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&2 E Haloferax sp. D1227 HEB S LS LEETHRE S E R
H 58 40 = M 2R M B9 B R

B W AT
(LSS A R AR BE BUEMER B35 hi 200240)

B OE. (%% @y, BERAE% R R AR A LB (Superoxide dismutase, SOD)% A% &
AAEFREEPREIARSEEFEMGAROCA —LRE, AFREELE HHY, ER
KRR B BACEE S A K B A E F R R AR G A MRS ARE, (B8] F
7% 3k + ¥ Haloferax sp. D1227 ¥ #9428 8k LB sp A A B AL 2 Hohat, HF A 4K
B %% 40 8 Burkholderia sp. SI98 F & 1A, BFR %+ A 6942 AL BALBE*T AR SI98 @t 3 44 e
Wil A-FEE KRBy ety m. (k] BEAMBEFHF EFREL ST H DI227 FHLEGREA
e A B g AL AR, F) ) R GA AR pET-28a #2248 £ &4k pBBR1IMCS-2 # 3 4-%| & E. coli
BL21(DE3)#n 4-#K KBy e EAx SI98 F FIR AL, AW mindhiR A fethib & & e Ak
YBACEETE ). RO R B Ae 4-RE KB A AR R, £ MO 3248342 500 mmol/L NaCl
(NaCl &%) 3%)4) MO 32/ ¥ 5 5355 id SIS W TUHMA T B ETLEGH, FAL A
A K KA AU Fe 3 BURAR G355 7 A M E LA E ARG A KA A Aeat 4-R R By 6 T 17 6
B, [ERY BEAMEEFHN, EELEH D1227 AR AT LI T H A 6 BHhkBs
b3 A sodA, H 4 E. coli BL21(DE3)A=# 4k SJ98 ¥ 4 5 /R &34 ¥ B A A2 AL M vk 1L Ba 7%
77 [4m oAb 3% 69 e iE F1 4 %) 2 21.07+0.02 U/mg #= 84.56+0.16 U/mg, /A BL21(DE3) & #k 44k 89
& & S0dApizy FeiE F1 2 179.46%3.43 U/mg]. 427 A= 500 mmol/L NaCl 49 M9 3% 7k 2k 7 3% kit
VAR B4 ch BB, & 40 @ # SIO8[pBBR-sodA] A T E F A K, M F H A B E K
SJ98[PBBRIMCS-2]/L-F & X T A K4t ; vA 4-FHERE H 4R, HAk SI98[pBBR-sodA]R#
T AR R A KA TE R IR0 6E 5, T B Ak SI98[pBBRIMCS-2]89 A Kk Fafb g 4t ) LT & % .
J) SR Phyre2 A 30447 S0dApizer 898 AR M), 1% & G IA FelMn-SOD Rk o4 SR 45 M 45 4,
M K2 T Fe/Mn-SOD Rk, (4581 AFFR A AR FH SOD Af 4w i #tAT B AE I 3 330
B o MR AT AT Je A 64 B A SRAR T AR ST AT A
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Enhancement of bacterial salt tolerance by a newly identified
superoxide dismutase from archaea Haloferax sp. D1227
FENGLi XUYing~ ZHOU Ning-Yi

(State Key Laboratory of Microbial Metabolism, School of Life Sciences & Biotechnology,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: [Background] Heterologous expression of many superoxide dismutases (SODs) from
bacteria, yeast or plants have been reported to improve the salt tolerance of the host, but few from
archaea. In particular, no SODs from archaea has been expressed in bacteria to improve their salt
tolerance. [Objective] We are aiming to mine putative SODs encoding genes in archaea Haloferax
sp. D1227, and to identify its biochemical function. It is also our intention to see possible
enhancement of salt tolerance in para-nitrophenol utilizer Burkholderia sp. SJ98, by introducing the
newly identified SOD. [Methods] The putative SOD encoding gene from strain D1227 was mined by
bioinformatics analysis before its heterologous expression in E. coli BL21(DE3) and strain SJ98,
which was further purified through AKTA purifier system. The specific activity of cell extracts and
purified enzyme were measured by a spectrophotometry. Cells of strain SJ98 with the SOD gene and
with vector only were cultured in M9 medium (with 0 and 500 mmol/L NaCl) with glucose or PNP as
carbon source, respectively. Subsequently, the growth and degradation of these strains were detected
by automatic growth curve analyzer and high-performance liquid chromatography. [Results] A
putative SOD encoding gene from Haloferax sp. D1227 was found and designated sodA. SodAp1227
heterologous expressed in both E. coli BL21(DE3) and strain SJ98 exhibited SOD activity (with
specific activities of 21.07+0.02 U/mg and 84.56+0.16 U/mg respectively in cell extracts). The
specific activity of purified protein from E. coli was 179.46+3.43 U/mg. Strain SJ98[pBBR-s0dA]
grew well in M9 containing 500 mmol/L NaCl with glucose as carbon source, while strain
SJ98[pBBR1MCS-2] almost lost its growth ability. When para-nitrophenot (PNP) was used as
carbon source, strain SJ98[pBBR-sodA] still had a normal growth with a proper PNP degradation
ability, while the growth and degradation ability of strain SJ98[pBBR1MCS-2] was almost lost. The
structural analysis of SodAp;2,7 simulated by Phyre2 showed that SodAp;2,7 has the typical structural
characteristics of the Fe/Mn-SOD family. [Conclusion] This study provides a potential feasibility for
the use of archaeal SODs in transforming bacteria to adapt to the degradation of organic pollutants in
high salinity environment.

Keywords: Haloferax sp. D1227, Superoxide dismutase, Burkholderia sp. SJ98, Salt tolerance,
para-nitrophenol
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HVER, B, SRS A A YR A LTS
PRI AIME S Z —, FEALR SRR P E )
KA PNP [ JCAFIE 418 .

AL Ak i (Superoxide dismutase, SOD,
EC:1.15.1.1) & —2K) I AFE Tt Y ML ik N
& EN, HEERAENARTFE SR 4 2K
FeSOD. Mn-SOD. Cu/Zn-SOD. Ni-SOD'., SOD
SEAE IR BRI 0 B S e, s b s Ak
B BT (O )AL AU U(O) Flid B A (H20,)
Je B W 1A N AS T e 1 R AR B R PR R BR
I MR . R E MRS TR EY
PERPE, 5. @il eSS L LS
(A AE R 2t B s SRR 7 . A BT 4G
/NI SODM YRRV 5 SODM LA
Te RS I8 SODM (i 2 1k AT 12 5 4 56 [H
O A AT B HTER AE T LA B
b3t sz 1. ARZFIHIEE LT SOD 42w
HVEROF AR, BRI A — Bl E R g R T
Natrinema sp.f1) SOD 7E /KA Hhad Feik i i 17
Mt b S, M CREER T T SOD 7R R AR
re FLR ER PR AR AE T LA 20 R P ek i A R
SOD £ 23# [ gt M,

F1 ST AERRABAL

AWFsEi I o B T D1227 JLIRIZH ARG
TYERY SOD 4ifiBFEN sodA, FFAEMSMIER] T3
P RA R E A AT 77 5 TRl 2 B SodApizar
TEA TR B PR S98 Hh sl IR A L DA T LR
A-HFIEIEIRE ), U T-AN R SI98 i 37 Rtk Y Ak
T1o ARBFFRAA FIFHE 473 # SOD M ZHEE,
R FH AT SOD Xof 24 T 1A T At LA I e R PR
HRE AT HLTS e A TV AE R T A T
1 ARSI
11 #ht
111 ERFIRAL

SIS BT FH R S G BURLAN R 1 PR .

112 HEFRE. FEZPRMINER

LB IR WALl 2 B SCRk[18]; BSYT FE s
FRIELRY IS SR 19]; MO B RIS B (A F g
RESCIOHE R ) FoHl, TR AL S 2 mmol/L
R ERA RS 0.1% MR e R . U TC R IR -
MnCl,-4H,0 36 mg, CuSO,-5H,0 5 mg, JIKEZ
%100 mL, ALK 0.22 pm A S EERN L ks
I IERREE T 4 °C 1£4F. 50 mmol/L pH 7.4 (TR SZ
M . 1 mol/L NagHPO, 77.4 mL, 1 mol/L NaH,PO,
22.6 mL, Z& /K 228 % 1000 mL .20 mmol/L pH 7.4

Tablel Srainsand plasmidsused in thisstudy
PR A TTRE FHIE IR

Strains and plasmids Characteristics Reference or source

Strains
Burkholderia sp. S198  Wild type, 4-nitrophenol (PNP) and 2-chloro-4-nitrophenol (2C4ANP) utilizer [15]
Haloferax sp. D1227  Wild type, isolated from soil contaminated with highly saline oil brine [16]
E. coli DH5a SUpE44 lacU169 (980lacZAM 15) recAl endAl hsdR17 thi-1 gyrA96 rel Al Novagen
E. coli BL21(DE3) F ompT hsdS (rs ms") gal dem lacY1(DE3) Novagen
E. coli WM 3064 Donor strain for conjugation, 2,6-diaminopimelic acid auxotroph, thrB1004 pro thi Novagen

rpsL hsdSlacZAM 15 RP4-1360 A(araBAD)567 AdapA1341::(erm pir [wild type])

Plasmids
pET-28a(+) Kan', overexpression vector Novagen
pUC19 Amp', cloning vector Novagen
pBBRIMCS-2 Kan', broad-host-range vector [17]
PET-28a-sodA Kan', sodA cloned into pET-28a This study
pUC19-sodA Amp', sodA cloned into pUC19 This study
pBBR-sodA Kan', sodA cloned into pPBBRIMCS-2 This study
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AR 2 1P : 1 mol/L Na,HPO, 30.96 mL, 1 mol/L
NaH,PO, 9.04 mL, ZEI/KEZ % 1000 mL, RHARE:
RN BRI 53524 50 mg/L 1 100 mg/L,,
PNP 55 S F A K 2k B2 4424 0.3 mmol/L.
113 FERATERAH

SEE R N YIS 5 New England BioLabs 2y
Hl ;BRI AR A A B S KRR A E
FIke . alifl . SR HEER LA R L PR 2 i R
I H Omega 23wl ; 48 A AL PIIE LS 77300 22 1551
G H R AR A F
114 FEMNH

Perkin Elmer ££4M3 0t 1T . Gene Company fif
P, AKTA HE 2k R%8, GE ZAF]; Ni-DAResin
FF Prepacked EFZATHE, &HmAdYRH AR 4
A 2K 2T, Bioscreen A F] 5 1 FEIRAH A3
IS (HPLC), Waters /A ]
1.2 F%
1.2.1 HEEELH DNA B2 ENFIE F N F

WEEh B D1227 7E BSYT 5 557 5L 45 °C
200 r/min £5%% 5-7 d, WWEEXTHEUY(ODeso 1HZI N
0.6—0.8) T ¥ , Z: M8 SCHk[20] 4B i D1227 flFE A
21 DNA, FHMSSEFE Ay (i )y S E R A R
ST BT —20 °C 1 SEPR - B A4
122 BEAYSLERIDERFEMRENBER
BRIE

T D1227 FENA A A s B4
Br, 55 B K UE o e AL 4 5 AL i G e )
AAAT73375.1 [Haloferax volcanii DS2]?Y . AAA73374.1

®2 KWPFASIY

[Haloarcula marismortui]™ | AAA73373.1 [Halobacterium
sp. GRB]®Y . P09737.3 [Halobacterium cutirubrum
NRC-1]" | AAF36989.1 [Acidianus ambivalens]?? .
AAD34161 [Aquifex pyrophilus]®! 1 AFF59218
[Dunaliella salina]™#£47 BLASTp X, #2373
D1227 B TE 8 A AL I AL R AR A S R - 44
7 sodA (GenBank %5%*5°A MH101809). LAt
D1227 J:[KZH DNA Sisiti, #73% sodA EEFFy
B5E . JPAS e S DI S anE% 2 iR .

FY Tk pUC19-s0dA Fil pET-28a-sodA 54 A K
Fri# DH50 8, BL21(DE3)fsf ik s tbik . B2 ik
pBBR-sodA % A Burkholderia sp. SJ98 75 BLAE K tT
WM3064 F4BI T i FRUESS A,

123 BEAMESLESRDERMNREFIELME L

B Pk BL21(DE3)[pET-28a-s0dA]7E LB 1% 57 4t
th 37 °C. 175 r/min 557, Pk SI98[pBBR-sodA]
FES AT 2 mmol/L i Z B Y MO 15 2 3k v 30 °C 5% .
MR ODgoo 2°4 0.5 B, AL FE 4 0.1 mmol/L
) IPTG F 30 °C 553 5h 5, 8000xg #.» 20 min
WA, R 50 mmol/L pH 7.4 HITEIRZE thifk
oA (A0 W IR, TAE 3518 7 s, ALAtE] 10 min)
AR 9.0 (10 000 r/min, 1 h)JE itk Bk, Bt
FREE SR AT SO A 20% HMERAFT 4 °C.

FIFH HisTrap HP SEFZHTHEFI AKTA 146
L Z G % BL21(DE3)[pET-28a-sodA] 4 il 4 ik itk
TR gl Ho His PR i e R 1A 1Y N I
TS 10 AR BE IR 22 v VA 2 A s 2R
JE UZHTAE I A C R UE R A e, BARSS

Table 2  Primers used in this study

Primers Sequences (5'—3') Purposes

sodA-F CCCAAGCTTATGTCAGACTACGAACTTGACCCC  Amplification of sodA gene for clone with pUC19 and expression
with pBBR1MCS-2

sodA-R CGCGGATCCTTACTCGAAGAGTTCGACGGCCTGG Amplification of sodA gene for clone with pUC19 and expression
with pBBR1MCS-2

sodA-EF  CGCGGATCCATGTCAGACTACGAACTTGACCCCC Amplification of sodA gene for expression with pET-28a(+)

sodA-ER CCCAAGCTTTTACTCGAAGAGTTCGACGGCCTGG Amplification of sodA gene for expression with pET-28a(+)

Note: Specified restriction sites are underlined.
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JE NG R AR, B RS A2
JB 5 fi i 120 B B 1R % 0 () B ¥ JE (40 . 80,150
200, 250, 300, 500 mmol/L)RHHE b A 746 BEBEI
T 0 10 SR AN T ST A R e J3E A DR ], AR
JB AR AR S
124 RBELYELEE RN

AP ANk B 1 ) SOD T kil
SOD i Syl o ad ¥ IEEng I FEIENA S fh J
N RGBT H 3L, J5 3 S RIIE B
filash, R ORWER T 2L 6@, SRS
T AT SOD B, X4 = B B &P
THIVER, BRI ASERER I, H R e
WG EE AR T BEAE , A ST R R it
() SOD i 71 . 8 F1H AN 5 F BCA (Bicinchoninic
acid) & I B U & ik 14> SOD i 7y
FART(U)HR 1 mg B FIFE 1 mL S i SOD ik 2eik
50%H I iz %) SOD i .
1.25 WEHAKTE R F S &AE G SRR
PR ARIE

# 2 E Bk SJ98[pBBR-sodA] 5 X B B bk
SJ98[pBBRIMCS-2]¥7E & A #iZgHi 1) M9 ¥53%
Her 30 °C, 175 r/min 5535 & ODggo (HZ1 4 0.5,
SRIG AL 5 >4 0.1 mmol/L (19 IPTG 55 0.3 mmol/L
) PNP i55% 5 h, WUERIAIF BT MO 555
H1 2 ODeoo TEL 24 1.0 il B T o SR Je ¥ A 1
M TH A 2 mmol/L HATHI M9 15353t
W, REFR IR I AN RV BE A% (0. 200, 500,
800 mmol/L) NaCl, &A4-FEdh 3 NER . fHiH
4 H sl K 2R AT UG B AR AR K DL . 7EAG
AR 5 IR RS IR i, K R R Pl A Y
*3 BEAMBLEESRFT—HE

Table 3 Identity of superoxide dismutases

4 0.3 mmol/L PNP [ M9 8535 3 1% 35 IF k47 24E
e HiT 2R 0 0 5 o [R) A i) BUES: R A (0.4 mL)HR in A
SRFUN I EE G R ZUR S 5 min 2464000, SR5
10 000xg .0> 30 min J5 B I 3& W4T M s i A €
WM, KIEY) PNP A&, (@i%kE) Agilent
ZORBAX 300SB-C18 (5 um, 250 mmx4.6 mm), i
SIAHALACN 0.1% (IRFLEL) VK 2 BR K 7 L (A) AN
HEEB). KM EEGENIFE Y : 0-10 min, 30% B
A EHEINZE 80% B, Jf-{&4+F 5 min; X5 7E 0.1 min
N a1 2] 30% B, {445 2.9 min, % & 1.0 mL/min,
HERERESH 10 pLo KRN 254 nm. Rk A
T PNP A9 £~ B ] 4 8.5 min,

1.2.6 FBEUAYELES SodApiy; IR

FIFE A Phyre2 1548l SodApy 27 FIBAIARZER

2 HR54h
21 BEAYELEEREERNEMEEZD
FIFLE WIS B 2= o iRt i D1227 BE[H 4,
FAFEAEN) SOD JihSHEA sodA, HIFHFstE 4K
603 bp, Fil4HAS 200 MEFERR, EHDTRAN
22.3kD, pl 24 4.09. K HAmtS i H 574153 ) 5
Hoft 7 7 T © 1 RERY SOD & )41 (AAAT73375.1
[Haloferax volcanii DS2]*, AAA73374.1 [Haloarcula
marismortui]®™ , AAA73373.1 [Halobacterium sp.
GRB]® |, P09737.3 [Halobacterium cutirubrum
NRC-1]®, AAF36989.1 [Acidianus ambivalens]®?) .
Y B ) SOD 4 [ ¥ 41 (AAD34161 [Aquifex
pyrophilus]®) & 4% # 2% s 1) SOD & 11 5 5
(AFF59218 [Dunaliella salina]™)iE4 7R 81— 3k
XF(FE 3), AIITH R A SOD J i FEAR ST

Functional identified superoxide dismutase

SOdAD1227 identity (%)

Superoxide dismutase [Haloferax volcanii DS2] [AAA73375.1] 94.0
Superoxide dismutase [Haloarcula marismortui] [AAA73374.1] 76.9
Superoxide dismutase [Halobacterium sp. GRB] [AAA73373.1] 81.0
Superoxide dismutase [Halobacterium cutirubrum NRC-1] [P09737.3] 81.5
Superoxide dismutase [Acidianus ambivalens] [AAF36989.1] 34.1
Superoxide dismutase [Aquifex pyrophilus] [AAD34161] 30.5
Superoxide dismutase [Dunaliella salina] [AFF59218] 335
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SodAp1zy7 5 Haloferax volcanii DS2 Hb i) #3 48,
YA (AAATI3T5.1) 8 P — Bt =,
94%; #fENl sodA JEFEERTHTE D1227 HELEME
WAL RS IE R . 5 A A g R v P AR
ik ¥y 1 1k i (AAAT73375.1 . AAAT3374.1 .
AAA73373.1, P09737.3)#k4 14 41 LT (K 1),
KA E AT S Fe/Mn-SOD %% 5 /il
() Motif, Hi Motif 11 . IIIFIV 20 SR AT V4R

Motif V #& ft 3= 2236 7 A, AL N
D-x-[WF]-E-H-[STAJ-[FY], D fl H 454485 T,
HATHI) Fe/Mn-SOD S 4R 145 AERT, F
i MEGA 5.0 34, >k H4BA7AH % 2 (Neighbor-
Joining)fy i R Gu Kk A, ilid FH 2454 (Bootstrap)
AT BRI, 285 1 000 K, MR R 4E
KEWERERE 2), 5 SodApirr EL% K R il
BJEER AP )& Halobacterium H1fg Mn-SOD, Hiltb

R 5 His 28, His 76, His 162 1 ASP 158, HEM SodAp1oo7 FJ&E T Mn-SOD FKjik.

SOdAsz? bk p 77
AAAT33T5. o 77
AAAT3374. 8 80
AAAT3373. 77

P09737.3 § 77

SodA;,

AAAT3375.1

AAAT3374.1
AAAT3373.1

P09737.3 HEe% L RIERCEG RALL
lfw mpgg ep g 1 =i dfgaye w efeaaa aa gwallwyd

RZ

P09737.3

dvwehayy dygp rg £ affevvdw
Vv

Bl 1 SodApiy SEHAME R HE R SOD ERFS L

Figure 1 The protein sequence alignment of SodAp;,,7 and other SODs from halophilic archaea using the DNAMAN

1 W E TS0 GenBank 255 5L K & XAHNF : SodApizr: Haloferax sp. D1227 H11%) SOD; AAA73375.1; Haloferax volcanii DS2
i) SOD ; AAA73374.1 ; Haloarcula marismortui Hf¢) SOD ; AAA73373.1: Halobacterium sp. GRB H1) SOD; P09737.3: Halobacterium

cutirubrum NRC-1 Hf#J SOD.

Note: The GenBank accession number and meaning of these sequences are as follows: SodApiz7: SOD from Haloferax sp. D1227;
AAAT73375.1: superoxide dismutase [Haloferax volcanii DS2]; AAA73374.1: superoxide dismutase [Haloarcula marismortui]; AAA73373.1:
superoxide dismutase [Halobacterium sp. GRB]; P09737.3: superoxide dismutase [Halobacterium cutirubrum NRC-1].

77 Halobacterium salinarim R1 Mn-superoxide dismutase (WP0O10902860.1})
991 Hatobacteriim cutirubrum NRC-1 Mn-superoxide dismutase (P09737.3)
Halobacterizm sp. GRB Mn-supcroxide dismutase (AAAT3373.1)
SodA, 5 (MITLO1809)

Haloarcula marismoriui Fe-superoxide dismutase (AAAT3374.1)

Sulfolobus solfataricus P2 Fe-superoxide dismutase (AAK40652.1)
Aeropvrum pernix K1 Mo/TFe-superoxide dismutase (BAAT9718.1}

99 \—P_Vrobaculmn aerophifum str. IM2 Mn/Fe-supcroxide dismutasce {AAD00533.2)

Streptomyees peucetius subsp. caesius ATCC27952 Mu/Fe-superexide dismutase (ACA00743.1)
Chaetomium thermophilum Cu/Zn-superoxide dismutase (ABF50045.1})

499‘: Spirometra erinaceicuropeel Cu/Zn-superoxide dismutase (AAQ95747.1)

Jatropha curcas Cu/Zn-superoxide dismutase (AGWS52120.1)

o

B2 BREAYEUEBRZLZER

Figure 2 The phylogenetic tree of superoxide dismutases

T $ES TIPS RS 1Y GenBank B5k55 43308 FAYECTFRITE 1000 YRS Z [F]—43 3R s i RZIBEER 10%
HT 3 2 5.

Note: Numbers in parenthesis represent the sequence’s accession number in GenBank; The numbers at each branch point in the percentage
supported by bootstrap; Bar: 10% sequence divergence.
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2.2 SodApy EHE PRI MBS LY 1L
& 7

fdi 1 SOD 1§ 7 6 Il € 751 & 4G I S5 Y 4 3k
SodAp127 IS 17, T kK BL21(DE3)[pET-28a-s0dA]
Ltk SI98[pBBR-sod A4 i #Li 1) SOD L i 11
4351k 21.07+0.02 U/mg #1 84.56+0.16 U/mg, 434l
2y %) B4 bk BL21(DE3)[pET-28a] (Lkif /1%
11.860.06 U/mg)-5 itk SI98[pBBRIMCS-2] (Lbif
J1°4 28.07£0.09 U/mg)) 2 f5F0 3 %, HH L] HIZE
KWGHFFH BL21(DE3) S Btk SJ98 H R KL M
SodAp1ap7 YR B M A ALY B AL BEIG T . AR
BL21(DE3)[pET-28a-s0dA]#RiA Y SodApiayr £41i4k
Ja, ZEAHAR SOD Hif 71k 179.46+3.43 U/mg,
LR AN T HL G 16 18 £ 4l AY SodApizgr
HE M7 SDS-PAGE (Kl 3), AIFE %] SodApisr 7£
150 mmol/L BRIEPENE T Rl S8 2 HE A, Tk
257k 27 kD,
2.3 FLHE# SI8[pBBR-sodA]7E 5 2 I E B
NSRS

DI AN BRIE, itk SJ98[pBBR-sodA] Xt
HEB SJI98[pBBRIMCS-217E M9 Higidkp A, AN
AN NaCl FIEsHI 200 mmol/L NaCl i, 2 Fgg

kD M 1 2 3
75 — e
60 —
35 — -

3 SodApi; ik EHHY SDS-PAGE

Figure 3 SDS-PAGE of purified SodAp;2,7

M ARMERE 15 1:40 mmol/L BRI 18 715 2: 80 mmol/L
BRMESEE T A ; 3: 150 mmol/L BRMEBEM T 1 1.

Note: M: Protein marker; 1: SodApi2,7 washed from 40 mmol/L

imidazole; 2: SodApi2; washed from 80 mmol/L imidazole; 3:
SodAp1227 washed from 150 mmol/L imidazole.
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Figure 4 Growth curves of strains SJ98[pBBR-sodA] and SJ98[pBBR1MCS-2] at various NaCl concentrations

T WiFRIENEA 2 mmol/L B0 M9 15373E. A 0 mmol/L NaCl; B: 200 mmol/L NaCl; C: 500 mmol/L NaCl; D: 800 mmol/L
NaCl.

Note: Culture medium is M9 medium with 2 mmol/L glucose. A: 0 mmol/L NaCl; B: 200 mmol/L NaCl; C: 500 mmol/L NaCl; D:
800 mmol/L NaCl.
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Figure 5 Growth curves and PNP degradation of strains SJ98[pBBR-sodA] and SJ98[pBBR1MCS-2] in M9 with 0.01%
yeast extract

. A AHIMILA NaCl; B: 500 mmol/L NaCl.

Note: A: No NaCl added; B: 500 mmol/L NaCl.
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Figure 6 The putative structure and active sites of SodAp;2,7 monomer
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