]
D, N D, N D, N D, N

ORIGIN

Fig. 1. Starch-gel electrophoretic patterns
of galactose-1-phosphate uridyltransferase
from a normal subject and two homozy-
gotes from the Duarte variant. The gel
was prepared in 0.01M phosphate buffer,
with 0.25M phosphate buffer in the buffer
compartments. Each gel was photo-
graphed under ultraviolet light after ap-
plication of the reaction mixture. The
slots labeled N were filled with hemoly-
zate from cells of normal individuals.
Those labeled D, and D. were filled with
hemolyzate from the cells of the MO
propositus and the BA proposita as de-
scribed (2). Each preparation was diluted
so that the total enzyme activity in each
slot was the same, approximately equal to
a 1:8 dilution of normal hemolyzate.

enzymes could be demonstrated either
when the hemolyzates were diluted to
the same enzyme activity (Fig. 1),
or when diluted to the same protein
concentration. An artificial mixture of
normal and Duarte variant enzyme re-
sulted in a broad band, the leading
edge of which coincided with that of
the Duarte variant and the trailing
edge with that of the normal enzyme.
Because of the relatively small quantity
of mutant enzyme activity in hetero-
zygotes, it is technically quite difficult
to demonstrate clearly the presence of
the variant in their hemolyzates. How-
ever, on careful examination such
hemolyzates showed, in addition to
normal enzyme, relatively faint fluo-
rescence in a region just ahead of the
normal band, corresponding to the
Duarte variant.

To determine whether the difference
in electrophoretic mobility between the
two types of enzyme was due to dif-
ferences in molecular size, electrophore-
sis was carried out not only in 16
percent, but also in 13 and 20 percent
starch gel. It has been shown that re-
tardation of larger molecules is greater
when higher starch concentrations are
used (5). The relative migration of
the two enzymes was the same at
all starch concentrations studied. The
molecular weight of the two enzymes,
partially purified on DEAE (diethyl-
aminoethyl cellulose) (3), was also
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estimated by gel filtration on Sephadex
G-200. The material on the column
was eluted with 0.15M sodium acetate
solution containing 7 mM dithioerthyro-
tol and 0.27 mM EDTA (ethylenedia-

menetetraacetate). Alcohol dehydro-
genase (molecular weight, 150,000,
Boehringer) from yeast, serum al-

bumin (molecular weight, 68,000, Cal-
biochem), horseradish peroxidase (mo-
lecular weight, 40,000, Sigma), and
cytochrome c¢ (molecular weight, 12,-
000, Nutritional Biochemical Corpora-
tion), served as markers. Transferase
in effluent from the column was esti-
mated by a modification of the method
of Maxwell et al. (3, 6). Under
these circumstances 95 to 100 percent
of enzyme was recovered. The elution
pattern was highly reproducible; the
molecular weight of normal enzyme
was estimated in two filtration experi-
ments at 87,000 and 83,500 and that
of Duarte variant enzyme at 81,500
and 85,000.

Our studies indicate that individuals
homozygous for the Duarte variant
produce a structurally different galac-
tose-1-phosphate uridyltransferase from
that produced by normal individuals.
Since the molecular weight of the nor-
mal enzyme and the Duarte variant
enzyme appear to be approximately
the same, the difference in migration in
starch gel would appear to be due

to differences in molecular charge or
axial ratio. The charge difference ap-
pears much more likely, especially since
changing the concentration of starch
failed to influence the degree of separa-
tion of the two enzymes. Presumably
the charge difference is due to an
amino acid substitution. Since the ki-
netic properties of the enzyme do not
appear to be abnormal, it is reasonable
to suppose that the substitution does
not affect the active site of the enzyme,
but may well influence its rate of syn-
thesis.
CLARAMMA K. MATHAI
ERNEST BEUTLER
Division of Medicine, City of Hope
Medical Center, Duarte, California
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Magnesium-28 in Rain: Produced by Cosmic Rays

Abstract. Existence of magnesium-28 (half-life, 21.3 hours) produced by cos-
mic rays in rain at concentrations of 1.7 and 6.1 X 10—1 atoms per milliliter was
established radiochemically by isolating this nuclide from several hundred liters
of rain samples collected at Fayetteville, Arkansas.

The following radionuclides, with in-
dicated half-lives, produced by cosmic
rays were known to occur in the atmo-
sphere, or in atmospheric precipita-
tion, or both, about 10 years ago (1):
2.7-million-year Bel®, 5600-year C1¢,
12.5-year H3, 2.6-year Na22, 87-day
S§35, 53-day Be7?, 25-dav P33, 14-day
P32, and 1-hour CI3. These radionu-
clides have since been added to the list
of nuclides produced by cosmic rays:
700-year Si*? (2), 15.0-hour Nat (3),
37-minute CPB%, and 2.8-hour S3% (4).

Many nuclides with masses ranging
from 25 to 31 are also expected to be
produced by the cosmic-ray spallation
reactions on atmospheric argon, but
most of them are short-lived. Among
these nuclides, 21.3-hour Mg2?8 and
2.62-hour Si31 have half-lives long

enough to enable us to measure their
concentrations in rain by the use of
present-day, low-level counting and
radiochemical techniques. In this work
we have measured the concentrations
of Mg28 in rain by isolating this nu-
clide from large volumes of samples
collected at Fayetteville (94°W, 36°N),
Arkansas.

Samples were collected on the roof

Table 1. Magnesium-28 in rain at Fayette-
ville (94°W, 36°N), Arkansas.

Date Rain-  Sample Cﬁzﬁof
fall size
(1966) f (10" atom/
(mm) (liter) ml)
16 July 315 685 1.7+0.2
20 July 9.1 245 6.1 =0.7
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of the chemistry building of the Uni-
versity of Arkansas in five steel col-
lectors, each having a surface area of
9 X 10* cm? and emptying into 30-
gallon polyethylene containers. Magne-
sium, strontium, barium, iron, lantha-
num, lead, and bismuth carriers were
added to the water sample. The magne-
sium fraction was isolated and exhaus-
tively purified; the radiochemical pro-
cedure consisted of: (i) precipitation of
ferric hydroxide with NaOH at pH 11,
(ii) removal of Fe by precipitation of
ferric hydroxide with NH,Cl and
NH,OH at pH = 7, (iii) precipitation
of the hydroxides of Mg, Sr, and Ba
with NaOH, (iv) removal of Sr and Ba
by the fuming nitric acid treatment, (v)
precipitation of La with oxalic acid,
(vi) precipitation of Pb and Bi as the
sulfides, and (vii) ion-exchange separa-
tion of Mg from fission products such
as zirconium or uranium with a column
of anion-exchange resin AG 1 X 8 (50
to 100 mesh, choride form). Magnesium
was finally precipitated by the addition
of NH,Cl, (NH,),HPO,, and NH,OH;
the precipitate was filtered, dried,
weighed, and mounted, and beta-
radioactivity was determined. The
chemical yield was 40 to 50 percent.
Tracerlab ‘omni-guard low-background
counting system (background about 1
count/min) was used for the radio-
activity measurements.

Experimental results are shown in
Table 1 and Fig. 1. In one rain sample,
a small tail (0.5 count/min) was ob-
served after the decay of Mg28. Identifi-
cation of the contaminant causing this
tail was impossible, however, because
of the extremely low activity.

Lack of data for the spallation re-
actions with targets of mass about 40
makes it impossible to calculate the pro-
duction ratio of Mg28 and P32 from at-
mospheric argon. However, a crude
estimate can be made for this ratio by
using available experimental data for
targets with somewhat larger masses.

Rudstam (5) gave the following em-
pirical equation for the formation cross-
section ¢ (4;, Z;) of nuclides in a partic-
ular spallation group for the target of
mass lying between 50 and 75:

Ine (A4, Z:)
=PA:—Q—R(Z:—S4:)* (1)
where 4, and Z; are mass number and
atomic number of the nuclide produced,
respectively, and P, Q, R, and § are
constants.
The radionuclides such as Mg28, P32,
P33, and so forth, are produced mainly
from interactions of neutrons with ener-
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Fig. 1. Beta-radioactivity of the magnesium fraction isolated from rain. Slopes of the
solid and dashed straight lines connecting the Mg® activities in the 16 July and 20 July
rains, respectively, correspond to a half-life of approximately 20 hours. This is in
agreement with the 21.3-hour half-life of Mg®.

gies of few hundred million electron
volts with atmospheric argon, with some
contribution from proton interactions.
Values of P, Q, R, and S remain fairly
constant with changes in neutron and
proton energies; also, they are not
greatly affected by the mass number
and atomic number of the target nu-
cleus.

According to Rudstam (see 5), aver-
age values of P, O, R, and S in the
bombardment of copper with 400 Mev
neutrons and 60 and 340 Mev protons
are: P, 0.521 = 0.067; Q, 29.80 = 3.77;
R, 1.34 +0.24; and S, 0.469. If these
values are introduced into Eq. 1, we
have

c(Mg®)/s(P*) = 0.025 =+ 0.003

The experimentally observed values
of ¢ (Mg?®) /¢ (P32) in the bombard-
ment of copper by 2.2 Gev protons (6)
and 5.7 Gev protons (7) are 0.06 and
0.08, respectively. This indicates that
the value of production ratio calculated
above is of the right order of magnitude.

According to Peters (I), an average
rain contains 40 atoms of P32 per milli-
liter. Rao et al. (8) found the average
concentration of P32 in rain to be about
50 atoms/ml at Fayetteville (94°W,
36°N), Arkansas. The following rela-
tion should hold between the concentra-
tions of P32 and Mg?2s:

o(Mg*) | e 4 kr
a(P™) Aes + ko
where kj is the reciprocal of the mean
tropospheric residence time of the cos-
mic-ray-produced nuclides, and ).
and )3, are the decay constants of Mg28

Cos = Cse*

@

and P32. Unfortunately, the P32 con-
tents in the rain samples used in this
work are unknown, but if we assume
that these samples contained about 50
atoms of P32 per milliliter, and use a
value of 1/k; = 30 days for the tropo-
spheric residence time, Coq is calculated
to be 0.12 atom of Mg2® per milliliter.
This value is in excellent agreement
with the observed value of 0.17 atom
of Mg?® per milliliter for the 16 July
1966 rain. The Mg?8 concentration in
the 20 July 1966 rain is higher than
this by a factor of 3, but in view of the
uncertainties involved in (i) the theo-
retical calculations, (ii) variations of the
radionuclide concentrations from one
rain to another, and also (iii) the tro-
pospheric residence time, the above
agreement has to be considered as ex-
cellent.
L. HusAan

P. K. Kuropa
Department of Chemistry,
University of Akansas,
Fayetteville 72701

References and Notes

1. B. Peters, J. Geophys. Res. 64, 155 (1959).

2. D. Lal, E. D. Goldberg, M. Koide, Phys. Rev.
Letters 3, 380 (1959); Science 131, 332 (1960).

3. W. Rodel, Nature 200, 999 (1963); J. Geo-

phys. Res. 70, 4447 (1965).

R. W. Perkins, C. W. Thomas, M. W. Hill,

J. M. Nielsen, Nature 205, 790 (1965).

. S. G. Rudstam, Phil. Mag. 46, 344 (1955).

. G. Friedlander, J. M. Miller, R. Wolfgang, J.

Hudis, E. Baker, Phys. Rev. 94, 727 (1954).

D. B. Barr, thesis, University of California,

UCRL-3793, 1957.

. M. N. Rao, L. Husain, P, K. Kuroda, J. Geo-

phys. Res., in press.

. Investigation performed under auspices of
the U.S. Atomic Energy Commission. We
thank R. S. Clark and J. N. Beck for their
advice and help.

20 September 1966

>

© ® g9 oOwm

1181



