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# 2. [4 %) Burkholderia sp. SJ98 #| Jf & Al L By Fo 2-F-4-FH AL By A " — BB F hE R AT A K,
i@ 1d 7R R ik 3 i Haloferax sp. D1227 ¥ #9428 R AL 4 35 LB SodA, 1% #E #& SJ98 /£ 500 mmol/L
NaCl &4 T4 A st i iEregte /). Az Tl e L@ fe H 8 504 T LEMARGER
Fa b fRBE L E ) 6 31K, ABRZRAEGHELM TR TLAEMT AR ITAEN S R4k, [B49]
% Burkholderia sp. SJ98 #97 3k LR, MEAH sodA #94mH SJI98 £ 538 fu & 3 A T MRt AY
KBy Fa 2-R-4-FH AR GI5 ), AN ELHE F pnpA AR 4 T A A S BB E D, [Fi%]
FERm B B AR PR EAE R 2-F-4-F R B 6 AL 25 38 FR AL (5 %14 400-800 mmol/L NaCl)3 M9 3
F# (4 0 #2 500 mmol/L NaCl) ¥ 3% amif SJ98 A R T . @i oo kb it & 8Uk4E &3
EAM A ARAE KA R &R, @i LR T E PCR 53 VA BAF AR E A K F4, BN KK
#7%m 500 mmol/L NaCl &F, #§3 &3 o A B2 A5 L A pnpA 948k Bk, AR Rkt E o
R A P AP A B Ay R A, K AR s e 500 mmol/L NaCl B, &40 ) Fo = K 8 69 HLBE 7 b Al A B
An Bt AT R 69 E S T A, (4R BFAR F AR SI98 vA &) 45 A4 2R £ K 69 NaCl #f % K E 2
600 mmol/L. &##42 NaCl Bf, F40H SJI98[pCM-pnpR-PpnpA-sodA-rfp] 2 & Fe i 2t 24 AL By 44 45
AR TFEHAF. A 500 mmol/L NaCl &F, Z40H SI98[pBBR-sodA]5 4+ T A 2-F-4-FH A KBy
JR A KA fRIZ RGBS, T B BAKH SI98[pBBRIMCS-2]¢g A& K A& itat h m A&k, T4
# SJ98[pBBR-sodA#LAG & F Ao B B3t T AL KBy o 2- 2 -4-FH KB 0978 N AT AR 09 13, 4
B VA BAR BB A S0, RER F R4 NaCl, E4LH SI98[pBBR-sodA] T A4 2k By 3 o B B 4 1)
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Archaeal superoxide dismutase enhances bacterial degradation of
nitrophenols under salt stress
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Abstract: [Background] Burkholderia sp. SJ98 utilizes para-nitrophenol or 2-chloro-4-nitrophenol as the
sole carbon and energy source for its growth. The superoxide dismutase SodA from Haloferax sp. D1227
endows strain SJ98 with the ability to degrade para-nitrophenol with 500 mmol/L NaCl. However, it is
unknown whether strain SJ98 containing sodA can degrade para-nitrophenol derivatives under conditions
with high salt concentration. [Objective] We are aiming to study the salt tolerance of strain SJ98, and the
degradation of para-nitrophenol and 2-chloro-4-nitrophenol by strain SJ98 containing sodA under normal
and high salt concentrations. We also hope to detect the transcriptions of pnpA and the activities of the
nitrophenols monooxygenase in the recombinants of strain SJ98. [Methods] Strain SJ98 and its
recombinants were cultured in minimal medium (containing 400 to 800 mmol/L NaCl) or M9 medium
(containing 0 and 500 mmol/L NaCl, respectively) supplemented with glucose, para-nitrophenol or
2-chloro-4-nitrophenol, respectively. The strains growth and substrates degradation were detected by UV
spectrophotometer and high-performance liquid chromatography, respectively. The transcriptions of pnpA
(nitrophenol monooxygenases encoding gene) induced by two nitrophenols were detected by quantitative
real-time PCR. The activities of nitrophenols monooxygenase in the crude enzyme solutions were detected
by UV spectrophotometer using two above substrates. [Results] The NaCl tolerance concentration of
strain SJ98 was 600 mmol/L with glucose as the carbon source. The growth and para-nitrophenol
degradation by strain SJ98[pCM-pnpR-PpnpA-sodA-rfp] were much better than those by the wild-type
strain. With 500 mmol/L NaCl, strain SJ98[pBBR-sodA] still maintained the ability of degrading and
growing on 2-chloro-4-nitrophenol, while strain SJ98[pBBR1MCS-2] completely lost these abilities; the
activities of the nitrophenols monooxygenase against two above substrates in the crude enzyme solutions
of strain SJ98[pBBR-sodA] were both about 1/3 of those in the wild strain. When two nitrophenols were
used as inducers, the transcriptions of pnpA in strain SJ98[pBBR-sodA] were about 17-25 times higher
than those in the wild-type strain, regardless of the presence of NaCl. However, when 500 mmol/L NaCl
was added, the transcriptions of pnpA were partially inhibited. [Conclusion] This study provides a
potential possibility for the application of superoxide dismutase from archaea to improve the ability of
nitroaromatics degradation under normal and high salt concentrations by bacteria.
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JL 1 (2-choloro-4-nitrophenol, 2CANP)#R il 55
BALEY), Wz T ol A B AR e
AP R BN 2 0GR A LA B, ATREFE R
Wb R, H— BEAFTEARXE o B, 4 ) 2
PNP #f 3¢ [& ¥F 5 f& 7 & (U.S. Environmental
Protection Agency)¥!|>h“PL5Ei5 444, Burkholderia
sp. SJ98 1] LUFI i PNP F1 2C4NP 1 Ayl — AR5 AN
BEVRIEAT A KB, LR A% PNP 1 2CANP 91 CiHE
ot 3 b B 018 4Rk ) I Ak 8 (superoxide
dismutase, SOD, EC:1.15.1.1)H.47 455k i £ P %
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£ # Natrinema sp.f) SOD FE/K R+ i Fik Al LU
P KRR, T gLt B Haloferax sp.
D1227 (1) SOD S-U§ 2R 1k w] DALY 5 4 17 it b 1 Ay
KT YRR TERE s WL TR D1227 1Y SodA &
PRI AR E ALY LB Fe/Mn-SOD Rk 51, 1F
AT SJO8 Hp sl S IR R B M AL B AL T
TV, [RIEIR > B 41 4 T 7E 500 mmol/L NaCl &1
AT AT LA A it S A e B, R T A A0
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ABRFEE S BT SI98 M EhAE ST,
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254 [ ASI T/ NaCl 50T, Xy L /2-
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LB #3008 BSYT Fmssgaitt™ . ol
K g H (minimal medium, MMV MO #5373 (2
% NaCl ¥k BE 294 8.5 mmol/L), 50 mmol/L pH
7.4 (TSR SE o N 20 mmol/L pH 7.4 IR 2% vl
WS BESCHR[3TBC -

112 &k, BRI &4

S P FH B R SAH DG BURLANER 1 PR .

E. coli WHkINTE LB KiFR¥LpF 37 °C,
180 r/min }53%id %, i E. coli WM3064P15 5%
iFHIA 0.3 mmol/L 1 2,6-— 443 B —R[(6R,2R)-
diaminopimelic acid , DAP] . Burkholderia sp.
SJ98 (i Fh 14 M8 2 5 4 DSM23195) S — Fk BE LA
PNP FI 2CANP 2557 7 k45 1) o E— Bl I AR 1 Y TR
¥RO, bk S198 MILEAHMISTE MM B M9
130 °C. 180 r/min 3% 2-3d. HEFH AN MM
M 3 mmol/L A% A 2 mmol/L A5 Z5 HEAE A &
DRFIRDFERRIR s HIHEFRELN MO AN 0.019%M8% B}
Wi o B % AR 4 I A SORE A9 BT PR R S A A=
o ITAMPARZWENT . HRMEAFR
(tetracycline hydrochloride, Tc)ky 15 pg/mL, RHR
%5 % (kanamycin sulfate, Km)>% 50 pg/mL.
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Table 1  Strain and plasmid used in this study

BERATORL FHIE VR
Strain and plasmid Characteristics Reference or source
Strains
Haloferax sp. D1227 Wild type; isolated from soil contaminated with highly saline oil brine [22]
Burkholderia sp. SJ98 para-nitrophenol (PNP) and 2-chloro-4-nitrophenol (2C4NP) utilizer [9,23]
Pseudomonas sp. strain WBC-3 Wild-type; PNP utilizer [20]
E. coli DH5a SupE44 lacU169 (¢80lacZAM15) recAl endAl hsdR17 thi-1 gyrA96 relAl Novagen

E. coli WM3064 Donor strain for conjugation, 2,6-diaminopimelic acid auxotroph, thrB1004 pro thi Novagen
rpsL hsdS lacZAM15 RP4-1360 A(araBAD)567 AdapA1341::(erm pir [wild type])
Plasmids
pCMgfp-lacZ Tc", pCMgfp containing lacZ [24]
pCM-pnpR-PpnpA-sodA-rfp  Tc', lacZ in pCMgfp-lacZ was substituted with pnpR-PpnpAwsc-3-SodA-rfp This study
pBBR1MCS-2 Km', broad-host-range vector [25]
pBBR-sodA Km', sodA cloned into pBBR1IMCS-2 [3]

(para-nitrophenol , PNP) 1 2- & -4- fif 3& B (2-
choloro-4-nitrophenol, 2CANP)FR#EM K B Sigma 2y
Hl; PIYIEENS | New England Bio Labs A7l ; T
IV SN R AN 1 B SRS B2 B 7o T A E R W e
T4 H Omega /A Fl; RNA $EGRF &M H A T4
TR ) ABRA ] oAb B 245 4R
e R AW

58936 T, PerkinElmer 24w 5 bR
1%, Gene A+l ; RO EAIEIL, Waters 23+ ;
PCR f{FI%¢EE R PCR 1Y, Bio-Rad Aw]; ¥k
#.0HL, Eppendorf A ] #4iZK{L, Millipore 22
Al BB, T2 YRR R
YN8
12 A%
121 ERFEEREE

Haloferax sp. D1227 B #k+4 B8 SCHR[3]Tid )7
K%, RN ER 0T 5 2 Bt B AR BOE [
41 DNA 1E sodA BE[EY A9tk . Pseudomonas
sp. strain WBC-3 )3 K141 DNA .7 F 3 5 20 451
RGP, HVED 3 pnp AOSEEE R
G FE R pnpR F1ER N A GG EE K pnpA Ja 3 F )7
HI IR
122 EHEMWE

N T TERPIAAAE R 254 T 1755 SodA 1 K &4

ik, WEEA TR pCM-pnpR-PpnpA-sodA-rfp, H:
WP I B 1) 2 S SE Rl O FE & AE P PCR (gene
splicing by overlap extension PCR)i#17i%4%, 5|49
FdiE In Fusion —25 s il &8 m i i, sk 2 i
/R i PCR 4 1415:%1 WBC-3 A1 pnpR Al PpnpA,
DL D1227 HY9 sodA FH D¢ G hRIC AL N
rfp® . PCR % Jii f& & : 2xPhanta Max Buffer
5 uL, dNTP Mix (10 mmol/L) 0.2 pL, X4
B 1 pL, B, FHESI#(10 umol/L)4% 0.3 L,
Phanta Max Super-Fidelity DNA Polymerase (1 U/uL)
0.2 pL, JNZEMKANEZE 10 ub, PCR JW &4
95 °C 30 s; 95 °C 15's, B (G pnpR #14H}R
KR EER 55 °C, HAMKELFIH 60 °C) 15's, 72 °C
30s, 330 MEFR; 72 °C 2 min,

¥ iR PCR =Wzl s /E st K5
FIFAHEZIR A TESIEM PCR ¥ (AR
TR 263 A1 Bk PCR —%k, B kIR EE N
60 °C), FfiJe 2tk i) PCR y= 45 2 AU
% lacZ B9 pCMgfp LAk 2R A % H45 2 F 41 5
B, BEZE L FUR R AKIGAT R DH5a Y, 2850
7 (IR ARG AL PR BR A il ) S e A A S K 4
WG IRE , PR A AFE WM3064, il A
VE UL ok S AT bR S398, i Bh F i E 4 i
SJ98[pCM-pnpR-PpnpA-sodA-rfp].
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Table 2 Primers used in this study

GIL B4 Gik7)s 2]l Eib)

Primers name Primers sequence (5'—3’) Purposes

pnpR-F CGAACATCGTTCGTTTTTCGC To amplify pnpR from strain WBC-3 for fusion

pnpR-R CTGCCTTGCT GAGGTAGTAC GCAGT To amplify pnpR from strain WBC-3 for fusion

PpnpA-F TGTAGCGTGACATGTCGGTTTCCTTGATAAAAATA To amplify the promoter of pnpA from strain
WBC-3 for fusion

PpnpA-R CAAGTTCGTAGTCTGACATTTTATTTTTCCTATAGAAAACGGCTC To amplify the promoter of pnpA from strain
WBC-3 for fusion

sodA-F AATGTCAGACTACGAACTTGACCCC To amplify sodA from D1227 for fusion

sodA-R TACCTGTCCGTTACTCGAAGAGTTCGACGGCC To amplify sodA from D1227 for fusion

rfp-F CCGTCGAACTCTTCGAGTAATATTCACACAGGAAACAGCTATG To amplify rfp gene for fusion

GT
rfp-R TCACATGGTACCGCTCTGCAGCTACTTGTACAGCTCGTCCATGCCTo amplify rfp gene for fusion

SJ98-RTg-16S-F CGTGTAGCAGTGAAATGCGTAGAG

SJ98-RTQ-16S-R  GACATCGTTTAGGGCGTGGAC
SJ98-RTq-pnpA-F CGTCGCAACGAATGTCTTCTATG

SJ98-RTq-pnpA-R CATACGACGACGCACTTCCTC

To amplify a 142 bp fragment of 16S rRNA
gene from strain SJ98 for RT-gPCR

To amplify a 142 bp fragment of 16S rRNA
gene from strain SJ98 for RT-gPCR

To amplify a 172 bp fragment of pnpA from
strain SJ98 for RT-gPCR

To amplify a 172 bp fragment of pnpA from
strain SJ98 for RT-gPCR

123 AEmERMEE &N E

PPk SJ98 ML E 4 bk T LB 35575 30 °C.
180 r/min #5F: % ODego=0.3 (L E2H Fkk kG FEmT
A 10 pg/mL BVAARZR)WE R FIFK . SRR+
W 1% MR R R MM 85558 3 (8
2 mmol/L #ZjkEA 3 mmol/L k%), 30 °C.
180 r/min }%3% % ODge=0.3, FHHIA 0.3 mmol/L 14
PNP #1 0.1 mmol/L # IPTG %5 5 h. fHIEYIHI@,
FERR AR, TR 8 000xg 2.0 15 min L
LK, H MM (R 5 B 2R IR T R eI
3, HEET MM H1(0ODgw~1.0), $HE A HIK
¥ 1% Fh 243 55 E 10 mmol/L i 2 4 A
0.3 mmol/L PNP /9 50 mL [ MM k53,
FEAEREFEIE R A5G NaCl & 400, 500, 600,
700 #1 800 mmol/L, ERFHURE, l%EE K ODegoo
B, A3 1.2.3-1.2.6 MIFTASERIEE 3 1K,
124 HETU 2-5-4-HEEBAM—RIFEEK
R A& R 4G

G| SJ98[pBBR-s0dA] 5 =¥ # {1k
SJ98[pBBRIMCS-2] % 77 Fl A M o A= < 1y Jr i 2
HESCHR[31E4 T FIF HPLC #51 2CANP Jz FL R4 i

HhR] I S BEOSCHER [0 1T, i 2C4NP
(08 B B )4 11.1 ming
125 XIRHEE B INEEGF 2-5-4-FHED) B I E G
YRAZEF (pnpA)§E KK TR E

Z: BOSCHR[9], M 52 B %% % & 7t PCR
(quantitative real-time PCR, RT-qPCR)iill’E pnpA f
BESROKF . HRBIRAE - S A K ih 26 A
1, Ktk SI98[pBBR-sodA]Fl SI98[pBBR1IMCS-2]
43 AIHE MO 8557 5557 (2 mmol/L S A AR Rl ,
T30 °C. 180 r/min 552 % ODgo~0.3, #AJ5H:H
P IR 1% IR 235 5 mL Bt M9
BR300 945 0 5 500 mmol/L NaCl)iy PA i
Wi, K53% 8 h 247, HF| ODeoo fHFFIKE]IAZY
0.3, A —jHmA 0.3 mmol/lL & PNP 1
2CANP, Jj— I A G5 AR KB K AR R 0t B
A TR R SR 5 he SR )5+ IR & Ul B 15
FEHL RNA, IR H 5588 cDNA. LLiZ cDNA
AR, FHEE 2 WA OGS [k T RT-gPCR 73,
16S rRNA E:RVE R NS HEN . He BSCk[27] 941
TE A A BRACE AR 2 A $icHE . AU Origin 9.1
ol AR
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12.6 XRHED} P INEEGF 2-5-4-FHED) B NG
(PnpA)EEGAY LLIE 71 E

& 40 B SJ98[pBBR-sodA] Fl X M
SJ98[pBBRIMCS-2]7E M9 353 (2 mmol/L #i%j
WEVE J el ) 55 5% 22 X E A= K W (ODeoo 2924 0.5), il
A 0.1 mmol/L f IPTG #1 0.3 mmol/L i PNP =
2CANP T30 °C %5 5 h, 8000xg £5.L» 20 min I 4E
Bk, TETF 50 mmol/L pH 7.4 [RSRRZE i,
SRIG 300 W TR T B i (kfe 3 s, 158K 5 )
20 min, 10 000xg &5.0> 1 h edE B, FIHILE40
G3CICRETHHEA TS A 434

KR A7 SCRRARE 1 752 B0 28046 ) 24 i 4
fitf PnpA Xt F XTSI A 2-5-4-H LW 1Y LIS
H1o JEY PNP (Imax=400 nm, [FE /KWL G R %K
g420=7 000 L/(mol-cm))#1 2C4NP (Amax=405 nm,
JEE IR G ZR B e405=14 580 L/(mol-cm))7E PnpA Ay
N RAESAACRY, [FIEEREE NADH (Ana=340 nm)
MEFE. 76 1 mL M RNARR P 4$E: 20 mmol/L
pH 7.4 By W R 2% vp %, 0.03 mmol/L FAD,
0.1 mmol/L NADPH, 10 ug HIE##& 1 25 umol/L ik
Yy, VIR 30 °C, WYL . XF
MR R P BRAS B IR AL , AL 535 F i Ak 3R 58
2AHFE . PnpA G PN (U)E L B4 1 pmol
Tl i T B A 1 AT FAA

2 HR54W
21 BHHER S198 SR KU THEKINERERE
)

TESr G e BE NaCl (400, 500, 600, 700,
800 mmol/L)i] MM 55 3Er, DL 10 mmol/L %
BRI RTEF AR SI08 FRKUE T AE Kauns, 451
R (K 1): 7EESHN 400 mmol/L NaCl i, ikkA: K
WAZEIW, 5ZHTMHGEAREM NaCl AERK
155 150 S —E 1 ZE S 500 mmol/L F1600 mmol/L
NaCl B, FkA K2 2 GMET AR, JFH
BE% NaCl WREM T, ARG EMHE; %
Ji 700 mmol/L F1 800 mmol/L NaCl i, B #k 33

KT ARKBES . IR UL AE DU 20 R e s
BRI AR SI98 A K NaCl i 2k R4
600 mmol/L,

W 2 firzs, LL0.3 mmol/L PNP i ¥ iR fift
SE N, PNP fERR SR S, 25l
2570 h }i5%, 7EEH0 400 mmol/L NaCl i+, Bk
R PNP HIRE I A 2 B0, & EAIRIH R,
EARUIN NaCl i v EATAH R 1 R RE T s FETR
Jin 500 mmol/L F1 600 mmol/L NaCl B}, BkR{BR
HAREM PNP (WRET], (HZFEARGE ) 352 310
il B PNP AR R BEESE, I HLFEE NaCl

0451
0401
0351
030k —— 400 mmol/L NaCl
: —@— 500 mmol/L NaCl
g —— 600 mmol/L NaCl
8 025¢ —w— 700 mmol/L NaCl
—— 800 mmol/L NaCl
0.20
0.151
0.101
0.05 y

=10 0 10 20 30 40 50 60 70
1(h)

1 F[E NaCliKE TE A2 SJ98 A+ i %
Figure 1 The growth curves of wild-type strain SJ98 at
various NaCl concentrations

T AR 5 10 mmol/L 4 HEFT 10 mmol/L BRFREE (1) MM
HEFRAE.

Note: Culture medium is MM medium with 10 mmol/L glucose
and 10 mmol/L ammonium sulfate.

400 500 600 700 800
The concentration of NaCl (mmol/L)

2 A[E NaCl iRE T B4 & SJ98 [£fZ PNP R EE
Figure 2 PNP degradation by wild-type strain SJ98 at
various NaCl concentrations
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WRER T, PR EA ;. %S 700 mmol/L i
800 mmol/L NaCl BRI T REfRRE ST, KR
FeriEan) PNP RIHR, SR RXT R AT 1
PNP %L F-58 2 —FF .

R BRI A5 R (E 2) SR R E T
AR AR E DYIS, Ams . 7Edhn
400 mmol/L NaCl i, HpA: 71 SJ98 Ptk Ak < Flfa fi
PNP [1JRESIAZ 0 ;s ¥/l 600 mmol/L NaCl
mF, HALEA AR MM PNP RET), HEWZ
S B AR 7E 700 mmol/L B8 v Y NaCl
I, HAte A K AIFEf# PNP IEE ] -

22 BEMAYMRICEEHFEHFENEKEA
X B B T Y B IR

TERIN NaCl fH&74 10 mmol/L #5751 F
0.3 mmol/L PNP ) MM }i53trr, P41 SJ98
MEHE SI98[PCM-pnpR-PpnpA-sodA-rfp] i 174
KA PNP FEARCES . 25 R BN (E 3): AR
Fitk, AT pCM-pnpR-PpnpA-sodA-rfp Jfiki 1) T
ZH TR R H AR K ORI L Y R T, O
HZE 55 h Pk 0.3 mmol/L PNP Wi REAE
23 EHEAES NaCl £ THEBKM®
2-F.-4-FHEER B BE

1E MO JEFRIEZR N 0.01%%ERK) FR L 0.3 mmol/L

—0—[0Dy,,] of SI98[pCM-pnpR-PpnpA-sodA-rfp)
0.7 - —=—[ODy,,] of S198

e <
v N
T

O,

<

Lo
T

<
o
T

A Strain SI98[pCM-pnpR-PpnpA-sodA-rfp]
B: Strain SJ9§
1 1

1 1
30 40 50 60
¢ (h)

i
T

3 B SJ98 F1 SJ98[pCM-pnpR-PpnpA-sodA-rfp]
BRI K R4 A0 PNP PERRIE R

Figure 3 Growth curves and PNP degradation of strains
SJ98 and SJ98[pCM-pnpR-PpnpA-sodA-rfp]

W A: Btk SI98[pCM-pnpR-PpnpA-sodA-rfp]; B: [#kk SJ98.
Note: A: Strain SJ98[pCM-pnpR-PpnpA-sodA-rfp]; B: Strain SJ98.

2CANP Jptic il b1 T A K R IR AR S 3. NS
NaCl i}, FEZHEH SI9O8[pBBR-sodA]4: K Fl [ it
2CANP fig /7% 2= T X R TE SJ98[pBBR1MCS-2],
{BISTE 40 h P14 2CANP S22k (B 4A); TETR
Ji1500 mmol/L NaCl B, i 2H & SJ98[pBBR-s0dA]
15 B 1055 b [ i 2CANP B BE 1, T T BE
SJ98[PBBRIMCS-2]I 58 4> #2 2k T K& M % JIC ¥ 1Y
71 (&l 4B).

A —a (D, of SI98[pBBRIMCS-2]
—— 0Dy, of SI9§[pBBR-sodA]
0.15¢ —o-[2C4NP] of SJO8[pBBRIMCS-2] -0 4
-o-[2C4NP] of SI98[pBBR-s0dA]
103 _
=
3
Q0.10F 025
© z
<r
Q
{01
0.0 10.0
B
020 10.35
§=<§/u /u};*,; 030
é\n/g/g
0.16} 0253
5 020 &
S £
0.15&
0.12} 5
—a= 0D, of SI98[pBBRIMCS-2]  10.10 =
—— 0Dy, of SJ98[pBBR-s0d4]
-o-[2C4NP] of SI98[pBBR IMCS-2H0.05
-a~[2C4NP] of SI98[pBBR-s0dA]
0.08F | 1 L lo.0o

0 30 60

4 HE#E SJ98[pBBR-sodA]5 SJ98[pBBR1MCS-2]LA
2CANP A EYIFE MO 1EFE (2 F 0.01%E: B2 E4)
BE KLk S5 2CANP BE#RIER

Figure 4 Growth curves and 2C4NP degradation by
strains SJ98[pBBR-sodA] and SJ98[pBBR1MCS-2] in M9
with 0.019% yeast extract

H#: A: AJILA NaCl; B: 500 mmol/L NaCl.

Note: A: No NaCl added; B: 500 mmol/L NaCl.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2356

(DGR ESTE(

Microbiol. China

24 FHEEHBRIMEEHEISEERE pnpA HIFER
H#n

X453 B PNP F1 2CANP 5 S5 (4923 Bk 1
MRFIEEZH IERRIEAT pnpA 5355007, WiE 5 Frn .
PNP B 2CANP hif534), JLiEHHN NaCl
(0 #1500 mmol/L NaCl), 1[5 SJ98[pBBR-s0dA]
FopnpA KB LS A 2 R ORL A B ORR
SJ98[pBBRIMCS-2] i H 24 17-25 fi5. {HREFE R
£ 44T (500 mmol/L NaCl), it ErEHEAR
SJ98[pBBR-sodA] & JE & JIm A Wk
SJ98[pBBRIMCS-2] 1, pnpA %% 5% 152 34
Hil, FEFPEAEEA T, LLPNP F2CANP 4351 4

A 1200 B 7pA of SI98[pBBRIMCS-2]

B&8 pnpA of SI98[pBBR-sodA]

—_
D e O
o o O

AN

(=]
(=

Normalized fold expression

M9+

5 {RKREFSKE NaCl 15T pnpA BIFER S 47

M9+PNP+500 mmol/L NaCl

BSYIE, ¥ 500 mmol/L NaCl (%) pnpA %% &
FEASAS NS K2 [ 30%F1 35%.
25 B NaCl jKETEHEMEERPEMEEE
(PnpA)BLEIE /1

MO 5755 2 mmol/L #7581 500 mmol/L
NaChHh & 32 i B 4H 14 SJ98[pBBR-sodA]Fl %S 2
KT SJ98[pBBRIMCS-1], 43%I/H PNP Fl 2C4NP
BIE, S S 2 A0 . A B
7E PNP Fl 2CANP i 5 1) 55 41 0 Al 25 240 1
L Tt 8w 0T i 5 Ty B Al AR 2- 4 -4- i R T B
JACEE (PnpA) Y ELYE ), il 6 45 R Bk &
1B SJ98[pBBR-sodA]H X fiff 3 fir L Jin 4 Lb

B 1201 B A of SI98[pBBRIMCS-2]
#588 pnpA of SI98[pBBR-sodA]

= 100

S

% 80

2

& 60

= 1

& -

]

IS

= 20

[+

£

[=]

z

MO+ mmol/L NaCl
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Note: A: Cells induced by PNP; B: Cells induced by 2C4NP.
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