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Abstract

The reduction mechanism of 0¢-Alkylguanine DNA Alkyltransferase inhibitor of the nitro group of
the pro-drug in the Nitro Reductase (NTR) was studied by using the Density Functional Theory
(DFT). The results showed that the transitions of TS2 (yielding nitroso compound) and TS5
(vielding aniline compound) were the rate-limiting steps among the six reaction transition states.
Single water molecule-mediated proton coupled electron transfer can lower the reactive activa-
tion energy of TS2 and TS6; thus it is speculated that water-mediated proton coupled electron
transfer is the optimal reaction pathway of TS2 and TS6. The reduction mechanism of the prodrug
of nitro aromatic compound and the involved reaction thermodynamics can be clearly presented
by the potential energy curve. This study can provide a theoretical basis for designing more effi-
cient hypoxia-activated AGT inhibitors with less side effects.
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Figure 1. The pathways for FMNH reduction of nitrobenzene
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Figure 2. The pathways for FMNH reduction of 0%-4-NBG
2. FMNH &R O°-4-FE & FE LIZ M KR R BR 12

@



H SO, E

FMNH-CHy), F# 48 FH A fai Ak A a6 G iR BT AR B e kA7 7 bei, AR AR B AL ) & 3 . DA
FMNH-CH; J 8K ] GaussView 5.0 THHE 2 1) & D IRFES S 3 fioR. fEANRMISES
FF FMNH ) N5 £i7_E /19 N-H 88 5871865 K(1.01 A)MXI K, R FMNH [ N5 A7 _E S Wi
HARS P A SRR, FEE K AR, H& RSO S FAEEME— .

7f B3LYP/6-31+G(d,p) /KT~ LA RC(0.00) v fi i 28 3 K F 5 A 1 B HH REZ2 Il A Be i 2 n 1] 4
fliR. (EBANRMNISFRES, REHE—DRIEMRNAER ICL IS BAMRRN, He HAN DB A
S8 Herfr TS2 S8 i i B4R (4 B 22 5515 (30.11  keal/mol),  [FRIHZR &5 — 35 i /K S8 A B T il 5 114 e 7
FEEEOL IR, I HRGGE 31.56 keal/mol. TS3 M AT faid JEAS A E AR, AR AR E R S
RARNL, RIS R & R IR D, TSE M TR EARER IR T TS2, TS5 AIREERILIERIX—5
RS E AR, BT TS5 B, KRR K& R, 1M TS6 SN F 75 g & UK BT — 2 ) Mg
BERRE IR, OB R R R o [RI A S B 5 B2 DR G R 2R G T S0 AP AR, X 55 45 Al
—H([18]. W] LLE H R A IR SO I S A e 2R i, BAREE RS T AL R 1~3 keal/mol,
DA L A58 FH AT A A58 B0 R A e 2 (1 35 i it 4 A B A R 4 R Y S 8 2R KR IS

UbAh, I TSRO SIS, BT T K2 5 RN, R & A 4 fos. K
Z 500 R G [19] [20]145 R R, 1E7KAE 9 &35 1858 1K 2641, TS2 (23.11 keal/mol)F1 TS6
(13.84 kcal/mol) [ MG AL RERE PR, o FMNH-CHg SRR T R 543 50l F4IC 7 6.4 keal/mol AT 2.03
kcal/mol, RIBLIXH LK 575 5 RBFEAK T R G EE N 1Z 0 KB I LA &% . R GaussView 5.0
THRAFRIKS 5 7R I S S R 25 S5O JEAS R I HOMO BuE an ] 5 fos . 455K, 16
TS2-H,0 1, Jii+ M FMNH ] N5 f7 8 2K 1) — AN 85+ E(NH+0), Rl id /K2 i+ 32 AL

FE NP 3 R 30 B B (NS N, RIEAE FMINH ) N5 A7 AR E 2810 N 2 (A B AR 8RR [21].
£ TS6-H,0 1, Jii 1A FMNH ) N5 A7 55 27K i — M+ E(N-H0), it KR 5+ 2 1Cs
) N JEF E(O H"N), FHBI—AKFTF AR TFHEBZEE. /£ TS6-HOMO 1, FMNH [ N5 FIE i 5
R4 1Cs 19 N I R B & (NS5 N), RIETE FMNH [ N5 £2F0 1Cs 1 N 2 [RI/E N L TA% 3818

e

TS4 TS6

Figure 3. Optimized structures of the transition states in the reduction of nitrobenzene cata-
lysed by FMNH calculated at the B3LYP/6-31+G(d,p) theoretical level
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Figure 4. Energy profile for the reduction of nitrobenzene catalysed by FMNH calculated at
the B3LYP/6-31+G(d,p) theoretical level
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Figure 5. Geometric structures and HOMO of the transition states in the TS2 and TS6 of ni-
trobenzene mediated by a water molecule
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Figure 6. Optimized structures of the transition states in the reduction of 05-4-NBG
catalysed by FMNH calculated at the B3LYP/6-31+G(d,p) theoretical level
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Figure 7. Energy profile for the reduction of 0%-4-NBG catalysed by FMNH calcu-
lated at the B3LYP/6-31+G(d,p) theoretical level
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Figure 8. Geometric structures and HOMO of the transition states in the TS2 and TS6
of 0%-4-NBG mediated by a water molecule
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