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1.QUY PINH VE VIEC GUIBAI

Bai viét gtii d&n Tap chi Khoa hoc TAy Nguyén phéi ddm béo chua tiing dugc cong b6 hodc gii xét
duyét tai batky tap chi, hoi thdo hay 4n pham thong tin nao khac. Tap chi chdp nhén bai viét bing hai
ngon ngil: tiéng Viét va tiéng Anh, tiy thudc vao ddi tugng nghién ctiu va pham vi tiép cin ciia tc
gia. T4c gid cAn ddm bo ring ndi dung bai viét tuan thi ding chuin muc dao dic khoa hoc, khong vi
pham c4c quy dinh vé dao viin hay s hitu trf tué.

2.YEU CAUVENOIDUNG BAI VIET

Noi dung bai viét can ddm bao tinh c6 dong va siic tich, néu bat dugc nhiing két qua nghién ciiu chinh
yéu. Tap chi chi xét duyét nhiing bai viét c6 ciu tridc rd rang va phit hdp véi tiéu chudn cla tling loai
hinh bai bdo. Tap chi Khoa hoc Tay Nguyén dic biét hoan nghénh hai loai bai viét chinh nhu sau:

a. Bai bao nghién ctiu (Research Article):

La bai viét trinh bay két qua chi tiét cia modt nghién ctiu nguyén goe, déng gép vao linh viic khoa hoc
tuong ting. CAu triic chinh gdm: Tém tit (Abstract): Gidi thidéu ngdn gon muc tidu, phucng phdp,
két qua va két luan. Gidi thiéu (Introduction): Trinh bay bdi cinh, tAm quan trong va muc tiéu
nghién ctiu. Vat liéu va Phuong phap (Materials and Methods): Mo ta chi tiét vat lidu (dung cu,
héa chat, dit liéu...) va phucng phép thue hién d& ddm bao ngudi doc c6 thé tdi hién lai. Két qua va
Thao luin (Results and Discussion): Trinh bay két qua qua s& liéu, biéu d6 va d4nh gid y nghia, so
sanh vé6i cdc nghién ctu trude. Két luan (Conclusion): Tém tit két qua chinh va @ xuat huéng
nghién ctiu hoic ting dung ti€p theo. Tai liéu tham khao (References): Danh sich tai liéu trich dan
theo tiéu chuin cta tap chi. Bai bio phai minh bach, ddm béo tinh khoa hoc va déng gbp gia tri cho
cong ddng hoc thut.

b. Bai viét tong quan (Review Article):

Bai viét tdng quan tap trung vao viéc tong hop va danh gid cic nghién ciu da dugc cong bo, ddng
thoi phan 4nh xu hudng nghién ctiu hoic c4c van dé dang dugc cong ddng quan tAm. T4c gia can trinh
bay mot cach khach quan, c6 hé thong va @dm bao cdc quan diém dua ra dudc hd trg bdi bing chiing
khoa hoc 1o rang. Phan téng quan nén cung cip cdi nhin bao quét vé chi dé, chi ra nhiing khoang
trong can dugc khai théc trong tuong lai.

3.YEU CAU VE PINH DANG BAI VIET

Bai viét cin dudc trinh bay theo diing quy dinh vé dinh dang ctia tap chi trén khé gidy A4, t6i da 10
trang, va tuan thi cic quy cach sau: Font chii: Times New Roman, ¢& chii 11, gian dong don. Lé:
Trén 2 cm, dudi 2 cm, trai 3 cm, phai 2 cm. Cong thic toan hoc: St dung MS Equation hoic
MathType (diic biét cho bai thudc linh vic Toan hoc va Vit ly). Hinh anh va biéu do: Khuyén
khich diing Word Picture dé d& dang chinh stia. Viéc tuan thii cdc yéu cAu nay gitip ddm béo su thdng
nhit vé hinh thiic va hd trg qu4 trinh bién tip, phan bién dugc thuic hién nhanh chéng va hiéu qua.

4. THONG TIN LIEN HE

O cudi bai viét, tic gia hodic nhém tdc gia cin cung cip ddy du thong tin 1ién hé bao gdm: ho va tén,
dia chi cong tac hoiic noi lam viéc, so dién thoai va email. Thong tin nay gitip toa soan va ban bién
tap dé dang trao d6i, lién hé trong qua trinh phan bién va chinh stia bai viét néu can thiét.

5. THONG TIN BO SUNG VA KINH PHi PHAN BIEN

T4c gia cAn tham khao thém céc quy dinh chi tiét vé dinh dang bai viét, quy trinh phan bién va chi
phi lién quan tai muc Danh cho tac gia trén trang web chinh thic ctia tap chi. TAt ca cdc bai viét sé
dudc bién tip va phan bién chit ché v6i quy trinh phan bién hoan toan online dé ddm bao chat luong
hoc thuat cao nhat trudc khi xuat ban.
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PAC PIEM MIEN CHUC NANG VA BIEN THIEN TRINH TU' PROTEIN NANB
CUA PASTEURELLA MULTOCIDA TYPE D PHAN LAP TU TRAU TAI TiNH PAK
LAK VA SO SANH VOI CAC CHUNG TYPE B

Nguyén Vin Thai'!, Trinh Thi Thu Hing?, Nguyén Ngoc Pinh’,
Nguyén Vin Trong!, Vii Khic Hing?
Ngay nhan bai: 05/02/2026; Ngay phan bién thong qua: 20/05/2026; Ngay duyét dang: 01/06/2026

TOM TAT

Trong bbi canh dir liéu phén tir vé Pasteurella multocida type D phan lap tir triu tai Dak Lak con
han ché, nghién ctru nay phan tich protein neuraminidase NanB cua mét chung type D, ky hi¢u EH32,
va so sanh v6i hai chung type B gdm PM248 va ching Iran dung san xuit vaccine. Trinh ty NanB du:oc
rut trich tir dir li¢u giai trinh ty toan hé gen; du doadn peptide tin hi¢u bang SignalP-5.0, kién trac mién
dugc chu giai bang InterProScan va bién thién acid amin dugc danh gia bang can chinh da trinh ty. Két
qua cho thiy NanB ctia ci ba ching déu mang peptide tin hiéu Sec/SPI véi vi tri cat bao ton tai 25/26
(TFG|QI) va c6 khung kién truc mién sialidase & nira dau chudi cing mién B—barrel autotransporter &
C—terminal. Trong pham vi so sanh v¢i allele NanB cuta hai chung type B PM248/Iran, NanB ctia EH32
co muc do déng nhét téng thé 87,2% tai cac vi tri so sanh truc tiép, trong do bién thién tap trung chu
yéu & ving passenger/sialidase (PID 76,2%) kém cac indel ngén, trong khi viing autotransporter bao ton
cao (PID 97,7%). Trong pham vi dif liéu ctia nghién ctru ndy, cac bién thién ghi nhan & NanB cua ching
EH32 tap trung chu yéu tai ving passenger/sialidase, goi y dy 1a ving can uu tién ddnh gia thém vé
chire ning sialidase, tinh khang nguyén va thich nghi niém mac bang mé hinh hoa cau trac 3D hodc thi

nghiém churc nang.

Tir khoa: autotransporter, Dk Ldk, NanB, Pasteurella multocida, trau, sialidase.

1. MO PAU

Bénh tu huyét trang do Pasteurella multocida
(P. multocida) gy ra 1a bénh truyén nhiém cip
tinh quan trong trén trau bo, c6 thé gay chét nhanh
va thiét hai kinh té dang ké, dic biét & cac ving
nhiét d&i va can nhiét doi (Lestari et al., 2025). Tai
Tay Nguyén, trong do6 co Pik Lik, diéu kién chan
nudi néng ho va sy tiép xuc giita nhidu loai vat
nuéi c6 thé 1am ting nguy co luu hanh cac bénh
truyen nhiém tren dan gia stic. P6i voi bénh tu
huyét tring, cac yéu td nhu diéu kién méi trudng,
mua vu va quan ly dan dugc ghi nhan la co6 lién
quan dén nguy co phat sinh va lan truyén bénh ¢
trau bo tai cac vung nhiét doi (De Alwis, 1999;
Lestari et al., 2025; WOAH, 2021). Vaccine van 1a
bi¢én phap phong bénh chu luc; tuy nhién, hi¢u qua
bao ho thay doi tuy diéu kién st dung, loai vac-
cine, dap tng mién dich cua vét chi va dic diém
cua cac chung P. multocida dang luu hanh tai dia
phuong (Tesfaye et al., 2025).

P. multocida 13 vi khuin Gram am c6 phd vat
chu rong, da dang vé capsular type va mang nhiéu
yéu td doc luc tham gia bam dinh, xdm nhép, né
tranh mién dich va thu nhan dinh dudng trong co
thé vat chu (Ewers et al., 2006). O trau bo, ngoai
cac chiing thudc type B va type A thuong gan voi

1Khoa Nong nghiép, Truong Dai hoc Tay Nguyén,

bénh canh dién hinh, cac chung type D ciing di
duoc ghi nhan trong truong hop viém duong ho
hap va nhidém khuan huyét, cho thiy su da dang
ctia tic nhan va kha nang ton tai nhiing bién thé
thich nghi khac nhau (Gharibi et al., 2016; Sarangi
et al., 2014; Shayegh et al., 2010) Do do, viéc
khao sat céc yéu t6 phan tir ciia chiing type D phan
lap tir trdu co ¥ nghia trong mo ta dic diém ban du
cta chung luu hanh.

O Viét Nam, bénh tu huyét trung trén trau bo
chu yéu duoc ghi nhan lién quan dén P. multocida
type B, trong khi dit liéu v& sy hién dién va dic
diém phan tir ciia cac chung type D trén trdu con
han ché.

Trong cac yéu té doc luc cia vi khuin, nhoém
enzyme tiét/ngoai bao nhu neuraminidase (siali-
dase) dugc quan tim vi lién quan dén thich nghi
va tuong tac voi bé mat niém mac. NanB 14 neur-
aminidase cia P. multocida, ¢6 kha nang thuy phan
co chit chua acid sialic tir glycoprotein cua vat
chii, qua d6 co thé hd trg vi khuan thich nghi trén
bé mit niém mac (Mizan et al., 2000; Nugroho et
al., 2022). Do NanB lién quan truc tiép dén tuong
tac vi khuan—vat chi va c6 viing passenger d& bién
thién, protein nay dugc lya chon lam ddi tuong
phan tich chuyén su dé 1am rd khac biét phan tir

2B6 mén Cong nghé Sinh hoc, Phén vién Thii y mién Trung;
Tac gia lién hé: Nguyén Van Thai; Email: Nguyenvanthai@ttn.edu.vn.
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gitra chung EH32 type D va cac ching type B.

Tu nhiing co s¢ trén, nghién ctru nay phan tich
dic diém peptide tin hiéu, kién trac mién churc
nang va bién thién trinh tu protein NanB cua mot
chung P. multocida EH32 (type D) phéan lap tur trau
tai Dak Lak, dong thoi so sanh voi hai chung type
B gdm PM248 va chiing Iran ding trong san xuét
vaccine.

2. VAT LIEU VA PHUONG PHAP NGHIEN
CcUU
2.1. Vit li¢u

Dit liéu diu vao cta nghién ciru gdm dit liu
WGS paired—end 150 bp cua ba chung P. multo-
cida: EH32 type D, PM248 type B phan lap tir trau
tai Pik Lak va DNA chiing Iran type B ding trong
san xuat vaccine. Tu dir liéu WGS, bd gen duogc
lap rap, chu giai ving ma hoa protein (coding se-
quence, CDS) va rut trich trinh tu protein NanB dé
phuc vu du doan peptide tin hiéu, cha giai mién
chirc ning va so sanh bién thién acid amin.

Chung EH32 type D trong nghién ctu nay la
mot chung phan 1ap tor trau tai Pik Lik va duoc
mo ta trong nghién ctru trude (Nguyen et al., 2025)
leading to rapid deaths and significant economic
losses. In Vietnam, recurrent HS outbreaks have
been reported, yet most studies have solely fo-
cused on bacterial isolation or species-level identi-
fication. Comprehensive molecular data, including
capsular typing, lipopolysaccharide (LPS.

2.2. Phwong phdp
2.2.1. Lap rdp va chii gidi hé gen tir dir liéu WGS

Gen/protein doc lyc dugc xac dinh dya trén
dir liu giai trinh ty toan hé gen (Whole Genome
Sequencing-WGS) doan ngén paired—end 150 bp
(150PE) cua ba chung EH32, PM248 va chung
Iran. Dit lidu thd duoc lip rap bang Unicycler
v0.4.8 (Wick et al., 2017) dé tao cac contig dai
dién cho bd gen timg chung; sau d6 bo gen lap rap
duogc cht giai ty dong bang Prokka v1.14.6 nhim
du doan va gan nhan cac vung ma hoa (coding
sequence, CDS), rRNA, tRNA va cac dac trung
di truyén khac (Seemann, 2014). Céc tép dau ra
(GFF, GBK, FFN) dugc dung lam ngudn dir lidu
chuén cho cic budc truy xuat gen va phan tich tiép
theo.

2.2.2. Xdac dinh va rut trich gen/protein muc tiéu ti
bé gen ldp rdp

Phin mém Geneious Prime v2023.1.2
(Biomatters Ltd., 2023; Kearse et al., 2012) duogc
dung dé x4c dinh vi tri bat cap cua cac cap mdi trén
trinh ty bd gen lap rap cia ting ching. Mot cip
moi duoc xem 1a bt cip hop 18 khi mdi xudi va

moi ngugce bat cip dung hudng trén ciing mot con-
tig, khoang cach gitra hai vi tri moi tao ra san pham
PCR tiém ning c6 kich thuéc pht hop véi thiét
ké, va chat luong bét cip dat ngudng chdp nhan
theo thiét 1ap ctia Geneious Prime. Tir ving trinh
tur (amplicon) suy ra, cac ving CDS trong két qua
chu giai Prokka duoc dbi chiéu theo toa do; CDS
bao phu hoan toan vung amplicon dugc rut trich
lam dai dién cho gen muc tiéu. V&i mdi gen, ghi
nhén tén gen, locus_tag, toa do bat dau—két thuc
trén contig, chiéu (strand), do dai CDS/protein, va
xudt ra trinh tu nucleotide/protein tuong tmg. Céc
trinh tw CDS/protein rit trich dugc xuét ra dinh
dang FASTA dé phuc vu cac phan tich so sanh va
chu giai.
2.2.3. Dy doan peptide tin hiéu va xac dinh ving
protein truong thanh

Trinh ty acid amin cua céac protein dugc chuén
héa dinh dang FASTA va dugc du doan peptide
tin hiéu bang cong cu truc tuyén SignalP—5.0
(Almagro Armenteros et al., 2019; DUT Health
Tech, n.d.). Mot trinh ty dugc xem la c6 peptide tin
hi€u khi SignalP—5.0 dy doan loai peptide tin hiéu
(wu tién Sec/SPI) c6 likelihood cao nhit va c6 vi tri
cét rd rang (Almagro Armenteros et al., 2019). Vi
tri cit du doan duoc ding dé phan tach peptide tin
hiéu (trudc vi tri cit) va ving protein trudng thanh
(sau vi tri cit); ving protein truong thanh dugc st
dung cho céc phan tich so sanh/bao ton nhim giam
anh huong cia doan tin hiéu xuét tiét.
2.2.4. Chii giai mién chirc ndng va xdy dwng kién
triic mién protein

Nhan dién mién chirc ning, ho protein va
cac dac trung cdu trac dugc thuc hién béng
InterProScan trén may chu web cua InterPro/
EMBL-EBI (EMBL-EBI, n.d.; Jones et al., 2014),
chay ¢ ché d6 mic dinh cho protein. InterProScan
dbi sanh trinh tu voi cac co so dit liéu thanh vién
(nhu Pfam, SMART, CDD, SUPERFAMILY,
CATH-Gene3D, PANTHER...) d gan ho protein
va xac dinh toa do mién/repeat. Céc thong tin dau
ra duoc trich gdbm: ma InterPro (IPR)/ mi co s dit
ligu thanh vién, tén mién/ho, va toa do bat dau—két
thac cua tirng mién trén chudi (Blum et al., 2025;
Jones etal., 2014). Két qua duoc tai vé & dinh dang
TSV va su dung dé (i) xay dung so do kién truc
mién (domaln architecture), (11) so sanh su hién
dién/ving mat va sy dich chuyen bién mién giita
cac ching, va (iii) dién giai bién di acid amin theo
ving chire nang/mién cu trac (Jones et al., 2014).
Toa d6 mién dugc trich tir output GFF, va file
XML duge ding dé ddi chiéu accession/entry khi
can (Jones et al., 2014). Du doan peptide tin hiéu
dugc kiém chimg chéo bang Phobius (Almagro
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Armenteros et al., 2019; Kéll et al., 2004).

Trong truong hop cac trinh tu tring hoan toan
giltta mot sO chung, InterProScan c6 thé chi hién
thi/ghi nhan mot trinh tu dai dién; khi do, cac két
qua chu gidi mién dugc hiéu 1a 4p dung cho céac
trinh ty dong nhat do6 va duoc st dung cho phan
tich so sanh tiép theo (Kaéll et al., 2004).

2.2.5. Phdn tich can chinh da trinh ti va thong ké
bien di acid amin

2.2.5.1. Can chinh da trinh tw va kiém tra chat
lwong can chinh

Dbi véi ting protein, cac trinh ty acid amin cin
chinh da trinh tu (Multiple Sequence Alignment—
MSA) bang thudt toan ClustalW (multiple align-
ment) tich hop trong phan mém BioEdit v7.7.1
(Hall, 1999; Thompson et al., 1994). Két qua can
chinh da trinh tu duoc kiém tra truc quan dé phat
hién cac vung kém tin cdy, cac cum chén/xoa dai
hodc céac bat thuong do sai dinh dang hodc trinh
tu bi cut.
2.2.5.2. Xac dinh nhom trinh tu trung hoan toan

T file MSA cua ting protein, cac trinh tu dugc
phan nhom dua trén mirc twong dong. Nhitng trinh
tur ¢ d6 dong nhat 100% (khong khac nhau & bat
ky vi tri nao sau khi can chinh da trinh ty) duogc
xem la thudc cung mot allele va dugc ghi nhan
thanh cac cum “tring hoan toan”. Khi c6 nhiéu
chung trung allele, m¢t trinh tu dai dién dugc
st dung cho muc dich trinh bay; déng thoi danh
sach cac chung trang allele dugc luu dé phuc vu
dién giai so sanh gitta nhém type B (chung Iran/
PM248) véi ching phan 1ap EH32 (type D).
2.2.5.3. Tinh ty 1¢ twong dong va thong ké bién di

béi voi protein muyc tiéu, cac chi s6 so sanh
duoc tinh theo ¢t can chinh dé dam bao c6 thé tai
1ap két qua.

Quy udc cot so sanh tryuc tiép: mot cOt can
chinh dugc xem 1 so sanh tryuc tiép khi ca hai trinh
tu déu co acid amin (aa) tai cot do (khéng c6 gap
" & bt ky trinh ty nao). Goi Ng;pg; 18 56 cOt s0
sanh tryc tiép.

Tinh phan trim tuong dong (pairwise percent
identity, PID): PID duoc tinh trén cac cft so sanh
tryc tiép nham phan anh muc do ddng nhit amino
acid trén phﬁn chudi duoc di sanh truc tiép. Goi
14 56 cot so sanh truc tiép co acid amin giéng nhau,
khi d6:

PID(%) = N_ident/N_direct x 100

Pém substitutions: mot substitution duoc ghi
nhan tai cOt so sanh truc tiép khi acid amin cua EH32
khéc acid amin cua trinh tu d6i sanh (Iran/PM248).
Téng s6 substitution dugc ky hiéu , trong do:
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Pém indel (insertions/deletions) theo cot cin
chinh: indel duogc xac dinh dua trén cac cot co gap:
Insertion (EH32): c6t ma EH32 c6 acid amin trong
khi Iran/PM248 la gap (—). Deletion (EH32): ¢t
ma EH32 la gap (-) trong khi Iran/PM248 c6 acid
amin.
2.2.5.4. Péi chiéu bién di trinh tw véi kién tric
mién protein

Nsub = Ndirﬂct -

Cac vi tri substitutions/indel quan sat duoc
trong MSA ctia mdi protein duoc dbi chiéu véi kién
tric mién/dai chtre ning thu duoc tir InterProScan
nhim danh gia y nghia chirc niang (Blum et al.,
2025; Johnson et al., 2013).

2.3. Xir Iy s0 ligu

Ty 1€ déng nhit trinh tu duoc tinh bﬁng ham
pid() trong gobi Biostrings trén R v4.4.3 (R Core
Team, 2025); cac gia tri duoc xuat va trinh bay
dudi dang bang/ma tran tuong dong.

3. KET QUA VA THAO LUAN
3.1. Két qua xdc dinh gen dic luc

Dua trén dir li€u gidi trinh tu toan h¢ gen
(Whole Genome Sequencing, WGS), by gen cua
ba chung P. multocida EH32 (type D), PM248
(type B) va chung Iran (type B) duoc lip rap, chi
giai cac vung ma hoa (coding sequences—CDS).
Két qua cho thiy ca ba ching déu hién dién day
du cac gen/nhdm gen doc luc duge khao sat gom:
nanB, ompH, omas87, exbB—TonB, hgbA, sodA va
sodC. O mdi gen, ving CDS tuvong tng bao phu
hoan toan ving amplicon duy kién, do d6 dugc ghi
nhan 1a “c6” ¢ ca ba ching.

Trong pham vi 7 gen ddc luc khao sat, khong ghi
nhan khac biét kiéu “co/mat gen” giira chung EH32
(type D) va hai chung type B (Iran/PM248). Viéc
toan bo cac gen khao sat déu hién dién ¢ EH32,
PM248 va Iran cho thiy ring day 1a nhém gen doc
luc quan trong thuong gap 6 P. multocida. Cac ng-
hién ctru hé gen gan day ciing cho thiy doc luc cua
P multocida lién quan dén nhiéu nhoém yéu td, bao
gdm vo nang, lipopolysaccharide (LPS), adhesin/
fimbriae, protein mang ngoai, protein thu nhan sat,
hé chuyén hoa acid sialic va cac yéu té né tranh mién
dich; trong d6 c6 cac gen nhu nanB/nanH, ompH,
oma87, hgbA, exbBD-TonB va sodA/sodC (Cao et
al., 2024; Tesfaye et al., 2025)whole genome se-
quencing (WGS la nhling nhom gen thuong dugc
quan tam trong sinh bénh hoc va nghién ctru vac-
cine/khang nguyén (Tesfaye et al., 2025).

Tuy nhién, su c6 hay khong c6 gen chi phan
anh kha ning hién dién vé mat di truyén, chua du
dé suy luan khac biét doc luc giita chung type D
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va hai chung type B trong nghlen ctru nay. Su khac
biét, néu co, thuong nam 6: bién thién trinh ty/
allele, bién mién/kién trac protein, hoac diéu hoa
biéu hién trong diéu kién thiéu sit/stress cua vat
chu (Luo et al., 1999).

Trong sd cac gen hién dién & ca ba chung,
nanB dugc uu tién phan tich chuyén sau do NanB
1a neuraminidase lién quan tryc tiép vao qué trinh
thich nghi niém mac va tuong tac giita vi khuan
véi vat chu (Mizan et al., 2000).

Déng thoi, NanB thudc nhom protein ngoai
bao kiéu autotransporter, trong do vung passenger
thudong duoc trinh dién ra bé mat té bao vi khuan
va c6 thé tham gia twong tac véi vat chi (Clarke et
al., 2022; Leo et al., 2012). Vi vy, NanB duoc lya
chon 1am d6i tugng pht hop dé phan tich chuyén
sau vé peptide tin hiéu, kién trac mién va bién
thién trinh tu.

3.2. So sanh protein NanB cua chiing EH32 vdi
chiing Iran va chiing PM248

3.2.1. Dy dodn peptide tin hiéu va vung protein
truong thanh

Phén tich protein NanB bang SignalP—5.0 (md
hinh Gram-negative) cho thdy ca 3 chung P. mul-
tocida EH32, PM248 va ching Iran dung trong
san xudt vaccine déu dugce du doan mang peptide
tin hiéu dudng Sec cit bai signal peptidase I (Sec/
SPI). O ca ba ching, vi tri cat duoc dy doan gilra
acid amin 25 va 26 v6i motif giéng nhau (TFG|
QD (Hinh 1).

Do tin cay du doan vi tri cat (cleavage site,
CS) cua EH32 13 0,6254 thap hon so v4i PM248
(0,6664) va chung Iran (0,6664). D tin cady
(likelihood) cho nhém signal peptide (Sec/SPI)
lan luot 13 0,8151 (chung EH32); 0,8433 (chung
PM248) va 0,8433 (chung Iran). Cac nhom dy
doan khac nhu Tat/SPI rat thap (< 0,0012). Nhu
vdy, NanB cua ba ching déu c6 dic diém N—
terminal phu hop véi peptide tin hi¢u Sec/SPI va
c6 diém cat dong nhat (Bang 1).

SignalP-5.0 prediction (Gram-negative): EH32

[LE

sP{sr:fsﬂ; p—
TAT| Tat /5P
LI'N[?A:-.-’ﬁPIIJ T

UTHER

=
EM
&
# by | 1 I
0= - s e v e P e B e e - r——
MEKFNPSVYLALSISSLLLTSTLTFGQISQGDEALLGYVEEHQESLLFHQSLVYVEQGSENVPIWRIPSLLRTE
] 5588583585558 88555558 888853 C KN LAXNN A AN XX NN XA A KA XXX A AN XA N X XA NN KX XN XXX KL XX
] ] 0 0
Prolein sequence a
SignalP-5.0 prediction (Gram-negative): vaccine
] 5P Sec/5PT) ——
T.'AT}I&(FSPI! ==
LIPO[Sec/SPIT) *++
c
OTHER
(L} ]
=
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=]
&

e e
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Protein sequence
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b

SignalP-5.0 prediction (Gram-negative): PM248

SP( S-H:.r’SPIi —
TAT( Tat/sPl
LEPO(Sec/SPIL)

nmf_n

(L]

Probability
4

MEEFNPSVLALSTISSLLLTSTLTFERQIQAQPKANFEVYEEHNQESLLFHQSLVEQGSDNYPIWRIPSLLRTEK

S5 5 5555555583555 555855CNNNNXXKXXXNXXEXANXEEXXNXNENXXAXEKXEXNXXEX X XXX X X X X

r - - - T N
L] 0 40 =1
Profein sequence c

Hinh 1. Dy do4n peptide tin hiéu (Sec/SPI) ciia protein NanB ciia P multocida bing SignalP-5.0
(Gram-negative), vai vi tri cat du doan tai 25/26 (TFG|QI).
Ghi chu: EH32 (a), vaccine (b) va PM248 (c)

Bang 1. Két qué du dosn peptide tin hiéu protein NanB

- Peptide Peptide  Lipopro-
Chiing 2:7 d(z:’)(‘?: dtl:é? tin hiéu tin hiéu  tein (Sec/ Khac Vi tri cat peptide tin hi¢u
- g (Sec/SPI) (Tat/SPI)  SPII)

CS pos: 25-26. TFG-QI.
Iran SP(Sec/SPI) 0,8433 0,0009 0,0987  0,0571

Pr: 0,6664
CS pos: 25-26. TFG-QI.
EH32  SP(Sec/SPI) 0,8151 0,0012 0,1094  0,0742
Pr: 0,6254
CS pos: 25-26. TFG-QI.
PM248  SP(Sec/SPI) 0,8433 0,0009 0,0987  0,0571 Pr: 0.6664
r: 0,

Vé chiéu dai protein, NanB ctua EH32 dai 1060 autotransporter/sialidase cung xép NanB cua P
acid amin (aa), trong khi NanB cua chung Iran multocida vao nhom tiét kiéu autotransporter (type
dai 1055 aa, cho thiy protein NanB ciia EH32 dai V), vén dién hinh c6 peptide tin hleu Sec ¢ dau
hon 5 aa. Du ¢ khac biét chidu dai tong thé, ving N dé qua mang trong trude khi mién “passenger”
peptide tin hig?:u (1-25 aa) va vi tri ¢t (25/26) van thuc hién chirc ning (Clarke et al., 2022).
khong thay doi theo du doan SignalP-5.0. 3.2.2. Kién triic mién va mé hinh autotransporter

Két qua SignalP—5.0 cho thdy NanB cua EH32  ciia NanB

(type D) va hai chung type B (PM248 va Iran) bao Két qua InterProScan cho thiy NanB ctia chung
t6n hoan toan kiéu peptide tin hiéu va diém cit EH32 va chung Iran/PM248 c6 kién trac mién
(Sec/SPI cét tai 25/26; motif TFG| QI) Diéu nay (domain architecture) twong dong, gdm: peptide
cho thay co ché dinh huéng xuét tiét cua NanB  tin higu ¢ diu N, vang sialidase duoc chu gidi &
qua h¢ Sec 6 on dinh ¢ ba chung P multocida dugc  nira dau chudi + mién p-barrel autotransporter &
so sanh, bat ké khac bi¢t vé type huyet thanh (D C_terminal (Bang 2).

so vdi B), ngudn goc (thuc dia so voi vaccine) va
khac biét chiéu dai protein. Két qua nay phu hop
v6i cac mo ta o dién khi phan tich sialidase cua P
multocida, trong d6 trinh ty NanB duoc bao cao cod
N-terminal signal sequence va thugc nhém protein
duoc xudt tiét/dinh vi thong qua hé Sec (Mizan et

Peptide tin hi¢u va vung dinh vi ngoai bao
tuong: ¢ ca chung EH32 va chung Iran/PM248,
Phobius ghi nhan peptide tin hiéu 1-25 aa, dong
thoi phén chia thanh N-region (1-6), H-region (7—
18) va C-region (19-25). Sau vang 1-25, Phobius
h ) +  chu giai toan han con lai | n lasmi
al., 2000). Bong thoi, cac nghién ctru gan day vé ;)(l)lrr%a?nt(t)zorl:g IP; nz 2C6O 1 (?6021(1;10{32(;}:;:3 6a legS
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(Iran/PM248) (Bang 2).

InterProScan ghi nhan ddng thoi nhiéu thu
vién chu giai hoi tu vao chirc niang sialidase/
neuraminidase & ca ba chung: CDD (cd15482;
Sialidase non—viral): EH32 48-536, Iran/PM248
48-531. SUPERFAMILY (sialidase superfamily):
EH32 48-542, Iran/PM248 48-537. PANTHER
(sialidase family): EH32 47-540, Iran/PM248
47-534. Gene3D (khdi sialidase): EH32 61-524,
Iran/PM248 61-519. Gene3D (Trans—sialidase do-
main 3; IPR023364): EH32 189-275, Iran/PM248
182-266. Pfam (sialidase; PF13088/IPR011040):
EH32 280-518, Iran/PM248 271-514 (Bang 2).
Nhu vay, 18i mién sialidase ciia NanB duoc nhan
dién nhat quan giita ching EH32 va chung Iran/
PM248, véi bién mién chi dich nhe vai acid amin

gitta cac chung.

O nira sau protein, nhiéu thu vién doc lap dong
thoi nhan dién mién autotransporter f—domain:
Gene3D (autotransporter f—domain superfamily;
IPR036709): EH32 759-1060, Iran/PM248 754—
1055. SUPERFAMILY (autotransporter f—domain
superfamily): EH32 777-1060, Iran/PM248 772—
1055. Pfam (PF03797; autotransporter f—domain):
EH32 827-1035, Tran/PM248 822-1030. SMART
(SM00869; 1PR005546): EH32 802-1050, Iran/
PM248 797-1045. ProSiteProfiles (PS51208;
IPR005546): EH32 798-1060, Iran/PM248 793—
1055 (Bang 2). Cac két qua nay cho thiy phan C—
terminal ciia NanB ¢ ca hai ching c6 dac trung
ciia P-barrel autotransporter, va ranh gidéi mién
phti hop véi chiéu dai tong thé ctia mdi chudi.

Bang 2. Tém tit cac mién chirc niing (domain) ciia protein NanB ¢ EH32 (type D) va Iran/
PM248 (type B) theo két qua InterProScan

i .;\ EH32 Iran/PM248 Nguon nhin dién
Nhom mién (aa) (aa) trong InterProScan
Signal peptide 1-25 1-25 PHOBIUS; SignalP -

noTM (Gram-)

N/H/C-region cua signal peptide ~ 1-6/7-18/19-25 1-6/7-18/19-25 PHOBIUS
Non-cytoplasmic domain 26-1060 26-1055 PHOBIUS

Sialidase family (IPR026856 47-540 47-534 PANTHER

Sialidase superfamily (IPR036278) 48-542 48-537 SUPERFAMILY
Sialidase non-—viral (cd15482) 48-536 48-531 CDD

Gene3D (khbi sialidase) 61-524 61-519 GENE3D
Trans-sialidase, domain 3

(IPR023364) 189-275 182-266 GENE3D

Sialidase (IPRO11040; PF13088)  280-518 271-514 PFAM
Autotransporter f—domain super- 759-1060;  777— 754-1055; 772— GENE3D; SUPER-
family (IPR036709) 1060 1055 FAMILY
Autotransporter p—domain Zi9é8n—1 Olf}?éc ¢ 3 (():;f 793-1055 (797- PFAM,; SMART;
(IPRO05546) 1045; 822-1030 PROSITE

1055; 827-1035)

Khi d6i chiéu véi dac diém chung cua cac pro-
tein autotransporter type V & vi khuan Gram am,
kién trac NanB cia cac ching trong nghién ctru
nay phu hop v6i mé hinh gém peptide tin hiéu &
dau N, viing passenger mang chirc ning sinh hoc,
vung néi/linker va mién B-barrel & dau C. Theo
cac nghién ctru trudc, peptide tin hi¢u giap pro-
tein di qua mang trong theo hé Sec, trong khi mién
B-barrel C—terminal tham gia neo giit va hd trg
trinh dién vung passenger ra mang ngoai (Clarke
et al., 2022; Harris, 2010; Leo et al., 2012)the role
of early life experiences in future disease risk is
gaining attention. The Barker hypothesis proposes
fetal origins of adult disease, with consistent evi-
dence demonstrating the deleterious consequences

of birth weight outside the normal range. In this
study, we investigate the role of birth weight in
CVD risk prediction. Methods and Results—The
Women’s Health Initiative (WHIL. Vi vay, viéc
NanB cta EH32 va Iran/PM248 déu bao ton pep-
tide tin hiéu Sec/SPI va mién p-barrel cho thiy co
ché xuit tiét/dinh vi mang ngoai cia NanB c6 kha
nang dugc duy tri gilra cac ching.

bang chu y, ving passenger/sialidase 1a khu
vue mang chirc ning neuraminidase, 1ién quan dén
khai thac acid sialic tir glycoprotein cia vat chi va
hd trg vi khuan thich nghi voi bé mat niém mac.
Két qua nay phu hop véi md ta clia Mizan et al.
(2000)which may contribute to colonization of the
respiratory tract or the production of lesions in an
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active infection. We have cloned and sequenced
a sialidase gene, nanH, from a fowl cholera iso-
late of P. multocida. Sequence analysis of NanH
revealed that it exhibited significant amino acid se-
quence homology with many microbial sialidases.
Insertional inactivation of nanH resulted in a mu-
tant strain that was not deficient in sialidase pro-
duction. However, this mutant exhibited reduced
enzyme activity and growth rate on 2-3' sialyl
lactose compared to the wild type. Subsequently,
we demonstrated the presence of two sialidases by
cloning another sialidase gene that differed from
nanH in DNA sequence and substrate specificity.
NanB demonstrated activity on both 2-3" and 2-6’
sialyl lactose, while NanH demonstrated activity
only on 2-3’ sialyl lactose. Neither enzyme liber-
ated sialic acid from colominic acid (2-8' sialyl
lactose, trong d6 NanB cua P. multocida dugc xac
dinh 1a sialidase c6 kha ning tac dong 1én co chit
chtra acid sialic. Do d6, su bao tdn 13i sialidase &
ca EH32 va Iran/PM248 cho thiy cac ching nay
van duy tri khung chirc ning co ban ciia NanB.

Bén canh hai mién chinh, ving néi/linker nam
gilia vung passenger/smhdase va mién B-barrel
ciing can duoc luu y. Vé mit cau tric, ving nay
c6 thé dong vai tro trung gian gitp duy tri khoang
cach, do linh dong va dinh hudng trinh dién cia
vung passenger trude khi protein dugc neo qua —
barrel & mang ngoai, phu hop vé6i co ché chung
cua cac protein autotransporter type V (Clarke et
al., 2022; Harris, 2010; Leo et al., 2012)the role
of early life experiences in future disease risk is
gaining attention. The Barker hypothesis proposes
fetal origins of adult disease, with consistent evi-
dence demonstrating the deleterious consequences
of birth weight outside the normal range. In this
study, we investigate the role of birth weight in
CVD risk prediction. Methods and Results—The
Women’s Health Initiative (WHI. Trong nghién
clru ndy, cac khac biét 16n khong nam ¢ viéc mat
hay xuat hién thém mién méi, ma chu yéu thé hién
& su bién thién trinh tu trong ving passenger/si-

alidase, trong khi viing C—terminal autotransporter
dugc bao tdn cao. M6 hinh nay phu hop v6i nhan
dinh chung vé autotransporter, trong d6 ving pas-
senger thuong bién thien hon do lién quan dén
twong tac vat chu, con mién B-barrel co Xu hudng
bao ton hon vi dam nhiém chirc ning cdu trac va
van chuyén (Clarke et al., 2022; Leo et al., 2012)

Céc chu giai sialidase dugc nhan dién bdi nhiéu
thu vién (CDD, SUPERFAMILY, PANTHER,
Gene3D, Pfam) va c6 toa do chong lap cao giita
hai chung. Didu nay cung cb rang NanB cua EH32
va Iran/PM248 déu duy tri 16i mién neuramini-
dase. Su khac biét ranh gidi mién chi & muc vai
acid amin pht hop véi bién thién nho hodc khac
biét can chinh cuc bd va khong cho thdy sy thay
d6i “c6/khong” cuia mién sialidase.

Nhu vay, két qua InterProScan cho thay NanB
ctia EH32 va Iran/PM248 duy tri khung mién chirc
nang chinh, gdm ving passenger/sialidase va mién
B-barrel autotransporter. Do khong ghi nhan su
thay dbi c6/mat mién, cac khac biét dang cha y
hon can dugc xem xét & mire bién thién trinh tu chi
tiét trong viing passenger/sialidase.

3.2.3. So sanh trinh ty va théng ké bién di theo
vung chirc nang

Tép cin chinh gém 3 trinh ty NanB véi chiéu
dai khong c6 gap 1an luot 1a 1055 aa (Iran), 1055
aa (PM248) va 1060 aa (EH32). Trén toan bo chidu
dai can chinh, chung PM248 trung khép hoan toan
véi ching Iran tai tat ca 1055/1055 vi tri so sanh
dugc, khong ghi nhan thay thé acid amin hay in-
del. Két qua nay xac nhan NanB ctia PM248 va
ching Iran (Iran) 1a dong nhit trong dir lidu cin
chinh (Hinh 2).

So sanh EH32 v6&i Iran/PM248 trén cac ¢t can
chinh ma ca hai chudi déu c6 acid amin (khong
tinh cac vi tri c6 gap) cho thay: c6 1049 vi tri
so sanh tryc tiép; co 915/1049 vi tri giéng nhau,
twong tng 87,2% dong nhat; c6 134 vi tri thay thé
acid amin (Bang 3).

Bang 3. So sanh bién thién trinh ty acid amin ctia protein NanB giira EH32 (type D) va
ching Iran (type B) theo tirng vung chirc ning

Ving Toa d% s:;ﬁg;’c Thay  Chén Xéa  PID

(chiing Iran) (aa) tiép*. thé (EH32) (EH32) (%)

Signal peptide (SP) 1-25 25 0 0 0 100,0

Mature therlml'nus (sau SP, trudc 26-47 2 3 0 0 86.4
sialidase)

Passenger/sialidase region 48-537 484 115 11 6 76,2

Mid-region (gitra sialidase va AT) 538-753 216 9 0 0 95,8
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Ving Toa dp sz:-l;r:rsl;’c Thay  Chén X6a  PID

(chiing Iran) (aa) tié'p*. the (EH32) (EH32) (%)
Autotransporter region (AT sf) 754-1055 302 7 0 0 97,7
Téng 1-1055 1049 134 11 6 87,2

Ghi chii: * “vi tri so sanh truc tiép”’ 1 s6 ¢t ma ca EH32 va Iran déu c6 aa (khdng tinh cot c6 gap
0 mot trong hai chuoi).
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Hinh 2. Cian chinh da trinh ty (MSA) trinh ty acid amin protein NanB giira cac ching P multo-
cida type B (PM248/Iran) va type D (EH32), cho thay cac vi tri bién thién va viung béo ton theo
chiéu dai chudi
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Ngoai cic thay thé, can chinh ghi nhan in-
del tao chénh léch chiéu dai gitra EH32 va Iran/
PM248: EH32 c6 téng cong 11 acid amin “chén”
(Iran c6 gap ¢ cac cdt twong tng) va 6 acid amin
“mat” (EH32 ¢ gap & cac vi tri ma Iran c6 acid
amin) (Bang 3).

‘Trong vung peptide tin hiéu 1-25 aa, EH32
glong hoan toan v4i Iran/PM248 (25/25 vi tri dong
nhit). Nhu vay, khac biét gitta EH32 va nhom type
B bét ddu tir sau vi tri cit peptide tin hiéu.

Khi phan tich theo vung chuc nang (quy chiéu
theo kién triic mién da chu giai), blen thién gitra
EH32 va Iran/PM248 tap trung chil yéu & nira dau
chudi: ving sialidase superfamily (48-537 aa) co
484 vi tri so sanh truc tiép, trong d6 369 vi tri dong
nhit (76,2%), va ghi nhan 115 thay thé acid amin
(Bang 3). Toan bo 3 cum chén va 2 cum mat cia
EH32 déu nim trong ving passenger: chén 2 aa
sau vi tri 141 (gitra 141-142); cheén 5 aa sau vi tri
184 (gitta 184—189); chén 4 aa sau vi tri 263 (gilta
263-266); mat 2 aa tai vi tri 202-203; va mét 4 aa
tai vi tri 501-504 (Hinh 2).

Cac vung phia sau sialidase nhin chung bao
ton o rét: ving autotransporter superfamily (754—
1055 aa) dat 97,7% dong nhét (295/302), chi ¢ 7
aa thay thé.

NanB ctia ching EH32 thé hién sy khéc biét so
voi ha1 chung type B (Iran/PM248) dugc khao sat
chu yéu ¢ nhiing diém sau:

Khdc biét ¢ ving passenger/sialidase: Bién
thién cua EH32 tip trung cha yéu & ving passen-
ger/sialidase. Pay 1a viung c6 kha nang tham gia
trinh dién khang nguyén bé mit va tuong tac véi
vat chu (Harris, 2010). Tuy nhién, gia thuyét nay
can dugc kiém chimg thém bing mé hinh hoa cu
triic 3D, phan tich epitop va thi nghiém chic nang.

Bdo ton cao ving C—terminal va duy tri mé—
dun autotransporter. Vung C—terminal, ddc biét la
mién B-barrel autotransporter duoc bao ton rat cao
(97,7%) va khong c6 indel. Diéu nay nhat quan voi
vai tro cdu trac ciia moé—dun p-barrel trong neo/
dinh vi mang ngoai va van chuyén autotransporter,
vbn thuong chiu ap luc bao ton dé dam bao tinh
toan ven cua co ché bai tiét va lap rap mang (Leo
et al., 2012).

Indel ngan la cdc vi tri bién thién dang chii ¥
trong ving passenger/sialidase. O ching EH32,
ba cum chén va hai cum méit déu nim trong ving
passenger/sialidase. Miac du tong chénh léch chiéu
dai chi la +5 aa, cac indel ngén co thé anh hudng
dén cau trac cuc bo, do linh dong va ving phO’l
bay bé mat cua protein, dac biét khi ching nam ¢
cac doan ndi hodc vong bé mit (Jilani et al., 2022;
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Miton & Tokuriki, 2022; Topolska et al., 2025)

Do tap trung trong vung sialidase/passenger, 5
cum indel nay co thé duge xem 1a cac vi tri bién
thién tiém nang dé phan biét EH32 véi hai ching
type B dugc khao sat; tuy nhién, gia tri chi thi phan
tir can dugc kiém chimg trén sb lugng ching 16n
hon.

Nhu vay, trong pham vi so sanh véi allele ctua
hai chung type B dugc khao sat, chung EH32 type
D c6 bién thién trinh ty tap trung chii yéu ¢ ving
passengetr/sialidase, trong khi vung C-terminal
dugc bao ton rd rét. Trinh tw NanB cua PM248
va chung Iran tring khop hoan toan trong dir liéu
can chinh ctia nghién ctru ndy; tuy nhién, két qua
nay chi phan anh hai ching type B duoc phan tich
va chua du co s¢ dé dai dién cho toan bo nhém P
multocida type B.

Can luu y rang nghién ctru nay chi phan tich
mot chung type D 1a EH32, do d6 cac dic diém
bién thién NanB ghi nhan dugc phan anh dac diém
ctia ching EH32 trong diéu kién so sanh véi hai
chung type B, chua du co so dé khai quat cho toan
bd nhom P. multocida type D. Viéc danh gia tinh
6n dinh va muc d6 dai dién ciia cac dic diém nay
can duoc thyc hién trén sb lugng chung type D 16n
hon trong cac nghién ctru tiép theo.

Mic du céc bién thién trinh tu va cdc cum indel
trong vung passenger/sialidase 1a nhiing vi tri dang
chu y, nghién cutru hién tai chua thuc hién mo hinh
hoa ciu triic 3D, dy doan epitop hodc thi nghiém
mién dich hoc dé xac dinh truc tiép anh hudng cua
cac bién thién nay dén ving nhan dién cia khang
thé. Do d6, cac nhan dinh lién quan dén tinh khang
nguyén can duoc hiéu 1a gia thuyét sinh hoc, can
duogc kiém ching thém bang mé hinh cau triic 3D,
phén tich epitop va thi nghiém chirc ning/mién
dich trong cac nghién ciru tiép theo. Bén canh do,
viéc mé rong so sanh trén nhiéu allele NanB tir cac
chung type D va céc type khéac sé can thiét dé xac
dinh lidu cac dic diém ghi nhan ¢ EH32 1a bién
thién riéng cua ching, dic diém 6n dinh ciia nhom
type D, hay chi phan anh su da dang trinh tu trong
quan thé P. multocida luu hanh tai Dk Lik.

Theo hleu biét cua nhom tac gia, nghién ciru
ny cung cap mot trong nhig dir li¢u phan tir dau
tién vé kién trac mién va bién thién trinh tu protein
NanB cua ching P. multocida type D phan lap tu
trau tai Dk Lik.

4. KET LUAN

Protein NanB cua cac chung EH32, PM248 va
chiing Iran déu mang peptide tin hiéu Sec/SPI véi vi
tri cit bao ton 25/26 (TFGIQI) va c¢6 kién triic mién
chung gdm ving sialidase/passenger cting mién p—
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barrel autotransporter & diu C—terminal. Trong pham  trén nhiéu chung type D hon trudc khi suy ludn vé ¥
vi so sanh voi allele NanB cia PM248 va chung Iran, nghia khang nguyén hoac vaccine.

NanB ciia EH32 type D c6 bién thién chu yéu tai Loi cam on

ving passenger/sialidase, kém cac indel ngén, trong
khi mién autotransporter duoc bao ton cao. Cac bién
thién nay 1a nhiing vi tri dang chu ¥, nhung can dugc
kiém chimg thém bang mé hinh hoa céu tric 3D,
phén tich epitop, thuc nghiém chirc nang va so sanh

Nhom tac gia tran trong cam on Bo Gido duc
va Pao tgo da cdp kinh phi cho nghién cuu nay.
Ma so B2024-TTN-04.
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FUNCTIONAL DOMAIN CHARACTERISTICS AND SEQUENCE VARIATION OF
THE NANB PROTEIN OF PASTEURELLA MULTOCIDA
TYPE D ISOLATED FROM BUFFALOES IN DAK LAK PROVINCE
AND COMPARISON WITH TYPE B STRAINS
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ABSTRACT

In the context of limited molecular data on Pasteurella multocida type D isolated from buffaloes in
Dak Lak province, this study analyzed the neuraminidase NanB protein of a type D strain, designated
EH32, and compared it with two type B strains, PM248 and the Iranian strain used for vaccine pro-
duction. NanB sequences were extracted from whole—genome sequencing data; signal peptides were
predicted using SignalP—5.0, domain architecture was annotated using InterProScan, and amino acid
variation was assessed by multiple sequence alignment. The results showed that NanB from all three
strains contained a Sec/SPI signal peptide with a conserved cleavage site at position 25/26 (TFG|QI),
and shared a domain architecture consisting of an N—terminal sialidase region and a C—terminal f—barrel
autotransporter domain. Within the scope of comparison with the two type B strains, PM248 and Iran,
NanB from EH32 exhibited an overall identity of 87.2% across directly comparable sites. Variation was
mainly concentrated in the passenger/sialidase region, with a PID of 76.2% and several short indels,
whereas the autotransporter region was highly conserved, with a PID of 97.7%. Within the scope of
the present dataset, the sequence variations observed in NanB from EH32 were predominantly local-
ized to the passenger/sialidase region. This finding highlights this region as a priority target for further
investigation of its potential roles in sialidase activity, antigenicity, and mucosal adaptation through 3D
structural modeling and functional assays.

Keywords: autotransporter, Dak Lak, NanB, Pasteurella multocida, buffaloes, sialidase.

'Faculty of Agriculture, Tay Nguyen University,
’Department of Biotechnology, Institute of Veterinary Research and Development of Central Vietnam;
Corresponding author: Nguyen Van Thai; Email: nguyenvanthai@ttn.edu.vn.

26



