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1. Introduction 

Ornithine decarboxylase (ODC, L-ornithine car- 
boxy&se; EC 4.1.1.17) is the rate-limiting enzyme 

in the synthesis of polyamines [ 11. It is generally 
thought that polyamines play important regulatory 
roles in cellular growth [2-41. Studies have shown 
that rapidly growing or cancerous tissues have a higher 
polyamine content [5,6]. Previous works have demon- 
strated that maximal ODC activity (15-30 units per 
mg protein) of confluent neuroblastoma cells main- 
tained in fresh growth medium can be induced by 
fetal calf serum (FCS), cyclic AMP analogs and agents 
which increase intracellular cyclic AMP content [7-91, 
and asparagine [9]. However, when neuroblastoma 
cells are maintained in a salts/glucose medium, only 
asparagine can elicit a maximal increase in ODC activ- 
ity; serum factors, hormones and agents which increase 
intracellular cyclic AMP content are completely inef- 
fective [9]. These results suggest a possible primary 
function of asparagine in the induction of ODC activ- 
ity in cultured cells. In view of the fact that ODC 
activity in cultured cells can be induced by a bewil- 
dering number of agents in growth medium [4,6], the 

use of salts/glucose medium may offer a suitable and 
simple environment for studying the regulation of 
ODC activity since it containsno extraneous nutrients 
such as serum factors, amino acids or vitamines [9]. 

Mouse neuroblastoma cells grown in tissue culture 
can be induced to differentiate by many methods 

Abbreviations: FCS, fetal calf serum; cyclic AMP, adenosine 
3’,5’monophosphate; Bt,cAMP.N6,02’dibutyryl cyclic AMP; 
NB, undifferentiated neuroblastoma; ND, differentiated neu- 
roblastoma; Asn, asparagine; DM, Dulbecco’s modified Eagle 
medium 
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including serum deprivation [lo], and the addition of 
BQAMP (or agents which increase intracellular cyclic 
AMP content) to the growth medium [ 11 ,121. Prasad 
and co-workers have shown that the differentiation of 
neuroblastoma cells is accompanied by a loss of 
tumorigenicity [ 131. Since ODC and polyamines may 
be involved in cancerous growth, it is of interest to 
compare the mode of ODC induction in malignant 
and in differentiated neuroblastoma cells. 

The induction of ODC activity of undifferentiated 
(malignant) and differentiated neuroblastoma cells 
maintained in salts/glucose medium was studied and 
compared. Results indicated that the mode of regula- 
tion of ODC activity in the differentiated neuroblast- 
oma (ND) cells was different from that of the malig- 
nant undifferentiated (NB) cells. In contrast to the 
essential and sufficient role of asparagine on the induc- 
tion of ODC activity in NB cells, asparagine was essen- 
tial but not sufficient to produce maximal increase of 
ODC activity in ND cells; additional agents such as 
FCS or BtzcAMP was needed to ‘potentiate’ the effect 
of asparagine on ODC induction. Possible causes for 
the difference in mode of regulation of ODC activity 
of NB and ND cells are discussed. 

2. Materials and methods 

2.1. Chemicals 

The following compounds were purchased: L-aspar- 
agine, Dulbecco’s modified Eagle medium, fetal calf 
serum and Earle’s balanced salt solution from Gibco, 
Grand Island, NY. A@,O*‘-Dibutyryl cyclic AMP 
(Bt,cAMP), insulin, L-ornithine from Sigma, St Louis, 
MO. L-[ l-14C]ornithine monohydrochloride, (59 mCi/ 
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mmol) and L- [U-r4C] asparagine (105 mCi~mmo1) from 
Amersham,Arlington, Il. L-[4,5-3H(N)]Leucine 
(56.5 Ci/mmol), [2-‘4C]uridine (52.4 mCi/mmol) and 
[methyZ-3H]thymidine (20 Ci/mmol) from New 

England Nuclear, Boston, MA. All other chemicals 
were of reagent grade. 

2 2. Cell lines 
Mouse N-l 8 neuroblastoma cells were obtained 

from Dr E. S. Canellakis (Yale Univ.). The cells were 
grown as monolayer cultures in 60 mm Coming plastic 
dishes in 5 ml of Dulbecco’s modified Eagle medium 
supplemented with 10% FCS and maintained at 37°C 
in a Forma water jacketed COa incubator (95% air, 
5% CO*). To induce cell differentiation, confluent 
neuroblastoma cells in 30 ml culture flasks were 
flushed off the substratum by a stream of medium 
(10 ml) and the cell suspension was then transferred 
to 10 volumes of fresh Duibecco’s medium containing 
I%, instead of the usual lo%, FCS. Cells were then 
plated on 60 mm dishes and maintained at 37°C. The 
average doubling times of cells maintained in 10% and 
1% fetal calf serum were 22 h and 32 h, respectively. 
Full differentiation of neuroblastoma cells was observed 
5 days after plating in I% fetal calf serum. Undifferen- 
tiated (malignant) and differentiated N-l 8 neuroblast- 
oma cells were designated as NB and ND cells respec- 
tively . 

2.3. induction * of OLX’ activity 
For studying the induction of ODC, NB and ND 

cells at a stationary phase of growth were used. Cells 
were rinsed twice and maintained in a salts/glucose 
medium (Earle’s balanced salt solution) [9]. The cor- 
respon~ng steriie saltsfglucose medium without Ca2* 
and Mg2+ was used as phosphate buffered saline. 

Various testing agents were added, and at desig 
nated time intervals cells were harvested. Harvesting 
was accomplished by rinsing the cells with phosphate 
buffered saline twice, followed by the addition of 
0.7 ml of a solution ~onta1ning 50 mM TrisfHCl 
(PH 7.4), 0.1 mM EDTA, 50 PM pyridoxal phosphate 
and 5 mM dithiothreitol. The cells were scraped off 
the dish with a rubber policeman, freeze-thawed twice, 
and centrifuged at 12 000 X g for 5 min. The ODC 
activity was determined in the supematant fluid by a 
method previously described ] 141. One unit of ODC 

* The term induction refers to an increase in enzyme activity 
without regard to the specific mechanism 
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activity is defined as 1 nmol CO2 evolved per h. The 
protein concentration was measured by a modified 
Lowry’s method with bovine serum albumin as a stan- 
dard [15]. 

2.4. metabolic and transport studies 
The incorporation of L-[4,5-3H]leucine and [2-14C]- 

uridine into acid insoluble material were used as indexes 
of the relative rates of protein synthesis and RNA syn- 
thesis, respectively [ 161. 

The transport of asparagine was measured at 37’C 
of monolayer culture ma~tained in the salts~~ucose 
medium. The concentration of [r4C]asparagine was 

0.1 mM with a specific activity of l mCi/mmol. Uptake 
was terminated by washing the cell culture with cold 
phosphate buffered saline twice. Cells were scraped 
off the Petri dish, pelleted at 4000 X g for 5 min. Cells 
were resuspended in phosphate buffered saline, ali- 
quots were used for radioactive counting and protein 
determination. 

3. Results 

Undifferentiated (NB) as well as ~fferentiated 
(ND) stationary-phase neuroblastoma cells remained 
viable and metabolically active in the salts/glucose 
medium for more than 24 h. Under this condition, 
the basal levels of ODC activity of NB and ND cells 
were less than 0.3 unitlmg protein. In Gg.1, the abil- 

25 r 

Fig.1. Time-course of the induction of ODC activity by aspar- 
agile in the salts/glucose medium. Station~y-phase cuftures 
of NB (0) and ND (0) were rinsed with and then incubated in 
the salts/glucose medium. ODC activity was induced by 10 mM 
asparagine. 
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ity of 10 mM asparagine to induce ODC activity in NB 
and ND cells, maintained in the salts/glucose medium, 
was compared. In agreement with previous results [9], 
10 mM asparagine produced a marked increase in the 
ODC activity in NB cells. Maximal activity was achieved 
at about 7 h after the addition of asparagine. The 
induced ODC activity remained at this maximal level 
for another 6 h . In contrast, ODC activity of ND cells 
was only marginally induced under identical experi- 
mental conditions. For both NB and ND cells, the 
optimal concentration of asparagine needed was 
10 mM. Greater con~ntra~ons of asparagine did not 
produce any further increases in ODC activity. 

The differences in the ability of asparagine to 
induce ODC activity in NB and ND cells could be due 
to: (i) diminished transport of asparagine into ND 
cells, (ii) alteration in macromolecular synthesis in ND 
cells, (iii) a defective ODC synthetic rnac~e~ of ND 
cells or (iv) a specific decrease in the sensitivity of the 
ODC synthetic machinery towards asparagine in the 
ND cells. 

Experiments on transport of asparagine into NB 
and ND cells actually demonstrate that the uptake of 
asparagine by ND cells was greater than NB cells (fig.2). 
Studies on the incorporation of [3H]leucine or [2-“C]- 
uridine into acid insoluble material failed to reveal 
significant differences between the NB and the ND 
cells (figs.3A and 3B). These results suggest that the 
difference in the asparagine mediated ODC induction 
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Fig.2. Time-course of uptake of [‘4C]asparagine by NE (o) 
and ND (0) cells in the salts/glucose medium. The concentra- 
tion of [“C]asparagine was 0.1 mM with a specific activity 
of 1 mCi/mmol of asparagine. 

Fig.3. The ~corpomtions of [3H]leucine into protein and 
[ “C]uridine into RNA of NB (0) and ND (0) cells, maintained 
in the salts/glucose medium, in the presence of 10 mM aspar- 
agine. (A) [‘H]leucine incorporation; 10 CrCi [3H]leucine 
with a specific activity 56.5 Ci/mmol was added to 4 ml salts/ 
glucose medium containing 10 mM asparagine. (B) [ ‘H]uridine 
incorporation; 1 @i f”C]uridine with a specific activity 
52.4 m~~mmol was added to 4 ml saltq’ghrcose medium con- 
taining 10 mM asparagine. 

in NB and ND cells can be attributed neither to a 
global difference in asparagine transport nor to gross 
changes in macromolecu~ synthesis. 

It appears unlikely that the diminished response 
toward asparagine in ND cells, when compared to NB 
cells, is attributable to a defect in the ODC-synthetic 
machinery, as indicated in the following experiments 
(fig.4). Figure 4 is the time-course of asparagine- 
induced increase in ODC activity of NB (fig.4A) and 
ND (IigAB) cells. For NB cells maintained in the salts/ 

0 2 4 6 8 0 2 4 6 8 
HOURS OF INCUBATION 

Fig.4. Effects of fetal calf serum and B&CAMP on the aspara- 
ginedependent ODC induction in NB and ND cells maintained 
in the salts/gIucose medium. (A) Time-course of ODC induc- 
tion in NB ceils by 10 mM asparagine (oj, 10 mM asparagiue 
plus 10% FCS (0) or 10 mM asparagine plus 1 mM Bt,cAMP 
(4). (B) Time-course of ODC induction in ND cells by 10 mM 
asparagine (e), 10 mM asparagine plus 10% FCS (u) or 
10 mM asparagine plus 1 mM Bt,cAMP (4). 
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Fig.5. (A) Dose-response curves of the effect of FCS on ODC 
induction in ND cells. Cells were maintained for 4 h in the 
salts/glucose medium in the absence of(e), in the presence of 
5 mM (0) and in the presence of 10 mM asparagme (9). (B) 
Dose-response curves of the effect of Bt,cAMP on ODC 
induction in ND cells. Cells were maintained in the salts/glu- 
cose medium for 5 h in the absence of (a), in the presence of 
5 mM (A) and in the presence of IO mM asparagine (A). 

glucose medium, 10 mM asparagine was sufficient for 
maximal ODC induction; the addition of FCS or 
BtscAMP did not result in further increase in ODC 
activity. This is to be contrasted with results obtained 
in ND cells, thus asparagine alone produced a small 
increase in ODC activity; either 10% FCS or 1 mM 
Bt+AMP was necessary to ‘potentiate’ the effect of 
asparagine in achieving maximal induction in ODC 
activity @igAB). 

Figure 5 shows the induction of ODC activity in 
ND cells by 0,5 and 10 mM asparagine as a function 
of increasing concentrations of FCS and BtscAMP. 
The results demonstrated (i) that FCS or Bt,cAMP 
alone could not induce ODC activity in ND cells main- 
tained in the salts/glucose medium, and (ii) that the 
optimal concentration, of FCS and Bt,cAMP in poten- 
tiating the effect of asparagine was about 10% (v/v) 
and 1 mM, respectively. 

We have also studied the effects of Bt, CAMP on 
asparagine transport, general protein and RNA syn- 
thesis. Bt&MP at 1 mM did not increase the trans- 
port of asparagine or affect the protein synthesis and 
RNA synthesis in ND cells maintained in the salts/ 
glucose medium (data not shown). These results further 
substantiate my contention that the decreased response 
of ND cells toward asparagine can neither be due to 
decreased transport of asparagine under the experi- 
mental conditions studied nor to an alteration in 
macromolecular synthesis in ND cells. 

4. Discussion 

The present study established an additional bio- 
chemical parameter, namely the asparagine-dependent 
ODC induction in the salts/glucose medium, to dis- 
tinguish the differentiated state from the undifferen- 
tiated state of N-18 mouse neuroblastoma cells. In the 
salts/glucose medium 10 mM asparagine was essential 
and sufficient to elicit a maximal increase of ODC 
activity in NB cells, however, asparagine was essen- 
tial but not sufticient to elicit a maximal increase of 
ODC activity in ND cells. Agents such as serum fac- 
tors and Bt&MP were needed to potentiate the 
effect of asparagine on ODC induction in ND cells. 

We have previously shown that the induction of 
ODC activity by horse serum in L12 10 mouse leukemic 
cells can be inhibited by microtubule-disrupting agents 
such as colchicine and vinblastine [ 141. Similar obser- 
vations have been made with other cultured cells 
including N-l 8 neuroblastoma cells [ 17,181. The 
induction of ODC is also sensitive to a number of 
plasma membrane perturbing agents such as local anes- 
thetics and ionophores [4,19]. These results prompted 
us to propose that the regulation of ODC activity in 
mammalian cells is coupled to the dynamic state of 
plasma membrane and cytoskeleton structure [4,20]. 

Changes in the plasma membrane structure and 
cytoskeleton structure of neuroblastoma cells after 
differentiation are well documented [2 l-231. Neurite 
outgrowth in ND cells is associated with increase in 
tubulin and a more organized microtubule structure 
[23,24]. 

Results of the present study suggest that the altered 
ODC response of ND cells toward asparagine could 
neither be attributed to diminished transport of aspar- 
agine, alteration in general macromolecular synthesis, 
nor to a defective ODC synthetic machinery. The most 
likely cause would be specific change(s) in the sensi- 
tivity of the ODC-synthetic machinery towards aspar- 
agine in the ND cells. It is proposed that the sensitiv- 
ity towards asparagine is related to the dynamic state 
of the plasma membrane/cytoskeleton structure. In 
view of the differences in plasma membrane/cytoskel- 
eton structure of NB and ND cells, and the possible 
involvement of plasma membrane/cytoskeleton struc- 
ture in ODC regulation, it is likely that the differences 
in plasma membrane/cytoskeleton structure between 
NB and ND cells can lead to differences in the mode 
of regulation of ODC activity in NB and ND cells, as 
shown in the present study. 
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