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Abstract: Using tetrameric f-galactosidase as a model protein,
anchoring motives were screened in Bacillus subtilis spore
display system. Eleven spore coat proteins were selected
considering their expression levels and the location in the
spore coat layer. After chromosomal single-copy homologous
integration in the amyE site of Bacillus subtilis chromosome,
cotE and cotG were chosen as possible spore surface anchoring
motives with their higher whole cell B-galactosidase activity.
PAGE and Wester blot of extracted fraction of outer layer of
purified spore, which express CotE-LacZ or CotG-LacZ fusion
verified the existence of exact size of fusion protein and its
location in outer coat layer of purified spore. B-galactosidase
activity of spore with CotE-LacZ or CotG-LacZ fusion reached
its highest value around 16~20 h of culture time in terms of
whole cell and purified spore. After intensive spore purification
with lysozyme treatment and renografin treatment, spore of
BJH135, which expresses CotE-LacZ, retained only 1~2% of
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its whole cell $-galactosidase activity. Whereas spore of BJH136,
which has cotG-lacZ cassette in the chromosome, retained
10~15% of its whole cell -galactosidase activity, proving
minor perturbation of CotG-LacZ, when incorporated in the
spore coat layer of Bacillus subtilis compared to CotE-LacZ.
Usage of Bacillus subtilis WB700, of which 7 proteases are
knocked-out and thereby resulting in 99.7 % decrease in protease
activity of the host, did not prevent the proteolytic degradation
of spore surface expressed CotG-LacZ fusion protein.

Keywonds: surface display, Bacillus subtilis, spore, 3-
galactosidase
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n] A5 32 34 (Bacterial surface display)< A|32u|ellA
B2 Gl S 3 3 BAlel] g8 EAT § S5 Al
o] Wiz B 7|95 Fskod, n| e AlsEEte|u Al
ol W% o7 weEAA g skels W oIt 19881
%7 Barg o]% 1], v[AE 3 2d 7]&2 combinatorial
polypeptide libraries screening [2], 39 L&H G408 o]&
Sk ZHAISE 1ES- (whole cell bioconversion by levansucrase) [3],
Agaial 2BAE (live vaccine production) [4], organophospho
hydrolase ] 39 W&E 0|45t 34 3} [5], 22157, poly-
His peptides®} 525 52 Wilzls o]gsl Bk 4°4] 34
o) Fa4 F2 6] T4 HRRFsE Zolel o] 8% st
719} B2 BAE DA flEA, tidet s IS 1%
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ST E B 2 RAZA, 52 LamB, OmpA, PhoE
& outer membrane protein, =~ Lpp, TraT, peptidoglycan-
associated lipoprotein PAL 5-%] lipoproteins 5°] T2 AR
=Tk [7-8]. FAL AEHE 7P O Hdreile FE
AEH T Fgo] gl dzlFo] 9 U HA|Z Fol o]
£5o] Y}, Staphylococcus N4 protein A =2 M
protien 71%¥ke] 39 ¥ BA7} ol AEE S [9-10),
xR AEZOIY (dppE) AL (cwbd) BE T
AEo] ¥y Uy EARE Fol o] &}

A T7HA) kgl EL- B gk Al Ao EAfghe
E-sta, ok 7k sfdstA| sl vheket EAlol A=
& 3 Uy AARE RS a8k ok 7 & 2A)
A 59 shiz o o] 39w ZAg) g3
ST MY Axe 2L Axwo® $9d o, A A%
o] Afivt, Alzete] BP9 o Isle] AL APES A%
e Aot} [11,12). 58), B3 ©ide] =Pt & B¢
& 39 o] o] [13], =3¢, alkaline phosphatase
9} #2 periplasmic proteins 2] A-F-ol % vll$- FE Ao
2 oA Qi [12,14].

olgidt TAE S 7159 BE 3wy g AlAHo] v
£ 934 ol Tdd AR A-EA A g3t
iizlo] ujEL] B FH[7|HE o] g8t n|AAES]
AP A2 B3 | Hojof Stk 354 54
olxl Z1Qtsttiar & 4= Sltk. 9] FAIE ofQlel =, MY
7|78 dAesle], 97t obd multimer FES] 54
o B 2EAE XFehe dEe Apds ¥y
2l ApAlo]] ofglgol dldeEcke & <= Qi

JZFat (Bacillus subtilis)- FERZN g S A
4o 1z 9 vhokst FHe A AEg e s vy
AE B3s Bt WA IS o =X O f34 24
< T Aldie) dallge AERERe 7z ik vldiA
AER3E F3 FA4E mother cell> pre-spore S THI3}
I, mother cell UF-ollA RhEo17 tlekdt L2} 34 ol
2] (spore coat protein)<- pre-spore2] HPEZ O E ofg] 7<)
& EAA A g8 it At F98) e
=9, 9E8-E vha mother-cellS w35 WA EAE 95
dow wiEshA At o|gA IEAR TEete] Exp
= o, 1z, velst SSEA ol vl A8 AadE A
£ 4b4, ofraal, §hAgl Fo] 4 Al vl wgtst
Al BEg3lo] AE- life-cycle= AEeh= AL 7KL 3l

SRS X2 FAE SEiAE oF 1507) o)de) ksl
AR Wo] £ 07 Gl o]FolA|H, o]=
FZ mother-cell¥} pre-spore®] F-FA} & Ho3l=
RNA polymerase2] sigma factor (¢', 6%, ¢° 181l 65) &
Atol 8] &8st A% A AAol Sl&EshA Frk, o]ejgt £
A B 71 s B Sl 3 B, )&
o) v e YEAAo] AFeEA] o v 2
£ AlFsHA Frt. vk, 54 ghildS ¥21 g4 gl Ao
g3 Wi, olF ¥ A HHelr] xAke] FwHog
[+]

Tga
538 2, mother cello] 317} Ho] 949 A} ik
kA, Azelolu}, ATHS £33 3 dhalo] o] % gl

b}
=2

ZAGu o] untd g A 22 AYE o
AT

=EoAE A71AM Ted VS udE B EY
19] iy 7} BAEE AT 5 e, 1x79
183 Tk AlAE RS AsiA 7P 588
I ZAS AAgstaat st 1 O BA ARE
A gz 2= 7k7kol 21717} 116 kDa%) monomer
o] dimer - tetramerS Jslojout F40] G4
& 7FA% B-galactosidase & 0|88 Zlolt} [15]. o]t =271
9} tetramerE ©]FE 54 ARl v|EL] Axuks
s Bl 57 ulie] & A Ak R4d
wzolz} 3 4= gl

o 2
1 b

> iz

>
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21. 35 Qg =2

31%3F prototype 1168, 5 712] Wi 3} 47} AlA€
DB104, 77119] whid &3] a4v) 2AE wB7000] 2 A
o A HEE 552 ARGESICE vk iRIEE GYS HiA
((NH4),S0; 2 g, yeast extract 2 g, K;HPO4 3.3 g/L, sodium
citrate 0.1 g, glucose 0.1 g/L, MnSO4 H,O 0.1 g, CaCl,
0.16 g, MgSO, 7TH:0 0.82 g/L)E ARE351 01, 37°CollA|
G715 Faio] wiekisict. Zizte] B W A9} lacZ
cassette S 712l 1132372] APE7} vl okE 130 spectinomycin
(100 mg/mL)E ARSI

2.2. $AA 2Z (PCR amplification)

DNA 5584 (polymerase)s= Boehringer Manheim (Expand
Long Template PCR System, catalogue NO.1681834,
Germany)AlellA Fdste] ARSIt B9 W 2AQ1
B&E] A ALEE &7 AMXE Bacillus subtilis
genome site (http://www.pasteur.fr/Bio/subtiList.html1) 2]
4RE ol83I31c}. PCR 552 $1% DNA primer:= Genotech
(Taejeon, Korea)ollX 5%, 7}1313t} PCR F&-& 913
A3 GeneAmp PCR System 9600 (Perkin Elmer, USA)2
AR

2.3. A2} 22 (DNA manipulation)

A 22e] AWHAR] W Sambrook 5] MRS WEE
o}, Rz 229E s dide IM1092F IM110-2 A+8-5}
e} Ak F4, DNA ligase, 7]} B Q3+ AJok2- Boehringer
ManheimeA 781tk PCR SEHA 2 3%} @,
plasmid vector®] FA1E #1814 Quiagen AF AlEE
o]-&-3}3itt.

2.4. 120 20 §Z AP (Transformation into Bacillus
subtilis)

A9 11709 23 HE pSDIH4A~pSDIHI4E 12T S
2 E9317] 984 Two-step (SPL SPII) RS o]
313} [16].
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25. 324 24 Bl 9 A A 4hy (Punification of Bacillus
subtilis spore)

gl AN 11z 14 16-20A1F wi<ks3ATE
HjeFellof] & vegetative cells, sporulating cells, spores
52 lysozyme *2] £ renografin (sodium diatrizoate,
s 4506, Sigma)S Ol%ﬂ UExel 2 Fefsigict. ¥ A
B ¥ @u) #EL Bk, o553 A S48
Ao g FHolxgic)

2.6. p-galactosidase 5.4 97} &4

V&A1) B-galactosidase EA 97t HAL ®aLE vk}
o] 3131.0m, Miller Unit &2 AREAACE. 1 Miller Unit-
1322F 420 nmeIA ) S35 W3S ODewolA SHE A
2] O.D ko= ke Aolth

2.7. 12 EA9] outer coat layer -}%

AT AL outer coat layer SE-2 HdiA=, Tl v
2 4% SDS, 10% B~mcrcaptoethanol, 1 mM dithiothreitol,
0125 M Tris-HC1 (pH 6.8), 10% glycerol-& ¥3F5l= gl
oA 8% F¢k ) AAY uxy TAZ F1Asit} [17).

.83 4 %
3.1. p-galactosidase ‘U@ W] Az 9 12 F HF9| &

T IAE 0)83) ¥y e A AR spke 98l A3
o EA A 2 g A4te) B-galactosidase’| A1 E AT
B-galactosidase = o-complementation& ©]-8-8F R AlA
Hlof| M ] 583} B-galactosidase A BAI-S o83 r)ekst
reporter genefiiﬂ.l g0z A& U AEF oA
7 ge o] 8= fAk T sholth AEelA] Fest
nle} 20| B-galactosidase 2] T Al0128} dimer S~ tetramer
E Felofopl &40 S-S THE BAE dnkERl uldy
?54 AFEE Fede EulEY] P87 whinel & A3
5’}“8¥6} Exulzlolg} 8k 4= 9ok

B-galactosidase S 329 maq/\] 71 1%t
2071 o)) spore coat protein oA 2 31
T XA Aol yAbe] upgE: 1|, 5 pA] 7
2 AT cotd (2 LHY, cotk (FHHA L 2i}7§
), cotSE} cotT (A2 o} & ol §1A) %3 =Ry

oA A=t (Table 1).

Z¥zZke] DNA primers ©]851] 1171 ¥4} A 7345
PCR SE3)T) (spolVA-P1-P2, cotB-P3-P4, cotC-P5-P6,
cotD-P7-P8, cotE-P9-P10, cotG-P11-P12, cotH-P13-P14,
cotM-P15-P16, cotV-P17-P18, cotX-P19-P20, COlY PZI-P?.Z)
(Table 2). cotV' e} cotX2] 735 U operon O 40|
o] Q17 wFell, P173 P192] DNA primer2] }“]Oﬂg Y
3} 74 o ;@Lahﬂ, 2 oh;} (Tdble 2) _Lx} 632\% J,}X%ljr T{zﬂ-
DW”@_-J TEE 5713k Aste] Z4ze] A1 Zﬁ}
9] AR} promoter”} S Y1R)SHES DNA primerS
AT 217k B e RS} p- galactos1dase-4 T

o 24|
4,
e
;’3’4
}—ﬂ

ir

9

F & e gt GAAI amyE site©l integration
= 94 pDG1728 plasmid vectors o83}, &3 &
¥ dae g e 1A AA7F N-gEk 15709 O}Ul
SARE Ae)gk HA] B- galactosidase"ﬂ HUOE linker A1E $
o] AY AAHEE AT T35 ZHe] PCR W}
pDG1728 vectorS AHEA BamH 17} Sal 102 Wt &
ligationd}3{t}. M=% W vectorE pSDIH4~pSDIH 14
2har yrgatsdet (Fig. 1).

rﬁtmkﬂm

{

amp’.
Sea | (11174),|
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N . Sal | (3724).
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Fig. 1. Construction of pSDJH series vectors, which expresses Coat
Anchoring Motif-LacZ fusion protein on the spore of Bacillus
subtilis. Precise construction method is described in the main text.

Table 1. Summary of candidate anchoring motives for spore display
system development

Gene ?llD ) Expression’ Location” Comment

spolVA 55 o NCP Attaches the precoat to the forespore
cotB 59 o +GeE  OC

cotC 12 o +GerE  OC

oD 1 o oc

colE 24 o 6" +SpolllD OC Required for outer coat assembly
cofG 24 ¢S +GeE  OC Controls CotB assembly

coH 43 o IC Controls OC protein assembly
coM 14 o ) oc Controls outer coat assembly
cot¥ 14 o 6" +GerE Unknown Putative coat protein

cotX 19 GK, o%+GetE OC Controls outer coat assembly
cotY 18 o, +GerE OC Controls outer coat assembly

*Only the sigma factors and major positive regulators for the
expression are listed.

bAssignments of coat proteins to coat layers have been directly
demonstrated only for CotE.

Otherwise, the assignments are inferences. IC, inner coat; OC,
outer coat; NCP, not considered as a coat protein.

A 115879 28 vectory vector?] amp” $1A] ¢l
FUBHA| EASHE Sca 1 AFtEAE A2sio] At &
1168, DB104, WB700 Al F-7-2] il 244 4 e
I spectinomycin®] X8 agar platecliA] AHE ST} A
39 vectors L7 FAA ] amyE #1#]ol] homologous
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recombination®] 2] double cross-over HE|E A=A
=, ol 12T amyE 537K A4l Bl S g
o $9E B E %72 starch plateA] amylase”} W&
2] E3h= A FRISISITH (data not shown). ©|ZA] 7=
Hol7 2% BIH114~BIH1522H1 Hai3ict (Table 3).

Table 2. Primers used for the construction of expression vectors for
spore display system development

No. Name Sequence {5"to 3) Plasmid
D1 spollA S GGC AGC GGA TCC ACA GTG ACA AGC CCA ATC

P2 spolVi 3 TCTA GAC GTCGACCAGGATGGCGATTAAGCCGE PP
P} caBS CCTCATGGATCC GTATAA AAA GAATGA TAT

P4 coB3 CCATGAC GTCGACAAATTTACGTTTCCAGTGAT PO
PS oS CTACACGGATCCTCT ATG TCAATG ATA GCC

P6  coiC3 TTAAGAC GTCGACGTAGTGTTTTTTATGCTTTT pSDIH
P DS AGCGGC GGATCC TGT AAA ATG ACG TTAGIT

P8 D3 GTTTGAC GTCGACGTAGTCGCAGCAAGGTTTTC  PSDMHT
PO coES AACCGG ATCCAC CTG CTG AAA GGG GAA ACC

PI0 cotE3 GTCCCTGIC GACTIC TICAGGATCTCCCAATA DSOS
PIl coiGS' GCCTTT GGATCC AGT GTC CCT AGC TCC GAG

PI2 coiGY AAAAGAC GTCGACTTTGTATTICTTITIGACTA pSDIH
P13 coS TTTTGT GGATCC GAG ATTTCT TGT GAG AGC

PI4 ol TTTC GAC GTCGACTAAAATACTTAAATGATCTTTGA  PoDiHIO
PIS colf§ GGCAAMGATCCGOCTATAITOAAMCGAC o

Pi6 cotM3' CTTT GAC GTC GACGCTGAGAGGAAATTGAAGAG

PI7 cotV'S' GCC AAT CAG GAT CCC TTC ACA TAT ATG CCA D12
PIS co?3 TGAAAGATCT GTCGACAAGGACGTCAAGTTCACTAA P
P19 coX'S' GCCAAT CAG GAT CCC TTC ACA TAT ATG CCA SDIHI3
P2 cok3 CTGTTGATCA GTCGACGAGGACAAGAGTGATACTAG P
P2l cott 5" TCATAG GGA TCC TAG TAT TCTCTC TTG TCC SDIH4
P22 cotY 3 TTAC GAC GTCGACTCCATTGTGATGATGCTTTT p

Table 3. Strain used for spore display system development

Strain Description Note
E. Coli
IM109 general cloning host Lab. stock
IM110  dam’dem’ Lab. stock
Bacillus subtilis
BIH115 1168 AamyE::cotG-lacZ (Sp) pSDJHY integration

BIH131
BJH132
BIH133
BJH134

DB104 AamyE::spolVA-lacZ (Sp)
DB104 AamyE::cotB-lacZ (Sp)
DB104 AamyE::cotC-lacZ (Sp)
DB104 AamyE::cotD-lacZ (Sp)

pSDJH4 integration
pSDIJHS integration
pSDJH6 integration
pSDJH7 integration

BJH135 DB104 AamyE::cotE-lacZ (Sp)  pSDIHS integration
BJH136 DB104 AamyE:.cotG-lacZ (Sp)  pSDJHY integration
BIH137 DB104 AamyE::cotH-lacZ (Sp)  pSDIH10 integration
BIH138 DB104 AamyE::.cotM-lacZ (Sp)  pSDJH1! integration
BIH139 DB104 AamyE::cotV-lacZ (Sp)  pSDIHI2 integration
BIH140 DB104 AamyE::cotX-lacZ (Sp)  pSDJHI13 integration
BIH141 DB104 AamyE::cotY-lacZ (Sp)  pSDIH14 integration
BIHI52 WB700 AamyE::cotG-lacZ (Sp)  pSDIJHY integration

32. 89 ¢¥ 2 A -B-galactosidase § 7 T 9 p-
galactosidase fi4 971 £S5 2 F o I3 v A 44
& DBI04E 7|90 = 1o 7HEo]x BJH131~BJH141,

BF 11559 55 GYS WiAlelA uekst 3wk Azt
of W& 7 71 AEE FulEIglTh (16417L, 24417h).
11709 e 24 & 71 733t B-galactosidase 4 %7}
g Uehiis §3 993 4330 915, 45AS A9
3l vegetative cell, developing spore, fully developed spore
BRE ¥8eH= AMES 0)4319] Miller assayE 333}
At} (Fig. 2).
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o | 1 1 - I : i § [
Control  cotB cotD cotG  coftM  cotX
spolVA  cotC cotE cotH  cotV  cotY

Fig. 2. Comparison of expressed B-galactosidase activity among
various anchoring motif-lacZ fusions. Control is the background B-
galactosidase activity of DB104. Each fusion motifs are indicated in
x-axis. For example, cotG means the Miller unit of BJH136, which
has cotG-lacZ cassette in the chrorosome. y-axis is broken to display
low-expressing strains in the same graph.

11718] #5 ZollA CotE-LacZE H&sk= BIH135%}
CotG-LacZE L&3R= BIH136°] TR 9749 F5]] ||
53] %2 Bgalactosidase E4 971E HERNITE BIHI35
©} 73%-, 800~1,000 units J 2] B-galactosidase A 7}
7} A&A 02 FAEIAE, ol 3ol BarE 6,000 units
e et Apo)7h k= gholtt [18]. BIH1369] A%,
4,000 units =2 B-galactosidase 8 7P} A&EH 0T
==, o) T3 TRl BH 40~250 units T
et Ael7b vhar ek [17,19].

BJH135%F BJH1362] cotES} cotG2) promoter$} 71-3%
AR 5-91¢] ANNAE ER1E &) Beron), F¥e B
B MG} xpo]7t vEA] 929kt (data not shown). 3 743}
2 23 oM 9] B-galactosidase FA 7} 2Jol= vl 27,
E2o E B A9} B-galactosidase A1019] g3 WHalo] tf &
H s FEY F Y

cotE= 5437112) 47X YgE o]Fo|7 20.8 kDa®l Z7)E
71, iz FA2] F3gelx wlg- Fo3k IS sk
FRAAONY}, cotEr= FAF A &7 W E 0], sporulation
septum®] HAY T 127 FA2 inner coat layer$} outer
coat layer Afolell Exfgk= A o® deA Qlth cotE knock-
out Ho|F2] A4, EupE XA Yo| Yl g o, ¢y
HoJR E2R= lysozyme 58] Xl vl T17st 54
T E Aoz BiEe] vk coiGE 585709 F7IME
E 0]F0i7 23.8 kDal] V& 7, axet XA JA
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gl A outer coat layers BAJsH= A o7 oz §A
2oty 7] &% HEE B-galactosidase 4 ©7 =4
Aste] wet, BIH1358) BIH1367F &5 Al44Q1 A72
Azl A=t

3.3. PAGE®} Western Blot& 0]-8§F CotE-LacZ$} CotG-
LacZ g3 Sl 2 o] v Il 89l
¥ @A o) PAGE (Polyacrylamide gel electrophoresis)
TAE Bl FAgh 5 whabale] Wi ofie) 3|, Al
22 TG A I AE BAE Talo] 1EE 94X
gk PHE A& 4 ok

BJH135%} BIH1369] XAHE 24, GAIst &, 1% &
2] outer coat layers %3101 6% SDS PAGER £413153
U} (Fig. 3). th AEE AR B-galactosidase (LacZ)= U]
el B, R, gAsle] ARSI (lane 1: 116 kDa),
BIH1359} BIH1362] ¥AolM 58 whildolr CotG-LacZ
(lane 2: 138 kDa)$} CotE-LacZ (lane 3: 135 kDa)2] oAt
=719 g W] EAE stk whd, oz WS
T AR, U WO Ae¥, DB1049] 1k EA}
o= ofd Z7)9] whilA: AARR] Qi) 9e) Avp=
Aol ARH 7 7] 1x+F BIHI359) BIH136 A<
outer coat layerollA A|&3t vie} o] A&st 7712] CotE-
LacZ9} CotG-LacZ®] §¢ whido] ¥ wgw|gle-g 2
sk= o]t} B-galactosidase 2] &A1E ©]-8-3F Western blot
AN AEsl 77719 gzl EQS &3 4
AT} (data not shown).

205kDa

116 kDa
97 kDa
84 kDa

M 1 2 3 4

Fig. 3. Expression of CotE-LacZ and CotG-LacZ fusion analyzed
by 6% SDS-PAGE. High molecular weight protein size marker
(lane M), wild-type B-galactosidase expressed from E.coli (lane 1),
spore of BJH136 with cotG-lacZ cassette (lane 2), BIH135 with
cotE-lacZ cassette (lane 3) and DB104 (negative control) (lane 4).

3.4, 125t IAS o] B LA F p-galactosidase] B4

TZ3t DB104, BJH135, BJH1369] thallA], Hljoka) 7o) u}
& AIEY A7, W E B-galactosidase 2] HioF A]7hol] whE
AA 584 B4, A 9o Y a4 g4 58 ARy
v ARE A7) 27]ol= DB104, BIH135, BJH1362) B]AJ%
ol 207} ATk, o= cotE-lacZS} cotG-lacZ &3t
FAREe] B0 Z2) cotES} cotG promoterel] 2JE) A
7] el ML) o] I o B41817] o)A
© FEE AR = Ao ol 4= Qlvk. v, ZAE

Fdgo] Al XEEA] M 232 Dol 0|24 =i
(16 h), BIH1352] A|3-5%=7} DB1044 BJH136°1 W] w8}
o J53HA "olR|= @] I (Fig. 4(2)). BIHI36
o] 7% A 2719 AFEH 247t DB104¢] BlstH
7] mn)gk 5013l

olefgh EAFHAY] 22 11 o]F A719] MIES] AN, =
< AR ZA; G4 vp|= Jgh wAlEe] Pas vx
0] g IAE AR FAsHA ks EAA ol
(AspolIG or AspoollIC)2] 735 &3] ST ddolut [20].
o]3e] B|Fo] XH BIHI352] -4, WAH CotE-LacZ &
3 o] s} Aol 3AES coat layerol] 7]o1EH
A, 0% 3ake] AR whg-g whellshe Ao R AjAe
T Ak NS AR a1xgre] AR el 248 cotE 3
2P} A, BEE CotE-LacZ 851 W2} 2242421 CotE
wzlo] 2} &4 el M2 BAE S F coat layer©ll
23k A07 HRlth CotG-LacZ §% T2 2] coat layer
2O] ]2 i ow 22 YA wdef] mx= Feo] =t
& A0E oE 4= girt.

BJH135%} BIH136, 5+ w5 EF A XA o p-
galactosidase £ A AE= A H|g S 1S
U (Fig. 4(b)). 7 75 27 WAIRE 10417 AuheA],
B-galactosidase F4 EAJo] HER7] Al&eI3 1, 16~204]
F %] F7helA 7H =2 B-galactosidase B4 FAIS
LERRSITE o] 3 wiek Al7]ellx] G4 Bdo] Thadhs Ze
DEqto] Eh|shs thekel Thild el adel ok &0
2 &Ao] "k, ol MR S5 F ¢ B vz B
BT AAE g7l el o= e Bekd 4 Qg A
olg} ztEct.

DB104, BJH135, BJH136, | 7FA] #F2] ek A& =
lysozyme %2} 2} renografin ol J3A vegetative cellsi}
developing sporew £415] AlASIAL, $AJE EANES: Ao
FAP A= B-galactosidase G4 Y] e 54
3Tt (Fig. 4(c)). BIHI362 7, W Ago)A A4
M3Eol|A A H B-galactosidase B B 10~15% HE=
7} 2, A ZA A S V= RS vk A
A oflA &led 4= I}, o]AL W E CotG-LacZ 2
TS 2 (85~90%)°] A A Ao, Ak i,
A el AHES SJn|sht aixat BIH1362] 79l
5 A Aol 2 corG-ARPE EAIE o714 el
 CotG7} CotG-Laczoll vl3] A g4 spgolx] &)
2 o] B Fral & 5 7] wiiEel], 10~15% Y52
B-galactosidase E422] <= &) AA s gho & Hel),
cotGE 75~ &4s] AARG s atE A7
oM AN ke mIRA] o= Ao w dEA Q7] wiE
ofl, cotG knock-out Ho|FE A&sthd, A} A 1140
CotG-LacZ 3312 71 dPde = 1AL, ol 3 w3
B 54 e o] ks ST o gl ol Aztei

BJH1352] 7-%, lysozyme *2]¢} renografin Wi el
oJgk ko] Fe, AA| o= A Ao 2dH B-
galactosidase &4~ /9] 1~2% JERES] FE &o| A=
HATt cotE AP} Wold 31zt2] A, GA3E XA
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£ 24 inner coat layer%t A8, lysozymeol] thst 3
7do] ulg- tolx|m, germination 52| A4E3] Al A
°= wigo] 9it} [21]. BIH1359] A%, 248 CotE T
Zo] W= 31ARE, 7 WHE CotE-LacZ &3
28] spore coat layer=2] 31310], oF EA} A 2Pdol) A
g FEE 7|AE Aoz HLIh

10

e
-

oo

Cell 0.D. {600nm)

0.001
0
5000

10 20 30 40 50

(b}

Miller Unit

Miller Unit

Gy
0 10 20 30 40 50
Time (h)
Fig. 4. Time course of B-galactosidase expression of spore displayed
fusion protein. (a) Cell growth, (b) B-galactosidase activity of total
cell (c) B-galactosidase activity of purified spore. DB104 (negative

control) (e), BJH135 with cotE-lacZ cassette (V), BIJH136 with
cotG-lacZ cassette (m).

35. 68 Gl 2 3 I3 EA o v] 2= oY
1z &9 JF

nEgA FHHe B B 549 CotG-LacZ 3
TE o] ) 3 o] WXz FEES Loy Ysle],
At opSTERl 1168, 5 7)) i Pl 547t AlAE
DB104, 7712] A Ba) 547} A A" WB700, Al 714
o] #FE 0|8k, o] CotG-LacZE Lde 4= Qv 2
A3k pSDIHY plasmidE 2 Hgslo], #5-5 =3}
Rtk (BJH115, BJH136, BJHI52 in Table 3).

1168, DB104, WB700 7]5Ee] A w1 B A Adoll=
210171 ARAATE (Fig. 5()), AA AES} Ba) A EA
A WA= B-galactosidase &4 Bdol= A2E xlo)7} 9l
T} (Fig. 5(b),(c)). 33t ule} 20] ZA 5= B-galactosidase

Bh BAS 37 SFol Wi B8] a4 7 gol
AAE WB700 7|8F] 5ol AU A St o=
wEeke] zlolep|Rihs waE 3 AE U] vz
w3l gl g3l AAEE o] Zopr)7] white] e =
Arfolgtar ofse 4= Qo) T, xde] 71X HH]
A ] 99.7% 71 A AE kAL & WB700 )5
T2 BJH152% 7355 S S 2 ddx|E ARk
0] oA} R Aol7} UA] bethe A 1Ea B2
71 RS o] 93 B W] AlaElof| A ko g SEFor
wolgkar & & it

10

(a)

=)
-

0.01

Cell O.D. (600nm)

0.001
0
5000

4000 -
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2000
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Fig. 5. Time course of B-galactosidase expression of spore displayed
fusion protein with protease deficient Bacillus subtilis. (a) Cell growth,
(b) B-galactosidase activity of total cell (c) B-galactosidase activity of
purified spore. BIH115 with cotG-lacZ cassette (o), BIH136 (DB104
with cotG-lacZ cassette (V), BIH152 with cotG-lacZ cassette (m).

4.4E

£ Aqolrle 71ES] udE 3 2 AlAEe] 7R A
AL a5 Asl, ik IAE o83 ¥ W AlA
g S S8 Ads 1 O ZAPE AR ER =
&t A F dEE Ve slof AES A3 cotE
2} cotGAAE B2 ARl B-galactosidase 2] 3 2
ol 71 aakxl Ao 7 wgo] Hrk 1, cotE HE
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EAS] g, azate] EA} A Aol =)
3tz @l Ao]7] wlEof CotE-LacZ &3 A o] 1wy
o] 2} g9 FH-E Ak o= Mol H9la,
lysozyme *12] 2} renografin *Hol 28t EA}] Ha), A=
Soll= 32AF A thFE2] B-galactosidase &4 A
of AR ZL& FRIEIIr £ Aol A= B-galactosidase
s S A corG7E 7V e i il mAR
Wgo] =9 o, PAGE #49olM 3419 outer coat layerol]
A} CotG-LacZ &3 Thijzlo] AlFsh tf= wal¥3lgo] 57
w3ick. 771] whld R8s E47F A4 E WB700 7]Hke]
NEt oA WHAH CotG-LacZ 88 ©hlzle] Rafj=
AEEo] ko o] LR Sldo] @ tEkar 8 4= Qi)

ol MeE, 12 IAE o] 8%k 1 2k
AAERE, 710 wAE 3R e AlAElo] sfdEA] B3
Y Oef BARES S5 S, 1kt AT B
Aoz 7HE N el uiek Agd Wl obgA, 185
ofe] EEHAQ1 -3-8f] thet GRAS (Generally Regarded As
Safe) w524 71 38HNE WL Aot [22].

4

0] =2 2007 % AHEAY (w5 A S
AN O R shrela T A o] 2| A-S Wol o4E]
< (KRF-2007-331-D00135).
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