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' 18723 Ferdinand J. Cohno] X222 ™3} genus Bacillus
(type strain Bacillus subtilis Marburg ACTC 6051)+= 13
AFoE EF B 5 870 I EAGkE B
A, ofe] FHA B, WENL, BAA, AFA ] ol §HE
Aoz whe F2% FFOIHA) Bacillus%e] -
speciest= AlgolL} SEOIA EA $ow, B B 7H 9
a4 FE GeA A, SN YOIE Bacillus
anthracis, é]%j%“’ 0159 B, cereus, 18I 2= LTS
B. thuringiensis7} vt A¥F % &8 g7 2H3| d#H
o) 97, ¥ WYX §9 HIEE ¥ FDA(U.S. Food and
Drug Administration) 2%€] B. subrilis= GRAS(generally
regarded as safe) 2 ZolAUTh ‘

9)o) Bacillus7} TFS HQEF HREHE 7 2

< o %HT%"]E}. o2 7}A] protease$} amylaseE W]

g o2 T 840 EHlEo] AlS- wobA, olRS] AHF
o4& $)%h Bacillus sp.9] 8= o iz Bu)rz|of #
277} gol ol olA gk
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Genomics and gene expression

FAEFAES MR BAMESRAEY EAY dT =
Q) RIS Bacillus sp.ol B FH3HE Aejety A7
T Bol HAA, o i AR & Wl Bel EHY
ok 19979 $ytE BR 9 Frpt B A T4
Ao 2 A B. subrilis 1682] A3 DNA2] 4,214,8147)
A7)\ "o) WEHTH17]. B. subtilis 1689) genome- 4,107
N EdE f-%E, 887 tRNA #-3AL, 307) rRNA f2ltet
37] stable RNA FAAE 7IA2 Y& Aoz waArt
(http:// genolist.pasteur.fr/SubtiList/index.html).

5?#_71]77]—7(], Bacillus subtilis 1682] open reading frames
o o 40%9] 75L& oFH7A WEAA ek FARY 7]
5 AAFLR W3)7] 93 /AT Yo, B iA
A}e] $]x]o] pMUTIN plasmidE integration A7) Hgo] gl

TH291. o] W] Ao EE AW, FERIAAES single
crossover® inactivation A|Z 4= 13, &, lacZ reporter-
AR} EEFAAS promoterdt AXH O §¥Eo), Ex
itk AR, IPTG-
dependent Pspac promoterZ EHXEF+HAE X & down-
stream A 7He] HAES 248 5 310, operonzk 2 F3
A cluster 7o) FrEBTE o)k e HATA WP
Bacillus functional genomics®] Aol 2 ‘E}%—% Ol A
Bacillus genome & Bt W] os|AA, F7|2 2 2= gy
8 host?] % 5o £ E ¢ ATk |

23 9ud 2dE FES7 AHNE stong
promoter B33 H&3He Aol FHeth AR &
22 controlled; promoter:= v} 7Zth ‘P‘sp“ac promoter=
Bacillus phage SPO1 promoter] 5’ %823 w49 lac
promoter 3’ ®joperator5-2-& §-3HA)1A =ﬂ§-1ﬁ$§,:lPTG°1]
o)A tight regulation®] 7Fs-3}A| g}, IPTGE BRI, 1§ 7
WEe] 4F§ LEol: FFSHA @tk CRE(catabolite
responsive element)E | AA|Z] xyloSe—indu¢il$l¢ promoter=
#ol & xyloseol . ojs) wdo] FE¥E Aol Ao,
xylose7} gl AT oF7he] gujdoe] = leaky

expressione #EAE 4 9lch levansucrase?]; promoter$l

#AA] 2E patterns monitoringd &

‘
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sacB promoteri= sucrosel] ]38} exponential phasedl| ] W&
ST 7} 7153}, catabolite repressionS: HEX] 9= o] 9]
21}, promoter strength7} vl$- 78R = ot} 187 &5
£ =oj9, ¥do] fEHE w$ F2 ZHL! 712 phage
#1059} phage PBSX 9| promoter’t Itk 1! |

A g FAH= strong promotertE ofZ}, | HAF F-
mRNA¢] stability = "}-$- 238+ H&-2 Stk B. ‘thuringiensis
9] 5 toxin @A Cry <] F-729] Shine-Dalgarno A&
S EFets 5 REo] mRNA stabilityS 2Ascky 44
2], A2 2d A4 28I cry9) mRNA . stabilizer
£ o]8-3l= ALU} EiHo] JTH30]. XS B. subtilise)
subtilisin®] signal peptideZ encoding3l+=| F-&°] mRNA
stabilityol] wj-9- F gt} gAY deF ke o]-&-gh
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Bacillus secretome

ME AX DHZF (proteome)E NG E A= AL
88ARY, Bacillus®) @A} T FEHle)] FHFPHo=E
gt TGS A3 G A, Z 6] (secretome) ]
Zek Ao B #Yo] wol X3 Utk B subtilise F
150-180¢) 7o) BAS AES| WA Z BRlshs Ro] 4
Hoz d#A QrH10]. Tjalsma £ Bacillus genome2] ¥
71NEE Bty EulgdAs O EHARE 53T
[27]. o]5& Tl N-ge] £48 53, Adx i ¥
ok 300¢] 7o) Trf-do] Sec pathway, twin-arginine pathway,
type IV pilin export, 12X ABC transportE E3}e 1€
Ao &}

BEulgdge dukael URFZEE signal peptide,
propeptide 1)1 mature protein® = ¥ o]F k. Signal
peptide= 18~357§¢] ojnato 2 FAEo] glEw] ulsl,
propeptide= 870 o} :=AKB. subtilis alpha amylase)ol|A]
20070 olv| 2K B. subtilis neutral protease)”7}X] T}t Z o]
2 o]Fox Qlth #A7HA] o] B2 T EHloE
312 3, @A FH|FAgolt £H] &, mature S
foldingol] #ojdl= Ao YA Yrh subtilising B]FTH
A protease ] 4§ autocatalytic processing FH|, o]2]gF
@A foldingell FASE 715-& FE3 9= propeptide
Z “intramolecular chaperone”®]2}y YA7| % FtH24].

Sl BH|AL dutxo g 3PAZ 34 vE F 9
k. AA, e de] fEetege] ofF. B4, Eruyd
o xR EF AR, AIAMEE processings F
membrane &] trans sideol|A] folding#} cell walle] £3=2
Folxitk. A% Ao olstd, ot Eujgde] 7,
bottleneck-2 Eu|AHZE 719 vixgt GAE L&A AH3].
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B CHHE CHZHAYAL 918t Bacillus S5

il d 4R S A8 AdE HE s gAT, 852 Sk
9] segregational and structural instability®] A4 %L &
3171 ¢JlA] expression cassetteE chromosomes]] integration
A7 B ol ®ol Al=FH Y itk

Chromosome integration®l:= non-replicative plasmidE ©]
251 Wi 3} temperature-sensitive plasmid& ©]£-$F HPHO|
2ltk Temperature-sensitive plasmidAFE2] AH-2 trans-
formation efficiency7} & #3e Algo] 2313, T3 =
L. 2o A replicating plasmid & A A AZ oM, 3O
2 plasmid-integrated cellS EZs] ¥ 4 Ut} Single

AEA

o

=
AC

crossover(SC) 2} double crossover(DC) HW'H ©. 2 chromosome
integrationg & 4 ¢tk DCe 719+ stable integration©]
7V 3kA W, single copy 9t integration® 4= itk 1@y, SC
9] 74+ rolling circle plasmidE ©]-&-31%, 2 7§¢] copyE
integrationA]Z F Sl AHE /A Atk IEH), Ity
22 SCo| 93 integration> ¢4 e plasmid FHLAF &
T 23 Q7] Wie] 12FH R EQFAsle, thA] chromosome
c25E BEE o e @ ok H2dE o)H e A
2 R 939, repFe AASEI pEl9%4-oriE Zte
integration plasmidg ©]-4-3}= o] IAAEFSITH1I4]. BE
Z o2 pE194¢] co-transformation®] ¥ 83y, o] AL trans-
acting RepF& integration plasmidel F-g3157] $golth
pE1949} integration plasmidE A}#|Z R transformation
A7) & LEE 25T temperature-sensitive replicating
plasmid= 2% A A= 3, integration plasmid3t amplification
o] chromosomed] B4 Hrh DCE ©]&3} chromosome
integration site 2= amyE locus7} Bo) o] £-3¢=d)[30], &
= lacA locusE ©]&-3l= WHE I ATHS]

Chromosome integration® #F9] selection TA|M = HE
9] A WA EAE o)E3hs Ro] ARl FAF 9
Aol TS e FYA HARLY e $HE BN
3, 3731315 21 GEM(Genetically engineered microorganism)
S ey Y3, ti3Fol A= marker-free straing W&
4 & flippase ©]-& HPA[19153% Cre/loxP ¥WPH[20] o] Qg
Hoj gleh, o] "ol o}H7LA] Bacillusol A AEd ¥
urk

aaFel QXY wlad FHL 93t posttranslational
stageoll Al =LA 274 WEeE Axrt JAPHJEH, T F
7RI A 5H v de] wdl ) BHE F+ chaperone
9] FA] @3 o|t} Cytoplasmic chaperone] GroEL3} GroES
9] s#eJw& o] single-chain antibody?] HH|E ZRAF)T
(32], MEutel] F3E o = MEZL] chaperone?]l PrsA7}t
A A ] A FHE SRy EHA QUrHI2) 4%
MNEFNES SigSe] FA @@L @ pre-form$
processing £ & T FH2]. Z8lF, chaperone-like
activityE Zre= protein disulfide isomerase(PDI)o} §-$5 #j
2% 92 T Aol A ATHS].

T OE 9e 99y 2ds Aste ol 808 AA
Al71E Aolth A2 FA 2491 polymerEo] ZHe
a7t B Rule] Uish 3 Aol 2910183 AP
Auk, AR EE FHlE teichoic acide] D-alanylationA])7]&=
A FAR AEo R dngdel, 2358 AEHe] S5
Z717} 8] g F o] £u) 3 folding} stability S A A
F= o= g R
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S AL W ‘31]@ AJakel] XAl 249 host?] proteaseo|Th
B subtilis &] genome—— EAEH, cytoplasmol] ZEA|st=
protease7]— 357H membrane )| —-—XHG]— o] 1871, walle] &
Aste Aol 67N, AZIZ BMHE Ao 842 AT ¢
tH27]. o] ARE BH)So] 948 BacillusolA AZE o
B o] A3Fe GRE FE AL SABYA AL
2 WA Euise] EAsHE hoste] AT BRI
kel A7, AZRNY SR EsE SAohIH 1
WZ41}~ knock-outf‘lﬂ @A e EHE’\-J d& 4FE
Azzste] Sl 16 331 TS AELA7 R AAe] FAAE
(apr npr, epr bpr mpr, nprB, vpr)S knock-out A7l
WB700-T+-r7]- 21]_._301 B. subtilis 1684 AA HNES oy
2 7)=8a) ;q FH9] 0.1%FFo 2 FEYA T, dA3s] oy
2 7]*’1'\-1“?:3}13&_01] s A= %@H?J_'-"ﬂ A= Azt
FEOIFIL AAHTH3IL TA, L7 we FER A

G0 R ELE FUAIIE B brevisE AROZHE
EAse] A2 g T host AHgE] & APE it

[5,28]. E]:’-Oﬂ B. subtilis9] A EHo| 3= 1{/}‘@37‘5__1 =
—rﬁﬂﬁ*ﬂ DH‘H%J Bl P F7, TF T B
s AIES) PP 2 G FE Ro= WHHTHILSI
L R o] AZA EHH7) Mo AR f£FEoR
SRS ETE AR YSHANI3L. o2, A2lE g
W Pike SA7)7] Ge), AEe SRd slEREEaR
0]-1’]\‘4 A—]]EE}OH A 8= HtrA homologous protease 2} cell
wall protease 58] A|7A0] that B4lo] w$ Z7=i9Anh o]
e 2HE T2 3% Y A9TFe FAFNNE R
o 9ieh21,22],
Bacillus expression 7|&2| A¢is}
A AAS *P%}Ef\ AL Az
3HU}E} Zol, '}:‘1%, 2# 7] iiﬂ A7

0‘1] USD o]l =3,
Fol) w9 & AAL Ho

=

2 Ak AR Wxﬂ,] 3/4 & J}REE A7) ZARAEL YL,
9& 2138 AA|, 71 2SR T e DA SRS E

a7k ARSI UHA 138 B5slB IR 50t 278
T Ik Bacillus REE o147 RAPNES A MA TAA
o] e AAS T Yok Bacillus2HE AAHE o)
7}21 ik 7]—%?1], alkaline protease 8} alpha-amylase7} 713
‘3-;!'0] /}H/:_Pﬂjl?‘ It} Native protein®] AJ4F Ttk o)z},
Heterologous pjrotein‘ o] AN Bacilluse= o}4¥H 3 gk
Human growth hormone[6], epidermal growth factor
(EGF)[5], Interleukin-2[26], single chain antibody[32]% 9]
eukaryotlc protem At o] &% 7, %), diphtheria toxin[9],
pertuss1s toxin 23]44— 7+2 gram-negative pathogenic bacteria

-4 outer membrane protein®] AJAFS = vaccine /@4 7Vs7d

3}

pal

Bacillus 5783 A3 11

< 7K ;,11_ A2 HA Atk | RL vaccine P44
% native host7} 7FX| 3 §lE endotoxing] £ ‘§‘°‘ AJJ%P 3A

°lfe] vk ‘
?—ili./] ﬂ AW} Bacillus brevisS % E e ?‘HZEJ
EGF& Zﬁ‘ﬂ] 22 tiEF Ak *qlfé}oi’“i ol Wel
Qe Z 3= ") Australiag) °k‘j(sheep wool)-J S5
<+ HEg "355}&] WHo g o] 7}-‘?5}71] HAh FellA
EGF& 0}1_ UAF o7 R /‘““’] BEA =HEH,
ol & FRE HAY & 3tk o[AL Bacillus
expression 7154 A 3)e) H—T'—Ziol &} dﬂi B F 9tk
(http Twww. protemexpress co _]p)
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A7, @54 EAES T diEl =aslh Bacillus®) A
A B B A el Y S elshet BudR
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