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SUMMARY

The paper deals with studying on the ability of docking urea on nitrogen base groups of DNA
by Semi-Quantum Relaxation method. The structural clusters were defined and the lengths of
hydrogen bonds were calculated. The places in nitrogen base groups where urea molecule could
form hydrogen bond being the same ones in double helix which are in a good very agreement with
the references. It is proving that the algorithm was used is suitable and it will be extended to study
different ligands. Introducing the studied method about the clusters were created by docking small
molecules on the defined groups of macromolecules, which could not be studied successfully by
cluster approximation on Gaussian or Gamess software.

- MO DAU

Trong nhitng cong trinh trudc [1] ching toi
da trinh bay nhiing két qua thu duogc trong viéc
khao sit bén db (docking) cho cdc phan tir nhd
(CO, H,0) tréen DNA st dung thuat giai di
truyén va phuong phap héi phuc dong luc phan
ta ban luong tir. Trong bai bdo nay, nhitng két
qua thu duoc trong [1], dwoc phét trién dé
nghién ctu doi tuong ¢ kich thudc cong kénh
hon, uré ((NH,),CO), khd gin giii v6i co thé
song, chita nhiéu trong nuéc tiéu cta dong vat
¢6 vi, dugc ding lam phan bén cho cay trong.
Su ¢6 mit clia uré trong co thé cling nhu su
tuong tdc clia né vé6i cdc t€ bao trong co thé c6
tdm quan trong dic biét. Trong bai biao nay
ching t6i chon d6i tuong nghién ctu uré gan két
lén chudi DNA, stt dung phuong phap hoi phuc
ban lugng tir. Nhiing két luan duoc rit ra khi
nghién ctiu cfu tric ddm, khoang cach lién két
hidro trong ddm khi uré gan két 1én nhém bazo
nito khdo sat. Trong nghién ciu nay, phan tir uré
ti€p can mot nhém bazo nito xac dinh tir moi vi

tri, khi gan két duoc vao nhém d6 thi ning
luong dugc tinh. CAu tric ddm (cluster) gan két
duoc xéac dinh dua trén viéc khao sat nang lugng
clia qué trinh hoi phuc, tir d6 ¢6 thé két luan vé
ban chat cta su gan két uré 1én phan tir DNA.

I1-CO SO LY THUYET

Géan ding SQMD da dugc trinh bay chi tiét
trong nhitng cong trinh trude day cua tac gia [4].
Co s¢ 1y thuyét ctia phép gian ding SQMD dua
trén viéc ching ta c6 thé viét lai Hamilton clia
hé nhiéu phan tir du6i dang:

7(Q,q,P,p)= X(P,q) + 20, (Q,q) +
0“Q, q) (1)

Trong d6 q = {q,} 1a tap cédc toa do tam khoi clia
nguyén ti, p = {p,} 1a tdp cdc momen tam khai
nguyén tir, Q = {Q,} va P = {P;} 1a toa d6 va mo
men tadm khai phan tir, X, @ 1a phan dong nang
va th€ nang ciia Hamilton 76. @, 1a thé cta hé
lugng tr moOt nguyén tir va @ 1a thé tuong quan
trao déi giita cdc hé luong tir mot phan tir. Theo
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dinh luat Hellmann-Feynman: khi méi obitan 1a
mot trang théi riéng ctia Hamilton thi dao ham
riéng cla nang luong tong theo toa do cic ion
chinh 1a luc tdc dung 1én ion dé. Tic la:

dEXC

dq,

Ap dung gén diing tuong tic cap biéu thic
tinh téng luc F, tdc dung Ién nguyén tr k ctia hé
dugce viét dudi dang:

L M N

One XC ra s LJ

Fo=F"+FC=> f+> f+ D,
j=1 j=M+1

]
(3)
Trong d6 L 1a s6 nguyén tir trong phan ti nho.
M la s6 1an can lugng tir ctia k

2

XC
I:k

Trong trudng hop st dung gan ding ddm
phan tir (3) c6 thé viét lai thanh:

LM N
F=F™+F=>f+ >’ @
i=l1 j=M+1

Trong dé L+M la kich thuéc ddm va duoc
chon c¢6 dinh trong qua trinh tinh toan.

DO IXGRID = ixgrid1,21
XCENTER = X0 + (IXGRID -1) * DIX
DO 101 IYGRID = 1,21
YCENTER = YO0 + (IYGRID -1) * DIY
DO 100 IZGRID = 1,31

Khi da xdc dinh dugc luc tic dung Ién moi
nguyén tir ching ta c6 thé 4p dung phuong trinh
giam Newton dé tinh todn qud trinh héi phuc:

Re™ =R + 4 (R¢ =R+ 1 F ({RY'D)

®)
Trong d6 R 1a toa do nguyén tt k, F 1a luc tac
dung 1én k, n; 1a buéc tinh toan thit i, n, - 1 Ia
budc trude d6 va n; + 1 1a budce sau d6. A va p la
cac tham s6 phu thudc vao loai nguyén tir k

11 - THUAT TOAN

Phan mém SQMD da dugc trinh bay trong
[1], code “k§y thuat luGi” va code “nguyén tu H
thay th€” dugc trinh bay trong [1]. Trong nghién
ctru nay, ching t6i md rong cach tiép can phan
to uré 1én nhém bazo nito tr moi phia trong
khong gian, vi thé cdu tric dim hinh thanh la
hoan toan thuc t& khi xét theo gid tri cuc tiéu
nang luong. Thém mot doan code sau vao
subroutine QstepProt tinh cac gia tri nang luong
mdi khi uré gén két 1én 1 bazo nito:

ZCENTER =70 + (IZGRID -1) * DIZ

WRITE(*,*) IXGRID,IYGRID,IZGRID
WRITE(NLUONG;,'(A5,316)")"*' IXGRID,I'YGRID,IZGRID
WRITE(NLUONG,'(3F12.5))XCENTER,YCENTER,ZCENTER

CALL RANQ(QP)
ICOUNT=0

DO = 1,NSITS(1)

ICOUNT=ICOUNT+1

RXI
RYI
RZI

=R@S1,1)
=R(IS1,2)
=R(IS1,3)

CALL ROTATEMD(QP,RXLRYILRZI)
SX(ICOUNT) =RXI+XCENTER
SY(ICOUNT) =RYI+YCENTER
SZ(ICOUNT) =RZI+ZCENTER

END DO
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DR2MIN =1000.0
DO ISI = 1, NSITS(1)
DO IS2 = NSITS(1)+1,NSITS(1)+NSITS(2)
DX = SX(IS1) - SX(IS2)
DY = SY(ISI) - SY(IS2)
DZ = SZ(S1) - SZ(1S2)



DR2 = DX*DX + DY*DY + DZ*DZ
IF (DR2.LT.DR2MIN) DR2MIN = DR2

END DO
END DO

IF (DR2MIN.LT.RMIN2.0R.DR2MIN.GT.RMAX?2) GOTO 100
WRITE(IW,*) IXGRID,IYGRID,IZGRID

END DO
END DO
END DO

IV - KET QUA TINH TOAN

Chudi DNA duge dat trong hop mo phong
c6é tinh chat tudn hoan. Kich thuéc hop:
x(-9.7600, 9.7600), y(-10.1980, 10.1980),
7(-17.6324, 17.6324) (hinh 1), nhém hoat dong
la cdc bazo nito c6 s6 nguyén tt xac dinh
(Adenine: A 14 nguyén t; Thymine: T 14
nguyén tir; Guanine: G 15 nguyén tir; Cytosine:
C 12 nguyén tr) cong thém 1 nguyén tir H thay
thé€ tao ra ddm. Khi phan tr uré ti€p can bat ky
mot ddm nao, nang luong duoc tinh todn.

Khoang cich R, (khoing cich luong tir)
dugc chon 1a 2,5 A, céc tham s6 clia phuong
trinh (5) chon 1a A = 0,7 va khéi luong nghich
dao p = 2,0. Khi uré ti€p can mot dam (R,,;, <
Ry) cdc tham s6 nay duoc chon 1a 0,1 va 0,3, luc
lic nay duoc tinh theo lugng tir v6i cdc nguyén
tu trong dam.

Ung v6i mot dam khao sét, trong qud trinh
hoi phuc céc gid tri nang lugng duoc tinh, mdi
gia tri nang lugng s& Gng véi mot cdu tric dam,
célu tric bén nhat s& ¢6 gid tri nang luong cuc
tiéu. Hinh déng cla d6 thi nang lugng gidm déan
phu thuoc vao s6 budc hdi phuc déu cé dang
nhu hinh 2a. Khi nang lugng duoc sap xép theo
thit tu giam dan, do dai lién két C=0 trong phan
tir uré phu thuoc theo s6 budc hoi phuc ¢6 hinh
dang nhu hinh 2b.

Khi nang lugng giam dan, dat dén gia tri
khong doi (hinh 2a) ta thdy dao dong noi phan
tlr ctia uré thé hién mot cach kha rd (Hinh 2b),
khi uré gan lén DNA, khoang cich R, dan dén
gid tri 6n dinh. Chiing t6 trang thai “(NH,),CO -
DNA” din dat dén can bang.

Tién hanh quét trong toan bd khong gian
hop mo phong chia phan tir DNA, chiing ta s&
thu dugc nhiéu thong tin hon khi xét dén cau

tric cdc ddm duoc hinh thanh khi phan ti uré
gan két 1én DNA (hinh 3). (Chudi DNA nghién
cttu gébm 10 bazo nito néi két véi nhau qua cac
riboz theo thi tu: A, T,G,C,A,G,T,CA;G;).

Hinh I: Chudi DNA trong hop mo phong

Phan tir uré ((NH,),CO) tu do cé cdu tric
phéang, trong d6 c6 2 nguyén tit N va 1 nguyén
to O ¢6 do am dién 16n, nén kha nang tao lién
két hidro 1a 16n. Tuy vay, kha nang gén két ctia
uré 1én DNA khong cao (hinh 3). Cu tric dam
“uré-Adenine” chi ¢ A, tao lién két hidro “cap”
v6i uré (hinh 3b). Cau tric dam “uré-Cytosine”
tao ra lién két hidro “cap” (hinh 3d, 3e). Cdu
tric ddm cua “uré-Guanine” tao lién két hidro
“don” (hinh 3f, 3g). Cic cau trdc dam “uré-
Thymine” (hinh 3i, 3j) va cac cdu tric dim con
lai (hinh 3a, 3¢, 3h) chi 1a su gin két thong
thuong, khong tao lién két hidro. Trong cic dam
nay, ciu trdc phan tir uré bi bién dang (khong
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Hinh 2: Bién thién nang lugng theo s6 budc hoi phuc (a)
Bién thién do dai lién két C=0 trong phan tir uré theo s6 budc hoi phuc (b)

bt

J

Hinh 3: Cau trdc cua cdc ddm hinh thanh khi uré gin két 1én céc bazo nito trong DNA.
(a), (b), (c) ung v6i nhém Adenine thit 1, 2, 3. (d), (e) tng v6i nhém Cytosine tha 1, 2.
), (g), (h) ting v6i nhém Guanine thit 1, 2, 3. (i), (j) tng v6i nhom Thymine thit 1, 2.
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cdn nim trén mat phang), diéu ndy cé thé gii
thich do ddm hinh thanh khong bén, chi 1a cuc
tiéu nang luong cuc bo. Véi cac ddm c6 tao lién
két hidro, hinh dang phan tor uré dugc git
nguyén, do dién tich dugc giai tod, ddm hinh
thanh c6 niang luong cuc tiéu, cau tric ddm &
trang théi bén.

Phan tir uré gan két v6i bazo nito luon & phia
de6i dién v6i nguyén ti H thay thé (cascadeur),
diéu nay c6 thé giai thich vi kich thu6c clia phan
tur uré kha 16n, khi né tiép can véi cac nguyén tir
lan can nhém bazo nito khao sit, luc ¢6 dién
MM sé tang nhanh, ddy phan tir uré ra xa. Ciing
vi kich thuGe phan tir uré khéd 16n, nén kha nang
tao lién két hidro v6i DNA khong cao do hiéu
ung khong gian.

Khi uré tao lién két “cap” véi nhém bazo
nito (hinh 3b, 3d, 3e), cau tric dim cang bén
viing hon. Diéu nay hoan toan phut hgp vi khi
DNA tao chubi xoan kép bdi cdc lién két hidro
thong qua cic bazo nito (A=T, G#C, [6]) trung
v6i chinh cédc vi tri ma cac bazo nito tao lién két
hidr6é véi uré. Do dai lién két hidro duogc trinh
bay trong bang 1.

Bdng I: Do dai lién két hidro khi uré géan két 1én
cdc nhém bazo nito

Bazo nito Lién két Do dai, A

NAZ -HUI“C 2,32556
Adenine2

N,, -Oy 2,47201

N¢ -Hy, 2,11218
Cytosinel

Hc -Oy,. 2,38803

N -Hy,. 2,19569
Cytosine2 Sl

HCZ - OUrc 2,36065
Guaninel H; -Oy. 2,31619
Guanine2 Hg -Oy, 2,29444

Do dai lién két hidro tinh dugc cta cau tric
ddm hinh thanh hoan toan phu hop véi tai liéu
tham khao [7]. Khi DNA hinh thanh chudi xoin
kép [6], vi tri nguyén ta hinh thanh lién két
hidro ctia hai mach DNA khi tao chudi xoan kép
tring vdi céac vi tri uré gan két Ién nhém bazo

nito dé. Piéu nay khing dinh phuong phap tinh
cling nhu cdu tric dam hinh thanh 1a dang tin
cay.

V - KET LUAN

Khéo sat su gin két uré 1én cdc bazo nito
trong DNA bang phuong phdp tinh héi phuc
dong luc phan tir ban luong tl, ching tdi thu
dugc cac két qua:

- Phan tir uré c6 kha nang gan két véi mot s6
nhém bazo nito trong chudi DNA, tuy nhién kha
nang gin két khong cao.

- Uré c6 kha nang tao lién két hidro cap véi
bazo nito clia DNA, vi tri cdc nguyén ti tao lién
két hidro d6 trung vé6i vi tri tao lién két hidro
trong chubi xoan kép.

- Uré gan két léen DNA chiu anh huong
nhiéu clia yéu t6 khong gian, phan tir uré luon &
vi tri xa nhat so nguyén ti H thay thé.

- Xéc dinh duoc cdu trdc, su dinh hudng cta
uré trong dam, tinh dugc do dai lién két hidro
trong dam.

- Qud trinh gén két tao nén mot trang thdi
can bang “Uré - DNA”. Lién két R, dat gid tri
6n dinh chi khi trong ddm c6 ton tai lién két
hidro, nhitng ddm khong tao dugc lién két hidro
thi cau trdc phan tr uré bi bié€n dang.

- Dé xuét dugc phuong phdp nghién citu kha
nang gan phan tl nho Ién cédc phan tr 16n, nang
luong cua qua trinh gan két khong 16n nam gitta
gin két hod hoc va gan két vat ly. Day 1a ving
khong thé khao st duoc biang gin ding dam
nguyén t0 v6i cdc phan mém Gaussian va
Gamess.

Cong trinh nhdn duoc su tai tro cua Bo
Khoa hoc va Céng nghé trong khuon khé dé tai,
md s0'5.072.06. Tdc gid xin chdn thanh cam on.
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