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#H(Ho 1959 ; Kuo 1964 ; Wu and Chang
1976) o B i LIS - SHERRNFIE N Z — -
AraE e Bt - (% 2B A TR SR
158 (Peng 1986) © BB ERA AL
sEELey S TR E D - BRI R TERIAIR
$kBR{% Z ST - TR0 o Kuroda (1941)
IR AR IR EMEL » RFEHGERA
PUF& : Haliotis asinina+» H. varia» H.
discus & H. japonica o Mi[EIEFEE R diver-
sicolor » supertexta » grunerzﬁlaq,uatllzs
95 H. ‘japonica t[EIFEF2 % | 1Ml planata
BB H. variaIEIFER % o SRIMH. discus
PR P B R ) K R FEANAR - AL IR
A HBR RS R M 0 Wang (1979) th
PR A T AR AR A RS T A
AR A A AR —TiME » RIE H.
asinina + H. ovina » H. varia » H. planata
» H. diversicolor diversicolor fl1H. di-
versicolor aquatilis - SEAREAHER
1R » AR DRI R SR

EWKIE » BE S &EER% LAY - (%
B —EE B RS EARE R (L a8
HIE o
A7 E SRR F L BRI 53 BT
s R [FI D) BHEEE o BERAAERECKE
ST $EARE SCHA R Th BABEE Bk R MR
(Wu and Liu 1987) » SRIMIRIERER » X
A FE A9 4 (L B GR HETS — 1 i AR R B
o Ak AL FERFE LG ~ERIIR
HERG B IR S HT M » DAL (R SRR LR
SRR ZA
— -~ MEEEE
() B —E = HERAK D) » Bl 5 S AERR
B RS HEREEEHIEIR RS
s sR R B » BHE AL (H. diver-
sicolor) » £ 8 (H. varia) i {L (H.
planata) &+ EEH o BEHEF AT
HEREE - LRI EIEUT S5 A IR
4% (Mantle edge) » £7%AL (Right
shell muscle) + AL (Foot muscle)
» #H1LAR (Digestive gland) & AR
(Gonad) Sz b f4HA%(Fig. 1) » LAfs
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Fig. 1. Different tissues of Taiwan abalone are used
for isozyme study.
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1. [FTh E R BEX— R AFHEARE T 1%
» DN % B a2 EXHR(Extraction
buffer-Tris » EDTA s NADP) » &
LIEBE R EE 2% (Sonicator) A§4H
T TR RE - AEARFTER - qnikEr LA
{E B R T Y [E] Th RAERS R A R HX
W BRADEEE L L14T
> 11,000rpm (10281 .1g) B 45%F
$ETR N EREIEW - BO%ER 1ce
R BFRA—T70C RIS E HE
RETFIEAE

2. BUKBR (Gel) 84fF — EX12% 1Y #
#r#&(Divall 1984) BN THFIEIE =
¥R (Suction filtering flask) &
v FIFAEE —& N (1200 v ) » —
EEHMERDTRBMETGEHRE
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3. BB FE—F Whatman No.1 filter
paper 0.7 X 0.9cm UREXRE.L 7285 |
JBiBE - RN . AR
FMEROKHE (4 ~ 6 C) 8y B kit ch
» FIRNFEAARE » BIET(EE D)
R BELR o BikEE% (B
AORTESERB ) - RHEBE - L
RPFGEEENEI 4 ~5 891 ~
1.5mmERVE R o G HEH BN E
ITEXETRIBERBR B RS » 9BIIIT
FERZBEEHEHE -
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Fig. 2. Basic electrophoretic and laboratory pro-
cedures.

4 FBiETR S (Buffer system) —
SZRVAR IR R PRA12FEACA
{%1R 4% Shaw and Prasad (1970) %
Wu and Liu (1987) BYBC AN
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A. Electrode buffer: 135 mM tris, 43 mM
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citric acid, pH 7.0.

Gel buffer: 9 mM tris, 2.9 mM citric
acid, pH 7.0.

_ Electrode buffer: 250 mM tris, 50 mM
citric acid, pH 8.0.

Gel buffer: 9.6 mM tris, 1.9 mM citric
acid, pH 8.0.

_ Electrode buffer: 100 mM tris, 100 mM
maleic acid, 10 mM EDTA, 20 mM
MgCl,- 6H,0, pH 7 .4.

" Gel buffer: 10 mM tris, 10 mM maleic
acid,] mM EDTA, 2mM MgCl, - 6H,0,
pH7.4.

_ Electrode buffer: 129 mM tris, 3 mM

EDTA, 70 mM boric acid, pH 7.5.

Gel buffer: 45 mM tris, 1 mM EDTA,
25 mM boric acid, pH 7.5.

_ Electrode buffer: 129 mM tris, 3 mM
EDTA, 70 mM boric acid, pH 8.6.

Gel buffer: 45 mM tris, 1 mM EDTA,
25 mM boric acid, pH 8.6.

. Electrode buffer: 200 mM sodium ace-
tate (adjust pH with acetic acid), pH
5.6.

Gel buffer: 1:22 dilute of electrode
buffer.

_ Electrode buffer: 30 mM lithium hydro-
xide, 190 mM boric acid, pH 8.1.

Gel buffer: 1:9 mixture of stock A and
B.

Stock A — 30 mM lithium hydroxide,
190 mM boric acid, pH 8.1.

Stock B — 50 mM tris, 8 mM citric
acid, pH 8 4.

. Electrode buffer: 130 mM tris, 43 mM
citric acid, pH 8.0.

Gel buffer: S mM histidine, pH 8.0.

_ Electrode buffer: 40 mM citric acid

(adjust pH with N—(3—aminopropyl)—
morpholine), pH 6.1.

Gel buffer: 2 mM citric acid (adjust pH
with N—(3—aminopropyl)— morpho-
line), pH 6.1.

. Electrode buffer: 40 mM citric acid (ad-

just pH with N—(3——aminopropyl)—
morpholine), pH 8.0.

Gel buffer: 2 mM citric acid (adjust pH
with N—(3—aminopropyl)—morpho-
line), pH 8.0.

K. Electrode buffer: 40 mM citric acid (ad-
just pH with N—(3—aminopropyl)—
morpholine), pH 8.5.

Gel buffer: 2 mM citric acid (adjust pH
with N—(3—aminopropyl)— morpho-
line), pH 8.5.

L. Electrode buffer: 40 mM citric acid (ad-
just pH with N—(3—aminopropyl)—
morpholine), pH 9.0.

Gel buffer: 2 mM citric acid (adjust pH
with N—(3—aminopropyl)—morpho-
line), pH 9.0.

5. =ik ER (Voltage) » BRI R BR G A
% (Substrate) f0F

a. Phosphohexose isomerase (Pgi):
1. Buffer system
1) buffer system A, B, 100 v, 16 hr.
2) buffer system C, 120 v, 16 hr.
3) buffer system D, E, 300 v, 8 hr or
180 v, 16 hr.
4) buffer system G, 200 v, 6 hr.
2. Substrate, Fructose—6—phosphate.
b. Phosphoglucomutase (Pgm):
1. Buffer system
1) buffer system A, B, 100 v, 16 hr.
2) buffer system C, 120 v, 16 hr.
2. Substrate, Glucose--1—phosphate.
c. Malate dehydrogenase (Mdh):
1. Buffer system
1) buffer system A, B, 100 v, 16 hr.
2) buffer system C, 120 v, 16 hr.
3) buffer system D, E, 300 v, 8 hr or
100 v, 16 hr.
4) buffer system F, I, J, K,L, 150v,
16 hr.
2. Substrate, Sodium—malic acid.
d. Isocitrate dehydrogenase (Idh):
1. Buffer system
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1) buffer system H, 1,J, K, L, 200 v,

16 hr.

2) buffer system A, B, 100 v, 18 hr.

2. Substrate, Sodium-isocitrate.

e. Aminoaspartate transperase (Aat):

1. Buffer system
1) buffer system A, B, F, G, H, I,
J,K,L, 150 v, 16 hr.
2. Substrate, Aspartic acid, a-ketogluta-
rate, pyridoxial-5—phosphate, fast

blue BB salt.

f. Malic enzyme (Me):
1. Buffer system
1) buffer system A, B, 100 v, 16 hr.
2) buffer system D, E, 100 v, 16 hr.

3) buffer system H, 1, J,K, L, 180 v,

16 hr.

2. Substrate, Sodium—L~malic acid, pH

7.0.

6—phosphagluconate dehydrogenase (6—

Pgdh):

1. Buffer system
1) buffer system A,B,C,D,E, H.1,J,
150 v, 16 hr.

2. Substrate, 6—Phosphagluconia acid.

=ZBR
—~ LfL
ERERS » AR T + ZfEgE
AR RCIEREI T RIERG - 4RO NE
—H ¢ 7£ Tris » Citric acid » pH 7.0 4E
EHRFHA » REMe B EN T b
£ REB B (polymorphism) ; fiPgmA3{H %>
BEXRRZE - Al th R R S HEFE o #£ Tris
» Citric acid » pH 8.0 #BH Uk T #Hhth
HEMeE A HERAIFER o #ETris » maleic
acid » EDTA » pH 7. 4@\ % #d - 24
Pgi R Pgm 5B R E 0T » SRIPgiF A £
FEIR S o 7F Tris » EDTA » boric acid »
pH 7 5B ERMP L ERLER o £E
FI I 9B AR R » FEER B AR
o fEcitric acid » pH 8. 0B Z b 3
A Me BEMRMT » hE ZHERE ; 7
BAERWEELEFE citric acid » pH 8.5 48
Ek R doE ecitric acidfypHEIEEF19.0
BEMe B RIFERIFHLEF L REHA o

Table 1. Validation on various buffer system for isozyme separation of Haliotis diversicolor

Buffer system

Isozyme

A B C D E F G H I J K L
Mdh o o o o B N o ° o 0

+ + - — - - + + ++
Me ) o ) o ) o o ) )
ldh ° o o ° o o

i - — + + - -

Pgi X X o 0

— -— + + — -
Pgm X X X X
Aat o ° o ° ° o o o
e s o5 s s

++: Separation well

—~ 56 —

+: Separation

—: No separation

o: Polymorphism X: No polymorphism
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7 B ILEFFE h R 4T -+ T REAR I WA R
% L REFI ) AR S REEMNE S
. 7¢ Tris » citric acid » pH 7.0 FR1E &
Zghde - Mdh & Me 8955 BERL SR mT - [8]
Hs B A £HERE ¢ MiTris » citric acid
» pH 8.0ff& T L E FHELIAVAE R © 7
tris » maleic acid » EDTA » pH 7.4f%f%
¥+ Pgi & Pgm 58k RRAF - HR A
Pgi T LLBR B E | AR RTE

tris » EDTA » boric acid » pH 7.5 HKki¥t
R o TEARMEERME  F o G R I
b o BEsAMdh » Me » Aat & 6-Pgdha] L)
B/ LB AT H o BERCR AL
A8 fEtris » citris acid » pH8 . 0ifiiGel buffer
& Histidine By Mdh & Me 58 25 5 8
i BA £ HES B o (ffi fEcitric acidHi Al
FEN-(3-aminopropyl)-morpholine J§ ¥pH
il % % Mdh & Me 89 7 SERCR B -
BEHMEMEN ZEBEHE o

Table 2. Validation on various buffer system for isozyme separation of Haliotis planata

tris »

TLEMBEREBRR - E

Buffer system
Isozyme
A B C D E F G H I J K L
Mdh + + - - - - ++
o) o] o) 0 o ) o o o
Me + + - + + + ++
o o o o} o) o o o 0
Idh - - - -
o o o o
- + + .
Pgi
& [o] [e] fs)
- + + —
P
gm X X X
Aat - -
o 0 o 0 o o
6—Pgdh - - -
o o o o 0 o o)
++: Separation well
+: Separation
—: No separation
o: Polymorphism
x: No polymorphism
=~ k& - citric acid»pH 7.0%pH 8.0+ Mdh

Meft 55 Bt RSB A8+ 7T LABEURS M B B B
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%% o fftris » maleic acid » EDTA » pH
7.4%tris » EDTA » boric acid » pH 7.5
&b » BE9R Pgi & Pgm 53 BERU R 1R 4T
s (BRRE Pei TTLIHIRZEBHER o 542
EHHFHE FHr GRIF » FBEMREZE
o 7E tris » citric acid » pH 8.0 FrFAGel

buffer & Histidine 1% » Mdh & Me #9453 B¢
RGO » FIEFIRT LIRS REIR R o 7
citric acidfJFN-(3-aminopropyl)-mor
pholine R &% ¥ pH {E AF - 5% 3 pH i 4 5 8%
» ¥f Mdh & Me 897 BEZA R #4F » B HBH
RREY ZREIR B H R o

Table 3. Validation on various buffer system for isozyme separation of Haliotis varia

Buffer system
Isozyme
A B C D E F G H 1 J K L
+ - - - +
Mdh + +
o o o o o o o o o
+ - +
Me + + -+
0 o o o o (o) o o o
Idh - R - - - - -
o o o o o o o
Pgi - * -
&l o] o] o
p — ++ + _
gm X X X
Aat o o o (o} o s}
6—Pgdh o o 0 ) o o o o
++: Separation well
+: Separation
—: No separation
0: Polymorphism
x: No polymorphism

7EMalic enzyme (Me) % # A (Fig.3)
s RhREEMH IR E N 2 R
A FLEE SR ERE A SR B - (A Ih
MEFNILERFOLERFRRE
WR MM EILE B AMER » MEEW
1+ 2 m R A FLEERF LA AE
— 58 —

 [RIBLFI R Me [RITHEIBESTE v & 5y =18
#eZ (ALFL ~ EERGIL)HIAE - EFig.
3 FREETRE A ALTL - ORI ARE
MK INMERENR B ERTFRE ©

7f Malate dehydrogenase (Mdh) %
Wb (Fig. 4) » BESARIHE T FAIILILEY
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! Abaloue, 1988~ 4-35. ME . CS800

Fig. 3. Malic enzyme (Me) electrophoresis zymo-

grams of Haliotis spp.

WA S EEK R - (ARBMETE
AFLE Bk & R G TLR e £
2 AEGILRtEMNEKThEEER
TETE ©

M Haw .
‘2 Ccitric acid(pH 9.0)

Jun 16,1988

Fig. 4. Malate dehydrogenase (Mdh) electrophoresis
zymograms of Haliotis spp.

7 Isocitrate dehydrogenase (Idh) %
e (Fig. 5) @ BER D BEXA R EIEA
(B2 SRET LIS PR A T R AT SLAL
Bk IR B ERTEE - TIRMBLAY A LR
HHE R EATT AR ROERTFE S LH
HAFLEBIARFAL B AE o

Ablme, 1798-6-5. Tk ca 3.0

Fig. 5. Isocitric dehydrogenase (Idh) electrophoresis
zymograms of Haliotis spp.

EAEEXMER(Z— D) T
Tk £ BEME 53 (Polymorphism) » Pgm
ERFEBE R P E LRGSR - K
#2#9Mdh » Me » Idh » Pgi » Aat % 6-Pgdh
KED S YR B 2 REMEAS SR - PRI Idh o
Aat%6-Pgdh 8957 BERY R AR LEMdh » Me
% Pgi RETER » Hep Idh fVERFER
(Fig. 5) W HZEE AEAFER o FrLlMdh

» Me % Pgi = f@# 758 & MR B A IREC &
T o $ R eaaR Rt B ARBN AT 15 S BERCR 4T T
BXEAEEREEERNEEMES

m - 35

Floh RiERE R AR R RS
TS MR R R B (A 2 T LA A
TE » Fl4nFujino (1978a » 1978b) » Koehn
et al., (1976) o SR EHATAE AR ZHE
RS R A BRI R ST R IR S A
MehT . 4 Lee et al., (1987) FIF Mdh
» Ldh & Aat ¥ 75 218 5E 2V B S Y o7
R HAT o A 44 SX BB BN FFF 25 5 [ > Wu(1982)
&5 BB AEMEILAE 8 BBk L BR
EwtRl B ARATIERRBR(F o [RITh 2 HEEE A RE Y
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BT EESE T Wu and Liu (1987) %
37 » Liu (1988) BRI HERKE TAVERF
TR A A R SR BFHIZE - FTLREEAYZ
FlTh B8 £ LBk R A ST 1T
BB/ o B LI R AT RE o FRAY
B BRI

Fujino et al., (1980)FZE K FiFsf
t#2(Pacific abalone)id » FEFH11fERITHE
e B R B EANENHE
HB R T S RERR (B AERTIN
7 » 5438 7E Tris > citric acid » pH
7.0 T4 Bt Mdh BF » % E £REME > AT
#I7E citric acid » pH 9.0 TFhi#uay A FL
FEH-LEHE Mdh 5T LIEEM S H
Cytoplasm & Mitochondriaf9E¥ & (Fig.4)
s [tk Fujino et al., (1980) B9 EE$ »
A3 FA FE FR R [E) Th Z B3 a0 Aldehyde oxi-
dase ; Tetrazolium oxidase ZE » W i¥[A
RER I FUORBIEHERRFIERT
» FERTHSALEE (loci) s BEVERE » RIR[RIZ
HuFE R e ok AT 1R S iR B ¥ 7E B RE 1 58
EE L o

Wilkins (1980) fyAf5E4E 4 » TRIEE
& Pacific abalone HPgm® NG9 E455
7E 1% (thermostability) 1fi H F1#E S Ay
BIRABIFERE: o ZEARIIRF » Pgi 7E =
fEEfER (Table 15 25 3) PRI HEER o
EEMETRSE  SRETEREFERS
ALEBFE AV AERTELE - (ESBE M H EAY
B9 - BEF IR RTYE B AG SR AR BE ¥ %E MU 3R 1T
Z— o

i #R -y TREMERLLE Me
(Fig. 3)» Mdh (Fig. 4) % Idh (Fig. 5)
A okE S R BT LIRARERY HIE © K HT
ReB S MBRIHAR B EFEMILIL - 7
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ELRH LR RARE—E > MEdnt
ERFMERNGILTEBEERE AR AL
s EEMARK LU ERAMZEREE B
TLERCIL_BHEEET K BELE
UkER > RUTTERREHIIR 57 IR o Rt LIAR
XA ABfIMe » Mdh & 1dh B9 BIK#ER >

HEHYRFERIHIHITE ©

A~ B

g5 2 e oh LA 2 B B A AR TR ZE & Pl
E0v55E) » [BIFFZS(E MR A R E ok
HERMWBZMRGE » BARERH IR
EEEEEEP OMERERE  EEAK
EREBITEESITREH ST AERBIZZ
ey - EMORREERITERREEMEELA
& B SERBNI(NSC 76—0201-B001—-31) »
=S E I
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Isozyme Study of the Taiwan Abalones (Gastropoda : Haliotidae)

Wen-lung Wu and Chyi Sun

Institute of Zoology, Academia Sinica

Allozyme variations of Haliotis abalones from Kong-liao (Northeastern Tai-
wan), Cheng-kon (Eastern Taiwan) and Peng-hu (Western Taiwan) were studied by
strach gel electrophoresis on 7 isozymes with 12 different buffer systems.

When the adjustment of Me (Malic enzyme) and Mdh (Malate dehydrogenase)
in citric acid pH 7.0 and 9.0, with N- (3-aminopropyl) -morpholine) to pH 8.5 and
9.0 respectively; Pgi (Phosphohexose isomerase) in tris-maleic-cEDTA pH 7.4 and
tris-boric-EDTA pH 7.5 buffer system were employed, the separation of bands
are better effective. Therefore, these three isozymes are recommend to do further
systematic study on Haliotis.



