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T NXFELHEE Halomonas JBHKT VA1 U 7 4 A7 7 % —E (HaALP) & K H T
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2.1 HaALP Q& EfEH

FEen b DO AEORENTIX Hydra 1T Plus One crystallization workstation (Matrix
Technology) & VN T 25°CERMf T DZARKILBUE TIT - 7o TLEFIIL Crystal Screen I
L 1T (Hampton Research). Wizard Screen I & II (EmeraldBio) & FV M7=, Se{FERaeT
. URRAI% 0.2 M MgCl,, 0.1 M Tris-HC1 (pH 8.5), 30%(w/v) PEG 4000 & L, # >
INTEIRE A 15 mg/ml & L7z,

X BREHFIIE—2LT A > BLBA & NWI2A (Photon Factory, Tsukuba) & B —AF A >
BL38B1 & BL41XU (SPring—8, Hyogo) TiTo 77,

2.2 B choshinensis % AL f= HaALP M FT & R

7T A ROWELE 7 L ENFIVAZIFEBLY A7 & (BIC ) (TAKARA BIO INC.)
W TIT o 72, BIC L% HWBE T O Wil Z B8 EDOFBL 2 & — Ol K & A1 R 72
15 RGO ZA L7 DNA &2, R Z—LiBALTar e 5y b ICEAT S
&L EENIZIB W CRIFBLAIE L CTHAMR X OGAE Z 0 | FBLT 7 2 I R EINIC
B END DO ThD, ~27 Z—I|Z pBIC3(TAKARA BIO INC.) Z I\, HaALP % BE{RKN
L < ITE B DWRER ST D720 A HaALP % 22— R34 5@ a1 O _Lific s
SITFINABRRNED, b LLIEHDLbOEHEE LT, WHEEREAIT NTP £ (TAKARA BIO
INC.) TAT72\>, MTNm H5HIC 37°C—Hub5sE L7z, M L7277 X I NiL AccuPrep™
Plasmid Extraction Kit (Bioneer) THiith L. MHEIAIHIDMEFR Z ABI PRISM 3500x1
Genetic Analyzer (ABI) CHEER L 7-,

WREBVIPHER CE LT 7 AI RER-EIRIE L, 5o/ ae =—%qiE2& L, 100 ml
TMNm B2 Tz L7-, F D8 A HiTrap Q HP(1.6X 2.5 cm, GE Healthcare) |27 77
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DRLE Z e D 5 72012 Laemmli” O JFEIHE 10%7 LIEEE D SDS-PAGE %47 - 72,
SDS-PAGE t&, Z W&~y —7 U U T T —THE LT,
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B (0.9TM Pz ) —/L7 3 2 (pH10.25), 10mM p-—=ha 7 ==L U L (p
NPP). 0.25 mM MgCl,) (Z ALP Z /% 37°C Tt St 7o, HE o NPP N BAERT S p-=
Fe 7=/ —/L%& 405 nm CHIE L., 1 0B T1 umol £RkT 28ERELZ 1 UL LT,
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FEBUAZE AL (0. 1 mg/ml) % 8M Urea TZAM: X H7-1%. 50 mM Tris-HC1 buffer (Zi&EHT L T
SEAIZ Urea ZHLY RV, 0, 1H L<IE3 M NaCl #5%2 50 mM Tris-HCl & L <%
100 mM Diethanolamine buffer (pH 8.0~10.25) |Zi&EHT L. &R OEE L L CiE
P2 HIE LTz,
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D Mg FEETA SPFET H Z ENRP LN/ -T2,



Fig. 1

3D structure of HaALP. The crown domain is located at the top of the figure. One monomer of
the dimeric unit is coloured as follows; cyan, helix; red, B-strand; purple, loop. Zn*, Mg2+ and
CI" ions are shown by spheres coloured black, orange and green, respectively.

3.2 HaALP OFEHLfFH

B. choshinensis\Z X % HaALP OEEKNAEPE 2 A - R E iR R IL, R EqH# | ClF
EAERLNT, o an=—83EFIT/NEShoTc, SHIBlLNTEae=—%K
RIGHICE L TSR 2R TH RS AT LR o7, Z0aun=—%fnzan=—
PCR Tix, HMOBEFREAINTND Z VMR TEZOT, ZOREN L HEEN
TREIEAHZ LI2XY, HaALP 28 B choshinensis OBk LTI HDOFRES L
TWDZ Engnoi, M Q

Z 2 CRICHEAN YW ERARTZE 2 A, £ nan=—%13% (kDa)
ZENHRIEDOT, BREMIZEENTWDOET IV 7+ AT 7
2 —¥DOEE BCIP (5-Bromo—4-chloro—3—indolyl—phosphate) &
IRIZE > THELSPrE -7 aa=—% 5ml TMNm EFH CriE & L.
Z D 1%% 100ml TMNm E5H1 0 2 30°C72 Wffisa 217 -7=, o 66.2 “ <
FedhZ HiTrap Q HP 0T A& WV 2 [EHEEABV IR L= L 25,
HaALP % @\ Ml TR 2 = L2k B L7z (Fig. 2), fERUNEIX
* 12" 9, B choshinensis N0 3 X 472 HaALP @ EeiEMEITAY 45.0
10 U/ml TH Y, ZFUIAKRDIEEDOK) 1R TH > 72,
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Fig. 2
SDS-PAGE of HaALP purified by HiTrap Q HP column.
M, marker; Q, HaALP fraction purified by HiTrap Q HP column. Filled triangle



shown next to the far right lane indicates the mobility in SDS-PAGE of HaALP.

Table 1 Purification of HaALP.

BEVNIE REREE HEE BRE g

(mg) (L) (U/mg) (fold) (%)

EF 1267.66 909.92 0.72 1.00 100
HiTrap Q HP (1) 8.19 79.35 9.69 13.46 0.64
HiTrap Q HP (2) 7.82 78.36 10.02 13.92 0.62
3M NaCl FE 4t 7.42 57876 7800 - 0.59

3.3 EBAAVERML pH IR LI-BERK

FERL U 72 HaALP % 6 MJRFE T 1 BREPEX®, Z4a 3 M NaCl & L< L3 M KCl &5
TNy 77 —THENT LIzE A, 3MNaCl Z&Ted O IEMEEEIHE L7z, HaALP O
EMEIZIE T NI DAL AU RUETHD LWV ZORERIL, KBE CHREI
HaALP OFEF & —F L= 2, WIZ3 M NaCl 2 &Te/ Ny 77— pll ZHENS T Y
PEGEIR CHEE TR 21T o 72 & 2 A, T Vh U PRGN pHY. 8 LI L CHExENEI1E L 7= (Fig.
3)o ZORERITHIEMET X FEOMEBEDS HaALP OREETRRICEEE L T\ D s b,
F 7 HaALP (3 H RIEME A5 5 £ TIZ 120 B 2L EOIEF ICR VMG A 2 LT,
—E DU X B OPIZIIHEER RICEWRMZ BT L ON AT Eh T D
D, ZOMERD S & LB O A = X 5%, R & 9 FRIREREEIC 30
THUNRIERELL T —NT 4 T T DDA =R LD—20E LIV, 5
BEDLRDIMFNZLED, LML TVEZNEEZ TS,

14000

12000 — 3 MaCl (100mM Diethanolamin pH9.0)
10000 = 3h MaCl {100mM Diethanolamin pH3.2)
#8000 =30 NaCl (100mM Diethanolamin pH9.4)
E 6000 = 3h NaCl (100mM Diethanolamin pH3.6)
4000 = 3M NaCl {100mM Diethanolamin pHY.8)

2000 = 3M NaCl (100mM Diethanolamin pH10.0)

0 — 3wt MacCl {100mM Diethanolamin pH10.2)
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Fig. 3

The effect of different pH on activation of HaALP. Purified HaALP was dialyzed against 100
mM diethanolamine/2 mM MgCl, buffer containing 3 M NaCl. The activity was measured for 4
days.
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Halophilic proteins have unique
characterizations such as high solubility and
hardly to perform aggregation due to high
number of acidic amino acids on the surface.
In addition, they can bind metal ions
abundantly on the surface. We attempted to
engineer  metal-binding  protein  for
decontaminating of soil pollution caused by
heavy metal and salvage of rare metal as vital
resources, using a

halophilic protein.

Halophilic  alkaline  phosphatase  from
Halomonas (HaALP) is the enzyme which is

stabilized by specific Na-binding. To identify

the essential amino acid in Na-binding site of
the HaALP, we attempted to express it using
novel host, Brevibacillus choshinensis. This
information can be applied to engineer
HaALP  was
successfully purified using anion-exchange

metal-recovery  protein.

chromatography and characterized. We found
HaALP  from
urea-denaturation occurred at high pH and

that refolding of

required Na ion. Furthermore, the tertiary
structure of HaALP was determined by X-ray
crystallography to 2.1 A ° resolution.



