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NGUYEN TU XAC DINH VI TRi GAN KET CO TREN DNA
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SUMMARY

The paper deals with combining genetic algorithm and gquantun clemistry to determine the
docking of small molecules on DNA. The atomic clusters including CO and different atoms of
Ademin group of DNA molecule have been chosen to calculate. The results shown that there are
[five factors affected the solution evolution: the exaciness of software using to calilate quantum
energy of cluster, the search space, the selection of DNA atoms into cluster, selecting fitness
Junction.and mutate probability. The restriction of search space and enlargement of clusier size
and selecting appropriate parameters will give the resonable optimal configuration of CO

docking on DNA.

- MO PAU

Trong nhitng coéng trinh gdn day [I, 2]
chiing ta cé thé thdy su quan tam clia nhiéu tac
gia d6i voi qua trinh gén két nhimg phan tir nho
trén cdc phan tlr sinh hoc DNA, protein .. biing
cac thuat giai khdc nhau. Viéc tim bén do
(docking) cho mot phan tir nhé trén céc phan tr
sinh hoc s€ cho chiing ta biét dugc nhiing thong
tin vé tuong tic phan tir, vé nhitng vi tri dugc uu
tién lira chon déi véi mdi phan tir nho khic nhau
va trang théi can bing héi phuc (can bing dong)
cling nhu nang lugng hoi phuc & méi vi tri twong
ing trén DNA., Nhuge diém chung cla céc
phuong phép duge trinh bay trong [2] IA chua
quan tam dén cdc tinh todn lugng tir can thiét
khi xudt hién nhing ti€p cin nguyén ur - nguyén
tr & khoang cach gan.

Ciing da ¢6 nhitng dé xuit sir dung mo hinh
ddm (cluster) d6i véi cde hé phan tr nhd -
protein tuong ty nhu khi nghién ctu qud trinh
- hdp phu phan ly phan tr trén mat vat rin [3, 4].
Nhitge diém chung clta ki thuat ddm 1a tich
rieng cac nguyén tu duge luya chon cia phén tir
sinh hoc ra khéi hé va khao sdt doc 1ap 46i véi

cidc nguyén tr con lai theo mot md hinh dinh
sin. R& ring ring ¢ day ¢d van dé cua bai todn
161 vu toan cuc. V6i mot phan tr nhu DNA thi
chiing ta sé gip phii vo s6 cic cuc tidu cuc bo
¢ thé gi phéin tir nho cho du trong mot khong
gian hep gan cdc nhém dac trung.

Theo hudéng nghién ciru s dung cic gan
ding lugng 1t vi ban lugng i, cdc k¥ thudt 16i
vu, héi phue (relaxation) va dong luc phin tir dé
nghién ciu hé phan tir nho - protein, bat bio nay
trinh bay nhitng k&t qua thu duoe khi sir dung
thuat gidi di truyén két hop véi gan ding héa
lugng tir dé xdc dinh cdu hinh ¢é nang luong
nho nhat ciia CO khi gan vio DNA.

I1- COSOLY THUYET

Viéc dp dung thuat giai di truyén cho bai
todn 161 vu todn cuc dd duge nhiéu tac gia dé
cap dén trong céc linh vue ting dung khéic nhau
[5]. Co s& 1y thuyét cla thudt gidi di truyén
(genetic algorithm - GA) c6 thé tim thiy trong
cdc sach gido khoa [5, 6]. C6 thé mo ta t6m tat
nhur sau:
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Thuat gidi bat ddu véi mot tap cdc 1oi gidi,
mdi 101 gidi duge goi 12 nhiém séc thé, tap 10
giai duge goi 1a quan thé. Cdc 15i gidi trong mot
quin thé dugc dung dé tao nén mot quin thé
mdi v6i hy vong ring quin thé mdi s& 16t hon
quédn thé cii. Nhing 16i gidi ding dé tao quin
thé méi (offspring) duge lya chon theo d¢ thich
nghi cua ching (fitness), cang thich nghi thi
ching cing c6 nhiéu co hoi hon dé tao sinh.
biéu niy dugc 13p lai cho dén khi thoa méan mot
diéu kién nio dé (vi du nhu s& quén thé duge tao
ra hodc c6 dugc ki giai 10t nhat). Dudi day 1a so
dé téng quat thuat giai di truyén co ban:

1. [Start] Tao qudn thé hén don ¢6 n nhiém
sdc thé (1 gidi kha di cho bai todn)

2. [Fitness] Pdnh gia do thich nghi cllia mdi
nhiém sic thé trong qudn thé

3. [New population] Tac mét quédn thé méi
bang céch lap lai nhilmg budc sau day cho dén
khi quan thé mdi ndy duge hoan thién:

i. [Selection] Lua chon hai nhiém sic thé
cha me trong quan thé theo do thich nghi cla
chiing (cang thich nghi thi co hoi duge chon
cang 16n)

ii. [Crossover] V& xdc suat lai ghép
(crossover probability) thuc hién lai ghép bé me
dé 120 mot thé hé con cdi mdi (offspring). Néu
khong ¢6 su lai ghép nio xdy ra thi con cdi la
ban sao chinh xdc cla bo me.

iil. [Mutation] V@i xdc sudlt dot bi€n, thuc
hién dot bién the hé con cdi & mdi 6 gen (vi trf
trong nhiém sic thé).

iv. [Accepting] X¢p theé h¢ con cdi mdi vao
quén thé mai.

4. [Replace] Ding quan thé méi duge 120 ra
cho viéc ti€p tuc thuc hién thuat giii.

5. [Test] Néu diéu kién cudi cliing thod min
thi dimg va cho ra 11 giai tét nhit.

6. [Loop} Quay vé budc 2.

Hinh I: Chudi DNA (don) nhin tir truc z (a) vi mat xy (b)
cing v6i phan tir CO (duge chi bang mii tén):

®:0 N OP @cC CH

Pé ¢6 thé thuc hién duge mot bai todn cu thé
s& can ¢6 nhiéu tham s6 va su sdp dat cédn thiét,
vi dy, phai tra 13 cdc cau hoi: 1) Lam thé ndo dé
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tao nhiém séc thé va chon kiéu mi héa nao. Réi
sau dé 14 hai todn tir co sd cia GA la lai ghép va
ddt bién. 2) Chen cha me cho lai ghép nhu thé



nao. C6 nhiéu cdch nhung ¥ twdng chinh 1a chon
cha me khoé manh hon dé cé nhimg difa con
khoé manh hon 3) Sir dung ¢4 thé troi (elitism)
dé mot 1oi gidi 6t nhat cha the he dugc sao chép
nguyén ven vao quin thé méi.

Viéc 4p dung thuét gidi di truyén, vi thé, tuy
thude vao viéc chon dé thich nghi va kha nang
xdc dinh chinh xdc né. Trong bai todn tim bén
d6 cho CO trén DNA thi do thich nghi chinh la
tinh t6i wu clia ciu hinh gin két CO+DNA duge
biéu hién qua nang luong E.

11T - PHUONG PHAP TiNH

Mot chudi DNA doc lap duge dat trong hop
mo phéng c¢é tinh chdt tudn hoan. Kich thudc
hép (A) la: x(-9,7600, 9,7600), y(-10,1980,
10,1980), z(-17,6324, 17,6324). Chubi xoin
DNA dugc dat quanh truc Z (xem hinh 1).
Khong gian khio sdt xdc 1ap cdc toa do cla 2
nguyén tit O va C trong viing khong gian xung
quanh mét nhém dic trung nao d6 cha DNA. 8§
tham s6 1a 6 tao nén mot nhiém séc thé vdi cdc
gid (ri xdc dinh cia timg tham s6. S6 nhiém sic
thé trong quén thé 18 giai la 10.

Mot s6 tham s6 quan trong khéc cla thuat
todn gom xdc suflt bién di pmutate=0,05, s§ thé
h¢ 161 da maxgen=200, xdc sudt lai tap

pcross=0,8, s6 con clia mdi cap b6 me nchild
=1, cuc tri cia cdc tham s& 12 0,0 va 1,0 (tic 13

khi lap trinh tinh d¢ thich nghi chfmg ta phai
can chinh toa d6 cdc nguyén tir vio trong gidi
han ndy) va s6 bit t6i da (32768) duogc sir dung
dé md hoéa nhi nguyen tap gia trj clia 6 tham s6,
D¢ thich nghi ciia cdc nhiém sidc thé duoc xdc
dinh tir nang luong phan tir -E (dau trir d& khi
nang lugng cuc tiéu thi ham thich nghi cuc dai).

Theo gin ding ddm nguyén tir mot nhém
xdc dinh cdc nguyén wr cia DNA trong ving
khdo sdt durge lya chon tao nén mot ddm phan tir
(cluster) trén mat DNA. Céch nay tuong ur véi
nhiéu tic gid da st dung (xem vi du [5]). Diéu
khdc bigt 1a ddm nguyén tr van dinh vi weén
phan tir sinh hoc ma khong tach biét khoi heé.
Tuong tac gifta cdc nguyén tir bén trong dam 1a
tuong tdc lugng tur, tic la cdc tinh todn lugng tir
dugc ap dung cho céc nguyén tir bén trong didm
nay, con tuong tdc cta cdc phan tr ngoai dam
ciing nhu tuong tdc gilta cdc nguyén (I trong
ddm véi cdc nguyén tir ngoai ddm duoc tinh
theo méu co hoc phan tir va thé kinh nghiém L-
J6-12.

Tuy thudc vao vi tri 1i€p can cua CO trén
DNA cdc nguyén tir khdc nhau s& duge chon. S6
nguyén t trong dam khong duge qud 1én va tuy
thuoc vao nang luc tinh clla phin mém héa
lugng tr va tap co s& (basic set) dugc sir dung
(xem hinh 2). D€ thich hop véi céch tinh ddm
can hi¢u chinh lai subroutine tinh lyc lugng tir
trong phan mém SQUARED.

.
Hinh 2: Céc ddm t6i vu thu duge tir GA véi cdc kich thude khéic nhau

a) bam 10 nguyén tir (CO + >N-N,HC,<)

b) Bdm 12 nguyén tir (CO + H,N-N,HC,<)

¢) Bam 16 nguyén tir (CO + H,N-N,HC,N,CH)

d) Pam 17 nguyeén tir (CO+H,N-N,HC,N,C,H) vdi cling khong gian khao sdt nhu c)
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IV - KET QUA VA THAO LUAN

Céc yéu t6 Anh huong dén su tién hoa i giai

C6 mét s6 yéu 16 anh hudng dén két qua tién
héa Idi giai theo thuat giai di truyén. Trude hét
1a do 6n dinh cta tinh todn ning lugng phan tir
cha phdn mém héa lugng tr. Ching toi da s
dung code cua GAMESS. Nhin chung tinh todn
trén GAMESS cho két qua phii hgp véi cdc phan
mém khdc. Khi dp dung cho bai todn "phan tr
nhod - DNA" ¢6 mét vudng méc xay ra 1a do 6n
dinh 1&i giai khong cao. Két qua tinh SCF cua
hai lan k& ti€p thudng la it tring nhau. Diéu nay

thé hién trén hinh 3a, Pudng biéu dién do thich
nghi cla ca thé roi qua cde thé hé khong nhén.
Néu dat diéu kién dé GA chip nhéan gid i bé
nhét ctia SCF trong céc 1dn tinh khdc nhau bang
cau [énh:

if (feq.frand).and. (funcval.lt.best()
Juncval=best)

trong d6 irand 13 s6 th& tr trong quan thé cla
nhiém séic thé dugc sao chép nguyén xi tir ca thé
1roi cha thé hé trude doé thi ta s¢ duge mot duong
biéu dién do thich nghi cla ¢d thé roi nhan vi
héi tu nhanh (hinh 3h),

6 thich nghi
51
50 |~
49 _

——dtntb
48 - ¢4 thé trol
47
46
1 15 290 43 57 71 85 99
thé hé a

D6 thich nghi
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R
50 [’l—,—- :
49 ,
! dtntb
48 . cathé i
47 !
46 ;
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thé hé b

Hinh 3: Do thich nghi trung binh (dintb) va ctia c4 thé troi trong qud trinh tién hoa loi gidi GA

Yé&u t6 thit hai 1a khong gian khio sit. Khi
md rong khong gian khdo sit GA ¢é hé tim
duge cue tiéu todn cuc trong mot khéng gian
rong hon. Tuy vay, néu md rong qud ma khong
c6 diéu kién cudng bitc s& rat dé xay ra hién
trgng "qud xa" wic 12 CO bi phan ly hodac CO
gin két sang nhdm chite khdc clia DNA. Day la
dac diém co ban cia cach tim t6i vu bing GA so
vOi cdc phuong phdp t6i vu khdc. Vi thé, trong
qud trinh tinh todn thoat tién can tim cuc dai va
cuc tiéu toa do X, y va z clia cdc nguyén tir thudc
DNA duoc dua vio dim nguyén tir dé xdc dinh
mot khong gian 181 (core). Khong gian khio sét
duge md rong so voi khong gian 16i vé cédc
hudng mot khodng cdch bang 1,5 A, 16n hon
mot chiit so véi lién két C-C va C-O.

Yéu t& tht ba ¢é lién quan mat thi¢t dén
khong gian khao st 1a viéc chon cdc nguyén tir
cia DNA tham gia vio ddm. Vi rang tinh todn
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lugng tir chi duge dp dung cho cic nguyén tu
trong ddm cOn luc giita cdc nguyén tr trong ddm
vdi cde nguyén tr ngoai ddm 13 luc co hoe phan
tr nén dudng nhu 14 ning luong ciua dém duoe
tinh ddc lap d6i vdi cdc nguyén tir khic cua
DNA con lai. Hé qua la vi tri (61 vu ctia C hoic
O s& trling v6i vi tri cua nguyén (r gan ddm nhit
ma khéng duge dua vao ddm - duge hiéu 1a vi trf
cat dut lien keét khi tach ddm ra Khoi cdc nguyén
tlr con lai cha DNA.

Cu thé 13 néu khao sat su gin két cia CO lén
nhém bazo nitg Ademin ma chon didm 10
nguyén tir (CO + >N-N,HC,<) thi oxi cha CO
s& uu tién gan k&t 1én cacbon 4 va 5 cita vong
sdu canh thay cho hai N trong vong 5 canh bi
cit va C s& gan vdi N thay cho H cda nhém H,N
(Hinh 2a). Hoac néu chon ddm 12 nguyén i
(CO + H,N-N,HC,<) thi 0 rang C va O cua CO
s& uru tién gin két véi hai C cua vong 6 canh the




vao chd ciia hai N vong 5 canh bi cit (Hinh 2b).
Néu chiing ta dua cdc nguyén tir con lai cua
nhém bazo nito Ademin vio ddm - tic 13 s& ¢6
dam 16 nguyén tir (CO + H,N-N,HC,N*,CH) thi
hoan toan ¢6 thé dy bdo trude duge 12 CO sé& gén
vao mot trong hai nguyén tir N* cta vong 5
canh chéng ldn véi vi tri cla nhém riboz trong
DNA. Két qua tinh todn phi hop v6i dy bio nay
(hinh 2¢). Nhu vay, cin mot giai phap hop 1y
hon cho viéc lua chon ddm.

Yéu 16 thif tu nhung quan trong nhét 1a viée
chon hiam thich nghi. Néu chi tinh theo E thi vé
thyc chdt tinh todn clia ching 16i chi khic biét
v4i viéc tinh todn theo ddm phan tir cha cdc tdc
gla khdc vé thuat gldl tim to1 vu hinh hoc. Dé cé
thé quan tam dén ca céc tuong tdc xa (vdi cic
nguyén tlr ngoai ddm di chon) chiing 16i da tinh
thir v6i ham thich nghi -RMS trong d6 —~RMS la
can bic hai cla téng binh phuong gradien trung
binh cha tdt cd cic nguyén tir trong ddm. Két
qua thu duge dya trén RMS khi so sdnh véi cach
tinh dua trén —E s& khdc biét do chiu dnh hudng
cua ca hai yéu 16: 1) mot ding 1 tim ham E cue
tiéu va mot dang 14 tim RMS cuc tiéu; 2) mot
dang chi tinh dén luc lugng tir trong ddém (néu
tinh theo E) vi mot dang xét dén toan bo tuong
tdic cua hé dén ddm nay (theo RMS); 3) mot
dang phu thudc vio vi tri tuong d6i cla cdc
nguyén tr trong ddm (theo E) vd mot déng phu
thudc vao vi tri tuong d6i cla cdc nguyén tir
trong dam vd&i cdc nguyén tir con lai cha hée
{theo RMS).

Diéu ¢6 thé du bdo trude duge 1a vi tri gén
ket cua CO sé thay ddi vé cd ban so véi trudng
hop sir dung ham thich nghi —E. Chi ti¢1 s& duoc
trinh bay trong nhitng bai bdo sau nay. Khé
khan 16n nhat khi chon RMS lam ham thich
nghi 14 & nang luc hoi tu chia phian mém tinh lye
bén lugng .,

Yéu t6 thit ndm la xdc suit dot bién. Khi
ting s6 nguyén tit trong ddm va kém theo la
khong gian khéo sit cho toa do cdc nguyén tir C
va O cta CO ciing rong ra. Vi nhiing tinh todn
ma vi tri ctia C vd O qud xa hodc qud gin cic
nguyén tir trong ddm ciing khién cho viée tinh

_todn nang lugng luong tir theo thudt todn SCF
khéng héi tu. Trong truéng hop nay E mic dinh
bang 0. Vi mot quan (thé ma do thich nghi cla
cdc nhiém sic thé déu bang nhau va bing 0 thi

rit khé tao quén thé méi ¢6 cdc nhiém sic thé
¢6 do thich nghi lén hon néu xdc sudt dét bign
thap. Vi thé, thay vi sir dung cdc gid tri thong
dung cua xdc suat dot bién (khoang 0,02) ching
toi phai tang pmutate 1én t6i 0,05 hodc 16n hon,

Han ché khong gian khao sait

Sau khi xem xét cic yé€u t§ anh hudng néu
trén ching 16i da sit dung phuong phdp han ché
khong gian khdo sit khi sir dung -E 1am ham
thich nghi. Di¢u nay ciing c¢6 thé hiéu la nhiing
tinh todn luong tir duge md rong xa hon mot vai
nguyén i so v6i khong gian khdo sdt vi tri cia
CO, tic la tang thém sd nguyén wr trong ddm
nhung khong gian khao sat khong thay déi. Tinh
todn duge thuc hién véi ddm 17 nguyén tr
(CO+H,N-N,HC,N,C*,H) trong d6 cé thém mot
nguyén tr C* gin v6i mot trong hai nguyén wr N
cia vong 5 canh trong khi khéng gian khao sat
van duge gifr nguyén nhu trong trudng hdp ddm
16 nguyén tir. K&t qua cho thay nguyén tir C ndy
da che chin vi triuu tién 6 duge trong lan tinh
trudc va CO gan két khong phan 1i vio N va H
cua vong 6 canh (hinh 2d). Nang luong ddam 12
84.05395 a.u. Diéu quan trong la viéc tiép tuc
tdng thém s6 nguyén wr (vi du O va H gan véi C
néu trén) ma khong ndéi rong khong gian khao
sit s€ khong anh hudng dén vi tri gin két cia
CO ma chi thay déi nang lugng clia ddm.

V - KET LUAN

Lan dau tién chiing 16i da dp dung GA két
hop véi gin dung lugng tir khao sdt sy gin két
phan tif nhé 1én DNA. Tinh todn véi gin ding
ddm nguyén tr cho thdy thuat gidi GA dip (ng
nhu ciu cta bai todn va nhimg diéu kién anh
huong dén két qua tinh todn di duge khio sat.
Trén co s¢ do tim duge phuong phdp han ché
khong gian khio sat dong thoi véi viec md rong
kich thuéc ddm nguyen tir dé xde dinh cau hinh
gan két t6i vu vir hop 1y cia CO trén DNA.
Nhiing két qua thu duge vé thuat todn va phuong
phép tinh, cling nhu phin mém tac gia xay dung
duge c6 thé dp dung cho viéc nghién citu cdc hé
phan tir - protein/DNA khic.

Cong trinh nhan diwoc sy tdi tro nir Bo Khoa
hoc va Cong nghé trong khudn kho dé tai, md so
3.072.06. Tdc gid xin chan thanh cdm on.
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