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The cold induced proteins in plants
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Chinua). Acta Ecologica Sinica,2004,24(5) . 1034~-1039.

Abstract: The endogenous polypeptides or proteins that are related 1o plant tolerance to low temperature, which include
cryoprotective proteins, antifreeze proteins, dehydrins and membrane proteins, are reviewed in this paper. These material
proteins could also be useful to drought resistance, pathogen and pest resistance, and salt resistance. The cryoprotective
proteins could protect isolated thylakoids from plastocyanin release of membrane rupture caused by freeze, which have higher
protective activity than sucrose. Antifreeze proteins (AFPs) are mainly located in apoplast and have the effects of thermal
hysteresis, ice crystal modification and recrystallization inhibition. Some of them are pathogeonesis-related proteins (PR). In
winter rye, seven polypeptides accumulate in the apoplast of cold-acclimated leaves. They are glucanase-like AF*s (GLPs)
with 35kDa, 32kDa, chitinase-like AFPs (CLPs) with 35, 28kDa, and thaumatin-like AFPs (TLPs) with 25. 16kDa.
Dehydrins are D11 LEA proteins that could be induced by droughts as well as low temperatures and other stress factors. They
are boiling-stable and have high conserved Y, S and K segments. Their roles may be serving as molecular chaperone to protect
proteins and membranes from denaturation. The membrane-related proteins like GPATs and LTPs play great roles in
membrane fluidity and then relate closely to the freeze tolerance of plants. The results showed that plant cold-induced proteins
are intimately responsible for plant freeze tolerance. Two maodes of the functioning of antifreeze proteins are pointed out in this
paper. Many methods and technigues for studying plant cold induced proteins are introduced briefly. We propose that plant
resistance to low temperature may result from the total effects of the four types of cold induced proteins of cryoprotective
proteins, antifreeze proteins, dehydrins and membrane related proteins, together. In the beginning of cold stress, cell
cytoplasm membrane senses stress signal by putative sensor proteins located on cell cytoplasm membrane. The cells synthesize
membrane-related proteins like GPATSs to maintain membrane fluidity, The initial resistance or adaptation to low temperature
is formed. Along with the increase of cold stress, plant synthesizes cryoprotective proteins to maintain the temparary stability
of membrane from the rupture. If temperature goes to an even lower status, plants initiate to synthesize antifreeze proteins,
These proteins could prevent cells from ice crystallization by the effective function of thermal hysteresis effect, ice cryscal
modification effect and recrystallization inhibition effect. When temperature is very far below 0C and ice crystals have been

formed intercellularly or intracellularly in plant cells, some amounts of water flow outside from cells, which result in cell
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desiccation. At this time plants synthesize dehydrins to protect macromolecules rom denaturing . forming the last defense so as
to make effect to survive. In eculogy. we figure that the study of plant cold induced proteins has great importance in the field
of plant-animal interaction if PR AFPs metabolism is well elucidated. The proper induction of defensins of cold-induced
proteins could change the relationship between phytophagous animals and plants and then reduces the application of pestcides
that have made great environmental pollition due to lavish use of toxin. Plant cold induced proteins may also be functioning in
plants in animal taste and in the ecological distribution of plant community. Plants then affect the ecology of phytophagous
animals, which includes reproduction, feeding, coupling and mating. In agriculture. plant acclimation and animal acclimation
are critical in culture and the cold induced proteins relate the adaptive process. Plant cold proteins can also present clues ta The
Life Theory of Growth Redundancy in which plant plasticity due to growth reudundaney occupys a big part of important
position. We think that the transformation of growth redundancy into proteins involved in cold resistance metabolism is the
essence of plant adaptation, which is unique to living organisms in the world. We find that it is necessary for us to study
further the mechanism of plant resistance to low temperature. especially the conditions of cold induction for resistance and the
localization of induction and response. The relationship between the induction sites and responsive sites should be a study focus
in the time of future,.
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ARG T E— TR HPIFEEYLE S Bk na F KRS, EERM MY TUMNAENN -SHEEE
HREFER—BEAR.REFTRT A BT - LHHERS, D TFRSEaRAR SR A EERE TR W& E
SRBIEEAERERN A IBEARER VEYEEERS (cold-induced proteins), MY BEBRBEAMBELRNES T4
VERRBAE BRESPNYLENNE. I ERTURT PR, P EERRTT BT — M ESES . AT H X
— B #ETaE .

1 KB EE (cryoprotective proteins)

ZHHADEZNGRENEAREGREHI R EAEREY P . EOARKEN AN MAEaRNRNTEAEHEN RS
MEEEE. SREQRANMEREREW BT LIE T T S ERENTHENE, RBECRERE . N HEEE
R MBESD BRI BES M 2.7 4. &8 5 0L 0R A0 2 808 A i Lt 0] 78 10 4 TE R 40 oh b B Ab TR A
MHFER SN XEERENE B CRTRRANLBENEEASCAEREASEEA RS RS, A--HHE.BEOREG®K
RO ERKETRREEZHAEEHEE A BREEO R SRS TN TR TR ERES OS2 BE0
BHENEEEA TR INESEARSRAE XN ALEBE SRR BITSLEL L ENETR, MEMCERRTETNE
RO~ AMERFRERNBEFEEBENERERS B H A E 08T B0E 2,

EW?I‘%HE@"U@%*MAH\E@ﬁﬁ%ﬁ%*ﬂﬁﬁﬂfﬁqjﬁﬁﬁﬁﬁﬁﬁ;ITLE’?HHTlﬂﬁﬂ“ﬁﬁ%%ﬁ%ﬂqﬁimﬁﬁﬁﬁ
B, XEEEERA R R0 R (eryoprotection) 7% ¥ , BT L 4R 545 4 40 M0 5% 40 M 2% 1O 8 B B S8 48 L R 8 S0 43 R
HELHERW, K BB 1P E M (cryoprotective proteins), FAR SR HE B TE R , BT 3T (Arabidopsis thaliana) B1— 4 cor
38 G A5 0 B B 7 R VR S T LA B I O TRl O 95 B 44 5 3 Cplastocyanin ) M 2t 3% 2 8 o B8 BE R R IR
WA A —EEM. HAMESE CORL5am M CORS. 6 B kA% AT HEE KRBT E (Escherichia coli) PEIXFHMLE
JLJ'E?E“J“:,ﬂ:ﬁﬁFF—??EElﬁiﬁbﬁ?ﬂ@iﬂﬁ.ﬂ(%iﬁﬁfﬁ]%ﬁ%ﬁﬁ%ﬁfﬁﬁﬁﬁﬁ?ﬁfﬂﬁcﬁﬁ%“%?‘rﬁﬁﬁﬁﬁﬂfﬁﬁﬁj’ﬁigﬁ
BB, G AB ut R bk H AR 2 A iY COR15a 6 B Y 40 B BY 38 1 7 1k 1R 1T D) B89 30 3658 1R 4 o 48 1 2 58 WO il 4 . 825, MR Hincha
RHEREAELIRBERGHTUN APt — T BE-REEAR (KERPE), 28 SkDa, HFIEI K& R EHRS — 185
FH 7-kDa BEOH XK. E9 L. CRFIEIRBEERHEARPEARLENRIES,

2 WA EA (antifreeze proteins)

Griffith R R EFHER - AXRBAL RS EANET . M EMOEREEY, RNEKEE0mBEESEIRE
m?ﬁiﬁjﬁﬂﬂﬁ%ﬁyﬁE‘Eﬁ'nEEﬁﬁb‘-%‘iﬁ*ﬁ%%i”‘f‘ﬁﬂﬁ'ﬁﬁ‘#ﬁﬂﬁfﬁ@ﬁ’ﬁﬁ'*ﬁﬁﬁﬂ,ﬁﬁﬁﬁﬁﬁﬂrﬁm?fﬁ%ﬁ
HEXNHRERANEY P REBEVIBRES., ABEAESBNEHREHEEAME N E MSIE. 5 CTHEB KA IE %
EREXMERKNEKBET AT, BB SE R REES (AFPs) E#WERAREMIN R FIMES Z WG 7 F#
ZRES- Ho s MR SDS- BRI BBERER P LS TN E RS S5, FREERNTI 8. R R4
VEZB X EEE 3 2MEMRELHE M PA LT 5-8-1, 3-8 RSB R thavmatin-like Z &', F# AFPs (35 F
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32kDa) B W B (glucanase-like proteins, GLPs), Fi# (35 FI 28kDa) R JLT A # (CLPs), B (25 F1 16kDa) &
thaumatin (TLPs), XU LR W ARMBLL . BIE NN E & Asp/Asn, Glu/Gln, Ser, Thr, Gly M Ala; ©i1ERE
His (B —1® R4 BEL R SHH Cys R, 4 F RN 13kDs B RAMENERR R AR/ DR ENE. 20T BEREH K
A BRI PR HMER. XERE.13kDa lMEELA S KERTEHB RGOS 80X B H F5 . B 77 © 7 78 40 i
BE 12 115 19 48 R B B AE A

HHE AFP W REEPHNBE - EEBEAZH . FEMABEFER A GERAIAFP B4 A B T LLE IR & B & 0o,
Cutler ¥ LT B AFP H5 8B A+ 9 canola fll A, thaliana ) () R BAEM 25 (] . AFP 3B AUS . 85 0B B RS 1%
REfIR, R E 3% 78 8 AFP SRR B AMEY AR W RER TP . Georges $WHMHET -4 X R LB AFP S ER#
AEFATEEREEEERAEKRFERE. AFPRENBERCHEREAEEA N XRGBHY . BAHE 55U WELEE
MRS 2B R EREY D BIE 7T mRNA K E&K AFP £R . AT AKES RN RSNt RES HH
HENEHEREED AMAFP REEOMEEMNEEEMY PENEREES. BIEIEWMA AFP IR EBEE S (AFGP) %
WAL T RR D). Hincha %A% AFP % B 7 % 3 AR My v 7 1% BT 78 Ko J0 e 8 R0 P 3 f BT 2 L 5 S R B R 0
KRN EHARI . XA RRHWR AFP ARG RERZ K GE . AFP 5L 25 ¥ 40 30 51 5 5 08 A5 9 60 40 B o 15 B o
Wallis I Ll 30X — WK, IMNAERESRMNSRAFPEALLE HEEARBARM R HAREREB XM, =
Bk AFP W6 F LA BB 3 K Y vk R 402,

KPR TE ¥ TR 3 1) OB RS B-1, 376 B SR W TL TR N EL AT R URTE M LA WS T L A L AL RS BV B M 1 L
T RNl -MREM AR NEMKE S B, XBERBRLEE AFP & PR-E [ Uk B AEX B B pathogenesis-
related proteins ) E R ETH AU FA L RE S KN . PREAGEHAEY pathogenesis-related proteins )41, 8] LA ZE 48 40
FRHESHEFEERAEMBERTESER . 285 . BH)E RE. B A BYHERSCBMOG. Mixss T RifE
FRM PRED WATEXME A EFARKAFERBERNER. PREANBERS AMUERE A ®5E . Fat
HERE bermuda B .+ E. HEMPEE D UHAHE, Antikainen  Griffith % T URIEAEREX L BEIA FTHRES
A PRI PR RERFENMERKGEBRNFHEHNE PSS EEELBETIT 1B S WMEA R HIEHRD
HES A KSR R I AR MK RAME B O & REH M. B, B R4 0 B 5 M B R TH 35 2 — A 1% 38
HERL TR SFOWFEMRENEL MR, T SABE AFP M ERE% X5 2 KT 4 Poaceae Fl
Triticum HEPW FSMFTH R HEF RFIEA TX— 8. B 78T 0k XT3 b 89 T 5 60 35 35 7R ) 0 2% 1 R D

HILFHERER RS E MY R KD AFP 4R .

H— X4 AFP 50 0 20 0 6] 2 B O 2 AR R o P SR B 6 ETY . 4R ATP RSB AEth & &, AFP o DM 35— 4R
FERH Lok RiEA B RHFAE NN, L AFP, 2 |) A 5 1k 40 T 8% 8 i A4 £ R o1 48 5T AT A 42 435 0K 4 31 F0 55 B M 4 4 41
HEAY TR . 3 — 4 5 SRR L A AR S 5% 9 GLP \CLP oY BB 78 [ 5 58 1 A JJ 8B 1 ¥ 4R vk 2 Ak M F b /Rl B VE AT
1 FH ik SR KRR R IR A . GLP 72 PO 40 4 B BE b 64 203 4 8 00 B A R 6 5 4 B O 4 08 2 B0 T O 4 B S K T
N 2 AFP R KT KR D7, AFP U E TR S, Aoy AFP,. Rl ik EH BRI HF RN FRE. &£
BRI OR—-#H AFPERAZ EMNTREMBAOMME L U I RSN S FRRIKE SR

B TEREWBEN KR AFP B 8 kBt b BB A8y AFP BEEEEH KR L EERR, BEHKR LR
KOBEREPHEEER. EXMER T AFP (i 5 M4 A RER, U ERARA KD NRETLE S . Gaudet EXHE
XTRE R ERREAFEER TR R RAMMENE Gtk TS MRS R BN — i R0T . N ELSEIRRE TP N
1 5 R T Rl R o 40 S B 40 MR S 2 RO B AL 3L CacCl, AL HE Y KRR R DB S A AT M i B R, B
B O . MEHEEROME XN ERR A ARE R AR EE— &, SRR SRS B s, ¢
AR (CaCl, 5 MeClL) 42 & 5 A 18 B B9 47 o 75 1 EMARE N SR RRBNEEE XA T UL Y L
B AFP™, YRSMEE QB MIRE A BEM K KB G &M, £ B AFP B8 £, AFP Sk 54 BB kS
E&E (ice-binding motifs (IBMs)) Thr/Asp & H -OH,-C=0,8-NH, £ 5K B EE L

GLP L F 3% 7 B8 A9 /5 28 30 o 3 9T 30 S B 2 S WA 7R 4 B AR K R R B ok T iR S BB K R 60 AFP AT BB AR B R & 4
RELIRFAMBEEMERD, K, THP (thermal hysteresis proteins . Y4 # & [ ) 7 Solanum dulcamara ZE ) 535 41 g
REEMNTHEEAE I, RO ARNN RS EO RN S B R G ST R AR SR AFGP . THP 8§
AFP BEIRRE R BRIE A VLo DRI 8E . BB 3k , R ARG E# % GLP.CLP. TLP ERERLBREAFREN T HRIME,
X B G A AR % A 0 ] U 440 1) S I o 9 43 A 5 B A UK Cepiphiytic ice YHISMAN KT B F X, FV XL EHESEEKEL
HIER . WO TEREREY S GLP.CLP # TLP S S H BN — R T AR AS, £ AFP £ PR HHMAR MW,
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WA AFP IR A EN T . X EERAEYSHYMEALEEERXEMP TESEXE RITHYREBES
SREMBHCRER UEAIRRES¥MIRFRUREYENHRMELEERE ot BRASHYRE LD YR EY
FEEAUABRRESEXRTIMERALCANOKEEEEEA WX ADAEAREEEREENXTR T XB—TRE
BEAR B R IR .

3 ERAMERTEXHEAOR —BAKEK (dehydrin)

HETABEETRERER. KBEFETRESETLESHYEERAE. BAEERTFTREMATHY ERN —1EH
B.TEFETHY BEMAEFTREEY P AT EERRI M 9kDa~2000kDa F %  FE IR K T XFRH G & £ 8% 88
EHOLEAER. LEFAEOUHMSH DI LEA (1 ¥). D11 LEA (2#).D7 LEA (3 %).D113 LEA (4 ¥).D29 LEA (5
BOMDIS LEA (6 XS 65, MM ARB 2R ILEAR® DI LEA, R BEA L . BB RENSA . BEEERSMHY
(DEYGNPY,S(SS8SSSS(SS) I KUE)EKKGIMDKIKERLPGO K B, BRfZELF 0 EYBAKEREERLESE., DOy
HYWMEEEXPAULABRSAAYE K ES KB 21kDa protein, RAB21, ¥ % B RAB17.81 ¥ 35kDa protein, % ¥
TAS14, ¥ #& CuCOR19, # 3 CAPS5, I3 IF LTIZ9.LTI30.RD29A ,COR47,RAB18, & 7 CAS17,/hE WCOR410.COR39,
WSC120 &l21- 22l

BiAKEAEHEHDA P E S T H18 (molecular chaperone) HifR ¥ & O &M & 1E F AR ER KN AL EESGRT
. WERTEBRKERFR LA MAE. BAKEEXT TR PRFPERRREMSER. TR ABA EHBT RS
EEHKEEE. FERAFLET FRBATELRT. Bl S EMEARRTUES NE WCSEARKAR . WCS &
DERBEEREIEX GERE WESLBMNARRR. LR 4 H LM A B ER R G 2 B R 7r 40 MR R fb 40 i 58 dh i
FEAWCS BEREKR.BAFETHARANEE R . - RHEGAP AR BT PRER. AORSEENABRE
RHAGI . RACAPS EEFETHA Y. 5 CAPS AN EFTBEROBRHTEE CORSS . EMNLERERH L hig R
b AEOEREREREMN A X RBLEREAEREENR P R HE,. RN T REME AN CORSS
Al BT AU BB, CORSS 1A 350-kDa W MEMFETHRBE L. BB ANEXKGEBSHB A THERKRD TEHREBEDP
£ .

BEAPER K RGBT LA AR o WA K, A B K B RNEPEENASNE KA FHNBESBRA T hE
Herh e AR SR [ RLAR MR AL F R BACRE  ATTBF (- BB KA E 5 AR AR B R AR (R A 4 e

HRDE ST HEERAKREREHSE, A ET dhnl-dhn? W E S weordl0 EXKAE dhnl /rabl7 B dhn? LRI
T H B dhnX . cord?.rabls %,

AKAEE R EFERERFWN T EEAE AP RED R REEAGRT U R WK R L REIES SR AREFNKE
SFE. ANENHISEREDESELEERN  TUEERBE FZBETEER.

4 HMIESMAXRNEBR (membrane related proteins)

- RBESFEEDRASIEREEAGERAREE M. Y5 ETRB SRR DESHY AN LE ., /T, LT
FRAMMIBRER 7 THEAE TREZINA, HEFFREAYWIKE T M-3-BI MR BB glycerol-3-phosphate acyltr-
ansferase (GPAT). ASFHR 80 MBS A MM SdE I mi H -3 MM B R R R (GPAT) 2 B4 1k Kk % U8 1R
R AR R AL IY GPAT R MW EFE B (1°C10d) B B4 84 8056 %) « Fat % 2050 2 o0 f B b o R ik 1 69 IR
ARHMBEHREB AR 2%, R E YN R R TR R ElR T SR A LM B RN T E R A ST Ok,
A. thaliana®) fab RTEWK (RHIMAEYERAE) REASEWRABHRATL E2CFTAR—BN T #ASAR (Fu/Fm)
T RRIF MR SR ARERTS . X — T RN DR PSIT shoL DU HEWAN B4 B . TEELAT 5 15 < 60 F0 020 ) 0 0 3 e 70 4 o, S F A
BT IAE W PSIT AP OER D1 BAMESR. £HRET MKKLRIBRDRARMEETHE D a8k, FRKMABELE
YE AT 630 /i o o o (01

IER B EH dipid-transfer proteins, LTPs) MIAA B 54 WHMWE YN ARG RES. RT.LTP 5 i T 4 s st
AXHBEEERBAREMR . HFXRBBRHIB LTPs fMIRE T ABA MR EAES TR BIKERERN. EL K
Z L ohd BRRKTEA T RBEES. KF oot HEF BTG HEAB— B N-KBE S 55 B0 H5 0 A5 E 8
%Eﬁ%iﬁﬁﬁ%tiwmgEﬁ%%ﬁ%ﬁ?@ﬁﬁﬁ%ﬁiﬁﬁﬂ%%#ﬁﬂ%ﬁﬁ*uEﬁ?ﬁﬁ¢mﬁm9ﬁﬁ
SERRHOAEREERFPNER—R. LTP BN TREERARUA S MBELSA RS EOLERT LTP n) fE 5 4 M S LB S
WHKSL, LTP AW PR — AT R AR, M AE LTP REREE S THN &L B #: 2 8 ABA RN T
(ABREDFMIRIR R i 7o+ (ACCGACA) it —# 32 7 LTP 76 1 36 A0 #0353 o {2 0 4 T

FA—TEERIERAEHELHNESE LM des A & 5 (desatured A). Los F R B 0 ¥ (Synechocystis PCCH803) [
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des A X 76 R R By 36 C FRREIE 2 CRt, 3 B B0 4k Th R8I0 10 5. Vigh SR MR des A B3k Bl TIREY
S0 RIS T LG B 0 B0 K s A BB % 108 MBI S 000 0 132 384 I, WA 1 B0 T R RS R S B M . 8 des A 35 PH S A TS I Anacwstis
nidulans ¥ , S5 2 RENE A5 05 8 1O (LR S8 00 A, B SR S C TR Z I B,

B R R S R HVS 720 B B0 EIE o X BEASES DIPLD)BYBITE. PLD BE{LIERS 4R A £ M2 — . 1% i
THPLD ft FHEBIRSA M THABHEBPLD I X PLD WEESBEABE ¥R Y PLD Hi s HHEEEE. W
i PLD % b M5B T RE.

Murata F1 Las $ 7 — BV SR 45 5 A 2 M A A 015 S84 iRV DUBE S M i B T 2 B F R B b 1 3
LSS R X R B E TR — 4 Calt M His 8. SR UERANRR2AY SR M AMEE. % FH
. FUFRG O B3 B 5 8 0 S R 8 A O O, T 30 0 S 10 A 6 5 LT, A U 9 30 9 A
§ 4

BRI S BB R A, LR I 1, (RIRE 7Y SR P T A PR R R . B o RO IR IR B o BURR
AN ENERTEE LR RRPES REEA YR KR R SR RS A AR S RAE AN SR
P S E T, B AR BRI R A R R S R e R S RS AT S B T W TR 2 KR B R
B RS 40 R T 40 XA UL TS SR WA HE R R o . BRI S R B TR T B A R IE R . SR i —
W EVHE S| REAE 4 40 OS5 vk B R 0 2 B BOVR B 01, A PR B P BB R K S T A S 4 4 S S TH B
Y0 ML 55 v B 2 A A AL 18 T L A BE SR 35 40 RS TS L T A R P A S R R B R 2 K L BB A K B A 4 2 1R B R
P KR (dehydrin) B B EHRARBHT UH RAYHRE — AT ES A BB 4. o A REGEYRICRF WS
REE & WA ERIE P EAS 8,5 0 BH%E S (AFP) B —26 | [ RS, i AR Ry o B
— A REIR. BERUYERESINEE— LREOBESS.

1 Yy 557 5 00 36 7R D60 B R A A 2 2 R S MO TR T Lt 2 0 R £ 7 2 2 7 2406 vk A (AL 2 R B R A
AR R RAFRBNEENEEDYNER. HRSHEEIEDW, AT % 5= 0> o8 Rl L2 4 25 . ¢ 26 ) o it
PR P T TR B AR R S SR VS e RO 4 3Ktk AR L o o Hh B — 1 L A B AR 2 UM AL 2 2 25 B M AT R B H L i
FHYRRE L MEYTEE . FRACRE &Y R AL DA S HLH A (el LR 447 89 18 B P L T B4 7 B
IO T B POtk W AR 5 45 1L T, 0F AT SRR R B I RO LR Sk EE EH0/N BB AL 38 R &) . B B9 3 PR 7 S B A 1Y
WL TERCH SN B R R AT SR S EANY R TRYER MAA U R aRE— BTS2, %
IR 2R 1 R FE AR PR AR 000 50 0 VK A0 3 10 [ 6 0 7 LA R 38 S Cerosstalk)O ST B0 3 — b ¥ 4 BE R VE 0, B2 4 70 py
M RAE Y XA ERES, TN EE R AR AT BRI U R A LB P PR e K S5 R A
RUGHBRF OB, EREANBLUAE AERANEESIERESRA NP AR DA RS ERES L
GPAT A EEMPBEN THEEEENEA. KUBKMESHEED AT REEY BT S ORGSR . TR
B S SMBEE A SO R RR TN TR R B IR H B R, EER AR S Y b
BERM— T EERMAETRETFENLMHEKE TR, TFEM XEEREAFEN. NUEF SRS EE L . R
UERILE /M ERBTELERYEN RELRPTWRT BT LRI, 500 15 4018 5 A 08 f Bt 3 3
BE NN R OGRS 5 (RIS B4R K R R0 5097 40 T B B B 1 o0 80 A 0 P T A B W RS o 8 B
HWE AN RS ATRER L.
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