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B2 RATEIIMRER ChaN £HERZESHK
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FHEL REE, REAL A4 FAL ILR, AT, 2B
AEE, TR TR, £3 ), K

1 G F RS Rk 4B, Brdm AiF 832003
2 HrEE A s S A N B PO E T AR, BrEE A 832000
3 HrEEEE RN R 2R — IR E B (M E D E BB Z R, HriE B8 AKSE 830054
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1 ChaN A= W15 5235 501 S S L JE e R e e I A AT [, AR 43di e, 2025, 52(3): 1295-1308.
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i E: (HF)] 5P REGSETEYnEFEEE, ﬁ%ﬁﬁkﬁﬁ&ﬁ??éﬁ ALY XS §
K AT # (Mannheimia haemolytica)tF 4 £ &t -+ REK B E, FEF L& jML‘s‘FEh“é’l AL Ao OB E
% % (bovine respiratory disease, BRD), Mg it & XKAFH % % R A& fridz. (B8] 5
# ChaN Z @ 9 0 AWM F1E & FH R LB RE, AT FfLRE méﬁfﬁiﬁ&%zﬂ: [#:%) A
NCBI BLAST 5#7 i 16 i o P4 % K AF 1) #4230 R +1% ) EXPASy ProtParam. ExPASy ProtScale #=
TMHMM-2.0 5 % # /& &K 2 #F 5 A7 B 40 R 45 M ; RT-qPCR | 2% fo bk & K AT ChaN mRNA f24k 4k
IR BT B89 45 oK -F; @it RA% &R 3A T4 ChaN & € (rChaN), 1% ) %i’gﬁ'i%&ﬁ% FEL b o A
% Western blotting # rChaN R &M ; VAR E Il 2 & & 5 & e 7| Lkt A7 R R AR X 3e A
M rChaN & @ %, 75 R 3P 2%, 128 94 ELISA 3k, % 3 KREEFH 7 K504k 3x10° CFU/R
PR EST MhoS Rl 2 & e Ry 2R, [4R] ChaN & & A FRKHTEES, LHELMR, 14
TR EAE, BEA 16 ANIREALA 23 A~ B @fin/R &AL, ChaN A B F& 6938 F KPR, HK
RABEIBREY, ERTHOEARZTRIK, £ 44O EREE £ FE I F(P<0.001); ChaN &

TN - A i e AR )\ E R U OR B MR I H (2023NY03) 5 R S AR 7 A 8 b A EE USRS T R
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B e 5 s dn i % K AT FEME ot iE BB 40 pg ChaN+8) b 4& 7 48 %05 )5, 1gG ik KT 454 £+
IgG BA 450 2 = ChaN & @ T Z4EHUR = 4 1gGl A= 1gG2b A, % 3 KRB H T REISES
Mh95 HE#k, 40 pug ChaN+é £ F LA FE A 90%, & TR LA B4, TEaXTBL4. PBS 44
BabiEf2, JFEHZ AR, PBS A aA R 7 d A AEFRIKT 20%. [4#£] ChaN &
B B BT 69 B R Fe % R R BLAR AT N R AR R, TAE A E M R KATE A L RR
WEROSTBEERMR, ARERAE N KATE L E 458 3 6 FFR R T FFRE.

KR B g KATH,; ChaN; A5 8%, REKRE;, RERME, LERME

Bioinformatics, reactogenicity, and immunogenicity of the outer
membrane protein ChaN of Mannheimia haemolytica

XU Shuyun', WEI Jingjing!, WEI Zengke!, YU Jie!, LUO Chaofan®, WANG Zhuoni!, ZHOU Xia"!,
WU Jie™?, SUN Zhihua', WANG Zhen', WANG Xiaolan', LI Jie!, ZHANG Hui!

1 College of Animal Science and Technology, Shihezi University, Shihezi 832003, Xinjiang, China
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Corps, Shihezi 832000, Xinjiang, China
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University, Urumgqi 830054, Xinjiang, China

Abstract: [Background] Bovine respiratory syndrome seriously affects the health of cattle and
has a serious impact on the breeding industry. Mannheimia haemolytica, as the main pathogenic
bacteria of bovine respiratory tract, often causes bovine respiratory disease (BRD) when the
immunity of cattle is low. At present, Mannheimia haemolytica is mostly controlled by vaccine.
[Objective] To analyze the bioinformatics function and immunogenicity of ChaN protein and
lay a foundation for the development of subunit vaccines. [Methods] NCBI BLAST was used to
screen the potential antigens of Mannheimia haemolytica, and online tools such as ExPASy
ProtParam, ExPASy ProtScale, and TMHMM-2.0 were used to analyze their antigenic
characteristics. RT-qPCR was conducted to determine the mRNA level of ChaN in M. haemolytica
cultured for different time periods. The recombinant ChaN (rChaN) was obtained by prokaryotic
expression, and the reactivity of rChaN was examined by Western blotting with the M. haemolytica-
positive bovine serum. Mice were vaccinated with different doses of rChaN emulsified with
white oil as the adjuvant, and the immunogenicity of rChaN was evaluated. Indirect ELISA was
employed to measure the antibody titer. Seven days after the third vaccination, mice were
subjected to intraperitoneal injection of the pathogen strain Mh95, and the protective effect of
rChaN was tested. [Results] ChaN was a hydrophilic soluble protein with no transmembrane
domain, an open reading frame, 16 epitopes, and 23 B cell epitopes. The mRNA level of ChaN
was the highest in the logarithmic phase, moderate in the stationary phase and lag phase, and the
lowest in the decline phase, showing differences in the four phases (P<0.001). ChaN reacted
with the M. haemolytica-positive bovine serum. After immunization with 40 pg ChaN-+white
oil, the IgG level kept rising. IgG subtyping results showed that ChaN mainly caused the body
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to produce 1gG1 and IgG2b. After mice were injected intraperitoneally with Mh95 strain on day
7 after the third immunization, the survival rate of mice in the 40 pg ChaN+white oil group was
90%, which was higher than those in the commercial vaccine, blank control, PBS, and white oil
groups. The survival rates of mice in the blank control, PBS, and white oil groups were less than
20% within 7 days. [Conclusion] ChaN has good reactogenicity and immunogenicity and thus
can be used as a potential immunogenic protein of M. haemolytica for subsequent research. The
results provide a scientific basis for developing subunit vaccines against M. haemolytica.

Keywords: Mannheimia haemolytica; ChaN; bioinformatics; prokaryotic expression; reactivity;

immunogenicity

25 I I 38 %5 9% (bovine respiratory disease,
BRD)7E M FHEFIN) A1, Jafhiit, £
7#4 BRD &% K 16.2%, BRD 5 & F 4
fit BRI 1 A TR B RV AR Rl TR
ESE TR KNI 3 K OB = S T B2
BEAEAR, BRD KRNI, Forh 4w
PR R EY R FEBURH R Z —, iR
£ 3r 7 [ 14 (Pasteurel la multocida) . %5 1ML 14 &
R AT B (Mannheimia haemolytica, Mh)fil 37 Jq{&
J& (Mycoplasma) &% .

Mh YER 512 BRD A8 DL R R, 8 i
FAERE A 0 ST, TR R T L N
BT 51 BRD AR, Ak, ik
2 AR FER PRI, ERKEEE
M4 RS SHER 7 E L EZY, X Mh 1
HAL T A AR RE IR, BT LSS T 42 02 D X i
i KR T Bz — . BET Mh R EE2
T KTEEET, I HAEE % B — 1 3 R R g
PRI, BT LAAE A 2 B 42 11 590 08 b 5 0 507
REVE O HOS . HET RS54 Mh fp )5
PEASCHE TG /MEE T A (outer membrane
pro-tein A, OmpA). & E (lipoprotein E,
PIpE). M4l 7 & (leukotoxin, LKT). g
(lipopolysaccharide, LPS)5¢, {HEXJA- (g (/e
ROCRAIRAR, it LA W G s e

ChaN J&—Fi e BIIEEE 1, BIA 5 A

EIHXIFEES ChaR AHEAE FUEF T2k B9 5L
MA . B UESE ChaN 7E 4 2% 1% 20 g 14
(Pseudomonas aeruginosa)H X Ifil 2T &= SR B A
EEAEM, I H 5240 & 0Bk A S el
Holmes FUIF5E R, MRS T RS, R
T2 T A K AN 9 ChaN 5% SEAS K38 i
T 25 %, Ktk , AHF5E 4 NCBI BLAST 437
£ T ChaN &M, FHAEMHZMTE LR F
HAp g b eah -, @i A% RAEY ChaN
A [ (rChaN) F A i L 5 1 Dt A de e S vk, DA
B PEH ChaN B2 T ) 258 BLA

1 MR5r%

1.1 H&

s IR 2 FCATF I MhOS T ¥R Fl pET-32a(+),
AR NFB LB P00 % .90 H BALB/c
ANERSRE B VTR 3 v DL A R B A R
FR A shPl s i 20 T 4 F R 2E A e P2
Bt AE S A2023-286)
1.2 1EFE. FERFNEE

LB 5373 AN .00 2 ¥ (brain heart infusion,
BHD R FR I, 7 5 s BHEE Tl el i 1A= e R
ARRAF

YN IE R 20 DNA $2BGL 5 & L = alifh it
Al kNGRS AT 2xTaq Plus Master MixII,
B AMEREE R A A7 B/ F] 5 DL2000 DNA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1298 WA

IR R Microbiol. China

marker, pMD™19-T {4, T4 DNA &l . R
il ¥4 4% B2 P9 VI Xho TR Hind I, TaKaRa Bio
/N5 Proteinlso® Ni-NTA Resin, dbai o444
YrE R A BRAT; ELISA (8K . 5%4- I (A
5 H (bovine serum albumin, BSA) &f [4] & .
ELISA L. WA 3,3',5,5"- P4 F R R ik
(3,3",5,5'-tetramethylbenzidine, TMB) & @ &
(ELISA). 10xMf2+h 2% % (phosphate buffered
solution, PBST), 10xTris-Borate-Sodium Tween-20
(TBST), JEAUERSKERHLABRA R ; HRP AR
BN T1eG, B2 AR MR RO A R 2
] ; Ni-IDA Resin & F14ifbid7 &, dbaieie
YR A RN F] s 1xPBS buffer, Biosharp 2
Ao &N H % R (Amp, 100 mg/mL)EAE 7«
1 g ARHEHZMT 8 mL ddH,0, EAZE 10 mL
FEAYVERRG T 0.22 pm JEETHE, /P4 1.5 mL
EP 4, IR 1:1 000 AGRKFI A, 6 TAER
o Amp Z 2 100 pg/mL,
A B REAIL, TR 2 A T
£ 2UB0HL, Thermo Fisher 24 F] 5 WU T L

x1 EMEERFESHMURIEE L FHEERYE

Bioinformatics analysis website and genetic development tree making software

Table 1

KA A AR BN KA, dbmts—AUss) 5 fk
2R ICABAL, Vilber AT,
1.3 ChaN ZEEMENEEZESH

IR 1 TR A5 S8 2 A s sl o) 25
I 2 FCAF B ChaN 2 (T4 9015 B 22 0T
1.4 S|¥&it5E8K

4% NCBI GenBank H /3 Af ) ChaN Ht[A
F41, {fi ] Premier 5 #1514, T RIZ0 5 E
fifi 1437 /5 Xho T Hind III, ChaN gPCR Fl 16S
rRNA Mh 5194 TAEY) TR () B A R
NG NER 2).
1.5 {K5MEFE Mh ChaN ERE i FKF
M ZE

W2 B 200 pL FH Ak Mho5 5 A 20 mL #Y
BHI WA 35 5w 37 °C. 180 r/min PR35 9%,
YT 2 h GRZES) . 5 h WEUW). 10 h FasE
B, 24 h GETHDBUIR 2 mL

Trizol V32 HUF ¥k Mh95 44 RNA, DLk
SRS cDNA Rtk , ffif] ChaN qPCR F1
16S rRNA Mh 514, FIIH %t & PCR A6 I B

g Function

M1k Website

B4k PE i Physicochemical property

G KA/ S K T A 23 B
Hydrophobicity/Hydrophilicity prediction and
analysis

B 235 4 S50

Transmembrane structure prediction

{55 KT Signal peptides prediction

FF I EHE Open reading frame (ORF)
A 44584 Protein secondary structure
B = R AR

Protein tertiary structure model
PrIF R T Epitope prediction

B 240 47T i 2 A3

Antigen epitope prediction of B cell

1% % B Phylogenetic tree

MEGA 11

https://web.expasy.org/protparam/
http://web.expasy.org /protscale/

https://services.healthtech.dtu.dk/servicessTMHMM-2.0/

https://services.healthtech.dtu.dk/services/SignalP-5.0/
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
http://swissmodel.expasy.org/

http://imed.med.ucm.es/Tools/antigenic.pl

https://webs.iiitd.edu.in/raghava/abcpred/ABC _submission.html
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*®2 EMRFAASIMER

Table 2 Information of primers used in this study

EIE L 52]l

Primer name Sequence (5'—3")

ChaN CCGcetegagATGGCTTTTTTTCTTTTAGGCTGCTC 62.7 798
CCCaagcttTTATTGAGTGACCCAAAGATAATCTG

ChaN qPCR GTGGCAGTACAACAATTCCGTGATC
GCAATCAGCAAGCTAGTCGATAACG
16S rIRNA Mh CACCTGCCATAAGATGAGCCCAAG

CCCACTGCTGCCTCCCGTAG

1B R /PNUN
Annealing temperature (°C)  Product size (bp)
58.3 80

62.0 147

TRIZR 430 BV 45, Xho TAT Hind 111,

The underscores represent the enzyme cleavage sites Xho I and Hind III, respectively.

Pk ChaN JEPAl mRNA %58 7K - 9565E f#& PCR
SR . 2xUltra SYBR Mixture 25 L, |-,
TS 19I(F 2) (0.2 pmol/L)4% 1 puL, cDNA ity
2 uL, ddH,O 21 uL., PCR 444 : 94 °C 30 s;
94°C5s, B:k(F#2)20s, 72°C10s, 3504
A, B 3 ~EE, [ 16S rRNA
KNSR, KA 2722C9L 3 ChaN & 1
BRI O 2 s K-
1.6 ChaN E[E ¥ 18R FRIAFAFRIIE

DLER B TE KR Mh9s 3 [H 40 A M AR R A7
PCR ¥"#, PCR RJW{KZ: 2xTaq Plus Master
MixII 25 uL, ddH,O 21 pL, ChaN | . FiE5|9)
(25 umol/L) 1 L, AR 2 uLo i 4544 : 95 °C
5min; 94°C30s, 62°C30s, 72°C 60s, i
35 AME#R; 72 °C 10 min, PCR F=#145d 1.5%
TR W B8 G F UK 3 E IS AT B R

¥ A B S pMD™19-T ¥4, Myt E
ki pMD™19-T-ChaN, 551k % DH50 JE~Z
AYNM, PSRBTk, f# A Hind AT Xho I
REL il P4 PN D) il % 40 Bk pMD ™ 19-T-ChaN Fil
pET-32a ZARIEATWEFYT], BV =94 1.5%3
AR U 5 FEL YR I J M [l s ™= 5 e T AL ™ 49
i1l T4 DNA M 5, AR R
W% HFT# (E. coli) BL21(DE3)ESZ 5401, WHib)5
WARTE A Amp HUE LB EARE %L [, 37 °C

BRI o PRIk PR e R TR P 4R T 5 A Amp 1)
LB WA 35 30, 37°C, 180 r/min 5535 4 h,
R A S5 A i Bt ) G 10 W 5 ) i 4 oo iR A 7 4
W, $2 UGS IS b H 40 il 2R AT XU D) 45 o
PCR % &, PCR N IAFRFZEAERFT, Bk
PRI T AL TORL . R e %6 7 1 1) SRR S
pET-32a(+)-ChaN,
1.7 EHEBAMNBFSRERAENK

P B e 1E A 4 2 K TR T B B A
% 1 mL LB &R 354, 37 °C. 180 t/min K%
77 10 h, FFLA 1%45 R HR 2 100 mL LB 455
IR T KRB R (Amp W 100 pg/mL),
ZHRAE 0.5 mmol/L 1Y IPTG 16 °CIKIRI i S £
ik B 2 mL B2 8 000 r/min. 4 °CE5.[> 15 min,
AR A, 4 PBS &, 5 5xSDS-PAGE [#¢
G 41 WWHNRES), WK 5 min, &
SDS-PAGE Hi Kk #E47 Kzl o

W A ASTE DKOK I v [ 75 8 40 B A AR L
60 W M A i % 30 min (TAE 5s, 15 55), Bli)G
12 000 r/min , 4 °CE.0> 5 min, YWHETIFEM i .
ULVEL PBS HE& )5 Ml i /3717 SDS-PAGE
HLYK o X EE 48R (AT T 1 40T o

KT IR H R EHNEND, FIA
3mL %A His AR2s B4l fb A8 2305 J5 10 TRV
fraifh . Bl b i B A T80 °CHRRAF o
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1.8 EHEEZEHBIRMEME

W alifb i E L 115 5<SDS-PAGE FFEZE i
Wtz 4:1 HEHNIRAT, 95 °CA& W 5 min, 3 000 r/min
B0 30 s, K EEFEDE T SDS-PAGE, Bfi5
FHEERREASGHEA TR B, (] 5% BSA MW &
P f 2R Mh BRE L3S o — Pt 4 cCal B E .
P4 ZH0 37 °CFE 2 h, WALk
2R CAOREL I L5 R .
1.9 EFHEANREFIETFIE

1A 2024 g i BALB/c Miffixtf, —2H 6 H,
5 HTH 0 REFF L T 40 20ES 200 pL/H
Sr#H 7 80 pg ChaN+EwEE17£nJéﬂ\ 60 pg ChaN+
FIMAERIZH . 40 pg ChaN+H AR 4. 30 pg
ChaN+FIi/AFI4H . 20 pg ChaN+PIHHARIZ , 1
FHE5E 7 RIRHEFKCR ML, 3 000 t/min B0 543
BT, KPR . 96 FLAk L 1x10° CFU/AL
KT Mh, 4 °CIFRE I, F IxPBST Pk
GG 3, BT Y 5% BSA B2
MR AL 200 uL B, 37 °CH¥H 2 h; IxPBST
VRS M e 3 Wk, T, /N AL 100 pL
TR LB R 1:50, 37 °CH¥HE 1 h; 1xPBST Pk
GE PR TR 3 UK, BT, AR 1:3 000 F R
HRP #ric il A0/ 1gG =35, 37 °Ci# 5 1 h;
1xPBST VRIS Ml PE 5 K, BT, AR
204> TMB 2 {43 100 uL & {4 25 min, &L
A 50 pL £ 1, 15 min N & 5L ODaso
W RE
1.10 FEAFEBRERFER

1AH 2024 g # BALB/c MEHEXTF,
12H, 4HTFH 0. 7/ 14 K iBEZ?éa\ﬁaz
7200 uL/H, Mh AR 414 0.2 mL/ H
Fh(Mh TS & 2.0x10%-3.0x10° CFU, FH 40
FEPUR SR 128-256 CU), 25 [AXTREZH 1 4,
MEREXT IR 10 R, BIL S RITESE 0L 7.

11, 14, 17, 21, 24, 28, 35 KA HEMIL T
WA HEAT HE & BRCR M, AR mE, e dl
7 PBS 41 . FHIRAEFI4L . 40 pg ChaN+ j
FIAF Mh B ah AR W A B . PUR S K
IgG WHMEM 1.9 Jrik. 55 3 W& 7 d 5Lk
3x10% CFU/ H (3xLDso) I i 1 5 Mh95 B bk
HEAIRPRCR

2 BERE504
2.1 ChaN EAMNEYEEESHER

2.1.1 ChaN EAMEBLUMREFERKM
o

ChaN i 9731208 CiasrHaissN36sOu0sS10,
Oy FHE 32 kDa, ANEESRECN 35.27, i
EANREEN, RS AN 591, fHLfr
AR R (Asp+Glu) 31 A4S, IF B fuf ik RE KL
(Arg+Lys) 26 4~, TEMZLSPIIARS L2 41 i
R 30 hy ECEESRKEN-0.221,
NAKPERTEEAE 1), @id ProtScale #— 4
I3 M 8 78 SR K DR T 7K X3

ProtScale output for user_sequence
25

20H ‘
| L |
1.5 | |

it | i

1.0 r ‘ |‘ || \I ‘[ .\|

Ll ¢ |

0.5 \ ﬂ“ 4|h[rhw

il

5 il

—— Hydropath./Kyte & Doolittle

I
|
|

Score

l
l |
os] | "“|'|q "V w” i
\w
-1.0r |
“15+ I J !‘ l
20} il v
-2.5

56 160 150 260 25IO
Position
&1 ChaN EHMF/BRKMETUNLE R

Flgure 1 Hydrophilicity/hydrophobicity prediction
results of ChaN protein.
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2.1.2 ChaN EHHBAPEMEEZSH
z5
T 45 5 87~ ChaN & [ 0] B8 /MR
TR, A5 K. Z&E AR XIETE
1-798 (i K:FR, {4/ NCBI ORF Finder FijilH:
FERCREAE , 25 5 R A 1A FF R e
FI SOPMA FEZHAF M ChaN & )it —
REEMEI, EAH o-1R0E42.64%) . B-I1&
(14.34%) . $EfH4E (4.15%) A1 JC KN 35 1 (38.87%)
0 ; il d SWISS-MODEL -4 il ChaN &
=R, RINZE N F2h o 18 5ETIE K
() = HE ST AREE A A (B 2) 0
2.1.3 ChaN ERMERMITUNER
% Tools Tl .75, ChaN EHE&H 16 4
PUR RN 3).
2.1.4 ChaNZEHBAMIMERMTUNLE R
#: ABCPred #ijl] i /7~ ChaN & A 23 1~ B
MBI RAL(FE 4).

% 3 ChaN EFMERMTNGE R

2 ChaN EAMZRELTUNER
Figure 2 The tertiary structure prediction results
of ChaN protein.

2.1.5 ChaN ZEBRFRTHMELREME T

fifi F§ NCBI BLAST 43#7 ChaN 2& AR ST 8
JNIZEE FTE Mh BEPREIRSFE R 95.85%-100%,
LA 3,

Table 3  Prediction result of antigenic determinants of ChaN protein

Fr5 iR CEVASY ¥4 BEHL
Serial number Start position Sequence End position
1 4 FLLGCSVST 12

2 19 NVDSIGQII 27

3 36 SFTELLSRLSSQDYVLVG 53

4 56 HTQLIHHQIELYLFN 70

5 73 TKKAKLHLIALEM 85

6 87 NVDQQPAID 95

7 101 RPVNLSA 107

8 124 YQDLVVES 131

9 134 SNSRVIA 140

10 147 EVEILLNG 154

11 157 PLKGSVSTSSEVKQKIAQLLLS 178

12 189 NMVAVQQ 195

13 202 AEKLVKN 208

14 210 LSTSLLIAGNHHVRKDLGVPLHIA 233

15 239 KKVAVLM 245

16 254 TSSQADYL 261
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&4 ChaN ZEH B @R R A TMER
Table 4 B cell epitope prediction of ChaN protein

P PS5 ‘IO P
Rank Sequence Start Score
position

1 REAIQWQKWDWKMYQD 111 0.91
2 REEITSSQADYLWVTQ 250 0.90
3 QQPAIDRIQFNRPVNL 90 0.88
4 WKMYQDLVVESLGSNS 121 0.86
5 SMNHGMPYPMENMVAV 178 0.85
6 RLSSQDYVLVGEEHTQ 43 0.81
7 TSLLIAGNHHVRKDLG 212 0.79
8 VPLHIAEYDRTKKVAV 228 0.78
9 DRRMAEKLVKNALSTS 198 0.77
10 IGQIDLNTNQTISFT 23 0.76
10 QKIAQLLLSMNHGMPY 170 0.76
11 KVAVLMLKTEREEITS 240 0.75
11 VAVQQFRDRRMAEKLV 191 0.75
11 GSVSTSSEVKQKIAQL 160 0.75
12 GCSVSTQSLNEQNVDS 7 0.72
13 AKLHLIALEMLNVDQQ 76 0.71
14 ESLGSNSRVIATNLTD 130 0.70
15 TQLIHHQIELYLFNQL 57 0.68
16 IATNLTDKEVEILLNG 139 0.66
17 HHVRKDLGVPLHIAEY 220 0.60
17 LLNGAEPLKGSVSTSS 151 0.60
18 QTISFTELLSRLSSQD 33 0.57
19 KLVKNALSTSLLIAGN 204 0.53

2.2 HiRAM S KA E AN F AT
ChaN EEEREE KM B RKENE

L 16S rRNA JEEh NS AL ik RT-qPCR
K TR Pk ChaN ZEAS [ A4E K B [A] ) mRNA 4% 5%
K. ZEHEIR ChaN HE PR A4 5 K P16 0 5L
Wi Rk R s, R RE M AGREN, 17+
BT WIMRE /R, 7 4 DBTRREES
72 50 B 2 (P<0.001) (I 4).
2.3 FELAFRKL pET-32a-ChaN HIHE K
EELER

DL I 2 G AT DNA JE R 20 A, 4
PCR 4 #7152 798 bp W H B F B (&l 5), 5
W25 R — S, ) R SRR 2 U D) 6 S

0.(])\/[annheimia haemolytica NCTC10609 (LS483299.1)
(])\;I(c)mnheimia haemolytica 39107 (CP017490.1)
(;\Z(;nnheimia haemolytica 39309 (CP017489.1)
2199 Zj\%nnheimia haemolytica 39373 (CP017488.1)
Mannheimia haemolytica 39382 (CP017487.1)
(])\;Ioannheimia haemolytica 39394 (CP017486.1)
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Figure 3  Phylogenetic tree of ChaN gene of
Mannheimia haemolytica. The GenBank accession
number is in brackets; The scale represents the
length of genetic distance; The numbers at nodes

represent the confidence values of bootstrap test
with 1 000 repeated samples.
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Figure 4 Transcription level of ChaN gene in Mh95
at different growth time. ***: P<0.001; ****: P<0.000 1.
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FEH 5 H PR GER—30, o = 4 ok
pET-32a-ChaN (& 6). )7 455 248 NCBI BLAST
X Sk H R SEA
2.4 rChaN FRix. AUREE

E. coli BL21(DE3)if5 T 3k Ji £ i i
BT UIREM B3, 4T SDS-PAGE. 4%
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SYESTRE; N BIPEXTRE

Figure 5 Amplification of ChaN gene of
Mannheimia haemolytica. M: DL2000 Plus DNA

marker; Mh43, Mh93 and Mh95: Isolated bacteria;
N: Negative control.
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pET-32a-ChaN; N: FH:XTHE .

Figure 6  Double digestion of ChaN-32a of
Mannheimia haemolytica. M: DL10000 DNA marker;

ChaN-32a: Recombinant plasmid pET-32a-ChaN; N:
Negative control.

W78, ChaN 2 FI7E 32 kDa Ab# B LAY 4541 ,
FOMFET, HF HEA EEADER RS, BiE
HEHFRA S EEE 7). FEHH Ni-IDA Resin
HEA Atk stk , W5 17 SDS-PAGE, 45
RER, b EAFTRAR—, dif3CR
K414 8).
2.5 rChaN EEHHIRNEM ST

4lifk J5 ChaN % [14 Western blotting £l
Bon, EHRESMHEMENE —dE, SRR
2R L HA RO (B 9),
2.6 EHEAWREFIEIFELS

[z ELISA il yiik K45 R BoR, &%
FEREFP AR E UGS 7 KL 40 pg+ 1 imAA
PR BB 10), HUAKI RS2 56 41
OD f{H/%} BE4H OD {E(P/N)>2.1,
2.7 EREHMNRERIPMERIE

[H]#% ELISA W2 MLV AHEA 1gG Bk K-,
S5 FRM, 7E 40 ug ChaN+ 1AL I S )5
IgG PrR/K-FEEE BT, Mh B b AR W 7 B e

&7 ERFSABERESER M. EH marker; 1:
A LI 2. BAEDUE; 3. ESET; 4: BT 0h;

P 2h; 6: BT 4h; 7. R 6h; 8: BT
8 h,
Figure 7 Results of protein induction and

ultrasonication. M: Protein marker; 1: Ultrasonic
supernatant; 2: Ultrasonic precipitation; 3: Before
induction; 4: Induction for 0 h; 5: Induction for 2 h;
6: Induction for 4 h; 7: Induction for 6 h; &:
Induction for 8 h.
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8 EHM{kLER M. Protein marker; 1: 25
FIXI; 20 R4S R; 3. pET-32a(H)Eifk.
Figure 8 Protein purification results. M: Protein

marker; 1: Blank control; 2: Protein purification
results; 3: pET-32a(+) bacteria.
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Figure 9 Western blotting results of rChaN protein.

M: Protein marker; 1: Western blotting results of
rChaN protein; 2: Blank control.

JE 55 17 RIRR M i, HE B KRR
K, 40 pg ChaN+ A 40 Sy Jo bt K P +F
2L It IR 28 KSR m b s (A 11),
42 d J5 1gG2a/1gG1>1 (& 12); 1gG A 7

BB 20 pg+white oil adjuvant
E=58 30 pg+white oil adjuvant
E= 40 pg+white oil adjuvant
60 pg+white oil adjuvant
80 pg+white oil adjuvant
2.5

2.0

P/N (OD,s,)

10 rChaN ERRE T2 /FiksE R
Figure 10 Immune dose screening results of rChaN
protein.
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Figure 11 Detection of IgG antibody level of
rChaN protein. ***: P<(0.001.
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Figure 12  Detection results of rChaN protein HAORRCRATE S o T MhXPAE RS0

IgG2a/lgGl. PR, IRRZ R MPTAERGIT, X Mh (1)

0.05 ﬁ?ﬂiiﬁiﬁﬂi:+i;
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Figure 13 The results of rChaN protein IgG subtype detection.
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Figure 14 The results of rChaN protein challenge
protection.
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