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here,  t h e  f i rs t  a n t i s e r u m  (ant i -E2)  was monospecif ic .  How-  
ever,  a m e t h o d  could  be  conce ived  which requi res  on ly  
p a r t i a l l y  pur i f ied  e n z y m e :  A f i r s t  ol igospecif ic  s e rum can  
be  r eac t ed  w i t h  a p repur i f i ed  an t i gen  solut ion.  The  pre-  
Cipi ta t ion b a n d  of t h e  desi red a n t i g e n  is i so la ted  (e.g. f rom 

i m m u n o e l e c t r o p h o r e s i s  slides) a n d  used for i m m u n i z a t i o n .  
F u r t h e r  i nves t iga t ions  on  a n o t h e r  e n z y m e  of a rg in ine  
b io syn thes i s  will be  r epo r t ed  in a s u b s e q u e n t  p u b l i c a t i o n  12. 

12 R. Voellmy and R. Utzinger, Experientia 33, 1002 (1977). 
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Summary. Mouse an t ibod ie s  w i t h  specif ici ty  t owards  a c e t y l o r n i t h i n e  5 -amino t r ans fe ra se  (ACOAT) f rom P s e u d o m o n a s  
ae rug inosa  were used  to  s t u d y  t h e  s t r u c t u r a l  s imi lar i t ies  of se rvera l  i so func t iona l  en zy mes  f rom d i f fe ren t  sources.  W i t h  
t he  a n t i b o d y  d i rec ted  aga in s t  ACOAT, t he  a m o u n t s  of e n z y m e  p r e s e n t  in cells g rown  u n d e r  d i f fe ren t  cond i t ions  were 
d e t e r m i n e d .  These  e x p e r i m e n t s  e s t ab l i shed  t h a t  t he  enzyme  is  i nduced  b y  a rg in ine  a n d  is sub jec t  to  repress ion  b y  
c a r b o n  sources.  

I n  a p rev ious  p a p e r  8 i m m u n o c h e m i c a l  s tud ies  on  N- 
a c e t y l g l u t a m a t e  5 -phospho t rans fe rase ,  t h e  second en- 
zyme  of a rg in ine  b i o s y n t h e s i s  were presen ted .  This  com- 
m u n i c a t i o n  deals  w i t h  N*-ace ty lo rn i t h ine  5 - a m i n o t r a n s -  
ferase (ACOAT, EC 2.6.1.11) which  ca ta lyses  the  f o u r t h  
s tep  in a rg in ine  b iosyn thes i s .  

N-acetylglutamate 5-semialdehyde / ~ ~ N~-acetylornithine 

glutamate ~ 2-oxoglutarate 

A couple  of i m p o r t a n t  ques t ions  could be  answered  b y  
immuno log i ca l  expe r imen t s .  

Fig. 1. Ouehterlony assay of pure ACOAT against mouse anti- 
ACOAT. 1 through 4, dilution series of mouse auti-ACOAT with 
PBS 1:1, 2, 4, 10; center well, pure ACOAT (0.5 mg/ml). 

Fig. 2. Ouchterlony assay of 1, pure ACOAT preparation; 2, crude 
extract from Pseudomonas aeruginosa PAO1 against; 3, mouse 
anti-ACOAT. 

A n t i b o d i e s  were ra ised  in  3 mice  us ing  the  p rocedure  
desc r ibed  p rev ious ly  3. ACOAT which  was pur i f ied  4 b y  
acid f r ac t iona t ion ,  a m m o n i u m  sul fa te  p rec ip i t a t i on ,  gel- 
f i l t r a t i on  on  s e p h a d e x  G-100, a n d  ionexchange  c h r o m a t o -  
g r a p h y  on  DE-52  (90% pure)  se rved  as i m m u n o g e n .  1.3 ml  
of a n t i s e r u m  were  ob t a ined .  The  a n t i b o d y  d i sp layed  1 
s h a r p  p r e c i p i t a t i o n  b a n d  in O u c h t e r l o n y  doub le  d i f fus ion 
as say  5 w h e n  r u n  ag a i n s t  pu re  A C O A T  (figure 1). Devel-  
o p m e n t  ag a i n s t  t h e  i m m u n o g e n i c  so lu t ion  as well  as 
ag a i n s t  c rude  e x t r a c t s  revea led  2 d i s t a n t  b a n d s  in-  
d i ca t ing  n o n - m o n o d i s p e r s i t y  of t h e  so lu t ions  (figure 2). 
The  second w e a k  a n t i b o d y  p o p u l a t i o n  w i t h  specif ic i ty  
ag a i n s t  a n o n - A C O A T  an t igen ,  however ,  d id  n o t  d i s t u r b  
t i le  e x p e r i m e n t s  to  be repor ted .  
Speci f ic i ty  a n d  c ros s - r eac t iv i ty  of t h e  a n t i s e r u m  were 
examined .  The  P. ae rug inosa  w i ld type  s t r a in s  PAC1 and  
P A T 2  possessed a n  a n t i g e n  wh ich  c o m p l e t e l y  cross- 
r eac t ed  w i t h  ACOAT f rom s t r a i n  PAO1.  This  r e su l t  is 
i nd i ca t i ve  for t h e  s t r u c t u r a l  i d e n t i t y  of t h e  en zy mes  f rom 
d i f fe ren t  sources.  Since t h e  a m i n o t r a n s f e r a s e s  f rom E. 
coli a n d  P. ae rug inosa  d i sp l ay  s imi la r  s t r u c t u r a l  and  
k ine t i c  p roper t i e s  (4,~, u n p u b l i s h e d  o b s e r v a t i o n s  f rom 
th i s  l abo ra to ry ) ,  i t  was  of i n t e r e s t  to  l ea rn  a b o u t  c o m m o n  
an t igen ic  specif ici t ies  of t h e  enzymes .  No vis ible  i m m u n o -  
p r ec i p i t a t e  was  fo rmed  w i t h  e x t r a c t s  of E.  coli K12. This  
r e su l t  i nd ica tes  t h a t  t h e  surfaces  of t h e  en zy mes  f rom the  
2 species are n o t  v e r y  s imilar .  T h e  ques t i on  is l eg i t ima te  
w h e t h e r  or n o t  a t  l eas t  t h e  ca t a ly t i c  s i tes  of t h e  iso- 
f u n c t i o n a l  en zy mes  h a v e  closely r e l a t ed  shape.  These  
c o m m o n  an t igen ic  d e t e r m i n a n t s  shou ld  lead to  cross- 
r e a c t i v i t y  t o w a r d s  a specific an t i s e rum.  I m m u n o c h e m i c a l  
a n d  enzymolog ica l  s tud ies  d e m o n s t r a t e  t h a t  b o t h  t h e  
a n t i g e n  b i n d i n g  s i tes  of i m m u n o g l o b u l i n s ,  as well as ac t ive  
s i tes  of enzymes ,  are concave  in shape,  t h u s  exp la in ing  
wi ly  an t ibod ie s  ag a i n s t  ac t ive  s i tes  are  n o t  l ike ly  to be 
raised.  
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4 - A m i n o b u t y r a t e  amino t rans fe rase  (EC 2.6.1.19) f rom 
P. aeruginosa  PAO1 which  also t r a n s a m i n a t e s  acetyl-  
o rn i th ine  and  orn i th ine  was puri f ied to  e lec t rophore t ic  
h o m o g e n e i t y  as judged  by  gel e lect rophores is  7. ACOAT 
and  4 - am inobu ty r a t e  amino t rans fe rase  show similar  ca t -  
a ly t ic  proper t ies .  I t  was therefore  in te res t ing  to de ter -  
mine  whe the r  the  2 enzymes  have  a c o m m o n  subun i t  or a t  
least  r e l a t e d  surface s t ruc tures .  No cross - reac t iv i ty  wi th  
4 - am inobu ty r a t e  amino t rans fe rase  could be de tec ted .  
P rec ip i t a t e s  of ACOAT wi th  an t i -ACOAT were formed by  
incuba t ing  20 ~zl of mouse  an t i -ACOAT an t i s e rum wi th  
130 [~1 of p h o s p h a t e  buffered  saline and  50 ~xl of enzyme 
solut ion conta in ing  25 [xg of ACOAT. 63% of the  original 
enzym e  ac t iv i ty  was found  in t he  p rec ip i t a t e  while 2% 
rema ined  in the  supe rna t an t .  This resul t  resembles  the  
one found  for N-ace ty lg lu t ama te  5 -phosphot rans fe lase  
f rom the  same organism 3. E n z y m a t i c  ac t iv i ty  was as- 
sayed  as descr ibed previous ly  4. 
A n o t h e r  in te res t ing  f inding resul ted  f rom expe r imen t s  
using Ouch te l lony  double  diffusion. Puri f ied ACOAT and  
ACOAT f rom a c~ude ex t r ac t  run  alongside d isplayed a 
p a t t e r n  of par t ia l  i den t i t y  w i th  a spur  forming  t o w a i d s  
t he  well of the  crude p repa ra t ion  (figure 2). This  obser-  
va t ion  indica tes  t h a t  t he  s t ruc tu re  of t he  enzyme  migh t  
have  been  changed  s o m e w h a t  dur ing  the  pur i f ica t ion.  
Such an a l te ra t ion  could be caused b y  the  loss of a l igand 
or of t he  cofactor.  

ACOAT appears  to be induced  b y  arginine and  to be re- 
pressed by  var ious  ca rbon  sources I. In  order  to under -  
s t and  the  regula t ion  of the  enzyme,  it was crucial  to  de- 
t e rmine  w h e t h e r  the  cont ro l  is exer ted  a t  the  level of en-  
zyme ac t iv i ty  or of enzyme  synthesis .  The radia l  mono-  
diffusion t echn ique  descr ibed b y  ManciniS offered a con- 
ven ien t  means  to  measure  the  concen t ra t ion  of a specific 
protein ,  n o t  depend ing  on the  ca ta ly t ic  ac t iv i ty .  Mancini  
assay conf i rmed  the i nduc t ion  of  en zy me  syn thes i s  b y  
arginine and  i ts  repress ion by  d i f ferent  ca rbon  sources. 
The 2% agar  gels con ta ined  2% of an t i se rum.  The rel- 
a t ive  co n t en t  of ACOAT of an ex t r ac t  f rom s t ra in  PAO1 
grown on minera l  salts  m e d i u m  w i t h  arginine as t he  only  
source of ca rbon  and n i t rogen  was 100. The same s t ra in  
cu l t iva ted  wi th  arginine and  c i t ra te  revealed a re la t ive 
enzyme c o n t e n t  of 21, while  the  a m o u n t  of enzyme  in un-  
induced  cells grown on g l u t a m a t e  as t he  sole C and N 
source was 6. Thus  the  enzyme  is induced by  arginine a t  
least  16-17fold. The d a t a  ob ta ined  by  tills app roach  agree 
ve ry  well w i t h  m e a s u r e m e n t s  of enzyme act iv i ty .  
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Summary. The effect  of 0.5 mM p y r o p h o s p h a t e  (PPi), d i sodium e t h a n e - l - h y d r o x y - l , l - d i p h o s p h o n a t e  (EHDP)  and  
d i sod ium d ich lo romethane  d i p h o s p h o n a t e  (C12MDP) on the  A T P - d e p e n d e n t  Ca 2+ ex t rus ion  f rom the  h u m a n  red cell 
ghos t s  was s tudied.  P P i  and  C12MDP had  no effect,  when  in t roduced  in to  the  cells or added  outside to  the  medium.  
E H D P  sl ight ly  increased the  calc ium concen t ra t ion  in the  released cells and  s l ight ly  decreased the  ra te  co n s t an t  of 
t h e  ca lc ium t r anspor t ,  hav ing  oppos i te  effects  when  i t  was inside or outs ide  the  cells. PP i  and  the  2 d iphosphona t e s  
were  no t  found  to move  easily across t he  red cell m e m b r a n e .  

P y r o p h o s p h a t e  (PPi~), a p roduc t  of m a n y  b iosyn the t i c  
reac t ions  8, inhib i t s  apa t i t e  fo rma t ion  4 and  dissolutionS; 
and  i t  has  therefore  been  sugges ted  to  regula te  bone  
t u r n o v e r  5. The d iphosphona t e s  E H D P  ~ and ClaMDP ~ are 
c o m p o u n d s  s t ruc tu ra l ly  re la ted  to  PPi, conta in ing  a 

P -C-P  ins tead  of a P - O - P  bond.  In  con t r a s t  to  PPi ,  t h e y  
are r e s i s t an t  to  hydro lys is  and  are more  p o t e n t  in vivo 
t h a n  PPi .  They  are powerful  inhibi tors  of ectopic calcifi- 
ca t ion s, bone calc i f ica t ion:  and  bone  resorp t ion  ~,s. 
These effects  migh t  be expla ined  by  the  act ion on crys ta l  
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Fig. 1. Ca ~+ transport of human red cells in the presence of 0.5 mM 
CI~MDP. Open signs represent Ca ~+ concentration in the cells; filled 
signs represent Ca ~+ concentration in the incubation medium; control 
(O, @); C12MDP within the cells (lJ, R); CI2MDP in the incubation 
medium (A, , ) .  Values are given -t- 2 SEM. 
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