WINW WU : FdUNBAIEATwazRUUNaA1ansUNSeAA1sUanGatun e
eulwiveansalyd udaneant Tnn: n13AnuIm1angui (KINETICS AND
THERMODYNAMICS OF ENZYMATIC DECARBOXYLATION OF a,B-UNSATURATED
ACID: A THEORETICAL STUDY) 8191567USn®1 : fnans1a1se A3.NOBAY @IA3N,
96 it

Adfny: UfAsenfmsvandiatunisiouleil, nsalidudiwoani Oa, 38n1sAuiaail
AIBUAY, NuanIunsaliudsunlas, Iaunamansiasanmvnaans

UfAsedaniuondiatuvesnsalidudueans Tan Tnsldieulss ferulic acid
decarboxylase (FDC1) wag prenylated flavin mononucleotide (PrFMN) WWulawrnimes
Judtalafuegrannlusimemssuiiiun eswnujizendinnuduiinsdedundouly
nszuIumsHanalsTulaveyitusvesalauanninensiflegmusssuud Ainandausias
fnsAnwinalnnaifaufisen dvsnismeaes wasmmgul widslinuhdimsfnwmanes
FavavanedidiadeufAsenminanlusessiden faunuitededdeldnisdn
ﬂg‘jﬁ%mﬁm%‘uaﬂ%Lasz?’ul,ﬁaé’mmwﬁ B-methylstyrene (B-MeSt) luanguanasuladian
n3ngegauarstgaiiululdluarsazgarsdiiun e = 1 wa 78 muddv) Tagld3s
nsfunafinIeudui sy DFT/BALYP/DZP GsnanisAnuiiufisndsenudng uanaiy
Fumds (backbone) vostewlesl FOC1 Tuiflunumddalunszuiunsi luvasitemudunou
ﬁuammw%wam”aﬁwazmaﬁiqmaim&JmNm'amﬁLU?{auLLﬂmwé’qmuﬁmmwasmﬁﬁ’aéﬁfp,
Tneannzegedsunssuiunsindnusunsudduiiiedostunisdrelewlsaeu (proton
transfer) nan13A1UINAIAINS I Taeldngufaniuntsaliud sunuas (transition state
theory, TST) 8uduinliiinauss quantum mechanical tunneling AawdsuAnv1elUT9
gaumgiifivinsfnen egndlsfinnn TumsAadndudesfiansanravesladidnvidnianzd
(local dielectric environment) lunalnnsiinyFAzensausne efinnsaneiasisng wui
Tunaiseyagiu liaansatsuisurmitduanilatuaiinldanisnmeasdesly
stopped-flow spectrophotometer kand31U 381115407 B-MeSt 1aenTINa991NN15U40
asvaulaeanled (add catalyst (2) 717 Lauelilaiuraniaduld vinlduiAseuagiu
lelaad ity (cycloelimination) luladidnniniawizdish 1 uduivuauiisen nanns
mmmamwwamamuammﬂgﬂimuamwmmsuaaﬂumﬁmaiauiﬂsmau lasunansgnu
MNMHURIBIANMTIvesiazas 1hlugdoasuiiinufAsendafuendiadusie
ulsivesveansalid udauean Tan TnssamdudfAserniuaunisgunnaaans
(thermodynamically controlled) Immawwaéwéﬂuamwmea”aulmé‘t,ﬁﬂw%ﬂl,awwﬁ@q
TasmaAnduluanaluuiness fnadenisiwasuulaseulnstannniinisaaenions
asaiuslaniaud srenaunisdniissilndvedianaluuinmss lasnuide Fesduang
miﬁ’]Lﬁﬂlﬂ%@ﬂﬂﬁﬁ%ﬁﬁ%ﬁiﬁﬁiﬂﬁ853Lg*&lm‘ﬁUﬂ%’jﬂLLiﬂ uaztilugesdmnusidednifeatuna



yasnudunuvesladidnninaneiideujisenfasuaniiatuseeuluivosvansaly
Suduaar dnn ﬁaﬁuwamﬁﬁaﬁaa’mﬂia%’ﬂ,i‘]uLmeﬂumsﬁﬂmUﬁﬁ%mﬂﬁﬁ%mﬁﬂﬁ
venfiaduvasnsaliidusineah T Melouleidy @ vadunmmassuasmmguidely
Tuawpale

a ] e an 1l 's‘/}',l\{
aivedl snefiodotndnu_ HstTH 4P

Un1sfine 2566 awﬁa%aa’miéﬁﬂ?ﬂm%_




PHORNTEP PROMMA : KINETICS AND THERMODYNAMICS OF ENZYMATIC
DECARBOXYLATION OF a,B-UNSATURATED ACID: A THEORETICAL STUDY.
THESIS ADVISOR : PROF. KRITSANA SAGARIK, Ph.D. 96 PP.

Keyword: enzymatic decarboxylation, 1,3-dipolar cycloaddition, a,p-unsaturated acid, the

DFT method, transition state theory, kinetics and thermodynamics.

Enzymatic decarboxylation of o,B-unsaturated acid through ferulic acid
decarboxylase (FDC1) has been of interest because this reaction has been anticipated
to be a promising, environmentally friendly industrial process for producing styrene
and its derivatives from natural resources. Because the local dielectric constant at the
active site is not exactly known, enzymatic decarboxylation to generate B-
methylstyrene (B—MeSt) was studied under two extreme conditions (€ = 1 and 78 in
the gas phase and aqueous solution, respectively) using the B3LYP/DZP method and
transition state theory (TST). The model molecular clusters consisted of an o-
methylcinnamate (Cin) substrate, a prenylated flavin mononucleotide (PrFMN) cofactor
and all relevant residues of FDC1. Analysis of the equilibrium structures showed that
the FDC1 backbone does not play the most important role in the decarboxylation
process. The potential energy profiles confirmed that the increase in the polarity of
the solvent could lead to significant changes in the energy barriers, especially for the
transition states that involve proton transfer. Analysis of the rate constants confirmed
the low/no quantum mechanical tunneling effect in the studied temperature range
and that inclusion of the fluctuation of the local dielectric environment in the
mechanistic model was essential. Because the computed rate constants are not
compatible with the time resolution of the stopped-flow spectrophotometric
experiment, the direct route for generating p—MeSt after CO, elimination (acid catalyst
(2)) is unlikely to be utilized, thereby confirming that indirect cycloelimination in a low
local dielectric environment is the rate determining step. The thermodynamic results
showed that the elementary reactions that involve charge (proton) transfer are
affected by solvent polarity, thereby leading to the conclusion that overall, the
enzymatic decarboxylation of a,B-unsaturated acid is thermodynamically controlled at
high €. The entropy changes due to the generation of molecules in the active site
appeared more pronounced than that due to only covalent bond breaking/formation
or structural reorientation. This work examined in detail for the first time the scenarios
in each elementary reaction and provided insight into the effect of the fluctuations in

the local dielectric environment on the enzymatic decarboxylation of a,B-unsaturated



acids. These results could be used as guidelines for further theoretical and
experimental studies on the same and similar systems.
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