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B 1. B subtilis &g AR HWA MA o [2].

Product Yield

o-amylase (AmyS) -

o.-amylase (AmyQ) 1-3 g/L
Proinsulin 1g/L

Lipase A 600 mg/L
Streptavidin 35-50 mg/L
scFv 10-15 mg/L

hEGF 7.0 mg/L

Endoglucanase 8300 U/L
IFN-alpha 2 0.5-1 mg/L

Poly (30hydroxybutyrate) depolymerase 1.9 mg purified protein/L

Endocellulase (Puradax®)
Subtilisin (AprE) -

B. subtilis 50X 8802 o|]F SAXAE Wddslr] Yt 29w H
0] JIEEJTG (& 2). —?—’d ggwolA 1Las& FAR YW A|a®log
22Xl T7 expression system [3]¥ groF =2 R E 9 Jac operator, gsiB
ribosome binding site (RBS)2 4% P,..100 T2 F Fo] c} [4]. o]
T 12 0HE PTG §&84 T2 REHIZ =2 8§ 9Hdo] 7F551X|g9k IPTG
of we sHiat £4 dgol oF WY TA0) HEsldls A gl
m2tA] IPTGO| H]s] &= Wd H T X9 maltose = mannitoly}
Z2o] duRer AFPsta At EAS R E ARIE AESte ZE2REE
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At 6, 71.

B 2. B. subtilis R EdH A|AH o [8].

Promoter Induction factor Plasmid B-Galactosidase activity
Pgr-Ml1 Maltose pLJ-2 13.8 U/mL?
Pry IPTG pMT1 -
Modified Pcrysaa | Auto-inducible pD82 5,228 Miller units
Pt Mannitol pPKAMI12 13,000 Miller units
P manp Auto-inducible  pMW168.1 -
P£rac100 IPTG pHT100 37,840 Miller units
Piaps IPTG pLus-Hyb 26,037 Miller units

S Z2743517] gt U (SsrA tags)Z ELI
80|57 st FAA Aol F¥H [{AA}
UHAO P& HiA|st= 245 = BESHH E FE|Q expression
operating unit3 A|&sty SAAQ] &

Rlo] AH-E FAYA| (spectinomycin) W/d [FARRE A AAdst] HFL

5 Qe Ala”o|tt (23 1),
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23 1. B subtilis % SRR 2@ FUA IS I3 AR 2 [10].
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Bacillus £ =% &

Ra Jo| Y A=FH &

gy o3 Ui Fu] WY Al St FH] F2o BA, WA f= Ad
(protein-conducting channel) 2%, BH|AEHA 9] =02 9|5lo] &
u] 5g0] dAs| AstEl Aol rt. 2T ojA LAPEL sHatr] 9
5l ZzQ THRAl Bu] H=R2Ql Sec-SRP ZA=Zu} Tat (twin-arginine
translocation) A2 58 AAAIS= Ads0] &2 38851 o} [11]. A
d2 Hu] e chuAlgl Azoto] o xd cheiAlpl RIA AFR5H= SecA
Chaixlo] C-githo]A] 617] ofojiAto] AlAE ¥o] SecAES wh3lsto 2 i
o] FTMAY Rul WAL FHAZ Zapt BuEc (1 2) [12]. £
HEX] XA} (Penicillin G Acylase, PGA) ¥&t& WIE & o] 835to] B subtilis
9] Tat #H] F=o] Aol AS oz FHE = 24719 signal peptide
o ghitg Ru] 222 ulE PG AE R o 9t [13]. AW
AdE ALK B subtilis 168 43 SAA Q] 20.7%0] F5t= 8657] S-A
A7 AAE 2 A 5HA] MGB874 #535 o] &5t dmUotE A§/dsto] Hj
Alo] Atdst WX]o] 7]05}= glutamate dehydrogenase (RogG) L& 5
AZozN 459 TMA Rul AEAZ AAStY 9F a-amylase
Amyiisg E§fe2 2ul Y ¥ 4 8E ¥AS (U] Ag o
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32 2. B. subtiliso|X]9] Tl By F& wAL [11].

AEMo2 Ude SHA WAL B SAAle] MEEA SHAE E
st JHIES AYsts WHoz 239 (13 3). 12U MEEA &
ARE £z ALE: A U4 SAAY He Axy 259 9HA U
of AEF A9 A WA SAtolLt GMO 59| BRI oplE 4 9 =
g HsE 1R MEEA] SEAte] ER71 AEAols] Weo] ohy g

HJ

£ ggoz A%HQ xxo] Wast B9 @'g Hyol ALEl EA SRS
AlAsioF & Wast 9t [(15]. olw] 1x MUK SHAY] AAS LA
o 2 3H01517] 93t counter-selection marker S°| AM2E =0 B. subtilis
9] 4% Heju|d AR 84 s mdu|d ofdr1E 544 EX= I
2~ 9l yracil phosphoribosyltransferase (upp)l} orotidine 5’-
phosphate decarboxylase (pyrF), mRNAE £35}5l= endoribonuclease
(mazF)Yy DNA gyraseS 9AA|st= F Z2tA0|E S =4 (ccdB) S &
T T2 QREHE o]8ste WAHSIAHL spectinomycin WA SX AL (blal)
AtEo] o5 AAIEl= Z2 RE|(Py)ol 2tolil B AR IysA FHRE
AAste 28 L9714 FL5te U Sol HaEUo [15, 16].



Single
crossover
event

Based on plasmid:
thermosensitive plasmid

Cassette
Integration step Based on plasmid:

pyrF, auxotrophy-based, mazF
Double
crossover
event
Based on PCR fragment:

araR, upp, Crelox, Xer/dif, mazF

Based on homologous

B} §8AQ SAA| mAYH o2 XL Streptococcus pyogenes &
2f9] type II CRISPR-Cas9 A|AENS AIL3t B. subtilis SHA HA 7]&0]
AT (22 4). o] A|2’2 moix|y EatAn|E 22 o | &
AE2EZ AASHE Ay HIA2"S 383t Wyezr 24 Cas9
nuclease®t A3t single-guide RNA (sgRNA)7} 20-bp2] E}Z1 DNAo]| 4t
BA™oz ZIsIH Cas9o|] protospacer adjacent motif (PAM)QI NGG A&
2 Qxjste] 5-TEEOo 2 3-bp WolAl RE2 WusH Hck. olFA I
A=l double strand break (DBS)o] &40 93] B1H Y= 1A Zo] A=
DNA ©#H 52 &8st {AAl HAo] f=E+= Al2a”o|tt [18-20]. |
= Altenbuchner?l %3t single-plasmid 7]¥te] Cas9 A|AHL
temperature-sensitive replication origin (pE194ts), mannose-inducible
promoter P,..» 52 ZE35l0 single guide RNA (sgRNA) ¥ Atz A7]A
dZ o8t a&xoz Bl JAX WA0| 7hse A|AHlo|th. SHH O]
MZ AT A= DNAZ’F 2" Q3t CRISPR-Cas9 non-homologous end-
joining (NHE]) 7|=% 7=ttt [21]. & Mycobacterium tuberculosis
#29] double-stranded break (DSB) repairo]] @ost= THeiAl = Ky U
LigDo] JRAAIE Cas9t &7 gigst A=o] =Udte=zx Ast= B 5
AR B B29olA NHEJo] dojuA st 7leoltt. Sul§Al= Bacillus
w3 EJ o71X] 23t DSB ti3-5t7] 9%t Ku, LigD |AAE 7HAL Q&=
Aoz BTt [22]. ole & B7IA B BAIQ0] sgRNATte 2 |A

A zA0] 7h5EL AN
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13 4. CRISPR/Cas9 7|4t B. subtilis XA A HAHYE.

715 2S5 Wad 9AAL o] 2Wad SAxl

prophage (SPB2} PBSX), Al 7§9] prophage-like element (prophage 1,
prophage 3, skin) ¥ polyketide synthase (pks) operong AMA|gto 2 X
w+RAe 7.7 % (332 FRAAL AAJT [23]. o] FAJAA dF+= oI
Hlw A] A9 TUst &4 CjrAlES B PO competence, sporulation ¥
proteolytic /4 5o ¥+ 30| AEUT. Yo7t Morimoto 52
AA SARe] ok 20%7F AAHE B. subtilis MBG874 w35 A|RH519 o0,

B. subtilis 168 24432} H|w A] £35] cellulasel} protease Z2 UX o]

3 TuiAo] BH] Wdo] FAAHS RIS [24]. o] arginine #5]°]
woste RARE0] A&E o Ax gibdol FOE L B SAA dido=
ZetAne FhoLe Flsto] AutEoz gl GulAo] AJito] Hojd A
o2 sfAMEo] 4 FAA dF A7t Bacillus AHME2] 7o §3HAQl
o] & £ QI YBSsHAT [25].
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2 oz SFA AR oI5, AATYBIH BY, PP £7 52
ggstol 0% 7h48t H1 ok B subtilis= WA 34 5 71EA7 B
g olye} Mg &4 BN 5 $8ATY YA EAY 1T AT
olct. 53] GRAS F52A 92§ WAL T3 LRIt Gua aw
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08 £2 wa ok 82 B subtilis 168 255 2D SR AR
T Rg, T By A2 YA, A BE =7 g, Ha 9AA 9
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