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PAPERS AND SHORT REPORTS

Genetic heterogeneity in acute intermittent porphyria:
characterisation and frequency of porphobilinogen
deaminase mutations in Finland

PERTTI MUSTAJOKI, ROBERT J DESNICK

Abstract

The occurrence of different porphobilinogen deaminase
mutant types in 68 patients with acute intermittent
porphyria from 33 unrelated families in Finland was

studied with biochemical and immunological techniques.
In this fairly homogenous population four different
porphobilinogen deaminase mutant types were identified
and their frequencies determined. Most (about 80%) of
the mutations were cross reacting immunological
material (CRIM) negative, including a large kindred
with normal erythrocyte porphobilinogen deaminase
activities. The remainder of the families had CRIM
positive mutations, including an unusual type (type 2)
that had an immunoreactive, non-catalytic porpho-
bilinogen deaminase level considerably greater than the
maximal theoretical ratio of CRIM to activity of 2-0 for a

single mutant allele.
Correlations of the amount ofresidual porphobilinogen

deaminase activity and the occurrence of acute clinical
manifestations in each mutant type suggested that
CRIM positive type 2 patients may have fewer acute
symptoms.

Introduction

Acute intermittent porphyria is a dominantly inherited, inborn
error of metabolism that results from half normal activity of
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the third enzyme in the haem biosynthetic pathway, por-
phobilinogen deaminase, and the accumulation of the porphyrin
precursors, 8-aminolevulinic acid and porphobilinogen (fig 1).1 -5
The clinical onset of the disease usually occurs during or after
puberty and is characterised by intermittent attacks of neuro-
logical dysfunction, including abdominal pain and other
gastrointestinal complaints, hypertension, tachycardia, and
various peripheral and central nervous system manifestations.
The acute attacks are precipitated by environmental factors-
for example, certain drugs, various hormones and steroids,
infections, and starvation-which induce hepatic 8-amino-
levulinic acid synthase activity, resulting in the increased
production and accumulation of 8-aminolevulinic acid and
porphobilinogen and the precipitation of acute symptoms of
disease. Normally the excess porphobilinogen would be con-
verted by porphobilinogen deaminase into the porphyrins
uroporphyrinogens I and III (fig 1).6 7The half normal
hepatic porphobilinogen deaminase activity in patients with
acute intermittent porphyria, however, is insufficient to prevent
the pathological accumulation of this porphyrin precursor.

Recent studies have focused attention on the nature of the
enzymatic defect in this hepatic porphyria. The physicokinetic
properties of porphobilinogen deaminase in erythrocytes from
patients with acute intermittent porphyria and normal subjects
have been characterised,6 8 and the structural gene encoding
the monomeric enzyme and the mutations of the disease has
been localised to the distal long arm of chromosome 11.9
Anderson et al produced monospecific polyclonal antibodies
against human porphobilinogen deaminase and used im-
munological techniques to characterise the defective enzyme in
22 unrelated families with acute intermittent porphyria.8 Two
major classes of enzyme defects were identified from the
amount of immunologically cross reacting enzyme protein
(CRIM) in erythrocyte lysates of acute intermittent porphyria:
one class (designated CRIM negative) in which the amount
of CRIM was proportional to the enzymatic activity, and a
second class (designated CRIM positive) in which non-catalytic,
mutant enzyme protein was present. The CRIM positive
patients had ratios of CRIM to activity of about 1-6, showing
the presence of non-catalytic enzyme protein produced by the
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mutant porphobilinogen deaminase allele. A more recent study
identified a second and unusual CRIM positive mutation in
which the amount of non-catalytic, mutant enzyme protein
was greater (ratio _ 5-6) than that expected for a single mutant
allele (ratio=2-0). Characterisation of this CRIM positive
mutation showed that the mutant enzyme was stabilised by
bound substrate, which protected it from intraerythrocytic
proteolysis."n

In Finland over 150 patients with acute intermittent por-
phyria were identified in a nationwide survey of porphyrias,"'
and a large kindred with acute intermittent porphyria was
discovered in which the erythrocyte porphobilinogen deaminase
activity was normal.'2 Affected members in a family had the
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mittent porphyria of Finnish and Lappish ancestry from 33
unrelated families, including affected subjects from the family
with acute intermittent porphyria who had normal erythrocyte
porphobilinogen deaminase activities.

Patients and methods

We studied 158 patients with acute intermittent porphyria from
33 unrelated families in Finland. This was 94°' of all known families
with acute intermittent porphyria in Finland. In all patients the
clinical diagnosis of acute intermittent porphyria was documented
by half normal porphobilinogen deaminase activities or evidence of
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FIG 1-Current concept of human haem biosynthesis. At each step in the pathway the deficient activity
of a haem biosynthetic enzyme (italics) results in the indicated porphyria.

typical clinical manifestations exhibited by patients with acute
intermittent porphyria with half normal porphobilinogen
deaminase activity and excreted large amounts of porpho-
bilinogen and 8-aminolevulinic acid, especially during acute
attacks. Studies of these patients showed normal erythrocyte
8-aminolevulinate dehydratase, uroporphyrinogen III
cosynthase, uroporphyrinogen decarboxylase, copropor-
phyrinogen oxidase, and ferrochelatase activities. In addition,
typical profiles of urinary and faecal porphyrins in acute
intermittent porphyria were observed during remission and
acute attacks as well as after a provocative oral loading test of
8-aminolevulinic acid.'3
To investigate the nature of the enzymatic defect underlying

acute intermittent porphyria in Finland biochemical and
immunological studies were undertaken to characterise the
defective porphobilinogen deaminase activity in affected
subjects. Here we describe the occurrence of genetic hetero-

geneity among 68 well documented patients with acute inter-

increased urinary excretion of porphobilinogen and 8-aminolevulinic
acid, or both. The prevalence of acute attacks that required admission
to a hospital was determined from hospital records or personal
interviews, or both. Pedigrees were constructed for each family;
data from the nineteenth century were available for every family,
and, in many, from the eighteenth century. No known relationship
existed among the families. Of the 33 families, 31 were of Finnish,
one of Skolt Lappish (a small inbred group of about 600 people in
northern Finland), and one of mixed Finnish and Lappish ancestry.
Thirty one of the families have been reported in an earlier survey on
porphyrias in Finland."

For biochemical and immunological studies heparinised venous
blood was obtained from 68 patients with acute intermittent porphyria
from the 33 families when they were asymptomatic; all had normal
packed cell volumes and reticulocyte counts. The separated erythro-
cytes were washed three times with saline buffered with phosphate and
stored at -20'C for a maximum of three months before analysis.
Erythrocyte porphobilinogen deaminase activity was determined in
Helsinki by the method of Ford et al'4 and in New York by the method
of Anderson and Desnick." Protein concentration was determined

I
.)ilinogen

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.291.6494.505 on 24 A

ugust 1985. D
ow

nloaded from
 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 291 24 AUGUST 1985

by the fluorescamine procedure.'6 Urinary 8-aminolevulinic acid and
porphobilinogen and faecal porphyrins were quantified as described
previously."

Monospecific rabbit antihuman porphobilinogen deaminase IgG
was prepared and used for quantitative rocket immunoelectrophoresis,
immunotitration, and crossed immunoelectrophoresis as previously
described.8 I0 The antibody recognised equally each of the porpho-
bilinogen deaminase intermediates in normal erythrocytes.
The relative amounts of porphobilinogen deaminase CRIM in

erythrocyte lysates from each patient with acute intermittent por-
phyria and normal subjects were determined by subjecting equal
amounts of enzyme activity to rocket immunoelectrophoresis.8 The
ratio of CRIM to activity for porphobilinogen deaminase in normal
erythrocytes was defined as 1 0-that is, the amount of immuno-
logically detectable enzyme protein was directly proportional to the
amount of enzyme activity applied. In CRIM positive patients with
acute intermittent porphyria non-catalytic enzyme protein encoded
by the mutant allele was immunologically detectable. If the non-
catalytic mutant protein had normal intraerythrocytic stability then
the maximal theoretical ratio of CRIM to activity would be 2-0, the
normal and mutant alleles contributing equal amounts of enzyme
protein but only the normal allele encoding active enzyme molecules.
Analogously, CRIM negative patients had ratios of 1-0, indicating
the absence of immunologically detectable mutant enzyme protein.

Results

Figure 2 shows the four major mutant types of porphobilinogen
deaminase that were distinguished when equal amounts of erythrocyte
lysate activity from the 68 patients with acute intermittent porphyria
and from normal subjects were subjected to rocket immunoelectro-
phoresis. The amount of immunoreactive porphobilinogen deaminase
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mixed Finnish and Lappish ancestry), who had ratios of CRIM to
activity of about 4-9-6-0.

Immunotitration experiments confirmed the quantitative rocket
immunoelectrophoretic studies. CRIM negative type 1 and 2 patients
had immunotitration curves that were essentially identical with those
obtained with the same amounts of porphobilinogen deaminase
activity in erythrocyte lysates from normal subjects or with the
purified normal enzyme. In CRIM positive patients the amount of
antibody required to precipitate half of the erythrocyte activity was
about 1-6-1-8 (type 1) or 4-9-6-0 (type 2) times that required to
precipitate the same amount of normal lysate activity (data not shown).

1/5 1/7 1/6 1/5

FIG 2-Rocket immunoelectrophoresis of erythrocyte porphobilinogen
deaminase from the four mutant types of acute intermittent porphyria.
Each well contained equal amounts of erythrocyte lysate activity, except as
indicated. Wells were as follows: normal subjects (wells 1, 5, and 11), a
CRIM negative type 1 patient (well 2), a CRIM negative type 2 patient
(well 3), a CRIM positive type 1 patient (well 4), and a CRIM positive
type 2 patient (well 6). Wells 7 and 8-10 contained the indicated dilutions of
lysate activity from a normal subject and a CRIM positive type 2 patient
respectively.

activity in 40 patients from 25 unrelated families (including the
family of Skolt Lappish ancestry) was essentially identical with that
observed for an equal amount of activity in lysates from normal
subjects. Thus the mutant allele in these patients with acute inter-
mittent porphyria did not produce an enzyme protein that was

immunologically detectable (ratio of CRIM to activity=1 0). The
enzyme defect in these families was therefore designated CRIM
negative type 1. Characterisation of the erythrocyte enzyme in lysates
from five affected members of a family with acute intermittent
porphyria with normal erythrocyte porphobilinogen deaminase
activity showed a ratio of CRIM to activity of 1-0, indicating that
this porphobilinogen deaminase mutation also was CRIM negative
(type 2).
Two types of CRIM positive porphobilinogen deaminase mutations

were identified among the patients with acute intermittent porphyria.
Ten affected subjects from four unrelated families had immuno-
reactive porphobilinogen deaminase levels that were almost two times
greater (ratio of CRIM to activity about 1-6-1-8) than those observed
in normal subjects (designated CRIM positive type 1). A second
type, designated CRIM positive type 2, included 13 patients from
three unrelated families with acute intermittent porphyria (one of

FIG 3-Map of Finland showing origins of families of
CRIM negative type 1 (0) and type 2 (A) and CRIM
positive type 1 (El) and type 2 patients ( 0). Dashed line
shows Finnish boundaries before the second world war.

Within each family the data for rocket immunoelectrophoresis and
immunotitration for affected relatives were essentially identical.

Table I shows that 25 of the 33 families with acute intermittent
porphyria had porphobilinogen deaminase mutations that were
classified as CRIM negative type 1, whereas the CRIM negative
type 2 mutation was observed only in one large kindred, who had
normal porphobilinogen deaminase activity. Of the remaining seven
families, four were CRIM positive type 1 whereas three were CRIM
positive type 2. Figure 3 shows the demographic origins of the 33
families with acute intermittent porphyria. The origins of the CRIM
positive type 1 and 2 families were concentrated in northern and
southern Finland, respectively, whereas those of the CRIM negative
families were distributed throughout the country.

Efforts were made to detect biochemical or clinical features, or
both, that further differentiated the four mutant types of acute
intermittent porphyria identified by these studies. Table I shows
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TABLE I-Classification of the porphobilinogen deaminase mutations in 68
patients with acute intermittent porphyria from 33 families in Finland

No No Mean (SD)
of of enzymatic activity*

Mutant type patients families (nmol/min/ml)

CRIM negative patients:
Type 1 (half normal erythrocyte

porphobilinogen deaminase
activity) 40 25 1-43 (0-27)t

Type 2 (normal erythrocyte
porphobilinogen deaminase
activity) 5 1 2 33 (0-19) (NS)

CRIM positive patients:
Type 1 (ratio of CRIM to

activity= 1-6-1 8) 10 4 1 29 (0 28)t
Type 2 (ratio of CRIM to

activity=4 9-6-0) 13 3 1-64 (0 20)t
Normal subjects 35 35 2 50 (0-31)

CRIM = Cross reacting immunological material.
'Assayed by method of Ford et al.14
tCompared with mean control values, these mean porphobilinogen deaminase
activities in patients with acute intermittent porphyria were significant at p< 0-001.

that the mean porphobilinogen deaminase activities for CRIM
negative type 1 and CRIM positive type 1 and 2 patients were similar,
although there was a range of activities for each type (fg 4). The
mean porphobilinogen deaminase activity for CRIM negative type 2
patients was similar to that for normal subjects.'2 Interestingly, the
mean erythrocyte activity in the 13 CRIM positive type 2 patients
was slightly higher than that observed for CRIM negative type 1
(p < 0 01; t = 257) and CRIM positive type 1 patients (p < 0 0025;
t = 3 54).

Table II summarises the 24 hour urinary excretion of 8-amino-
levulinic acid and porphobilinogen collected during an asymptomatic
period from patients with each mutant type of acute intermittent
porphyria. Although differences were observed in the mean urinary
concentrations of these compounds, no significance was placed on
these findings as they were highly variable as reflected by the large
range for each mutant type of acute intermittent porphyria. Faecal
coproporphyrin and protoporphyrin concentrations were within their
respective normal ranges or only slightly increased with no distinction
among the different mutant types of acute intermittent porphyria
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(data not shown). In addition, oral loading tests of 8-aminolevulinic
acid were performed in two CRIM negative type 2 patients.1'3 17
The profiles of urinary and faecal excretion of 8-aminolevulinic acid,
porphobilinogen, and porphyrins were similar to those observed
previously in CRIM negative type 1 patients."1 17

Table III shows the occurrence of acute attacks of abdominal
pain, with or without neurological symptoms, determined for 158
affected subjects from 33 families with acute intermittent porphyria
who were admitted to hospital. These data suggest that acute symp-
toms may occur loss often in CRIM negative type 2 and CRIM
positive type 2 patients.

TABLE II-Urinary excretion of porphobilinogen and 8-aminolevulinic acid in
62 patients with acute intermittent porphyria (aged 15) during an asympto-
matic period of disease

No Mean (range) Mean (range)
of porphobilinogen 8-aminolevulinic acid

Mutant type cases (,umol/24 h) (tsmol/24 h)

CRIM negative type 1 37 210 (3-9-614) 117 (8-6-599)
CRIM negative type 2 5 87 (30-199) 56 (27-84)
CRIM positive type 1 7 143 (11-283) 97 (91-214)
CRIM positive type 2 13 49 (6 7-202)* 54 (15-200)*
Normal subjects 35 < 15 <30

CRIM = Cross reacting immunological material.
*Values calculated for seven symptomatic CRIM positive type 2 patients during
an asymptomatic period were 83 (8 4-202) and 78 (15-200) ,umol,24 h, respectively.

TABLE III-Occurrence of acute attacks in 158 patients in 33 families with acute
intermittent porphyria

Total No of of patients who
Mutant type patients investigated had had acute attacks

GRIM negative type 1 114 51CRIM negative type 2 12 33CRIM positive type 1 16 50CRIM positive type 2 16 25

Total 158 47

CRIM = Cross reacting immunological material.

Discussion

Four different types of porphobilinogen deaminase mutations
were identified by immunological and enzymatic characterisa-
tion of the erythrocyte enzyme in patients with acute inter-
mittent porphyria from 33 unrelated families in Finland.
These studies showed two CRIM positive10 and two CRIM
negative mutations. The CRIM negative mutations were
subclassified into two types based on the presence of half
normal or normal porphobilinogen deaminase activity in
erythrocytes from affected subjects. Within families the
enzymatic and immunological properties of erythrocyte
porphobilinogen deaminase in each affected relative were the
same, consistent with the existence of at least four different,
dominantly inherited mutations and the occurrence of genetic
heterogeneity at the locus for porphobilinogen deaminase.
Almost 80% of the families studied (including the Skolt

Lappish family) were CRIM negative, which indicated that
non-catalytic porphobilinogen deaminase protein encoded by
the mutant allele was not immunologically detectable in the
erythrocyte lysates. The possible molecular lesions responsible
for CRIM negative mutations include complete or partial gene
deletions as well as point mutations or insertions that alter the
processing or stability of mRNA, create chain terminating
codons, or appreciably alter the conformation or stability of the
mutant protein. The CRIM negative mutations are probably
heterogenous at the molecular level, and therefore further
characterisation will require the use of appropriate cDNA and
genomic probes for the porphobilinogen deaminase structural
gene analogous to the elucidation of the molecular defects in
the P'-thalassaemias.'l
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The previously reported family with acute intermittent
porphyria with normal erythrocyte porphobilinogen deaminase
activity was also classified as CRIM negative (ratio of CRIM to
activity=1 0). The clinical manifestations as well as the
urinary and faecal excretion of haem precursors and porphyrins
in affected members of this family were similar to those
observed in patients with acute intermittent porphyria with
half normal porphobilinogen deaminase activity. In addition,
the results of a provocative oral loading test of 3-aminolevulinic
acid were consistent with a defect in porphobilinogen meta-
bolism."3 17 Moreover, the activities of five other haem
biosynthetic enzymes were normal. These findings were
not limited to this Finnish family, as American and other
European kindreds with acute intermittent porphyria with
normal porphobilinogen deaminase activities have been identi-
fied" (M Doss, personal communication). The nature of
the CRIM negative mutations in these families remains un-
known. Hepatic and erythrocytic porphobilinogen deaminase
isozymes are unlikely to exist under separate genetic control as
the enzyme deficiency has been shown in both sources in the
same patients with acute intermittent porphyria66 9 and the
enzyme activities in erythrocytes and liver are immunologically
identical.'0 Thus further characterisation of the genetic defect
in this kindred with acute intermittent porphyria will also
require molecular genetic techniques to determine whether the
porphobilinogen deaminase structural gene is intact or whether
other, undefined mechanisms are responsible for the acute
attacks in these patients.
The two CRIM positive defects presumably represent

different point mutations in the structural gene for porpho-
bilinogen deaminase. Previous studies of the non-catalytic
enzyme protein from a CRIM positive type 1 family indicated
that this mutation resulted in a kineticallv defective enzyme
with a slightly decreased stability.8 Immunological investigation
of the non-catalytic porphobilinogen deaminase in the CRIM
positive type 2 families showed an unusual mutation-that is,
the levels of immunoreactive, non-catalytic porphobilinogen
deaminase were considerably greater than the maximal theoretical
ratio of CRIM to activity of 2 0 for a single mutant allele.
Another study has shown that the non-catalytic enzyme protein
was bound to substrate,'0 presumably owing to a mutation that
increased substrate binding or prevented product release, or
both. The mutant enzyme bound to substrate was more resistant
to intraerythrocyte proteolysis than the normal enzyme protein,
thereby increasing the ratio of CRIM to activity with erythrocyte
age. It is intriguing to speculate that if the "super stable"
mutant enzyme retained even a fraction of normal activity then
the residual activities in erythrocytes and liver would be slightly
greater than those in CRIM negative type 1 and CRIM positive
type 1 patients and could result in a clinically milder disorder.
The mean porphobilinogen deaminase activities in erythrocyte
lysates from CRIM negative type 1 and CRIM positive type 1
and type 2 patients support this hypothesis (see table I). The
observed incidence of acute symptoms in CRIM positive
type 2 patients also was lower than that in CRIM negative
type 1 and CRIM positive type 1 patients (see table III).
Further support for this hypothesis requires evidence of stable
non-catalytic enzyme in the liver of patients with the CRIM
positive type 2 mutation as well as slightly increased hepatic
activity. Such biochemical findings would be consistent with a

milder disease phenotype, except when exacerbated by selected
drugs.' 2

Characterisation of porphobilinogen deaminase activity in
erythrocytes from families with acute intermittent porphyria in
Finland provided information concerning the frequency of the
various mutations in this fairly homogenous population.'9 Of
the 33 families studied, 25 were CRIM negative type 1. Of the
seven CRIM positive families, four (120, of all families studied)
were CRIM positive type 1 and three (9%' ) were CRIM positive
type 2. For comparison, the frequencies of CRIM negative
type 1 and 2 and CRIM positive type 1 and 2 mutations in
a larger, random sample composed of North and South American
patients from various ethnic and demographic ancestries were
90, 3, 2, and 5% respectively.'0 Thus this study documents the
molecular genetic heterogeneity of the mutations causing
acute intermittent porphyria, even in the fairly homogenous
population of Finland.

We thank Mr Raman Reddy for technical skill and Mrs Linda Lugo
for clerical help in preparing the manuscript. This work was partly
supported by a research grant from the National Institutes of Health
and a grant from the March of Dimes Birth Defects Foundation.

References
1 Kappas A, Sassa S, Anderson KE. The porphyrias. In: Stanbury JB, Wyn-

gaarden JB, Fredrickson DS, Goldstein JL, Brown MS, eds. The metabolic
basis of inherited diseases. New York: McGraw Hill Book Company, 1983:
1301-84.

2 Tschudy DP, Lamon JM. Porphyrin metabolism and the porphyrias. In: Bondy
PK, Rosenberg LE, eds. Metabolic control and disease. Philadelphia: W B
Saunders, 1980:939-1007.

3 Strand LJ, Felsher BF, Redeker AG, Marver HS. Heme biosynthesis in inter-
mittent acute porphyria: decreased hepatic conversion of porphobilinogen to
porphyrins and increased delta-aminolevulinic acid synthetase activity. Proc
Natl Acad Sci USA 1970;67:1315-20.

4 Miyagi K, Cardinal R, Bossenmaier I, Watson CJ. The serum porphobilinogen
and hepatic porphobilinogen deaminase in normal and porphyric individuals.
J Lab Clin Med 1971;78:683-95.

5 Meyer VA, Strand LJ, Doss M, Rees AC, Marver HS. Intermittent acute
porphyria: demonstration of a genetic defect in porphobilinogen metabolism.
N Engl 7 Med 1972;286:1277-82.

6 Anderson PM, Desnick RJ. Purification and properties of uroporphyrinogen I
synthase from human erythrocytes. Identification of stable enzyme-substrate
intermediates. J Biol Chem 1980;255:1993-9.

7 Battersby AR, Fookes CJR, Matcham GWJ, McDonald E. Biosynthesis of the
pigments of life: formation of the macrocycle. Nature 1980;285:17-21.

8 Anderson PM, Reddy RM, Anderson KE, Desnick RJ. Characterization of the
porphobilinogen deaminase deficiency in acute intermittent porphyria.
Immunologic evidence for heterogeneity of the genetic defect. J Clin Irnvest
1981 ;68:1-12.

9 Wang AL, Arrendondo-Vega FX, Giampietro PF, Smith M, Anderson WF,
Desnick RJ. Regional gene assignments for human porphobilinogen deaminase
and esterase-A, on chromosome 11. Proc Natl Acad Sci USA 1981-78:
9734-8.

10 Desnick RJ, Ostasiewicz L, Tischler P, MustaJoki P. Acute intermittent por-
phyria: characterization of a novel mutation in the structural gene for porpho-
bilinogen deaminase. Demonstration of non-catalytic enzyme intermediates
stabilized by bound protein. a Clin Invest 1985;76:865-74.

11 Mustajoki P, Koskelo P. Hereditary hepatic porphyrias in Finland. Acta Med
Scand 1976;200:171-8.

12 Mustajoki P. Normal erythrocyte uroporphyrinogen I synthase in a kindred
with acute intermittent porphyria. Ann Intern Med 1981;95:162-6.

13 Mustajoki P, Tenhunen R. A variant of acute intermittent porphyria with
normal erythrocyte uroporphyrinogen-I-synthase activity. Eur J Clin Invest
(in press).

14 Ford RE, Ching-Nan 0, Ellefson RD. Assay for erythrocyte uroporphyrinogen I
synthase activity with porphobilinogen as substrate. Clin Chem 1980;26:
1182-5.

15 Anderson PM, Desnick RJ. Porphobilinogen deaminase: methods and principles
of the enzymatic assay. Enzyme 1982;28:146-57.

16 Anderson PM, Desnick RJ. Purification and properties of 8-aminolevulinate
dehydrase from human erythrocytes. 7 Biol Chem 1979;254:6924-30.

17 Doss M, Schermuly E. Porphyrin excretion pattern and isomer distribution of
I and III in human porphyrin disorders. In: Doss M, ed. Porphyrins in human
disease. Basle: Karger, 1976:189-204.

18 Orkin SH, Kazazian HH Jr. Mutation and polymorphism of the human ,l-
globin gene and its surrounding DNA. Annu Rev Genet 1984;18:131-71.

19 Nevanlinna HR. The Finnish population structure. A genetic and genealogic
study. Hereditas 1972;71:195-236.

(Accepted 29 April 1985)

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.291.6494.505 on 24 A

ugust 1985. D
ow

nloaded from
 

http://www.bmj.com/

