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m e t h o d  of SKEGGS S. This  cu l tu re  is the re fore  refer red  to 
as ' b io t in  def ic ient '  in th i s  com m un i ca t i on .  

Cell free ex t r ac t s  for e n z y m e  assays  were p r epa red  as 
descr ibed earlier~. G l u t a m a t e  dehyd rogenase  (E.C. 
1.4.1.3) and  a l an ine  dehyd rogenase  (E.C. 1.4.1.1) were 
assayed b y  t he  m e t h o d  descr ibed b y  THOM~JLI~A and  
MOAT 9. The  m e t h o d  of RooN e t  al. 1~ a n d  FRY 11 was used 
for a s say  of g l u t a m a t e  s y n t h a s e  (E.C. 2.6.1.53) and  glut -  
a m i n e  s y n t h e t a s e  (E.C. 6.3.1.2), respect ively .  P r o t e i n  was 
e s t ima ted  b y  the  m e t h o d  of LowRY et  al. ~2, us ing  s e rum 
a l b u m i n e  as s t anda rd .  A u n i t  of e n z y m e  was expressed as 
t he  a m o u n t  of enzyme  wh ich  causes a 0.001 change  in t he  
O.D. a t  340 nm.  Specific a c t i v i t y  was expressed as u n i t s /  
m g  of pro te in .  

I t  has  been  d e m o n s t r a t e d  in a v a r i e t y  of mic roorgan i sms  
t h a t  inorganic  n i t rogen  m a y  be a s s imi la t ed  in to  amino  
n i t rogen  v ia  g l u t a m a t e ,  a lanine ,  a spa r t a t e ,  c a r b a m y l  
p h o s p h a t e  and  g lu tamine ,  b u t  no o rgan i sm uti l izes all 
these  rou tes  to  the  same degree TMI~. Usual ly ,  a g iven  
o rgan i sm will ut i l ize one or two p a t h w a y s  p r e d o m i n a n t l y ,  
to  t he  v i r t u a l  exclusion of t he  o thers  la. Since b i o t i n  
def iciency in A.  nidulans causes a m a r k e d  increase  in t he  
p ro t e in  c o n t e n t  of t h e  cells, i t  was  of in t e res t  to  s t u d y  in 
de ta i l  t he  ass imi la t ion  of inorganic  n i t rogen .  IncreaSed 
n i t r a t e  ass imi la t ion  as a resu l t  of b io t in  def ic iency  and  its 
r egu la t ion  b y  a m m o n i u m  ions ha s  been  d e m o n s t r a t e d  b y  
us in th i s  cu l tu re  5. 

The  resul ts  in t he  F igure  show t he  specific ac t iv i t ies  of 
a m m o n i a - a s s i m i l a t i n g  enzymes.  T he  d a t a  suggests  t h a t  
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Specific activity of ammonia-assimilating enzymes in Aspergillus 
nidnlans. Activities of NADP - glutamate dehydrogenase (0), 
NAD �9 glutamate dehydrogenase (�9 NADP �9 alanine dehydro- 
genase (A), glutamine synthetase (A), glutamate synthase (It) 'and 
NAD �9 alanine dehydrogenase (It) were determined on the different 
days of growth in normal (A) and biotin deficient (B) cultures. 

t he  m a j o r  rou te  of a m m o n i a  ass imi la t ion  is t h r o u g h  
N A D P - g l u t a m a t e  dehydrogenase .  The  N A D P - l i n k e d  
a lan ine  dehyd rogenase  and  g l u t a m i n e  s y n t h e t a s e  were 
p r e sen t  in b o t h  n o r m a l  a n d  b i o t i n  def ic ien t  cu l tu res  b u t  
t h e i r  lower a c t i v i t y  suggests  t h e i r  m ino r  s ignif icance i n  
a m m o n i a  ass imi la t ion .  Alan ine  dehyd rogenase  was found  
to  be  N A D P - l i n k e d  and  N A D - l i n k e d  a lan ine  dehydro -  
genase  was no t  de tec ted  t h r o u g h o u t  t he  g r o w t h  cycle. 
S imi lar  resul t s  h a v e  been  r epo r t ed  b y  L a m m i n n a k i  and  
PIERCE 16 and  ]~URK a n d  P A T E M A N N  17 in S. cerevisiae a n d  
N. crassa, respect ively .  G l u t a m a t e  s y n t h a s e  was no t  
de tec ted  in b o t h  t he  cu l tu res  t h r o u g h o u t  t he  g r o w t h  cycle. 
This  is in a g r e e m e n t  w i t h  t he  resul t s  r epo r t ed  b y  BURN 
et  al. zs, who showed absence  of g l u t a m a t e  s y n t h a s e  in 
N.  crassa and  A.  nidulans. Much  of the  i n f o r m a t i o n  in the  
l i t e r a tu re  conf i rms  the  role of g l u t a m a t e  dehydrogenase  
in a m m o n i a  ass imi la t ion  b y  mic roo rgan i sms  19-23. 

Thus ,  the  resul t s  p re sen ted  here  sugges t  t h a t  t he  m a j o r  
rou te  of a m m o n i a  ass imi la t ion  in A.  nidulans is v ia  
N A D P - g l u t a m a t e  dehydrogenase .  However ,  i t  is in te res t -  
ing to  no te  the  cons iderab le  increase  in t h e  a c t i v i t y  of 
g l u t a m a t e  dehyd rogenase  in b io t in -de f i c i en t  cu l tu re  as 
compared  to t h a t  in  n o r m a l  cu l tu re  of A.  nidulans, which  
m a y  be  one of t he  fac tors  for h i g h e r  a s s imi la t ion  of 
a m m o n i a  5, 6; and  f ina l ly  for t he  h ighe r  cel lular  syn thes i s  
as r epo r t ed  earl ier  a. 5. However ,  a t  p r e sen t  i t  is no t  
possible  to  e luc ida te  t he  factor(s)  respons ib le  for t h e  
a c t i v a t i o n  of t h i s  enzyme  as a resu l t  of b io t in  def ic iency 
in A.  nidulans. 
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Summary.  The  effect  of t h e  an t ib io t i c  X-537A on t he  p h o s p h o r y l a t e d  A T P a s e  ( E ~ P )  was inves t iga ted .  The  resul t s  
show t h a t  X-537A depresses  t he  level  of E ~ P  wh ich  is d e p e n d e n t  on t he  Ca 2+ grad ien t ,  whi le  t he  Ca2+- independent  
] ? ; ~ P  is no t  affected.  

Sarcoplasmic  r e t i cu lum (SR) regula tes  t he  concen t r a -  p h o s p h o p r o t e i n  (E ~ P )  as an  i n t e r m e d i a t e  in t he  A T P a s e  
t ion  of free Ca ~+ in m y o p l a s m  w h i c h  cont ro l s  muscle  r eac t ion  2-5. 
c o n t r a c t i o n  a n d  re laxa t ion .  This  p r o p e r t y  of SR is gov-  I n  i sola ted p r e p a r a t i o n s  of SIR vesicles, a Ca2+ g r a d i e n t  
e rned  b y  an  A T P a s e  which,  in t he  presence  of ATP,  t r a n s -  is gene ra t ed  a f t e r  Ca 2+ accumula t ion ,  and  syn thes i s  of 
por t s  Ca 2+ in to  t he  S R  tubu le s  w i t h  t he  f o r m a t i o n  of a E ~ P  and  A T P  can  be coupled  to t he  eff lux of Ca 2+ 6-13 
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The ionophore  X-537A abol ishes  the  Ca 2+ grad ien t  in SR  
vesicles and s t imula tes  t he  ATPase  ~a-~v, b u t  there  are no 
repor t s  on the  effect  of X-537A on the  coupl ing of syn-  
thesis  of E ~ P  to Ca ~+ efflux. 

In  t he  p resen t  repor t ,  we p re sen t  da t a  d e m o n s t r a t i n g  
t h a t  when  the  in t raves icular  concen t ra t ion  of Ca ~+ 
increases in the  presence of p h o s p h a t e  as a consequence  of 
ac t ive  t r anspor t ,  X-537A induces ttie rap id  release of 
Ca ~+ f rom SR vesicles and  decreases the  level of E ~ P .  A 
f rac t ion of E ~ P ,  whose  fo rmat ion  does no t  depend  on 
Ca 2+ grad ien t  and which  is inhib i ted  by  free Ca ~+, is no t  
af fec ted  by  X-537A. 

Mater ia l  and methods. All chemicals  ob ta ined  f rom E. 
Merck A. G., D a r m s t a d t ,  Germany,  were  r eagen t  grade. 
Hexokinase ,  ADP,  ace ty l  p h o s p h a t e  were purchased  f rom 
Sigma Chemical  Company ,  St. Louis, Missouri. The 
an t ib io t ic  X-537A was a generous gift  of Dr. JuLiUS 
BERGER, H o t f m a n - L a  Roche,  Nut ley ,  New Je r sey  07110, 
USA.  Rad ioac t ive  p h o s p h a t e  was purchased  f rom Radio-  
chemical  Centre  (Amersham) and  purif ied on ionic resin 
columns.  
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Fig. 1. Effect of X-537A on phosphoprotein in the presence of EGTA. 
EGTA, X-537A and ADP were added as indicated, -O-,  phospho- 
protein Ievels; -0 - ,  caleimn released. 
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Fig. 2. Effect of X-537A on phosphoprotein in the absence of EGTA. 
X-537A, EGTA and ADP were added as indicated. -O-,  phospho- 
protein levels; -O-, calcium released. 

Sarcoplasmic  re t icu lum vesicles were p repared  f rom 
rabb i t  whi te  skeletal  muscle by  homogeniza t ion  and  dif- 
ferent ia l  cen t r i fuga t ion  in a m e d i u m  conta in ing  0.1 M 
KC1 and  10 m M  t r is -maleate  at  a p H  v a l u e  of 7.0. The 
collected microsomal  f rac t ion was washed  once wi th  a 
solut ion conta in ing  0.6 M KC1 and  10 m M  t r is -maleate  
at  a p H  value of 7.0 as descr ibed before ~s. Finally,  the  
SR  was  r e snspended  in the  isolation med i u m (0.1 M KC1 
- 10 m M  tr is-maleate,  p H  7.0) and was s tored  at  abou t  
0~ 

Calcium de te rmina t ion  was  carr ied out  by  t ak ing  
al iquots  of 0.5 mg protein ,  which  were f i l tered th rough  
Millipore fil ters (ILIA 0.45 ~zm). The fil ters were washed  
twice b y  f i l tering each t ime  1,0 ml  of 0.25 M sucrose, and 
t h e y  were then  immersed  in 2.5 ml of a solut ion con- 
t a in ing  2% TCA and 0.5% La a+. Finally,  a f ter  vigorous 
agi ta t ion,  Ca 2+ analyses were pe r fo rmed  in th is  solut ion 
by a tomic  spec t roscopy  in a Pe rk in -E lmer  spec t ropho to -  
meter ,  Model 305. 

For  m e m b r a n e  phosphory la t ion ,  sarcoplasmic ret icu-  
lum vesicles (0.5 mg/ml) were f i rs t  incuba ted  a t  room 
t e m p e r a t u r e  for 60 min  in the  presence of 40 m M  KC1, 
2 m M  MgCI~, 5 m M  sodium or thophospha te ,  3~p (0.24 
~zCi/~zmole Pi), 0.2 m M  calcium chloride, 10 m M  tris- 
malea te  and  2 m M  acetyl  p h o s p h a t e  a t  a p H  value of 6.8. 
Al iquots  of 2.0 ml were t aken  a t  several  periods,  as 
indica ted  in the  respect ive  figures, and  added  into 5.0 ml  
of ice cold 125 m M  perchlor ic  acid solut ion plus 20 m M  
sodium o r t o p h o s p h a t e  for phosphopro t e in  de te rmina -  
tionS% All tubes  were cent r i fuged in the  cold room in a 
Sorvall  superspeed SS-3 au toma t i c  centr i fuge a t  10,000 
r p m  for 10 min.  The s u p e r n a t a n t s  were d iscarded and  the  
pellets  were washed  3 t imes  wi th  abou t  10 ml  samples  of 
ice-cold 125 m M  perchloric  acid solut ion conta in ing  20 
m M  or thophospha te .  Af ter  t he  washings,  each pellet  was 
resuspended  in 1.0 ml  of a solut ion composed  of 0.1 N 
NaOH,  2~ Na2CO 3 and  1 m M  or thophospha te .  Dissolu- 
t ion was  carr ied dur ing 30 min  in boiling water .  Af ter  
cooling, an a l iquot  of 0.5 ml  was dried in a p l anche t  and  
counted  in a Nuclear-Chicago gas flow counter .  A n o t h e r  
a l iquot  of 0.3 ml  was used for p ro te in  d e t e rmi n a t i o n  b y  
the  b iure t  m e t h o d  using bovine se rum a lbumin  as s t anda rd .  
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I n  a sepa ra te  and  iden t ica l  expe r imen t ,  w i t h o u t  radio-  
ac t ive  p h o s p h a t e ,  Ca 2+ d e t e r m i n a t i o n  was also per formed.  

Results and discussion. The  an t ib io t i c  X-537A is a 
carboxi l ic  ionophore  wh ich  in t e rac t s  w i t h  Ca s+ fo rming  a 
l ipophi l ie  complex  s0. I t  h a s  been  d e m o n s t r a t e d  t h a t  such  
a complex  p romote s  a r ap id  Ca s+ eff lux f rom Ca s+ loaded  
S R  vesicles, and  a s u b s e q u e n t  d i s rup t ion  of t he  Ca s+ 
g rad i en t  c rea ted  b y  t he  pump14-17. 

In  F igure  1, i t  is shown  t h a t  a f t e r  t h e  a d d i t i o n  of 
X-537A in t h e  presence  of E G T A  the re  st i l l  r ema ins  
a b o u t  1.2 nmoles  of E ~ P / m g  of p ro t e in  a l t h o u g h  all  
Ca ~+ ha s  been  released. This  o b s e r v a t i o n  is cons i s t en t  
w i t h  resu l t s  of o t h e r  inves t iga tors ,  who  h a v e  d e m o n s t r a t e d  
t h a t  p h o s p h o r y l a t i o n  of t he  A T P a s e  of SR m a y  occur  
in t h e  absence  of a Ca 2+ grad ien t ,  a n d  t h a t  the  E ~ P  
fo rmed  u n d e r  these  cond i t ions  is i n h i b i t e d  b y  Ca s+, b u t  
requires  Mg 2+ sl-2s, whereas  t he  presence  of ace ty l  phos-  
p h a t e  abol ishes  t he  Ca ~+ inh ib i t i on  ~2. I t  h a s  been  sug- 
ges ted  t h a t  th i s  p h o s p h o r y l a t i o n  t akes  place a t  t he  
e x t e r n a l  surface of t he  m e m b r a n e  and  t h a t  a n o t h e r  E ~ P  
is also fo rmed  a t  t he  i n t e r n a l  face as soon as Ca 2+ gra-  
d i en t  ins ide-outs ide  is increased  Sl. 

The  add i t i on  of E G T A  before  X-537A (Figure 1) 
increases  t h e  level  of E ~ P ,  p r o b a b l y  due to the  increase  
of the  Ca s+ g r a d i e n t  and  also due to t h e  decrease  of Ca 2+ 
c o n c e n t r a t i o n  outs ide.  Once t h e  ionophore  is added,  t he  
Ca s+ g r a d i e n t  is comple t e ly  des t royed  a n d  t he  E ~ P  
decreases to  a b o u t  1.2 n m o l e s / m g  prote in .  This  level  of 

E ~ P  cor responds  to t he  p h o s p h o r y l a t e d  fo rm wh ich  is 
Ca 2+ g rad i en t  i ndependen t .  As t he  presence  of E G T A  
removes  ex t e rna l  Ca 2+, t h e  r e m a i n i n g  level  of E ~ P  is 
supposed  to be t he  form w h i c h  is Mg s+ d e p e n d e n t  and  is 
i n h i b i t e d  b y  outs ide  Ca s+. A D P  discharges  th i s  fo rm 
wh ich  is in accordance  w i t h  resul t s  of o the r  workers  ~2. 

I f  X-537A is added  before  E G T A ,  t he  E ~ P  is n e a r l y  
all  des t royed  (Figure 2). In  th i s  case, t he  E ~ P  wh ich  is 
d e p e n d e n t  on  t he  Ca 2+ g rad i en t  is depressed  because  
X-537A abol ishes  t h e  g rad ien t ,  a n d  t he  E ~ P  wh ich  is 
Mg 2+ d e p e n d e n t  is depressed  by  the  ex t r aves i cu l a r  Ca s+. 
Ace~cyl p h o s p h a t e ,  wh ich  could p r e v e n t  th i s  inh ib i t ion ,  
is in low concen t r a t i on ,  since i t  was  h y d r o l y z e d  d u r i n g  
t h e  p rev ious  Ca s+ up take .  The  f u r t h e r  add i t ion  of E G T A ,  
on t he  o t h e r  hand ,  decreases  t he  ou t s ide  free Ca s+ con- 
c e n t r a t i o n  and  allows t he  r ap id  p h o s p h o r y l a t i o n  of t he  
ex t e rna l  sites to  form the  MgS+-dependent  E ~ P  wh ich  is 
i n h i b i t e d  b y  Ca ~+ 

W e  c o n c l u d e , t h a t  X-537A abol ishes  t he  E ~ P  wh ich  
depends  on  t he  Ca s+ g rad ien t ,  b u t  has  no effect  on t he  
E ~ P  wh ich  is Mg s+ d e p e n d e n t  a n d  i n h i b i t e d  b y  outs ide  
Ga s+ . 
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Regulatory Properties of the Citrate Synthase from Rhodospirillum rubrum 
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Summary. Ci t ra t e  syn thase ,  pur i f ied  600-foId f rom Rhodospirillum rubrum, is a c t i v a t e d  b y  KCI a n d  i n h i b i t e d  b y  A T P  
a n d  N A D H ;  t h e  effect  of t he  l a t t e r  i n h i b i t o r  is comple t e ly  c o u n t e r a c t e d  b y  A M P  and  p a r t i a l l y  c o u n t e r a c t e d  b y  KC1. 

Rhodospirillura rubrum, a G r a m  nega t ive ,  f a cu l t a t i ve ly  
p h o t o s y n t h e t i c  bac t e r ium,  c o n t a i n e d  c i t r a t e  s y n t h a s e  
(EC 4.1.3.7) b o t h  w h e n  g rown anae rob ica l ly  in t he  l igh t  
or h e t e r o t r o p h i c a l l y  in t he  d a r k  s. The  e n z y m e  in cell-free 
e x t r a c t s  was  r epo r t ed  to  be i n h i b i t e d  b y  N A D H  a n d  
d e i n h i b i t e d  b y  A M P  s, as is t he  case for m o s t  c i t r a t e  
syn thase s  f rom G r a m  nega t i ve  b a c t e r i a  wh ich  do no t  
f e r m e n t  glucose a, inc lud ing  p h o t o s y n t h e t i c  mic roorgan-  
i sms like Rhodopseudomonas capsulata 2 a n d  Rhodo- 
pseudomonas spheroides4. However ,  FI~ECHrNER a n d  
HANSON 5 r epo r t ed  t h a t  t he i r  pa r t i a l l y  pur i f i ed  enzyme  
p r e p a r a t i o n  f rom R. rubrum was n o t  i n h i b i t e d  b y  N A D H ,  
b u t  was  i n h i b i t e d  b y  A T P ;  t h e y  s t a t e d  t h a t  t h e  e n z y m e  
r egu la to ry  p roper t i e s  were s imi la r  to  those  of t he  c i t r a t e  
s y n t h a s e  f rom the  G r a m  pos i t ive  Bacillus subtilis 5,6. 
A l t h o u g h  a few possible  excep t ions  to  t he  r egu la to ry  pa t -  
t e r n  p roposed  b y  YVEITZMAN a n d  JoNEs s are k n o w n  ~,s, 
we decided to r e - examine  the  r e g u l a t o r y  p roper t i e s  of t he  
c i t r a t e  s y n t h a s e  f rom R. rubrum, par t i cu Ia r ly  w i t h  re- 
spec t  to  t he  effect  of N A D H .  

Materials and methods. The  blue-green,  carotenoid- less ,  
m u t a n t  s t r a in  BG-1 of R. rubrum 9 was g rown anaero-  
b ica l ly  in  t he  l igh t  a t  30 ~ on  succ ina te  as ca rbon  source. 
The  ceils (41 g we t  weight )  were d i s rup t ed  b y  sonic 
d i s in teg ra t ion ,  a n d  a cell-free e x t r a c t  o b t a i n e d  b y  u l t r a -  
c e n t r i f u g a t i o n  of t he  h o m o g e n a t e  s. T he  c rude  e x t r a c t  
was  f r a c t i o n a t e d  w i t h  a m m o n i u m  s u l p h a t e ;  t h e  5 0 - 6 6 %  

s a t u r a t i o n  f ract ion,  dissolved in 0.05 M Tris HC1 buffer  
(pH 7.6) - 1  m M  E D T A -  0.4 M KC1, was sub jec ted  to gel 
f i l t r a t i on  on  a S e p h a d e x  G-200 co lumn  (50.5 • 1.8 cm) 
equ i l i b r a t ed  w i t h  t he  same buffer .  The  e lu t ion  v o l u m e  of 
t h e  c i t r a t e  s y n t h a s e  was 39 ml ;  t he  vo id  vo lume  of t h e  
column,  d e t e r m i n e d  w i t h  Blue  D e x t r a n  2000, was 34.5 ml.  
The  f rac t ions  w i t h  t he  h ighe r  specific ac t iv i t i es  were 
pooled and  f r a c t i o n a t e d  aga in  w i t h  a m m o n i u m  su lpha te .  
The  50-66~o s a t u r a t i o n  f r ac t ion  was dissolved in 0.01 M 
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