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TOM TAT

Kham phé khang sinh méi 1a mét qua trinh khé khan, on kém va mat nhieu thoi gian. Véi so
liwong khdng sinh duwoc phé duyét ngay cang giam két hop Véi si gia tang dé khang ¢ vi khuan, can
thiét phai phét trién mgt cach tiép can hop 1i hon d@é tao diéu kién va thic day qué trinh kham pha
khang sinh méi. Hién nay, hwong tiép cdn sit dung cdc phiwong phdp in silico dang déng vai trd
ngay cang quan treng trong qua trinh nay va J4 tré thanh mét phan khang thé thiéu trong phan lon
cde chirong trinh kham pha thudc. Bén canh do, sw phét trién cia cdc phwong phdp in silico ngay
cang duwot hé tror béi s phét trién cua cac thudr todn va co sé cong nghé thong tin. Cac cong cu
in silico c6 thé diroc &p dung & nhiéu giai doan khéac nhau trong qué trinh kham pha thuac: tir lva
chon muc tiéu cho dén xdc dinh cac phan tiz khoi nguon dén toi wu héa. Trong tong quan nay,
chiing t6i dé cdp cac phwong phdp in silico da dwoc phat trién cho muc dich fim kiém cac muc tiéu
thuoc méi. Ngodi ra, ching tdi ciing trinh by nhiing tién bg gan day trong viéc ap dung cac
phiong phdp khdm phd thuéc véi su hé tror ciia mdy tinh dé phét trién cac phan ti khang sinh mdi.

Tir khoa: d& khang khéang sinh, kham phé khang sinh mai, kham phé thudc véi sy hd tro cia
may tinh, phwong phap in silico, tim kiém muyc tiéu thudc méi.

1. Mé dau

Viéc sir dung céc tac nhan héa tri liéu trong diéu tri nhidm khuan vao nhirng nim
1930 d& danh diu mat trong nhitng dot pha y hoc quan trong nhat caa thé ki XX. Trong
nhirng nam tiép theo, s6 lugng cac loai khang sinh dugc phat hién ngay cang nhiéu, dic
biét la giai doan tir 1940-1990 (hay con duogc goi la ki nguyén vang caa kham phé khang
sinh), vai sy xuat hién caa hau hét cac loai khang sinh dugc st dung cho dén ngay nay.
Viéc tng dung céc tac nhan nay trong diéu tri d& gop phan giai quyét nhiéu van dé vé y té
(Aminov, 2010). Tuy nhién, di kém voi cac tién ich trong diéu tri 1a sy dé khang khang
sinh d4 xuat hién & mot toc do dang bao dong (Ventola, 2015). Van dé nay ngay cang tro
nén quan trong khi sé Iugng nhitng nghién ciru phét trién cac nhom thudc thay thé moi
ngay cang giam (Public Health England, 2015) (Hinh 1). Trong mot bao céo boi
Kmietowicz (2019), hién chi c6 tam trong s6 51 tng vién khang sinh dang duoc thi
nghiém 1am sang la ¢ khac biét dang ké so véi cac nhdm khang sinh hién cd. Vi vay, tinh
trang khang khang sinh d4 1am giam kha niang diéu tri nhiéu bénh nhiém khuan va bao hiéu
su xuét hién caa ki nguyén hau khang sinh (William, 2016).
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Hinh 1. Cac méc kham pha khang sinh va thoi diém phét hién d@é khang tiong img

Hau hét cac khang sinh trong qua khir dwoc phét hién théng qua huéng tiép can sang
loc va thir nghiém hé thdng, sau do6 thuc hién cac bién d6i dé tao cac dan xuit véi nhidu wu
diém hon so voi phan tar gbc (Coates & Hu, 2007). Vi du, cac khang sinh ty nhién nhu
penicillin ¢4 dwgc phét hién bang quan séat khoa hoc (Pelaez, 2006). Cac hop chat nay d4
cung cap c4c CAu tric cin ban nhu acid 6-aminopenicillanic, ma sau d6 d& dugc céc nha
hoa dugc st dung dé tao cac dan xuat nhu amoxicillin (Rolinson & Geddes, 2007). Qué
trinh nay thuong ton nhiéu thoi gian, chi phi va nhan lyc. Bé giam thiéu cac han ché trén
trong qué trinh khdm pha khang sinh, cac nha nghién ctru ¢4 str dung thanh tyu caa nhiéu
linh vuc khoa hoc khac, trong dé c6 khoa hoc may tinh va tin sinh hoc, dé dem dén nhiing
hudng tiép can khdm pha thudc hién dai (Knowles, 1997). Uu diém lon nhat caa kham pha
thudc hién dai so véi cac hudng tiép can truyén thong la nha nghién ciru c6 thé diéu chinh
hop chat quan tam Vvéi cac dac tinh mong mudn ma c6 thé dugc tinh toan trudge khi thuc
hién thi nghiém cu thé.

Trong s6 cac hudng tiép can kham pha thudc hién dai, huéng tiép can in silico d4
nhan dugc nhiéu sy quan tdm trong hai thap ki qua (Wadood et al., 2013). In silico c6 thé
dugc dinh nghia la “dugc thuc hién trén may tinh hoac théng qua mé phong may tinh”.
Ngay nay, cac phuong phép in silico d4 tro thanh mot phan quan trong cia qué trinh kham
phé thudc hién dai do chdng c6 thé tac dong Ién nhiéu giai doan cua quy trinh nay (Allesh
Biosciences Labs, 2009) (Hinh 2). Ngoai ra, c4c phuong phap kham pha thudc in silico c6
vai tro quan trong trong viéc giam thiéu cac thir nghiém in vivo, dé hd trg thiét ké cac loai
thudc an toan hon, dé xac dinh lai tc dung cac loai thudc da biét (drug repositioning) va dé
hd trg cac nha héa dugc & nhidu budc (thiét ké, phét trién va tdi wu hoa) trong qua trinh
kham pha thuéc.
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Hinh 2. Tiém néng 1ng dung ciia cdc phirong phdp in silico
trong quy trinh kham pha thusc hién dai

Trong sb cac phwong phap in silico dugc sir dung trong kham pha thudc, md hinh
hoa pharmacophore, méi quan hé dinh lugng gitta cdu tric va tac dung sinh hoc
(Quantitative Structure—Activity Relationship - QSAR) van la nhitng phuong phip dua
trén phdi tir duoc lwa chon dé sang loc 40 hoat tinh ciia mot tap hop cac phdi tir. Khi thong
tin vé& cau trdc ba chiéu (3D) cua muc tiéu da dugc mo ta, cac phuong phap thiét ké thude
duwa trén ciu tric duoc chon. Nguoc lai, khi chi ¢6 trinh tu acid amin, ki thuat mé hinh
turong dong c6 thé duoc st dung dé xay dung cau tric 3D caa protein. Mot trong nhitng vi
du dau tién cua Gmg vién khang sinh duoc phat trién theo hudng tiép can in silico 1a mod
hinh cau tric hop chat ECO-0501 c6 hiéu qua chong lai mot s6 vi khuan Gram duong
(Banskota et al., 2006). Gan day, nhiéu hop chit khac duoc phéat trién theo hudng in silico
ciing duoc dé& xuét 1a cac tng vién khang sinh day hira hen nhu cac chat tc ché quorum
sensing (Kalia, 2013), c4c chat ic ché yéu t doc luc (Baron, 2010) va cac chat ngin can
su bam dinh va tao khuan lac cua vi khuan (Cusumano & Hultgren, 2009). Diéu nay cho
thay tiém ning ctia huéng tiép can in silico dé phét trién cac khang sinh mot cach hiéu qua.
Trong khi sang loc thong lugng cao (High-Throughput Screening - HTS) van la nén tang
chinh ciia nghién ciru dugc pham, ti 1¢ thanh cdng cua né trong linh virc phét trién thude
khang khuan hién vin chua dap ung duoc yéu cau (Overbye & Barrett, 2005). Vi vay, khi
nhirng thanh tyu cong nghé vé tai nguyén phan cing va phan mém, thiét ké thuat toan,
ciing nhu nhitng tién bo sinh hoc trong viéc xac dinh cac dbi twong tac dong (hay muc tiéu
thubc) méi da 1am cho céc phuong phép in silico tré thanh nhitng phuong phap co gié tri
trong giai doan dau caa qua trinh khdm phé thuc hién dai.

Trong tong quan nay, chung téi trinh bay tiém ning tng dung ciia huéng tiép can
in silico trong viéc khdm pha cac khang sinh mai, trong ¢4 nhin manh vao noi dung tim
kiém muc tiéu thudc (drug target) bang cac cong cu in silico va thiét ké phan tir khai nguon
(lead molecule) véi su hd trg caa may tinh.

2. Xdc dinh myc tiéu thudc ¢ vi khudn bang cdc phwong phdp in silico

Khi co s& phan tir caa sinh Ii bénh dugc giai ma, cac nghién cau kham phé thude

ciing dang ngay cang duoc tap trung vao hudng tiép can dua trén muc tiéu (Lindsay,
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2003). Céch tiép can nay phan anh sy thay ¢6i md hinh tir phuong phap duya trén phdi tir
sang phuong phap dya trén muc tiéu. Xac dinh muc tiéu hop Ii 1a budc dau tién trong quy
trinh khdm pha thudc. Tuy nhién, ban than viéc xac dinh muc tiéu khdng phai lic nao ciing
tan dung nhiing dir liéu nghién ctru mot cach hop li. Nhiéu muc tiéu khi di vao quy trinh
nghién ctiru duoc chon dua trén dit liéu vé vai trd caa chiing trong mot bénh 1i nhat dinh.
Sau d6, chung thuong dugc x&c nhan thdng qua céc thar nghiém in vitro va in vivo tén
cong, tén thoi gian va co ti 1é hao hut cao. Vi vay, cac phuong phap hién dai hon 1a can
thiét dé lya chon dugc cac muc tiéu c6 nhiéu kha ning thanh cong hon. Hudng téi muc
dich nay, cic phuong phap in silico ¢6 tiém niang cao trong xac dinh muc tiéu thuéc dang
dugc chu y (Yang, Adelstein, & Kassis, 2009).
2.1. Muc tiéu thuéc tiém ning

Muc tiéu thudc cé thé dinh nghia 1a mot dai phan ti, thuong 1a mot protein, ma thao
tac trén ching c6 thé dan dén loai bo nguyén nhan hoac lam giam céc triéu chiang gay ra
bai sinh i bénh. Céc thao tac chi yéu dat duoc bai cac phan tir nho, mic di viéc st dung
céc chat c6 ngudn gbc sinh hoc (peptide va khang thé) dang ting 1én nhanh chong. Két qua
cua thao tac c6 thé dan dén sy irc ché hodc ting cudng chirc ning ty nhién cua protein muc
tiéu. Mic du sy lién quan sinh hoc 1a mét tiéu chi thiét yéu, nhung dé tro thanh mot myc
tiéu thudc tiém niang, mot protein cua vi khuan thuong phai dap tng thém mat s tiéu chi:
a) N6 can thiét cho sy ton tai caa vi khuan (vi du nhu chju trach nhiém cho su phan chia té
bao, trao ddi chat...); b) Mirc d6 bao ton cua muc tiéu giira cac loai phai du cao, dé n6 o
thé duoc str dung nhu mot muc tiéu tri liéu phé rong; ¢) Muc tiéu khdng nén c6 sy tuong
ddng vai cac protein & vat chi voi chirc ning twong tu dé tranh tac dong khéng mong
mudn; d) Muc tiéu phai c6 thé “dung thiét ké thuc” (druggability), nghia 1a mot phan tir
phéi tir c6 thé tuong tac voi vi tri hoat dong va cé kha ning thay doi chirc ning sinh hoc
cua nd. Bong thoi, cac phan tir phdi tir nén c6 tinh chon loc cao ddi véi myc tiéu dé giam
thiéu nhitng tuong tac khong can thiét; d) Phan tir muc tiéu phai on dinh vé mat di truyén
va e) Muc tiéu phai hoa tan va da 6n dinh dé tao ra cac tinh thé chat luong cao va nhiéu xa
t6t, nham dap wng cho nghién ciru vé twong tac muc tiéu cua thudc. Cac yéu té nay Ia hét
sic quan trong khi lya chon mot muc tiéu thude pha hop (Chandra, 2011).
2.2. Ung dung ciia cdc phwong phdp in silico trong xdc dinh muc tiéu thuéc tiém néing

Hién nay, thdng tin sinh hoc dugc luu trir trong cac tai liéu va co so dir ligu (CSDL)
trai rong trén nhiéu mic do khac nhau caa t chuc sinh hoc. Vi vay, thong tin dung dé xac
dinh muc tiéu thudc co thé dén tir nhiéu mac @6 (Hinh 3). BSi véi cac vi sinh vat gay bénh,
so sanh trinh ty cia ching gay bénh véi nhitng chiing ¢ trong CSDL trinh ty s& dé dang
xac dinh duoc ho va bo genome/proteome cua chung. Ngoai ra, viéc so sanh véi cac bo dir
liéu trinh ty gitra cAc chung gay bénh va khéng gay bénh s& dan dén viéc xac dinh céc
protein duy nhat ¢ ¢ chiing gay bénh (hozc it nhét 1a du khéc biét so véi cac protein ¢ &
cac chang khdng gay bénh), tir ¢ cung cip danh sach so bd vé cac muc tiéu thude tiém
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nang. Do d6, tinh dac hiéu c6 thé duoc giai quyét dé dang thdng qua cac phan tich trinh tu
bo gen/protein. Dé thiét ké cac chat khang khuan phd rong, dit liéu vé tinh dic hiéu cua
nhém vi khuan théng qua phan tich cay phat sinh loai s& cuc ki hitu ich dé xac dinh cac
muc tiéu thich hop. Khi ¢ ciu tric ba chiéu hoic md hinh ciu tric véi do chinh cao, tinh
dac hiéu co thé duogc giai quyét & mirc d sdu hon bang cach so sénh cau trlc ba chiéu cua

protein muc tiéu véi cac protein khéc trong té bao cua chinh né (Blundell et al., 2006).
-

Trinh tir gene/protein, da hinh don *DPic diém trinh ty; gene ontologies: mé hinh trinh tr -
nucleotide (SNP) chitc nang; SNP va cédc dot bién

+So sanh trinh tw bo gene; sap giong cot da trinh tr; cay

Genome/proteome phét sinh phylogenetic

M6 hinh cau tric protein; so sanh céu trac ddc trung; cin

Cau truc protein - e
p chinh cau trac

+Phan tich két cau, vai tro, chién lwoc c6 thé dé ngan chin

Phirc hop phén ti hinh thanh phttc hop

*M06 hinh dong hoc: phan tich can béng flux; xac dinh cac

Con duong chuyén hoa - T o
< enzyme quan trong va phan ung flux

*Tuwong tac protein-protein, anh hwong va sy phu thude

Mang luéi phan tie - LOT
e p cua cac phan ti sinh hoc

Tuong quan kiéu gen-kiéu hinh; qué trinh diéu tiét va

Qua trinh tc bao truyen tin hiéu

.

Hinh 3. Cac muzc dé thong tin sinh hoc ¢ thé dwoc sir dung dé xdc dinh myc tiéu thusc

Bén canh tinh dic hiéu, cac md hinh cau tric cd thé dugc sir dung dé phan tich mot
tham s6 quan trong khéac, do 1a tinh “dung thiét ké thuc” (Al-Lazikani et al., 2008). Dix
liéu vé cAu tric cua protein dich giup chung ta uéc tinh liéu n6 c6 thé lién két dac higu va
liéu chirc ning cua nd ¢ thé dugc thao tac véi cac phdi tir phi hop hay khong. Dé thyuc
hién diéu nay, (cac) vi tri rang budc duoc xac dinh va ban chat cua vi tri dwoc md ta.
Nhitng cau trac khoang du 16n (c6 kha ning twong tac) va c6 vi tri rang buc anh huong
dén chuc ning cua protein s& 1a cac muc tidu tac dong tiém ning cua phdi ta (Perot,
Sperandio, Miteva, Camproux, & Villoutreix, 2010). Cac phwong phap in silico bao gom
docking phan tir khi d6 s& ¢6 gié tri trong viéc wdc tinh kha ning ning lién két protein —
phdi tar (Chandra, 2011). Mot nghién ciu vé proteome vi khuan Vancomycin-resistant
Staphylococcus aureus (VRSA) chi ra sy htu ich ctia cac phuong phap in silico cho muc
dich nay (Hasan, Alauddin, Al-Amin, Nur, & Mannan, 2016). Bing cach sir dung cac mo
hinh c4u trdc protein cua ca té bao cha va mam bénh, céc vi tri tac dong cé thé duogc phét
hién bang thuat toan du doan vi tri rang budc va sau d6 dugc so séanh véi nhau, tir d6 xac
dinh céc protein duy nhat & VRSA. Cubi cung, viéc kiém tra tinh “dung thiét ké thudc”

164



TAP CHi KHOA HOC - Trwéng DHSP TPHCM Lé Anh Vi va tgk

dugc thyc hién ty dong bang cac phan tich trinh ty. Mot phuong phéap tuong tu ciing d4
dugc béo céo, duoc goi 1a phuong phap hoa tin hoc hé thong, gitip xéc dinh cac muc tiéu
“off-targets” théng qua cac vi tri lién két phdi tir (Xie, Xie, & Bourne, 2011).

Sy xuét hién khang thudc 1a mot van dé 1on trong diéu tri nhiéu bénh, dic biét 1a voi
c4c tac nhan khang khuan. Céc chién luoc duoc dé xuat dé chdng lai diéu nay bao gom
viéc sir dung cac protein myc tiéu it kha ning dot bién va do do it bi khang thudc hon (Tan,
Tillett, & McKay, 2000). Cac yéu té doc lec ¢ vi khuan thugc nhém nay va cé thé sir dung
nhu cac muc tiéu tiém nang. Vi dy, bang cach sir dung thuat toan dé phan tich mang ludi
chuyén hoa & vi khuan Mycobacterium tuberculosis, cac nha nghién cou di dwa ra gia
thuyét rang mot sé protein nhét dinh c6 thé dong vai trd 1a diém trung tam trong viéc kich
hoat sy xuat hién cua khang thudc va do d6 co6 thé duoc nham muc tiéu ciing véi muc tiéu
chinh dé ngan chin co ché khang thuéc (Raman & Chandra, 2008).

Theo huéng tiép can truyén théng, van dé an toan duoc pham duoc giai quyét tir dau
bang céch bién ddi chinh phan tir thudc d4 dugc phé duyét. Tuy nhién, viéc lya chon can
than muc tiéu c6 thé hitu ich trong viéc giai quyét van dé trén ngay khi bat dau qua trinh
kham pha thudc. Vi du, dé giai quyét van dé doc tinh, cac nha nghién ciu cé thé so séanh sy
trong dong caa protein muc tiéu & mam bénh véi cac protein c6 & hé vi sinh vat duong
rudt. Cu thé, nhém cac muc tiéu tiém niang c6 thé dugc so sanh bang phuong phép so sanh
trinh ty v&i céc protein c6 CSDL b protein cua hon 100 vi sinh vat duong rugt (Raman,
Yeturu, & Chandra, 2008). Nhiing protein ¢ trinh tu twong dong vai protein caa vi sinh
vat duong rudt sau do co thé dugc loai bo khoi quy trinh kham phé thude. Biéu nay gidp
cho nha nghién ctu tranh thiét ké mot loai thudc s& vo tinh &c ché protein trong hé sinh vat
duong ruot ma can thiét dé duy tri chire nang hé duong rudt binh thuong. Mot van dé quan
trong khac duoc giai quyét thdng qua so sanh trinh tu protein la sy xuat hién caa doc tinh
do vd tinh rang bugc véi cac “anti-targets”. Cac protein nhur chat van chuyén va bom, lam
thay doi tinh kha dung sinh hoc cua thudc bang tic dong “efflux” cua ching hoic cac
protein gay ra tac dung phu nguy hiém, nhu protein hERG duoc xem la “anti-targets” (Vaz
& Klabunde, 2008). Do d6, c6 thé sir dung phuong phap phan tich in silico ¢é chon mot
muc tiéu sao cho n6 du khac biét so voi céc protein thuoc nhom “anti-targets”. Bang cach
xem xét cac khia canh nay, nguy co that bai ciia cac ng vién thudc trong cac giai doan
kham pha thubc sau d6 c6 thé dugc giam thiéu.

D4 c6 dé xuét rang céach tiép can hop i hon cho kham pha muc tiéu thudc s& la xac
dinh cac t6 hop protein thuong thiy trong cac kiéu hinh bénh, thay vi cach tiép can thong
thuong 1a tac dong mot muc tiéu — mot thoi diém (Hopkins, 2008). Vi du thuc té cho céch
tiép can nay la thuc hanh 1am sang rong réi trong viéc ké don phdi hop khang sinh cho
nhiéu bénh nhiém khuan. Vi vay, cac phan tich ¢ cap do hé thong rat hitu ich trong viéc
xac dinh céc két hop muc tiéu thuc toi wu (Raman, Vashisht, & Chandra, 2009). CAc
CSDL chira cac thong tin nhu vay dang chitng minh Ia tai nguyén hiu ich cho cac nha
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khoa hoc trong linh vyc ndy. CSDL Tropical Disease Research (Aguero et al., 2008) dung
dé dy doan kha ning “dung thiét ké thudc” cua protein muc tiéu & vi khuan 1a mot vi du
nhu vay.
3. Kham pha khang sinh véi su hd trg ciia may tinh
Nhiing d6t phé khoa hoc trong hai thap ki qua d& cdch mang héa linh vyc nghién ctu

va phét trién duoc pham. Cac phuong phap truyén thdng nhu HTS ngay cang duoc st dung
két hop véi cac chién lugc moi dwa vao cac linh vye nhu héa sinh hoc, md hinh héa phan
ter va dac biét 1a cac linh vyc “omic” (genomic, transcriptomic, proteomic va
methablomic). Nhitng céch két hop nay d4 thic day dang ké cac kham pha vé nhitng qua
trinh sinh hoc quan trong va hd tro dinh hinh tuong lai nganh duoc pham. Bén canh do,
viéc tich hop cac phuong phap nay dd dan dén su tang truong theo cip s nhan caa dit liéu
héa hoc va sinh hoc (Bang 1), din dén su gia ting vé mic do phuc tap cua quy trinh
nghién ciru va phat trién thude. Do d6, cac nghién ciru va phat trién thudc hién da tap trung
VA0 Viéc phét trién cac phuong phép tinh toan dé rat ra y nghia tir nhiing dit liéu nay va mo
phong cé&c hién tuong quan trong lién quan dén hoat tinh cua thuc, tinh chat dugc dong
hoc (Absorption, Distribution, Metabolism, and Excretion - ADME) ciing nhu dc tinh.

Bdng 1. Cac co so dir liu sur dung cho muc dich sang loc do

Co sé dir ligu M6 ta Pia chi truy cap
CSDL caa cac phan tar nho cé chaa http://www.bindingdb.org/bind/index
BindingDB 910.836 dir liéu lién két cho 6263 muc  .jsp

tiéu protein va 378.980 phén tir nho
CSDL nay cung cap thdng tin toan https://www.ebi.ac.uk/chembldb/
dién vé& 1 triéu hop chét hoat tinh sinh
hoc (phan tir nho nhu thube) véi 8200
muc tiéu thudc
Chuta hon 28 triéu thuc thé héa hoc http://www.chemspider.com/
ChemSpider  duogc thu thap tir hon 400 ngudn dit
liéu da dang
CSDL chira 8312 myc thudc bao gom  http://www.drugbank.ca/
2036 loai thudc phan tir nho duoc FDA
phé chuin, 233 loai thubc cong nghé
sinh hoc (protein/peptide) dugc FDA
phé chuan, 93 loai duoc phim va hon
6000 loai thudc thir nghiém
HIT 1a mot CSDL toan dién cho cac http:/lifecenter.sgst.cn/hit/
muc tiéu protein cho céac loai thudc
HIT duoc FDA chip thuan ciing nhu cac

tién chéat day hira hen. Hién tai né chira

khoang 1301 muc tiéu protein da biét

ChEMBL

DrugBank
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(221 protein dugc mb ta la muc tiéu
truc tiép)
CSDL chira thong tin chi tiét vé cac http://www.hmdb.ca/

HMDB chit chuyén héa duoc tim thay trong
co thé con ngudi
CSDL cung cap thong tin toan dién vé& http://www.ebi.ac.uk/pdbesrv/pdbech
PDBeChem phéi tur, phan tir nhé va monome. Hién  em/
tai né bao gébm 15.502 phéi tir.
PharmGKB CSI?L chta thong tin 1&m sang cua https://www.pharmgkb.org/
thuoc
Pubchem CSDL théng tin cac phan ti hda hoc https://pubchem.ncbi.nlm.nih.gov/
CSDL nay chira khoang 2500 cau tric  http://bioinf.charite.de/superdrug/
SuperDrug Y P
3D cua cac thuoc thiét yeu
CSDL vé céc san pham ty nhién chira  http:/bioinfapplied.charite.de/supern
SuperNatural £ . .
50.000 hop chat ty nhién. atural_new/index.php
CSDL dung dé xac dinh va wu tién cac  http://tdrtargets.org/
TDR muc tiéu thudc va/hoic thubc & vi
khuan.
ZINC CSDL nay chtra 21 triéu hop chat va http://zinc.docking.org/

tinh chat hda Ii cia ching

Gia trj cua viéc str dung céc chién lugc in silico 4 duoc chitng minh bang s luong
béo c4o ngay cang ting vé phét hién ra cac phan tir khai ngudn day trién vong; nhiéu phan
tir trong d6 d4 duoc dwa vao thir nghiém 1am sang va mot s d4 tiép can thi truong. Thong
thuong, cc chién luoc in silico trong khdm pha thuée (hay con goi la khdm pha thube véi
su hd trg caa may tinh) két hop cac phuong phap kham pha thudc dya trén phdi tir va cau
tric voi rat nhiéu ki thuat phan tich duoc &p dung (Hinh 4). Phuong phap duoc st dung
rong rai hon 1a kham pha thudc dua trén ciu tric, bao gém docking phan tir, md hinh
twong dong, dong luc phan tir va sang loc 40 dua trén cau trac d¢4 cung cip nhiing dir liéu
Vé tuong tac thy thé -— phdi tir. Quan trong khong kém 1a cac phuong phap dua trén phéi ta
nhu mé hinh héa pharmacophore, QSAR va sang loc a0 dwa trén phéi tir ¢4 dugc sir dung
dé kham phé CSDL phan tir va xac dinh méi tuong quan giita tinh chat hda hoc va hoat
tinh dugc li cua cac phén tu nay.
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Xéc dinh muc tiéu thude

|

Thiét ké thudc véi sy trg gitip cua méy tinh

} |

Phuong phap thiét ké dwa Phuong phap thiét ké dua
trén cu tric phdi tir trén cdu triic muyc tiéu
» Théng tin cdu tric phdi tir » Thong tin cdu tric muyc tidu
> Phan tich lién quan cdu tric — » Docking phan tir
hoat tinh (QSAR) » Thiét ké de novo
» MO hinh pharmacophore » MO6 phong dong hoc phan tir
» Docking phan ti/ Sang loc a0 » Mo hinh pharmacophore

|

| Téi wu phdi tr |

Phan tir thube
tiém ning

Hinh 4. Téng quan quy trinh thiét ké thuéc véi si hé tror ciia may tinh

3.1. Cic phwong phdp khdm phd thuéc dwa trén céu tric

Ung dung chinh ciia cau tric protein trong phat trién thude 1a xac dinh cau tric cua
protein trong phic hop véi mot hop chat (phdi tir), nham cai thién &i lyc cua phdi tr voi
nhitng bién d6i hda hoc duya trén phdi tir hién co. Piéu nay thuong dugc thuc hién véi
thdng tin cau tric ba chiéu cua protein bao quanh phdi tir, bao gém céc géc cho va nhan
hydro, 16i ki nu6c va céc tui (pocket) 1an can gan vi tri lién két phdi tir. Cac nha hoa duoc
sir dung nhitng thong tin nay dé thiét ké va tong hop cac dan xuat caa phdi tir ban dau, sau
d6 thir nghiém hoat tinh @c ché (hoic ting cuong). Céch tiép can nay duoc goi la thiét ké
thudc dua trén cau tric (Structure-Based Drug Design - SBDD) va la cach tiép can sir dung
cau trac protein duoc biét dén nhiéu nhat (Hinh 5). Ngoai ra, con ¢ nhiéu phuong phap va
bién thé khéc sir dung ciu tric protein trong viéc phat hién va phat trién cac hop chat mai,
bao gom sang loc dwa trén ki thuat tinh thé tia X va/hoac cong huong tir hat nhan (Nuclear
Magnetic Resonance — NMR) (Grinter & Zou, 2014). D4 ¢ nhitng nghién ctru thao luan vé
céc ki thuat va cong nghé ciia SBDD, ciing nhur viéc 4p dung phuong phap SBDD ddi Vi su
phat trién caa cac phan tu thuéc mai (Ferreira, Dos Santos, Oliva, & Andricopulo, 2015;
Wang, Song, Li, & Chen, 2018). Mot s6 tmg dung gan day ciia cac phuong phap duya trén cau
triic dé phat trién céc tac nhan khang khuan duoc thao luan dudi day.
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Hinh 5. Tém tat quy trinh sang loc do dua trén cdu tric
(Lionta, Spyrou, Vassilatis, & Cournia, 2014)
e Avibactam, chdt irc ché enzyme p-lactamase mdi

Mot trong nhitng nhém khang sinh duoc sir dung phé bién nhat 1a p-lactam — tc ché
tong hop thanh té bao vi khuan — bao gém cac dan xuat penicillin (penam), cephalosporin
(cephem), monobactam va carbapenem. Sy phét trién cua tinh trang khang khang sinh dé
thiic ddy nghién ciu cac phan tar mai nham han ché sy dé khang. Co ché chinh cua su
khang B-lactam 1a biéu hién qua murc cua p-lactamase 1am phan huy cac khang sinh. Theo
d6, mot chién luge duoc sir dung dé han ché su khang thudc gay ra bai p-lactamase 1a phéi
hop thudc e ché B-lactamase cuing véi khang sinh B-lactam dé ngan chin sy thoai hoa cua
khang sinh (Harris, Tambyah, & Paterson, 2015). Su két hgp méi cua chat tc ché
B-lactamase/B-lactam dang dwoc phat trién va sau loai thubc méi c6 chira chat tc ché
B-lactamase da duoc béo céo. Nbi bat trong s6 nay la avibactam, véi co ché hoat dong d4
dugc mo ta trong nhiéu nghién cau in silico cdu tric cua avibactam lién két voi
B-lactamase nhém A, C va D (Lahiri et al., 2015). Avibactam lién két voi vi tri hoat dong
dugc bao ton cao cua p-lactamase véi vong bicyclic c6 cau dang gibng vong p-lactam.
Trong cau tric 16p C, hop chat sulfamite cua avibactam dugc xem 1a thay thé mot phan tir
nudc chiu trach nhiém cho qué trinh thiy phan p-lactam. Céc cau tric trong ciu dang dong
— m& vong cua avibactam cho thay vong ma duy tri vi tri gan véi trung tam phan @ng cho
phép tai dong vong va giai phong khang sinh dugc tai hoat hoa khoi B-lactamase. Co ché
nay tao ra hi¢u qua va thoi gian ban huy kéo dai cua avibactam (Karpiuk & Tyski, 2013).

e Phat hién cac chdt i ché enzyme gyrase mai

Céc khang sinh nhom fluoroquinolone d& dwoc sir dung trong diéu tri nhiém khuan
tir 1au bang cach nhim muc tiéu vao DNA gyrase cia vi khuan. Tuy nhién, sy xuat hién
caa tinh trang khang khang sinh dé thlc dy nhitng khdm pha méi trong viéc xac dinh céc
hop chat khéng chira quinolone va 5 hop chat nhu vay hién dang duoc thir nghiém 1am
sang (Staker, Buchko, & Myler, 2015). Nhirng nghién cau dua trén manh (fragment-based)
d4 duogc tién hanh dé dua “scaffold-hop” ra khoi 16i quinolone hoic nhim vao cac phan
khéc cua enzyme, vi du nhu mién ATPase. AstraZeneca (Basarab et al., 2013) gan day d4
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st dung phuong phap SBDD duya trén cau tric caa mot manh dé phat trién mot phan tu
khoi ngudn ma da thé hién hoat tinh khéang khuan trén dong vat thir nghiém. Hop chat nay
khac phuc cac dot bién khang thudc o Streptococcus pneumoniae bang cach lién két trong
mién ParE ATPase ciia enzyme gyrase. Mot s6 nghién ciru truée d6 ciia AstraZeneca ciing
d4 cong bd sy phét trién caa cac “scaffold” bd sung thong qua sang loc dya trén NMR va
cau trdc tinh thé tia X caa cac manh lién két véi mién GyrB ATPase ¢ Staphylococcus
aureus (Eakin, 2012). Brvar et al. (2012) ciing ¢4 sir dung cac phuong phap in silico dé xac
dinh mot s6 phan tir khai ngudn dua trén cau tric mién GyrB ATPase ciia Escherichia coli
trong t6 hop voi clorobiocin (Mot hop chét ty nhién). Cac phuong phap SBDD sau d6 d&
duogc sir dung dé 1am sang to co ché lién két va xac nhan co ché lién két gia thuyét cua
phan tir khai nguon.
e Cdu tric tir cac loai ortholog c6 thé duroc siz dung lam cdu tric thay thé khi ap dung

SBDD

Viéc phat hién ra céc loai thudéc mai va “scaffold” héa hoc méi thuong dugc thuc
hién bang cac cau trlic ¢6 sin; tuy nhién, nhidu cau trac duoc quan tam (nhat 1a cac protein
mang) thudng khdng ¢ san trong cac CSDL. Trong truong hop dé, cac nha nghién ciu co
thé sir dung dir liéu cau tric caa muyc tiéu tir mot loai ortholog 1am mé hinh thay thé. Trong
mot nghién ctru nhu vay, Baugh et al. (2014) d4 tién hanh so sanh 106 cap cau trdc protein
gitra M. tuberculosis Vi cac loai mycobacteria khong dién hinh (NTM - nontuberculous
mycobacteria). Céc cau tric ¢c6 & NTM véi do tuong dong trinh tu >55% d4 cho thay cau
dang hoat dong twong ty. Trong khi d6, cac cu tric & muc do tuong dong >85% cho thiy
su gidng nhau trong vi tri hoat dong ciia enzyme. Trong mot nghién ciu khac, Kling et al.
(2015) d4 phan tich cau trac lién két phdi tir caa griselimycin (mot hop chat ty nhién) lién
két véi DnaN & ca M. tuberculosis va M. smegmatis theo cau dang gidng hét nhau. Ngoai
ra, Shirude et al. (2013) ciing d& st dung cau tric protein GyrB tir M. smegmatis dé xac
nhan cau dang lién két cua cac phdi tir tiém niang thu dugc tir qua trinh sang loc thdng
luong cao (HTS) va sau d6 phat trién phan tar khai nguon c6 hoat tinh chéng M.
tuberculosis.
3.2. Phuwong phip QSAR dua trén phdi ti

MG4i quan hé dinh lugng giita cdu tric va tac dung sinh hoc (QSAR) 1a mot phuong
phép thiét ké thudc dua trén phdi tir dugc phat trién hon 50 nam trude boi Hansch va Fujita
(Neves et al., 2018). Tir d6 dén nay, QSAR van la mot phuong phap hiéu qua dé xay dung
cac mo hinh toan hoc nham ¢é géng tim méi twong quan c6 y nghia thong ké giira ciu truc
héa hoc va thudc tinh sinh hoc/doc tinh bang cach sir dung ki thuat hoi quy va phan loai
(Cherkasov et al., 2014). Trong hai thap ki qua, QSAR d4 trai qua mot s6 bién doi, tir s6
chiéu ciia cac mo ta phan tir (tir 1D dén nD) va cac phuong phap khac nhau dé tim méi
tuong quan giita cu tric hoa hoc va tinh chit sinh hoc. Ban dau, md hinh QSAR duoc gidi
han trong mot s6 nho cac hop chat c6 cling tinh chat va phuong phap hoi quy don gian.
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Ngay nay, md hinh QSAR da duoc da dang hda va phat trién tir cac bo dit liéu rat 16n bao
gdm hang ngan cau tric héa hoc da dang va sir dung nhiéu ki thuat hoc may (machine
learning) khac nhau (Hinh 6) (Cherkasov et al., 2014; Goh, Hodas, & Vishnu, 2017). Dudi
day, chung toi thao luan vé mot s (g dung thanh cong cua sang loc 40 duya trén QSAR dé
kham pha cac phan tir khai nguon méi trong diéu tri nhiém khuan va téi wu hoa cac hop
chat nay.

Molecular Structures Molecular Descriptors
0Cc1=CcC=CC=C1 1D Constitutional -
oH Electronic | Data Pre-Processing |
= Geometrical Normalization
Hydrophobic Standardization
2 9 Lipophilicity Feature Selection
29%5° = Solubility Outlier Detection
% o Steric
AR 2 Quantum Chemical
L 2 J Topological @
[ Multivariate Analysis
= | statistical Evaluation | —— -
2 Multiple Linear Regression
g R Self-Organizing Map
52 R? Principal Component Analysis
£ g Q2 Partial Least Squares
- — MSE Neural Network
Predicted Activity RMSE Support Vector Machine

Hinh 6. Téng quét quy trinh thzec hién QSAR
(Nantasenamat, Isarankura-Na-Ayudhya, Naenna, & Prachayasittikul, 2009)
e Dan xudt heteroaryl chalcone

Mycobacterium tuberculosis, tdc nhan gay bénh lao va Ia nguyén nhan gay ra cai chét
caa khoang 1,6 triéu ngudi mdi nam (WHO, 2018). Phac d6 diéu tri bénh nay kéo dai trong
9 thang, diéu nay thudng dan dén sy khong tuan thu va do d6, xuat hién vi khuan da khang
thuéc (AlMatar, AlMandeal, Var, Kayar, & Koéksal, 2017). Nhim muc dich thiét ké céac
hop chat chdng lao méi, nhém nghién ciu cia Gomes et al. (2017) d4 sir dung cac mé hinh
QSAR dé thiét ké loat dan xuat chalcone. Pau tién, dir liéu tat ca cac hop chat chalcone c6
hoat tinh in vitro chdng lai chang M. tuberculosis H37Rv duoc trich xuat tir cac CSDL.
Sau khi tién xir Ii, cac dir liéu nay da dugc s dung dé phan tich méi quan hé cau trdc —
hoat tinh (Structure-Activity Relationship - SAR). Dya trén cac quy tic SAR, céac thay ddi
“bioisosteric” da dugc &p dung dé thiét ké cac dan xuét chalcone méi véi hoat tinh chong
vi khuén lao duoc t6i wu hoa. Song song d6, cac moé hinh 2D-QSAR dugc tao ra bang cach
st dung mot s6 phuong phap hoc may. Su dung cac md hinh nay, mot sb dan xuat
chalcone véi du doan hoat tinh t6t nhat da duoc tong hop va danh gia hoat tinh sinh hoc.
Két qua cho thiy niam heteroaryl chalcone véi nhom thé 5-nitro thé hién gia tri MIC ¢
ndng d6 NM chéng lai vi khuan mycobacteria c6 sao chép, ciing nhu hoat tinh & ndng do
UM chéng lai vi khuan mycobacteria khdng sao chép. Ngoai ra, bdn trong sé cac hop chat
nay c6 hoat tinh manh hon khang sinh isoniazid tiéu chuan. Cac hop chat trén ciing cho
thay doc tinh té bao thap d6i vai cac vi khuan hoi sinh va té bao dong vat ¢ vi. Nhitng két
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qua nay cho thay rang heteroaryl chalcone duoc thiét ké vai sy trg gilip cua cac md hinh
QSAR la nhiing tmg vién day tiém ning trong phat trién hop chat diéu tri lao.
e Dan xudt benzimidazole

Benzimidazole la mot cau trdc hiru ich dé nghién ctiu va phét trién cac phan ta duoc
pham méi. Do hoat tinh khang khuan caa chiing, cac dan xuét benzimidazole d4 duoc tong
hop va nghién ctiu cho cac ung dung y té. Nhidu dan xuat cua benzimidazole noi tiéng la
tac nhan khang khuan chéng lai ca vi khuan Gram dwong va Gram 4m. Vi tri va loai caa
cac nhom thé trén vong benzimidazole chiu trach nhiém cho sy da dang cua hoat tinh sinh
hoc. Vi vay, nghién ctu su két hop cia hat nhan benzimidazole 1a mét chién lwgc quan
trong trong khadm pha khang sinh (Sukhbir & Deepika, 2011; Prajapat et al., 2018). Mot
nghién ciru QSAR d& duoc thuc hién cho mot tap hop 12 dan xuét cua benzimidazole dé
du doan tuong quan hoat tinh khang khuan chéng lai vi khuan Pseudomonas aeruginosa.
Phwong phap hdi quy tuyén tinh da bién duoc sir dung dé chon cac dic diém cau trdc phan
tir Va tao ra mo hinh tuong quan t6t nhat véi hoat tinh ¢ ché. Kha niang du doan ciia md
hinh duoc udc tinh bang xac nhan chéo voi phuong phap leave-one-out (Sammut & Webb,
2011). Két qua caa nghién ciu cho thady mot md hinh QSAR dua trén cac dic diém gom
tinh wa nuéc va ning lugng hydrat hoa cho thay chat lugng tét nhat cia md hinh QSAR
duogc tao. Bong thoi, mirc d6 tuong quan cao gitra CAC gid tri irc ché du doan va thir nghiém
d4 ching minh cac dan xuét 1-benzylbenzimidazole xay dyung theo phwong phap QSAR co
hiéu qua in vitro chdng lai vi khuan gram am P. aeruginosa (Podunavac-Kuzmanovié
Sanja & Cvetkovi¢ Dragoljub, 2011).

4. Kétluan

Khi sy dé khang cua vi khuan ddi véi céc loai khang sinh truyén théng tiép tuc gia
tang, nhu cau vé cac lya chon thay thé méi ngay cang tré nén cap thiét. Cac chuong trinh
sang loc thong lugng cao tim kiém cac loai khang sinh méi ngay cang it duoc thuc hién, va
do d6 cac hudng tiép can maéi la can thiét ¢é cung cap céc hoat chat sir dung trong diéu tri
nhidm khuan. Huéng tiép can sir dung cac phuong phap in silico 1a mot trong nhiing cach
tiép can nhu vay, va hoat dong nghién ctu sir dung cac phuong phép in silico d4 tang truong
manh trong hai thap ki qua. Tuong tu, viéc st dung cac phuong phap in silico trong giai doan
dau cuia quy trinh kham phé thude da trai qua sy phét trién twong tu trong nhiing nim gan day.
Su gia tang cau tric véi do phan giai cao cua protein vi khuan, cling Vi cac chuong trinh méay
tinh nhanh hon, chinh xac hon, d4 két hop lai dé tao diéu kién thuan loi cho viéc thiét ké hop
Ii céc hop chat khang khuan nhu ¢ dé cap trong tong quan nay.

Mic du ¢ rat nhiéu muc tiéu cé thé sir dung dé mang lai trién vong trong phat trién
céc loai khang sinh mai, nhung can c6 nhirng nghién ciru co ban vé con duong chuyén hoa,
m6 hinh gay bénh va co ché khang thubc dé cé thé hra chon dugc mot muc tiéu phu hop tir
nhirng budc dau tién. Bén canh do, viéc danh gia hiéu qua cua cac hop chat maéi nay doi
khi can phai co cac diéu kién gan gidng véi diéu kién sinh i cia mam bénh, trai nguoc Voi
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c4c thir nghiém e ché tang truong don gian von si dung cho kham pha khang sinh truyén
thong, va Vi vay s& lam gia ting chi phi va thoi gian danh gia. Tuy nhién, linh vuc nghién
cau thudc khang khuan sir dung cac phuong phép in silico van s& 1a cong cu khong thé
thiéu trong khdm phé khang sinh hién dai va chic chin s& c6 nhitng dot pha trong thoi gian
tGi cling véi sy phaét trién khong ngimg caa céng nghé thong tin hién dai.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.

% Loi cadm on: Bai viét nay duoc tai tro béi Truong Pai hoc Bach khoa — Pai hoc Quéc gia
Thanh phé Hé Chi Minh trong khudn khé dé tai ma s6 TNCS-KTHH-2017-12.
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ABSTRACT

Discovering new antibiotic candidates is a very challenging, expensive, and time consuming
process. Due to the steady decline in the number of approved antibiotics and the increase antibiotic
resistance, a rational approach is needed to facilitate and expedite the antibiotic discovery
process. Nowadays, in silico approach plays an increasingly important role in this process and has
become an integral part of most drug discovery programs. In addition, the development of in silico
methods is increasingly supported by the development of algorithms and information technology
infrastructures. In silico tools can be applied at different stages: from target selection to hit
identification and optimization. In this review the authors aim to provide an overview of major in
silico methods that have been developed for the search of novel drug. In addition, the authors also
present recent advance in the application of computer aided drug discovery methods in the
development of antibiotic lead molecules.

Keywords: antibiotics resistance, computer-aided drug discovery, drug targets identification,
in silico methods, new antibiotics development.
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