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ABSTRACT

The paper deals with molecular dynamics calculation of solvation free energy of some amino
acid side chain analogs in water by GROMACS software and following Dillgroup calculation
procedure. We calculated the free energy for turning off the Lennard-Jones interactions of 8
amino acid analogs including methane/Ala, n-butan/lle, isobutan/Leu, propane/Val,
acetamid/Asn, p-cresol/Tyr, etanol/Thr and metanol/Ser represented with the OPLS-AA force field
in TIP3 P water models. We achieved a high degree of statistical precision in molecular dynamic
simulations and by thermodynamic intergration method obtained the deviation of calculated free
energy of hydration of about 0.02 - 0.60 kcal/mol from the experimental hydration free energy

measurements of the same molecules.

- MO PAU

Tinh todn nang luong tu do la mot trong
nhitng viéc khé nhat va ton kém thoi gian may
nhét ctia dong luc phan tir. Tuy vay, vé nguyén
tac, phuong phap nay cho két qua kha pha hop
v6i thuc nghiém va c6 thé du bdo chinh xac
nang luong tu do clia cidc qud trinh hod 1y [1]
khong kém theo viéc cat dit va hinh thanh céc
lién két cong hoa tri, vi du nhu qua trinh xonvat
hod, qua trinh tao phidc Michaelis gifta phoi tir
va protein [ K&t qua tinh toan nang lugng tu do
thuong rat nhay véi viéc lua chon mot s6 diéu
kién bién von khong quan trong doi vé6i phép
tinh dong luc phan tir thong thuong. Vi du nhu
khi xtt ly phan khoang tic dung xa cua luc
Coulomb bang thuat toan lugi hat Ewald (PME),
cac tham s6 PME von du ding cho céc tinh todn
dong luc phan tir thong thudng thi lai ¢6 thé cho
sai s6 nghiém trong trong viéc tinh todn nang
luong tw do clia qud trinh thay déi dién tich
riéng phan trén mot phan tir. Vi thé€, véi nhiing

tinh todn nang luong tu do, néi chung, khong cé
khéi niém vé nhitng di€u kién bién “khong quan
trong” doi véi két qua tinh. Tat ca déu phai kiém
tra can than [2].

Co s& 1y thuyét ciia phuong phéap tinh nang
luong tu do bang dong luc phan tir dugc trinh
bay trong Phan II clia bai bdo nay. Phan III trinh
bay quy trinh tinh dua trén phién ban 3.3.1 cta
GROMACS. Phan IV danh cho két qua tinh va
thao luan d6i v6i qua trinh hydrat hod mot s6
chét tuong tu axit amin.

CO SO LY THUYET

Viéc tinh todn nang luong tu do duoc thuc
hién dua trén nhitng nguyén 1y cia co hoc thong
ké. Cac khdi niém vé phan bé Boltzmann, tich
phan trang théi (Z), tap hop (essemble) chinh tic
nho (NVE), chinh tic (NVT), chinh tic 16n
(iVT), tap hop ding nhiét dang 4p (NPT) va méi
lién hé gitra tich phan trang thai va cac dai luong
nhiét dong hoc da duoc trinh bay chi tiét trong
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céc sdch gido khoa vé nhiét dong hoc [3]. Dai
luong quan trong nhat ma bai bdo nay quan tam
1a nang lugng tu do A. Bién thién nang luong tu
do fA tir trang thdi Z, dén trang thai Z, gan véi
nang luong cdu hinh E, va E; dugc xac dinh bai
hé thic

Zl

AA=A;- A=

Loi giai cha fA nhan dugc bang céch ap
dung tham s& ghép doi (double coupling
parameter) A, A = 0..1 nhu 1a con duong dan tur
trang thai 0 (nang lugng E;) dén trang thai 1
(nang luong E,). Nhu vay ta can giai phuong
trinh

A(2) = —kTInZ(2) )

C6 hai cach giai phuong trinh nay: tich phan
nhiét dong (thermodynamic integration - TI) va
nhiéu loan (perturbation method — PM). Vi A
la ham trang thdi nén fA khong phu thudc
duong di, ching han nhu su chuyén dich qua
céu hinh chuyén ti€p hodc su dot bién mot axit
amin thanh mot axit amin khéc.

Tich phan nhiét dong
Phuong phap TI 14y tich phan:

A= IaA(/l) 3)
Thay A(L) tix (2) ta duoc:
OA(A) _ _kT{éan(/l)} _ kT 0Z(1) @
oA oA Z(A) O
Vi:
70y =[..[e " Vax (5)
2) e gy
[ ] e ©
nén
OA(A) J- I@E(Xi) e PN IX ()
oA Z()

Ham xdc suat doi véi A 1a:
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o PEXA)
P(X,4)= 3)
nén
OA(R) _ <8E(X,/1)> ©
o o /,

trong d6 ddu ngoac nhon ky hiéu gia tri trung
binh tap hgp theo ham xac sudt. Nhu vay, ta co:
1
OE(X, A
A4 = J' EXAN 1 (10)
0 or |/,

Trong thuc té€ tinh todn, tich phan dugc thay
bang tong theo tit ca cdc khoang xac dinh clia
A. Viéc mo phong dong luc phan tir duge tinh
v6i cac gia tri khac nhau cta A tir O dén 1 véi
trung binh tap hop dugc xdc dinh & méi gid tri A.
Phiiong phdp nhiéu loan

Phuong phdap PM ciing xuét phat tix (1), (2)
va viét ty s6 Z,/Z, dudi dang:

'[ 'f e (X)eﬂw” (X)e’/}b”(X)dX

j j My

? _ J‘m-"e*/f[ﬁ()()_Eo()()]R)de

(11
trong d6 P, 1a ham phan bo Boltzmann. Nhu vay
ta co:

Z_ <e"“m)>0 (12)

Z,

AA=—kTn{e ") (13)
0

trong d6 ky hiéu < >, chi ra viéc 14y trung binh

cdu hinh theo tap hgp céu hinh dai dién cta

trang thai dau ctua hé. Theo mot cach tuong tu

ching ta cling c6 thé viét

A4 =—kTin{e ) (14)
trong d6 viéc 14y trung binh ciu hinh dugc thuc
hién theo tap hop cdc cdu hinh dai dién cta
trang thai cudi cua hé.

Phuong phdp nhiéu loan PM dugc thuc hién
trudc tién bang viéc mo phong dong luc phan ti
cho trang thai 0 va tao nén trung binh tap hogp
d6i v6i su khac biét nang luong nhu da trinh bay
(dién tién). Sau d6 tinh todn dugc thuc hién véi



trang théi cu6i dé nhan duoc trung binh tap hop
tuong ting (dién thodi). Su khéc biét gitta hai 1an
tinh 1a thudc do cta tinh bét dinh thong ké cta
viéc tinh todn. Gan didng nhiéu loan chi cho két
qua chinh xac khi trang thai 0 va 1 khéc biét du
nho sao cho trang thdi ndy c6 thé dugc xem 1a
nhiéu loan cla trang thdi kia. Dé c6 thé tang
thém do chinh x4c va pham vi tinh todn, nguodi
ta chia nhé su khéc biét gita O va 1 thanh cdc
“budc” doc theo toa do A sao cho bién thién
nang luong tu do cia moi bude khong qua 2kT
(tic la 1.5 kcal/mol). Bién thién nang lugng tu
do téng cong s& 1a tong cha cdc bién thién nang
Iuong tu do ctia cac budc. Tuc la:
n-1
AA= A0 > Ay )

i=0

(15)

trong d6 n 1a s6 khoang chia giita hai trang thai
Oval.

PHUONG PHAP TiNH

Tinh todn bién thién nang lugng tu do bang
dong luc phan tir dugc thuc hién trén phan mém
GROMACS. Quy trinh tinh bao gébm céac budc
sau day xuat phat tir trang thai 0 vé6i A = 0:

1. T8i wu célu hinh hé mo6 phong thoat tién
bang 5000 budc thuat todn L-BFGS [4] sau d6
bing 5000 budc thuat todn dudng doc nhat
(steepest decent).

2. Pua hé vé can bang nhiét va cuc tiéu hod
dugc thuc hién ti€p tuc bang cdch tinh 5000
budc dong luc Langevin (ngiu nhién) & thé tich
khong déi. Khoang rong ctia bu6c mo phong la
2 fs. Khoang thoi gian dé can chinh nhiét do
(tau_t) 1a 0.1 ps. thuat toan LINCS [5] duoc sl
dung dé cudng biic cdc lién két hydrogen theo
cac tham s6 mac dinh,

3. Tinh 50000 budc dong luc phan ti & ap
sudt khong déi dé tiép tuc dua hé vé can bang
nhiét. Diéu nhiét Berendsen dugc st dung véi
tau_p =0,5.

4. Tinh dong luc phan td 2500000 budc

(tuong Gng v6i 5 ns) & thé tich khong déi theo
céch tuong tu véi budc 2 dé thu duoc cac gid tri
trung binh (budc san sinh s6 liéu —
production).

5. Tang A va quay lai buéc 1 néu chua dat
t6i trang thai 1.

Trong s6 cac tham s6 GROMACS dugc
dung trong qua trinh tinh todn can luu y: thira s6
cat khoang tic dung xa cha tuwong tdc L-J
(sc_alpha) 1a 0,5, tuong tdc L-J dugc cit 0 9A,
tuong tic Coulomb gian dugc cat & 9A va st
dung mau PME cho phan khoang tdc dung xa,
danh muc lan can cling dugc tinh véi cung
khoang cdch nhu luc Coulomb gan (rlist =
rcoulomb = 1.0 nm). Tinh todn duoc thuc hién
v6i 16 gia tri cua A trong khoang O - 1, cu thé 1a
1 = (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).

T4t ca céac cau lénh can thiét cho ca 16 gia
tri cia A dugc ghi trong tép RUN.sh. Dit liéu
tinh todn dugc x{t 1y theo ca hai phuong phap TI
va PM trén phan mém MATLAB. V€ co ban, su
khac biét nang luong tu do gitra hai trang thai 0
va 1 la tich phan cta ky vong ctua dV/dl. Vi th€
trudc hét can cé gid tri trung binh cua dV/dl &
moi gid tri ctia A va tich phan bang so cdc gid tri
nay trong khoang A tir 0 dén 1 bang phuong
phéap hinh thang. Theo phuong phdp PM cén su
dung cdc ky vong ciia thé niang sau d6 tinh téng
bién thién nang luong tu do theo (15).

Trang thdi 0 cta cdc hé duoc chon la trang
thdi ¢6 nang lugng cuc ti€u sau cac budc tinh 1,
2 va duoc dua vé can biang nhiét & budc tinh 3.
Trang thai 1 tuong Gng vGi su bién mat cua
xonvat hod dugc dat t6i bang cdch giam dan
ham th€ tuong tic gilta phan t va dung moi
nuée t6i 0. GROMACS dia tham s6 hod cac
tuong tic tinh dién va Van der Waals giita phan
tr va moi truong thong qua A sao cho khi A =0
hé & trong trang thai hydrat hod day du va khi A
= 1 cdc tuong tidc nay bi€n mat tng vdi trang
thdi phan tlir 40. Th€ nang tuwong tac phi lién két
phu thuodc 1 ¢6 dang [6]:

1 1

94,
Us_yCherdyy )= de =L+ ,48, %
LJ

T [au(l—,lu)+(}?i/ay)6]2 OCLJ(I_ALJ)jL(’”ij/Uz‘j)6

(16)
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trong d6 téng i 14y theo tit cd cdc nguyeén tlr chia chat tan (S) va tong j 14y theo tat ca cdc nguyén ti
ctia dung moi (W). Phuong trinh (16) bao gom s6 hang Coulomb véi su phu thudc tuyén tinh vao 1.
va s6 hang Lennard-Jones c6 chda hai tham s6 a;; va 1;; a= 0.5. Trang thai 0 (xonvat hod day du)
ung véi I va 1 ; = 1. Trang thai 1 (kh{t hoan toan xonvat hod) ting véi 1 va l;; = 0.

KET QUA VA THAO LUAN

Bdng 1: Nang luong tuong tac (kJ/mol) & trang thai A = 0 ctia chit tuong tu alanine trong nudc

Nang luong Trung binh RMSD Thang gidng| DO troi (Drift)

LJ (luc gan) 1497,2 99,6578 99,6565 0,00036114
Coulomb (lyc gan) -9851,94 151,258 151,256 -0,000625181
Coulomb (lyc xa) -1208,1 8,49376 8,49198 0,000120428
Thé& nang -9623,51 92,8226 92,8223 -0,000166466
dVpot/dl 4,05575 12,1722 12,1722 0,000014741

Bdng 2: dVpot/dl (KJ/mol) ctia hé alanine-nudc & cac gia tri 1 khac nhau

L 0,0 0,05 0,1 0,2 0,3 0,4 0,5 0,6
dVpot/dl |4,05575|3,86363| 3,83803 |1,43031|-0,17674 | -3,88264 |-10,359|-18,8767
Thé nang |-9623,5|-9618,5| -9559,89 | -9620,3 |-9603,54 | -9627,94 |-9653,0(-9621,48

L 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1,0
dVpot/dl |-25,810|-31,647| -30,7597 | -24,664 | -16,9848 | -10,6630 |-5,0654|0,040086
Thé nang | -9608,2 | -9649,4 | -9669,23 | -9634,2 | -9613,73 | -9606,28 |-9673,4|-9586,43

Bdng 3: Nang luong tu do hydrat hda ctia mdt s6 chét twong tu axit amin (kcal/mol)

Chat/ metan/ |n-butan/ | isobutan/ | propan/ | acetamit/ | p-cresol/ | etanol/ | metanol/
Axit amin Ala Ile Leu Val Asn Tyr Thr Ser
Thyc nghiém | 2,0 2,08 2,28 1,96 -9,72 -6,13 -490 | -5,08
[7,8]
[9] 1,86 2,70 2,8 2,83 -7,12 -4,08 -4,08 -4,88
Tinh téan 2,25 2,43 2,27 2,34 -9,68 -5,46 -4,88 -4.51
Sai khac 0,25 0,35 -0,01 0,38 0,04 0,67 0,02 0,57

Tinh todn duoc thuc hién v6i mot s chat
tuong tu axit amin trong dung moi H,O (bang
3). Hop mo phéng chia, vi du, mot phan tu
metan va 257 phan ti nudc. Sau 15 1an tinh mo
phong méi 1an 2.500.000 budc véi cic gid tri 1
khiac nhau GROMACS cho ra mét khoi luong
dit lieu OUTPUT khéng 16 (2,2 GB). Thoi gian
tinh todn cho mot bo s6 liéu nay 1a 70 gio trén
PC v6i 2GB RAM va DualCore. Bang 1 trinh
bay nang luong tuong tac trung binh thu dugc &
trang thai 0 cta hé metan-nudc. Hai dit liéu
quan trong nhit d6i v6i viéc tinh nang lugng tu
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do 1a th€ nang va bién thién th€ nang theo A
(dV/dl). Su thang gidng cla cac nang lugng LJ,
Coulomb va thé€ nang (hinh 1A) kha déu dan
trong su6t 5000 ps. Do troi (drift) cha cac gia
tri nang lugng di nhé dam bao do tin cay thong
ké cua két qua mo6 phong dong luc phan tir. Dé
thay rang tuong tdc L-J gdn mang dau duong,
diéu nay xdc nhan su ton tai nhiing cap nguyén
tir gitta H,O va alanine c6 khoang ciach nho hon
6 (diém O cia ham the L-J).

Tinh todn theo phuong phdp TI
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Hinh I: Thé nang tuong tdc va cdc thanh phan trong hé tuong tu Alanine - nuéc & A = 0 trong qua
trinh mo phong (A); <dVpot/dl> (B) va th€ nang tuong tac trung binh (C) & cdc gia tri 1 khac nhau
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Hinh 2: Su thang giang ctia dVpot/dl (KJ/mol) trong qua trinh mo6 phdng
trang thai 0 (A) va 1 (B) cua hé Alanine - nuGc

Gia tri trung binh ctua dV/dl & cac gid tri 1
khac nhau dugc trinh bay trong bang 2. Sir dung
phuong phip TI, nang luong tu do hydrat hod
clia chit tuong tu Alanine (metan) tinh dugc ti
s0 liéu & bang 2 theo phuong phép hinh thang 1a
-(-9.4109 (KJ/mol))= 2.249(kcal/mol). Dau tru
thtt nhat duoc thém vao vi s6 trong ddu ngoac
don 1a nang lugng tu do cua qud trinh khi
sonvat hoa do tich phan TI (phuong trinh 10) da
dugc 1ay tir trang thai xonvat hod (trang thai 0)
dén trang thai ma & dé xonvat bi khir hoan toan
(trang thai 1). K&t qua tinh todn cao hon mot
chit so vé6i gid tri thuc nghiém (2,00 kcal/mol).
Bang 3 trinh bay két qua tinh véi 8 chat tuong tu
axit amin so sanh véi dit liéu thuc nghiém [7, 8]

va két qua tinh téan ciia Deng va Roux [9]. Su
sai khéc c6 thé c6 nhiéu nguyén nhan duoc trinh
bay k¥ trong [6]. Bai bdo nay khong cé y dinh
tim cdch nang cao su phu hop gilta tinh todn va
thuc nghiém ma dac biét chd y t6i phuong phap
tinh. Phan tich phan b6 dVpot/dl cho thidy néu
xac dinh dugec mdi lién hé dinh luong giita gia
tri trung binh dong luc phan t v6i cac tham s6
ctia mot dang phan bo thich hop thi hoan toan
c6 thé rit ngin thoi gian tinh téan bién thién
nang luong tu do.

Su phu thuoc 1 ctia dV/dl c6 dang phic tap
(hinh 1B). Su thang gidang cua dVpot/dl cling ¢
hinh ddng dic biét khong theo phan bé chuin
(hinh 2) va phu thudc vao 1. Tuy ring theo (15)
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su phu thuoc 1 clia Ugy, c6 thé xdc dinh dugc
bing cach tinh dao ham thong thudng nhung su
phu thuoc A cia <dVpot/dl>, ctia hé mo6 phong
lai rat phuc tap, khong thé biéu dién bing mot
phuong trinh tuong tu. Trén thuc t€ phan bo xac
sudt theo dVpot/dl & méi trang thdi 1 (hinh 3) ¢6
dang bat d6i xing cao véi vi tri cuc dai léch vé
phia gia tri duwong va cuc dai ndy chuyén dan vé

ham phan b6 f(x,m,a,l) thod man diéu kién:
(dvpot/di), = [ fewa, Adx  (16)

cho tat cd cac truong hop cta 1, trong dé
x=dVpot/dA, p va a la cdc tham s tuy bién thi
luc dé,

1 +o0

0 khi A ting (so sanh cdc hinh 3a, 3b va 3¢). Khi A4 = j j e, o, A)dxd), (17)
LA = 1 phan b6 ¢6 dang sic nhon. Gia st rang 0~
45 45 45
40 40
35 35 4
30 | 30
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15
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0 :
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Hinh 3: Phan b6 xdc sudt ctia hé alanine - dung moi nuéc theo dVpot/dA trong qua trinh mo phong.
A.A=0.B.A=06.C.A=1,0

Viéc xéc dinh fA duoc quy vé viéc xdc dinh
cac tham s6 dac trung clia phan bg nay va khong
nhat thi€t phai tinh 15 hé ma moi hé can téi
2.500.000 buGéc mo phong dong luc phan ti nhu
da 1am & trén. Tiéc ring chua c6 thé tim dugc
mot dang ham phan bd théa man (17).

Tinh todan theo phuong phdap PM

Hinh 1C va bang 2 trinh bay su phu thudc A
cia th€ nang cua hé alanine-nuGc. Tinh todn
theo (15) cho gié tri — 8,17 (kcal/mol). Gi4 tri
nay qud sai khic v6i thyc nghiém. Mot trong
nhitng tiéu chudn cia viéc tinh toan theo PM la
khoang bién thién nang lugng tu do gilta cac
trang thdi A khic nhau phdi di nhd dé xem
chiing chi Ia su nhiéu loan ctia nhau. Bién thién
th€ nang gilta hai trang thai k&€ ti€p dao dong
trong khoang tir 5-100 KJ/mol trong d6 rat it
khoang bién thién c6 thé chdp nhan duge (< 1,5
kcal/mol). Su sai khdc v6i thuc nghiém 1a c6 thé
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du bdo trude. Vi thé, c6 thé khang dinh phuong
phéap TI ¢6 uu thé so v6i phuong phap PM.

V - KET LUAN

Nang luong tu do hydrat héa cta 8 chat
tuong tu axit amin da dugc tinh todn trén phan
mém GROMACS theo thuat todn tich phan
nhiét dong ctia phuong phap dong luc phan tur
vGi céu tric dung moi tuong minh. Két qua cho
thdy c6 su phl hop tot véi thuc nghiém ké ca véi
cac chit phan cuc manh va khong phan cuc. Tuy
vay, phuong phdp tinh doi hoi thoi gian tinh
todn trén may tinh rat 16n. Cong trinh cling da
dé xuét hudng gidi quyét nham rdt ngan thoi
gian tinh téan.

Cong trinh nhdn duoc tai tro tw Bo Khoa
hoc va Cong nghé thong qua dé tai Khoa hoc co
bdan md s6 507206. Truong Pai hoc Khoa hoc



Tu nhién, PHQOG Ha N¢i da tai tro cho cong
trinh nay qua dé tai TN-09-14.
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