
cent of the norm would be hetero- 
zygous for the abnormal gene. Whether 
the small amount of am-antitrypsin 
found in the affected homozygotes is 
structurally normal must await further 
study. 

In view of the apparent innocuous 
nature of the gene in single dose, an 
attempt was made to estimate the fre- 
quency of the trait in a random popula- 
tion by surveying 193 whites from a 
community in Georgia (9); all serums 
were examined by starch-gel electro- 
phoresis. Diminution in intensity of the 
am-antitrypsin band was further investi- 
gated by quantitative determination of 
the serum mr-antitrypsin activity. All 
serums were examined by both methods, 
but it became apparent that the starch- 
gel-electrophoretic technique alone was 
a fairly reliable screening method for 
detecting deficiency of this protein 
(Fig. 3). Four of the 193 individuals 
studied had serum ai-antitrypsin con- 
centrations approximately 50 percent 
of the norm (342 + 78.5 pg of trypsin 
inhibited by 1 ml of serum); they cor- 
responded to a heterozygous frequency 
of the trait of 2.1 percent. The cal- 
culated homozygous frequency in this 
small sample of the population is ap- 
proximately 1 per 10,000 (this estimate 
is necessarily very provisional). Further 
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Fig. 3. Genetic variants of the serum ao- 
antitrypsin. Starch-gel electrophoresis of 
two normal serums (+/+), one heterozy- 
gote (+/-), and one homozygous de- 
ficient individual (-/-). Note the de- 
crease in intensity of the a1-antitrypsin 
band (amat) in -/- and -/- individ- 
uals. Hb, free hemoglobin; Tf, transferrin. 
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studies in several populations will be 
required to establish variations in fre- 
quency of this serum polymorphism 
and to elucidate the possible relation of 
serum ao-antitrypsin deficiency to cer- 
tain types of pulmonary emphysema. 
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Several examples of a genetically de- 
termined condition in man, usually 
called abnormal bisalbuminemia, have 
been reported (1, 2, 3). This condi- 
tion is characterized by two serum al- 
bumin zones instead of the usual one. 
In animals such as horses (4, 5), cat- 
tle, sheep, pigs (4), and chickens (6) 
similar variations in the albumin have 
been observed. However, in most ani- 
mal species three phenotypes are found 
showing distributions fitting with 
a genetic theory of two alleles which 
have been named AlF and Al' (4, 6). 
In connection with investigations of al- 
bumin polymorphism in domestic spe- 
cies we have carried out comparative 
studies of human albumin and now re- 
port results on serum albumin poly- 
morphism in man. 

A total of 1015 serums were investi- 
gated, 800 of them from pregnant 
women living in various parts of Nor- 
way. Two hundred samples came from 
seamen of whom 75 percent were Nor- 
wegians, and 15 came from Africans 
in a Congo hospital. 

Albumin types were determined by 
starch-gel electrophoresis, using a meth- 
od based upon Poulik's (7) horizontal 
discontinuous system. The serum sam- 
ples were diluted 1:3 with distilled wa- 
ter, and the pH of the gel buffer was 
usually 7.8. No other details are given 
because separation of the major al- 
bumin fractions is easy with ordinary 
electrophoretic methods. 
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Fig. 1. Gel stained with amido black, 
showing three electrophoretic patterns of 
two albumin phenotypes. The origin is at 
the base. 
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Serum Albumin: Polymorphism in Man 

Abstract. Serums from 1015 individuals, mainly Norwegians, were studied 
by starch-gel electrophoresis. All but one showed the same albumin phenotype. 
The appearance of the exceptional sample on starch gel fits with that of a 
heterozygote. A genetic theory of two alleles A1F and Als is proposed. 
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bumin fractions can take place in both 
alkaline and acid buffer systems (pH 
5.9). There is some further indication 
that the major bands in the FF and 
FS phenotypes are each composed of 
two bands, but we have not always ob- 
tained separation of these. 

The other phenotype, FS, was found 
in only one individual, a woman liv- 
ing in southern Norway. Her albumin 
type appears as two major bands with 
a very weak one in front. Compared 
to the zones of the FF phenotype, the 
FS type shows about half the staining 
intensity and thickness of bands. 

These results indicate a theory of 
two codominant alleles. The very rare 
heterozygote is most probably the same 
as the bisalbuminemia already de- 
scribed. We consider this heterozygosi- 
ty to be a quite normal condition and 
another example of a polymorphic 
serum protein system of which many 
are now known in the animal king- 
dom. We prefer to call the two alleles 
Al' and Al' (F, fast; S, slow). This 
nomenclature will have advantages 
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The existence and composition of or- 
ganic compounds of biological origin 
in fossils, sediments, and sedimentary 
rocks provide clues for the understand- 
ing of biological evolution and the 
origin of life. Most reports on bio- 
geochemical analysis have been con- 
cerned with hydrocarbons, amino acids, 
sugars, and porphyrins (1). Although 
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over A, and A2 (2) and A and B 
(3) if additional alleles are found. 
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the role of nucleic acids as the 
genetic material in all known forms 
of life is clearly established, the 
quantities of nucleic acid residues as 
paleobiochemicals have not previously 
been reported. Nucleic acid residues 
have been qualitatively found in recent 
sediments and various fossils (2). I re- 
port here an analysis of purine and 
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Table 1. Quantities of purines and pyrimidines in the experimental Mohole sediments (,,g/5 g 
dry weight). The average recovery (percent) of base was as follows: cytosine, 43; adenine, 
10; guanine, 5; thymine, 45; uracil, 49. The quantities reported have not been corrected for 
losses during the analytical procedures. 

Sample Depth Cytosine Adenine Guanine Thymine Uracil 
(m) 

L-66 0 5.2 3.5 6.5 1.2 0 
EM 7-7 0 2.3 2.0 3.5 1.0 0 
EM 6-2 76 3.2 0.6 2.5 0 0 
EM 8-11 101 0.8 2.5 0.5 0 0 
EM 8-14 129 1.2 0.5 0.5 1.4 0 
EM 7-3 170 2.5 0.9 0.2 0 0 
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pyrimidine bases in core samples ob- 
tained from the experimental Mohole 
drilling during March and April 1961 
off Guadalupe Island, Mexico (3). The 
deepest core sample available, EM 7-3, 
has been estimated to be 25 X 106 
years old (4). A detailed study of the 
biogeochemistry of sediments in the ex- 
perimental Mohole has been reported 
(5). 

Since the usual methods of extract- 
ing nucleic acids from biological ma- 
terials and determining the base com- 
position were not applicable to the 
largely inorganic core samples, the fol- 
lowing procedure was developed. The 
purine and pyrimidine bases were ex- 
tracted from the sediments after hy- 
drolysis in 12N perchloric acid at 
100?C for 1 hour. The bases were 
separated from the highly saline ex- 
tracts by adsorption onto activated 
charcoal-celite and eluted with 2 per- 
cent (by volume) of concentrated am- 
monium hydroxide in 50 percent (by 
volume) aqueous ethanol. The extracts 
were further purified and characterized 
by two-dimensional chromatography on 
Whatman No. 40 paper by the descend- 
ing technique, the chromatogram being 
developed first with a mixture of isopro- 
panol and hydrochloric acid (6), and 
then with n-butanol and ammonia (7). 
The bases were identified, and the 
quantities were estimated by the char- 
acteristic ultraviolet absorption spectra 
in both acid and alkali. The degree of 
ultraviolet-absorbing materials in all the 
reagents used was established by ap- 
propriate controls. To determine the ef- 
ficiency of the analytical procedures, 
radioactive bases were added prior to 
hydrolysis of the sediment. The recov- 
ery of each base was established from 
the fraction of initial radioactivity 
found in the isolated base (8). This 
method does not distinguish the free 
bases from those present as nucleosides 
or nucleic acids. 

Table 1 shows the quantities (uncor- 
rected for losses) of the five naturally- 
occurring bases found in core samples 
taken from various depths. If corrected 
for recovery, the quantities of pyrimi- 
dines in the core samples would be ap- 
proximately twice those reported in 
Table 1. The corrected quantities of 
adenine and guanine in the sediments 
are difficult to estimate accurately be- 
cause of the low recovery of these 
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purines. Although recovery of all three 

pyrimidines was more than 40 percent, 
only cytosine was found at all depths. 
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Purine and Pyrimidines in Sediments from the 

Experimental Mohole 

Abstract. Cytosine, adenine, guanine, and thymine, but not uracil, have been 
detected in core samples taken from various depths of the experimental Mohole. 
The following quantities of bases were found in the deepest core samples avail- 
able (approximately 25 X 106 years old): cytosine, 2.5 fug/5 g; adenine, 0.9 
ftg/5 g; guanine, 0.2 /Lg/5 g; thymine and uracil, 0 pg/5 g. 
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