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CUSTEE) E Objective  The aim of this study was to predict and analyze the potential structure and function of

Mycobacterium bovis BfrB protein, and to cloned and expressed it.as well as prepared polyclonal antibody, provided a
theoretical basis for the development of novel vaccines and diagnostic targets. Methods The bioinformatics
characteristics of BfrB protein were predicted and analyzed by bioinformatics software, its coding gene was cloned and
linked to the prokaryotic expression vector pET32a,the recombinant expression vector was constructed,and the expression
was induced by IPTG. The recombinant BfrB protein was purified by Ni-NTA spin columns,and it was analyzed by SDS-
PAGE and Western blot. Polyclonal antibody was prepared by immunizing New Zealand white rabbit with the
recombinant BfrB protein,and its titer was determined. Results The BfrB protein consisted of 181 amino acids, with
molecular formula Cyp3 Hyyo5 Noss O576Ss » and  theoretical molecular weight was 20. 442 ku, without signal peptide and
transmembrane domain, it was a hydrophilic ferritin located in the cytoplasm. The BfrB protein had three intrinsic
disordered domains,{ifteen phosphorylation sites,sixteen methylation sites and two acetylation sites,without glycosylation

sites. The secondary structure content of a-helix was 70. 1% ,extended strand was 4. 42 % ,B-turn was 3. 87 % and random
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coil was 21.55% ,and the tertiary structure was consistent with the predicted results of the secondary structure. The

spatial structure (quaternary structure) was a polymer composed of 24 subunits (tertiary structure). BfrB protein had
nine B cell epitopes, seven CD4" T cell epitopes and three CD8" T cell epitopes. The protein of M. bovis was closely
related to BfrB proteins of M. bovis BCG and M. tuberculosis H37Rv, the homology was up to 99%. BfrB protein
interacted with multiple proteins in Oxidase,rpslL,katG,hemH and others,in which the interaction between BfrB protein
and Oxidase protein was the strongest. The BfrB protein coding gene was successfully cloned,and the size was consistent
with the expectation. After connected with the expression vector pET32a, the recombinant expression vector pET32a-BfrB
was correctly constructed by double enzyme digestion and sequencing. The recombinant BfrB protein with single band and
high purity was obtained after IPTG induced expression and purification. Western blot showed that the recombinant BfrB
protein had good immunogenicity and could be recognized by corresponding antibodies. Immunizing New Zealand white
rabbit with this protein induced the production of antibodies,and its titer was as high as 1 : 512 000.  Conclusion The
structure and biological function of M. bovis BfrB protein were successfully predicted and analyzed, BfrB protein and

polyclonal antibody were obtained, which laid a theoretical foundation for the subsequent study of the protein and also

provided a reference for the prevention and control of bovine tuberculosis.
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Table 1 Bioinformatics analysis software

P T i
Name Websites Function
ORF Finder https://www. ncbi. nlm. nih. gov/orffinder/ TR ) 152 AE 28
Protparam https://web. expasy. org/protparam/ HAL R
TMH-MMServerv2. 0 https://services. healthtech. dtu. dk/services/ TMHMM-2. 0/ 5 i 43 A 3,
SignalP-5. 0Server https://services. healthtech. dtu. dk/service. php? SignalP-5. 0 Rz
ProtScale https://web. expasy. org/protscale/ SR K PE
PONDR http://pondr. com/ i 5 TC P 45 0 35
CD-search https://www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb. cgi R 57 45+ 38
Cell-PLoc 2.0 http://www. csbio. sjtu. cdu/. Cq,/bio/inf/GpOS*multi/ ) B % SV 4 A2 A7
SOPMA E:;[l)r://npsafprabl. ibcp. fr/cgi-bin/npsa _ automat. pl? page = npsa’ 20 _ sopma. — sy
Phyre2 http://www. sbhg. bio. ic. ac. uk/phyre2/html/page. cgi? id=index =R
SWISS-MODEL https://swissmodel. expasy. org/ 75 () 45 7 (DU 2 2544
1IEDB https://www. iedb. org/ B 20 Mt JiE = 4

NetMHCII-2. 3
NetMHCIIpan-4. 1
NetCTL-1. 2
NetPhos 3.1 Server
NetNGlyc-1. 0

CSS-Palm http://www. csspalm. biocuckoo. org/

STRING https://cn. string-db. org/
UniProt https://www. uniprot. org/
HDOCK SERVER http://hdock. phys. hust. edu. ecn/

Pymol 2. 1 https://pymol. org/2/

PDBsum Generate

https://services. healthtech. dtu. dk/service. php? NetMHCII-2. 3
https://services. healthtech. dtu. dk/service. php? NetMHCIIpan-4. 1
https://services. healthtech. dtu. dk/service. php? NetCTL-1. 2
https://services. healthtech. dtu. dk/services/NetPhos-3. 1/
https://services. healthtech. dtu. dk/service. php? NetNGlyc-1. 0

http://www. ebi. ac. uk/thornton-srv/databases/pdbsum/Generate. html
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Table 2 PCR primer sequence

%l%%ﬁ\ B (5'-3) TER RN
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name Pequence Product size

CCCAAGCTTATGACAGAATACGAA
BirB-F

GGGCCTAA 546
BfrB-R CCGCTCGAGCTAGAGGCGGCCCCCG

W FRILH S50 0 Hind - 1A Xho T EGEYIAL A5 o
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PURHE Y HR A FR A E]I0 R i HOIN R O A Y B 40 5
A pET32a-BIrB #F 17 XUE U) 45 3 , 55 ik 1F #f 5 3K 15
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J5 F) PR 25 vk 4 T4 BIrB & A5 ED T PVDF
FL SV BBR WA B 2 h, BA 1 s 1 000 FRBEEY /N BT
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LA BEF R 400 pg; IR 3 d J5 0 E SR i, ik
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U3 5/ ETXLN

g R
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bp . 7 T 4= 45 1% 43 BOFF B AF2122/97 4 3 K4 1Y
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Fig. 1 Open reading frame map of BfrB protein coding gene

1.2 BirB&E A=A M @i Protparam 7F £ 4K
PR 4 B BIrB 2 A B X E A S A 181 4
BB, 70 T XN Cops Hios Nuss O, Sg T 50N
2 845, BB A> TN 20. 442 ku, H5 07 HL i A4 5% L
BORAAR+ /AW N 30,4 1F HLfaf 1Y 5% 2k 5 4L
OB &R+ AR N 16, IS 5o 4,73, R
Boh 11 460, WL R BN 0. 561, FE RSN L 39 ™
LT P2 WO 30 h BEREBAR N >20 h, Kig ik
AW =10 h ANEREMEFRR BN 33. 97UIR T HI{H 40D,
FFEEE A NG EME K 86.85% . BIrB & H & B
Mg 3 o, HhWaE iR (13, 8%0) . A &
(9. 9%) MR ZIR (9. 9% B o e g k.
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Table 3 Amino acid composition of BfrB protein

BB M Oo BIMBE Mo oo

Amino acid residue ~ Number Proportion  Amino acid residue ~ Number ~ Proportion
P4 Alanine 25 13.8 A Leucine 18 9.9
KM Arginine 13 7.2 #%F Lysine 3 1.7
KA R Asparagine 5 2.8 B & M2 Methionine 6 3.3
KAE M Asparticacid 12 6.6 KHE MR Phenylalanine 10 5.5
F AR Cysteine 0 0.0 % # Proline 6 6.0
BE B Glutamine 14 7.1 R Serine 3 1.7
AR Glutamicacid 18 9.9 7 8 Threonine 8 4.4
HEM Glycine 9 5.0 % Tryptophan 1 0.6
41 % M Histidine 6 3.3 fi% 2 2 Tyrosine A 2.2
SR Tsoleucine 4 2.2 M Valine 16 8.8

1.3 BIrBEABKLEMIR 5K, FRAKEZE T
R HEMB M TMH-MMServerv2. 0 84 1 I &
7~ BfrB 2 o R X 8] (& 2A), SignalP Server v.
5.0 155 KA B # f 1  /R BB A& A G 5
K (Kl 2B), ProtScale B4 #i i BirB £ H 19 3% Bt /K
P, 28 B KM 2 B O B 3R R, R IAE 86 iR
SETR A SR K P ek, 4543 — 2. 922, 7F 139 i & JE TR
Jb SRR B 55 4343 M 1. 922, E K B LR MR Tk
KSR BB Bk EJE FaEKEEA R 20,
PONDR [ 5 JC 7 25 ¥4 38 B0 &2 7w, BirB R 1A 3 4
i & JC 7 45 A 4 4 ) A 1-9.140-141,160-181 43 Fl 4



P H R R A M E R &
Journal of Pathogen Biology

2024 4F 4 H O B 19 B 4
Apr. 2024, Vol.19,No. 4

* 399 -

R (K 2D) .

TMHMM posterior probabiliies for WEBSEQUENCE

g 06
04
02
0
2 0 e 0 100 120 10 10 180
transmembrane inside — ous de
A
SignalP-5.0 prediction (Gram-positive): Sequence
Zo.
£
eko Qoy Q Q o
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Protein sequence
B
? Fyiropat. / Kyte & Dogite o
15 " i
1 o8 \
[ hia I
05 /
{ f . s f
o ) g o6 2
i { H
o | SR Ly iy, ‘J‘ 8 a
§ st Mgl i LA ¥ 2o
] AL 1k
SN WV |1 | §
I $ 04 3
15t o
| [T
2 02
25
|
3

20 40 60 80 100 120 140 160 180 o 2 50 75 100 125 150 175
Position | =)

[

2 BfrBEHEEEHE(A),ESHK(B),ERAME(C)
REBLF&ME (D)
Fig.2 BfrB protein transmembrane domain(A) ,signal peptide(B),
hydrophilic(C) and intrinsic disordered domains(D)
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Fig. 3 BfrB protein phosphorylation site(A) and glycosylation site(B)
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BRUTRAEE ARG G rp dess g (& 4>, i
Cell-PLoc 2. 0 fE£: U BirB & 11 09 W 40 M & 1, &
% 53 BT R 40
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Fig.4 Analysis of conserved domain of BfrB protein

1.6 BfrBE&Ea=msHmmas s FH SOPMA
AT BfrB 8 0 a5, 45 R BoR o IR E
70.01%  FEAPBE 7 4. 42% . 3-HT A 3. 87 %, L HL I
Bl 21,552, W] o« BRE N BIrB 2 0 A5
B EZIEA (F 4, FIH Phyre2 il BirB & 1 —
PEERE L= A L o BRTiE | A % | BT AR S T
WG F . 5 R E5 R — B 5A) . FIH
SWISS-MODEL [q] J g 45, 2% 5 B /R BfrB & 1 ) =5
[i1) 5 4 (DU R 45 48] ) 2 — i 80 1) TR B A IR SR
Y.l 24 B SB UTR E BAA 4H (B] 5B . P I
(Ramachandran Plot) ¥F {45 5 57~ , iZ A 8 95 %
FY DX 38 e B S ) L 5 00 1 X B — B A5 L R
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* 4 BOrBEBE_REHHN

Table 4 Prediction of BfrB protein secondary structure

ZA o IR HE S 5 B9 TEHN
Types a-helix ~ Extended strand f-turn  Random coil
TR 127 8 7 39
A ) 70.01 4.42 3.87 21.55

1.7 BirB%& & B@wmfe ik fife T a2 & 15 5
IEDB 75 2% 8 {2 5 0 73 4 BfrB & [ 4P B 40 i $t )5
LA 9N BAPURE LKA LK 5. NetMHCII-2. 3
Fil NetMHClIpan-4. 1 #iill BfrB & 1 CD4 ™~ T 41 il 3=
£, 455 74 CDA' T 4B )i 7 (% 6). NetCTL-
L2 Wiy CD8" T iR i 3 (K D,

1.8 BIrB & & B4kt #y &2 R & & 4 ZAF R W & 547
FIH MEGA #9% BfrB 1 N-J i AL R, 45 0 iR 24F
SERG YRR AF2122/97 1Y BirB % A 524 454 0 B
FFH CG (M. bovis BCG) 245 #% 43 B FF i 37Rv (M.
tuberculosis H37TRu) /A A F B M. canettii) BIirB
BEHFEY S RBE (K 6A), KA STRING #i il 5
BfrB #HEAEHME A . BnH Y5 Oxidase R ALHER) |
rpsL(RAE 30S BB IR 11 S12) (katG (il S b A -3
AALYIEG) chemH CERZE A W) 55 8 118 0 AH B4R FH W
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s BIB BASRLH(A), = ELH (WAHH) (B) SHEKE(C)
Fig. 5 Tertiary Structure(A) ,Spatial Structure (Quaternary
structure) (B) and ramachandran plot(C) of BfrB protein

1.9 DBfrB 5 Oxidase H @ 84T 3t T A4
B R,BfrB A5 Oxidase & 4 Y 32 1 VU 7 45 41

(E7A) BRI TF IR E S A 1EH . AR AL
£ HEHR-248. 03 Kcal » moL.', BirB & 1 (0 45 & 1 5 41
% GLN-27, ASP-68, GLY-178, HIS-175, TYR-49,
SER-50 45 & i g 5% 3. Oxidase B &5 & 7 & 1 4
THR-66, LYS-266, GLN-269, GLN-190, TRP-191,
THR-70 ,ASN-90 552 LR ik 2 . BfrB 55 Oxidase 2
P 422 fink 5% 55 B A5 T2 1 22 A ELAE F S b A% CASP-68 .
LYS-266), & (GLN-27; THR-66, GLY-178: GLN-
269, HIS-175: TRP-191, TYR-49; THR-70, SER-50:
ASN-90) , 5 /K P B AR FH A, X BeAH B VR FH ] LAAS S8
FE Y BIrB & 15 Oxidase BRI E S W E
P (E 7B) .

x5 BHMMERMHEMER
Table 5 Results of B-cell epitope prediction

R R 1k fir 4 F 0L Ik B T 51
No. Initiation site Termination site Epitope peptide

1 5 10 EGPKTK

2 38 42 SEDLP

3 53 54 VE

4 56 57 RN

5 68 87 DRDLRVEIPGVDTVRNQFDR

6 101 101 T

7 130 137 QEQIEEVA

8 148 155 RAGANLFE

9 161 178 AREVDVAPAASGAPHAAG

R6 COATTHRMTERMEHMER
Table 6 Results of epitope analysis of CD4™ T cells

1553 I L FALIK BT 5

No. Initiation site Epitope peptide
1 6 GPKTKFHALMQEQIH
2 7 PKTKFHALMQEQIHN
3 8 KTKFHALMQEQIHNE
4 9 TKFHALMQEQIHNEF
5 20 HNEFTAAQQYVAIAV
6 150 GANLFELENFVAREV
7 161 AREVDVAPAASGAPH

®7 COSTTAMMERMHMER
Table 7 Results of CD8% T-cell epitope analysis

s faSiihasy INES ] Figo

No. Initiation site Peptide sequence Score
1 15 MQEQIHNEF 0. 8305
2 77 GVDTVRNQF 0. 8270
3 102 VTDQVGRLT 0. 7695

2 BWWEREPCR I IERERE

BIrB % [ 4 3 PCR ¥ 14 45 5 4n 1 8A Fis
YIRS WU AEAF (546 bp) . B PCR 45
SR L8 AN B TR T 1 o R M SR B (TR 8B L 45 &l
P25, B BirB 8 1 g A 3k A v B 1)
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AKR03780.1 Mycobacterium tuberculosis variant bovis

100 | NP 218358.1 Mycobacterium tuberculosis H37Rv

i AMC53138.1 Mycobacterium tuberculosis variant bovis BCG
WP 015294682.1 Mycobacterium canettii

WP 085324661.1 Mycobacterium decipiens
WP 191496620.1 Mycobacterium simulans

WP 085252480.1 Mycobacterium riyadhense
WP 198967707.1 Mycobacterium shottsii
100 WP 041325572.1 Mycobacterium marinum
WP 075549760.1 Mycobacterium persicum

8 WP 065036630.1 Mycobacterium asiaticum

WP 163777227.1 Mycobacterium cookii

A
hemH

Oxidase /\
o=

AKR01626.1

AKR03522.1

: iAKR02539.1

6 BIrBEARGHMAM(A)REAHEEAMESH(B)
Fig. 6 Phylogenetic tree(A) and analysis of protein
interaction network(B) of BfrB protein

GLUry
GLY-178

3 U%TRPJBI
HIS-175
I \-:/

=30
AsP-68 ¥ il b
3.0
LYS-266

Oxidase
A

(A BARERGE (B #ikRRA SRR
B 7 BfrB 5 Oxidase EAXMENRERE (A) REEKERALSE(B)
Specific action site (B), the arrow represents a hydrogen bond or
salt bridge
Fig.7 Surface model (A) and specific action site (B) between
BfrB and Oxidase protein
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IR S SSN——— 5 /|
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bp

546

B

A MIDNA Marker 1IN BI¥EXf B 1~6  BfrB & (1 4 % 5

PCR ¥ #4724 BM2100 bp Ladder N FAPEXIIE 1~8 [HMEsEkE
8 BfrB EEHWERE(A)REEHEERK PCR I B4R (B)

A MIDNA Marker IINNegative control 1-6 PCR products of
BfrB protein coding gene BM2100 bp Ladder N Negative control 1-
8 Positive clone

Fig. 8 PCR results of BfrB protein coding gene(A) and cloning

vector bacterial solution(B)

3 RIFEHBEHHESNETIWIE

FIRBARTE W PCR Z5 R anE 9A Fiow,5 A~ 5d
G TR T 34 R B PE SR . OBURE YT 7 ) 2 B i R M PR UK
ST A5 B 5 WU R /AR 5 19 254 (546 bp) (] 9B)
SRR, IR O iE R R B 8k pET32a 1, &
IR AR
4 BfrB EHR LA E Western blot 5 #f

FIRLH MKW A DE3 pET32a-BirB & IPTG
IR %5 )5, SDS-PAGE #E i HL Pk 1T WL 24 37. 64
ku(& Trx Al His 82 R S &40 oy FiE S
HA TR R E H BT B AR Y . 8 S R
A M BirB ££ LIE iy R85 i K A Al e ik
glifh, 2k B gl A s 9 E 4 & A BB (& 10A),
Western blot % i 43 #r, 8 20 2 H BfrB 68 5 /M R ¥t
His ) —$i e 454 (B 10B) .,
5 [El# ELISA 10l & sE BEHL A M

AL Ty B E 8 R R EAE 1.5 pg/
mL, —Ht CLE) FBEEE Ry 1+ 2000 B P/N i oK (R
8) . il KA B —PL Ul E ) AT M M, S5 R
IRGE—PIRRERE N 12 512 000 IF P/N {4 3. 56 K
T2 1.8 —HMBEEN1: 1024 000 B P/N {HH
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1.87 /NT 2. 1(JE 11), g W] LA 2 BirB 8 1 £ 58 =8 FIHEELR(P/N)
[igzj:)‘ {ZIX 5[{/\7'\7 1:512 Table 8 Square titration results
% y : 000, .
£ JLR Y] L7 s e AP
bp Ml 1 2 3 4 5 N bp Serum Protein coating concentrations
dilutions 1 pg/mlL 1.5 pg/mlL 2 pug/ml 2.5 pg/ml
1+ 1000 38. 24 43.79 42.08 26. 42
1: 2000 42.93 44,98 39. 83 30. 02
546 1: 4000 37.82 40. 45 43.06 27.47
1: 8000 41.06 43.06 39.93 30.51
1: 16000 38.70 39. 49 36.48 28. 35
1: 32000 32.88 32.41 29.94 24,41
50
40+
bp 30-
4
5000 &~ 20
3000
2000 104
1500 0
1000 S & & & & 8 S S & & &
ST FLFSLF LTSS S S S SS
750 AU IR S RO S OO SR O R
NN P2 O N H
500 NN N NTORT N
1§75 R B

250
100

A MI1100 bpl~5 FHETEEE N Bl X IR
DNA Markerl S 4] 74 2pET32a-BfrB T 20 i ki
B9 RiXFHMEE R PCR(A) R XNEYIRIE(B)

A MI1100 bpl-5Positive clone N negative control B M2DL5000
DNA Markerl Double digestion product 2pET32a -BfrB recombinant
plasmid

Fig. 9 Verification of expression vector bacterial broth PCR

B M2DL5000

and double enzyme digestion

T ¥ eitu:

W M2 10
60 [ST i
4s( Sl i
35—
25 [

A B

A Ml EASTFFEME0~180 ki) 1 pET32a iF S (5 K
w2 FERE 3 BERE 4 BRFEHEAWREIE 5 BSR
BB LW 6 EABEEERES 7 W 8.9 4ifb/FEA B
M2Blue Plus® 1V Protein Marker (10-180 ku) 10 4ifLJ5 BirB % 1

B 10 BfrB & BRIAL LK Western blot £ E

A M1 Protein Marker (10-180 ku) 1 pET32a induction
After induction 4
Precipitation after induced ultrasonic disruption 5 Supernatant after

(Empty vector) 2  Before induction 3
induced ultrasonic fragmentation 6 Sample after ultrasonic disruption
7  Outflow 8,9 Purified protein B M2Blue Plus® 1V Protein
Marker (10-180 ku) 10 Purified BfrB protein
Fig. 10 Identification of BfrB protein expression and purification
and Western blot

B 11 BfrB EQ ZEEAGHMNIE
Fig. 11 Titer determination of polyclonal antibody against
BfrB protein

6 Western blot £E & H[EH A

gifb)5 BIrB AR T PVDF Bt L, i £ 5
BEBUIAR S —Bi . I IgG-HRP 2 41, ECL &t
W, 7E 37,64 ku A4 BLE B4 (K 12) , 3R W
S S A B BIrB 2 1 B £ S BEBLIA, HiRE S
BirB & H 5 45 4 . I W BirB & A 2 50 B Pk il
HH

‘M 1

ku

M Blue Plus© IV Protein Marker (10-180 kuw) 1 4ifk BfrB&HH
B 12 BfrB EH £ 5 EHFH Western blot £ 7E
M Blue Plus® IV Protein Marker (10-180 ku) 1 Purified BfrB
protein
Fig. 12 Identification of BfrB protein Western blot

it
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