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Phosphoinesitide-specific phospholipase CS (PLCé) plays an important role in many cellular responses
and is involved in the production of second messenger. The present study was conducted to obtain the bio-
chemical characteristics of the expressed recombinant PLCS in E. coli cloned from Misgurnus mizolepis
and partially purified PLCS enzymes from liver tissues of M. mizolepis (wild ML-PLCS). The ML-PLCéS
gene was cloned and expressed under the previous report (Kim et al., 2004), and purified the recombinant
protein by successive chromatography using Ni**-NTA affinity column and gel filtration FPLC column. The
wild ML-PLCS protein was solublized with 2 M KCl1 and purified by successive chromatography on open
heparin-Sephagel and analytical TSKgel heparin-5PW. Both the recombinant and wild ML-PLC§ form of
protein showed a concentration-dependent PLC activity to phosphatidylinositol 4,5-bis-phosphate (PIP:) or
phosphatidylinositol (PI). Its activity was absolutely Ca*-dependant, which was similar to mammalian PLC
& isozymes. Maximal PI-hydrolytic activations of recombinant and wild ML-PLCS was at pH 7.0 and pH
7.5, respectively. In addition, the enzymatic activities of recombinant and wild ML-PLCS were increased in
concentration-dependent manner by detergent, such as sodium deoxycholate (SDC), phos-
phatidylethanolamine (PE) and phosphatidylcholine (PC). The activities decreased in contrast by a
polyamine, such as spermine. Western blotting showed that several types of PLCS isozymes exist in various
organs. Taken together our results, it suggested that the biochemical characteristics of ML-PLCS are similar
with those of mammalian PLCS1 and 83 isozymes.
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AA A7 73 a4 (phospholipase)i= F-8.38F
lipolytic enzyme & &4 A2 FASE= 1A
2 (phospholipid)& 7+r#3)81H, 714 A4
g 22 AeErbe AAAsAG A deM Al
EohAL AL BE 5o 2] #Ho g0 &
#HA T} (Kantan, 1988; Rhee, 2001). ©] 2
A7t EaLe AAES 7easlEe
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el we} phospholipase A (PLA), phospholipase
C (PLC), phospholipase D (PLD)7} At}z &
A ATk PLCE AAZ9) 712732 0)A sn-3 7
& 7IEasls 2201y 21X that &
o]Ad¢ll whe} phosphatidylcholine (PC)o| 514
< Yehll= PLC (PC-PLC)$} phosphatidylinosi-
tide (PDo 5°]4E WEri= PLC (PIPLOZ
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TEE3A Y PIL.PLCE A7329¢] (growth fac-
tor), 2= (hormone), 217HEA} (neurotrans-
mitter)®l] &3] A stE= &4ZA phos-
phatidylinositol 4,5-bis-phosphate (PIP:)ol] 5-0]2
ol RhE= ste] 2714 FFY AHE oA
¢l tjeldE=ME3} inositol-1,4,5-trisphosphate
(IP3)e] A4S v s delA ik o] o]
2 AHEFE T e Axd ALE Zs
(Ca)ys Fyata tletdgy A€ PKC (pro-
tein kinase C)= #7343} AlZIt} (Lee and Rhee,
1996; Lee et al., 1999).

PLPLCE ZAEEA 84713 2 2 =
3] FEFol whek 555, B(1-4)-, ¥(1,2)-, 8(1-4)-,
&1)-, §(1)-2 EFHH, ZE PLCE catalytic X,

=12 (domain), C2 S=rl2), EF-hand =2,
pleckstrin homology (PH) = ¢1& 7Fx|7|\} B
2 EWels 7HAA Gty gEA dot
(Rebecchi and Pentyala, 2000). PLC £4%/
(isozymes)®] op|lcAt MELE F 7HA] 2 HE
A XY B 998 AQstae vwEd g
&, XY =rlel 492 Fu) FEo® Hg
I @A Arh XY BEWQlelA] oprieat ME
o] FAML ERFE BAE Aol vl
0} 40~60% o)™, o]= PLC7} ©hE 5o
ME ol fARE FEE olFold sS ¢
T Atk X Y ErldAbele] ME2 §-9) 8- &
el EaFoAE I 40-110 77)), yERdel
A& SH2 =9R1E 23l dr} (400 ZH7)).
7] PLC isozymesE2 &4 54 HAUE
< 7HAL ik A det (Irino er al., 2004;
Lopez et al., 2001; Rebecchi and Pentyala, 2000,
Rhee, 2001; Saunders et al., 2002; Song et al.,
2001; Williams, 1999).

PLCS AAFES A catalytic XY =<,
EF-hand &=v ¢, pleckstrin homology (PH) =]
9, C2 £HQlE BT U= HASA] 83004
87 kDa®] A2 7F multidomain ¥ 2 o]
31 PLCS isozymes Ate]8] olm|icat AME F&
AL 45%00 A 84%7HA] TRFETES. B3 E o

21t} (Ghosh et al., 1997; Rebecchi and Pentyala,
2000). EAH OS2 PLCS isozymesS- PLC-7l
A+ sre homology region #-Z8}1 webA|
221 71velAl (tyrosine kinases)oll tjdk 712 =
A o] glua A ok Htell PLC-64
isozymes®} W=H e =Z PLC-61% PLC-63
isozymesol A1 7}H4A Q1 nuclear export sequence
(NES)E 4A3lZ %X, EF-hand M9} 3
HRo 2 23y okl RuECk PH o
Q12 12070 Axe] oAt AWER FAH
o] 943 PLCY| olulo]& (NHy) B $1X]3}
3 gQieh o] =H 9l PIP, ZH-iE] 9t 2 &
Holl 8455 Aske 9L sty &
& SIvt (Ferguson et al., 1995; Yagisawa et al.,
1999). EF-hand =Wl Q1& Zhf B vl 1l ©]
253 A3t P23 AAT oFF 43
Aol st FASA Briy HiHI
21T} (Essen et al., 1996; Pawelczyk and Matecki,
1997b). PLC-6 &49] FZtolle X9 Y =
o] Adedl olE AtoldlE 4HE WlE opwiit
o] F5-3F linkeroll &J31A veolA Qla, 712
B el 12070 A7 717 C2 EHRle)
Ao oA Z oA ol 2 BY
Zujo] oz ALty 4EA Ut
(Essen et al., 1996). PLCS isozymese] A|Xu] &
F= vpeksAl Barsl = PLC-S1 isozymes< TH
i AEAFEd ohddlx ZEE PLC63
isozymes= 9t WHIA HEFHo|FTIE B
HoZAH (Banno ef al., 1994), PLC-64 isozymes
< AE dox AA HAABL AT, 19
THL- M EF7]e oEH o2ty E YT (Lin
et al., 1996). 1&, PLC-62 isozymes2] A X
TEE o HiEoe|x]z] &5 itk PLC-6¢]
g4 »F, A EF  (phospholipids),
polyamines?t TH¥g ©E (RhoAGAP)l 2]
3 2EHEY A 9lom, 7hzbe] isotypes
of w} ook 249 WEst iy By
3L SIT} (Haber et al., 2001; Song et al., 2001).
Al olFellA] PLCE ThFsE AEld =49
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P Rolgt BAEI Qlon 53], o9
v 74 (egg fertilization) @ Z4d3} (activation)
A+ F23% HJES FIvr EIHIT o
(Asano-Miyoshi et al., 2000; Borski er al., 2002;
Burlando er al., 2003; Cadiou and molle, 2003;
Yasuoka et al., 2004). gk, o] Fell 2] Thekal of &
< 3% PLCS 4& FA3ERA PLCY 9
ol thaef ZAVEIET, ©] F imipramine>
PLCE %3l olfactory InsP3-gated #'d-S &4
8}A] 7] 2, neomycinS E A 7| AZA
PdtIns(4,5)P.l Zgsted 724 PLC AAA 2
gty B0t (Slivka and Insel 1988).
Tk, A o] Fol A PLCO e o] &
A, 71 B fAR MEE 2 B EHY 9IA
Fo, W7 (catfish)ZHE F-EFHo=2 PLCIH
A2Y =HolxH HIHJC (Abogadie et al.,
1995).

kA, B Aol A= o)A vl A £ 5-E
PLCS FAAE 24389 (Kim e al., 2004).
o|AT FE AFH digwelA Hdd Al
Aol v E A2 RE PLCOE AA s F &
WA Aty 58S vlwatarzl sigick o
2|8 AAE2 o] FolA PLC6E B3 AANE
7b oJugt 9EgE @ AA] i 712
A5E A £ Aol Al Hch

Tz 2 gk

M=

A719% ¥HA YT BIO-RAD AHEF-H
THHRLH, PLC €4 FAHA AHEH
[*H]phosphatidylinositol 4,5-bis-phosphate (PIP2)
E= PHlphosphatidylinositol (PT) 71252 NEN
Life Science Products (V]=H)Z%E T3
AP conjugation kit2- BIO-RAD A2 R 3}
R, L 8 e BE Ak A48 SHA19F

& At

M =& recombinant) ML-PLCS2| 24 2 =3

HIE} A

vl Z A (mud loach) 7o 2 RE A zZFl
¢DNA library®l] PLCS §-#128 24 g @&
HE} (pET28a, Novagen) 419 o)A Bd
Kim et al (2004)%] ¥ o= $33}3 ok

IHZ=8! (recombinant) ML-PLC8S 22| % L&

v kA 7ve 2 HE A ZEF cDNA libraryl
PLCS FAAE 245l ©]E pET28a vector
(Novagen)oll AMZFAIZ] F, 018 E. coli
BL2I(DE3)ol &7 HeAZiom, AY¥ pET-
PLCSZ on|i7]-Elm)d &<l 6 X His fragment
2 FEHHAZA PLCSS] TE o]&EHH
o (Kim et al., 2004). 3248 P42 LB
brothe]l HF3t] 0.D=0.6 (Awo)7HA] Bl 23 F
isopropyl-1-6-D-galactopyranoside (IPTG)S HZ
E=7F 04mMe] HES ko] FHristgth
1% 20C vidlelA 3AZE ot A eks}
At e F wRekA] PLCS ML-PLCHS A
AE $13ke] His-bind purification kit (Novagen)
Eolgate] FaYsiict 7hds) dsH 2y
A MEES Z7FE 1 X binding buffere] 4] 20
FAAAAM a3 E47)18 ol&std Hs
F,4°CollA 208 59 20,000 x g2 AHEE
sttt d4Rele & 35 FEE SA] Niv-
NTA Zge] &3l on Halinio 33|
AL 95t W2 H S Nit-NTA 233
A AL 4719 kic shwdel] wek 43t e
o, F&¥ 892 TAEHE FAHINY] 5
PI- == PIP. 7hr28l 845 A3k Niv-
NTA ZH o 258 HAAE 2% PLCSS Ami-
con Centriprep-10 %5%7] (Amicon, P]5)& AHE-
st FHetgdoen, w59 AEL A eluted
buffer2 v|2] H&3}E gel filtration ZE o] HIE
HEAIZAY E4 @42 PlykES 4o
I+, Amicon Centriprep-10 55715 ¢]
gt AR EE FHEAHY 5347 e
do] 472 BIO-RAD ¥ 3 §4 kitg AME
st
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0|72kl Z4E TE S22 PLCEY &1 U 22
MS-2222 w}F 3 o] {9 7H2 HFsie ng
dA Are g & T 2He E2H9] 10
vl volume®] w238} 29 (10 mM Tris/ pH7 .4, 1
mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM
phenylmethlsulfonyl fluoride, leupeptin (1 wg/ml),
aprotinin (1 ug/ml)) 50 mlo] 2 o}4] motor-driven
Teflon pestle 2. -?rE] w#2A7A R}
FASE AEL 1,000 X g2 1087 A4
atth A4SdE KCIE #H7HA 2Mo] HE
F HAANTL 4 CTAM 2 A7 T L9kAR
T, 308 5 35000 x g2 FAESIMNAT A
7\A Zdedg Al #23 §9 4 Hol A
FEAAZE OA] d4AEY st AFde
heparin-Sepharose CL-6B Z¥ (Amersham
Phamacia, v]=5)ol] 2-&A1AHA4 1 mM EGTAY 1
mM DTTE E¢3 20 mM HEPESs/pH 7.02 ¥
ek A%E A2 12 M NaCls %
ek HE A BNO = linear gradient WHOE
P Aml §502 £2AZOH, 16mo) B
PLC assay® ol€3) 2 4 AT Fol
PLC 84 o4 7} EolA doizlom, o)
S RolA] YM 30 222 stirred ultrafiltration cell
(Amlcon ) o] g3l FE3Th NaC] =
E 50mME HFAH R 2Pt 5 @ A
% 1087 Z9F 100,000 X g2 °J¢;—1:EI st
AEdo 2 RE dojxl AL thA] HFH3}
%) TSKgel heparin-5PW HPLC &4 (7.5 x 75
mm; TOSHOHAS, 4ol FU3H 3, 60 £3¢
0.4 M NaCl2 linear gradientE ©]8-3td 3
1 ml®] &&A1A, 2% (10 ) S.E PI-PLC 84
o 24890,

PI % PIP:-hydrolyzing PLC activity g@

PIo] 7}REEAL 5 uMPL 2 1 xCi/ml PL
& XF3t= 944 1F% (phospholipid
micell)-& A8t 574813 o™, PIP:2] 7Hi
&AL 120 uM phosphatidylethanolamne (PE),
30 uM PIP;, 2 1 xCi/ml PIP:S E£3H}= ¢1xE

5. 0FHM . o]} . AR
=] [=]

©2N ZAsAT A7) FREEES
o Hol Y AL AzsIAR AZAAL,
0.08 % sodium deoxycholate, 1 mM ethylene
glycol-bis (#-aminoethyl ether)-N,N,N',N’,
-tetraacetic acid (EGTA), 10 mM NaCl, 100 M
CaCL# ##A 2] PLCE 50 mM HEPES/pH 7.0
o A7}sted F F317} 200 w7t HEE 3TH
PLC®] Wh3 30 ColM 1587 ARWAIRAL, 1
ml chloroform/methanol/HCI (100:100:0.6, v/v/v)
o] 72 PLCY ®hg5 FAAZ2H, A%
A1 1 NHCl =ol9l 5 mM EGTA-g 0.3 ml
A7bshgick, U9 ARE 30 2 Fo 2
He F 7] 895 EE w57 sl
21000 X g2 5% T AT E ik £
U9 % 0Smhe A Tohsmi) 4 §
Fadlo] =g em Liquid Scintillation Counter
(Packard, P32 842 230

r{o HHU rl

Mg ML-PLCSO| CHEL 42 &A| ZH]
ML-PLCS®l gt 52 A= ASREE o
AellA g3 AZYE RS oLk
WA} o] el A 2EE ML-PLCSS] FA £
E (pellet fraction)S 8 M urea, 5 mM imidazole,
0.5 M NaCl& ¥88h= 20 mM Tris/pH 7.99 =
&, o oA BE 3 1417 Fet
2718 el (ice)oll A Bt J18]3 En-
dogenous E. coli T A-S A A3} 93] A2
A 16,000 x gollA] 30&7 A4Eel dth €
AR AH=S oA T YR A
A 3t % 0.5% SDS, 5% glycerol, 3.6 mM f-mer-
captoethanol. 0.1% bromophenol blue7t X3+
15 mM Tris/pH 6.89] *% 21, SDS-PAGE
(15%)= E23t9 ) 0.1% Coomassie Brilliant
BlueE ©|&3}d 2A17+E< 94 & ML-PLCS
£ 139t ML-PLC6S] Tl bandou k=
= A (gel) FES FEhA, o ¥ 33 2=
F23892.M, 1,000 X gollA 587 &<t A4l
Y3 & SN Fol A3 TS A
oA 3A1ZE FoF HEGAIFTE AT Tl B
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obAl 500 we/ml7t HEF FF3HACE o] F5
50 uf$} Freund's complete adjuvant9} 33t ¥
E7o] FAREIH L™, o]F 49| booster injec-
tion-> Freund's incomplete adjuvant o]-4-3}&] 2
T HH o2 FARFATE wEA 2 booster -] &
o] sgAe] FHA FLTE Western blottingS
A% 1: 200,000 o1/Fel AATh

ML-PLCSS| Z=E WY 22 U M7|FS

MS-2222 w33t ol/E 2= A7) (05-1g;
7h 4, 74 AL EThE AEEe A gdE
Hef| golx Fe] #7E gt ¢
3 AE2 1,000 X g2 3087 94EEE9
oo, AEde FHFHOZ 2 M| HEF KO
£ & F 47TColA 2417 F9F WA F o,
12,000 X g= 308 F<F oAl dyEesisrh
Azods g 93 1 FH 1247 59 F
A T, ol FE SAs A998 AAs
Atk A71%9FL Laemmli (1970)2] BFHol wle}
T8 Th 71 G5 AL 0.1% Coomassie
Brilliant Blue 9415 3141} Western blotting <
A A3k

Western blotting

3719 Wi ow A7) &3 ME nitrocel-
lulose 2t 2 @ASS FZTH $A3] nitro-
cellulose = washing buffer (TTBS: tween 205
E 33} Tris buffer saline/pH 7.6)Z A3 Fof o}
Al Aol 1A B¢ 3% BSAE E@E
TTBSZ blocking3t3 2.1, chekgt Ml [poly-
clonal anti-PLC delta antibody (TTBS, dilution of
1: 1,000), monoclonal anti-his taq antibody] & 4 ‘C
A 12417+ Ft iR Al TTBSE
Abgsted Ml & 3k{th o] 22 phosphatase-
labeled goat anti-rabbit [gGY £-2 goat anti-
mouse IgG (1: 1,000)2 A2 A 2A17F T2 vl
AL, TA] TTBSE Al M A H St )
<= AP conjugation kit (Bio-Rad, 7|=})< ©]&3}
Ak

EHiE S &4

@y T34 Bradford e WY
Bio-Rad protein assay kitg AME-8te] £35S
o, £#FE2Z bovine serum albuming A}2-3}

Ak
2 o

OFZIRIZRE Mg L wild PLCSR| U8, 22
% A

Az¥ ML-PLCSE RHS71 84 pET28a ¥
ELE ©]83le] E colioA] v I3t Fig. 1914
HE vie} o] #H3E ® ML-PLCSE His-tag
Zy Y gel filration FH S ©]-&3t 84
A 9o, Ztzte] yield B A 2 Table |
o]l A JepfTE dAF o2 HE Hofl ML-
PLC6= & A9l His tag A S o] &5l
Western blotting2] Ho 2 A% ¢ 3l
t}. 0|9} o] doiFl A FEF ML-PLCSHE thx
Tol| vlajA & A& el e, PIP-7H¢
23 &40 oA FRYEH E4E e
WE o 4 AATH (Fig. 2). Table 18] AA 33
= AXNEA dF PR @400 oA
tHeF 16.871 nmol/min/mg®] specific activity S
VeI o] BYEES ZH2F 100wt ¥ BF
ste] .75 Coll RaslHAl AZ3E ML-PLCSS]
a4y BYER o)Lt

Wild ML-PLC6E A Al 3t7] $13]A] =] 4t e}A)
o 2 7MY AAFAZE AR HA A F
2] PLCY= heparin 2 off t 8t 1 3hd 2 7}
A B2 A2 92 open heparin ZH S 534
7t} (Fig 3A). Open heparin ZHg & £33l 82
¥ PLC 84 & 7H £ ETE A Kot
£ & B L heparin ZHH 02 3 ¢ A
A st (Fig. 3B). LA H vhe} o)
% 4] § heparin ZH &2 §& 5 o{7 PLC €4
Y52 MLPLCS ol g thZ & Ao o
o HIukS& dodl= £ o] 20

% g
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Fig. 1. Expression and purification of recombinant ML-PLCG&. (A) Protein samples were separated by SDS-PAGE (10%)
and visualized by Coomassie R-250 blue staining. (B) Western blotting analysis using anti-His taq monoclonal antibody.
Antisera were used in dilutions of 1: 1,000. lane M: standard size marker; lane 1, whole cell lysate (20 pg of protein) of E.
coli with expression vector (pET-Self) only. lanes 2-5, ML-PLCS-expressing E. colf induced with 0.4 mM IPTG for 3 h at
18 °C: lane 2, whole cell lysate (25 g of protein) lane 3, supernatant fraction (30 g of protein) lane 4, pellet fraction (26 ug
of protein) lane 5, His-bind column purified fraction (3 wg of protein). The positions of standard size markers are shown on
the left. The position of ML-PLCG is shown.

Table 1. Purification of recombinant ML-PLCS.

Total protein Total activity Specific activity

Purification Step Fold purification Yield (%)
(mg) {nmol/min) (nmol/min/mg)
Crude extract 54 7.641 0.1415 i 100
Ni*-NTA 0.48 4951 10.871 73 o4
Gel filtration 0.24 4.015 16.871 119 52
(A) (B)
30 4
E N —
= £ 25
£ - E
g g 20.
3 44 £
E ﬁ 15 4
g 3 3
g- ] 'E. 10 4
i 14 z °
=
= [1] T 0- T T L) T T 1|
BL 21 BL 21 0.0 04 0.2 03 0.4 05
PET-Self PML-PLCSN Recombinant ML-PLCS {ng)

Fig. 2. PIP: hydrolyzing activity of ML-PLCS. (A) The E. coli BL 21 cells were transformed with a control plasmid (BL21 +
PET-Self) or the ML-PLC3S-expressing plasmid, pML-PLCSN (BL21 + pML-PLCSN). The cell lysates (30 wg of protein)
were acquired from a control and expressing plasmid, respectively, and PIP: hydrolyzing activity was assayed in the pres-
ence of 0.3 mM Ca*. (B) Concentration-dependent PIP: hydrolyzing activity of purified recombinant ML-PLCS. PIP:
hydrolyzing activity was assayed in the presence of 0.3 mM Ca™. Error bars represent standard errors of triplicates.
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Table 2. Purification of wild ML-PLCS.

Total protein Total activity Specific activity
Purification Step Fold purification Yield (%)
(mg) (nmol/min} (numol/min/mg)
Crude extract 117 14.67 0.13 1 100
Open Heparin 24 1332 543 41 88
Heparin-5PW 0.6 11.07 18.45 148 75
B
(A) e 1400 ( ) 1.0
L _ ’°°+ .
i S
g g - 600 g g 04
-ao0 8
é | 20 % g 0.2
Lo @ a0 d

6 10 20 30 40 50 60 70 80
Fraction number

o 10 20

30 40 S50 80 70 30
Fraction number

Fig. 3. Chromatography of PLC activity through an open heparin sephacryl column (A) and analytical heparin 5-PW col-

umn (B).
Fraction number
kbDa M R 8 10 12 t4 16 18 20 22
¥ o
67
45

Fig. 4. Identification through immuno blotting of wild ML-
PLCS. Protein samples were separated by SDS-PAGE
(10%) and then transferred to nitrocellulose membrane,
Lane R: recombinant ML-PLCS. 1Ab: anti-recombinant
ML-PLC$ polyclonal antibody. Antisera were used in dilu-
tions of 1; 1,000,

H F9olM et (Fig 4). o]l REEES
Zk2H 100 we ¥ FF8t 75 Toll BRastaA

wild ML-PLC62] 84 F-E8E 2 o] &3} ).

=8t A wild ML-PLCSS| MEI8H5 EM H|w

2 ARA PIP-7HrEd] 8496 JoiA g
AMZF 2 wild ML-PLCS 842 3 x 10°M Z¢
F XA 7 & 848 vy Fg
5A), PL7FFE3] 84 sloiAE 104 M oA
wild 2 AZ3 ML-PLCS 84| 713 2 84
< Jebd S & A (Fig. 5B).

PI-PLCE &/ glojA ti 5% 4 pHellA
F A9 PLC 845 7Y gax s, o
FERE 2 A2 2 wild ML-PLC7} o
& A4 pHallA 7P 2 84S UehliE A
Z PI7FES 842 F3td £33 Fg.
6014 Hi nkel 7k wild ML-PLCS= pH 7.5
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Fig. 5. Ca* dependence of the activity of recombinant and wild ML-PLCGS. The active fractions (0.2 ug of ML-PLCG) of
recombinant and wild ML-PLCS from purification process were incubated with phospholipid substrate vesicles under vari-
ous conditions as indicated. The activity was determined by measuring the generation of [*H] products from [*H]phos-
phatidylinositol 4,5-bis-phosphate (A) or [inositol-H](pam)PI (B) as described under “Material and Methods.” Results are

given as the mean 1 S.E.

-
B
S
J

1004 | =@— Wild type
== Recombinant

o
a
A

-
a
A

Maximal activity {% of control)

5?5 8?0 GT! Ttll 1:5 8‘,0 OTS
pH

Fig. 6. pH dependence of the activity of recombinant and
wild ML-PLCS. The active fractions (0.2 yg of ML-PLCS)
of recombinant and wild ML-PLC§ from purification
process were incubated with phospholipid substrate vesicles
under various conditions as indicated. The activity was
determined by measuring the generation of [*H]-labeled
inostiol from [inositol-*H](pam):PI as described under
“Material and Methods.” The maximal activities are shown
as % of the activity at 7.0 (recombinant ML-FLC3), pH 7.5
(wild ML-PLCS), respectively. Effect of pH was examined
with MES buffer (pH 5.5-6.5) and Tris/HCI buffer (pH 7-
8.5). Results are given as the mean + S.E. of triplicate
determination from one of four-independent experiments.

oA 7HE & 8498 e Ao A3 ML-
PLCST pH7.0914 714 & @48 JYeplidch
AZAFe] PLC Aol sloidel gJae ZA

5}94-2-Al¢l phosphatidylethanolamine (PE)2] 5
Tol théte PIP-7HrEE 4L 55 S
o2 FHE Yehisiod, PE7F §ig Hos
4E A 282 o 5 ARJT Fg 7).
T PCY =7t F7Heel we} PIP-7Hr2-3)
Ao 7S & Uk

A% 2 wild ML-PLC6S] PI- L} PIP-7h73-
aiAloll SDCe] Skoll wWE FAJ o) HELE ZALs)
Atk Fig. 8414 B 8} 7ol 0.08% 2 SDC
W EA ollA ML-PLCSS &X4de] 7+ =
Al vebhdths A S & 5 Tk

#x EHF PI-PLCSE basic proteind
polyamine¥ 5o 2j3iA 2AEy g4 3l
+ 4l (Banno et al., 1994; Pawelczyk and Matecki,
1998) & AgolA Loz AEF U wild ML-
PLCSE 7FX A spermineol] gt PI-7h-3)
248 SHAT) (Fig. 9). 1HoA By vpet
Z+o] spermine®] Tt SUHETE AT 2
wild ML-PLCS9] PI-7Hrits] @40 s
AL & 4 Atk T lysozymeo ) S
thrombin®] =A)3}AA AHZF 2 wild ML-PLC
89 P71 8442 oly-d g2 A &
=& ¢ 4 U3} (data not shown).



Phosphoinostide-Phosphlipase C4 from Mud loach 75

180 +
L -
Fowq{ [
2 120 4
s
= 100 o
Q
o ®7
=
T %1
E ©
20
o -
0 20 40 60 B0 100 120 140
Concentration (uM)

Relative activity (%)

r T T T T T 1
0 2 40 B0 80 100 120

Ceoncentraction (pM)

Fig. 7. Effect of phosphatidylethanolamine (PE) and phosphatidylcholine (PC) on the activity of mud loach recombinant (A)
and wild ML-PLCS (B). The activity was determined by measuring the generation of [’H]-labeled phosphatidylinostiol from
PHiphosphatidylinositol 4,5-bis-phosphate as described under “Material and Methods.” Error bars represent standard errors

of triplicates.
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Fig. 8. Effect of sodium deoxycholate (SDC) on the activity
of mudloach recombinant and wild ML-PL.CS. The activity
was determined by measuring the generation of [*H]-labeled
phosphatidylinestiol from [*H]phosphatidylinositol 4,5-bis-
phosphate as described under “Material and Methods.”
Error bars represent standard errors of triplicates.
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Fig. 9. Effect of spermine on the activity of mud loach
recombinant and wild ML-PLCS. The activity was deter-
mined by measuring the generation of [*H]-labeled inostiol
from [*H]phosphatidylinositol as described under “Material
and Methods.”
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Fig. 10. Tissue distribution of ML-PLCS. Lane M: standard
size marker; lane 1, Recombinant ML-PLCS (2 ug of pro-
tein); lane 2, Wild purification ML-PLCS (10 ng of protein);
lane 3, Brain (50 wg of protein); lane 4, Gill (50 ug of pro-
tein); lane 5, Muscle (50 ug of protein); lane 6, Heart (50 ug
of protein); lane 7, Liver (50 wg of protein); lane 8, Spleen
(50 wg of protein); lane. 9, Intestine (50 wg of protein); lane
10, Egg (50 ug of protein). The positions of standard size
markers are shown on the left.
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Astea Aol A3 AFE gl o]FoAx
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2 2HA Ut} (Lee & Rhee, 1996). PLCS £4
T dgold 7hg Wik PLC 61 5 o}
Y&} PLC 63, 4 isozymes= 1-10 pM2) 55 2
Foll daiA AR R 42 7y g
Z Ut} (Cheng et al., 1995; Ghosh et al., 1997;
Lee and Rhee, 1996; Pawelczyk and Lowenstein,
1992; Pawelczyk and Matecki, 1998). A58 ML-
PLC39] Zrol29l] lejrie] ) 8792 3 x
10“M Ca*, half-maximal 842 3 x 10°M Ca*
2 YePg=d), o] A2 rat PLCAI isotype2] A3
ZES 35 x 10°M CarErie B kS o
28 e AKS @ 4 Uik ol F o)f
= AZF ML-PLCS?] 2840] A7) &
A3} imidazole®] 29 W0 opdr} FAH =]
At}

2 =wolA AxF 2 wild ML-PLCSY] E4
e 548 #dst] Hskd 7 A4E O
A A AZFE E3te] AA) =), in virre
oAlA PIP-7Hal &Ado] atol7h vl
o] o] Pawelczyk and Matechi (1997a)%-©]
A A28 2 wild PLCS32) PIP; 78] &
ol AA Jehdte A oEZA Jels
olgh 72 zpol L olubn AZF ML-PLCS7}
ol Al FAEA S A ] 33} 27} wild
Feieke O e A o] obdr &

ol3E - FE7

A xoiZich
EHF590A PI-PLCS isozymeE’—] 2484
8 g 7= F2 invitre D invivo B4
3ol PLCS isozyme®] E48Ae] W3lES =
Atz o] Fo]A L glrh B AFHAME in
vitro Y& E3to] A% 2 wild ML-PLCS2)
asEAY HIE ABIRE
cylcholate (SDC) ¥ phosphatidylethanolamine
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W, spermined} 72+ polyamine 2] ZA) 3ol
M Tk 2R o] AAEE U F
AL o] 7L o] He) EHF oM BHrF o
A A= o2 AFE LE3) o)A B
g oE W, PIPLCS PIP-7H5Hsl] 49
1eJA PLCG1 isozyme PE, PC, sphingosine,
thrombin ¥ spermine 5-¢] 4142 AL3h Y,
PLC&3 1sozyme°1] 1] A= spermine, cAMP 2
PETS AAAEZ A&ty <A Ut
(Matecki and Pawelczyk, 1997b; Pawelczyk and
Lowenstein, 1992; Pawelczyk and Matecki, 1998,
1999). o]2%k ztol= olrte EH{HF PLCS
isozyme 72} ML-PLCS isozyme®] o}v]i=4k A
Ze] zlololM v EE T Fxe] Zo] W F
o] ol d7} FH =oj it
ol £/-F PLCS isozymesS T B85
ZAAM HEHT FEge] Apol7k v B
A=Y Qleh # PLCSIE A, v)A, A4,
9} M54 WA (Cheng et al., 1995), PLCS
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T WHEgY ¥ uEy 28, 23], 2
FAXE 9 AT 2FFINME SHEA g
I B (Banno er al., 1994), A7l F
PLCS39} 4 isozymes= 273, 412, T9, v)#
ZhAA 2 T HEFEy Bysiyn
(Banno et al., 1994; Lee and Rhee, 1995; Pawel-
czyk and Matecki, 1998). ML-PLCSS V|4t~
ZZ oA 2] e kS Western blotting 0.2 B] 1
st BpAlel mlFekA| ] 7h A7)oA Tk

H], sodium doe-
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