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BBHYTE B o
2. AchE FEHHIME

U1 I IRAIRINE 1 271 0.004M BRAL(ERE ) CREAER(AD) BB, 30°C K
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KT EMERRKE AE Bo 5 ILFAN,RHH LY BE SREBEURRAZEAE,
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L #RuHE
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WAER D To BBREHLANEE SRGLETEMNE S 80 ZITRALMELFIN 0.1M 3
BRI 1E 4°C BVKIE R B B BRSO R, RIFIRAE 60°C Tk 1 5350, B
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21 FEAEM®EN AchE jFHaMmE

Tab.1 Temperature inhibition on the activity of brain AchE in Mud carp

KECC) &R s A€ G =T N D) HREE S1(%)
20 E % 2.40+40.05 93.0
15 E W 2.5040.037 96.9
12+ E W 2.58+0.16 100
10 E W 2.3540.09 91.1
7 TRE R 2.100.10 81.4
6 e A=E | 1.42-£0.35%x 55.0
5 % 1.860.07 73.3
* HRAE,

SR RALL: ( ERBRAE BEEER(p<0.05),

i AchE ¥& bRz (K. fER RN, EE SME NEEMEX. £ 12°¢c /KEbl L,
BEAOIE M TEE. HE, HSREmMBCtR A, MEE NEMN XA FE T, »ARI
B, BERTETEREEME T 18.6%; RAKR/EH, MRS ERRENSE T 45%,
RARERTNTESI, AR EEENK AdE S5 RALETLE R EN 2R
(p<0.05),

TE7°CHIZKIR T » BB RTE—RHY 53 BE AN AchE &0 2.10 R F/ €5/
N o B A EINJK TR AM, 7E 15°CARE TR — N B AR IR, 581 34 B2 FH K AchE
RIE BB IEHEGE 2)0

£2 BELhEVHNEEREH AchE EhHNEk
Talb. 2 Changes of brain AchE activity during the stages of cold-shock
(7°C) and returping to normal (15°C) in Mud carp

oo B 15
B 7 EHEFS LS #7K
B % I AR A T /338 /D) 2,10 2.22 2.34 2.46
AR RS S1(%) 854 90.2 95.1 100

(Z) EE AR IR LDH [ TEA a2 L
1. HaZEEERAh LDH FAIEEMEYERETMAMESE

AL 2 (1L 7 v LDH (5 TR T, SR AR SR A E i M Mo BIE % (i
G T L O BRES R R 00 3 A I AT W, 450k BT = S A HOTRE & 1L »
SR EERK, ZARFIEEARAI, LS EHAPEEALEEN LDH B L,
(A5, % BEAMNN LDH FTHENAEN SR (B 1),

I MLk Sy B0 SE R, % A LDH [ TES 0 E 4 R B SRR s i
BRI, I (R AR B BPRE C A TWE , IR PR A i) LDH B TER AL, S22 ALB,
C SA LR BT & i o



292 K £ &£ ¥ ¥ £ Tl %8k

36
-
30
27 26 27
25 25
2 0
18 = 8 19
14
10
: I
l Ll n m
5 B B :
: Brain K idney Liver
37
24
23
22
22 20 "
18 17
12
11 ~ 8
6 [
AL L iR
Muscle Heart Eye

B1 BRAARBEHARADT LDR FHILEMHENEE
Fig. 1 Schemes on the relative activity of
LDH isozymes in various tissues of Mud carp

2. BEAETERET LDH BIEMNEREREEXEENEL

£ 6°C 7KIE T R KT8 R EE B RV IM 75 7] 40 8 B AL 4R BT, T AE 15°C ZKIR NAY I i A
RN =4 ERBEARAG, ¥RRNE S LDH [F T/ FRIIEMEN L £
H—&EH(ER L 2.3), B AR TEHARN LDH B TEAES EES 15°C KR 1-

%3 EENsssETan LDH FIREHEEnEn

Tab. 3 Temperature effects on the relative activity of
LDH isozymes in various tissues of Mud carp

N RBE 6°C 15°C

N ~
~ AR EE

o 1 2 3 4 5 &3 1 2 3 4 5 | &
i 1.9 8.5 11.4]15.2 ] 12.8 49.8 2.8 9.0(12.3]13.7 | 12.3{50.1
& 3.4 5.2 8.6 112.315.3 44 .8 6.0 7.5)10.8 | 14.6 | 16.4 | 55.3
FF* 12.1 | 26.8 | 20.6 59, Susx 7.7 |18.5 14.9 41.1
A 1.6 2.9 6.1 11.4126.5 48.5 3.7 3.1 5.8 11.4(27.8]51.2
Fivy 8.3110.110.1 9.8110.7 49.0 8.6 10.4]11.5(11.2 9.5151.2
i) 2.8 4.9 9.1 13.3(21.8 52.9 3.9 6.0 9.1 ({11.2(17.9{49.1
I &+ * 4.1 12.2]48.3 64.6 6.1129.6 35.7

* %t LDH; LDH, LDH, f2MFRFIFRN=ERK,
** GBS 6°C HREEEI=MHE, 15°C ABEI AR,
= 5150 LS MRRHBERES (p<0.05),
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HERALE, RIBAFEALRAY LDH FTEEERRER S REEAS OEE
BEFRSN ERMEEARPENRARGER).

(Z) BaRkxiE MDH FITEREARZEL

FH EBT ZMARL%, HHARNVNMKARPLIHH=% MDH RIE I,
MEFEAR R R BH—&ET, HOARASRH_FBT, ENTAREERN & &
FREHSH MDH HIENRERREERKRERAT, H MDH EHRSHE (BliK
54 ) o

* 6°C FISCCRAB AR T AR RN MDH BT sEfT 958 40 » H it Bl ro MRt
EHLEREIR: BT 15°C 7k£mﬁ’3€iféﬁ%%§'§9ﬂm MDH A T Es rI RS /AR 5, 15
6°C KB TAHRRNHAESZEAS MDH HILEHENEERMKI(E Do Ll 15C KR
HAEAFT R, EHFG I ST, B IR A MDH B TESMEN /& ESX RAth, F3EH
RENZSR (P<0.01),

H4 BEXNESEEFRTHASA MDH BIiExEttnim
Tab.4 Temperature effets on the relative activity of MDH
isozymes in various tissues of Mud carp

T mE 6°C 15%C

T
TEX I

o 1 2 3 it 1 2 3 i

S 20.5 16.2 36.7 33.3 29.9 63.2

il 8.8 13.9 9.7 32.4 22.3 23.1 22.3 67.7

F 36.0 36.0 64.0 64.0

g 19.6 9.8 4.5 33.9 31.4 27.3 7.3 66.0

() #BaiRseim EST FIEERsIAEL

A TEFHH, BRkISGEN=4 EST HIEAES I MBARIIBHER D 51 %
EST,, EST,, EST;,

MARRTE (6°C) MERAFIIER B A (15°C) FEEAR EST FLEMNEE (K
I: 5)wELIER: MEREN TM, EST FLEMNEEWERRAKF. 6°C F15C K
ETHY EST ATERMAEEEGE SHWARY: EST FLEX TRERRERIER S0
Bo PL15°C /KIRATEAN HL,EHEE I T, RAREHEREA EST FATEENELS
AL FEEEREEZER ($<0.05),
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%5 FTRMEXMEE EST {IRENEENEN
Tab.5 Temperature effects on the relative activity of EST
isozymes in various tissues of Mud carp

. BE 6°C 15
JBE
xS
o 1 2 3 1 2 3
B 29 9 6 32 17 10
iid 28 15 29 28
& 0 0 0 40 30 30

o B

L XN ARERNRNRESHERRE S ERENME. ACEAE, 8Lk
EMEDMHRAENARVURFAABHBFNERTBRE—ENIER. &4k, % &
IR TEEER, RENAWENERTRELEZMEPRBERES" Y Wi, (F
“TAT ERMARERA (Tremaromus borchgrevinki) W, RILH AchE HEpnysE
FNEMRER K (0°C £6) &Ko BB ™T 0°C LLLN, B AchE MG T 7°C
A R G T R BOE T, X P R AR R A IR AU B R 0 1 R B o Baldwin (1970)
WHiE k88 (Salmo gairdnerii) fX AchE ZFjJZEMMAZRIRMULR, RIEZAMEN
REEERXA (12°C), Km fHm/W, TEJTREEREE (Mugil cephalus L) 1,
N AchE BAH—FMLURE Km EXREMEBEEMNTIEE, XXBER S TONMERR
BEFUTREAEN, Hit, BEERYESGHENEMar ZomRuREX N #4818
Ry FRATE XS4 (Aristichthys nobilis) §X AchE #EATWZT: HAENEE & T, %8
HIE I X FERE AR FT R B AT E N, RTINS i 5 06
RN ERAT B AT (A XX EWH R SRS UGRE). HE, £ EB TR
Mg 2, XGRS DR B R o AU RO AN AchE, ﬁﬁﬁ%ﬂuﬁfﬁﬁ%ﬁ
AR T A IS AR T e BT RRIEIREE (7°C) Wb, 8 1 5 BLBL K Fn2's
TZHRE, KR ENAPEERIE, BT A SENBR A FEBMGI AR AdE 75
71, AP R TSN R R G U KA S U AR SRR R L ShEER AchE E
T, FEET 18.6% , MERHIIE JIHIBIFIRE) 45% U, AR A0S LA, AN KTEE
BT RRIGE (7°C) R X FiEs BUIEW IE ORI FIRE .. AN AhE MEEAE(LE
BRERW . EHEAXN WRACHRE I TEAVEEN WS, K AchE fJIEH A FETEE th A
R Tz Uil B AONERGT JDC, T T2 B nir R BB RN, BRiE, 7
R FEEBESKENAATWEASKR ADE FENEHERIEERX Wik, i AL
PLESG TR E 8 A IR A R X s 8 R 2 E R B Y — T A AL 3B R0

2. B R A T RE R AR Y TR ALAE . A ik, BRI PR A —Fh
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BEORRBS—MELRAX, btEan A nEN ZEENEORBI Y. #
W, ABFZWRAKBEFEIER (Gadus morhua) TE4FREEHNBYSKENLAEER
(Antifreeze glycoprotein)®; Xl , EMMIEE (Pseudoplenronectus americanus) B2 2= iff,
B REE LYK (Antifreeze protein) KRB FIDEEEET 25 250, MEEEZA
WIMEPNREEZER 1 2RNHREESLEY . LRIEH, XBHERONEDERE
S5EEREABHERNY, wEEENagd, AMIREARSETaRFHENES R
FEZHEMNIAR o Moon (1975) 7 “HLEEIEMRBRENERRREE BN X R7HLE
RpfEt: EBEFEEDOBL T, ERIIIENERER R R HE S T H T
REENANRERTR,— 28 —F LEH S ARARRBW A ERFR, —_E—
A R T B e — B — b T AR B 2 FIA AR B, (& Hochachka £EBT7:AW
# (Carassius auratus) 3 AR B 1E B 2 UV EBKE, IR LDH B TEEH /> HGE &
TR, TEE#HAK T RIN AREY, FWIFASNWRRBRIKEE"", E%Re k"
DRSS SN ErEhRENFSORNET—HERTE, HE, 86l
IR TRR R R EFE T HE RS S EHWREAMEE R, TERKRFTHIR, &aRF
fERy LDH [FLEgEMEEYE, i MDH [ TEsA1 EST R LESREMER I 0 81 T 1y bk
Ko

LR LR B S AR B R SR 2 LA AR iy AR GE RO 5 15 15 S N SR LE Th RE W) IR
ER AR B TR AN R, B4, EHARARLRELEESREA X
TR R B S I R SRANEN P DL S @& B SR P R s 5 i B R, R P A TR R, &
FHEFTHHRBEEONRKEGEZARERRX EEAKERZEEL, BRI, B4 F,
BahFTR I Gl REE, MO T ARERERERAELFTRENREHZ, B
B EHANCA TR EEERERE DAY SR AKE E B2, XAERIEF NS —J5
EAAEUE T B TREN T IANIE R EA RN S REIL WA

3. ARFEGFKI, AR RIEN, LDH, MDH #1 EST RyiEHE A& T AFIE
BRI B2 R IR AU BN — A 4 BRI S RE” A IR , AN HEIR AR, RIS T8 T
AR R IR, A ARG AER B EE W AOH I EES . FTREREA T E WM A e,
i, MDH JE#ENL, MESSHERBARRAAL, ANEREOER, SER=RRIER
SPH, A RS EM R A O R R AN Ge A S0 it A B S AL AUk gk ae &=, T
B RETRR , X, BB A REE R R R ELER U5 [ B, IX FTREZ 5 FiE LDH 5
PF S —FEHEE, B4 AR 42 FE T T 0055 Rt 20 U I ER IR RO B 3, 5 AR
BVERR R o 40, MIMIEH LDH FE¥EI A ISR, A1 R, (Rl 38 & Ik 40
REZFHT o — Mok I, (BB S IREE T, KGR E D, MIVERNESER, AERE®
U T 45 i FLIR » B B e 0 A AR B R s MiZE B IRV EE T /KR BN & B EE,
BUARHIIEZDD , INERERBE & Uit G Z R BN BT EERM . £ R ¥ m 5
Gillichthys mirabilis ThEZEEH| TR PG, AT, W ys Uk S I IH] ¢ R A0 1 S AR i
FTC BB IB 58 2 ST R VEAAE . M EST JEVERUIE NG S KT 51 2
T A MBS RO, IR INE RS SR ENENEEENE
AURRISRHERV 4R o FTFR AU ORI 4E R R 3E R M FNE N B DI S o 2 3 RR FRI4t



296 X E &£ B ¥ £ T ¥ e E

HY BRI BE AR AR TS I, # AT RE = AR ROSE TP LTI, SBE AR K B K
HFEE T A AERE SHENREEREEREE RN, RI5ETAHILGRHENE
o

£ * X M|

[1] EHEE, 1983, BABRERROTR. [ REXBAMBREERMT. KEEDERT], 8(2): 195—206
(2] MesElER 1981 (FRXE), HYBARZNSRENINEFERE (RE) Wiil. £98EEs, 1981, 5:
69—72,

[3] Z=ZEE (FRFmELE) 196, aENTFRBENEEBN, HEHRT.

[ 41 Baldwin, J. and P. W. Hochachka. 1970. TFunctional significance of isoenzymes in thermal accli-
matization——Acetylcholinesterase from Trout brain. Bioch. J., 116: 883—887.

[ 5] Duman, J. G. et al.,, 1974a. Freczing resistance in winter flounder (Pseudopleuronectes americanus)
Nature, 247 (5438): 237—238.

[6] Duman, J. G. et al., 1974b. The effects of temperature and photoperiod on the production of an-
tifreeze in cold water fishes. J. Exp. Zool., 190: 89—97.

[ 71 Hestrin, S., 1949. The reaction of acetylcholine and other carboxylic acid derivatives with hydroxy-
lamine and its analytical application. J. Biol. Chem., 180: 249,

[8] Hew, C. L. et al., 1981. Antifreeze glycoproteins in the plasma of Newfoundland Atlantic Cod
(Gadus morhua). Can. |. Zool., 59(1): 2186—2192.

[ 91 Hochachka, P. W., 1965. Isoenzymes in metabolic adaptation of a poikilotherm: Subunit relation
in lactate dehydrogenases of Goldfish. Archs Biochem:. Biophys., 111: 96—103.

[10] Hochachka, P. W. and J. K. Lewis, 1970. Enzyme variants in thermal acclimation
ver citrate syntheses. J. Biol. Chem., 245: 6567—6573.

[11] Moon, T. W. 1975. Temperature adaptation: Isozymic function and the maintenance of heteroge-
neity in Isozyme H. Physiol. Funct. 207—220 (Edited by C. L. Markert), AP.

[12] Moon, T. W. and P. W. Hochachka, 1971. Effect of thermal acclimation on multiple forms of
the liver soluble NADP-linked isocitrate dehydrogenases in the family Salmonidae. Comp. Biochem.
Physiol., 40B: 207—213.

[13] Moon, T. W. and P. W. Hochachka, 1972 Temperature and enzyme activity in poikilotherms:
Isocitrate dehydrogenases in Rainbow Trout liver. Biochem. J. 123: 695—705.

Trout Li-

[14] Shaw, C. R. and R. Prasad, 1970. Stach gcl electrophoresis of enzymes——A compilation of re-
cipes. Biochem. Genet. 4: 297—320.

[151 Somero, G. N., 1973. Thermal modulation of pyruvate melabolism in the fish Gillichthys mirabi-
lis: The role of lactate dehydrogenases. Comp. Biochem. Physiol., 44B: 205—209.

[16] Somero, G. N. and A. L. Devries.,, 1967. Temperature tolerance of some Antarctic fishes. Science,
156: 257—258.

[17] Somero, G. N. and Hochachka, P. W. 1968. The effect of temperature on the catalytic and regula-
tory functions of pyruvate kinases of the Rainbow Trout and the Antarctic fish Trematomus ber-
nacchii, Biochem. ]., 110: 395—401.



% 3 1 AHEE: BARKEREATHREEENEER 297

SOME BIOCHEMICAL FACTORS OF COLD-SHOCK AND
DEATH IN THE MUD CARP (CIRRHINUS MOLITORELLA)

Feng Zugiang and Wang Zuxiong
(Institute of Hydrobiology, Academia Sinica)

ABSTRACT

The dynamic changes in the activity of brain acetylcholinesterase (AchE) and the
isozymes of three enzymes during the period of mud carp’s eold shocking were prelimi-
narily investigated through the methods of spectrophotonietry and stareh gel vertieal
electrophoresis. According to the remarkable lowering of brain AchE and the notable
raising of the activities of lactate dehydrogenase (LDI1) isozymes in the liver tissue, as
well as the changes of the activities in malate dehydrogenase (MDH) and esterase
(EST) isozywmes in the tissues of mud carp which were under cold shocking, we discuss
some biochemical factors correlated with the genetic trait of low temperature endurance
in mud ecarp and suggest that the limiting activity of brain AchE could be used as a
useful biochemical index showing the damage to the central nervous system, which in
turn causes cold shocking and dying with metabolic disorders in the mud carp.
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Fig.l LDH isozyme patterns of various tissuss in Mud carp. B-Brain; K-Kidney;
L-Liver; M-Muscle; H-Heart; EF-Eye.

Fig. 2 Comparison of serum LDH 1sozyme patterns between cold-gshocking
(6°C) and normal (15°C) Mud carp.

Fig. 3 Effects of temiperature on LDH isozyme patterns of various tissues

in Mud carp. B-Brainy; K-Kidney; L-Liver; M-Muscle; H-Heart; E-Eye.
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Fig. 4 Effects of temperature on MDH isozyme patterns of various tissues
in Mud carp. E-Fye; H-Heart; M-Muscle; L~Liver; K-Kidney; B=Brain.
Fig.5 Fffects of temperature on EST isozyme patterns of various tissues
in Mud carp. B-Brain; K-Kidney; L-Liver; M-Muscle; FH~Heart; E-Eye.



