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A bstract 

-- Kinetic properties of aspartate transcarbamylase (ATC) in crude extracts of Artemia were studied. 
The enzymatic kinetic is linear with respect to time for at least 1 hr with crude extract from cysts or the 
earliest development stages, but not with cnide extract from older stages. ATC activity was assayed 
during early stages of development of two Artemia strains ; a relation has been sought between ATC 
activities and growth rates: 

Introduction 

Aspartate transcarbamylase (ATC) catalyses the first specific step to de novo synthesis of 
pyrimidine bases. Studies on this enzyme have indicated that its activity is correlated with 
growth in plant and animal tissues. ATC is particularly active in tissues which are growing 
rapidly (Calva et a i . ,  1959 ; Nordmann et a l . ,  1964 ; Kim and Cohen, 1965 ; Stein and Cohen, 
1965 ; Herzfeld and Knox, 1972 ; Waymire and Nishikawara, 1972 ; Weichsel et a l . ,  1972). 
Because of the apparent relationship between rate of ce11 growth or ce11 division and ATC 
activity it seemed interesting to investigate the possibility to use this enzyme activity as 
indicator of growth rate in Artenî ia .  This paper presents data on the enzymatic properties of 
ATC in different Artemia strains and preliminary results on the variation of ATC activity 
during the first stages of developrnent in Artemia.  

Material and methods 

Experiments were performed with Artemia strains obtained from Metaframe (San 
~rani isco Bay Brand Division Newark. California. USA), CIRNE (CIA Industrial Do Rio 
Grande Do Norte, Macau, Brazil), World Ocean (Shark Bay, Australia), Ege University 
(Bornova Izmir, Turkey), Ministry of Agriculture and National Resources of Cyprus (Nicosia, 
Cyprus) and the Great Salt Lake (Utah, USA). 
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At day 0, the cysts were incubated in filtered natural seawater at  25, 22, or  16 OC. The 
hatched larvae were harvested and separated from the hatchery debris. Approximately 
200 000 nauplii were put into 20 1 of filtered natural seawater. Every day the water was 
changed and food was added (Tetru.se1liti.s suecica, 2.1 O5 cellslml of A rter?~iu culture medium). 

ATC activity was assayed on cysts or animais homogenized in a Potter glass homogenizer 
with H,O or different buffers under freezing conditions. Homogenates were made just before 
the ATC assay. Al1 the assays were performed on crude extracts. 

The assay for ATC was based on the radiochemical method of Bresnick and Mosse ( 1  966). 
The assay medium had the following composition : 0.2 ml homogenate, 9 pmoles of L. 
aspartate (brougth to pH 9.5), 6.3 pmoles of carbamyl phosphate (brought to pH 9.5). and 1 20 
pmoles of Tris HC1 buffer in a total volume of 0.5 ml. Incubation was performed at 35 OC and 
the exact pH was measured in the assay medium at the incubation temperature. The reaction 
was stopped by the addition of 0.1 ml 1 N HCI after which the assay medium was cooled. 
After centrifugation, 0.5 ml of the supernatant layer was passed through a column of Merck 
Lewadit H +  resin (60-1 50 mesh ASTM) in a glass tube (6 mm interna1 diameter and 6 cm 
length). After collection of the eluate, the column was washed with 3.5 ml distilled H20.  The 
eluate and washings were combined, and a 1 .O ml aliquot was transferred to counting vials 
containing 10 ml Packard picofluor. The samples were counted in an Intertechnique liquid 
scintillation spectrometer (Mode1 SL 33). A blank was run for each experiment, consisting of 
the components mentioned above, except that the enzyme preparation was replaced by 
distilled H,O. 

Proteins were determined on samples using the automatic method of Samain and Boucher 
( 1  974). 

Results 

Different buffers were tested to prepare homogenates ; the results are presented in Table 1. 
The most active homogenate was the one in which phosphate buffer pH 7, had been used ; the 
activity was. however. more stable with distilled H 2 0  when the homogenates were kept at 
18 OC. The activity of homogenates prepared with 0.15 M KCl had the same intensity as that 
of the homogenates prepared with distilled H,O but it was less stable. Homogenates with 
distilled H 2 0  were therefore chosen for the following experiments. Cysts were incubated in 
filtered seawater (Millipore 0.3 pm) containing streptomycine (50 mgIl), penicillin (50 000 
L l l l )  and chloramphenicol (8 mgI l ) ;  the latter precaution was taken to ensure that the 
activity measured was the ATC of Arre~iiiu and not ATC of bacteria. The activity measured 
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TABLE 1 

Effect of different buffers used to prepare Arremiu crude extracts on the activity and the stability 
of aspartate transcarbamylase (cysts incubated at 25 OC for 1 day) 

- 

Buffer Activity 
cpm/mg/90 min 

% Activity after 
freezing at - 1 8 OC 

Distilled H 2 0  1.51 x IO-' 
1.41 x 
1.40 x 1 O-' 

Buffer Tris 0,2M pH 8.5 1.09 x 1 0 - ~  
1 . 1 2 ~  1 0 4  
1.08 x 

Buffer Tris 0,2M pH 9 1.01 x IO- '  
9.93 x I O - 5  
9.20 x IO-5  

Buffer Tris KH2POd 0.04M pH 7 1.62 x 10-5 
1.63 x IO-' 
1 . 6 0 ~  1 0 4  

after 24 hr incubation was similar to that measured on homogenate prepared from Artemia 
cultured in parallel but without antibiotics. 

KINETIC PROPERTIES OF ATC IN A RTEMIA CYSTS A N D  I.ARVAE 

With the cysts of the different strains the rate of formation of carbamylaspartate was linear 
with respect to time for at least 1 hr . The effect of pH on the enzymatic velocity is presented in 
Fig. 1 .  Maximum velocity was observed at around pH 9. At this pH the temperature optimum 
was 42 OC for a 30 min incubation (Fig. 2). With San Francisco larvae maximum velocity was 
also observed around pH 9 but the rate of formation of carbamylaspartate was not always 
linear. This non linear kinetic was also observed with the larvae of the other strains (Fig. 3) ; 
this was not due to too small concentrations of substrate because the reaction was 
proportional with the concentrations of the homogenate up to formation of about 1.5 pmoles 
of carbamylaspartate (Fig. 4). This quantity of carbamylaspartate corresponds to the 
utilization of 16 O/o aspartate and 24 5% carbamylphosphate. Fig. 4 shows the result obtained 
with an homogenate of larvae of the San Francisco strain which exhibited a linear kinetic ; the 
same result was, however, also obtained with an homogenate of larvae of this strain which 
exhibited a non-linear kinetic. 



FIG. 1. Dependence of the enzymatic velocity upon pH. The reaction mixture was incubated for 30 
min at 35 O C  and contained the following compounds : carbamyl phosphate, 6.6 pmoles ; L. aspartate, 
9 pmoles ; homogenate of cysts, 0.2 ml and buffers in a total volume of 0.5 ml. NaHC03 0.2 M was 
used for pH 10 and tris 0.4 M for al1 other pH's to prepare carbamyl phosphate and L. aspartate pH of 
the extract was measured in the reaction mixture Australia, O Brazil, . San Francisco, A Turkey 
and Utah strain. 

25 35 45 
TEMPERATURE ( O C  

FIG. 2. Dependence of the enzymatic velocity upon temperature. The incubation conditions were 
similar to those indicated in the legend of Fig. 1. Tris 0.4 M pH 9.5 was used to prepare carbamyl 
phosphate and L. aspartate. 
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T lME ( min.)  

FIG. 3. Dependence of the velocity upon the time of incubation with homùgenate of Arlc3i?71cl larvde 
o f  Australia. O Brazil, A Cyprus, . San Francisco, and A Turkey strains (cysts incubated for 4X 
h r  at 25 O C ) .  The reaction mixtures were similar to those indicated in the legend of Fig. 1 .  Tris 0.4 M pH 
9 5 was used to prepare carbamyl phosphate and L. aspartate. 

HOMOGENATE CONCENTRATION (mg protein) 

Fic,. 4. Dependence of the velocity upon the homogenate concentratiûn ior larvae of the San 
Francisco strain (cysts incubated for 24 hr at 25 OC). The reaction mixture was similar to that descrihed 
in the legend of Fig. 3 with the exception that the incubation time was 90 min and the temperature was 
30 O C .  



Fig. 5. shows a decrease of the activity with increase of the temperature with an 
homogenate with non-linear kinetic. This decrease was due to the increase of the instability of 
the activity with rise of the temperature (Fig. 6). 

TEMPERATURE ( O C  ) 

FIG. 5 Dependence of the enzymatic velocity upon temperature for an homogenate of larvae of the 
San Francisco strain (cysts incubated for 3 days at 25 OC). The reaction mixture was similar to that 
described in the legend of Fig. 2 with the exception that the incubation time was 90 min. 

TESTS TO STABII.IZE T H E  ATC ACTIVITY 

Bresnick (1 962) has shown that mercaptoethanol was necessary to stabilize the ATC from 
rat liver ; on the other hand Vassef et ul. ( 1  9 7 3 )  had found that UMP was effective as an ilr 

ijitro stabilizer within physiological concentrations for ATC from Chlorella. 2.10-'M 
mercaptoethanol and 4.1 O-'hl UMP were added but no stabilization was observed 8.10-'M 
EDTA and 1 mM PMSF, a protease inhibitor widely used to avoid proteolytic artefacts, were 
without effect. 

UMP which exhibited no effect at 4.10-3M appeared to be inhibitory at higher 
concentrations. The addition of 5.1 O-2M UMP resulted in 28 % inhibition of the activity of an 
homogenate of San Francisco larvae which contained 1 5.8 mg proteinslml. The activity of 
San Francisco strain ATC (homogenate containing I 1 mg proteinslml) was inhibited for 90 % 
in the presence of 4.8 10-3M p. hydroxymercuribenzoate. The heavy metals were also 
effective as inhibitor. A 26 96 reduction in enzymatic activity was observed in presence of 1 O-' 
M Cu2+ in a crude extract containing 2.5 mg proteinslrnl and 18 % at the same concentration 
with Zn2+. 
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FIG. 6. Dependence of the velocity upon the time of incubation for an homogenate of larvae of the 
San Francisco strain (cysts incubated for 48 hr at 25 OC). The reaction mixture was similar to that 
described in the legend of Fig. 3 .  with the exception that the two temperatures tested were 30 O C  and 
3 5  O C .  

It was difficult to determine the initial velocity of the enzyme reaction with the inactivation 
which occured during its catalytic reaction. The graphical method described by Stinshoff 
(1972) for arylsulphatase A was tested. With this method, linear relations were obtained 
between the reciprocal of the quantities of carbarnylaspartate synthetised (1 /P)  and the 
indubation time Olt). The curves obtained may be described by the following equation of 
Stinshoff (1 972) : 

where P is the quantity of carbamylaspartate formed. 

Pm,, is the maximum quantity of carbamylaspartate that the enzyme can synthetise under the 
conditions of incubation at infinite time. 

Vo is the initial velocity of the enzymatic reaction. 
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It  was therefore possible to estimate graphicaly Pm,, and Vo from this equation. The rate at 
which the enzyme is inactivated can also be estimated by determination of the time necessary 
for the reaction velocity to decrease to half its initial value. The above equation can be written 
in this manner : 

Pm,, V0.t 
P = 

Pm,, + Vo. t 

The differentiation quotient dpldt is a function of the incubation time 

if V = -, the equation can be written : 
v o  PZmax.V0 - = 
2 (Pm,, + v 0 . 5 ~ ~ ~ ) ~  

where T,,, is the half time of the enzyme. s,,, can be calculated from the following equation : 

Fig. 7 shows the application of the graphical method outlined above to calculate the activity 
of the larvae of different Arteutîia strains, the kinetics of which are presented in Fig. 3. The 
characteristics of the straight lines, slope (Vo) and the point of intersection with the reciprocal 
activity axis (Pm,,) were calculated by the method of the least squares. The maximum 
quantities of carbamyl aspartate that the homogenates could synthetize per mg of proteins 
(Pm,,), the specific initial velocities (Vol and the half-lives (T,,,) are listed in Table II. 
Differences appeared between the strains though the cysts had been incubated at the same 
time and under the same conditions (for 48 hr at 25 O C ) .  The initial velocity was 
approximately equal for the Australia, Cyprus, and Turkey strains and higher with the Brazil 
and San Francisco strains. The crude extract from the San Francisco strain- was about 1.7 
times more active than that of the -4ustralia strain. The differences were more important 
between the half-lives. ATC activity was more stable in crude extracts from the Turkey, 
Australia, and Cyprus strains than in those from the Brazil and San Francisco strains. In 
particular ATC of the Turkey strain had a L,,, 19 times longer than ATC from the San 
Francisco strain. 

The influence of the two substrates was studied on the activity of a crude extract of San 
Francisco larvae which exhibited linear kinetics (cysts incubated for 1 day at 22 OC). Line- 
weaver-Burk plots obtained by varying the concentration of aspartate at a constant carbamyl- 
phosphate concentration, and vice versa, were linear. A system of parallel straight lines was 
obtained in each case (Fig. 8A.B). A replot of intercepts on the reciprocal activity axis versus 
the reciprocal of the substrate concentration gave a straight line. Figures insert in Fig. 8A,B 
show that the Vma, is similar (1.33.10-3 pmoles/min/mg of protein) for each curve and 
indicate the Km values of 7 mM and 1.6 mM for aspartate and carbamylphosphate 
respectively. 
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RECIPROCAL TIME ( min 1 - 1  

FIG. 7. Reciprocal plot corresponding to Fig. 3. 

Parameters of the enzymatic reaction of aspartate transcarbamylase for different Artenlia strains 
(cysts incubated at 25 OC for 2 days) 

Strain Vo Maximum Pma, amount 5 1 2 .  

Initial velocity of carbamyl aspartate Half Iife 
bmolesl min/ mg that can be formed (min) 

protein) 01 moles / min / mg 
protein) 

Australia 0.059 6.02 41.6 
Brazil 0.079 0.78 14.0 
Cyprus 0.055 4.80 36.3 
San Francisco 0.096 0.68 2.9 
Turkey 0.063 8.79 57.6 
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I / CARBAMYL .PHOSPHATE ( r n ~ - ' )  

FIG. 8. Reciprocal plot corresponding to the dependence of the velocity upon the concentration of 
carbamyl phosphate. (A) and of L. aspartate (BI with larvae of the San Francisco strain (cysts incubated 
at 25 O C  for 1 day). The reaction mixture was incubated for 90 min at 30 O C  and contained the 
following : carbamyl phosphate. L. aspartate (the concentration of the two substrates varied as indicated 
in the figure). in a total volume of 0.5 ml-0.2 M N8HC03 ; carbamyl phosphate and L. aspartate were 
prepared at pH 9.5. 
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VARIATION OF THE ATC ACTIVITIES DURING THE EARL.Y STAGES OF DEVELOPMENT 

OF AUSTRALIA A N D  BRAZIL A RTEMIA STRAINS 

Developmental patterns of specific activities of ATC (initial velocities per mg of proteins) in 
crude extract from Australia and Brazil strains incubated at 22 O C  are compared in Fig. 9. 
Developmental patterns of the ATC of these two strains were very similar, with maximal 
activity after two days of incubation of the cysts. Thereafter the activity decreased rapidly. 
With the two strains kinetics were linear untii day 2. The specific activities were 
approximately equal after the decrease, but during the first 2 days the activity in the Brazil 
strain was higher. In parallel, growth in length was determined after the hatching period 
which started between day 1 and day 2. During this experiment, the two strains grew 
exponentially since linear curves were obtained in semilogarithmic plot with r = 0.996 and 
0.974 for the Brazil and the Australia strain respectively (Fig. 10). The specific growth rates 
estimated as the slope of the straight lines were 0.150 2 O.OO4lday and 0.091 + 0.007lday 
respectively. The Brazii strain thus grew 1.6 times faster than the Australia strain in the 
conditions of this experiment. A second experiment with the same two strains was performed 
at 15 O C .  In this case, hatching began between day 2 and day 3 for the Brazil strain and day 3 
and day 4 for the Australia strain. Kinetics of enzymatic reaction were linear until day 5 with 
the Brazil strain and until day 7 with the Australia strain. Fig. 1 1 shows the maximal activity 
at 5 days of incubation of the Brazil cysts and between 5 and 7 days of incubation of the 
Australia cysts. Thereafter, the activity decreased more slowly than in the experiment 
performed'at 22 O C .  Growth rate curves are presented in Fig. 12 ; straight lines were obtained 

Tl  ME AFTER INCUBATION OF CYSTS ( DAYS ) 

FIG. 9.  Patterns of aspartate transcarbamylase activity during early stages of development of 
Artemia from Australia and A Brazil strains incubated at 22 O C .  
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FIG. 10. Semi-logarithmic plot of the lengths of the Artenlia from Australia and - Brazil strains 
incubated at 22 OC during early stages of development. 

which suggest specific growth rate values of 0.1 1 + 0.031day and 0.093 f 0.003/day for the 
Brazil and the Australia strain respectively. The specific growth rate of the Brazil larvae 
cultured at 15 OC was smaller than when the strain was cultured at 22 OC but the maximum of 
the specific activity of the ATC had the same value around 7.2  1 O-2 ,umoles/mg protein. In the 
case of the Australia strain, the specific growth rate was the same at 15 OC as at 22 O C  and the 
maximum ATC activity (3.4 ,umoles/min/mg protein) was smaller than at 2 2  OC (4.6 

,umoles/min/mg protein). In the two strains at the two temperatures tested the specific 
activity increased after hatching and instability of the enzyme appeared with the subsequent 
decrease of the activity. n 

Discussion 

Aspartate transcarbamylase from Artetnia shows similarities with the enzyme from rat 
liver. Its pH optimum near 9 is similar to the 9.2 reported for rat liver enzyme. The Artemia 
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a ' TlME AFTER INCUBATION OF C Y S T S ( W Ç )  

Frc. 11. Patterns of aspartate transcarbamylase activity during the early stages of development of 
Artemia from Australia and A Brazil strains incubated at 15 OC. 

enzyme is also inhibited by UMP, mercurial reagent (PHMB) and by heavy metals (Cu2+ and 
Zn2 +) (Bresnick, 1 962 ; Bresnick and Mosse, 1 966). Anomalous kinetics observed with crude 
extracts of larvae were not described with ATC from other origin. An unusual kinetic as 
found by Cygan and Zak (1 966) with ATC of beef liver, but in this case the activity of the 
homogenates increased during the incubation. Different hypotheses can explain t h s  non- 
linear kinetic obtained with A rtenlia larvae : degradation by proteolytic enzymds), enzymatic 
release of an inhibitor or inversely enzymatic disappearance of an activator during the 
incubation, or the substitution of the stable enzyme by an instable isoenzyme in Artemia 
during the earliest stages of development or the disappearance of a stabilizer. Osuna et al. 
(1977) showed that after hatching of Artemia nauplii a high increase of four proteolytic 
activities appeared in extracts from the larvae and that only one of these proteases was 
strongly inhibited by PMSF. Also it is not possible to eliminate that hypothesis of an artefact 
due to the presence of proteases to explain the appearance of instable ATC activity in extracts 
from larvae. Therefore it is necessary in Our future studies to try to determine the origin of the 
non-linear kinetics of ATC to test the other protease inhibitors used by Osuna et al. (1 977). 

If decrease of the activity during the incubation was not described with ATC from other 
sources, on the other hand instability of the ATC activity has been observed in diluted 
homogenates of Chlorella. Vassef et al. (1  9 7 3 )  could demonstrate that UMP was effective as 
an in vitro stabilizer within physiological concentrations for ATC of Chlorella. 
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FIG. 12.  Semilogarithmic plot of the lengths of Artet?liu from Australia and - Brazil strains 
incubated at 15 O C  during early stages of development. 

The system of parallel straight lines obtained by varying the concentration of the two 
substrates with homogenate which exhibit linear kinetic suggest a non sequential ping-pong 
mechanism. This same system was obtained by Lue et al. (1976) with ATC from Baker's 
yeast. by Ong and Jackson ( 1  972) with ,4TC from Phuswlus aureiis and in Our laboratory 
with ATC from musse1 and scallop (Bergeron and Alayse-Danet, in preparation). Lue et al. 
( 1  976) and Ong and Jackson ( 1  972) could not opt unequivocally for a ping-pong mechanism 
because the inhibitor effects obtained with the products of the reaction (phosphate and 
carbamylaspartate) on bakers' yeast ATC were consistant with an ordered BiBi mechanism 
where carbamylphosphate and then aspartate bind to the enzyme followed by release of 
carbamylaspartate and phosphate, in that order. Ordered BiBi mechanism had been also 
suggested in the case of the ATC from mouse spleen (Hoogenraad et al., 197 1) and the 
catalytic subunit of Esc,herichiu coli ATC (Porter et al., 1969). 
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Clegg and Golub (1  969) showed that a fast de novo RNA synthesis could be detected from 
the beginning of the incubation of Artemia cysts ; the presence of active ATC in cysts 
corroborates this result. Decrease of the specific activity of ATC during the first stages of the 
development was also observed by Weichsel et al.  (1972) and by Herzfeld and Knox (1972) 
with ATC from different organs of rat. Herzfeld and Knox (1  972) could establish an equation 
for tumors exhibiting a wide range of different growth rates. From Our results a relation has 
been sought between growth rates of two Artemia strains (Australia and Brazil) and their ATC 
activities. On an average during the experiment at 22 OC the two strains seemed to grow with 
a constant rate but at the same time the specific activity of the ATC varied. No relation 
appears since apparently one value of growth rate corresponds with several values of specific 
ATC activity. On the other hand specific growth rates calculated each day by the following 
formula : 

lengthdayn - length day,-, 

were taken into consideration. A positive correlation appeared with the specific activity values 
measured the day before (day,- ,) and the growth rates determinations mentioned above. The 
correlation coefficients obtained are : for the Brazil strain r = 0.809 with df = 6 ; for the 
Australia strain r = 0.626 with df= 7 and if the two strains are taken in consideration 
r = 0.624 with df = 15. These sample correlation coefficients are different from zero respect- 
ively at the 2, 10, and 1 % level of significance. The differences which appear between the 
specific growth rates each day are important since they may explain the variation of the 
specific ATC activity. 

In the experiment performed at 15 OC larvae of the Australia strain seemed to grow with 
the same average specific growth rate as at 22 OC which is certainly an artefact due to the 
small number of length values especially as the development .in the cysts had slackened 
(hatching started between day 3 and 4 instead of day 1 and 2 at 22 OC). With this experiment it 
is not possible to look for a correlation because only one pair of values can be used with the 
Australia strain and two with the Brazil strain. The specific activity of ATC at its maximum 
level-particularly in the Brazil strain - was not significantly different from that at 22 OC 
thought the growth rate was weaker. These results are not inconsistent because at 15 OC the 
same quantity of enzyme is certainly less active. 

A relation seems to exist between ATC activity and growth rate in Artetnia. This inter- 
pretation of Our experiments is based on the hypothesis that, on one hand the ATC activities 
were not significantly influenced during homogenization and, on the other hand the daily 
ATC and protein determinations were reproducible. New experiments have to be made to 
confirm such a relation with a wider range of growth rates and, if possible, after a way to 
stabilize the ATC activity during the experiments will have been found. 

Summary 

Aspartate transcarbamylase (ATC) of homogenates of cysts of different Artemia strains - 
Australia, Brazil, San Francisco (USA). Cyprus, and Utah (USA) - has a pH optimum around 

, 1 , .J 
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Y and exhibits linear kinetics. Non-linear kinetics were observed in larvae and were dependent 
of the temperature of the culture medium. 

The mathematical correlation between the reaction velocity and the incubation time, as 
used by Stinshoff (1972), could be applied and the initiai velocity of the anomalous kinetics 
could be calculated. 

The rate of decreasing of the enzymatic activity depends of the temper~ture of incubation. 
Initial velocity studies with homogenate containing stable ATC activity, and variation of the 
concentration of aspartate at a constant carbamyl phosphate concentration and vice-versa, 
revealed a set of parailel reciprocal plots suggesting a non sequential ping-pong mechanism. 

The levels of ATC activity were found to be highest in the earliest stages of development. 
The specific ATC activity was significantly correlated with the specific growth rate calculated 
each day. 

Acknowledgements 

1 wish to thank Mrs J. P. Bergeron and J. F. Samain for their critical review of the 
manuscript. Thanks are also extended to Ms A. Hernandorena, J. Person, and Mr J. Robin for 
providing me with Artemia cysts. 

Literature cited 

BRESNICK E. 1962. Inhibition by pyrimidines of aspartate transcarbamylase partially purified from rat liver. Biochem. 
Biophys. Acta 67:425-434. 

BRESNICK E. and H. MOSE. 1966. Aspartate carbamoyltransferase from rat liver. Biochem. J. 10 1 :63-69. 
CALVA E., J .  M.  LOWENSTEIN, and Ph. P. COHEN. 1959. Carbamyl phosphate-aspartate transcarbamylase activity in 

tumors. Cnncer Res. 19:101-103. 
CLEGC J. S. and A. L. GOLUB. 1969. Protein synthesis in Artemia salina embryos. I I .  Resumption of RNA and protein 

synthesis upon cessation of dormancy in the encysted gastrula. Develop. Biol. 19: 1 78-200. 
CYGAN Z. and T. ZAK. 1966. The latent activities of aspartate transcarbamylase in beef homogenates. Biochem. 

Bioph-vs. Acta 134:289-300. 
HERZFELD A. M. and W. E. KNOX. 1972. Aspartate transcarbamylase concentrations in relation to growth rates of 

fetai. adult. and neoplastic rat issue. Cancer Res. 22: 1246-1 25 1 .  
H(XX;ENRAAD N. J., R. L. LEVINE, and N. KRETCHMER. 1971. Copurification of carbamoyl phosphate synthetase and 

aspartate transcarbamoylase from mouse spleen. Biochem. Biophys. Res. Commun. 34:98 1-988. 
KIM S. and Ph. P. COHEN. 1965. Transcarbamylase activity in fetal liver and in liver of partially hepatectomized 

parabiotic rats. Arch. Biochem. Biophys. 109:421-428. 
LUE P. F.. D. M. ATTKEN. and J.  G. KAPLAN. 1976. Studies of the regulation and reaction mechanism of the carbamyl 

phosphate synthetase and aspartate transcarbamylase of bakers' yeast. Biochimie 58:19-25. 
N ~ R D M A N N  Y., R. HURWITZ, and N. KRETCHMER. 1964. Activity of aspartate transcarbamylase in heart and liver of the 

developing rat. Nature 20 1 :6 16-6 17. 
ONG B. L. and J. F. JACKSON. 1972. Aspartate tran~~arbamylase from Phaseolus aureus. Partial purification and 

properties. Biochem. J. 129:571-581. 
OSUNA C.. A. OIAI-IA. A. SILI.ERO. M. A. GÜNTHER SILLERO. and J.  SEBASTIAN. 1977. Induction of multiple proteases 

during the early larvae development of Artemia salina. Dev. Biol. 6 1 :94-103. 
PORTER R. W., M. O. MODEBE, and G. R. STARK. 1969. Aspartate transcarbamylase. Kinetic studies of the catalytic 

subunit. J. Biol. Chem. 244(7): 1846-1 859. 
SAMAIN J. F. and J. BOUCHER. 1974. Dosage automatique et simultané de l'amylase et des prottines du zooplancton. 

Annals Insr. Oceanogr.. Paris (N.S.) 50: 199-205. 



A TC in Artemia 

STEIN L. 1. and Ph. P. COHEN. 1965. Correlation of growth and aspartate transcarbamylase activity in higher plants. 
Arch. Biochem. Biophys. 109:429-433. 

STINSHOFF K. 1972. Kinetic properties of the arylsulphatase A from human kidneys. Biochem. Biophys. Acta 
276:475-490. 

VAS~EF A. A., J. B. FLQRA, J. G. WEEKS, B. S. BIBBS, and R. R. SCHMIDT. 1973. The effecîs of enzyme synthesis and 
stability and of deoxyribonucleic acid replication on the cellular levels of aspartate transcarbamylase during the 
ceIl cycle of eucaryote Chlorellu. J. Biol. Chem. 25:1976-1985. 

WAYMIRE J. C. and M. T. NISHIKAWARA. 1972. Increased aspartate îranscamylîransferase activity in compensatory 
rend growth. froc. Society Experimentul Biology and Medicine 1 39(4): 1 398- 1400. 

WEICHSEL M. E., N. J. HOOGENRAAD, R. L. LEVINE, and N. KRETCHMER. 1972. Pyrimidine biosynthesis during 
development of rat cerebellum. Pediat. Res. 6:682-686. 


