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Preparation and application of antifreeze
proteins extracted from winter wheat bran

XIA Lu,ZHANG Chao, WANG Li" ,ZHANG Hui

(Food Science and Technology, State Key Laboratory of Food Science and
Technology , Jiangnan University , Wuxi 214122 , China)

Abstract: The preparation and application of antifreeze proteins ( AFPs) were studied. The extraction process of
AFPs from winter wheat bran was optimized as following: water/material ratio 5:1, pH 8.0, extraction time 3h.The
extraction rate of soluble protein from winter wheat bran was 38% ,and the AFPs content in the extraction ( crude
AFPs) was 1.6% .The application experiment of AFP in rice dumpling showed that the quality of rice dumpling
would be improved by adding with 2.5% crude AFPs.

Key words ; winter wheat bran; antifreeze proteins; rice dumpling; extraction

i E 4SS TS210.1 X EKFRIRED A 3 E 4R 5:1002-0306(2009) 11-0241-04

PUZRE I (antifreeze proteins, AFPs) Jit— & i il Mo Bk & B & TR AR oK S5,

PR 5T, B DL AR AR B0 T 2 B AR 7K % Wi
PR R, DT 5 O 3 W 1090 s o5 R oK i =z (] B 22
1B, X Pl 22 (B FR 2 #4731 ( thermal  hysteresis
activity, THA ) , Al I PTIZR B85 U IRFR S 30 25 (H SR
IR HE FH (thermal hysteresis proteins, THPs) 0l 4R
A ST AETIHRE A, X PR E M e
R [S6F 381) DK A ) R TR A0 AR K TR 2 I 0 o K e AR
K PURE AR Z AR WK R R R, R R
ViR E A2 FdEw K. PURE FIRER ) 12 by
FHRIAR O 7K 2L AR IR G A8 B L 20 2040 it , )
J 4 R DR 3 AR B2 e AL A 0 P R e B R Y LAY
B /DEAE R NG EZ5R, pr B A n 5%
R AR D TN B B Z ARG, BBk . R, £k
B g ke B £ 0 SO ke Az B AT E LT
FRER/NE AR R E, BAF I T /N 22 &k R AT ik
2000 J3 v RA b, (B R Z2 BOAR P AT BEA T R i TR A

YRS B HA:2000-02-03 = iR R A
P& A% (1986-) %, A4,

XS T IRFLI 5, /A2 2k vh & BT 0 1) ) | 4k AR
RGBT
1 HRET®
1.1 #R5ES

LNFEFRE  INTEE R B 2B fE oKk T
5 % el G250 Sigma 20 F] 5 B IR B IR =
TN BRI AN Bk PR A8 VEDTA ST Al [ 24
A HAE G A BR A ] o

LXJ- I R E.OUIvENL g R TS
WH-2 f A s R 5 A B v o A A s )
Sephadex G75, DEAE Sepharose Fast Flow T L
Pharmacia 23] AL RIRE SRS A IR
Al E2Et TR M ARALAR T SRR S BT 4 Stable
Micro System,
1.2 WHE
121 EE&HEST D bk, S5
5 W BBURR 1 4R 1 U I 0.0,0.2.,0.4 0.6 ,0.8 . 1.0mL
T 10mL B I, £ MoK 2 1w, in A2 5 iy
FEWE G—-250 ¥R SmL, FAFIR S, # & 3min, T

20094 £ 1148 241



I{iétﬂ@f&

Science and Technology of Food Industry

595 nm KR 5E W OCCREME , 2 bR AEHR 2R, s 1
0.6 y=5.7157x-0.0123
05k R’=0.9957

>

0 0.02 0.04 0.06 0.08 0.1 0.12
2 1135 B AR B (mg/mL)

S Y o AR G B2

A A R UK 1L, 3% F R AR
TE T2 B I e T2, 438 0 HE W ' BE AR, THEAE o
AR S

& BT HR BRI E R BCR =2 i E (-
IR &) /BB AR (AN &) x100%
1.2.2 JKREEVEE AT Z 5T
1.2.2.1  pH XJ/NEER R RIRBCR 2 m R
25°C B L 1:6 , $2 L pH 43598 % 7 7.5 .8 8.5,
O PPEFEEL 20, B0, W E IR AR &
1.2.2.2 $EECAS ()X /N 22 %K Rz 3 1 o $R BOR 14 52 1

% 25°C o RHR HE Dy 1:6 ,7E pH 8.0 T Jrill g 1,

2.3 .4 5h, B0, e Fis AR S
1.2.2.3 Wk LE X /22 R 2 AR 1 J5T i B 1Y 5 i)
IRJEE 25°C ,pH 8.0, L L4302 1:1.2:1 3:1 4:1
5:1, PRI EN 2h, B0, e FIS WA S H.
1.2.3  REREDIVEIL KA R EOKBEER O AL
UM IR 2 U HE T . 25°CF , B Ao & /NEFk e
6 5N 10mol/L pH 8.0 18 R #h 2% v ik ( PBS)
il 3h, BIRWAE 30001/ min 54 B0 30min;
EIE WAL 50%~ 100% 1 1L 14 B B2 Bl AT DL DE,
I 35001/ min B0 30min, YLIE M FH R TR 4T
ol 6kDa BYEMTIFIENT 120, We i R T
1.2.4 PR HEEA SR gl
1.2.4.1 PHETHAALEIL  #RT B 150mg #fg T
3mL 10mol/L PBS ( pHS8.0) 7, fili F BH 25+ 32 4 A 1
775> B ( DEAE Sepharose Fast Flow column, 2.6 x
50cm) . PH B F 32 e A & % {4 ] 10mol/L. PBS
(pH8.0) PEAT V145, EAE)S, {4 A R AL 19 PBS P it
1h, 2R )5 F{di Fd 0~1.5mol/L NaCl BERR 5h, i ¥k
1.OmL/min, KM {7 4 220nm, W 4R 7R THA 35 PERY
153 WA RS AR ek #s IR T,
1.2.42 BRI EAIELiL  ZRTB 100mg SZ 3T
3mL 10mol/L PBS ( pH8.0) i, I8 F B ikt i g 413
#4743 85 (Sephadex G—75 pre—packed column, 1.0 x
30cm, AKTA purifier 1010
Biosciences,Sweden) . g3t 3EAE(H  10mol/L PBS
(pH8.0) # 47 WV, F4E 0.5mL )5, {f F [F] A
PBS % 18 0.5mL/min [0 # G RKZY 70min , 45 0
£ 220nm, Y4E s THA 3G P4 45, o e g 5
AR E 0 T BmAT IR T
1.2.4.3 HPLC ZF4aifk & T8 EZ A T 10mol/L
PBS (pH 8.0) tr, ik |24 1mg/mL £ [ )57 % &, fili 7
HPLC % ( Shodex PROTEIN KW -804 column,0.80 x
30cm, Shodex , Showa Denko KK, Tokyo, Japan) i3 — &

242 000 m 11

System, Amersham

TEHM

aifb, o 3% 4 H A2 [/ 19 PBS & wb Wk, If 7E
0~0.3mol/L{¥ NaCl ££3 F 88 1.0mL/min [ 3 %t
R, K& 30min, &I % £ 220nm,,

1.2.5 7[5 il B8 B it B 1A G i)

1.2.5.1 B H4  S0g #EK#,40mL iRKIE S,
Peds , BRI 00T BESPAT S5 00 . SRR FR I SR A
JEAE R AN, 435 DAARXT THREK A 1% 2% 2.5% |
5% WS INEL I A BIAR KBy SRk i, BRI, ik &
—60°C (¥ EAR IR VKAR A1, 75 4837 [ it A7 1] 8] b 5
DAL foP

1.2.52 lEMEIr N H A BT 53T 77 72 00 A
o A REE R AT, A S EN T R 3k P25 5 5K
B B 2 2.0mm/s 5 PR B . 2.0mm/ s 5 JB N 77 :10.0g;
M5 3 : 2.0mm/s s MR 25 . 75% (FESL R REH
S s R ZEA . A Bl ZREUECE . 200PPS

1.253 HEMMINE  FFE-60°C [y [F EEE T, BiE
XTSI T ANIE] AFP 45 1937 B A T 3 R, B (] 2 24h
HIRA B IR, WELSNIL, FL3 T B4R

1.254 FlEZGEME TR TN EETE T
IR (Bl A 75 BRI AAS) ANV P UL 42 I8 T = A 1)
D' A RO B o U A R B, O i SR AIE 3 LB 8 I UL
Yo AT o 1 BIAE 2B S 1 00 TR B T 5 )
BTG B B Ak, 2598 b B2 17 1R I =R,
BOPI1E

2 FHR5WR

2.1 pH 3 AFP fRERE R %

ME 2 vTLLE W, 7 pH 7~9 JEE A, 2 BOR L
TR pH Tt L M B 0, I AN A A il 1R B
pH. {HBEE pH BT &, 32 BORK 1 R5 BEXE N, 4 pH
a9 LUE, $2 B A S IR Z T, X AR AR T
— I 43 1 (R BE BF 5 36 I, 7 B Ak 2%
T, E\EART AR S NA RS E RS R A
A G L, HE T NARA B, 32 e R MY E .
LG R L, FIRER WA BE A pH 8.0 B A IR U

[SP5ie8
45t
40
35t
30t

PR (%)
&

7 7.5 8 8.5 9
pH

B2 pH Xb/NAE Bk B 3 1 BB IO ) 52 )

2.2 #EFEETEY AFP 3REVE MR

N3 AT AR HY, 3 i ] R J o 8 1 o o
M IEAWIE . PR 2h, H H B AR ICR N 32%
RPN [A] S 1 B 4h, $2 BORAUG 2= 35% , Fi 1 3
Shif, SEHCRTEE N 33% o P rE T 2tk sc g b
] 220 - i s T) X B 3R B S ) 22 B e A i Y
6] >4 3h,
2.3 &3t AFP REVE B RN

MIE 4 v AR H, BEAE WORE L A9 380, 3 3 3



ﬁé:ﬂ%&l

- t °
n
¢ i 1’ Vol.30,No.11,2009
- P P
33 [ 300 5 ‘ = i
~ 35t ’—/—"\ 8~ 12 P Py,
Q\O/ 30 + E g 200 Py .
5 25 | s P P P
= 50 | 2z« 100 23 p 33
St 0.02
0 o
1 2 3 4 5 Z 001
I 1) () 5
P 3 PP AL/ 22 2 B 2 R IR K 5 R - i

AR T AH S HOR Lk B 501 Z e, AR
WORHEE , $2 BOR BT s TP 18 . %8 21 e S 19
TR, DAt 3 3 e AR IO IOk HE e 450 501

45

40
351
30 1

PRI (%)
—— N

SULnNn O LKoo W,
LI

L1 201 301 4:1 S5i1 601
WORFEE (viw)
B4 SBORE OGS /INAZ Bk Bz A IR (52

2.4 MLERSH
241 BHE TR LS R B T s ik Ik
Bty 7 AN AR AR Sy P13 P7 (&1 S) o A&l A&
BL,7 A, PL P2 (P3PS Fil P6 H AT HL R G
PEo (HIERT LI BL, PS A1 P6 19 THA FIAH X & FH 5t
EAR AR, S T AR S 2200 AR, AT PL P2
F1P3 HEATWSCAE E AT FIZR T, TS 2 a0 BE A vk
(EERILE
100 ]

P,

—_
W

—
n o
NaCl(mol/L)

Absorbance
(220nm)

o
coodSS
1 L
e
=]

<
— N A
w

0.10 A

0.05 A.

0'00 T T T IM T T

0 60 120 180 240 300 360
Elution time(min)

El5 B AT A/ NE B AFP B4 B RUR
242 HEERGGEE g R BE, RIMEE T
Bt 1% 43 B A B Y =054 1) 4 FH B i ik i e
2B AT E (B 6), B 6 1 BB/ RnT
P1.P2 F1 P3 f#i f§ Sephadex G —75 T %& 44 (1.0 x
30cm) 43 B AR Rl 1< 220nm . B 6 1T 2R
Sy onT PL.P2 RN P3 PG THA, A AR B, 78
AR Zrb A — (R B B Al 48.46min
W HAT THA , JEHBA T =4~ & v (432 1 o 6] — 99 5
{HJZ, P1 P2 1 P3 Fp Pk 545 2] 1% A0 XF 2 Bt 45 AN AH
[, P3 PUAEXT & R N T fLELn sl 2,
FRATKT P3 I P33 JEATUREE BT AR T, HF
JE 22 HPLC 4355
2.4.3 HPLC Lalifb g5 &5, F A4 H HPLC X
P33 47— 2B B (B 7). 45 R BoR, P331

THA(C)

00
0 20 40 60 800 20 40 60 800 20 40 60 80
Elution time (min)

K6 BEduE @A PL P2
P35y BZCR B H THA (Y5215
7R 5 ) THA , K24 0.016°C 5 111 75 b P4 e D) I8 715
T &K THA, P332 g 0.002°C , P333 K 7k THA,

PRk, P331 HISA AFP,

ADI A Sig=2208

mAU

7 AFP fii ffl HPLC 4> B &0

2.5 AFP 3ti7 B & BR300

251 gty MK 8 FRETLIE R, A AFP 5, %[5
TEVA IR E R v % R R T R ES , (H AR AR 0 i
JAANE], 5% 9 AFP EshnE s T 8ARA AR RS, 6 A
JERE IR B — & AR TE B BT 20 T 5 R EEAE R A —
YZE W RE i B B . 7 W E, AR JRCE R s T A e I
SR IT I T o TR A, T ) o W R SR A AR
k= Bk 48 L 38 O AR T L B DR R AR | X
AFP E@Kjﬂim{a‘%ﬁ,%@ﬁuitktﬁ% 2 > 0
st/ INE, 7 (8] 7R P ) AR 2%, s SR 0L, TR UG 2%

2.5% W) AFP /f‘ﬂuiﬂﬂﬁﬁﬂjiﬂﬁﬁ%ﬂﬁﬁﬁﬁaﬁc%o
600 == {iffi j§ —— il q

1095
o085 %
1os
0.75

0 1 2 2.5 5

AFPI N E(%)
8  AN[F] AFP 730 % 17 [ v Ve S 0 B AN ssfk i 52 i
ME 8 iR wT LI H A AFP (437 [RI £ VR it
R BME (B ER A BT G, 31X 5 0 BE A A AW A
(B BEE SN G i 0 R, X AP 2l 28 I AN B i B B
A, PRI, IR AT 56 HR 2.5% Ry e &b I o
2.52 AN ZE-60°C T 24h J5 , AN[6] AFP @Rhn
M RIZESN_ A An i XA, AT FTT S L
SERG R R 18, $EAT Y 25 1 S8 08 O IR S D A8 PR TE
Bz 2emFssE A, Rk SR R, TSN AFP 1)
7 1B ) 52 A S M P AU, DL 9
(T%:% 310 W)

20094 £ 1148 243



I{ié:ﬂ@f&

Science and Technology of Food Industry

PR e AE [ T ] LB AR S5 547 w2007 (1) :33.

[12] %, &K, ZER LB ARE S G E RS Hoaed
BB R [T] R FH K ,2007,12(4) :279-280.

(1B EE,ZEF, F9-F,5 Aerebg i e AL B
SR T ]. F d Ak F IR F2 4R ,2005,6(3) :106-110.

[14] FERNANDEZ - LOPEZ J A, ALMELA L, SOLE - DAD -
ALMANSAM, et
chlorophyllase  from
Phytochemistry, 1992 ,31.

[15]FRS%, M AF At g2 e[ J] My 23R
.,2001(8) :336-339.

[16]ue s, k@i th 23k 5 Mt i oem]] M
4 78 55840, 2008 (2) 1 7-12.

[17] 28,3488 R ERITAMHRAERS P E I L S
I AMBE TR FEER: § RF5F K ,2001(3) :63-67.
(18] p4hst et K ATL KR TRERAR[I]. EHhXF
IR T3 H&,2003(7) :110-112.

[19] 2 4k, 2455, ik R, 5 . X G e T2 & 09 37 45 3F
)] A T kA ,2008(2) :158-160.

(20 [4T48 3, B4 e e =0k, 5 M e £ vt 7 R R R AR

al.Partial  purification and properties of

chlorotic  Citrus  limon leaves [J].

FHHA R[] A SFH,2005(6) :34-36.
[21]EFH,EZX4F AWk GERAXPERRT[I] ALK
PR B KAFR,2001,8(3) :11-13.

[22]30% &, A%k 2Bt @ EimadmEst &[] B D
I 383 B 42 3R ,2008,3(2) :55-58.

3| kM, K BEHEE M I PR ARG AR
J]. 0385 Ae 1 ,2004( 1) :13.

24| eb R R R, TRERE IR ER RO R E
J].287+,2006,32(1) :18-22.

(2513, k& -F AR BT 3R £ R e Hoa[ 1] ILRALR
Ik ,2005(5) :38-39.

[26] &3, BET F8, F o RERB ARG L2
Hea[J]. £ 45 ,2005,22(4) :32-34.

[27] /7B 1807, 75, % REAVERSEH RS A LR
AR Z &L« 25],2007(6) .4-8.

[28] Yin Yongguan, Han Yong, Liu Jingbo.A novel protecting

— o o

method for visual green color in spinach puree treated by high
intensity pulsed electric fields[ J].Journal of Food Engineering,
2007,79:1256-1260.

R IR S SRR ST S =Sl S S SR S S e Sl S Sues e Syl S e S Supe e S e S Sy S S-S = S Sr S S Syl S e e S =S S S e S S e

(4% 243 W)

¢ ve
- o O0C

K‘iﬁ%;uAFP WIN2.5%AFP

B9 OREIN AFP AN 2.5% AFP 1) 15
253 PhEE  HEAHZEEAKX MBI R EZ S KK
ML y7 B V7 ik 3, S5 2R DL 10, | 18] 10 7T LA
RS AFP 380 i 350, 17 1B 37 i v B Rl 2 33
ol , X ] BEJR HH Tk R AR BT SRR R 4 S R Y
2 L I, B AFP [4097 [R5 85 T
BEW, B AT 852 o

140 ¢
120 |
100 |
ﬁ 80
= 60}
40 |
20 |
0 1 1 1 1 I}
0.0 1.0 2.0 2.5 5.0
AFPE N (%)

10 AN[R] AFP G8 0 %17 5 17 3ok B8 4 5 M)

3 it

3.1 BREREUTTE I ) £ /N 22 K 2 U, 38 o B
RIS BRI T A A Wk 501, pH 8.0, 2
HE] 3h, 4 & 2 B R R e AR, SR IR
AR B 38% o 77 5 /INEE B B B UK S IR A oK,
HAE P &R,

3.2 A X B B AL TR 43 B LA K 3 1R 9 T
PRSI T LA & B, AR 2.5% 14 AFP X33 v 37 (54 5 S

310 0092113

{1 A AT W W P 1
Sk

[1]De Vries A L, Wohlschlag D E.Freezing resistance in some
antarctic fishes[ J].Science,1969(163) :1073-1075.
[2]Graether S P,Kuiper M J,Gagn S M, et al.Helix structure and
ice—binding properties of a hyperactive antifreeze protein from an
insect [ J].Nature,2000(406) :325-328.

[3]Li N, Chibber B A, Castellino F J, et al. Mapping of disulfide
bridges in antifreeze proteins from overwintering larvae of the
beetle Dendroides Canadensis [ J].Biochemistry, 1998 ,37 (18) ;
6343-6350.

[4] Grifith M, Ala P, Yang D S C, et al. Antifreeze protein
produced endogenously in winter rye leaves [ J].Plant Physiol,
1992(100) :593-596.

[5]Hon WC,Griffith M, Chong P, et al.Extraction and isolation of
antifreeze proteins from winter rye ( Xecale cereale L.) leaves
[J]. Plant Physiol ,1994(104) :971-980.

[6]R W R Crevel,J K Fedyk,M ] Spurgeon.Antifreeze proteins ;
characteristics, occurrence and human exposure [ J].Food and
Chemical Toxicology,2002(40) :899-903.

(7] &8 RE, £EF,F DEBRS K AL ER
[J] Mg 42,2006 (5).16-17.

(8] FRAR, PR W1 2R F Rt TPA A -7 [ 1] E 4
47,2008 ,23(1) :194-197.

[9] # Kk Ayl XA R 5 S R F 89 2 AAT[T].
A5 A Ak ,2003(7) :40-42.

[10] &An, stk , 2508, % FERER TPA S0 ar 2 []].
TR % IR ,2005,25(3) :189-192.

[I]RRA, EERK, 8 UL £ 2 LF 3L TEAM
Hom ey HF [ )] A g Ak ,2008(1) :31-32.





