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S U M M A R Y  

Glucose-limited cultures of baker's yeast growing at 25" had a maximum 
growth rate, saturation constant and yield constant of 0-22 hr-l, 129 pg./ml. 
and 0.225, respectively, whereas when growing at 38" the corresponding 
values were 0.25 hr-l, 300 pg./ml. and 0.204. In continuous culture, with the 
dilution rate fixed at 0.1 hr-l there were no differences observed in viability, 
incidence of respiratory deficient mutants, cytochrome spectra or mean cell 
dry weights, between cultures grown at 25 and 38". The culture grown at 
25' had a smaller mean cell volume, greater yield value and nitrogen utiliza- 
tion. Ethanol, pyruvate and a-ketoglutarate were secreted to a greater 
degree in cultures grown at 38". Yeast grown at 25' had a smaller capacity to 
produce carbon dioxide but greater ability to take up oxygen. Enzymes 
associated with glycolysis, alcohol production, tricarboxylic acid cycle and 
respiratory chain in organisms cultured continuously at 25 and 38" showed 
few important differences. The most obvious ones were those involving 
a-ketoglutarate as a substrate, especially a-ketoglutarate dehydrogenase. 
There were only small differences in adenosine phosphates and nicotinamide 
nucleotides. At 25' the ratio NAD/NADH was 1.5 but for organisms grown 
at 38" the ratio was 1 . 1 .  

I N T R O D U C T I O N  

The growth and metabolic activities of micro-organisms are profoundly affected by 
the temperature at which they grow. For example, with Saccharomyces it has long 
been known that the rate of alcohol production increases with temperature up to 
40' (Brown, 1914). Again fuse1 alcohol production is stimulated by increasing tem- 
perature with top-fermenting yeasts but not with bottom-fermenting yeasts (Hough & 
Stevens, 1961) and Wolter, Lietz & Beubler (1966) showed an increase in ethyl 
acetate production with increases in incubation temperature. 

There are many reports that the synthesis of enzymes are affected by the growth 
temperature (Knox, 1955). Christopherson ( I  967) demonstrated with Candida pseudo- 
tropicalis that the activity of glucose-6-phosphate dehydrogenase was lower when 
grown at 37' than when grown at 20'. In a similar experiment the alcohol dehydro- 
genase activity of Saccharomyces cerevisiae was two- to three-fold different between 
organisms grown at 15 and 37". The induction of the enzyme catalase in S. cerevisiae 
also has been reported to be temperature sensitive (Sulebele & Rege, 1967). 

In continuous culture the metabolic activities of a micro-organism vary with growth 
rate. Thus Tempest & Herbert (I  965) demonstrated with glucose-limited continuous 
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cultures of Candida utilis that growth rate markedly affected respiration rate. But the 
growth rate in batch culture varies with temperature and thus there is always doubt 
as to whether reported effects of temperature on metabolism are direct or arise from 
an alteration in growth rate. An assessment of the effect of culture temperature on 
the metabolism of a micro-organism, therefore, is best carried out under conditions 
where the growth rate is constant and independent of temperature. This is readily 
achieved with continuous culture. 

In the present study, a detailed comparison of the metabolism of baker's yeast has 
been carried out with continuous cultures maintained at 25 and at 38", but with the 
rate of growth kept constant. The object was to obtain information which would 
explain why, at higher temperatures of cultivation, cell production is decreased but 
the rate of ethanol production is enhanced (Hough & Rudin, 1958). 

METHODS 

Organism and media. The yeast used was a strain of Saccharomyces cerevisiae 
isolated from a commercial sample of baker's yeast and employed in earlier studies 
(Brown & Hough, 1965, 1966). It was maintained on a solidified malt extract medium 
(Wickerham, 195 I) and subcultured monthly. For experimental work the liquid 
synthetic medium of Cutts & Rainbow (1950) was modified in that the lactate buffer 
was replaced by citric acid monohydrate (I -13 g./l.) plus trisodium citrate dihydrate 

Culture conditions. Batch cultures (50 ml.) were grown in 150 ml. conical flasks in a 
thermostatically-controlled incubator at temperatures from 25 to 40'. The flasks were 
shaken at IOO strokes/min. with an amplitude of 4-5 cm. Continuous cultures were 
established in a single-stage glass culture vessel of 150 ml. working volume. The dilu- 
tion rate was controlled, generally at 0.1 hr-l (equivalent to a residence time of 10 hr) 
using a peristaltic metering pump and the temperature regulated by pumping water 
from a thermostatically-controlled water-bath through a jacket surrounding the 
vessel. Filtered sterilized air was injected below liquid level in the vessel, at a rate of 
50 ml./min. This procedure gave reasonably high levels of dissolved oxygen, indicated 
by similar yields when various oxygen and air mixtures at the same flow rates were 
used. The culture was inoculated and sampled by means of a device described by 
Heatley (1950). When the culture optical density (measured at 625 nm., using a 
Unicam SP 500 spectrophotometer) was constant for 3 days, equilibrium was estab- 
lished and samples taken for detailed analyses. 

Growth constants. Yeast, previously grown in glucose-limited continuous culture, 
was inoculated into shake flasks containing a complete medium but with glucose 
concentration ranging from 0.1 to 10 mg./ml. In each series of experiments the inoc- 
ulum yeast was grown at a corresponding temperature. Readings of absorbance, at 
625nm., were taken at short intervals during early stages of growth of the yeast 
Results were calculated from the ratio of log, O.D. to time. 

Viabitity measurements. Both a staining method (Lindegren, 1949) and slide-culture 
technique (Gilliland, I 959) were employed. 

Respiratory-deJicient mutants. The method of Ogur, St. John & Nagai (1957) was 
used for detection of the respiratory deficient organisms. 

Distribution of yeast cell sizes. Organisms suspended in sodium chloride solution 
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(0.9 %), containing maltose (10 %) to minimize aggregation, were examined in a 
Coulter electronic particle counter fitted with 70 pm. orifice. 

Growth factor requirements. These were determined by the method of Shultz & 
Atkin ( I  947). 

Manometry. Organisms were separated from the cultures by centrifugation washed 
with citrate buffer (50 mM) plus potassium dihydrogen phosphate (5 mM) at pH 5.0 and 
resuspended in the same buffer solution at a known concentration of about 2 mg./ml. 
Oxygen uptake and carbon dioxide output under aerobic conditions were measured 
using a Braun Rotary Warburg Manometer. 

Samples for  analyses. Samples were transferred to ice-cooled tubes and centrifuged 
(30008 for 3 min.) at 2". The samples for cytochrome spectra and assays of enzyme 
and coenzyme estimations were then treated as indicated below. For all other analyses, 
the yeast pellets were washed with water (at 2") and then dried under reduced pressure 
until of constant weight. They were then stored until required in a desiccator (at 4"). 

Cytochrome spectra. The method of Linnane, Biggs, Huang & Clark-Walker ( I  968) 
was used. 

Table I .  List of enzymes and coenzymes investigated 

Enzyme or coenzyme 
Phosphofructokinase 
Pyruvate kinase 
Pyruvate dehydrogenase enzyme system 

Pyruvate decarboxylase 
Alcohol dehydrogenase 
Aconitate hydratase 
Isocitrate dehydrogenase (NAD specific) 
Isocitrate dehydrogenase (NADP specific) 
Ketoglutarate dehydrogenase enzyme system 
Succinate dehydrogenase 
Fumarate hydratase 
Malate dehydrogenase 
NADH oxidase enzyme system 
NADH : cytochrome-c oxidoreductase 
Cytochrome-c : oxygen oxidoreductase 
Succinate : cytochrome-c oxidoreductase 
Glutamate : NAD oxidoreductase 
Glutamate : NADP oxidoreductase 
Aspartate : ketoglutarate aminotransferase 

ATP, ADP, AMP 
NAD 
NADH 

E.C. number 
2.7.1.11. 
2.7.1.40 
- 

4.1.1. I. 

4.2. I .3. 
I. I. I .41. 
I. I. I .42. 

1.1.1.1. 

- 
I .3,99. I. 
4.2. I .2. 
1.1.1.37. 

I .6.2. I. 
I .g.3. I. 

- 

- 

1.4.1.2/3. 
I .4. I .3/4. 
2.6.1.1. 

Reference for assay 

Viiiuela, Sales & Sols, 1963 
Rose, 1960 
Alvarez, Vanderwinkel & Wiame, 
I958 

Holzer & Goedde, 1957 
Bucher & Redetzki, 1951 
Racker, 1950 
Kornberg, I 955 a 
Kornberg, I 955 b 
Holzer, Hierholzer & Witt, 1963 
Hauber & Singer, 1967 
Racker, 1950 
Bergmeyer, 1963 
Green & Ziegler, 1963 
Polakis, Bartley & Meek, 1964 
Polakis, Bartley & Meek, 1964 
Mackler et al. 1962 
Holzer & Schneider, 1957 
Holzer & Schneider, 1957 
Holzer, Gerlach, Jacobi & 

Gnoth, 1958 
Bergmeyer, 1963 
Bergmeyer, 1963 
Polakis & Bartley, 1965 

Assays .for enzyme and coenzyme estimations. Yeast samples (100 to 200 mg. dry 
weight) were washed twice with 50 mwpotassium phosphate buffer (pH 7-0), resus- 
pended in 6 ml. of this buffer and disintegrated in a Mickle tissue disintegrator (15 
min. using I mm. diam. glass beads). After centrifugation (10 min. at 3000 g, 2") 
the clear supernatant fraction contained the soluble enzymes and enzymes of the 
mitochondria which were then assayed immediately. All stages in the extraction were 
carried out at 2O. The assays used are given in Table I .  Protein was estimated by the 
Folin-Lowry method (Lowry, Rosebrough, Farr & Randall, 195 1). 

Keto-acids. Pyruvate and a-ketoglutarate were estimated enzymically by the 
methods described by Bergmeyer (1963). 
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RESULTS 

The eflect of temperature on the growth characteristics of Saccharomyces cerevisiae 

The growth factor requirements of this yeast when growing at 25" or at 38" were 
identical. There was an absolute requirement for biotin, pantothenate, inositol and 
pyridoxine and a partial requirement for nicotinic acid and thiamine. Comparison of 
growth constants of yeast cultured at 25 and 38" are, therefore, not complicated by any 
changes in growth factor requirements. The saturation constants (K,) and max. growth 
rates (,urnax) for glucose-limited cultures at these temperatures were calculated from 
experimental results obtained with batch cultures containing a range of glucose con- 
centrations (Herbert, Elsworth & Telling, 1956). For cultures incubated at 25" the ,urnax 
value was 0.22 hr-l and K, value 129 ,ug./ml. whereas for cultures incubated at 38", 
,urnax was 0.25 hr-l and K, equal to 300 ,ug./ml. (Fig. I). The yield constants for these 
cultures grown at 25 and 38" were 0.225 and 0.204, respectively. 

Table 2. Growth characteristics of S. cerevisiae 

Temperature of Cell Ethanol 
continuous Glucose yield produced Nitrogen 

culture utilized (%) mg./ml. medium pg./mg. yeasts utilized (%) 

2 5 O  

38" 
I00 3'2 193 41 
99 2.6 468 37 

The viability of the yeast populations were measured over a range of dilution rates 
from 0.07 to 0.20 hr-l when growing in a glucose-limited chemostat. With the growth 
temperature at 25" the percentage of viable cells ranged from 92 to 98, while with 
cultures maintained at 38", viability varied from 90 to 98. The incidence of respiratory 
deficient mutants was less than 0.2% irrespective of the growth temperatures and, 
therefore, like viability could be ignored when interpreting subsequent results. 

Again, the cytochrome spectra of organisms grown continuously (glucose-limited, 
D = 0.1 hr-l) were similar and showed peaks at 524, 530, 551, 562 and 600 nm. 
These probably were due to the presence of cytochromes c + c l ,  b + b ,  and a+a,  
respectively. There was a difference, however, between the cultures grown at 25 and 
38" with respect to their mean cell volumes; organisms grown at 38" were slightly 
larger than those grown at 25" although their mean cell dry weights were identical. 

Cultures grown at 25 and 38" in a glucose-limited medium (D = 0.1 hr-l) were 
found to differ in several respects (Table 2). The yield of organisms was greater at the 
lower growth temperature and slightly more nitrogen was utilized. In contrast, the 
ethanol production was less than half that observed with cultures grown at 38", 
despite the complete utilization of glucose. 

A further difference was the higher levels of a-keto acids excreted into the medium 
by cultures grown continuously at 38". The steady state levels of the pyruvate and 
a-ketoglutarate attained in glucose-limited (D = 0.1 hr-l) when the temperature was 
varied from 20 to 42" are shown in continuous culture (Fig. 2). The level of a-keto- 
glutarate was higher than that of pyruvate at all temperatures below 40". Between 
the growth temperature of 30 and 35" the level of a-ketoglutarate in the medium rose 
from 3 to 11 pg./ml. At 35" the rate of excretion of a-ketoglutarate was maximal. At 
higher temperatures the level of pyruvate in the medium rose sharply and at 41" 
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exceeded I 50 ,ug./ml. Other metabolities of the tricarboxylic acid cycle (malate, 
oxaloacetate and isocitrate) could not be detected in the medium, nor were amino 
acids, fatty acids and lactic acid excreted. 

Respiratory activities. Manometric studies were carried out in order to examine the 
effect of various growth temperatures upon the respiratory activities of the yeast. In 
one experiment, the growth-limiting substrate was glucose (10 mg./l.) and in another 
m-lactate (15 mg./l.). The dilution rate was held constant (0.1 hr-l) and the tempera- 
ture raised progressively in small steps from 25 to 39". Organisms were removed 

-8 -6 -4 -2 0 2 4 6 8 10 
Glucose (mg./ml.)-l 

Fig. I 

3 6 -  
2 
2 4 -  

1 

Culture temperature 

Fig. 2 

Fig. I .  Plot of reciprocal of specific growth rate (p) against the reciprocal of the glucose 
concentration for a series of shaken batch cultures of S. cerevisiae. Solid line and triangles 
refer to 25" cultares, broken line and circles to 38" cultures. A and B indicate values for 
- I/& from which the values of the saturation constant for 25 and 38" respectively were 
calculated. C and D indicate values for maximum specific growth rates for 25 and 28' 
respectively. Growth was limited by glucose concentrations which ranged from 0.1 to 10 
mg./ml. 
Fig. 2. Levels of a-ketoglutarate (square symbols) and pyruvate (triangular symbols) present 
in the effluent from a glucose-limited chemostat culture of S. cerevisiae maintained at 
various temperatures at a dilution rate of 0.1 hr-l. Glucose concentration in feed 10 mg./ml. 

from the chemostat cultures when equilibrium conditions prevailed and were washed 
and transferred to Warburg flasks with an excess of glucose as substrate and incuba- 
tion at 25". With glucose as growth-limiting substrate in the chemostat and aerobic 
conditions in the respirometer, the carbon dioxide output was found to be higher as 
temperature at which the organisms were cultured increased from 25 to 39": in 
contrast, the oxygen uptake remained fairly constant between 25 and 32" and then 
fell steadily with increasing temperature (Fig. 3). The respiratory quotient at 25" was 
1-15 but at 39" it was 8.0 indicating a substantial change in the metabolic pattern of 
the yeast. 

With DL-lactate ( I  5 mg./ml.) as growth-limiting substrate in the chemostat and 
glucose in excess in the respirometer the oxygen uptake increased as the temperature 
of the culture was increased from 25 to 34". With cultures grown at 34 to 39" the Qo2 

(glucose) declined. When lactate was substituted for glucose in the respirometer the 
Qo2 results were generally similar although slightly greater in the range 25 to 35" 

In order to determine whether, at higher temperatures, the synthesis of respiratory 
(Fig. 4). 

8 MIC 60 
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enzymes was inhibited or their activity impaired the following experiments were 
performed. Yeasts grown in a glucose-limited continuous culture at 25' were trans- 
ferred to a respirometer maintained at various temperatures between 22 and 45". 
The oxygen uptake increased with temperature up to 42". Above this temperature 
(which incidentally, is the maximum permitting growth of the yeast) the respiratory 
ability fell sharply. This contrasts strongly with the effect of temperature or growth 
and suggests that it is the synthesis of respiratory enzyme that is inhibited by elevated 
growth temperatures rather than the activity of the preformed enzymes. 

I 

I I I 

26 30 34 38 26 30 34 38 
Temperature of growth Temperature of growth 

Fig. 3 Fig. 4 

Fig. 3. Relationship between oxygen uptake (square symbols), carbon dioxide output (tri- 
angular symbols) by S. cerevisiae and the temperature of growth using continuous culture 
and a dilution rate of 0.1 hr-l. Glucose concentration in the feed was ~omg./ml. and 
growth-limiting. Gas exchange was measured at 25' after samples of yeasts from the chemo- 
stat were withdrawn, washed and placed in Warburg respirometers with glucose as substrate. 
Fig. 4. Relationship between oxygen uptake by washed suspensions of S. cerevisiae and 
temperature of growth in continuous culture. Dilution rate was 0.1 hr-l, m-lactate concen- 
tration in the feed was 15mg./ml. and growth-limiting. Gas exchange was measured as 
for Fig. 3 with glucose (triangular symbols) and lactate (square symbols) as substrate. 

Intracellular enzyme and metabolite levels 

A comparison of the enzyme complements of yeast cells grown at 25 and 38" 
(Table 3) revealed little difference, particularly for the enzymes concerned with 
glycolysis and alcohol production. Yeasts grown at 38" had a slightly smaller content 
of TCA cycle enzymes : exceptions were succinate dehydrogenase and fumarate 
hydratase which were similar in the two types of yeast. Activities of most of the res- 
piratory enzymes measured were slightly greater in the organisms grown at 38" 
but succinate: Cytochrome-c oxidoreductase was different in that it was lower. 

The greatest differences in enzyme contents were found with enzymes reacting with 
a-ketoglutarate (Table 4). Only one of the enzymes in this group (aspartate: a- 
ketoglutarate aminotransferase) was unaffected by the temperature at which the 



The eflect of temperature on yeast 113 
organisms were grown. The enzyme most influenced was a-ketoglutarate dehydro- 
genase; the levels within organisms grown at 25" were low but the extracts of the 
organisms grown at 38" had no detectable activity. The yeast cultured at 38" had 
slightly greater levels of a-keto acids. Pyruvate and a-ketoglutarate were 7-5 & 0.2 
and 3-1 & 0.2 nmole/mg. yeast material. For yeasts grown at 25" the corresponding 
values were 5.8 & 0.2 and 2.1 & 0.2. 

Table 3. Comparison of activities of enzymes associated with glycolysis, alcohol 
production, tricarboxylic acid cycle and respiratory chain 

Enzyme 

Phosphofructokinase 
Pyruvate kinase 
Pyruvate dehydrogenase 

Pyruvate decarboxylase 
Alcohol dehydrogenase 
Aconitate hydratase 
Isocitrate dehydrogenase 

(NAD specific) 
Isocitrate dehydrogenase 

(NADP specific) 
Succinate dehydrogenase 
Fumarate hydratase 
Malate dehydrogenase 
NADH oxidase enzyme system 
NADH : cytochrome-c 

Cytochrome-c : oxygen 

Succinate : cytochrome-c 

enzyme system 

oxidoreduc tase 

oxidoreductase 

oxidoreductase 

Yeasts grown Yeasts grown 
continuously continuously 

E.C. number at 25" at 38" 

2.7. I . I I .  
2.7. I .40. 

4.1. I .  I .  

4.2.1.3. 
I .  I .  I .41. 

1 . 1 . 1 . 1 .  

I .  I .  I .42. 

I .3.99. I .  
4.2. I . 2 .  
1.1.1.37. 

1.6.2. I .  

- 

I . 9 . 3 . 1 .  

734 k 5 '0 (4) 
224 k 3'7 (4) 
I I5+ 1'4 (4) 
6.6 f 0-2  (3) 

12'1 f 0 . 2  (3) 

12.2$-0-5 (3) 

7'9k0.2 (4) 

Levels of enzyme activities in yeast grown in glucose-limited continuous culture. (Glucose concen- 
tration 10 mg./ml.; dilution rate 0-1 hr-l.) Results are mean values expressed as mpmole substrate 
utilized/min./mg. protein & S.E.M. The numbers of observations are given in parenthesis. 

Table 4. Comparison of activities of enzymes in yeast which involve ketoglutarate 
as a substrate 

Yeasts grown Yeasts grown 
continuously continuously 

Enzyme E.C. number at 25" at 38" 

a-Ketoglutarate dehydrogenase - 2-2+0-4 (8) 0.3 (14) 

Glutamate : NAD oxidoreductase I .  4. I .2/3. 13'5fO.3 (4) 27'5kO.3 (3) 
Glutamate: NADP oxidoreductase I .4. I .3/4 668 k 8-2 (4) 532-t-7'6 (4) 

enzyme system 

Aspartate : ketoglutarate 2.6.1.1. 13'7+0'2 (3) 13.1 k0.3 (3) 
aminotransferase 

Total adenosine phosphate levels for yeasts grown at 38 and 25" were, respectively, 
6.4 and 7.1 nmole/mg. yeast material. This small difference was reflected in the cor- 
responding values for ATP and AMP; levels of ADP were slightly greater for the 
38" culture. There were no major differences between the levels of NAD at the two 

8-2 
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temperatures and of reduced NAD. In each case the value was in the range I - I  and 
1.6 nmole/mg. yeast material. NAD:NADH ratios were 1.1 for yeasts grown at 38" 
and 1.5 for those cultured at 25". 

DISCUSSION 

Many reports on the effect of temperature upon micro-organisms are complicated 
by the fact that not all the other environmental parameters were controlled. This is 
particularly true for batch culture in which the environment invariably changes 
continuously, leading to changes in enzymic composition of the organisms. For 
instance, the level of succinate-cytochrome C oxidoreductase in yeast cells varied 
Ioo-fold during growth in a batch culture (Ephrussi, Slonimski, Yotsuyanagi & 
Tavlitski, 1956). The effect of temperature on the metabolism of growing organisms 
is, therefore, more easily studied when they are growing in a constant environment 
with their growth rate determined by the rate of supply of growth-limiting nutrient; 
that is, in continuous culture. 

The chemical environments provided by the media of the yeast culture growing in 
glucose-limited chemostat 25 and 38" were very similar. This was emphasized by the 
overall constancy in the levels of both the tricarboxylic acid cycle enzymes and the 
enzymes of the respiratory chain between the cells grown at the two temperatures. 
However, a marked decrease occurred in the respiratory capacity of the yeast grown 
at the higher temperature. Yeast grown in lactate-limited cultures was affected to the 
same extent indicating that the effect was not restricted to organisms metabolizing 
glucose as the sole carbon source. Neither was the effect due to an enrichment of the 
population with respiratory-deficient mutants nor to a decrease in viability nor to a 
significant change in the level of aeration. The decrease in the respiratory capacity of 
yeast grown at the higher temperature was accompanied by a decrease in yield and by 
an increase in the amount of ethanol produced. These effects were accompanied by an 
increase in the levels of a-keto acids in the growth medium. With a-ketoglutarate 
the levels rose in that range of culture temperature (30 to 35") in which the respiratory 
capacity began to decline. At growth temperatures above 35" the level of pyruvate 
in the medium increased sharply as the respiratory activity continued to fall (compare 
Fig. 2 with Fig. 3, 4). In contrast the intracellular levels of a-keto acids showed a 
much smaller increase at the higher growth temperature. A similar situation has been 
reported by Suomalainen & Ronkainen (1963) for baker's yeast grown first under 
aerobic and then anaerobic conditions. In their system, despite a considerable increase 
in the levels of a-keto acids in the growth medium, the intracellular levels remained 
relatively constant. 

The increase in the level of pyruvate from 5-8 nmolelmg. in the organisms grown 
at 25" to 7.5 nmole/mg. in those grown at 38" may well favour fermentation without 
any change in the rate of oxidation of pyruvate. Taking results of Polakis & Bartley 
(1965) for internal cell volume, the corresponding internal mean concentrations were 
about 1-9  and 2-5 mM. Holzer (1961) reported that a yeast pyruvate oxidase system 
became saturated at the level of I mmpyruvate whereas pyruvate decarboxylase was 
only saturated at 20 mmpyruvate. 

A comprehensive enzymic survey of this yeast revealed that the increased level of 
a-ketoglutarate in the growth medium may be correlated with the level of a-keto- 
glutarate dehydrogenase present in the cells. In cell-free extracts of organisms grown 
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at 25' the activity of this enzyme was low but in extracts of organisms grown at 38" 
the level was greatly reduced. Vitols & Linnane (1961) also found a low level of this 
enzyme in a commercial sample of baker's yeast, presumably cultured at temperatures 
below 25'. Cell-free extracts of their yeast quickly oxidized citrate and pyruvate plus 
malate but accumulated a-ketoglutarate. 

It is of interest that one enzyme, NAD-specific glutamate dehydrogenase, showed a 
significant increase in complement (roo yo) at the higher temperature of culture. In 
contrast the complement of NADP-specific glutamate dehydrogenase decreased by 
20 yo. Chapman & Bartley (1968) demonstrated a similar reciprocal relationship 
between the changes in levels of the two glutamate dehydrogenases of yeast during a 
change from aerobic to anaerobic conditions. The reason for such a reciprocal rela- 
tionship is not known but may be related to the intracellular compartmentation of 
a-ketoglutarate. It is suggested that the primary effect on the yeast of the increase in 
growth temperature was to reduce the level of a-ketoglutarate dehydrogenase within 
the organisms, probably arising from the inhibition of the synthesis of the enzyme by 
the elevated temperature. The changes in respiratory capacity, metabolite levels 
and levels of other enzymes were probably of secondary importance but acted to 
stimulate fermentative metabolism at the higher temperatures of growth. 
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