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Progress in research on cold hardening in insects
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Abstract  Cold hardiness is crucial for the establishment, dispersion and distribution of insect populations.

Consequently, the cold tolerance strategies of insects have become a popular research topic. Cold hardening, as an
effective cold tolerance strategy, can remarkably improve the chill tolerance of insects. This paper introduces two basic
forms of cold hardening; rapid cold hardening and cold acclimation, and their respective roles in insect cold shock
resistance. Cold hardening mechanisms are summarized from both macroscopic and microcosmic perspectives, including
their specificity at the tissue and cell levels, the increased level of low-molecular weight cryoprotectants, the expression
and function of specific protective proteins such as hot shock proteins and the underlying mechanism of blocking cold-
induced apoptosis ete. Differences in reported results due to different research methods are discussed and the
comprehensive and integrated effects of the two types of cold hardening are emphasized. In addition, correlations and
differences between the two types of cold hardening are analyzed in order to better reveal intrinsic mechanisms of cold
hardening in insects.

Key words

rapid cold hardening, cold acclimation, cryoprotectants, cold shock, hot shock proteins

FEMUER bR B R 2, 0 A T S R &
Toft A0 2% P T b Y5 M L T VT A T B A AR B
AT R AR A (A B e E 4K Y 2 B 0SB S i (Wang
and Kang, 2005) . {&iR 28 m B REKE TR =
SEEAE T BT 7 A 2 A S R ) S 8, R U B
ST S M P v I A A R A 0 R R AR
S LT R AR, 2002) o EF 0 AR [l f9 AR 3L A B
EE Ht 23 SR A [ 11 470 2 SR M o DR v B 4K (rapid
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cold hardening, RCH) F1 K I ¥ 3| 4k ( cold
acclimation, ACC) J& ¥4 98 B it € ¢k 1) 2 Fp 3= 38
4k, % m& (Rajamohan and Sinclair, 2008) . {HJ& —
TS A HAT W X, H T A Ch RCH
2 RS ) I B P 5 T R 0 H I U B 1
J2 A S s ACC U)o ey K 353 £ 2= 71 il 2 9 3l BT 7%
o g T U B AR IS N M RN (Lee,s
1989) . 20 it 4l 80 fFEAQ /241 56 T RCH ¥ fig

LR % R B (2006 BADO8SALS) .
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TR A7 A g &5 vk 8L B ddn 20 B W i Sarcophaga
crassipalpis Macquart 95 T ¥ K 50, (— Bl A 35 300 3%
Jit L B2 O B TR T i 28 52 1A R BTG UEL) 4 75 FR) AT
FOAH MG, W Lee 55 (1987) I Chen %5 (1987) 1)
WFFTI R 5 £ 7% VR 50 1 0056 R 30 2 B T 3t A 11
W BOPEARTL A5 18 T 5 BE 8 1 25 5 v 20 2 TR 0 11 i
FEME . HAT, ¥ IIE I B 5E C A B WK R W B )
RV PR R R B IR AE (R AU s TR A e s A B
FIZ K L7 TR Y A B A BL S . W, Qin
45 (2005) R I 48 B 2 A2 RS I RT-PCRHL AR
S B2 jE WL Drosophila melanogaster Meigen ¥4 Y|4k,
Kb PR R PR 3R 0K F R mRNA % s By Hr 3R
B, 55 25 °C W 1 5% (R 0 AR EE ¥4 Wik (0°C 28 %
2 h) J5 B0 37 BUFR Rk DNA 550 () K058 F 5 77
4 8 2 AR A, Horh g i IR A B B DNA 3 51 R0k
WS FE R . IRk B A YR B E 5T B
A 0 S R N -0 A 2 o NS YN e S L
I E 5 08 40 1 73 5 7K V- e R v AR AL T ER) AT 9
HEEREAT &5k > LAY ) 3 % 9 A % T 32 T B He i
FEVEMIAE L 4k S R ON TT i 12 40 88k 1% A T 24 5
SRl T R AL IR ML S .

1 REEQ L K EAE RS

L1 BRFEAYEN BERFEHEZN
RCH fEf% $2 v B2 I 2L A A B 2 4R
e, RMEAEV B F T - 5C 274 RCH (L
0. 1°C /min M\ 25°C [#3 %2 0°C, Jf £ OC L+ 1 h)
AEER T2 h R IIBETI A 37% » W E AR T H AT
PRI FEA) 60% (Overgaard et al. , 2007) ;¥ 4
. KUE Locusta migratoria L. %% W5 If H $2 M 30°C
2] -7°C,2 h JoA£ 1% AN 35.8% , A
B —7CZHTSEAE 0C Ml 2 b W)L gy A7 3% 46 &g 2%
L 2 75% (Wang and Kang, 2003) ; 24E 3% 76 74 3F
BB B R Afrinus sp. o, X H 22 10
HH B #F M RCH Jx N (Sinclair and Chown,
2006) » PR Ay 70 558 B0 75 B ORI IR BE R IR T,
BAE 7R B 0 20 ST N B, DA R )
I 1R R AR A FHAR TR (1 R AR ok 22 . L RCH
A3 B TR T € 1k R JF E BT A R AR 25 R IR
X PUIEXS S, A7 48 B d o B0 R E AR G R AT
s ACC A FHHLAI . RCH W] B8 HUR 45 B
Hii FEHUE] R — A, 3 b H A i 5 B
B R85 5 AR A D A 4 AR B H AT T I

6l ) AL A S 1 e R AR o O T 4 i 4
TNV YA B v T SE R AL BT R B i AR
PR Pk S L BT A R 8 PR BE 45 A R OR 1R AT B AT
W RCH Y5 B v By fr B0 34 35608 B 4% 1 i) St [l H
HUHIVRCH 5535 & 50F B Ui 98 1 9 5% i B PR S
Az B R Ol Rz AR AR Ak ) 6 RCH [ i . o ff
KR W, # OB B R Cryptopygus antarcticus
(Willem) 75 HU €5 46 £ 1 1 € 1 PR3 3 O, (3 4
ANRTE BT S i 9€ PR O R 3 BRAIG, T e S 3L T
At Kz B Bt A7 ¢ (Worland et al. , 2007) o 3X —HF
FOR TR0 RCH 25 & 1 I HLH R A =20 B R
1.2 REAYCEGHLAMAENERNHERMN
F A PR 5 T 3 BT VA 43 4 5 1 AN T 5
(1B TR L 40 M JEE 1 A AR R 8 7 R A K A AR, T
PR o2 2R ) &= A AR A G #E (Kostal et al.
2004) , AT RCH (1 £/ 47 4 H n] RE 7F 41 23 40 Jfa 7K
SEARI . 50 Yi I Lee (2004) % 4T 2 PR i A [] 20
ZULEAR )RR A0 43 53 32847 RCH (- 0°C &85 2 h )5
T -8C Hi 2 h) ks (T -8CHiE 2 h) &b
PRS0 20 M s PR S R W, A R e Ak B A LG
RCH S22 w0 T 80544« o B 5 BG40 R0 Wi Y I 3
4 Bl 4 ZU 40 I AE TS A 4 RCH AL, S i 4 1
Jig Wi A4 R0 b B A e R v (o Sk 77.0% A
73.2% ) 3 v T [ R IR 1 s (o3 0 ok
50.6% F152.2% ) ; H.B& T g Wi 44 #F RCH XJ T~ 4k
P AR S A1 2310 1 TG S 3 22 s X TR 9 1 IR
7R T B U0 M () RCH AR H AT A 52 i A 22 &
G RN 28 53 W W 3R I 0 AN AE A1 2R K ST kAT
Mo Yi#l Lee(2011) IR ANWF5Y 2 B, RCH 18 it
0 21 72 PR Y- IOt 2 TR T T A 1140 V7% A R JRE £ v AR
SO 5 T 040 P R M R T, AT BG4 2 4 i 1
FET %, {H & )\ DNA EE iz H vk 45 L 2 /8 RCH
HVE H 4 R e A B S (9 0 i 40 L DNA BRI
B S e vk a0 i B B 2 2 S, U8 RCH
XA E A RS, xR B A A
ZURF Sk hAh, BR R BB B T R A
Y B A — @ FREE RIS ., SR 4 L
A R A RCH B8 g, 351 4y B 2K 39 A g
AN B % RCH f8J), 4 UK 22 RCH 4b 22
A5 3 B PG (Jensen et al. , 2007) o Wang F
Kang (2005) KL AW K2 UEAH R BB
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ANF 5 RCH 1 ) B fig 715 76 BL 0.05°C /min M
30°C P& il & - 10°C 5 RCH 4 1 F &% 1k o
(—10°C &: 5% 10 h) 435 % 5 b W RS BB B
Y LE R B A7 0 2 8 . m] WL, RCH Y B A
R W B R

L3 RERYMEXT AR

FEA0 HL K E s v 4K 58 fE 8 X B U v 1
FANIA o 4G R RN ) e s 40 0 A1 R B O 5 1R
HE N A B 7 e i 2% (Kostal et al. » 2004) o B4R 70
I Tk 0T 0 MBS P A T 51 B AR A — R B R O
RS R R N AT NI 7/ A el G T o A
P B B0 AE B e AT AR AT Ok RCH X 41 g JBE £
FOHL B ST OO A B R B P (Leejr et al.
2006) i 5 3 F1 B (Overgaard et al. , 2005) - fif g
S %4 28 4k (Michaud and Denlinger, 2006) . Ji&
W T 4 (Kostal et al. , 2007) 25 )5 [ T Ji& -

20 M S R S s PR T B HUOR A B S AR P A
HA S S0 AR B JUIE AR FAC I I T
P FH 2 0 7K P T 46 B0 3L v 40 M 9 2 1 2
e BB A HAREE R A E IR AR (Leejr
et al. , 2006) » WX FE W, RCH W] B F#H HE R
JT I A 2 ) A 355 25 R0 A0 S e s S s AR i)
R Sarcophaga bullata Parker £F ¥R 7 ( - 8°C &
# 2 h) Ak B b S AR AN AR R AR 21.3% 5 &
RCH (0°C 4 % 2 h) J& $2 % 68. 5% ;' P[] & Kl
LR Bk o #2801, RCH Ab 215 L 7 44 40 i ftw
W) I 3h 1k B 5 1 5 (Leejr et al. , 2006) .

PRH YA P A RT G e I IS R R AN T R
T S 45 0 T I ) 0 8 P R 3 1 O B i B
FAD Y A 5 R 5 40 B E 1) A B 1)) B (Overgaard
et al. , 2005 ; Michaud and Denlinger, 2006) . 11,
4R A2 RCH (4°C 2258 8 h) 4k B, 41 o % 1) ith

R & T IR & BB A 30% LT & 47%
(Michaud and Denlinger, 2006) . i RCH (LA
0. 1°C /min ]\ 25°C Bt 42 0°C, JFAE OC LR $F 1 h)
AEELS b JE s LA M I o R B AR, 2
T AN LRI yih TR 5 & T i 0 AN i R IR R
AR I B0 4= & B AR, R A4 L B8 I F AN R RE T
7 (Overgaard et al. , 2005) o fH%; %} [ — Ff & &
K AR ) RCH &b B, 6T 46 B JI5E 1 200 Y AT fig A
o dn, R0 42 0°C 42 55 2 h 1) RCH A FR 5]k
0 M Tl T R R D A AR A, IR K RE R

1 i / O 9% P L Aot G W 2 2% 5 (MacMillan et al.
2009) , H: 5 Overgaard 45 (2005) &5 31 = 7 0 i
JE AR FE RCH 451 RIHL R B2 436 738 RO 001 5T L % o

B HUTR SR 1 1) Y i 8 A T BL A N AR A 1 T
Al PEAR L 4% 21 U 0 R R P Ah RO B R
B A FEM N 2 —o i, LMW Pyrrhocoris
apterus L. fEPZ AR E W] ( -5°C F 2 22 h J51E
20°C % 5% 2 h) FIFFSEARH I ( -5°C) Hofh iy KTk
JE B FE R Sl Y] (20C F 2 h) Jfk ) KT
YU PR A5 I K5 BRI s AR B A R R T
I A A R B T AT BE A B U S U i R
1 B AE ] (Kostal et al. , 2007) .

L4 RELYWEUFESMERIPFFNSENTIL

B e B i 3 (12 VB A AR 5 45) 1
DR S AR R AR N AR UK 2 R
A o AERARTE AT T B AR Y — 28 5 i 9€ P AT
KA J3 - 5 W) Jot U o 28 2 0 I R B TR
M B o R AR, IR e A B AU E O
TR E N B AR . Dy W5 R
7E RCH 3 B2 v A 3 TR R 37 770 (0 22 4 5 7T BA46) 75
B Ut RCH A M mi [« MacMillan 2% (2009) fiff
FUA M s 76 40 J %5 T 1k o3 R 7 A Y 2 AR AL
UL, RCH 68 W 2 32 iy AW A8 v IR o b B0 77 3
0 HEW AT BE 2 RCH 5 5 (¥ §0 7k £/ 47 770 3 o A3 e
0 M H R By RE R AR T . HHT, 9% 1
B IUE RCH AR JT R F07 OR 47 00 QB B AT 9T 2
£ LU BRI a3 NG EE N S 1 N T o L
i 12 4% ( Wang and Kang, 2005; Michaud and
Denlinger, 2006 ; Overgaard et al. , 2007) . W, &
RCH Ab 35, 218 A g A4 Py T vl A 280 88 R 1 2 7
TEEE LT S R 2 ~ 3 £,
BRI T 5 B 5 4 %R B (Chen et al. , 1987
Michaud and Denlinger, 2007) . H il & B S A N
— b S PR DR 7R TTOR B R R B
I e B AR ) L v B BE ) (Lee, 1991) o H
WA BRI, & RCH 53 5 A Wi & 4 T b 5
Al Vs 7 BT R TR 4P 77 2 B R R 1Y I (Kelty and Lees
1999, 2001) . Overgaard Z& (2007) B 5% W) & WY,
RCH 51k 3l 4k Py A6 25 4 A0 o B 8 & &2 01 v, JF
55 L € 1 1 1 ai KR AH OC, (H RCH R 51 1l
SRR BT XUERE T IR ZE e T B tH AN
[F) ) B HU R 6 B AN 7] ) RCH Ak 3 77 203 30 RCH
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B TR 2 R R B 3l Clnn B s 3L ) R 345 7
PR 78 3 A (heatshock protein, HSP) , %} T2
e R OB B2 TIRCRE 1) IE A 9T S LA A T 1k AR 1
HAFFRERERELEEN, K25 R Ll £ fi
A PR AR I R S B 52 G VE A IR T g gt 2 B
T AP A0 LR B WL AR S 32 0% i U 2 1) 45 5 (Burton
et al. , 1988 ; Gehring and Wehner, 1995) . %5, B
WK B EE T 0C N A =i 3 AR e A
(Burton et al. , 1988) o ¥4 /K v Ab BE 68 175 5 3¢ Wi B
W Liriomyza sativae Blanchard 4 Py #44K 50 85 4
FE K hsp90 hsp70 hsp40 F1— L& /N5 1 hsps 1)K IX
(Huang and Kang, 2007) . Huang £ (2009) i& k&
> A5V B 39T T S P B0 75 i AR 9 /s 23 1 3R v
AR hspl9. 5 hsp20. 8 Fl hsp2l. 7 $ B & F 5
P AR TR 1 Horh B hsp20. 8 X6 Ve YAk B Ay B
I HLAN [ 9 7% 38 4% 1F T LR AK 1K iR be iR
R SR B AN [ o Rl 2% 1 (B K 3 &
UKV AR vE 55 ) BB U5 B ALl i i R RSB T
RCH U fig % 25 B AIC b ¥4 AR 5 i85 3 1) 40 i A I 1 2
TCRIAR R o 40, Yi 2% (2007) 38 o 8 [ R 238 B AR
WAE T #K 50 & (1 Hsp70 Al Hsp27 2 L g (1)
RCH [ ¥, 3% A By 1k S b 40 i f J PE A0 T £
740 e R s B A4 TS SR v B AR T . RAUIK B B A AE
PR YA b Bk A T i A AR 2 AN LT T R
77 BE A DLARHE PR A 2 R0 B 1 ot 4 2 PR R e
A JE A B R TV B A T AP e R PR T IR 4 Y
1 EE KRR IT RCH (K34 Bl i 7

2 KERYIMEAE RS

1 R 0K T) 23 75 A8 Ak 1) [ 3, ACC i ] 4
i Y FEPE . 5 RCH AN[E] ¥ &, ACC i f
S P 22 I ) A AR R B vy s Ak B IR 5 A 0T i R
DAL B ) 4B 55 K, RCH S B2 A 1 90 A% 78 JL /N i
F Loy Bh A PR AE H B ACC 1 9k B 1) U)K
EHR TR HA AW B 2 94k 19 1 FH BLEE
W IRAFAE 2 57 o

Shintani I Ishikawa (2007 ) %} & & K 4
Psacothea hilaris (Pascoe) U [P it FEPERF 9L R W, &
ACC(15. 5CR¥F 9 d) AP BEEE T- 0 ~ —22°C 11
AU I S DR AF 3G 3 W 25 TR & ACC AL B X

(25CHRFF 5 d J5 WEAT AR W 2% 88) 5 £ % I 1a
(—10°C B 8 h LA L) & fF T2 ACC AR [
730 % 2 2% T4 RCH (0°C Bk 5% 4 h) Ak #E (1 51 ;
A » 76 B0 A 4 #0 05 — 26°C 747, ACC A BT %6f
PR A7 35 2 4 AR AR, RCH A BT (1 77 35 5 ) 5 w0
X IR W], ACC REAE — & R g v B2 Ui
iRy € 5 A5 H ™ A A FE ARl 5 RN ) i B AT B 55
RCH AH b JLAE 1 ¥ 20 B 3 i 4 T AR 95 15 2 72 il
AL (75 I 1) U0 AR o e 4k, ACC A
) AR I O B L SE MR K S m A E .
EFER BRI (H 3 E T - 10°C) F PR Bl (LA
-0.8°C /min A\ 30°C [ % - 10°C) 2 Fl kb 21 R, 28
ACC(SCHRHF 3 d) AL LRI R 2 ACC KRB AR W
KR OE ) AEVE R WA B3 % ¢ (Wang and Kang,
2005) .

ACC 71 B duan g /K 7 b i A 0t A7 4 3.
W, A5 ¥ W38 45 AF R X B2 W 28 Delia antiqua
(Meigen) 4f i J52 15 6 38 BV P 1 A 95k K& CoA i &
fitg 2 3K B AW W, 42 ACC (5C 4L ¥ 0.2.8 Al
32 d) b BRI AR A O i bl R T LG
mRNA [ RIA A W F w7 2 ~ 10 £, HEEA
DA IS 18] ) SE K 78 - 20°C R 225 5 d 5 A8 TS
AL MR, R 2, 4 ACC AR FE 32 d 5 iR Ui 4
T mRNA SRk &8 B B AR T — 2 H 40 i 1) A7
R4 T % (Kayukawa et al. , 2007) o A W,
ACC ) B HUTH 2 P 1 1 sl A ) B AT — 58 1 41 23 %
.

3 RFAYMEAKEL YL ELE
FA % B2 B T 3 14 B 52 1l

TE B AR GAE T, AR T AE 98 s ML A 1 B ER R
VLA P K FE Ve 1) 4 F5, IR N B 2 H i K
N R 2 N e o IR {50 S Sl NP S WS E B S 1 B2
AL R T BT AH YL IR 3 N 1 R AE S B 52 A )
I it PR A I 7 A R i 52 6 397 A L 1 bR v
s =3 AE H H AN DLGRAIE B J A B O AN R A
WP (Li et al. » 2001 ; 5EBEL0 AN HE 2R, 2002 ;
Shintani and Ishikawa, 2007) « /| T ACC 1 RCH
X 2 AL 25 BB HORR 2R AR B BOAS R T
RIS AR R, A RCOR A = &
M, Chen % (1990) , Larsen FlI Lee (1994) W57 ¥ %
W], 55 RCH ML, ACC fE 55 4f Hb fr 97 21 2 DA i AT
7 W Danaus plexippus L. o2 K w45 . T



* 1668 -

N B H 242 Chinese Journal of Applied Entomology 49 %

Mk, B B FATTN B PR VA B I R
N> KT ACC 5 RCH ZE & N MHF 70t O g .
41, Shintani F1 Ishikawa (2007) #R &, & RCH 1
ACC B A A B RE TF AT 20 M B2 T 3 52 K 4 O 11 i 5
PE, HAE - 16°C ¥ IR v 45 1 N B 2 i S0 ae i ()
(LTy,) bo sl il ACC 5 RCH Ak 3 () 4 il 4
1.6 d f13.6 d;{H7E R S0RE 2 B 41 K, ACC Al
RCH I A Ak 21 0  FUAH Y 1 30— i i 28021,
75 —10°C /£ 47 ACC M1 RCH I & 4b B 2k AL 5
ACC # [, 76 1k ¥ 20 55 - 26°C £ 47 ACC F1 RCH
A Ak BE AR AN 5 RCH A [R]. BA G, 4 5 I AT 51
A LLIE I #5T E s RCH AT ACC By 7] 4 I A6 de i
T SE AT )Y B O B N K ] R R A
fits 5 M AR AL B LB AR AR 4

4 MRRE

U0 B v B IR 98 K 22 0 — S R
S BF GRS, U3 A oK B % Rl o> 8E T B
SR B Vo I AE F LB A 5T H 28 RN B8
MWK 2R B9 K B B I PR % . & T RCH
MIBIEST, O RE B 25 5 B JU i) R & W B I Ak 4 85
JAT 0 5 AT ER ST 5 RCH AE FAH G 1) & 1 4
AR K B o s 21 F8 A W AE 0°C 2% §2 10 min
Je HoAR A 43 250 AL B O (p38 MAPK) & &
W BT, I 5 RCH A2 Bl B 5 br 5 25 41 OC, &
W1k Wy /2 RCH 5 5 20 2 DA g i 96 M B b B A
B3 4E M (Fujiwara and Denlinger, 2007) . 43K
WM Liriomyza huidobrensis ( Blanchard) F1 35 W B
TR i 52 AT UL W 38 I AR e B 1 R T hsp90 < hsp70
hsp6O<hsp40 1 hsp20 11 % i i 03 1L 56 I 92 ot
PCR #1 % B i 7 B ¥ (western blotting) 3k 75
(Huang and Kang, 2007) . iX %55 (4 [¥) 3£ & f1 42
A0 AT A Ja BE— 22 BRI B R v B BIL R B it
T ER RS AR A o B OV DAk L 2 B kT
Z 7 AL R B OV B B B 58 AN N JIE % Al
WAERIANE R SRR AT o K v DA 0 A 0% B2 1 A
D7 Ch 5 & B B 2= 45 AR 5T AR RAT b 48) IR
R BEAT BT 5T, B — W] 25 b D 32 5 v AL 1 AH
HS% 0, BE 25 2% 58 2 Ty BRI A6 D) AT 8 4K
TRIT, XA A BEIR N A AT B Ui % DAL L]

% £ ik (References)

Burton V, Mitchell HK, Young P, Petersen NS, 1988. Heat
shock protection against cold stress of Drosophila
melanogaster. Mol. Cell Biol. , 8(8) :3550—3552.

Chen CP, Denlinger DL, Lee RE, 1987. Cold-shock injury
and rapid cold hardening in the flesh fly Sarcophaga
crassipalpis. Physiol. Zool. , 60 (3) :297—304.

Chen CP, Lee RE, Denlinger DL, 1990. A comparison of the
responses of tropical and temperate flies ( Diptera:
Sarcophagidae) to cold and heat stress. J. Comp.
Physiol. , 160 (5) :543—547.

Fujiwara Y, Denlinger DL, 2007. p38 MAPK is a likely
component of the signal transduction pathway triggering
rapid cold hardening in the flesh fly Sarcophaga
crassipalpis. J. Exp. Biol. , 210 (18) :3295—3300.

Gehring W], Wehner R, 1995. Heat shock protein synthesis
and thermotolerance in Cataglyphis, an ant from the Sahara
desert. PNAS, 92(7) :2994—2998.

Huang LH, Kang L, 2007. Cloning and interspecific altered
expression of heat shock protein genes in two leafminer
species in response to thermal stress. Insect Mol. Biol. , 16
(4) :491—500.

Huang LH, Wang CZ, Kang L., 2009. Cloning and expression
of five heat shock protein genes in relation to cold hardening
and development in the leafminer, Liriomyza sativae. J.
Insect Physiol. , 55(3) :279—285.

Jensen D, Overgaard J, Sorensen J, 2007. The influence of
developmental stage on cold shock resistance and ability
tocold-harden in  Drosophila melanogaster. J. Insect
Physiol. , 53(2) :179—186.

Kayukawa T, Chen B, Hoshizaki S, Ishikawa Y, 2007.
Upregulation of a desaturase is associated with the
enhancement of cold hardiness in the onion maggot, Delia
antiqua. Insect Biochem. Mol. Biol. , 37 (11) : 1160—
1167.

Kelty JD, Lee RE, 1999. Induction of rapid cold hardening
by cooling at ecologically relevant rates in Drosophila
melanogaster. J. Insect Physiol. , 45(8) :719—726.

Kelty JD, Lee RE, 2001. Rapidcold-hardening of Drosophila
melanogaster ( Diptera: Drosophilidae) during ecologically
based thermoperiodic cycles. J. Exp. Biol. , 204:1659—
1666.

Kostal V, Renault D, Mehrabianova A, Bastl J, 2007. Insect
cold tolerance and repair ofchill-injury at fluctuating thermal
regimes :role of ion homeostasis. Com. Biochem. Physiol.
Part A:Mol. Integr. Physiol. , 147 (1) :231—238.

Kostal V, Vambera J, Bastl J, 2004. On the nature of pre—

freeze mortality in insects: water balance, ion homeostasis



6 JU] £l

B A%+ B 0O YL AL T 5 9F e

*1669 -

and energy charge in the adults of Pyrrhocoris apterus. J.
Exp. Biol. , 207 :1509—1521.

Larsen KJ, Lee RE, 1994. Cold tolerance including rapid
cold hardening and inoculative freezing of fall migrant
monarch butterflies in Ohio. J. Insect Physiol. , 40 (10) :
859—864.

Lee RE, 1989. Insectcold-hardiness: to freeze or not to
freeze. Bioscience, 39 (5) :308—313.

Lee RE, 1991. Principles of insect low temperature
tolerance//Lee RE, Denlinger DL (eds. ). Insects at Low
Temperature. Chapman & Hall, New York, Press. 17—
47.

Lee RE, Chen CP, Denlinger DL, 1987. A rapidcold—
hardening process in insects. Science, 238 (4832) :1415—
1417.

Leejr R, Damodaran K, Yi S, Lorigan G, 2006. Rapidcold—
hardening increases membrane fluidity and cold tolerance of
insect cells. Cryobiology, 52 (3) :459—463.

Li YP, Gong H, Park HY, Goto M, 2001. Rapid cold
hardening providing higher cold tolerance than cold
acclimation in the pine needle gall midge Thecodiplosis
japonensis larvae. Entomol. Sin., 8 (1) :81—88.

MacMillan HA, Guglielmo CG, Sinclair BJ, 2009. Membrane
remodeling and glucose in Drosophila melanogaster: A test of
rapid cold-hardening and chilling tolerance hypotheses. J.
Insect Physiol. , 55(3) :243—249.

Michaud M, Denlinger D, 2006. Oleic acid is elevated in cell
membranes during rapidcold-hardening and pupal diapause
in the flesh fly,
Physiol. , 52(10) :1073—1082.

Michaud MR, Denlinger DL, 2007. Shifts in the

Sarcophaga crassipalpis. J. Insect

carbohydrate, polyol, and amino acid pools during
rapidcold-hardening and diapause-associated cold-hardening
in flesh flies ( Sarcophaga crassipalpis) : a metabolomic
comparison. J. Comp. Physiol. , 177 (7) :753—763.

Overgaard J, Malmendal A, Sorensen J, Bundy J, Loeschcke
V, Nielsen NC, Holmstrup M, 2007. Metabolomic profiling
of rapid cold hardening and cold shock in Drosophila
melanogaster. J. Insect Physiol. , 53 (12) :1218—1232.

Petersen S, Loeschcke V,

Overgaard J, Sorensen [,

Holmstrup M, 2005. Changes in membrane lipid
composition following rapid cold hardening in. J. Insect
Physiol. , 51(11) :1173—1182.

Qin W, Neal SJ, Robertson RM, Westwood JT, Walker VK,
2005. Cold hardening and transcriptional change in
Drosophila melanogaster. Insect Mol. Biol. ; 14 (6) :607—
613.

Rajamohan A, Sinclair BJ, 2008. Short+erm hardening effects
on survival of acute and chronic cold exposure by Drosophila
melanogaster larvae. J. Insect Physiol. , 54 (4) :708—718.

Shintani Y, Ishikawa Y, 2007. Relationship between
rapidcold-hardening and cold acclimation in the eggs of the
yellow-spotted longicorn beetle, Psacothea hilaris. J. Insect
Physiol. , 53 (10) :1055—1062.

Sinclair BJ, Chown SL, 2006. Rapidcold-hardening in a
Karoo beetle, Afrinus sp. Physiol. Entomol. , 31 (1) :98—
101.

Wang HS, Kang L, 2005. Effect of cooling rates on the cold
hardiness and cryoprotectant profiles of locust eggs.
Cryobiology, 51 (2) :220—229.

Wang XH, Kang L, 2003. Rapid cold hardening in young
hoppers of the migratory locustlocusta migratoria L.
(Orthoptera: Acridiidae) . CryoLetters, 24 (5) :331—340.

Worland MR, Hawes TC, Bale JS, 2007. Temporal resolution
of cold acclimation andde-acclimation in the Antarctic
collembolan, Cryptopygus antarcticus. Physiol. Entomol. ,
32(3) :233—239.

Yi SX, Lee RE, 2004. In vivo and in vitro rapidcold—
hardening protects cells from cold-shock injury in the flesh
fly. J. Comp. Physiol. , 174(8) :611—615.

Yi SX, Lee RE, 2011. Rapidcold-hardening blocks cold-
induced apoptosis by inhibiting the activation of pro—
caspases in the flesh fly Sarcophaga crassipalpis. Apoptosis,
16 (3) :249—255.

Yi SX, Moore CW, Lee RE, 2007. Rapidcold-hardening
protects  Drosophila  melanogaster ~ from  cold-induced
apoptosis. Apoptosis, 12(7) :1183—1193.

SGE AL, JEAR 2002, B Ui SEEBE ST, AR AR, 22 (12)
2202—2207.



	kczs201206 253.pdf
	kczs201206 254.pdf
	kczs201206 255.pdf
	kczs201206 256.pdf
	kczs201206 257.pdf
	kczs201206 258.pdf
	kczs201206 259.pdf
	kczs201206 260.pdf



