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PREFACE

From the time of the Ciba Foundation’s Symposium on
“Isotopes in Biochemistry” in 1951, the Director of the
Foundation had had in mind the possibility of a conference
to follow up the work then described by Dr. D. Shemin on
porphyrin biosynthesis. He therefore fell in very readily with
a suggestion by Professor C. Rimington for such a symposium
in 1955, especially as Prof. Rimington willingly accepted
much of the responsibility for the selection of members and
the construction of the programme. Dr. J. E. Falk also gave
considerable help in these matters. At the Symposium Prof.
Rimington appropriately occupied the Chair throughout the
meeting, for which both members and the Foundation have
cause to be very grateful.

To those to whom this book serves as an introduction to the
activities of the Ciba Foundation it should be explained that
it is an international centre, which is established as an educa-
tional and scientific charity under the laws of England. It
owes its inception and support to its founder, CIBA Ltd., of
Switzerland, but is administered independently and exclu-

_sively by its distinguished British Trustees.

The Foundation provides accommodation for scientific
workers who visit London from abroad, organizes and holds
international conferences, conducts (in conjunction with the
Institut National d’Hygiéne) a post-graduate medical ex-
change scheme between England and France, arranges
informal meetings for discussions, awards an annual lecture-
ship, has initiated a scheme to encourage basic research
relevant to the problems of ageing, assists international
congresses and scientific societies, is building up a lxbra"y
service in special fields, and generally endeavours to give .aid

in all matters that may promote international co-operation in
scientific research.
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vi ) PREFACE

Leading research workers from different countries and in
different disciplines are invited to attend the symposia or
colloquia. The size of the group is, however, very strictly
limited in order to obtain a free conversational manner of
discussion—although the basic timetable of the programme
is strictly observed. The smallness of the groups means the
exclusion of many workers active and interested in the sub-
jects discussed, and therefore the proceedings of these
conferences are published and made available throughout the
world.

It is hoped that the papers and discussions in this book will
prove not only informative and stimulating, but will also give
to readers a sense of participation in an informal and friendly
occasion.
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CHAIRMAN’S OPENING REMARKS
C. RIMINGTON

THuis is, as far as I know, the first Conference devoted entirely
to porphyrin biochemistry, and it struck me as being of no
little interest that it happens to fall almost exactly 25 years
after the in vitro synthesis of haemin by Fischer and Zeiler,
and nearly 10 years after the demonstration of the incorpora-
tion of labelled glycine into the haem of circulating blood, by
Shemin and Rittenberg. Prof. Drabkin has reminded me of
another early date which is of great historical interest, the
discovery of the first porphyrin, when in 1867 Thudichum pre-
pared in an unequivocal manner haematoporphyrin (which he
called cruentine) by the action of concentrated acid on haemo-
globin, thus anticipating Hoppe-Seyler by several years. I
have Thudichum’s original preparations and specimens of
cruentine and also some of his preparations of the bile pig-
ments, bilirubin and biliverdin, and these are being displayed
during the Symposium as an exhibit in the old conference
room. Beside them I have also placed two volumes of reprints
of early papers on porphyrins and related pigments which
were collected by Sir Archibald Garrod and contain many of
the classics, such as the paper by Stokvis, and which are
closely annotated in Garrod’s own hand. I hope these treasures
from the past will prove of interest to you.

You will note with interest that the reference to Thudi-
chum’s historic paper is a rather obscure one; it is in the
report of the medical officer to the Privy Council for 1867,
Vol. X., Appendix No. 7. Out of the medical committee of the
Privy Council arose the Medical Research Council and so one
might say perhaps that Thudichum was in fact the first por-
phyrin chemist associated with the Medical Research Council.

Prof. Waldenstrom has also very kindly contributed for

PORPH. 1 2



2 CHAIRMAN’S OPENING REMARKS

exhibition a most striking map showing the distribution of
known porphyria families in Sweden.

To return to the present occasion, it is truly astounding
what rapid developments have taken place in our knowledge
of porphyrin biosynthesis since the last time the subject was
discussed within these walls at the Ciba Foundation’s con-
ference on * Isotopes in Biochemistry ” in 1951. In arranging
the present meeting the difficulty was not so much to find suffi-
cient material to warrant a three-day conference as that of
exercising a rigid selection, so that discussion could be inten-
sive on a chosen theme rather than diffuse over the whole
wide field. Porphyrin and haem biosynthesis seemed the
obvious choice and porphyria diseases (with the exception of
limited reference to experimental porphyria) have been de-
liberately excluded. This has meant the unavoidable exclusion
also of many colleagues working on porphyria whom we would
otherwise have liked to invite.

I feel that we have now come to a stage in the investigation
of porphyrin biosynthesis when everystep has to be scrutinized
with the utmost critical intensity to ensure that we are fol-
lowing reliable signposts towards full understanding of the
biosynthetic process. My own group has been especially con-
cerned with the position of uroporphyrin, coproporphyrin and
protoporphyrin in the biosynthetic route towards haem, but
I am sure there will be other equally good examples brought
forward during the conference.

From your programmes you will see that we have twenty
communications and these have been arranged so that they fall
roughly into three main groups, although considerable overlap
is inevitable. First we consider the early stages in biosyn-
thesis, pre-pyrrole, if you like, and porphobilinogen; then
more particularly the rdle of porphyrins and the binding of
iron. In session four are brought together communications
relating to the use of Sedormid and allylisopropylacetamide in
causing deranged porphyrin metabolism. These studies may
eventually throw further light upon the normal biosynthetic
process and it is in this aspect which we hope now to consider



C.. RiMiNcTON 8

them rather than in the light of their relation to the natural
porphyria discases. We shall not enter into long discussions
on porphyria as such as it is our intention if possible to try and
concentrate intensively on the theme of normal biosynthesis.

I should like, in opening this Conference, to follow the very
fine example of the President of the United States in Council
and our own Parliament when it comes together in session and
to ask for God’s guidance in our deliberations and a successful
outcome of our meeting.



THE SUGCINATE-GLYCINE CYCLE; THE ROLE
OF J3-AMINOLEVULINIC ACID IN PORPHYRIN
' SYNTHESIS*

DAviD SHEMIN, PhD.
The Department of Biochemistry, College of Physicians and Surgeons,
Columbia University, New York, N.Y.

THE problem of the biosynthesis of porphyrins, in the for-
mation of the initial intermediates, can be considered, from a
more general point of view, to be merely one aspect of the
metabolism of glycine. Many overall aspeets of glycine
metabolism are now known, and especially the metabolic
pattern of the a-carbon atom of glycine in its utilization for
the synthesis of other compounds has been established. The
a-carbon atom of glycine, no longer attached to the carboxyl
group, is utilized for the synthesis of porphyrins (Altman,
Casarett, Masters, Noonan and Salomon, 1948; Muir and
Neuberger, 1950; Radin, Rittenberg and Shemin, 1950;
Wittenberg and Shemin, 1950), the ureido groups of purines
(Karlsson and Barker, 1949), the B-carbon atom of serine
(Sakami, 1949; Winnick, Moring-Claesson and Greenberg,
1948) and for methyl groups (Arnstein, 1950; Weissbach,
Elwyn and Sprinsen, 1950). This metabolic pattern is similar
to that of the so-called ““C;” compounds, with the exception
that the latter cannot substitute for glycine in porphyrin
synthesis. It would seem therefore that these apparently
unrelated compounds (porphyrins, purines, serine and methyl
groups) have one common feature, namely the participation
of the a-carbon atom of glycine for their synthesis.

It would appear reasonable, from a unitarian approach,

*This work was supported by grants from the National Institutes of Health,
United States Public Health Service (RG~1128 (C8)), from the American Cancer
Society on the recommendation of the Committee on Growth of the National

Research Council, from the Rockefeller Foundation and from the Williams-
Waterman Fund.
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THE SuUcCINATE-GLYCINE CYCLE 5

therefore, to consider the possibility of glycine being meta-
bolized via a pathway in which intermediates are produced
which then can be utilized for the synthesis of these different
compounds. In an attempt to unify the reactions of glycine
we have postulated a series of reactions, called the succinate-
glycine cycle (Fig. 1). This pathway for glycine metabolism
suggested itself from a study of the mechanism of porphyrin

TRICARBOXYLIC

~KETO GLUTARATE
UREIDO group of purines, _SUCCIN

formate, stc. + Glycine
sucgu&‘rse- HOOC-CHg-CHp-C &-coom
the d-carbon atom ¢ GLYC ' -CHz-CH2-C-C-
¢ d-carbon atom to GYOLE a'.mz
Gominp-B-keto adipic acid(I)
HOOC- -CHp-C-CHO
[nooc-cre & ] -co,
to-gi d
keto-glutaraldehyde HOOC-CHa- CH-C~CHoNH3
™ NVH3 S
(o] S === 2 - amino-levulinic acid(Il)
HOOC-CHp-CHa-C-COOH
0
O - keto-glutaric acid PORPHYRIN

Fic. 1. Succinate-glycine cycle: a pathway for the metabolism
of glycine.

synthesis. In this pathway it is postulated that ‘‘active”
succinate condenses on the «-carbon atom of glycine to give
rise to a-amino-g-ketoadipic acid. This B-keto acid decar-
boxylates to give rise to 3-aminolevulinic acid, which can be
utilized for porphyrin synthesis or be further metabolized in
such a manner that its 3-carbon atom (originally the a-carbon
atom of glycine) is utilized for the synthesis of the ureido
groups of purines, the 8-carbon atom of serine, and for methyl
groups, while the remaining four-carbon atom residue is



