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Nonhuman Models of Hereditary Porphyrias Nonhuman Models of Hereditary Porphyrias 

While bovine protoporphyria may 
prove to be a more useful subject of clini- 
cal studies than any one of the numerous 
alternatives, it is not "the first known an- 
imal model for any of the hereditary hu- 
man porphyrias other than so-called 
'erythropoietic' porphyria" (1). 

High levels of free porphyrins in living 
tissues occur in at least four phyla of 
multicellular animals in addition to the 
Chordata (2). A free porphyrin now 
known to be protoporphyrin IX was 
found in the annelid body wall as early as 
1886, by the British zoologist MacMunn 
(3). In the 20th century, the wide zoolog- 
ical distribution of free porphyrins and 
the great structural diversity of naturally 
occurring compounds has been investi- 
gated extensively (4). Among the adults 
of a species the compounds are essen- 
tially ubiquitous, leaving little doubt of 
their hereditary basis. At least in the an- 
nelids and the asteroid echinoderms, ex- 
posure to daylight is often accompanied 
by the classical clinical symptoms of the 
human porphyrias, for example, cutane- 
ous lesions, edema, and, eventually, 
death. 

The interest in these facts is less the 
correction of a minor historical oversight 
and more the ecological and evolution- 
ary aspects of the distribution of por- 
phyrias. In phyla such as the echino- 
derms and nemertines, porphyrias (in- 
cluding protoporphyria) are found in spe- 
cies that do not have protoheme proteins 
in the blood or in nerve and muscle tis- 
sues (2). Thus there are nonhuman mod- 
els that clearly cannot be associated with 
erythropoiesis, or related forms of pro- 
toheme synthesis. In the annelids, how- 
ever, many of the porphyrias (also in- 
cluding protoporphyria) are associated 
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with the biosynthesis of oxygen carriers 
in the blood, either of two high-molecu- 
lar-weight extracellular heme proteins 
(5). Porphyrias have not been found in 
species with only intracellular blood ox- 
ygen carriers, suggesting an inherent ad- 
vantage of the red cell environment in 
the control of the biosynthetic pathway 
(6). 

Moreover, porphyrias are found only 
in annelid species or in parts of their bod- 
ies that do not normally encounter 
daylight; they do not seem to occur 
among the errant families or in respira- 
tory and feeding organs, which are pro- 
truded from the darkness of the tube (5). 
Thus the inheritance of the condition 
seems to be highly responsive to selec- 
tion pressures of the environment. 

In the higher animal phyla, nonhuman 
porphyrias are either nonexistent, as in 
the arthropods and urochordates, or 
rare, as in the various classes of chor- 
dates (2). The phylogeny suggests a rela- 
tively recent origin of the metabolic con- 
trol mechanism that render the condition 
a rare disease and not the predominant 
condition in many species. 

CHARLOTTE P. MANGUM 

Department of Biology, 
College of William and Mary, 
Williamsburg, Virginia 23185 

References and Notes 

1. G. R. Ruth, S. Schwartz, B. Stephenson, Sci- 
ence 198, 199 (1977). 

2. The distribution of porphyrins and references to 
the older works are given by H. M. Fox and G. 
Vevers, The Nature of Animal Colours (Sidg- 
wick Jackson, London, 1960). 

3. The history of this investigation is described by 
M. L. Laverack, The Physiology of Earthworms 
(Pergamon, Oxford, 1963). 

4. G. Y. Kennedy and H. G. Vevers, J. Mar. Biol. 
Assoc. U.K. 32, 235 (1953); ibid. 33, 663 (1954); 
G. Y. Kennedy, ibid. 35, 35 (1956); . and 
R. P. Dales, ibid. 37, 15 (1958); G. Y. Kennedy, 
ibid. 38, 27 (1959). 

with the biosynthesis of oxygen carriers 
in the blood, either of two high-molecu- 
lar-weight extracellular heme proteins 
(5). Porphyrias have not been found in 
species with only intracellular blood ox- 
ygen carriers, suggesting an inherent ad- 
vantage of the red cell environment in 
the control of the biosynthetic pathway 
(6). 

Moreover, porphyrias are found only 
in annelid species or in parts of their bod- 
ies that do not normally encounter 
daylight; they do not seem to occur 
among the errant families or in respira- 
tory and feeding organs, which are pro- 
truded from the darkness of the tube (5). 
Thus the inheritance of the condition 
seems to be highly responsive to selec- 
tion pressures of the environment. 

In the higher animal phyla, nonhuman 
porphyrias are either nonexistent, as in 
the arthropods and urochordates, or 
rare, as in the various classes of chor- 
dates (2). The phylogeny suggests a rela- 
tively recent origin of the metabolic con- 
trol mechanism that render the condition 
a rare disease and not the predominant 
condition in many species. 

CHARLOTTE P. MANGUM 

Department of Biology, 
College of William and Mary, 
Williamsburg, Virginia 23185 

References and Notes 

1. G. R. Ruth, S. Schwartz, B. Stephenson, Sci- 
ence 198, 199 (1977). 

2. The distribution of porphyrins and references to 
the older works are given by H. M. Fox and G. 
Vevers, The Nature of Animal Colours (Sidg- 
wick Jackson, London, 1960). 

3. The history of this investigation is described by 
M. L. Laverack, The Physiology of Earthworms 
(Pergamon, Oxford, 1963). 

4. G. Y. Kennedy and H. G. Vevers, J. Mar. Biol. 
Assoc. U.K. 32, 235 (1953); ibid. 33, 663 (1954); 
G. Y. Kennedy, ibid. 35, 35 (1956); . and 
R. P. Dales, ibid. 37, 15 (1958); G. Y. Kennedy, 
ibid. 38, 27 (1959). 

5. C. P. Mangum and R. P. Dales, Comp. Bio- 
chem. Physiol. 15, 237 (1965). 

6. C. P. Mangum, in Adaptation to Environment, 
R. C. Newell, Ed. (Butterworth, London, 
1976), pp. 225, 231-233. 

26 October 1977 

Because we are very conscious of the 
normal accumulation of large amounts of 
porphyrin in several phyla of multi- 
cellular animals (as well as in unicellular 
organisms, root nodules, and the like), 
we carefully limited our model com- 
parison with "hereditary human por- 
phyrias" (1). The latter have been classi- 
fied and defined in terms of specific clini- 
cal, anatomical, and biochemical mani- 
festations (2) which distinguish them 
from the examples cited by Mangum (3). 
Nonetheless, in a recent report to the 
NIH, we raised a similar issue, broad- 
ening our earlier concepts of hereditary 
porphyria. Thus, we have now classified 
the well-known occurrence of proto- 
porphyrin in brown eggshells and uteri 
of Rhode Island Reds, Japanese quail, 
and other hens as examples of hereditary 
uterine porphyria. Similarly, several ro- 
dent species exhibit Harderian gland 
porphyria. A transitory period of normal 
"physiological" porphyria has been re- 
ported in fetuses of many species. Nu- 
merous other examples might be cited. 
We agree that use of the broad term "he- 
reditary porphyria" should be as broad 
as is its natural normal occurrence, being 
defined more specifically in each in- 
stance in terms of its unique features. 
The challenge, then, is to determine the 
special rate-limiting biosynthetic reac- 
tions that lead to the porphyrin accumu- 
lation and to their possible biochemical 
and physiological implications, some of 
which are considered by Mangum. 
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