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Genetic Diversity in Serum Albumin
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The significance of rare, recessive genes occurring
at a frequency that could be maintained by recurrent
mutation alone is poorly understood. This paper
presents the results of a genetic study and certain
biochemical observations on a slowly migrating
electrophoretic species of albumin which was found
in the family of a 7-year-old boy suffering from the
nephrotic syndrome. The gene controlling this
slowly migrating albumin is apparently rare; how-
ever, at least I2 families with this trait have been
reported (Scheurlen, I955; Knedel, 1957, I958;
Nennstiel and Becht, I957; Earle, Hutt, Schmid,
and Gitlin, I959; Bennhold, Ott, and Scheurlen,
I958; Franglen, Martin, Hargreaves, Smith, and
Williams, I960; Wieme, I960; Miescher, I960;
Adner and Redfors, I96I; Robbins, Hill, Marcus,
and Carlquist, I963; Braend, Efremor, Fagerhol,
and Hartmann, I965). These data suggest that the
mutant allele is as efficient as the wild type allele.

Case Report
J.O. was referred to the University of Michigan

Medical Center because of persistent abdominal dis-
tension following steroid treatment for the nephrotic
syndrome. The onset of his nephrotic syndrome was
typical and laboratory studies had demonstrated hypo-
albuminaemia, hypercholesterolaemia, and proteinuria.
The proteinuria had cleared after I5 days of treatment.

Past medical history was remarkable in that he had
been treated with antituberculosis medications for one
year following the discovery of a positive old tuberculin
skin test.
On physical examination the liver edge was palpable

6 cm. below the right costal margin and ascitic fluid was
demonstrable. Urinalysis and intravenous pyelography
were normal. Two lupus erythematosus cell prepara-
tions were negative. Total serum protein was 5-3
g./Ioo ml., with 56% albumin as determined by paper
electrophoresis. It was noted that there were two bands
of approximately equal density in the albumin region.

The clinical diagnosis of nephrotic syndrome in
remission was made. It was suspected that the
hepatomegaly and ascites were secondary to steroid
treatment and the steroids were promptly tapered with
a concurrent decrease in abdominal girth, weight, and
hepatomegaly. At the time of discharge he was com-
pletely off steroids, and there was no significant
hepatomegaly or ascites. He has been followed since
discharge on a programme of intermittent steroid
therapy with no exacerbations or complications.

Family Studies. All available members of the
patient's family were investigated when electrophoresis
of his mother's serum also revealed two albumin bands.
Of the 57 members of the family examined, 22 were
shown to have this anomaly (Fig. i). All were healthy
and gave no history of significant illness. The deceased
members of the family died either in old age or from
infectious disease. No known pregnancy loss occurred
in families with an affected parent.

Biochemical Data. The albumin anomaly as
observed on paper and starch gel electrophoresis
(Smithies, I955) was clearly defined as a band migrating
immediately behind normal albumin (Fig. 2). The two
bands were distinctly separated with very little overlap.
The same electrophoretic pattern was observed in the A
sera from all affected members of the family (Table).
All determinations of the total serum proteins were
normal as were the percentages of the total serum protein
contributed by albumin. The rest of the electrophoretic
pattern was unremarkable in each of the affected persons.
The proportion of the total albumin contributed by

each of the two species of albumin was of particular
interest. The mean ratio, 0-9729 ± 0-27, did not differ
significantly from a i: i ratio, p - o-64. It is important
to realize that some of the variance observed in this ratio
could be due to streaming of the normal albumin and
incomplete separation of i globulin from slow albumin.

Immunoelectrophoresis, using the technique of
Scheidegger (1955) and undiluted serum, demonstrated
an identical reaction with normal albumin.

Genetic Analysis. In 4 generations, 22 people were
proved and one was assumed to have the slowly migrating
albumin fraction (Fig. i). In no case was the trait
transmitted through an unaffected person. The deceased
maternal great-grandmother is assumed to be the first
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TABLE
BIOCHEMICAL DATA ON i8 PEOPLE WITH SLOW ALBUMIN

Albumin o/ Total Protein
Subject Total Serum - - _ ° Normal/ 0 Slow

Protein (g./ioo ml.) Normal Slow atI 2 y

E.P. - 28.77 32-08 142 9 9I IO038 I7 45 o-8968
E.W. - 29'47 27-54 0 97 II*II I4-0I I6-91 10700
P.W. - 21-27 37'31 2-24 12-3I I343 13-43 0-5700

M.O. 7 59 29'35 27-86 9 1095 I3.43 I6-4I 1|0534
CC. 70o6 3430 34 78 1I45 7 73 8o70 13 04 0-986I
C.C. 7 02 32-30 34 5I 2-21 9-29 8.41 13 27 0 9359
F.W. - 27.39 30 87 174 IO087 13.48 I5.65 o-8872

E.W., Jr. - 27-19 33.77 1-31 9.65 O1O9 17-98 o-805I
B.H. - 28-80 35 33 0-54 1033 8.70 I6-30 0-8151
G.K. - 24-03 36 40 035 II*66 IO095 I6-6I o-66oi
C.W. - 28.74 32 39 2-43 IO12 1053 15.79 o-8873
T.W. - 29-60 338 2-24 807 I2.56 435 0-8921
JO. 703 28-44 3394 138 963 13-30 I330 o-8379
B.O. 6-86 3196 31-96 I-83 IO005 1005 14.I6 I0000
S.O. 7IO 37 74 29-25 I-42 9 43 8-96 13.21 1-2902
D.O. - 35'15 33.I7 149 9 90 IIH39 8-9I 10596
D.W. - 27-98 28.44 I-83 9'17 I3'5 '4 II110o19838
CW 642 0988

C.W. -39-67 21-07 1-24 7-02 i8-io 12-8i i18827

affected member of this kindred, since her living spouse
had only normal albumin and 4 of the 6 living children
of this union were affected.
No significant difference was demonstrated in the

efficiency of the two alleles in producing their respective

I jl
't i

FIG. 2. Paper electrophoretic pattern of serum of propositus (upper)
and normal control (lower).

albumins. This suggests that the trait is controlled by
co-dominant alleles. This designation implies that in the
heterozygous condition both alleles find equal expression.
Due to the rarity of this condition, the mating most
likely to give information on the mode of inheritance
will involve a heterozygote with a normal homozygote.
A i: i ratio between affected and normal children would
be expected from such matings.
The hypothesis of a i: i ratio of affected and normal

offspring among the 9 sibships of 2 or more children
where one parent is affected was tested. No significant
deviation from the hypothesis and no significant
heterogeneity of the sexes were found.

Discussion
Most of the reported families came to medical

attention through an affected member who was
being followed with some other diagnosis. No
disease was common to these propositi, and in all
the families studied many people with the trait have
been completely well. To date no advantage or
disadvantage has been observed for this anomaly.
The biochemical observations made on hetero-

zygotes in these families have shown the abnormal
protein to be present in approximately the same
quantity as normal albumin. Ultracentrifugation,
immunological and immunoelectrophoretic tests
have consistently shown the abnormal albumin to be
identical to normal albumin. However, Robbins
et al. (I963) detected equivocal evidence of minor
differences in antigenic specificity using immuno-
electrophoretics of diluted serum. Gitlin, Schmid,
Earle, and Givelber (I96I) demonstrated a peptide
difference between the two albumins present in the
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family studied by Earle et al. (I959). Their data
indicate that a lysine residue in the slowly migrating
albumin probably replaces a group containing a free
carboxyl radical in normal albumin. No evidence is
available as to a functional distinctness of these
proteins.

Twenty-nine sibships of two or more children
reported by Adams (this report), Earle et al. (I959),
Franglen et al. (i960), Miescher (i960), and Adner
and Redfors (I96I) were pooled. No significant
departure from a I: i ratio of affected to normal
offspring was obtained, and there was no significant
heterogeneity of the sexes. However, this pooling
may not be valid since the structural identity of the
anomalous albumins is not established.
The homozygous affected genotype has never

been observed. Due to the apparent rareness of the
gene it would be expected to occur only as a result
of a consanguineous union or perhaps in certain
areas of Germany and Switzerland where several
affected families have been observed. Data on the
frequency of the gene responsible for the slow
albumin are scanty, but the gene must be very rare
and probably does not reach even the I% level.
Efremov and Braend (I964) found one case in IOI5
normal Norwegian individuals, and Cohen (I965)
found none in 548 Scottish hospital patients.

Evidence supporting the hypothesis of co-
dominant inheritance of the slow versus normal
albumin is available from studies in several species
of domestic animals including chickens (McIndoe,
i962), horses (Stormont and Suzuki, i963), cattle
(Ashton and Lampkin, I965), turkeys (Quinteros,
Stevens, Stormont, and Asmundson, i964), and
quail (Haley, I965). In these species balanced
polymorphisms apparently occur.

It has been suggested that the presence of slow
albumin is due to the continued production of a
normal foetal protein. Bergstrand and Czar (I957)
reported such a protein in 39 foetuses aged 9-I9
weeks (I9-27 cm.) but in none of the II premature
infants they studied. The slowly migrating protein
observed in the foetuses was identical to albumin
by ultracentrifugation and precipitated in ammonium
sulphate.
Human serum albumin has been characterized by

its uniformity (Goodman, I962). Electrophoretic
variants, at least, are rare. Those that do occur
appear to be antigenically identical to normal
albumin. Goodman (I962) has postulated that
variation in proteins that are present in the early
foetus (such as albumin) is limited by the maternal
immune mechanism. This implies a potentially high
level of selective control over the production of
albumin. The existence of rare an-albuminaemic

persons (Bennhold, Peters, and Roth, 1954) in no
way suggests that albumin function is selectively
unimportant (cf. Cohen, I965). In fact, in the
absence of selective elimination of mutants, much
variation in protein structure might be expected.
We have no evidence that the structure of human
serum albumin is not adaptive; thus the rarity of
structural variants may well reflect selective pressure.

Summary
A genetic and biochemical study of a slowly

migrating electrophoretic species of human serum
albumin occurring in 22 members of the family of
a 7-year-old boy with the nephrotic syndrome is
presented. This trait is controlled by a rare
co-dominant allele of normal albumin. The pub-
lished reports are reviewed and the significance of
the genetic diversity of serum albumin is discussed.

The author wishes to express his gratitude to Dr.
William J. Oliver who brought this family to his attention
and in whose laboratory the biochemical determinations
were done. He is indebted to Dr. Lowell Weitkemp for
determining the phenotype of several of the patients
studied. Drs. Frank and Richard Van Skoik of Jackson,
Michigan, kindly provided their offices for use while
collecting material for this study. Drs. George R. De
Muth, William Howatt, and Richard E. Tashian read
the manuscript and offered helpful criticism.
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