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ABSTRACT

Lamellae isolated from gill arches of Atlantic salmon
were incubated in 15, 25 and 27°c. Five heat shock or
stress proteins (hsps) with molecular weights of 54, 71, 72,
82 and 87 kDal appeared after incubation at 25°. at 27°
all five proteins were induced in greater quantity and an
additional protein of 67 kDal was observed. The time
required for the induction of hsps at 25°c was determined by
labeling the gills in vitro for one hour after intervals of
up to four hours of heat shock. All five proteins were
apparent after one hour of heat shock and maximal by two
hours. The lamallae continued to synthesize hsps throughout
the four hours.

Stress proteins were not induced in lamallae exposed to
25 to 300 uM of sodium arsenite or 50 to 500 mM sodium
chloride. Although viability was high under these
conditions, overall protéin synthesis was suppressed.

Lamellae proteins induced by heat shock at 25°¢c were
incubated with monoclonal and polyclonal antibodies to hsps
60, 70 and 90; Only the antibodies to
constitutive/inducible hsp 70 and the polyclonal antibody to
hsp 70 exhibited different degrees of binding in control and
shocked samples.

October and January fish were subjected to osmotic

shock in vivo by transfer from freshwater to 27 ppt and 35

ii



ppt seawater. Five stress proteins with molecular weights

of 39, 40, 41, 54, and 82 kDal were induced in non-smolting
fish in October upon transfer to 27 ppt for 48 hours. Fish
reared under a constant daylight photoperiod did not exhibit

induction of hsps when transferred to 27 ppt seawater in

January.
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PREFACE

Atlantic salmon are an important species for
commercial aquaculture and are reared throughout North
America, South America, Europe, Asia, New Zealand and
Australia. Presently, aquaculture is being used to restore
Atlantic salmon to the rivers of New England. Adult returns
numbered in the tens of thousands in New England rivers
before the runs were decimated by overfishing, pollution and
destruction of the habitat in the early 1800's (U.S. Fish
and Wildlife Service, 1989). Restoration of salmon runs in
these rivers would return a once native species to the
region and would aid the economy through development of a
sport and commercial fishery. Fish farming has also
increased to meet the growing human consumption of salmon.
In 1983, the U.S. imported approximately 3,968 metric tons
of Atlantic salmon. Six years later, imports increased
nearly 4.5 times to more than 17,000 metric tons
(Bettencourt and Anderson, 1990). The increased demand and
higher prices could allow domestic aquaculturists to
profitably produce and market salmon.

In commercial salmon aquaculture fish are typically
reared in seawater netpens because they cannot be produced
cost effectively in terrestrial-based facilities. The fish

are directly transferred from freshwater tanks to seawater
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net pens. The fish are reared in these units at relatively
low cost to market size in about 18 months. Salmon can only
be transferred to seawater during a short period of time
called the parr-smolt transformation or smoltification (Hoar
1988, 1976). Many morphological and physiological changes
occur during smoltification and enable the fish to
successfully make the transition from a hydrating
(freshwater) to a dehydrating (seawater) environment.
smoltification occurs in the spring during the increase in
day light and water temperature. When fish are transferred
outside the two to four week period of smoltification, there
are high mortalities and poor growth of survivors (Hoar,
1976). In restoration programs non-smolting salmon released
into the rivers remain in the stream where they are exposed
to predators and food availability is low. These fish are
not likely to survive and return to the river to spawn.
Smoltification must be identified accurately for
commercial aquaculture and restoration programs. For
successful transfer and rearing of salmon in seawater net
pens, a better understanding of smoltification is necessary
to clearly identify the proper time for transfer. At the
present time, several indicators are used to assess the time
of smoltification. These, however, are labor intensive,
require specialized equipment or are not precise. The
techniques currently used are not readily adapted for

routine hatchery use and require the sacrifice of many fish.
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Figure 9. Protein concentrations of lamallae exposed to
2500 and labeled for two hours then chased for various
times at 1500. Data represents mean and standard
deviation of three fish. Within groups analysis of
variance.and Tukey post-hoc test with an alpha level of
0.05 was used to detect differences between the means.

No statistical differences were detected.
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Figure 16. Six negative controls are shown in which
non-specific binding and specificity of the different
antibodies were tested with heat shocked polypeptides
for the protein immunoblotting system.

Lane:

1) frimary antibody was omitted to test
non-specific binding of secondary antibody and
silver enhancement

2) Primary and secondary antibodies were omitted
to detect non-specific binding of silver
enhancement

3) Proteins were probed with monoclonal
constitutive and inducible hsp 70 and secondary
antibody was omitted to test non-specific binding
of silver enhance to primary antibody

4) Proteins were probed with polyclonal hsp 70 and
secondary antibody was omitted

5) Proteins were probed with polyclonal hsp 60 and

secondary antibody was omitted
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Figure 17. Heat shocked, 25°¢ (S) and control (C) branchial
polypeptides were probed with monoclonal hsp 70
antibodies, constitutive and inducible hsp 70 (con) and
the inducible hsp 70 (ind). Total protein was

determined in lane five with the stain amido black.
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Figure 18. Immunoblot showing specificity of secondary
antibody to the primary antibody. The area with a
molecular weight corresponding to the respective
protein was cut from the lane and constitutive and
inducible hsp 70 (con 70), polyclonal hsp 70 (pol 70)
and polyclonal hsp 60 (pol 60) antibodies were used to

probe the remaining proteins.
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Figure 19. Proteins probed with polyclonal hsp 60 (pol 60),
polyclonal hsp 70 (pol 70), constitutive and inducible
hsp 70 (con 70) and inducible hsp 70 (ind 70)
antibodies with no blocking buffer is shown. Arrows

designate 71/72 kDal and 54 kDal protein bands.
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Figure 20. Control (c) and heat shocked, 25°¢ (s)
polypeptides from branchial tissue probed with
monoclonal hsp 90. Blocking buffer was omitted from
lane three (nb). Total protein (lane four) was

detected with amido black.
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Figure 25. Fluorograph depicting branchial proteins from
fish subjected to various salinities for two hours.
Arrows designate proteins of 54, 41 and 40 kDal. Lane,
duration of exposure, salinity: (1) 24 hours, 0 ppt;
(2) 48 hours, 0 ppt; (3) four hours, 35 ppt; (4) 24

hours, 35 ppt; (5) 24 hours, 27 ppt; (6) 48 hours, 27

ppt.
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Figure 26. Mean plasma chloride level and standard
deviation in fish exposed to in vivo osmotic shock
(IV2). Varying sample sizes between four and five were
analyzed for differences in means using an within
groups analysis of variance and a Tukey post-hoc test
(alpha = 0.05). Same letter denotes no statistical

differences between group means.
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Figure 27. Incorporation of radiolabel into protein fish
exposed to in vivo osmotic shock (IV2). Values are the
mean + SD of three to five individuals and were
analyzed for differences in means using a within groups
analysis of variance and a Tukey post-hoc test (alpha =
0.05). Same letter denotes no statistical differences

between group means.
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Figure 28. Fluorograph depicting branchial proteins from
fish subjected to various salinities for two hours.
Lane, duration of exposure, salinity: (1) 4 hours, O
ppt; (2) 4 hours, 27 ppt; (3) 24 hours, 0 ppt; (4) 24
hours, 27 ppt; (5) 48 hours, 0 ppt; (6) 48 hours, 27

ppt, (7) molecular weight standards.
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