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INTRODUCTION 

Within recent years, much attention has been devoted to the 

elucidation of the mechanisms which regulate a cell's diverse metabolic 

activities. Currently, the regulation of enzyme synthesis and activity 

is of prime importance to many investigators. Cole and Schmidt have 

studied the control of activity of aspartate transcarbamylase*, the 

initial enzyme on the pyrimidine biosynthetic pathway (Cole, 1965; 

Cole and Schmidt, 1964). They observed that during synchronous growth 

of the unicellular green alga, Chlorella pyrenoidosa, ATCase per ml 

of culture increased at alternate exponential rates. Furthermore, 

they showed that small molecule inhibition (i.e., feedback inhibition) 

of the activity of ATCase became operative only beginning 0.98 of the 

way through the cell cycle. '!his same inhibition phenomena was 

apparent at the end of the second growth cycle. UMP, the end-product 

of the pyrimidine nucleotide pathway, appeared to be the principal 

inhibitor in vitro of ATCase activity. '!his same series of studies 

revealed that the in vivo inhibitor of ATCase bore at least two of 

the characteristics of UMP (e.g., Norit-A adsorbable, heat stable). 

The observed decrease in apparent level of ATCase near the end 

of the synchronous growth cycle could have been due entirely to feedback 

*The following abbreviations are used: ATCase • aspartate transcarbamy-
lase; UMP • uridine monophosphate; DHOase • dihydroorotase; DHOdehase • 
dihydroorotic acid dehydrogenase; OMPppase = orotidylic acid pyrophos-
phorylase; OMPdecase • orotidylic acid decarboxylase; DHO = dihydro-
orotic acid; CAA • carbamylaspartic acid; RNA = ribonucleic acid; 
DNA • deoxyribonucleic acid; mRNA • messenger ribonucleic acid; Tris • 
tris(hydroxymethyl)aminomethane. 
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inhibition, or partly due to feedback inhibition and partly due to 

decreased enzyme synthesis. Therefore, the present research was under-

taken to determine the relative contributions of feedback inhibition 

and decreased enzyme synthesis to the reduction in the apparent level 

of ATCase near the end of the synchronous growth cycle of £• pyrenoidosa. 

Current proposals (Jacob and Monod, 1961) indicate that 

enzymes which lie on a common biosynthetic pathway tend to have their 

structural genes grouped in a cluster on the chromosome. The structural 

genes in this cluster, or operon, are regulated in a coordinate 

fashion. This means that enzymes responsible for a particular path-

way would be expected to show identical fluctuations in level as a 

cell passes through its life cycle, with possibly the initial enzyme 

of the pathway being an exception in that it is subject to feedback 

inhibition. 

If the enzymes of the pyrimidine nucleotide pathway in Chlorella 

are coordinately synthesized, their trends through the synchronous 

cell cycle would be identical. However, ATCase in this organism is 

known to be affected by feedback inhibition. This inhibition would 

only be reflected in the trend of ATCase and not in the trends of the 

subsequent enzymes of this pathway. It follows that by comparing 

differences in enzyme trends we should be able to estimate the 

contribution of small molecule effects to the decreased activity of 

ATCase. 
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Soon after this work was initiated, however, several related 

papers appeared (Beckwith, et al., 1962; Hayward and Belser, 1965; 

Taylor,~ al., 1964; and Yan and Demerec, 1965), which indicated that 

in several species of bacteria, the enzymes of the pyrimidine pathway 

are not coordinately synthesized. Of the five enzymes which comprise 

the pyrimidine pathway (i.e., ATCase; DHOase; DHOdehase; OMPppase; 

OMPdecase) in these organisms, only three have their structural genes 

in a single operon (i.e., DHOase; DHOdehase; OMPdecase). However, four 

of the enzymes appear to be coordinately regulated (i.e., DHOase; 

DHOdehase; OMPppase; OMPdecase). Since coordination of ATCase with 

at least one other enzyme of the pyrimidine pathway was an absolute 

requirement, these findings by other workers necessitated modification 

of the objectives of the present study. 

Since Chlorella is on a different evolutionary level than that 

of the other organisms in which pyrimidine biosynthesis has been studied, 

it was still of interest to see if any degree of continuity exists 

among the mechanisms for controlling pyrimidine biosynthesis in various 

species. To determine this, the apparent activities of the first two 

enzymes on the pyrimidine nucleotide biosynthetic pathway (i.e., ATCase 

and DHOase) were examined as a function of the synchronous growth cycle 

of Chlorella. 
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MATERIALS AND METHODS 

Organism and culture conditions. The high temperature strain 

7-11-05 of Chlorella pyrenoidosa described by Sorokin and Myers (1953) 

was used as a source of enzyme in these studies. Synchrony was induced 

by the intermittent illumination technique of Baker and Schmidt (1963), 

and the resultant synchronized cells were cultured in a three liter 

acrylic plastic chamber using the continuous dilution system described 

by Hare (1967). Cell number and total cellular phosphorus (Fiske and 

Subbarow, 1925) per ml of culture were determined at hourly intervals 

during the synchronous growth cycles. At the same time, approximately 

two ml packed-cell-volume pellets were harvested, washed, and sonicated 

as to be described in "Enzyme Preparation". Total cellular phosphorus 

and apparent units of enzyme (µmoles of product formed per minute) per 

15 ml of cell suspension were determined. These measurements along 

with cell number and total cellular phosphorus per ml of growing 

culture made it possible to express the apparent units of enzyme on a 

per ml and per µg of phosphorus basis. Actively growing cultures of 

asynchronous cells were used as an enzyme source for preliminary enzyme 

characterizations. 

Enzyme assay. The activity of DHOase was determined by measuring 

the conversion of dihydroorotate to carbamylaspartate (i.e., the 

reaction was run in the reverse direction). The reaction.mixture 

contained: 20 µmoles L-dihydroorotate-s-c14 (spec. act. 0.023 mC/mmole), 
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100 µmoles Tris-H.Cl buffer at ;:iH 8.6, 15 pmoles MgC1 2 , and 0.3 ml crude 

enzyme in a total volume of 0.5 ml. All enzyme assays were carried 

out in six ml graduated hematocrit tubes. After incubation at 38.5° 

for 20 minutes, the reaction was terminated by the addition of 0.1 ml 

of 3N HCl. Reaction mixtures were stored routinely at -20° after 

denaturation before separation of the substrate and product by ion-

exchange chromatography. 

Ion-exchange chromatography. Separation of DHO and CAA was 

accomplished by ion-exchange chromatography on a 1 x 13 cm column of 

Dowex-1 in the formate fonn (200-400 mesh, 10% crosslinkage, and particle 

size of 20-40 µ). T'ne inactivated reaction mixtures were carefully 

brought to pH 7.0 with 2M KOH. The mixture was then brought to a final 

volume of 1.5 ml with deionized water, and centrifuged to sediment 

denatured protein. A one ml aliquot of the supernatant was added to 

the ion-exchange column, and washed thoroughly into the column with 20 

ml of deionized water. 

Enzvme preparation. Cells cultured asynchronously were 

harvested by continuous-flow ccntri ion using a Sorvall RC-2B 

refrigerated centrifuge, washed three times with 0.01 N Tris-HCl buffer 

(pH 8.6), and sonicated in a Raytheon 10 kc sonic oscillator to obtain 

greater than 99% cell rupture. The cells were maintained at approxi-

mately 4° throughout the washing and sonication procedures. 
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Assay methods for ATCase. The methods and materials as well as 

preliminary enzyme characteristics for ATCase have been adequately 

described by a previous worker in this laboratory (Cole, 1965). 

During synchronous growth studies, ATCase was assayed in 0.01 M Tris-

HCl buffer at pH 8.6. 
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RESlJLTS AND DISCUSSION 

ILm-exchange separation of OHO and Cl\A. The substrate, DHO, was 

removed from the column by washing with 190 ml of 0.055M sodium formate 

adjusted to pH 3.2 with formic acid. The product, CAA, was removed 

by further washing with 100 ml of the same buffer. Under these con-

ditions of elution, the product of the next enzymatic step in the pathway, 

OA, does not elute from the column. The flow rate of the columns was 

adjusted to obtain a rate of one ml per minute. Figure 1 shows a 

typical elution pattern of DHO and CAi\ from the column using this 

system. 

Enzyme characterizations. To determine if DHOase was soluble 

or particulate bound, a comparison of enzyme activities was made among 

whole sonicate, high-speed supernatant (120,000 x g for 2 hours), and 

low-speed supernatant (25,000 x g for 30 minutes). The enzyme activity 

in the high and low speed supernatants was essentially the same, however, 

activity in the whole sonicate was only 74 percent of this activity. 

This difference in activity can readily be explained on the basis that 

removal of cell debris during centrifugation effectively concentrated 

the enzyme (approximately 25°/, of the volume of the crude homogenate was 

insoluble cell debris). Since the high and low speed supernatants had a 

higher activity than the crude homogenate, DHOase appears to be in the 

soluble fraction of the cell in this organism. It is noteworthy that 

studies on Novikoff ascites hepatoma cells (Bresnick and Blatchford, 

1964), Zvr:-,obacterium oroticum (Saunder, et al., 1965), and human -- --
erythrocytes (Smith and Baker, 1959) have all revealed that DHOase is 

soluble in these cells. 



Fig. 1. Typical elution pattern of dihydroorotic acid and 

carbamylaspartic acid from a Dowex-1 formate column. 
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DHOase exhibited optimum activity in this assay system at pH 

8.6 (Fig. 2-A). This enzyme appears to vary in pH optima among the 

organisms in which it has been studied. For example, hepatoma cells 

and Z. oroticum both show an optimum pH for DHOase at pH 6.5. In 

contrast, the DHOase of Escherichia coli (Beckwith il al., 1964) is 

similar to that of Chlorella in that its optimum is also at pH 8.6. 
0 0 

The activity of DHOase increased steadily between 32 -52 (Fig. 2-B). 

Temperatures over 52° were not tested. Freezing and thawing studies on 

DHOase indicated that the enzyme was unstable to these procedures over 

a prolonged period of time. Thawing of frozen whole cells after one 
0 

day at -20 resulted in a 23 percent loss in activity. In contrast, 
0 thawing of frozen sonicate after one day at -20 resulted in only a 

three percent loss in activity. If the sonicate remained frozen for 

one week, 61 percent of the DHOase activity was lost. After being 

frozen for two weeks, less than one percent activity remained in the 

sonic ate. 

Figure 3 is a typical plot of product accunrulation versus time 

for 0.3 ml of the crude enzyme harvested from the 10th hour of synchronous 

growth, when the maximum amount of DHOase per µg of total cellular 

phosphorus is present. Thus saturation of the enzyme with substrate 

was assured at all other periods during the synchronous growth cycle. 

It can be seen that the enzyme remains saturated with substrate for at 

least 28 minutes of incubation. 
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Fig. 2-A. pH optimum of dihydroorotase from f· pyrenoidosa (strain 

7-11-05). 

Fig. 2-B. Product accumulation vs. temperature for dihydroorotase 

from c. pyrenoidosa (strain 7-11-05). 
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Fig. 3. Product accumulation vs. incubation time for dihydroorotase 

from£• pyrenoidosa (strain 7-11-05), 
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Trends of DHOase and ATCase during synchronous growth. Cell 

number per ml of culture changed in a typical stepwise-manner during 

these studies (Fig. 4). The trends of DHOase and ATCase throughout 

the synchronous life cycle of Chlorella are shown in figures 5 and 6. 

In Fig. 5 the enzyme levels have been expressed as per ~g of cellular 

phosphorus. In this organism, phosphorus accumulation and increase in 

cellular mass are essentially parallel exponential functions (Curnutt 

and Schmidt, 1964) therefore, expression of the enzyme levels on a 

phosphorus basis is analogous to their expression on a cellular mass 

basis. Fig. 6 shows the trends of these same two enzymes when expressed 

as per ml of culture. Expression on a "per ml" basis allows examination 

of the changes in level of DHOase and ATCase in the absence of changing 

cellular parameters. 

When expressed on either of the aforementioned parameters, 

the levels of DHOase and ATCase throughout the synchronous cell cycle 

are similar in trend but not identical. Furthermore, if the apparent 

levels of these enzymes are plotted as relative level of enzyme versus 

fraction of the cell cycle (Fig. 8), it can be seen that the rate of 

increase of DHOase surpasses that of ATCase up through 0.5 of the cell cycle: 

thereafter ATCase has the greater rate of increase. If the control of 

synthesis of these two pyrimidine nucleotide enzymes resides at the 

transcriptional level throughout the cell cycle, and the structural 

genes for DHOase and ATCase are located in the same operon, the rates 

of synthesis of DHOase and ATCase would have to be identical. Since 



18 

Fig. 4. Cell number per ml of culture during synchronous growth 

of £.• pyrenoidosa. 
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Fig. 5. Apparent levels of dihydroorotase (•---•) and aspartate 

transcarbamylase (o---o) per µg of cellular phosphorus 

during synchronous growth of C. pyrenoidosa (strain 7-11-05). 
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Fig. 6. Apparent levels of dihydroorotase (•---•) and aspartate 

transcarbamylase (o--~o) per ml of culture during 

synchronous growth of C. pyrenoidosa (strain 7-11-05). 
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DHOase and ATCase show different rates of increase as a function of 

the cell cycle, transcriptional control probably cannot be operative 

in the regulation of the synthesis of these two enzymes in Chlorella 

if their structural genes are in the same operon. 

However, transcriptional control could be solely operative 

in this system if the structural genes for DHOase and ATCase were 

located in separate operons with each operon having its own specific 

repressor. Thus, for the first one-half of the cell cycle, ATCase 

synthesis would appear to be repressed more than that of DHOase, 

with the reverse occurring for the remainder of the cycle. 

The possibility does exist, however, that the control of the 

synthesis of these two enzymes could take place at the translational 

level. If regulation is displayed at this level, it would be inunaterial 

whether or not the structural genes for DHOase and ATCase are in a 

single operon or at different loci; for in both cases the rate-

limiting step would be at the level of translation of the specific 

m-RNA's for DHOase and ATCase. Thus, the difference in rates of 

increase of each could be attributed to specific controls on the 

synthesis of each enzyme at the m-RNA or polysome level. Furthermore, 

the trends of each enzyme could be influenced by their intrinsic 

!ability or active breakdown at different stages of the cell cycle. 
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In view of prior genetic and biochemical studies on the 

pyrimidine nucleotide enzymes in Escherichia coli, Salmonella 

typhimurium, and Serratia marcescns, it seems likely that Chlorella 

can be included with this group of organisms as one which regulates the 

synthesis of ATCase separate from the synthesis of DHOase. Furthermore, 

if genetic mapping studies can ever be carried out on Chlorella, it 

will be interesting to see if the ATCase locus is separate from the 

DHOase locus. 

In previous investigations on the enzymes of the pyrimidine 

nucleotide and histidine biosynthetic pathways (Beckwith, £t al., 1962; 

A.'iles and Garry, 1960) one criterion for coordination of two or more 

enzymes has been the maintainence of a constant ratio of activities 

among suspected coordinated enzymes under a variety of conditions. 

When the activities of two enzymes were plotted versus each 

other, a straight line resulted which passed through the origin. In 

Fig. 7, the activity of DHOase per ml of culture throughout the 

synchronous cell cycle has been plotted versus the activity of ATCase 

per ml. It should be noted that a straight line results (with less 

scatter of points than reported for earlier studies (Beckwith, et al., 

1962)), which passes through the origin, ostensibly indicating coordi-

nated synthesis of these two enzymes. Since other interpretations in 

this thesis have most likely ruled out a coordinate relationship 

between DHOase and ATCase, plots of this nature should be interpreted 

with caution. 
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Fig. 7. Variation of dihydroorotase with respect to aspartate 

transcarbamylase during the cell cycle. Enzyme levels 

were obtained from the data plotted in Fig. 6. 
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Studies with synchronous cultures of yeast (Halvorson ~ al, 

1964) and certain bacteria (Masters~ al., 1964) have revealed that 

stepwise changes occur in the levels of several enzymes. Tilese 

workers advance the possibility that the position of a gene on a 

chromosome might determine the time of enzyme expression during a 

cell's life cycle. Tilus, the stepwise changes in enzyme levels could 

be attributed solely to changes in gene dosage (i.e., gene replication) •. 

In contrast, all the enzymes thus far studied during synchronous 

growth of Chlorella (i.e., ATCase, DHOase, dCMP deaminase, and dTMP 

kinase) show a continuous increase in level. Tilis continuous increase 

may mean that for a particular enzyme there exists more than one 

structural gene giving rise to different proteins with the same 

activity during the cell cycle. Tilis possibility is reasonable when 

it is considered that each subcellular organelle (e.g., nucleus, 

chloroplast and. mitochondrion) appears to have its own DNA, RNA, and 

ribosomes. 

If the continuous rise in level of DHOase and ATCase is due to 

the effects of changing gene dosage, the abrupt change at essentially 

the same time in their rate of increase (approximately 0.95 of the 

cell cycle, Fig. 8) possibly indicates completion of replication of 

their structural genes. Tilis does not indicate that the replication 

of their structural genes necessarily occurs in a parallel fashion, 

for the data suggest that replication of the genes for DHOase may take 

place over a longer period of the cell cycle than those of ATCase. 
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Fig. 8. Relationship between the timing of nucleic acid accumu-

lation and two enzymes on the pyrimidine nucleotide path-

way during synchronous growth of C. pyrenoidosa (strain 

7-11-05). 

RNA; •---•, DHOase; o---o, ATCase;.o.---A,I)NA. 
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The foregoing suggestions to explain the differences between 

the trends of DHOase and ATCase were not intended to be all-inclusive; 

for the control mechanisms are probably more complicated (e.g., the 

effects of gene dosage, alternate control at both the transcriptional 

and translational levels, lability of the enzymes, etc.) than could 

be adequately described when the present state of knowledge about 

control mechanisms is considered. 

Relationship between ATCase, DHOase, and the cellular nucleic 

acids. Examination of the trend (Herrmann and Schmidt, 1965) of 

accumulation of RNA (Fig. 8) brings to mind the question as to what is 

controlling the rate of accumulation of this heterogeneous macromolecular 

fraction through the synchronous growth cycle. Conceivably, the control 

could exist at one of four levels (a) one or more of the enzymes on the 

pathways which provide the precursors (ribonucleotide triphosphates) 

for the assembly of RNA, {b) the activity of RNA polymerase, (c) the 

availability of the DNA template, or (d) the turnover rate of RNA it-

self. 

To test the possibility that one of the enzymes on the path-

ways leading to the biosynthesis of the purine or pyrimidine nucleotides 

might be rate-limiting RNA synthesis during part or all of the cell 

cycle, the following theoretical approach was taken: (a) It was first 

assumed that the turnover rate or breakdown of total cellular RNA was 

constant throughout the cycle and that the accumulation curve for this 

nucleic acid fraction represented its rate of synthesis. {b) The rate 
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of formation of product at tbe rate-limiting step should determine 

the rate of RNA accumulation. (c) 1~e rate of formation of product at 

the rate-limiting step is going to be a function of the concentration 

of the rate-limiting enzyme and its rate-constant,J<+2t relative to 

the other involved enzymes because the r<1te-limiting enzyme is the 

bottle-neck step in the reaction series. (e) Thus, the rate of 

product formation by the rate-limiting enzyme should tend to approach 

a first order reaction with respect to enzyme concentration. (f) For 

the case where the enzyme is saturated with substrate, the first 

derivative (slope) of the product accumulation curve should give 

the trend of the enzyme which has rate-limited its synthesis. 

In accordance with these assumptions, the first derivative 

of the total nucleic acid (RNA + DNA) accumulation curve was taken. 

The total nucleic acid first derivative was taken rather than the first 

derivative of the RNA accumulation curve for several reasons. Current 

evidence indicates that both Ri1A and DNA share a corm:non biosynthetic 

pathway up to the level of the ribonucleoside diphosphates in ~· coli 

(Holmgren.£!;, al, 1965), ribonucleoside triphosphatcs in certain 

species of Lactobacillus (Blakley...£..!:....~· 1965), and ribonucleoside 

monophosphates in Chlorella (Flora, 1967). At the specific phosphory-

lation level, the ribonucleotides are either reduced to their 

corresponding deoxyribonucleotides or they are converted to the 

ribonucleoside triphosphates and polymerized to form RNA. Thus, if 
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the rate-limiting enzymic stf'P occurred before the branch point in 

Chlorella, its effect would be reflected in the level of a particular 

nucleotide in the pool of ribonucleoside monophosphates. It is thus 

apparent that if the search for a possible rate-limiting enzyme for 

RNA is directed toward the enzymes prior to this branch point (e.g., 

DHOase and ATCase), one should deal with the total nucleic acid 

accumulation curve since this curve is most likely to reveal the 

effects of the rate-limiting step than would the RNA accumulation 

curve alone. 

The levels of total nucleic acid per ml and their hypo-

thetical rate-limiting enzy7ne (i.e., first derivative) are shown in 

Fig. 9. It can be seen that the level of total nucleic acid rises 

exponentially as the cells pass through their life cycle. The rate 

of increase in level of the hypothetical rate-limiting enzyme rises at 

a lower exponential rate. When the first derivative of the total 

nucleic acid accumulation curve is plotted versus the apparent level 

of ATCase per ml (Fig, 10-A), a non-linear function results which 

indicates that ATCase is increasing at a faster rate than that of the 

hypothetical rate-limiting enzyme. However, when the apparent level of 

DHOase per ml is plotted in this same manner, a straight line results 

which indicates that a constant ratio of increase exists between DHOase 

and the trend of the hypothetical rate-limiting enzyme (Fig. 10-B). 
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Fig. 9. Levels of total nucleic acid per ml of culture, o---o; and 

its hypothetical rate-limiting enzyme, •---• during 

synchronous growth of£. pyrenoidosa (strain 7-11-05). 
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Fig. 10-A. Variation of aspartate transcarbamylase per ml with 

respect to the first derivative of total nucleic acid 

per ml during synchronous growth of £• pyrenoidosa 

(Strain 7-11-05). 

Fig. 10-B. Variation of dihydroorotase per ml with respect to the 

first derivative of total nucleic acid per ml during 

synchronous growth of£· pyrenoidosa (strain 7-11-05). 
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It therefore appears that Dl!Oase may be rate-limiting the 

synthesis of RNA. However, the possibility ex.is ts that another 

enzyme on either the purine or pyrimidine nucleotide biosynthetic 

pathway has a trend identical to that of DHOase and is present in 

lower concentration, or has a lower rate constant, making it the 

rate-limiting step. Before it can be conclusively said that DHOase 

ls the enzyme which is responsible for the regulation of RNA biosyn-

thesis in Chlorella, the apparent levels of the remaining enzymes on 

the pathways leading to the synthesis of RNA precursors must be 

measured. 

Another product of this study has been the observation that 

the rates of increase and the timing of the trends of ATCase and DNA 

are identical throughout the cell cycle. At present, two possible 

explanations can be offered for this finding. The identical trends 

could be due solely to coincidence; however, this seems unlikely when 

it is considered that ATCase is intimately involved in the process of 

providing precursors for DNA synthesis. In contrast, there could be 

a direct relationship between DNA replication and transcription of 

the structural genes for ATCase in this organism. As has been pointed 

out earlier in this thesis, a variation of this type of mechanism is 

favored by several workers utilizing synchronous cultures of yeasts. 
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srn-rMARY 

TI1e apparent levels of aspartatc transcarbamylase and 

dihydroorotase, the first two enzymes on the pyrimidine nucleotide 

biosynthetic pathway, have been measured utilizing synchronous cultures 

of a high temperature strain of Chlorella pvrenoidosa. When expressed 

on a per ml of culture basis, the trends of ATCase and DHOase through 

the synchronous cell cycle were found to be similar but not identical. 

Furthermore, if the apparent levels of these two enzymes were plotted 

on a relative increase basis, their levels were observed to increase 

at different rates. During the first 0.5 of the cycle DHOase had the 

greater rate of increase, wh.:~rcas for the remainder of the eye le, ATC-

ase had the greater rate of increase. These findings lend support to 

the conclusion that DHOase and ATCase are not coordinately synthesized 

in this organism. 

A theoretical approach has been taken to elucidate the 

mechanism(s) controlling the rate of accumulation of RNA. This 

hypothesis maintains that if an enzyme is rate-iimiting the rate of 

Ri~A synthesis, the first derivative of the total nucleic acid accumu-

lation curve should give the trend of the rate-limiting enzyme. When 

the apparent levels of ATCase and DHOase per ml of culture were plotted 

versus the first derivative of total nucleic acid. ATCase was seen to 

increase at a faster rate than that of the derivative; however, DHOase 

exhibited the same rate of increase as the first derivative, thus 
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implicating it as the possible rate-limiting enzyme on the RNA 

biosynthetic pathway. Several questions have been proposed as to the 

significance of the finding that ATCase has the same trend as DNA 

throughout the synchronous growth cycle. 
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STUDIES ON nm REGULATION OF PYRIMIDINE NUCLEOTIDE BIOSYNTHESIS AND 
ITS EFFECT ON RNA ACCUMULATION DURING SYNCHRONOUS GROWTH 

OF CHLORELLA PYRENOIDOSA 

ABSTRACT 

by 

Frank Samuel Baechtel 

Synchronous cultures of a high temperature strain of Chlorella 

pyrenoidosa have been used to measure the apparent levels of aspartate 

transcarbamylase and dihydroorotase, the first two enzymes on the 

pyrimidine nucleotide biosynthetic pathway during the cell cycle of 

this organism. When the apparent levels of these two enzymes were 

plotted on a relative increase basis, their rates of increase throughout 

the cell cycle were different. Dihydroorotase had the greater rate of 

increase through the first 0.5 of the cycle, whereas aspartate trans-

carbamylase had the greater rate of increase for the remainder of the 

cell cycle. These findings tend to support the conclusion that these 

t:wo enzymes are not coordinately synthesized in Chlorella. 

A theoretical approach was taken to try to elucidate the 

mechanisms controlling the rate of RNA accumulati,on. Of the two 

enzymes studied, dihydroorotase appears to fulfill the requirements 

of the enzyme which rate-limits RNA synthesis in this organism. 
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