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Bai bao cong bd cac tinh toan ning lwong tw do lién két giira etanol va protein LUSH trong dung dich nwéc
bing phuong phap dong lue phan tir véi phan mém GROMACS4.0 theo quy trinh tinh ciia nh6ém Dill. Cac
tinh toan ning lwong tw do gin két giira etanol va LUSH sir dung mé hinh twong tic ciia Lennard-Jones,
treong lwe OPLS-AA va mé hinh ciia nwéc 1a TIP3P. Cac gia tri ning lwgng tw do hydrat hoa etanol dwgc

so sanh voi thuc nghiém.

Tir khoa: etanol, phwong phdp dong luc phéin tir, protein LUSH.

Chi s6 phén loai 1.4

Binding free - energy calculation of
ethanol on protein LUSH in water by
molecular dynamics

Summary

The paper deals with molecular dynamics
for calculation of binding free - energy
of ethanol on protein LUSH in water by
GROMACS software and following the
Dillgroup calculation procedure. The authors
calculated the free energy for turning off
the Lennard-Jones interactions of ethanol
represented with the OPLS-AA force field
in TIP3P water model. They achieved a high
degree of statistical precision in molecular
dynamic simulations, and by thermodynamic
intergration method, the deviation of calculated
free energy of ethanol hydration was about
0.02-0.60 Kkcal/mol from the experimental
hydration free energy measurements. The
calculated binding free energy of ethanol on
protein LUSH in water is in a reasonable
correspondence with experimental data.
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Mé dau

Tinh toan nang lugng tu do la mot trong nhiing viéc
kho nhat va tén kém thoi gian nhat ciia dong luc phan tir.
Tuy vay, vé nguyén tic, phuong phap nay cho két qua kha
pht hop vé6i thie nghiém va c6 thé du bao chinh xac niang
luong tu do cua cac qua trinh hoa 1y khong kém theo viée
cit dut va hinh thanh cac lién két cong hoa tri, vi du nhu
qua trinh solvate ho4, qua trinh tao phuc Michaelis giira
phéi tir va protein. .. Mit khac, nhimg thong tin chinh xac
vé nang luong tw do gén két cho phép ching ta di sau tim
hiéu vé co ché phan mg enzyme, mot khau quan trong
trong cac qua trinh hod sinh trong co thé séng.

Trong bai bao [1], chung t6i da trinh bay nhimng két
qué tinh toan ning luong tu do hydrat hoa ciia mot sd
chat tuong ty axit amin mach bién bang phan mém
GROMACS va theo quy trinh tinh cua nhém Dill [2, 3].
Bai bao nay trinh bay nhiing rng dung cua phuong phap
nghién ctru sy gin két giita etanol Vél LUSH. Cho dn
nay, nguoi ta di thira nhan rong rai rang, nhiéu hiéu tng
sinh ly ctia viéc nghién ruou 1a két qua truc tiép cua sy
lién két v6i cac vi tri ddc trung trong cc protein neuron,
chéng han nhu céc kénh ion hodc cac ciu tir khac cua cac
tang tin hiéu neuron. Néi chung, viéc gin két véi cac doi
tuong nay xay ra trong cac tui ddy nude va dan téi nhitng
bién ddi trong cau trac va dong luc hoc cua protein.
Trong khi d0, twong tac chinh x4c can thiét nhu tinh nhay
cam véi ancol ciia mot sb protein riéng van con bat dinh.
LUSH 1a mét protein gin huong thom (odorant binding
protein) 13y tir Drosophila melanogaster, dugc st dung
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nhu mot mé hinh gén két etanol - protein [4-6]. LUSH
1a protein phi enzym can thiét dé dap mg ca vé cach
tuong tac va vé dién sinh 1y hoc cua cac neuron khtru
giac d6i voi cac rugu mach thang va ngan [7]. Nhiing
nghién ctru gan day ctia Thode va cong su [8] da khao
sat hiéu ng cua viéc thay thé axit amin dic trung dén
viéc gan két protein Nhitng hiéu Gng nay duoc xem
xét dwa trén sy phdi hop cac phuorng phap dong luc
phan tir, nhiéu xa tinh thé tia X pho huynh quang va
trai nhiét (thermal unfolding). Tuy vay, nhiing tinh
toan dong luc phan tir méi chi ding ¢ viéc nghién ctru
céu trac can bang. Trong bai bdo ndy, ching t6i trinh
bay nhitng két qua nghién ctru dong luc phan tor mot
sO tinh chét ning lugng cua hé etanol - LUSH. Co s&
ly thuyét ciia phuong phép tinh ning lugng tu do gin
két etanol - protein bang dong luc phan tir dugc trinh
bay trong phan co s¢ 1y thuyét va phuong phép tinh
dua trén phién ban 4.0 cia GROMACS. Phan cudi cua
bai bao danh cho két qua tinh va thao luan dbi véi qua
trinh gan két etanol va LUSH.

Co so 1y thuyét

Viéc tinh toan nang lugng tu do dugc thuc hién
dua trén nhitng nguyén 1y cua co hoc théng ké [4].
Dai lugng quan trong nhit ma bai bao ny quan tim la
nang luong tu do A. Bién thién ning lugng tu do AA
tur trang thai Z dén trang thai Z, gan v6i nang lugng
cau hinh E va E, duoc tinh theo phuong phap khir
ghép do6i (double decoupling method) voi thudt toan
tich phan nhiét dong (thermodynamic integration - TI)
xac dinh bdi hé thic:

AA = J'l BAO\.) (1)
trong do:
0AG) _ <M> (2)
an o |/,

O day, dau ngodc nhon ky hiéu gia tri trung binh
tap hop theo ham xac sut. Trong thyc té tinh todn,
tich phan dugc thay bang tong theo tit ca cac khoang
xac dinh cua A. Viéc mo6 phong dong lyc phan tir dugc
tinh voi cac gia tri khac nhau ciia A tir 0 dén 1 véi trung
binh tap hop duoc xac dinh & mdi gia tri A.

Ning luong tu do gén két phdi tu - protein dugc tinh
theo chu trinh nhiét dong hoc (hinh 1) va bicu thuc:
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AG, = AG, —AG, (3)

trong d6 AG, va AG, 1a cac bién thién ning luong tu do
lién quan VO’l viéc khu' ghép d6i phdi tir (cing véi cac
jon trai ddu - counter - ion) khoi dung méi (khéng co
protein) va véi viée khir ghép doi phdi tir (cting véi cac
ion trai dau) khoi dung méi va protein.
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Hinh 1: so d6 nguyén tdc tinh todn ning lwong tw do gén két phéi nr
lén protein biang phwong phdp déng luc phdn tir

Phuong phap tinh

Tinh toan bién thién nang luong tu do bang dong luc
phan tir dugc thyc hién trén phﬁn mém GROMACS.
Quy trinh tinh bao gém cac budc sau day xuat phat tir
trang thai 0 vai A=0:

1. Téi wu céu hinh hé md phong thoat tién bang
5.000 budc thuat toan L-BFGS [9] sau d6 bang 5.000
budc thuat toan duwong doc nhat (steepest decent).

2. Pua hé vé can béng nhiét va cuc tiéu hoa dugc
thuc hién tiép tuc b::ing cach tinh 5.000 budc dong luc
Langevin (ngu nhién) ¢ thé tich khong d6i. Khoang
rong cua bude mo phong 1a 2 fs. Khoang thoi gian dé
can chinh nhiét do (tau_t) 1a 0,1 ps, thuét toan LINCS
[10] duoc sir dung dé cudng buc cac lién két hydrogen
theo cac tham sé mic dinh.

3. Tinh 50.000 budc dong luc phén tr & ap sudt
khong doi dé tiép tuc dua h¢ vé can bang nhiét. Dicu
nhiét Berendsen dugc st dung voi tau p=0,5.

4. Tinh dong luc phan tir 2.500.000 budc (twong
g v6i 5 ns) ¢ thé tich khong doi theo cach tuong tu
voi budc 2 dé thu dugc cac gia tri trung binh (budc san
sinh s0 li€u - production).

5. Tang A va quay lai bude 1 néu chua dat toi trang
thai 1.

Trong s6 cac tham s6 GROMACS dugc dung trong
qua trinh tinh toan can luu y: thira s6 cat khoang tac
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dung xa cua tuong tac L-J (sc_alpha) 1a 0,5, twong tac
L-J dugc cit & 9A, tuong tac Coulomb gén duoc cét
& 9A va st dung mau PME cho phan khoang tac dung
xa, danh muyc lan can ciing dugc tinh voi cung khoang
cach nhu lyc Coulomb gan (rlist=rcoulomb=1,0 nm).
Tinh toan dugc thuc hién vai 16 gia tri cia A trong
khoang 0+1, cu thé 1a A=(0,0; 0,05; 0,1; 0,2; 0,3; 0,4;
0,5; 0,6; 0,65; 0,7; 0,75; 0,8; 0,85; 0,9; 0,95 va 1,00).

Tat ca cac cau lénh can thiét cho ca 16 gia tri
cua A duoc ghi trong t¢p RUN.sh. Dir li¢u tinh toan
dugc xtr Iy theo ca hai phuong phap tich phan nhiét
dong (thermodynamic integration - TI) va nhiéu loan
(perturbation method - PM) trén phan mém MATLAB.
Vé co ban, su khac biét ning lugng tu do giita hai
trang thai 0 va 1 Ia tich phan cia ky vong cia dV/
dlambda. Vi thé trudc hét can c6 gia tri trung binh ctia
dV/dlambda ¢ mdi gia trji ciia A va tich phan bang sb
céc gia tri nay trong khoang A tir 0 dén 1 bang phuong
phap hinh thang. Theo phuong phap PM can st dung
cac ky vong ciia thé ning, sau d6 tinh tong bién thién
nang luong tuy do theo [11].

Trang thai 0 ctia cac hé dugc chon 1a trang thai co
nang luong cuc tiéu sau cac budc tinh 1, 2 va dugc dua
vé can bang nhiét & budc tinh 3. Trang thai 1 tuong
ung voi su bién mét cua solvate hoa duge dat tGi béng
cach giam dan ham thé tuong tac giita phan tir va dung
moéi nude t6i 0. GROMACS da tham sb hoda cac tuong
tac tinh dién va Van der Waals gilta phan tu va moi
treong thong qua A sao cho khi A=0 h¢ ¢ trong trang
thai hydrat hoa day du va khi A=1 cic twong tic nay
bién mét (g véi trang thai phan tir a0. Thé ning tuong
tac phi lién két phu thudc A c6 dang:
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trong d6 tong i ldy theo tit ca cac nguyén tir ciia chat
tan (S) va tong j 1dy theo tit ca cac nguyén tir cia dung
moéi (W). Phuong trinh (4) bao gdm s hang Coulomb
véi sy phy thude tuyén tiqh vaoA.va sb hang Lennard-
Jones c6 chira hqi tham s6 o, va A ; a=0,5. Trang thai
0 (solvate hoa day du) ing v6i A va A, =1. Trang thai
1 (khur hoan toan solvate hod) tmg véi A va A =0.

Két qua va thao ludn

Tinh toan duoc thyc hién trudce ti€n voi nang lugng
t do hydrat hoa cua etanol. Xuat phat tr ban chat
nhiéu loan cua phuong phap tinh, dé ting do chinh
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xéc ciia két qua, viéc khir ghép doi etanol - nude duoc
chia thanh 2 budc. Budc 1 khu tuong tac tinh dién
gilta etanol va nudc (diéu nay dugc thé hién trong
tép topology cia GROMACS, dién tich cua tat ca cac
nguyén tir ciia trang thai A=1 dugc dat bang 0. Sau do,
tai budc hai - khtr twong tac Lennard-Jones, tat ca cac
nguyén tir ciia trang thai A=0 va A=1 duogc dit bang
0 va tat ca cac nguyén tir ciia etanol & trang thai A=1
dugc dat baing DUM - nguyén tir 40). Nang luong tu
do hydrat hod 14 tong ciia céc bién thién ning lugng tur
do cua hai budc nay.

Hop mo phéng chira 1 phan ti etanol va 344 phan
tr nudc. Sau 16 1an tinh mo phong mdi 1an 2.500.000
budc voi cac gia tri A khac nhau, GROMACS cho ra
mot khéi lugng dir liéu OUTPUT khong 16 (2,2 GB).
Thoi gian tinh toan cho mot bd s6 liéu nay 1a 70 gio
trén PC vdi 2 GB RAM va DualCore. Bang 1 trinh bay
nang lugng tuong tac trung binh thu dugc ¢ trang thai
0 cta hé etanol - nude. Hai dit liéu quan trong nhat d6i
v6i viée tinh ning lugng tu do 14 thé ning va bién thién
thé ning theo A (dV/dX). Su thing giang trong tién
trinh mo6 phong cua hai dai lugng nay 6 mot vai gia
tri cia A dugc trinh bay trong hinh 2. Dé thiy rang, su
thang giang 1a kha déu dan trong sudt 5.000 ps. Do troi
(drift) cua cac gia tri nang lugng di nho, dam bao do
tin cay thong ké cua két qua mo phong dong luc phan
tir. Tuong tac L-J gan mang diu duong da xac nhan
su ton tai nhitng cap nguyén tir gitta nude va etanol c6
khoang cach nho hon o (diém 0 ctia ham thé L-J).

Bang 1: nang luong twong tac (KJ/mol) ¢ trang thai =0 cua etanol trong nudc

Nang lugng Tr‘ung RMSD T!l,i ng by t'réi
binh giang (Drift)
LJ (luc gin) 3146,42 138,075 138,075 | 0,0000718269
Coulomb (lyc gan) -17309,5 208,456 208456 | 0,000307968
Coulomb (lyc xa) -1787,88 9,75253 9,75249 | 0,0000194731
Thé nang -16051,9 121,392 121,391 0,000318668
dVpot/Adr -3,79705 31,5991 31,5967 0,000268089

Bang 2: dVpot/d). (KJ/mol) va thé ndang ciia hé etanol - nudc & cac gid tri A
khadc nhau (budc khir twong tac tinh dién)

A 00 | 005 0,1 02 03 04 05 0,6

dVpot/dh | -37970 | -29554 | 53278 | 68743 | -86754 | 56012 | 01156 | 66526
Thé niing | -16051. | -15976 | -16020 | -15998 | -16024 | -15992 | -16016,7 | -16002
A 065 | 07 075 08 0,85 09 095 1,0

dVpot/dh | 8,6721 | 10226 | 11,7527 | 9,52544 | 10,625 9,71036 7,90429 | 68132

Thénéng -16020 | -16032.2 | -15.974 | -16010 -16011,1 | -15982,3 | -15978,7
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Tich phan <dVpot/d\> theo A cho bién thién ning
luwong tu do tai budc khit trong tac tinh dién la 1,3488
KJ/mol va tai budc khir Lennard-Jones 1a 19,8125 KJ/
mol so véi gia tri nang lugng tu do hydrat hoa thuc
nghiém cua etanol 1a 4,88 Kcal/mol (20,43 KJ/mol)
9,1 1a kha phu hop.

Kcal/mol. So sanh véi gia tri thuc nghiém 8,0 Kcal/
mol [8, 11, 12] cho thay su pht hop 1 c6 thé chip nhan
duge. Két qua dVpot/di (KJ/mol) va thé niang cua hé
etanol-LUSH - nuéc dugc chi ra trong bang 3.

Bang 3: dVpot/d). (KJ/mol) va thé nang ciia hé etanol - LUSH-nuréc
(budc khir twong tac tinh dién)

Hinh 2: sy thang giang cua dVpot/d\ (KJ/mol) trong qud trinh
mo phong o A=0 (4) va 1 (B) cua hé etanol - nuéc
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Hinh 3: dVpot/d). (mau ghi) trong tién trinh mé phong dong luc phan ti. Gia
tri trung binh dw bdo (mau den) nhan dwoc tir ky thudt loc Kalman

Su phtic tap trong twong tic phdi tir - protein anh
hudng 16 rét dén sy hoi tu cia <dVpot/di>. Ngay ca
& 5.000 ps thi trong mot sb truong hop cu thé gia tri
trung binh nay van ting déu din, khong thé hién rd xu
thé dat toi gia tri cAn bang. Piéu nay chung t6 rang,
thoi gian mo phong 5 ns 1a khong da dé co duoc gia
tri tin cdy cua <dVpot/dA>. Viéc kéo dai thoi gian mo
phong s& dan dén su ton kém vé chi phi. Hau hét cac
s6 lidu <dVpot/dA> dy bao déu hoi tu & 5 ns. Hinh 3
so sanh mot sd truong hop cu thé giita gia tri trung
binh va gia tri du bao. Két qua tinh dugc trinh bay
trong bang 2. Tich phan <dVpot/dA> theo A cho gia
tri nang lugng tu do cua qua trinh khir ghép doéi etanol
khoi protein LUSH va nudce la 12,2 Kcal/mol. Thay
thé gia trj cua nang luong tu do cua qua trinh khir ghép
doi etanol khoi protein LUSH va nudc va nang lugng
tu do hydrat hoa cuia etanol vao phuong trinh (3) cho
ning luong ty do gin két etanol - protein LUSH 14 -8,7
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A 0,0 0,05 0,1 02 03 04 05 0.6
100 100
dVpot/d) | 405575 | 386363 | 3,83803 | 143031 | -0,17674 | -3,88264 | -10359 | -18,8767
50 50 ;
Thé ning | -9623,5 | -9618,5 | -9559.89 | -96203 | -9603,54 | -9627.94 | -9653.0 | -962148
0 bt
by 0,65 0,7 0,75 08 0,85 09 0,95 10
-50 IS “ L -50 dVpot/dL | 25810 | 31,647 | -30.7597 | 24,664 | -16.9848 | -10,6630 | -5,0654 | 0.040086
-100 100 Thé ning | 96082 | 96494 | 9669.23 | -96342 | -9613,73 | 960628 | 96734 | -958643
-150 T T T -150 T T N e >
1000 2000 3000 4000 5000 0 2000 4000 Loi cam on
thoi gian (ps) th&i gian (ps) . o i . B ~ B
Tdp thé tac gia tran trong cam on sw ho tro cia Quy

Phat triéen KH&CN quéc gia (NAFOSTED) théng qua
dé tai ma s6 104.06-2013.68.
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