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Chlorella vulgaris growing wi th  a m m o n i u m  n i t r a t e  as n i t rogen  source 

utilises nil of  the  a m m o n i u m - N  before n i t r a t e  begins to  be assimilated.  

We have  a t t e m p t e d  to  analyse this  phenomenon  and have  shown t h a t  

the  assimilat ion of  a m m o n i u m  in some way  i n h i b i t s  n i t r a t e  reduc t ion  

(SYnETT and ~oRt~Is 1963). I n  this paper  a second effect of  a m m o n i u m  

is es tabl ished and discussed, name ly  the  r e p r e s s i o n ,  by ammonium,  

of  the  deve lopment  of  n i t ra te  reductase  ac t iv i ty .  

Methods 
Chlorella vulgar'is (Pearsall's strain) was grown as described in the preceding 

paper (SY~ETT and Me,ms 1963). Unless otherwise stated all experlinentM methods 
were as described in that paper. 

Measurement o/nitrate reduetase activity 
Cell-free extracts were prepared as in the previous paper. When it was necessary 

to store cells before preparing extracts, the cells were washed and suspended in 
0.1 ~ Tris buffer, ply: 7.4 and stored at -- 14: ~ for 24--28 h. After cell-free extracts 
had been prepared, they were assayed for nitrate reductase activity at once; the 
extracts contained no detectable n i t r i t e  reductase activity. 

The reaction mixture for nitrate reductase assay contained, in 1.5 ml, 20 /~ 
moles potassium nitrate, 20/~ moles Tris, p~I 7.4, 0.2 rags DPNH (reduced sodimn 
salt) and cell free extract (in 0.1 ~ Tris buffer) containing 0.5--1.0 mg of protein. 
DPNtt  was added at zero time and the mixture was incubated at 28--29 ~ for 
10 min. Blanks without DPNH were always included. At the end of the reaction 
time, residual DPNH was removed by ethanol-barium acetate treatment (M~a)I~a 
and NIc~oruAs 1957). The tubes containing the reaction mixture were immersed in 
iced water, 2.5 mls of ice-cold 95~ ethanol were added followed by 0.1 ml of M 
barium acetate. The tubes were agitated, centrifuged and nitrite in the supernatant 
estimated with Griess-Ilosvay reagent (Su and No~RIS t963). Low and 
erroneous values were obtained if the residual DPNH was not removed. Nitrite 
standards were prepared with the same barium acetate-ethanol treatment. Under 
these assay conditions nitrate reduction proceeded linearly with time and the rate 
of reduction was proportional to the quantity of protein added. Nitrite formed 
after 10 min was taken as a measure of nitrate reductase activity. In this paper, 
nitrate reductase activity is expressed as m# moles nitrite formed per mg protein 
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per minute. Protein was measured by the Lowry method (Lowmr et al. 1951). I t  
was found that 0.1 ~ Tris, in which the enzyme was extracted, interferes with the 
Lowry reaction. Bovine albumin standards were therefore prepared ~ith 0.1 N Tris 
present. 

Results 
1. The e//ect o/ nitrogen source on nitrate red,uctase activity 

Cell-free ex t r ac t s  f rom cells of  Chlorella vulgaris grown wi th  po- 
t a ss ium n i t r a t e  as n i t rogen  source possess m u c h  n i t r a t e  redue tase  act iv-  
i ty ,  whereas  ex t rac t s  of  cells grown wi th  a m m o n i u m  su lpha te  possess 
l i t t le .  There  is an  i n t e r m e d i a r y  
level  of  n i t r a t e  r educ tase  in  ex- 
t r a c t s  of  cells grown wi th  ammo-  
n ium n i t r a t e  as n i t rogen  source 
(Table 1). 

A compar i son  of  t he  n i t r a t e  
r edue ta se  a c t i v i t y  of  n i t r a t e -g rown  
cells wi th  the i r  m a x i m u m  growth  
r a t e  is of  in teres t .  Genera l ly ,  the  
r edue ta se  a c t i v i t y  in these  ex- 
t r a c t s  is approx .  30 m #  moles  
n i t r i t e  fo rmed  per  mg  p ro t e in  per  
minute ,  or 1.8/~moles n i t r i t e  pe r  
mg  p ro te in  per  hour  i.e. l mg 
p ro te in  reduces  a b o u t  25 #g  of  
n i t r a t e - N  in one hour .  Since 1 mg  
of  p ro te in  conta ins  a b o u t  160 # g N ,  
the  a c t i v i t y  of  the  reduc tase  is 
such t h a t  i t  could reduce enough 

Table 1. Nitrate reductase activity in cell- 
/tee extracts o/ cells grown with di//erent 

nitrogen sources 
The cells grown with ammonium nitrate 
were harvested before all the ammonium 
had disappeared from the culture me- 
dium.The results of two separate experi- 
ments are shown. Each figure is the 
mean of two independent assays. Note 
that  the activity in ammonium nitrate 
cells varies and is about 38-- 650/0 of that 

in potassium nitrate cells 

Nitrogen source 
for growth 

KN0s 
NH4N0a 
(NI-I4)2804 

Specific ac t iv i ty  of 
ni t ra te  reductasc 
(m/~ moles ni tr i te  

per rag protein per min) 

Expt .  1 Expt .  2 

32.5 36.9 
21.0 13.9 

0.7 1.0 

n i t r a t e - N  to  double  the  p ro te in  con ten t  of  the  cell-free e x t r a c t  in 
6 - - 7  h. This  t ime  compares  f a v o u r a b l y  wi th  the  m i n i m u m  genera t ion  
t ime  of  C. vulgaris which is abou t  8 h. I t  appears ,  therefore,  t ha t ,  in  
these  exper iments ,  the  a c t i v i t y  of  the  reduc tase  in  the  cell-free ex t r ac t ,  
is sufficient to  account  for the  r a t e  of  g rowth  of  C. vulgaris with  n i t r a t e  
as n i t rogen-source .  This  ag reemen t  m a y  be for tu i tous ,  however ,  since 
in a subsequen t  pape r  we shall  show t h a t  n i t r o g e n - s t a r v e d  cells 
con ta in  cons iderab ly  less n i t r a t e  r educ tase  a c t i v i t y  and  y e t  ass imi la te  
n i t r a t e  r ap id ly .  

I n  the  preceding  p a p e r  (SYRETT and  MORRIS 1963), we sugges ted  t h a t  
cells grown on a m m o n i u m  n i t r a t e  con ta in  an  inh ib i to r  of  n i t r a t e  reduc-  
tase  ac t iv i ty .  Such an inh ib i to r  in cell-free ex t r ac t s  would,  of  course,  
affect resul ts  hke  those  in Table  1. The n i t r a t e  r educ tase  a c t i v i t y  of  
ex t r ac t s  f rom cells grown on po ta s s ium n i t r a t e  or a m m o n i u m  n i t r a t e  was 
therefore  assayed  af te r  mix ing  the  ex t r ac t s  wi th  those  f rom a m m o n i u m  
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nitrate or ammonium sulphate grown cells. The results showed that ,  
when mixed, the activities of the extracts were additive within the 
limits of experimental error. Therefore no inhibitor can be present, 
in effective concentration, in the extracts from ammonium nitrate and 
ammonium sulphate grown cells and consequently the results in Table 1 
represent real differences of nitrate reductase act ivi ty in the extracts. 

2. Increase o/nitrate reductase activity during incubation with nitrate 

Cells grown with potassium nitrate as nitrogen source assimilate 
nitrate immediately it is supplied to them. In  contrast, cells grown 
with ammonium sulphate as nitrogen source do not assimilate nitrate 
until after a lag period of about  two hours (Fig. 1). Nitrate  reductase 
activity in ammonium sulphate 
increases markedly  during 
incubation with nitrate (Fig. 2) 
and after two hours the act ivi ty 
has increased by 10--20 times. 
The two hour lag in nitrate 
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:Fig. 1. The assimilation of nitrate by ammonium-grown cells (I  i )  and nitrate-grown ceils 
<i i) .  Incubation in darkness with 1% (w/v) glucose present. Temperatttre, 25~ p~ 6.1; 

cell density, 5.0 mg dry wt./ml 

Fig.2. The development of nitrate reduetase activity (lower) and the assimilation of nitrate (upper) 
when ammonium-grown cells are transferred to medium containing potassitml nitrate. The results 
of duplicate cultures are shown. Incubation in darkness with 1% (w/v) glucose present. Temperature, 
25 ~ ; p~ 6.1; cell density, 4.8 mg dry wt. per ml. Counts of cell nmnbers showed that  there was no 

significant increase during the course of the experiment 

assimilation must  be due, in part ,  to the low initial level of nitrate 
reductase but  there is also evidence tha t  ammonium-grown cells contain 
an inhibitor of nitrate assimilation which is only slowly removed (SYRnTT 
a n d  MORriS 1963). 
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In earlier experiments the increase in nitrate reduetase activity 
appeared to follow a sigmoid curve and reach a plateau value after three 
hours. The enzyme level so attained was always lower than that found 
in cells grown for several generations with potassium nitrate as nitrogen 
source. Fig. 2 shows the reason for this difference. The rate of increase 
of nitrate reductase activity does, indeed, slow down after three to four 
hours but subsequently, at about the fifth hour, a further and rapid 
increase in activity occurs and the enzyme level attains that of potassium 
nitrate grown cells (ef. Table i and Fig. 2). This rather complex and 
unexpected time course has been well established by several experiments 
but the reasons for it are not understood. It may have a connection with 
the time course of nitrate assimilation because the rate of assimilation 
appears to slow down after 4--5 hours and, at this time, the second 
increase in nitrate reductase activity takes place. 

3. The e//ect o/ chloramphenicot and p./luorophenylatanine on the increase 
in nitrate reducta.s'e activity 

The increase of nitrate reductase activity following incubation of 
ammonium-grown cells with nitrate is partially prevented by either 
chloramphenicol or p-fluorophenylalanine (Fig.3). The effective con- 
centration of chloramphenicol, while considerably higher than that 
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Fig.3a  and b. The effect of  p-fluorophenylalanlne (a) and chloramphenicol (b) on the development 
of  nitrate reduetase act ivi ty when ammonium-grown cells are transferred to medium containing 
nitrate. Incubation at 25 ~ in darkness with 1% (w/v) glucose present; p~ 6.1. The initial concentra- 
tion of nitrate was 5 raM. Cell density 6.0 mg  dry wt. per mL Nitrate rcductase act ivi ty was assayed 

after  three hrs. incubation of  the cells with nitrate and inhibitor 

required to prevent protein synthesis in bacteria, is similar to that 
inhibiting amino-acid incorporation into microsomal preparations from 
higher plants (RABsoN and NOV~LLI 1960). We have shown, too, that 
the concentrations of chloramphenicol and p-fluorophenylalanine which 
prevent the development of nitrate reductase activity, lower the in- 
corporation of 14C from [1~C] glucose or [14C] phenylalanine into the 

3* 
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protein fraction of Chlorella. Thus one can conclude that  chloramphenicol 
and p-flnoropheny]alanine are inhibiting the synthesis of active protein 
and that  at least part  of the increase in nitrate reductase activity in- 
volves the de novo synthesis of protein. 

In an experiment in which nitrate reductase activity was allowed to 
develop as shown in Fig. 2, the presence of chloramphenicol (3 mg/ml) 
inhibited the development of reductase activity by  400/0 after three 
hours and by 45o/0 after six hours, thus both phases of the induction 
curve were equally affected by chloramphenicol. 
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Fig.4. The effect of ammonium on the development of nitrate reductase activity. Lower; the 
development of nitrate reductase activity in presence (e o) and absence ( o .  o) os 2.5 m)r 
ammonium. Upper; the assimilation of nitrate in presence (* *) and absence (o o) 
of  2.5 m ~  ammonium and the assimilation of  ammonium (A ~). Cell density, 5.0 mg dry 
wt./ml. Incubation in darkness at 25 ~ with 1 ~ (w/v) glucose, p~ 6.1. The cell number did not change 

significantly during the experiment 

Fig. 5. The effect of ammonium on the development of nitrate reductase activity. Ammonium-grown 
cells were transferred to a medium containing 5 m ~  potassium ni trate  and l~ glucose; pH 6.1. 
They were incubated in darkness at  25 ~ Cultures 1, 2 and 3 received ammonium (final concentration, 
5 m~) at the times indicated. The lower figure shows the t ime course of  the development of nitrate 
reductase act ivi ty in the cultures. The first three values are the mean values f rom three or four 
separate extractions of  the enzyme; the extreme values arc shown also. The upper figure shows that  

no significant change in cell number occurred during the experiment 

4. The e//ect o/ammonium on the development o] nitrate reductase activity 

The inclusion of a small quanti ty of ammonium in the medium 
prevents the development of nitrate reductase activity (Fig.4); nitrate 
assimilation is also prevented. 
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When ammonium is added after the development of nitrate reduetase 
activity has begun, further increase of activity is prevented (Fig. 5); 
ammonium is particularly effective when added near the start of the 
incubation period. 

In the experiment shown in Fig. 4, the small quanti ty of ammonium 
added almost completely prevented the development of nitrate redue- 
tase activity. Nevertheless, cells grown for several generations with 
a m m o n i u m  n i t r a t e  as nitrogen source do contain appreciable nitrate 
reductase activity (Table 1). The explanation is tha t  the nitrate reduc- 
tase activity of cells in the presence 
of ammonium can be increased by 
increasing the nitrate concentration 
(Fig. 6). In the growth m e d i u m  
containing ammonium nitrate the 
concentration of nitrate is 280 /~g ~ 0  
nitrate-N per ml. 3o 
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Fig.6. The effect of nitrate concentration on the development of  nitrate reduetase activity. Ammo- 
nium-grown cells were transferred to medium containing increasing concentrations of nitrate in the 
absence (circles) and presence (triangles) of ammonium. The results of two experiments in the ab- 
sence of ammonium are shown. The initial ammonium concentration was 10 ~g ammonium-N/ml 
and the final concentration about 3 t~g ammonium-N per ml. Cell density 1.5 mg per ml. Temperature 
25% p~ 6.1. The cells were incubated for 3 hrs. in darkness in medium containing la/o (w/v) glucose; 

nitrate reductase activities were then measured 

Fig. 7. Lower graph : the development of nitrate reductase act ivi ty in ammonium-grown cells trans- 
ferred to nitrate ( .  . ) ,  nitrite (o o) or N-free (A 4) medium. Upper graph:  the 
disappearance of nitrate (- . )  or nitri te (o o). Cell density 2 .0mg dry wt. per ml. 

Incubation in darkness with 1% (w/v) glucose, p~ 6.1. Temperature 25 ~ 

5. The development o/ nitrate reductase activity in the absence o/ nitrate 

The experiments of Figs.2, 4 and 5 suggest tha t  nitrate reductase 
in Chlorella is an enzyme whose formation is induced by nitrate and 
repressed by ammonium. However, considerable development of nitrate 
rednetase activity is possible in the absence of nitrate providing that  
ammonium too, is absent. Fig. 7 shows that  nitrate reductase activity 
increases when ammonium-grown cells are incubated in a nitrogen-free 
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med ium.  The  increase in  a c t i v i t y  is considerable  b u t  no t  as g rea t  as t h a t  
in  cells i n c u b a t e d  wi th  n i t ra te .  I n c u b a t i o n  wi th  n i t r i t e  gives an  in- 
crease somewha t  g rea te r  t h a n  t h a t  ob ta ined  in  a n i t rogen-f ree  med ium.  

Such expe r imen t s  suggest  t h a t  cells grown wi th  n i t rogen  sources 
no t  r ead i ly  conver t ed  to  a m m o n i u m  migh t  con ta in  n i t r a t e  r edue tase  
a c t i v i t y  even t hough  the  g rowth  m e d i u m  con ta ined  no n i t ra te .  Su i tab le  
n i t rogen  sources are the  s impler  amino-ac ids  and  urea .  Table  2 shows t h a t  
cells grown wi th  glycine or  u rea  as n i t rogen  source can,  in  fact ,  con ta in  
abou t  20--40~ of  t he  n i t r a t e  r educ tase  a c t i v i t y  found  in cells grown 
wi th  po ta s s ium n i t r a t e  as n i t rogen  source a l though  the  levels t e n d  to  
be var iable .  On the  o ther  hand,  cells grown wi th  a lanine  a n d  arginine  
as n i t rogen  source con ta in  l i t t le  n i t r a t e  reduc tase .  A m m o n i u m  accumula-  
t ion  could never  be de t ec t ed  in a n y  of  these  cul tures.  Never the less  
a lanine  and  arginine  m a y  be more  r ead i ly  conve r t ed  to  a m m o n i u m  t h a n  
glycine  and  urea  and  so n i t r a t e  r educ tase  fo rma t ion  repressed.  

6. The effect o/glucose on nitrate reduetase /ormation 

The resul ts  of  Table  2 were ob t a ined  f rom cul tures  grown in the  l ight  
and  ae r a t ed  wi th  a i r  enr iched wi th  carbon dioxide.  I n  cont ras t ,  cells 
grown in darkness  wi th  glucose as carbon  source and  urea  or glycine 

Table 2. Nitrate reductase activity in cell/ree extracts/rom cells grown with various 
nitrogen sources 

All media contained 280 ~g nitrogen per ml. Mean values for specific activity of 
nitrate rcductase together with their standard errors and the number of experi- 
ments are given. Cells were harvested after 50 hrs. growth i.e. ca. 5--6 cell 
divisions had occurred. The little ammonium introduced into the growth medium 
with the inoculum was sufficient to allow less than a single division. The cultures 
were aerated with 0.5~ carbon dioxide in air and illuminated with a tungsten 
filament lamp giving a light intensity of 600 foot candles. Temperature 25 ~ p~ 6.1 

/~-source Specific activity of 
nitrate reductase 

(NH~hSO~ 
KNO 3 
L-Glycine 
DL-Alanine 
U r e a  
L-Arginine-HC1 

0 (6) 
30.7 ~= 2.12 (10) 
12.7 ~ 2.46 (9) 
2.0 • 0.45 (5) 
6.7 • 1.75 (5) 
2.2 ~ 0.57 (6) 

as n i t rogen  source, con ta in  no de t ec t ab le  n i t r a t e  r educ ta se  (Table 3). 
Moreover ,  when glucose is added ,  i l l umina t ed  cul tures  fai l  to  form n i t r a t e  
r educ tase  wi th  glycine or urea  as n i t rogen  source. The  add i t i on  of  glucose 
has  l i t t le  effect on the  n i t r a t e  r educ tase  of  cells growing wi th  po ta s s ium 
n i t r a t e  as n i t rogen  source. 
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Table 3. The activity o/nitrate reductase in cell-/ree extracts o/cells grown with three 
nitrogen sources in the presence and absence o/light and glucose 

Mean values and the  number  of experiments are given. Temperature,  25 ~ pI4, 6.1. 
C o n d i t i o n  1. Light intensity,  600 foot candles; aeration with 0.5o/0 carbon dioxide 
in air] Growth continued for about  50 hrs. i.e. about  5- -  6 cell divisions. C o n d i t i o n 2. 
Light  intensity,  800 foot candles; growth for 88 hrs. i.e. about  5 - -6  cell divisions 
1~ (w/v) glucose present. C o n d i t i o n  3. Incubat ion  in darkness, 1~ (w/v) glucose 
present;  growth for about  144 hrs. i.e. about  5 - -6  cell divisions. All media con- 

ta ined 280/~g nitrogen per ml 

Specific activity of nitrate reduetase 
(mz moles nitrite per mg protein per min) 

N-som-ce 1 2 3 
Light Light Dark 

--glucose + glucose + glucose 

KNO 3 
L-Glycine 
Urea 

30.7 (10) 
12.7 (9) 
6.7 (5) 

25.2 (i) 
0.7 (2) 
0.9 (2) 

25.2 (4) 
o (2) 
o (2) 

Discussion 
Chlorella ce l l s  g r o w n  w i t h  n i t r a t e  as  n i t r o g e n  s o u r c e  c o n t a i n  m u c h  

n i t r a t e  r e d u c t a s e  a c t i v i t y  w h e r e a s  cells  g r o w n  w i t h  a m m o n i u m - N  c o n t a i n  

v e r y  l i t t l e  ( T a b l e  1). T h e r e  a r e  r e p o r t s  o f  s i m i l a r  b e h a v i o u r  i n  b a c t e r i a  

(POLLOCK and WAINWRIGRT 1948), fungi (NICHOLAS, NASON and McEL~oY 
1954; MOI~TOI~ 1956), algae (KEssLEl~ and CzYGAN 1963) and angio- 
sperms (H]~WlTT and AFRIDI 1959). 

When ammonium-grown Chlorella cells are incubated, in darkness, 
in a medium containing nitrate and glucose, nitrate reduetase activity 
develops rapidly (Fig.2). It can increase approximately 20 times intwo 
hours and, by six hours, the activity may have reached 50--60 times 
the initial level. This increase in activity is partially prevented by 
chloramphenicol and by p-fluorophenylalanine. Since both these com- 
pounds are known to prevent the formation of active enzyme protein 
(~VlSSE~A~ et al. 1954; CoHE~ and IViu~IE~ 1959) it is probable that, 
at least, part of the increase in reductase activity involves the synthesis 
of protein. 

The presence of nitrate and ammonium can affect the intracellular 
level of nitrate reductase in Chlorella in two distinct ways. Firstly, the 
formation of the enzyme is inhibited or repressed by the presence of 
small quantities of ammonium. The rapid increase in nitrate reduetase 
activity following the incubation of ammonium growzl cells with nitrate, 
ceases as soon as a small quantity of ammonium is added (Fig. 5) and, 
when a little ammonium is included in the medium initially, very little 
increase occurs (Fig.4). In a previous paper (SY~ETT and Moa~IS 1963) 
we showed that the nitrate assimilation of cells having a full comple- 
ment of nitrate rednctase, is inhibited when ammonium is added but 
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tha t  ammonium must  be assimilated for this inhibition to take place. 
I t  may  also be true tha t  ammonium must  b e  assimilated before it 
represses the f o r m a t i o n  of nitrate reductase act ivi ty and tha t  a com- 
pound formed from ammonium, rather  than  ammonium itseff, is the 
repressor; we have no evidence on this point. 

The second factor affecting the nitrate reductase act ivi ty of cells is 
the presence of nitrate in the medium. Nitrate  is not essential for the 
development of nitrate reductase act ivi ty since cells grown in the com- 
plete absence of nitrate, with either glycine or urea as nitrogen sources, 
can contain appreciable act ivi ty (Table 2). Similarly nitrate reductase 
act ivi ty increases markedly when ammonium-grown cells are incubated 
in a nitrogen-free medium (Fig. 7). Nevertheless, when nitrate is included 
in the incubation medium, the increase in nitrate reductase act ivi ty is 
very much more rapid (Fig. 2 and 7) and, after two hours incubation, the 
enzyme level is more than twice tha t  in nitrogen-starved cells. Nitrate  
could increase enzyme formation in one of two ways. Firstly, it might  
stimulate protein synthesis by  serving as a nitrogen source from which 
f r e e  ammonium is not readily formed, or, secondly, it might  act as an 
inducer of nitrate reduetase formation. The evidence indicates tha t  it 
acts as an inducer since during the initial two hour period when nitrate 
reductase act ivi ty increases so greatly, nitrate is not assimilated from 
the medium (Fig. 1 and 2) and hence is not available as a nitrogen source 
for protein synthesis. That  ni trate has an inducing effect is also shown 
by  the interaction between ammonium and nitrate concentration 
(Fig. 6). When the nitrate concentration is low, the addition of 5 �9 10 -4 
ammonium greatly depresses the formation of nitrate reductase act ivi ty 
but, on raising the nitrate concentration to 2 �9 10 -= M, i.e. 40 times the 
concentration of ammonium, an appreciable quant i ty  of nitrate reductase 
is formed. This result probably explains why Chlorella and other or- 
ganisms, grown with ammonium nitrate as nitrogen source, usually 
contain appreciable nitrate reductase act ivi ty (Table 1). In  such cul- 
tures, the concentrations of ammonium-N and ni trate-N are equal 
initially but  since ammonium is assimilated preferentially (SYI~nTT and 
MORRIS 1963), the ratio of nitrate to ammonium increases as the culture 
grows. 

Thus we can conclude that ,  while nitrate reduetase can be  formed 
in the absence of nitrate, its formation is st imulated or induced by  
nitrate and inhibited or repressed by  ammonium or some compound 
derived from it. The interaction of these two effects m a y  be the cause 
of the rather  complex kinetics of enzyme formation when ammonium- 
grown cells are incubated with nitrate and glucose in darkness (Fig. 2), 
for in such an experiment, both induction by nitrate and removal  of 
ammonium repression will operate. 
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Summary 
Chlorella vulgaris, grown wi th  a m m o n i u m  su lpha te  as n i t rogen  

source, conta ins  v e r y  l i t t le  n i t r a t e  r educ ta se  a c t i v i t y  in  con t r a s t  to  cells 
grown wi th  po t a s s ium n i t r a t e .  W h e n  a m m o n i u m - g r o w n  cells are  t rans-  
fe r red  to  a n i t r a t e  med ium,  n i t r a t e  r educ ta se  a c t i v i t y  increases  r a p i d l y  
and  the  increase  is p a r t i a l l y  p r e v e n t e d  b y  ch lo ramphenico l  and  b y  
p- f luorophenyla lan iue ,  sugges t ing  t h a t  p ro te in  synthes i s  is involved .  
The increase  in n i t r a t e  r educ ta se  a c t i v i t y  is p r e v e n t e d  b y  smal l  quan-  
t i t ies  of  a m m o n i u m  ; th is  inh ib i t ion  is overcome,  in  pa r t ,  b y  ra is ing  the  
concen t ra t ion  of  n i t r a t e .  A l t h o u g h  n i t r a t e  s t imula te s  t he  d e v e l o p m e n t  
of  n i t r a t e  r edue ta se  ac t iv i ty ,  i~s presence is no t  essent ia l  for  the  fo rma t ion  
of  the  enzyme since this  is fo rmed  when a m m o n i u m - g r o w n  cells are  
s t a r v e d  of  n i t rogen  and  when cells are  grown wi th  u rea  or  g lycine  as 
n i t rogen  source. I t  is conc luded  t h a t  t he  fo rma t ion  of  t he  enzyme is 
s t i m u l a t e d  (induced) b y  n i t r a t e  and  inh ib i t ed  (repressed) b y  ammon ium.  
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