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o—VERI I, 7 T DE AR ) AR A BRA WD 5 367K
NG — W B R Ul v R A )RR BR A
Sephadex G-15 L, & JH T B AT PU FH A 16 5K
I =R O (B3890, B hr T k50 (1)
AIRAT; FERFBEET, FilEE AR
Al oK AAES K AR (VL IR) A BR A 7 5
LKGBRE . TKOEE, £ WM 21 5
(EDTA-2Na) , VG B Ak T 1y A BR A 7] 5 8B AK 4+
15 £ H i Marker (45 #E & ), A6 5T Solarbio B H A
R w5 Hoe il 34 R o A el 2
12 N&E5EE

Infinite 200 Pro Z W fEBFAR 1L, Hi+ Tecan

2] UV=2600 BUSRSN-00 0006 BT, AAR A
wl s HD-5 AUH Il 28 ARG INA, V7 T ) PE A 2
I~ s Nicolet ZU B2 AR EIEAX, 56 5 e & 1AL &
/A F) ;BioBasic—18 RP-HPLC &3 F: |, 28 Bk € /R
Rl () A PR B s Waters 2695 51 i3 R0 AH €4
A, J€ [E Waters A Al ; TGL-16gR i £ 20 14
RE DAL, R SER 22 UER] ;FreeZone2.5 ¥
IR, T Z A MR R A PR A F
1.3 Fi&
131 EORERER A & KRR . KT
e 2 0 0 A A A R 28 R T I AR K T S
> (8 000 r/min, 5 min) Ji7 f3 B B 14, A 45 & F1
0.9% 1Y JC I AR B K sk 2 U, P AU Bok TR,
(il R B W 2 107 CFU/mL,

TR B ) 4% PRI 40 g oK, A 600 mL

MK 4 CERIE R ATH . a—TERIIE 90 CH1L
40 min, Y ICAHE (80 °C,20 min) bR )5 B HI 2=
ek o i R0 53 B0 3% 114 422 T i A BB A T 1) T B TR
(W 2R AT 5 B IVEEER R = 1: 1) = pH AN
6.5 MEEKW 37 CHALEE SR AT kB 4 d, ¥k
B LA 8 000 r/min , B0 5 min, B _F )2 TE W,
1.3.2  Sephadex G-15 7y &alifk  — &M EN A&
VA T 20 I B (0.45 ) 3k 8, P G €5 5 A
Sephadex G-15(1.6 ecmx60 cm) i 1753 & 4lifk , LA
27K 1.6 mL/min Y308 e, WO ER AT BRES B %
5 1 4 430

PEES T B B S R E T A AT,

AR (%) = %xloo (1)

XA .C N TR TR B mol/L;
V R E BT IHFER £ eV 1R — AR AR mL;
M 5 B4 A FEE JR T i g/mol ym AN & A 45
SR T e
133 RAM&E WM Ot =%
Kheeree 258 ik FEMEB M, 5 A3 FHET
RP-HPLC (BioBasic—18 250 mmx4.6 mm,300 & ,5
pwm) R A N 0.1% =5 LR —K I, W sh
BN 0.1% =3 LR~ LG, B6E Ve R P
H:0~5 min,90% A;5~20 min,90%~70% A;21~
30 min, 50%~10% A ;35~40 min, 10%~90% A, 3
FE 50 L, i 0.8 mL/min, 3 25 °C, Kl 4 .
220 nm, Z RICEE RS BEEE A I PR BCR A I I T R 1T
1.3.4  Tricine-SDS-PAGE HLIK I E /> Fite =
% F e Y T B A oK 2 K4 A, O
FEAEE R, UK BC T N 1 iR

®1 BREKRES
Table 1 Electrophoretic gel formula

PR I * & ﬁ(%
% I
AB-6 4~ & Iz /mL — — 1.98
AB-3 & 45 i /mL 0.25 0.6 —
b /g — 0.3 —
JFlg — — 2
#8 457K /mL 2 1.1 1.5
B 2% ok i /mLL 0.75 1.0 1.5
10%APS/pL. 30 15 50
TEMED/pL 3 3 5

1.3.5 CSP-Ca~Zn B G WHI# T2 CSPEW—
Fie Lo A8 in T K S AR B R K A B R BE— R T
pH B AR — A 20 min J5, fERRG S
RN —EH, B, LIERN 3 5K L RE—E
O BITE—HET

TS 20 min, & E 9= S0 [E] 60 min, I
20 °C,pH 3,45 BFFiat bR 1:1,CSP 545 4
Bl 2:1, %t} E (20,40,60,80,100 min) | & &
(20,30,40,50,60,70 °C) .pH {8 (2,3,4,5,6) .45 .
BRI (2:1,3:2,1:1,1:2,2:3) F1 CSP 545 4%
iR (1:1,2:1,3:1,4:1,5:1,6:1)5 R Kk
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Table 2 Response surface factors and level

. K-
-1 0 1
A(CSP 545 45 & ib) -1 0 1
BB G REW) ~1 0 1
C(pH) -1 0 1

17 2, 23 5 E B 2 5 R PR 5 % TR
S e al b, DUSES A R E B AR N
WL FE AR, SRA 3 NEE 3 KSR AT i R 1 AR Ak i
it

1.3.6  #4MGiE A K CSP A1 CSP-Ca—Zn BiC
il T e B R 1 mg/mL BRI, AN
& E I 190~400 nm S B N SEFTE #0472
1.3.7 AGHEMASRL A G B B
K5 KBr iR A, AR 540 % R, 40406
TEAL T 4 000~400 cm™

1.3.8  #ttiksrHr ¥ CSP F1 CSP-Ca—Zn B
TR W N 2 mg/mL BRI, BB OR B K

25r
20F A3
g
R
R4
S Al
= ﬁ 1.0f A2
0.5p A4
0.0 n . . i ; ; i i
0 10 20 30 40 50 60 70 80
i i)
Time/min

(a)

B

A
=
Chelation rate/%

1]
|
d
N a
B = 30} "
0} | L& =
0}
0
Al

280 nm, & B Pl K FEFE 320~500 nm , [ i DL 2645 7K
(A=
1.4 HELIE

A ¥ E A 3k, 452Kk A Origin
2018 Bl K2, R SPSS 19.0 # 4 47%
P T, A B DL “x £ 57 R

2 ZERE5HWH
2.1 Sephadex G-15 B4t

8 I 00 5 S — o e T AR O O3 B Y 40 S
o 2 IR OR B R i D0k R A B i ORE ) B
JIE T S 6 100t ke R IS /N o3 R B A Ok . K
W 75 W28 Sephadex G-15 43 2 J5 15 3 4 />
W Ayl 4h AL A2 A3 A4, I 1b AT LUE
HLA3 555 BEES RO RS, S 30.429%F
47.54% , WF5ERWIMR 7 B it IR A T e S 4
A, 5 e H KP4 Sephadex G-15 43
B o B EE RAR I AR 2 o A3 i — 20
=

>

4§

u'r\-

52

P

B

o

+¥
E-

50F

b
40} =)

A2 A3 A4
FRF i)
Time/min

(b)

5B b AR/NG PR ROR A 225 B 3% (P<0.05)
B 1 Sephadex G-15 B EHMEE (a) RES BIENS HEAE(b)
Fig.1 Sephadex G-15 chromatogram (a) and the chelating capacity of calcium and zinc of isolated peak (b)

22 REBMEHEBESBL4L

I 2a 7T %1 ,0~5 min PR ) 0E A3 4143
2t RP-HPLC 73 & J5 153 8 Mg, 735k F1 F2,
F3 F4 F5 F6 F7 F8, #2400k T 50 eE 2 &
R, G5RULE 2b, K7 eS| BEE T RS R
L, WA BT A gy, AT S e B, AE R R B I
18.583 min &b H IS 5 800 A B — 06 (1] 2¢) , 410
JE3K 93.91% ¥ HoAw 4 4 CSP,

2.3 CSPHFRENH
o3 AT, EOK 2 O & T 48 0y i ik
15 5] i3 K £ IKTE Tricine—SDS—-PAGE H1, 1k K 1%
SR R B — %A BRI CSP ik B L vk Al a1
20 7.8 ku,
2.4 CSP-Ca-ZnEAWBREXRERSF
E 4 s, CSP 5881 S8 FHEEG%
B 5 B 1] 4 S K O3 S T R e g B A e
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Fig.2 RP-HPLC chromatogram of A3 (a) and the chelating capacity of calcium and zinc of its separation pea (b)
and the purity identification of component F7 (c)
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Fig.3 Tricine-SDS-PAGE electrophoregram of CSP Fig4 The effect of time on the chelation reaction
S K B S YRR v, R B A R, R BImIR I FE W CSP 5 MM &R & T S, T

WK 545 RS A RO AT A B I RIR S
AWM, R, 52k i A S A iR
A 60 min,

M &S FTRLE Y, RS IR E T, CSP 5
B BB TR AREEEIING TR, BE
i, CSP 5 W Rl 42 8 B8 1 19 8 & R 2RI FRAIL &
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R FE 50 CHR R SR AR
EO

WE 6 iR, bi%E pH E AT, CSP 45 4
BARHEIE LTHE TR ESE ., pH 5~6 I,
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Fig.5 The effect of temperature on the
chelation reaction
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Fig.7 The effect of calcium—to—zinc mass ratio

on the chelation reaction
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TE DA 2R S A5 R A AR Al 1 e B CSP 545
BRI L (A) 85 BF IR (B) )pH(C)3
PUER LU 5 3 (V) RIS 2 45 53 (V) b Wil L fEL
R 3 IAER 3 K- e S0 T vk A A A T2 AR A
M 17 TR AG A R 3 B W36 3,

g 8 s, B CSP 545 BEFR & H
K BHESE LT REARLREE TR, CSP Y
B REITR FUAE 401 A BEES G R Bl ;24 CSP
FERES K BT RS HE A, I
CSP i AR THREESH; Y CSP = F
mEERE 2RSS RE AN SR, AT
BRI AT B RBASRTE, H 45 CSP
TR,

45 —e— ERERAH| 60
— AP
_aof g A
& {50 .
< 35t g
kN E =
£ 30F — . w g
%H % 25 .\ 4’\]1 g
& S = 430 ﬁ E
g 20} =
S -
S T Jx E
15}F ;;
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Fig.6 The effect of pH on the chelation reaction
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Fig.8 The effect of mass ratio of CSP to calcium and

zinc on chelating reaction

2 3 Pron , i Design Expert 10.0.7 # A4
XU EAT Z2 o0 AL A B R R AN T

Y, =49.05 + 2.524 - 1.33B - 10.10C - 3.74AB
- 1.94AC + 2.38BC - 7.85A>-5.47B* — 13.52C*

Y,=62.65+ 5244 - 1.17B - 3.31C - 6.22AB
-291AC - 0.010BC - 7.55A% - 11.58B* - 17.53C*
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Table 3 Design scheme and results of response surface experiment
X5 A B C Y, S FI% Y, 45 A R %
1 -1 0 -1 32.78 30.69
2 1 0 -1 41.40 48.71
3 0 0 0 52.61 60.72
4 -1 -1 0 31.62 32.90
5 0 0 0 47.44 61.89
6 0 0 0 45.28 65.39
7 -1 1 0 34.50 45.37
8 -1 0 1 17.83 32.25
9 0 0 0 51.32 62.22
10 0 1 -1 38.10 35.68
11 0 1 1 21.28 26.69
12 0 0 0 48.60 63.05
13 0 -1 1 17.25 31.42
14 1 -1 0 44.42 54.10
15 1 0 1 18.69 38.64
16 0 -1 -1 43.59 40.37
17 1 1 0 32.36 41.70

MR 4 A AL, NPT ARG R E G FX 2
AW REAE, BAL PAER/NT 0.0001, EUIEIALE
LRI PAEYIRT 0.05, A B AR 5 Al
BE B A RO B A RN R 4y A 0.9798 AN
0.9858, %K 1EJ& R? 4351 0.9538 F1 0.9676, 13 W]
BRI G BE BT ot FAE T DA LR B0l
Wi o7 6 b, %A A R, — R I A P L C
SRR W ORI A B C? S R (P <

0.01), 2 BT AB B52 W .3 (P < 0.05) , 1 H ¢

LHIFMFE WAL E (P>0.05),3 4 H R
G RILFLE N C>A>B, B pH > CSP 545 4%
R H > 45 B L, DUES ES G R IR N R AR
WA B R —RI P A C R R
A% B2 CP 2 i 3% (P < 0.01), 2 B3 AB [¥)3#%
M) ¥ 2 (P < 0.05) ,AC 52 i % (P < 0.05),3 1~
RN E S R EHIEE N A>C>B, B CSP 5
B B > pH > 55 BRI,

x4 EPFBEBFTESN

Table 4 Variance analysis of regression model

vR 5L AR * R P 7 Fe B W E s F1a P1a M
HELSE AR 224232 9 249.15 37.72 < 0.0001 o
A 50.7 1 50.7 7.68 0.0277 *
B 14.15 1 14.15 2.14 0.1867
C 816.48 1 816.48 123.61 < 0.0001 ok
AB 55.8 1 55.8 8.45 0.0228 *
AC 15.05 1 15.05 2.28 0.1749
BC 22.66 1 22.66 3.43 0.1064
A? 259.63 1 259.63 39.3 0.0004 ok
B? 126.1 1 126.1 19.09 0.0033 o
c? 769.93 1 769.93 116.56 < 0.0001 ok
*E 46.24 7 6.61
& R 11.41 3 3.8 0.44 0.7391
YR £ 34.83 4 8.71
iR £ 2 288.56 16
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(8% 4)
v AR * R T A= B i ¥y F 14 P1a A 3
BES R el 2817.09 9 313.01 54.17 <0.0001 s
A 219.87 1 219.87 38.05 0.0005 o
B 10.93 1 10.93 1.89 0.2114
C 87.45 1 87.45 15.14 0.006 ok
AB 154.63 1 154.63 26.76 0.0013 sk
AC 33.81 1 33.81 5.85 0.0461 *
BC 4.00x10™* 1 4.00x10™ 6.92x107 0.9936
A? 240.14 1 240.14 41.56 0.0004 ok
B? 565.06 1 565.06 97.8 <0.0001 sk
c? 1293.82 1 1293.82 223.93 <0.0001 ok
2 %3 40.44 7 5.78
PO 28.29 3 9.43 3.1 0.1513
YR £ 12.15 4 3.04
Bk £ 2857.53 16
T E R (P < 0.05) %, 52 i3 (P< 0.01),
®5 KEAEESN
Table 5 Reliability analysis of models
o o AR R? R E R? T & 8%
HEASE 0.9798 0.9538 0.8965
A R 0.9858 0.9676 0.8350

M 3 T 39 38 6k B 3 P S ik 0 2 ko A
B0 N E A B 32 BAE I B e R i I 55 bE
(¥ 9a), UL AB 22 HAE X S5 & 0 520
L NE Ob ITLLE ) AB & R IATE 28 H
YEFHIIA &, 507 22 e Bl SR — 3, o FA5 A R
Wi 7 {E, FH & 9c Ml 9e AT, A C 28 HAE FHIE WL
i 7 {1 1T S BE , 6B A C 38 B AR FHRS W o 3
& 9d 1 9f A %1, AB Fl A C 25 i 2 1 52 PG (R JE |
LHAEMW W H AB %554 0w R R KT
AC, 5T E s R —30,

Zinc Chelation rate/%

2% Design—Expert 10.0.7 3453 #7115 i e
il 25 120 . CSP 5455 FFFT it kb 4.351:1, 45 5F )i
N 0.998: 1, pH R 3.743; H5: 1 3 0 (1 2%
B 51.27% , B5E AR 63.731% ARG (1 7] £
Y i 0008 % S5 fE 2% 1 . CSP 5 45 | BF T i L
4.4:1,45 FERURELCN 1:1,pHAE N 3.7, & 31K
B, BREE R RS R IR 4 0k
52.63%F1 63.79% , 5 B R B FE A W) 4 3L
BEA AL AT ISk il £ CSP-CalZn AW .

BB %

Zinc Chelation rate/%

-0.5

Calcium—zinc mass ratio/(g/g)

o L ‘

-1.0 -0.5 0.0 0.5 1.0
A. CSP 545 St

Mass ratio of CSP to calcium and zinc/(g/g)

(b)
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Calcium Chelation rate/%

AR
Calcium Chelation rate/%

B

L Calcium Chelation rate/%

J5
Calcium—zinc mass ratio/(g/g)

0 S
-0 05 00 05 10

A. CSP 545 55h L
Mass ratio of CSP to calcium and zinc/(g/g)
(d)

e

Calcium Chelation rate/%

"o 05 00 05 10
A. CSP 545 S bt
Mass ratio of CSP to calcium and zine/(g/g)

(f)

B9 FRFXEEAMMEEEMNESLE

Fig.9 Response surface map and contour map of each factor interaction

2.6 ZIRiEHH

& BT 5 HLECIE L 45 A9 T BES 30
T W AT 06 1y R D o R A 0 4 57 A% BT R
WA 10 7R ,CSP 5 CSP-Ca—Zn %A W) 1 48 4k
ik A B X, CSP #E 269 nm Al 199 nm 4k ¥y
FE A W U 280 nm BRF I B4 I ' B B A R R T
SR W RFAE R, CSP 545 | BEES A 5 WO Hh
269 nm # 34 3| 259 nm, H W Y5 B 5 | ] 58 2
N8 # & C=0,COOH, -OH F1-NH, % [ F 1 4%
g R A AR kB R A 28 A AR 199~220
nm,CSP 545 | FEECA 5 1 fe KU 1 199 nm
AR B 197 nim, F5e AR WIS 1 8 30 KA B 1T i
JRIRE RS B CSP KRB i A & &9, =
S AT P 9 R B L BRAE R A AR AP
W CSP-Ca~Zn ZE AW & —Fi AR F CSP 1937
P,

301 4%

—CSP
----------- CSP-Ca-Zn

= OLSP
E
X Z 10}
<
0.5
00 e
200 240 280 320 360 400
Pk
Wavelength/nm

B 10 CSP 5 CSP-Ca-Zn E &KL E
Fig.10  Ultraviolet spectra of chelates of CSP
and CSP-Ca-Zn
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hE 11 A LA 1,3 387.02 em™ Fif i 1 N-H
i 45 P 20 7= A Y T IR I 2T R & 3 452.32 em
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2929.05 cm™ Z2 45 4b i1 C—H i1 45 3% 30 i W e 5
# & 292434 em™; I RESE R T CSP 585 FFEC {7
| A r A sl S O T B e — AR
1 639.70 em™ Bt 3Tl C=O 5 45 4% 3l = A= i %
W F% 2 1618.42 em™, HIHRIRILS 5 T CSP-
Ca—Zn B GRBIER; BElE — 4L 1 569.99 cm™ ff
I N=H 25 il 4R 3l 7= A 0 45 AE W A DA 3 2k | 2 8
SEAT B T K85 5B A WP 51 410.86 cm™!
B 3 Ay KB A R AR R U, X N TR R S A
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Fig.11 Infrared spectra of CSP and CSP-Ca-Zn
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Preparation and Structural Characterization of Coix Seed Polypeptide—Calcium-Zinc Chelate

Hu Xianglian, Li Ping, Zhou Liusha, Yu Yuyuan, Xu Haixing, Shi Yongqing”
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018)

Abstract This paper’s main aim has been to prepare an polypeptide—calcium—zinc chelate from coix seed and to inves-
tigate its structure. Bacillus subtilis and Streptococcus thermophilus were used for fermentation of coix seed (CS).
Polypeptide from coix seed (CSP) was separated and purified by gel filtration chromatography and reversed—phase high
performance liquid chromatography (RP-HPLC). The molecular weight of CSP was detected by Tricine—sodium dodecyl
sulfate—polyacrylamide gel (Tricine-SDS—-PAGE) electrophoresis. Taking the chelation rate of zinc and calcium as indica-
tors, single factor and response surface methodology were used to determine optimum preparation conditions of coix seed
polypeptide—calcium-zine (CSP-Ca-Zn) chelate. Ultraviolet spectra, fourier infrared and fluorescent light spectra were ap-
plied to predict the structure of CSP-Ca-Zn. The results showed that four components were separated by Sephadex G-
15. Among them, A3 showed the highest the chelating capacity of calcium and zinc. A3 was separated by RP-HPLC.
The purity of CSP was as high as 93.91%, and its molecular mass was around 7.8 ku. The optimal chelate conditions
were determined as follows: mass ratio of CSP to Ca—Zn 4.4:1, mass ratio of calcium to zinc 1:1, and pH 3.7. Under
these conditions, the chelation rates of zinc and calcium were 52.63% and 63.79%, respectively. The principal binding
sites of CSP with calcium and zinc were amino nitrogen and carboxylic acid group, and its spatial structure was also
changed. This optimal chelate conditions could obtain CSP-Ca—Zn, which has provided technical reference for the devel-
opment of new products of coix seed peptide and a new idea for food—borne organic calcium and zinc supplements.

Keywords coix seed; fermentation; purification; peptide—calcium—zine chelate; structure



