P

do 4o

¥ % AM—F
: 20212013036 B RA: 10759
AiFKE
x5 7w X
N5 M Bel S E 18 K 57 17-|§A7_MO£'L7§ Pm %
X p{E VIR R
Ffr W OE A LE £
Y HI
e SR
KERK B#HK
HiE F AL KR A REME
FH. Tl g K BEEF
SRRy N I BRI 2
L M

HE e FTE e AFT
2024 £ 6 A



qe 3

<o q{n

g R AH—F

20212013036 AR AL . 10759

AMFKRE
Rx &R ®X

A

\né??;@i
AN
[1640]

% <

ez S,

ElEABEERZ I A 7 MO 45% Pm B

M{ERTIIEM R
¥ L ® iF A LE-£:
I H ¥
ff 5 #H W
wERK B#HF
W iF F L] K KA RFH+
=/, Tl 4K HBE¥
R F M e bR & [
B & ¥ K A F

HE - HTHE - AT
2024 % 6 F



Study on the mechanism of action of macrophage scavenger receptor A

in MO secondary Pm infection

A Dissertation Submitted to
Shihezi University
In Fulfillment of the Requirements
for the Degree of

Master of Agriculture

By

Cao Xin-yan

(Clinical Veterinary Medicine.)

Dissertation Supervisor: Prof. Sun Yan-ming; Assoc. Zhang Yan-bing

June,2024



AT REE AL SO B 1 7 B 2 A5 P 1R AL B

2 Ry SO 75

AN ZAZ WAL SR AR I TR 5 T #EAT K7 LA RS RIRT FU R - 3
RN, BROCh CEM S A RSN, AR SOV & AR N C 4 Rk R B S i it
FORR o XA ST FUM S B STk A S NAERAR, 3 CAE SO AR 1 B I i T o

M =
W

IR RS 4 %fﬁ'ﬁ* fE]: 2024 4F 5 H 11 H

(RORECZ YOl

ANGEE T RA T R AAT KRR A AR SO e, AR BUIR B A AR S
I 160 [ 2 A P8 D s S WLAADE A28 SR T RRORAR it o A3 UK S 67 18 SCAE 22 A 1R 5
TEORAF T SCVFBCE I o A3 A B AT BOVF AT AR RS2 18 S N AT S BE P FR A R IR 55
AU AT Ve SC AR AT A7 B G A PR 585 1) SR AR SCHE R i 3 A L

A4 %fﬁﬁ* ] 2024 £ 5 H 11 H

FINZE4 Z*E/Wf' BfE): 2024 46 5 H 11 H



HE

202Nl 5 SR AR (Mycoplasma ovipneumoniae, MO) 4k Jx 2 %14 B2 [CHF B (Pasteurella multocida,
Pm) SR YLAE TR 17188 BN A, AR R G IR 150 1) K R, SBT3 TH i o 1 T8 K 32/ A (Scavenger
Receptor A, SRA) tHFRNEWELHIEIE K AZ4K 1 (macrophage scavenger receptor 1, MSR1), & —Ff
FIE T B RN I AE 0 U AR IO SR AR AR SR B2 A, R H RTRT4RE SRA [ 7oK WLARIE .

H¥: 9 THRF SRA £ MO 4kK Pm B BE AL, A8 ST GE MO A = A% 22 2 fili
Sr 8 Pm, HHATEURMERE R AN, S 4RE SRA AW R ILTIRE, R MO G5t SRA
I PAME Pm (50, HE— BRI MO YL R SRA FIEMIHLH, N R MO kK Pm YL
BEHB AR .

Jid: (1) &G MO #2E 2 A8 F i Pm 150 B %8, Pm IS/ U4 @ HBUW 1%, K-B 4K
Fr T B 25 ORI 4 e FL 251k . $REN Pm FE[KIZH DNA #E4T LRI 2047, F e HEA A RN 2
R, b EE R AN 25K . (2) SRAORF 474, %42 pcDNA3.1 (+) k@ E%E
BB AEVE B0 W SRA IIERAGIE T s SRA 7058 IR S 8 8 18 =2 K 1 S B2 B B ) % 22 S i,
)3 ELISA Al HRAf, 1A% S 9 6 ikae (IFA) KMl 4R k. (3) 294 5E & PCR (qRT-PCR)
K SRA HZE3K 5341 ; pcDNA3.1-MSRI ¥4t CHO 40U, 23 HT1 SRA /5 Pm IEMEME, Western
blotting fill SRA Fik/KV; FIFZYIMEHEELYE (Fucoidan) BHI SRA [1757%, 4+ SRA /% Pm
MFVEVER: 4T AMs & MO AFEEE AU SRA /-5 Pm [FWEIEA; pcDNA3.1-MSR1 4%
AMs 24 h FFEEGE MO, 74T MO BY2m SRA 370 Pm ITER; FIA qRT-PCR il Western
blotting J7i%/0 41 MO J&HXT SRA LIk . (4) il SRA JBEhT, TN AL B35 P X I8 DL &
KATFEE AN R . FVEEHTVEME SRA A3k SR #idk, sy pGL3-SRA, WG R
i BRI SEER A 2 B it . 4 pGL3-SRA 43755 Flag-IRF-1. Flag-TNF-a. Flag-IL-6 4T
HEK293T 40ig, #4% 24 h J&, Z0#7 IRF-1. TNF-o Al IL-6 %} SRA 537G ERIREIT . $EIH SRA
3’UTR HJ miRNAs Titill, B A ¥ qRT-PCR #udll miRNAs [J5Rik, I EHRIAR) miRNAs 5
pmirGLO-SRA 3°UTR JL4% %% HEK293T #iffl, Al Hoxf SRA 3°UTR HI#E[A) 4% . Flag-TNF-a. Flag-
IL-6 AIEHL) miRNAs 7375554 AMs, 34 24 h 43 HrH X SRA /S5 Pm (520, qRT-PCR Al
Western blotting 74t SRA &I 7K-F .

L (1) BEERACEN A BB — RIS A A L) Pm, Pm SHZO1 PRXFEIEEE IS, K3F
WERR S Z R 25 BUR, SURTERGR, /N B BT ik Bl Bk 3 . RO AR Rk
MR AN SR FARE . R4/ A 2,378,508 bp, GC SN 40.89%, Zwit 2,418 M3
B, 5 40540 WHCRG RS R, (7AE 82 DRI 54 R 2534, (2) SRAORF 42K 1362



bp, A 7 METEMHERAGA SO Z ARG AL, 5 AR TR i 7 Sk s s . R PL)E
KRl 7 B SRA FIJE SRA Z TilEdifd, Gl SRA PUkRA RIFIR R R R BT, (3)
FHECF MR BEAE, SRA 75 AMs RIEEE R . SRA EIK/INA 50~70 kDa, iIHKIA SRA FJLLE
N CHO 44 Pm (P<0.05); Fucoidan 4b¥ZH AMs FWEAEH .3 TR (P<0.001); MO /&
YL 2t 20 M A R 5 AR T AR IR AL (P<0.01)5 SRA 1L ZRIA M 5 Y MO 4140y 55 5 Y 28 3 AR 40 i 75
WEFETLW RS (P>0.05), MO &4 AMs 1 SRA 1 mRNA 7K-P-FIHE [R5 B F T REGA

(P<0.05, P<0.01). (4) SRA JE&IFK/NZIN 1200bp, & 1 ANEEIHTEXIA 6 NERN L4
fr s, Hor IRFL A c-Jun G500 MR AL SERRIESE SRA 37 BABGRMTENE, IRFI.
TNF-o Fl IL-6 i ik fig B35 B0E SRA WE B FiEME (P<0.01, P<0.01, P<0.001). 5 IEH 1) AMs
Lt, oar-miRNA-23a. oar-miRNA-23b. oar-miRNA-26a. oar-miRNA-26b. oar-miRNA-194. oar-miRNA-
496-3p Al oar-miRNA-1185-5p 7£ MO 4% AMs H I HH XS ik 4% 5 2% 5 (P<0.01, P<0.001, P<0.0001)
miR496-3p. miR26a fil miR23a it 5 SR4 3°UTR #E[a145 & . TNF-o Fl IL-6 Aef8 W2 40| SRA /-
(1] AMs X%} Pm [P (P<0.05), TNF-o Fl IL-6 i 3RIAfH SRA 1] mRNA /KFRE N (P<0.01),
HFIET SRA MEEKIE. miR496-3p. miR26a Fl miR23a it ik W] T AMs X Pm [f1#5 1

(P<0.01, P<0.01, P<0.05).

Zhit: (1D B T 822252 208 Pm SHZO1 R4 BERIZHAELE, IR T 8 2E 2252 95 Pm 1)

B SFERIABRAL LS R, (2) RIITLE T SRA ORF, 73#7 1 SRA [FALIER, #1474t SRA
SR IEA BRIR 2 s TA . (3) IEW] T SRA AJ LA/ AMs &l Pm; MO /&4: T SRA ik, i
M40 SRA /-3 AMs X} Pm IERAIER . (4) SiwbE 7 SRA E3IT, UEM T SRA B3 HAAE
P, 13k IRF1. TNF-o M1 IL-6 R0 SRA B3I TG TNF-o 1 IL-6 T AMs 41 SRA 3%
ik, BEMHHE] SRA /5% Pm (IFFWAEH] . miR496-3p. miR26a F miR23a #[i] SRA 3’ UTR, I
#7 AMs Xt Pm IV, 7F MO /&S #27H, TNF-a. IL-6. miR496-3p. miR26a F miR23a i
SRA /-3 EWE4IAXT Pm FIFFREAEFH, XN MO 4k R 40 AR (L0 1 5
REEF]: AN SRR 2R IR, TEERZE A HEER, 4R



Abstract

Mycoplasma ovipneumoniae (MO) secondary Pasteurella multocida (Pm) infection has gradually
become the norm in sheep farms. Secondary infections accelerate disease progression and increase mortality.
Scavenger receptor A (SRA), also known as macrophage scavenger receptor 1 (MSRI1), is a pattern
recognition receptor expressed in macrophages and capable of recognizing and ingest pathogens. However,
there are currently no reports on SRA in sheep.

Objective: In order to explore the mechanism of SRA in secondary Pm infection in MO, this thesis
isolated Pm from the lungs of MO-infected argali hybrid sheep and conducted pathogenic and genomic
analyses. Identification of biological characteristics and functions of sheep SRA. Exploring the effect of MO
infection on SRA-mediated phagocytosis of Pm. And further exploring the mechanism by which MO
infection down-regulates SRA expression. This provides a theoretical basis for the effective prevention and
control of Pm infection secondary to MO.

Methods: (1) Pm was isolated and identified from the lungs of MO-infected argali hybrid sheep. Pm
was injected intraperitoneally into mice to identify its pathogenicity. Drug susceptibility test was used to
identify its drug resistance by K-B disk diffusion method. Then the genomic DNA of Pm was extracted to
conduct whole-genome sequencing analysis of the strain. An evolutionary tree and a genome circle diagram
were constructed, and the virulence genes and drug resistance genes were analyzed. (2) SRA ORF was
amplified and connected to the pcDNA3.1(+) vector to construct a eukaryotic expression vector.
Bioinformatics methods were used to analyze the physical and chemical properties of SRA. Polyclonal
antibodies were constructed by immunizing New Zealand white rabbits and Kunming mice with SRA antigen
peptide. Indirect ELISA was used to detect the titer of SRA polyclonal antibodies. Indirect
immunofluorescence assay (IFA) was used to detect the specificity of SRA polyclonal antibodies. (3)
Quantitative real time polymerase chain reaction (QRT-PCR) detects the expression distribution of SRA4. After
pcDNA3.1-MSR1 was transfected into CHO cells, the phagocytosis of Pm mediated by SRA was analyzed.
SRA expression level was detected by Western blotting. The drug (Fucoidan) was used to block SRA to
analyze the phagocytosis of Pm mediated by SRA; Analyzing the phagocytosis of Pm by SRA at different
time points after AMs were infected with MO; AMs were transfected with pcDNA3.1-MSR! for 24 h and
infected with MO, and the effect of MO infection on SRA-mediated phagocytosis of Pm was analyzed; The
effect of MO infection on SRA expression was analyzed using qRT-PCR and Western blotting methods. (4)

Cloning the SRA promoter and predicting potential active regions and transcription factor binding sites. The



SRA promoter reporter gene vector was constructed by homologous recombination method and named
pGL3-SRA. Dual-luciferase reporter gene assay detects the activity of SR4 promoter. pGL3-SRA was co-
transfected into HEK293T cells with Flag-IRF-1, Flag-TNF-a, and Flag-IL-6 respectively, and the effects of
IRF-1, TNF-0, and IL-6 on SRA promoter activity were analyzed 24 h after transfection. Prediction of
miRNAs which target SRA 3’UTR, the expression of miRNAs was detected by plus method A qRT-PCR.
Selecting up-regulated miRNAs and pmirGLO-SRA 3’UTR to co-transfect HEK293T cells to detect its
targeted regulation of SRA 3°’UTR. Flag-TNF-q, Flag-IL-6 and selected miRNAs were transfected into AMs
respectively, and their effects on SRA-mediated phagocytosis of Pm were analyzed 24 h after transfection.
QRT-PCR and Western blotting were used to analyze the level of SRA expression.

Results: (1) A strain of Pm with serotype A was isolated from the lungs of argali hybrid sheep. The Pm
SHZO01 strain was sensitive to aminoglycosides, macrolides and other drugs. It is highly pathogenic, and
infected mice developed pathological characteristics such as pulmonary hemorrhage and edema, pulmonary
adhesions, splenomegaly, liver enlargement, and white dots on the surface. The whole genome size and GC
content of this strain were 2,378,508 bp and 40.89%, respectively. It encodes 2,418 genes and is the closest
genetic relationship to strain 40540 (A:12). What’s more, it contains 82 virulence genes and 54 drug
resistance genes. (2) The full length of SR4 ORF is 1362 bp. It has 7 potential glycosylation sites and multiple
phosphorylation sites. The sequence similarity is high with that of animals belonging to the family Bovidae.
Mouse-derived SRA and rabbit-derived SRA polyclonal antibodies were successfully prepared using antigen
peptides. The rabbit-derived SRA antibodies have good specificity and reactivity. (3) Compared with lung
and spleen, SRA has the highest expression abundance in AMs. The size of SRA protein is 50~70 kDa.
Overexpression of SRA could significantly increase the uptake of Pm by CHO cells (P<0.05); The
phagocytosis of AMs in the Fucoidan-treated group was significantly reduced (P<0.001); The phagocytosis
rate of cells in the MO-infected group was significantly lower than that in the uninfected group (P<0.01);
There is no significant difference in the phagocytosis rate between cells in the SRA overexpressed group and
then infected with MO and cells transfected with empty vector (P>0.05). The mRNA level and protein
expression of SRA in MO-infected AMs were significantly lower than those in the uninfected group (P<0.05,
P<0.01). (4) The SRA promoter is approximately 1200 bp in size and contains 1 potentially active region and
6 transcription factor binding sites, among which IRF1 and c-Jun binding sites appear more frequently.
Experiments confirmed that the SRA promoter has strong activity. Overexpression of IRF1, TNF-a and IL-6
can significantly activate the promoter activity of SRA (P<0.01, P<0.01, P<0.001). Compared with normal
AMs, the relative expression of oar-miRNA-23a, oar-miRNA-23b, oar-miRNA-26a, oar-miRNA-26b, oar-
miRNA-194, oar-miRNA-496-3p and oar-miRNA-1185-5p in MO-infected AMs was extremely significantly
increased (P<0.01, P<0.001, P<0.0001). MiR496-3p, miR26a and miR23a can target and bind to SR4 3’UTR.
TNF-a and IL-6 can significantly inhibit SRA-mediated phagocytosis of Pm by AMs (P<0.05).

v



Overexpression of TNF-o and IL-6 significantly decreased the mRNA level of SR4 (P<0.01), and down-
regulated the protein expression of SRA. Overexpression of miR496-3p, miR26a and miR23a significantly
inhibits the phagocytosis of Pm by AMs (P<0.01, P<0.01, P<0.05).

Conclusion: (1) The whole genome framework of the argali hybrid sheep-derived Pm SHZ01 strain was
constructed for the first time, and the virulence genes and inheritance evolutionary relationship of Pm derived
from argali hybrid sheep were clarified. (2) The SRA ORF was successfully cloned. The physical and
chemical properties of SRA were analyzed. Rabbit and mouse polyclonal antibodies against SRA were
prepared. (3) It was proved that SRA can mediate the phagocytosis of Pm by AMs; MO infection down-
regulates the expression of SRA, thereby inhibiting SRA-mediated phagocytosis of Pm by AMs. (4) The SRA
promoter was successfully cloned and proved to be active. Overexpression of IRF1, TNF-a, and IL-6 can
activate the activity of SR4A promoter. And overexpression of TNF-a and IL-6 downregulates the
transcriptional expression of SR4 in AMs, thus inhibiting SRA-mediated phagocytosis of Pm. Moreover,
miR496-3p, miR26a and miR23a target SRA 3’UTR and inhibit the phagocytosis of Pm by AMs. During MO
infection, TNF-q, IL-6, miR496-3p, miR26a, and miR23a inhibit SRA-mediated macrophage phagocytosis
of Pm, which provides theoretical guidance for the prevention and control of MO secondary bacterial
infection.

Key words: Mycoplasma ovipneumoniae; Pasteurella multocida; Scavenger receptor A; alveolar

macrophages; Secondary infection
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IR PR 4R
MO Mycoplasma ovipneumoniae EHE SIS AN
Pm Pasteurella multocida Z A KA
SRAs Class A Scavenger receptors A FKIFERZAE
SRA Scavenger Receptor A TBIERZE A
AMs Alveolar macrophages Jiti 4 s 4
PMT Pasteurella multocida toxin ZAMERTERER
WGS Whole genome sequencing e SEER )52
TNF-a tumor necrosis factor-a IS T o
IL-6 Interleukin-6 HE 6
IRF-1 Interferon regulatory factor-1 TR T 1
PAMP pathogen-associated molecular patterns T SR AR AH 2K 7 T
LPS Lipopolysaccharide IFEZ)
PRR Pattern recognition receptors BRI 2 4
Mh Mannheimia haemolytica M 2 AT R
TLR Toll-like receptors Toll ¥ 5244k
LOS lipo-oligosaccharides JE FE b
Mp Mycoplasma pneumoniae i ¢ 3 S5 A4
Mhp Mycoplasma hyopneumoniae ¥ it 98 37 AR
M.bovis Mycoplasma bovis R AR
MG Mycoplasma gallisepticum A5 SR A
S.aureus Staphylococcus aureus S O E A ER A
Bb Bordetella bronchiseptica SR ML AT A




$F18 Zip BAFRFHMEFMIL

1.1 XEkEFR

1.1.1 XRAESMWELREERL

SCIFAA S PR TE s RE (R SRR, /N B R E S R, e 4
MBE, XA EATNT B-WEER AV AU . ook, SCIRARTEE 77 EXTAR AN K SRR
N, R—MEAEKIE. 2. BRI . SR A R Gy S UMY R
B FRFE N ) Ag R n) AN 22 R Ok 1A OGN 96 SR A& (Mycoplasma pneumoniae,
Mp ). JE& R % 32 JF AR (Mycoplasma hyopneumoniae, Mhp)« 4= JE Ak (Mycoplasma bovis
M.bovis) W R (Mycoplasma gallisepticum, MG) F1 MO 25 4k 211 1 JB G 1195 1]
RO BRRBE 22, SR ARG A R A B SRR OO SR AR G B g Be i SR R 22—
PaIE, Mp 5l R EEEREE (Streptococcus pneumoniae, Sp)~ itV AT # (Haemophilus
influenzae) T4 EEKE (Staphylococcus aureus, S.aureus) ZEILHYLE 5| K JLE
Ml LT, 5 Mp B—EULHEL, Mp S LG L R e [ K il 98
FEPE 231, Mhp BGLE AT 4R Pm FISCAE WL IRAT I (Bordetella bronchiseptica,
Bb) FEHERGY, HEFUESE, Mhp 5 Pm SLEGUE B e . R MgRIIF I A HE, T Mhp
RGN BRREIR M. M.bovis 518 A0 L HE (Bibersteinia trehalosi) 1 4L
S e O A S i 28 B R R 2 —, T I = (A B8 (Mannheimia haemolytica, Mh)
VB — Pk R 7 R A s A7 A T/ N BRI 56 b Blo MG 5 KIBHT & (Escherichia coli,
E.coli) VA KA 2> o DA W. FTWTHE . Jnftih . UESHME R, SEBOY™HIF
WE B, IR T A Bk 1o,

£ MO 5140 3 7 B [ RPIRCGE SR 11, eIl 2] Pm. Mh 895 54K, MO B4
FESY B g% SR R B A A TR, MR R R A B eI 26 U)o H Tk
B B E AP ER H 28, 1IX 5 MO A1 Pm JR& G A O B, MHf 5k MO I8
GG BAEURME, IR AT K EREMIR R . MO YL E A2, 1
MO 4k Pm S YL F BRI E « PR R DR e, ARSI 8 L 30 S48 FR) 0 BRARRAE . MO
5 Pm LG AR 0T Ry, R, B B AR A AR B, AR BN R AR
FIRIT R RAE, R R A ME LA A P, £ R MO 5 Pm VB & B 17 100 3k
TEAE, (EE N AMYFIRIE . fEHTIREHIX LR A MO A Pm HTARBUBH 14 26 51k 83% 1Y,
] #1273 FEAE FEAE S W 2 IR IR 2 08w F 8 MO 5 HA 4 VR A /4L, Horh Pm 1
16S rRNA JE P = & gy 81,



$F18 Zip BAFRFHMEFMIL

1.1.2 ZRE/RR T RIAHEER

452l 28 SR AR T 1963 FEAE 3 =2 1 UM B It i yeg 1o 1) 4 = ) it 2 g 1121, 22
R BRI, RREAR R R RS, 2R AN R N8 E g il
R FEAR B, MO 3 B AR 72 SRR I ) — N EZE T A, MO M3 BN ERA S,
R FR P 4ERE MO 2 XE HAERT 1, G5 HRE T MO R34 PPLO W,
Hayflick 1 SP4 J&Jii !, R MO &% 5K H @RIz ke, (HE =™ EIFGE
PR 3 R TR AR T, X B S 2 P R AR IR e ¢ 1), MO 2 51 4R SE I
WS 2 9 1Y) 32 S AR, DARSERR L i S o AT VA Y R A 9 B 1 ) g 12 s 28 R AGE T,
ARG T RS AL R IEMERMG X, EATITE 2-3 B N HE LR B SR X 3, 2 5 Al e et
NSEAR IR XA, 8 A R BR A R RS D7), S MO 47 2E AR KR R AR 7 TR
i, AFPligmE KM prig U819, i MO Y5 ERMEMRA Z M A, S5
ARl 5% . ST JEARRT 58 | A8 SR A 1S PEAEREAT PR IT 28 NS B 15 H P ¢ 20
2, FEBORFNEAHT P 2, RS PN IX R () AT 2838, R uhe o e R oA S 2 M ¢

[17]

o

MO ILAEAN g — P A BRI A 47 A0 1L 3 B P IRGE T JEUA Bl i A2 BLFE R
EDAE N BT A S A s AN 21 o 8t L ERAT B9 AT 7k e 3 SBSUIT 48 1 AL i o
RIZ, IFrTReinaln B AR P2, O T 2 S EURF R AR R ARSI A, SR10, B
F 45 J=y A EE AR PR IR T AN R B D AR A AEAE i IR BN AR IR 5 A A AE . 3
ok, 1EEE. Hidt, EEMESHX MO BAEEIEm U), fEREREE, A
R 40% 4% F BB TAEAR 2 MO BRI DOl HAT, 52 BT KRR, il
SERATIN R G TT LA MO B SEIRAT R Ot . MO 3 Bl % Y%A m BRI T8 i@ A2 4%
Fo, (ERAEPT e AN TR ZE ARAEAS X 1, T B AT AR A 57 1) 2 e o R B MO
()R A ey, i I AT REE R SR Z X sh WD is a4z, DLRCRE BRI 3R fa e
AN BRI S NSRRI AR Y, BN, H1haeMLE, MO BSR4 LL
FERCEEA I 4 3 TR B L 1023,

MO HIEURHLHIA £ 5, OiEEAE. IR MER R R4 P Haroe T H 0w
HURIRIL F A2, MO M 2T RRALHRIN , TR ARPIRIE I e i T8 E R B
RGP E bR 4, Rl 0 i AME S T RO S e R AR AR AR SR A
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