View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

R 10384 S HE
228, 5200425077 UDC

B R}
B+ % oW X

At 3R PAS0 1E(L A -FRTER-N, N-—REXRAEFEMN
W% EZREEHR

DFT Study of the S-oxidation of p-methylthio-N,N-
dimethylaniline by Cytochrome P450

K

IR L: X BH IR
+ W % Ak HREF
LI E 1 2008 4 7 A
# L AT 2008 4 7 A
FA54z2F A 4. 2008 F A

B P
VA TN

2008 4 06 H


https://core.ac.uk/display/41409531?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




I IR AR SO BIPE FH

RAMAARIL, AN SIS N SE TR . AN
FER AR 225 (1 A A N BRI SU8CER e 30rh DA 5 5 b
e A NARIE 55 AR H f e i S0 AR BRI AT 534 E

FEIN (5540
2008 4F 6 H 2 H






2T IR AN SCE LS RS ]

ARNGEA T MRIETTRAAT R . AR SO e « T TR A Bk
iR e S i W e I W A Bl M O R T S A DA
SCHIT AR H > DT SRVFIR SN AR B TR & T, A BOR S AL
T8 STV A A ANAT S B PEEAT R R, A BURE A 718 SCIR b AT 45 2491 2
o PR I A AR SCAE MR e a8 A E

AEENT BT
L REE O, FEFMREGEHAR A,
2. 13 V)

CEAE L LIRSS AT “ v 7D






*ﬁ‘j g ............................................................................................................. i
Abs[ract ....................................................................................................... 1
B ZE PN ol 1
L1 AL ZE PASO R I AT 22 oottt et ettt e e e s e e eesenas 1
1.2 PA50 [ T G LTI oot 2
1.3 PASO A A I T R oot s s eeeas 3
1.4 P450 [FI[E]3 2 LI RIS FLETE oo 6
2 | NSRS 9
BB JFETTIE o 12
2.1 BT R B (DFT) T T TR AT oo 12
2.1.1  Thomas-FErmuC FETE, oo oo e e e e e e e e ees e ear e een e 12
2.1.1 Hohenberg-Kohn T H ...t 13
21,2 KON S T R oo e et e et e e e et e e e et e et e e e et e et e et e e 13
213 S FEE T oottt ettt ettt eee et 18
2L B A L oo et r e s st r s rneen 18
215 AT A JETZ BB oottt ettt 19
2 T R I T A T B ettt ettt ettt 20
2 TR ettt ettt ettt ettt ettt et et et et et et e e eaeeteeeen 19
F=F PAS0EMYM Cpd | 1K ST DFT FHG -ovveeereeens 21
31l CPA LIHTAN oo 21
3.1.2  P450 fi#fk p-methylthio-N,N-dimethylaniline ¥ BHJF 75 5t 23
3 Tl T ettt ettt ettt ettt 24
33 B R I TE e e et r e r e e n s er s 25
330 TR IIV SLGERIAL oottt n e 27
3.3.2 SUHE A STOARA KT S V. 1) 5% 1) 28

B B ettt r et e st r e r e r e 31
B2 TR oottt ettt et ettt et ettt ettt et ettt 33
FME PASOFELT Cpd O SEILHI DFT FEZT - 34

A1 CPAD T ettt 34



R = 1| TSRO 36

A3 BEIFTTT IR oottt 37
43.1 Cpd 0[] 0-0 BZMLE T Z 5 i A SO 39
433 MIRIRTESAE T Cpd 0 5 IR A Y. e 39

BA BEVL oo 44

BEZE TR oot 46

5 SO 3 PSPPI 47
b 1121 D v -0 OO 48



CONTENTS

ADStract in ChiNESE: -« s vttt s i
Abstract in Eng“sh .................................................................................... 1
Chapter LI Ntr OCQUCLION +rereererrerrereremrnrmii 1
1.1 Discovery and Denomination 0f PA50 .........ccccoiviiiiiiiiiiieeiie et e 1
1.2 Molecular Structures and Functions 0f P450 ..........cooovmiiiiiiiiieeee it 2
1.3 Biocatalytic CyCle 0F PAS0.........oooiiieieeie ettt ettt a e s s et e et eenereenenas 3
1.4 Rebound Mechanism and Two-State REaCIVILY .......ccevvvveriiiiriieiiiiiiiie et 6

R ETEIICES ...ttt e et e e e e e ettt e e e et et b e e s e e e et aareeeeeeeeennaraes 9
Chapter 2 Computatioam Methods: - - oo, 12
2.1 Brief Introduction Of DEF T .........oooiiiiiiiiii e e eennanes 12

2. 1.1 Thomas-FermiCTREOTY .......c.ccciiiiiieeiie ittt eriieieeeiieeteeeiveesreesreesseesssaeenereessseensseens 12
2.1.1 Hohenberg-Kohn TREOTEM ...........ceeveiieiiiieiiieiieiieeiee st rae e s 13
2.1.2  Kohn-Sham EqUation.........c.cccccueeriiiiiiiiiiesiieciee ettt sveeesee e veesesaeennee s 13
2.1.3  Local Density APPrOXimMatiON ........cceeuveeiiieerreenreeessreessreesseesseessssesssseesssessssesssseeesssees 18
2.1.4  Gradient COTTECION. ........iiiiiiiiet et ettt e e e e eeece et e e e e e et eeeeeesaaaereeeeeeeesnarareeeeeeeas 18
2.1.5 Hybrid FUNCLIONALS.......cc.iiioiiiiiiiiiie ettt ettt eeeaeesreessreesnnee s 19

2.2 Theoretical Calculations of Solvation Effect ............cccoovvimiiiiiiiiiieeeeeeee e, 17
R ETEIICES ...ttt e e ettt e e e e e e et e e e e e e eeta et e e e e e e e eennanes 19

Chapter 3 DFT Sudy of the Sulfoxidtaion of p-MT-DMA by Cpd | 21

3,11 Cpd L INtrOQUCHION ...eeuviiiiiieiie ettt ettt sve e ee et ee et eesbeessseessseessseeenseesnssennes 21
3.1.2  Backgroud of sulfoxidation of p-MT-DMA ..........ccceiriiririeeeeeeeeee e 23
3.2 Computational MEthodS.......ccccuiiiriiieiieiiiecee ettt et e e e e sbeessraeessaeesseenes 24
3.3 Results and DISCUSSION. .......cocuirruiriieiieiieieete ettt ettt ettt ettt ettt ettt ebeenseen 25

3.3.1  Sulfoxidaiton BY CPd L.......eeeiiieiieiieciieee ettt et e re e e e ssraeessaeesnnaenes 27

3.3.2 The effect of H-bond and solvation 28
3.4 CONCIUSIONS ..utteutienttetieiteteet ettt ettt ettt et et et et et e et e et e et e enbe e st eabeeabeensesnsesnsesasean 31
RETEIEIICES ...ttt sttt e st st s b e bt e bt e b e e b e b e s e saeeeae 33

Chapter 4 DFT Sudy of the Sulfoxidation of p-M T-DMA by Cpd 034

L B U113 (0 Ta 1 (o710 s BTSSRSO USRS 34
4.2 Computational MEthOdS ..........cociiiriiiiiieiiieeiie ettt ae e eesbe e s aeensaeesnne s 36
4.3 ReSults and DiSCUSSION...c..eeiutertieriiertieriiertteieertteritete et ettt et et e bt e bt e sbe e bt esbeesbeenbeenee 37
4.3.1 Sulfoxidation by Cpd 0 though O-O cleavage 39
4.3.2 Sulfoxidation by Cpd 0 under the Extrem Acid Conditions............cccceevveerveerreennnnn. 39

A4 CONCIUSIONS .....eiiiiiittiiiie e e e eeeet et e e eeeet e e e e e e ee ettt eeeeeeeeeaaeeeeeeeseesaaaeeeeeeesensssareeeeeessannnrnnes 44






S

B

AIH (A3 PASO Wi AR h i T BB AE IR — o BRI I 2 T
BRI I IE SR AN, A Z R R E BN R Y, A R A Ak a2
SNEACE D AR T, AR 2R A T S E R T BE . BURZ I Z AR T
(%% 7, PASO SEAFEAEVF 2 AR MR BAT SOOIk (1 ) . A SCR %5 B2 o
S ST P4SO (L)Y p-methylthio-N, N-dimethylaniline (p-MT-DMA)ff]
S HLE

IEAFTT Cpd 1A Cpd 0 AL N 1Y) p-MT-DMA A= fis 244 19 Jse S HL I
P, giRRH] Cpd I fiEfbhi S8 A0 S N AT AIC A e FE1E, OV BEL2 A 8.3
kcal/mol (E1)/3.8 kcal/mol (E2), 18 Cpd I fEAR AL SN s AR 1, AL
R, 1T Cpd 0 JEIL/ 51 O—0 BS540, JELCIIBR SR S W T B 15
55— 4/ 29.0 keal/mol (E1)/20.6 keal/mol (E2)fJREZ2, X Cpd 11, Cpd
0 MG W ASIRES, K I L)L Cpd T2 8 NMIE . IhAh Cpd 018
ik O-O BEIRL™ G T F B IR M S W8 52 31 AT N IR A 205 4
AT, EJRAS ) P450 0 S-S Ak /E F TS A2 Cpd 1, Cpd 0 1)
1 F AT LA 2205

XA MG R PSO; HEZHKHERIE: S HMK.



Abstract

Abstract

Cytochrome P450 is one of the most versatile enzymes in nature. It uses
dioxygen and two reducing equivalents to catalyze the monooxygenation reactions of
wide variety of substrates so that can function as oxidant that safeguards organisms
against exnobiotics, metabolizes drugs, and leads to biosynthesis of vital compounds.
There still remain mechanistic uncertainties and long-standing unresolved issues
which pose tantalizing challenges to mechanistic chemistry although a few decades of
considerable effort has been dedicated to elucidate the mechanisms of P450 catalyzed
reactions. A DFT calculations were carried out for the study of sulfoxidation by the
enzyme cytochrome P450 by taking p-methylthio-N,N-dimethylaniline (p-MT-DMA)

as substrate.

Calculations compared the sulfoxidation of p-MT-DMA by the the high-valent
oxo-ferryl species, known as Compound I (Cpd I), and the precursor species, so
called Compound 0 (Cpd 0). It has been revealed that when taking Cpd I as the
oxidant , it will go through low spin (LS) states, and the barrier of the bond activation
transition state in LS is 8.3 kcal/mol (E1)/3.8 kcal/mol (E2). Our results demonstrate
that Compound I leads to an extremely fast process, while Compound 0 will be at
least six orders of magnitude slower. We suggest that most likely, thiafatty acids
promote Compound I formation. In this manner we provides a clear answer to a major

mechanistic of sulfoxidation of p-MT-DMA.
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Figure 1-1. Sructure of protoheme I X (iron protopor phyrin 1 X, heme b).
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(a) (b)
Figure 1-2. Schematic representation of the crystal structures of cytochrome P450.,, as
taken from the X-ray structure (pdb code: 1DZ9) of Schlichting et al.(a) the heme domain of
substrate-free ferric cytochrome P450m (b) Close-up of the active site of P450cm.
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Figure 1-3. Catalytic cycle of cytochrome P450
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