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Expression of Heat Shock Proteins and Metallothionein in
Mussels Exposed to Heat Stress and Metal Ion Challenge
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Heut stress and meral ion challenge are just two of the numerous stressors
capable of inducing the expression of a class of stress proteins commonly
known as heat shock proteins. Expression of heat shock proteins (hsps) in
response 1o a variety of stressors appears to be biologically universal.
Induction generally coincides with the suppression of 'normal’ cellular protein
synthesis activity, and imparts stress resistance or tolerance to the cell. The
mechanism by which the proteins convey tolerance is not clearly understood.
Trace metal challenge can also induce the synthesis of metallothionein (MT).
MT has been found in the tissues of meral stressed mussels. In this study heat
expression of hsps and trace metal induction of Asps and M T was investigated
in tissues excised from Mytilus edulis. Protein expression in hemocytes and
gill tissue was followed using 35{ S [-labeled cysteine or methionine followed
by resolution of labeled proteins by sodium dodecy! sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and autoradiography. Proteins corresponding
in molecular weight to hsps were expressed in tissues incubated ar 25 and
30°C. Cu (50 ug/liter) was a strong inducer of hsps while M T induction was
negligible. Higher Cu concentrations (150 ug/liter) caused a complete
inhibition of label incorporation. Cd appeared to be a poor inducer of hsps.
MT was induwced after a 24-h incubation in 600 ug/liter Cd. No increase in M T
levels was observed as a result of heat stress.
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Induction of\(bsps?‘fby heat stress has been demonstrated in prokaryotes and
eukaryotes(see Teview in ref. T}, and is thought to be a universal biological
response. The expression of these proteins is characteristically linked with a
reduction in the synthesis of cellular proteins present in the cell prior to
stress. Many stressors other than heat, for example transition metals,
oxidizing agents, sulf hydryl reagents and viruses, have been shown to induce
the heat shock response.* In many instances hsp induction has been shown
to be coincidental with the attainment of stress tolerance™ Therefore, the
conveyance of stress tolerance is the suspected function of these proteins.
Muluple proteins are induced, but the character and number involved varies
depending on the organism or stress. Because of this diversity the actual
underlying mechanisms of the response are not well understood.

We were interested in the potential utility of hsp induction as a general
stress indicator and examined the heat shock response of mussels. In
addition, it is well known that certain trace metals induce the expression of
proteins other than hsps, and in particular the induction of metallo-
thioneins* MT has been a focal point of trace metal toxicity studies. and it
was therefore of interest to determine whether hsps as well as MT were
induced, over a short-term exposure, by Cd and Cu.:

Mussels, Mvtilus edulis, were collected from San Diego Bay. California.
Ambient seawater temperature at the collection site was 15°C. Fiftesn
minutes after collection the mussels were placed in static seawater aquaria
kept at 15°C. The mussels were acclimated for 9 days; water was exchanged
daily with fresh bay water. Following acclimation the mussels were
incubated at different temperatures (15, 20, 25 and 30°C) or with Cd (200 and
600 ug/liter) or Cu (50 and 150 pg/liter) in 0-45u filtered seawater (salinity
34%o0, pH 7-9-8-1). Controls were held at 15°C. Whole animals were
incubated under control or test conditions for 4 or 28 h; hemocytes and gill
tissue were then removed and pooled from six individuals, incubated in vitro
under the same conditions in 100 ul 0-45 y filtered seawater and 25 uCi/ml
of either 35[S]-methionine or 35[S]-cysteine (Amersham Corp., >600Ci.
mmol) for 20h. Afterwards, the samples were centrifuged at 1500 x g at
room temperature for 15min, the supernatant discarded. pellets washed
twice in 0-45 u filtered seawater, resuspended in 100 yl distilled water and
disrupted by sonication, recentrifuged at 10000 x g at 15°C for i3 min and
the supernatant transferred to a clean microcentrifuge tube and the pellet
discarded. The concentration of DNA in the samples was utilized as an
analog of the total cell number. A 104l aliquot from each sample was
used for DNA determinations using the 4.6-diamidino-2-phenylindole
(DAPI) method of Hukkelhoven er al.’> Samples were diluted to normahze
for DNA concentration and then mixed 1:1 with SDS-PAGE ‘loading’
buffer, 0-13m Tris, 0-14M SDS. 29 um bromophenol blue, 10% 2-
mercaptoethanol and 20% glycerol, and placed in boiling water for 2 min.
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Samples from cells incubated with 35[S]-methionine were separated on
10% SDS-PAG for resolution of hsps and 35{S}-cysteine incubated samples
on 15% SDS-PAG for MT, using the discontinuous buffer system of
Laemmli.® The gels were stained in 50% ethanol, 5% glacial acetic acid,
0-1% Coomassie brilliant blue (R-250) for 90 min and destained in a Biorad
destain chamber for 90 min, then dried in a vacuum slab dryer for 2 h. Dried
gels were sandwiched in a film cassette with Kodak XAR X-ray film for 12 h
to visualize proteins with incorporated label. Stained gels and auto-
radiographs were scanned with a laser densitometer.

Prominent hsps of 70, 51 and 28 kDa were identified in both gill and
hemocytes after 24 h at 25 and 30°C. A general decline in overall protein
synthesis was also indicated. Comparison of control and test lanes by
densitometry showed the total integrated area of test lanes to be half to one-
third that of controls.

Autoradiographs of proteins from gill and hemocytes exposed to
50 pg/liter Cu for 24h showed nearly identical patterns of induced
methionine label incorporation. Tissues exposed to 150 ug/liter Cushowed a
complete inhibition of label incorporation. We have not ascertained whether
this was a result of translational inhibition or some other mechanism such as
the inhibition of cellular uptake of the label. However, Thiele et al.” reported
the total inhibition of protein synthesis in yeast by Cu, though at the very
high concentration of 19 mg/liter.

Cd. on the other hand, only induced hsps after 48 h at the 600 ug/liter
concentration. Heikkila er al® reported a transient Cd hsp response in
Chinook salmon embryo cell line CHSE-214. Hsp levels were maximal at 30
to 60 min and returned to control levels after 34 h when exposed to 550 ug/
liter Cd. However, in our own work we have generally found mussels to be
far more sensitive to Cu than Cd, so these results seem to be consistent with
previously gathered toxicity data (not published).

MT induction, as shown by 35[S]-cysteine incorporation at the position
on a gel where musse! MT is normally resolved, at an approximate MW of
10000 (unpublished data from this laboratory), was not apparent above
control levels in heat-stressed or Cu-stressed cells. Induction by Cd was
observed after 24 h at 600 ng/liter in hemocytes.

The data suggest that heat shock is a general response to acute stress. and
that the induction of heat shock in mussels can be determined non-
destructively by examining serum hemocytes. It is also interesting to note
that the hemocytes clearly demonstrated MT induction. In the future it will
be interesting to examine the possible development of tolerance in he-r
shoea vespunders. We aiso hope w develop a more weil-definea correlation
between cellular MT concentration and 35{S]-cysteine incorporation into
MT. This will provide a means of measuring synthesis levels in cells from
freshly collected mussels representing different field populations.
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