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Advances in utilizing the endogenous CRISPR-Cas system for
genome editing of lactic acid bacteria

ZHU Qing, XU Chen, ZHANG Shuwen, XIE Ning, PANG Xiaoyang, LU Jiaping

Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China
Abstract: The CRISPR (clustered regularly interspaced short palindromic repeats)-Cas (CRISPR-associated

proteins) system is an efficient and precise gene editing tool. The development of this technology has
promoted genome editing into a rapid development stage. The most widely used Cas9 protein is
SpyCas9 from Streptococcus pyogenes. As a “gene scissors”, the SpyCas9 protein is widely used in
eukaryotes including mammals and plants. However, the application of this protein in some lactic acid
bacteria (LAB) is still hampered by many factors. It has been identified that LAB genomes possess many
types of CRISPR system and are rich in uncharacterized Cas proteins. Genome editing of LAB is
possible by repurposing the endogenous CRISPR-Cas systems in LAB combined with exogenous single
guide RNA (sgRNA) and homologous recombination template. This method employs its endogenous
CRISPR-Cas system for gene editing, which has the advantages including easiness for transformation
due to the relatively small targeting vector, and no concern about the toxicity of heterologous Cas9 to
host cells. Compared to CRISPR-SpyCas9, the endogenous CRISPR-Cas system is more suitable for
genome editing of LAB, and it may become the main genome editing tool for some LAB in the future.

This article summarizes the advances in this field.

Keywords: self-targeting; endogenous CRISPR-Cas system; lactic acid bacteria; genome editing
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*1 FBEPELHRILN CRISPR-Cas REILS
Table 1 Summary of characterized CRISPR-Cas systems in lactic acid bacteria

Species CRISPR  Predicted PAM Application Efficiency References
types 5'—=3’
Streptococcus thermophilus 1 -E [-E AGG Type II-A system used for None [39.45]
IT-A IT-A  AGAAW  self-targeting, resulting in
Ir-c II-C GGNG genomic island excision
(37.4 kb)
Streptococcus mutans IT-A NGG Endogenous system utilized for ~ None [46]

deletion in g#fs gene, resulting in

decrease of EPS synthesis and

thinner biofilms
Lactobacillus crispatus Ir-A [-E  AA Type [ -E system reprogrammed Deletion: 100%; [43]
I-B for deletion in p-gtf gene, insertion: 36%;
1-E insertion stop codons in p-gtf’ single base
gene, and single base substitution substitution: 19%
in p-gtf gene
Pediococcus acidilactici IT-A NGG Endogenous system used for Deletion: average  [44]

deletion in pyre gene, insertion in  68.75%;
I-ldh gene, point mutation in mpi insertion: close to

gene 100%;
point mutation: 90%

Lentilactobacillus buchneri 11-A NAAAA None None [47]
Bifidobacterium longum I-C [-C TTC None None [48]

1-E [-E  NAAG

I-U [-U TAN

In-c II-C GCN
Lactobacillus gasseri II-A cTAACc None None [10,49-50]
Lactobacillus sakei II-A II-A  RAAA None None [40]

II-c II-C RYAC
Lactobacillus casei II-A tGAAAA None None [10]
Lacticaseibacillus II-A aGAAA None None [10]
rhamnosus
Lactobacillus jensenii II-A tGGce None None [10]
Lactobacillus pentosus II-A TTAAT None None [10]
Lactobacillus fermentum II-A YAAA None None [51]

N: A/T/C/G; W: A/T; R: A/G; Y: C/T.

HEATH ML SC B B0 UE PAM A SE, B EE S — R AN spacer il PAM BYHUIEBURL , 43X L&
fe e PAM SCEW T BOR LA TE EAiM, ik BobcR e airs Eaif, FIHPir- PR E,
15 FANA R RBR M s FAMN R B RAE T SRR R LR AR B 2 TR, LR 2
U ) L DX g S, AT 7 184G R PAML, R 5 Wi PAM 2 A A0y, IF LN IR R G005 1

(6) FIAHFCK THLSLIe A Py CRISPR 34y, 7E78 EIEMN U] A spacer AL kAT
RYGVE: 4 spacer JFHMENFRTH), M DIE], SEE LT
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U, UCEAS Bsa T EEYIL A5 18] A] LB 2 6
AR crRNA, KT $I J5ORE H A% 4 1 32 4t L
FH 2185 2P0 - A i o P o [ 3 a0 — 25 0 )y
Bk .

21 FAEHAFERIREIL-EBRFERXH
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CRISPR-Cas prediction and characterization workflow!

52]
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T ST O S SRR, X il LT R G A H AR AL
e oE gk R 2218155 Hidalgo-Cantabrana 25 Hif
SR, BHFATERERNAU S A CEMN T -E
Bl CRISPR R%:, 4 I fE -+ )7 51 5w
FRIAAS SRR 2 TR G R g R, T3 P
Cas FEFTIHBIM PAM J& 5-AA-3'. kit
— AU sgRNA AN & 5 A 9§ 1) 5 B 3k
DL G [ FR M0 1) FokE, s 2T,
5 RIAN H R 1 FE T HE R SR 99%, TESKE
ZH ) CRISPR R4t HARTEIR . RS WF9E 1k
T3 i AN A S AR A 4T 8 Bk 43 1) B i
SE i R AR SL B | Ik PR AR PR I
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' Bsa | Bsa | ’
TATCACCTCTAGAGAGACCGACGACGTAGGTCTCC
ATAGTGGAGATCTCTCTGGCTGCTGCATCCAGAGG

__Bsal

=

Lp sgRNA scaffold

pMST-Amp

2 TR AL

Figure 2 The map of targeting plasmid. Targeting plasmid is usually a shuttle plasmid, containing the
following basic elements: Pldh: promoter for sgRNA expression; Bsa | site: crRNA insertion site; Lp sgRNA
scaffold: tracRNA sequence portion of Lactobacillus paracasei sgRNA; HR: homologous recombination
template DNA; promoter-Amp": ampicillin resistance sequence operon; Erm": erythromycin resistance;

pMVO1lori: origin of replication.

PRCRIE 19%. FIH L. crispatus IR 1 -E K
CRISPR-Cas RGEAEIZIE FE A R HGIA T
2R, Rt L. crispatus A
PRFFIE B8 2 T 3R
2.2 FIRATRETKE II-A B RFEEPR gtfs
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AR T ik BR TR S 5| N 2 U 1Y 32 SR
BRI 0T, RSN AT DR T P AR B AR 2 K
PRI R A U RZ s AT DLG R A
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JEE o S T G b A 9 33K ol A ) B ) T R X 2R
77 EPS H e AR A Th e SE N 4 2%, R & T
KT AR bR B A4 2= T E,
LR TOARIC AR RS ORISR RGP,
AR T ] DU A AR TR BEER B R AR A, H
TR AT IR AL, RCRAL, BIF B4,
2R P45 X AR T BEBR T UA 159 (3 K 41 k4743
Br , 7 1 bR & A 58 88 19 11 -A 4 CRISPR-Cas
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R BEE T E LA, 9 WoR H FLER R R A
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[ 8a SR Y I = W2 A L/ e
24 FIAEAERFEI-ABRREIUER
AKX FEBERE

5 ERF AR CRISPR-Cas 24552 PR
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