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On the biosynthesis of the porphyrin-like moiety of vitamin B;2: 
the mode of utilization of &aminolevulinic acid* 

\Ve previously" reported I that  h-aminolevulinic acid is directly utilized [or the biosynthesis of 
the porphyrin-l ike moiety of vi tamin B~2. The vi tamin Bt2 s.vnthesized in a medium containing 
0-aminolevulinic acid-t ,4-14(" was highly radioactive. On the assumpt ion  tha t  the biosynthetic 
p a t h w a y  for the tetraheterocvclic ring sys tem was similar to tha t  known for porphyrins  '-'.:~, we 
concluded that  fifteen carbon a toms  of the vi tamin should be equally radioactive (see Fig. l). 
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Structure  of v i tamin By,. The closed circles ( 0 )  indicate the radioactive carbon a toms  
derived from ~-aminolevnlinic acid- 1,4-14( ". 

This assumpt ion  appeared valid even though there are some striking s t ructural  dilterences between 
vi tamin B124,5,s,7 and the porphyr ins  (e.g., tile vi tamin has many  ext ra  methyl  groups, pyrroline 
and pyrrolidine rings instead of pyrroles, and lacks one bridge carbon atom).  The 14C activity 
of each of the fifteen carbon a toms  was calculated to be one-fourth tha t  of each radioactive 
carbon a tom in the 6-aminolevulinic acid. 

in order to suppor t  our  conclusions, we tmdertook a series of degradat ions aimed at deter- 
mining the 14C activity of those fifteen carbon a toms  in the vi tamin Bi2 which should contain 
all of its radioactivity.  We have obtained the six pr imary amide carbon a toms  of the vitamin, 
as carbon dioxide, and have determined their 14C activity.  These carbon a toms  should, according 
to our postulat ion,  contain six-fifteenths of the total activity of the vitamin if no side reactions 
had occurred during biogenesis. 

:X sample of vi tamin Bt~ was oxidized to CO 2 by the wet combust ion  method of VA.'4 SLYKE 
A.X*) I;OLCn s in order to obtain  the total radioact ivi ty or the average activity of each of the sixty- 
three carbon a toms  (Table I). Another  sample of vi tamin B12 (lo mg in 2.25 ml water) was treated 
at  room tempera ture  with 7 equivalents  of aqueous alkaline NaOCI (0.75 ml of a o.o7 3I solution 
in -, M NaOH).  The solution containing the polychloroamide, which formed during the 5 ° rain 
the reaction mixture  was stirred at room temperature ,  was boiled gently for io rain to effect 
the Hofmann  haloamide rearrangement  ~,n), and to hydrolyze the resulting polyisocyanate to 
a polyamine and COo. After acidification of the reaction mixture,  the CO 2 (theory: 6 moles) 
was collected and its 14(- activity determined (Table I). Approximate ly  theoretical yields o5 ( ;0 2 
were obtained with the addition of 7 moles of NaOCI. An increase in yield of CO 2 ({f only abmlt 
1o% was observed after the addition of 14 moles of NaOCI. The latter finding, coupled with our 
observat ion tha t  the absorpt ion  spectruin of the intense blue residue was similar to t ha t  of chlori- 
nated vi tamin [~;ti 11,12,7, indicates tha t  no extensive destruction of the v i tamin 's  chromophoric  
sys tem took place under our  conditions, and tha t  in all likelihood the CO 2 was derived from 
the pr imary  amide carbon atoms.  \Ve have observed, however, tha t  large excesses of NaOCI or, 
part icularly,  NaOBr  cause extensive destruct ion of the vitamin. 

The da ta  obtained are given in Table 1. The specific activity of the ( ' 0  2 obtained by each 
of the procedures was calculated from the measured activity of thin Ba('O~ plates. The specific 

* This work was suppor ted  by grants  from the National Inst i tutes  of t lealth,  United States 
l 'ublic Health Service (:\-t lOl (('-8)), from the American Cancer Society', from the Rockefeller 
t"(nlndati,on, and from the \Villiams-XVaterman Fund. 
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TABLE I 

DISTRIBUTION OF 14C ACTIVITY AMONG THE CARBON ATOMS OF VITAMIN B l i  SYNTHESIZED FROM 

(~-AM hX'0LEVULINIC ACID-I,4-14C 

Positions analyzed/or mdioaaivity 
Mol.aft* Specilic* aaivity 

(counts;min/mmole C) specific activity 
• (counts/miD) 

a. Tota l  carbon (wet combus t ion)  990 62,5oo 
b. Tota l  carbon (wet combus t ion)  1 i4o 72,ooo 
c. P r i m a r y  ami de  carbon a t o m s  3IOO I8,5oo 
d. P r i m a r y  a m i d e  carbon a t o m s  306o 18,5oo 
e. Fif teen carbon a t o m s  s tar red  in Fig. 1 - -  40,ooo* ** 

* As BaCO a ca lcula ted  to infinite th inness .  
** (Specific act iv i ty)  × (the n u m b e r  of moles of the  carbon  posi t ion ana lyzed  in each pa r en t  

molecule).  
** Calcula ted:  (specific ac t iv i ty  of t he  p r imary  ami de  carbon  a toms)  × (15). 

ac t iv i ty  of the  CO,  obta ined  on combus t i on  can be used to calcula te  a mola r  specific ac t iv i ty  
(Table I) of a b o u t  67,ooo c.p.m, for the  v i t amin  BI2 which  we degraded.  If no ex t r aneous  reac t ions  
occurred and  if ou r  pos tu la t ion  is correct,  all of th is  ac t iv i ty  should  reside in the  des igna ted  
15 carbon a t o m s  (Fig. 1). Since the  ac t iv i ty  of these  15 carbon  a t o m s  should  be equal ly  divided,  
a s ample  of any  of these  carbon  a t o m s  (i.e., the  p r imary  amide  carbons)  can  be util ized to calcula te  
the i r  to ta l  con t r ibu t ion .  I t  can  be seen from Table  I t h a t  t he  rad ioac t iv i ty  of the  CO 2 ob ta ined  
by the  H o f m a n n  ha loamide  react ion is abou t  3 t imes  t h a t  of the  CO 2 from total  oxida t ion .  Th i s  
finding, of unequa l  14C d is t r ibu t ion  a m o n g  the  carbon  a t o m s  of v i t a m i n  Bx2, suppo r t s  in pa r t  
our  previous  conclusion.  Fur the r ,  ca lcu la t ing  the  molar  specific ac t iv i ty  of these  6 carbon  a toms ,  
it can  be seen t h a t  t he y  con ta in  abou t  3 ° °.' o of the  rad ioac t iv i ty  found original ly in the  in tac t  
v i t a m i n  (18,5oo c.p.m./67,ooo c .p .m.  × ioo %). This  is in r a the r  good a g r e e m e n t  wi th  the  theo-  
retical  va lue  of 4 ° % (6/15 × I DO %). If all the  ac t iv i ty  resided in t he  pos tu l a t ed  I5 carbon  a toms ,  
then  the  mola r  specific ac t iv i ty  of these  ca rbons  would be 46,0o0 c .p .m.  The  d i sc repancy  between 
th is  va lue  and  t h a t  based on the  total  ox ida t ion  m a y  be a t t r i bu t ed  to some  indirect  ut i l izat ion 
of the  labeled subs t ra te ,  or to our  expe r imen ta l  procedures ,  or to both .  Never the less  the  d a t a  
w a r r a n t  the  conclusion t h a t  6-aminolevul in ic  acid is an  in te rmedia te  in the  syn thes i s  of the  
porphyr in- l ike  moie ty  of v i t a m i n  B l v  and  t h a t  most ,  if no t  all, of the  rad ioac t iv i ty  of v i t amin  
B12 synthes ized  from b-aminolevul inic  acid-r,4-14C resides in the  predic ted  15 carbon a toms .  

We  wish to t h a n k  Merck, Sharp  & D o h m e  Research  Labora tory ,  Merck and  Company ,  R a h w a y ,  
New Jersey,  for thei r  p repa ra t ions  of v i t ami n  B l v  
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