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ABSTRACT

Sporulation mutants of Bacillus subtilis were developed for overproduction of heterologous proteins.
The strains, spoQ]J, spollG, and spoQJ spollG double mutant were constructed from two protease—delet-
ed mutant( DB104). The vector containing aprE gene was integrated in the chromosome of each strain,
then the morphology of each strain was observed by TEM( trasmission electron microscopy ). The mor-
phology of spoOJ mutant and spollG mutant coincides with the description of the previous reports,
respectively. The sporulating cells of spoQJ SpoIIG double mutation resemble spoll G mutant more
similarly, but with a little rougher cell wall membrane. The spoOJ mutation in B. subtilis gives negative
effect on aprE activity with only a decreased sporulation frequency. On the contrary spollG mutation
increases the aprE actvity twice with an undetectable sporulation frequency. In the case of spoOJ and
spollG, i. e. double mutation, the effect of spoQJ on aprE activity seems to be relieved and the double
mutant shows more or less the same aprE activity compared to spollG mutant.
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obA&k plasmid®] 7Y o] o] FIA| L Qlct. =gt
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B. subtilis® 2% NA v Schaeffer's Tz}
34 w2 (12)8 ARskdeh. A WiAZE Tryp
tose blood agar base( TBAB; Difco, U. S. A.)&
AHgstglem, ZRHolAY HAHRME HdMe
B %] o] = Schaeffer's EAF8 A v z)ol] 1.5% 2} skim
milke} 15% 9 agarg A7k 1A WA & A3t
oic}. Integration® phleomycin, kanamycin, ery-
thromycin &4 3zt A4 747 1, 2, 3
ug/mle =& AMEstslen, Frhav|tel A4
= kanamycin £-& neomycin 10 zg/mig %t}
Chloramphenicol & integrationd W&t o=
S5ug/ml, £Z5k= dddle 30 ug/mlg AREERT)
B. subtilis®] competent cell® "ol w2 E
Spizizen #A](13)E AHE3t4c}. E. colie] 75
= LBY LBxAl wlA1E AR3ksiTt. E. coli®] 735
= chloramphenicol®- 15 z#g/ml, ampicilin 50 ug/
ml, kanamycin 10 xg/mlg zHz+ A-8-8k9ich.
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% DB104(14 )5 o]&3le] WHolFE whEsic). B
sublilis2HE QAAE de 2y olg3 Zol
oct. #F5 LB 50mlel 7] ¥ &< s #x)(NaCl
5M, EDTA 05M, pH 6.9) 10mlel] ¥4kA)zic}. Ly-
sozyme bmgS e} 3087 g ¥, 10% SDS
1mlg& ¥3 50CoA 1087+ 5 H 5mg Pronase
(Sigma, U.S. A)E Yi e x4 5087w
zgth 5% NaCl 1.6mle 91 ofeh2-2 20ml ¥
o 7 sale)2 chromosomes Ao]&d ¥ 17
< 2ml¢] SSC(NaCl 0.15M, sodium citrate 0.015M)
gl =ol thd v} & ¥ NaCla ojghe-g 4
3 ¢ AL gHEFolght). B. subtilisoll transforma-
tionA) 7] WL o]Ho| By ¥ wle} o] dhgr}
(15). E. coliz= JM109¢} DH5es A3l B.
subtilisell integrationA)7]7] $3 Zelae|sE o
& o= RR1& AR&sHdc). E. coli2 -8 Eehav)
CE 233} v Sambrook 5(16)9¢ alkali
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l EcoRl, tf in DB104
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Fig 1. Construction of spollG mutant from pSGIIG11. Km, Kanamycin resistent gene, Plm. Phleomycin
resistent gene, Tet. tetracycline resistent gene. The size of spollG gene and Phleomycin are 1.1kb

and 1.8kb, respectibly.

lysisth] & AH&-3tg o™ transformationA}7)= wt
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3 4+ Kosco enzymee|t} Boeringer Manheim
o] Z& AHgsslen HhE& x| Sambrook &
(16)2] 8] & agich A|gF 542 212 DNAE
TAE buffered] 0.8% 2] agarose’} & geloll4] &9l
stodt}. Gelel4 DNAE $%3h= w2 Boerin-
ger Manheim®] Gene clean kit 11 & AF2-3}4it}.
[s75 Ahpr-FErye 23€ A5 32351 DB104
2 transformationA]?] ¥ erythromycine® A4

st DB104 Ahprs T3t} spoOJ #WelF& pha-
ge 41056 E24(9)d AL AHEsY, 23&
Xhole 2 Azl t}& DB104 Ahprel transfor-
mationA]# chloramphenicole @ s}l DB104
Ahpr AspoOJE T34t 23 o}g pIS1s7
( chloramphenicol A& #A#F F7kel] kanamy-
cin M4 FAZE AelEe Qe EEtavis)d
Hindlll£ =Azlsled transformationA]# chloram-
phenicol #34¢ kanamycin 3o 2 ulEed
t}. spollG HolFE $]8A% spollGB7} S22 n)|
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Aarli(2622) Pstl
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AfUI1(806)
Pvul Xmnl(2294)
pZA118 Scal(2177)
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Cfr1o0K1779)
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EcoRil, Pstl EcoRl, Pstl
1.8 kb 3.2kb
Pvul
Pstl
EcoRlI, Sphi EcoRl, Sphi
1.8kb 4 kb

Fig 2. Construction of integrational plasmid containing aprE gene. Neo. amp. and cmp. represents neomy-
cin resistant gene, ampicilin resistant gene and chloramphenicol resistant gene, respectively.

Ed Z24s=lo] sl pSGIGITE AHE-stydch
(17). pSGIG112%-E spollGB #Az} H-i&
Pstlo.2 Azhilo] pBR3222) Pstl i &4t}
spollGB2] %7}%-3%-¢ Kpnls} HindIIZ partial
digestionA]#A 232l pUB110e)] %l&= Phleomycin
Aol Qe FARE Astack(Fig. 1). ol&
EcoRIe.2 #A2lstd DB104 Ahpred DBI104 A
hpr AspoOJo| Ztzt  transformation 3 o}
phleomycin®.2 A#i3le] DB104 Ahpr AspollG

9} DB104 Ahpr AspoQ] AspollGE F3l4ir}.
Integrational vector= pCP115(18)% Bacillus
Genetic Stock Center(Ohio, U. S. A.)2¥-¥ A&
Wy aprEr} 2450 9l pZAll8E AH3ldd
o n(Fig. 2), Axg¢H Eelav]=E pMKI101ol2}
o gsiqdt).

MA}s0|ZH U ZXHN blTS XX
#5% chloramphenicol 30 #g/ml®} Schaeffer’s
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=)ol 4] 23] 7)%- )& chloramphenicole] ¢l
& Schaeffer's #}7] 10mle] & S}~ 1%(v/
v) AFstgch. Azrl FA715 Hele A 547
9 13417 & 28 QAR A AR A AR
& A% Azl ozttt A WET &
Ao FFE Schaeffer's W x|el4 7] o3& FA
717} A& A 7A7E 2, 80°Cell4] 1587 Az
g Aze} dxelstA] 942 AEE zh7) agar plate
o ol FEY & v|wd}Hrt.

M= o2k 2 Protease &4 £3

zZvzte] #3o] pMKI101& integrationAl?] o}&
chloramphenicol 5 g/ml®] agar platesl) ] A1w3}

-2 chloramphenicol 30 xg/ml®] agar plateol] &
ZAc}. AAuieke agar plateZHE F2UE 33}
o} chloramphenicol 30 #g/ml9] Schaeffer's #%]
£ ge A3l 4 3F4 71 H chlorampheni-
cole] ¢l= Schaeffer's W= 30mle] & Z2}A =9
10%(v/v)® AFsHsdch. pZAl18S AW w5l
o8 A= 2]} 7ho. Wb o 2 3}5) neomycin 10 ng/
ml®] WA 4 neomycine] Sl MAE &4 F3U
t}. Protease activitys A5 WS succinyl-
Ala-Ala—Pro—Phe—p-nitroanilide( Sigma, U. S. A.)
0.1mgg 0.1M Tris-buffer 0.9miell €3 ull#] 0.1ml
S @A) Yo, 25T, 420nmel A 1379 F3 e
W3 Hokoh(19).

A 3

EREY Y
At 379 2484 YEE Table 13 Rk,

Table 1. Sporulation frequency of the spore mu-

tants at T,
Strains Sporulation
frequency (%)

DB104 23
DB104 Ahpr 3.6
DB104 Ahpr:pMK101 7.6
DB104 AspoO)J 2.4E4
DB104 Ahpr AspoQ]J 1.7E5
DB104 Ahpr AspollG >1.0E6
DB104 Ahpr AspollG:pMK101 >1.0E6
DB104 Ahpr AspoQ) AspollG >1.0E-6

DB104 Ahpr AspoQJ AspollG:pMK101 >1.0E6
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2 ESE olde] WIR ulh ok Rolh o)
2uH(9, 11), ol 273 a2l eld) 719g 7
o2 47 hpriel R A4 LAYE o
#A03hE #4g welon], spoOJ oF 107°~10°°
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Fig. 3~Fig. 6] Jehd 28> DB104 Ahpr,
DB104 Ahpr AspoQOJ], DB104 Ahpr AspollG,
DB104 Ahpr AspoO] AspollG Z+zle] pMK101
< integration?|7] 4535 Schaeffer's WAl 4] £
g Ade] AT, R A Toeb Tl A ZA e E
Axe] e g AL Flolof, B T, AxoAe
S48 Il YAdge] dEA sleng T4
DB104 Ahpr::pMK10198] A$E= we AHEFo]
o] cortexFe] FAHT USE #AE 5 o
2, Tyl de 448 229 258 33 e
E 4 Qlch(Fig. 3). SpoOJ+A A8 A&-L catab
olite repressor gene? repressorgby okeiA ¢lo
H(9) whebd o] FAHAY Fdwlely ®HAe]
2725 AT A A4S A oz
daglch. Fig 494 B AR Ix3AE
bl ole AZ9 Apzle|c}. shA|uk Fig. 49} 2
ge)o] AE= b 28 BA skew T, T,
A B%F vegetative cell?} 72& e AEv}
2k WA=t Fig 59 A2l spollG ®Ho|F
of TAYRE ReFT sleh. oI7iA B A2
& oA Byl A wf¢ FARIH(11, 20)
A L) oF Adkel] F 7| 2 1 o)} 2 24
2 AEE T, TaollAd 25 23 = ik Tis
o ARl A e A4S 4Ad] YA AEE Ao}
2 5 g e Heb o o2 2AE YA
Z 2§ o 4 olck. DB104 Ahpr AspoQ] A
spollG: : pMK1019] A}x1(Fig. 6)2] 7%+ DB104
Ahpr AspollG: : pMK1013} $-2HgH o] A5
& B g R ARAlel] el A] o B AEE
o] ol QloiA] v cleksla wo] daR B
Foldlen, A 25 YA AL gl

w2kl

g o L2 o

B0 52| Protease &4 Bi3}
o} Ao integration® Z2}Av|=i= selection



Vol.9, No.l 21

L S
(a) (b)

Fig 3. Transmission electron microscope pictures of DB104 Ahpr::;pMK101 at (a) T and Ti; of flask cul-
ture in Schaeffer’s media.

(a)

Fig 4. Transmission electron microscope pictures of DB104 Ahpr AspoOJ::pMK101 at (a) Ts and Ti; of
flask culture in Schaeffer’s media.

(a) (b)

Fig 5. Transmission electron microscope pictures of DB104 ~Ahpr AspollG::pMK10! at(a) Ts and T of
flask culture in Schaeffer’s media.
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(a)
Fig 6. Transmission electron microscope pictures of DB104 Ahpr AspoOJ AspollG::pMK101 at (a) Ts

and Tis of flask culture in Schaeffer’s media.
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Fig 7. Effect of the concentration of chloramphenicol on protease activity in DB104:;pMK101 of flask cul-
ture in Schaeffer’'s media. (a) Cell O. D. at 600nm (b) protease activity assay at O. D.a
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o] H%& W o oA BATY Fvt anst ¢
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3 aprEZh oF 2v) Az 2 wMAFEE ¥y
o1} Bacillusoll 4= Selxv|c g gkAAo] w4
EQATo] B n glo] ste o] AYS Sl
integration vector 3jefellA] Tz} wWo]Fo] 3L
ZAbshodr}. o] F e Eape]Fal spoQ] WolF,
spollG wo]F-¢} o|FFatWo]Fal spoO] spollG
wo|Fo pMKI01< integrationdt #e)F¢] pro-
tease AWHsE ¥ Bokch(Fig 9). Fig. 9ell
oJatd DB104 Ahpr AspoQO]:: pMK101 9] &40)
7} 21 DB104 Ahpr:: pMK1017} 2 thg-0]3)
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Fig 8. Comparison of protease activity between a replicable plasmid(pZA118) and a integrational plasmid
(pMK101) of flask culture in Schaeffer’s media. (a) Cell O. D. at 600nm (b) protease activity assay at
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Fig 9. Comparison of protease activity among different sporulation mutants of flask culture in schaeffer’s
media. (a) Cell O. D. at 600nm (b) protease activity assay at O. D.a
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o &% 4 glon}, oW & 7jte 2 spo0]
Holx <olg aprE9] #HAIEA 74 g 3EAI|=
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o} gle] a7RE oF 4 olodm, WA & A7
A2 ol Hhek gl A8 Folrh, w3 & A
N4 BHG BA SFed Sehenlsg A4

integra-tional S=}Avjcyc} 2u) My o =2
HlobAl 44 Hol7) upo] Sehovjce) abg 7}
4 9 AUE 5 5 UAT o] Fehaveel
A= AAZE AMA] Zefau|se] kA o] &R
A ZHaghs o F ) Wil (epEEE AH89))
°] 73-?*°11L integrational S2}~vltr} o -4
A& = ook e} FH Tl R gk A o]
ot %E}*UIE(MH ASE A7) Sejan)s
Xo HE AA ol 4F & 9lo] Yoo HAlg o

I gesitty Az Azl B A=

[y
m°(

-’H_XZ:LNlO

Korean ]J. Biotechnol. Bioeng.

3718 EApEolFE AR S o oJx AR Uy
AP kel sHERAIE kA wleke R Ajist
I oolE St F gl iR e wEse
Z2eobA Wy B Yabe] Adng ANg vz

F 9lg Aclhn Azkai).

2 o

Bacillus subtilisS )23 o] whilal Ak 43
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