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SUMMARY

A semi-quantum molecular dynamics relaxation method has been introduced and applied 1o
studv 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.

I- M3 DAU

Trong cong trinh {1] ching t6i da trinh bay
nhitng két qua thu duogc khi két hop thuat giai di
truyén vdi gin ding ddm nguyén tir dé xdc dinh
vi tri gén két phan tir nho lén cdc phéan tr sinh
hoc. Két qua tinh todn véi he CO - DNA cho
thay viéc dp dung phuong phép nay cho két qua
hop 1y va én dinh. Uu diém cba phuong phdp la
c6 kha niang cho chiing ta mét trang thii t6i wu
toan cuc dinh vi lan can nhdm dac tnmg ndo d6
ctia protein, D& c6 thé xdc dinh dugc mot can
bang dong “phan tr nhd - phan tlt sinh hoc” cdn
thiét phai 4p dung cdc nguyén tic cia dong luc
phan tir. Nhiing tinh todn dong luc phan tir doi
v6i cac hé protein thuong doi hoi thdi gian tinh
todn va chi phi mdy tinh cac, ngay ca khi chi sur
dung gdn ding c§ dién cho viéc tinh lyc giita
cic nguyén tir [2, 3] dé khdao sit bén db
(docking) cho cac phan tir nho trén protein. D6
ciing la ly do vi sao viéc tinh todn tuong tac
“phan tit nho - protein” dya trén gan ding lugng
tlr con it duge quan tim nghién ciu. Theo huéng
stir dung gin ding bédn lugng tr (semi-quantum
molecular dynamics - SQMD) [4] cho nhiing hé
phtic tap dé mot mat giam bt thdi gian va chi
phi tinh todn, mit khic thu duge nhing thong
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tin ¢ do tin cay cao hon vé tuong tdc phan tir -
protein, trong bai bdo nay chiing t6i trinh bay
két qua dp dung phuong phdp héi phuc dong luc
phan tir ban luong tir cho hé nghién citu trén.

Il-CO SO LY THUYET

Gan ding SQMD da dugce trinh bay chi tiét
trong nhifng cong trinh trudc day cua tic gia [4).
Co s& 1y thuyét coa phép gan dung SQMD dua
trén viéc ching ta c6 thé viét lai Hamilton cua
hé nhiéu phan tir duéi dang:

726Q, 4. P, p) = X, @) + L0 (Q, @) +

Q9 (D
trong dé q = {q,) 13 tap cic toa d6 tim khdi cha
nguyén tur, p = {p,} 12 tdp cdc momen tam khéi
nguyén tir, Q = {Q;} va P = {P;} la toa d va mo
men tam khoi phan tir, %, 4@ 1a phan dong nang
va thé¢ nang ctia Hamilton 76. @, 1a thé clia hé
hrgng t0 mot nguyén tir va @ 13 thé trong quan
trao d8i gifta cdc hé lugng tir mot phan tir. Dang
tudng minh ca @ ¢6 thé duge xdc dinh theo
dinh luat Hellmann-Feynman: khi mdi obitan 1a
mot trang thdi riéng cia Hamilton thi dao ham
riéng clia niang lugng tdng theo toa do cdc ion
chinh 12 lyc tic dung 18n ion dé. Tic 1a:



Xc
FkXC — dE (2)
dq,

Mit khdc, theo gln ding tvong tic cap hoan
toan c6 thé phan tich F*© thanh tdng luc tdc
dung lén k cita cdc nguyén tlr thudc cdc phan tir
lan c¢in. Néu cdc nguyén tir & rat gdn nhau thi
luc nay dugce tinh tir bién thién nang lugng hodc
lugng tir hodc co hoc phan tr ciing theo dinh
luat Hellmann-Feynman. Néu cdc nguyén ti &
xa nhau thi c6 thé 4p dung cdc ham thé kinh
nghiém nhu L-J6-12 hoac Birmingham hodc Iuc
ion. Lic dé:

Mo N
FkXC:kaj+ Zflgu (3)

J=M+1

trong dé M 1a s6 nguyén tor roi viao ving lugng
tir d6i v6i nguyén tir k. N 12 tdng s6 cdc nguyén
tr lan can khong & trong cing mot phan tir vai
k. fla lyc luong tr va 1 luc Van der
Waals.

~ B4i vi trong nhitng tinh todn lugng tir ciia hé
mot phan t, (2) cling da duge st dung dé tinh
lyc gilta cdc nguyén tr trong mét phan
F % nén sau khi két hop vdi (3) biéu thic tinh
téng luc F, tdc dung lén nguyeén tir k cla hé ¢é
dang: ‘

L M N
On, 7 i L
Fo=Fm B =2 fat e+ 20y
i=1 J=1 =M+

(4

trong d6 L 14 s& nguyén tir trong phan t nho, M
1a 5@ 1an c4n lugng tr cha k.

Trong trudng hop st dung gin ding ddm
phan tit (4) ¢6 thé viét lai thanh

L+M N
One xc 7 Li
Fo=F"+F =kai+2fkj (5
i=1 =M+
trong d6 L+M la kich thuéc ddm va duge chon
¢6 dinh trong qué trinh tinh todn.
Khi di xdc dinh dugc luc tic dung 1én mébi
nguyén tlr ching ta c6 thé dp dung phwong trinh

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

giam Newton d€ tinh todn qud trinh héi phuc

R =R} + A, (R} =R} + 1, F, ({RY'Y)

(6)
trong dé R 1a toa 4o nguyén tlr k, F 1a luc tic
dung lén k, n; 14 budc tinh todan thi i, n, - 1 13
bude trude dé va n; +1 14 budc sau dé. A va p la
cac tham s& phu thudc vio loai nguyeén nr k.

111 - THUAT TOAN

Diém mau chdt trong gin ding SQMD la
tinh todn luc tdc dung lén mdi nguyén tlr trong
phin tir. V&i nhimg nguyén tir & khodng cich xa
so vOi k thi luc tic dung lén k 14 dao ham riéng
clia cdc ham th€ kinh nghiém LJ6-12 theo toa
d0 mdi nguyén tr. VGi cdc nguyén to & khoang
cdch gln, tic 12 c4c lan can lugng tlr cla k thi
thuat todn GAMESS duge sir dung. Cé hai cich
xdc dinh cic lan can lugng tr cha nguyén ti
trong nhiing tinh todn phan tir nho - DNA,

Thit nhat 14 gin ding ti€p can, theo d6 tat ca
cdc nguyen tir cua DNA ¢é khodng cich t6i céc
nguyén tir clia phan tir nhd duge dua vio tinh
todn lugng tir nhwr 1a mot phie bé mat cia DNA.,
Nhu vay, phitc s& khong c6 cdu tric xdc dinh,
S8 cac tiép can ¢ thé 1a 1, 2, 3 hoac hon nhung
thay déi trong qud trinh héi phuc.

Thit hai 1a gdn ding ddm, theo d6 mot s6
xdc dinh cdc nguyén tir (thudng la trong ciing
mot nhém didc tring ciia DNA, vi du nhu cédc
baza nito hodc cdc gdc photphat) duge lya chon
trong suét qud trinh tinh todn.

Trong ca hai cdch ching t6i déu giit cho cac
nguyén tor cia DNA c6 dinh. Mot phdn 13 dé
don gian bai todn va mét 1y do quan trong khic
la giam b&t dung lugng tinh todn luc tic dung
lén cic nguyén tir DNA.

Toan bd céng viéc tinh luc tdc dung lén
nguyén tit ciia phén tir nho dugc thue hién trong
chuong trinh con QFORCE véi mot phén tinh
theo cdc biéu thiic lugng tir vi mot phin tinh
theo co hoc phan tir [4]. Code thuat todn cé
dang:

vong ldp theo cdc nguyén Hi ciia phan tt nhé (ai)
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vong idp theo cdc nguyén i ciia DNA (bk)

if ( 12.lr.gdistance) then

kapproach=kapproach+1

imark{bk}=_true.
endif
két thiic vong ldp theo bk
k6t tic vong Iap theo ai
nat=nat( I } + 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 diing d4m nguyén tir

Mot chudi DNA doc 1ap duge dat trong hop
moé phong ¢6 tinh chét tuan hoan. Kich thudc
hop (A) la: x(-9,7600, 9,7600), y(-10,1980,
10,1980), z(-17,6324, 17,6324). Chudi DNA
xoén quanh truc Z (hinh 1).

Hinh I: Chudi DNA ¢6 gan CO

(tai vi tri c6 miii tén chi)

Theo cdch tinh gin ding dim nguyén tir [5,
6] 4p dung cho hé CO-DNA [1} mot dam 17
nguyén tir d3 duge chon gdm: 2 nguyén tir cla
CO, 14 nguyén tir clia nhém bazo nito Guanin
va 1 nguyén & C cita nhdém riboz (xem céc hinh
3 va 4). Trude khi tinh todn lugng tir cén thuc
hién mot s budc co hoc phan tir - tire 14 luc F
trong phuong trinh (6) dugc tinh dua trén mau
co hoc phan tr MM. Khi khoang cdch gin nhét
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! tink ndng huong va gradien ciia phiic bé mdi

! tinkh nwong tde odp tr thé kinh nghiém L-J6-12
! tinh tog d¢ mei cria phdn nt nhe theo (6).

cila mot trong hai nguyén tr cha CO voi mot
trong cdc nguyén 1t khdc cua ddm nhé hon
khodng cdch lugng tir thi bat ddu qué trinh tinh
lye F bing cdc gin diing héa luong tir. O day
khoang cach lugng tir dugc chon la 1,5 A. Trong
giai doan mot dé riit ngén thoi gian dua phan tu
CO lai gdn DNA, cic tham sG cua phuong trinh
(6) chon la: A = 0,7 va khéi lugng nghich dao p
= 2. Sau khi h¢ dat t6i khoang cdch lugng tr cic
tham s6 nay dugc chon 14 0,1 va 0,3,

Hinh 2 cho thdy khoiang cdch gilta hai
nguyén tr C vd O trong cdc budc mo phong
lugng tir ¢4 dang dao dong gin véi diéu hoa
{hinh 2c) trong khi d¢ trén dudng ning lugng
xudl hién cuc tiéu & bude tha 9 véi E = 79,5926
a.u. (hinh 2a) vi khodng cdch ngén nhat rmin t6i
cdc nguyén tlr cila DNA giam gan nhu tuyén
tinh (hinh 2b). Véi téng binh phuong sai s6
4,10 c6 thé biéu dién sy thang gidng khoang
cdch C-O bing mot ham sin (hinh 2¢).

y= a.sin(bx+c) N
trong d6 v 1a gid tri da can chinh cia khoing
cich C-O, y = 100(Rco- R ), R lagid tri trung

binh cua Req. Gid tri cdc tham s6 13
a=-0,0517 b=1,3325 ¢=0,5050.

C6 thé thdy ring qud trinh gin két 1én DNA
clia CO anh hudng rd rét dén tinh diéu hoa clia
dao dong noi phan tir CO. Sy sai léch khoi diéu
hoa cha dao dong nay da 1én. Hinh 3 trinh bay
mot s6 cdu dang ctia ddm thu duge trong qua
trinh tinh héi phuc. Ching t6i da thit tinh todn
cfu dang cla cdc ddm nay trén cdc phian mém
GAMESS va GAUSSIAN dé so sanh nhung gap
phadi khé khan ddng ké vi cdc nguyén tir thude



nhém Guanin & phia ngoai gan véi CO di bio
hoa héa tri va khéng ¢é kha nang tao phirc. Cic

thuat giai t6i vu hinh hoc va tim diém yén ngua
déu khong hoi tu,

ning luvgng (a.u.) khoang cach rmin {A} y=a.sin(bx+c)
794 1.8 1.E-01
15
7oA 14 1 5.E-02 -
-79.5 13
. | i 1.2 0.E+Q0 ¢ . A
79.55 e W&j
796 1 SEQ2 4 *
-79.65 T - . - 0.9 L— . —
1 4 7101316192225 1 4 7 10 13 16 19 22 25 -1.E-01
a bwéc hdi phuc b bwérc hdi phyc c X

Hinh 2: Bién thién nang lugng (a), khodng cdch gén nhdt téi DNA (b) va dao dong cha R, /DNA
trong qué trinh tinh hoi phuc (c), trong d6 y 1 gia tri dd can chinh cla R, x ta budc hdi phuc

Hinh 3: Céu tric ddm 17 nguyén tir: (a) cdu hinh ban dau, (b) ¢&u hinh c6 ning lugng cuc tiéu,
(c) cau hinh ¢6 ndng lugng cao va khoang cdch C-O < 1,0 A (c6 mii tén chi)

Cdch tinh Idn cdn gdn nhdt

Theo cich tinh lan can gdn nhat thi khi cdc
nguyén tir cia CO lai gdn cic nguyén tir cha
DNA sg& hinh thanh nhitng dim tic thoi, ¢é kich
thude va thanh phdn nguyén tir khic nhau bao
gdbm C, O va nhilng nguyén tir cla DNA cé
khoang cdch t6i C va O clia CO ngin hon
khoang cich lugng tit Ry SO nguyén tir trong
dam s€ tang khi sir dung R, 16n hon. V& nguyén
tic Ry cang 16n thi s6 nguyén tr bé mit tham
gia ddm cang ldn va cédch tinh gdn véi thuc tién
hon., Tuy vay, vé mit thuat todn s& c6 khé khan
cho viéc hoi tu SCF khi tinh nang lugng theo
gin ding héa lugng tir néu kich thude dim qua
16n. Tuong tir nhir trong k¥ thuat tinh gin ding
dam nguyén r [1], thoat tién cdc tinh todn co
hoc phan tr duge thuc hién cho dén khi cdc
nguyén tr cha CO lai gdn cic nguyén tir cha
DNA 61 khodng cich hrong tir. Thong thudng

tai khoang cdch nay sé lan c4n gan nhdt khong
1én, thim chi =1,

C6 thé nhan thdy sy khdc biét giita két qua
tinh todn & phdn nay véi nhitng két qua thu dugc
¢ trén khi diing gdn ding ddm nguyén tir dic
biét 1a vé nang lugng. N6i cdch khic c6 su khac
biét gilta viéc chi tinh lugng tir v6i ddm 3
nguyén tir (vi du trong hinh 3 vA hinh 4 14 O-C-
0) va viéc tinh vdi ddm n > 3 nguyén tir. Diéu
nay cé thé thdy rd trén hinh 4 khi so sinh véi
hinh 2. Tinh chét diéu hoa cha sy thing gidng
khoang cich C-O dudng nhu thé hién rd rang
hon trén dudng nang lugng. Céic tham sé cla
phuong trinh (7) biéu dién thang gidng khoang
caich C-O 1la a = 30,082, b = 1,5691 va ¢ =
1,9614.

Trong viing 14 budc héi phuc ddu tién thé
hién 0 mot sy ra vao déu dan cha CO trén
DNA. Nang lugng bién thién giita hai trang thai
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nay trong khoang ~ 0,3 (auw) xdp xi 188.282
kCal/mol. Gi4 tri nay vé thuc chat khong lién
quan dén hang rao th€ nang cla phan tmg O +
C-O= CO, bdi vl duong nang lugng E(R) véi R
I3 khodng cdch cha mot trong hai O dén C chi
c6 mot cyc tidu duy nhat. Mat khéc, trén dudmg

nang lugng con ¢é diém cuc tiéu todn cuc tmg
v6i trang thdi giai hap CO (hinh 4a). Diéu nay
¢6 thé din t6i két luan rang mac db sy gdn CO
trén DNA khong bén vé mat nang lugng nhung
vén t6n tai mot trang thii ¢é nang lugng cuc tiéu
cuc bo 1 rét,

néang lweng (a.u.)

7 10 13 16 19
bwdéc hdi phyc

1 4

1.8

1.7 4

16
1.5

14 4
1.3

1.2

khoang cach C-O

J

1 3 5 7 9 11131517 19
bwérc hdi phyc

Hinh 4: Bién thién nang luong (a); dao dong cua khoang cach Req (b) va cau hinh dng cé ning
lugng cuc dai (c) va cuc tiéu cuc bo (d)

V - KET LUAN

Tac gia di dé xudt dugc phuong phdp tinh
héi phuc dong luc phan tir ban lugng tir va dp
dung dé nghién citu sy hip phu cha CO trén
DNA. Déng gdép quan trong nhét cla phuong
phap la da khao sat duge bién thién nang lugng
luong tir vd dao dong khoang cdch ndi phan t
trong qud trinh hap phu & viing nang lugng hip
phu khong 16n nam giita hap phu héa hoc va hap
phu vat Iy. Day 13 ving khong thé khio sdt duge
bing gén ding dam nguyén tir v6i cic phin

mém GAUSSIAN va GAMESS.

Tdc gid xin chdn thanh cdm on Bo Khoa hoc va
Céng nghé da 1ai rg kinh phi cho céng trinh
nay trong khuén khé dé 1di, ma s6 5.072.06.
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