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CRISPR Locus Analysis of Lactiplantibacillus plantarum
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Abstract: The CRISPR/Cas system is an acquired immune system of bacteria and has been an important gene editing tech-
nology in the field of synthetic biology. However, at present, the analysis and application of CRISPR/Cas system of lactic
acid bacteria remain insufficient. This study analyzed the CRISPR/Cas9 system of Lactiplantibacillus plantarum
TCCC11824, a novel probiotic strain isolated in our previous study,and 12 other strains of the same genus. The results
showed that the CRISPR system types of the 13 strains of L. plantarum were all Type I A, with characteristic Cas9, Casl,
Cas2 and Csn2 genes flanking the CRISPR sequence. The tracrRNA was predicted to be located between Cas9 and Casl,
while the repeats differed from each other and could form a stable secondary structure of 5 or 7 bases. Among them, the
spacer sequences in the CRISPR sequences of 8 strains of L. plantarum could collectively target a total of 12 phages. The
most efficient PAM sequence for L. plantarum Cas9 protein recognition was CC. This study helps to understand the mech-
anism of lactic acid bacteria to resist genetic infection during the evolutionary process, and lays a foundation for the devel-
opment of efficient gene editing systems.
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CRISPR (clustered regularly interspaced short pal-
indromic repeat , F  [A] B AL 7% 0 Bl C & K ¥
41]) /Cas (CRISPR associated protein, CRISPR k4
) FR G0 A B TR AR ke 35 45 1) o (AN 7]
TR FORAE) (12 AR E AR e R %R
it CRISPR JFHIA Cas [, Hh & E 75
(direct repeat, DR) Fl[a] [ 541 (spacer) S HEFI 4 %,
CRISPR J¥41, MMl Cas W& —Fl HA LR N VTG 1
AR BT, AT AR CRISPR 5w a] b3 X oy (Y
RNA F55(, U IF HU) R R i 5 HF 5 B A
DNA #5, CRISPRJFHIFERT T X (47T St s A 1t
pre-crRNA 15 pre-crRNA JF5H 4K tracrRNAP L,
T AN A TE UM B RNA (dsRNA) X3, #%
RNase [EF7E Cas 5 FAFTERISAE TN T 2 A0,
5 SANE E Y Cas RZRRRES A B A AU X
T Type 1 B RS0, #MNE DNA #f Cas9 2 IR AY[A]
Bf 5 crRNA BCXT45 6, IWIMBEHE 1 455 IF R, A
AR 52 e — 20T P80 e i 91 A 1] s
JEYIRER#AFAE CRISPR J@4lH, T T — Ik Syl 2
AR DNA J751 . BRI, X FLAR A CRISPR/Cas
R TRIRA RS, Al Mg L AE b # v
BAAE 4 M 38 A5 0 I (N P A | R0 558) (R A AL o
[, B CRISPR/Cas RAMIHLHIFILIRER H 223
W , 2 R G0 O R Jk R i S G AR )2 o A
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W o TERTIANESE b, AR T e A5 T — R AT I
K 25 AE TR0 A8 P LA A BB R Ak TCCC11824
(CGMCC NO. 8198) , Ff 58 i T L 5 [H 41 I )7
(GenBank NO. CP169649) . #X T, H #if ¥ iZ% @ k&
CRISPR/Cas R4t 53FFHAE B I S5 A W FURE AT R
by PR P =2 181 11 7 [ =2 Ak v Ja AR o ST U, AR B %
TCCC11824 % 13 #f [ i 4 40 LA AT 11 o1 K 1)
CRISPR RGEHAT LI AT, IR/ R 26T 854k
PR HEA 7 T BT B, RIS h e 20 A 7L
FEAFBE R CRISPR/Cas &K 4 2 4t 1 B a2 {5
RHFRE .

1 HESHE

1.1 ##

NCBI Genbank it % i LA 4 5L R 41751 11
12 #RAED) FLAEAT I, 35 A ZLAE AT & FLPLOS
(NZ_CP046119.1) . 18 4 L A6 #F 1§ 1Y02065 (NZ_
AP028145.1) AEPIFLAEFFE L55(NZ_CP110536.1) |
FYFURAFE LPT52(NZ _CP090819.1) | A FLAEAT
MSJK0048 (NZ_CP136670.1) . 18 ¥ 7. i +F
NCHBL-004 (NZ CP141596.1) . 1 ¥ 3. # #F
SRCM103473 (NZ_CP035224.1) . # ¥ 7L # #F &
UNQLp11(NZ CP031140.1) , fHHIFLIEATF VHProbi
M25(NZ_CP142771.1) WS E WLPL21 (NZ_
CP122378.1) . i ¥ % #f ¥ W ZDY04(NZ_
CP122406.1) 1 #i ¥ L #i #F ZDY2013 (NZ_
CP065160.1) , DA K FR A 52 50 2 Fif A 57 16 45 5 I 5¢ B
FELRIZH I 1 A FE R AR AR (BAUR & #1152
Z1.201310491340.4 F1 ZL202110166286.0) #i# 74
- TCCC11824 (CGMCC NO. 8198) .

12 Ak
1.2.1 CRISPR/Cas % %% A Fm]

M. Fl - CRISPR-Cas++ (https://crispreas.i2bc.paris-
saclay.fr/CrisprCasFinder/I ndex) /31 CRISPRdisco
BT 13 B FAEAT AR 4 CRISPR F
Cas By 5L, FF-HE CRISPR/Cas RGEHIZEAL,

1.2.2 TracrRNA 4= & T

tractRNA 7E CRISPR & [A JgE )N 19 o7 B A £
SFOL A1 o Hr, ABRST RN 13 MRATY FUAR AT
f) CRISPR/Cas ZGi & T Type I A #I, XFF Type
1% CRISPR ZZiMM 75 , tracrRNA HFLTE 4 LAY
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PiE, 73k : Cas9 1) L¥iF . Cas9 i Casl ZI[AJLA K
CRISPR FF8IH)_E T ¥ DR FFAI 51X 4 M E Y
Fe AT IR [ | B ra) Heoxt, 0 26 i BE X il B 2 14
g, Bz B E Pk ok, WA Promoter 2.0
prediction server (http://www.cbs.dtu.dk/services/Pro-
moter/) #£ 47 J7 B F 1) T 4%, I ] ARNold (http:/
rna.igmors.u-psud.fr/) 1 T2 E 1S4, LG5 R L
i tractRNA )7 0] o f i, B 1) 380000 235 SR 0
CRISPR & [ JAE N 24 SR 2 s B A
123 EH 770 =R EEH AT

KA E A P A A A A RSO T, AT
S AT e BURRE ) 2 e — g s #1100, o FRFE e i
RNAalifold (http://nibiru.tbi.univie.ac.at/cgi-bin/
RNAWebSuite/RNAalifold.cgi) 731 H — gL 454 , ded%
/B 1BV (minimum free energy, MFE) 315, 4%
EIEPEIRN , APFA IR B — by i 1
1.2.4  Spacer /3| xF 7% B 4k o9 Fe @yt 5L o A7

LU E PO LY AR, CRISPR/Cas &
GEARBIVUNIF BT IS IREAL Y B RO E T, bRl b)Y
Tk s (LRI 21 | e S (v 18] Fi e 471 4
A CRISPR J¥4l, W H] CRISPR target (http://
bioanalysis.otago.ac.nz/CRISPRTarget/crispr_analysis.
html) f W B 1A K 8, A 40 S5 M Y S A
CRISPR/Cas Z 4t H i [1] [ 1) S5 DC IC 14 Dt ] e 1
B, 2 VT 3 AT, FEHAS R il Al
1.2.5 PAM B3| 5 H7 B st 4 6 TTALAL

I F CRISPR target (http://bioanalysis.otago.ac.
nz/CRISPRTarget/crispr_analysis.html) 43 £ J& [6] f& ¥
HIFHE 10 bp KEERBHEET S, N weblogo (http:/
weblogo.berkeley.edu/logo.cgi) #E47T A] #L4L 434, DA
W B AR FUAEAT B Cas9 HEHXT PAM (proto-

spacer adjacent motif) J7- 51 I A IR 4T

2 HRESMH

2.1 #EWIEFER CRISPR EE ELH

13 BRAEYIZLAS AT A9 CRISPR 751 L3 1. AHF
FEW ) 13 BRAEYIFAEAT RS HRA 1 A CIESEW
CRISPR #%4t, #If71E 4 A Cas, 435k Cas9. Casl .
Cas2 . Csn2, fii 7 CRISPR 434, £HIixX 13 Hfl
WIZLMFF ) CRISPR/Cas RG 2T N Type
IT A %1, CRISPR JFHI K BEETE 168 ~ 1188 bp Z[H],
6] FE A BB HAE 2~ 17 S22 00 [A)BE R 9K 2
30bp B 60 bp (FEAETHIYIFUAEFE 1Y02065 ) .
13 BRAEYIFLAEFF T tractRNA B J7 ) T 25 52 0H
H tracrRNA ¥ FHAYIZUFF ) CRISPR/Cas &
i) Cas9 ¥4I 5 Casl [PHI2Z10], 5 Cas #5557 1]
F1 CRISPR #%3% 77 M #H) - tractRNA X5 repeat [X.
P B X EL = I8 34bp, 15 repeat [ A1 Y 4R 22 Kk
(94.44% ) o WeAb, Sk T T tractRNA B J5
T 5L0EF, BHEFT I M T E— 208 RNA IR
JEE N I DA IE o % 2L FI Y CRISPR/Cas & 4t il
tracrRNA 21l i, Wikl 1 s,
2.2 XEERFIZHEHHTN

I JPH S S A FER S MRS RNA
PURIEAEBRY)fE . AT A SLRR R M, % Sl
RNA FBHETE PR ZER , HZE K BELE 4 ~ 8 ML
[E]. i RNAalifold IR )P RNA 245
A FURAT I CRISPR E1 42 ¥ 90 ke —
PSR AT RENE, S5 2 Frow, RN 2 Fh
RAEH

®1 B3HREWIEER CRISPRFS]
Tab.1 CRISPR sequence of 13 L. plantarum strains

[Ll7S CRISPR K:J#/bp  Spacer ¥t DR i /bp DR J¥%1
L. plantarum TCCC11824 1091 16 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum SRCM103473 168 2 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum UNQLp11 234 3 36 GTTCTAAACCTGTTTGATATGACTACTATTCAAGAC
L. plantarum LPT52 564 8 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum ZDY2013 1025 15 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum VHProbi M25 498 7 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum NCHBL-004 1092 16 36 GTTCTAAACCTGTTTGATATGACTACTATTCAAGAC
L. plantarum MSJK0048 696 10 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum IY02065 1188 17 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum ZDY 04 1026 15 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum WLPL21 1026 15 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum FLPLO5 1026 15 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
L. plantarum L55 1092 16 36 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC
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Fig. 1 CRISPR locus structure of L. plantarum

2 EEFYIK RNA ZH 41
Fig. 2 Secondary structure of repeated RNA

B 2 H e B R Sl R oy A ) PR B P i
41 : MSJK0048 . VHProbi M25.1Y02065 ., WLPL21 .
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103473 . TCCC11824, fz/) A Hi fig h-3.35 kJ/mol, Z£
KR 7 MRS B 2 HA R B RS Hst i
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2.3  [E)fR XX E A R R [ 1R i

BB X 7 471 (spacer) 3 & >R IR T4k L P i,
TELTRAT i SR I RE Y FEH, Cas9 ZE 1 (Type I
K CRISPR/Cas R4t) SAEUNRE 74 ek =5y )
Tk, 4l A A C I CRISPR JF4IH, T HRSE X 4
HE 40 3L RE AT B8 T BE G 37 A mE AR e,
CRISPRTarget MW RAEIE ZEXT 13 PRAEY) FLAEFT
CRISPR 34 i iy [B) B e A0 64 743, 25 R anf&l 3
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Fig.3 Targeting situation of L. plantarum

TESETC 3 DMUANRIZRAET , B 3 s R AR AR AT
BRI WA, 8 BRAEY)FLRAT AL ) 12 PP
A, T4 5 BRTEFRTC 3 LA RS0 T B 48 ] R
AR o S8 ) g BT A 2 B 22 110 TR R 2 A ) FLAEL A TR
LPT52, W] L[] Bromius . Bacchae . Lpa804 55 8 Fi
W BT
2.4 HEWIENE Cas9 ZHIRF PAM F 5 R TN

PAM J¥S &N+ HAr DNA -1 CRISPR/Cas
RGBT EI B DI DG — B e 41, i 5
SRHEAR ) DNA Xk, PAM J¥4IJE Cas 2R
H#Ar DNA & Z4rd . PAM P8 AALERIN T
CRISPR/Cas & GE UM HARZIR B0 S ME AR 1
fdf Cas & F1REGS EORTMEHDFR B FUI RIS R AMAZIR
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A ZXE B4 A & AR IE R DNA JF83E T
R HEDIE AR A R BN - AR LA FL
FEAT B A LR B 90 B 5 m RN 37 FE T 1 & IR
PAM J¥4I, KEER 2 e 3 AL, H 5y
PAM 5ty CCN (& 4 |), 3% PAM 8 ks
CC(A 4 ), HIEMFE AT CRISPR R4
PRSI = 1 PAM JF31 K CC.,
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4 HEYILEFE CRISPR 245250 PAM 447
Fig. 4 PAM recognition analysis of CRISPR system in
Lactiplantbacillus plantarum
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BN IR B ATE 469 BN TE LR 4 L
849% Tt A I L [ A P &R £ 7E CRISPR/Cas R4t
CRISPR ¥4I Cas & 3L 58 A0 & ez Dise, Fh
PR IA] B P N FE W3R 5 i Cas1—Cas2 E -S4 %)
CRISPR J¥4Ih , &A™ 0] & 7 51 33 R 2 52 7y 47 4 B
TF, 18R R SRR B R s A B e
FRUCHE AR 0 S s ) B AR A& G4, CRISPR
P4 AT LU Pt i AR R AR, 6515 Cas BEIRA
1B I, Ad LA REVE FH PR ) & A o B R
245 £ CRISPR W [H g X ¥ 412 5 . A& X 78
CRISPR HE[R A b A HESIN 5t 1 3 AL s IR] , gk
I [R] B DX 731 2 B3 A 31 CRISPR v a5 IS
SIS — AT B () p AT DT« AR
X LB ] AR A TR S8 5 U, 7 — 8
JE A S B TR 2 B AR s A P R G Y | 34
N ANTE A T — T DR AR 1 43y i)

Cas TEAN[R) A G328 B B v AR B HE AN ) 28 764 1y il
TP ) R T O e A T T 2 R SR T
. WH ¥ CRISPR/Cas RG5 AWI K (Classl Al
Class2) .6 Fhz7 (Type I —Type VI). Classl R4t
it ZHh Cas AL GYS SREMRIMNEBHEY T,
& Type 1 %Y, Type % Type IVH, Class2 RZ0iH

A H A K Cas AT THFEIRTIRE, @FE Type
I 7Y Type V#Y Type VIFEY, XFh43r240 A 5 0
WA TR BORER Y Cas B AR . ABFST
Y FUMAT#) CRISPR/Cas &40 )& T Type I
AU, 7 17 CRISPR-Cas FRG0HAT 4544 ] B B AL
I T AL SR, FERE R g T
I L

H Hi, CRISPR-Cas kPl 4 48 22 ¢ W I 12 19
Cas9 FE I, KI5k U5 T B Medid 2K o 25 3 2L RR T 1
AR D 2 v, AEFLIR TR H %) I FH 303 3 AN 1, X
WA I F CRISPR/Cas 11435 [F] i 4 2 5t 78 7L R 18
I 2 BRI PR o M= st b, LAR 3R 20 | [A)
FES A EE N CRISPR-Cas W, X FLERH H HIE
CRISPR/Cas R G A THRA TSI IF5E T 25 S - A
EAFLRE R CRISPR/Cas DK 4l R4t , X FLRATH
AL R 2 L HAME . (B2, AFZLER R 1Y
CRISPR/Cas 8T N AFIESAF1E B 25 5% . BT, &
1 g 5 BRI (Streptococcus  thermophilus) . 1 1 FL,
¥ (Lactobacillus sakei) . INECFLFFE (Lactobacillus
gasseri) . 2 MFFFH (Lactobacillus crispatus) . LR
F BB (Pediococcus acidilactici) 5545 T Fh FLER & 1Y
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