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Galactosemia: Evidence for a Structural Gene Mutation

Abstract. Identical immunoprecipitin reactions appeared in double immuno-
diffusion between rabbit antibodies to human galactose-1-phosphate uridyl trans-
ferase and red cell preparations from both normal and galactosemic individuals.
The galactosemic erythrocyte preparations quantitatively absorbed the antibody

that
transferase.

Galactosemia is a human autosomal
recessive disorder due to a functional
deficiency of galactose-1-phosphate uri-
dyl transferase (transferase) (). Ev-
ery tissue of affected individuals that
has been studied is devoid of, or mark-
edly deficient in, transferase activity
(2). The absence of transferase activ-
ity in cells of galactosemic individuals
poses the question of whether the ge-
netic defect is an alteration or deletion
of the locus that codes for the struc-
tural protein, or is an abnormality of
the regulatory factors that control the
rate of synthesis or degradation of the
transferase protein. This report pre-
sents evidence that the defect in galac-
tosemia is a “point” mutation in the
structural gene which has resulted in
the synthesis of a catalytically inactive
transferase protein.

Human transferase was purified 1000-
fold (specific activity = 1 unit per mil-
ligram of protein) from liver by a pro-
cedure that includes homogenization,
precipitation with protamine sulfate,
fractionation with ammonium sulfate,
gel filtration, and column electro-
phoresis in Sephadex G-200 (3). An-
tibody to this purified enzyme was pro-
duced in a male New Zealand albino
rabbit by four biweekly intramuscular
injections of 1 mg of enzyme protein
dissolved in 0.5 ml of 50 mM gly-
cylglycine, pH 8.5, mixed with 0.5 ml
of Freund’s complete adjuvant. One
week after the fourth injection an im-
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munoprecipitin to transferase protein
was detected by double diffusion in
agar, and 50 ml of blood was collected
by ear vein puncture. The serum was
collected and fractionated on Sephadex
G-200 with 50 mM glycylglycine, pH
8.5, as the eluting buffer. The frac-
tions containing antibody as determined
by double immunodiffusion and pre-
cipitation of transferase activity were
pooled, lyophilized to dryness and re-

Fig. 1. Double-immunodiffusion cell pho-
tographed 24 hours after loading: 25 ul
antitransferase after G-200 gel filtration
was placed in the center well. Outer wells
contained purified human liver transferase
preparations (well 1), and the follow-
ing erythrocyte preparations; 3-month-old
male Caucasian galactosemic (well 2),
normal (well 3), 3-year-old male Cau-
casian galactosemic (well 4), normal

(well 5), and a 3-year-old female Negro -

galactosemic (well 6).

dissolved in water at one-half their
concentration in whole serum.

Hemoglobin-free red cell prepara-
tions were obtained as follows. Red cells
from heparinized blood, washed twice
with 0.85 percent sodium chloride,
were lysed in an equal volume of water
and then frozen and thawed. The lysate
was diluted with an equal volume of 10
mM phosphate buffer, pH 7.0, which
was then mixed with two volumes of a
50 percent suspension of diethylamino-
ethyl (DEAE)-cellulose (Whatman DE
52) equilibrated in the same phos-
phate buffer. The mixture was stirred
for 1 hour and poured into a chroma-
tographic column. The hemoglobin
fraction was eluted with the same buf-
fer until there was no detectable ad-
sorbance at 280 nm. The fraction con-
taining transferase activity was then
eluted with phosphate buffer containing
50 mM ammonium sulfate. The first
protein peak detected after the addi-
tion of buffered ammonium sulfate con-
tains the transferase enzyme and con-
sistently yields 70 to 100 percent
recovery of enzyme activity. This frac-
tion was lyophilized to dryness and re-
dissolved in water just before use.

Double immunodiffusion was per-
formed in high-resolution agarose cells
(Cordis Laboratories). The wells with
the red cell preparations contained 150
png of protein and the well with the
purified transferase enzyme contained
20 ug of protein (Fig. 1). All red cell
preparations were assayed for transfer-
ase activity by the uridine diphospho-
glucose—consumption assay (4) before
and after fractionation on DEAE-cellu-
lose. The preparations from galacto-
semic individuals had no detectable
transferase activity, and galactokinase
activity before fractionation was nor-
mal in all preparations regardless of
transferase genotype. A single band
of identity is present between all red
cell preparations which is continuous
with that of the purified liver trans-
ferase. After several days a second pre-
cipitin band appears between the puri-
fied liver preparation and the antibody.
No additional precipitins appear be-
tween red cell preparations and the
-antibody.

To demonstrate specificity of the an-
tibody for transferase protein, a prepa-
ration from a normal individual with
a constant amount of normal (Gtt+/
Gt+) transferase activity was mixed
with increasing amounts of antibody,
incubated at 37°C for 1 hour and then
at 4°C for 2 days. After centrifuga-
tion, the supernatants were assayed for
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transferase activity. The removal of
transferase activity from the superna-
tants is proportional to antibody con-
centration (Fig. 2).

To confirm the presence of a cross-
reacting material (CRM) to transfer-
ase enzyme protein in the galactosemic
preparations, increasing amounts of ga-
lactosemic red cell protein were mixed
with preparations having a constant
amount of the antibody (12.5 ul) de-
termined by the precipitation data in
Fig. 2. After 1 hour at 37°C and 3
days at 4°C the tubes were centrifuged
and a constant amount of normal
(Gtt/Gt+) transferase activity identi-
cal with that used for the data of Fig.
2 was added to each tube. The tubes
were incubated as before and the trans-
ferase activity remaining in the super-
natant was then determined. The CRM
transferase protein in the galactosemic
erythrocyte preparations formed a pre-
cipitin with the same antibody that
complexes with the normal, active en-
zyme (Fig. 3).

Whole immune serum before frac-
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Fig. 2. Normal transferase activity re-
maining in the supernatant after precipi-
tation of the enzyme with increasing
amounts of antitransferase. Replicate
portions of 300 ug of normal red cell pro-
tein were mixed with increasing amounts
of antitransferase in a final volume of
150 wul. The tubes were incubated for 1
hour at 37°C and 2 days at 4°C, centri-
fuged, and 50 ul of supernatant assayed
for transferase activity by uridine diphos-
phoglucose (UDPG )—consumption assay.
The arrow indicates the amount of anti-
transferase used for the data in Fig. 3.

Fig. 3. Normal transferase activity remain-
ing in the supernatant after precipitation
with a constant amount of antitransfer-
ase that was first treated with increasing
amounts of galactosemic red cell protein
from three different galactosemics. Por-
tions of galactosemic red cell protein as
indicated were mixed with a constant
amount (12.5 ul) of antitransferase in a
volume of 100 ul. The tubes were incu-
bated at 37°C for 1 hour and 4°C for 3
days, centrifuged, and 300 pg of normal
red cell protein in 50 ul was added to each
tube. After incubation as before, the
tubes were centrifuged and 50 ul of super-
natant was assayed for transferase activ-
ity by uridine diphosphoglucose (UDPG)—
consumption assay. 4AM, 3-month-old male
Caucasian galactosémic; FR, 3-year-old
male Caucasian galactosemic; LW, 3-year-
old female Negro galactosemic; RBC, red
blood cell.

tionation on Sephadex G-200 as well as
serum obtained from the same rabbit
before immunization did not precipi-
tate transferase activity., However, the
whole immune serum, before frac-
tionation, does form precipitin bands
in double immunodiffusion gels against
transferase protein whereas the control
serum does not.

The identification of a CRM trans-
ferase protein in galactosemic cells in-

dicates that the nature of the defect
in this enzyme-deficiency disease is a
“point” mutation which renders the en-
zyme protein catalytically inactive but
has little or no effect on the antigenic
properties of the molecule. The possi-
bility was previously suggested by stud-
ies with antitransferase prepared with
calf liver enzyme (5), and is further
supported by the report on interal-
lelic complementation at the transferase
locus in which cultured fibroblasts from
certain patients with galactosemia pro-
duced active transferase after hybridi-
zation (6).

It is reasonable to approach the ther-
apy of inborn errors of metabolism in
which the involved enzyme protein is
present, albeit malfunctioning, by at-
tempts at activation or stabilization of
the affected molecule. It is therefore
important to identify such diseases
where possible; such an identification
has now been made of galactosemia.
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Does DDT Inhibit Carbonic Anhydrase?

Abstract. At a concentration of 50 to 100 micrograms per milliliter, p,p’-DDT
(and p,p’-DDE) did not inhibit the rate of hydration or dehydration of carbon
dioxide by carbonic anhydrase. At concentrations greater than 500 micrograms
per milliliter, partial inhibition of the rate of dehydration of carbonic acid was
observed, but this involved precipitation of drug in the reaction vessel. This
degree of inhibition suggests that DDT may not inhibit carbonic anhydrase effec-
tively at the usual concentrations found in tissue after exposure of organisms to

DDT in the environment.

Birds of prey have been found to
lay thin-shelled eggs, a phenomenon
which has been ascribed by Peakall (/)
and by Bitman et al. (2) to inhibition
of carbonic anhydrase in the shell
gland by DDT (3). No direct studies

of inhibition were done; the shell gland
or oviduct of treated birds had about
60 percent (/) or 18 percent (2) re-
duction in enzyme activity when taken
for in vitro analysis. This is not usually
enough reduction for physiological in-

SCIENCE, VOL. 172



