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Research Progress in Separation and Purification Methods of
Antifreeze Proteins from Plants

XU Hua-neng, MA Shu—feng, ZHANG Lian—fu
(School of Food Science and Technology , Jiangnan University , Wuxi 214122, China )

Abstract. Antifreeze proteins are the thermal hysteresis proteins,which have the ability to modify
ice growth and inhibit ice recrystallization. Antifreeze proteins from plants are of significance to
elongate shelf-life of frozen food and improve their quality. How to separate antifreeze proteins from
complicated extract liquids effectively has been a hot and challenging topic. In this article,the
recent advances in the separation and purification methods of antifreeze proteins from plants are
reviewed and the basic principles of the methods are introduced. The methods include traditional
chromatography separation,SDS —PAGE electrophoresis,ice —affinity adsorption and cloud point
extraction. Based on the above research progress,the future directions to develop separation methods
for antifreeze proteins are put forward.

Keywords: plant antifreeze protein,chromatography,ice adsorption,cloud point extraction

(Antifreeze Protein, AFP)

: 2012-10-16
(20906039) ; (JUSRPI11124);

(1980—),
E-mail : hnxujnu@163.com

2013 32 4 547}



XU Hua-neng,et al: Research Progress in Separation and Purification

Methods of Antifreeze Proteins from Plants

Mini—Review

[2-11]
o
[1]
o
(Secale
cereale L.)!" (Daucus carota) !4
(Triticum aestivum) ™ (Ammopiptanthus

mongolicusere )78 (Ligustrum lucidum) "™

120]

,GB2760-2011

o

, Kontogiorgos
[15]

[17]

Bio—Rad
DE-52 ,NaCl

119 24

o Simpson

20 000

[21]

(DEAE-cellulose A52)

(Sephacryl S300) . (Poros
20HP2) (Sourcel50Q),
amAFP28
BAARCHRGRARGRE 1|
SDS-PAGE
R Hon’ 12l SDS-
PAGE
Wang @
PAGE ,
o Zhang & SDS-PAGE
, SDS—;AGE
AGBARCAADCRMAR e
,Kuiper ™
(Cold
Finger)”( 1),
50

@  Journal of Food Science and Biotechnology Vol.32 No.4 2013



HACH . MR AT G 5 B AL R R

% TR
O |l
Fra A
B BEAR
it
WP
1
Fig. 1 Cold finger device
Zhang ™ Kuiper ,
( 2)
, 1.64%
A B C D E F G

-1 -4°C -6C 2°C
2
Fig. 2 Separation antifreeze proteins from wheat bran
(Triticum aestivum L.) by ice specific adsorption
[26] ,
4 ,
b 1 ]
Gupta ™1
] )
( 3)

sreEsdife T "1
| - -

| v N Ll =
. P g i) s
L J "
= J £ J =
| = _‘—'.‘_}l I B
o BEEE opmn TR
LT

3
Fig. 3 Separation and purification of antifreeze protein

from Hippophae rhamnoides

(Cloud—Point Extraction,CPE)

[28-31]
o

. CPE .

B e
185

ﬁm% m ﬂé IKAH

SR AR G35 ARV TR
4
Cloud point phase separation of nonionic

Fig. 4
surfactants

[32]
o

Ay

o SDS-PAGE

2013 32 4 D



XU Hua-neng,et al: Research Progress in Separation and Purification Mini_RevieW
Methods of Antifreeze Proteins from Plants

20 200~66 100, - ,
0.20~0.38 C, ,
SDS/Triton X-114 " o
[32]
.SDS , 1.56~
9.51 ; SDS , o s
, ( )

[ 1] Hassas—Roudsari M, Goff H D. Ice structuring proteins from plants : Mechanism of action and food application[J]. Food Research
International ,2012,46.:425-436.

[2] , . [J]. ,2012,31(5) :455-461.
ZHANG Hui,DING Xiang-li. Research progress of antifreeze proteins application in food and its safety analysis [J]. Journal of
Food Science and Biotechnology,2012,31(5):455-461. (in Chinese)

[3]JIA CL,HUANG W N,WU C,et al. Frozen bread dough properties modified by thermostable ice structuring proteins extract from
hinese Privet(Ligustrum vulgare) leaves|]]. Cereal Chemistry,2012,89(3):162-167.

[4] , , , . [J]. : ,2011,29
(4):50-57.
WANG Shao—yun,ZHAO Jun,WU Jin—hong,et al. Research progress in antifreeze proteins and application in food industry[]].
Journal of Beijing Technology and Business University : Natural Science Edition,2011,29(4).50-57. (in Chinese)

[5]Li L,Kim Y,Huang W,et al. Effects of ice structuring proteins on freeze—thaw stability of corn and wheat starch gels [J]. Cereal
Chemistry,2010,87:497-503.

[6] YEH C M,KAO B Y,PENG H J. Production of a recombinant type 1 antifreeze protein analogue by L. lactis and its applications
on frozen meat and frozen dough[J]. Journal of Agricultural and Food Chemistry,2009,57(14):6216-6223.

[7 ] XU H N,HUANG W N,JIA C L,et al. Evaluation of water holding capacity and breadmaking properties for frozen dough
containing ice structuring proteins from winter wheat[]]. Journal of Cereal Science,2009,49:250-253.

[ 8 ] Kontogiorgos V,Goff H D, Kasapis S. Effect of aging and ice—structuring proteins on physical properties of frozen flour—water
mixtures|J]. Food Hydrocolloid ,2008,22:1135-1147.

[9] , , . [J]. ,2008,29(8) :39-

@  Journal of Food Science and Biotechnology Vol.32 No.4 2013



42.
PAN Zhen —xing,Zou Qi-bo,HUANG Wei-ning,et al. Effects of ice structuring protein on fermentation characteristics and
microstructure of frozen dough during long—term cold storage[J]. Food Science,2008,29(8):39-42. (in Chinese)

[10] Kontogiorgos V,Goff H D,Kasapis,S. Effect of aging and ice structuring proteins on the morphology of frozen hydrated gluten
networks[J]. Biomacromolecules,2007,8:1293-1299.

[11] ZHANG C,ZHANG H,WANG L. Effect of carrot (Daucus carota) antifreeze proteins on the fermentation capacity of frozen
dough[J]. Food Research International ,2007,40:763-769.

[12] Hon W C,Griffith M,Chong P, et al. Extraction and isolation of antifreeze protein from winter rye (Secale cereal L.) leaves|J].
Plant Physiology , 1994 ,104:971-980.

[13] Smallwood M, Worrall D, Byass L, et al. Isolation and charaterization of a novel antifreeze protein from carrot (Daucus Carota)[J].
Biochemical Journal, 1999,340.385-391.

[14] Meyer K, Keil M,Naldrett M J. A leucine—rich repeat protein of carrot that exhibits antifreeze activity|J]. Febs Letters, 1999 ,447
(2-3):171-178.

[15] Kontogiorgos V,Regand A,Yada R Y, et al. Isolation and characterization of ice structuring proteins from cold acclimated winter
wheat grass extract for recrystallization inhibition in frozen foods[J]. J Food Biochemistry,2007,31:139-160.

[16] WANG W,WEI L. Purification of boiling —soluble antifreeze protein from the Legume Ammopiptanthus mongolicus [J].
Preparative Biochemistry & Biotechnology,2003,33(1):67-80.

[17] , , , - [J]. ,2007,29(2) :251-255.
YU Shan-shan,YIN Lin—ke,MU Shu-yong,et al. Extraction,separation and measuration of the thermal hysteresis activity of
antifreeze proteins from Ammopiptanthus nanus (Leguminosae )[J]. Acta Botanica Yunnanica,2007,29(2):251-255.

[18] FEI Y B,CAO P X,GAO S. Q et al. Purification and Structure Analysis of Antifreeze Proteins from Ammopiptanthus mongolicus
[J]. Preparative Biochemistry & Biotechnology,2008,38:172-183.

[19] CAI Y,LIU S,LIAO X, et al. Purification and partial characterization of antifreeze proteins from leaves of Ligustrum lucidum Ait
[J]. Food and Bioproducts Processing ,2011,89(2):98-1022.

[20] Simpson D J,Smallwood M,Twigg S. Purification and characterisation of an antifreeze protein from Forsythia suspensa (L.)[J].
Cryobiology ,2005,51:230-234.

[21] , , . [71. : ,2007,44(4) .
912-917.

WANG Wei—xiang, WEI Ling—bo,ZHANG Hu. Study on purification and partial characterization of heat—stable antifreeze protein
from A. mongolicus|J|. Journal of Sichuan University : Natural Science Edition,2007,44(4):912-917. (in Chinese)

[22] WANG W,WEI L,WANG G. Multistep purification of an antifreeze protein from Ammopiptanthus mongolicus by
chromatographic and electrophoretic methods|J]. Journal of Chromatographic Science,2003,41:489-493.

(23] ; s (1. ,2009,24(5) : 16-20.

ZHANG Chao,ZHAO Xiao-yan,MA Yue,et al. Purification and characterization of winter wheat (Triticum aestivum L.) bran
antifreeze protein[J]. Journal of the Chinese Cereals and Oils Association,2009,24(5):16-20. (in Chinese)

[24] Kuiper M J,Lankin C,Gauthier SY,et al. Purification of antifreeze proteins by adsorption to ice [J]. Biochemical and
Biophysical Research Communications,2003,300(3) :645-648.

[25] Zhang C,Zhang H,Wang L, et al. Purification of antifreeze protein from wheat bran (Triticum aestivum L.) based on its
hydrophilicity and ice-binding capacity[J]. Journal of Agricultural and Food Chemistry,2007,55:7654-7658.

[26] , , , - [7]. ,2007,24(4) :505-510.

LIU Shang,LIAO Xiang—ru,ZHANG Jian—guo,et al. Purification of an antifreeze protein from Ligustrum lucidum leaves and its
partial characteristics [J]. Chinese Bulletin of Botany,2007,24(4):505-510. (in Chinese)

[27] Gupta R,Deswal R. Low temperature stress modulated secretome analysis and purification of antifreeze protein from Hippophae
rhamnoides,a Himalayan wonder plant[J]. Journal of Proteome Research,2012,11:2684-2696.

[28] Mukherjee P,Padhan S K,Dash S,et al. Clouding behaviour in surfactant systems [J]. Advances in Colloid and Interface
Science,2011,162:59-79.

2013 32 4 51}



XU Hua-neng,et al: Research Progress in Separation and Purification Mini_Review
Methods of Antifreeze Proteins from Plants

[29] Becker J S,Thomas O R T,Franzreb M. Protein separation with magnetic adsorbents in micellar aqueous two—phase systems][J].
Separation and Purification Technology ,2009, 65 :46-53.

[30] Mashayekhi F,Meyer A S,Shiigi S A,et al. Concentration of mammalian genomic DNA using two —phase aqueous micellar
systems|]]. Biotechnology and Bioengineering,2009,102:1613-1623.

[31] da Silva M A O,Arruda M A Z. An aqueous two—phase system as a strategy for serum albumin depletion [J]. Talanta,2009,77:
985-990.

[32] Xu H N,Chen H Y,Huang W N. Purification of ice structuring protein complexes from winter wheat using Triton X-114 phase
partitioning[J]. Frontiers of Chemical Engineering in China,2009,3(4):383-385.

[33] Xu H N. An aqueous anonic/nonionic surfactant two—phase system in the presence of salt. 2. Partitioning of ice structuring

proteins|J]. RSC Advances,2012,2:12251-12254.

) / N 2013
, 15% s , 4 12 , .
1 100 o N )
[ JTurner Broadcasting System, Inc.. Toddler meals chock full of salt [EB/OL]. (2013-3-26). http://eatocracy.
cnn.com/2013/03/25/toddler-meals—chock—full-of-salt.
2013 3 ,(International Journal of Food Microbiology )
. / 5
(ALOP) ,
(cfu/g) (PO) o
[ |Daniel Gallaghera, Eric D. Ebelb, Owen Gallaghera, et al. Characterizing uncertainty when evaluating risk

management metrics: Risk assessment modeling of Listeria monocytogenes contamination in ready —to—eat deli meats.[J].
International Journal of Food Microbiology, 2013, 162(3):266-275.

@  Journal of Food Science and Biotechnology Vol.32 No.4 2013



