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Abstract: [Background] Pseudomonas putida F1 with simple nutritional requirements, rapid
growth, and diverse metabolic pathways is regarded as one of the most promising chassis cells
in synthetic biology. However, few studies have reported the application of P. putida F1 as a
biodegradable chassis cell by streamlining the genome. [Objective] To construct a chassis cell
with high biosafety. [Methods] We employed scarless genome editing based on homologous
recombination principle to streamline the genome of P. putida F1 and integrated the conditional
suicide system into the genome. [Results] Two lysogenic phage genomic islands PP1 (50.7 kb)
and PP2 (58.4 kb), which account for 1.83% of the genome size, were successfully knocked out,
and a knockout strain P. putida F1APP12 was constructed. Furthermore, the conditional suicide
system controlled by the arabinose promoter was integrated into the site of upp in the genome of
P. putida F1IAPP12, and thus a chassis cell P. putida F1APP12-Para-nuc with high biosafety was
successfully constructed. [Conclusion] This study increases the application value of P. putida
F1 and provides a theoretical basis for the application of this strain or genetically engineered
bacteria from this strain in environment remediation in situ.

Keywords: Pseudomonas putida F1; chassis cells; lysogenic phage genomic island; conditional
suicide system

T BB 5 1§ (Pseudomonas putida) At 1 15f
R, AR, XTI SRR R
m LR, Jf B T sl i figdE, 2
B B W2 A BEAR Y IS S A i > — 1,
BRI 5L TR E T SRR IR T
M BRAEE . KRS DR MR Y
SEBI Tk A B, DA R 5 B 5T e 1 e e 16
A K AR IR A2 B £, Al DITE Rk
W AEAE, WAE R AEDEE R,

e DR 2R 137 2 ) T 25 24 i 1) 2SR
FeBRTULR A JE RIS AT LAREAR I R A1 9 52 4k
A BB 5 i R 4 1) AT T e R T )

I AT A DR 2 0 7 240 e PR 2 3 A7 7, R
22500 T R TR 20 2 /0 A — VA D T A [
BT, A BT 5 78 S R KT R A R )
SRR e B Vs U v D A DX 2 5 5 1) P. putida
KT2440013 23 5 R #& IR AT 1 (Corynebacterium
glutamicum) ATCC 130323 | [ g 3| Bk &
(Lactococcus lactis) NZ9000! e A [d] £ 12 F 1
A RAGFOUAR TR AR S 5o AT 22 5, R,
VR TR AL 2H B v /RS P. putida F1 [
YK f O FRAR B

SRV R B B . Beisoott . itk
T TR 3 T A A5 B 0 I 25 240 e vy s S )
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AR, RN B AR P18 T S R i S A
) S A i U3 (E S B R A 2 1 R A R
FLH TR . Wik, WE—A Ak
TR AR ARG G DL S5 A R R BRI E
FIUSL S bk B R RGBT R S SC e T
SRR S FRIBOERF RS E, A
EREXT5 T I P e S ik ARG 2R3k st (IR A o]
FAABEIE 3 F Paa, 507 G )R (Serratia) i
HMETRG nuc JE IR (K BRILAE 5 I o il g 2%
THEB ARG . BTHARRE S 2hF DR UE s AR TE R
WRE A A R RS BT R TR
R AT = B4 (U IR e M AMZ R nuc
FERTETR R N 2805, o] DUAE RS 1 R A A TR
SEEARIET-IT, upp FE R AT G AL R S I R R
RLWEG R Tk, ot 2400 B mT ) T L A0 DR s O, i o
upp J PR ot TR AR A8 A RGBSR i e
PRt 2 R AL AR SR AR R R LA
(A=

AWFFELL P. putida F1 35 D8 2H o At v 5 w5

*® 1 KXFRAEKRS R

TR PACHE DAL AR D F R Bk e Ay S A T R 1A
LAY AR, K by BTRL PR I 3l 7 Fa i ) 4%
TEYE AR RG-S BIRE N T, LSRG HEA 4
Wy Ve RIS BLANNE LA O (o T TR T o
PEAT AR WAB S AR AT A e

1 MHET%

1.1 #m

P. putida F1 38 % 7& LB B53E3al M9 K53k
30 °CHESR, H MO BEFRIEIE IR A 25 mg/L
2R o

KW #F i (Escherichia coli)7E LB i35
37 °CHEF%, FFUSIMARN MPTAER . LRI
AUk . RIB% &K (kanamycin sulfate, Kan)k
50 pg/mL, %% 2 (streptomycin sulfate, Sm)A
10 pg/mL,

ASCRT M AP BRI R 1 R, 514
5% 2 7R . E. coli DHSo &2 2540, 7 504
MEE A= YR By AT BR A ]

Table 1  Strains and plasmids used in this study
Strain/Plasmid Relevant genotype or characteristic
Strain

Pseudomonas putida

F1 Wild type

F1APP1 F1 with in-frame deletion of PP1

F1APP2 F1 with in-frame deletion of PP2
F1APP12 F1 with in-frame deletion of PP1 and PP2

F1APP12-Para-nuc
Escherichia coli

DH5a

S17-1 Apir

Plasmid

pK18mobsacB
pK18mobsacB-APP1
pK18mobsacB-APP2
pK18mobsacB-int-Para-nuc

F1 with nuc under control of Para promoter integrated into intergenic region of upp

SuUpE44 1acU169 (¢80lacZAM15) recAl endAl hsdR17 thi-1 gyrA96 relAl
thi pro hsdR hsdM* recA R~ M* RP4-2-Tc::Mu-Km::Tn7

Plasmid for allelic exchange in P. putida derived from plasmid pK18; Mob* sacB* Kan’
pK18mobsacB containing two DNA fragments homologous of PP1
pK18mobsacB containing two DNA fragments homologous of PP2

plasmid for integration of Para-NuC into intergenic region of upp

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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Table 2  Primers used in this study

Primer Sequence (5'—3")

PPlupFXbal ggtacccggggatcctctagaCGGCAGCGGCCTTGAGTTC
PPlupR tgggecgattcgaatgtgaat GCTGTCATAACTCTGTGTG
PP1dnF acacagagttatgacagc ATTCACATTCGAATCGGCCCA
PP1dnRNhel ttgcggeagegtgaagectagcTGGCGCAGGTGATGATGGCC
PP2upFXbal ggtacceggggatectctagaCGTTCTCCAGCTGCTGGTAG
PP2upR caggeegtcgtaggaTACGGTGGCGGCTGCGGCG
PP2dnF ccgcagecgecaccgtaTCCTACGACGGCCTGCGCCC
PP2dnRNhel ttgcggcagegtgaagetagc AGTTCAACCAGATCGGCTCG
PP1DJF927 GCAAACTGCCCGACCGCAACGA

PP1DJR927 GTGTGCTCAAGGACGACTC

PP2DJF1758 TCTTCATCCGCAAGCTGTTC

PP2DJR1758 AAGTGACCGAACTGAAGCA

UppF 737 TCTGTTCGCCGACTTTGG

UppR 737 ATGGCCGTCTTGTATGGC

NG FRERR R IR

Minuscules represent homologous fragments.

1.2 EFHFE

LB i fR IS8 SOk 191RCH], MO KRk
SO 18], MO 35323 5 A 1 mmol/L
MgSO4-7H,0 F1 0.5 mmol/L CaCl;,

BlAREFREL . 76 R EEFREE PN 20 g/L
B AR IR . 7E MOSEFRILHIA 25 g/L
LW
1.3 EERXFIFNEE

Ky, REKKRMEFARERAE . ¥
500 mg FEMAT 10 mL £5T/K54 022 pm
VR DR BR TR R B, . RIREE R M
HER, M REEREARAR; L-FhiA
W, i MR AE AR e A BR A F] R
FEHCY R ER 11, Oxoid 24 H ; Bitfig , BioFroxx
Tl BUIERE . DNA Marker #1 Tag Mix, bt
BB AR ARARAA; Hafb2zliy
W T [ 24 4 A Ak 235 A BRA ] -

DAL DNA $RIGAT £ 5 Tk /N
HE R A, RARAEERHE AL ) A BR A B
MO G O BB A G4 e iR &, R

SUOEMERE A IR A A BR A w5 BRIEAZ R A
VIl Xba I #il Nnel, New England Biolabs 23] .

UHPLC & 808 AH 35, T8 R R B A
Al; PCR {UHNEBE M/RIL, Bio-Rad AH]; &
{L>HL, Eppendorf AG 23 F] 5 B KA F HL Tk Al
R —EWRHCA R A A .
1.4 E[F4H DNA BYIZELA PCR

¥ P. putida F1 7€ LB WIAR; 3R 3P T
30 °C, 180 r/min 557 % ODeoo N 1.0 Z£47, %
YNPE SR 4] DNA FREUGA I S i B A3 R UL A
21 DNA, HIRFEE K PCR i FE e (B i
P501 #E47, [ WA £ (25 pL): 5xSF Buffer (with
10 mmol/L MgS0O4) 5 pL, dNTP Mix (10 mmol/L
each) 0.5 L, DNA 20 ng, 1F . &[5 [4(10 umol/L)
4 1 uL, Phanta Super-Fidelity DNA Polymerase
0.5 uL,ddH,0 #bJE 25 pL.PCR 2 v 514 : 95 °C
3 min; 95°C8s, 59°C/55°C 15s, 72°C50s,
30 MEFR; 72 °C 5 min, [FFIRZE 12 °CEiF17T30
REREEE R LUK . TRV PCR i H1%& 11 Taq Mix i
1o WK ZRS pl): TagMix 7.5 uL, 1E. JZ[i]
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51%71(10 pmol/L)4% 0.3 pL, ddH,0 6.9 uL, ¥
HTETE PR R IR R PIRS) . PCR RN 254 94 °C
10 min; 94°C20s, 55°C 15s, 72 °C 1 min,
30 MIEFR; 72 °C 2 min, FEIRZE 12 °CJa #EF7 3K
W R FE LUK

1.5 EREFAEMEE

Pl P. putida F1 py3EHEL BN, 5190%F
PPlupFXbal/PPlupR . PP1dnF/PP1dnRNhel .
PP2upFXbal/PP2upR . PP2dnF/PP2dnRNhel 435I
FHE PR ECHEG PSOL 4 384 i 5 it 127 1 35 (R 2 &
PP1/PP2 | Nt/ B 1500 bp, K] Xbal il
Nhe 1 ¥ JFki pK18mobsacB AUk h:4k, 4%
F B RIS b Rl B o T g% v PR
g Cl16 SZtfbaiikiEs:, 580 T0RmkRE
& pK18mobsacB-APP1 £l pK18mobsacB-APP2.
1.6 AREESERESE SRR

4y W) 3% & pK18mobsacB-APP1 il
pK18mobsacB-APP2 i1 P. putida F1 ¥ il 15 7
PRIERAL S PPL. PP2 (iR, JHorb o sk
LA sacB 15 A iz bRic. LA E. coli S17-1 Apir
VERBURES G BURLBHA T, W m B 28 e 1k
FE P.putidaF1 H1, {5 20% 5 A9 LB 5573
%5, 30°C. 180 r/min 5537, 1510 3 W Mkg
i F LB e, W& PCR HEAT RS bk .

i 1 Tag Mix XJ 5 5 0S84 I 14 TR 7% 61 7
PCR ¥33iE, P. putida F1 7 JE I ALK 40 5 PP
YRR BGIE [ 5 [ 97%F PP1DJF927/PP1DJR927,
VAR AR E NS PP2 ARG 1 ) 51 %ok
PP2DJF1758/PP2DJR1758, X ikl i wkAdi |
RGPy 1) B B, R R R TR AR 3 0l 44
F1APP1. F1APP2 1 F1APP12,

17 #HMHBEBRRAGERAES

¥ P. putida F1 3K 20 H upp B[] F1iF 355 bp
FB . BTRa e sh T R HEEE R . ARG
SR B nue FE A B, LK upp AR

i 321 bp K BofRk i H: £ Fk pK18mobsacB
[ TAY TR M A RAFE K], 4
% N pKl18mobsacB-int-Paa-nuc, LA E. coli
S17-1 Apir VE A BCEEE A 1 BURALAR B, K a A
kAL Z P. putida F1 51, 28 20%EEA 1)
LB 55353 30 °C., 180 v/min 5535, 448 3 WGk
FERATT LB ~FAR, (15 14%F UppF/UppR #4T
W 7% PCR i i AU BR B bk, 4% Haw 4 0
F1APP12-Paa-nuc.
1.8 FZHMBRAZHAR

# P. putidaF1. F1APP12, F1APP12-Paa-nuc
Iy R 100 mL LB A 373, 30 °C,
180 r/min }53%, T ODeoo fE N 0.6 B, 435K
B 50 mL B FS 2 250 mL HEEIRR A
1% BT HAA ST, TR AR IR AE X B
ST 30 °CHiFE 12 h, % 2 h JIJ5E ODgoo fH.,
75 & 25 ODgoo 4 0.2 Ji5 PR H B 10* 574 7 T LB
R b, 30 °CHEFR I G X R VR AT
1.9 A BTN

PG L E ODgoo A 0.8 [ P. putida F1 .
F1APP1. F1APP2. FIAPP12. F1APP12-Pya-nuc
Sy AHERIT 100 mL 1) LB WRAAESFHEANE 3% NaCl
) 100 mL LB #{AEEFHEF, 30 °C. 180 r/min
B3R, B2 h BURE, DU E TR ODsooo

5L 2 ODgoo N 0.8 4 P. putida F1,
FIAPP1. FIAPP2. FIAPP12. FI1APPI2-Paa-nuc
FEHET 100 mL 9 LB WARKEFRIL T, IRm AWK
JEh 25 mg/L BIREEFE ODeoo N 0.8, UK
W, MO WA R VE 2 Ik, DL 0.1 W IR
ODeoo 3T % 25 mg/L 2B 100 mL M9 ¥
¥ FE T 30 °C, 180 r/min #5535, 45 8 h HL
FEdEFT HPLC 3 #r .

¥ P. putida F1. FIAPP1. FIAPP2. FIAPPI2
1 FIAPP12-Paa-nuc 75 5 mL 7% 25 mg/L K )
LB EHRFEFIFEFEEIRE ODeo N 0.8 IFF
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20 °C. 5 000 r/min &5.0> 10 min, M9 WRIEREF
Fevk 2 WEH 50 uL i MO AR R A
B 10 pL # B TR S FE 7 25 mg/L R B 1) M9
AR IR R FRR], 30 °CREFF 48 h 5l
FAtb B RN
1.10 KEENT5E

HPLC 7£ Thermo UHPLC 3000 4517, 4
1A A Agilent ZORBAX Eclipse XDB-C18 column
5L (250%4.6 mm ID, 5 um particle size), i3l
FHLEL S KRN R, BB BE VR F : 05 min,
30% FI LRI IN 2 90% I, FFARAEF 10 min;
SRIGFE 0.1 min PNE ] 30% %, 45 3 min,
UL A 1.0 mL/min, FERPREELE 30 °C, #EFEE
420 uL. DAD kel &5 4 270 nm. 7F ik
MR, RO BSER 16.5 min,

A

1.0

Pseudomonas putida F1

5.95 Mb

2 ERS594

2.1 KRTEMKRAIIIE

P. putida F1 JER 418 K/NA 5 959 964 bp
(GenBank: CP000712.1), f#i/i] PHASTER H.Hk¥
IR %5 252U P. putida F1 Jit R 40 rp 4t 4 2 i
R W AR RE N 41 B PP (3778059—-3828832) Fl
PP2 (4600889-4659308). & 1 45T Hikk FI
JE DR A Hp s TR AR SE I A S i e A, DL R
JUT A 5 114 T 58] 35 HE AR PR AR R DG L TR EL 1
. PP1 5PP2 ) G+C R R ZESR, 5W
PR F1 BN GH+C & (62%) M 22 0L, X8k
VFRE /R T PP1 5 PP2 B e HIE R4 R RS @A77
THY KRR, BTSSR T R E &
75 1E B R

B . 7883%
60
S
2
= 40
Q
=]
g
= 19.3%
20 L . ()
1.87%
| =
Phage Hypo-thetical Others
related

1 E#HF1FARREAREES A FEERAILHABTE F1 AN P RENL. B: IR E
PRI A B B8 BT 2E. C: IR IR TR (R P A 5 UL . GHC 5t BT ] 1 AHE

Figure 1

Lysogenic phage genomic islands in P. putida F1. A: Circular map of the P. putida F1

chromosome showing the physical location of the prophages in the genome. B: The protein species of
lysogenic phage genomic islands. C: The total length and the G+C content and open reading frames.
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F€ 2 S P. putida F1 H 35 [R] 2 48 52 4 0 &
RARM PCR IUE4 R . & F1APPL FI
F1APP2 1 R B AR X BAR, 43318 21%F
15%. TERLBRE MR FIAPPL (% PP2 X IsA) ok
AT B BRI AR, SR FE PR Ak F1APP2
1) PP1 XA, 75 2 3 bR vk F1IAPP12 14
REIK 78%, FIAPP12 fiesk fity i R 4 [X e 2 FH
#7109.1kb, @bk F1 BEEAR 1.83%,

22 FHUHMEBRERSGMRER

WM 1% A B 5 F1. FIAPP12 Fl
F1APP12-Paa-nuc (4 K TR 2 37 31— @ F2 J%
B, FHA R F1 A F1IAPP12 A K ODsoo

A /T\
PPIW
B
bp M 1 2 3 bp M 1 2 3 bp
e e e

: 000- E 666" oy
1 000 1000 1000
750 750 750

{4354 2.754 7 F12.726 7, F1APP12-Paa-nuc
FE4 hEFEANFAER, K ODeoofH 4 1.742 9,
5X1EF M FIAPP12-Paa-nuc A K ODeoo
H22{H20 0.8, 6 h Jil: ODgoo 2 Hi R
(1 3), 16H] F1APP12-Paa-nuc AU 141 H A &R
GAE 1% FTHAAA B 95 S T B B 80t
2 3 AlE, AN 1%8 BT R BHE S 4
HHEARREBOCRGE R B %, AMEIS
FEFE R MG, 7E 8 h JE P AR
F1APP12-Paa-nuc W 7% I L . Z & #YH
F1APP12-Paa-nuc FFETS T 5 I AE K ZARST

77N

o N m N N\

2000

1 000
750

F1APPI F1APP2

2 Bk F1 ERRIEREE(A)S PCR BIE4 R (B)

FI1APP12 F1APP12-P,, -nuc

M: 8 000 bp DNA Marker; 1: DA F1 &K 4

B 20 LA F1 RASBRIEN A RN ; 3. RBR/BA BN iR

Figure 2 Genetic operation diagram (A) of strain F1 and PCR verification (B). M: 8 000 bp DNA Marker; 1:
The use of the genomic DNA of the control strain P. putida F1 as the template; 2: The use of the genomic
DNA of the P. putida mutants as the template; 3: The use of the plasmid DNA as the template.
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3 F1 FEKRERTHKRE 1%MAAEESEK
553

Figure 3 Growth curves of wild and mutant types of
P. putida F1 induced by 1% arabinose concentration.

% 3 FI1APP12. F1APP12-Py.-nuc EF5IEFE
S ER B R FIEEE MR

Table 3 Comparison of the number of surviving
colonies at different times between F1APP12 and
F1APP12-Para-nuc induced and uninduced

Induction F1APP12 F1APP12-Para-nuc F1APP12-Para-nuc

time (h)  (in) (un) (in)
2 >700 >700 295+22
4 >700 >700 83+23
6 >700 >700 2+1
8 >700 >700 0+0
10 >700 >700 0+0
12 >700 >700 0+0
14 >700 >700 0+0

2.3 HEBEFMITNES

£ LB RIRRE SRS, BRAERE 5 2k R
G, 92 h G EATEAN, 78 3-6 h a4
Kl RKE AR RME, 12 h FEAFREY, H
K ODeoo ¥I7E 2.5 &2 47, WK 4w, A&l
2R B 58 AR TR PR 5 B A DA R A K R R R I
MR ES,

WE 5 fiR, 768 3% NaCl i LB ikks
Fr e rp 52 AR T AR 5 AR AR I AR K I R R B

4 F1 HEMRSRTHRE LB IEFEFHEK
553

Figure 4 Growth curves of wild and mutant types
of P. putida F1 in LB medium.

5 F1EFEHRSRTHRE 3% NaCl #9 LB 155
EPrE Kz

Figure 5 Growth curves of wild and mutant types
of P. putida F1 in LB medium with 3% NaCl.

MRS, SHEERNTZEEATX G, %W
VAS R I P (AR R PR A 53 T R R RN A5 P 1 B R R B
BB T P. putida F1 7653 FRES T 4K
ToM, X—KBN P. putida F1 JiE &40 E7E
A0 - 98 5 v Uk B A v S i v 48 A2 AL
T oA IR
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] 6 JE7R T P AE R 5 5 AR R IR R B R A T L
B, Kl S BARLL 0.1 R4 ODeoo %
BT Rm N ME—BRIE A M9 Rk, IrA T
PRI R S U R B B R B T . S &
PRI AR LERE R A A TEIR 22 4, 40 h BRI 4 58
SRR 3Ah, RASTEE S B A BERRAE R 9 R
ffR R FIR OB SR, X a5 RR, W
Pk F1 RAEFHAXT P. putida F1 LAZK B} A ME—
Fie 5% ) o3 A 15 AL )

4 PRI RS B RES B AR BRRAE LUK
IME—BRUEA MO f [ RE R 5L v R TR e R

6 F1 RS RTIRURE) A ME— R A0 7
iiE53

Figure 6 Degradation curves of wild and mutant
types of P. putida F1 using phenol as the only
carbon source.

F 4 BFEHRSRTHRUEIR A —RERNELE
Table 4 Chemotactic circle size of wild and
mutant types of strain F1 using phenol as the sole
carbon source

Strain Chemotactic zone (cm)
F1 1.363+0.015
F1APP1 1.352+0.027
F1APP2 1.357+0.035
F1APP12 1.361+£0.015
F1APP12-Para-nuc 1.359+0.038

/AN, TERESR 48 h JE, AHbkR LR NG
F225(P>0.5), WHRIYZAEXTT P. putida F1 L
RT3 Ay E— Rl AR P A Ak S N AN 25 3 s )
3 Wik

AP AR P. putida F1 /E K&
AHE, SR AL T[] V5 B 4 5 B A R R TR 24 4
HOR, BB 2 DR IR,
BB A 1.83%, ARLRMER 3 B
Kbk FIAPP1. F1APP2 #l FIAPP12, TEARifE
R R IR T ARG« XF DA 193 A i — ik
I B A% M AL RE T B E 45 SRR B, I IR
PR SE R 20 5 (R BR AN 2 e I AR F1 X5
B KA R IR I &z B, I H 4R
1y A by ME — Btk 58 1% 2% A7 T LR i A0 a1k g
KIARZ 500, # B Corynebacterium glutamicum
ATCC13032 JER A R ) 3 4> o 55 KT 4H 6% i
WAL 5 )5, AR RARAE A R R i T R T 2%
T ARRI AR Zho SE9R TR
e AR AL A5 A BR B Bk Lactococcus lactis
NZ9k-4, HAUAEZ A AR L TEAE TS
PR, T ELAE A S U5 AR AR 77 IS B A0 A R
LS PERE

H T SRR A G BT AR S Y F1APP12 JiE A% 40
ML A= i Ak, R A IS 3Rk T ARAIR HL X 15
TP R S R B BT HAR B IS 81T Para FITD TR
G B IS MZEREE nuc JE R (ZEBR15 5 M43
SRR AR RGP H RS 3] P putida
FIAPP12 WL rh, W T 58 48 T Ak
P. putida F1APP12-Paa-nuc. 508 R J&E Y
MIAMERREE nue JE R BRI J5 , ZE4l
PR 208 A AR 1 T LA R S v B AR AR TR 5 3
HRIBETUT, DT e R B AR R IR TR A
i B AN R K KT R I R BB A B v Y
WRTERRS , B4 B R RE G B AR5
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PR 2] Hp PR IE T 3 R R P s AL e
P. putida F1 7] AR5 0 Can 4 25 % A R (E.
AN BE AT OB Can A Fn BT R AT, X PR UE
B HEAABE7E S S P. putida F1APP12-Para-nuc fif
IR A ROH UL . 76 1%PT LA bE 1155
T, F1APP12-Paa-nuc () A RBCRECN M, 7£
¥ 8 h 5 4#kstr-, JFH P. putida FIAPP12-
Para-nuc A5 LA S 8 IR it 524, LA KORIRAE Ny
ME— B 5 BT B R IS AL BE J) . Molin 507
1987 AE A SE — A KA T 1) (A 2R
JA BF A hok SUFEIERR B S5 4-PE B R R G
) R AT T A B AR R, EB = B R
PTEBL T, B R EZ B, A hok
I FRIR FEORAILT; Knudsen FFEPHA
2306 relF Al hok JEPREHEE] Pac REI T T
if, 76 IPTG MBS T, SEEK B AR K
&M 5 Ahrenholtz ZEPI22380% nuc BN ERE R
XU PR Sh T T E, A R AR IR
FE, LU RS nue SRR AR R, gk
TR A AT N Li Py g TS &t
FAELH E. coli BL21AI-DS, 7S5 HEM N
RUFRY E AR, bl A 5T ff ok AR 75
M B AR RGETCIERUE TR R B A R 3
R AL BT RS A B g i, A, Bk
RGBT AR TR . Recorbet
200G sacB FERE MBI A AR A 5
RS HAE A3 E. coli EL1026 H9RER2H
BERAT ARGHREN, HsacBRHTER
S A AREE B YE, I B R A
o AHILZTN, ARSCHER 2T K P. putida
F1APP12-Paa-nuc Bl i i v BE AR
Xof PR AT

4 HE#
AT IR T 578 20 B R R E WK

TR LI ZH A IS #E4HiEL P. putida F1APP12-Paa-nuc,
[ R B T AR Bk P, putida F1 X EhBR5S
AT 52 B, I H YA S ME— Bk I8 1 25 AF
H RS Fn R A RE 1 A 250, AT SRR B
RAG A T HAEY L2, e TH
P A, FF H o d A P. putida F1APP12-
Para-nuc 3% LA M JEE S 20 it — 2 ele it iy S (R T
R AT IR A A8 2 P2 It T HS AR .
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