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Fig. 1. Sites for action of the phespholipases.

R, and R represent the fatty acids on the sn-1 and sn-2

positions in phospholipid, respectively. X represents the polar
group: usually choline, ethanolamine, serine, inositol, or glycerol.
A, A,;, B, C, and D represent the species of phospholipase and
the arrowheads show the positions of enzymatic action.



CH,-0-CO-R, CH,-0-CO-R,

R,-OC-0-CH + H,0 —El—'éz-> HO-CH + R,~COOH
0 S
CHz—O—lID-O—X* CHZ—O—I:’—O—X*-
o} O
Glycerophospholipid L.ysoglycerophospholipid Fatty acid

Fig. 2. Hydrolytic reaction of glycerophospholipid by phospholipase A,.
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Pyloric ceca
delipidated with acetone
Acetone powder

extracted with 50 vol. of 50 mM Tris—HCI (pH 8.0) at 4 °C for 3 h
centrifuged at 10,000X g for 10 min

 /
Supernatant
concentrated by lyophilization
brought to pH 4.0 and heated at 70 °C for 3 min
centrifuged at 10,000X g for 10 min
 /

Supernatant (acid- and heat-treated crude enzyme)

Fig. 3. Outline of preparation of acid- and heat-treated crude enzyme from the pyloric ceca of starfish.



2) HBEHEICLDHEBEEDRR
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2.3 BREEOHE
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24 FIUNRIBBEOHE
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Pyloric ceca

delipidated with chloroform~-methanol (2:1, v/v) or acetone

v

Chloroform-methanol powder (for enzyme [ | ]) or Acetone powder (for enzyme [ 1l 1)

extracted with 50 vol. of 50 mM Tris—HC! (pH 8.0) at 4 °C for 3 h

centrifuged at 10,000 X g for 10 min

\ 4
Supernatant
concentrated by lyophilization
 /

Crude enzyme [ | Jor [l ]

Fig. 4. Outline of preparation of crude enzymes [ I ]1and [ I ] from the pyloric ceca of starfish by modified method.
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Fig. 5. Thin-layer chromatograms of reaction products of acid and heat

treated-crude enzymes from the pyloric ceca of the four species of
starfish.

Lane 1, control PC; Lane 2-5, reaction products of crude enzymes from
A. amurensis, D. nippon, S. paxillatus, and A. pectinifera, respectively.
PC, phosphatidylcholine; LPC, lysophosphatidylcholine.
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&
@

<@~ Origin PL < . . <& Origin

Fig. 6. Thin-layer chromatograms of chloroform-methanol (1:2, v/v) extracts from delipidated powder of the
pyloric ceca of starfish.

The TLC plates were developed with hexane-diethyl ether-acetic acid (85:15:1, v/v/v), and then the spots were
detected with 50 % sulfuric acid.

a, extracts from acetone powder; b, extracts from chloroform-methanol powder.

Lane 1-4, extracts of A. amurensis, D. nippon, §. paxillatus and A. pectinifera, respectively.
FFA, free fatty acid; PL, polar lipid.



Table 1. Effect of acid- and heat-treatment on protein yield
and activity of crude enzyme [ I ] from the pyloric ceca of starfish

After acid- and heat-treatment

Protein (%) PLA activity (%)*

A. amurensis 41 21
D. nippon 40 50
S. paxillatus | 45 66
A. pectinifera 37 51

* Relative values of protein amount and PLA activity before acid-
and heat-treatment were expressed as hundred percent.
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Table 2. PLA activity of crude enzyme from pyloric ceca of four species of starfish

Species A. pectinifera S. paxillatus D. nippon A. amurensis
a7 (1] ] [11] (1] [11] [1] [11]

Fresh starfish™ Qn (2) (1) 2)

Activity (U)™ 543,687 1,003 70 27

Specific activity (U/mg) 1,427 11.8 0.5 0.5
Frozen-stored starfish for 9 months * 3) (11)

Activity (U) 2,120 736

Specific activity (U/mg) 9.1 3.2
Frozen-stored starfish for 35 months™ (33) (60) 4) (12) 3) (7

Activity (U) 532,946 56,134 213 162 35 83

Specific activity (U/mg) 1,214 127 2.7 0.6 04 0.3
Frozen-stored starfish for 46 months™ (10) (2) 3) 5)

Activity (U) 221,770 762 310 135

Specific activity (U/mg) 1,655 6.8 1.9 1.3

"! Prepared from chloroform-methanol powder of pyloric ceca.
*? Prepared from acetone powder of l}()zlpcxl'ic ccé:a. dat 20°C
aido and stored at - .

" Collected off Hakodate bay in Ho

** Number of starfish used were shown in the parentheses.

"> Activity units extracted from one gram of tissue powder.

*¢ Starfish was collected Sarufutsu in Hokkaido and stored at -20°C.



—%. KB OZ®, 700V A-AY ) —VBRTIIRL TE 28R 5 HRL -
BEERTIEANTRBRICAT LR, BoN-EROREEN U LT, 2 OooR)
D=RF ) —)VEBFD S REL EEEHL [ J0F BN TV (Table 2) .

DEDESIZ, HFEDSH SRR LZERROFTIHA FYFE FFor ool A
“AZ ) —VBERD S Db OMLEESR BN ERHS MRS, BB, A hvE
b hTRBER ] 18RI IOPLARESB X ULERE, FEOHETHERL -7 5
BORBERL 1] GAYEM: : 3,208 U/g#fBHR, Wit 1 15 U/me) BIUT] (GREM -
2,207 U/g¥fBRK, W : 3.6 U/mg) OFNS EHBLARE, BIEHT140-200
. HEMTL0-100f8 Do/, 510, HROTEMAPLA, (HIEH : 440 U/mg. X
B &ML THMSEOERER L, CNSOEEED, 1 hvFE b
B S HPLACH ARBERIEICRD A3 R L.

BATH MR

BERFHEY OWLREROPLA, BT BBEIZER TRV, B FFEIzOW
TROTPRVPSHEINTNS, Vaskovsky and Suppes™id. 5EOE FF (kb
7. ZyRZE bF. TV hFAphelasterias japonica, 1)t +FLysastrosoma
anthosticta® &K U\Patiria pectinifera) OBFIEO > HOPLAEMERIEL 228, 2ho
DEREOMICKERZERIIRBYO Shdh o/, EBNEELARDL, 1 FIFE FFO
BFTE O S FOPLATERS S v MFBOETNL D BWEERT I L2 RELF., £/,
Okabe and Noma™{3-f h ¥t hFOMFIE D S & E % — h OPLA FEHEEHY L5
BOTNERIERAUTH B Z & 2RO, —%. 4. Hayashi®, Hayashi and
Kishimura®3#f#& o b ~ Fofkico WTIRHZTL /R, 1 hvde b THAE
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D> L:mﬁﬁbiﬁﬁﬁ"éﬁﬁﬁﬂ?ﬁﬁﬁéﬁtﬂ Ul ZDZ & ZoBTizEnisgnm
BEREENEET S EENEVWI EE2RBT 350 TH B,

AT, LEERETRES NS FYFERE. oFUSERR —wELE R
T\ BEUE FFOMMIED DD S IEEMRERE LR, TN 5 OPLARE M2 Hss L
2. TORR. 1 hYFE FFEERICBIT SPLAD IEMEIIEOSED & N FHEES
KHERTELIBWI ER Do/, 512, 1 hTFE N TFHEEER OPLA LGP E L,
75%ﬁﬁléﬁﬁﬁ§bf:ﬁ§$'ﬁbﬁfﬁﬁ®l¥ﬁiPLAz (75 BEgmsk, RE&E) oFhs
EHNTEELSEBWIEHBALE, Z0ZENSE, RFFKEEYTHS1 hvEE
FEREZAPLAOMBEICREDES EE 2 5N,

APFRTIE, 2EEOFBIAE (ZOOFRNA-RY J =)L (21, v/v) BERT+ -
) ERWTBIBLERT o 200 SR/ ORIV A-X Y ) —)LE LEADE N
RO N, ZOMBIZE-> TRASNAERR( IO RV ESBITERE[T]0
TNOXDES, FBEOBEEDFEASED SN, TNEDZ &, »yOnO
TIVL=-RAE =)L (2:1, v/v) QEIEFTEDS ORMEY > NI EE L DR LT
DECHITHBRD ) VIEEEFOMEIEE 2BREAEL TEASHPLAZ LY B AL,
BROMHBEBNI VI EERLTVNS, BRI, BRNEELA®R, 1 hvF
EFTFOMMAEDS FETR—F %105,000 X g TE04 M= LBEL 1= 54, PLA {&1%
D60 % BEBEHMHFET B I EEH/ELTWS, £/~ Verger et al Vi3, Ty
BT b BIOL-FITHEEAEL TS, HBH2-3%DISENBE LY /t—
ERENS ERIBELTVBZE, TUTTYRBRES R — 22 O00FR) A —n-
Ty )= TUBTBZLIcLD EEEECBIETE I L2 BELTVS,
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H2E A BMIFEFTHMEDOI RAFY NN—FAOKERH L
HE

B1H BH

HIETRIAENTH ST bIF e FFRPLADERBEICE DAL Z EBMHELS M E o
2o TITHETIE, 4 FYFEMFEMATOSOZ7O00FRIA-RAY ) — )Lk LD
HMUHAER[ 11D SPLAOSY B - R AR B2,

B2IH MEBIUHEE
1. #¥

HIETRANZH DITMA, FETEF ZICROBREFEH L=,

5571 (Patinopecten yessoensis) 13, 19964E1 B A TEERL, -35CT
ERRFELRBICERLZ,

AWV AA 7 (Todarodes pacificus) V&, 19974E9R ICL¥EE RN THRER L. -20T
THRERE LZBICER L.

7 5 BEBESRPLA 13, Sigmad D BA L7z,
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2.1 HERORH, BREEOHE. BIUOY NI EBEOHNE
BIE., B2HERRDFETITo 2,

2.2 [BEOHH
1) JEEOHMHBITY VigEDEA

TETHA BEHB LRI A1 AAEH» 5 DIsEOHHIE. Bligh and Dyer®F
BEOTTokz. bbb, MY L2100 gt LT/ O0ORVAI0 mIBEAS )
=200 mlZEMA, REDTA P —TIORMBRL TIEEZME L=, ZORbiKIcy
O OLA100 mIEHIX THRE P91 F—TIAMBHR L 5, HioR&A100 miE A
TINFEHEBETE I LIEDEER /7 00RINABICERL 2. KWT, BEREBLY
BZERRCIDI700RVLEREL, Ih22EEel. BROETHRRE LI,
ZIEEN S A BTILCEIC K VPCB LU PEERESRIL /-,

) IFEMROAHT
IEE B DEMB L ERBSTIZ. F1E, F2HEFROFETH /=,

(3) JEMEED AF IV T AF )AL

ERTER100 mgicxt L T2 mlD14 %= 7 bR I FR-A ¥ J — )V $EEEikEmA., 80 C
TLOZEIMBER L 7z KNWT, JIFNI—FIIZXEHRAFIVIATI EHE
%, BEREBIVEZERRICIVPIFINI-FINERELZ, ARLUISHEATFIV
IATIZ2 %7 0 ORIV LABEKE LU TGLCIZHE L 7=,
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@) JEHBAF NI AT IO

S A F IV I X F N D4 H1iE. Ulbon-HR-20MF v+ ¥ 51 —Hh 5 A (30 mX0.25
mmAE, FRET) BXUFIDZRHEALGC-IAAHA 7O M ST (BEREETR) %
RWTITork, 7075583707 by 7 R-3A (Bi) 2HWTE&HLF, i
KEWRUTOEDTHS : FrUP—HZ (NUDLA) EH; 1.2kg/cm, KEFES ;
0.6 kg/cm. ZEXKIES ; 0.5 kg/cm. iJ?JAj‘?*?"/iELE ; 160 TTHZREIAFFL. KW
T, 4C/minT230 TETHEHE. 230 T T30 EHE.

23 TNABBIMA KRB IOTRT T T 4 —
1) Z3E

FIWABIIET 77 UNS-200 (A—/S—7 71 > : 44X3.9 cmA£E, Pharmacia)
BT 7FY I AG-50 (A—/S—T 74 > : 64X3.9 cnN#E, Pharmacia) OF
SLERAWTT 272, H5hCDHI0mM ) Z-EEEEER (pHS.0) TE&LLEN S
LRI NI EZEM UL, ABERTY NI BEEEH L,

Q) AF>RHIu<v b T5T 40—
41)&@0U?%7574—mbﬂﬁktwm—z(DE&%l&QJcmW%‘
Whatman) OA S ALAZAWTITok, H56HUH10mM Y A-HEEEEER (pH 8.5)
TYEAL LA S LT NI EeAR L2, FEEKR T T0-0.5 M NaClDO B E

HEICXD Y NI EREHLT,

24 RUFZUNLT I EFINEZXRE (PAGE)
SDS-PAGEIZLaemmlid FHEXIc X D To =, HDEEATIVICIZIA0%T 7V IILT I R-
0.37T%EATZUNT I RE, BESIVICIIZ0% T7UNTIR-0.08%ERATZU)
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7IREBENENERLE,

EHF 2 S ERWPAGER. SBERS IIVICOH 8.9012.5 %7 7 UV T R R-0.33 %E X
TIZUINTIFE, BETSIVIZPHG6.8D3.0 %7 7 U7 I R-0.08%EA 77 UIINT
REENTNHERAL TTo 7,

F NI BDRREITIF0.1 % Coomassie Brilliant Blue R250D50 %A ¥ J — )L -7T%HEE

BIEREERL. TV0F 27 EHBERIT SHBEER THRAL .,

2.6 BEROEERFREOST
(1) EBEMNERFEMEOSHT

15 mg®D1-/NV 2 bAIN-2-F LA A )-sn-7Jz0-3-FAFK3Y > (POPC,
Avanti Polar Lipids) %9 ug®#E& <+t FFPLA (37 CT3EM) /i3l meg
DT HEREPLA, (RE®ER) (37 CTL2RE) KR DKLU, SHERYH S
EERZETLC (BEBE : A\FY>-PTF NI —F)-EEE 85:15:1,v/v/v) ) T
KORWUTz, BONEHRBIEAFIVIZATIELEE, GLCIZE DAL 7=,

) EEEHBREREOS T

T THA RBEHBLIORZI A AINEH P SHELZPCEPE (FNEN15meg) %
QughA FIFE MFPLAICL D37 CTIHM L1131 mgdD 7 ¥ KIKPLA, (REF&L
) TXD37 CTL2RMENTNIKS R 218, S YD 5 EBEISIEE 2TLC (BR
B ANFY-PIFNT—F)-Fi#E (85:15:1,v/v/v) KEXOAEL:E, 5N
FIERBIE A F IV IR FIUEL 7288, GLCIc X D 3Lz,

() HEEBEERREOSHT
R THA RS, RVAA AAEHBLEAED) SFHELZPCBLUPE (FNEN
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100 ng) ZREEEL T, 17ngdA FYFk FFPLAERI34.5 ngD 7 ¥ HKIBPLA,
(RBHE) 237 CTO-302BEREI 2B, BEL-EGEARHNICTLCB LY
TLC-FIDIZX DT LTz, EDRERD EHEBROERELLERD =,

BIH MR

1. PLAODEZORH

T IYFENTFHEMEO S P SPLAZHAM T 2RETIIREE L U THIROIIEPCEE
RAURED, ABEROEEFREOBRMNICEHROARTE L F> FIEMETE ofic.
RYTHARBEHEZIN A INEFOPCEPERER L=, Ry TFHA BEGE AR
AHNEHGOLIBEBLCKREL P F o5 OPCBLUPEDKEAIL. HWTLCICED
fTofz. §7abb, MBI/ L —M2EEERARY FL, 700FRNVA-AY ) —) Bl
K (65 :17:3:2,v/v/v/v) REDEBHLEE. 71— F20.05% O0—4 3 26GO-
IY ) —IVERERBET DI EICLVPCBXUPEER Z2RH LA, KNWT, PCBLN
PEEAZFTORD, 700FR)VA-AY /=) (2:1,v/v) THHLEZE, BiEERE
L. ZNSZ2RBHUPCBLIUPESL L (Fig. 7) .

2. 1 FYFENTHMEDOSPLAOBE - KA

21 EBT7727UIS-200ic kAR5
A FRFERTFHAEOS O OORINA—AY ) —LBEKS.0 gbd 5B U - RS
(1127727 U)lS2000h S AICER L. S ABRHEEAL-AGDOESIZAHE LI
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Fig. 7. Thin-layer chromatograms of purified PC and PE from soybean, scallop adductor muscle,

and squid mantle muscle. :
TLC plates were developed with chloroform-methanol-acetic acid-water (55:17:3:2,

v/vivlv), and then the spots were detected with 50 % sulfuric acid.
a-c, soybean, scallop adductor muscle and squid mantle muscle, respectively (Lane 1, total lipid;

Lane 2, PC; Lane 3, PE); d, standards (Lane 1, PC from egg-yolk; Lane 2, PE from porcine liver).
PC, phosphatidylcholine; PE, phosphatidylethanolamine.



(Fig. 8) . TNENDELS ZHRELIRCID —ERBICEBEL%, EXZRE L
R, FELREREZA2-MENCRD SN, PCHrELPCH4ER L (Fig.8) ., £ T,
A2-AMBERZE— LT, BT 77 US-200Ic&k3 707 N 57 4 —THEREIZ2ME L
FU. FEHEERRITI68 %TH o7,

2.2 DEAE-)LO—Ric&k B HEm

BIR THRZA2-AAE 2%, 10 mM b 2-EEEER (0H 8.0) KB L,
DEAE-ZIO—RAIZ KBS A B OT TS5 T7 40— L7z, Fig. 9ITRTES
W2y A LEHEEBI-BIOIENICAE L, THENOES ZBEICL D BB L =1,
HERHBRICK D —ERBICEMHE L2, BI-BOEATOERZHEL/2EZ %, B4-BSH
FCERBFEENRD 5N, BEFICRDBWEENSBD SN (Fig.9) . ZDOB6H
L A2-AAEMTHARRBREIE LR U, EEEINRIZ43 % TH 5 -,

23 tI7FvIAG-H0ICLBHEH

LRROBOEDE, T 7T v I AG-500H T AICER L. 1T AEHIEECL-CTDT
EABE Lz (Fig. 10) . ENEROESFOEEERE L ZHR, COEMICRDR
WEENRO 5z (Fig. 10) . ZOCSE L. BOEIC L EEEIL7. TR LR L,
TEMEEINRIZ68 X TH oz, COEME. L7 7F v 7 AG-50Ic X VEESIILABITEL
2. TOFE, Fig. 11, AR T EIRI NV BIIE—D -2 E L THEHLEDT,

E2 2RO TDIESE L, ZOEME, COEMICHNTHEEN2.2(8 L,

EHEEINERIT9 % TH - .

2.4 BEIPLADMIERTE
BT BERNOTNMIEREL TW2D, SDS-PAGEICL DS L& Z A, 3IF
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Fig. 8. Purification of the starfish PLA by gel-filtration.
Crude enzyme fraction was applied to a Sephacryl S-200 column

(44X ¢3.9 cm) equilibrated with 10 mM Tris-HCI buffer (pH 8.0) and

eluted with the same buffer at a flow rate of 29 ml/h. Each fraction
contained 2.9 ml. Thin-layer chromatograms in the upper panel indicate
breakdown products of egg yolk PC by A1-A6.
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Purification of the starfish PLA by DEAE-cellulose column
chromatography.
A2-Ad4 fractions shown in Fig. 8 were pooled and applied to a column (18X

¢ 1.1 cm) of DEAE-cellulose (Whatman DE-52) equilibrated with 10 mM
Tris-HCl buffer (pH 8.5), and then eluted with a linear gradient of 0-0.5 M
NaCl followed by a stepwise increase to 2.0 M NaCl. Total volume of elution
buffer was 400 ml and flow rate was 39 ml/h. Each fraction contained 2.6 ml.
The solid line and dotted line indicate absorbance at 230 nm and NaCl
concentration, respectively. Thin-layer chromatograms in the upper panel
show the breakdown products of egg yolk PC by B1-B9 fractions.
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Fig. 10. Purification of the starfish PLA by gel-filtration.
B6 fraction, the major active fraction shown in Fi g. 9, was concentrated
by lyophilization and applied to a Sephadex G-50 column (64 X ¢ 3.9 cm)

equilibrated with 10 mM Tris-HCI (pH 8.0) and eluted with the same
buffer at a flow rate of 27 ml/h. Each fraction contained 2.7 ml. Thin-

layer chromatograms in the upper panel indicate breakdown products of
egg yolk PC by C1-C7.
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Fig. 11. Purification of the starfish PLA by gel-filtration.
a, C5 fraction, the major active fraction shown in Fig. 10, was concentrated by
lyophilization and applied to a Sephadex G-50 column (64X ¢ 3.9 cm)
equilibrated with 10 mM Tris-HCI (pH 8.0), and eluted with the same buffer
at a flow rate of 22 ml/h. Each fraction contained 2.2 ml.
b, SDS-PAGE of the purified PLA was performed using a 0.1 % SDS-14 %
polyacrylamide slab gel. Lane 1, D1 fraction; Lane 2, protein
standards(bovine pancreatic trypsinogen (Mr 24,000), bovine milk S -
lactoglobulin (Mr 18,400), and egg white lysozyme (Mr 14,300)).
c, Native PAGE of the purified PLA was performed using a 12.5 %
polyacrylamide slab gel at pH 8.9. Lane 1, D1 fraction.
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B—DRAMRIE Nz (Fig. 11,b) . £/, PAGER XD AMFLIZE TS, EERS &
TN ORBERCEREEEVPOBRORMIRBEE N (Fig. 11,0) . PAGEZR{Fo 27
EMYIL. EERS EDBORS ESDF IR ICEZRENZ TRRA &R U8,
THTNORD OEMZHE LIz, TOKR. BRIZERSKOZIBD 5N, FHE
T IDODIES AR E L,

1 FYFE FFPLADKELER £ Table 3K £ LD TRT, HWFAEDS O/ OOHILA
—RAY ) —)VBRD SRBL - EEER 1 1o U T, BRPLAD IS BRI 9945 &
20, EHEIREIZ0 %¥THo. 7B, TOXDIERLZPLARFg. 12I07T &5
IZ. SREERPCEIIAS ML CLPCEISHB 2 ERE B RV UBY Rizide<
ERALRN ok, ZOZEND, FERBRN) N—ETIIRPLATSH S 2 LR X
hr,

3. 1Y FEFTHMATEOSIPLAOEBERILEZHNME

HIRIZBWT, A bYFE NFEMAEO S OMBERL] 15 5 1EEOPLAZ ERIKEN
CIREE—ICER T2 LA TEL, ZITRIC, FBEHPLAOBERLZNMEEICDNWT
e L 7z,

3.1 AFE
FETHDITA bYFE FFPLAOSTFEESDS-PAGEIC L DRI L2, EOHE.
Fig. 13ITR T & 5 KABER O FEIISDS-PAGEDBEIE M 520,000 L HE X iz,

3.2 EEMBGRME
KT, AREOEEEHEITT 570 BB EEREEMF LT, TORE.
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Table 3. Purification of PLA from starfish A. pectinifera

Purification step Protein Specific Total Purity Yield
activity activity

(mg) (X10° U/mg) (X10° U)* (fold) (%)
Crude enzyme [ [ ] 774 1.2 892 1 100
Sephacryl S-200 254 24 609 2 68
DEAE-cellulose 34 1.7 263 6 29
Sephadex G-50 (1st) 33 55 180 46 20
Sephadex G-50 (2nd) 1.5 119 178 99 20

*One unit (U) of activity was defined as the amount of enzyme hydrolyzing one microgram of PC per

minute.
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Fig. 12. Thin-layer chromatograms of breakdown products of olive oil and
egg yolk PC by the starfish PLA.
a, TLC was developed with hexane-diethyl ether-acetic acid (85:15:1,
v/vlv). 1, standard (egg yolk PC); 2, breakdown products of egg yolk
PC; 3, standard (olive oil); 4, breakdown products of olive oil; 5,
standard (free fatty acid).
b, TLC was developed with chloroform-methanol-acetic acid -water
(55:17:3:2, vivivlv). 1, standard (egg yolk PC); 2, breakdown products
of egg yolk PC.
TG, triglyceride; FFA, free fatty acid; PL, polar lipid; PC,
phophatidylcholine; LPC, lysophophatidylcholine.

36



X10°

25

x
-2 20
<
| .
(3]
S
Q
8
(=]
215
10 . ]
0 0.5 1

Relative mobility

Fig. 13. Estimation of molecular weight of the starfish PLA,

by SDS-PAGE.

1, bovine pancreatic trypsinogen (Mr 24,000);

2, A. pectinifera phospholipase A,; 3, bovine milk

B -lactoglobulin (Mr 18,400); 4, egg white lysozyme
(Mr 14,300).
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Table 4iZRT £ 512, APLAIZT ¥ BIBPLA, (84.6 %) &REEICPOPCA 583.8 %D
FVACBZEBEL:, ZOED5, APLAISn-2M OIS T A IV A 2 BRNIC
YT BPLA, T/bHBEPLA TH S I ENHDICIES Iz,

3.3 WiEHE

1 b+t FFPLA DO HIEHEIZTable 3ICR L2 & 512119,000 U/mgTH 0., ke
DHEZRCTHE L ZHRO 75 BIEPLA, O lIEMEME (4,300 U/mg. Sigma, 3%
H ;440 U/mg. REEIE, TEMH) OH30BLU3008TH -7z,

34 EHIZBXIEIpHEREOHE
ROTHPLA DERIBRIZIpHEREOFE 2Fig. 14&Fig. 1512577, &
PLA,DIFFEPCITH§ 2 1EHEIZpH 6-11 DFE TR 5. HEpHIZ9.0M5EICH - 7=
(Fig. 14) . =7z, XPLA,OKIGHEREI304 TOREMIZ20-70 COHETRED 51, £
BEII50 THEICH - 7= (Fig. 15)

3.5 EHRICBIET MEEA A 0EE

1 hYFE FFPLAOERZEL OEE (0-10 mM) OCaCLZRML THIELzE
Z5, I1mMEL EDCaCLic kD iEMALE Nz (Table 5) . £z, ZfidE1 4 > BRI
OHESHBRUT, 10 mM CaCl, 2N L ARSI 3B ETN15BIcEm L 225, 10
mM MgCLB X UCoCLZHM L 2 HEZTNETNM6MB L2EDORIMNTH > 7= (Table
5) . —7%. 10mM HgCl, ZnClL#XUEDTAZRM L& IIZTHENKL/S,
1/25, 1/10K/ETF L7z (Table ) .
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Table 4. Composition of fatty acids released from 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine by the starfish PLA

(%)™
Fatty acid Starfish PLA Porcine PLA, ™
16:0 16.2 154
18:1n-9 83.8 84.6

*1 Data are expressed as area percentage of total fatty acid.
" PLA, from porcine pancreas (Amano Pharmaceutical Co.)
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Fig. 14. Effect of pH on the starfish PLA, activity.
Reaction mixture containing 17 ng of the starfish PLA , 100 1 g of egg
yolk PC, 2.7 mM sodium deoxycholate and 5 mM CaCl, in a total volume
of 130 (1 was incubated at 37 C for 30 min. The buffers used were 50

mM acetic acid-sodium acetate from pH 4.0 to 7.0 ( A ), 50 mM Tris-
HCl from pH 7.0 t0 9.0 ( @ ) and 50 mM glycine-NaOH from pH 9.0 to
11.0( ).
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Fig. 15. Effect of temperature on the starfish PLA, activity.
Reaction mixture containing 17 ng of the starfish PLA , 100 1 g of
egg yolk PC, 2.7 mM sodium deoxycholate, S mM CaCl, and 50
mM Tris-HCl (pH 8.5) in a total volume of 130 w1 was incubated
at various temperatures for 30 min.
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Table 5. Effects of metal ions and EDTA on the activity of the
starfish PLA,

Additives Final Relative
concentration activity
(mM) (%)’
None 0 100
Ca(l, 0.1 125
" 1 604
” 5 1,080
” - 10 1,496
MgCl, 10 601
Co(Cl, 10 229
Hg(Cl, 10 18
Zn(Cl, 10 4

EDTA 10 11

*The activities were expressed as percentage of that in the absence of
metal ion.
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3.6 HETEESR

5 FHA ARFEBECAN AL HAER D SWILRPCEPEE 4 h YL | FPLA,
CEDIKRDEL . ERLUZIEHBZAH LU, TOE, Fgs. 16, 178X 0Table 61
YLD 1T, ML ISRER ORI & L TR /7 5 BBEPLA 2 & 0 Bk A L
EBEOTNEER L, £, 5574 RAHPES 5l L i LPCOISTBARI
75 RIRPLA,IC & D IS L 1= BE DTN ST 5 T EAHRE he,

3.7 BEHEIZBIETTAFIa-NBF NI T LrOEE

1 hYFENTPLA,OERZEL OBE (0-6.8mM) OF4FS a—)LEF YDA
EHRMUTHEL (Fig. 18,2) . RIPCEREE LSS, 1 hvFE N FPLA,DTE
HEEFAFII-NEF P TARRKDEL KEHEEN, 24 mMicBWTERAEM S
mUTce LPLIRAYS, PEEEBEE LBE, BRRTAFIa— BT R vAIcEk
DEMEE NI, —7, MEBELTHW:E 7Y EBPLA OFMEIZ( hvFE ~FPLA, O
BEMKRIC, PCEERLELEHBKIRTAF O - M T AR D ERIEH,
PEZEH & LIBT3 MR S s @RER L2 (Fig. 18b) « 1 FvFtb ~NFPLA,
ERRZY, PCROBPEOHZRIHRELT,

3.8 EBEmEEMSRE

ERUZESIC, 1 FIFE FFPLA, ORBEEMEICH T B RRIENT & BIEPLA 0
VOERRBDEMESNZOT, BEMEERENZ X 5 ICHlICRFLE.

KT DY TFHA BHEMHPCHB I UPEEAPLA I X 37 TTO-30MIMANEL. &
HONBRBOBRELETLCIC XD 2T Lz, ZOKE. Fig. 19,allRTEd12, &
PLABPEICHARTPCOS 2R HMET B Z Ldthirofz, HBORZDICT ¥ BKPLA,
THEBRICIR L 2RER, Fig. 19,bIRT & 5 IKPCLPEZRBENMRT 2 Z & 050805
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14:0
15:0
116:0
16:0
16:1n-9
16:1n-7
18:0
18:1n-9
18:1n-7
18:2n-6
18:4n-3
20:1n-11
20:1n-9
20:4n-6
20:5n-3
21:5n-3
22:5n-6
22:5n-3
22:6n-3

o (OO

Fatty acid (%)

2.7 3.0 - -
0.8 0.9 - -
0.3 0.4 ‘_ - -
9.0 8.2 b 2.9 1.6
0.7 0.8 0.3 0.2
1.1 1.2 0.3 0.2
1.6 1.7 1.0 1.1
5.2 5.4 1.2 1.3
4.2 | = 4.1 0.5 0.4
1.0 |} 1.0 0.2 0.1
0.3 0.3 0.1 0.1
0.2 0.3 0.3 0.6
— - 0.1 0.1
5.6 5.4 ! 1.5 1.5
36.3 | E= 35.9 s 13.5 14.3
1.3 110 1.2 0.2 0.2
0.8 |} 0.8 0.8 0.8
1.6 | P 1.7 0.3 0.2
27.3 | = 22.7 76.8 77.3
100 0 50 100 0 100 0 50 100

Fig. 16. Composition of fatty acids released from PCs of scallop adductor muscle and squid mantle muscle by starfish

and porcine PLAs.

Fifteen milligrams each of the substrates were almost completely hydrolyzed at 37 “C by either 9 1 g starfish PLA, for3 h
or 1 mg porcine pancreatic PLA, for 12 h. The released fatty acids were separated using preparative TLC with a

developing solvent of hexane-diethyl ether-acetic acid (85:15:1, v/v/v), and the fatty acids were analyzed by GL.C.

A, Scallop adductor muscle PC; B, Squid mantle muscle PC. a, Starfish PLA,; b, Porcine pancreatic PLA,.
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Fig. 17. Composition of fatty acids released from PEs of scallop adductor muscle and squid mantle muscle by starfish
and porcine PLA .
Fifteen milligrams each of the substrates were almost completely hydrolyzed at 37 ‘Cby either 9 1 g starfish PLA, for3 h

or 1 mg porcine pancreatic PLA, for 12 h. The released fatty acids were separated using preparative TLCwith a
developing solvent of hexane-diethyl ether-acetic acid (85:15:1, v/v/v), and the fatty acids were analyzed by GLC.
A, Scallop adductor muscle PE; B, Squid mantle muscle PE. a, Starfish PLA,; b, Porcine pancreatic PLA,.



Table 6. Composntlon of fatty acids released from scallop adductor muscle PE
by PLA,

(/0)*1

Starfish PLA, Porcine PLA,

Composition of FFA at Composition of FFA at Composition of FFA
Fatty acid position 1** position 2*° position 1** position 2*° of scallop PE**

14:0 1.5 0.2 1.6 0.2 0.5
15:0 0.8 0.1 0.8 0.1 0.2
116:0 0.2 0.1 0.2 0.1 0.2
16:0 28.2 1.6 28.2 1.5 11.2
16:1n-9 1.8 02 2.5 0.3 0.4
16:1n-7 04 0.2 0.5 0.1 0.6
17:0 1.5 0.1 14 0.1 0.6
17:1n-8 2.2 tr 4.0 tr 2.6
18:0 14.4 1.2 13.2 1.2 5.7
18:1n-9 5.0 0.7 4.2 0.9 2.4
18:1n-7 3.1 1.4 3.0 1.3 2.0
18:2n-6 1.9 0.1 1.5 0.1 1.0
18:3n-3 04 04 04 0.4 0.5
18:4n-3 2.8 tr 4.9 tr 3.3
20:1n-11 2.9 3.3 2.1 3.5 3.3
20:1n-9 52 8.5 5.7 8.1 7.8
20:1n-7 6.8 10.5 8.0 11.4 11.1
20:2n-6 1.1 0.7 1.1 0.6 0.9
20:4n-6 1.5 6.1 14 6.0 4.4
20:5n-3 9.4 39.6 8.5 39.7 26.7
21:5n-3 0.3 0.6 0.2 0.5 03
22:5n-6 0.8 0.7 1.2 0.8 0.3
22:5n-3 tr 0.5 tr 04 0.2
22:6n-3 53 21.8 5.0 21.3 12.5
24:1n-9 2.0 tr 0.1 tr tr
Others 0.5 14 0.3 1.4 1.3

*' Data are expressed as area percentage of total fatty acids.
*? FFA at position 1 of LPE and FFA of PE were liberated by chemical method.
*® FFA at position 2 were liberated by PLA,.

PE, phosphatidylethanolamine; LPE, lysophosphatidylethanolamine; FFA, free
fatty acid; I, iso; tr, trace (less than 0.05 %).
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Fig. 18. Effect of sodium deoxycholate on the activity of PLA,.
a, Activity was measured in a reaction mixture containing 17 ng starfish PLA , 100 u g scallop adductor muscle PC
(@) or PE (O), 5mM CaCl,, 50 mM Tris-HCI (pH8.5), and various concentrations of sodium deoxycholate in a total
volume of 130 £ 1at 37 “C for 30 min.
b, Activity was measured in a reaction mixture containing 4.5 (4 g porcine pancreatic PLA,, 100 1 g scallop adductor
muscle PC (A) or PE (A), 5SmM CaCl,, 50 mM Tris-HCI (pH8.5), and various concentration of sodium deoxycholate
in a total volume of 130 g 1at 37 °C for 30 min.
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Fig. 19. Thin-layer chromatograms of breakdown products of scallop adductor muscle PC and PE by the
starfish PLA,.

Reaction mixture containing 17 ng starfish PLA, (a) or 4.5 1 g porcine pancreatic PLA, (b), 100 1 g scallop
adductor muscle PC or PE, 5 mM CaCl,, 2.7 mM sodium deoxycholate, and 50 mM Tris-HCI (pH 8.5) in a total
volume of 130 /41 was incubated at 37 ‘C for various times (0-60 min). TLC plates were developed with
chloroform-methanol-acetic acid-water (55:17:3:2, v/viv/v).
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Fig. 20. Time-course of hydrolysis of scallop adductor muscle PC and PE by the starfish PLA,.
Substrate: scallop adductor muscle PC (@), PE(A). Enzyme: starfish PLA (a), porcine pancreatic PLA, (b).
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Fig. 21. Time-course of hydrolysis of squid mantle muscle PC and PE by the starfish PLA,.
Substrate: squid mantle muscle PC (@), PE(A). Enzyme: starfish PLA (a), porcine pancreatic PLA, (b).
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Fig. 22. Time-course of hydrolysis of soybean PC and PE by the starfish PLA,.
Substrate: soybean PC (@), PE(A). Enzyme: starfish PLA (a), porcine pancreatic PLA, (b).



FHRDOHBIEICBNT, 1 bYFEe MTFHMAEO D OPLABHENMIED & 578
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) V. BERO MY F b P FHOEEPLA, (BERE3TTC) PBXUZFUT L

53



NTPLABREER (BREIREE30-40 T) “OEns L& L, 1 hFb MR
PLA, D5 (119,000 U/me) i3, #RHEHPLA, (26 U/mg : AHFETHWRZE
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PLEMBRICKSTMAGML 2, £, BEROPCELSMT BIENE (119,000
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Fig. 23. Outline of amino acid sequence analysis of the starfish PLA,




23 BULST AR

CM-PLA, (0.5 mg) %0.5 miD70 %FEICHEML . KBEL3 me/mIDEILS T
EMA TR, EREHL T2 CTAURBMEL 2. RISKIIMERROET K TER
U, BRERLE,

24 RTFROLHE

RS T X AMBIUYT DT T —CMILIC L D £ U< FF Kid, CAPCELL PAK C,
AT 5 (250X4.6 mmNEE, BER) &RVEEEHPLCIC LD ABEL -, RTFF RiT
TFAZZT0-60 %7 £ = MUV OERBEARIC K DEH - HBLE, 1B, FoRid
1L.O0ml/min& U, & 287 Ei3214 nmTOREREIC L DRE LA,

2.5 T I JEBHEROST
FONTABRURTF REHELEL. 6 NIERT TL10 CT24RERIINASMEL 7=

#. PICO-TAG™7—2Z 25— 3> (Waters) ZREWTHH L~

2.6 73 JEBESOS

PLA, ONARSRIEIRD 7 X J BB HTIIPLA #SDS-PAGEIC# L7218, # D4 >
/3 BEPYDFRICRAKBINIET LI, PVDFILED BB OBRD/ N> K £8)D iy
D, ZTONKMT I ) BEFIZABI473A7 05 >3 —2~ T2 +H— (Applied
Biosystems) ICK DLz, £z, ¥RV BEBLUORTF ROBFISHIL. KB %
BASHIARIR. 0.1 % TFAICHEAR L 7249100 pmoliB¥ D& > N7 BB LURTF K& 7O
TA—T I —ITHET B LRI DT,
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BIH MR

1. 1 bYFEMTFPLADOT X JBHER

A bYFE FFPLADY X ) BEFISHICENS, 73 ) BEROA 2T /2
(Table 7) . ZHETRCysBLOTIDIIERTERWA, 1 F<¥FE FFPLA IFAsx,
Gly, Tyr, Ala, GKREDT I JBEEZSFATVE I NN oz, TIT. ZO#
REE2RKEL. WABVERAROPLA DS D LB L=, Fig. 24KKFRT L3I, 1
FYFE FTFPLAIHAEYOPLA, LB LT, Tyr, Gly, AlaBRKUGKOEENE
WIZEPRBI TS o2, 1 bYFE MTFPLARY I/ BRERICBWTHALE DOPLA,
IR LMIT, RTFEIVETRENIENS, 1 FYFE FFPLAO— KBS £z
FABYEREPLA, SIS R2 5 Z EAVRB I N,

2. 1 FXFEMTFPLAOT 2 BREF

2.1 NREEBROT I /BRSNS

PLA ZSDS-PAGEIC KD rBEL /=18, IV EOBERSY > /N EEPVDFEICEER L

2o RNT, TONKREY X JBESIEZST L2, TORER, 208E0D7 2 ) BEFII TR
ETE/ (Table8) . ZOFEENS, 1 b¥FE FFPLAONKS -7 2 JENT L
FNERETTOy I TWRNZ EHHIhoTz,

22 UIINWIZYRRTFF—-FIcX3¥bF 07 I ) BEFIST
75/&ﬁﬁﬁﬁtib‘4F?#tF?HAﬁMﬁE@hﬁ&ﬁUl&ﬁﬁﬂéht
(Table 7) OT, LFR|WOT I JBEMNZHTAICHZ>T, £FTUIIITY RR
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Table 7. Amino acid composition of the
starfish PLA,

Amino acid Starfish PLA,
Asx 19.9(20)**
Glx 11.6( 11)
Cys*? + (-
Ser 6.9( 7
Gly 16.1( 16)
His 0.8( 1)
Arg 3.3( 3)
Thr 72(7)
Ala 12.3(12)
Pro 4.4 4)
Tyr ' 14.8( 15)
Val 4.0( 4)
Met 08( 1
Ile 4.3( 4)
Leu 2.9( 3)
Phe 5.6( 6)
Trp™ - ()
Lys 7.7( 8)
Total (122)

*1 The values in the parentheses are to
the nearest integer.

*2 Detected as carboxymethylcysteine and
estimated qualitatively.

** Decomposed during hydrolysis with
6 N HCL.
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Fig. 24. Star diagrams of amino acid compositions of PLA s.
a, A. pectinifera PLA,; b, porcine pancreatic PLA,; ¢, bovine
pancreatic PLA,; d, human pancreatic PLA,; e, rat pancreaticPLA,.
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Table 8. N-terminal amino acid sequence of the starfish PLA,

Sequence

Starfish PLA,

Ser—Val-Tyr-Gln-Phe—-Gly-Lys—Phe-lle-Ser-Cys—-Tyr-Gly—-Gly-Ala-Gly-
-Phe-Phe—-Asp—Gly——-




TFY—ETHRtTs L L,

CM-PLAZY VNI RRTFF—ETHLL 215, BEHPLCICE L (Fie.
25) . BHULLI-LOOARTF RESEFRL. TNENEEREZRLUZE, 73 /8
BFIATEIT o7z, TORR. LAXSBREDERFZHRET S Z LA HEEMN, CREET
DREBIIIES oz, FNUADRTF RIZDWTIE, Table 9IZRT & 5 IcCKH
ETORFDPHRES N, AR UAENEKRY 2/ BESEBELABR, L2OBEREONK
WMRTFRTHY, RIZLSPEET B ENbhok,. TITKIZ, BOORTF RO
BREELARTF ROLT 2 JBEFISFTOZDIC. MOBbEcXvEsNn-H &8
WTHTARY 2 BEFI T EEA .

2.3 V87 OF7—EHERTF RDOT I/ BEFIDH

CM-PLA,ZS. aureus V87057 —EIiC K DL L., ELERTF REFHHPLCT
SYEE - FEIL =, Fig. 26" LD, BMHLAVI-VADORTF RESEHSIRL, Th
TNHBEHBR L8, 73 BEFSIMCELZ, TO/RE, Table I0IKFRTEIITER
TF FOBFNTT R TCRFE T I Nz, XRTF RVIICEKHNGIUTIZR L CysT
HofzZ &b, PLA DCRRICMBTBRTIF REEZZ BN=, X, RTFRVIEZ
RTF RLIOCEKH TS V2IIRTF RLIONKHHR P EEETHT7 I /BEFZEL
T ENDE, RTF RV2OBICRTF RVIFERET 3 Z &0%bhho 7z (Fig. 288H) .
KiZ, RTF FVIIERTF RLEOCERMHA B L UORTF RIAONKHR S E EET S
TI/BEMNEFLEIENS, RTF RL6ODEICCys-Lys-LysDE M &R ATRTF
FIABREET S ENbh o/, ULMLERAS, BLEOKERD 5 TIEHLIOEEHE 14
DCREEBF DT 2 ) BREFNNERET DI ENTERD 2, TI T, ANTITMetRE
MEETHIECEBL, ZOBREERLI T THRT B I EICk> TRTF RS &
BT, FhRKVHTREOTY I/ BEFEMITEIEELE,
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Fig. 25. Separation of lysyl endopeptidase digeststs of the starfish
CM-PLA..
Fragments produced by lysyl endopeptidase digestion were :
separated by reverse-phase HPLC on a CAPCELL PAK C;; column
(250 X ¢ 4.6 mm) with a linear gradient of acetonitrile (-----) from
0to 60 % in 0.1 % trifluoroacetic acid in a total volume of 60 ml at

a flow rate of 1.0 ml/min. The absorbance at 214 nm was
monitored.
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Table 9. Amino acid sequence of lysyl endopeptidase peptides

Peptide Sequence

L1 Arg-Pro-Thr-Tyr-Asn-Gln-Ala-Tyr-Glu-Ser-Tyr-Asp-Lys

L2 Ser-Val-Tyr-Gln-Phe-Gly-Lys

L3 Gly-Thr-Pro-Leu-Asp-Asp-Thr-Asp-Arg-Cys-Cys-Leu-Val-His-Asp-Asn-Cys-Tyr-Gly-Lys

14 Ala-Ala-Asp-Tyr-Ser-Trp-Tyr-Ser-Thr-Asn-Pro-Glu-Cys-Arg-Glu-Phe-Met-Cys-Glu-Cys-Asp-Arg-
-Ala-Gly-Ala---

L5 Phe-Ile-Ser-Cys-Tyr-Gly-Gly-Ala-Gly-Phe-Phe-Asp-Gly-Leu-Asp-Tyr-Asn-Gly-Tyr-Gly-Cys-Tyr-
-Cys-Gly-Tyr-Gly-Gly-Lys

16 Ala-Thr-Ala-Glu-Ala-Asp—Cys-Gly;Ser-Trp-Asp-Pro—Tyr-Ile-Ile-Val-Tyr—Asp—Tyr—Glu-Gln-Thr-

-Thr-Asp-Ala-Ser-Gly-Asn-Cys-Val-Ile-Lys
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Fig. 26. Separation of S. aureus V8 protease digests of the starfish

CM-PLA..

Fragments produced by S. aureus V8 protease digestion were

separated by reverse-phase HPLC on a CAPCELL PAK C;; column

(250X ¢ 4.6 mm) with a linear gradient of acetonitrile (-----)

from O to 60 % in 0.1 % trifluoroacetic acid in a total volume of
60 ml at a flow rate of 1.0 ml/min. The absorbance at 214 nm

was monitored.
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Table 10. Amino acid sequence of S. aureus V8 protease peptides

Peptide Sequence

A\ Ser-Tyr-Asp-Lys-Asp-Ser-Cys

V2 Arg-Pro-Thr-Tyr-Asn-Gln-Ala-Tyr-Glu °

V3 GIn-Thr-Thr-Asp-Ala-Ser-Gly-Asn-Cys-Val-Ile-Lys-Cys-Lys-Lys-Ala-Ala-Asp-Tyr-Ser-Trp-Tyr-
-Ser-Thr-Asn-Pro-Glu

V4 Ala-Asp-Cys-Gly-Ser-Trp-Asp-Pro-Tyr-Ile-Ile-Val-Tyr-Asp-Tyr-Glu
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CHIEMERTF FLIONKSH Y X /BEFIEE L. COZEND, RTF RLEDE
KNf?RwﬁEETé:&ﬁb@oto~ﬁ‘&7?&2@&7?FUMEX%7£
JBESICHNT, LIOZT I /BEMNEELEIEA D, RTF RIADBIZRTFF R
LIVEET 2 Z &80 o =,
AFULIETRTORTFROT I ) B ETable 1217 L=, £/, L3EL6% Ek
TERTFRE/D LI TERDL DT, TOWYOEF &HE L CTELEN &
P@JBK%LEO%®%%~4%?#tb¥ﬂA@%k%HﬁN*%@%ﬁkM&L&
L3. 16, 14, BLULISEEL. L6EIADEICCys-Lys-LysD3BENELET 2 &%

Abhle,

BATH NE

EEIZBWT, 1 h7FE FFEFIEDSPLA,E Y VLI Y RRIFH—+, V87O
T7—YE, BEURI T MR EVELAERTFROT I ) BEFIEHST KI5
KEOBITLURR, L3EL6DMDIERERIITBED T I JEFIERET S = &8
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Absorbance at 214 nm
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Fig. 27. Separation of cyanogen bromide digests of the starfish
CM-PLA..
Cyanogen bromide fragments were separated by reverse-
phase HPL.C on a CAPCELL PAK C column (250X ¢ 4.6
mm) with a linear gradient of acetonitrile (-----) from O to 60
% in 0.1 % trifluoroacetic acid in a total volume of 60 ml at a

flow rate of 1.0 ml/min. The absorbance at 214 nm was
monitored.
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Table 11. Amino acid sequence of cyanogen bromide peptides

Peptide ~ Sequence

C1 Ser-Val-Tyr-Gln-Phe-Gly-Lys-Phe-Ile-Ser-Cys-Tyr-Gly-Gly~Ala-Gly-Phe-Phe-Asp-Gly-Leu-Asp-
-Tyr-Asn-Gly-Tyr-Gly-Cys-Tyr-Cys-Gly-Tyr-Gly-Gly-Lys-Gly-Thr-Pro-Leu-Asp~---

C2 Cys-Glu-Cys-Asp-Arg-Ala-Gly-Ala-Gln-Cys-Phe-Ala-Glu-Lys-Arg-Pro-Thr-Tyr-Asn-Gln-Ala-Tyr-

-Glu-Ser-Tyr-Asp-Lys-Asp-Ser---
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Table 12. Amino acid compositions of the starfish PLA, and its fragments

Aminoacid PLA, V1 V2 V3 V4 L1 12 L3 14 L5 L6
Asx 199(19)*" 2.0(2) 08(1) 47(4 23(3) 2.1(2) 4.1(5) 2.6(3) 2.7(3) 4.6(5)
Glx 11.6(11) 1.8(2) 24(2) 1.5(1) 23(2 091 5.1(5) 3.0( 3)
Cys*? +7%(14) +(1) +(2) +(1) +(3) +(4) +(3) +(2)
Ser 6.9( 8) 1.5(2) 2.9(3) 13(1) LI(1) 09(1) 1.8(2) 1.9(1) 1.7(2)
Gly 16.1( 15) 141  1.8(1) 1.0(1) 2.0(2) 1.6(1) 8.4(9) 3.3(2)
His 0.8( 1) 0.6( 1)

Arg 3.3( 4) 0.8( 1) 0.7( 1) 07(1) 22(2)

Thr 72( 7 1.1(1) . 3.9(3) 0.6(1) 2.2(2) 0.9(1) ' 2.3(3)
Ala 123( 11) 09(1) 32(3) 13(1) 13(1) 5.5( 5) 14(1) 3.8(4)
Pro 4.4 4) 1.0(1) 08(1) LI1(1) 1.2(1) 07(1) 1.1(1D) 1.2( 1)
Tyr 14.8( 15) 09(1) 16(2) 1.7(2) 23(3) 27(3) LI(D 07(1) 1.7(2) 4.0(5) 3.0(3)
Val 4.0( 4) LI(D 1o 09(1) 111 1.8(2)
Met 0.8( 1) . 0.4( 1)

Ile 43( 4) 08(1) 13(2) 0.9(1) 2.5(3)
Leu 2.9( 3) 1.7(2) 12(D

Phe 5.6( 6) 0.6( 1) 1.9(2) 1.6(3)

Trp™* (2 (1) (1) (1) (1)
Lys 77( 8) 0.8(1) 08(1) 2.6(3) LI1(1) 08(1) 1.1(1) 1.0(1) 1.1(1) 12(D
Total (137) (7 (10) (27) (16)  (13) (7) (00 3D 28) (32)
Position 1-137 131-137 121-130 76-102  60-75 122-134 1-7 36-55 91-121 835 56-87

*! The values in the parentheses are the numbers of residues determined by sequencing, respectively.
*2 Detected as carboxymethylcysteine.

*3 Detected qualitatively.

*4 Decomposed during hydrolysis with 6 N HCL.
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o |2 wwmnd P LS 4 b L3
: Cl ce 0BV NOLESEOEPRLS
60 70 80 90 100
NCYGKATAEADCGSWDPYIIVYDYEQTTDASGNCVIKCKKAADYSWYSTN
- L6 4 -
b V4 1} V3
110 120 130
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Fig. 28. Summary of sequencing data of the starfish PLA.,.
L1-L6, V1-V4, and C1 and C2 indicate peptides obtained by
lysyl endopeptidase, S. aureus V8 protease and cyanogen
bromide digestion of the starfish CM-PLA,, respectively. The
single-letter amino acid code is used. The N-terminal sequence
determined with intact starfish PLA, electroblotted toPVDF
membrane was shown by a solid arrow. -----, regions with
undetermined sequence.
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T&k, %ﬁt:é:h&:f. 1 MY FE b FPLA,IZCys113B L Upancreatic)l — THE 5 &

ATBHIENETN—TIPLAKEL. £/, Ca™#ABIUMEERICEET 27 3

JBBAERERCREL TR, Lr L5, APLA 13628 H L668H OBz 25

HEOT I/ BORBLTCERN 596HEH ORAMICICREDBABLUIBEDORIEEHE L
THY. HABYBLIUNEHEHKPLA L RBEARZBERRIERL, SENICESE

FtEsEDEVWHOTRAEVWEREDNE,
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HAE A bYFEPTFEPIED S R AR Y N—FA DcDNA

ra—=-%

H1H HH

BECBNT, 1 FYFE FFPLADY I/ BEFEEBT KT TR LE, 2
NIZX D ITREORFI 2 ZIFRET 5 2 LA TERN, £B. EESAES RN
DI BOEF ORANTHATH o/, £IT, FETE, DNAY O—= 3 5 LR
IS &> TREFIZMHT B L & bic, BHEADNABKERNEA hFE b5
PLA, DK BAEREPRIENHADS K S -SEMBIOMITE B9 LT, APLA OCDNA

JO—= 2 7 EfTo 2%,

B2IH MEBIUHE

1 FYFE FFETE O SPLA,OCDNAYZ O—= > 7 OIS IEFig. 20175732,

1.1 RIS —-DNABLUBEAES
(1) X7 %¥—DNA
JO—Z T RT3 0 DR ¥ —DNAE L TIE. pBluescript TKS(+)
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Pyloric Ceca

GTC-phenol extraction
Total RNA
Oligotex—-dT30 chromatography

Poly(A)* RNA

reverse transcription

First strand cDNA

PCR

PCR products (cDNA)

ligation into pBluescript I KS(+)

transformation of E. coli XL1-Blue

Transformed XL1-Blue

extraction of recombinant plasmid

Recombinant pBluescript Il KS(+)

DNA sequencing

Nucleotide sequence

Fig. 29. Outline of cDNA cloning of the starfish PLA,
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(Stratagene) &M L7z, pBluescript IKS(+)id2,961 bpMEREB T T AI RR7 ¥
—=THD, 7XEV VIEREFBRXUIB-H5 7 FF—FONKGHBi 21— R
U, TORNEIC2IEOHBERTIMNSREIINTF « 70— V2B O#ET £
ALTWS (Fig.30) . 20DV Ly U —#inFlac ['BLXUB-HS5I b F—F
DCKRGZI— RLTWBEEBT (JacZAMIS) 2ROBEHEEFERTH L, IPTGICEX
D B-H50 b5 —EORMKRRBHRMAREFEIND,

2) EEXEE

JO0—ZTHAOEEKREBEE U TIE, XL1-Blue (Stratagene) Z2&HL7=., ZOH
BRiE. recAl. endAl. gyrA96, thi. hsdR17. supE44. relAl, lac/F'[proAB, lac
[ lac ZAMI15:Tnl0(tet)] DEBEFEZRE, SHIKTIAIRFESFATHT, Z0
ECFRIHA ) CTEBRETFEREO TW3, £/, lac [“2HEDODTIPTGIZL % 8-
A7 v F—BOREI D FO—IVNTRETH D, T5I, lacZAMISERF DD T,
B U7z & 5 12X -gal DHFA T TR A K &R A EDOBRANITEETH B,

) KBHEDIZEF M

EERBEEDOI YT > MERCaCLEIC X DITo 7z, T72bhB, KEBEXL1I-Blue®
HREELLE, P2 ano—2H8 L T3 mIOLBEHICHEE L. 37 CT—%RE
DEEL, ZOBEREFRBEOS U WLBEHICHN LU TL/I0EEMX T, 37 CT3H
FMIREDEE Lz, BREKITA 7 O0F2—TIAHEL 2. 4,000 Xrpm T3HEED
SEELTz. BoNIRIICPGHIRICRE L 7218, KB TI0AFHEL . KNWT, Z
DB 24,000 Xrpm T3S RO BEL 288, TEE%0.4 mlD CPGIARIZER D ICHE
BL. Zhza>E¥s>rbhbilelr,
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Multi cloning site
Kpn |
Eco 01091
Dra I
Apa |
Xho 1
Hinc 1l
pBluescript || KS(+) gclcll

a
(2,961 bp) Bsp 106 |
Cla |
Hin d 1l
EcoRYV
Eco R
Pst |
Smal
BamH |
Spe |
Xba i
Not |
Eag |
Bst X1
Sac
Sac |

Fig. 30. Circle map of pBluescript I KS(+) DNA.
ori, origin of plasmid replication; Amp, ampicillin resistance gene for
antibiotic selection of bacteria; lac Z, gene for 3 -galactosidase; f1 ori, origin

of {1 filamentous phage replication, which allows recovery of the sense strand
of the lac Z gene by the co-infection with helper phage.
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1.2 7HO—RFVEKIKE
(1) 50XTAERBE®ROFAK

FJUR (242¢g) | BEEEFRUTA (B7.1ml) . BXUEDTA 25U A (394
g) ZREKITHEML, B TPH 7.81ICHAEL, 1000 MIICAXT v U8, F—h7
L—TJMEL, AR,

(2 15 %7 HO—25 )V OFEH

ESKEBAERMEY A TO7H0—2 (7333) 0.75 g, 50XTAERREK]L ml. B
KUOHREKBSmIZREEL, MAL TERHERELZ. KWT, ZOBREET VRIS
— (6.5X6.0cm) ITHLURAAR, FIALZ &=,

Q) KEFEBREROFR
REARERIIS0X TAEREKR20 ml, TF UL TOTAL RIBEKS0 nl. BIUEE
K1000 mIZRE L., FHHL=,

@ FTHO—ZAF )N EKKE

BXKENE. Ta2—Ey REOBRKEKBER (QRXENAA) KEDITolkz. BERE
BRIZL/10FEBOERT—H—K OmM Y Z-FilgEfEw (pH7.8) . 1 mM
EDTA, 40%270t0—)l, 0.1%70ETx/) =V TN—, BXU01%FI LT
J =) ZMATRELRZE, 7HO-XFVOEBECEAL, 50 VOESE TKE
707, WKEMETHE, IR E312nm) BEICXDEBRONS REREL., £
O R6677 4 IV AZHWTERE L=,
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(5) F%@bﬁ?éﬁ&(ﬁ%ﬁ@iﬂﬂﬁ

BROZTRIL, THO-ZAZ L EKRBICBT3BEEL SEBHLE, B, TR
N—A—&UTA Hind B £7213Hi-Lo DNA T —H1— (FRFw 7)) &N,
TAHO—=AT ) OB OBEL. F0/N> RO\ ZEAOBEDODDNANS ROEX
EHBTHZ LIV EEL - =,

6) THO—ZF )5 ORI EIR

TAT=AT N5 OB OERE. SUPREC™-01% WiTfrorz,

1.3 ZRNADHS

£RNAW. Chomiczynski and Sacchi® D :icfEVWERIL 7=,

TROE., EEA FYFENTFRSHMPAEDOS 2WOHL, ®I0BEOF 7D
FAIT VBBRENMAT, FEDPFA XA, FEVER—MNCRBEO T ) —)L-2 10
OFNVLA-TYVT I TNV EKREMLZ. 12,000 XrpmTI0 MEOHBELZ., 20
LBIC1/10B D3 MEFEE T b U D ABEREMA. S5 I2BBOBKEM T = ) —)Lik
REMATHELZ. K0T, ZOBRICHL/2BOZ 0ORV A YT I T a—
WEREIA THRIBL, KFTISHRIE L /215, 12,000 XrpmTL04M, B s
fIolz, BOoNEEBIZH100% T8 ) — )b &M T, 12,000 Xrpm T1045H 15 {4 B
7o, /BONLBIIVBODEPCUEKICERL., FcTy ) — kB EH-
Iz WMRUZERNARTO XLY /=)L THE L%, BLET TR SR,

14 HEEORS .
BRBRICRET 25 OV BOBRER. 7 /-7 0oblAREos, Ekic
o TR MUY ABEETCIY /- EMA TR ETLRE LTER L=, Wil
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0 %Ly ] =)V THRE LR, EEwgll,
1.5 HEEFIDOSHT

DNA@iﬁgﬁaﬁﬂi\ CFFFIF I IR —Ta EICKXDEFLE, TRD
5. ABI PRISM™ Dye Primer Cycle Sequencing Ready Reaction ¥v b+ (Perkin
Elmer-ABI) 7213ABI PRISM™ Dye Terminator Cycle Sequencing Ready Reaction
Fv b (Perkin Elmer-ABD Zf#R L TREZT o7, KB 96 TT30#ME, 50 C
T158MH, 60 CTTAREZEIYA ZILEL T, 52581 ZIiTo 2. £ L 7ZDNAIZ
I5 =R K DED ., 50 mM EDTA-FIVAT I R (1:5,v/v) WTHEREL,
DNAY—72 L8 — (Perkin Elmer-ABI) ICk DEEEFIZ0HTL 7=,

B3H MR

1. 4 FYFENFPLA,OCDNAZ O—=2 %

1.1 mRNADFS

4 FYFE FTFHIED S5 5 BAEE2HOFETHLL ZLRNAR. FEE
(w/v) OTEEKEKIEEO.1 %SDS #MATHEML =, KRWT I DEWK%EOligotex™-
dT30 (R—/%— :TaKaRa) C&kB7 74 =F4—rOX 757 4 —i2fiL. mRNA
EER Lz, B5NmRNA. $57 UH3 MEFRET MU W ABRERE AN 70
Fa—TRBL., I¥ /) —IhREEE,
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1.2 A F¥F bt FFPLAZ 23— RT5cDNADEEL
(1) FE—HDNADERR

FE—HCDNADEERIE. cDNABRI AT LTI ZAF v b (Amersham) ZHWTITo
7z. 725, mRNA%Z10 n1ODEPCHLEEKIZEEME L. 12,000 X rpm T3 M= O B
U7z, mRNAICHARIRE—#HCDNAZ R T 5728, AMVEERERERXL (40 U,
TaKaRa) Z#AL T, 40 CTTIRRIA > F 2 R— M LEE, KBITKORIEZELEL
7zs

(2) PCRIZ & 5cDNADHEIE

CDNADERBIEIRIE. 1 b<F b FFPLA ONKHBLIURCRHD T X / BEF
ZHETHEHELET S — (Fig. 31) 2HWTPCRIEICEDITo k. Thabb, 77
T—RT7 54 YF1IBLUF2i31 F¥F & FFPLA,ONKFKLIZBEN S6BHOT I/ BEC
FEdbLITHEHLE, ZOEE, A PYFENTPLAZRABRE L TRKBEICLD R
RIBH5ZLZ2BREL. SRMRICHRAKI R TATG) 2fmli, 7+ 7—R7T 54
SREFSBIUFAILBIMEDO DR WNEHTZENS13BHOT I/ BEH 2 b & 1EH-
Lize =7 UN=RAT 514 I—RIBLUR2IZA F¥FE FFPLA OCKNG132F H D
5 137&5@73 JBEFIED LR, R3B L URNIHBHED D2 CRE125
BENS5130BEHBIVISHEENS112E8HOT I JBEFI 2 LITER-MLE, 2hs
DTS4 —&ERA LU TPCRRIGZEfTo 2. RIGKTE., RISKO—#E 7 Hu—245))
BEXIKENTHE L, TORREEFg. 3210774 F1-R1, F1-R2, F2-R1, F2-R2, F3-
R1, F3-R2, F4A-RIBLUF4-R2DT T4 I — DR EDHEIZB U THK00 bpfhEic
CONADHEEARER I Nz, BEINZDNAIR Tz /- —700F)LANEBX T
& ) —)ILBRETH, FELK&, B5N7cDNAIXT4DNARY X 5—F (4 U,
TaKaRa) ZRAWTRHDOFELET >z, TOCDNAR T = /—)b~7 noR)L AQLE
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F1: 5° -ATG-TCT(CAG) -GTT(CAG)-TAT(C)-CAA(G)-TTT(C)-GG-3"'
F2:  5'-ATG-AGT(C)-GTT(CAG)-TAT(C)-CAACG)-TTT(C)-GG-3"
F3:  5"-AAA(G)-TTT(C)-ATT(CA)-TCT(CAG)-TGT(C)-TAT(C)-GG-3"

F4:  5"-AAA(G)-TTT(C)-ATT(CA)-TGT(CAG)-TGT(C)-TAT(C)-GG-3"

R1:  5"-AA(G)C-AT(CAG)G-AA(G)T-CTCC)T-TA(G)T-CA(G)T-A-3"
R2:  5"-AA(G)C-AA(G)C-TA(G)T-CTCCOT-TA(G)T-CACG)IT-A-3"
R3:  5'-T-CACG)T-AT(CAG)G-CT(C)T-GA(G)T-TA(G)T-A-3"

R4:  57-CG(TDA(G)-CAT(C)-TCA(G)-CAC-ATT(C)-TC-3"

Fig. 31. Oligonucleotide primers used for the amplification of DNAs by PCR.
The primers were designed based on the amino acid sequence of the starfish
PLA,; protein. F1-4, forward primers synthesized based on N-terminal
amino acid sequence of the starfish PLA, protein; R1-4, reverse primers
synthesized based on C-terminal amino acid sequence of the starfish PLA,
protein.
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9.4 kbp—
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Fig. 32. Agarose gel electrophoresis of PCR products.
PCR products were amplified with various sets of mixed
oligonucleotide primers (Fig. 31).
Lane 1, marker (A Hind I digests); Lane 2, F1-R1; Lane 3, F1-
R2; Lane 4, F1-R3; Lane 5, F1-R4; Lane 6, F2-R1; Lane 7, F2-R2:
Lane 8, F2-R3; Lane 9, F2-R4; Lane 10, F3-R1; Lane 11, F3-R2;
Lane 12, F3-R3; Lane 13, F3-R4; Lane 14, F4-R1; Lane 15, F4-R2;
Lane 16, F4-R3; Lane 17, F4-R4.
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alﬁ/—)bmi&c:;'o%%{bfco KT, cDNADS R ETAFF—F (3 U,
TaKaRa) ZMWT37 TT204/ ) S B{LI €218, ERYIIT HO— 27 L EXKE
L7 (Fig.33) . WEIRDS )L 5 BRIDOCDNAZ §] D Blo THIVETE-H 5 EIY
Us ZF 7 -\VikgafTro7= (Fig. 34) .

1.3 X275 —DNAADBHCDNAD 51 /f-—“/a ~

N7 % —DNA & U THW3pBluescript TKS(+)% HIFEBERSma [ THLL 728,
TDSRIMETIAVERT 7 & —F (20 U/molR 7 % —DNA. TaKaRa) THU 8
L7, BYU >EftoBluescript TKS(HIX. Tz /—)L-700FRILANESERT S
JIVIEBRICE D BB LU 725, 5K O B{LcDNAE 51 4 —3 3 CRIEEfTo T2,

14 KBEOBEERS LR 5 —DNADEIR

DI~ a Y RISEKEEIEF 2 M2L100 uliCTMATHEERLZE. °h
27 2UL U L EGUL-agariiic A T Ly ¥ — T AT LTz, 37 CT—Hi3 Ui
R, 500 0= —2BD 5N, FN50S BHSENEETH -k, KOT, SHLTT
23 KDNART VA VI K D KIBED SERL =, TS5, BEOIO=—13E%
WELTT UL Y 2203 mIOLBSMICHEE L, 37 CT—RiRE SHELE, 55
WEBRDNBL T, B5NEEAZTERERICHE L=, BEBWICL % SDS-0.2N
NaOHMWZ A THEE L. 3 MEEE-20 %7 = / — VSR E N Z THI L 748, B
LT, BN EBACA Y TN~V EMA. & CEDNADLEE OTEEFHI
L. RNase ALEEZ{To /2, KWT, 7/ —)—2 008V ANEBERTY /—
VERET, EHREOMBADNAZER DT, TERHRICERLE. Z0T523
RDNADY 4 X% Bam H | SIEM{L & 7 H 0 — 257 )L BEREIc £ DS LI, 20k
%, Fig. 3517 T &S 2D DCDNARRE, 7523 R EcDNABEEORITS
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Fig. 33. Agarose gel electrophoresis of blunted and phosphelylated
PCR product.

PCR product amplified with a set of primers (F1-R1) was blunted
using T4-DNA polymerase and phospholylated at the 5'-end
using T4-polynucleotide kinase. Lane 1, blunted and
phospholylated PCR product; Lane 2, pBluescript I KS (-);
Lane 3, marker (Hi-Lo DNA Marker).
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Fig. 34. Agarose gel electrophoresis of purified PCR product.
Blunted and phospholilated PCR product was purified by dessecting
and extracting from the agarose gel (Fig. 33). Lane 1, purified PCR
product; Lane 2, marker (Hi-Lo DNA Marker).
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%#93,400 bpfHiEICE@WN S RSB XN,

1.5 MM ZRT ¥ —DNADEEEFI447

ERO 70— > OcDNADERERFIZDNAL — 7 T H—iz kD ¥ ll=. Tk
R, Fig. 36ICRT LS IKIDDCDNAZ O— > (ZH5DNA%ZCDNAY O—>1-9& %
3) KOWTHRERFINE SNz, cDNAYZ O— 2 1-93W T 5415 bph SR XN T
BO. 1-I4ZBHOBERFIEAPHRER TS > . BRERL S, Y517 —Ick
DRSS NABRFERL D R TATG) KHRTANKBOMetZ2 89T, 1387 2 ) BR
BT h, BBINRY I/ BRF%£Fig. 3TIGRTH. cDNAY O— 14 5iRAE
INET I BRI 1 hFE NFPLADY >N BN ERELET 2 ) BESI&
SERI—RL., EORRERSVPAREICR>, LHAL, cDNAY O—2-4BX R
CONAZ O—C S I N2 T I ) BEF)I, PLA, Z 2NV BEDT X ) BEH & gk
LT TNETNIRE (NKEH»53588) BLUBE (NK#H 5358HBLU43R
) @‘E?ﬁ&ﬁ\'%&béhfco TIT FONTETHONREINZENZ/FEDryo—2%
PLA, 74V 74 =41, 1BREBRINALIO—2EPLA 74V 74+ —A02, 2BEES
SN/ O—2&PLA, 714V 74 —03E L7z, £/, cDNAZ O—26-Oh BiEEE N
27X BES (FhEh, PLA, 71V 74 —04ET3) i1 PLA, 107 2 J EEC 5|
LB U TI28E (NFKRHH 532, 35, 55, 57, 65. 71. 80. 81, 87. 113, 1168k
C120%&H) OB®RIBD 5.

UEDKDIK, FREIZBWTA F<F b MFPLA,OCDNAY O—=2 J & B 74
R, OO/ O-2 BB IENTE, FhEHS4BEDOT I/ BESIDNEEINE,
TOIECDNAZ O— 1A BEEBEINAZY 2/ BEI. § O R7EOHH» SRAL
7 BES KL,
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1T 2 3 4 5 6 7 8 9 10111213 14

Fig. 35. Agarose gel electrophoresis of recombinant vector plasmids.
Lane 1-13, recombinant vector plasmids; Lane 14, marker (Hi-Lo
DNA Marker).
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cDNA
cDNA
cDNA
cDNA
cDNA
cDNA
cDNA
cDNA
cDNA

10 20 30 40 50 60 70
GTTTACCAGTTCGGCAAGTTCATTTCGTGCTATGGTGGTGCTGGGTTTTTCGATGGGTTGGACTACAACGGC

AlICGATGGGTTGGACTACAACGGC

GTGTATCAGTTCGGCAAGTTCATTTCGTGCTATGGGGGTG : (TTCGATGGGTTGGACTACAACGGC

GTIOTATCAGTTCGGCAAGTTCATTTCGTGCTATG ATTCGATGGGTTGGACTACAACGGC

GTATATICAGTTCGGCAAGTTCATTTCGTGCTATGGY GTTCGATGGGTTGGACTACAACGGC

CAGTTCGGCAAGTTCATTTCGTGCTATGGTGGTGCTGGGTTTTTCGATGGGTTGGACTACAACGGC

T ¢
GTTTATCAGTTCGGCAAGTTCATTTCGTGCTATGGTGGTGCTGGGTTTTTCGATGGGTTGGACTACAACGGC

it

il

'CAGTTCGGCAAGTTCATTTCGTGCTATGGTGGTGCTGGGTT@TTCGATGGGTTGGACTACAACGGC

GTATATCAGTTCGGCAAGTTCATTTCGTGCTATGGTGGTGCTGGGTTTTTCGATGGGTTGGACTACAACGGC

100 110 120 130 140 150 160

TATGGGTGTTACTGCGGCTACGGAGGCAAAGGAACACCGTTGGATGACACCGACAGATGCTGTCTAGTGCACGATAACTGTTAC

clone 1  ATGTCA
clone 2 ATGTCE
clone 3  ATGICH
clone 4 ATGTCG
clone 5 ATGTCG
clone 6 ATGTCG
clone 7 ATGTCI
clone 8 ATGT(C
clone 9 ATGT(L
80 90
TATGGITGTTACT
TATGGETGTTACT
TATGGE,
TATGGETGTTACT

TATGGGTGTTACTGCGGCT%WGGAGGI
TATGGGTGTTACTGCGGCTITAGGAGGCCA
TATGGGTGTTACTGCGGCTIFAGGAGGCC
TATGGGTGTTACTGCGGCTIFAGGAGGCCH

170

AGGAACACCGTTGGATGACACCGACAGATGCTGTCTAGTACACGATAACTGTTAC
‘AGGAACACCGTTGGATGACACCGACAGATGCTGTCTAG ACACGATAACTGTTAC
CAAGGAACACCGTTGGATGACACCGACAGATGCTGTCTAGTACACGATAACTGTTAC
"GGAACACCGTTGGATGACACdEACAGATGCTGTCTAG ACACGATAACTGTTAC
AAGGAACACCGTTGGATGACACCGACAGATGCTGTCTAGTACACGATAACTGTTAC
AGGAACACCGTTGGATGACACCGACAGATGCTGTCTAGTACACGATAACTGTTAC
AGGAACACCGTTGGATGACACCGACAGATGCTGTCTAGTACACGATAACTGTTAC

AGGAACACCGTTGGATGACACCGACAGATGCTGTCTAGTACACGATAACTGTTAC

180 190 200 210 220 230 240

GGCAAAGCTACCGCGGAGGCCGACTGCGGTTCTTGGGACCCCTACATCATAGTTTACGACTATGAACAAACCACTGATGCGTCT
GGCAAAGCTACCGCGGAGGCCGACTGCGGTTCTTGGGACCCCTACATCATAGTTTACGACTATGAACAAACAACTGATGCGTCT
GGCAAAGCTACCGCGGAGGCCGACTGCGGTTCTTGGGACCCCTACATCATAGTTTACGACTATGAACAAACAACTGATGCGTCT
GGCAAAGCTACCGCGGAGGCCGACTGCGGTTCTTGGGACCCCTACATCATAGTTTACGACTATGAACAAACAACTGATGCGTCT
GGCAAAGCTACCGCGGAGGCCGACTGCGGTTCTTGGGACCCCTACATCATAGTTTACGACTATGAACAAACCACTGATGCGTCT

GGCAGAGCTGCCGCGGAGGCCGACTGCGGTTCCETGGACCCR ATTTACGACTATGAACAAACCACTGATCAGGCT
GGCAGAGCTIGCCGCGGAGGCCGACTGCGGTTCCETGGACCCK TATTTACGACTATGAACAAACCACTGATCAGGCT
Gacqucc GCCGCGGAGGCCGACTGCGGTTCTCTGGACCCL TATTTACGACTATGAACAAACCACTGATCAGGCT
GGCAGAGCTGCCGCGGAGGCCGACTGCGGTTCCETGGACCCG TATTTACGACTATGAACAAACCACTGATCAGGCT




06

250 260 270 280 290 300 310 320 330

GGAAACTGTGTCATCAAATGCAAGAAAGCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA
GGAAACTGTGTCATCAAATGCAAGAAAGCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA
GGAAACTGTGTCATCAAATGCAAGAAAGCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA
GGAAACTGTGTCATCAAATGCAAGAAAGCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA
GGAAACTGTGTCATCAAATGCAAGAAAGCGGC@GACTA'ITCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA

GGAAACTGTGTCATCCAATGCA BAAAGCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA
GGAAACTGTGTCATCCAATGCAA) GCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA
GGAAACTGTGTCATCCAATGCAA) GCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA
GGAAACTGTGTCATCCAATGCA GCGGCCGACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTTCATGTGCGAA

340 350 360 370 380 390 400 410

TGTGACCGCGCGGGGGCGCAGTGCTTCGCTGAAAAGCGCCCAACGTACAACCAAGCTTACGAGTCATACGACAAGGATTCATGCT

TGTGACCGCGCGGGGGCGCAGTGCTTCGCTGAAAAGCGCCCAACGTACAACCAAGCTTACGAGTCOTATGACAAAGATT (;IGCT

TGTGACCGCGCGGGGGCGCAGTGCTTCGCTGAAAAGCGCCCAACGTACAACCAAGCTTACGAGTCCTATGACAAAGATTCATGY

[

TGTGACCGCGCGEGGGCGCAGTGCTTCGCTGAAAAGCGCCCAACGTACAACCAAGCTTACGAGTCATACGACAAAGATTCATGT

TGTGACCGCGCGGGGGCGCAGTGCTTCGCTGAAAAGCGCCCAACGTACAACCAAGCTTACGAGTCATATIGACAAAGATTCATGCT

TGTGACCGCGAGGGGGCG) GTGCTTCGCTGI\%AGCGCCCAACGTACAACCAAGCTTACGAGT (TACGACAAAGATTCGTGCT
JAA

TGTGACCGCGAGGGGGCGAAGTGCTTCGCTGAC

GCGCCCAACGTACAACCAAGCTTACGAGTCOTATGACAARGATTCGTGCT

TGTGACCGCGAGGGGGC GTGCTI'CGCTG% GCGCCCAACGTACAACCAAGCTTACGAGTCOTACGACAAAGATTCATGCT

TGTGACCGCGAGGGGGCGAAGTGCTTCGCTGAC GCGCCCAACGTACAACCAAGCTTACGAGTL(IACGACAA@GATTCATGCT

Fig. 36. Nucleotide sequences of the starfish PLA;s (cDNA clone 1-9).
Annealing sites of PCR-rimers are underlined. Nucleotides different from
those of the cDNA clone 1 are shaded.
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10 20 30 40 50 60
wiacproteiny  SVYQFGKFISCYGGAGFFDGLDYNGYGCYCGYGGKGTPLDDTDRCCLVHDNCYGKATAEADC

PLA, isoform 1 MSVYQFGKFISCYGGAGFFDGLDYNGYGCYCGYGGKGTPLDDTDRCCLVHDNCYGKATAEADC
PLA, isoform 2 MSVYQFGKFISCYGGAGFFDGLDYNGYGCYCGYGGQGTPLDDTDRCCLVHDNCYGKATAEADC
PLA, isoform 3 MSVYQFGKFISCYGGAGFFDGLDYNGYGCYCGYGGQGTPLDDTﬂRCCLVHDNCYGKATAEADC
PLA, isoform 4 MSVYQFGKFISCYGGAGFFDGLDYNGYGCYCGEGG!GTPLDDTDRCCLVHDNCYG; A

110 120

GSWDPYIIVYDYEQTTDASGNCVIKCKKAADYSWYSTNPECREFMCECDRAGAQCFAEKRPTYNQAYESYDKDSC

GSWDPYTIVYDYEQTTDASGNCVIKCKKAADYSWYSTNPECREFMCECDRAGAQCFAEKRPTYNQAYESYDKDSC
GSWDPYIIVYDYEQTTDASGNCVIKCKKAADYSWYSTNPECREFMCECDRAGAQCFAEKRPTYNQAYESYDKDSC

Fig. 37. Deduced amino acid sequences of the starfish PLA, cDNAs (cDNA1-9).
The single-letter amino acid code is used. Amino acid residues different from those of the
starfish PLA, protein (APLA,) are shaded.



2. 4 FFE FFPLA, L MAENERPLA,D Y I J BEF O

1 bFE FTFPLAOTY I/ BESZ, T TREFNHLMIINTNWS 7F EiEh
XPLA, (V) —T71B) *. 27 IRNE (Najanagja atra) BHEKPLA, () —T1
A) P, ILIBAE (Crotalus atrox) ZHERKPLA, (F)—TTA) ¥, ZHUAELH
N (Bitis gabonica) ZEBHKPLA, (7)—71IB) ®BXUT v MxERPLA, (F ) —
TIC) PLA—7 I BREOMENZEDRLED LS ITEFILEZ (Fig.38) . 74,
a75, YAV, JHUAEBIUS v FPLA ZZNEN124, 120, 122, 118B& N
1307 3 ) BBRER S HRENTWS, —F, £ bT%E hFPLARI37Y S ) BRA
SR, ZONFE (15,300) iSEOPLA OFN 5 (13,000-14,500) &HARTHT
PDIZKEPOTZ. Efew 1 FYFE FTFLMUEOPLAFTERT 2B ITDODVWTHE—T
3 JMBEOKD SESMRLEEN L, TORE, 1 hYFE FFPLA LTS, 0
TS5, YAV, THUAEBLURT Y FOPLA & OEFIAERMER. ThEh4aT %, 48
%, 47 %, AT %BLV36 %TH > 2.

Fig. 38IT/RL 72 & DT, 1 b<F b FFPLAIZCysl1B & Upancreatic)l— 7 HRECS]
BETHZENB YN —TF I PLAIOMES N, £/, CAHEBIUMEERICEET
573 ) BBRAEZSICEELTOE, LHLAENS, 1 hYFE FFPLAG
pancreatic)V— T ICHS T A HMIC2BREDT I JBOREBER-T 4 TV ITHETBE
MIC16ZREDHFABIUIIBREORREZALTHY . HABYMERBEB XUNEEPLA LI
HONICERROBRIBEINZETH I ESMHASLITRS T,

Ez. 1 FIFE MFPLADT I BEED SHEH SN SERI4.25TH o7z, T
DERFBRICEH L 7= BRLB B RPLA OS8R (75 :pl=5.84, 73
pI=4.91, A X :pI=6.80. T v b :pl=6.80. kb :pl=7.25) L&KL TEM>7% (Fig.

39) .
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1 10 20

Starfish SVYQFGKFISCYGGAGFFDGLDYNG DRCCLVHD-NCY]
Snake( | A) NLYQFKNMIQC-TVP-SRSWWDFAD DRCCQVHD-NCY
Porcine( | B)  ALWQFRSMIKC-AIPGSHPLMDFNN DRCCETHD-NCY|
Snake( Il A) SLVQFETLIM-KIAGRSGLLW-YSA DRCCFVHDC-CY|
Snake( |1 B) DLTQFGNMIN--KMGQS--VFDYTY ATDRCCFVHDC-CY
Rat( 1 O SFWQFQRMVK-HITGRSAFFS-YYG DRCCWAHDC-CY]
Ca*-binding loop Tactive site

60 2 70 80 gy % 100
Starfish GKATAEADC-GSWD-PYIIVYDYEQTTDASGNC---VIKCKKAADYSW-YSTN
Snake( | A) NEAEKISGC--~-W-~PYFKTYSYE---~~~-- CSQGTLT ===~~~ KGGN
Porcine( | B)  RDAKNLDSCKFLVDNPYTESYSYS~=====-= CSNTEITC-==------ NSKN
Snake( Il A) GKAT---DC-~--- NPKTVSYTYSE~~~~=~~~ ENGEIT(C----~---~ GGDD
Snake( |1 B) GKMGT------- YD-TKWTSYNYEI--~------ QNGGIDC---------- DED
Rat( Il ©) HKLKEYG-C-~=~-- QPILNAYQFAI---~~--~ VNGTVT(---~~-- GCTMGG

elapid and pancreatic loop B -wing
120 130

Starfish P-ECREFMC CFAEKRPTIYNQAYESYD--KDS
Snake( | A) N-ACAAAVC CFA-GAP-YNNNNYNIDL-KARC
Porcine( | B)  N-ACEAFIC CFS-KAP-YNKEHKNLDT-KKY|C
Snake( Il A) P--CGTQI( CFRDNIPSYDNKYWLFPP-KD-ICREEPEPC
Snake( |1 B) P-Q-KKELC CFANNRNTYNSNYFGHSSSK--CTGTEQ-C
Rat( 11 © GCLCGQKAQ CFKENLATYEKTFKQLFPTRPQCGRDKLHC

Fig. 38. Comparison of amino acid sequences of PLA ;s.
Residues identical in all the PLA,s are boxed. The single-letter amino acid
code is used. Dashes indicate deletions introduced for maximizing the
sequence similarity. The location of the active site, Ca*-binding loop,
elapid and pancreatic loop, and 3 -wing region are shown with solid bars
based on the crystallographic studies of bovine pancreatic and Crotalus
atrox venom PLA,s'**. The positions of deleted amino acids in pancreatic
loop and 3 -wing regions of the starfish PLA s are represented as 62(+1),
66(+1), 84(+1), 84(+2), and 84(+3). Starfish, A. pectinifera PLA, (present
paper); Snake ( I A), Naja naja atra venom PLA*; Porcine ( I B), porcine
pancreatic PLA *; Snake (Il A), C. atrox venom PLA *; Snake (1l B),
Bitis gabonica venom PLA ™; Rat (Il C), Rat brain PLA,®.
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1 | 1 1 ] 1 1 ] ) { [ 1 ) | [
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pH

- Fig. 39. Isoelectric point of the starfish PLA,.
Isoelectric point was calculated by using DNASIS program.
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BAE N
1. A b+t FFPLA,OCDNAY O—Z=2 %

AEEBNTAS FYFE FFPLA,DDNAY O—=> ¥ 5o =, ZOEE. 950
O—>. §72b5cDNAY O—>1-9882% Z EMNTER, 25055 DDNAY O—
~ 1 OFRESD SESECBNTY S NRIBNSSMTLZT I ) BBLFI O R 284 455
SPIRDEEBIZ, ZOREFINCDNAY O— 2 1EFA—DRFITH S 2 & D ho
7z, PIA 23— RLTW3ACDNAE LT, cDNAZ D;‘/lwﬁﬁiﬂﬁi 51~§r§(i§§§@é
Niezu—> (cDNAZ O—22-9) dRINENEN, ZhoDSEEEINET I ) BE
AEIETH 57z, ZDOZEWRHPLAICT A VTS ANEET S EE2RTET B B0
TH2. WHABVERPLAHBOBREAR THRES L TESRI N, BIKTIZ0W
ShE TS IREOTORT ik TNAMTBED T F REH AR
RINBILICKDEME LD, £, BALEBYO VN —T 1 PLA IR DONRK
WIS NI BB DS I FVESIEET 515, Z)—7 TPLA 1337 F Va5
DERIRRS > NRUEPMLBLTHY, BEOLIS, TOERHBOBBIRA TS
2% BB, FPRCBOTI. 1 FYFE FFPLA ORBBEEABEIC LD RET 3
ZLEHMELTWS RS, 7O~/ OIS FIFE FFPLA 20— RT3
CONADSRIGICHRFABI R TH B TATG) 2MMLE, TD5H, ZDPLA % O—
RTBREFHT L - TORFIZHT HH L5 BT 5 H TR,

BEDLIWT, FBEICBENWTA bYFE MFPLAS AV BN SRELZT I ) BE
FICF—D7 X ) BEEFI%EI— KT BCDNAY O— > 1IBB 5 N, ZOREICED. &
MADNABRT M4 FYF b hFPLA OARAECRIENIC & D BNk ZREDHE
BB L CAPLA, DB - AR ATATBE S 120 72,
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2. A FIFE FFPLA,OHE OB

AR XN\ EEH RPLA BTEERRICmMMA — 5 — OBEDCa> % S E & ¥
3. ZNSPLAICBNWTCa™ I3Tyr28. Gly305 & UGly 320 3847 )L K =L 5t
R ABEWEET HAspAODfIEZ UTC2RTOROBRERETFERMT B EE2 5hTN
5. Fig. 4012 S BERHIRPLA, O S RMIER 2R T A5, Ca™ I IFE A 1A B+ % 2
Do-"NYy IR (NJyZZABBXUC) 20— TBMCEEET S, —T e
DNy T ABONAEBRE FORZ S DANET 20 D 0Ca B Y >R ETH
SNTVRIMETF -7 TRHBEF-N\ > Rl S BRI ORI NERBEE &5 (Fig.
41) o —TRITFCysh2lH . THENHS-SHEEHR LI —T ORI ELEl
LT3, Ca" ¥ G EALDITEICIZAEE T 2 Hisd823% 5. Asp99DH L EF L L&
i, Hisd8DON-3JEF LTyr62B X UTyr73DKEE & &k Bk & L TEM Lk Rk 58
ERRT 5, PLA OMBEHEREBICOWTIE. BEMENBIME2ESROERITE TN T,
U 7T —EOMEEREICLZER ) L —RICK 3 BEEEINTLEY (Fe.
42) . TOBRE. EESerBEOBEE, HisdBICBA LrASFNELS 2 &0k 5,
ML BT 2 Ca” OBRENIERITIZD D > TN, £ CBEOREETICE
&UTHR-REESHRERELT 5 LAMIC, sn-200 7 LR VB ST AR LT
ANVRZNVEDOIEERR I B TREKBEEZIIRTTHEEZ SN TWS, AT
BWT, A bYFE MFPLA,ONKHD 526-53BH D7 I / BBHLIE. MEPLA DXt
BT R EBMVEFIEENE (75%) £xRL7%E (Fig. 38) . BWAEMEES LA LE
PLA, T Z OBIRICCa™ AN — 7 B R UBMBEHAI S A TS, MASWEES IO
NEHPLAOCE HEBICHET 27 I J BREA FYFE FFPLA KBV TREICH
FINTHD (Tyr29, Gly3l, Gly33BLTAsDS0) . 7z, MEERICEEST37 3
JBBREDEEIREIN TN (His49, Tyr53, Tyr728XkAsplll) (Fig.

96



Phosphoric acid
binding site

Helix B

Monomeric substrate
binding site

20

Helix A

Pancreatic loop

Helix D _ . ,
Interfatial recognition site

Fig. 40. Ball and stick representation of bovine pancreatic PLA .
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Y28

G30

Fig. 41. Ball and stick representation of the calcium binding
loop from N. naja naja PLA,"°.
The hepta coordinated calcium ion at the central position is
presented as a larger sphere forming bonds with the carbonyl
oxygen atoms of Asp-49, three backbone oxygen atoms and
two solvent water molecules.
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: 0-H-N_ /N.
- I

R: 0
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0: > C=0-Ca™ 0} C~ Aspdd.
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Fig. 42. A proposed catalytic mechanism for PLA,”
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38) . TNBEDTENS, 1 bYFEb FFPLA OfIEEEIL, HAEMERS I UOAE
ZPLADTNG LA TH S EEX BN,

HLEN R - IERBRS B KON EEBHEROSWEPLA L, S-SHEDRAICETE
IN—T7 1 BXOTRMEEI B, J)—T 1 PLAE. BAEBHEEC2T7SRBX
B IAERAEBEFICAVHINTSED, CysllzFT 5. — 4. FI—TIPLA,
2. BELEYMOERBEEOVAIEBIRI T UAERDOAERZHRT, FI—71
PLA, & B U TCRMAEZRE K. CysllZzHizRRl, iz, 7 —7 I PLA & B
LT, ZI—71 PLA, TIINR¥mH 553-61FH DfEIK (elapid)l—7) 122-3%EDT
I BAEATNTVS, §51T. VL—7 | BPLA, (BABMERER) TIZZ0
elapid)l— 7S REEE SN THE D, ZOEEHMT Mpancreatic)h— 71 EFEENT
W3, FHEDA b+ FFPLAE. CyslldBkUpancreatic)l—7THECFIZE T 2
ZEPBTN—TIPLARETSEEA SN (Fig. 38) - LALRYS, TOD
pancreatic)V— TEAI2EBRED T I JBEREBL TW,

WABYOMEEPLA 13, SXBIBICBN TR0 %0 a-~U v 7 ZEKL0 %D -3 —
MEZEEFAL, NERHOT4D 54BBICHFEET 2EVWHELETD 8- — ME—RIZ T8~
B4 Y] EERTVS™ (Fig. 40) . Fig. 38IRLAZE DI, f FYFk hFPLA,
X, TYEBPLA, D7 2 ) BEFIOLBRICBNT, B-U4 X TITHET HEALICI65
QWA (NASH 576-83BE BRUEI-96BE) L3BEOKE (NAHMD 584

(+1) -84 (+3) &H) #HLz. 1 hYFE FFPLADB-TV 4 X TEAICBT S T
DED E%iﬁﬁﬁﬂi‘ DTN —7 1 BEPIDOPLAICBNWTHRD 5aPro .
ZZ T, CLUSTALWZ O/ 5 A%2AWT, 1 bXFE MFPLA LT NV—T [ BXT
IPLA DY X J BRI X Dﬁ?%ﬁﬁéﬁfﬁﬁbfco Fig. 4312 RT LD, 1 bFED
FPLAE, ATFREMICENTHRO V)V —T I BEUIPLA, &R OMIL U 72 FRTITAL
BLR., £ V)—7 1 BXUIPLA ONEKEH» SKI0ZREDT X /) BIZ, WHHESE
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Fig. 43. Radial rootless phylogenic tree of PLA s.
The phylogenetic tree was made using the programs of CLUSTAL W* and TreeView®.

The branch length represents the evolutionary distance between the proteins. PLA,s belonging to
the same group are boxed: group I A (O.s.scu, Oxyuranus s. scutellatus venom®; L.sem,
Laticauda semifasciata venom®; E.sch, Enhydrina schistosa venom®; N.s.scu, Notechis scutatus
scutatus venom®; P.aus, Pseudechis australis venom®; B.mul, Bungarus multicinctus venom®”;
N.n.atr, Naja naja atra venom*; N.mel, Naja melanoleuca venom®; N.m.mos, Naja mossanbica

mossanbica venom®; N.nig, Naja nigricollis venom; H.hae, Hemachatus haemachatus venom™),

group [ B (Por, porcine pancreas™; Bov, bovine pancreas™; Hor, horse pancreas™; Hum, human

pancreas™; Dog, dog pancreas™; Rat, rat pancreas™; Red, red sea bream hepatopancreas

(Accession No. AB009286 in DDBYJ)), group II A (C.ada, Crotalus adamanteus venom’; C.atr,

Crotalus atrox venom®; T.oki, Trimeresurus okinavensis venom™”; T fla, Trimeresurus flavoviridis

venom™; A.h.blo, Agkistrodon halys blomhoffii venom™; Hum.s, human synovial fluid®; Rat.p, rat

platelet™), grdup II B (B.gab, Bitis gabonica venom™; B.cau, Bitis caudalis venom®), and group

I C (Rat.b, rat brain™). Starfish 1-4, Starfish PLA, isoform 1-4 (present study).
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Da-~Yy I AEEEEDTENBEINTVS, LHLRAMS, Fig. 4ITRTXD
2. 1 FYEE FFPLA O KHiE £SOPMAT O Y I AP I Ko THIT L& T3, 2
ONKBEALIL B-HEE L TR XNz, BT, A MYFEMTFPLAD B-U 4 > JEAL
REV -y 7 AHEE LB ENTHENE, TN5DZERSE. 1 PYFERT
PLA 3% 7= RB O Y )—7 [ BT BPLA,TH 5 EEZ bz, MOKEBH T, <
5 1 FFEEIPLA, DCDNAAS Y O —= > 73N TW% (Accession No. AB009286 in
DDBJ) . ZDOcDNAMSEEZEINAZT I/ BEFICKS &, IFIPLARI T FIVBX
YT OEFEH L, £-CysllBLUpancreatic)—7E2HLTWBZ &5, TI—7
I BPLA I EE NS, V&1 PLAO—KEEIIHAEYIEIPLA, S BEIL. Fig. 43
DATFREFICBNTHHAGYEKBPLA, LR C V) —T7IZE L7z, —7%,. Mcintosh et
al* 3B D% E Conus magusDEN HPLA #HEEL =, ZDPLA IZ2ADRI RTF
RSMBRY ., MEPLA & OEFIERMENFERICENZ &N S, TIN—TREKSES
hTW3, X7=. Shiomi et al.®V34 =t b FAcanthaster planciDzEM 5 2FEHEDPLA,
EREL. TH5ONKRAS62BHETOY I /BEFIZRELZ, A=t FFPLA,
iECysiiB & Uelapid)l—72F L., D, CysblaR &5, VI—T7 IPLA LR
EFIN, L LAEMNS, pancreatic)—7BXURB-T 4 2 THRADEFEIREINT
WY, S TEEDNEZ S, 1 FYFE MFPLAN. E MFERMOBERTHEDY
DHTH—DF = REBD Y )\ —7 1 PLA,TH 5.

7 5 BPLA IZPC L PEZ FIBRICIIAK AT 5 4%, 1 F¥FE bFPLAJIPEL D HPC
EBRIIASEL ., BELEMEREPLA OZREEANWEFIET™ICLD. 75 KR
PLA DArg538 &k ULys62 & ™7 ¥ BEIEPLA, DLys538 & Lys567%%, BT H <M1 4>
) IEB DB 4 BRI U TERENCRHET 5 Z &iICk D, PLA OmEER
BHCEEEZBIET I ENRBINTVWS, Fig. 38ITRLIZLIIT, FHEDT bY
FE FFPLAKBVWTIE, INSOERFMELRET I/ BREITHOREICERE,
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V01

1 10 20 30 40 50
Starfish 1  ctteeeeeeettccetcchhhhhttttttccccccccccchhhhhhhhhhhhh---
Porcine(IB) chhhhhhhhhhh-cttcchhhhhttttttcccccccccecchhhhhhhhhhhhhhhh

Ca“-binding loop‘ active site
60 70 80 90 100
Starfish 1  ---ttccccccccteeeeeeeechhhhhhhhhhhhhhhhhhhhheeccccc--
Porcine(IB) tttttccccccctttccceeeeett---------~-------- eeeecccccc
pancreatic loop B -wing
110 120 130

Starfish 1  hhhhhhhhhhhhhhhhhhtthhhcchhhcccchhhe
Porcine(IB) hhheehhhhhhhhhhhh-t--cccchhhcecchhhcce

Fig. 44. Predicted secondary structure of the starfish PLA,.
Secondary structures of the starfish PLA, and porcine pancreatic PLA, were predicted using SOPMA program®.
Dashes indicate deletions introduced for maximizing the structure similarity. The location of the active site,

Ca"-binding loop, elapid and pancreatic loop, and S -wing are shown with solid bars based on the
crystallographic studies of bovine pancreatic and Crotalus atrox venom PLA,s'**", Starfish 1, predicted
secondary structure of the starfish PLA, 1 (present paper); Porcine ( [ B), predicted secondary structure of -

porcine pancreatic PLA **; h, o -helix; e, extended strand; t, B -turn; ¢, random coil.



R [/‘C'h?’: (Gly54. Thr57BKUr62 (+1) BEHORE) . FHWPX, PELD HPC
ERSIMADET S LS4 bIFE FPLA OB ESRMT, APLA Oelapids &
Upancreatic)L— 7 HEBIC BT 5 Z D & 5 REFIIEICERT 5 T8RS 5.

HABWEES KO\ EFEPLA I EA TARREZICH L TIREVEE LRI AN
A SEVRCEEZEBROL S SBE L 2EEICH L THRELLBVWESEER
T, ZOBRKI, PLASTFOER-KORECRET 52 Ik VERLEIN B
EEZSNTHEY, PLASFOMMERIS 27 S BIERALICIA T, KB & BBk
DREEEFT DEA (FRERRIO) 2HTHIENHEREIN TS (Fig. 40) . |
CEORBAKIINR—ETHREDSNTHY, [FEMEERCREOESKEEZ TN
5% DARTOD S HIPLA, O SHEERNTN 5, 2 ORERBHEIIIPLA 4 T ONKH
BLUCKMEI DT I/ BBRELMOFRON DHDT I ) BBED SRS Z E08T
Wanie. EFE, BABMERPLA ORRKE B WEFIRICLD . 7 EEBPLA O
Arg6. Lysl0BXULys116. 7 HPLA OLys10, Lys563EULysl168L 0k k
BEIBPLA,DArg6, Lys7. LyslOBKLULysl162%, R+ HERE & OBEHHEES
KB5T 5 I LAVRBE NS, AHEDA + YFE MFPLA TR, ThEDERHE
LTI/ BRECEEVERFHEEZZAICHEL EBEICERL T (Glys.
Serl0. Thr57BKUGIu130) . TP A, 1 FYF b hFPLA O REHSHERITEH,
BYBEIPLA,O b 0 LR35 T L AREE Nz, |

ULDZENE, B2ETHEMCR-ED 7T FIFE ~FPLA, D it H Ry Bt
i, #PLA,Dpancreatic)h—7. B-7 4 >, BLUORERRBAICHT 3RS
FECERT 2 Z &R ansk,
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FOE A MIYFERT - RABFUN—YA OKBEICE 2%
Bl

H1EH HB

AIEICBNT, 1 hYFE FFHFEDSPLA 0T I J BB 5% 10— R4 3cDNA

(cDNAZ O—>1) 2B5Z LN TE, TITAHRETIZ. ZODNAY O —21%H
WTA heFE %?P%@k&%%%ﬁ%@%ﬁiﬁ&ﬁ%ﬁéEB{Jc‘:Té EEbiz, BE
BROBUMHAORNETD. ThIZRITHIE, 48131 FvFE FFPLA O AR
HEECHBENERE L L EREOEY, PLA OMISE-BENERE DY >IN0 B T 25
KOTEEE 2B, |

HB2EH MEBLTHEK

1 FF b FFPLA OKBEIC & 5 RE OFIEOEIKIIFg. 45107,

1.1 EERIZY—-BXIXOEEABEE
(1) REXRX7Y-—
REZTI DO ¥ —DNAE L TiL, pET-16b (Stratagene) #&ERE L~
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Recombinant pBluescript 1| KS(+)

PCR

PCR products (cDNA)

digest with Nco | and BamH |
ligation into pET-16b

transformation of E. coli XL1-Blue

Transformed XL1-Blue

extraction of recombinant plasmid

Recombinant pET-16b

transformation of E. coli BL21(DE3)

Transformed BL21(DE3)

induction ofexpression

Recombinant PLA2

Fig. 45. Outline of bacterial expression of the starfish PLA,
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PET-16bi35,711 bp B0, TT7OE—F —ET7TY — I X2 —F—DHEICHEET B Nco
[ Efrxra—= 78 LT3 (Fig. 46) .

(2) BEKRBHE
REROBEEREBEE L TIZ, BL21 (DE3) (Stratagene) 2fFFL 7.

1.2 KBEHEILORBRLUEBROBEBLINZOHE DT
RKEBEICXORBE LU BREROBEBLIVNZOREONTIL. B2ELFBOFETT
7z

B3H HR

1. 1 hYFEMTFPLAOKBEICKZHE

11 RHEROHBE
cDNAZ O— 2105 RICBIEREB T R "ATG" 22D Nco 1 #frz,. LT, 3K

WIS IED RO TGA"&EBam H ] M & B AT 5729, Fig. AT RT 7+ 77— RS
FTAIR—BIRUN—RT AT —2EHL, ThEZHAWTPCREfTo 7z, 728, Fig.
48ITR T K DIZ. cDNA 105Kk Z#REAKR I R TATG] 288U Nco 1 8hr& 927
o, TATG] i< IT] 2 1G) TBH L, ZTRITHL, BRINDHPLA ONRET
2 /BIL, SerhbAlaicBBINZ ETFHIENS, PCRRBICKS5cDNADHERIZ 7 H o
— 2% VESKBIC L OBz (Fig. 49) 8. BMECDNAR Y =/ —)l-rOOsibh
WEBIVILSY J—)VILRICKODEIR L 7z, &L 7ZcDNADKIFREERELIZNCO 1
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BamH |

Nco |

Cloning / expression region

Amp

pET-16b

(5.711 bp) '2¢!

ori

pET-16b cloning / expression region

T7 promoter
AGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTG

Iac operator , rbs
AGCGATAACATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGA

Ncol
GATATACCATGGGCCATATCATCATCATCATCATCATCATCACAGCAGC

BamHI |
GGCCATATCGAAGGTCGTCATATGCCGAGGATCCGGCTGCTAACAAAG

CCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCGAGCAATAACTAGC

T7 terminator
ATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTG

Fig. 46. Circle map of pET-16b DNA.
ori, origin of plasmid replication; Amp, ampicillin resistance gene
for antibiotic selection of bacteria; lac I, gene for repressor protein of
lac operon; rbs, ribosome binding site.
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F: 5'-GCA-GCC-CAT-GGC-AGT-TTA-CCA-G-3'

R:  5"-AGT-GGA-TCC-CTC-AGC-ATG-AAT-C-3'

Fig. 47. Oligonucleotide primers used for the amplification of DNAs by
PCR.

F, forward primer synthesized based on 5'-terminal sequence of cDNA

clone 1; R, reverse primer synthesized based on 3'-terminal sequence
of cDNA clone 1.
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ITT

pET-16Db

T7 promoter ~ . Transcription

Nco [ sité Bam HI site

recombinant cDNA for the starfish PLA,

T7 promoter pET—16b| ORF pET-16b
< > < | ‘
--TAATACGACTCACTATAGGG---tataccATGgcagtt---tcatgcTGAgggatccgg--
Nco 1l site Bam HI site

MIAl V---S C

Fig. 48. Structure of recombinant plasmid constructed from AcDNA1 and pET-16b.
Shaded region shows the cloning site of pET-16b. The 5'- and 3'-termini of AcDNA1 are modified and the cDNA was ligated
between the Nco I and Bam HI sites of pET-16b in frame. Transcriptional direction is indicated with a curved arrow. At the bottom
of the figure, the nucleotide and deduced amino acid sequences at terminal portions of ORF are shown. Substituted amino acid at the
N-terminus of the starfish PLA, is boxed.



Fig. 49. Agarose gel electrophoresis of PCR product.
PCR product was amplified with a set of primers indicated

in Fig. 46. Lane 1, marker (A Hind Il digests); Lane 2,
PCR product.
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(TaKaRa) BXUBamH [ (TaKaRa) &M WTiTor. KEMET H0—2 7 VES
WRENCH L7z, KEHEOS )L 5 BRI SIRBEENLCDNAB S 29 D BD . KNT,
CDNAZZ VPSR L., T8 /) —)VIkBET> 7218, 7 HO—AX N ESIKE Th4
L. B—NCRERTZEEMRLE (Fig. 50) . H55UHNco [ EBamH [ THAE
LTV cDNAEDET-16bEDNAT 1 5°— 3 3 >3 v | Ver. 2 (TaKaRa) % FJurc
1T —=a iz, ThERBEXLI-Blued > ¥5F > M)UIC#A L5,

T EYY CEETUL-agarE IcBA Lz, 37T CT—RIEHLARE. 6o0a0-—
BBHEN, TNED3E3D0I 0 —2REL T > ¥ L ASOLBREH IR
TR L., 8% BOOBICEIVESL, 7523 RDNAZHIHELE, X745 —
DNAIKCDNAZ 0 — > LAMBA SN TS = & ORERIENco 1 51 08Bam H 1 125 %
WEE T HO— 27 N BEABIC K DTz, TORR, Fg. SLSRT XS 10895,700
bpAHEIZ NS & —DNAHEFRD /N> R &#500 bphtEICACDNATESED /N RO H =

N, ZOTS5X3 RAPET-16bEcDNAY O— 1 DM A A TH 3 2 EBEAIN =,

1.2 BRORH

REEEBL21 (DE3) A EFY hIVICHEZ TS5 A3 REBA L8, LBEHT
BRIk, IhE7>ET) D eEDL-agarBic A S Ly ¥ — 8 # L7z, 37 CT—
BERLUIZHER, £2<020—2RD 5/, ##2pET-16b%#E A L /=BL21

(DE3) @2 >7Nan=—2H@EL Ty > LY U E2SDLBEHICHEE L, 37 CT4
RFRIIRE DR L2, ZOBRKITKRBEL mMOIPTGERML T, X5ICEELE,
ZORE. IR I EEREO—HEIRL. BLOEL TEDFEEL v F2SDS-
PAGEDRBRER THEML 7218, SDS-PAGEIC#tL7=. ZO#EFig. 52125RT LS
t(%F?#tFFHA#ED%ﬁﬁéﬁ?é&ymﬁﬁﬁ%ﬁénfmto%@%ﬁ
Eid. [IPTGHERBEFMBgICRALAZ L (Fig. 52) . K2, ZOREY > NA7EMN
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Fig. 50. Agarose gel electrophoresis of purified PCR product.
Digested PCR product purified by dessecting and extracting
from the agarose gel (Fig. 49). Lane 1, purified PCR product; Lane
2, pET-16b.
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ot (3.0kb

- 4.0kb
~— 3.0kb

o 2.0kb
1.85kb

1.0kb
= 0.5kb

- 0.2kb
e 0.1kb

Fig. 51. Agarose gel electrophoresis of recombinant plasmids.

Lane 1, digests of recombinant pET-16b with Nco I and Bam H | ;
Lane 2, marker (Hi-Lo DNA Marker).
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Native O ] 2 3 4

APLA?2 . .
Incubation Time (h)

Fig. §2. Overexpression of the starfish recombinant PLA, by IPTG-induction.
Expression of PLA, in E. coli BL21 (DE3) containing recombinant pET-16b

was induced by 1 mM IPTG. Aliquots of the culture (200 (1) were

pipetted off at 1-4 h after induction and the protein composition was
analyzed by SDS-PAGE. Native APLA,, the native starfish PLA, prepared
from the pyloric ceca of A. pectinifera (Mr 15,300).
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CONAZ O—V1INSHRENEBDTH S I L 2R T B0, SDS-PAGEX )L D
NI HEPVDFRIC T Oy T4 7 LB, 7051 23— T Y —TNEKET 3
JBRESNEDM L. TORE. NEKMH 5 20BEOEF], AVYQFGKFISCYGGAGF
FDG, RE I N, NERHHSerh BAlab:Eﬁ&éh'Cm% ZELME, A FFERT
PIADBDER—THBZ &M ofz, ZDOZT&ITED, PLA B RKBEICK D RES
N ZENERI Nk,

1.3 KBEICKBPLA,OKBRH

TITRIC, PLAZRBICEBESE 329010, #H#ApET-16b% ¥ A L/=BL21

(DE3) ®> > an=—%#E L T1,000 mOFH L WLBEH (7 ¥ 2E8H)
T—HFERESERL 2, KBEL mMOIPTGRZRML TRESFEL . X 5I1C20E
EORRLUIZ, RNT, EESL Y hEEIRL. 40 CTHE - BRER0EL THEES
BB 120N —Ta R T4 —& U THERES 2872 (Fig.53) . £IT. &5h
TR EBES M, 50 mMB X0 mMORE. b X-HEEEEKR (pH8.0) B
2-ANAT RLE )=V ETNETNREML, iR TRMEHEL TPLA ZRIE L. X
WT, 10,000 XgTI0OHE LA EEL 72 LBSBEZ6 M, 4 M, 2MBXU0 MORKESD
10 mM U 2 -EERE% (PH 8.0) IR DBITL CPLA, ZEA Lz, ZhiC
K V121,000 mlD KGEERIED SFig. 54IR L2 & D BPCHMBEREE T 5184 mg
ORREHPLAFZ SN,

1.4 KEEICKDREELUZPLA D58 - EH
MFEHPLA 10 mM b U A-HEEEER (DH 8.0) ITBEBHT L7218, %&£ T DEAE-t)LO
—AREKBEAF B O TS5 T 4 =itk LTz, Fig. 551 R/ TEIIC. HSAE
HRZAL-AGDOEISMICAE L, TNENOEH EBINICL BB L 2%, EESRICK
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Fig. 5§3. SDS-PAGE of the starfish recombinant PLA,.
The bacteria were lysed by repeating freeze and thaw in 40 ml of
STET buffer containing 0.5 mM PMSF, and the lysates were

centrifuged at 10,000 X g for 5 min. Lane 1, whole culture; Lane
2, supernatant; Lane 3, precipitates.
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Fig. 54. Thin-layer chromatograms of breakdown products by the
starfish crude recombinant PLA.,.

Reaction mixture containing 30 (1 of the starfish crude recombinant
PLA,, 100 v g egg yolk PC, 2.7 mM sodium deoxycholate and 5

mM CaCl, in a total volume of 130 (1 was incubated at 30 C for

various times. PC, phosphatidylcholine; LPC,
lysophosphatidylcholine.
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Fig. 55. Purification of the starfish recombinant PLA, by DEAE-cellulose column
chromatography. _
Crude enzyme fraction was applied to a column (21X ¢ 1.1 cm) of DEAE-
cellulose equilibrated with 10 mM Tris-HCl buffer (pH 8.5) and eluted with a
linear gradient of 0-0.4 M NaCl followed by a stepwise increase to 0.5 M NaCl.
Total volume of elution buffer was 500 ml and flow rate was 40 ml/h. Each
fraction contained 3.0 ml. The solid line and dotted line in the lower panel
indicate absorbance at 280 nm and NaCl concentration, respectively. Thin-layer
chromatograms in the upper panel show the breacdown products of egg yolk PC
by A1-A6 fractions. PC, phosphatidylcholine; LPC, lysophosphatidylcholine.
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D—ERBICEM Lz, AI-ACEZFOFEREZHELZE 23, ASENIC EERENN
WO 517z (Fig. 55) » DEAE-RZIO— AR EBRAA DRI O NI 5T 4 —Th
RIRXL2FTRHEE N, BEERERIZILL ¥ THo 7. K2, ASENEL T 7Fv 7 AG-
S0DAZLITARL. 15 LBHKEBL-BSOSEMCAE L 18, ZHENOESH D
EHERE LR, BABACIEIAEY 5N (Fig. 56) . ZOBAEAL. ASHA
WHARBRERTIME LR L, EHENRIZI04A%TH - 12,

U LOREBRPLA ORELER £ Table 13ICE &7z, 1,000 mid kIS E R S 3581
L2184 mgDERBRPLA ZH LI, 2BEO IO Y57 4 —I2 & O BKIIZ2.3
mgDHEMRBPLA 2585 &N TE, BENEBAES DY > X7 BHEBEESDS-
PAGEBXUPAGEIZ L DA LR, WTNoOBE S IZIEE OSBRI S,
TIT. ZOBAENZRBREHPLA & L7z,

2 RBEEKXUREBLULPLA OBRLENER

APARTIAA ¥+ M FPLA 2 RAEEER S L TRET 22D, TOCDNADOHR
BRDS-RIGITNco 1 A& HA L. ZORE, BELZPLA ONKHIEARDSer
PHARICERI N, TIT, BEREPLA OEANREEIMIAE DS ) SHH L~
PLA, (f hYFE FFRAPLA) DTN5 EFETHBHE S HE ke L.

2.1 REPLA OREMBEGRM

REPLA,DEAMEREMEZMT L 2. TORKR, Table 14T & S ICREPLA 1Z
1 bYFE M FRAPLA BT ¥ BIEPLA &R, POPCH 5 EICH LA P BEE
Lz, 2oz &75\ 5. REPLAIRRADPLA, & Fitksn-20L D Si%E & 8 RAIO)MT s
2 ZEMHER SN,
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Fig. 56. Purification of the starfish recombinant PLA, by gel-filtration.
A5 fraction, the major active fraction shown in Fig. 65, was concentrated by
lyophilization and applied to a Sephadex G-50 column (64X ¢ 3.9 cm) equilibrated
with 10 mM Tris-HCI buffer (pH8.0) and eluted with the same buffer at a flow rate of
25 ml/h. Each fraction contained 2.5 ml. Inset photos "a" and "b" indicate
electrophoretic patterns of B4 fraction on SDS-PAGE and native PAGE, respectively.
Thin-layer chromatograms in the upper panel indicate breakdown products of egg
yolk PC by B1-B5 fraction. PC, phosphatidylcholine; LPC, lysophosphatidylcholine.
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Table 13. Purification of the starfish recombinant PLA,

Purification step Protein Total Specific Purity Yield
activity activity
(mg) (X10° U’ (X10° U/mg) (fold) (%)
Crude enzyme 184 174 0.9 1 100
DEAE-cellulose 17 193 11 12 111
Sephadex G-50 2.3 200 87 97 115

* One unit of activity was defined as the amount of enzyme hydrolyzing one microgram of PC per
minute.
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Table 14. Composition of fatty acids released from 1-palmitoyl-2-oleoyl-sr-glycero-3-
phosphocholine by the starfish recombinant PLA,

(%)
Starfish Starfish Porcine
recombinant native pancreatic
Fatty acid PLA, PLA,” PLA,"
16:0 15.5 16.2 15.4
18:1n-9 84.5 83.8 84.6

*! Data are expressed as area percentage of total fatty acid.
2 PLA, from the pyloric ceca of the starfish A. pectinifera.
? PLA, from porcine pancreas (Amano Pharmaceutical Co.).



2.2 REPLA OHEM
Table 13ITR Uz & D1, FHPLA, O HIEHEII87,000 U/mgTH D, A hvFE k
TRIPLA,DLIEEE (119,000 U/mg) D73 %TH oAt WO T BEREPLA
(4,300 U/mg. Sigma) OWEHED0ETHD, HEEIZL<ENEVNS A b
Fb MFRAPLA OB ERIL TV,

2.3 RHPLA,OERICBLEToHE BEOFE

RHPLA,OEMICB L EIpHERE OF B £Fig. 57 LFig. 58ITRT. Thbic L2
& REPLA OIFEPCICHT 5 HE#IIpH 5-11 OB TR 5., EdpHIIpH 9.0
EIZH o7z, Efz. RHPLA O RIEHEM304 TOEMIZ20-70 CORETRD 5H., &
EEEII0 CHITIR B 572, REPLAD NS OMEIA FIFE FFRAPLA OB 0
EFETH- T2,

2.4 RHEPLADEMCBIET LY A > OBE
FFPLA O34 OWE (0-10 mM) DCaCLERMUTHELEZE TS, o b
Vb M FRAPLA, & FRIC] mMBL EdCaClic & DEMEE N (Fig. 59)

2.5 REPLA OREEHELERE

| REPLACE D RV A1 HAERS 5 WL PCEPEIASRL . BEOEIEESR
HESMTLI. ZORREFE. 60ICRTH, RHPLAJS FTEE FFHRAPLA L
k. PEICLERNTPCZRLI ML=,

UEDX ST, REPLARNKST I ) BAERKDSerh 5AlalicBHEN TN,
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Fig. 57. Effect of pH on the activity of the starfish recombinant PLA.,.
Reaction mixture containing 24 ng of the starfish recombinant PLA,,

100 1 g egg yolk PC, 2.7 mM sodium deoxycholate and 5 mM CaCl, in

a total volume of 130 £ was incubated at 37 “C for 30 min. The
buffers used were 50 mM acetic acid-sodium acetate from pH 4.0 to 7.0

(A), 50 mM Tris-HCI from pH 7.0 to 9.0 (@) and 50 mM glycine-
NaOH from 9.0 to 11.0 (I).
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Fig. 58. Effect of temperature on the activity of the starfish recombinant
PLA..

Reaction mixture containing 24 ng of the starfish recombinant PLA,,
100 1 g egg yolk PC, 2.7 mM sodium deoxycholate and 5 mM CaCl,

in a total volume of 130 11 was incubated at various temperatures for
30 min.

127



x10°

Activity (U/ml)

40

w
o

N
(&

—
o

0 5 10
CaCl; (mM)

Fig. 59. Effect of Ca™ on the activity of the starfish recombinant PLA,.
Reaction mixture containing 24 ng of the starfish recombinant PLA,,

100 u g egg yolk PC, 2.7 mM sodium deoxycholate, 50 mM Tris-HCl
buffer (pH 8.5) and various concentrations of CaCl, was incubated at
37 C for 30 min in a total volume of 130 1.
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Fig. 60. Time-course of hydrolysis of PC and PE by the starfish
recombinant PLA,.
Reaction mixture containing 24 ng of the starfish recombinant PLA,,
100 1 g PC (@) or PE (A) prepared from squid mantle muscle, 2.7
mM sodium deoxycholate, 5 mM CaCl, and 50 mM Tris-HCl buffer
(pH 8.5) in a total volume of 130 11 was incubated at 37 °C for
various time.
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FOEFHBBRLROLEIMPTE O 5 2 SHBLEA bIEE FFRAPLA OHE
LEBTH 2. TR, APFECBNTA FTHk hFPLA £0— KT BcDNAY
O—21Z2#AAKET I A2 R 7 —pET-16bEEEKIEEBL21 (DE3) A= FE
RICKD. HRO T ¥ BBPLA, & DPCICH T 5 lLIEMAE <. £/, PELDPCEES
SR BPLA OKBAENTEE LR 7=,

WA N
1. 1 hYFENFPLAOABHEIC L5 RE

FRETHS NI 2K D1, 1 bYFE FFPLAHIRD 7 ¥ BIPLA Ic T
PCICHT STEHEAMI0ESE <. PELVPCERL HRL. THKIBPLA, & Biv D@
REMERLIZZENS, HLWEEAPLA L L TOMEEZET S &EL5NE, —
7 H3ETHLONIIIZ> /2L D1,  F¥FE MFPLA idpancreatic)l— 7B LB -
VA P TITHET ORI TS BBPLA, A EHEPLA IR A RRNEEEE T 25
RRIATDTN—TFIPLA, TH >z, ki, WAHBMERERPLA BV THRERR
KBS T3EHESNTVIECHELET I /BREDIFEEAENS FIFE T
PLA, TRHMRICRACHELLRECERL TWB ZEBHEMIIRo 72, FHiD
v A BYFE FFPLAD ERO K S e iiERHEIX. APLA,Dpancreatic)l—7, B-
VA T BROREREBAICBT 2RELBERECERT 3 TRARVWLEEZ 5T
2o TITHAETE, F4ETI/O—=2 Y Uiz FYFE FFPLA, - cDNA (cDNAZ
-1 ZRAWTZIOPLADKBEEICL2REREMEL ., £k, 2O MY+
TPLA, D REERRIAPLA OE BB EERT S I LT X o THHETEL LEX

130



5H. ZOXIBERD S b RBERREROEBENEZ N,

LB MBI RPLA, DB 6, BIC T & BIEPLA P Ak EEIC & D BRI H TV 3
B TNRFBAE LS UTRES N, BT N 7Y SR ETE 5, Lo LAadt
5. ZOMI TV UHLORBIEE TS Y. LELEEROBT 24T, FETE,
E MERBPLA 2ME2 AR L ZDNAZ H W TRIBEIC & D REEIRES & LTREINTW
Fﬂ—dﬂﬁ%ﬁfﬁ&ti5k\iﬂ%?@%%?#tb?ﬂ&@@%ﬁ%é%ﬁ?
BB, cDNADSKIMICHREISED R Th3 TATG) &MMLE. ZOE, 4
PYFERTFPLADY DI EDSRELET I/ BESER—DOT I ) MRS %0 —
RYBCDNAY O— 21285 ZEMNTE, ZODNAY O—21EHAALE TS 23 KA
7 5 —pET-16b&fEEKBEBL2] (DE3) BWARERICED A FYEE ~FPLA, % B&
ARRRE L TREITD I ENMHER> 2. 351, KBERERD 52807 O
TXNT ST 14— KD RHPLA, ZHRT B Z L TE 2, 1 FYFE FFPLA ORHE
B> THERDONKRT I/ BIIAERDOSerd 5 Alalc B S W= 75, BEFEHPLA G
TERD T 5 BERPLA, & D PCICHT 3 HIEMEAM201E8 <. £7=. PEL DPCE B < B
TBPLATHY, 1 FTFE b FRAPLA & FROBERLEOE S LT b 2 4t
B 5 TR0 2, | |

KEEMZRRETIMROBEIEL TR, 5RO M) 73>, TABARBERD
TIWET—Y - L-AEBKRERER, 0725 —HRBEROTNE D FF—F - L-UE
BUKREER, TOCEHBRHEROAN T 75 —F « B-FNr0=F—¥, wSHAdka-
N-FEFNHTI M YIS —F - B-N-TEFNINIAFI=F—F - gq-L-733%
—Y . B-HASTIF—E, BHFIHERDB-N-TEFNINAYIZF—F - a-T>
JF—E, BYFHAAERD B-FNI U= —F « 47 FE S BARBRERENS 3
B TNSRWTNHEEN SHBI b0 & Bbha, APEICBN T, Mz
DNAB#fiZ N TA b+ bFPLAZRIBEIC K D RERETE, ZOZERS,
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COPLADEERBERE L TORIANEIEE R0z, 510, ARERVEBEINFZ

CIZED, 1 bYFE bFPLADERGESIC X 2 B BERITOME LIS o
7=
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B o

FARY /'\’—‘th2 (PLAZ\ EC3.1.1.49) 37yt noy IEE Dsn-20TIC T AT VS
U T B IERTEE DK IMBR IS & BT 5B TH 5., PLAJBKE L F >0 5 WL
ROBNEEERU YV LS Fo 2855020, SRS () VVIF, UJFRT 7 F
PUB) REETIORME I NIRRT LABEDIOTH S, PLAIC X £
HROU VIEEEMET B L EICKVEZADIA YR T8 (EPA) © ROHA
FYIL B (DHA) QRSB FELEZ NS, KHETIL. RAFABEEYEEOS
BAMEENE LT, BERERBNTS S L hPEEROPLA DERAERE L Co
M DT E RN LTz,

BIETR, LEERETERINZ4BOL FF (f FYEE R, =FUEb
T ZyRZERTFBEURE M) OBFIE DS OPLATEMD X 7 1) —= 2 2 5o 1,
WFED 327008V A-AF =)l (21, v/v) £RET7E 2 TRIELTAS N
MRPSTN TR IIE[M]EHHL, 2h 5 OPLAEREHIE L=, T DRER,
TAIYFERFORBR I IBINIIOWEES (1]: 1,427 U/me, [0]: 127
U/mg) 13, MOSEDOLEEME ((1]:0.5-11.8 U/me., [I]:0.3-3.2U/mg) KK
NTEUSED . 204 bYFb MFHEBER] [ JOPLAKEREIL. FEOHETH
HU7 75 BgaRER 1] (CREMEME : 15 U/me) BEIUHROTEAPLA, (WhiFEk
| fE : 440 U/mg, REFRE) 0TS EERTHEL. RABEYWTH S FoFE b5
DPLAOBGIRICR D BB EE X bz, £, 1 FIFERFESFY b FFOEE
RITOPLAREM B LULEEERL. HBE(IIOTNSL0EN R, ZOZ e
& MFEOS 0 00fVA-A% =) (2:1. v/v) DESEFEOS QK@ > /8
VHREIVBSEMIEZLEBHICHEED) VIEESOEBEISE 2KkE L TEES %
PLAZL D E<TIELL. BREOHHBEZBMI B0 BRI N,
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H2ETIE, PLAEROELLBED o1 FYFE FFOEBEEL [ 15 5PLADO S -
RUERD Tz, TORR, BHOI O M 5T 0 — itk D IEEOPLANESKEIY
ICE—ICERE N, —F, AROFETA bvFb FFORBEEIIID 5 HPLADS
B - BEERB BRI LR o/, #- T, 200KV A-AY 7 =)L (2:1. v/V) 7
L BBURER 7 b i & B BRI e <PLADHIE S B < 337515 Th <. PLA
DIYEE - ERUTH L THEHTH 3 LEZ 5=,

BRPLAIZ. MU 22Ut REMASEET, £z, POPCH S EITsn-2M0F L1 >
BREHBS®/2Z &5, PLALRAEE N, 1 FYFE FFPLA 3 Si#EpHB L OEE
BEZZNZTHPH 9.0, 50 CAECA L. 1 mMB EDOCa* BLU2-4 mMOFH+3 1
—VEBF MUY AR DR ERILIN, £, EEsn-2c kST B IS E =0
EPTEROGRKICK S THBRMITIANR Lz, 1 FYFERFPLADZNE ORE
AHABMEIPLA OO LFBETH o/, LHLERES, 1 hvFk FFPLA,

(119,000 U/mg) 1EHER®D 7 ¥ BBPLA, (4,300 U/mg. Sigma, HEER) &H~T
FIBOMERM VLB ER U, £, PELD BPCELS/MEL, TYMIBPLA SRz 5
BEEGREER L. TN5QZENS. 1 hYFE NFPLA BEEREEET 25
¥FPLA L L TEATH S EEZ SN,

—%. 1 b3F & FFPLA 04T BIISDS-PAGEDBEIE A 5 #120,000 & #i = 1,
WABYEBPLA,OTNS (14,000) D BRERSR, THEDTENS, 1 b7
FE FFPLAMY ¥ EBPLA, L Rz B BEER 2 E T 3K, 1 FvFE FFPLA MR
7 BEBPLA, & B35 —RKEE DN TR EABIE ORI EE T 5 20 TR NS S #E
iz,

EIETIE, 1 hYFE FFPLADHEIT RYEICE B —RBEORELR AT, £
DFER. 1 FYFE FFPLA,D1ITY X ) BEEORIIZH S M TERD, IEFOE
BEFINESNah o kd, ZLREFMAICIESRhok, LAL, £ FFER
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?PLAJiCiysll 2 FV14CysBEB L Upancreatic)L— TREFIZE T2 2 & h 5 7))
—7 IPLACIET 2 Z &0 o 7z,

FAETE, 1 bYFEMFPLA,DE T I/ BERFIOBRAB L VELHRES LTOFR|
AETDERBEZROHEERTZENE LT, DNAZO—=2 V% fforz, 2
DFER. 1 PYFEFFEABEOINSIDDI/ O—-2E5 N, WIFhb415 bph 55
0. BREEL ST T4 Y- KD AMENAEBREBD K> TATG) IcHkT 5NxK
HOMetZZH T, 1387 3/ BEREMEREEINE, ThE0/0-2D55, 1 FvE
E MFPLAEA—0RS%E 21— KT BcDNAY O— > 1A SEEX N7 3 ) BEFIL.
FINTANSRELIZT I ) BEFI 52T —H U=, —H. cDNAY O—>2-4,
CDNAZ 00— 5B X UcDNAY O—>6-90 BIEBE N7 3 / BEFIiZ. cDNAY O—
‘/17b>503EEEJ<‘:H:§<2b‘C, THNTHNIRE (NEKS»5358H) . 2BE (NFKEMS35
BRU3EH) BIU12BE (NK#HH» 532, 35, 55, 57, 65, 71. 80, 81. 87,
113, 116, BRTI20%FE) NEHRLTBD, INSIPLADT A VHA A8 —RT
SCDNATH B EEZ b/,

X7zs PLA7AYV 73 —A1-4E50—TF1 BXUOIPLA,OT X ) BESIXDHTH
MM EER Uz, ROR, PLA,T MY 73 —Al-43S FRHERICBW T IL—T 1 B
KO TMPLA, 3B OB U N —T 2R Uiz, ZOERIEA FvFt FPLA %
pancreatic)b—7® 8- 4 > VYU T HMMICKRRRENEET 20 EELLN
7z.

1 hYFE FTPLARC HAICEET 57 I JBEE (Tyr29, Gly3l, Gly33sk
CAsp50) BIUMBERICES T 57 I ) BBE (His49, Tyrs53, Tyr?Z:BJ;Zﬁ
Asplll) EZRZFELTHE, LHALARNS, THBKPLA SEFIEEL T,
pancreatic)V—7IZHE T BEIIC2ERED T I /BOKRE (NKHH 562 (+1) BEHB
LU66 (+1) EH) PRDEN. Tl B-T4 P VITHETIHAICI6HREOEA (N
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KA 576-83BEBLUBI-06BE) LIBEORE (NARH S84 (1) -84 (13)
#H) RDENE, iz, A BRI B SRPLA IS B W T RAE RIS T3 s #
EENTVRERHELZTI /BREDIZE A ENS FYFE FFPLA TR
m&tﬁ%Ltﬁgmﬁﬁbrmé:aﬁﬁémmmoto%ZT,4%7#tb?
PIAD—RBEZD LI TREMEEB L L5, O —T 1 BEUIPLA &
SHNDBIN L 72T N—T 2R U, £2, SREETREICBNT, 1 bRFERF
PLA, ONRURERALIL B~ 2, BT > FEALIZEVL a-AY v 7 2B E & 3 Z &8
FHENI=, IBIT, 1 FTFE R 5PLA, O = kT8 2 CPH models 70 ¥ 5 1%
RWTITY, U HEBHRRPLA, O b 0P L s e s, TOEEFHE N1 N -
bFPLA,OZRHEIE. ALY S BIPLA 0 b 0 &8I L TWASS, pancreatic
=T EB-T 4 YT RHELT MU RRZEEER L (Fig. 61) . BLED = &
5. 4 FYFE MFPLA R 22y A 7"0)7'11/-—71’65%31311\2&:53\3@3316 EEZS
nrz, |

NEFBHROPLA BAROMMBBEEDMIZ, MRS, HRSME. DEEE. Bnb
FOHRMTENE 2 & ORBEIEREH TS, ThEDIBEDNL DR D FEERFEAEERALAT,
NEFHROPLA DT I J BEFI O LEHRIC L DRI XN T3, Dufton and
Hider”id, #HEBMIAAENTINKRES 560-1008H OERICH 2 = L2 REL.
Kini and Evans®™id. Higtin s & OB REME R IINKED 554-778 L 089-97& H
DIFFIH B E2RELE (Fig. 62) . Zh5OEEIZ. Wb 8- 4 27 E2D
FBOBWAITHE T3, RFFEICBNT, 1 FIFE NFETIEBOPLA,DTY 3 )&
BSOS D &, BIEEB-T 4 > ST B EHMIC16BEDEA E3BED KIS
AL, TOB-T 1 > VBB B REBESNIO SV —T [ BIRIPLA ITHNT
PROENBH oK (Fig. 38) « REDEI S, 1 FYFk FFPLAD B~ 4 > 7
M OBEEMRREIIRATH BH, Fhalf hvFE FFPLA DR BRI EBRERE L
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Le1

f

pancreatic loop

Fig. 61. Predicted tertiary structure of the starfish PLA,.
Tertiary structure of the starfish PLA, was predicted using CPH models®.
a: starfish PLA,, b: bovine PLA,*®.




Fig. 62. Relative locations of the predlcted neurotoxic, myotoxic and
anticoagulant sites of PLA,”.
1 hydrophobic neurotoxic site.
B cationic myotoxic site.
anticoagulant site.
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HEROFEETHIAREENEZSNB L, £ Moh0OHEBIESE> TS FIEEME
bEZ LN B,

FORTE, 1 hYFEMFPLADY ORI ENSRELET I ) BEFAEA—0F 2
/ BEES1% 21— K9 5 AcDNAL ##A A FDET-16b &8 A L7=BL21 (DE3) #HT.
1 EYFE MFPLAOEEER Sz, TORKE. 1,000 mIOKEEH#EED 5184 mgd
HAEBPLAMGABEN, 35K, 2BBO/OY 57 4 —12 L D2.3 mgniEass
PLASYR 5N e, MRHPLA IOH T B BIRBHEPLA OIREREN 5 7228, ZHUZA > 2
N—=2alfhFae—& UTRRSNPLA,DBERBER > D BRI N, &

& PLAOTMEBLUVEEBRERETEIET, LVBVNERTHRESES &M
TELLEZONS. HEPLAJINKKT 2 ) BIERDSertidz < Alalic B s he
2%, PCITXY % LLiEHEM@E (87,000 U/mg) 1EHIRD T ¥ EIRPLA, OF1 (4,300
U/meg. Sigma) XD HE<. X/, PELDPCERIHEL., 75 RIBPLA, & B2 518
REBRMERLE, ZOXSIC, BMEOSHSHBLE FYFE FFPLA &R0
HEEHT 5PLA,EKIBEIC K D RBEIT 5 2 L AL 2o 2.

UEDEIT, FHEITBNTA bYF b FFHEPTED S ITIIHIRO 7 4 BIBPLA &
DPCITH T B LLIEMNE <. EXPEXDPCER AT BPLANERET S Z L5 5
MIZUTe. 51T, A FYFE FFPLAOCDNADG Y O—= 2 FIERIL. 2hafn
RRBERBEERDBECORY Lz, 2RBEANEBEINEZEICED, 1 MoFE

FFPLA,OEXABRE L TORMBARSEN . X5 ICEENICLVENEZERED
EEBROEREE AN APLA, ORE-HEMRIT b AIRE & ixo 72,
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