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O2-consumpt ion  was de t ec t ed  b y  a n  Y S I  oxygen  m o n i t o r  
a t  25 ~ in a r eac t ion  m i x t u r e  c o n t a i n i n g  in a f inal  vo lume  
of 3.10 ml :  10 txmoles of MgCI~, 2.25 m g  of p ro te ins  a n d  
310 [xmoles of p o t a s s i u m  p h o s p h a t e  a t  p H  7.40. Reac t i on  
m i x t u r e s  for  m a l a t e  d e h y d r o g e n a s e  and  succ ina te  de-  
p e n d e n t  NAD+ r e d u c t i o n  were m a d e  accord ing  to 
E n g l a r d  and  Siegel 14. R e a g e n t s  were pu rchased  f rom 
S igma  a n d  Boehr inger .  
Results and discussion. T he  cha rac t e r i s t i c s  of our  p r epa ra -  
t i on  are shown  in t he  tab le .  I t  is ev i den t  t h a t  m a l a t e  
d e h y d r o g e n a s e  specific a c t i v i t y  is v e r y  low if c o m p a r e d  to 
more  soph i s t i ca t ed  p r e p a r a t i o n s  11-13. 
F igure  1 A shows t h a t  a) ou r  p r e p a r a t i o n  oxidizes N A D H  
and  th i s  ox ida t ion  is r o t enone - sens i t i ve ;  b) 500 nmoles  of 
a d d e d  succ ina te  are s to i ch iomet r i ca l ly  oxidized,  b u t  
f u r t h e r  added  a m o u n t s  are not .  The  inh ib i t ion ,  as fig- 
ure  1B d e m o n s t r a t e s ,  is due  to N A D  + gene ra t ed  d u r i n g  
N A D H  oxida t ion .  I n  fact ,  succ ina te  oxidase  is i n h i b i t e d  
b y  NAD+ w h e n  r o t e n o n e  is added  before  succinate .  The  
add i t i on  of N A D H  removes  th i s  inh ib i t ion ,  but ,  due  to 
r o t e n o n e  presence  a n d  m a l o n a t e  sens i t iv i ty  (figures 1 B 
a n d  2A), c o n s e q u e n t  O2-uptake  can  on ly  be a t t r i b u t e d  to  
succ ina te  a n d  n o t  to  N A D H .  I t  is l ikely t h a t ,  in t he  pres-  
ence of NAD+,  oxa l oace t a t e  fo rms  f rom succinate ,  due to 
f u m a r a s e  a n d  m a l a t e  d e h y d r o g e n a s e  c o n t a m i n a t i o n  
(table),  a n d  th i s  resu l t s  in  succ ina te  oxidase  inh ib i t ion .  
The  a d d i t i o n  of N A D H ,  in t he  presence  of ro tenone ,  
sh i f t s  oxa loace t a t e  t o w a r d  mala te ,  as shown  in f igure 1 C, 
so r e m o v i n g  t he  i n h i b i t i o n  w h i c h  is r ep r i s t i na t ed  b y  
f u r t h e r  oxa loace ta te .  
Success ive ly  added  succ ina te  a m o u n t s  are s toichio-  
me t r i ca l ly  oxidized,  as s h o w n  in f igure  2A, b u t  soon a f te r  
N A D  + a d d i t i o n  O2-consumpt ion  decreases  a n d  succ ina te  
oxidase  a c t i v i t y  becomes  inh ib i t ed .  I f  NAD+ is added  to 
t he  r eac t ion  m i x t u r e  before  succ ina te  (figure 1 B), i t  will 
t ake  some t i m e  before  succ ina te  oxidase  be  inh ib i t ed ,  
poss ib ly  because  f u m a r a t e  and  m a l a t e  levels m u s t  in- 
crease before  oxa loace t a t e  is p roduced .  The  p r e p a r a t i o n  
is Sn t imyc ih - sens i t i ve  w i t h  respec t  to  N A D H  and  suc- 
c in~te  oxid~[tions (figures 2A a n d  2C), which  is sugges t ive  
of complex  ' i ,  I I  a n d  I I I  i n t e rac t ion .  The  f ind ing  t h a t  
N A D  + inh@i t s  succ ina te  ox idase  w h e n  ro t enone  is p r e sen t  
(figure 1B 1 : and  t h a t  N A D H  removes  i nh ib i t i on  in t he  
p resence  o I r o t e n o n e  (figures 1 B a n d  1 C) would  rule  o u t  

Dav i s ' s  e t  al. 15 c la im t h a t  ' b o t h  N A D H  a n d  succ ina te  
i nh ib i t  t he  r a t e  of ox ida t i on  of t h e  o t h e r '  b y  c o m p e t i n g  
for  a c o m m o n  r e sp i r a to ry  assembly .  This  suppor t s  the  
sugges t ion  t h a t  some of t he  i n t e r ac t i ons  obse rved  in beef  
h e a r t  n o n - p h o s p h o r y l a t i n g  s u b m i t o c h o n d r i a l  par t ic les  
could be a r t i f ac t s  due  to  m a t r i x  enzymes  c o n t a m i n a t i o n .  
Moreover,  Dav i s  et  al. 15 found  t h a t  NAD+ does n o t  lower 
succ ina te  ox idase  ac t iv i ty ,  p e r h a p s  because  t he  au tho r s  
t ake  in to  a c c o u n t  on ly  in i t ia l  o x i d a t i v e  r a t e s  and  n o t  
w h a t  occurs  in  t he  t ime ;  in fac t  we h a v e  shown t h a t  
N A D  + inh ib i t s  succ ina te  oxidase  on ly  a f te r  some lapse of 
t i m e  (figure 2B).  
F igure  2C d e m o n s t r a t e s  t h a t  if f u m a r a t e  a n d  N A D  + are 
added  to t he  r eac t ion  m i x t u r e  before  succinate ,  succ ina te  
oxidase  is ear ly  inh ib i t ed .  T h e n  t h e  qu i te  u n d e t e c t a b l e  
O~-consumpt ion  should  be  e n o u g h  to p roduce  oxalo-  
ace ta t e  to  such  an  e x t e n t  as to  be i n h i b i t o r y  for succ ina te  
oxidase.  The  i n h i b i t i o n  b y  N A D  + does no t  a p p e a r  to  be 
energy- l inked,  since 2, 4 -d in i t ropheno l  does n o t  r emove  i t  
(figure 2C);  on ly  t he  add i t i on  of a large succ ina te  a m o u n t  
r emoves  inh ib i t ion ,  as if it were compe t i t ive ,  a n d  t he  
ox ida t ion  becomes  an t imyc in - sens i t i ve .  F igure  2D shows 
t h a t  t he  a d d i t i o n  of oxa loace ta t e  a t  a c o n c e n t r a t i o n  of 
2.3 • 10 -~ M, t h a t  is in  the  r ange  of K1 for pur i f ied  sue- 
c ina te  d e h y d r o g e n a s e  17-20, s t r ong ly  inh ib i t s  ou r  succ ina te  
oxidase  p r e p a r a t i o n ,  and  th i s  suppo r t s  the  v iew t h a t  t he  
p r e p a r a t i o n  is pur i f ied  e n o u g h  a n d  no t  c o m p a r t m e n t e d .  
On the  basis  of the  f indings  here  repor ted ,  and  of t he  
l i t e r a tu re  ci ted,  we would  sugges t  t h a t  some i n t e r a c t i o n s  
be tween  complex  I, I I  and  I I I  in s u b m i t o c h o n d r i a l  par -  
t icles could also be  exp la ined  b y  low fumarase  and  m a l a t e  
d e h y d r o g e n a s e  c o n t a m i n a t i o n s .  Otherwise ,  if t he  f ind ings  
here  r epo r t ed  c a n n o t  be  exp la ined  on  t he  basis  of t he  v e r y  
low oxa loace ta t e  levels t h a t  c an  fo rm in t he  reac t ion  
mix ture ,  we m u s t  conclude  t h a t  some i n h i b i t o r y  in te r -  
ac t ion  m a y  occur  be tween  complex  I I  and  N A D  +, a n d  
t h a t  th i s  i nh ib i t i on  is ove rcome  b y  N A D H  in t he  presence  
or absence  of r o t enone  and  is n o t  energy- l inked .  

27 T. E. King, in: Methods in Enzymology, vol. X, p. 202. Ed. 
S. P. Colowiek and N. O. Kaplan, Academic Press, New York 
1967. 
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Summary. A genera l  m e c h a n i s m  is recognized t h a t  can  cause  specific e n z y m a t i c  a c t i v i t y  a t  i n t e rphases .  I t  consis ts  of 
2 p ro t e in s  b o u n d  in close j u x t a p o s i t i o n  a t  a micelle or m e m b r a n e  surface.  One, t he  e n z y m e  sensu strictu, bears  the  ac t ive  
site, t he  o ther ,  t he  p a r a e n z y m e ,  is essent ia l  for gene ra t i on  or  specific mod i f i ca t ion  of t he  e n z y m a t i c  ac t iv i ty .  

I t  is t h e  pu rpose  of t h i s  r e p o r t  to  d r aw  a t t e n t i o n  to a 
k i n d  of i n t e r a c t i o n  b e t w e e n  p r o t e i n  molecules  a n d  an  
in terface ,  t h a t  can  regula te ,  or even  genera te ,  en- 
zyma t i c  ac t iv i ty .  T he  bas ic  u n i t  of th i s  concep t  consis ts  
of 2 d i f fe ren t  p ro t e i n  molecules  adso rbed  n e x t  to  each  
o t h e r  on to  a n  in te r face .  Th i s  conf igu ra t ion  cons t i t u t e s  
a n  e n z y m a t i c a l l y  ac t ive  moie ty .  T he  ac t ive  s i te  is p r e sen t  
on  one  of t he  2 molecules ,  called t he  ac t ive  si te  car r ie r ;  

t h e  e n z y m a t i c  ac t iv i ty ,  however ,  is gove rned  b y  t he  
presence  of t he  second p ro t e in  molecule,  called t he  pa ra -  
enzyme.  F o r  th i s  k i n d  of i n t e r a c t i o n  we sugges t  the  n a m e  

1 Present address: Department of Cardiology, St. Annadal Hos- 
pital, Maastrieht, The Netherlands. 
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Surface Active site carrier Para-enzyme Substrate Product 

Phospholipid micelle Factor X~ Factor Va Prothrombin Thrombin 
Phospholipid nficelle Factor IX~ Factor VIIIa Factor X Factor X~ 
Erythrocyte surface Cl, Clq and antibody C4 and C2 C4a and C'2a 
Erythrocyte surface C2a C4~ C3 C3~ 
TUA-particles F 1 Fo ATP ADP + P~ 

(Rutamycin-sensitive) 
Phospholipid - F 4 SDH cyt. b Ubiquinone Ubiquinone 

Oxidised Reduced 
(TTB-sensitive) 

pa ra top ic  in te rac t ion  (from the  greek para  - n e x t  and  
topos  - place). I t  is f u n d a m e n t a l l y  d i f ferent  f rom all- 
osteric interact ion2,  3 in t h a t  i t  occurs a t  an in terface  
only and  f rom allotopic in te rac t ion  4 in t h a t  an in te rac t ion  
be tween  pro te ins  is essential .  
Materials  and methods. Para top ic  in te rac t ion  in general  is 
recognized by  a) solubilizing the  in tac t  sys t em 16-19, which 
s tep can be omi t t ed  in the  sys tems  exis t ing in blood p lasma  
as t h e y  are a l ready  in a solubilized form. Then  b) separa-  
t ion of the  cons t i tuen t s  s-s, 11, 13,16, is, 20. c) Recons t i t u t ing  
the  sys t em and es t ima t ing  the  ac t iv i ty  as a funct ion  of 
the  na tu re  and a m o u n t s  of componen t s  added  6, 7, 9,10,15-20. 
For  the  expe r imen ta l  details,  the  reader  is referred to the  
original l i terature .  
Results  and discussion. Pe rhaps  the  bes t  d o c u m e n t e d  of 
pa ra top ic  in te rac t ions  is encoun te red  in the  genera t ion  
of the  enzyme  p ro th rombinase ,  which  cata lyses  the  con- 
version of p r o t h r o m b i n  (blood coagulat ion fac tor  II) into 
th rombin .  I t  has  been  suggested t h a t  p ro th romb i n as e  
consists  of factor  X~ and  factor  Va (the subscr ip t  a denotes  
the  ac t iva ted  factor) adsorbed  n e x t  to each o the r  onto  a 
phospho lop id  surface. The evidence for th is  is in shor t :  
a) the  min imal  r equ i r emen t  for the  genera t ion  of pro-  
t h r o m b i n a s e  ac t iv i ty  is the  s imul taneous  presence of a 
phosphol ip id  suspension,  Ca ions and  2 prote ins  : the  blood 
coagulat ion fac tor  Xa and VaS; b) when bo th  pro te ins  are 
bound  to  the  same micelle, p ro th romb inase  ac t iv i ty  gen- 
eratesT, S; c) the  kinet ics  for the  fo rmat ion  of p r o t h r o m -  
binase ac t iv i ty  are in accordance  wi th  the  model  pro-  
posed 9. 
In  the  p r o t h r o m b i n a s e  complex,  the  act ive site is located 
in the  factor  Xa molecule,  because a) pure  fac tor  Xa has 
a small  b u t  de tec tab le  p ro th romb inase  act ion t h a t  can 
be increased 1000fold by  addi t ion  of phosphol ip id  and 
factor  V~. Phospho l ip id  and  fac tor  Va have  no p r o t h r o m -  
binase act ion e i ther  alone or in combinat ion1~ b) fac tor  
Xa is an es terase  t h a t  can spl i t  syn the t i c  es ters  (e.g. 
tosy la rg in inemethy les te r )  and t h a t  can be inhib i ted  by  
d i i sopropyl f luorophosphate .  No enzymat i c  proper t ies  of 
factor  Va have  been  found  11. 
Ano the r  example  of pa ra top ic  in te rac t ion  is the  enzyme 
t h a t  conver t s  fac tor  X into  its ac t iva ted  form via the  
intr insic  blood coagulat ion pa thway .  I t  consists  of the  
coagula t ion  factors  IXa  and  V I ! I a  adsorbed  onto  a phos-  
phol ipid  micelle 13. Fac to r  IX~ is the  act ive  site here and 
factor  V I I I a  is the  pa raenzyme .  Pa ra top ic  in te rac t ions  
are no t  res t r ic ted  to the  blood coagulat ion react ions.  
The c o m p l e m e n t  c o m p o n e n t  Cls is a proes terase  which,  
when  bound  to a cell surface via Clq and one IgM or 2 
ad jacen t  IgG a n t i b o d y  molecules,  develops  into an act ive  
esterase.  The na tu ra l  subs t r a t e s  of this  es terase  are the  
c o m p l e m e n t  fac tors  C4 and C2 t h a t  are conver t ed  into 
act ive forms. The la t t e r  2 c o m p o n e n t s  are capable  of 
combin ing  and  can also be adsorbed  onto  a cell surface. 

A surface bound  enzyme then  results  t h a t  can conve r t  
still an o t h e r  c o m p l e m e n t  factor  viz. C3 in to  its ac t iva t ed  
form (see also the  table  1s-15). 
F r o m  the  work  of Racker  and colleagues, it  can be seen 
t h a t  pa ra top ic  in te rac t ions  m u s t  also p lay  a role in the  
compos i t ion  of the  enzyme  sys tem,  ca ta lyz ing  ox ida t ive  
phosphory la t ion .  In  this  work  i t  is shown t h a t  among  
o thers  the  p ro te in  f rac t ion F 1 and F 0 can be p repa red  
f rom the  inner  m e m b r a n e  of beefhear t  mi tochondr ia .  F 1 
has ATPase  act iv i ty ,  bu t  only  when  combined  w i t h  F 0 
and  a par t i cu la te  f rac t ion  f rom the  inner  mi toch0ndr ia l  
m e m b r a n e  called T U A  part icles,  th is  ATPase  becomes  
sensi t ive to r u t a m y c i n  (or oligomycin) as in the  in tac t  
mi tochondr ion  1s-is. 
A 6th example  can be found  in the  mi tochondr ion .  I so la ted  
succinate  dehydrogenase  (SDH) only accepts  ub iquinone  
as a subs t r a t e  and is only sensi t ive to inhibi t ion by  4.4.4- 
t r i f luo ro - l - (2 - th ieny l ) - l . 3 -bu taned ione  (TTB) w h e n  
toge the r  wi th  cy toch rome  b and  par t ic les  consis t ing of 
phosphol ip ids  and  coupling factor  VI.  The mode of in- 
t e rac t ion  of act ive site carr ier  and para  enzyme  is unknown.  
Covalent  bond ing  is unl ikely to p lay  a role, as mos t  of the  
complexes  descr ibed readi ly  dissociate and  recombine.  
Q u a t e r n a r y  cons t ra in t s  analogous to these  pos tu la t ed  by  
Monod et  al. s in allosteric enzymes,  b u t  in th is  case 
asymmetr ica l ,  m a y  be b ro u g h t  abou t  in the  ac t ive  si te 
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carr ier  by  the  pa raenzyme .  The adsorp t ion  m a y  serve 
as a means  of o r i en ta t ing  the  molecules,  and  in itself m a y  
modi fy  the  t e r t i a ry  s t ruc tu re  of the  p ro te in  moiet ies  and 
hence inf luence the i r  in terac t ion .  
Al te rna t ive ly ,  for those  allotopic complexes  hav ing  a 
p ro teo ly t ic  action,  one can imagine t h a t  l i t t le or no 

in te rac t ion  be tween  p a r a e n z y m e  and act ive  site carr ier  
t akes  place, b u t  t h a t  t he  subs t r a t e  is more  f avonrab ly  
b o u n d  to  the  complex  t h a n  to  the  single enzyme.  The 
observa t ion  by  Esnouf  t h a t  the  es terolyt ic  proper t ies  of 
fac tor  Xa have  no t  been enhanced  by  the  fo rma t ion  of a 
p ro t h ro mb i n as e  complex  h in t s  in th is  d i rect ion 20 

Inhibition of tryptophan uptake in Aspergillus fumigatus by tryptamine 

A. R. Gup ta  and K. K. Rao 1, 2 

Department o/Microbiology, Faculty o/ Science, M. S. University o/ Baroda, Bc~roda 390002 (India), 25 October 1976 

Summary. The t r y p t o p h a n  up take  was inhib i ted  cons iderab ly  in t r y p t a m i n e  grown cells. This  inh ib i t ion  was due to 
feed-back  inh ib i t ion  and  no t  to  repression.  

T r y p t o p h a n  plays  a cent ra l  role in the  b iosynthes is  of 
ergot  alkaloids. In  our previous  work a,4, we have  shown 
t h a t  Aspergil tus fumiga tus  myceI ium can act ively  t ake  up 
L - t r y p t o p h a n  f rom the  m e d i u m  and t h a t  a corre leat ion 
exis ts  be tween  the  abi l i ty  of a s t ra in  to produce  alkaloids 
and i ts  abi l i ty  to t r a n s p o r t  t r y p t o p h a n .  In  con t inua t ion  
of th is  work  on Aspergil lus fumigatus ,  we have  not iced  
t h a t  t r y p t a m i n e  inhib i ted  the  up take  of t r y p t o p h a n .  
Wiley  and Matchet tS ,  6 have  repor ted  the  inhibi t ion of 
t r y p t o p h a n  up t ake  by  t r y p t o p h a n  and  its analogues in 
Neurospora  crassa. The purpose  of th is  inves t iga t ion  was 
to s t u d y  the  m e c h a n i s m  of inh ib i t ion  of t r y p t o p h a n  up take  
in t r y p t a m i n e  grown cells. 
Material and methods. A s t ra in  of A. fumiga tus  ob ta ined  
f rom the  Division of Mycology and P l a n t  Pa tho logy ,  
I A R I ,  New Delhi, was used in th is  invest igat ion�9 The 
cu l ture  m e d i u m  used was essent ia l ly  t h a t  of Rao  et  aLL 
T r y p t a m i n e  was s u p p l e m e n t e d  a t  the  concen t ra t ion  of 
200 mg/1. The cells were ha rves t ed  af ter  48 h, washed  
wi th  dist i l led w a t e r  and pressed in be tween  sheets  of 
f i l ter  paper .  T r y p t o p h a n  up take  was assayed b y  the  
m e t h o d  of Brown  and R o m a n o  8. The assay sys t em 
con ta ined  200 ~xmoles of p h o s p h a t e  buffer  (pH 6.0), wi th  
2.0 mg dry  cel ls /ml in 10 ml  vo lume;  10 txmoles of L - t ryp -  
t o p h a n  were added  af ter  30 min  incuba t ion  to s t a r t  the  
react ion.  U p t a k e  ra te  was ca lcula ted  f rom init ial  values.  
Results and discussion. We have  found  t h a t  t r y p t o p h a n  
up t ake  was g rea t ly  reduced  in t r y p t a m i n e  grown cells. 
The resul ts  p re sen ted  in the  table  indica ted  t h a t  the  
t r y p t o p h a n  up t ake  was inh ib i ted  to the  e x t e n t  of 87.5% 
in t r y p t a m i n e  g rown cells in compar i son  wi th  a m m o n i u m  
c i t ra te  grown cells (considering 10 0 % t r y p t o p h a n  uptake) .  
2 d i f fe rent  expe r imen t s  were  des igned to f ind out  the  
mechan i sm of inh ib i t ion  of t r y p t o p h a n  uptake�9 In  one 
exper iment ,  t he  t r y p t a m i n e  grown cells were w a s h e d ,  
r e suspended  in a m m o n i u m  ci t ra te  medium,  and div ided 
into 2 par ts .  Cycloheximide  (50 ~zg/ml) was added  to one 
cul ture  to  inh ib i t  p ro te in  synthes is ,  and ano the r  cul ture  

Inhibition of tryptophan uptake by tryptamine in Aspergillus 
fumigatus 

Growth condition Tryptophan uptake % 
(~xmoles/min/g dry cell) 

Ammonium citrate 0.50 100.0 
Tryptamine 0.04 12.5 

was p e r m i t t e d  to grow w i t h o u t  res tr ic t ion.  If t he  cells 
were repressed in t he  presence  of t r y p t a m i n e  and  no 
t r y p t o p h a n  pe rmease  c o m p o n e n t  was present ,  t h e  grow- 
ing cells would be expec ted  to synthes ize  the  t r a n s p o r t  
c o m p o n e n t  in the  absence  of t r y p t a m i n e .  Cycloheximide-  
t r e a t ed  cells would no t  be expec ted  to  synthes ize  this  
c o m p o n e n t  and  would remain  repressed.  Dur ing  48 h 
g rowth  period,  the  cell mass  of the  growing cul ture  in- 
creased significantly,  indica t ing  t h a t  pro te in  synthes is  
h a d  occurred.  T r y p t o p h a n  up take  s tudies  wi th  48 h cul ture  
(figure) showed t h a t  there  was a s l ight  init ial  up take  
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Tryptophan uptake by Aspergillus fumigatus grown under various 
conditions. �9 Tryptamine grown cells resuspended in ammonium 
citrate medium. D, Tryptamine grown cells resuspended in am- 
monium citrate medium containing 50 ~g of cycloheximide per ml. 
O, Ammonium citrate grown cells (experiment 3). • Ammonium 
citrate grown cells with tryptamine added prior to experiment (ex- 
periments 1 and 2). 
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