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U/S—E (BC. 3119 LRk ABEHTE/. ¥, FISUEY K
ZIRIEE & 7V O — VISR MEST BEEED Z & T, M) S BEREYET
B2 IR B CTEIES B, ERABEET TR, TAFIER TV a—
VMBI SRR RIS ERIES 5. BT, US—EOHRICE. BRI
PHEBFMEETDLONBD . MEOBNMEAYOAREE R & ICRIH X
NTW5, BE. UNR—EEHANBENAFT 4 —BIVREI O EEINEH 2 ED
Tn5, HERRBEGE LR OBILARD 5NTNBHF T, N1 A AHEKD
PREHNE, LEREE MR LB W2 2B E LT, TOEMAE. BEN
B SN TS, N A5 —EVRBHIEME R & T 55 ¢ — YV T ¥
CTCEDEEMABREDAY y "B B, BIE. N1 AT 4 —EIVREHIL
ZRUEEANWTHREEINTWSY, ZOREIIEFRIERYO T Y > B&
CERMOWSCSEDOIA P EETEREOREDND B, T TREREL
T UNR—LEAWTNA AT 1 —CIVRE 2 EET BHEMFbN TN S,
UN—FEHOEHE. N—Ur A VET TR, WIEREEEEYD 51
FF A4 —PIRB B EETESD LW FIERD B,

—BIESANBNTNS U A—FOREAELTIE. EHEMIK
INHEBEIIMBERRD) S—FTHS (Jeager and Reetz, 1998), Zi
5DUN—FiR. KBEEPEETORDVEVWOBEI NS, N1452 /0
S—ORBTEEANSNTYS, MEHRY A—FE. 73/ BEFIDE
PR OB VA S 8§ DDT ¥ I U — (Family I~VIID ABEIHTH
% (Arpigny and Jeager, 1999), ZN5D 7 7 T U—@H T, Family I id&ED
RERTIN—TT, BIZTDOVT 77 IU—IZHEINS (Table 1), TDH



T Family 1.1, Family 1.2 U T Family 1.3 i3/ 5 ABRHEREEFEY /$—F
(true lipase) ELTHIENTWAS,

Table 1 Classification of bacterial lipases constituting Family I

quﬂy Enzyme-producing strain Accession no. Fan?illl;l ﬂangﬁ(z:)mﬂy
L1 Pseudomonas aeruginosa (LipA)* D50587 100
Pseudomonas fluorescens C9 AF031226 95
Vibrio cholerae X16945 57
Pseudomonas aeruginosa (LipC) U75975 51
Acinetobacter calcoaceticus X80800 43
Pseudomonas fragi X14033 40
Pseudomonas wisconsinensis U88907 39
Proteus vulgaris U33845 38
12 Burkholderia glumae* X70354 35 100
Chromobacterium viscosum* Q05489 35 100
Burkholderia cepacia* - M58494 33 78
Pseudomonas luteola AF050153 33 77
I3 Pseudomonas sp. MIS38 AB025596 9 100
Pseudomonas fluorescens HU380 AB109033 9 95
Pseudomonas fluorescens B52 (LipB52) AY623009 9 92
Pseudomonas fluorescens B52 M86350 12 76
Pseudomonas sp. KB700A AB063391 13 75
FPreudomonas fluorescens SIK W1 AF083061 14 74
Pseudomonas fluorescens L.S107d2 M74125 14 72
Serratia marcescens Sr41 D13253 15 61
Serratia marcescens SM6 U11258 15 61
14 Bacillus subtilis (LipA)* M704010 16 100
Bacillus pumilus A34992 13 80
Bacillus licheniformis U35855 13 80
Bacillus subtilis (LipB) C69652 17 74
LS Geobacillus stearothermophillus 1.1 U78785 15 100
Geobacillus stearothermophillus P1 AF237623 15 94
Geobacillus thermocatenulatus X95309 14 94
Geobacillus thermovolerans AF134840 14 92
1.6 Staphylococcus aeureus M12715 14 100
Staphylococcus haemolyticus AF096928 15 45
Staphylococcus epidermidis AF090142 13 44
Staphylococcus hyicus X02844 15 36
Staphylococcus xylosus AF208229 14 36
Staphylococcus warneri AF208033 12 36
L7 Propionibacterium acnes X99255 14 100
Streptomyces cinnamoneus U80063 14 50

*. enzymes with known 3D structure



Family 1.1 U/S—¥ & Family 1.2 U/S—¥lid, AWIZHBEHHNT I
JBRAIOHREYE C>30%) 2HLTHBD, Type II MW AFL (T2SS) i2
KONWEND CONWS AT LIRS N0 B 2 BIECEEINWT B,
FTRELDIC, FONRVBEIFRUEEDEE N K H 5> 7 FILEFI
£0. Sec YAFAENLTRY TS ZLBADWENSD, ZOW, MK FF
IV Type I 7 FINRTFF—Lic LGN, & 280 BIEREAI#5E
B LZRETRY IS XABICERT 5, 0%, 2BEOSFL v RO
[Dsb (disulfide bond formation)% > /3% & & Lif (lipase foldase)| DEEic kD
FONTEWEH VIl EN 5 (Licbeton et al, 2001; Urban et al, 2001;
Frenken et al, 1993; EI Khattabi et al, 1999), & U THE&IZ. FMED secreton
ERALTY O NAVERBEEBRLZEET, BEADBENS,

« Family 1.3 U X—1

Family 1.3 U /X—¥1d, Family 1.1 U/8—E® Family 1.2 ynN—tE
D7 X/ BRECHIMHFEMHEIIMEK< (<20%). Type I 7T A5 A (T1SS) 12XV 1
B TR SEEANZWINS, Family 1.3 U/S—X. Family L1V
N—E® Family [.2 U X—F LR D C KRR HWS T FNVEELTOS,
Family 1.1 U/S—t & Family 1.2 U /N—FIRIELWNHBEEN S BOMh-> T3
2, Family 1.3 U/N—YIX, Pseudomonas |8 & Serratia BH5 LM R Do
TWRWL, RYCEESE I NFEHFEEN IN/Z Family 1.3 UNX—FiL, P
fluorescens 1.5107d2 (Johnson et al, 1993). P fluorescens B52 (Tan and
‘Miller, 1992) . S. marcescens Sr41 (Akatsuka et al, 1994). P fluorescens SIK
W1 (Lee et al, 1993). BN S marcescens SM6 (Li et al, 1995) HRV /¥

—ETHbDH. TDH. Pseudomonas sp. MIS38 (Amada et al, 2000) .



Pseudomonas sp. KB700A (Rashid et al, 2001). P fluorescens HU380
(Kojima et al, 2003) HRUNN—EbHENTHRES N,

SR E T, Pseudomonas sp. MIS38 EE%U N—¥ (PML) %
Family 1.3 U X—COELFMAREEELDOEFNE > RIBEELTHN
T3, Fig1icid PML EHMFEMORE Y Family L3 U /S—¥ D7 3 ) BEFIO
754 A FERL TS,

- Type I 73> A5 I
Type L W AT L (T1SS) &, NV EET T LREMEOHE
AN SEENN LEETHWS LI ATLAT.3BEOY T 12y M6
RENTND, THIL ATP # G EF— 7 269 % ATP-binding cassette (ABCt)
—% »/\7H. membrane fusion (MF) - & > /S H. %L T outer membrane
(OM) & NIJET, INSHPMIRERE ETF ¥ RV 2T 5 Z EiZX D2
VAT ALEUTHEET 5. AR THWTNDS TISS ZV/\—FIZEREWNZL S,
marcescens SM8000 H3k Lip AT AL TH5., ZD Lip AT ALITHBNTIE,
LipB S ABC # > X7 EIZ. LipCAMF ¥ > /XZ7EIZ. LipD OM ¥ /X7
BICHIET B,

T1SS KV ENDF NI EIE, Family 1.3 U/S—ELAIZ,
Escherichia coli B 3% hemolysin (Felmlee et al, 1987). Pasteurella
haemolytica B3 leukotoxin (Lo et al, 1987). Bordetella pertussis H3
cyclolysin (Galser et al, 1988). Rhizobium leguninosarum H3¥ Ca2+&&
‘/A’?E (Economou et ‘a]., 1990). S. marcescens HENLBEY >INV &

(HasA) (Létoffé et al, 1994). Erwinia chrysanthemi B3 protease B

(Delepelaire et al, 1989) . P aeruginosa H3R 7 )V 1) 7101577 —+ (AprApa)



(Duong et al, 1992). S. marcescens AR A Y 170577 —F¥ (PrtAsw)

(Braunagel et al, 1990) 72 ERDH 5,

MIS38 MGVYDYKNFGTADSKALFSDAMAITLYSYHNLDNGFAAGYQHNGFGLGLPATLVTALLGG 60
SK6 MGIFSYKDLDENASKALFSDALAISTYAYHNIDNGFDEGYHQTGFGLGLPLTLITALIGS 50
Sral MGIFSYKDLDENASKALFSDALAISTYAYHNIDNGFDEGYHQTGFGLGLPLTLITALIGS 60
SIK w1 MGYFDYKNLGTEASKTLFADATAITLYTYHNLDNGFAVGYQQHGLGLGLPATLYGALLGS 60
B52 MGIFDYKNLGTEGSKTLFADAMAITLYSYHNLDNGFAVGYQHNGLGLGLPATLVGALLGS 60
Ls107d2 MGVFDYKNLGAEGSKALFADAMAITLYTYHNLDNGFAVGYQHNGLGLGLPATLYGALLGS 60
L NI X 2N AR R A A R T F R ) ¥¥F:: RiEEEEF kKD k%0 F.
N1S38 TDSQGVIPGIPHNPDSEKLALDAVKKAGWTPITASQLCGYDGKTDARGTFFGEKAGYTTAQ 120
T . TQSQGGLPGLPWNPDSEQAAQEAVNNAGWSYISATQLGYAGKTDARGTYYGETAGYTTAQ 120
Srai TQSQGGLPGLPNNPDSEQAAQDAVNNAGYWSYIDAAQLGYAGKTDARGTYYGETAGYTTAQ 120
SIK W1 TOSQGVIPGIPWNPDSEKAALDAVHAAGWTPISASALGYGGKVDARGTFFGEKAGYTTAQ 120
B52 TDSQGVIPGIPWNPDSEKAALEAVQKAGWTPISASALGYAGKVDARGTFFGEKAGYTTAQ 120
LS107d2 SDSQGVIPGIPWNPDSEKAALEAVQHAGWTPITASALGYTGKVDARGTFFGEKPGYTTAQ 120
TIERRE ¥R REFEREEC OFE D E%: FEF: ¥ t: EEE ¥ b EEREC Y, BEEREEE
MIS38 VEILGKYDAQGHLTEIGIAFRGTSGPRENLILDSIGDVINDLLAAFGPKDYAKNYVGEAF 180
'] AEVLGKYDSEGNLTAIG!SFRGTSGPRESLIGDTIGDYINDLLAGFGPKGYADGYTLKAF 180
Sr41 AEVLGKYDSEGNLTA!GISFRGTSGPRESLIGDTIGDVINDLLAGFGPKANRR-YTLKAF 179
SiK Wi AEVLGKYDDAGKLLEIGIGFRGTSGPRESLITDS IGDLVSDLLAALGPKDYAKNYAGEAF 180
B52 VEVLGKYDDAGKLLEIGIGFRGTSGPRETLISDSIGDLISDLLAALGPKDYAKNYAGEAF 180
LS107d2 VEVLGKYDDAGKLLEIGIGFRGTSGPRESLISDSlGDLVQRSARGPGAQGLREKLRRRTF 180
S22 t:% FFEELOFEEEERERE. 3 Eo¥E$ ¥.: ¥
M1538 GNLLNDVVAFAKANGLSGKDVLYSEH Y GIGLAVNSMADLSGGKWGGFFADSNYIAYASPT 240

SKS GNLLGDVAKFAQAHGLSGEDVVVSFH-'GGLAVHSHAAQSDANWGGFYAQSHYVAFASPT 240
Sr41 GNLLGDVAKFAQAHGLSGEDYVISGHR GIGLAVNSNAAQSDATNGGFYAQSNYVAFASPT 239
SIK W1 GGLLKTVADYAGAHGLSGKDVLVSFH, GﬁLAVNSlADLSTSK'AGFYKDANYLAYASPT 240
852 GGLLKNYADYAGAHGLTGKOVVVSGH Y GGLAVNSNADLSNYKWAGFYKDANYVAYASPT 240
L§S1074d2 GGLLKNIADYASAHGLSGHEVVVSGH L GIGLAVNSMADLSNGKWAGFFKDAKYVAYASPT 240
¥, 8% HEERE N R X R PR N I 22 222 R 22 2 2 % EEFE S L 212
.M1538 Q-SSTDKVLNVGYENJPVFRALDGSTFTGASYGVHDAPKESATDNIVSFNDHYASTAWNL 299
SHE QYEAGGKVINIGYENMPVFRALDGTSLTLPSLGYHDAPHTSATNNIVNFNDHYASDAWNL 300
Sr41 QYEAGGKYINIGYENOPVFRALDGTSLTELPSLGVHDAPHTSATNNIVNFNDHYASDAWNL 299
SIK w1 Q-SAGDKVLNIGYENUPVFRALDGSTFNLSSLGVHDKAHESTTDONIVSFNDHYASTLWNY 299
B§2 Q-SAGDKVLNIGYENPVFRALDGSSFNLSSLGVHDKPHESTTDNIVSFNDHYASTLWNY 299
Ls107d2 Q-SSGDKVLNVGYENMPVFRALDGSSYNWSSLGVHDKPHESTTDNIVSFNDHYASTLWNY 299
L I R R S e I S T P 2 1] ®%:
MiIs38 LPFSILRIPTWISINPTAYGDGMNRI IESKFYDLTSKDSTIIVANLSDPARANTWYQDLN 359
SKE LPFSILNIPTWLS M PFFYQDGLMRVLNSEFYSLTDXDSTIIVSNLSNVTRGNTWVEDLR 360
Sr41 LPFSILNIPTWLS W PFFYQDGLMRVLNSEFYSLTDKDSTIIVSNLSNVTRGSTWVEDLN 359
SIK W1 - . LPFSIANLSTWVS M PSAYGDGMTRVLESGFYEQMTRDSTIIVANLSDPARANTWVQDLR 359
B§2 LPFSIVNLPTWYS M PTAYGDGMTRILESGFYDQMTRDSTVIVANLSDPARANTAVQOLN 359
LsSi107d2 LPFSITNLPTWISMPTGYGDGMTRVLESGFYEVMTRDSTI IVSNLSDPARANTWVEDLN 359
¥EEET ¥, tEoEERE LS T SR IR TERERIEEEFE: 1. FEK: %32
His3s8 RNAETHKGSI;{IGSDSNDLIQ GSGNDYLEGRAGNDTFRPGGGYNVILEGAGNNTLDLQ 419
SHG REAETHSGPTFIIGSDGNDL IKIGGKGND YLEGRDGDD IFRPAGGYNLIAEGKGHNIFDfQ 420
Sra1 RNAETHSGPTF I IGSDGNDL iK[GGKGNDYLEGRDGDDIFRPAGGYNLEAGGKGHNIFD[fQ 419
S1K W1 RNAEPHTGNTF I I[GSDGNDL {QGGKGADF {ElGGKGNDTIRPNSGHN-——-F———~—~-=-- 408§
B52 RNAEPHKGNTFIIGSDGNDL IQGGNGADF IEGGKGNDTIRPNSGHN-~ 405
LS107d2 RNAEPHKGDTFIIGSAGNDL IQIGGKGADF IEAGKGNDTIRPSSGHN--~f-—------~- 405
FEFT. F.0F E¥EEEE O REFEOEF.E KD DR, ¥:% 0%% %1% -
Hi1s3s8 " KSYNTFDFANDGAGNLYVRDANGGISITRDIGSIVTKEPGFLWGLFKDDVTHSVTASGLK 479
SHE QALKNTEVAYDG-NTLYLRDAKGGITLADDISTLRSKE--TSWLIFNKEYDHQVTAAGLK 477
Sr41 QALKNTEVAYDG-NTLYLRDAKGGITLADDISTLRSKE--TSWLIFSKEVDHQVTAAGLK 476
SIK Wi
B§2
LS107d2
HIS38 VGSNYTQYDASVKIGTNGADTLKIAHAGGDWLFGLDGNDHL IGGVG-NDVFVEGAGNDLNEP 538
SM6 SDSGLKAYAAAT-GGDGDDVLQARSHDAWLFIGNAGNDTL IGHAGGNLTFYRGSGDDILKE 536
-8rd41 SDSGLKAYAAATTGGDGDDVLQMRSHDAWLF|GNAGNDTL [{GHAGGNLTFVEGSGDDILKE 536
SEK W1 -
B52 -
LS107d2 = =  commmmmmm o e
Mis3e GGGADTFLFNGAFGQDRVVIGFTSNDKLYALGVQGVLPNDDFRAHASHVGADTVLKFGGDS 598
SHE VGNGNTFLFSBDFGRDALYGFNASDKLVHIGTEG--ASGNIRDYATQQNDDLVLAFGHSQ 594
Sr41 R VGNGNTFLFSEGDFGROQLYGFNATDKLYAIGTEG--ASGNIRDYATQQNDDLVLAFGHSQ 594
Sik W1 TFLFSEHFGQDRIIGYQPTDRLYAQGAD---GSTDLRDHAKAVGADTVLSFGADS 457
B52 TFLFSEHFGNDRVIGYQPTDKLYHRKDVQ---GSTDLRDHAKVVGADTVLTFGADS 457
LS107d2 TFLFSGQFGQDRIIGYQPTDKLVFTDVQ-—-SSGDYRDHAKVVGGDTVISFGGDS 4517
EEZEE R IR PR AR 2 2 2 1 I N IR N Lok D %
B
Mis3s8 LY LNSLSADGIVIA 617
SHE lTLJG SLDHISTDQVVLA 613
Srd41 fvtﬂlﬁ LOHFNPDQVVLA 613
SIK W1 © Y6 GLGGLWSEGVLIS 476
B52 NTLVGYGHGGLWTEGVYVIG 476

LS1074d2 YTLYGY —VGLSGEGIVIS 474
¥EFIRE, N S



Fig 1. Amino acid sequences of representative members of Family 1.3 lipase. The amino
acid sequences of lipases from Pseudomonas sp. MIS38 (MIS38), S. marcescens Sr41
(Sr41), P, fluorescens SIK W1 (SIK W1), P fluorescens B52(Lip52) (B52), P. fluorescens
L.S107d2 (L.S107d2) are aligned using the program CLUSTAL W (Thompson et al,
1994). The consensus GxSxG sequence, containing the active-site serine residue, is
boxed by broken line. The amino acid residues forming a catalytic triad, Ser, Asp, and
His, are highlighted in black. The repetitive nine-residue sequence motif, GgxGxDxux,
is boxed by solid line. A putative C-terminal secretion signal (R1-R6) is shaded (Omori
et al, 2001). The cleavage site with limited chymotryptic digestion (Amada et al, 2000)
is shown in solid arrowhead. Numbers represent the positions of the amino acid
residues that start from the initiator methionine residue for each protein. The GenBank

accession numbers for these sequences are summarized in Table 1

INEDY NI BIE N KIS 7TV ERRT. C ékﬁn”ﬁb\ 5 50~60 %
ERIZHW 7 IV EF L TWS (Ghigo et al., 1994; Hess et al.,1990; Stanley
et al, 1991; Baumann et al,, 1993; Miyajima et al, 1998), Z® C FK¥m/ W
VA, N R 7 IV ERRB O g s g, BiZInso
& INZBITIE. CRED WS 7 IV D EFEIC RTX (Repeat In Toxin) EF—7
EIEEN % 978 GG X GxDxux 7 572 5 0 iR LEFIEF— 7555 5 . AprAra
(Baumann et al, 1993; Miyatake et al,1995) & PrtAsn (Baumann, 1994;
Hamada ef al,1996) OFERHEEMPRESNZIET, Z0 RTX VIR LES
B OV ER L. £2IC5~ 6D Cazrd A2 HEAT S 2 L5
Moz, TOEF—TREEBAD 6 BRI —T %, BEO 3 RETBHZ
BRT 5., TLUTBHEED LIIETRI—M2ERL., Cat M T E6EAE
BON—TEN—TORICHAELHEETSD (Fig2.).



Fig 2. (A) Side view of a p-roll structure. The B-roll structure formed by residues 333-379
(five repeats of GGxGxDxux) of Pseudomonas aeruginosa alkaline protease (PDB ID
1AKL) is drawn by the program PyMol. The first six residues (GGxGxD) form a loop
that binds Ca2* ions and the last three residues (xux) form a short B-strand. The
B-strands and internally bound Ca2?* ions are represented by arrows and spheres,
respectively. The side chains of aspartate and asparagines residues, each of which
provides two and one side-chain oxygen atoms for Ca2t-coordination, respectively, are
shown by stick model. (B) Top view of a B-roll structure. The first turn of the p-roll

structure shown in (A) is shown in a stick model

» Pseudomonas sp. MIS38 ik ') /S—+t (PML)

PML T 617 D7 I/ BEREN S0, N Kinfl K A1 > (1~870
BHEH) & CRE R AT > (871~617 ZREH) THEAEN TS (Amada te al,
2000). PML @ C K R A 2121 13 D RTX #0ELEFNNH D, Ca2t
1A EETFTTRO—)iEEZ2ERTS (Amada et al, 2001). PML & Lip &
AT LERBE TARRIE S L. PML IZKBEEAI MBI NS (Kwon et
al, 2002), PML @ RTX # D& UEFIZ, PML O/HECBRRERICLETDH
M, RTX # 0RUEFIOKIZ PML O BEECEBREEE LS 2L, 6
BETHESTIENTES, LML, BDERLUEFIN 6 FEARIEIC/25 &, PML
DR EBERIEMEIIBI T 5 (Kwon et al, 2002) . EBE. P, fluorescens SIK



W1 B3k R—P73 &1k 6 BB YELEFIZEL TS (Fig 1). 5T,
B OV E RECHRE® B0, BIE 6 FORDIELASIALET
55 EEXBND, £ PML O C KB 5 19 BENIR S N2z BT EHN
CAMENT, BELRIAN., ISR IOEREOEEREEIR L
(Kwon et al, 2002) . LD ENB, HiBR I N7z 19 BEDHIZ PML OLEM
DIEECEERICEET 2 HANH B EEZL SN TS,

ZNET Family 1.3 U /\"—-*E‘@E?%Pi‘ F & LT PML. P fluorescens
Bk U /S, BXY S, mercescens HKY /N —¥ DB AR
DR E DI TE . UL, ZRB0 Family 13 1) /A ¥ O=Kkil
SEARIE S TR NED, THL5 QAL IO MBI 5 0 X
NTWin, 20k, HXRUTOLS REMNECS, (1) HHEAE
D CazA F4E N KBAE R A1 > OEZITERTHON? (2) CEKMER
£ 3@ RTX 0K LESIE. E0% 5 hliEEHBRT 500 ? (3) 1 D0 PML
ATFIED CazBHEETHDON? (4) C KM KA > OMEHARIT. N K
B K A > OMBHRICHET 500 ? | |

N5 OREMERRT B70IC, AP TIE PML OSSR RET
BLEEAME LR, $i, BONEREMECETE. N KM KA1 >
D CazA 4 BT FORER C RBEFITTF— 7 OREEMTT B L %
HEE L. |

1 EZ T, DS 517 PML OELZRNRMBITHERN E0Xk57
BEsaRicEITVWTNS 0)7537&?93575\!:3‘%7:&5!:‘ PML Ok RMEEE 1.54
DIREET close HEL U THREL e, TORR. PML I3 N RGHHE A1 > |
ECKBMRASONERDZEEHSNMI L, £z, CERIHERAL D 13 {E .



DRTXBORLUEAN L OV R v FEBEEERTHIEEHLMIL
Zo BO—)LH2 RA v FREER 2D LO—IVEF—TIHENSKD. 5
O RTX#HBVERLUEFNLIDHD, 8EO RTXEVRLUEFIN2DHD B O—
WEF—TIRBEZEZRRT S, 1DHE2DHD B O—)LEF—TIHEBICITEN
TN3EEL 6D Caz 1 F AL TWS, —F. FEEHIC S mercescens
SM6 Hik) /8—t (SML) O#fFfEEDS open BEE L THRESI N, £IT
PML & SML OMEZ B LI E T 5, D) S—FICE 5N 5 BT Lidl
DRI A2 BEHETH I EE2RRALE, WTFND ld B, close HixE TIIIE R
P2BS XD, open BETIIEERMZ2BREICEHI TS X OIT. TOHKE
PHENRESEEL Tz, £z, N Rl R A1 2 12id. open BiETOD
BB IND Caz 1A AT K (Cal) DMIT, 2 DD Cazt1 I UHEEY
1 b (Ca2 & Ca3) WEET B EE2HSNIT LTz, Ca2 J1 b PML & SML
REEINTVADIH LT, Cad ¥ bd PML OAIZEET S, Cal Y1
F®D Cazt A F 2 1idl ITHEET AT EITXD open BEELZEILTHEEZLS
Nz,

Eo2ETE. H1ETHERLRZ Cal~Ca3 ¥ 1 ORI ZMITT 57
DIT, ZEE D157A-. D275A-, D337A-PML ZH%EL 7=, D157A-, D275A-,
D337A-PML &, ZHZ4 Cal. Ca2. Ca3 ¥ bDBREZIND L SITHEL
7223, Ca3 Y1 FDORREICEL Tid, D337A-PML DGRBS EMEITT 52 &
R DHERR L. D157TA-PML OEREBEBRE L /203, close BiETH ol
» Cal Y1 FOBREIHRATERN >, LHL, ZRIZKD PML OREN
FEAEBEUARNT LIIHR Lz, Ca2 Y1 FOREDBERL TN,
D275A-PML  CD A< 7 ML 5ZERIZ & D PML OMEIHIE & A EZL LT



WEEZBND. THENOLRAEOEREHA/ T3 DI5TA-PML 115
RIATIT—EEEEZRTHOD, UN—EIHEEIIRS M- 7=, D275A-PML
[E PML K DIENT AT 5 —EEE LU N—EfEMEZRL 7, 72 D337A-PML
WL AT 5 —EEES U N—EERES PML ERSOFEMEZRL 2. BZEHE.
CD ZRAWTH NI ED 50 %HWENETHREZAET DI LTI DHETLEZ
2%, D157A-PML ORE ML PML LR U TH > DI LT, D275A-PML &
D337A-PML OZEHEIL, WFhd PML &0 5CETLTWEZ, £k
D157A-PML DZEHZ triton X-100 71E F Tid PML £ 0 1CEM - 72, Zh
S5DOMBRNS,. Cal U1 bid lidl ZEE L TEETA ZZ2ICHT 5 DIKNE
THD. Ca2 & Ca3 Y1 I PML OREILICES TS5 E 2B 5 L,
I HIT Ca2 B MI PML OiEHEFLOBEEZEHEETHZOICBLETHSH T
EERELE,

FEIETIL.TISS TR DM ENIBRITHBHN IS FEINTNS
C KEWEF—T7 &, TOLERICHS 5 BREESIETF— 7 DEREICDOWTHITL:
7z. 728, PML IZBWTIX. CRIFEF— 713 DGIVIA. 5 BERIITF—7
12 VTLVG ELTRESINTNS, INEDEF—TDBEZANS DI 4
BEOZEME (PMLAS. PMLA10. 2A-PML. £L T 3A-PML) Z## L7,
ZZT. PMLA5 & PMLA10 &, e CERmd 5 b RE. 10 BREHIBRS
NEERATHO, 3APML I CRMEF—VICZEERE, 2APML X 5 5%
BEEFEF— TR _EEREZEALZERRTHS., INSOERKDDSD
PMLA10 DS REEERRE L2 LS. ZOBEIL PML SIZERLCTH -7,
fE> T CRIHDHIFRICK D PML O#EEIL, BEALELLBWI EEHS R
iUz, 2A-PML & SA-PML OS5 CD 2 <7 L bE#EE CD 27 M)
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b PML ERERALUTH 22 &0 5, PML OMERERICE > TRE <L
LBWEEBZOND, TNEOERED Lip VAT LIZXB 5L )V 2EH
L& 3, 2A-PML D/MEL~)UE PML & 0 BIEICHA LA 3A-PML
DOFWLR)VEPML ERIETH ok, TDZENS, PML OB IITHERD
i CRIMEF— 7 THAL, b BERFATF—TTHD I EEeHLNIT L,
UL EOEREDHENE PML &R UIENEZR LU, £EERICBN TR,
3A-PML. PMLAS5, 2L T PMLA 10 iZE£EH PML & D RELEL LTV,
ZORERMNS. PML ® CKBEF— 7 RREMRICEETH D 2 EE2HEMITL
7zo
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(% 1E]
Pseudomonas sp. MIS38 B3k Family 1.3 U /\—E O REEMT
1-1. EU®IZ
R THBRZE 512, Family 1.3 U/S—¥id Family L1 713
Family 1.2 U/N—Y D7 I BBEFIOHFE LI D TEW (<20%) (Arpigny
& Jaeger, 1999; Angkawidjaja & Kanaya, 2006), £7z. Family 1.3 U /S—+1Z.
D77 IV—DYU/N—EEIRZERBD., Typel P AT L (T1SS) IZXD 1
BT, MM 5 BRS A AW S 1B (Holland ef al, 200). Z D4
5O ROBHIBETHHHER. SIS >/ BTN N AR R A > &
CERIERAL D 2DDRAAL MERRD, C KR RAA NIZD C RKumffifE
WMWK ER S T FIVEF—T %F L TWbB(Delepelaire, 2004), 7z, TD
L (N REHED 12 GGxCGxDxux (uid. MIBWBKEY 2 JBREEZET)
DEVBELEMEBL TS, ZO®EDIELUEFIZRTX (Repeat In Toxin) &
MEN, Ca 1A HFEETFT, BO—NEF—TRBEZERKTHIENAEN
T\ 5 (Baumann et al, 1993; Baumann, 1994; Hege & Baumann, 2001
Aghajari et al, 2008). |
PML® ., NAIRMIE R A1 > ECKd RAA >N 5k% (Amada et al,

2000), LU, PMLIZ. ZTORBERRE T TREBREHRICHCaZLE LT
%(Amada et al, 2001), £z, CHK¥i B AL > OBENHR S /RN E, NRI
i R A1 > OEGE D RIEEED SEHRICEME T, Yo7y —EmiEicd
72 5720 (Kwon ef al, 2002; Angkawidjaja ef al, 2005), L» L. PMLBEL U
| ZOREDY O EHEIRE SN TWENED, EHEICSERCaz 1 4 VAN
KUGME R A1 > DEZIZHET SO, CKu R A1 > ORTXE D R UEFIL
EDEOBERERHRT D0, CKuE R AL > OBERRKNE S U TNK
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BERAT D OBEWRICHEEZEZDONEEEHSHIIINTHWAN, FZ
TAETIE, PMLOMRBEERET S I LEHNE LR,
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1-2.  EBHEBIUAE

1-2-1. Bifk. 75 AXFR |
SBOEEE L THWS KBEDHS [F, hsdR17 (rk', mk*), recA1,
endA1l, deoR, thi 1, supE44, gyrA96, relA i3 ToyobottMSBA LTz, S
marcescens SM8000H ¥ Lip > A 5 I (LipBCD B=F) X7 7 —pACYC184
CEBAINZT T A3 FpYBCD20II I =2 MO RFHR 4N STHN

(Kawai et al, 1998) o PMLZELip> A7 A EHFRRIE, RESWSELD
D75 A2 RpUC-PMLIZEAZEE TLURNTHEE SN /Z (Kwon et al,2002).

1-2-2. MBI KD REBEECFH

KIBEDHS% 75 A2 FpYBCD20 TTF DB EEGEL . FiZpUC-PML
ERVWTHEERRYT S ZLICK 0. Lip> AT A EPMLERFER X B 5 B RIEM
EEER LUz, ZOBEERRAEZ50 mg/LOT7 BT > &30 mg/LO 7 05 A
72—V ESULBEHM (1%/37 k kU7 R 0,5%N7 MNEETFR,
0.5%3E /T FU T L) FT30C, 24RHIRESBELL. BER TR, BER
#4°CT. 10,000 ngOﬁF&ﬁﬁlDb= Bk EREE ERICHBELz, ZORE RS
ZERL. 22120 (viv) ©2M TrissHC1 (pH 8.0) ZHML TH—ITi25
XOWTERL, FICKBESOUHYMEDORREY > EZULZRMLUE, ZOHE
¥R A (210,000 g T30 FEIELDBEL . LB %25% 27 ) 10—)l. 10 mMiE{k
IV K EE D50 mM TrisHCl (pHS.0) BEKCHEN L, ZOWEE L
RERICH U T—BBR Lz, ZOENTY 25,000 g T30 0L T ix;ﬁ&&
FRBCHEEL, Z0LE#HiTrap Q HP 54 (GE Healthcare) 12U, 7
O—Z)b—ZER L7z, Z DK% Centriplus YM-50 (Millipore) % W THR
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S5BUTIRIL 72, 2 ORKEHESmM HEH LS T A %S5 mM Tris HCL
(pH 8.0) OREME Tl = ¥ 7= HiLoad 16/60 Superdex 2007 )L 5385 5 1\
(GE Healthcare) L7z, PMLZEOE S ZEUI L. Centriplus YM-50%

FWT, &2\ BBEIKI10 mg/mLic 7z 5 Tl L. Ultrafree-MC
(Millipore) ICKDABL, ¥ N7EREIL. 280nmiZBIT 5Tyr&ETrp®

¢ f 1490 Mlem'l, 5500 Mlem1Z W TEH UZTGERE At 1% =1.14%

FIWTHREL T (Pace ef al, 1995). KMS > /37 B OMEOREIE15%

SDS-PAGEZHINWT. 73— T —R&IC Tk 7,

1-2-3. #ERALRAFORE

¥79 . Hampton Research#tMDcrystallization kit (Crystal Screens I,
II) &Emerald Biostructuresﬁ:@crystallization kit (Wizard I, II) ZFHWT
TERILREORR 21720 T, MERILEBEORRKIZ4AT, 10C. 20CORERNE
. 96-well Corning CrystalEX Microplates (Hampton Research) %W\ T,
YT 42T R0y TRKIBEC I 0T o #RE ROy T w Lo g
OINVBEBRE, RV —N—BK1 tLERESUTHEL, 100 LDV
P N—ERICH U TEASIBCEE L S Bz, LAER. 4 CORBO T, Wizard
IDNo. 7 (0.1 M MES pH 6.0, 10 % PEG 8000, 0.2 M ErEEHESN) 1T/hE/2ghiR
DIERVES NIz, TI T, A CTREKROPHCSBEA T > OBRECEEEZE
A CRBLE Ao a5, 2 LY /Sy BEEE]L 1 LORELSNE
7Y AH 5> N (0.1M MES pH6.0, 10% PEG 20000, 0.2 M BEBg 1)L
I, 5 mM EEEETRA) 2RA L THABL. 3001 L0 YUY —/N—¥H (0.1 M MES
pH 6.0, 5 % PEG 20000, 0.2 M BEEZ /1)L A, 5 mM BEEREESR) ITRL TN
XU ROy TRIIEEGEIC K OXEREHT T — 5 NRICHE L 2 ENE 5 1

15



7z,
1-2-4. X#EHT—F ONE

XEEYT T — 4 OINEIX. SPring-8DE—A T >BL38B1D I >0
MO TR . T—F NEDHIIZ. %ﬁa%%CryoLoop (Hampton
Research) I FL. 20%TF L 27U )NE2FE T UAY T2 MNEK
WKELEE, - 173 COERT AR EMITZIRET, 09ADEETT —FINE
21172072, %5 N/DiffractionT — % IFHKL-2000Z AN TE &, AT —1

T ETIRo T,

1-2-5. PML ZEMAHESE EBFTHEMA(L

HLENSY N7 ED X SERBERIT 27RO, BlY > NT
BEHRAEORVIIOY RV BOBENREINTYNEZ, BHFY NI E
DNAHREIX., RESNLY NV BOBEZHRICH FEBPIECIDRET
5T EMTED, LALUAHETHAWZ PML ORE DY OREEEEIEZRE
SNTWELOT, PML OREHEEIET 5720 ISR R ERE2
WHRBENRH D, ZOFETIE. X174 T OFHEOMICERFEHAAARL
FEBEREERZANT S, DWT, WHOERICECERDO X 24T, B
RF¥ZHAADZ LI 2ETRERLZAAL CTERTOMEZRD, TN
BHERYONVEDOEERRD S, LM LERTFEFUOBRICRATATD
BRERTHETIE., ERFEHAPAALUZRBEBRAGRIIGE SN Mo .
i2 ¥/ 5 PML OMBRIERTFLHENCEEE Y. RICRERTBERICKERZ
BLTHETS S, ESENTLE >S5 THD, 22T PML CERTH
BV NEBEATHEDIZ, PATACEREBEEHA LU, Ul U2
254 VBT S ECIDEWHIRTERF2I NIV BICHAEIESZ
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ENTELZEDPHREINTNS (DaoPin et al, 1987), LML, PMLIZIX
15 BOLY VRIS B, EOMBOBBIFERELICEL TOENE, 1
DIODVATA VREBRLUEEREEHBET DI LICLVENTTS 2 EIIRE
Iﬂ%ﬁ ERbNZ, TZT12OEY 5EHE (Ser9s, Ser144, Ser220, Ser242,
Ser270, Ser312, Ser335, Ser384, Serd45, Ser472, Ser538, Ser608) &5 >4 /s
CRRL. 2h5 12 0T ) > REE 21BN QuickChange T Site-Dirccted
Mutagenesis Kit (Agilent Technologies) % W TEMIRERMICT AT 1 5%
HICBHRLE., 2NEh0oZEREQEERSIZ ABI PRISM 310 Genetic
Analyzer (Applied Biosystems) X DR L=, £ALREOREHE, Rk
BB AR PML EERICT 2o 72,

SATA VEREORKEE, 40mM KePtCl, 2EH7 U X4 5 MA
I 1VERY —F 7L, PtICEBFERMZT 0Tz, V—F O TRTHRIX
Wl %, 20%IFL 27 I VEEDI VAL TS NERICR L, 12 O
SATA VEREOHT, S445C KD RIC Py THMBLINTND T &
BIRNF—) Iy 7°75>.5§i7b>9 2o B FHEBROT —FNEEIRAT 4 TD
rEE EERICIT R 72,

1-2-6. MG
£9 S445C-PML O#EE D Pt HEAOHEEE, B—EBERETREEBERE
(SIRAS) & D HKL2MAP (Pape et al, 2004; Sheldrick et al, 1997) % i
WTHELZ, U T ArpWarp (Perrakis et al, 1999) ZHWTETILZ2HE)
BICHERR L 7. B 7L DR BLIZ CCP4(Collaborative ef al, 1994) D REFMAC
CZRWTITW, EIZ COOT (Emsley et al, 2004) ZHWTEIEL., T L,
F— 5 RS L OB ELOBEHEIL Tablel-1 ICRT. & >/%0 BHEDORIE
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PyMol Z fWTHER L 7=,

Table 1-1. Statistics on data processing and structure determinationec

Native wild-type Pt-derivative S445C

Space group P2; P2;

Unit cell a=49.972, b =84.300,c = a=49.879, b =84.404, c =
86.849 87.012

Wavelength (A) 0.9 1.071784

Resolution range (A) 50.00~—1.48 (1.53-1.48) 50.0-1.80 (1.86-1.80)

Unique reflections 118,695 65,946

Redundancy 7.2 (5,8) 7.2 (6.3)

Completeness 96.9 (79,.3) 95.9 (82.5)

Uo 38.3 (3.8) 26.9 (3.4)

Rumerge? (%) 5.5 (33.3) 7.4 (29.8)

Refinement statistics

Resolution range (A) 37.08—1.48

No. of reflections 107,798

Cutoff None

R-value (%) 17.7

Free R-value® (%) 19.4

No. of protein atoms 4553

No. of solvent atoms 769

Rms deviations from ideal values

Bond lengths (A)

Bond angles (9)

0.008

1.175

Ramachandran plot statistics. Percentage of residues in regions:

Most favored 91.8
Additionally allowed 7.4
Generously allowed 0.8
Disallowed 0.0

aRmerge=2 | Ihkl'([h.kl) | / Z.Zi]kl

bFree R-value was calculated using 5% of reflections omitted from the refinement.

cNumbers in parentheses are for the highest resolution shell.
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1-2-7. Protein Data Bank accession number

T U 7= PMLOBEE EED & OHE R T3 Protein Data BankIiZ B &
L7. (PDB code: 2Z8X)
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1-3. EBRERBIUEZR

1-3-1. BB LUPMLOKE &AL

LIRTIOWMZE T, Lip> AT LAZBALZKRBEZ AW TEERKILS =0
25 mg®PMLZ, WHENMCRKBICAWESEDZLEITRIILTNWS, TIT, #
ZEERZMEZLR LR, B ZBERIET—REN L. ZOBEHIN
IBRZERAFT RS LT LZEZA, BEAEDOEMBRMNIZDNS
LITHRE LD, PMLREEINLZN >, FIVABATLIZ. ZDT7O—2R
N—ESZEL T, PMLO 757 > a »2EIL. SDS-PAGEIZELD & > /%%
BABROMEZRAEO - L2 A95%L LOMIE TPMLERS Z &N TE

(Fig 1-1.

97 -
66 qn' Figl-1. SDS-PAGE of PML. Sample were subjected to
i e electrophoresis on 12% polyacrylamide gel in the
i presence of SDS. After electrophoresis, the gel was
stained with Coomassie Brilliant Blue. Lane 1,
30 [ low-molecular-weight marker kit (GE Healthcare); lane
2, purified PML. Numbers along the gel represent the

20 molecular weights in kDa of the standard proteins.

BHEHINEPMLOWNEZ. BERILMSH5 mgThHo7=. £/-PMLOSTE
I3SDS-PAGEB LU N ABIZEL2EBICLD, 65kDalRED 5N/,
B OPMLOKEELAZ ) == 7T, 2y FLTHABTH510H
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BICEHROBEEDE SN, XBEEHTICIIE L TWizh - k. T THERLE
HE2EREL. BEFEZEZBRRELEZEZA. BLWEESEY b U TH S EER
BICHEL. 15 B#I12130.3X0.2X0.05 mmDO A Z X FTHREL = (Fig. 1-2).

0.1 mm

Fig 1-2 Crystal of PML grown by the
hanging-drop vapor-diffusion method. The
approximate dimensions of the crystal are
0.3X0.2X0.05 mm

1-3-2. PMLOPtFHE R
PML®DSerd445% CysiC B L 72 ZE ££S445C-PMLOK &%, 40 mM
KoPtCLZ B8/ YRS S 2 MERICLBRY —F > /L. PticX5FEAK(LZ
fixol. §5ELERHITFNEBIIEALE. ZHEPAEEPITEELU T
5ZEBRLTNS, £IT XBEEHZITR DRI, FEEORHRE20% LT
LoZVa— Vg8 I IYAY S5 MERIZ0OHEB L. £L T, EOH&E
IZ-17T8CHOERHNAZREMITT-IREB T, ZHEXRZRNT S LFRKIC, 86
TXROEFRTOHHETICISHEREZER. BETHI&ICKD, #E&ETP
TS445C-PMLASPHIC & D Bl SN T B 2 S 2B L.
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1-3-3. X#REHT

XA T4 T OREERNT, 1L5ASREOXHEHT—F EBE L.
Measure(i reflectionsd553,96 TR V. T D 3 B Unique reflectionsid118,695
1. Binorgel35.5% Td > 7. ZEBIBEIZP21 12 JB L AT 51, a=49.972. b=84.300.
c=86.849TH o7z, FTRBEEMBICEDE, WRILENHEAFIT—2TO
FUNRIBEEEATNS LKETE, VufEld2.73 AsDal, BESEIZ55%&
BRI,

S445C-PML0)PtE%?§5§¢L:E§L'Cbi‘ L7AOABRETHEHI L, 1.8AD
BIRETAY = 2T %80T, TORBOEMBRE/ AT A IR T
4 T ORREOREL TN, ZHIZS445C-PMLOS T O/ F > 7/ RRLH
BAEA T4 TORBERALTH BT EBRLTNS,

1-3-4. g

AT A YEREOPEESEEHWZSIRASERICE U, PMLORERE
EZ21SADDBETHREL 2. NRIFEDOAF A EEZRE, PMLOEZTO
73 BBREOBTEESERTE -, PMLIE e~ v 7 ANSLNFHE K A
1> & BRENENCRE R AL 2 H SEREINTWEZ (Figl-3A). —7%4. [
B, PMLERICYT 7 7 3 U—IB9 5 S marcescensttik!) /S—¥ (SML)
DRBMEIRE SN (Meier of al, 2007). PML&SMLOTY 2/ BBEFI D
FRMIZ61% T, SMLHPML & FIHRICNEKGRAE R A1 > ECRBMRTX K AA

S RBREN

MEDCaz 1 4> (Cal) KKVHE BAEINTWS, —F. PML D45 Sk E X close
gL U TRESI Nz, PMLESMLOLAANZNENcloseiil Lopentr 2 T
FE L 7= B HiE. PML&ESMLOKE RS A triton-X100IEEE. BE T THRESN

TWnW5, SMI,OfhiE K L1

>OLdlg k3
o OMLWHERGR A1 S nnavsopeniisid

22



T THD, THB2DOMEHEE LTS 2Lk D, PMLOSMLS )
| N—BITEEEFRETSUA GidD BBz, $51D0ld 1id2) 2B LT,
£72. closeMifE T, ZH 5 DLADHECHIEITERRLEES 2 ENTES
£S5k E <L T, PMLOWSERclosoi THIE & 7 tbCa1 1
MARENAN S, UL, SMLOBEEHME 21 < & PMLOME & & <
BITHD (Fig 1-3B). W& D o HREORMSDEIE. HTF2ATIR0TA, FEikh
'E\T@iO.l5AT%D7’CO LZPMLAFOMIZ, 10D Ca2t, 2f@DZn2+, Z1L
T169E DG FOEFEENEHBINZ, In2 1 4 Y OV BEHTFOES
HANCHEL . ZNENN2EOS >R BATFEEL TS, DX ohs
DIn? A F NIFERBRITHETH B ZEE2RLTND,

1-3-5. NRUEAEE K A1 > DCa2+ 1 F U FEEY1 b
PMLONRIRAEE B A1 2 12id. SMLERRIC2@DCaz 1 F > 44

1R H5, TD1D1ECa2E L TSMLICRES N TS, 510081 k
HERESNTWEWY, SMLOopenfiE DI E R Cazr 1 4 SHERY 1 b

(Cal) WPMLICBHFET B3 THBAN SERE L ZPMLOK SRS
closelBETH B0, TDCalP A MIBRINTWANEEZI NS, Lo
TPMLOcloseBi& 12 H 52D DCa2 1 F S HEH 1 &, T2 Ca2. Ca3
YA h&mb Lk, Ca3bA N TidCazt1 4 4% Asp283. Asp337DRIBEDO
T, Lys278, Ala281DFE#HDORFE L T2EDKLD T ETHEESIL TW5B,
LML, SMLIZCa3¥ 1 "EELRNDIL, ZOYA FEBRTA7I /B
BENSED B BEINTOAVEDEEDNS,
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1-3-6. lidks7s
PMLESMLOBEEZ KBTS & AU w7 R abiiE (idl) E~U v
DA 3R VEBIIKRESER>TNS, lidl (PMLTI3. 146~167%&H)
i, UNR—FIEREFEET BLACHET S, LdLIZPMLOEE TIEAY v 7 Z
DRI T FNEN>TOB, —F, HALIISMLOMETIHCa19 1 M cka
LCarf AV X VEEINTWS, ZDCa2A F 3y VNI BHFHIC
BHNTHY. Aspl53. Asplh7. Glnl1200HIBEDOEERIFRT. %L TThrll8.
Ser144D EHDBRRFE F LA E L TS, CaltA Fcloseli&E T3 AL
SNBNOE AU Y R a6i2H B Asp153E Asp157 DAL opentiiE TOLL
B LT3 EAEBULTNBH 5 THS. LEIOTE CPMLOEEIC I
fEDCaz 1 F > RN EL X ':h*t W% (Amada et al, 2001), Calt-T k7lopen
BEICETEERE N, EEPLOBENIdOBEICEGR LA ENS
Z &, ZOMBICHERCa M F iECalt A MIZHA L. lidlDopentEis
ERELIBTNDIEERBRL TS, LhLCa2 1+ EE FTidlidl
DE BN/ MEBEBUZREINIKFEL T lidDopenEEIIRLEILRD EEZO5ND,
lid2 (PMLTIZ. 46~74%%H) 3. SMLOopentiETid, ~VU v »
A a3\ T A a2L -\ T ANTEVEERZED, EHEBLEENS
TS, —4. PMLODclose#& T, Ld2DAY v ¥ X a3i3AY wF X a2
EAT UM ERRETIER L EE S, 0 A—EIC BN T, 2BH0
Lid (lid2) #%% % &Ik NETHE SN TV, Lt TFamily L3V /S
—Fid. TOL2AH BT Eicko THO U N—FERBIE NS, F/k, lidl,
lid2 75 DBk RIS S close 1 TITEHEH LD H NANT NS M, opentEE
12725 CIREAINE BT 5, PMLESMLOKE RS, TSN EiEEA
(triton X-100) FFHET. FEFTRESN/Z/20, BEANCERL 7ZSML
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DBUKEREEAEERERICL DRSNS LD S,
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2nd p-roll
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Fig. 1-3. (A) Stereo view of the cartoon model of PML structure, colored based on
secondary structures. Ca2+ and Zn?2* ions are shown in yellow and blue spheres,
respectively. Two Ca2+"binding sites (Ca2 and Ca3) in the N-terminal lipase domain and
the first and second $-roll motifs are indicated. Lid1 and 1id2 are colored orange and
blue, respectively. Three active site residues (Ser207, Asp255, and His313) are indicated
by stick models. N and C represent the N- and C-termini. (B) Superposition of the
structures of PML and SML (PDB ID: 2QUB), which are colored green and gray,
respectively. Lid1 and 1id2 of PML are colored orange and blue, while those of SML are
colored yellow and light blue, respectively. Ca2* ions in the PML and SML structures are
shown in yellow and dark-gray spheres, respectively. Zn2* ioné are shown in blue
spheres. Three active site residues (Ser207, Asp255, and His313) are indicated by stick
models. (C) Stereo view of the lipase domain. The structures of the lipase domains of
PML and SML are superimposed. The structures shown in Fig. 1B are viewed from the
top. The Ca2* ion bound to the Cal site is shown in dark gray sphere. The side chains of
Asp153, Asp157, and Glni20, which coordinate with this Ca?* ion in an open
conformation, are inaicated by stick models, in addition to those of three active site
residues. The side chains of Asp153 and Asp157 in a closed conformation are also

indicated.

1-3-7. BO—)LEF—T7HE

PMLOCKSE K A1 > O13EORTXME D& LEFIL, 200 8 0—)LE
F—TRBENENIZBICESED, WHY5 B O—)VY > KA v FREEBR
LT3 (Fig1-4). SMLbRAKTH 5. 1DH® B O—)LEF—THiE (1st B
O—)b) 13373~417TEZEEN SRR D . SEIORTXE VK UEFIC3E D Cazt1 F
S BEE L TRREN TS, 2000 B O—LEF—7HifE (2nd BT—)1)
13493~ 568BEE 5 AR Y . SEORTXMED iE LESIC5EDCazt 1 4 > 0
LTRRENTNS, THThCa2 1 + Y HRTXEF—7Ick DBRE NSV
—-7°a)1/-—7f’0>F‘5&:#9€ih5°t5 AT B, foTIDEE2OHP ROl
£F— T WIBICIICar 1 4 Y HRAT, THENSELCHEATE 13T TH
5. EI. PMLESMLO1DH® B 0—LEF—7 M1 I3EOCaze 1 7 28
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BELTWS, ULNLUPMLESMLO2DE® B O—)VEF—T7HEEIZIE. Fh
ZN5ME & 3EDCaz 1 4 > LMKEE L Tk, PMLO2DE® B O—)LEF
— 7 BETIIOREN S BRARTXEF— T D6HBEICH DT ANTF UBNET
DEF—TJIRESINTNS, TRIRBEDST, PMLOKE, 2&H L5%H
DORTXEF— T DIL—TOEEIZ, Caz+1 Z > DRODITKDFRAS Tz,
SMLOBE, 2DED B O—)VEF—T7HED2ER. 4&H. T L T6HHDRTX
EF—T T, TANTFUBNENTNAla, AsnZ L TAsniCEZ# D> T

Wb, TDRD, fO—IVEF—TBEDORFMZFITEDCaz 1+ > DHEET
2.

2nd B-roll

Fig 1-4. The cartoon model of SML structure. Ca?* ion is shown in yellow. . Lid1 and lid2
are colored red and cyan, respectively.

ARG, CKu R A1 > O—EEFrEL THRIKEOBEER ZRTXE D
B UEFINSNE, PMLOBREES 7077 —YiRZHIZEETLAEN
ZENHEINTNS (Kwon et al, 2002) . EFE. Family 1.3V /S—FHIiZid.

28



GEDRTXIE DR LEFIL AE L TWANS DM, BONEETS (Angkawid
jaja et al, 2006) LU, BORUEFIOENSELTICAES i'CCEEﬁn”ﬁ FXA1
CO—EWERELEZD, Ca M F AR TERNILIIEVIR LESICER
ZANTZ0TBHE, CR R AL B D~)b%f—71‘%iﬁ’&ﬁ2ﬁ§’6%f; <720,
SN, 7057 — Uit BEEEI BT S (Angkawidjaja of al, 2005;
Kwon et al, 2002). ZNSORKEXYD. fO—LEF— 7. NAMAE
RAL COBERRICHETH S Z EAVRBEIN TS (Angkawidjaja et al,
2006; Meier et al, 2007), 12 H® B D—)LJE?-ﬂ%iﬁﬁW% 7 B — b,
A R XA > D3ED B —h (B6~B8) LEBARST, BVWETB I — MBR
LT3 (Fig 1-3A). TD7=H1D Eé) BO—ILEF—IRBBOERIX. BT
5<, NRWMER A1 > OBERRICVEEEZ SIS, LML, 1DEHDAB
O—)LEF— T HEIL. SAORTXIEVELEFIL MG L TWARNEZD, BT
B O—NEF—THEERRTERNEEZSNS, 5T, BO—ILHY
Ry FEBORKRIL. 1DHD 80— EF— T2 RELIEB01%
EEONS LR, |
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1-4. EH

AETIE, PMLADCaz( > ORARIEE . CRIfE B A1 2 HINKH
folfE R A > OBERRICEZENEZISMBENICEEL THhEINEINEANR
%7201, PMLOFE &L XX AEEFET 2172072, LML INET,
AYNR—EORE TS DIEREBERTIRE TN TR WD, PMLOKRZBEZ
BEEFRBEBRECLOVRETS I LiC Lz, 20D, TR VEREEL
DFDVATA VBB LU ZEREE12(E/ER L. PMLEFRO G E TR,

AL ZITV. PHI R D FEMLET o 2o TORRS445C-PMLOAIFZ T Pt

WEOFERMEIND LRI =Y Ry TIRK VR TE, 2O
S445C-PMLOBEEETINELTHNWS ZEICE D X1 T4 TOPMLOKE
Zclose&E L L TIREL . —F. BIERKHIC, PMLEACY T 773U —
B9 5.5 marcescenstidk ) /X\—¥ (SML) Diffi &5 D opentdiE & U TIRE
Sz, PMLESMLOKEEIILHABEZR SHEBICKISETHE D, RMSD {E
B TFaETIR0.7A, HEFLTIX0.156A TH o 7z. PMLESMLOHE &GS
5, Cal¥ - bidopenfEiEBICZ TR I N, HEFLEEDOEEIILdOMBEIC
BRI LN EAVRB I N,

£/, PMLESMLOEEZ BTS2 L2k D, Family 13U /S—1F
id2f@olid (1id1. 1d2) BEET S I ENDNoTz, Ldlidto v /—Eic
HEET B, lid2idFamily 13U S—VIZUDEE LR, lidlid. closetdiE

.-l—1 2 M ) E e {ﬁ Sl 3217 Ll e 3y v—r‘) Z A

R TEH sy

N N > B A
AL Z BN TS, opentdiii TIXEESIZ

A
=

Fa
/

D CalPy 1 MZHEA LizCazt 1 F T & DIEMEERAL D b%ﬁmtu%*czrﬁbﬁl
FaE3ND, —Hlid2lid, SMLDopent@E & TiX, NU w7 A @33Ny 7 A a2
EaNYYIANTEERELZEICIDERPLEERESE®S, LMNLUPML
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DclosefBETIE. NU T 2 a3id3NUw I X a2ENT ESEEZERET,
AL RS . |

PML® CA S KA M ASMLEFBEIC, 200 B 01—V EF— 7 Hiiht
EWCBIGESED. b3 BO—)LY> BA v FEEEHRL TV, 1D
HO B O— ) EF— 7M. SEORTXE D K LEFICEO a2 4 25
BLTHERENTVWS, 228D B O—ILEF— 7L, SEORTXEVIEKEL
BANTHE D Cazt 1 F AR L THRINT NS, BIET. 6l OMERERN72RTX
B0 UESINBIIL, PMLOMEE, 11k, 2Rk, RiEmeciin
TWB ZERNREINZ, LA LEDIE LEFIOEASEMN FIC/A5 £ TOKRE
KA ERBIVRD, BOBEUESICEREANIZ DTS E, A XA
SR OV ERRTERLZD, HUPE, F05T —PHtE. 2L TH%
EENERT A ZENDD> TS, ZOTEMS BO—)LEF—THEEIT
PMLOGERFICEETH S ZENRBEINS, 1DEHD B O—I)LEF—T#E
AWED AT B 3 — N s K A > O3MED B> — b (B6~B8) LEA T,
EWEFB I — MERLTWS (Fig1-3A). €0=H1DH® B O—JLEF—
THEEORRIZ. BE5<. M KA1 S OBERRICLELEA NS, L
ML, 1DH® B O—LEF—THiEIE. SEORTXEDELEALHHL T
RN, BMTIE L O— IV EF— THEEBRTERNEEX 5NS, o
T, BO=H> Rt v FORRE. 1DHD B O—IVEF— TG ELELS
BAZDIZHELZDOND LI,
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(582%]
NRIGAIE R X1 > DCa2A{ > DRE]
2-1. JC»IT

- B1ETHRNEL DT, PML (Angkawidjaja et al, 2007b) & SML
(Meier et al., 2007) DOFEEEEIL. FNTN close #iE & open HiEE & LTk
EENE, TH5OMIET. NRBAE R A > E CRBBO—NT> Ay
FRAADEEBREINTHEO., 2200 lid ZRIFIEFEVIZESBTVYS, Zh
5DOREEICE S E, PML O N Rt K A1 >1d Ca2, Ca3 1 bZALT
BV, SML ® N Kifit R X1 213 Cal. Ca2 1 b 2HFL T3, 725 SML

IZid Ca3 U1 MIFEL RN, PML OETIE Cal U1 MIRSNNWR,
F3UI 1id1 23 close BB ZEZRR L7220 EEZ 515, SML OFETIE. lidl
D2DDT ANTF UEBEFRE (Aspl53. Aspls7?) A% Cal 1 MT Ca{F >
EEMESL TV, IN5OHREED LI, Ca M F 13 lidl Z2BEETS
EIZE 5T, 1idl @ open BEELEICTHDITHETH D, I SITIERITHHL
BETHBIENRREINTND (Meier ef al, 2007; Angkawidjaja et al,
2007b), LML, Cal B bAFANB &, INS5OUN—FIRIEEERIR
KRBOMEIDELFARSNTUARN, 5T, D Cazf T HEEY1 b

(Ca2 & Ca3 U1 b)) ODEREFBHASNITETNTNARN,

AETIE PML @ Cal~Ca3 ¥ FOREZHSHITIHEHWT. Z
n

gy

DY bDIH, 1 DETPREESNS LD ICHRE Lz sEED PML 2R

o=

£

\

L. EHESRELEMT L, %7
b

DIEEBEEZRE LTz, N5 OHRZE
ER-R

BF
R
o
(&)
Y
pny
(V)
ow
E:
i
S
U
U
IN:
\
S
e
B
B

&Iz, Cal~Ca3 U1 hDO&REZ2ER
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2-2. %sﬁﬁﬂﬁsiv“ﬁ?ﬁ
2-2-1. Bk, 7IAIR
SWDEEE L THWSKBE DH5 [F, hsdR17 (tk,, mk*), recAl,
endAl, deoR, thil, supE44, gyrA96, relAIliL Toyobo #MSEA L, S
marcescens SM8000 Hi3k Lip > A7 A (IipBCD BT B ¥ —pACYC184
WEASINETTI A R pYBCD20 IFHI=ZZHEOREHR _EMASENE
(Kawali et al, 1998)., pUC18 Id Toyobo #: 5HA L 7=, PCR DT 54—
ELUTHW/E DNA FU IR—OFRISIEES A7 L1 T A EKEL -
7o

2:2:2. TIAI FHEE

RS X7 E D15TA-. D275A-. Z L T D337A-PML 21— R§
HEME T, PCR ZHWT overlap extension % (Horton et al, 1990) 12Xk D
BELZ, b, EREARTI1 <1, Aspl157 (GAC). Asp275 (GAC).
Asp337(GAC) 10— K950 R A, ZN2H Ala 23— R 3 GCA.GCC,
GOC KA NS L 51C8@F L, 22T PCR O#MEE LT, LTz PML O
DWRITHEEI N/ pUC-PML (Kwon et al, 2002) %\ /=, PCRIZX D
#8172 DNA Wi}, pUCI8 O Xbal- HindIII ¥ MCHA L7z, DNA O3 -
| HAFi3 ABI Prism 310 DNA sequencer (Applied Biosystems) % W TRE
L7z,

2-2-3. NWHERBLUOKERH
KEEE DH5 %275 X3 K pYBCD20 TFHHEEML, FiC pUCIS

FEEEZRAVTREERRE TS Z EICL D, Lip VA7, & PML OB REKZEILF
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R oEEREZHER L. COREEREAKZ 50 mg/L DT > E &
30mg/L NI/ 0T AT7 20—V LB EHAP T 30°C, 24 REIR & 5%
Ulz. BB TH., BERKZ 4C. 17,000 g T 10 /@O L THEAE &% LiE
EEEL Tz, ZOR5#E EiEE 12%SDS-PAGE (Laemmli, 1970) 2L T, &
RO WOEEB LWL )V 2R L T,
SISz PML OZFEEX, BEE PML ERUSFETHELE
(Angkawidjaja et al, 2007a) %, BAAINT T LEZEERVEEK (25mM
Tris-HCl (pH 7.5)) &M Lz, B 1ETHEREZLSIZ, PML @ C KD B
TRy FREEIZE 8D Cazt 1 oA LTS (Figl-1A)., 50D
Ca* 1A B =LY > R4 v FEF—TORFIEOENTNSZDFENT
EBRETERY (Amada et a].v, 2000; Kwon et al, 2002), LU, Ca2 & Ca3
P14 MIEAEL TWS Cazt 1 4 V3 IEIEICEHR L TWA20BEITICXD
BHIHBEINDEEZOND, o TEMICED C RimD gO—)V¥ 2 KA
v FHEREIZIE Ca2r 1 A 2 ANER LTSS, N R R A1 > ICid Ca2+ A &
CHEELTWRWIY U NVENREND EEZ LN, & PMLERKDSY >
X7 BIBEL. 280nm IZB B Tyr & Trp @ e f& 1490 M-lem'l, 5500 Mlem'
ERVTER LR Awd% =114 ZHWTRELE (Pace ef al,

1995)

2:2-4. €D ARZ ML

n) EEHE CD A7 ML (250
~320 nm) 1 25°COTFT. HASZID J-725 spectropolarimeter IZ & DEIE L
oo BIEEANY 7 7—id. 10 mM HELH)IL 2 LEED Tris-HCL (pH 7.5)
BV, GHEE CD ARy MVOMEIE. > /%7 BBE 0.1 mg/mL OY
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> 7. 2mm BEEOTILERAN. BIEE CD AXY MV, &2 Bl
0.5 mg/mL DY > 7). 1em HBEOIVEH WS, EEERES FERE[0]
(deg cm? dmol?) E7 X /BROEHESTE 110 ZHANWTHEL =,

2-2-5. BERIEME

UN—EERREF—TF AN EREEITUTHEIEL 7= (Derewenda,
1993). 10 mM LA T T LE 55 pL OFYU—TFAI)IEEL 25 mM
Tris'HCl (pH 7.5) 1.5mL ., 30 CT30 HRKE L%, 5 mLOT7E R
—T5 =)V (11, vAv) ZIIA. KIZDOWTTHRIT I LRIV REE2EIRLE.
T 1 %7/ =NV TF A1 REBEMA. 0.01 N O/KELF MU T ALK
BRTHET D Z EIck D BERSCIDERLZEWBEERLE, T2
T —TBIEME, prnitrophenyl laurate (Ci2) ZHEEICL THIEL 7 (Amada
etal, 2000), 10 mM HIIITA, 10% 7EF=ZMUI, BLK0.5mM
prnitrophenyl laurate 2% 25 mM Tris-HC1 (pH 7.5) 100 #L# 30 CT
10 TR U728, IR EE 0.2 %1272 % K 51T SDS 24, RIS &1k L 7z,
RISICHEVERES S proitrophenol 25 412nm 1B 5 RKEERET S 2
EIREVERLE (BIVIEAREIE 14,200M 1 cmD). 1 unit 1E 30 CT 14374
iZ 1 wmol ® prnitrophenol 7/ IXNRNEEZ AR T DBHRE L, HIEHER
52 RPE 1 me B0 OBRIEH 5, |

2-2-6. BVREME

BRI TRERLICHE D & 220 nm O CD EZEBHFT 5L T
BIEL7e, & > /N7 BRI 25m M Tris-HCL (pH 7.5) F721d 10 mM (kA
W hEEE 26 mM Tris-HCL (pH 7.5) WZIEM LU=, BBy 2NV BEE
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0.1 mg/mL. JEBE 2mm. FEFEE 1.0C/min OFHTITF o=, 2B, ZD
SFHET TR, BEBOERMAR PML OBERIIRHETH o=, o TH N
BD50%WEHELZRESRE T, L LK,

2-2-7. &b, XBEEHRT—F R, BLOBERFT
D157A-PML. D337A-PML % ultrafiltration system Microcon YM-10
(Millipore) ZFAWT, ¥ N7 BEBEMN 10 mg/mL 1732 ETEHEL., &
B PML &EU5#: (Angkawidjaja et al., 2007a) T. N\N>F 7 ROy 7&K
SHBIEIC & D #EEIL S ¥ 72, D15TAPML & D337A-PML OfE D X $IEH
F—% OIS, SPring'8 OE—A5 > BL38B1 O3 > 7 O h O > MSHE.
ADSC Quantum4R CCD detector W TIT/a> /2. T—FYREDHTIZ, HFR
% CryoLoop (Hampton Research) 2<% > kL. Cryo-buffer (20% ILF1
> 71 3= BEU10% PEG 20,000. 0.2 M B 1)L L, 5 mM EFEEHEE
MELHT 0.1 M MES GH 6.0) KB, TORKERIT1I3COERTRE
REMTTRET, LOADHERTT —F WEZET > /2. 77— & L3, HKL2000
(Otwinowski and Minor, 1997) ZHWTF/a-o7=, SHEINE-BFEERM
5, 8 1 ETHRELZ PML OfEZ #1312, MOLREP (Vagin and Teplyakov,
1997) I K 5D FEHIKBICX O FETIIVEEEL 72, COOT (Emsley and
Cowtan, 2004) BELU REFMAC (Murshudov et al., 1997) 2 HW THEEES
{EZ1TV, Ructor £721X PROCHECK (Laskowski et al., 1993) ZfWTFHE
WACFHRINT A—=F—ZHNT, TODEFML 7z PROCHECK %

AWTHERLESTF Y > RS> 70y Mok, BELESFEFINDOLT

3

N
<k

=Yg

DFFE:IL most favored region ¥ /=1 allowed region IZA > TWA Z L 2HEND
oo T WEB I TEHILOMEHEIL Table 2-1 1IZRT, ¥ /NI BOMKE
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1B PyMol ZFWTREL /=

2-2-8. Protein data bank accession numbers

fB7 U7 D157TA-PML & D337A-PML O EES X OHERE T
Protein Data Bank 2%k L /z. (PDB code: D157A-PML. 2ZJ7; D337A-PML.
2Z.J6)
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2-3.  ZEBHRER

2-3-1. BEHEKY NI BOEH

PML @ N RIFflii R A1 > @ Ca2r1 F &Y~ (Cal~Ca3) @
BENEMT T HDIT, 83 DD 1 73/ BREHERS > /XJE D15TA-PML:
D275A-PML, BXT D337A-PML Z##H L 7z, Cal. Ca2. BXN Ca3 YA
N TIE. Aspl57. Asp275. BEIU Asp337 WENEN Cazr1(F > & 2 FETE
PFEEL TS, INHOT ANTF UBREEIIMK 472 Family 1.3 U N—FIZ
BLBREINTVS, > T, INHOERIZKD Cal~Ca3 Y1 bid Cazt 1
F KA ERD T EBHIFEIND,

Znn 3 DDEREY NG E Lip VATLEOERFERIZX D KB

B DH5 D S EEANAND W E 'z, T8, BELENSINSEDY NI EZ
*%%%Lf:o%m«’c“h@z%iﬁw OINTBORWMLNIVIZERKR 1L H720 15mg
M5 30mg THo. ILDOEBRENSBHINZIONIEDOEIT 2mg M5
8mg THO. INSDHEIT. BERSY > NI B DM LILHT 5 (Angkawidjaja

et al, 2007a) .

2-3-2. CD AR MV
PML &2 DERESY DN BOEHREBICEEE CD ARYT MLV,
25°C T, 10 mM CaCly ZF T Tris-HC1 (pH 7.5) ZAWTHEIE L=, BRES

- BE M Asuh E -~ AO P

N L0 P o v
SN BROREIRIR UD ANY A

FIVIE, WINDBHERY O NNTEDARYT BV
LFF— L7z (Fig 2-1A). —7. D275A-PML OEHE CD XY ML,
PML O ARY MV EBH SN R TW=2%, D157A-PML & D337A-PML @

227 NUIE, PML OARY MLEBRLTWE (Fig 2-1B). 215 DRER
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13, Asp275 & Ala KBTS LD, o BBERENRESZ LR
BLTW5,

16 [=]
5 2
§ -5000 | g,
g =
-10000 |
1 L e -40 1 Il 1
200 220 240 260 250 270 290 310

Wavelength (nm) Wavelength (nm)

Fig 2-1 CD spectra. The far-UV (A) near-UV (B) CD spectra of PML (black line),
D157A-PML (green line), D275A-PML (blue line) and D337A-PML (red line) were
measured at 25°C in 25 mM Tris—HC] (pH7.5) containing 10 mM CaCls

2-3-3. D157A-PML 3 L Tf D337A-PML DO#% R HEE

PML &R U b&BICH W T, D157A-PML B KU D337A-PML O
HENEOLNZ. —FH. FAROFEHT D275A-PML O#E&EIIR/ SN -7z,
% Z°C. D157A-PML & D337A-PML O#E&EHEE % close BiE L L TETNEN
2.2A & 2.3A DHMEETYE L=, DI5TA-PML Bk 0 D337A-PML D245k
#E PML ERUTHok (Fig 2-24). 728, PML & D157A-PML £7213
D337A-PML O£ TD o ZREFKFD RMSD EOFEHEIZ, Th¥h 0.39A &
0.21ATHo . ¥£7z D157A-PML & D337A-PML 0% RE AT ED DG
b Asp157 & Asp337 DHIVRF I IVENBER S N2 LIsH T, EAHIC PML &
AU THo7%. UL, DISTA-PML i3 PML & R#iC 2 D Ca2+1 48
Ca2 & Ca3 ¥ MIHEEL TWBDIZH LT, D337A-PML iZid Ca2+1 3 >4
1 724 Ca2 B MZHEL TWiz, PML & D337A-PML @ Ca3 B b &5
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Wit ZNRMIST 2 HMELOBTFEEN QFoFeXv7) % Fig2-2D & E
ICENFNR L. 205 ORI, Asp337 2 Ala ITEHRT S I EI2LD Cas
Y1 bZ2BREL TS, PML D close BEBIXIZEAERLLBZNI EZRLTH
%, £ Cal ¥ M open HEZ T TR END DT, Aspl57 % Ala ICEH
THZEWED, Cal B MABRESNENEINPRIFASHITTH I LFTE
o feilt, DIz £ TOERITED PML DEBIIFEAEELIENT &
ZH 5 MLz,
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Table2-1 Data collection and refinement statistics

_ D157A-PML D337A-PML
Beamline ~ BL38B1 i BL38B1
Wavelength (A) 1.0 1.0
Resolution 87.0-2.20 (2.28-2.20) 86.4-2.25 (2.33-2.25)
“Unique reflections - 35333 33670
Redundancy - 52 4.1  52(34)
Completeness (%) 94.7 (82.6) , 95.1(72.4)
Brerge (%)2 8.6 (13.4) 6.2 (11.8)
Average Jlo () 17.4 (3.2) 26.7 (7.1
Refinement
Resolution range (A) 40.2-2.20 89.7-2.25
Space group P2, . P2
Cell unit (&) a=4863, b = 8463, ¢c= a = 49.60, b = 84.32, ¢ =
| 87.52, p = 96.88" 86.90, b =96.28"
No. of reflections 33 409 32 009
Cutoff "~ None None
No. of protein atoms 4550 4550
No. of water 366 501
No. of metal ions (Ca2+/Zn2*) 10/2 ' 9/2
R-factor (%) 23.1 , 20.8
R-free (%)b 27.8 24.3
RMSD ‘
Bond length(A) 0.026 0.018
Bond angles (©) 2.254 1.573
Ramachandran plot statistics. Percentage of residues in regions
Most favored 95.6 97.6
Generously allowed 44 2.4
Disallowed ' 0.0 : 0.0
8 Rmerge=2 | Bt | —<Fw.>>/T K, where Fu is the intensity measurement for

reflection with indices hkl and <Ihkl> is the mean intensity for multiply recorded
reflections. ' S ‘ : '
b e was calculated using 5% of the total reflections chosen randomly and omitted from
refinement.
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(D)

Ala337

Fig 2-2 Comparison of the crystal structures of PML and its mutants. (A) Stereo view of
the ribbon diagrams of superimposed structures of PML (gray), D157A-PML (green) and
D337A-PML (cyan). The Ca2* ions bound to PML, D157A-PML and D337A-PML are
shown as gray, green and cyan spheres,

respectively. The side chains of the amino acid residues forming catalytic triad (Ser207,
Asp255 and His313), Asp157 and Asp337 of PML are shown in stick model. The
positions of lid 1N, lid 1C, Ca2 site, Ca3 site, p-roll sandwich consisting of the first and
second B-roll motifs are also indicated. (B) The main chain fold around residue 157 of
PML (gray) and D157A-PML (green) superimposed. The side chains of Asp157 and
Alal57 are shown in stick model. The positions of lid 1N and lid 1C are indicated. (C)
The main chain fold around residue 337 of PML (gray) and D337A-PML (cyan)
superimposed. The side chains of Asp337 and Ala337 are shown in stick model. The
Ca?* ions bound to PML and D337A-PML are shown as gray and cyan spheres,
respectively. (D) Electron density around the Ca3 site of PML. The 2Fo-Ft maps
contoured at the 2.00 and 8.00 levels are shown in cyan and magenta, respectively. The
coordinate bonds for the Ca2*ion are represented by broken lines. (E) Electron density
around residue 337 of D337A-PML. The 2Fo-Ft map contoured at the 2.00 level is
shown.

2-3-4. BEHRE M

BEMY NIV BEEREY NIV BEDIATT—EBITYN—E
EHEE, ZHZN pnitrophenyl laurate B XAV —TH A N EHEEE L TH
WT, 30CT. 10mM ATV LEET. FEETTRARELEZ. /BN
fR% Table 2-2 ICE LDz, Ca21F 2 HFH T TId. D337A-PML . PML
ERBEDIATS—EERL ) N—EiEEEZRL 7z, —7. D157A-PML i3,
PML XD HBITENTIAT S —EEEERL . ERUN—EBEEZEZEALE
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RE Moz, DISTA-PML O L AT 5—EiEHE (HiEH) 1. PML @ 0.7%
Thot. Fio. D2IBAPML DIRFI—VPEREEUN—VYEED, The
N PML ® 3.4%. 25%IETFLTWez, LHL. Ca 1A IEFET T, B
ERY VN BOEREY YNV BDBFRIAT I — LIRSS, U
N—PEERIEEAERIBN o, Ca 1A VIBEETICBIDHEMY >
ROBEBREY 2RI BEOIAT 5 —VEEZNTNS Caz At + ST
$13% PML OIEHD 0.4%~09%TH o7z, TIN5 DREIL. Cazrt > I
HETFTRWTNOLERS PML OTAT 7 —EiEEIC, TG EREBHEER
FEERNZ EERLTWS, #85 T, DI5TA-PML & D275A-PML O LA T 5
—PIEER Y N—PIEMD PML EHARTAEEFLAEDE. Cal & Ca2 ¥
1 NCENEN Cadf A A B TEB L Bo D THS EEX BN,

Table 2-2 Enzymatic activities of PML and its mutants -

A Esterase2 Lipasea
Protein [CaCla] Specific Relative - Specific Relative
- (mM) activity - activity activity activity

(Uimg) (%) (Uimg) (%)

PML 10 44 100 2800 100
(wild-type) 0 0.4 0.9 <10 <0.4
D157A-PML 10 0.3 0.7 <10 <0.4
_ 0 : 0.2 0.4 <10 <0.4
D275A-PML 10 1.5 3.4 710 25
0 0.3 0.7 <10 <0.4
D337A-PML 10 49 110 2500 89

0 0.4 0.9 <10 <0.4

aThe esterase and lipase activities were determined at 30°C in 25 mM Tris—HCI (pH
7.5) in the presence or absence of 10 mM CaCl: using p-nitrophenyl laurate and olive oil
as a substrate, respectively. The experiment was carried out at least twice and errors
from the average values were within 9 and 7% of the values reported for esterase and

lipase activities, respectively.
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2-3-5. BYZE M

EREADOHEN PML ORERICED LI ITHET IO BT
D720, BERY O NVBBRLOERESY NV EOREZERE., BELR
([ZHES 220 nm @ CD OB ZEBHTHZ LK VBT Lz, ThoDdy >
NIBOREZEEITN S DDOERETHEN LN, EORBETHRMETH >
. BAERS LSO EEERKS VN7 BOSEEEEIL. 10 mM BE)L
PULGEETTEN L (Fig 2-3A). %72 PML & D275A-PML 2B L Tl
Ca2* {1 F 2 IEFE N THREL MR 2@ L7~ (Fig 2-3A). T35 DFZ M
MOEMPRIRE (Tie) %, Table 2-3 1TFE &%,

Caz+1 ﬁ"‘/#ﬁ?'ﬂi‘ D157A-PML & PML &FROLZEEERL =
2. D275A-PML & D337A-PML i PML KD REE T, TD Tidndihnd
PML O Tie &0 5CETLTWE, LML, CaztA F 2 IEFEET TIL.
D275A-PML i¥ PML & kDL EMEZRL /=, D33TA-PML b EkOZEEZ
RS EEZAONIZOTHELRN D /e 2D &L, Cazt 1 F 2 IEEHE T Tk
Asp275 % Ala ICBH L TH PML OZEHRZNEEAE < B LANT L&
RRL TS, Caz 1 A HEET, FEETTO T 2HET S E, Cazr 14
CIEETIZBW S PML & D275A-PML OEEHX Cazt{ A > HEHETFICHIT
DHEA LT, TN 10C, 5CHEFLTWS, o T, Ca2tA( 4 HFE
TFTIEPML @ Ca2 & Ca3 ¥ biZ 2 fHD Ca2+{ 4 > %%, D275A-PML @ Ca3
YA ML 1ED Cazr M F B ELTH U, BIHICED NS D Cazt 14>
PREINEEEZBNS, |

Caz 1 F 2 IFEE T TOHAER PML OEFHE CD A7 MU, Cazt
AFEEFDOEEDARY MLERLALTH o7 (data not shown). 0
Z&id, PML @ Ca2 & Ca3 ¥ b5 Caz 1 T ZBRWTHEEIRIEEAL
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B UBWI EERBL TN,

Cal ¥ MZ Ca21F 2MHEET 2 DIEPML A open iEZ KT 5
F§7211 72D T, PML & D157A-PML @ open #&DEEME LT 5 HH T,
PML & D157A-PML O#EZEM % 0.0156% (whiv) (8 0.23 mM) triton X-100
FET, 10mM BRIV Y LAERETERLTHEFETTHN L. Zhbs0sd
PN BOEEEHRE Fig 2-3 IORLz. £z, #5NAEEFHRIEE Tie
& Table 2-3 LK LW M 1 ETHRN L D1, SML I3 0.2% (w/v) triton X-100
TFE T T, open B EEK TS (Meier et al, 2007), ZHOZ M5, PML b
INERUEHBT open BiEZBRT 5 ETFHIENS, LA L. triton X-100 zé

MABE. CD Y FFIND ) A ZHBHINT B, 0.2% triton X-100 FHEFT

BB MR EET S ENTERN o, €I T triton X100 DREZ
0.016% £ TS L THEMETT/R>72, BMRELTCD 37 FINVD J A Xid@ny
D, ZOFEBETREEMBRERET S Z LN TER (Fig 2-3B).

Ca2+1{ F > F#1E T T triron X-100 FF1E F EFEBFE T D Tip RS &,
PML DZEMES D157TA-PML OREMED triton X-100 EEFTIE. Wind
#12°CET 9% (Table 2-3). PML OZEHZE Ca21 4 VIGFLET THITLZ
BEbRETHS (Table 2°3). TOHEHBELTHESL, triton X-100 2N A
%Z L&D, 1dl & 1id2 D close #iE & ZELT SBUKEMEEAIMET L.
NS5O lid DRHEIBMNT B2 LEZ 5D, Ca2t 4 > HEF T PML
& D15TA-PML @ Typ EBHARS &, triton X-100 FFEFET TiL, WEOLEME

N A B Ry X 1Nnn TR TMarr A _DAAT 1
C, Tr1iton A“iVVU 171 I Cves DJI1IOTATEL |4

ot

PML £V 1.0CAZLE(LTS (Table 2-3)., Ca21 A »IEFEE FTIE. triton
X-100 TEF T DISTA-PML OZEEWIE PML E£b 50, Zh5ORKE
13, Ca2tfF 13 open BENHERE NS Cal U1 MTHEETHZ &,
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Cal U1 MZ Ca 1A > WHERT 5 EREMN 1.0CH< BB I E2RELT
Wb,

z

0.5

Fraction denatured

Fraction denatured

!
18 -J:H |
:r :iiﬂm:‘ﬂuﬂ; I

Temperature (°C) Temperature (°C)

Fig 2-3 Thermal denaturation curves. (A) The thermal denaturation curves of
D157A-PML (green), D275A-PML (blue) and D337A-PML (red) measured in the absence
of Triton X-100 and presence of 10 mM CaClz, and PML (cyan) and D275A-PML (yellow)
measured in the absence of Triton X-100 and Ca2* ions are compared with that of PML
measured in the absence of Triton X-100 and presence of 10 mM CaClz (black). (B) The
thermal denaturation curves of PML (black) and D157A-PML (green) measured in the
presence of 0.015% (w/v) Triton X-100 and 10 mM CaCly, and PML (red) and
D157A-PML (blue) measured in the presence of 0.015% (w/v) Triton X-100 and absence
of Ca2* ions are shown. The measurements were done at pH 7.5 by monitoring the

change in CD values at 220 nm as described in Material and Methods.
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2-4. EE |
Family 1.1 UV /S—¥ (Nardini et al, 2000) & Family 1.2 U /S—¥

(Noble et al, 1993; Kim et al, 1997; Schrag et al, 1997) O#EEEEICK S
& NS QU NR—EIRFEERLOESIT 1EOD Ca2t1 4 EaY1 M ERD.
EACEHHEN S, ZOFA M. REM (Tanaka e al, 2003) &iEfE

(Svendsen et al, 1995; Yang et al, 2000) [CHETH B I EIRBIN TN
%, Family 1.5 ® Staphyldcoccal UNR—EBFEEFLDIES Iz 1 B D Ca2+1 %
CEAELTBY. ZOYA MIHEATS Caz 13 > biEDOREN. LGS
ET@% ZEWREINTWVWS (Talon et al, 1995; Simons et al., 1996; Oh et al,
1999), ZNHD Caz1 A UHEEYA MInTNd Family 1.3 U N—EIZE, |
HEINTVAREWN, 325, Family 1.3 U/X—ED N Kl R A1 ZH
%300 Car{ 2 RETA b (Cal~Ca3) W. Family 13 J/A—¥icL b
BELREWI ER’DND, TITPML OINLD Ca M F UfEad -1 D&
HZLUTTERT S,

2-4-1. Cal¥ Ak

SML @ open iz &% & (Meier ef al, 2007). Cal ¥ Mid open
BEOBICEREIND, ZOBEW AL EHRINDAY v 7 ZHHRES Cazr1 4
S DEREND., Z0 Ca2 F 13 GIn210. Aspl53 (1 HERAD) . BL
Aspl57 (2 BT OBISE. Thrils & Serld4 DEHOWHRIRT & T 6 el

L TW3, Zh5ETOT I/ BEER ENTV3B, 20T

SN — e

(.
\J

.

EMS. Cal Y1 ME PML TH SML & FAEIC open HiEDRFICER N5 &

ELZO5ND, BRBREMICEL TIX. Aspls7 Z Ala IZE#UTH. close HiE
TI3 PML OEEHICHEL Ao Tz, L, PML 2 OERICK BRI
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HEEFEEAERS T, ZOZENS, ZORRIE Cal Y1 FOERZTHIT TN
BT EAVRME NS, THUL. open MATEHEE 115 40 (triton X-100 & Ca2+
13 HFET) TPMLIZEZELENSH, DI5TA-PML IX PML i E T3 RE
EINBNENSHERNSHHMS (Fig 2-3B & Table 2-3). close B Tl. lid1
EANY w7 Z0@RPTERFNEHDBD, AUy T ZXA—-F—2—A1 vﬁ)ﬂ%iﬁ
EBRL TS (Fig 224). Z 27T Lidl ® N K54, C K@l 222 idIN
& 1id1C &M, Aspl5s7 id id1C @ N KN E LIFIEICEHRL TV,
I RNHEEEOMEREMICE D HAIN & HdIC IIAZ<BEHLT 1 AOELA
w7 AERD, TONYw T ZOENT Fig2-2A OF®EICH LU TREERIC
%, ZOMBEICE> T, Aspls7 IFEMANK 156A%EH L. Cal Y1 F2E
R9 5. BL Caz(F 2% Cal U1 MIESLARTNIE. open EEIZHZS
SALEITIED ERDONS /38725 Cazt A EEAMT 5 Aspl53 & Aspls7
DRICRWHENRFENEC 72D TH S, #> T Cal Y1 M open HEE
REICL, BREREZEAHTZDIIHETHD I ENREBEINS,
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Table 2-3 Stabilities of PML and its mutants

- Triton X-100 +Triton X-100

Protein [CaClel mM)  7i2 (C) ATi26(C) Tue2 (C)) AT2e(C)
PML 10 64.3 - 62.7 -
(wild-type) O 53.7 -10.6 51.9 -
D157A-PML 10 v 64.1 -0.2 61.7 -1.0

0 ND 51.8 -0.1
D275A-PML 10 58.9 -5.4 ND

0 53.9 -10.4 ND
D337A-PML 10 58.9 -5.4 ND

0 ' ND ND

ND, not determined.

aThermal denaturation of the protein was analyzed at the same condition for assay in
the presence or absence of 0.015% Triton X-100 by mdnitoring the change in CD values
at 220 nm. Zie represents'the midpoint of the transition of the thermal denaturation
curve. The experiment was carried out at least twice and the errors from the average

values were £0.1C.

bA Tio=Ti2 (examined) - 64.3 (The 712 value of the wild-type protein determined in the
presence of 10 mM CaCly).
cATu2= Tye value of D157A-PML - 712 value of the wild-type protein.

D157A-PML 13U N— R ERE BD Sk BOLATF 5—T1E
&R U7z (Table 2-2) ZOLAT I —EiHEEIEX PML OEHD 0.7% TH 5,
COMIETHEND, HUMICHRE S W EERELZERADE (<0.06%)
(Amada et al, 2000; Kwon et al, 2000) X DIZHSNZE W, PML % Ca?t
LA SFEET TR NA—CEEERS T, MBBLRAT T —CEEERT
(Table 2:2), %7z DI5TAPML DT A5 5 —HiEHEIE. triton X-100 D& > 7
A RAEE AT T 810 I35, Zh5 ORI, Cal ¥
MITAT 5 —PEEICEBATRAN S EERBL TS, BEERIEHE1
+RREENFEETTIE. BT5< Ldl & Lid2 AR S Mk 5,
U UTEHEERAASE 210 B < D13 1id1 2% Cazi A 4 L ICEE S e & E B TH
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Do UN—COEEERERIWIEEERKT HDT, Lidl & lid2 AL
Wz EERTEERMIcEMTER EEX 6N, — K, TATF5—FDh
SREFEFIINGD Lid PSR THIEHERM S #MMT 5 Z &N T
EHLEALND, 2D END, Caz F VIFFEF T, PML ® D157A-PML
BUN—EREEZRS T, FOIAT 5 —EEEERLZDIZ, ldl ® lid2 28
FEICHNELD TR, AIRIAF 5 —VEE & OHERMICL D 1id 55
BAMCHWEZZ L&D EEL 505,

2-4-2. Ca2 ¥ b

Ca2 ¥ b @ Ca2 1 F 3. GIn253 (1 JEEIAT) . Asp275 (2 FEELAL)
BEU Asn284 ORI E Asp283 DEPOBMBERTBLL 2 DDOKNT & 7 B
RAHAL TS, Ca2 ¥1 M Asp257 % Al KBS 3 2 £10 & 5T Ca2r
1A AEERERD LEDND, BERD, Caz{ F S FEAET TO PML OLE
PEE BT B & D275A-PML OREHIIKRIBIET L TWBA, Ca2r( >3k
FHEFTO PML & D275A-PML OREREIEACEH S5 TH S, PML &
]ﬁmeML@ﬁﬁ%ﬁi@%&ﬁCDX&ﬁ%»@%%iD\&ﬂﬁ%%@
5 Ca2( 4 > 2B THREAL TS PML OBEIIELL A0 ZOER
LD D275A-PML OBEEDTNCEIL L Z LAVRBEND, Asp275 DA
HiX, Ca M F > DU N> RIEWFTARL, Arg259 DRSS L X Glu3es DL
DEFFT EARREE EHRL TS, D2TSAPML . =5 0kERS
BRTERNO THLSNAEBELLEZEERILTVS LRI, LML
B CD AR MVOIERN SN BRI, ZOBEBIZT<bTNTH
3., ¥R 5 Ca2t1 4> IEETFTO PML OEEMIT Asp275 % Ala 12 B#ft
LTh, KE<SELLAVWNSTHS (Table 2-2).
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Ca2 B b D Ca 1 F 2 LEMEEL TWAHETOY I /) BFREAR.
B78 (Leu249~Val251) & 388 (1le285~Phe288) DEDEWIL— T DH
WAL TS IEEFLERED 1 DTH D Asp255 b ZDI—TDOHIZH 3,
Ca2 U1 F TOZERIZEL > TPML OBEREENRKESHEALLDIT, BESL
ZDOIN—TDEENEL . TNITE > T Asp255 DRBERENSHNWTLE
ottwk%KBhéo:@%ﬁ%mm3%6<\CDZ&?FW?M%MT%
BNEENESWERDNS, > T, Ca2 U1 bdD Ca21F EBT 5 <HEH:
FLOEEZ KRBT EOIBELEZ BND,

2-4-3. Ca3 ¥ h
Ca3 U1 N Tld. Cazt1 A 2% Asp283 (1 JEEINT) BELTN Asp337 (2
JEELAT) DOMEIEH. Lys278 BELU Ala281 OEHOEERF T2 L T 2 HDOKZF
ET T ERMAEALTWS, Ch507 3/ BRAREE Family 1.3 U /X—¥iik
TERBEINTHEY, ZOZEM5, Ca3 ¥ MM Family 1.3 V/¢—F
KHREIN T RN EAVRRENS, EE. ZOY 1 MM SML OB&ICIEZA
53730, SML THE Lys283 & Asp283 AZNTN His (His279) & Asn
(Asn284) KEEHA 5N TS, D337TA-PML id PML & UiEfEZRL 72
A% PML & V# 5CREETH D, DI ENS, Cad &fr- h i PML O%5E
fBICHFETHIENRBRENS, (2-42) THhRZEDIT Ca2 1 +H PML
DEREICEFET S, Ca3 Y1 FD Caz1F & Ca2 U1 b D Ca2t1F 2
58 84A UNEEN TRV, ZRUTHED ST, Miv MIAMYIZ PML ©
LEAICFEES TS, PML 220D, W< DNOD Family 1.3 U /\—FidLE k%
MESES720IC Cad 1 h2BH L0 LN,
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25. B
PML i N KIS R AL 12 3 DD Cazv 1 T 2BV FE2BELT
W3 (Cal~Ca3), ZM5%5, Cal ¥ hid PML A% open BEZERL R
ROBRENSD, Z15 3 DD Caz 1 F UAEE Y1 N OREIZMITT 52012,
32D 17/ BRBRERY /N7 HE DI5TA-PML. D275A-PML. BKLW
D337A-PML ERELZ. IN5D5 5, D15TA-PML & D337A-PML OS5
W2 close M5 & L THE L7, D33TA-PML OMEET Ca3 B h D Caztof
FMALNBN ST Z EERNT, WY /N7 BOREREIE PML O close &
EXSLBTWz, 2L TDISTA-PML iZ PML & FIFRBEOREEZR L,
—75, Ca2*{ > > 4#4EF € PML & D157A-PML @ Ty & x5 &, triton X-100
FEET TR, MEOREHIEEAEATTHBDOIHL T, triton X-100
FE T TIED157TA-PML IZ PML & 0 1.OCARELEL L /=, Caz* 1 F > EEET
Tid. triton X-100 #F7E FTH D157A-PML OREMNIE PML E£bH 5205
2. DI5TA-PML &, EEACBEREEERIBDN 0/, D2T5A-PML DEE
X PML & D #) 5CEMN > 72, & LT D275A-PML IZ PML & D WU /S—+F
FEMEE TS 5 —ViE it 2R L, —%. D337A-PML DS PML X 0
5CEM >z, LML D337TA-PML i3V /XN—EiFlEd TAF 5 —F¥iERED PML
EFRIFEDOEREZRLIZ. ZNSOBENS. Cal U1 D Cazr1 4 13 lidl &
B L THRERMLZZ2ICET 2 DICBETH D, Ca2 & Ca3 A D Cazt
A1 2 PML OEZERICHF S L. T 51T Ca2 ¥ bD Cazt1 4213 PML ®
EEPLOBEEZREITHDITHREEEZISNS,
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(55 3 )
C KB RERFITF — 7 D5E

31. Ui

PML & SML O#EHEENSRIND LD, 13HD RTX #0EL
BEFIE 8 O—I > A v FHEERRT 5. ZOBEBICBVTIE 2 D00
—VEF—T1E B O— ORISR S & S AT NS, Ca2o
Z B O EF—TEEDBERRICHLETH D, Ca2tf 71‘?3!57?@?'6
i, PML 0 C 38 K A1 S RBRS M &5 SHBIE N T 5 (Amada et
al, 2001; Angkawidjaja et al., 2006). Bordetella pertussis H¥ adenylate
cyclase (Chenal et al, 2009; Sotomayor Pérez et al,, 2010) IR L TREBIN
TWBESIT, TISS KEDMMEIND Y >RV B, =0 RTX D& LAEF
DHEE Ca2{ 4> DA & 0 RRRIMED 5 BANABENE LI E5
ZERED, PREHWEINBHOEEbND, MEOHRENO IS
LBERIERICENED, B O—IVEF— T HENEANTHRE NS L13%
I W0, EBE. KIBEEERND Caz 1 A4 BEIE 0.6 M EREINTHY
(Jones et al, 2002). ZNE B O— IV EF—THEEZHRIEDDITHLER
Cazt1 & BE (Ostolaza et al, 1995; Rose et al, 1995; Amada et al, 2001)
L0 2~3 HHEWN, —F. EEAOIIL ST LBEE B O— L EF— THEDR
RERETITEHAE< BVEN, 5T, RTX #0EUESNL. EENTIEA
MALHBEEERL TB0. TODHS > NI EIZ TISS KK DIRE <53
XNBA SUHEIL Cazr 1 7> DREBIC L D RTX 0B LEAN 8 0— L EF
—TRHBEWRT S EEZ 5N, |

BT I BREOBRICEON (ENTW 3 TAE 48 OMEEN
Ifﬁ‘iﬂ(‘fi?%%?bfjﬁ&‘ C RigEF—TIL, TISS K> THWMEINBDY NNV EIT
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K REZINTWB, Erwinia chrysanthemi HHEE metalloprotease PrtG T,
CRIEEF—7 (DVIV) {ETISSIZLB Y NI BHWMITHETH S Z LR
RENTWS (Ghigo and Wandersman, 1994), U L. S, marcescens H3k&
NLER/SY /N8 HasA Tl CRKMEF—7 (ELLAA) EOWICIINEAET
BN EASRBREINTWS (Omori et al, 2001). 7= SML IZBIL T C XHE
F—T7 O LR HDBAKED 5 BERFIEF—7 (VTLIG) 28 T1SS OF /%
DEGWITHBEREEND ZEINRBENTWS (Omori et al, 2001), ZHET
DOBFFET. 5 BERFIEF — 7 & CRBEF— 724D C KD 19 BEENIR
95&, PML B3I R23KE T TREL. PML OBEREEDREENE
ULLIETT 5 ZEMHSNIZINTNS (Kwon etal, 2002), Fi- kBB H¥k
hemolysin (Felmlee and Welch, 1988) @&k 512, PML X8 O—)LEF— Tk
AR E NIRRT BERIE 2 RT C EPHSNMCEINTVD (Kwon etal,
2002; Angkawidjaja et al, 2005). fit> T. 5REEFIEF—T7 & CREHETF
—7DESL 5 PML OSWICBERDOD, 2. CHSDEF—TDEL SH
PML QBRI S RE LI EE R OB LENS 5,

AETI. CRMEF—T72URLAED. 5 BEEFITF—T79 C K
WEF—TIEREANEDV TSI EICED ATED PML ZEAEHEEL, =
NEDOEREOS W, BEEE. BLORERERNE, ChOOBREED &
2. 5 BRERIIEF—7 & C-RFEF—T7DRENCDNTELRT B,
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3-2. FEBRMEIBIOHE
3-2-1. Bk, I AIR
PML ZEAEDORBEEDZ®OIT, BFEE L THWEKBE HMS174

(DE3) pLysS [F, recAl, hsdR(rxizmis*), RifRDE3), pLysS(Cm)]id
Novagen # K DEA L, 75 XX R pET25b(+)H Novagen # L DEEAL 7=,
¥/, PML ZREQEEAIBICAVEEEBLTT S22 Kid, (221 &
HCTH5, PCRDTIA4—ELUTHWE DNA F U I —0ARITILHEE
VATFLTA L ARITEKEL 7.

3-2-2. ZEEREA
PMLAS & PMLA10 ZREAETH72DIT, INH6E2I— RT5E
[=F% PCR 12 & > THIEL 72, 8517z PCR Bif % pET25b(4+)® Xbal-Hind
I Y MTHEA LK, 723 PCR OHHELTIE. pETPML (Amada et al,
2000) 2z, PCRICHWET 51 <—I3,. PMLAS OFATIE, FI91<
—1 (5-GGGGCCCCTCTAGAAATAATTTTGTTTAAC-8) &7 54 ¥ —2
(5-CCTTTAAGCTTTCAATCGGCACTGAGGC-3). PMLA10 O¥ATIZS
5S4 <—1 &7 51 <—3 (5CCTTTAAGCTTTCAATTCAGCGCC
ACCCC-3) Th53, ChoLDRFIOT > —F1 VB3 T54~<—1 T
Xba 191 b, FI14<—2 & 3 Tid Hind 111 ¥ hZRLTW5, 2A-PML
2 3A-PML % 1— R BEETFNEAINSZ pET25b (+) FEMEIT, ZhTh
QuickChange II site-directed mutagenesis kit (Agilent Technologies) BX N
KOD-plus-mutagenesis kit (Toyobo) ZHWTHEL/~. ZOZLEREATH
pET-PML 288 & U TRV, ZREART S5 ¥ — 053, 2A-PML D%
A3, Vals99 (GTG) & Leu6ls (GTG) D RWS, FNEN Ala 23— R
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T5H5IARY (GCE) KEMTSEDIZ. 3A-PML OBEATIE Ile614 (ATT).
Val615 (GTG). BLU 1le616 (ATC) DI R, FNZFN Ala 20— RT
%53 F > GCT. GCG. BIUGCC REILTB LS TR L=,
PML AR Kz 3 S B 5 BICANWS pUC18 &M/, LR pET25b
(+) FEAZHIEERED Xbal & Hind TIT TAE L T PML ZEEDERLE T
AU DNA W ZHAEL. €% pUC18 O Xbal-Hind III A MIHEATSZ
EICk DBEL 2. DNA OHEEESI ABI Prism 3100 DNA sequencer
(Applied Biosystems) THEFEL 7=,

3-2-3. RBEEBICHEH
PML 88X U PML ZREOKEAEILX. pET25b (+) %ﬁﬁé’é%gﬁﬁ
# U2 REE HMS174(DE3)pLysS 2 AW Tz - /=, BEIIGER D Hik
(Amada et al, 2000) IZ5¢ > T2 > /2. BRAKEEY OHEEIT 12% SDS-PAGE
(Laemmli, 1970) %A CHRBL T, £ZERMK PML O Ao (1-12) &
FIRICEH L. PML. 2A-PML. Z L T 3A-PML Ofi% 1.14. PMLA5 OfE%
1.15, ZLUTPMLA10 Q% 1.16 £ L7z,

3-2-4. BEHINU

PML ERED WML, (2-2-2) RO FETH R, By
ZIRT BOBEEN TR D LOEFNERRIL. SDSPAGE 7)1 % CBB 3if
LTHHRIEL72b D%, Scion Image 707 S5 AZHNTHRE L=,

3-2:5. CD ARZ M)
PML #&U PML ZREOEHEEB LCRER CD ARY MU
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(2-2-3.) EEROFETHEL 7=,

3-2-6. PMLA10 OfGE B I X BEFrT—F INE., #BERT
PMLA10 O#EEMEB LI X BRI — & INE., BEETIE. (2-2-6.)
ERIBEDFETIT W, PMLA10 OS2 RE LT,

3-2-7. BERIEHE
PML B LU PML ZRAEDOBEREMIL (2-2-4.) ERIBEOHETHEL

—~o0

3-2-8. ALEM
PML %i@@f’aﬁ%ﬁmﬁﬁs LELND Tipld. (2-2-5.) EFRIBOFE
THEIE L=,

3-2-9. RFEME

REBICKAEEHBRIT, 26°CTHRARBRIBEE FICBIT 5 E 220 nm
?D CD EZEHTHIETHE Lz, ¥ ?/\"ﬁ’Ebi 10 mM LN T LB X
Ok 4 RBEDRFZEEZSE 25 mM Tris-HCl (pH7.5) AL, JIERIC 138
M. 25°CTA >Fax—bhLl7., 72NV EREIZ~0.15 mg/mL T, XKE2
mm TRIE 21772 o7, PML BXUERE PML IIRBLMEICH L TRHHEE
KT, IN5DY NI BEOEERWBRERITIZREEETHS EKEL. &
BEBRIREONR—ZA T 1 2 2EFITEML, RBRREBEEEREBOEHI )V
F—2 (AQ BXY, KPFTOEMEIHES BHIXINF—EL (A GH0)
%Z Pace WK OREINIZUTORICEIDEHLZ (Pace, 1990),
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fu=(by+aa[D] - »)/(bu+as[D] - by - 2u[D]) (eq D)

K=£u/(1- £ (eq 2)
AG=-RTlh K (eg3)
A G=A GH20) - m[D] . (eq 4)
A GH:O0)= 1+ Ci  (eg®)
£u=1/(1+exp{A GHOVRT - mDVRT) (eq®)

ZIT AEEEREDOEIS 2, y 1352 BEDIOREEET BT CD %
BRLTWD, by b 3RBRE. 55 VIIEHIRED CD EZE. an . 2 13
BREMEDOR—Z 51 > OEEETHENEL TS, K 3AEERIC ST
DEERE, AG IIEEREBIIBISF T AOEBIRINF—B{EELT
Vo, £, m EIZAG ERFBED]EOHEC RS N3EEOEETHS.,
Culd A G0 (Zero) DEEDRRBBETH S, RLMEIT Sigma Plot (Jandel
Scientific) ZHWT. LEORMSHEBNET S 2 & THEHLE,
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3-3. EBHRBIUER
3-3-1. R

PML & PML ZRE4ED CKKDT I ) BEdH% Fig 3-1 KRS, 55
HEERFIEF—7 & CRWEF— 7L, ENTN VTLVG (599 5REH ~603 FBH
H). DGIVIA (612 BEH~617BEE) &L TPML IKBESNTNS,

19 18 17 16 15 14 13 12 11§10 9 8 7 6 5 4 3 2 1
PML[V T L VG|VALNiISL SADIGIVTIA-COOH
2A—P1AVIL'—TV GVALNISLSADIGTIVT A-—COOH
3a-PML-v T L VG VALNSLSADcEJYYa-coon
PMLA5 -V T L VGV AL NISL S A D|—COOH

PMLAIO-V T L VG V A L Ni-COOH

Fig 3-1. The amino acid sequences of the C-terminal regions of PML and its mutant
proteins. Numbers below and above the sequence of PML represent the positions of the
amino acid residues starting from the N- and C-termini of PML, respectively. The
mutated residues are depoted with white letters and black background. A five-residue

sequence motif is boxed and an-extreme C-terminal motif is underlined for the PML

sequence.
PML O EHE L V. 5 BEEFIEF— 7RO Vals99~Leu601 X 534 $HD C
Kk %, C RKHEF— 7N I1e614~11e616 13 $35 #HZ KL T35 (Fig
3-2A), W BT, TNENN2DHDOBO—IVEF—TRBEFORI— M EFE
fTBY—REEBRL TR, HBENICZOBO—=)VEF—T7EEL 1 EIRSfH
XL Tnwa,
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C KI5 5 HEE /213 10 BELHIFRE /2 PMLAS BXUPMLA 10
iZ. CERMEF— 72 PML D5, BEREN. BIORERICHENE S
MNDBEDITHEL . T T.PMLAS X CRBEF—T7DIEEAEE, PML
A10 X CRWEF— 7242 REL TS (Fig3-D.
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Fig 3-2. (A) A stereo view of the three-dimensional structure of PML. The crystal
structure of PML in the closed conformation (PDB ID 2Z8X) is shown. The amino acid
residues that are mutated to Ala in this study are indicated by stick models, which are
colored magenta and dark blue for those located in 334- and p35-strands, respectively.
Ten Ca2* ions are shown in yellow spheres. Three active site residues (Ser207, Asp255,
and His313) are indicated by stick models, in which the oxygen and nitrogen atoms are
colored red and blue, respectively. p31l-strand, which forms parallel p-sheet with
B35-strand, is also shown. (B, C) Stereo views of the three-dimensional structure models
of PMLA5 (B) and PMLA10 (C). Only the structures of the C-terminal regions (residues

489-617) are shown. The Ca?* ions are shown in yellow spheres.

PMLA5 BX U PMLA10 OE#EET )5, PMLAS IEB35 HEREL TH
M, B358E B3MBHOMDIN—TEFL TS (Fig3-2B). —4. PMLA
10138358 & B34 BHDMIDIN—TDIFEALEEZRBLTNS (Fig3-20). &
iZ. PML O—BZLRY > VE (2A-PML) 3. 5 BREERFIETF— 7 OFRVB
KHEDY PML QBT TR IEHEPREMRICHENE S MEEND D TDITH
BLl, ZOEF—T7WE 3 DOMNIBNBIAEREEZEL TS, LE3 DD
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73 JBBEDSE. Valso9 & Leu60l 2TNTH Ala ICEH UL, RS
IN5OT I BERR SML CRESNTHD. LUl TN5% Ala ICE#T
B& SML OHWPENFEICRITHZENRESNTREINSTHD
(Omori et al, 2001), BiZE/=, PML O=8Z2EKY > /N\7E& (3A-PML)
i, CRBEF— 7 DMVBKIED PML O, BEEES X OREEICKE
NEIDEID DD ICHEESNEZ, 25 3 DOV I/ BEE (1le614,.
Val615 =L T 11e616) 1F. CHBEF— T TH—ONIBENT I JBEELD
T ERYA NEUTRBAR, BBWTHORED Ala CE#RL ., 28755,
INSOY I BREEHAERS v FORIMEELTWSOT, Bk Tl
BONST: Ala ICESLUESE, EREAICHED REBEEELIRECRNE
EZONENETH S, |

3-3-2. PML & PML ZRAEDQEAN 5 |

TISS KkB PML EEOZRKS > /X7 BOBENEBIR. S
marcescens HI3E Lip > A7 AZEALUZKBE HD5 ZHWTHENT Lz, &l
RICHWE NS VU BE, WIERICEML 725 > /37 B3 SDS-PAGE K&
DR U, 2 ORRIE Fig 3-3 IR L. 3K 1L B/ OBEAMBRIE
CBB #:falc kBN KOS A 5. PML Tid 68 mg. 3A-PML Tl 60 mg.
PMLAS5 G 16 mg. PMLA10 TiZ 8 mg. ZLT 2A-PML THZ 1.6 mg &R
Mb5N/z (Fig 3:3B). TNHOMEE Table 311X LD TS, R,
BR1ILDEZ0VDDH N7 EBOEKNEERIL. PML Tid 57 mg. SA-PML T
1342 mg T LT PMLA5.PMLA 10, 2A-PML TH. 110 mg & B b 5Nz (Fig
3-34). |
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Fig 3-3. SDS-PAGE analysis of proteins secreted into the external medium and
accumulated intracellularly. Recombinant £. coli DH5 cells were cultivated and the
culture supernatant and whole cell extract were prepared as described in Materials and
methods. The whole cell extract (A) and culture supernatant (B) were applied to
SDS-PAGE using a 12% polyacrylamide gel. The gels were stained with CBB. M, low
molecular weight marker kit (GE Healthcare); lanes 1-5, E. coli DH5 cells carrying
plasmids pYBCD20 and pUC18 derivative for secretion of PML (lane 1), 3A-PML (lane
2), PMLA5 (lane 3), PMLA10 (lane 4), or 2A-PML (lane 5); lane 6, E. coli DH5 cells
carrying plasmids pYBCD20 and pUC18; lane 7, purified PML (5 pg). The amount of the
sample loaded was 30 pl culture equivalent for whole cell extract and 100 (lanes 1-2) or

400 pl (lanes 3-6) culture equivalent for culture supernatant.

INSETOHF >N BIXEAENIC inclusion body & U TERE I N Tz (data
not shown), BHSNHER EEFRNEBRRRBENTNOLERESY PRI EILB
WTRESEZ > TWe, LALUEERK 1L 720 OB EN I E L BENERE
BEDEEHILZTOEREY NI EIZBWT, 100~130 mg £iFEAEETE
Nofe, TOZ LR, BERESY OV EOARELEHENIIBT 5 ZEEILEH
ERYONIBETNEERDRNWI E2RBLTNWS, 2A-PML OEENS
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WRIL PML O 1/40 TH o DITH L. 2A-PML OBENEREIX PML O
K2METHoTze 2O . 5 REBFITTF — 7 DIWBEKEIX PML O
CBETHD I E2RBRL TS, —F. 3A-PML OWEDB X EENER
BIIEBHICPML EREETH /2. 2O L. CRBEF—7 OMmOBIAIET
PML OB BETIIRNWI EE2RL TS, LML, CEREBEF—TEZFD
SIS AW B 5 TV A TR IZER TE a0, ¥R 5, PML
DAL RV C KIFEF—7 20 EROIN— THS 2RT 5 E A E <
HEBHNETHSB (Table 3-1). 2A-PML D5 iBEIE PML & HARTAE < b
L7z—7T. 3A-PML 04813 PML ERBCTH - 722 &1L, C RimicirEs
% DGIVIA OEFTId/2 <. C KNS 15~19 BEBICMET S VILVG D
BiFIAS, PML O 73 IV E L THIEL TWS Z E2RBLTWS, B,
TISS DA >N TBED4HW 7 FINE TISS O—EBD ATP-binding cassette
(ABC)Y >/RUE (Lip ¥ A7 LTI} LipB) K& VRB#EIND Z LR h
T3 (Omori et al, 2001, LML, 3 7 IV EET PML O C KHEE,
i3, EARNTEREAABEEBRT S EEZ N5, 5T, LipB REDL
S MR TS T TNV ERET D DM KERKREN,
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Table 8-1. Secretion competencies, and enzymatic activities of PML and its mutant proteins

Secretion competency® ‘ ‘ Enzymatic activity”
Amount of Relative amount of Specific Relative Specific Relative

Protein external protein external protein esterase activity esterase activity lipase activity lipase activity

(me) (%) (Umg) (%) (Ulmg) (%)
PML 68 100 - 70 100 2800 100
2A-PML 1.6 23 75 107 ‘ 2900 104
3A-PML 60 88 64 91 2800 100
PMLAS 16 24 71 101 2800 100
PMIA10 8 12 68 97 2900 104

a The amount of the protein secreted to the external medium (external protein) was estimated from the intensity of the band visualized
with CBB staining following SDS-PAGE. Relative amount of external protein is calculated by dividing the amount of the mutant protein
secreted to the external medium by that of PML.

b The specific esterase and lipase activities were determined at 30°C in 25 mM Tris-HCl (pH 7.5) containing 10 mM CaClz using
prnitrophenyl laurate and olive oil as a substrate, respectively. Relative activity is calculated by dividing the specific activity of the
mutant protein by that of PML. The experiment was carried out at least twice and errors from the average values were within 3 and 4 %

of the values reported for relative esterase and lipase activities, respectively.



333, PML BEU PML ZREOKRATE LM
PML EZRKS NI EE, pET Y AT LEZAWVWTREGE
'HMS174(DE3) pLysS T inclusion body & U TKEAE L, T inclusion
body % 8 M REBEGEFTHIA/ILL. BELZ, ZOBREYERRES LR
BERIOE U TENL TRREZMOBRS ZEITRD., FONTBZHERSE,
EALZETICH W, BN INEEERRI NI EEZRBHTHI L
HAEETH o2, PR TIIEBRES Y O NRNIEZRAWE, LLETOBZE
T, BEBRENEZY N E(«i%ﬁ(ﬂ}:ﬁv\%éhk& NV B ELFEZOENRR
SREZENWEMTENTS (Kwon et al, 2002). £COERKS >V E
DOEFEL )V PML V& E&ETH o7z (~100 mg/L-cultufe) o 1L DIEHIMN S1E
HMINY NI BEDOREIRAR 50 mg TH o7z,
BREY NIV EOEREBIVCERE CD ARY MW Ths
PML LEBIL TV (Fig 3-4), Z0Z M5, PML QMR C KNI
LTH. C REBEMICEREANTS, KESBLLANT EARB I N,
UL PMLAS & PMLA10 12 510 Tid, £ O E OD 27 1)Vid 220 nm
T PML SOLRES > Ay BESLBASTWE, TOEHE LTI,
B35 HERRL LI LKLY, HHHEANY Y I AGRIBAL LD LEEALD
N%. FARIC. PMLAS & PMLA 10 OE#E CD A% k)Lt 265~285 nm
T PML RMOERGESI NIEEDLRIE> T, TOEHAELTHE,
Tyr404. Phe559. Phe567. Phe579. Phe594 72 SO DEERT I /B
BREEH C RIMERICABLTHED. TN 5 OGS HBE OIS C ABERO
REICKDHALEL LD EEZ 5ND,
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Fig 3-4. CD spectra. The far-UV (A) and near-UV (B) CD spectra of PML (black line),
2A-PML (green line), 3A-PML (cyan line), PMLA5 (red line), and PMLA10 (blue line)
were measured at 25°C in 25 mM Tris—HC] (pH 7.5) containing 10 mM CaCls.

3-3-4. PMLA 10 O#5 &S

68



Fig 3-5. (A) A stereo view of superposition of the structures of PML and PMLA10, which
are colored gray and green, respectively. The Ca?* ions in the PML and PMLA10O
structures are shown in gray and yellow spheres, respevtively. (B) A stereo view of the
structure of PMLA10. Only the structures of the C-terminal regions (residues 489-616)

are shown. The Ca2* ions are shown in yellow spheres.

C KMDORBIZXD PML OBENETNEERL LGN LR T D0
PMLA 10 O#EELZT W X Sk SBIEMITIC I D PMLA10 O REEEZ 2.1
ADRREETHRE L= (Fig 3-5A), PMLA 10 D#E&EEEIL. CERKEmD 10 BE
DSHIBR EN TS LS, PML @ close B& LR U TH o7z, 723 PML & PML
A10 DETD o RFERFO RMSD EOFEH#EIZ. 0.47TATH > 7. L ELDKER,
C RN 5 10 BEHIRL TH, PML OBEIXIZLAEELABNI LERS
M L7z (Fig 83-5B) DI EMNS, MMOEERFEOREED PML LIZEALER
CE&EZBNS,

3-3-5. PML B LU PML ZEKOEBERTENE

CHRITEBDHIBR D 2 VWIZZERHM PML OBEREHICRKIZTHEEZRAN
572 PML EERES > R BOIAT 5 —CHEEB L O X—TiEHE.
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ZNFN pnitrophenyl laurate BLPFV—TFAINEEH LU THNWT,
30°C T 10 mM H{b V> 7 AFLE T THRIE L /2. T DHER 2 Table 3-1 IZ7RT .
WREICHT B2 TOBRKS >/ BOKELE PML EASTH 5. TN
SDFERNS. CREZEHIRL TS, CRWERICERZANTD, PML OB
REEZZENIZERZSBRLABNT EAREBREND,

LIFi. C KM S 19 BEHIBRT S5 L PML OLRAFT F—EBITIN
— ISR 90%IE T 5 Z & WMEIN TS (Kwon et al, 2002) . TDE
BRIZBNTIE. C RN S B34 HOPRMIEETHIBREN TN S, B34 i
EVWBI—MOERIMEBELTWS (Fig 3-2A) 2. B34 #HOBREICKD.
BO—)VEF—7EENRKRESE{L., ZODHITE N Kimflilit 8 A1 > DO
CEBBELEON S LI, HEl. 8 O—ILEF— 7 BEOHEERARE
£72 & PML OBERIEHIIAE KT T3 2 LAMEINTNS (Kwon ef al,

2002; Angkawidjaja et al, 2005) .

3-3-6. PML BX U PML 2RAKDREZEM

CHRIBEROUIRS L OB RS PML OBRFEI RIET R B LD
72DIZ. PML &2 DOEEKS y/\"ﬁﬁ@%ﬁﬁ%‘ BE LFICHED 220 nm “c
D CD EDOELZEBHT DI LXK DEN L, TNSDF NI HORENE
EN < ODDEHETEIT LN, 0L TORMBN TS/, 10 mM HiL
I AEET. pHT.5 TRIE L 72 PML £ RHKS ‘//\’9%0)?@'&%%%
Fig 3-5 ITRT . EABEEHROZEPRIBE (T % Table 3-2 IR,
2A-PML O Tipld PML &R T o745, 3A-PML. PMLAS5. 2 LT PML
A10 @ Tyt PML KD ZNEN, 2.1, 7.6. TLUT7.6CEN I,

70



Fraction unfolded

Temperature ('C)

Fig 3-6. Thermal denaturation curves. The thermal denaturation curves of PML (black
line), 2A-PML (green line), 3A-PML (cyan line), PMLA5 (red line), and PMLA10 (blue
line) were measured in 25 mM Tris-HCl (pH 7.5) containing 10 mM CaClz by

monitoring the change in CD values at 220 nm as described in Materials and methods.

3-3-7. PML BXUPMLZERAKORBEMITHT DL EMH

C RFMEROHIBRB X UERD, PML O#BENLERICRIZTHES
ARBDIZ, PMLBEUBZOERGY NI BOREREE, RERBRED LA
IZRES 220 nm TO.CD fEOELZEBT S Z LIk DB L 7, pHT7.5, 25C
Tid, IN5DF NI BORFERITNTNORBEHTH> %, PML LER
5 >N BORFBEMMBZ Fig 3-6 IR T,. £, REEHOBNEN/S
A—% % Table 3-2 IZ7RT . 2A-PML O A GH20)& CGuid. PML &IFIERICT
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Holz, TOT EME, 2A-PML ORELREMEIT. BREEOHITHERFERIC,
PML LEERUTHB L ERRL TS, —%. 3A°PML. PMLAS, B4
U"PMLA10 ® A G(ﬁzo)bi‘ PML & 0 ZNZEN 5.0, 21.3, BEK 17.9 kJ/mol
A >7z, EiZ. SA-PML. PMLA5., 38X PMLA10 ORELMIBOLHE
FHEBE (G & PML XDENZH 036, 0.56. BRU 0.47 M KD 5 7=,
PO T TNHEREKY NIV BOBERERZEBITL THELNIHRIE, B
REMEDBENHR LIZRIE—BT 5,

1.0 -
0.8 -
0.6 -
0.4 -

0.2 -

Fraction unfolded

0.0 ¢

[Urea] (M)
Fig 3-7. Urea-induced deﬁaturation curves. The urea-induced denaturation curves of
PML (filled triangle), 2A-PML (open circle), 3A-PML (filled circle), PMLA5 (filled
square), and PMLA10 (open triangle) were obtained at pH 7.5 and 25°C in the presence
of 10 mM CaClz by monitoring the change in CD values at 220 nm as described in

Materials and methods.
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PML & 3A-PML OB®D A GH:0)DZ (A A GH:0)) 3. PML & PML
A5 DEIDAAGH0)D 1/4 THY, ZOFERIZ T EOELBRHL TS,
—75. PML & 3A-PML ORI® Cu D1, PML & PMLAS5 @ G DED 2/3
TH%, DED. 3A-PML O AGH00® T fEiZEL5MENS &, PMLAS
£ 0 PML IZEBIL TS DICH LT, 3A-PML @ G fE1E PML & D PMLAS
CELIL TW3, ZOFR—FIZ PML & PMLAS D miEO BN IEET 5. PML
A5 @mﬁ‘ém PML &H#S 5 &N/ DERNAS, 3A-PML O mflld PML & F%
EN5THD, IO &iF. RERCX > THEEINS PMLAS OO IR

A5 PML % 3A-PML & DN Z 2 REB LTS,
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Table 3-2. Stabilities of PML and its mutant proteins

Thermal stability® Parameters characterizing urea-induced denaturation

Protein T ATy m Cn AC,, AG(H;0) AAG(H0)
(°C) (°C) (kJ/mol/M) M) M) (kJ/mol) (kJ/mol)

PML 64.3 - 12.9+1.14 3.68+0.1 - 47.5+4.23 -
2A-PML 63.3 -1.0 13.9+1.01 3.68+0.1 0.0 51.1%3.72 +3.6
3A-PML 62.2 2.1 12.8+0.75 3.32%0.1 -0.36 42.5%2.56 -5.0
PMLAS 56.7 7.6 8.41+0.69 = 3.12x0.1 -0.56 26.2%+2.28 213
PMLA10 56.7 -7.6 | 9.23+0.81 3.21+0.1 -0.47 29;6*_-2.6 -17.6

¢ Thermal denaturation of the protein was analyzed at the same condition for assay by monitoring the change in CD values at 220 nm.
Tiz represents the midpoint of the transition of the thermal denaturation curve. A7le = Tiz(mutant) — 7y2(PML). The experiment was
carried out at least twice and the errors from the avérage values were £0.1°C.

d Urea-induced denaturation curves of the proteins were measured at pH 7.5 containing 10 mM CaClz and 25°C. Urea-induced
denaturation of these proteins was reversible under this condition. The midpoint of the urea-induced denaturation curve (Cn), the
measurement of the dependence of AG on the urea concentration (m), and the free energy change of unfolding in HzO [A G(H20)] were
calculated from the urea-induced denaturation curves shown in Fig 3-6. The differences in AG(Hz0) [AAG(H20)] and Cx (ACn) between
the wild-type -and mutant proteins were calculated by the equations AAGH20) =AG(H:z0)(mutant) — AGH20)(PML) and AGn =

Ca(mutant) — Ca(PML), respectively. The experiment was carried out at least twice and the errors from the average values are indicate.



3-3-8. CRWMEF— 7 DRE

2A-PML DEEEEMEPREMEIL PML SIZFERCTH B, 202 &3,
B 34 HOBENBUKEI PML OFEEPZEHICBE TN I E2RRL TS,
%7, 3A-PML.PMLA5, %L T PMLA 10 OBEEIE ML PML EF%TH 5.
ZDZ EiZ. B35 HIX PML OBERRACEERICLETERNI E2RLTW
%. L B35 82 PML OMEHMARICHE 5L, PMLAS & PMLA 10 i3IE
LD EEENT, BREEERIANEZELSNS, LAL. PMLAG I
PML & D % Tiz T 7.6C. A GH,0)T 21.3 kd/mol REETHB. 2D T &1d
B35 #id PML DR EHRICEETH S L2RL TS, B35 KRS
BUKHAREER 2 LT O 7 ERCEE SN TS, 22T, £35 BE B3l
EEDBET3 D @7k$ﬁ%’a}7b§%ﬁlzém (Fig 3-8A). Ile614, Val6l5. =L T
Tle616 DHIFED C K R AL > D07 HREBKEHEERERRL TWD
| (Fig 3-8B). C KD 5 BREZHIBRIT S &, 2 b @7k$%§é’€°ﬁ7k%§éﬂiﬁi
DEBEAND, —F. 1le614~Ile616 D=ZELR T, KEHSIIMO BN
WAS, BUKMEATEAE A KIBICRA T 5, PML ASEARED b C KEEH
BRENDZET, RBRARERE>ZZ &I}, EEUTKERAD PML ©
BRICEET ST L EREL TN,
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LEU- ﬁfh
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Fig 3-8. A close-up structure around the extreme C-terminal region. The structure is
shown as a stick model, in which nitrogen and oxygen atoms are colored blue and red,
respectively. The extreme C-terminal region is colored cyan and the other regions are
colored green. (A) Three hydrogen bonds formed between p35- and B31-strands are
shown with broken lines together with the distances. (B) The side chains of
hydrophobic amino acid residues that make hydrophobic interactions with the extreme

C-terminal region are shown.

ZEEEBYNVBEDORERICEEAEREEB L 2> DIE. BZE5< Ala
AV ERERZ ST BONBBAEZEL TWB D LEZSNS,
LR, CRWMT—IVAEESND L, FUNVERERLIND Z EAMEES
N T3 (You etal, 2007). B35 841, SML (PDBID 2QUA) (Meier et al,
2007). S marcescens HR A~ 17057 —+ (PDBID 1SAT) (Baumann,
1994) . % U T Pseudomonas aeruginosa H¥ 7 )V /1)) 715 7—+ (PDB ID
1AKL) (Baumann etal,1993) KRESBFEINTVSD., BELINS
DBED, INHDY INITEOREMICHFESL TS EEDbNS,
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3-4. B

PML @ C R b 15~19 HED EZ AIMEBEL TWD 5 BEEIF|
EF—7 (VILVG) & CERMEF—7 (DGIVIA) 1. T1SS itk Dpisah
B NV BRHBHEISREINTVWS, ZNH5DOEF—T7DOBE2EHT
210, 48RO PMLARSY > /87 (PMLAS, PMLA10, 2A-PML.
TUTBAPML) 2L, PMLAS & PMLA10 . 92 CHKin 5
5 %A, 10 REHIREINEZERETH D, £/~ 3A-PML I C EKHEF—T712
SEER%Z, 2A-PML i 5 BERFIEF— 7K —EEREELTVS, Zh5
DF NI BEDLBE. Lip AT LA EEA L ABE DH5 2 AW TERLE,
TORER. 2A-PML O L N)V% PML & HET 2 SBIICEAD L8,
SA-PML O3 L ~JViZ PML L% TH o7z, 2D &R CEBEF—7
Ti37a<, 5 BRERFIEF— T2 PML ODBITHETH S Z EEREBLTY
2. X CRMEBICERZANTD., CREEBRZEIRL TS, PML O
REERTNFERML LMo, LML, 3A-PML. PMLA5, %L T PML
A10 OEEMEIX PML & AT, Tip TENTN 2.1, 7.6. TLT 7.6C. A
GH0)TZENEN 5.0, 21.3. LT 17.9 kJ/mol REZEILL T, Thbd
DFERNS . PML D CRFETF— T IIRERICEETH D I ENRB I NS,
C RIRBRDHIRIC & 5 REEAKERMEEIIC LB HOTHN D LI,
PMLA10 DfERBEEZRET D I EITXDHERL =,
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[#8%5)

WMEPDEETHSUN—VBIREIAETNEGTHEZ L. BETHH &
LZOEENS. N1 AT/ 00—V TRALRAIFAEIRFEINTS
0. JIE DR, BB CEROEE, BRI, BRI CEERDORE,
[RIRRER, AR EERBEESHFTHEAINTWS, FTHEEY/—F
(true lipase) D 7 5 ARMEMBE HR Family 1.1 U /8—EB XU Family 1.2 U /X
—FRELFHEIN TS, ZNS5OQUN—FIEL TR, ZREBEbIRES
. HERAREAEIC I SN TV 3, LALDS 1 DOREY N—PT
&% Family 1.3 U/S—TFIBEL TX. KEFAZNES T, BEBRICT vO
SED cofactor BHEE LIS T &5 EEERER & LT OK S 73 AR 3
TW5HDD, INETERREZENAINZHARDZN, ZOEHELT,
ELERIFEREIID R DHASHIIINTNSEDOD, ZRBENEEREIN
TWRWED, BEBRICEDHAANTHI/BLINTOWARNWI ENbIFo N
%, F 2 TAME T, Family L3 U /X—POREEHB 2 EHIC AN T, PML
DOiE G 2 RE L PML OBSEAEHEBEICEL THzRMRE2"/5Z L%2H
HWELUTEUTOL I IR ZIT > 72,

%1 ETIE. Family 1.3 U/S—F® Cazt1 4 > DFEARES. C K

RAACOBO—)VEF—T#HEEL N Rinfili K A > OREfRA EZ kg
EOBRNSEMTSZEE2HNEL T, PML ORI LT X BisSEE
BT EfTV,. PML O EEE % close BiE L LT 1.5ADSREETRE L =,
ZDFER. PML IZ N Rinfilfft 8 A1 > & C k¥ RTX RAACDHEKRB I &
ZHSMNT Uiz, —7. FFHIC SML O &5 open BiEE L TIREI N
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feo TTT2OOMISEELEET S, PML & SML KB D) /S—Tic
HH5i5 lid (idl) Oz, 55 1200 1lid (id2) OEETAZEZRWEL
2o WENO 1id B close M TIHEILHIE B> TOBHDIH LT, open H
TS A B 3 € 3 & 5102 OB REAA S < Z{EL T
%, PML O close #5&13 triton X-100 JEEE F CTHRE X N/ DI LT, SML
@ open BE triton X-100 BEE T THRESINTVS, > THBIEETT
i3 lid1 & 12 1 close B2 TR L TR £V, S WVROERAFHET
TH. ZN50 lid 13 open BEZRT 5 E £ X 515,

BRIRN Z &1T, 1id1 13 open W5 2R T D EE 721 Cazt 1 4 iz &
DEESNTWE, IO Ca{ 4> AT b (Cal ¥1 1) 1 close
BE TR IR, 28RS, close BiE T lidl 1dgd THNEhR 0,
Cal U1 FEBRT 57 I/ BEEIEVCENBRCBETENSTH S,
open FED SML (21X Cal Y1 FOMIZH S 1 DD Cazr 1 A U HETA -

(Ca2) DNEIET S, ZDHA1 M close #iED PML ICbERET 5, PML IT
WEIZHD 1 D0 Ca* 1 F UHEEY A1 b (Ca3) BEFEET S, SMLIC Ca3 ¥
1 PEELRNDIE. ZOPA( FEHRT ST I BBENSE DB G
ENTWAENED EBDNSB, —F, Cal ¥ k& Ca2 ¥  EHRT 573
J BEFREIIB 4 72 Family 1.3 U S—TF ORI TR BEEIN TNV S,

lidl & 1id2 DRBENPKRESETDH ZE &, Cal B M open Hit
TOBBHEND Z EZRNT, close HiED PML & open HiEd SML O
%t:k%f;ﬁbﬂif;wo WTND CEKFHRAAL B 2D0 80— )VEF— T
BEREWIHRICER B O—IVY > R v FEF—TEEEHRT 5. C KR
A4 I 13 O RTX #8 0 3E LRSI S 2% B4I0 5 @A 1D HO g n—
WEF—T7EEE, BRED SHEN 2 DHOB OV EF—TIHEEZERT S,
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OB O—)VY > R wFREEIZIE Cazt A F 2V — T & — T ORIcHE
NBHEIITHEL TSN, FOHIE PML Tid 8 fil. SML T 6 fil ZE NN
Boniz, Lk, PML O#EEEEZ close BEE L TRETHZ EICLD. N
RIBAE B A A 23 1Hd1 £ Hd2 D 2 DD Ld BEET S Z 2B MLz,
F7z. N KimfliE R A1 2T Cal ¥ hESMZ 2 DD Cazt M F 2 HERYA
k (Ca2 & Ca3) BNEETHIEEZHLNI U, HIZT 13O RTX#DEL
BEANE B O—I Y Ry FREEERRTHI L, ZORO-I)TZ RAyF
BT 8 D Ca2 1 4> WA T 5T EEH DML,

H2ETIE B1ETRELE 3D Caz* 1 F #EY1 b (Cal
~Ca3) DIEFEIE BT 50 3BED 17 X /) BREHERIED157A-PML,
D275A-PML., 3K D337A-PML ZRELZ, b 3 DOERKEDSS
Ca2+1 & V1 F T D157A-PML & D337A-PML O#5EHE % close #i& TR
EL. TNEOEEDS S D33TA-PML & Cad ¥ MZ Ca21 & A
LTWiahotZ E2RTIE, WY NI EEDITZEDO#EEIT PML & LK<
TWiz, BREECHRZEREMIT L /2L 25 D337A-PML X PML &R UiE
H2ERU7Z. DISTA-PML iZUN—EEEE RS T, TOTLATIT—EERED
EL<ETLTW, D275A-PML Id D157A-PML & D IEE W28 PML £ 0 %
ENEEZRL 2. BREEMICBIL T3, D157A-PML i Ca21 & > FHE T T
I PML LRI UREMEZER LM, triton X-100 FE T TIZZ OLEMIZ PML
X0 1CED > 72, 72 D275A-PML & D337A-PML OZEHIZ PML £ D 5C
B o 7o DL EDREE, FEHEICSED Caze{ 413 Cal 1 M Tk LT Ldl
D open HEZETE (ZEL) THDIHKETHD I BN Lz, £k,
Ca2 B MIREHICFE L., BIEHEEEBE B ICHIET 572012k
BETHBIEZHSMI L, EIZ Ca3 ¥ M Family 1.3 U/S—ED—H
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WLDARESNTWRWD, 250U N—VORELRFELTNB I &%
RELE,

% 8 E T, Family 13 U X—ERREINTNS CRFEF—T &
5 BRERFITF— 7 OREZMFTT 5 L2HMELT, C KBTF—T%2Y)
BRL7ZD. 5 BRERSIEF— 7% CRMEF—TRBREANLVT B &1T
£V, 48O PML AR, PMLA5. PMLA10. 2A-PML. 3A-PML %4
L, INSOEREOEBEEMETET RO C ARImOHIBRAS PML O
BB RITTNE S DHND DIk RS & O X i RS EmT 2170,
PMLA10 OffEEEERE L, TOMRE. C RFED 10 BEZHIKRL TS
PML O2BBEIITNZER LW ENgholn, 22T 4 BEOLTR
EODW, BREE. BIUOLEERERANZ. Lip PATFLEZANWTRELERE
OEEAWERITUI & 25, 24-PML 045 L AL PML & D BIEIC
B U7, 3A-PML O L ~XI)VE PML RIS Th-o7=. Fix. O K
BMICERZANTD, CRBEEZHIRL TH, PML OBRFEEIZZNIZEE
LL7smo7%, LitL., 3A-PML. PMLA5, ZL T PMLA10 OZR5EMEICE
LT, BAEHETHORFBEETS PML EERTEREEMETL TV, &iC
PMLAS & PMLA10 THAS < ZEMAMET LTz, BLEORE, 5 &K
FLFIEF — 713 PML D43 77L& LTEIK 2 &, C RIBEF— 713 PML
DEERCEETHSC EEHEM LI, T2T C KMEF— 71 Family
L3 U/NX—ERZTTREL, TISS KL VWS NBMDT > NI B bEESN
T3, #-5T. CAMEF—TRINSDY AV BEORENICEST S &
Zx 505,

EHFEDE T, PML @ open &A%, Ca2t1 4 > & triton X-100 HZ1E
T T 2.1A D RRETHE N7z PML D open Hi&1d SML O open #is &1
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iFF U T o /2. PML O open #7& & close #iti & l#k3 5 &, open Bl Tl
Lidl & 1id2 i close M DREN 5K E < B, 1idl 12 Cal ¥ N T Ca21
FUREVEAEINTWE, —F, WELOIZ, Ca2A 7> %&£ T triton
X-100 DHETBERICH LT PML 2B L TH, Z0OF /82 EOR:EME
X ERD open LT EAELEDSRM ok, ZOZEND, I RIEE
ZBRDIVEED, PML O open EIN RV RETH D Z EMRBINE,
72 2 CVEBIEFIE T T. PML @ open #ii% MD 332l —3 3> Lk e
5\muwmmmﬁ%u{MJM%mtiif@otoEmc&%ﬁv%ﬁ
T, FUFERIINYTUY 2 IVIVEET T PML O close #xE% MD
YXalb—alizEZALdIIBEWEN, HA2WBBECEEETHHo. &
NEOREMN S Cal P O Cazf 4213 1ZUBI 1idl O opon HfEZHE
FELUTRELIE, TOHE L2 OB OZFETIHEEELEL TS I EMNRE
SN, |
SHROBEEL T, K TRELE Lip S AT LD T FI (5
BRBFIEF—7) & Lip YAFALD ABC 7 > NR2BNED XS ICHE R
L. WS RO BEEENNBRETEOMEHSHICT S 2 Eiddeic Bk
H, /2. PML Z2EZOETHAIE 520Dy y/\"&’EI%"E’J@:E%%?E
W, et MEBERE. CRRREAR L E2RE LAERAEBET S 2 413
BERZR N, PML D Family D U /S—F EI3RBRD 20D HdZH L TW3,
Z D7 open HERMRT 5 LEMIMEDIIAE<HE, IWIEBLE
BB Z EMTE, EECHENI NA—VEEERT, COBVBREEZE,
U, BUKEAERRTRERL TWS B O—IL¥ > KA v FlE a2 -
i FONVBETEMICKRAL T, BEART TORECHRT 2L RAEH
ETENTELON B THIEETS L% TES, |
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