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MO DAU

Ngay nay cung \oi su hoan thién cta cac phuong phap tinh toan hoa lugng
ter, sy quan tdm cua hoa hoc 1y thuyét dén linh vuc xuc tic enzyme ngay cang 16n.
Nghién ctru hé xdc tac enzyme lam sang té ban chat hoa hoc cta cic phan tng trong
co thé sdng. Mot khi cac phuong phap 1y thuyét thanh cong trong linh vuc nay sé
m¢& duong cho viéc tim kiém duoc phém méi diéu tri nhiéu loai bénh tat cho con
ngudi ma khong con phai mo mam nhat 1a khi viéc thir nghiém thude méi trén co
thé con nguoi khong thé tuy tién.

Luan vin ndy tap trung lam sang to co ché xuc tac ciia mot nhom enzyme
xuc tac cho aphing thiy phéan - enzyme esterase,uc thé 1a enzyme
acetylcholinesterase. Vé mit chirc ning, ddy 1a enzyme c6 vai td rat quan trong ddi
Vé6i co thé vi no tham gia truc tiép vao qua trinh truyén dan xung than kinh. V& mat
dong hoc xtc tac, day 1a loai enzyme c6 hoat tinh xtc tac dac biét cao, nd tham gia
truc tiép vao phan Ung hoa hoc va thé hién (ﬁy dl cic nhan t6 ma mot xtc tac

enzyme c0 thé tac dong dén phan g hoa hoc.

Hién nay cac phuong phap 1y thuyét nghién ctru hé xtc tac enzyme chua
hoan thién, vi vy viéc tiép can dé cai tién cac phuong phap nay 1a mot hudng phat
trién dugc wu tién vi N6 $§ tao ra mot budc nhay vot trong hoa ly thuyét, dua 1y

thuyét tién gan dén thyc nghiém hon.

Luan van nay dung mot phuong phap dang pho bién hién nay khi nghién ciru
hé xtic tac 1a phuong phap QM/MM véi ki thuat ONIOM. O day, phuong phap nay
duoc dung két hop véi cac tinh toan don gian hon lam co s¢ dy doén co ché phan
mg nham xay dung mot quy trinh ¢ hé thong dé nghién ctru hé xuc tac enzyme nodi

chung.



CHUONG 1 - TONG QUAN

1.1. Pdi twong nghién ciru

1.1.1. Acetylcholinesterase

1.1.1.1. CAu trac

Acetylcholinesterase 1a mot loai protein chirc nang, thugc nhdm hydrolase.

Vi vay, Vé co ban acetylcholinesterase ciing c6 dic diém cdu tric chung caa protein.

a) Cau tric so cap (bac 1):

Acetylcholinesterase & cac loai khac nhau c6 cau tric khac nhau. Duéi day

dua ra cau trlc acetylcholine cua c& dubi dién, chudt va cia nguoi.

(Ki hiéu ciia cac aminoaxit xem trong phan phu luc)

Ca dubi dién: do dic diém hoat dong ma acetylcholinesterase phé bién & loai nay.

MNLLVTSSLG

70
VGNMRFRRPE

130
WVPSPRPKST

190
GSQEAPGNVG

250
RRAILQSGSP

310
NVLPFDSIFR

370
SKDSESKISR

430
VI1CPLMHFVN

490
AEEEALSRRI

550
MCVFWNQFLP

VLLHLVVLCQ ADDHSELLVN TKSGKVMGTR

80
PKKPWSGVWN

140
TVMVWIYGGG

200
LLDQRMALQW

260
NCPWASVSVA

320
FSFVPVIDGE

380
EDFMSGVKLS

440
KYTKFGNGTY

500
MHYWATFAKT

560
KLLNATACDG

90
ASTYPNNCQQ

150
FYSGSSTLDV

210
VHDNIQFFGG

270
EGRRRAVELG

330
FFPTSLESML

390
VPHANDLGLD

450
LYFFNHRASN

510
GNPNEPHSQE

570
ELSSSGTSSS

100
YVDEQFPGFS

160
YNGKYLAYTE

220
DPKTVTIFGE

280
RNLNCNLNSD

340
NSGNFKKTQI

400
AVTLQYTDWM

460
LVWPEWMGVI

520
SKWPLFTTKE

580
KGITFYVLFS

VPVLSSHISA

110
GSEMWNPNRE

170
EVVLVSLSYR

230
SAGGASVGMH

290
EELIHCLREK

350
LLGVNKDEGS

410
DDNNG IKNRD

470
HGYEIEFVFG

530
QKFIDLNTEP

ILYLIF

FLGIPFAEPP

120
MSEDCLYLNI

180
VGAFGFLALH

240
ILSPGSRDLF

300
KPQEL IDVEW

360
FFLLYGAPGF

420
GLDDIVGDHN

480
LPLVKELNYT

540
MKVHQRLRVQ



Trong do6, 21 aminoaxit dau tién 1a doan peptit tin hiéu, mang thdng tin diéu
khién viéc chuyén van cua phan tir protein. Sau khi protein dén vi tri dich, cac
aminoaxit nay sé& bi tach ra. 22 aminoaxit cudi cung 1a doan peptit tién hoat hoa.
Protein chi thuc hién chie niang khi phan nay dugc tach bo. Nhu vay, ¢ trang thai

hoat hoa, phan tir enzyme acetylcholinesterase gom 543 aminoaxit (phan in dam).

Chudt:

MRPPWYPLHT

70
SAFLGIPFAE

130
RELSEDCLYL

190
NYRVGTFGFL

250
GMHILSLPSR

310
IACLRTRPAQ

370
VVKDEGSYFL

430
DPTHLRDAMS

490
EIEFIFGLPL

550
YVSLNLKPLE

610
QFDHYSKQER

Trong d6, 31 aminoaxit dau tién ciing 1a doan peptit tin hiéu, con lai 583

PSLAFPLLFL

80
PPVGSRRFMP

140
NVWTPYPRPA

200
ALPGSREAPG

260
SLFHRAVLQS

320
DLVDHEWHVL

380
VYGVPGFSKD

440
AVVGDHNVVC

500
DPSLNYTTEE

560
VRRGLRAQTC

CSDL

LLSLLGGGAR

90
PEPKRPWSGV

150
SPTPVLIWIY

210
NVGLLDQRLA

270
GTPNGPWATV

330
PQESIFRFSF

390
NESL ISRAQF

450
PVAQLAGRLA

510
RIFAQRLMKY

570
AFWNRFLPKL

AEGREDPQLL

100
LDATTFQNVC

160
GGGFYSGAAS

220
LOWVQENIAA

280
SAGEARRRAT

340
VPVVDGDFLS

400
LAGVRIGVPQ

460
AQGARVYAYI

520
WTNFARTGDP

580
LSATDTLDEA

VRVRGGQLRG

110
YQYVDTLYPG

170
LDVYDGRFLA

230
FGGDPMSVTL

290
LLARLVGCPP

350
DTPEALINTG

410
ASDLAAEAVV

470
FEHRASTLTW

530
NDPRDSKSPQ

590
ERQWKAEFHR

aminoaxit tham gia thuc hién chtrc nang (phan in dam).

Nguoi:

IRLKAPGGPV

120
FEGTEMWNPN

180
QVEGAVLVSM

240
FGESAGAASY

300
GGAGGNDTEL

360
DFQDLQVLVG

420
LHYTDWLHPE

480
PLWMGVPHGY

540
WPPYTTAAQQ

600
WSSYMVHWKN

MRPPQCLLHT PSLASPLLLL LLWLLGGGVG AEGREDAELL VTVRGGRLRG IRLKTPGGPV

70

80

90

100

110

120

SAFLGIPFAE PPMGPRRFLP PEPKQPWSGV VDATTFQSVC YQYVDTLYPG FEGTEMWNPN



130
RELSEDCLYL

190
NYRVGAFGFL

250
GMHLLSPPSR

310
VACLRTRPAQ

370
VVKDEGSYFL

430
DPARLREALS

490
EIEFIFGIPL

550
YVSLDLRPLE

610
QFDHYSKQDR

Déi chiéu ciu tric bac mot cua acetylcholinesterase & chudt va nguoi ta thay

140
NVWTPYPRPT

200
ALPGSREAPG

260
GLFHRAVLQS

320
VLVNHEWHVL

380
VYGAPGFSKD

440
DVVGDHNVVC

500
DPSRNYTAEE

560
VRRGLRAQAC

CSDL

150
SPTPVLVWIY

210
NVGLLDQRLA

270
GAPNGPWATV

330
PQESVFRFSF

390
NESLISRAEF

450
PVAQLAGRLA

510
KIFAQRLMRY

570
AFWNRFLPKL

ching hoan toan giéng nhau.

Tuy enzyme cua c& dudi dién khéc véi enzyme trong co thé chudt va ngudi
nhung ca 3 enzyme nay vé co ban thuoc nhém c6 tam xic tac bo ba Ser-Glu-
Histidin. Do tinh chat don gian trong ciu trdc enzyme & c& dudi dién va cac tai liéu

thu thap duoc tir thuc nghiém, trong luan van nay buéc dau s& nghién ctu hé xdc

tac v4i enzyme & ca dudi dién.

160
GGGFYSGASS

220
LQWVQENVAA

280
GMGEARRRAT

340
VPVVDGDFLS

400
LAGVRVGVPQ

460
AQGARVYAYV

520
WANFARTGDP

580
LSATDTLDEA

b) Cau tric thir cap (bac 2): hinh 1.1

170 180
LDVYDGRFLV QAERTVLVSM

230 240
FGGDPTSVTL FGESAGAASV

290 300
QLAHLVGCPP GGTGGNDTEL

350 360
DTPEALINAG DFHGLQVLVG

410 420
VSDLAAEAVV LHYTDWLHPE

470 480
FEHRASTLSW PLWMGVPHGY

530 540
NEPRDPKAPQ WPPYTAGAQQ

590 600
ERQWKAEFHR WSSYMVHWKN
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Hinh 1. 1 CAu tric so cip ciia acetylcholinesterase (tir UniProt)

¢) Cau trac khong gian: hinh 1.2



Hinh 1. 2 CAu triic khong gian ciia acetylcholinesterase khong cé va cé co' chét



1.1.1.2. Chirc niang sinh hoc

Acetylcholinesterase nam trong danh muc cac hydrolase (EC 3), thudc nhém
esterase — nhém enzyme cO chrc nang xuc tic cho qua trinh thuy phéan este thanh
axit va ancol trong phan tng héa hoc véi nude. Acetylcholinesterase ¢6 so hiéu EC
3.1.1.7.

Acetylcholinesterase c6 vai trd quan trong trong hoat dong than kinh, né xuc
tac cho qua trinh thay phan chat din truyén xung than kinh acetylcholine. Chét nay
¢ nhiém vu mang tin hiéu tir cac té bao than kinh t6i té bao co. Khi mot té bao than
kinh van dong nhan duoc tin hiéu tir trung khu than kinh, né s& tiét ra acetylcholine
di vao cac synap giira té bao than kinh van dong va té bao co. Tai ddy, acetylcholine
kich hoat cac thu quan trong % bao co, phat dong qué trinh co co. Khi tin hiéu da
duoc truyén tai thi acetylcholine can phai bi pha hiy, néu khong né s& tiép tuc tac
dong dén cac thu quan cua té bao co va tin hiéu bi chdéng lan 1én nhau.
Acetylcholinesterase c6 mit tai synap giita té bao than kinh va té bao co, dam nhan
chic nang pha hay acetylcholine ngay sau khi tin hi¢u dugc truyén di. Duéi tac
dung cua acetylcholinesterase, acetylcholine sé bi thuy phan thanh axit axetic va
choline. Sau d6 choline € duoc quay vong dé chuyén lai thanh acetylcholine. Nhu
vay, viéc diéu tiét acetylcholinesterase dam bdo cho hoat dong than kinh dién ra

nhip nhang.
1.1.2. Pic diém xic tac

Do chirc ning sinh hoc cta acetylcholinesterase trong viéc truyén xung than
kinh ma né én phai c6 hoat tinh xtc tac dic biét cao, hé s6 chu chuyén cta né 1a
10° — 10* s, 6¢c d6 gin véi gidi han khuéch tan [6]. Nhu cdc enzyme khac,
acetylcholinesterase c6 tinh chon loc cao, co chit cua no 1a acetylcholine, nd ciing
dé bi e ché boi nhiéu chat khac nhau, ngay ¢ khi nong do co chat acetylcholine
qua 16n n6 ciing bi e ché. Viéc nghién ciru chi tiét vé enzyme nay khong chi nham

lam rd co ché tac dong ciia nd 1én phan tng ma con cé thé tim dugc cac chat e ché



hoat tinh cua nd. CHit trc ché s& c6 tac dung ngin chin qud trin h thiy phén

acetylcholine 1am ting cudng do tin hiéu cta xung than kinh.

Dé giai thich tinh chat chon loc cua phan tmg xuc tac enzyme, Fischer dé
XUit mo hinh chia khéa-6 khoa, theo dé, co chit va enzyme c6 hinh dang dac thu
phu hop véi nhau. M6 hinh nay chi giai thich tinh chon loc cta xuc tac enzyme trén
co s& su twong hop cimg nhic vé mat hinh hoc ma khéng giai thich dugc hoat tinh
cao cua enzyme. Sau d6, Daniel Koshland ® sung cho mé hinh nay, cho rang cac
enzyme do ciu tric mém déo clia n6 ma tim hoat dong khi tuong tic voi co chat
cling khong cimg nhic ma thay d6i cau hinh trong sudt qué trinh twong tac. M6 hinh
nay ciing chua lam r6 dugc vai tro cia xuc tac enzyme. Hoat tinh va @6 chon loc

ctia enzyme phai duoc giai thich bang nhiéu yéu té.

Enzyme c6 thé gilp ha thip nang lugng hoat hda cia phan tng theo céc cach
sau:

e Lam bién dang trang thai chuyén tiép l1am cho trang thai nay bén hon, do d6

giam nang luong hoat héa.

e Ha thip niang luong cua trang thai chuyén tiép bang cach tao ra mdi trudong

Vé6i su phan bd dién tich nguogc véi trang thai chuyén tiép.

e Tao ra mot dudng phan ung thay thé, enzyme s& phan tng truc tiép véi co
chat dé hinh thanh phic trung gian enzyme-co chit, sau d6 enzyme méi

duoc tai tao lai.
e Giam bién thién entropy cua phan ung bang cach dem cac co chit lai véi
nhau theo huéng thich hop dé phan tng.
e Ting nhiét do dé tang tdc phan tng. Yéu to nay thuong chi c6 dong gop rat
nho vao hoat tinh xtc tac cua enzyme.
Trong mot phan tmg xdc tac enzyme cu thé, c6 thé c6 mot s6 hodc tit ca cac yéu
t6 trén. Pa sb cac phan Gmg xtc tic enzyme déu co vai trd hda hoc ciia mot tm hoat

d6ng va phan con lai cua phan tir enzyme dong vai trd moi trudng, tao thuan loi vé



mat khong gian va tuong tac tinh dién. Khi nghién ¢u co ché phan tng xuc tac

enzyme bang cac phuong phap tinh toan can 1am rd duogc ca 2 hudng tac dong nay.

Riéng d6i véi acetylcholinesterase, két qua thuc nghiém d& xéac nhan su tao phirc
gitta enzyme va co chat. Tam hoat dong 1a nhém bo ba Ser(200)-His(440)-
Glu(327). Phan tmg xay ra tai mot hdc su bén trong phan tir acetylcholinesterase.
Phan tir co chat trude tién phan ung véi tm xdc tac (nhém OH trén Ser(200)) dé
tach ra choline, sau d6 tam xuc tac d4 bi axetyl hoa sé tai tao lai bang cach phan tmg
véi phan tir nude.

(Lweu y: ¢ day danh sé aminoaxit khdng tinh dén doan peptit tin hiéu nén léch so

Véi s6 hiéu trong cdu tric bdac mét dua ¢ trén 21 don vi).

J/'J\ j
0,
Hinh 1. 3 Pon vi aminoaxit Ser(200) véi nhom OH tham gia phéan &rng héa hoc

1.2. Phwong phap nghién ciru
1.2.1. Protein docking

Protein docking 1a K thuat mé hinh héa nham dy doan vi tri va c4u hinh thuan
lgi ma phan tir co chat ¢ thé gan két trén phan tir protein. Docking c6 vai trd quan
trong trong viéc du doan ai lyc va hoat tinh cta cac dugc chat doi véi protein, tir do
du doan kha ning hoat héa hodc rc ché mot protein chirc ning. Bén canh d6
docking ciing gitp du doan tdm hoat dong va vi tri, cau hinh thuén loi cta co chat
tham gia phan tng khi xem xét co ché xtic tic cua enzyme (ciing 13 mot loai protein

chirc nang).



Docking tré thanh bai toan ti wu, tim vi tri va cau hinh pht hop nhét ctia mot co
chat gan két 1én protein. Vé mat nhiét dong luc hoc, muc tiéu cua docking 13 tim ra
cu hinh ma ning luong tu do cia toan hé 1a thap nhat. P& tim c4u hinh phu hop
nhét can phai lién hé khong gian ciu hinh véi cac gid tri s6 danh gia dugc kha nang

gan két cta co chat Ién protein roi mai ap dung dugc cac thuat toan tim kiém.

Hinh 1. 4 Anh xa tir khong gian cau hinh Ién tip s6 thuc

Khi @6 viéc tim kiém cdu hinh t4i vu twong tmg véi viéc tim cuc dai hoic

cuc tiéu trong tap {c;}.

Khi co chit gan két 1én mot phan tir protein, hai dém can cha ¥ 13 sy phu

hop vé hinh dang, kich thudc va nang luong tuong tac giira co chat véi protein.

Sy phu hop vé hinh dang twong tu nhu co ché chia khoa-6 khoa nhung trong
thue té, ca co chit va protein déu co thé thay ddi cdu hinh, dic biét protein 1a phan
tir 16m va ¢6 cau tric mém déo. Qua trinh trong thyc té phic tap hon. Ngoai yéu cau
phi hop vé hinh dang, kich thuéc, gitta co chit va enzyme con nhitng tuwong tac

khac nhu twong tac Van der Waals, tuong tac inh dién, trong nhiéu truong ho p con
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c6 twong tac hoa hoc. Nhung do protein thudng cd kich thude 16n va mém déo, rat
khd khao sat hét tat ca cac kha nang co thé nén trong docking, phan tir protein
thuong dua vao dudi dang ciu trdc cting, co chat co thé chuyén dong twong ddi so
Vi protein va thay doi cau hinh. Mot sé phan mém docking ciing cho phép thay do6i

c4u hinh trén mot s6 don vi aminoaxit.
Ham thich nghi

Nhu trén d4 noi, ta can sd hoa do tét cua cac cau hinh trong khong gian khao
sat. Trong autodock va autodock vina, khong gian khao sat dugc xac dinh boi nguoi
dung 12 mot hop bao gdm mot phan hodc toan bd phén tir protein. Goi ham xac 1ap
gitra khong gian cdu hinh véi mét tap sd thuc 13 ham thich nghi. Ham thich nghi
phai danh gia dugc tuong tac gitta co chat va protein. Hau hét cac phan mém danh
gia do thich nghi lién hé truc tiép véi ning lugng cia cau hinh dwa vao cac phuong
phap truong lyc co hoc phan tir; cdu hinh c6 nang luong thap thi hé bén va co kha
ning gin két cao. Ngoai ra con cé thé dung cac phuong phap “hoc may” dé xay

dung ham thich nghi véi dir liéu hoc 1a dit liéu thue nghiém.
AutoDock: dg thich nghi dugc danh gia qua nang lugng tu do.

G = Vb ) s) gy

Trong d6 L chi co chat, P chi protein, b chi trang thai gan két, ub cho trang

thai khdng gan két. Cac gia trj thé ning dugc tinh theo trudng luc co hoc phan tir.

AutoDock Vina: ham cho gié tri d¢ thich nghi cé dang

Cc= Z ftitj (rij ) (12)

i<j
Trong d6 cac nguyén ti i, j 1an luot duoc quy dang t., t i Téng trén duoc lay

Vi tat ca cac cap nguyén tir c6 thé chuyén dong twong ddi voi nhau, trir cac tuong
tac 1-4. Gia tri nay bao gdm ca phan tuong tac gitta cic phan tir va phan tuong tac

trong cung phan ta.

Thuit toan tim kiém

11



Do khéng c6 mot mdi lién hé don gian gitra vi tri va ciu hinh cta co chét véi
kha nang gin két, khong gian tim kiém co thé c6 rat nhiéu cuc tri dia phuong. Vi

viy can phai c6 thuat toan tdi wu toan cuc thich hop.

Déi voi AutoDock, & ddy chi dung thuat toan di truyén két hop véi toi uu cuc

Céch thize thuee hién thudt toén di truyén trong AutoDock:

o Moi loi gidi (tike Mot cdu dang) duwoc coi nhur mét cé thé trong mot
qudn thé, va duroc biéu dién nhu cdu trac ciia mét nhiém sdc thé. Méi
nhiém sdc thé c6 cac thanh phdn biéu dién vi tri, dinh huéng va cac

goc xodn.

e Tir mét quan thé ban dau, méi ca thé sé duoc danh gia dé thich nghi
thdng qua nang lirong, nhing ca thé c6 do thich nghi cao (tize nang
lwong gdn két @m hon) sé ¢ co héi duwoc chon nhiéu hon dé tién hanh
lai ghép tao ra ca thé mai. Mgt sé ca thé co do thich nghi déc biét cao
sé dirge sao chép toan bg vao thé hé sau.

o Mor s ca thé méi duoc tao ra sé bi dét bién tai mét hodge mér sé diém
trén nhiém sdc thé véi ti 1é dot bién xac dinh trude.

e Céc cé thé trong thé hé méi lai dwoe danh gia dé thich nghi, qua quéa
trinh lai ghép, dét bién dé tao qudn thé méi. Quy trinh nay duwoc ldp
di lip lai cho dén khi dg thich nghi trong quan thé én dinh qua cac
thé hé hodc khi gdp mér trong cac diéu kién gidi han vé khéi luong
tinh toan.

Khi két hop voi t6i uu cuc bo thi mdi ca thé mai tao thanh do lai ghép hay
do6t bién déu duoc tdi uu lai trude khi danh gia do thich nghi.
AutoDock Vina: két hop tdi wu cuc bd voi phuong phap Monte-Carlo.

Khac véi AutoDock, thudt toan téi wu cuc bg trong AutoDock Vina I thudr

toan dua vao gradient lue, con trong AutoDock, téi wu cuc bé theo thudr todn ngdu

12



nhién. Mdéi cdu hinh trong AutoDock Vina ciing duoc biéu dién nhwe mét nhiém sdc
thé véi thong tin vé vi tri, dinh hudng cita co chdt va cac goc xodn. Mot sé ca thé
ciing bi dot bién dé tao qudn thé méi, nhung khong co sw lai ghép. Méi thé hé tién
téi thé hé tiép theo véi dg thich nghi néi chung cao hon nho c&c bude tim kiém
ngau nhién dé tim téi cdu hinh tét hon.

Piém chung cua ca hai thuat toan la tim kiém ngiu nhién, di tir mot tap cac
loi giai ban dau va phat sinh ra nhitng 161 giai ngdy cang tt hon.
1.2.2. Phwong phap phiém ham mit d¢

Co so ciia phuong phap nay 1a dwa vao dinh dé Hohenberg-Kohn khang dinh
ton tai tuong g mot - mot gitra mat do electron va nang luong cua h¢. Ddi voi mot
hé c6 N electron, ham song chira téi 3N toa do, trong khi d6 mat do electron ctia hé
la mot ham chi phu thudc vao 3 toa do, doc lap véi sb electron trong hé. Pé st dung
phuong phap phiém ham mat d6 can phai thiét 1ap mbi lién hé giita nang luong va
mat do electron E[p]. Mat do electron ctia hé 1a mot ham nén mbi quan hé nay duoc

biéu dién dudi dang mot phiém ham.
1.2.2.1.Céc dinh @& Hohenberg-Kohn
Pinh dé Hohenberg-Kohn thir nhit (chirmg minh su ton tai mdi lién hé mot-mot
gitra mat do electron va thé ngoai)

“thé ngoai V., (F) (trong giéi han mot hang s6) 1a mot phiém ham don nhat
cua p(F); Vi V., (F) lai xac dinh H nén ta thy rang trang thai co ban ddy du cta hé

nhiéu hat 1a mot phiém ham don nhat cia p(F)” [7]

va Vv,

Gia sur co hai thé ngoai V,, khac nhau hon mdt hang so cung cho ra

mot mat do electron p(F) twong ing véi trang thai co ban khong suy bién cia N

hat.

(1.3)
(1.4)
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Hai toan tir Hamilton trén xac dinh hai ham song trang thai co ban khac nhau
w VA y' tuong tmg Véi cac gia tri nang lwong trang thai co ban lan luot 1a E, va
E, (E, # E,). Nhu vay hai ham séng v va y' cho ra cung mot mat do electron
p(F).

Ta c6 thé dung ' nhu mot ham thir cho toén tir Hamilton H va theo nguyén

ly bién phan ta c6

c,<(o )=o)+ - i @9
hay E0<E('J+<W"\7ext -V, 1//'> (1.6)
tire 12 Ey<Ey+ [ p(F WV — Ve, JOF (L.7)

Hoén d6i vai trd gitra (v, E,, H) va (v', E,, H') va tién hanh cac budc
nhu trén ta duoc

EO < EO + Ip(r)(\/ext _Vext }jr = EO - jp(r)(vext _Ve;(t br (18)

Cong hai phuong trinh trén dua dén biéu thirc

E, +Ey<E +E, (1.9)

Diéu nay vo li. Vay khong thé c6 hai thé ngoai khac nhau cing tuong tng
véi mot mat do electron ¢ trang thai co ban hay néi cach khac, mat d6 electron ¢

trang thai co ban p(F) xac dinh duy nhat mot thé ngoai v, .

Vi ning luong trang thai co ban 1a mot phiém ham caa mat do electron trang
thai co ban nén cac thanh phan cua né ciing vy va ta co thé viét

Eolpo|=Tloo ]+ Eccloo ]+ Epe [os] (1.10)

Ta c6 tié phan tach phan niang luong do tuwong tic hat nhan -electron (c6
dang phu thudc vao hé cu thé) va phan con lai co dang chung doc lap voi N, vi tri va

dién tich hat nhan.

Eolos]=[ oo (rVedr +T[pp ]+ E..[ ] (1.11)
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Pinh nghia phiém ham Hohenberg-Kohn

I:HK [po]:T[pO]+Eee[p0] (112)
ta viét lai
EO[pO]:Ipo(F)/NedF-'-FHK [po] (1.13)

Néu biét chinh xac phiém ham F,, [p,] ching ta c6 thé co 1oi giai chinh xac
cho phuong trinh Schrodinger. Vi phiém ham nay c¢6 mot dang chung doc lap véi
kich thudc hé nén rat thuan tién khi &4p dung cho cac hé 16n. Nhung chlng ta van

chua biét dugc dang chinh xac cuaca T[p,] va E,.[p,].

e 1= 2ol k= [T o, ko (114)

Viéc tim dang caa céac phiém ham T[p] va K[p] la thach thac Ion trong ly
thuyét phiém ham mat do.
Pinh @é Hohenberg-Kohn thir hai: nguyén Iy bién phan

Chuing ta da khang dinh rang mat do trang thai co ban vé nguyén tic 1a du dé
Xé&c dinh day du tinh chét caa hé. Nhung, 1am thé ndo dé chic chin rang mot mat do
nao do thuc su 1a mat d6 ¢ trang thai co ban.

Dinh dé hai thuc chat ¢ dang ctia nguyén 1y bién phan

E, < E[p]=T[p]+E . [5]+E..[P] (1.15)

C6 thé phat biéu nhu sau: véi bat ki mot ham thir 5(F) nao thoéa mén cac diéu kién
bién nhu p(F) >0, Iﬁ(r)dF:N twong tmg v6i mot thé ngoai V., nao do, thi niang
luong nhan dugc ciing khdng thé nho hon niang luong trang thai co ban E,. Dau
bang chi nhan dugc néu va chi néu mat do6 trong cong thie ding 1a mat do trang thai

co ban.
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1.2.2.2. Phwong trinh Kohn-Sham

Hai dinh dé trén 1a co so cua phuong phéap phiém ham mat do nhung chua
chi ra dugc cach &p dung vao hé cu thé vi chua dua ra dugc mot dang phiém ham
phu hop lién hé gitra nang lugng va mat do electron. Nam 1965, Kohn va Sham da
dé xuat mot cach thire dé xéac 1ap phiém ham da ndi ¢ trén, trude hét 1a dé tinh dong
nang véi do chinh xéac twong dbi. Pé xac dinh phan dong nang nay, Kohn, Sham
dua vao khai niém hé quy chiéu khdng tuong tac dugc xay dung tir mot tap hop cac
orbital 14 ca&c ham mot electron. Phan sai s6 cling véi tuong tac giita cac electron
K[p] kha nho s& dugce xac dinh bang mot phiém ham xap xi.

Orbital va hé quy chiéu khéng twong tac

Véi m hinh hé khi dong nhat khéng tuong tac, Thomas, Fermi d4 xay dung
truc tiép cac phiém ham dong niang va tuong tac electron-electron nhung két qua &p
dung lai khdng phl hop véi thuc té, khdng mo ta duoc lién két héa hoc. Kohn va
Sham d4 tim mot cach tiép can khac, d6 1a dia vao cac ham séng va lién hé véi
céch thirc tiép can cua Hatree-Fock.

Gia st mot hé electron khéng tuong tac, ta c6 thé viét toan ti Hamilton ¢
dang:

=- %i +Zv @) (1.16)

Va lién hé véi phuong phap Hartree-Fock thi dinh thire Slater la ham song
chinh xé&c. Déi véi hé tuong tac thi thé Vv, 1a thé hiéu dung dia phuong tuong tu nhu

thé hiéu dung trong phuong trinh Hartree-Fock.

Ta dua vao ham song dudi dang dinh thire Slater

502
1 |22) 0,12) .. o2
m (1.17)

DO =

¢1(.N) (Pz(N) ¢N“(.N
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Cac orbital ¢, thoa mén phuong trinh

st

O, = &0 (1.18)

véi £ latoan tr Kohn-Sham mot electron

fKS:—% V24V, (1.19)

Pé 4p dung cho hé thyc 1a hé twong tac ta phai tim duoc thé hiéu dung thich
hop théa man diéu kién tong cac binh phwong modun ham séng phai bang mat do

trang thai co ban cua hé tuong tac.
Phwong trinh Kohn-Sham
Kohn-Sham d& nghi dung biéu thirc dudi day dé nhan dugc dong nang chinh

Xac cua hé khdng tuong tac c6 cung mat &6 nhu hé thuc cé tuong tac

TS:_

N |-

Z,?:<§9i ‘V2‘¢i> (1.20)

Tat nhién, dong niang cua hé khong tuong tac khong thé bing dong nang cua
hé thue 6 twong tac di ching cé chung mot mat do. Bao gom phan sai khac nay,

Kohn-Sham dua vao s6 hang nang hrong tuong quan-trao doi E, .
Flo(F)]=Ts[o(F)]+ 3[o(F)]+ E,.[o(F)] (1.21)

nghia la

E,o[o(F)]=(T[o(F)]-Ts [o(F)D+(E.. [o(F)]- 3 [o(F)])=T.. [o(F)]+ K[o(F)] (1.22)
Tir biéu thirc trén ta thdy sé hang niang luong twong quan trao dbi trong
phuong phap Kohn-Sham khdng dong nhat véi phan tuong quan-trao doi trong

phuong phap Hartree-Fock ma nd con bao gém ca mot phan dong nang khdng duoc
xac dinh chinh xac.
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Vén dé dat ra 1a 1am thé nao dé xac dinh duy nhét cac orbital ¢, trong hé
khéng twong tac hay noi cach khéc 1a 1am thé nao dé dinh nghia duoc V, dé co thé
nhan duogc dinh thire Slater twong g véi mat d6 dién tich dung nhu hé thuc.

Ta viét lai biéu thire ning luong o sy phu vao orbital

E[o(F)]=T [p(F)]H[p( )]+ Exc [p(*)]+ Eve[o(F)]
[p(F)]+ jjp dr dF, +E,.[o(F)]+ [ oo (F Ve dF
Lo i .
== > (oo )+ > ZJ:MC"- 4 \(pj ) drdr, +E,, [o(F)]-

(1.23)
Trong biéu thirc trén, sb hang duy nhat khéng c6 dang phu thudc rd rang la

Tiép theo ap dung nguyén Iy bién phan véi diéu kién rang budc

<(0i‘§0j>:§ij (1.24)

dan dén phuong trinh

(_Evz +U plE) 4 +ch(ﬁ)—iﬂD(pi :(_%vz nv (F)jgoi e ¢ (1.25)

2 r, L

Xem xét cac thanh phan trong thé hiéu dung Kohn-Sham

Va(0) =V (7)= [ A 4, (7)- 325 (1.26
[— éEXC
V, = 5 (1.27)

Vi chling ta chua biét dang phu thudc cia E,. nén ciing chua biét duoc dang
cta V. Néu biét dang chinh xac E,. (V,.), phuong trinh Kohn-Sham s& cho ra trj

riéng chinh xac nhung cho dén nay, phiém ham nay moi chi dugc dwa ra mot cach
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gan dang. Va su phat trién cua ly thuyét phiém ham mat do tap trung vao viéc tim ra
dang tot hon caa phiém ham tuong quan-trao doi.

Khi d c6 dang cua phiém ham twong quan-trao ddi thi viéc giai phuong
trinh Kohn-Sham duoc thuc hién bang cach giai lip twong tu nhu phwong trinh
Hartree-Fock.

Phiém ham tuong quan-trao d6i phai dugc xac dinh chung cho tat ca cac hé.
Nhiéu dang phiém ham twong quan-trao doi d3 duoc dua ra, viéc xdy dung céc dang
gr:in ding nay dua vao so sanh vdi thuc nghiém hoac trén co s¢ S0 sanh v&i mot
phuong phap ham séng muc cao. Thong thuong phiém ham dugc tach thanh 2 phan

riéng ré, phan twrong quan va phan trao doi.
£ (o~ Lo+ E.lp)= [ ek [ole e + [ o) oo w29

£ VA g dugc dua vao biéu thirc véi ¥ nghia 13 mat d6 ning lugng.
Thé tuong quan-trao di twong tng dugc xic dinh 13 dao ham cua ning

luong theo mat do:

V)=l (o pln )

ap(r) op (1.29)

Tuong quan gita cac electron c6 spin song song khac vdi tuong quan gitra
cé4c electron c6 spin dbi song, ning lugng trao d6i theo dinh nghia chi lién quan dén

cac electron co cung spin.
E[pl=E[p. ]+ EL|p,] (1.30)

E[p]=E[p, ]+ EZ[p, [+ EZp.. £, (1.31)

Mat do tong 1a tong cuia phan déng gop ctia cic electron o VA B: p = po + Pp-
Tuy nhién, cac phEm ham thuong dugc viét theo dd phan cuc héa spin ¢ va ban

kinh cua thé tich hiéu dung chtra mot electron rs.
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_pi=p’

é,_a—ﬂ rs =3 43
P tp va \ 47p (1.32)

C6 nhiéu dang phiém ham twong quan -trao @i d3 duogc thiét 1ap, mot sd
dang thuong dung trong hé héa hoc nhu BPW91, BLYP, B3LYP, B3PWOl...

1.2.2.3. Phiém ham B3LYP

Phiém ham B3LYP la dang phiém ham thuong dung trong khi nghién ctu
cac hé hoa hoc theo phuong phap DFT. Pay la dang két hop tuyén tinh cua phiém
ham trao d6i Hartree-Fock va cac phiém ham tuong quan, trao doi dang khac. Céc
tham sé xé&c dinh trong s6 cia mdi phiém ham thanh phan dugc xac dinh bang céch
khép vai thuc nghiém hay cac dit kién nhiét hoa hoc dugc tinh toan mot cach chinh

Xac.
E)I(?(;:SLYP _ E)I<_CDA n ao(ExHF _ E)I(_DA)+ a, (EXGGA _ Exl_DA)+ a, (ECGGA _ ECLDA) (1.33)

V6i a, = 0.20, a, = 0.72, a, = 0.81. Céc tham s6 nay dugc xac dinh bang cach
khép cac gié tri dy doan véi mot tap hop cac gia tri nang lueong nguyén ti hoa, thé
ion hoa, ai luc proton, cac gié tri nang lrong tong caa nguyén tir thé hién trong céc

nghién ciru cua Becke, va Lee-Yang-Parr [4, 9].
1.2.3. Co hoc phéan tw

Trong cac phuong phap truong luc, nang luong dién tir véi mot cAu hinh hat
nhan cho trudc dugc tinh béng cach viét lai E, dudi dang mot ham tham s6 cuia cac
toa do hat nhan. Cac tham sb dua vao ham nay dugc léy phu hop véi thue nghiém
hay tir cac phuong phap tinh toan mtc cao hon. Phan tir dugc mé hinh nhu hé cac
qua cau va 1o xo, gdm cic nguyén tr dugc gilt véi nhau bang cac lién két. Céc

nguyén tir dugc xur li nhu trong co hoc c¢d dién theo dinh luat IT Newton.

Ning luong truong lyc duoc phan tach thanh cac s hang mé ta ning luong

can thiét dé 1am bién dang phan tir theo nhiing kiéu riéng khac nhau.

EFF = Estr + Ebend + Etors + Evdw + EeI + Ecross (134)
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Trong do,

Eg : ning lugng can dé 1am thay doi do dai lién két giira 2 nguyén tir
Epong : ning luong can dé 1am thay d6i goc lién két

Etors : nang luong xodn, can dé quay quanh mot lién két

Evaw , Eel : ning luong tuong tac nguyén ta-nguyén tir khong lién két
Ecross - MO ta anh hudng qua lai gitra ba ) hang dau tién.

D¢ tim cau hinh bén cua phan tor tuong Ung voi cuc ti€u trén bé mat theé

nang, ta tién hanh cuc tiéu hoa Egr theo céc toa d hat nhan.
1.2.3.1. Niing lwong thay doi d dai lién két E;

Ta khai trién ning lugng 1am thay doi d6 dai lién két giira 2 nguyén tir A va
B theo chudi Taylor dén bac 2 (day 1a dang don gian nhat).

dE 1d%E 2
E.(R-R,)=E(0)+ —=(R-R,)+=——(R-R
str( 0) ( )+ dR( 0)+2 dRz( O) (135)

Ro 1a d6 dai lién két tu nhién hay can bang giita 2 nguyén tor A va B, diém khong
duoc xac dinh tai Ro. Khi khai trién gan gia tri can bang, s6 hang bic nhét bang

khong, Eg, cO dang don gian

Ew(R-Ry)=k(R-R,)" =k(AR) (1.36)

vo1 k 1a hang s6 luc cua lién két gitta A va B. Bi€u thic c6 dang moé ta dao dong tur
diéu hoa va v4i mdi lién két can 2 tham s6 13 k va Ry. Dé chinh xac hon én thé m

cac s6 hang bac cao hon vao biéu thire khai trién Taylor.

E., (AR)=k,(AR)* + k,(AR)’ + k,(AR)" +... (1.37)

Khi do6 s6 tham s6 can dua vao cling tang 1én. Ngoai ra con c6 thé dua vao cac dang

ham khéc dé hiéu chinh.

1.2.3.2. Ning lwong lam thay doi géc lién két Epeng
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Tuong tu nhu Eg;, ta cling co6 thé viét Epeng 0 dang khai trién Taylor.
Epena (0 —6) = k(9—90)2 (1.38)

0o 1a goc lién Kt tir nhién giira 3 nguyén tir A -B-C. Ciing giong nhu Eg, day 1a
dang don gian nhét cta Epeng, d& chinh xac hon c6 thé dua thém vao cac sb hang
khai trién bac cao hon va hiéu chinh cho phu hop véi dit kién thyc nghiém hodc cac

phuong phap tinh todn luong tir muc cao.
1.2.3.3. Nang lugng x0in Eiops

Trong chudi 4 nguyén tir lién két A-B-C-D, xét niang luong 1am quay quanh
lien két B — C. Pé dam bao tinh tuan hoan cua phép quay, ta sir dung khai trién
Fourier cho E;ys.

E s (@)= 2.V, cos(no) 1.39)

Phu thudc vao tinh ddi xtmg ma mot vai hang s6 V, ¢d thé bang 0. Pdi véi

hé phan tir hitu co biéu thirc théng dung cho ning luong xoin duoc viét ¢ dang:

E o (@) = 2V, [L+ cos(@)]+ 1V, [L— cos(20)] + 1V, [L+ cos(3w)] (1.40)

1.2.3.4. Nang lwgng Van der Waals E, g,

Ning luong Van der Waals mé ta tuong tac ddy hay hut giita cac nguyén tir
khong lién Kt truc tiép véi nhau va khong tinh dén phan tinh dién. Néu khoang
cach giita cac nguyén tir 10n thi Eyqy bang 0, néu khoang cach nho thi ching day
nhau. Tuong tic Van der Waals bao ham tuong tac khiéch tén, twong tac cam tng,
twong tac ludng cuc-ludng cuc, tor cuc-ludng cuc, ... Eygy rat duong ¢ khoang cach
nho, ¢6 cuc tiéu hoi am tai khoang cach twong tng khi hai nguyén tir chi vira cham
nhau, va tién toi 0 tai khoang cach vo cing. Mot dang ham thoa man tinh chét nay

la

_ _C
EvdW(R)_ E repu (R) R® (1.41)
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Ta khdng thiét 1ap dugc biéu thirc chinh xac cho Erepul- S6 hang nay phai tién
t6i 0 khi R tién t6i vo cting va phai tiém can 0 nhanh hon s6 hang thir hai. Mot trong

nhitng dang thuong sir dung trong tinh toan 1a biéu thirc Lennard-Jones:

c C
E (R)=_—L _>2
o (R) R” R° (1.42)

Dang ham nay cling dugc hiéu chinh phu hop véi cac phuong phap tinh mac

cao dé cho két qua tin cdy hon.
1.2.3.5. Nang lwgng tinh dién E

Do sy phan b cac electron trén phan tir ma hinh thanh nén nhiing phan tich
dién dwong va am. Ta c6 thé mo ta tuong tic nay nhu tuong tic giita cac diém tich
dién bang cach phan bd dién tich cho mdi nguyén tir hodc xem lién két nhu mot
ludng cuc. Hai mo hinh nay twong dwong vé mit vat i nhung cho két qua khong

hoan toan gidng nhau trong tinh toén sd.
Véi tuong tac gifta cac dién tich diém

A~B
£,(R) =22
R (1.43)
(¢ 1a hang s dién méi)
Dién tich cua nguyén tur cling dugc phan bd cho phu hop voi cac phuong phép tinh
mtc cao hodc dir kién thuc nghiém gidng nhu cac twrong tac khac trong trudng lyc.
Vé6i mé hinh lién két ludng cuc, biéu thic viét cho ning lugng tuong tac
gitra 2 ludng cuc c¢6 dang sau:

A B

E,(R)= ”6; (cos y —3cosa, cosa )

3

(1.44)

Khéng c6 co sd chit ché ndo cho viéc chon gia tri hang sé dién moi €, thong

thudng gia tri nay dugc 13y trong khoang tir 1 dén 4.

1.2.3.6. C4c s6 hang chéo E o
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Thuc té khong c6 su tach biét hoan toan giira cac tuong tac da néu & trén khi
cho phan tr bién dang dé xay dung bé mit thé niang. P& mo ta anh huong qua lai
Clia cAc tuong tic nay ngudi ta dua thém vao sb hang Eges va thuong viét ¢ dang

tich cua cac khai trién Taylor.

Nhu viy, ddi véi cac phuong phap truong luc, cac phép tinh déu dugc viét &
dang co hoc c¢b dién, do d6 cho két qua tinh toan nhanh chong, van dé cot yéu cua
cac phuong phap nay 13 xac édh cac tham s6 dé dua vao biéu thuc tinh. Khi tinh
cho hé cac phan tir 16n, khong thé xac dinh tham 5 cho timg nguyén tir, timg lién
két cu thé va cling khong thé x4c dinh lai cac tham sb khi nghién ctru cac hé phan tu
khac nhau. Vi vdy can xdy dung bo tham sb c6 tinh chét khai quat va rat gon. Trong
mdi bo tham sd duge xay dung, nguoi ta xac dinh tham sd cho cac dang nguyén tir
theo s6 hiéu nguyén tir va tinh chit lién két ma no tham gia. Nhitng bo tham s nay
déu phai phii hop twong dbi vai thuc nghiém hodc cac phuwong phap tinh toan lugng
tr mic cao. Khong c6 bd tham sb nao tuyét dbi tot hon cac bo tham b khac va
khong thé dua tham sd tir trudong luc ndy vao truong luc khac. Mot sb truong luc

phd bién nhu UFF, Dreiding, Amber, CHARM ...
1.2.4. Két hop phwong phap co hoc lwgng tir-co hoc phan tir

Mot trong nhitng kh6 khan cha yéu ciia hoa hoc tinh toan khi nghién ciru cac
hé 16n 1 can bang giira d6 chinh xac cua két qua va thoi gian tinh toan. Cac phuong
phap tinh toan lwng tr tuy cho két qua chinh xac nhung lai khéng thich hop véi
nhitng hé nhu vy do khéi lugng tinh toan qua 16n va viée thuc hién tinh luong tir

cho nhimg hé hang nghin nguyén tir 1a diéu hoan toan khong kha thi.

Phuong phap két hop loi dung dic diém 13 trong hau hét cac phan tmg véi
XUc tac enzyme, qué trinh pha & va hinh thanh lién két chi xay ra trén tim hoat
dong co su tham gia caa mot s it cAC nguyén tr trong phan tir protein, anh hudng
cta phan con lai trén protein thuong chi 1a vé mat khong gian va twong tac tinh
dién. Trong phuong phéap két hop, mdi ving duogc xir i bang mot phuong phap tinh

khac nhau. Phan hoat dong héa hoc duge xir 1i bang phuwong phép tinh toan lugng tir
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mO ta chinh xac su pha v, hinh thanh lién két hoa hoc, phé”m con lai ¢ thé duoc xir
i bang cac phuong phap d& ton kém thoi gian hon. Nho d6 vira md ta duoc qua

trinh hoa hoc vira tiét kiém thoi gian.

Trude khi phuong phap két hop dugc ap dung rong rdi, mo hinh tdm hoat
dong 1a mot gidi phap nghién ctru hoat tinh xtc tac cua enzyme. Khi do, chi mdt
phén phan tir ¢6 tam hoat dong dugc st dung trong mo6 hinh nghién ctru va viéc tinh
todn bing cac phuong phap luong tir khong nmiy khé khian. Tuy nhién, nBi
enzyme c6 hoat tinh xic tac cao ma cac xuc tac khac khong c6 duge va dac biét la
c6 tinh dic thu, dic diém nay khong thé giai thich bang mot phan nho trong phan
tr. M6 hinh tdm hoat dong khong chi ra dugc anh hudng cua toan by phan tu
enzyme va trong nhiéu trudng hop khong thé hién duoc vai tro xdc tac cta enzyme.
Vi vdy, hién tai phuong phap két hop dang 13 phuong phap hiéu qua nghién ctru hé
Xuc tac enzyme.

V& nguyén tic, co nhiéu kiéu két hop cac phuong phép tinh voi nhau nhung
pho bién 1a két hop giita phuong phap luong tir va co hoc phan tir - QM/MM.

Phuong phap két hop luong tir/co hoc phan tir duoc tién phong boi Warshel
va Levitt vao nam 1976. Trong d6, Warshel dua ra Bu thitrc ni ng luong khi dung
két hop phuong phap nhu sau

EQM/MM-EE _ Zv.OM | EMM £ QM-MM (1.45)

voi E"™M1a nang lwng cia ving QM trong truong v tao ra boi dién tich riéng

phan ciia ving MM

E™ 1a ning hong cia ving MM chta tat ca cac s6 hang MM lién két va
khong lién két lién quan dén cac tim nam gon trong ving MM).

E®™™ thé hién twong tac gifta hai viing va gdm hai thanh phan: mot 1a néu co

lién két cong hoa tri gitta vimg QM va MM thi no s& chtra cac s6 hang MM lién két

qua bién (lién quan dén ca cac tim trong ving QM va MM); thtt hai, n6 goém tat ca
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c4c sd hang MM cho twong tic Van der Waals lién quan dén mot tam QM va not
tam MM. E®™ khong chira twong tac tinh dién gitta ving QM va MM.
Kollman dua ra mét biéu thtrc dang khac nhu sau

EQV/MM-ME _ FQM | EMM [ Q.0M MM (1.46)

O day, E®™ khong con tinhdén anh hudng tir ving MM nita. Thay vao d6, twong
tac finh dién gifra cac ving duoc tinh vao E¥®™ ™ bing cach 4p dién tich riéng
phan cho cac nguyén tir trong ving QM, va dung cac biéu thirc tinh théng thuong

cho tuong tac gitta cac dién tich diém theo trudong lyc MM.

Trong phan mém Gausian, phuong phap két hop duoc thuc hién véi ki thuat
ONIOM. Phan tir dugc chia thanh cac ving & mic cao va muc thap, mdi ving &p
dung mét phuong phép tinh, trong phuong phdp QM/MM thi vung cao ap dung mot
phuwong phap co hoc luong tir, ving thap &p dung phuong phép co hoc phan tu.

Nang lugng dugc tinh nhu sau
EONIOM — E Model,High + EReaI,Low _ E Model,Low (147)

¢ day Real chi toan bo hé thuc, Model chi vung QM, High chi phuong phép ap
dung & muc cao, Low chi phuong phap &p dung cho murc thap. Khi phan ving, mot
s6 lién két cd thé bi cit, do d6 can phai dua mot nguyén tir “a0” vao dé thay thé
phan bi cat, nhitng nguyén tir nay ghép vao véi phan mirc cao dé tao Model.

Do ap dung cac phuong phap khac nhau cho méi ving nén co su gian doan
qua phan phan cit. Vi thé dé dam bao tinh chinh x&c va lién tuc trén bé mat thé
nang, vi tri phan cit can phai xa tm phan tng hda hoc va khong cit qua cac bo

phan cimg nhic trong phan ti.
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CHUONG 2. NGUON DU LIEU VA CONG CU TiNH TOAN
2.1. Nguon dir liéu

Protein Data Bank (PDB) la kho luu trit dit liéu cau trdc 3-D caa cac phan ti
sinh hoc 16n nhu 14 protein va axit nucleic. Céc file dit liéu ciu tric duoc dua 1én
bai cac nha sinh hoc va hoa sinh tir khap thé gidi, cd thé truy cap va tai vé mién phi
qua cac trang web thanh vién PDBe, PDBj, RCSB. Dit liéu dua Ién Protein Data

Bank duoc kiém tra lai bang phan mém PDB Validation Suite.

Cac phuong phép thuong duoc sir dung dé xac dinh ciu tric trén PDB la xé4c
dinh ciu tric tinh thé dung tia X, phuong phép phd cong huong tir NMR, va
phuong phap hién vi dién tir nhiét do thap. Cac cau truc su dung trong luan van déu
thu dugc bang phuong phap nhiu xa tia X. Mdi ciu tric déu ghi chd rd rang do
phan giai cua dir liu.

Do phan giai 1a thudce do chat lwong cua dit liéu duoc tap hop. Néu tit ca cac
protein ¢ nhitng diém tuong duong trong céc tinh thé dinh huéng gidng nhau thi ta
s& thu duoc tinh thé hoan hao, khi do6 tat ca cac protein s& phan tan tia X cung mot
kiéu nhu nhau va nhidu xa d6 thu duoc s& thé hién duoc thdng tin chi tiét vé tinh
thé, vi tri cua cac nguyén tir cd thé xac dinh dugc rd rang. Nhung néu khong cé
duoc tinh thé hoan hao, do tinh mém déo cua timg phan trong protein va do cac
phan tir protein Ién, khi két tinh khéng dinh hudng nhu nhau thi nhidu xa d6 sé thé
hién théng tin ciu trac kém chi tiét hon. NGi cach khac, do phan giai la thudc do
mirc do thé hién chi tiét cta nhiéu xa d6 va do do 1a thuée do mirc d¢ chi tiét khi
tinh mat do electron. V&i ¢ phan giai cao thi c6 thé nhin thay ngay vi tri cia moi
nguyén tir tir ban dd mat do electron, con véi do phan giai thap thi chi thiy duoc
khung ctia chudi protein. Tir nhiu xa do cd thé 1ap duoc ban do mat do electron va
du doan duoc vi tri cua cac nguy@n tir. Tur cdu tric du doan tinh nguoc lai mat do
electron dé khop véi ban dd mat do electron tir nhidu xa d6. Quy trinh nay duoc lip
di lap lai cho dén khi c6 d6 phu hop mong mudn. Do phan giai xac dinh giéi han

cua dit liéu nhiéu xa.
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Néu d6 phan giai Ién hon 4.0 A thi khdng thé xac dinh duoc toa do riéng ré

Ctia Cac nguyeén ti.

D6 phan giai trong khoang 3.0 — 4.0 A: cAu triic bg khung c6 thé ding nhung

phan mach nhanh c6 ciu dang khdng dang tin cay.

D6 phan giai trong khoang 2.5 — 3.0 A: bg khung c6 thé x&c dinh dang, V6i
cac nhanh dai va manh cia mot s aminoaxit nhu Lys, Glu, GIn, ... va cac nhanh

nho cua Ser, Val, Thr, ... c6 cau dang khong dang tin cay.

Do phén giai trong khoang 2.0 — 2.5 A: s6 nhanh c6 chu dang sai it hon dang

ké. C6 thé xé4c dinh duoc céc phan tir nude va cac phéi tir nho.
Do phan giai trong khoang 1.5 — 2.0 A: chi con 18i nhé vé ciu dang.

b6 phén giai trong khoang 0.5 — 1.5 A: toa do cua cac nguyén tir dugc Xac
dinh véi @96 tin cay cao.

Hinh 2.1 minh hoa dit kién nhiéu xa ¢ cac muc do phan giai khac nhau.
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Hinh 2. 1 Anh hwéng ciia d9 phan gidi dén kha niing xac dinh chinh xéc cu triic tir
nhieu xa do

O hinh 2.1, cac dudng mau xanh va mau vang bao quanh ving c6amdo
electron Iém. Vé&i d6 phan giai 1.0 A, ban ¢6 mat d6 thé hién ngay vi tri cac nguyén
tir. Vi d6 phan giai 2.0 A ¢6 thé xac dinh duoc cac ciu tric vong, du doan duoc
cac don vi aminoaxit. Vi d phan giai 2.7 A ¢6 thé du doan dugc ciu trac vong,

mach nhanh kho xac dinh. Con vo1 do phan giai 3.0 A, mat do co dang hinh 6ng,

kho xac dinh cau tric chinh xac.
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Céu tric 2ACE xac dinh bing phuong phép nhiéu xa tia X véi do phan giai
2.5 A, ban dd mat dé electron va cAu tric du doan dugc ghi lai trong file 2ACE.pdb
thé hién trong hinh 2.2.

Hinh 2. 2 Bian d6 mat dd electron va céu tric dw doin ciia 2ACE

Tt hinh trén ta thiy trén co chat acetylcholine c6 mot sé nguyén tir khong
xac dinh duoc chinh xé&c vi tri tir nhidu xa dd. Cau trdc trén duogc dy doan va tinh
chinh cho khép véi ban do mat do electron va khdng thé tranh khoi sai so.

Dir liéu cau tric cua protein con dugc lay tir PDBsum, UniProt. UniProt
cung cap thdng tin chi tiét vé cau trdc so cap, tha cap va ghi chd vé chire nang sinh
hoc, hoat tinh xUc tac, cac tdm hoat dong.

Déi chiéu voi thir tu cdc aminoaxit, ciu tric 2ACE thiéu cac aminoaxit tur
485 dén 489. Poan con thiéu va mot s sai s6t & cac nhanh ciing dugc chinh sira
ding phan mém Alcelrys MS Modeling 4.0, Acelrys Discovery Studio Visualizer

2.5 va GaussView 3.0 dya vao cau truc thi cip va tham khao cau triic 1CFJ.

2.2. AutoDock 4.2 va AutoDockTools 1.5.4
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AutoDock 4.2 1a phién ban méi nhat trong chudi phan mém AutoDock, san
pham cua The Scripps Research Institute. Pay la phan mém ma nguén mo duoc sir
dung trong luan van véi muc dich khao sat docking d6i véi acetylcholine 1én phan
tir enzyme acetylcholinesterase. AutoDock 4.2 dugc dung kém vaéi AutoDockTools
1.5.4 dé hd tro giao dién do hoa.

Céc budc tién hanh docking:
e Buéc 1: Chuan bi cdu tric enzyme va co chat dudi dang file .pdbqt

Cau trdc acetylcholinesterase tir file 2ACE duoc bd sung, chinh stra, loai bo
co chat, cac phan tir nudc, thém H (ding phan mém Alcelrys Discovery
Studio Visualizer 2.5), dang nguyén tir (ding dé xac dinh tham sb truong
luc) va dién tich sé duogc tu dong thém vao trong AutoDockTools va duoc

ghi lai dudi dang file .pdbqgt.

Cau truc cua acetylcholine duoc t6i vu héa so bo ding Gaussian 03W, sau
do6 dang cua cac nguyén tir trong phan tir ciing duoc tu dong gan cho va ghi

lai dudi dang file .pdbqgt trong AutoDockTools.

X&c dinh phan phan tir enzyme c6 kha ning chuyén dong linh hoat, ghi riéng

r& cu tric cimg va phan ciu tric cé thé chuyén dong dudi dang file .pdbqt.
e Buwoc 2: Tinh trén AutoGrid

X&c dinh khong gian khao sat, khoang cach trong ludi diém. Trong phan tu
docking ¢ bao nhiéu dang phan tir thi AutoGrid s& cho ra két qua 1a bay
nhiéu ban d6 ghi thé cua céc dang nguyén tir d6 trong khdng gian mang ludi
khao st duéi tAc dung cta phan cu tric cing. AutoGrid ciing tao ra 2 ban
d6 thé 1a thé tinh dién va thé khtr solvat hda cho moi trudng hop. Céc thé nay

s€ dugc dung khi danh gia nang luong trong qué trinh docking.

Trong truong hop khao sat phan tir acetylcholine gin két Ién

acetylcholinesterase v6i nhanh cua Ser(200) c6 thé chuyén dong, AutoGrid
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tao ra 4 ban do cho 4 loai nguyén tir C, OA, N, HD va 2 ban d6 thé tinh dién

va thé khur solvat héa.

Hinh 2.3 minh hoa céc ban d6 thé trén duoc ghép chung va ban db thé cho C.

Hinh 2. 3 Ban d6 thé tao ra béi AutoGrid ghép chong va ban dé thé riéng cho C

e Buwdc 3: Docking

Thuat toan tim kiém dugc sir dung 13 két hop thuat giai di truyén véi téi vu

cuc bo.
Cé&c thong sé cho thuit gidi di truyén

Kich thudc quan thé: 150 (autodock cho phép trong khoing 50 dén
200)

Danh gi4 niang luong t6i da: 2500000 lan
S6 thé hé khao sat tdi da: 27000
Ti lé dot bién: 0.02

Ti Ié lai ghép: 0.8
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Lai ghép va dot bién xay ra tai 2 diém trén nhiém sic thé.
S6 cdu dang dau ra dugc xac dinh trong ting truong hop cu thé.
Cac thong sb con lai str dung mic dinh cia phan mém.
2.3. AutoDock Vina 1.1.1

AutoDock Vina 12 phdn mém mi ngudn mé tir The Scripps Research

Institute dugc dung trong luan vin dé khao sat docking.

AutoDock Vina ciing ding cac file cdu tric nhu AutoDock, c6 thé dung két
hop AutoDockTools dé hd tro nhung khong can tinh véi AutoGrid, viéc tinh toan
Véi céc ludi diém duoge thye hién tu dong. AutoDock Vina ¢6 uu diém 1a tinh toan
nhanh, két qua dugc trinh bay rd rang, tu dong sip thi ty, s6 lugng ciu dang dau ra
duoc ty dong xac dinh theo khoang ning legng tranh 16i roi vao vong lap khong xac
dinh nhu trong AutoDock, thich hop cho viéc khao sat so bo. Céac thong sé cho
thuat todn tim kiém duoc dit san tir két qua khép voi ngan hang co so dir liéu PDB

khi xay dung phan mém.
2.4. Gaussian 03W va GaussView 3.0

Gaussian 1a phan mém tinh todn héa hoc duoc sir dung rong rdi. Phuong
phap QM/MM dugc thuc hién trén phan mém ndy. Gaussian ding két hop véi
GaussView dé hd trg giao dién d6 hoa, thuan tién cho viéc chinh sira cau tric, gan

cac tham sb khi chuén bi file dau vao.
Céc budc tién hanh:
e Bude 1: Chuan bi ciu tric

File ciu trc protein & dang .pdb dugc bo sung, chinh stra ding Accelrys MS

Modeling 4.0 va Accelrys Discovery Studio 2.5.

e Budre 2: B6 sung cac tham s truong luc

33



B6 sung cac dang nguyén tir va cac tham sé truong luc theo bo tham sb
AMBER parm96 trong géi Amber10. Amber 1a bo tham sé duogc dung phd

bién khi nghién ctru cac phan ti protein va axit nucleic.

Vi truong lye Amber khong c6 du cac tham s cho nhiéu phan tir hitu co
(thudng gap d6i voi cac co chat khi nghién ciru hé xdc tic enzyme) nén tham
s6 cho phan tir co chit dugc bd sung theo bo tham sé GAFF dung
AmberTools-1.4. GAFF 1a bo tham sé phl hop véi truong hee Amber va né
bao gom hau hét tham sé cho cac phan tt hitu co chita C, N, O, H, S, P va
cac nguyén ta halogen.
Bwdre 3: Phan muc tinh
Dé tinh toan dat hiéu qua, viéc phan mirc can tuan theo mot sé quy tic
0 Quy tac 1:
Phan xay ra phan tmg héa hoc can ndm tron trong viing dugc tinh toan
bang phuong phap chinh xac (mac cao). Trong trudong hop nghién
clru, tuong tac hoa hoc truc tiép xay ra giita acetylcholine va nhém
OH trén Ser(200). Nhu vay viéc phan ving sé cat qua 2 lién két trén
phan tir acetylcholinesterase.
o Quy tic 2:
Phuong phap ding & mic thap phai nhanh nhung van dam bao mo ta
duge cac hiéu tng gy ra boi ving ndy. Phan con lai cia phan to
enzyme cha yéu gay ra hiéu ung vé mat khéng gian va tinh dién d6i
Vvéi co chat nén phuong phap MM véi cac thanh phan truong luc da
noi & chuong 1 c6 thé dap ung dugc quy tic nay.
0 Quy tic 3:
Vi khi cat qua lién két, d&é dam bao tinh chét cia hé hoa hoc, lién két
bi cit trong phan QM phai duoc thay thé bing lién két voi mot

nguyén tir khac. Va vi chi mot nguyén tir duy nhat duge ding dé thay
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thé cho mdi vj tri bi cét, lién két bi cit nén lra chon 12 lién két don va

nguyén t thay thé 1a nguy@n ti tao lién két don duy nhat.
o0 Quy tic 4:

Nguyeén tir thay thé khéng tham gia vao qué trinh hoa hoc va cach xa
tam phan tng hda hoc (tirc 12 phan QM c6 kich thudce 16n) dé dam bao

phan sai léch anh hudong khong dang ké.

Cu thé, qué trinh pha v& va hinh thanh lién két nén xay ra cach ving
MM tir 3 lién két tro 18n dé dam bao tinh lién tuc cta phan MM. Vi
cac sd hang lién két trong phan MM kéo dai trén 4 tdm nén phan cd

lien két mai hinh thanh phai cach phan MM 3 lién két tro 18n.

Ngoai ra, phan phan cat ciing phai gidng nhau trong hé chat phan ung
va san pham dé khi so sanh giira hé phan tmg va hé san pham, sai s6
c6 thé dugc loai trir.
o Quy tic5:
Khéng cit qua cac cau triic vong, dic biét 1a vong nho vi cac ciu tric
vong thudng cimg nhic, d6i véi vong bé, stc cang vong Ion, thay thé
lien két trong vong bang mot lién két don 1am mat tinh chét nay.
o Quy tic 6:
Trong trudng hop nghién ctru phai cit qua 2 lién két, do do6 can thay
thé bang 2 nguyén tir, sai s s& khong dang ké néu sai khac giira
nguyén tir thay thé va nguyén ti bi thay thé bu trir cho nhau & 2 phia
bi cit.
Ap dung cac quy tic trén vao hé nghién ciu, phan QM duogc chon la
Ser(200) va phan tu acetylcholine, hai nguyén tir tiép giap voi ving QM duoc thay
thé bang 2 nguyén tir H.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Protein docking

Tién hanh Docking véi AutoDock Vina, ban dau toan bo phan tir
acetylcholinesterase dwa vao dudi dang cdu tric cing. Khong gian khao sat xac
dinh nhu trong hinh 3.1.

Hinh 3. 1 Khéng gian khao sat docking véi AutoDock Vina

Khong gian khao sat gom toan bo phan tir acetylcholinesterase. Céc thong sb
nhu sau:

center_x =5.116
center_y =64.613
center_z = 55.588
size x =60

size_ y =60
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size z=60
Thue hién docking phan tir acetylcholine, két qua cho ra 9 ciu dang.

dist from best mode

affinity ;
mode (kcal/mol) (rmsd |.b. A)

1 -4.9 0

2 -4.6 2.174
3 -4.5 2.801
4 -4.4 5.672
5 -4.3 3.69
6 -4.3 4.82
7 -4.3 2.635
8 -4.2 2.807
9 -4.2 5.052

Trong ca 9 trudng hop acetylcholine déu nam trong ciing mot hc cia phan

"‘ &' X
¢ T

)
i

tir acetylcholinesterase (hinh 3.2).

Pt U
‘!'. ?-.

Hinh 3. 2 C4c cdu dang gin két c6 ai lwc Am nhit ciia acetylcholine 1én
acetylcholinesterase

Pay chinh 13 hdc phan tng ¢ don vi Ser(200) & day. Két qua nay phu hop

v6i dir kién thuc nghiém vé vi tri phan Ung.
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Truong hop tiép theo, tién hanh docking ciing voi AutoDock Vina, khdng
gian khao sat lay cing c&, sé cdu dang t6i da 1a 100, khoang cach mirc nang lugng
gan két gitta cAu hinh ¢6 ning luong thap nht vai ciu hinh c6 ning lugng cao nhat
t6i da 1a 10kcal/mol (& trong truong hop trén, sé cau dang téi da 1a 9, khoang céch
murc nang luong gan két tdi da I1a 3kcal/mol). Mach nhéanh cua don vi aminoaxit
Ser(200) dugc dé ty do. Két qua cho ra 20 cdu dang.

dist from best mode

affinity .
mode (kcal/mol) (rmsd Lb. A)

1 -5.5 0

2 5.1 2.007
3 -4.8 5.288
4 4.7 3.353
5 -4.6 4.457
6 -4.5 4.454
7 -4.5 7.18
8 -4.5 8.49
9 -4.4 3.972
10 -4.3 5.391
11 -4.3 2.425
12 -4.2 12.932
13 -4.1 8.245
14 -4.1 8.16
15 -4 8.948
16 -4 5.483
17 -4 12.809
18 -3.8 14.354
19 -3.8 16.418
20 -3.8 24.441

Trong d¢6 ¢ 11 dang dau, phan tir acetylcholine ciing nam trong héc c6
Ser(200), 3 trang thdi nim ¢ cira héc phan tng; & cac trang thai con lai
acetylcholine neo dau tai cac vi tri bén ngoai cua phan tur acetylcholinesterase
nhung tai cac vi tri ndy ngoai yéu té tinh dién va lién két hydro, khong c6 diéu kién
dé phan @mg hoa hoc xay ra.

Trong nhimg ciu dang dau, acetylcholine dinh huéng ngay trén don vi
aminoaxit Ser(200). Ta nhan xét thdy khi Ser(200) dugc cho chuyén dong thi 4i luc
clia cac cau dang dau 4m hon so v&i truong hop dé ca phan tir acetylcholinesterase

clrng nhic.
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Hinh 3.3, 3.4 12 2 ciu dang c6 &i luc am nhat,
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Hinh 3. 4 Céu dang c6 4i lywe Am thir hai

Ngoai yéu tb tinh dién va lién két hydro, phan tir acetylcholine c6 xu thé dinh

hudng nhém amin béc 4 vé phia vong Tryptophan.

Tién hanh docking ding AutoDock véi kich thudce khdng gian khao sat nho

hon, bao hbc phan tmg, mach nhanh cua Ser(200) c6 thé quay tu do.
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Hinh 3. 5 Khéng gian khao sat véi AutoDock

Tién hanh docking véi 2 truong hop, tim 10 ciu dang va 20 ciu dang. Két
qua trong ca 2 trudng hop cac, phan tir acetylcholine déu nam trong hoc phan tng,

dinh hudng trén Ser(200) va huéng nhém amin bac 4 vé vong Tryptophan.

Truong hop tim 10 ciu dang

Affinity dist from best r:node
Mode (kcal/mol) (rmsd 1.b. A)

1 -4.57 0

2 -4.56 0.44
3 -4.55 0.82
4 -4.52 0.77
5 -4.36 0.46
6 -4.26 1.19
7 -4.09 0.84
8 -4.08 1.05
9 -3.88 1.34
10 -3.88 1.27

Truong hop tim 20 ciu dang
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Affinity dist from best mode

Mode (kcal/mol) (rmsd |.b. A)
1 -5.22 0
2 -5.22 0.69
3 -5.16 0.81
4 -4.92 0.6
5 -4.83 0.86
6 -4.8 0.87
7 A7 0.48
8 -4.69 0.84
9 -4.59 0.9
10 -4.57 0.9
11 -4.54 0.8
12 -4.39 0.94
13 -4.25 0.97
14 -4.24 1.32
15 -4.19 0.96
16 -3.98 1.42
17 -3.96 1.32
18 -3.83 1.32
19 -3.77 1.48
20 -3.61 1.4

Duéi day 1a 2 cdu dang c6 ning luong gén két &m nhit trong mdi truong hop
(hinh 3.6, 3.7).

Truwong hop 10 ciu dang:

Hinh 3. 6 Hai ciu dang bén nhit trong truwdng hop 10 ciu dang
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Truwong hop 20 ciu dang:

Hinh 3. 7 Hai ciu dang bén nhit trong truwong hop 20 ciu dang

Két qua trong ca 2 truong hop tuong dbi gidng nhau ca vé nang leong va cac
ciu dang. Mic di phwong phép tim kiém 1a ngau nhién nhung két qua cé tinh 6n

dinh va dang tin cay.

Nhu vay tir két qua docking trén ca 2 phan mém AutoDock va AutoDock
Vina véi 2 phuong phap khac nhau ta c6 thé budc dau nhan dinh acetylcholine c6
kha nang gin két cao trong hdc chira don vi aminoaxit Ser(200) va c6 xu huéng
quay nhoém amin bac 4 vé phia vong Tryptophan. Thuc nghiém da xac nhan két qua
nay. Pong thoi, dua vao két qua khao sét trén AutoDock Vina trong khong gian Ién
chtra toan bo phan tir c6 thé dwa ra nhan dinh 1a qué trinh dich chuyén cua
acetylcholine tir bén ngoai vao trong hoc phan tmg khdng chi tuan theo dinh luat
khuéch tan thong thudong ma c6 thé qua céc trang thai neo dau 1a nhimg trang thai

bén cuc bo.
3.2. Ap dung phuwong phap QM/MM déi véi hé phén ing

3.2.1. Céu tric enzyme
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Céu trlic cua acetylcholinesterase xay dung tir dit kién nhidu xa tia X ¢ dang
file pdb (2ACE.pdb va 1CFJ.pdb) dugc chinh sira, bé sung cho day du cac

aminoaxit.

Phan vung tinh toan: don vi aminoaxit Ser(200) dugc tinh & muc cao theo
phuong phdp DFT, phiém ham B3LYP, phan con lai trong phan tir
acetylcholinesterase dugc tinh & muc thap, phuong phap co hoc phan tir, truong luc
AMBER. Cac tham s6 truong luc dugc bd sung theo bd tham sé parm96 (di kém

trong antechamber).
Khao sat voi mot s6 bo ham co s duoc két qua tém tat nhu trong bang sau:

Bang 1. Két qua va thdi gian tinh tdi wu ciu triic enzyme véi mot s6 bo ham co sé

B6 ham co s& RMSD(,&) E Thaoi gian tinh (Job cpu time)
6-311++g(d,p) -358.75734276 a.u.
6-311++g(d) 0.045 -358.73338665 a.u. | 7 hours 54 minutes 20.0 seconds.
6-311++g 0.026 -358.65200654 a.u. | 9 hours 31 minutes 44.0 seconds.
6-311+g(d,p) 0.003 -358.75706059 a.u. | 7 hours 4 minutes 39.0 seconds.
6-311+g(d) 0.006 -358.74010777 a.u. | 9 hours 23 minutes 54.0 seconds.
6-311+g 0.026 -358.65148321 a.u. | 8 hours 13 minutes 59.0 seconds.
6-311g(d,p) 0.014 -358.73760160 a.u. | 6 hours 51 minutes 32.0 seconds.
6-311g(d) 0.011 -358.72085986 a.u. | 4 hours 58 minutes 34.0 seconds.
6-311g 0.020 -358.63378965 a.u. | 6 hours 2 minutes 25.0 seconds.

(Gia tri RMSD chi tinh cho phan mirc cao).

‘=L trong d6 d; la khoang cach gitta 2 nguyén tr trong Gng

& 2 cau tric. RMSD duoc tinh trén pham mém PyMol, 2 cau tric s& duogc sip dat dé
d6 léch gitra ching 1a nhé nhat. Hinh hoc duoc so sanh véi cdu tric 1QID.

Tir bang thdng ké trén, dé can bang giira thoi gian tinh toan ciing nhu do
chinh xac vé ning lugng va hinh hoc ta c6 thé chon bd ham co s¢ 6-311g(d) dé

khao sat.
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Co chét acetylcholine ciing dugc tdi uu hoa theo phwong phap DFT, phiém
ham B3LYP, bo ham co s¢ 6-311g(d).

Hinh 3.8 mé ta bé mit cua enzyme va acetylcholine d4 tbi uu.

Hinh 3. 8 Bé miit ciia acetylcholine va hoc phan ting trén acetylcholinesterase (hai ciu
trac da dworce toi uu)

Ta thay kich thudc nhdm amin bac bén khé 16n so véi kich thude cira héc
phan tmg va co chat khdng thé di qua dé vao hdc phan tmg néu cau trlic caa protein
ctng nhic do sy can trd ciia Tyr(121) va Phe(330) (xem hinh 3.12). Clng véi nhan
Xét d3 néu khi tién hanh docking ta c6 thé khing dinh 13 enzyme
acetylcholinesterase c6 cau tric thay doi linh hoat trong qué trinh phan tng va
acetylcholine di chuyén vao trong hbc phan ung khong chi tuan theo dinh luat
khuéch tan thdng thuong ma qua céc trang thai neo dau bén cyc bo. Acetylcholine

phai ¢6 &i lyc trong ddi 16n véi mot s6 diém trén phan tir enzyme [5,6].
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3.2.2. Co chit trong hoc phan ing ¢ trang thai chwa lién két

Trang thai cua acetylcholine trong héc phan tng ciing duoc toi uu dyua vao
dinh huéng trong qué trinh docking. Tham sé trudng luc cia cac nguyén tir trén co

chét dugc bo sung theo bo tham s6 GAFF nhu d4 ndi & chuong 2.
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Hinh 3. 9 Trang thai acetylcholine trong héc phan ving di dwgc tdi wu

Nang luong tinh dugc
ONIOM Total Energy =-840.19781353 a.u.

Sy bién d6i ciu trlc cia co chat trong hdc phan tng so véi trang thai tu do
(d4 tbi uu) thé hién trong hinh 3.10.
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Hinh 3. 10 Su bién ddi cAu tric acetylcholine trong hdc phan ng so véi
trang thai tu do
Vi gia tri d6 1éch tiéu chuan
RMSD =0.232 A

Céu tric cua acetylcholine da bi bién d6i dudi tic dung cta enzyme vao
day méi chi c6 anh hudng caa hiéu ung khdng gian va tinh dién. Su thay doi ciu

trdc thé hién chi tiét trong bang 2.

(Cdch ddnh sé cdc nguyén tir trong acetylcholine nhiw hinh 3.11).
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Hinh 3. 11 Thi tw cac nguyén tir trong acetylcholine

Tir cac sd lidu trong bang 2 ta thiay d6 dai cua cac lién két khi acetylcholine
vao trong héc phan tmg ndi chung Ién hon so véi trang thai tu do, su bién doi goc
lien két thé hién khong rd rang. Mot s6 goc xodn co su thay ddi dang ké nhu goc
0(6)-C(5)-C(1)-H(4), C(11)-C(8)-O(7)-C(5). P dai lién két C(5)-O(7) tang Ién dén
1.398 A, gin vai do dai lien két C(8)-O(7) (1.404 A-do dai cua lién két don & trang
thai tu do), tinh chat ddng phang cua cac nguyén tir C(1), C(5), O(6) va O(7) giam.
Nhitng thay déi trén tao thuan loi vé hinh hoc cho su tiép can cua C(5) 1én O trong
nhém OH trén Ser(200).
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Bang 2. P9 dai lién két, géc lién két va géc nhi dién ciia acetylcholine trong héc phan tng va trang thai tu do.

STT Ki hjéu I nal nB | NE Acetylgholine trong h(l“ﬁc phan trng Acetylcholine tL_J” do
nguyén to Po dailién két| Goc lién ket Go6c nhidién | D6 dailién ket | Goc lién ket | Goéc nhi dién
1 C
2 H 1 1.099 1.084
3 H 1 2 1.094 106.400 1.084 107.797
4 H 1 2 3 1.085 110.372 120.407 1.079 110.505 120.380
5 C 1 4 3 1.503 111.039 122.063 1.496 109.477 119.976
6 o] 5 1 4 1.204 127.795 31.252 1.184 126.668 -3.525
7 0] 5 1 6 1.398 109.599 176.044 1.342 112.014 179.862
8 C 7 5 1 1.421 119.154 -168.039 1.404 117.199 174.293
9 H 8 7 5 1.096 107.812 -134.332 1.080 105.487 -159.565
10 H 8 7 5 1.089 113.010 -14.261 1.079 109.597 -42.168
11 C 8 7 5 1.537 104.517 109.076 1.535 109.012 80.969
12 H 11 8 7 1.089 111.648 -64.094 1.078 109.661 -40.187
13 H 11 8 7 1.093 108.620 53.697 1.082 109.972 79.340
14 N 11 8 7 1.523 118.241 172.883 1.508 115.235 -159.868
15 C 14 11 8 1.504 106.808 -177.237 1.496 107.740 -172.925
16 H 15 14 11 1.089 109.895 -175.250 1.080 108.927 -177.908
17 H 15 14 11 1.091 109.457 -55.186 1.080 108.971 -58.027
18 H 15 14 11 1.091 109.242 63.652 1.080 109.140 62.099
19 C 14 11 8 1.506 112.351 63.361 1.499 110.964 68.688
20 H 19 14 11 1.091 108.722 59.319 1.079 108.916 55.755
21 H 19 14 11 1.090 108.007 177.632 1.080 108.329 175.842
22 H 19 14 11 1.090 109.145 -62.725 1.077 110.001 -64.198
23 C 14 11 8 1.505 110.549 -60.257 1.493 111.145 -53.851
24 H 23 14 11 1.092 108.126 -49.486 1.081 109.056 -54.885
25 H 23 14 11 1.089 109.628 70.606 1.079 109.652 65.755
26 H 23 14 11 1.090 108.674 -169.438 1.080 108.816 -174.632
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Céu trtic hdc phan tmg khi ¢ acetylcholine ciing bién dbi so voi khi chua c6
acetylcholine (hinh 3.12).

Hinh 3. 12 Su bién ddi c4u tric hdc phan wng Khi c¢6 (nét dam) va
khong c6 co chat (nét manh)

Cac don v aminoaxit trong hoc phan tng cé cau trac bién doi nhi éu nhat, c6 xu

hudng gian ra, cdc mach nhanh duogc dinh hudng lai.
3.2.3. Céu triic phitc enzyme-co chat

Phirc gitta acetylcholine véi enzyme ciing dugc téi wu cho két qua nhu hinh
3.13.
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Hinh 3. 13 Cu triic phitc enzyme-co chit

Téch riéng phan murc cao

Q

Hinh 3. 14 Céu triic phitc giira acetylcholine trén nhém OH ciia Ser(200)
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So sénh vai cau hinh phire trong file pdb (trich tir 2ACE.pdb) dugc
RMSD = 0.851 A

Do léch nay trong giéi han chap nhan duoc khi xem xét d6 phan giai cua dir
ligu tir file pdb. Néu chi tinh phin Ser(200) thi RMSD = 0.117 A, sai lach chi yéu
la & phan acetylcholine. Néu chi xét phan ciu triic khung cua protein trong hc phan
tg thi d¢ 1éch chi nhé hon RMSD = 0.006 A. (Chl y ¥ing phdn co chit khong
dwoc dinh vi chinh xdc tir div kién nhiéu xa tia X).

Nang luong tinh dugc cho cau hinh phirc d téi uu

ONIOM Total Energy = -840.18639692 a.u.

O day c6 sy bién doi hoan toan goc lién két va do dai lién két trong trang thai
chua tao phirc va trang thai tao phirc dbi v6i acetylcholine tai nhom chirc este. C4c
goc lién két quanh C(5) déu co gié tri gan voi goc tir dién déu (109°28°), cu tric

phang caa nhém C=0 khéng con nita.

Hiéu nang luong gitra trang thai chua lién két va trang thai phic:
AE; ~ 29.98 (kJ/mol)

Tuy nhién cau trac hoc phan tmg bién ddi khong nhiéu, chi c6 su thay d6i &
nhanh cia Ser(200) 14 rd rang (hinh 3.15). Nhu vy o giai doan nay, ciu tric chi

bién d6i manh tai phan co twong tac héa hoc.

52



Hinh 3. 15 Céu tric hdc phén ing trong trang thai tao phirc (nét dim) va
chwua tao phirc (nét manh)

3.2.4. Céu tric san phim

Céu tric téi wu khi mot phan tir choline tach ra:
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Hinh 3. 16 CAu triic phan tir choline tach ra va nhém OH trén Ser(200) bi acetyl h6a

Ning lugng tinh dwgc cho ciu tric nay

ONIOM Total Energy = -840.27146076 a.u.

Ldc nay ding c6 su bién d6i manh ban chat goc lién két va do dai lién két
gitta trang thai phirc va trang thai san pham tai phan co tuong tac hoéa hoc. Cac

nguyén tir C(1), C(5), O(7) va O(Ser) nim trén mit phang.
Hiéu nang luong gitra trang thai san pham va trang thai phuc:
AE, = -223.37 (kJ/mol)

Tir gi4 tri nay ta thay giai doan nay toa nhiét manh, thuan loi vé mat nhiét

dong hoc. Phan tir choline dugc tao ra twong ddi bén trong héc phan tng.

Céu tric hdc phan Gmg thay doi khong nhiéu so véi trang thai phirc, chi c¢6 sy

thay d6i & mach nhanh ctia mot s6 aminoaxit phia cira hdc (hinh 3.17).
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Hinh 3. 17 Héc phan vng trong trang thai sin pham (nét manh) va
trang thai phirc (nét dam)

Trong ca 3 trang thai véi sy c6 mit cua co chat trong hdc phan tmg, tuy cu
trac co chit thay ddi trong khi cdu tric héc phan tng khong bién d6i nhidu nhung
nhém amin bac 4 ludn hudéng vao vong Trp(84) (hinh 3.9, 3.13, 3.16). Két qua nay
phu hop véi thuc nghiém [6].

Nhu vay, ding phuong phap ONIOM budc dau dd khao sat dugc cau tric
cta trang thai acetylcholine trong héc phan tng khi chua tao phirc, trang thai phirc
giita acetylcholine va enzyme, cau tric san pham choline dugc tao ra trong héc
phan tmg va hiéu nang lugng cua céc trang thai trén. Ta cd thé dung phuong phap

nay dé nghién ctru chi tiét hon duong phan tmg.
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KET LUAN

Tir cac két qua va nhitng nhan xét trong chuong 3 ta ¢ thé di dén mot vai

két luan sau:

e SU0 dung cic cong cu tinh toan AutoDock, AutoDock Vina cung vdi
Gaussian, budc dau da thu duoc nhimg két qua phu hop véi thuc nghiém vé

phan tng thuy phan acetylcholine nho enzyme acetylcholinesterase.

e Bing phuong phap QM/MM di khao sat dugc trang thai phirc giita enzyme
acetylcholinesterase Wi acetylcholine, vai tro clia enzyme trong phan ung
thiy phan acetylcholine, trong d6 c6 vai tro hoa hoc cua tam xtc tac va vai

trd khdng gian, tinh dién cua phan con lai trong phan tir enzyme.

e Du doan dugc sy bién doi cau truc enzyme cling nhu co chat trong qué trinh

phan tmg. Nhitng két qua nay di dugc Xac nhan tir thuc nghiém.

Nhitng két qua thu dugc di mé ra hudng nghién ctru chi tiét co ché phan ung
XUc tac dia enzyme acetylcholinesterase, tir d6 co thé du doan duge hoat tinh tc

ché hay hoat hoa ctia mot sé chét khac.
Dinh hudéng phat trién dé tai:
e Nghién ctu day du co ché phan timg gdém cac budc
0 Qua trinh di chuyén cuia acetylcholine vao bén trong hoc phan tng.

0 Qua trinh di chuyén tir trang thai chua lién két trong hdc phéan tmg dén

trang thai tao phuec.
0 Qué trinh tir trang thai phirc dén khi tao thanh san pham.

Cac budc trén s& duoc 1ap duong phan ung chi tiét, tim trang thai chuyén

tiép, ning lwgng hoat héa ctia mdi giai doan.

e Nghién aru phan ung xuc tac cua acetylcholinesterase thudc cac loai khac

nhau mot mat l1am sang té thém anh hudng cta toan bd phan tir enzyme, mot
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mat chi trong nghién clru enzyme acetylcholinesterase & nguoi vi day 1a loai

enzyme rat quan trong trong co thé.

Tur két qua vé ning luong thu duoc & trén ta nhan thidy phuong phap
QM/MM chua thé giai thich dugc thoa dang hoat tinh xuc tac dac biét cao
cua acetylcholinesterase. Do giai doan tao phuc cua phan trng dugc du doan
la giai doan quan trong, quyét dinh tdc do phéan ng lai c6 hi¢u nang lugong
duong nén co thé tién doan anh hudng cung cap nhiét gop phan vao hoat tinh
xuc tac, 1am ting Oc do phan tn g. Dé giai thich hiéu Gmg nay khéng thé chi
xem xét phuong tinh Schrodinger & trang thai dirng, ma ¢ 6 thé phai xét ca
phuong trinh Schrodinger phu thudc thoi gian. Hién tai chua c¢6 cong cu nao

hd trg hudng trén nén can nghién ciru thém.

Nghién &u anh huéng cia mot sé chat dén hoat tinh xiic tac cia
acetylcholinesterase nham tim ra céac chat co loi tac dong dén hoat dong than

kinh dé khac phuc nhimng hu ton trong truyén dan than kinh.
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PHU LUC

BANG Ki HIEU AMINOAXIT TRONG CHUOI POLYPEPTIT

\ Alanine H Ala H A \
| Arginine [ Arg [ R |
| Asparagine || Asn [ N |
| Asparticacid || Asp [ D |
| Cysteine [ Cys [ C |
\ Glutamic acid H Glu H E \
\ Glutamine H Gln H Q \
| Glycine | Gly [ G |
| Histidine | His [ H |
| lsoleucine | lle [ I |
| Leucine | Leu [ L |
| Lysine | Lys | K \
\ Methionine H Met H M \
\ Phenylalanine H Phe H F \
\ Proline H Pro H P \
| Serine [ Ser [ S |
\ Threonine H Thr H T \
\ Tryptophan H Trp H w \
\ Tyrosine H Tyr H Y \
\ Valine H Val H \ \
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