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Asparagine specifically activated ornithine decarboxylase activity 5-7 
fold by 7-8 h in confluent cultures maintained with a salts/glucose medium. 
When dibutyryl CAMP was added with asparagine, a 40-50 fold stimulation of 
omithine decarboxylase activity was produced. Omithine decarboxylase acti- 
vation in the salts/glucose medium was not sensitive to actinomycin D. Omis- 
sion of Ca++ and Mg* from the medium abolished the ability of asparagine and/ 
or dibutyryl CAMP to stimulate enzyme activity. Calcium was essential for the 
asparagine and dibutyryl CAMP mediated stimulation of ornithine decarboxylase 
activity. 

Introduction 

Ornithine decarboxylase (L-ornithine decarboxylase C.C.4.1.1.17, ODC), 

the rate limiting enzyme for biosynthesis of polyamines has been extensively 

studied (1). This enzyme is of interest because: 1) it is rapidly induced 

during cell growth, proliferation, and transformation (2-4); 2) under certain 

conditions it displays one of the shortest half-lives of any known mammalian 

enzyme (2); 3) it is involved with biosynthesis of polyamines which function 

in RNA, DNA, and protein synthesis (5,6); and 4) its induction (de novo syn- -- 

thesis) appears to be directly under CAMP control in many (7-9) but not all 

systems studied (10). 

Chen, Canellakis, and other workers have shown that the amino acids 

glutamine and asparagine stimulate ODC activity (11-13). In earlier studies 

Abbreviations used: ODC, ornithine decarboxylase; dB CAMP, dibutyryl cyclic AMP; 
CHO, Chinese Hamster ovary; IBMIX, l-methyl, 3-isobutylxanthine; ASN, aspara- 
gine; PGE1, Prostaglandin El. 
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glutamine was used in complex medium (11,12); however, more recently, aspara- 

gine was found to enhance ODC activity in cultures maintained with a salts/ 

glucose medium better than glutamine (13). Due to the complexity of tissue 

culture growth medium, the exogenous addition of a specific amino acid which 

stimulated ODC activity did not establish a cause and effect relationship as 

well as when the same experiments were performed with medium composed of only 

salts and glucose (11-13). 

In this report we have studied the regulation of ODC activity by aspara- 

gine and CAMP in Chinese Hamster ovary (CHO) cells maintained with a salts/ 

glucose medium. Optimal ODC stimulation in this system required the presence 

of asparagine, calcium, and dB CAMP. 

MATERIALS AND METHODS 
CHO cells (doubling time 14-16 h) were maintained in McCoy's 5a medium 

(14) as previously described (15-17). Confluent cultures of CHO cells grown 
in 100 x 20 mm Petri dishes were placed in serum free medium for 16-18 h and 
then transferred to the salts/glucose medium (Earle salts, Gibco, Inc.) which 
contained: CaC12:200mg; KC1:400mg; MgSO4:97.7mg; NaC1:6,800mg; NaH2P04.H20: 
140mg; NaCHO3:2,200mg; and glucose:l,OOOmg in 1 liter of water. Cells were 
incubated in this medium with or without other additions. In some cases the 
salts/glucose medium was prepared without calcium and/or magnesium to test the 
divalent ion requirement for ODC stimulation. 

Omithine decarboxylase activity was determined by measuring the libera- 
tion of 14~02 from [l- 14C] L-omithine (15). Cells were isolated from the 
monolayer by scraping with a rubber policeman and collected by centrifugation 
at 2500 xg. Cell pellets were initially frozen in liquid nitrogen and then 
stored at -2O'C overnight without loss of ODC activity. The cells were homog- 
enized by freeze-thawing in 0.70 ml of 0.05mM phosphate buffer pH 7.2 contain- 
ing 1mM dithiothreitol and O.lmM EDTA. The homogenate was centrifuged at 
50,000 xg for 10 minutes and 0.17 ml of the resulting supematant was used for 
the enzyme assays as previously described (15). The decarboxylation of orni- 
thine by ODC does not require 02 while other pathways which could decarboxylate 
ornithine require 02. Since there was no depression of enzyme activity by 
incubation in a nitrogen atmosphere it was concluded that the decarboxylation 
of ornithine was produced directly by ODC and not by other oxidative indirect 
pathways. CHO cells were routinely checked for mycoplasm contamination by the 
method of Peden (18). Protein determinations were made by the method of Lowry 
et al _ -* ) (19) using bovine serum albumin as the standard. 

RESULTS 

The activity of ODC was increased when asparagine was added to the salts/ 

glucose medium (Fig. 1). However, more ODC activity was produced following 

incubation with both asparagine and dB cAMI' (Fig. 1). The CAMP mediated stim- 

ulation of ODC however, required the presence of asparagine since dB CAMP ad- 

dition alone produced little stimulation of ODC activity (Table 1). Other 
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Fig. 1 

CHO CELLS 
REFED WITH 
ASN/ES 

: 
\ 

\+dBcAMP 

TIME FOLLOWING ADDITION (h) 

Changes in ornithine decarboxylase activity following addition 
of asparagine and/or dB CAM!? to cultures maintained with a salts/ 
glucose (Earle salts) medium. Confluent cultures were placed in 
serum free medium for 16-18 h. The cultures were washed with Earle 
salts (ES) and then incubated in this medium supplemented with 1OmM 
asparagine in the absence or presence of dB CAMP (1mM). At hourly 
intervals the cells were isolated as described in the methods sec- 
tion and ODC activity determined. Each point in the figure is the 
mean + S.E.M. of 6 determinations from 2 separate experiments, - 

agents which increased cAMP levels such as IBMIX or PGEl also stimulated ODC 

activity but only in the presence of asparagine (Table 1). Note the syner- 

gistic enhancement of ODC activity following incubation with dB CAMP, IBMIX, 

and asparagine (Table 1). The enhancement of ODC activity by dB cAliP was con- 

centration dependent from 0.05 to l.OmM (Table 1). Maximal ODC activity was 

produced by 1mM dB cAME' in the presence of saturating asparagine (1OmM) (Table 1). 

The addition of spermidine inhibited the dB cAHP and asparagine mediated stim- 

ulation of ODC activity (Table 1). The ODC stimulated by asparagine and/or 

dB CAME' in cells maintained with salts/glucose medium was not attenuated by 

continuous exposure to actinomycin D ((tug/ml) but was inhihited by cyclohexi- 

mide (Table 2). Addition of fetal bovine serum to the salts/glucose medium 

also stimulated ODC activity alone and synergistically with asparagine, dB CAMP, 

and IBMIX. The stimulation of ODC activity produced in conjunction with serum 

was sensitive to both actinomycin D and cycloheximide (Table 2). The addition 

of asparagine from 1mM to 40mM could not substitute for the CAMP mediated en- 

hancement of ODC activity (20). 
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Table 1 
Effect of various Agents 

on ornithine Decarboxylase Activity 
in Cells Maintained with a Salts/glucose Medium 

PGEl(lOuM) 
dB cAMP(O.5mM) and 
spermidine(50uM) 
PGEl(lOuM) and 
IBMIX(O.lmM) 

0.31+ 0.12 

+ 0.18 + 0.01 - 

-I- 6.94 + 0.61 

Confluent cultures of MO cells were placed in serum free medium for 16-18 h. 
The cultures were washed two times with Earle salts and then incubated in this 
salts/glucose medium with the additions indicated in the table for 7.5 h-2 30 min 
After this incubation the cells were isolated by scraping them from the mono- 
layer with a rubber policeman and ODC activity determined as described in the 
methods section. Each number shown in the table is the mean + S.E.M. of 6 de- 
terminations from two separate plates, 

Asparagine and dB cAliF' could not stimulate ODC activity in a Mg i-l- +I- 
and Ca 

i-k free salts/glucose medium. Addition of Mg alone was not sufficient to per- 

mit asparagine and dB CAMP to stimulate ODC activity (Table 3). However, ad- 

dition of only +I Ca allowed for the aaparagine and dB CAMP' mediated stimulation 

of ODC activity (Table 3). 

Table 4 confirms that calcium but not magnesium was required for enhance- 

ment of ODC activity. +I- When various levels of calcium were added to the Mg , 

Ca* free salts/glucose medium, the activation of ODC by asparagine and dB CAMP 

1159 



Ta
bl

e 
2 

Se
ru

m
, 

dB
 

CA
M

P,
 

an
d 

AS
N 

St
im

ula
tio

n 
of

 
OD

C 
Ac

tiv
ity

 
an

d 
its

 
Se

ns
itiv

ity
 

to
 

Ac
tin

om
yc

in 
D 

an
d 

Cy
clo

he
xim

ide
 

in
 

Ce
lls

 
M

ain
taf

ne
d 

wi
th

 
a 

Sa
lts

'/g
luc

os
e 

M
ed

ium
 

10
%

 
fb

s 
+ 

dB
 

CA
MP

 
+ 

IB
M

IX
 

c 

ES
 

= 
Ea

rle
 

sa
lts

 

fb
s 

= 
fe

ta
l 

bo
vin

e 
se

ru
m

 

Co
nf

lue
nt

 
se

ru
m

 
de

pr
ive

d 
cu

ltu
re

s 
of

 
CH

O 
ce

lls
 

we
re

 
wa

sh
ed

 
tw

o 
tim

es
 

wi
th

 
a 

sa
lts

/g
lu

co
se

 
m

ed
ium

 
an

d 
th

en
 

pla
ce

d 
in

 
th

is 
Ea

rle
 

sa
lts

 
m

ed
ium

. 
Cu

ltu
re

s 
we

re
 

tre
at

ed
 

wi
th

 
th

e 
va

rio
us

 
ag

en
ts 

sh
ow

n 
in

 
th

e 
ta

ble
 

for
 

4 
h 

or
 

8 
h 

an
d 

th
en

 
th

e 
ce

lls
 

we
re

 
iso

la
te

d 
an

d 
OD

C 
ac

tiv
ity

 
de

te
rm

ine
d 

as
 

de
sc

rib
ed

 
in

 
th

e 
m

et
ho

ds
 

se
ct

io
n.

 
Th

e 
fo

llo
wi

ng
 

co
nc

en
tra

- 
tio

ns
 

of
 

th
e 

ag
en

ts 
sh

ow
n 

in
 

th
e 

ta
ble

 
we

re
 

ad
de

d:
 

Am
 

= 
lO

ti; 
dB

 
CA

MP
 

= 
0.5

m
M

; 
IB

KI
X 

= 
O.

lm
M

. 
Ea

ch
 

nu
m

be
r 

sh
ow

n 
in

 
th

e 
ta

ble
 

is
 

th
e 

m
ea

n 
of

 
3 

de
te

rm
ina

tio
ns

 
fro

m
 

on
e 

pla
te

. 



Vol. 85, No. 3, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 3 

Effect of Calcium and Magnesium 
on the Enhancement of ODC Activity by ASN and CAMP 

Conditions 
Earle salts with- 
out Ca* and Mg +I- 

Omithine Decarboxylase Activity 
Cnmol COT/h/q protein) 

MgC12(0.87mM) 
CaC12(1.82mM) CaC12 M&l2 No Other 

(controls) (1.82mM) (0.87mM) Additions 

0.28 0.26 0.25 0.28 

Earle salts with- 
* out Ca and Mg* 

+ ASN (101~24) 0.79 0.69 0.74 0.56 

Earle salts with- 
out Ca* and Mg* 
+ ASN (lOmM), dB CAMP 
(0.5d-l) and IBMIX (O.ltil) 5.48 4.54 1.21 0.98 

Confluent cultures of CHO cells were placed in serum free medium for 16-18 h. The 
cultures were washed 2 times with Earle salts without Ca* or Mg*. Control 
cultures were incubated in complete Earle salts medium and some of the cultures 
were treated with ASN or ASN with dB CAMP (0.5mM) and IBMIX (O.lmM). Other 
cultures were placed in Ca*, Mg* free Earle salts medium and supplemented 
with the agents shown in the table. ODC activity was determined 7.5 h + 30 min 
after these additions. Each number is the mean of 6 determinations from 2 sep- 
arate experiments. 

* was dependent on the levels of Ca (Table 4). The ODC activity resulting from 

+t incubation with Ca , asparagine and dB CAMP was comparable to the levels pro- 

duced by incubation with both * Ca i-k and Mg . 

Additional studies were conducted to understand the mechanism and specif- 

icity of the asparagine and dB CAMP mediated stimulation of ODC. Incubation of 

cells with agents such as ornithine, aspartic acid, and NH4C12 could not sub? 

stitute for asparagine in activating ODC with or without dB CAMP addition. 

Additionally, a number of attempts were made to activate either stimulated 

or unstimulated crude preparations of ODC isolated from CHO cells. However, 

in vitro incubation of ODC with ATP, +k +I- 
Ca , Mg , cm, asparagine, protein -- 

kinase, and others, alone or in combination, did not enhance or depress enzyme 

activity. 
DISCUSSION 

The activation of ODC by asparagine and CAKE' in cells maintained with the 

salts/glucose medium differed from its induction reported in other systems (2, 
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Table 4 

Dose-Dependent Effects of Calcium on ODC Activity in 
Cells Maintained with a Magnesium and Calcium Free 

Salts/glucose Medium 

Confluent cultures were placed in serum free McCoy's medium for 16-18 h. The 
cultures were washed 2 times with Ca #, Mg* free Earle salts and placed in this 
medium with the additions indicated in the table. After 7.5 h + 30 min the ~~11s 

were isolated and ODC activity was determined as described in t& methods sec- 
tion. Each number is the mean of 3 determinations from one experiment. 

3,18,21,22). As a reference point for discussion, the induction of ODC activ- 

ity by serum addition to quiescent cultures (15) will be compared with its 

stimulation by asparagine (see results sectfon) (13). Serum stimulation in 

complete medium enhanced ODC activity maximally by 3-4 h (15) whfle incu- 

bation of cells maintained with salts/glucose medium supplemented with aspara- 

gine and dB CAMP resulted in maximal ODC activity by 7-8 h. The ODC stimulation 

was extremely sensitive to inhibitors of RNA and protein synthesis added with 

serum (15, Table 2) while the asparagine or dB CAMP stimulation of ODC in the 

salts/glucose medium was not sensitive to similar treatment with actinomycin D 

(Table 2). However, some sensitivity of ODC activity to cycloheximide was found 

in the salts/glucose medium supplemented with asparagine and dB CAMP. These 

differences suggest that the mechanism of enzyme stimulation differed in these 

two systems. The enhancement of ODC by serum probably involved de novo synthesis -- 
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of the enzyme (15) while with the salts/glucose medium, asparagine and dB CAMP 

probably increased the half-life of the enzyme. In fact, Chen and Canellakis 

(13) have found that removal of asparagine from the salts/glucose medium caused 

the rapid disappearance of ODC activity having the usual half-life of 12.5 min- 

utes while the half-life of ODC in the presence of asparagine was 200-400 min- 

utes (13). Our findings also agree very well with their observations. 

The mechanism by which asparagine, dB CAMP, and calcium enhance the ODC 

half-life remains unclear. These agents do not affect significantly total 

cellular RNA, DNA, or protein synthesis or the rates of protein degradation 

in this system (13, data not shown), suggesting some selectivity and specificity. 

We have tried to stimulate ODC activity using a number of agents related to 

asparagine in this system, such as aspartic acid, ornithine, and NH4C12, but 

were unable to mimic the specificity of asparagine in regulating and permitting 

the CAMP mediated stimulation of ODC activity. We also could not stimulate ODC 

activity by adding a variety of agents including asparagine directly to the 

isolated enzyme. It would appear that the increase in ODC half-life requires 

the integrity of the intact cell and probably involves one or more indirect 

mechanism(s), Further work is required to understand the mechanism by which 

asparagine, calcium, and CAMP exert their effects on ODC activity in cells 

maintained with a salts/glucose medium. 

ACKNOWLEDGEMCNTS 

This work was supported in part by grant number ES 01677-01 from the 
National Institute of Environmental Health Sciences. 

REFERENCES 

1. Tabor, H., and 'Tabor, C.W. (1972) Adv. in Enzymol., 36, 203-268. 
2. Manen, C.A., and Russell, D.H. (1975) Life Sci., 17, 1769-1776. 
3. Russell, D.H., and Snyder, S.H. (1968) Proc. Nat. Acad. Sci., U.S.A., 

60, 1420-1427. 
4. Bachrach, U. (1978) Advances in Polyamine Res. (Vol. 1) pp. 83-92, (Camp- 

bell, R.A., Morris, D.R., Bartos, D., Davies, G.D., Bartos, F., eds) Raven 
Press, New York. 

5. Bachrach, U. (1973) Function of Naturally Occurring Polyamine, Academic 
Press, New York. 

6. Cohen, S.S. (1971) Introduction to the Polyamines, Prentice-Hall, New 
Jersey. 

7. Canellakis, Z.N., and Theoharides, T.C. (1976) J. Biol. Chem., 251, 4436- 
4441. 

1163 



Vol. 85, No. 3, 1978 BIOCHEMICAL AND 8lOPHYSlCAL RESEARCH COMMUNICATIONS 

8. 

9. 
10. 

11. 
12. 
13. 

14. 

15. 
16. 

17. 
18. 
19. 

20. 
21. 

22. 

Beck, W.T., Bellantone, R.A., and Canellakis, E.S. (1972) Biochem. Bio- 
phys. Res. Commun., 48, 1649-1655. 
Byus, C.V., and Russell, D.H. (1975) Science, 187, 650-652. 
Tinsel, P.A., and Fenno, J. (1978) Proc. Nat. Acad. Sci., U.S,A., 74, 
3791-3795. 
Hogan, B.L.M., and Murdin, S. (1974) J. CelZ,Physiol., 83, 345-352. 
Prouty, W.F. (1976) J. Cell Physiol., 89, 65-76. 
Chen, K.Y., and Canellakis, E,S. (1977) Proc. Nat. Acad. Sci., U.S.A., 
74, 3791-3795. 
McCoy, T.A., Maxwell, M., and Kruse, P.F. (1959) Proc. Sot. Exper. Biol. 
and Med., 100, 115-118. 
Costa, M. (1978) Biochem. Biophys. Res. Commun., 81, 832-840. 
Costa, M., Gemer, E.W., and Russell, D.H. (1976) J. Biol. Chew, 251, 
3313-3319. 
Costa, M. (1977) Biochem. Biophys. Res. Commun., 78, 1311-1318. 
Peden, K.W.C. (1975) Experentia, 319, 1111-1112, 
Lowry, O.H., Rosebrough, M.J., Farr, D.L., and Randall, R.J. (1951) J. 
Biol. Chem., 193, 265-275. 
Costa, M. J. of Cyclic Nucleotide Res. (in press). 
Costa, M., Costa, E.R., Manen, C.A., Sipes, I.G., and Russell, D.H. (1976) 
Molec. Pharmacology, 12, 871-878. 
Byus, C.V., Costa, M., Sipes, I.G., Brodie, B.B., and Russell, D.H. (1976) 
Proc. Nat. Acad. Sci., U.S.A., 73, 1241-1245. 

1164 


