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Abstract 
react ions mediated by b i o t i n  coenzyme is  presented ; a pos- 
s i b l e  r o l e  of  t he  requiered ATP molecule f o r  these react ions 
w a s  invest igated.  
Several models of b i o t i n  ac t iva t ed  through phosphorylation - 
according t o  the 0-phosphobiotin model - are described and 
t h e i r  r e a c t i v i t y  t o  wards carboxylating agents discussed. 
Models a l so  exhibi t  phosphoryl t r a n s f e r  propert ies  which may 
mimic known ATP synthesis from ADF, catalyzed by b i o t i n  car- 
boxylases. Possible involvement of  the same 0-phosphobiotin 
s t ruc tu re  is considered. 

The r e a c t i v i t y  o f  models of  enzymatic carboxylation 

INTRODUCTION 

T h i s  work is r e l a t e d  t o  t h e  mechanism of enzymatic carboxylations 
catalyzed by b io t in  carboxylases. It is  known1 t h a t  t h i s  react ion 
i s  a two-step process according t o  t h e  scheme : 

the two s teps  occuring on two di.fferent sub-units of the enzyme ; 
t h e  b io t in  coenzyme binds t h e  hydrogeno-carbonate group and then 
t r a n s f e r s  it t o  the acceptor, according t o  a t ranslocat ion process. 

36 1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



362 C. BLONSKI. 0. ETEMAD-MOGHADAM. M. 8. GASC. A. KLAEBE AND 1.1. PERlE 

Concerning the r eac t iv i ty ,  several  points  remain unclear,  par t icu-  
l a r l y  the  ro l e  played by t h e  ATP molecule, requiered i n  the  process. 
Two act ivat ion modes have been postulated : e i t h e r  phosphorylation 
of  b io t in  leading t o  t he  so ca l l ed  "0-phosphobiotin model"2 corres- 
ponding t o  scheme 3, i n  which a more nucleophilic imidonitrogen 
would be formed, or phosphorylation 
of t he  carbonate moiety : the  mixed 
anhydride phosphocarbonate formed, 
being highly react ive toward the 
ureido nitrogen of b io t in  ; a such 
intermediate has been evidenced i n  
the  reaction o f  t h e  carbamylphos- 
phat e syn the t  ase 3. 

We consider i n  t h i s  work the  
0-phosphobiotin route,  s ince scheme 3 
although suggested i n  1959, t h i s  
pathway has never been invest igated except an approach by Kluger , 
probably due t o  t h e  lack of  s u i t a b l e  models. 

2 

1- SYNTHESIS OF MODELS 

The d i f f e ren t  routes used are : 

- Addition of  phosphoric and thiophosphoric e s t e r s  on carbodiimidss 
The re c t ion  o f  the former leads t o  the  c l a s s i c a l  pyrophosphate syn- 
thesis', whereas w i t h  t he  later,  t h e  intermediate can be trapped 
and s e t t l e s  IV as phosphobiotin model 

-- 
Several features  of t h i s  react ion have previously be published5 ; 
also a k ine t i c  study ind ica t e s  t h a t  compounds I, 11, I11 and I V  
interconvert  through a s e t  of react ions whic arc control led by 
proton t r a n s f e r  and s tereoelectronic  e f f e c t s  . ti 
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- Reactions o f  phosphi tes  with N-chloro-ureas 
According t o  t h e  fol lowing r eac t ion  

Which can be used with phosphi tes  bea r ing  an e a s i l y  e l imina t ing  R 
group i n  t h e  phosphonium intermediate .  

- Phosphorylation o f  ureas  and analogues wi th  chlorophosphates and 

Models obtained through t h i s  r o u t e  are : 
t r i o  c h l  orophos phat e s 

.OR 

4t ? 0 
0 =P ‘OR 

I ap u > o  =fJp-L:OR OR 

0 ZP 7 ,OR 
R l r  0 0’;;OR ‘OR 

I OR 
O=PCOR 
VI VII OR YIII Ix 

from which, r e a c t i v i t y  o f  11-phospho and 0 (S)-phospho compounds 
can be  inves t iga t ed .  Phosphorylation by chlorophosphates o f  uncon- 
jugated s u b s t r a t e s  ( imidazol idinone o r  b i o t i n )  g ives  a d i f f e r e n t  
r eac t ion  (phosphoryl t r a n s f e r )  d i scussed  i n  s e c t i o n  3 .  

2- CARBOXYLATION REACTIONS 

The chemical f e a s a b i l i t y  o f  phosphobiotin route  w a s  l a i d  down with 
these  models us ing  carbonates  and carboxylates  ; results are t h e  
following : 
- with carbonates  an highly  uns tab le  carbonate  i s  formed, wich can- 

not  be i s o l a t e d  no r  i t s  N-rearranged 
product ( r e a c t i o n  followed by I R )  ; 
- with less r e a c t i v e  carboxylates  N-acyl 
de r iva t ives  of V I  and V I I  are obta ined  

according t o  a fast and q u a n t i t a t i v e  r eac t ion  at m o m  temperature .  
For s u b s t r a t e s  I V ,  V and I X  no r eac t ion  occurs. 

phorylated s u b s t r a t e s  V I  and V I I  suggest  t h e  fol lowing pathway : 

0 .! - 04 
X 

31P NMR s t u d i e s  a t  low temperature  for r eac t ions  o f  t h e  N-phos 
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Intermediate  X I  i s  observed on t h e  NMR s p e c t r a  and at  t h e  same che- 
mical s h i f t  f o r  t h e  two s u b s t r a t e s  V I  and V I I .  A t  completion, t h e  
diphenyl phosphate anion i s  t h e  only phosphorylated spec ie s .  

This r eac t ion  observed wi th  N-phosphorylated s u b s t r a t e s  which 
has t o  be extended t o  b i o t i n  i t s e l f ,  opens a new p o s s i b i l i t y  o f  
pathway f o r  t h e  enzymatic r eac t ion ,  a N-phosphobiotin route .  It  is  
noteworthy t h a t  t he  proposed scheme is  i n  accordance with l a b e l l i n g  
experiments i n  t h e  enzymatic r eac t ions ' .  

r equ i r e s  phosphorylation. Phosphorylation may a c t  i n  s e v e r a l  ways 
making with t h e  carboxylat ing agent a r eac t ive  s p e c i e s ,  a c t i n g  as 
template and e l imina t ing  as a good phosphate leav ing  group. 

These r eac t ions  on models i n d i c a t e  c l e a r l y  t h a t  a c t i v a t i o n  

3- PHOSPHORYL TRANSFER REACTIONS 

As mentionned above, phosphorylation by 
route  o f  t h e  imidazolidinone r i n g  l eads ,  no t  t o  a N- o r  O-phospho- 
r y l a t e d  compound but  t o  a pyroptiosphate i n  high y i e l d  ; a l s o  i n  t h e  
synthes is  o f  V I l I  and I X ,  diphenyl pyrophosphate is  formed whereas 
no pyrophosphate was obtained i n  t h e  r eac t ions  ( s e c t i o n  2 )  lead ing  
t o  t h e  only N-phospho compound. It comes out  t h a t  i n  both s i tua t ior r ;  
t he  0-phosphorylated s t r u c t u r e s  formed e x h i b i t  phosphoryl t r a n s f e r  
p rope r t i e s  ; t h e  f ea tu re  has  t o  be r e l a t e d  t o  an enzymatic synthe- 
sis  of  ATP from A1)P and carbonyl phosphate through a r eac t ion  cata-  
lyzed  by a b i o t i n  carboxylane7 and where the same 0-phosphorylated 
in te rmedia te  becomes very l i k e l y .  

which m i m i c s  t h e  ATP syn thes i s ,  impl ies  a nuc leoph i l i c  a t t a c k o n  t h e  0. 
phosphorylated spec ies  by a phosphate group ; w e  show t h a t  this 
phosphate group is  formed by a Veilsmeier-Haack type  r eac t ion  o f  
Lhe chlorophosphate with the so lven t  DbW. 

b i o t i n  : carboxylat ion requier ing  an ATP molecule and ATP syn thes i s ,  
might be r a t ionna l i zed  on t h e  b a s i s  of r eac t ions  o f  t h e  N and t h e  
0-phosphorylated forms of biotine,respectively. 

t h e  chlorophosphate 

Pyrophosphate bond formation ca ta lysed  by an imidazolidinone 

F i n a l l y  on t h e  basis of  model. s t u d i e s ,  t hese  two r eac t ions  of' 
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