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ARIXTIE. UTORSZER L,

ADP ; adenosine 5’-triphosphate

3’-AMP ; adenosine 3’ -monophosphatc

S’-AMP ; adenosine 5’-monophosphate

BAP ; Bacterial alkaline phosphatase

BSA ; bovine serum albumin

CBB ; coomassie brilliant blue

CM- ; carboxymcthylated-

CTP ; cytidine 5 -triphosphate

DACM ; N-(7-dimethylamino-4-methyl-coumarinyl)malcimide
DEAE- ; diethylaminoethyl-

DEPC ; diethylpyrocarbonate

DFP ; diisopropylfluorophosphate

DTT ; dithiothreitol

EDTA ; ethylenediaminctetraacetic acid

EGTA ; cthyleneglycol bis(2-aminoethyl-ether)tetraacetic acid
FPLC ; Fast Protein Liquid Chromatography

GST ; glutathione-S-transferase

GTP ; guanosine 5’-triphosphate

Hepes ; N-2-hydroxyethylpiperazine-N ’-2-cthanesulfonic acid
HPLC ; High Performance Liquid Chromatography
IPTG ; isopropyl-1-thio--D-galactoside
MALDI-TOF ; Matrix-Assisted Laser Desorption Ionization Time-of-Flight
MBP ; myelin basic protein

MES ; 2-morpholinoethanesulfonic acid

MIAA ; mono iodoacetic acid

MIAM ; mono iodoacetamide

NEM ; N-ethylmaleimide

PAGE ; polyacrylamide gel clectrophoresis

PCMB ; p-chloromercuribenzoic acid

PCMPS ; p-chloromercuriphenylsulfonic acid

PCR ; polymerase chain reaction

PKA ; protein kinase A

PMSF ; phenylmethanesulfony! fluoride

pNP ; p-nitrophenol

pNPP : p-nitrophenylphosphate

polyEY ; poly(Glu,,Tyr,)

PTK ; protein-tyrosine-kinase

PTPase ; protein-tyrosinc-phosphatase

PVDF ; polyvinylidene fluoride

SDS ; sodium dodecyl sulfate

SH ; sulfydryl-

TCA ; trichloroacetic acid

TFA ; trifluoroacetic acid
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AR, & L8y LS B OTIER R, [HEE SHEEOMBT: ) & &K
WEDEM] IZEHINT S, [HE EHEEOHEME) 1ICBL TR, 2FES
FIREERM GRE. pH. 71, HBRES) MIBWWTHEEET 5 5 Lo -
MR ETL TS, FHT, iR (20~45C) Hro/miRiE (45°CLLE) THGE
55 T EIZDONTOMEEHIE. BHECRBH SN S, £OPTH. Sk
THERET 5 7 VN EHTH Bl BEEZR S, TR HMEDO S X SHHEE D
PR AR L, XFE I FUPEIED S, € DOREE EBEEDOHEBEPEIZ DT
Z  ODHIADPERIN TS, 1991 4£(Z Jaenicke 52 L0 MFEAREFRIL. &l
ICRBEMAD oIl € OMRE LA 2 E RGN ERAF LTS
TEPHEZINTINE Y, ZOHEKELT, aNY v 7A@ T ol itk
V=TV ARG MNHEEAER (B, BOKHAHEIER. 550 HRiAH
HAEH . KBRS EHARKES (DAVT 1 FEES) OB, 53
DA EDLENRES SN B,

UK U T, Rl (0~15°C) THGEd 2Ry N7 HTH HIKIREERE
3. BIRBETALETHLZ ENSHEIDRETH D . T DR EHEEED AR
PEZ UL T ORI, KT BEN TS OHEIRTH 5, MEMEL. 20
RIS TOFEMEORS EHRICE T LBAREUN O % DEBFIEROL
HEMAHICK T BY — V& UTORMMEZRED T B, FIZIE. FEBRTHEIC
3. RIE TOBERIGEICERICE O T, HoNMIZ OEHERK LIchEA
F 7o, LEMAFEBRISH O TE KRS T TORIFED K OSN3
WHEIL. TOAFFIANHEEINS, Lichi-> T, REBEORSE S D
FHBEME A MRS 2 2 & ld. BRI DWW T O ER EMBICKE S ERAED
bDOTH 5,

ZORBERIZOWTIR, BEE TV O0ORIZTFN o—Z v 7 &,
HAMZ 5 27 'E % Escherichia coli %7 X 0 BB X B7:%%. €4 & DFFHAGR
NENTWS, D46 E LT IFHSH Bacillus TA41L DIEIE X7 F 1Y o > (EC



3.4.21.14) | Psychrobacter immobolis BLO DIEIE b ) A — 2 VA A F5—F

(EC5.3.1.1) | Moraxella TA137 DKL) /X—+ (EC3.1.1.3) EnEIFoh b,
NSO T ARRMNHE AL T, B, REMRERE. D KETH
WETE 2R D) RUSIREREEDS, TR (7 3/ BRECH M O Rk R G 0
UTRBEOTERARTI#R) OZTNEEBUTERMICS 7 FLTWWAS &0 -
I K D ER ST ONTNSE D, 2055, KBXTF U 2 Vil D0TO
FRD O AKIRFEROME X, BEMICT A SN2 SREZSARGE 243 S i
B & I3RS BRMEICEOAEEE L. il IRREHICBNT
bRE LU THEEA R TE 2 EHRI N TNE Y,

LU ARIRFERICB 3 2 5E0E. Z AR o THnicsd, (KR
O 2B & 9 0 FRRHC OO TOFERIZ. B RIS D &0 Ry
BELTEATRTH S, ©2 Ty £ TOIRIRBEZRE ISR 19755 A% 2 18 Y
THIHICE, ERBFRIIDWTOX D Z DIHRAAERT A LW LR
5o

AR TIE Z OIRREFRE OGS ERERE DM BIEIC BT 5 A MR A, X
OICERT 570D, (KRR O TAFEA ST 35 Z &2 A & L,

PRI E 5 Ho & BUBE U 72 iF i3 (Shewanella sp.) DAFH IR L 0~
15CTH DT, MEMEOHMES LTEL TS EEA, FROMENS
SF ST (Shewanclla sp.) OF T HT + A7 7 5 —FILEH LI,

Bi) VLR THD T+ AT 7 7 —Hld, IFIFR) VBLAHON Y
VIRALRE A S UC. TR Y MIaNERaEE > . s o L IR T .
U VBROUHEREES P B W TEE LRI EZE > TVE, 2O &S, IS
BDT A7 77 —EHZDIHRWEENEZE>THE Y, ThiS. ZOREREN
RIBERESCFAEIE LTS E#FZ o b, £/, JOBEDTRHIEEDLE
ETH DI &, Escherichia coli DT IV ) T A7 77—V 2ELH, a7
AT+ AT 7§ —HELLDBFFEIIONT, OIS, AR IZ
TEHHERPERINTH Y. FHEO D DT + AT 7 7 —HIZ DN TOHINAE
HlHaT 35 2 EMTE S E 0 LRI O KUFFROZRITICH D WML
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F1E, BT b~k H i, REREE G, IEFICBITH U TR
ETHbD, £DIH. HEREND S DRI DTS F v g
Thod| HS, TOBLT 70—V 7 EUOKRER TORERBUI KL 5 AH
MRy N7 HE L TR RZBTOLO0NEIRTH 5,

UL U. KIPIFRICHE T, BRI 7 /N0 E LU TTIRAR S EBITA
ARNTHEAEL T BERAERMEI S22 ET KRFKICDNT, KDIE
MEHOHRBAMEIMME SN S SO &M Uic, Ul KRR ZE— 7S m
LTHA 2 &M BFFEOZEFTICE N T, P THDBHD T T E8 5,

ZITABIIBOTIE Bl THEET 55 H L 0 Bl U7 iHB & (Shewanella
sp.) DEFRMLEET + A7 7 7 —BIEHE LR AL L, S/ o~ 757 4
— A NIRRT 4+ R T 7 ¥ — B D4 MRS MEE OMENL & il A 7o,

E2H EERMK

I (Shewanella sp.) (3. EERKFRFEBICHEMR TR #5005
B & D MEE N, AFREOLEFREELIE. 10~15CTFT Y v 774
Lid. ¥ 6 KETH %,

Aquamarine {&. /\PHEE S (Bk) K OWEA L7,  Polypeptone (& F ABIZE (BK)
™5 Bacto-yeast extract. Proteose peptone No.3. Bacto-soytone (& Difco Laboratory
HEDEA U7z, Iron (1) citrate n hydrate. sorbitol I Nacalai Tesque £:D—#
REL NI T+ AT 7 7 —EORETH 5 pNPP EMEHRIEBIZ U2 pNP,
WY MIFDEAEETE (B L OIEA L7z, DEAE-Cellulofine A-500m.
butyl-Cellulofine s-m (& EALFTHE (Bk) L8, hydroxylapatite (&, =HHH-AL



FHED S DA U, HiTrap™ Desalting, Hi prep. Sephacryl S-100 HR 16/60-
Mono-Q HR 5/5 77 {3 Pharmacia LKB #t & D BEA Utz o SELsIE6H 2213 . Amicon
££D Centricon 10 (10,000 MW cut) 2 i 7o, £ DMMDEEEIT DU TIEL FEfa
AL,

W3 K H (Shewanella sp.) D¥EE
B1IH RRR K
P ORI LTI, Table 2-1 (2733 K D IR A AR L. =7

A3 (500ml ) IC170ml A ELURE. 79 ATIDAAETIVI RAIVTE
U 12 %JE. 120CT 20408l A= b7 U—THHEAEIT-> 720

Table 2-1. Component of culture medium.

Polypeptone 20g
Bacto yeast extract 1.0g
Bacto proteose peptone No.3 1.0g
Bacto soytone ‘ 1.0g
Iron(II)citrate n hydrate 01g
Aquamarine A(liquid): 365 g
B(solid) : 22.5 ml
per 1 liter
pH 7.5

821 Rragik
(1) RirkEs2
15%(w/V)D glycerol % & O EHIFPT-80°CD 7 Y —HF—I1ZfR1F L TR UL ICEIR

B, A— b7 U—THE LT A O T, 200l AD =M 75 2 arf
DFETT LD 00 ml ICHER Uy 7°CT 4 HEREEHEE U7,



(2) AHk

BRI L - TR ONICHEER 1. 7ml %27 ) — XU FHT 500 ml 45D = f]
75 2P OPHEESEHL 170 ml 1IZINA A Z &Ik - THER L. 7°CT 3 A il
R U1, 78k, 2 BIHURORZ & T, BRINERO=HT Z 22T
fit7sBslth 2 170 mlJNA A 2 & THER L7,

3 WRDIGE

B A T L. 1,000 X g T 5 40 E o8 L. bl dE LTI S/ mifks
VED Aquamarine AT 2 MIFEH U, IIAER THER . ERICILT 5T,
B0COT Y —HF = THRIEL T,

LA T+ X775 —EOEHAE

SEERBIIC B S 7 4 27 7 & —BiEME. WTOFETRE L,

EHOEBEDIZDICTHORISHEY TH S pNP @ 410 nm ORPUIHET &,
B AV UTc o BERUGTHRIT, IR 25 mM Tris-HCl (pH 7.8)« 2.5 mM MgCl, .
0.5 M sorbitol, 1 mM pNPP KU, #YBEDOWRBNO S/ EE/E 20l EFEL
72o RGBS, 25°CT 10T VA v F 2= b UTEWIISHIIBER KA
ABHTEILE > ThHE Uz, 000 RIREET 15 A F 2 X— b L7cigil,
0.1 N NaOH % 200 wl 12 % & EIZ K D sz il Ulcs 51l U2 IOSH D 410
nm ORI AE U, RISEMARER LD ERE LIz, JI T, BREREZMNA S
ATIC 0.1 N NaOH /A REEICEL/cboxary bo—bEL, 74 X7 7
4—F 1uniti. 15T 1 umol © pNP £EEAT B8 E Uiz,



BE5ff KBT7 4+ R7 77 —FO5EER

RELABE TR, SRR U W IR 0 & TOEIEIL. 0~4CTiT - 70, F .
RO BB AR AU FEEITHL U7,

REME A : 25 mM Tris-HCl (pH 7.8)« 5 mM MgCl,« 1 M sorbitol.
2 mg/ml Pepstatin A
MG B : 25 mM Tris-HCL (pH 7.8)x 5 mM MgCL,» 1 M sorbitol.
2 mg/ml Pepstatin A. 1 mM PMSF
R C : 25 mM Tris-HCl (pH 7.8)« 5 mM MgCl,+ 1 M sorbitol
FAE D 25 mM sodium phosphate (pH 6.8)« 5 mM MgCl,. 1 M sorbitol
#& K E : 300 mM sodium phosphate (pH 6.8)« 5 mM MgCl,~ 1 M sorbitol

LU L DFEE I D MgCL & sorbitol (& £HZ4. 2.5~5mM, 0.2~1.0M
DIRET 4~25CITF 1T DARIRMER DL EALICE D 5 720 HEATHCHER 3 5
BRI r ST,

AEITERTBIEET + X7 7 ¥ —FOREMARICOLWTOTe—F v — b
% Figure 2-1 {Z7R T



Two kg of psychrophile (Shewanella sp.)

Homogenized with aluminium oxide
1%

Supernatant

Fractionated with 40-80% saturated (NH4)2S0O4

DEAE-Cellulofine column

Phosphatase | Phosphatase I
Butyl-Cellulofine column Butyl-Cellulofine column
Sephacryl S-100 column Hydroxylapatite column
Mono-Q column Sephacryl S-100 column

Mono-Q column

Figure 2-1. Purification procedure of psychrophilic phosphatases.

F1E TAEBEENSDY /X7 EOHH

BOCTHIERE L THBWICRIIA 2kg QRER) 22 Vv MVOBERK A I
BWL. WIRERBEROMBILT IV FE2MA TSR EABTE L /o, DR
W 110X g T 10 S RlEOAHEL . BRAL TV I F 2 ELHRAERE L. X512,
1,500 Xg T 20 sr Ml Lo #ER . o N7 k& s Lo 87 HHE S (Crude
extract) & U7z, 51, T THRONIBIZOWTIE, FEEO#E/ET 2105
UNTHEEME UL o RigE S Vo8 ERIHESTINA 1,



21 RIS L B4

RIHTH oy /37 Hilth#sT. BEARD ammonium sulfate & 40%%871
ETLD EDITINAL 1,500 X g T 20 @0 wid 5 2 &Ik LiAaRle, &
D U5, 80%faF & 755 £ 9 IZEIRD ammonium sulfate 2 X SIZIIA . L%
EILY SO

Z DU A DB ORFER B IR X 2. RIERI LT IfuEd 3 2
12L& Y. ammonium sulfate 2 D BT,

P LOBEICKD . B oNIcENNIEE 40-80%8aFITRE B 43 [40-80%
(NH,),SO, fraction] & L7z,

#5311 DEAE-Cellulofine 7 7 L7 0< b7 57 4 —

T TR S N7 40-80%EEFIRE M 43 7% T OB C THifb LTl
DEAE-Cellulofine A-500m 77 7 & (¢ 2.2X62cm) WA ZL7a<w b7 57
I U 7o, FEIRGE B 50 % AR CIstl U7ctk, BaE Uiy /7 % 0.05
M. 0.1 M. 0.2 M. 0.3 M. 0.5 MNaCl A& @il C % TR H L
BHHRZ 17 ml D0 Uic, T O U7 KIE D 280 nm 12 F1F 5 B0
ETH AT 7 —EHEHME. Fgure 2-2 IZR LT,
Z @ DEAE-Cellulofine # 5 L7 B 757 4 =KD T+ AT 7 & —EE
PEiE. 0.05 MNaCl 2 FUBWE C & 0.1 MNaCl 2 F ORI C 12 L B H i
MO NI, ThENDEHMITEND T+ AT 7 7 —EZMEH L, 7

AT 77 —=—X¥1ET R T7 77 —F U Emg L. TNEHHNL L THEA £
726



A280

2.0 = 400
1 S
s _ 8
O S ST O -
(c)u g cc')u E;f 9:: % %
=z § Z i pd = pd
o0 Bz i E|| 3| 2 - 200
o o N X 0
o‘ o i o o o
0.5 | ‘ " & # ¢ QJ
0.0 ] i' II:.I | | 0
0 100 200 300 400

Fraction number (17ml/tube)
Figure 2-2,. DEAE-Cellulofine column chromatography.

The crude enzyme preparation was applied to a column of DEAE-
Cellulofine (¢ 2.2 x 62 cm), and then adsorbed proteins were eluted
stepwisely with NaCl. The flow rate was 1.5 ml/min.

Solid line, absorbance profile at 280 nm. Dotted line, phosphatase
activity.

10

Activity (mU/ml)



% ATH  Butyl-Cellulofine 7 7 L7 0= /57 1 —

AELBED 7 o< b 757 4 —iIZBW T, RRHCEEDZVR D | 3 O
B RO, Pharmacia LKB #E{D FPLC ¥ X7 L2 FIWTIT » 72, IO
280 nm (Z3H5 1 BIROLIE A B 3L L-4000 B UV M 22 ULTHE L. BHARESF
FHBO U228 WFESRENIC K DiddR LT, BIfiTHR ohic 7+ 27 77 —¥E I K
S UTEWBSOENENDOEHI, RY —F—THIE LIS HiRE 0.92M
L7855 K5 IZEIKD ammonium sulfate %2 12+ 2,500 X g T 10 43 [l o8 L 72,
ZhZN D L% 0.92 M ammonium sulfate & & ORI C TP OHFMMEL L7
butyl-Cellulofine s-m 775 L (¢ 1.5X46cm) AW/ o< b7 57 4 —ilfth
U7z FEMRAE Bisr % RIAR MR CHAH S 7ok, Ba5H % ammonium sulfate )4
0.92MM S OM £ TOEMBEAREICLOEBER U, £OBH AN - ET
+ A7 7 7 —BiG% Figure 2-3 1T/ L7,

ZOR. 7+ A7 77— € 1 OIEPEE. ammonium sulfate i/ 0.35 M D 5
OMODRNT, 74 X7 7 —¥ 1 DEHIZ, 046 MDS 0.3 MDA X
726

oI T4 AT 77— 1 Z2FLTEVERSE Sephacryl S-100 HR 16/60 % ]
W T IVGBIC, T 4+ 2T 7 ¥ — ¥ 11 A S TGRS Hydroxylapatite 77 & s
so= b7T T 4 Il Ui
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Figure 2-3. Butyl-Cellulofine column chromatography.
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The active fractions (0.05 M, 0.1 M NaCl-eluates) on DEAE-Cellulofince
column chromatigraphy, containing phosphatase I and II, respectively, were
applied to a column of Butyl-Cellulofine (¢ 1.5 x 46 cm) equilibrated with
0.92 M ammonium sulfate in buffer C and then adsorbed proteins were
eluted with an inverse lincar gradient of 0.92 M to 0 M ammonium sulfatc.

The flow rate was 0.5 ml/min. Solid, dashed and dotted line, absorbance
profile at 280 nm, elution gradient of ammonium sulfate and phosphatasc
activity, respectively. A: Phosphatase I, B: Phosphatasc II.
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% 515 Hydroxylapatite 77 L7 < M7 57 4 —

0.08 0.20
k)
0.06 3 0.15
n E
2 Z 3
Y = -0.10 Z
< 0.04 = =
= >
™ ©
0.02 l -0.05 <
0.00 ' ' ' : 0.00
0 20 40 60 80

Elution time (min)
Figure 2-4. Hydroxylapatite column chromatography.

The active fractions on Butyl-Cellulofine column chromatography,
containing Phosphatase II, were applied to a column of hydroxylapatite
column (¢ 1.0 x 10 cm) equilibrated with buffer D and adsorbed
proteins were eluted with buffer E. The flow rate was 0.5 ml/min.

Solid and dotted line represent absorbance profile at 280 nm and
phosphatase activity, respectively.

AIHTHONICT + X T 7 7 — ¥ LA EOIEHEH % S ORI L DL
3ml FTHRHT L\ 7,000 % g T 10 RO HEL7c, f o/ L2 RIEH’ D T
F O L U T2l 77 5 4 (HiTrap™ Desalting 77 7 I 775 LK Sml)
WG UL TR ORI 2 C S DIZZH] LT,
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U XD o NI HIs AR D T T o Hli{k L TH5 U7 Hydroxylapatite
715 L (p 1.0X10 ecm) (ZHES U7c, FEIRAE B4 & R M Ta i U 7o 1802,
WA 7 X7 AR E T LT, TDBEHIMEE T 4+ X7 7 7 —EiEHHD
MEFE A Figure 2-4 ISR LT, 74 X7 7 7 —H 1L DIEPEE. FEWE B4 M
sz, KIS, Z DOIEMH:HE4% Sephacryl S-100 HR 16/60 77 F LA JALN )L
MBI e L7z,

55 618 Sephacryl S-100 HR 16/60 775 L2 & 5 4 Vi

Bl 2 MR OHIH TR ONICT + AT 7 7 —€ 1 K L DTEVER S % Z £,
ORI IS X D F 2 ml T TEM L. 2,500 Xg T 10 20538 L7z, £h
D L% FOREBIR C Tk LTI 72 Sephacryl S-100 HR 16/60 77 5 Ly

(¢ 1.6X60cm) ICHE LIz, €DBELGEET + AT 77 —EEHNE O R
% Figure 2-5 1Z7R L7,

T AR T 75— [ OEMIE. HHEE S EZ 97 555 120 2 ORICH &
N ONRIVA) T+ AT 77— UDOEME. 95506 115 5 ORI &
nic USxIVB) o

TNENDT 5 X7 7 7 —EA X SITHEHEALD 5 728512, Mono-Q HR 5/5 %
FAWIAS Lo u= b 5T 4 =ik Ui, |

14



A (Phosphatase I}
0.2 11000
it so0
2 i1 600
< o1 P ]
Pt 1400
AL 1200
0. ' — 0
% 50 100
Elution time (min)
0.06 1.0
B (Phosphatase Ii) :
0.04f
& H0.5
0.02]
B
.00 : — = 0.0
0.00, 50 100 150

Elution time (min)

Figure 2-5. Gel filtration on a Sephacryl S-100 HR 16/60 column.

Activity ( mU /ml)

Activity (U/ml)

The active fractions on Butyl-Cellulofine and Hydroxylapatite column
chromatography, containing Phosphatase I and II, respectively, were
applied to a column of Sephacryl S-100 HR 16/60 (¢ 1.6 x 60 cm).

The flow rate was 0.5 ml/min. Solid, and dotted line represent absorbance

‘profile at 280 nm and phosphatase activity, respectively. A: Phosphatase I,

B: Phosphatase 1I.

15



TTIH Mono-QHRS/S AL NI 57 40—

RIS THONI 2FD T + A7 v ¥ —EiEHESE T NEN., Bl CTT
DML LU THUNE Mono-QHR 5/5 71T 2 (¢ 0.5X5em) WA T LT a
< b5 T 4 —cg g Ul IR 52 R Tt U W 7 N7 |
% NaClI#SE OM DS 0.3 M £ TOEBREATEIZLDEL L,

ZDENMEE T + 27 7 7 —E 1 RO U OFEHEIZ.E N Z . NaCl §#E£0.05 M
M5 0.08 M DT (Figure 2-6) & 0.1 M S 0.12 M O EIZE h S 1172 (Figure 2-7) 6
oI, TNEND T + X7 7 & —BIEHE S & EHGK C T4ERLT, B
U Mono-QHR 5/5 771 7 Lt Lic, Z2DY 7 o< NI 57 4 — D% T #
27 7 ¥ =¥ LD T Figure 2-6 O A [TIC DU TIEL Figure 2-7B
R Ui, DR, M7 4 X7 77 —¥id. B—OE—7 L UTHELZIN,

VLD T 32777 —H1, I OMlERE €24, Table2-2, 2-31T/R L7,

16
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0.02 - 401 - 900 —
2
>
(3]
0.00 : 0.0 — o <

0O 10 20 30 40 50 60
Elution time (min)
Figure 2-6. Mono-Q HR 5/5 column chromatography (Phosphatase I).

The active fractions on Sephacryl S-100 column, containing Phosphatase I,
were appiled to a column of Mono-Q HR 5/5 (¢ 0.5 x 5 cm) and then adsorbed
proteins were eluted with a 20-ml-linear gradient of 0 M to 0.3 M NaCl.

Solid and dashed line represent absorbance profile at 280 nm and elution
gradient of NaCl, respectively. Striped column was phosphatase activity.

The inset represents the elution profile on rechromarography of the active
fractions on Mono-Q HR 5/5 column.
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Figure 2-7. Mono-Q HR 5/5 column chromatography (Phosphatase II).
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Panel A, Proteins in the active fraction on Sephacryl S-100 column, containing
Phosphatase II, were applied to a column of Mono-Q HR 5/5 (¢ 0.5 x 5 cm) and
then adsorbed proteins were eluted with a 20 ml-linear gradient of 0 M to 0.3 M

NaCl at

a flow rate of 0.5 ml/min.

Panel B, The elution profile of rechromatography of the active fractions on a
Mono-Q HR 5/5 column.
Solid, dashed and dotted line represent absorbance profile at 280 nm, elution
gradient with NaCl and phosphatase activity, respectively.
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Table 2-2. Purification of phosphatase I from a psychrophile.

Total Total Specific
Steps protein  activtity  activity  Yield Purification

(mg) (units)  (units/mg) (%) (fold)
Crude extract 65,800 822 0.013 100 1.00
40-80% (NH,),S0, 16,400 393 0.024 47.8 1.92
DEAE-Cellulofine 208 36.1 0.174 4.39 13.9
Butyl-Cellulofine 15.8 264 1.67 3.21 133
Sephacryl S-100 1.44 259 181 315 1440
Mono-Q 0.260 151 58.0 1.83 4650

Table 2-3. Purification of phosphatase II from a psychrophile.
Total Total Specific
Steps protein  activtity  activity = Yield Purification

(mg) (units)  (units/mg) (%) (fold)
Crude extract 65,800 822 0.013 100 1.00
40-80% (NH,4),S0, 16,400 393 0.024 47.8 1.92
DEAE-Cellulofine 664 270 0.41 32.8 32.8
Butyl-Cellulofine 28.5 245 8.60 29.8 688
Hydroxylapatite 10.2 186 18.2 22.6 1456
Sephacryl S-100 6.61 144 21.8 17.5- 1744
1st Mono-Q 1.78 121 68.0 14.7 5440
2nd Mono-Q 1.04 108 104 13.1 8320
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®W8IH WMl T 4y 277y —¥I1KRSUDOEH—HOKE

HIHZ CORBMR Ty FEDBEONIc T + R T 7 ¥ —E 1 RO 11 OFPEFE S
% . SDS-PAGE'® & pH 8.8 D4 #fi )V LN 72 Native-PAGE™ (Zfit4° 5 Z &1C
LD, TN ThOKE T + X7 7 7 —FOH—MEBT L1,

Z DR, Figure 2-8 127”79 £ 912, SDS-PAGE. Native-PAGE (Zflt L. #igY
B WIIED T AR L EZ A, TA R T —E I T, H
—IN RELTHONI, 2O &S, KRBT RIE. BRUKEMIICY
—THHI ENRINI, I SDS-PAGE IZE T, 74 A7 77 —FE 1
M384kD. T+ AT 7 ¥ —E UM 41kD ODHFEAEHT S Z L Fio, &kl
T# % 2-mercaptoethanol DTFAE T JEFAETFT D EL SDFRMFITHE N T D, 7 #
A7 7§ —EDWE) NG — AEAUIIENZ Eh S (F—FRET) | WEE
MWE ) 7—TH5 I EDFFITRI NI,
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A (Native-pace) B (sps-paGE)
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Figure 2-8. Homogeneity of purified phosphatases from a psychrophile.

Panel A, Native-PAGE (pH 8.8).
Left disc: Phosphatase 1 (180 ng), right disc: Phosphatase 11 (180 ng).
Panel B: SDS-PAGE.
Lane I: Phosphatase (180 ng), Lane 2, Phosphatasc II (200 ng),
Lane 3: molecular weight markers containing rabbit phosphorylase b
(97,400), bovine serum albumin (66,300), rabbit aldolase (42,400),
bovine carbonic anhydrase (30,000), and soybean trypsin inhibitor
(20,100).
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EOHI INE

AREIZBNTE, B 1LE #mllB O TR XIS, FSRICHIET 57
F AT 7 7 —EONMREAE RN E UTERET - 72, TORE. HHRRK
A BEWE. BRA453E. X 512 DEAE-Cellulofine 7 5 L7 0< 757 4 —ilid 5
ZEICED, T AT 7 —EREHIE 0.05 MNaCl, 0.1 M NaCl Z & &8 H
MIAH I, TNENOEMIEENDLI T+ AT 7 I —EE2 T+ AT 77—
T &M L7, IRNWT. oI0, MlAEAD 572010, TNENOTEH
5+ % Butyl-Cellulofine. Hydroxylapatite. SephacrylS-100. Mono-Q 77 & L% FHU /2
sa< b 757 4 —IC RS U,

Table 2-2. 2-3ICEHMLTNASKIIT, 7+ AT 77 —E 1, 58 units/mg D
iM% R U 38.4kD DO TEAHTHY /37 HEUT, MEHIE 1.83 %.
WBBUEHR 4650 fHITHBII N, 7+ X7 7 7 —F L&, 104 units/mg D LG %
AU 41kD D T-wART T /X7 HE LT, FEHEIER 131 %, HHRAEER
8320 MRSl X s, REBICTHE T, 74+ AT 7 ¥ —EDRE(LDIZH
i2. 5 mM MgCl,\ | Msorbitol Z & A PSRRI R SRR ZGE I L7 2 &A%, #
W UTARETH HIERMROSHERATRIC LI EE L Sh b,

E7o, MWBROB—ORE E1T - CBIC, W7 4 X7 7 & — ¥ IICEIT
RIOGEAE T AL TICBb &9 BRGKENI B O TH—78/ 0 B E UTHkE)
SN ENS, MBEEE b HERERNIZENTE/ v — & UTHEELT
WBZ EHURB XN,

YLl 3w (Shewanellasp.) KO K7 0 M7 57 4 =% 2457
THD T + X7 7§ — YO sk kA WL U,
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BIE TR T775¥—FIRCUHOBEENHE 01119

Bl ®#E

RIEE TS IRIRME RO 4 PO O 7o DFEFIE LT 28D 7 +
AT 77 —Exigi,

WHEFTIT, 74 R T 77 —Fld, SEIFLAYRH SHFRINTE
D, ZOBEMNHE THEXCEE pH O SBMET + X T » 7 =¥, TIVAY T
F AT 7 ¥ —FENHIREU DDA 7T —iZHFHI N b T 5,
AETIH, SHO 2D T 4 AT 7 ¥ —VOMEEABRTT 2 ETERTH 5.
pH & &M, pH KM, F/o, KEBEE UTHYENTH 5 LB o 8%
B, R, X ol SFESRE, ERFRMD & OB ME A MG
Uleo T2 T4 A7 7 7 — ¥ 1K S K F L ER O B RS Z ORHEOTEM:
Ul T 3 ) BERIRDIRE AT - 72,

2l KBRHH

1 HERCERTY)

T4 AT 7 —EEHIEICH T pNPP, pNP, PTK OEB/MFEIT U
DEAE-Cellulofine A-500m {2 D Tid, 23 5 2 #ilCiab L7z, O-phospho-
L-tyrosine. O-phospho-L-serine. O-phospho-L-threonine &% DDV VU gb&Y).
Protein kinase A catalytic subunit (166 units/mg) . PCMB. PCMPS. NEM. DEPC.
MIAM (4. Nacalai Tesque £1: & 9 Escherichia coli C75 HED T IV 1) 7 + X7 7
7 —+ (BAP C75. 191 units/mg) (&, FDCAME TR LI DA Ui, T4 18
37kD @ polyEY. i) » 1t Caseine MBP. phosphorylase b« phosphorylase kinase
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(240 units/mg) & . Sigma Chemical #18 D & D% .bovine histonc H1 (3.GIBCO BRL,
Life Technologics #EH D & D A2 {F H L 72, [1-1C] MIAA (10 mCi/mmol)id. American
Radiolabeled Chemicals #1:. [y-"2P] ATP (4500 Ci/mmol)iZ. ICN Biomedicals £, =
v b (Male WistarST, SPF. 7 ##f) (&, HASLCtL L OEA LI, ¥ U AL
TU— K (20X20 cm. 250 um JE) . Whatman D S DAEH Uiz, £ DD
AT RO S DR LT,

B2 NI EOER

FHTDT A7 77 —€ 1 RO DEG.CNTNDHFRINARE IS
BH U, &7, ToTA 07427 75 —BIEHMNEDOBICHER Lick s v
NIHOEREIL, T h TR RKFETHER L7,

B3fi EBRAHHE
# 1 I Rat Protein Tyrosine Kinase @ Fi

PTK (3. Brunati 5D HH: 10 [ZHDE  IRD L HITEHHEH L7z, BIED T v
Oy Sfith U7 Pig (K9 15 g) % 70 % ethanol TiEH: U7/ 3 THID < YW L
30 ml DR AEE K SO mM Tris-HCl (pH 7.5)« 2 mM MgCl,» 1mM EDTAJHIZ
BH X, ZOBEHE, EXTho U REVFAY— (ZF 4 HEERGE
PRIFBD AT, 1 MR L. 1,000 X g T, 10 0 BhE 05 Lc, Z s
DS KDL B &SRO ML & LTI o, X510 £
DL 30,000 % g < 30 SRS HEL Tz, oI E 10ml DY Xy
B0 RAEAITAE (100 mM Tris-HCL (pH 7.5) 10%(w/v) glycerol. 1 mM EDTA.
10 mM 2-mercaptocthanols 1%(v/v) NP-40. 0.1 mM PMSF|iZ il L. & O B&H
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A, B Mo rREIFAF =R FINT, 1R L. 30,000 X g T 30 43
B LI, ZHUCE DB o LERES Lo HHIHES LT, 7o

< N5 7 4 — AREER (25 mM Hepes-NaOH (pH 7.0).  10%(w/v) glycerols

0.1 %(v/v) NP-40, 1 mM EDTA. 10 mM 2-mercaptoethanol. 0.1 mM PMSF [iZ%} L
T—MuEi Ui, COBHARE. THIO< M7 57 0 — EGK Tk

L TH U 72 DEAE-Cellulofine A-500m (¢ 1.0 X10 ecm) 75 LIHE U7z JRKGS
WA TR, WY /X7 H % 0.1 MNaCl. 0.3 MNaCl, 0.5 M NaCl % & ¢ [w
ARl TR 7 U7,

DEAE-Cellulofine 7 7 L7 0= N 75 7 4 —DEEHHS O PTK OIEPHHE LT
DS THE Ui, |

50 mM Tris-HCL (pH 7.8). 50 mM MgCl,+ 10 uM vanadate. 60 uM [y->*P] ATP (1000
cpm/pmol)s 1 mM polyEY &M EDOMEZ FLERE S0 ul OUGER T 30°C,
20 3 2 F 2 X — b Ufce IRWVT, 20 mg/ml @ BSA A A 10 wly 20%(w/v)
D TCAZ% 60wl A5 Z LT KO s 1E1l Uic, 2D TCAIZ K DA U7cihik
B 10%(w/NVYTCAT3EBEE L, Bk v FL—varvho oy —ildilic, %
DRHHEEN S polyEY ICHL D sAE N/ VEED BV A E&E LT,

ZORE, 03MNaCl 27 0w NS 7 0 —JHRE RIS X 55
PTK DIEHEATES Sz, T OFEMESMT . PTKI LT I O 2 43 FFiD PTK
DEEN Y | PTPasc IGHHIEREY SN - 72,

ZDFHEC LD HIEH: 849 units/mg D PTK #0 RS UE L A1 5 Z VT,
PIF OkBIZHER L,
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F2WH TOTA T AT 7 7 —EIEHEIEIH S FVE O

polyEY. MBP OF 1 VERAD Y Ul b, RO K DI 7720 0.4 mg D
polyEY ¥ 7213 MBP & 169 units @ PTK % 0.5 ml @ 50 mM MgCL 10 mM sodium
vanadate. 60 UM ATP. 0.88 nM [y-2P] ATP (2.1 X 107 cpm)% &5 50 mM Tris-HCl
(pH7.8)" T 30°C. 2 RHIGE /72, IRWT, £ DIIGH %« 0.1 mM sodium
vanadate % 35 50 mM Tris-HCl (pH 7.5) & 51Z. 25 mM MES-NaOH (pH 6.0)iZ
¥ UT, MEKENT L7,

histone H1. Casein Dt & 2id, A VA VEIED ) VLI DT
0.3 mg @ bovine histone H1 & % U &, 0.5 mg @ Casein & 1.3 units @ PKA catalytic
subunit %+ 0.5 ml @ 0.1 mM EGTA. 10%(v/v) glycerol. 0.1%(v/v) 2-mercaptoethanols
10 mM magnesium acetate. 100 uM ATP. 1.46 nM [y-*P] ATP (3.5 X 107 cpm)& F L5
50 mM Tris-HCl (pH 7.0)"7 T 30°C. 16 R E &7z, F 7. phosphorylase a i,
0.5 mg @ phosphorylasc b % 1.2 units @ phosphorylase kinase & 0.5 ml @ 16 mM
magnesium acetates 16 mM CaCl. 100 uM ATP. 1.46 nM [y-**P] ATP (3.5 X 107 cpm)
%34 66 mM sodium glycerophosphate (pH 8.6)"°C 30°C. 10 3 > F 2 X— b
THIEILIDPFE U, THSDRIGHKIES Y V(L polyEY D F% & [RIERIC
BT L7 |

ZOEIEICL DL 1 mol D polyEY~ MBP. histone H1. U phosphorylase a i<
ZNTH 044, 037, 0.61. 1.0 mol. X 5IT 1 mg D Casein i< 14.7 nmol D[*?P]

U VBRI D A E N7,
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B3I T4 AT 7 F—EEENER

(1) 74 R7 77 —ED pH REM:., BRZEMWEMET UICBOBRAEER
DX HITHE LT,
T+ AT 75— 1id. 1 mMpNPP & 2.5 mM MgCL, % & {5 50 mM MES-NaOH
(PH6.0)F T, 20°C, 30 [l A v FaxX—=FL, 7427 77 —FILIE,
1 mM pNPP & 2.5 mM MgCl, 4 &35 250 mM ethanolamine-HCl (pH 9.8)47 T, 40°C.
54, 72, BAP iZ. 1 mM pNPP & 2.5 mM MgCl, % & 45 100 mM Tris-HCI (pH
B.OYFT. 25°C. 541 v FaN—bF U7, €<, 0.1 NNaOH ZJMZA 5 Z
SRR ORISR Uy £ U pNP OfE . TR L TR L 05
MU, BEEEEE LI, b, JORGHMICBOTE, 7427 77—
¥ 1, II. BAP DJiid. ERIMIZEA T,
(2) FERFEROE MO R pH 2 #Ed 5 BiZid. 2.5 mM MgCl, & 1 mM pNPP
2EUS pH OBWEKP T, 74+ AT 77— LIZBILTIE, 20CT 6 40, 7
AT 7 —EUTH., 25C. 554@A Fa~X—bFL. 0.1 NNaOH % IR 5
&Ik o Thn etz Ui,
(3) EHOREFREDHFT OBEITIE. 7+ AT 77 —E 1 D54,
25mMN@GﬂE1mMpNH”%ﬁtﬁOmMhﬁB&hOH@H6DFWF\%%H§T6
GHEA VF 2= U. 7+ A7 77— I BAP (&, £H L. 2.5 mM MgCl,
& 1 mM pNPP % & ¢ 50 mM ethanolamine-HCI (pH 9.8). 100 mM Tis-HCI (pH 8.0)
T, RIBRETS A vF 2= b Ul BUBIE. 0.1 NNaOH 2 MA 5 T &
ICEkDEIE L. BEBBRD 542 U7 pNP OEIVEEFH U7,
(4) BHHBZOEICKIETHBBOREII DN TIE. IROFETIH~NIS,
MRBGENIEEA A Vv AKRERT B0 EDTA X RAERE 10 mM 1<
185 EDITMATHIZ, T4+ AT 77 —E 1T, 25 mM Tris-HCI (pH 7.5)iZ.
T4 AT 77— N T, AEKIXLT2 B 4CTEN LI, T2 THS
NEBRBR AN, &4 OEBAA VOFLT T, EHANE LI, 22T
RISEAE, T+ X7 7 7 —F 1IZ DT 25 mM MES-NaOH(pH 6.0)47 T\
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30°C. 30 43[Hl. 11 Tid. 25 mM Tris-HCL (pH 7.5)" T, 25°C. 10 57fil & U7,
(5) W7 + 27 7 ¥ —COREERIEERFT BT, LT O ST
A RE U,
fEH UBERIE. 74 A7 v 7= 1 Tld, 25 mM MES-NaOH (pH 6.0). 11
Tl 50 mM Tris-HCL (pH 7.5)& L7,
6.0ng DT+ A7 7 —=E1HBWNI, 240ng DT+ AT 7 7 —E 1 %,
2.5mM MgClL & IREIRE 4mM UL FOXF XY VIBLAWEET 40 ul D%
BEHRTIZENT, 74 A7 77 =¥ 1T, 30C, s, 74 R 777 —F
I Tid. 25°C. 1001 vF 2= M U7z, 8ul D 40%(w/v) TCA % INZ 5 2 &
& D BERGEE L U Kimelberg & Dk IS & FEAE XN ICIEREY
VD EIVEEER LT,
(6) 74RT7 77 —E1OTa7A 2T+ A7 77— EEHEOWEIL, Hiraga
SDHE? ZWR LTI -7,
6.0ng (016 pmol) DT+ X7 77 —¥ 1 &, A, 55 2 HTHE U
5 X7 H[22.5 pmol D PP-Y VIR (1.6 X 10 cpm)Z & d5 2.0 pg DV AL
polyBY. F72id. 30 pmol D *?P-U U (2.1X10° cpm)= T L. 09 ug DV VMK
{t. MBP. 2.0 ug @V »I{L Cascin. 1.0 ug © ) AL histonc H1. 2.9 ug @
phosphorylase a]% .2 mM MgCl, & 15 wg @ BSA &5 15 ul © 25 mM MES-NaOH
(pH 6.0)FF T 30°C. 0~60 IS X 7o SUSHIZ 160 pl D 10%(w/v) TCA %
MA T, BERSEELUIcE, 15,000 X g T2 & it Uiz, fondc
HDHHD 150 Wl i< 25 wl D 5%(w/v) ammonium molybdate-4 N H,SO,« 150 ul D
isobutylalchol-benzene(1v:1v)%& N A 72 o 05 HERE . LIED 5 5 100 ul % LSC-5100
Bk v F Vv —2a vy — (Alokatlh8) (UL EEAESIN/AEREY »
R D EI)VEE & OGS SHH Uiz,
(7)) 74 RT 77 =¥ I OEKFEAEHOTEE R~ LRI € DEAFTE T
i¥. 1 mMpNPP & 2 mM MgCl, % & & 25 mM MES-NaOH (pH 6.0)"7 T, 30C. 5
A U F AN FFTEIEIEIDELS pNP DENED B LT,
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WA T4 A7 75 —F 10 DEPC F72id. “C-MIAA IZ & B &4l
T+ A7 7% =¥ 1iZ DEPC. “C-MIAAIZ K DIRD L HIZE/ LTz,

(1) DEPCIZ L B8 :7.7ng (0.2pmol) DT + AT 77 —¥ 1%, KILE
O DEPC & 2 mM MgCl,«2%(v/v) acetonitrile 2 & 5 10 pl @ 25 mM MES-NaOH (pH
6.0 T 15C.0~10 51 > F 2 X— b+ U72,10 ul @ 100 mM histidine (pH 7.0)
ZNA Tt BITHICELHL U 7o s & O BAE A JIE Ui,

(2) “C-MIAAIZ K B1EHR : 3ug (80pmol) DT 4+ A7 757 —E1&EEL O
HICBWTIRE LI, 7+ A7 77 —E 1D 5000 f4EILETH S 400 nmol D
“C-MIAA % . 2 mM MgCl, & 1 M sorbitol 2 FZ5 0.5 ml D 25 mM MES-NaOH
(pPH 6.0) T T N, gas 77+7E Fy 15°CL 2 WE[H], BEETTA v F a2 X— kL7, £DK
JGHIN SR RED “C-MIAA 2253 5 701, 5%(v/v) aceticacid (26 U TEHT
Utce Z DB A BFEHE L. "CMIAA TINIVENIcy v/ 37 Ak
0.1%(v/v) phenol & 0.25%(v/v) 2-mercaptoethanol 2 &3 6 N HCL IZIEE L. Ao R
HE U RBE N T 110°C, 25 Bk s L7z,

HO5IH  HEESKE)

B (2) TH SRS 7% HE T THAE UL 50 ul D 20 mM HCLIZE
B Ulo, & D % F5 5 (25 w) 37212401 . — 7713, CM-amino acid standard
LT, b IE BT, silica gel plate B2 2Ry b U7z, BXIkIhE. pyridine-
acetic acid-water(100v:4v:900v)DFEE %R (pH 6.5) &L . 15°C. 2 FFfH. 6 mA
DEBIRTIT» 720 BRUKE%. standard amino acid % . ninhydrin (2 & O F¢a X
Bio ZTDH TV — M A A — DV TIENT 24T 9 7281, Bio-imaging analyzer.
BAS-1000 (Fuji Photo Film #:8) (Zft U7z, 4 CM-histidine 553814 (4. Kleanthous

WKL DRD SN [ pH6.5IZF T BHMEBENEE L D FE Ui,
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A TrRT7rI—-YI1OBEHHE
11 pHEEM

BT + 27 74 —E 1D pHLEMZFTNBLIHIT. LUT O L ) ITHEHEE L
BEU 72,

6.0ng (0.16 pmol) D7 # A7 7 ¥ —¥ 1%, 10 Wl @ 5 mM MgCl, % & L4 pH
DRTEH [50 mM sodium acetate-acctate (pH 4.0 5.0)s 50 mM MES-NaOH (pH 6.0
7.0 50 mM Tris-HCI (pH 8.0« 9.0)] s 20CT 0~60 72[8 1 > F 2 X— U7,
IHODUENI L BHEHT 4 27 7 7 —¥ 1 OFFFER L, ARF 5 3, 5
3IFIZFLAR U 7o H: THllE U7

ZDFER. Figure 3-1 1R T LI, T+ AT 7 ¥ —FE 1id, pH6.0~8.0 D[H]
TRETH -7,

pH 6.0, 7.0, 8.0

|

-
Q
o

~
(43}

50
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25T

0 10 20 30 40 50 60
Time (min)
Figure 3-1. pH-stability of Phosphatase I.

The buffer solutions used were described in the text. The enzyme was
incubated in individual buffer solutions containing 5 mM MgClz for the

indicated periods of time at 20°C, and the remaining activity was assayed as
described in the text.

The value of 100% corresponds to 0.675 nmol pNP/min.
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2 RO ZEM pH

T4 A7 75 —E1 (6.0ng. 0.16 pmol) %. 2.5 mM MgCl, % & L% pH DF%
TR RIEICECED Ty AE, B3 B 3O HFHAIU . A EE L
2o |

ZDFER. Figure 3-2 1R T LD, T+ AT 77— [ ORISR pH £
pNPP ZAH & UIc& . pH6.0 TH O PHMETEUVEZ R U1,
CORISE#EpH N SHIM T B &, T+ AT 75— 1iE, MM 7B T
F AT 77 —EDELSICHGFINIEI -T2,

Eos—
S
)
£
o 0.4
=
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>
5 02-
©
<L
0 T T

pH
Figure 3-2. Dependence of activity of Phosphatase [ on pH.

The reaction rates of Phosphatase I was dectermined as described in the
text.
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F3W BAEN

T A AT 75— 1 OBEEWERE T A IcdDIC FERIFREZ RO &5 10
L7z

6.0 ng (0.16pmol) DT+ A7 7 ¥ —E 1 %, 5 mM MgCL, A &L 10 ul D 50 mM
MES-NaOH (pH 6.0)H', 0~60CD&IRE T 0~60 731 > F 2 X— L7,

INSDWIIC L BHHT + X7 7 7 —¥ [ OEAGHEIL. RZE, & 3 Hi.
JIHIZAk U7 ik TillE Uc,

ZDRER. T+ AT 77— LE 6053DA »F 2 X— FOBIZHNT 20C
FTREETH LD, N LORETIE. £ OBRATEMHIIRBRRIZ D Ui
(Figure 3-3) o

0°C,10 °C, 20 OC,J
100 L .

9
2 754
>
©
L
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£
[
£ 25-
o
0 1 1 ’I\ 1 1 xl
0O 10 20 30 40 50 60

Time (min)
Figure 3-3. Thermo-stability of Phosphatase I.
Phosphatase 1 was incubated at individual temperatures and pH 6.0
for the indicated periods of time, and then the remaining activity

was determined as described in the text.
The value of 100% corresponds to 0.675 nmol pNP/min.
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FAE EMEOEERE

BELT 4 27 7% —¥1 (7.9ng. 0.2pmol) IZDWT, A&, 3, %3
HOF RN, FRETOZOFEHZHIE L7z,

TR, 7+ AT 7 ¥ 1 OEMEE L. pNPP ZHE & LicEA. 30C
ThHo. KRIE (0~15C) 12BN TH 30°CTOEMD 27~38% DIEH:A 7R L
72 (Figure 3-4) o

COKET + 27 7 7 =B, KEEICEOTOEWVEBREARIF LTINS Z
EDREI NI,

1.00]

0.75

0.50-

0.25

Activity (nmol pNP/min)

0.00 L E—— T T T 71
0 10 20 .30 40 50 60

Temperature (°C)

Figure 3-4. Dependence of activity of Phosphatase I on temperature.

The activity at indicated temperatures was determined as described in
the text.

33



FOI RIS AIE T RIEDE

AF, F3H. FHITICRM UL BEBRESLERTN S
EDTALEL, £HUTIR CEITIC K » TEREA A %2 HRE L7222, Table 3-1 1Z7R8
T L EBIEA A L OFAET TEOEMERE LT,

Z DR, Table 3-1ICEH LI LHIT, T+ AT 77 —HE 1 DIEHD. Mg
AFX . Ca A A kD 6.1 8 71 I EAT S I EEMERLIC, T UK
UTs Zn® A A4 ld, KFROEWAZEIIRT = d 7.

Table 3-1. Effects of divalent cations on Phosphatase I activity.

Activity Relative
(units/mg) activity(%)
none 6.0 100
2.5 mM MgClz 36.5 607
2.5 mM CaCl2 43.0 714
2.5 mM MnCl2 13.6 225
2.5 mM ZnCl2 31 52
2.5 mM CoCl2 - 28.7 476
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HEOI AERREN

U B EWNIX BIEERMR DA R T 4 v 7 /8T X —5 — % Table 3-2 i
mUT, |

TxRAT 77 —E1Ed. AEREAE TH S pNPP DA IE. O-phospho-L-tyrosine
DAY VBIL Ul £o0 T IR L TORLN, KEEHRI.
O-phospho-L-serine. O-phospho-DL-threonine 2tV VBL LS »7c, ZDI &
Mo T4 AT 77—, F 30 Eh0Y) VLT o s VEEERY Mg
L3 B HTREPEDREYD S /e,

Table 3-2. Substrate specificity of Phosphatase I.

Sub Km Vmax kcat kcat/Km

ubstrate (mM)  (nmol Pi/min) (s1) (s1/mM)
pNPP 0.95 0.50 112 118
Phosphotyrosine 1.42 0.75 16.8 11.8

LREDOHERIZBENT. 74 R T 7 7 =¥ 15, 7 0 EhD Y VELF 1
VERSE) VEALS B AR A R Ule AT, ZOWREMEHIHT 5 /2
OIS, Fod  EBEE PTRICK->TY VEMELUAF R v ETIVY I VDS
YT LRYT—TH%5 polyEYs MBP & & VEE A LA ViR E . PKA
catalytic subunit TV BR{L L7 histone Hl. Casein, F72. phosphorylasc kinase
TV VBE(L U7 phosphorylase a 2 E E LT . 74+ X7 7 ¥ —F 1 Ot Y kAL
FEEMET L7,

T DFER, Figure 3-51IRT LI, 7+ R T 7» ¥ —¥ ik, Foi v EBitE
U UBRIL U7z polyEY. MBP AtV V(L U7, ZHISKH LT, Alg#EiZ. 20
D) VALY R EEREE U ol TOMRIZED, T4 2T 74
—Y 1.7 X ERY vB b N F oy VR VLT D PTPase
N G e N AV NS A el
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Figure 3-5. Time course of dephosphorylation of phosphorylated
polypeptides with Phosphatase I.

Activities of Phosphatase I (6.0 ng, 0.16 pmol) for 32P-polyEY
(open square), 32P-MBP (closed circle). 32P-Cascin (open triangle),
32P-phosphorylase a (closed square) and 32P-histone (open circle)
were determined for indicated periods of time as described in the text.

Activity is represented by the released inorganic phosphorus [32P]
as a function of time.
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BTIH T4RA7T7575%—Y 10T 5 EHEEROLE

BIEICBWT, 74 A7 77 —¥ LX PTPase TEMAE T A LA R U, &
B3R D PTPase i IL. 2-mercaptoethanol *° DTT 7 & DBTTH| D REEA S F L)
210 (FT—=FREF) o L L. ThETIKHEIN T B4 TOD PTPase (.
VAT A VEAEEERET I ) B ET A SHBERTH D IEMEORERISE
TR B ET D EDRONTNS 2V IS, 7+ A7 7 7 —E [ DL
MR I BRDY, D PTPase &I3HRLDT I /BB THSEEZ SN 5,

TIT.TART 77 =B 1DEMHRLT I/ BEIEEZHRET S 72912, Table
33T L) URFEHEAE. BYMBETTI+ AT 75 —F1 & 15C, 11
. pH 6.0 TRIS X #7co [USH. pNPP A HE & U THBAEHANE L &
Ay SOUMDEPC TR S5 Z L2 KD, ZOMEDOFEMEETESICHE LU,

F72. MIAA. MIAM TG % 2 & THZ DFWDE T N Shrtc, FET.
B.OMMMIAATIZ. T4+ AT 77 —~¥ 1D 3% HEAEZIT1,

Table 3-3. Effects of inhibitors on Phosphatase I activity.

Inhibitors Concentration Remaining activity(%)
none 100
PCMB 1.0 mM 82
PCMPS 1.0 mM 96
4.0 mM 87
NEM 1.0 mM 97
4.0 mM 83
MIAA 8.0 uM 17
16.0 uM 6
MIAM 1.0 mM 2
DEPC 10.0 uM 10
50.0 uM 0
1.0 mM 0

Phosphatase [ (6.0 ng, 0.16 pmol) was incubated with indicated concentrations of
inhibitors in 10 pl of 25 mM MES-NaOH, pH 6.0 containing 2 mM MgCl 2 at 15°C
for 60 min. The remaining activity was determined as described in the text.

The value of 100% corresponds to 0.45 nmol pNP per min.
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Fro, T ZIER L TOIEOD, FEEDWER 54T - 7o ARBEE (X, 1) VFEL polyEY
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SHIRIIC, PCMB, PCMPS. NEM (3, € DREEE L5 ST HARBERDIENE
X U CERE LRI R RS S idh - 1,

ZZT, MIAA & MIAME, VA7 A VEFED SHAEERF D DA 157
—VEEERI L 2 | DEPCIE. b A F D VEHITH T BRI BRI T 2 |
KRGS TH 5 PCMB & PCMPS. “AlifiAZE TH 5 NEM (3. SH JITHF
RN Rg 5 29,

INODOREOHEAEBTLE, ZOT 4R T 77 —F1E EXFIU LD
BRI X O IEHNHRT B EBAL St KEROERHLT I/ BIEAF Y
VEBEHETHDH I EHIRBR I

H8I DEPCICKLDERISINST I/ BEOEH

BB NT, EXF O VOBMREIZLD. 7+ AT 77 =¥ 105 E%E
BB EXF LI, ZOREMNEEFLUADSHO £ XF D DM
BRUISEEEOEIC LD D TH B EHIIEETE N, £2T. Z
DHITIE. DEPCIT & WIS N7 T 3 BRIEME Levy SO 2 1250
THI L7,

FIHIL 2 (1) I LICAHEIC LY  DEPCREI LT + 2T 7 ¥ —
Y1 OEFEWZAE L. 0.2~2.0 mM D DEPC (2 & B B OREEIZ( L%
Figure 3-6 /R AVIR Lo  DBEAFEHOZALIZ. 2.0 mM DEPC ALEL T, 7%
FEEHDY S0%ITIE B IR (t,,) %334 &F BB —RERER LI, 22 TH
SNICEIRED DEPCALEIZ K 5 t,,, DFE% DEPC IR DX L DM$ & LT
7oy bU7c (Figure 3-6 7%V B) o TOHE. £ OMEIL. #HiH 1.007 %
BELIsEMELTHONIZ, TOMEIE, DEPCILELD T+ X T 75— 1
DRIE AL D EFIEDRBUIM YT 5 0, - T DEPCIZ L D EfEX .
REEES T L BBEARIT L EEER I
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Figure 3-6. Estimation of the number of amino acid
modified with DEPC.

A:Phosphatase 1 (7.7 ng, 0.2 pmol) was incubated with different
concentrations of DEPC; 0.2 (closed triangle), 0.5 (closed square),
1.0 (open triangle), and 2.0 mM (closed circle). The remaining
activity was determined using pNPP as substrate as described in the
text, The value of 100% corresponds to 0.50 nmol pNP/min. The
time required for 50% reduction of the activity, ti/2, was calculated
for each DEPC concentration.

B: A double-logarithmic plot of ti/2 against DEPC concentration.
The slope value is 1.007 with a regression coefficient of 0.999.
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BITH & TO Table 3-3, Figure 3-6 ILB T HERMERN S, T+ AT 77—+ 1
DOEHFNE, EXAF DV VEATH S Z EHREI NI, LML, DEPCIZLY
B/ XF D, BB, carbethoxyhistidine (X, pH DS LIS O Tl
HEEICARETHSL D ZEDS, T3 BONMBEILLPERIETIE. £TDH
EDNHETH B, Ul BEEINITEEFLT I/ BAEERF D VERATH S
ET BB E LTI, A5 TH 5,

Z T AEITIE, HEBLIKEIAERAOT, "CMIAA LI L O B i
T BOREEERATO, ABREOEMEROLT I /BN RF U VKT
H5HIEAEFHITAE U,

Z BRI B W THERY 5 “C-MIAA DEIVE, £ DGR OBRE 217
- 7Co

(1) “CMIAA &7+ A7 7 7 —E 1 DEIVDHERE
22pmol D7 # A7 7 #—+E 1 & 1.0 5.0. 12.0 nmol © “C-MIAA %,
5 mM MgCL, & 1 M sorbitol %43 50 mM MES-NaOH (pH 6.0)"1 T 15°C. 60 43 [4]
oS, £O%, EFEGEH2E L7 (Figure 3-7A) o
(2) RISKEOPE
22pmol DT # X7 77—+ 1 & 10 nmol D “C-MIAA . 5 mM MgCl, &

1 M sorbitol &5 50 mM MES-NaOH (pH 6.0)4 T 15°C. 0~120 - [Hi& S 4.
Z D% BAFEMSEANE U7 (Figure 3-7B) o
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Figure 3-7. Dose-dependence (A) and time course (B) of inhibition of
Phosphatase [ with MIAA.

A: Phosphatase I (2.2 pmol) was incubated with indicated amount of
MIAA at pH 6.0 and 15°C for 60 min.

B: Phosphatase I (2.2 pmol) was incubated with (closed circle) or
without (open square)10 nmol of MIAA at pH 6.0 and 15°C for
indicated periods of time.

The remaining activity was determined as described in the text.
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R A I ESIKENIC G Ui, 78k, CORERIZENTH. Tk &FH
IS, COBEIIGICE D T+ 27 7 7 —E 1E 90%DHEAZIT72,

KENED TV — DA A=V TIRT DFESR, Figure 3-8B 1273 K 91T, &
fisn/cT + X7 7 7 — € 1RO CM-FEKIT £ DHKEIFLE D S 1-CM-histidine
EREINT, Fio. ZORHEEEI S CM-FEROEINVHEER LI E LA,
1-CM-histidine (&, 70 pmol EEHEN/, T Imol DT+ X7 7§ — 1
F1D 0.88 mol D & A F ¥ VEIENUC-MIAAMLEIZ K » TSN/ L &L,
Z DIERRE. “C-MIAA LBIZ K B Z OWEE D IELR & JOHHBIH M S iz,
F 720 Figure 3-8 DNV B, F 7o, NIV CIZEWLT. CM-cystein O KB i
W BEHE RS S - T,

UbD#HE. 7427 75 —€1OEHEHLNE EXF UV UVERETH O D
PTPase LIIR/TD . VX7 A4 VEAEIBE L TWHEIWZ EdvRraEnr,
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Figure 3-8. [dentification and quantitation of the modified amino acid in
Phosphatase I by 14C-MIAA.

Phosphatase I (3 ug, 80 pmol) was treated with 400 nmol of 14C-MIAA,
and then hydrolyzed. The half portion (equivalent to 40 pmol of phosphatase I)
of the hydrolyzate alone (Lane 1), with CM-amino acids as standard (Lane 2)
and standard alone (Lane 3) were subjected to a thin-layer electrophoresis.
A: Staining of authentic CM-amino acids with ninhydrin on a silica gel plate.
B: Autoradiography of the plate. C: The radioactivity of segment of plate with
6.7 mm-width on lane 1 in B. Arrows indicate the positions of CM-cystein (CM-Cys),
1,3-diCM-histidine (diCM-His), 3-CM-histidine (3-CM-His),
1-CM-histidine (1-CM-His) on origin (Ori), and histidine (His) on the electrophoresis.
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VRO U 7o TTHE U7,

2.81g (0.07 pmol) DT # X7 7 7 —¥ [ % 40 ul ® 5 mM MgCl, = & L4 pH
DFETE K [100 mM sodium acetate-acetate (pH 5.0)+ 100 mM MES-NaOH (pH 6.0.7.0)+
100 mM Tris-HCI (pH 8.0)« 100 mM ethanolamine-HCI (pH 9.0~ 10.0)x 100 mM
glycine-NaOH-NaCl (pH 11.0) J#. 20°CT 0~60 43 [H1 > F 2"~ I L7

Z DR, Figure 3-9 1R T L IIC, T+ A7 75 —FE ILIE. pH6.0~11.0 D
MITEETH -7,
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Figure 3-9. pH-stability of Phosphatase 1.
The buffer solutions used were described in the text. The enzyme was
incubated in individual buffer solutions containing 5 mM MgCl2 for the

indicated periods of time at 20°C, and the remaining activity was assayed as
described in the text. The value of 100% corresponds to 18.4 nmol pNP/min.

44



2 [EVEOES pH
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720

Z DFER Figure 3-10 IR K91, T 4 X7 7 & — ¥ U DUSEM pH i
pNPP % #E & U724 pHO.8 TH O 7TILA VNI E O TEWEHE: AR LT

DRSO, T4 R T 77 —FILIE TIVAVHICE# pH 2H9 5 7L
Tk RT 7 ¥ —BRAES NIz, 25T, JOERERIETE, T4 2T
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Figure 3-10. Depcndence of activity of Phosphatase II on pH.

The reaction rates of Phosphatase II was determined as described in the
text.
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70
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Ik U 7o ik TRl Ui,

T DOFER. Figure 3-111I57 3 £ DI, 74 X7 77 —E 1. 10°CLL T D
JETIE. 60 DA v F 2= MIBWTHRHEETH L, 10CL LT
L BAREHE, oD Uie OSxb A) o TS LT 2SRV BIC
ARUICE I, T4 AT 7 7 —E N OHEMER E UTRE L7 BAP 1E. 50CE
TRETHD. 80T, 60 BDA v F 2 X— METH., £ 60% DEIETEM: AR
L7

RS DR S IFEE K ORI U T 4 2T 7 & — ¥ T, PR
DWFR. T Z TN Ecoli DA T HBENTEHEZ TR LT B K ) Ehil
BUZ BN T HHEPMNIRTET 5 2 LAVRENT,
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Figure 3-11. Thermo-stability of Phosphatase Il and E. coli alkaline
phosphatase (BAP).

Phosphatase II and BAP were incubated at individual temperatures
‘and pH 9.8 (Phosphatasc I) or 8.0 (BAP) for the indicated periods of
time, and then the remaining activity was determined as described in
the text. The 100% values corespond to 77.5 and 2.29 nmol pNP/min
(Phosphatase II and BAP, respectively).
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FATE (ETEO B

W7 + 27 77— 1 (12.0 ng. 0.29 pmol) . BAP (80 ng. 0.93 pmol)
DINT, AE, H3Mi. FHIHEDOAEIH D, FEETOZEN S DIEHANIE
L7

Z DR Figure 3-12 1IRT LI 7+ AT 7 7 —F N ORMEREIZ., 40C
THO AR BN TS 40°CTOIEHD 39~42% DiEM:Z R Ui, Hic, &
O T + 27 77— . KRB TEEOESEERL, o, 74
2T 7 F—¥ 11 ORI, BAP © 80°C EHANTREMIKEL Y7 bLT
WHIZENHOMNETL - T,
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Figure 3-12. Dependences of activities of Phosphatasc [I and BAP
on temperature.

The activity of respective phosphatase at indicated temperatures was
determined as described in the text. Circle, Phosphatase II; square, BAP.
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FH5IH IGMHICKIETEBEORE

RE, FEIM., FHIWHMUAHEICL D BHBEREGSUBERTD S
EDTA UL, Z3UTIRSEITIZ K > TEREBEA A &2 BRFE UIERIZ, Table 3-4 (7R
TEOBBEA L OFEET TEOEMENE LI,

T DR, Table3-4 IZEH LI L DI, 74+ AT 7 ¥ —¥ I DIEHIE. Mg
AF e M1 A L CoP A A Il kD ENEh, 10.1 f5, 5.4 %5, 4.8 512 1
FUTce Tz, 2o 1A . CuP A F 2Lk, 2% EOERENZD ST
720

Table 3-4. Effects of divalent cations on Phosphatase II activity.

Activity Relative
(units/mg) activity(%)

none 0.1 100
2.5 mM MgCl2 101 1010
2.5 mM CaClz 13.5 135
2.5 mM MnCl2 54.1 541
2.5 mM ZnCl2 <0.01 <8
2.5 mM CoCl2 47.6 476
2.5 mM NiCl2 17.1 171
2.5 mM CdCl2 <0.01 <8
2.5 mM CuSO4 - <0.01 <8

O JRHERRRM:

U VAL SN AAERBREO A X T 4 v 73T A — % —% Table 3-5 i
RUT,

/. T AT 77 —F I, LOEEFEEEEZ B, FERICEOTHL
eeTOY) VLG ALY VIBIE U, RIS, Z OWEFRIZ. ATP. GTP. CTP.
5-AMP &5 7o X7 UF U VRIS UTRWEIFIPEAZ R UL F70. kcat/Km
16 S¥IWrd 5 & ATP. GTP, CTP D v-U VEEEIAL A ZIFR L YU VLT
3EEZ ONT,
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Table 3-5. Substrate specificity of Phosphatase II.

Km Vmax kcat kcat/Km
Substrate (mM)  (amol Pi/min) (s (s1/mM)
pNPP 1.5 5.0 115 76.7
B-glycerophosphate 0.21 33 76.7 35.0
Pyrophosphate 0.71 1.7 40.0 56.7
ATP 0.064 1.6 36.7 567
UTP 0.32 2.8 65.0 200
GTP 0.14 2.0 46.7 333
CTP 0.13 1.8 41.7 317
ADP 1.29 6.6 152 118
3'-AMP 0.87 4.2 96.7 112
5'-AMP 0.075 0.65 15.0 200
Phosphotyrosine 0.60 7.0 162 267
Phosphoserine 0.53 2.1 48.3 91.7
Phosphothreonine 0.52 2.6 60.0 115
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DLy KRTF7—EEMA, 30°CT, 4FHA o F 2= kUi, D,
A U< 1003 EEE X oIXNA, 12/ v F 2= F L7, Zhitkd.
BRSO LT, 1505 ERORTF 7/ —ETUI U Z &1078 5,
KIGiE, i PBEO TFAAX MU RSO pH 2835 2 &L D=k L
120

# 51  Yi4H HPLC

RIETH NI Dby RRTPFF—E %, T8 0.1%(v/v) TFA &5
Ldflizk TIAl{E U T U /2 uBONDASPHERE C18 300A Su 775 4 (¢ 2.1 X
150 mm) (2B U7c, FERAE I % 5 Hi%% . acetonitrile 18I % 60%(v/v)E T L5
SHHEMBBEAWAEIZELD ZEXRTF Nk 2Bt Ui, B, msahi
RTF P id. €D 220 nm ICB1F B2 BOEEIZ K D Uiz, Grifis /o7
T N 2 B OERIES B HIZELRFNIT K O B O acetonitrile & K25 L. #
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WM U7 BT . AR T F N E LT, 30°Co 7 Y = —NTERIFE L,

FOU T I/ RNHIDIRE

KB 7 X OB H B 0IE B0 CTRIFL TR NIRRT F
N O BRAE LA R & 10 wl D 0.2 %(v/v) TEAIZENR U7, Z DY) % PVDF
I 2Ry UL Bon/clis ppSQ-10 JE AT T 3/ ECH 5044 (Shimadzu
B LU 7o, PYDF LS, ATALEEE U TL 100 % methanols 50 %(v/v) methanol
AR IR 30 RIS DR LI b D& H L7,
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BWAfT BB+ X777 —-¥107 I BEK

Table 4-1. Amino acid composition of psychrophilic Phosphatase I.

Mole% Nl;:;ﬁ;ilrcoef
Asx 12.63 42
Thr 2 6.55 22
Ser 2 5.39 18
Glx 9.93 33
Gly 8.24 28
Ala 4.49 15
Cys ¢ 0.34 1
Val 6.36 21
Met? 1.55 5
Ile® 6.10 21
Leu® 11.07 37
Tyr 4.24 14
Phe 4.26 14
Lys 6.19 21
His 4.48 15
Trp ¢ 1.99 7
Arg 4.36 15
Pro 1.84 6
100
Total residues 335
Total mass 38,299

8 Determined by extrapolation to zero-hydrolysis time.
b Obtained at 72 hours-hydrolysis.

¢ Measured as cysteinic acid after oxidation by
performic acid-treatment.

d Hydrolyzed with 4 N methanesulfonic acid.
€ The numbers of Ala residues were assumed to be 15.

THAT 77 —EI1DT I ) EBBHE%E Table 4-1 1R L7c, TDF L3y
DT T UEHE 15MERETHE. ZOF XTI, 3B35KEDT I /1
MOHERE N, F R 38,299 TH O MALDI-TOFE&MATICK D RE L1
SFE. 38,366 SULUVMEE R Lic, TOREKT I ALK SN S &L T
AT 77 =B IRV AT A VERE, 1ELIEENTHENW D, Y20V
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T4 NEEENZOBEY /7 HPicid, FAELWI &, o, oy UK
MO LUNEENTWIEINI EMFFEIITH 57 VAT A VEEN 1ML
NEFENTNENT Sk, AT, 55 3. 5 2T Lo ik T, o SH
WA Emd 5 ETHRR LT,

ZDF /N HD 280 nm IZEB BB L T I BN L DR Skl
T 1 BOBERN S, 10 mgml DF /X7 HEHD 280 nm (2 E B WG
. 202 EBHIL. 51T, 2O ESTED S 280 nm IZE VB 0 FIROER
A, 7.75%X10 em - M EBH Ui,

ES5H NARRSUREUABT I/ BRBSEHORE
F1WE N ARWHEDT I/ MRS DRE

AE, 3L BOTURM LI HELD 7+ X7 7 7 —ED N RKiniigo
BeF A e Ulc (Figure 4-1) o 100 pmol D7 + A7 7 ¥ —H [ A WH it
L7c& 2 A BIBEROT 235 F 08 I#H 40% TR SN, RO EL
. Ry AT VSOBFEEEED I A 7O E IO TIO . FREOICR
TNARBT I BRI SHAZ ENS, T4 AT 77 —F11E, B/ <—T
HHIENEMTF ORI,

oo A7 =%y b LD BLASTSearch 707 Z L7 AHINT, ZD7 %
AT 77 =¥ 1ONKGEBORIERT O —2RT 5 7B ak#E Uk
W T AT 77 —EiEWERT Y X7 IR oI - 7,

Asn-Thr-~Ala-Thr-Glu-Phe-Asp-Gly-Pro-Tyr-
Val-Ile~Thr-Pro~Ile-Ser-Gly-Gln-Ser-Thr

Figure 4-1. N-tcrminal region amino acid sequences of Phosphatase [.
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Figure 4-2. Scparation of lysylendopeptidasc-digested peptides of
Phosphatase I by a reversed HPL.C.

Preparation of Phosphatase I treated with lysylendopeptidase were
applied to a column of uBONDASPHERE C18 A Su (¢ 2.1 x 150 mm)

cquilibrated with 0.1 % TFA. The adsorbed peptides were cluted with

a 24-ml linear gradient of 0 to 60% acetonitrile.

The flow rate was 0.4 ml/min. Solid and dotted line represent absorbance
profile at 220 nm and elution gradient with acetonitrile, repectively.
Indicated peptides ({-number) were subjected to amino acid sequennce
analysis.

AKE, FI3IM HEAENOE O LICHET, 7+ AT 77 —E1DOR
TF FWT ~DOHELEITO, #F HPLCIZ LD, TNSDRTF RASHEL 7,
ZDORMELIZRTF FDH B, WO DNTEDT I/ BESDIRTE AT
=720

ZDHEESINIRTF FOBELEE . Figure 4-2 18 L, IREINICEBH T 3
J BEBES| % Figure 4-3 1278 L7,

COWREINICT I BESIEHIZ, £ 7 —% v b LD BLAST Search 7’ &
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75 LARINWT. REOV—A5Rd Y VARG LI, TORAK, T4 A
T 5 — VI OESEINH L THRET D —ERT T 4 A7 75 B RD O
2‘/1,72[7\')\/) f:o

I-12 : N-terminal region sequence

I-13 : (Lys)-Leu~Tyr-Gly-Ala-~Asp-Thr-Glu-Ile-
Gly-Gln-

I-22 : (Lys)-Ile~Ile-Asp-Gly-Asn-Asn-Ala-Phe-
Gly-Glu~Gly-Ile-Met-vVal-Met-

Figure 4-3. Amino acid sequences of lysylendopeptidase-digested peptides.
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EOHI /EE

REIZBWTE, B 1LHE BEICEBOTHBNICEIIIC BT+ X7 75—

F1OEYLFMHEE LT, 207 3/ B N RKInfHET 3/ B A OW
7 I BB O RGE & AS T,

ENTNOMKT I /BOMBIZERT S &, 7+ AT 77 —HE 13, 3354
ROT I ENOED . THoDORNT I/ BDH B, ol VERENS TN
oMU EENTNENT & oy YATA VEENIETHD, VIV
T4 FEBAERTEIENT & &0 - 7R - S,

T+ A7 77 =¥ 1O N KO T I /By &, ) Dby RRTF 5
—EHLIZ L DB ON/RTF FORSFIDOREIZLD . £DL7T I/ BEA
(335 5H5) D 13.4%ZH 12D 45 ADEIN A S E Ui,

COHONIEINIH LT, £NEN. REQ YV —%RT 7 VN7 HAkKEk
LIcEZA T4 RT 77— 1HOEFIEMREMEERT 7 + 27 7 7 — BT
DHONIEM o7 ZOMENS, 72 AT 7 ¥ =¥ O T + X7 7 57—
TTHHI ENREINT,

ITHONICT 3 AT 77 =¥ 1DT I BRI DN T OEHRIL, R
BEOT AT 75 —C RIETFOI a—= v 7k UTHERE O TH 5,

Pl REIZEBWTHEHOKE 23%7¢Z77§7 Y1 OB LFENFHEHEEZH S &
L7
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W58 TJxRT77 5 —-PIBEFOI/Iu—= VS RUOZTOEEENO
REEKBHEICEIAEAMZ ¥ /X7 HORE

Bl #5

HIEETOERIZLD, AR T+ X775 —¥ 114, PTPase IEMEAA L.
ERF D UEFEWTOMEET IV BETAHBOMETH S EEMm S, L
MU, KR O HEE S RO M BITE DRI B WT. T OMIIE NG #OIK S K

FEEIBER L F WO ICRBERITIE N CTH B EE X o b, ABEEA KRS
eI, KRS NV A I 9581707 n—= 20 7 RCKER S
WK BZDMAZ 5 VX7 EORIL, WP LETH 5,

ZIT RETE, FARETEOVTRESINKL T+ A7 77 —E 1D N K
IS S NEBES 37 3/ BBRCHI 2 &C, AV T X7 VAF RT o4 7 —42E5 5K
L. IR H47 / L DNA 2888 & U7z PCR. inverse PCREEICE D 7+ X7 7
—YIBIEFEIO—Z 07T 5, X510, PEINIIEERTIOREEHAE I
T+ AT 75 —E1%GST ED@A Y /37 H & U TR DHSa THELL
ZDRE Y V77 H% glutathione-S-Sepharose 77 7 L& LT R Lo 2 &
DWW THE~X 5,

E2i EBRHBRUORAE

SFEHIBERER E B DS/ Ny 7 7 —I&. New England Biolab L8 D & D A
FAU7ce TableS-1ITRL72LHBAVTX 7 VAT NOBGKEY T T4 —T7
J BV IR L. PCRICAIVA T I/ —E UTHEA L, B, 204
JIX 7 UAF KD B, Sense-13. ANT-N-2, C-3. ANT-N-3. CT O 5" Kimifll
it HIPREESR EcoRI DFLFEACH A . NT @ 5 K 1E. BamHI O Z8HECH % £
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mitze 77 a—X7)vin 5@ DNA W DENXICIE. BIO RAD 44 dD DNA
Purification kit 2= U7z, 3 2 &5 > b &IV Escherichia coli DHS5a, Takara ligation
kit. T4 DNAligase. AmpliTaq GOLD DNA polymerase. glutathione-S-Sepharose 4B
(3. Nacalai Tesque fL L DA U7ze +4 1 A 7 L2 Hybond™-N,

proteinase K. RNase A. [a-?P]dCTP (&. Amersham L8 D & OAHH U7z, Lk
BN DIREAE A U 72 SequiTherm EXCEL™ Long-Read™ DNA Scquencing Kit-LC.
IRD41 Infrared Dye Labeled Primer (&, Aloka #L X DA Uiz, o, X T 4V
L3 Fuji Photo Film #:D b DA U7z, £ DHLOMIE . D b D A1
L7,

Table 5-1. Synthetic oligonucleotide primers.

Degenerated oligonucleotide primers

N-1 : 5'-AAY-ACI-GCI-ACI-GAR-TTY-GAY-GG-3'
(Forward) N T A T E F D G
ANT-13  : S5'-TG-YTG-ICC-IAT-YTC-IGT-RTC-XGC-3'
(Reverse) W2 Q@ ¢ I E T D A

Other primers
For 1st IPCR

Sense-13: 5'-GGAATTCCTACGGCGACGACACCGAGAT-3'
(Forward) .
ANT-N-2: 5'-GGAATTCCTCCAGTAAGCCGTGCTTTGA-3"
L_ (Reverse)
For_2nd IPCR

C-3 : S'-GGAATTCCTTACTGGAAAATAACCGGCTTA-3"
(Forward)
ANT-N-3: 5'-GGAATTCCACATTACCCACGGTGACAG-3'
L‘ (Reverse)
For construction of
expression-vector
B NT . 5'-GGATCCAATACTGCAACTGAGTTTGAT-3"
(Forward)

T : 5'-GGAATTCCTTGCTTACTATCTAGCTTA-3"
L (Reverse)

LY,R,and X in olig()nuclcotidc sequences indicate inosine, C/T, A/G, and
any nucleotide, respectively.
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B3 ERFIE
H1H 754 < —DfEs

HABTHEONIC T+ AT 75— 10O N KUHEIS L PESERS 7 3/ B
Al N1 T o947 —&EANT-13 T 574 v =524 L7z (Table 5-1) o

W21 UvsHE A/ L DNA O

8 2%, B 3 HNTALH Lo ETHAE U7 IFi W (Shewanella sp.) 0.2 g (i
#HiE) % 5ml D TEG /Ny 7 7 —[ 25 mM Tris-HCl (pH 8.0)« 10 mM EDTA. 50 mM
glucose IR L. 50 ug @ proteinase K Z A . 65°CT 1A F 2= L
720 IUGHEIZ 5 ml D phenol-chloroform-isoamylalchol (25v:24v:1v)& A . B
IR U7z, IRUVLT, 500 Xg TEOLSHEL . Bon/c L@ OKE) 28 LT
2a— TR LI, TDOLBICH LT, B4 phenol-chloroform-isoamylalchol ALEE %
17 - 7otk 3ok 015 S 72 I 500 wl @ 3 M sodium acetate (pH 5.2)<
10 ml DIKES ethanol ZZ . -80°CT 15 S3MIHE Lice Zh% 10,000 Xg T
10 3 &L Uy 1§ SN 7czbili 2. 10 ml DIKES 70%(v/v) cthanol THE#E L 72
By HZEHEE L, 100w D TE/ Ny 7 7 — 1B L7, Z DEEHIZ, 50 pg D
RNasc A %A 37°CT 16 il A »F 2 X— L7z, TORIGHEIZDWNT
phenol-chloroform- isoamylalchol AVHE | ethanol ZLE, BZE #4175 2 &LIT KO,
BFoniotbigZzZ. 100wl O TE Ny 7 7 — (10 mM Tris-HCI(pH 8.0). 1 mM EDTA]
WEE R LT,

L DB oNTS ) L DNAEFUIERD 7% .0.8%(w/N) T /T 11— 27
IVESIKENZHEL . B -FD DNAWE o7 &AM U712, 260 nm 1%
FABOEE XD DNAREAZME L. LIBOLRIZE L7,
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¥ 3IH 4/ L DNAZET & L/ PCR

PCR {d. Table 5-11Z/R LS N-1 & ANT-13 A4V TX 7 LA F FET T4 < —.
10ng D%/ I DNA &8I & LT 1 unit D AmpliTaqg GOLD DNA polymerase &
7075 LA UF 2 N—7 —MiniCycler™ (MI RESEARCH #L#) Z M TT1-
Teo 20T 0T T LIE, 94CT100HA v F 2— b L. 858 DNA Z—A8
IZ U7, 94°C, 55C, RCT1 DA vF 2= 523017 0E LT,
UG T % S 1%(w/v)T H o — A7 IVEKKKENI AL L, 88105 L 72 DNA
Wi AR U7, & OMEIENT A% BIORAD DNA purification kit & F LT L 5
fiHS U Takara ligation kit % F Ty & @ DNA W % pBluescript SK-T-X\7 57 —
WA L. ZEDSA 45— g VEWTI U ET Vv &IV E.coli DHSo % T Tk
L7

FAIE ARSI DORE

TEHE bk 2 . 100 pg/ml D ampicillin %4 & ¢ LB K7 #i[Luria-Bertanis’ broth:
1%(w/v) tryptones 0.5%(w/v) yeast extract. 1%(w/v) NaClJFi, 37°CT—IehsE L7,
BB X D BEREEIN U7, 7°F 2 1 F DNA % Sambrook 5D Ji#k #1
HKONWTHER U, =720y U7 BUSHEN SequiTherm EXCEL™ Long-Read™
DNA Sequencing Kit-LC & iU 7o 7 )V — 7 T U AT L DT - 7o, BAUK
B K OGRS DIRFE L. 4000L JZ DNA sequencer (LI-COR #E8) 12 L 01715 72,

WHIEH YH AN TYSAE— g

(1) Tu—7 DK



P NAT VA= g AHNE T a—T 12, B 3EITHE WL THEIY
L 72 PCR B4 % Random Prime DNA Labeling kit (MEGAPRIME. Amcrsham #1:
B 12k D [0-2P]dCTP THEGE L7 S D& JHU M,

(2) BHEHIEMZICLBY /) L DNADEILET YV NS VAT 57—

SR/ L DNA ZilBRI%E 3 BanHI. EcoRI. EcoRV. HindIIl, PstI % Hp
HHNE 2 FAGHOESEZ LIZEDEMA LI, ZOHIRBEED IS, 6 ug
D74/ Ly DNA & 20 units D& {fill [RIFEZE 2 20 ul OFIRBEFEFAIE Ny 7 7 —|
10 mM Tris-HCI(pH 7.9)« 50 mM NaCl. 10 mM MgCl,. 1 mM DTT ][, 37°CC 18
WEf] & Utco UG 1%(w/v)T 77 8 — A7 IVESIKENZ AL U 7ok, 7L
200 ml DZ M [0.5 N NaOH-1.5 M NaClJiZi#2 1 U I T 15 2018 X 5104
A AHR U 30 23, BRPMIIRE L ZIVICEENS DNAZ T IVA )AL
Wiz, V&R PRI [0.5 M Tris-HCI(pH 7.5)-3 M NaCI[IZ i85 L. IR T 15 53

SIS A ZZH Lotk 30 3 [EIREe TR T A 2 Sk O hfi Lo, B
FOMELZ XD B oSNV S, Sambrook © D5 215U T DNA %
Hybond-N +A B ATV CHE L, A VTV UR IR Lz, 512, DNA
DEFALDIBIZA VT U VR UV kT 2 ZA 35— & — % JHNT 3 405
ARG 217 - 72,

() A TVFAE—Va s

W LIlcF AR ATV % Table 5-2 ISR ULIINA T Y F A ¥~ g Vi
BISEIEL, SSCT1REE A o F 2 X— P U7, (1) THBLU/c2p-423 7
B—7 (1 X 107cpm) ZNATYVFTAE =2 a VERIZEN L, X512 16 1
A v F o= b U7, A UT Vo EpEE. ML, X7 1V LIZ-80CT
16 RS B 72,
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Table §-2. Component of hybridization-buffer.

20xSSC* 3.0 ml
50xDenhardt's* * 2.5ml
10%(w/v) SDS 0.1 ml
10 mg/ml Salmon sperm single strand DNA 0.1 ml
H20 43 ml/ 10 ml

*20xSSC solution : 3 M NaCl, 0.3 M tri-sodium citrate dihydrate
**50xDenhaldts' solution : 1%(w/v) BSA, 1%(w/v) Ficoll 400,
1%(w/v) polyvinylpyrrolidone K-30

¥ 6IH  inverse PCR

AEE 1AM SHE SIS LI BT KD REINI T+ AT 7 7 —F'1
BIZFOEMEEARINEY Y oA T T A B~ g VO SEK L
REEFMK (5 4 i) 2T U T KRIRESIOEIRY A2 RET S8
I inverse PCR 2 247 5 72, Z DISDHEMER % Figure 5-1 1277 LT 5,

(1) %7/ L DNA Ol R AL

L ug DIFEH S/ L DNA % 20 units DFIEEEE Pse 1. 3 5N HindllI &
200 ul FOFIRBERIASIE N 7 7 —Hh, 37°CT 16 B A > F 2R — b L1z,
I & 9 UIlr =172 DNA % phenol-chloroform-isoamylalchol(25v:24v: 1v)JLEE |
cthanol ALHLEATH T LIZKOHER L, 10w D TE/ Ny 7 7 — T L7,

(2) Ul L7/ L DNA O B 2Bk 1E

HIPREAESEAUVEL U 724"/ L DNA % 10units D T4 DNA ligase & U T 500 ul @ 50
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mM Tris-HCI (pH 8.0)-10 mM MgCL-10 mM DTT H'"C 15°C. 16 K] 1 > F 2 N—
g5 EICk D HAERIMEZI B/, T DKISH % phenol-chloroform-
isoamylalchol ZLHL, cthanol ML AFTH 2 EIC KD DNAZMEE L. 10wl O TE

Ny T =R LT,

Cleavage by
restriction enzyme

|

Primer A

Tl = O

Primer B

* Self-ligation

Primer B

Y

Ligation into plasmid vector

Y

Sequencing Y: Cleavage site by

restriction enzyme

B : Known sequence
I:l : Unknown sequence

Figure S-1. Illustration of inverse PCR.
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(3) PCR

AL U7/ L DNA &858, Table 5-1 1278 L7 inverse PCR HIZ A%
LicA T2 VAF RETS514<—&0. 5 Lmits D AmpliTag GOLD DNA
polymerase & iU T PCR 24T - 720 ZORISICHW T B 7 Lld, 95°CT 10
SHA VF 2=k U7IciRIZ, 94°CT 1 4. 55°CT 24 M. 72CT 20D
A F2NR—=b230YA 7T oI RCTIOHEA vF 2=
B EITHRE LT, RIS T RIS 1%(w/v)T 78— 27 VKRB L
L. H8UEHTH OMERE ATV 2O DNA W/ %, DNA Purification kit 2 T
VI Sl U7c, sl U7 DNA W % EcoRIALEE U Takara ligation kit % FAU T
T8 EcoRILEE U TH U 72 pBluescript SKIZHIA L. ZD 5 A7 — 2 g VEHT
a2 Y5 v &IV Ecoli DH50 2 TR s U7z,

RNT, B ATICEER Lo Fcit > Ty £ 04 v — MBS ORI %
RE LT,

T GST-7 4 AT 77 —E1REY /X7 BOKIGHE TOXRE,
(1) FEERNT ¥ —DRsHE

CIT. 74X 777 =Y 1%GST LEDRESY /37 HEUTHRRIES
TedIZ, BT 7 - LT, 7R3 K pGEX-6p-2 & FHU 2,

Table 5-1 \C/R L7cE A ) I X7 UAF K (NT. CT) 2754 <—& L, IF
WHY ) LDNARSETE LT, 74 A7 75 —¥ 12 3— N3 54E0DNA
% PCRIEIC K OHINE U7zo KU 1 unit D AmpliTag GOLD DNA polymerase %
MV 94°CT 105301 v F 2 X— b U7, 94°CT 140 53°CT 1 4+
NCT25HDA »F aX— NE 301 7 IUT - 1o, RIEKTH. UG %
1%(w/v)T 7 80— 7 I)VESIKENCHE U, HEIRET A 2 HERE L 72%. T DNA
Wi Fr & DNA Purification kit Z AUNTH IV SEML L . §IBEEEZE BamHI. EcoRI 2
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X VML U7 Takara ligation kit & AU T D DNA Wi % BamHI. EcoRI TiH
LU TE W pBluescript SKNN7 ¥ —IZHA L. £D5A 7 — v a VEHTI Y
E5 > b &IV E.coli DHSo ZTEEIR Ui, TDONT 7 —FDA v — MEHIC
OUTAREIE 4 TG E ORISR IE Uy A » ¥ — k DNA 75, 7 + 2
T ¥ —FIEETTHS I EeMA LI,

DT AT 77 —¥1BIETEEATUS pBluescript SK/\N7 77— 65
BamHI. EcoRIIZE DL, 7LD SO ALTH 2 &ITk D1 % — h DNA
%1k D DNA % Takara ligation kit  FAU T, BamHI\ EcoRI THALL T 7
pGEX-6p2 N7 ¥ —|JFiA L. £DFA 7y —v a VEYTaA L ET Y MV
E.coli DHSa % R e U 72,

(2) GST-7 4 AT 7 ¥ —EV1RVG Y /N7 HDRBL L UHEEL

JER iR U7 E.coli DH5a #£% 100 wg/ml @ ampicillin &8 LB R 1 U » b
JVHT, ODg,=0.5 & THFE U 7cR. BIRE 0.2mM &785 XD IZ IPTG ZNA .
25°CT48 389 5 Z LT L > TGST-T+ A7 » ¥ —Y1RIE Y /3 EHD
FEAFE LI, BLAEHI K > TEML UK (3.4 g) % 20 ml DRRMEIH F
[%HWHH&WHQHI&\SMMMg%\imeﬂkINHMMWNQ%%L\6mg
D lysozyme % A« 1 REEDDK_EICERE Uic, IROWVT. 2 OBRMEHIC 3.4 g DFERAL
TIVIFEINA . EiREFLER. FEE O TERL2%IZ, 10,000 X g T 30 43
O Uice fFonrcibBic DTt UL T IV I F 2O TERL
720 2D 2 [EDOMHEIEIZL D SN ERFIE. X S5I1T. 90,000 X g T 60 43
AL, BiEEE. TORBM Y 77 —THlL LT/ glutathione-
S-Sepharose 4B /717 L (91.0 X 2.0 cm) (25 Ulco FEREE A A K. K
%Y /N7 H % 5 mM glutathione 2 FHHERA/ Ny 7 7 —THEM U, BB
DT A7 7 & —EEWZ 28, F4HITRR LB > TE L1,
F/L GST-T+ A7 7 ¥ =Y 1BE Y /X7 EOERIL. Bradford #:°Y 12X 0
BSA #HEMH E L TER LI,
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FAHE HIPRBERME DR

ARE, FHI3H. B LIEPOFE AU U IR, 74 AT 77 —F 1
D N RIS L O PIESE > 7 3 SIS AR U TR LA Y IX 7 LA T
N, N-1. ANT-13 (Table5-1) =7/ F A1 <w—. WS HEY / L DNAZHIE LT
PCR ZATU . Z DURIRWT i ORI TRE Lic, X 62, £ OEIRN % 7
D=7, LT, Y UNnNATYUTAE -2 5 VAT, FOEREFE 4T
HBUILT AR T 77 =B 1OMKT 3 ) BEEED . 74 X7 7 7 —¥ LEx
S5 DHI PR B HLR A VERL U 7o,

Z DFERL Figure 5-2 1R T LI T+ AT 7 & —¥ HEZET- O,
Hindlll, Pst I, BamHI. Z OEIET I, EcoRVIZ & 5 UIWHBAL DAL HE X S
i,

HindIll Pst | BamHIl Fco RV Pst | Hindlll

d

T T T

N-1=>
< ANT-13

< ANT-N-2
Sense-13 =

& ANT-N-3
C3=

11 kbp

Figure §-2. Restriction map of the gene encoding Phosphatase .

Black box and arrows indicate the coding region of Phosphatase I and
the positions hybridized with indicated primers, respectively.
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EB5H inverse PCREXHAWI 7+ X7 77— 1RBEFD
70—V RUZDOIERERIDOBE

ATHHC B W THRIE S NI BRI AR U TER LY IX 7 LA+
N, Sense-13. ANT-N-2 (Table 5-1) %275+ < —. fil [BEE#E Pst 1 TUIWI. E T
BIR(L U7/ L DNA 288 & U T inverse PCR %247 - 72 (Ist IPCR) o %41
IZ& DL 9 1.2 kop OHRRET T VD Sic. £ D DNAWTH OEERELS & RE
L7cd 2 A, BECHE Uik o s RO # 800 bp & FHEDF 400 bp DIGIL
BEFaiREST B EMNTET,

I TPSE UIIEHEBIANARKIZ U T, A TX 7 LA F B C-3, ANT-N-3 %
A U7 (Table5-1) o 2OA Y TX 7 UAF AT A < — HIREEH HindlIl
TUMr, HCBRIR(EL72S/ L DNA =88 & U T, inverse PCR %17 - 7C (2nd
IPCR) o ZHUILDIESNIH 1.3 kbp OEEIEW A% HindIIl TH{LL., o5
12#7 200 bp O DNA W DIEHRLH % e Ui,

Y LRIZED. T+ R7 77 =¥ 1BInT &2 OEBOERENIINARET S Z &
MT &7 (Figure 5-3) o
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CTGCAGAGGCTGCAAGCTGTATGTCATCACGGGCGTACATTAACCGCCTACTGGTATATTCAAATGGGT  -665
ATGATGCTTTTTGCCCTGTCACCGTGGGTAATGTACTTAATAAAAAAACAACACGTCATGTATTGGGCT  -596
GTTGCGCTGCTTGCTATTGCCGTCATGGTGCATCGGCCAATTTCCAACCTTAATGCTATTCAATCCTTA -527
GTTTACTTTCTCCCGGTGTATTTACTGGGGGTGTGGGGATCAGCACATCGCGATAAGCTGTTCCCGTTT  -458
ATTGATAAGTACTGGATCCCTATGTTTATTTCAGCAATTGCATTGGCATTGGTTCAAGCGCAATTTTTT -389
GGTGCTGGCGTGCTTAATAAATCCCCATTTGAAATGACCGTGCCCGATCTAATGCTACCGCAAMACTG  -320
CTACTGACATTAGTGATCTTGGCCATTTTGAACAAATTTGAACATATCACAATCGCGCCACTGCAAAAG  -251
TTAGCGGAGGTGAGTTTTGCCATTTACTTTATCCACCCGTGGCTCACTACGCCTTGGTGGATGATCTAC -182
GATAGCCCAGACTTGTTCGGCCTAGCAGGTAAAGGCAACATCTTCACCACGTTAATTGTCACGCTTATT -113
GTGGTCGCCATTTCGTATATGATCGCCGTGTTGATCAAAAAATTATTAAGTAAACGCAGCCGATACCTC  -44
ATCGGTTGGTAGTCATTTGTTCAAAAAGAATAAGAAGTAGAAAATGAATAAAATTTATTGCCTTGCAGT 26
M N KIVYCLAV -13
ACTGAGTCTAACGCTGCTGAGCCCACTTGCACTTGCCAATACTGCAACTGAGTTTGATGGCCCTTACGT 95
L' SLTLLSPLALANTATETFDGEPYV 11
GATAACACCGATATCTGGTCAAAGCACGGCTTACTGGATCTGTGACAATAGACTCAAAACGACCTCGAT 164
I TP ISGQSTAYWTICDNR RTLTIEKTTSTI 34
AGAAAAGCTGCAAGTAAATCGACCCGAGCATTGTGGGGATTTACCCGAGACTAAGCTCTCAAGCGAGAT 233
EKLQVNRTPEUHTCGDTLPETTZ KTLSSETI 57
TAAGCAGATCATGCCTGACACTTACTTAGGTATTAAAAAGGTGGTCGCGTTAAGTGATGTACACGGCCA 302
K Q IMPDTVYULGIEKTEKVYVVALSTDVHGHQ 80
GTATGACGTTCTGCTGACTCTGCTTAAAAAGCAAAAGAT TATTGATAGTGATGGAAATTGGGCCTTCGG 371
YDV LLTLLSKT KT QS K IIDSDGNWATFG 103
CGAGGGGCATATGGTGATGACGGGGGATATCTTTGACCGCGGCCATCAAGTCAATGAAGTGCTGTGGTT 440
E GHMVMTGDTITFDRGHT QVNEVLWE 12
TATGTATCAGCTCGACCAACAAGCACGAGACGCTGGCGGCATGGTACATCTATTAATGGGCAATCATGA 509
MY QLDOQQARTDAGGMYHTLTLMGNHE 149
ACAGATGGTACTCGGCGGTGACTTGCGCTATGTACACCAGCGTTATGATATAGCCACAACCCTCATTAA 578
Q MV LGGDTLRYVHQRYDIATTLTIN 172
CCGCCCCTATAACAAGCTCTACGGCGCAGATACTGAAATAGGT CAGTGGTTAAGAAGTAAGAACACCAT 647
RPYNKLYGADTETLIGOQWLRSIKNTTI 195
TATCAAGATCAACGATGTGCTGTATATGCATGGTGGGATCAGCAGCGAATGGATCAGTCGAGAGCTAAC 716
I KINDVLYMHGGTISSEWTILISTR RETLT 218
CTTAGACAAAGCGAATGCACTGTATCGAGCTAATGTGGATGCGTCGAAAAAATCACTAAAGGCGGATGA 785
L DKANALTYZ RANVYDASTKTEKTSTLZEKATDTD 241
CTTACTCAATTTCCTTTTTTTTGGAAACGGACCAACTTGGTATCGAGGCTACTTTTCAGAAACATTTAC 854
LLNFLTFFGNGPTWYRGYTFSETTFET 264
CGAAGCTGAACTGGATACCATTTTACAACACTTTAACGTTAATCATATCGTGGTCGGACACACCTCCCA 923
EAELDTTIULQHTFEFNVYNHTIVYGHTSQ 28
AGAACGGGTCTTAGGTCTATTCCACAACAAAGTCATTGCCGTCGATAGCAGCATAAAAGTCGGTAAATC 992
E RV LGLTFHNEKYTIAVDSSTIRKVSGK S 310
AGGTGAACTGCTATTACTGGAAAATAACCGGCTTATACGCGGGTTATATGACGGAACACGTGAAACACT 1061
G EL LLLENSNR RLTIRGLYDGSGTRETTL 333
GCAGGAAAATAGCCTTAATCAATAAAAAGTCCCTAAGCTAGATAGTAAGCAAAGCAGAATGGTGGCAGT 1130
Q E NS L NGQ * 340
CAATAAGTGACAGCCACCTAATTCATTTGGATTGGTTCTCTAACCACTATTCATTTAACACACTCTGTC 1199
AGTCAGTGCGCTTATCTGCGCTTCATTACTCAATAAAACTAACTTACAGCGCGACAAATGATACGCAAG 1268
T 1271

Figure 5-3. Nucleotide- and deduced amino acid-sequence of Phosphatasc I.

The amino acid sequence is shown in the one-letter representation below the respective
codons (an asterisk indicates a stop codon). The underlined regions represent sequences
which match the partial peptide sequences listed in Figure 4-3: Asn!-Thr20, thc N-
terminus; [le93-Metl09, peptide [-22: Leul78-GIn!87, peptide 1-13.
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BO6Hi GST-74+RAT7577—FI1RAEY /7 HORH LR

RIEITIRE LI T + R 7 7 ¥ —¥ LB OHEERFA I, Fiffi. 5 71
IREHRE U7 IRICHENGST-7 + A7 7 ¥ —E TRE 7 277 H & KGR DHSo
MTRIIE. 7 X HHIEE S NS, GST-7 + A7 7 ¥ —F 1RA Y
/X7 4 % glutathione-S-Sepharose 77 7 LMt 45 2 Sic L O 43 HEESLLU 2, £
mHE SR HES DT + X7 7 7 —BiEM % Figure 5-4 1Z7R L7,

Z DFERS 5 mM glutathione Z FUHFHRAH Ny 7 7 —IC XK OB H SN BiH T
7 A7 7 7 —BIEHNRED SNl ZOE 4% SDS-PAGE ' 1L L
CBB Jetaiic k0 7 X VAR LIcEZ AL GST-7 + A7 » 7 — ¥ 1RlE
R TEE K O0KkD DY X EE LT BE—ICOHERHEIN TS Z &N

RNt (Figure 5-5) o
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Figure 5-4. Glutathione-Sepharose 4B column chromatography.

The crude enzyme preparation was applied to a column of glutathione-
Sepharose 4B column (¢ 1.0 x 2.0 cm), and then adsorbed proteins were

cluted with buffer F containing 5 mM glutathione.
The flow rate was 0.5 ml/min. Solid line, absorbance at 280 nm.

Dotted line, phosphatase activity.
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Figure 5-5. Homogeneity of purified GST-Phosphatase I fusion protein.

Lane 1: GST-Phosphatase I fusion protein (4.0 ug), lane 2: molecular weight
markers containing bovine serum albumin (66,300), chicken egg ovalbumin
(45,000), bovine pancreas a-chymotrypsinogen (25,635), and chicken egg
lysozyme (14,300).

BTHI MEIY U NRNIHEIPETAT74+RT7 75 —EPEHOBEKENE

F3F. B3 BITUTRHM U FEIZH . GST-T + X7 7 ¥ —H 1l
E7 RTEDET DT+ AT 7 ¥ —EEMOREKRGEEARE Ui

ZD#ER. Figure 5S-6 1R T EHIC. TOMEY V0 BDT 4 X T 7 7 —F
EHORISE#EREEZ. 40°CTH . KEK (0~15C) IZHBWTH, 40CiZk
I ATEHD 18.1~41.3%D7E LR LT,
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Figure 5-6. Dependence of phosphatase activity of GST-Phosphatase [
fusion protein on temperature.

The phosphatase activity of GST-Phosphatase I fusion protein (211.8 ng)
at indicated temperatures was determined in the text.
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E8HT INE

RIETUE, AW (Shewanellasp.) 7/ LADNAMWS, T4+ A7 77 —H 1#
5% &8 DNAW T %, PCR . inverse PCREEICE D, 7 a—=2 7L, &
DIFHACY] (1,836 bp) ZIRE Uic, £ DEHEFIM SN 5T I/ BhEcY
I, B4R TRUICARMR D N Rt L UNEE S T 3/ BBl & 5641
—H T LESNDRDONZDRIETFE T+ AT 7 7 —E 1B TH S EHH
U726 Figure S-3 1R LI, T4+ R T 77 —E1id. 3405k DT I /B
NORD, TONKIEGT I/ BTHDHT ANTF EED EFIC, 21 BAOT
IJEDGTIEB L TFINRTF FROEFINED Shice DT 5 AT 75—
YIDOHET I/ BEFNIDOWT RER U —HREBEIT- 7o & T A bacteriophage
ANDTBaTA T+ AT 75— APP. Saccharomyces cerevisiae DR AR T a7
AT AT 75— PP-Z1. Zeamays D RARTOTA T+ RT 77—+
PP1 RS & 11 BHDT I /BRI OWTHIRETEDESD Shvic (Figure 5-7) o

73 83 97 106 143 152
P-I VALSDVHGQYD MVMTGDIFDR LLMGNHEQMV
1PP WVVGDLHGCYT LISVGDLYDR AVRGNHEQMM
4 KIVGDVHGQYG YLFLGDYVDR LLRGNHECAN
PP1 KICGDVHGQYS YLFLGDYVBR LLRGNHECAS

¥ kK * % % % ¥ 3 3k ¥k

A

Figure 5-7. Sequence alignment of conserved protein phosphatase domain.

Each amino acid is shown in the one-letter representation. The numbers on
the top of this alignment correspond to the amino acid numbers from N-terminus.
Asterisk and arrow indicate identical amino acid between four proteins and
catalytic amino acid residue in APP, respectively.
IPP, bacteriophage A protein-phosphatase; PPZ, S. cerevisiae phosphoprotein
phosphatase PP-Z1; PP1, Z. mays phosphoprotein phosphatase PP1.
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KD *EITRLUIS, CO45FHDT + A7 7 7 —ETR—DT I JBiL.

A1 DOTOTA - VJAVFZ - T AT 7 ¥ —EHICHSNBIEN
LT IV BTHEERT VY (RPDOKHD) 2 EOHIFHE TS 5 2 LH0
SNTWBE W, Fh, T4 X T 75 —F 107 I/ BESIFIIE, BEZTIC
H ST D PTPase EARRIMEZRIEINIRAD SN > 7o TOHFE, A
BETOERICLDEBONI, 7+ R T 77— I HID PTPase TH 5B LW
> kM E BT B D TH - 1,

S 5IT, AETIEH, REUEREIS =R, 7 AT 77 —¥E 1% GST &
DRIE Y /378 & UTKIEGE DHSa TR W, BlE 5 v/ X7 B4 5wk
B2 ExlAlc, BB, IPTGIZ LB RBLDFEHDK., WROWIE. X oI
wohicy X E L E 4 % glutathione-S-Sepharose 77 7 LM L7c, 24
ICED. H60KD D GST-7 + X7 7 ¥ —V 1 G 7 /N7 21— 1055 i
U7z (Figure 5-5) o CORMEAY VXTEDPHETHT 4+ AT 7 7 —EiETEDTRE
RIFPEA G Uic & T AL Figure 5-6 12779 £ D1, ZORME Y /37 Hid, K
g (0~15C) IZB W Th, BRI+ 27 7 F—E 1 ERBITEWEEZRL
oo UL BUGEBEREZ 40CTHY, FE3TETLB LR T + X7 7 ¥
—E1OSE#HGEE (30°C) £ bE <. 40°CL EDTEMHIZDONT BRI T +
2777 —F 1L BB ENRINI, JOMBER. T+ X T 77 —F 1D
N RIGRICRIA I N TS GST ¥ VNV EDOFEIZED . 7+ R T 77 —F 1
DALIRREEAMT S DT AT, KBEROREMITHELZKIFL TSI &
MEH N5,

Pb KBTI, 74 AT 77 —¥IHRTFOI7 0 —Z 0 T RO DM AL
7 Ry ORI E ML) Lo 2 L aR T, I 2 THE S LA
A5 Ny EIE, TOMREONIARIEERRIAT HIZHICD KOERMEIES S
LEZ oM 5,
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FE6E RERUEER

AFAT BT KRR ORGE SO B OUTIEIZ B L 72 H 1 g
MRARAL, FHTHIEAHAME LT, SR (Shewanellasp.) DT + A7
7 ¥ —EESHRERIT B HEEAMSL U, £ OO THMEHSINE Uiz, 1 3,
Tl BN T~ L H I RIEMHEE, UL TARLETHH I &0,
ZOHEINETH D Z ENTREINI, I ORBEATIRT 52D, 2 HEkG
SLEFHE R4 5 2 TORMRIZ, KEMEORE. LM EXES Mg A4
& sorbitol AIWAEX B/, TR E LT, FE2EITHH, LT L DI, 2kg DI
KED, HTE384KDDT + AT 77—+ 1 (026mg) & 41.0kDDT + R 7
77 —X 1 (1.04 mg) Z¥H—7157 X7 HEUTHERERT 5 ENTET,

2D T 4+ A7 7 7 —EOBRNHE B LIcEI A, T+ RT 75 —F1
DIICEBREIL. 30°CTH O KR (0~15°C) 1IZE 1 57EPEE. 30CTD
TEHD 27~38%%RFF L Tio, ol 74 A7 7 7 —¥ Lk, PEAHTICEH
EHER U, BT+ X7 7 7 —€HBWETIVAY T+ AT 77 —EDEDL

WS HHEINIEM 572, INETIZ, M7 4 AT 7 7 —HIlHHINTH5
W ld, IDOVERER M2 R T 2 EDNH SN TS 23, L. 7+ X7 7%
— ¥ W E UTABETH S pNPP OMUTIE R AR F 0o 78 % kY

YRIEUTC (Table3-2) o ZOFRNS REERNY /N7 HFORARF oy
Vi) VLT BRI E X otc, JOWREMARREIT B eI, 3
F.OBTH., F2HIGRLICEDIC, Fuod VB WG, BY VRS
AVAZ VKA UBLUICRY RTF NEFEL, £hoIixd 50
FOBY UBALEANE Uz, £ DR F 1 Y VL Y V(L LT polyEY.
MBP % 2EH & Ui, ZOMREOMY YIILEWIREY ohic, T ook
BFod o) ULy voR 7B BUEE TICAISN TS PTPase DHE & L
THEIIND SR TS HDTH S 2,

. 7+ A7 77 =¥ UDORIGEHEBEIL, 40CTH Y, REHICKITS
G, A0°CTDTEMED 39~42%% REF LT, £/, T4 X7 77—+ 11
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2. pHOBICEBMpH AR LI EDG TIA ) T 4 AT 7 7 —HIHHIN
foo BAAF TIIHEINTOWAETIVAY 7+ AT 7 7 —E ERERICARBER I
JECIVE M AR UL #51Z. ATP. GTP. CTP. AMP. B-glycerophosphate % &
WA & LT, S, 74 AT 77 —E IE. FABARNICBNT, 25X
F0U VLA YON ) VB AE LT, MY CEBOMMRREIC U TREE
LTWAB I EXNHENXND, £y JDIROIEEHE Y & BT 5 RLE X
AERYTHE ABRE. SEIFAERBINTE T, HriLnvy =k LT
FUHTCTE A0l H LT 5, HIZIE. 7 2737 B DNA HOEIRMY7L )
BRALIZHE U, BIALER & LT REEETILY VBT 5 2 EE~DIEHIEZ S
Nb, 7+ A7 77 —€ N OMBISIIKIET MATFA v OREE KA Ui
EZ A COMEDEHIZ. Mg Mn>, Co”* M A iZk Y EFE L, zn*. Ccd*
AT NIEDIBEAEHI U, ZHITH LT HBEEETH B Ecoli DT IV
VT 4 AT 77 —ETE, £OFEMORBUI, Zn** & MZ DA A 2 INWhEHT
H5H, ZOBRBIERBEOENI, T+ X7 77 —H I, SRR EILRG
L. AT &N DTGNS 5 2 EERRT 55D TH -
726

U LORFRMOHEED D B Wi 7 + X7 7 7 —EOEIEITH B4 HIT DI T
W%?ud)ﬁﬁﬁﬁwfgbﬁﬁ%%%:&dﬂEmﬁﬁﬁﬁﬁﬁ%%%®
TN E U TR > 7 b LT3 &9 BRI E ORI AR T,

T, W T+ A7 7 7 —E IS PTPase IGHEAHLTNE I &, 74+ R 7
7 =B UNTIA) T AT 7 7 —EIlpHaIns 2 ExHohE LI,
BAE. W DODDHTFED PTPase DS R, Bl BR%EHN SHxh
T35, PTPase B, & L/ S0 HhDRZRF oy VEIEOLY VHRILIZ & D4l
TaEI. TEERIGE L EOAMMCERE L o IS LT A Z EHRIE X
NTWB 2, LM LADNS., HFERZ&LEAYICE O TR, “two-component
system” EWEIEND 7 VRTEDE ZF D VKM ET 2RSS F UEEIED ) Uk
{BLIRTFETHZEMMONTNSE*® DD, v Uk, AVAZ UEKE, F
0y VBRI XS TKBRAESGLT I O VL ER Y CBILOPIIRET
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HbHo ETADEcolillHBNTE#Yaw 77 /X ETHD DnaK DNENHY
DAVAZ VEREZACY) VIBIET BEEEALTNAI & T/ I T

)7 D5 ) LDNATIZ T 0T A -kl VAVAZ - FF—EETOT A -
‘Y VAVFZ V- T4 AT 7 —EERTI— N ARRFOAROEINTLS
ZE L XSIRIE, YT /NI T 7 Nostoc commune UTEX 584 D4 ) L
IZ PTPasc & I — N9 5|5 F (GphP) DNRVWHZINTE . Ecoli IZEUWTHE
WXz DAZ 7 X ORI ST S ¥ 2D Iph P PTPasc
B Z NI EP ORI R F oy VEAL R AR VBRI VIRLT S
ZEMWIRENS VT NI T T RSB W TEE - ORE &M B Lt
WX T5B,

R U7 3 A7 77— 1 DOEEKNICE T 2858 E £ DIVEITH STl
IO, ISR AZORET I RAKRFOY L EGLY /7 EOY VB,
HDHNIRKRDEFTICE T AHRERE UTHILU A REORTF Fd L i,
ZDHINEGEND R ZRF Ol Oy VLA LT ERE LS
ot 5 U TWAZ ENEIX NS,

FILEIREIIBNWT. ZDT 4 R T 7 =B 1 OEMHLT I /B XF
VUBETHY. HTIIIE—D2EENTNA Y ZXT A4 VIS LT En
Z ERYIR ULt fiil U7z Iph P 4 L/ B A G BUEE TICHA S AT
% PTPase DIEPEHLLT IV BRIAEN S A7 4 o THBH T E2V Bl - T
720 £700 TDT7 xR T7 757 —E 10O N RIEEO T I /BRI, KT Db
T RRFFF BRI L DB OSNIRTF N7 3/ BESIIHd 5
REO YV —BRFEOHE. MHRAMUERITMDT + X7 7 7 —EDRH SO -
1T EMS. COHBR T + A7 7 ¥ —¥ 13 PTPasc FiIEHAH L. EXF Y
VB TR ORI LT A D T+ X T s F—ETH B EEW
Hind& Ui,

T, PTPasc Dk & MEEEDM LI DN T ORI EEE L. 2T PTPase
(3. PTPase il N A 1 » LRI BH#) 250 7 3 J BEEED O 78 B RIESEE A
LTED, 2O FAA HFiE, BEHDEF — 7 (His-Cys-Xaa-Ala-Gly-Xaa-Arg.
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Xaa (MMEFEDOT 2 /1) DEFEAELTOHE ZENHSMIIN TS ™, F72,
AR RN R DLEBRHOERN &, TOEF—THD Y AT A UEHH,
BERTEVEICAASE G T 2 VBB TH O ) VIR-BER O PR A KT
5L TIF OB, HEORHMEBERREOREMIBE LTS
ZECDHSNTIN S,

FURTEDY Vb)) VERER S NEY) VLA VA = VIR
Bt s TarA ) WJAVAZ V- T+ AT 77 —¥HFE/, PTPase & [
BRI, AIAEETH 5 pNPP 2 ) VLT 5, DT AT 7 7 —E D5
DOMBEFRRIIE ZF D VEETH O, KFESICIOMEEHT 5T A/35
F UM S U T VIS il S B Y

INODHEENS . RICETBIERNKALT B, BB, 7+ X755 —¥1
DIELEA O DIMEERALIT DUV Ty AR, 1) D PTPase TOEHFDEF — 7
BB AT A UEAD, ERF YV UEMITER LTV ARIEA, HDHWIE
i) TarA vy R VAZ YT 5 AT 7 F— K ORPEERAT & AL L 7o
AL TWS, o, HEKAEALICDOWTIE, PTPase BEDIEM AT 5 2 &
M. i) D PTPase B THal U TH S 5 BEHE A EAL & FHED s A 3R~
FLTV B, HD00. v) BROREEATTF — T LT B,

CORBAETINT BB T+ R T 7 ¥ =B L ORT 3 ) BEHIOHEA
WBEETL D, T T ESFICEMB LIt I, 7+ AT 75 =¥ 1OHHT 32
J BRI AT DNT, FVITX T VAF RS —ham . HBEY / L
DNAWNO T + AT 77 =B 1RIGFEZ 70— 7 Uiz, € OEARS % ik
E LT, TORIIMSHENEI NS T I ) BIEEINIDONT, RED YD —HBERELT
S 72T A, béctcriophagc?x S.cerevisiaes Z.mays DR AR T OATA T 5 A7
7 ¥ —BICHIRMZ RSN D S hic, ZOEINE. ToFA -k vy
AVAZD- T3 RT 75 —¥ (FA47 1) ITBRFEINTHE, EHPLT I/
MTHBLERF VUM (Figure 5-7. REITRUID) ZEOMEE N A 1 > O
ETHBIEPMONTIN DS Y, F iz, PTPase & DARRIMEILRAD SNEd - e
ZEMNS. T RT 7 7 —F 1 OUEERATIZ DT ARl <7 ARGER i) DVENT
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THIEDREINI, LDOLENS, ZOT AT 77 —F1ld. B VHS
WA VA= V&) UL U] UTide ) v IBLE R RS 780 T &
Do BEHESIAIZIDOWTHEH. TuTA vt W AVFAZ V- T+ AT 75—
VLR HMELTA L TNEIENEZI SN D,

Tl TR T 7 Y=Y IOWET I/ BESAEHDB E. ZOREHRE. 340 5
KOT I BN OSRKEIN. BTFHIC 22DV AT A UHVFHET D 2 E0RE
Nize ZORBEFEAZEDOT I BHUKSHTIC L 018 SN IAEROEDN S |
T4+ AT 77 —¥1D CRKMHEED oty 7 &y X740 VDT ShD
Efii %32 TW B [EEENE L o7,

b, WmEEOBRUICT + AT 7 57 =€ 1D FHO PTPase #kF= TH
5:&%mb\%@~Mwﬁéwéﬁkbtﬁ\L%@%ﬁ¢b@%ﬁmﬂ?

WA ZSICAEHT B7eDICIEN 2D T 3 X7 7 7 —F 1 Ol & SE #
BT LTS T 1 BESIOPREN, SHOMEE L THEF 6N 5,

KRR ORI T DR AT DL T4 A7 7 7 —F 1 ARRIET
BUWEM AR H T, 2o -V BMEERF LT A EEL NS, £ I T, %
OHALFRIHE ARG U7ce 55 33D Table 3-1 1R LT+ AT 7 ¥ —HE 1D
TR ASLE, HTFRICEENS T 0 VERDOEILGD, 1.8 %TH
. BAPC75 D 4.7 %> &t I PTPIB O 6.9 % S IR MIEA 7 LTzo %
Ton KBERIE. VAT A VEBREIIE DO UDEATHREN ENh S, 457N
IZYRIVT 4 PR LIS Z E&2IR LTS,

RN TEHSTHROT T VEMIE, unfolding IRFED X > b o ¥ — &b &
B5IEIZED, folding IREEOHE A RELIE D EMFIoNTED 2 i
BWFRICE O TIEAY v 7 ZD N-cap ¥ALICBHBEICHAET 5 2 E05 50T
B JARRIC, DRIVT 4 FEEEIE S XU O TIRKEERNICAME S B 2 S
K D SAREE R REAXE D s ZDXH Y T H DN ARG A L&
Y BEKDORIND, T+ AT 77— 1 DETAEE TR EEATS L. 2D &
PRI THERIE T R T A4S S LT 5 S XN 5,
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INETIZ. WL DDA FREOIKNREEED, IREREICBWTEET 54
WS 7 a—=V FINIHRIET % Ecoli TOREFMT B2 Lick D A
Mz Ry HELTHON, 2O FRENMRTZINTNE Y, L L, £
NS OfEE EHERE DRI BT 2 H S A RLIZHE o THE0,

IRIRIER OREE EEESEDMHBATE. D F 0 IMKIRBER D5 THEERE L RO T
WBHBE R ARAT B 7010, SOBESY o7 BOVEMEE, H 50
(Al N A OREE DR ARG NET ORI B E 35, 4. K
PIROTELEMRAREE LT T+ R T 77— 1 OMABEZ ¥ /37 HIZDU
TORIRHEE DTSN SN b,

Pl b (&R E LT, WEE (Shewanellasp.) DO 250 FHDT7 + X7 7
7 —EAGERER L 4512, HHD PTPasc TH DT + AT 7 ¥ —F 1IIDW T,
Z DL TR A FHNIRET Uc, B o L ORI, (KRR DS &
REDHBAME A BIfFS 2 L TR TH 5 2 L0538 S,
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BTE BW

9

2)

3)

4)

5)

2 kg DUFAE (Shewanella sp.) &0 KEMETH S 2HDT + AT 77—
¥ (T4 AT 77 =¥ 1. 1) %, K. DEAE-Cellufinc. Butyl-Cellulofine.

Hydroxylapatite, SephacrylS-100. Mono-Q 77 7 L Zft L, ks R U7z, £
DFR, T+ AT 77— 1L, 58 units/mg DG AT 5 38,400 D41
w, 7+ A7 77 —FIId. 104 units/mg D LLIEHEEAE T 5 41,000 D4 T
R I8y NEHELUTH/A I EINTE IS,

THAT 77 —E1IOEMpHIE, 6.0 THDH. ORI, pH6.0~8.0 D
I THRETH » 72, TDEHIZ M AT NTED EF UL 2o A4 ik
DAKT L7ce Fiho. RBERN. 7 X BHRORZARF oy VEAAERDN
WU BRI BTEM AT S Z & SHHERE HOCERICEID. ZO
T+ RT 77 —EDEUFLT I ) BN ERFVUVEEATHH I EERL

oo CNODFRMNG, KERD. FEID PTPase k7 + A7 7 7 —ETH
5 EEWRUI,

T4 AT 7 Z—EUDEHMpHM, 98 THAHI DS, TDT R T 74
—ENTINA) T4 AT 77 —BIIHFEINEI & COBEN, LOIE
BRMAET B LR U, £, ZOMEOEORIUTIEL, M@ A 4
VINEBRE N — L 2t A A U, T OFEAET A ERIHONE L
7o

W7+ X777 —CORBICKT HREEMNIE DA, MEEE & BRI
B 5EHERE . ENENORIGRERE L. 30C (74 AT 77 —F
D 4aC(T+RT77—FID TH-7, Fil. T+ AT 77 —¥ I DR
FR . XM TH 5 BAP DE 4 (80°C) &b U TIREAMNC > 7 b L
T ZOFERNS. MR, KIRERORMEAMA TS Z &4 L
720

W7+ 27 75— 107 I/ BHERER~NICEZ A, KEFEE, 3355
KOT I VW OMREINTE D, €07 I /BP0 VEEDEILY%
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DMENT &, Fo, YRATA VEEN D LMEENTE 59, U,
TH AT 7 7 —FIDRFRNIIDZIVT 4 FEEWEELIBEWI EDREN
Too Flo. TOREHEY X7 EH DO N RKIntHig & NERE A EEA =R Ly 155
NI B R E 0 U— BB, TS OIS &AM 7R i
0T BHT+ AT 77 —HEERDONT. ZOT X T 77 —E1H, HiMl
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