appear that hydrostatic pressure itself is
at least not the only cause of the in-
creased oxygen affinity, if indeed it is
a cause it all. Hyperbaric gases them-
selves seem to interfere with functions
of the hemoglobin molecule to an ex-
tent that depends on their concentra-
tion and on their chemical nature.
L. A. Kiesow

J. W. BLEss, J. B. SHELTON
Experimental Medicine Division,
Naval Medical Research Institute,
Bethesda, Maryland 20014
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SV40 Virus Transformation of Mouse 3T3 Cells Does Not
Specifically Enhance Sugar Transport

Abstract. The apparent enhancement of 2-deoxy-D-glucose uptake by mouse
3T3 cells accompanying transformation by SV40 virus is not due primarily to an
effect on the transport process but to enhanced phosphorylation of the sugar
by intracellular kinases. Moreover, the effect is not specifically a function of the
presence of the viral genome, but is a reflection of the overall growth rate and

physiological state of the cell.

Early comparative studies of normal
and tumor cells revealed that tumor
cells exhibited increased anaerobic and
aerobic glycolysis- (1). More recent
studies of animal cells transformed by
various tumor viruses have shown that
profound changes in the nature of the
cell surface occur during malignant
transformation; these changes result in
loss of contact inhibition (2), appear-
ance of specific antigens (3), differences
in agglutinability by certain plant lec-
tins (4), and differences in cell mem-
brane glycoproteins and glycolipids (5).
Within the last 2 years, a number of
reports have appeared which may in-
dicate that enhanced utilization of glu-
cose by transformed cells is also related
to changes in the cell membrane—strik-
ing increases in the rate of sugar trans-

10°x 17V (nanomoles per milligram
of protein per 10 minutes)

L 1 —7 |b \ I L
1/8 (mm)

port have been reported in cells trans-
formed by a number of tumor viruses.
Changes in the rate of sugar uptake
have been reported in mouse (6, 7) and
rat (8) cells transformed by murine sar-
coma viruses, in chick embryo cells (9)
transformed by Rous sarcoma virus, in
baby hamster kidney cells (10) trans-
formed by polyoma virus, and in mouse
cells (3T3) transformed by SV40 virus
10).

A number of these studies were car-
ried out with metabolizable sugars such
as glucose, galactose, glucosamine, or
mannose (6, 8, 9) and did not separate
sugar transport from the total process
of sugar uptake and metabolism. Other
experiments carried out with the non-
metabolizable analog 2-deoxy-p-glucose
(2-dOG) (7-11) are more reliable, since

Fig. 1. Lineweaver-Burk plot of the inhi-
bition of 2-deoxy-p-glucose uptake by D-
glucose. Cover slips with adherent SV-3T3
cells were rinsed four times with glucose-
free Hanks solution at 37°C and incubated
with uniformly labeled 2-deoxy-p-[*Clglu-
cose (0.5 pc/umole) (International Chem-
ical and Nuclear Corp.) at the concentra-
tions indicated for 10 minutes at 37°C, in
the absence ((Q) and presence (@) of
7 mM p-glucose. Cover slips were then
washed through four successive changes
of ice-cold glucose-free Hanks solution,
drained, and dropped into vials contain-
ing 15 ml of Bray’s scintillation fluid (I8)
and 0.5 ml of distilled H.O for counting.
1/V, Reciprocal velocity; 1/S, reciprocal
substrate concentation.

Table 1. Characteristics of cell lines used. Cover slips with adherent cells were incubated in
growth medium containing 200 yc of [*H]thymidine ([*H]TdR) (New England Nuclear) for
45 minutes, washed four times in ice-cold glucose-free Hanks solution, and placed in petri
dishes containing ice-cold 10 percent trichloroacetic acid (TCA) for 1 hour. The cover slips
were then washed three times in cold 10 percent TCA, three times in 95 percent ethanol, and
dried; the TCA-precipitable radioactivity was determined by liquid scintillation counting as
described in the legend of Fig. 1. Incorporation of [*H]thymidine into acid-precipitable material
was measured for duplicate cultures grown on cover slips; protein determinations were per-
formed in quadruplicate on parallel cover slip~grown cultures.

Vi Demsiy  Incorporation  piin (Gount/min
3

Cell type genome dep endtc;,lnt (Of [ Ht]/};:ilﬁ) (mg) per milligram
grow coun of protein)

3T3 Absent Yes 2,000 0.079 25,430

3T6 Absent No 9,030 111 81,300

SV-3T3 Present No 14,070 118 119,200

SV-3T3-FL Present Yes 4,670 104 44,900
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this sugar is not incorporated into cellu-
lar material. However, it can be phos-
phorylated to form 2-deoxy-D-glucose-
6-phosphate (2-dOG-P) by the action
of animal cell kinases (/2). This can
lead to misinterpretation, - since phos-
phorylation of the sugar yields an ani-
onic product that will not exchange with
extracellular 2-dOG; an intracellular
trapping is provided thereby, which
would drive the equilibrium toward the
phosphorylated product. Thus, an in-
crease in the level or activity of intra-
cellular hexokinase (E.C. 2.7.1.1) or
glucokinase (E.C. 2.7.1.2) could bring
about an apparent increase in both rate
and final amount of accumulated 2-
dOG, if only total intracellular radioac-
tivity is measured. Therefore, we mea-
sured the intracellular pools of both the
free 14C-labeled 2-dOG and phosphory-
lated 14C-labeled 2-dOG-P sugar in each
of four lines of mouse cells.

Our second objective was to deter-
mine whether the apparent increased
rate of sugar uptake in transformed
cells is specifically mediated by the
presence of a transforming virus ge-
nome. We used four lines of mouse
embryo fibroblasts whose designations,
growth characteristics, and virus-carrier
state are outlined in Table 1. The SV-
3T3-FL cells are a so-called flat revert-
ant mutant of SV40 virus—transformed
3T3 cells that have regainéd the prop-
erty of density-dependent growth in-
hibition while retaining the SV40 ge-
nome in an integrated state (/3). All
experiments were carried out with cells
grown to confluency on cover slips
(14). To determine the extent of density-
dependent growth inhibition in each
experiment, incorporation of [3H]thymi-
dine into acid-precipitable material was
determined as a reflection of DNA
synthetic activity. The data presented
in Table 1 are typical.

The Lineweaver-Burk plots in Fig. 1
establish that p-glucose inhibits the up-
take of 2-dOG by SV-3T3 cells in a
simple competitive manner, indicating
that these sugars are transported by a
common stereospecific carrier. More-
over, the apparent inhibitor constant
(K;) for glucose inhibition calculated
from these data is 2.3 mM (I5), a
value close to the apparent Michaelis
constant (K,) for 2-dOG uptake of
2 mM. Thus, both sugars appear to
have in addition a nearly equal affinity
for the transport system. In agreement
with the results of Isselbacher (11), we
found that 3T3 cells had the same ap-
parent K, for 2-dOG transport as SV-
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3T3 cells, but the latter exhibited a
higher apparent maximum velocity.
The rate of appearance of total in-
tracellular 2-dOG is greater in the cell
lines that do not show density-depen-
dent growth (SV-3T3 and 3T6) (see Fig.
2). Total intracellular 2-dOG in the
SV-3T3-FL cells is significantly less
than in either SV-3T3 or 3T6, and

only slightly more than that in 3T3.
Thus, it appears that the rate of total
uptake of 2-dOG is not specifically a
function of the presence of the SV40
viral genome, but rather is related to
the growth rate, as measured by incor-
poration of [3H]Jthymidine (Table 1).
Moreover, separation of the intra-
cellular pool into free 2-dOG and 2-

2-Deoxy-D-glucose (nanomoles per milligram of protein)

SV-3T3-FL

0 10 20

30 10 20 30

Time (minutes)

Fig. 2. Uptake and phosphorylation of 2-deoxy-p-glucose. Cover slips with adherent
cells were washed as described in the legend of Fig. 1, incubated in 2 mM, uniformly
labeled 2-deoxy-p-["'Clglucose (0.5 uc/wmole) at 37°C, and removed at appropriate
time intervals. After being rinsed four times in ice-cold glucose-free Hanks solution, cover
slips were immediately immersed in 1 ml of boiling water for 1 minute to extract intra-
cellular sugar pools. Free 2-deoxy-D-glucose and 2-deoxy-D-glucose phosphate were sepa-
rated by chromatographing 0.5-ml samples of extract on columns (4 by 0.6 cm) of Bio-
Rad AG1-x2 anion exchange resin (100 to 200 mesh) in the formate form (I9). Free
sugars were eluted with five 0.5-ml portions of distilled water; sugar phosphates were
subsequently eluted with seven 0.5-ml portions of 0.5M ammonium formate in 0.2M
formic acid. The eluted materials were collected directly in Bray’s scintillation fluid
(18) for radioassay (A, total; O, free 2-dOG; and @, 2-dOG-P).
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dOG-P components reveals that both
the rate of uptake and final steady-
state concentration of free 2-dOG are
essentially the same in all four cell
types. The increased total intracellular
2-dOG in SV-3T3 and 3T6 is accounted
for entirely by increased amounts of

the phosphorylated sugar (2-dOG-P) in

these density-independent cell types.
The final steady-state concentration
of free 2-dOG in all cases was approxi-
mately 11 nmole per milligram of cell
protein. If one assumes that protein
accounts for 60 percent of the total
dry weight of the cells, that the cell is
80 percent water, and that all the cell
water is available to external solute,
this would represent an intracellular
concentration of 1.7 mM 2-dOG, a
value very close to the external con-
centration. )

Since mammalian cells other than

kidney and intestinal epithelial cells
transport sugars by a facilitated diffu-
sion process that yields a final equilib-
rium distribution of substrate and does
not involve concentrative uptake against
a gradient (I6), we take the rate of
appearance of the unaltered free 2-
dOG molecule in the intracellular pool
to be a measure of the transport pro-
cess. Thus we suggest that the increased
total uptake of 2-dOG measured in SV-
3T3 and 3T6 cells is not a result of
enhanced transport of the sugar, but
a consequence of increased phosphoryla-
tion by intracellular kinases subsequent
to transport. This effect is not specifical-
ly a function of SV40 virus transforma-
tion, since it is absent in the flat revert-
ant (SV-3T3-FL) that retains the viral
genome, and it is present in 3T6 cells
that contain no DNA tumor virus. We
postulate that the initial phosphoryla-
tion of sugar may be one of the series
of metabolic reactions that is modu-
lated in accord with growth rate, which
has been referred to as the ‘“pleiotypic
response” (17) and which may become
perturbed in a number of ways, includ-
ing virus transformation.

A. H. RoMaNoO

C. CoLBY

Microbiology Section,
University of Connecticut,
Storrs 06268
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Putamen: Activity of Single Units during

Slow and Rapid Arm Movements

Abstract. The activity of putamen neurons was studied in a monkey during
the performance of both slow and rapid arm movements. More than half of all
movement-related units discharged preferentially in relation to slow movements
and less than 10 percent in relation to rapid movements. These findings indicate
that at least a portion of the basal ganglia (the putamen) is primarily involved
in the control of slow movements and are consistent with the hypothesis of
Kornhuber that the primary motor function of the basal ganglia is to generate
slow (“ramp”) rather than rapid (“ballistic”) movements.

Clinicopathologic studies in man in-
dicate that the basal ganglia play an
important role in the control of move-
ment and posture (I). Kornhuber (2)
has recently interpreted clinical and
experimental evidence to indicate that
the primary motor function of the basal
ganglia is to generate slow (“ramp”)
movements, whereas the function of
the cerebellum is to preprogram and
initiate rapid (“ballistic”’) movements.
If this view is correct, one might pre-
dict that the activity of basal ganglia
neurons would be preferentially related
to slow rather than rapid movements.
To test this hypothesis, the activity of
neurons in the putamen (a prominent
portion of the basal ganglia) was re-
corded in a monkey during the per-
formance of a motor task involving
both slow and rapid arm movements.

For these studies a monkey (Macaca
mulatta) was trained to reach out and
grasp a lever and to execute slow and
rapid (pushing and pulling) arm move-
ments between two zones 1 cm wide
and 5 cm apart. To begin the task, the
animal had to move the lever into the
starting zone and hold there for an

unpredictable period of 2 to 6 seconds.
A white lamp indicated to the monkey
that the lever was within the correct
zone. Then, when a green lamp came
on, the animal had to make a slow
(ramp) movement into the opposite
zone. The movement time between the
zones had to be greater than 0.7 second
but less than 1.0 second. After executing
a slow movement, the animal held again
for 2 to 6 seconds within the opposite
zone. Now, when a red lamp came on,
the monkey had to move the lever
as rapidly as possible (ballistic move-
ment) back to the original starting
zone.

The ballistic movements were ar-
rested by impact against mechanical
stops 1 cm beyond each zone. A juice
reward was delivered after each rapid
movement if the movement time be-
tween the zones was less than 140 msec.
After the rapid movement, the animal
again positioned the lever within the
starting zone and the sequence of slow
and rapid movements was repeated. By
changing the starting zone, it was pos-
sible to have the animal make both slow
and rapid movements in each direction,
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