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Purification of Phospholipase A, from Scutellaria baicalensis
Suspension Cells
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Abstract— It was previously reported that yeast elicitor transiently increased oleanolic acid and ursolic acid in Scutellaria
baicalensis suspension cultures and also doubled phospholipase A, (PLA,) activity. Thus, PLA, was purified from the soluble
fractions of S. baicalensis suspension cultures and the characters of the purified PLA, were identified. The PLA, was purified
about 160 times compared with the starting soluble-protein extract from S. baicalensis suspension culture cells. The purified
protein showed a molecular mass of about 43 kDa by SDS-PAGE. The purified plant PLA, had a neutral pH optimum (pH
7.0) and required Ca’* for activity. The PLA, activity was inhibited by mammalian PLA, inhibitors such as 5,8,11,14-eico-
satetraynoic acid (ETYA) and arachidonyl trifluoromethyl ketone (AACOCF;)
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A%} 2 TZ - 1-Stearoyl-2-[1-"*Clarachidonyl-GPC (55.3
mCi/mmol)== Amersham Life Science (Buckinghamshire,
UK)ZH5E 33t} 1-Stearoyl-2-arachidonyl-sr-glycerol,
arachidonic acid (AA), 1-stearoyl-2-arachidonoyl-GPC, ETYA
52 Sigma (St. Louis)llA 4334T} Lyso-phosphochiline
& AvantiPolar Lipids (Alabaster, AL)Z €] ¢ 3} 3L,
arachidonyl trifluoromethyl ketone (AACOCF;)+~= Biomol
(Plymouth Meeting, PAYIA] F3IATE thE AJFe2 7t
B 57 Aok oisiel ALgsac

PLA, M &8 — PLA, ¢ 242 2-[1-"CJAA-GPCE 7]
A= ARl Jung?t Kime] WS W ste] S 313t)
QoF8}H, 75mM Tris [tris(hydroxymethyl)aminomethane]-HCI
(pH 7.0), 3mM CaCl,, 0.1% (w/v) sodium deoxycholate
(SDC), 4.5nmol <] radioactive phospholipids (approximately
55,000 cpm)®] 100 mL &5 37°Col|A] 3037 WA Z
T} Dole®] "W (n-heptane:isopropyl alcohol:1N H,SO,;
400:390:10, v/v) & o]&3&le] Wk3-S FAA7 5L Q4] Ee
Sk A5 150 mLE Fslo] mlojAzFHe A4 &
3L p-heptane 800 mL2} silica gel (&F 6 mg)S 7FISitt. Al

= vortex® 413 AplElsle] e (750 mL)yS 2.5 mL
9] scintillation solution®] % 3L Packard Tri-carb liquid B-
scintillation counteroll ] 84S Z4s1%ich")

EHFSMEZZRE PLAL| 22| - 3= e v Al
X+ 24-dichlorophenoxyacetic acid (0.5 mg/l), kinetin
(0.1 mg/1), p-chlorophenoxyacetic acid (2 mg/1) and sucrose
(30g/1)E X% 3}+= SH liquid medium (pH 5.8) 125 mlell
2 go| TS LA SRsiinh. 27mke Al vk st
Rom 25°Ce] 37 wig71oA 100 rpm o2 35k ul
ATt A 300 g2 78F5e] buffer A (50 mM
Tris-HCl, pH 7.5, 3mM EDTA, 0.12M NaCl, 2 mM
DTT)E <& 3] Mo} AT} 800 mle] buffer AZ 7}8laL &
A E o] 83l homogenized} AT} (model Polytron PT
6000, Kinematica AG, Littau, Switzerland). 3,000 g, 4°C¢ll
A 30 i B Al 9 & Aeds Fsiich AE
< 100,000g, 4°C °IA 60 &<t YAFEE| 3t THA] A5
Hg Foto] A Fe] AlRE ARSI de Al
7] 9&te] 5ol 2.5M (NH,),S0,.Z 7183l 4°ColA 2
A ZF F9F Ao} & F 10,000 g, 4°CollA] 30 < 94
et 4L 200 mle) buffer AZ AHEGAA A
AzvfEa v E =831t} Buffer B (1 mM EDTAS ¥
83k pH 7.5¢] 50 mM Tris-HCD)E ¥ & 3}¥ DE52 anion
exchange column (21.5 mmx15 cm, Tosoh)ol] TH¥ & A&
= FU3IAT} (flow rate : 10.0 ml/min). Z2H-S- buffer B2
Aol o3 FA A3 @il dLe puffer C (1mM
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EDTA, IN NaCIg 238 50 mM Tris-HCHZ £FA1F T},
e ST & o] A3 B9 (40 mlye 3t buffer
BZ &3} EDEAE-5PW column (7.5 mmx7.5 cm, Tosoh)
o7 Fgstazal skt 0.0NoA 1.0N2] NaCle] =+
Hi S o) 84 23 (15 m)S 42Ut 1 mM EDTA, 0.5M
(NH,),SO,& 33350 mM Tris-HCI buffer (pH 7.5)2 3
% 3}¥ Phenyl-5PW column (5.0 mmx5.0 cm, Tosoh)2. 2
PLAZA #3& 251tk 0.5M ©l40.0M2] (NH,),S0,
FEuE Foke] Smle] EAEES 4, olE
Centricon 10 (Amicon, Beverly, MAYS- ©]-€3}%] 300 mIZ
F=3I90) v EEe 2 01N NaCl, ImM EDTAS X33
3 ¥ pH 7.5¢ 50mM Tris-HCI buffer2 ¥ & 3}%
Superose 12 gel filtration FPLC column (10 mmx30 cm,
Pharmacia LKB)S AH&-3to] U3 buffer® PLAE #2]
st

Protein assay — PLA,E #&2]dt= &< @ o] o4&
3171 fl8l UVASE71E ARS8k 280 nmellx] S48
o} Z} Al5e YU A ] F=+ bovine serum albumin
(BSAYE ¥5EZ= 3o Bradford 2| (Bio-Rad, Hercules,
CA) & AHE-8t] A3k

SDS-PAGE - Superose 12 FPLC column® 2 HE &
g4 £33 7} 20mlE Laemmli®] sample buffer (0.125M
Tris-HCI, pH 6.8, 4% (w/v) SDS, 20% (w/v) glycerol,
0.002% (w/v) bromphenol blue)?ll ¥ 3. &33F & 95°C]|
A 5 & FE RESAIF T A RE AR WAIR] &
Laemmli®] WS o83t 12% (w/v) PAGEZ T Z &
golslgint.? Eejd vl Ee Plus-One silver staining kit
(Pharmacia LKB)E A}g-ste] A3} Tt,

22|18t PLAR|l §4 B4 — Fe)3 PLAS 84S +F
W&}7] 98] Superose 12 gel filtration columne] B4 -2
S EOo}A] PD-10 desalting column (Sephadex G-25M,
Pharmacia LKB)Z- o83l d2 AAsIth B8 A3l
A, PLASF AR %] PLA, 84 AAIAIS &35t 37°C
oA 1087 AAE] st pHe} Zol22] 57} PLA,
o] FAo) PA= FFE FAks] flske] pHoL Zgol
9] Tl ¥islE 1 PLA,S| 43& vasiict.

#n 9 o3

3= (S baicalensis) B A EZ5-E] phospholipase A,
(PLA,)E 2] HAISH Z2E Table 19 8.kt YR
ol 228 PLAS] 782 0.13%%3, S widA| 2 2
o] vl v == 1608 S7F5IIT} (Table 1). 284
S ammonium sulfate, DE52 anion exchange, DEAE-
S5PW anion exchange, Pheny-5PW hydrophobic, Superose
12 gel-filtration column chromatographyoll £J3l] PLA,S -
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Table 1. Summary of purification of the 43 kDa cytosolic PLA, from S. baicalensis suspension cells. Sequential steps used in
purification of the plant PLA,, resulting in a 160-fold purification with 0.13% recovery

Step Protein Total activity Specific activity Purification Yield
mg pmol/min pmol/min/mg fold %
Lysate 534.64 9,622 18 1 100
fS:cIt{ié)ﬁ:t%n 202.30 8,825 44 24 91.72
DES52 18.60 5,167 278 154 53.70
DEAE-SPW 0.73 2,055 2,819 156.6 2136
Pheyl-PW 0.03 119 3,082 2212 1.24
Superose 12 0.0045 13 2,867 159.3 0.13
2] AAslET €4 #2990 ammonium sulfateS 7}5He] A g -
A4 ARSI, o ol 91.72%2] &3} 2] s .| y
E 3718 IS E, o] AL Fel Tk 74 £ 5 z
Ao ARA i Aa BHo] A o] Tyt A% > 15} 2
S AL F YAt FHI 27 ANE DES2 20| wsh R
HPLC 28 g3jo] R ool walel vk 1) £ g5 |
<7k PLA, 88 A9t} o]FA welE a4 A2 2 0 leeeeeeeei o
M= Tha Bekg &1glo) -70°ColA F F FoF ok 0 10 20 30
8l3ict. DEAE-5PW anion exchange HPLC columng: -5} Fraction No.
o 1500 wE7F BV A RYG AN wop e 2 Fracion o
PLA,S 22)5}7] $)5e] Al&3le] 2424 Phenyl-SPW Z S e f1_ R &
Holl PRI FUBK, 05 IM0.0ME] (NH),S0, 5= W= = ¥ =1
g Bslo] st 220 Wl F7K BYRFL Aick vp © MY - - :
At 2 Superose 12 gel-filtration HPLC & E3}o] L& 5 = ' et - <«~— 43 kDa
Y 29 EEl 1600 F7IATL 58 0.13% ©I o
o} o] S MBAE B £t gaSged, Phenyl 1 o : 4 =
5PW HPLCEHE 9& ST 5k Holx & 2— & -
=Y

48] BAdo] ad A o' FHHET PLA, ¢ &4d0] 7}
=2 3= oF 45kDadl D3I, S £ 3
3lo] 12% SDS-PAGES] 781508 ol 43 kDao] H-A}2ke
TR MER RS ERIE = UANSH, Fig. 10014 X
= vt} Zo] 85 AR MEIAI} PLA, B4 bl A
AAAAE RIS F AU

pH7} 3= v FA 22 7E 225 PLAS &4 HA|
= 9 FA37] 218k Superose 12 gel-filtration
column chromatographyoll 4] 23t &4 #&L pH
4.5~11.00] W] Alelolln] &4 AE HlaLsllet. e 7
Fofl, sEAZAA #2]3 PLA= Hld S Hele] pH
oAl &S YERNUAL, 971 pH (pH 8~9)lA st &
e Yepiie.? aend, g ik Azl B2ld PLA,
+ pH 79] ol F2 T4 W14l pHAlM & 242
ERlSlTt (Fig. 2).

PLAS] 714 HEwE &R1sl7] 918le] 2-[1-"C]linoleoyl-

Fig. 1. A. Gel filtration column chromatography on Superose
12 FPLC. The active fractions obtained from Phenyl-5PW
column were applied to a Superose 12 gel filtration column. B.
The active fractions from Superose 12 gel filtration FPLC
columns were analyzed by 12% (w/v) SDS-PAGE and
visualized by silver stain. The standard protein markers were
as follows: myosin (200 kDa), P-galactosidase (116 kDa),
phosphorylase b (97 kDa), BSA (66 kDa), ovalbumin (45 kDa),
carbonic anhydrase (31kDa), and trypsin inhibitor (21 kDa).
The molecular mass (arrow) of the plant PLA, was extrapolated
from R; value.

sn-glycero-3-PC (2-[1-"*C]LE-PC)<} 2-[1-"*C]linolenoyl-sn-
glycero-3-PC (2-[1-""CILEN-PC)E 7}z} 714 = 1] PLA,
o] 84 AEE Hwslgich Fig 30l BHE 73} 7o), 3
9] PLA,E= 2-[1-"C|LEN-PCE 7|2 & &S wf 2-[1-
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Fig. 2. Effects of pH on the plant PLA, activity.The PLA,
activity was assayed in the range of pH 6.0 to 9.0. The pH
buffers were as follows: imidazol-HCI, pH 6.0 to 6.5; Tris-
HCI, pH 7.0 to 9.0.
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Fig. 3. Substrate specificity for the purified 43 KDa plant
PLA,. An aliquot of the active pool obtained from the
Superose 12 gel filtration HPLC column was assayed for the
PLA, activity with 25 uM of the indicated substrates.

“CILE-PCE 712 = 3132 wrr} S4o] of ) A= 7t
stAl e T A E Al XA AlZHte 2 R f2E
linolenic acide E=A3EA arachidonic acide} F-AFSE &
TS B Ao dEA kY thA] @EPA, linolenic acid
+ jasmonic acid 2} T2 octadecanoidZ2F-E 23t A&
A 24 BAe AFAlR FHE kY olgjd Ade
ol w2l e PLA,7F AlEute] Q1A A 2HE] jasmonic
acid®] AAZ L7 linolenic acide] Aol FIgHe- Al
AFghet.

5,8,11,14-eicosatetraynoic acid (ETYA), arachidonyl trifl-
uoromethyl ketone (AACOCF;) 9} 72 thofst PLAS| &
AA7F F2 gk PLAS] &390 x| = FaS S35kt
ETYAE $EA X PLA,2| JAAZ auxindl] 2|3 2]&-<]
AL 2pdsiths Bavh ek Fig. 404 VR At
Zol, ETYAw $haollA] #-2]3 PLAY| tiste] Ex=9&
Ao g fod U= A 4L YEIATE Arachidonic
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Fig. 4. Effects of the various mammalian PLA, inhibitors on
the plant PLA, activity. The plant PLA, obtained from the
Superose 12 gel filtration was pre-incubated with the indicated
concentration of mammalian PLA, inhibitors for 10 min
followed by assaying the PLA, activity.
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Fig. 5. Effects of calcium on the plant PLA, activity. The
PLA, obtained from Superose 12 gel filtration column was
assayed in the presence of various concentration of CaCl,.

acid®] trifluoromethyl ketone analogq! AACOCF,&= 1%
IV cPLA,9} iPLA,9] SAAs dei& k"> AACOCF,
T3t T gEH o= foA = PLA, 84 ABNE e
WATh (Fig. 4).

Dgole St AAE Fd B MIAE 9L 24
ST 2 o120 B PLAS) AT T e

ﬂl

she Aow g gom AlEutlA PLAS] SA3E
ZA]A PLA,S| Svjzg —°— 7ok IALE Zl—g—ﬂth
&4 A ovu}m Folla sk 28 PLAS] BAS 1
M ollA 107 M F= H2 CaClLel A 3ol Hhﬁ}?i
th. PLA,2] S4& Ca™'e F7t 7ol wel B o
ERo7 F94 YA Z7FEHATH (Fig. 5). olelst dxh=
oA H2l3t 43kDa2] 4]E PLA= ZFo] &4 &
—’F&m 24 AEIYE ARt
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ol 7146 F8.3F 93-S & Ao Azt ool K
AP Sl FA EA A elicitationol] 2] 3} triterpenoid2]
73 S7F L PLAS] 249 716} 9l S mi 2=
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A o] el F3] e S o= Azt
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