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INTRODUCTION 

Regulated growth and division are the fundamental processes 

which characterize the normal living cell. For an organism 

to adapt adequately to its environment, to maintain uniform 

growth, and to produce viable offspring, it must coordinate 

and control its innumerable metabolic functions. The information 

required for the synthesis of the proteins vital to the regu-

lation of cellular processes resides in the organism's DNA. 

Although prior research has shown that regulation of cellular 

events is achieved through controls on the transcription of 

the information contained in the DNA, it has been only recently 

that the mechanisms underlying the timing of these controls 

have begun to be explained. 

Efforts to reveal the controls exerted upon the timing 

of cellular events through a cell cycle, have focused upon the 

use of synchronous and synchronized cultures of microorganisms. 

Synchronous cultures allow the investigation of the metabolism 

of a single cell throughout its cell cycle while providing 

sufficient material to meet current analytical levels of mea-

surement. The most widely utilized microorganisms for synchro-

nous culture studies are bacteria, yeasts, and algae. It is 

from these clesses of organisms that much of our current know-

ledge of the timing of cellular control mechanisms has been 

derived. An excellent review of the patterns of enzyme syn-

thesis in both bacteria and yeasts has recently been published 
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by Mitchison (1). 

Although most enzymes in prokaryotes are synthesized in 

a stepwise fashion (2-5), and a few are synthesized linearly 

(2,4), the potential for gene expression appears to be contin-

uous through the cell cycles of these organisms (2-3,6). Evi-

dence that gene expression can be continuous stems from obser-

vations that specific enzymes can be induced or derepressed 

at all times in their cell cycles (2-5,7-B). 

Under conditions of full repression, the rate of enzyme 

synthesis is continuous and linear (2,7). In addition, the 

doubling in rate of linear enzyme synthesis appears to coincide 

with the time of structural gene replication and the time of 

doubling in potential ~~r gene expression. Thus, linear enzyme 

synthesis lends indirect support to the proposal that the pro-

karyotic genome is continuously available for transcription. 

Periodic enzyme synthesis apparently is not a result of 

full repression, but rather an effect of an oscillating end-

product repression. The rate of enzyme synthesis varies inver-

sely with the level of endproduct, and the periodic bursts of 

enzyme synthesis need not occur during periods of gene repli-

cation. Thus, control of enzyme synthesis by oscillatory re-

pression obscures the timing of changes in potential for gene 

expression. However, specific induction and derepression studies 

have shown that the potential for enzyme synthesis exists at 

all times in the cell cycle for periodically synthesized 

enzymes (7). 
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Differences are found among the eukaryotes in the manner 

in which gene transcription is controlled. The budding yeast 

appears to have restricted expression (9-11) f~r gene trans-

cription during the cell cycle. The only time in the cell cycle 

when inducers or repressors affect the rate of enzyme synthesis 

is during the periods when an enzyme is normally synthesized. 

In contrast, the fission yeast, Schizosaccharomyces pombe, 

has unrestricted potential (12) for the synthesis of certain 

derepressible enzymes (e.g., sucrase, alkaline phosphatase) 

throughout the cell cycle as in prokaryotes; however this organism 

differs from prokaryotes in that there is a lag between chemical 

replication of genes and their "functional" replication (i.e., 

potential to be transcribed). 

For Chlorella, a highly compartmentalized eukaryote, the 

potential for transcription of a given gene (i.e., nitrite 

reductase) has been interpreted as be~ng restricted to a 

certain period in the cell cycle (13). However, the induction 

data from Chlorella may have led to an incorrect conclusion 

concerning. the potential for gene transcription in this organism. 

A consideration of the enzymes previously selected for 

studies (13-14) of gene expression in Chlorella (ioe., acid 

and alkaline phosphatases, nitrite reductase) reveals that the 

choices may have been poor. 

It has been reported (15) that multiple forms exist for 
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both acid and alkaline phosphatases in other organisms. Thus, 

the potentials observed for synthesis of these enzymes at any 

time in the cell cycle may well be a composite expression of 

the structural genes for two or more enzymes under control of 

the same corepressor. The principal objection to the study 

of acid and alkaline phosphatases, however, is that the manner 

of their derepression (i.e., by removal of P. from the culture 
l 

medium) may lead to a concommitant derepression of polyphos-

phatases (16) which yield P. from endogenous phosphates; thus 
l 

leading to repression of the synthesis of these enzymes. Studies 

on the derepression of acid and alkaline phosphatases during 

synchronized growth of C. pyrenoidosa, strain 211-Sb, have 

shown that the intracellular orthophosphate level increases 

through the cell cycle when the cells are cultured on phosphate-

free medium (14). 

Another enzyme studied in Chlorella has been nitrite re-

ductase. Knutsen (13) assumed that the rates of induction of 

nitrite reductase could be quantitatively measured by measuring 

the disappearance of nitrite from the medium. Because a constant 

number of cells was induced (in continuous light) at each in-

terval in the cell cycle, the increase in cell volume during 

synchronous growth might have reduced the effective light in-

tensity per cell to a level no longer sufficient to support 

maximal induction rates. This criticism is supported by the 

observation in our laboratory (17) that the rate of induction 
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of nitrate reductase changes with light intensity. Further-

more, the expression of Knutsen's (13) induction data on a 

per cell basis,' rat~er than on a per ml basis as by other 

workers (8), also obscures the actual change in potential during 

the latter period of the cell cycle. 

Since the question of timing of expression of gene potential 

in Chlorella has not been answered unequivocally, the present 

research was undertaken. Its objective has been to utilize 

Chlorella to measure the changes in potential for gene expression 

of an inducible enzyme which could be assayed directly and for 

whi~h no multiple forms had been reported. 

The enzyme selected for this study is the anaplerotic 

enzyme, isocitrate lyase (!Clase). This enzyme is found in 

many microorganisms (18), and catalyzes the cleavage of isocitrate 

to succinate and glyoxylate. Isocitrate lyase is the key enzyme 

of the glyoxylate cycle and the operation of this cycle depends 

greatly upon the activity of !Clase. 

Studies using strain 211-0p of Chlorella pyrenoidosa have 

indicated that the synthesis of isocitrate lyase is induced 

by acetate and repressed by both glucose and light (19). 

Acrylamide gel electrophoresis has shown that only one form 

of !Clase exists in this organism. 



METHODS AND MATERIALS 

Organism and culture conditions. The high temperature 

strain 7-11-05 (20) of the unicellular green alga, Chlorella 

pyrenpjdosa, was cultured under conditions which result in 

a division number of four. Synchronized cells were obtained 

by subjecting the cells to at least four alternating cycles 

of 10 h light and 8 h dark. The resultant synchronized cells 

were then cultured approximately 22 h in continuous light ( at 

which time the cultures were composed of ~ daughter cells ), to 

attempt to abolish any metabolic disturbances that might be due 

to the alternate light-dark regime. From these cells, an ex-

tremely uniform population of daughter cells was selected by 

isopycnic centrifugation of the culture on Ficoll density 

gradients (21). The resultant synchronous cells were resuspended 

in pre-equilibrated medium and cultured during the cell cycle 

studies according to the mass culture technique of Hare and 

Schmidt (22) with the following modification: since changes 

in light intensity influence metabolic patterns (23), the culture 

was diluted with fresh, pre-equilibrated medium in a manner 

such that the turbidity and accumulation of protein of the 

growing culture remained within .!:. 11 percent of its initial 

value for the entire cycle (Fig. 1) thus insuring nearly cons-

tent light conditions during the cell cycle. 

Induction of isocitrate lyase. Induction of isocitrate 

lyase (three D -Isocitrate glyoxylate-lyase, EC 4.1.3.1) was s 

6 
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Fig. 1. Actual (uncorrected)patterns of dry weight and tur-
bidity during synchronous growth of C. pyrenoidosa 
{strain 7-11-05). e , dry weight per ml; O , turbidity 
per ml; O , cell number per ml. The continuous di-
lution procedure of Hare and Schmidt (22) was used 
during the synchronous growth studies. The dilution 
rates were: 0-1 h, no dilution; 1-7 h, 13 percent 
dilution; 8 h, 10 percent dilution; 9 h, 5 percent 
dilution; 10 h, 10 percent dilution; 11-12 h, 13 
percent dilution; 14-15 h, 15 percent dilution. 
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accomplished by placing actively growing cultures in the dark 

and adding the inducer, sodium acetate. For preliminary studies 

on the induction process, cells from continuously-lighted cul-

tures were harvested and diluted with fresh medium to achieve 

a final cell concentration of 38xl06 cells per ml. During the 

synchronous growth studies, cells were removed from the central 

culture, centrifuged 2 min at room temperature and resuspended 
6 in fresh medium to a concentration of 38xl0 cells per ml. 

Immediately after dilution or resuspension, the cells were placed 

in the dark at 38.5° and 4% co2 in air bubbled through the 

culture. Zero time in the induction was considered to be when 

sodium acetate was added to the cultures to achieve a final 

concentration of D.2% (w/v). 

Preparation of cells for analysis. Aliquots of cells 

for enzymic assay were harvested at appropriate times and 

frozen at -20° with no further t~eatment until assayed for 

!Clase. Cells which had been frozen and thawed showed no 

diminution in ICLase activity when compared with the activity 

of fresh cells which had been sonicated in a Raytheon lOkc sonic 

oscillator for 12 min at maximum amperage. 

During the synchronous growth studies, cells were harvested 

by centrifugation for DNA and protein analysis, wsshed lx with 

d · · d t t · f d d th 11 t frozen at -20° e1on1ze wa er, recen r1 uge , an e pe e s 

for later analysis. 

Assay of isocitrate lyase. Assay of ICLase was carried 

out with cells which had been frozen a minimum of 24 h. The 
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frozen cells were thawed rapidly, resuspended with a Dounce 

homogenizer and kept on ice until assayed. Enzymic activity 

was determined by measuring the amount of glyoxylate formed 
0 during a 20 min incubation at 38.5 • Contents of the reaction 

mixture are given in Table 1. The reaction was begun by addi-

tion of enzyme and terminated by adding 0.5 ml of a solution 

composed of 2 parts 20% TE8 and 3 parts 0.1% 2,4-dinitrophenyl-

hydrazine (made up in 2N HCL). The killed reactions were allowed 

to stand 30 min with occasional mixing. After 30 min, 2.5 ml 

of 4% (w/v) NaOH were added, the mixtures centrifuged and exactly 

5 min after addition of base, the absorbance at 445nm due to 

formation of glyoxylate-dinitrophenylhydrazone (19), was de-

termined in a Beckman DB spectrophotometer. 

Quantitation of total cellular DNA and protein. The frozen 

whole cell preparations referred to above were used for analysis 

of DNA and protein. 

DNA was extracted by the method of Schmidt and Thannhauser (24) 

as modified by Flora (25). After extraction, DNA was quantified 

colorimetrically by the Burton diphenylamine method (26) as 

modified by Flora (25). Total protein was quantified by the 

Lowry procedure (27). Bovine serum albumin was used as the 

standard protein. 

Studies with cycloheximide. In studies using cycloheximide 

(Actidione), the compound was added in concentrated form to 

achieve a final concentration of 3 µg per ml of culture (28). 

Sources of chemicals. Threo D (+) isocitric acid (lot s 
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TABLE I 

STANDARD REACTION MIXTURE FOR ASSAY OF ISOCITRATE LYASE ACTIVITY 

Component ml JJmoles 

Glutathione (reduced) 0.05 10 

Threo D (+) isocitrate 0.05 10 s 
Tris-Cl buffer, pH 7.6 0.70 100 

Thawed cell suspension 0.20 

Total 1.00 
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978-7374) and reduced glutathione were obtained from Sigma 

Chemical Company, St. Louis, Mo. Grade A tris (hydroxymethyl) 

aminomethane was a product of Calbiochem, Los Angeles, Calif. 

Cycloheximide was kindly provided by Dr. G. S. Fonken of the 

Upjohn Pharmaceutical Company, Kalamazoo, Mich. 



RESULTS AND DISCUSSION 

Kinetics of protein and DNA accumulation during the cell 

cycle. The accumulation of total cellular protein and dry 

weight (Fig. 2) was essentially exponential during the cell 

cycle. A deviation from log-linearity occurred in the protein 

pattern at about one cell cycle. This deviation was observed 

in a number of cell cycle studies in this laboratory and could 

be an effect of a decrease in the accumulation of some major 

structural protein fraction. That the deviation from log-

lineari ty is not the result of a decreased ability to synthesize 

all proteins during the mitotic period is supported by the 

observation that many enzymes (29-31) in Chlorella are syn-

thesized continuously through this period of cellular 

development. 

In contrast to the exponential accumulation of protein, 

DNA increased four-fold in a stepwise fashion (Fig. 3) during 

the cell cycle. The difference in patterns of DNA and protein 

accumulation precludes a tight coupling between gene repli-

cation and transcription and most proteins. 

Assay of isocitrate lyase. Comparison of the absorption 

spectrum of the phenylhydrazone of the product formed during 

the induction period, to the absorption spectra (Fig. 4) of 

phenylhydrazones of standard glyoxylate, pyruvate and alpha-

ketoglutarate indicated the major reaction product was 

glyoxylate. 

13 
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Fig. 2. Accumulation of total cellular dry weight and protein 
during synchronous growth of C. oyrenoidosa (strain 
7-11-05). O, proteiQ per ml; e , dry weight per ml; 
C, cell number per ml. Data converted from that in 

Fig. 1 according to the procedure of Hare and Schmidt (22). 
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fig. 3. Patterns of total cellular DNA and isocitrate lyase 
in continuous light during synchronous growth of £. 
pyrenoidosa (strain 7-11-05). O, DNA per ml; e , 
isocitrate lyase activity per ml. 
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Fig. 4. Absorption spectra of phenylhydrazones of standard 
alpha-ketoglutarate (a)' glyoxylate (.)' pyruvate 
( •), and product of enzymic reaction ( 0). 
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The saturation of isocitrate lyase in 0.2 ml of cell sonicate 

(corresponding to 24xl06 cells) was reached at approximately 

lOmM isocitrate (Fig. 5). Although 0.2 ml of sonicate, or 

equivalent frozen whole cells, was subsequently used with lOmM 

isocitrate in routine assays, sufficient substrate was present 

to support a linear production of glyoxylate with twice as 

much sonicate (Fig. 6). 

Characteristics of isocitrate lvase induction. A quadratic 

relationship has been reported (32) to exist between the con-

centration of inducer and the rate of beta-galactosidase syn-

thesis. The quadratic nature of the induction process also can 

be seen in Fig. 7 for isocitrate lyase. The quadratic induction 

curves at different concentrations of acetate are linear when 

expressed in their square root form. Identical maximal in-

duction rates were observed over a wide concentration range 

(0.05-0.2%) of acetate. However concentrations over two percent 

completely inhibited induction. Although only darkness was 

required to initiate induction of the enzyme, acetate was re-

quired to sustain a maximal induction rate. 

This strain of C. pyrenoidosa differs from strain 211-Bb 

(19) in that induction in the latter organism would not occur 

in the absence of acetate. Another major difference is that 

glucose completely represses induction in the latter but not 

the former organism. Apparently the requirement for acetate 

is not rigid because in other specie2 of algae the enzyme can 

be induced by compounds other than acetate (18, 33). 
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Fig. 5. Glyoxylate accumulation vs. isocitrate concentratiog 
for 0.2 ml of cell sonicate (corresponding to 24xl0 
cells) of C. pyrenoidosa ~strain 7-11-05) during 20 
min of incubation at 38.5 • 
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Glyoxylate accumulation vs. ml 5onicate during a 20 
min incubation at 38.5°. 12xl0 cells equivalent to 
0.1 ml sonicate. Assays carried out with lOmM isocitrate 
present. 
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Fig. 7. Influence of different concentrations of acetate on 
the rate of induction of isocitrate lyase of £. 
pyrenoidosa (strain 7-11-05). e, no acetate; O, 
0.05 percent acetate; • , 0.1 percent acetate; a , 
0.2 percent acetate. All acetate percentages are 
final concentrations in the cultures. One unit of 
isocitrate lyase activity catalyzes the production 
of one mµrnole gf glyoxylate during 20 min of incu-
bation at 38.5 • 
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That the increase of isocitrate lyase activity actually 

represents de novo synthesis and not merely activation of pre-

existing enzyme was shown by the sensitivity of the apparent 

induction to cycloheximide, a protein synthesis blocking agent. 

Synthesis of the enzyme could be blocked by addition of the 

inhibitor (Fig. 8) at the beginning or during the middle of 

the induction period. The enzyme also appears to be stable 

for at least 5 h after its synthesis is blocked. 

Activity of isocitrate lyase during the cell cycle. The 

pattern of !Clase synthesis during the cell cycle (in continuous 

light) paralleled the stepwise increase of total cellular DNA, 

except the enzyme and DNA increased 3.3-and 4-fold, respectively 

(Fig. 3). Since the enzyme appears to be stable during the 

absence of its synthesis (Fig. 8), its constant activity during 

the first D.8 of the cell cycle indicates detectable synthesis 

does not occur during this period of cellular development. The 

subsequent finding (see next section) that the synthesis of 

!Clase can be induced in the dark during this period, suggests 

that the structural gene for this enzyme is fully repressed and 

that its corepressor is likely produced through light-dependent 

reactions. The burst of synthesis of !Clase (in the absence of 

inducer) concurrent with that of DNA cannot be explained solely 

as a gene dosage effect under full repression. That is to say, 

if the activity of the original structural gene dosage is' so 

highly quenched (repressed) so as to prevent any detectable 
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Fig. 8. Effect of cycloheximide on the induction of isocitrate 
lyase of C. pyrenoido~a (strain 7-11-05). O , acetate 
(0.2% w/v) added at zero time; Cl , acetate (D.2% w/v) 
and 3p.g/ml cycloheximide added at zero time; e , 
acetate (0.2% w/v) added at zero time and 3 µg/ml 
cycloheximide added at 50 min. 



29 

Z
/J ( 1w

; aso~1 
ai0Ji!~os1 

si!un ). 

0 

(/) 
"-:l 
0 

I 



30 

synthesis of ICLase to occur, then a four-fold increase in this 

dosage under full repression also would not result in measurable 

enzyme synthesis. Thus, the inference can be made that syn-

thesis of !Clase must reflect a significant change in its en-

dogenous corepressor or repressor level relative to its struc-

trual gene dosage. The reduction in photosynthetic rate (34) 

or the increased endogenous respiration rate (35) during this 

period of cellular development could be influencing corepressor 

levels. Alternatively, the rate of synthesis of aporepressor 

might be reduced during the period of gene replication. 

Potential for isocitrate lyase oene exoression during the 

cell cycle. ICLase synthesis could be induced throughout the 

cell cycle, indicating that the structural gene for this enzyme 

is continuously available for transcription in this eukaryote. 

The time courses of induction, in their square root forms, are 

shown in Fig. 9 for three different hours in the cell cycle. 

Each time course is an example of one of the three character-

istic increases in rate of ICLase synthesis during different 

periods uf the cell cycle. Furthermore, Table II lists for 

each hour in the cell cycle: (a) the slope of the line ob-

tained when the induction data are plotted in their square root 

forms, (b) the acceleration in the rate of ICLase synthesis, 

and (c) the relative increases of the acceleration in rate of 

!Clase synthesis during the cell cycle. 

The slope of the line on the square root plot of an in-

duction time ccurse is related to the acceleration in rate of 
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Fig. 9. Induced rates of isocitrate lyase synthesis vs. time 
at di:ferent hours in t~~ cell cycl~hof c. pyre£Ridosa 
(strain 7-11-05). 0 , 5 h; • , 11 h; a , 12 h. 
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Table II 

INDUCED RATES OF ISOCITRATE LYASE DURING THE CELL CYCLE OF 
C. pyrenoidosa (strain 7-11-05) 

HOUR FRACTION CELL CYCLE 

0 0.0000 

1 a.ass 
2 0.170 

3 0.255 

4 0.341 

5 0.426 

6 0.511 

7 0.597 

a. 0.682 

9 0.766 

10 0.850 

11 0.932 

12 1.020 

13 1.110 

14 1.190 

15 1.280 

SLOPEa ACCELERATIONb 

2.08 8.66 

2.18 9.50 

2.02 8.16 

2.26 10.22 

2.22 9.84 

2.28 10.38 

2.24 

2.20 

2.20 

2.08 

2.80 

4.30 

4.30 

4.56 

4.20 

10.04 

9.68 

9.68 

8.66 

15.68 

37.00 

37.00 

41.60 

35.20 

RELATIVE INCREASE 
IN ACCELERATION 

0.914 

1.000 

o.s6o 
1.080 

1.040 

1.100 

1.060 

1.020 

1.020 

0.914 

1.650 

3.900 

3.900 

4.390 

3. 710 

a/ 10 x slope of the line obtained when the induction data is 
plotted on a square root basis a~d expressed as ( units 
isocitrate lyase induced per ml) per min. 

b/ Acceleration in the rate of izocitrate lyase induction; 
acceleration equals 2 x slope • 
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2 
~nzyme synthesis (i.e., 2 x slope equals the acceleration) 

in the induced culture. Since the acceleration in rate of ICLase 

synthesis remained constant for most of the cell cycle, and 

dramatically increased four-fold during the time of DNA re-

plication (Figs. 10,11), it appears that this parameter is a 

measure of the potential for gene expression throughout the 

cell cycle. 

A considerable lag exists between the time when DNA re-

plication begins and the first detectable rise in potential 

for ICLase gene expression (Fig. 10). Since the DNA has in-

creased approximately 2.25-fold by the time of the initial 

rise in potential, and considering that Chlorella has been re-

ported (36) to undergo a nuclear division after each round of 

replication, transcription of newly replicated genes appears 

to be delayed until the nuclear division after their replication. 

Mitchison (1) has reported even a longer time lag to exist 

between the replication of genes and their availability for 

.transcription during the cell cycle of S. pombe. Although 

the lag is apparent at the beginning of the increase in ICLase 

potential, the variation among the experimental points (accel-

erations in rate of ICLase synthesis) at the end of the cell 

cycle prohibits an unequivocal determination of the time when 

the potential for gene expression reaches a four-fold increase. 

Control of gene expression in eukaryotes. The recent 

work by Mitchison (12) has shown that S. pombe, a fission yeast, 
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Fig. 10. Patterns of total cellular DNA and acceleration in 
rate of induction of isocitrate lyase by acetate 
in the dark during synchronous growth of C. pyrenoidosa 
(strain 7-11-05). e , DNA per ml; O , acceleration 
in rate of isocitrate lyase induction. 
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fig. 11. Isocitrate lyase synthesis in continuous light and 
acceleration in rate of induction of isocitrate lyase 
by acetate in the dark during synchronous growth of 
C. pyrenoidosa (strain 7-11-05). e, isocitrate lyase 
activity per ml; O , acceleration in rate of isocitrate 
lyase induction. 
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can regulate gene expression in a manner similar to that of 

prokaryotes. However, this organism differs from prokaryotes 

in that a delay exists between the time of replication and ex-

pression of structural genes. The present study has revealed 

that Chlorella is like s. pombe in the regulation of gene ex-

p~ession and timing during the cell cycle. The mechanism re-

sponsible for the delay in expression of newly replicated genes 

would appear to be a fruitful area for further study in eukaryotes. 



SUMMARY 

1. Synchronous cultures of Chlorella pyrenoidosa have been 

utilized to measure the potential for expression of the 

structural gene for isocitrate lyase during the cell cycle. 

2. Synthesis of the enzY.me could be induced by placing cultures 

in the dark on acetate, with the induction process occuring 

in a quadratic fashion. By addition of cycloheximide, the 

synthesis of !Clase was shown to be the result of de nova 

protein synthesis. 

3. The pattern of uninduced !Clase synthesis in continuous 

light paralleled the stepwise increase in the total 

cellular DNA. 

4. !Clase could be induced at all times in the cell cycle, 

indicating that the potential for gene expression is 

continuous in this organism. 

S. A time lag was observed between the beginning of DNA re-

plication and the initial rise in potential for !Clase 

gene expression. 
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EVIDENCE FOR CONTINUOUS POTENTIAL FOR GENE TRANSCRIPTION DURING 
THE CELL CYCLE OF A EUKARYOTE 

ABSTRACT 

by 

Frank Samuel Baechtel 

Synchronous cultures of Chlorella pyrenoidosa (strain 7-

11-05) have been utilized to measure the potential expression 

of the structural gene for isocitrate lyase (three D -Isocitrate s 

glyoxylate-lyase, EC 4.1.3.1) during the cell cycle. Synthesis 

of the enzyme could be induced by placing cultures in the dark 

on acetate, with the induction process occurring in a quadratic 

fashion. By addition of cycloheximide during the course of 

induction, the increase in isocitrate lyase activity was shown 

to result from de nova protein synthesis. In the absence of 

protein synthesis the enzyme was stable for at least five hours. 

The pattern of uninduced isocitrate lyase synthesis during 

the cell cycle in continuous light, paralleled the stepwise 

increase of total cellular DNA. The enzyme appeared to be fully 

repressed for most of the cell cycle, and was derepressed during 

the time of DNA replication. 

Isocitrate lyase could be induced at all times in the cell 

cycle, indicating that the potential for gene expression is 

continuous in this eukaryote. A time lag was observed between 

the beginning of DNA replication and the initial rise in po-

tential for isocitrate lyase gene expression. The control of 

gene expression in Chlorella appeared to be similar to that 

found in a fission yeast. 
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