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Biosynthesis of Vitamin BI2: the Structure of Factor IV, the Oxidized Form of Precorrin-4 
Denis Thibaut, Laurent Debussche, Denise Frechet, Frederic Herman, Marc Vuil horgne and Francis Blanche" 
Departement Analyse, Centre de Recherche de Vitry-Alfortville, Rhdne-Poulenc Rorer S.A., 13, Quai Jules Guesde, BP14, 
F-94403 Vitr y-su r-Se in e Ce dex, France 

1% Labelling and NMR experiments establish the structure of factor IV, the oxidized form of the tetramethylated 
intermediate on the biosynthetic pathway to  precorrin-6x 2 in Pseudomonas denitrificans, thus demonstrating that the 
contraction of the macrocycle leads to an acetyl derivative a t  C-I. 

Precorrin-6x 2, a hexamethylated biosynthetic precursor of 
vitamin B 12 recently identified in Pseudomonas denitrifi- 
cans,1-4 is formed from the trimethylated intermediate pre- 
corrin-31.s-6 la .  l a  is routinely isolated in its aromatized form, 
i. e. the trimethylisobacteriochlorin 3, which can be reduced 
back to la  in the cell-free enzyme system from P. denitrifi- 
cans. 1 Available evidence137 indicates that the conversion of l a  
into 2 involves the stepwise delivery of three methyl groups 
from S-adenosylmethionine (SAM) onto carbon centres at 
C-17, C-11 and C-1 (in this order), contraction of the 
macrocycle, elimination of C-20 with its attached methyl 
group, and adjustment of the oxidation level of the macrocycle 
(introduction of an additional double-bond). However, so far, 
no intermediate in this process has been discovered. 

We have found recently8 that cell-free protein preparations 

from P. denitrificans cobM mutants efficiently convert la  into 
a previously undescribed intermediate, precorrin-4, which was 
isolated in its oxidized form, named factor IV. Factor IV could 
be resolved by HPLC into two closely related compounds, 
named A and B (A, ca. 3 parts; B, ca. 2 parts). Both 
compounds are octaacids, showing an M + H+ at 9078 (fast 
atom bombardment mass spectrometry; Gly/SGly) corre- 
sponding to a molecular ion C44H50N4017 (M 906), and carry 
four C-methyl groups8 as determined from double-labelling 
experiments (with 14C and 3H). Moreover, the additional 
methyl group introduced from l a  appears at C-17 of the 
precorrin-6x 2 eventually formed enzymically from factor IV 
(A or B)8. Factor IV (compound A) is a blue pigment and 
shows h,,,/nm [HzO-O. 1% trifluoroacetic acid (TFA)] 369 

l .OO),  467 (O.ll), 498 ( O . l l ) ,  590 (0.34) and 629 (0.42). 
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Compound B exhibits the same UV-VIS spectrum, except for 
a slight 3 nm longwave-shift of the secondary maximum to 632 
nm. Purified A and B are not converted into each other when 
they are reextracted and repurified by HPLC. From all the 
data reported above, it is likely that A and B are two epimeric 
species generated during the isolation process, presumably 
because of the oxidation of precorrin-4 to factor IV. We now 
describe 13C labelling and NMR experiments which establish 
structure 4a for the major component of factor IV (isomer A). 

IT-Labelled factor IV 4c was produced biosynthetically 
from 13C-labelled precorrin-3 l c ,  which in turn had been 
generated from 5-amino[4-13C]laevulinic acid,' [4-W]ALA. 
The 1H NMR spectrum of 4c (400 MHz, 0.1% TFA in D20,  
4 "C) showed the presence of three ethylenic protons (5-H, 
10-H and 15-H) as three singlets (6 5.9, 6.25 and 6.75), while 
three methyl groups (bound to three quaternary carbons at 
C-2, C-7 and C-17) appeared at 6 0.9, 1.18 and 1.35. A fourth 
signal due to the acetyl group (see below) was found at 6 2.15. 
The 13C NMR spectrum of 4c (processed by maximum 
entropyg) exhibited four sp2 carbons (6 193.5,158.2,146.5 and 
146.1) and four sp3 carbons at 6 82.8,66.5,53.4 and 50.1. A 55 
Hz coupling constant was observed between carbons at 6 82.8 
and 146.5, providing firm evidence for ring contraction and 
direct linkage of C-1 to C-19. 

The 1H NMR spectrum of 4d produced from [5-"C]ALA 
showed that the three ethylenic protons (5-H, 10-H and 15-H) 
are directly coupled to 13C centres (each one appeared as a 
doublet with a J'H-13C value between 160 and 164 Hz). The 
l3C NMR spectrum of 4d provided evidence for a carbonyl 
resonance (6 210.8), two pairs of coupled sp2 carbons [6 183.5 
(or 179.0) and 94.1, J 66 Hz; 6 191.8 and 95.9, J 68 Hz] and 
three carbons linked to each other [6 179.0 (or 183.5), J66  Hz; 
102.8, J 66 and 76 Hz; 148.5, J 76 Hz]. Because of the low 
signal-to-noise ratio, these coupling constants were measured 
after a maximum entropy processing of the free induction 
decay. As expected the broad band decoupled 13C spectrum of 
4b produced from [3-13C]ALA showed the presence of eight 
singlet carbon resonances. Two of them (6 139.5 and 135.1) 
which arise from sp2 centres, are unambiguously assigned to 
C-12 and C-18. Therefore, the carbon linked to C-18 by a 
double-bond is necessarily C-19 since C-17 is sp3, as evidenced 
from the NMR study of 4c (see above). This establishes that 
the acetyl group generated by the contraction of the macro- 
cycle is linked to C-1. 

The above spectroscopic evidence, summarized in Table 1 
with tentative assignments, is self-consistent and leads to 
structure 4a (or possibly one of its double-bond tautomers) for 
factor IV. Factor IV isomer B, biosynthesised with the same 
three labelling patterns as isomer A, was also subjected to 
NMR study. IH and 13C NMR spectra thus obtained were very 
similar to those of isomer A .  Only a downfield shift of one of 
the methyl groups (from 1.18 to 0.95) in the 1H spectrum and 
few changes in the 13C spectra were observed (Table 1). The 
stereochemistry at each asymmetric centre, apart from C-1, 
has been set as illustrated because 4a is enzymically formed 
from la and is converted in 25% yield into 2 (in our standard 
cell-free system1 with NADH as the reducing cofactor), both 
of firmly established structures. However, bearing in mind 
that (i) 3-H is retained whereas 8-H is lost during the 
biosynthetic conversion of la  to the corrin ring system,1° (ii) A 
and B are not converted into each other upon repurification 
and (iii) factor IV is a dehydrogenated form of precorrin-4, it 
is likely that compounds A and B are epimeric at C-8, this 
asymmetric centre arising from double-bond migration during 
the oxidative process of purification. Due to the small amount 
of factor IV obtained in each labelling experiment (0.3-0.4 
mg), to its relatively low stability, even at 4 "C, and to the 
broadness of the signals thus obtained, no further NMR 
experiments were attempted. 

In conclusion, the structure of factor IV reveals two 
important features of the biosynthetic pathway to precorrin- 
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Table 1 I3C NMR dataa for factor IV (isomer A)b as labelled forms 4b, 4c and 4d, and tentative assignments 

4b 4c 4d 

Coupling Coupling 
Coupling Assignment 6 JIHz Assignment 6, JIHz Assignment 

~~~ ~ 

139.5 (140.5) 
135.1 

52.1 
31.1 
24.5 
22.5(25.9) 
21.5 

57.9 (55.7) 

193.5 S 
158.2 S 

c-7 146.5 d, 55 
c -2  146.1 S 

82.8 d,  55 
66.5 S 

50.1 (56.2) s 
S 

C-6 
c-11 
C-19 
C-13 
c- 1 
C-17 
c-3 
c -8  

210.8 (209.0) 
191.8 
183.5 
179.0 (178.1) 
148.5 
102.8 
95.9 
94.1 (95.5) 

'3 

d, 68 
d, 66 
d, 66 
d, 76 
dd, 66,76 
d,  68 
d,  66 

c-20 
c -9  

}::;6 
C-14 
C-15 
c-10 
c -5  

(( bCD30D 50 external reference, pH value not adjusted. b The significant changes in the spectra obtained with isomer B are given in 
brackets. 

6x, i.e. the contraction of the macrocycle is an early process 
and, quite unexpectedly, this process leads to an acetyl 
derivative at C-1, and not at C-19 as previously assumed. 
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