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Molecular Simulation on Interaction of

Polychlorodibenzodioxine and Cyclodextrins

Chikara IMAMURA, Yasuji IHARA

Summary

Molecular mechanics (MM) and molecular dynamics (MD) simulations served to investigate the
interaction of 2,3,7,8-tetrachlorodibenzodioxin (PCDD) and cycolodextrins (CD) in gas phase and water
model. a-, B-, y-CD were used for the complex formation in this study. The more energetically stable
complexes by inclusion with CD calculated based on MM were obtained compared with PCDD and CD
alone, respectively. The structural information about the prefered complex formation by inclusion from
the MD simulations was also obtained, and the relative stability of complex and the involved molecular
interactions were determined. The results of the present MM and MD calculations were discussed, and
compared with chemical structures and the relative stability of complexes.
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Figure 1 Structures of Three Types of Dioxins
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Figure 2 Calculated Models for Complex
Formation of PCDD(1) with CD(2)
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Figure 4 Optimized Molecular Structures of 1:1 Complexes of PCDD(1) with o-CD(2a) and B-CD(2b)

obtained by MM Calculation
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Figure 5 Optimized Molecular Structures of 1:1 and 2:1 Complexes of PCDD(1) with y-CD(2c) obtained by

MM Calculation
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Table 1 Change in the energies and their components of complex formation of
PCDD(1) with CD(2) in gas phase obtained by MM calculation®"

1-2a 1-2b 1-2¢(A)? 1-2¢(B)”

Total energy -117.0045 -122.7667 -106.0447 -134.5753
Force-field terms -117.0045 -122.7667 -106.0447 -134.5753
Stretch 0.0000 0.0000 1.1563 -0.0279
Bend 0.0000 0.0000 16.4010 0.0705
Proper torsion 0.0007 0.0001 -10.4017 0.0458
Out-of-plane 0.0000 0.0000 0.0000 0.0000
Van der Waals -98.0974 -103.1349 -80.3783 -110.4327
Electrostatic -18.9071 -19.6313 -32.8213 -24.2281
All solvation 0.0000 0.0000 0.0000 0.0000
Solvation Term 1 0.0000 0.0000 0.0000 0.0000
Solvation Term 2 0.0000 0.0000 0.0000 0.0000

a) Based on MM(Amber* force field) calculation in gas phase.

b) KJ/mol

c) Change in the energy[total energy of inclusion compound(Host-Guest)]-[(total energy of

Guest)+(total energy of Host)].
d) 1:1 Complex
e) 2:1 Complex

Table 2 Change in the energies and their components of complex formation of
PCDD(1) with CD(2) in water model obtained by MM calculation**®

1-2a 1-2b 1-2¢c(A)? 1-2¢(B)?

Total energy -68.9375 -81.0898 -77.5990 -122.7126
Force-field terms -99.2424 -121.4699 -109.4678 -185.7428
Stretch 0.0024 -0.0010 -0.0002 0.0000
Bend -0.0031 -0.0125 -0.0033 0.0000
Proper torsion 0.0006 -0.0015 -0.0032 -0.0002
Out-of-plane 0.0000 0.0000 0.0002 0.0000
Van der Waals -92.8232 -101.1111 -104.0384 -161.0985
Electrostatic -6.4208 -20.3433 -5.4242 -24.6444
All solvation 30.3055 40.3799 31.8688 63.0301
Solvation Term 1 -10.7318 -9.8415 -11.2083 -14.0088
Solvation Term 2 41.0371 50.2226 43.0770 77.0396

a) Based on MM(Amber* force field) calculation in GB/SA water model.

b) KJ/mol

c) Change in the energy[total energy of inclusion compound(Host-Guest)]-[(total energy of

Guest)+(total energy of Host)].
d) 1:1 Complex
e) 2:1 Complex
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Figure 7 Snapshots of Molecular Structures of
1:1 and 2:1 Complexes of PCDD(1) with
¥-CD(2c) obtained by MD Simulation

Table 3 Change in the energies and their components of complex formation of
PCDD(1) with CD(2) in gas phase obtained by MD simulation®*?

1-2a 1-2b 1-2¢(A)? 1-2¢(B)?
Average potential energy -77.69 -91.88 -89.17 -91.91
Average kinetic energy 7.40 7.46 1.73 7.35
Average total energy -70.29 -84.42 -87.44 -84.55
Average potential energy
scaled to 300.0 deg K -77.60 -91.86 -90.89 -99.25
Av stretch 1.41 -2.13 -10.42 -1.28
Av bend -10.44 -8.40 -5.96 6.82
Av torsion 31.27 5.35 6.79 1.36
Av van der Waals -93.34 -81.91 -71.32 -130.15
Av electrostatic -6.50 -4.76 -10.00 24.02
Av solvation 1 0.00 0.00 0.00 0.00
Av solvation 2 0.00 0.00 0.00 0.00

a) Based on MD(Amber* force field) simulation in gas phase.

b) KJ/mol

c) Change in the energy[total energy of inclusion compound(Host-Guest)]-[(total energy of

Guest)+(total energy of Host)].
d) 1:1 Complex
e) 2:1 Complex
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Table 4 Change in the energies and their components of complex formation of
PCDD(1) with CD(2) in water model obtained by MD simulation*>®

1-2a 1-2b 1-2¢(A)? 1-2¢(B)?

Average potential energy -46.54 -58.05 -50.93 -48.88
Average kinetic energy 7.48 7.45 7.44 7.51
Average total energy -39.06 -50.61 -43.50 -41.36
i e ool -46.55 58.02 -50.89 -48.91
Av stretch 1.78 -1.03 -0.84 -1.66
Av bend -1.95 -6.37 -2.54 -0.60
Av torsion 22.38 6.16 -4.20 5.68
Av van der Waals -92.32 -76.31 -66.41 -73.47
Av electrostatic -18.59 -16.83 -9.24 -10.62
Av solvation 1 -6.38 -6.38 -5.98 -7.79
Av solvation 2 48.59 42.72 38.33 39.57

a) Based on MD(Amber* force field) simulation in GB/SA water model.

b) KJ/mol

c) Change in the energy[total energy of inclusion compound(Host-Guest)]-[(total energy of

Guest)+(total energy of Host)].
d) 1:1 Complex
e) 2:1 Complex
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L7 FORERD LD ZHRIELNT,

1) 5Fh%HMM)EHEIC X b, SR OKEHR
EFNVTOH PCDD & CD DLIKRULIEESEDEE
bz AVF—FEHLEIA, TXRTIIBNT,
1312 CD O PCDD SN TWSE Z LS
bhol, BRENLLAZIZ70FFA MY L
PCDD DaEERIZHE D = %V F — (Complex T
BREOIANVE =) &, TRTIAFRATHY, &
IVR=FAVMUDZAINVF—TIE, 77 TN T —
WANDOEIKRELEDNT VB, WHEDBK
HHEERHOMREIEE Y. BEEARORERL
EMTAZLERLE, RMAFTOLZLIBEEED
ZEALZ &IV F —13B-CD>0-CD>y-CD DJETH o
Tohs, KBHHPTIEZy-CDD 77 Y FVT — VA
DREPKE L %Y, B-CD>y-CD >a-CD DJEE 72 o
i

2) FFEHF(MD) % w5 R OKEBRET
VTDYIalb—YarTid, MMEtEDOER L
FfkICEE L BEROFEI RO LN, MM &
BOBREELY, SHERUKBHEF & bB-CD>y
-CD>0-CD DJEE 72 o720 T2, KBWPTHOET
ANVF—DORPIZ, I VR—F YV MO LNV F—
ZERTHGD5 LH1C. FTFHEOKMT AL F—
PRELEFESELTEBY, BEOKICLYES L,
SRR ANVF—WRD LR TH L L

Zzxbhb, TOHEBAFEIZE Y, PCDD & CD
EDBEERIEY, WHLT A X U 5TD
CDICEICEESNE e FRT AL E DI,
CD 2 & 2 HBHREW N IHEEROBMR Y — v
N RAHEET AN TEL, TLINLDHERLD
CDICEBF A+ FT  OENEN+TRTH S
EEZLNS,

AWFFEDOETICH 2D, EBRICH DL TFE 572
R OfEES, EHEREOHKICE BRHE
LF ¥ o ARBFZEIL P16 E R RHE R A 5E
(GREEFES16500479) & VB 164F B A R 52 1
TEEIBI R EER L VW iT b,
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