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the inoculum and was correlated with the
severity of the disease as measured by LDj,.
The time at which the decrease in water
consumption began did not appear to be cor-
related with the inoculum LDs, within a
range of 1.5 logyo virus concentrations. Thus,
the appearance of disease symptoms with a
virus concentration which caused 15% mor-
tality and 33% reduction in water consump-
tion occurred at the same time as with a
virus concentration which caused 96% mor-
tality and 78% reduction in water consump-
tion.

On the assumption that water consumption
reduction is a valid criterion for disease on-
set, the curative action of amantadine HCI
appears to be adequately demonstrated by
the trials of this study. This is reflected by
the decrease in mortality, increase in survival
time and increase in apparently healthy ani-
mals in influenza A2/Bethesda/10/63, as
well as in an increased proportion of healthy
animals among the survivors of influenza
A2/AA/2/60 mouse infections.

Summary. The first disease symptom of
influenza A2-infected mice was a reduction in
water consumption. The degree of reduction
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with influenza A2/Bethesda/10/63 was virus-
dose related whereas the time of appearance
of this symptom was not. Amantadine HCI
treatment of mice infected with influenza
A2/Bethesda/10/63 and with influenza
A2/AA/2/60 beginning 12 hr after the ap-
pearance of this disease symptom resulted in
an increase in the percentage of survivors, an
increase in survival time, an increase in the
number of healthy animals, and an increase
in the proportion of healthy to diseased ani-
mals of those which survived.
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Identification of Human Hepatic Glucokinase and Some Properties
of the Enzyme* (33396)

S. J. PiLki1s
(Introduced by M. E. Krahl)

Department of Physiology, University of Chicago, Chicago, Illinois 60637

Glucokinase, a hexokinase type enzyme
with a high K, toward glucose, has been
established as an important factor in glucose
phosphorylation by rat liver (1-4). It was at
first reported that glucokinase did not occur
in human liver (5); subsequently, it was
detected there by starch gel electrophoresis
(6). The present study deals with the defin-
ite identification of a glucokinase in human

* This investigation was supported in part by
grants from The National Institutes of Health
(AMO01653) and from The Hartford Foundation.

liver and with some of the properties of the
enzyme.

Methods. Liver tissue was obtained from a
24-year-old Negro male during gastrointes-
tinal surgery for vagotomy and pyloroplasty.
He had been fasted overnight but was other-
wise well-nourished and had no signs of liver
disease; he received intravenous glucose dur-
ing operation. A 1-g wedge of liver was re-
moved after hemostatic sutures had been
placed but not tightened.

The tissue was placed in ice immediately
after excision and homogenized within 5 min
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Fic. 1. Determination of the Km for glucose of
human hepatic glucokinase: human glucokinase was
separated from attendent low Km hexokinases by
passage of the 105,000g supernate through Sephadex
G-100. The pooled glucokinase activity was concen-
trated by ultrafiltration and used for the K. deter-
mination. Concentrations were as follows: ATP (5
mM), NADP* (0.5 mM), Mg* (7.5 mM), Tris (100
mM), glucose-6-phosphate dehydrogenase 04
unit), and glucose (4, 10, 20, 40, and 100 mM). The
enzyme was added last and the rate followed at
340 myu and at 29°. The initial rate was taken as the
linear portion of the curve after the initial 3 min,
during which time the steady state was reached.
Velocity of the enzymatic reaction is expressed as
AODg,o/min.

in a medium consisting of 0.02 M Tris, 0.005
M EDTA, 0.004 M MgSO,, 0.15 M KCl,
0.010 M B-mercaptoethanol, pH 7.4. A 1:1
homogenate was prepared and spun at 105,
000g in the Spinco model L centrifuge for 60
min, and the ATP-bp-glucose phosphotransfer-
ase (hexokinase) activity for the supernate
was assayed at 0.5 mM and 100 mM glucose
by the spectrophotometric method of Vinuela
et al. (2). Other techniques were applied as
before (7, 8): vertical starch electrophoresis
(9); histochemical staining for hexokinase
(10); molecular weight estimations on cali-
brated Sephadex G-100 columns (8); anti-
body production to rat hepatic glucokinase
(11).

Results. In general, mammalian liver con-
tains at least one hexokinase with a high K,
(102 M) toward glucose (glucokinase) and
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a variable number of hexokinases with low
K,, values toward glucose (10—* M or less)
(11, 13). The glucokinase content of the 105,-
000g supernate from human liver was 8.5
milliunits/mg of crude protein; the value for
hexokinases with a low K, toward glucose
was 5.5. These correspond to about 0.6 and
0.4 units/g of liver, respectively, as compared
to 1.5 and 0.4 for rat liver. The value for
glucokinase, which is obtained as the differ-
ence between the hexokinase activity at
100 mM glucose and that at 0.5 mM glucose,
is probably low because a substantial propor-
tion of the low K, hexokinase activity of
human liver has been found in the present
study to be inhibited at 100 mM glucose. In
any case, the glucokinase activity in human
liver is at least 1.5-fold that for low Kn.
hexokinases, as compared to 4-fold in rat
liver. The K,, toward glucose of human glu-
cokinase is about 14.7 mM (Fig. 1) as com-
pared to the 10-20 mM reported for the rat
liver enzyme (12).

Four hexokinases are observed in a starch
gel electrophoretic pattern for the 105,000g
supernate from human liver (Fig. 2). The
slowest migrating form corresponds to rat
type I, the next fastest to rat type II (faint
in both human and rat liver), and the next to
rat type III. These three bands all arise
from low K,, hexokinases, as do those of the
rat. The fourth band is glucokinase, since it
stains only at high glucose concentration, and
corresponds almost exactly in migration rate
to the rat glucokinase.

The low K,, hexokinases can be separated
from glucokinase as shown in Fig. 3. Upon
spectrophotometric assay, the low K, frac-
tion is inhibited by 100 mM glucose to the
extent of 27% as compared to the control run
at 0.5 mM glucose. From electrophoretic ev-
idence, it is the type III which is inhibited;
rat type III is also inhibited by high glucose
concentrations (13).

One distinguishing characteristic of glucok-
inases from monkey, rat, turtle, and frog is
an apparent molecular weight by the
Sephadex G-100 gel filtration method of 48,
000; about half the value of 91,000 for the
low K,, hexokinases from the same species
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(11). Similar findings were obtained for the
human liver hexokinases (Fig. 3).

Glucokinases from various mammals are
inhibited by an antibody prepared against
1200-fold purified rat hepatic glucokinase,
while the low K, hexokinases are not (11).
In a like manner human glucokinase is inhi-
bited 85% by the antibody to rat glucokinase
whereas the low K, hexokinases of human
liver are not.

Two low K, hexokinase bands are found
by starch electrophoresis of extracts of hu-
man adipose tissue (Fig. 2), confirming the
report of Brown et al. (6). The specific activ-
ity of the hexokinase in these extracts of
human subcutaneous adipose tissue was 3.1
milliunits/mg of protein. Estimations, by the
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F1G. 2. Starch gel electrophoresis of human hexok-
inases: A. Photograph of electrophoretic pattern of
human liver and rat adipose tissue supernates. The
direction of migration is upward, toward the anode.
The type IV band in human liver appears only at
high glucose concentrations indicating that it is a
high Km hexokinase. The type III band stains more
intensely at 0.5 mM glucose than at 100 mM glucose
(not shown), indicating that it is inhibited by
high glucose concentrations. B. Schematic representa-
tion of electrophoretic patterns for human and rat
hexokinases from liver and adipose tissue. Cross
hatched bands appear only at high glucose concen-
tration. Stippled bands stain at both gluocse concen-
trations. None of these bands appeared if ATP was
omitted from the staining mixture. HL, human liver;
HA, human adipose tissue; RL, rat liver; RA, rat
adipose tissue.
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Fic. 3. Sephadex G-100 gel filtration of human
hepatic glucokinase and hexokinase: Human liver
supernate (1 ml) was applied to a Sephadex G-100
column (1.5 X 92 cm) equilibrated with 100 mM
Tris, 5 mM EDTA, 10 mM B-mercaptoethanol, and
4 mM MgSO,, pH = 70. (—), total hexokinase
activity at 100 m3 glucose. It should be noted that
the low Km activity, eluted with V/V, of 1.39, is
inhibited by high glucose concentrations. This
column was calibrated with proteins of known mo-
lecular weight (8) and yielded an apparent molecu-
lar weight of 48,000 for glucokinase (V/V. = 1.67).
(- --), low K» hexokinase activity.

Sephadex G-100 gel filtration method, of the
apparent molecular weights of these adipose
hexokinases yield a value of 91,000, the same
as for the low K, hexokinases of human
liver and rat adipose tissue. The rat and
human adipose enzymes are not inhibited by
an antibody to rat liver glucokinase.
Summary. Glucokinase activity has been
estimated in human liver. The human en-
zyme is similar to that of the rat in K,, for
glucose, electrophoretic mobility, apparent
molecular weight, and reactivity to an anti-
glucokinase prepared ‘against the rat enzyme.

The author is indebted to Dr. B. J. Mizock for the
liver sample.
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Hearaer D. MAyor AND MicHio ITo!
(Introduced by Joseph L. Melnick)
Department of Virology and Epidemiology, Baylor University College of Medicine,
Houston, Texas 77025

There are now a large number of small
DNA-containing animal viruses which by an-
alogy with the RNA-containing picornavi-
ruses have been called “picodnaviruses” (1).
The known physical and chemical properties
of members of this group hawve been tabu-
lated recently (2). To date, only rodent pi-
codnaviruses are known to be capable of au-
tonomous replication in susceptible cells,
while the human and simian members appear
to be unable to multiply unless host cells are
also infected with adenovirus (3-5). The
X14 is a rodent picodnavirus serologically
related to the H; hamster osteolytic virus
(6). The X 14 exhibits a T' — 3 pattern of
icosahedral symmetry similar to that of K rat
virus (7, 8). Because of its similarity to the
defective picodnaviruses (adeno-associated
satellite viruses), X 14 may serve as a useful
model of an autonomous small DNA virus.
However, to date it has been impossible to

* This investigation was supported in part by
Research Grant CA 04600 from the National Cancer
Institute, and Research Grant AI 05382 and
Training Grant 5§ T1AI74 from the National Insti-
tute of Allergy and Infectious Diseases, National
Institutes of Health.

1 Present address: Dr. Michio Ito, Department of
Enteroviruses, NIH of Japan, Nakato, Murayama,
Kitatama, Tokyo, Japan. .

.detect X 14 virus with certainty until 3 or 4

days after inoculation of susceptible host
cells. The use of fluorescein labeled anti-
bodies to follow the growth cycle of satellite
virus in the presence of its helper (9) led us
to apply similar methods in the present ex-
periments to the possible early detection of
X 14 virus.

Materials and Methods. A strain of X14
virus kindly supplied by Dr. F. E. Payne was
grown in primary tissue cultures prepared
from Sprague-Dawley rat embryos as de-
scribed previously (7). Confluent monolayers
on coverslips in Leighton tubes were inocu-
lated at a multiplicity of approximately 1
TCIDjo/cell. The cells were harvested at
various times after infection, frozen and
thawed three times and assayed for hemag-
glutinating activity (HA) and infectivity.
Companion coverslip cultures were fixed in
acetone for 10 min and stained by the direct
fluorescent antibody technique as described
previously (9). The hemagglutination pattern
test was carried out in a plastic plate using
0.4% guinea pig erythrocytes (10). For con-
venience, the plates were held at 4° overnight
before reading although equally high titers
were obtained when the test was carried out
at room temperature. The HA titers were
expressed as the reciprocal of the highest



