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The Specific Expression of Isozymes in Leuciscus merzbacheri Tissues
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Abstract ; Polyacrylamide gel electrophoresis was used to detect the expression of ten isozymes ( LDH, CCO,
EST, CAT, POD, ME, MDH, G6PD, GDH, and ADH) in six different tissues, including eye, gill, skin,
muscle, fin, and liver. Part of isozymes gene loci and zymograms were analyzed for providing the foundation for
conservation and development of germplasm resources and genetic breeding. The results showed that the
electrophoresis patterns of isozymes exhibited an apparent tissue-specificity except for CCO which showed no
evident difference in 6 tissues examined. Biochemical genetic analysis showed that the ten isozymes were coded
by 21 gene loci, six of which were found to be polymorphic. Finally, based on the zymograms, six isozymes
including Esi-1, Me-B, s-MDH, G6pd-A, G6pd-B and Adh-A were analyzed genetically for their subunit
structure, coding gene loci and numbers as well as their specific expression, and the proportion of polymorphic
loci was P =6/21 =28.57%.
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Table 1 Isozyme system and the buffer system

ARG(HS) PR RS BIRYGE
Isozyme ( Abbreviation) E. C. number Gelatin systems Buffer systems

FLEN S Lactate dehydrogenase (LDH) E.C1.1.1.27 EXS K] G T B 28
A (B ALAR Cytochrome oxidase (CCO) E.C.1.9.3.1 52 T BRI E vh
Jig#f Esterase (EST) E.C3 111 5% 3 1&%?9&?@%@(&
I E A Catalase (CAT) E.C 111116 581 TR
1 E I Peroxidase (POD) E.C.1.111.7 A52 TR TR GE R
IR Malic enzyme (ME) E.C.1.1140 BN o g T oL
LR A Malate dehydrogenase (MDH) E.C.1.1.1.37 51 RS
A KA A

ﬁfﬁ Zﬁﬁiﬁﬁiﬁihy ogense (G6PD) E.C 11149 #4:3 B TR R N
HERIEEE Glutamate dehydrogenase (GDH) E.C.1.41.2 501 TSR
Z =i AU Alcohol dehydrogenase ( ADH) E.CLLL1 51 R TR SR i
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Table 2 Gelatin system

BHR RS 1 B RS 2 BERRSE 3
Gelatin system 1 Gelatin system 2 Gelatin system 3
1803 = s e s o I, o I
- SR VA SRR VR SRR A
Prescription Separation gel Spacer gel Separation gel Spacer gel Separation gel Spacer gel
4Oml (7.5%) 20ml (4% ) 40ml (7.5%) 20ml (4% ) 40 ml (7.0%) 20 ml (4% )
30% PIHTELIE-0. 8% T XUk
10.0 2.6 10.0 2.6 9.0 2.6

30% Acry-0.8% Bis(ml)
1 mol/L = J2H FLA S B be-3h iR
| mol/L Tris-HCI( ml) 15.0 2.6 25.4 2.6 0.0 0.0
0. 128 mol/L =5 LG 2L 1 )5t
PR 0.0 0.0 0.0 0.0 24.4 2.6
0. 128 mol/L Tris-Citric acid(ml)

ZZFK Distilled water (ml) 14.0 12. 8 3.6 12. 8 4.0 12.4
1.247% Z &I Z. R0
1.247% EDTA-Na(ml) 0.0 0.0 0-0 0.0 1.6 0.4
10% 1 G iR B
10% Ammonium persulfate (ml) 1.0 2.0 1.0 2.0 1.0 2.0
PO 3L 2, — i TEMED (pl) 70 20 70 20 70 20

2 RS

2.1 AEREDE 10 FE TEOEILSH
2.1.1 FLERJBLAAE (LDH)  LDH Jy o 5 &
it , AE T MT i 6 Fhdl 4Uh | it SR Ldh-A |
Ldh-B Fl Ldh-C 3 AP 5, IF H Ldh-A | Ldh-
B 2 PNEEFNLS R 4G S Tl 4 RAR
ZIK, R K 5 5540, 50510 A, (B, A;B A,B,
L AB, B RS, 340, FEIF AL ¢ SR 7
SWAERERER, N C,, EhEI N 4 K
W ALB AT TESE R B IR 0 R RV £
ZUh oy R 5 Akl ERFIBIE T OREA A,
B, .A;B.A,B, fl1 AB, ,iff5 C,, C FEHHFEE
HIHBMHRETE(E L),

2.1.2 MR AR (CCO)  CCO TEA
1R VB JR A 25 e A P Sy B SR B 1 A AR
R Ceo-C , TEATATHY 6 P2 21 | 4746 0] 3]
T FEE B R AR (1) .
2.1.3 [REG(EST) fAMBREGEIE 4%, — M
AR B R AR Bl AR, th 22 A R A
W, ZRBEAER T2, RIE e i 7E
WEIRHEL 1 6 P2 e S B 3 AN SEPR A
Est-1, Est-2 Fl Est-3, 7EQLA HRIBEH D 7E

AR B8 Rz LA
H Esi-1 RN 23,
PARPSERI A (1)
2.1.4 AL AEE(CAT) CAT b Rk
it , HA 202 50 e s 2] 1 AN IEFEALA Cat-
C,IF N, TEHRNE B8 R 8 0 e Ak v A
ARIL, ﬁ'ﬁfﬂﬂﬁéﬂ,/\tlﬂﬂ%m s Forr, 2 R B
PRI BGR(E 1) .

2.1.5 &[G (POD)  POD 22— %
YL H,0, M [A] T/, B4k POD Ay JL IR 1A il
ARG T, ARSI, W E] 1 A5 A S
Pod-P ,FF R B35 o R L PR A i) H Al 2 2 e
ARk, H Ak, A R 4 412 5
(K1),

2.1.6 SERME(ME) 2509 ME [ TR
DUZRAA , UERES R AE S Fa1 ME Y5 FR 2 M5 Me-A
1 Me-B %%, 7354 A, \A,B A,B, AB, #l B,
WENE SRS £ (1) ME 76 2 2] 1) 36 35 22 SR AR
KOIEWIAHR 2 F A oAt 5 Tl 2H 23 v )3
AEE(E 1), mERTIL e 28 2 AN FEHE AL
S Me-B FERI s AE 5L 2780 A B ]
2| 1 45/45 F150/50 PiFh RN, A, B, Kl F]
T 60/60 F165/65 MifhZRisIER

BiO s3] 3 AL R A7 A
WLZL ) 8080 1 75/75
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Fig.1 Electrophoretogram of isozymes in various tissues of Leuciscus merzbacheri
a. LRI ; b. AR O K AILEE; o BREE; d. SEILER; . ISEILYEE,; L FERLTRE; o SERMM A,
h. -6 -BERRAL 20 s i A AR A . ZEERERE, B IR G.68; S8 ML Fo8; Lo IFBAE,
a.LDH; b. CCO; c. EST; d. CAT; e. POD; f. ME; g. MDH; h. G6PD; i. GDH; j. ADH.
E:Eye; G:Gill; S:Skin; M:Muscle; F:Fin; L:Liver.

2.1.7  RMRMER (MDH) B 828 EY

Hi 4 7R gmES 1Y 6 Fl MDH ] TR A Kk

MDH 4 [ 3% (s-MDH ) FIZERL 1K R (m-MDH )
PIRNZAY P 2 AP IR A s-MDH-A 1 5-
MDH-B ;m-MDH-A Fl m-MDH-B %t i — 544
VHETES SR 55 #0114 MIDHL [) T i 7 JHF It 0 4 21

Hi4y 5 FgL 2 5 m-MDH % 100/100 #54 7
KK 1) . MBS T s-MDH-A 1715 2735
W4 A 50/50 F154/54 PHFRZEA

2.1.8 F%bE-o-BE R N &M (G6PD) a2k
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GDH [k i i 58 42,5 445 #h A, IR g A
8 A RN B i (1)
2.1.10 ZPEiEEF(ADH)  ADH b Rk
it ARSI 7 B JR A 2P £ 11 6 FhZH 4L rh LS
W 2 ASFEPIAE 5 B Adh-A  Adh-B, #:30 H3 5
2 A, LA, CAB U A'B F1 B, , ik B 7 I NE R R
BRI Adh-A BRI 28060 G EEF (K1)
2.2 HBEREFERIBRIZINALERM
XPERE JKAE R R B e LIRS e
JE 6 FPZH 2% 10 Fi 2R 38 17 M RS A2 1Y [R) T i ik
177 BARGHT, e 0L [ ) T 1 i) 2 38 A7 7
FHUR AR ZERE(ES) , L EEERT
T, 3 B 2 S O R B R [ Tl AR A [R] 4 40
FEHA R IR B 25 5, 1 HLAEAS [ 1 80 3k

HsR IS HA B B ENZE S

JIFA3 M8 10 Fofr 7] T8 78 JHF o 0 rh 3545
ik, HRK AR K, JLH & MDH, ME  EST FI
CCO; 7ENLALHZU R B CAT . POD, HiAx iy [a) T
g Y1 ik, (HL R 3k 1) i B8 AN DL o7 R 5
HAth 5 P 2V 1R K 2 5%, 40 EST; CCO,
MDH S22 35 200 M 1F 5 A= A7 D RE T b 20 11, BT LA
REFPLUPARA . XAV 5 AR [ W) T8 A
[ 20 VLML P ) D R 2 DA OC 1Y
2.3 EBRETEERSSAMALLG 5
TEXT NS SR HE % #7410 Fh [R] TG4 845 24
PArtrd (£ 4), SAE R B] T 21 DR
J, HoH Est-1 Me-B . s-MDH . G6pd-A . G6pd-B Fl
Adh-A RZEVERERGL R, 2806 s LBk . P
=6/21 =28.57% ,

3 i i
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S [FCREA R A2 5 5 W) TR AL 2L )
e HEYINER,

CCO JRFRANML (R C A AL, 75 20 i P 1)
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Table 3 The specific expression of 10 isozymes in 6 different tissues

2N

{257 The type of tissues

s WA(E) B E(s) WA B D)
Eye Gill Skin Muscle Fin Liver
FLER WY S Lactate dehydrogenase ( LDH) +++ +++ +++ +++ ++ +++
i iy (2, R S AL Cytochrome oxidase (CCO) ++ ++ ++ ++ ++ .
TR} Esterase (EST) ot ++t e+ + ++ r—
i F AL B Catalase (CAT) ++ ++ ++ _ o i
it E ALYl Peroxidase (POD) ++ Tt + _ — i
SRR Malic enzyme (ME) + ++ ++ 4+ ++ +
SRR (A Malate dehydrogenase (MDH) ++ ++ ++ 4+ . 4
% -0 -BR R b 2 N - . " - B .
Glucose 6-phosphate dehydrogenase ( GOPD)
AR BRI AU Glutamate dehydrogenase (GDH) — — ++ ++ ++ 4+
LR E# Alcohol dehydrogenase ( ADH) ++ + + + T+ ++

C 4 TFRORIRVEIRES  + T ML PR —" RO TCIR PR AR

“ +” indicates the strength of activity , there are more* + ”indicates activity are more stronger; “

—” indicates no activity or no bands.
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Table 4 Gene locus and Polymorphic

sites of Leuciscus merzbacheri

HEA L REEZEMA || EEAE REZEMA
Gene locus  Polymorphic sites || Gene locus Polymorphic sites
Ldh-A w s-Mdh-A B
Ldh-B ﬁ s-Mdh-B =
Ldh-C i m-Mdh-A i
Ceo-C = m-Mdh-B =
Est-1 P G6pd-A =
Est2 & G6pd-B =
Est-3 i Gdh-A &
Cat-C = Gdh-B g
Pod-P 7 Adh-A =
Me-A i Adh-B &
Me-B pos

EST j2—Fok g7 | R ibi etk &
YK i 20 A b TR %) FE Bl S, AR PR
KA R B AR AR R H AEAE RS AL B WA, ik
A A 35 40 R E 5 1 e AR, B T B S L
PR fREVE F 2 BT S JRATTF 5% B
VESJRAER (0 ) EST, TR NE b 2k ek, 3R ILH
4 S, ELTEHTROML 5 LA 2H 23 b 0 e SR AR 0T
BeHS WA AN, AR e B o ORI B T 2 AR
o B R A PR N R B R
EST 7E g b ik fe o

POD & — W& BRAE ALY H,0, [ [H T
fitf , JFL 32 By Rl R I Bk A SR 4 i A SO
PR A LA 25 0 A PO B 3 ik . R,
S A FCR IR A A A T i A
TR, FEFR AT 5 A0 oG R 2 f0 |l O
FB AN AW AN R O I B A
1 POD [R] Tl i) 2k 555 , (R 7 L PR P e A A
M) POD [IFFTE

CAT J&¥1R N 1Y H,0, 431 H,0 1 0, ,
HEF R AR PRI ML N, 7
FATHY S CAT 7 1 I8 JR HE 2 fa0 T i 25
HAHRIRREL AEWA T REARARIL

MDH i 775 T 39 FE ) | 20 08 55 4 Fb
A A AR ) SR . — |, B
SRR S FEWE IR Z A T i e e, H K]
43 H NAD HE#E A1 NADP #5142 b MDH

TESIY A £35S TCA 638, 4R 41 1Y
IEFRERACH, MEE/RRED A 6 M SRR
FE7E MDH , HL R T ZREHR 5

THE TR 2 AE 20 £ 4 TR 2H 2R A T AR AS
NZ5EWHA, I HE R RN R E N E
EST1CS s I DS sUI W i SR TSN D
A, JLF- A [ T 3 AT B LR AT B 2
LRI E LR T R TR R e PE S 24
LGS IRER) — 20k, Ay, eI T A
g AT [ T 23 B IR A R AR &2 (HE
JFIBERE v el T HAh IR 3 2 | 7% b 1 LT 1Y 4
FE , T2 M SE B 25 R A 3 A, ARSI e 21 21
AR B U AR T IMAT ST, AT A RO B
RGN ) T RIS 120
3.2 EEREFESHMERE THEAILEER

LDH [F] Tl A B M R L AEFRATTAIESE

14 R MBS J 2 TP AT B R Y A 8 28 e 1,
PRI [R]) TR K8 19 25 AR AN BT ;{2 LDH [H]
TG C IR RE, M TR RHAES
P IR rh Ay 2R3k ZERE S MR I
SR RIS, [FER AT B A AR L HE S
11 ( L. waleckii) i) LDH [R] T B34 K 2] ¢ 3
PRI & 207 5 T 3k B4 J0K 3800 R0 ol 38 AR AL A 2
1 LDH [7) T8 A 3 05 141 13 15 o g 75 o 7 21 )
FIREEARAALL

TEVE JRRERS (0 ) EST [A] TRgIEA I 2] 7 4
A, FIHATY IR, BB EST A 20 £
T, 5 AR P AP EAT LA, R IAS W) A2 v
f9 EST [W) T/ 22 AR R, ARJEHES b Gk
A 4 SR B MR RS i AR I RER 1 2
ARy 3 & BT L B 8 ( Aristichihys
nobilis) 1) EST 4 5 4%, i ( Hypophthalmichthys
molitrix ) F 6 4%, 5 i1 ( Mylopharyngodon piceus )
i) EST WA 6 A<M, % ( Ctenopharyngodon
idellus) WAR T, PTRZ ) 14 55127,

HENE /R 11 1) POD JLAG TN 2] T 1 4%/
BRI SN, e SUh A Rk, ik LI K
800 R0 1l 98 2 LR 2 e v UL AT 2 G 0 3
11 R, T AT JBRONE DA I B T3 4%
g
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K f8. 28 1 22 50 5 HE - 25 R 30. 6%
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