (STZ/Nor) [(STZ+CHP)/Nor]*  process’
Mtel Mitochondrial acyl-CoA thioesterase 1 9.5691 -1.4080 N
Per2 Period homolog 2 4.2200 -2.9968 K,
Calcrl Calcitonin receptor-like -5.8255 4.3740 A, L
nirl1 Interleukin 1 receptor-like 1 3.9482 -1.7223 D, F, L, O
Sulfotransferase family 2A,
Sult2al Dehydroepiandrosterone 3.1210 -1.5658 N
(DHEA)-preferring, member 1
Nppb Natriuretic peptide precursor type B 4.9268 1.0538 C, D, H, L
Mtla 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
Poly (ADP-ribose) polymerase family,
Parpl y ) poly Y 49675 22253 H, K
member 1
Indo Indoleamine-pyrrole 2,3 dioxygenase 5.8474 3.0781 -
Thbsi Thrombospondin 1 -4.0268 -1.8188 E
Similar to hypothetical protein
RGD1306802 -3.2514 2.6854 -
BC008207
Nts predicted ~ Neurotensin (predicted) -7.5657 -1.7323 L
Angptl Angiopoietin 1 2.8348 -1.6309 F, L
. F, H, M, K,
Tp53 Tumor protein p53 3.2433 -1.4084
LG J, A
Pvalb Parvalbumin -4.3552 -1.5475 -
Chp Csk binding protein 5.3317 2.9955 D, L
Plek Pleckstrin 2.1890 -4.3451 L
Acyl-CoA synthetase long-chain
Acsl6 . -4.3766 -2.0637 A, N
family member 6
Sst Somatostatin 2.8527 -10.6356 P
Geg Glucagon 2.4596 -2.4895 N, L, A
Purinergic receptor P2Y, G-protein
P2ryl -4.0052 -1.8970 L
coupled 1
Cdknla Cyclin-dependent kinase inhibitor 1A 9.3777 5.5511 G, D, I A
LOC309957  Similar to myocyte enhancer factor 2C  4.8122 1.8311 K

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

Fold change Fold change Biological
Gene Symbol Gene name (STZ/Nor) (STZ+CHP/Nor)®  Process’
Fut? Fucosyltransferase 2 10.459 1.620 Q
Cysltr2 Cysteinyl leukotriene receptor 2 11.840 -1.595 L
Glutamate receptor, ionotropic,
Grid2ip predicted delta 2(Grid2) interacting protein 1 -14.248 -1.632 L
(predicted)
. Inhibitor of Bruton agammaglobulinemia
Ibtk_predicted ) ] ] 9.897 -1.067 -
tyrosine kinase (Ibtk predicted)
Gpr85 G protein-coupled receptor 85 8.613 -1.730 L
0lr984 Olfactory receptor 984 -14.760 1.546 L
Mtusl Mitochondrial tumor suppressor 1 13.905 -1.336 -
Wdr68 WD repeat domain 68 -50.218 -1.239 L
Ptdssi Phosphatidylserine synthase 1 9.195 -1.473 N
Mrpll7 Mitochondrial ribosomal protein L17 -15.355 -1.805 Q
) Spindle assembly 6 homolog (C.elegans)
Sass6_predicted 37.838 -1.579 J

(predicted)
¢ 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.
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Fig. 70. Validation of microamay 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.
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mouse®] FFolA 4384 FHAEC] EA TAHIJ, L F 2140 FAAESY ¢H
o] FZUFEIA AL, 2244 FAAEL wHo] CHP Aol 2& wdo] #AAadAvt. A=
24 2dyeE FEAEY dFREe ASAEY, %, AAN s, Ax 23
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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).
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Table 40. Diabetes-associated genes differentially expressed in pancreatic tissue of 0b/ob mice before and after
treatments of CHP

Gene Fold change Biological
Gene name .

Symbol (CHP/control) process

L2 Interleukin 2 -2.0412 C, D, K, LM

IL12a Interleukin 12a -2.3277 A, D, L

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

Calcium channel, voltage-dependent, P/Q type,
Cacnala ) 2.1915 F,H, I, L, M
alpha 1A subunit

Calcium channel, voltage-dependent, L type,

Cacnalc ) -2.0333 I
alpha 1C subunit
HNF4g Hepatocyte nuclear factor 4, gamma 2.5435 K
IKBKB Inhibitor of kappaB kinase beta -2.5893 K, L M
H2-4b1 Histocompatibility 2, class II antigen A, beta 1 2.5792 D
H2-010 Histocompatibility 2, Q region locus 10 -2.9078 D
T4P] Transporter 1, ATP-binding cassette, sub-family B 23747 D, 1
(MDR/TAP)
SNAP23 Synaptosomal-associated protein 23 4.7913 I
Sie2ad Solute carrier family 2 (facilitated glucose transporter), 51053 L M
member 4
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-BI Histocompatibility 2, blastocyst 2.1343 D,G
MAPK14 Mitogen activated protein kinase 14 2.1418 L
FRAPI FK506 binding protein 12-rapamycin associated protein 1 2.0127 F
Cacnalb Calcium channe?, voltage-dependent, N type, 3.0047 I
alpha 1B subunit
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
Sie2ad Solute carrier family 2 (facilitated glucose transporter), 51833 L M
member 4
H2-Aa Histocompatibility 2, class II antigen A, alpha -2.3132 D, F
H2-DMb1 Histocompatibility 2, class II, locus Mbl 2.6386 D
READ Ras-related associated with diabetes 2.2036 L L
FRAPI 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
PIK3ch Phosphatidylinositol 3-kinase, catalytic, beta polypeptide 3.5083 E, L, M

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

Fold change  Biological
Gene Symbol Gene name .
(CHP/control) process
Achd5 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
NDC80 kinetochore complex Component, homolog (S.
SPC24 L 13.9254 J
cerevisiae)
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
Scennlb Sodium channel, nonvoltage-gated 1 beta 10.6362 I
Histlh4k Histone cluster 1, H4k 10.0859
DNA segment, Chr 10, Brigham & Women's Genetics
DI10Bwgl364e 9.6570
1364 expressed
Fubpl 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
EMPI Epithelial membrane protein 1 8.9760 H
EG625690 Predicted gene, EG625690 8.8674 B
LHXI LIM homeobox protein 1 8.7838 K
Fusion, derived from t(12;16) malignant liposarcoma
FUS 8.7725 K
(human)
1133 Interleukin 33 8.7404 (0]
CLCCI Chloride channel CLIC-like 1 8.6452 I
EG666731 Predicted gene, EG666731 8.0184

” Abbreviations for biological processes are the same in Table 38.
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Table 42. List of genes that were strikingly down-regulated by CHP treatment

Fold change Biological
Gene Symbol Gene name Y
(CHP/control) process

NEGRI 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
STYXLI Serine/threonine/tyrosine interacting -like 1 -5.5200
PolR2] 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
Hist] H4j Histone cluster 1, H4j -5.1583
TMEM63a Transmembrane protein 63a -5.1513
Dedd Death effector domain-containing -4.9463 H, L
OASIA 2'-5' oligoadenylate synthetase 1A -4.9023 E
Rad5ic Rad51 homolog ¢ (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, 0O
CENPO Centromere protein O -4.6675
YrdC YrdC domain containing (E.coli) -4.6531 J
IFI35 Interferon-induced protein 35 -4.6342 E
HBQI Hemoglobin, theta 1 -4.5988 J
SLCI245 Solute carrier family 12, member 5 -4.5610 J, N
EXOCS5 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
RBPI Nuclear receptor binding protein 1 -4.4762 J
PLA2G4B Phospholipase A2, group IVB (cytosolic) -4.4748
CTSwW Cathepsin W -4.2933
EG574083 Predicted gene, EG574083 -4.2930
SLC1743 Solute carrier family 17 (sodium Phosphate), member 3 -4.2805 J
EG546862 Predicted gene, EG546862 -4.2082
XPRI Xenotropic and polytropic retrovirus receptorl -4.1713
TMEM54 Transmembrane protein 54 -4.1542
LOC627273 Similar to T-cell receptor alpha chain V region CTL-L17 41518

precursor
PPPICB Protein phosphatase 1, catalytic subunit, beta isoform -4.1120 K
ARHGAPY Rho GTPase activating protein 9 -4.1075 M
PSMD7 Proteasome (prosome, macropain) 26S subunit, 4.0956

non-ATPase, 7
GM1684 Gene model 1684, (NCBI) -4.0799
TBCE Tubulin folding cofactor E-like -4.0611 G
HistlH2ad Histone cluster 1, H2ad -4.0413
XLR4B X-linked lymphocyte-regulated 4B -4.0223

“Abbreviations for biological processes are the same in Table 38.
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Fig. 73. Validation of microammay 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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= D
He delA dAE=HAL, S99 dmdse ®watd Y gy =g 249

= A WEkaL, STZ Aol osf thi-ie
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guanidinoacetate methyltransferase (GAMT), peroxiredoxin 4 (PRDX4), protein
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77). 2y CHPE Aesdtdle W AdeToz 79 H75Avh

STZ Aol oa] g A 19 BxFolA diFfe @uid 2y 52 gL

t7F CHP Aol ola] A4 Hok v oz 575 S Holal ik

o
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M

ZH - 4o 93 ARAE Ay Fo s 27019 keratin isoform (KRTI,
KRT9) 9w ASo|n o] dwALe STZ Ao o8 wadsFo] asitt7l CHP A
2o o3 ARE AN wHAFEoR EHILE= Aot} (Fig. 77). #49) keratin
& bl A HE V)eS ZEE keratindE B 28 FREx &S dwd

dH A At [66]. 2y o] 7R AT Aysel o8] &Y Aol A keratine]

=
ko] & A|aL 9laL, keratino] F=He Uvlg AxE2 FAHAFAANA TNF-a A
_]
e}

Aol w83l nuclear factor?l (NF)-kB9} c-Jun N-22] kinase &3S 714

F

71 Aoz HauEAdr) [57, 58], 2822 A keratin®] Ay FHoA STZ Aol
& FAEE F e £ et FAY F=rF Qe ueld CHP A8 A keratin
g S0 ZUlE # A A CHPY B3 &3 Aolgs A d=3t= Aoy}, w

2 AYrdE A= dxFHe CHP A FHol d oA protein disulfide isomerase
associated 3 (PDIA3)¢] ©& g Fejolrd, PDIA3 wld-e e disulfide

isomerase ZAE VMR = Ao® HIEHAI [59], T3 AXEA A ME FHILX
& 2 HFAA FY A A "5
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A
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[60]. %71 <74 BTBR-o0b/0ob mousel Xl Z7}8 pdi 304 S T dHS
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Sae wrgsks Aolghal HaHAy [62]. Tty GAMT Fdxbs @9d A+
2| o}w %=AkQl glycine, arginine, methionine . Z5-¥ creatine®] 2-step JrAdel o
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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.
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Table 43. Identification of pancreatic proteins by PMF in STZ-induced rats in response to CHP treatment

i ; a . b c d Coverage
Protein Function Acc. No. Expressionn Mw pl %
0
Hemopexin (Hpx) Transport GI:122065203 I 52.06 7.58 24
keratin, type I s _
cytoskeletal 9 (KRT9) Protein binding GI:55956899 I 62.26 5.14 22
protein disulfide
isomerase associated 3,  Rsponse to oxidative stress  GI:160961491 ! 65.62 7.62 47
isoform CRA a (Pdia3)
keratin 1 (KRT1) Sructural molecule G1:149023097 ! 412 7.0 34
activity
Aginine metabolic process
Positive regulation of
N(G),N(G)-dimethylarginine ~ angiogenesis Positive
dimethylaminohydrolase 1 regulation of Nitric oxide GI:11935049 I 66.20 8.16 17
(Ddahl) biosynthetic process
Dmethylargininase
activity Metal ion binding
(C}}lllglnri dﬁljoacetate S-adenosylhomocysteine
Methyltransferase Isn_ztgbr(l)hc llrjrfotcheissﬁin
Containing S- Motabolls process. GI:11560131 l 31.81 575 39
Adenosylhomocysteine . b'p heti
and Guanidinoacetate creatine biosynthetic
(Gam) process
Cell redox homeostasis
peroxiredoxin-4 Oxidation reduction
(PRDX4) Peroxidase activity ‘L 2651 583 o1
Peroxiredoxin activity
Apolipoprotein A-I Metabolism & Transport  Gi:16758274 l 3122 618 52
preproprotein (Apo A-I)
. R t .
Protein DJ-1 (Park?) sponse (o drug - Gi:6978515 1 30.10 552 52
Rsponse to oxidative stress
S Tanslational elongation
605 acidic ribosoma ¢ vural constituent of  Gi:16924002 ! 2019 632 6l
protein P2 (Rplp2) .
ribosome
Hemoglobin alpha 2 Oxygen transport & y
chain (HBA2) binding Heme binding Gi:71795613 ‘L 1169 444 78
H lobi Ipha 2 t It
emoglobin alpha 2 Oxygen transport & Gi:60678292 | 1545 845 58

chain (HBA2) binding Heme binding

“ NCBI database accession number.

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

¢ Theoretical isoelectric point of the matching protein.

¢ Percent of identified sequence to the complete sequence of the known protein.
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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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(2) Al 29 mouse # oA Fruysd @uid E4 4

Fig. 76Bol A4 Wi A, % d FxF e 4 silver stainingell 2]3l 500
7Aool iy SDOtEO] 2-DE gelollA] #ZHA5, 21 3 22 spotEol] tishe]
MALDI-TOF #4}o] ¢]z] <138ttt (Table 44). W52 s4¥ @9 A5 CHP-
A2 mousedl Al Bvt Al 28 FmANA B =A LAHAT. CHPE Assle o
acylpeptide hydrolase (APEH), thimet oligopeptidase 1 (THOP1), peroxireductase
mitochondrial precursor (PRDX3), lactoylglutathione lyase (GLO1), hydrolase RBBP9
(RBBP9), lithostathine-1 precursor (REG1), % lithostathine-2 precursor (REG2) &
o) FAAEE Wao] 7439 al, malate dehydrogenase cytoplasmic (MDH1):= wF
= o] FrkstAth (Fig. 78).

424 A 28 (ob/ob) control mouse2} CHP-* ¥ mouseitel] 2 &5F+2] peptidase
(APEH$} THOPL)E®] 2@ & zko]7} FA591vk Acylpeptide hydrolase (APEH)

2
2
2
Do

= HElo] == F-EH N-acylated amino acid AAE ZFvl3}= acylaminoacyl peptidase
ot H= Aol o, APEH @42 ¢x=stolw W] Fa3gh duHgl
amyloid-beta peptide (AB)E #d3le A AFds o] viar Haskdt [69, 70].
Thimet oligopeptidase (THOP):= %€ neuropeptide® #3fdle] 48 A3 +=
thiol-dependent metallopeptidase©]t}. THOP1-& B-amyloid A7A wwlzS 2a) 3
o] amyloidogenic fragmentsE A4 71 Aok [71]. @A Z=ZH
AEL CHP Mol wth P control FHolA © =4 @d
= 78 AB Fafol wiske] Aol Ab&etE WAET|ERe] § FEY Aol
19 Aae A 28 9 (T2DM)+ ¢=stelmi e iz 2 + v
T AE G %}—t— Zelvh. CHP-A g & @do] 743k hydrolase RBBP9 (RBBPY)
Aol F23%k JES F= retinoblastoma-4d 3t © Aolt} [72].
A ‘irﬂxo]' AAlF ol AsletE Ao os] o] dmMAL TGF-B1 AzAY pathwayoﬂ
A obA A X ek g Ao &= serine protease®tE Ao wHE A [73].

gt RBBP9E wWAbdel os e AXZF2A el dojix A (gender) X}O]S&]r Add
ol A
a9l

i
o
°

e wEs Hole Ad F8% JTEs & AHolgkar KT [74]. 2
A 02 RBBP9S Fh/defola] A wde] HH, 1 Iy £FE2 @%703}
CHPel e At AS AT 2L A3t AdgH o2 RBBPY &4 &
= gtgEe e IRt obY ) apoptosis, XTI, HAES SO AE 4
stol 714 sle ®HAE E F ds Aol

2 ZZHe AT 93], CHP Al #3134 A 238 Fx FHolAl malate
dehydrogenase (MDH) &2 dAstA (3.94) 718kt MDH+ TCAZ = A
L-malate ¥ NAD Z%-¥ NADH ¥ oxaloacetate F4-S Fvlsl= FuAL #4d F2
3 NAD -dependent &4o]t} [75]. B35 MDHY= ¥, A &4 ZS0A] =4 23
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Table 44. Identification of pancreatic proteins by PMF in 0b/0ob mice in response to CHP treatment

Protein Function Acc. No.* Expression”  Mw" pI’ Coverage (%)°
Phosphoribosylformylglycinamidi ~ Lvrine biosynthesis .
b ‘{FG M oeth \" Nucleotide transport Gi:226958458 l 146.25 543 13
ne synthase synthase & metabolism
Acylpeptide hydrolase, isoform .
CRA d (APEL) Hydrolase Gi:148689322 ! 80.93 5.32 12
. . . Hydrolase,
Thimet cligopeptidase Metalloprotease Gi239916005 ! 78.78 5.67 29
(THOPI)
Protease
unnamed protein product Gi:12846632 ! 50.43 5.55 25
unamed  protein product Gi:74177659 1 56.73 5.57 23
. . . Translation release
Eukaryotic peptide chain release L .
factor subumit 1 (eRF) factq? activity, codon Gi:4759034 ! 4923 5.51 39
specific
unnamed protein product Gi:74150721 1 58.27 8.18 58
ATP-specific succinyl-CoA )
synthetase beta subunit Ligase, ATP binding Gi:3766201 ! 46.56 5.65 21
(SUCLA2)
Carboxypeptidase Al precursor Gi:54312076 l 47.47 541 37
(CPAL)
unnamed protein product Gi:26350123 1 33.01 4.80 40
Reproductive homeobox 2A Regulation of .
o Gi:13386376 J 2121 489 28
(RHOX2 ) transcription
Malate dehydrogenase, Glycolysis .
cytoplasmic (MDH1) Oxidation reduction Gi:254540027 ! 36.66 6.16 34
Proteir} phosphatase 1, catalytic Gi:148705446 1 36.09 6.59 30
subunit, beta isoform
Cell adhesion )
Collagen Protease inhibitor Gi:467517 I 115.37 6.11 14
Serineproteaseinhibitor
Guanidinoacetate Methyltransferase .
N-methyltransferase (GAMT) Transferase Gi:6753944 ! 26.60 343 >7
Thioredoxin-dependent peroxid Antioxidant )
reductase, mitochondrial Oxidoreductase Gi:6680690 ! 28.34 7.15 28
precursor (PRDX3) Peroxidase
unnamed  protein product Gi:26344461 ! 22.99 5.20 45
mCG10592, isoform CRA ¢ Gi:148703873 ! 16.58 5.23 33
Lyase )
Lactoylglutathione lyase (GLOL)  Anti-apoptosis Gi:165932331 I 20.97 5.24 35
Metal ion binding
Putative hydrolase RBBP9 Hydrolase activity Gi:86439977 ! 21.07 5.64 45
(RBBPY)
Lithostathine-2 precursor o .
. Sugar binding Gi:6677705 ! 19.79 5.89 45
(REG2)
Good peak but no identification !
Lithostathine-1 precursor o .
. Sugar binding Gi:6677703 ! 18.91 6.08 56
(REGL)
unnamed  protein product Gi:74220823 1 44.74 7.53 24

a

NCBI database accession number.

STZ-induced diabetic group compared with diabetic control group.

° Theoretical molecular weight of the matching protein in kDa.

¢ Theoretical iscelectric point of the matching protein.

¢ Percent of identified sequence to the complete sequence of the known protein.
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Fig. 78. Differentially regulated pancreatic tissue proteins between

(%) 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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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.
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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.
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For the abbreviation of each protein name, see abbreviations.
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Table 45. Identification of plasma proteins by PMF in STZ-induced rats in response to CHP treatment.

Fold Change

Protei Ace. No.” Mw’  pI Seq Peptides’  Score” Normal STZ
rotein CcC. 0. W €] €S CO
P v f P % vol¥ (% vol) (% Vel  ST4  CHP
Normal STZ
Fibrinogen alpha subunit . *h *
(FGA) Gi:790486 60.96 7.56 28 18/23 191 020+0.16  0.57+0.11"  0.25£0.09°  2.85 228
Fibrinogen alpha subunit . * *
(FGA) Gi:790486 60.96 7.56 33 22/27 222 0.11£0.05  041+0.15°  022+0.02°  3.73 -1.86
(FF%T)"gen alpha subunit 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 Gi:114008 4446 512 62 26/36 323 0.64+0.13  090£029°  0.73x021"  1.41 -1.23
(Apo A-1V)
Apolipoprotein E (Apo E)  Gi:1703338 3575 523 34 13/20 134 0.44+0.17  0.18+0.09°  0.46+0.15°  -2.44 2.56
Serum amyloid
P-component Gi:148747488 2627 550 33 6/10 92 0.02+0.004  0.12+0.06"  0.06£0.008°  6.00 22.00
precursor (SAP)
Apolipoprotein A-I . x x
; Gi:6978515 3010 552 56 14/17 220 0.89+0.43  144+077°  0.96£0.55  1.62 -1.50
preproprotein (Apo A-I)
Apolipoprotein A-I Gi:113997 3039 552 47 8/21 98 1284027 2124045  134+052°  1.66 -1.59



(Apo A-I)

-reacti tei . . .
(CCE;;’ 'VC IOl PIECUTSOT 18303197 2574 489 13 3/3 56 045:0.18  056x0.11°  0470.05° 124 -1.19
Plasma glutathione
peroxidase precursor Gi:6723180  25.65 826 28 9/11 122 0.12£008  027x0.12  0.005:0.05" 2.5 -54.00
(GPX3)

a

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

¢ Theoretical isoelectric point of the matching protein.

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

¢ Peptides are number of m/zvaluesmatchedfromaninsilicodigestversusnumberofm/zvaluesunmatched.

/ 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).
¢ Notations for experimental group division: Normal, normal healthy group; STZ, STZ-induced diabetic group; CHP, CHP-treated group.
" Statistical significance between each group was determined by an ANOVA test, where pvaluewas *p<0.05and**p<0.01.
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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.
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Table 46. Identification of plasma proteins by PMF in 0b/ob mice in response to CHP treatment.

. . Seq ) Normal CHP Fold Change

Protein Acc. No. Mw pI , Peptides Score . .
cov.(%) (%o vol) (% Vol) 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"  -1.83
Serine protease inhibitor ASK Gi:148747546  46.87 5.04 23 17 122 024£0.006  0.12+0.01°  -2.00
precursor (SPA3K)
(FF‘gr]‘;"gen’ B ‘beta polypeptide Gi:33859809 55.40 6.68 44 19/33 182 1264031 0.88+0.32 -1.43
(FFIg‘;)Ogen’ B beta polypeptide Gi:33859809  55.40 6.68 45 21/31 238 2374032 1.9140.66°  -1.24
(FF‘gr]‘;"gen’ B beta polypeptide Gi:33859809 55.40 6.68 50 25/41 240 0.99+0.13 07140210 -1.39
Fibrinogen gamma chain Gi:19527078 55.04 5.54 48 17/21 236 3.010.11 224+0.06°  -134
precursor (FGC)
Alpha-1 protease inhibitor 2 Gi:191844 44.91 533 23 913 112 0.36+0.05 0.16£0.03° 225
(alpha-1-PI)
Apolipoprotein A-IV (Apo A-IV) Gi:14789706 45.00 534 41 13/24 133 0.52+0.18 0.83+0.05°  1.60
Chain A, crystal Structure of Gi:161172183  13.77 576 69 6/10 114 1.28+0.40 1.69+038° 132
mouse transthyretin (TTR)
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  167.14 624 8 14/23 88 0.25+0.04 0.8120.09" 3.4
Alphal macroglobulin (A1M) Gi:148667474  167.03 624 8 11/13 108 0.84+0.07 1.16£0.11° 138
Alpha-2-macroglobulin (A2M) Gi:134035924  167.14 624 10 15/20 131 0.600.13 0.80+0.20 133
Apolipoprotein E (Apo E) Gi:1703338 35.88 5.54 50 21/35 208 0.69+0.15 1.0140.09° 146
Chain A, the crystal structure of A Gi:6137745 15.66 5.88 37 6/8 112 0.40+0.12 030£0.05°  -1.33

complment-1q family protein suggests an



evolutionary link to tumor necrosis factor

(C1QTNF)S)

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) (G1:229255 15.63 7.26 69 8/13 121 3.25+0.98 1.11+0.58" -2.93

a

NCBI database accession number.
» Theoretical molecular weight of the matching protein in kDa.
Theoretical isoelectric point of the matching protein.

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

¢ Peptides are number of m/zvaluesmatchedfromaninsilicodigestversusnumberofm/zvaluesunmatched.

significant (p<0.05).

¢ Notations for experimental group division: Normal, normal healthy group; STZ, STZ-induced diabetic group; CHP, CHP-treated group.

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

/ 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
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Fig. 82. Differentially-regulated plasma proteins between genetically diabetic mice (ob/ob, white bars) and
CHP-treated diabetic mice (0b/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.
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Table 47. Sequences of the identified peptides of differentially expressed plasma proteins in each group by PMF

Protein

Seq

cov.(%)"

Peptides’ Score

Matched peptide Sequences

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

Albumin, isoform CRA a

Apolipoprotein A-I (Apo A-I)

Apolipoprotein A-I
preproprotein (Apo A-I)

Apolipoprotein A-IV
(Apo A-1V)

31

62

14/15

8/21

14/17

26/36

196

98

220

323

(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)

(R)VKDFATVYVDAVK(D) (K)DSGRDYVSQFESSTLGK(Q)
(K)QLNLNLLDNWDTLGSTVGR(L) (R)LQEQLGPVTQEFWANLEKETDWLR(N)
(K)QKMQPHLDEFQEK(W) (K)MQPHLDEFQEKWNEEVEAYR(Q) (K)FGLYSDQMR(E)
(K)AKPALDDLGQGLMPVLEAWK(A)

(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)

(K)TDVTQQLNTLFQDK(L) (K)TDVTQQLNTLFQDKLGNINTYADDLQNK(L)
(K)LGNINTYADDLQNK(L) (K)LQEHLRPYATDLQAQINAQTQDMK(R)
(K)LQEHLRPYATDLQAQINAQTQDMKR(Q) (R)QLTPYIQR(M)
(RYMQTTIQDNVENLQSSMVPFANELK(E) (R)MQTTIQDNVENLQSSMVPFANELKEK(F)
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Apolipoprotein E (Apo E)

C-reactive protein precursor
(CRP)

Fibrinogen alpha subunit
(FGA)

34

13

28

33

13/20

3/3

18/23

22/27

134

56

191

222

(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)YQQLGSDSGDVESHLSFLEK(N) (R)EKVSSFMSTLQK(K) (K)VSSFMSTLQK(K)
(K)KGSPDQPLALPLPEQVQEQVQEQVQPKPLES(-)
(K)GSPDQPLALPLPEQVQEQVQEQVQPKPLES(-)

(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)

((R)SFSIFSYATK(T) (K)TSFNEILLFWTR(G) (R)VFSPNVLNWR(A)

(R)IVERQPSQCK(E) (R)MKGLIDEANQDFTNR(I) (K)GLIDEANQDFTNR(I)
(K)GLIDEANQDFTNRINK(L) (K)LKNSLFDFQK(N) (K)NSLFDFQK(N) (R)NIMEYLR(G)
(RYGDFANANNFDNTFGQVSEDLR(R) (R)GDFANANNFDNTFGQVSEDLRR(R)
(K)AQQIQVLQK(D) (K)DLLPAKDR(Q) (K)MSPVPDLVPGSFK(S)
(K)MSPVPDLVPGSFK(S) (K)SQLQEGPPEWK(A) (R)MHPELGSFYDSR(F)
(RYMHPELGSFYDSR(F) (R)FGSLTSNFKEFGSK(T)
(K)TSDSDIFTDIENPSSHVPEFSSSSK(T)

(R)IVERQPSQCK(E) (R)MKGLIDEANQDFTNR(I) (K)GLIDEANQDFTNR(I)
(K)GLIDEANQDFTNRINK(L) (K)LKNSLFDFQK(N) (K)NSLFDFQK(N) (R)NIMEYLR(G)
(RNIMEYLR(G) (R\GDFANANNFDNTFGQVSEDLR(R)
(RYGDFANANNFDNTFGQVSEDLRR(R) (K)AQQIQVLQK(D) (K)DVRDQLIDMK(R)



S}
Do

(K)RLEVDIDIK(I) (K)DLLPAKDR(Q) (R)QYLPAIK(M) (K)MSPVPDLVPGSFK(S)
(K)MSPVPDLVPGSFK(S) (K)SQLQEGPPEWK(A) (R)MHPELGSFYDSR(F)
(RYMHPELGSFYDSR(F) (R)FGSLTSNFKEFGSK(T)
(K)TSDSDIFTDIENPSSHVPEFSSSSK(T)

(R)IVERQPSQCK(E) (R)MKGLIDEANQDFTNR(I) (K)GLIDEANQDFTNR(I)
(K)GLIDEANQDFTNRINK(L) (K)LKNSLFDFQK(N) (K)NSLFDFQK(N) (R)NIMEYLR(G)
(RNIMEYLR(G) (R\GDFANANNFDNTFGQVSEDLR(R)
(RYGDFANANNFDNTFGQVSEDLRR(R) (R)EINLKDYEGQQK(Q)

25 18/24 175

(K)MSPVPDLVPGSFK(S) (K)MSPVPDLVPGSFK(S) (K)SQLQEGPPEWK(A)
(R)MELERPGKDGASR(G) (K)TVLGNDGHREVVK(E) (R)MHPELGSFYDSR(F)
(R)MHPELGSFYDSR(F)
(K)QEPGENSEILPSLK(Y) (K)EQKFYTFLK(N) (K)FYTFLK(N)

Plasma glutathione peroxidase o1 s (K)NSCPPTAELLGSPGR(L) (R)LFWEPMK(I) (K)FLVGPDGIPIMR(W)

precursor (GPX3) (K)FLVGPDGIPIMR(W) (K)MDILSYMR(R) (K)MDILSYMR(R)

, (K)VFVFPR(E) (R)SQSLFSYSVNSR(D) (K)VGQYSLYIGNSK(V)

Serum amyloid P-component 6/10 92 (K)SSPSIVLGQEQDTYGGGFDK(T) (R)GFPPNPNILDWR(A) (R)ALNYEINGYVVIKPR(M)

precursor (SAP)

Group2: ob/ob mice in response to CHP treatment.
(K)DQSPASHEIATNLGDFAISLYR(E) (K)NHYQAEVEFSVNFAESEEAKK(V)

o (K)VINDFVEKGTQGK(I) (R)RLVQIHIPR(L) (R)LVQIHIPR(L) (K)TLMSPLGITR(I)

gﬁ;ﬂ:i gg’tease inhibitor 2.5 9/13 112 (K)TLMSPLGITR(I) (R)IFNNGADLSGITEENAPLK(L)
(R)IFNNGADLSGITEENAPLKLSK(A)
K)QQNSHGGFSSTQDTVVALQALSK(Y) (K)YGAATFTR(S

Alphal macroglobulin (A1IM) 8 11/13 108 QR Q Q ) (K) ®)

(R)SQKEVLVTIESSGTFSK(T) (K)TFHVNSGNR(L) (R)LLLQEVR(L)
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Alpha2 macroglobulin (A2M)

Apolipoprotein A-I (Apo A-I)

Apolipoprotein A-I

10

49

14/23

14/23

15/20

16/24

18/34

38

38

131

208

198

(R)LLLQEVRLPDLPGNYVTK(G) (R)LPDLPGNYVTK(G) (K)APFALQVNTLPLNFDK(A)
(K)APFALQVNTLPLNFDKAGDHR(T) (K)KLQDQPNIQR(T) (R)TEVNTNHVLIYIEK(L)

(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)

(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)

(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)

(K)VKDFANVYVDAVK(D) (R)LGPLTRDFWDNLEK(E) (R)DFWDNLEK(E)
(RYDFWDNLEKETDWVR(Q) (K)VQPYLDEFQK(K) (K)VQPYLDEFQKK(W)
(K)YWKEDVELYR(Q) (K)VAPLGAELQESAR(Q) (K)VAPLGAELQESARQK(L)
(R)YQKLQELQGR(L) (K)LQELQGR(L) (R)LSPVAEEFR(D) (R)LSPVAEEFRDR(M)
(R)TQLAPHSEQMR(E) (K)ARPALEDLR(H) (R)HSLMPMLETLK(T)
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preproprotein

Apolipoprotein A-IV
(Apo A-IV)

Apolipoprotein E (Apo E)

Chain A, crystal Structure of
mouse transthyretin (TTR)

Chain A, the crystal structure
of A complment-1q family

41

50

69

37

13/24

21/35

6/10

6/8

133

208

114

112

(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)
(RYHSLMPMLETLK(T) (K)TQVQSVIDKASETLTAQ(-)

(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)YQLEQQVEEFRR(T) (R)TVEPMGEMFNK(A) (K)ALVQQLEQFR(Q)
(R)YQQLGPNSGEVESHLSFLEK(S)

(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)
(RYGRLEEVGNQAR(D) (R)EHMEEVR(S) (R)SKMEEQTQQIR(L) (R)LQAEIFQAR(L)
(R)LKGWFEPIVEDMHR(Q) (K)GWFEPIVEDMHR(Q) (R)QWANLMEK(I)

(K)KTSEGSWEPFASGK(T) (K)TSEGSWEPFASGK(T)
(K)TAESGELHGLTTDEKFVEGVYR(V) (K)FVEGVYRVELDTK(S)
(K)TLGISPFHEFADVVFTANDSGHR(H) (R)HYTIAALLSPYSYSTTAVVSNPQN(-)

(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 (CIQTNFS)

Coagulation factor XII (FI2) 10 5/5 75

45 21/31 238

- Glg -

Fibrinogen, B beta
polypeptide (FGB)

50 25/41 240

48 17/21 236

(R)LCHFPFQYHR(Q) (K)CFEPQLLK(F) (K)FFHENELWFR(T)
(K)QALSWGLGHHAFCR(N) (R)LHEGFSSITYQHDLALLR(L)

(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) (KYHGTDDGVVWMNWK(G) (K)GSWYSMR(R)
(K)IRPFFPQQ(-)

(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(-)

(R)KEEPPSLRPAPPPISGGGYR(A) (K)EEPPSLRPAPPPISGGGYR(A)
(K)QAQVKENENVINEYSSILEDQR(L) (K)ENENVINEYSSILEDQR(L)
(R)LYIDETVNDNIPLNLR(V) (R)SILEDLR(S) (K)QKLESDISAQMEYCR(T)
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Fibrinogen gamma chain
precursor (FGC)

Hemoglobin beta (HBB)

Ig kappa-chain V-J-region

Serine protease inhibitor A3K
precursor (SPA3K)

unnamed protein product

48

69

17/21

8/13

4/6

7/7

8/10

236

121

58

122

104

(K)LESDISAQMEYCR(T) (R)TPCTVSCNIPVVSGKECEEIR(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) (KYHGTDDGVVWMNWK(G) (K)GSWYSMR(R)
(K)IRPFFPQQ(-)

(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()
(R)IQLKDWNGR(T) (R)TSTADYAMFR(V) (K)SSTTNGFDDGIIWATWK(S)
(RYWYSMKETTMK(I) (K)IIPFNR(L)

(-)VHLTDAEKAAVSCLWGK(V) (K)VNSDGVGGEALGR(L) (R)LLVVYPWTQR(Y)
(R)YFDSFGDLSSASAIMGNAK (V) (R)YFDSFGDLSSASAIMGNAK(V)
(K)VITAFSDGLNHLDNLK(G) (K)DFTPAAQAAFQK(V) (K)VVAGVAAALAHKYH(-)

(-)DIVMTQSPSSLAMSVGQK (V) (K)NYLAWYQQKPGQSPK(L) (K)LLVYFASTR(E)

(R)ALYQTEAFTADFQQPTEAK(N) (K)ISFDPQDTFESEFYLDEKR(S)
(R)KTLFSSQIEELNLPK(F) (K)TLFSSQIEELNLPK(F) (K)FSIASDYRLEEDVLPEMGIK(E)
(K)AVLDVAETGTEAAAATGVIGGIR(K) (K)AVLDVAETGTEAAAATGVIGGIRK(A)

(K)AGQEPGLQIWR(V) (R)EVQGFESSTFSGYFK(S) (K)HVVPNEVVVQR(L)
(K)VSNGAGSMSVSLVADENPFAQGALR(S) (R)QTQVSVLPEGGETPLFK(Q)




AV

(K)SGALNSNDAFVLK(T) (K)TPSAAYLWVGAGASEAEK(T)
(R)SQHVQVEEGSEPDAFWEALGGK(T)

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

b Peptides are number of m/zvaluesmatchedfromaninsilicodigestversusnumberofm/zvaluesunmatched.

“ 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).



rO
g

(3) Western blot &40l ¢J3t z=H & Ay s

)=]
4]

2 adiponectin ¥ resistin ¥ 2

|&
i
i)
o
Mo
X
=2
>
N
>
X
=2
o

)
rO

o
X
-0,
>
o
ol
o
é
_|_4
Ol
—|~
fie]
Ol
ol
2

[H
i
i)

=,
o
(U
=
N
2,
=2
_0|L
2
o)
12
%
2
M
i
o
ol
:C?L_',
5
=
i
4 e

o 8 2l

vk Al 18 FxolA 4 99 A (Apo A-TV, SAP, CRP, Apo E) 7
F12, FGB, Apo E, A2M)dp w3t Wssd 24 4y}
Jo] Td3 AuE vo £t (Fig. 83)

2 ou)ehs 233 A S AgxzA B 4# 7 adiponectin® resistin
o] 2-DE A & fdFo] off¢u=z WAsta whyd 93] 7 wuide]
5 &S FAFEFYT (Fig. 84). Adiponectin® X HFA|E oA Eu|& &= Q& -7
TEZORA AWdgAL 2 dRAAES A Fog s ke AoeE HIHJT
[103, 104]. m=gk -1 d@uwide] o o 52 Jx 9 uvke] Ao fgiadvy &

=1
Qv [105, 106]. <43dd gz 34 A 28 o o A= adiponectin®] & o4

2

Do
ot
ofl
kr
-
>
S
=
o
(L

%
it

8
Y

Ul e AR ARE CHP Aol ola A4 FFoz S =3 7o
A AWM o] o FEE = resisting W} Al 28 Pk 7ho] AZAAzA LHA
Attt (107, 108]. A 28 Wl v 7RA] 7k &H 1 resistin TS ¥ wE o
A 28 Y A7F v w ARG o 52 FEoR S BaE v [109]
oA AR HEol, §d4 Al 28 B FHolA= B W & FELE fFAEY
7 CHP Aol 98 AAitdQ oz L33 sE AS FAdsv. wea CHPE
s Y= AT F7HE adiponectin g Holal EdE Aa¥ resistin FEE M

olm 2 CHP¥ ob/ob mouse|A] Hx HHE 43417 Aoz dag)

AEA o2 AAF, 37 CHP-AF dxz] SolA Z2H 9 vuw 4 2
3 BAE 7122 ofd B 3taiA vyl CHP: 24 FHolA Wstd duas] &
=& AN A= RAoE HAAG. B AFoA nEY TRHE ARELS 3
= Af{ ¢ ol F83 Jx AEE ATY Ao},

- 218 -



Apo AV — - CRP - —
B-actin | . C — P-actin | a— .
A b b = = i
E un fsm —r—
3 = S
E £ sm
5 z
E S om
2 aud =
& £ m
= /] z | |
E o - i m—
Hormal 5TZ CHP Normal STZ CHP
oo (] o s
F-CLin | amm— — om— B-actin | . e omm—
S = =®
g
z — ey :
§ = T S =
= L H
2 =0 E =
= T E
g m 1 =
= g |
= &0 =
o . L
Normal 5TZ CHP Normal 5TZ CHP
FIZ | e  — FGB | m—
B-actin | — B-actin] S —
2 = &
e 1 § 1
= i
= £ 2 T
= = = T
=@ E au
£ £
;@ o
b ®
& E
o u
Control CHP Control CHP

Aam E

Apo E
B-actin -actin = 2 o

&

i
g

g
]

£
=
2
8
=
£
E
-]

lulut o wspmencn < AEs B %1
- 5 4 3 ¥ g

Contral CHPF Control CHP

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 each
group was determined by an ANOVA test (for panel A) and Student’s f-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.
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Fig. 85. Comparison of the levels of plasma adiponectin and resistin in genetically—diabetic
mice before (ob/ob) and after CHP treatment (0ob/ob-CHP). Data are exhibited as mean values
+ SD of volume density (%) of changed spots in 3 gels from individual 6 mice. Band density was
calculated by ImageMaster 2D software V4.95 and relative intensity (%6) refers to the relative value
of target protein to that of B-actin. The statistical significance between each group was determined
by Student’s t-test, where the p value is “p<0.05.
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Fig. 86. Level of blood glucose and HbAlc 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’) 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
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Fig. 87. Manufacturing process of soybean hydrolysate containing CHP
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Table 50. Composition of cereal bar and soybean hydrolysate bar
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) Az
(A} A 9 F dEE e S A TEF Vg AV E Ad

(2h) A= H7t 2=
O A=
+ Hunter L(lightness), a(redness), b(yellowness) color system-s 24
ke L: 97.06,

Bgnpe] M=
2} A (Minolta CR-300, Japan)E AMg3le] =A4sglon, Mxe MAR

B EFBOE AGIAT FAME L o, bE Z45te] £

a: 0.06, b: 1.8491 wj~y
WS 7o w2 -3} 79| total color difference( AE, &3S A4 A ).

ffL sdripele Lm—m.u}z+fﬂw_ ﬁjﬁlmﬂlrﬂ!}2+{.bmnﬂ_b.ﬂm".ﬂ}!

S bgke SFEZANS R EEE R

%o AolE JEhE AE #E U7}
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N

291 4294 Bdel whel g v =S F= Ae FAASAT (Table 51). whet
SadAntel WErtERa e s AUlstoln Mids 2GS FA4 4w AoE

Gt At

BN

>

e

Table 51. Color value of cereal bar and soybean hydrolysate cereal bar

o 7 A al =&t P value
L 6194 + 384 5239 + 191 0.001
a 481 £ 1.88 428 + 1.02 0.598
b 2094 £ 172 24776 £ 1565 0.288
AE 4294 £ 346 5041 £ 150 0.002

HEFH: L(97.06), a(0.06), b(1.84)

@ 71A4 &4 A7)

Z8ntE ¥o] 20 mm, 30x30 mmg! AFHAZ Hod o]  Rheometer
(Compac-100, Sun Scientific Co., Japan)E ©|&3lo] 53] 4&A|E-S T34 7]AA
=4a FANAY. AeE T =494 @2 #F°] 10 mmSl adaptorE 5-33}
o] tahle speed 60 mm/min, compression ratios 40% = Fo] SA 3o} FHFgro =z v}
gt A5 E 9udtE hardness® FEZAN7E 4547400 dyne/cm’®E Ul F 744
aholl wlsto] 2 ghe EATE (Table 52). |+ WiF AAu7E djdo= F=rt @
o Avdt g8 9vE A springiness gk =7 g vk} EH“I‘7]' w8l &
FANIE 242y 82.8% 85.9% % oAl zbolE MolA eFgkth Wk A A S dEH
i+ brittless= WF7REREAE AR S wke] nlEte] w2 FleA AR S

Atk AA A o2 HEAAutel H|ste] tjFrleRallE AARE & o FEEe 7

A 24a B
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Table 52. Values of rheological parameters of cereal bars

Chewiness

Brittleness

Cohesiveness

Springiness

Hardensss

(g)

(g)

321,699.6+

(dyne/cm®)

82.8+13.5 797114 3731.7£1427.3
138,540.7 175,748.8
121,533.8266,84

454,740.0+
222,240.0+

80.9+2.5 66.1+8.8 9.9 1419.24794.7

114,161.0

0614 0.131 0.029 0.06

0.028

P value

EER R
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SRR

T .
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3] 3

e GESE R

b 7)€l
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o} v
2k 5
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o} Erh=
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o, 20 v} 30 HEo|t) 4
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A %

o

~

Table 53. Sensory characteristics of cereal bars

Characteristics

41205

4.0+0.1

Color

3.4204

3.9+0.4

Flavor

42+0.3

41+0.2

Sweetness

3.9+0.5 4.0+0.4

Overall acceptability
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T2 A% = Hunter L(lightness), a(redness), b(yellowness) color system= 7}#]
i 9lE AMAA(Minolta CR-300, Japan)& AR&3tlow, Mol Mzx e L
97.06, a: 0.06, b: 1.834%1 WA}-g FFHo = A3 T

2 A% dFE e 7R yrkeEss 27 F5-Y bake A 16.18%
151567 #ol& WG ow, 22 FH xZbe] MAE FHTbrol v gEUF a4

A7) e B& Btk (Table 54).
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Table 54. Color value of tofu and SH-tofu

AR A

2 A 71 (Tofu P value
TR ) (SH-tofu)
Crust Crumb Crust Crumb Crust Crumb
83.00 + 85.58 + 81.00 + 82.92 +
0.247 0.000
2.57 0.67 2.48 0.23
0.69 + -0.04 + 0.89 + 0.79 +
a 0.115 0.000
0.11 0.03 0.22 0.10
16.18 + 14.88 + 15.15 + 15.71 +
0.001 0.002
0.27 0.33 0.31 0.24

\r

(th) FF9o =47 =4
APdd FHo "Hiax= FHEE IAI A7|(Gx5x25 m)e A7|E AdEe]

Rheometer(Compac-100, Sun Scientific Co., Japan)E ©]%#3}¢] hardness(7 %),

4

springiness(¥-4), cohesiveness(-3%4d), chewiness(®&4), brittleness(71 A4)S =
AR, S2AZXASZ 20 mn aluminum probeE AFE3l9] test speed 5.0 mm/sec.
distance 5 mm& ZAo|A AF&EST]

a A gk Ee] 10% H7bd FE-oF gk bl 2AES 5%
3} hardness, springiness, cohesiveness, brittleness®t chewinessell A4 2] 9]

o] 7} At} (Table 55).

[0}
o
flad

2
Lo,
2

Table 55. Textures of tofu and SH-tofu

Hardensss Springiness  Cohesiveness Brittleness Chewiness
(dyne/cm”) (%) (%) (g) (g)
Tofu 744.3£164.5 101.2+14 95.0£2.3 6133.7£1946.1 60.5+19.0
SH-tofu  746.0£151.7 101.4+1.6 96.7+0.6 5947.1+1240.4 58.8+12.8
P value 0.964 0.899 0.206 0.772 0.789
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() #=4A
CHP 3+

AArfel Frojgh sde 207

3 =

4 HAlel ol Alwstdon, & MY ANEE HIFg F wrEA AFE QIeks F

71Z% HAWRS AMge] 7 28 FF(flavor), SHtaste), A7 (texture), ¢

(appearance), A4 ¢l 7] & =(overall acceptability)E 53 &= Wy o=z 7).

7 A 9y, &, sl 9 A A dut FE FH3te] A FRI A B
[o2]

4
oz SOt dEALEAE b TR} FAA Aok Yek. =@ A

NZmo M Ak i 4779 WA kRl U FERolA = 45602 v
2 Aol melot el Apeli= §A9Th (Table 56, Fig. 83). iF7lws= H
7t R teA o R va "o fo Al Aolrh giglenE CHP # dli
NERAES AU T8 Az sAS AAET

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
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Fig. 88. Sensory characteristics of tofu and SH-tofu
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i

of

BOATO] ASE BS 2011 WAL AW (Sl WA, i, AT A F A
stol WANT (°C)FEA AGFHAY. AW, Y ARZE TARNE Fa A

H
E2 92 F54 2 methylcellulose (Sigma Co, USA)E AF&3F ) [110].

[o}

(b WEAREANEY 25 L FF 54
CHP ¥% dF/ls2slEe An o9 A 5 248 247 A8 +8
o F CHP 3 diF7krasl=9 s% (1, 3, 5 10%, w/v) 2 Ha5A1F (20, 40, 60,

80 120 180 min)s Belste] Adt A [111]e] el we} & o 5 g& 8 40

G
sta A F71Ee Bt P9 FAgoRNE AR 1g AF NF) F 5
FHe ANl FHEEE T

S84 5 Becker [11219) 841 W4 S o g3l vhe ol wet Astshgrt

x

o714 moE AEY %7 FEIH (g water /g dry matter), mS DAA7E X A]

71 $9o] 3% (g water / g dry matter)©]th

(vh) ZdAke] ¥

CHP T+ tF7lsE8E9 ZY-ES methylcellulose (1%, w/v)E o] &3tal, 5%
S CHP i dlF7FFEalE (5%, w/v) Hoz sgste] AAsdch & 30 g 6
mLe| &5 w3 FIHAIFIAA Frbegl o, o] W ARAL fElEoRw Ao &9

of #dsA BujH =S stal ol & FHAFIAY. ofF dFoE 10~1583F dxe

2

2 S AZE (20, 40, 60, 80 120 180 min)S @E|ste] FHA oF 5 g& 40 mLo| FH
Gol Wol dgemelA] AR AR (3D B4 FRAZ g o BAR EUSE A
Asta A F71Fe SARAY. FAY FABOEYE AR 1 g AF NPT 5
FEFe Aol &S T

m-mo= ko (1)

o714 moE AEY %7 FEIH (g water /g dry matter), mS DAA7E X A]
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71 $9o] 3% (g water / g dry matter)©]th

(1) YA P e

#eko] el Supereyves microscope camera 2 PCol 4743 image analysis
system (Shenzhen Tak and assistive Technology Co., Supereyes B003+, ShenZhen,
China)2.= #43talen, ¥4, o], 44 5 7% JHWFE 78913, fractal A<
D= w4 8 Ao Zelgte2iY ta Ae o &3dte] AXteklvh [113]. <, log Sn
I log Xng ZAISEe] fojx= A4l Yle7] (2/D)=FH Deks 73kl

Sn'? o« Xn'P (2)

o714 Sne W2 (mm?), Xne 4 (mm), D¥ fractal 9 (-)o]t}.

FA, o] AR F3E 4 4T BAAR AgsT vhg Ao sl Aty

S=2mh2 + 2m(ab/e) sin e (3)
V= (4/3)1ab2 (4)

o17] 4 al AR AWA (cm), b AR @k (cm), el VaZ - b2Va - p2 o
}.

(Ah) AdApe] FHEEA

Ao 3 FX WsE FAAAAR A (Scanning electron microscopes, SEM,
JSM-6701E, JEOL, Tokyo, Japan)& AR&3lo] #&3A T ZZXAIEE ion coaterel A
oz ZAFZA (100 A)AZ Bs, A 10 kVE &9 F4 ¥, T4 9w
S 747 250 Wi, 1000 w2 o Gk}

2

(Ah A& 4

Aol w9 BrylEeol M hunter scale L (8%, Lightness), a (M5,
Redness), b (3% Yellowness) color system= 7FA| 2 )& Az x4 (Minolta
CR-300, Minolta Camera Co., Tokyo, Japan)E AF&3l9=d), Mxe] Mzx g e
L=97.06, a=0.06, b=1.84%1 xF WA o Fi FAH3ATE AN E T3l AE

(total color difference; < xH)E th&3F o] A4FsS o).

(o}) A A7
A& Ay SPSS 120 (SPSS Inc., IL, USA)S o] &3t 7 Hgsaoy BE

=73 o thet Hf (mean)¥ FFHAH(standard deviation, SD)E AF&3Fv 95
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2t SR ke FoA e SHEE t-testE ol &5t p<0.05 FEoA FoHoR

LHERL AT

(=h 4%
@O &9 grtrdsEe] F3 9§ 2H
AE2E ANEE CHP T dFrteasise] §7439E A3 55 28 (dip
coating)®] 7bsAd-& XA o, 11 A¥= Fig. 899 Zrh CH
&> A¥ 49 hyperbolicdt =3%F4S
wuslelA FAATS vasle] & AolE wolx R BW, FFEES T 2
3}, Table 570 A2} o] ) m
A5 v, ol A 5 [114]19 8 5 [115]9] A2 Aot {fAFsHL
Adte] m=d FFEEHEe Fk ojEAdo] YEdET C
= Skl wEl FAEE et ol e AdE BEUlR 5 &
CHP &+ dulF77tsiEslEe] 5571 o4 7 ]
getekadty. ok Ay xy T &4

methylcellulose =™ 538 (spray coating)S 7 2330}

t
o

O

&

iy

e

04
——&——  Control
\\\\\\\\\ fo RERTTRUT SHC 1%
———v-—— SHC3%
—-—A-—--  SHC5%
03+ — % — SHC 10%

Water gain (g HoO/g dry solid)
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Fig. 89. Hydration patterns of rices under the solution containing different concentration of CHP enriched

soybean hydrolysate.
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Table 57. Absomption rates of rices under the solution containing different concentration of CHP enriched

soybean hydrolysate.

Concentration Hydration rate constant (k, min'l)
Control 0.150
SHC (1%) 0.089
SHC (3%) 0.087
SHC (5%) 0.079
SHC (10%) 0.047

© g od4y 54
CHP &+ wiFrlewsize] &5 st 2 Adey =2 & &5 A
2 &4 BXE 93] methylcellulose polymer #5H8-S AEdo] IR
RoH, ol EAE vt o] AL, EA4EATH
A=A 9 CHP 3 uF7brasE g8 4] FgE AuiE Aie i
2T Fig. 909 Axts i duwde] {717 v A22 Fista d2 93
UERHATH kel m®de CHP S tiFrleisi=e 29 ¢fste] EFsy
U

Row AAEAon, dadoa #AHA] YW cracking Aol

e mush 4717 % 3% P Table 58] R WA g
iy & A= e LA ey e gt
77 72529 719602 A9 AolE YA (p<0.06). AMEE e

agtol A= QaEEAA -0909 &l W&l ZHBAE -0790.2 BAHoz fodo

2 Folnl A& AT 5 YU (p<005). WHd] FAEE ekl bike 98%

AN 27 9675 106902 °Rb Fhele Agom veito feldelx

A} (total color difference, AE)el A= dmAe] wvlsto] 182l A

Foldow FAasheE Agor YEsY (p<0.05).

FRATERY] A% F Asfe] wEW L AndvtEs faRAvRdA 47t
91765+ 914322 Fo] 4l Aro]7k vpebubA] eokth. agtel e dBAVFEA -0.43
ggol HlaE mEBFRAE 05902 BAGoR foAor ZolATh (p<0.05).
Dol bate ARAVFFI AFRIEFAA Zh7 4863 491 F2 Al Aelrt the

7
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WAl ko, ARAME JARaTRo] njdte] siEAVEFAAA oft FUlEE AL
= Ut oy folskA= &t

w Zol, F % IFa EAS Supereyes microscope camera® 43 Ayp=
Table 59} 2ot dage] Zdojop £ 747} 537 ¥4 294 mmeolsley ZE&2 7t
7y 6.02 ¥ 331 mmeZE A RY AR ¥ FAZ YEET dad U =
gato] Aojet FA M (a/b)E 1.83% 1.822 Wnlo] dia] ®ag i Hléﬁ}oﬂgtﬂ
durzlo 2 winle] Zojo} FANE 1.62~191 (A 1.73) B9zt a9d [114]). 9
e yolE 4271 mm’e® vEon, wyde H9os 5521 mmio R EAF
o7 Fo8A T FAE et ofed 954 By 2312 mm'E Jukd
Ql Wrl 174 mm’e] Mg guvhs tha Ehon, 398 3523 mmoR 98d
Ho fodoz =2 FAE YeAdh 5ol tigd Wae] v (§/V)= 958 ¢
Aol Al A7 1,789 1572 Yty BAA 2 {93 AolE Uehlidth dud
N9 SV A= 3 5 (115619 Ao} FASHA Ve

715}'5, Fig. 9lol| A ¢} #Zo], dutdgor Ay Fejo] A3t i Yoz ALY

S AL Aa, 988 2 8% AR g2 47 1.03¥% 1.23

o x FRAA o 2 FAE YEHAT. a4 7] Eete] dF Q] fractale AA A
o] A% 1%%’2}% A7) 98 AREEE [116], Ad@ ol el 534
& ek AfHeled, sl A A 1.2 ARl w2 fractal AL AL
5

flo F

+ fractal dimension-2
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Fig. 90. Grain morphologies of raw (A, B) and coated rices (C, D).

Table 58. Color value of raw and coated rices.

Surface
Raw Rice Coated Rice Raw Rice Coated Rice
LY 7252 + 244Y 7796 £ 0.90+" 91.76 + 0.52 91.43 + 0.54
a” -0.90 + 0.08 ~0.79 + 0.04* -0.43 + 0.05 ~059 + 0.07x
b 967 + 0.82 10.69+ 0.56 486 + 0.47 491+ 0.33
AE” 2677+ 2.52 21.06 + 0.87+ 6.13 + 0.36 6.45 + 041

b Degree of whiteness (white + 100 <> 0 black)
2 Degree of redness (red + 100 <> -80 green)
* Degree of yellowness (yellow + 70 <> -80blue)

Y AE (total color difference) = V(L wme L stmisns) "+ (2 songie— @ ssmisrd “+ (B simgte B stomiad)”

 Each values are mean + S.D,

9 Means with symbolare significantly different withraw rice by Independent #-test at p<0.05.
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Table 59. Geometric characteristics of raw and coated rices.

Raw Rice Coated Rice
Major axis length (mm), 2a 537 +£ 0.11 6.02 £+ 0.29*
Minor axis  length (mm), 2b 294 + 0.17 331 £ 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 3523 £ 0.41*
SV 1.78 + 0.01 1.57 £ 0.00*
23 23
(A) (B)
221 22}
N N
£ o y = 1.9437x - 1.0440 £ y = 1.625x - 0.5729
< . R=0.947 c R®=0.9956
D 21 B o4l
& D=1.03 & D=1.23
< <
20t 20F
1.9 L . L L L 1.9 L L L L L
1.80 1.50 1.55 1.60 1.65 1.70 1.75

1.50 1.55 1.60 1.65 1.70 1.75

Perimeter (log Xn, mm)

Perimeter (log Xn, mm)

Fig. 91. Fractal dimensions of (A) raw and (B) coated rices.
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Fig. 92. (A) Hydration patterns and (B) relationship

time of raw and coated rices.

Water gain (g HpO/g dry solid)

Fig.

0.5

0.4
(B)
e
z
5 03r
2]
2 o
o )
(o]
£ o2t
=
=
®
)
&
@ 01
=
O Rawrice
®  Coated rice
0.0 . L
0 4 8 12

Square root of time (min -1/2)

between water absorption and square root of absorption

0.5 0.5
(A) —&— Raw rice (B) —6— Raw rice (C) —&— Raw rice
—8— Coated rice —e— Coated rice —e— Coated rice
04 04 04
03} 0.3} 0.3
021 02F 0.2
01y 0.1F 04t
0.0 ! ! . 0.0 . . . 0.0 . . L
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Tme (min) Tme (min) Tme (min)

93. Effect of temperature ((A) 30°C, (B) 40°C, (C) 50°C) on hydration patterns of raw and coated rices.
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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.

- 247 -



h 95 2 HAy
T 86% (U PR 7%, AR 4%, AEY 1 025%, = ¢ 0.05%,
Falebol = 0.65%, AAS : 9.1%
(h &4
FTHd Ax (FREY + HAASF) — 1% mixing (R0C/15 min, AR, L4,
T #etol=, AAF H7F — 22 mixing (80C/5 min, FEFY) — FZ (3000

psi) — WZH25C) — seaming — E (121 C/20 min)
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soybean hydrolysates

Table 60. Color value of soy milk containing
L a b
Standard 97.05 +0.08 +1.84
CHP-#+r 72.68%0.73 -0.61£0.16 10.14+0.35
A 7 72.39%1.16 -1.85+0.25 9.06+0.66

Fig. 95. <CHP% &

- 248 -



o
R
()
=
v
K
o
__io

A3 (Table

3

oo
CE
o
X Hm
ﬁ 3
o< EL
T on
AL
;OO EW
O
™
Hin
B T
|
B Y
— oy
T
o o
T W
{F
o o
"R
o T
K
Q
e
o X
o =
po By
N &)
=
oo
—_
B
g0 M
__io ‘Mﬂ
< OF
o Uk

Table 61. Sugar and protein content of soy milk containing soybean hydrolysates

o
)
<

CHP -+

Component

29.18+0.42

49.53+0.87

Total sugar

(mg/ml)

Protein

45.80+1.87 28.87£0.28

(mg/ml)
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Anti-diabetic Effect of the Exopolysaccharides (EPS) Produced from
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Abstct: Anti-diabetic effect of the exopolysscchansdes
AEPS) produced from submorged mycelial cullure of
Condyeapn i 05} was dim & type 11 diabet)

g

endscatimg thal this compound coukl b a candidate mascrial
s o dictary supplemest o oonbrol hyperglvesmas in paticngs

ansmal moede] (CSTHLAS obinbh This study was desigeed 10
determing whether Cs-EPS improves clinical symploms of
type Il diabetes in obviab mice. Afler C5-EPS treaiment s
doses of 200 mplyg body weight, the lasting blood glucose
levels dooreased by 47% afler T weeks compancd with those
of the contrel mice, Accondieg 1o the oral glucose wlerance
tesd, the glucose kevels rocovensd its baseline after 120 mis m
Cs-EPS-treated mice, although the Blosd glecose Jevels
imcreased significantly after 30 min, Ow the other hand, the
control growp | pol-trested) did not recavensd its initial level
of glecose ofter 120 min. Farthermore, food intake, body
weight, hotal plasme chokissorod and trighwoeride concentrations
im ohiah mice trented with Cs-EPS were stgnificantly
degreased, compared with those in control ebdeh mice.
Ce-EPE trest incressed sign Iy the plasma insulin
level and the expression of beptin mBNA in adiposc tsse
of Cu-EPS-treated abiob mice. From these rosubls, i is
demuemstiratod that Cs-EPS could be effective for regulsting
normal blood glucose levels by increasing the amounts
of plasma insulin and keptin expression in obdob miss,

oyl .!"msmr lll"’lt‘l’?‘l"‘*‘?

Dif-ll-'lj:ri hu.l‘. ?d -n‘ Life and Esveronmen,
Ty, 12:714, R of K
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flering fram type [1 deab

Keywanks Anti-disbotic activity, Cordioeps sinemais,
enapirlpamccharide, loptin, abob mics

1. Introdustion

Type 11 Biabgtes o8 a progressive discass that gencrally bhas
om onsct in adulthood and sccounts for over 9% of all
diabstes cases [ ], The prediabetic staie in these individuals
i characierized by imsulin resistance, which means a failure
ol periphoral Hssees (mascle, adipose, liver, and cven the
parcreas itself) w respond o sormal kevels of msalin [2.3).
Currently, phammacological agents available for ivpe 11
diabetes hive & nsmber of limitations, sech as adverse side
clfects and high rates of secondary Bxilare [4.5], Dus 1o these
easain, diabetic paticnts and healtheare professionals are
increasingly considering complementary and aliernative
approaches by the use of medicinal herbs with anti-
hyperglycemic activities [6-8]. Generally, the anti-diabetic
bigactive materials in medicinal planis are known to be

wle, terpenoids; Mavonoick, sterols, and alfanoids [9]-
I axlelitaon. many researchers have endesvored 1o sty 1he
Eypoghycemic ¢ffict froms cither the fruiting bady or myceliaof
varsous edible/medicinal fungi including Crmdvenps sinemniy
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(2) Ra, K. S. and J W. Choi. 2011. Enhancement of cyclo (His-Pro) content from
soybean fermented with Bacillus amyloliquefacienc CHP-12 and Its anti-diabetic effect.

Korean Society for Biotechnology & Bioengineering Journal. 26:41-48.

Bacillus amyloliquefaciens CHP-129]] 2] o) 5 vt & 2 2]
Cyclo-His-Pro (CHP) 33 33 9 §39x a5}

Has, aga

Enhancement of Cyclo-His-Pro (CHP) Content from Soybean Fermented
with Bacillus amyloliquefaciens CHP-12 and Its Anti-diabetic Effect

Kyung Soo Ra' and Jang Won Choi'*

Fa- 200008 128 2790 1 AAERL 2000 29 239

© 2011 The Korean Society for Biotechnology and Hioengi

g

Abstract:  To enhance cyclo-His-Pro (CHF) content, soybean
hiydrolysate was obtained using the strins isolated from
Chungloakjang and fisther purified by vasicus purification steps.
First, twenty two strains were screened from Chunghkukjang
containing high level of CHP Among them, the strain No. 12,
which showed higher productivity of CHP from soybean
ferment and have homologous sequence with 165 rDNA of
Bacillus amyloligueinciens, was named B amyloliguefacions
CHP-11. Through various purification processes, CHP was
concenirated from soybean fermemt using ultrafilivation,
which showed the best efficiency of CHP production, with
the yielkd (71.3%) and CHF content (2. 14 mg/'g). Moreover,
when ghacose tolerance test was performed in Type 1

prague-Dawley rat induced by strey in using the
=oybean Fermenis [0L5 g sovbean fermentkg body weight
(CHP-0.5 group)] and 1.0 g soybean fermentkg body weight
(CHP-1.0 group), there were significant difTerences in glucose
levels between diabetes-control group (265.3 mgidL ) and
sovhean ferment-treated groups (CHP-0.5 proap: £4.3 mgdL
and CHP-1.0 group: 85.3 mg/dL) 120 min after glucose

:=I1"l|!"rﬂ e g) ohat
Department of Bioslsdustry, Decgu University, 15 Naeri-Ri.
Jinryang-Up, Kyungssn, Kyunghuk 712-714, Konea
Tel: +82-53-B50-6T56, Fax: #B2-53-BS0-6T60
e-mail: chjswoirdacge s kr
BTN S E
riment of Food and Nuirition, Daegu Technical College,
Dacgu T04-721 Korea

injection {2 glkg body weight) (p < 0,05). Accordingly, it is
suggested that the soybean ferment containing high level
of CHP might be a candidate material as an anti-diabetic
supplement for manufacturing funciional heabiby foods.

Keywonds: Cyclo-His-Pro (CHF), chungkukjang, soybean
fermend, Bacilius amyloligueiociens
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Article history: To imresdgam the optimal for the p of G ps sinensis by the submerged culture
Received 3 August 2009 method, ine and exopol, haride (EPS) p i

3 were in culture broth co
Recelved "'2':‘"*:"‘;';:]2; October 2000 taining different carbon sources, principally rice bran and citrus peel. An optimal medium compositi
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Available online 17 March 2010 (1.5% rice bran, 0.5% molasses, 3% CSL, 0.1% KH;PO,, and 0.05% MgSO,) and the optimal condition

[25 - and 5-6 d culture time) for high EPS p with patent were
= 1. The additi nrdlmpeello(heculmmufc:mfsunderllu P d P
:‘-"""""" EPS productivity and glucosamine content. Furth activity was higher
E‘ dy El.mw ccharid (58.0-B0.8%) using citrus peel as compared to no addition of citrus peel (48.2-68.7%). Antioxidant activity
Citrus peel (AEAC value) of the citrus peel culture was high (284.3-384.6 mg/100 g) compared to that of the culture
Antioxidant activity \mthnm citrus peel ( Mz.ﬂ 219.5 mg/100 g), indicating that the citrus peel helped enhance the anti-com-
Anti-complementary activity and anti of C. sinensis.

& 2010 Elsevier Ltd, All rights reserved.

1. Introduction The extract also stimulated the proliferation of bone marrow cells

through Peyer’s patch cells, and it inhibited tumor metastasis

Today, medical mushrooms are becoming increasingly popular
as foods and supplements with special health properties. Of all
the medicinal mushrooms in China, Cordyceps sinensis (Berk.) Sacc.,
an ascomycete, is unique and the most prized. Cordyceps is offi-
cially recognized in China as a national medicinal treasure, a to-
nic-food that has been used as a powerful restorative for at least
the last one thousand years. Recently, research on Cordyceps has
greatly increased in both China and Korea (Zhu et al.,, 1998).

Much interest has been generated in the subject of exopolysac-
charides (EPS) produced by fungi, due to their various biological
and anti-tumor activities (Lee et al., 2002). Biopolymers extracted
from fruiting bodies, myceli and culture preci of various
mushrooms can have an(I-cnmpIementary acﬂvltles {Shin et al,
2007) and can infl y involved in
host defense. In our previous research of C. sinensis, we found that
the hot water extract of the mycelia had immunomodulatory ef-
fects such as macrophage stimulating activity (Koh et al., 2002).

* Corresponding author. Tel.: + 82 2 940 2853; fax: +E2 2 940 2850.
E-mail address: suh 1 960@koreaackr (HJ. Suh)

0960-8524/5  see front matter © 2010 Elsevier Ltd. All rights reserved,
dol:10.1016/} biortech. 2010,02.083
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(Yoon et al., 2008), and lowered cholesterol (Koh et al., 2003).
These perties of C is-derived c ds make com-
mercial production h di cost is a critical
factor in determining the economics of fermentation processes.
In most industrial processes, complex mixtures of cheap natural
products are usually used Generally, molasses from sucrose,
ground nuts, and vi B have been rega as more
efficient medium ingredients than sucrose, beef extract, and yeast
extract in the fermentation process (Dong and Yao, 2005).
Rice bran and l:Il:rus peel can potentially also serve as media
These di are likely relatively cheap since
[h:y are the principal solid by-products of the rice milling and cit-
rus processing industries. For example, the orange juice industry
yields about 1.8-2.3 million metric tons of orange peel as by-prod-
ucts in the United States (Li et al., 2006; Manthey et al., 2001 ). Cit-
rus pectin and its derivatives have several biological and
physiological functions, such as reduction of serum cholesterol
(Brown et al., 1999), stimulation of phagocytes and macrophages
(lacomini et al,, 2005; Popov et al., 1999), and anti-complementary
activity (Samuelsen et al, 1995). Rice bran polysaccharides have
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m To dmw rh: Cyclo-His-Pro (CH.F) content in yeast, tl|= yeast hydral
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that was ot 1 from

1 to various

drol showed the highest CHP content (674.0

1g/g) among the various p !

wse.lecud as the best method for concentrating CHP

in yeast hydrolysate, based on the viclds and CHP contents, In addition, we evaluated the radical scavenge and glucose

tolerance of yeast hydrolysa
1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2"-azino-bis(3

re with a high content of CHE Yeast hydrol

showed i biliti

lb hiazoline-6-sulph

fhoth 1,

ic acid) (ABTS) radicals. The

1Cy values of yeast hydrolysate on DPPH andaBTSnmh we(e 1.9 and 0.9 mg/mk respectively. There were significant

differences in glucose level b the diab

1 and yeast hydrol:

group at 30, 60, 90, and 120 min after

injection in a type 1 diabetes model (P < 0.01). Also, there were significant differences in blood glucose levels between
the 2 groups at 30, 60, and 100 min after injection in the type 2 diabetes group (P < 0.05). Therefore, it is possible 1o

use the yeast hydrolysate with high levels of CHP as an

i, and/or antidiat

functional foods.

ic material for the preparation of
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Practical Application: Thus::udymcdmdnelopnmzmimnmng: In;hmnfﬂl-ll’\ungywn for possible

applications of this cyclic dipeptide in the therapy of’ bali

i The d with Fl.

yeast hy
showed a high level of CHP. The hydrolysate with a high content of CHP showed high levels o!'miinl SCAVEDEInG activities
and oral glucose tolerance activity, Therefore, it is possible to use the yeast hydrolysate with high levels of CHP a5 an

idative and/or antidiab

ic material for the preparation of functional foods.

Introduction

Spent brewer'’s yeast, a by-product from the brewing industry, 1s
produced in large amounts annually by main beer manufacturers
due to an increxse in beer production. Generally, it 15 sold primar-
ily as inexpensive animal feed after inactivation by heat, and much
of this by-product is considered industrial organic waste, which
causes a great deal of concern. Yeast cells contain substantial pro-
reins, lipids, RNA, vitamins, and minerals. The brewer's yeast s
an inexpensive nitrogen source and generally recognized as safe,
and it has good nutritional characteristics (Lamoolphak and others
2006).

Yeast extraces (yeast hydrolysate) are commercially marketed in
liquid, paste, or powder forms (Rey and others 2007). They are
wsually produced from baker's or spent brewer's yeast {Saccharontyres
cerevisiar) by aurolysis, but other yeasts, (for example, Candida urilis,
Kluypveronyces muarxians) abio are used occasionally (Rey and others

S 20000912 Swbwsivied 871172010, Accepted 11710/ 2010, Authers Jung. Lee,
i Diept. of Fowd and Nutition, Korea Unis, Seowl 136-703,
of Korea, Awihor Chot it with Dept, of Bioindbiatry, Dhacge Uiise, Kismyguan
T14, Republic of Korea. Author R is with Depr. of Food and Nutvition, Dags
Techaical (.m-g [Dacpu 704-721, Republic of Korea, Auther Kim is uith Depe. of
Food and Nurrition, Silla Ui, Busan 617-736, Republic of Korea, Direct inguisies
0 awathor Sub (F-mil: b | SENEKorea. ac k).

€272  Joumnal

f Food Science »

2007). In general, since spent yeast in the brewing indusiry is
relatively inexpensive, it is used largely in the production of extracts
to meet the needs of the food and fermentation industries (Lodolo
and others 2008; Wang and others 2010).

Peptides in foods play an :mpon;n( role in affecting the matri-
tonal, fepric, and fi of the foods, Many
types of peptides present in living orgamuns exhibit various bio-
chemical acuvities.

Cyclo-His-Pro (CHP) is an endogenous rycll: dipeptide struc-
turally relaved o g hormone
(TRH) (Prasad 1995). CHP is ubxquuous in the central nervous
system (CNS), and it has been found in blood and in the gas-
trointestinal tract, as well as in several body fluids, such as semen,
cercbrospinal fluid, prostate, and urine. In the CNS, it peean 1o be
related to a p I and a leptin-lik
function (Hwang and others 2003; Song and others 2005), Since
plasma levels of CHP in human are increased after glucose inges-
tion, CHP activity has been suggested to relate glycemic control
in diabetes,

The dictary feeding of CHP plus zinc significantly improved
insulin sensitivity and glicose clearance in diabetic and overweight
animals (Song and others 2001 Hwang and others 2003; Song
and others 2005). CHP also decreases food intake, consequently,
mimicking the act of leptin, which controls apperite (Morley
and others 1981 Steiner and others 1989). This suggests that CHP

Journal of Mm A
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Cyclo{His-Pro) (CHP) is a naturally occurring, cyelic
dipeptide structurally related to thyrotropin-releasing
hormone (TRH). CHF was efficiently obtained from soybean
meal by hydrolysis with flavourzyme and alcalase. In this

secretion or action. More than 90% of diabetic patients
suffer from Type IT diab: which is a progressive disease
with adult onset [67]. Type 11 diabetes, non-insulin-dependent
dmbetes mellitus (NIDDM), is characterized by insulin

study, the effects of CHP on strep in (STZ) |

in which the primary insulin target organs

B-cell dysfunction and apoptosis were i igated in rat
insulinoma cells (RINmSF) secreting insulin. When the
RINmSF cells were treated with 2 mM STZ, insulin secretion

decreased to approximately 54% that of control cells.

muscle, and liver tissues) are poorly responsive to
insulin action [48] and which may combine with reduced
mSuIm secretion caused by a progrmve loss of f-cell
i Type 1 diab fiak mellitus

, CHP d the insuli eting  (IDDM), whlch represents a m]orlly of the diabetes cases
activity nl’ RINmSF cells to appmxlmntel}' 'J'I'/- that ofthe in child I I destruction via
untreated control cells, , CHPP sigi P an i process of the insulin-secreting |3-ce1l in
the cells from STZ liated icity wia reduction of the p ic islets of 1 ( and p P-cells

nitric oxide (NO) production [Zj-fald] and lipid peroxidation
(1.9-fold), which were induced by STZ. Moreover, CHP

also d STZ-induced ic events,
such as activation of caspase-3, pnlv(a\DP-n'bnse] polymerase
(PARPF) cleavage, and DNA fragmentation in RINmSF
cells, indicating that CHP could protect the cells from
poptotic cell death induced by stress of STZ by
i g the expression of an anti-apoptotic protein, Bel-2.
These results suggest that CHP could be a candidate
material for a pmtﬂ:twe and |h!rap¢||h: agent against
STZ diated icity and

Keywords: Apoptotic events, cyclo(His-Pro), nitric oxide,
RINmSF, streptozotocin

pop

Diabetes mellitus is a group of metabolic diseases characterized
b high blood sugar levels resulting from defects in insulin

* Corresponding author
Phone: +82-53-830-6756; Fax: +82-53-850-6769;
E-mail: chjswo@daegu.ac kr

are Ihoughl 1o be destroyed by apoptotic ‘death [62]. Thus,
activation of the pancreatic f-cell survival program might
be an important factor in a therapy for Type [ and Type 11
diabetes,

Thep ic f-cells are vul ble to oxidative stress,
such as reactive oxygen species (ROS) and nitric oxide
(NO), which may be involved i in B-cell dul.h 'by apoptosis,

possibly due to low level exy of
Antioxidant defense systems i) mcreasc production of free
radicals are kabl din the f diabetic

animals [8, 64]. It is well known that superoxide anion
(0;7) is the primary radical formed by the reduction of
molecular oxygen, and it may lead to secondary radicals or
ROS, such as H.O, and hydroxyl radical («OH) [1, 15].
Moreover, in diabetic models induced by streptozotocin
(STZ), an activated oxygen species, it was proposed that
superoxide radical is formed and involved in the death of
Pecells [41, 51].

STZ is a P-cell-specific toxin and can be used to
chemically induce diabetes in insulinoma cells (RINm35F),
rats, and mice to study the effects of antidiabetic agents.
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Abstract  The effects of Cyclo (His-Pro) (CH’P) 8 cycll:
dipeptide structurally related to th

B-ccllsdewuyedbymwm:.uleaslmpln,mwued.

hormone (TRH), on glucose metabolism, blmd insulin
]evel, hpmd ptol'le and the viability of pmcrutlc cells were
in strep in (STZ)-i d diabetic rats.

The rats (Sprague-Dawley) with a blood glucose level
above 300 mg/dL after induction with STZ (50 mgkg 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 m the CHP-fed mtswasmduud
kably by app ly 56% as pared 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
Ievelsml}mCH‘Pmladgrmpwu’ealsouﬂmwdbyZ-

gly, CHP was concluded to have an excellent
hypoglycemic effect by Iwu'mg av:rag: pdasmx glucose
levels, i ing insulin g the viability
of pancreatic f-cells in diabetic rats. \M: auggesnhat CHP
might be a potential candidate to control Type I diabetes
mellitus.

Keywaords: cyclo (His-Pro), diabetes, streptozotocin, pan-
creatic [i-cell, hypoglycemic effect

1. Introduction
Dlabmesmcliﬁusuanujorcmioamedlmdermhm

become a gr g health problem in most Type
1 diabetes is esti d to 5 ~ 10% of all diabetes

fold ppared to the group. Triglyceride and
total cholesterol levels in CHP—n-emed ra(s almost renn'md
to normal levels, M

slwwedlhaiCI{PmuncMrestomdunpmedl}-odhmh
pancreas up to two-thirds of the normal level. The tran-

mellitus, and its incidence has been increasing by approxi-
mately 3% per year, although the rates vary widely by
country [1-3]. Type I diabetes mellitus (T1DM), insulin-
dependent diabetes mellitus (IDDM or formerly, juvenile

scriptional level of C-reactive protein (CRP), used mamly liabetes), which rey the majority of diabetes cases
as a marker of inflammation, was also restored mi in childr is distinguishabl lecti i i
normal level in the CHP-treated-group, ing that the ic death) via an autoimmune process of the insulin
PB-cells in the p ic islets of L hans [4].
3 Allhoush the camc of TIDM is still not oumpletely
ang Won Choi® " P g
DrpwmofBiomdumy College of Life and Emi Dacgu it is b  to be of i gical origin.
712-714, Korea Eventually, TIDM is fatal unless treated with insulin.
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Despite the usage of many hypoglycemic agents, diabetes
and its related complications still constitute a major medical
problem. Though different types of oral hypoglycemic
agents are available along with insulin for the treatment of
diabetes mellitus, there is increasing demand by patients to
use natural products with anti-diabetic activity. Insulin
cannot be used orally, and continuous use of synthetic anti-
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Abstract

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 obsob) mice
(T2DM). To better d the Y P

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 ions in the exp i
of these proteins could indicate a tendency for

These proteins are involved in cellular functions such
as metabaoli 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 18 underlying di Thus, the
findings presented here provide new insights into the
study and potential tr of this p

Copyright © 2012 5. Karger AG, Basel

Introduction

Diabetes mellitus is a multifactorial disease
characterized by the destruction of the insulin-secreting
[-cells of the islets of Langerhans in the pancreas (type
| diabetes mellitus, TIDM) or by insulin resistance,
whereby the primary insulin target organs are
unresponsive Lo insulin action (type 2 diabetes mellius,
T2DM) [1] To date, numerous treatments based on
medicinal plants for the management of diabetes have
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MLUdVE Protective Effect of Cyclo-His-Pro on Streptozotocin-

Induced A poptosis of Pancreatic B-Cells
Kwang Bon KOO and Jang Won CHOI
Dept. of Bioindustry, Daegu University, Kyungbuk, 712-714.

Cyclo-His-Pro (CHP) is a cyclic dipeptide with numerous biological
activities, and structurally related to thyrotropin-releasing hormone that
was originally discovered in brain. This study was designed to determine
the protective effect and its action mechanism of CHP on the apoptosis
of pancreatic B-cells. The RINmSF cell line is a well-established and
commonly used in vitro model for the study of the biology of pancreatic
islet cells. Hence, the effect of CHP was tested on streptozotocin
(STZ)-treated RINm5F cells and their stimulatory effects on RINm5F
cells proliferation and apoptosis were investigated. CHP was produced
from defatted soybean meal by hydrolysis with commercial proteases. In
RINmS5F cells, CHP markedly protected against STZ-mediated
cytotoxicity (76%). Moreover, RINmSF cells incubated with CHP
showed a significant reductions of STZ-induced nitric oxide (NO)
production and lipidperoxidation. It also reduced the STZ-induced
apoptotic events such as the activation of caspase-3, poly (ADP-ribose)
polymerase cleavage, and DNA fragmentation in RINmSF cells
showing the mode of protection of CHP on RINmS5F cells. In addition,
RINmSF cells treated with CHP increased the insulin-secretion capacity.
These results suggest that CHP may be a candidate for the therapeutic
agent against STZ-mediated cytotoxicity and apoptosis.

Keywords Cyclo (His-Pro) Apoptosis RINmS5F

..............................................................................

- 267 -



(2) Koo, K. B., H. S. Joo, and JANG WON CHOI. 2011. Anti-hyperglycemic activity of
cyclo (His-Pro) produced from soybean meal in genetically diabetic ob/ob mice.

P113(PMP06). "2011 KSBB Spring Meeting" at Jeju Phoenix Island.

20113 % FFAEF T3]
FA SR 3

2011 KSBB SPRING MEETING

2011. 4. 14(&) ~ 16(E)

AF FYLotAAE=E
April 14~16, 2011

JEJU PHOENIX ISLAND

2011.4. 14 (£2)~16 (E)
A=, g Ao E

- 268 -



Anti-hyperglycemic Activity of Cyclo (His-Pro)
Produced from Soybean Meal in Genetically Diabetic ob/ob Mice
Kwang Bon KOO, Han Seung JOO' and Jang Won CHOI

Dept. of Bioindustry, Daegu University, Kyunghuk, 712-714.

'C&J Biotech, Jinju, Gyeongsangnam-do, 660-844.

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 using flavourzyme and alcalase. In
this study, anti-diabetic effects of CHP were investigated in a Type I diabetic
animal model {C57BL/6] ob/ob). When the ob/ob mice were adminisirated
with CHP (2 mg/kg BW, 24 days), blood glucose levels decreased to
approximately 57% that of the control mice. In the oral glucose tolerance test,
blood glucose levels were restored to its baseline after 120 min by CHP
treatment, although blood glucose levels increased significantly after 30 min.
Total plasma cholesterol and triglyceride concentrations in ob/ob mice treated
with CHP were significantly decreased (2-fold), compared with those in
control ob/ob mice. In contrast, insulin levels n plasma were significantly
increased (2-fold) in CHP-treated ob/ob mice. Moreover, a histopathological
examination showed that CHP administration could restore the impaired
-cells of pancreas to the normal level In addition, pancreatic B-cells (in
CHP-treated and stopped groups) were strikingly restored on 72nd and 130th
day, respectively. From these results, it is demonstrated that 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
could be a candidate material as a dietary supplement to control
hyperglycemia in patients suffering from type II diabetes.

Keywords Cyclo (His-Pro), Diabetes , ob/ob mice
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Anti-hyperglycemic Activity of Cyclo (His-Pro) Produced from Soybean
Meal in Genetically Diabetic ob/ob Mice
Kwang Bon Koo', Han Seung Joo? and Jang Won Choi"

'Department of Bioindustry, College of Life and Environment, Daegu University, Kyungbuk 712-714, Korea.
?C&J Biotech., Munsan-eup, Jinju, Gyeongsangnam-do 660-844, Korea.

Abstract

Cyclo (His-Pro) (CHP) is a naturally occurring cyclic dipeptide structurally related to thy (TRH). CHP was effici from soy meal by
hydrolysis using favourzyme and alcalase. In this study, anti-diabetic effects of CHP were hwesllgated in a Type |l diabetic animal mode! (CS?BLNJ ob/ob). When the on'bh mice
were administrated with CHP (2 mg/kg BW, 24 days), blood gl levels d d to 57% that of the control mice. In the oral g test, blood g
levels were restored to ts baseline after 120 min by CHP treatment, lltl!ounh blood qlnomi«e Iwalt increased significantly after 30 min, Total i hols | and '.“, id
concentrations in ob/ob mice treated with CHP were significantly d d (24ﬁ|ﬂ}. wl‘lh those in control ob/ob mice. In cnn!nlsi. insulin levels in plasma were
significantly increased (2-fold) in CHP-treated ob/ob mice. M , & hi h d that CHP administration could restore the impaired pcells of
pancreas to the normal level. in addition, pancreatic scelll {in CHP-huted and swpped groups) were strikingly restored on T2nd and 130th day, respectively. From these resuits, it
is demonstrated that CHP could be ive for reg g blood g to normal Eevel by Increasing plasma insulin level in ob/ob mice. Canclusively, we suggest that this
compound could be a candidate material as a dietary Jex to control h aly in pati suffering from type Il diabetes.
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Anfi-hyperglycemic Activity of Cyclo (His-Pro)
Produced from Soybean Meal in Streptozotocin-Induced Diabetic
Rats

Kwang Bon KOO, Han Seung JOO' and Jang Won CHOI

Dept. of Bioindustry, Daegu University, Kyungbuk, 712-714.

'C&J Biotech, Jinju, Gyeongsangnam-do, 660-844.

Cycla (His-Pro) (CHP) is a naturally occurring cyclic dipeptide structurally related
to thvrotropin-releasing hormone (TRH). The major goal of the current study was to
determine whether the CHP plays important role in Type | diabetes. The experiment
was designed to investigate the effect of CHP on glucose metabolism in vivo (Type
I diabetes model). CHP (approx. 11 mg/g of dry weight) was efficiently obtamed
from soybean meal by proteolvtic hvdrolysis using the mixture of Flavourzyme and
Alcalase. When Type I rats (Sprague-Dawley) induced with streptozotocin (30
mg/kg BW) were administrated by CHP (4 mg/kg BW), blood glucose level in the
CHP-fed rats was remarkably decreased by approximately 56% as compared to the
diabetes group. In the oral glucose tolerance test, blood glucose levels were restored
to its baseling after 120 min by CHP treatment, although blood glucose levels
increased significantly after 30 min. Insulin level in plasma was also restored by
29%, compared to the STZ-treated rat and triglyceride levels were normalized in
CHP-treated rats, whereas no effects of CHP treatment on cholesterol level were
observed. Moreovet, a histopathological e¢xamination showed that CHP
administration could restore the impaired p-cells of pancreas to the normal level.
Accordingly, the CHP exhibited an excelient hypoglycemic effect by lowering
average plasma glucose levels, increasing insulin secretion, and restoring viability
of pancreatic f-cells in diabetic rats. Considering these results, we suggest that the
CHP might be a candidate material to control Tvpe 1 diabetes mellitus.

Keywords Cyclo (His-Pro) , Diabetes , Streptozotocin
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Anti-hyperglycemic Activity of Cyclo (His-Pro) Produced from Soybean
Meal in Streptozotocin-Induced Diabetic Rats
Kwang Bon Koo', Han Seung Joo? and Jang Won Choi®

'Department of Bioindustry, College of Life and Environment, Daegu University, Kyungbuk 712-714, Korea.
2C&J Biotech., Munsan-eup, Jinju, Gyeongsangnam-do 660-844, Korea.

Abstract

Cyclo (His-Pro) (CHP) is a naturally occurring cyclic dipeptide structurally related to thyrotropin-releasing hormone (TRH). The major goal of the current study was to determine

whether the CHP plays important role in Type | diab The axp was to i igate the effect of CHP on glucose metabolism in vivo (Type | diabetes model). CHP
(approx. 11 mg/g of dry welaht) was efficiently obtained from soyb meal by p ytic hydrolysis using the mi of F yme and Alcal When Type | rats (Splaml&
Dawley) induced with streptozotocin (50 mg/kg BW) were adlninl!trated by CHP (4 mgﬂ(g BW), bloed glucose level in the CHP-fed rats was rkably
56% as compared to the diabetes group. In the oral test, blood g levels were restored to its baseline after 120 min by CMP treatment, allhuugll hlood
glucose levels increased significantly after 30 min. Insulin level in plasma was al.w restored by 25%, oempaned to |he 512-henmd ral and triglyceride levels were normalized in
CHP-treated rats, whereas no effects of CHP treatment on cholesterol level were obnrwd ] p h d that GHP could
restore the impaired B-celis of pancreas to the normal level. ly, the CHP exhibited an flent b aly ic effect by i i ge plasma gl levels, |
insulin tion, and ing viability of p ic B-cells in di beti rats. C ] these results, we suggest that the CHP mlqh! be a candidah material to control Upel
diabetes mellitus.
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