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Absrae-Orotidine-%phosphate decarboxylase of human hemolysates exhibits triphasic kinetics with K,,, 
values of 33, 1.7 and 0.082 PM. Inhibition of this enzyme at low OMP concentrations (< 3 PM) by several 
naturallv occurring purine and pyrimidine nucleotides was investigated. No significant inhibition was 
observed with IMP, GMP, TMP, ADP, and TTP at 5 mM. Inhibition constants for CMP, AMP, and dAMP 
were 3 1 PM, 0.11 mM and 0.2 1 mM, respectively. The results are discussed in relation to inhibition by 
nucleotides of orotate phosphoribosyltransferase, previously measured with a method which depends on 
orotidine-5’.phosphate decarboxylase activity. 

INTRODUCTION 

Orotate phosphoribosyltransferase (EC 2.4.2.10) and 
orotidine-Y-phosphate decarboxylase (EC 4.1.1.23) 
catalyze the conversion of erotic acid to UMP in de 
nova pyrimidine biosynthesis: 

2+ 
orotate + PRPP % OMP + PPi 

OMP - UMP + CO, 

ODC activity is inhibited by its product UMP [ 1-31 
and by ribonucleotides of several purine and pyrimidine 
analogues, e.g. azauridine 14, 5 1: allopurinol [3, 5-71 
and oxipurinol [S-7]. Conflicting evidence has been 
presented with respect to inhibition of ODC by natu- 
rally occurring nucleotides (see Discussion). We dem- 
onstrated that OPRT activity in human hemolysates is 
also inhibited by its product, OMP. The inhibition was 
competitive with respect to PRPP [ 71, Furthermore, 
several purine and pyrimidine nucleotides appeared to 
be inhibitors of OPRT activity without affecting ODC 
activity [7]. Traut and Jones [81 have criticized this 
latter conclusion. Since OPRT activity was assayed by 
measuring the release of YO, from [carboxyl-“‘Cl- 
erotic acid, the assay was dependent on the ODC 
activity, and inhibition of ODC activity would be 
mistakenly interpreted as inhibition of OPRT activity. 
Prior to testing the effects of nucleotides on OPRT 
activity their non-interference with the ODC reaction 
was ascertained at 0.1 mM OMP [71. During the 
OPRT assay OMP concentration is however much 
lower and inhibition of ODC by nucleotides might be 
significant [81. We therefore decided to investigate in 
detail the inhibition of ODC activity in human hemoly- 
sates by purine and pyrimidine nucleotides at low 

*To whom all correspondence should be directed. 
Abbreviations used: OPRT: orotate phosphoribosyltransfer- 
ase; ODC: orotidine-5’.phosphate decarboxylase; PRPP: 
phosphoribosylpyrophosphate; and OMP: orotidine-5’. 
phosphate. 

concentrations of OMP (< 3 PM). Special attention 
was given to the possibility that derivatives of adeno- 
sine (AMP, ADP, ATP, dAMP) inhibit the conversion 
of erotic acid to UMP. Inhibition of OPRT [91 or 
ODC [Sl by AMP has been suggested as the mecha- 
nism responsible for inhibition of cell growth by adeno- 
sine. Deficiencies of enzymes of adenosine catabolism 
(adenosine deaminase deficiency [ 101 and puke nu- 
cleoside phosphorylase deficiency [ 111) are associated 
with immunodeficiencies. 

MATEIUALS AND METHODS 

The procedures for measuring the activities of OPRT 
and ODC in human hemolysates using carboxyl-r4C- 
labeled substrates were described before [ 7 I. Freshly 
prepared hemolysates were used for all experiments. 
ODC was assayed at 0.2-3 PM substrate concentration 
with [carboxyl- ‘% lorotidine-Y-monophosphate of 
high specific activity (37 mCi/m-mol). All inhibitors 
tested were present at a final concentration of 5 mM 
except for CMP which was present at 2.5 mM. Care 
was taken to maintain the pH at 7.4 when nucleotides 
were present. Radioactivity in samples of [car- 
boxyl-‘%]orotic acid and [carboxyl-‘Tlorotidine- 
Smonophosphate was measured in the presence of 
0.2 ml of hydroxidt of Hyamine (Packard) to trap any 
‘TO, released into the scintillation fluid. 

RESULTS 

At OMP concentrations below 3 PM a K,,, value of 
0.082 kO.024 PM (mean f S.D., 8 determinations) 
was found. All compounds previously reported as ir- 
hibitors of OPRT in hemolysates [ 71, and in addition 
dAMP, were tested for inhibition of ODC at 2pM 
OMP (Table 1). Only CMP, AMP and dAMP caused a 
significant inhibition, which was competitive with re- 
spect to OMP. Figure 1 illustrates the inhibition by 
CMP. The K, value for CMP was lower than for AMP 
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Table 1. Inhibition of erythrocyte orotidine-5’.phosphate de- 
carboxylase at low concentration of OMP 

Competitive inhibitor Ki value 

CMP 31i4pM 
AMP 0.11 k 0.03 mM 

dAMP 0.2 1 k 0.04 mM 

The OMP concentration ranged from 0.2-3 PM. The K,,, 
value for OMP was 0.082 i 0.024pM (mean + SD. of 8 
determinations). Ki values are the mean ? S.D. of 3-6 deter- 
minations. The following compounds were not inhibitory 
when tested at a final concentration of 5 mM and an OMP 
concentration of 2 PM; GMP, IMP, TMP, ADP, ATP, TTP. 

or dAMP (Table 1). PRPP at 1 mM did not affect the 
activity of ODC or the inhibition of ODC by CMP, 
AMP, and dAMP. 

At a high concentration of PRPP (0.8 mM) OPRT 
activity was inhibited by TTP but not by AMP, ADP, 
IMP or TMP and only slightly ( < 15 per cent) by ATP 
or GMP. At a non-saturating concentration of PRPP 
(0.2mM) AMP, ADP, ATP, IMP, GMP, TMP and 
TTP inhibited OPRT activity as earlier reported [7]. 
The amount of WO, measured in the assay of OPRT 
activity with ]carboxyl-‘4C]orotic acid could not be 
increased under these inhibitory conditions by a pro- 
longation of the second incubation period after injec- 
tion of EDTA. Since EDTA injection only stops the 
OPRT reaction by complexing the Mg*+ ions, but does 
not affect ODC activity, a prolongation of this second 
incubation period would relieve inhibition of ODC 
activity, which could decrease 14C0, production. This 
was not the case, which indicates that the inhibition is 
on the level of OPRT, not on that of ODC. 

DISCUSSION 

Previously we found bimodal kinetics for the ODC 
enzyme in human hemolysates, with Km values of 33 
and 1.7 WM ]71. At low concentrations of OMP 

Fig. 1 
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Inhibition of ODC in human hemolysate by CMP. 
Control (0) 2.5 x 10e3M CMP (0). 

(< 3 PM) we now found a third K,,, value of 0.082 PM. 
Brown et al. [ 121 demonstrated that purified ODC 
from human erythrocytes exists in three forms, corre- 
sponding to monomer, dimer and tetramer, with Km 
values of 25, 3 and 0.6 PM, respectively. It appears 
therefore that the Km values of 33, 1.7 and 0.082 PM 
measured in crude hemolysates correspond to mon- 
omer, dimer and tetramer forms of the enzyme. The 
difference in Km values between purified enzyme and 
crude hemolysate may be related to the purification 
procedure. The enzyme from human liver was also 
found to exist in monomer, dimer and tetramer 
forms [ 13 1. The kinetic properties of the individual 
forms appeared identical, possibly as a result of inter- 
conversion during the assay. The Km value was 

0.12 PM [ 131. Fyfe et al. [6] found biphasic kinetics 
for the ODC enzyme from rat liver with K,values of 4 
and 1 PM. Two K,,, values (4.5 and 0.33 PM) were also 
reported for the ODC enzyme from human fibro- 
blasts [ 14 1. 

Inhibition of ODC activity by CMP was also ob- 
served for the enzyme from cow brain [2] and,human 
liver [ 13 1 with Ki values of 0.14 mM and 40 ,uM, re- 
spectively. AMP and GMP were also effective inhibi- 
tors of cow brain ODC when present at 5 mM [2]. 
ODC from human hemolysate was not inhibited by 
IMP or GMP and only slightly by AMP at 5 PM 
OMP ]3]. The tetramer form of ODC, purified from 
human hemolysate by Brown and O’Sullivan [5] was 
inhibited by less than 10 per cent by 5 PM AMP, ADP, 
ATP, GMP, TMP or CMP at 0.5 PM OMP. The results 
of inhibition studies on the OPRT/ODC enzyme com- 
plex from Ehrlich ascites cells ]8] seem to be com- 
pletely opposite to our data. AMP, ADP, IMP, TMP 
and TTP were found to have little effect on the OPRT 
activity while being inhibitors of the ODC activity. The 
conditions used in these experiments, however, were 
markedly different from the ones we applied. ODC 
activity was measured at 0.1 PM OMP which is much 
lower than the Km value (0.8 PM) of the enzyme prepa- 
ration used [ 15 1 while OPRT activity was assayed at a 
saturating concentration of PRPP. Inhibition of OPRT 
from human hemolysate is, however, competitive with 
PRPP for all inhibitors except TTP as was stated 
before [ 71 and confirmed in the present investigation. 
Inhibition of ODC activity cannot be the cause of the 
measured decrease in ‘CO, production from [car- 
boxyl-“‘Cl-erotic acid in the presence of purine and 
pyrimidine nucleotides, as suggested by Traut and 
Jones [S]. 

The Ki values with respect to ODC activity, meas- 
ured for the naturally occuring necleotides CMP, AMP 
and dAMP are high both in comparisonto their physio- 
logical concentration and in comparison to the K,,, 
value for OMP. Thus, the inhibition of ODC by these 
nucleotides does not seem to be of physiological signifi- 

cance. The intracellular concentration of PRPP is well 
below the K,,, value of OPRT for this compound [ 161. 
Inhibition of OPRT which is competitive with respect 
to PRPP may be important for the in viva regulation of 

pyrimidine biosynthesis and deserves further 
investigation. 
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