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Isolation and characterization of phospholipase Al from Vespa tropica ducalis
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Abstract: Objective To find an effective method to isolated phospholipase from Vespa tropica ducalis and characterize its biological
activities to support the pathogenic mechanism research and officinal value exploitation in the future. Methods The component with
phospholipase activity was isolated by successive gel filtration (Sephadex G-75, supferfine) and heparin affinity chromatography steps
(Hitrap Heparin HP). The protein was identified by peptide mass fingerprinting, N-terminal amino acid determination and blast
analysis, as well as phospholipase A1 (PLA1) activity monitor. Plasma recalification time test was employed to detect the effect of
Vtp32 on coagulation. Results A protein with phospholipase activity was orderly separated and purified from V. tropica ducalis
venom using gel filtration and heparin affinity chromatography. The purified protein was homogenous on the SDS-PAGE gel with
relative molecular mass of 32 000, so it was termed as Vtp32. Peptide mass fingerprinting assay and N-terminal amino acid sequence
blast result revealed that Vtp32 showed high homologous with PLA1 from wasp of Vespa genus. In addition, Vtp32 hydrolyzed the sn-1
ester linkage of phospholipids. These results indicated that Vtp32 was PLA1 from V. tropica ducalis. Vtp32 hydrolyzed
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phosphatidylcholine, and the hydrolysis product can lyse human erythrocytes. Vtp32 delayed the recalification time of human plasma

and hence had anti-coagulation activity. Conclusion PLAL1 is widely existed in the venom from V. tropica ducalis. Gel filtration

followed by heparin affinity chromatography is an effective isolation strategy for the purification of PLA1. The results show that V.

tropica ducalis PLA1 has hemolytic and anticoagulative activity.

Key words: Vespa tropica ducalis Smith; phospholipase A1; isolation and purification; phospholipase specificity; anti-coagulation
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(phospholipase A2, PLA2). /Il B (phospholipase
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W Vespa basalis Smith. Vespa verutina. W
SIE7 3 A il
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wH, KT EEL BRIOVMEE. FI k.
VAL, AL L PE ) AR AR T K
FAIERI KRR AT &, Xk PLAL R RAE Y
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Invitrogen A ;& A EEIAFEIET Sigma A Al;
HEMX TR EX MG T Fermentas A #]; o-
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mmol/L Tris-HCI, 100 mmol/L NaCl, pH 7.8, {&fH
JEAN 1 mL/10 min, 10 min/%& . JEiiEERSN,
WiE & PLAL 45y 5225 UEESE 1 5 Hindd
4y, F 25 mmol/L Tris-HC1, pH 7.8 Z&k &,
ZENT =W H Hitrap Heparin HP (1 mL) SEARIFE 4> B
alifk . PN 25 mmol/L Tris-HCI, pH 7.8 1251
Wio VeliZE A 25 mmol/L Tris-HCl. 0.5 mol/L
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EYem, LIRS 3 A sl (B 1-B). &Aill, B
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JRREHT. FEEHE R MASCOT ATk kit AT
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affinity chromatography through linear NaCl gradient
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Fig. 1 Purification of Vtp32 from V. tropica ducalis
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Fig. 2 SDS-PAGE profile of Vtp32 under reduced (R) and
non-reduced (NR) conditions
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F 1 Vip32 BIEQEE SN MR SRIAHE PLAL IRIE HIREEE XY
Table 1 Comparison between Vtp32 peptide mass fingerprinting experimental data and V. crabro PLA1 theoretical data

FEAIRR AL S SIS TR FRARXT A PR E MW T R FFofE R HIE
13~18 7314155 731.436 4 —0.0209 MIVLTR

108~118 1177.634 4 1177.6707 —0.036 2 LVGNYIATVTK

124~132 1076.507 7 1076.543 7 —0.0359 YNVPMANIR

124~132 1092.502 1 1092.538 6 —0.036 5 YNVPMANIR Oxidation (M)

149~157 970.5259 970.581 1 —0.0553 KVQELGLGK

150~157 842.476 7 842.486 2 —0.009 4 VQELGLGK

280~290 1212.5575 1212.602 7 —0.045 1 TGSFYVPVESK

291~297 879.392 4 879.390 9 0.001 6 APYCNNK Propionamide (C)
SFFBIZ% NCBI LU, JFRIB T ¥ 1 1
crabro Vesp ¢ 1 (POCH87); V. affinis ves.al.0l Vip32 (1) --FNPCPYSDDTVKMIV
(PODMB4); V. affinis ves.al.02 (PODMB5); V. V. affinis ves.al.01 (1) --FNPCPYSDDTVKMII
velutina VT-2a (PODMB7 ); V. velutina VT-2b V. affinis ves.al.02 (1) -~FNPCPYSDDTVKMII
(PODMBS8); V. magnifica magnifin (POCH87); V. V. velutina VI-2a (1) --FNPCPYSDDTVKMII
velutina VT-1 (PODMB6); V. vulgaris Ves v 1 V. velutina VT-2b (1) --FNPCPYSDDTVKMII

V. crabroVespc 1 (1) ~FNPCPYSDDTVKMIV

(P49369); V. maculifron Ves m 1 (P51528); V.
germanica Ves g 1 (Q3ZU95); V. squamosal Ves s 1
(POCHS6); P. dominula Pol d 1.04 (Q6Q249); P,
dominula Pol d 1.03 (Q6Q250); P. dominula Pol d
1.02 (Q6Q251); P. dominulaPold 1.01 (Q6Q252);
P. gallicus Pol g 1 (P83542); P. annularis Pol a 1
(Q9U6WO0); P paulista Poly p 1 (A2VBC4); D.
maculata Dol m 1.02 (P53357); D. maculata Dol m
1.01 (Q06478).

ZE AP BENE, K15 T Vip32 EH N K
15 MR P55 S i NCBI Blastp 7E£8 T
AT AIEet, RIZE A N i 5 e kg v
velutina Lepeletier. 5 E#UE V. affinis Linnaeus
5 52 Sk W& V. basalis Smith Z5 &R PLAL = AR,
K Vector NTI X i T 5 RHT 2> PLAT i
WA N i) 15 NMEEERREAT TS, K Vip32
N P85 Vespa JEARURI) PLAL 1 N ¥ 75 BAT
8k, 5 RIBRIRR Vespula Dolichovespula
Polybia. Polistes J& PLA1 ] N ¥t JE R 7 51 (140
ARG (I 3)0 B O A7 R R B Ak UIDH =4
PRI, ARALE SRR R T AR - A R
2.4 PLAI1 JEMERAEN

JK A8 SC B 0P B b o AT 45 R R, Vip32
WA SR PLAL A & BRI, PR 1
Vip32 1) PLAL 35 %. 7752 Invitrogen B 45,

V. magnifica magnifin (1) GLIPKCKLVPEQISF--
V.velutina VT-1 (1) GLLPKVKLVPEQISF--

V. vulgaris Vesv1l (1) --GPKCPFNSDTVSI/II

V. maculifron Vesm1 (1) --GPKCPFNSDTVSI/I
V. germanica Ves g1 (1) --GPKCPFNTDTVSMII
V. squamosal Vess 1~ (1) --GSKCPFSDDTVAMYV1

P. dominula Pold 1.04 (1) GITPDCTFNEKDI/EL--
P. dominulaPold 1.03 (1) GITPDCTFNEKDI/EL--
P. dominulaPold 1.02 (1) GITPDCTFNEKDI/EL--
P. dominula Pold 1.01 (1) GITPDCTFNEKDI/EL--
P. gallicus Polg1 (1) GITPDCTFNEKDI/EL--
P. annularisPolal (1) -MSPDCTFNEKDIVFY-
P. paulistaPolyp 1 (1) -LIPECPFNEYDI/LFF-
D. maculata Dolm 1.02 (1) GILPECKLVPEEISF--
D. maculata Dolm 1.01 (1) --FSVCPFSNDTVKMIF
3 Vtp32 SHHERE b4 PLAL N 3555 L3S E
Fig. 3 Comparison on N-terminal amino acid sequences of
Vtp32 with that of other PLA1 from Vespidae family

10 puL 10 mmol/L DOPC ( —Jh R EEEAEGN) 5 10
uL 10 mmol/L DOPG ( —yHiELa% AR e H i), 10 pL 1
mmol/L PLAI J&%¥) (PED-Al, H: sn-1 745t
Fric) B2, B 3 mL 1 XPLAL M.
W, FEAREIE N 96 FLH, 50 pL/AL. SR)5¥
Vip32 |ARERFET | XPLAL RN+, 3k
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AR o R LI Vip32 SR A #F 50 pL AN[A]
JoR B FE 1 Vitp32 H VAR B PH o FRFEAS NN 50
ul BRI, TROGERR A AT sn-1 £z B
BRI 2t . WK 460 nm, Rl
515 nm. LA Invitrogen A G2 4L ) PLA1(5 U/mL)
YE BRI AR EER Vip32 B0 3 N EAL,
X 5 Row, AT 0T,

il 5 SR o, Bl BB TR R IE KT Vip32
JREIREE RN, PED-AL JEY) sn-1 ALK ZLRE I
KNGS ARG E (B 4.

] -B- PLA1 (invitrogen control 5 U-mL™")
-8 16 pgmL ' Vtp32
&8 pgmL ' Vip32

| 4 pgmL! vip32
—¥—=2 pgmL™ Vip32
== | pgmL ™ Vip32
=©-0.5 pgmL™' Vip32
—A—0.25 pgrmL " Vtp32

FOCTRE (X 10%
g

10 12 14 16 18 20
t/min

4 Vtp32 PLAL EMHHIE-HKFR
Fig. 4 Dose-dependent PLA1 activity response of Vtp32

2.5 Vtp32 iAMIIEMERAE
HUHTEEAL BRI N L4000, F 10 5 IR FRZZ PR A
(150 mmol/L NaCl, 10 mmol/L NaH,PO,, 4.2
mmol/L Na,HPOy4, 2.7 mmol/L KCl, pH 7.4) %,
SRJGT 2 400 r/min 20> 5 min JUIEL4NHE. EE I
ARG 3 WK, BE BIETEAA I g
1be BRI ZMIR A BEE (%M
o R IMEE A S ] Fuly 200 07, s
B SR EE OB R, K E S A
Uil A 7850182, 15 000X g, 4 CEL 30
min, B EiE 50 uL S5A R EWREE 5k B/
FIKAKIKN 0. 3.5, 4.2, 49, 5.6. 6.3, 7.0 ng/mL)
) Vip32 &4, FEINN CaCl, 24K 8 mmol/L A
PRA 250 uL), 37 CIRE 10 min, ZRJEHIA 50 uL
EDTA & 1E Mo BU 10 pL S8, N 1 mL 223
WA PR (1%F%),37 Ci#E 30 min,
SRJE 2 400 r/min B§0>, T 540 nm RROEEE . DL
IR FE 0.05%[) Triton X-100 VENBHERTE, i

LSS 7E 540 nm FWROGEEAE E SN 100%. AT &
WREIFEAR R E 3 A TATSELR, R R
¥ +s FITERGEAT 00T . KSR BN, BEE Vip32
JoR FE R B TR N, B PROUR A 7 AR O I Bl A
LS PRI (B 5).

80 =
60 =

40

VLA /%

20 -

0

0 2 4
Vitp32/(ng'mL™")

5 Vtp32 GRREARK AR 4A M IE S
Fig. 5 Hemolytic activity of lecithin lysis product treated by
Vtp32

2.6 Vtp32 33Kk E $5AT 8] AN

A2 B S IE) B I 2 FEAS AL R 1), R AE A5 BT
B M2 H BRI, A P R g it A
BT IR Rk, Vitp32 XA AR, W] S ik
Vip32 X PR &R I R 2 e o BARKS I 7772 2 8 Han
LB TTE, IEAE S, A S 0.9% NaCl ¥
TS ARFIRERE « B 200 uL FRER I 2E 5 20 uL AN
JREIRE K] Vip32 4, 37 CHE 20 min, )5
B 70 uL 25 mmol/L CaCl,, 4k%:F 37 CiRH,
Ao WU L 5 5 ] EX) IR R o RS o IR LIS R AL 3 A
F75E56, SERUIY +5 RoR. LILE R, U4
A Vip32 5KILEE, 1EH KA CaCly FIBLE
T, 162 s RERAEER]; I Vip32 M, fEfF
R CaCl, MBOE T, EASKE2EEK, JFH
A K R S Vip32 sk 2 IEFSEE
2 (K 6). ik, vip32 BfHukkmit.
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Fig. 6 Effect of Vtp32 on plasma recalcification time
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PLAL 2 WEEUSR M EE M2 —. it
A LA Veapidea FFKLIA 5 000 A Fp, M
SR 71 AR SORSCER PR B T TR
(¥1 6 Ml PLAT 433 1 73 B 4idL, 27J& T 3 1M&
Rungsa 2513 25 19 /5 20 2 ) S5 s SR FH WL 1) R 3k
X} Vespa tropica &5 FZH 53147 1 20 #r,  AOBUR HLIK
M A B B g F v B A B g
Dolichovespula maculata Linnaeus B 51§ 1125004,
EREAFGALMBIRED, WIF5CH 1%k
JIE Bt AT W R e B e M 7 e A — 2B B S
WFt. Ay, @il Sephadex G-75 43 1Al
Heparin SEFUER A0 7 B alifh, M B 2 B g e 25 3R
13 7 24LH) PLAL, s 7 PEFE MR IR Y sn-1
RrRge PLAL iR &l . XR2I1eS Ik, 3B
— U R IR IR A1 S AL IRE . X R
W& PLAL f73 857778, tn] UM AR #IEE PLAT
[ B AR 2

Wi PLA1 BA Z A 2im 1,  BREUEEH]
HRUTISISOT L 2 4T B 2R A P A O
ARSI S s ki i e U T R 4 4
Pl7:222340) Bk s ok 20241 g ppl2 a4
SLaG R, ) R PLAL XL FR S0 5 ik
TTWI. BEHE PLAL /T LUKMREREERR, &
VAR OIS, LA AR T A B
%, X5 CHRRT BN A WEIERIRE 3. 12
BEFCIE I, Vip32 MBI, BEHE Vip32 it
BIREZRIIGIN, SR AAREC . XA R R
% PLA1 BA PRGN, X2ies5 A1k, KT
PLA1 HUBRE T E IR IE . PLA1 HUEERINLE] R
fiftdr, {H PLA2 MIFTHREIEH CArEvE 2 M h ik
RIAE T . UNFE W& Apis mellifera Linnaeus [{J1
Fr, AT BAPUEESYER PLA2MY. frdeE
W, Pk PLA2 B2 2 AE(E, MRS Naja naja
Linnaeus*” . Bt W  Daboia russelii russelii
Shaw!**1 | #i Wt 5 BR 8% @8 Naja nigricollis
Anderson™™*" | K ¥ Vb i i Vipera ammodytes
meridionalis Boulenger™ . BRI K B¢ Vipera
ammodytes ammodytes Linnaeus™ . 75 25 1 8 i
Crotalus durissus terrificus Laurenti®". =7 kil
Bothrops asper Garman®” | SEAEIE ) Trimeresurus
Jjerdonii Guenther” 2%, IEE PLA2 T EET 3 MR
[ FEOALAG SR BLE G M. (1D IKAR I P (e e

MRS, AR A UETEESMNEYER T X BB E &
) tenase complex TR, (2) ki R 4%
o 22 R AL R T AH ELAE T AT St dan RA S0 7
IRES Naja nigricollis Anderson K5 ) CM-IVI,

RISV IERE Vipera ammodytes ammodytes Linnaeus
Y ammodytoxin A, BISEWTEME Crotalus
durissus terrificus Laurenti KR CBe il =87k
1 Bothrops asper Garman &5 (1] MtxIIC ] 5 i
Wi SR 2 A b ) FXa 255, A IT BELAH ok 0L I ) 72 ol
[ BEi& Daboia russelii russelii Shaw K] daboxin
P 7] 5 Fx 1 Fxa £5 &) IRE20E Naja naja Linnaeus
SRR Nn-PLA2UIAT B 45 5 Mg 45 &, AT
HEIL . (3) Pl R EREE . WnsAE )& 8k jerdoxin
ikl ADP RS, BEIE PLAI
Fe 1 I I SRR ATL AR S e B LA AR i3k — 2B T 9T

SE
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