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Abstract 

Heat shock of SacciwTomycc8 ye>ast st rains resulted ill the ind uction of a set of proteins 
referred to as shock protei!, (HSPs). SDS-PAGE analysis revealed that at least three 
induced HSP:; were identified in a "-;(lccha7'Omycc" ce7'C"tri,"io,c CBS 1:39.5 and seven in it 

Socciw7'omyccs CB:; I.sO:)' One of these HSPs with molecular mass of approx­
imately 41 KDa was also identified ill two Illutant strains of Saccir(lTomyce8 ceTevi8iae. 

Differential scanning calorimetry analysis of whole yeast cells revealed that heat shock 
treat ment decreased the enl halpy of denaturation ~(H) of total cellular proteins. A di­
rect correlation between the degree of HSP inducibility and protection against extreme 
temperatures was observed, These r(':;ult:; suggest th,d prior he,ll shock treatment protects 
the protein of ye,,:;l cells frul!! ('11"\"<11 cd U,ll!perat me,;, 

heat ,;\lOck. heal :;Lock proteil1:i. polyacrylamide gel 
di ff'CI'Cl! t ial . ...:caIl nillg caluril!let ry. 

Introduction 

:\11 organisms examined to date. including yeast. are known to respond 
to temperatures above their normal growth temperature by including the 
synthesis of Cl family of specific protein:,; referred to as heat shock pro­
teins (HSPs) (LI and \YEHB. 1982: LI\DQCISL 1986: ?-.IcALISTER and 
FI\EELSTEI\. 1980: :\IILLER et al.. 1982: YOST et al.. 1990: SCHLESli\GER 
et al.. 1982). The synthesis of these proteins is also induced in response 
to a variety of other ellvirolllllental stresses such as ethanol (LI;\DQuIST, 
1986; \IICHEL and STARh.-\. 1986: PLESSET et al.. 1982: SCHLESli\GER et 
aL 1982) anoxia, amino acid allalogs. inhibitors of oxidative phosphory­
lation. heavy metal ions and re:,;piratory poisons (LL'\DQCIST, 1986; Mo­
RIMOTO et aL 1990). The prior induction of HSPs has been reported to 
confer heat tolerance to extreme temperatures as well as some other kinds 
of stress. A fe\\" known examples of such cross protection are: D'l'Osophila 
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larvae exposed to heat shock \vere protected against toxic effects of anoxia 
(VELAZQUEZ and LINDQUIST, 1984) and heat treated yeast cells developed 
an increased tolerance to ethanol (VVATSON et al., 1984; PLESSET et al., 
1982; \VATSON and CAVICCHIOLI, 1983). 

Similarly, prior exposure of cells to ethanol, which induced HSPs, also 
conferred protection against subsequent lethal temperatures (PLESSET et 
al., 1982). This, the induction of HSPs either by heat shock or ethanol 
appears to protect cells against environmental stresses. 

Recently, HSPs have been reported to have multiple roles in cell phys­
iology and survival, e.g., 

their role in signal transduction pathway (PICARD et al.. 1990) 
- removal of abnormal proteins (ANANTHAN et al., 1986) 

disassembly of hydrophobic protein complexes in an ATP-dependent 
manner (PELHA:vI, 1986) 

- association with specific proteins (PINHAsI-I(n-IHr et al., 1986), and 
folding, translocation and assembly of protein-protein complexes 
(CHIRICO et al., 1988: DESHAIES et al.. 1988). 
Considering the multiple roles of HSPs, we aimed to study whether 

the prior heat shock exposure could confer any protection against extreme 
temperatures, and if significant changes in the protein fine structure could 
be detected by biochemical and biophysical means. 

Materials and Methods 

Yeast Strains and Growth iv! edium 

The yeast strains investigated in this study were S. Pastorianns CBS 
1503; S. cerevisiae CBS 1395; S. cerevisiae CB 67 and S. cerevisiae CB 89. 
The yeast cells were sub cultured in synthetic medium at 30 QC on a shaker 
prior to use in this study. The synthetic medium consisted of magnesium 
sulphate, 0.1 g: potassium dihydrogen phosphate, 0.14 g: sodium hydro­
gen phosphate, 0.8 g; sodium chloride, 0.1 g; ammonium sulphate, 40 g; 
yeast extract: 5.0 g; glucose, 10.0 g; all dissolved in 1 litre of distilled wa­
ter, pH 4.8. 

Heat Shock Conditions 

Exponentially growing yeast cells at 30 QC were harvested by centrifugation, 
washed twice with distilled water and cell suspensions in 0.6 mol/l KCl 
buffer (SDS-PAGE analysis) or in distilled \vater (DSC analysis) were pre­
incubated at 30 QC for 30 min, (Control) or subjected to heat shock at 5.5 QC 
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for 10 min, then transferred at 50 QC for 30 min (experimental samples). 
The cells were cooled to 30 QC and then disruptured by ultrasonication (3 x 
3) only for protein analysis. After that the cells were centrifuged (5000 rpm 
for 15 min 4 QC) and the pelleted cells were used in DSC analysis while 
the sonicated sample supernatants were used in SDS-PAGE analysis. The 
pellets and the supernatants were kept frozen until required for analysis. 

Protein Analysis 

Aliquots of supernatants (7 /-Ll) from control and heat shocked samples 
were analysed by SDS-PAGE. Electrophoresis ,yas carried out according to 
(LAEylMLL 1970). The scanning of electrophoregram was obtained with a 
Video densitometer :vIOD HI-CA),! -:'\0. 30335008 Biotech-Fisher. 

Differential Scanning Calorimetry 

The thermal behaviour on the yeast protein ,vas examined with a SE­
TARAM lVIicro DSC-Hungary. Stainless-steel pan was used for sample and 
reference. Differential scanning calorimetry (DSC) was performed on whole 
yeast cells. A 900 ± 10 mg (wet weight) was sealed in stainless-steel pan. 
The heating rate was 1 °C/min oyer range of 25 - 95°C. The enthalpy of 
denaturation (6.H) was expressed as meal per mg protein and the refer­
ence was water. The temperature of denaturation (Td) was determined as 
the peak temperature. 

Results 

1. Detection of HSPs by SDS-PAGE Protein Analysis 

Fig. 1 shows the electrophoregram of protein prints for investigated yeast 
strains separated by SDS-PAGE before and after heat shock treatment at 
50°C for 30 min. The molecular masses and number of heat shock proteins 
for the investigated yeast strains are summarized in Table 1 (a,b,c). 

2. DSC Characterisation of the Investigated Yeast Strains 

DSC curyes of the investigated whole yeast cells had different shapes. Fig. 2 
shows a broad endothermic peak for S. pastorianus CBS 1503 and S. cere­
visiae CB 89 while a sharp endothermic peak for S. cerevisiae CBS 1395. 
In contrast, S. cerevisiae CB 67 shows a sharp multipeak curve, before the 
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i. SDS-PAGE of Saccharomyces cercui,<i(LI; celL. 
_-\j S. pao[or-ianuo CBS 150:3: B) S. ce7'coi",ae CBS n95: c., S. ccrCUi8i(lC CBG7 
and D i S. cerevisil1c CB39, From the left: Lanes 1: Standard: 2.:).·L.'i: Control 
r:30 cC): 6.1.:'.9: Heat shocked cells (.j.j cC 10 min - ·'i0 °('/:30 min) 

Table la 
SDS-PAGE subfractions of heat shocked yeast cells 

Yeast strains :\0. of subfraction 

S. pastorianus CBS 1,50:3 I 
S. cerevisiae CBS 1:39·j 3 

S. cerevisiae CB 6, 9 
S. cerevisiae CB 89 10 

.-\pproximate molecular mass of 
HSPs (KDa) 

.j .2,.3·1.-11.47 .62.1:2:3 
30.36.45 

16.22.28,33,:39.-11,-19,58.9:3 
11.16.20.28.32.35.:3"i .-11 A.j .. j-l 

heat shock treatment. After heat shock treatment the DSC curves of the 
investigated yeast strains showed two broad endothermic peaks. The tem­
perature of denaturation (Td) and the enthalpy of denaturation (!:::"H) of 
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Table lb 
SDS-PAGE subfractions of untreated yeast cells 

Yeast strains 

S. pastorianus CBS 1503 
S. cerevisiae CBS 1395 

S. cerevisiae CB 67 
S. cerevisiae CB 89 

No. of subfraction Approximate molecular mass of 
su bfraction (KDa) 

9 4,8,17,29,36,40,45,52,60 
7 27,37,48,54,61,67,100 
7 16,21,30,35,39,49,58, 

10 3,11,17,21,25,33,37,41,58,66 

Table le 
Change in SDS-PAGE after heat shock treatment (KDa) 

Yeast strains New bands Disappeared bands More intensive bands 

S. pastorianus CBS 1503 27,62,123 17,45,52 62 
S. cerevisiae CBS 1395 30,45 27,48,54,61,67 45 

S. cerevisiae CB 67 22,28,41,93 30 22 
S. cerevisiae CB 89 28,45,54 25,58,66 54 

7 

the investigated yeast strains before and after heat treatment are summa­
rized in Table 2. 

Discussion 

In many organisms, induction of heat tolerance to extreme temperatures 
is directly correlated with induction of a specific set of HSPs (Ll, 1983; 
Ll et al., 1980: LINDQUIST, 1986; MITCHELL et al., 1979; \VATSON and 
CAVICCHIOLI, 1983). 

These proteins are induced by a variety of stress conditions, most no­
tably heat shock (IIDA and YAHARA, 1984; LINDQUIST and CRAIG, 1988; 
MICHEL and STARKA, 1986; PLESSET et al., 1982; \VATSON and 
CAVICCHIOLI, 1983) and ethanol stress (BRAZZELL and INGOLIA, 1984; 
MICHEL and STARKA, 1986; PLESSET et al., 1982). This paper examines the 
effects of heat shock on the thermal behaviour and the composition of the 
cell protein of the four investigated yeast strains. Heat shock treatment at 
55°C for 10 min followed by incubation at 50°C for 30 min resulted in in­
duction of HSPs (Table 1 a). Several of the HPS bands were identified in the 
four strains examined, these have also been reported for other S. cerevisiae 
strains (BOSSIER et al., 1989; CAVICCHIOLI and \VATSON, 1986; DOWHAN­
lCK et al., 1990; McALISTER et al., 1979; SDSEK and LINDQD1ST, 1989). 



~ I I 

J A~ " .. " ... ,,", 
11 

~II ~ ....... " ... 
A 

'" " J: 

~ 
0 
u 
~ 

, 
~ .... 
+' 

'" " J: 

o 
~ 

o 

1i 

I \ ;.;,., 
I , .J",,,,,,,,,, ICl I I I 1I'W'E"4IU"0 /Cl 

lO .0 ~o no 10 00 00 100 20 lO 040 t!.o 6~ no no lOO 

.. ,. 

c 

[) 

~1 
h.lIl lr ... taU 09 

TEHl'lOfU.1\J/1I! It I .. 70 
T(Hf'(f\4.TUfle IC: '.0 I -- .04? :t? ___ , __ ~ ___ ~ __ ~ ___ '.~. __ 

Pig, 2. DSC scans of whole Saccha1'OTIlYccs yeast ~ells before and after heat shock treat­
ment. A) S. pILslO1'iIL7I:lLS ellS 150:1; B) S. cC1'c'lJis'ia(~ CBS 1:195; C) 8. CC1'C'IJisiac 

CB (l7 and D) S, ce1'C'IJ'isiac CB 8!l 

00 

:>. 

"" ~ 
t-< 

~ 

:.:. 



COMPARISON OF STRESSED AND UNSTRESSED YEAST 9 

Table 2 
Temperature of denaturation (Td) and enthalpy contents (t:.H) of the endotherms of the 

investigated yeast strains (whole cells) before and after heat shock treatment 

Yeast strains Endotherm 
Control (30°C) Heat shock treatment 

Td (OC) t:.H (mcalmg-1 ) Td (OC) t:.H (mcalmg-1 ) 

S. pastorianus CBS 60.4 255.33 67.8 19.80 
1.503 (X) 86.6 15.88 

S. cerevisiae CBS 1395 59.3 228.04 58.9 5.71 
(Y) 86.2 18.24 

S. cerevisiae CB 67 56.4 19.67 60.95 10.22 
65.7 16.96 83.6 2.87 
88.2 14.73 

S. cere\·isiae CB89 58.7 72.66 73.2 1.39 
85.1 16 . .58 

S. cerevisiae CB 89, the most heat resistance strain produced the high­
est number of HSPs as compared to the other strains (Table la, lc). Per­
haps some of these HSPs are synthesized constitutively in higher amount 
in the themotolerant strains and these proteins may account for their ther­
motolerance. 

Protein unfolding of denaturation is accompanied by enthalpy changes 
(PRIVALO\· and KHECHE\ASHVITY, 1974) which can be monitored by ther­
moanalytical techniques such as differential scanning calorimetry (DSC). 
The enthalpy changes are measured as differential heat flow between sam­
ple and reference and recorded as a peak by DSC. The peak analysis enables 
determination of temperature of transition and enthalpy of denaturation 
from peak temperature and area of the peak, respectively. The sharpness 
of the peak also indicates the cooperative nature of the transition from na­
tive to denatured state. If rupture of intramolecular bonds occurs within a 
very narro·w range of temperature (very sharp peak), the transition is con­
sidered highly cooperative. The broader the peak the less cooperative the 
transition CWRIGHT et al., 1977). DSC has been used to study thermal de­
naturation of some food proteins such as muscle proteins (VVRIGHT et al., 
1977), egg albumin (DONOVAN et al., 1975), soybean proteins (HER),lA::\S­
so::\ 1978 and 1979), whey proteins (DE WIT and KLARENBEEK, 1984), 
thermal behaviour of whole Saccharomyces cerevisiae (KAUL et al., 1992), 
and fababean proteins (AR::\TFIELD and MURRAY, 1981). DSC is a simple 
technique since samples can be analysed directly and the size of sample re­
quired is small. 
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DSC scans of heat shocked yeast cells exhibited decreased (92.2, 93.7; 
97.4, 92.0; 48.0, 83.1 and 98.1, 77.2 %) enthalpy (b.H) values of the en­
dotherms (Fig. 2, A,B,C and D) with respect to the control of the inves­
tigated yeast strains, respectively. These are indication of heat shock in­
duced stability of the system. LEPOCK et al. (1990) in their model for 

J( F 
protein denaturation, N = D R2.; D I where Nand D are native and de-

f( - 1 

natured states, respectively, J{ is the rate constant for killing and ]<;"--1 

is the rate constant for refolding, have suggested that protein denatura­
tion is made irreversible at higher concentrations such as those occurring 
in the cell by aggregation which follows actual denaturation. Heat shock 
proteins could either prevent such aggregation as has been reported by 
PELHAl\I, (1986) or alternatively HSPs themselves could be heat resistant 
so as to enable the whole complex mixture of cellular proteins to attain 
significantly 10'wer b.H values on DSC scans. In S. cerevisiae CB 98 which 
produced the highest number of HSPs, the DSC scans of this strain of this 
strain showed a higher decrease in b.H value (98.1 %)as compared \vith 
other strains. This reflects that the heat shock effects, most if not all, are 
mediated by proteins as shown by altered values of b.H for the main en­
dotherm. Since the main component of the endotherm in this state is pro­
tein denaturation it can be said that HSPs impart the stabilization to the 
system as determined by the reduced b.H values of the investigated yeast 
strains. 
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