


where X is the movement of the manometer indicator (mm), v
is the volume (ul)/mm manometer, g, is the diver dry weight
(mg), f is a glass factor (20), B is barometric pressure (mm
H,0), h is the initial equilibrium pressure, and e is the vapor
tension of H,O at ¢°. The divers used had an air space of 0.1
t0 0.5 ul, and v/V was about 1 X 1075,

Determinations were made every 30 min for 5 hr, and
control divers, filled with every component except cells, were
tested simultaneously with the experimental divers. The total
AV/hr in the control diver was subtracted from the total
AV/hr in the experimental diver in order to obtain a corrected
value. After each experiment, divers were removed from
flotation vessels, cell viability was checked, the divers were
dried in an oven, and the dry weight was determined with a
Cahn electrobalance.

RESULTS

Data demonstrating the influence of sugars on respiration of
EB-3 cells are presented in Tables 1 and 2. Table 1 represents
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respiration determinations over a 4-hr period, and Table 2
represents determinations during the Sth hr period. Chart 1
shows a typical experiment in which the actual buret-
manometer readings are shown. The AV in control
experiments without cells varied from 8.4 to 20.0 pl/hr, for an
average drift of 11.0 * 3.3 pl/diver/hr. Respiration of cells in
balanced media without glucose ranged from 5.1 to 7.0
pl/cell/hr, or an average rate of 63 * 0.6 pl/cell/hr.
Respiration of EB-3 cells in the presence of 107 M sodium
azide and glucose was significantly inhibited (55%) when
compared to cells in glucose medium without inhibitor (Table
1).

Respiration in the Presence of Glucose. Oxygen uptake in
the presence of 0.018 M glucose (Table 1) ranged from 2.3 to
4.3 pl/cell/hr (average, 3.1 £ 0.7 pl/cell/hr), and it ranged from
2.2 to 3.1 pl/cell/hr (average, 2.6 + 0.4 pl/cell/hr) in the
presence of 0.025 M glucose. In all determinations, glucose
reduced respiration approximately 50%, as compared to cells
without glucose (2.6 to 3.1 versus 6.3 pl/cell/hr).

Table 1
Respiration of EB-3 cells in RPMI 1636 media with or without sugars, with 0.1 N NaOH as an absorbant, and with flotation medium at 37°

Results represent average values from 4-hr determinations.

No. of cells Total AVO, [hr AVO: feell/hx
in diver Diver wt (mg) Av. AP (mm) (p) Substrate (pl) AVO,/ ool /hr
310 1.07 246.0 2130 0 6.5
157 2.66 46.4 1097 7.0
118 1.44 550 713 6.0
489 8.13 35.0 2500 5.1 6-3+06°
255 4.90 41.0 1740 6.8
1042 4.90 80.0 2805 6.5
250 2.73 46.2 1085 18 mM glucose 43
500 4.50 44.2 1740 3.5
405 243 50.0 1066 2.6 3.1+ 0.7
1012 1.32 200.0 2345 2.3
300 0.73 143.0 928 3.1
76 0.65 26.0 1685 25 mM glucose 2.2
1042 490 80.0 2805 2.8
421 1.20 106.0 1128 2.7 26+04
135 0.89 55.0 426 3.1
580 0.50 280.0 1170 2.0
Z:gg lgg 100.0 1165 18 mM fructose 3.5
1. 45.2 635 4.2
200 1.00 108.0 800 3.8 38:03
225 1.05 110.0 838 3.7
372 1.80 85.7 1345 25 mM fructose 3.5 3.5
100 1.45 35.5 511 18 mM galactose 6.4
15 1.60 340 490 6.3
35 2.00 7.5 330 6.0 64203
61 2.00 25.0 435 7.1
207 0.92 85.2 691 18 mM mannose 33 3.3
210 2.13 73.0 1332 18 mM sucrose 6.3 6.2
175 1.09 110.5 1081 6.2 :
150 0.95 23.5 235 1 mM azide + glucose 1.5
98 091 17.3 137 gl 1.3 1.4
@ Mean ¢ S.D.
MAY 1972 949



J. D. Lutton and M. J. Kopac

&cm BURETTE MANOMETER

HOURS

Chart 1. A typical experiment. Curve I, diver with 250 EB-3 cells in
RPMI 1636 medium + 18 mM glucose; diver weight, 2.73 mg. Curve 2,
diver with control with RPMI 1636 medium + 18 mM glucose; diver
weight, 4.20 mg. Curve 3, diver with 500 EB-3 cells in RPMI 1636
medium + 18 mM glucose; diver weight, 4.5 mg.

Table 2
Average respiration values during the S5th hr of determination

% change from

Substrate avo, [cell/hr (pl) 4th-hr value
0 5.0+0.9 =21
0.018 M glucose 33+ 0.5 +6
0.018 M fructose 4.01+0.7 +5
0.018 M galactose 6.3+0.7 -1

Respiration in the Presence of Fructose and Mannose.
Oxygen uptake in the presence of 0.018 M fructose ranged
from 3.5 to 4.2 pl/cell/hr (average, 3.8+ 0.3 pl/cell/hr).
Although inhibition was apparent when compared with cells
without glucose (3.8 versus 6.3 pl/cell/hr), it was not as great
as that produced by glucose. In addition, preliminary
experiments with 0.018 M mannose and 0.025 M fructose
demonstrated that mannose inhibited respiration (3.3 versus
6.3 pl/cell/hr), and that 0.025 M fructose inhibited respiration
greater than did 0.018 M fructose (3.5 versus 3.8 pl/cell/hr).

Respiration in the Presence of Galactose and Sucrose.

Respiration rates for galactose-exposed cells ranged from 6.0
to 7.1 pl/cell/hr, and no inhibition occurred when compared

950

to cells without glucose (6.4 versus 6.3 pl/cell/hr). A similar
effect was obtained with sucrose (Table 1).

Results in Table 2 demonstrate the influence of substrates
on respiration during the 5th hr of determination. During this
period, respiration of glucose- and fructose-exposed cells
increased 6 and 5%, respectively. Cells in the absence of
substrate demonstrated a 21% decline in respiration, while
galactose-exposed cells remained relatively unchanged.

DISCUSSION

The reduced respiration rate produced by the addition of
glucose and fructose demonstrates that a Crabtree effect (10)
exists with the Burkitt lymphoma EB-3 cells. Such an effect
has been reported in a variety of tumor tissues and tissue
culture lines (4, 6,7, 11, 12, 23).

Addition of excess glucose (0.025 M) inhibited respiration
to a greater extent than did 0.018 M glucose. A similar
phenomenon has been described by Medes and Weinhouse (23)
and was considered to be related to changes in fatty-acid
oxidation. They were able to conclude that, at high
concentrations of glucose or fructose, fatty-acid oxidation
decreased and was accompanied by respiratory inhibition.
Furthermore, results here demonstrate that fructose exerts a
similar effect on the respiration of Burkitt lymphoma cells.
The inhibition produced by glucose and fructose suggests that
a common metabolic mechanism may be involved for both
sugars. Such a mechanism has been considered by some
investigators to involve a similar hexokinase substrate (1-3,
7). Others think that a more appropriate explanation involves
a competitive mechanism between mitochondrial and glycoly-
tic mechanisms for ADP or P, (16, 17, 22, 26, 27). In addition,
a preliminary experiment with mannose demonstrated a
similar effect. Mannose is known to function as a hexokinase
substrate under certain conditions (S, 7).

The lack of respiratory inhibition produced by galactose is
not surprising in view of the report that galactose is not a
hexokinase substrate (1—3). This does not mean, however,
that galactose cannot be actively metabolized by the cells,
since it has been reported that a variety of tissue culture lines
utilize small amounts of galactose over extended periods of
time (13, 24). A similar phenomenon may be true for sucrose,
since it did not alter respiration.

The slight increase (5 to 6%) in respiration during the 5th hr
of determination for glucose- and fructose-exposed cells
suggests that the substrate levels of the sugars may be
changing. In addition, cells without substrate declined
considerably in respiration (21%), suggesting a lack of
adequate metabolites. Furthermore, a variety of factors may
be involved, such as pH, Krebs cycle intermediates,
conditioning of the medium (11, 12, 21), or changes in the
substrate levels of pyruvate (25). It is possible that respiration
in the absence of added carbohydrate substrate may be
maintained to some extent by the amino acids and other
factors in the medium. Eaton and Scala (14) found that
respiration of ascites cells could be maintained over a 10-hr
period, provided that a combination of factors was present in
the glucose-free medium. For this reason, complex media were
used in all determinations, since preliminary experiments gave
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considerable variations in respiration rates if balanced salt
solution was used. The inhibition of respiration by azide
suggests that a viable, functional cytochrome system exists
with the cells.

The experiments presented here confirm earlier studies (11,
12) in that the Crabtree effect is maintained in the presence of
hexokinase substrates, provided that adequate substrate levels
are maintained with respect to cell density. It is possible that
the changes in respiration obtained during the longer durations
may be related to pH, changes in substrate concentration, or
the metabolic characteristics of the cells, since cell density was
kept minimal by the methods.
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