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Model studies led Beak and Siegel (3) to suggest that
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Orotidine 5*-monophosphate decarboxylase (OMP
ecarboxylase, ODCase) is an important enzyme that
atalyzes the final step of de novo pyrimidine nucleo-
ide biosynthesis. The mechanism of this unique en-
yme and whether metal ions play any role in catalysis
ave been topics of intense research interest. In this
eport, the role of Zn in ODCase was reexamined.
tomic absorption (AA) and X-ray absorption (XAS)
pectroscopic studies did not detect zinc in active en-
yme samples at high concentration. The XAS results
lso indicated the absence of other transition metal
ons in ODCase. © 1999 Academic Press

Orotidine-59-monophosphate decarboxylase (OMP
ecarboxylase, ODCase) catalyzes the decarboxylation
f orotidine 59-monophosphate (Figure 1). The enzy-
atic conversion of OMP to uridine 59-monophosphate

UMP) is the final step of de novo pyrimidine nucleo-
ide biosynthesis and is mechanistically distinctive.
he non-enzymatic reaction has been described as the
lowest biological reaction with a half-life of 78 million
ears (1). ODCase accelerates the reaction by a factor
f 1.4 3 1017, making it a very proficient enzyme (1).
owever, unlike reactions catalyzed by other decar-
oxylases, in which the carbanion intermediates can be
tabilized by delocalizing the electron pair into an elec-
rophilic p-system of the substrate or a covalently at-
ached cofactor (2), the decarboxylation of OMP yields
nonconjugated carbanion intermediate and ODCase

ossesses no cofactors to use for covalent stabilization.
hus, the mechanism by which ODCase stabilizes the
arbanion intermediate and catalyzes the decarboxyl-
tion of OMP has been a target of significant research
ffort but remains unknown.
Three different mechanisms have been proposed to

xplain the facile enzymatic decarboxylation (3-5).

1 To whom correspondence should be addressed at Department of
hemistry and Biochemistry, San Francisco State University, San
rancisco, CA 94132. Fax: (415) 338-2384. E-mail: wuw@sfsu.edu.
133
he substrate is bound in the zwitterion form and that
he cationic nitrogen-1 stabilizes the carbanion inter-
ediate through dipole induction. In this zwitterion
echanism, it is envisioned that the reaction is initi-

ted by the protonation of oxygen-2 in the substrate
eading to resonance formation of a positive charge on
itrogen-1. Recently Lee and Houk (5) have proposed
hat proton transfer to oxygen-4 would give a further
tabilized carbene-like intermediate. Recent model
tudies of ours have demonstrated the viability of this
lternative proposal (6), while in another study, we
ave confirmed the presence of a discrete, carbon-6
ased nucleophile as an intermediate in the model
eaction, consistent with either of the above mecha-
isms (7). Enzymological studies have demonstrated
hat 1-b-D-ribofuranosylbarbiturate 59-monophosphate
BMP), which resembles the postulated carbanion in-
ermediate, is a very potent inhibitor of ODCase (8).
his result suggests the involvement of a C-6 based
arbanion as an intermediate, consistent with either
he zwitterion or the carbene mechanism occurring on
he enzyme. On the other hand, results from studies on
ubstrate analogs (8, 9) such as BMP and on kinetic
sotope effects (10, 11) have provided strong evidence
gainst an alternative covalent mechanistic proposal,
hich involves nucleophilic attack at carbon-5 by an
ctive site residue and protonation at carbon-6 prior to
ecarboxylation/elimination that would avoid the for-
ation of the vinylic carbanion (4).
If the enzyme utilizes either the zwitterion or the

arbene mechanism to catalyze the decarboxylation, it
ould be expected to provide a means of electrophilic

tabilization (e.g., a proton source or a metal ion) ad-
acent to either oxygen-2 or oxygen-4 of the substrate.
ntrigued by the proficiency of ODCase and the role of
ivalent metal ions in other decarboxylases, Miller et
l. (12) have reexamined the possibility of metal ions as
ofactors. They have reported that two moles of Zn are
resent for each mole of subunit for the dimeric yeast
DCase and that Zn is required for enzyme activity.
0006-291X/99 $30.00
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They have further reported that ODCase is inactivated
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TABLE 1
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y EDTA and other zinc-chelating agents (12).
In our study on ODCase purified from Saccharomy-

es cerevisiae BJ5464, it has been observed that zinc-
helating agents have no effect on the catalytic activity
ince purification of ODCase is routinely carried out in
resence of 2 mM EDTA (13). This observation is con-
istent with previous results on the Zn content in
DCase reported by Shostak and Jones (9). In light of

he conflicting results in the literature, we have reex-
mined the Zn content, using atomic absorption (AA)
nd X-ray absorption (XAS) spectroscopy, of ODCase
solated in our laboratories.

ATERIALS AND METHODS

PGU2, a plasmid for expression of ODCase in yeast (14), was in-
roduced into S. cerevisiae BJ5464 (obtained from the Yeast Genetic
tock Center at the University of California-Berkeley) by a standard
ransformation procedure (15). For production and purification of
DCase, procedures described by Bell and Jones (13) were used with

light modification. Specific activity of purified ODCase was 33 to 40
/mg. Enzyme activity was assayed by monitoring the decrease in
bsorbance at 285 nm at 25°C in 100 mM potassium phosphate
uffer, pH 6.0 using an extinction coefficient of 1650 M21 cm21 for the
onversion of OMP to UMP (13).
Atomic absorption spectroscopy was carried out on a Unicam 929
A spectrometer in flame mode. The detection limit is estimated to
e 0.013 mg/L (0.2 mM) for Zn. X-ray absorption spectroscopy (XAS)
tudies were performed at the Stanford Synchrotron Radiation Lab-
ratory (SSRL) on unfocused wiggler beamline 7-3 under dedicated
onditions (3 GeV, 50-100 mA) in fluorescence mode. The sample (4.2
M subunit concentration) was loaded in a lucite solution cell (23 3
3 3 mm with 37 mm Kapton window) and placed in a continuous
ow liquid helium cryostat (Oxford Instruments CF1208) at 10 K.
he total incoming signal was monitored on the multichannel ana-

yzer of a 13 element Ge array detector (Canberra) with the incident
nergy at 10,000 eV, above the Zn K-edge at 9661 eV (16). A wide
indow on the detector was used to monitor the signal from all first

ow transition elements (4493 eV–9661 eV). The detection limit is
stimated to be at micromolar levels.

ESULTS AND DISCUSSION

ODCase samples in a series of concentrations from
1 mM to 141 mM (subunit) were analyzed for Zn con-
ent using atomic absorption spectroscopy. A series of
n solutions in phosphate buffer (100 mM) with a
ange of concentrations corresponding to that of
DCase samples, were used as standards. Represen-

ative results are listed in Table 1. The corresponding

FIG. 1. The enzymatic decarboxylation of OMP to UMP.
134
oncentration of Zn for the ODCase sample (45 mM in
ubunit) used in Entry 2 would be 90 mM according to
he 2 mole of Zn/mole of protein subunit stoichiometry
eported by Miller et al (12). The absence of Zn in
DCase is apparent by comparing the atomic absorp-

ion data in Entries 1 and 2. Several controls were also
erformed to test whether protein might interfere with
he atomic absorption signal. Overnight hydrolysis of
DCase in hot 6 N HCl still showed no detectable

evels of Zn (entry 3), while ODCase spiked with ap-
roximately one equivalent of Zn gave a signal within
rror of the value obtained for the standard (compare
ntries 1 and 4). As one final control, Zn was readily
etected in a sample of carboxypeptidase A (data not
hown), an enzyme known to require Zn as a cofactor.
t should be noted that the ODCase samples used in
hese AA experiments were fully active in the standard
ssay and showed no change in activity upon addition
f Zn to the assay mixture.
The above results, suggesting the absence of Zn in
DCase, were further confirmed by X-ray absorption

pectroscopy (XAS). XAS analysis of a 4.2-mM, fully ac-
ive ODCase sample (subunit concentration) failed to de-
ect any Zn or significant amounts (.1% of protein con-
entration) of Mn, Fe, Co, Cu, or Ni. The expected Zn
oncentration, assuming 2 moles of Zn per mole of sub-
nit, is 8.4 mM, which is well above the detection limit.
Our results have demonstrated that ODCase does

ot contain Zn or other transition metal ions as cofac-
ors. This conclusion is consistent with a previous re-
ort by Shostak and Jones (9). At this point, we do not
now why ODCase samples from different yeast
trains appear to have different requirements for
etal cofactors. The mechanism that ODCase employs

o efficiently catalyze the decarboxylation reaction re-
ains a topic of significant research interest.
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Zn Atomic Absorption of ODCase Samples

Entries Sample Concentration (mM) Absorption

1 Zn in buffer 46 0.349
2 ODCase 45 0.003
3 Hydrolyzed ODCase 53 N.D.a

4 ODCase 1 Zn 53 (ODCase) 0.363
46 (Zn)

a Not detected. Reading (20.002) was below that of buffer used as
lank.
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