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NGHIEN CUU sy GAN KET CO TREN DNA BANG PHUONG PHAP
HOI PHUC PONG LUC PHAN TU BAN LUONG TU

Dén Toa soan 2-1-2007
DANG UNG VAN
Trung tam ting dung tin trong héa hoc, Pai hoc Quéc gia Ha Noi

SUMMARY

A semi-quantum molecular dynamics relaxation method has been introduced and applied to
study on the adsorption of CO on DNA. Using this method the quantum energy changes and the
fluctuation of intramolecular atom distances of the adsorption process have been investigated
successfully in the region lying between physical and chemical adsorption which could not be
studied successfully by cluster approximation on GAUSSIAN or GAMESS software.

- MG DAU

Trong cong trinh [1] chiing t6i da trinh bay
nhiing két qua thu duogc khi két hgp thuat giai di
truyén vdi gan ding ddm nguyén tir dé xdc dinh
vi tri gdn két phan tir nho 1én cdc phan tir sinh
hoc. Két qua tinh toan véi hé CO - DNA cho
thdy viéc ap dung phuong phdp nay cho két qua
hop 1y va 6n dinh. Uu diém cta phuong phap la
¢6 kha nang cho chiing ta mot trang thai toi wu
toan cuc dinh vi lan can nhém dac trung nao do
cua protein. D€ ¢6 thé xdc dinh dugc mot can
bang dong éphan tir nho - phan tir sinh hocé can
thiét phai 4p dung céc nguyén tic ctia dong luc
phan ti. Nhiing tinh todn dong luc phan tir doi
vGi cac hé protein thudng doi hoi thoi gian tinh
toan va chi phi may tinh cao, ngay ca khi chi st
dung gin ding c¢6 dién cho viéc tinh luc giita
cdc nguyén tir [2, 3] dé khdo sat bén dod
(docking) cho cac phan ti nho trén protein. D6
cling la ly do vi sao viéc tinh todn tuong tac
éphan tlr nho - proteiné dua trén gan ding luong
tur con it dugc quan tam nghién ctu. Theo huéng
st dung gan ding ban luong tir (semi-quantum
molecular dynamics - SQMD) [4] cho nhiing hé
phtic tap d€ mot mat giam bét thoi gian va chi
phi tinh todn, mat khic thu dugc nhiing thong
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tin ¢6 do tin cay cao hon vé tuong tic phan ti -
protein, trong bai bdo nay ching to6i trinh bay
két qua dp dung phuong phdp hoéi phuc dong luc
phan tlr ban Iuong tr cho hé nghién ctu trén.

II-CO SO LY THUYET

Gan ding SQMD da dugc trinh bay chi tiét
trong nhitng cong trinh trudc day cua tac gia [4].
Co s6 ly thuyét cua phép gian ding SQMD dua
trén viéc ching ta c6 thé viét lai Hamilton ctia
hé nhiéu phan tir duéi dang:

76Q. q, P, p) = X(P, @) + X0, (Q, q) +

0°Q,q) (D
trong d6 q = {q,} 1a tap céc toa do tam khdi ctia
nguyén tit, p = {p,} 1a tdp cdc momen tam khoi
nguyén tir, Q = {Q;} va P = {P,} 1a toa do va mo
men tam khoi phan tr, X, @ la phan dong nang
va th€ nang ctia Hamilton 76. @, 1a thé cua hé
lugng tit moOt nguyén tir va @ 1a th€ tuong quan
trao déi gifta cdc hé lugng tr mot phan tir. Dang
tudng minh cta @ c6 thé dugc xac dinh theo
dinh luat Hellmann-Feynman: khi mi obitan 1a
mot trang thai riéng ctia Hamilton thi dao ham
riéng cla nang luong tong theo toa do cic ion
chinh Ia lyc tac dung 1én ion d6. Tic la:



dEXC
dq,

Mat khéc, theo gan ding tuong tic cap hoan
toan c6 thé phan tich F*® thanh tdng luc tic
dung 1én k ctia cic nguyén tlr thudc cdc phan ti
lan can. Néu céc nguyén tir & rat gan nhau thi
luc nay dugc tinh tir bién thién nang lugng hoac
luong tr hodc co hoc phan tir ciing theo dinh
luat Hellmann-Feynman. N&u cdc nguyén tit &
xa nhau thi ¢6 thé d4p dung cédc ham thé kinh
nghiém nhu L-J6-12 hoac Birmingham hoac luc
ion. Lic do6:

M N
FX=)fu+ 210 3)
I=

=M+l

FkXC )

trong d6 M la s6 nguyén tir roi vao vung luong
tlr d6i v6i nguyén tir k. N 12 téng s6 cdc nguyén
t 1an can khong & trong cling mot phan tir véi
k. fla lyc lugng tir va f™1a lyc Van der
Waals.

Bdi vi trong nhitng tinh toan lugng tit cua hé
mot phan tir, (2) cling da duoc st dung dé tinh
luc gita cdc nguyén tr trong mot phan ti
F " nén sau khi két hop vé6i (3) biéu thiic tinh
téng luc F, tic dung lén nguyén tir k ctia hé c6
dang:

o Xxc - < 7 & LJ
Fo =F ™ +F; :kai +kaj + kaj
i=l j=1 =M+l
4)
trong d6 L 1a s6 nguyén tl trong phan ti nhd. M
la s6 1an céan luong tlr cta k.
Trong truong hop st dung gin ding dam

phan tir (4) c6 thé viét lai thanh
L+M

~ N
Fk:Fkone-'-FkXC:kai-'- sz]LJ (5)
i1

J=M+1
trong d6é L+M la kich thuéc ddm va dugc chon
c0 dinh trong qua trinh tinh toan.

Khi da xdc dinh duoc luc tic dung lén moi
nguyén tir ching ta c6 thé 4p dung phuong trinh

kapproach=0
do k=1 to N do mark(bk)= false.

giam Newton dé tinh todn qu4 trinh héi phuc

R =R+ A (R = RY) + 4 Fy (R D)

(0)
trong d6 R 1a toa do nguyén tu k, F 1a luc tic
dung Ién k, n; 1a budc tinh toan tht i, n; - 1 la
budc trudc d6 va n; +1 la bude sau d6. A va U 1a
cac tham s6 phu thudc vao loai nguyén ti k.

11T - THUAT TOAN

Piém mau chét trong gian ding SQMD la
tinh todn luc tic dung l1én méi nguyén tl trong
phan ti. Vi nhitng nguyén tit & khoang cach xa
so véi k thi luc tdc dung 1én k 12 dao ham riéng
ctia cdc ham thé& kinh nghiém LJ6-12 theo toa
do mdi nguyén tir. V6i cdac nguyén tir & khoang
cach gan, tic 1a cdc lan can luong tir cta k thi
thuat toan GAMESS duoc st dung. C6 hai cach
x4c dinh cédc 1an can lugng tr cia nguyén ti
trong nhitng tinh todn phan t&t nhd - DNA.

Thi nhat 1a gan dang tiép can, theo do tét ca
cac nguyén tir cua DNA c6 khoang cach téi cac
nguyén ti cua phan to nhd duoc dua vao tinh
toan lugng tir nhu 1a mot phitc bé mat ciia DNA.
Nhu vay, phtc s€ khong cé cdu tric xac dinh.
S6 cdc ti€p can ¢6 thé 1a 1, 2, 3 hoac hon nhung
thay dodi trong qua trinh héi phuc.

Thit hai 1a gan ding dam, theo d6 mot s6
xac dinh cdc nguyén tu (thuong la trong cung
mot nhom dac trung ctia DNA, vi du nhu cic
bazo nito hodc cic gdc photphat) dugc lua chon
trong su6t qua trinh tinh toan.

Trong ca hai cdch ching toi déu giit cho cac
nguyén tir chia DNA c6 dinh. Mot phéan 1a dé
don gian bai todn va mot 1y do quan trong khac
la giam b6t dung luong tinh toan luc tic dung
1én cac nguyén tir DNA.

Toan bo cong viéc tinh luc tic dung lén
nguyén ti cta phan tir nho dugc thuc hién trong
chuong trinh con QFORCE vé6i mot phan tinh
theo cdc biéu thiic lugng tr va mot phan tinh
theo co hoc phan tir [4]. Code thuat todn cé
dang:

vong ldp theo cdc nguyén tir ciia phdn tir nho (ai)
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vong ldp theo cdc nguyén tir cia DNA (bk)

if (r12.1t.qdistance) then

kapproach=kapproach+1

imark(bk)=.true.
endif
két thiic vong Idp theo bk
két thiic vong Idp theo ai
nat=nat(1) + kapproach
if (kapproach.gt.0) then

call energy
else

call L-J
call RELAX

IV - KET QUA TINH TOAN VOI HE
CO-DNA

1. Gan ding dam nguyén tir

Mot chudi DNA doc 1ap dugc dat trong hop
mo phong cé tinh chit tuan hoan. Kich thudc
hop (A) la: x(-9,7600, 9,7600), y(-10,1980,
10,1980), 2(-17,6324, 17,6324). Chudi DNA
xodn quanh truc Z (hinh 1).

Hinh 1: Chudi DNA ¢6 gén CO
(tai vi tri ¢6 mii tén chi)

Theo céch tinh gan ding dam nguyén tk [5,
6] 4p dung cho h¢ CO-DNA [1] mot dam 17
nguyén tr da dugc chon gom: 2 nguyén tlr cua
CO, 14 nguyén tir cia nhém bazo nito Guanin
va 1 nguyén tit C cia nhém riboz (xem cac hinh
3 va 4). Trude khi tinh todn lugng tir can thuc
hién mot s6 budc co hoc phan tu - tic 1a luc F
trong phuong trinh (6) dugc tinh dya trén mau
co hoc phan td MM. Khi khoang cdach gin nhat
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! tinh ndng luong va gradien ctia phitc bé mdt

! tinh tuong tdc cdp ti thé kinh nghiém L-J6-12
! tinh toa dé mdi cia phdn ti nho theo (6).

cia mot trong hai nguyén tir cia CO véi mot
trong cdac nguyén tir khiac cua ddm nhd hon
khoang cach lugng tir thi bit ddu qud trinh tinh
luc F bing cdc gin ding héa lugng tir. O day
khoang c4ch luong tir duoc chon 13 1,5 A. Trong
giai doan mot dé rit ngén thoi gian dua phan tir
CO lai gan DNA, céc tham s6 clia phuong trinh
(6) chon la: A = 0,7 va khai luong nghich dao p
= 2. Sau khi hé dat t6i khoang cach luong tlr cac
tham s6 nay duoc chon 14 0,1 va 0,3.

Hinh 2 cho thdy khoang céach giita hai
nguyén to C va O trong ciac buGc mod phong
lugng tir ¢c6 dang dao dong gan vé6i diéu hoa
(hinh 2c¢) trong khi dé trén duong nang lugng
xudt hién cuc tiéu ¢ budc thit 9 véi E = 79,5926
a.u. (hinh 2a) va khoang cdch ngan nhat rmin t6i
cdc nguyén tir cia DNA giam gin nhu tuyén
tinh (hinh 2b). V6i téng binh phuong sai s6
4.10* c6 thé biéu dién su thiang gidng khoing
céch C-O bang mot ham sin (hinh 2c¢).

y= a.sin(bx+c) (7
trong d6 y la gid tri da can chinh ctia khoang
cach C-O,y = 100(Rco- R ), R la gia tri trung
binh ctia R . Gid tri cdc tham s6 la:

a=-0,0517 b=1,3325 ¢=0,5050.

Co6 thé thay rang qud trinh gén két 1én DNA
ctia CO anh hudng r6 rét dén tinh diéu hoa cta
dao dong noi phan tir CO. Su sai léch khoi diéu
hoa clia dao dong nay du 16n. Hinh 3 trinh bay
mot s6 ciu dang cia ddm thu dugc trong qua
trinh tinh héi phuc. Chiing toi da thtr tinh todn
céu dang cua cdc ddm nay trén cdc phan mém
GAMESS va GAUSSIAN d¢ so sanh nhung gip
phai kho khan ddng ké vi cdc nguyén tir thuodc



nhom Guanin & phia ngoai gan véi CO da bao
hoa héa tri va khong cé kha nang tao phic. Cic

thuat gidi t6i wu hinh hoc va tim diém yén ngua
déu khong hoi tu.

nang lwong (a.u.) khoang cach rmin (A) y=a.sin(bx+c)
-79.4 1.6 1.E-01
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Hinh 2: Bién thién nang luong (a), khoang cach gan nhit t6i DNA (b) va dao dong ctia R, /DNA
trong qua trinh tinh hoéi phuc (c), trong d6 y 1a gid tri di can chinh cua R, x 1a budc hoi phuc
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Hinh 3: C4u tric ddm 17 nguyén tir: (a) cdu hinh ban dau, (b) cdu hinh c6 nang lugng cuc tiéu,
(¢) cau hinh c6 nang luong cao va khoang cach C-O < 1,0 A (c6 miii tén chi)

Cdch tinh ldn cdn gan nhdt

Theo cach tinh lan can gan nhat thi khi cac
nguyén ti cua CO lai gan cdc nguyén tir cta
DNA s& hinh thanh nhitng dam tic thoi, cé kich
thudc va thanh phan nguyén ti khiac nhau bao
gom C, O va nhiing nguyén tr cia DNA c¢6
khoang céch t6i C va O clia CO ngan hon
khoang cich lugng tir R,. S6 nguyén tir trong
dam s& tang khi st dung R, 16n hon. V& nguyén
tac R, cang 16n thi s6 nguyén tor bé mat tham
gia ddm cang 16n va céch tinh gin véi thuc tién
hon. Tuy vay, vé€ mat thuat toan s& cé khé khan
cho viéc hoi tu SCF khi tinh nang luong theo
gan ding héa lugng tir néu kich thuéc dam qua
16n. Tuong tu nhu trong k¥ thuat tinh gan ding
dam nguyén t& [1], thoat tién cdc tinh todn co
hoc phan ta dugc thuc hién cho dén khi cic
nguyén ti cua CO lai gan cdc nguyén tir cta
DNA t6i khoang cach luong tir. Thong thudong

tai khoang ciach nay s6 lan can gan nhat khong
16n, tham chi = 1.

C6 thé nhan thay su khdc biét giita két qua
tinh todn & phan nay véi nhitng két qua thu duoc
O trén khi dung gin ding dam nguyén ti dac
biét 1a vé nang luong. N6i cach khac c6 su khac
biét gitta viéc chi tinh lugng to véi ddm 3
nguyén tu (vi du trong hinh 3 va hinh 4 1a O-C-
O) va viéc tinh v6i ddm n > 3 nguyén ti. Diéu
ndy c6 thé thdy rd trén hinh 4 khi so sdnh véi
hinh 2. Tinh chat diéu hoa cua su thang gidng
khoéng cdach C-O dudng nhu thé hién 1o rang
hon trén duong nang lugng. Cic tham s6 cla
phuong trinh (7) bi€u dién thang gidng khoing
cach C-O la a = 30,082, b = 1,5691 va ¢ =
1,9614.

Trong ving 14 budc héi phuc dau tién thé
hién r6 mot su ra vao déu dian cua CO trén
DNA. Nang luong bién thién gilra hai trang thai
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nay trong khoang ~ 0,3 (a.u.) xdp xi 188.282
kCal/mol. Gia tri nay v€ thuc chat khong lién
quan dén hang rao thé€ nang cua phan ting O +
C-O= CO, béi vi duong nang lugng E(R) v6i R
la khoang cdch cua mot trong hai O dén C chi
c6 mot cuc tiéu duy nhat. Mat khdc, trén dudng

nang luong con c6 diém cuc tiéu toan cuc Gng
v6i trang thdi giai hap CO (hinh 4a). Diéu nay
c6 thé dan t6i két luan ring mac du su gan CO
tréen DNA khong bén vé mit nang lugng nhung
van ton tai mot trang théi c6 nang luong cuc tiéu
cuc bo ro rét.
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Hinh 4: Bién thién nang lugng (a); dao dong cua khoang cach R (b) va cau hinh ting c6 nang
luong cuc dai (c) va cuc tiéu cuc bo (d)

V - KET LUAN

Tac gia da dé xudt dugc phuong phdp tinh
hoi phuc dong luc phan tr ban luong tr va ap
dung dé nghién citu su hap phu clia CO trén
DNA. Déng gbp quan trong nhat cia phuong
phap 1a da khao sat dugc bién thién nang luong
luong tr va dao dong khoang cach ndi phan tu
trong qué trinh hap phu & viing nang luong hap
phu khong 16n ndm gifta hap phu héa hoc va hap
phu vat ly. Pay Ia ving khong thé khéo st duoc
bing gin ding dam nguyén tir v6i cidc phan
mém GAUSSIAN va GAMESS.

Tdc gid xin chdn thanh cdm on B6 Khoa hoc va
Cong nghé da tai tro kinh phi cho cong trinh
nay trong khuoén khé dé tai, ma so'5.072.06.
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7.
Summary

STUDY ON THE DOCKING OF CO ON DNA USING SEMI-QUANTUM MOLECULAR
DYNAMICS RELAXATION METHOD
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