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Abstract

Intrinsic and heat shock induced thermotolerance of” Saccharomyees cerevisiae was
investigated in cells grown on glucose (repressed) and acetate (derepressed) supplemented
media. Heat shocked cells (37°C/30 min. in either medium, exhibited induced synthesis
of heat shock proteins (hsps) and trehalose. In all cases. with the notable exception of
repressed cells of a relatively thermoser sitive strain (Ysen)., heat shock acquisition of
thermotolerance to a 50°C stress also occurred in the absence of protein synthesis and
coincident decrease in trehalose accumulation. Results indicated that a marked increase in
thermotolerance exhibited by derepressed cells compared with repressed cells was not
closely correlated with levels of hsps or trehalose. It was concluded that mechanisms for
intrinsic and induced thermotolerance appear to be different and that growth on acetate
endows cells with a biochemical predisposition, other than hsps or trehalose. which conters
intrinsic tolerance.

Patterns of heat shock gene transcription and translation as well as trehalose content
were investigated in both repressed and cerepressed S. cerevisiae cells during heat shock,
return of cells to 25°C (recovery) and subsequent exposure to a second heat shock (re-heat
shock). Heat shocked cells. grown in either glucose or acetate supplemented media.
initially acquired high thermotolerance to a 50°C heat stress. which was progressivelv lost
when cultures were allowed to recover at 25°C and subsequently exposed to heat stress at
50°C. In all cases, with the notable exception of repressed cells of thermosensitive Ysen.
inhibition of protein synthesis. and coincident decrease in trehalose accumulation. during
the heat shock had little effect on the kiietics of loss of thermotolerance. Heat shock at
37°C clicited a marked increase in transcription and translation of genes encoding major
hsps. During recovery at 25°C, both metabolic activities were suppressed followed by a
gradual increase in hsp mRNA transcription to levels observed prior to heat shock. De
novo translation of hsp mRNAs, however, was no longer observed during the recovery
phase. although immuno-detection analyses demonstrated persistence in cells ol high
levels of hsps 104. 90. 70 and 60 throu:zhout the 240 min recovery period. In addition.
while heat shock-induced trehalose was rapidly degraded during recovery in repressed
cells. levels remained high in derepressed cells. Results therefore indicated that the
progressive loss of induced thermotolerence exhibited by glucose and acetate grown cells

was not closely correlated with levels of hsp or trehalose. It was concluded that both
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constitutive and de novo synthesized hsps require heat shock associated activation in order
to confer thermotolerance and that this meditication is progressively reversed upon release
from the heat shocked state.

Data generated for re-heat shock analyses suggested that induction of the heat shock
response may be modified by the previous thermal history of the cell. Exposure of cells to
a second heat shock resulted in hsp supplementation to the pre-existing pool induced by a
prior heat treatment. Protein synthesis inhibition prior to and during re-heat shock in pre-
heat shocked. recovered cells (that contained elevated levels of hsps) did not suppress
induction of thermotolerance in strain Yszn. It was therefore concluded that pre-existing
hsps might be re-activated following a subsequent re-heat shock treatment. However. the
extent of thermotolerance induced upon successive treatments decreased with increased
recovery periods. Consequently. it was proposed that hsps are either progressively
deactivated and/or saturated in chaperone function, resulting in increased requirement for
newly synthesised hsps or de novo protcins. Lvidence presented collectively suggested
that trchalose was not a vital factor in tolerance. Support for these observations was
derived from examination of thermotolerance characteristics, trehalose content and hsp
profiles of a S. cerevisiae mutant deficient in trehalose accumulation. Results clearly
indicated that hsps play a more predominent role in conveying thermotolerance.

Ditferential display of PCR amplificd reverse transcribed mRNA (DDRT-PCR) was
employed to survey changes in gene exprezssion profiles induced by heat shock and carbon
catabolite derepression. Analyses of three cell types, repressed control. repressed heat
shocked and derepressed of Ysen. as well as cells of a relatively thermoresistant strain
(Yres), yielded 30 differentially displayed cDNA fragments common to heat shocked and
derepressed cells of both strains. Eighteen of these generated signals on Northern blots, of
which three were confirmed as regulated. Five amplicons were cloned and sequenced.
Three exhibited homology to S. cerevisiae genes with well characterized protein products:
HSP 90, HXK] and STAI. The remaining two amplicons showed nucleotide identity to
YTIS!I. a homolog of the mammalian 7157/ and putative transcriptional activator, and an
orphan gene encoding a hypothetical transmembrane protein belonging to the multi-drug
resistance translocase family. Novel application of DDRT-PCR in this manner identitied
new and known genes that may be furthe - evaluated as factors involved in stress regulation
and demonstrated the potential of the technique to systematically analyze gene expression

in yeast.,
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