Korean Society for Biotechnology and Bioengineering Journal 26: 41-48 (2011)

AFEE

Bacillus amyloliquefaciens CHP-129]] 2J3} |5 &8 59
Cyclo-His-Pro (CHP) 3 57 ¥ 3= 83}

U35, Age'

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'*

A 2010 122 279 / AASQ: 20119 22 23Y

© 2011 The Korean Society for Biotechnology and Bioengineering

Abstract: To enhance cyclo-His-Pro (CHP) content, soybean
hydrolysate was obtained using the strains isolated from
Chungkukjang and further purified by various purification steps.
First, twenty two strains were screened from Chungkukjang
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 16S rDNA of
Bacillus amyloliquefaciens, was named B. amyloliquefaciens
CHP-12. Through various purification processes, CHP was
concentrated from soybean ferment using ultrafiltration,
which showed the best efficiency of CHP production, with
the yield (71.3%) and CHP content (2.14 mg/g). Moreover,
when glucose tolerance test was performed in Type I
Sprague-Dawley rat induced by streptozotocin using the
soybean ferments [0.5 g soybean ferment/kg body weight
(CHP-0.5 group)] and 1.0 g soybean ferment/kg body weight
(CHP-1.0 group), there were significant differences in glucose
levels between diabetes-control group (265.3 mg/dL) and
soybean ferment-treated groups (CHP-0.5 group: 84.3 mg/dL
and CHP-1.0 group: 85.3 mg/dL) 120 min after glucose

'S o] 94K Sl

'Department of Bioindustry, Daegu University, 15 Naeri-Ri,
Jinryang-Up, Kyungsan, Kyungbuk 712-714, Korea

Tel: +82-53-850-6756, Fax: +82-53-850-6769

e-mail: chjawo@daegu.ac.kr

oS 4B g
Department of Food and Nutrition, Daegu Technical College,
Daegu 704-721, Korea

injection (2 g/kg 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 functional healthy foods.

Keywords: Cyclo-His-Pro (CHP), chungkukjang, soybean
ferment, Bacillus amyloliquefaciens

1. A&

Al 7125 TEA 215 AH STl e A=
A AE A s 8 s, vdEel vk 9l g
W 59 Aoy EAlel Al Adskar 9low 1 F e
W FHES AAA R 553 SR FAE B 5
St FA 2 Tl QI [1,2]. T3 gl o] ARl

pre-diabetes JEjoll = AFgo] Aol o]2HE o)F
AR P Gy xR F4% TP A Qlok [24].
Pre-diabetesi= o} @i ofYX|W AFA|7F At
F2 QS Qulsh o] 52 5ol dlojxd glo] WA
92 745 10 ool Fago® Haevia B s
AT} [3,4]. G dS s 28Rl Adudo] A
U A 2 228 5ol oo & Fo® 7Net A7t
o] Q717 Gl R& Q1A Hehi= 97Ut wik Y
o] A8 o oFEX|E e} o] el oEslar gl
L SRR gl e 540 9 Ul EAIVE Al
3 Qo] el M e 5o oHEA R o9]o gt
Qo) ApedaFo] Zagar Qink olof] IHSeA o
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B 5, Al S ek A, A, Al 5 A

a
Aoty A W G AFHE =Y AS sk gl
D S} B pre-diabetesS TPC 7 tlekst A7) 715

[
A 2lFe] JiE AL QI [5-7].

Cyclo-His-Pro (CHP):= 734 Al=328 &=
(thyrotropin-releasing hormone, TRH)2] thA |28} de novo
Z AellA /=7 % SH= bioactive dipeptide =
ARk} 2= 1l ot Bl g Fareh, 11 F-4le] CHP
receptor”} EAIgo] R %1 QIty. CHPSF TRHE AFsH
7% 9 A= 24E AYH TRHE o] Al CHP7F
S7FtE = TRH fFofell o]t & 7b4] BEsha] gatrt
CHPE E3lA dofd= & 5 Qlth TRH=EYE e 44
¥l CHP= QI7Fe] S04 (817 Ash13 [9]0l] 5 22
o] qlom, Tk} FAle = 8Al7F EAskar Sleel Bal
3 T} [10]. E=3F CHP+= 3= 5 prolactin®]
U1 AsliEh [11], &l oJst F248-5 ¢hsfetal [12],
gt 2RSS gstete] HiRkS oAPEE 4 Qle e
AYaL vk F= AR @ 8 A E% Yi9] TRH
Fo| fAaEA = Ae dRlekglon, TRHE Qlad
THIE Ssh, 24 ek Heh AN 7 =2
seks wola 9t} [13].

CHPE i 38 duhs 248 + ol dad 7ls
A A AEe] 281, o), WA, A Ho)
S ZAEH, CHP+ endogenous cyclic dipeptide =
tyrotropin-releasing hormone (TRH)2] tAFHEZA] A4
At [14]. 223 5% § EF CHPF S78hs Ao=
Kol CHP7} @izollx g #edsd zhgo] AjtE o] 3
a1, o}d3} 3| Fof Al P BE HoA Qe A
(insulin sensitivity) 2 Z 59 A4S (glucose clearance)
= oMl ATt BawQlal, =3 CHP= 5
A7elM =ak 713 wRiEe] glom Feldt ARk 2

& 3t} [15,16]. ©]2]3 RS2 5E CHPE G
Fsto] Jlay} Fro] 2-gof| Qlo] Fad TS k=
Zow A7tEal Qlok

&2 CHP7} S8 2Al2 s A0 A B (2F 1%
FHpel lom 1 gl AR, A, F], Sl =4 FellA
CHP &&o] B s glon} 7 ko] wi$- Zof ppm 5=
o2 HyH T Q) [17]. 2183 AFel EASk= CHPE
83 7 Aol RS oP7 |k ke Blo = A7ty
QLo AAlE AAf misellk= CHP7}F $H 7HAIR] B2
= s 83 AlEse] idwo] b= gl [17,18].
olof| CHPE §hHret vhild 7loiall=e] ik gl Qb
shaA FZEUE A o] Zhseh ok ol &8
WY, 2, e A APEE CHP gl e st
o] 7}s7do] 2= Sl

upEbA] A= o2k CHP 2AlE 88351 CHP7}
Ay S o] 83 7157 252 AlxE flal o
A} oAk Fo] =2 A% 716 AR i E
FolA welEh vekst w5 S8l CHP §%o] H& ¥a
e kst W] E rgeh, At A s
2 gslo] CHP e =9 H5 i daas Alxstast

Sk SR A eldel e A Ekel BS9930
P IR FE TAS IO O BEEY G
3t A A,

2. 45 23y

21. A2

CHP+= Sigma Chemical Co. (St. Louis, MO, USA)°{lA]
TYste] CHP 4] Al ZF=4= AREsISIcE &4 tiv+
AErle] 2 (Kyonggi-do, Korea) ZH-E| A|gwto} 23 o
ARESFGITE 1 gloll Aol B st Aok U o2

Aloke ARSI

2.2. CHP ¥4

CHP+= high performance liquid chromatography (HPLC,
Varian 230, Varian Inc., Palo Alto, CA, USA)E ©]&3}
of vkt 22 Z7dellA £A18I3ick. Hamilton PRP-1 RP
10 uM (250 mm x 4.1 mm ID, Hamilton Co. NV, USA)
column¥} pre-column Hamilton PRP 10 uM (25 mm x
1.3 mm ID)°ll Al5E 20 pL Y3t 75 0.5 mL/min&
£ eluent (acetonitrile: 0.75 g/ 1-heptanesulfonic acid in
0.004 M aqueous trifluoroacetic acid=1:9 v/v)%= SZ3}il
A& Y CHP 352 UV Spectrophotometer (Beckman
Du® 650, CA, USA)E ©]431] 206 nmolA =733t

23. JFF o2 RE 35 £

=782 Bacillus sp.©ll 234 Was= A0 o] A+
=2 U 22 A wEbe AR ARE 5 gY
Algee] Y " 10 mLE 71 3 80C ol|A 1587t
=583} o] A NS Luria-Bertani (LB) agar Bli=]<]|
sxsle] wketar 5712 2738} 30 C ol 2-397F vk
3+ 3 colony A3} el 55 7|07 #5= st

24. B 4TS EH L A
23t 752 Bergey’s manual [19]°]] w2} FE|eh,
Aefes] S HESY] Sl AlEFH, 57, 17 94,
A} QA catalase A= AT ] =] A
4 542 LB AAPIA] 50 mLof| +& HF3skar 37°CellA]
S8AIZE B<F wieF3laA] 600 nmollA FYEE STk
w2]dt 2] chromosomal DNAE Wizard genomic
DNA purification kit (Promega, WI, USA)E ©]835}] 2]
3l 5 16S rDNA sequencing®]] A2-5i= universal primer
91 27F (5-AGAGTTTGATCATGGCTCAG-3")$} 1492R
(5°-GGATACCTTGTTACGACTT-3’) primerS AF2-51o]
PCRE Z%3F U3 5Z¥ PCR 4AH=-2 Wizard SV Gel and
PCR clean-up system (Promega)= ©]-8-51o] A3t} [20].
ZJA5F PCR AHE-2 ABI PRISM 3700 DNA AnalyzerS ©]-&
alo] 971 AdE Akt 1 A3 BLASTEN Z&
T35 0|83t GENBANK 2] ribosomal DNA sequence
9} v wak3l o™ sequence?] 5 d> Clustal X2} Mega 3
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program ©]-8-3lo] B AT [21].

2.5.0438 F 4R W3

g A Fol A WS S48 fls i wl o}
u] =g 24 (amino nitrogen, A-N)$H-s- S48tk oY
A k2 BCA protein assay kit (Thermo Fisher Scientific
Inc. IL, USA)E o]&3t] 431300 o] e] A
trinitrobenzensulfonate (TNBS)E ARE-3slo] tha3} 20|
S7dskaint [22]. AEF 343 AR 0.125 mLE FskaL
1 mL phosphate buffer (pH 8.2, 0.212 M)} 1 mL 0.1%
TNBSE 7Fs1o] 50Celr] 141RE WAL -2 mL 100 mM
HCIZ RES-S AAAIZTE 200 $ RESHell 4 mL 575
= 71t § 1093 U5kl 340 nmellA] S35 5793191
on RFEATE leucines ©]-E-3ith

2.6. 17 T2 E AR L CHP F 571
O RS g (MErkele, AR 10% dEds
121°CellA 1587F 7Iehdatst 5 30C 2 W43k vhs &
=% 2] T Bacillus amyloliquefaciens CHP-12 %14
FUE 4% FFot] 30C oA 443 aAZIT) ol B.
amyloliquefaciens CHP-12 Zdn]%kS- 913l LB (Luria-Bertani,
Difco, Franklin Lakes, NJ) HJA]& AR8-3}SITt

tfF Ha sl e CHPO 33 s2ol7] el At
A, e A 9 SkejojulE AAJEISivk At AE= 5%
el g ALk 7Feto] pH 3.5% 273 % 3041t
WR)sle] ABz1 J7dE ofdfete] AASE ths NaOHE pH 7.0
o= F3} Agste] dxsigivk 2 Auls 5% Has
100 mLoll F/JEE 1 g& 7Fso] 3037 AR 5 offsfo]
NS A A G2 A 0.3% PEUORE 70 mL
7Fsto] ThA] 301t XI5 ofafeto] 2 oflE pH
7007 sl Axaigint dhejolal= 5% Wass
Do ol.g310] 5 kDa oJ3he] ojsale 7zBIALk

2.7. 35 353 AAH

A G R TYHHEE (Central Lab Animal Inc.,
Seoul, Korea)olX] 339> 1079 2] -34 Sprague-Dawley
rat (160 + 10 g)5 ©|83I3lth e s U]
71 A 747 AGAPZ)AL G A 124K BRF AR
< 0.1 M citrate buffer (pH 4.5)°] streptozotocin (Sigma
Chemical Co.)2 %97 55 mg/kg BW EE2 27 Uol] 59
SItE T A v 24413 E9F 5% glucose £
= & Al Fol AR A A BHEkES sIgle.
i T 1241 Fof S S5t 250 mg/dL ©)
A AMAE sk o] ANY T ZEE o] gsiqik
A el AARE AR 1Al A e 122K A2
A7 F 35 A s S8k AR AIRE Foid o
< 304 5o glucose 2 glkg BWS 77-% FoIstal o]%
30 (HoR " SsIgict dd s e A
O 2HE AQFsto] 2E =A| Superglucocard II (ARKRAY
Inc., Kyoto, Japan)= T2 S435I30th A3~ control
T (3% 9 %), DM-controli (Jix L iz,

CHP-0.5+" (G 2 22o]] 0.5 g/kg BW i+ 2a s 7+
Fol), CHP-1.0v (3 % EHol 1.0 ghkg BW U+
BEE T Tl ow I gnked 47 ew et
Stk o 2@ E-2 Bacillus amyloliquefaciens CHP-129]]
ok o EES sheloft APE ARE o] 8slelth
T7Fe] Z}o]= SPSS program (ver. 10.0)= ©]&35}] p =
0.05 F=r°llA] one-way ANOVA S} T-A12Q1 ARS- 7170
Duncan’s multiple range test®= 245 AS3ATh

3.8% 4 1%

3.0. 9= 4a 89 CHP 3

5= 1 B2o) 20-45%0°l didshs 2ehia s sk
slo] 7ol T Thld FE o wA AE o AR
T T B @ido] FRashan o] thekst 18- g
ol A7 HFE L Ak [23]. T3 Tl lectin
3} 242 phytohemagglutinin 2 Kunitz trypsin inhibitor,
Bowman-Birk protease inhibitor 2] A3la4 A s|AlE
2kl Qo] A uiFe] AF = AL GRSl F5AEl,
Aeta, A4AA 5 B v Ed 548 e
o] 71 A = 2 S AA F8l s AAS
7he AEOR AZ FEEA Tt [24,25]. & AN
AT FEEE tiF B3 AR F=rga) 93-S let
o AR 40 goll 577 200 mLE 7Islo] A45% § o)
3lo] AL ofelle] HES} CHP kS 5793 A} (Fig. 1),
Ao 5525 A8 3.94 g o] HEES Bol v
W @ JFEFEE D-1, D-2, D39 AE#S 717} 3.38,
3.21, 3.88 g0 & =3 Algel vl3)] AETgo] Ak st
CHP?| ¥&+S =743 A3} D-13 D-3 @4ol|4+= CHP
7t AZEHA gkon F=4 AlEQI C-1, C-2, C3oe=
717} 21.0, 28.5, 16.0 pg/g®] CHP7} AEEQILE thF v&
Q1 Fol = CHP gHgo] HEHA 92 AlEE =
H A= ABelFE T Aol o B CHP
SHshs 2o ® UERTth Hilton 5 [17]1 &, 92,
%), AR 5 oe] 213l CHPY kS 543 A3 1%
ARF-elld 6576 pmol/g®] 7HE =& e Ralskqla,
Choi 5 [26]& TR 213l Hlsl =3el4 26.5 mg/g (A
=39 = IS Hasiltk S il Bacillus sp.
TTES o8, Wa AXS Frg 1% diF da AE
T 5 7P Rl Al TFsslal P, A oR S
FIARL Fo] Aol [27], A= dejddew
+ 94 &3ls, A7 s A3k dAkst &7, phytoestrogen
a7t 2 deA Qlar, H e ey A% EA
28 71342 AR E Aoy Al g A4
7FsAdell thgt A Ayt HaEglor 28], A=l A
A o7 =& so] CHP7) d-tHo] l&o] Hars nf
ATH [26]. T TEAEQ BT F=de] A9 sl
AREE]= el whet g obv|iel, fEld E Rk
zfol7} <24 7t72] Frell wheh geA == [29-31] CHP2)
T A= gl wojsks o] SAel wet xfol7t

i, o (o
>~
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LRERaL g=gdel] wiell A7 Ikt 4] Bt 9 =4
g Foll =D CHP7} Ealislo] A2 = sk
Zow . by F=gel e wE vl
el dFE o83 thF WaEE-S AlXsto] CHP %
A oS 2lsigltt.

5 35
[ Solid of extract
CHP 30
4
— 425
=2
g {28
b= =
[«5)
— . o
o 2 5 F
o (&]
3 110
1
415
0 0

C-1 C-2 C-3 D-1 D-2 D-3
Sample
Fig. 1. Solid and Cyclo-His-Pro (CHP) contents of commercial
soybean pastes, Chungkookjang (C 1-3) and Daenjang (D 1-3).
Values are mean + SD of triple determinations.

32. Ao 2 HE BB u|YEE

Ao Z2HE FEs vAES wieste] diF 7Sl
e HY F e WA Fe S S Ay, o
W Fales 7HE 12719 5 EElskel e el o
Fo] b FallsS Fig. 29 2tk 12709 #5 F 10
unit )42 A4S HolE= = strain 1, 4, 5, 129 o
F2 247} 14.3, 10.8, 10.9, 12.4 unit®] A4S Bk

18

15

12

Protease activity (unit)

Strain

Fig. 2. Caseinolytic activity of isolated strains from Chungkukjang.
Values are mean+SD of triple determinations.

Hl w4 fehd Fallso] = ] o5 strain 1, 4,
5, 121 15=2] morphology+= Fig. 32} 234tk 2] w2
Asleld 5448 s A3} (Table 1), ©3HE2] o]44
< strain 4, 5S¥ = H|1L A] xylose, trehalose, maltose,
palatinose, salicin®] ©]-§J¢] *jolE R3O strain 1, 121

TR inositol, arabinose, salicin, sorbitol2] ©]-84J<l 2}o]

2 wolel wel 2t vhe R+

Table 1. Characteristics of carbohydrate utilization for the isolated
strains (strain 1, 4, 5 and 12) from Chungkukjang

Strain
Carbohydrate

1 4 5 12
Sucrose + + + +
Tagatose - - - -
Glucose + + +
Inositol - - - +
Galactose - - - -
Arabinose + - - -
Xylose + + - +
Mannitol + + + +
Raffinose - - - -
Salicin - + - +
Amygdalin - - - -
Inulin + + - +
Ribose - - - -
Maltose + + - +
Trehalose + + - +
Palatinose + + - +
Sorbitol + - + -
N-Acetyl-D-Glucosamine + +
Amylopectin - - - -
Arabitol - - - -

+, - means positive and negative, respectively.

Strain 4

Strain 12

Strain 5
Fig. 3. Morphologies of the isolated strains (strain 1, 4, 5 and 12)
from Chungkukjang. Morphologies of strains showed typical
loosely aggregated cells and rod-shaped cell.

3.3. 828 #F0 A U F LEEQ & WY

7 10% &9l 2] #FE preculturedto] 217} 2%4]
HEeE S0l 30 Collx] 6U7F vijeFabas] il o] -gj
A 8L CHPS] “da WskE S7slgih W) g wish
i Fig. 409} o] g7} Xshrs Aa) ks HE
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& Helom chld ekrle] tha Ajol= Aot FEs
A% Aol= Glglth "/H—r’:’ﬂ Shiel Tzl kgl xlEE
TF= 7Sl o] free amino acid® FgkE|o] ojw]| gl
Az W Alte] SRS AAF Sk Ade Hal
t} (Fig. 4). Thdolu} ofu| gl 2 A40] 3Haf Wsh= wlof
3¢l o qu]. W3} Zo] Zo]t= ATFo 7 Hol Hatalofa]

B8t 755 342 AL gyl Agst Ao g AZET
5
—o— Strain 1
—— Strain 4
. 4 —o— Strain 5
- —— Strain 12
[
=
E
—
5
e
o
O 1 5 L . L .
0 1 2 3 4 5 6
Culture time (day)
1.4
12}
— 1.0}
=
= 08}
=
= 0.6 |
<C 04 —o— Strain 1
. —s— Strain 4
—— Strain 5
0.2 —o— Strain 12
0.0 - L L - .

0 1 2 3 4 5 6
Culture time (day)

Fig. 4. Changes of protein and amino-nitrogen (A-N) content
during fermentation of soybean by isolated strains (strain 1, 4, 5
and 12) from Chungkukjang. Values are mean + SD of triple
determinations.

16
I Strain 1 a
a [ Strain 4
a I Strain 5
a [ Strain 12
ab

14

bc
b bc

4 6
Culture time (day)

Fig. 5. Changes of Cyclo-His-Pro (CHP) content during fermentation
of soybean by isolated strains (strain 1, 4, 5 and 12) from
Chungkukjang.

by 7 Fo] CHP & Wsks 5743 49 (Fig. 5),
tﬂ—i ‘7]oﬂ CHP= 74%Q7<] 01—0 314. 1—33_7}‘ ;1<_]_ HQ_FE_
steo]] W3lE Btk Strain 5H #5229 3¢ da
o] CHP gtfo] 7pg t=gkow ukg7} 23 %%“% "# & Ky
Adke AES BT strain 12W o5 @@ A|7to] F
W= Frbske Aes Bl Whd strain 1, 49 o5
a Agbo] SR oRE Stset DP‘] Zhasst
e Bk uebA whg 3y Fofl CHP &% W3}
7P YEFEAIRE 28] el oJg CHP BAks 1k &

2}11]— :1_3114. tﬂ—_ﬁ_ 37(% o ><-101\: 3- 401 ><-]1: 1\]7]-0]
o Bk ole}t A% 7]‘1“F°HE [321°1 HloH CHP 3
o] At o=z vk FFolX|ut 47)0] = F strain 1281
77} 7P 52 CHP $H3h whass "ﬁ/‘}o}oﬂﬁ} upeh
A o daE Azl Adst 7 strain 129 78] 7
£ CHP-12% 3ol

2] o strain 1299] 16S rDNAS] S7|A<
sk % 7|Ee] Raue vE 7o) Asds S5kl AlE
= 19 43} (Fig. 6), w2l 3= Bacillus sp. Bacillus
subtilis, Bacillus amyloliquefaciens, Bacillus velezensis 2}
Aol Ehom Aol =& ol AR ow ok
% Bacillus cereus S} Bacillus pumilis 2} A& 5745 vl
St Ay}, o] 32 =21 Bacillus amyloliquefaciens £}
AR 1 549 7 }X]L Ues It webA] e
%5 Bacillus amyloliquefaciens CHP-12 = 43|35t}

Fll‘ rir

oS B
= 1

Bacillus amyloliquefaciens GH11
Bacillus amyloliquefaciens strain DM-54
Bacillus subtilis strain GL602

Bacillus subtilis SC2-4-1

Bacillus velezensis

Bacillus sp. SA04-2

r Bacillus amyloliquefaciens CTSP13

44 Y

Bacillus pumilus HJO77

Bacillus cereus strain MBL13

—

0.1
Fig. 6. Phylogenetic tree of Bacillus amyloliquefaciens CHP-12.
Neighbour-joining tree presents the phylogenetic position of the
isolated strain, some Bacillus sp. and representatives of some other
taxa based on 16S rDNA sequences. Bootstrap values are expressed
as percentage per 1,000 replicates.

Bacillus amyloliquefaciens isolate

3.4. Bacillus amyloliquefaciens CHP-129] 23t &= g
£ CHP & 34

Bacillus amyloliquefaciens CHP-12°1 o]t tF g &0
e CHPE Flelole kel ola) Ak FPssh
2 olg SIS} 95 HES AAE 23} 60-80% £
o4 329 ugle®] CHP7E F-¥le] 219100 A5 ol
1345.7 pg/g?l s BT (dHlolE] mlAA). &F 80%
7 A o R BlaTE WA s Z10 R Hot A4S
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22 FEfo| =2 HIEY Qe S A 5 9i%loH
%—a—ﬂ] o3 HEEA| k= Aoz FRIFEIL

O 2a &0 CHP g S31& 918l AF Aol ot 3
A sl G A W siejolat AHelE Aol 28 3z
E9 CHP S S A (Table 2), T8> H?JOM
(5 kDa °]3} 57} 71 3%, AF A&7t 13.5%2 55
Z}7; HeJal, CHP e e/det A2] Al 1.21 mg/g®= Blil

A e 6*940%4—5 2.15 mglg® 7V 2 TS 1Y
‘:]r. o|xko] Autef o)EPH CHPO =53 80| 7V =&
greloiatrt 7P st g sPd o ARRE Ik

Table 2. Yield and Cyclo-His-Pro (CHP) content after purification
treatment in soybean fermented by Bacillus amyloliquefaciens
CHP-12

Treatment Yield (%) CHP (mg/g)
Non-treatment 100 0.6 = 0.08
Acid precipitate 13.5 1.61 + 0.05
Active carbon 43 1.21 + 0.21
Ultrafiltration 71.3 2.15 £ 0.11

Values are mean + SD of triple determinations.

CHP+= pyroglutamyl peptidase®l] 2]3ll A5 TRHE]
orRkERA s [33] BlEAA 0% pH 67, 37C 24

oAl dipeptide His-Pro-NH,2] 154Q1 112]3} (cyclization)
& 53l 3/J¥c} [34]. Diketopiperazinesi= dipeptide esters
L} dipeptides 25 A 8= 31 dipeptide esters 2} amides
st sekAl dAelE F3l diketopiperazine O % A 11E]
ST [14,35]. 215 5¢] CHP+= thE 2% 7Hy 5ol &
W 7leEale] AAe] agdelr A= ZloR Az
) e [13], AAlE T 7lieiEe] Az 3 E9ke]
Axje] Lol ek CHP 3ol Seiit) [14]. 2 A

ol|A] His-Pro %3 Pro-His dipeptide S UF -3t
54 w5l et wha el A mAA TieEalel A
£ &3l 18%C] CHPE I8k Flow FE

3.5. Bacillus amyloliquefaciens CHP-129] 23t o = @5
B9 g¥as

Bacillus amyloliquefaciens CHP-12 %2 A|Z3F t)F 2hg =2
CHP ¢ 5= 8l stejoia} A2t /\LL 05¢ 1.0¢
& 217} ATFoIS] sk HARE AN (Fie. 7).
EEE Foskal 30 Foll B AdTelA Ha g9
25 VR m Fol A (0A17hell Hlal 30ellx] ddol
2w t)Z7?] DM-controlit- 247.6 mg/dL, CHP-0.5"
2 157.3 mg/dL, CHP-1.07> 117.7 mg/dL, 7/ =<l

controli=> 173.3 mg/dLE 533ltk B=sh AJgto] 7 ¥}at
TE O EEE AT Folw'?l CHP-0.57 % CHP-1.07->

G 7o) FA) 7Hassto] 2411F ﬂo?% %843, 85.3 mg/dL
2 217} s A a3E Ko Y dlZ27?] DM-control
ol ¥]al] FEJEHA W S YERLCH (p < 0.05) 34]
7t o]l = FAK O Z Xq”’ QD]' thz7*21 controli2] &
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Fig. 7. Oral glucose tolerance test in streptozotocin-diabetic rats
fed with soybean ferment containing a high content of Cyclo-His-
Pro (CHP). Values are mean + SD for 8 rats. Means with different
superscript letters are significantly different at p < 0.05 by Duncan’s
multiple range tests. Control: normal blood glucose rats, DM control:
streptozotocin-diabetic rats fed saline, CHP-0.5: streptozotocin-
diabetic rats fed soybean ferment 0.5 g/kg BW, CHP-1.0:
streptozotocin-diabetic rats fed soybean ferment 1.0 g/kg BW.
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