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KHAO SAT CAU TRUC DAM HINH THANH KHI GAN KET H,0
LEN CAC BAZO NITO TRONG CHUO! DNA BANG
PHUONG PHAP HOI PHUC BAN LUGNG TU

Dén Toa soan 23-4-2007

NGUYEN HOU THO, DANG UNG VAN
Trung tdm iing dung tin trong hod hoc, Pai hoe Qude gia Ha Not

SUMMARY

The paper deals with studying on the ability of docking H,O on nitrogen base groups of DNA
by Semi-Quantum Relaxation method. The structural clusters were defined. The lengths of
hydrogen bonds calculated and the places in nitrogen base groups where H,0 docked is are in a

very good agreement with the references. It is proving that the algorithm is suitable and ir can be

extended to study different ligands docking.

1-M0O DAU

Trong nhitng cong trinh truée [1] ching toi
da trink bay nhimg két qua thu dugc trong viée
khao sit bén dd (docking) cho cdc phén tr CO
tréen DNA st dung thuat gidi di truyén va
phwong phdp h6i phuc dong luc phan tir bin
lugng tir. Trong bai bdo nay, nhing két qua thu
dugc trong [1], dugc phat trién dé nghién ctu sy
gin két cha H,0. Nubc ¢ vai tro quan lrong
trong d&i sdng sinh vat, né la dung moi hoa tan
nhidu chét, 12 thanh phdn khong thé thi¢u duge
trong cd thé séng. Nén viéc khao sdt wong téc
ciia nude voi cic phan tir 16n trong co thé song
(DNA, RNA, Protein...) ¢G tdm quan trong dac
biét, trong bai bdo nay ching 16i chon déi tugng
nghién ciu la chudi DNA. Trong DNA, nudc
chidm 30% thanh phén theo khdi lugng (6],
tuong téc chinh cha nudc véi chudi DNA la lién
két hidro. Viéc nghién ciu cdu triic lién két
hidro trong chudi DNA bang tia X 1a khong hop
1y [6], vi su dinh hudng clia phan 1 nude s€ bi
thay déi khi ¢6 mat tia X. Bing phuong phip md
phéng héi phuc ban luong tlr, viec khao sét cho
nhilmg két qua déng tin cay hon [6]. Nhitng kél
luan duge rit ra khi nghién ciu céu tric nhém,
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khoang cich lién k&t hidro trong nhém khi nude
ghn két lén mot bazo nita. Trong nghién cdu
nay, viec phan tir nude tiép cdn mot nhém bazo
nito duge khio sdt tir cdc vi i ban ddu khic
nhau cho dén khi gén két duoc vao nhém do.
Ciu triic dam (cluster) gin két duge xdc dinh
dua trén viéc khio sdt ning lugng cua qud trinh
héi phuc, W d6 ¢6 the ket luan vé ban chit cia
s gin két H,O Ién phan tir DNA.

1-cOSG LY THUYET

Gin ding SQMD da dugce trinh bay chi tiét
trong nhig cong trinh trudc day clia tac gia [4].
Co & 1¢ thuyét clia phép gin ddng SQMD dua
trén viéc chiing ta c6 thé viet lai Hamilion cla
hé nhiéu phan tit dudi dang:

7(Q. q. P, p)= XK(P, Q)+ LV (Q. Q) +

oQ.q) (1)
trong d6 q = {q} 1 tap céc toa dé tam khai cla
nguyén tlt, p = {p,) 12 tap cdc momen tam khai
nguyén tr, Q = {Q} vaP=(P)latoa do va mo
men tam khoi phan tir, X, @ 1a phin dong nang
va th€ nang cia Hamilton 76. D, 14 thé cha hé
lugng tit mot nguyén 1 va @7 1i the twrong quan



trao déi gilia cac hé tugng tir mot phan tlr. Theo
dinh luiat Hellmann-Feynman: khi méi obitan la
maét trang thai riéng cda Hamilton thi dao ham
riéng cla nang lugng téng theo toa dod cdc ion
chinh 14 luc tdc dung lén ion d6. Tic la:

dEXC

dq,
dp dung gén ding tuong tic cap biéu thic tinh
téng lvc F, tdc dung 1én nguyén tir k clia hé
dugce viét dudi dang:

L M N
O + XC T 7 7
Fo=E" +F :kai+2fkj+ kaj
i=l = jeb 1

(3)
trong do L 14 s6 nguyén 1l rong phan it nhd, M
12 s& lan can lugng tir cha k.

FkXC _ )

Trong trudong hop sir dung gan ding dam
phén tir (3) c6 thé viét lai thanh:

¢6 dinh trong qua trinh tinh todn,

Khi dd xdc dinh duge luc tdc dung lén mbi
nguyén tif ching ta ¢6 thé &p dung phuong trinh
giam Newton dé tinh todn qud trinh héi phuc:

RM =Ry + A, (R =R Y+ 1, F, (R })

(3)
trong do R la toa do nguyén tr k, F 1a luc tic
dung lén k, n; 14 bude tinh todn thd i, n, - 1 14
bugc trude d6 van; + 1 1a bude sau dé, A va p la
cdc tham s0 phuy thudc vio loai nguyén tir k.

Il - THUAT TOAN

Phian mém SQMD da dugc trinh bay trong
[1], code “k¥ thuat ludi” va code “nguyén tir H
thay the” ciing dugc trinh bay trong [1]. Trong
nghién clru nay, ching 10i md rong cdch tiép can
phan wr H,O lén dam tir moi phia trong khong

gian, vi th¢ cdu tric dam hinh thanh la hoan
toan thue 1€ khi xét theo gid tri cuc tidu ning
lwrong. Thém mdt doan code sau vio subroutine
QstepProt tinh cdc giad tri nang lugng mbi khi
H,O gén két Ién 1 bazo nito:

L+M

N
Fo=F+F“ =% f.+ 267 @&
i=] :

j=M+1
trong do L+M la kich thude ddm va duge chon

DO IXGRID = ixgridi,21
XCENTER = X0 + (IXGRID -1} * DIX
DO 101 IYGRID = 1,21
YCENTER = YO0 + ([YGRID -1) * DIY
DO 100 I1IZGRID = 1,31
ZCENTER = Z0 + (IZGRID -1} * DIZ
WRITE(* *) IXGRID,IYGRID,JZGRID
WRITE(NLUONG,(AS5,316)'y* IXGRID,1 YGRID,JZGRID
WRITE{NLUONG,'(3F12.5))XCENTER.YCENTER ,ZCENTER
CALL RANQQP)
[COUNT=0
DO [ = 1,NSITS(1)
ICOUNT=ICOUNT+I
RXI =R(S1L,1)
RYL = R(151.2)
RZI = R(IS1,3)
CALL ROTATEMD(QP.RXLRYL,RZ])
SX{ICOUNT) =RXI4+XCENTER
SY(ICOUNT) =RYI+YCENTER
SZ(ICOUNT) =RZI+ZCENTER
END DO
DR2MIN =1000.0
DO ISY = 1, NSITS(1)
DO 182 = NSITS(1)+1 NSITS( | }+NSITS(2)
DX = SX(IS1) - 8X{182)
DY = SY{IS1) - SY(IS2)
DZ = SZ{IS1) - SZ(182)
DR2 = DX*DX + DY*DY + DZ*DZ
IF (DRZ2.LT.DRZMIN) DR2MIN = DR2
END DO
END DO
[F (DRZMIN.LT.RMINZ.OR.DR2ZMIN.GT.RMAX2) GOTO 100
WRITE(IW ,*) IXGRID,]YGRID,IZGRID
END DO
END DO
END DO
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IV - KET QUA TINH TOAN

Chudi DNA duge dat trong hop ma phong co tinh chat
tudn hoan. Kich thude hop: x(-9,7600, 9,7600), y(-10,1980,
10,1980), z(-17,6324, 17,6324} (hinh 1), nhém hoat dong 1i
cic bazo nitd c¢d s6 nguyén tr xdc dinh (Adenine: A 14
nguyén tr; Thymine: T 14 nguyén to; Guanine: G 15
nguyén tur; Cytosine: C 12 nguyén tr) cong thém 1 nguyén
tr H thay thé tao ra dam. Khi phan tor H,O 1iép cin bat ky
mot ddm ndo, niang lugng duge tinh todn.

Khodng cdch Ry, (khodng cich lugng ur) duge chon [
2,0 A, cdc tham s6 cua phuong trinh (5) chon la 4 = 0.7 vi
khéi lugng nghich dio p = 2,0. Khi H,O tiép cin mot dim
(Rmin < Ryy) cde tham s6 niy duge chon 14 0,1 va 0,3, lue Jue
nay dugce tinh theo lugng 1 va&i cdc nguyén tir trong dim.

Ung v6i mot nhém xdc dinh, trong qud trinh héi phuc
céc gid tri nang luong duge tinh, moi gid tri nang luong sé
(ng véi mot cdu tric ddm, cdu tric bén nhat s€ ¢ gid tri
g .. ning lugng cuc tiéu. Hinh ddng cla dé thi nang luong giam
=5 dan phu thudc vio s¢ budc héi phuc déu ¢é dang nhu hinh
;3‘3% 2a. Khi ning lugng duge sip x€p theo thi tw giam dén, do
Hinh I- Chudi DNA irong hop mo dai lién két H-O trong phan tir nudc phu thude theo s6 bude

phong héi phue ¢é hinh ddng nhu hinh 2b.
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Hinh 2: Bién thién nang lugng theo sO bude hoi phuc (a)
Bi¢n thién do dai lién két H-O trong phan (I nude theo s& bude héi phuc (b)

Khi nang lugng giam dan, dat dén gid tri khong doi (hinh 2a) ta thdy dao dong noi phan tr
cﬁaqHZO thé hién mot cdch khd rd (hinh 2b), khi H,O gan lén DNA, khoing cdch R, din dén gisd
tri 6n dinh. Chiing t6 trang théi “H,0 - DNA™ ddn dat dén can béng.

Tién hanh quét trong toan bd khong gian hdp moé phong chira phan tr DNA, ching ta sé thu
duge nhiéu thong tin hon khi xét dén cdu tric cdc ddm duge hinh thanh khi phan tr nude gin két lén
DNA (hinh 3). (Chudi DNA nghién cttu gém 10 bazg nito n6i két véi nhau qua cdc riboz theo thit w:
AITIGICIAZGZTZCZASGE)'
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(%‘“. Hinh 3: Cdu tric cha cdc ddm hinh thanh khi H,O
- gin két Ién cdc bazo nito trong DNA

(a), (b), {c) tmg v&i nhém Adenine thix 1, 2, 3.

(d), (e) tng v&i nhém Cytosine thir 1, 2.

(f), {g), (h) img vdi nhém Guanine thif 1, 2, 3.

(i), (j) ung v&i nhém Thymine thi 1, 2.

0

Tir ciu triic ctia cdc ddm (hinh 3) cho thay,  (hinh 3a, 3b, 3¢) lién két hidro dugc tao thanh tit
khi H,O gén két Ién cdc bazo nito déu tao litn  nguyén tr H cla nudc va nguyén tir N trong
két hidro. Trong cdu tric ddm “H,O - Adenine”  nhém. Trong cau tric dam “H,Q - Cytosine”
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(hinh 3d, 3e) len két hidro duge tao thiinh i
nguyén tr H cua nuGe vi nguyén wr O (xeton)
rong nhém. Trong cdu tric dam “H.O-
Guanine” (hinh 3f, 3¢, 3h) lien két hidrd dugc
tao thanh tif nguyén wr H clia nude va nguyén
O (xoton) trong nhém. Trong céu tric dam
“H,0 - Thymine” (hinh 3i, 3j) lién két hidro
dugc tao thanh tlr nguyén ti H cla nudc va
nguyén ta O (xeton) trong nhom.

Lién két hidro luon dugc tao 13 {ir nguyén
H clia nude, va mot nguyen tir c6 do am dign 160
trong nhém bazd nito. néu nhém cé nguyen twr O
(nhém chire xeton) thi luon 1ao lien két véi
nguyén tir O do, néu nhém khong chira nguyén
tr O, thi tao lién ket v6i nguyén wr N trong
ahém. Su dinh hudng cia nudc trong ciu tric
dam luon thuan 1gi nhat vé khong gian, luon & vi
ui xa nhit so véi nguyén tir H thay thé
(cascadeur). Piéu nay ¢6 thé gidi thich duge vai
iro lue ¢d dién MM 46t v6i cic nguyén ti nam
ngodi nhém bazo nito khao sat. Khi phan tw
nudc lai gan vi tri ciia H (cascadeur) thi luc MM
clia cac phan tir lan can tang {én rdt nhanh va
nude bi ddy ra xa. Do dai lién két hidro dugc
trinh bay trong bang 1.

Bdng 1: DO dai lién ket hidro khi H,O gén két
}én cdc nhém bazo nito

somio | Lenke | podiiA |
Adeninel m 1,96873
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D6 dai lien ket hidro tinh dugc cua ciu tric
d4m hinh thinh hoan toan phii hop véi tai ligu
\ham khio [7]. Trong chudi xoin kép [6}, vi i
nguyén tur ¢6 do am dién 16n trong nhom bazo
nito hinh thanh lién hidro v6i nudc hoic vai
bazo nito khac hodn toan tring véi céc vi tri tao
lien k&t hidro cua cdc ddm trong bai bdo nay.
Tuy vay, ket qué tinh todn chi dua ra vi tri €6
niing lugng cuc (idu. nén bo qua cde vi tri khic
ciing ¢6 kha nang tao fien két hidrd. Dicu nay
khang dinh phuong phap tinh cling ahu cdu fric
dam hinh thanh la déng tin cay.

v - KET LUAN

Khi khao sit sy gan két cha H,O lén cic
bazd nite trong DNA bing phuong phdp tinh hoi
phuc dgng luc phéan tr bin luong 1, chiing 101
thu duge cac két quat

_ Phan it H,0 c6 kha nang gin k&t (6L vai
¢dc nhém bazo nito.

- Khéa nang gin két cua H,O 1én DNA duge
quyét dinh bdl lién két hidrd.

- Lien két hidro Tuon tao ra t nguyén tr H
cira H,O vl mot nguyen tir ¢6 do am dién 1on
trong nhém bazd nita (O hoadc N).

_ Khi H,0 gin két len DNA thi chi tap trung
vio nhimg vi tri thudn Igi, khong bi dn ngit
khong gian hodc lien két vdi nguyén ur ¢o do
am dién lén hon trong nhém bazo nito.

- X4c dinh dugc ciu tric, su dinh hudng cti
H,0 lén nhém gfin két (phuong phdp nhicu xu
tia X khong thyc hién duge), tinh dugc 4o dai
lien ket hidro trong nhom.

- Qué trinh gan k&t tao ndn mot trang thai
can bang “H,0-DNA™. Khodng cich lién ket
R,y dat gid tri 6n dinh (thay déi rat it so vdi lien
k&t H-O trong phan 1 H;O & trang thai ty do).

. Pé xudt dugc phuong phap nghién ciru kha
nang gin phan ur nho lén cic phan wr 1on, nang
Juong ctia qué trinh gn két khong lon nam gilfa
giin ket hod hoc va gan ket vat 1y, Day 1a vung
khong thé khio sdt dugc bang gin ding dam
nguyén W voi cic phin mém Gaussian vl
Gamess.



Cdc tdc gid xin chdn thanh cdm on Bé Khoa
hoc va Cong nghé dd tai tro kinh phi cho cong
trinh ndy trong khuodn khé dé rai, md s¢
5.072.06.
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