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ABSTRACT

Protein phosphatase 2A was obtained from a cytosolic fraction of bovine brain homogenate. The phos-
phatase activity using phosphorylated histone Hl as substrate was suppressed in the presence of
liposomes composed of dipalmitoylphosphatidylcholine(DPPC) or the mixture of phosphatidylserine and
DPPC. The binding of protein phosphatase to liposome was indicated by the facts that the phosphatase
activity of the supernatant of protein phosphatase/multilayer vesicle mixture was decreased with in-
creasing amount of liposome, and that['*I]—labeled protein phosphatase was coeluted with liposome.
However, the affinity of the protein for phospholipid membrane was not so high. On the other hand,
okadaic acid and liposome reduced the phosphatase activity synergistically, which means that okadaic
acid binds neither to lipid membrane nor to the membrane-associated phosphatase, The inhibitoy effect
of liposome was, therefore, ascribed to association of the protein phosphatase 2A with the lipid bilayer

membrane.
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Okadaic acide I/ FREe] gl A3
s ALY golo} =& sikEEeln, AL &
o2 He 23 F2HH 1] 22 o] et A
& mouse FFo Aol 2utA whel A4 7FR
tumor promoter$lo] ul& A i 2]. Okadaic acid
(Fig. 1)= TPA type tumor promoter &4l
protein kinase Coll 23344 9222 non-TPA-
type tumor promoterZ -5 =gl 2].
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Fig. 1. Molecular structure of okadaic acid.

tiond|4] ['H]okadaic acide} Eol& o2 A3l
whlalel protein phosphatase 2A& ¥-2]dlglt).
Okadaic acide protein phosphatase-1, —2A %A
9] 7}E g A& Alolct. B3] protein phosphatase



Vol.7, No.4

2AE 48 dodlE WIS Fodshs AR
Buse] glri4—8]. Z2BR o] a4 ¥AY v
MEE THHEEA 4 dd AgAE A
g 4 9oltl. z8Elx okadaic acidfel &3k
calyculin Ax 3§ fractiono|4] ['H] okadaic
acid®] Ee)ad AL A7) o] AEH
t}. o]59 A okadaic acidE9 tumor pro-
moter” 27} protein phosphatase?] &AL oA 3}
22 o5 /1A =AY QlASHE &AA7]E A%
FANE AR 9]

AEks B3 ARAG W& A o
A3k st & QA Y AR FAE
HEAGe 558 £3| Axnta A4 fhd 93}
o} o]FAc}, o] 25w protein kinase C&} protein
phosphatase 2B+ | Ewta) 3]3}sle] @A sigic)
o]71-e- wh#lAs} lipid membranes}e] A}3 2hg-o]
240 B0 Fa¥ 9% viXa S-S Yv)¥
o 10—12].

o] =%-& protein phosphatase 2A$} lipid mem-
branes}e] A3 2lgo] eqlats} A FaF o7
= ¥ AR A7slo o]59 AL HE s
phosphatase®] #4¢& lipid membrane® okadaic
acid®} & Ea)slelH xAlsld PR AHE B
g}
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Okadaic acidy o]"e] Hugl d=Z black
sponge, Halichondria okadai& ¥ &3} 2,
3, 13]. [¥P]Adenosine-5"-triphosphate([*P]
ATP)+= Amersham Corp., 12-O-Tetradecano-
ylphorbol-13-acetate(TPA)+ LC Services Inc.,
histone H1-& Boeringer Manheim, DEAE-52 cel-
lulose & whatman o] A} egg yolk phosphatidy-
Icholine, phosphatidylserine(PS)3}  dipalmitoyl
phosphatidylcholine(DPPC)+ Sigma Chemical
Co., 28] Sephadex G-200, Sephacryl S-300=}
Sephacryl S-4002 Pharmacia Fine Chemicals&
FE FolEsch 299 o] Ay AR Age
g &= AL Al
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protein phosphatase 2A2| AX|

protein phosphatase 2A& Suganuma$} Mac-
kenzie®] WPy uw}2} bovine brain homogenated]
A Be2lsl9dci[3, 14]. Bovine braing k3o A
(50 mM Tris-HCI, pH 7.4, 2 mM EGTA, 2 mM 2
-mercaptoethanol, 10% glycerol, 1 mM
phenylmethylsulfonyl fluoride(PMSF), 0.25 M su-
crose)Fol 4]  Polytron(Kinematica) g Arg-3}e
homogenization&dtgit}. Homogenateo] ArSol.e
DEAE-52 columndl] #7}s}x k39 B(Tris-HC|,
pH 7.4, 2 mM EDTA, 2mM EGTA, 2 mM 2-
mercaptoethanol, 10% glytcerol)s} 0.1 M NaCl
<+ T3 ¢459 BE columnE A¢dcl. 134 0.
2 M NaCl& 3t 93 BZ chijalg 4344
A} 7} fractionol| th&jA] phosphatase 4L 23
3l9lt}. Phosphatase?] #4Jo] 9} fraction® &
ol PM-30 filter7} #A2=% Amicon ultrafiltra-
tiong |43} 20mlZ F%A|Zith. Phosphatase
£ Y& AAr] Yl Sephacryl S-3003%
Sephadex G-200 column(2.5 X 90cm)el] 2 7}5}o]
%439 B2 £&A7h

phosphatase Ao &3

phosphatase #4-& 30°CellA [%P]-histone Hl
o whabgo] Ftashe ok Al HYrlsigdot
[15]. Histone H1& protein kinase C9] #A]<
olgsled [YPl2 EABIHcH16] 34 LA
protein(0.2ug #E£¥5%), [*P]-histione H1(1ug,
20,000-22,000 cpm/ug) 5% (50 mM Tris-HCl,
pH 7.4, 0.1% 2-mercaptoethancl) 2 mM MnCl}
10% glycerolZ A ¥ ejglth.

Lipid membrane2| Z=H|

Chloroformel] #AkX|7) DPPC 2-& PS/DPPC
L4 N, 7153}l 4] chloroform$& ZwA])7|7 &
719 ¥A% AA wukg AFeldA $As) Az
AlZc}. o]A A whate) 3ol (50 mM Tris-HC],
pH 7.4, 0.1 M NaCl)$ 7}3l«d DPPCe] A Hol&
= oAbl EARAZY dejAl o x| Auke
probed] Z532 Al )53 ARt o9l
th.



304

phosphatase2| Liposome0i|2] 24}

A phosphatasex New England Newclear
(NEZ-151) el A 743 WA 89 & 3HAE o] 4
3l lacto peroxidase o2 ['#I]EAlS 3¢t
EHEL Sephadex G200 column(l x50cm)el
93l fe [‘251]E AASL dgleh. 82 &
A Ao} 82 7100cpm/gol it

(12 A% ‘%}"-H;él [0.24p)-& DPPC o]&2
At A 7}sled 30°CeA] 1087} incubations}
ot zelx E3E-E 959 (Tris-HCl, pH 70 1
mM EDTA, 0.1% 2-mercaptoethanol, 10% g
erol) 2.2 Sephacryl S—400 column-g& %3} %—%
AR 4559 "W 34 JD-751 Auto
Well system(Aloka)2 2 d)3}gic}. =3 protein
phosphatase?] lipid membranes]|9] 2w+ lipid
membrane™} Z3}s}x] ¢+ phosphatases] oF2
343k Wristie). 5, was) DPRC o2
A Awte] E3HE-S 9k (50 mM Tris-HCl, pH 7.
4,0.1% 2—mercaptoethanol, 0.15 M NaCl, 10%
glycerol) S|4} 30C & 1027} incubationslgc}.

£ 1500082 1057 Q4] Rajali ASd 29
phosphatase &4-& 23]38}¢9] phosphatase?] lipid
membraned] ] Fu|E AAslgcl. protein phos-
phatase 2AE 47] Y3l o3} 72 upge
o] &-3}9lt}. & protein phosphatase 2A= DEAE

Table 1. The effect of divalent cations and okadaic acid
on the phosphatase activity. The numerical
values represent the remained [*P] histone HI
in the presence for the protein phosphatase
under various conditions.”

without
Substance ~ divalent Mn*™* Ca* Mg
cations
without 85501  260%35 8820%t421 7930176
okadaicacid (100 (363) (106) (114)
with 1010£71 91101469 8560+108
okadaic acid (339) (76) (93)

Y [®P]histione H1(11430 1570 cpm) was incubated with
the protein (200ng) at 30°C for 10 min in the presence
of absence of okadaic acid (0.1 mM) and/or divalent
cations(2 mM).

? The number in parenthesis represents the relative phos-
phatase activity, the activity in the absence of okadaic
acid and divalent cations being taken as 100%.
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columng- o]43t 0.2 M NaClg 343 2d
02 £33, 14]. 1% gelchromatogra-
phy2 AAsIcH14]. AAR =de EA4&
Table 1 vtepl et

A w3

A M3t protein phosphatase 2A2| £

A& protein phosphatase 2A¥E protein ki-
nase Ceol| 2J3s}e] ¢14k3} ¥ histon Hle g HE &
FHx o2 =lats} sl9jch Table 12 BE] phos
phatase?] #AJoz ol3 =alil i3 protein
phosphatase 2A2] AL Eojx oz Z7M)7|=
Mn** A7l ol Fof =9t Ca** Mg 9
A7tEse F35A) gskrh. @9 protein phospha-
tase 2A 9] AL okadaic acidd] AT A&
Wk 7102 oledA] 9]ond, histione H1-& o] &4
o Azl $& 7|A2 g2A Qiti[15]. 2ER
Z23} A protein phosphatase 2A91 719]
gal=l 9]}

protein phosphatase 2A2| lipsomedi|2| 24K

protein phosphatase 2A+ T-lymphoblaste] A
XA 3 plasma membraneg] ¢ZFo|A Eeal=¢]c).
22y} membraneo] 7% phosphatase$] of&

50 1

['®I]Labeled protein (cpm)
Absorbance (500 nm)

Fraction number
Fig 2. Elution profiles of [*I]labeled protein incubated
without (— — — ) or with ( ) DPPC small
unilamellar vesicles through Sephacryl S-400.
The elution profile of DPPC small unilamellar
vesicles (— - —)is also indicated.
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A xR A o Rox Ad17]. [P
¥4]% phosphatase 2A 8] DPPC o532 x| uld
A9 Age 7Esedel. ¥AE phosphatase 24
¢} DPPC o}53 AjAute] E§Eo] o] 425 =
2oke Fig. 26 vpeliglc}. Fraction 20 F-olA]
[*®I]protein®} lipid membrane¥ incubation3}s
43271 peakr} @4 F=%|o] phosphatase 2A
9} lipid membraneo] A3 A& 4 F Ut ®
g o] 59 Aje gls] Hsld DPPC obss: A
Autg- o]fsle] ZAlslgdth. phosphatase 2AE
DPPC t}E3 A9} incubationdjgdc). 21 %
membrane3} A3 phosphatase 2AE 94 g
3l HAAHX| 7| AFFR F2] phosphatase 2A9)
845 SAsA Ao 9 phosphatase 2A
o] AL oFd AAYY o] FIgtel welA
7Z4aEle 7leo] #2F gt} (Fig. 3). phosphatase
2A8 o] Aol ulebd @Al Fgo] TR
8le] histione H1 2.8 HE| ©elits} ofo| 7thsh=
AL o 4 gt} o]EX¥ protein phosphatase
2A7} lipid membraned] ZAgsl= Ao] #el=g]
t}. protein phosphatase 2B PS &
phsophatidylglycerols} Eo]jd o2 A3}, 18
U PCol= ol og Al gher(12]. o]
T4 protein phosphatase 2A¢] PSE& Z3gt
membranelj 2] A3 HAF Frle AZHA

Residual 32P -histone H1{cpm X 107

o 1
0 1 5 10

Lipid/protein (w/w)

Fig 3. Association of protein phosphatase with DPPC
multilayer vesicles (O) and PS/DPPC (2/8 w/w)
multilayer vesicles(C0).
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o9k} (Fig. 3). AA| protein phosphatase 2A7}
lipid membranee]] 2% = da9] lipid7} 98
3}E.2 protein phosphatase 2B~} lipid membrane
o Agshs AR} o3 AL b= Ao A
Z4dth. o] Asl= T-lymphoblast®] plasma mem-
branedl| 4} #-2}%t protein phosphatase 2A 2] ko]
A EA A Hejdt okict 32 AY AAgos UX
o 17].

Membranen}t &gl8t protein phosphatase 2A%|
g#8 AHS

protein phosphatase 2A¢) #Al-& DPPC lipid
membrane?] &x)3}ell4 A slHc}. phosphatase
2A 9] AL lipide)g=rt F7)3el whety] a3}
< 7] A% =4 (Fig. 4). Fig. 42 5¥ lipid
o Tt Z& g 0|53 A& 9§ phos
phatase 2A9] ¥4 AH#&de o5 AR
ojF% AAY ZFo] A3 Zr}t. o] A= phos-
phatase 2A7} |53 A A & ¢l
Ao| thad AAHEGE H7| dfelzt 4749
t}. phosphatase 2A¢9 #Alel n]A+ lipid mem-
brane?] &#te] 7|A 3} membraned| AtZzHg-o)
e 9%E AES] 3 71" [P his-
tone H1¢] lipid membraned| 8] 2 3-& ZA}lslgc}
(Fig. 5). [*Plhistone H19] whAps-#84-e DPPC
53 A% 28 PS/DPPC t5-% AAd%a ¢
7 incubationdt ¥ ¥4 Al A5Y F 7|A
o] kg Ao s 2 A5 353 AA

100

50 b=

Phosphatase activity (%)

old | 1 l 1
0.1 1 10 100 1600

Lipid/protein (w/w)

Fig 4. Inhibitory effect of DPPC small unilamellar vesi-
cles (O) and DPPC multilayer vesicles(C)).
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20—

Residual®’p-histone H1(cpm X 107%)

Lipid/protein (w/w).

Fig 5. Association of phosphorylated histone H1 with
DPPC multilayer vesicles (O) and PS/DPPC (2/8
w/w) multilayer vesicles({(]).

2o oS FTRIAA sl e A5 Fo 7)A
o] Whabs AL WA W Aol #AZ=SI o]
71-& membrane?] Hrjol| oJ&A] QAtskE 7]Ad)
A ApRE o "lak o] dojuA] U AL
9u|gie}. w3 H2] ¢l (phosphates)® lipid mem-
braned]| A3}t U= Aol FAHNA) o]F AT
2 ¥ protein phosphatase 2A2 1§ [*PJhis-
tone HlolM¢] eqlat Z3h= phosphatase 2A9}
lipid membrane®] A gl 23 A& d4 i)

Okadaic acidol| 2|8t phosphatase 2A°] &4 X
k=N

Okadaic acid+ phosphatase 2A @49 7}5%
a2 g2 gloh 4—8]. Okadaic acide] 7}
o 2)& protein phosphatase 2A2] @44 v|x=
&3k DPPC 0|53 A0 EA skl d 24 2
E3}9i e} (Fig. 6). Okadaic acid®} lipid membrane
€ Y5422 phosphatase 2A9] FA4-L A3 she=
o] #ZE|%c}. e d] protein phosphatase
2AY 2% g2 4L 0.5 nM okadaic acide
Hrbsh el 5 A 1/2 74 dhwr @
#, o)A lipid membraneo] ZA)3}H okadaic
acidibe- A7}8}9l-& WlB ke phosphatase 2A9]
4L oS Aashs Aol AFIHAG o)ple
okadaic acid7} lipid membranes} lipid membrane
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100 =

ple) 2

Phosphatase activity (%)}

] ] | | I

0.001 0.01 0.1

=]

Okadaic acid [nM]

Fig 6. Effect of okadaic acid on phosphatase activity in
the absence (O) or presence ((J) of DPPC small
unilamellar vesicles.

o ZA3}5F phosphatase 2Ad= A& = A
£ AlAR}. azlx o] HA3l= okadaic acidz}
lipid membranesl] o3t} & Azt g 7pA a2 9)
= oA Ald Aslelr Y3} [18]. protein
phosphatase 2A9 BA& 2Asl= B71A] #l7h
Zo] B3 FHo{g)t}[19]. protein phosphatase 2A
T AlE FollA v] A3 A A= A3} pro-
tein phosphatase 2A 2] &4 A3 v7p)Ee W2
odedx Al @t o] dFelA protein phospha-
tase 2A 9] AlA 8= phosphatase 2A7} okadaic
acid®} lipid membraned] AF3EEA o=
o] W&}, o]7-& protein phosphatase 2A7}
o|l5 A HE3l conformation W35 4o
7] djFolei AzkEch AZW HRAG 7]
Zodsh= phosphatases] = shte] Hyp]Ze
membrane¥} A 2H] A 4 glc. EJF o]
AY Az He A X7 AE protein phospha-
tase 2Bel| okadaic acid7} Eo|H o2 AgstA o
= Aol disld A A 5 9l$ Aot
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protein phosphatase 2A+&  bovine brain
homogenate®] A %A fractions| ] dejzlc}. 714
24 <Ah3le histione H1& o]435je FA
phosphatase 2} & A & dipalmitoylphophatidy-
Icholine(DPPC) £-& phosphatidylserine/DPPC#
EFEE 7AY liposomed] A3}l A=
t}. Protein phosphatase 2A2] lipid membraned]]
o Age tF3 AAe] EFE AlA liposome
9} ko] F7H3el| whebr] A5 F9 phosphatase
9 Ao] Fasdhe AL FAF & Aok =¥
[%] Jprotein phosphatase 2A7} liposome} -E-A]ell
425 Aoz galFgch 22y liposomes]
g} protein phosphatase®] 33L& =] 4kt
g3, okadaic acid®} liposomeS 3{F2F phos-
phatase®] 84L& 74k o] A& okadaic acid
7} lipid membrane¢|} membranee]] Z§3t phos-
phatased| & A§sA] fevhe AL Auidd. 2
#B2 lipid membraned] 9% protein phospha-
tase 2A9 &4 A& ZFA= phosphatase 2A9}
lipid membranez}e] Aol & Aelzty 4=d
% sleh

A 2

o] W7 1985\1%E] 1990d71x] & w3}
3 122138t w Al Imanishi 974NN T35
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