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Nitrate assimilation by Rhodopseudomonas capsulata A D 2 was com pletely inhibited by 
ammonium only in young well illuminated cultures. At higher densities (A660 about 0.5) the 
addition o f ammonium had no inhibitory effect, but the nitrate was only reduced to the level o f  
nitrite, which appeared in the medium. Under both conditions the cellular level o f  nitrate 
reductase activity remained unaffected. In marked contrast to other R. capsulata strains both 
ammonium sensitive and insensitive cells could reduce nitrate in the light and in the darkness. In 
the light up to 90% of the reduced nitrate was assimilated, but in the dark the reduced nitrate was 
stoichiometrically excreted as nitrite. This behaviour was only shown by R. capsulata A D  2 and 
BK5, while in other strains the nitrate assimilation was always com pletely inhibited by 
ammonium.

The role of photosynthesis and respiration by the regulation o f nitrate reduction is discussed.

Introduction

A m m o n iu m , the end p ro du c t  o f  a ss im ila to ry  
nitra te  reduction , behaves as co-repressor  o f  n i t ra te  
ass im ilation  in practically all types o f  organisms.

The  abil ity  o f  the R hodosp ir i l laceae  to a ss im ila te  
nitra te  is restricted to some s tra ins  o f  Rhodopseudo­
monas capsulata and  Rhodopseudomonas sphaeroides 
[1, 2]. Som e strains o f  R. sphaeroides and  Rhodo­
pseudomonas palustris are c apab le  o f  g row th  by 
n itra te  d issim ila tion  [3, 4], T his  process o f  n i t ra te  
reduction and  its regulation  have  been poorly  
s tudied  in the  R hodospir i l laceae  and  the few d a ta  
available are often incom plete  an d  contrad ic tory . In 
one strain R. sphaeroides D S M  158 for ex am p le ,  
nitra te  was sto ichiometrically  t ransfo rm ed  in to  
nitrite, a l though  the cells were u nab le  to g row  w ith  
nitra te  as the ir  sole o f  nitrogen source or e lec tron  
acceptor [5]. R. capsulata E\ F\ can  grow w ith  n i t ra te  
as N-source bu t in am m o n iu m  conta in ing  m e d iu m ,  
added  nit ra te  was not redu ced  aerob ica lly  o r 
anaerobically  in the dark  no r  in the light. This  
strain conta ined a n itra te  reductase , which was not 
repressed by am m o n iu m  ions and  governed by  the  
partial pressure o f  oxygen in th e  gas phase  [6, 7], 
Jackson et al. [8] described the ass im ila tory  u p ta k e  
o f  nitrate by R. capsulata N 22 ,  w hich was light- 
depen den t  and  reversibly in h ib i ted  by am m o n iu m .  
In m arked  contrast to R. capsulata N 22 ,  the  n i t ra te  
reductase o f  the m u tan t  R. capsulata N 2 2 D N R + was
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active in the dark , p rod uced  n itr i te  s to ich io m e tr i ­
cally from n itra te  and  was strongly  in h ib i te d  by 
light, b u t  not by a m m o n iu m  [9].

The  present work reports  a new  type  o f  regu la t ion  
o f  nitrate ass im ila t ion  in R. capsulata A D  2 and  
shows tha t  the relative roles o f  photosyn thes is  and  
respiration  in controling  energy p ro d u c t io n  is the  
central factor contro ling  n i t ra te  reduc t ion  in th is 
strain.

Methods

Rhodopseudomonas capsulata A D  2, B K 5 and  
D S M  155 were grow n p ho to h e te ro t ro p h ic a l ly  in the  
m e d iu m  o f  A lef et al. [10], using nitra te ,  th ia m in e  as 
nitrogen and v i tam in  sources. I l lu m in a t ion  if  not 
otherwise stated was 100 p E instein  m “ 2 s_1. T h e  
cultures were grow n in 250 ml screw-cap R ou x  
bottles (18 x 6.5 x 3.5 cm), filled com ple te ly  w ith  the  
m ed iu m  or u n der  argon  a tm osph ere .  N i t r a te  re ­
ductase assays in w hole cells ( to luene t r e a ted )  and  
with cell free extracts were carr ied  ou t as d esc r ibed  
by A lef and K lem m e [11]. N it r i te  was m e a s u re d  
according to [12], n it ra te  w ith  salicylic acid a c c o rd ­
ing to [13], a m m o n iu m  was de te rm in ed  by  the  
m ethod  o f  Faw cett and  Scott [14],

Results
Effect o f ammonium on the assimilatory 
nitrate reduction

Fig. 1 A shows tha t  the a d d i t io n  o f  a m m o n iu m  to 
a culture  grown in the light w ith  n it ra te  (A660 o f
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Fig. 1. The effect of ammonium on nitrate 
assimilation in Rhodopseudomonas capsulata 
AD2. The cells were grown photohetero- 
trophically under illumination o f 136 n 
Einstein m- 2 s-1. A) At A660 o f 0.195 (arrow) 
ammonium was added. B) Ammonium was 
added at Am  o f 0.67. (□) Nitrate reductase 
activity was measured in whole cells.

0.195) o f  Rhodopseudomonas capsulata A D  2 inh ib its  
the nitrate assimilation. This  inh ib i t ion ,  how ever,  
lasts only to a density  o f  A660 a b o u t  0.5 ( i l lum ina t io n  
o f  136 n Einstein i rT 2 s_I) then  n i t ra te  red u c t io n  
occurs again, b u t  only to nitrite. Fig. 1 B shows th a t  
the addition  o f  a m m o n iu m  to cu ltu re  w ith  A660 o f  
about 0.6 under  the sam e i l lum ina t io n ,  h ad  no 
inhibitory effect, bu t  aga in  th e  red u ced  n i t ra te  
appeared  sto ichiometrically  as n it r i te  in the 
medium. Moreover, Fig. 1 A, B shows th a t  this  
phenom enon was com ple te ly  in d e p e n d e n t  o f  the  
cellular level o f  nitra te  redu c tase  activ ity  in the  
cells, since the enzyme was insensit ive to a m ­
monium. O u r  a ttem pts  to follow the  n it r i te-re-  
ductase activity in this s tra in  w ere unsuccessful.

Similar results were also o b ta ined ,  w h en  the 
closest structural analogue o f  a m m o n iu m ,  m ethyl-  
am m o n ium  was used. T his  ion  inh ib its  th e  n it ra te  
assimilation and  also the g row th  o f  yo ung  (A660 o f  
0.205) well i l lum ina ted  cu ltu res  (136 n Einstein  
m “2 s_1) with n itra te  as the  only N -source ,  b u t  w hen  
am m o n ium  was add ed  the  cells grew aga in ,  and  at 
A660 o f  abou t 0.6 they s tar ted  to red u ce  n i t ra te  
stoichiometrically to nitrite. S im ila r  ex p e r im en ts  
were carried out, w here  ins tead  o f  a d d in g  a m ­
monium. the light was sw itched  o ff  (Fig. 2). As 
expected no growth was observed  b u t  th e  cells 
reduced nitra te  s to ich iom etr ica l ly  to n i t r i te  with an 
initial rate o f  20 nmol m in -1 m g  dry  w t-1. W h e n  the  
light was switched on again , slow g ro w th  d u e  to 
nitri te assimilation  was observed . U n d e r  all co n ­
ditions the cellular level o f  n i t ra te  red uc tase  activity 
(30 nmol m in -1 m g dry w t-1) rem a in e d  unaffec ted . 
This dependence o f  the inh ib i t ion  on  the  density

strongly suggests a role o f  the  light in this p rocess  
and  that at h igh densities, self-shading red u c ed  the  
light availability. O ther experim ents  also e m p h a s iz e  
the role o f  the light intensity in the reg u la t io n  o f  
this process. Fig. 3 A shows th a t  R. capsulata A D  2 
cells grown in mala te  and a m m o n iu m  n itra te  u n d e r  
insufficient i l lum ination  (45 n Einstein m -2 s ') 
started to reduce  nitrate and  excrete n itr i te  a t  low 
density (Am  o f  0.08), while  at h igher i l lu m in a t io n  
(136 |i Einstein m - 2 s~') n it ra te  reduct ion  s ta r ted  at 
/1660 o f  abou t 0.5 (Fig. 3B). S im ila r  results w ere  also 
obtained in R. capsulata BK 5. In R. capsulata 
D S M  155, however, n it ra te  ass im ila tion  was c o m ­
pletely b locked by am m o n iu m . This in h ib i t io n  was

Time (h)
Fig. 2. Reduction of nitrate by R. capsulata AD 2 in the 
dark and inhibition by methylammonium. The cells were 
grown with N O j as in Fig. 1. At Am  o f 0.205. m ethyl­
ammonium (6 mM) was added (first arrow). The light was 
switched off and on where shown. (□) Nitrate reductase 
activity was measured in whole cells.
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independent o f  the light intensity and  the  grow th  
phase o f  the culture.

Fig. 3 C  shows the p revention  by a m m o n iu m  of  
the assimilatory n itra te  reduction  u n d e r  p h o to ­
trophic  conditions in R. capsulata A D 2 at low 
densities. W hen the cells entered the s ta tionary  
phase, a m m on iu m , n itra te  and  nitrite  w ere  c o m ­
pletely assimilated. T he  assim ila t ion  o f  n it r i te  
started 2  h after the d ep le t ion  o f  a m m o n iu m  from 
the m ed ium . These results dem ons tra te  the  a s s im i­
latory charac ter o f  the  n itr i te  reductase  in this 
strain. F ur therm ore  w hen  R. capsulata A D  2 was 
grown photohetero trophical ly  with n it ra te  up  to A660

o f  0.7 and n itra te  reduc t ion  b ecam e  a m m o n iu m  
insensitive, then diluted to A660 o f  0.2, fu r ther  growth 
w ithout a lag phase  was observed , bu t  the  n it ra te  
assimilation becam e  a m m o n iu m  sensitive. This  
indicates the presence o f  the  ass im ila tory  n itra te  
reductase in the cells o f  cu ltu res  w ith  h igh  densities. 
Jackson et al. [8 ] found th a t  fresh cell suspension  o f  
the nitrate assimilating stra in  R. capsulata N 2 2  d id  
not take up nitrate in the  dark ,  b u t  in the  light. This  
up take  was inh ib ited  by a m m o n iu m .  In contrast  to 
this strain R. capsulata A D 2 cultures w ith  low or 
high cell densities reduced  n itra te  in the  da rk  
(Fig. 4). The  initial rate o f  n it ra te  reduc t ion  was 18

Fig. 3. Nitrate assimilation in R. cap­
sulata A D 2 in the presence of ammo­
nium. A) The cells were grown photo­
heterotrophically under illumination of  
45 n Einstein m~2 s_1. B) Cultures were 
grown under illumination o f 136 (i 
Einstein m_2 s~’. C) The illumination 
was 100 n Einstein m-2 s_ l.

Fig. 4. The effect o f light and darkness on 
nitrate assimilation by R. capsulata A D 2 
culture with low or high cell densities. 
The cells were grown with N O j as 
N-source. The light was switched off and 
on where shown at A660 of 0.23 (A) or 
Am  0.64(B).
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and 21 nmol m i n - l  mg dry w t - 1  respectively. In 
both cases nitrite was p rod uced  s to ich iom etr ica l ly  
with nitrate d isappearance ,  and  show ed  a h y p e r ­
bolic time course. N everthe less  R. ca p su la ta  A D 2 
and BK5 were not able  to grow  with n i t ra te  as 
electron acceptor. Both cu ltures  w ith  low or h igh 
cell densities were able  also to reduce  n it ra te  in the  
light (Fig. 4), bu t in contrast to the da rk  red uc t ion  
only 5 -1 0 %  o f  the reduced  n it ra te  a p p e a re d  as 
nitrite in the m ed ium . In o rd e r  to show  th a t  n it ra te  
reductase investigated was the  sam e  enzym e u n d e r  
all conditions, some o f  its p roper t ie s  w ere c o m p a re d  
with respect to the  effect o f  d if fe ren t  e lec tron  
donors and some inh ib ito rs  on  this activity. T h e  
results (data not shown) ind ica te  tha t  the  en zym e in 
all crude extracts was active w ith  redu ced  m ethyl-  
viologen, reduced flavins and N A D H . T he  N A D P H -  
dependent activity was hardly detectable. N A D (P )H -  
dependent activities were m ore  s t im u la ted  by F M N  
than FAD.

Azide (1 m M ), cyanide (1 m M ), ch lo ra te  (10 m M ) 
and perchlorate (10 m M ) as poss ib le  inh ib i to rs  o f  
the nitrate reductase h ad  prac t ica l ly  no in h ib i to ry  
effect on the reduced m e th y lv io lo g en -d ep en d e n t  
activities. All these results p ro v ided  s trong ev idence , 
that R. capsu la ta  A D  2 possesses only one type  o f  
nitrate reductase.

Discussion

The data  indicate  tha t regu la t ion  o f  n i t ra te  
assimilation by R h odop seu d o m o n a s c a p su la ta  A D  2 
and BK5 differs from that in o th e r  R h o d o sp ir i l la -  
ceae [2, 7 -9 ] .  In R. ca p su la ta  A D  2 and  BK5 a m m o ­
nium  caused a com ple te  b lockad e  o f  n i t ra te  ass i­
milation under anaerob ic  g row th  cond it ions  only, 
when the cultures were well i l lum ina ted .  T his  
inhibit ion decreased, w hen the cu ltures  w ere  g row n 
under insufficient i l lum ination . I conc lude  th a t  at 
low cell densities photosynthesis  is the  sole energy 
source whereas at high cell densi t ies  th e re  will be  an 
additional kind o f  energy g en e ra t io n  (a k ind  o f  
nitrate respiration) due  to se lf-shad ing  effects. Since 
the cultures are grown anaerob ica l ly  they  will 
require a suitable electron sink to accep t elec trons 
produced from m ala te  assim ila t ion . U n d e r  these  
conditions (in the presence o f  a m m o n iu m )  n i t ra te  
functions as a suitable  e lectron accep to r  and  th e re  is 
a stoichiometric excretion o f  n it r i te  into  the  grow th  
medium. This exp lana tion  w ou ld  accoun t  for the

fact that at low cell densities n itra te  reduc tion  is 
am m o n ium  sensitive whereas at h igh  cells densities 
there is no inhibit ion. F u r th e r  evidence  to su p p o r t  
this view is p rov ided  by the experim en ts  w hen  the  
light was switched off. U n d e r  these condit ions 
nitrate was reduced  and excreted as nitrite in the  
growth medium. Nevertheless in the absence o f  a m ­
m onium  R. capsulata  A D 2 cultures with both low and 
high cell densities were able anaerobica lly  to reduce  
nitrate in darkness and in the light. O u r  experim ents  
(Fig. 3C ) show the assimilatory charac te r  o f  the  
nitrite  reductase. F u r th e rm o re  the  n itra te  reduc tase  
obtained under all conditions had  s im ilar  p ro p e r ­
ties. This reinforces ou r  working hypothesis tha t  
R. capsulata  A D 2  possesses only an ass im ila tory  
nitrate reductase. Its activity (d e te rm ined  in v itro ) is 
insensitive to am m o n iu m  and possesses a k ind  o f  
respiratory function anaerobica lly  u nd er  insuffic ient 
il lumination.

N itra te  reduction  should be considered  in co nn ec ­
tion with o ther  reactions o f  n itra te  m etabolism . But 
ou r  a ttempts to follow the nitrite  reductase  activity  
in R. capsulata  A D 2 were unsuccessful. So the  
excretion o f  nitrite under insuffic ient i l lum ina t ion  
or in the presence o f  a m m o n iu m  could  be d u e  to 
the inhibit ion o f  nitrite  reductase, since nitri te  was 
assimilated only in the light and  ab o u t  2  h after the  
complete deple t ion  o f  am m o n ium .

Since the inhib ito ry  effect o f  am m o n iu m  and  
m e thy lam m on iu m  was light depen den t ,  a m m o n iu m  
may act also on  a puta t ive  nitra te  t ransport  system. 
The effect o f  m e th y lam m o n iu m  suppor ts  th is view, 
because no m etabo lism  o f  m e th y la m m o n iu m  in the  
cells could be observed [2 , 8 , 15, 16].

F ur the r  studies are  needed to p rov ide  insights 
into the m echanism , w hether  n it ra te  und er  in ­
sufficient il lumination functions as electron accep to r  
for electron transport driven phosphory la tion ,  since 
R. capsulata  A D 2 and BK5 were not able  to grow 
with nitrate as electron acceptor. C on tra ry  to the  
si tuation described in o ther  R hodosp ir i l laceae  we 
wish to em phasize tha t  this is the first d e m o n s tra ­
tion o f  an assimilatory nitrate reductase  in these 
bacteria  with respiratory  function.
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