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Biosynthesis of Protoporphyrin-IX from Coproporphyrinogen-III

By Davip E. Games, ANTHONY H. JacksoN,* and J. RICHARD JaCKsON
(Department of Chemistry, University College, Cardiff CF1 1XL)

and RopeRICK V. BELCHER and SYDNEY G. SMITH
(Department of Medical Biochemistry, Welsh National School of Medicine, Cardiff)

Summary By use of tritium labelled substrates, and
h.p.lc, it is shown that protoporphyrin-IX (1d) is
formed from coproporphyrinogen-III (2a) via a specific
pathway involving harderoporphyrinogen (2b) rather
than its isomer (2c).

TricarRBOXYLIC porphyrins have been detected in a number
of natural sources,! and one of the most prolific sources
appears to be the harderian gland of the rat. The rat
tricarboxylic porphyrin, harderoporphyrin (1b)? appears
to be identical' with the naturally occurring tricarboxylic
porphyrin isolated from human erythrocytes.? It seemed
likely, therefore, that harderoporphyrinogen (2b) is an
intermediate in porphyrin biosynthesis between copro-
porphyrinogen-III (2a) and protoporphyrinogen-I1X (2d),2
and it was suggested® that the 2-propionic acid group of
coproporphyrinogen-III (2a) is preferentially transformed

into vinyl before that at position 4. Evidence for this
pathway in plants has been provided by experiments? with
an enzyme preparation from FEuglena gracilis; hardero-
porphyrinogen (2b) was incorporated some 10 times more
effectively than its isomer (2¢), although the absolute
incorporations were low.

The two isomeric porphyrin esters (3b) and (3¢) (labelled
with tritium in the meso-positions by exchange with hexa-
pyridylmagnesium iodide and tritiated water in pyridine®)
were hydrolysed to the corresponding acids with alkali and
reduced to the hexahydro derivatives (2b) and (2c) by
treatment with sodium amalgam. The latter were shaken
separately with haemolysates® of mature chicken erythro-
cytes for 2h at 37 °C. After addition of cold proto-
porphyrin-IX followed by extraction, esterification, and
purification by high pressure liquid chromatography
(h.p.l.c.) the specific incorporations of (2b) and (2c) were
found to be 34 and 0-89, respectively.
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Studies of the incorporation of coproporphyrinogen-I11
(2a) (doubly labelled with tritium at the meso-positions and

with 14C in the B-methylene group of the 2-propionate side-
chain) led us to the conclusion that the final dehydrogena-
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tion to protoporphyrin-IX was a stereospecific process in
nature.? Taking this result into account the absolute
incorporations of harderoporphyrinogen (2b) and isohardero-
porphyrinogen (2c¢) determined with the singly labelled
substratesshould be corrected to ca. 70 and 1-59, respectively.

Kinetic studies of the conversion of coproporphyrinogen-
IIT (2a) into protoporphyrin-IX (3c) in this avian system
(using h.pl.c. analysis® of the porphyrin methyl esters
formed on work-up) show that only harderoporphyrinogen
is formed as an intermediate.f Similar results have been
obtained in experiments with rat liver homogenates® which
also showed that only harderoporphyrinogen (2b) is formed
as an intermediate en roufe to protoporphyrin-IX. We
thus conclude that this route is highly specific in both animal
and plant systems, and full details of these and related
experiments will be published elsewhere. The high levels of
incorporation obtained show that the haemolysate system is
an excellent medium for biosynthetic experiments.

We thank Professor G. W. Kenner and Dr. K. M. Smith
for providing samples of harderoporphyrin trimethyl ester
and its isomer, and for helpful exchanges of information.
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t Harderoporphyrin (1b) can be clearly distinguished from its isomer (1¢) by h.p.l.c. (¢f. refs. 4 and 8).

1 G. Y. Kennedy, Comp. Biochem. Physiol., 1970, 36, 21.

2 G. Y. Kennedy, A. H. Jackson, G. W. Kenner, and C. J. Suckling, FEBS Letters, 1970, 6, 9; 1970, 1, 205.
3 L. Eriksen, Ciba Foundation Symposium: Porphyrin Biosynthesis and Metabolism, eds. G. E. W. Westenholme and E. C. P. Millar,

Churchill, London, 1955, p. 154.

4 J. A. S. Cavaleiro, G. W. Kenner, and K. M. Smith, J.C.S. Chem. Comm., 1973, 183; J.C.S. Perkin I, 1974, 1188.
5 ¢f. G, W. Kenner, K. M. Smith, and M. J. Sutton, Tetrahedron Letters, 1973, 1303.

S E. I. B. Dresel and J. E. Falk, Biockem. J., 1956, 63, 388.

7 A. H. Jackson, D. E. Games, P. Couch, J. R. Jackson, R. V. Belcher, and S. G. Smith, Enzyme, 1974, 17, 81—87; 88—90.
8 N. Evans, D. E. Games, A. H. Jackson, and S. A. Matlin, J. Ckromatog., 1975, 115, 325.
® G. H. Elder, O. Evans, A. H. Jackson, and J. R. Jackson, unpublished work.





