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r e a c t i o n  ( I ) .  N e i t h e r  succ in ic  s e m i a l d e h y d e  n o r  a c e t a l d e h y d e  is o x i d i z e d  in th i s  
s y s t e m .  W h e n  m a l o n y l - S C o A  (3 I Lmoles) is s u b s t i t u t e d  for  m a l o n i c  s e m i a ! d e h y d e  ~ 
in t h e  incubatio.,-, s y s t e m  used  in T a b l e  I ( E x p t .  3), a c e t y l - S C o A  is n o t  f o r m e d  a n d  
m a l o n y l - S C o A  is r e c o v e r e d .  W h e n  m a I o n y l - S C o A  a n d  D P N H  are  i n c u b a t e d  w i t h  t h e  
e n z y m e ,  D P N  + is n o t  f o r m e d .  M a l o n y l - S C o A  (I ~motc )  does  n o t  i n h i b i t  the  f o r m a t i o n  
of  a c e t y N S C o A .  T h e s e  d a t a  s u p p o r t  t h e  c o n t e n t i o n  t h a t  m a l o n y l - S C o A  is n o t  a f ree  
i n t e r m e d i a t e  in t h e  c o n v e r s i o n  of m a l o n i c  s e m i a l d c h y d e  to  a c e t y l - C o A .  
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Enzymic synthesis of thiamine 

~VoOLLEY z s u g g e s t e d  t h a t  t h i a m i n e  j s  s y n t h e s i z e d  e n z y m i c a t l y  f r o m  tl-,e fi-ee p y r i -  
m i d i n e  a n d  t h i a z o l e  m o i e t i e s  b y  u t i l i z ing  the  e n e r g y  of a g l y c o l y t i c  s y s t e m .  Tt h a s  
b e e n  r e c e n t l y  r e p o r t e d  a t h a t  t h e  r e a c t i o n  c a t a l y z i n g  t h e  c o n d e n s a t i o n  of t h e  p y r i -  
m i d i n e  O M P  a n d  t h e  t h i a z o l e  T h  in ce l l - f ree  y e a s t  e x t r a c t s  i n v o l v e s  t h e  f o r m a t i o n  
of  a m o n o p h o s p h a t e  e s t e r  of  O M P .  In  t h e  p r e s e n t  s t u d y ,  a ce l l - f ree  e x t r a c t  f r o m  
" O r i e n t a l "  b a k e r ' s  ) ' e a s t  h a s  b e e n  o b t a i n e d  w h i c h  c a t a l y s e s  t he  s y n t h e s i s  o f  t h i a m i n e  
( m e a s u r e d  b y  t h e  t h i o c h r o m e  assay)  a f t e r  i n c u b a t i o n  of O.MP a n d  T h  w i t h  A T P  
a n d  Mg++. 

T h e  e n z y m e  w a s  e x t r a c t e d  f r o m  q u i c k - f r o z e n  y e a s t  b y  t h e  m e t h o d  used  to  e x t r a c t  
a c e t y l  CoA k inasea :  t h e  y e a s t  w a s  f rozen  w i t h  d r y - i c e  a n d  e t h e r ,  a n d  the  f rozen  y e a s t  
( zoo  g) e x t r a c t e d  o v e r n i g h t  w i t h  4oo  m l  o .o5 3 f  N a 2 H P O 4  in t h e  co ld  r o o m .  T h e  
s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  6500 ~: g fo r  ~o ra in  a n d  t h e  s u p e r n a t a n t  b r o u g h t  to  
o.65 s a t u r a t i o n  b y  a d d i n g  solid ( N H 4 ) z 5 0  ~ w i th  s t i r r ing .  T h e  so lu t ion  w a s  k e p t  
n e u t r a l  b y  a d d i n g  2.o M K O H  a n d  o.2 3 I  E D T A .  A f t e r  c e n t r i f u g a t i o n  the  p r o t e i n  
w a s  d i s s o l v e d  in o.05 M T r i s  bu f fe r ,  p H  7.6. T h e  e n z y m e  p r e p a r a t i o n  w a s  t h e n  
g e n e r a l l y  s t o r e d  in a d e e p  freeze.  F o r  f u r t h e r  use  t he  f rozen  m a t e r i a l  w a s  d i a l y z e d  
a g a i n s t  o . o i  M Tr i s ,  xo -4 M E D T A ,  a t  p H  7.6, for  3 h in t h e  cold .  T h e  so lu t i on  st i l l  
c o n t a i n e d  a sma l l  a m o u n t  of  t h i a m i n e .  As s h o w n  in T a b l e  I ,  A T P  a n d  M g  ÷+ a re  
r eq l f i r ed  for  t h e  s y n t h e s i s  of  t h i a m i n e .  A D P  h a s  a s l igh t  effect ,  d u e  p r o b a b l y  to t h e  
p r e s e n c e  of  m y o k i n a s e ,  whi le  o t h e r  n u c t e o t i d e  p o l y p h o s p h a t e s  h a v e  no effect .  

W h e n  t h e  e n z y m e  p r e p a r a t i o n  is i n c u b a t e d  w i t h  O M P ,  A T P  a n d  Mg ++ in t h e  
a b s e n c e  of T h  fo r  30 ra in ,  a n  i n t e r m e d i a t e  " a c t i v e  O M P  c o m p o u n d "  a p p e a r s  to  be  

= Abbreviations: OX[P, z-rnethyl-4-amino-5-hydroxymeth.vlpyrirnidine; OMI-'-P, 0)II' mono- 
phosphate ester; OMP-Pf' ,  O:~|1 ~ p3"ropkosphatc cstcr; Th, 4-mcthyl-5-hy;lroxyethyI thiazolc; 
Th-P, Th monophosphate ester; Th-PP. Th diphosphate ester: Trin. tris~hvdn>x.vmethyl)amino- 
methane;  EDTA, ethylencdiaminetetrancetate. 
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T A B L E  t 

REQUIRF. .ME~TS FOR TI~tAMIXI~ SYNI"I4ES|S  

T h e  i n c u b a t i o n  n a i x t u r e  ( t o  mr l  c o n t a i i ~ e d  2ooltr,~ltfles Tri.~ b t i f f e r  ( p H  7.o),  t o  l t m o l e s  A T P ,  
i o M m o l e s  M g ( ' l  2, 1 o / t m o l e s  c y s t e i n e ,  4~.1 p m o l e  O M P ,  o.  t p m o l e  T h  a n d  5 m g  p r o t e i n .  A f t e r  2 h 
i n c u b a t i o n  a t  38:-', o. 3 m l i  ,\" H ( ' I  w a s  a d d e d  a n d  t h e  m i x t u r e  h e a t e d  for  x5 m i n  a t  8o ~. T h e  
s y n t h e s i z e d  t h i a n d n e  w~ts m e a s u r e d  b y  t h e  t h i o c h r o m e  m e t h o d  a an t i  c o m p a r e d  w i t h  a b l a n k  

w i t h o u t  i n c u b a t i o n .  

T ] I  ~11~1 t)lf" ].~?,,lIerl 
in#.t l l iai ' rs .2 h 

Corn  p l 0 t e  s y s t e m  i o. 7 
N o  A T P  o 
N o  M g C l e  o 
N o  c y s t e i n e  ]o .  3 
]~oi led e n z y m e  o 

formed. This is indicated by the fact tha t ,  on addi t ion of Th to the previously incu- 
bated samples, the initial formation of th iamine is more rapid than  wi thout  pre- 
incubation.  In this case, the preineubation with Th in the absence of OMP has also 
a similar effect on the formation of thiamine though the rate is not as great as obta ined 
with OMP preincubation (Fig. I). This suggests  that the formation of tlf iamine is 
preceded by  act ivat ion of OMP a,ad Th, presumably  phosphorylat ion by ATP,  
followed by enzymic  condensat ion of the two  act ivated  c o m p o u n d s  to form the 
thianaine molecule.  

l : ig .  ~ . . \ c t i v a t k m  o f  O . M P  a n d  T h  t)x" . V I P .  T h e  c o m p l e t e  
s y s t e m  c o n t a i n e d  2 o o / ~ m o I e s  "Vrls l m f l e r  ( p H  7.0),  
i o  i ~ m o l e s  .-ETP, t o  p m o l e s  3IgCl2 ,  ] o  i ~ m o l e s  c y s t e i n e ,  
o . i  p m o l e  ( )51P ,  o . t  y m o h :  T h  a n d  5 m g  p r o t e i n ,  l ' r e -  
i n c u b a t i o n  w i t h o u ~  T h  o r  O M P  fo r  3"0 m i n ,  in l lo~ved  b y  
a d d t t i o n  o f  T h  o r  (~311L a n d  f u r t h e r  i n c u b a t i o n  fo r  t o  

a n d  3 o r a i n .  T e m p e r a t u r e ,  38% 
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lr~ order to clarify the na ture  of the ac t iva ted  compounds,  phosphate  esters of 
OMP and Th were prepared by a slight modification of the method  of ~ , V E I J L A R D  5, 

OMP-P, OMP-PP,  Th-P and T h - P P  were isolated respectively by means  of column 
chromatography  with Dowex-I  re.~;in (formate form). The enzyme preparat ion is able 
to condense these OMP- and Th-phosphate  esters wi thout  ATP and  Mg ++. The rate 
of formation of th iamine was es t imated  as shown in Table II ,  

I t  can be concluded tha t  two steps are required for the synthesis  of thiamine.  
The first step involves tile formation of phosphate  e.~ters of OMP and Th by an An'P, 
linked reaction. The second step is the  condensat ion of such phosphate  esters wi th  
the formation of thiamine monophosphate  or thiamine pyrophosphate .  N o  decision 
can yet be made  concerning the nature of the phosphorylated  product,  since the  
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THIA~NIINE SYNTHESIS FRO,M ( ) . ~ ] P - A N D  TH-PI tOSPI tATE ESTER~ "VVITHOUT A ' [ P  

T h e  c o m p l e t e  s y s t e m  c o n t a i n e d  z o o / , m o l e s  T r i s  b u f f e r  ( p H  7,0) ,  t o / ~ o l e s  c y s t e i n e ,  o . i  t ~mo le  
O M P - I '  o r  O M P - I ' P .  o . [  / ~ m o l e  T h ,  T h  P o r  T h - t ' I '  a n d  5 m g  p r ( ) t e i n .  

Nub~tmtcs ThilimD,c Jormc~L 
~nlt~nole 2 h 

O M P - P  + T h - P  t .  4 
O M  P - P  d- "Fit- I ' P  0. 4 
O M E ' - P  -I- T h  o 
O M P - } ) P  + T} i  I .  7 
G M P - I ' P  + T h - l '  t,3._, 
O M P - P P  + "Fla-PP 22 ,2  . 
{OM[)~' %-"_Fh I1.  3 

* ( i r i g i n a l  c o m p l e t e  s y s t e m  c o n t a i n i n g  Io  f ,m~, les  3,'1"1 > a,~d ~¢)if m o l e s  .MRCI,,. 

th iamine formc3 consists of free and  phosphoryla tcd  thiamine and the enzyme system 
contains  phosphatase  activities.  
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On the biosynthesis of felinine 

DATr~ A N D  I~ARRIS 1 noted  the existence of a n e w  ninhydrin-posi t ivc spot upon 
paper chroma[ 'ography of cat  urine. WESTALL z isolated this material ,  which he 
called felinine, and  obta ined  evidence indicat ing tha t  its s t ructure  was tha t  of S-(3- 
hydroxy-x  : i -d imethylpropyl )cys tc inc  

H O O C  L ' H ( N H 2 ) ( ' I I ~ - S - t ' ( t ' I  la).~ 4 !  I.~ C H ~ . O H  

This s t ruc tura l  ass ignment  was confirmed by synthesis  1)y TRIPPEIT a. 
We have developed au analy t ica l  me thod  for fclinine b~.sed on an ion-exchange 

chromatographic  separat ion,  followed by d e v d o p m e n t  of the ninhb~rin color in the 
appropr ia te  fractions,  and  have ohta ;ned  evidence tha t  cystine on the one hand,  
and  ei ther  leu¢ine or mevalonic acid on the other ,  can contr ibute  to the formation 

A b b r e v i a t i o n :  .MVA,  m e v a h m i c  a c i d .  


