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TINH TOAN CAU TRUC VA PONG LUC CUA PHUC
OSELTAMIVIR (TAMIFLU) V61 HEMAGGLUTININ-
NEURAMINIDASE TU HUMAN-PARAINFLUENZA VIRUS TYP Il
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NGUYEN HOA MI', DANG UNG VAN?
"Trung tam Ung dung tin trong héa hoc, Truong Pai hoc Khoa hoc T nhién, PHOG Ha Nji
Truong Pai hoc Hoa Binh

ABSTRACT

We report molecular dynamics calculations of enzyme Hemagglutinin- Neuramidase from
human parainfluenza virus type Il in complex with inhibitors Zanamivir and Oseltamivir.
Computational analysis indicates high stability of these complexes in dynamic equilibrium
conditions. Whilst Oseltamivir has more averaged number of hydrogen bonds, more hydrophobic,
less hydrophilic surfaces, much higher solvation free energy and more salt bridge created
between ligand and protein, Oseltamivirlls IC50 is much higher than Zanamivir one. Besides it
there are much more atomic distances of < 0.35nm between Zanamivir and protein than between
Oseltamivir and protein. It means that the inhibition activity of Zanamivir is caused by a
similarity of its molecular geometry and binding pocket which could make Zanamivir enter more
closely the bottom of binding site than Oseltamivir.

- MO PAU

Hién nay dang pho bién hai loai thudc
chong virus HSN1 1a oseltamivir (OTV-
Tamilflu) va zanamivir (ZMR-Relenza). OTV
da duogc cac nha khoa hoc Viét Nam tip trung
nghién cttu [1] dua trén ngudn cung cip axit
shikimic tir hoa hdi. Do Tamilflu c6 thé diéu tri
béng con dudng udng va khong gay phan ting co
thit ph€ quin nhu Zelenza nén chiém dén # thi
phan duoc phdm. Trong thoi gian gan day da
xudt hién nhitng chung virus khang Tamilflu [2,
3], nguy co vé viec H5NI chuyén thanh virus
ctm nguoi dang de doa toan nhan loai trong Thé
ky 21 nay. Viéc ti€p tuc nghién ctu cau tric
phific tao nén giita cdc thé dot bién clia enzym
Neuramidase cling nhu céc thé virus cim ngudi
va thude chéng virus gitp ching ta tim hiéu ban
chit ¢ ch€ enzym cla thuée trén co s& d6 dé
xuat cdc phuong hudng tong hop thudc méi.
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Trong Protein Data Bank khong thdy nhiing
dit liéu cau tric phic lién quan dén phic giita
OTV va enzym Hemagglutinin - Neuramidase
tir virus cdm nguoi typ III (human parainfluenza
virus type III) (viét tit 1a HN3) chi tim thdy mot
sO céu tric phic v6i ZMR [4]. Cong trinh nay
trinh bay cdc két qua st dung két hgp phuong
phap gin két (docking) v6i phuong phap dong
lyc phan tir (MD) dé du béo cdu triic phic OTV
v6i (HN3) tir virus cim ngudi typ III, so sanh
Vi cu tric phiic twong ting cia ZMR dé tim ra
su khéc biét cdu tric dac trung anh hudng dén
hoat tinh thu dong enzyme cua hai loai thudc.
Phuong phap tinh

CAu triic cua phtc phdi tlr - protein dugc xéac
dinh truéc tién bing phdn mém QUANTUM
(phuong phép docking) tim cdc vi tri gin két uu
tién ctia phdi tu trén enzym (vi tri cdc nguyén ti
cta protein dugc c6 dinh) [5]. Sau d6, phuong



Hinh 1: Phan tr Oseltamivir (a), Zanamivir (b) va vi tri cia Zanamivir trong viing hoat dong cua
HN3 du bdo tir QUANTUM (hinh que) va trong tinh thé 1v3e. (vach)

phap dong luc phan tr duoc thuc hién trén phan
mém GROMACS [6] véi mot vai ciu tric ban
dau khac nhau nhan dugc tit phuong phap
docking dé xdc dinh céu tric trung binh t6i wu.
Trudc khi thuc hién tinh todn gén két OTV trén
HN3, ching toi da thuc hién viéc gin két ZMR
trén HN3.

Dit liéu dau vao cta nhiing tinh todn nay la
cau tric phic ZMR v6i HN3 c6 ma ID 1v3e
trong PROTEIN DATA BANK [4]. Sau khi da
loai bd cic phoi tu, protein dugc xU 1y truc
tuyén trén phan mém WHAT IF [7] dé b6 sung
cdc axit amin chua hoan chinh va cdp phat
hydrogen cho phan tir. Cau hinh du bdo cé nang
luong gin két cao nhat trung khép t6t nhat vé6i
cau tric tinh thé (hinh 1). Tuy vay, RMSD van
con cao (6,0 A). Su khdc biét c6 thé 1a do viéc
gan két tréen QUANTUM da dugc thuc hién
trong diéu kién vi tri ¢d dinh cua cdc nguyén tir
ctia protein. Vi thé, céu tric nay chi nén st dung
nhu 1a cdu tric ban dau gan ding cho céc tinh
toan MD ké& tiép.

Quy trinh tinh dong luc phan t da duoc
trinh bay trong [8] bao gém: i) T6i uu c&u hinh
hé mo phong thoat tién bing 5000 buGc thuat
todn L-BFGS sau d6 bang 5000 budc thuat todn
dudng doc nhat. ii) Pua hé vé€ can bing nhiét va
cuc tiéu hod duoc thuc hién ti€p tuc bing cach
tinh 5000 budc dong luc Langevin (ngéu nhién)
¢ thé tich khong d6i. Thuat todn LINCS dugc sir
dung dé cudng biic céc lien két hydrogen theo
cdc tham s6 mac dinh, iii) Tinh 50000 buéc
dong luc phan tir & 4p suét khong déi dé tiép tuc

dua hé vé can bang nhiét. Diéu nhiét Berendsen
duoc st dung. iv) Tinh dong luc phan t&r 250000
budc (twong tGng vé6i 500 ps) & thé tich khong
déi theo céch tuong tu véi budc 2 dé thu duoc
cdc gia tri trung binh (production). Thira s6 cat
khoang tdc dung xa cua tuong tac L-J (sc_alpha)
12 0,5, twong tdc L-J va Coulomb gin duoc cét &
9A va st dung miu PME cho phan khoang tdc
dung xa, danh muc lan can cling dugc tinh véi
cung khoang céch nhu lyc Coulomb gan (rlist =
rcoulomb = 1,0 nm). Viéc tinh todn MD ciing
dugc thuc hién v6i phic ZMR-HN3 dé kiém
chitng quy trinh tinh khi d6i chi€u cau hinh MD
clia phifc v6i cau tric tinh thé trong Protein Data
Bank. Két qua so sanh cau trdc protein trén phan
mém WHAT IF [7] cho gid tri RMSD béng 0,3
A. Su pht hgp t6t giita cau tric MD va céu triic
tinh thé ctia phiic ZMR-HN3 1a co s& quan trong
dé thuc hién cdc tinh todn MD tiép theo.

KET QUA VA THAO LUAN

Gin két Oseltamivir lén Hemagglutinin
Neuramidase

Chiing toi da thuc hién gan két OTV trén
HN3 va lya chon mot vai cdu hinh gén két c6
nang lugng géan két cao nhat tir két qua tinh todn
tréen phan mém QUANTUM. Hinh 2 biéu dién
cdu tric clia phifc c¢6 ning luong gin két cao
nhat (cau hinh 1) duéi dang soi (v6i protein) —
que (v6i phoi tlr) va su dinh vi cia OTV tai vi tri
gin két trén mit protein HN3.
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Hinh 2: Ciu tric cua phic Oseltamivir- Hemagglutinin Neuramidase. A. Duéi dang sgi
(protein) va que (phdi tir). B. Dudi dang mat (protein) va que (phoi tir)

Bdng 1: 1C50 va nang luong (kJ/mol) cua cac cdu hinh du bdo ctia phiic

IC50 (uMol/L) E bind Ee+Esol Evdw TdS Etor

OTV —HN3

1 0.000124787 -22.7203 -4.5007 -30.4915 -13.5214 -1.2494

2 0.000249915 -20.9649 9.0053 -36.8407 -2.6373 4.2332

3 0.000312011 -20.4039 2.3900 -31.6037 -7.5721 1.2377

4 0.001108270 -17.2002 5.8313 -29.6826 -2.3325 4.3187
ZMR — HN3

1 0.000018487 -27.5468 -10.4006 -35.9349 -13.7596 5.0291

2 0.000019464 -27.4166 -23.5572 -29.8180 -15.7025 10.2561

3 0.000027358 -26.5562 -14.3646 -31.2575 -18.1479 0.9181

4 0.000309043 -20.4281 -10.6280 -25.9575 -9.5480 6.6094

Phan tich so sdanh 2 cu tric c¢6 nang lugng
gin két cao nhat cla hai phoi tir OTV va ZMR
trén HN3 duogc trinh bay trén bang 1. Tt bang 1
c6 thé it ra mot s6 nhan xét sau day:

1. Trong s6 cdc phan gép vao Ebind, thi
phén gdp entropy khong khic nhau, trong khi d6
nang luong van der Waals va tong nang lugng
tinh dién va solvat hod ctia ZMR 16n hon so véi
OTV.

2. Nang lugng gan két ZMR v6i HN3 manh
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hon OTV va vi thé¢ IC50 ctia OTV cao hon cua
ZMR (6,75 14n).

Két qua nay trung hop khd tot véi thuc
nghiém. Theo duoc dién liéu dung diéu tri cim
ctia OTV (Tamilflu) 1a 75 mg (0,24 mM) hai
lan/ngay, trong khi ctia ZMR (Relenza) chi 1a
10mg (0,03 mM) hai lan/ngay [9] (it hon 8 14n).

Dong luc phin tnr (MD) cua phic
Hemagglutinin Neuramidase voi Oseltamivir va
Zanamivir



Mo phong dong luc phan t cta phic
Hemagglutinin Neuramidase v6i Oseltamivir va
Zanamivir cho ching ta biét thém nhiéu thong
tin vé céu tric va dong luc clia hai hé phiic nay
trong d6 quan trong nhét 1a: cac dai lugng nhiét
dong trung binh va tinh bén cla phiic trong diéu
kién cdc nguyén tir tham gia chuyén dong nhiét
(goi tit 1a tinh bén dong), s6 cip nguyén tir c6
khoang cdch gan, s6 lién két hydro, s6 céu
mudi, gidn dé6 Ramachandran, dién tich cé thé
ti€p can dung moi, RMSD va hé s6 tu khuéch
tan ...

1. Bang 2 trinh bay mot s6 dai lugng nhiét
dong trung binh cua hé phitc OTV-HN3 va

ZMR-HN3 trong diéu kién can bing dong. So
sanh céc gia tri nhiét dong gifta 2 phiic cho thay
yéu t6 tuong tac Coulomb dong gop t6i 99% thé
nang am va déng vai tro cht chét quyét dinh
hoat tinh dc ché clia phoi t. Xem xét céc phan
g0p vao su khac biét thé nang (-610 kJ/mol) cia
2 phuc thi cling thdy rd vai trd cla tuong tac
Coulomb (déng g6p t6i 90% trong khi tuong tac
L-J va cdc xodn khong chinh tic (improper) lai
¢6 tdc dung theo chiéu ngugc lai (f mang dau
duong). Diéu nay c6 su khic biét v6i két qua
tinh todn docking (bang 1) trong d6 luc van der
Waals c6 tdc dung thuan t6i su khéac biét nang
lugng gan két gitta phoi tir va protein.

Bdng 2: Mot s6 dai lugng nhiét dong trung binh ciia h¢ OTV-HN3 va h¢ ZMR-HN3

Ning luong Trung binh Thang gidng
(J/mol) OTV-HN3 | ZMR-HN3 f OTV-HN3 ZMR-HN3
LI-14 2585.46 2567.59 17.87 77.517 74.637
Coulomb-14 44474.10 44597.40 -123.30 128.326 113.480
LJ (gén) 48869.70 48827.10 42.60 700.017 687.548
Coulomb (gan) | -445645.00 |  -445420.00 -225.00 1026.290 1049.390
Coulomb (xa) -116121.00 | -115767.00 -354.00 88.692 82.280
Xoan proper 3083.87 3099.79 -15.92 77.038 76.946
Xoan improper 2237.26 2229.50 7.76 66.640 65.634
Thé nang -453782.00 |  -453172.00 -610.00 651.115 648.847
Pong nang 87946.10 87985.80 -39.70 458.872 456.875
Téng nang -365836.00 |  -365186.00 650.00 801.140 796.976
Nhiét do (K) 301.175 301.165 0.010 1.570 1.564
4p sudt (bar) -69.907 -88.947 19.040 172.229 170.615
Cv (J/mol K) 12.4723 12.4723 0.000

2. Tinh IC50 trén phidn mém QUANTUM
d6i v6i cdu hinh trung binh thu duoc sau 500 ps
mo phong dong luc phan tir da duoc tdi vu trong
chan khong thu duge céac gia tri IC50 ctia phiic
OTV-HN3 va ZMR-HN3 lan lugt 14 0.00167896
va 0.000285673 déu cao hon han so véi cdc ciu
hinh gin két t6i uu tuwong tng duoc trinh bay
trong bang 1 (0.000124787 v6i OTV-HN3 va

0.000018487 v6i ZMR-HN3). Tuy ring gia tri
IC50 cao ching t6 ning lugng gin két nho
(phic kém bén hon) so véi cdc céu hinh xéc
dinh duoc tr cidc phuong phap docking nhung
cling chitng t0 ring d6 1a cdc cau hinh bén trong
diéu kién mo phong dong luc phan tir. Cac phoi
tr van dinh vi trong tam hoat dong clia protein
HN3.
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Khéo sit gidgn d6 Ramachandran cla cdu  axit amin nim trong viing tuong Gng cho phép
trdc trung binh cta phiic HN3-OTV va HN3-  trén gian d6 Ramachandran giam di khi ma cdc
ZMR cho céc gi4 tri 1an luot 1a -3.530 va -3.866.  nguyén tr déu dugc cap dong nang dé chuyén
Nhin chung, ca hai cfu tric déu c6 gid tri hoi  dich khoi vi tri can béng.
thap. C6 thé 1a trong trang thdi can bing dong so
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Hinh 3: SO cap nguyén tlir c6 khoang cach Hinh 4: Dién tich ti€p can dung moi chia ZMR
nhé hon 0,35 nm trong tién trinh mo (mau den) va OTV (mau ghi) bao gébm mat ky nuéc
phong MD phiic ZMR-HN3 (mau den) va (duong lién) va di nude (dudng cham)
OTV-HN3 (mau ghi)

Hinh 5: Minh hoa vi tri gén két ctia cdc phdi tir trong tam hoat dong trong
cdu tric trung binh MD cta phitc ZMR-HN3 (a) va OTV (b)
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4. Piém khdc biét rd rét gitta hai phiic c6 thé
quan sit dugc & chd s6 cdp nguyén tir giita
protein va phdi tlr c6 khoang cach nhé hon 0,35
nm trong phic ZMR-HN3 nhiéu gép hon 2 lan
so v6i phiic OTV-HNS3 trong su6t tién trinh mo
phong (hinh 3). Trong d6 s6 lién két hydro trung
binh gitta phoi tr va protein trong ZMR (1,647)
cling lai nho hon so véi phitc OTV-HN3
(2.253).

5. S6 cu mudi tao nén gilta phdi tor va
protein trong phic OTV la 3 (Arg 283, Glu 135,
Glu268) trong khi khong c¢6 mot cdu mudi nao
dugc tao nén gitta ZMR va protein. Boi vi cau
muoi trong protein dung dé chi lién két ion
tuong d6i yéu giilta cdc axit amin tich dién
duong (nhu la arginine hoac lysine) va cic axit
amin tich dién am (nhu la axit asparatic hoac
axit glutamic) nén dudng nhu la c6 nghich ly:
ZMR di sau vao hém trong tam hoat dong cta
protein nhung lai khong huéng cac tam tich dién
vao cac axit amin cé dién tich trdi dau. Phai
chang yéu t6 hinh hoc c6 vai tro quyét dinh dén
hoat tinh c ch€ enzym hon la tuong tic tinh
dién? Phan tich dién tich ti€p can dung moi cuia
hai phoi tr cho thay (hinh 4) ZMR c6 dién tich
bé mat 4i nuGc 16n hon OTV nhung phan dién
tich ky nudc lai nhd hon. Riéng bién thién nang
lugng tu do solvat héa trung binh (méu trudng
lien tuc) <D Gsolv> ctia ZMR (6,9 kJ/mol/nm?)
nhd hon hén so v6i OTV (22.76.9 kJ/mol/nm?)
(khong biéu dién trén hinh vé).

6. Khao sat tinh chat dong luc clia hai hé
phiic cho thdy néu trung binh thong ké dugc
thuc hién trong khoang tir 100ps dén 500ps hé
s0 tu khuéch tdn cia OTV x4p xi véi cla protein
(0.0056 (+/- 0.0117) so véi 0.0065 (+/- 0.0071)
x 10°cm?/s) trong khi d6 ZMR c¢6 hé s6 tu
khuéch tdn 5 14n cao hon protein (0.0555
(+/-0.0520) so v6i 0.0125 (+/-0.0028).10°cm*/s)
va 10 1an cao hon OTV trong phtc cua nd.

T4t cé nhiing diéu tudng nhu 1a nghich Iy
doi véi viec ZMR c6 IC50 nhé hon hén (tdc 1a
hoat tinh thu dong cao hon han) so v6i OTV c6
thé hiéu 12 12 ZMR tién sau vao ving 1dm cla
tam hoat dong, chli yéu do c6 cdu hinh tuong
thich v6i ving nay (xem hinh 5). Gia thiét vé
ban chat tuong thich cau hinh cua thuyét da vi
Balandin [10] c6 thé goi y cho mot su giai thich
v€ uu thé hoat tinh thu dong enzym HN3 cua

ZAN cao hon hén so v6i OTV.
KET LUAN

Tinh todn dong luc phan tir phic gitta enzym
Hemagglutinin-Neuramidase tur human
parainfluenza virus typ III va cdc chat thu dong
Zanamivir va Oseltamivir da@ duoc thuc hién.
Két qua tinh to4n cho thay tinh én dinh cao clia
céc phiic trong diéu kién can bing dong. Trong
khi Oseltamivir ¢6 s6 lién két hydrogen nhiéu
hon, nhiéu bé mat ky nuéc, it bé mat wa nudc
hon, s6 cau mudi gifta phdi tir va protein nhiéu
hon, nang luong tu do solvat héa cao hon nhiéu
so v6i Zanamivir thi IC50 cia Zanamivir lai nhd
hon nhiéu so véi Oseltamivir. Pong thoi, s6 cap
nguyén tir c¢6 khoang cich < 0,35 nm giita
Zanamivir va protein ciing cao hon han so véi
Oseltamivir. Diéu d6 ¢6 nghia 1a do ¢6 hinh hoc
phan to tuong thich v6i tam hoat dong,
Zanamivir c6 thé di sau xudéng diy tam hoat
dong tao nén kha nang tc ché enzym I6n hon
hén so vé6i Oseltamivir.
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Lién hé: Nguyén Hoa My
Khoa Héa hoc
Truong Pai hoc Khoa hoc Tu nhién
Dai hoc Quoc gia Ha Noi
19 Lé Thanh Tong, Hoan Kiém, Ha Noi.
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