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Abstract

Homo sapiens' acetylcholinesterase was docked with the substrate (acetylcholine) to find the most favorite binding
sites. The state in which acetylcholine is located above Ser(203) in the active site gorge has the lowest binding energy.
The mechanism of the hydrolysis of acetylcholine (a neurotransmitter) catalyzed by Homo sapiens' enzyme was verified
on structure and energy using QM/MM method. Structures of intermediates (state when substrate approaches active site,
enzyme - substrate complex, and state when choline is eliminated) were optimized. The transition states were located
with the estimation for the activation energy was 11.943 kcal/mol for the formation of enzyme - substrate complex, and

0.032 kcal/mol for the elimination of choline.
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1. MO DAU

Axetylcholinesterase  thugc  nhom  enzym
esterase (thuiy phan chuc este). Axetylcholinesterase
thuc hién chirc nang thuy phan acetylcholine (cé
cong thitc CH5COO(CH,),N*(CHs)s) 1a chit din
truyén xung than kinh trong co thé nhiéu loai khac
nhau. Sau khi tin hiéu duoc truyén di, axetylcholine
phai dugc thuy phan dé tin hiéu khong bi chdng l4n.
Do do, axetylcholinesterase c6 vai tro dac biét quan
trong. Bai bao ndy dé cap dén phan ung thuy phan
axetylcholine nho enzym & nguoi.

Qua nhiéu thuc nghiém, cdu trac cua
acetylcholinesterase ¢ ngudi da dugc phéan tich chi
tiét va tAm xuc tac duoc xac dinh nam trén Ser(203),
His(447). Duéi tac dung ctia enzym va nudc,
axetylcholine dugc thuy phan thanh axit acetic va
choline. Py 1a mét trong nhitng phan tmg c6 toc do
nhanh nhat. Trong d6, Ser(203) c6 vai trd nhu mot
tac nhan nucleophin ddi v&i nhém axetyl cua
acetylcholine, His(447) dong vai tro nhu mot xic tac
axit - bazo [1, 3]. Trong giai doan dau (giai doan
acyl hda), axetylcholine tiép can tim phan ung, tao
phirc enzym - co chit rdi tach choline, dé lai nhom
axetyl lién két v6i enzym tai vi tri Ser(203). Trong
giai doan tai tao enzym (deacyl hoa), véi sy tham
gia ctia nudce, axetyl enzym bi thiy phan tao thanh
axit axetic va enzym.
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2. PHUONG PHAP

Pé xac dinh vi tri gén két thuan loi cta co chat
acetylcholine Ién enzym, tac gia sir dung phuong
phap co hoc phan tir két hop véi thuat toan tim cyc
tri toan cuc Monte Carlo [5]. Céc tinh toan docking
duoc thuc hién trén phﬁn mém AutoDock Vina. Két
qua nay dugc st dung lam dinh hudng cho tinh toan
QM/MM tiép theo.

Két qua docking voi ning lwong duoc danh gia
theo co hoc phéan tir chua thé hién duoc twong tac
hoa hoc giita enzym va co chat. Dbi voi hé phan tng
xuc tac enzyme, do s lugng nguyén tir 16n, st dung
phuong phap luong tir dé tinh cho toan bd hé phan
g 1a didu khong kha thi. Cac phuong phap co hoc
phan tir don gian, cho két qua nhanh nhung khong
thé ap dung cho cac truong hop c6 sy pha v& hay
hinh thanh lién két hoa hoc. Trong phan {mg xuc tac
enzym, chi c6 mot phan nho trong phan tir enzym
tham gia truc tiép vao qua trinh hinh thanh, pha v&
lién két hoa hoc cin mé ta bang cac phuong phap
luong tr. Phan con lai ciia enzym chi yéu anh
huéng thong qua twong tac tinh dién, lién két hydro,
cac tuong tac Van der Waals yéu, c6 thé mo ta qua
cac tham sd trudng luc co hoc phan tir. Bé dam bao
can bang giita d6 chinh xac va khéi luong, thoi gian
tinh toan, phuong phéap két hop giita co hoc lugng tir
va co hoc phén tr (QM/MM) dugc st dung rong rai
cho céc phan rng xuc tac enzym.

Trong bai bao nay, tac gia sir dung phuong phap
QM/MM (EE) dé tinh toan cho hé phan {mg thay
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phan  axetylcholin nhd xGc tac  enzym
(acetylcholinesterase) ¢ nguoi. Céu trac enzym duoc
lay tir co sé dit liu RCSB, ma 4EY4. Phan tu
acetylcholine duoc t6i wu va dwa vao hdc phan tmg.
Phan tam hoat dong (Ser203, nhanh cua His447) va
acetylcholine dugc tinh theo phuong phap DFT,
phiém ham B3LYP, bo ham co sé 6-31G(d). Phan

3. KET QUA

Nguyén Hitu Tho va cong sw

con lai cia enzym va cac phan to H,O dugc tinh
bang phuong phap co hoc phén tir v6i truong luc
AMBER. Céc tham s6 truong luc con thiéu duoc bd
sung dung truong luc GAFF (twong hop véi truong
luc AMBER) st dung Antechamber. Cac tinh toan
duoc thuc hién trén phﬁn mém Gaussian 09 st dung
ONIOM hai 16p.

Két qua docking cho trang thai c¢6 ning lwong gin két am nhét (-5,0 kcal/mol) trén hinh 1.

Hinh 1: Trang thai docking c6 ning luong gin két 4m nhat

Téi wu cdu triac hé phan wng khi acetylcholine tiép can tAm xuc tac cho két qua trén hinh 2.

Hinh 2: CAu tric trang thai axetylcholine tiép can tam xtc tac (INT1)

CAu truc trang thai phirc duoc t6i uu theo phuong phap QM/MM cho két qua trén hinh 3.
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Hinh 3: CAu tric trang thai phirc (INT2)
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Két qua t6i uru céu tric trang thai tich choline (hinh 4).

Hinh 4: CAu tric trang thai tach choline (INT3)

Dé khoanh vung cAu truc trang thai chuyén tiép giai doan tao phurc, quét thé theo khoang cach C(24) -
O(6). Hinh 5 1a két qua khoanh viing cdu tric trang thai chuyén tiép giai doan tao phirc.

Hinh 5: Cau triic trang thai chuyén tiép giai doan tao phuc (TS1)

Néng lugng hoat héa giai doan tao phuc la 11,943 kcal/mol. )
Trong giai doan tach choline quét thé theo toa d6 N(1 1)-H(14), khoanh vung dugc cau truc trang thai
chuyén ti€p nhu trén hinh 6.

Hinh 6: Chu tric trng thai chuyén tiép ii d tach choline (
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Nang lugng hoat hoa giai doan tach choline: 0,032 kcal/mol.
So d6 bién doi nang luong chung cho 2 giai doan (hinh 7).
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Hinh 7: So dd bién d6i ning lwong chung ctia qua trinh tao phirc va tach choline

4. THAO LUAN

Trong trang thai gan két voi ning lugng 4m nhét
(hinh 1), phan tir axetylcholin nam trong hdc phan
mg, nhom axetyl tiép can v6i tim xuc tac trén
Ser(203), nhdm OH cua Ser(203) dinh huéng vé
phia N trong vong imidazol cua His(447). Phan gbc
amin bac 4 -N(CHj); huéng vé phia vong indol cua
Trp(86). Pinh huéng nay phu hop véi két qua phan
tich trong tai liéu [1, 2].

Vi két qua dinh hudng tir tinh toan docking, ti
wu cau trac trang thai giai doan acetylcholine tiép
can tdm xdc tic bang phuong phap QM/MM (hinh
2) xac nhan lai dinh hudng cua phan to
axetylcholine trong hdc phan ng. Khoang cach giita
axetylcholine va tim xuc tac (tinh bang khoang cach
gitta C(24) va O(8) bang 2,66 A. V¢i khoang cach
nay, acetylcholin chua thé hién tuong tic hoa hoc
véi tam xuc tac. Khoang cach gitta H(9) va N(17)
bang 1,67 A, thé hién lién két hidro manh.

Téi wu trang thai phirc thu duoc cdu trac tir dién
(hinh 2). Lién két O(8) - C(24) c6 do dai 1,48 A,
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khoang cach gitra C(24) va O(26) 1a 1,67 A, 16n hon
d6 dai cua lién két don C-O. Goc nhi dién C(20)-

C(24)-0(25)-0(26) bang 116°, 1éch nhiéu so véi cau
tric phang cua chuc este (180°). Nguyén tir H(9)
chuyén sang N(17) va dinh hudng giita N(17), O(26)
v6i d6 dai lién két N(17) - H(9) bang 1,07 A, khoang
cach H(9) va O(26) la 1,56 A (trong ving lién két
hydro manh). Pinh huéng nay thuan lgi cho giai
doan tach choline tiép theo.

Quét thé khi axetylcholin lai gin tdm xtc tac
(giam khoang cach C(24) va O(8) tir trang thai INT1
dén INT2) cho thiy c6 su dich chuyén dong thoi cia
nguyén tor H(9) tir O(8) sang N(17) va dinh hudéng
vé phia O(26). Trong trang thai chuyén tiép TSI
(hinh 5) da hinh thanh cau trac t@ dién. Khoang cach
gitta O(8) va C(24) béng 1,6 A, gbc nhi dién C(20) -
C(24) - O(25) - O(26) bang 125°. Khoang cach O(8)
va H(9) bang 1,63 A, gitra H(9) va N(17) bang 1,06
A. V6i khoang cach nay c6 thé coi nhu H(9) di
chuyén sang vong pirimidin ctia His(447).

Trong trang thai tach choline (INT3) trén hinh 4,
nhém axetyl lién két chit hon véi tdm xuc tac (d6
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dai lién két C(24) va O(8) bang 1,35 A). Phan tu
acetylcholine bi phan tach hoan toan vd&i khoang
cach O(26) va C(24) bang 2,62 A, va nguyén tur
H(9) chuyén hin sang lién két v6i O(26). Do dai lién
két O(26) - H(9) bang 0,99 A.

Quét thé khi H(9) chuyén tir N(17) sang O(26)
thiy su chuyén dich dong thoi cia O(26) xa khoi
C(24). Nang lugng trong qua trinh nay chi tang 1én
trong khoang rat nho (0,032 kcal/mol).

So sanh nang luong gitra trang thai phuc (INT2)
va trang thai axetylcholin tiép cén tdm xuc tac
(INT1) thay chénh léch ning luwong chi tinh riéng
cho vung QM (AE(QM) = 12,854 kcal/mol) cao hon
so vo1 chénh 1éch nang lugng gitra hai trang thai (AE
= 11,679 kcal/mol). So sanh giita trang thai chuyén
tiép TSI va trang thai INT1 ciing cho nhan xét tuong
tu (AE(QM) = 13,914 kcal/mol; AE 11,943
kcal/mol). Nhu vay, c6 thé thay enzym co hiéu ng
lam bén trang thai phtc va trang thai chuyén tiép
TS1 16n hon so v6i trang thai INT1.

Trong giai doan tach choline, so sanh giita trang
thai tach cholin (INT3) véi trang thai phirc (INT2)
thu dugc két qua: AE(QM) = -1,404 kcal/mol cao
hon AE = -14,892 kcal/mol. So sanh giita trang thai
chuyén tiép TS2 véi trang thai phic: AE(QM) =
0,857 kcal/mol cao hon AE = 0,032 kcal/mol. Qua
cac sb liéu trén c6 thé thiy, enzym c6 hiéu tung lam
bén manh hon cho trang thai tao phtrc, tach choline
va cac trang thai chuyén tiép, dic biét 1a dbi véi
trang thai tach cholin.

Xét tong thé, ning lugng hoat hoa chung cho ca
hai giai doan la 11,943 kcal/mol (hinh 9). Mtrc ning
luong nay phu hop voi téc d6 dién bién cia phan
{rmg va sai s6 ctia phuong phép tinh [3].

5.KET LUAN

Trong bai bdo nay, tic gia da st dung phuong
phap QM/MM(EE) d¢ tinh toan cho hé phan ung

Lién hé: Nguyén Hiru Tho
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thiy phan acetylcholine nho xuc tac enzym & nguoi
(theo co ché duge dé xut tir thuc nghiém), thu dugc
két qua vé sy bién ddi cau trac va ning luong cua
h&. Nang lugng hoat hoa cho giai doan tao phuc va
giai doan tach choline lan lugt 1a 11,943 kcal/mol va
0,032 kcal/mol. Phan tich két qua vé nang luong cho
thdy hiéu img lam bén ctia enzym d6i VOl cdc trang
théi trung gian va trang thai chuyen tlep trong tién
trinh phan tng.
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