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Abstract: As an important industrial microorganism and a novel probiotic, Clostridium tyrobutyricum is a superior
strain for metabolizing various substrates to produce butyric acid under anaerobic condition, presenting a great

potential for the valorization of agricultural wastes. Consequently, this bacterium with high yield of butyric acid has

Wi HHEA: 2022-04-14 {EEIHER: 2022- 05- 25

E2ME: BREARFZESHESTERNZESME (31922070); EREARFZEESSFRFESIME (22008114); BREARZESURKAESERME
(U2106228); IAEBEARNZESSESFELME (BK20200684); iTHELHEMHISEIHFORE (XTC2205)

SIAAX: XRF, &S, WE, KX, KEHE, TE. SAEMRAREDNRTREEMART FRIARERE[J]. GaEM=, 2022, 3(6): 1174-1200

Citation: LIU Jiayu, YANG Zhihan, YANG Lei, ZHU Liying, ZHU Zhengming, JIANG Ling. Advances in the development of Clostridium tyrobutyricum cell
factories driven by synthetic biotechnology[J]. Synthetic Biology Journal, 2022, 3(6): 1174-1200




%3% www.synbioj.com 1175

also been widely used in other fields, such as fine chemical production and human health. However, there are still many
challenges in the construction of highly productive and robust C. tyrobutyricum cell factories. For example, the genetic
transformation efficiency is rather low, due to the presence of restriction-modification systems. Gene editing tools are
less developed and strain construction suffers from tedious processes and low efficiency. Moreover, genetic
modification of C. tyrobutyricum is limited to a single mode of metabolic regulation, either knockout or
overexpression, which is far behind the conventional model hosts. In recent years, with the continuous rapid
development of synthetic biology and the collection of increasing amounts of C. tyrobutyricum bioinformatics data, a
variety of research strategies and techniques, particularly the gene editing systems, have been employed to design and
construct C. tyrobutyricum cell factories for efficient production of various fine chemicals. In this paper, we firstly
provide an overview of the unique physiological properties of C. tyrobutyricum, including substrate range,
environmental adaptability, butyric acid synthesis pathway, as well as the one-carbon gas fixation and energy
metabolism pathways. Subsequently, we summarize the systems biology methods as well as the genetic manipulation
tools for the modification of C. tyrobutyricum chassis cell, such as biological elements, the conjugation system, and the
CRISPR/Cas system. Meanwhile, we discuss the static and dynamic metabolic regulation strategies and two types of
quorum sensing systems (agr-type and RRNPP-type) as well as their applications in the synthesis of fine chemicals in
C. tyrobutyricum. Finally, we prospect the trends for the creation of C. fyrobutyricum chassis cell, in terms of enhancing
genetic transformation efficiency, expanding gene editing tools, designing and reconstructing gene circuits, establishing

high-throughput screening platforms, and utilizing one-carbon gas.
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Tab. 1 Substrate profile of C. tyrobutyricum®
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P DU S BRI K il (EC 3.5.4.9) LU I
PO R A (BC 1.5.1.5). Wk, RKRFHTEC
tyrobutyricum " ¥ A WLP [& ik & 1%, A E it
— Tk B YR R 9T S IR 4 4k 2 5 kA
HErE,

1.5 $EasEERiE

JEEA) 7K V- B R A R A A W IR A 2 Tl A v B 22
fRe ARy 2, (T A i e i PR AR B AE )
BUACE AR BACH TP T A IR, HIKRER KB
AR Z FA BRI, P — A R ER
P IR AR — P IE T3 R T R P R
FFAE I FEL T SO T B T AT g A T S0l P T
# i Z HEH (butyryl-CoA dehydrogenase/electron
transfer flavoprotein complex, Bed/Etf) LA NADH
WA I8 R R Bk IS R B - NADP A AL I8 5
i (NADH-dependent reduced ferredoxin: NADP*
oxidoreductase, NfnAB). 2008 4F Li &5 " 7£ 7 [C
W (C. kluyveri) I Bed/Etf, H3iE T H Kk
RLHLH O T A e AL AL D T T G AR B
NADH #4 %4b 3 Bk 20IE 1 A 3% J5 N IE RS BRIk
HHE, BRSHAILER XADLEREHNTA

LR IHE & ATP TR . Wang %5 ) 7E C. kluyveri
HHOR I AL ) NfnAB BE 8 48 ¢ I8 e [ B 5 W g
R, MR TR SO TBCH 1 R R HE B T g SR )
BEAT, MMIER g E~FE. b, SRETEEA:
NAD SE AL R E (Rnf) B R KL 3EH
B Na' B Z WA e 2R W (C. aceticum) « KI5
IRRW (C. ljungdahlii) %577 R # Re = 5P E I JT
Az — P, Mayer % B KL C. aceticum [R5
H R B EY UL LA H Rof 2 & W15 B PS E
5515 HO B Na B, 45 3R B 1 R FH RO 1
) e 5 ST R AL .

2 MTREE RS AEMFAITTIENIIS
ik

21 EREAERIIRER

H ol SR IE K C. tyrobutyricum 345 28 A~ #k
(£3) o Hr, C tyrobutyricum KCTC 5387 (ATCC
25755) JESEMR T ASERA T 3 N E k. —, H
B2 H—A>3.07 Mb FIERR Je ik (3 071 606 bp)
PL K —A~ 63 kb 1 Fi ki (pCTKO1: 62 831 bp) 41
B, [E K £ 0 C.otyrobutyricum — £, KCTC
5387 & H 2 Bt CRISPR A1 [ . [d]Ff, 588 20 3¢
)38 L319 1 W428, ot | A 2R /A 58 1 1)
L319 ZE AL P B& 75 AR = Am il &
WP AR, HIRANAEFHIIRAS T L319 KR4
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Tab.3 Genomic information of C. tyrobutyricum

AR M FERE HEAKNMb  GHC/% FAKE  RNA tRNA  JLfRNA
KCTC 5387 Complete 3.13 31.0 3015 19 63 5
L319 Complete 3.09 31.0 2922 19 63 5
W428 Complete 3.07 30.9 2945 16 51 5
Cirm BIA 2237 Chromosome 3.16 30.8 3069 3 52 5
FAM22553 Scaffold 3.09 31.0 2992 18 63 5
FAM22552 Scaffold 3.05 30.9 2923 18 68 5
DSM 663 Scaffold 3.15 30.7 3091 3 35 5
1001713B170207_170306_A1 Scaffold 3.02 31.0 2831 4 57 5
1001713B170207_170306_A10 Scaffold 3.05 30.5 2881 4 60 5
1001283B150210 160208 _G3 Scaffold 3.07 30.5 2869 5 52 5
1001283B150210_160208_D6 Scaffold 3.00 30.5 2791 4 58 5
Cl1_188 Scaffold 3.01 30.5 2876 3 40 5
Cl_ 171 Scaffold 3.04 30.5 2938 3 36 5
Cl 239 Scaffold 3.33 30.5 3219 4 48 5
ClL 117 Scaffold 3.11 31.0 3034 4 46 5
Cl 238 Scaffold 3.23 30.5 3115 4 30 5
Cl 84 Scaffold 3.05 30.5 2954 3 52 5
Cl 82 Scaffold 3.01 30.5 2916 4 45 5
Cl 64 Scaffold 3.17 31.0 3087 4 46 5
Cl 52 Scaffold 3.09 30.5 2940 2 42 5
ClL_80 Scaffold 3.09 30.5 3049 3 34 5
Cl 29 Scaffold 3.09 30.5 2988 4 37 5
MGYG-HGUT-00125 Scaffold 3.26 30.5 3101 9 63 5
24853 Scaffold 3.00 30.5 2664 4 59 5
ATCC 25755 Contig 3.01 30.5 2908 4 46 5
DIVETGP Contig 3.02 30.5 2907 4 46 5
UC7086 Contig 3.06 30.5 2943 4 48 5
IFP923 Contig 3.19 30.5 3090 10 60 5

A

5. L3193 K41 K/NA 3 086 463 bp, A —4
AR Gtk F— A Rfim & BRI, KN N
3023 639 bp f1 62 824 bp, AR L319 f FE K] 41 7+
B, A S H 3076 4 FE K F12989 4~ CDS,
RNA JEK$E (5S. 16S. 23S) 751N 7. 6. 6,
tRNA FE [F 2 & h 63 77,

Hr, MR4ENCBIHFTiRMEERIEE, 28N Btk
(L PR 2 K /NFE 2.53~3.32 Mb 2 1], H. 28 M #k
FIGH+C (%) HAR FE T ATE 30.8%~31.0%. H
A 3RBAR BRI A e B T 5 B M P 4 %E, 1A B AR
At F Chromosome ft B¢, 20 N EE #RALE Scaffold X,
4 > Wtk &b T Contig BY Bt .« & X T C
tyrobutyricum 5 R A5 B 1487~ R g BAE b IT K

WAL AR T UL B - A @ e vt M
ARG T E RS, Hlin, x4
_E CRISPR [§ %1 fil Cas & H RS 20 41, AT LAAE
A PR YR P ) CRISPR 2 [H 21 4 T AL .

2.2 ZHRZEHFGENEL

AR, BT DNA/RNA U 5 PA S Ji 1A i 452
AR A JE, FERNAZ . . EAFRYYE
AR =55 2 H 22 Rk iz Y, S 5 AR
HAF OC BB R SE o 5 B 5 3R, (R
ReBg B T HRATH0E . RALATFIFH TR B bk

Li &8 ™0 8 UK b A % o 40 5 ot A B 3
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C. tyrobutyricum /', ¥4 7= 2 41 8 Ethanoligenens
harbinense T 1) & Ak g K (hyd2293) {1t C.
tyrobutyricum ATCC 25755 HH 47T ik Rk . 15211
AR R AW 3047 AN JER, 5 C.otyrobutyricum
HERAM 97.7%. SEARERALL, 7L E
PR B R B R, LRI 666 4> 2 R R IE
R, o B R DR 824y, TF i3 [A 584 4. it
O s 2 2 W 2 T 2 b O AR A 1 T B
B, JFxt R IR AT T WA, DA R
PR A A B S H iR T R R A
FE O B AR e RN 2 AL TR e ad R b AR
W, W T C tyrobutyricum XU I E 4214, N
Ja A TR IR = T IR ARt A IR .

i 3 H AL A A [ PR AT 0 b, T B
TR PR A LB, 75 B N T AR A A B T 2 4.
Janssen %5 " Fl| A 2DE-MALDI-TOF/TOF-MS i 47
BAFHAZN, 25A E C. acetobutylicum (177
FR RN P~ 7 R A5 41 A . Mao &5 U JE i Lh s i AE Y
AT 52 TR AE 7 IR B B 7 T B B 22
FRIEEA, WMot T C acetobutylicum 1] T
B 2L . Jia 55 1 A AEUE R4 5 R A
Ji 2H 2 %F SMB_G1518-1519 3 [X] i B B vk 5 J& 4R
B PR EAT HL B, UERH T SMB_G1518-1519 3 [A /&
BT 52 PRI O $E R F- . Sivagnanam 5 N
o 54k H A SRR T AE DU BE N R W)
(2% A N B R AR O R P AR AT . Ma B
B IR X C. tyrobutyricum K F B & - R OwE /R 1
(GeLC-MS/MS) HKHIHA, M@ THRANEBR
rHEES, MHEBREARAYTTE, HiE
A% O A A T B . e B DL SR AR TR
SEETI G ER IR AL T AR T
A AT

AW 8IS B S 22X C. acetobutylicum 7=
T2 30 30 7= Vi A I e AR AT T SEVEAN Y T AR
BB — 0 3 4 2 B AN A2 DA S R AR AR AR
o, A A 7 L TR 38 7 B 7 A E R T
BEAY,  BEME A 5 7 R -7 VA ) e AR A o0 B AR AR
b B i BT GC-MS BRI 2= Hr, AT A
TEF= TR BA LA K = 7 A C. acetobutylicum 571 BE B
PORH G I 20 M N A A AR AR, DT ARRE T I 0 % B
7 B S N A VA I 7 S e 97/ B SR VA

PR, AN, BT DLRI B = 1 A B AR g 4 2
WEFL, XF C. acetobutylicum JR W AT S MM, @
I RO B (HPLC) X & B 5% 37 5t i3k 17 40
Mr, R H R/ 3% (PLS) LAY, My SEi
TR TP oy A Ak 8 SRR A A R T A )
() 2 Flogt A& R Al BEAL P S5, il Lh A R R 4
XL ORI RE R BE R, RR S m . R Hb T
H B B AR R 78 72 T e LA R A5 31 2% 18 k2 T 1 R0
WP 455 B ik A A i bl g AR ) sk R T S R A
IR IKIKF, SR HRAE A RS T IR E O,
AN A 7t H bR B R R D dg i e AR I A2 1) ok
2 PSSR TIPS Y E 1N PR s = D 2SR 2B i B
Sy AT 2 1A 22 e DL SORE A FH R R B AR
YT IR 5 AR AL = AR AU AR Ak s AH EE T b i
A % A MEa A, Al
e “Hz” WERZIY R E/DNp 19,
SIKG NGy TG B RGE AV, B HAh
HEEF ARSI RGH T R, 2=t
FUORBAL TR AL R BN SER, @dRHZ4A
FECA W FUREE, NI RIKF—F oK —E B
Ji K — AU W) 7K S 22 GE it 5 4 B P A 4% R
B, A B SRE A b A O A AT T Y 4 i ) A B
ek, FENIE SRR TRE s R AL A,

2.3 NBHERRSE

AR R SR i T —F R 4t 10 75 Ok AR
R, BB O R ATy, Tk
D] 20 25 H0H8 A6 BT B TR T R I il o 56 AT A AR
AR AR (GSMD LA AR B AR e 74X i
P2 B T T R E R ARAR, CEIFR
T & PR AR WA il = T B, R
BB R ARKEHEAT R HAT, X g
ST B DA R AR A, X R AR S 5 AN [
(1) 7 1 A B T 4% AR BT 1Y) — 8 A R 1 0 AT A
L, X5 T AT A b B AR 5 N X L6 AR B A 4R
S1EH.

e A AR AR A 2 — J2 H Papoutsakis 55 U 7E
1984 S K 2 K 1) C. acetobutylicum QL RL, 7E
1999 FFAATT RS T — AN/ B, 1%
TR, 5 A% O W B MR R 12 PR IR IR R AR Rk &
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RS I U N ol N AR O T D =<
C. acetobutylicum 5& Q0 R] 7= A2 T B S LRI 7= W 16 R
BUKRTRER. ZFREFER, WEH T2M
C. acetobutylicum AR HIBLRL U SR, AT A iX
S R E X B FE R A, WA AR T RLEUR
MR AR AL (5 S . 2014 4F Satyakam 25 7 f4
T C. acetobutylicum 1] 55 — A Jk [K 4 X 1 A5 1Y
iCac802. FEIZML R s i 1 /iy AR 7Y rh 38 18
SRS, 0 TCAPEIN, 528 8 e 7 IR & Bidigk
1, DA HE hnvgE gy | FES R AR A R AT
[] i F1) H CoreReg 77 ¥4 ¥ 3 [K 3% 1K # 4 % & 3
iCac802 1, JFEFUMI 1 40 5k AF PR S 0JE T BE AN T
PR & s N P At 7 R

4N, 2016 4F Thompson 25 U K 8 T W8 $u ik
(Clostridium thermocellum) 13 K 21 R AR ¢
B iAT601, A A L AL & (A L FIEI 1 £ A [ £F
YR W) Fh B 17 1 1 B At T R 5% 1 1 440 PR P o
ZE . LAY RE S AE & b 2% AR T HE R IO 2 2% 1)
UM R A, FEAE B 5] AR AU AR
P R EF S, DU 55 2 Tl Aok
b 2 JE1E 2020 4F, Garcia %% 7 7 —
B C. thermocellum % HOAR U B A
iCBI655, ZMALE — 21l RGMEHEE, EH
A T BT AT A L T DR AR A

SR, B R, HEI KT C orobutyricum
(AR R A 5 R LA, F A AR B AR AR Y 1
FEALMSEE X T C. tyrobutyricum AU (1 FF &
AAHEZERISE N WEFAEEEE R R -
R M, BEAMBIE, BUFR R A
BOUE . BEATHE Y e, B —— X RIS -
(LB -Q ) B (GPR) #H 4 j GPR # JG, JX 4
GPR 14 J3 1) 86 & il 2 AU 9 2 B[] A2k o
T F B 0 RS BB IR DL s e 1 B B AR,
T ASE A U A R T A e ke B AR ) AR R R A dE
W AU ABE 2R () 2R W T S e B R R
AL DL S A AR A (R A A0L T B JE e PR o) i A8 a1
AR, fERNZERERE, TN HFREKDE
FRERFA AL, PR S0 00 I R A ) R R SIS Sk 5
WE TN B HER A s AR S B A o AR A g AT
WAHE, MR IE . FIhEE 7. 4L SR
Y2 CURYI R AE A R HE, X R RiEAT

B3 BT, L TR A R SO 2R AR A7 0 T R % 48
K B b TR, AR T R A RS R K G
RERE R Iz K T Se30fH . 38 AR AR I 45 A5 1Y
AR R B il 35 T AW,
MR . SRS T, AT B e A T T
MR e 7 B, ARRIATH LR AR T
1) C. tyrobutyricum 4= F R H 5 B, H 4 &
ModelSEED (https: //modelseed.org/) 45 4K
P G 34T A C. tyrobutyricum 3 R 41 RS AR
PIZE AT (GSMD By, 7R b 2EAl BT AR
% A1 5 10 73 A B aE DA RS M AR B e o e ¥ B iR
AR AL, T IF K 58 3% 1 C. tyrobutyricum
BE A ROBE AR AL, IR0 B AR = )& il 2
AL, 5 SR A SR L BB TR =

3 MTREEEGRIELEMITA

3.1 EREMTHEBRS R

T8 AT DUR H — 28 G B AE W) o AR AR B R AT
AR AR TR ORI, AT X B R B3 2 T 1)
KISHAT I . B, JF3hF. IR G0
(ribosome binding site;, RBS). SD (Shine-Dalgarno)
J7 F R0 2% 1 - 2 B AR 5T oA B0 A R TR T A R
BEPRIFN B 1 R IA [ il 7

JB BT I FE AW AL G o, A A
Tt RAER RSP B SeIU R N k. A U
REWENRRERNREZ —. HERERE+S D
R T ZF s FHEHBM BT (R4 . Tao
& AR C cellulolyticum W mspl B 5 A B A
(A2866) H 4l N & B 5 85 (P4 AL A Y 44 5
) (P2, 43l /= A e (AR B 5 F P4-2866 Al
P2-2866. £ KW, FEAT 150 h B & Bl A
20g/L IR i T A1 4k 2 4] 1 SR AR B RO 2R 4E R 1)
B& fi#t s 10 P4-2866 F1 P2-2866 43 7 /K ffE T 29% Al
53% M4F 4t 2, FEHPA TR KA R I H
AR B AN S A AR . [FIRE, A2866 3K
A B AR 2 T BB A R T PR B A T A, T
BT BN — B0 T AR B . P
WEFCR I, A B A2 B T R A FL IR 7 AR S B R AR bk
EEECIDANG =R R a1 R S T ES B - N 1 3 R S B V)
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Tab.4 Common promoters of Clostridium expression

systems

BaET A P 275 R
P, A 31 peb I8 [82]
P, A sl ehl (42 3% [33]
P AL TSR R hydd WRBI T [83]
P, SR i oz A1 5 [84]
P HETM SRS [85]
P ETHE T [86]
P HESH LAY RIF T [87]

P oAt ZNUHEF T [88]

Pem-2tetO1

Mg B oA, SR A TR B R R R R T
P, EEN T ZHAETZMRE T, HHEMWHZ
C. tyrobutyricum " ¢ i F 0 240 B2 o 5 ) Y
br 17 R AR B BT, fE C. tyrobutyricum
WA Z BT HAORE . A KRS ESHIE S8
B (R4,

S = BURL R SIS TR, BT LA i
Rift#5 DUECRUS AL R e 1, E M SRR IE . 15
R A P B AR BB, Yu s ™ %
27 AN EE 7 XF C. tyrobutyricum JFURL T FEALCR |
kLR E P B RIA KPR T BE AR G R R
Wi o K BRL pMAD72 R K] adhE2 VL K% B i 156 )5
BT P, 0 B 2 FUki pMTL82151. pMTL83151.
pMTL84151 Al pMTL85151 F, g7k Hi 4 Fh 548 it
bio 45 FRLEFTHE T 4 A TR A )7, &
4 pBP1 & ] 71 pMTL82151 Jii ki H A fi i 1 B4 4k
R, kLR E e BN RIER T B A L.

GG ENR (GFP) fERAMEIRE FRe & H
SR,  RONAE Y SRR TR AR 1 AR I 0 41 A
A K TR R 0K 1) e R s R R 2 — o BRI
TE RS T GFP A REAE ABOIR 27 f AT B 1) 58 e
A5 IEE P, BH Ak Th gt GFP B H AT AE M AE MR
FRMESREAH P REMEFERRLETFES T
O, RMEALTE il e K B A i s R I & . T &2 T
WEPKEFR (FMN) B2t E A (FbFPs), 1E
B O, MM WALl R ERE S . Har,
FbFPs T4 B 2 i FH AR G148 JLR AR IR 28 AT B 7E Y
10 IR S B M IR S 0 B IR R A id, AT E AR
RIS SHIF VR 8 BRI VRN DL
B S A1) 4 56 9E 4% . Cheng 25 ) F1| ] FbFP & (4

Bs2 {E NS & AXT C. tyrobutyricum 3: R 3R 1Kk #H4T
T VAL, L C. tyrobutyricum F C. acetobutylicum
(P, 5 B 1 73wl ke & 1 P9 A UKL Ptyr-Bs2 Al Pace-
Bs2, H T %k Bs2, L[S 2 C orobutyricum
I C. acetobutylicum 1, &5 F K I Bs2 5 H ) K ik
BRI T, H5 Pace-Bs2 AL, Ptyr-Bs2
1% 5 FE AR C. tyrobutyricum A C. acetobutylicum H
S T 12 (5 1.7 %, R C tyrobutyricum
KR P, Ja 817t C. acetobutylicum KI5 1] P,,
JA BTk, S RAEW] T FoFP ZEAR AR AL . il
C. tyrobutyricum 1 C. acetobutylicum & [X 3¢ 15 J7 [H
(A RN H -

T BRIk . IREI BT RE AT
T, A1 i R B R A Ak R 32 BIBEAG o A T
MERE R, AR THRIXLER S, Bao % ™ I
KT M BFER R (pYLO0D), HAFUI%EC
celllovorans 1] W > 32 32 RM & 4t (Cce743 1 #
Cee743 1) HIFTA BRHIEA S, JFfgd 7 =1
pYLOO1 A7 A S ZH i b, I 88 i 3 ik 5 it Ji5 1) HE
HAE, ERA R EMLNFETRAENC
celllovorans 11, RAR$ewm TR HEl, A4
BT C.oacetobutylicum 5 KW FF 1  (Escherichia
colid) Z IR BURLIAI T, 1A TkE 22 /0 75
—NEHIE R L& — IR G, LA EE R
AHEHAFHNINRER E. coli Z Mk 5. Heap %5 ™ %1t
FER%E 1 Clostridium-E. coli ZF W T RibREAL AL 2R
4t, WMORHbERE T BRI . Oh%E ™ Mg [
=M Clostridium-E. coli % 12 JFi KL (pKBA411-MCS,
pKBE411-MCS Al pKBM411-MCS), % % 1 ‘& A/1%}
FHKRRE (C beijerinckii) FALRCRAIF M, 45
KW, AR FER T E RS .

3.2 EEBRHFENFLRSHL

WAL AL R G R fa il il R MR DNA BU5URL 5N
FrE i, BT FACERRE, A
fa EVRAR e B AL . HATRBL, C. tyrobutyricum
W IR A B A Tk 3 T L AL A DL R
GBI,

F, 2 L A AV R R Y v Sk vt R R 4 i B
ML, AP JE DNA 850k I i T B /L
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BT SEANE EMBE A AL LR R
GRS, BT BURLAN, 38 AT DU G OK Y B R 2
(>65 kb) . (HHFAIFLI S FHAMP mILT-E,
HAME DNA FIZ0 M A 8K, 77 ZEARAE A A 40 28
RURARAG B ZE FLA SE0G 260 7 IR R R —
B SRR AS T AN R & A TA] BORE I AH BAS 3, 75
2 10 5 240 Bz T A B fl AT AT A 8 IR AR
BB e R iz A T i G G 2 AR A A R 1
%, AR HBENBEENR S EEAERE
1, ZME. coli MFRRERSFE /N B T HAR L BHR
WREF AT 2R ™, Wk E. coli CA434 1N
PEAR B 7R BURLEE 2 2] C. tyrobutyricum W .

SRIM, SAEZRAMHE AR, C. yrobutyricum
HI4E B 3 & KSR AN 2%, X fE B ERR
il 74 DNA BENGH iIE . Rk, 5522 IR FH P
BRI R P P2 A 2805 — AR T 4 22 IR M v vk ™ Utk
Ab, AR AL o — N RS R E A 32 20 R ) B ) 4
&M (restriction-modification, RM) H#%t. WHRTE
— A ERATE FRE B, BE S H BRI
AFELERI I IMENS, B4 % DNAK S SER “ok
K7, T & RM RS0 2 0T X £ A 28 R ARE A I A1
Ji DNA AT FEff . DIk, RM &R 4 Al fé A2 C.
tyrobutyricum " T B & 7 A RCRAR AR A A .
2 TR J8 B 4H TR T DUIE R I N 20 P BE S5 AR, SR
R S AR R i S 0 BTH R LUORFP SR oK DNA %052 151
FEER 7 1) B A e P DTl P 52

HWFFE M C. tyrobutyricum 1) 3 K 41 7 51)
SrHTfE T M REH I RM R4, A 1Mo
#1124 RM RGEMTA T EIRM R4 "™ — ki,
ek b, F—/RMAZMIhAETE (1 TRM
ZYi N Rease. MTases f1 S L 1Y TTHRM R4t
N Rease Fil MTases "' ) A7 T AH i 45 Jh 7 2 [0 5 1
HEAHAR, XA BT ARWEILERIEL, TR
AE £ RM &R 4t . Zhang %5 "' 7 b 5 il & T 00
C. tyrobutyricum Wi H A e/ | BLRM R4, 1174
RGERRERIRM R4, HEAWIAR, B
TLRARE A (2Rases+2MTases+S) '™, 2MTases+S
By R L RSB E A, T Rease M 8 2 R i 4
WUTEG S PERT O 75 1. AR & A T HIE B
C. tyrobutyricum F11f] T 4 RM R G5 1115 5] 17 51 /& oK
A, HZALLE EEHHEMN , BR 2K Rease W 2

(CTK_C27620) 1] LLVH B B 1l v 9 DD B i& 1, A
M m R . BFFCR B, MR R il 1 N D
] LS s R AR P R P9 R 1% CRISPR-
Cas % 4i i &% Rease 1V % CTK_C27620, “F 548
i ARMI, 4R J& f# F B3R pMTL82151 I 48 28 48 4
ARMI G . BB RN ARMI 1)
HRRIEF|(1.45+0.15)x10° CFU/mL fit4k, S5E/4E
BB Bk (3.95+0.35) x10° CFU/mL At 14 A bt 32 =

3.7f%. ALK B, JE i Bk Rease I & 7] DL4E /&
C. tyrobutyricum i i $ & 77 2% 52 71 i DNA )

VAR
3.3 EFCRISPRHIEFEARIETIENFLR

7 DR U 5] [ 4 [2] SC B &7 41 (CRISPR) Al
CRISPR-associated (Cas) Ft[#]4H i CRISPR/Cas %
G, 1% RGO A B ) — R RNA 51 S/
T RG, RPN R AR . CRISPR RNA
(crRNA) 555 & [f) DNA J7 41 5 57 M R 3 25 &
Cas 7K [i# 1T 5] 5 RNA (Guide RNA, gRNA) [f]
S SLERE AL A H bR DNA XSUBE DI 1, p=A: gt
[A 5k 1 (double-strand breaks, DSBs), M i 5& I
“CHrHR T Bl kR R E 2 E (homology-
directed repair, HDR) 8\ 3 [F] J§ °K i 3% #%  (non-
homologous end joining, NHEJ) & 5 2t 47 2 [A]
BE, LR ERmENHK . HAl, R¥E Cas
EEMEE LR, 7 CRISPR/Cas R4t
RCOFREA: T R~ VIA, HAp TR, MMV
RGN CastEAW R ZWREEAMR, TR, VA
FVIE R 401 Cas T 2 AR i ™. M
BTZWENRS, B RS (1 2 CRISPR/
Cas &%0) Retpilid A2 DyRe Ik Cas A DIHI
DNA 5 RNA, H 38 (A fag 8, 45 2072 N
F. 7E 11 A CRISPR/Cas % 4t 1, CRISPR/Cas9.
CRISPR/Casl2a #l CRISPR/Cas13a I FHl ¢ Ay it 2 Al
iz 1. E SR CRISPR-Cas9/Casl2a f& 43 58 K1)
BFHTH, {0575 Cas9/Casl2a il HE LL 5| A\ 4H
H1. Michael 5 " R HLAE A gRNA BT 0L T
F ik Cas9 H H 22 B 3F BFAIK C. pasteurianum 15 [Hl
AR, K8/ gRNA 1 Cas9 £ 1 4 i 2 [A]
) R IEHE S N 2 kL pMTL85141 1, 4 %
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p85Cas9, FEUHMBCR LN EEL U L, 1M
I8 o V) B p85Cas9 H cas9 FE K J8 B T, M ER
p85delCas9 #1b & C. pasteurianum, AR
2 WA KE, sePl 1 IR I CRISPR-Cas9 %
RAE C. pasteurianum F [P 5K 2H Y45

K2 BF % AEV AL R IR CRISPR-Cas &
Gr, I AR PR A AR T DU G ) I R G
HE R GRS M, 5 CRISPR-Cas9/Cas12a £ AR A
b, FE T P9 Y5 CRISPR-Cas £ 45 51 %% 5 75 JR W% A6
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Fig. 7 High-throughput screening (HTS) strategy
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