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THONG TIN CHUNG TOM TAT

Ngay nhan bai: 18/05/2023 Staphylococcus aureus khang methicillin (MRSA) Ia mam
. o . bénh nguy hiém gay ra nhieu bénh truyen nhiem nghiém

Ngay nhan bai sira: 15/06/2023 trong & ngusi. Hién twong dung nap thude, khang thudc va

Ngay duyét dang: 24/06/2023 roi loan vi khuan tang nhanh do lam dyung khang sinh dang

can tro hiéu qua cua cac lieu phap khang sinh hién dai chu
yéu duoc sur dung dé diéu :[rj mam bénh pho bién trén toan
thé giai nay. Protein lién két penicillin 4 (PBP4) 1a moét loai

TU KHOA enzyme vi khuan thugc vé ho protein gin penicillin.
Enzyme nay dong mot vai tro quan trong trong qu@ trir]h
Elavonoids: sinh tong hop va duy tri thanh té bao vi khuan, diéu can

thiét cho su séng cua vi khuan. Trong nghién ctu nay,

M6 phdng tuwong tac phan t; ching t6i &p dung phuong phap mo phong tuong tac phan

PBP4; tir dé tim ra céc flavonoid c¢6 kha nang lién két voi vi tri xtic
Sang loc do; tac cua PBP4. Két qua cho thay 39 flavonoid c6 ai luc lién
Umbralisib két manh hon v6i PBP4 so véi phoi tir dong két tinh. Trong

sb d6, niam hop chat c6 & luc gin két manh nhat la
Umbralisib,  Quercitrin, Isosilybin, Kaempferol-3-O-
rutinoside va Eriocitrin. Pang chii y, Umbralisib cho thay i
luc lién két manh nhat (-11.05 kcal/mol), va tao thanh hai
lien két hydro véi céc axit amin Ser262, Ser75 va bén
tuong tac ky nudc tai cac axit amin Phe24l, Alal82,
Leul15 va Tyr291. Két qua dat duoc s& cung cip nhiing
thong tin co ban thiét thuc cho nhitng nghién ctru sdu hon
sau nay vé viéc ung dung cac hop chét tir trong diéu tri
hoac hd trg diéu tri nhidm khuian MRSA trong tuong lai.

ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) is a
dangerous pathogen that causes various serious infectious
diseases in humans. The phenomena of drug uptake,
antibiotic resistance, and bacterial disruption are rapidly
increasing due to the misuse of antibiotics, which is
hindering the effectiveness of modern antibiotic therapies
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primarily used to treat this globally prevalent pathogen.
Penicillin-binding protein 4 (PBP4) is a bacterial enzyme
belonging to the penicillin-binding protein family. This

enzyme plays a crucial

in the synthesis and

maintenance of bacterial cell walls, which are essential for
bacterial survival. In this study, the authors employed a
molecular docking method to identify flavonoids capable
of binding to the catalytic site of PBP4. The results
revealed that 39 flavonoids exhibited stronger binding
affinity to PBP4 compared to the co-crystallized ligand.
Among them, the top five compounds with the strongest
binding affinities were Umbralisib, Quercitrin, Isosilybin,

Kaempferol-3-O-rutinoside,

Notably,

Umbralisib exhibited the highest binding affinity (-11.05
kcal/mol) and formed two hydrogen bonds with the amino

acids Ser262, Ser75, as well

hydrophobic

interactions with the amino acids Phe241, Alal82,
Leull5, and Tyr291. The obtained results provided
valuable foundational information for future in-depth
research on the application of these compounds in the
treatment or adjunctive therapy of MRSA infections in the

future.
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1. GIOI THIEU

Trén thé gisi, viéc sir dung khang sinh khong
dung cach hodc lam dung cac thubc khang sinh da
dan dén tinh trang khéng khang sinh ngay cang
nghiém trong va dang trd thanh van dé toan cau.
Nguyén nhan chinh cua hién tuong khang khang
sinh 1a do sy xuét hién caa cac chang vi khuan
khéng thudc khang sinh (Prestinaci et al., 2015).
Cac chung vi khuan nay co thé khang thudc tu
nhién, hozc do tiép xtc véi thuc khang sinh. Khi
do, khang sinh s& khoéng con hiéu qua trong viéc
diéu tri cac bénh nhiém khuan, ngudi bénh can
dugc chia tri bang loai khang sinh phé rong hon,
manh hon. Vi khuan khang thudc khang sinh ton
tal & nguoi, dong vat, thuc vat va ca ¢ moi treong
xung quanh, va gan nhu khong c6 rao can nao
trong viéc lan truyén céc gene khang thudc gitra
cac chang vi khuan khéac nhau (Jian et al., 2021).
Viét Nam hién c6 ty 1é khang khang sinh thudc
hang cao nhat chau A, vai nhiém trung da khang
thudc gay ra hang ngan ca tir vong mdi nam, ty 1é
mac cac bénh ly nhiém khuan cao thir hai chi sau
cac bénh ly tim mach (Bordier et al., 2018;
Torumkuney et al., 2022). Vi khuan gram duong
Staphylococcus aureus la mam bénh phé bién
nhét lién quan dén cac bénh nhiém tring da trén
toan thé gioi, bat ké tudi tac hay gigi tinh cua
bénh nhan, diéu kién khi hau hoic khu vuc dia ly,
dong thoi chung vi khuan nay ciing 1a tac nhan
chinh dan dén cac nhidm tring bénh vién (Del
Giudice, 2020). Cac biéu hién l1am sang chinh
trén da co thé lién quan dén mot sé doc té do vi
khuan nay tao ra, lam phat sinh céc triéu ching
1am sang da dang va gay kho khin trong diéu tri.
Tuy nhién, mét trong nhitng thach thuc Ion khi
diéu tri S. aureus ¢ bénh nhan cé bénh Iy nhiém
tring da Ia tinh trang khang thubc khéang sinh
thugc nhom methicillin, nghia 1la nhom khang
sinh methicillin tr& nén vo hiéu dbi véi S. aureus,

vi vay nhom vi khuan nay duoc goi 1a tu cau vang
khang methicillin (MRSA).

PBP4 (protein 4 gin voi penicillin) 1a mot
enzyme tham gia vao qua trinh sinh tong hop
thanh té bao & vi khuan (Young et al., 2022). O S.
aureus khang methicillin (MRSA), PBP4 da duoc
chitng minh la c6 vai trd kh&ng cac khéang sinh
thugc nhom beta-lactam, chang han nhu penicillin
va cephalosporin. Trong MRSA, PBP4 c0 ai luc
thdp vai khang sinh beta-lactam, cho phép vi
khuan tiép tuc phét trién va phan chia khi c6 mat
cac khang sinh nay (Young et al., 2022). Ai luc
thap nay la do nhimg thay doi trong trinh tu axit
amin cia PBP4, lam giam kha ning lién két cua
khang sinh beta-lactam. Su phét trién cua chat wc
ché PBP4 da duoc kham pha nhu mot chién lugc
tiém nang dé diéu tri nhiém tring MRSA. Mot s6
hop chit di dwoc xac dinh c6 thé @c ché hoat
dong cia PBP4 va lam tang tinh nhay cam cuaa
MRSA ddi véi khang sinh beta-lactam (da Costa
et al., 2018). Mot loai chat ¢rc ché PBP4 la céc
hop chat dua trén boron, chang han nhu 6-(2-
phenoxyacetamido)-4-(2-aminopyridin-4-yl)-2,4-
dioxoborinane, di dwoc ching minh 1a lién két
véi vi tri hoat dong cua PBP4 va uc ché hoat
dong cuaa no

Mic du nhiéu loai thuéc khang sinh méi da
va dang duoc san xuat dé dua vao diéu tri nhiém
khuan tu cau vang, MRSA van tiép tuc gia ting
va dang trd thanh mdi quan tdm toan cau khi
chung ta dang nhanh chéng hét cac lya chon diéu
tri. Hau hét cac loai thuc khang sinh hién nay
déu c6 ngudn gdc tir vi sinh vat hodc duoc tong
hop hda hoc, trong khi céc loai thuéc khang sinh
c6 nguon gdc tir thuc vat tu nhién thuong bi bo
qua. Vi sy gia tang cac nghién ctu kham pha
cac chat khang khuan cé nguén géc tir thuc vat
trong nhitng nam gan day, mot sé hop chat tiém
ning di cho thdy céc hoat tinh khéang khuan day
hira hen c6 thé dugc phét trién hon nira thanh
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phuong phap tri liéu l1&am sang (YERER, 2019).
Véi su phét trién caa khoa hoc cdng nghé, céac
phuong phép in silico ngay cang dugc tng dung
rong réi trong nghién cau va phat trién thuée moi
(Brogi et al., 2020). Trong d6, phuong phap mo
phong va sang loc 4o da gop phan rat ngan dang
ké thoi gian nghién cuau, tiét kiém mot phan cong
strc va chi phi, cling nhu tang ti 1é thanh cong cua
cac qua trinh phat trién. Cung véi xu thé thoi dai
1a ua chudng c4c san pham tir ty nhién, cac loai
thudc phat trién tir duoc lieu ngay cang khang
dinh vai tro caa minh trong bao vé suc khoe con
nguoi (Atanasov et al., 2021). Pay cling chinh la
nguon dong luc dé thuc hién nhiéu hon nira cac
cong trinh tim kiém va nghién ctu hoéa hoc ciing
nhu duoc luc hoc cua cac hop chat phan lap tur
thuc vat, dac biét 1a cac chat co tiém ning trong
diéu tri nhidm khuan. Do d6, muc dich ctua nghién
ctru nay la dwa vao phuwong phap mo phong phan
tar nham tim ra cac flavonoids c6 tiém ning wc
ché hoat dong cua enzyme PBP4, qua d6 dinh
hudng cho viéc phat trién mot loai thudc ¢ kha
nang diéu tri nhiém khuan do MRSA gay ra.

2. PHUONG PHAP NGHIEN CUU
2.1. Chuan bi ciu trdc protein

CAu trGc tinh thé cua protein S. aureus
penicillin binding protein 4 (PBP4) duoc tai tir
Thu vién cau trac di liéu tin sinh (www.rcsb.org)
véi PDB ID: 5TXI. Do phan giai cua tinh thé
protein la 1,6 A. Ciu trac protein sau khi duoc tai
vé & dinh dang pdb. Cac phan tir nudc va cac hop
chat trong tinh thé duoc loai bo bang phan mém
Discovery Studio 2020. CAu tric cua protein
dugc t6i wu hoa niang luong bang phan mém
SwissPDB (Makarov, n.d.). Sau d¢, tién hanh gan
thém cac phan tir hydro phan cuc bang phan mém
Autodock tool phién ban 1.5.6 (Morris et al.,
2009). Cudi cung, ciu tric cia protein dugc luu
dudi dang pdbgt chuan bi cho qué trinh sang loc.

Tinh thé cua hop chit gan két, ceftobiprole, duoc
sir dung 1a hop chét so sanh trong &i luc lién két
trong nghién ctru nay.

2.2. Chuin bi ciu tric cac flavonoids

Thu vién cu tric cac flavonids phd bién
duoc tai tr website cua Selleck Chemicals LLC
(Huston, TX, USA, www.selleckchem.com). Dau
tién, cac hop chit dugc luu gitt ¢ dinh dang
SMILES. Céc hop chat bj 13i vé& mat ciu trac hay
chira cac thong tin khong day da duoc loai bo ra
khoi tap dir liéu. Sau do, cac hop chat dap tng
nguyén tic Lipinski vé& cac tiéu chi lam thuédc
dugc lya chon cho qué trinh sang loc. Dt liéu
cudi cung géom 187 flavonoid dugc chuyén vé
dinh dang 3D va luu & dang pdbpt dé sir dung cho
qua trinh sang loc bang phan mém Open Babel
3.1.1 (O’Boyle et al., 2011).

2.3. Qua trinh sang loc a0

Qué trinh sang loc bang cach gan cac hop
chat ty nhién vao protein PBP4 si dung phan
mém AutoDock Vina 1.2 (Trott & Olson, 2009).
CAu trdc va vi tri xdc tac cua protein PBP4 dugc
mo ta & Hinh 1. Tham s6 cua vi tri xdc tac géom
cb center_x = 20.5, center_y = -65.5, center_z =
40.0, size_x = 26.25, size_y =22.5, size z =22.5.
Cac tham sb khac duoc thiét 1ap mic dinh theo
phan mém AutoDock Vina 1.1.2. Két qua cia qué
trinh sang loc dugc bao cao dudi don vi kcal/mol
(nang luong lién két). Cac hop chat dugc xép
hang theo thir tu nang luong tir manh dén yéu.
Két qua twong tac giita cAc hop chat va protein
PBP4 duoc mé phong bang phan mém Discovery
Studio Visualizer 2020.

2.4. Dy doan d9 tan va dgc tinh

Do hoa tan cua cac hop chat duoc tinh toan
bing website SwissADME (Daina et al., 2017).
Poc tinh cap tinh qua duong miéng duoc dy doan
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bang cach sir dung server DL-AOT (Xu et al., vao céc protein lién két penicillin trén mang vi
2017). khuan (Davies et al., 2007; Lazzaro et al., 2022).

3. KET QUA VA THAO LUAN

N
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Két qua md phong cho thiy ning luong lién
két gitra Ceftobiprole va PBP4 la -8.538 kcal/mol.
So véi Ceftobiprole, c6 39 flavonoid c6 ai luc lién
két manh hon. Trong d6, nam flavonoid co6 ai lyc
litn két manh nhit 1a Umbralisib, Quercitrin,
Isosilybin, Kaempferol-3-O-rutinoside va Eriocitrin
(Bang 1). Két qua mo phong cho thay, hop chat c6
& luc manh nhat, Umbralisib (-11.05 kcal/mol) tao
hai lién két hydro véi cac amino acid Ser262 va
Ser75 va bén lién két Lién két Hydrophobic vai cac
amino acid Phe241, Alal82, Leull5, Tyr291 tai vi
tri xuc tac cua PBP4 (Hinh 2A). Trong khi do,
Quercitrin hinh thanh bén lién két hydro véi PBP4
tai cdc amino acid Ser139, Thr180, Ser75 va
Thr260 clng véi bon twong tac hydrophobic tai
amino acid Alal82, Leul15, Lys78, Asn141 (Hinh
2B). Tiép theo, Isosilybin, mét llavonolignan, ciing
hinh thanh bdn lién két hydro va bon lien két
hydrophobic lan luot tai amino acid Ser75, Lys78,
Glul14, Thr260, Alal82, Ala74, Leull5 va Phe241
(Hinh 2C). Hai flavonoid khac bao gdm
kaempferol-3-O-rutinoside va eriocitrin ciing cho
thay i luc lién két manh voi PBP4, véi gid tri lan
luot la -10.44 kcal/mol va -10.38 kcal/mol. Tuong
tAc gitra hai phan tir nay va protein dugc thé hién o
(Hinh 2D va 2E). V& mat cau tric, cac nhom
hydroxyl xuét hién trong khung cau triic chung cia
c4c flavonoid gidp hinh thanh cac lién két manh vai
cac amino acid cua céac protein dich. Tuy nhién,
diéu nay ciing 1a 1y do lam giam tinh chon loc vé
hoat tinh cuia cac hop chat c6 khung flavonoid néi
chung.

Bang 2. D6 tan va dgc tinh cua cac flavonoid
duoc dy doan bang cong cu tin sinh hoc

S Tén hegp bo boc
T chit tan tinh
B Canh
1 Umbralisib It tan
bao
Tan Than
2 Quercitrin )
tot trong
Trung Than
Isosilybin
binh trong

Kaempfero Tan Than
I-3-O-rutinoside tht trong
Tan Than
Eriocitrin )
tot trong

Do tan cua cac hop chit dugc du doan béng
website SwisSADME. Hé s6 LogS duoc tinh toan
nhdm danh gi4 do tan trong nudc ciia cac hop chit.
Dua theo két qua phan loai cua cong cu, trong 5
hop chit c6 ai lyc manh nhat voi PBP4, c6 3 hop
chit bao gom Quercitrin, Kaempferol-3-O-
rutinoside va Eriocitrin dugc cho 1a c¢6 kha nang
tan tot trong nude. Trong khi d6, Umbralisib duoc
du doan la it tan va Isosilybin c6 d¢ tan trung binh
trong nude. Poc tinh duong udng ciia cac phan tir
dugc du doan bang server DL-AOT. Muc do doc
tinh ctia cac phan tor duoc chia lam bén muic do
bao gébm “nguy hiém”, “canh b&o”, “can than
trong” va “khong doc tinh”. Co thé thiy ring,
umbralisib c6 mirc d6 gy doc duoc dy doan nim
& murc “canh bao”. Pidu nay co thé giai thich bang
viéc xudt hién cac nguyén tir halogen trong cau tao
hoa hoc ctia Umbralisib. Trong khi d6, bon hop
chét con lai duge du doan c6 doc tinh & mirc thép
hon, ndm & mirc can “than trong” khi st dung
bang dudng ubng. Két qua nghién ctru nay cho
thdy rang mic du Umbralisib co ai luc lién két
manh d6i voi PBP4, tuy nhién, can c6 thém céc
nghién ctru vé mit ciu tric nham ting do tan ciing
nhu giam doc tinh ctia hop chét nay dé c6 thé sir
dung phu hop trong lam sang. Ngoai ra, 4
flavonoid con lai déu 1a cac hop chat dugc phan
lap tir thién nhién. Do d6, két qua nay co thé la
bang chimg cho viéc nghién ctru kha ning khang
khuan bang cic san pham co ngudn goc tir tu
nhién chtra thanh phan 1a cac flavonoid da néu
trén.

Flavonoid 1 mdt nhom cac hop chat ty nhién
duoc tim théy trong nhiéu loai thuc vat, trai cay va
rau qua, va da dugc chung minh la c6 mot loat cac
hoat dong sinh hoc, bao gém tac dung chdng oxy
hoa, chéng viém va khang khuan (Baharfar et al.,
2015). Mot nghién ctru duoc cong bd trén tap chi
Molecules va International Journal of Molecular
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Science cho thiy mot sd flavonoid, bao gbém
Quercetin, Naringenin va Catechin, thé hién hoat
tinh khang khuan manh chéng lai MRSA (Amin et
al., 2016; Veiko et al., 2023). Céac flavonoid nay
duoc phat hién c6 tac dung urc ché su phat trién va
ton tai cia MRSA bang tac dong vao mang té bao
va can thiép vao qué trinh phén chia té bao cua vi
khuan. Thém vao d6, Hani A. Alhadrami va cong
su da chi ra vai tro ctua cac flavonoid trong vi¢c
gan két tryc tiép vao protein PBP2a (penicillin-
binding protein 2a) trong viéc (rc ché su phat trién
cia MRSA (Alhadrami et al., 2020). Nhin chung,
trong khi mot sé flavonoid da cho thdy hoat tinh
khang khuan tiém ning chng lai MRSA trong cic
nghién ctru trong phong thi nghiém, thi van can
nghién ctru thém dé danh gia hiéu qua va do an
toan cta chung trén co thé sdng cling nhu dé xéac
dinh liéu lwong va chién luoc phan phdi tbi wu.
Ngoai ra, flavonoid thuong c6 kha dung sinh hoc
kém va chuyén hoéa nhanh, diéu nay cé thé han ché
tiém ning diéu tri ciia chung.

Umbralisib 14 mot chat (rc ché phan tir nho
nhim véo phosphoinositide 3-kinase (PI3Ks), la
nhiing enzyme tham gia vao cac con dudng truyén
tin hidu té bao dong vai trd quan trong trong sy
phat trién, biét hoa va séng sot cia té bao (Fowler
et al., 2021). Umbralisib da dugc Co quan Quén ly
Thyc pham va Duogc pham Hoa Ky (FDA) chap
thuan dé diéu tri mot so loai ung thu mau. Tuy
nhién, c¢6 rat it nghién ctru vé tac dung khang
khuan tiém an cta no, bao gdm ca tac dung chdng
lai MRSA. Isosilybin 1a mdt flavonolignan, mot
loai flavonoid, dugc tim thdy trong cay Silybum
marianum (Bijak, 2017). Trong nghién ciru gin
day, cac flavonolignan bao gdm isosilybin A va
isosilybin B cho thdy kha ning trc ché sy phat trién
ctia ching MRSA dugc phan Iap tir cac bénh pham
lam sang (Kang et al., 2011). Trong khi do,
kaempferol-3-O-rutinoside, con dugc goi la
nicotiflorin, 1a mdt flavonoid glycoside dugc tim
thdy trong mot s6 cdy thudc. Nicole J Yang va
cong su da chi ra kaempferol-3-O-rutinoside co
kha ning trc ché enzyme & mang té bao sortase A,

dong vai trd quan trong trong s xam nhap té bao
chi cua ching vi khuan tu ciu vang (Yang &
Hinner, 2015). Mat khac, nhiéu nghién cuu cho
thay Eriocitrin c6 kha ning trc ché su phat trién
cta nhiéu ching vi khuén khac nhau, dic biét 1a
chung MRSA dugc phan lap tor lam sang. Tuy
nhién, co ché vé khang khuan cta hop chit nay
van can phai 1am rd. Nhin chung, ching toi cho
rang két qua nghién ctru nay 13 co so rat quan
trong cho cac nghién ctru in vitro va in vivo gin
két truc tiép vao PBP4 nham phat trién phuong
phap diéu tri méi chong lai nhiém tring do MRSA
trong 1am sang.

4. KET LUAN

Staphylococcus aureus khang methicillin
(MRSA) 1a mam bénh c6 thé giy ra cic bénh
truyén nhiém nghiém trong ¢ ngudi. Protein lién
két penicillin 4 (PBP4) 1a mot loai enzyme vi
khuin thuéc vé ho protein lién két penicillin.
Enzyme nay déng mot vai trd quan trong trong
qua trinh sinh téng hop va duy tri thanh té bao vi
khuan. Nghién ctu chung t6i chi ra riang 39
flavonoid thé hién 4i luc lién két manh hon véi
PBP4 so voi phdi tir dong két tinh. Trong s6 do,
Umbralisib, Quercitrin, Isosilybin, Kaempferol-3-
O-rutinoside va Eriocitrin 1a nam tng ctir vién
trién vong nhat, véi Umbralisib thé hién mbi quan
hé rang budc manh nhat. Umbralisib hinh thanh
hai lién két hydro véi cac axit amin Ser262, Ser75
va bon twong tic ky nudc tai cic axit amin
Phe241, Alal82, Leull5 va Tyr291. Nhiing phat
hién nay cho thdy Umbralisib va cac flavonoid
khac c6 tiém nang phat trién thanh thudc khang
khuan hiéu qua dé diéu tri nhidém tring MRSA.
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