Journal of Aquaculture 9 (4) : 445~452 (1996)

ol 2 Fo] WAH o] 9= B-Galactosidase? A4 w)z*

Comparative Study on Endogeneous Activities of B-Galactosidase-like
Enzyme in Several Finfishes and Shellfishes*

Dae Hee Kim, Chang Hwa Jeong**, Yoon Kwon Nam**, Kwang Sik Min
and Dong Soo Kim**

Namhae Hatchery, National Fisheries Research and Develop}nent Agency,
Namhae 668-820, Korea
**Department of Aquaculture, Pukyong National University, Pusan 608-737, Korea

Endogeneous activities of B-galactosidase-like enzyme in various tissues from several finfishes
and shellfishes were examined by histochemical analysis based on X-gal staining and by
fluorimetric measurement using 4-methylumbelliferyl-B-D-galactoside (4-MUG). Species used
in this study were 3 freshwater fishes, mud loach (Misgurnus mizolepis), common carp (Cyprinus
carpio) and tilapia (Oreochromis niloticus) ; 3 marine fishes, olive flounder (Paralichthys oliva-
ceus), stone flounder (Kareius bicoloratus) and marbled sole (Limanda yokohamae) : and
4 shellfishes, abalone (Haliotis discus hannai), Pacific oyster (Crassostrea gigas), pearl oyster
(Pinctada fucata martensii) and ark shell (dnadara broughtoni).

The activities of B-galactosidase-like enzyme in all finfishes examined were significantly
different among species, with the wide variations between tissues in a species. In general,
the tissues such as kidney, intestine and liver were ones which showed the significantly
higher values in 4-MUG fluorimetry and deeper staining patterns in X-gal analysis compared
to other tissues. On the other hand, serum and muscle revealed the significantly lower
activities than others did, regardless of species.

Shellfishes were also found to have endogenous activities of B-galactosidase-like enzyme
which were significantly varied depending on both species and organs in a species. Hepatopanc-
reas from all shellfishes examined showed the deepest pattern in X-gal staining and also
the highest value in 4-MUG analysis, while activities of B-galactosidase-like enzyme in adductor
muscles and mantle muscles from all shellfish species in this study except Pacific oyster
were negligible ; Pacific oyster had the significant activity of this enzyme in muscle tissues.

Putative endogenous lacZ fragment was amplified from both finfishes and shellfishes by
polymerase chain reaction (PCR). The molecular size of PCR products was about 510
bp, and there was no difference in size among species examined.
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LacZ +RAR= Escherichia colidlA lactose
Abell Pojdli= B-galactosidaseS 'Has=
FRAZA 2 HHQRE nmy QA AFY
T 3ol B §Hz o4 A¥a) s da
o] 853 & reporter F+AAte|tH(Chen and
Powers, 1990 ; McEvoy et al., 1988). o]0l
ZEFF(WOolff et al., 1990 ; Takeda and Toy-
oda, 1991), 21E(Teeri et al., 1989)& Z&
oFE AR & AR o¥dAE da A
532 gles olm T M4ol(Inoue et al,
1991), <ol(Hansen et al., 1991), zebrafish
(Bayer and Campos-Ortega, 1992) % 39l
dojz} o] F(McEvoy et al., 1988 ; Sin et al.,
1993) GollA lacZ |42 AFHQ o)Al
Hag wh gl

a8y, 2 mFeRAE ez §34
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ZTNANE E. coli9] lacZst 433 #A% 4
71493} B-galactosidase] Aol Bgow
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238 v} 9osi(Kim and Nam, 1994) o|¥
% A}el(Takagi et al., 1994 ; Tsai et al., 1995)
U F8o|(Ueno et al., 1994)E Ao z3t
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AN FAEha} FARATE A7 A
A5%Q v|FekR| (Misgurnus mizolepis) St %
{4 ARF JoI(Cyprinus carpio) 2
delsloWOreochromis niloticus) & FA12 4
whsle] B A¥el Ak
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9 A 8" EX7HA|(Limanda
yokohamae) 2 E7VAu](Kareius bicoloratus)
£ ol YT F B AFAA §4
st AYel A88%3, AXI(Paralichthys oli-
vaceus) = AFE FAANA ARFQ AAE
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A 8(Haliotis discus hannai), Z(Cras-
sostrea gigas), AFZM(Pinctada fucata mar-
tensii) 3 F=ZM(4nadara broughtonii)
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1.25% glutaraldehyde® 24417t 13+ 9ich
23 MAES PBSE 1584 33] A1H £ X-
gal A £98(1.2 mM 5-bromo-4-chloro-3-in-
doyl-B-D-galactopyranoside, 0.1% Triton X-
100, t mM MgCl,, 6 mM K Fe (CN).], 6
mM K;[Fe (CN)¢] in PBS)E& ©]§ 37Coll4
RhSAIZ ek oA whgo] g% & oiA] PBSE
33] AIHsl2 70% ethanolol] HslmA <iA
592 4N 353 o) ) slol| A A3k
2—3. Polymerase chain reaction (PCR)
W4 B-galactosidase gened] EzH ofE 5
A7l 8l ool MNHE F
DNAE FZ3lo] PCR &40l 285131tk DNA
#Z7 PCR 452 Kim and Nam (1994) 9]
Well 2] Aste =881 ck. PCR HH3-2 50 ul2)
reaction cocktail (10XPCR buffer 5 pl, 0.1
pg/ul each primer 1 pl, 25 mM MgCl, § ul,
H,O 31.5 pl, 2.5 unit Tag DNA polymerase) &
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€2 0.1 mg @972 3% ¥ McEvoy 5
(1988)2] ol oJAte] B-galactosidase|
TG 245k 24 238 300 19 buffer
A (10mM sodium phosphate, pH 7.0 contai-
ning 0.1M NaCl, 1mM MgCl,, 0.1% BSA)dll
Y31 tissue tearor (Biospec Product, USA)E
AHgste] 1487 wiasln vz 29 Al
50 ui2 substrate solution (0.5% 4-methylu-
mbelliferyl-§-D-galactoside in N’N-dimethy-
Iformamide) € 7k ¥ 37CollA 1417+ wH3
AlZeh 1417 ¥k £ 2.5 ml9] stopping solu-
tion (0.1M NaOH, pH 10.3) 5 Yo} w-3-&
ZBA7I FHFE 1:100 843t fluori-
meter TKO 100 (Hoefer Scientific Co.,
USA) 2.2 fluorescence units Z3slo] Al
HQl 4 AT E Braell (1991)2] ol 91A
Ak i Foll dolAg aLdAEE 24
mg% fluorescence Zstol A Abslglct,

2 %

1% 2 72C 187 30 cycles 3¢ &
5 . v . - LR
Aol AEH primers $A4H oligonucleo- I+ Xgal 4 ¥4 .
2 gF slo - A2 A 213 3
tideq! L106 (5-CGC CTT GCA GCA CAT oﬂ:;— 6;:]1‘;}1(1710‘)'( gza}l‘)];}—, :]oiaol,; ii’
CCC CC-3)3# L108 (5-CTG CCG TCA - . °7% ®% eloic o
J)r ( o Foll A positive 34 okdol x|t w3
CTC CAA CGC AG-3)ol%icl AW ZA7E QA kTt JAAE ol
2—4. 4-Methylumbelliferyl-B-D-galactoside me zolrt Uehton dwkdozm 7k AR,
(4-MUG) #Aell o3 B-galactosidase® & s3labe] zAoA o> =3k odalo] BAH
4T $4 W TH 2WolA GHEoE b o G
7t ABES 4CE FAT el a5 o] BAEK(Table 1.
Table 1. Comparison of X-gal staining in the different tissues from six finfishes
Density of X-gal staining*
Tissue Mud Common Nile Olive Stone Marbled
loach carp tilapia flounder flounder sole
Intestine +++ +++ +++ +++ +++ +++
Muscle - - - - — -
Gonad + + ++ + + +
Heart + + + + + + + +
Eye ++ + + ++ + +
Liver +++ +++ +++ +++ +++ +++
Kidney +++ +++ +++ +++ +++ +++

* Intensity of X-gal staining : —unstained, +, light blue | + +, moderate blue :

and deep blue

+ + +, strong
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Table 2. Comparison of X-gal staining in the various organs from shellfishes

Density of X-gal staining*

Tissue Abalone Pacific oyster Pearl oyster Ark shell
Gill + ’ ++ + +
Hepatopancreas +++ + 4+ ++ +++
Gonad ++ ++ ++ +++
Intestine + + ND ND ND
Adductor muscle - +4++ — _
Mantle muscle - + 4+ — _

* Intensity of X-gal staining . —unstained, +, light blue : + +, moderate blue : ++ +, strong

and deep blue : ND : not determined.

A 4% A, FHY diREe) 2oy
A4} B-galactosidases] FAlo] HEzlo] A3}
ol A 7ha 74t dMo] WA m, Ak
2 ohlelAE vimA A% G etk
Hadeh 22y A42E A3 3329 =7 o

FLAAE A2 dMo] =|#] gkol B-galactosi-
dased] #4o] 7i4 & 2oz AtEgdd
a2y Azoll olAe HZE 9 g F AR
wig A% 3 FANE Ve Table 2).

2. Polymerase chain reaction (PCR) ¥4

olf 6% 9 wF 4F9 IF zFHoFHE
DNAE #%3% ¥ PCRE 33 Ax} uF
oF 510 bpoll 3Fsl= PCR product?} lo)
Hew 2k 9 AA7Z FE== DNAS =)
Aol WEE 5 gldok(Fig. 1).

2 3456 7 8 910M

«506bp

Fig. 1. Ethidium bromide stained 2% agarose gel
showing the amplified fragment of putative endoge-
nous lacZ gene from several finfishes and shellfishes.
M, 1kb ladder : +, pmiwZ containing E. coli lacZ
gene ; —, water : 1, mud loach : 2, nile tilapia ; 3,
common carp ; 4, olive flounder ; 4, stone floun-
der ; 5, marbled sole ; 6, abalone : 7, Pacific oys-
ter : 8, pearl oyster; 9, ark shell.

3. 4-MUG 24l 2]& B-galactosidase] A4
HlZ 24
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g0l 353} siate] 359 7+ A7) pgala-
ctosidase 49 4-MUG ¥4 7Z31= Table
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2E Zo AL A9 o
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ol 4ol As BEE R kgl
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% ugeld B e mued, o Aol

—448—



oAdlF E Fol WA= U= B-Galactosidased B4 HlE

Table 3. Comparison of endogenous B-galactosidase like enzyme activities (meantSD) in the different
tissues from six finfishes

Arbitrary activity/mg of tissue (n)*

Tissue

Mud loach Nile tilapia Common _carp
Serum 0 0 0
Stomach ND#** 13.29+2.64 (14) ND
Intestine 7.4312.22 (13)* 72.54+17.44 (9) 10.86+1.83 (11)
Muscle 0.28+0.08 (12) 0.28+0.08 (12) 1.35+0.35 (12)
Liver 7.35+1.74 (12) 12.09+3.55 (14) 10.90+2.86 (12)
Kidney 18.32+6.23 (12) 29.27+7.20 (14) 2047547 (12)
Heart 2.08+0.41 (12) 23.49+6.93 (14) 4.65+1.10 (12)
Gonad 4,04+1.50 (14) 8.74+6.95 (14) 3.11£1.06 (9)
Spleen 5.09+1.96 (12) 15.93+4.37 (14) 13.29+2.73 (12)
Eye 1.50£0.43 (12) ND ND
Brain ND 3.86+0.60 (14) 3.43+0.83 (12)

* number of fish analyzed : * *not determined.

Table 3. Continued

Arbitrary activity/mg of tissue (n)*

Tissue Olive flounder Stone flounder Marbled sole
Serum 0 0 0
Stomach 4.11+1.32 (13)* 6.42+1.62 ( 9) 5.18+1.29 (9)
Intestine 9.79+4.28 (14) 11.37+2.52 (7 11.87+6.70 (9)
Muscle 0.27£0.09 (14) 0.43+0.15 ( 9) 0.43+0.11 (9)
Liver 13.45+3.15 (14) 8.26+1.68 (10) 3.87+3.28 (9)
Kidney 7.50+2.67 (14) 18.01£2.40 (10) 17.54+6.28 (9)
Heart 2.82+1.52 (14) 4.11£0.98 ( 9) 8.83%£5.22 (9)
Gonad ND#** 5.04%£2.40 ( 9) 6.29+2.65 (8)
Spleen 10.86+4.61 (14) 16.15£3.04 ( 9) 8.35+3.34 (8)
Eye 1.32+0.49 (14) ND ND
Brain 1.86+0.45 (14) 2.06+0.33 ( 9) 2.68%0.95 (8)

* number of fish analyzed; * *not determined.

Table 4. Comparison of endogenous B-galactosidase like enzyme activities (mean+SD) in the different
tissues from four shellfishes

B-Galactosidase like enzyme (ng/mg)

Tissue Abalone Pacific oyster Peanl oyster Ark shell
Gill 1.40£0.26 (6)* 1.86+0.32 (6) 1.25+0.07 (6) 1.63%£0.48 (6)
Hepatopancreas 9.75+1.58 (6) 12.68+0.78 (6) 7.12£0.41 (6) 8.38+3.13 (6)
Gonad 7.35£2.02 (6) 2.79£0.47 (6) 1.25+£0.44 (6) 1.37+0.38 (6)
Intestine 5.25+0.71 (6) ND** ND ND
Adductor muscle  0.18+0.04 (6) 12.22+1.36 (6) 0.19+0.04 (6) 0.131£0.03 (6)
Mantle muscle 0.2810.04 (6) 6.52+1.12 (6) 0.57+0.13 (6) 0.21+0.04 (5)

* number of fish analyzed; * * not determined.
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H4Z 9 ART £o8 F2 4L Bed
FRALS] ALe #E, AF2A
4~58 £2 e Uehigich AFzANeL Fz2Hh
HA 3ol A 7HE L Bhe, THZHA
7P g % B A A9 fAMY
%2 vehagich 2ol QlolAE &3mEdl
A 7 w2 gkel veiged, TH2ANA
FRE, AFzA 9 24 2o oF 10~60u
T 4L o Xeolg Jehlich

z %

e FHA o) Aol A lacZE 2 FAA W 9
4ol Adsia E£4chs dog Ay AR
de] o|&EE& reporter FAAe|Y FHTEo|
ZE o]FollA WA B-galactosidase] E4jo]
23g0o 24 (Kim and Nam, 1994 ; Ueno et
al,, 1994 ; Tsai et al., 1995) ol§F f3# o
AL AR lacz FAAS EAAER & lacZ
SR BE BAA AFH Ferr "ede)
HaEs gk ol £ |FoMe f2viet F
oslFEY 2lAFAA olAE % ANxARE
7] gl ol & olalF-Eoll WAl=lo} 9= B-gala-
ctosidase®] EA 2 AL wimEA 3k

X-gal Mol o8 B-galactosidases] 41
a4 A9 €4 glo] =2y WY -galacto-
sidased RAA7IZ 7)A7te] whe-S B3l Wy
9 4w AxgE BAshe wlelch £ d
FollA ZAY ol F BILE Fol THRAE
ALY g A7NA G wke-g Yl
ol€ lacZ FRAAE o]A% & ks AFE 9slod
X-gal A& W3 Z 7} B-galactosidase gene©l
ojAFA] % UlzF MANAE positived
AE Jepdtke FAkEol4e] B3 (Takagi
et al., 1994 ; Tsai et al.,, 1995) B F&o]
(Ueno et al., 1994) 2] Aol dx]s}= Hojch
olZe] #Fol QloJAE B-galactosidased] &
Aol vehdrhes & A7 Ade ofF7tA #FE
o2 3 B-galactosidase 34 ZHo| AL

A€ 2 AAAALE Hxeo Hag
$o g HFE g & lacZ FHA o4l
8% ARE AIFYE F AT ZHolth

1052 o=l Fol] ti3le] PCR 7IHE 4%
A} A" F 2FA positived] ZIAE B
do 24 o|= ulFetA ol Escherichia coli®] B-
galactosidase gene¥} homology sequence”}
EA%= Kim and Nam (1994)2] ¥}
dxsigich. 228U Ueno 5(1994)2 F801%
AR lacZ F3A oA dzTellA= PCR
HhSo] dojubr] 98-S Had vl $lo] AolE
vebligich, 2% ohfdt primer AF W Kot
AARE genome EA7IHE F3 WAA oulF
lacZ A 28 %8 + v 9771 #
welol & Aoz ksl

4-MUG +42 B-galactosidase?] 4¥ojit
& HAEE AP o &4A Ay
4 9lE WHoZ McEvoy S (1988)el sl
doiz} of 7ol F37} o]4] £4 Wyoz o] &5
ul gk B A4 4-MUG 24 A3 "ol
AT T3] dol B akE AL S o8
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Het HollAe] A= drole 79 uiAF

o2 B3 dbolt %& B%E HAUh TR
ol 4l pH 459014 24 B4 Uehhe WA

-

B-galactosidaseZ7t EMZrh= E31(Shimo-
hama et al, 1989)¢l B]&o] ¥ ZAA%
£ 540 2% 288 sle AE &+ Uk
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g Jolofld Aol 2L ke Ho] Folzgich
asy, e HXE Alestn E71AA]
gl FA AR Zhe] A3t@Ech e ZhE
2ok 3AE, Az 9 IF=AY B &
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2tol] vl3te] 208 AE & A4S JeAL
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e Rl vld Adidez & 45 JE
Waleh ol¥% 4-MUG ¥4 At 2 43
713Ao A B-galactosidase] Aol FA U
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ol W3 Hoh AU Fort e E Ao
Ag s

ELTT
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SolAe HAZE g TKoll o] o g g
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<522 BE DNAE #%3% * PCRZ
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