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Abstract

The levels of Hsp 70, a heat shock protein, was quantitatively determined in Pacific halibut, Hippoglossus stenolepis,
from the Cook Inlet region in south central Alaska. A dot blot analysis using a monoclonal antibody for Hsp 70 was
combined with a standard protein analysis to determine Hsp 70 levels in 26 samples from gills. The average Hsp 70
concentration was 4.6 ug/mg, with levels ranging from 2.2 to 14.5 ug/mg total protein. Mercury in gill tissue also
was measured and, in the 26 samples, only three samples had concentrations of mercury (X =0.10 mg/kg,

range = 0.09-0.11) above the minimum detection level.
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1. Introduction

Biomarkers are measurements that can be used
to monitor the relationship between exposure to a
chemical or toxin and impaired health. Any
biochemical that is quantitatively correlated with
potential impairment of health resulting from ex-
posure to an organic contaminant or metal would
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be useful as a biomarker (Fox et al., 1988; Stege-
man et al., 1992). Exposure to mercury (Hg) may
result in enzyme inhibition or denaturation of
proteins. Heat shock proteins (Hsps) function to
maintain the proper folding of cellular proteins,
that is, to act as chaperones (Frydman and Hartl,
1996). The concentration of Hsps in the cell
changes when the cell is challenged by either
physical or chemical stressors (Kohler et al., 1996).
Because Hg may alter the conformation of the
proteins in a tissue, such as fish (Pices) gills, Hsps
may have potential as a biomarker of effect.
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Gills are a practical and readily available tissue
for studying biomarkers and can be useful in
evaluating chemical stress due to mercury (Fossi
et al., 1997). In ecotoxicology studies, some species
of fish, such as Pacific halibut (Hippoglossus
stenolepis), have an advantage over others in that
they remain in a confined area and feed upon
benthic species of invertebrates and vertebrates.
For example, in Puget Sound, WA, USA, liver
lesions and neoplasms in bottom-dwelling fish
have been associated with aromatic hydrocarbons
in sediments (Krahn et al., 1984). In Alaskan
coastal waters, halibut are a major component of
northern marine ecosystems and also have both
sport and commercial value. Because they are
routinely harvested in Alaska, halibut samples
can be obtained for analysis without additional
damage to the population.

Most studies on fish have focused on the P450
mixed function oxidase system because of their
role in detoxifying xenobiotic compounds (Spies
et al.,, 1990). Only a few studies have evaluated
Hsp as biomarkers in fish (Stegeman et al., 1992;
Sanders and Martin, 1993). As part of a Benthic
Surveillance Program with 11 sites on the east
and west coasts of the US, Sanders and Martin
(1993) reported that Hsp 70 levels in all the field
samples was higher than those in control fish. The
Hsp 60 levels in many of the sites also were
higher than levels in the control fish. Additio-
nally, mercury was reported in white flounder
from Boston Harbor, MA and turbot from Santa
Monica Bay, CA (Sanders and Martin, 1993).

Ryan and Hightower (1994) showed similar re-
sults indicating induction of Hsp 70 after stress
from heavy metals in a kidney cell culture system
of white flounder. More recently, Williams et al.
(1996) reported that Hsp 70 levels increased in
gills of both juvenile and adult rainbow trout,
Oncorhynchus mykiss, after the fish were exposed
to metals in either water or their diet. In other
studies, the heat shock response also has been
reported in eurythermal fishes, such as the killi-
fish, Fundulus heteroclitus (Koban et al., 1991; Yu
et al., 1994) and the goby fish, Gillichthys (Dietz
and Somero, 1992). In our study, we report the
presence of Hsp 70 in Pacific halibut from Alaska.

2. Materials and methods
2.1. Sample preparation

Samples were collected by hook and line in
early July 1997, and gills removed in the field.
Gills were cut with scissors before homogenizing
them for 3 X 1 min with a homogenizer at a 1:10
w /v tissue to buffer (50 mM Tris; 1 mM PMSF;
1% nonidet P-40). The homogenates were cen-
trifuged for 1 h at 8°C at 26000 X g on a Sorvall
RCS5C centrifuge with a SA-600 motor. The su-
pernatant was removed and filtered with a 0.5-um
filter and then stored at —20°C until analyzed.

2.2. Protein concentration of sample

The total protein of each sample was de-
termined by the Bradford dye method (BioRad).
Protein contractions were based on a bovine al-
bumin standard curve. Sample concentrations
were occasionally examined using the dot Metric
Protein assay (Chemcon).

2.3. Hsp analysis

Gel electrophoresis was performed using 15
well minigels from BioRad under the running
conditions of 200 V for approximately 40 min.
Once this procedure was complete, the gel was
then blotted onto a PVDF membrane in Towbin
buffer and transferred at 250 mA for approxi-
mately 60 min (Bodenstein and Duffy, 1998). The
PVDF membrane was developed using an alka-
line phosphatase anti-mouse system with the pri-
mary antibodies at the concentration suggested by
the supplier (StressGen). The Hsp 70 antibodies
epitope matches the carboxyl terminus region
(502-540). After development, the PVDF mem-
branes were then analyzed using under a densi-
tometer to determine the density of the protein
bands. Dot blot analysis was performed on sam-
ples after it was demonstrated that only a single
band was immunoreactive on the western blots
(Bodenstein and Duffy, 1998). The density infor-
mation was then divided by the protein concen-



E. Scofield et al. / The Science of the Total Environment 226 (1999) 85-88 87

tration for each sample; the intraassay variation
was 9.8% and the inter-assay variation was 21%.

2.4. Mercury analysis

Mercury analysis was conducted at Northern
Testing Laboratories (Fairbanks, AK) using
Perkin—Elmer 2380 atomic absorption spectro
photometer (EPA Method 7471). Each sample,
42 g in 5 ml of distilled H,O, was digested in 5
ml aqua regia (3 vols HCL: 1 vol. HNO,) by
heating the sample for 2 min at 95°C. After
cooling, 50 ml H,O and 15 ml KMnO, was added
to sample and heated for 30 min. After cooling
again to room temperature, 6 ml of sodium chlo-
ride-hydroxylamine solution was added; this was
followed by dilution with H,O and addition of 5
ml of SnCl. Hg is reduced to the elemental state
and absorbance read at 253.7 nm.

3. Results

The expression of the stress protein Hsp 70
could be detected in samples from the gills of
halibut. A single immunoreactive band was
observed on the western blots of each sample at
the expected molecular weight. Based on the
standards, total Hsp protein in each sample was
calculated and normalized for the total protein in
sample to give an Hsp 70 concentration in ug
Hsp/mg protein (Table 1). Heat-shock protein
(Hsp 70) was expressed in all 26 samples from
halibut gills (X = 4.6 + 2.61 S.D. ug/mg protein;
range = 2.2-14.5 pg/mg protein); the coefficient
of variation for Hsp was 57.1%. Only 11.5% of 26
gills, however, possessed detectable levels of Hg
(X =0.10 + 0.01 S.D. mg/kg; range = 0.09-0.11);
the remaining 23 samples had Hg levels that were
below minimum detectable levels (MDL). Mean
levels for Hsp from gills with detectable levels of
Hg (X+44+14 SD. ug/mg protein) were
nearly identical (X =4.6 + 2.7 S.D. ug/mg pro-
tein) to samples in which Hg could not be de-
tected. Table 1 lists these as well as the one-half
MDL values for these samples.

Table 1
Heat shock protein and mercury levels in Alaskan Cook Inlet
halibut

Sample Hsp 70 Hg"
( ng/mg protein) (mg/kg)
1 7.8 0.05
2 4.2 0.06
3 6.9 0.04
4 34 0.10
5 5.5 0.05
6 2.6 0.03
7 7.4 0.04
8 4.8 0.03
9 22 0.04
10 24 0.04
11 5.5 0.04
12 23 0.03
13 32 0.04
14 2.6 0.04
15 6.1 0.15
16 24 0.06
17 33 0.03
18 34 0.09
19 39 0.03
20 3.9 0.03
21 3.7 0.09
22 2.6 0.05
23 14.5 0.04
24 4.7 0.04
25 3.4 0.04
26 6.0 0.11

*1,/2 MDL is reported, except in samples 18, 21 and 26.

4. Discussion

Studies in the laboratory (Stegeman et al., 1992;
Ryan and Hightower, 1994) have shown that fish
can be sensitive to pollutants. Also, Williams et
al. (1996) demonstrated that the levels of Hsp
were significantly increased in gill but not in livers
of juvenile rainbow trout fed a metal-con-
taminated diet. In our study, gills showed Hsp 70
levels in each sample, but no trend toward in-
creased accumulation of Hsp 70 with increased
levels of mercury in the gills in the three samples
that had detectable Hg levels.

Because the antibody used measured the in-
ducible form of Hsp 70, our results report the
inducible form (Hsp 72). There is a single report
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that in fish, Hsp may be present in large amounts
(Yu et al., 1994). Studies with invertebrates also
support the concept of constitutive forms being
present during normal activity (Sanders et al.,
1992). Because levels of mercury were relatively
low (< 0.11 ppm), our Hsp 70 concentrations may
represent either a cross-reacting constitute form
of Hsp 70 or baseline levels of the inducible form.
As development continues in the Cook Inlet re-
gion, Hsp 70 can be monitored to observe any
increase in stress in this fish population. The
samples in this study were all collected in the mid
summer so seasonal variation, which has been
reported to occur in some biomarkers (Fader et
al., 1994), did not affect our results. Future base-
line studies, however, will characterize the Hsp 70
levels during different seasons.
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