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Research progress and industrial application of Bacillus
subtilis in systematic and synthetic biotechnology
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Abstract: Bacillus subtilis is a model strain for studying the physiological and biochemical mechanisms of microorganism,
and is also a good chassis cell for industrial application to produce biological agents such as small molecule compounds, bulk
chemicals, industrial enzymes, precursors of drugs and health product. In recent years, studies on metabolic engineering
methods and strategies of B. subtilis have been increasingly reported, providing good tools and theoretical references for using
it as chassis cells to produce biological agents. This review provides information on systematically optimizing the Bacillus
subtilis chassis cell by regulating global regulatory factors, simplifying and optimizing the genome, multi-site and
multi-dimensional regulating, dynamic regulating through biosensors, membrane protein engineering. For producing the
protein reagent, the strain is optimized by optimizing the promoters, signal peptides, secretion components and building the
expression system without chemical inducers. In addition, this review also prospects the important issues and directions that
need to be focused on in the further optimization of B. subtilis in industrial production.

Keywords: Bacillus subtilis, systematic regulation, synthetic biotechnology, modification of industrial strain
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Fig. 1 Multi-sites, multi-dimensional and dynamic regulation B. subtilis chassis cell’?®>!. (A) Multi-genes, multi-sites
regulation in synthetic pathway by application optimized CRISPR-Cas system. By applying the optimized CRISPR-Cas9
gene editing system, the multi-sites gene editing in genome can be carry out. Up- and down-regulation the different genes
in vivo, can regulating the chassis cells in multi-genes, multi reaction steps in catalyzing pathway, and optimizing the
chassis cells roundly. (B) Establish the dynamic regulation in B. subtilis by using biosensors. By applying the biosensor
aimed in micromolecular, or combining the biosensor and CRISPR-dCas9 gene editing system, regulating the downstream
gene, can dynamically regulate the carbon flow in vivo and balance the grow and production in cell. (C) Multi-dimensional
regulation by using CRISPR-dCas9 system. The optimizing the CRISPR-dCas9 gene editing system were used in screening
the promoter library in protein expressing, upregulation the chaperone in protein folding of nascent peptide, and inhibiting
and abolishing the protease expressing. Enhancing the protein producing by upregulation and protection in transcription,
folding and modification and protein maturity. Abbreviation: C: compound; E: enzyme; P: production.
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L7508 A0 WA R . X S AR 1 LR A T A i
S SR LA, AT LR M 920 Tl ST T
i A PEPIAE AR, R s IR, ek
REREHBRRAR 1 AR A, s T B SR . A
IR IR AT B P s s = Ik,
515 bR E AT AN 30 o b 2F ST I
WA AR BRI 2 WO E AN L B s
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KRR AR, KUIEES IKEEAE, 7T KB
R Sec MR B 4r iR fe (S5 IAETRE) |
Tat 43R4 . ABC iz ST 1) o Wik 12 Fl
E [ /S Y e - £ N 5 DG -
RBE AW HATE S R IO L 5k A ek
FEPYS DAL B FRE B R RS, W Y
55 K R 554G SignalP 1 LipoP 45,

23 MUBHEFBRIFERPELSRSLRASL

bR T _biRiEad xHE S I s ke, DLiE E
bR F =AM 2 A, XHiE R B 5 &
153 W6 28 45 1 A s [R) R T DA 4 T 2 1 5 ) 40
W, AL BAREAMAE . AR ZEAT R R
BRI Sec MM 170 mb s R
Tat AR/ EE K ABC (ATP 454 40) &
12 1 77 POV T 44 85 4 A 43 I 5 AR B R AT AR
THEW, TERCIERE b, XEARS W RS P st
it Ay — g it Feak s, DA — @R
PRI RN E AW, MR,
et s+ . {55 Rk, HILEIR Sec FH bk
WAoo, AT L AH S 8 RS B 2E F AT B
4T 1S U7 86 43 00 7 4 OO0 g R B2 A 1
SecA WIFHNHEAT oM, FFMBRIL C uRahta s,
AT AN LR 4R Wl . NI TR o ZEAEFZE
TR P A R s

3 MEXFRHENREREDAR

TE T AS B 2FFRAT TR AE A I AL i s v, BR
TR A T R Y A BRI S R R A TRA
MIBESE, BB . R . ORI
PARE R AR S T AR B AL HRAVEROR , ] R 4
Bl R 25 0L RT TRV S 2 L DAk AR . Pt
L (Byp P D2y NiO R SIS EE (R N WY 1 Tu A |
AR . KT Cas9 I CRISPR 4 AR K 7E
CRISPR/Cas Z %t I Ak itk My A iy i ik G 4B #-4%
REE THh, BT AAROR, 2R
L B R ) RGO IE
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3.1 HEFHEAEREPERETREIRCHIE
PR A 48 J bt O 32 S A R 2 A A B P R
PIBEEAEROR , s H s w AL TR A
PRE DR A B AN [R) P X3, — M PeiE e, —4
T RR B T4 T B8R IR DL A B
FE )P 4D, Jeong SEAAHE T — AN B 3
60T TR 35 R TR A9 35 DR A1 SRy AT e B AR iE &R
i, ARG THABLEIE T (HRE 2R i
XYIA (Pxy1) F1 spac (Ppac)). PI-NBHE LA (lacl 1
xyIR)FI— MR HE D] (RAEZHMEIER (cat) .
Pyi-lacl B3 & BIAG B ZF fUAF i SL B A v, it
DR 20 A & it 2 A8 A B IR o R OB AR Sl 0 1
XyIR iS5, MM lacl ik, 1 Lacl 4
il Pspac S B, IF HAHMIXT SR R MU, Ktk
KT HRERAESM TG, 400200 o B
A R AR B IR 22 8] B EE AR M BR - Pyyi-lacl .
TERA AT ZWIERT, 255 8% 258 B i 4 Bh it
B B, ZREASTEG AN IR AR
DNA F B, XA F &0 gAY ny 3 N 4
TREAET BT Rk cat BUEE SN, BA
upp®®. blal 1, mazrF ©8 yshC 7 hew! BA% 5t
PRI FH 4 2 2960 PR A 11 1 P e i R 5

32 WMEFEANEPHEMSLIRICENR

A7 U S 1 2 R e A T R S TR 7
MZBIEH, M- e DNA 845 6t
g el 8] B 08 AR A 2R AT s R 2
H 42 Cre/loxP R4 Xer/dif 24t ., Cre &40 g n]
HEAL A loxP (75 Z [ U FE SR 4L, I JEHRAT
it FHN T EA B EASY, van %K IPTG i
T cre ik &K A BB I Y ik,
DATE 2 d oR i As s A, [k, AT LA AE A
LRI B P A RO A 7 3 D 2 Y 28 A, X F
Xer/dif &%5, Xer HAMPGEWAHEZELN dif
DS EA R —AE, W PIRR THid: #hitk &
Bl Ho A e bR i L R T

% : 010-64807509

3.3 MEFMITHEF CRISPR-Cas R L E
iR

PRIV ] o 11 2 11 SC 52 7781 (CRISPR)-
Cas R4t TH AT LIYIEIREE i) DNA JF31I )1z
FHF A 5 4l A2 0 R0 40 i 2R P A 3 TR 41
@7 CRISPR/Cas9 7 [1-RNA &4 Wi it 48
Sh I 555 RNA (Single-guide RNA, sgRNA)
e X 1 52 A2 F H Ax DNA #5178 RNA $ i fy
7 55 B 287 4 DNA XU W% (DNA double-strand
break, DSB). DSB 1 LIl %5 & 4% 1 3 [A] I
A% (Non-homologous end joining, NHEJ)
a4 1] LATEAELE [A) P DNA B A1 T 76 DSB £
BUTRE B 5K (Homology directed repair,
HDR), Westbrook 2 JF % 1 — 7l FH] -4 # 2 #1
FFH A 2 TR CRISPR-Cas9 T H &, %
T H&ML T CRISPR-Cas9 /i 5 it 3t [F 4H Z 6 11
ST AL T, Rkt T
X T AEANERE 1 2298 DU TR ) A0 6 LA K B i 7y It
Fika e AU, Zhang 5% Toll A 7= B bRR 5 2 7
B ATCC 6051a JF& T —#f CRISPR/Cas9 %
Bt % R G TR AL B ZE R FTF R ATCC
6051a SEFGIH 5 IEH, ik (BS5)
FER I R R B LA R /D, R H B SR A 4T
WTRMAE S, FE4M T 2.5 f5H B-CGT Mgl™,
SR, CRISPR-Cas9 AR HA Wi, Hirc
A — S R i P — R L i, wT AT
P> sgRNA 35| 5 Cas9 2K FALEFISRA7 I E1 B
4, ATLMA Cas9 RfFEFMRZIEA, It HZ
519 F 9 BT 12 bp BUA i B R e el

B 2 4 % M H T CRISPR/Cas9 R 4t, 2
— PR R g T, HOE AR R VR A R R
Tk . KA TFHE5 i CRISPR/Cas9 4 R 48,
SRR AT T DNA XU R 24 el P E 2
FL AT LR b S 035 PR A1) 2 308 RN s 58 A8 . sl
Jo7 FH g B ¥R T AID 1 CRISPR/dCas9, Yu %5
RAEM H2E AT h i T CRISPR-dCas9-AID
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a4 R0 o 2B G 4 2R 9 o P B R [
35 dCas9-AlID Fll sgRNA, 74k B 2E AT 1 h A
5 nt AR M, 52 AR E 0 7E A1 32 40
TS BRI G R R G AR ], T RASEEE C-T Y0
TR BT 5] AL BT, A SE B H AR
2<% . CRISPR-dCas9-AID £ 4t 1l LA 52 BL7E
il B 2SR T H A7 a5 R DU A7 A [ B g e, L
BERCRA HIEF] 100%F1 50%, A i i A A
eI A i B S B 2R A I R 8 AR TR
UG, AHEAL G I Jk DR Rl B 1 R A 4 i A5 S A B
6] B4 TR T,

34 EERERANEFAFEEMLE
ComK JHli 55 25 AT 1 v B A0 e AL B st (A
¥ (Competence transcription factor, CTF), %
A HE B A B B 2 R TR A 3R Gk R
DNA Wi, ComK TEARNZ: 5 AW 245 52
Z¢, 1E ComK IR IAEm N, 2 4 Ml AR
A K BB (K-state), 7Bl 100 4~ EEH
FikEETH, Hrp DNA Wi 2 5L 15 3 1 omk
T, Zhang SEFIH FRTEY RIS, FEA
AT R ARRES S8 3 1, R IR
W T ComK HEH, DIHGIAL s 2R A R 1k
R, MEERAAEYE comK LAY Rk, 52
BT AN FEART R AR R R AR (2 107
b Iug BORLFIZS 10* 554k F/ug DNA H Bl

4 DHEFRATE A REERAATERET

il 2 ST BT D A 22 ERBH P T R
Yy, LR E B TV N AR, DU e A 40
N TACE Y MR S A 5O ) RO
fin 25N ATARY BRI TE AN W s, Rk R
TR AW AL LIR = B AR =ik DI &
ZF R R O SR A R AT B L /N AR A e
PR B AR . RETEER . ORI, M
BRI . AN, LKW, R N-&
Tt 0 2 B < AR
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41 HEFRFESHNDTFHEY

B E (AR B2) &—Fhl i HF 254 H
SRR N B G A R SRR A
W R 0] DU A 2E s A F B, 1999 4R,
Perkins %5 I FF 3% PR T2 4 AR DA A B0 2R J AT B 1
JEELANN, M T E SRk, AR 56 h
B E R LA E) 15 g/LBY SelkiR i E o 3
FIRH EE-6-UEIR N =M (GAPDH) kit bk
B R A A2 A B A BB O, T LA 4 o A% B -5- 5 PR
(RUSP) HYMINFR 2, RuSP 1 W% % iy w4,
Bt FL R R AT DA RGO A i R T, LG
259% %M 3 gk KL IR g T BRI AR P bR, AR
M2 1A 3k 470 20 0 1 A i A2 BB g B, B IE 5
AL DABE IR R 2R HAT o A S R = . 3 4b,
VT HAE SCHRARGE , U LR R A R A R
S SRR X AR oAt — 2% . SR
ME—Z G SRS R ST IR, A OFRRR T
BRA AR AR R, A P AR R
BT 53%, HEMISAN TR KRR,

FMTEMEZ (Surfactin) & — i g Iy 82 #1
WKL IR R b &, B Ry &
TGRSR o FmEEE R F N B A PUEY . BUR
B AT TG, AR Tl 45U A AR 5 4 1
s Ay, REEHEREN—MES
T, S5 A SRR o R 2R
B. subtilis 168 Rtk KR AL =R EMER, @it
X R R AL s, BAERPR T iRAe, R
IR ETEPE RSN PUARA CE , BE kO S
FE NG Wi R B B AR SR BT AR, AR RS
DA srTA JERI G SR A5 F- B, TEAG S 2R o v
SET RS R SRR, PEsE] 12.8 /L,

CABIR, N4 3-¥3E-2- TR, 78 Pk
NS5 NADH/NAD BT s, a1 s
W RN EREM R, WalENRiRS 54
WirZ\mEEAEY . ERAR-T FA B,
i o ZE ST 1 AT LUK TR R 5 Ik A FL R . R
BEER . CABWAFN 2,3-T WL, A T HE5m A e 2E 4



Bff SREFRTEERRSAMEMRAPRTHRER TR

R AR =, AR 2,3- T . FLER .
CEEE R =W AR S M0 55, kR
Y1 0A G AR IR 32 2 NADHARHS 1) o 1 i s
SR AR IR AL R 2,3-T i A A 340 5 il
i EEA bdhA, HIifEIF5I A NADH %A fk 1 g
LR, AT A A A AT Aty B 23 0 AT 81 VS 28 240 L
23T R, IR, CERyr-a, IFH KRR
AR MA R ™ &, 75 A4l 5L 2F F6 T 5 Hh & A A
{17 5 A 5 56.7 g/L

42 WHEFBEITES KBS

AR SR M Tl 2 o it R RO ) ALl , W DA
Pp ] AR A RS 2L A il — i A AR RO A A A=
BERYL, ARBE . RBEEE . AW OB, WA
1 F R 4 s 4R T s K R DI RO AL BE
WAL FIRRARE A, J5& T AT oRet:
B 27 b A7 g B SigB kit
FA 8 T TR AT BE D Pone i3 80 T H B A B 2540
FRPARRMEAESFRERSE, BT W
IPTG SR MEINE S, LI T ARREMEE
LH Rk A 3] 38 UimL B it T 1k B8,

L- KAWL EE (ASN) mT UMLK i L-K4&
Pk Bl o fif R A R N <o A AT DAHEHT = Y
L-RABERE TG T, ASN 1A & 1Y I R 7 FH Al
5, FERIE N TR T A2 W 20k b L A0 AR A
Wio J3Ah, ASNIERHFE S, Rk
KA R A TE NI I S 55 . 8 1 7 3
RAAWER AT THEE SR X E A g8
AT ST B @ IR ik ASN ik E 4 Al
FRFF A AR, HoME b RS, 3L
S FEHE AT L3k 3 407.6 U/mL (2.5 g/L)E,

43 WMEFEAFEE~RER. Hmark
BOE AR, Y B — B R R
R MBRRRNT 2R R A . 7E AR 2
FRes P i S A N TR P | i R IAA
T B RS tuaD . kMR R BRI AL T
B, AT 20 bk P ORI SR A 7 ik 2

% : 010-64807509

5.22 g/L F15.82 g/L (7 3 L & i), N-Z. 8t
MR (GIcNAC) FIZFERE (GIcN) 2% b
e R A T U R, K IR T 2 R
Fean A, DAIR YT B 5T FI4E Hr BCE R G ) f
JE. LR USRS RS0, @i ldh, pta ZEHE
REL T 2L P T R 5 i, 5959 PO MR T e AR JER SR 65 1L
B SETF B, AL ARG B ZE AP N-Z R
MR RV RS, 78 3 L RBEREIAR] T
31.65 g/LPM, i WAGKE SERAT I 0B . A
FRHRAR, FRIEZEE CoA FRR IS ERR - Wi Lk
B, 5IA NAD(P) AMKH &AL H g A fkif
JEARI LA/ NRE AR, DAk N- 2B A R R ) $2
= sk E] 245 g/lL, FPiEikF)] 0.468 glg (N-Z [
HEWER AR, AE T B R 98%,

5 RELHRE

it e 2 SR B S 22 P B 40 R )
B, 24k, Pla A D0 R Ao . st
TR AT BT A MBS IR AP F LR S5 UR A Wi 18
SRE, NHNHT LT AE NG W)
af i R S A ARG R e RIS AL . SCER
PR PR A 2 A PR, Rl B R FAT R 2 AR I R
HEBEDBAR PRI R EEE R, DIHOY RS
M SEBINAEE R . AR TS I
A, LRI AT AIAB IR T | A SROWH I A oMb e
U, N- T3 % Bl S5 25 W0 s i /N 5 9 5
B AT

IR IR DA 5 2 FAT 1 O I B AN M4 T F AR
WA AR B R T —E RGN R 5k
J& (& 2), (HRAEARKI K EEWITE A, B R
FROBE X T 58 BT AR 45 5 Bn] Bt — 2 ik
il B 25 AT R R BL AN, S Tk R A
A NWERE, A ORBUT RN | R4 %
TR AT AT o2 35, AR A& BB IR AR A9 LT
RIIGH 86 1) 2 90 2 0 BN A B A ) 2 T R B
AN PR G A A B, T 308 P REOR 1T
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Fig. 2 Modification strategy for optimizing the B. subtilis as chassis cell.

A7 S i P B e PR i iR AR AT R AR
8 A7 B, I L 26 T8 B g Y R A Tl
PEATRLA , SEBL A  AE AL AR AR A o
@HLR H ATEARS O 2F AT I T 2 2T LA S B
2oL ) IR L] 20 0 2 142, (BT XT I LA
A a R, N gidE T RANR ARSI & S0
e, SRR N g EACR R, RIS S
1 20 R DR R 2 R v R R, AT
WAL e R R A SO AR, LA
JEE B AR A E AL R, A B AR A0 AR 7 TR Rk
T N AL I B B RGBT I 2 A
ZEAUAT TR R B A O P Y — TG R . B AR
AE . shaRREANE A B A KA B AR ™Y
A7 Z (B A, — S8 SR TR a] 7 ) B R A
JEAR N 2 P AN DB e 5 P T R PR A8 B 2SR T
o T SEPR T AR 7 A AR AR A I AL
R, WRBR A LT RIS AF AL S 0R 4%, LA
S B 2R INRZ B LRER QI E AW 4 s = R LRk
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i, B— ARG RBHASGT . KRR
PR R BRI R A T, D LRR A R i
ARHEAT B BB TE R AR, G R AR
GERWGE . TIRRIETTE, RO E A H
NS B B T E I U fa ekt 1O - R A
A, AL T A IR . @R T TR bR 55
AAREOR, Sl TS N TR RE . RIE A
Pl > S5 R HOR BEAT Kol T AR AL, M
BRER AR LU, KA TREERMY . WAt
Xt TS AT, AR IR B AN i A At
SRR B RS IR T
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