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Construction of a chromosome-plasmid balanced lethal
system based on murl in the attenuated live vaccine strain of
Pseudomonas plecoglossicida
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YAN Xiaojun', TAO Zhen'"

1 School of Fishery, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China
2 School of Marine Sciences, Ningbo University, Ningbo 315211, Zhejiang, China

Abstract: [Objective] To construct a chromosome-plasmid balanced lethal system based on
the glutamate racemase (Murl) gene for the expression of exogenous antigens in the attenuated
vaccine strain of Pseudomonas plecoglossicida (Pp AtssD-1), so as to provide new ideas and
methods for the development of multi-component live vaccines. [Methods] We constructed a
murl-deleted strain from Pp AtssD-1 by homologous recombination. First, we replaced the
kanamycin resistance gene of the pBBR1IMCS-2 plasmid with murl to construct a balanced
lethal plasmid. Subsequently, we inserted the green fluorescent protein gene into the
multicloning site of the plasmid to examine the expression stability of the exogenous antigen.
Finally, we characterized the recombinant strain in terms of the growth curve, plasmid stability,
and expression of the exogenous antigen. [Results] The murl-deleted strain was unable to grow
in the lysogeny broth medium without D-glutamate. The non-resistant complemented strain
regained growth capability in the lysogeny broth medium without D-glutamate. However, its
growth was slower than that of the starting strain. Exogenously introduced antigens were
identified as stable in the absence of antibiotic selection, and distinct green fluorescence signals
were observed under a fluorescence microscope. Additionally, the balanced lethal plasmid
exhibited high genetic stability within the recombinant strain. [Conclusion] A novel
chromosome-plasmid balanced lethal system targeting murl was developed in this study. It
enabled the expression of exogenous antigens in Pp AtssD-1 without the need for antibiotic
selection. This system provides a new method for the development of multi-component live
vaccines, with no need of antibiotic resistance markers and high plasmid stability.

Keywords: Pseudomonas plecoglossicida AtssD-1; auxotroph; balanced lethal system;
D-glutamate
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PR L AR, SRTAT, Pp AtssD-1 H
RE 915 Fh A% A AR B TR 5 | RS 1) D i P JIE 1
U, ANRE T A E UL A B, el
W . R RS Wik, RIS
YR 922 Ve R 8 1w

W Z B0 HMIEBE B 2 4 0 T 20 T 2 A
H AT IR ST — R 2 T B IR R vk
SR, ALGER & HUPEJE DR i Bk 3R oA AE — 4
FRBG A 2t IXURS: RN SR 25 2k S Boh s Gk
FIRFEO, Y — ), IR T
Y e (A - TR i 3408 22 45 (chromosome-plasmid
balanced-lethal system)ixX —# BUHT i F& 515 1% 3R
WS AR G R e A X AR TR
DRI R B ARME S B, AEBUPER I ) T D
A RSEAFTEMRIRAMNE TR . H T, Pt
AR HTEFG AN, W asd, thyA Fi
ginA ZEPM 0 RGBT e (glutamate racemase,
Murl) (EC5.1.1.3)#4k L-B AR 7] D-75 2R 1Y 5%

Fz1 KA RTAREKERR
Table 1

b, RERRRBEA Bk te i st — 0, Fit,
murl R RE R R - SO R S Y B AR
Mo ARIEX i, AMH5ELL Pp AtssD-1 5%
ARk, JET MRS BOCHIER murl, FagE—Fp
PP B RG . KRG AR TOPAE R ik
BRI R RS AR R IRINEBUR, B RSN IR
PR IR E R A% . thF murl SEFE e
B 41 M RE A B P 3 G T L AR, BT R
TR REELA B2 BAE I R RT RS AR

AR

1.1 EHk. RAIRIEFFH

AW AT AR R EOR L2 1. KT
PRATE 37 °CAMEFREFR, A8 a5 i B i Ak
TE 30 °Co&F T 8597 . ir A R 1 LB [ Ak
WA FRIEIATHE 35, e B RN 38 vk B T
AR B D-B R R . AR IR W R IR TP R B
FRE, AR HE R 150-200 r/min.

Bacterial strains and plasmids used in this study

Strains and plasmids Description Source
Strains
Pseudomonas
plecoglossicida
Pp AtssD-1 Wilde type knockouted the tssD-1, gene site is DVB73_06795; Cam" [14]
Escherichia coli
E. coli DH5a Clone strain Vazyme
E. coli S17-1Apir  Host for mn requiring plasmids, conjugal donor [14]
Plasmids
pK18mobsacB sacB-based gene replacement vector; Kan® [14]
pBBRIMCS-2 Mobilizable shuttle and expression vector. Replicates in many Gram-negative [15]
bacteria; Kan"
pDSK-gfpuv Broad host green fluorescent expression; Kan" [16]
pK18-murl sacB-based gene replacement vector and murl homologous arms upstream and This study
downstream of the murl gene; Kan'
pBBR1-murl pBBRIMCS-2 expressing vector, containing gene encoding murl This study
pBBRI1-murl-gfpuv ~ pBBRIMCS-2 expressing vector, containing gene encoding green fluorescent This study

protein and murl

Cam: Chloramphenicol; Kan: Kanamycin.
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1.2 EZERXF

S AR PLAE R A2 7 % 2 (ampicillin,
Amp) . KL B & (kanamycin, Kan) N 5 5 &
(chloramphenicol, Chl)Z& H A T A Y T (L
TR A BRA W 5 TR 3 9 520 A F 5 i AR
YA B/ ; 2xES Tag Master Mix, DNA $2 8
HOR & B Rt A R A R A E] BRI
PENDING . T4 RN A A9 EER D)
HBRAH; F#E PCR BRI 2xPhanta Max
Master Mix . FastPure Plasmid Mini Kit A&
ClonExpress” Ultra One Step Cloning Kit (73
o) R & B i A A R A BR A T
PCR 7= BN & H Omega A H] 5 D-AH 2
iRl A At R ERH A RA A,
1.3 SR REMK

Z M GenBank A 1Y % A A fE R I TR
XSDHY-P 2 [H 4] (% 5% %5 : NZ_CP031146) .

x2 AARFAAIY
Table 2 Primers used in this study

pK18mobsacB Jii ki (& %5 : FJ437239)/7 41,
PA K Addgene M il (www.addgene.org) 2 #ii Y
pBBRIMCS-2 ffiki K pDSK-gfpuv Jiiki /741 %
H511(Bk P5/P6 Sh) o 2 Tzumi 2595 1A G AL
IO HIE A 7 A B T 4 S5 4 (PS/P6) T 3
YIFFSI LR 2. 1 XA TAEY TR (R
JBe A BR 2 w6
14 RE&ABRBMAE murl EENEE

N E R AR M XSDHY-P A4
HE murl B8, LA Escherichia coli K12 Ftk
Murl & H K2R 551 (GenBank % 5% 5 :
AACT6949 2)1E A5 1) 17 51) , A1) FH AR S T ok
JE(www.pseudomonas.com)$2 it iy 7E 28 T. A
BLASTp, 7EAF MR HAIE XSDHY-P H: K 24
i Bh 14 2 1 8 PR vh SR IR IR 2 1, BLASTp
FEX il I R G EAS 4. ] NCBI S ki 7
2k 1 H. Conserved Domain Search (https://www.

Primers Primer sequences (5'—3") Product size (bp)
Pl AATGAATTCGCGTGGGCGAACTGC 600

P2 ACGTTTTTTTTAAGCCATCGCGCTTGCCGCATA

P3 AGCGCGATGGCTTAAAAAAAACGTGAAAAACCGCTGAACTATCAAG 600

P4 AATGGATCCCAGGGTATAGGTTTCAACCCCATCG

P5 TGCTGAAGGACGAGCGTTCG 520

P6 ATCATCTTGCCGACAACAGC

P7 TGGACTGCTCCGACAACTTC 1472/674
P8 CCGTCCCAATAGCCAGTCAG

P9 ATGGCTGAGCGTTCGGCGCC 798

P10 AGGCAGCGTGCAGCCTTTTCAGTTGTAA

P11 CAGGATGAGGATCGTTTCGCATGGCTGAGCGTTCGGCGC 798

P12 TTCGAACCCCAGAGTCCCGCTTACAACTGAAAAGGCTGCACGCTGCCT

P13 TGCAGCCTTTTCAGTTGTAAGCGGGACTCTGGGGTTCGAAAT 4352
P14 GGCGCCGAACGCTCAGCCATGCGAAACGATCCTCATCCTGT

P15 CAGGTAGCTTGCAGTGGGCTTAC 1 094
P16 CCAACCTTTCATAGAAGGCGGC

P17 AATGGATCCTGTAAAACGACGGCCAGTGAATTC 995

P18 AATCCGCGGTTATTTGTAGAGCTCATCCATGCCATGTG

Restriction sites are underlined.
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ncbi.nlm.nih.gov/cdd/)%f H b5 8 [ A9 £/ 51 25 #4455
PEFTYEE . IR SERR)T A 1 Clustal Omega
YA T Z 80 ! ffi ] ESPript T HXt ¥
5 Bl ot 45 AT Al AR
1.5 murl ERFEREKETERAmMUr)RIHE
RE¥EE

AW T Bk pK18mobsacB [F] Y B 4H AL
AT, 2P Pp AtssD-1 K&K 4H H murl 2
A JCIR RS, SE6 i 52 Tao ZE Y,
7t Pp AtssD-1 3£ K 20 b mur | (B£[H {37 25 DVB73_
RS19840)JE K 4L, 4351 5 9% P1/P2 1 P3/P4
P38 murl JER E R 600 bp B[R B, B
2 R BE B 2] Y pK18mobsacB ik
(B 25 . EcoR I. BamH I)ff, 753 murl %
PR R Bk pK18-murl, P44 & WG4k =
Escherichia coli DHSa 32 2SI, i B 5
PEDEVE , 64T PCR AN, 38 200 75 R4 7 B0
VEREIUE 5 B PR SERE TRV, 7 RIS e Um
ki, BHIEA R E. coli S17-1apir . ¥ &G E 4
JERLAY E. coli S17-1Apir 5 Z AR Kk Pp AtssD-1
Fie 1:10 W B 256 15 5% 755 R IRE %R (50 pg/mL)
IS F 25 (35 png/mL) LB AR 57 1 Br i v e
H % . 05 1 ¥%t P5/P6 Fil P7/P8 4T PCR HiiF,
P P5/P6 P PHME H. P7/P8 4 i 45 2 XA AT
(674 bp 1 1 472 bp)WE AL FHE, 7E5H 10%HHE
B . 10 mmol/L D-75 Z 2 FI 54755 K (35 pg/mL)1
LB Vi kAT ss 52, H519%F P5/P6.
P7/P8 J murl K:li5 |4 P9/P10 i#£47 PCR Hilll
(LEA R Pp AtssD-1 1 %tHd), ik Pp
AtssD-1 ff) murl K [H Bt % %, B Pp
AtssD-1Amurl .
1.6 Pp AtssD-1Amurl B9RE MIFETRE
gl

£ Pp AtssD-1Amurl fY & K

i# LB A #1710 mmol/L D- ’ﬁ

) B b
FR 1Y LB P-4

b, KR 24 W WEAE KDL, BIA D-BARE
Febhfg 2/, AN, ¥ Pp AtssD-1Amurl #H: &
10 mmol/L D-A Z B2 1 LB WA SH IR A | i%
SRR 40 AR5 12 h BT AN 1R, RN
—f), & 10 fRHFE 1 7k, 4REUE 4 DNA,
FIHBI % P7/P8 #E4T PCR %7€, LUK E Bk
FERTEAL A R rh i R e P o
1.7 FHBIERRHEEREE

DL 78 R EAK pBBRIMCS-2 JFikL A 2
&, {di F Gibson assembly 5ol ¥, Bk b
)RR EE R BUiEBL P nptl| & 4654 Pp AtssD-1 11
murl SER, A4 2P SO Bk (T [ R b k)
(E 1). LA Pp AtssD-1 () DNA N, F5149
X P11/P12 #47 PCR Y™, 4545 murl ZEA | B
[FAf A pBBRIMCS-2 JFiki Misit , {519
P13/P14 ¥£47 PCR #7388 , RAFA T nptll L 1
LA TR R B 2 A B R L E Pp
AtssD-1Amurl, 30 °CH55% 48 h, BRI o B pa
WEIETTEE 3R, RS9 P15/P16 ¥E4T PCR %38,
PL Pp AtssD-1Amurl Sy [$H 44 XJ B8, [ Bk a4 700 )
Bk, FH 2 BRI A 4% 9 pBBR1-murl, #45A
12 R Y EE 4 B Ak T 4 Pp AtssD-1Amurl
(pBBR1-murl),
1.8 EHFEHBEMFHFES T
1.8.1 pBBRI-murl RAIEEHEMKPRITEE
G

¥ 4 H bk Pp AtssD-1Amurl (pBBR1-murl)
A E LB AR IR 5L, IR T i A AU 57
FRRHE 1:50 1 He gl EeFh Z 3L LB 53758,
BB 60 K. B 10 HGR 5557, 15
Py P9/P10 1 7 PCR 4 BG4, 357 pBBR1-mur|
Jo A A B 2 TR PR TP A s A A
1.8.2 EHFEHRMEKBFHELETE

43514 Pp AtssD-1Amurl (pBBRI1-murl),
Pp AtssD-1Amurl il Pp AtssD-1 i# tk# 51T LB

http://journals.im.ac.cn/actamicrocn
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Gibson Insert between DNA ends
assembly | 1-4 389

1 4389

[

PCR | Amplify 460—1 252 using:
P13/P14

,/\\j
:'é
2

" 4

pBBR1-MCS2
5 144 bp

1 MEFEHIERA pBBR1I-murl mEE
Figure 1

WA SR TF I D-B 2 W) P FR 7K
Fie 1:100 #iBRAERTBERE SR rh, RGERER
ODgoo 7E 0.5—0.8, 4 000xg &5.0> 10 min, 3 B
JEIIANE D-RATRE) LB Wik 73, IF0
PR FE TR 2 ODgoo (R 0.1, 2RSS, F Fik
R R W% 200 pL/ALEE = 96 fLARH, 30 °C,
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Overlap and insert
1-838

1 838

I

PCR | Amplify 1-798 using:
P11/P12

Pseudomons plecoglossicida gDNA

Schematic diagram of the construction of the balanced-lethal plasmid pBBR1-murl.

150 r/min PR K595, FEFE 2 h 7EREAR I E

ODgoo fH, EZZME 12 h, AR ik,

1.9 MNEEFREEHEKPHIRIEFERERE
i F 514 P17/P18 4 #¥% pDSK-gfpuv 1 (1 %

& oo Y R gfpuv 3t R K H: S s X3

(995 bp) , K5i% H Btidi A pBBR1-murl FokifY Sac T
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Al BamH 1 fgYIf 5 2 [0, ## pBBRI1-murl-
gfpuv JEkr SR Rz Bk L b 2 Pp AtssD-1Amurl
Mk, JETETC D-R AR LB WA b JE1 7ok
PR R R B FR, 5149 P17/P18 4T PCR
YE , LI HE IR, Zead B F Y EE A
WA 4% h Pp AtssD-1Amurl (pBBR1-murl-gfpuv).
YRI5, 7 LB WA R S i 5 X BUE K,
HURE A T80 AU 58, Al GFPuv 25 111
FIE M, Pp AtssD-1Amurl (pBBR1-mur )i
BF o
1.10 ##EAE

Az K i 28 504 5% FH Graphpad Prism 8 i
BT A3

2 HERE4M

21 FEFGHREBEME XSDHY-P EEHAF
murl EEHEE

fdi I E. coli K12 I 4k Murl 2 11 1 & JEBR T
HIVE R AT A, 7ERF AR XSDHY-P
7R (A 8 2 P UEFT BLASTp Hoxt. 4508
N, RA—NEASEFEA B E IR

20

30
L

P, Higwm b 3 F 47 T XSDHY-P 3 [F 4H (GenBank
k'S . NZ _CP031146.1)f%) DVB73_ RS19840
i, KN 798 bp. AN ENS
E. coli K12 B kEAY Murl & [ 2 [A] (4 2 5 1R )7
G| —FHEN 37.8%, I HAE—LLCHA A FA
AIRSFEE 2), 1AM, FIA Conserved Domain
Search - H. X% (#EAT 1 ORSF 45 44 3800 43
Mr, 45 FWZE M Murl #8555 (COG0796)
W, 25 M MERES B AP TR . 2R B
W, ¥ DVB73_RS19840 13 a5 3 K % % 4 murl
FN,
2.2 PpAtssD-1Amurl B9MBEREE

) A i B Bk pK 18 mobsacB [ i A [7]
PR ITE:, 76 Pp AtssD-1 W kPR murl
FH. F 1 AREEAR, BHRARTE R
MR RPUEEER, FEATErRC; % 2 WK
HAN, FIH] sacB FEMFRURIE, 1ER L hR
iZ, TESH 10%E4 . 10 mmol/L D-2SZ R
35 pg/mL WA R LB Vil RS, mHERER%
A KB T T AR T RE BCA Y murl B2 Bk
WIE AR 3 %F5 5% murl 3 K B2 #k ik F T PCR

0 50

1 10 4 60 70
PP XBDHYP cos voe soom svswnns UFAE 1 EF-82 Ve VIHD SGVGGL S Vi Q LPpkhAid Yy R DB P ¥ G E K S| RQ'?RF:EFF AQG. ‘-.;F.Z‘
EC K12 MATKLQDGNTPCLAATP SEP RP TYLEF S A el HeR¥ v Di-BaR |- B0 L K v|1 §a/F{s]u]v A PR el el e AlF BV ERIVIV ARVIT A VSE R Y P[L{A[L A4H

AA

100 110

80 90
PP_XSDHY-P EXSEEFNTIv ;T.:.QL;T‘P VGEiaie AKX P AARMBTIE
EC K12 ACNTAE ‘_u(d pillvciliie Aldxp AR TR
== *A A A .

&
AAAAAL A

260

PP XSDHY-P ;':FE:G:\'Q?FQ._;. -
EC K12 LAA0RYGFETLEKLAVLG

2 Murl EEBFS L E

i
180 190 200

170
PP XSDHY-P RCEELGY]OEL:‘.EG. e D TALGCTH| FRE;.‘:D'-’P. 'CLQR
EC K12 LDEK R T{LREFWHERMK £ P PRRYV VIR ek )i T.480 E £ L P ofeh i 0BG A AR A RESEAY
- *

AA

IZQ IBQ I4Q ISQ 16[.]
LATH 10:.;1<?.;.A.D qS D[V RfAV T QfF l‘FGTGDL sElon
IPRNR[EIN VKR S ¥ T HEPA 1|ARSAN E[C Q|T|E M LIG)S A EMESBA AN A K L H[EE[DV S

210 220 230 240 250

AARDLLEE GP ARKAT ws sEpEo sfls LP
EHEAPDEIK SADAN|IAIJCMAMTIHG . |AE LP

Figure 2 Alignments of Murl proteins of Pseudomonas plecoglossicida XSDHY-P and Escherichia coli
K12. The residues are colored according to their conservation and similarity. Strictly conserved residues are
shown in white text on the red background, and 75% conserved or similarly substituted residues are shown in
red text on the white background. The UDP-N-acetyl-alpha-D-muramoyl-L-alanine and L-glutamine
binding-site residues are indicated by hollow and solid triangles under the sequences, respectively. The active

sites are indicated by asterisks under the sequences™’..
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GG E : P7/P8 FH TR B A5 4o o i b i [R) U5 R
Al A BE (B 3A), P/P10 FH 46 murl %&
R 15 58 4 B4 (] 3B), P5/P6 F K 2% 7 i1
15 AU TR 4 S 81 (] 3C) . A 24 P7/PS 43
H B — 45717 (674 bp), P/P10 ¥ IEBAME, LIK
P5/P6 P i BHIE(520 bp)t, A BE#AIAN murl
Btk 8 3 R T PCR P74 i Tk e I8 il 45

HpykiE 3. 7. 9. 13 /4 LikdriE, A murl

A bp M 1 2 3 4 5 6 7

1 000

700

500
400

300

200
100

3 murl EEEFRKEIEE

FERE R Pp AtssD-1Amurl
2.3 Pp AtssD-1Amurl BIRB R FEIEE M
gl

AN SR 5 R R, Pp AtssD-1Amurl
TR TTEEE LB i FAKAEES(E 4A), H
TEANFE 10 mmol/L D-BEIRIGIKE T A K (& 4B),
RWIZE R D- B AR E G . ILHh,
Pp AtssD-1Amurl £ & D-A 2 FR i LB WA B 37

9 10 11 12 13 14 IS

1472 bp

674 bp

Figure 3 Construction of the murl gene knockout strain of Pseudomonas plecoglossicida Pp AtssD-1. A:
PCR detection of the merged flanking arms using primers P7/P8. B: PCR detection of murl gene using
primers P9/P10. C: PCR identification of P. plecoglossicida using primers P5/P6. M: DL1000 marker; Lane 1:

Pp AtssD-1; Lane 2—15: Putative positive colonies.
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D-Glu ()

p-Glu (+)

=

4 PpAtssD-1Amurl £ p-B & LB FHR(A)FIE p-BEEE LB FR(B) LHIEKIFR
Figure 4 Growth of Pp AtssD-1Amurl on LB agar without 10 mmol/L D-glutamate (A) and LB with 10 mmol/L

D-glutamate (B).

S SRR S 40 £, B 10, 20, 30, 40 fRHY
wAr, FH PY/P10 SIARIN murl LR, 45508
A, A AU A T ARSI 45 SR 28 R B PR (X8 e
WA, BRREIR), RUNZEIREE R AL
Fa B A% .
2.4 FEEER pBBR1-murl BIME R
BE

AR5 1T Gibson assembly i [ A 77 44
7O EE FORL pBBR1-mur |, R AL &
Pp AtssD-1Amurl, 7£JC D-7% 2R s i i LB ~F
Me b b . BRECPHTE 7l , #EfF PCR 56
W Z5RAE 5 fos, S I¥XF P15/P16 i
17 PCR 4 3446 , #5454 pBBR1-murl JBTkL [
PFARTE 1094 bp A0 BH B 45417 5 BAM:XT BEZL(Pp
AtssD-1AmMurD TG 55717 . 454 PCR Kk Ay
ghE L RHASE- A8 ok pBBR1-murl R .
25 BEHEHKRHEMFESFES R
2.5.1 pBBRI1-murl JRFIFE Pp AtssD-1Amurl
F RS R AR

FEALPRE — PR E 4 Wk Pp AtssD-1Amurl
(pBBR1-murl), 7EARS D-AAMRK LB BAAR:
FRIEEELAEA 60 YR, HUEE 10, 20, 30, 40.

50, 60 YXHUEEF, HI P9/P10 5144 T PCR ¥
HEASIN , AT 3545 798 bp BY H AR & (K 6), il
FPas b G, ZRHH pBBRI1-murl JERL AT LA
YA RER T FROEAET Pp AtssD-1
Amurl H1
252 EHEHMEKBHELTE

£ LB BigR B rh JCAMNE D-4% SR #b 78 S5 1
T, W E AR AR IR R R AR, T

bp M 1 2 3 4 5 6 7

2 000
1 000 <—1 094 bp

5 pBBRI1-murl RHiLE

Figure 5 PCR verification of the plasmid pBBR1-murl
using primes P15/P16. M: DL2000 marker; Lane
1-6: PCR amplification of the putative colonies of
recombinant strain Pp AtssD-1Amurl (pBBR1-murl);
Lane 7: Negative control.
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i B E 2 B ARTE [BI4h T B0k pBBR1-murl Ji5 Al
LB &6 D-B AR B 7R, A Pp
AtssD-1 4 K R 4F, U X AR A & 1 D-B &
R I RE 1 o 5 22 AKMRAR EE Pp AtssD-1Amurl JL-F
KA K, PpAtssD-1Amurl (pBBR1-murl)P& & T
AR, HAERKBEALT R4

bp M 1 2 3 4 5 6 7

798 bp

El 6 pBBRI1-murl FRHifaE I8

Figure 6 Confirmation of genetic stability of Pp
AtssD-1Amurl (pBBR1-murl). M: DL2000 marker;
Lane 1-6: PCR amplification of the IOth, 20th, 30th,
40", 50™, and 60™ generation of Pp AtssD-1Amurl
(pBBR1-murl) using primers P9/P10; Lane 7:
Negative control.

20

—o— Pp AtssD-1
& Pp AtssD-1Amurl (pBBR1-murl)
1.5 —& PpAtssD-1Amurl

(I) 2 Jl 6 8 ]I() ll2

t/h
7 TEEWRE LB iRREFEPRIE KL
Figure 7 The growth curves for different strains in
lysogeny broth medium. The optical density (ODgg)

values are plotted as the averagetstandard deviation
(n=3) at each sampling time.
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Figure 8 Construction of the plasmid of pBBRI-
murl-gfpuv. M: DL5000 marker; Lane 1-5: PCR
amplification of the putative colonies of recombinant
strain Pp AtssD-1Amurl (pBBR1-murl-gfpuv).
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Figure 9 Expression of gfpuv in the recombinant strains (400x). A: Pp AtssD-1Amurl (pBBR1-murl-gfpuv).

B: Pp AtssD-1Amurl (pBBR1-murl).
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