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Tém tit. Mot s8 acid béo va dan xuét ester dwoc chon dé nghién ctru: Myristic acid (C1), Palmitic acid
(C2), Pentadecanoic acid (C3), Linoleic acid (C4), Ethyl palmitate (C5), Methyl linoleate (C6) va Ethyl
linoleate (C7) cho tinh toan in silico vé tc ché vi khuan ho hédp (Streptococcus pneumoniae). Cac phuong
phép tinh toan, md phong duoc st dung dé dénh gia tiém nang e ché ctia cac hop chit nghién ctru
véi protein Q8DQF8. Két qua m6 phéng docking phan i da xac dinh dwoc vi tri 1, 2 va 3 1a vi tri t6i
uwu cho qua trinh docking phéan ttr khi nghién cttu tuong tac gitta ligand (C1-C7) va protein Q8DQF8
thong qua nang luong tic ché& DS (kcal.mol™), chi s6 RMSD, sé lién két chinh va tuwong tac van der
Waals. Két qua chi ra rang cac hop chat C1-C7 ¢6 kha néng tic ché protein Q8DQF8 theo thtt tw sau:
C6 (-11,3 kcal.mol?) > C3 (-10,9 kcal.mol?) > C5 (-10,7 kcal.mol?) > C4 (-9,4 kcal.mol?) > C2 (-9,0
kcal.mol”'> C1 (-8,7 kcal.mol) ) > C7 (-8,6 kcal.mol"). K&t qua m6 phong dong lwc hoc phéan tr ctia cac
chét cé ning luong tic ché tot C3, C5 va C6 véi protein Q8DQF8 cho thdy cac phtic hop déu kha én
dinh va tuong tac t6t voi protein Q8DQEFS, trong d6 hop chét C3 c6 kha nang twong tac tot nhat. Két
qua nghién ctu in silico dinh huéng cho thuc nghiém dé phét trién cac phuong phdp méi hé tro digu
tri bénh vé duong ho hép.
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Abstract. Some fatty acids and ester derivatives: Myristic acid (C1), Palmitic acid (C2), Pentadecanoic
acid (C3), Linoleic acid (C4), Ethyl palmitate (C5), Methyl linoleate (C6) and Ethyl linoleate (C7) were
studied in silico to inhibit respiratory bacteria (S. pneumoniae). Computational approaches were
utilised to evaluate the potentiality of these compounds against protein Q8DQEF8. The positions 1, 2
and 3 have been identified as the optimal sites for the docking process and docking-based simulation
predicts the most effective ligand-Q8DQF8 inhibitory systems to the order: C6 (-11,3 kcal.mol?) > C3
(-10,9 kcal.mol) > C5 (-10,7 kcal.mol!) > C4 (-9,4 kcal.mol?) > C2 (-9,0 kcal.mol’> C1 (-8,7 kcal.mol) ) >
C7 (-8,6 kcal.mol). Molecular dynamics simulations for C3, C5 and C6 compounds showed that the
C3 exhibiting the best interaction with the Q8DQEF8 protein. Present results will guide experimental
research toward developing new methods to support the treatment of respiratory diseases.
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1 Moé dau

Trong nhitng nam gan day, do tinh trang
lam dung thu6c khang sinh trong diéu tri cac
bénh nhiém khuan, viém hay i loan chuyén hoéa
da dan dén tinh trang khang thudc gia ting, lam
giam hiéu qua diéu tri. Viéc phat trién cac hop
chat khang khudn va tic ché€ virus méi gép nhiéu
khé khan, nhung huéng tim kiém cac khang sinh
tw nhién dwgc xem la hudéng di tiém nang dé thay

thé& va cai tién thudc hién hanh [1,2].

Hop chat thién nhién ludén la nguén dwoc
chit quan trong trong qua trinh phat trién thude
diéu tri bénh noéi chung va thudc khang vi khuan
noéi riéng. Cac aicd béo va dan xudt ctia ching la
nhitng hop chat ti nhién cé tiém nang tng dung
rong rai trong y hoc va duoc pham [3]. Trong dé
cac acid béo Myristic acid (acid tetradecanoic),
Palmitic  acid  (acid  hexadecanoic), va
Pentadecanoic acid la cac acid béo bao hoa
thuong cé trong dau dira, dau co, m& dong vat va
stta dong vat [4]. Nhiing hop chat nay khong chi
déng vai tro thiét yéu trong cdu trtc va chirc ning
mang t€ bao ma con dwoc biét dén véi kha nang
khang khudn thong qua viéc pha vé mang té bao
vi khudn [5]. Ngoai ra, Linoleic acid (acid 9,12-
octadecadienoic), mét acid béo khong bao hoa
thuéc nhém omega-6, cd trong dau thuwc vat nhuw
dau dau nanh va dau hudéng duong, néi bat véi
d3c tinh chéng viém va ting cuong hé mién dich
[6,7]. Bén canh céc acid béo tu nhién, cac dan xuat

ester cua chiung nhu Ethyl palmitate, Methyl

linoleate va Ethyl linoleate khéng chi la thanh
phéan dinh dudng quan trong ma con c6 nhiéu dac
tinh sinh hoc, bao gom kha ndng chéng viém va

hd tro tai tao mo [8,9].

Nhiém khuan hd hdp la mot van dé y t&
phd bién trén toan cau, dong nghia vdi viéc co
quan ho hdp bi ton thuwong do vi khudn xam
nhap. Streptococcus pneumoniae (khuén ho hap) la
mot vi khuan gram duong, ngoai bao, xam chiém
bé mat niém mac duwong hé hdp trén cua con
nguoi [10]. Bénh phé cau khuan gay ra boi S.
pneumoniae 1a mot bénh ly pho bién va thuong la
nhiém tring nhe, nhung d6i khi c6 c6 thé dan dén
céc van dé veé strc khoe nghiém trong nhu: nhiém
trung mau, viém phdi hodc viém mang nao [11].
Thong thuwong, mot nguoi sé hoi phuc sau khi bi
nhiém phé cau khudn khong xam 1an ma khong
can diéu tri. Tuy nhién, trong mét s6 truong hop
c6 thé phai dung khang sinh dé€ ngdn ngura bién
chiing xay ra [12]. C6 t6i 27 — 65 % tré em va < 10
% nguoi truong thanh c6 mang mam S.
pneumoniae va lay truyén lién quan dén méi quan
hé gitta vi khuan va vat chu qua hoi tho hodc

nhiém trung mau [13-15].

Protein Q8DQF8 cta vi khuan S. pneumoniae
la mot protein thudc ho protein van chuyén ATP
va c6 vai tro quan trong trong qua trinh sinh ly va
bao vé vi khudn [16]. Thong qua viéc nghién ctru
cac hop chat méi dé€ tic ché nhdm vao protein
Q8DQF8 s& mo ra cac liéu phap méi hd tro kieém

soat va diéu tri bénh nhiém trung do vi khuén S.
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pneumoniae gay ra. Cau trac tinh thé cua protein
Q8DQEFS8 (Hinh 1) dwoc xac dinh thong qua ngan
hang protein voi ma UniProtKB:

Q8DQF8 (Q8DQF8_STRRS).

Dua vao nhitng phan tich trén, trong
nghién cttu nay chung t6i sé st dung phuong
phap orbital lién két tw nhién (Natural bond
orbital - NBO) d€ phan tich cdu traic HOMO va
LUMO ctia cac hop chat nghién ctru. Ngoai ra st
dung phuong phap 13p ghép phan tir (docking)
dé du dodn néng lwong lap ghép va su tuwong tac
gitra cac hop chat nghién ctru véi protein Q8DQF8
thong qua phan mém MOE 2022.10. Cac vi tri tiép
can cua cac chat nghién cttu véi protein Q8DQFS8
dwoc khao sat va sang loc tir d6 tim ra dwgc vi tri
thuédn loi nhat cho qua trinh tc ché. Tt d6 tién
hanh mé phong va danh gia cac qua trinh tic ché
thong qua cac gia tri nang lwong docking (DS) va
d6 léch binh phuong trung binh géc (RMSD) ciing
nhu cac twong tac khac nhu lién két hydro, lién
két cation-mt, m-mt va tuong tac ion, lién két va
tuong tac van der Waals gitra cac hop chat nghién
ctru voi protein Q8DQFS.

Hinh 1. C4u truc protein Q8DQF8 ctia vi khuan
S. pneumoniae
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2 Phuong phap nghién cttu

2.1  CAu tric t6i wu va tinh chat dic trung cua
cac thudc theo tinh toan héa lugng ti

C4u truc hinh hoc phén ti ctia cac hop chat
nghién cttu duoc t&i vu hoéa bang phan Gaussian
09 tai mtic ly thuyét M05-2X/6311++G(d,p) [17,18].
Sau d¢, cac thong s6 luong tr duoc xac dinh b@“mg
phuwong phép orbital lién két ti nhién (NBO) dua
trén b ham co so def2-TZVPP [19]. Gidi phap
phan giai dong nhat gan dung (resolution-of-
identity - RI) dwoc 4p dung cho mdi qua trinh

toi uu.

Phan tich orbital bién cung cdp thong tin vé
hinh dang ctia c4c orbital phan tr va ndng lwong
cua chung. Cac tinh toan nay c6 thé duoc tién
hanh bang tng dung NBO 5.1 trong phan mém
Gaussian 09 & mturc ly thuyét M05-2X/def2-TZVPP
[20]. Céac thong tin vé mat do electron ¢6 thé duoc
danh gia bang cac phan tich lién két. Trong &6,
mitc nang lueong HOMO (highest occupied
molecular orbital) Exomo dai dién xu hwéng cho
electron lién phan ttt; ngroc lai, mtc ndng leong
LUMO (highest occupied molecular orbital) ErLumo
c6 thé duoc danh gia nhu la gia tri dai dién cho
kha ndng nhan electron lién phan t. Nang lwong
vung cdm AE = Enomo — Erumo ¢d thé duoc xem
nhu la mot théng s6 cho kha nang twong tac lién
phan t bdi vi né cho biét xu hudng chuyén dich
cua electron ¢6 thé dwgc kich thich 1én mutc nang
luwong cao hay khong, dong nghia véi viéc c6 kha
ndng roi khoi phan tt hay khong. Nang lwong ion
hoda (ionisation potential, I) va ai lwc electron
(electron affinity, A) dwoc tinh toan thong qua
[21,22]

~Erumo. Céc s0 liéu nay duoc st dung dé tinh do

dinh ly Koopmans' I = —Enomo va A =
am dién (electronegativity, y) ctia toan phan tt.
DGi voi N- hé thong electron ¢ tong nang lugng
dién t&r (E) va thé ndng ngoai v (r), d6 am dién (x)

duoc dinh nghia la &m cua thé nang (u) [23,24].

_ __(ﬁj
=N, (1)
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va d6 ciing (1) dwoc dinh nghia la:

ifa) _afE ,
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Do cing va d6 am dién cua cac chat trc ché€ ¢

thé duoc xdp xi bang co so ctia xdp xi sai phan

httu han nhw sau:

1. 3
n—2(| A

r=(1+A) @
2
D6 mém (S) dugc dinh nghia la nghich dao

véi d§ cting tuyét doi (1):
1 (oN

S=—= [—) (5)
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22 Mo phong docking phan ti

St dung phuong phap docking phan ti dé
du¢ doan ndng lugng docking va tuong tac gitta
hop chat (ligand) v6i enzyme/protein cua vi
khuan tir d6 dé nghi co ché€ tc vi khuan ctia hé
chét nghién ctru. Cac bude tién hanh m6 hinh hoéa
docking phan tr gom 5 buwdc thong qua phan
mém MOE 2022.10 [25-28]:

Budc 1. Lwa chon va chuan bi cau triac muc
tiéu tac dong

- Lua chon protein muc tiéu va xac dinh vi
tri gén két dua trén ving tac dong (ban kinh 4,5

A) va cac amino acid quan trong.

- Loai bo phan tir nudc, kiém tra va chinh
stra cdu dang amino acid trudc khi tai tao vung

tac dong.

Buéc 2. Chudn bi ciu trac phin t& hop
chit (ligand)

- Xay dung cdu trac héa hoc 3D cua cac hop
chat nghién cttu bang phan mém ChemBioOffice
2018. Tién hanh t3i vu héa nang lugng bang phan
mém SYBYL-X 1.1 d€ thiét 14p lai cdu dang cua

chat nghién ctu.

Buwdc 3. Docking phan t& vao muc tiéu

tac dong

- Docking phan t nghién cttu trong co so
dit liéu da chuén bi. Tién hanh quy trinh 1ap ghép
bang phan mém MOE 2022.10 véi cac tly chon
nhu sau: phwong phap dat cac manh ligand vao
tti gan két 1a phép thiét 1ap phit hop véi ciu tric
3D; s6 két qua t3i da cho mdi bude 1gp 1a 1000, s&
két qua t8i da cho mdi sy phan manh ligand la
200; git lai mot s6 cau dang t6t nhat cua moi phéan
tir hop chat trong phtic hop (ligand-protein) gan
két d€ tiép tuc phan tich tuwong tac. Cdu dang tot
véi diém s8 1ap ghép thdp nhat (Score — kcal.mol-
1), diém s0 nay la tong nang lwong tiéu thu cho sy
hinh thanh céc twong tac gén két giita phan ti

nghién cttu vdi muc tiéu tdc dong (protein).

Buéc 4. M6 hinh tai docking phan ti (Re-
docking)

- Lép ghép lai cdu trtic ligand dong két tinh
trong protein, nhdm muc dich danh gia tinh phu
hop ctia cac thong s6 lap ghép.

- Két qua mo6 phong lap ghép duoc danh
gia dang tin cay khi gia tri sai s6 binh phuong
trung binh (root-mean-square deviation; RMSD) <
2,0 A. Thong s6 nay cho biét mic dd sai 1éch vé
lién két xuwong protein ban dau (sau Budc 3) va tai

1ap ghép (sau Budc 4).

Buwéc 5. Phan tich két qua docking phan to

vao muc tiéu tac dong

- banh gia kha nang tic ché protein ctia hop
chat nghién cttu thong qua viéc danh gia diém s6
lip ghép va twong tac ligand-protein gom: Nang
luong docking phén t DS (kcal.mol?), tham s&
RMSD. Phan tich tuong tac gitta phan ti hop chat
véi muc tiéu tac dong va bidu dién tuong tac trén
mit phang 2D, 3D thong qua cac lién két
hydrogen, twong tac n-m, tieong tac ion, twong tac
cation-n. C4c twong tac bé mat van der Waals

duoc phat hién boéi su tiép xtic cac bé mat than
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trude, ky nuwdc gitta phan tit hop chat va diém gan

két (cdc amino acid ctia protein).

2.3 Mo phong dong luc hoc phan tie

Cac chat tiém nang duoc lya chon d€ mo
phong dong luc hoc phan t&t (molecular docking -
MD) béng GROMACS 2023. Protein duoc tao cdu
truc lién két voi tie truong CHARMMS-27 [29]. Cau
dang docking t6t nhat ctia phdi te¢ duoc luu &
dang *.mol2. Cau truc lién két cua phdi t duoc
tao bang cong cu SwissParam online [30], sau d6
tao file cdu truc lién két phirc hop protein va phdi
t. Phitc dwoc dat vao mot hop mod phong 12 mat
v6i ban kinh 10 A so véi protein. Hé théng dugc
1&p day bang dung moi nuée (TIP3P model) va st
dung cac ion Na* va Cl- d€ trung hoa dién tich. Hé
thong duoc t6i thiéu hoa nang lwong trong 100 ps
(pico gidy) voi luc ti da 1a 10 kJ.mol! dén nhiét
d6 300K va ap sudt 1 bar. Thuéat toan Verlet duoc
stt dung d€ mo6 phong MD va thuét toan LINCS
dung d€ han ché cac lién két hydro [31]. Bén canh
d6, cac twong tac khong lién két bi cit ngén 612 A
va st dung phuong phap Mesh Ewald d€ tinh
toan cac tuong tac tinh dién tam xa. Cac quy dao
MD duoc luu sau mdi 0,01 ns (nano giay).

Sau khi hoan thanh qua trinh MD, di liéu
ttr cac quy dao duoc skt dung d€ tinh toan cac gia
tri RMSD (d6 léch binh phuong trung binh gdc),
RMSF (bién dong binh phuwong trung binh goc),

Rz (ban kinh quay) va SASA (dién tich bé mat c6
thé tiép can dung mdi) bang cac 1énh c6 sén cta
GROMACS dé danh gid tinh 6n dinh ctia phtc
chét va anh huong cta phoi tix 1én protein khi lién
két. Ti 1é hinh thanh lién két hydro ciing duwoc
phan tich bang phan mém VMD theo tiéu chi
khoang cich D-A < 3.5 A va goc D-H~A > 120°.
Nang luong lién két tu do duoc tinh béng cong cu
gmx_MMPBSA [32], dwa trén quy dao cua
GROMACS véi truong luc CHARMM- 27 két hop
v6i phuong phap MM/GBSA véi thong s&: hang
s0 dién moi 1.0, nhiét d6 298 K va nong dd mudi
0,15 M [33].

3 K&t qua va thao luan

3.1 Dirliéu cic hop chit nghién ctru

Trong nghién ctru nay, tién hanh nghién
ctu kha nang khang vi khudn ho hap (S.
pneumoniae) ctia 7 hgp chat: Myristic acid,
Palmitic acid, Pentadecanoic acid, Linoleic acid,
Ethyl palmitate, Methyl linoleate va Ethyl
linoleate. D& danh gia kha nang tic ché protein
Q8DQF8 cua vi khudn hoé hdp (S. pneumoniae),
nhom nghién cttu da sit dung thudc khang sinh
duoc dung trong phat d6 diéu tri bénh nhiém
khuan gay ra boi vi khudn S. pneumoniae. D liéu
vé cdu tao hda hoc, cong thirc phan tir va ky hiéu
cua cac hop chat nghién cttu duwoc trinh bay trong
Bang 1 va Hinh 2.

Bang 1. Thong tin cdc hop chat nghién ctiu

STT Tén hop chat Cong thirc phan ti Ky hiéu
1 Myristic acid C1sH2502 C1
2 Palmitic acid CisH3202 C2
3 Pentadecanoic acid C15H3002 C3
4 Linoleic acid CisH302 C4
5 Ethyl palmitate Ci1sHz602 C5
6 Methyl linoleate CisH3:02 Ceé
7 Ethyl linoleate C20H3602 C7
8 Penicillin G Ci6H1sN204S D

DOI: 10.26459 /hueunijns.v135i1A.7856
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Hinh 2. Cong thitc cau tao cac hop chit C1-C7 va thudc Penicillin G (D)

32 Théng sb chat

nghién cttu

lwuong t&¢ cac hop

C4u truc cac hop chdt C1 - C7 da duoc toi
wu tai mae ly thuyét M05-2X/6-311++G(d,p), sau
dé duoc tién hanh xac dinh thong s6 luong ti
bang phuong phép orbital tw nhién tai muc ly
thyét M05-2X/def2-TZVPP va két qua dwgc trinh
bay trong Hinh 3.

Nhiing vi tri ¢6 cau trac HOMO 16n hon sé
¢6 kha nang cho electron manh hon, trong khi cac
vi tri v6i cau trac HOMO nho hon lai khé cho
electron. Diéu nay c6 y nghia l6n trong viéc giai
thich tinh chit hda hoc va hoat tinh sinh hoc cua
cac phan te. D61 v6i cac hop chéat tu nhién, khi
ching tiong tac véi cac amino acid trong protein,

cac phan ti nay c¢6 kha nang cung cip electron tir

orbital HOMO ctia chting vao cdc orbital s hoac p
trdng ctia amino acid. Dya vao cau traic HOMO
cuia C1-C7 c¢6 thé nhan thdy cdu truc orbital
HOMO cta hop chat nay phan bd déu ¢ cac lién
két mach thang C-C, day la cac vj tri c6 kha nang
cho dién tx linh hoat.

CAu trtc orbital LUMO cho biét cac vi tri dé
nhan dién tt cua phan tit. Cac vi tri c¢6 kich thudc
orbital LUMO cang 16n, cang dé nhan dién tir. Cac
vi tri ¢ kich thudc LUMO cang bé cang khé nhan
dién tir. Cau truc LUMO cua cac hop chat dai dién
duoc xac dinh cu thé tap trung nhiéu tai vi tri di
t6 O, day la cac vi tri dé nhan dién t&r ctia cac hop
chat nghién ctu khi twong tac véi cac nhom chire

ctia amino axit ciia protein.

Bang 2. Thong s6 hoa luong tir ctia C1-C7 ti tinh toan orbital lién két tw nhién mutc ly thuyét M05-2X/def2-TZVPP

I:h(;l: E(‘:;;‘)O i‘f‘]‘)" AEcar  I=-Enomo A=-Ewmo g P n S=1/n
c1 957 0712 10219 9,507 0,712 4398  -4398 5110 0,196
c2 942 0712 10135 9,422 0,712 4355  -4355 5067 0,197
c3 9462 0712 10174 9,462 0,712 4375 4375 5087 0197
ca 8102 0,688 8,789 8,102 0,688 3707 3707 4395 0,228
5 9276 0,699 9,975 9,276 -0,699 4288 4288 4987 0,201
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Enomo Erumo

Hop _ _ _

chit V) V) AEcGap I=—-Esomo A =-ELumo x Y7, n S=1/n
Cé6 -8,143 0,718 8,860 8,143 -0,718 3,713 -3,713 4,430 0,226
C7 -8,151 0,740 8,892 8,151 -0,740 3,705 -3,705 4,446 0,225
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Hinh 3. HOMO va LUMO ctia cac hop chét C1-C7 theo phuong phap orbital lién két tw nhién tai mue ly thuyét M05-
2X/def2-TZVPP
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T Hinh 3 ¢6 thé nhan thdy mat d¢ dién ti
trong cac orbital HOMO va LUMO ctia cac hop
chat dai dién déu phéan bd trén twong d6i dong
déu trén dién tich ctia mdi phan tir. Dua vao cdu
truic HOMO va cdu trac LUMO cua cac chat C1-
C7, d€ xac dinh vi tri thuan lgi cho qua trinh cho
va nhan dién tir. Tt d6 dinh hwdng cho qua trinh
nghién cttu si hinh thanh tuwong tac gitta cac hop
chat C1-C7 véi cac amino acid cta cac protein. Ttr
Bang 2 c6 thé xac dinh duoc chiéu giam dan cua
gia tri Enomo: C4>C6>C7>C5>C2>C3>Cl va
day ciing la chiéu giam kha nang cho dién ttr. Moi
chét co gia tri Eruvmo cang bé, thi phan tir d6 cang
dé nhan dién tir. Nén chiéu giam dan kha nang
nhan dién tr1aC4>C5>Cl~C2~ C3>C6 > C7
va kha nang nhan dién tr ctia cac hop chat C1,
C2, C3 twong duwong vdi nhau.

D6 chénh léch nang luong LUMO-HOMO
hay con goi bién thién vung cdm AEcap = ELumo —
Enomo c6 thé dugc xem nhu la mot thong s6 cho
kha ndng twong tac lién phan t, lam ligand phan
ung dén bé mat cta mot tdc nhan (protein,
enzyme, bé mat) véi hiéu qua trc dang ké thong
qua cac gia tri bién thién nang lugng cua ligand
(hop chat nghién cttu) 1én protein thay d6i, dan
dén thé ion hoa (I) va ai luc electron (A) ctia phan
tie chat nghién ctru ciing can duwoc khao sat bang
cach ap dung dinh ly Koopmans' [23,24] biéu thirc
lién hé véi HOMO va LUMO la: [ =-Enomo va A =
-ELumo va d6 am dién (y), héa thé (1) nham muc
dich khang dinh tinh chit héa ly cta hop chat
nghién cttu va khing dinh tiém nang tc ché
protein. Ttr két qua AEcap c6 thé du doan duoc xu
hudng phan tng cta cac hop chat httu co C1-C7
v06i bé mdt ctia cac protein va hiéu qua tic ché cta
cac hop chat nay. Gia tri AEcar cia C1-C7 nam
trong khoang 8,789 eV dén 10,174 eV. Trong day
¢ chat nghién ctru, gid tri thé ion hoa thay doi tir
8,102 eV dén 9,507 eV, gia tri ai luc electron thay
doi tir -0,740 eV dén -0,688 eV .
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33 Khio sit kha ning wc ché protein
Q8DQF8 bang mo6 phéng docking phan ti

Phuwong phap docking phéan ti duoc st
dung d€ md phong va du doan nang lugng tuwong
tac gitta cac hop C1-C7 va thudc d6i chung
Penicillin G véi protein Q8DQF8 cua vi khudn ho
hép (S. pneumoniae). Qua trinh nghién ctru dugc
thuc hién béng phan mém MOE 2022.10, tap
trung vao khao sat va sang loc cac vi tri tiép can
cua hop chét véi hai protein dé€ xac dinh vi tri t6i

wu cho kha nang trc ché.

Tién hanh xac dinh c&u tric bac hai protein
Q8DQF8 cua vi khuan hé hap (S. pneumoniae) véi
cac vi tri ti€p can khac nhau va dugc minh hoa
bdng ndm mau sac khac nhau: vi tri 1 (mau xanh
dwong), vi tri 2 (mau xam), vi tri 3 (mau vang), vi
tri 4 ( mau xanh 14 cay) va vi tri 5 (mau cam)
(Hinh 4). Sau d6 tién hanh sang loc vi tri ti€p can
protein Q8DQF8 véi mdi hop chat nghién ctu
(C1-C7) va thudc d6i ching (D). Vi tri nao co
nang luwong docking thap va s6 luwong tuong tac

16n sé thich hop cho qua trinh tc ché protein
Q8DQES.

Hinh 4. Cau trtc bac hai ctia protein Q8DQF8 vi cac vi
tri ti€p cdn1-5
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Két qua sang loc vi tri t6i wu dugc trinh bay
trong Bang 3. Vi tri 1 va 2 la hai vi tri chiém ti 1¢
cao trong phtt hop cho qua trinh docking lén
protein Q8DQF8. Cu thé: Hop chat C2, C3, C5, C7
thich hop vao vi tri s6 2 (mau xam) véi ndng
lwong docking tir -10,9 kcal.mol! dén -8,6
kcal.mol'. Vi tri 1 (mau xanh duwong) phtt hop cho
hop chdt C4, C6 va thuSc d6i ching D (DS: -13,4
kcal.mol”! dén -9,4 kcal.mol). Riéng hop chat C1
thich hop docking vao vi tri 3 (mau vang). Sau khi
da xac dinh duoc vi tri t6i wu d€ tiép can protein
Q8DQEF8 sé tién hanh md phong docking phan ti
dé€ xac dinh chi tiét nang luong docking va cac
dang lién két, twong tac hinh thanh gitta hop chat

nghién cttu v4i protein e ché.

St dung phuong phap docking dé nghién
ctru kha néng tic ché protein Q8DQF8 ctia cac hop
chat C1-C7 va thudc d6i ching (D). Két qua vé
thong s6 qua trinh docking nhu nang luong
docking (DS), chi s6 RMSD, cac twong tac van der
Waals, lién két hydro duoc trinh bay trong Bang 4
va hinh anh mé phong 2D-3D qua trinh e ché
duoc chi ra trong Hinh 5. Cac két qua mo6 phong
déu co gia tri do léch binh phwong trung binh goc
(RMSD) déu nho hon 2A trong tét ca két qua nén
két qua docking la dang tin cay [34].

Dua vao két qua docking c6 thé nhan thay
rang cac hop chat nghién cttu C1-C7 twong tac voi

protein Q8DQF8 thong qua cac tuong tac nhw H-
acceptor, H-donor, H-n v6i cdc amino acid c6
trong protein Q8DQF8. Kha nang trc ché manh
hay yéu phu thudc vao cac yéu t6 nhw nang luong
docking, s lwong tuong tac gitta hop chit nghién
ctru véi protein. Trong 7 hop chat acid béo va dan
xudt ester ctia acid béo, hop chat C6 (Methyl
linoleate) c6 kha nang tc ché protein Q8DQFS
manh nhét véi ndng lwgng -11,3 kecal.mol! véi 2
tuong tac H-acceptor giita cdc nguyén tix -O- va -
N- ctia hop chat C6 vé6i hai amino acid Lys 100 va
Met 16. Ngoai ra c6 13 amino acid tham gia vao
tuwong tac van der Waals gitta C6 vdi protein
Q8DQFS. Bé“mg cach so sanh nang lwong docking,
s0 lién két hydro va sd luong twong tac van der
Waals c6 thé xac dinh duoc day sip xép theo
chiéu giam dan kha néng tic ché protein Q8DQFS:
C6>C3>C5>C4>C2>C1>C7. S0 sanh véi kha
nang ttc ché€ ctia thudc ddi chitng (D) nhan thay
rang hop chit Methyl linoleate (C6) c6 kha nang
tec ché tuong duong. Thong qua viéc nghién ctru
kha nang trc ché protein Q8DQFS, cac hop chat
ctia acid béo va dan xuat ester ctia acid béo c6 kha
ttc ché protein cua vi khuan hoé hap (S.
pneumoniae). Tt két qua md phong co thé két
luan cac hop chat C1-C7 tiém nang trong viéc tc
ché€ protein Q8DQF8 trong viéc diéu tri bénh ho
hap (S. pneumoniae) va dinh hudéng cho cac

nghién cttu thuee nghiém sau nay.

Bang 3. Két qua sang loc vé kha nang tic ché cta cac hop chit C1-C7 va thudc d6i ching (D) d6i véi cac vi tri tiém
ndng trén protein Q8DQF8

Protein Q8DQF8
Hop chit Vitril Vi tri 2 Vi tri 3 Vi tri 4 Vitri5

E N E N E N E N E N
C1 -8,0 0 -7,6 0 -8,7 1 7,2 0 -7,0 0
C2 -8,3 0 -9,0 1 -7,0 0 -6,4 0 -6,6 0
C3 -9,0 1 -10,9 2 -7,4 0 -8,1 1 -6,7 0
Cc4 94 1 -8,7 1 -74 0 -7,0 0 -6,8 0
C5 -9,0 1 -10,7 2 -8,7 1 -8,0 0 -7,5 0
Ceé -11,3 2 -10,0 1 9,4 1 -9,2 1 -8,1 0
Cc7 -7,7 0 -8,6 1 -7,1 0 -6,9 0 -6,7 0
D -13,4 6 -11,0 2 -9,7 1 -10,3 2 -11,8 2

E: ndng lugng docking DS (kcal.mol™); N: s8 twong tac

DOI: 10.26459 /hueunijns.v135i1A.7856
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Bang 4. Cac thong so trong twong tac thong qua md phong docking phan tk gitta cac thudc nghién cttu C1-C7

va thudc d6i chiing (D) 1én protein Q8DQFS8

Phitc Ligand-protein Lién két hydro Tuwong tac van der Waals
Phirc DS RMSD L P T D
Tyr 112, Ser 53, Val 238, Glu
C1- 274, Ser 58, Tyr 140, Thr 134,
QSDQFS -8,7 1,54 (@] N Asn 56 H- acceptor 2,87 -2,3 Asn 132, Leu 217, Ser 209,
Glu 205, Asp 49, Phe 278,
Lys 52
Leu 217, Ser 209, Tyr 212,
C2- Lys 52, Tyr 112, Arg 208,
QSDOFS -9,0 1,83 O (@) Asp 49 H-donor 2,85 -58 Glu 205, Ser 53, Pro 204, Asn
56, Val 144, Lys 145, Arg
240, Phe 278
(@] (@) Glu 205 H-donor 2,96 -55 Asp 49, Lys 52, Ser 53, Val
C3- 109 171 238, Tyr 112, Thr 114, Ser
Q8DQF8 ! ! (@) (®) Ser 116 H-acceptor 3,10 -0,8 209, Thr 134, Asn 132, Ser
58, Leu 217, Arg 208
Leu 98, His 14, Glu 317, Thr
C4- 319, Arg 318, Val 313, Ar
ospors 94 165 O N G321 Hacceptor 311 31 Thrg3 16, Lys 100, Ser 99‘%
Arg 17, His 14, Glu 317
O N Arg 240 H-acceptor 3,18 -1,6 Leu 217, Ser 209, Tyr 112,
C5- 107 122 Val 238, Val 144, Asp 49, Asn
Q8DQES8 ! ! O N Arg 240 H-acceptor 3,03 -3,4 56, Ser 53, Glu 205, Asn 242,
Arg 208, Lys 52
O N Lys 100 H-acceptor 2,93 -2,4 Phe 96, Arg 320, Arg 320,
Ce- 113 156 Thr 319, Thr 316, Glu 317,
Q8DQFS8 ! ! (e) N Met 16 H-acceptor 3,22 -1,2 Lys 15, Arg 17, Ser A99, Val
313, Glu 317, Lys 406, His 14
Asp 49, Ser 209, Tyr 212,
C7- Arg 208, Leu 217, Glu 205,
QSDOFS -8,6 1,87 (@) N Asn 56 H-acceptor 3,32 -1,1 Ser 116, Asn 132, Thr 134,
Thr 114, Ser 53, Tyr 112, Lys
52
S O Thr 316 H-donor 324 -0,2
S O Glu 317 H-donor 417 -0,6 Thr 319 Met 16. Val 313
D-Q8DQF§ -134 1,97 (S) Ii C;I:r 3;197 gzzzzgg g'iz (1)2 Arg 17, Arg 318, Glu 317,
’ "~ Lys 100, His 14, Leu 98
O N Arg 320 H-acceptor 2,92 -3,1
6-ring C Thr 316 H-n 411 -0,7

DS: nang lwong docking (kcal.mol); RMSD: D6 léch binh phuong trung binh gdc (Root-mean-square deviation) (A);
L: Ligand; P: Protein; T: loai twong tac; D: khoang cach tuong tac (A); E: nang lwong (kcal.mol)

14



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Ty nhién pISSN 1859-1388
Tap 135, S6 1A, 5-19, 2026 eISSN 2615-9678

s @ N L€ ©
o T Ay o I o
®se ! @ ! ® L5
® . ® ® * ® 49
® o ® :: - Y R @® ° @
o AN S °o ot
® ® @ o 5 . g I @@e
[C4-Q8DQF8] [C5-Q8DQF8] [C6-Q8DQF8]

C )
& ® _
® * ®

@ 3
[C7-Q8DQF8] [D-Q8DQF8]

Hinh 5. M6 phong triec quan 2D-3D tic ché€ protein Q8DQF8 théng qua tuong tac ctia cdc nhém chtic trong hop chét
nghién cttu C1-C7 va thuSc d6i chiing (D)
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34 Mo phong dong lyc hoc phan ti

Sau khi tién hanh nghién cttu md phong
docking phan tx gitta cac hop chédt nghién ctu
C1-C7 1én protein Q8DQF8, chung tdi tién hanh
chon 3 chét c6 kha nang tic ché protein Q8DQFS8
gom: C5, C3 va C6 dé€ tién hanh nghién ctu chi
tiét hon vé kha ning gan két protein Q8DQFS
bang mo6 phong dong luc hoc phan tir trong 100
ns. Céc phtic hop phdi ti-protein dwgce ki hiéu
nhu sau: [C5-Q8DQF8] — mau den; [C3-Q8DQF8]
—mau d6 va [C6-Q8DQF8] — mau xanh.

Két qua qua trinh m6 phong dong luc hoc
phan t& duoc danh gid dua trén cac yéu t6 nhu
dd 6n dinh caa phoi ti¢ (RMSDphsitr), dd 6n dinh
cta protein (RMSD), d6 linh ddng ctia cac amino
acid (RMSF), ban kinh chuyén dong xoay cta cac
amino acid (Rg), dién tich bé mét c6 thé tiép can

dung moi (SASA) va s6 lugng lién két hydrogen.

Hinh 6 va hinh 7 thé hién su thay doi gia tri
RMSD cua phdi tix va phtic hop phdi tit - protein
trong khoang thoi gian 100 ns. Nhin chung cac
phttc cia C3, C5 va C6 vodi protein Q8DQEFES8 ¢o
xu hwéng dat trang thai on dinh sau khoang 20-
30 ns v6i mirc dao dong nhéd quanh gia tri trung
binh nén cdc phéi t c6 kha ning gén két bén
vitng trong vi tri gén cta protein. Hinh 8 biéu
dién gia tri RMSF cta cc phan t& amino trong
protein sau 50 ns m6 phéng dong hoc. Nhin
chung, cac gia tri nay chong 1ap va kha tuong
dong nhau. Diéu nay chiing to6 cac amino acid
khong di chuyén nhiéu va kha 6n dinh trong qua
trinh mo6 phong.

b6 thi SASA (Hinh 9) cho thdy cac phtc
khong c6 su thay doi 16n trong qud trinh mo
phong va thé hién tinh 6n dinh vé mat cdu trac
cua protein khi twong tac véi ligand. Két hop véi
dit liéu Rg cta cac amino acid (Hinh 10) véi sw
dao dong nhe trong 50 ns mo6 phong cho thdy cau
tric protein khong bi bién dang hay co rut dang

16

ké khi twong tac voi cac phdi te (C3, C5 va C6).
Hinh 10 biéu dién sy thay d6i s lwong lién két
hydro gitta cac ligand (C3, C5, C6) va protein
Q8DQF8 theo thoi gian trong sudt 100 ns mo
phéong MD. Trong d6, phttc [C3-Q8DQEFS8]
thuwong xuyén duy tri dwoc it nhat mot lién két
hydro, véi mot s6 thoi diém dat dén 2 lién két,
cho thdy tuong tac bén viing va ldp lai trong
vung hoat dong. Nguoc lai, hop chat Cé6 ¢ s6
lwgng lién két hydro thdp nhdt cho thady tuong
tac yéu hon so voi protein dich. Mat khac, khi
tinh s6 lién két hydrogen trung binh trong 50 ns
(Bang 5) thi két qua ciing phu hop véi Hinh 11.
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n
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Hinh 6. D6 thi biéu dién gia tri RMSDphsi tr duoc tinh
toan dua vao quy dao ctia qua trinh m6 phong MD 100

ns
6
[ — [C5-QsDaFsg) ]
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2 1 ]
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Hinh 7. Db thi biéu dién gi4 tri RMSD dugc tinh toan
dwa vao quy dao cua qua trinh mo6 phéng MD 100 ns
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Hinh 8. D6 thi biéu dién gia tri RMSF duoc tinh toan dwa vao quj dao ctia qua trinh mo6 phong MD 100 ns
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Hinh 9. D6 thi biéu dién gia tri SASA dwoc tinh todn Hinh 10. D6 thi biéu dién gia tri Rg duoc tinh toan

dwa vao quy dao ctia qua trinh mo6 phong MD 100 ns dua vao quy dao ctia qua trinh md phong MD 100 ns
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Hinh 11. Db thi biéu dién gia tri S6 lugng lién két hydro duwoc tinh toan dwa vao quy dao ctia qua trinh mo6 phéng
MD 100 ns
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4  Kétluan

Trong nghién cttu nay, thong s luong tir
cua cac hop chat C1-C7 da dwgc xac dinh béng
phuong phap orbital ti nhién tai mic ly thyét
M05-2X/def2-TZVPP. Nghién cttu da danh gia
kha nang trc ché protein Q8DQF8 cua vi khuan (S.
pneumoniae) cua cac hop chat C1-C7 va thudc doi
chitng D bang phuong phap md phéng docking
phéan t. Cac vi tri tiép can protein Q8DQF8 da
duoc sang loc va xac dinh dwoc vi tri toi vu. Két
qua mo phong docking phan t& chi ra cac hop
chat nghién ctu déu c6 gia tri d6 léch binh
phuong trung binh géc (RMSD) cta phdi tix voi
protein trong cac phttc hop nghién cttu nho hon
2A cho két qua docking déng tin cay. Day sdp xép
theo chiéu giam dan cua kha nang tc ché: C6 (-
11,3 kcal.mol?) > C3 (-10,9 kcal.mol?) > C5 (-10,7
kcal mol?) > C4 (94 kcalmol?) > C2 (9,0
kcal.mol') > C1 (-8,7 kcalmol?) > C7 (-8,6
kcal.mol?). Két qua md phong doéng luc hoc phan
tt cta cac chat c6 nang lugng e ché tot C3, C5 va
C6 voi protein Q8DQF8 cho thdy cac phtic hop
déu kha 6n dinh va tuong tac tot voi protein
Q8DQF8 vé cau truc. Trong do, hop chdt C3 cd
kha nang tuong tac tot nhat voi protein Q8DQFS,
thé hién qua s6 luong lién két hydro cao va cac chi
s0 RMSD va gia tri Rg 6n dinh.
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nhom nghién ctu tiéu biu Dai hoc Hué sd
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