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EHRI =

HEYEL AT E PC518 R pLP224 B A I AR pMV158 FKik
R IR =T A0 & #E M 2 4

BRA weE M RRE’ RERS BE
1 WCAREE 22 B Skt s 2g e DU)Il Ai#R 610500
2 WHEBEEABOR R A Y EE WU #ES 610500

B E: (FXVHEDIAATASA FEORA AL, oMLk 69 5 5| 45488 )T o047 R AL T35 %
REE . [B 8] SATMAEYD AT HE PC518 4 & 6931 Uk pLP224, RE T I PT B Kk 6y
Rt h %A [ ik MRBAA FLAT A PCS18 89/ 4, Bedn e M i ¥ DNA XUE, | 5 F= BLAST
B® TR F Q9 # 5], BT R B PCR TSR ALA A 7 M, 2B ok, A28 B34 MEGA X
MR ALY Rep A BAH, FoEeF0 Tk, [4R] WHEHIAFH PCSI18 4B & — ANk
A2 pLP224, X/ 1 766 bp, H ¥ (GHC)mol% & FH 41.39%, L5 S4a/fi4iedm K5 5| ARMLME
86.85%. X LG R FXARKFELE, BT pMVIS8 Kk . 17 4~ pMVI158 K3k /F 4249 Rep &
85 &R: pMVI158 kM A6 Rep & @ HACIE B AL, H dso 1.5 69467 7| ABDAEHM &,
A FE B AR W) 2 2 At AR, (45381 pLP224 52 pMV158 K69 #7 R 3 . pMVI158 Rik/R 4 e
dso A= 29T 73] LR F, EL6F7 L5, L Rep ZAMLESFIN Rim RE . XA EFH
T pMV158 Rk NF AR AR —78 L o954, R R&RRFE AL AL Ral,

KBEIR: AWIATE, ok, RILAH), pMVIS8 Rk, Rep &8, 4477

Characterization of plasmid pLP224 from Lactobacillus plantarum
PC518 and analysis of conservation and diversity of pMV158
plasmid family

GOU Qiu-Feng' XU Xiao-Yu' YAO Fang' XIE Yong-Jun® DAI Fu-Ying® PAN Qu"
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Abstract: [Background] Lactobacillus plantarum has a lot of natural plasmids. Analyzing the sequence
characteristics of these plasmids was beneficial to research the genetic information of them. [Objective]
To identify a new plasmid isolated from L. plantarum PC518 and analyze conservation and diversity of
plasmids belonging to a family. [Methods] Plasmid DNA was isolated from L. plantarum PC518, and two
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plasmid DNA libraries were constructed after enzyme digestion. New sequences in the libraries were
identified by sequencing and BLAST alignment. The whole sequence of the plasmid was completed by
reverse PCR. The new plasmid was annotated. The phylogenetic tree of Rep protein was built by MEGA
X, and analysis of binding sequence was carried out. [Results] Plasmid pLP224 was a 1 766 bp circular
molecule with a (G+C)mol% content of 41.39%. The maximum sequence similarity with known plasmids
was 86.85%. pLP224 belonged to the pMV158 family of rolling-circle replication. The results of
phylogenetic tree based on Rep protein showed that the closer evolution distance was the higher similarity
of binding sequence, and the farther evolution distance was the lower similarity of binding sequence.
[Conclusion] pLP224 was a new member of the pMV 158 family. The nick sequences of dso site belonging
to the pMV158 family were conservative, and the binding sequences belonging to the pMV158 family
were diverse. The Rep protein varies with the binding sequence. The difference of Rep protein was
conducive to the coexistence in a host, which was the basis for the continuous existence and stable
evolution of a family.

Keywords: Lactobacillus plantarum, Plasmid, Rolling-circle replication, pMV158 family, Rep protein,

Microbiol. China

Binding sequence

JEORL S F A Y e RSN R A L, A
P AL (5 B K5G8, AR UE 20 R 0 Z R R
BEARAERIE N, R AR PR3 N PR R AR b i
TR, ATRETE Rk ZULA TR,

FE YD FLFF R F & A — D KRR,
e FUAT A 2 LR A R AR R T i 2
FEEITHFNY S X BE IR TR AR e ik K/ N
TEOLN, AT Y FLFF rE SR 2 2 0 1 A B2
S22 RBURRE , DT A8 9 2L PR3 N A A7
PREEAF AR R I FL B 3 A4 PRI A )

okisy 3 RhEHIT R Theta &, HEEE
il VEIE i (rolling-circle replication, RCR)“, 7]z
(4 ORI H R RCR U Hil. RCR &R
Rt Rep HAFEFPELS A3 dso (double-strand
origin){. i i 8hU. dso {5 H 45 & 781 (binding
sequence)S& Rep & I EFIELS GHE0L, Rep HF
IR BR s R AT, AREHAfET— M EF,
i BHAS LG i 855 B K %85 . Rep &I
FEALIRR BEFNZE G 17 S AR LR BE AR AH G

HYIFLFFE PC518 & HIUINSE, HhAZ
ANFERL, BB T 3 AR, 4350 kL
pLP18® pLP60CF pLP325, AHFFE X MAE )
FLAFIR PC518 43 i (1) 55— Bk pLP224 i1 7)7 47
SPRTAIERE, HAHENFE RCR (1Y pMV158 KR

R, #E— Ll pMV158 KRR Rep & 131 TR
M S RN dso 17 S B4 & R A Z R YR &R .

1 RS HE

1.1 #7##l

111 Bk
I FUATE (Lactobacillus plantarum) PC518

BN B D)0 KIGFFER (Escherichia coli)
DH5a HHEIRfETARLIE, BKRTR pET-22b(+)
TRAE T A2
112 EZRAFIF0LR

R BGA R £, Omega 2H]; VA,
Biosharp 7~ rl; #iabH, JtZEERHEARA
Al BREEPPIEGER DNA %358, ThermoFisher
Scientific AFl; LA Taq RATHE, TaKaRa Ad]; 514
B FTIE Fh BCER R ER A YA BR A F 5e il

Thermo-Scientific 1300 F51 A2 A=¥yé:44H |
HREEEHE.OHL, ThermoFisher Scientific 2y
H; BERUR RS . PCR AN . H Tk R H Ik
1 Bio-Rad A7l .
1.2 A&
1.2.1 EHKIESR

TEYIFLAF I PC518 4%FhT MRS (man rogosa
sharpe, MRS)HEFEHEI | 37 °oC HE RS 24 h,
11 000xg £9.0> 1 min WCHEE AT 1.5 mL EP &
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N, KHFE DHSo 7E LB B5353EH 37 °C. 200 1/min
PEIREE SR -
1.2.2  JRAFREL

P AR S A ok W IR IR BT R M A R
100 mg/mL, 37 °C. 10 min A I &b BE & 14
11 000xg B5.0> 1 min ZFRIES TR, 5% (FTEiAFALL)
MR E WA AR 2 Wk, SR I moR FR G &
(RN BRI T .
1.2.3 R DNA XE

A3 W BRI N YO Hind 111A1 Neo 1 8%, Sac 1
Hl Neo 1 X HIIFLATE PC518 (1)JFik: DNA Flizgkik
pET-22b(H AT AUEFY) , FEHERGED) v B S8k, £
HHEALR KRBT E DHSa, PREMHTETORE, R
JRR O 4, 2%
1.24 [&[[@ PCR

W Y45 258 GenBank #£17 BLAST X,
K 2 ANSHOAUFSAARIERAR B, drsah
hnctl, sncpl, i Primer 5 #X{4:(Premier Biosoft
International, USA)& 15 m] PCR 51, hnctl 1E
MEIYFH R 5-AGACGATTTGCTGAATGATG
TTTGT-3'; 5| ¥F5k: 5'-AGTGTGCTTTC

A

1 #EYIFE PC518 IR 47 E
Figure 1 The analysis of plasmid from L. plantarum PC518

TTGTATTGCTGACC-3'. sncpl 1E[A151HIF5 N -
5 -TTGATGGACTCACTAAGCCAAGACACT-3';
RS HIFES : 5'-AGCCTGCAAGACTGAATTA
ATCACCTT-3'. VIAEPIFLFF I PC518 5k DNA
RN, itz PCR 1M hncel #1 snepl Wil
ATREMIAR AT
125 E£MEEFESH

FIH BLAST T.EFE GenBank (425 Ho i
K pLP224 J74, K& iZIT 95 ORI TR T 51 A 1
[ . FIIH NCBI B3t | ) ORF Finder FH4& BTk
B4 FF i 5] 12 HE (open reading frame, ORF). #H
SnapGene Viewer (version 2.3.2)3{4 il VE Uk Kl i
IR EERYIALA . BRI MEGA X
(V 10.0. 48R Y Rep &1 RGEL
IR RRE,

2 ZR545W
2.1 [RRIRENS HiE

BEUEPIZLFEE PC518 ok, XTHE TRV
R, R BN 7 ANERAH, HRRAWKY
1.7 kb (Bl 1A). MAYEEATIET DNA SCZE i 2]

D E
kb kb M 5 kb

kb M 4
5 54 10
2 6
1 4
0.7 07 3
0.4 2
0.3
0.2
0.1 1

TE: A: AEYIFLATIE PCSI8 STk VK I B: FAUIKL hnctl 1) Hind TIIH Neo 1 IRUREDIHLIKIE s C: hnerl JZ17]) PCR HJKE s D:
EA KL snepl 1 Sac 1A Neo 1 BAEEYIHLIKIE; B: snepl [ PCR HLVKIE. i3k iR A BAREAT. M: 1 kb DNA Ladder.

Note: A: The electrophoretogram of plasmid DNA from L. plantarum PC518; B: The electrophoretogram of recombinant plasmid Anct1 after
digested by Hind III and Nco I; C: The electrophoretogram of reverse PCR base on hnctl; D: The electrophoretogram of recombinant
plasmid sncpl after digested by Sac I and Nco I; E: The electrophoretogram of reverse PCR base on sncpl. The arrow represents the target

band. M: 1 kb DNA Ladder.
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PR S: hnetl Flsnepl, KPEE45)0%50.43 kb
(8 1B)FI1Z 0.7 kb (8 1D), #HIALKLHTK 5.4kb, 2
] PCR %5 5 @R FrBE hnerl WY1 HH A 40 K 24
1.3 kb (B 1C), sncpl Wiy 3 th A5 K 29 1.0 kb
(B 1E). PHEHBIAREEITRITS], BIPSIIAAH
IR 100%, NRIF—BTkL, firsshy pLP224, ¥
WRRF 4R F) GenBank B, HFESH
MN730093,
2.2 pLP224 BYFFIH R

pLP224 KJ&E H 1 766 bp, H(G+C)mol% &5 & Ny
41.39%. BLAST Z5R WK, SHYFLAT Tk
pLP27 (1 751 bp, GenBank %355 MG944248.1)
AL, FESAAIE S 86.85%, Wi Hh R
#7. ORF Finder X¥A 4 ML 150 MR
ORF, WM& AFI AWM, ORF1 Zwid—A~

(1765) Hind 11

pLP224

(1189) Neo 1

(1 137) Sac1

E 2 pLP224 BYFHIEE
Figure 2 The map of plasmid pLP224

1766 bp

191 NMEERIEZHIZE A RepB, S5k pLS141-1
1 pWCFS102 11 Rep 2 AR 73514 85.86%F1
83.77%, ¥ ORF1 145 A RepB. ORF2 %ifi—1
51 DNEIERM CopG G sRIH TR+, HFk:
pWCFS102 . pPC892-5. pMF1298-14 . pLpB9
Cop & HAHIMER A 86%, ¥ ORF2 444K Cop.
ORF3 MHfEE®E M, Sk pLP27 (i H B
PIPEH 91.67%, ORF4 A LZPAMIEMAE 2),
pLP224 JJj— Bl Bk
23 EHlAKX

pPMV 158 ZXJ% dso 1 s A FEYVITT 74 (nick site)
MG P (K 3), YIFFIF 5 i 58 4 051 7 5
(5-TACTACG/AC-3") . — Xt Jz m & & ¥ 41
(invertedrepeat, IR) (5'-GGGGGG---CCCCCC-3")F0
W4~ v B8 42 7 4)) (proximal direct repeats, PDR)F%

reate
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5 Nick site

IR 1 IR PDR, PDR DD

GGGGGG TACTACG ACccccC

3 pMVI58 KIRRMHT dso L5HIE
Figure 3 The map of dso structure from pMV158 family

‘ ...Binding sequence...

DDR, DD 3

TE: IR: ZmEEFS; PDR: WhiEE)F4; DDR: miEEFH; WEHLOH L. VITLE; RTFH X ChR ST
Note: IR: Inverted repeat sequence; PDR: Proximal direct repeats; DDR: Distal direct repeats; An uprightred arrowhead indicates the

conserved nick site; The conserved nucleotides has been marked.

W, GEE AR 2-3 Yot B 7 41 (distal direct
repeats, DDR), HAKEEM 5bp |21 bp A%, PDR
11 DDR Z [RIRE AT AR EAHAS, tnT ARk 100 bp
(] X B T, 4347 pLP224 541, R T 5141 3
—HH pMV158 % dso FFHIERHE, HE pLP224
J&F RCR ) pMV158 K. sso J&15h 3 RNA G
BRI TE ssSDNA (single-stranded DNA)H ] AL,
JabEEERINLS,, J& RCR MATEICiE. MR EFH A
ZERFAIE, sso RI43h 4 FhZEAL. ssod. ssoT.
ssoU Fl ssoWt™) . pLP224 1 sso fLEAL R 3 4> ssoT
%) Motif, #EEHR ssoT HI, LT FR pXY3™
(GenBank %3¢ 5y GU363552.1),
2.4 pMV158 RikBRR B % #1421

PMV 158 S5 1 JFORE L YT 814 A A <7 7
3, (HEEE I SR B IR, 454
JPHI B e 2R, AL EHA, AL
wE, BRI Z A LSSl DLl b, i
GenBank A8 16 > H A4 —> Rep ZE 1) pMV158
KGR, 4y & Fok: pM411U® . pLp18t
pPsC22" pMA67! | pG271M | pAgs2tE]
pFX2!"1 pLF24™ | pPSU1IPY. psMQ172P,
pER132* pLS551 pCPS49*! | pRW35H!
pGB20021**1 | pCL2.1%, XX L fFkif) Rep A
MZESFEI M KL, Rep HHAREKMEESFINE
XIRPECZR (BT 4). 24 Rep & FATEHLR F IR
] — i, B AT R 45 A SR AR ST, ]
—HEH pSMQ172 il pERI3 MGG FHIEESE T
2 W HEEFHIHFE(TTTGGCGAGTT), [Al—F#EH)
pRW35 il pGB2002 (W25 & P4 EE T 2 Ik H

52 % 5 H [6 (AAATTCG) ; [6] —#E 1) pMA67 Fil
pLS55 MIZG A HEE 1 3 W HE K P 5 AR
(GCGACTTTT), [Al—f#RY pPSC22 Fll pFX2 25 &
P ER T 3 R HEEFHIHR(CGCCAACG),
il — # 1) pLP224 (CGGCGACATTT) fil pLF24
(GAGCGACATTT)WZE G P HER A T 21K, Bl
ZIEA 2 M EARE; W —#%KM pG27l
(GCGAGTTTT)HI pA852 (GCGACTTTT)4RE K |
3K, 9 AR HA 1 AN bR
HORRY Rep &HIAZIE, ENITELS ST HIARLIE B
fer . RO U R A AR ERAIG . 4n pPSUL (1) =
& 7 5 (GGCGACA) 5 tH48 — & 1) pMA67 Al
pLS55 ) = H & (GCGACTTTT) AU b 45 v
pLP18 (GACCGCCGTTT)5HH4BR—#% 1) pPSC22 FI
pFX2 (CGCCAACG)K) = H & J¥ 4 Z [l 4 A1,
pCPS49 (1) = & (CGGCGACTTTT) L AHL T HHAR
— %) pPSC22 Fl pFX2 i = & (CGCCAACG).
pCL2.1 ) Rep 1 H5HARFKLN Rep & H#EHLEE
BRI, A5G 7 R R T H AR TR 25 5 7
5\, pLP224 F1 pLP18 I:AFFAHYIFLIFIH PCS518
H, BEATRY Rep EFIHMEIE A, 2RHKK; H
SEPH—1rRIEE, MR CEHE, HEF
AR, kA2 R R AR A . BB Rep
EAMZERZ, 2567908 R B AN AR
ANE Rep EHMZEFIEZ K, VIFFHFAEE IR
1, NEBEZIMA . dso (LS TEVITFITA L HPRSF
PR FWEA I TR, R R Z 0] ) Z A
AL AP Lo
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Rep (NO.) | ......................................... Binding Sequence.........oovveeeeeererereirireennns |
54 pLP224 (MN730093) TTCTCGGCGACATTTCGGCGACAT[TCGGCGA
pLE24 (EU429343) GTTTGAGCGA, ATEGAGCGA ATET
28 pM411 (MG788324) CGATCAAC AEAAGTﬁXK’Kﬂ%CCGC ARATTTT
pPSUI (KY914507) TC(W&A TTTMA ACAAAAAG
PMAG7 (DQ367664) CGGCGACTT*ECAGCGACTT CAGCGACTTLTCAGCTGA
pLS55 (EF605268) CGGCGACTTPTCAGCGAC CAGCTGA
pSMQ172 (AF295100) CGGCGACATTTTG@TTTTGGCGAG TTT
pER13 (AY0033392) CGGCGACATTTTGGCGAG PITTTEGGCGAG PITTT
g6 PLPIS (HO116412) AGTOACCGUCC PTOACCGUCGE PH T BACCOC TGP TG
49 pPSC22 (X95843) CAAT@AAT@TT%TTTT
100" pFX2 (DQ533834) CAATCGCCAA TCGCCAA TTCGCCAACGITTTT
pCPS49 (NC 019142) ATCT@EEEEZET£¥% TPTCGGCGACTTPTACA
5) 100|pRW35(NC010423)GCTCTCT/E&EGAAATT TATTTA
I pGB2002 (JF308629) GCTCTCTAAATTCGGAAATTGGTATTTA
36 pG271 (KJ951052) mmccmﬁﬁ (@TTTGGCGAAA
__Fm{::pAsquc&B&m) TCGGCGACTTITCGGCGACTTTITAGCGACT TP TGATAA
pCL2.1 (U26594) TATATATTKKKKEﬁECACAAAACAEAATCTTA
N
02

El 4 pMV158 HKixFhiAY Rep EEFHNXM LS FIIXREHE

Figure 4 The phylogenetic tree of Rep protein from pMV158 family plasmid and the structure of binding sequences

T RABEEMERGERER, HTT 1 000 KIHE, 7E533ZMF50ARI:H Bootstrap {8, 455 WK BRI GenBank 7515,
FRRABE IR 20% I E BRI 9 22 5% 5 AT DA X REBORL Y 25 4 77 9 o3 A, 2L kAR b #5275 DDR.

Note: The phylogenetic tree was constructed by neighbor-joining model. The percentages of the bootstrap consensus tree which was inferred

from 1 000 replicates were marked out next to the branches. The numbers in parentheses are GenBank accession number of the plasmid. The
ruler length represents a 20% amino acid sequence difference. The corresponding binding sequence analysis is shown on the right, and the

red arrow represents DDR.
3 i

FE W ZL AT TR A 2 Bk, HBURLAE 4y
Balifl DAEERIXE, VA ESCFERIR ] PCR Bk
GEAR, BT LIS Z 8 ali Ak £ 0Ok i iff o L pr 45 f
BRIP4, XA R T T o i 24
JEURE ) A TR o IR 118 4 25 DR 2 000 7 B2 A 3 1T LA
DM 455 BORLAY P81, 76 GenBank W ELAfRZ )R
A A SR I P BERAG R Ax kPR 2
JF B FE AR FEE 15 F DK P PP S s 1) 2 R DR A 45
AR FURL AT, (HIRATTAY 5 vk 2 o P BT
) BORRA SO, IFIRG L PCR AR, JiokL
HL UK B AT R B AR A Bk 25t . Rk, R
LB SRR

RCR Gk AR 4 Rep 25 (11 dso 1 [R50
pMV158. pC194. pT181 450K, 3 3SR K
YIRS 43942 5-TACTACG/AC-3'. 5'-TATCTTG/

AT-3H1 5'-CTACTCT/AA-3PY, Hittk%&, RCR
JEORE 0 SR 5 2 AT RE 2 LAY IR P 91 A i . (R &
B pMV 158 FKIEA T BRL I VI FE P SIS 5E AR SF
Fein ks pLFE1™ ., pF03-129 ) pCD034-2"f447]
FFR41] 5'-CACTACGAC-3'43 1 LRI ES, #
8% W ok pBM02®Y [ b1 JF F 4
5-TGTTGTAGT-3', H 9 MgJtrf 7 PHERA ] 4
R pMV 158 G BURL I UIFF T4 o IX S TR &
B AT REX FORL A 43287 AR B s e AT S8 R AT
2 ANERIE A, Wk pMRI 5257 2 AN
dso i, /3 AET pCl194 M pMV158 Kk,
FORAH GRS 2 DAY Rep .

RCR JFURI RN ZAE R IAE Rep R IT1Y
A FH L, pCl194 FIGIES AT F1 2 L —X 5 m]
FHEJTPHRRHE, G568 EAREE, AT
PIJTR B R, (HESIARECL pT181 %
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BERESEIPA I 3 X mERE TS, 45002 IR,
IRIT A1 IR, A IRIT AT IRTID 2R A S ) AR
JP91, (HFEFIAESTR, pMV158 K454 ¥4
SECELENCEL, WEgEL WA EE, 4
T 5k Rep 2 1AL AR fb, SRR 22 547 )
TIEFIGEA AR [ — 18 ERYILAr . BN E
eSS S P AIEARE, PTLAME L Rep FE AL & T 45
FULA Y dso AP LETESr, XA 5 5
RFRFSEHEAL HAS S AFE Y REA

4

ARG LA H SRR ] PCR BEA &
BT —H pMV 158 KK ivki pLP224, pMV158
RIGH ZHEERIIESS B 75 b, H Rep KM
HEESE IR FR . B pMV158 FIR
DU, FIGRHERBCR R, W] AR R L
AAREIAE T — TR, X JORE A 7 BEAS 4 A
I35, KRR BRI T kL T4t vl 7K
Rt B BT
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