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Construction of a recombinant Bacillus subtilis strain
expressing SpaA and CbpB of Erysipelothrix rhusiopathiae and
evaluation of the strain immunogenicity in a mouse model

CHENG Zhonglin, HUANG Hao, CAO Siyi, SHI Huahui, GAO Jiye, LI Jixiang*

College of Veterinary Medicine, Southwest University, Chongqing 402460, China

Abstract: To construct a recombinant Bacillus subtilis strain expressing SpaA and CbpB of
Erysipelothrix rhusiopathiae for oral administration, we constructed the recombinant plasmid
pDG1730-CBJA by fusion PCR and seamless cloning. The plasmid was introduced into B. subtilis
KC strain by natural transformation, and the recombinant strain KC-spaA-cbpB was screened out on
the plate containing spectinomycin (Sp€’) and confirmed by PCR and starch degradation test. The
SpaA and CbpB expressed by KC-spaA-cbpB were detected by Western blotting and indirect
immunofluorescence assay, and the genetic stability of the recombinant strain in mice was
determined. The plasmid pMAD-Aspe” with knockout of spe’ was constructed and transformed into
KC-spaA-cbpB. The sp€’-deleted mutant strain KC-spaA-cbpB::Aspe” was screened and identified,
and its immunogenicity in a mouse model was evaluated by oral immunization. The results showed
that the recombinant strain KC-spaA-cbpB was stable in mice, expressing SpaA on the cell surface
and CbpB on the spore surface. KC-spaA-cbpB::Aspe’ expressed SpaA and CbpB. The mice
vaccinated with the spores of KC-spaA-cbpB::Aspe” had higher levels of SpaA and CbpB-specific
IgG in the serum that those vaccinated with the wild-type spores 42 days after vaccination by
gavage (P<0.01). The protective rate of mice immunized with the recombinant spores was 67.5%.
The results indicated that a recombinant B. subtilis strain expressing SpaA and CbpB of
E. rhusiopathiae was successfully constructed, and the recombinant strain laid a foundation for the
development of oral live vector vaccines for swine erysipelas.

Keywords: Erysipelothrix rhusiopathiae; SpaA; CbpB; Bacillus subtilis

Y13} 75 22 14 (Erysipelothrix rhusiopathiae) — XFPUFRE | MR LW AW EG £ E

Je— AP D E O . ANTE LR AR
FRPHMER, 7EME AT N 2040, 1TE% 55
BT 1) SR AR ) TP AR TG B TG, AT R 4
NENH R ZEOHFLEh Y . &850 8 K A= 5l
Y, ooliRBEA HREEEM AT LB g2
PR 1886 4 UK R Gl H 1 R G 5 11
¥ P15 (swine erysipelas) LK, Z1BESF3E 22 7 AL
AT G IR A I R AN P ARk,
REVF 2R PRSI K 2 2 B bk
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M 2540, 5 MRS e B A P 2T B ) 22 T
Rrthg il 22%°, UG, 55PFEE 00 B 7 ok
2 BN, B ORI R
CLBEPFRE 2 R PR DT A (surface
protective antigen A, SpaA)E I RS, 2%
Mg R R EA LR, BR C smE & 751
A B DX i e g8 1 B S, FERE S A E B
BESLI P B B E T RG4S AT B
(choline-binding protein B, CbpB)RE I/ T/ LAl
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W R S MAE BUA,  HOZPUIRBEN 98 1M
T A TG Ik K RE A2 2 1 1 4 A b ) A M AR
F L RPLLBEPYRE 22 TR 55 75 T PR O Tl A fR 3
P RO R R 2R AT TR O 2 R T T 2 TR
SR, AT DL 1o 2 (R 45 1) Oy M i A R
TEZF A K A R m s i o1 EA
SR DIRTG A W, REA RO 4
By e AT AL B e AT LA £ AR
MRS B 2T IR KC BRR R iR !, py e i
25 460 2 10 43 B R IR LLBE ST 2218 SpaA il
CbpB & 1A A bk, I /N B 5 S 3 )
AR AR ROR DU 9 58 P 1 IR 2 A
P T B SR

P

1.1 #AE. mE. LW EZER
R ZEH AR R KC RN 2L BEPH 22 1 Y83
PRAINRPLLLBEFH R 22 1 Y83 #RIIE . £15%
PFREZ2 TR GAT10 ¥k . rSpaA Fll rCbpB M H: T
135 Ry A PR A R 7 . PrimeSTAR HS DNA
Polymerase . FR il PEAZ B2 W UTEGIE A & H ERAY)
BARCALFOAT R A o R AT B8 -l 5 2 F AT T2
AR IBURL pDG1730 W A #% R FURF- 5 o il f08
5Tk pMAD I8 H B 5 38 A PR BRA v o XX
{0 YL EE 15t Marker . DNA Ligation Kit Ver2.1 .
Taq fiff . J5UR. DNA fili4200 & . DNA JZ Rl
X774 . Ni-NTA 6FF (His-Tag)#E [1 5l fi4lifk
RENE WA B A T A TR (R ) e A RS F .
HRP ARICHY PR T1gG . HRP BRI B9 I 2E4T
e 1gG. FITC pricd i 1L EHt il IgG W H & FHAA
BRI ) o R TgA 1 B b 5t FRB AR AR WA TR
) JogEveRERR & . R ECL fb2 20t
NG A S = RAEMBARAIRAF . 3,3,5,5-1Y
FH LB 2R % (3,3",5,5 - tetramethylbenzidine, TMB)
B I AW A VLI IO R TR IR A
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I ket e AN AN S IEEY N VY S N s s
YR S ASBIFGE Y Bl ) S B 22 PR T A OR) A
Bt 5205 Bl P48 L 25 D1 et i (HEHE S XK Y-
20230425).
1.2 #HEERMBNERRESFSISHh

DIAKREZEFIFT 7 KC R PR 2H DNA iSii
#E4T PCR [, 3448 HEH cotC Fl spollld
KB F 5, LILIBRE 8220 Y83 kR 3E
K121 DNA ShAtR 14 H 5L K spaA Fil cbpB.
SLE R KBS Y L 1, PCR 7387 P 4 B
BREEE R LUK . VISR, FH pMD19-T 44kt
vk WP RT3 A95 A BO P FI7E NCBI W
i I blast ZA4EA T XT3 H7 o
1.3 #&FRHK pDG1730-CBJA RUHiE

A PR R QA 1 BTN o fE PCR 473
spoll1J. spaA, cotC 5 cbpB LAt |, Zai4 PCR
P RIS Rl B spoll1J-spaA #il cotC-cbpB.
kL pDG1730 4 BamH 1 #1 Hind 111 £k ¥4k )5
FI T4 v kiR & spoll1J-spaA 4 45, 1
Y Fk pDG1730-spolllJ-spaA. F JG4% v
R &4 BamH 1 i UJ 2 M Ak 9 B 41 5 RE
pDG1730-spoll1J-spaA 5 cotC-cbpB H Bti%
%, WEEHAE AR pDG1730-CBJA, Jf
D 3830
14 EAMEFEAENEE

# AR pDG1730-CBIA S4B 2R H AT
KC ¥R H 4] DNA % A [R] 5 8 20 U8 A =X L
&l 2 2 RESCHR[ 15100 7 kil £ A R 2R AT 1R KC
PRIESZ S A, 5% b8 45 ok pDG1730-CBJA,
ZOM A R PR R R AR Ak Tk
M b Y BT VR S 4% 3 A, T PCR R TEH
WA S A T EE A DA Y S5 A8 o TEDE M P A S 3
o, BRI SR T 0.5% A PR TE R B9 SR 3
MR, 37 °CHEFE 24 h, INVATR, EIRMCE
3 min, 7 LM G S E & DS S AR5
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x1 AKARPRASY
Table 1 Primers used in the study
Primers Sequences (5'—3") Notes
cotC-F GATAAATCGTTTGGGCCG Amplification of cotC and promoter
cotC-R GTAGTGTTTTTTATGCTTTTTATAC
spolllJ-F  CCAGAAAACCGGCGAGCCA Amplification of spolllJ and promoter
spolllJ-R CTTTTTCTTTCCTCCGGCTT
spaA-F GATTCGACAGATATTTC Amplification of spaA
spaA-R TATCTTTAGGTTTTTCTT
cbpB-F GAGGAGCGAAAACCGAGAGA Amplification of cbpB
cbpB-R TTGGCTATGTTTTACGATTA
spolllJ-F;  AACTGGTCTGATCGGATCCCAGAAAACCGGCGAGCC spoll1J and spaA fused PCR primers
spolllJ-R; CCGCTTCCACCGCCACCCTTTTTCTTTCCTCCGGCTTT
spolllJ-R, GCTGCCGCCACCGCCGCTTCCGCCACCGCCGCTTCC

ACCGCCACCCTTTTTCT
SpaA-F, CGGTGGCGGAAGCGGCGGTGGCGGCAGCGATTCGAC

AGATATTTCTGTGA
SpaA-R; GCAGGAATTCGATAAGCTATCTTTAGGTTTTTCTTTATCAA
COtC-F, AACTGGTCTGATCGGATCTGTAGGATAAATCGTTTG cotC and cbpB fused PCR primers
COtC-R; CCGCTTCCACCGCCACCGTAGTGTTTTTTATGCTTTTTATA
cotC-R, GCTGCCGCCACCGCCGCTTCCGCCACCGCCGCTTCCACCG

CCACCGTAGTGTT
CbpB-F, CGGTGGCGGAAGCGGCGGTGGCGGCAGCGAGGAGCGAA

AACCGAGA
cbpB-R, CGCCGGTTTTCTGGGATCTTGGCTATGTTTTACGATTA
spe-F, GAATTCGTAACGTGACTGGCAAGAGA Amplification the upstream fragment of
spe-R, GTCGACCTTGTTTGGGAGGATGATTC spe’
Spe-F, GTCGACTGGACAGCCTGAGGAACTCT Amplification the downstream fragment of
Fe-R, GGATCCTGATTCTGACCGGGCACTTG spe’
pMAD-F  TACTAAATTCACCCCCGCTT Detection of pMAD
pMAD-R  TGATGGTCGTCATCTACCTG

spolllJ-spaA cotC-cbpB
\ I I I
L , j L | )
Seamless cloning Seamless cloning amyE
f Hind Il amyE ;BamH | ampR =8 *!C\Cpr
P ;‘:\\\s\po[lll-spaA N\
. \
A\ —— pDGI730-CBIA || S
pDG1730 amyE [ :DG1730-spollll-spah | 11377 bp % e
7 602 bp 9 876 bp Y
spe
amyE
amyE

1 EARK pDG1730-CBJA HIHIE
Figure 1 Construction of integration plasmid pDG1730-CBJA.
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Recombinant integration plasmid

Bacillus subtilis KC chromosome ?/

Recombinant chromosome

®
“Q.O\O

& pDGIT30-CBIA ¢

o

amyE 3
ﬂDoub[e crossover

) R e/
5 % 3

&

")
‘C‘?o\/\\k‘vs&
o

2 ELFRHK pDG1730-CBJA S EF AT EE EH % 4 FIRE LN

Figure 2 Homologous recombination double crossover between integration plasmid pDG1730-CBJA and

the Bacillus subtilis genomes.

KRR, B4R KC RFRRE I IE M I, W&
JE R B A P 5 PR o A T A R A
Rih, W& A S,
1.5 Western blotting F1/8]3% 5 & 7 L SCIG

VA TR AT 1) TR A % 2 At 43 i) 28
W B Ja BEATAE e SDS-PAGE, | %48 ik
K 56 T vh Y 2 R B R SR R & 0 IR
(polyvinylidene fluoride, PVDF)# 17 Western
blotting 43T K & 4 19— Pt k7N BT rSpaA
M1 1.000), A ZE 1) —40 R/ Bt
rCbpB & F ML (1: 1 000), —$i -y HRP Fric il
W24/ IgG (1: 8 000), ffi ] ECL & 4.,

FE RGeS S I T, R 2 T B ) TR AR
ol SRR A TR I F L 4% 2 R BB 30 min,
Ve 1.0%4 135 F1 & F (bovine albumin, BSA)
F 37 °CHA 1 h, PI/NRBUEAE A M h—
Pr(1: 1 000), FITC Fric 1L EHT B 1gG h 4L
(1: 200), 2GR MBEMES
1.6 EEMEFATREALENRERNNTREN

R FHE S SO0 RE T o A A R 2 SR AT TR A
INEIRN BT ETE . SEERsr o 5 AL, 5B 1 A
55 2 2H 53 0 hy EE 2 A B 2SR TR ) B4R 2
WEE, O3 AU 4 A5 RT R ZERIF R KC
PRIGERAFIZE A0 S , /N BB R 2 0.2 mL/

&: 010-64807509

Hoh & BAs 2R 5x10° CFU, % 5 4124 PBS
02mL/H#EH ., HHFME24hH#EE 1R, #LL
3R, Eela— U B R AN R )R A /N RS
A KWK IR &, 8 5 min, FIEWIR
i F &AW EE E (250 pg/mL)) LB ¥4,
37 °CHigF 12 h Ja AT IR I EL, IR s g %
A VR S AN 12, 96 F1 216 h ZEMHFE &,
R b b A BEHLBEE 3 D ETEY R, SR
Ja AT 2 R B W% . PCR M Western
blotting R, i & 4H I 2 75 S 51 40 Al B ZF FAT
W LA SRR RIRAME M .
17 ERARHEFAFEEINERNHER
RGN

JH PCR ¥ 8 HW s 2R i BEH (spectinomycin
resistance gene, Spe’) 5'%f M 3'ui 4524 600 bp A
B, ZAH N 1 R ] U AS e 47 A TR RO SR
pMAD, i E 4] Fiki pMAD-Aspe’. | A 4R
o pMAD-Aspe’ Ak B A Ak B 2R FAT 7 KC-
spaA-cbpB, % X-gal K415 E K E SR BUEF
Mgk, PRIBCIE AR VE LIS 1Y) spe-Fi/spe-R, i#
FTIA% PCR Y 1Y, Yow st S MOCHR(16]
BT VA XACH ¥, H PCR ¢ Western blotting
PEATIAE, FRAT AR spe’ it B 2 AL RE 25 AT A
KC-spaA-cbpB::Aspe’.
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1.8 JMRORFEESHHHRIFER

B 5% 2 M RE 2 FF TR KC-spaA-cbpB::
Aspe’, BB IR K 2R, B0 T 6 JH
A I T /0N By I O g S o /)N B ] ) i
3 K FHUE B AT — i MEE 1 (B 2 5%10° CFU),
HEE 6 Jil . TR s 21 d i 42d 5, o
SIBEALAE 3 HUNEH T RAE . Ha/ M RAE R
BE 42 d e T UGS . DIAH B 2R AT I KC
PR B BRI S ZEFRAE R B X B . Bl 2% vh iR A
& (phosphate buffer saline, PBS){E } %S FIXT A, 41
BEPFREZZ R 555 GAT10 ARVE N FHEEXTRE . G4T10
PR 2 B B e g Oy e Ry B RN S
1x10° CFU, [H]f@ 3 A nas 48 1 k.

1.8.1 MEFFFM IgG A&

DA tSpaA Fl rCbpB 435l A gk e i k1 7 18]
$% ELISA Kol i3 oo Re =4 1gG, L TMB 4
Ay AT AT, LA ODyso (HFERBUIAIK T
1.8.2 ZE(Er sIgA &

PVAN e G ) | NS (T A ) Y 1 Wi
JR%& 5 min, # 4 °Cid7&J5 10 000 r/min &0
5min, W4E BIF, HIME4E ELISA W& sIgA &
i, TEM4Z ELISA v, R IEbrt &L m
A 100 uL /NRZEE L FRAE S, 37 °CHF & 1 h;
St/ IgA 100 pL/AL(1: 5 000),37 °CHFE 1 h;
HRP #RiC 1L AP0 1gG 100 uL/AL(1: 8 000),
37 °CiE 1 h; J TMB 4% 100 pL/fL & 4,
Z i 10 min; AL LK 50 pL /AL IR ;
it B3 A 2 ODaso fH.

1.83 KSIH

INERETE BN SRR 2L PF R 2216 Y83
PRANTE , T R Rl 5 ARt &
(median lethal dose, LDsq). &IN5 #ELEMEL 10 d,
/N BE T B
1.8.4 HIES it

S (R B 45 R DL B A5 U 22 (Xes) 3R
No ORI T2 5 AR, * R ERE
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#(0.01<P<0.05), **F /R 540 B ¥ (P<0.01),
ns KNG M2 7 (P>0.05),

HERE QM

21 HEERSEMERERRSE

FI AT PCR 4™ 34l 50 25 0 A 71 KC Bk cotC Al
spollld FER K IR 87181, 2 v b Bl 74
SR, 2351 372 bp 5 1028 bp., cotC K K
HFIEZ AT R KF F S5 AR ZE LA I ATCC
21228 #f(GenBank % 55 : CP020023.1)AAH{L
PETE 99%LL |, spollld F: K & i 8 7 54k 52
fFFE 168 Fk(GenBank %555 : CP053102.1)
FIARIETE 99%LA | PCR ¥ 3# B 21 5 J} 22
B Y83 ¥k spaA Fl copB %& K A Bt 437l R 1206 bp
51080 bp, FIHELS PCR, ¥ cotC K3 3h+
5 cbpB FE [ | spollld JJri 8T spaA Ft[H
4, FASRES F B cotC-cbpB F1 spolllJ-spaA
43904 1 492 bp Al 2 279 bp (K 3).
2.2 EEMETFEATE KC-spaA-copB BIHIiE

I TC4% wi e H AR NG spolllJ-spaA F Bidi
AJFRL pDG1730 /i) BamH 1 A1 Hind I /5, 44
#E TR pDG1730-JA, ¥ pDG1730-JA JH
BamH 1 £k PE4L , | Jo & ve e+ R 55 cotC-cbpB
A BoE e, WEE ARG R pDG1730-CBJA,
W B i, o 2H 5 ok 14 A BOR & A
AR R AR . BRARFIEA . FIH AR EA
# A TR pDG1730-CBIA B4 AL A B ZE AT 1 KC
PR G JEAZ 25 4, ) P 0 8 2 Ui P H 0 1 4
9554k F, PCR ¥4 spaA. cbpB A cbpB-spoll1J
R BOAYE, ANofivek(E 4). DL ESSRER,
H iYL R 3 A AN B LRI 240 DNA H, kA8 S
B2 A0 AT KC-spaA-cbpB itk .
2.3 EHRMEFETE KC-spaA-chpB &Rik
SpaA #1 CbpB ZEH

W T AL B ZE AT I KC-spaA-cbpB T {4
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KBS, 478 SDS-PAGE JGHkHIE
PVDF i, DI/NRPTEAE A ME A—br, #17
Western blotting, 25587~ , A& K 289614351
SpaA Z5 [ F1 CbpB & [ (] 5A. 5B), 7E[A]
PSR, H AL Y AR S N BB
rSpaA IMIEMEHG, fE#E FITC Fricil2Edt R
1gG FRic, FEZOG R B T 2 ek A 5O0(E 5C);
ZEf 5 /NPT CopB MLIE1EF 5 BB B bric,
BEHG U6 SD). DL ESSIRE, RAM
B ZE AT I KC-spaA-chpB #4261k SpaA & [
K HZEAI K CopB A,
2.4 KC-spaA-cbpB EiA R EZFEORGHE
NRAERBFRE M

N R T IE BB L 20 AR
B R DU B SRR AR A, E LA R R AT

2 3 4 5

bp 1

2 000

1 000
750
500
250
100

bp

10 000
7000
4000
2000
1000

750
500

B3 #HEERSENEENZESHE

Figure 3 Cloning and fusion of anchoring gene
and target gene. Lane 1: DL2000 DNA Marker;
Lane 2: cotC; Lane 3: spolllJ; Lane 4: spaA; Lane 5:
cbpB; Lane 6: DL10000 DNA Marker; Lane 7:
cotC-cbpB; Lane 8: spolllJ-spaA.

&: 010-64807509

[# KC-spaA-cbpB PRI E G 12 h, & g /b
FRZE O A TR 98 B SE 107 A, 72-192 h 3
HERFTE 10° DUE s BIAWE S, 12-24 h BTE RAK
H1x10°-5x10°, 2 Ji B 28 FE 5 DU G 440 11 A
Ko Wi ZEAr I KC RIS 2F/8 % PBS
HEE L DRSO WA R R R 5,
ME AR, M 12, 96 F1216 h FEF AR AN
B b 25 BEMLEREL 3 AT RIESR, 22 R
JE BRI 8 2 [RBHPEAT A, PCR Kzl spaA Fil
cbpB LK A BHM:, Western blotting £ B {4
Yok SpaA EHEEM . KM ZEALN CbpB & H
FH .

A

4 EHEMHEFMEME KC-spaA-chpB Bk
£F

Figure 4 Identification of the recombinant
Bacillus subtilis KC-spaA-cbpB. A: PCR detection.
Lane 1: DL10000 DNA Marker; Lane 2:
KC-spaA-cbpB (primers spaA-F/spaA-R); Lane 3:
KC  (primers  spaA-F/spaA-R); Lane  4:
KC-spaA-cbpB (primers cbpB-F/cbpB-R); Lane 5:
KC  (primers  cbpB-F/cbpB-R); Lane  6:
KC-spaA-cbpB (primers cbpB-F/spoll1J-R); Lane 7:
KC (primers cbpB-F/spolllJ-R). B: Starch
degradation test. 1: KC; 2: KC-spaA-cbpB.
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A C Bacteria
kDa 1 Bright light FITC N Mrge

[Ee]
W

100—

Bacillus subtilis
KC-SpaA-CbpB

70— - < SpaA 10 pm 10 pm

Bacillus subtilis

50— KC
10 pm 10 pm
B D Spore
kDa 1 5 3 Bright light FITC Merge
70—
Bacillus subtilis 1
-— «“CbpB  KCSpaA-CbpB |\ =
e 5
50— " 10 pm, 10 um

Bacillus subtilis

— KC
3 10 pm 10 pm

5 REBENEREEREZEEMNENER

Figure 5 Detected the target proteins by western blotting and immunofluorescence assay. A: Detection of
SpaA of bacteria by Western blotting. Lane 1: Protein marker; Lane 2: KC-spaA-cbpB bacteria; Lane 3: KC
bacteria. B: Detection of CbpB of spores by Western blotting. Lane 1: Protein marker; Lane 2:
KC-spaA-cbpB spores; Lane 3: KC spores. C: Immunofluorescence assay detection of the bacteria. D:
Immunofluorescence assay detection of the spores.

®2 NEREEPEESH

Table 2 Total number of colonies in mouse feces (CFU/g)

Time (h) Oral administration of KC-spaA-chpB bacteria Oral administration of KC-spaA-cbpB spores
1 2 3 4 1 2 3 4
12 2.3x107 1.2x107 4.9x107 5.1x107 3.9x10° 2.1x10° 4.8x10° 4.6x10°
24 9.5x10° 3.5%10° 4.8x10* 4.0x10° 4.1x10% 2.9x10% 3.3x10% 4.3x10?
48 7.0x10* 1.1x10* 9.7x10° 1.0x10* 0 0 0 0
72 7.4%10° 1.5x10° 4.7%10° 5.6x10° 0 0 0 0
96 4.3x10* 3.9x10° 1.4x10* 1.0x10° 0 0 0 0
120 4.9x10° 4.5x10* 2.1x10° 2.2x10° 0 0 0 0
144 2.1x10° 1.9x10° 2.0x10° 1.9x10° 0 0 0 0
168 5.7x10° 3.0x10° 5.5x10° 3.7x10° 0 0 0 0
192 2.1x10* 6.9x10° 3.4x10° 4.1x10° 0 0 0 0
216 1.3x10° 6.4x10? 2.9x10% 1.6x10° 0 0 0 0
2.5 EZHE KC-spaA-chpB B4R spe” A (K 6A)ARELTRvE, FRAFWACHF, B spe’ @Bk

I B R EK BB pMAD-Aspe' e A ZH B #k KC-spaA-cbpB::Aspe (&l 6B). Western
W KC-spaA-cbpB, TEARMGFHACHFIIEAE [ blotting Ao 45 B3 B, 12 58 Mk 10 1 14 F11 24 71 g

http://journals.im.ac.cn/cjben
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4371k SpaA Hl CbpB & [1(&l 6C. 6D).
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Figure 6 Screening of Sp€-knockout strain and detection of the target protein. A: Single exchanger
identified by PCR. Lane 1: DL2000 DNA Marker; Lane 2 and 3: Wild type strain; Lane 4 and 5: Single
exchanger. B: Double exchanger identified by PCR. Lane 1: DL2000 DNA Marker; Lane 3, 6, 7 and 9:
Recovery mutants; Lane 2, 4, 5, 8, and 10: Double exchanger. C: Detected SpaA of bacteria by Western
blotting. Lane 1: Protein marker; Lane 2: KC-spaA-cbpB::Aspe’ bacteria; Lane 3: KC bacteria. D: Detected
CbpB of spores by Western blotting. Lane 1: Protein marker; Lane 2: KC-spaA-cbpB::Aspe’ spores; Lane 3:

KC spores.
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