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Polar-group specificity of starfish phospholipase A, mutant
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Site-directed mutagenesis study of phospholipase A, (PLA;) from the pyloric ceca of starfish Asterina pec-

tinifera was used to probe the relationship between polar-group specificity and structure of the pancreatic loop

region. The sequence of the cDNA encoding the starfish PLA, was exchanged by the oligonucleotide-directed

dual amber-long and accurate polymerase chain reaction method to insert Lys residue between Cys 62 and Gly63
of the wild-type PLA, (WT PLA;) expressed by Escherichia coli. The modified cDNA was inserted into the ex-
pression plasmid pET-16b, and PLA, mutant was expressed in E. coli BL21 (DE3) by induction with isopropyl-8

—-D( - )-thiogalactopyranoside. The PLA, mutant produced as inclusion bodies was dissociated with urea and 2—-

mercaptoethanol and renatured by dialyzing against Tris~HCI buffer. Renatured PLA, mutant showed essentially

the same properties as the WT PLA; with respect to positional specificity of substrate, optimum pH and Ca?* re-

quirement. However, the PLA, mutant hydrolyzed phosphatidylethanolamine (PE) more effectively than the WT

PLA,. Therefore, it was suggested that the structure of the pancreatic loop region may be associated with polar-

group specificity of PE.

F—7— R R AR Y S Ay R, HEEEEERE, (PR bT, MEOS, cDNA

HZRY—+¥ A, (PLA,) [EC3.1.1.4] T, 1,2-
UTYNVHZ ) a ) VIEBED sn-2 (OIS T AT
AR ERRENC KT AR TH D, (FABW VIR
HEDPLA, AE LSO IS HEIN TV AT
49\ B PLA, (39T E# 14,000 T, o PAIC 7 8
DYANT 4 FREEERTHRERR VIV B TH %,
FIo, FOEERBICIE 1mM LLED Ca2+ B L L,
pH 9 R I- &8 pH %R ¥ .5 —F, @EESHEYH
S PLA, ICBE4 2BF9RI31T & A K8V,

i, Bt EDE TR P TH4E
(f =V & F Asterina pectinifera, —F 1) Vb T
Solaster paxillatus, — v 7R/ & + 7 Distolasterias nip-
pon, B LU 5 Asterias amurensis) OWFIED D
DO oHEBEERDOR AT Y~ A (PLA)
EWARBEL, 1 F<Fb FTHPIED S O PLA &K

PESEOTNOILERELLEETHSH I LR
WL FZIT, A FPFL FTHAIED L
PLA, OB A A A, ZTORE, 1HHO PLA, B
EEBLX N7, BBl - PLA, 13 pH 9.0 Ao &
pHux&EL, 1mMD ko Cat iz ki< RiFsh,
¥, HBEY VIEBEDO sn2 (LICKE T ARER Y 2O
PR EMBARIC O TIEREMCIKG L 72,7
A F=FL FFTHPIE DS PLA, O Ch HOMEIL, &
HE T VI PLA, DX N ERARTH -7, L LD
5, 4 F<Fb FFHEMED S PLA, OS5 FiEME (1.8
x10°U/mol) i3, REOHETEEL HROT %4
WK PLA, (Sigma) 4Tt (6.1x107U/mol) &
HBILT30EEL, £/, "RAVyFVILITZ /=)
73y (PE) iCHANTHRAT »FYvay v (PC) &
RS RL, EEEEEICRL T/ 7TV PLA,
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A4 F=Fb 5O PLA, BRLK 969
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Starfish  SVYQFGKFISCYGGAGFFDGLDYNGYGCYCGYGGKGTPLDDTDRCCLVHDNCY
Porcine ALWQFRSMIKC-AIPGSHPLMDFNNYGCYCGLGGSGTPVDELDRCCETHDNCY
69 70 80 920 100
GKATAEADC-GSWD-PYIIVYDYEQTTDASGNC---VIKCKKAADYSWYSTNPECREFM
RDAKNLDSCKFLVDNPYTESYSYS--~-~—-- CSNTEITC----~-~~ NSKNNACEAFI
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110 120 130

CECDRAGAQCFAEKRPTYNQAYESYD-KDSC
CNCDRNAAICFS-KAP-YNKEHKNLDTKKYC
Fig. 1 Alignment of the amino acid sequences of the starfish PLA, and porcine pancreatic PLA,. Dashes indicate deletions in-

troduced for maximizing the sequence similarity. The locations of the pancreatic loop and f~wing are shown with solid bars
based on the crystallographic studies of bovine pancreatic and Crofalus atrox venom PLA,s.520 Starfish, A. pectinifera

PLA,.89; Porcine, porcine pancreatic PLA,.2D

CRLBEEERL D

7z, WIESICEWT, 4 FYFE FTFHMEDS
PLA, 27 3 /BEFIZREL 2o 4 F<FL TR
FIEDS PLA 1T 1377 I VBBREIOHKD, FO4
FEi3 153001 L EHxnA (Fig. 1), £/, A<
F FTHIFTE D> PLA, i, Cys-11 ¥ X U pancreat-
ic loop ICHHS T BIMALEH TS5 &5 18 PLASIC
BIALEz2OLN/I, LELEDBD, 4 F<Fb 51
FI5D > PLA ik, 72+ WK PLA, ©O7 3/ BERF &
H# LT, pancreatic loop #if7 12 2 BEDKIBL LU
U VZICHE T AEALIC 16 BEDOFEA L 3BIED
REEFL, FiickZATOTRPLA, CHBEI NI
(Fig. D89 f P+t P FHFIE D> PLA, OF Wk
& PEICHANTPC % & < ko3 R4 A B it £
BREMED, RPLA, OO L) lEICERY % & #%E
INsz,

ZIT, BIRIZBNT,Y9 4 bxFe FFH-MIEDS
PLA, D cDNA DI/ O —Z VT %{T o7, FORER, 3
EEoO 7 — (cDNA 1-3) #8855, cDNA 125
HREINLT 2 /BEINIZ VSV EHORELAT R
BT EEEIC—FK L, 51T, TDOCDNA1 %
BWTA bxFb F TPIED S PLA, OKIBERER
L O KBEICLORBE L 2TV ERAS
PLA, (WTPLAy) &, 4 F<FL FFHMIED S H»
LHEMES N/ PLA, L RBOBRLEHIEEYE L.

ABrgeid, A F<Fb FFRFTE D 5 PLA; OB
I 24 & pancreatic loop $FALFAK OHEE & OBI%
TR LPITT B HMT, WT PLA, @ pancreatic loop
H#AZD Cys62-Gly63 filic Lys B2k # A L /- PLA, %
B2 FHL, 20O PLA, BREOBEELFHNEB IS

WAL,
KRFE

A A FFE P THEPIEDD PLA,Z#a— R 5
cDNA 143, FiERYICBWTELNZLDEH W, &
BAOEEAEE BL21 (DE3) BLURBHEDO S5 A
X F pET-16b i Stratagene L © B A L 7=, Mutan-
Super Express Km & v + ¥ L O #IFR B % 13 TaKaRa
KOBAL, EE Y VIREORBICH WAV AL T
Todarodes pacificus {3 1999 £ 9 12 4t ¥5 & i f b T
BL, —20C CHERFL /2, WEPCIIFALMIET
EEDBALL, 10UV P AL-2-F VA A b-sn—2
Jtr-3—k A a1 (POPC) i Avanti Polar Lipid
FOVBALK, 72TV PLA X, REHEL LU
Sigma L DAL 72,

JEEOMES L U9 BEOME B JURERS O
#wWE <757 44— (TLC), 4H TLC, TLC-%
A F Akl (TLC-FID) R rUHAZax 7S
7 4« — (GLC) i & 25 HTid B2 & FRRICAT 5 720
ANVAAL A5 &S HREE» 5D PC k5 XU PE 8L
3, ZECTLC {RBABE : 7 ook A=A % J —)b-
FEfE—7K (55 :17:3:2,v/v/v/v)} ICX DT> 7,

BREMHORAE IS PCAEBICHVCHIHD L
FRICAT » 7o IEHEOBALIT 1 5fC 1 ug OEE % ik
ST AEME 11w b (U) & L7,

BROBHMERRMOSIT POPC ZHHICHW
THTHRD S RBRIC T - 7o HEBED2D, 72TV
PLA, (REHIE) #HWCEBEODH T 72

BROZHEEUHEBEMOIT 2L AL 005K
JEE > GFEL 72 PC B LU PE # EBICH W THiFHRD
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970 B, BE, % Bl

L RIBRICIT - 720

RYTIYLT I RS VERKE) SDS-KUT 7Y
VT R EAIVBESKE (SDS-PAGE) 3, 0.1% SDS
HET 1Y RV T 7UNT I FAS T HWT
Laemmli O FEPICEL TiT - 72, 7FIVOEEITIE
Coomassie Brilliant Blue R-250 % A\ 7z,

7HO—-ZAFNEBRKE HKEAKRIC1/10EFEOE
Ev—H—% {40 mM Tris-FrEs#EE R (pH7.8), 1
mM EDTA, 40% 7y tno—j, 01% 7ot 7z /—
WTN—, BEIO01% +v L vy T /=t Bz T
BE&L7cH, 1.5% 7HO—A7 WICEAL, 50V OE
BIE T % (T - oo PkEVRBRER IR D720
ICFH05ug/mLOTF VAT O FEREML
7o PkENEE, MR (312nm) BHHC XD MR
L, 504 F 667 7 )VLEAWCTHRE LS,

EEAEG|SH DNA OEEFFIGHIL, VridFy
Fr—VRA—=IF—Va VEILIDBEI L7, T7b
+, ABI PRISM™ Dye Terminator Cycle Sequencing
Ready Reaction # v + (Perkin Elmer-ABI) % H\»T
IS H AT - 720 [tE 96°C ¢ 30 Ff, 50°C T 15 7,
60°C T4 & 19 A 7L LT, 512594 747
570 EFRL7-DNAFT ¥ /—) VLRI & D [EIRL 72
#, 50mM EDTA-RL AT I F (1:5,v/v) ICHEM#
L, DNA v—27 19— (Perkin Elmer-ABI) 12k
BT & 5 hT L7,

SUNTBOTEE FVUNEORRY, UVILET
VT Rk e R 78 & LT Lowry et al. DFFEWY
ICHEL AT » 7o,

f&s R

PLA, ZE&EREARY 7 —0OEE WT PLA; © pan-
creatic loop AL Cys62-Gly63 fIC Lys 3% EA L
72 PLA, ZBREHFH S 5720, TORANT 7 —%H
g #-, WT PLA, % 32— F ¢+ % cDNA @ pancreatic
loop IZ # ¥4 3 5 & fiz o 5 & 51| i3 oligonucleotide-
directed dual amber-long and accurate polymerase chain
reaction (ODA-LA PCR) #1Z & ¥, Mutan-Super Ex-
press Km % I (TaKaRa) #HWTERE= ¥/, ¥
7t t, WIPLA, #a— K9 4 cDNADBHAIN
pBluescript T KS+ % Eco RT 35 ZUF BamH T CHIFRH
{bL72%, TOEAWK %, FERICEo0RI XU
BamH T THIRMILL 7275 A3 F pKF18k ICH 7 7
O—=v7 L, COTIAIFERVWTKEBHA
IM109 # W BEs R L 7th, h <4 v ViR T L
ICZEOT VNS OM 2 75 A3 pKF18k
B, KWT, BB TS5 4 <— (5'-GCGGAGG
CCGACTGCAAGGGTTCTTGGGACCCC-3") &7 v
N—%JIREIR L2000V 7y a v T4 == A0

| —10 kbp

ap | — 3 kbp
I — 2 kbp
— 1 kb
by P

- 0.5 kbp

| — 0.1 kbp

1 2

Fig. 2 Agarose gel electrophoresis of LA PCR product.
1, LA PCR products; 2, Hi-Lo DNA Marker
(TaKaRa). a, mutation-selection primer; b, LA
PCR product amplified with mutation-selection
primer.

TLAPCR%fTo7c, TDORR, W77 4 <—[EOD
DNA FiFIA#iEan, #800bp DERBEA-LL 7 v
3V DNABAERL, CODNABRPCRO ST A ~<—
Y, R AS—ERIGH S HICETL, £ 3kbp ©
Z oy 7 DA 7 AR DNA R s h/e (Fig.
2)e IhE Sup® OKIGE MVIIS4 BRICEA T H L Z v
JHREREEIN, NP AV VIR ERRESE LN
foo COWEEBRENODEREAT T AI PR
#%, PLA; % a— F 4 2HEBOEERIN ST 1T - 72,
FOfER, Fig. 3R+ L 2IT, 5 -KiEe b 190-192
EEHICLys IR dT A2 F VAAGHEAINTE
n, A F<Fb 7 PLA; ® Cys62-Gly63 fEiC Lys %
HEAEALPLAERMALZD—F 45 cDNARBES
N7,

PLA, ZERFOXKBEICLZHER Hr <AV vtk
B OB L EREAT I AI F2HWT,
PLA, R k% 0 — F 4 A8% PCRIC LV IEE L 7=,
PCR E#T Nco 1 38 XU BamH I THALL 721%, R
12 Neo T 35 £ O BamH 1 CHIRMEAL L 2RBHDOTZ A
IR pET-16b ity 77 m—=v 7 L, TDOTTFAS
FaAWTHREBEOKEH BL21 (DE3) #REE#L
7-#%, IPTGHEIC L PLA, ZRMAEFRBEIL/, ©
DOFER, Fig. 4 1Tt 521, ImMoOIPTG #EmML
7%, 3~4WHIBIC PLA,ERGPR I E RIS N
foo #IT, 1L ORI TPLA, BRAS LB ICHD
X7, FHL 72 PLA, BREITREE O AKZ R
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A F<Fb 7O PLA, ZRM& o

TCAGTTTACCAGTTCGGCAAGTTCATTTCGTGCTATGGTG 40
S VYQFGKTFTISTCYSG
1 10

GTGCTGGGTTTTTCGATGGGTTGGACTACAACGGCTATGG 80
GAGFFDGLUDYNGYSG
20

GTGTTACTGCGGCTACGGAGGCAAAGGAACACCGTTGGAT 120
CcCYy CcGyY GGKGTU®PLD
30 40

GACACCGACAGATGCTGTCTAGTGCACGATAACTGTTACG 160
D TDRCCLVHDNTECY
50

GCAAAGCTACCGCGGAGGCCGACTGCAAGGGTTCTTGGGA 200
G K ATAEADT CKTGSWD
60

CCCTACATCATAGTTTACGACTATGAACAAACCACTGAT 240

PYITIVYDYZEQTTTD
70 80

GCGTCTGGAAACTGTGTCATCAAATGCAAGAAAGCGGCCG 280v

A°S GN CVII KT CKI KAA
90

ACTATTCTTGGTATTCTACCAATCCCGAATGCAGAGAGTT 320
DY SWYSTNPETCR REF
100

CATGTGCGAATGTGACCGCGCGGGGGCGCAGTGCTTCGCT 360
M CECDRAGANQTCTF A
110 120

GAAAAGCGCCCAACGTACAACCAAGCTTACGAGTCATACG 400
EKRPTYNOQAYTESY
130

ACAAGGATTCATGC 414
D KD S C

Fig. 3 The nucleotide and deduced amino acid sequence
of the starfish mutant PLA, cDNA. The deduced
amino acid sequence and the residue numbers are
shown below the codons. The single-letter amino
acid code is used. Numbers in the right margin
refer to the last nucleotide in each row. Annealing
site of mutation-primer is underlined.

L77z%, SMEFLIOmM2- AV AT 1%/ —
IWTRIEL L 728, BNIC XD EAEL, EElo PLA,
TR 72,

PLA, ZREOBR(EFOUE AFEIC S TIER
In/z PLA, BEAMAIC LY POPC 2 ik 58, K
L7cBREREF M DM E T L /e ZORKER, WT

[P

_|_

wTPLA, O 1 2 3 4

Incubation Time (h)

Fig. 4 Overexpression of PLA, mutant by IPTG induc-
tion. Expression of PLA, mutant in E. coli BL21
(DE3) containing recombinant pET-16b was in-
duced by 1 mM IPTG. Aliquots of the culture
(200 uL) were pipetted off at 1-4 h after induction
and the protein composition was analyzed by SDS
~-PAGE. WT PLA,, wild-type PLA, expressed by
E. coli.!®

Table 1 Composition of fatty acids released from 1-
palmitoyl-2-oleoyl-sn—glycero—3—phosphocholine by

hydrolysis of PLA; mutant. (%)
. PLA, Wild-type Porcine pancreatic
Fatty acid mutant PLA,*! PLA,*?
16:0 15.5 15.5 15.4
18:1n-9 84.5 84.5 84.6

*1 Wild-type PLA; expressed by E. coli.10
*2 PLA,; from porcine pancreas (Amano Pharmaceutical Co.).

PLA,9 %5 1 U7 % 9\ ik PLA, » WIS, + L 4 VEE
WERS (85.0%) TH Y (Table 1), & PLA, ZTE{k
L POPC O EICsn2 DAV A VR TS A2 &
PHER SN/, PLA, BREDINE PC x4 51D
& pH i pHI~10 ffamicd v (Fig. 5), 72, &K
PLAZRGKOERZE A« OEE (0~10mM) ©
CaCl, Z¥sin L CHEIE L 7ofE R, 1mM Ll ko CaCly i
Fom<<Ea N (Fig. 6), APLAZEEMEAD Zh
SOMEIL, WT PLALO L EHETH - 72,
PLAERMBIZE D AW A AL N4 EDHPCEB LU
PE#ZNZENIKGBL CZhOORBERARORE
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972 B, RBE, #, fH

100 >

50

Relative activity (%)

4 5 6 7 8 9 10 11
pH

Fig. 5 Effects of pH on the activity of PLA; mutant. The
activities were determined in 50 mM buffer solu-
tions [acetic acid-sodium acetate (pH 4.0-7.0),
Tris-HCl (pH 7.0-9.0), and glycine-NaOH (pH
9.0-11.0)] at 37°C. O, PLA, mutant; A, wild-type
PLA,.10

EAEPEL, ZOXREmEEICH S B R0HEE WT
PLA, 5L U7 4T W PLA, ODZEN G L L7, &
OFER, Fig. TR dT L5210, PLAEEABIUWT
PLA,O {3 PC % X < k&3 fREL, 7% ¢ WK PLA, &
4T3 - 72, —Jj, pancreatic loop ¥{AZIZ Lys Fek
HEALAKPLAZERMAEOPE MK HBERL, WT
PLA, » HiE L THE <, LysEBEDEAIL PE BEEIC
%34 RN ED DR /R L7: (Fig. D,

% 2

4 F=F FTFHMMAEDO S PLAE, 729 ViR
PLA, 7 3 /BEF & HE L C, pancreatic loop 57
W 2BREORBRE LU 7 « V7ICHM T HEALIC 16
BEOFA L IBEDORKIBYEFEL, ik AT7DI1
B PLA IO EIN/Y A F=FL FTHFAEDD
PLA; DE N FIEMER PEIZ AN PC % & < k5 f#
I 5 EEMEFEEEREEL, REEO IO & D miEEiciE
R 5 HEIN, £ TAMRETIE, £9, 1+
£+ FHFIE D> PLA, © cDNA # B WCRBE L/
WT PLA, @ pancreatic loop iz @ Cys62-Gly63 fHj i

x10 X104
10 16

Activity (U/mg) (O)
=
Activity (U/mg) (A)

0 M 0
0 5 10
CaCl, (mM)

Fig. 6 Effect of calcium ion on the activity of PLA,
mutant. The activities were determined at pH 8.5
and at various concentration of CaCl,. O, PLA,
mutant; A, wild-type PLA,.10

Lys & #EA L77- PLA, ZRMEZERL, £DPLA;
RO LM G & pancreatic loop 62 D
EEOBBREPHOLMCT A LR HE L,

KBEIC L D RB L 7- PLA, ZRAZ, WT PLAO
LIRS, NEROHAGEHR L /oo TOHAMKILS
MRE#£EI0mM2-A VAT & /—)V TRl
7o, BITICEDEAEL, B b, EEL
PLA, ZE kL, POPCH LTI sn2(DFV A VB
X7, DFE PCICw¢ 5K PLA, BRMADOEM:
O@EpHIZpHI~10ICH D, T/, ImMUED
CaChic I <G iz, ThHOMER, WT
PLA, 9% XU 2 9Ol PLA LRBRO S D TH - 7,
Fig. 6 I\ T, PLA, BEAD HFEM S WT PLA; ©
ZFR X 0EWA, Zhid PLA, TEASHBEES TH 5
ZEIZ LD,

Kuipers 593, 7 % 34\ PLA, @ pancreatic loop
(62~66 BI) % RIB|I /- 462~66 PLA, BERthn
EBLL, 462~66 PLA, ZREHAD I ¥ )VIKFIEN: PC IZ
%9 B ERE TS WT PLA, O Zh & L T 16 f5i
me s EHPEHELI, TDI EHH, pancreatic loop
(62~66 Z#k) o Lys62 BeFkid, MRHEE-Y VIRER
&3 & PLA, OMEFAICEEZHZEEZEHS LD L
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A b<F 7D PLA, ZERE 973
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Fig. 7 Time-course of hydrolysis of phosphatidylcholine
and phosphatidylethanolamine with PLA, mutant.
Reaction mixture containing PLA,, 100 ug phos-
phatidylcholine (a) or phosphatidylethanolamine
(b) prepared from squid mantle muscle, 2.7 mM
sodium deoxycholate, 5mM CaCl,, and 50 mM
Tris-HCl buffer (pH 8.5) in a total volume of 130
uL was incubated at 37°C for various time periods.
®, porcine pancreatic PLA;(4.5 ug); O, PLA,
mutant (84 ug); A, wild-type PLA, (24 ng).

Starfish
Mutant
Porcine
bovine

KQAKKLDSCKVLVDNP

Fig. 8 The comparison of amino acid sequences of PLA,
s. Sixteen amino acid residues in pancreatic loop
region (residue 54-69) are shown. Starfish, A.
pectinifera PLA,; Mutant, PLA, mutant; Porcine;
porcine pancreatic PLA,; Bovine, bovine pan-
creatic PLA,. Key residues are shown in shaded.

HEIh/, 35S, FAFYTVED PLA, R &%
FIV7-BFZE1618 2 1 v, pancreatic loop SR FEED T
2§ WK PLA, D Argb3 1 L UV 3 ¢ WK PLA, ©
Lysb3 ¥ (f I Lysh6 (Fig. 8ic 3 W Tl #h £ h
Argb4, Lysb4 5 L U Lys57) Z I EOBERATL, TR

W) VIEE OB A AR L TERICRFET
5 &6, PLA OEBEBREERICHICHEY RITT
T EBRBEEI NS, £/, ~NE3FH PLA, T pancreatic
loop ENLTEED T I /BB RIBL TED,39PE LD %
PC% k< ks f@+ 2 HEMUEEEREELF T L L
DEEINTWS, 9 Fig. 8IZRT LD, 41 F<Fb
~ TIPS @ © PLA, O pancreatic loop ¥BA7 378 D —
KBEBNT, INOOEICHEL AT I /BEREILR
18 (Cys62-Gly63 ) E/-iddE7 I /JEERHE (Glyb4
B LU Thrb7) ICBHL T8 2D &»nb, PE
DL PCRISMKGESTHA F<F FTHIED
5 PLA, OEBEmMEFEFEREME, & PLA, © pancreatic
loop FALEED— K ELICER T DO LH#HEEIh
720
ABF7E Cid, WT PLA; @ pancreatic loop ¥ 0 —

TS 7\ TEE 3\ PLA, OZh MRS 57-0,
Cys62-Gly63 fHliC Lys B AE A L, PLA, R4
B, %D PLA, ZRMAOLE MM IERIGMH 2B L
7co ZORER, WT PLAYY & RIFRIC, PLA, ZRMAT
PCm X< mKG#EL 7=y —77, APLA,EREKDPE
k5 REIE WT PLA, L B L TEK, 7¥4+VIE
PLA ITEBIL 7o BRI Z R L 7o ABFEOFER
i, PEXDHPCHE LIS MAGESSHA P<FLFF
BIFIE O > PLA, OEBEBU A RN S, APLA O
pancreatic loop {2 D Lys ®E DO KB E R L4 5
LRI T2,

X ik
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