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LI 7R o 8T [B] TR R AL iR tR 4
k% ETH AHE B R REH

(PEBEBRBEFRRE HF8% 266071)

®’E 1996 £ 5 H.1997 4 1 B 12 AM 1998 F 4 HAEEILAFSHRBREBRET 131 &
16 27 8R4 710 DAL A G, SR F K P 5800 JBE A 3 B 5 V9 096 Tt e o5 B ol UK O ok, x5 8E 9 25
FiIE LAE AT 74007, SR W T LDH. MDH. MEP. IDHP. G3PDH. AK. CK. ACP. PGM.
SDH. ADH. CAT. SOD. GDH FMIGP1 % 15 i[5 T Eg7E2F SRERBF . AL 64, O Bk P A g 8 1
%o MMANHBRETHRAER, XA 15 FHE THET T ELEEM, FBTESE
. 15 FE LEILIC R 29 N EE KN, K 9 NEFE BN Ldh-A. Ldh—C. Idhp~1. Acp—1.
Pgm. Sdh. Adh. Cat F1 Gdh RE L, KEEELLH K 31.03%.

x|  FEH FEIM EhBRESN

ERIES Q17853

FHRGETBNEELFAL, BFERIENHBEHRETHE“E T, %
SV B A R, BB XL IF BY B AR BEARH BAE AR R R IR AR RN A T A AR AG
WEm, FLBENERNELRY, EREEHAEARERESHRNARTAEZ —,
ZEXEWNIME XAREE. MTHH B EURTESE. EEINURESYEHE
A, HEMBE¥WHRMEBRVERRE (ETH S, 1996; H M F %, 1986,
1987; Kim et al, 1988). AU AR B 6F R TEEA AL BAE AT 45 R, DU N F 6
BRI SEMTTR R M ERRNAEF AR, B TR S REE K.

1 HR5AEZ

¥ 8F [Paralichthys olivaceus (T. et S.))EMATF 19964 5 H, 1997 % 1 A. 12 A Al
1998 4 4 HBL B W ARH B BMERFAaY, £ 131 B, kKK 7.5—-43.0cm. BREALK
BFEWESE, BORKE. ULpg. 0B . MM 'TIHSE 6 FRASSEE, EEH#THEL
WY RMARAR CHETHRATRFZESN. FIREKRAENER(SGMER
W6 Bt SR B KE (PAG) IR SZ R, BEM B4 JE GOk AL R B L RE R B E SN E
A% (1996), RNEB R B T ESBHFRRE (1975). ATHMES. ZEEN
A5 A B B B9 i 2% B AR A Shaklee (1989) BT #EFF bR, HAMBREFRLNR. TC,
Tris—#7 B B, pH = 6.9; TC1, pH = 8.0; EBT, EDTA-# B8 —Tris, pH = 9.0; TG, Tris— H &
B, pH = 8.3.
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2 #R
2.1 4BEMRGEX 25 HELEMKIEER

Wit xt 25 Fh ] TEEZE 4 FRBIP R AP ML, S 3B RKEFN 1S HETHA
FAEE TR ARE T, Lk 1. HEorid e 10 FE TS5 8. HhE-BR
fi% S’ (GAPDH) . 83 1+ B% R 8% (ALP) . C ¥ (A8 (HK) . % % ¥ —6-BE PR I & A8 (G6PDH) .
BREEFERN M (PGDH). H ER BB R W (MPD. B8 (EST). s AW s
(POD). i ¥ B (AMY) M B A Bt B A/ (GOT), I TEME LR R PR G Ik X+
Y, EE A GEE T, H A SO R AR 15 #[F g,

K1 ATHRNTHERIRNER. RS APRENBEAIHFY

Tab.l The name, serial number, buffer system and electrophoretic gel for analyzed isozymes of

Paralichthys olivaceus (T. et S.)

I w"Y BRRE B XY

FL B 5 =8 (LDH) 1.1.1.27 TC SG

¥ R85 £ 8 (MDH) 1.1.1.37 TC SG

3 R % (MEP) 1.1.1.40 TC SG
5Pk e i 28§ (IDHP) 1.1.1.42 TC SG
H Th-3-% AR 15 S M8 (G3PDH) 1.1.1.8 TC SG
B MR (AK) 2743 TC SG
M # & (CK) 2.7.3.2 TC SG

R L BERR RS (ACP) 3.1.32 TC SG

B AR B B AR (L B8 (PGM) 5422 TC 5G
LI 34 B2 3 4 8§ (SDH) 1.1.1.14 EBT SG
i i € 85 (ADH) 1.1.1.1 EBT SG

o EALE 8 (CAT) 1.11.1.6 EBT SG
ALY B LR (SOD) 1.15.1.1 TG PAG
R % B B 2088 (GDH) 1.1.1.47 EBT SG
% R BERE R M 88 (GPD) 53.1.9 EBT SG

2.2 FHETBMAREMENBESTH
221 15 Fp[E| TESMY 290 NEBEENTE 6 AL P RELHEHENRI[RE 2.
2.2.2 CFERRE TR A4S i

LDH DU IREE, =N EFEEN Ldh-A. Ldh-B 1 Ldh—C%it5, B. C EH ENL 7E
FRorarity 6 RSP NERBEFREAEFNBEMNES,H 100 #1 167 FHEMEE, H
RULEI 100/ 100 #1100 / 167 WA RECERNEMBREE, A 98 M 100 BHEMNEE
(B 1:1).

MDH  ZR{kEs, LIUANFEEH BN %D, H s~ MDHM m-MDHA# 2%, m-MDH
ST AR, B A E AL m-Mdh—-1F) m-Mdh—2% 15, 8.4 2 8] A 2% &5 s~MDH# i Fi
B, L BN BN AL s—Mdh—1 R s—Mdh-2% T, BAHZ BRI A KA. WAESWE 1:2),

MEP DR ERE, RiiR TN EEEA, Mep-1 1785, Mep 2t RE S KE, B
k. EEPEA - REHXHE, HRICR(E1:3).
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Tab.2 Expression and activity of |5 analyzed isozymes in 6 kinds of tissues of Paralichthys okivaceus (T. et S.)

B2 EHEN ;| Pl
BRI Bey L R 1) % e
Ldh-A +++ ++++ +++ + ++ 4+
MG AR Ldh-B +++ - - - - -
(LDH) Ldh—C ++ — - — - -
m-Mdh—1 +++ + +++ +++ +++
YRGB AN m-Mdh-2 ++ ++ +++ - 4
(MDH) s—Mdh-1 + + - - — _
s—Mdh-2 - - e - _ _
FRRE Mep-1 - ++ _ - - 4+
(MEP) Mep-2 - +++ + - _
REEMB AN Idrp—1 - - 4 + o
(IDHP) Idhp-2 - ++ +++ - — _
B3-SR S8 G3pdh - 4+ - _ _ _
(G3PDH)
MR ¥ MR (AK) Ak-1 ++ + 44+ +++ + +++
Ak-2 + - + +++ ++
INBR ¥ & (CK) Ck - - +++ - - ++
Logeard 4 Acp—1 + - + e+t 4+ .
(ACP) Acp—2 - - - ++ - —
B RE SR Pgm + +++ +4+ +44+ + ++
(PGM)
1L 3¢ B8 % S B (SDH) Sdh - - - +++ +4 -
B2 i S8 (ADH) Adh - - - +++ ++ -
BEAEM (CAT) Cat - - - +++ ++ -
Sod-1 / / / e+t / /
HEALY K L8 (SOD) Sod-2 / / / ++ / /
Sod-3 / / / +++ / /
7% % i =88 (GDH) Gdh - - - ++ _ _
Gpi-1 - +++ - - — —
WEE RS AN Gpi-2 ++ S+ + - 4+
(GPD Gpi-3 +++ +++ +++ 4+ +4++
Gpi—4 +++ ++ +++ + +++

B R R+ TR REE - IR R, + ISR — AREN [/ RRREGTLR

IDHP ZRkEE, M AEEEN ldhp-15 Idhp- 2515, BERRME, BERR
FAHLAFRYE, BEREIUWHE AR, dp- 1 AZE,H 78 #1100 HANEFMER, ZFEH

%4100/ 100,100 / 78 178 / 78 ¥y o] WH|; Wi Idhp—2 R BE (B 1:4),
G3PDH  —_R4AM, B — M EREM R, 2

X Q1

wny SN

EANAHZRE(E 1:5).
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Fig.1 Electrophoretic paterns of isozymes on Paralichthys elivaceus (T. e §)) in the coastal waters of Shandong
I. LDH; 2. MDH, 3. MEP, 4. IDHP;, 5. GIPDH, 6. AK, CK; 7 ACP, 8 PGM; 9 SDH, 10, ADH,
Il CAT; 12, SOD; 13, GDH; 14. GPL e B m: ML ho OBk |ATRE: 1Ml k. BB
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AK  HUkEE, AN EE AN -1 F 4298, O, A-1EALR S NE T
s A2TEN R P AR, ZEIREE. AR EERSS A5 KE (A 1:6)

CK  ZREE, BN EEEMRS, 25 ERSHEFEHARATHRE, HE LM
AR, CK AP AEER I AKEE, RE 5 AK B BT E CKIKX
A& 1:6).

ACP  HIKEESk KRS, AP NEEENL Acp—1 M Acp 2988, Acp- 1 HEER. A
100 1 78 BE PN E R, HEKEAA 100/ 100.100 / 78 1 78 / 78 =Fh, (B4t R W%
FIRTRIRN: Acp2 RERFEP R, 25 1:7).

PGM  H/ikpg, B — N EREMHI, 24,58 100 #1200 BHANEAEE, S WEFR
100 / 100 1 100 / 200 PP RE ., ZENLE PIEHERSE, ERBEMBEPEEERS, HE 5
KE(E 1:8).

SDH Rk, B — M EEEMHRG, B2, F 100 #1125 BHREMGEE, =M%
& 100 / 100,100 / 125 #1125 / 125 #FEERB (F 1.9).

ADH  “RG&M B —MEEEMHED HXHE EBBTRAAFRHERIS, hE
B, ZBEALA 70,100 #1150 =ANFAEE, KA N 6 F. 70 / 70,70 / 100, 100 / 100,
100 / 150,70 / 150 #1 150 / 150, £ H| 100 / 100.70 / 100 1 100 / 150 =Fh, 5 =Fr KA
KW (E 1:10).

CAT  —EUM A EEEMRE, £5, WED 93,100 1 140 EMFMEH
i 5 FhFEEL: 93/ 93,93/ 100. 100 / 100, 100 / 140 1 140 / 140, {BZ KA 93 / 140 K W7
(B 1:11),

SOD  RkE, A= NEEREMHEG, HHEE, AEFEFRE (B 1:12).

GDH  —FR&M, - EEEMNFHNE:; 25, F 100 1 130 BNSMERE, ZfME
E1 100 / 100,100 / 130 1 130 / 130 357 BB (& 1.13).

GPI R4 UM EREARD, YRR A -ENHLERE. Gpi2%E
BFBE A BHEHEARR, T 5 KT (F 1:14),

GERR, EXIERT ISHFETEN 29 MNEEEN, P Ldh-A. Ldn—C. Idhp-1.
Acp=1. Pgm. Sdh. Adh. Cat Fl GAh 9 N RE BN R LR, THAB FHEEN S SEL T
BIWA p =9/29 = 31.03%.

3 titE4&iR
3.1 ZF8% LDH g%

F6F LDH #) B i, N MO ER R A — &K, BENRSD BT, TN A
ERBEPUNEREBFHH ORI, F—EFXFEASIHMOBEHHXEE—-K&L,
FiA A= F XA HEME, EE AN TRREENEN B EA,S B, ZHEHAMN—&K
B X HRMEN RN FEKFRRC,. MB,5C, ZRIHHME —~LIEKMRS
M, THEEXKEEBNERFNERN. ARMARIDHMREEZERRK, k23
(1982) 5 HTHY 14 FREERL A2, KU FALO B —RA 4—5 K XH £, g E A KO
JUE, LE . A RE. B AL B B RE (R 1915, 1987). {H2, Lush(1977) % 4+ #rid Bk ¥ 12
FETER R (R EHEF )M LDH, KMESH 10 EaEin, CEPRE - £XEHRE
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A ERBEF LA REESM A B.CHFEDLAE A B LEHUKL - EREBHHHF
T, SR XML R,
32 BEAMNEESHERNRE

MHEENEHSHEMRNFSBEEEOMEX, HaEREREVTEE FEH0EST
HR®E, BT — 40— — 20CH, BYEHHABREEZRAEE; FF XA RERAF
FREMEL, BEANGEH=ETH, ZRH—-FEXFARLHAFEU LHXH, W
SDH, 75 %7 8¢ ¥ & b FC RS 00 15 MR 3R, {5 B & (R 7 I ] () 22 4, 35 M BT R, R BB
EH RESXIEWMESA MEP Al ADH% . A5 HEA LDH, Z£REFEERTEH
Elfmi, #£ B F C, Z 82 B — AR 55 09 XAy, HIRE T RE R MR SR T R —
MEhARZEEMEENREESHEMMHEREENXREAR, W LDHY, Ldr-A
BTG AR 5 R $F, T Ldh-BF Ldh-CRI A 5 R 1E, ¥ 5| R Ldh-B., BN, SEEHERARS
R HB S, £ GIPDHHR A —MNEFBEME RS R EWEREMRFEETHIEDN
B TE — 20C IR REEIK G, B, 28347 A T2 07 i B B2 R Bk ¢
TERE S, PR R FEREA D, SRR R R R4,
3.3 BRBEFRICHTEE

FH 4m #1583 %% (1986, 1987) fi gt s IDHP Al TSP M KM E RPN EE, £
FEST At &2 BL IDHP ZE AP BE 2 B 781, 7T UE R T 6B B R P A SRS, Bratr
METHS, EF - SEFLESEREN KPS MNEFRHEE K CAT # GDH &L &
Ldh—C% £33 i ¥ A AURT RAVE @8 7% B A b 8% 4590, 5 28 0 7T DA o B 4 o 99 11 51
YR AP A RARIC. SR, ERRE TR P RREIRIC, B e T E MRS KM
XEFEAR., EEELRPRIA, WA BEANSETAR L FLEMIEE, & 8t ]R8 B8
B %%, 5T A S 1E D TS R BB B R AT AR AR IC IR A BT R
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BIOCHEMICAL GENETIC ANALYSIS OF ISOZYMES ON THE
LEFT-EYED FLOUNDER, PARALICHTHYS OLIVACEUS (T.
ET S.) IN THE COASTAL WATERS OF SHANDONG

YOU Feng, WANG Ke-ling, XIANG Jian—hai, XU Cheng, WU Su—qi
(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract 131 live left-eyed flounders, Paralichthys olivaceus (T. et S.), were collected from the
coastal waters of Qingdao and a fishing farm in Rongcheng City, Shandong Province from May in
1996 to Aprl in 1998. In total, 710 biochemical samples from 6 tissues and organs (eye, muscle,
heart, liver, pectoral fin and kidney) were fetched and stored immediately in liquid nitrogen (— 196
C). The supernatant of samples to be used for the experiments were extracted by homogenizing and
centrifuging. 15 isozymes (LDH, MDH, MEP, IDHP, G3PDH, AK, CK, ACP, PGM, SDH, ADH,
CAT, SOD, GDH, GPI) in 3 buffer systems (TC, pH = 6.9; EBT, pH = 8.9; TG, pH = 8.3) were
tested by horizontal starch gel and vertical polyacrylamide gel electrophoresis, and their expression in
6 tissues and organs—tissues specify was also tested. The biochemical genetics were analyzed in
terms of their locus number, structure, alleles, etc., on the basis of which the basic electrophoretic
patterns of these 15 isozymes were gained. The electrophoretic patterns of the rest isozymes were
not recorded. Altogether 29 gene loci were recorded, among which 9 gene loci including Ldh-A
(alleles, 100, 167), Ldh—C (alleles, 98, 100), Idhp—1 (alleles, 78, 100), Acp—1 (alleles, 78, 100),
Pgm (alleles, 100, 200), Sdh (alleles, 100, 125), Adh (alleles, 70, 100, 150), Ca: (alleles, 93, 100,
140) and Gdh (alleles, 100, 130) are polymorph, and the mean proportion of polymorph loci was
31.03%. In the meantime, the expression of Ldh—A and Ldh—-B durng the biochemical genetic
analysis of LDH on Paralichthys olivaceus (T. et S.), the interrelationships between the activities of
isozymes protein and stored condition of samples, and testing of effective genetic markers were also
discussed.
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