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In glucose-fed hamster fibroblast cultures maintained in a serum- and glutamine-free medium, DNP (2,4- 
dinitrophenol) has no effect on the total cellular pool of ATP. Under these circumstances a marked effect of DNP 
on the hexose transport system can be demonstrated. 

Abbreviations: DME = Dulbecco's modified Eagle's medium; DMSO = dimethylsulfoxide; DNP = 2,4-di- 
nitrophenol. 
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1. INTRODUCTION 
In certain lines of hamster fibroblasts, glucose 

starvation brings about a marked enhancement 
of hexose uptake as compared with the rates ob- 
served in glucose-fed cultures (2, 3, 5). Deter- 
mination of the levels of the total cellular ATP 
pools showed that glucose-starvation of the cul- 
tures elicited a moderate but significant lowering 
of the ATP pool (10). 

The effects of 2,4-dinitrophenol (DNP) on the 
two parameters also merit attention. It has been 
found that DNP or oligomycin brings about a 
marked enhancement of hexose uptake in NIL 
fibroblast cultures, maintained in standard 
DME medium (i.e. with 22 mu-glucose) (4, 7). 
As will appear in the present paper, DNP did in 
addition gradually bring about a lowering of the 
total ATP pool. 

Perhaps a more noteworthy response was 
found in NIL cultures maintained in curtailed 
media, i.e. media devoid of serum as well as L- 
glutamine. It had already been observed that cul- 
tures maintained in curtailed media with the 
standard concentration of glucose lose most of 
the capacity of the hexose transport system (6). 
Even more surprising, prolonged presence of 
both DNP and glucose, preserve the hexose up- 
take at high levels (6). In the present paper we 
show that DNP added to curtailed medium in 
the presence of glucose permits the cultures to 
preserve the high levels of the cellular ATP pool 
as well. 

2. MATERIALS AND METHODS 
2.1. Materials 

Hamster fibroblasts of the NIL line were 
cultured to near-confluence in Dulbecco's modi- 
fied Eagle's medium (DME) (MA Bioproducts 
4= 12-614) containing 22 mM-glucose and sup- 
plemented with 10% fetal calf serum. Cells were 
grown in 35 mm dishes (Falcon) in a humidified 
10% CO 2 incubator. Twenty hours before uptake 
assays, the cultures were rinsed with modified 
DME medium (glucose and L-glutamine being 
absent). In some cases the cultures were pre-con- 
ditioned in serum-free medium devoid of L-glu- 
tamine as well as of pyruvate, glycine, serine and 
ferric nitrate. As indicated in individual experi- 
ments, glucose was omitted from the precondi- 

tioning media, or glucose was replaced with 
fructose. 

2,4-dinitrophenol (DNP) was dissolved in di- 
methylsulfoxide (DMSO) and was added to cul- 
tures at a final concentration of 0.2 mM (final 
concentration of DMSO in the media, including 
the control cultures without DNP, was 0.1%). 

2.2. Methods 
The uptake of hexose was determined as pre- 

viously described (2, 4). In the procedure in the 
present series of experiments, 14C galactose 
served as a ligand and L-3H glucose served in 
monitoring the effenciency of washing the cul- 
tures after the 10 minutes uptake test. 

Determination of total cellular ADP and ATP 
pools were performed on parallel cultures. Fol- 
lowing incubations, the medium was rapidly re- 
moved and the cells fixed by addition of 1 ml of 
ice-cold 15% trichloroacetic acid containing 3.4 
nmoles of xanthosine diphosphate (XDP) as ex- 
ternal marker (1). Acid-soluble nucleotide pools 
were analyzed by high pressure liquid chro- 
matography (HPLC) on a Whatman Partisil-10 
SAX column with a Waters Associates ALC 204 
instrument equipped with a programmer and a 
second pump for gradient elution. Gradient elu- 
tion was performed as previously described (9, 
10) and peaks were identified by 254 nm absor- 
bance and integrated with a Hewlett-Packard 
HP3380A integrator. By this method amounts of 
nucleotides down to 50 picomoles could be mea- 
sured with an error lower than 10% (10). 

The insoluble material, remaining on the cul- 
ture dishes after the extraction of the nucleotides 
was assayed for protein according to the method 
of LowRY et al. (8) when the cell had been main- 
tained in serum-free media. 

3. RESULTS 
3.l.Effects of DNP in serum-glutamine-rich 

medium 
The data shown in Table I demonstrate that 

the hamster fibroblasts used in the present study 
react to changes in the growth medium in the 
same way as described in several earlier studies, 
(e.g. 2, 3, 10). Compared with the status of the 
cells maintained in DME without glucose, addi- 
tion of glucose to the medium results in a down- 
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Table I. 
Galactose uptake and total cellular ATP pools in 
NIL cells. 

Conditioning Galactose uptake Total cellular ATP 
medium n m o l s  mg-t n m o l s  mg-I 

protein per 10 min protein 

No glucose 3.2 16 
Glucose 0.9 25 
Glucose + 
DNP 1.7 18 
Glucose + so- 
dium floride 1.9 13 
Fructose 2.7 27 

Near confluent NIL cultures were washed with DME 
containing 22 mM-glucose or 22 mM-fructose and were 
refed with DME containing 4 mM of L-glutamine, 10% 
calf serum and 22 mM-glucose or fructose. The cul- 
tures were maintained for 20 hours at 37 *C in the 
presence of 0.2 mM-DNP or 0.5 mi-sodium fluoride 
as indicated. All cultures contained 0.1% DMSO. 
Galactose uptake and total cellular ATP pools were 
determined as described in the text. Determinations 
represent the average of two experiments. 

regulation of the hexose uptake to about 30% 
and an increase in the ATP level to about 150%. 
Furthermore, the data in Table I show that addi- 
tion of  DNP to the glucose containing cultures 
elicits a partial reversal of both of  the glucose 
effects. Moreover, addition of  fluoride (see leg- 
end to Table I) to the glucose-fed cultures also 
brings about a partial reversal of the glucose-me- 
diated down-regulation. Fructose has scarcely 
any regulatory effect on the cellular ATP pools 
(10). 

3.2.Effect of DNP in curtailed medium 

Hamster fibroblasts maintained in a curtailed 
medium that is devoid of  serum as well as glu- 
tamine, responded as summarized in Table II: (i) 
The down-regulation ofhexose uptake mediated 
by glucose was more intense than that shown in 
Table I, i.e. down to only 10% of  the value for 
cells in medium with no sugar present. (ii) The 
presence of  DNP almost completely reversed this 
glucose-mediated down-regulation ofhexose up- 
take. (iii) In contrast, the ATP pool and the ATP/ 
ADP ratio, remained high under all experimen- 
tal conditions in which cells were maintained in 
the curtailed medium. 

In the cells that had been maintained in the 
curtailed, serum- and glutamine-free medium 
for 20 hours, the rate of  protein synthesis was 
decreased to 40-50% as compared to cells grown 
in DME serum-supplemented medium when as- 
sessed by the rate of  incorporation of  14C L-leuci- 
ne (D.B. ULLREY and C.W. CHRISTOPHER, 1982, 
unpublished). 

4. DISCUSSION 

The data presented in this work confirm ear- 
lier findings that demonstrated a reversal by 

DNP of the glucose uptake mediated down-reg- 
ulation ofhexose both in a serum-glutamine rich 
medium and in a curtailed medium (2, 4, 6). 

Moreover, the data of the present paper extend 
earlier results to include measurements of  the 
ATP levels. They show that DNP has no effect on 

the total cellular pool of  ATP under circum- 
stances where a marked reversal by DNP on the 
down-regulation of  the hexose transport system 
can be demonstrated, i.e. in glucose-fed hamster 

Table II. 
Galactose uptake and total cellular ATP pools in NIL cells maintained in medium deprived of L-glutamine and 
serum 

Conditioning Galactose uptake 
medium nmols �9 mg-~ protein 

per 10 min 

Total cellular ATP ATP/ADP 
nmols �9 mg-l protein 

No hexose 2.3 32 6.4 
Glucose 0.3 33 5.3 
Glucose + DNP 1.7 34 5.9 

Experimental conditions were described in the text and in the legend to Table I. Determinations represent the 
average of two experiments. 
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fibroblast cultures maintained in a curtailed me- 
dium (6). The distribution of ATP between vari- 
ous pools may still need examination. 

The results illustrated in Table II direct the 
attention to the problem of starvation of the cells 
for precursors of protein synthesis by withdrawal 
of serum and glutamine. In this connection, it 
might be recalled, that a decrease in protein syn- 
thesis, brought about by a general starvation of 
the eukaryote Tetrahymena pyriformis, did not 
result in any decrease of the ATP pool (9). In 
Tetrahymena a preferential synthesis of a num- 
ber of proteins was observed during the starva- 
tion period, during which no decrease in the ATP 
pool was observable (9). 
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