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Theoretical Insight into the Catalytic Mechanism of Enoyl-CoA Hydratase

Zhang, Yu Yang, Xinya Yu, Haiying Ma, Guangcai*
(College of Geography and Environmental Sciences, Zhejiang Normal University, Jinhua 321004, China)

Abstract Enoyl-CoA hydratase (ECH), which is also known as crotonase, is the second requisite enzyme in the f-oxidation
pathway of fatty acid that catalyzes the syn hydration of a,f-unsaturated thiolester substrates. In this work, ECH-catalyzed
hydration mechanisms of DAC-CoA and Crotonyl-CoA were investigated using density functional theory (DFT) methods.
Geometrical structures were optimized using Gaussian 03 program at the B3LYP/6-31G(d,p) level of theory. Frequency cal-
culations were performed with the 6-31G(d,p) basis set to obtain zero-point vibrational energies (ZPEs) and to confirm the
nature of all the stationary points that have no imaginary frequency for the local minima and have only one imaginary fre-
quency for the saddle points. The single-point calculations on the optimized geometries were further performed with 6-311+
+G(2d,2p) basis set to obtain more accurate energies. The polarizable-continuum model (PCM) with the dielectric constant
of 4 was used to calculate the single point energies at 6-311+4 +G(2d, p) level on all the optimized geometries to consider the
effects of enzymatic environment that was not included in the computational model. Given that B3LYP functional lacks the
proper description of the long-range dispersion interactions, an empirical dispersion correction was further calculated using
the DFT-D3 method to correct the B3LYP energies. The final energies reported in this work are the single-point energies cor-
rected for ZPEs, solvation and dispersion effects. The calculated results suggested that hydration proceeds through a stepwise
mechanism, involving an enolate intermediate. Glul64 functions as the sole base/acid for catalysis. Although Glul44 is not
directly involved in hydration, it induces the catalytic water molecule to locate an ideal orientation to attack the double bond
of substrate by the hydrogen-bonding interaction. Crotonyl-CoA shows higher hydration activity than DAC-CoA. The back-
bone NH groups of Ala98 and Gly141 form an oxyanion hole with substrate carbonyl oxygen, which play key roles in bind-
ing substrate and stabilizing the generated transition states and intermediates. In addition, the hydrogen-bonding networks
surrounding Glul144 and Glul64 are of great importance for active site arrangement.
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Figure 4 ECH-catalyzed hydration mechanism of DAC-CoA proposed by DFT calculations
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3X10° )1 X B Gluled HIES 5RMMKE, &
BATF R RE Gl B ES 5NN, H
RERET S H0 2 8 s E A E F# H0 F11f O &
T UAER R SEZEBURY) Cp JEF, T H 2848
W EAUESE T EMEEME. FFE, Glyl72 5 H,0 Z (81
SEERX T RS R EE. 4, Glul6ed. Alal73
Al Glyl175 ME2E N—H K& GInl62 5 Glule4 Fl
Glul44 2 [a] 15 B X 268 0 T R0 15 MR AL 551 A7 RCHEA
HET AR 036 At A2 AT D (7).

4 i

ASCAFH DFT J7vA8E9T 7 ECH #E4LF DAC-CoA
F1 Crotonyl-CoA K& M. THEH 45 RFRIKE LA
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Elcb HLEEHEAT: Gluled FRIEFeAE AN OK 7S+
FI AT, [FI 2 AR B R R BURY) Cy
JRF, TER—AN B AR MM I 2 T R Ak Bl
6, B4R TFE Gluled 1ERNERIEME—AN 125 ]
I C, Ji T, 15 EIRERIKETY). DAC-CoA K
HI75 SRR o, B- ANV AR g 38 20 e TP R ok ) SR HE AR

i H R B AR I, XA — R AN T K&
QA A O AR A o i KRR

ECH-DAC-CoA & &%). 1fi Crotonyl-CoA H i1 T4 75
R, BRI R M 2R 3 R T DAC-CoA. b4k, BFA
45 R W] DAC-CoA Fl Crotonyl-CoA 7K I Bl AR W 44 f1)
SR Ala98 F1 Gly141 W] LA JEY) o, f-A VLRt B 35 5
1) C=0 T lE s, EANRAAEREA R T R E ECH i
PERL s HERZ5 &, R R I B R P AR R I A
FIER, Gluldd FRIEEBAREA HiES 5K NS,
B2 R 5Ky FRREE KD TSI
S 5RO, BN, Gluldd Fl Glul64 JH 1) U5 R 2%
REAHRYERE BCH WS MEAL s HEAR, 20 BUR it k)
L.
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Theoretical Insight into the Catalytic
Mechanism of Enoyl-CoA Hydratase
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Enoyl-CoA hydratase (ECH) catalyzes the syn hydration of a.f-unsaturated thiolester

Zhang, Yu; Yang, Xinya; Yu, Haiying; Ma,
Guangcai*

substrates. DFT calculations suggest that hydration reaction proceeds through a stepwise
mechanism, involving an enolate intermediate. Glul44 and Glul64, as well as the hy-

drogen-bonding networks surrounding Glul44 and Glul64 are of great importance for

Acta Chim. Sinica 2017, 75(X), XXX-XXX catalysis.
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