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In rats , short-term starvation and subsequent refeeding induced both holo- and 
total ornithine decarbo.xylase (EC 4.1.1.17) levels in colon s-fold over ad lib 
id controls. Starvation alone led to a significant decrease in total orni- 
thine decarboxylase level in colon, \&ile no change was seen in the holoen~yme 
level. There are only two reported short-term chemical inducers of colon orni - 
thine decarboxylase, and this is the first demonstration of dietaT induction 
in this tissue. Liver total ornithine dccarhoxylase was also induced hlV star- 
vation-refeeding, but no holoenzyme effects were seen in any treatment. 

IhTKc)DLicrION 

Ornithine dccarboxylase (OK) , a pyridoxal 5’ -phosphate (PIP) -dependent enzyme, 

catalyzes the rate-limiting step in the synthesis of the pol>amines, putrescine, 

spcrmidine, and sperminc ( 1) . An increase in both ODC activity and polyaminc 

concentration is one of the first events seen during induction of rapid growth 

or regeneration in a variety of tissues (2)) and inhibition of growth of carci- 

noma cells in culture after inhibition of ODC by the specific suicide inhibitor, 

iy-difluoromethyl ornithine, suggests that this increase in 01X activity is not 

coincidental but is, in fact, a necessary step for rapid growtii (3). ‘[‘he poly- 

amines are known to affect both transcription (4) and translation (5). l&cent 

preliminary evidence indicates a direct involvement of ODC in transcription of 

r-P&A in Physarum polycephalum (0). 

There are many hnown short-term inducers of liver ODC, including chemical, 

surgical, and hormonal treatments (1) , all of which yield a peak of WC acti\;it! 

3-j hr after apI>lication; however, intrarcctal instillation of bile salts or 

N-methyl-K-nitro-N-nitrosoguanidine (MWX) (7 j are to date the only reported 
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short-term inducers of colon ODC. Since previous studies have found increased 

OK activity in liver, small intestine, and skeletal muscle after starving and 

refeeding (8-10)) we investigated the effects of starving-refeeding on levels of 

both total and holo-ODC in the colon and compared these induction effects with 

those in the liver. Starvation and refeeding significantly induced colon OK in 

a different pattern than that found in the liver. 

MAIERIALS AND METHODS 

Chemicals and biochemicals were the purest available from commercial sources. 
I,- [l- 1 ‘+C]Ornithine~HCl (59 Ki/timol, 0.847 mM in 2% ethanol) was obtained from 
Aniersham. Male, Sprague-Dawley rats weighing between 230 and 275 g were ob- 
tained from Blue Spruce Farms (Altamont, NY). Rats were randomized by weight 
into starved-refed, starved, or ad lib control groups. All rats were indivi- 
dually housed in stainless steel cages, with a 7 a.m. to 7 p.m. light cycle, A 
lab chow diet was fed for five days, at which point differential treatments be- 
San. At the time of sacrifice , starved-refed rats had been starved for 48 hr, 
refed for 12 hr, and again been without food for the 6 hr previous to sacrifice. 
Starved rats had been without access to food for 66 hr, and ad lib rats had been 
without access to food for the previous 6 hr. Rats were sacrificed by cervical 
dislocation between 1:30 and 2:30 p.m. The colons were excised, immediately 
washed with ice-cold normal saline, slit longitudinally, placed on an ice-cold 
glass plate, washed again with saline, and blotted lightly. The colonic mucosa 
was then scraped off with a glass microscope slide, and the scrapings (%0.2 g) 
were placed into 2 ml of freshly prepared ice-cold Buffer A (0.1 M sodium phos- 
phate, pH 7.4, 4 mM dithiothreitol, 2 mM EDTA) . Each sample was homogenized 15 
set at setting 7 on a Brinkmann PolytronB equipped with a microprobe. Samples 
were kept in the dark on ice until being centrifuged at 100,OOOxg for 1 hr at 
4OC. Livers were also immediately excised; 1 g of the left lobe was placed in 
3 ml of Buffer A, homogenized for 30 set on setting 7 of a Polytron@, and stored 
on ice in the dark until being centrifuged at 30,OOOxg for 1 hr at 4°C. After 
filtering through glass wool, both colon and liver supernatants were stored at 
-70°C until assay. 

Ornithine decarboxylase activity was determined by measuring 14C02 released from 
radioactive ornithine. To reduce blank values, commercial I,- [l- l’+C] ornithine was 
acidified with 6 N hydrochloric acid in the presence of a CO1 trapping agent, 
barium hydroxide, suspended in a center well (Kontes) and then neutralized with 
sodium hydroxide. The stock ornithine mixture was 0.58 nfi! L- [l- 14C]ornithine in 
Buffer A. The assays \+ere run as follows: 0.2 ml of thawed supernatant was pla- 
ced in a 16x100-mm glass test tube on ice \cith 0.18 ml of the appropriate ice- 
cold buffer. Buffer A was used to assay holo-ODC activity. For measuring total 
ODC activity, 0.22 mN PLP was added to Buffer A. A doubled 3.2x2-cm filter paper 
wick was wedged into the top of the tube. The mixture was preheated at 37°C at 
110 r-pm in a Metabolyte shaker bath for 15 min. L- [r’+C]Ornithine stock (20 ulj 
was added to start the reaction, and 20 ~1 of saturated barium hydroxide solution 
was pipetted onto the filter paper wick. ‘The tubes were capped with rubber stop- 
pers and placed in the shaking bath. After 60 min, the reaction was stopped by 
the injection of 0.1 ml of 100% trichloroacetic acid. After micro& ffusion was 
allowed to occur for 45 min, the filter paper was removed with tweezers and 
placed in 10 ml of scintillation fluid (3.78 P. toluene, 15 g 2,5diphenyloxa- 
zole, 0.4 g 1,4-bis[2-(S-phenyloxazovl)]benzene) and counted in a Beckman LS7000 
counter. A zero-time blank was obtained by injecting 100 ~1 of 100% trichloro- 
acetic acid into the tubes just before adding the reaction mixture and incubatm 
ing this mixture for 1.75 hr. Since the holoenzymc and total enzyme buffers 
yielded identical zero- time values, one average zero-time value was subtracted 
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Total Enzyme Holaenzyme Total Enzyme 

- I 25 

I 0.25 

from both holo- and total enzyme assays. Protein was determined bv the biuret 
method for the livers (11) and by the Lowry method for the colons 112). All 
statistical analyses were done using Student’s t-test (13). 

Starving and refeeding significantly (1~ 0.03) induced both the total and ho10 

OIK levels in the colon (Fig. 1). This is the first demonstration of induction 

01. OiK in colon hy dietary treatment. The induction is not as great as the pre- 

\-iousl>- reported 20-fold increase after intrarcctal instillation of bile salts 

or JN.\(; (7)) but it is g-eater than the reported daily increase in small intes- 

tint after a meal (10). The sigxiiicant (~~0.04) decrearc in total WC in color 

actcr brief starvation is similar to previously reported effects in the liver 

(S). No effect of starvation was seen in colon holo-OLK. 

In the liver (Fig. 2j, total OK level changes were similar to the changes 

seen in colon, with starvatiorl-refeeding inducing O!X 5-fold @KU. 1105). The 

levcl~+ ciropped upon starvation alone hut not significantl!.. Neither starvation 

rcfeedin~ nor starvation alone had an). effect on the holo-WC levels in liver, 
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unlike in the colon where both total and holo-OK levels were induced by star- 

vation-refeeding. It is important to note these differences in holo- vs. total 

levels of the enzvme , , since a L-fold increase in the total ODC in a tissue ma) 

or ma)' not be accompanied by any changes in functional ODC: levels. 

‘I’he observed X-fold increase in total liver OK is lower than the 7-fold 

increases previousl>- reported (S,yi . This difference may be ex-plaincd by dif- 

ferences in the time at which the OK induction was measured. In the previous 

studies, ODL was measured between 3 and 5 hr after initiation of refeeding. 

Other work has choral a daily increase in liver and small intestine OK levels 

3-5 lx after a meal, regardless of \vhcther the rats had been previously starved 

or had constant access to food (10,14). ‘This effect in liver, and the possibil- 

it!. of a similar effect in colon, confounds measurements taken at early time 

points. Since we menrured ClDC le\lels after 12 hr of refeeding and an additional, 

short (6 hr) period without acccs to food, the j-fold increased observed proi- 

ably reflects specific starvationrefecdin, 0 effects divorced from immediate feed- 

ing effects. 

It is kno\>n that starvation decreases protein and JUU synthesis (15)) and 

refeeding may simpl)- lead to a compensatory increase in general macromolecular 

s)-nthesis which is reflected first in proteins, such as WC, iihich have shorter 

hall--lives and, hence, reach nex steady state 1~~1s most rapidly (16). On the 

other hand, there is evidence that tumor promotion leads to an increase in lcv- 

els of specific proteins and not to an increase in general sjnthcsis (17). It 

Iii11 he importrult to xc i.f the increase in WC: caused by starving-refeeding is 

a specific induction or ~irnply reflects an increase in general protein s>%the- 

sis. since bile salts arc suspected tumor promoters in colon (18)) a comparison 

bctrieen bile salt and starving-refeeding effects on OJK levels should provide 

further information khich will answer this quest ion. 

‘J‘his xorl; was suJq)orteJ in part ‘oh. (;rant LA-26755 from the 1J.S. Public Health 
Service. R..\. 5. is supported as a J~rcdoctoral trainee by ‘Paining Grant AW 
07158 from the U.S. l’uhlic llealth Service. 

776 



Vol. 105, No. 2, 1982 BIOCHEMICAL AND BIOPHYSKAL RESEARCH COMMUNICATIONS 

RET;cl&ticL:s ___- 

.I . 

2. 
.3. 

4. 

5. 

0. 

7. 

8. 
!‘, . 

10. 

11. 

12. 

13. 

14. 

1s. 
16. 
17. 

18. 

<JZnne, ,;. , Paso, Ii., and Kaina, A. (1’378) Biochim. Kioph>x. .kta 473, 741. 
193. 
O’Brien, ‘I‘.(;. (1976) Cancer Kes. 36, 2644-2053. 
Luh, G.11. , Goodwin, G. , Marton, L.,J. , and Saylin, S.i;. (19Sl i l’roc. Satl. 
jlcad. Sci. U.S.A. 78, 2355-2355. 
(:aldera, C.bI., Casti, A., Guemieri, L‘. , and florezi, C;. (1975 1 Eioihcw . .J . 
IS‘?, 91- ?8. 
konecki, U. , Kramer, G., Pinhanichakaren, I’. , and i-larclc<ty, ii. (i?55) :Arc-Ii 
Biochem. Biophys. 169, 192- 198. 
Kueh, (;.D., A1ffolter, H. -lJ. , Altman, V.,J. , Se&ccl\, ‘I’. . c;ul?icr, 1. , and 
l;raun, R. (1979) Proc. Natl. Acad. Sci. 1J.S.A. TO, 2551-2545. 
‘1aka.1~10, S. , Etatsushirua, V., firturh, E., arkI Ilryn, (;.‘i. (l!lSlj Canwr Iies. 
41, 674-625. 
I)orn~chke, S. and Siilinb, H.P. (1973) ilorm. Metab. Rcs. 3, 97-101. 
Conover-, C.A. , Rozovski, S.J. , Eelur, L.R. , Aohi, ‘I .‘I’. , and Ruderman, K. 1;. 
(,I!GO) Eioclwm. J. 192, 725-732. 
kujimoto, 51. , knnaya, A., Nahabou, Y. , and Iiagihira, Ii. ((19~8) .J. Diochcm. 
83, L’j7-24? “. 
(;ornall, ,A. G. , Bardawill, C..J., and David, Izl.bi. 1194!U .J. liiol. Chem. 1-7, 
751- 760. 
Lowry, 0.11.) Rosebrough, X.3.) Fax-r, A.L., and Kandall, R..J. 11951‘) .I. 
Biol. Clicm. 193, X5-275. 
Snedecor, G.N. and Cochran, N.G. (1927) Statistical Method<, 1’1:. !>I- 105. 
lowa State University Press, .Amcs. 
Flaudsley, IJ.1:. , Leif, .J. , and Kobayashi, Y. (197h) Amer. ,J. I%\-s. 131, 
1553-1561. 
Nakano, IC. and Sidranshy, II. (197Sj J. Nutr. 108 399-409. 
Schink, Il.?. (1973) :\dv. linz~mol. 37, ISS-187. ’ 
C&r-al, I:. , Gottesman, M.N., and Yuspa, S.11. (1981) i‘anccr Res. -II, 1025- 
-‘1151. 
Keddy, B.S. , Il’eisburger, J.fi. , and Wynder, i:.L. [l!rTS) in Carcinogenesis- - 
i2 Comprehensive Sure-ey, Vol. 2, pp. 453-464 (Slaga, T..J. , Sivak, A. , a~& 
Boutwell, R.K., eds.). Raven Press, New York. 

777 


