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GENERAL PREFACE

The Editors are keenly aware that the literature of Biochemistry is already
very large, in fact so widespread that it is increasingly difficult to assemble
the most pertinent material in a given area. Beyond the ordinary textbook
the subject matter of the rapidly expanding knowledge of biochemistry is
spread among innumerable journals, monographs, and series of reviews.
The Editors believe that there is a real place for an advanced treatise in
biochemistry which assembles the principal areas of the subject in a single
set of books.

It would be idéal if an individual or small group of biochemists could
produce such an.advanced treatise, and within the time to keep reasonably
abreast of rapid advances, but this is at least difficult if not impossible.
Instead, the Editors with the advice of the Advisory Board, have assembled
what they consider the best possible sequence of chapters written by
competent authors; they must take the responsibility for inevitable gaps of
subject matter and duplication which may result from this procedure.

Most evident to the modern biochemist, apart from the body of knowledge
of the chemistry and metabolism of biological substances, is the extent to
which he must draw from recent concepts of physical and organic chemistry,
and in turn project into the vast field of biology. Thus in the organization
of Comprehensive Biochemistry, the middle three sections, Chemistry of
Biological Compounds, Biochemical Reaction Mechanisms, and Metabolism
may be considered classical biochemistry, while the first and last sections
provide selected material on the origins and projections of the subject.

It is hoped that sub-division of the sections into bound.volumes will not
only beconvenient, but will find favour among students concerned with spe-
cialized areas, and will permit easier future revisions of the individual vol-
umes. Toward the latter end particularly, the-Editors will welcome all com-
ments in their effort to produce a useful and efficient source of biochemical
knowledge.

Liége/Rochester M. FLORKIN
July 1962 E. H. Sto1z



PREFACE TO SECTION II

(VOLUMES 5-11I)

Section II on the Chemistry of Biological Compounds deals with the organic
and physical chemistry of the major organic constituents of living material.
A general understanding of organic and physical chemistry is presumed, but
the reader will find the special topics in Section I of value in the fuller
understanding of several parts of Section II. The Editors have made special
effort to include a sound treatment of the important biological high polymers,
including sections on their shape and physical properties. A number of
substances peculiar to plants, certain isoprenoids, flavonoids, tannins,
lignins, and plant hormones, pften omitted from textbooks of biochemistry,
are included. Nevertheless, it is inevitable that some omissions, hopefully
‘minor ones, have occurred. The only intentional omission is the chemistry
of the coenzymes and certain components of biological oxidation, which will
be covered in connection with their function in Section III.

The previous policy of dividing the section into smaller volumes has been
continued, resulting in seven volumes for Section IT. Two of the volumes
each contain a complete area, namely Carbohydrates (Volume 5) and Sterols,
Bile Acids and Steroids (Volume 10). Comments from readers will be appre-
ciated by the Editors and be most helpful for possible future revisions.

Lidge/Rochester M. FLORKIN
December 1962 E. H. Stotz
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Chapter I

Chemistry and Biochemistry of
Porphyrins and Metalloporphyrins

J. E. FALK

Division of Plant Industry, C.S.1.R.0., Canberra, A.C.T. ( Australia)

1. Initroduction

The importance of the porphyrins in biochemistry is due mainly to the bio-
logical activities of the haemoproteins of which iron-porphyrin complexes
form the prosthétic groups, to the photosynthetic activity of the related
chlorophylls, and to the great advances in recent years in studies of the
biosynthesis of porphyrins. Though some porphyrins and metalloporphyrins
occur free in nature, they have no known metabolic functions in normal
tissues. _

It was not until the synthesis of protoporphyrin and its iron complex,
haem, was achieved by Fischer and Zeile in 1929 that the basic structure
of the porphin nucleus, as well as the structure of many porphyrins, was
proven. The brilliant researches of Hans Fischer and his school in Munich,
over the period 1910~1940, have provided an immense body of knowledge
of pyrrole and porphyrin chemistry, most of which is summarized by Fischer
and Orth!. A comprehensive treatise on the more biological and biochemical
aspects has been provided by Lemberg and Legge?2.

The biochemistry of porphyrins and their derivatives has had its richest
period to date in the decade now closing. During the past ten or twelve years,
many steps in the biosynthetic pathway to haem have been elucidated, many
new techniques for biochemical analysis in the porphyrin field have been
introduced, and the theoretical and physical chemistry of this class of com-
pounds is now undergoing rapid development.

2. Occurrence

The importapt porphyrins occurring free (not complexed with metals) in
nature are pSotoporphyrin and isomers I and III (see p. 5) of uro- and
coproporphyrins. No other isomers are known to occur in nature. Relatively



4 PORPHYRINS AND METALLOPORPHYRINS I

minute amounts of these porphyrins occur normally in blood (copro- and
protoporphyrins), urine (copro- and uroporphyrins) and faeces (copropor-
phyrin) and much larger amounts are found in certain pathological condi-
tions3 (Table I). Proto- and deuteroporphyrins occur normally in the faeces
of carnivores, following ingestion of blood or after intestinal haemorrhage,
as the result of modification of protohaem by intestinal bacteria; the por-
phyrin phylloerythrin arises similarly from ingested chlorophyll in herbi-
vores.

TABLE I
ORDER OF MAGNITUDE OF FREE PORPHYRIN CONTENT OF SOME TISSUES AND
EXCRETAS
Uro- Copro- Proto-
porphyrin®  porphyrin®  porphyrin®
Normal human blood {(ug/100 ml red cells) 0.5 30
faeces (mg/day) 0.5 0.6
urine (mg/day) 0.02 o.1
Acute porphyria (human) faeces (mg/day) 2 3
urine (mg/day) 50 2

* For structures, see Figs. 3-7 and Table IL.

Free proto- and coproporphyrins occur in relatively large amounts in the
root nodules of leguminous plants4:5 and in some higher plants!, and traces
of free uroporphyrin have been found in the epidermal cells adjacent to the
stomatal guard-cells of leavesS. Protoporphyrin is excreted by the Harderian
gland of the rat, and occurs in the pigmented areas of the egg shells of many
species of birds. Uroporphyrin is found in the shells of molluscs. Porphyrins,
usually coproporphyrin, are excreted into the growth medium by many
microorganisms.

Uroporphyrin III occurs as its copper complex in very high concentra-
tion in the wing-feathers of Twracus indicus?.8. Recent evidence? suggests
the presence of an Mn-porphyrin in blood.

The haems — the iron complexes of porphyrind — do not occur free in
normal tissues, but form the prosthetic groups of the many important, bio-
logically active haemoproteins. The known haem prosthetic groups are
described in detail below.

3. General chemistry
(@) Structure

The parent nucleus of all the tetrapyrrole pigments is porphin (Fig. 1).
Porphyrins are derivatives of porphin in which the f-carbon atoms 1 to 8



