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TOM TAT:

Nghién ctru sit dung mé phong dong luc hoc phan tir dé khao sat twong tac gitra carvacrol véi 3
nhém mang mo hinh: mang liposome ngudn gbc d4u nanh, mot mang liposome nhan tao dung dé ddi
chiéu thanh phan va mang vi khuan Staphylococcus aureus. Ligand carvacrol duoc chudn bj tir co
so dir liéu PubChem, sau d6 cac hé mang duoc xay dung bang CHARMM-GUI va mé phong bang
GROMACS 2016 v6i truong lyc CHARMM36, nu6e TIP3P va moi truong NPT ¢ 303.15 K, 1 bar
trong 200 ns. Két qua cho thay, carvacrol di vao mang tuong dbi sém, thuong trude 25 ns, va duy tri
trang thai 6n dinh trong mang dén cudi mé phong. O cac hé dimer va pentamer, mot s6 phan tur con
¢6 xu hudng xuyén sang leaflet d6i dién. Phan tich order parameter cho thiy tit ca cac mang Van o
trang thai linh dong sau tuong tac; dic biét, hé DOPC/DPPC c6 Scd thip hon liposome nguon goc
dau nanh, goi y kha nang giai phong carvacrol thuan loi hon. Cac két qua nay ung ho viée tiép tuc tdi
uu hoa liposome thanh phan don gian hon nhu mét hé mang carvacrol cho tng dung khang khuén.

Tiwr khéa: carvacrol, mo phong dong luc hoc phan tir, mang liposome, Staphylococcus aureus.

1. Pit vin dé Hinh 1: Carvacrol (Lisa Marinelli, 2018)
Carvacrol  (2-methyl-5-(1-methylethyl)-phenol), con C H
duoc goi la p-cymen-2-ol, 2-hydroxy-p-cymene, 5-isopropyl- 3

2-methylphenol hay iso-thymol, 1a mot hgp chat phenol
monoterpenic c¢6 cong thirc phan tir C1oH140, duoc sinh tong O H
hop tir y-terpinene thong qua p-cymene. Vé cau tric hoa hoc,
carvacrol gom mét vong phenolic mang nhém hydroxyl cting
cac nhom thé methyl (Lisa Marinelli, 2018).
Hién nay, carvacrol da duoc Hoa Ky va chau Au phé
duyét 1a phy gia thuc phim an toan, thuong duoc st dung
lam chét tao huong trong dd uéng, banh keo va keo cao
su. Ngoai vai tro trong thyc pham, carvacrol con dugc sur
dung tur 1au trong y hoc dan gian nho nhi€u hoat tinh sinh
hoc quan trong nhu khang khuén, khang viém, khang nam, C H3 C H3
chbng oxy héa va khang ung thu (Ultee A., 1999).
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Co ché khang khuan ciia carvacrol chu yéu lién
quan dén kha niang tuong tac v6i 16p mang lipid
ctia té bao vi khuan. Nho ban chit monoterpenoid
phenol va nhom hydroxyl ky nudc, carvacrol co
thé chén vao 16p mang phospholipid, 1am thay
doi sy sap xép cua cac chudi acid béo, gay gidn
né mang va lam mat tinh on dinh ciu trac. Piéu
nay lam ting tinh thim ctia mang ddi véi proton
va ion, pha v& cin bang ion gradient va din dén
chét té bao (G. Arumugam, 2016). Tuy nhién, d6
hoa tan thip, qua trinh oxy hoa va mat mat do
bay hoi 1a nhitng han ché chinh trong qua trinh
tao ra san pham. Song song vdi do, liposome tir
lau da dugc xem la hé mang phu hop cho cac
phén tir ky nudc nham cai thién d¢ 6n dinh va
phan tan trong nudc.

Liposome, lan dau tién dugc Bangham va Horne
phat trlen vao ndm 1964 (Horne, 1964), 1a nhiing
tai ciu nho chira pha nude bén trong va duge bao
boc bai mdt hodc nhidu 16p mang phospholipid kép.
Kich thuéc cia liposome thuong dao dong tur vai
chuc dén vai nghin nanomet. Nho cdu tric dic biét
nay, liposome dugc st dung rong rdi nhu mot hé
mang giup bao goi, bdo v¢ va van chuyén cac hoat
chat sinh hoc, dong thoi cai thién do on dinh, kha
dung sinh hoc va kha ning dua hoat chat dén dang
té bao muc tiéu.

Hinh 2: Thanh phdn cdu tao cia Liposome
(Natalia Sannikova, 2021)

O ©

Liposome
(hydrophobic load)

Liposome
(hydrophilic load)

Thanh phan cau tao cta liposome chu yéu gém
16p v6 bao boc bén ngoai va cac chit can van chuyén
duoc chtra dung bén trong. Lép vo liposome chu
yéu dugc hinh thanh tir phospholipid. Phospholipid
l1a thanh phﬁn co ban cia mang té bao sinh hoc, ¢6
tinh ludng cuc véi mot dau wa nude chira nhom
phosphate va hai duoi ky nudc 1a cac chudi acid
béo, dugc lién két v6i nhau boi phan tur glycerol.
Chinh tinh chat nay giap phospholipid tu sip xép
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thanh 16p mang kép trong moi trudng nudc (Abdus
Samad, 2007).

Liposome c6 thé dugc phén loai dya trén sb 16p
mang phospholipid, kich thudc hat va co ché hudng
dich. Nhitng dic diém nay quyét dinh tinh chat chirc
nang cting nhu khd nang Ung dung cua liposome
trong dugc phém, thuc phém va y sinh hoc (Anil
Kumar Sahdev, 2017).

Trén phuong dién mo phong, cac hé mang sinh
hoc thuc té hién thuong dugc dung bé“mg CHARMM-
GUI va van hanh bang force field CHARMM36 trén
GROMACS; cac md hinh chuyén bi¢t cho mang
dau nanh giau linoleoyl va cho bilayer phtrc hop cua
Staphylococcus aureus (S. Aureus) cling da dugc
cong bd. Ngoai ra, thyc nghiém trén liposome chira
carvacrol cho thiy, chinh tuong tac carvacrol-lipid
¢6 thé 1am thay doi cdu triic ciia mang.

Cau hoi dit ra 1a carvacrol c6 di vao va on dinh
trong cac mang mo hinh hay khong; muc d6 két ty
ctia carvacrol ¢6 lam thay d6i hanh vi xuyén mang
hay khong; va thanh phan mang c6 anh huong dén
do linh dong mang theo order parameter hay khong.
Nghién ctru nay dua ra h¢ mo phong Carvacrol va
mang liposome tir ddu nanh, mang liposome mo
phong i tuong va mang vi khuan S. Aureus dé giai
dap cho nhitng van dé trén

2. Vit liéu va phuong phap nghién ciru

Carvacrol (CioHi20H) (Hinh 3) duoc lya chon
lam phdi tir nghién ctru va thu nhan tir co sé dit ligu
NCBI PubChem vo6i ma CID 10364 (Javad Saffari
Chaleshtori, 2016). C4u tric ban dau cua phdi tir
duoc tai xuéng dudi dinh dang SDF, sau do duogc
chuyén ddi sang dinh dang PDB bang phan mém truc
tuyén OPENBABEL nham phuc vu cho cac budc mod
phong tiép theo. Sau qua trinh chuyén déi, cau tric
phan tir cia Carvacrol dugc kiém tra va xac nhan lai
bang phan mém Visual Molecular Dynamics (VMD)
dé dam bao tinh chinh x4c cua dit liéu dau vao.
Hinh 3: C4u tridc phan & cda Carvacrol
(NCBI)
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Tiép theo, file PDB cua Carvacrol dugc xur ly
bang cong cu CHARMM-GUI Ligand Reader &
Modeler nham xdy dung ciu trac khong gian 3 chiéu
hoan chinh & dinh dang Mol2, déng thoi xac dinh tén
phan tir pht hop cho hé théng mé phong dong luc
hoc phan tir & cac budc tiép theo.

Do nghién ctru thuc nghi€m st dung hé liposome
c6 ngudn gde tir phospholipid ddu nanh, 3 mé hinh
mang lipid da dugc thiét ké tuong ing nhim md
phong chinh xac diéu kién thuc nghiém. Thanh phﬁn
lipid cua timg hé mang dugce trinh bay chi tiét trong
Bang 1

" Bang 1. Thanh phan lipid trong titng logi mang

M6 phong duogc chay bing GROMACS 2016
voi truong luc lipid CHARMM36, mo hinh nudc
TIP3P va ion K+ dé trung hoa dién tich. Ning
luong tdi thiéu duogc thuc hién trong 5000 budc;
giai doan can bang va giai doan mo phong déu sir
dung tap hop NPT (Number of particles, Pressure,
Temperature), trong d6 sé luong phan tir, ap suét
va nhiét d dugc gilr khong d6i & 1 bar va 303.15
K. B diéu nhiét v-rescale dugc dung dé khong ché
nhiét dg, thuat toan Berendsen dugc dung cho ap
sudt va tuong tac tinh dién tim xa dugc xir 1y bang
phuong phap particle-mesh Ewald (PME). Mbi hé
dugc md phong 200 ns.

3. Két qua va thio luin

Membrane Lipid ratio number

: Phén tich vi tri theo truc z cho

Liposome . : SO
( ng DOPC 66,66% 67 thay, carvacrol thay doi vi tri dong
Parchekani DPPC 33.33% 33 theo thoi gian va c6 xu huéng di
2022) ' total 99,99% 100 chuyén tir phia ngoai vao trong
PLPC 11.50% 12 mang ¢ moi hé dugc khao sat. Theo
: oo hinh anh phan tich biéu do ket
DLiPC 22.10% 22 qua, qué trinh di vao mang thuong
PLPE 13.30% 13 xay ra trudc khoang 25 ns. O hé
Lipid of DLIiPE 7.30% 7 pentamer trén mang nguon goc dau
soybean PLPI 8.50% 9 nz}nh, phén tr carvac:rol thir 5 ban
membrane ) ) . dau nadm & vi tri thap hon, goi y
(Abdus DLiPI 3.60% 4 xuat phat diém ngay gan hodc trong
Samad, 2007) LLPE 5.1% S leaflet dudi. Ket qua nay cho thay,
Sitosterol 21% 21 carvacrol khoéng chi twong tac bé
stigmasterol 7.5% 8 mat ma thyc (%I tLCZ)th vao moi

truong mang (Hinh 4).
0, r

, total 100% 100 Phan tich phan bé khong gian va
Bacteria DOPC 70% 70 anh chup quy dao tai 0, 100 va 200
Egtzr:gfr;nsehe DOPG 30% 30 n'sqcfmg‘ c0 nhan dinh trén. O thoi
2020) ’ total 100% 100 dllem da'u, CElC p}gan vtu’ cz‘lrvacr(’)!
nam phia trén bé mdt mang voi

Céac mo hinh mang da dugc thiét 1ap bang cong
cu Membrane Builder cia CHARMM-GUI. Hé
mang lipid kép duogc xay dung v6i mdi 16p gdbm 100
phéan tr lipid va dugc md phéng ¢ nhiét d6 303,15
K. Trude khi tién hanh mé phong chinh thirc, cac
hé mang dugc cin bang bang quy trinh 6 budc tidu
chuén nham dam bao trang thai 6n dinh ban dau.

Ngoai ra, m0t mé hinh mang nhan tao chi
gdm 1,2-Dioleoyl-sn-Glycero-3-Phosphocholine
(DOPC) va 1,2-dioleoyl-sn-glycero-3-phosphatidyl-
ethanolamine (DPPC) ciing dugc xdy dung dé danh
gia anh hudng ciia thanh phan mang dén kha ning
tuong tac voi carvacrol.

khoang cach xip xi 2.5 A. Pén
100 ns, phan 16n phén tir dd hién dién trong ving
mang; & cac hé dimer va pentamer, mot b phan ta
cho thdy xu huéng xuyén qua mang va xuét hién
& leaflet d6i dién. Pén 200 ns, da sb phan tr van
nam 6n dinh trong mang. Py 1a bang chung truc
quan manh cho kha nang xam nhép va bam giir
cua carvacrol trong moi truong lipid (Hinh 5).
Thong s6 trat tw dinh huong lién két (S,,) 1a
chi s6 quan trong dung dé danh gia muac do sap
xép va d6 linh dong cia mang lipid trong md
phong dong luc hoc phan tir (MD). Chi sé nay
phan anh dinh hudng cua cac lién két C—H trong
chudi lipid so véi vecto phap tuyén ciia mang (D
Peter Tieleman, 1997).
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Hinh 4: Vij tri cda Carvacrol va méng theo truc z

Lacation af Car and membmane along 7 axis Location of Car and soyhean membrase along 7 axis

-
& i
e =
=]
.H
R
i
i
L ]

Locasion of Car and DOPC_DOPE men akang 2 axis
| =
of Y | i

; }

|

2

o
s Vi) 1508 o W £ [ (£ ]

B. A i Tima it D. Tima it

Locstion of Cir and msem abong & axis

Ons 100ns

ans 100ns

ons 100ns

480 | 86 17/2026

Location af Car and Mem along Z axis

I .

geERes

1
A, MonomerCar — soybean membrana
B. MonomerCar - DOPC_DOPE membrane
C. DimerCar- saybaan mambrans
D. DimerCar - Bacteria membrane
E. PantamarCar - soybean membrana

200ns

ek

@
7

200ns

4 _

200ns



HOA HOC - CONG NGHIEP - THUC PHAM

Thong sé duge tinh theo cong thirc:
3 1
Sey= 5 (cos’ B) - 5

trong do, P 1a goc giira lién két C—H va vecto
phap tuyén cua 16p mang.

Vecto phap tuyén ciia mdi leaflet duoc xac dinh
tir tim kho6i dén nguyén tir phospho cua ting phén tir
lipid, sau d6 l4y trung binh cho toan b leaflet. Véi
nhém CH: hodc CHs, gia tri  duoc tinh trung binh
trén tat ca cac lién két C—H; con véi carbon khong
bdo hoa hoac nhanh methyl dac bi¢t, chi mdt lién
két C—H dai dién duoc st dung (Faramarz Joodaki,
2022).

Giatri cang cao cho thiy mang cang co trat ty va
cting hon, trong khi gia tri thdp phan anh mang linh
dong va 16ng hon.

Phén tich order parameter cho thiy Scd cua cac
duoi alkyl déu nho hon 1, cho thiy mang con & trang
thai linh dong sau tuong tac véi carvacrol. So sanh
r& nhat duoc néu cho hé monomer: céc lipid trong
liposome nguén gbc ddu nanh c¢é Scd cao hon dang
ké so voi mang DOPC/DPPC, tir d6 suy ra mang
DOPC/DPPC c6 @6 linh dong 16n hon. Theo logic
giai phong hoat chit, mot mang linh dong hon s it
“gitlf chat” carvacrol hon va do d6 hira hen hiéu qua
phong thich tét hon (Hinh 6).

4. Két luan

Tir cac két qua phan tich mé phong cho thay,
phan tir Carvacrol c6 d6 6n dinh cao trong sudt qua
trinh nghién ctu, du tdn tai & dang monomer, dimer
hay pentamer. Khong ghi nhan sy pha v& ciu tric
hay bién d6i bat thudng nao, ching t6 Carvacrol c6
tinh bén ving t6t trong diéu kién mé phong.

Két qua ndi bat nhat 1a kha nang tuong tac manh
giita Carvacrol v6i mang liposome va mang té bao
vi khuan. Phan tich vi tri, phan bd va hinh anh m
phong cho thay, Carvacrol khong chi bam trén bé
mat ma con c6 kha nang thdm nhdp sau vao bén
trong mang va van duy tri trang thai 6n dinh sau khi
chén vao mang. Piéu nay giup lam sang to co ché
khang khuan ciia Carvacrol ciing nhu tiém ning tmg
dung trong hé dan thudc.

bic biét, ¢ hé Carvacrol dimer - mang dau nanh,
mot sé phan tir Carvacrol c6 xu huéng xuyén siu
vao mang, md ra huéng nghién ctru méi vé hidu qua
vi bao hoa Carvacrol va gép phan giai thich su khac
bi¢t thuc nghiém gitra Carvacrol ty do va Carvacrol
dugc bao goi trong liposome.

Nghién ctu cling xay dung duwoc hé liposome
¢6 thanh phan mang phu hop nham cai thién hiéu
qua mang thudc va kha niang kiém soat giai phong

Hinh 6: Order Parameter cua hé Mono Carvacrol véi cac hé mang

DO DL

PLFE PLPEC

DLIFI DL

A.  Order parameter of MonomerCar - DOPC_DPPC
membrane system

B. Order parameter of MonomerCar - soybean
membrane system
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Carvacrol. Pong thoi, mé phong mang vi khuan S.
Aureus cho thdy Carvacrol c6 thé xam nhap thanh
cong vao mang té bao vi khuan.

Phén tich thong s6 trat tu dudi lipid (Scd) cho
thdy, tit ca gia tri déu nho hon 1, ching t6 mang
lipid c6 d6 linh dong cao. Sau khi Carvacrol tham
nhap, cdu trac mang hau nhu khong thay doi dang
ké va van duy tri tinh linh dong nay. Pic biét, mang
liposome duogc cAu tao tir DOPC va DPPC duoc danh

gi4 14 phu hop hon so v6i mang liposome ngudn gbc
dau nanh nho gia tri Scd thap hon, giup ting tinh linh
dong ctia mang va hd trg giai phong Carvacrol hidu
qua hon.

Ngoai ra, qua trinh nghién ctru tai Phap da goép
phan 1am 6 va giai quyét cac van dé gip phai trong
nghién ctru tai Viét Nam, dong thoi mé rong phuong
phap tiép can bang cach két hop giira thyc nghiém va
mo phong ddng luc hoc phan ti m
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nhém nghién ciru hoan thanh tét dé tai nay.
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ABSTRACT:

This study employs molecular dynamics simulations to investigate the interaction between
carvacrol and three model membrane systems, including soybean-derived liposome membranes,
an artificial liposome membrane for compositional comparison, and the bacterial membrane of
Staphylococcus aureus. Carvacrol ligands were obtained from the PubChem database, and membrane
systems were constructed using CHARMM-GUI and simulated with GROMACS 2016 under the
CHARMM36 force field, TIP3P water model, and NPT conditions at 303.15 K and 1 bar for 200 ns.
The results show that carvacrol penetrates the membrane relatively early, typically before 25 ns, and
remains stable within the membrane until the end of the simulation. In dimer and pentamer systems,
some molecules tend to translocate to the opposite leaflet. Order parameter analysis indicates that
all membranes remain fluid after interaction; notably, the DOPC/DPPC system exhibits lower Scd
values than soybean liposomes, suggesting more favourable release of carvacrol. These findings
support further optimization of simpler liposome systems as carriers for carvacrol in antibacterial
applications.

Keywords: carvacrol, molecular dynamics simulation, liposome membrane, Staphylococcus
aureus.
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