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DU POAN in silico CAC EPITOPE TE BAO B CO TINH KHANG NGUYEN
TREN PROTEIN FepA CUA VI KHUAN Acinetobacter baumannii
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Muc tiéu: Xac dinh mét s6 epitope té bao B tiém ndng trén protein FepA c6 ngudn
gdc tlr vi khuin Acinetobacter baumannii (A. baumannii) nham phuc vu phét trién
vaccine. Phwong phdp nghién civu: St dung cac phén tich in silico dé dw doan tinh
khang nguyén, tinh tan, ciu tric xuyén mang, cic epitope té bao B tuyén tinh va lap
thé cta protein FepA, dong thoi danh gia kha nang gay di &ng, doc tinh, cac dac tinh
ly hoa va mirc d6 twong dong v&i protein nguwdi clia cac epitope. Két quad: FepA dwoc
xac dinh 1a protein mang ngoai gbm 22 vung xuyén mang kiéu B va c6 tinh khang
nguyén cao. Nghién ctru da Iwa chon dwoc nhitng epitope tdi wu nhat ctia FepA, bao
gdbm 2 epitope tuyén tinh (E3, E9) va 4 epitope 1ap thé (E12 - E15) c6 tiém nang sinh
mién dich cao va phu hop cho phat trién vaccine. Két Iudn: FepA 1a khiang nguyén

giau epitope, c6 gia tri trong phat trién vaccine phong A. baumannii.

T khoa: Vi khuan A. baumannii; Protein FepA; Epitope té bao B; In silico; Vaccine.

In silico PREDICTION OF ANTIGENIC B-CELL EPITOPES
ON FepA PROTEIN OF Acinetobacter baumannii

Abstract

Objectives: To identify potential B-cell epitopes on the FepA protein from
Acinetobacter baumannii (A. baumannii) for vaccine development. Methods:
Comprehensive in silico analyses were performed to predict the antigenicity,
solubility, and transmembrane topology of FepA, and to identify both linear and
conformational B-cell epitopes. The predicted epitopes were subsequently evaluated
for allergenicity, toxicity, physicochemical properties, and homology to human proteins.
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Results: FepA was identified as an outer membrane protein containing 22
transmembrane [3-barrels and high antigenicity. The analyses identified the most
promising epitopes, including 2 linear epitopes (E3, E9) and 4 conformational
epitopes (E12 - E15), which exhibit high immunogenic potential and are suitable for
vaccine development. Conclusion: FepA is an epitope-rich antigen and represents a
valuable candidate for vaccine development against A. baumannii.

Keywords: Acinetobacter baumannii; FepA protein; B-cell epitope; In silico; Vaccine.

PAT VAN PE

Acinetobacter baumannii la tac nhan
gay nhiém khudn bénh vién phé bién
nho kha nang badm dinh manh, hinh
thanh mang sinh hoc va dé khang cao véi
khang sinh cling nhw chit sat khuan.
A. baumannii chu yéu tin cong nhitng
bénh nhan c6 bénh Iy nén, suy gidm mién
dich hodc dang diéu tri hoi sirc tich cuec,
gdy ra nhiéu dang nhiém trung nghiém
trong nhu viém phdi, nhiém khu4n huyét
va viém mang nio [1]. Viéc kiém soat
nhiém khuin dang déi mat véi thach
thirc 16n do sw gia tang ctia cac ching da
khang thudc. Tiém ching cé thé la mot
gidi phap tiém ning dé gidm ganh ning
ca vé lam sang 1an tai chinh, tuy nhién,
hién nay chwa c6 vaccine thwong mai
phong A. baumannii va viéc xac dinh
khang nguyén hiéu qua van dang trong
giai doan nghién ctru [2].

Hé théng thu nhan sit 132 mot trong
nhitng yéu té doc luc quan trong, dong
vai tro thiét yéu cho sw ton tai va giy
bénh cua vi khuin. Trong do6, FepA la
protein mang ngoai c6 mirc do bdo ton
cao & vi khuidn Gram am [3]. O
A. baumannii, FepA c6 chiéu dai 754
amino acid tham gia vao qua trinh hip
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thu enterobactin ngoai sinh, giap vi
khuin thich nghi trong diéu kién thiéu
sat [4]. Pang chd y, & nhiéu loai thudc ho
FepA da duwoc
chirng minh l1a c6 thé kich thich dap &ng
mién dich manh. Khang thé khang FepA
c6 kha nang &c ché sy phat trién cta cac
vi khudn giy bénh nhw Klebsiella
typhi  va

Enterobacteriaceae,

pneumoniae, Salmonella
Escherichia coli [3].

Pap wng mién dich chéng lai
A. baumannii bao gdbm cd mién dich dich
thé va mién dich qua trung gian té bao,
trong dé epitope cta té bao B va T déu
dong vai tro thiét yéu. Cac céng cu in
silico cho phép dw doan cac epitope tiém
nang dwa trén trinh ty va ciu trac
protein, tir d6 rat ngan thoi gian va chi
phi sang loc khang nguyén [5]. Trong
khuoén kh6 nghién ctru, muc tiéu cua
chung tbi la: Bwdc ddu tdp trung dw dodn
epitope té bdao B FepA twr
A. baumannii, qua dé xdc dinh mot sé

cua

epitope té bao B tiém ndng trén protein
nay nhdm phuc vu phdt trién vaccine. Day
la bwérc quan trong vi cac epitope té bao
B ¢6 kha nang truc tiép kich thich tao
khang thé trung hoa, déng thoi cac
epitope nay c6 wu thé vé kha ning dw
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dodn, tong hop va wng dung thuc
nghiém, tir d6 cung cip co s& khoa hoc
cho viéc lwa chon khang nguyén va
thiét ké vaccine trong ciac nghién ctru
tiép theo.

PpOI TUONG VA PHUONG PHAP
NGHIEN cO’'U

1. Poi twong nghién ciru
Protein FepA ctia vi khuin A. baumannii.
2. Phwong phap nghién ciru

* Truy xudt trinh tw protein:

Trinh tw protein FepA dwoc truy xuit
tlr co s& dit liéu UniProt (Ma dinh danh:
AOAAV3JUIT; https://www.uniprot.org)
duéi dinh dang FASTA va dwoc st dung
lam dit liéu dau vao cho cac phén tich in
silico tiép theo.

* Dw dodn peptide tin hiéu va cdu tric
xuyén mang:

Peptide tin hiéu cta protein FepA
duwoc dw doan bang cong cu SignalP 6.0
(https://services.healthtech.dtu.dk/ser
vice.php?SignalP-6.0). Ciu tric xuyén mang
ctia FepA dwgc du doan bang cong cu
DeepTMHMM (https://dtu.biolib.com/
DeepTMHMM).

* Dw dodn epitope té bao B tuyén tinh:

Epitope té bao B tuyén tinh trén protein
FepA duwoc du doan bang cong cu BepiPred
(https://services.healthtech.dtu.dk/ser
vice.php?BepiPred-2.0) v&i nguwdng 2 0,5.

* M6 hinh héa cdu tric FepA va dw
dodn epitope ldp thé (khdng lién tuc):

C4u triac bac 3 (3D) cta FepA dwoc
x4y dwng bang céng cu SWISS -MODEL
(https://swissmodel.expasy.org/). Chat
lwong mdé hinh 3D dwgc danh gia
bang ProSA-Web (https://prosa.services.
came.sbg.ac.at/prosa.php), dong thoi st
dung biéu d6 Ramachandran dé danh gia
cac goc xoay ¢ va | ctia chudi polypeptide.
Cac epitope 1ap thé cta té bao Btrén
FepA dwgc du doan bang cong cu
ElliPro (http://tools.iedb.org/ellipro/)
v&i ngwéng > 0,8 nham xac dinh nhirng
vung khong lién tuc c6 kha nang dwoc
khang thé nhin dién.

*Ddnh gid tinh khdng nguyén, tinh gdy
di trng, doc tinh va tinh tan:

Tinh khang nguyén cia protein/epitope
dugc xac dinh bang cong cu Vaxijen
v2.0 (http://www.ddg-pharmfac.net/
vaxiJen/) véi nguwdng = 0,4. Tinh gay di
trng dwgc danh gid bang AlgPred 2.0
(https://webs.iiitd.edu.in/raghava/algp
red2/batch.html) va AllerTOP v2.0
(https://www.ddg-pharmfacnet/AllerTOP/).
DPoc tinh ctia khang nguyén dwoc dw doan
bang ToxinPred (https://webs.iiitd.edu.
in/raghava/toxinpred/). Tinh tan cuda
FepA khi dwoc biéu hién trong E. coli
danh  gia SOLpro
(https://scratch.proteomics.ics.uci.edu/

duwoc bang

cgi-bin/new_server/sql_predict.cgi).

* Phdn tich ddc tinh ly héa va bdo ton
trinh tw cua cdc epitope té€ bao B tuyén
tinh:

Cac dac tinh ly hoa cua cac epitope
dwoc danh gia bang cong cu ProtParam
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(https://web.expasy.org/protparam/). nghién cttu dwgc Vién Nghién ctu Y
Cong cu IEDB Epitope Conservancy Analysis Dwoc hoc Quan sy, Hoc vién Quéan y cho
(https://tools.iedb.org/conservancy/) phép st dung va cong bo. Nhom tac gia
dwoc st dung dé xdc dinh mic d6 cam két khong cé xung dot lgi ich trong
bao tén cuia B-barrel gitta nhiéu ching nghién ctru.

A. baumannii. Ngoai ra, mirc do twong

dong gitra cac epitope véi protein nguwoi KET QUA NGHIEN CU0’U
va cac loai khac dwoc kiém tra bang 1. Panh gia tinh khang nguyén va
BLASTp ctia NCBL tinh tan ctia protein FepA

3. Pao dirc nghién ctru FepA c6 kha ning kich thich dap tng

Nghién cttu stt dung s6 liéu thuéc P& mién dich manh véi diém Kkhang
tai Khoa hoc & Céng nghé cip co sé tai  nguyénla 0,813 (> 0,4) va & dang hoa
Hoc vién Quan y theo Quyét dinh s6 tan khi bi€u hién & E. coli véi xac suit
3432/QDb-HVQY ngay 16/8/2025. S6 liéu hoatanla 0,666 (> 0,6).

2. Dw doan peptide tin hiéu va ciu tric xuyén mang

FepA mang peptide tin hiéu kiéu Sec/Signal peptidase I (SPI), ndm & vi tri ti
amino acid 1 - 24 (Hinh 1b). Diém cit clia enzyme SPI nam gitra amino acid 24 va 25
c6 dd tin cay 97,35%. FepA chira 22 viing xuyén mang dang 8 (mau dé), cac chudi
xuyén mang nam xen ké viing ngoai mang (xanh ddm) va viung ndi bao (xanh 14)
(Hinh 1).

DeepTMHMM - Most Likely Topology | Type: beta
Outside
signal/Beta =

Periplasm
o 100 200 300 400 500 600 700 o agneqe gaegtlekpa epvkletifv

51 taeegvkgsl gvsvitkedl eklpvrndis dyvrrmpgvn ltgnsatggr
DeepTMHMM - Posterior Probabilities 101 gnnrgidirg mgpentlilv dgkpinsrns vrygwkgerd trgdsnwvpa
151 eaiesievlr gpaaarygsg aaggvvniit kkvtnethgs vefytsqped
201 skegssnrvg fnvsgplikd visyrlygny nkteaddvdi nksigstaag
251 regvknkdis grlawgatdg gtvlldisss kggniysgds glnanaeada
301 ilsgligket ntmyrdsyal thegdwswgk sklvagydkt hnkrlpegla
351 gsvegkinnl ddkatsrlet lrfngeanip feyylpqvlt vgtewvedrf
401 kdnvsttggk dssgsgygdg lakgdrskme sriasayied nlkvtdstdv
451 vlglrfddhs ksgsnwspsl nitgklndyf tlkggvakay kapnmyqgnae
501 gyllstngng cpaniesrcl lggngdlkpe tsvnkelgig fgkdivnasl
551 twfrndykdk ivagthvvgt vdgsstnant gavtntkwni lrwentpkal
601 iggfegslgl dfgdirwtnn ftymmdskdk gtgnplslvp iytinsifdy
651 ditdgldvnf vftgygrgks rgfaenrles gigsggansa lkpstvksys
701 taginvgykf sdgistrvgv snlfdkqgilr dsnsisgtyn epgrayyasl
o 100 200 300 400 500 600 700 751 kys£f

(a) (b)

Hinh 1. Vi tri s3p x&p du doan cla protein FepA trén mang té bao.
(a) D6 thi xac suit dwoc du doan boi DeepTMHMM;
(b) Trinh tw protein FepA v&i cac viing duoc quy dinh mau sic twong tw voi dw
doan cia DeepTMHMM: Peptide tin hiéu (signal, cam), ving xuyén mang (beta, do),
vung ngoai mang (outside, xanh dam) va vung noi bao (periplasm, xanh 14a).

Probability

—— Beta
0.2 | — Periplasm

—— Outside

—— signal
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3. Dw doan va lwa chon epitope té bao B tuyén tinh

* Dw dodn epitope té bao B tuyén tinh:

K&t qua dw doan bang BepiPred-2.0 cho thiy protein FepA chira nhiéu epitope té
bao B tuyén tinh véi diém khang nguyén > 0,5. Trong s6 do, c6 11 epitope nam &
vung ngoai mang dwoc lwa chon cho phén tich tiép theo vi cac vi tri nay c6 kha nang
dwoc khang thé nhan dién va ti€p can (Bdng 1).

*Tinh khdng nguyén, tinh gdy di trng va doc tinh:

Cac epitope déu c6 tinh khang nguyén (ngoai trir E11), khéng gy di (tng va khong
c6 doc tinh khi phéan tich lan lwot trén cic cong cu Vaxijen, AlgPred va ToxinPred
(Bdng 2). Tuy nhién, két qua dw doan ctia cong cu AllerTOP khac véi AlgPred, chi co
cac epitope E3, E7, E9, E10 va E11 la khong gay di &ng.

Bang 1. Du doan cac epitope té bao B tuyén tinh trén protein FepA.

Epitope Trinh tw chudi peptide Vitriaa Piém s6
E1l TSQPEDSKEGSSNRV 195-209 0,587
E2 NYNKTEADDVDINKSIGSTAAGREGVKN 229-256 0,621

E3 SKQGNIYSGDSQLNANAEADAILSQLIGKETNTMYRD 280-316 0,613
E4 YDKTHNKRLPEGLAGSVEGKINNLDDKATSR 337-367 0,602

E5 EDRFKDNVSTTQGKDSSGSGYGDQLAKGDRSKME 397-430 0,644

E6 DHSKSGSNWS 458-467 0,560
YKAPNMYQNAEGYLLSTNGNGCPANIESRCLLQ-

E7 GNGDLKP]? Q 490-530 0,592

E8 GTHVVGTVDGSSTNANTGAVTNTKWNILRWEN 564-595 0,622

E9 MDSKDKQTGNPLSLVPI 625-641 0,579

E10 QYGRQKSRQFAENRLESGIGSGGANSALKPST 664-695 0,639

E11  KQILRDSNSISQTYNEPGRAYYASL 726-750 0,576
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Bang 2. Tinh khang nguyén, tinh gay di rng, doc tinh, dac tinh ly hoa

va do bao ton cla cac epitope té bao B tuyén tinh.

e Yo M e T oy (58 Db
El + - + - 1620,65 4,68 85,12 -1,84 98,74
E2 + - + - 2967,16 4,86 24,01 -1,09 97,49
E3 + - - - 4017,35 4,44 37,42 -0,78 96,23
E4 + - + - 3427,78 8,39 50,19 -1,27 89,54
E5 + - + - 369490 4,99 28,15 -1,58 88,28
E6 + - + - 1104,10 6,74 -1,37 -1,86 100,0
E7 + - - - 444493 4,87 52,56 -0,79 89,12
E8 + - + - 3400,67 6,75 27,92 -0,52 77,41
E9 + - - - 1843,13 5,71 29,32 -0,60 94,56

E10 + - - - 3395,70 10,27 45,94 -1,10 99,16

E11 - - -

2875,15 8,43 72,00 -094 9247

(+: C6 ddc tinh, -: Khdng cé ddc tinh, MW: Khéi lwong phdn ti)

* Phén tich ddc tinh ly héa, bdo ton trinh tw va mirc dd twong dong véi protein nguwoi
Két qua phan tich bang cong cu ProtParam cho thiy, cac epitope c6 chi sd pl dao
dong twr 4,44 - 10,27, chi s6 ky nwédc GRAVY cua cac epitope < 0. C6 6 epitope la E2,
E3, E5, E6, E8 va E9 c6 chi sd bit 6n < 40 (nguwdng quy dinh). Phan tich bang IEDB
Conservancy Analysis trén 239 chung A. baumannii cho thay phan lén cac epitope
déu c6 mic do bdo tdon > 90% (Bdng 2). D8 chiéu trinh tw bang BLASTp cho thiy

khong c6 epitope nao twong déng véi protein nguoi.
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4. Dw doan epitope té bao B 1ap thé

[ 200 a00 600 800 1000

(a) C4u truc 3D cta FepA duoc Number of resicues .
du doan bing SWISS MODE. (b) Panh gia chit lwong mo hinh bang ProSA-Web.

1807
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(c) Biéu d6 Ramachandran ctia ciu (d) Céc epitope 14p thé té bao B (mau xanh
tric FepA dam, xanh 14, dé va vang) dwoc dw doan bang

ElliPro va minh hoa trén ciu tric 3D.
Hinh 2. M6 hinh ciu triac 3D va dw doan epitope 1ap thé té bao B cta protein FepA.

M6 hinh 3D cta FepA dwoc xay dung trude khi dw doan epitope té bao B 14p thé.
Thong qua céng cu SWISS-MODEL, ciu truc 3D cia FepA da dwoc thiét 14p thanh
cong v&i do tin ciy cao thé hién qua cac chi s6 GMQE = 0,9 va QMEANDisco Global =
0,93 + 0,05 (Hinh 2a). Gia tri Z = -4,68 thu dwoc tir ProSA-Web cho thiy sw phu hop
nang lwong tong thé ciia mé hinh FepA so véi cac ciu tric protein da dwoc xac dinh
bang phuwong phap thwc nghiém nhuw tinh thé hoc X-ray va phé NMR, khing dinh sw
hop ly cia mo hinh dw doan (Hinh 2b). Mat khac, biéu d6 Ramachandran di chi ra
€6 97,45% amino acid nam trong viung thuin loi, cac chi s6 ERRAT = 90,393 va
MolProbity = 1,21 déu dat yéu cau do6i véi mot mo hinh c6 chat lwong cao (Hinh 2c).
M6 hinh khong gian ctia FepA da dwoc thé hién sau khi xac nhan do tin ciy cta ciu
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truc 3D (Hinh 2d). Ti€ép dén, cong cu ElliPro da dwgc st dung dé xac dinh cac epitope

té bao B 14p thé. Phan tich cho thiy c6 4 epitope ndi bat véi diém dw dodn > 0,8;
twong &ng v&i cac ving bé mat cé kha nang twong tic manh véi khang thé (Bdng 3).

Bang 3. Du doan cac epitope té bao B 14ap thé trén protein FepA.

. X . . L Mautrén PDiém
Epitope Trinh tw chuoi peptide khong lién tuc . .
mo hinh s0
GKDSSGSG (409-416), D419, Q420, ,
E12 bé 0,919
HVVGTVDGSSTNANTGAVTNTK (566-587)
TNET (184-187), GPLIKDVL (215-222),
WQATDQQ (265-271), GDWSWG (324-329),
IPFE (379-382), LPQ (385-387), L389, LKVTDST .
E13 Xanh dam 0,903
(442-448), QKLNDYF (474-480), F541, KDIV
(543-546), FGDI (612-615), YDITDQL (650-
656), YKFSDQI (708-714), L750, YSF (752-754)
E14 N509, R677, 678, SGIGSGGAN (680-688), A690 Vang 0,802
E15 D239, K242,S243 Xanh la 0,801

BAN LUAN

Kiém soat nhiém khuin A. baumannii
trong moi treong bénh vién dang la mot
thach thirc 16n do kha ning khang thudc
va ton tai dai dang cia vi khuin. Vi vy,
cac chién lwgc phong ngtra nhw phat
trién vaccine va kit chin doan nhanh
ngay cang dwoc quan tam. Mdc du cac
nghién ctu in silico dwgc &ng dung
rong rai trong phat trién vaccine
phong A. baumannii nhung hién nay van
chwa c6 coéng trinh nao tap trung vao
protein FepA theo hwéng ti€p cin nay.
Trong khi d6, FepA va cac thu thé thu
nhan sit twong tw da dwoc chirng minh
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trong nhitng nghién cttu in silico trén
K. pneumoniae va Neisseria meningitidis
la nhirng rng vién vaccine day trién vong
[3, 6]. Pay la co s& khoa hoc dé ching toi
tién hanh phan tich in silico protein FepA
claA. baumanniinham x4c dinh cac
epitope té€ bao B tiém nang.

Theo két qua dw doan, protein FepA
cia A. baumannii c6 tinh khang nguyén
cao va kha nang hoa tan tot khi biéu hién
& E. coli. Pay 1a dac diém thuén loi cho
viéc san xudt va tinh sach protein tai td
hop. Pong thoi, FepA 1a mot thu thé
mang ngoai dién hinh, mang peptide tin
hiéu Sec/SPI va s& hiru 22 vung xuyén
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mang dang [ ddc trung, giup gia tang sw
tiép xuc clia cc viing ngoai mang, la diéu
kién quan trong dé khang thé c6 thé
nhan dién epitope.

Duw doan epitope tuyén tinh da xac
dinh dwoc FepA c6 11 epitope nam &
vung ngoai mang thuan lgi cho kha nang
ti€p cin khang thé. Cac epitope nay déu
c6 gia tri GRAVY 4m (wa nwdc), la diéu
kién thuin loi dé tong hop peptide &
dang hoa tan. Mt khéac, gia tri pl nam
ngoai khoang pH sinh ly (7,2 - 7,6) gitp
han ché nguy co gidm tinh sinh mién
dich tai pl caa peptide [3]. Tuy nhién, xét
theo chi s6 bt 6n v&i nguwong < 40 dé
dam bao do bén virng cta peptide, chi cd
cac epitope E2, E3, E5, E6, EB va E9 la dat
tiéu chudn. Mit khac, xét vé tinh khang
nguyén, kha nang gay di wng va doc tinh,
chi cac epitope E3, E7, E9 va E10 vtra c6
kha ning kich thich dap &ng mién dich
vira dam bao an toan. Tong hop cac yéu
td, chi c6 E3 va E9 thoa man day du cac
tiéu chi vé tinh sinh mién dich, d6 an
toan va cac dac tinh ly hoa. Ngoai ra, mirc
d6 bao ton cua hai epitope nay gitra cac
chiung A. baumannii dat ty 1é cao (lan
lwot 1a 96,23% va 94,56%). Viéc khong
twong dong véi protein nguwoi giup giam
nguy co phan (rng tw mién va ting tinh
an toan khi str dung.

Nghién ctru ghi nhan c6 4 epitope lap
thé v&i diém du doan cao > 0,8, phan bd
trén bé mat protein, phu hop véi kha
nang gin két khang thé. Dang chu y,

nghién ctru ghi nhan sy trung lap hoac
giao thoa gitra mot s6 epitope lap thé va
epitope tuyén tinh: E12 giao thoa véi E5
va E8, E13 véi E11, E14 giao thoa véi E7
va E10, trong khi E15 chtra 3 amino acid
tr E2. Do d6, nhitng ving nay cé thé
dwoc xem 1a cac vung trong diém khang
nguyén, dé dang ti€p cin béi khang thé.

Mic du két qua du doan in silico cin
dwoc kiém chirng thwc nghiém nhwng
cach tiép cin cta nghién cru nay van
dong vai tro then chét. Pay la co sé khoa
hoc quan trong cho thiét ké khang
nguyén dinh hwéng phat trién vaccine
nham ning cao hiéu qua kiém soat va
gidm sat nhiém khuin A. baumannii trong
bénh vién.

KET LUAN
FepA la protein giau epitope, cé tinh
khang nguyén manh va mirc do bao ton
cao gitta cac ching A. baumannii. Nghién
ctru da xac dinh dwoc co6 2 epitope tuyén
tinh (E3, E9) va 4 epitope 1ap thé (E12 -
E15) tiém nang. Pay la nhitng dit liéu
khoa hoc gia tri trong phat trién vaccine

phong ngwra A. baumannii.
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