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Abstract: Enoyl-CoA hydratase catalyzes the stereospecific hydratiorybtinsaturated acyl-CoA thiolesters.
Hydration oftrans-2-crotonyl-CoA to 3§)-hydroxybutyryl-CoA proceeds via th&/naddition of water and

thus thepro-2R proton of 3§)-hydroxybutyryl-CoA is derived from solvent. Incubation oSgfiydroxybutyryl-

CoA with enzyme in RO results in the slow exchange of the-2S proton with solvent deuterium, in addition

to the anticipated rapid exchange of fh®-2R proton. Further experiments have shown that the exchange of
the pro-2S proton occurs in concert with the formation of the incorre®)3gydroxybutyryl-CoA enantiomer.

The rate of 3R)-hydroxybutyryl-CoA formation is 4x 10°-fold slower than the normal hydration reaction,

but at least 1.6< 10°-fold faster than the non-enzyme-catalyzed reaction. This has allowed us to determine
that the absolute stereospecificity for the enzyme-catalyzed reaction is X ih(% The initial formation of
3(R)-hydroxybutyryl-CoA is hypothesized to occur via the incorrect hydratiotmasfs-2-crotonyl-CoA. Once
formed, the 3R)-hydroxybutyryl-CoA dehydrates to givas-2-crotonyl-CoA. While the equilibrium constant

for the hydration otrans-2-crotonyl-CoA to 3§)-hydroxybutyryl-CoA is 7.5, the equilibrium constant for the
hydration ofcis-2-crotonyl-CoA to 3R)-hydroxybutyryl-CoA is estimated to be1000. To validate this reaction
schemecis-2-crotonyl-CoA has been synthesized and characterized. These studies demonstrate that the enzyme
is capable of catalyzing the epimerization of hydroxybutyryl-CoA.

Introduction Scheme 1

Enoyl-CoA hydratase (E.C. 4.2.1.17) catalyzes the stereospe- H a . H OH" O
cific hydration of a,8-unsaturated acyl-CoA thiolester3. /S)J\S_Co A H0 X S.Con
Hydration oftrans-2-crotonyl-CoA to 3§)-hydroxybutyryl-CoA N H"'-H*
proceeds close to the diffusion-controlled limit for the encounter pro-2R
of enzyme and substraté¢{ 1790 st andkeafKm 3.6 x 108 trans-2-crotonyl-CoA 3(S)-hydroxybutyryl-CoA

M~1s71) 3 The reaction occurs via theynaddition of water and ) )
thus thepro-2R proton of 3§)-hydroxybutyryl-CoA is derived
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hydroxyacyl-CoAs in order to facilitate the metabolism of fatty 2-Butanone (7.2 g, 0.1 mol) was mixed with 10 mL of 48%
acids containingis double bonds. Pathways for the metabolism hydrobromic acid in an icewater bath. Bromine was added (10 mL,
of fatty acids containingis double bonds exist in peroxisomes 0.2 mol) dropwise, followed by the addition of 30 mL of water. The
and include a dienoyl-CoA reductase and a hydroxyacyl-CoA organic Iaygr was separated and distilled under reduced pressure. The
epimerasé:® The epimerase activity is linked to an enoyl-CoA  action boiling between 84 and 8& (10 mmHg) was collected. The
hydratase that catalyzes the interconversiotrarfis-2-enoyl- )éeDlglo f g’i'g'bgorgogminl'zgnf Lvai:?_iﬁé? (ilgbbé\l '\fi(sggm;z’
CoAs and 3R)-hydroxyacyl-CoA$~10 Although each of these ) 0 18 (d, CH), 4.1 (d 1 H, ). 4.3 (d 1H, )

. T e 4.8 (g, 1 H, CHBI).
enzymes is stereospecific, the absolute stereospemfl(;lty has not 1o 4 molar solution of potassium bicarbonate (50 mL) was added
previously been reported. Here we demonstrate that mitochon-1 3_gibromobutan-2-one (4.5 g, 0.02 mol) over a 5-minute period. The
drial enoyl-CoA hydratase can catalyze the formation &)3( mixture was stirred for 2.5 h followed by extraction ¥215 mL) with

hydroxybutyryl-CoA fromtrans2-crotonyl-CoA. ether. The water layer was acidified with dilute hydrochloric acid and
Using NMR spectroscopy we have observed that the enzymeagain extracted with & 20 mL portions of ether. The organic layer
catalyzes incorporation of solvent deuterium into thre-2S was dried over MgS@overnight followed by concentration in vacuo

position of 3§)-hydroxybutyryl-CoA, in addition to the expected ~ (bath temperature around°C) to give 1.1 g (65%Fis-crotonic acid.
exchange of thero-2R proton. Exchange of thgro-2S proton 'H NMR showed the sample to be98% cis. This compound was
has been shown to occur in concert with the formation g§3(  refrgerated until further uséH NMR (300 MHz CDCE) 6 2.1 (d, d,

! . 3H), 5.8 (d, g, 1 H), 6.46.6 (M, 1 H).
hydroxybutyryl-CoA. This has allowed us to determine the X . . o
absolute stereospecificity for the enzyme-catalyzed reaction. .S Crotonyl-CoA was synthesized froais-crotonic acid using the

. . . mixed anhydride method. Brieflgjs-crotonic acid (30 mg, 0.35 mmol)
During the time course of the NMR experiment, the total amount was dissolved in anhydrous ether (4 mL) with triethylamine (44 mg,

of crotonyl-CoA decreases, indicating a shift in the equilibrium g 43 mmol), followed by the addition of ethyl chloroformate (37 mg,
to the hydroxylated species. This observation is rationalized by 0,35 mmol). The solution was stirred in an teeater bath for 4 h.

the knowledge that, once formed, th&gaydroxybutyryl-CoA The mixed anhydride was then filtered and added dropwise to a solution
will dehydrate to givecis-2-crotonyl-CoA. While the equilibrium of CoA in NaCOs; (50 mM, pH 8), ethanol, and ethyl acetate (1:1:1)
constant for the hydration dfrans-2-crotonyl-CoA to 3§)- with stirring at 0°C. The reaction progress was monitored by following
hydroxybutyryl-CoA is 7.5, the equilibrium constant for the the concentration of free thiol in solution using Schithiol-bis(2-
hydration ofcis-2-crotonyl-CoA to 3R)-hydroxybutyryl-CoA nitrot_;enzoic acid) (DTNB)'. When no free thiol was dgtected the
is estimated to be-1000 (vide infra), explaining the overall solt_Jt_lon was concentra_lted in vacuo to remove the organic solvent and
decrease in crotonyl-CoA during epimerization. This model has purified by HPLC (Shimadzu) using a Vydacd250 x 4.60 mm

. . preparative column. Chromatography was performed using ammonium
been supported by studying the enzyme-catalyzed hydration Ofacetate (100 mM)/1.75% acetonitrile as buffer A and rugran0 to

cis-2-crotonyl-CoA. 30% gradient of 95% acetonitrile/5%@ (buffer B) over 40 min at a
. flow rate of 8 mL/min. Elution was monitored at 260 and 290 nm using
Experimental Procedures a Shimadzu SPD-10A U¥vis detector, and fractions containiots-
Chemicals.Coenzyme A (CoA) lithium salt, E-hydroxybutyryl- 2-crotonyl-CoA were pooled and lyophilized. The desired product was

CoA dehydrogenase;lactate dehydrogenase, pyruvate, thrombin, and OPtained in 25% yield as a white powdéH NMR (500 MHz, D:O)
NAD* were purchased from Sigma Chemical Co. Deuterium oxide © 8-56 (s, 1 H), 8.28 (s, 1 H), 6.276.22 (dt, 1H,J = 11.5, 7.0 Hz),
(99.9%) was purchased from Cambridge Isotope Labs. His-bind resin 6-14 (d, 1 H.J = 11 Hz), 4.85 (t, 1 H), 4.61 (s, 1 H), 4.26 (s, 2 H),
was purchased from Novagen. 4.04 (s, 1 H), 3.85 (q, 1 H), 3.58 (g, 1 H), 3.47 (t, 2 H), 3.03 (t, 2 H),

Preparation of trans-2-Crotonyl-CoA, 3(S)-Hydroxybutyryl-CoA 245 (t, 2 H), 2.04 (d, 3 H) = 7.0 Hz), 0.91 (s, 3 H), 0.78 (s, 3 H).
and 4-Dimethylaminocinnamoyl-CoA. trans-2-Crotonyl-CoA was ~ MALDI-MS calculated for [GsHaoN:Ou7PS]™ [M — H]™: 834.5;
synthesized from crotonic acid and coenzyme A using the mixed found: 833.1.

anhydride method described previousB(S)-Hydroxybutyryl-CoA was Subsequent HPLC analysis revealed thatis@-crotonyl-CoA was
synthesized enzymatically frorrans-2-crotonyl-CoA. In a typical contaminated by~25% of the trans isomer. However, prolonged
reaction, 3 mMrans-2-crotonyl-CoA was incubated withiM enoyl- incubation in solution at room temperature resulted in no further increase
CoA hydratase for 5 min. This enzyme concentration and incubation in the amount oftrans and consequently we hypothesized that
time is sufficient to completely hydrate thigans-2-crotonyl-CoA isomerization had occurred during the coupling reaction. The kinetics
without resulting in any formation of ®)-hydroxybutyryl-CoA. of the hydration ofcis-2-crotonyl-CoA were performed at pH 7.4 in
Following removal of the enzyme using a Centricor§atydroxybu- 20 mM phosphate buffer by monitoring the decrease in absorbance at

tyryl-CoA was purified by HPLC using conditions identical to those 280 nm as described for thansisomer? Spectrophotometric analysis
used fortrans-2-crotonyl-CoA. 3§)-Hydroxybutyryl-CoA eluted with of the contaminatedis-2-crotonyl-CoA following addition of 0.28 nM

a retention time of 17.6 min compared to 23.6 mintfans-2-crotonyl- enzyme revealed a fast decrease in absorbance at 280 nm followed by
CoA. 4-Dimethylaminocinnamoyl-CoA was synthesized from 4-dim- @ slower phase. After the reaction was followed to completion, the ratio

ethylaminocinnamic acid and CoA following activation of the acid using Of the absorbance change in the fast and slow phases was 1:4, in keeping
1,2-carbonyl diimidazolé. with the observed ratio ofrans to cis isomers in the substrate.

Preparation of Cis_Crotony|_CoA_ cis-Crotonic acid (smrotonic Subsequent moadification of the HPLC method enabled us to separate

acid) was prepared following the procedure of Rappe as folldws. the cis andtrans isomers. Chromatography was performed using 50
mM KH2PO, as buffer A and runnig a 0 to 50%gradient of methanol

43(4) Yang, S. Y.; Cuebas, D.; Schulz, 8.Biol. Chem1986 261, 12238~ (buffer B) over 50 min at a flow rate of 8 mL/min. Under these
y . . . . conditions the retention time faris- and trans-2-crotonyl-CoA was
Biéﬁ%jsmeRlzgdednEﬁgéé' I(chgg‘gfgy Cuebas, D.; Schulz3idchem. 38.4 and 38.0 min, respectively. Kinetic analysis of the repurifisd
(6) Hiltunen, J. K.: Palosaari, P. M.; Kunau, W. 8.Biol. Chem1989 2-crotonyl-CoA revealed monophasic rates of reaction comparable to
264, 13536-40. the slow phase observed previously. The repurifise€2-crotonyl-CoA
(7) Smeland, T. E.; Cuebas, D.; Schulz, H.Biol. Chem.1991, 266, was used for determination &fxandK, usingAezgo 4300 ML cm 2,
23904-8. ; ; ;
. e - . . Preparation of Enoyl-CoA Hydratase. Recombinant wild-type rat
P. &3) '\rgﬁlr?:ﬁ L\INHH?II-YiiEhgh '\gxdﬁf{ '(\:Ahéﬁwiggg eZ%'&J.ZJE_é,;éEtSI? mitochondrial enoyl-CoA hydratase was expressed and purified from
(9) Yang, S. Y.: Elzinga, MJ. Biol. Chem.1993 268, 6588-6592. cultures of Escherichia colias describe@!? This method involves
(20) Qin, Y. M.; Haapalainen, A. M.; Conry, D.; Cuebas, D. A.; Hiltunen,
J. K.; Novikov, D. K.Biochem. J1997, 328 (Pt 2) 377-82. (12) Wu, W. J.; Anderson, V. E.; Raleigh, D. P.; Tonge, P. J.

(11) Rappe, COrg. Synth.1973 53, 123-126. Biochemistry1997, 36, 2211-2220.
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Table 1. Kinetic and Equilibrium Constants for the Hydration of
trans- andcis-2-Crotonyl-CoA

kcat Km kca/Km K
(s (uM) uM1s) (HBCOA/CrtCoA)
trans-2-crotonyl-CoA
1790+ 120 5+1 360+ 96 7.5
cis-2-crotonyl-CoA
152+ 4 5+1 30+ 7 1000

aKinetic parameters determined in 20 mM phosphate buffer at 25
°C. Data fortrans-2-crotonyl-CoA were taken from Hofstein et al.
keat and Ky, for cis-2-crotonyl-CoA were determined using 0.29 nM
enzyme and varying the substrate concentration from 1 d\Vb0° The
equilibrium constant for the hydration tfans-2-crotonyl-CoA K in
Scheme 2) was determined in® phosphate buffer at 2% following
the addition of 1uM enoyl-CoA hydratase to 3 mNfans-2-crotonyl-
CoA. K was calculated from the ratio of the C4 methyl resonances for
3(9)-hydroxybutyryl-CoA (1.21 ppm) anttans-2-crotonyl-CoA (1.86
ppm). ¢ The equilibrium constant for the hydration ofs-2-crotonyl-
CoA (Kzin Scheme 2) was estimated on the basis of the relative stability
of cis- and trans(S)-ethyl thiocrotonate calculated using ab initio
methodst®

ethanol recrystallization and a CoA affinity colurhilowever, since
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by HPLC (Shimadzu) using an Alltech Econosil C-18 analytical
column? Chromatography was performed using 20 mM ammonium
acetate/1.75% acetonitrile as buffer A and running-295% gradient
of 95% acetonitrile/5% water (buffer B) over 54 min at a flow rate of
1 mL/min. Elution was monitored at 260 and 290 nm using a Shimadzu
SPD-10A UV-vis detector. The retention time for acetoacetyl-CoA
was 13.6 and 14.4 min for hydroxybutyryl-CoA. Alternatively, chro-
matography was performed using the same column with 50 mM KH
PO, as buffer A and by running a gradient of 0 to 100% methanol
(buffer B) over 40 min at 1 mL/min. Under these conditions the
acetoacetyl-CoA had a retention time of 19.8 min, and hydroxybutyryl-
CoA a retention time of 20.5 min.

The formation of 3R)-hydroxybutyryl-CoA was monitored using
the above method following incubation of 30M 3(S)-hydroxybutyryl-
CoA with 14 uM enoyl-CoA hydratase in 20 mM NBO,, 3 mM
EDTA, and 300 mM NaCl pH 7.4 buffer at room temperature for 72
h. Samples were collected after 2, 4, 6, 20, 48, and 72 h for coupled
assayed reaction analysis. In each case the enoyl-CoA hydratase was
removed using a Centricon (5 min spin) prior to running the coupled
assay. To confirm that epimerization was catalyzed by the enzyme’s
active site, incubations were also performed in the presence of 300
uM 4-dimethylaminocinnamoyl-CoA, a competitive inhibitor of the
enzyme.

bacterial cells contain an endogenous epimerase, we needed to confirm  1¢ confirm that 3R)-hydroxybutyryl-CoA was indeed being formed
that the activity we were monitoring was not due to a contaminant in py enoyl-CoA hydratase, the compound that did not react wig3(
our enzyme preparation. Consequently, we subcloned the enoyl-CoApydroxyacyl-CoA dehydrogenase was purified for further analysis.

hydratase gene into a pET15(b) vector downstream of a{ldim)no

Incubations of 3§)-hydroxybutyryl-CoA with enoyl-CoA hydratase

acid tag. After metal-affinity chromatography using His-bind resin  \ere performed in both #0 and DO until the coupled assay revealed
(Novagen), the His-tag was removed using thrombin, and the cleaved ng further increase in acetoacetyl-CoA. The peak corresponding to

His-tag and thrombin were removed using the CoA affinity column.

For the NMR experiments, enzyme was exchanged in® Buffer
(20 mM N&PO,, pD 7.4) prior to elution from the CoA-sepharose
affinity column using the BO buffer containing 0.3 M KCI. Enzyme
concentration was determined by titration with 4-dimethylaminocin-
namoyl-CoA.

NMR Spectroscopy.The *H NMR spectra were recorded at the
SUNY Stony Brook NMR Center on a Bruker AMX-600 spectrometer
and a Varian Inova 500 MHz spectrometer. All experiments in this
study were performed at 2%, unless otherwise specified. Sixty-four
scans were accumulated for each spectrum. NMR data were analyze
using Felix software (Biosym, MSI).

Analysis of NMR Data as a Function of Time.Alterations in NMR
peak intensities during the incubation of hydroxybutyryl-CoA with
enzyme in RO buffer were analyzed using eq 1 whées the intensity
at timet, A is the initial peak intensity4y is the final peak intensity,
andkops is the observed first-order rate constéht.

A= (A—A) e+ A (1)

The exchange rateey, was calculated from eq 2 which takes into
account the total amount of acyl-CoA bound at any time.

Koy = kopdaCyl-CoAl/[acyl-CoAl, @

where [acyl-CoAf is the total acyl-CoA concentration and [acyl-CgA]
is the concentration of bound acyl-CoA. Since the concentration of
acyl-CoA (2-3 mM) was significantly larger than the enzyme
concentration (1480 uM) and also theK, for both hydroxybutyryl-
CoA (10 uM, unpublished data) and crotonyl-CoA (B4, Table 1),
the concentration of bound acyl-CoA ([acyl-CeAwas equal to the
enzyme concentration used.

Formation of 3(R)-Hydroxybutyryl-CoA. The stereochemistry of
hydroxybutyryl-CoA was analyzed using theSBfiydroxyacyl-CoA

dehydrogenase/lactate dehydrogenase coupled assay. In a typica?'

reaction mixture (total volume 1 mL), 0.067 mM of hydroxybutyryl-
CoA was incubated with 3.6 units of §thydroxyacyl-CoA dehydro-
genase, 0.03 mM NAD, 42 units of I-lactate dehydrogenase, and 1.2
mM pyruvate. After 30 min incubation, the enzymes were removed by
Centricon (Centricon-10, Amicon). The reaction mixture was analyzed

(13) D'Ordine, R. L.; Bahnson, B. J.; Tonge, P. J.; Anderson, V. E.
Biochemistryl994 33, 14733-14742.

d

hydroxybutyryl-CoA and presumed to be theRB({somer was then
isolated by preparative HPLC, lyophilized and characterized by NMR
spectroscopy.

Results and Discussion

a-Proton Exchange in 3(S)-Hydroxybutyryl-CoA. Part of
theH NMR spectrum of 3.0 mM &)-hydroxybutyryl-CoA in
D,0 buffer is shown in Figure 1a.
This region of the spectrum shows a resonance at 2.43 ppm
due to the CoA B-methylene group and resonances at 2.77 and
1.21 ppm due to the hydroxybutyryl €4 methylene and
C4—H methyl protons, respectively. Following addition of 80
uM enzyme (Figure 1a, 8 min) there is an immediate decrease
in the hydroxybutyryl C2-H resonance at 2.77 ppm due to the
rapid interconversion of Sj-hydroxybutyryl-CoA andrans
2-crotonyl-CoA that results in the exchange of the hydroxybu-
tyryl pro-2R proton with solvent deuterium (Scheme 1). The
decrease in the C2H intensity is accompanied by a small
upfield shift in frequency to 2.75 ppm attributed to an isotope
effect ondy resulting from replacement of one methylene proton
with deuterium (Figure 1b). The upfield €M resonance is
characterized by a coupling constaf) (of 4 Hz, in contrast
to 3] = 6.5 Hz for the C2-H resonance when two protons are
present. In addition, the intensity of the €B resonance also
decreases due to establishment of an equilibrium between
crotonyl-CoA and hydroxybutyryl-CoA. The formation of
crotonyl-CoA is demonstrated by the appearance of a peak at
1.86 ppm (Figure la, C4(€1CoA); Figure 1c) assigned to the
crotonyl C4 methyl group. The integrated intensity of the
hydroxybutyryl-CoA C4 methyl resonance at 1.21 ppm (Figure
a, C4(HB-CoA)) decreases 12% upon addition of enzyme,
in agreement with the previously determined equilibrium
constant of 7.5 between §¢hydroxybutyryl-CoA andrans
2-crotonyl-CoA (Table 1).

At lower concentrations of enzyme (e.g., ) there is
no detectable change in the NMR spectrumravg day period,
following the initial rapid decrease in the €21 intensity (data
not shown). However, in the presence ofi8@ enzyme a time-
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(b) C2-H (c) C4(Cr-CoA)
(a)
C4(HB-CoA) A 10 €NZYME
C2-H
6 H
l i }t no enzyme 8 min
C4(Cr -CoA)
no enzyme
A J'\ 8 min 4 NH
JL 8 min 10.5h
A J‘\ s 10.5 h
W,JJ\W 10.5h
A 47.5h
i 47.5h 475h
MM B
A | u\enzyme enzyme A \ enzyme
* removed : i removed removed
28 26 24 22 20 181614 1 2.82 272 1.9 1.8
ppm ppm ppm

Figure 1. SelectiveH NMR spectra of 3%)-hydroxybutyryl-CoA over the region 2.92 to 1.10 ppm. The NMR samples all contained 300 mM

KCI, 20 mM NaHPQO, in DO at pD 7.4. All of the experiments were performed at’25 Sixty-four scans were accumulated for each spectrum.

The peak labeled C2H corresponds to the hydroxybutyrgl-proton(s), the peak labeled &orresponds to the CoA'6CH,, the peak labeled
C4(HB—CoA) corresponds to the hydroxybutyryl methyl group, and the peak labeled €4£@#) corresponds to the C4 methyl group of crotonyl-

CoOA. The singlets around 2 and 1.9 ppm are contaminants. (a) 3.0 Bvh@droxybutyryl-CoA incubated with 80.0M enoyl-CoA hydratase

with the incubation time shown at the right-hand side of each spectrum. The top spectrum was obtained prior to addition of enzyme, and the bottom
spectrum was obtained following removal of the enzyme by Centricon filtration. (b) Enlargement of the region from 2.85 to 2.68 ppm. (c) Enlargement
of the region from 1.75 to 2.08 ppm. The enlargement factor is 4-fold larger than that used for (b).

10 T I T T — and 1.86 ppm, respectively (Figure 1c). Fluctuations in the

% ’ i background made it difficult to quantitate the decrease in the

5 o8t e crotonyl C3-H resonance; however, this decrease is not due
E r . to exchange of the C3H proton with solvent deuterium, as

g 06 ] the intensity of a peak at 4.24 ppm that includes the hydroxy-
s 04 - butyryl C3—H and the CoA HS5 did not change appreciably

-(?6 3 . during the experiment (data not shown) and as the coupling
g 02[ ] constant of the hydroxybutyryl G4H methyl resonance re-

0 . L N mained constant (Figure 1a). The crotonyl methyl resonance at

0 20 40 60 1.86 ppm broadened and decreased in intensity during the

Time (h) experiment. The broad nature of this resonance made it difficult

Figure 2. Plot of peak intensity of thero-2S proton as a function of [0 @ccurately quantitate the decrease; however, it was hypoth-
time for the sample in Figure 1. All peak intensities were normalized €sized that the peak broadening was due to an exchange process

to that of the first data point. The data were fit to eq 1 givig between free and enzyme-bound crotonyl-CoA. Consequently,
0.065 il Insert: HPLC analysis of the NMR sample after 47.5 h enzyme was removed by Centricon filtration and the NMR
incubation following reaction with the S)-hydroxyacyl-CoA dehy- spectrum reacquired. Removal of the enzyme results in a

drogenase/lactate dehydrogenase coupled assay. Peak 1 (50%) corretramatic narrowing of the crotonyl methyl resonance (Figure
sponds to acetoacetyl-CoA, and peak 2 (50%) corresponds to thejc) enabling the overall decrease in intensity to be estimated
unreacted 3§)-hydroxybutyryl-CoA. In a control experiment, under 54’5004 |n keeping with the observed decrease in the crotonyl-
the samedreactlon condltlorllsS,B(nydroxybutyryI -CoA was completely CoA concentration, the intensity of the hydroxybutyryl C4

ted int t tyl-CoA. J )
converted into acefoacelyr-L-o methyl resonance increase$% during exchange of thegro-

dependent decrease in the-@2 resonance can be observed. 2S proton. Comparison of the integrated intensity of the
Figure 1a shows NMR spectra of$¢hydroxybutyryl-CoA in hydroxybutyryl-CoA and crotonyl-CoA C4 methyl resonances
the presence of 88M enzyme at 8 min and at 10.5 and 47.5 indicated that the hydroxybutyryl-CoA:crotonyl-CoA ratio had
h. The data demonstrate that the-32 resonance decreases as increased from a value of 7.5 fOIlOWing the initial addition of
a function of time until, after 48 h, it has almost vanished (Figure €nzyme to a final value of 16. Since no other peaks grew in
1a and 1b). Clearly, the hydroxybutyrgto-2S proton is also ~ appreciably during the experiment, we conclude that the
exchanging with solvent deuterium. Figure 2 shows a plot of crotonyl-CoA-to-hydroxybutyryl-CoA equilibrium increased
the C2-H integration as a function of time, following the initial ~ Significantly during the experiment, accounting for the decrease
rapid decrease in intensity. The change in the intensity of the in the concentration of crotonyl-CoA.

C2—H resonance can be reasonably accounted for by a first- a-Proton Exchange Occurs in Concert with 3R)-Hy-
order exponential decay witfps0.0654 0.01 ir1. This yields droxybutyryl-CoA Formation. A plausible explanation for the

a value of (6.8+ 1.1) x 1074 s™1 for the exchange ratekdyo) alteration in the crotonyl-CoA/hydroxybutyryl-CoA equilibrium
of the pro-2S proton (Table 2). constant is that the exchange of the hydroxybutyryl-Goé-

As expected, exchange of the hydroxybutyryl-Cpro-2S 2S proton occurs via incorrect hydration ofans-2-crotonyl-
proton results in loss of the crotonyl €M resonance at 6.19 CoA to give 3R)-hydroxybutyryl-CoA and that the Bj-
ppm (data not shown). Howevepro-2S exchange is also  hydroxybutyryl-CoA is subsequently dehydrated to gie2-
accompanied by an overall decrease in intensity of thel€3  crotonyl-CoA. The alteration in the crotonyl-CoA/hydroxybutyryl-
and C4-H crotonyl resonances at 6.95 ppm (data not shown) CoA equilibrium could then be rationalized by proposing that
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Table 2. Time-Dependent Changes Observed in tHENMR Spectra of Hydroxybutyryl-CoAs Catalyzed by Enoyl-CoA Hydratase i® D
Buffer

chemical shift 3] rate of change - 1
resonance (ppm) (H2) in D0 (KexeSY) rate of racemizationkgps %)
3(9)-Hydroxybutyryl-CoA
H.O D,O
C2—HP 2.77 6.5 ND d d
C2—HDe 2.75 4 (6.8£1.1)x 1074 (4.440.6) x 10°% (7£1)x 10%
3(R)-Hydroxybutyryl-CoA
C2—HP 2.77 6.5 ND d d
C2-HD¢ 2.75 8 (7.2£0.2) x 10°% ND¢ NDe¢
C4—H (HB—CoA)" 1.21 6.5 (8.5+0.9) x 1074 ND¢ NDe

aNMR experiments were performed in 20 mM phosphate buffer pD 7.4 &C28 C2—H refers to the hydroxybutyryl C2 methylene group.
¢ Not determined? In the initial exchange reaction there is no epimerization of the substr@@-HD refers to the hydroxybutyryl C2 methylene
group in which one of the protons has been replaced by deutetkumis the rate of disappearance of the-G2D resonance due to solvent
exchange? kgug is the rate of formation of &)-hydroxybutyryl-CoA from the 3§) enantiomer! C4—H refers to the hydroxybutyryl C4 methyl
group.’ The coupling constant of G4H does not change during the experiméiity. is the rate of decrease of the €H resonance.

the equilibrium for hydration o€is-2-crotonyl-CoA lies more protons in DO was followed by NMR spectroscopy and samples
in favor of hydration than for thérans isomer, as originally were analyzed at various times using th§)3{ydroxyacyl-CoA

reported by Wakil dehydrogenase coupled assay. Figure 3 shows the phitial
3(9-Hydroxyacyl-CoA dehydrogenase was used to test for NMR spectrum of 3R)-hydroxybutyryl-CoA (1.94 mM) that
formation of 3R)-hydroxybutyryl-CoA. Oxidation of 3%)- had been enzymatically prepared inCH

hydroxybutyryl-CoA to acetoacetyl-CoA by the dehydrogenase  The triplet at 2.43 ppm is assigned to the CdArBethylene
was driven to completion by coupling the reaction to the lactate group, while the hydroxybutyryl G2H and C4-H resonances
dehydrogenase-catalyzed reduction of pyruvate. Subsequentre observed at 2.77 and 1.21 ppm, respectively. Following
analytical HPLC enabled resolution of acetoacetyl-CoA from addition of 73uM enoyl-CoA hydratase, there is a rapid
any remaining hydroxybutyryl-CoA. The inset to Figure 2 shows decrease in the G2H resonance due to the enzyme-catalyzed
an HPLC trace generated from the reaction mixture, following interconversion of hydroxybutyryl-CoA and crotonyl-CoA
completea-proton exchange that demonstrates the separation(Figure 3a and 3b). However, unlike the experiment with the
of acetoacetyl-CoA (peak 1) from unreacted hydroxybutyryl- 3(S) enantiomer, the initial decrease in the-2 resonance is
CoA (peak 2). This indicates that at the end of the experiment not accompanied by a change in intensity of the hydroxybutyryl-
there is a 50:50 mixture of 3 and 3R)-hydroxybutyryl-CoA. CoA C4—H resonance, and there is no evidence for the
To determine the rate of formation ofR¢hydroxybutyryl- formation ofcis-2-crotonyl-CoA (C4-H 2.02 ppm). These data
CoA, 300uM 3(9-hydroxybutyryl-CoA was incubated with 14 indicate that the equilibrium betweeais-2-crotonyl-CoA and
uM enoyl-CoA hydratase in $0 phosphate buffer, pH 7.4.  3(R)-hydroxybutyryl-CoA must lie strongly in favor of hydra-
Samples were taken from the reaction mixtures at various timestion. In agreement with this, incubation of3¢hydroxybutyryl-
during the incubations and analyzed using the coupled assayCoA with 1M enzyme did not result in any appreciable change
and the ratio of the two HPLC peaks was then plotted against in absorbance at 260 nm. An increase in absorbance would have
time. Curve fitting and data analysis yielded a first-order rate peen expected if a measurable amount of crotonyl-CoA were

constant for the formation of Bj-hydroxybutyryl-CoA krws) formed, as occurs in the reaction ofSphydroxybutyryl-CoA
of (4.4 4+ 0.6) x 103s! (Table 2). This value is-6.5-fold with enoyl-CoA hydratase.

faster than the rate af-proton exchange observed in@using As observed for the 3 enantiomer, deuterium exchange in

NMR spectroscopykex; 6.8 x 107*s™%; Table 2). To reconcile  3(my hydroxybutyryl-CoA is accompanied by an upfield shift
these differences, we measured the rate of formation®¥-3( i, the C2-H resonance to 2.75 ppm (Figure 3b). Howevdr

hydroxybutyryl-CoA in DO phospha'u‘a1 tilfffef PD 7.4, and 5 g 3 Hz for the C2(DYH resonance, in contrast to tRé of
obta!ned avalue quHB of (7 £ 1) x 107 s, identical to the' 4 Hz observed for the § compound (Table 2). The difference
prewously determineley (Table 2). We conclude that there is in 3J for the monodeuterated hydroxybutyryl-CoAs can be
a solvent isotope effect on the formation oRBydroxybutyryl- - rationalized on the basis of the angle between the remaining

CoA. The value okgnp Obtained in HO is 4 x 1CP-fold slower C2—H proton and the proton at G3:17 The 3©)-hydroxybu-
i i 1

than ke for the normal hydration reactiorké: 1790 s™), but tyryl group is expected to exist predominantly in a staggered
still at least 1.6x 1(P-fold faster than the non-enzyme-catalyzed conformation in which thepro-2R proton and C3-H areanti
reaction (\.”de infra). . to each other. Consequently, since we expecptbeZR proton

To confirm that unreacted product in the coupled assay Wasy pe the first proton exchanged for bothSg(and 3R)-
h_ydroxybutyry_I-CoA, th_e unrea(_:ted peak was isolat_ed, Iyoph- hydroxybutyryl-CoA, then the remaining proton at Q-
ilized, and redissolved in ;BD This compound had an identical 29 will be synor anti to the C3-H for the SandR enantiomers,
NMR spectrum to authentic hydroxybutyryl-CoA except that  egpectively. The difference # thus arises from the angular
no C2-H peak was present due to deuterium exchand®-3(  jependence in the coupling constant and®thier the diprotio
hydroxybutyryl-CoA was also prepared from theSg{somer  co_ resonance is an average of the individéior the two

in H0 resulting in appearance of the expected-€resonance  _nrotons. Thus, the difference i for the mono-deuterohy-
at 2.77 ppm in the spectrum of theR3(isomer.

To confirm that interconversion of the §(and 3R) enan- (14) Karplus, M.J. Chem. Phys1959 30, 11—15.
tiomers was reversible, Rf-hydroxybutyryl-CoA was incubated (15) Alberty, R. A.; Bender, PJ. Am. Chem. Sod.959 81, 542-546.
with enzyme and was shown to formSphydroxybutyryl-CoA. ,(16) Gawron, O Glaid, A. J.; Fondy, T. . Am. Chem. 504961 83
Following the procedure described forSphydroxybutyryl- a7 Moh'rig, J. R Vreede, P. J.: Schultz, S. C.; Fierke, CJAOrg.

CoA, the exchange of the RB(-hydroxybutyryl-CoA C2-H Chem.1981, 46, 4655-4658.
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Figure 3. Selective!H NMR spectra of 3R)-hydroxybutyryl-CoA over the region from 2.89 to 1.06 ppm. Conditions and peak assignments are
the same as those in Figure 1. Peaks due to impurities in the substrate can be observed at 2.24, 2.07, 1.59, 1.49, and 1.31 ppm. These peaks did
not change in intensity following addition of enzyme or during the experiment. (a) 1.94 mRMhg@roxybutyryl-CoA incubated with 73.0M
enoyl-CoA hydratase with the incubation time shown at the right-hand side of each spectrum. The top spectrum was obtained prior to addition of
enzyme. (b) Enlargement of the region from 2.65 to 2.82 ppm. (c) Enlargement of the region from 1.78 to 1.92 ppm. The enlargement factor is
4-fold larger than that used for (b).
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T at 1.21 ppm decreases by 6.5%. The latter observations are
consistent with the formation of S(-hydroxybutyryl-CoA that
subsequently dehydratesttans-2-crotonyl-CoA. Evidence for
the time-dependent formation of§(enantiomer was obtained
by running the coupled assay at various times and demonstrating
that the amount of acetoacetyl-CoA formed in the coupled assay
increased from 0 to 50% of the total hydroxyacyl-CoA present,
during the course opro-2S proton exchange. The first-order
rate constant for the decrease in the methyl resonance at 1.21
60 ppm is (8.54 0.9) x 10 s~ (Figure 4b) is identical within
experimental error to that observed for the decrease in theHC2
resonance at 2.75 ppm, thus supporting the hypothesis that
proton exchange and the formationtiins-2-crotonyl-CoA are
1.00 C4(HB-CoA) ]| coupled (Table 2). This observation confirms that the intercon-
version of the 3§ and 3R) enantiomers is reversible. However,
the data suggest that the equilibrium constant betwsl-
crotonyl-CoA and 3R)-hydroxybutyryl-CoA is substantially
larger than the value of 4.3 originally reported by Wak8ince
we had inferred but not proven the formationcis-2-crotonyl-
CoA from (R)-hydroxybutyryl-CoA, we undertook to synthesize
cis-2-crotonyl-CoA and characterize its reaction with the
enzyme.
Time (h) Reaction of cis-2-Crotonyl-CoA. The IH NMR spectrum
Figure 4. (a) Plot of peak intensity of thero-2S proton as a function of cis-2-crotonyl-CoA differs from that of theeansisomer with
of time for the sample in Figure 3. All peak intensities were normalized C4—H at 2.02 ppm, C3H at 6.24 ppm and G2H at 6.13 ppm.
to that of the first data point. The data were fit to eq 1 giviags Upon addition of a catalytic amount of enoyl-CoA hydratase,
e o s (ot ok o i o 052 ooy COAIs iy converted OBty
sample in Figure 3. All peak intensities were normalized to that of the CoA as evidenced by appearance of the hydroxybutyryl methyl
first data point. The data were fit to eq 1 givikgs 0.12+ 0.01 h™, and C2-H resonances at 1.21 and 2.77 ppm, respectively (data
and the total change in peak intensity was 6.5%. not shown). The hydroxybutyryl-CoA that was formed was
confirmed to be the &) enantiomer by the inability of I-
droxybutyryl-CoAs supports the proposal that the stereochem- hydroxyacyl-CoA dehydrogenase to convert the product to
istry at C3 is different. acetoacetyl-CoA. However, prolonged incubation of thig)3(
Following the initiala-proton exchange, the €H resonance  hydroxybutyryl-CoA with higher concentrations of enoyl-CoA
at 2.75 ppm decreases over t|me (F|gure 4a) Wlth an Observedhydratase resulted in formation of a 50:50 equi|ib|’ium mixture
first-order exponential decay of 0.098 0.003 min'?, giving of the 3R) and 3§) product enantiomers.
Kexc (7.2 £ 0.2) x 1074 s71 (Table 2). We also measured kinetic constants for the reactiooisf
This value ofke is the same, within experimental error, of ~ 2-crotonyl-CoA with enoyl-CoA hydratase. At 2& in pH 7.4
the value of 6.8x 10* s~ observed for 39)-hydroxybutyryl- 20 mM phosphate buffer (), kear and Ky, for the hydration
CoA. As the C2-H resonance decreases, a peak at 1.86 ppm of the cis isomer were determined to be 152'sand 5uM,
appears (Figure 3c) and the hydroxybutyryl methyl resonance respectively (Table 1). This contrasts withka; of 1790 st
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Scheme 2 bound to the enzyme in two conformations, eith@isor s-trans
H O W OH O about the crotonyl C*C2 single bond (unpublished data).
Hydration of thes-cisconformer results in formation of S)-
/S)J\ S-CoA *H0 Ms-ow hydroxybutyryl-CoA, while hydration of the-transconformer,
H H —H*pro-zR in which the opposite face of the ethylenic double bond is
K1 oriented toward the water molecule, yield&Bhydroxybutyryl-
CoA. The rapid formation of &)-hydroxybutyryl-CoA com-
S pared to that of the ®) enantiomer results from the fact that
o o Ky the s-cis conformer of trans-2-crotonyl-CoA is optimally
z N positioned with respect to the catalytic machinery, whereas the
AN s-transconformer is not. Thus, the observed stereochemistry
of the hydration reaction is hypothesized to result from the
‘o H O /g/fu’\ preferential hydration of one of two bound substrate conformers
S-CoA

trans-2-crotonyl-CoA 3(S)-hydroxybutyryl-CoA

Ko

rather than from preferential binding of a single substrate
ks S-CoA 2 IR conformer. The first-order rate constant for the formation of
3(R)-hydroxybutyryl-CoA of 4.4x 103 slis 4 x 1(P-fold
slower tharkg,: for the formation of 3§)-hydroxybutyryl-CoA
3(R)-hydroxybutyryl-CoA cis-2-crotonyl-CoA in the normal hydration reaction (1790'sTable 1). Thus, the
) stereospecificity for the enzyme-catalyzed hydratiorirafhs
and aKp, of 5 uM for trans-2-crotonyl-CoA? thus, keat s 12- 2-crotonyl-CoA is 1 in 4x 10P. This value is similar to the

fold slower for thecis isomer than for théransisomer. limit estimated previously based on exchange experiments using
The observation that the enzyme rapidly exchanges one of | qer concentrations of enzymé.

the 3R)-hydroxybutyryl-CoAa-protons with solvent deuterium Equilibrium Constant for the Interconversion of 3(R)-

is at odds with a recent report in which enoyl-CoA hydratase Hydroxybutyryl-CoA and cis-2-Crotonyl-CoA. Early studies
was shown to catalyze-proton exchange for the §(but not  g36 the equilibrium constants for the hydratiortrains- and

the 3R) enantiomer of hy(_:lroxybutyryl-CoA‘%At the relatively cis-2-crotonyl-CoA as 2 and 4.3, respectivélyThese two
high enzyme concentrations used in our study—88 uM), equilibria are labele; and Ks, respectively, in Scheme 2.
exchange of one-proton in both the R) and 3@ enantiomers  ajihough the reported; is lower than our measured value (7.5),
is complete before acquisition of the first NMR spectrum. ne nyplished values are qualitatively consistent with our
However, the difference in the rate of dehydration @)3@nd hypothesis that the overall equilibrium between crotonyl-CoA

3(9-hydroxybutyryl-CoA could be sufficiently large such that, 4, hydroxybutyryl-CoA increases during the NMR experiment
under the conditions of the experiments described by Xiang et ¢ 3R)-hydroxybutyryl-CoA is formed.

al.'® the 3§) has completely exchanged oneproton before To obtain a lower limit forKs, we estimated that the limit of
there has been any detectable exchange into Reo3proton. our ability to detect changes in NMR peak integrals wa®s.

_ Mechanism of Epimerization. The data presented above  gjnce the addition of M enoyl-CoA hydratase to a solution
|nd|cate_that enoyl-CoA hydratase catalyzes_ the facile inter- 4¢3 1\ 3(R)-hydroxybutyryl-CoA failed to elicit any observ-
conversion of 3)-hydroxybutyryl-CoA andcis-2-crotonyl- able change in the intensity of the hydroxybutyryl €4
CoA, in addition to the well-characterized reaction involving asonance. this gave 100 as a lower limit kar Additionally
3(S-hydroxybutyryl-CoA andrans-2-crotonyl-CoA. Since no . can pe calculated if the relative stabilities@$ andtrans
evidence is available for epimerization via deprotonation/ 2-crotonyl-CoA Ka, Scheme 2) are known. Previous ab initio
reprotonation at the hydroxybutyryl C3 position, we favor an 5 iculations had determined that this isomer of 9-ethyl
epimerization mechanism that involves the hydratiotrahs thiocrotonate was 12 kJ mdl less stable than thérans
2-crotonyl-CoA directly to 3R)-hydroxybutyryl-CoA. This can isomer 29 giving K, 0.0079 at 25C. Since 38)-hydroxybutyryl-

be most readily envisaged by addition of®to the opposite CoA and 3R)-hydroxybutyryl-CoA have the same energy, the
face oftrans-2-crotonyl-CoA than occurs normally. This would equilibrium for hydration oftrans-2-crotonyl-CoA to 3R)-

H*
pro-2S K3

result in the 3R) enantiomer of the product in which theo- hydroxybutyryl-CoA K;) must be the same as that for the
2S proton is derived from solvent. The subsequent rapid pyqgration oftrans-2-crotonyl-CoA to 3§-hydroxybutyryl-CoA
interconversion of the B&)-hydroxybutyryl-CoA with cis-2- (K1, 7.5). This is supported by the HPLC data that demonstrate

crotonyl-CoA would then result in the exchange of the second g 3] concentrations of the two stereoisomers following comple-
(pro-2R) hydroxybutyryl proton with solvent. Thu§, We Propose (o of -proton exchange (see above). This enablég af

that loss of the second €H proton observed in the NMR 007 tg be calculated using the relationskiip= Ka/K». K3 is
experiments is directly linked to the formation of the incorrect o equilibrium constant for the dehydration oRBhydroxy-
hydroxybutyryl enantiomer (Scheme 2). Since deuterium is also butyryl-CoA to cis-2-crotonyl-CoA and thus the equilibrium
incorporated into thero-2Sproton of 3§)-hydroxybutyryl-CoA, constant for the hydration @is-2-crotonyl-CoA is 1000, which
this requires that the formation of Rthydroxybutyryl-CoA s 130.fold more favorable than the hydration wans2-
from trans-2-crotonyl-CoA must be reversible. In keeping with  ¢416ny1-CoA (7.5). This value dfs is substantially larger than
this expectatlon,.lncubatlon of RY-hydroxybutyryl-CoA with that reported by Wakil (4.3) However thecis-2-crotonyl-CoA
enzyme results in the formation of §thydroxybutyryl-CoA  (isoerotonyl-CoA) used in the previous study contained 30%

(see above). . o of the transisomer, which would have affected calculation of
Modeling studies suggest that sufficient space exists in the he equilibrium constant for hydration of ths isomer if it
active site such that water could approach the crotonyl-CoA \are not corrected for.

double bond from the opposite face. However, recent Raman By using K1, K, andKs the equilibrium concentrations of

studies in this lab indicate thatans-2-crotonyl-CoA is likely ¢ gifferent species can be calculated. The two hydroxybutyryl-

(18) Xiang, H.; Luo, L. S.; Taylor, K. L.; Dunaway-Mariano, D. (19) Fausto, R.; Tonge, P. J.; Carey, PJRChem. Soc., Faraday Trans.
Biochemistryl1999 38, 7638-7652. 1994 90, 3491-3503.
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CoA stereoisomers have equal concentrations, each 46.8% ofwve dissolved crotonyl-CoA in pH 7.4 40 buffer and obtained
the total;trans-2-crotonyl-CoA is 6.3%, andis-2-crotonyl-CoA IH NMR spectra over a period of 60 days. After 60 days there
is 0.05%. Immediately after the enzyme is added, the concentra-was no significant change in the intensity of the crotonyl-CoA
tion of trans-2-crotonyl-CoA is 12% of the total, and therefore peaks, and there was no evidence for formation of 3-hydroxy-
the concentration oftrans-2-crotonyl-CoA is expected to  butyryl-CoA. If we assume that the limit of detection in the
decrease by 50% during the time course of the experiment. ThiSNMR experiments was a 1% change in the crotonyl-CoA peak
is in agreement with the change in the integrated intensity of intensities, then we can estimate an upper limit of the uncata-
the crotonyl-CoA methyl resonance at 1.86 ppm (see above).lyzed hydration reaction of 2. 10-° s~L This value is 1.6x
Epimerase Activity Is Not Due to a Bacterial Contaminant 10P-fold slower than the rate of formation of B¢-hydroxybu-
and Is Catalyzed by the Active Site.Our initial experiments tyryl-CoA that occurs in the presence of enzyme (£.40°3
were performed using recombinant enoyl-CoA hydratase puri- S%), confirming that the latter reaction is catalyzed by the
fied by ethanol recrystallization and a CoA affinity colufn. enzyme.
However, since bacterial cells contain an endogenous epimerase,
we needed to confirm that the activity we were monitoring was Conclusions
not due to a contaminant in our enzyme preparation. Conse-
quently, we subcloned the enoyl-CoA hydratase gene into a
pET15(b) vector downstream of a (Hisamino acid tag.
Subsequent metal-affinity purification of the enzyme using the
N-terminal His-tag followed by removal of the His-tag using
thrombin yielded enzyme with identical epimerase activity to
the protein purified by more conventional means. This ef-
fectively eliminated the possibility that the observed epimerase
activity resulted from a contaminant co-purified with the
enzyme. In addition, to confirm thatR)-hydroxybutyryl-CoA
was catalyzed by the active site, incubations were performed
in the presence of 30@M 4-dimethylaminocinnamoyl-CoA.

The rate of epimerization was reduced by 25-fold. hydrated to 3Q)-hydroxybutyryl-CoA~12-fold more slowly

Uncatalyzed Rate of Hydration. A final question that 5, the corresponding hydration Béns2-crotonyl-CoA to
required attention concerned the uncatalyzed rate of hydrat'onS(S)-hydroxybutyryI-Co A

of crotonyl-CoA. Conceivably, the apparent epimerase activity
we were observing could result from the non-stereospecific non- Acknowledgment. This work was supported by NSF Grant
enzyme-catalyzed hydration of crotonyl-CoA. Bearne and \icB9604254 to P.J.T. and by Grant PO087SC from the
Wolfenden have described methods to measure the non enzypgyy Charitable Trust to D.P.R. who is a PEW Scholar in the
matic hydration of fumarate, which involved incubating fumarate gjomedical Sciences. Hilary Hofstein was supported by the
at 100-150 for several hours? However, since crotonyl-CoA ;g Army Research Office ASSERT Grant (DAAG559710083)
contains a labile thiolester bond, we expected that hydrolysis 1o p 3 T "The NMR facility at SUNY Stony Brook is supported
would compete with hydratiof. Consequently, to estimate an by grants from NSF (CHE9413510) and from NIH
upper limit for the nonenzymatic hydration of crotonyl-CoA,  (1510RR554701). The centrifuges used in the present work were
(20) Bearne, S. L.; Wolfenden, R. Am. Chem. Sod.995 117, 9588~ obtained with funds from NSF (CHE9808439).
9589.

(21) Mohrig, J. R.; Moerke, K. A.; Cloutier, D. L.; Lane, B. D.; Person,
E. C.; Onasch, T. BSciencel995 269, 527-9. JA992286H

In summary, we have shown that enoyl-CoA hydratase
catalyzes the hydration of crotonyl-CoA with a stereospecificity
of 1 in 4 x 1CP. Formation of the incorrect stereoisomer likely
occurs viasyn addition of water to the incorrect face of the
trans-2-crotonyl-CoA double bond. To account for the exchange
of the hydroxybutyrylpro-2S proton, the enzyme must also
catalyze the dehydration of Rf-hydroxybutyryl-CoA tocis-
2-crotonyl-CoA. Thus, the enzyme is capable of catalyzing the
epimerization of hydroxybutyryl-CoA. There is no evidence that
epimerization occurs via deprotonation/reprotonation at the
hydroxybutyryl C3 center. To corroborate our model, we have
synthesizedcis-2-crotonyl-CoA and determined that it is




