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We report that equal yields of [G4]-uridine 5-monophosphate ~ Scheme 2

(50%) and [6%H]-uridine 5-monophosphate (50%) are obtained o o

from the decarboxylation of orotidine-fhonophosphateQMP) L)N\)i (00 j\ 9 j\ j
catalyzed by orotidine’smonophosphate decarboxylase in a solvent 07N eo? ﬁ» 07 N"H 0”>N"D

of 50/50 (v/v) HO/D.O. This observation of an unusually small  2¢0 o 20,P0 o 20,P0 o

product isotope effect of unity eliminates a proposed mechanism o oo o

in which proton transfer from Lys-930 C-6 provides electrophilic

pushto the .Ioss of C@from OMP in a concerted reactip%ﬁ It ~ represent a secondary solvent kinetic isotope effect (SKIE). By
provides evidence that proton transfer from the ammonium cation conirast, a product isotope effect (PIE) determined in experiments
side chain of Lys-93 to a vinyl carbanion intermediatefaster in which H and D in a mixed solvent of #/D,0 compete for
than the bond rotation that exchanges the positions of the acidic oaction with enzyme-boun@MP to form UMP labeled at C-6
N—L* hydrons of this side chain. (Scheme 2) would provide insight into the changes in bonding at

Orotidine 3-monophosphate decarboxylase (OMPDC) is a the transferred hydron that occur on proceeding to the transition
remarkable enzyme because it employs no metal ions or othergiate for the product-determining st&{PIEs are more precise and
cofactors but yet effects an enormous™fald acceleration of the  gasjer to interpret than SKIEs determined as the ratio of rate
chemically very difficult decarboxylation dMP to give urldlne. constants for reactions in,® and DO because (1) there are no
5-monophosphatdMP).** It has been shown that a large fraction  complications from any secondary SKIE when the H- and D-labeled
of the enzymatic rate acceleration results directly from utilization products are formed in the same mixegD,0 solvent and (2)
of the intrinsic binding energy of the remote nonreactiig S there are no errors due to differences in the conditions for separate
phosphodianion group @MP in transition state stabilizatichThe reactions in HO and DO, such as enzyme concentration, temper-
decarboxylation reaction is often proposed to proceed in two steps ature, and pL.
through a vinyl carbanion intermediate (Scheme 1). However, it Tpe product distribution for the decarboxylation GMP

has also been suggested that this unstable intermediate might b%atalyzed by OMPDC in 50/50 (v/v) #0/D,0 was determined by
avoided in a concerted reaction in which decarboxylation and proton 1y NMR spectroscopy at 500 MHz. Figure 1 shows the pattial

transfer to C-6 occur in a single stép. NMR spectrum ofUMP obtained from the decarboxylation of
OMP (2 mM) catalyzed by OMPDC fron$. cereisiae (C155S
Scheme 1 mutant, 24 nM, 1 h>90% reaction) in 50/50 (v/v) ¥D/D,O at
) 0 o) pL 7.3 and 25°C (I = 0.10, NaClI)!*12 The value of PIE= 1.0
HNY HNY HNY was calculated using eq 1, whetg is the integrated area of the
PN oo PN o*wu  doublet due to the C-6 proton of [64]-UMP (7.990 ppm), and

2HOSPO/\§$ VY Z'OSPOW VY 2'03P0/\§$ Ap is the integrated area of the singlet due to the C-5 proton of
CO, H* [6-2H]-UMP (5.865 ppm)t3 By comparison, PIEs of 7:38.1 for

%:'WSH OH OH %HM}C,’H proton transfer to ring-substituted aryl vinyl ethers from lyonium
ion in 50/50 (v/v) HO/D,O have been reported recentfy.
Experimental and computational studies on OMPDC have PIE= AJ/A, 1)

focused largely on the partly rate-determining and highly unfavor-
able loss of C@from OMP.7~° There are few data pertaining to
the proton transfer to C-6 of the pyrimidine ring. Experimental
characterization of this proton-transfer step is essential for insight
into the existence and lifetime of the putative enzyme-bound vinyl
carbanion intermediate.

OMPDC catalyzes incorporation of a hydron from solvent into
the UMP product and it has been reported that the decarboxylation
of saturatingOMP is 30% faster in KO than in O.” While the
origin of this solvent isotope effect ok is unclear, it may

We used similar procedures to determine values of PIEO for
decarboxylation o©OMP (2 mM) catalyzed by OMPDC from both
E. coli (40 nM) andM. thermoautotrophicun40 nM) in 50/50
(v/v) H,O/D,0 at pL 7.3 and 28C (I = 0.10, NaCl). The essentially
identical PIEs determined for OMPDC from different sources is
significant, because these enzymes exhibit somewhat different
architectures at their active sitg%14.15

The value of PIE= 1.0 for the OMPDC-catalyzed decarboxy-
lation of OMP in 50/50 (v/v) HO/D,0O shows that the deuterium
t University at Buffalo. enrichment of the hydron used to proton@t€lP or an intermediate
#University of Illinois. carbanion at the reaction transition state (50%) is the same as that
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Figure 1. Partial'H NMR spectrum (500 MHz) oMP from decarboxy-
lation of OMP (2 mM) catalyzed by OMPDC frors. cereisiae (24 nM)

in 50/50 (v/v) HO/D,0 at pL 7.3 and 25C: (¥) doublet due to the C-6
proton of [64H]-UMP; (®) doublets (not resolved) due to the anomeric
protons of [6!H]-UMP and [62H]-UMP; (x) doublet due to the C-5 proton

of [6-1H]-UMP; (#) singlet due to the C-5 proton of @H]-UMP.

800 | 799 798 )

of the 50/50 (v/v) HO/D,0O solvent. The product-determining step
is thought to be proton transfer from the NLgroup of the side
chain of Lys-93 toOMP or to a reaction intermediate (Scheme
3).15 Values of ¢gniz+ ~ 1.0 have been reported for the H/D
fractionation between 4O and R-NIg™, so that the deuterium
enrichment of the Nk™ group of Lys-93 should be similar to that
of the solvent LO.2® Therefore the PIE of 1.0 is essentially equal
to the primary kinetic isotope effect for reaction of the H- and
D-labeled Nl group of Lys-93 to form [6*H]-UMP and [62H]-
UMP.
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A significant primary product isotope effect is expected for a
reaction in which there imavementof the proton in the transition
state for the product-determining st€pand there is no precedent
for PIEs as small as 1.0 when carbanion protonation is the product-
determining step’®18The observed PIE of 1.0 requires that all of
the zero-point energy present in the N-bonds of Lys-93 be
maintained at the transition state for the step that determines whethe
the UMP product is labeled at C-6 with H or D. This PIE is not
consistent with a mechanism in which proton transfer from Lys-
93 to C-6 of OMP provides electrophilipushto the loss of CQ@
in a concerted reaction that avoids formation of an unstable vinyl
carbanion intermediate (bottom pathway, Schem33j.

We suggest that the essentially statistical yields oHp-UMP
and [62H]-UMP from the OMPDC-catalyzed decarboxylation of
OMP are established at a step that occurs prior to hydron transfer
to a vinyl carbanion intermediate. This could be the decarboxylation
step, if an N-L* bond of Lys-93 is already correctly positioned to
deliver a hydron to a vinyl carbaniokg(, Scheme 3). Alternatively

it may be a step that orients an N-bond of Lys-93 into a “reactive
position” where hydron transfer to a vinyl carbanion intermediate
can occur. In both cases the PIE of te@uiresthat the chemical
step of hydron transfer to the carbanionfasterthan any molecular
motion that allows its discrimination between reaction with H and
D at the NLs* group of Lys-93'” We therefore propose that hydron
transfer from the side chain of Lys-93 to a vinyl carbanion
intermediate Ky) is faster than any movement that exchanges the
positions of the N-L™ hydrons and which would allow the
carbanion toselectfor reaction with H or D'7 In water, the rate
constant for such a step is ca.l1671.20

The X-ray crystal structure of yeast OMPDC complexed with
6-hydroxyuridine 5monophosphate shows that the £HNH3"
group of Lys-93 is anchored by two hydrogen bonds to the
carboxylate groups of Asp-91 and Asp-96 that are proposed to direct
the third ammonium hydron of Lys-93 toward the putative vinyl
carbanion intermediaté.These hydrogen bonds should also restrict
rotation about the carbon-nitrogen bond of the terminap-GiH3*
group of Lys-93 kot < 10! s71). This would favor the observed
unselective proton transfer from the remaining free (non-hydrogen-
bonded) hydron to a vinyl carbanion intermediate.
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