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Carbonic anhydrase isozymes (CAs) are widespread zinc-containing metalloenzyme family. The en-
zyme catalyzes the reversible interconversion of CO, and HCO;. This reaction is the main role of CA
enzymes in physiological conditions. CA III, one of the CA isozymes, has been identified in many
tissues. It is distinguished from the other isozymes by several characteristics, particularly by a lower
specific activity and by its resistance to acetazolamide. However, the physiological function of CA III
in fish is unknown. In this study, we examined the detection of CAs in the Shaggy sea raven
Hemitripterus villosus, using SDS-PAGE, isoelectric focusing (IEF), and western blot analysis. We de-
tected a significant protein band with molecular weight about 30 kDa from the tissues of /. villosus
by SDS-PAGE and western blotting. A specific band of CA III with pI 7.0 was detected by IEF and
western blotting in gill and muscle. The immunoreaction of anti-CA III expressed in the gill of A vi-
losus was much stronger than other tissues. One explanation for this result is that the fish gill is the
only organ that is exposed to the external environment and that plays an important role in acid-base
relevant ion transfer, the transfer of H' and/or HCO; , for the maintenance of systemic pH. This is
the first report on the identification of a carbonic anhydrase Ill-like protein from A villosus.
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dration 50} H'%} HCO; & A4HstE 719 A9l w3 Zuj
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oA FUE A AY EA A3 A2 A &4
o]Fo g delA Jlon, & ofFH 2 oprtr R & Ff
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Ao o] HAE $3o W&
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A9 AZE Chai eral [5]9 WS ol &3t # 7oA
%% carbonic anhydrase IIE A3t Lo 2 o] &3}%
omf AAE 9 100 pgol XA kSl Freunds complete ad-
juvent (0.5 ml)E 4191 94 Zo] ¥ New Zealand rabbitel
FASAL 27 & 2 W oR B HFs FA A&7}
15009 23< W B7] ANA AEste] BFe| & (anti-CA
I 1gG)E +est3ith

SDS-PAGE®} Isoelectric focusing (IEF)

SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel
Laemmli [11]¢] ¥¥ & o] &3t 12% pol-
yacrylamide separating gelZ 5% polyacrylamide stacking
gel2 T4 discountinuous system®ll 7] % 3t &3}
Aot MEA dW Ao sample buffer (1 M Tris-HCl, pH 6.8;
2-% Glycerol, Fluka, Switzerland; 2% [B-mercaptoethanol,

electrophoresis)=

Hanawa, Japan; 1% bromophenol blue, Sigma-Aldrich, USA;
10% SDS, Sigma, USA)E 41 (v/v)E eppendorf tube] ¥ 1
TR F100CAA 323 €A & ts 2B d
g7 Aol 249 5ol dUATE 4 uE THEF
Asbete] ggrd FOo = Y1 Power pack universal power
supply (Bio-rad, USA)°ll 2 ¥ loading 3t & A& 5]
< FAAFAT o] ¥ FFEWHQ phosphorylase B (MW
103,034), bovine serum albumin (MW 80,664), ovalbumin
(MW 49,491), carbonic anhydrase (MW 36,545), soybean
trypsin inhibitor (MW 28,82), lysozyme (MW 19,445)& 3Hr
33 9l SDS-Standards (Bio-rad, USA)E AHg3te] A A A
57} gel fref @ shtol] st d w744 25 mAlA 30 T
232 A st gto g Adetn WrY9dEe YT

IEF (Isoelectric focusing)® M X2 G¥ A& A 52 AHE
dte] +HE slab gel (4.5% acrylamide 1% ampholyte)l &
oA oA 242 10 ulE 92 pH 3.5~9.59 A loading
Sttt o] W EFEM A cytochrome C (pl 9.6), lentil lec-
tin (pI 8.0), human hemoglobin C (pI 7.5), human hemoglo-
bin A (pl 7.1), equine myoglobin (pI 7.0), human carbonic
anhydrase (pl 6.5), bovine carbonic anhydrase (pl 6.0), 3
—lactoglobulin B (pl 5.1), phycocyanin (pl 4.65)= ¥r3k1
1 IEF Standards (Bio-rad, USA)& AM-8-35it.

Electric transfer
A719% & B9 47 gele polyvinylidene fluoride
(PVDF) membrane (Millipore, USA)ell Z o] A 7]7] 93] gel
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Fig. 1. Presence of Carbonic Anhydrase Ill-like protein in tissue of Shaggy sea rave. SDS-PAGE and Western blot analysis of cytosolic
protein from various tissues of Shaggy sea raven. (B, Blood; M, Muscle; K, Kidney; H, Heart; L, Liver; I, Intestine; G, Gill)

35U 2719 PVDF membraned transfer buffer (25 mM
Tris-base, Sigma, USA; 192 mM Glycine, Sigma-Aldrich,
USA; 20% MeOH, Hayman, England)el 10&3t A 2] 3t1
Transfer blot semi-dry cell (Bio-rad, USA)& 25 mAdl| A 25
B2 @i ds dojstgt.

Western blot analysis
Aol® membranes TBST (Tris Buffered Saline with
Tween 20, Sigma-Aldrich, USA)E A& % 75% skimmed
milkE ZFI TBSTZ Aol A 142 53k vk A Z T
% 75% skimmed milkE Z %3 TBSTel| primary antibody
£ 91 A2A 243t T ¥-EAIZ ThE TBSTE 1027
3% 4 M3} secondary antibody (Anti-Rabbit IgG, Sigma-
Aldrich, USA)E A2l A 247t 52 ¥H& A2l & TBSTE
10827 39 FAHEF T o] & 7t lane 9] bandE-& WA A <
?l BCIP/NBT (5-bromo-4-chloro-3-Indolyl Phosphate /
Nitro blue Tetrazolium, Sigma-Aldrich, USA)¢l| 10~15%3t
A7 A MEE oju A A St
23 9 78
Carbonic Anhydrase (CA)= ©F9 (Zinc) ©]&°] I8 =
&4 H24LEA C09 hydration?} bicarbonate®] dehy-
drations Zujete 715< ot7] W& A=A AA 3F, A
971 B, ol +F, FRA, W AFF o4 22 Y
A FAANA FoF 9T S f‘a [16]. A 7oA = CAZ} pH
24, 433}, AFxd, o) 2xd, dAAZTE kHE A
A 53 2E qgs Fdcte Aoz dHA JoH14] 53
Carbonic Anhydrase Isozymes (CAs) 5 CA I #4tsit
NA2A 08 FHELEH PEHE ALzt ol
CA IIe AEA ol A ey 2Ed 2, 3akst 24, o
Aoy ks, Ao A Ad, Az S5, Welstd A
T B AHoRRE AXE BIde 9T £,
1Bz & AFgAE A% o oA SHE AR
A5l 7‘4?}5} MEE FA A ofFolhA op7tr] T F
I I REFS WYt TFFol B AAVE APIARR
sto] g4tz Sl CA MY EAGRE FE3
A7 Y, 25, AF, A, 3L A, o7kl E A &8k
7?2+el XA 994 S Bradford ] &2 £43te] 7184 ©

M4 5Eg HLRGor, 1 F 4 249 ALY Bude

A st SDS-PAGESH IEFZ 99l A& 283 & Western
blot analysisg &3t CA ¢ HHAFE Felst Aot
SDS-PAGE$} Western blot analysis 23, 24719 72+ =

2o A CA I A< 30 kDagl $1A oA band7} 241
A2 H(Fig. 1), ol A% 7tAE A =3 CA MY EAF
3 AASFH TGS, 9]. = SDS-PAGE A& Aol ZA3S
AR 719 ofrhu oF 2 2 A o)A CA MY pl #<& &3]
913l IEF9} Western blot analysisg Al 33 A3 7 27 257
pl 7.0 FZol A band®] FAo] #Z=Uth(Fig. 2, Fig. 3).
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Fig. 2. Isoelectric focusing and western blot analysis of carbonic
anhydrase Ill-like protein in the muscle of Shaggy sea
raven. M, pI Marker; CA III, immunostaining with an-

ti-CA 1II IgG.
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Fig. 3. Isoelectric focusing and western blot analysis of carbonic
anhydrase Ill-like protein in the gill of Shaggy sea raven.
M, pI Marker; CA III, immunostaining with anti-CA III
IgG.
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B =& A7) (Shaggy sea raven, Hemitripterus villosugg 438 AEE A9 3ta] Carbonic Anhydrase
Isozymes (CAs) % <] stut2l CA Mo t& 9175 SDS-PAGE, Isoelectric Focusing (IEF), Western blot analysis
o] W& ot Ay etATh. SDS-PAGESH Western blot A2 A 7] of7tw], doll, &, 7k, A9, &, A% x4
oA CA e 47l 30 kDa2l band7b &A= AT A 719 243} of7bvlo] that SHA A 719 & (IEF)H
Western blot analysis 2% pI 7.0 oA band7} A H = A& & + AU 53] SDS-PAGESH IEF 4 ¥
A3} A 719 of7be] 24 CA IS T Fo] g 4S9 vt $AsHA Uetsh. ol of7twl 7t g
2453 9 o7 AR T T AF AH HEFo| e 202N BANL AF EFE F
agtety] A Jo® AndEH.



