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BE RASNGEENET 25CH I0CHANES. 4. TRIBEBARNEE
RRSEONRMFRAR GBS (LDH), 6—BERW kL 58 (G6PDH) MR
TR EE (DH) FHENL, KA R K& LDH, B (EST) M B LSt
(SOD) R TR TREWR. TRERKXY, EAFRASERBTRETR
HERNEEMEAD, MBREHNRAEARNFRAABARRTHMEREHT . &
ERMERVHNAEE, THERSAXHEENEEFRZ —. A8 A FREASY
BE (BST) RIEHEEARRENBEETEAERN, SaFEASHERHEERET
RETZRL, &E, EENENENEERSAWEEEHGERRT T M.

x@9 BE&, #HA, BEE RAIE BE, BEEWN YL

B fh ( Cirrbinus molitorells ) RREFRIREFHMEEFHAL, XHAXEXE
FENREAEE, FEZZFTCUTHRBSHERSWR THALKTIEKZEE
WEBE M= AR ELERNSIEL, FRIEEEH 4% k5 W6l Z B RE B
BRI BEPEE AT A4 LDH M EST R LR K L BB I8 5L, 7HE TS
HAREEOENFELEEALRRC. ZTHESRARNBEEO T RETHAa6, KB
TRHCCHKEBENEREA, EHBHBRETTURERAMNTEEEN.ALHEA.
SHRREEENEETNSEERENY, REFRTREENYXLAKXKRANIL
HARALAHEEENE TEENEHEE.

1 #AREGE

B¥: HA (Clenopharygodon idellus ) R ILEF LR fa, BREAS s BARNS
MUEMERYYFE, SREI: AL MRS RATEESHITED, UK
EREaERE, FAIBKNTERBSE _REQRE#E (MR-ARNER),
Fr, AE—ARNEAAXHAAMN BARKSEE BULERALRAA, 45IE
10CH 25 CHERAT AT, FENEELS 1A, ‘

BESHHNEREAZRENE AR, B4nEaEQFRE, XA
Folin— % #FTEERTRATS. BEHMTRABMEYET 15CH7T, BRI
£ X0 € 15°CHI—E pH K THS # AL 1 umol 3§88 [NAD (P)"/NAD (P)
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H] BRI T80, MEARNBITANRN ZRADFERSWT:

LDH; 0.1 mol/L B¥BR B & (pH7.4), 0.76 mmol/L AN EEHY, 0.2 mmol/L
NADH,

IDH .50 mmol/L Tris—HCI £ *p# (pH8. 0), 1. 0 mmol/L B ##4,0. 15 mmol/L
NADP*, 1. 0 mmol/L MgCl,.,

G6PDH ;67 mmol/L Tris—HC1 & W ¥ (pH8. 5),0. 2 mmol/L NADP*+, 100 mmol/L
56— B R M %4, 10 mmol/L MgCl,,

A LEgsL ik . LDH [/ TE§K F 2 A AR IE I SR s ik ki T 4047, LA 4 LDH
FrRAEIk B RSN Tris— M ES (pH7.0), JFAE LDH R EBT £4¢ (pH8.6),
M A% LE§fn SOD A L RAMRAEEZIR MBS R BHIT LT, FTAE
KB RSN Tris—Gly R4, SBERIHI 0. 255 mg MEH, HEMEN 12 V/em, 4C
F#tk 5 h, LDH f1 EST [{] T A A 5L 4 Ju 65 1 £ % Shaw & Prasad (1970) f F3£0%
4T, SOD [f] T Mg )5 1£ B4 2 £% Beauchamp Hay L.

2 &R
21 MEESL

25CH I0CTYIIM 1 AXRANTFRENNAASHREIEHEMR 1 IR, AR
HETUSY, BEMNEE 4 amNANFASHBERELETL. BEARR
EXRFRMAT, UAR—HAHNRFRHRKRTRARMN ., EEAFALY, 6—REWE
BESMRTERREMEEERRERAAPHTITERT 73.3%M 70.6%, ME
o, AMBERRE LFAT 83.7%. MEARAF, 0CTUHRMNAMNSHEEE L
BCYRMAYNMKERMMT. B384 GItka, “REMSAMNYTRARS
Befn) EXARYIFBETHMKELLBLR M, ERPARF, FH 3 BN
AESEERBYAMNAPREFRBIRMNARHE.

¥®1 TEAXTINHARFIEONNARANTE

B \f - SR 8 f SRIEHME R EIENN &
25T 10C 25T 10T 25C 10C 25C 10T
M\
JFRE 0.840 1. 543 0. 766 1.470 0.688 1. 090 1. 231 1.367
LDH

Ml 0.938 1. 560 2. 950 3.817 2.262 3. 581 3. 122 4. 061
GG6PDH JFlE 0.0162 0.00432 0.0442 0.0779  0.0335 0.0467 0.0505  0.0634

DH JFBE 0.0119 0.00356 0.00957 0.0121 0.00772 0.0112 0.01011 0.01514
I

Wl 0.00465 0.0122 0.01316 0.0206 0.0056 0.0273 0.0155 0.0313

2.2 BR8N
ALV WMT LDH,ESTH SOD B 3 A IMAEREREVRNAHA S
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BHEL, ETELERMT.

, LDH . ¥ fa fi % f1 ) LDH [§ TR
B 1 fiR. 3 fheEfafy LDH [ TEEEER

—EH, BEREANRE. 1 FREMALER

JFEAAFHMARKE LDH [{ THEES

RIBETHT %L,

EST.3 A8 fFlE+ EST W LK
EAR, ERATHIA BST-1, WA
REEEPAHE,WEST-3 Htifl®
XEARESEAT(E )., X—EFHFE
ERERMENY, ERE T EME
FERHNEEAERXETMIER,RE%A
EHITRXT)? ARTH-EHNR.

ERFRWIIFEET,.3AHEEH
EST R LEERETA. 7 I0C TS
ff, ZEH K EST—2 B# ;& 25CT
Pty EST—6 B R, MM T
EST—2 B . X —7&4k, & 3 A ETR
—EH(E 2),

SOD. 3 #H &% £ YL 9 SOD [l THs
MR, EMERKRR(E 3, B
LA RAE SOD A THARAUL EH
#. FRBETHFRNARIFAL SOD
FLEEREEL.
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BRI AEKENA LR, EAERETEAM AR, WEHAF LA A
ZF TMH . Shaklee FEFHFHAMARPTREAT X —HWE"". IDH [EERKB
I EAFALATHZRTEEIY &, TS 5EFE2A7 LDH EHA AT IE
AR XRAZRREFRNERERERERARBE TN EAFAEATHERR
ARIE Y. 6T E R 8 A R AR E P A X I 38, T = SRR 1% SR TS R AH Y 059 .

HAENNARHBRETAE FASBREATANA—F. s 3 #8,5k
G6PDH g T ¥ B K{E R sE 42 W L 4, LDH 1 IDH i 7R KR ILM R &AL AR
AR 3 b LB IS BIALAR BT A B ISR R BEAS B AR B B X R RS MK LAY S IR T AE AL
HATHEFERSGRBIK PRI — W, CRER EEANNER S K
BENFARASERBERRHAES, W R RIS EARE R IEHHRBKT,

EHEARAAHBRENARELFXRA, RGN &R R R
ARG, Evans 227580 ¥ (Salmo gairdreri) U, Shaklee H{E Lepomis cyanellus FRl12]
HMER, BEERFRMEKREEASTRMEES FRMAAERFH L. EREE NS
Lepomis cyanellus &1 , 25 5 ¥E KE 76 SHPES (GP1,ALD,GAPDH, PK,LDH) A1 ik BEAE A A 41
ehER 38 A, 7 7E WL Y 4R R P AR BRI T 3 Ah 3 5 A HUR A 549 F B f (SDH. CYTC,
CYTOX)FENL P A LR e 7R 4 b, IR AT RIR & B T W2 A AT SRS b 3w, W (E AL A
[LERHES A ERWIMR. T BESSTFRAAEXCBENE D ENTERER
BT RN ARMR IR RABIKIE , F R R ER B LURT L0 6 108

i Y AN 5] i B o 8% 0 VR A0 AL 4B R R R AR AL R — By BRI S 2T MO FD
HAPEHBRENEN INESNHRAR P LA/ EEHREG . KIAA, X
B VI BE ) 388 A AL 1 O 4 1 IE A B AR K R T R — R AL X R — R R R
AR EBHMBIMEH, E—ENBERER, IR ENUHER AN R 4T
TREN BRI MEBETEEEEHEARRZZMRE, B4, 8RN K
B RAFRERIBENKBEN 7 HRK ARENSHNARNZTRORETX
UL BRI ENEAREAREHERARN H THEARPEKER
Rl X, PRSI BE 0 28 Ak A 3 8200, 53X i 1) S0 9 # 2 AL 9 7T B O 8% 1 SE AU B/ NB
FALEEN . - EHARERBAHFEGN 7CUTHEREBN T IFENMH R E
TER. BHRERR T HER KNG IILHEAIHEXNNTENL, KEER KZH
&, % £ fFAE LDH (&4 75, 1 MDH f1 EST {EHEPEK , IR % R BAE &Y A B BR
BRITHERMERHMAEET B KRNEEXHELMKIER AP RE
R R A AR X R A R R R E AR —Fh e B AE B R E
HRHGENALY, M AEN —HREEAR, FRARENB LRI EREN KA
FER AN, R R R EAMERRAIENRBAREN —FHEE 4
ENLH A E, B4 AR AR MRS X - F XM EERT .
3.2 RIBEEtESsAREBEEAIEPHER

X R LIRS EREEN S B P, ENNERERG TUASERT HIH
EEHENERMES KT HEANMAIRREEVMBEATH AEAMTAARTL
BRI EEAN AR NELY & 8)FFFAHN —HEERERIIHY,
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RATQWT 3 A%k M A4y LDH.EST £ SOD & LE§, PR AP A EST [7] T84+, LDH F1
SOD R TEERMMENBE THESRAERELA. ALRF,RWEF ESTH 6 KB
W, XMAANGEROTE, TREH THANBEKTERRNR. RE 3 ARAFH
HEEE R TEE AR AR . BEREVLM EMNHEZHE -, B EST-6 HAS5E
BENMRKR,TEST-2 ERAEHEBENERX. BER— M REZNKRERE,
ENHTEAR MR ERBES MR T RERE. RIT N, EST-2H EST—6 FJRER
BREEARBETHHANE —HBHRRARS FHEXEST-2 8§ TRBERHE,
M EST-6 B/ THEBFAE. X—ARXA . HAKABRHRHEEEENIRTRE
ETELS. MEATLHEXNEBERRERSK ATHILTILERA.
3.3 RRBHINRESKEWMEEINER
REBREETHHEABNERASELNSEEHE. ALEF, FARKESRE
(CRBWSAMX RAREEES) 1 E TEEREEL, U RBEES ZAIE R EHM
# AR BRI BTSN R DA R B e AT SRR A, (B BN IR
BEEHBRALRAE —FRIDXZ SCEAMREE. 4 BAREEX TRER AW E
RANERFIRAZKRYE? RITEER] FEAERGER LT B EREEFRLMEE
R/ABMENRYEEU/SRTFES, SEHN U/STHTERSE. M —RARFEES
B U/S RET ABRMERERTRIATMERERHE B LER . B, DK &
FEEEN TREZANWER AT —EHER, ENEREEEX KBRS NELRL.
ALEENELULBERARE RS, AREFEEN ARER  RERE R R
FEATRENNEREATER. XM TECNBERE R ERRan R n
HEEIT—ENER EHRRFIRELBRREE. e, HERAERMERILS
HMNBERT —FTTHER. MRAEABENALXFTIBEMBHARWRENFTR
MEN, REHXESIFEEESAZRAHZHED, R UREREN N R EEAT
EFRT,

& F X &K
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STUDY ON THE MECHANISM OF LOW TEMPERATURE ADAPTATION IN FISH
I. EFFECTS OF ACCLIMATION TEMPERATURE ON ISOZYME ACTIVITIES
AND ISOZYME PATTERNS IN TISSUES OF GRASS CARP AND MUD CARP

Cao Yongchang Wang Zuxiong

(Institute of Hydrobiology » Academia Sinica,Wuhan)

Abstract  Spectrophotometric techniques were used to monitor the changes of isozyme activities in liver and
muscle tissues of the grass carp, mud carp,second successive generation mud carp derived from eggs fertilized
with mixed —milt,and linebred progeny of mud carp originally derived from eggs fertilized with mixed —milt as
control after thermal acclimation. The results showed that some metabolic reorganizations occurred in the liver
tissue of the grass carp during cold acclimation ,and that increasing enzyme concentration was the major or only
response in the tissues of the mud carp. The authors consider that the mechanism of metabolic reorganizations is
not perfect in the tissues of mud carps,which is the major recason why they can not tolerate temperature lower
than 6 —7°C. The changes in the isozyme patterns of esterase (EST)in liver tissue of the threc tested mud carp
sets indicated that some changes must have occurred in the lipid metabolism af their liver tissues during thermal
acclimation. The effect of the Mixed — milt Fertilization Method on improving the capacity for low temperature

tolerance in mud carp was discussed at the end of the paper.

Key Words Grass carp;Mud carp; Enzyme activity ; Isozyme pattern ; Temperature ; Acclimation ; Mixed — milt

fertilization method



