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Figure 4.10 Structures of several carotenoids and carotenoid precursors important in photosynthetic
systems.
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from: Lionel R. Milgrom. 1997. The Colours. of Life: An .
introduction to the chemistry of porphyrins and related
compounds. Oxford University Press.
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Vanadyl DPEP from Venezuelan crude oil.

The major metalloporphyrin in petroleum and oil shale is vanadyl deoxo-
phylloerythroetioporphyrin (VODPEP) which was first discovered by Alfred
Treibs (of the same Munich school of porphyrin chemistry as Hans Fischer)
in 1934. Treibs quickly realised that his discovery strongly implied a biolog-
ical origin for coal and oil. But he went further and developed a scheme of
chemical (as opposed to biochemical) reactions that could have occurred to
convert chlorophyll in green plants into VODPEP. '

Since Treibs’ time, modern analytical techniques have unearthed a vast
number of petroporphyrins, in the light of which Treibs’ original scheme
has had to be modified. Nevertheless, the basic principles that he enunci-
ated still hold, so that a knowledge of the main petroporphyrin types in any
particular sample of coal or oil, and their relative concentrations, can pro-
vide geologists with accurate information about the thermal stresses and
sedimentological history of the environment the material has been exposed
to. This, in turn, gives geologists vital clues about the difficulties likely to be
encountered in obtaining non-renewable resources.

-from: Lionel R. Milgrom. 1997. The Colours of Life: An
introduction to the chemistry of porphyrins and related
compounds. Oxford University Press.
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The Colours of Life

SUCCINYL CoA
+
GLYCINE
002/ @ MITOCHONDRION
I~ HEME
- IRON
: |
| x
® PROTOPORPHYRIN IX
2H20 A
Y INTRA-MITOCHONDRIAL |
PORPHOBILINOGEN (PBG) SPACE
s PROTO'GEN IX
4 NHg ® cyrosoL 2 CO: \A
(HYDROXYMETHYL BILANE) -

®

UROPORPHYR!NOGEN-%\—-—-’ COPRO'GEN

4 CO2
Key to Enzymes: (1) ALA synthase; (2) ALA dehydrase;

(3) PBG deaminase; (&) uro'gen Iil synthase;
@ uro'gen lll decarboxylase; @ copro'gen lll oxidase;
(@) proto'gen IX oxidase; (8) ferrochelatase

Fig. 2.6 Overview of heme biosynthesis and where it occurs.

Where porphyrins come from

(NOTE. The citric acid cycle is also known as the Krebs cycle, after its discoverer
Hans Krebs. It is a cyclical series of biochemical reactions which is fundamental to
the metabolism of aerobic organisms. The enzymes for the Krebs cycle are located in
the mitochondria and are in close association with the enzymes involved in the elec-
tron-transport chain, making the Krebs cycle a kind of biochemical switching station
in the complex system of cellular metabolic pathways. It links together degradation,
~ energy production, and biosynthesis.) The fact that glycine was the start of heme
biosynthesis in animals was discovered by David Shemin who, in 1945, swallowed
66 g of '*N-labelled glycine over a three-day period. He took regular blood samples
from himself, isolated the heme, and found that the >N atoms ended up in the por-
phyrin.® Shemin also found that the radiolabel was rapidly incorporated and then
remained at a constant level for about 120 days (the approximate lifetime for a red
blood cell), after which time it started to decline.



untitled
Printed:

Tuesday, July 11, 2006 1:45:16 PM

Page 1 of

"ALA formation from glutamate

Delta-Aminolevulinic acid (ALA), the first universal tetrapyrrole
precursor, can be formed by two different pathways. Members of the alpha
proteobacterial group (which includes photosynthetic bacteria of the
Rhodobacter and Rhodopseudomonas, and Rhodos- pirillum genera as well as
the nonphotosynthetic gen- era Agrobacterium, Rhizobium and
Bradyrhizobium), and all eukaryotic organisms that do not contain
chloroplasts (animals, yeasts, fungi), form ALA by condensation of
succinyl-coenzyme A with glycine in a reaction catalyzed by the
pyridoxal-P-containing enzyme ALA synthase (EC 2.3.1.37) (Gibson et al.
1958; Kikuchi et al. 1958). In contrast, all plants and algae, and all
bacteria that are not in the alpha proteobacterial group, including
cyanobacteria, many photosynthetic bacteria, and archaea, form ALA by a
different route that begins with the five-carbon precursor, glutamate
(Beale and Castelfranco 1974; Beale et al. 1975; Meller et al. 1975),
which is activated by ligation to tRNA-Glu (Kannangara et al. 1984),
followed by reduction of the alpha carboxyl group of the activated
glutamate to form glutamate l-semialdehyde (GSA) (Pontoppidan and
Kannangara 1994), and transamination of GSA to form ALA (Kannangara and
Gough 1978). The fact that ALA biosynthesis in all plants and most
bacteria differs from that in animals suggests that it may be possible
to develop herbicides and antibiotics that specifically target steps in
the five-carbon ALA biosynthetic pathway, and that are nontoxic to
animals."

Samuel I. Beale 1999. Enzymes of chlorophyll biosynthesis.
Photosynthesis Research 60: 43-73.
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