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In free-living ciliates, Paramecium and

Tetrahymena, thermal adaptation was ac

companied by changes in metabolic path

ways which, in turn, reflected in alterations

in the enzymic patterns (Irlina, 1967; Levy,

1973). Ghosh and Honigberg (1976) also

observed the effects of environmental tem

perature on the activities of enzymes from

two strains of Leishmania donovani grown

at 25 and 37 C.

Trypanosoma cruzi occurs in three mor

phologically distinct forms—amastigotes,

epimastigotes and trypomastigotes, depend

ing on the environment in which it is found

(Hoare, 1972). The trypomastigotes are

found in the blood of infected mammals,

and the amastigotes are found in the tissues

of the mammals. The epimastigotes are

found in the digestive tract of the triatome

vector as well as in cultures on artificial

culture media. The temperature of the

body of the triatome vector and of the

artificial cultivation are often considered to

be lower than mammalian ones. It has been

postulated that the morphological changes
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from epimastigotes to trypo- or a- mastigotes

may be a result of exposure to mammalian

body temperature. Then, in order to de

termine whether or not the elevated tempe

rature of cultivation correspond to the mor

phological changes, we examined the effects

of elevated temperature on the proportion

of morphological types in the cultures.

Furthermore, we observed changes of the

enzymic activity at different temperatures

of cultivation. The activities of glucose-

6-phosphate (G6PD) (EC No. 1.1.1.49), 6-

phosphogluconate (PGD) (EC No. 1.1.1.44)

and isocitrate (ICD) (EC No. 1.1.1.42) de

hydrogenases were assayed in the course of

this study. G6PD and PGD are the enzymes

mediating the first 2 reactions of the hexose

monophosphate shunt which appears to be

operational in T. cruzi (Raw, 1959). ICD

is an important enzyme involved in ana-

plerotic reactions. All of these 3 dehydro

genases are NADP-linked enzymes. In view

of the likely involvement of lipid metabo

lism changes in thermal adaptations, the

activities and thermal stabilities of these

dehydrogenases seemed to be of considera

ble interest.

Materials and Methods

The parasites.—Tulahuen strain of Try-
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panosoma cruzi has been serially maintained

at 29 C in liver-infusion-tryptose culture

medium (LIT medium) (Kaneda, 1972).

The organisms grown at 29 C were trans

ferred to 33 and 36 C, and used for the

experiments 7 days after inoculation or

after 10 serial passages every seven days at

36 C.

The proportion of morphologic types in

the cultures was estimated by the smear of

cultures which was stained by Giemsa.

Preparation of extracts for enzyme assays.

—Seven days after cultivation at three dif

ferent temperatures (29,33, and 36 C), the

parasites were harvested by centrifugation

at 3,500 Xg for 10 minutes and washed 3

times with tris-buffered 0.25 M sucrose pH

7.8. The washed cells were suspended in

10 ml of 0.25 M sucrose and disrupted with

sonic vibrator at 100 V for 2 minutes. The

resulting homogenates were centrifuged at

12,000 Xg for 20 minutes at 4 C in Kubota

refrigerated centrifuge (Model KR/180 FA)

and the nuclei and sedimentary cellular

debris were discarded. The supernatant

fluid, corresponding to the soluble fractions

was used for the enzyme assays.

Enzyme assays.—Activities of all of the

enzymes studied were determined spectro-

photometrically at 340 nm by following the

NADP reduction rate in the presence of

excess substrate and cofactors. Assays were

carried out with Hitachi 556 recording

spectrophotometer. The cell compartment

of the spectrophotometer was maintained

at the desired temperature (15, 25 and

35 C) by Komatsu-Yamato water circulator

(Model CTE 21).

The assay method for ICD was that of

Kornberg and Pricer (1951). The reaction

mixture contained 2.6 ml of 0.1 M tris-

buffer (pH 7.8), 0.1 ml of 0.1 M MgCl2,

0.1 ml of 0.006 M NADP (Sigma Chemical

Company), and 0.1 ml of cell-free extract of

the trypanosome. The reaction was started

by the addition of 0.1 ml of 0.015 M DL-

isocitrate (Sigma).

Activity of G6PD was assayed according

to the method of Glock and McLearn (1953).

The reaction mixture consisted of 2.6 ml of

0.1 M tris-buffer (pH 7.8), 0.1 ml of 0.1 M

MgCl2, 0.1 ml of 0.006 M NADP and 0.1 ml

of the cell-free extract. The reaction was

started by the addition of 0.1 ml of 0.1 M

glucose-6-phosphate (Sigma). The activity

of G6PD was corrected for 6-phosphogluco-

nate dehydrogenase activity by subtracting

the latter's NADP reduction rates from the

combined activity.

The assay of PGD was based on Glock

and McLearn (1953). The reaction mixture

was the same as in G6PD except that G6P

was replaced by 6PG. The reaction was

started by the addition of 0.1 ml of 0.1 M

6PG (Sigma).

In order to determine the stability of

G6PD, ICD and PGD, cell-free extracts

which were obtained from the trypanosomes

grown at three different temperatures, were

incubated at 37 C and samples were re

trieved at 30-, 60-, 90- and 120- minute

intervals. After the samples were chilled in

ice water, the residual activities of the three

enzymes were assayed at 20 C. Temperature

coefficients (Qlo) of G6PD, ICD and PGD

obtained from various cultures were de

termined by measuring the activity of each

enzyme at 15, 25 and 35 C.

Protein concentration of the homogenates

was estimated by the method of Lowry

et al. (1951) with bovine serum albumin as

a standard.

Results

Glucose-6-phosphate dehydrogenase (G6-

PD).—The activities of G6PD from the

organisms grown at three different tempera

tures intermediated between the ICD and

PGD activities irrespective of the assay

temperature (Table 1). When the culture

temperature was changed from 29 to 36 C,

the activity of G6PD assayed at 15 C wTas

enhanced more than 111%, furthermore, it
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Table 1 Temperature coefficient (Q10) values for glucose-6-phosphate (G6PD), isocitrate (ICD) and

6-phosphogluconate (PGD) dehydrogenases from Trypanosoma cruzi cultured at 25, 33 and 36 C

Temperature
nf

cultivation

29 C

33 C

36 C

Enzyme

G6PD

ICD

PGD

G6PD

ICD

PGD

G6PD

ICD

PGD

Assayed

15 C*

1.709+ 0. 036t

3.546±0.280

0.175±0.002

1.642±0.059

2.902±0.088

0. 157±0.002

3.616±0.071

3.960+0.070

0.278±0.001

at

25 C*

3.090±0.109

6.907+0.185

0.510±0. 170

2.902±0.088

6.420+ 0.088

0.550+0

5.672±0.142

9.495+1.540

0.626+0.069

Qio
(25/15 C)

1.81

1.95

2.91

1.77

2.21

3.50

1.57

2.40

2.25

Assayed at

35 C*

4. 908±0.036

13.453±0.429

1.592+0.243

4.544±0.147

12.107±0.264

1.179+0.036

6.522+0.002

14.103+0.347

1.667±0. 278

Qio
(35/25 C)

1.59

1.95

3.12

1.57

1.89

2.14

1.15

1.49

2.66

* Number of individual determination was 4.

t Activity expressed in nmoles of product formed/min/mg protein + S.D.

was enhanced more than 83% and 32% at

25 and 35 C assay temperature respectively

(Table 1). It was revealed that for increase

in the culture temperature there was a

corresponding increase in the activity of

G6PD.

For the three different cultures, Qlo

values of G6PD in the temperature range

below 25 C were higher than those in the

range above 25 C (Table 1). And, as the

culture temperature was increased, the Q10

values of G6PD decreased gradually.

100

30 60 90 120

Incubation time (min)

Fig. 1 Stabilities of G6PD obtained from the

cultures at 36 (#), 33 (©) and 29 C (o).

Incubation of the enzymes at 37 C for

2 hrs caused a significant loss in activity

(Fig. 1). Such loss in activity was found in

the enzyme obtained from all of the cultures

grown at three different temperatures.

Isocitrate dehydrogenase (ICD).—The ac

tivities of ICD from the cultures grown at

three different temperatures were higher

than those of either G6PD or PGD (Table

1). When the cultures were transferred

from 29 to 36 C, the activity of ICD was

enhanced slightly: at 25 C assay temperature

the enhancing rate was 37%. The increas

ing rate of the activity was low as compared

with that of G6PD.

The temperature coefficient for ICD in

described in Table 1. The Q10 values in

the temperature range above 25 C decreased

according as the temperature of cultivation

elevated, while in the range below 25 C it

increased gradually.

ICD from the cultures grown at three

different temperatures was stable for up to

2 hrs at 37 C, as is shown in Figure 2.

6-phosphogluconate dehydrogenase (PG-

D).—Irrespective of the assay temperature,

the activities of PGD from the cultures

grown at three different temperatures were

lower than those of either G6PD or ICD

and the activity of the 36 C culture was
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slightly higher than that of PGD from the

29 C culture (Table 1). When the culture

temperature was changed from 29 to 36 C,

the activity of PGD increased by 58%, 23%

and 4% at 15, 25 and 35 C assay tempera

ture respectively.

The Qlo values for PGD in the tempera

ture range below 25 C were lower than

those in the range above 25 C, as is shown

in Table 1.

PGD from all of the cultures grown at

three different temperatures was more labile

in extracts prepared in 0.25 M sucrose; 50%

of its activity was lost within 30 min at

37 C (Fig. 3).

Enzymic activity of the cultures main

tained at 36 C.—To ascertain whether or

not continuous cultivation at the elevated

temperature affected G6PD, PGD and ICD

from the organisms, the activities of these

enzymes obtained from the cultures after

10 passages at 36 C were assayed at three

different temperatures. The results are

presented in Table 2. It is evident from

this Table that the activity of PGD from

the organisms after 10 serial passages at

36 C was higher than that of this enzyme

from the organisms after one passage at

36 C. After 10 transfers at 36 C, the activi

ties of G6PD and ICD are similar to those

from the cultures after one passage; the

activity levels are maintained for at least

* 50

0 30 60 90 120

Incubation time (min)

Fig. 2 Stabilities of ICD obtained from the

cultures at 36 (#), 33 (c) and 29 C (o).

100Q

50

0 30 60 90 120

Incubation time (min)

Fig. 3 Stability of PGD obtained from the

cultures at 29 C.

Table 2 Temperature coefficient (Q10) values for glucose-6-phosphate, isocitrate and

6-phosphogluconate dehydrogenases from cultured T. cruzi after transfers at 36 C

Enzyme

G6PD

ICD

PGD

Assayed

15 C*

2.98+Ot

3.36±0.25

0.38±0.12

at

5.

8.

1.

25 C*

39±0.08

06±0.05

59±0.41

Qio
(25/15 C)

1.81

2.40

4.18

Assayed

35 C

7.96±0.

13.33±0.

3.11+0.

at

09

12

06

Qio
(35/25 C)

1.48

1.65

1.96

* Number of individual determination was 4.

f Activity expressed in nmoles of product formed/min/mg protein ±S.D.
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Table 3 Morphological distribution of Trypanosoma cruzi cultivated in LIT medium

Temperature

of

cultivation

29 C

33 G

36 C

36 C

No. of

passage

22

1

1

10

Distribution by morphologic types (%)

Trypomastigote

3.4

1.0

0

0

Epimastigote

96.6

98.8

99.0

72.2

Promastigote

0

0.2

1.0

27.8

Amastigote

0

0

0

0

10 serial passages at 36 C.

Morphological distribution in the cul

tures after 10 serial passage at 36 C was

observed. The results are shown in Table 3.

Discussion

In order to determine whether or not

changes in the temperature of cultivation

of T. cruzi reflect in alterations of enzymic

patterns, activities and temperature coe

fficient of these enzymes (G6PD, PGD and

ICD) obtained from the organisms have

been studied by changing the culture tem

perature or assay temperature. It was ob

served that the activities of these enzymes

from 36 C cultures were higher than those

from 29 C cultures, irrespective of the assay

temperature. The increase in activities of

both G6PD and PGD may be related to

the enhancement of the pentose phosphate

pathways at a higher temperature of culti

vation. Especially, the most distinguished

enhancing rate of the activity of G6PD

was observed, as is shown in Table 1. The

changing rate of G6PD activity when the

culture temperature was elevated from 29 C

to 36 C exceeded the activity increment

which was estimated by changing assay

temperature from 25 C to 35 C. On the

other hand, the enhancing rate of PGD was

quite different from that of G6PD. The

increasing rate of PGD activity by elevating

the culture temperature were corresponded

to the rate estimated by changing the

assay temperature. Further experiments are

needed to elucidate the differences in the

enhancing rate of activity between G6PD

and PGD.

As far as the rise in G6PD activity is

concerned, 3 alternative explanations can

be adduced, (a) increase in the population

of enzyme molecules in the organisms; (b)

changes in the catalytic properties of the

enzymes; and (c) decrease of total proteins

with the enzyme level remaining un

changed.

The activity of ICD was higher than that

of the other two enzymes but, the rise of

the activity of ICD by elevating culture

temperature was lower than that of the

other two enzymes. ICD obtained from the

organisms was thermostable under the ex

perimental conditions. The results suggest

that the physiological role of the enzyme

in the living organisms was unaffected by

the elevated temperature of cultivation.

PGD and G6PD obtained from the or

ganisms are found to be quite unstable at

37 C in homogenates. The thermolability

of these enzymes may account for the lack

of these apparent activity increases under

this experimental conditions. Even though

studies using homogenates of the organisms

do not always accurately reflect the physio

logical role of the enzyme in vivo, it is likely

that in the living organisms cultured at

36 C these enzymic functions are protected

to some extent.

After the cultures were transferred from

29 C to 36 C, the enhancement of the ac

tivities of the three enzymes was maintained

during 10 serial passages. It was assumed

that such enzymic changes were rapidly
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readjusted by metabolic regulation mecha

nisms of the cells.

Differences in Qlo values for PGD, G6PD

and ICD between both ranges above and

below 25 C were found in all of the cultures

grown at three different temperatures. The

fact that a enzyme could show such a

biphasic temperature dependence was origi

nally demonstrated by Sizer (1943), since

then, Massey (1953) and Levy et al. (1959)

have reported for various enzymes. Of the

possible explanations of such observations,

changes in the configuration of the protein

would appear to be the most fitting one

(Sizer, 1943; Levy et al, 1959).

Wood and Schiller (1975) have reported

differences in fatty acid metabolism between

trypomastigotes and epimastigotes in vitro.

The results from the present experiment

indicated that the proportion of the mor

phological types changed in the cultures

grown at elevated temperature. However,

the changes in morphological distribution

could not be correlated with the rise in

ICD activity. It seems reasonable to assume

that the morphological changes from epi

mastigotes to promastigotes did not reflect

in alterations in the fatty acid metabolism.

Summary

The activities of glucose-6-phosphate de-

hydrogenase (G6PD) (EC No. 1.1.1.49), 6-

phosphogluconate dehydrogenase (PGD)

(EC. No. 1.1.1.44) and isocitrate dehydro

genase (ICD) (EC. No. 1.1.1.42) from Try-

panosoma cruzi cultivated at 29, 33 and

36 C in LIT medium were assayed at three

different temperatures. Irrespective of the

assay temperature, the activities of G6PD,

PGD and ICD from the organisms grown

at 36 C were higher than those of these

enzymes from the organisms grown at 29 or

33 C. When the culture temperature was

elevated the rate of increase in the activity

of G6PD was the highest, and ICD, the

lowest; the increasing rate of PGD was

intermediate. G6PD and PGD obtained

from the cultures grown at three different

temperatures were unstable at 37 C in the

extracts but ICD was stable in such extracts.

These stabilities of these enzymes were

demonstrated at each temperature of the

cultivation. The Q10 values of G6PD and

ICD from either 36 C cultures or 29 C

cultures in the temperature range below

25 C were higher than those in the range

above 25 C, while the Qlo values of PGD

were low in the range below 25 C. Such

differences in Qlo values for the respective

enzyme were observed in all of the cultures

grown at the three different temperatures.

The results suggest that the elevation of

culture temperature was accompanied by

alterations in the nature of enzymic activity.
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