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Partial Purification and Properties of Phospholipase A from the Viscera
of the Sea Urchin Strongylocentrotus franciscanus

Noriki Kovama, Hideki KisHIMURA and Kenji HAYAsHI

Abstract

Phospholipase A (PLA) was partially purified from the viscera of the sea urchin Strongylocentrotus francis-
canus by gel filtration on Sephacryl S-200, DEAE-cellulose anion exchange chromatography, and gel filtration on
Sephadex G-50. For hydrolysis of egg yolk phosphatidylcholine, the optimum pH of the final enzyme preparation
was in the range of pH9-10. The partially purified PLA from the viscera of S. franciscanus hydrolyzed
phosphatidylcholine more effectively than phosphatidylethanolamine like PLA, from the pyloric ceca of starfish.
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RAFV 29— A, (PLA,) [EC3.1.14] 1%, 1,2-¥7 ¥
LWEIZ D) 21 ) VIS D sn2 fL DGR L R F )V % iR
BN HES 2BERThH D, HAEMRIRD PLA, 3ty
< HHFEE N T3 (Nieuwenhuizen et al., 1974,
Dutilh et al.,, 1975 ; Evenberg et al., 1977 ; Ono et al., 1984),
AR D PLA, i35 F&4) 14000 TH Y, 55F
W TEDYANT 4 NEEGRETEEERSY VBT
Hb, i, FOEERFCIT | mM DL ED Ca?t EE %0
BErl, pHILWCHR#EpH 773 (Ami and Ward,
1996), —%, WEESHEIOD PLA, BT 2815134
V>, Vaskovsky and Suppes (1972) X, &£ FFHESHE (b
5 Asterias amurensis, — iR > £ b 7 Distolasterias
nippon, X\t 5 Aphelasterias japonica, 1)Lt +F
Lysastrosoma anthosticta 33 X Uf Patiria pectinifera) OH[T
BEDOIWWKRAKRY 85— A (PLA) EEE2R07z. B/
EERAR (1971) iE, 4 M~ F & bF Asterina pectinifera @
MIFTE D 5 D PLA EHES Z v + FFEEO PLA 1EMEfE X
DNEEERTIERRE LR, £/, BRI #HERLR
(1971) 3 X 1¥ Okabe and Noma (1973) i, 4 h<v*t b
T DBREB L URBREDOMFTE D > O PLA, iEHENE <,
PLA,, VYV PLA, B X OV S—EEHDEWZ & &2 R0
L7z, & 512, Okabeand Noma (1973) ¥, 4/ b~Ft b
FHIFTE D 5 DR E YA — D PLA, {HHEL Y > Bl
PLA, {EME L IZIXERRTH S Z L 2HRE L T2,

i

IR, BN EAR (1999) i3dbiBERE THRS ze b
FHHARE (f bvFE T, =F Y & hF Solaster paxil-
latus, =y R>YE M TBITET) OMFIED > »5H
BU-HEBERED PLAESHRZHEL, f b+ TR
FIE D5 O PLA M M 38 ~ 740 PLA i ic i
RELAEBETHL I 2 RVHL, £ h<Fb T
FIE D 9 b S RELX iz PLA, I pH 9.0 (57 12 &8 pH
ZHL, ImMBLED Ca?* IBEIC X DB BES R, £z,
HEY VIRBEO sn LS T 2RI R Z DREHE
PLEFEGRC L S TIERBRICMASBEL 2 (Ki-
shimura and Hayashi, 1999), f b~*t F THFIED > D
PLA, D Zh & OWEIIZ, WAEYRERBBERD PLA, DX
BErAETHo7ze LLLBRWS, { MFE NTFH9E
DISDPLA,EFRAT7»F Ny /J—NV7T 3 (PE)
KHARTHRRAT77Fo0a) v (PO) & & k&L,
EEoBEECHNT 2RERCB T Ty BBk
PLA, t B 28 %R L7 (Kishimura and Hayashi,
1999), & 512, ¥V 7t 7 Coscinasterias acutispina DY
FIED S » SRBL 1 HHERPLA i, f bFE T
HAFTE 0 5 @ PLA, & [EKEIC PEICHA~T PC % X <k
SMELT: UNMUS, 2001),

Ut &Sz, & 7HEYFTED S O PLA, BZIHAEY
BEiSESRD PLA, X I3B 2 2MEEF L1z, £ I THHRE
T3, & FTFEYMFTSE O S O PLA, 0BT 2B B L E)
PCHBEOLDTHZ P EHSPIZT 2720, N FHA
F 37 v = Strongylocentrotus  franciscanus D WJgh> 5

Y AL ERFREBOKER IR AR IR L AR

(Laboratory of Marine Bioresources Chemistry, Graduate School of Fisheries Sciences, Hokkaido University)
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PLA ZEHESIL, % OBERILFERINE 28~/

HRE L UKL E

Eoy S

WY FH L F T 7 = S, franciscanus 13 1995 1 B
WALYEEREEM TR, 2T T-20C THEREL
Joo BEOPCBLUPEOHBIZHA VLAV AL A
Todarodes pacificus 1 1997 4£ 9 H iz b¥s BB EEM THE
&, S E T—20C THERF L7z I PC BADLH
ETHE B LDBEALL,

s 00FRIvs—A8 /—IVIERRS & UXERRROTRE

NV FHAANT 7 =HNEBEO7a 0 RV A—RY
J—VEBIEMAR B L CHEESRROFEIL, iR (BN,
1999) E[ERICIT- 72,

BB E L USSR

fegolEs L PEERSOEBE /7 o~ N T 74—
(TLC), S TLC 8 & ' TLC-% 4 4 > bk (TLC-
FID) ¥z & 24347138k (Hayashi, 1989; Hayashi and
Kishimura, 1996) & [EfRICITo7c, AN XA HHNEGIEE
»50 PC B XU PE OFRIL, 7E TLC {EBFGE: 7
TRV LA—RAY ) —V—EEEE-—K (55:17:3:2, v/v/v/
v} & iToT,

BREEDRE

i PC 2H/E 1 Fv>CHi#Ek (Kishimura and Hayashi,
1999) L [ERRCAT o 72, WEHEDEALIZ 1 3 | pg DEE
EIAKSMET 2R R 122y b (U) & L7z,

BROEEEHENREOI R

ANV R A INEFIRE» SR L/ PCB LU PE 25
Bz AW THE (Kishimura and Hayashi, 1999) & [EfgiC
1Tz,

SDS-R1) 72 ) IVTF 2 FAIVETAE

SDS-RU 77 VN7 I R VEKIKE (SDS-PAGE)
i3, 01% SDS # S I5% RV TZ 7 VAT I FAT TSN
2T Laemmli (1970) O FEEWCHEL TiTol2, VD
YuftiZ i3 Coomassie Brilliant Blue R-250 % > 7z,

SN BEDER
FURIBOERIE, VVMBET VT I BEESY X
278 LT Lowry et al. (1951) OAEEL TT-> 72,

b R

N)FHAF37 27 Z R PLA &4

NN FFAANT U _HEBO7aa RV A—R Y
J — VIR R D o TR - MHEER O PLA {EiEOHIER:
B, iSO b 7EMFIE D5 O PLA & L
T Table 1 [IZ/RT o NV FHA AT =IO PLA IE
HAE (120U/gBAE¥MAR) B & CHIEMEME 20U/ mg) iX
AMTFELT, YYTELITFBIU=FV > b TOH
FIE?D > (PLA ¥EME(E : 540,000-1,000 U/g BASKYR, HiE
MHE : 1,400-12U/mg) ICHARTEL, =y RYEFTFBX
Ve P FOMMIED > (PLA ¥E¥EAE : 70-27 U/g Bifg#
K, HiEME: 05U/mg) LABETH -T2,

N FHAFINT 77 KD PLA OER3FES

NY FHAANRT v WD SR BRI,
77270 S0 LA NVABICEL, HO5HUD
50mM TrisHCl &% (pH80) TE#EHLL 724 5 A
(39X M cm) WHERE Y EMAL, FEERTY 378
PWH U, Fig LIRT X 51, 77 LBHHER Al-A6
O 6 EHMIEL, R THEHZRIC L Y —EREICERE
LIz1, #hFhOES® PLA i3 TLC 2 k 2 BRK
ISEROBHIC X DITo Tz, FOREE, T8 PLA 54
BES A2 IZRdoh, HEHELUIERERE Y VR T 75

Table 1. Phospholipase A activity of the crude enzyme from echinodermata

Tissue Activity (U/g powder)*! Specific activity (U/mg)
Strongylocentroutus franciscanus viscera 120 2.0
Asterina pectinifera** pyloric cecum 540,000 1,400
Coscinasterias acutispina*® pyloric cecum 5,400 17
Solaster paxillatus*? pyloric cecum 1,000 12
Distolasterias nippon*? pyloric cecum 70 0.5
Asterias amurensis** pyloric cecum 27 0.5

*1 A unit (U) of activity was determined as the number of micrograms of phosphatidylcholines

hydrolyzed per minute.
*2 Kishimura and Hayashi, 1999.
*3 Koyama et al., 2001.
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Fig. 1.

Gel filtration of the crude enzyme prepared from the viscera of the sea urchin S. franciscanus on Sephacryl S-200.

The crude enzyme was applied on a column (3.9 X44 cm) of Sephacryl S-200 pre-equilibrated with 50 mM Tris-HCl
buffer (pH 8.0) and eluted with the same buffer at a flow rate of 32 ml/h. Each 4.2 ml fraction was collected. The
solid line in lower panel indicates absorbance at 280 nm and thin-layer chromatograms (upper panel) show the
reaction products after incubation of egg yolk phosphatidylcholine with A1-A6. PC: phosphatidylcholine, LPC :

lysophosphatidylcholine.

Ina) v (LPC) i@ & iz, Kz, B4 A2 % 10
mM Tris-HCl $&&%% (pH 8.0) WL TE L7248, 5
U o FEER TFEL L7z DEAE- L VO —A & T A
(11x18cm) kA A V3 a~ 757 4 — i
Utze 2782813 0-05M NaCl iz X DB LTz 2Dk
B Fig. 2 &7 & 512 BI-B8 O 8 iy 2187, N EhD
B4 PLA itk TLC 12 & 2 BERRICERYIOBRE %
fTol-2 2%, 4 B5 8 X UES B6 i EE % PLA 154
DD stz (Fig 2), # 2T, B4 BS B & VS B6 24
—L, 27 7Fv 7 AG0CEBFNBBEIHEL, HS
MU ® 10mM Triss HCl {E#E W (pH 8.0) TE#{LL 7= 4
72 (39X70cm) IIEHES AL, FEER TS >3
IBERBEH U, Fig 3Rk Lo, 47 L8BHER:
C1-C6 ® 6 B ZAE L, ZhZThOEDD PLA Y%
TLC iZ & 3 BERRICERYIORE 21T - 2R, E C2
Wi bRV PLA BRSO ol Ei C2 D8 v 30 E

B % SDS-PAGE IZ L D 3T LIz & ZHHED Y >
Bk s hizds (Fig 3), KBS C2 R EREER L L
TUT oGt Lz,

NYFHETFANT7 o7 =RNEOPLA O BELERE %
Table 2 {IZR T NV FHZ A N7 o =Nl SFELL 72
HEERII N LT, ToMEE PLA OEERIZ 105 TH Y,
EHEINE 2% TH -T2,

IN)FHFF37 277 Z RO PLA OB

NDFHAANT 7 N L DESERL 72 PLAD
§iE PC b9 2 ¥EMEORE pH 13 pH 9-10 OFFICH -
7= (Fig. 4), RIZ, ZRAFEEIPLA IC L D AN A A B AR
D PCBLUPE 2ZhZNIKRSEL, ZhoHEBOR
FEOZEZEMIE TLCFID iz kL hRd T, FOBE,
Fig. 512" T & 5 WEAMEE PLAX PE L D PC % X <
J1170G g AP A
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Fig.2. DEAE-cellulose chromatography of the active fraction (A2) obtained from gel filtration in Fig. 1.

The active

fraction was applied on a column (2.0X25 cm) pre-equilibrated with 10 mM Tris-HCI buffer (pH 8.0) and eluted
with a linear gradient of NaCl from 0 to 0.5 M in the same buffer of total volume of 500 ml at a flow rate of 27 ml/
h. Each 3.6 ml fraction was collected. The solid line and dotted line in lower panel indicates absorbance at 280
nm and NaCl concentration (M), respectively, and thin-layer chromatograms (upper panel) show the reaction
products after incubation of egg yolk phosphatidylcholine with BI-B8. PC: phosphatidylcholine, LPC : lysophos-

phatidylcholine.

% =

EMFBEBOT, N)FHA A7 > = S francis
canus DB 700 iRV Ah—XF /— 2:1, v/v)
& BBEARALEIC N U THERM D PLA SRR S h
7z, SDS-PAGE 734 DFER, B FESI PLA I3, 72808
DY IR BOFGHEIKER S NIzo NI FH LA NT Y
SR OEHAEE PLA OHEMAE (15U/mg) i, f b=
F bt b FHFIED 5 @ PLA, (119,000 U/mg) (Kishimura
and Hayashi, 1999) 3 XU Y 7t b THFIE D 5 D5
% PLA, (1,100 U/mg) (/IMLI5, 2001) DHIEMSE X D&
pofeds, =F) e b THFTED 5 O PLA, OHIEIEE
(26 U/mg) (BfF - %, 1998) L IZiZEIEECTH -7,

KREEWIOMLIREED PLA, 1X, ZhETA b=Ftb
b7 (Kishimura and Hayashi, 1999), —F 1) >t +5 (B

bk, 1998) BLUYYFE T (MUS, 2001) OKEEFT
BDD &~ ¥4 Pagrus major DYYFIE (lijima et al., 1997)
B X B (Ono and lijima, 1998) 2 & &84 % 77 13R85
BElxNTW3, FPEONY FHLF 37 20 —HIED
HMESLPLA 0 PC 288 ¥ L& 0&E pH (pH9-
10) 1, 1 F=Ft bTFHPTED S O PLA, (B pH 9.0)
(Kishimura and Hayashi, 1999), =Y >t b FHIFIE D
3 @ PLA, (B pH 9-10) (Bt#k, 1998) B L r<54
FFRENg D PLA, (5558 pH 10) (Ono and Iijima, 1998) & #H
AL 7205, ¥V 7 b THIFTE D 5 OFMER PLA, (&
i pH 10-11) (/hLis, 2001), =54 WFIED PLA, (Bl
pH 8.5) (lijima et al, 1997) B & U8~ 51 RO PLA,
(5% pH 9) (Ono and lijima, 1998) X AHE L 7zo —7, /»
VFHAANT 7 NROEIMERPLA X, 4 b<*
E N FPIED S O PLA, BLXUYY T FFTHFTED S
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Fig. 3. Gel filtration of the active fractions (B5S and B6) obtained by anion exchange chromatography on DEAE-
cellulose. The active fraction was applied on a column (3.9 X 70 cm) of Sephadex G-50 pre-equilibrated with 10 mM
Tris-HCI buffer (pH 8.0) and eluted with the same buffer at a flow rate of 26 ml/h. Each 3.4 ml fraction was
collected. The solid line in lower panel indicates absorbance at 230 nm. Insets show electrophoretic patterns on
a SDS-PAGE. Lanel contains active fraction (C2). Lane?2 contains protein standards; bovine pancreatic
trypsinogen (molecular weight, 24,000), bovine milk g-lactoglobulin (18,400), egg-white lysozyme (14,300). Thin-
layer chromatograms (upper panel) show the reaction products after incubation of egg yolk phosphatidylcholine with
C1-C6. PC: phosphatidylcholine, LPC : lysophosphatidylcholine.

Table 2. Purification of phospholipase A from the viscera
of the sea urchin S. franciscanus

DEMEE PLA, L[EZ PE X Y & PC % & < kSR
L7z (Kishimura and Hayashi, 1999 ; /N1 &, 2001),

HiE, NV FH A AT o HIEOEES PLA i3,
t N FEMPTS O > @ PLA, LR, 7 VIR

Purification Protein azt?zl?tly iggf/ llfti; Purity Yield
step (mg) Uy (U/mg) (fold) (%)
Crude enzyme 1,000 1,500 1.5 1 100
Sephacryl S-200 58 750 13 50
DEAE-ellulose 15 170 11 7 11
Sephadex G-50 21 32 15 10 2

EpH 2L, PE L0 & PC % & ks @s 2 Ewmitt:
HAREM 2R LT,

* A unit (U) of activity was defined as the number of
micrograms of phosphatidylcholines hydrolyzed per min-

ute. DEAE: diethylaminoethyl.
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Fig. 4. Effect of pH on the activity of partially purified
phospholipase A from the viscera of the sea urchin S.
franciscanus. The activities were determined in 50
mM buffer solutions [acetic acid-sodium acetate (pH
4.0- 7.0) (&), Tris-HCI (pH 7.0-9.0) (®), and glycine-
NaOH (pH 9.0-11.0) (m)] at 37°C.
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