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Gene cloning, expression and characterization of a novel phosphatase obtained
from a marine bacterium Fulvimarina manganoxydans®™

CHEN Lincai', WANG Li*, DONG Liang’, DAI Xin’, HUANG Jianzhong'~ & DONG Zhiyang”"

'National & Local United Engineering Research Center of Industry Microbiology and Fermentation Technology; Engineering Research Center of
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*State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Alﬁm To characterize phosphatase FM2382, we cloned the fm2382 gene of Fulvimarina manganoxydans sp. nov. 8047
and expressed it in Escherichia coli. Based on the genomic DNA sequence of F. manganoxydans sp. nov.8047, we designed a
pair of primers and amplified phosphatase fin2382 gene by PCR methods. Then fn2382 was cloned into the vector of pET-28a
and expressed in E. coli. The recombinant protein was purified to investigate enzymatic properties of phosphatase FM2382.
The nucleotide sequencing result showed that the fm2382 gene had 890 base pairs and encoded 289 amino acid residues. The
purified FM2382 exhibited phosphatase activity with optimum temperature of 45 °C and optimum pH of 7.1. Moreover, the
FM2382 was stable between pH 7.1and pH 9.0 for 1 hour, and the relative activity held 40% after storing at 70—-80 °C for 1
hour. Furthermore, FM2382 was activated by Mg”", Mn®", and inhibited by Zn>", EDTA. Lineweaver-Burk assay revealed
that FM2382 had K, of and 1.42 x 10” mol/L and ¥,, of 2.5x10” mol/L. This research first reported that gene fn2382 from F.
manganoxydans sp. nov. 8047 could be highly expressed in E. coli, and the enzymatic characterization results suggested that
FM?2382 is a novel phosphatase.
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IR P 9 5 B 7E NCBIEL % 72 5 PDB AR 4% 122 Hh 1 47 L X
B, 455 H 0% I N W HAD#E % % (Haloacid Dehalogenase
Superfamily) HE¢) i R Fd 1 S 8 v B 3 K AT R R
PG IE, BFoE HLBE I 5T, e I 2 3 L3 i 1R R o 1R ot
KIEY, Mo as RO 3A W A B G . b — X% 3
HEATA AT 5T, #1000 3% 35 DX v] 2 HA DRE 52 1 b %) 15 1 iy
SEIN, S i R A R I e

XTHADEB R EHRREEUIsE, ARE AR L E.
HAD F 5 3 77 76 T A ik b i — K 6™, Rk i A
AT EAT 19 00045 A — 5 5 bl % s U R K £ E
FIEBERR M (205 4 R IRIT9%) FATPREG (2,54 5 1 1
20%) [11-12]'

TE L EE A b, FRATT A AL T UG R 5T fm 2382 3 [H] 11 5 TR
i Thfie, MF. manganoxydans sp. nov3 [ 21 v [ H B 1R il
FEHfm2382, JFTE R AT B P AL ik, @ i X HE k=
FM23824 38 i BF . feifipH, & )& 552, DUSGR RS e v
FR TR R PRI 9T, Skt i Sk R AR 2= T Re, i v
Tl A= 9 e U FF 2 R FH B8 52 LA

RS 7]

L1 # #4
LL1 E#RFERE KB E (Escherichia coli) BMBL21
(DE3) W T8 A= M) R A BRAF], E. coli Trans]-T1l T
st X E AW H AR AR A #/kpEASY-Blunt Simplelly
T2 G AV EARA R F], pET-28a k4 5L 5 % AR A7
L1.2 #55FE  LBRIFRIE (0.5%BEBHEIW, 1%E A, 1%
NaCl) , 37 CHi5E, T ZMF U IR E 50 ng/mLAy <R %
L13 EFERKA @O FEHEOEARER T Thermo/yw],
Wil KA A Z& . IPTG (Isopropy-B-D-thiogalactoside, A
Fe-B-D-GAC K ZLME T ) W TR Y, o R T Bradford & [
Jo e B ) AR ) S A AR TR () A R
7, pNPP (p-nitrophenyl phosphate, Xl IEFLMERR 40 ) . pNP
(p-nitrophenol, X il 528 Wy ) W F_L it BT b T AE AL B4 Iy
FBRAT, b2 R 4347 2l
1.2 BSEAERE B m23820 e

PLF. manganoxydans sp. nov. 8047 ik 3 K 41 DNA N #&
M, H5IHFM2382-FAIFM2382-R i}t 17 PCRY 1 /m23824 K
FPl. PCRYIEGFEITF : 94 CHIAEMES min; 94 CAEHE30 s, 55
CiR K308, 72 CHEMPA5 s, 30MEER; 72 °C 10min, 4 °C 1 h.
PCRy™ )2 ra vk alifk ML J5 , o2 P I pEASY-Blunt Simple/5i i
i, AL BN E. coli Transl-T1. &AL T I UE )G, 38 st %R
A A B AR B B
%1 PCR3|¥1531
Table 1 Oligonucleotides used as primers

5|4 Primer 5|4 %1) Primer sequence (5—3")

FM2382-F GGAATTCCATATGATGCGCGAAAGCGACACCGGAG
FM2382-R  CCCAAGCTTTCAACGCAGAGTCGGGATGAAG

1.3 RixFHFEHHE
4 B 93 B fm23828 pEASY-Blunt Simple-fm2382J5

238 BEARH 4 153

K5 3R pET-28alfi K7 43 7| 28 Nde R Hind 11T Ak, 2Tk 5
UE, gtk iy 5 A3 K /m2382, i 32 8 pET-28a, L E. coli
Trans1-T1. XJ B 78 B FHE BTk, 5% 1L BN E. coli BMBL21
(DE3). 345 [HPE vo e+ PR Fh 5 H.
1.4 BEER B FM2382[R] 5 7B

FIFIMEGA ., Clustal W2 (%1 5 (1 FM 238255 8L 1 )
HADME F AR SF X 743517 [R5 LT
1.5 BEEREEFM2382%K 1%

Y 3EIBME. coli BMBL21 (DE3) -pET-28a-fm2382 T f2 4
PR R A AR S0 ng/mLR IR 2 LB AR 55 72 56, 37
°C, 200 r/minZs {4 FH 3% Z 0Dy ,nfH0.6-0.8, fiI A &K e FF Ny
1 mmol/LIYIPTG, #: %20 °C, 200 r/minZk T, 5 M E 3
Kfm238210 & ik, 15516 h)5, 6 000 r/mingZ.0>10 min, YWAEE.
colipE 4. JHiBuffer A (0.1 mol/L Tris-HCI, 0.1 mol/L NaCl, 0.01
mol/LIBKIE, 0.5 mmol/L EDTA, pH 8.0) T S 1Ak, 7Evk/KiA
AL, B AN A, FE R RGE . 754 ¢, 12 000
r/minZc 4T B0 10 min, W e FiEW. EiER EALT 4 Buffer
A SEffi ) HisTrap HP (1 mL) , 7 18 B 2% v i Buffer B (0.1
mol/L Tris-HCI, 0.1 mol/L NaCl, 0.5 mol/LIBKm#:, 0.5 mmol/L
EDTA, pH 8.0) Ve B2, WAEBMREH. IWENEHY
W PR 2 Buffer C (0.1 mol/L Tris-HCI, 0.1 mol/L NaCl, 0.5
mmol/L EDTA, pH 8.0) - i) HisTrap Desalting {%,i{% 4+ i £
[%: £ Al Superdex 200-10/300GL4y I BH. {4 1% 4 % 52 FM2382
MR AIRAS. 2 SDS-PAGEK: N A1 UE 52 J5, B UE #5045 (10
x 10°) e 4545 2 2R B, SR TI Bradford 731", 46 (1 vk J
PEATINAE .

1.6 BEEREEFM2382EE 1% R4

1.6.1 BEEREEEMANE Tl T2 T 355 1 1) 3000 5 B S
B 2R AT TRk, 1 mL W AR P20 mmol/LEpNPP
(p-nitrophenyl phosphate, %} fi§ LA BERR 4/ ) , 2 mmol/L
MgCl,, 200 mmol/L NaCl, 20 mmol/L Tris-HCI Z& % (pH
7.1), 10 ug/mLEEFREFFM2382. 45 C/KIBMEE 10 min, fil A
100 pL 1mol/L NaOH3iR ). #E405 nmifz | 418 i 2 W ot
{8, P15 7K % 7= Y1 pNP (4-nitrophenol, XTA§FEEM) A7 . B
PR B 178 S : 7645 °C, pH TUSAFT, 22 S i 2 1l 15 53
IK fift 7 A= pN P .

162 RIBRBRESHEpH  WHEIREHE30 C. 35 C. 40
°C. 45 °C, 50 °C. 55 C, fEHEE&M—BAEH 45 3 e
IR B FM23827% 1, i o i 16 Vi 4. i el i s, 1
IR E T, 7EpH 3.0-9.09EH Y (2 vh ik R thpH 3.0-6.6/4 47
T IR — 7 45 TR B 2% w5 T Al pHL 7.1-9.0 1% Tris-HC 128 i 5 ¥ 41
B ) 43 S W R i FM 238275 4% , #ff s HidadipH. BN
PEAT3IRE .

1.6.3 I EHESpHIREH B W 4 ) 70 °C L 80
°C. 90 C. 100 CoKH RN, %20 minlL100 pLAfIE , &
Tk 5 min, 12 000 t/ming.0010 min, B VS W, 76 e id &
A 0 e 4% S . B 0 S B T pH 3.0, pH 5.0, pH 7.1,
pH 9.0, pH 11ZE sz, 4L FH1 h, 12 000 r/min.(»10 min,
QTR {6 ST o N i P e S RO = N S i W 2 8
HH.

1.6.4 &EBEEFXBEREFM2382iF NN TEalifl 5
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14 6 90 TP 43 0 ik B T mmol/LiY 4 @ B 1 & W
MgCl,, MgSO, . MnCl,, NiCl,, CoCl,, FeCl,, ZnCl,, CuCl,,
EDTA. None (R MARET) , fE50E A TR ENTH
AEXF B 7, LA IMMgCL A BEE 77100%. R A N #4173
WEE.

1.6.5 BRI NZESHME Bkl E 4 0.1-10 mmol/L
A pNPP, 7 f 3l 5 0 25 F T 43 S %2 405 nmis & F O
{8, TR [R] e BE Jes W % L B4 19 I % 77 B ] Lineweaver-
Burk WS AR 175 1155 R B R Bl FM 238210 K., . V. S 4K

25 SR AT,

2.1 BEEREEFM2382[ERE S #r

P FM 23828 15 T AN Y M B H A DB ¢ 5 AR <7 )7 91 3k
TR b, g5 SR anE LR, WAL HADRE R G A 34 3E
55T I Motif: Motif I DXDX (T/V) ( XF& 34T 2 42 5Lk
HREL) ZH A, Motif I & (T/S)G—24™ 2 ik 4% Jit , Motif 111
W) B K-(X)15.30(G/S)(D/S)X X X(D/N)ZH . MBI DL i1
FM2382% FL 2 J¥ 4 5 H A Dl 5 J A/ <7 J3 91 14 DR I B2 JF AN
1, Motif I 55240 R A R # (L 20 : (W) U, Motif 11
Y H R R A BE R (N) JUR, Motif T 4 2 iR R 45 1
N REAMR S N2 (L) FINERR (A) TR, BAHE
KRB, B B R R 2 (A1 AL 2 M s AR R TR). TR
I, AT AL HEN, FM23820] fig 2 HA D 5 % i) 8 25
i ity

Motif I
IT.YEN LVIE..N

Motif IT Motif ITT

PH1421 WINKBGSEIERASEFLGIKPXEVAHVEDGENMSLD

TIM0651 FRSG..R NVDEGRALRFLRERMNWKREEIVVE[EDNENSLE
Yida LTTE. .R RVNEGTEGVKSLACVLGIKPEEIMAI[EDCENSIA
YbiVv VRSE..N GLEBRANGISRLLERWDLSPQNVVAI[EDSCNSAE
BT4131 IATE..R GDTEQREGIDEIIRHFGIKLEETMSFERGGINSIS

FM2382 NG LLTNSER BESLGEGIGPILAIGDGMMIDIKGAEAFGIMAL

Ell FM23825HAD#B R %R < FF 5 F i bb 4%
Fig. 1 Alignment of sequence conserved between FM2382 and HAD

superfamily.

2.1 BEEREREE/m23820 R ERIX

VL F.arina manganoxydans sp. nov. 8047F #k % K 41 DNA
FFEHL, PCRY 18— 25 K /N 870 bpll) &5, % 5 3
g AR, JEAT IR B IE . 00 45 SR R A L (K 4 K870 bp, %
2894 Z HE R, 5 W R Bl fm2382 5L IR ¥ 3 56 4= — 3, Uik
WA A A 1 T, HE 4 BRI pET-28-a-fm238255 AL BN E. coli
BMBL21 (DE3)H1, 223 IPTGE T35 . HisTrap HPZEAZ Mt
FlHistrap Desalting/lii £k 4lifk J5, X #f 5 347 SDS-PAGEH Jk
ST AR ILE2. R T A — 45 F & (M,) Z030 x 10°
I 5 5 FRATT L IR S AT A4S 19 o TR — UL, IS WA
TEZIH60 x 10°F1110 x 10° (R4 Y 457, KX 345 45 73 7l
HEATLC-MALDIT i 43 H7, 455 W8 AR A B B2 i FM2382. K
THIFM232TE AR Z M TR GRS, #1477 Fifi 2
Mracus:, a3 s, FIH AT LU H FM2382F 16 /Y Ve = 15.6,
MR A5 25 1 040 - A 0 R 2R 1 BAL HE FMI2382 1) AH X643 T o i
H43 x 10°, A FHELE LAk (31 x 10°) Fl 3Rk (62 x 10°)
gy Tz 8. 25 R R0 oy T HE R ZE AT VR G B T 5 A X4y
FRRA K, B 50 IR IR G, I 451 B %
R (—FP 258 S2BRAR 43 F & 608, i 76 42 1E i

N SHE A 244t  Chin J Appl Environ Biol
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28 b X I B AR AR X4 TR 4100 PR 0. R B, HE
FM23827F H AR RAS T LU B BRI — RARIE X AFAE 1. i
5 ik R BHFM2382% 35 i i, lifb R 4r, K18 T2 &
P, ] SE 8 W A 1R A FMI2382 1 445 #4g LL B i, 3 i 7
PR IRANRE 76 20 o R A 1 Al Ak A5 B B T
WL FM2382)5, HIHBIEES 04 (10 x 10°) e 4R alifk )5 i &
M, I 8 K % Brad ford 25 1 5 e B 0 5 30 571 & 000 45 Tl 1 1
FM238211) ¢ & 17 mg/mL.

M 1

2 M/10° M 3
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-
B2 BEEAEEFM 23822 HSDS-PAGER K. 1. [IEH, 2: flidfd, 3: 46
LEH.
Fig. 2 SDS-PAGE of phosphatase FM2382. M: protein marker; Lane 1:
supernate protein; Lane 2: inclusion-body protein; Lane 3: purified protein.
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Fig. 3 Size-exclusion chromatography analysis of FM2382.

2.2 BEEREBFM2382E8F M RO Hh

2.2.1 B EXIREES B FM23828E & TR 52 1£30-45 CE
BRI, B 25T B 0 T, WA I FM2382HY % J1 B it 5 24
R VE— 5 TR (50-55 °C) , Kl I R RE. R, &
WEIR T NAS ChiAy, G5 R ILE 4. X H B Mgk T,
FM23827E4 CAbHE2 h, BG PR RS, 35— M Ao Ik 14 o
. 70-80 °C 5 AN FE30 minfhRE AR HE50%-60%1 1% 1, B
1 hJi i HL35% 26 47 1916 71, R BIFM2382. 57 — & I /& il
M, 2558 LA

2.2.2 pHXIBEEREEFM2382BEZ NRIBINE e ol Itk &1
(pH 3.0- 5.0) T, B E FM2382JL-F- ¥4 7% 71, H7EpH 5.0
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Fig. 4 Optimum temperature of phosphatase FM2382.
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Fig. 5 Thermal stability of phosphatase FM2382.
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H R B J i WS 1 AR AIR. EpH 6.0- 7.1}, FM2382{% J1 il
TR TR YRR B E 2% £ (pH 7.1-9.0) 'F, FM23827% /) JF 4
. TR I R il FM 238285 36 pHOR 7.1 25 47, S5 AR LIEI 6. BEG
A pHAR E M g W, B IR B FM23827E pH 7.1-9.0Z [A] LL 4%
FaE, AbFNT b5 R (R R R B = 1K L TANAE. EpH 5.0
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Fig. 6 Optimum pH of phosphatase FM2382.

223 £BEBEFIHESEEFM2382iE 1 HY & i 1 12 il
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Co’", Cu®™ ., Ni*XJFM23824 A [a) F B (4 3 i AR, oM
XFFM2382 HL AT 5 U H ST VE T, 29 Mg (4,545, Xl fig 5
fm2382FL R KR T F. manganoxydansfi %, % #H M s AL,
EH A R P Z AT ERN SN, 0% R g e
FM23827E JhAT = W2 Th i 3 B v %) Min™ A B8 588 1y 3 17 2k
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Fig. 7 The pH stability of phosphatase FM2382.
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Fig. 8 Effect of metal ions on phosphatase activity of FM2382.

224 EBEISNESHENE MR FM2382 5 — R 51 A
He E AU pNPPSZ I , # 4iE Lineweaver-Burk SURIE 1 & 18
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Fig. 9 Double reciprocal diagram of phosphatase FM2382.
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ANWEFE BT M B FPF. manganoxydans sp. novk K 2H
ARICT HIWFE B fm2382, F-AE R AT R it A 8. X
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H A W5 B 2 RE , 5 NCBIHIPDBEU FE R 41 He ok 45 HH ) 7
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T HA DB 505 Rl 61, HL 3K 56 25 5 5 W 2 1 1) 25
FM23824 1 & il D) RE , (H 1% HADME 5 Ji% B 1R i A% 0 X
B L ¥ Motif I [DXDX(T/V)], Motif 11 [(S/T)G]FIMotif I
[K-(X)15.30-(G/S)(D/S)X X X(D/N)3X 34 X 4 7 [ i, 45
G IRt 5 S5 R AEYE B s, FRATHENNIZEF A HAD
R R T ) o — 2R R R .

AT TE RS 2 B R B K W AT R 4 3R G ) B I
FM23825%, FRATTLApNPPAJEY), X alifk )5 i FM23 8213 iR il
TWEMEREAT TIEANI oY . 45 R R, FM238211 {5 il % 29 0
45 C, e M5 SR FM2382 B A — 7 It #4 . e 4h,
FM238215 i pH7E 7.1/ 47, Ut WIFM2382% vk il e il s 7
pH 7.1-9.0Z [a] b &sFa e , AbFR1 b IS AT BE A5 e e 3 ik
. &R E TR I R, FM238248 — T 4 55 - 1< 5t U s 1k
it o Min® 4 40 #5185 1fi Zn® RTEDTA X FM 23827
A T T35 M A AE SR, LT 0 AS 2 1 il 1) 35 . DAl
HEES T LA N, B PFM2382(9 K, = 1.42 x 10° mol/
L, V,,=2.5x 10" mol/L, 5 HAth SCHk 438 09 K ("M HL 55
FM2382 5 i ¥ pNPPHY 3 Fl 1 4k F 45 v K.

ARWFFE B IRAEF. manganoxydans sp. nov.Hp & il T— /> E.
A R gl R R P ) v ol G B PR fm 2382, I AE R A AT 1A
P E 2 5. W HR IS R FM23824E AT TR IESE, K
O HADRE 05 B BB IR . A L B AN L, DR S )
425 T-TT A i R i FMI23 8298 7 1) 1ot AN, B — 2D 0F 5%
FM23825%F 5 AL A 24 114 [ figf AN ARGz DU 175 400, (T 22 Tl 6 08 7 200
B A A 25 5R BB R I T e FEAE . LA, AWESE iR
AT Ay 0 T T %) o 28 R ST R L B 8 i o FH F 5 B9 5
i, HF. manganoxydans sp. nov. 3k K R 14 T & A1) 3 418
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