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Abstract

Carbonic anhydrase is essential for the cellular transportation of hydrogen and bicarbonate ions and plays a key role in
a wide variety of physiological processes. Rainbow trout, Oncorhynchus mykiss is an important freshwater fish in aquaculture
industry and is known to be one of the most susceptible species to environmental contamination. In this study, carbonic
anhydrase was detected in the kidney and intestine of rainbow trout. Carbonic anhydrase was isolated from cytosolic proteins
and identified by using SDS-PAGE, isoelectric focusing, and immunohistochemical methods. A specific protein band with
molecular weight of 30 kDa and pl of 7.0 was detected by Western blotting. The immunohistochemical results showed that

carbonic anhydrase was located at various cells in the kidney and intestine of rainbow trout.
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Introduction

Carbonic anhydrase (CA, EC 4.2.1.1) is a zinc-containing
metalloenzyme with different catalytic activity, cellular location,
chromosomal position, and tissue distribution (Supuran CT
2008a; Supuran CT 2008b). It was one of the first proteins for
which a crystal structure was obtained (Fridborg et al. 1967;
Kannan et al. 1971; Liljas et al. 1972). As an enzyme, CA is
one of the fastest catalyst in the biological system (Chegwidden
& Carter 2000). Also, the reaction that CA catalyzes is funda-
mental to a wide array of physiological processes, suggesting
that CA may have been among the earliest enzymes to appear
(Tashian RE 1989), driving the diversification of CA isoforms,
and implicating the enzyme in physiological processes as varied

as photosynthesis, respiration, ionic, acid-base and fluid balance,

metabolism, and cell growth (Chegwidden & Carter 2000). As
a result, CA appears to be expressed in almost all living organisms,
with five genetically distinct enzyme families; a-, 3-, ¥-, 6-, and
C-CAs (Hewett-Emmett & Tashian 1996; Xu et al. 2008).

It has been reported that CA is involved in a number of
important physiological processes: pH homeostasis, CO, and
bicarbonate transport, water and electrolyte balance, and biosynthetic
reactions in animals (Kwak et al. 2011; Supuran CT 2008a). In
fish, CA exhibits a fundamental role in various physiological
processes such as pH control, ion regulation, and clearance of
waste products from nitrogenous metabolism (Lionetto et al.
2000; Smith & Ferry 2000).

In contrast to the large amount of information about CA and
its suggested importance in mammals, much less is known of the

occurrence in non-mammalian vertebrates such as fish Rainbow
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trout, Oncorhynchus mykiss, is the most important freshwater
fish species in the aquaculture industry of Korea, with annual
production increasing each year (Kawk et al. 2011). Moreover,
this fish is known to be one of the most susceptible species to
environmental contamination, and thereby has been extensively
used as an experimental model for environmental toxicology
research (Brack & Schirmer 2003). However, little is known
about CA status under oxidative stress such as environmental
contamination. Thus, we identified CA from rainbow trout tissues

with particular emphasis on immunohistolocalization.

Materials and Methods

1. Preparation of cytosolic protein

Rainbow trout was provided by a fish farm in Gwangyang,
Chonnam province, Korea. The tissues, kidney and intestine,
were suspended in 0.5 g/10 mM Tris buffer (pH 7.2), homo-
genized in a glass grinder, and centrifuged at 5,000 x g for 3
min at 4C (x3). The supernatants were centrifuged at 45,000 x

g for 90 min at 4°C, and the cytosolic extracts were collected.

2. Antibody

A polyclonal rabbit antiserum to CA from bovine erythrocytes
was raised in a rabbit by Accurate Chemical & Scientific Cor-
poration (NY, USA), and used to detect CA in rainbow trout

tissues.

3. Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and Western blot analyses

The cytosolic protein was mixed with 2x sample buffer,
boiled for 3 min, and subjected to SDS-PAGE on 12% gels, by
the method of Laemmli (1970). Four pg of protein in each
sample was loaded. The separated proteins were transferred to
a PVDF membrane, and the membrane was blocked with 7.5%
skimmed milk in 10 mM Tris —HCI (pH 7.6) containing 0.15
M NaCl (TBS). The membrane was immersed overnight in
primary antibody (1:1000). After washing with TBS containing
Tween-20, the membrane was incubated with alkaline phos-
phatase-conjugated goat anti-rabbit antiserum (Sigma product
A3687, 1:5000) for 2 h at room temperature. Bands were
visualized with p-nitroblue tetrazolium chloride and 5-bromo-
4-chloro-3-indolyl phosphate. Western blot bands were quan-
tified by scanning densitometry and Image J program (http:/
rsb.info.nih.gov/ij).

4. Isoelectric focusing (IEF) and Western blot analyses

The cytosolic protein was treated with 10 mM dithiothreitol
for 30 min, and focused on a horizontal slab gel (4.5% acryl-
amide/1% ampholyte, pH 3.5—-9.5) at 1,500 V and 2.75 mA/cm,
within the power of 1.125 W/cm gel for 50 min. Isoelectric
focusing gels containing Netfix (Serva, Biochemicals Inc. Paramus,
NJ, USA) were used for analyzing a CA protein. The gel was
transferred onto Immobilon-P (PVDF, Millipore Inc., Bedford,
MA, USA) membranes, using a Semi-Dry Transfer Cell (Bio-
Rad Lab., Hercules, CA, USA). A CA protein was detected by
the Western blot method described previously (Kawk et al.
2011).

5. Immunohistochemical analysis

After fixing tissues with 4% paraformaldehyde, the tissues
were embedded in Paraplast (McCormick, Sparks, MD, USA),
according to a standard procedure. Five-mm-thick serial sections
were cut, using an RM 2155 rotary microtome (Leica Micro-
systems, Nussloch, Germany), and mounted on slides coated
with 3-aminopropyl-tri-ethoxysilane (Sigma-Aldrich Co., St. Louis,
MO, USA). Immunohistochemical staining was carried out by a
routine method. Briefly, tissue sections were incubated at 48°C
for 24 h with primary antibody; polyclonal anti-CA. The anti-
body binding was visualized, using an ImmPRESSTM avidin-
biotin-peroxidase kit (Vector Laboratories Inc., Burlingame, CA,
USA), according to the manufacturer’s instructions. Omission of
primary or secondary antibody was used, to control for false-
positives. The tissue sections were stained with hematoxylin,
dehydrated through a graded alcohol series, and mounted on
coverslips. Images were directly captured by using an Olympus
BX-50 microscope (Olympus Corp., Tokyo, Japan) and a C-4040Z
digital camera (Olympus Corp., Tokyo, Japan).

Results and Discussion

Before determining the relative density of CA in kidney and
intestine of rainbow trout, the protein concentrations of cytosolic
extracts from each tissue were checked in order to load equal
amount of protein on SDS-PAGE. The protein concentration in
the intestine was approximately 2.8 mg/g, which was slightly
higher than that in the kidney. When the sensitivity and spe-
cificity of a heterologous antiserum for CA were tested on the
blot of SDS-PAGE gel, a specific protein band with a molecular
weight of 30 kDa was detected from both the kidney and
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intestine of rainbow trout (Fig. 1A). A higher density of CA
band was detected in the intestine compared with the kidney
(Fig. 1B). This protein detected using the CA antiserum was
virtually the same size (30 kDa) as those of spiny dogfish, carp,
and Cyprinus carpio (Rahim et al. 1988; Linser P 1991; Wilson
et al. 2000). The cytosolic proteins were also resolved by IEF
and Western blotting. A major band of CA with pl 7.0 was
detected on the blot of IEF gel (Fig. 2).
Immunohistochemical method was used to confirm intra-
cellular localization of CA in tissues from rainbow trout. In the
immunohistochemical methods, hematoxylin counterstaining was
applied with immunostaining to differentiate cell types in the
tissues. As a result of immunohistochemical staining with tissue
slices, intensive immune responses were shown both on intestine
and kidney tissues from rainbow trout (Fig. 3 & Fig. 4). Some
epithelial cells in the intestine and kidney segments of rainbow

trout reacted to CA antiserum. The immunopositive cell was
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Fig. 1. Relative concentration of carbonic anhydrase in
the kidney(K) and intestine(I) of rainbow trout. (A) SDS-
PAGE and Western blot analysis of cytosolic protein from
various tissues of rainbow trout. (B) Densitometric data.
Vertical bars are the concentrations represented as relative
mean area of the band densities. Data are reported as means+
SE from replicate experiments (n=3). Means with different
letters are significantly different according to Duncan's multiple
range test (p<0.05).
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Fig. 2. Isoelectric focusing and Western blot analysis of
cytosolic protein in the kidney(K) and intestine(I) of rainbow
trout. Isoelectric focusing and blotting were described
under Materials and Methods. Approximately 20 pg of
proteins was focused on isoelectric focusing gel and was
immunostained with anti-CA IgG.
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Fig. 3. Immunohistochemical staining for carbonic anhydrase

in intestine. The brown dots indicate immunopositive reactions.

A cell with the high density of immunohistochemical staining
is marked as arrow. Scale bar = 50 pm.

Fig. 4. Immunohistochemical staining for carbonic anhydrase
in kidney. The brown dots indicate immunopositive reactions.
A cell with the high density of immunohistochemical staining

is marked as arrow. Scale bar = 50 pm.
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localized at stalky cytoplasm, especially in the kidney (arrow
mark in Fig. 4). In each part of the intestine and kidney
segments of rainbow trout, the intensity of immunopositive
reaction was almost the same. The results indicate that the CA
protein with a molecular weight of 30 kDa and pI of 7.0 might
be expressed in the other tissues, as well as the intestine and
kidney of rainbow trout, Oncorhynchus mykiss. Further studies
are needed to elucidate why the CA was distributed and localized

in both intestine and kidney cells of rainbow trout.
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