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Analysis of endogenous plasmids in Lacticaseibacillus
paracasei 1.Y-1 and development of expression vectors

XTAO Luyao, SHI Tingting, WANG Suying, ZHAO Qingyao, LI Wei

College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: The construction of efficient and stable Lactobacillus expression vector is critical for
strain improvement and development of customized strains. In this study, four endogenous
plasmids were isolated from Lacticaseibacillus paracasei ZY-1 and subjected to functional
analysis. The Escherichia coli-Lactobacillus shuttle vectors pLPZ3N and pLPZ4N were
constructed by combining the replicon rep from pLPZ3 or pLPZ4, the chloramphenicol
acetyltransferase gene cat from pNZ5319 and the replicon ori from pUC19. Moreover, the
expression vectors pLPZ3E and pLPZ4E with the promoter Pigy3 of lactic acid dehydrogenase
and the mCherry red fluorescent protein as a reporter gene were obtained. The size of pLPZ3
and pLPZ4 were 6 289 bp and 5 087 bp, respectively, and its GC content, 40.94% and 39.51%,
were similar. Both shuttle vectors were successfully transformed into Lacticaseibacillus, and the
transformation efficiency of pLPZ4N (5.23x10°-8.93x10* CFU/ug) was slightly higher than
that of pLPZ3N. Furthermore, the mCherry fluorescent protein was successfully expressed after
transforming the expression plasmids pLPZ3E and pLPZ4E into L. paracasei S-NB. The
B-galactosidase activity of the recombinant strain obtained from the plasmid pLPZ4E-lacG
constructed with Pygp3 as promoter was higher than that of the wild-type strain. The construction
of shuttle vectors and expression vectors provide novel molecular tools for the genetic
engineering of Lacticaseibacillus strains.

Keywords: Lacticaseibacillus paracasei; endogenous plasmid; shuttle vector; expression vector
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Table 1 Primer sequences used in this study

Primer name Primer sequence (5'—3’) Purpose

tuf-F AAGACTACTTTGACCGCGGC Reference gene

tuf-R CATATTCAACGTGGGCGGTG Reference gene

rep3-F TCGGGATCAGCGTTACTTCC Determine of copy number
rep3-R CCGCTCCGCTTGAGATTAAG Determine of copy number
rep4-F CGTCATGATTTGAATGCGCG Determine of copy number
rep4-R CACTTCGCTTTAGCCCCAAG Determine of copy number
cat3N-F AAAACGACGGCCAGTGAATTCGGTCGTTTTAGCCGATGGTCG Construction of shuttle vector
cat3N-R ACAGGCCCTTGATCCAAGTACAGTCGGCATTATCT Construction of shuttle vector
rep3N-F TACTTGGATCAAGGGCCTGTACTAGCGTTTCTT Construction of shuttle vector
rep3N-R GACCATGATTACGCCAAGCTTGGCAATCATGAGCAAGTCAGC Construction of shuttle vector
cat4N-F AAAACGACGGCCAGTGAATTCGGTCGTTTTAGCCGATGGTCG Construction of shuttle vector
cat4N-R CCTTTAGCGCTTGATCCAAGTACAGTCGGCATTATCT Construction of shuttle vector
rep4N-F ATTGGATCAAGCGCTAAAGGGCCTGTACT Construction of shuttle vector
rep4N-R GACCATGATTACGCCAAGCTTGGTGTACCCTAACGGATCGTTC Construction of shuttle vector
Pigns-F AAAACGACGGCCAGTGAATTCTATATTCTGGCCGGACGAGC Construction of expression vector
Pigns-R CTCACCATCCACGGTGATATCATCCTTTCTT Construction of expression vector
mCherry-F ATATCACCGTGGATGGTGAGCAAGGGCGAGG Construction of expression vector
mCherry-R~ GGACCGAATTTAAACTGCATGGTACCCTACTTGTACAGCTCGTCC Construction of expression vector

ATGC

Pian3-R(lacG) TACTCATTGCCCACGGTGATATCATCCTTTCTT

lacG-F ATCACCGTGGGCAATGAGTAAACAGCTACCTCAAGA
lacG-R GCATGGTACCTTAATCCGGAATGATGTGGGTC
cat-F(lacG) TCCGGATTAAGGTACCATGCAGTTTAAATTCGG
M13-F TGTAAAACGACGGCCAGT

M13-R CAGGAAACAGCTATGACC

Construction of recombinant vector
Construction of recombinant vector
Construction of recombinant vector
Construction of recombinant vector
Verification of plasmid construction
Verification of plasmid construction
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HEARAR 5 TR L A 22

2 HZRE5OM

21 FRAFISIHSFRE
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16289 bp #15 087 bp, GC 74391k 40.94%
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A F 5 5 p0562-1 (9 778 bp, GenBank:
CP091290.1)#1 pMGB0734-6 (7 123 bp, GenBank:
CP064310.1)F 781 —43 51120 99.93%7F1 99.92%
M pLPZ4 WIEITIRIT4Y pMA3 (5 089 bp,
GenBank: EU255257.1)%1 p0562-4 (5 087 bp,

oo [ 3

ORF1: Plasmid replication
protein

GenBank: CP091293.1) 2 /™JF ki ¥4 1) — 2k
B, ik E] 99.91%F1 99.84%.,

308 3 X S Bl A A T A R A EE X
M 2 Aok AT A ORF IHRE(ER 2), R ¥
pLPZ3 &4 6 1~ ORF, pLPZ4 &4 5 ORF,
pLPZ3 JiiiH ORF 1. ORF 2 Fil ORF 3 ##+
B R 5 R A A ThEEEE 1, Hovb ORF 2
AT 260 AN IERR M IR R & 1 S5 Rl T
1% L& AT 28 (L. paracasei) Lpp7 I R B E M
(RepB)HA 83%I [ 44 ; 1l ORF 3 4wt &
187 A% W2 1 52 i 25 (1 5 &I T 1% FL K AT
(L. paracasei) HNOO1 1y J5iki &2 il & 1 (RepB
family)FH LR85 5] 97%. RepB % F1J& T Rep_3
A G (pfam01051), HEM 5 BURLAY 0 7852 i A
Ko WAk, pLPZ3 kil & 2 AN HIREARFIHY
1 ORF 4 fil ORF 5, pLPZ4 Jfikif ORF 1 5
pLPZ3 ) ORF 1 AH{EITE Ky 100%, 3428 5 Bk
HFIAHSCHTIRERE [1; ORF 2 A1 ORF 3 14354

5 000

e

ORF1: Plasmid replication
protein

1 B FEIERHFE Z2Y-1 BAEMRK pLPZ3 5 pLPZ4 By E i

Figure 1
Map of plasmid pLPZ3 (A) and plasmid pLPZ4 (B).
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Physical map of the endogenous plasmids pLPZ3 and pLPZ4 in Lacticaseibacillus paracasei ZY-1.
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F 2 JRHI pLPZ3 5 pLPZ4 #J ORF 58

Table 2 Open reading frame information for plasmids pLPZ3 and pLPZ4

Feature Coding Product size  Proposed function Organism and sequence similarity
sequence (nt/aa) (GenBank accession No.)
pLPZ3-ORF 1 1-180 180/60 Plasmid replication  95% plasmid replication protein
protein [Lacticaseibacillus rhamnous HN0OO1]
(GenBank: ACH91615.1)
pLPZ3-ORF 2 848-1 627 780/260 Replication 83% replication initiation protein RepB
(RepZ3) initiation protein [Lacticaseibacillus paracasei subsp. paracasei Lpp7]
(GenBank: EPC48833.1)
pLPZ3-ORF 3 20062566 561/187 Plasmid replication  97% plasmid replication protein (RepB family)
protein [Lacticaseibacillus paracasei subsp. paracasei HN001]
(GenBank: EPC47444.1)
pLPZ3-ORF 4 3 668-3877 210/70 Glycosyl hydrolase  100% glycolsyl hydrolase
family 25 [Lacticaseibacillus paracasei subsp. paracasei Lpp7]
(GenBank: EPC24088.1)
pLPZ3-ORF 5 42984588 291/97 Hypothetical protein  99% hypothetical protein
[Lacticaseibacillus paracasei)
(GenBank: WP_016383322.1)
pLPZ3-ORF 6 5105-5305 201/67 Hypothetical protein 100% hypothetical protein
[Lacticaseibacillus paracasei]
(GenBank: WP _128524391.1)
pLPZ4-ORF 1 1-180 180/60 Plasmid replication  94% plasmid replication protein
protein [Lacticaseibacillus rhamnous HNOO1 ]
(GenBank: ACH91615.1)
pLPZ4-ORF 2 822-1 601 780/260 Replication 99% replication initiation protein
(RepZ4) initiation protein [Lacticaseibacillus paracasei)
(GenBank: WP_057709164.1)
pLPZ4-ORF 3 1973-2494 522/174 Plasmid replication  96% plasmid replication protein
protein [Lacticaseibacillus paracasei subsp. paracasei Lppl4]
(GenBank: EPC69099.1)
pLPZ4-ORF 4 2 662-3 030 369/123 YxeA family protein 99% YxeA family protein
[Lacticaseibacillus paracasei])
(GenBank: WP _016373475.1)
pLPZ4-ORF 5 3321-3 824 504/168 SMI1/KNP4 99% SMI1/KNP4 family protein

family protein

[Lacticaseibacillus rhamnous)
(GenBank: WP_204129214.1)

nt: The number of bases; aa: The number of amino acids.

T 53 il e 1 2 P R SR A2 B 1 ) ZY-1 i I
YRR pLPZ3 5 pLPZ4 ERBR% A 5 ok & il 41
KB BTA, A5 B2 5 ik A K ARG
KR FEE VIREER 1, I pLPZ3 & pLPZ4 )i IH
PSR ik AL
2.2 AL E AN

FLIR TR PR TR 2 LUR A R By, 0 Y 2 Fif
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BTN, 0 BRI hE L, £
5% 0 BRIEHIFOAEE R, ITE2H 2K
PR MR BRI R A A 25, XSO AT 4 Y
Rep HFIFHA Y OARFEG TR A, WHRZ
R oorid, HAES AT BN XA S EL T
Sy A2 PG PH A A 0 AR 4 D Tk —
F D2, UL pAMPBL/pIP501 %1% FU ) 5@ 45k %if



MIRE %A TEIETE 2v-1 MR RN SR E A RO AR S R

JkL ORF XIS i) E Xt o3 8, #1260 T ks
pLPZ3 5 pLPZ4 M 5E KM EN . #—F
XF 24> BobL Y &2 T 1R 4 1 Y i DNA JP 41 i
oM (E 2), B EEFARKR LI 2 ATk
HBAFAE 5 8 bh B 52 AR 5 1 2 1) H A 4
(invert repeats, IR)F11E [ & J¥ 41 (direct repeats,
DR). pLPZ3 5 pLPZ4 JFiki I #R4F7E 1 % 18 bp
Hy iz [ B S IR, 7E pLPZ3 FokifY 612620 bp
1 622-632 bp 4bA 2 4~ 9 bp W IE M E K 75
DR1, 7E 683-783 bp %A 4.5 MEMEE T4
DR2. TfifE pLPZ4 ki &4 2 10 bp HIE 7]
EREF4] DR1 Fl 5 4~ 22 bp AYIE A EH L P51
DR2. [RIB7E 2 Aok &2 il ih B 11 4 3 st
RIS LI DNA 380 vt ks I 2 5 20 1 s h
F—10 X F1-35 X = BE AR A X Ji . pLPZ3 Bk
13 3 7 (GAGTCA-N15-TACTTT)f; T 1k %
W i 18 bp Ab, 1 pLPZ4 Jkif ) sh+
(ACGACA-N17-TACTAT) i T2 #4 %% 7 i
25 bp Ab. 43 5IH%F RepZ3 Fil RepZ4 5 A& F|
() SR A2 i AE G B L RIE R L B R 20),
P ) T 1 2L T A 1 Joi s 42 i A G 2 1 W)Uk L
XT ) Z e i AR 25 S nT #E pLPZ3 5 pLPZ4 Jit
KL AS ) Rep T JE T Rep 3 HIZKIK
(pfam01051), PKULHEN RepZ3 Fil RepZ42 15
il 25 AR L 0 AT IR T A
2.3 BRREE AR E

A 3 A X A2 B PCR 7346 2 A P9 Y kL
pLPZ3 5 pLPZ4 7£ ZY-1 BY¥% UL B T E ,
PLZY-1 B2 F s DU quf 1 N 2 56
, repZ3 Ml repZ4 73 5 B W SE N . 980 &t
PCR 5| ¥ X} tuf-F/tuf-R . rep3-F/rep3-R #lI
rep4-F/rep4-R W3R 1, ¥R/l h 139 bp,
192 bp M1 136 bp. X4 HUA5 21 (%) &I 1 B 2L s+
B ZY-1 BYFERN 20 DNA JEATRE R B, DI B
JG ) DNA FESCHBAR I T2 E = PCR X

&: 010-64807509

B, MASEAFESE CrfE, B CrE5 1gC
(Co NFESH IR R EDMERRIENZR, W 3A TR,
S1P% wi-F/uf-R BFREMZEN y=3.417 8x+
7.720 2, R’=0.999 7; 5l¥I%} rep3-F/rep3-R M4~
HEbREIIZR o y=—3.436 6x+5.139 2, R*=0.999 4;
51 ¥ % repd-F/repd-R Ay 4 38 b o il 28 A
y=-3.397 7x+3.756 1, R*=0.998 8. ¥4 3 /"1
PRUERT LR RN LX), Bl 51X Y-
BRI R 96.15% ., 95.43% ., 96.93%. =T
95% M 51 PP HBCR R BIX 3 A5 n] FfE
POtER PCR, BBUHN Cr {H, FHRAL
AAHRAER TR FLEEAE ZY-1 A[a] A K
i pLPZ3 5 pLPZ4 Wik D%, WKl 3B i
N, WRRZY-1 KZE 18 h gk AAKEEY. b
FHRRA K, ki pLPZ3 5 pLPZ4 4% I %
EIETHRIE RIS, HINTE 21 h 5
om0k 6.15£0.23 F18.13£0.15, 245
B ¥E DUBCEE 24 h #0 & AE B TR, nTaBZ&
FRABR A EA KRS ERE SN DNA
() B R 32 T s e, DR L P U Bk A AR T
T ) DNA RAEMM AR N, Hidk
rh D S 2R Y R = A ful B ) A R — 2P A2 3
BHL A
24 FRVBEBBETEEH. HHBERFME
TE T

LI pUC19 BB 1T ori B, pNZ5319 ik
1) cat A Bt, F1pLPZ3 5 pLPZ4 Foki I )5 il 1
X% e A9 2 A SRR 24 M13-F/MI3-R 5|
Prx; PCR HLyk (& 4)F 5 5 uE A s oy, 43
M4~ pLPZ3N 5 pLPZ4N, N#FFEX 2 4
TR TE FIEH, X HAEILA AR LR
B AL RCR I T TIRE, 1597 48 h JaisR
KT, £ 3 RY, FRIUR pLPZ3N
5 pLPZ4AN ¥ Al 7E T #k S-NB ., S-NAS5 LA & 9075
th 318554k 1, 76 LZ-R-12. STB3a. 70810 LA
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A 5! g[tteaaaagcgctnaagggcctgtactagcgtttcttgctctgncgggtagnattaatg:tctctacatcaanaacggctteuaacgcaaa(ataagcgttctaagccutttttatcag

120
3! caaa[ttt(cgcqatLtcccggacatnatcncaaagaangagaccgcc:atct:aat(acgagagatnlag([(ttgccnaﬂtcttgcgtt[atattcgcaagattcggcaaaaatagtc
| — | E— | S—
cataqgttcacgncuccnaLaaaaagctttnqtunttuatcaantttunq:uacotncctLtuthgtqﬂatggcuatagcccaccqauncttcaoctqauuttcttctqaoccacncaa 240
qtutccuagtuctntqqttatttttcgaautcactaactautttaaa!ccnttqcucqgunacuqccucttuccgctnthgutqucttcqnuntcunctccangnngnctcuqtncutt
gcgaagcgegetagggcaagecaacggegegeaggegaagecggagtgaaatgtggegeagecacacctitttagggagtaaagcgaccagggttigttatggggtttggggagaggttic 360
cgcttcgegegatcecegtteggttgecgegegtecgetteggecteactttacaccgegteggtgtggaaaaatcectecatttegetggtecccaaacaataccccaaaccecctetecaag
tccccaaggtcttttgtgattattuucaagcaaaucucuaacacaagcctcgcgcucgctututatucttt(aautacttctuﬂatactttaautacttuguggatcgauaucgcctc&a 480
agguqttccauaauucactuatﬂattuttcuttttgtgtttqtgtLcugaucgcgcgcqatatﬁtatnaaautttatgaﬂgatttatqaaattcatgaatcccctuqctttLucugﬂgtt
ccacgcgtttBaatcguctBatﬂgqquactﬂaaeﬂgttcacgataguggactaaauagttcucuataugguactaﬂaaauttcacgataugqgactaaaaagttcacuataguggactaa 600
gutucgcaaatttauctgattatcccctuatttttcaautuctatcccctuattttLcaautuctatcccctgatttttcaautgctatcccctgatttttcaaqtgctatcccctuatt
aaﬂtauaaatthcttttctatuagtcaccntLtutqataugctﬂctttttaagluuaggat[gccuatqgtagntgtnaaaaasctlttatgpaaauatgnccgcgalttcﬂataﬂaqa 3! 720
tt tatctttaagcgaaaagatm:tcagtggtaascactﬂtccgstgasaaat tcacctcctaacggce taccatctﬂcatttttttgaaantacctttttac tggcgcta 5l
Mel Val Asp
=35 | | RBS | on protein
DR2
B 5' gtttaaaaagcgctaaagggcctgtactagegtttcttgetctggegggtagaattaatgctctetacatcaaaagcggcttagaacgcaaatataagegttctaagecgettttatcag 120
3' éanatttttcucgatttcccggncatgatcgcaaugaacungaccgcccatcttnattacunqagatgtagttttcgccuaatcttucgtLtatnttcucaauattcugcgnaaatautc
E—— <R
cataggttcatgacactaatanaaagctttagtgattgatcaaatttaggtaacgtgettttgtcggtgaatggegatagecctaccgaagcttcagetgaggttettetgagecacgea 240
gtatccaagtactgtgattatttttcgaaatcactaactagtttaaatccattgcacgaaaacagccacttaccgcectatcgggatggcttcgaagtcgactccaagaagactcggtgegt
an:gauucgcncagucgaauccqunuttaautgtuncgcugccacucctttttaquaacaaugcgnccaquattttgtatggnutttnguqaguggttctccccaaugtcttttutgnt 360
tcuctt:gcgcgtccgcttcggc:tcaatttacaccgcgtcgutgtuqaaaaatccctcgtttcgctuqtc:tauaacataccccaaa:ccctctccaagauuggtt:caqaaaa:acta
tatlaacaagcaaaacacaaacgcaagcclcgegegegelatatatactictaaatactittaaatactitaagtacttlagggaggegagaatggclcaaccgegggtctaaatgecacta 480
ataattgttcgttttgtgtttgecgttcggagegegegegatatatatgaagatttatgaaaatttatgaaattcatgaatccctecgetettaccgagttggegeccagatttacgtgat
atacaacaccaaaaagtacacgacacaacaccaaaaagtacacgacacaacaccaaaaagltacacgacacaacaccaaaaagtacacgacacaacaccaaaaagtacacgacacattata 600
tatgttgtggtttttcatgtgetgtgttgtggtttttcatgtgetgtgttgtggtttttcatgtgetgtgttgtggtttttcatgtgetgtgttgtggttttteatgtgectgtgtaatat
=350
(649
aacagtgctatactatttttagtgcgaaggagggttaattaatgattgatgttcgtaaacttatttggtcgagtgatcgtgactttaatcaagaagaaattcatgacaaacgctattttc 3’ 720

+ {
ttutcacgatataataaaaatcacgcttcctcccaattanttnctaactacaaucatttgaataaaccagctcactaocactgaaattagtLcttctttaagtactgtfﬂg:gataaaaa

Lo SO A | I FIS I 25
Met lle Asp Val Arg Lys Leu lle Trp Ser Ser Asp Al
[TRBS]
¢ ELaciicaseibaci!lus paracasei TXW plasmid pTXW RepB (ADD64219.1) n
95 Limosilactobacillus renteri K50 plasmid pK50-2 Rep (WP 013555048.1)
73 Latilactobacillus sakei BM5 plasmid pYC2 Rep (WP 012579282.1)

Theta
Lacticaseibacillus casei LC2W plasmid pLC2W RepA (WP 014566861.1) replication

00— serobacillus helveticus RODS2 plasmid pIRS2-1 RepA (WP 013279407.1)
Lacticaseibacillus casei A23 plasmid pSMA23 Rep (YP 001649177.1)

b Lactococcus lactis NCDO1867 plasmid pGdh442 RepA (WP 011915264.1)

36 Lactococcus lactis subsp. lactis UC317 plasmid pCI305 RepB (WP 010891390.1)
Lactiplantibacillus plantarum ST-11I plasmid pST-III RepB (YP 003927907.1) Rolling circle
53 Lactobacillus fermentum KC5b plasmid pKC5b Rep (WP 011117039.1) replication

—_— 100 RepZ4

0.20

2 B FERFLEEATE ZY-1 WIEMEREL pLPZ3 5 pLPZ4 EFXEM AR ERK L EHHME
Figure 2 Analysis and phylogenetic tree of the replication regions of endogenous plasmids pLPZ3 and
pLPZ4 in Lacticaseibacillus paracasei ZY-1. Sequence analysis of the replication regions of pLPZ3 (A) and
pLPZ4 (B), and the phylogenetic tree of RepZ3 and RepZ4 (C).
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A B 20
30 —o0— 0D —0 o
—o— Copy number repZ3 18
25 sk —e— Copy number repZ4
20 F 1°3
: E
O sk Q10r g
o) 44 é
S
10
051 a5
5 -
0 1 1 1 | 1 1 1 J 1 1 1 1 1 1 1 1 0
=7 -6 =5 -4 -3 -2 -1 0 0 3 6 9 12 15 18 21 24
lgC, Time (h)

3 SI¥¥HEEEM pLPZ3 5 pLPZ4 Bkl ME AN E
Figure 3 Determination of the amplification efficiency of primers (A, fuf was used as the reference gene)
and the copy number of plasmids pLPZ3 and pLPZ4 (B).

A

1

B4 FHREAK pLPZ3IN K& pLPZ4N F1FK L H K pLPZ3E K pLPZ4E K] PCR £ F

Figure 4 PCR identification of shuttle vectors pLPZ3N and pLPZ4N and expression vectors pLPZ3E and
pLPZ4E. A: Results of PCR amplification (M13-F/M13-R). M: 5 000 DNA marker; 1: Positive transformant
of pLPZ3N and pLPZ4N. B: Results of PCR amplification (M13-F/M13-R). M: 5 000 DNA marker; 1:
Positive transformant of pLPZ3E and pLPZ4E.
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3 FHRRK pLPZ3 F1 pLPZ4 EARE A B E P A LR MIZEMH
Table 3 Transformation efficiency and stability of pLPZ3 and pLPZ4 in different lactic acid bacteria

Host strain

Transformation efficiency (CFU/pug)

Plasmid loss rate (%)

pLPZ3 (x10%) pLPZ4 (x10%) pLPZ3 pLPZ4
L. paracasei S-NB 5.78+0.33 8.93+0.26 88.93 73.69
L. paracasei S-NA5 3.24+0.42 5.23+0.61 100.00 100.00
L. rhamnous 9075 3.78+0.25 8.24+0.37 93.92 75.37

Lactococcus lactis subsp. lactis LZ-R-12 -
Lactobacillus brevis STB3a -

Lactiplantibacillus plantarum 70810
Lactobacillus helveticus LZ-R-5 -

—: No transformant.

K LZ-R-5 WP RFMET . XATRES
AN LR B AR R S S 22 kA o, BFE
A I A0 T Ak g A R RS LA B AR % r o
b 2% R 1 SRt 2 g L L g5 R . B bR
S-NB. S-NAS Fl 9075 [q]J& T FLE AT 1#
BRI 0145 FIKT ZE AR 34K pLPZ3N 5 pLPZ4N Wy
ZEfE BV BB, ] LIRS A R I R
ARSI T 2 DR AR AT
3.24x10*-8.93x10> CFU/ug Z[], TirjbALrEL
1% & ik pIB184 7 S-NB. S-NA5 #1 9075 15
LR AE 5.76x10°-7.26x10° CFU/pg
Z ], AHHZF pLPZ3N 5 pLPZ4N )5 1k3%
RWEAL. 7o, i AeSE . &bl
B A AR 25 LA T TR DNA Y v i 4R
LM AL . pLPZAN LS R E T
pLPZ3N, HIHFEfE E W& 50 L5 R
B E KRB ALF pLPZ3N., 5 pLPZ3N Al
pLPZ4N AHLL, 5 A T W LB AT B 19 A7 A kL
pUE-F1 76 T B FLIE A 18 (L. casei) BDIIH? B %%
AR AT ik 2.2x10° CFU/pg, HABRREE
P 65.43%", W T EMRFRL pLPZ3N 5
pLPZ4N.,
2.5 mCherry KAEEBHMELHRIE

B m) T I FLER AT S-NB B Bk 7L R i S
FEDR A R i X v B M S B F Puans, DA
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B Fki pYC34 i mCherry bR ¥R 1A 4 2 41
FiR# K pLPZ3E Ml pLPZA4E (& 5), £ M13-F/
M13-R S1%y 3, EERSHL UK 4)Fnil 7 55
WEH KN T4 8 16 o P E 40 Bk H 5 Ak
%2 L. paracasei S-NB B2 5404, HREBCEAR T
H BHYE 4L T S-NB-pLPZ3E 45 S-NB-pLPZ4E $%
T MRS HEiFRdb, Bigpad i & TEE
R N Mg, ERERY], TESOLEIK T,

2 S-NB-pLPZ3E (&l 6B)5 S-NB-pLPZ4E
(&l 6D LT A EHRIC TG M AT UL o I 1 L I
FF S-NB ANATFELLAZDOLT 5, HmE
Pians JA B F A5 S mCherry IR, HAR
PN BB A a0, R R IIA
X R E AR LA 8RB AMREE Y, i w] LA
FHT A7 B s A T it o o R B0t
] 2GR EE P BRT, B SCHRAR 4k IR E
eGFP & v FI T FLAE AT A . R LA i DA
o T i 7L AT B S5 I D bR e R i 222, R
WFSE 1 W mCherry 21 42¢ Y68 A bric Al T
R LIS AT I S-NB, iy [ P4 ¢ T Rl 1% 7L B A
LA At iC R RIS %,
5T L B FF TR P & 72 AR DR N R BN . 8 5 S 4y
A OLER L T HOR SRR, A R T AR AR A
P45 tE I RE A VE ML . pLPZ3E 55 pLPZ4E &
IREAR R, R TEFLIAT & Hh S B R
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Qi) <
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Linearize
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= < S-NB chromosomal
DNA
mCherry PCR
— 2 TS

Figure 5 Schematic illustration of construction of expression vector pLPZ3E.

LN Y A0k, D FLIE AT I D e 2k
DR AIF e el e PR T 5 e ) O B2 3t 1 M) 2
Fo HeAh, FLRRE NN B B R
IO7 RIS A 2R I T RE R bk, (HVF 2208 i p )
AR A BRI R 58, 2L PR
RS AT Y BE I G AN 2 S o AR X A1
DU, FLIEAT P 2 IR A 1) B g o S o
TS T2 B0 TR bR A S N A AR B RT E
2.6 P-FIHBEEEEARAMMEREMN
il

B~ LB 2 T LAl At A0 OB AL o
ol i A YA R, R IR T LR R A

&: 010-64807509

GRAS IR B-FFLBH T B AT H 420 T
Tah i, EFRAife i T UE T R T L g
B S-NB 11 lacG £ ¥ mCherry 4 & [ 41 %
K#AK pLPZAE-lacG, %07 K E 1EH . ¥
S-NB-pLPZ4E #il S-NB-pLPZ4E-lacG 1k Z
TEEFLEE AT S-NB Hr, BRECH BHYER LT IF
W H p-oF FLHE RS M. &2

S-NB-pLPZ4E-lacG ) PB- FL b5 B 76 P ik
(24.42+£0.26) U/mg prot , Jf& S-NB-pLPZ4E
(16.23£0.17) U/mg prot)ff) 1.5 fi5. BEIE MM &
EIREH, ERIT P WRATTT, DL LacG
S H B A 8 A SRR AR LR B R
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6 E4HE#k S-NB-pLPZ3E X S-NB-pLPZA4E RY R 1% K 7 S W 22 [E
Figure 6 Bright field and fluorescence detection images of recombinant cells. Bright field image of
S-NB-pLPZ3E (A) and S-NB-pLPZA4E (C). Fluorescence image of S-NB-pLPZ3E (B) and S-NB-pLPZ4E (D).

A, FOEEE YRS TR A R w bk, HAR kAR
FIEHT A S, il TS ids, S
FE S0 DR X A B VR A 1 PR R BR 05 HoAT 1
DUFA(ANEE N TR AR AR SR ) i) 18 I i 355
NEREHAWER) Sdt—2H58, ALY
T ARIC B A AR IC LI, M Al R
REAR, A BT R - LR AR LAY
BB, WU IOR R AR

3 &£

AHE S W 504 7 BT RS LS AT R ZY-1
IR TR Y4 P51, pLPZ3 5 pLPZ4 ik 4=
K350 6 289 bp 15 087 bp, LA 6 H i
il B0 A ROk, BT BORL Y A
SIRTEE IR, MEE T ORI AT IR - FLRR T E AR PR
pLPZ3N Fll pLPZ4N, 1] /£ FLEE A 1 5 AL 3R 15
BH ¥ 78 % . pLPZ4N 1Y 55 1k 8 R g & T
pLPZ3N, {HEEMRIML. Fik4 ik pLPZ3E F
pLPZA4E ¥ HAG 1 76 i i w7 s A FANEL, 44
AR S HFLIAT 8 2R IR MK R J5 22 i 5%
.
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