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In the earlier literature the substrate speci-
ficity of glucose-6-phosphate dehydrogenase
(G-6-PD) was considered to be absolute for
glucose-6-phosphate (G-6-P)(1). Subsequent
investigators reported that the enzyme iso-
lated from human erythrocytes has activity
with the 6-phosphate derivative of 2-deoxy-
glucose, galactose, and glucosamine but not
with  mannose-6-phosphate, ribose-5-phos-
phate, and unphosphorylated glucose(2,3).
However, yeast G-6-PD has been shown to
use unphosphorylated glucose as a substrate
when it is present in high concentrations, and
to be specific for the 8 anomer(4). Recently
Salas ef al(5) have shown that this specific-
ity for the 8 anomer also exists for the phos-
phorylated sugar, i.e., G-6-P.

The anomeric specificity of red blood cell
G-6-PD may not be of great physiologic im-
portance in considering the metabolism of
glucose, since both the o« and g anomer of
G-6-P are formed by hexokinase. In consider-
ing the metabolism of « glucose-1-phosphate,
as derived from either glycogen or galactose,
however, the anomeric specificity of G-6-PD
is critical, since the product of phosphogluco-
mutase is only the o« anomer of glucose-6-
phosphate.

The purpose of this communication is to
show that G-6-PD from human erythrocytes
can use glucose as a substrate when it is pres-
ent in sufficient concentration and that this
activity is specific for the 8 anomer. The en-
zyme is also shown to be specific for the g
anomer of G-6-P.

Materials and methods. G-6-PD was pre-
pared from human erythrocytes by the meth-

* This study was supported in part by USPHS
Grant AM10051 and HD 01974.

od of Kirkman (1962) through the first am-
monium sulfate fraction. VYeast hexokinase,
adenosine triphosphate, triphosphopyridine
nucleotide, glucose-6-phosphate, and « and B
anomers of glucose were obtained from Sig-
ma Chemical Co. All reactions were meas-
ured by following the appearance of TPNH
at 340 my, using a Gilford Model 2000 Ab-
sorbance Recorder.

Results. 1t is apparent that the human red
cell enzyme can use free glucose to reduce
TPN and that this activity is specific for the
B anomer (Fig. 1). No separation of enzyme
activity was found during the purification
procedure. The reaction rate with .1 M glu-
cose is approximately 1% of that found with
.6 mM G-6-P. The failure of Kirkman(2),
and Greiling and Kisters(3) to demonstrate
this reaction may be related to a low sub-
strate concentration.

When glucose is used as a substrate for
G-6-PD, the reaction is stimulated by Na-
HCOs, is inhibited by Mg+ and phosphate
ions, and has a pH optimum of approximate-
ly 9.0. In this respect it is similar to G-6-PD
activity with DPN and G-6-P(6).

Fig. 2 shows the anomeric specificity of
G-6-PD with respect to G-6-P. Yeast hexoki-
nase, which acts on both anomers at approxi-
mately the same rate(5), was used to gener-
ate ¢ and 8 G-6-P. When o glucose is used
there is an appreciable lag which is not pres-
ent with the g anomer. Since both anomers
are formed by the hexokinase reaction and
since spontaneous anomerization of the phos-
phorylated sugar is very rapid, it appears un-
likely that anomerization of G-6-P would be
limiting under physiological conditions.

Discussion. Red cell G-6-PD has been
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FIG. 1. Comparison of a and 3 glucose as substrate for erythrocyte glucose-6-phosphate dehydro-
genase. The reaction mixture contained: 63 uMoles Tris, pH 8.0; .75 uMcles TPN; and .96 unit
glucose-6-phosphate dehydrogenase in a final volume of 3 ml. The reaction was started by addition

of .3 mMole of solid a or g glucose. T = 25°C.

FIG. 2. Hexokinase-glucose-6-phosphate dehydrogenase coupled system. The reaction mixture
(1 ml) contained Tris, pH 7.7, 10 uMoles; ATP, pH 7.0, 75 uMoles; TPN, .25 uMoles; MgCl. 5
uMoles; albumin, SO0 ug% ; hexokinase, .67 unit, and human erythrocyte glucose-6-phosphate de-
hydrogenase, 2.8 units at approximately 3°C. The reaction was started with 12 mMoles of freshly

prepared a or 8 glucose.

shown to have a high degree of specificity of
B-G-6-P. The inability of G-6-PD to metabo-
lize the « anomer of G-6-P may well clarify
some previously unexplained observations re-
garding galactose metabolism in erythrocytes.
It has recently been reported that the methe-
moglobin reduction in nitrited, washed eryth-
rocytes is not accelerated by methylene blue
when galactose is used as substrate(7). This
is in agreement with the lack of stimulation
of oxygen consumption when methylene blue
was added to red cells incubated with galac-
tose(8). These findings were surprising in
view of the known metabolism of galactose
to G-6-P: galactose is phosphorylated to ga-
lactose-1-phosphate (Gal-1-P) by galactoki-
nase; Gal-1-P reacts with uridine diphospho-
glucose to form glucose-1-phosphate (Glu-1-
P) in the presence of Gal-1-P uridyl transfer-
ase; and phosphoglucomutase catalyzes the
conversion of Glu-1-P to G-6-P. It seemed,
then, that the addition of methylene blue

should divert the G-6-P formed from galac-
tose through the hexose monophosphate path-
way, accelerating the reduction of methemo-
globin or stimulating the consumption of oxy-
gen,

This failure of methylene blue to stimulate
shunt activity may be explained by the spe-
cificity of G-6-PD for the « anomer.

Some Gal-1-P has been reported to be me-
tabolized through the hexose monophosphate
pathway in hemolysates(10,11). However, re-
sults from hemolysates cannot be compared
with intact cell preparations unless precau-
tions have been taken to maintain ATP lev-
els.

Summary. Evidence is presented that hu-
man erythrocyte glucose-6-phosphate dehy-
drogenase is specific for the 8 anomer of glu-
cose and glucose-6-phosphate. It is suggested
that this specificity is responsible for the lack
of stimulation of the hexose monophosphate
pathway by methylene blue when galactose is
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While many animal viruses are capable of
infecting cultured renal cells derived from a
broad spectrum of animals, limitations as to
host specificity are well recognized. In an
early in vitro study, Kaplan(1) found that
poliovirus induced a cytopathic effect (CPE)
in some subhuman primate cells but not in
others. Cultured renal cells from rhesus (Ma-
caca mulatta) and crab-eating (M. cynomol-
gus) monkeys were found to be susceptible
while those from the capuchin monkey (Ce-
bus capucina) were not. Similar observations
have been made by Sweet and Hilleman(2)
with Simian Virus 40 (SV40), a papovavirus,
which was cytopathic to cultured renal cells
from African green monkey (Cercopithecus
aethiops) but not from rhesus except after a
prolonged incubation period(3). Based on
these differences, Hsiung et al(4) suggest that
virus host range may be another criterion to
aid in the grouping of primates. This article
will contribute additional information to that
previously reported(4) on those subhuman
primates whose kidneys are either refractive
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or susceptible to CPE when infected in vitro
with SV40.

Materials and methods. Trypsinized kid-
ney cells from the different species of pri-
mates were grown in medium 199 (Hanks’
base) with 0.05% yeastolate and 10% calf
serum. All media used throughout the experi-
ment contained 100 ug/ml of streptomycin
and 100 U/ml of penicillin. The SV40, ini-
tially obtained from Dr. Fred Rapp, was pre-
pared and titrated in primary African green
monkey (AGM) kidney cultures. The infec-
tive volume for monolayer tube cultures was
0.2 ml of 10-fold serial dilution of stock virus.

Cells grown in Falcon disposable flasks
(No. 3017) were exposed for 2 hr to 16%7
TCIDj;, of the virus and then washed 5 times
with 4-ml volumes of maintenance medium
before incubation. All infected and control
cultured cells were maintained in medium 199
(Earle’s base) supplemented with 3% calf se-
rum. The cultures were retained for 35 days
with medium changes made at 5- to 6-day in-
tervals.

Results. As shown in Table I, cultured re-
nal cells from different species of animals
demonstrated varying degrees of susceptibil-



