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Chromosomal integration of large DNA fragments in
microorganisms: a review

WU Yuwei'?, JIANG Weihong'’, GU Yang""
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Academy of Sciences, Shanghai 200032, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: The modern bio-fermentation industry requires design and creation of efficient
microbial cell factories for directed conversion of raw materials to target products. The main
criteria for assessing the performance of microbial cell factories are their product synthesis
capacity and stability. Due to the deficiencies of plasmids in gene expression such as instability
and being easy to lose, integration of genes into chromosome is often a better choice for stable
expression in microbial hosts. To this end, chromosomal gene integration technology has received
much attention and has developed rapidly. In this review, we summarize the recent research
progresses of chromosomal integration of large DNA fragments in microorganisms, illustrate the
principles and features of various technologies, highlight the opportunity brought by the
CRISPR-associated transposon systems, and prospect future research direction of this technology.
Keywords: microorganisms; large DNA fragments; chromosomal integration; cell factories
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The role of chromosome integration of large DNA fragments in developing microbial cell factories.
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Figure 2  Operating principles of NT-CRISPRP®. A: Introduction of the NT-CRISPR plasmid into
V. natriegens cells. B: IPTG-induced expression of #oX for tDNA introduction. C: ATc-induced production of

Cas9 and gRNA.
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Integrases and the “cut-and-paste” transposon system.
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FEA R BRFOAR , JF9H TAE g i b AT AR
ARG Targetron $ AR MY FH T4 15 Y
ik BRI S  filan, BF5RE R LBk TE
16 i Ja A TI2E N & 8 &% 898 )16 2 M (green
fluorescent protein, GFP)J& K4 A 2 FLBR A 1Y
VRIS IEN tra904 . BT tra904 TEFLER
W ER EHAZ D, I T gfp B
(2 s A1,

BritbzAb, BF5EE & A B S LB
FEFLBR DA L R AL b BT B A T W TR AR T 1 3
. PUSRRbRIC 4, BRRTE WK 40 i N AR
FEFRVO SR, FE T RN AL s, B S
2N & TR ARCEATEE , HIERN S T
AR SRR O NEBR, Bk 1.8 kb, 1R



KWE F/MEMKEER DNA RBHRESKARRHE

HMEHED TS Bei e 414

5 %54 CRISPR-Cas & iy e,
wEEEHELS

IRMGL AR DNA B AR AL AR, (H
TERRE R UEFE LA S AE R Jr T I AETE A I
T CRISPR-Cas 4 [N 20 2 4B Hi AR B HY L N
X R ERAE IR AE T TR RE . 2019 48,
WF 5% & 45 1 U5 T Wk T AR 1Y 22 24 TR e 5 i A
CRISPR-Cas9 R4k, I ERGHHARLE
FK IR IR R W (Clostridium  ljungdahlii) i 4 o 4K I
SI T N T B2 B (Clostridium acetobutylicum)
R E T R A IR E(8.5 kb, 193] T —/NREWS
R AR AT T IR Tk k" 4R,
XA F dCas9 5 %% JAE T Hsmarl B, Himar1C9 Fill
Gk, FIHG B EE R -dCas9 G & HTE
AN SN A R S B T B R tAh, XE
F G W BiIE B TE R A 1 b R A 1] BORL 52 B
DNA [#5E [ #4100,

2017 4, AR E FAT T — TR A0 A
K2 A 5 B A, KRBT 2R
Tn7 5, HAUE H Cas8f, Cas5f, Cas7f
M Cas6f KA HR/N-F B Cas & M—A
CRISPR #7541, s &K 0EEMI-B 1l
Cas Z [ CRISPR %1741, 7EiXLEKA Tn7 1Y
B JEF-H, CRISPR J&[HJE (cascade) Bt T Tn7
e - rh HA FEHLAE ) S RERY 5L HERE TnsE, 38
M7 —Fh B ARMA R TR . X PR EE A DG Y
CRISPR-Cas Z ¢ (Y FFIRH UE R G EATRE R
HEAT R4 CRISPR RNA (pre-crRNA) I T, 7
A crRNA FFEARZS &, (HANRESE XA
5 DNA FIrifs (BRI HIeY, 201948, 53— Tk
PifE B R a5 R R, IR Tn7 By 8
TAEER T 3 FhREE IR S H B DI EIE MY

&: 010-64807509

Cas 81K, A4 H/NIWT-F FIL-B %Y Cas 111 K&
1A JCAZ RIS PE T Cas 2K 1 (V-K BT,
GE# KB LE CRISPR-cas AR S 515 £k
MHANE DNA, i AT 58 A S a8t A% o0 1 1 4%
&, mth R T CRISPR R4 HH HhAE M H 5
Mmoot Z Mk e &, RIET ] figid
it 5 )5 R G O HOR T RE SR HEOLEY, fildn
i R B AT RS B TS

2019 4F, Sternberg A1 BA FH5k 4 A BA 4351 &
FF, M LR CRISPR-Cas RGiE FAHICH
JAE it P S H AR B B 2 s A A8 6). Sternberg
A A1 S 2 BLIRE (Vibrio cholerae) CRISPR
AR FE JE AR 58 (VehCAST) ., VehCAST 14 3 4>
JikL, EI pDonor. pTnsABC Fll pQCascade, H:
t pTnsABC Zifi 3 /% JEREAH SCIE [ TnsA |
TnsB., TnsC; pQCascade Zif TniQ FII-F #Y
DNA #8105 54 cascade, TniQ FEr] LI cascade

CRISPR-associated transposition

CRISPR
&

Transposase

¢ Identity and binding to

target site
PAM

5,_ 5'
3’_“ 3’

Transposase

¢ Integrating

w2
W W

Bl 6 CRISPR #HX45FE
Figure 6 CRISPR-associated transposition.
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MEAEM, W5 #E#EE N TosC AHEAE
F, J5# PT48 5% TnsA Ml TnsB 5 R, Fitn]
oA 5E P 2 H AR SE B I A 5T &
PR A F R 5 R AETE BARIT S N 47-51 bp
ML E, FATE 2 NMEAJT W, 88 S bp 1Y Tn7
FEPEEIR, X Tn7 F R R A bR b vk Ay
FER 2021 4, Sternberg KB\ R kLB 42
pBBR1 ZEE A WL A OC A, Bs s+ T7
RS JofEE R, H T CRISPR M 544 FE &
4; INTEGRATE (insert transposable elements by
guide RNA-assisted targeting), #i%% 8RR H A
SR = R R G T 1A%, PR A SE R K
MBI 10 kb DL B MR RS RIS H
A7 R, 2 Y R R A [
B, AR EAMNIELSGMHA, X
— ARG A v LIS R A S at [R) 20 ) 2 d A
A B2 INTEGRATE £ % 0 & 2 4k
TN . AR, I Tl #4E
Pk, FFFESL BRI T2 X5 A B DNA J B/
PSRN T

ok B A1 BN IR £ —Fh >k A T % (Scytonema
hofmanni)f] CRISPR AH CH% JE R 45 (ShCAST),
HHHV-K & CRISPR S0 & A WA 3 A4 JAE i
TnsB. TnsC. TniQZ1i. CRISPRZLN & AW
W5 FERE S| 5 2 H ARz 45, ShCAST Wi d 78
JE I BE AR T i 6066 /Bl 36 X6F 14 137 B 5 [ 47 A
DNA FBf, MIMSZE RNA 5531 DNA 5
WA AE RN LT,
ShCAST #4 DNA F Bt 2 KT v e o 4 1y 45
Rk 80%P, 20214, NATHFE # MG A
YyeE A A A B AR BT T VAL CRISPR %% )1
R HARERVLE, hEskidt—2 ik
CRISPR AHXCHG T RGN IO SR S
THEMETHEMENFET . 5 INTEGRATE
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HH L, shCAST R BRLICIF /)N, Bl b Al LR
A KM DNA F B, 2022 48, ENATIE
H AR AL B shCAST RGi7E B A3 ik Ay BLIG
W (Shewanella oneidensis) MR-1 P4 ik |k
y#4T>30 kb 1) DNA FBL, ¥ 98 TR
JEEIE

A 3R PR CRISPR AH G FE R G I &
R B DNA B R85 T ROk, 21
WS T iR ¥ R R G e Bl i,
[l Y 4 1 T AL T VehCAST JFR T £
Qe RS TR, BT T CRISPR MK ¥
AN AP R 235 DL IS ALgd, FIERAG
Qe fh AR 10 A FARIEE 5 DL B AT
2021 4%, ZWITRIBANE LB T —FhR IR T &
18 32 50 jfd T8 (Pseudoalteromonas  translucida)
KMM3520 #9357%! CAST (PtrCAST) %%, PtrCAST
FRe R A5 s A A2 AT Tt 1) B e 47) <08 Je ik
(protospacer adjacent motif, PAM)F 51 i fi 4
PE, MET VchCAST ARSI B R B Fr
Bt 84 . i K PtrCAST 5 VchCAST Kk
G, ATRORRE IR A BoAdl A4S B B BRAL s
A H AT, Jennifer A. Doudan 5% 41 BA
W¥ CRISPR AHOCHE ik R 458 H AL Il TR A, A
P AN T5 AR YR & b DR O 8 R DLk
Frisi il e M pE R BAOkE, CRISPR AH
KIGVERGAMGRIEE L, GRIELL RNA Ky
fi] S A0 ] 4 A B EE DA RO IR, B R K
R, AL R L R B R, [ H A
EAC. KEWE . g AR AL, AARTZ BN
FH

25 BFTiR, BUA IR Bt DNA e (A fARe 5
T AR & AL R GR 1) DF5EEAT]
AL AR 4 AS 5] 5 0 58 5 5 DA KA [ e 28 40 AR )
R R R i R T 15
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Fz1 KEE DNA ZEAESH AR
Table 1

Comparison of the technologies for chromosomal integration of large DNA fragments

Tools Efficiency Insertion sites on the chromosome Operability
Homologous recombination ~ Host-dependent  Any position, dependent on homologous arms Easy
Integrase-mediated High Based on the integrase recognition sites Moderate
site-specific recombination

Transposase-mediated High Site-specific or random, based on the transposon Easy
insertion insertions

CRISPR-Cas system Host-dependent  Dependent on the PAM sequences and homologous arms ~ Moderate
Group II intron High Dependent on the intron RNA recognition sites Complicated
CRISPR-associated High Dependent on the targeting of CRISPR-associated Complicated
transposition transposition systems

6 EZ

R LR, TR E NIRRT
— RINK BRI A I e Bk 5 1Y
Tk, WESh THEARM AR, (Ad AR E A7
TERARORME . AN ST, HETLHE
PG5 ) B, % CRISPR MICH R4
MR BAEGY, SXFORGLE 245 23R ucE .
CRISPR #H 4% Ji Z 4t 3t H. CRISPR-Cas Juff 1)
Al R VRN 5% BE B R B A PR, RS LIRS Y
ORI S FH AR5 K B: DNA,
TEAS AR Y A M )y TR Y AN . SR
M, X—Z&% H e bR b WA e — 2k
SRR Fln, e 4L B4 A DNA [ A BEk
INZRR, St R EEIR A, RAE Dy
[CRAPEAN B an KA i b AT 1T ilt, HO2 R
AE % 76 o Z2 0 51 5 0D 40 B (AN A &R A AT
W PR TR B AE) M LT (N R RE A5 ) R 45 ) RE
HRATHT ;3K —F A B AR AT DL S B 7R 4 187 4 o 14
317 DNA R B ZA s s, HE MR
PR AR Z R, MAREHTA B
RN JE A o Je SR oY et

AL, SR A — AU, FRATEX Bin
PR TG K K Be DNA #8510, BR T
7 SRR G OGRS DR, X TG AL R

&: 010-64807509

AL PR B AR L A — D EE T [FRERY
SN RS TER R ERYARRALE, HRIA T
DU R R AF AR R 225 . HAr, &
] 0 2L BE T8 A T A0 s A o P Pk e ) — L8 5 0
MG AL, HBEm 28 ). D, HE—BRA
B A1 ) I e e (1A R OR B DNA RIKRL
AP LA S T et AL X — B
REREE, X7 O A s .
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