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EDTA-extractable protein (EEP) R/KZFEEOTEMEETO—>TH N, SDS BExH)_L#34kDa
(EEP34k) &#)32kDa (EEP32k) o/ F & L THH & A5, B, 34 (F phospholipase A JAEEH T
& % lipocortin & EEP34k n"ERNERA TH 5 Z & #EL 1z, EHARTIE, EEP34k 221/ 4o o
ThIFTT4—2 &0, FRBEES (34k (A)) &, BES #0.2MNaCl (2 & > TEHE h 5B (34k (B))
EDZODEDIZHBEL TIRATL 7=, 34k (A), 34k (B) (32, Cat (SR L -T2 F a0, 1) ~HEE
fEEMEETRL, BEFEMICE34k (A), 34k (B) (F3( lipocortin I B U 11 ik & Kb L S rT a5t 4
ALtz 34k (A) OF 3 /EDHHER I £ }BA%E lipocortin & FLIL TUfz, - T EEP3k (3 ZBE0
£ % 2 LI Lo isoprotein #FF L, W ¥h & phospholipase A,JAEEMABTH e L &b b s —ED
lipocortin 1B T 54 /0 THHZ e h¥ -1, (AR 92:2071—2079, 1988)

F¥—"7—F ! EDTA-extractable protein (EEP), )AL F>», F-72F>, | L 8E

Abstract

EDTA-extractable protein (EEP) is known to be a majer lens membrane protein with a molecular
weight ranging from 32kDa to 35kDa, and is also known to bind to the lens membrane in a clacium
dependent manner. It has been revealed that the 34dkDa protein of EEP (EEP34k) cross-reacted with
antibody prepared against lipocortin, an inhibitor of phospholipase A,. On ion-exchange chromato-
graphy we purified two proteins from EEP34k. One of them, which we designated as 34k (A), passed
through a column of Q-Sepharose, and the other 34k (B) was eluted by application of a linear NaCl
concentration gradient (0~0.2M). Both 34k (A) and 34k (B) were bound to phospholipids and F-actin
in a calcium dependent fashion. On Western-blot analysis, two proteins showed cross-reactivity to
lipocortin I and lipocortin II. In conclusion, EEP34k consists of two or more protein components with
different isoelectric points and these proteins may represent one of a family of lipocortins. (Acta Soc
Ophthalmol Jpn 92 : 2071—2079, 1988)
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I 7

EDTA-extractable protein (EEP) (X Main intrin-
sic protein (MIP) &3kiz, KEEES v <27 OFHE
BRETOOE2TH D, SDS ERKE L, #34kDa
(EEP34k), #932kDa (EEP32k) @-*v F & LTHiHH
Aha, EEP@£BE# v 22701 ~5%% 5D
Car*fAvict-THEEIEEL a2 —1+ T2
LEEEL T ¢ AFEAME S v -2 7 H (extrinsic protein)
T h~9 MIP & i - T L, @Mk
b BEETHZ LR A TV5, EEP W, ¥
, 7&, ey, Ao EILBAA, b
VOV Y ALLFEETEZRe DLy ATRELR
ZoRvAZIEHERT LW, FI1E HARRER
H¥LmkB T YHEOEE S IXEEP & phos
pholipase A,fHE # v~ 7 TH 5 lipocortin 2V
WcERD 2 v 7 ThHBHZ EXFERLEY, BEF, [

il

P

Decapsulated bovine lenses

WA, Russell 5ic X b, EEP35kDa # v »% 7 73
lipocortin * @ — T % & OWEHE N Ix & i,

Lipocortin (219804F, Flower & Di Rosa 512k H
zeranggdFvl FEHBELIHYAET2 )V,

Russo-Marrie itk b v/ 3 v F 0L w5 EAHRT
WX ht- g 22 ThH5H, Phospholipase A, #[HE
L, 7% FvBoEELMEIL, BRELTTRA
RTFUYIVIREDRIEATA =— 2 —DEFHREH
2 BHMBIER VA2 THH, FrzarFaf itk
hFDEEEVFEIRLZENDL, Fra2aLFa
4 FoHEEMFRG lipocortin - L Tuw 5 EHERIE
htwsd, #FOF Huangble X D 2200
phospholipase A, inhibitor Z¥g# L, Zh#% lipocor-
tinl, II & L#'9, Lipocortinl, 117 3 ~ MECF &
#50% o MR 2 B b 121F[E % © phospholipase A,
FHE /& % 4 + 5. Lipocortin I 7% EGF-receptor/
kinase ®#'E ¢4 b, Lipocortin II #% Rous FIfE ¥ 1

——— Homogenized in buffer A (50mM Tris-HCI, pH 8.0 | mM CaCl.)

pH 8.0, 1mM CaCls),

Dilute with 3.5~7Vol.of buffer A before centrifugation

——— Homogenized in buffer C { SOmM Tris-HCi, pH 8.0, 4 mM-EGTA)

> 3
Sediment
——— Homogenized in butfer B
(7 M Urea, 50mM Tris-HCI,
>3 2
Sediment
—— Homogenized in buffer A
> 1
Sediment
——— Homogenized in distilled water
> 1
Sediment
|
Sediment Supernatant

crude EEP preparation

(1

EEP it ¥
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b A DB ARG B pblsre tyrosine-kinase @ 35H
THHpBLRAILHbDOTHAZ ELHEBMZERT Y
5, —7, Gerke & Weber, Glenney HizX h #R
Shics vz, p3bid Cat K MEIC actin L&EE T
HEVAPTHB I LB Calpactin E & 2 hic
238 2o DNA sequence i & b, calpactin I &
lipocortin II, calpactin II & lipocortin I & 734 + #H
FOLDOTHEZ EXWELNER - TWBY, KBI5E
T, #1 lipocortinl B U 1 #ifE, #1 EEP34k $ifk# {'F
L, F4C oW THREFRHE A S inotc, ¥1e,
EEP34k # ¥ L 2 0L BEMH, 1< Cat FE T Co
TrF e VVRELOREEMSCoIHETL
e,

Il SEETG.

1) EEP34k it & #53U

BUAE & D L 7okl ¥9500f8 % 1 B0, 1
ok L LTHWRE,

E 1 o fEvHt & hic Crude EEP &% #T,
HiEE % L bufferD (10mM Tris-HCI pH 7.5) 2%
f# %, bufferD = T F#1l L 72 Q-sepharose column i=
2%, #200ml @ bufferD CT¥EH, 0~0.7M NaCl
O linear gradient T# v A2 #EH L, 75 7
> a % SDS/PAGE ic THER®, BB 757>a
vH[EIR Lz, EEP34k (33EWEE 4 (EEP34k (A))
£#30.2M NaCl & 2 h 5 &4 (EEP34k (B)) &
ZE 2 e,

2) F-actin & O#ESER

FKREH L b Spudich & Watt IHEWic L - THE L
7z G-actin 33ug &, EEP34k (A), EEP34k (B) 15
png &% % 4 bufferE(100mM KCl, 1mM MgCl,, 5mM
mercaptoethanol, 0.2mM ATP, 5mM Tris-HCI,
pH 7.5) THEEG 28/, Buffer #12iX EGTA (E)
Tk Call, (O ZHREIMM & e 50 2 BE=
2175ul & Lz, 25°C 1 B¥E A SR 7549100, 000 X
g, 20°M, EmLLERE(S) LUl (P) waihdx
v 27 % SDS/PAGE 1T & » TH#7 L7z,

3) Phospholipids containing liposome & O #£ &
EER

Liposome #5041 i EEP34k (A), EEP34k (B) 15
ul £ &% ~bufferF (2mM MgCl,, 50mM Tris-HCl,
pH7.5) hiciB& 24, FIZEGTA (E) #71% CaCl,
(C) #HBEIMM L AEM2 BERL1IT5 &L
7o, 7z, [AERIC cholesterol (1)K V&5 1 v I5EH (2,

EEP 34 ko e, AEBRIE M T URIE2I0MRt « KM
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phosphatidylserine(p.s.), 3. phosphatidylinositol(p.
i.), 4. phosphatidylcholine (p.c.), 5. phos-
phatidylethanolamine (p.e.)) # %% liposome # % %
£ EEP34k (A), 34k (B) FizE& 2+ CaCl%
HREImM LfcatEmzic, 25C1KHES X2
##9100,000 % g, 207 fE @@ OIC X b LiE (S) &k
(P) LiebFZThZh SDS/PAGE X - TH#L
.

4) BRKE

SDS-# V72 VA7 3 F¥LrBLikE (SDS/
PAGE)(X Laemmli ® HHEic & - 7219, —KRTES K
B3 O'Farrel D HEICH - TT - 7122, —RkTTHIZ%E
BEOBEATV(NEpHGE), — ¥t B iz SDS/PAGE
2T,

5) REFHTEMN

fi e+ FE# lipocortin I Hf, & + B4# lipocortin
I Hif6 B 0t EEP34k (A) fifkicnt+ 5 382t 2 # it
Lfz, #i EEP34k(A) HLiED ERIZ R ORRICIT » 1c,

94K >

B7Ks

43K»

2 OK’ ]

14K

2 Crude EEP @ SDS EX k@) < # — v &R,
1: Molecular weight standard 2 : Bovine lens EEP
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3 LMz EEP ® Q-sepharose chromatoghraphy (= X 2 & — v &mR$, T

Ricg 7 7 2> 2 vo SDS BRkBEATT,

EEP34K A BFE S (34k (A))

L#90.2M NaClizk -~ T EhsEs (34k(B)) &Liciaitbih b,

A B

M4 OFarrel 0FkIcL b, —RITCHIEELSDE
kAR, ZIRICHESFRC L 5 5 H
(SDS/PAGE) % fT»7z, A: EEP34k(A), B:
EEP34k(B), A & B: mixture of A & B, C:
simplified illustration of the result

5 F-actin £ EEP34k (A), (B) %% buffer

(100mM KCl, 1mM MgCl,, 5mM 2-mercaptoeth-
anol, 0.2mM ATP, 5mM Tris-HCl, pH 7.5) T
FE4 X8, EGTA (B) #7/ixCaCl, (C) #RBE
ImM &7k 5tnztz, 25C, 1RMES S RHE
#7100,000 % g, 205MIOFE I X b _RiF (S) L8
(P) =514 4 % SDS/PAGE TH# L1z, Ca™*#F
FETF Tk F-actin £#8& L7 EEP 34k (A), (B) &
F-actin & 3ticitl® (P) il S hicsd, EGTAF
TR (P) wiEsA b Ehishsic,
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C E C E S P

P S PS P S P S 1.2 3 4 5 1 2 3 4 5

B = 8 EEP34k (B) :%f ) vIEH (1. cholesterol,
Be6 VviEEASir) K — Ak EEP34k(A), 34k 2, phosphatidylserine, 3, phosphatidylinositol,
B b ' : 4, phosphatidylcholine, 5, phosphatidyleth-
$B) ' Bufler Chudd MaCla, WM Tois HEL piY anolamine) # buffer (2mM MgCl, and 50mM
15 sraRea e, BOTA (B BRECHL G Tris HCI pH 7.5) T4 L CaCly & ##1mM
FREBEImMM L7 5 X 50kt 25T, 305 Lieb X <bxrb, 25C, 304 incubation L 7=
incubation ##9100,000 X g, 204 oE ML b | #, 100,000xg, 204 Lk (P),#J:ﬁ )
(S) & P) 125 1}#% « % SDS/PAGE ¢ % % 4SDS/PAGET 7 #T L %, Ca**F#E T T
- )_ tt?i() 5‘_}‘ e J 5 ﬁ EEP34k (B) % (2, 3, 5) ®V viEHEFMEEL
slee ks el Lo e S (P) Ichiti s hmst (1, 4) 0V VHHL RS
EEP 34k (A), 34k(B) 3t (P) Icheiti & hiess, Lo,
EGTA FTlRUBPICRBLEAERHE -
v 5ol A B
3 2 1 3 2 1
S P

E7 EEP34k (A) & &MV vJEE (1. cholesterol,
2. phosphatidylserine, 3, phosphatidylinositol,
4. phosphatidylcholine, 5. phosphatidyleth-
anolamine) # buffer (2mM MgCl, and 50mM
Tris-HCI pH 7.5) #TiE& L CaCl,Z##EE1mM v
L1eB X 5 <445, 25C, 304 incubation L 7= 9 #ad# -4y % SDS/PAGE it X b ikEhik,

#%, 100,000xg, 2077fECLiLE (P), ki (S &;;{tz»ﬂ;&xmmﬁg Lkiﬁ; PRAEAR— R
5 PAGE © t=. Ga'f < | VHEanrs+v] 12T 1 RFEIEE
;:Eﬁ%f]?% m(iz ?ﬁsgo ) v;bgf%zl, B, SnFFF R ITANLEHETRE
el . = 47z, A: immune gel replicate, B: coomassie

(P) wheiahns (1, 4) o) VEHEELIES blue stainning, 1: Crude EEP, 2: EEP34k (A), 3:

Lz, EEP34k (B)
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A A vz m< 777 4 —COHERE, SR
i U 7= EEP34k(A) # %t H SDS/PAGE T 7 id L
7z, Gel X h¥IHHL, W Lcb o HARERICHRE
L, @5 hichimiE 2 A L7z, Western-blot (£ Tow-
bin D HECH >THVY, E_fifEE <45
H—Hh TSN Liehiy + ¥ 1gG Hifk 2 ER L1z,

6) 73 /BRI

1) o FETHE, B4 L ¥ 1 Hydroxylapatite chr-
omatography, Ultragel AcAS4i1= L 2 % A J@AIZ L -
TH 8 L 72 EEP34k (A) @ sample #6NHCl # ¢
110°C 2 BRI ANk 25-#% L Beckmann6300E amino acid
analyzer T/#7 L7z,

I # &

1) EEP R U lipocortin M3k, &5

[ 2 iz Crude EEP @ SDS/PAGE +* % — v %77,
Ello 45§ 8= —#—530,000 &£ 43,0000 [ i EEP
B3EDAvFELTELA, FTERENAGHIS

HIR&EE 928 12%

kDa, 34kDa, 32kDa :#EE X5,

[ 3 1=t% EEP @ Q-sepharose chromatography (=
X % elution pattern # 7= L 72, EEP34k (33F U [ 7
(34k (A)) &, WFEh#90.2M NaCl o & » THEH
Xhais (34k (B) o ooESICSE S,

2) ZRTEBRIAKE

B 4 iz o Sk B ofE R 2 s Lz, B 4C 1334k
(A) £34k (B) s % BEALTIT o2 # » P 2R
LizboTh b, O3k (A) B3k, @234k (B) B
DALy FERLTWA, 34k (A) 134k (B) 12tk
LENCEHCEBEALTLTEY, BAAvTHsm
= 7574 —OFRE—FH LA, Fi, 34k (B) X
Dipd Eb DL LOSESEEEF LTV,

3) F-actin & DS

H5iRT X 5, 34k (A), 34k (B), i Ca*t
HFIET (C) Tt F-actin &3ticibi (P) 1okl S h,
EGTAHH.ET (E) TR7 7 F v iiitBicwtl Eh s
LoD, 34k(A), 34k(B), i EFicEH I, -

M10 #% 4D % .22 % SDS/PAGE i X b k&g,
=btrerr—AREZEE L, =trere—
AR e PR e v I HEIRT 1 RER
G, ~AdFoF—Eh TN LB HETR
B &#7, A:immune gel replicate, B : coomassie
blue stainning, 1: Crude EEP, 2 : EEP34k (A), 3:
EEP34k (B)

Bl &4 v-27% SDS/PAGE i & b ikEhis,
Zbtetre—ABIEEELL, =tetre—2R
% 4 EEP34k (A)$ifkicC 1 BREIRIGHE, ~aA-+
FoF—HEIFTAN LB B TRAES R, A
immune gel replicate, B: coomassie blue stain-
ning, 1: Crude EEP, 2: EEP34k (A), 3: EEP34k
(B)
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% 1 Amino acid composition of bovine lens EEP
and human placenta lipocortin

Amino acid | lipocortin Il EEP
Asp 12.55 11.05
Thr 6.08 4.91
Ser 3.63 4.18
Glu 9.98 12.22
Pro 2.07 2.54
Gly 6.77 6.40
Ala 9.78 8.24
Cys 0.00 0.35
Val 5.45 5.81
Met .97 2.38
Ile 6.70 6.35
Leu 11.59 10.97
Tyr 2.72 4.45
Phe 17 2.48
His 1.81 1.56
Trp n. d. n.d.
Lys 10.03 9.94
Arg 5.68 6.14

Sample of EEP were hydrolyzed in 6N HCI for
24hours at 110°C and amino acid composition of
EEP was determined by Beckmann 6300E amino
acid analyzer.

T34k (A), 34k (B), i F-actin & Cat*#KfEH K
HETHEEZLRL,

4) ) BEE & nFEEE

X 6icix34k(A), Mk(B)&~« LREYV F/ —a L
DS R LI, WEdke, Cat*EET (C) Tk
liposome & #5& L CiL@ ottt 2 iz, EGTA
FET (E) TEEETLER (S) wimitidhiz, %
7z, Cat"fEEE T TOHM ) H Y — A LOKEER (R
7,8) Tix (A), (B) £t PS, PIL, PE :&&
L, P.C.,, Cholesterol & ixiiEiciEa Lich -7z,

5) fEFHrAEN (K9 ~1D

IS, 34k (A), 34k (B) xdtichie 5B
lipocortin 1 B OV IIHifk & KIG L REFRIAZEN 5 7R
Lo, Eio, SEEE L H3dk (AP LT,
34k (B) dFEBCRIEHRRL I,

6) 7 /BESHT (K1)

34k (A) X, e B8 lipocortinIl UL -7 3
JEEERTH - 1,

IV %

EEPicBd L Tz 2 h ¥ Tig, Broekhuyse b ® ¥

EEP 34 ko fst, A=BR{EM: R OMRERERI BT - K1
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=Rl ER S hTw5 2, M EEP 5E
HHGIHEAREALT, &2 v E— 32V b 25,
FERLL ToEmiEE, (LFIRETR SR Tu e,
4 [al, 4« 1T EEP34kDa Z s L, B 1 4 v acia
pr= b ¥ 774 —1LL o THEIR3k (A), 34k (B)
AT L7z, 34k (A), 34k (B) REWWCERE
AR Fidk (B) widdizd b 2L L%
5 variant 2MFfEL TW7fz, LasL, 34k (A) &34
k (B) i, F-actin %" phospholipid & D #5& I
TIRHA—OBEXRL, LY CarkETH -7,
EEP & phospholipid & @fs&#cBE L T, Cat*ff
TE T Ttk phosphatidylserine, phosphatidylinositol,
¥ U phosphatidylethanolamine & (% # & & % 25,
phosphatidylcholine, %2 t¥ sphingomyelin & (Zf5& L
e L DWEN S D SEOR A DT — £ LiTIE—F
L 7. EEP & phospholipid @ Ca** 54 F CORs &
BEDRILEREF-> T2 0B LTtk ~ 7ol
BlaifedhTtwd, BED LAV v AEH#BEC kT
% phospholipid @ B7E DI T H % 2322, #ilg
i phospholipid & EEP & @ interaction (2354~ Ti,
CattiZii ok 1 + v o bridge 1 4+ v & L TE)\
TWaBEE2BRTWA, Catt L DBfER, &40
phospholipid @ charge 1= X » TRt %7, EEP &
DEEHCIHErTE L D EBbh S, FECF
actin & OFE G AR L B & oo #E R
FLLTDEEP O HA S LD LOTH S,
REEMNICE, 34k (A), 34k(B), Jkichie b
lipocortinI, Il Hifkicxt L TREERRLE, 2, &
EfER U 2434k (A Fifk & O REFHAEEM DB
T334k (A) X1rB A, 34k (B) & RBRICRIGE R
Li, ThbofERe 634k (A), 34k (B) k3kic
lipocortin I, [l oBEWTH S [aEM, H 5\ 13,
lipocortinl, Il ® WFhoffFREEL L ETHHE=
o lipocortin T B ATHEM:AAHE 2 b B, RAEATois
Hh L KT dicldsEOREFHIBENPEREAOE
REomticing, —RELFIOMRE %2 &5 Hic Mo
HNAKNETHA D, S L H B Z ik lipocortin
DHAFBIEM =0T ik CatHE i 1T phospholipid,
Factin: &L, %, Car*"EE Tl
phosphatidylserine, phosphatidylinositol * ##&1 %
EowErH B, Cat* ¥ T T o phospholipid <
F-actin & ®f&# 4 lipocortin I, 1I &34k (A), 34
k (B) Licdk@itEtTh b, 73 2 BothomkRs
5L MFEED L T i, i EEP34k(A), 34k(B)
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(412 lipocortin I, 1T & [/ % @ phospholipase A,[H
EEEERTH L GRREET — 2 )06, EEP3K &
2~3fFox v s 0REWTHY, WThi—Ho
lipocortin i@+ 5 % v 2 THDH Z EH¥IBF L
7.

EEP o #5112 BEiIc 2T L, Broekhuyse
BOEEIC L hE, MK Miller MR, MEMR, &5
Mo FERRCEEL TV S E bR TV A, 4@,
B RIBET 1T - T, EEP 2i v v Xz ds s
TEDLHSIRBELH - TWAMRELED, REM
BEAEA DM T LERB D bR b,

AL OFE T XE2E B AREES (BEA6EEI B, &
#) FRBERICBLTHRELL,

X ik
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