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ABSTRACT

Due to the emergence of multidrug-resistant strains of Methicillin
resistant Staphylococcus aureus (MRSA), there is an urgent need for the
identification of new targets for drug development. In this study, an in
silico-based approach was used to investigate several protein/gene
databases to find potential target proteins in MRSA. The results show that
158 proteins are non-homologous essential proteins in which 49 proteins
take part in 11 unique metabolic pathways. According to DrugBank
database, two proteins namely respiratory nitrate reductase alpha chain
(NarG) and tubulin homolog protein (FtsZ) was suggested as best putative
targets against MRSA. The other proteins were considered as putative
novel target. The identified drug targets are expected to be of great
potential for discovery of novel therapeutic compounds against MRSA.

TOM TAT

Véi sw xudt hién ciua nhiéu ching Staphylococcus aureus khing
Methicillin (MRSA), ¢6 mét nhu cau cdp thiét cho suw xdc dinh cdc muc
tieu moi phuc vu qua trinh phat trién thubc. Trong nghién curu nay,
phirong phdp tiép cdn in silico dwoc sit dung trong sang loc mot $6 o s6
dir liéu (CSDL) protein/gene dé tim cdc protein muc tiéu tiém ning ¢
MRSA. Két qua cho thdy 158 protein thiét yéu khong tiwong dong trong dé
¢6 49 protein tham gia vio 11 con dwong trao déi chdt riéng biét. Theo
CSDL DrugBank, hai protein la tiéu don vi alpha enzyme hé hdp khir
nitrat (NarG) va protein twong dong tubulin (FtsZ) dwoc xdc dinh la cdc
muc tiéu tot nhat. Cac protein con lai dwoc dé xudt la cdc muc tiéu gid
dinh moi 0 MRSA. Nhitng muc tiéu thudc duwoc xdc dinh du kién sé cé tiém
ndng lém cho viéc khdm phd cdc hop chat tri liéu moi chong lai MRSA.

Trich din: Lé Anh Vi, Phan Thi Cam Quyén va Nguyén Thay Huong, 2019. Sang loc In silico cic myc tiéu
thudc tiém nang & vi khudn Staphylococcus aureus khang Methicillin (MRSA) bang cac phuong
phap phén tich dit liéu protein. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(S6 chuyén dé: Cong
nghé Sinh hoc)(1): 29-39.

1 GIOI THIEU

Staphylococcus aureus (S. aureus) la vi khuan
Gram duong, yém khi tiry y, song hoi sinh va ld mam

bénh co hoi. Tu cau nay co thé ton tai trong cac diéu
kién cuc dogln va bat lgi nhu nhiét o 7 - 48f’C, pH
4.0 - 10.0, néng d6 muoi cao, hoat d§ nudc thap (aw)
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va stress tham thau. Tat ca nhimg yéu t6 nay cho
phép no ton tai va cu tra & nhiéu vi tri trén co thé
nguoi nhu: khoang miii, duong tiéu hda va hé xuong
(Patnala and Zaveri, 2016). Su lay lan chii yéu cua
S. aureus 13 do ngd doc thuc pham, nhidm trung
bénh vién va tir cong déng. Loai nay c6 kha nang
gdy ra nhiéu van dé strc khoe, tir nhiém trung da don
gian dén cac bién chig nghiém trong dan dén tir
vong (Stapleton and Taylor, 2002). Cac bénh nhiém
tring nay thuong duoc diéu tri bang cac khang sinh
nhom B-lactam nhu: methicillin, penicillin,
cephalosporin va oxacillin, chu yéu hoat dong trén
cac protein gan v6i penicillin. Tuy nhién theo thoi
gian, vi khuan nay di co dugc sy dé khang véi
methicillin va S. aureus khang methicillin (MRSA)
da duoc bao cao lan ddu vao nam 1961 (Patnala and
Zaveri, 2016). Hién nay, MRSA duoc diéu trj bang
cac khang sinh phd rong don tri hodc phac do két
hop, bao gébm glycopeptide nhu: vancomycin va
teicoplanin, sulfamid va daptomycin (Cordwell et
al., 2002). Nhiing loai khang sinh nay van chua dat
dén murc hoan toan chita bénh va S. aureus ciing
dang phat trién d¢ khang ngay ca d6i v6i nhimg lidu
phap nay. Ngoai ra, viéc st dung nhiéu loai khang
sinh khéc nhau trong nhitng nim qua da gép phan
vao su xuét hién cia cac chung MRSA da khang
thudc (Stapleton and Taylor, 2002). Cac bao céo gan
day vé chung S. aureus c6 tinh khang trung gian
hodc hoan toan dbi véi vancomycin dd lam cho thoi
ky hoa tri liéu trong d6 cac khang sinh diét khuan c6
hiéu qua chéng lai vi khuan nay c6 thé s& khong con
kéo dai (Cordwell et al., 2002). Do do, viéc tim kiém
céc hop chat méi chdng tu cau 1a mot van dé cap
bach.

Trong kham pha thudc, mot nhiém vu quan trong
la xac dinh duoc cac muc tiéu tiém nang, tr do co
thé str dung dé thiét ké thuéc dua trén muc tiéu. Céc
phuong phép thi nghiém ¢b dién _dung dé xac dinh
cac muyc tiéu thuoc thuong yéu cau nhiéu nhan lyc,
thoi gian va ton kém vé chi phi. Gan day, véi sy phat
trién cua cac nganh khoa hoc omic (genomics,
transcriptomics, proteomics va methabolomics) va
cac phuong phap tin sinh hoc (hay con goi la phuong
phap in silico) di dem dén hudng tiép can thay thé
va cung cap thong tin chi tiét trong viéc im kiém
céc muc tiéu thude thay thé v6i wu thé tiét kiém thoi
gian va chi phi. Loai trir proteomic la mét trong
nhiing cach tiép can in silico dugc sir dung dé xac
dinh muc tiéu thudc dya trén viéc xéac dinh céc
protein thiét yéu va khong twrong dong vai vat cha &
sinh vat gdy bénh (Hasan et al., 2016). Hon nita, cac
protein tuong ddng véi vat chu dugce sang loc con co
thé gitp tranh cac phan tng c6 hai cua thubc trong
qué trinh phét trién thudc. Hudng tiép can nay da
dugc sir dung thanh cong dé xac dinh muc tiéu thude
méi cua cac tac nhan gay bénh nhu Pseudomonas
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aeruginosa,  Helicobacter — pylori,  Listeria
monocytogenes, Candida tropicalis (Morya et al.,
2010), S. aureus khang vancomycin (Hasan et al.,
2016) va Salmonella enterira (Hossain et al., 2017).

Nghién ciru nay nham muc dich tim kiém cac
muc tiéu thudc tiém ning & MRSA theo hudng tiép
can loai trir proteomic st dung cac cong cu va co so
dir liéu (CSDL) tin sinh hoc dé xac dinh, mé ta va
phan tich cac protein thiét yéu cia MRSA. Nhiing
protein nay dugc sang loc dua trén céc tiéu chi bao
gbm sy khong tuong ddng ctia protein muc tiéu dbi
v6i bd proteome vat chu va vai trd cua protein trong
qué trinh phat trién ctia vi khuan. Tim kiém cac hop
chét diéu tri moi chéng lai cac muc tiéu nhu vay sé&
¢6 nhiéu kha ning 1am giam tinh dé khang cua vi
khuédn véi cac phuong phap diéu tri hién c6, ddng
thoi cling han ché cac tac dong bat loi 1én té bao vat
cha. Mic du nd lyc vé chién luoc twong tu voi
MRSA di dugc bao céo trong mot sd nghién ciru
(Haag et al.,2012; Hossain et al., 2013) nhung trong
nghién ctru nay chién lugc trén dugc ap dung trén
15 chung MRSA cung luc. Viée phan tich nhu vay
cho phep xac dinh cac protein co tiém nang sir dung
lam muc tiéu cho sy phat trién ciia céc tac nhén tri
liéu trén mot loat cac chuing MRSA.

2 PHUONG TIEN VA PHUONG PHAP
2.1 Phuong tién

Tt ca cac dir liéu, cong cu va chuong trinh sir
dung trong nghién ctru nay déu cé san trén internet
va duogc truy cap/tai vé theo nhu mo ta trong muc
phuong phap.

2.2 Phwong phap nghién ciru

Quy trinh chi tiét dé xac dinh cac protein quan
trong ¢ MRSA nham xac dinh cac myc tiéu thude
tiém nang duoc stra doi tir quy trinh duoc mo ta boi
Hasan et al. (2016).

B¢ proteome cuia 15 chung MRSA dugc trich
xudt tr CSDL UniProtKB (UniProt Consortium,
2018) dudi dinh dang FASTA. Tiép theo do, cac
protein nay dugc sang loc v6i chuong trinh
USEARCH véi 1énh -cluster_fast dé tim cac protein
paralog c6 “sequence identity cut off value” & murc
0,6 (tirc 60% mirc do dong nhat). Cac nhom protein
con lai dugc sang loc thém dé tim ra cac chudi riéng
biét (con goi 1a qué trinh dereplication) bang cach
st dung Iénh -fastx_uniques. Cac ban sao dugc loai
b6 va 1énh -sortbylength dugc str dung dé sang loc
cac protein c6 hon 100 acid amin (Edgar, 2010). Cac
protein két qua dugc nhom lai. Phan tich BLASTp
da dugc thuc hién cho cac protein khong ldp lai
(non-paralog) d6i vdi bd proteome ctia ngudi (Homo
sapiens) st dung CSDL NCBI (NCBI BLASTp)
(Boratyn et al., 2013). Protein c6 gia tri dudi ngudng
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ky vong (E-value) 107 bi loai bo, gia sir rang ching
c6 mdét mirc do twong dong nhit dinh véi bod
proteome vat chu (Zhang et al., 2004). Cac protein
khong twong dong sau d6 da dugce duoc tach ra dé
phan tich sau hon.

Tiép theo cac protein khong tuong dong duoc
phéan tich voi CSDL DEG (Zhang et al., 2004). Gia
tri ngudng ky vong (E-value) dugc thiét 1ap & mirc
107 va gia tri “minimum bit-score cut-off value
100”, ma tran BLOSUMSG62 va ché d0 can chinh
“gapped” dugc chon dé xac dinh cac gen thiét yéu
(Rathi et al., 2009). Cac protein dugc lya chon cta
MRSA c¢6 thé duoc coi 1a muc tiéu thude, boi vi
chung khong c6 mit trong vat chu nhung chi c6 &
MRSA. Phan tich sau hon duogc thuc hién trén cac
protein thiét yéu nay dé xac dinh vi tri va chirc ning
trong té bao cuia chiing. May chi KAAS cua CSDL
Kyoto Encyclopedia of Genes and Genomes
(KEGG) (Moriya et al., 2007) dugc sir dung dé xac
dinh chirc nang cla cac protein nay.

My chit KAAS cung cip chii thich chirc ning
clia cac protein bang cac so sanh BLASTp voi
CSDL KEGG. Két qua c¢6 chira cac mi so6 KO
(KEGG Orthology) va cac duong dan KEGG duoc
tao tu dong (Moriya et al., 2007). Nghién ciu
KEGG pathway ciing dugc tién hanh dé phan tich
con duong chuyén hoa ma cdc cac protein dugc
chon 1am muc tiéu tiém ning tham gia vao. Diéu nay
cho phép dy doan chire nang cua céc protein va dan
dén viéc xac dinh cac muc tiéu tiém nang. Viéc sang
loc cac muyc tiéu thudc tiém nang dugc thyc hién
bang cach thyc hién BLASTp chudi protein ciia tat
cé cac protein tiém nang dbi voi CSDL DrugBank
(Knox et al., 2011) dé xac dinh cac muc tiéu thude
hop ly. DrugBank 1a mét CSDL c¢6 chura thong tin
chi tiét vé thude, muc tiéu thudc, tac dong cla thube
va tuong tac thude vé cac loai thudce duge Co quan
Quén 1y Thyc phim va Thube Hoa Ky (FDA) chip
thuan cling nhu cac loai thudc dang thir nghiém

Tép 55, S6 chuyén dé: Cong nghé Sinh hoc (2019)(1): 29-39

thong qua quy trinh phé duyét cua FDA. Dé thuc
hién phan tich nay, trinh tu acid amin ctia cac protein
duoc sang loc ¢ cac budc trén da dugc tai 1én va cac
tham sb méc dinh duoc chon véi gia tri ngudng ky
vong 14 10 (Hasan et al., 2016).

3 KET QUA VA THAO LUAN

Vi su phat trién dé khang ngay cang tang ¢ cac
vi khuan gdy bénh nén ngay cang co nhiéu nghién
ctru trong linh vuc dugc pham nham kham phé cac
loai thudc khang khuan méi. Xac dinh cac protein
ddc hiéu & vi khuan thong qua hudng tiép can phat
hién thudc va thiét ké cac loai thubc moi nham vao
cac muc tiéu da biét 1a hai phuong tién phd bién dé
chéng lai sy khang thude. Muyc tiéu ciia nghién ciru
nay 1a xac dinh cac muc tiéu thudc gia dinh tiém
ning & MRSA bing cach sir dung phwong phép tiép
can loai trir proteome ma cé thé xac dinh va phén
loai cac muc tiéu theo cac tiéu chi da lua chon. Hinh
1 va Bang 1 mo ta s6 lugng céc protein dau ra dugc
sang loc & mdi budre.

B¢ proteome cta 15 chung MRSA str dung trong
nghién ctru nay ¢ tong cong 40304 chudi protein
(Bang 2). Trong sb ndy, 26171 chudi dugc xac dinh
la cac protein paralog. Cac protein paralog, protein
lap lai (replication) va céc protein c6 do dai chudi it
hon 100 acid amin, nhu dugc phan tich boi chuong
trinh USEARCH duoc loai ra khoi qua trinh phan
tich tiép theo dé giam s6 luong chudi phan tich va
tranh két qua lap lai. Didu nay dan dén 2843 protein
tng vién cho cac budc sang loc tiép theo. Phan tich
BLASTP cua cac protein nay ddi véi bd proteome
ngudi (Homo sapiens) da cho thdy c6 2213 protein
khong twong dong véi bo proteome vat chii. Su
tuong ddng giita protein vét chii va mam bénh néu
duoc chon 1am muc tiéu thiét ké thudc c6 thé dan
dén phan tng chéo va gay doc cho té bao vat chi.
Do do, chi c6 cac protein khong tuong ddng dugc
chon dé xac dinh céac protein thiét yéu.

00
00 °O
; NCBI DEG Dru
JUmProtKB USEARCH > BLASTp > BLASTp > KAAS > = anl%
0L
40304 2843 2213 158 49

Hinh 1: So' d6 cac bwéc sang loc bd proteome MRSA va s lwong protein dau ra & mdi buéc

31



Tap chi Khoa hoc Truong Pai hoc Can Tho

Tép 55, S6 chuyén dé: Cong nghé Sinh hoc (2019)(1): 29-39

Bang 1: Két qua phan tich bd proteome vi khuin MRSA

Cac budc sang loc

S6 lwong protein

tim duoc
Protein ttr CSDL UniProtKB 40304
Protein paralog (>60% muc do trong dong) tim thay boi USEARCH 26171
Protein non-paralog 14133
Protein non-paralog/khong lap lai tim thdy boi USEARCH 3815
Protein non-paralog/khong lap lai c6 d6 dai chudi 1én hon 100 amino acid (USEARCH) 2843
Protein khong twong ddng véi proteome ngudi (E-value 104) (NCBI BLASTp) 2213
Protein khong twong dong/Protein thiét yéu tim thay trong DEG (E-value 107'%°) (DEG

158

BLASTp)
Céc con duong chuyén hoa riéng biét dugc tim thay trén may chu KAAS 27
Protein thiét yéu trong cac con dudng chuyén hoa riéng biét tim dugc trén may chu 49
KEGG (KAAS KEGG)
Protein thiét yéu duoc lya chon 1am muc tiéu thudc qua DrugBank 2

Cac protein t thiét yéu 1a nhimg protein quan trong
dé hd tro su song ctia t& bao. Boi vi hau hét cac
khang sinh nham vao céc qua trinh té bao quan trong
trong cac vi sinh vat gay bénh, gen thiét yéu cua vi
khuan va cac san pham dich mi ctia né 14 nhitng muc
tiéu moi day tiém ning cho cac loai thudc khang
khudn (Zhang et al., 2004). Cac protein thiét yéu dic
trung cho mét sinh vat co thé duge xem 1a cac muc
tiéu thuéc cu thé cho loai d6 (Judson and
Mekalanos, 2000). Bing cach str dung CSDL DEG,
158 protein thiét yéu c6 ¢ cac ching MRSA d dugc
xac dinh. Bén canh viéc sang loc cac protein thiét
yéu, nghién ctru ciia chung ti ciing dong thoi xac
dinh cac con duong chuyén hoa riéng biét & MRSA
ma cac protein ndy tham gia. Phan tich cic con
duodng chuyén hoa c6 mot y nghia quan trong trong

viéc x4c dinh muc tiéu thude tiém nang vi n6 co thé
1a chu trinh can thiét cho sy ton tai va kha ning gay
bénh cua vi khuan (Hasan et al., 2016). Sau khi so
sanh cac con dudng chuyén hoa giita MRSA va
Homo sapiens tai may chi KEGG, 27 con duong
chuyén hoa riéng biét cia MRSA di duoc tim thdy
(Bang 3). Tét ca 158 protein thiét yéu sau d6 dugc
phan tich voi may chit KAAS. Phan tich chi tiét con
dudng chuyén hoa cho thdy su tham gia cua 134
protein trong sd 158 protein vao cic con dudng
chuyén hoa khac nhau & MRSA, 24 protein con lai
chua duge mo ta rd hodc chua duge xdc dinh (Hinh
2). Trong s6 134 protein nay, 49 protein dugc tim
thdy rat quan trong cho sy ton tai cia sinh vét va
tham gia vao 11 con dudng chuyén hoa riéng biét
khéc nhau (Bang 4 va Hinh 3).

Bing 2: Cac chiing MRSA sir dung trong nghién ciru va so hrgng protein twong g

Ma so proteome

Ma so ching

tai CSDL Tén chiing tai CSDL S0 lugng
UniProtKB UniProtkB _Protein
UP000024517 Staphylococcus aureus MRSA-136 1413497 2688
UP000000596 Staphylococcus aureus (strain MRSA252) 282458 2635
UP000051781 Staphylococcus aureus MRSA _CVMN25720PS 1387326 2546
UP000003093 Staphylococcus aureus subsp. aureus DR10 1155079 2684
Staphylococcus aureus subsp. aureus ST772-MRSA-V
UP000031632 (Strain: DAR4145) 1343064 2630
UP000025090 Staphylococcus aureus MRSA-118 1413495 2661
UP000003572 Staphylococcus aureus subsp. aureus MRSA177 754026 2773
UP000005003 Staphylococcus aureus subsp. aureus 71193 1155084 2620
UP000008696 Staphylococcus aureus (strain MRSA ST398/isolate S0385) 523796 2648
UP000003548 Staphylococcus aureus subsp. aureus MRSA131 754025 2770
UP000050970 Staphylococcus aureus MRSA _CVMN27231PS 1387328 2743
UP000050900 Staphylococcus aureus MRSA CVMN26035PS 1387327 2719
UP000054253 Staphylococcus aureus subsp. aureus MRSA S4 1337995 2886
UP000186671 Stapﬁylococcus aureus (strain MRSA ST398/isolate S0385) 523796 2650
(Strain: 55488)
UP000031939 Staphylococcus aureus MRSA CVM43477 1448137 2651
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Cudi cung, sang loc cac muc tiéu thude tiém
ning duoc thuc hién bang cach sir dung CSDL
DrugBank cho 49 protein thiét yéu dugc xac dinh
boi DEG va KAAS. Cac protein nay da dugc so sanh
BLASTp v6i CSDL DrugBank véi gia tri ngudng
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ky vong mic dinh (E value 10) nham danh gi4 tiém
ning s dung 1am muc tiéu thudc. Trong sb 49
protein, ¢6 2 protein 1a tiéu don vi alpha ciia enzyme
h6 hép khir nitrat (NarG) va protein twong dong
tubulin (FtsZ) da duoc xac dinh la muyc tiéu dugc
phé duyét boi FDA (Bang 5).

Bang 3: Céc con dwdng chuyén héa riéng biét & MRSA

Puwong chuyén héa Cac dwong chuyén héa Cac dwong chuyén héa Mai s6
chinh twong ung riéng biét KEGG
Sinh téng hop Chuyén hoa lipid , Sinh tong hop bile acid thi cap sau00121
o Sinh tong hop cac chat chuyén hoa . , .
Sinh tong hop thir chp khc Sinh tong hgp monobactam sau00261
.z Chuyén hoa céc terpenoid va 1 .
Sinh tong hop polyketide Thoai hoa geraniol sau00281
Sinh tong hop Chuyén hoa mino acid Sinh tong hop lysine sau00300
Sinh téng hop Thoai hoa} cdc xenobiotic va Thoai hoa benzoate sau00362
chuyén hoa
.z Sinh tong hop cac chat chuyén héa .. , .z _
Sinh tong hop thit cép khac Sinh tong hop novobiocin sau00401
Sinh tong hop Chuyén hoa cia cac amino acid  Chuyén hoa cyanoamino acid sau00460
Sinh tong hop Chuyén hoa cta cac amino acid  Chuyén hoa D-alanine sau00473
.2 Sinh tong hop cac chat chuyén hoa . , .
Sinh tong hop thit cép khac Sinh tong hop streptomycin sau00521
Sinh téng hop E:,)I;h tong hop glycan va chuyén Sinh téng hop peptidoglycan sau00550
L2 Thoéi hoa cac xenobiotic va (1
Sinh tong hop chuyén héa Thoai hoa xylene sau00622
.z Thoai hoa cac xenobiotic va Thoai hoa chloroalkane and
Sinh tong hop chuyén héa chloroalkene 5au00625
Sinh tong hop Thodi hoa cic xenobiotic va Thoi héa naphthalene 5au00626
‘ chuye“n hoa i
Sinh tong hop Chuyén hoa carbonhydrate Chuyén hoa C5-Branched dibasic acid sau00660
Sinh tong hop Chuyén hoa nang luong Chuyén hoa methane sau00680
.z Chuyén hoa céc terpenoid va .2 .
Sinh tong hop polyketide Sinh téng hop caroteno%d sau00906
Sinh tong hop chat chyén hda tha cap sau01110
Chgyen hoéa vi khuan trong cac moi sau01120
truong da dang
Sinh tong hop cac khang sinh sau01130
Thoai hda cac hgp chat vong thom sau01220
Yéu to gy bénh bé khang thude Khang beta-lactam sau01501
Yéu to gy bénh bé khang thude Khang vancomycin sau01502
LA A 1a A L1z 1 Khéng cationic antimicrobial peptide
Yeu to gay bénh be khang thuoc (CAMP) sau01503
Yeu 6 trao doi théng 1., s 51 pigy Hé théng hai thanh phén 5au02020
tin v6i moi trudng
Yeu 16 trao doi thong Van chuyén qua man Hé thong phosphotransferase (PTS)  sau02060
tin v6i moi trudng an chuyen q & c thong phosp
Yeu to trzig dOI‘ thong Van chuyén qua mang He¢ thdng tiét cua vi khuan sau03070
tin vo1 mo1 truong
Chu trinh té bao Cong dong t¢ bao prokaryote Quorum sensing sau02024




Tap chi Khoa hoc Truong Pai hoc Can Tho

Tép 55, S6 chuyén dé: Cong nghé Sinh hoc (2019)(1): 29-39

Bang 4: Cac protein lién quan dén cac con duong chuyén héa riéng biét

M3 s6 protein Mi s6 KO A . L e X
tai CSDL (KEGG (Tlf:zpf;’teé“’lflz;'cinig'g’ MasoEC o trinh
UniProtKB Orthology) yiie Lomumussio
ureC; urease subunit alpha Chuyén hoa cua vi sinh vt trong
UPI000005480D K01428 [EC:3.5.1.5] moi trwrong da dang
UPI00003BISCS KO1429  ureB; urease subunit beta [EC:3.5.1.5] Chuyén hoa cua visinh vt trong
mdi truong da dang
ureA; urease subunit gamma Chuyén héa ctia vi sinh vat trong
UPIO0000D77A0 KO01430 [EC:3.5.1.5] moi trwong da dang
narG, narZ, nxrA; nitrate reductase /  Chuyén hoa cta vi sinh Va} trong
UPI0001C1200D K00370 nitrite oxidoreductase, alpha subunit  mo6i truong da dang, hé thong hai
[EC:1.7.5.1 1.7.99.-] thanh phan
PTS-Fru-EIIB, fruA; PTS system, Chuyén hoa ctia vi sinh Vélrt trong
UPIO0003B14DA K02769 fructose-specific IIB component mdi trudng da dang, hé thong
[EC:2.7.1.202] phosphotransferase (PTS)
PTS-Fru-EIIB, fruA; PTS system, Chuyén héa cta vi sinh vat trong
UPI0001C120B6 K02769 fructose-specific IIB component mdi trudng da dang, hé thong
[EC:2.7.1.202] phosphotransferase (PTS) i
ddl; D-alanine-D-alanine ligase Chuyén héa D-alanine, sinh tong
UPI0001C1203D KO01921 [EC:6.3.2.4] hop peptidoglycan, khang
vancomycin
) Chuyén hoa methane, chuyén hoa
UPI000005480C  K00625 2318, pta; phosphate ciia vi sinh vat trong méi trudng da
acetyltransferase [EC:2.3.1.8] dang
Chuyén hoa methane, chuyén hoa
UPIO0003B175E  K00925 ackA; acetate kinase [EC:2.7.2.1] cua vi sinh vét trong moi truong da
dang i
Chuyén hoa methane, sinh tong
FBA, tbaA; fructose-bisphosphate hop cac chat chuyén hoa thir cap,
UPIO0000D7773 KO01624 aldolase, class I1 [EC:4.1.2.13] chuyén héa cta vi sinh vat trong
modi truong da dang, sinh tong hop
khang sinh
kdpA; K+-transporting ATPase A A Dy A
UPI00003B184D KO01546  ATPase A chain [EC:3.6.3.12] HE thong hai thanh phan
UPI00003B12E0 K02313  dnaA; chromosomal replication He théng hai thanh phan
1nitiator protemn
vraS; two-component system, NarL A A s A
UPI000005449B  KO07681 family, vancomycin resistance sensor HE thong hai thanh phan
histidine kinase VraS [EC:2.7.13.3]
nreB; two-component system, NarLL A A s 2
UPI0000054B87 KO07683 family, sensor histidine kinase NreB  11¢ thong hai thanh phan
[EC:2.7.13.3]
PTS-GIcl-EIIC, ptsG, glcA, glcB; A A
UPI00003B1989 K20118  PTS system, glucose-specific IIC (P%,‘-’Ttél)ong phosphotransferase
component
PTS-GIcl-EIIC, ptsG, glcA, glcB; A A
UPI00019CD777 K20118  PTS system, glucose-specific IIC g"Tg‘)"“g phosphotransferase
component
PTS-ELPTSI, ptsl; phosphotransferase Hé thong phosphotransferase
UPI0000054B5C ~ K08483 system, enzyme I, PtsI [EC:2.7.3.9]  (PTYS)
PTS-GIv-EIIC, glvC, malP, aglA; PTS H¢ thong phosphotransferase
UPIO0003B18DE KO02750 system, alpha-glucoside-specific IIC  (PTS)

component
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Mai s protein Mi s6 KO A . T
tai CSDL (KEGG (Téﬁzpfﬁ’ﬁe&nﬁﬂi;ﬁﬁ?g MaSOEC (py trinh
UniProtKB Orthology) y

UPIO0000DCBDB K02791

PTS-MalGlc-EIIC, malX; PTS system, H¢ thong phosphotransferase

maltose/glucose-specific IIC
component

(PTS)

PTS-Nag-EIIC, nagE; PTS system, N- H¢ thong phosphotransferase

UPI0000696C65 K02804 acetylglucosamine-specific 1IC (PTS)
component
PTS-Bgl-EIIA, bglF, bglP; PTS Heé thong phosphotransferase
UPIO0000B9AC7 KO02755 system, beta-glucoside-specific 1A (PTS)
component [EC:2.7.1.-]
PTS-Glc-EIIA, crr; PTS system, Heé thdng phosphotransferase
UPIOO01AES8711 KO02777 sugar-specific IIA component (PTS)
[EC:2.7.1.-]
PTS-MtI-EIIA, mtlA, cmtB; PTS Hé théne phosphotransfera
UPI00003B187B  K02798  system, mannitol-specific IIA (IFTS)O & phosphotransierase
component [EC:2.7.1.197]
UPI00000S4BFA K03076 secY; preprotein translocase subunit Quoru£n sensing, h¢ thong tict cua
SecY vi khuan
UPI00003B14FC  K00370 secA; preprotein translocase subunit Q'uorur;n sensing, h¢ thong tict cua
SecA vi khuan
PTS-Glel-EIIC, ptsG, gleA, gleB; Quorum sensing, hé théng tiét cua
UPIO00ICI20BC K00370  PTS system, glucose-specific IIC HoTUS &, Az thong
vi khuan
component
UPI0005ADADD6 K03076 secY; preprotein translocase subunit Q.uorurxn sensing, hé thong tiet clia
SecY vi khuan
plsX; glycerol-3-phosphate Sinh t’(l)ng hop cac chat chuyén hoa
UPI000IABI796  K03621 acyltransferase PIsX [EC:2.3.1.15] thir cap
ycsE, yitU, ywtE; 5-amino-6-(5- .z . z X 12
UPIO0000601EC  K21064  phospho-D-ribitylamino)uracil tsﬁﬁhcg’ng hop céc chat chuyén hoa
phosphatase [EC:3.1.3.104] P 9
plsY; glycerol-3-phosphate Sinh tong hop cac chat chuyén hoa
UPI00000549F0  K08591 acyltransferase PlsY [EC:2.3.1.15] thtr cap
Sinh ‘g(;)ng hop cac chat chuyén hoa
GPI, pgi; glucose-6-phosphate thir cap, chuyén hoa cua vi sinh vat
UPI000012AF6D  KO1810 isomerase [EC:5.3.1.9] trong moi trudng da dang, sinh
tong hop khang sinh ,
) . Sinh tong hop cac chat chuyén hoa
UPI00003B173F Koigds  Doml; glutamate-l-semialdehyde 2,1- o a0 " o Van 16a ciia vi sinh vat
aminomutase [EC:5.4.3.8] e
trong moi truong da dang
trpB; tryptophan synthase beta chain ~ Sinh tf)ng hop céc chat chuyén hoa
UPI00003B1663  KO1696 10y 5 5 thir cAp, sinh téng hop khang sinh
manA, MPI; mannose-6-phosphate  Sinh tong hop cac chit chuyén hoa
UPIOO0TAEOBBO KOIB09 o e [EC:5.3.1.8] thir cAp, sinh téng hop khang sinh
manA, MPI; mannose-6-phosphate Sinh téng hop cac chat chuyén hoa
UPI00000D7844  KOIB09 . fase [EC:5.3.1.8] thir cAp, sinh téng hop khang sinh
. . Sinh tong hop cac chat chuyén hoa
UPI00003B1660 KOl6sg ‘PG anthranilate synthase component ' 4 "Gk t3no hop khéng sinh,
11 [EC:4.1.3.27] .
quorum sensing
glmU; bifunctional UDP-N-
acetylglucosamine pyrophosphorylase i
UPI00003B1436 K04042 / Glucosamine-1-phosphate N- Sinh tong hop khang sinh

acetyltransferase [EC:2.7.7.23
2.3.1.157]
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Mai s protein Mai s6 KO
tai CSDL (KEGG
UniProtKB Orthology)

Tén protein; Chirc ning; M sé6 EC
(Enzyme Commission)

Chu trinh

UPIO0000DCBDB K05362

murE; UDP-N-acetylmuramoyl-L-
alanyl-D-glutamate-L-lysine ligase
[EC:6.3.2.7]

Sinh tong hop peptidoglycan

UPIO00012F989 KO01925

murD; UDP-N-
acetylmuramoylalanine--D-glutamate
ligase [EC:6.3.2.9]

Sinh tong hop peptidoglycan

UPI0000167807 K11694

femA; peptidoglycan pentaglycine
glycine transferase (the second and
third glycine) [EC:2.3.2.17]

Sinh tong hop peptidoglycan

UPI0002550F93 K01924

murC; UDP-N-acetylmuramate--
alanine ligase [EC:6.3.2.8]

Sinh tong hop peptidoglycan

UPIO0003B18AF K11693

femX, fmhB; peptidoglycan
pentaglycine glycine transferase (the
first glycine) [EC:2.3.2.16]

Sinh tong hop peptidoglycan

UPIO0003B185E  K00790

murA; UDP-N-acetylglucosamine 1-
carboxyvinyltransferase [EC:2.5.1.7]

Sinh tong hop peptidoglycan

UPI00000549D5 K11695

femB; peptidoglycan pentaglycine
glycine transferase (the fourth and
fifth glycine) [EC:2.3.2.18]

Sinh téng hop peptidoglycan

UPIO001AE8448 K00790

murA; UDP-N-acetylglucosamine 1-
carboxyvinyltransferase [EC:2.5.1.7]

Sinh tong hop peptidoglycan

UPIO0003B14CB K06153

bacA; undecaprenyl-diphosphatase
[EC:3.6.1.27]

Sinh tong hop peptidoglycan

UPI00003B1851 K01929

murF; UDP-N-acetylmuramoyl-
tripeptide--D-alanyl-D-alanine ligase
[EC:6.3.2.10]

Sinh tong hop peptidoglycan,
khang vancomycin

UPIO001C11EOE K02563

murG; UDP-N-acetylglucosamine--N-

acetylmuramyl-(pentapeptide)
pyrophosphoryl-undecaprenol N-
acetylglucosamine transferase
[EC:2.4.1.227]

Sinh tong hop peptidoglycan,
khang vancomycin

UPI00000543CB  K01000

mraY; phospho-N-acetylmuramoyl-

pentapeptide-transferase [EC:2.7.8.13]

Sinh tong hop peptidoglycan,
khéng vancomycin

Bang 5: Cac muc tiéu thudc gia

dinh tot nhiat & MRSA xac dinh béi CSDL DrugBank

Ma so protein

Tac

tai CSDL Tén protein  Tén thudc (tiém ning) i\)/l::ls‘;}ank Nhém thude dong
UniProtKB g duge Iy
Chubdi alpha [(28)-2,13-d1hydroxyprop1y 1 [(ZR)-%- hit nohie Chua
enzyme ho hip octanoyloxy-3-pentanoyloxypropyl] DB07349  Thu nghiém bit
UPIOOOIC1200th, . phosphate
U nitrat Chua
(NarG) N-Formylmethionine DB04464  Tht nghiém bidt
Phosphomethylphosphonic Acid , .. Chua
Guanylate Ester DB03332  Thir nghiém biét
. R Guanosine-5'-Diphosphate DBO04315
Protein phan 5'-Guanosine-Diphosphate- Chua
UPI00000543C7 chia té bao . PAOSP DB01864  Thu nghiém %
FisZ Monothiophosphate biét
Cho phép str Chua
Citric Acid DB04272  dung trong bidt

dugc va thu y
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Chuyén mét nhom carbon

Ho protein: chuyén hoa

Chua duoc phan loai: chuyén hoa
Chua dugc phan loai: xir Iy thong tin di truyén
Ho protein: truyén tin hiéu va qua trinh té bao
Chuyeén hoa lipid

Gap cuodn, phan loai va thodi hoa
Chuyén hoa nang luong

Phat trién té bao va chét

Dic diem mo ta thap

Chuyeén hoa acid amin

Truyen tin hiéu

Chuyen hoa céc acid amin khic
Chuyeén hoa cdc cofactor va vitamin
Sinh tong hop va chuyén hoa glycan
Sao chép va sira chira

Chuyén hoa nucleotide

Vian chuyén qua mang

Chua xéc dinh

Dich ma

Ho protein: xit Iy thong tin di truyén
Chuyén héa carbohydrate

Hinh 2: Sy tham gia ciia 158 protein thiét yéu vao cic con dwong chuyén héa & MRSA

Chuyén héa D-Alanine,
1

Chuyén héa ciia vi sinh
vit trong moi treomg da

dang .3 Chuyén hoa

Hinh 3: Cac protein thiét yéu tham gia vao cdc con dudng chuyén héa riéng biét & MRSA (mt
protein cé thé tham gia vao nhieu hon mt con dwong)

Tiéu don vi alpha ciia enzyme hé hdp khir nitrat
(NarG)

Nhitng thanh tyu trong nghién ctru dic diém sinh
hoa va di truyén cta khir nitrat da cho thiy su phirc
tap ciia qué trinh nay va y nghia dic biét cia n6 dbi
v6i chu trinh nito. Cau tric ciia cic enzyme khir
nitrat ciing khac nhau giita t& bao prokaryote va té
bao eukaryote. O té bao prokaryote di co ba hé
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thdng khir nitrat khac nhau & vi tri, cAu trac, dic tinh
sinh héa, sy diéu hoa va td chirc gen dugc mé ta bao
gom: dong hoa té bao chat (Nas), ho hap lién két
mang (Nar) va di hoa té bao chit (Nap). Cac enzyme
ho hap khir nitrat lién két mang cho phép tong hop
ATP béng cach str dung nitrat nhw chét nhan dién
tir thay thé trong diéu kién yém khi (Moreno-Vivian
et al., 1999). O S. aureus, enzyme ho hip khir nitrat
lién két mang dugc ma hoa bai cac gen narGHJI.
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Hé théng Nar dugc cam tng badi su cd mat cla nitrat
va bi trc ché boi oxy. NarG 1a tiéu don vi alpha ¢
chirc nang xuc tac, NarH la tiéu don vi beta véi bdn
trung tdm sat — luu huynh va Narl 1a tiéu don vi
gamma quinol oxy hoéa. NarJ khong phai 1a mot
phan ciia phirc hgp enzyme, nhung n6 tham gia vao
viéc I4p rap hai tiéu don vi alpha - beta. Sy tao thanh
nitric oxide (NO) 1a mdt co ché quan trong trong co
ché ¢ khang cua vat chi ddi véi tic nhan gy bénh.
Su hién dién cta S. aureus kich thich su san xuét
NO bai thyc bao & nguoi, ma di duoc quan sat thiy
& nhitng ngudi bi nhiém tu cau. Tuy nhién, S. aureus
¢6 kha nang khang lai tac dung khang khuén cia NO
thong qua phan tng nitro hoa, trong d6 bao gdm su
chuyén dbi tir chuyén hoa hiéu khi sang ky khi. Kha
nang nay cua S. aureus khi c6 mat NO 1a mot dac
diém phan biét so véi nhiéu loai gdy bénh khac
(Holman, 2011). Ngoai ra, enzyme nay d6i khi co
thé co nhiéu vai tro khac nhau dudi nhimg diéu kién
trao doi chét khac nhau va cac con dudng dong hoa,
ho he‘ip va di héa c6 thé duge két ndi véi nhau dé tao
diéu kién thich nghi nhanh chéng véi sy thay do6i
diéu kién nito va/hodc oxy, giup tang sy linh hoat
ctia vi khudn dé song sot trong moi trudng tu nhién
(Moreno-Vivian et al., 1999). Do do, qua trinh ho
hap khir nitrat va vai trd ciia NarG trong con dudng
nay c6 thé 1a muc tiéu tiém ning cho viéc thiét ké
thudc duya trén muc tiéu vi & vi khuan, dudng chuyén
héa va enzyme nay 1a duy nhat.

Protein tuong dong tubulin (FtsZ)

Protein trong dong tubulin (FtsZ) la mot protein
can thiét cho qua trinh phéan chia té bao & té bao
prokaryote. FtsZ dugc xem 1a protein dau tién xuét
hién tai diém phan chia va thuc day sy hoat dong cua
céc protein khac lién quan dén sy phan chia té bao
vi khuén. Bén canh viéc hoat dong nhu mot gia do
cho céc protein phén chia té bao khac, ban than FtsZ
ciing c6 thé gay ra luc cytokinetic din dén sy phan
chia t& bao (Erickson et al., 1996). FtsZ c6 hoat tinh
GTPase polymer hdéa phu thudc nucleotide, hoat
dong theo huéng dau-dudi dé tao thanh sgi don ma
sau d6 duoc lip rap hoan chinh thanh mot vong goi
1a Z-ring. Vong nay gitp danh dau vi tri twong lai
clia vach ngan té bao vi khuan khi phén chia va duoc
duy tri trong sudt qué trinh phan chia té bao bai su
dao chiéu lién tuc cta cac polymer do FtsZ tao ra
(Mingorance et al., 2010). Vi vai tro thiét yéu cua
FtsZ trong qué trinh phan chia t& bao vi khuan, gan
day protein nay da tré thanh mot myc tiéu tiém ning
cho viéc thiét ké va tim kiém céc khang sinh méi va
c4c tac nhan chdng vi khuén (Schaffner-Barbero et
al., 2011). Su gia ting ciia cac mam bénh khang
khang sinh va thiéu sy phat trién khang sinh méi da
lam ndi bat yéu cau tim kiém céc hoat chit chéng lai
cac muc tiéu moi nhu protein phan chia t& bao vi
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khuan (Kumar et al., 2010). Do tinh méi cta nd khi
duogc st dung lam muc ti€u thuéc, cac hop chét
nhdm muc tiéu FtsZ s& it c6 kha nang hodc khong bi
anh huong boi cac co ché d& khang hién tai cua vi
khuan. Sy sang loc hop chét tiém ning vdi protein
muc tiéu FtsZ ban dau tap trung vao cac loai thude
trc ché trung hop tubulin do su gidng nhau vé chirc
ning va cau tric giita tubulin va FtsZ (de Pereda et
al., 1996). Tuy nhién, ¢6 rat it nguy co ring mot hop
chat chdng FtsZ ciing s& chong tubulin vi FtsZ va
tubulin chi chia sé 10 - 18% mirc d6 twong dong
trinh tu (Huang et al., 2007).

Céac protein con lai chua dugc bao cao dé su
dung 1am muc tiéu thudc chéng lai MRSA. Tuy
nhién, vi su tham gia ctia cac protein nay vao nhitng
chu trinh t bao quan trong va khong twong dong véi
protein vat chu, sy rc ché cua 47 protein nay ciling
¢ thé duge st dung dé chéng lai MRSA. DPi ¢6
nhitng nghién ctru cho thay phan tir thudc khong
nhét thiét phai lién két v6i toan bg protein dé thé
hién hoat tinh ctiia n6. Su gén két ciia mot phan t
thubc voi mot protein doi khi chi can ving trinh ty
acid amin cua vi tri gan v&i thu thé (Hossain ef al.,
2017). Vi vdy c6 thé thyc hién nhiing bién dbi nho
& phan tir thube da c6 dé mang lai hoat tinh véi cac
protein da lya chon. biéu nay dem lai lgi thé 13 c6
thé sir dung cac phén tir thube di dwoc chimg minh
hiéu qua cho nhing vi khuan khac c6 protein myc
tiéu twong dong vé sb lwong, vi tri acid amin va céu
triic khong gian véi cac protein muc ti€u da dugc
xac dinh trong nghién ctru nay. Do do, 47 protein
trén nén duoc xem nhu cac muc tiéu thude gia dinh
tiém ning cho nhitng nghién ciru trong twong lai.

4 KET LUAN

Trong nghién ctru nay, phuong phép tiép can so
sanh bd proteome gitra mam bénh va vat chu dua
trén cac cong cu tin sinh hoc nhdm x4c dinh muc tiéu
thubc hop 1y 1a mot chién lugc hiéu qua cho viée
phat trién thudc, voi loi thé tiét kiém thoi gian va chi
phi. Bang cach ap dung phwong phép trén, hai muc
tiéu thudc tot nhat da dugce xac dinh & 15 chung
MRSA, cu thé 1a tiéu don vi alpha cua enzyme ho
hap khir nitrat (NarG) v protein trong dong tubulin
(FtsZ), trong khi d6 47 protein dugc tim thiy la
nhitng muyc tiéu thudc gia dinh tiém ning. Céc
nghién ctru sau hon cé thé dugc thuc hién dé xac
dinh cac hop chit co kha nang uc ché cac protein
muyc tiéu nay, tr do co thé tang toc qua trinh phat
trién clia cac tac nhan tri liéu mdi chéng lai MRSA.

LOTI CAM TA

Nghién ctru dugc tai trg boi Truong Pai hoc
Bach khoﬂa - bai hoq Quoc gia TP. HCM trong
khuon kho dé tai ma s6 TNCS-KTHH-2017-12.
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