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Incubation of [5,15,20-1*C,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-
14C,luro’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 (1, 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-1, 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-1, three research groups have recently commented (4) on the non-
exchangeable nature of the C-1 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 “C, 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—zz)-» cobyrinic acid (45C) (0]

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 [5,15,20-1%C,luro’gen III (7) (Scheme 1) we have devised a
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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 (/0) 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 “C, 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 IIl is trapped at the oxidation level of
formaldehyde. Since the evolution of free formaldehyde is a rare biochemical event, the
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intervention of a tetrahydrofolate-mediated reaction (/1) 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. (1)], previous work had shown (without
location of the final “C label) that the heptacarboxylic acid (5) labeled at C-5 and C-15
was consistently but rather inefficiently incorporated into cobyrinic acid (3a, ¢, d).
Faced with the difficulty of interpreting these results we carried out the total synthesis
(14) of triply labeled 5 (**C at C-5, C-15, and C-20) and incubated this substrate with
the cell-free system (Scheme 2). If incorporation of § 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 (~3-4%), the enzymic release of formaldehyde (0.17%) from this
substrate (**C-20) and its otherwise intact conversion (*C-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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The regiospecific synthesis of [20-*Cluro’gen III was carried out according to the procedure of
Tarlton et al. (8) using the methylene '*C-labeled 5,5'-diformylpyrromethane (i) and the 5,5'-
unsubstituted pyrromethane (ii). The corresponding [5,15-1*C,Juro’gen III was synthesized according
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PMe AMe AMe PMe PMe AMe AMe PMe

. E.J. TARLTON, S. F. MACDONALD, AND E. BaLTAZZL, J. Amer. Chem. Soc. 82, 4389 (1960).
. B. FRANCK, D. GaNTZ, AND F. HUPER, Angew. Chem. Int. Ed. Engl. 11,420 (1972).

10.
11.

A. 1 ScoTT, B. YAGEN, AND E. LEE, J. Amer. Chem. Soc. 95,5761 (1973).

P. R. FarNA, L. J. FARMA, AND S. J. Benkovic, J. Amer. Chem. Soc. 95, 5409 (1973), and
references cited. Direct proof for the intervention of tetrahydrofolate (THF) as a mediator of the
extrusion process rather than a trap for free formaldehyde is, at the present stage of a crude enzyme
mixture, difficult to obtain. A mechanism involving free formate as the expelled species followed by
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The specimen of {20-'“C]heptacarboxylic acid (5) was prepared from the dipyrromethane (i) and the
14C-labeled pyrrolaldehyde (ii) according to the procedure of Engel and Gossauer (/5). The
corresponding [5,15-%C,]heptacarboxylic acid (5) was prepared analogously using the '*C-labeled
pyrrolaldehyde (jii), and the specimens were combined as indicated in Table 1.

PMe  Me pMe AMe pMe AMe PMe
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J. ENGEL AND A. GOSSAUER, Liebigs Ann. Chem., 1637 (1976).

The usual criteria for intermediacy include biotransformation to product, direct isolation, or indirect
(hot or cold) trapping. In the case of the uro’gen hepta carboxylic acid (5) the problem of trapping is
complicated by the presence of substantial, isolable quantities of the isomeric ring p-hepta carboxylic
acid, the precursor of coprogen III which cocrystallizes with and is difficult to separate from the ring C
acid (5). It has so far proved impossible to resolve this mixture for radiochemical assay.



