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Biomarker protein expression in
primary cultures of salmon (Salmo
salar L.) hepatocytes exposed to

environmental pollutants
Bjorn Einar Grasvik and Anders Goksayr

Primary cultures of salmon (Salmo salar L.) hepatocytes were
analysed using *¥s-methionine/cysteine incorporation and
SDS-PAGE gel electrophoresis (1 and 2-D) and Western
blotting after treatment with representative environmental
pollutants (benzo{a)pyrene (BaP), 2,3,3',4,4-
pentachlorobiphenyl (PCB-105), arsenite (AsO,~) and
cadmium (Cd)). The results demonstrated striking similarities
in changes in protein expression after treatment with the
different poliutants. Hsp70 (Hsp72/73) proteins were induced
after treatment with all the compounds as shown by *S-
methionine/cysteine labelling. However, high background
levels of these proteins were shown with Western blotting and
an anti-Hsp70 antibody, indicating a slow turnover of these
proteins. The Hsp70s in salmon hepatocytes were extremely
susceptible to degradation in urea used in 2-D
electrophoresis, resulting in peptide fragments of 45-46 kDa.
In addition to these Hsp70 fragments, arsenite induced
several proteins of 42, 38, and in the 30-32 kDa range.
CYP1A (58 kDa) and an unidentified protein of 16 kDa were
furthermore induced after treatment with the organic
xenobiotics (BaP, PCB and the model compound p-
naphthoflavone, BNF). CYP1A was expressed in a dose-
dependent manner, and was resoived into several protein
spots in 2-D Western blotting. Elevated levels of
metallothionein and haem oxygenase {HO) were indicated in
Western blots after treatment with cadmium or arsenite {only
HO). The hepatocytes showed cytoplasmic protrusions after
treatment with 35 um arsenite and 100 um Cd, indicative of
cells entering apoptosis.

Keywords: 2-dimensional gel electrophoresis, stress proteins,
CYP1A, haem oxygenase, fish cells.

Abbreviations: BNF, pnaphthoflavone; DMSO, dimethyl
sulphoxide; HO, haem oxygenase; Hsp, Heat shock proteins; MT,
metallothionein; PCB, polychlorinated biphenyl; TEM,
transmission electron microscopy.

Introduction

A number of biomarker proteins are induced by specific types
of pollutants or act as a general stress indicators in different
organisms. Among the first, the cytochrome P4501A (CYP1A)
subfamily is induced by polycyclic aromatic hydrocarbons
(PAHs), planar polychlorinated biphenyls (PCBs) and

Bjern Elnar Gresvik (author for correspondence) and Anders Goksayr
are at the Laboratory of Marine Molecular Biology, University of Bergen, HIB,
N-5020 Bergen, Norway.. .

45

chlorinated dioxins in fish and other vertebrates (Stegeman
and Hahn 1994, Gokseyr 1995). Metallothionein (MT} binds
metals and is similarly induced by heavy metals such as Cu,
Zn, Cd and Hg (Hogstrand and Haux 1991). Haem oxygenase
(HO) is generally induced by heavy metals and arsenite in, for
example rats (Maines and Kappas 1976, Sardana et al. 1981).
As a general stress indicator, stress proteins or heat shock
proteins (Hsps) are involved in protecting eukaryote and
prokaryote organisms from damage caused by exposure to
different types of environmental stress including elevated
temperatures, ultraviolet light, heavy metals and xenobiotics
(Sanders 1993, Welch 1993}, In mixed exposure situations,
interactions between different biomarkers may occur. An
interesting example is the induction of HO activity which is
accompanied by a decrease in total CYP levels in rat and fish
(Maines 1988, Ariyoshi et al. 1990).

One strategy of biomarker development involves in vitro
short term tests and measurements of toxic and genotoxic
effects of pollutants, e.g. in cell cultures. Several studies have
been performed with primary cultures of isolated fish
hepatocytes (reviewed by Baksi and Frazier 1990). Rainbow
trout (Oncorhynchus mykiss) hepatocytes have, for example,
been used in testing effects of dioxin exposure (Pesonen et al.
1992), paper mill effluents (Pesonen and Andersson 1992) and
oestrogenic potency of chemicals (Pelissero et al. 1993).

Hepatocytes are involved in xenobiotic metabolism, and
primary cultures from rainbow trout hepatocytes showed
retention of cytochrome P450 activity at least 8 days after
plating, although it decreased during the first 2 days of culture
and then stabilized at approx. 40% (Klaunig et al. 1985). A
temperature effect was also observed with the highest activity
found at 15°C, and the lowest at 25°C (Klaunig et al. 1985). In
the first 5 days after plating, the ultrastructure of the cells is
still intact (Braunbeck and Storch 1992).

The objective of this study was to use primary cultures from
Atlantic salmen (Salmo salar) hepatocytes to study changes in
protein expression after treatment with different
environmental pollutants, using radioactive amino acid
labelling and 2-D gel electrophoresis. Furthermore, we wanted
to investigate whether the observed changes were due to
already known biomarkers using available antibodies, or
could be candidates for new biomarker proteins.

MATERIALS AND METHODS

Acrylamide and bisacrylamide were purchased from Bio-Rad, Hercules, CA, USA.
Ampholytes for isoelectric focusing (Ampholines) and urea were purchased from
Pharmacia, Stockholm, Sweden. Collagenase and iodoacetamide were from
Sigma, St Louis, MO, USA. Fetal bovine serum, Medium 199 and
antibiotica/antimycotica were obtained from Gibco BRL, Life Technologies,
Paisiey, UK. 3S-methionine/cysteine (PRO-MIX), specific activity 1407 Ci mmot,
was purchased from Amersham, UK. For autoradiography, Kodak X-Omat AR fim
(EastmanKodak, Rochester, NY, USA) was used. All other chemicals were
commercially available analytical grade products.

Fish
Atlantic salmon (Salmar salar) were obtained from Szevareid Fiskeaniegg Inc.,
Hordaland, Norway. The fish were acclimatised in the Industrial Laboratory at the
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Bergen High-technology Centre for more than 1 month before the experiment.
The fish were kept at 9°C and were fed commercial dry pellets (FK Ultra, 1.5%
per body weight per day) from Felleskjgpet, Stavanger, Norway. Salmon of
250-330 g were used.

Preparation and culture of salmon hepatocytes
Hepatocytes were isolated by a two-step perfusion method described by Berry
and Friend (1969) and modified for fish by Andersson et al. (1983). The viability of
the freshly isolated hepatocytes was always over 90%, determined by trypan blue
exclusion. The isolated hepatocytes were seeded on 35 mm Primaria plates
(Falcon, Becton Dickinson Labware, Oxnard, CA, USA) (5 x 106 cells per plate)
and incubated at 12°C under air in 100% humidity without additional O, /CO,
gassing for up to 4 days. The medium used was Medium M199 supplemented
with 0.9 g HEPES, 0.35 g ! NaHCO,, 1.6 g I Na,HPO,.12H,0, 10 mm NaCl,
0.5% fetal bovine serum, 2 units mi** penicillin, 2 ug mi-! streptomycin and 1.25
ug mk* amphotericin.

Treatment of hepatocytes

The organic compounds (benzolalpyrene (BaP), 2,3,3’,4,4pentachiorobiphenyl
(PCB-105, Cambridge Isotope Laboratories, UK) and B-naphthofiavone (BNF)) were
dissolved in dimethyl sulphoxide (DMSQ) and added to the cuiture after 48 h of
precuiture, The final concentration of DMSQ in the mediumn never exceeded 0.1%.
The concentration ranges of BaP and PCB-105 were 0.5-50 M, and of BNF

0.05-5 pm. Sodium arsenite and CdCl, were dissolved in 380 mOsm NaCl. The
concentration range of arsenite was 0.07-35 uwm and of cadmium 1-100 um. Control
celis received 0.1% DMSO or saline, respectively, After 24 h of exposure to different
doses of these compounds, 40 uCi *S-methionine/cysteine were added per 5 x 10°
cells and the labelling continued for 24 h. The cells were then harvested and lysed in
a buffer containing O urea, 2% Triton X-100, 0.7% mercaptoethanol and 1.4 mg mi
phenyl methylsulphonyt fluoride or senicated for 10 sin 0.1 M Naphosphate, 0.15 m
KCl, 1 mm EDTA, 1 mm dithiothreitol and 10% giycerol. Before application on gel, the
lysate was centrifuged for 30 min at 13 000 g to sediment insoluble material.

Transmission electron microscopic (TEM) studies

The cells were fixed with four volumes of ice-cold glutaraldehyde (2.5%; v/v) in
phosphate-buffered saline (PBS) and 0.2 m cacodylate buffer (pH 7.4). Fixed cells
were washed in 0.1 M cacodylate buffer (pH 7.4) and post-fixed in 2% OsQ,
{containing 0.1 M cacodylate buffer). Pellets were washed, dehydrated in graded
alcohal solutions and embedded in Agar 100 resin. Semi-thin sections were
stained in Toluidine Blue. Ultra-thin sections were stained in uranyl acetate and
lead citrate, and viewed in a Jeol S100 electron microscope.

Protein determination
Protein concentrations in cell homogenates were determined according to
Bradford {1976).

Gel electrophoresis

SDS-PAGE was performed using a discontinous buffer system with 7.5%
acrylamide stacking get and varying concentrations of acrylamide in the resalving
gel (Laemmii 1970). Two-dimensional electrophoresis was performed using
immobilized pH gradient {IPG) gels with linear gradient pH 4 to 7 and SDS-PAGE
8-18% from Pharmacia LKB; Uppsala, Sweden. The 2-D separation was
performed with the Pharmacia Muitiphor electrophoresis system (Gorg et al.
1988). The gels were either first visualized with silver staining, then treated with
DMSQ/PPOQ far enhanced fluorography (Bonner and Laskey 1974), dried and
visualized on autoradiography fiims, or transferred to nitrocellulose for Western
blotting (see below). The isoelectric point (ph of proteins was determined using
the carbamylate calibration kit purchased from Pharmacia LKB.
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Western blots
Western blotting was performed using SDS-PAGE and electrophoretic transfer onto
nitrocellulose (0.45 mm, BioRad) (Towbin et al. 1979). Probing was performed with
polycional anticod CYP1A IgG (Pab-y) (Husay et al. 1986), monoclonal ant-human
Hsp70 I1gG (SPA820, StressGen Biotechn., Victoria, BC, Canada), referred to as N27
and cross-reacting to both the constitutive and inducible form of Hsp70 (Minota et al.
1988), polyclonal antirat oxygenase HO-1 1gG (OSA-100, StressGen Biotechn.), or
polyclonal anti-perch metallothionein IgG (kindly provided by Dr Christer Hogstrand,
Univ. of Kentucky, USA). For chemiluminescence detection of Western biots we used
the ECL kit from Amersham.

The resuits presented reflect experiments that have been repeated three or
four times. Western blots were scanned and band areas analysed by Scan
Analysis ver. 2.21 (Biosoft, Cambridge, UK).

Results

Morphological observations

Light and electron microscopic observations of the hepatocytes
showed that they tend to aggregate with time. One day after
plating they had formed band structures which developed to
islets of cells after 2-3 days (Figure 1{A and B)). We observed
clear morphological changes of the cells after treatment with
high doses of arsenite (35 uM) and Cd (100 pm). After 24 h with
these treatments, the cells showed blebs similar to cytoplasmic
protrusions, which may indicate apoptosis (Kerr et al. 1972,
Wyllie et al. 1980), as shown in figure 1(C and D).

Protein pattern after 33S-labelling

QOne-dimensional SDS-PAGE of radicactively labelled
proteins demonstrated some of the major cellular responses to
pollutant exposure in salmon hepatocytes lysed in 9 M urea. It
appears that 7 uM arsenite and 100 um Cd both induce 30-32
and 4546 kDa proteins and repress the synthesis of ather
proteins (Figure 2, lanes 11 and 14). The 45—46 kDa protein
band also appeared elevated after treatment with BaP (lanes
3-5), PCB (lanes 6—8) and BNF (lanes 16—-18).

Separating the proteins by 2-D electrophoresis better
resolved the patterns as shown in Figures 3 and 4. Treatment
of the hepatocytes with 0.5 um BaP, 0.5 um PCB-105 and 5 um
BNF gave induction of proteins of 4546 kDa and 16 kDa
(Figure 3). Five 45-46 kDa protein spots (labelled A-E) were
detected, where A has a p/of 6.4 and E a pJ of 6.6. The 16 kDa
protein (F) has a pIof 6.4.

Treatment of the cells with 50 uM BaP or 50 uM PCB-105
demonstrated stronger induction of the 45-46 kDa proteins
{Figure 4), with somewhat stronger responses to BaP than to
PCB-105. The 7 uM dose of arsenite repressed the general
protein synthesis, while several proteins were induced (Figure
4(D)). The sizes of the induced proteins were 30-32 (several
spots), 38 (H), 42 (G), and 4546 (A-E) kDa. The proteins of
45—46 kDa appeared to be of the same identity as the proteins
induced after treatment with the organic pollutants, although
the response was stronger after arsenite exposure.

Immunoblotting

In order to study whether the proteins induced after **S-
labelling are known biomarker proteins or of unknown
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Figure 1. Light and transmission electron microscopic {TEM) observations of the hepatocytes 4 days after plating. Control cells showing aggregate formation, (A) light
microscopy, 320x, (B) TEM, 3300x. Cells treated with 35 pm arsenite for 48 h showing cytopiasmic protrusions, (C) light microscopy, 320x, (D) TEM, 6600x.

Contr. BaP PCB-105 Arsenite

1 2 3 4 5 6 7 8 9 1011 12 13 14 15
_ : gy ' kDa

Figure 2. Autoradiography of 3S-methionine/cysteine labelled proteins in salmon hepatocytes lysed in 9 M urea buffer, separated on a 15% SDS-PAGE gel (15 pg protein
per lane). Cells were treated with xenobiofic for 48 h and radioactively labelled the last 24 h, Treatment: (1) and (2) contral (0.1% DMSO), (3) 0.5 um BaP, (4) 5 um BaP, (5)
50 um BaP, (6) 0.5 um PCB-105, (7) 5 um PCB-105, (8) 50 pm PCB-105, {9) 0.7 pu arsenite, (10) 0.07 pm arsenite, (11} 7 um arsenite, {12) 1 M Cd, (13) 10 um Cd, (14)

100 pm Cd, {15) control {0.1% DMSO), (16) 0.05 um BNF, (17) 0.5 um BNF, (18) 5 M BNF.

RIGHTS LI N Ki}



Biomarkers Downloaded from informahealthcare.com by Changhua Christian Hospital on 11/14/12

For personal use only.

48

B. E. Grasvik and A. Goksayr

Figure 3. Autoradiography of 3S-methionine/cysteine labelled proteins in salmon hepatocytes separated by 2-D gel electraphoresis {acidic end to the left). Hepatocytes
were treated for 48 h with (A} 0.1% DMSO (control), (B} 0.5 pm BaP, (C) 0.5 um PCB-105, (D} 5 um BNF. Prominent protein spots induced by the different treatments are

indicated with white arrows.

identity, we performed immunoblotting using available
antibodies to several biomarker proteins.

CYP1A

Immunoblotting of the samples after 1-D SDS—PAGE with anti-
cod CYP1A IgG showed induction of a protein band of 58 kDa
after exposure to the organic pollutants BaP, PCB-105 and BNF
{Figure 5). The protein was of the expected CYP1A size in
Atlantic salmon (Goksgyr and Larsen 1991). The CYP1A
antibodies gave almost no cross-reactivity in control
hepatocytes, while dose-dependent induction was observed
after exposure to the organic pollutants, with the strongest
response (5-7-fold induction) occurring after BNF treatment
(Figure 5). Immunoblotting of the samples after 2-D gel
electrophoresis showed again that the 58 kDa protein was
induced but that it was resolved into several spots of pI
6.1-6.3 (see Figure 6). These proteins were not prominent after
33-labelling. The 16 kDa protein observed after treatment with
the organic pollutants and **S-labelling did not cross-react to
anti-cod CYP1A.

Hsp70

Western blotting of 1-D gels with anti-Hsp70 (Hsp72/73) IgG
showed a strong cross-reacting band of 72 kDa, in addition to
staining of 52, 42 and 40 kDa bands when lysed in the non-
urea buffer (Figure 7, lanes 1~5). Lysis in the 9 M urea buffer

(as used in 2-D electrophoresis) resulted in strong staining at
45-46 kDa (Figure 7, lanes 6-9), demonstrating that these
polypeptides are in fact degraded Hsp70 proteins.
Accordingly, Western blotting of the 2-D gels with Hsp70
antibodies showed that the proteins of 45-46 kDa induced
after organic and heavy metal exposure (A~E), cross-reacted
strongly with anti-human Hsp70 (Figure 6). However, the
differences in the levels of Hsp70 cross-reacting proteins of
45-46 kDa were low between control and treated cells owing
to high background levels observed in the untreated samples,
although some of the more basic spots (D and E) may appear to
be induced in the exposed cells. Densitometric analysis of 1-D
blots showed the strongest induction (1.8-fold) to occur in

7 uM arsenite-treated cells.

Haem oxygenase (HO)

Western blots of the heavy metal-treated samples gave a major
cross-reacting band of approx. 30 kDa to anti-rat HO-1,
although this antibody gave a high background staining. The
level of this protein band appeared elevated (20-40% by
densitometric analysis) after arsenite treatment and treatment
with 10 pum Cd (Figure 8, lanes 2—4 and 6). Cadmium (100 pm)
apparently gave repression of protein synthesis as shown in
Figure 2, lane 14. Two-dimensional blotting with this antibody
demonstrated staining of the 30 kDa protein spot I (pl=6.4) in
Figure 3(D) after 7 uM arsenite treatment (not shown).
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Figure 4. Autoradiography of 5s-methionine/cysteine labelled proteins in saimon hepatocytes separated by 2-D gel electrophoresis (acidic end to the left). Hepatocytes
were treated for 48 h with (A) 0.1% DMSO (control}, {B) 50 um BaP, (C) 50 um PCB-105 (D) 7 um arsenite. Prominent protein spots induced by the different treatments are

indicated with white arrows.

Metallothionein

Using polyclonal anti-perch MT IgG an increased level of a
cross-reacting protein band with apparent M, of approx. 15
kDa after cadmium treatment (Figure 9, lanes 7-9) was
visually observed, but no change appeared after treatment
with arsenite (lanes 2—4).

Discussion

In this study we have used primary cultures of salmon
hepatocytes to test short term sublethal effects of
environmental pollutants. The endpoints have been changes
in protein expression measured by autoradiography of 1-D or
2-D gels after 5S-labelling and by Western blotting of such gels
using antibodies towards known biomarker proteins. Our
objectives have been to try to identify changes in protein
expression that could be diagnostic of the different exposures,
for later evaluations in in vivo situations.

After 24-h exposure to high doses of arsenite and cadmium,
the hepatocytes showed cytoplasmic protrusions which is a
characteristic morphological feature of cells entering apoptosis
(Kerr et al. 1972, Wyllie et al. 1980). Cadmium-induced
apoptosis has been reported previously in rat (Tanimoto et al.

1993), dog (Hamada et al. 1994) and carp (Cyprinus carpio)
(Iger et al. 1994). Cadmium at low and high concentrations
killed a human T-cell line by apoptosis and necrosis,
respectively (El Azzouzi et al. 1994). Apoptosis induced by
arsenite treatment alane is, as far as we know, a novel
observation, although Buchman et al. (1993) reported that
porcine endothelial cells sequentially exposed to bacterial
endotoxin and arsenite died by apoptosis, not necrosis.

PCB-105  BNF |

Figure 5. Western blot of salmon hepatocytes exposed to different organic
xenobiotics and probed with polyclonal anti-cod CYP1A IgG. 9% SDS-PAGE with
15 pg protein added per lane. Hepatocytes were treated for 48 h with: (1) and (2)
0.1% DMSO (control), (3} 0.5 pm BaP, (4} 5 um BaP, {5) 50 um BaP, (6) 0.5 um
PCB-105, (7) 5 um PCB-105, (8) 50 um PCB-105, {9) 0.05 pm BNF, (10) 0.5 um
BNF, {11) 5 um BNF.
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C

58 kDa

Figure 6. Western biots of 2-D gels of salmon hepatocytes. (A) control (0.1% DMSO) and (B) cells freated with 5 um BaP, probed with palyclonal anti-cod CYP1A igG. (C)
control {saline) and (D) cells treated with 0.7 um arsenite, probed with anti-human Hsp70. Spots with the same migration pattern as in autoradiography are identified with

A-E as in Figures 3 and 4.

’7 Contr. Arsenite Contr. Arsenite

The major and surprising common feature of the different
treatments observed by **S-labelling and 2-D electrophoresis,
was induction of several proteins of 45—46 kDa. This was
observed both after treatment with the organic pollutants and
with the metals. Arsenite was the strongest inducer of these
proteins and BaP a stronger inducer than PCB-105. Western
blotting with anti-Hsp70 gave strong cross-reactivity with the
45—46 kDa proteins. In order to test whether these proteins
were degradation products of Hsp70, we performed 1-D
SDS-PAGE and Western blotting of hepatocytes sonicated in

Figure 7, Susceptibility of Hsp70 in salmon hepatocytes to breakdown in lysis
buffer. The Western blot was probed with monoclonal antihuman Hsp70 IgG.
SDS-PAGE (15%) with 15 pg protein added per lane. Hepatocytes were treated
for 48 h with (1) and (2) control, (3) 0.7 um arsenite, (4) 7 pm arsenite, (5) 35 pm
arsenite, (6) control, (7) 0.07 uwm arsenite, (8) 0.7 uwm arsenite, (9) 7 um arsenite.
Samples in lanes 1-5 were sonicated for 10 sin 0.1 M Na-phosphate, 0.15 M KCl,
1 mm EDTA, 1 mM dithiothreitol and 10% glycerol, while samples in lanes 6-9
were lysed in 9w urea, 2% Triton X-100, 0.7% mercaptoethanol and 1.4 mg mi-
phenyl methylsulphony! fluoride.

Contr. Arsenite Cd
1234 56 17

Figure 8. Western biot of salmon hepatocytes probed with polyclonal anti-rat
haem oxygenase-1 IgG SDS-PAGE (15%) with 15 ug protein added per lane.
Hepatocytes were treated for 48 h with: (1) control, (2) 0.07 um arsenite, (3) 0.7
uMm arsenite, (4) 7 um arsenite, (5) 1 um Cd, (6) 10 um Cd, (7) 100 pm Cd.
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-15 kDa

Figure 9. Western blot of salmon hepatocytes probed with polyclonal anti-perch
metallothionein IgG. SDS-PAGE (18%) with 15 g protein added per lane.
Hepatocytes were treated for 48 h with: (1) contral, (2) 0.7 pm arsenite, {3) 7 um
arsenite, (4) 35 uM arsenite, (5 and 6) control, (7) 1 um Cd, (8) 10 um Cd, (9)
100 umCd.

urea-free buffer or lysed in 9 M urea buffer as used in 2-D
electrophoresis. The results show that the 72 kDa band from
urea-free conditions was degraded almost totally into a 4546
kDa band when lysed in urea buffer (Figure 7). In 2-D
electrophoresis, we obtained the same pattern regardiess of
lysis buffer, because the isoelectric focusing requires high urea
concentrations. Hsp70 is reported to be highly unstable and
capable of self degradation also in studies of other species like
the fruit fly Drosophila and carp Cyprinus carpio (Mitchell et
al. 1985, Ku and Chen 1891). One of the main degradation
products observed was a 43 kDa peptide. These authors
showed that Hsp70 can be degraded under gel running after
boiling in SDS. The amino acid sequence of the 70-kDa Hsp
from Drosophila is published (Ingolia et al. 1980), and it
contains in the carboxy! end the appropriate arrangements of
serine, cysteine, histidine and aspartic acid residues to
become a serine type protease if it were folded properly
{Mitchell et al. 1985). Many polypeptide chains may have the
potential for refolding during or after denaturation, to yield a
product with protease activity (Mitchell et al. 1985). This may
explain the observed breakdown of Hsp70 from salmon
hepatocytes.

Stress proteins are generally induced by physical and
chemical stress that creates denaturation or incorrect folding
of proteins in a way that activates heat shock factor(s) (HSFs),
resulting in expression of the stress genes (Voellmy 1994).
HSF's are monomers that oligomerize to trimers upon
activation, undergo phosphorylation, are transported to the
nucleus, bind to the heat shock elements (HSE) and activate
gene transcription (Sorger and Nelson 1989). But stress
proteins are also induced in response to exposure to
compounds not normally associated with protein
denaturation, such as various xenobiotics, therapeutic drugs,
prostaglandins, haemin and oestrogens (Hiwasa and Sakiyama
1986, Theodorakis et al. 1989, Amici et al. 1992, Sanders
1993, Yang et al. 1995). Why such compounds should result in
induction of the cellular stress response is more difficult to
understand, unless the observed response is a secondary
effect, linked to other signal transduction pathways, as
suggested by Voellmy (1994).

We observed an induction of stress proteins, most notably
Hsp70, in response to BaP and PCB exposure, aromatic
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hydrocarbons that normally act through the Ah-receptor. This
stress response could be a secondary response to products of
Ah-receptor mediated gene activation. Alternatively, the stress
genes induced could contain xenobiotic responsive elements
(XREs) in their regulatory region. An argument supporting this
hypothesis is that the regulatory region of human Hsp70
contains several elements that may interact with other
transcription factors (Wu et al. 1987, Williams et al. 1989). Also,
Villaboa et al. (1995) observed that agents capable of increasing
cAMP, attenuated Hsp70 induction of cadmium in human
myeloid cells. The consensus sequence for XRE is 5'-T-
GCGTCG-3', where the four base sequence 5'-CGTG-3' is
required for binding of the nuclear heterodimer (Whitlock
1993). Very few genomic regulatory Hsp sequences are
available, and the consensus XRE sequence is not present in the
regulatory sequence of rainbow trout constitutive Hsp70
(Zafarullah et al. 1992). Interestingly, however, the regulatory
sequence of Chlamydomonas reinhardtii Hsp70 (Miiller et al.
1992), contains two full XREs and three imperfect XREs (5’
GCGTG-3').

Although induction of Hsp70 was observed after *S-
labelling in our salmon hepatocytes, Western blotting with
Hsp70 did not reveal this change in BaP and PCB-treated cells.
This was because of high background staining in the control
samples in both 1-D and 2-D gels. However, 7 pM arsenite
treatment resulted in a two-fold induction of Hsp70 by
immunostaining. Similar analysis of fresh samples from livers
of Atlantic salmon and flounder, Platichthys flesus, also gave
high background levels in control fish (not shown). These
results indicate that the turnover of Hsp70 in the cells is slow
and that the Hsp70 response may not be a useful biomarker in
immunodetection methods. However, in 2-D immunoblotting,
it was observed that the more basic proteins (D and E) showed
stronger responses than the A-C spots. The antibody used
recognizes both inducible and constitutive forms of Hsp70
(Minota et al. 1988), indicating that the inducible form is
represented by the D and E spots. An antibody for the
inducible form of Hsp70 (SPA-810, Stressgen) has been tested,
but did not cross-react properly in our experiments (not
shown). However, both Hsp72 and Hsp73 is shown to be
induced after different types of metabolic stress (Beckmann et
al. 1992), suggesting that both the so-called constitutive and
inducible forms may be influenced by different types of stress.

Immunoblotting of the samples with anti-CYP1A
demonstrated strong induction after treatment with all the
organic compounds compared with the control, confirming
the designation of CYP1A as a useful biomarker of these
compounds in fish (Goksayr 1995). Western blotting of the 2-D
gel showed resolution of the 58 kDa protein to several spots
with pIof 6.2-6.4. This is a new observation that could be
explained by charge heterogeneities in the CYP1A protein
because of in vivo post-translational modifications, such as
phosphorylation, acetylation, or addition of charged
carbohydrate groups (O'Farrell 1975). Mapping changes in
protein expression in xenobiotic-treated mice using 2-D gel
electrophoresis, Anderson et al. (1987) reported failure to
detect CYP1A induction, but explained this by postulating
that the CYP proteins were too basic to be detected in their
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system. We have shown that although the CYP1A protein in
salmon is strongly induced by xenobiotic treatment and
clearly detectable within the pIrange of our 2-D gels (4-7), the
CYP1A protein constitutes only a minor and undetectable
proportion of the cellular proteins stained by **S-methionine
labelling.

Induction of proteins in the molecular range of 30-34 kDa
after metal exposure is observed both in mammals (Caltabiano
et al. 1986) and fish (Kothary and Candido 1981). Less is
known about the identity of these proteins. We observed that
the 30-32 kDa band after 1-D electrophoresis is resolved to
several proteins when run on 2-D gel. One of these (I, Figure
4(D)} cross-reacts with anti-rat HO-1. HO is shown to be
induced by heavy metals, UVA radiation and hydrogen
peroxide in human fibroblasts (Keyse and Tyrrell 1989). The
other proteins induced by arsenite in this range, as well as
other unidentified proteins such as the G and H spots at 42
and 38 kDa, respectively (although these cross-react weakly
with the Hsp70 antibody), and the F spot induced by organic
xenobiotics, all appear to be strongly induced by pollutant
exposure. These may very well be just as interesting to employ
as biomarkers as the already known responsive proteins. One
way to study this, is to isolate, characterize and sequence the
proteins in question, and to prepare the appropriate antibodies
for use in later evaluation of their potency. Fish-specific
antibodies for such proteins would be promising candidates
for new biomarkers of pollution exposure and effect in marine
organisms.

Acknowledgements

We are grateful to Kjersti Helgesen for technical assistance. Kari Fladmark
{University of Bergen) is gratefully acknowledged for providing the
transmission electron microscopy phatographs of the hepatacytes. This
study is supported through a grant from VISTA.

References

Amcy, C., SISTONEN, L., SANTORI, M. G. AN MormoTo, R. 1. (1992)
Antiproliferative prostaglandins activate heat shock transcription factor.
Proceedings of the National Academy of Sciences, USA, 89, 6227-6231.

ANDERSON, N. L., GERE, F. A., NANCE, S. L., GEMMEL, M. A., TOLLAKSEN, S. L. AND
Anoerson, N. G. (1987) Effects of toxic agents at the protein level:
Quantitative measurement of 213 mouse fiver proteins following xenobiotic
treatment. Fundamental and Applied Toxicology, 8, 39-50.

ANDERSSON, T., FORUN, L. AN Hansson, T. (1983) Biotransformation of 7-
ethoxycoumarin in isolated perfused rainbow trout fiver. Drug Metabolism
and Disposition, 11, 494-498.

ARivosH, T., SHia, S., HaseGava, H. anp Arizono, K. (1990) Effects of the
environmental pollutants on herne oxygenase activity and cytochrome
P-450 content in fish. Bulletin of Environmental Contamination and
Toxicology, 44, 189-196.

Baks), S. M. anp Frazer, J. M. (1990) Isolated fish hepatocytes—model
systems for toxicology research. Aquatic Toxicology, 16, 229-256.

BECKMANN, R. P., LOveTT, M. ano WeLCH, W. J. (1992) Examining the function
and regulation of hsp70 in cells subjected to metabolic stress. Journal of
Cell Biology, 117, 1137-1150.

Berry, M. N, and FREND, D. S. (1969) High yield preparation of isolated rat
parenchymal celis: a biochemical and fine structural study. Journal of Celf
Biology, 43, 506~520.

B. E. Grasvik and A. Goksayr

Bonner, W. M. anND LASKEY, R. A. (1974) A film detection method for tritium-
labelled proteins and nucleic acids in polyacrylamide gels. European
Journal of Biochemistry, 46, 83-88.

Braproro, M. M. {1976 A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye-binding.
Analytical Biochemistry, 72, 248-254.

Braungeck, T. anp STORCH, V. (1992) Senescence of hepatocytes isolated from
rainbow trout (Oncorhynchus mykiss) in primary culture. An ultrastructural
study. Protoplasma, 170, 138-159.

Bucrman, T. G., ABELLO, P. A., SMTH, E. H. anD Buuuv, G. B. (1993) induction
of heat shock response Ieads to apoptosis in endothelial cells previously
exposed to endotoxin. American Journal of Physiology, 265, H165-H170.

Cauragiano, M. M., KOESTLER, T, P., PosTe, G. aNp GReiG, R. G. (1986) induction
of 32- and 34-kDa stress proteins by sodium arsenite heavy metals and
thiokreactive agents. Journal of Biological Chemistry, 261, 13381-13386.

EL Azzouz, B., Tsanaaris, G. T., PELEGRIN, O., MANUEL, Y., BENVENISTE, J. AND
Tomas, Y. (1994) Cadmium induces apoptosis in a human T cell line.
Toxicology, 88, 127-139.

Goksevr, A. (1995) Use of cytochrome P450 (CYP1A) in fish as a biomarker
of aquatic pollution. Archives of Toxicology, Suppl. 17, 80-95.

Goksar, A. AND Larsen, H. E. (1991) The cytochrome P-450 system of Atiantic
salmon (Salmo salar): |. Basal properties and induction of P4501A1 in liver
of immature and mature fish. Fish Physiology and Biochemistry, 9, 339-349.

GOrG, A., PoSTEL, W. AND GUNTER, S. (1988) Two-dimensional electrophoresis.
The current state of two-dimensional electrophoresis with immobilized pH
gradients. Electrophoresis, 9, 531-546.

Hamaoa, T., Tanmoto, T, Wai, S., Fuumwara, H. ANO SasaGur, Y. (1994)
Cytopathological changes induced by cadmium-exposure in canine proximal
tubular cells: a cytochemical and ultrastructural study. Nephron, 68, 104-111.

Hiwasa, T. AND Sakivama, S. (1986) Increase in the synthesis of a Mr 32,000
protein in BALB/c 3T3 cells after treatment with tumor promoters,
chemical carcinogens, metal salts and heat shock. Cancer Research, 46,
2474-2481.

Hogstrang, C. anp Haux, C. {1991) Binding and detoxification of heavy metals
in lower vertebrates with reference to metailothionein. Comparative
Biochemistry and Physiology, 100C, 137-141.

Husay, A. M., STRETKVERN, K. 0., Maasee, N. P., OLsEN, S. O. AND GOKSaYR, A,
{1996) Polyclonal and monoclonal antibodies against immunoaffinity
purified Atlantic cod (Gadus morhua L.,) CYP1A. Marine Molecular Biology
and Biotechnology 5.

IGER, Y., ABRAHAM, M. AND WENDELAAR Bonga, S. E. (1994) Response of club cells
in the skin of the carp Cyprinus carpto to exogenous stressors. Cell Tissue
Research, 277, 485-491.

IncoLia, T. D., Craig, E. A. anp McCarmy, B. J. (1980) Sequence of three
copies of the gene for the major Drosophila heat shack induced protein
and their flanking regions. Cell, 21, 669-679.

KEeRR, J. F. R. WrLLIE, A, H. anD CURRE, A. R. (1872) Apoptosis: a basic
biological phenomenon with wideranging implications in tissue kinetics.
British Journal of Cancer, 26, 239.

Kevse, S. M. anp TyreLL, R. M. (1989) Heme oxygenase is the major 32+Da
stress protein induced in human skin fibroblasts by UVA radiation, hydrogen
peroxide and sodium arsenite. Proceedings of the National Academy of
Sciences, USA, 86, 99-103.

KLauNG, J. E., Ruch, R. J. anp GowpeiarT, P. J. (1985) Trout hepatocyte culture:
isolation and primary culture. In vitro Cellular & Developmental Bioclogy,
21,221-228.

KotHagy, R. K. anp Canpiog, E. P. M. {1981) Induction of a novel set of
polypeptides by heat shock or sodium arsenite in cultured cells of rainbow
trout, Salmo gairdneri. Canadian Journal of Biochemistry, 60, 347-355.

Ku, C. C. anp CHen, S.N. {1991) Heat shack proteins in cuttured gills of color
carp Cyprinus carpio L. bulletin of International Zoology, Academia Sinica,
30, 319-330.

Laemmu, U. K. (1970} Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature, 227, 680-685.

Manes, M. D. anp Kapeas, A. (1976) Studies on the mechanism of induction of
haem oxygenase by cobalt and other metal ions. Biochemical Journal,
154, 125-131.

Maines, M. D. (1988) Heme oxygenase: function, multiplicity, regulatory
mechanisms and ciinical applications. The Faseb Journal, 2, 2557-2568.

RIGHTS L



Biomarkers Downloaded from informahealthcare.com by Changhua Christian Hospital on 11/14/12

For personal use only.

Biomarker expression in salmon hepatocytes

MINOTA, S., CAMERON, B., WELCH, W. J. anp WINFIELD, J. B. {1988) Autoantibodies
to the constitutive 73-kD member of the hsp70 family of heat shock
proteins in systemic lupus erythematosus. Journal of Experimental
Medicine, 168, 1475-1480.

MircHeLL, H. K., PeTERSEN, N. S. anp Buzi, C. H. (1985) Self degradation of
heat shack proteins. Proceedings of the National Academy of Sciences,
USA, 82, 4969-4973.

MUOLLER, F. W., laLoi, G. L. anD Beck, C. F. (1992) Structure of a gene encoding
heat-shock protein Hsp70 from the unicellular aiga Chlamydomonas
reinhardtii. Gene, 111, 165-173.

O'FarreLL, P. Q. (1975) High resolution two-dimensional electrophoresis of
proteins. Journal of Biological Chemistry, 250, 4007—-4021.

Peuissero, C., FLourioT, G., FoucHeR, J. L., BENNETAU, B., DUNOGUES, J., LE Gac, F.
AND SUMPTER, J. P. (1993) Vitellogenin synthesis in cultured hepatocytes; an
in vitro test for the estrogenic potency of chemicals. Journal of Steroid
Biochemistry and Molecular Biology, 44, 263-272.

PeSONEN, M. anD ANDERSSON, T. (1992) Toxic effects of bleached and
unbleached paper mill effluents in primary cultures of rainbow trout
hepatocytes. Ecotoxicology and Environmental Safety, 24, 63-71.

PeSONEN, M., Goksevr, A. AND ANDERSSON, T, (1992) Expression of P4501A1 in
a primary culture of rainbow trout hepatocytes exposed to B~
naphthpflavone or 2,3,7,8-tetrachloradibenzo-p-dioxin. Archives of
Biochemistry and Biophysics, 292, 228-233.

SANDERS, B. M. (1993) Stress proteins in aquatic organisms: an environmental
perspective. Critical Reviews in Toxicology, 23, 49-75.

SARDANA, M. K., DRUMMOND, G. S., SASSA, S. AND KapPas, A. (1981) The potent
heme oxygenase inducing action of arsenic and parasiticidal arsenicais.
Pharmacology, 23, 247-253.

SORGER, P. K. anD NeLson, H. C. M. {1989) Trimerization of a yeast
transcription activator via a coiled-coil motif. Cell, 59, 807-813.

STEGEMAN, J. J. AND HaHN, M. E. (1994) Biochemistry and molecular biology of
manooxygenases: current perspectives on forms, functions and regulation
of cytochrome P450 in aquatic species. In Aquatic Toxciology; Molecuiar,
Biochemical and Celfufar Perspectives, D. C. Malins and G. K. Ostrander,
eds (Lewis Publishers, Boca Raton), pp. 87-206.

TANIMOTO, A., HamADA, T. AND KoiDe, O. {1993) Celi death and regeneration of
renal proximal tubuiar cells in rats with subchronic cadmium intoxication.
Toxicologic Pathology 21, 341-352.

Treoporakis, N. G., ZanD, D. J., KotzBaugr, P. T., WiLLiams, G. T. anD MorIMOTO,

53

R. 1. (1989) Hemin-induced transcriptional activation of the HSP70 gene
during erythroid maturation in K562 cells is due to a heat shock factor-
mediated stress response. Molecular and Cellular Biology, 9, 3166-3173.

TowaiN, H., StagHuN, T. anp Goroon, J. (1979) Electrophoretic transter of
proteins from polyacrylamide gels to nitrocellulose sheets: Procedure and
some applications. Proceedings of the National Academy of Sciences,
USA, 76, 4350-4354,

ViLLasoa, N.E., CaLLe, C., Perez, C., DE BLas, E., GARCIA-BERMEIO, L. AND ALLER,
P. (1995) cAMP increasing agents prevent the stimulation of heat-shock
protein 70 (HSP70) gene expression by cadmium chloride in human
myeloid cell lines. Journal of Cell Science, 108, 2877-2883.

VoeLLmy, R. (1994) Transduction of the stress signal and mechanisms of
transcriptional regulation of heat shock/stress protein gene expression in
higher eukaryotes. Critical Reviews in Eukaryotic Expression 4, 357-401,

WeLcH, W. J. (1993) How cells respond to stress. Scientific American, May,
3441,

WHiTLOCK, J. P. (1993) Mechanistic aspects of dioxin action. Chemical
Research in Toxicology, 6, 754-763.

WiLiams, G. T., MccLananan, T, K. anp MormoTo, R. 1. (1989) Ela
transactivation of the human HSP70 promoter is mediated through the
basal transcriptional complex. Molecular and Cellular Biology, 9,
2574-2587.

Wu, B. J., WiLLiams, G. T. aND MORMOTO, R. I. (1987) Detection of three protein
binding sites in the serum-regulated promoter of the human gene encoding
the 70-kDa heat shack protein. Proceedings of the National Academny of
Sciences, USA, 84, 2203-2207.

WYLLE, A. H., KerR, J. F. R. anp CURRig, A. R. (1980) Cell death: the significance
of apoptosis. International Review of Cytology, 68, 251-306.

YANG, X., DaLe, E. C., Diaz, J. aND SHyamaLa, G. (1995) Estrogen dependent
expression of heat shack transcription factor: implications for uterine
synthesis of heat shock proteins. Journal of Steroid Biochemistry,
Molecular Biology, 52, 415-419.

ZAFARULLAH, M., WisNEWSKI, J., SHWORAK, N. W., SCHEMAN, S., Misra, S. AND

" Geoamy, L. {1992 Molecular cloning and characterization of a constitutively
expressed heat-shock-cognate hsc71 gene from rainbow trout. European
Journal of Biochemistry, 204, 893-900.

Received 5 October 1995, and accepted 9 November 1995

RIGHTS

i,



