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Table 1 ABEEM parameters(y *, 2n " ) ( Pauling unit)

Atom x- 29" Atom X 2n* Atom x: 2n* |Atom or Bond x* 29"
Cl 2.34 5.55 (0 2.50 4.59 N3 4.55 6.50 C5 2.50 13.02
C2 2.50 7.00 Cc7 2.50 10. 38 N4 4.29 14. 02 C5—S1 5.51 29.82
Cc3 3.70 5.00 Cc8 2.50 4.38 S1 2.40 3.40 Fe—S1 5.21 65. 00
N1(2) 4.55 4.68 Fe?* 7. 86 3.40 S2 4.00 3.00 ||Fe—NI1(2) 3.50 15.94
01 6.50 6.40 Fe?+ 11. 50 3.60 C9 2.56 5.67 Fe—N3 3.50 15.94

Table 2 Torsional parameters

Dihedral X—Fe—S1—X X—Fe—N3—X X—NI1(2)—C1—X X—C1—C2—X X—C3—C2—X X—C2—(C2—X
Force constant/ 0.17 0.21 33.47 25.10 31.38 36. 61

(kJ - mol ™)
Periodicity of torsion 4 4 2 2 2 2

Phase offset/ (°) 0. 00 0. 00 180. 00 180. 00 180. 00 180. 00
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K7 MR 2% (RMSD) FeA8 T ik 5 ABEEM/MM 135040 5 4540, b RS 4T Z 40 TP iy
S SRR AR T 814 (PDB code 1CXC) A9 RMSD 435147 0. 0023 nm F12.91°, E LA ML Z4Fh
(B S B AR AR T A (PDB code 2YCC) 4 RMSD 435114 0. 0024 nm 71 3. 20°.

3 50 T ABEEM/MM 1 540 A 4544 5 AR Y 5707 8 RMSD. i3 RMSD 55K | 4
FAFIT T AR RMSD #28, ABEEM/MM 13U i 4540 5 IR ZSA AT &, [N 3 h it 3
BH 1L 2T 28 50 F B AZ O 5 48 L LNV BE B e .

Table 3 RMSD(nm) for geometry optimization and X-ray structures

PDB Heavy atom Core atom(N1,N2, Cl, C2, C3, Fe, S1, N3) Side Chains atoms(C4, C5, C6, O1, C7, C8, N4, (9, S2)

1CXC 0. 0274 0. 0161 0. 0306
2YCC 0. 0360 0.0118 0. 0406

R4 BRI T R . ABEEM/MM A3 (A6 DA R s A # ik J5 i R B s | Hl A LA 2 — i
fi. T CHARMM J137E L2 D5 1 R T 7270, 3 4 sy Tz e ). gk 4 il
Hl, R ABEEM/MM 1135 CHARMM 17 | & FAb2A i RS ik AL T f iR pd s S, 1
1E Fe—S1 #A —Hif1 b, ABEEM/MM J137 AL ASS SRS HT T At A, TiH ey i A — s 22 .
Table 4 Some bond lengths(nm) , bond angles(°) and dihedral(°) of the heme structures after

optimization and X-ray structure

Bond Reduced ( PDB code 1CXC) Oxidized ( PDB code 2YCC)
X-ray ABEEM/MM  CHARMM oM X-ray ABEEM/MM CHARMM QM
Fe—NI1(2) 0.197 0. 198 0. 196 0.201 0.202 0. 198 0. 195 0. 200
N1(2)—Cl 0.139 0.138 0.136 0. 138 0. 138 0. 138 0. 136 0.138
c1—C2 0. 145 0. 145 0. 146 0. 145 0. 146 0. 145 0. 146 0. 144
c2—C2 0. 135 0.133 0. 136 0. 136 0.133 0. 136 0. 136 0. 136
C1—C3 0. 138 0. 138 0. 136 0.139 0. 138 0. 138 0. 136 0. 139
N3—C6 0. 130 0.133 0. 131 0.132 0. 139 0. 140 0. 139 0.138
N3—C7 0.138 0.140 0.135 0. 137 0. 137 0.133 0. 135 0. 136
N4—C6 0. 140 0. 134 0. 137 0. 138 0.135 0. 134 0. 137 0. 138
N4—C8 0.135 0.138 0.136 0. 136 0.133 0. 138 0. 136 0.135
C7—C8 0.138 0.137 0.135 0. 137 0. 136 0. 137 0. 131 0.133
Fe—N3 0. 202 0. 200 0.195 0.199 0.201 0. 200 0.192 0.197
Fe—S1 0. 236 0.238 0. 250 0.244 0.243 0. 238 0. 250 0. 247
S—C5 0.182 0.182 0.183 0.182 0. 184 0. 182 0. 183 0.182
C2—C3—C2 125 125 127 125 126 125 127 125
N3—Fe—N2 90 90 90 90 90 87 90 90
N2—Fe—N1 179 170 170 179 176 174 170 177
C7—N3—C6 104 104 105 106 104 104 105 107
C8—C7—N3 109 109 111 110 111 109 111 109
N3—C6—N4 113 113 112 110 110 113 112 110
N2—Fe—S 91 92 95 92 90 95 95 89
N2—Fe—N3 90 95 85 90 90 85 85 91
N3—Fe—S 178 178 178 175 170 177 179 174
C5—S—C5 99 99 94 99 94 98 94 100
N2—Fe—S—C5 -35 -36 -31 -11 -36 -45 -33 -10
N2—Fe—N3—C7 51 42 48 44 65 44 43 46

LG S ESE T MRS FAEMMEZ ey, (PDB code 1Q13) P iyl 52, ALY 40 i
B oy, TE T R LARARAXT T X SHRAT SIS 19 RMSD 4 0. 0396 nm, H:rfifit 21 2 43 F 19 RMSD
470.0222 nm. &2 R T ER o, P ILLL R S0 FRIAICERIE | 45F4 7K 53T 1Y S A 1 45 F4 RS
RALSE HIR S, Frb i 21 28 43T F 5 1 78 Ak 3 B0k 19 LA B PR T 32k i -5 ) Bl 8 1 ot 2 S e 45 1) 4 L
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Fig.2 Conformations of the heme group, some residues and order water from PDB(A)
and optimization(B)
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Fig.3 Stereoview of ruffing form Fig.4 Comparison of ABEEM/MM method and
The twist-angle is defined as the C1—NI—N3—C3 dihedral B3LYP/6-31G * method for the ruffing confor-
angle(7,.) and the C2—N2—N4—C4 dihedral angle( 7y, ). mational energies

Table 5 Twist-angles and the ruffing conformational energies of heme

X-ray Ruffing conformational energy/ (k] + mol -
State PDB code )
Tac/ (%) e/ (%) B3LYP/6-31G* ABEEM/MM
Reduced 1CXC 5.22 -14.38 0. 00 0. 00
1QL3 2.73 -15.21 13. 14 21.97
1HRO 3.49 -15.74 57.74 52.01
1YTC 6.79 -18.31 68. 74 70.79
1CIE 0.45 -23.66 101. 80 105. 44
1YCC 8.54 -30. 64 172. 67 162.51
Oxidized 1QLA 7.49 -12.78 0. 00 0. 00
1C52 16. 40 -16.79 4.48 -12.05
1CCR 8.96 -22.93 41.21 42.01
1HRC 11.48 -25.04 71.88 81.17

2YCC 19.34 -40. 06 105. 48 99. 04
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Table 6 Charge distributions of atom O and iron ion in the heme prosthetic group *

Atom or ion Fe O1A O1B O1C 01D
Reduced form 1.24(1.20) -0.87( -0.74) -0.82( -0.74) -0.80( -0.74) -0.83(-0.74)
Oxidized form 1.32(1.34) -0.84( -0.64) -0.80( -0.64) -0.78( -0.64) -0.81( -0.64)

# The charge from CHARMM force field™®] was in the braces. The charge of the bond by ABEEM/MM can be allocated again to the relevant

atom in order to compare to the charge of the CHARMM force field.
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Studies on the Heme Prosthetic Group’s Geometry by
ABEEM/MM Method

CUI Bao-Qiu'?, GUAN Qing-Mei', GONG Li-Dong' , ZHAO Dong-Xia', YANG Zhong-Zhi'*
(1. College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029, China;
2. Department of Chemistry, Jinzhou Teacher College, Jinzhou 121000, China)

Abstract Applying the developed parameters, the heme prosthetic group was simulated by the ABEEM/MM
method. The results show that these simulations can reproduce better X-ray structures than CHARMM method.
The distorted ruffing conformational energies obtained from the ABEEM/MM method agree well with those by
B3LYP/6-31G" method. The linear correlation coefficient R is over 0. 98. The investigations show that the
twist-angles have important effects on the ruffing conformational energies. The accurate charge for Cytochrome
Cs5, from ABEEM/MM method can be used to investigate better the polarization effects than those from
CHARMM method.

Keywords ABEEM/MM method; Heme; Geometry; Conformational energy; Charge distribution
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