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Incubation of [5,15,20-i4C,luro’gen III (I) with a cell-free system from P. shermanii has 
revealed that during the formation of cobyrinic acid (3) from this substrate C-20 is lost to the 
medium and can be trapped as the dimedone adduct of formaldehyde. Similarly, [5,15,20- 
i4C,]uro’gen heptacarboxylic acid (5) is converted with loss of C-20 to cobyrinic acid although 
much less efficiently. The significance of these results for the mechanism of corrin biosynthesis is 
discussed. 

Although several of the key intermediates on the biosynthetic pathway to corrins 
have been identified (I, 2), nothing is yet known about the fascinating but mysterious 
mechanisms underlying the steps whereby uro’gen III (1) is decarboxylated in ring C 
(3), alkylated with seven methionine-derived methyl groups (2), and, in a sequence which 
ruptures the macrocycle by removing the original C-20 unit from (1) (2), produces a 
version of secocorrin (3b) (eg., 2) which is poised for recyclization and conversion to 
cobyrinic acid (3). Regardless of the structural details of a species such as 2, knowledge 
of the oxidation level of the termini (C-l, C-19) involved in the recyclization step 
becomes crucial in the design of the mechanistic rationale and hence synthetic and 
trapping approaches toward the delineation of the true biosynthetic secocorrins. With 
respect to C-l, three research groups have recently commented (4) on the non- 
exchangeable nature of the C-l methyl-group protons during the overall operation of 
the biosynthetic machinery. In this communication we wish to report on the oxidation 
level of the departing “Ci unit” as it pertains to current biogenetic theory involving 
C-19 and also to comment further on the role of heptacarboxylic uro’gen (5) in corrin 
biosynthesis. 
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Previous experiments (2, 5) have provided rigorous evidence that C-20 is indeed lost 
to the medium in Propionibacterium shermanii during the process whose carbon 
balance is summarized in Eq. (1): 

-co, 
Uro’gen III (40C) + methionine (7C) -“c-20”- cobyrinic acid (4X) (1) 

Indeed the C-20 unit could depart from the system at any oxidation level between 
methanol and carbon dioxide. However, many attempts in this laboratory (5) to obtain 
a stoichiometric relationship between capture of such a C, unit and cobyrinic acid 
synthesis in a cell-free system were frustrated by the well-known (6) in vitro release and 
recapture of formaldehyde during the equilibration of the types I to IV isomers of the 
reduced (uro’gen) series at pH 4. Thus the demonstration that “formaldehyde” or its 
biochemical equivalent is formed enzymically becomes dependent on the development 
of an incubation/assay system which is virtually devoid of a chemical blank. Using 
totally synthetic [5,15,20-14C,luro’gen 

FO,* 

CO,H CO,* 

1 

III (7) (Scheme 1) we have devised a 

O,* 

dO,H dO,H 

2 

i I 
CO,R CO,R 

3R=H 
4R=CH, 
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reproducible protocol in which the unconsumed uro’gen III in an aliquot of the post- 
incubation mixture is oxidized to uroporphyrin III and the formaldehyde-dimedone 
adduct is isolated subsequently from this preparation at pH 4. A second aliquot is 
analyzed in the usual way (10) for cobyrinic acid synthesis (conversion to cobester 4, 
crystallization to constant activity). The results of these experiments are shown in Table 
1, where it can be seen (Experiment 1) that not only do the formaldehyde-dimedone 
and cobester conversions correlate well, but, most importantly, the removal of enzyme 
(Experiment 2) generates a negligible amount of “Ci unit.” These results are to be 
contrasted with typical runs where dimedone is added to the incubation mixture and the 
pH is adjusted to 4, without prior oxidation. In these experiments no correlation of the 
formaldehyde number with cobester yield was observed. It is now safe to conclude that 
the extruded C-20 carbon of uro’gen III is trapped at the oxidation level of 
formaldehyde. Since the evolution of free formaldehyde is a rare biochemical event, the 

CO,H CO,H 

CO,H 

CO,H 

Cell Free System 
+ 

3 

5 

SCHEME 2 
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intervention of a tetrahydrofolate-mediated reaction (II) becomes an attractive 
possibility which can now be tested, albeit by indirect biochemical methodology (12) 
requiring the preparation of chiral versions of 1 and a coupled enzyme assay to 
distinguish the stereochemical fate of the prochiral center at C-20. 

Turning to the timing of the loss of the second carbon from uro’gen III, as CO, from 
the ring C acetate side chain of 1 [see Eq. (l)], previous work had shown (without 
location of the final 14C label) that the heptacarboxylic acid (5) labeled at C-5 and C-15 
was consistently but rather inefficiently incorporated into cobyrinic acid (.3a, c, d). 
Faced with the difficulty of interpreting these results we carried out the total synthesis 
(14) of triply labeled 5 (14C at C-5, C-15, and C-20) and incubated this substrate with 
the cell-free system (Scheme 2). If incorporation of 5 is controlled by the same enzymic 
mechanism utilized by 1 then the radiochemical yield of methylene-dimedone adduct 
and cobester (4) should match, irrespective of the efficiency of the process. Reference to 
Table 1 indicates that although the bioconversion of uro’gen hepta acid (5) to cobyrinic 
acid (3) is, in accord with previous work (3), an order of magnitude (0.2%) less than 
that of uro’gen III (-3-49/o), the enzymic release of formaldehyde (0.17%) from this 
substrate (14C-20) and its otherwise intact conversion (i4C-5) are no longer in doubt. 
We conclude that the acid (5) is either a true, but sparingly incorporated, intermediate 
in corrin biosynthesis, or that the enzymes of P. shermanii are capable of utilizing (5) as 
an intact species for the subsequent steps of C-20 extrusion and reductive methylation 
(16). 
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