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ABSTRACT 

The paper deals with molecular dynamics calculation of solvation fi-ee energy of some amino 
acid side chain analogs in water by GROMACS sofh\'are and following Dillgroup calculation 
procedure. We calculated the fi-ee energy for turning off the Lennard-Jones interactions of 8 
amino acid analogs including methane/Ala, n-hutan/Ile, isohutan/Leu, propane/Val, 
acetamid/Asn, p-cresol/Tyr, etanol/Thr and metanollSer represented with the OP ES-AA force field 
in TIP3P water models. We achieved a high degree of statistical precision in molecular dynamic 
simulations and by thermodynamic intergration method obtained the deviation of calculated fi'ee 
energy of hydration of about 0.02 - 0.60 kcal/mol fi'om the experimental hydration fiee energy 
measurements of the same molecules. 

I - M O DAU 

Tfnh loan nang lugng tu do la mdt trong 
nhiing viec khd nha't va tdn kem thdi gian may 
nha't eiia dgng luc phan tir. Tuy vay, vl nguyen 
tac, phuang phap nay cho kit qua kha phii hgp 
vdi thuc nghiem va cd the du bao chfnh xac 
nang lugng tu do ciia cac qua trinh hoa ly [1] 
khdng kem theo viec cit diit va hinh thinh cac 
lien kit cdng hoa tri, vf du nhu qua trinh xonvat 
hoa. qua trinh tao phirc Michaelis giira phd'i tir 
va protein ... Kit qui tinh toan nang lutpng tu do 
thucmg rat nhay vai viec lua chgn mdt sd dilu 
kien bien vdn khong quan trong ddi vdi phep 
tfnh ddng luc phan tir thdng thudng. Vf du nhu 
khi xir ly phin khoang tac dung xa cua luc 
Coulomb bing thuat toan ludi hat Ewald (PME), 
cac tham sd PME vdn dii diing cho cac tfnh toan 
dong luc phan tu thdng thudng thi lai cd the cho 
sai sd nghiem trgng trong viec tfnh toan nang 
luang tu do ciia qua trinh thay ddi dien tich 
rieng phan tren mdt phan tir. Vi the, vdi nhirng 

tinh loan nang lugng tu do, ndi chung, khdng cd 
khai niem ve nhirng dilu kien bien "khdng quan 
trgng" ddi vdi ket qua tfnh. Ta't ca diu phii kiim 
tra can than [2]. 

Ca sd ly thuylt cua phuang phap tfnh nang 
\uqng tu do bang dgng luc phan tir dugc trinh 
bay trong Phin II ciia bai bao nay. Phin III trinh 
bay quy trinh tinh dua tren phien ban 3.3.1 ciia 
GROMACS. Phin IV danh cho kit qua tfnh va 
thao luan ddi vdi qua trinh hydrat hoa mot so 
chit tucmg tir axit amin. 

CO SO LY THUYET 

Viee tinh toan nang lucmg tu do duac thuc 
hien dua tren nhirng nguyen ly cua ca hoc thdng 
ke. Cac khai niem vl phan bd Boltzmann, tfch 
phan trang thai (Z), tap hap (essemble) chinh tic 
nhd (NVE), chfnh tic (NVT), chinh tac \an 
(iVT), tap hgp ding nhiet ding ap (NPT) va mdi 
Hen he giiia tfch phan trang thai va cac dai \uang 
nhiet ddng hgc da dugc trinh bay chi tilt trong 
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cic sach giao khoa vl nhiet ddng hgc [3]. Dai 
luĉ mg quan trgng nhit m i bii bao nay quan tam 
la nang lugng tu do A. Biln thien nang lugng tu 
do / A tir trang thai ZQ den trang thai Z, gin vai 
nang luting ciu hinh EQ vi E, dugc xac dinh bdi 
he thiic 

AA=A- AQ^-ICT In- (1) 

Ldi giii ciia / A nhan dugc bing cich ap 
dung tham sd ghep ddi (double coupling 
parameter) X, X = 0..1 nhu l i con dudng din tir 
trang thai 0 (nang lugng EQ) den trang thai 1 
(nang lugng E,). Nhu vay ta cin giai phucmg 
trinh 

A(X) =-kT[nZ(X) (2) 

Cd hai each giii phucmg trinh nay: tich phan 
nhiet ddng (thermodynamic integration - TI) va 
nhieu loan (perturbation method - PM). Vi A la 
ham trang thai nen / A khdng phu thugc dudng 
di, ching ban nhu su chuyen dich qua ciu hinh 
chuyen tilp hoac sir dot bien mdt axit amin 
thanh mdt axit amin khac. 

Tich phdn nhiet dgng 

Phucmg phip TI Iiy tich phan: 

•dA(A) 
AA 

dX 
'-dX (3) 

Thay A{X) tir (2) ta dugc: 

8A(X) 

dX 
-kT 

dlnZ(X) 

dX 

kT dZ(X) 

Z(X) dX 
(4) 

Vi: 

Z(X)=\...\e-^'<'''>dX 

dZ{X) _ r r ^ 

5/1 ~ ^'"hx 

(5) 

j...J^-'-)^ (6) 

nen 

dx z(X) •'••••' dX 

Ham xac suit dd'i vdi X l i : 

P(X,X) 
-mx.>.) 

Z 

nen 

dA(X) _ldE(X,X)\ 

\ dX i dX 

(8) 

(9) 

trong dd diu ngoac nhgn ky hieu gii tri trung 
binh tap hgp theo ham xac suit. Nhu vay, ta cd: 

Hm. dX (10) 

Trong thuc te tinh toan, tich phan dugc thay 
bing tdng theo tit ca cac khoang xac dinh ciia 
X. Viec md phdng dgng lire phan tir dugc tfnh 
vdi cac gii tri khic nhau ciia A. tir 0 din 1 vdi 
trung binh tap hgp dugc xie dinh d mdi gia tri X. 

Phuong phdp nhieu loan 

Phuang phap PM cung xuit phit tir (1), (2) 
va viet ty so Z|/Zo dudi dang: 

Z \...\f'"''^^'^e'"'-'>^^^e''''^^^dX 

\\' 
-mJX) dX 

..^ j,-'hm-E.m]pjx)dx 

(11) 

trong dd PQ la ham phan bd Boltzmann. Nhu vay 
ta cd: 

-/!^i:(X) 

AA =-kTlnie-''''">) ^ 

(12) 

(13) 

trong dd ky hieu < >o chi ra viee Iiy trung binh 
ciu hinh theo tap hgp ciu hinh dai dien eiia 
trang thai diu cua he. Theo mdt each tuang tu 
chiing ta ciing cd the viet 

AA = -kmieP''"-''>')^ (14) 

trong dd viec lay trung binh ciu hinh duac thue 
hien theo tap hgp cic ciu hinh dai dien cua 
trang thii cudi cua he. 

Phuang phap nhilu loan PM dugc thuc hien 
trudc tien bing viec md phdng ddng luc phan tir 
cho trang thai 0 va tao nen trung binh tap hgp 
ddi vdi sir khac biet nang luting nhu da trinh biy 
(diin tien). Sau dd tinh toan dugc thuc hien vdi 
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trang thai cud'i de nhan dugc trung binh tap hap 
tucmg ling (diin thoai). Sir khac biet giira hai lin 
tinh la thudc do ciia tfnh bat dinh thdng ke ciia 
viec tinh toan. Gin dung nhilu loan chi cho kit 
qua chfnh xac khi trang thai 0 va 1 khac biet dii 
nhd sao cho trang thai nay cd thi dugc xem la 
nhilu loan ciia trang thai kia. Dl cd the tang 
them do chfnh xac va pham vi tinh toan, ngudi 
ta chia nhd su khac biet giira 0 va 1 thanh cac 
"budc" dgc theo toa do X sao cho bien thien 
nang lugng tu do ciia mdi budc khdng qua 2kT 
(tlic la 1.5 kcal/mol). Bie'n thien nang lugng tu 
do tdng cdng se la tdng ciia cac bie'n thien nang 
lucmg tu do ciia cac budc. Tiic la: 

n- l 

AA = Y,AA,(X, K^) (15) 

trong dd n la so khoang chia giira hai trang thai 
Oval . 

PHUONG PHAP TINH 

Tfnh toan bien thien nang lugng tu do bang 
dong luc phan tir dugc thuc hien tren phin mim 
GROMACS. Quy trinh tfnh bao gdm cac budc 
sau day xuit phat tir trang thai 0 vdi X = Q: 

1. Tdi Uu ciu hinh he md phdng thoai tien 
bing 5000 budc thuat toan L-BFGS [4] sau dd 
bang 5000 budc thuat toan dudng ddc nha't 
(steepest decent). 

2. Dua he vl can bing nhiet va cue tieu hoa 
dugc thuc hien tilp tuc bang each tfnh 5000 
budc ddng lire Langevin (ngiu nhien) d the tfch 
khong ddi. Khoang rong ciia budc md phdng la 
2 fs. Khoang thdi gian de can chinh nhiet do 
(tau_t) li 0.1 ps. thuat toin LINCS [5] dugc sir 
dung de cudng biic cac lien ket hydrogen theo 
cac tham sd mac dinh, 

3. Tfnh 50000 budc ddng luc phan tir d ap 
suit khong ddi de tie'p tuc dua he vl can bing 
nhiet. Dilu nhiet Berendsen dugc sir diing \a\ 
tau_p = 0,5. 

4. Tfnh ddng lire phan tir 2500000 budc 

(tucmg u:ng vdi 5 ns) d the tfch khdng ddi theo 
each tucmg tu vĉ fi budc 2 dl thu dugc cac gia tri 
trung binh (budc sin sinh sd lieu - production). 

5. Tang X va quay lai budc 1 neu chua dat 
tdi trang thai 1. 

Trong so cac tham so GROMACS dugc 
diing trong qua trinh tfnh toan cin luu y: thira so 
cat khoang tac dung xa ciia tucmg tac L-J 
(sc_alpha) la 0,5, tuang tac L-J dugc cit d 9A, 
tucmg tac Coulomb gin dugc cat d 9A va sir 
dung miu PME cho phin khoang tac dung xa, 
danh muc lan can cung dugc tfnh vdi ciing 
khoang each nhu lire Coulomb gin (rlist = 
reoulomb = 1.0 nm). Tfnh toan dugc thuc hien 
vdi 16 gia tri ciia X trong khoang 0 - 1, cu thi la 

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). 

Ta't ca cac cau lenh cin thiet cho ca 16 gia 
tri cua X dugc ghi trong tep RUN.sh. Dir lieu 
tinh toan dugc xir ly theo ca hai phuang phap TI 
va PM tren phan mim MATLAB. Vl ca ban, sir 
khac biet nang lucmg tu do giira hai trang thai 0 
va 1 la tfch phan ciia ky vgng ciia dV/dl. Vi thi 
trudc hit cin cd gia tri trung binh ciia dV/dl d 
moi gia tri ciia X va tfch phan bing so cac gia tri 
nay trong khoang X tir 0 de'n 1 bing phucmg 
phap hinh thang. Theo phucmg phap PM cin sir 
dung cac ky vgng ciia the nang sau dd tfnh tdng 
biln thien nang lucmg tir do theo (15). 

Trang thai 0 ciia cac he dugc chgn la trang 
thai cd nang lugng cue lieu sau cac budc tfnh 1, 
2 va dugc dua vl can bing nhiet d budc tfnh 3. 
Trang thai 1 tuang irng vdi su biln mat ciia 
xonvat hoa dugc dat tdi bing each giam din 
ham thi tucmg tac giira phan tir va dung moi 
nudc tdi 0. GROMACS da tham sd hoa cae 
tuang tac tinh dien va Van der Waals giira phan 
tir va mdi trudng thong qua X sao cho khi ^ = 0 
he d trong trang thai hydrat hoa diy dii va khi X 
= 1 cac tucmg tac nay bien mit ling vdi trang 
thai phan tir ao. Thi nang tucmg tac phi lien kit 
phu thudc 1 cd dang [6]: 

U,_,(?.,.X„)- 1<1j Z ^-(•^-A,,4s„ 
W:(\-'^-u) + (r,loj'] aJ\-l,,) + (rJo,^f 

(16) 
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trong dd tdng / Iiy theo tit ca cac nguyen tir cua chit tan (S) va tdngy Iiy theo tit ca cac nguyen tu 
ciia dung mdi (W). Phuang trinh (16) bao gdm sd hang Coulomb vdi su phu thugc tuyln tfnh vao 1̂  
va sd hang Lennard-Jones cd chiia hai tham sd a^ vi 11,; a= 0.5. Trang thai 0 (xonvat hoa diy du) 
ling vdi Ic va 11, = 1. Trang thii 1 (khir hoin toan xonvat hoa) iing vdi Ic va lu = 0. 

KET QUA v A THAO LUAN 

Bdng 1: Nang lugng tucmg 

Nang lugfng 

LJ (luc gin) 

Coulomb (lire gin) 

Coulomb (luc xa) 

The nang 

, dVpot/dl 

tic (kJ/mol) d trang thai A, = 0 ciia chit tuong tu alanine trong nudc 

Trung binh 

1497,2 

-9851,94 

-1208,1 

-9623,51 

4,05575 

RMSD 

99,6578 

151,258 

8,49376 

92,8226 

12,1722 

Thang giang 

99,6565 

151,256 

8,49198 

92,8223 

12,1722 

Do trdi (Drift) 

0,00036114 

-0,000625181 

0,000120428 

-0,000166466 

0,000014741 

L 

dVpot/dl 

The nang 

L 

dVpot/dl 

The nang 

Bdng 2: dVpot/dl (KJ/mol) ciia 

0,0 

4,05575 

-9623,5 

0,65 

-25,810 

-9608,2 

0,05 

3,86363 

-9618,5 

0,7 

-31,647 

-9649,4 

0,1 
3,83803 

-9559,89 

0,75 

-30,7597 

-9669,23 

he alanine-nudc d cac gia tri 1 khac nhau 

0,2 

1,43031 

-9620,3 

0,8 

-24,664 

-9634,2 

0,3 

-0,17674 

-9603,54 

0,85 

-16,9848 

-9613,73 

0,4 

-3,88264 

-9627,94 

0,9 

-10,6630 

-9606,28 

0,5 

-10,359 

-9653,0 

0,95 

-5,0654 

-9673,4 

0,6 

-18,8767 

-9621,48 

1,0 

0,040086 

-9586,43 

Bdng 3: Nang \uang tu do hydrat hda cua mdt sd chit tucmg tu axit amin (kcal/mol) 

Chit/ 
Axit amin 

Thuc nghiem 
'[7,8] • 

[9] 
Tfnh tdan 

Sai khac 

metan/ 
Ala 

2,0 

1,86 

2,25 

0,25 

n-butan/ 
lie 

2,08 

2,70 

2,43 

0,35 

isobutan/ 
Leu 

2,28 

2,8 

2,27 

-0,01 

propan/ 
Vai 

1,96 

2,83 

2,34 

0,38 

acetamit/ 
Asn 

-9,72 

-7,12 

-9,68 

0,04 

p-cresol/ 
Tyr 

-6,13 

-4,08 

-5,46 

0,67 

etanol/ 
Thr 

-4,90 

-4,08 

-4,88 

0,02 

metanol/ 
Ser 

-5,08 

-4,88 

-4,51 

0,57 

Tfnh toin dugc thuc hien vdi mdt so chit 
tucmg tu axit amin trong dung mdi HjO (bang 
3). Hop md phdng chua, vf du, mot phan tir 
metan vi 257 phan tir nudc. Sau 15 lin tinh md 
phdng mdi lin 2.500.000 budc vdi cac gia tri 1 
khac nhau GROMACS cho ra mdt khdi lucmg 
dii lieu OUTPUT khdng Id (2,2 GB). Thdi gian 
tinh toan cho mot bg so lieu nay la 70 gid tren 
PC vdi 2GB RAM vi DualCore. Bang 1 trinh 
bay nang lugng tuang tic trung binh thu dugc d 
trang thai 0 cua he metan-nudc. Hai dir lieu 
quan trgng nhit dd'i vdi viec tinh nang lucmg tu 

do la the' nang vi bie'n thien the nang theo X 
(dV/dl). Sir thang giang ciia cic nang \ugng LJ, 
Coulomb va the' nang (hinh lA) kha deu dan 
trong sudt 5000 ps. Do trdi (drift) ciia cac gia 
tri nang lucmg dii nhd dam bao do tin cay thdng 
ke ciia ke't qua md phdng ddng luc phan tir. Dl 
thiy ring tucmg tie L-J gin mang diu duong, 
dilu niy xae nhan sir tdn tai nhirng cap nguyin 
tir giira HjO vi alanine cd khoang each nhd ban 
a (diem 0 cua ham th i L-J). 

Tinh todn theo phuong phdp TI 
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Hinh 1: The nang tuong tic vi cie thanh phin trong he tucmg tu Alanine - nudc d ?v = 0 trong qua 
trinh md phdng (A); <dVpot/dl>| (B) va the nang tucmg tic trung binh (C) d cac gia tri 1 khic nhau 
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Hinh 2: Su thang giang ciia dVpot/dl (KJ/mol) trong qua trinh md phdng 
trang thai 0 (A) va 1 (B) ciia he Alanine - nudc 

Gia tri trung binh cua dV/dl d cac gia tri 1 
khac nhau dugc trinh bay trong bing 2. Sir dung 
phuang phap TI, nang lugng tu do hydrat hoa 
ciia chit tucmg tu Alanine (metan) tinh dugc tir 
sd lieu d bang 2 theo phucmg phap hinh thang la 
-(-9.4109 (KJ/mol))= 2.249(kcal/mol). Dau trir 
thir nha't dugc them vio vi so trong diu ngoac 
dan li nang lugng tu do ciia qua trinh khir 
sonvat hoa do tfch phan TI (phuang trinh 10) da 
dugc la'y tir trang thai xonvat hoa (trang thai 0) 
de'n trang thai ma d dd xonvat bi khir hoin toan 
(trang thai 1). Kit qua tfnh toin cao han mdt 
chut so vdi gia tri thuc nghiem (2,00 kcal/mol). 
Bang 3 trinh bay kit qui tfnh vdi 8 chit tuang tu 
axit amin so sanh vdi dir lieu thuc nghiem [7, 8] 

va kit qua tfnh tdan ciia Deng va Roux [9]. Su 
sai khac cd the cd nhilu nguyen nhan dugc trinh 
bay ky trong [6]. Bii bao nay khdng cd y dinh 
tim each nang cao su phii hgp giira tinh toan vi 
thuc nghiem ma dac biet chii y tdi phucmg phap 
tfnh. Phan tfch phan bd dVpot/dl cho thay neu 
xac dinh dugc md'i lien he dinh lugng giira gia 
tri trung binh ddng luc phan tir vdi cac tham sd 
ciia mdt dang phan bd thich hgp thi hoin tdan 
cd the nit ngin thdi gian tfnh tdan bien thien 
nanglugng tu do. 

Sir phu thudc 1 cua dV/dl cd dang phiic tap 
(hinh IB). Su thang giang ciia dVpot/dl cung cd 
hinh dang dac biet khdng theo phan bd chuan 
(hinh 2) va phu thugc vao 1. Tuy ring theo (15) 
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su phu thudc 1 ciia Us.w cd thi xac dinh dugc 
bang each tfnh dao ham thdng thucmg nhung sir 
phu thugc A. ciia <dVpot/dl>x ciia he md phdng 
lai rat phiic tap, khdng the biiu dien bing mdt 
phuang trinh tuang tu. Tren thuc te phan bd xac 
suit theo dVpot/dl d mdi trang thai 1 (hinh 3) cd 
dang bit ddi xirng cao vdi vi trf cue dai lech vl 
phfa gia tri duang va cue dai nay chuyen din vl 
0 khi X tang (so sanh cac hinh 3a, 3b va 3c). Khi 
X = 1 phan bd cd dang sac nhgn. Gia sir rang 

ham phan bd'f(x,m,a,l) thoa man dilu kien: 

{dVpot/dX)^= ^f(x,fi.a,Xjdx (16) 
-cr, 

cho tit ca cic trudng hgp ciia 1, trong dd 
x=dVpot/d?t, fj. va a la cac tham sd tuy biln thi 
liic dd, 

1 CO 

AA= \ \f(x, pi, a, XJdxdX (17) 

Hinh 3: Phan bd xie suit ciia he alanine - dung mdi nudc theo dVpot/d?v trong qua trinh md phdng. 
A. >. = 0. B. >. = 0,6. C. A= 1,0 

Viec xac dinh / A dugc quy vl viec xac dinh 
cac tham sd dac trung ciia phan bd nay vi khdng 
nha't thie't phai tfnh 15 he ma mdi he cin tdi 
2.500.000 budc md phdng dgng luc phan tir nhu 
da lam d tren. Tile ring chua cd the tim dugc 
mdt dang ham phan bd thda man (17). 

Tinh todn theo phuang phdp PM 

Hinh IC va bang 2 trinh bay sir phu thudc A. 
ciia the nang ciia he alanine-nudc. Tfnh toan 
theo (15) cho gia tri - 8,17 (kcal/mol). Gia tri 
nay qua sai khac vdi thuc nghiem. Mot trong 
nhirng tieu chuan ciia viec tinh toan theo PM la 
khoang biln thien nang lugng tu do giira cac 
trang thai X khac nhau phai dii nhd dl xem 
chiing chi la sir nhieu loan ciia nhau. Biln thien 
the nang giira hai trang thai ke tiep dao dgng 
trong khoang tir 5-100 KJ/mol trong dd rit ft 
khoang biln thien cd the chip nhan dugc (< 1,5 
kcal/mol). Su sai khac vdi thuc nghiem la cd the 

du bao trudc. Vi the', cd the khang dinh phucmg 
phap TI cd uu th i so vdi phuang phap PM. 

V - KET LUAN 

Nang lugng tu do hydrat hda ciia 8 chit 
tuang tu axit amin da dugc tinh toin tren phin 
mim GROMACS theo thuat toan tfch phan 
nhiet ddng ciia phucmg phap dgng lire phan tir 
vdi cau true dung mdi tudng minh. Kit qui cho 
tha'y cd sir phii hgp td't vdi thuc nghiem kl c i vdi 
cac chit phan cue manh va khdng phan cue. Tuy 
vay, phucmg phap tfnh ddi hdi thdi gian tinh 
toin tren may tfnh rit ldn. Cdng trinh ciing da 
dl xuit hudng giai quyet nhim riit ngin thdi 
gian tfnh tdan. 

Cd/7̂ ^ trinh nhgn dugc tdi trg tif Bg Khoa 
hoc vd Cong nghe thong qua de tdi Khoa hgc co 
bdn md sd 507206. Trudng Dgi hgc Khoa hoc 
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Tii nhien, DHQG Hd Ngi dd tdi trg cho cong 
trinh ndy qua de ldi TN-09-14. 
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