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Occurrence of N'°-formyltetrahydrofolic acid and its 
general involvement in transformylation* 

N l ° - f o r m y l f o l i c  ac id**  h a s  been  i m p l i c a t e d  ill o n e - c a r b o n  t r a n s f e r  r e a c t i o n s  l,a. T h i s  c o m m u n i -  
c a t i o n  p r e s e n t s  e x i d e n c e  t h a t  t h e  a c t u a l  c o m p o u n d  involve(1 is N l° f o r m y l t e t r a h y d r o f o l i c  ac id  ()r 
at c lo se ly  r e l a t e d  d e r i x a t i v e  a,4 and  t h a t  t h e  f o r m y l  g r o u p  is ill equ i l i l ) r i un l  u i t h  one -ca r t )on  d o n o r s  
a n d  a c c e p t o r s  a n d  w i t h  t i l e  f lwmvl  g r o u p  ()f c i t r o v o r u m  fac to r .  

N I ° - C H O F A H ~ * * *  ha s  beei~ i so la te ( l  an(1 i den t i f i ed  as a p r o d u c t  of t h e  r e a c t i o n  of f()rnmte.  
.VI'I ~ a n d  I : \ H  4 in p ig  l i v e r  e x t r a c t s  ( t e t r a h y d r o f o l a t e  fo rmy la se )  and  of t i l e  c o n v e r s i o n  of se r ine  
to  g l y c i n e  a f t e r  o x i d a t i o n  w i t h  1)I 'N}.  I t  h a s  been  i s o l a t e d  by  p a p e r  c h r o m a t o g r a p h y  u n d e r  N e in 
t i le  p r e s e n c e  of E D T A  a n d  s h o w n  to  Iw i d e n t i c a l  1)y p a p e r  c h r o m a t o g r a p h y  and  a b s o r p t i o n  s p e c t r u m  
w i t h  N I ° - C H O F A H 4  s y n t h e s i z e d  bv  c a t a l y t i c  h y d r o g e n a t i o n  s of Nu ' -CI tOIgA.  l l e a t i n g  of N TM 

C H O F A t I  4 w i t h  o.~ N N a O H  a n a e r o l f i c a l l v  s h o u l d  y ie ld  C1:9. T r e a t m e n t  of a c e t o n e - d e p r o t e i n i z e d  
f i l t r a t e s  of t i l e  t e t r a h y d r o f o l a t e  f(~rmylase r e a c t i o n  in t h i s  m a n n e r  y i e h l e d  ( ' [ :  n e a r l y  q u a n t i t a t i v e l y  
b a s e d  on t he  f o r m a t e  i n c o r p o r a t e d .  The  C I: was  i s o l a t e d  b y  p a p e r  c h r o n m t o g r a p h y .  In c o n t r o l  
r e a c t i o n s  w i t h o u t  I"AH 4 no C[:  was  d e t e c t e d ,  l n t e r c o n v e r s i o n  of CF  a n d  N I " - ( ' t I O F A H 4  has  been  
d e m o n s t r a t e d  by  e m p l o y i n g  f o r m v b l a l m l e d  CI:, f o r m v l - l a b e l e d  N m - C I t O F A f f ~ ,  or r i n g - l a b e l e d  folio 
ac id  a n d  b y  i s o l a t i n g  t h e  fo l a t e  c o m p o u n d s  by  chrom~{togi-aphy'~:} "l 'able I s h o w s  t h a t  t h e  laC- la lmled  
f l - ca rbon  of s e r m e  is t r a n s f e r r e d  to I:.\  H~ and  t h a t  (a f te r  an  o x i d a t i o n  s t ep )  it fo rms  t i le  C H O  g r o u p  
of N I ° - C H O F A H a  p r i o r  to  i ts  a p p e a r a n c e  ill ( 'V. 

\Vhen  laC f o r m a t e  was  emph)ye ,  l as t h e  l 'ornlyl  source ,  t i le  label  aga i l l  a p p e a r e d  f i rs t  in N I~- 
C H O I g A H  4 a n d  t h e n  in ( 'F  "4. 

T . k H I . I  ¢ 1 

C O N V E R S I O N  ()F [J ( A R B O N  OF S E R I N E  TO 

N TM C H O I g , X H  4 A N D  TO (71;* 

C o n d i t i o n s :  i o / m a o l e s  serine-3-1aC, 7,3o0 e p m . /  
~,mole, e/mloles FAH4,  I. 5 ,umoles  ATP,  5 t~moles  
MgCla,  2 t~moles M n S O  4, ()-3 ml  p i g  l ive r  e x t r a c t  
(i  l o  z h o m o g e n a t e  ol' l i ve r  in o.z 3 l  K-I)()4, p H  
7.4, and  c e n t r i f u g e d  a t  27,0oo ;>: a, for 3 ° ra in) .  

l q n a l  vol.  i .o  ml ,  t e m p .  37 , gas  N, a. 

('1" J N ~° 
T i m e  St 'r tne A I ° - C H O I ; A H a  ('l" 
m i n  Iimoh's I*molt's t tmoh's 

O O O O 

15  O .O13  O ,O12  O 

3 ° 0 . 0 3 7  0 . 0 2 2  o . o o o  

4,5 0 . 0 0 5  0 - 0 2 7  0 . 0 4 9  
Oo  o. Io  3 o .o l  9 0.073 

* No I~C f o r m a t e  w a s  found .  

"1",\ t~1.1£ 11 

T R A N S F O R M Y L : \ T I O N  OF T H E  FORMXIL Cd¢O1.JP OF 

N m - C H O t " A  TO S E R I N E ,  P U R I N E  A N D  H I S T I D I N E  

C o n d i t i o n s  as  in T a b l e  I, b u t  p lus  i o / g m o l e s  
g lyc ine ,  l o / ~ m o l e s  g l u t a m i n e ,  I 7 / r amie s  g l u c o s e -  
6 - p h o s p h a t e .  o . 8 / m a o l e s  I ) P N ,  o.2 , ,mo le s  N m- 
I~CHOFA,  6500 cpm. / /~mole .  T i m e  (io ra in .  In  
e x p t .  11 2 / g m o l e s  of u n l a l m l e d  H ( ' O ( ) H  were  

a d d e d  as a t/c, ol. 

( t l O F A H ~  14C, sltbs!rah" 14(;-compound iscdah:d i l I  

!¢mlllcs . . . . . . . . . . . . . . . . . . . . . . . .  

N m J 4 C H O - F  \ ,  Se r ine**  283 
o 13oo cpm.  P u r i n e * *  * 57 

o.01 e H i s t i d i n e  34 
o.o2N Ba_Nm_C H() [ ; . \  700 
o.o70 HaCO a 3 E 
o .09 ,  H C O O t  l o 

, .t 0 

T o t a l  ~ 7~ 

* U n c o r r e c t e d  for s e l f - a b s o r p t i o n .  
** /3-carbon  c o u n t e d  as f o r m d i m e d o n .  

* * * Ag  s a l t s  of p u r i n e s  in a c e t o n e  f i l t r a t e .  

* F r o m  a H a b i l i t a t i o n  T h e s i s  s u l m f i t t e d  by  1.. J A E N I C K E ,  t l ) t i l e  U n i v e r s i t y  of M a r b u r g ,  J u n e ,  
1954. 
* * A b b r e v i a t i o n s :  VAH 4, t e t r a h y d r o f o l i c  a c i d ;  N I ° - C H O I ; \ H 4 ,  N u ~ - f o r m y l t e t r a h y d r o f o l i c  a c i d ;  

NI° -CHO1;A,  N l ( k f o r m y l f o l i c  a c i d ;  CI:, c i t r o v o r u n l  f ac to r  ( N & f o r m y l t e t r a h y d r o f o l i c  ac id ) ;  E D T A ,  
e t h y l e n e d i a m i n e t e t r a a c e t a t e .  

*** R e c e n t l y  o t h e r  w o r k e r s  h a v e  i s o l a t e d  from b a c t e r i a l  sou rce s  c o m p o u n d s  w i t h  s o m e  p r o p e r t i e s  
s i m i l a r  to  t h o s e  of N I ° - C I I O F A I t 4 S , <  r. 

R e c e n t  s t u d i e s  h a v e  s h o w n  t h a t  T P N  is m o r e  a c t i v e  in  t h i s  s y s t e m .  
~§ B y  a s c e n d i n g  c h r o m a t o g r a p h y  (Sch le i che r  a n d  Schfl l l  2o43 B p a p e r )  w i t h  12 % N a e H P O  4 con-  

t a i n i n g  o.2 % E D T A  as a s o l v e n t ,  t he  RF v a l u e s  of a u t h e n t i c  c o m p o u n d s  w e r e :  fol ic  acid,  o.24, 
F A H 4 ,  o . 4 8  , N 1° C H O F A  o . 7 8 ,  N TM C [ I O F : \ I { 4 ,  0 . 3 4  , C F ,  0 . 6 2 .  
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While Nw-CHOFAH4 has been shown to occur in these reactions, it is conceivat)le tha t  it is 
interccmvertible with a more labile derivative. NI°-CHOFA is converted to NI°-CHOFAH~ by a 
reducing system. In  Table I I  l~C-fornlyl-labeled NI°-CHOFA is shown to t ransformyla te  to glycine 
to form serine. A sys tem forming reduced pyridine nucleotide is required. Transformyla t ion  for 
synthesis  of histidine and purine derivatives also is shown. 

These exper iments  have t)een repeated with labeled Nm-CHOFAH 4 and gave essentially similar 
results, lint addition of D P N H  was still necessary for serine synthesis.  Beginning either with serine 
and FAll  4 or with NI°-CHOFAH4 and D P N H  a hydroxymethylfol ic  acid compound was formed*. 
The conversion to the hydroxymethy l  level by reaction with reduced pyridine nucle(>tide can be 
coupled in this system with reduction of DI 'N  to D P N H  bv a te t rahydrofolate  compound.  Thus  
in the presence of subs t ra te  amoun t s  of formate, glycine, AT[; and DPNH,  serine synthesis  occurred 
with catalytic quant i t ies  of FAH 4 (o.ol moles/mole serine). However  when subs t ra te  amounts  of 
IrAH~ were used, only catalytic concentrat ions of D P N H  (o.o 5 moles/nlole serine) were required. 
\Vhile it is clear tha t  st stable cofactor acts in one-carbon transfer reactions a, 7 w v-,, these studies 
provide evidence tha t  NI"-CHOFAHa can function as a general t rausformyla t ing  agent, that  its 
formyl group is in equil ibrium by an oxidation-reduction system with the ~-carbon of serine through 
a hydroxymethy l  level derivative and tha t  CI: is not directly involved in this intercoT)version. 

('l~emisc/zes lnstitul der Universitat, Marburg (Germany) I.OTHAR J AEN ICKF * * 
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• On isolation this compound  was found to be oxidized to N~°-hydroxymethylfolic acid which 
was identified by comparison with the authent ic  cmnpound synthesized by two different methods.  

• * National  Research Council Fellow. Present address:  Depa r tmen t  of Biochemistry,  School of 
Medicine, \Vestern Reserve l rniversity, Cleveland, Ohio. 

On the occurrence of Nl°-formyltetrahydrofolic acid 
by enzymic formylation of tetrahydrofolic acid and on 

the mechanism of this reaction 
Pigeozl 1,~ and pig a liver extracts  catalyze an ATP*-dependent  reaction between tetrahydrofol ic  

acid and formate  to yield a product  which t ransformyla tes  directly to 5-amino-4-imidazolecarbox- 
amide-5 '-phosphoriboside 1,4 to form inosine-5 ' -phosphate in the absence of ATP. During purification 
this compound  was converted to a compound having the propert ies  of NlO-fl)rmyldihydrofolic acid 2 
and then to NlO-formylfolic acidL2,a,5,6,7. This communicat ion  provides evidence tha t  the overall  
reaction, catalyzed by an enzyme sys tem which we propose to call te t rahydrofola te  formylase, may  
be formulated as follows: 

HCOOH ~ FAH 4 + ATP - ~ C H O F A H  4 -+ ADP + H3PO 4 

The evidence tha t  C H O F A H  4 is NI°-CHOFAH4 or a closely related compound is: i. synthet ic  N I°- 
C H O F A H  4, t ransformyla tes  to imidazolecarboxamide ribotide in the absence of ATP, 2. C H O F A H  4 
can be converted quant i ta t ive ly  to the N 5 Nl°-imidazolinium derivative of formylte t rabydrofol ic  

* Abbreviat ions:  FAH4, tetrahydrofolic acid; CHOFAH~, formylte t rahydrofol ic  acid; N w- 
CHOFAH~, Nl°-formyltetrahydrofol ic  acid; NI°-CHOFAH~, Nl°-formyldihydrofolic acid; NI°- 
CHOFA, Nl°-formylfolic acid; CF, c i t rovorum factor; ATP, adenosinetr iphosphate ;  ACF, the 
N 5 NnMnlidazoliniunl derivative of formyltetrahydrofol ic  acid (anhydroci t row)rum factor, anhydro-  
leucovorin);  EDTA, ethylenediaminetetraacetate .  


