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Figure 1. Urine from HCP patients 
assumes an intense red fluorescence 
(left) when exposed to long-wavelength 
UV light and indicates the presence of 
coproporphyrin III. Normal urine (right) 
does not show this. 

Crystal Structure Sheds Light on Hereditary Coproporphyria 
 
 
Porphyrins have earned the title “pigments of life” (1) because they are essential for all life 
on planet earth.  Porphyrins are the precursors of heme, chlorophyll, and cyanocobalamin 
(vitamin B12).  Heme is an iron-coordinated porphyrin and serves as a prosthetic group in 
several proteins to mediate catalysis (cytochromes, peroxidases) or recognize diatomic 
molecules like oxygen (globins), carbon monoxide (CO) (cytochrome oxidase), and nitric 
oxide (NO) (soluble guanylyl cyclase) (2,3).  With the exception of a few microorganisms, 
heme is found in all three archaea, prokarya, and eukarya kingdoms (2).  On the one hand, 
heme biosynthesis is a sine qua non for the function of heme-containing enzymes and 
proteins.  For example, gaseous messengers like NO cannot be biosynthesized in humans 
without the heme-containing enzyme nitric oxide synthase (4).  On the other hand, 
enzymatic degradation of heme results in the generation of CO – a key cellular signal gener-
ated as a by product of heme oxygenase chemistry.   
 
Porphyrias are a group of inborn errors of heme bio-
synthesis that are designated as hepatic or 
erhthropoietic based on clinical manifestation and 
the primary site in which the enzymatic defect 
manifests (5).   For example, the penultimate step 
of the heme biosynthesis involves the enzyme 
protoporphyrinogen oxidase.  Defects in this en-
zyme lead to variegate porphyria and roughly 
10,000 South Africans suffer from this disease.  
Based on genealogical evidence it has been shown 
that this disease was inherited from a single individ-
ual – a woman who emigrated from the Netherlands 
in 1688.  As a result, all the South African families 
with variegate porphyria exhibit the same substitu-
tion (R59W) in the protoporphyrinogen oxidase 
gene (6).  The madness suffered by King George III 
(1738 – 1820) has also been attributed to heredi-
tary porphyria (7). 
 
Hereditatry coproporphyria (HCP) is an autosomal dominant acute hepatic porphyria with 
incomplete penetrance due to half-normal activity of coproporphyrinogen oxidase (CPO) (8)  
Defects in this enzyme result in acute attacks characterized by severe abdominal pain, 
hypertension, tachycardia, and neurologic dysfunction.  In some cases skin photosensitivity 
is also seen.  In the absence of prompt and appropriate treatment, HCP can very rapidly 
become a life-threatening medical emergency.  CPO catalyzes the antepenultimate step in 
heme biosynthesis.  First purified in the early 1960s, CPO mediates the oxidative 
decarboxylation of propionic acid side chains of rings A and B in coproporphyrinogen III 
without utilizing transition metals, reducing agents, thiols, prosthetic groups, organic cofac-
tors, or modified amino acids (9).  Whereas the stereochemistry of this reaction has been 
worked out, the molecular oxygen consumption poses an interesting chemical puzzle. 
 
We have solved the crystal structure of human CPO at 1.58 Å resolution (Fig. 2) and show 
that it is a dimer in the native state (10).  CPO has a novel tertiary topology with an 
unusually flat seven-stranded β-sheet surrounded by α-helices.  To our great surprise, we 
found a molecule of citrate (tricarboxylate) tightly bound at the active site.  By comparing 
the interaction of citrate in CPO and the structurally unrelated aconitase, we have identified 
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Figure 2.  Crystal structure of the CPO dimer. One 
of monomer is shown as a ribbon and the second 
monomer with surface representation. 

the key catalytic residues.  Furthermore, 
we have proposed two models for how 
this enzyme catalyzes the successive 
oxidative decarboxylation reactions.  
The first model involves a radical 
intermediate whereas as the second 
proceeds via carbanion formation.  
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