Netsu Sokutei 49 (4), 177-180 (2022)

T30 +*A2 MaFHEEIZEYRF

~

Lit-

HEERAIRILX—CEI A ILE—Z{LEDIHE

JIFE #HHE A

A BTHE LK — R

(ZHLH :20224-9 H 8 H, =PHH : 202249 A 27 H)

Correlation between Interaction Energy by Fragment Molecular
Orbital Method and Enthalpy Change

Norihito Kawashita

Faculty of Science and Engineering, Kindai University

(Received Sep. 8, 2022; Accepted Sep. 27, 2022)

Fragment molecular orbital (FMO) method has recently been used to analyze interactions between proteins and
inhibitors for the purpose of drug discovery research. Unlike methods that use force field such as docking simulations,
FMO method considered electrons. Therefore, it is characterized by the ability to analyze interactions involving
electron correlation such as dispersion force. Furthermore, if a strong correlation can be obtained between the sum of
inter-fragment interaction energy (IFIE-sum) and the enthalpy change between the protein and the inhibitor, we have
also devised a method to predict free energy changes only by obtaining fragment interaction energies. As part of this
research, we investigated the correlation between IFIE-sum and the enthalpy change in HIV protease inhibitors, and
obtained a good correlation by appropriately classifying the target structures.
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Fig.1 Structure of HIV protease inhibitors.

Table 1 Information of calculated 14 complexes.

BH 741 PDB ID 25 BT AH (kcal mol™")
APV 3EKV!? WT 7.3
APV 3EKP!? Flap+ 33
ATV 3EKY'? WT -1.1
ATV 3EL1'? WT -1.1
ATV 3EKW!? Flap+ 4.5
ATV 3EL9!» Act —0.3
SQV 3EL4!2 Act 9.5
SQV 3EKQ'" Flap+ 12.9
DRV 3EKT'» Flap+ 2.0
NFV 3EKX'? WT 44
NFV 3EL0'? Flap+ 10.8
NFV 3EL5'? Act 7.1
NEV  2qea  DION NS 22
DRV 4LL3' WT* -16.4

IKIZ, BioStationViewer, DiscoveryStudioViewer % FH T
BB EZITY, —HESEORLRIBIZ OV TIT MOE

(Molecular Operating Environment, Chemical Computing
Group Inc.) |2 & W EEBETEZIT o7, HBEEEIE, KHFEL
m, VA RUSNOIRSGFORRE, BEIRT % BE L
KL Z T -7z, MEREL TR FABELT
CHARMm #Z MWz, 72k, AWIE TG oKD 1%
ETEHEDTHEELIT o7z, M LZFERIIA——a

Netsu Sokutei 49 (4) 2022



7T 7 A b FEEIEIC L D B EER = e R — L o 2 v e —2 b & DOFAR

Eo—X )T, V7 bW =72 ABINIT-MP 6.0+% FAV>,
MP2/6-31G DFEL~LDTF, FHE4FEM L7T-,

5%, MER-EAEMO Y 7 7 A MNEUMHAEERT %
Jb ¥ — O FNIFIE-sum) & STHEKH O FEERAE(AH) & OFHE % &
B, £7-, HIV 705 7 —PHEAE KD EH
LT LT L TO IFIE O BT o7,

3. MIERRLERELOHELSIUER

Chk 12-14 FOEEE 14 o HIV 7 a5 7 —B-BLEH
HERD FMO #HE 21TV, FHREIC L - TH S 4172 [FIE-sum
& AH LOMBEHELELZA, R =0268 Thotlz
(Fig.2), £z, 2 TCOMFAEA RO ZHRT D &,
group 1 & group 2 (T 5 Z &R D DO TR &
E % 7-, FMO & T3, IFIE IFLERIE QB O BRHIRE
BRI 5 2 ENREND, BITEAEEOME
FIRLERIC LD BEMOEENE 2 -0, HAEEMO
IFIE-sum Z LLE L7z & 2 A, [Al CFLEAIE T H 272 5 group
WWRLTWDZ &0, T LLEMOERIZL DEEIT
TIE72WZ EnbhroTz,

AH (keal/mol)
20 -10 0 10 20
e -100.0
R2=0268 | _.° b 3
o o -120.0 g
-~ group 1 -140.0 X
=
-160.0
=)
-180.0 &

-200.0

Fig.2 Overall correlation between IFIE-sum and AH.
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MITENRDHDZ ENbo7= (Table2),

Table 2 IFIE between inhibitors and Gly49 (Chain A) of HIV
protease.

Gow ! armort G2 i
3EKV —7.981 3EKY —11.683
3EKP 1.557 3EL1 —13.740
3EKX —0.328 3EKW —12.554
3ELO -0.914 3EL9 —13.478
3EL5 —14.586 3EKQ —12.513
2Q64 —2.119 3EL4 —-17.766
41LL3 —6.997 3EKT —-5.101

ZDORRFEF~ DL, group 1 & group 2 D Gly49 (Chain
A) EPLERIE OFEE R LT=& 25, group 1 TIX7
F AL MYENC LY Glyd9 (Chain A)D T T 7 A MT
& END Glyd8 (Chain A)D /LR =)Lk L BLEH] & DRI
K FFEIE L, group 2 (21K FRFE LN E03b
o7z (Fig),
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Fig.3 Structure of inhibitor and Gly48 (Chain A). (a) Group 1
(3EKV.pdb), (b) Group 2 (3EKY.pdb).
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Fig.4 Correlation between IFIE-sum and AH in the group
presented in Table 2.
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