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Recent ly ,  WADA et  al. s d e m o n s t r a t e d  t h a t  some 
porphyr ia - induc ing  agents  may  block the  p a t h w a y  f rom 
heme  fo rmat ion  to  heme  ut i l iza t ion for hemopro t e in  
synthesis .  Therefore,  it  is well recognized t h a t  there  is a 
d i rect  correla t ion be tween  occurrence of expe r imen ta l  
po rphy r i a  and  changes  in h e m o p r o t e i n  levels. 

On the  o ther  hand,  GREENGARD et  a l )  -11 repor ted  thas 
t he  induc t ion  of T P  by  the  subs t r a t e  is d e p e n d e n t  upon 
the  degree of sa tu ra t ion  of apo -TP  wi th  respec t  to  a co- 
factor,  p r o t o h e m i n  IX.  

As ind ica ted  in a preceding  pape r  and shown in Figure  1 
in th is  paper ,  T P  ac t iv i ty  of non- induced  ra ts  was 
ac t iva ted  by  P H Z  t r e a t m e n t .  This  p h e n o m e n o n  was pre- 
sumab ly  due to  the  mechan i sm similar  to  t h a t  r epor ted  
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Fig. 2. Increases in urinary delta-aminolevulinic acid, copropor- 
phyrin and protoporphyrin levels in phenylhydrazine-treated rats. 
Animals were administered 40 rag/ks of phenylhydrazine i.p. 
Urines of 2 rats were ulixed and determined for 3 colnponents during 
3 successive days after treatment. 

by  o thers  12, la, t h a t  is, s t imula t ion  of po rphy r in  me tabo l i sm  
in porphyr i c  an imals  appears  to raise the  level of apo-TP.  
As d e m o n s t r a t e d  in t he  p resen t  s tudy,  accumula t ed  free 
po rphyr ins  in urine seems to d i s tu rb  the  t r y p t o p h a n -  
med i a t ed  T P  induc t ion  because inh ib i t ion  of T P  by  added  
p r o t o p o r p h y r i n  was also r epor ted  in v i t ro  experi-  
men t s  14,1~. 

In  conclusion,  t he  results  ob ta ined  here sugges ted  t h a t  
induc t ion  process  of T P  by  the  subs t ra te ,  namely ,  con- 
juga t ion  of ap o -T P  wi th  respec t  to p r o t o h e m i n  I X  
seemed to  be, in par t ,  p r e v e n t e d  compe t i t i ve ly  by  an 
increased free po rphy r in s  in P H Z - t r e a t e d  rats .  

Zusammen/assung.  Nachweis,  dass P h e n y l h y d r a z i n  die 
von T r y p t o p h a n ,  n ich t  abe t  yon  Kor t i son  hervorgerufene  
I n d u k t i o n  der T r y p t o p h a n p y r r o l a s e  in der R a t t e n l e b e r  
h e m m t .  Die H e m m u n g  der  E n z y m i n d u k t i o n  durch  
P h e n y l h y d r a z i n  dt irf te  auf Anomal ien  d e s  Po rphy r in -  
s toffwechsels  beruhen.  
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Mult ip le  Hi s t id ine  D e g r a d i n g  E n z y m e s  in Proteus vulgaris 

Much work has been  carried ou t  on the  p a t h w a y s  of 
biological degrada t ion  of hist idine.  His t idase  (E.C. 4.3.1.3), 
t ransaminases ,  decarboxylases  (E.C.4.1.1.22) and oxi- 
dases (E.C.1.4.3.2) concerned w i t h  the  L-amino acid are 
known to exist  s ide-by-s ide  in the  same t issue in h igher  
an imals  1 ~. Similar  p a t h w a y s  are found in bac te r ia  7-15. 
The collective presence in higher  animals  of these var ious  
p a t h w a y s  is of p r ime  impor t ance  to p rov ide  requis i te  
i n t e rmed ia ry  metabo l i t es  and pharmacologica l ly  act ive  
subs tances  1~ while t r a n s a m i n a t i o n  and oxida t ive  de- 
amina t ion  have  d i f ferent  advan tages  and d i sadvan-  
tages  1~,1s. However ,  there  have  been  few repor t s  of 
mul t ip le  mechan i sms  exis t ing concur ren t ly  in micro- 
organisms while the  possible presence  of 2 h is t id ine  
t r ansaminases  such as found in Neurospora 19 21 is due to 
one of t h e m  being pr imar i ly  involved in the  b iosynthes is  
of the  amino-ac id  r a the r  t h a n  in its b reakdown.  

Recen t  work  has  es tab l i shed  the  presence  of an L- 
h is t id ine  t r ansaminase  in Escherichia coli 7, s. The enzyme 
was found to be repressed when  the  cells were cu l t iva ted  
under  condi t ions  of adequa te  ' avai lable '  n i t rogen 9. A 
his t id ine  decarboxylase  is however  produced  under  o ther  

quite  d i f fe rent  condi t ions  in E. coli (and Proteus)15,22. In  
view of th is  in te res t ing  abi l i ty  o:f E. coli to p roduce  
a l t e rna t ive  ( though not  co-exis tent)  p a t h w a y s  of h i s t id ine  
degrada t ion  it was felt  to  be of in te res t  to  inves t iga te  
whe the r  a n l icro-organism known to oxidize its h is t id ine  
using an L-amino acid oxidase  produces  a t r a n s a m i n a s e  
when  cul tured  as were E. coli 9. Since the  L-amino acid 
oxidases  of Cl. sporogenes and Cl. saccharobutyricum do 
not  a t t ack  h is t id ine  2a, it  was decided to use P. vulgaris lo. 
Recen t  work  24 has  conf i rmed the  convers ion  of h is t id ine  
to imidazo lepyruv ic  acid by  t ). vulgaris in vivo,  bu t  the  
enzymes  involved were no t  inves t iga ted  in th is  species. 

The m e t h o d  of cu l t iva t ion  of cells of P. vulgaris wild 
s t ra in  A232 (collection of the  Pas t eu r  Ins t i tu te ,  Paris),  
the  p r epa ra t i on  of a crude enzyme  ex t r ac t  and  the  
s p ec t ro p h o t o me t r i c  assay have  been  descr ibed  9. The 
assay (adap ted  f rom 5) u~ilizes the  absorp t ion  at  293 n m  
of the  co mp l ex  i m i d a z o l e p y r u v a t e : h o r a t e  fo rmed in t he  
presence  of arsenate .  E x h a u s t i v e  overn igh t  dialysis  of t he  
enzyme ex t r ac t  agains t  500 vol. of 20 m M  sod ium phos-  
p h a t e  buffer  (pH 7.2) e l iminates  endogenous  amino-  
acceptor  subs tances  7 
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T h e  a s s a y  w a s  c a r r i e d  o u t  b o t h  in  t h e  a b s e n c e  ( C u r v e  13) 
a n d  in  t h e  p r e s e n c e  ( C u r v e  A) o f  ~ - k e t o g l u t a r a t e  a n d  
p y r i d o x a l  p h o s p h a t e .  T h e  F i g u r e  s h o w s  t h a t  w h i l e  
i m i d a z o l e p y r u v i c  a c i d  w a s  f o r m e d  in  b o t h  cases ,  t h e  L- 
a m i n o  a c i d  o x i d a s e  (C urve  13) h a d  a m u c h  l ower  a c t i v i t y  
t h a n  t h e  c o m b i n e d  o x i d a s e  plus  t r a n s a m i n a s e  ( C u r v e  A).  
T h e  a c t i v i t i e s  o b s e r v e d  w e r e  t h o s e  a t  t h e  s t a n d a r d  a s s a y  
c o n d i t i o n s  o f  p H  8.0. F u r t h e r  a s s a y s  w e r e  c a r r i e d  o u t  i n  
t h e  a b s e n c e  o f  a m i n o - a c c e p t o r  a n d  c o f a c t o r  b u t  i n c o r p o r a t -  
i n g  23 m M  E D T A  to  i n h i b i t  a n y  h i s t i d a s e  p r e s e n t  ~. T h e  
p r o g r e s s  o f  t h e s e  r e a c t i o n s  c o r r e s p o n d e d  w i t h  C u r v e  B ,  
w h i c h  s h o w e d  t h e  a b s e n c e  of  h i s t i d a s e  i n  t h e  e x t r a c t s .  

F u r t h e r  i n c u b a t i o n s  of  t h e  d i M y s e d  c r u d e  e x t r a c t  a t  
p i t  7.2 w e r e  c a r r i e d  o u t  as  b e f o r e  7,s a n d  t h e  d e p r o t e i n i z e d  
s u p e r n a t a n t s  c h r o m a t o g r a p h e d  o n  p a p e r  ( d e s c e n d i n g  
r u n ,  s o l v e n t  - u p p e r  p h a s e ,  n - b u t a n o l  : a ce t i c  a c i d  : w a t e r ,  
5 0 : 1 2 : 5 0 )  o r  e l e c t r o p h o r e s e d  o n  p a p e r  a t  60O0 V fo r  
30 r a i n  (bu f f e r  - f o r m i c  a c i d : a c e t i c  ac id ,  p i t  1.9). I m i d a -  
zo les  w e r e  r e v e a l e d  b y  s p r a y i n g  w i t h  d i a z o t i z e d  p -  
c h l o r o a n i l i n e  2~. T h e s e  e x p e r i m e n t s  s h o w e d  t h a t  a s i ng l e  
i m i d a z o l e  p r o d u c t  f o r m e d  w h i c h  c o r r e s p o n d e d  to  i m i -  
d a z o l e p y r u v a t e .  

T h e  a b o v e  r e s u l t s  d e m o n s t r a t e  t h e  p r e s e n c e  o f  a 
h i s t i d i n e  t r a n s a m i n a s e  o f  u n k n o w n  s p e c i f i c i t y  in  Proteus 
vulgaris. T h i s  e n z y m e  w a s  f o u n d  t o  b e  m u c h  m o r e  a c t i v e  
in  t h e  c r u d e  e x t r a c t  t h a n  t h e  L - a m i n o  ac i d  o x i d a s e  (i.e. 
1.35 • 10 -2 F m o l e s  h i s t i d i n e  c o n v e r t e d / m i n / m g  c r u d e  p r o -  
t e i n  a n d  0 .27  • 10 -~ F m o l e s  h i s t i d i n e  c o n v e r t e d / m i n / m g  
c r u d e  p r o t e i n  r e s p e c t i v e l y ) .  T h e  a p p a r e n t l y  l ow  spec i f i c  
a c t i v i t y  o f  t h e  a m i n o  a c i d  o x i d a s e  c o u l d  a l so  h a v e  b e e n  
c a u s e d  b y  t h e  p H  of  t h e  a s s a y  s y s t e m  b e i n g  s u b - o p t i m a l ,  
t h e  e n z y m e  p r o d u c t i o n  h a v i n g  b e e n  r e p r e s s e d  b y  t h e  
c o n d i t i o n s  o f  c u l t u r e  o r  b y  s u b s t r a t e  i n h i b i t i o n  as  is  
t h e  c a s e  w i t h  m a m m a l i a n  L - a m i n o  a c i d  o x i d a s e  ~ (al- 
t h o u g h  t h e  b a c t e r i a l  a n d  m a m m a l i a n  e n z y m e s  a r e  d i s -  
s i m i l a r  in  o t h e r  p rope r t i e s23) .  H i s t i d i n e  d e c a r b o x y l a s e  ~ 
is n o t  p r o d u c e d  u n d e r  t h e s e  c o n d i t i o n s  of  c u l t u r e .  

E a r l i e r  w o r k  d e m o n s t r a t e d  t h a t  t h e  h i s t i d i n e  t r a n s -  
a m i n a s e  o f  E.  coli is  p r o d u c e d  u n d e r  c o n d i t i o n s  o f  
' n i t r o g e n  s t a r v a t i o n '  9 p r e s u m a b l y  t o  i n c r e a s e  t h e  a b i l i t y  
o f  t h e  o r g a n i s m  t o  u t i l i z e  a n d  t r a n s f e r  n i t r o g e n  f r o m  
a v a i l a b l e  sou rce s .  I t  wi l l  b e  o f  i n t e r e s t  t o  see  if  t h e  t r a n s -  
a m i n a t i o n  o f  h i s t i d i n e  t o  g i v e  g l u t a m i c  ac i d  b y  P.  vulgaris 
c o r r e s p o n d s  t o  t h a t  o f  E.  coli a n d  w h e t h e r  t h e  p r o d u c t i o n  
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Formation of imidazolepyruvate from histidine by crude dialyzed 
extracts of Proteus vulgaris. Spectrophotometric assay at 293 nm of 
product complexed with borate 9. Protein concentration 0.46 mg]ml. 
@--@ Curve A, 7.14 • 10-~M histidine, 7.4 • 10-2M ~-ketoglutarate 
and 10 [xg/ml pyridoxal phosphate added. Product formation 
1.62 • 10 -2 [xmoles/min/mg protein. X - - X  Curve B, (1) 7.14 • 10-2M 
hiStidine only added, (2) 7.14 • 10-aM histidine and 23 m M  EDTA 
added. Product formation in either case 0.27 • 10 -2 [xmoles/min/mg 
protein. 

o f  d i c a r b o x y l i c  k e r n  a c i d s  s, 27 a n d  p y r i d o x a l  p h o s p h a t e ,  
t h e  c o f a c t o r  o f  a m i n o  a c i d  t r a n s p o r t i n g  a n d  d e g r a d i n g  
e n z y m e s  r i s e s  in  c o n d i t i o n s  of  l ow  n i t r o g e n .  

Rdsumd. 13ien q u e  l ' h i s t i d i n e  d d c a r b o x y l a s e  s o i t  
a b s e n t e  c h e z  Proteus vulgaris c u l t i v 6  d a n s  les c o n d i t i o n s  
dOcri tes ,  u n e  h i s t i d i n e  t r a n s a m i n a s e  se  m o n t r e  e n  m ~ m e  
t e m p s  q u e  l ' o x y d a s e  L - a m i n o  a c i d e  ddj~  c o n n u e .  L a  
t r a n s a m i n a t i o n  e s t  b i e n  p l u s  r a p i d e  q u e  l ' a c t i o n  L - a m i n o  
o x y d a s i q u e .  
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