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Abstract

Ornithine decarboxylase (ODC) catalyzes the first and key step in the polyamine biosynthetic pathway. Orni-
thine decarboxylase is known to the enzyme that increase substantially its activity in regenerating liver. We
found that activity and mRNA level for ODC increase significantly after partial hepatectomy in the rat. After
laparotomy, there was significant decrease in activity ; however, mRNA content was unaltered in contrast to
previous reports of no change in ornithine decarboxylase and thymidine kinase after sham hepatectomy. This
may be mediated by the decrease in food intake after hepatectomy. Therefore it is necessary to examine the
effect of food intake after hepatectomy on the ODC activity and mRNA fevel in the future.
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INTRODUCTION

Ornithine decarboxylase (ODC; EC 4.1.1.17) is the
rate limiting enzyme in polyamine pathway and con-
verts omithine to putrescine. Ornithine decarboxylase
catalyzes the first and key step in the polyamine biosy-
nthetic pathway. All animal cells so far examined con-
tain ODC activity except for Chinese hamster ovary cell
ODC-mutants generated by mutagenesis. The enzymes
from a variety of mammlian sources are specific for the
L isomer of ornithine and have Km values of about (.1
mM. Yeast ODC has a Km of 0.09mM which is similar
to the mammatian enzymes (1-3).

In the case of mouse kidney QDC induction caused
by andregens, the amount of ODC protein increased
400~500 fold with a 4~10 fold increase in the half-
life of the enzyme indicating that the rate of synthesis
must be increased 50~100 fold. However, ODC
mMRNA was shown to increase only about 10 fold.
This suggested that translational stimulation was
involved. In rat liver, marked induction of ODC acti-
vity by beth thivacetamide treatment and by feeding
preceded by only a several fold increase in the activi-
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ty of ODC mRNA suggesting involvement of post-
transcriptional processes (4,5).

OOBC has an extremely rapid turnover rate, which
in conjunction with its synthesis being regulated, al-
lows for a means of bringing about rapid change in
enzyrme activity. The turnover of ODC also changes
under various conditions and seems to be subject to
regulation.

Polyamines stimulated an increase in ODC turno-
ver which was slow initially but soon accelerated to a
more rapid decay. Immunochemical studies have con-
firmed that polyamines accelerate the decay of pre-
labeled ODC protein in a time-dependent manner.

The polyamine-induced acceleration of decay was
inhibited by cycloheximide but not by actinomycin D
indicating that protein, but not RNA, synthesis was
required for enzyme induction (6).

Thymidine kinase (TK; EC 2. 7. 2. 21) is a slavage
pathway enzyme involved in DNA synthesis. Partial
(70%) hepatectomy in the rat causes targe increases
in the activites of ornithine decarboxylase and thymi-
dine kinase as the remnant liver regenerates (7). Sham
hepatectomy (laparotomy) has been reported to have
no effect on either enzyme (8,9). During studies of in
vitro translation products of regenerating liver resal-
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ved by two-dimensional gel electrophoresis, they
noted that, in addition to being increased after partial
hepatectomy, the activites of ODC was low after sh-
arm hepatectomy. Since food consumption is decreas-
ed after surgery, the possibility that reduced caloric
intake could effect ODC activity (10,11).

The objectives of this study are to provide infor-
mations on the changes of ODC enzyme activity and
mRNA level after hepatectomy.

MATERIALS AND METHODS

Materials

Reagents for RNA extraction, gels and hybridiza-
tion studies and enzyme assays were from BRL labora-
tory {Gaithersbury, MD), and Sigma-Aldrich(5t. Louis,
MO o-[*PIdATP and [1-+C] ornithine were percha-
sed from New England Nuclear (Boston, MA) and [*H]
tymidine was perchased from Amhersham {Arlington
Height, IL). All other reagents were of analytical
grade,

ODC assay

ODC activity was determined by measuring the re-
lease of “CO:z from L-[1-"*C]ornithine at 37°C. The
assay mixture contained 0.4mM L-ornithine, 0.125
tCiof L-[1-1C] ornithine (58.5mCi/mmol), 0.05mM
pyridoexal 5-phosphate, 2.5mm DTT, 25mM Tris-
HCl, pH 7.4, and enzyme in a total volumn of 1254
The reaction was stopped by addition of 0.8m! of 40
% TCA. "COr was trapped for 30min with 1204 of
methylbenzethontum hydroxide in center wells and
subsequently countered by liguid scintillation. ODC
units are prmol COz2 released in 30min per mg protein
of eytosol supernatant. The decarboxylation of L-[1-
#C] ornithine was shown to be ODC specific by inclu-
ding TmM a-difluro-methylornithine (DFMO)} in con-
trol assays (4,12,13).

Treatments

Male Sprague-Dawley (SD) rats (190~210g, Bio Sci-
ence Labs, North Dakota State University Experim-
ental Station) were maintained on a cycle of twelve
hours fight {8 am to 8 pm) and twelve hour darkness

{8 pm to 8 am). Water and chow were available ad
libitum, Partial hepatectomy was performed by resec-
ting the left and median lobes of the iiver under eith-
er anesthesia between 8 and 10 am. Sham hepatec-
tomy was carried out by resecting a small piece of
omental fat during leparotomy. Rats were killed for
investigation and assay 48 hours later (8).

Starving and pair-feeding

Food intake was recorded before and after sham he-
patectomy. On the day of sham hepatectomy (& am
0 8 pm) the rats Involved for treatments began to eat
ground a 5 pm. The amount of food consumed by the
sham-operated vats befween 5 pm and 8 am was
measured in the next morning (7).

A group of rats was matched to the same schedu-
le: food was not provided between & am and 5 pm,
and the next moring between 8 am and 5 pm, the
amount of food consumed by the rats undergoing sh-
am hepatectomy was measured.

RNA isolation and blots analysis

Total RNA was isolated by the guanidine thiocya-
nate method. Poly (A} RNA was isolated using cligo
d(T) celluiose.

for Northern blot analysis, 5mg of poly(A) RNA
was fractionated on 1.2% agarose gel contaning 2.2
M formaldehyde and blotted onto nitrocellulose or
nylon membranes. The blots were prehybridized for
thrs at 42°C in solution containing 50% formarmide,
3 % 55C, 5% Denhart’s solution (1 X Denhardt’s con-
tains 0.1% each of bovine serum albumin, polyvinyl
pyrrotlidone and Ficoll), 0.1% SDS, 10% dextran sul-
fate and 100mg/ml denatured herring sperm DNA.
Hybridization used the same solution with the Ribo-
probe for 12days at 42° C. The blots were washed tw-
ice at room temperature in 2x $SC, 0.1% SDS for 5
min each followed by washing twice at 50°C in 0.1
% 55C, 0.1 X 5DS for 20min each. Blots were expos-
ed to Kodak XAR fiims with intensifying screens at -
70°C(12,14).

Riboprobe preparation

Plasmid pHOD48, which was constructed as shown
in Fig. 1, contains a Hind!li fragment of mouse cDNA
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clone pOD48. This plasmid DNA was used as a tem-
plate for “P-labeled Riboprobe synthesis for 1 hours
at 37°C with T7 RNA polymerase. This plasmid DNA
template as linearized prior to preparation of run-off
transcripts. Rioprobe transcripts made by this metho-
d have a specific activity of approximately 3~8 X 10*
cpm/mg RNA(12,14).

Quantitation and statistics

Blots were quantitated by densitometry. Compari-
sons between experimental groups were made by
analysis of variance. Significant differences were set
at p<(.05. All data were expressed as mean+SE
{standard error).

RESULTS AND DISCUSSION

After hepatectomy (Table 1
ed significantly (p<0.05) from 11,7 £0.4 in normal liv-

), ODC activity increas-
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Fig. 1. Schematic diagram of Riboprobe preparation.

i Plasmid pODA48 is a mouse ODC cDNA clone. A 9500bp
Hind I fragment from pOD48 was subcloned into plas-
mid pGEM4 DNA. The orientation of the subclone insert
was determined by restriction mapping and sequence
analysis of run off transcripts, Radiolabeled riboprobe
ranscripts was prepared with T7 RNA polymerase. SP6,
SPB RNA polymerase promoter ; T7, T7 RNA polymera-
se promoter; P, Psil 5 H, Hindlll ; C, Hinlll.

er {control) to 90.53.2 at 24 hours and 73.7 +6.6 at
48 hours. After sham hepatectomy, ODC activity decr-
eased significantly to 5.510.2 at 24 hours and 9.1
0.6 at 48 hours.

The possibility that reduced food consumption was
the cause of the declines in ODC activities after sham
hepatectomy was investigated in starved and pair-fed
rats.

During three days before sham hepatectomy nine
rats consumed 25+ 1g lab chow per day. After sham
hepatectomy, the first rat began to eat at 5 pm the
day of surgery and the nine rats consumed 15+1g
food between 5 pm and 8 am the next morning (signi-
ficantly different, p<C0.05, from daily intake before
surgery). Food intake after partial hepatectomy was
quite similar. Twelve rats were pair-fed on this sched-
ule : between 8 am and 5 pm no food was available
and between 5 pm and 8 am next morning each rat
was provided 15g food. In all cases, the entire 15g
was consumed by these rats, Another group of 12 rats
was starved 24 hours (8 am to 8 am).

ODC activity in the pair-fed rats (Table 1) was 5.0
+1.1, significantly less {p<0.05) than normal. ODC
activity was further redued to 3.240.3 in rats starved
for 24 hours. This was significantly less (p<0.05) than
normal and sham-operated rats.

Liver ODC mRNA content was determined in Nor-
thern blot of poly (A) RNA from normal. 24 hour par-
tial and sham hepatectomy, and 24 hour pair-fed and
starved rats (n=8~11 per group). As determined in Fig.
2, ODC mRNA content were increased at the 24 hour
interval after partial hepatectomy. In contrast, there
was no consistent effect of sham hepatectomy, pair

Table 1. Response of ornithine decarboxylase activity

Treatment oDc
Normal(n=20) 11.7+0.4
Partial {24h, n=12) 90.5£3.2
Partial (48h, n=12) 73.7 6.6
Sham{Z4h, n=12) 5.5+0.2
Sham (48h, n=12) 9.1+0.6
Pair-fed (24h, n=12} 5.0+1.1"
Pair-fed (24h, n=12} 3.2£0.3

» Significantly different than normal : "significantly fess different
than 24h Sham. Partial : 70% partial hepatectomy ; Sham he-
patectomy
Data are mean=£SE (standard error)
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Fig. 2. Response of ornithine decarboxylase (ODC) mRNAs
from rat liver to partial hepatectomy.
Lanes 1, 2, 3 and 4 rats were treated as described in
MATERIALS AND METHODS. mRNA was isolated
from total RNA, fractionated on 1.2% agarose gel, ran-
sferred onto nitrocellulose membranes, and blotted with
Riboprabe. Blots were exposed to Kodak XAR fims wi-
th intensifying screens at — 70°C.

feeding or starving on the hepatic mRNA contents of
ODBC on Northern blot, and these groups were not
significantly different from nommal.

Partial hepatectomy is known to increase the activi-
ties of ODC as the liver regenerates, a fact confirmed
in the present studies (7). Gur results show that these
elevations are accompanied by increases in ODC
mRNA contents at the 24 hour interval. A previous
study has demonstrated similiarly increased GDC
mRNA levels during the first 6 hours after parital hep-
atectomy. Cther studies showed that the increase in
TK activity are accompanied by increased TK mRNA
levels (8,9). This result also indicated that the rat has
two TK mRNAs, bath of which are increased 24 hours
after partial hepatectomy. This has been observed in
rat muscle mRNA biots using a cloned fragment of
the human TK ¢cDNA.

The present study shows that ODC activities are sig-
nificantly reduced after sham hepatectomy. Previaus
reports have indicated no effect of sham hepatecto-

my on ODC or TK enzyme activity (8). One reason
for these differences may be the larger number of rats
used in the present studies. The effect of sham hepate-
ctomy is small compared with that of partial hepate-
ctomy and may be missed ; however, it is consistent
and is clearly statisticaily significant.

The fact that pair-feeding and starving lower QODRC
activities suggests that decreased food intake after sur-
gery is the cause of the decline. This In turn raises the
possibility that a dietary factor or an endogenous fac-
tor controlled by nutrient consumption influence the-
se enzymes and may be involved in their physiologi-
cal control in the liver. Consistent with this hypothe-
sis is the observation that starved rats had the lowest
enzyme levels, where pair-fed rats had levels that we-
re close to the sham-operated rats. Previous many
studies have also found that liver ODC activity is red-
uced by starvation (8,70,12).

Such factors are not required, however, since parti-
al hepatectomy induces substantial increases, when
food consumption is similiar to sham operated rats.
This changes in the amount of ODC protein could be’
brought about by changes in both the rate of synthe-
sis and the rate of degradation of the protein (4).

The decrease tn ODC enzyme activity in sham he-
patectomy, starvation and pair-feeding were not acco-
mpanied by any consistent changes in hepatic mRNA
content increase after partial hepatectomy, possibiliti-
es for control in regenerating liver exist at both pretra-
nslational and posttranslational levels. Many accum-
ulated evidence has been indicated that OGDC is regu-
lated by muitiple mechanisms including transcription,
ranslation, post-translational activation, and enzyme
degradation(6,12).
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