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Cloning and refactoring of natural product biosynthetic gene
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Abstract: Recent rapid developments of synthetic biology and genome sequencing technology opened
new possibilities for the discovery and development of microbial natural products. However, a majority
of natural products are difficult to access because many microorganisms cannot be cultured, or are
difficult to be genetically manipulated. Heterologous expression of biosynthetic gene clusters (BGCs)
for natural products in well-characterized hosts provides an alternative way for the discovery of natural
products or improvement of their production. However, the success of this strategy hinges upon the
cloning and refactoring and/or optimization of large gene clusters. CRISPR/Cas system greatly boosts
the development of cloning and refactoring large gene clusters, and promotes the discovery of natural
products from microorganisms. In this review, we summarized the recent advances in strategies for gene
cluster cloning and refactoring based on CRISPR/Cas system, and discussed the application of related
technologies in the discovery and development of natural products and their significance.

Keywords: natural products; CRISPR/Cas; cloning of gene cluster; refactoring of gene cluster

B R R ALy R By PR R i, AR
BF i s 1A Yy R I A A7 A i D g
RRAY AWy R R , i BEJE (R 7 G ) 1 T T
ML AA LS R IR = SR T2 A 3 B R
FRAE W WLAR A T AR DU EOR B 30k . Ik,
A ST TR IR DR 7 1) 208 O 32 408 K AR 7= )
R S B TR TR R )™ ) R DR T AR 1 A P~ i
DRI J2 i 3 200 (S0 5 Sk 287 W 36 10l HL 0 ) 3
LRGN T a4 F, IR SR A T gk
FEVERIN B AR R SN RVE SR
Jot e R 35 s 7 45 DR 2R o I A AR 9 R 2 )
25 M i R SR = My 0 & . A8 2 FpEE A
FRIAG L T &, (HARAFE I R A
KB F/0 0 Ao TR BN A
WAL BRVEME S o) R, 2 R T B 5
Worimt e W B RN — 2 A 255>

Ts WA 4 S PR ROy vk S R I AR 1Y
BEMLYEAR 5%, B RER; B2 . %
B T RS TR I R T 20 4R i) R K ™
HERZHIT T, MELAT ARG, oML —
TE RIBEALIE 5 2k 2 0 1 8 9 5 DN ot R 9 42
LA 2 H TS DOBRAE N SR R A R0 FBL, (HIA
NARZ T ERE L ERVEE . A H RS S5 R
LA T % T Al A g A A T A
PR (60%370 A 3R 24 49y 1Ay 7= A 1R ) 22k PR 7 3Rk 1 94
PLRI IR ADTIE, BETEE IR B R IR W i A
Wy 1 BT AR A . HAS 2 B R
PEIA T, i = R M 5 21 22 Bl R AR R
DRI =1 i A L, Pty UL, 7 DR B ik o
AL RN TR R Ik 2 BB 2 IR W2, i,
A AL SR 0T BB 2 HA = AR
R 10 4% 2 ) A A 0 (A 1 € T K

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TRAAMGSE: FT CRISPR/Cas Gt IR AR WM 5 1t DAL e o e A G AR 3935

5 2 B)VE R 1E B UEL T R IR 7= W S5 DR 32 () S
B e SV W at [ ek /DS =T &= A=k 7
PR SE A R P

B DR 1) S 5 e o R 7 S YA 2 T ok b
TG s S B R TR N T B GRS, (R AR AE
ADME, e, SRR ERANE GC &
1R i 224k A W) (polyketides) 3 K] 1% 7 7 &2
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BE H Y 3L R R FERT CFE 1151, RecET H 4 4%
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MW FEIREH RS, [ HIREEN A DNA F B
5 TAR Bk i BoR A AL 4%, T SEBixT B
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LA v R R 2K B: 25T CRISPR/Cas9 1 TAR % 56 X 5% v e % RoR & [ ; C: 5£ T CRISPR/Cas9
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Figure 1 Direct gene cluster cloning methods mediated by CRISPR/Cas!'®*’!. A: The diagram of gene
cluster cloning method mediated by CRISPR/Cas and Gibson assembly; B: The diagram of gene cluster cloning
method mediated by CRISPR/Cas and TAR; C: The diagram of gene cluster cloning method mediated by
CRISPR/Cas and ExoCET; D: The diagram of gene cluster cloning method mediated by CRISPR/Cas and in vitro
A packaging system; E: The diagram of gene cluster cloning method mediated by CRISPR/Cas12a and Cre-loxP.
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%1 #ET CRISPR/Cas RFHIEFE & 52 bE 75 A HF1E
Table | Features of gene cluster cloning methods mediated by CRISPR/Cas

Methods Principle Maximal size Advantage Disadvantage Cost

of cloning
(kb)

CATCH!® In vitro 150 Able to clone BGCs Low cloning efficiency High cost (Cas9 enzyme,
CRISPR/Cas9 larger than 100 kb.  (21.6% for 100 kb genome T7 High Yield RNA
digestion and BGCs can be cloned fragment). Low cloning Transcription Kit for sgRNA
Gibson in 1 week efficiency for BGCs from  preparation, Gibson
assembly high AT-genomes Assembly Cloning Kit,

E. coli commercial
electrocompetent cells et al)

CRISPR/Cas9- In vitro 55 Broadly applicable Must use yeast, technically Low cost (Cas9 enzyme,

mediated TAR CRISPR/Cas9 across a wide challenging, time T7 High Yield RNA

cloning™”! digestion and range of fragment  consuming (more than Transcription Kit for sgRNA
yeast sizes and genome 1 week). Low cloning preparation, yeast
homologous complexities efficiency (32% for 55 kb transformation kit et al)
recombination genome fragment)

CRISPR/Cas9- In vitro 106 Broadly applicable Low cloning efficiency (4% Low cost (Cas9 enzyme,

ExoCET??? CRISPR/Cas9 across a wide range for 106 kb BGC) T7 High Yield RNA
digestion and of fragment sizes Transcription Kit for sgRNA
RecET mediated and genome preparation, T4 DNA
homologous complexities. BGCs polymerase et al)
recombination can be cloned in 1

week
In vitro packaging In vitro 40.7 Rapid and Relies on in vitro A High cost (Cas9 enzyme,
mediated CRISPR/Cas9 convenient, BGCs  packaging and ligation, T7 High Yield RNA
approach!®’) digestion and in can be cloned in technically challenging. Transcription Kit for sgRNA
vitro A 1 week. 54% Difficult to clone BGCs preparation, MaxPlax A
packaging cloning efficiency  larger than 50 kb Packaging Extracts kit,
system for 40.7 kb target E. coli commercial
BGC electrocompetent cells, T4
DNA ligase, ECOR V et al)

CAPTURE®! Invitro 113 Simple and robust, Casl2a recognizes T-rich  Low cost (Cas12 enzyme,
CRISPR/Casl2a BGCs can be cloned PAMs, which limits its T7 High Yield RNA
digestion and in in 3—4 days. About application in high GC Transcription Kit for sgRNA
vivo Cre-lox 95% cloning genomic regions preparation, T4 DNA
recombination efficiency for polymerase, E. coli DNA

100 kb BGCs ligase et al)

Ak, Casl2a AMUATH T RBSEER BN 8 MEXTMRIFITE RN, £54G CRISPR/Casl2a
B, AN TRHEEN S, 2017 45, Lei % ARGV Tag DNA E MR R bE, BE
W5 T CRISPR/Cas12a VI EIHEAR DNA A4, FER W T A KA B DNA 4 RS0, fn N
TR HB TR BEO 4B 275 b1 A BFEReE CCTL (| 2A)7, BF5e & 0 % 5 Bob it &
[8]f (spacen) K JE(17-19 nt)f) crRNA 5T, 21 R IL N (act) I R JE A actll-orf4 A9 )3
CRISPR/Cas12a AJ LLF¢ R UJEIEEAR DNA B, sh P& M iR ia 3h+, iidem 1k
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Figure 2 Refactoring gene cluster methods mediated by CRISPR/Cas'***'!. A: The diagram of single-site
refactoring of gene cluster methods mediated by CRISPR/Cas; B: The diagram of multi-site refactoring of
gene cluster methods mediated by CRISPR/Cas.
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JA T TR, 4 i mCRISTARP (/& 2B).
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i e ARAT B va b 5 7E UL IR Eit—2 e H
P 35 R 7% 1) B 2 TR % 2 1 BB A b 2 B 1
BEAA, MMSEIE R R R 21k 4-8 Nash+
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AL INBRECR . fETF R T B — 20 ik
(CATCH)J5 , BHEWEMETIT R THEF A
4h CRISPR/Cas9 1] F £ 41 g [F] V5 8 21 R 45
XFR A Be AT B v, ik AT LSE B
[l Bt Xt 6 A a5 B4 T 2240 A 4 Y 2019 4,
Kim AR THRLU5, 48 mCASTARPY
(1 2B); flAfiTLA tam B[R % R p U N R ok A 7
Tk RS, SEEIT 4RO
W — AN BT A T AR IR I TR BHEA, &L
RANy 25% LA B, AT A% TE R
atolypene FE RV T A shF &5, P& 17 FE
FRIE, F°H42 T atolypene A Al atolypene B
PR G

FHASF 55—l o s, 35 R 2 o b 11 Ak &/ il
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Pl faj e . ROG . R R, T HZOR G R S
T EHASERNENH S SR, A T 4% 5K
B T Z AR A G . (EARCRRE,
I I 56—l 5 i T S TR B 22 467 a5 1 T) st i
I i BRI TS SR W

PRI TURIEE T CRISPR/Cas J & LR 5% 4
BB LB SR T A, TR 2.

3 REH5EHE

R T SE PR A A W R TR s A B R ]
KIRT= S VIR AL A, R DA A RS
AR BN T 1 7 DR BTG 7 T RO BRI, TR &

B —E 8 M AR A 2 DR R0 R I 2
SCEL B AR — AT . TR RUAE P A AR
/ST, Db RBEE &R IS & F iR A
R PR 22 B0 A5 G i Ry Ll O RS SR, AT
R b 52 R 2R 6 ) AT 4 1 S i 1 3 P e o
RLER 32 TR 8K 7 ) 5k TR 2 o B S 4 13 R R e A
AU R A R AE Moo B = A R R A PR
HETX — SRR A TR By, MR A5 &
FEH TR AW 77 o L 5 DR v s J T
HEF PCR WY 5 B 7 I A AE v 3 e 91 TR Al
 GC S IBR S 2 K A 588 iy Ia) i, A8
AI DL ) Gibson 55 J5 e 41 % 245 Bk A= ik

%2 ET CRISPR/Cas RGEHIEE IR RIE A EHFHE

Table 2 Features of gene cluster refactoring methods mediated by CRISPR/Cas

Methods Principles Number of  Advantages Disadvantages Costs

simultaneous
editing sites

ICE™Y Invitro 1 Simple, short time Single-site editing High cost (Cas9
CRISPR/Cas9 period enzyme, T7 High Yield
digestion, T4 DNA RNA Transcription Kit
polymerase+T4 for sgRNA preparation,
DNA ligase T4 DNA polymerase,
assembly T4 DNA ligase et al)

CCTLE" Invitro 1 Simple, short time Single-site editing High cost (Cas9
CRISPR/Casl2a period. High efficiency enzyme, T7 High Yield
digestion, Taqg DNA (70% for single-site RNA Transcription Kit
ligase assembly editing) for sgRNA preparation,

Taq DNA ligase et al)

mCRISTAR?® In vivo 4 Multi-sites editing Must use yeast, Low cost (construction
CRISPR/Cas9 (21% efficiency for technically challenging.  of CRISPR expression
digestion and yeast simultaneous Times consuming plasmid)
homologous replacement of
recombination 4 promoter sites)

mpCRISTAR®?!  Invivo 8 High efficiency. Must use yeast, Low cost (construction
CRISPR/Cas9 Multi-sites editing technically challenging.  of multiple CRISPR
digestion and yeast (32% efficiency for Times consuming expression plasmids)
homologous replacement of
recombination 8 promoter sites)

miCASTARE! Invitro 8 Simple, short time Must use yeast, High cost (Cas9
CRISPR/Cas9 period. Multi-sites technically challenging.  enzyme, T7 High Yield
digestion and yeast editing (25% efficiency Approximately 5% RNA Transcription Kit

homologous
recombination

for replacement of
4 promoter sites)

efficiency for replacement for sgRNA preparation)

of 8 promoter sites
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HA R % 41, EAAEERER, e H ok,
JEHGE MR KE KT 50 kb 19751 B 4k B
AT & o 3 — Bl T 7 Bk TR v
VIBG S AL FE N4 DNA, 3 oo b i P 4 5
PEARAFIE AR R B, SRTZ O i D R AE R 2 44,
BB HART o fESLR RS 4E i, iR
T P B[] Y5 B 2H AR M 1 S 3 T TREP . DNA
assembler* 45 F7 AR B T £ 4 5 N 7% 19 %
T o SR X LE 45 AR () 07 AT AR 52 313 £ B Al
Eb G P - ] 95 = 2 AR 1) e B 7 TR KO T 2
ANFEERRIC R E T, PRt g A A B L 4 4
WAL, DNA assembler 5| &32 5] PCR
PR, ASE PR K IR E AR . BT
1% Bt () BR P P9 U0 il B X e (48 bp) K
DNA 1A &, CRISPR/Cas A&l KK
(720 bp)Al ALY sgRNA FF 41 Sk AFE g 1) E 40
DNA [R5, $a e 17 A ) o S e
PE. LY Gibson. MERE RV H2H S 20 B4R
GRS TR A A SR R L 5
Bt Je Z 98 s AR AR, IR TR B R AR W 1)
RGBSR, H RS — AR A i Bk
A, A B I s R A e A A 22 L e i R R
W AFAEXERE R . BHPE pERE AL . BOREK | X
DL il AL T R A R) @, f %5 CRISPR/Cas i
RIT EAYIT % T DNA 425 R E R, Fok i
o AT LS B K 7 B 35 DR A e e R 22 0L o G i 3
sk mRUl, DLE R SR S R sl B
SCERVETT SR, VRTINSO T A D & M
RIUREZ
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