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B = FRARTEA CotB. CotC. CotG F T A F ek dk TN RE G 495 T B, #1& 7 IRE AL E RILA AL
EEEHE, CotX HAEEFMAFHE Bacillus subtilis FRR %P6 7 —F4MEE . HIiEH CotX fe TAE A o F &K
ForREAQRTESTEAT, ALK cotX AREZERAEZOLR op YA FINHTEARTH, WS AL
CotX-GFP ¢ &R 40 ik, ¥ RAHAKEF NG, RRATHAIRIFF AT, AR FAFHADEL
GFP &% k. BRERARHEFWAFBA N FIREEES CotX LT F R EINE, THA F AT ETINRE G 9 HAR
a»F.
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Bacillus subtilis spores
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Abstract: Spore coat proteins, such as CotB, CotC, CotG et al, are able to efficiently display exogenous protein on spore surface
for preparing oral vaccines or enzymes. CotX is another structural protein of spore coats of Bacillus subtilis. To investigate whether
CotX could carry target protein onto the spore surface, we constructed a recombinant integrative plasmid, designated as pJS749,
which carries a recombinant cotX-gfp gene under the control of the cotX promoter. We transformed pJS749 into Bacillus subtilis
168(#rp’), an a-amylase inactivated mutant DRJS749 was selected and confirmed to be a double crossover integrant, where cotX-gfp
fragment was integrated into the chromosome. After induction of spore formation, significant green fluorescence was observed on
spore surface of strain DRJS749 under fluorescent microcopy. This suggests that CotX is associated with the outer part of the coat.

CotX can therefore be used as a molecular vehicle for spore surface display of exogenous proteins.
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Wi B 2EMUAF 18 Bacillus subtilis 1575 35 B = 4555
BAMAEST, BRI MR A —2F
RN B2 )Z . SRR ST R ANEER B . AR E Y ZE
HA e T E sK AR ST EA A, B BUREE |
PG IIRE . ZF ML BYIE B — R 9 IR 45 Rk PR 45 4
BRI — 0 I P R A B B ok S KR PR A0 4 2
A e B A LR DL S PR FE IR, W cotd | cotB . cotC
cotF . cotG % 20 AR, |y 2 I ) Rk 45 4% fifi
BAMB BT, REAEN MR EE (i T
ez 25 AR, BEURE i 3h 0 Ak 1 R
FESERE L, DUEFIRARSS A F o o F 3k, JE 2
2SR 78 HOR NG AR B 09 8 1 R 7S T E 2 A A
FELATF TR 2 RS TET A B AT AR W M 1 2 2 I Y
WEFE A5 32 7 O G W) ) A 2 25 AT
W2 AT IR A CotB™ | CotCPILL S CotGM g 53F
ok, BB e R E T bR R B g R T
MR, A B et E DR B A IS P 2
2

AR A ZF A S AR 2 7454, DL TE
P A AFTE2E 5, RECRF B 2 AR SCE H
VE Ry o3 - B A R TR 7R AN IRAR 1 1Y 20 2 M A 2
T AR TR s )P 2 v s B R TR R &2
PPN [FI T I A Bty il A 22 B 2H 0 D v
ARG B4 20, TS 2 M BB HI R AR
S FE N BR . (HTECHIE Y 20 R A AL RDZF HAT
WA E AT, HA MRS ARE AT 2 A
FEANZE , B EATTTE 28 M A7 v 0 HER 7 D) b 2%
BT R LSO RSN, RREE T
AR S IR R R R T 2 MR TR E S g
Wi PR, B B BE A RUR R AR H Y H 2R
o+, T2 MR R MEE H U Gk, A
Mo hsk 2% .8 H (Green fluorescent protein,
GFP) JE[H (gfp) M B IR, LU 28 MOAT 14 2 i
KFEHE [ CotX N orF 24, i i 2 o ¢ i e s Ho R
K GFP J&/n T 28 a3

1 MR57%

1.1 E#k. FRREFEFEG
T kL se e 15 T E. coli DHSa 7E 37°C

LB SR FE i 5%, & A7 BORL R R FF B I AR 1 Y
PiAER (AN EER LIEREH N 50 pg/mL),
Bacillus subtilis 168(trp’) K V&T Bacillus Genetic
Stock Center, Department of Biochemistry, The Ohio
State University, ik pBAD-gfpuvl” i E R
IKAEAE W BEFE TR B 2R W5 14 Ak . pIS700a 752
M, HAB ORI AR S8 2 R A
1.2 SFEYFRE

DNA bR R E T b AT, Al R 2 AT
T g @R R R IS IOCHR (9] PCR R IR &y
10 mmol/L Tris-HCI(pH 8.3), 50 mmol/L MgCl,, 3|
Y145 100 pmol, 200 pmol/L dNTPs, 50 ng #it DNA,
2.5 U DNA G SRR 7 : 94'CZEPE 5 min; 94°C
1 min, 58°C 1 min, 72°C 1 min, 30 MEH; 72°C1E
5 min. & gfp Zit5)¥ 5109 7 Bt LA gfp-a(5'-GGTAC
CGCTAGCAAAGGAGAAG-3'). gfp-b(5'-GAATTCT
GCAGGTCGACTCTAGAGG-3") N 5| 4%, pBAD-
GFPuv NEAMR#FHIT PCR §¥E, & coX 1y h BUU

cotX-a(5'-GTCTAGATTACTTTGTCTGCCGACGAGA
-3"). cotX-b(5'-GGTACCGAGGACAAGAGTGATAA

CTAGGATG-3") N5, LA Bacillus subtilis 168(trp’)
Yot fk DNA JHEHIEFT PCR 73 . PCR =4 ok il
DI~y e I an) & (bl A TR TR EOR
R 55 A BRA ) InTs T 5a ke o A o 25 AT
WHEHAFEKREERSIY A amyE-11:5-GAGATCTC
ATTGCTCGGGCTGTATGACTGG-3'#il amyE-22:5'-
GTTACACCATCACTGTTCGTTCC-3', [N FEF M :
94°C7Z%M: 5 min; 94°C 1 min, 58°C 1 min,72°C 3 min,
30 MG 72°CHEH 5 min.

DNA E& 0 . FREIPEA UG . T4 DNA %420 |
pMD-18T S {£4W) (Ki%) ARAF, 519
Hi b AR TREEOR RS A R A 5 L, SRR
F PCR =W ik i Brrh il A TA Y TR H AR
55 B w3 A o
1.3 HEFREAEEL

VAW 85 Bacillus subtilis 168(trp)) B2 A
AHMIUOT, R 2E AT T 0 5 AL S BROCHR 1013017
F#5 0.4 pg/mL 215 2 1 LB VAR T 37 C R 55 ik 5%
bF.
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1.4 HEFRETRIEMEEEES A

AP R R 2F AT TR B B YR 4 AP AE 3 mL
WA LB g feh gt td, W5 pL WilkiR T 1%
VERTHY LB Az I, 37°CHFE 16 h, B2 mL ML
TREM A L, TR G P AR IR OB TC T -
AL 2 g, B 1 g, SeRBULERE T/ REZERK T,
FrET o A, & s S MR 2 300 mL, &
FEAERR BTN o
1.5 WMEFETEFHEESNEMAR

Ll DSM ¥i 5523555 Bacillus subtilis 168(trp)
ol 5 21 Bk DRIS749 JE W 2F M, DSM #5357 5 1 i
. 0.8% P17 I Wi (Difco), 0.1% KC1, 0.025%
MgSO47H,0O, 1.0 mmol /L Ca(NO;),, 10 umol /L
MnCl,, 1.0 umol/L FeSO,. MU Bacillus subtilis
168(trp") B{ T4 E & DRIS749 FARIEHEA T 3 mL
DSM 53k, 37°CHR¥% 535 40 h, 5000 r/min &5
L 10 min WML, FHET 1 mL LEKf, DL
W N 2 mg/mL ¥ B 37°C AL EE 30 min B3R B IR 40
Jitl, 5000 r/min #5.0> 10 min YLFEZEME, i 1 mL /K &
BN, 10 pL FMREWIR TR b, & b
P F, FIFHAE B AE Leica DFC300FX 29 b ies I
() LEICA QWIN LITE EUR 4/ F4 1) Leica
DFC300FX ¥% CCD #i%4ei Sk #1741k . GFP %%
YGifif Sapphire GFP 385G H 44 (B ACIEEH
BF470/40, dichromatic mirror: 500, &5HGIER .
BP 525/50) Wi%<, AT 270 ms,

2 X
2.1 BhEFEIE CotX-GFP BB ASBITHFHREE
HE KA R A

JHUEH] CotX BT A M SN (R T
FMRE, L ogh NG EEH, WEm AR
CotX-GFP [ &4 BRI AL (P8 1) 7EAK 2525 MabT
WG-S5 AL pIS700a W', ¥ Bacillus subtilis
168(trp’) VERWSHEILN amyE Fr Bt (547~1643 nt), 7E
Z R BRI Sma 1AL SR A LI RYIMERF En', T
Wit Z NI . K cotX K gfp Sl FHIHE A
pJS700a 1, 543 fill G K5 CotX-GFP 1Y% 4 Al
Y BTRL . 12 2H SSORL G ARG B 2 AT I, L SR
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W amyE B 1R R Y0k R R BOSUCE
YL FRAF A E AT T A B R, 5 AL R R
A ZEM, WEEE 4 2 SR GFP ARk
2.2 EEFRRL pIST47 BIME

W& Bacillus subtilis 168 GOk I B cotX
(GenBank Accession No. NP_389058) J#51, & it
ARG cotX-a Fil cotX-b, KT FLFE, LiF514)
cotX-a NN T Xba 107485, TUHETIY) cotX-b ¥hm T
Kpn 15, VL cotX-a Ml cotX-b N5[¥, Bacillus
subtilis 168(trp") Yok DNA B, P45 cotX
B E 2 F A& LSS T R T 5], 5
PR /INA 890 bp , RO FE R T pMD-18T #if4
I SR e B BB JS A 44 pJS738. LA Xba 1 Fll
Kpn 1 5E4W#Y] pIS738, ML cotXx W B, JilsT
pJS700a AR A A, L BURL A 44 Sl pISTAT (K 2).
2.3 FhE&FRIL CotX-GFP ¥ & B E A b A

L gfp-a Al gfp-b 514, Fiki pBAD-GFPuv H
B, I35 gfp B R SAD 551 Bt (29 774 bp),
I FokE T pMD-18T oA, I 7F 5 2 1 51 1E 8 ) i
%0 pIS289, LA Kpn 1 Fl EcoR T 5¢ 4= 1] pIS289,
B gfp Fr B, IEsalE T pIS747 AR 15, i corX
M gfp WHRASITF AL T [ — B HeE, MBS
R TR A 44 0 pIS749 (A 2), ki &K A
Bacillus subtilis 168(trp”) Je i b (1) 3 ¥y Bl 5 K (1)
5% A1 3'%i 1Y) DNA F Bt ;s Bacillus subtilis 168(trp”)
AL TR E ML B R  Em”; UKL RIE
CotX-GFP H I R B, h B& cotX R8T
JF5 AN cotX Ze k21 CotX Ziht 351 Fl GFP
gt 7o), ZEAILHEE coX Jaoh FHHl, 7F
B 2E M o AL il 5 3K CotX-GFP,
24 FEEFRIE CotX-GFP EAMEFHIFE
Mz

A EE R A 2235 Cotx-GFP 14 i 41 4 7 2 AT
W, LA Bglll BVI KL pIS749 [ HL AL, 14k
Bacillus subtilis 168(trp’). F B TR S R B
] SR b R R BESCS R AL, E R SR
HiHAEREARFBE Em'-cotX-gfp Rk, BiERIA
CotX-GFP yHH KA G T YAk E (K 4A).
it Em'-cotX-gfp TR ATEMEEIEHN amyE H i1k
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pJS289
(3.4 kb)

1 Bh&EFRIE CotX-GFP HE SR ELH R TIZE
Fig. 1
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pIS700a
(4.8 kb)

&2

Xba |
Kpn 1
Sac 1

EcoR 1
amy E
3'-end
Bglll

Em"

oriC

Xba |
\\\\\\\\\\\\\\W@WHW S{(pnl I
Em" 04{“”\"“” EZ((;R I
A
amy E
pJS747a 3'-end
(5.6 kb) Bgl1l

oriC

Digested by Kpn [ /EcoR |
Kpn 1

BamH 1

EcoR 1
amy E
3'-end

Bglll

Construction of integrative recombinant plasmid for fusion expression of CotX-GFP. amyE 5"-end and amyE 3'-end are integrative

fragments from amylase gene of Bacillus subtilis 168(trp’), Em": gene resistant to erythromycin; 4p”: gene resistant to penicillin; OriC:

replication origin of E. coli.

2 ELHFRKI pJST38 FN pIST49 UL E

Fig. 2 Examination of plasmid pJS738 and pJS749 by PCR
and enzyme digestion. 1: ADNA/Hind III; 2: pJS700a digested
by BamH 1; 3: pJS747 digested by BamH 1; 4: pJS749 digested
by BamH 1; 5: identification of pJS747 by PCR using
cotX-a/cotX-b as primers; 6: identification of pJS749 by PCR
using cotx-a/gfp-b as primers.

T, W HEER T A, B3R BRI, B
A S H: T Bl e v e U €, W PRTEAR Bacillus
subtilis 168(trp”) I ¥5 S J& Bl 7™ A 375 BH 04 3 K3 7K fik el
(1# 3)o RBVHAL 7 rh A TE M Bl BE R 06, Em'-cotX-
gfp v BOm ik 4 A TE # T PR i R S T A TR AR Y
etk L.

SRy iR — A5 U B E 2 TR v OE R Tl A DR £ K 9
T Emr-cotX-gfp MR AFTE, 43-%|LL amyE-11/
amyE-22 | cotX-a/gfp-b N4, Y @R Mk, PCR
P ERA R, 2 HIKINEZ) 4.0 kb F1 1.7 kb
MY B, RUTEHRE R OR EEA cotX-gfp
WAL, FF H Emr-cotX-gfp 41 A BOidi A JEH; il
S (18] 4) R 258 R AL T 45 0 DRIS749,
25 RERT gfp WEHFHRETE

H¢ EZH bk DRIS749 4T DSM Hi g kb 5%,
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3 EUHEH DRIST49 EMEGF D47

Fig. 3 Identification of DRJS749 by analysis of amylase
activity. (A) Bacillus subtilis 168(trp’) and DRJIS749 were
grown on LB plates containing 1% starch. (B) The plate was
stained with iodine to detect the a-amylase activity, which was
indicated by the transparent plaque.

A Bacillus subtilis 168 amy £

43315 20 h #1 40 h BT T 483 1, LA Bacillus
sutilis 168(trp?) AT, 5% B AU LA A ML 2 o
B:3% 20 h WEHE AR DRIS749 F1 Bacillus sutilis
168(trp7) ¥R E FRAIML, P W REE T ¥ AR WL 3]
YOt BEEARER); MKEFR 40 h 5 240 346 R
ZEH, 4R & DRIS749 (1) 25 i e 1 HoA 3% sk
Bt TEARRBIZRIET, Bacillus sutilis 168(trp’)
MR WER D (8 6). R HEAFRE R
ANFik GFP; MiFF = E2E MRS, 7E cotX i B ¥4
il F ik CotX-GFP, GFP ifid 2728 1 CotX
R TR

chromosome

E— Y

amy E 3'-end ”

DRIJS749 chromosome

—
amyE-11

4 TP DRIST4) HEHEFRREMEE
Fig. 4

cotX-gfp

— - -— -
cotX-a cotX-b gfp-b amyE-22

G\
9 AN //////////////////////////////W AN
N\

amy E 3'-end

amyE3' -end

Identification of the recombinant fragment of DRJS749. (A) Schematic diagram of the integration of Em’-cotX-gfp in

chromosome. (B) PCR examination of Em’-cotX-gfp fragment integrated into the chromosome of Bacillus subtilis 168(trp). 1:
ADNA/Hind IlI; 2, 3: Bacillus subtilis 168(trp’)and DRJIS749, using amyE-11/amyE-22 as primers; 4: examination of cotX-gfp

fragment of DRJS749 using primer cotX-a/gfp-b.

5 E/HFEH DRIS749 R GFP RIS

Fig. 5 Detection of GFP fluorescence on spore surface of DRJIS749. (A, C) Bright-field images of Bacillus subtilis 168(trp’) and
DRIJS749 (10x100 oil lens), respectively. (B, D) GFP fluorescence images of Bacillus subtilis 168(trp”) and DRIS749 (10 x 100 oil),

respectively.
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3 d#

FH 2 M 3% 18 Ji /s SMIR 2R 1 0 2 2 1 A
LN &M LT 2EMARSSANZ AR A
b AN T R ER T2 MR I S5 B, AR 2
FELFT PR 2F M R 2 20 AR Fe R B U AR e L g
ELiERH cotA. cotB. CotC. CotF il CotG 45 2H a2
AR TERI AP | Isticato 25 H H CotB 1y 4 I 5 1Hi
JEZR ARG A BRAREE 1, B TR 2 AT T
KRR THAINER (TTFC) C RiiH) 459
AR A B AR SE 1) 5 — B L3 CotC 1E
MG EEE A, 250 TTFC MRMAFE B AT
PR E B WHNL (LTB) JE/R T2EME#RM . Kwon
SFCILL CotG Ay 2K A RS 1 FUAH AT il R /R A 5 28
JELFT R 2F B R TH, 20 2 M AE K A B SO0 A &
HA LU BT, O LAk E ik e
2 e 3 1T 9 FUBE T B AR e . RN T
AR FEANZ R AT CotB ., CotC Al CotG 1]
E 28 M 2 1 Jee /R AN AR B3R5 1o

CotX AR 2E MUFT B 2E M fY) 5 — R e sk (Y,
B 2F AR SE A2 B B E 107 DA S H R 55 T 28
K FEHMY LS IR AR A BFGE L, CotX 1 N #idk
B, UL gfp It LI R T AR cotX-gfp
{18 B 2GR 2E AT B A AR . A RARAE S SR R
BiFR S e LLUE SR UM I 2R A T3 5, AESEE IR
BB EUE R ER, WA, JF B AL
A R R E A B VR TC I R AR . 5 T AL B RR
FRAR 2RI WSS B A R 1 B GFP 5,
FW] CotX 1 TN H2F MUAT 1 2F A SE A2, H C
R Ui 1 0 43 B R R B T A MR 5 [RIINF, CotX W]
VB R 2 M 35 1 s NIRRT AR O 1, X R
TR AR DA FAE 2N ERERM, U
2 M 2% 1 [ i) JR R 2 e R AR sk 2 P AR
il 7 22 Bt i e i A2 A 1 R 9 1 T 2 2 M
HA A NG B CotX AE N8R T 5 4

HH R T MR Rz R AE ST, ASRR AR SR
BEHRIA RS, AfFE—PE.
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