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SUMMARY

The paper deals with upgrading semi-quantum relaxation method to study the ability of
docking CO on nitrogen base groups of DNA, Taking into the whole simulated box covering DNA,
the priority places where CO molecular docked on could be defined. The structures of the clusters

created by CO docking on DNA have alse been investigated. The energy change of the cluster
Jormation lays between physical and chemical adsorption one which could not be studied
successfully by cluster approximation on Gaussian or Gamess software.

- MO DAU

Trong ¢dng trinh trude [1] chiing téi 3 trinh
bay nhitng két qua budc ddu thu duge trong viéc
khéo sit b&n d6 (docking) cho cac phan tr CO
tréen DNA st dung thuat giai di truyén va
phuong phdp héi phuc dong luc phan tir ban
lugng tir. Nhitng két qua thu duge trong [1] chi
mdi dimg & nhiing b&n db cuc bo khi khong gian
khéo sat duge gidi han trong viing 1an c4n cla
nhém bazo nito duge chon. Trong bai bdo nay
dé m& rong khéng gian khio sdt ra toan bo hop
mo phong chira phan tir DNA, ching téi sir dung
k¥ thuat luéi (grid) chia hop mo phong thanh
céc phén tlir nho (element), dat tAm khoi phan tir
COC vao giita céc hop nhod va sir dung ham ngiu
nhién dé dinh huéng CO trong hop va viéc t6i
uu nang legng duge thue hién 1an huegt véi tdt ca
céc hop nho nay. D€ cdu trnic ddm (cluster) ma
phin tir CO gan két 1én phl hop véi thuc t€
ching t6i st dung nguyén tir H thay thé
(cascadeur) cho nguyén tir C lién két nhém bazo
nito va axit riboz. Viéc khao sit nang luong va
cfu tnic d4m hinh thanh tai vi trf can bing “CO
- DNA” cho ta nhitng théng tin dé két luin vé
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kha nang ciing nhu ban chat cia sy gin két CO
l&n phan tir DNA.

II- CO SO LY THUYET

Gin ding SQMD da dugc trinh bay chi tiét
trong nhitng cong trinh trudc day cla tac gia [4].
Co so 1y thuyét ciia phép gdn ding SQMD dya
rén viéc ching ta cé thé viét lai Hamllton clia
hé nhi€u phan 1 dudi dang:

7G(Q’ q’ P’ p) = ‘X(P9 q) + z(oone (Q’ q) +
Q. @) (D

trong dé q = {q,} 14 tap cic toa dd tim khaoi clia
nguyén tir, p = {p,} 14 tdp cidc momen tam khdi
nguyén tir, Q = {Q,) va P = {P;} 1a toa d6 va mo

men tam kh6i phén tr, X, @ 1a phdn dong ning
va thé€ ning cia Hamilton 7. @, 12 thé cha hé
lugng tr mot nguyén tir va @7 1a thé tuong quan
trao d6i gitta cdc hé lugng tr mot phan tir, Theo
dinh luat Hel!lmann-Feynman: khi méi obitan 1
mot trang thdi riéng cita Hamilton thi dao ham
riéng cla nang lugng dng theo toa do cdc ion
chinh 14 luc tic dung 1én ion dé. Tic 1a:




dEXC
- aq,

FkXC (2)

Ap dung gin ding tuong tic cap biéu thirc
tinh tdng luc F, tdc dung lén nguyvén tir k cha hé
duge viét dudi dang:

Lo — N
Fo=F™+F =3 fu+ 2 fo+ 2 Fo
J=M+t

‘ (3)
trong dé L 14 s6 nguyén tl trong phan tir nhd, M
la 6 14n can lugng tir ciia k

M

i=1 =1

Trong trwong hop st dung gan ding dam
phan tir (3) cé thé viét lai thanh:

L+p N
F, = Fkone +FkXC = kar + kaj_] )
i=1 J=M+
trong d6 L+M.1a kich thudc ddm va duoe chon
¢@ dinh trong qué trinh tinh todn.

Khi d xdc dinh duoc lyc tdc dung lén méi
nguyén tir ching ta ¢é thé dp dung phuong trinh
giam Newton dé tinh toin qud trinh héi phuc
R = RY -+ 2, (R = R+ Py ((RY))

(5)
trong d6 R 1a toa dd nguyén tir k, F 1 luc céc

dung lén k, n; 12 bude tinh todn thid i, n; - 1 12
bude trude do va n; +1 14 bude sau dé. A va p la
cdc tham s6 phu thudc vao loai nguyén tir k.

III - THUAT TOAN

Phin mém SQMD di dugc trinh bay trong
[1]. Trong phan nay chiing t6i chi néu ra nhimg
ci tién cla chuong trinh dé ddp Ung cdc yéu ciu
ctia viéc m& rong khong gian khao sat ddi véi vi
tri ban ddu ctia CO. Khi nguyén tir CO tién gin
dén mot ddm t6i khodng cach lugng tr (Rg), luc
luong tir s& duoc tinh todn. & diy chi quan tam

~ dén tuong tdc cia CO vdi cac ddm 1a cdc gdc

bazo nito trong phan tor DNA. Khi xét cdc ddm
la cdc gbc bazo nitg (A, T, G, C) ciing véi
nguyén tr C (bazo nito lién két véi axit riboz
trong mach DNA qua nguyén to C d6), thi
nguyén tr C nay s&€ bi thi€u hda tri, mat do
electron tap trung 1dn & C nay, diéu d6 khong
phan dnh ding ban chit cha gdc bazo nito trong
phan t¢r DNA. Dé khéc phuc nhuge diém do,
ching t6i thay nguyén tr H vio nguyén tir C nay
khi xét ddm riéng r€ (trong file input thay
nguyén tr C lién két bang nguyén t& H, git
nguyén toa d¢ cla nguyén tir C thay thg), dong
thdi thém mot doan code sau vao subroutine
QFPRQOT tinh lyc twong tic:

WRITE(**) " WOULD YOU LIKETO USE CASCADEUR (Y N)?

READ(**) OK
LCASCADEUR = FALSE.

IF(OK.EQ.Y OROK.EQ.y' )LCASCADEUR=TRUE.

READ(1,*) NUMGROUP
DO [=1 NUMGROUP

READ(1,*) NGROUFPP(I), IGROUPB(I}
READ(1,*) IGROUPC(])

IF (LCASCADEUR}
END DO

D¢ khdo st duge toan bo khong gian chita phan tir DNA d6i véi toa do ban ddu cha CO, hop
mo6 phong chita DNA ¢6 kich thude x(-9,7600, 9,7600), y(-10,1980, 10,1980), z(-17,6324, 17.6324)
dugc chia ra 20%20#30 = 12000 hop nho. Sau d6 1dn lugt dat ngiu nhién phan tr CO vao timg hop
nho va tién hanh tinh todn hdi phuc. Nhitng hop nhé qud gin (R, < 1 A) hoac qud xa (R, > 4 A)
cdc nguyén tir clia DNA déu bj loai, vi thé s8 lugng vi tri duge xét khong phai 1a qua 16n. Code thuat

todn cé dang:

DO IXGRID = [XGRID1 21
XCENTER = XD + (IXGRID -1} * DIX
DO IYGRID = 1,2]

YCENTER = Y0 + (IYGRID -1) * DIY

DO 100 [ZGRID = 1,31

615



ZCENTER = Z0 + (IZGRID -1) * DIZ
WRITE(* *) IXGRID JYGRID JZGRID
WRITE(NLUONG * "' IXGRID JYGRID JZGRID
CALL RANQ(QP)
ICOUNT=0
DO IS1=1,NSITS(1}

ICOUNT=ICOUNT+1

RXI =R(ISII)
RYI = R(IS1,2)
RZI = R(S1.3)
CALL ROTATEMD{(QP RXI RYI.RZI)

SXICOUNT) = RXI+XCENTER
SY(ICOUNT) = RYI+YCENTER
SZ(ICOUNT) = RZI+ZCENTER
END DQ! OF IS
DRZMIN =1000.0
DO ISI = 1, NSITS(1)
DQ IS2 = NSITS(1)+1 NSITS(1 }4+NSITS(2)
DX =SX151) - SX(152)
DY = 8Y(181) - 5Y(I82)
DZ = SZ(I81) - 5Z(152)
DR2 = DX*DX + DY*DY + DZ*DZ
IF (DR2 LT DR2MIN) DR2MIN = DR2

END DO
END DO
DO IS = 1,NSITS(1)

WRITE(NLUONG,(3F12.5)") 5X(18) SY(IS5).SZ(I5)

END DO

IF (DR2MIN LT RMIN2 OR.DR2MIN .GT RMAX2) GOTO 100

END DO
END DO

IV - KET QUA TINH TOAN

Chuéi DNA duge dat trong hop mé6 phéng
c6 tinh chit tudn hoan. Kich thudc hop: x(-
9,7600, 9,7600), y(-10,1980, 10,1980), z(-
17,6324, 17,6324) (hinh 1), nhém hoat dong la
cic bazo nitd c6 s§ nguyén tir xdc dinh
{Adenine: A 14 nguyén tir; Timine: T 14 nguyén
tir; Guanine: G 15 nguyén tr; Citozine 12
nguyén tir) cong thém 1 nguyén tir H thay thé
tao ra dam dugc tinh todn méi khi CO tiép can
nhém bazo nitg do.

Khoang céch R, dugc chon 1a 2,0 A, cic
tham s6 ctia phuong trinh (5) chon 14 4 = 0,7 va
~ khéi luong nghich ddo p =2,0. Khi CO tiép can
mét ddm (R, < Rg) cdce tham s nay duge chon
la 0,1 va 0,3, Iyc lic nay duogc tinh theo lugng ti
v6i cdc nguyén 1 trong ddm. Khi phan tir CO
tién lai gn mot ddm, néu né gén két dugc vao
ddm.46 thi nang luvgng s€ giam dén theo s bude
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WRITE(IW * INGRID IYGRID IZGRID

hdi phuc va dat dén gid ui khong d6i khi so
buéc hoi phuc ting dén gia tri di I6n (hinh 2a).
Péng thai, khoang cdch R, gidm didn va dat
gid tri khong ddi khi s6 budc héi phuc tang
(hinh 2b). Chiing t6 phan tir CO da gin lén dam
ma né ti€p can trong phan tir DNA.
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Hinh 1: Chudi DNA trong hop mo phong
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Hinh 2: Bién thién ning lugng (a); Khodng cich gan nhat dén DNA (b);
do dai lien két CO (c¢): phu thudc vao s bude héi phue

Trong quéd trinh gén két 1én phan tr DNA
clia CO, dao dong noi phan tir cha CO thé hién
mot cich rd rét (Hinh 2¢), khi CO gén 1én DNA,
khodng cdch Rc, dat gid tri khong déi. Chimg
16 trang thdi “CO - DNA” dat dén can bang.

Tién hanh quét trong toan bd khong gian
hop mo phong chita phan tr DNA, ching 15i
thdy chi ¢6 6 vi tri ddm nguyén tir khi CO tiép
can réi gin duge 1én dam d6. Cic gid trj nang
lugng, khoang cdch R, khoang cich R, cla
cdc ddm duge trinh bay trong bang 1.

Bdng I: Nang lugng, khoang cich R, lién ket
Rco khi CO gén lén cdc ddm ciia DNA

Céc dam E, au. Ruw A | Reo, A
Citozine_2 | -63,9568 | 1,86655 | 1,16342
Citozine_2 | -63,9563 | 1,90683 | 1,16359
Citozine_2 | -63,9568 | 1,89926 | 1,16399
Adenine_3 | -69,4056 | 1,83261 | 1,16065
Adenine_t | -69,4092 | 1,86079 | 1,15875
Timine_1 -73,7342 | 1,91209 | 1,16033

Tir bing 1 nhan thdy, khé nang gin cha CO
lén phan tir DNA ¢6 uu th€ vao nhém Citozine
thit 2. Khi tiép cén tir cdc vi tri khdc nhau, nang
lugng gén ciing nhu khoang cich R, v Reo
khéc nhau, tifc 1a trang thai “CO -DNA” khdc
nhau. C6 thé giai thich cho wu th€ d6 vi nhém
Citozine2 nhd nhat vd ndm gita hai nhém
Timine2 va nhém Guanine2,

Nhém Citozinel khong gin duge cd 1€ vi

- ndm gilta hai nhém 1én Guaninel vi Adenine2.

¢ day nhém Guanine cé kich thude 16n nhdt nén
khong ¢6 khi ning gén (hi¢u ing khong gian).
Nhém Adenine ¢6 14 nguyén tr, nhung do
ching ndm phia ngoai (Adeninel va Adenine3)
nén ching c¢6 thé gin CO, tuy vay nhém
Adenine2 ndm & giita thi khong thé 13 bén db
(docking) cho phan tir CO duge. D€ ¢6 céi nhin
thuc t&, va ciling thu dugc thém thong tin, ta xét
dén cau tric cha cdc ddm tao thanh khi CO gén
lén phan tir DNA (hinh 3).

Tu cdu triic cha cdc ddm ta nhan thdy, khi
CO lai gdn nhém Citozine cia DNA déu gin két
vao nhém -NH,, dau O cua phan tir CO hudng
vé ddm (lién két Hidro déng vat trd quan trong
trong qud trinh nay). Con lai, khi CO gin két
vao cdc nhém bazo nito khdc thi chi Ia sy gin
vat 1¢ bing Iuc Van der Waals, diéu d6 c6 thé
gidi thich mot phin do kich thudc cha cic nhom
bazo nitd nay 16n, kha ning tao lién két hidro 1a
khé khan.

V- KET LUAN

Khi khao sdt toan bd khong gian chita phan
tr DNA béng phuong phap tinh héi phuc dong
lyc phan tlr ban lugng tr dé nghién ciu sy gén
ctia CO trén DNA. Ching toi nhan thay:

Phéan tir CO kém hoat dong, nén kha nang
gén két vio phan tir DNA 1a khong 16n.

Khi CO gin két 1én DNA thi chi tap trung
vho nhitng vi tri thuan lgi, khong bi an ngit
khéng gian.
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(e)

(d)

Hinh 3: Cdu trdc ddm khi gin CO vao cdc nhém bazd nito cia DNA
Citozine2 (a)}, (b), {c); Adenine3 {(d); Adeninel (e); Timinel (f)

Qua trinh gin két tao nén mot trang thii can
bang “CO - DNA”. Lién két Ro, dat gid tri
khong déi (thay déi rat it so véi lien két C-O
trong phan t&r CO & trang thdi tu do).

Khi gdn két vio nhém Citozine luon tao ra
lién két Hidro, con gin két vao cidc nhém khéc
thi chi 12 gén thong thudng.

bé xuit duge phuong phép nghién citu kha
nang gan phan tir nho lén cdc phan tir I6n, nang
lugng chia qud trinh gén két khong 16n ndm giita
gin két héa hoc va gan két vat 1y, Day 1a ving
khong thé khido sdt dugc bing gin ding ddm
nguyén tr véi cdc phin mém Gaussian va
~ Gamess.

Cong trinh nhdn duge sy tdi trg cia Bo Khoa

hoc va Cong nghé trong khuon khd dé 1ai, mad s¢

5.072.06. Tdc gid xin chdn thanh cdm on.
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