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A E R R B E OB
F1-3E XFATEAEEZAVZ4IRE4IGOMEIEREE D
oy 15 B O fEAT
B2E HEBA{LFERRE

211 Y7574 v a2 (Daniorerio) 4.1R O LB AL ZRIMFSE
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1. Fig .

ML T 2RI ERIL, REEECE-BETHEAEMRER RO
BENSZHFEEOEHFH TH D, BETON TWAMEDE  TEREERICH
b3 H5TORE,. BREBEMHICEARENN., HTEHAEER. EAEOH
WIEE LR (FMRZEODR) ZEE ST MRS 22, B, KE
LEGEBREEOBEREE~DOFHICET 2HMEIIRD THRN,

—7F, EE LI, BFEEE GREES 11680701) DOHFFEEMFRIZLY
MlEEET b EAEIL, MIROBEBAHERT 1E20 Tidked, FHEE
FREGET S & THRA MR ~RD?» D BRIEERVFET D) &5
) ZODEREFFOILE ST, ZD DR EEALT (SO B RO fEAT |
BAFENEN) | BEEWSE (OXEE AW ZREEHENT ., X RESHE
) . MlaAEYE (REMRILE) | OFEDFOFEE VRS RICHEEE
TOHEAAFEREOHN L Lz, EBICE., BEfIOREEOEOETH
% protein 4.1 (LLF 4.1R:Ankyrin-CD44 #E&%FIH9T 5) L T OEAREREE
H'E CD44 (v 7/ve VEBERET 58E S F. Ankyrin (3t 74 a VERORS
BT 5, K1 EE®EEEBE) & Glycophorin C (LLF GPC k&3,
ARIMEREE | FEBEEEAE) ROHIEHRERE (4.1 C#ET 5 Calmodulin,
LT CaM & BEFE) ICERZ Y T,

2. FED A

BEABOHE MBSO EORALERL L, LLTO 5 THERAG
Lo L,
(1) 4.1R @ CD44 DFEEEML 2 —RIBE L TIRE L., ZTOREERERXZH S NIZ
‘é—‘éo



(2) %&MkE (HeLa MIfE) TO CD44, 41R RUOFEK (7 7 I V—EBE.,
IZ 4.1G, K 3). Ankyrin DB L HAE/FEREE e 7 ve VBEAEA
HEAWT, 7ry ME MREAEREIZEIVALNCIT S,

(3) in vitro TD 4.1 B X OFKEEBE (FIZ 4.1G & ezrin) D CD44 FEEME
KOV Ankyrin-CD44 fEE~DEE LA LT 5, HTL T, CaM 2k D
41R BLUOZDORIEEBRE D CD44 #EEHEE P L MNICT 5,

(4) xt&/kE (HeLa f1M) 12 4.1R, 4.1R @ CD44 fEREMI &2 G R Y L7 F
ROBRHIZE, CaM F72XEBE ) VEBLERLEH(LIEKEO, ET L
1 EROD CD44 G A LT T 5,

(5) fHFMEHE L LT 4.1R™ & 4.1G (K 3) OHBEANRBTER MR &%
8 L. #iE (%512 FERM domain @ N K 209 7 2 / B (head-piece: HP) Fd
FlO—RiEE) & OB b 5 THEE OSBRI & T 2,

6) % AT EAE (4.1R'™ & 4.1G ® FERM domain & HP)Z T~k L
BERERFEDBEEMEZ A LT T 5,

(7) RFEEY O FERM domain DHEFREERRI L MEIT L, — RIS & B estE D
BEEEEZHALNICTS (K420

(8) CaM 3t E L TR BE ZREEDHRBIOEMFHIEREEBET D,

3. ABFEHEOFENRKE - MANRARVTTFRINOIBERLESR

AR TIE, MIEREITLEABER L MIROEREZHER T 21X 0 Ttk
<, BliZmReEmMED L L TORBRCZEOHERIZNT 5 THEE N A 1
v LT A, BEO, HFRIZERT TN & HIRas ~mb o 15
WIRZERDFIET D AR ICE R L2 SIS HITROMAINE DS H 5, FFIHE 1 (5]
EBEUERELZOREGEAEICERYESE, TREERCHDLIERES
FOfET (BEREOHE) LHe (O FRMAAEMR) OREIC >V TREH
HigE AL 35,

AEOMR L LT, KEBEAQE L MIBBEET bHEEOEHEELL
WCEAXAF Iy I RIBRIGES L ARALNICRY THEERA L] &
LTORETBEENERIND LHFEIND, SHIZ, MlaNTBZ 21
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ANy SRS TOESEFOBE LI T HHERCERZA LT HFIL.
OB EEBMEA~DORELZRC LD LYFTE, ZOMEOERITIREN
LEEIET D,

AW TR, AHHRSEEEAESTFOBE & BEEDOHE B O S) b EE
THICHEY  SBEMULT 2EGRZORIEZHRER, Mk Z
Sk, RV ERREREZELI L EZENE LTRE LT,

4. BN OBET 5RO T TO YA FEEDONMEN T

41R FXZOREEAEZED T~ OB (Rh, WEAESTSEH T
HRIESNTND) OFTXTOMBIZEBE L TWDH03, BHEELOAEMILT
BOREAT DI TR F A RE DREATIZ A 2\, F72. CD44 LaEE T &
EOSFRFEERIC OV TIL, Ankyrin OFEAICOWVWTH ) 74V =7 K2
T N— T NRE LG FE A 1T o TV D28, 4.1-CD44-Ankyrin @ =& [E O
AEAKRD CaM I L 5 HIHRZRRAME LZOIIRFETHY . BlE, H<
DI . ABFRBREIIMAO TH S L Bbn s,

Spectrin dimer

Fig.1. Organization of the erythrocyte plasma membrane. A protein network forming a
“Cytoskeleton” underlies the cytoplasmic surface of the red blood Cell lipid bilayer. Spectrin
(a and b), actin, adducin, 4.1R and p55 are the Main Constituents of the skeleton. Interactions
between these proteins are defined as lateral interactions. This protein network is anchored to
the lipid bilayer through two vertical interactions, one involving Ankyrin, and Band 3, the
other one involving 4.1R, p55, and GPC.
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FRMEREDOHISERITHHIE LR 1 IIR Lz, MREETOEENERE
HICEREZDL T, BEKEAEOS T LNV THERBGELZEMET D7D,
RESTLHEEDETHY . MIANEREECOEERREZRZLTND &
FHEIND protein 4.1 BHE'E (FRMmEKA 80kDa % 4.1R*, FRFFEKA! 135kDa
% 4.1R" ORI HI T2 general type & 4.1G (X 3) DEHES KA A
Y Tho N K 30kDa (F758 FERM domain) KO 4.1R"™ @ 30kDa (FERM
domain) @ N K5 209 7 I /BAR U7 F K (head-piece, HP &RBEED) 1ZFE
HaYT, BE®EAE (glycophorin C, LN GPC, Band 3 i\ IE pSs

(PDZ ERH) LOBEEMITEZITV., BRZEIZBIT 2 BEEE QB OBRE
EELELT,

AUG 1 AUG 2 AUG3 stop
| | T L 1 L
Exon 2" | 2 g T TH T g T s 6 "17 178 18 ' 19 20 '21
* * * * £ X % * [ *
4.1R ™3] HP | | |
4.1R® | saB | | cmD |
30 kDa 16 kDa 10 kDa 22124 kDa

Fig.2. Primary structure of 4.1R isoforms. Translation of the prototypical red
blood Cell 80 kDa 4.1R isoform (4.1R*") is initiated at AUG-1, which is located in
Exon 4. Translation of the 135 kDa 4.1R isoform (4.1R""), an isoform expressed in
early erythroblasts and other nucleated Cells, is initiated at AUG-1, which is located
in Exon 1°. An updated list of the binding partners identified for each domain of 4.1R
is displayed. 4.1R* is digested by a-chymotrypsin and generated 4 main domains, 30
kDa, 16kDa, 10 kDa and 11/14kDa domains. The 30 kDa domain named FERM
domain after Four point one, Ezrin, Radixin and Moesin which have Conserved amino
acid sequence (Chishti, A. H. et al. (1888) Trends Biochem. Sci. 13, 181-181). *
indicates alternative splicing Exon.

P

Flo, 41 77 V- EHED 4.1G, 4.1R OFEGRMELHERT L2 LI2LY,
4177 V- EREOREN SR LRSI OV TERE LR AT,
41R® X, EFEAERNLTH D 30kDa domain %41 L C Calmodulin (CaM) &
Ca"HEREFHIZRETHZ &N TS (K1 2H) ., -J, b bR
EKEEClI, Ca"& CaM DA (Ca™ 4 TSN CaM, DL F Tk
Ca™/CaM L RFECT D) 7 41RYIZFEET H & 4.1R* & spectrin / actin DFEE
MIGED, BRELTEOZEMNMET T2 EBHLNTVD, 4.1RY 28
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CaM & Ca* JEEFMEICEE T2 b 69, Ca 4% CaM &/ L7 4.1R¥
DEFES T HET AHE A2 RAT A 512, 4.1RY @O CaM M2 -E LT,

AI|JG 1 Al"JG 2 AUG3 Stop
L L
"5415'16'17 u7B 18 19 '20 ‘21
= - [ 3 x * - -
[ sae | | cm |
30 kDa 16 kDa 10 kDa 22724 kDa

209aa >

359/0 (komology) 71 0/0

T

Fig. 3. Structures of 4.1R and 4.1G. 4.1R'” and 4.1G are both expressed in
erythroblasts. While the amino acid sequences of the 30kDa (FERM) domain of 4.1R135
and 4.1G are highly conserved, in contrast, those of HP are unique.

297aa 107aa 67aa 150aa
34349.91 11419.94 8044.69 16126.11
Zebrafish
1

Coracle

Alternative splicing

Fig.4 Primary structure of f human and zebrafish 4.1R and coracle. These 4.1R family
proteins have conserved FERM domain in its N-fermini. The homology is high but not
completely. We know well about the structure. binding profile of human 4.1R FERM
domain. However. there is no report about the Zebrafish 4.1R and Coracle FERM domain,
In the present study, we compared the binding profiles of these FERM domains to
understand the relation of primary structure and biological significance of 4.1 proteins.
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5. AR THLNIZL72Z & (BT

B1E MR Y RN

% 1-13H HeLa MK % V7= 4.1R-CD44 i & AT

4.1R @ CD44 FEAEMLILSLIAMEIE ED C-lobe (Exonl0 =— RE&EIK, 51 7
BB IH Y. FENLICHERT D pS5S LA Lieh o7, Hela flifa
TiE, RO 4IR ROEDA——T 7 I J—ERETHH Ezrin (FERM
domain TOHRET Y —i3H 30% TH DD, X MiEBEEHENT O T CI3mEl
PEDRD TEW T & DAL HMT /2> 72 (Han BG et al. Nat. Struc. Biol. 2000) .
Ankyrin 3 LT CD44 23FEE L T\ o, FEFUAEZ AW MR E TIX. 4.1R,
KO CD44 [ 3HIRRIEIZ BTE L7223, Ezrin & Ankyrin [0 E PIZBE AR
£ LT\ /=, Ezrin FERM domain /%, CD44 i@ KX+ > (CDd44dcyt) &°F
EREBEE L Kp= SX10°M THE LTz, MEEEERII. 4.1R FERM domain
& CD44 LOFEELIV L RENSTL, ZOFEEE2D &2, Ezin FERM
domain % HeLa MIFAPNIZIEFHIFRE AT 5 & 4.1R ITHIFZEIZ, Ankyrin 13,
MRAEIRIZ 38k Lz, $1 CD44 & AW - BBz L 0 . CD44 i3k
NT4IR EFEASLTWAZ LR SN,

1) 4.1R ® CD44 #E ST NT

4.1R @ CD44 #EEBENIILEHEE ED C-lobe (Exonl0 =2- K48, 51 7 3
JBFRE) [ZhH Y, REMLICHEET D p55 LIIBE Lol

2) Hi CDM4FLRIZ X BBt B

Ezrin (FERM domain TOHRE I V- 13H) 30% TH D0, X i st Siar
DFERTITAALMERSBRD TEWIZ EBNALMNI -7 G0 ) . Ankyrin B
FO CD44 BEBL T\, FEELHVWZHRER T, 41R, AT
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CD44 [ THMAEEIC BTE L7243, Ezrin & Ankyrin [ZHIAEE NICBESRICBTEL
TV 7z, Ezrin FERM domain /%, CD44 M@ KA A 2 (CD44cyt) & FA§ifig
BEER Kpy= 5X10°M THEE Lz, EEEEEHIL, 41R FERM domain &
CD44 L DG IV bREDoT, ZTDOFFE%L S LIZ, Ezrin FERM domain
% Hela FERRPNICHERI R A T2 & 41R ITHIBREIZ, Ankyrin 13, MBI
SABE LIz, Bl CD44 & AW REILEIEIC L D, CD44 13HfaA T
41R EFEE L TWA Z DR S L7,

% 1-2 7 135kDa % protein 4.1R (4.1R™) ZH DI L7=RFERTOMM
REREREHORE

4.1R"™ ® 30kDa FERM doMain @ N ¥ 108 7 X / BEAR U ~7F K (HP)
I¥. 30kDa FERM domain & EZERE (GPC & Band3) & OfESZHIE (31
HlEfEE) L7z, 2F 0, GPC, Band 3 OfIfAN KA AV L13K ~x . FHhfE
BEEET10°M R OVEBEE S 10°M TS & L7z, T OB EHIL. 30kDa
FERM domain & & REEENE & OVERBEER—10'M LIZRLR->THY,
HP 7% 30kDa FERM domain & &R & OfEEICEHboTWAHZ &R LT,
HP |Z1d, 30kDa FERM domain & ¥ HELIZ CaM A3 FEE L7z, CaM 7% Ca™
FETTHP IZREATH L 41R® & p55 RN GPC Li3eliEacairllh
-7z, F£72, Band 3 & OEEEEEIT—10M 12K & < 2V EEOBEFIMEIME
TL7, b5, HP iE 41R” OIEFEAIZRESEOLZ Larmlc, &
B9 CiL. in living Cell (in vivo)®D %R & LT, b MRIFERBEREZ AV,
4IR™ EZHDMIEERERE THS GPC, GPA, Band3 KU p55 DRREFHIZE
&R EETEE L, TORE, 41RW 1T, MEEsicofm L,
HERRBIZ IXETE Ly o7, —J5, GPC, GPA, Band3 I35:%7% 5 HEIZIX
AR 34 LTz, pSSid. MIBEEICRTE L Tz,

4.1R™ BSHRAEIZRTE L2 Vol Mgl CoBRERmWZH EE X R
FER % EGTA /£ T T 40 7 HIREE Lo/ R, 4 IR ITMaEIC/EL 72,

HP30 /X HP SEIRS T F LEETH D Z L bk TE o Tz,
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= 1.3 I§
FASEAERZAVIZ4IREAIGORMBAERES O F R DB

4.1G 1%, FREFEEEE 7 B BIC—@BMEICRIA L T2, 41G @ NH, KinH
108 7 2 /%% (head-piece, HP) (21X Ca™MKTFMED CaM FEAEMINH Y |
CaM & fiRBEES—10"M TFEA L7z, GPC, Band3 OFEAN N A A > KO p5s
CIXF &, FHERBEES—10'M THE L7z, CaM 7 Ca™*##7£ T T HP 127
BT HE 41G & p55 KO Band3 L ix2<FAETE R Ro7, £/, GPC
& O ERBEESIT 10 M 12722 D BIFRPERE T L7z,

) HeLa MIIZRBE L TW3 41 BAE DN

HeLa fMifa% AWTZBIT 21T OICY =T, FD Lo 41 EBEBETA V7
F—LRFBE L TWEONERREGURE AV THENT L7, HelLa fllaTiL,
4.1G, 4.1R, BEIU4INDBEBEH L TW =R 41BliTHH I 2o T,

2) BERIZRBE L TWVW5B 4.1G DHBEN/TE

4.1G 1X, FRIFEREEE 710 B BIZ—1@MICRBL L T\, FEEEIZLD
4.1G FRFEROMIG I SR ICRE SN, £2, C- KIREAZ LT 5
BRI, BB 7 oy MEIZT, 45kDa OALBICE— N RERLTZ,

3) 4.1G L EEAE O SREWN

NH, K558 108 7 3 / B7k 3 (head-piece, HP) 121 Ca™&K7FMED CaM #E
BEMLNDH Y, CaM & REEEH—10*M THES L7z, GPC. Band3 OffER
RAA VB p55 &idE~, FEBREEER—10'M THE L7z, CaM 2% Ca*
HFETTHP IZHEETH & 41G & pS5 XU Band3 & i3&<HEETE 2<%
o1z, F2, GPC L OEBEEHIT—10M 1272 0 FEA OBFMERET Lz,

HxAT7BEAHEBEREBEORECHENT
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4.1G X' 4.1R"™ @ HP & 30kDa FERM domain % I ENA AKX /-
FATEABEZERL, TOREREKRV CaM L OFEE RS native EAE
EHER LT, TDOFER, HP i3 41G KU 41R” TIREBE L OFEEITH LT
R A 7R HIERERE DR B 2 L 3BT e o T,

28 B FRIMENT

W21 75 74 v a2 (Danio rerio) 4.1R O HLi A (b 2 BB 28

BT 57 4w a2 (Danio rerio)® 4.1R IX, BEIZZFDERK cDNA BT m—=
YIZENTVAED, BB TEDLIRTA Y 74— LFBE L TWNDHDH,
. FOXITE~NKEAETHION, oW Te b (L) © 4.1R ROV
3 U ¥ a U/NT(Drosophila sp.)® 4.1R fHEIEHH (Coracle) & —¥&, =Ki#
EEOBANOHENE Lz, ROERND 3FEED4IR T A VY 74 —LbE I
—=> 7 L7, 41R ® N k¥ (FERM domain) LT C KimxRKT 5455
BEURIE, RmEREOM, LFE (Bt CTD HifE) ROVWLE (i FERM Fiik)
TYBL, 4R TA Y 7 - LOHISEEP IR I, Flo, RMEKEE
BEHETH D glycophorin C (GPC) KO p55 (Zxtd AR AP KRA/ER L, 7~
MERE R LR CRIELZEE Lz, ZO/RKRIE. E7 7710 v =2kh
b b MRMERFEREIZ GPC/p55/4.1R D=FEBEBETER L TV 5 ATREMEN
TREN, —H, 77742 41R iE, CaM & Ca* EKRTEEICHES
L7278, Ca>* CHEfn L7z CaM (Ca®*/CaM) . 4.1R & GPC, p55 } (¥ Band3
& DWEFRBEE R AR 127> T,

221 va v Ya Nz Coracle DEE HERE S BRAT
vauYauNRTOMBEELE THD Coracle @ N FKim 300 7 I/ BLFE
#1% FERM domain fBE2>5 4.1R FARIERAE TH Y. TOERKITIEE 2

HASLEFET LI ENMBbINL TS, Coracle 53FDra g 7NRTD
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BEEAEIRESNTHRVWOT, & MRLKEERELET V& LTH
BT 21T o7z, Coracle 1%, b MRIMEKRERE (IOV) 12 &R L, £z,
TAsys®T Band3, GPC & #E& L7z, Coracle X, CaM & Ca® FEEFMEICHEES L
7=AS, Ca®*CEEFA L7z CaM (Ca*/CaM) %, 4.1R & GPC, p55 %} Band3 &
D IFHREEE I A TR T2 o T2,

F3E AR BEFOENT

% 3-1F 4.1R-peptide & CaM & & DEIA) 2 RIEE BT

BHED 2 REEEMRITICIE T — U BB R RA G HER TR TH D75,
KOFOEELERT DBIZEKEANCE R, 779 —F7F 4 7 2T,
BKBRECKOGFICLDBINEZER L THRNDFORIELZREH KL EE

(ConfoCheck™ ) ZBfA%E L7-,

1) DSC, DSL Z O} FT-IR % A\ 7= CaM D B — Y e iR 4T

Calmodulin (CaM)iX, 4 73 F D Ca* ZFERIT XV TOIMPEEZERILEET,
EREAEICRAEIIMEET 22 & T, ENEAEOBELFET 5 1F R
CEOEN S FAY B Iy —EBHE TH D, CaM DOHEEITH AL, NMR
ETCRAT SN TE Tz, UL, BB L, REMRFIE RS 2 HE I
AT oo filiEavy, AR TR, BEKRFEOBN REEL({LLEE (DSC:
Differential Sganning Calorimetry, REMZEEFA) | BIWYXEELE (Dynamic
Light Scattering, DLS) R UN7 — V) =R hRA5561E (FT-IR) THEATL
7o TOFER. CaM X, Ca™* fAFIRETIIHEERTHY ., 90CIKR>TH T
BERThHoTe, £/, FT-IR ICLHBIERR TS ZIREEICEIT R o T,
-5, Ca F L — MIRRETIE, CaM X2 EFEHALTERY, S0Cx#z 25
& B-sheet 1Hi&EE I L CABMICZ BB L2,

2) CaM-peptide £ & & D B — R 18 & R AT
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RIAFZCERAEEC, £ D Exon % KK S®7z 41R OEFES AL (N
K 30kDa) OB EAELZ AWV T, SEERBIFESHETICEZ D, 4.1
D CaM DOFEGEMERE L7z, DF V., CaM I Exon 8 (Ca® DR
&) KU Exon 11 (Ca™ JEREZMORES) @ 2 @7 (& 16 &E) THE
TAHZEERALNMILEE, 72, CaM A 41R IKEAT 720D 2
EATICERICEE T DI ENEETHDL LA LMNII LI, BT 41R* &
CaM DFEEITHRVT, Ca® MDA ML TIL '™ (185 FHDOE U &
B) | Ca” HFEEMOESIMLTIE, FEET I/ BIEEREEZ L TW
5T EERALMNILTE,

AB'KKLSMYGVDLHKAKD
A'KKLWVCVEHHTFFRL

BHFRTIL, ZHEDORTF KR CaM S L TED X S &2 2k
B H% FT-IR i&, DSC, DLS THET L7z, DSC OfERlE. ZhbD~T
F Ri% CaM @ C-lobe IZ#EET 5 Z & pepll I CaM @ 3 =L LT, 2
IR LT, Ca*fFE FTh > T b-sheet #iEE N L CRIMICEZEBEFA L2,

% 3.278 4.1R FERM domain & GPC f& O = RIEE BT

4.1R 30kDa FERM domain & GPC #l@/H domain O IEfERILIZE Y, BE
AL LT IV BERE Lz, BRBERTOERIZ, ZETICRE
ENT-ENFRMITRERZ XL TV, (3 ABF3EIE. Bong-Gyoon Han
4 (Lawrence Berkeley National Laboratory, UCB, #EFMIL[ERFFEE) & Dk
FIFFZE CITONTZHERTH DD, KBREBERRICRERT -2 THHZ L
235, Bong-Gyoon Han T OEEIZ L VMK ROMRET S Z Li13#Ex
) .
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WA FEROBRR

F41H 41RO PKCYU VEEZFA L KEERE/NNEO/ER

t FRMERO RKEE/NMaZFIHE U E A E-IEE S OMEFTICIE, pHI1 A
RIRIEA Y 20 DI K DBEERFMHICLY, BEFEEREOREL LT,
DD, BRETIEEREABEOAR LTIEIEEOEEN H 5 &MLT
FEERT 21T > CkTe, —77, ROEKEEFROETHS 4.1R & PKC TY
el 23D & spectrin/actin, GPC 2GRS 5 Z & A& S N7z (Manno et
al. JBC, 1005) . AHFFLTIL, 4.1R % PKC TV VEb L7 I EER/ MR
BERTHI LT, MEOEMFHIC L IBREEAERELERL, S50
7= KRR/ NE DR BB & 4T L. 4.1R30kDa domain & DFEARIT&21T - 72,
FORR, REEZANDZ LI 10V EROBEL, ROEES FE
MRS LTz,

# 4.2 78 4.1R 30kDa FERM domain IZ %3 3B 7 v — U Hkn/ER

41R 13, A DRMERDHL O THELDMBPTRILL TWDH I &D3,
mRNA L-UL EEE LAV THRESNTWD, B7 o-Uaukid, JURREL
DI=HDRARFBETH D & & HIT, HFRILEY a-U Rk, #e%
BRET D ENHERD Z LD, FRBERT ARG TE 5, BERALAM
T& % 30kDa domain ([ZXT9 28 7 - Huik (4 fEEE) ZMZL, ZO/RE
B, e, REOoRBEMFzRF L, 4 BEOUEIIW TN D
30kDa FERM domain D/RME 27T D25, #8 & #7 1%, B~ sheet #&iE,
#5 13 random #EIE, #7 13 o-helix BEZBH L THY . HFUROEEIZILHEM
Theholz, SIEREELED 3 2O KAL V{2 BEBET HREEE, 1277
L. REBEEOE L OREEMLE TR 2> T, HUEEZHAWT GPC DfEE
BLZ 80 7R BRIEREICK o7z, ETERDORET 1y bADIGHERETL
#5 FURDIRLAME R LTz,
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WEARE -

MEREE it ¥ REXFERRKZEZERELTE - BIF)

FHBEE  mEE- (KRR TFERRFEFRALNE - BiR)
PERFERE  FRET (RRLTFERRFFEZHE(LS - BhER)

ti\

H\

W95t /1% : Bong-Gyoon Han (Lawrence Berkeley Natl. Lab., UCB, USA)
9% 7173 : Philippe Gascard (Lawrence Berkeley Natl. Lab., UCB, USA)

MEHIE  IRERERT (RRAFERRFZEEIERAF - BIF ") *
Wreim 1  BHE - (KA KRZEFHLEEENT - %) *
WEHNE  BRIEE ARFZEZBLEEBNE - £E) *

G NIE  ROLHR (AR —N)ANT F—) *

WRBNE  FBERE (HEITNA—FT7 4 7 Ak ath) *
MRS« ERAT (Sysmex Corporation) *

WMoEH 13 - AT HEE" (Department of Animal Science, UC Davis, USA) *
WF5et#% /135 © Marilyn Parra  (Lawrence Berkeley Natl. Lab., UCB, USA) *
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% 1-1 35 HeLa # 3 % 7= 4.1R-CDUM #5 & BT

[A&]

Fxld, INFECTICREACICAWCHIEEBENE TH D CD44 1T
41R BfEETAHZ L. 4.1R X, CD44 & Ankyrin DFEEEZHIETHZ L, 4.1R
& CD44 O#EE1E 4.1R 30kDa FERM domain. iZ#5 &3 5 CaM 23 Ca™*lZ & - THa
FENHZ LICE->THIEI SN D Z & 2 L7 (Nunomura et al. 1997), & 512,
CD44 T T a VER L FEET 208, ZOREAITAIEAN T Ankyrin EFEAT5 2

LBV ETH D (Bourguingnon et al. 1986),

Fzrin 4.1R%
PDB : INI2 PDB:IGG3

Fig.1 CD44 can bind both of Ezrin and 4.1R*. We have reported that 4.1R80 inhibits Ankyrin

binding to CD44. However, there is no report about the relation of ezrin-CD44-Ankyrin. The 3D

structure of FERM domain of ezrin and 4.1R was reported.
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FERM domain O 7 7 I UV —&EHE TH % ezrin Hld radixin b CD44 #EE5EH
BThHDIEPREINTVWS (TsukitaSetal. 1997), L2 L, REOERE T
HYVELZFOEROMEREME, ©F Y Ankyrin O CD44 F5& OHIEHERE 72 Kl2>W
THREHERIh TV 2RV, HAEREAR—OENEREICKEE T R, &
D X O RHIEEE RV MBI o, £, 2EHR WD LRRS) &
AERLEROMN, RERBZREDE, INHRFETHIE, EAEESEICIRE
LTSI DAEMFE RV T D L HFESN D,

Actin/Spectrin
NH, binding domain
4.1R80
298 aa
NH, Actin binding domain

Ezrin

300 aa 586aa

Fig.2 The primary structure of 4.1R and ezrin. As shown in Fig.1, the FERM domain. of
4.1R® and ezrin was high identical. The primary structure of these proteins was not high

identical. 4.1R* binds spectrin and actin. Ezrin binds actin in its C-terminal domain..

AT Cl. BREICSABFEISEME T T 5 ezrin & 4.1R FERM domain.® CD44

FEEMEA REZ L, Ankyrin @ CD44 ~DFEE M EMREFT L=, F£7-. HeLacell M
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WANRATZOHBEEREN ED X I REHEZTLPEZALNIITDHI LI

LY, BELRILOEREZERTHIELEME L,

(At & 5 k]

1. A
pGEX-4T2 vector (Glutathione-S-transferase (GST) tag B S EHE RKGEFEHRA)
{3 GE Healthcare BioSciences Life Sciences £t (USA) »5HEA L7, pEGFP-C3

vector (GFP @& EHEEZMIRAEIRA) 13 Clontech ¥ (USA) MSHEEA L=,

2. Mk

HeLa #if@id, RRLFERKZESNE REFEEZHEREFR IV DS
L TCIEV /-, HelLaflifZid, RPMI E2H1IZ 10% FBS (4IRS, GIBCO #t k&

DEEA) IINL. 37C. 5% CO,. 95% {mETEEEL /-,

3. M2 A EOER

#H# 2 4.1R KUY Ezrin @ FERM domain, CD44 OH#EAAN R A A 13 pGEX-4T2
(Amersham Biosciences) {Z#HiAA, KEGE (Escherichia coli) BL21 B % 2B #5Ha
L7z, Z# 50 CDNA i3, Dr. Gascard Philippe (¥E#}IL[FIAFIEE . Life Science

Division, Lawrence Berkeley National Laboratory UC Berkeley, CA, USA) XV fit5
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LCIHEWZ, £7-. 41R ® Exon 10 REB LSRN U T7F F(K 3)ix

pGEX-4T2 |Z#H# 2 . KAFE (Escherichia coli) BL21 #k & EHRHL L 77,

AUG1 AUG 2 AUG 3 StO}])
! i |
Exon » 2 4 5 8 10 11 13 16 17 18 19 20 21
LI [ S L | T S S B | | | & 1 [ I L }
! { i il IR L f [ § i | 1
4.1R full
— FERM domain
| |
Exenm 4 s 6 7. 8 9 10 )
NH, | ! f | i | ;
Amino acid 1 18 53 67 93 166 195 246 287
: / \ | | } } | |
FERM I 1 | s i i i 1
) | | | | | |
AExonl0 I T ] T m| |~ \\_//- ~_(
Exon 10 H

Exon 9+10+11 ! ' . |

Exon9+11 ="~ T

Fig.3 Constructs of 4.1R FERM domain and its fragments.

LB E#Z TKRIGE % 37C —ESRMHT TEELEE L, ODy DED 0.4—0.8 |T1E
L7=KfIZ, IPTG Z &EBE (ImM) HIML, S HI237C—ESRMET C 3 BFf#E
BHRk LT, pGEX-412 ~7 & —CREEHR L RBEIL, &0 (RPR20-2 =
—4Z—, BT, 8000rpm, 4°C. 8 53[#) iL##% . ImMEDTA, 1mM DFP, 1mM
2ME Z#NL7- B-PER™ (PIERCE, USA) (/B LEHE L7-, WHEKRIIK E
10 4y DOBEWRALFEE, =0 (RPR20-2 u—HF—_ A THE 18,000rpm. 20
i) OEEEBT, EEIX. Glutathione-Sepharose  (Amersham Biosciences)

CRE L, GSTAERE 2 0B L7z, GSTRIEEAEII e v BB X
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VIEMERE & GST ZEI#r L72%4. GST % Glutathione-Sepharose {2 THUL L |
Q-Sepharose (Amersham BioSciences) THIZFERL U 7=, & A'E DM X SDS-PAGE
ICTHRE LT, BERERII UV ELX AV (280nm & 260nm ZBIE L, EHE

BE (mg/ml)=1.45 Ay, - 0.74 Ayy) o

4. FRIMERD 4.1R & Ankyrin O FEHR

BHEEEBFICA v 7 +—b Narvky e L%k, MREERR L, @AM
BE 7 ANV —FRERIC, AAILT PBS IZL Y MRS &= 0RE LTz, (KIE
BRT~E U Z2RLBRELEOL, #iE (EDTA KRER) 2> TK
ERAE/ N % (ERL L 72, Tyler et al. (1980) % O Bennett and Stenbuck (1980) D 5 ki
e~ T, EOLE % 2M KCl TR L 723% 0 X% Q-Sepharose |2 & 0 FEHLL |
Ankyrin %1§7-, MY SDS-PAGE THitL7z, EREEIX UV EZ MW

(280nm (‘: 260nm %@'Jﬁi l/\ %EE%E (mg/ml) =145 Azgo -0.74 Az(,o) o

5.504K

AR FUEIT, ERROFETHER L7 4R 2 FRICHEE L TE, &4 0K
%, $UEAE B v 7V J L7z Sepharose 6B (GE Healthcares Biosciences) 7 7 A 7 &
2T T7 4=l EY T =T BRI, RUEOREKEIIRET 0y B
IETHERR L7z, ¥ U AFL c-myc FLE K U~ U A4 ezrin FL{&1Z CLONTECH 7> 5 A

L7z, 91 CD44 HLiA (clone: BUS2; Isotype: I1gG,) i Santa Cruz 2> 5 g A L, $T Ankyrin
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PUIAIT Santa Cruz 2> LA L FLE ORI RE T 0 v METHER L7z, 7 30kDa
Uk, v~ v RAB 7 o—UHiiEE v, B o — UHtEOERE OCHURIREE (=
B RN—"7) ATIX, FAEE 2R L, U RAMT 7 FUHE T o— UHRIE,
VI hbEA L, BEYVYE (HRP) 2 =24 — kL 2 kUKL, DAKO
DEEALL, HXEFECY)Ear Yoy — b LUz 2 kEUER, Sigma AL

7o WMABZEFEITC) 2 a2y — kLT 2 RHUAIL, DAKO »HEEA LTz,

6. i PN o R 3R

cDNA (ezrin FERM domain) % pCMV X7 & —(ZHfiAA, HERS| %2 HRE. K
JB (Escherichia coli) DHSa % EBEHA# LTz, KIGEMN b BRI ¥ —%
QuiaPrep® % AWV THBEREEL L . 7 2> 7 b k@ HelLa ABAZIZ Amaxa 3 ARIE

AW LT,

7. R

RIPA #% &% CIaf# L 7~ HeLa #if@ % Protein G-Sepharose  (GE Healthcares
Biosciences) THIZLEE L7-1%. #t CD44 fHiik% 4°CC 24 KfE{EF0 L. Protein
G-Sepharose (GE Healthcares Biosciences) % FV THREILE A 1T > 72, £ — XX RIPA

EEIE CL S BEE LT, SDS > 7 VEEfE R CHULEE L SDS-PAGE |2t L 7=,

8. ERE-BERHHEM O SMBT,
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ERE-BEOEHB L OEREARTF NEORISHEERIOAEITIZIE, Affinity
Sensor (4> 7 U » ¥ UK) ® Resonant Mirror Detection (RMD){EIZ £ 5 TAsys®
EEEZAWE (K52R) , EAEET2T7F RiL. 10mM Na,HPO,/NaH,PO,,
pH7.4 fREK (0.IMNaCl Z&Te, LAT PBS &MEFC) I 100 mg/ml DRI
LT X /T vF a2~y b B2, BS® (Pierce #t, USA) %/ L CEMIL LT,
AR7F ROBEMRKIZE, —B7I /370 F 2y b EIZBSAZBSENLT
EfE{k L7z % NHS/EDC T BSA D7 2 7 EATEMALT 5L HA Lz,
FISIZIE, 10mM Tris HCl £2f##% pH7.5. 0.1M NaCl (Buffer A) 2% L C ImM
EGTA 8\ X ImM EGTA & 2mM CaCl, Mz CHW= (K28H8) , Fax
v FNOFIMBEIL 25C—EICR DL, —EFRE CHB L, RINCED 58T
A—2— (BEHEEEH., MEbEEER. RAFEER) XFAMr Y 7 F &2 H
WCER LK) o TEMEBEER Ko &, BOEEELR () SMEERET
# (k) OEPBLTORTRD,

Koy = ko ks

(AT, FEMRREESBIL K ) TRRLTE) .

9.7 K Yy £,

HeLa AT, B /3—2"F 2 12T RPMI1640 524t (10%FBS &4) THEFE L
7= FHFEIZ PBS THEH 4%D 7 + LV AT /AT E F/PBS TEIRI0SBEE L.

PBS P21, S0mg/ml BSA TIEHENRLZ T Ry X7 Uiz, MBED A
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wAbiE. 0.5% Triton X-100/PBS # 2R 10 4> T4T - 77, 51 CD44 Hifk (—&kFiE)

2R 1 BEEMS &7z, PBS THREHZIZ, HNEZEFEE 2 KK E2=EET
1 2 3 1 2

kDa

98 =
68™=

201 ™

14.4 =

Fig. 4. SDS-PAGE analysis of purified proteins. A. CBB staining of erythrocyte ghost
proteins (lane 1), purified 4.1R (lane 2) and ankyrin (lane 3). Apparent molecular weight of
spectrin (a), band 3(b), 4.1R(¢), protein 4.2 (d) and actin (e) are 220, 110, 80, 72 and 43kDa,
respectively. B. Purified recombinant FERM domains of 4.1R (lane I) and ezrin (lane 2).

-

30 /3 i S/ 72, PBS THHF%IZ Vectashield® (Vector Laboratories Inc. USA) T
HA L7, RERIT, kA% PBS OARICEE# X TRERICLE LU, #
FeEEmMEEIL, HES L —V—EEME (CSU 10 confocal scanning laser microscope.

Yokogawa Electric Co., Japan) % FVWTHEIE L7z,
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[RER L& %]

1. BREAEOESIKEIRIRT

ARMERIE > BAFER S 72 4.1R (80kDa) K U Ankyrin (220kDa) (L fF & 17z 7
FEIMNEIZE—N" FE LTkE SNz, Ezrin X' 4.1R @ FERM domain @
FAHL 2 B BT GST BREZIZ—35kDa OLEIZE— N KE LTHKEI A

7= (X4) ,

EDa

208 mm

119w
94mm

28.8™

Fig. 5. Immunoblot analysis of proteins in Hel.a cells. Immunoblot analysis of the extract
of Hel.a cells with antibodies to CD44 (lane 1), 4.I1R* (lane 2), Ezrin (lane 3) and Ankyrin
(lane 4).
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2. HeLa MIRIZA T 2 EEREORE

HeLa #AIZ1T, 43 F & 90kDa @ CD44, 4.1R®, Ezrin & O Ankyrin 2358 L
TNWAZEN, BEIBERAWERE Ty NETHLNI R/, £/, &
FURIIPURICR L CTRENTH 52 EBRI N, H. Z OFNT TIXMiasE

EHEIT LTV ARV O THIBBANRECET 2 ERIE s iy (]5)

3. 4.1R® D CD44 ¥ & EPAT

4.1R @D CD44 #E5EBALiE 30kDaa FERM domain (ZHFHET 2 Z & #ERICHE L
77 ARFZE Tl Exon BN TR &8 7-#H% 2 30kDa FERM domain (Exon5, Exon
8, Exonl0, Exonll D REAFIEHERE & L THERTE/2) & CD44 EHELT 2
J T ¥ ay TN LT & 2 A Exonl0 KRR 2 30kDaa FERM domain
T R Lo Tz, F72. Exon9-11 & Exon9+Exonll 2523 — K3 5 37{k
& £ Clobe, 51 7 X VEAFRE) I2H D Z LB LM o7z (R 1) , Exonl0
Ba— R BZHRVARTF RETTEH CDM4 LFEA LN, BaEEEE (k) it
30kDa FERM domain O#J 25%I272 > T2 Z &vb, CD44 OFEEITITIL IS
ETEIZH Exonl0 2 — FEERCTIE2WEEZ b5, BIENICHEST 5 p55 &
WA LisolzZ L, CD44 & p55 13 51 7 2/ BRERE DRI 2 OEALICHE

BYTHEBZALNTS,
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Table L. FERM domain binding to CD44cyt

Anahyte k, QM5 k(s K (nM)
4.1R full 3.0 = 0.10 x104 9.0 £0.06x 1073 . 300
4.1R FERM domain 3.0 = 0.16 x107 1.1+0.01x102 367
4.1R FERM domain A Ne Binding No Binding No Binding
Exon 10
Exon 10 7.2+ 0.16 x103 1.2 £0.20 x10? 1667
Exon 9+10+11 7.7 +0.16 x10° 6.4 = 0.20 103 831
Exen 9+11 No Binding Neo Binding No Binding
ezrin FERM domain 3.2+0.10 x10° 1.7 £0.08 3102 53

Each analyte {50nM to 2 pM) was incubated with the CD44cyt immobilized on the aminosilane cuvette and from the
binding curves obtained by the RMD method, k,, kq and Kgy, values were determnined as described under Materials and
Methods. All analytes did not bind to BSA immobilized cuverte. GST did not bind to CD44cyt.

4. FERM domain & CD44 DS

F 1 IRLEL DI, 41R 1IF® FERM domain & [FIKE 1 WM B E 2300
300nM THEA L7z, — 77, Ezrin ® FERM domain & CD44 O A fREEE £ 53nM
THY., 41R LY biEro7z BREXIEYY) o ZOVEEBEROEV T,
EAEEEHDEVNIL D, -DF Y Ezrin FERM domain O J5 237 10 @\ 2 &
R L T2, ZOFEFEE, Ezin & 4.1R 23 CD44 & OFEEFA L2 (4
FEIIRE & ET D) Ezrin MEALIZ CDM4 IZHEAT A Z LR LTS, —

3. Ezrin ORI REMAZEIZ . Ezrin 4 F 13 HeLa fREIC A L
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TEY., MEREIIEEIN o7z, TNHDEFEZEMND, Ezrin (X 4.1R 54

SELDITEE R FEEZ BN

Fig. 6. Distribution of Ezrin in HeLa cells. Mouse anti Ezrin antibody was detected by

FITC-conjugated anti mouse immunoglobulins. Ezrin distributed in the cytoplasm as dot.

5. Ankyrin-CD44 #5 & ~® FERM domain O 5%

Fx i, 41R X CD44 IZFEAT D L Ankyrin BfFEA TR RD I EERE L
7oo Lr L. AR SRS E & FF-D Bzrin DS FEE R EEE L F O T NI TH
o7, B 712 1Asys DFEERIEZ R LT, Panel AR L7Z L HIC4IREHHNL
Oife Stz CD44 M R AL CEMET X /T rFay M ERFHERIC
Ankyrin Z¥M L THHEES LR o7, Panel B (Z/R L7z & 5, Ezrin (FERM
deM%E%KCMA%mWPx%yEWMTi/Vﬁy#JNy%%ﬁéﬁ
7% ThH-oTH Ankyrin ITFEE LTz, T OFERIT, CD44 75 4.1R H3AEEE L .
Ezrin #6675 (RK¥T5) Z&IZX - T, Ankyrin 25 CDM4 IZFEA LT HZ &
W STz, DLEDERS S, Ezrin FERM domain @ Hela A2 P38 HI HER A

AATr, XL LTI, pCMV vector DA %E R T A7 =7 h LTz, HlCD44 it
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Fig. 7. Typical tracings from IAsys® to monitor protein interactions. Panel A, to examine
the effects of 4.1R on ankyrin binding to CD44cyt, 100 ul binding buffer containing 4.1R (1.8
uM) were introduced into an aminosilane cuvette with immobilized CD44cyt.  After binding
response of 4.1R reached maximum, the cuvette was washed with binding buffer (wash) and
100 ul binding buffer containing ankyrin (0.4uM) was introduced into the cuvette. The
absence of sustained net change in response following washing with binding buffer would
indicate absence of specific ankyrin binding. Panel B, to examine the effects of ezrin on
ankyrin binding to CD44cyt, 100 ul binding buffer containing the ezrin FERM domain (1.8
uM) was introduced into an aminosilane cuvette with immobilized CD44cyt. With binding of
ezrin FERM domain having reached maximum, the cuvette was washed with binding buffer (*)
and 100 wl binding buffer containing ankyrin (0.17 pM) was introduced into the cuvette.
Increase in response would indicate specific ankyrin binding occurred. The washing of the

cuvette with 20 mM HCI removed bound proteins (**).
& (CD44 DS A A 258 T %) THREFLRZITV., ENEREORE

Tnay hE{ToTr, CD44 1%, EBREE, MBEEL L ICREIE I, 4. 1R 11
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MR INER, EBRBE TR I -7, 2% D, Ezrin FERM domain
AR TIREI BT H & 4IR L CD44 EREE L 2 Z 2R LT3,
X 8 TIIHL c-myc HFLA T Ezrin FERM domain 75 CD44 & 3LybE L TV 5 2 &R
RENTZ, 2F Y, Ezrin FERM domain 73 CD44 [ZF5 &5 25 & 4.1R 14 CD44 iZ
HETERL B EEAR L, L, BEIZ CDUM IZFEE L TV 4.1R FHl
¥ L7z Ezrin FERM domain 2MEBES 72728 ) T OWTIEARATH 5,

CD44 1T, X TEREINTVWAZERREITVWAZELEZEZET S L, HRIZ

transfection

vector Ezrin

CD44

4.1R

c-myc

ANK

IP: anti-CD44

Fig. 8 ImMunoprecipitation of CD44. Using anti CD44 extra-cellular domain.,
immunoprecipitation was performed from HeLa cells transfected with pCMV vector (vector)
and Ezrin FERM domain. in pCMV vector (Ezrin). The precipitants were analyzed by
immunoblot using antibodies to CD44 (CD44), 4.1R*(4.1R), c-myc tag (c-myc) and Ankyrin
(ANK).
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AR E N7z CD44 125y T DMEBFID Bzrin FERM domain 2MEAZIZ CD44 ([5G
L7zbE2bND, A IE LTI, Ezrin FERM domain DRHIFEBLIC X T
Ankyrin X CD44 L EA LAZEILEIN S LBEEIND, XBEETIE, CD4 O
FIZ R Tl Ankyrin (3B H S eh o7z, Lo L. Ezrin FERM domain 78l

FEBFF T H AR Ankyrin OFF & 2 T 5 T LTk D272,

6. FERM domain 38 #| & B2 & 5 Ankyrin X T* 4.1R DM AN /EDOEALL

HeLa fBAPN D CD44, Ankyrin X TN 4.1R D FEZBE L7z, CD44 i1, HifafE
WZBELTWE (K9 a, d) , Ankyrin (%, FROVERME & 138720 MIEIZSAE L
MR REL T2 o7 (K9 b,c) . —F. 41R X, HelLa a2z
AMLTERY, MR, MIRE, ZiZgtiani (K9, e) . CD44 & iTHRfaMkK
CHFELE (K9, 4,0) ,

Ezrin FERM domain (PITEME Ezrin D& % Bl 5 %12 c-myc tag Z 1 c-myc
PUATHRE L) % HeLa MMEAIZIRKIFEE A 35 & Ezrin FERM domain (34142
JEIZRTE LTz, CD44 LI3IL/IE L7 (K 10a,b,¢) . Z DK, Ankyrin i3, #fz
B LTz, LAvL, CD44 DR Tt Ankyrin 2 HT 5 Z &iX
T&RhoTz, £z, 4.1R X Ezrin FERM domain OS&EHIZEEIZ L 0 MIREIZH
ENEIL LTz, 4.1R IX Ezrin FERM domain OFEH|FHIUIZ LV . H1CD44 A

T RBEIEET4IR BEA L TWRWRERE - LT,
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AAFFETIE, Ezrin FERM domain % AWz DX, Ezrin (X FERM domain &
C-terminal domain {XNERFES L CH Y . PIP,»% FERM domain {ZFEE 95 Z L2
L VBT 5 2 & CIEMRIS T (CD44 EFREAT2) 1Kk d ZEBHE I T
Do AMFFETIL, Ezrin OFUEREERT & B8 5 %12 FERM domain % VN2,
PIP, /X Bzrin ®# C72< 4.1R 30kDa FERM domain IZbfEE L, #AETHT7 I/
FerE LN FE &7z, PIP, 1% 4.1R 30kDa FERM domain (ZfE&4 2 Z &I2 LV,
N-lobe IZ#E &3 % Band3 OFEGITIIIHIAIC, 72, alobe IZHEET D
Glycophorin C (GPC) DA IIEET 203, C-lobe IZFEET 5 p5S OFFEAIZITED
ELWZ EPHmE SN, CD44 DFESELAY, C-lobe FHBICEE SN/ Z &
(ZX v, PIP,IZ4.1R & CD44 OFEAIZEE LW Ebh 5,

4.1R X Ca¥/CaM IZ & - T CD44 & DFEG I HIEH 45, LA L. Ezrin 21

Ca®*/CaM DFESTEIX 72 < 0 F DOMBERIRBIERIE VA D 5,

[ D]

1 IZHRERZARIE LTz,

FERM domain TORE 7 P —3#I 30% TH D0, X BiFEeEEfT O R T
IIFRPEDR D TRV ERAL MR- (R 11)

REFUAZAWCHIgRE TIX, 41R, BT CD44 ITMAEIEIZRTE L72a3,
Ezrin & Ankyrin (3 fe B P BE AR RTE L T2, Ezrin FERM domain (3,
CD44 fifaN N A A > (CD44cyt) & FHTAEBEE I Kpy= 5x10°M THEE L7z, &

BEEEEIT. 4.1R FERM domain & CD44 & OFEE LD L R&E o7z,
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4.1R @ CD44 fEGEANLIE LIRS £ D C-lobe (Exonl0 =1— RfElk, 51 7 3 /
BEFREE) 12V . REMIICHEST 2 p5S LIEHE Lieh oz,

HeLaff2 T3, RIMERAL 4. IR RNZFDZ—/)N—T 7 2 ) —EHE TH 5 Ezrin

(FERM domain. TORED P —I3K 30% TH D08, X ks @ EMTOBRT
(SFRRED D TRV Z B ST/ 5 7z (Han et al. 2000), Ankyrin BE N
CD44 BFEBFL Tz, BEKZHWEMEREETIE. 41R, R CD44 13

ARBEIZ BFEL 724, Ezrin & Ankyrin [3HIAEE IS SRICBEL Tz,

Over-expression of |
Ezrin FERM domain |

Fig.11. Proposed model of CD44 interactions with FERM proteins. In Hel.a cells, 4.1R bound
to CD44 and inhibit Ankyrin binding with CD44. As Ankyrin cannot access to CD44, Hyarulonic
acid bind to CD44. When the FERM domain of ezrin having higher affinity to CD44 than 4.1R,
Ezrin engaged the CD44 FERM binding site. Possibly, Ankyrin can bind to CD44 and then
hyarulonic acid also binds to CD44.
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Ezrin FERM domain I, CD44 fifaly N A A - (CD44cyt) & FHTAEEEER Kpy=
5x10°M THES LTz, HEEEEEHIL. 4.1R FERM domain & CD44 & DOfEA &
DHREMNoT, TOEEL S EIZ, Ezrin FERM domain % Hela i fa PN Z 5]
R ETH & 4IR ITMREIZ, Ankyrin 1T, MREIZ 2 DIE L7z, T CD44
RV GRELREIEIC LD | CDM ITMEANT 41R EFEEG L TWD Z & 3G
STz,

AHFFETIX, CD44 & &7 va VEEOFEA 2% Ankyrin & OFEAIC X 0 HlE
5L EHEFROLRICH 5 4.1R KON Ca* @ EFIZfE 5 KDa OHFIfH % A 8

PIZTHZEEBERE L TAaBE L, LAL, 41R & Ezrin @ CD44 f5A & DF
EYEIBA B2 o 7223, Ankyrin DFEGTEE TIEAD SRR D o7, MR ES
& ClL. Ankyrin OFEEFBEMIZEE S I L7203, CD44 & DFEE F TIEAREDS
72h o7z, Ankyrin 73T OMEFHHEIC & D RBILEEOBINHRBMRRA L Z 2 6
%o E7-. HeLa MR BPICEEICE 7Tl U EEZ HOHMW L TEY . CD44 55+
DeThu EBEEEIERT A Z E N RN o1, BIE, BERMIKTH S
KG-1 } U8 Jurkat cell & TR K562 (CD44 negative control) % X812, [Asys®% & HUY
THFETTH D,

4.1R D CD44 FEEHNL TH D 4.1R exonl0 8i1L, exon 9+10+11 = — Nf#ElEk % pCMV
vector #/% GFP fl & B BE & L C HeLa MR R I & 2 & HIRRE AICBEAIRIT Sy
i REMEREORREMENRH D) L, M8 TO 4.1R-CD44 OLEERICITM S

7275357~ (data not shown)
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Fig. 9. Distribution of CD44, 4.1R and ankyrin in HeLa cells. Cells were probed by

indirect immunofluorescence using primary antibodies as indicated in “Materials and Methods™.
CD44 (red, a and d) was exclusively detected on the plasma membrane. Ankyrin (green, b)
was present only in the cell interior. No areas with yellow staining could be seen with double
staining for CD44 and ankyrin (¢). 4.1R (green, ) was detected in the cell interior and also on
the peripheral cell membrane. Areas where red and green signals coincide are shown in yellow,
indicating the co-localization of CD44 and 4.1R (f). Samples with non-immune IgG or

without primary antibody showed no fluorescence.

Fig. 10. Changes in protein distribution in HeLa cells with ezrin FERM domain
over-expression. Cells were probed by indirect immuno-fluorescence using the primary antibodies
indicated. The ezrin FERM domain (red, a, d and g) and CD44 (green, b) were detected along the
peripheral cell membrane. Ankyrin (green, ) was found along the plasma membrane and also in the
cell interior. The ezrin FERM domain co-localized with CD44 (c) and ankyrin (f) along the plasma
membrane, as indicated by yellow staining in the merged images. 4.1R distributed in the

cytoplasm away from the membrane (h and i).
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# 127 135kDa 7 protein 4.1R (4.1R'®) Z .02 L2 RIFEIR
TOMBRBEERERHERORE

[ B®Y ]
Background 1: Spliceform of 4.1R
AUG 1 AUG 2 Stop
| | | O B | [ [ | |
Exon 2' 2 "4 567 8 'daouz 13 141516 17 18 19 20 ' 21
FERM U2 SAB CTD
K"D,.FIMI 4.1R80 30 kDa ‘ 16 kDa ‘ 10 kDa { 22/24 kDa —|
Ca**-dependent

Ep=10™™
Ca*-independent

Ca*/CaM

Two major isoform of protein 4.1R, 135kDa type (4.1R1%) and 80kDa type (4.1R%) are expressed in
erythroblast. One difference between these molecules is 4.1R™* having additional 209 amino acids, head-
piece (RHP) at the NH, termini of 4.1R%.

We have reported that the caimodulin (CaM) bound to the 30kDa (FERM) domain of 4.1R% in the Ca?*-
independent manner. In contrast, CaM bound to HP region in the Ca?*-dependent manner. The K, was
108 M.

FRFERE O EEMIBICRIA TS 135kDa DT A Y 75~ (41R™) (X, 4.1R®
D N K¥mEBlz#) 23kDa (head-piece, HP) DR YU XTF RRFIMIALTWHD, £
DIEAYE & OEMERIZ OV T RIRRE TH#E Lz (1T 1 ) . 4.1R™ ? 30kDa
FERM domain @ N K45 209 7 X /AR Y ~7F N (HP) X, 30kDa FERM domain
CIEERE (GPC & Band3) & OfEEZHIE (GNHl & RE) Lz, 2FY . GPC,
Band3 OHRAAN N A A o LI3E 4 | FEEEEER—10°M K OEBEER—10°M THs

A LT, Z OFEEEEESIT. 30kDa FERM domain & R IEEBE LE & OV
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BEEX—10"M &3 E 2 > TEY . HP » 30kDa FERM domain & fEfE] & DfESIC

DoOTWBHI &

Background 2: Ca?*/CaM regulation of 4.1R binding to membrane

In vitro binding assay showed that 4.1R!® bound to cytoplasmic domains of Band3 and GPC in the K, of
~10% M and ~106 M, and to p55 in ~107 M, respectively. The Ky, of RHP and 4.1R™ to calmodulin
(CaM) was ~10% M in the presence of Ca** but not in the absence of CaZ*. The Cal* saturated CaM
(Ca¥/CaM) and RHP completely inhibited the 4 1R135 binding to GPC, and p35, and strongly reduced the
binding to Band3.

AIM:

In the present study, we studied on the immunocehmical localization of 4.1R isofrom during
the erythropoiesis.

~L7Tz, HPIZIX, 30kDa (FERM domain) & ¥V HEALIZ CaM 23R LTz, CaM 23
CTFETFT CTHP IZFEATD & 41RP & p55 R GPC Lzl EaTcEiailo
7z, ¥7=. Band 3 & OEEEEEIT—10° M IZKE < RV FEE OBFENME T L7z,
UEDG HP T 4IRP DOEFEIZREEOL D Z & 2R Lo, RAFFETIL, in living
cell invivo)DF & LT, b MRFERIEERZ AV, 4IRPZPOIIEEHRERE T
&% GPC, GPA, Band3 KX UFp55 ORI b & A E e BiE TR LTz, £D
fEAR, 4R (X, MR E /o L, MBI IAF(E Lo 7c, —75, GPC, GPA,

Band3 35534 5 B HICITMIBREEIZ 04 LTz, ps5id. MREEIZBEL > T
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7o 4IRFPSHIBAIRIZFE L2V DiE, M Ca¥ RENE W=D EE 2. EGTA

FET T40 5. RFHRZEEE LR, 4 1IRP ITMREICRE L,

[ ke FHiE )

1. RIEROEEE

TRIFEROIEHR R OREREIT, KARERZMANAEERE i & 0kq
R TITONT, MBAREZEEFZBARERRIAERE. AOEMREREDH
VAR = Y e

RAEE B 7ok L THFRBE 23 L. AAKEIC L Clmikae 2 5m L
7,

b NERE LD 6B L 7 ik E AR & 553 L C CD34 (tEfifa 2 &8 7-, &6
iZT Y 2uRTF L (EPO) DEANZ LV IRFERIZ/HEFFE L, CD34 BEAH
M%7 FF%E Day 0 & L THiAELT 2 £ TREMICGEIEZ TR 72, MiaiXEE
%, IR RFISE BSA TV 1y x 7%, —kFUA L LT, ZFRHL4.1G Exonl6
EEUE 2 SUS S ¥, FATCARR RukEZRs S8, B RV — —BEfER

(Zeiss LSM 510 confocal microscope) TH#IZ L7z,

2. Hifk
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PL4.IRHP HUE, #1 p55 Fufk, AMFAE THELEBZ BEEEARE L. FRICA
L TR, FLAIRYHUKIZ, RIFRECHRRICAE L THE, &2 OHEE,
J§% 71> 7V > 7 L7z Sepharose 6B (GE Healthcares Biosciences) 7 7 L7 < k7' 5

=&Y, T4 =T 4 —HBRENE, FUEORREEIIRET 0y METHR

L7z, v ZAHLGPC Hifk, Hi GPA Hiff, #i Band3 HifKIZ Sigma 22 HEEA L, HUE
DS RIEIGRIE T 0y METHR LT, # 30kDa SR, ~ 7 R 0 —HiffE
AWz, B2 a— U JUEOEREORRRESE (=8 h—2) SIS, 554 Big 2
BIZFL LTz, v UART 7 F VB a—Hikid, V7~ bEA LR,

FEHAEFE(CYy3 XOFITC) 22 Vo — b L 2RI DAKO 2 HEA LT,

3.8 e o3 T ¥

MESEL, TRIOR L2 2OFEEAWE, 2%0, 5% 7H8E (Day?) ©
HHAD 10°{E 2 A& L7z, #AaIL. ProteoExtract®% AV, FAFBAEIZNE - THIES
B (EHEsy, MREES ., BES) 21T-o7. F72. b — DIl FEE LT, R

(SRR LM 2 AL R R D BEIC LY | EES 2B (TRRER)

(T) ProteoExtract™ o o (T0) sedimentatien
(Calbiochem Co. Ltd. USA) - L L D7 cell lysate

L cytosol R (sonicated sample)
2membraneandorganeﬂe e c|> memﬁKSlnm
3 nndexc P ) SUE TOWBJX 360 '
CBB: Cﬁomme Brilliant Blae G250 - pptip) super(s}

4. EGTA FET CTORFR DO E
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3mM EGTA 7€ F CIRIFER A 45 5i5&E L=, £72. EPO OEFEE. ¥FETED
HETTHRERIZEES Uiz, MR LEE L RRICOE L%, A s hn it
ELBEMETEE LT,

[FER & BE]

1. Day? RFROMBIEE 0D RET v v FEIZ X B 8T

a-Actin

kDa 1 2 KDa 1 2
igg: + 4102%%Da %ﬁ: ProteoExtract™
75 - 7= w4 50kD 1Calbiochem Co. Ltd. US4}

. ™ <61kDa 50- 1: cytosol
50— 7 . L 2: membrane and organelle
37— - 433kDa k) 3: nueleie

25 = 25 =
»- CBB:
- Coomassie Brilliant Blue G250
a-Buad3
a-GPC

a-pas

Fig. 1. Immuno-blot of membrane proteins in erythroblast (Day7). Lanes 1~3 represent as cell
fraction by ProteoExtract™, cytosol, membrane and organelle, and nucleus fraction, respectively. S and P
represent supernatant and precipitate by centrifuge method.

Day7 #RFEROMPEE Y OFRE T 0 v MEIC X BT E21To7-, B 1 T, &
BERIKBKIZBWT, lane FE 13 1%, MaEE S, EE S, FESERT, 72,
S &P, BUONEKEIZLSELO EERBIOUMEAFR T, H30kDa Fiilid, Ml

H431Z 80kDa (v — W —ERELZIERL U CTEHENT-4FEIT 79kDa) D3 R
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Dft, 56kDa fHE%EIZ N RERE LTz, #MRaE 28 T, 46kDa fFimic/ N R4
M L7223, 80kDa /Ny RidkH AR M o712, 80kDa & W /&S FEITHEH
Do EEY & Bioh s, = UoREHE T, MRESEIZ 135kDa D 4.1R R H TE
72o PL4.IRHP FLiAIL, AMALMEE 4312 142kDa KON 106kDa D E= 53 K&K L
7o ZOMIAEE S, MIARNNBE (FATRT) OEESbDEA TS, Kib
EnH, 4R ITHMRIEIZBET 2 &I13E 272V, 1l Band3 Huikid, MIGEE 3 1Z
102kDa & 61kDa @ 2 AD /Xy RE&EBMH L7z, 102kDa 352 £ D Band3 91+ ThH 5
EBoD, 61kDa D/ NI MEEY Th D FTRetEn |V, —77. Miana vy
2T DIERSY WA TNDZEnh, ERET DR FEIE, 61kDa DHESF
BIFET D Z &b EELRR, AV 72$t Band3 FiikD b —7IZET 2158
N2 61kDa Band3 23 & @ Fragment 72 DI REIEH K20 o T2,

1 GPC Fuffid, MAE S EIZ B ER D 33kDa 36 K UYHALIEE 4312 59kDa D3
NERBRE Uz, MIRRE I, BER GPC o 2Rtk h - 72, 59kDald 2
BRGPC &EZbND, THET, MARMIKE TIIEER GPC 23 #lE STk

Tz, WERRIE LT, 77 F 2t Lz,

2. RERIZRIT S AIRFEUVEBRAERBAEORBRRBYE(L

IRIFEKIL, BEE%Z 12 BBIC, MlaoRE I/ iED, 14 A B (Dayl4)
T L., EOBRBEIRIERIC o Lz, RFEREEFLARE (Day0d) T4.1RY @
MR TORENBE X4 (datanot shown) . Day3, Day5 Tl 5 12 H 52

ST, ZOEE, GPC DHIfAERENBIZE Iz (K 6) . Dayl0 Tik, 4.1R™ X
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MM TOYRENEL 2D, bV IT 41RY NSRBI BESBIE SNz, REGR
MERIZINT, 4 IR IFEBEINRNo7208, 41RY ITMBEEICHR B IN
7z (X 4.) . GPC 1%, Day0 7> & BRI ERICE F THRERESBRE I (K 6),
Band3 H1FIE GPA [E#§IZ Days LIERIZ R &2 3807,
pﬁH;Dw3#6TTK%ﬁLT%D\%%E&U%@ﬁﬂﬁﬁbfmko
1212 U AW T2 HURI 55kDa 23 > RESMT % T6kDa D73 R AR L Tz (K
3) ., HIE, pSS DT A Y 7 4-2 (alternative splicing |2 & 5) 13#E ST 72
W, —F ., pSSICIZCASK R Y OMEERE (77 IV —ERHE) B0, —
WAEE EOMFEMAZFRD 5 (Chishti, 1998) , HIZKFEMEDOE UK E FV 72 fE
HrsnE & Bbh b,

FET Ty METIE, LA IRYHFURIZ4IRP ZRH Leh o2 2 &b K5
THWEH 41RPHFUKIZ, 4 IR ZEMICKRE TS EBESRS (272U, #ifRk
BTH 4 IRPICEEENTHD LTS 2R . FL4IRYFURIZ K V| Day7 LN S
Bt o 7 v & MIBATELE R IZ B T & 7z, 4.1R®IE, 4 IR™WICH LT & v Ml
FIZRTEL T e, R, Dayl2 OBUEZERT CTIER O ICHIlaEEIZ BEL TEB Y,

ThiE, 4RV AMIREICAEEIC oML TN el L RS,

LEDREREZHIEL T, FREHBEOEOREBAORKNELER S IR L,
L. BEEZFENCEELIEZERIITRY, 22 &L KEBERE T GPC,
GPA K U\ Bandd3 ®F 13 Day3 2> 585 F Y Day7 12 WHEBR IR R AIA F T
WA ZERRALPITR o T, BEEOHEEM (Day3—5) Tid, MaE EICBERRIC
RN LD, ARENT- GPCEDEERE AEHIT. EAEANE %

SR ETHBT D bDEEZXLND, MK TOLMICITAEE R,
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Figure legend for Fig.2~4

Figures 2~4 show immunochemical localization of membrane proteins, 4.1R"**, 4.1R¥, p55,
Band3, GPC and GPA in cultured human erythroblasts. Nucleus was stained with DAPI
(DAPI) as blue. In Figs. 2 and 4, the phase contrast image of erythroblast is shown. Merge
means images of two different antigens merged in a picture, for example 4.1R135 (green)
and Band3 (red) in Fig.2. In Fig.3 (the bottom lane), we used rabbit antibody to 4.1R¥.

This antibody is specific to 4.1R* based on the immuno-bl0t data showing in Fig.1
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Fig. 5 Time course of apparent expression of membrane proteiNns beased on the immuno-

cytechemical staining.

FiZ, ~A 278 AL EMSELFEET 7 MEENRBb-o TV & Ebh b,
AIRY OREBIIEEWECREH LV b ENDZ &6 4 IRV BEEEEQEHOS
HEHRETSD MMEZEETD) RAXHD L Ebnd, 41RY LES LIELEN
Z F % spectrin DM BETHZ LIZE D LGRS L2 5 L Ebi b,
PS5 IE., I FEIE LT O CRBENZ SNV I FALEIND Cys BEBH L Z Lk,
MIEICRET D L Bbhd, FE, REREAIE pSS OMRERELRL TV,
D7pd LB GPCIEp55 EREATHZ &b, HIBEE ETIEGPC 2R E LTW5
AR ETERY, Ll MOKREBEQEICOWTIRIOMELZZ 2 72 <
TIF2 672w, —J5, An b (NYBC, #ME) IZINiE, v~V ARFEREZ T L P

S NVATREERS 7=, RNA TH¥IZ LY 4.1R OB 245 &, GPC iZfia
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RIIIHFEE T, BABIT T2 L 2BE L TWD, ZOMRIL, 41R DXREBIZ
FUEEBREAEO/MIBMEEBICRELZE L EE20ND, ZORBRMNEL
FHUE, 4 IR IIREBEAEOEBLUATH 2 WIERIFFIZEERE L TV HLERDH D,
FHFFETIE, BEAHAIRYOREBNPEERERE LY bEBVWEESIRREETVD
L, REREDHR LT L TWRWOT, VT AVZA APCREEXHAVZER
HIFRITRORE 7 vy MEX D EERNRBBLE L Bbh b,

ZHVE TIZEZin viroDE QB -E NE RS M 2> b Ca®/CaM 73 4. 1R K T
4IRPDOIRFEEGHEICOVWTERRDIEHZTHIE2W\OLNIILTE R, 2ED,
Ca™/CaMi34. IRV L JRERE L OfEE %50 5> (FEREER L0 LA &
%) D3, 4IRPIZHR L TIEGPCEpSSIZ OV TR RICEARAHET DI Z & 2
E L, AFETEHELNTZ, 4 IR L4 IRPOSAICENIL, Ca*/CaMIZ L 5
BaE~DOHIEHEHEDOIZOTH D EDRFE T, TORMDERIZIL, EPO
IITMIRNC % ER S5 Z LB MEESNTVA Z &I X 5 (Misiti and Spivak,
1979) . —7. FRFEREOGR B MFMIED—>TH HK562/Ma %2 FV THEER
IZEGTAZ Nz 5 & MIENCa B E ([Ca™)i) AT 52 ERHEIN TS
(Misiti and Spivak, 1979) , VL b G| {RELAFEAT 272 OIZHRZFEK (Day7)

. Ca¥*¥ L= MRETEZE L4IRPOSHEBE LT,

3. EGTAFET CHEELERFERTO 41RO 4LHA

4R HE BEMENTRBENTZ, ZOREIL, Ca¥/CaM O HP &L A L%

Zbhiz, FFE, U AuRTF IFE FTIIHBEAN CaREN EF LTS Z &
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WERE STV D, LEBIEENS, Miast Ca¥% EGTA TXL— F T2 Z &I X
V. 4.1R" OMRALSMAMIEICZE T D & E L7 (OCER) . 3mM EGTA &
Z T8 (=) ZAaR=F UfFEEF) T Day? OFRFERA 20 BRfgHE$5 Lo
BRI, =V 7 Lic, £72,41R BIEL Ko7, CaM Zfiflad a4 % & |

e MR T LTz,

4. HP ® 4.1R™ ®» FERM domain B4 ~0 B 5

ZHIVE T, invitro TOFREEHENT I L ORISR T in living cell TOFERIZ, HP I
4.1R"* ™ FERM domain JEfE & AT 2 Z L 2B 52T L C& 72, HP % FERM
domain & JEA L7z & & FERM domain DEHE S DL EZBH LM T 5 Z & THP
& FERM OBENH G025 EHfHFTE D,

F 1R L7z & 912, HP & FERM domain % JEA L C% FERM domain & JRE AE
Band3 & p55 & DFEEICHAREILIZIR G2 h T, GPC & OfEETL HP &IZLt
B L OO iR E A K& < Ae 572, HP BIfIX. FERM doamin & fEA L7223,
Z OfERIT, HP BAZEMBNC GPCREBEICABE SN D Z 2R L TW\5D, FEL

<L RIETEEDRT Do

[k & ®]

4 IR E O 4. IR I BEAZIEERORFERL AV CTHE L, 41RPITHIEN

WA L, 41RYHIEIEIZBIE L TV e, Z OG0 OEW L, Ca®'/CaM T X 5 i
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THHZ EN, EGTAIZLAERERD CaZ¥DF L — MIEIVHONNI RS-, ZD

FERIT. invitro FEEMMT O R E2XF LT,

PR EE A A E BT RER B LA D HE TR

ICREE LT,

Table 1. The 30kDa domain binding to membrane proteins in the absence and the presence of HP

Analyte Ligand k,(AFL s ks K, (mhD
HP Band3cyt Na Binding No Binding No Binding
30kDa Band3cyt 6.0 £ 0.20 x1¢# 1.2 +0.10 x107 200
30kDa + HP (1:1) Band3cyt 1.3 +0.10 x104 2.3 +0.10 x10° 177
30kDa + HP (1:10) Band3cyt 8.1+0.70 x10¢ 5.5+ 0.12x103 68
HP GPCcyt No Binding No Binding No Binding
30kDa GPCcyt 7.0 + 0.50 x10¢ 1.2+0.10 x1072 171
30kDa + HP (1:1) GPCcyt 2.1+0.20x1¢4 2.0+ 0.10 x10°2 952
30kDa + HP (1:10) GPCcyt 6.5 + 0.30 x10° 3.4+ 0.12 x1072 5230
HP pSs5 No Binding Xo Binding No Binding
30kDa pss 1.0 £ 0.20 x16° 4.0 £ 0.20 x10°2 400
30kDa + HP (1:1) pss 1.4 +0.10 x10° 6.0 = 0.10 x10 429
30kDa + HP (1:10) p5s 9.7 +0.70 x1¢4 3.7+0.12x102 381

Kpy values for the interactions of 30kDa alone or mixture of 30kDz and HP to GPC, and p55 and Band3 are shown. Each

analyte (50nM to 1 pM) was incubated with the identified ligand i bilized on the aminesilane cuvette as described under
Materials and wiethods. ¥rom the binding curves obtained by the resonant mirrer detection method, Ky values were
determined using the software package FAST-Fit ™1

[3CHR]

Chishti, A. H. 1998. Function of p55 and its nonerythroid homologues.
Curr. Opin. Hematol. 5(2), 116-121.(Review).

Misiti, J. and Spivak, J. L. 1979. Erythropoiesis in vitro. Role of calcium.
J. Clin. Invest. 64, 1573-1579.
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B3 XATEAEZHAVWE4IR &£ 41G D
AR RS & D 4 T 55 Bk O fEAT

[B &)

RFERTIT 4IRD 7 7 T YV —EHE 4.1G (G 1L Generally expression D T mRNA
L UL OFEAT TIXIZIE 2 TOMBICREE L T\ 5) ORBBEX TR SN TV 58 ERE
DEEREIT 2L, Fo, TOEERE L OMEEAIIRBTH o, £/, 41R
& 41G 1L, FIZIERFBE %7 5 30kDa FERM K A A >0 N Kugihic 209 7 I/ BEFk

Structures of 4.1R and 4.1G

AIIIG 1 AUG2 AUG3 Sto&)

| 1 |
16'17 B 1819 '20 21 !

Ll * = - hd

| | |
[ saB | | cm |

209aa 30 kDa 16 kDa 10 kDa 22124 kDa

1] ]

3502/0 (komolomy) 71“}/0

Fig.1 Structure of protein 4.1R and 4.1G. The homology in amino acid sequence of HP and
30kDa FERM domain between 4.1R and 4.1G was 35% and 71%, respectively. 4.1G has also
membrane protein binding sequence in its FERM domain. HP of 4.1G and 4.1R consists 209

residues.
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%5 (head-piece, HP) DRV N7 F R3S Tns, Fkald, #H#EZ 416G % H
VW, EEEEAZED CaM L OFEEMT 21TV (BTERRE) | 4.1RV OO

s L7z, FORER, 1) 4.1G X HP 12 Ca¥KEMED CaM R EMI N H D (LFEE

4.1G

T g0 Kp—10'M

Ca*/CaM  Band 3, GPC, p55

4R

~EEM ~E65 M ~107 M
Ca¥»*/CaM  Band 3, GPC, p55

Fig.2. CaM reégulate 4.1R and 4.1G binding to membrane proteins. Interactions of 4.1G (upper)
and 4.1R"* (bottom) with membrane proteins are inhibited by Ca>*/CaM. 4.1G bound to

membrane proteins in K, of submicro order. In contrast to 4.1G, the K(D)s for 4.1R135 binding to

membrane proteins are variable as shown in figure.

BRIRE ST 1.1 TH D Z LS FERM domain 121 CaM IZfES L2V, T OHEE

PEIT 4.1R™ & [A%K) . 2) FERM domain (IR E@EAE & OfEE1L—10'M TH o7z,
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3) Ca**/CaM X, 4.1G & Band, CD44 3 L X p55 & OFEEEHE L7z (4.1R™ T,
Ca®/CaM % GPC, p55 XM CD44 L DfEE#E L) . AMFTIL, 4.1G DO
JANBEL MREERE L O FRMEERZHEIT L, 512X AT (kwepa) &
AEAEHEV, 4IRP LHETAEZLICE Y, 416 & 41RO ED & 5 2iEERE

WRTH LOAEYFNER BEatE) LBELTHLINZHLNICLE D & LT,
[hr gt & F ]
1. #%

pET31b(+) vector (His tag Bt & & H'E KEEZEA) 13 Invitrogen £ (USA) |
pGEX-4T2 vector  (Glutathione-S-transferase (GST) tag & A E KIFEREA) 1T
GE Healthcare Sciences Life Sciences £t (USA) 7>l A L7z, pEGFP-C3 vector (GFP
MEELEEZMREEA) 1 Clontech #: (USA) 2 HEA L7,

2. HeLa M DOBEE

HelLa fiAdI%. ATCC 2> 588 A L7-, HeLa #f@IX. RPMI 51112 10% FBS  (4hs

IRI{E. GIBCO#- L VEEAN) HIML. 37°C. 5% CO,. 95% 1BE CTH:&E LT=,

3. REROHE &
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TRFEROEHRR OCREREIT, MBRFEFTARAERE —Zd2 & O4LF
MR TIThI, KARFEFRNRERRARET OB EE7,

BEBFICH L TR E ZFRA L. AR £ TR 23R LT,

b NERTE LA & 4B L 7o s AR 2 558 L C CD34 BMEiilaz 57, =6
(2 ) 2uRxF (EPO) DENNI LV ARZFEIZHLFEE L7z, CD34 [
fa%B7-FF% Day 0 & U CHiAZET 5 F CRIFMICHIEZ IR Uz, MRIXEE
%, FEREGEZ BSA Ty Ry F 7%, —IRbUEE LT, KARH 4.1G Exonl3
SEHUA 2 FULS &8, FITCAE#R ZRIUA 206 S8, EEA L —F —BRE

(Zeiss LSM 510 confocal microscope) TH#LEE L7,

4. MBEXEARDOER

#H#L 2 4.1G O FERM domain, Band 3 . GPC KU p55 OHAERN N A A > DIE
R & CaM OFEENIEE | THIZFEH L 72, 4.1G @ HP K HP+30kDa domain (2L F
GHP30) (% GST fusion protein & L CARIFEIZHEBL I 7, CDNA (4.1G) 7>
5. HP KUY HP30 fBIk%E EcoRI KO\ Sall HIFREESRGINTHIAL 2 0 L7 2~
7 A —IZ X % PCR T8 U, pGEX-4T2 X7 #— (GE Healthcares Biosciences) (Z
FAH 2 7r, 4.1G T, tag FEI A K< X B2 pET31 (Novagen)(Z B #2 % /- #E ZLEC S
BHER%. KIBE (Escherichia coli) BL21(DE3) % HEEix#a L7z (4.1G 1213 tag
EIENTWZRYY) , LB EHICTRIBEL 37C —E&RHT CEESZE L.
OD600 DEA 0. 4—0. 8 IZE L /=FFIZ, IPTG ZRAKEE (ImM) HwINL, X5

W2 37 C—TESMHT T 3 BEIEELE LTz, pGEX-4T2 N/ ¥ —CIEin# 7=
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KIBE L, =0 (RPR20-2 v —& —_ H I T4, 8000rpm, 4°C, 8 43f)) thikt% .
ImM EDTA, 1mM DFP, 1mM 2ME % #¥/0L 7= B-PER™ (PIERCE, USA) (Z
BB LEE LT, WERIIOKE 10 o OBH RAEE, &L (RPR20-2 2 —X
—. HILT#, 18,000rpm, 20 53f#) D EiE%HB 7, LKL, Glutathione-Sepharose
(GE Healthcare Biosciences) &/ L. GST @& ER'E % 7Bk Lf:o GST @&
ERAEHE M U UOABEICEIVERNEBE S GST UM L72%. GST %
Glutathione-Sepharose (Z THZUIX L, Q-Sepharose (GE Healthcare Biosciences) TH
WAL U7z, pET31b vector (4.1G) TREE# L7 KIBEIL, =L (RPR20-2 =
—4#—, B THE. 8000rpm, 4°C. 847ff) iL#%. 1mM DFP, Z¥#0L 72 PBS
(FE1ESR) BB L. KL 10 oHOBFRAEE, =L (RPR20-2 7 —%
—. BILLH. 18,000rpm, 20 23f) D EEEE, EBIE. 35%MEhikE.
Q-Sepharose, CaM-Sepharose |2 & W #FHRL L7z, BHAEDHMPBELIL SDS-PAGE (2T
BRE L7, EREEIXUVELZAVWE (280nm & 260nm Z#HIE L., ELERE

(mg/ml) = 1.45 Ay, - 0.74 Ayy)
5. ¥ATEREOEH

Figure for constructs of chimera proteins {275 L7z & 5 72 4.1GHP & 4.1R FERM
513 4.1RHP & 4.1GFERM %, PCR % iV 7z “sewing method” \Z XV #ERE L, &

A7 DNA Z{E® L 7=, Z® DNA WrH % pGEX-4T2 vector 8(/% pEGFP-C3 ~A

Y=L, Rxid, RKIBEZREGH]RL 7 v —=227%1T>7-, DNA K&
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| 16xDa | 10kDa| | 22124 kDa |

U2 [ sAaB (u3| cmD |

aa

35% (homology) 1%

Figure for constructs of chimera proteins

RS, ERERTA BL2UDE)CHER RS L, PTG I L A /EH#
AEOBRBRAHR Lz, MfEZEQEORE, B, g ENEOLBEIZATE
WZEE L7,

HeLa #ifZ~DE A A Vector (£, QIA prep & FWVERFHAIER L=, ME~DF
B X, Lipofectamin & Fu 7z,

6. REsIE/NBE (inside-out-vesicle: IOV) & DO %ES R

BERABMICS LT, RORERBEOBAL Li- ECORATHEEBEE

T, MKz~ AFFE T CTHIFEIRD IR L | ARIMERZ 538 L 7z, PRILERIT,
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S5SmM PBS I3RS T CIRM L, ~E 7 1 B SHRNRy ZRE L, BrgRim
BRI — X hAYE A ST, FRIMEKE = — X hiE, ImM EDTA &% (pHS.5) IZ
BB L | DT B (ROEEE Y E) %1372, REREENE, & 512, 10mM NaOH
pH11 TR LSS ORBAE 2 EMERE L. PBS THOCHEOH%., AT
L7z, AT, 20 pHIT TAE UIEKEEE 10V & L, mEHHEE
X EEEFMETNAVTIVEEREE LT T v R 74— NE (B3I PIERCE
. USA ZVEEA) WCEVWHEELE (HROEREEL LTAY, #EETIE
RN EEBBOLTHERALE) , e 0BREOMMEZ 41RY (TERUEILEIC
FEak) IOV & 37°CC 30 wHERIGHE. 20% Y 2 7 0 — AWRICERERZERB L.
m-%— (RPR20-2) % AV T 18000rpm, 30min, 4°CTITVW\ihig&7E (IOV-EH
H A 47H) % SDS-PAGE FALERIZIGE LT, —ER&DY 7 /L% SDS-PAGE
N, BEEEYE (Coomasie Brilliant Blue G250) #%., T v ¥ kA Z— (A v
Y4 baxy) T4IR™ RO Band3 (WEMZHE) OWMEE a2 B o ¥ —fRHT
L7z, FERIX, 4.1R'™ @ Band3 (Zx 3 2R YR CTFMM L7z, Scatchard plot

FEATIZEIEICHE - T,

7. RPN | SE R

¥ A T EBEED cDNA % pEGFP 7 # —|ZfiAA, HEES|#FER%Z. KGEE
(Escherichia coli) DHSa % TR B8 LT~ KIGE D L EEHAII Y — 2 o BEERER L |
Y7 a7 h® HelLa MIIRICEARE Z AW T IR L7-, BEMSET. &

Ea L —Y —FEMEE (Zeiss LSM 510 confocal microscope) TH#IZE L7
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8. BAHE-EREM KM,

BERE-EREMBLIOBRBEATTF NHORGEE RN IZIE, Affinity
Sensor #£ (47 > 7'V » ¥ UK) ® Resonant Mirror Detection (RMD) ¥£iZ & 5 1Asys
EEXAWE (B528) , EEEHWVITTF Nid, 10mM Na,HPO,/NaH,PO,,
pH7. 4 fEEK (0.1M NaCl % &de, LLT PBS &BEED) (2 100 mg/ml D BT H
LT X/ v rFay b EIZ, BS® (Pierce #f, USA) %41 L CEE{L L7,
ATF ROEMBMIZIE, —BE7I /v 7% a2y h REICBSA %L, BSEML
TEMILL7=D%, NHS/EDCIZTBSA O7 3/ EEEE(LTHHELIAL
7o BOUGIZIE. 10mM Tris HCI #&%&¥& pH7. 5. 0.1M NaCl (Buffer A) {Zxf LT
1mM EGTA £\ % 1mM EGTA & 2mM CaCl, Z#x TRV (K2 &8B) , X
2y NADKIGREIL 25C— IR b, —FEHRETHE L, KISICEDS
R A—E— (REFEEEHR, MBEREFEHR. HERXEER) ITEAMTY 7 b
ERWTEHHE L (B5BSR) . FEMBEER (Ko, &, Be®EES (k)
CIRBEREER (k) OHMLLUTORTRDZ,

Koy =k 1k,

(AP T, FERBEEEIIK o TRRLE)

9. CaM-Sepharose ~® 4,1R %4t 0 AT
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CaM-Sepharose CL 6B (Amersham Biosciences) D% F 2% 50mM Tris-HCI, pH7.5
fEEUL. 0.1IM NaCl & 1mM CaCl, & CTHRSICEE(L L, RBEIR CEfT i
L LT EBEEBR M LTz, T MZHES L2 E B E L 50mM Tris-HCl, pH7. 5
FR@ENR. 0.IM NaCl & 5mM EGTA 35 £ UV 50mM Tris-HCI, pH7. 5 #51&&. 0.6M

NaCl & 5mM EGTA TIEREHH Ui,

[FER & BE]

1. HeLa MIIZRB L TW3 4.1 EEHE OB

HeLa M3 THET D 4.1 EREE K* OO F 2 FEMICHEET DREANES L

WiraE Ty MNMETEE L=, 5 Exonl3 ~7F RE{AIT 80kDa & 135kDa {23

Na&fH U7z, 135kDa O 32 RIZAERTEGIZ 80kDa /N> KLV His e X7,

N g N >

& o o i ¥ &
@ M0 X e & g i« 0¥
&eﬁi\y r'Q“e KDa <& wbé‘ @’ Q2 kDa -l «Da e&” \xé& ¢@'®\\6&
250 w7 - 250 = 250 - 250 -
160 - -% s6p o i W 180 - 160 - _ :
106 - - 105 = wun § ! 105 - - ; ‘
75 - - 75 - ' 75 - -0
50 - 50 - ' 50 - o
- 1R 1
% o
35 = ¥ 35 mi oawan ; a5 - T
e e Nor :
1]
o-REx.13 o RHP a-G HP o-N HP control o-BU2

Fig. 3. Immuno-blot analysis of 4.1 family proteins in HeLa cells. Immuno-blot was performed
with specific antibodies to human 4.1R Exonl3 encoded region (a-R Ex.13), to HP of human 4.1R
(a-R HP), to HP of human 4.1G (a-G HP), to HP of mouse 4.1N (a-N HP), to U2 region of mouse
4.1B (a-B U2). Control indicates that primary antibody was replacement with PBS.  As positive

control, extracts of mouse spleen (Spleen) and brain (Brain) were loaded onto the SDS-PAGE.
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135kDa /3> Rid, HL4IRHP FUERBHT 53 FERICMETH 722 &b,
RSNz, ML LT 0 A EBOMERZ 7z, U 4.1GHP HUEIL,

HeLa #BA2iZ 110kDa, 95kDa DE/22 2AKD /N> R Lz, £72. 170kDa it
WA FRBE LTz, RE LT U ARHEE vz, <0 ABTiE, 105kDa
DEEDNY RERDTZ, w7 AT, 160kDa & U HeLa #Mifid THE S 7
110kDa }z O} 105kDa D /3 RIFBE S 2o Tc, < 7 A K% HeLa Mifa 2 L
THEINTIESF (—50kDa) D/ NIINREMEEZ HiLbd, HL4INHP T
BiZ, ~ U AW EE L 105kDa i3 FERBDTZ, HL4.1B Huif (U2 AR
%) X, <G Lighotz, BE LT AWM TIE 110kDa IZFE D3 BE
AT, 43kDa fHTIZ S LTz Ny RiZT7 7 F o EDRERGHIZ LD EE 2 60

Do

2. HeLafIRIZARIT A 4.1 77 IV —OHBARE

X 412773 L D12, 41R &, HL4.1R Exon 13 X7 NHU{AIL, MAR-HIARRT o5
R EIZREL TV (KA . 41R™ (JT14.1R HP HUFICE > TR S 1L D) ©
RSB OB R EICBE L TO B8 Z OY@E I sicsm <, £z,
FRALEIZ B8R LTz,

5117 & 910, EBENRREIRES hoTz, KIS2ITRT LI, 7

4.1G HP HUAERRPUEIL, MBI H L TR Y., MABIZIIHB ERE S
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preimmune non specific mouse IgG 10ugimi

preimmune non specific rabbit igG 10ug/mli

Fig. 5.1 Negative control for immunostaining of HeLa cells using pre-immune mouse (upper)

and rabbit (bottom) IgG  There is no staining in the HeLa cells.

oo —77. $14.1G HP SUiEREGURIL, Mia—Miaf oBEfm (e CBEL
Tz, 41R D REZBEIEER S -7,

41G 1L, BBIURIZ L > TRENPER D Z LITEKREY, H14.1G CTD Uik,
C K 200 FREZFHR L TV D, F7z, HL4.1GHP HfEII HP 2R AT L T
W5HZ EMNS, HeLaMiiZidd e L 2BED4IGESFHAEDL LEDNSLZ
NOOESTITMIEBNS RN RS Z EIXEKEY, 41G13% O CTD B TT 7
J U UERRERERATAZENRALNT VD, MBEESEFICAOML TS EEID
IOLOREEEEAE L O/BEIZL A AREESEV,

[ 6 \Z CD44 & DILGLEDFERZ /R LT, 4.1R & CD44 [T HEAR—HA e ] O Ml 5t
ECQ . S 723, 4.1G (BL4.1G HP HUiR) L I3EEBmIEIERE® b o7z,

[X] 7 12 HeLa fAZIZ AT 5 4.1R & Ezrin O 3EGEE %2R L7z, 4.1R & Ezrin D4y

MR ->TWWiz, DF YD, 41R ITHMAEEEIZ, Ezrin ITMEEIZHFA LTz, L
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Untreated Hela cells

anti 4.1GHP

anti 416 CYD

antt 4. 1RHP

Fig. 5.2 Immuno-staining of 4.1G and 4.1R in HeLa cells. Upper panel; anti 4.1G, Middle
panel; anti 4.1G CTD, Bottom Panel; anti 4.1R HP are shown. Interestingly, anti 4.1GHP antigen
broadly distributed in cytoplasm but the anti 4.1G CTD antigen is localized at the cell-cell contact

site in the HeLa cells. 4.1R135 is localized at the cell-cell contact sites.

2L, 5 1-1 TR Bzrin (3B AURICYL A S L7220 72, Ezrin (MR
GRFLZNWZ EITALNII o 7o 3, ZFOSAFBEIC OV TUIRICHEM R 2 &
D

BI12HE TR L DI, BEARMEE AV, iAo Ca a2 EBR{ET S (EDTA
TCa"aFL—hT5) Z&LICEV, HIIEBAD4IRPOSMOENEZEE LT,
4.1G X, Ca*/CaM IZ LV HIIAE~DOREE P HESN D Z L ZH NI LD T,
HeLa #ifim % A\, M/ CREEIE D Ca % EGTA THL— M T A Z &, Fizi,

W-72#HWVWT CaM D 41GHEEZEETHZ L, D2 HDOERNG, 416G 13E~F
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merged

merged

Fig.6 Co-localization of 4.1R, 4.1G and CD44 in HeLa cells. 4.1R was stained with anti 4.1R
Exon 13 encoded region in Hela cells (upper lane). 4.1G was detected by anti 4.1G HP. The
4.1R was co-localized with CD44 but not 4.1G.

| a-R Ex.13

Fig.7 Distribution of 4.1R and Ezrin in HeLa cells. 4.1R was stained with anti 4.1R Exon 13
encoded region in HeL.a cells (Left panel, Green). Ezrin was distributed in the cytoplasm (right

panel, red).

TENREALT D & DRRDFER 2R A 77,
HeLa #lf@% EGTA BLWO L W-7 ZIEEEIRIZENT 5 & 30 D LIBIZERIEAL B &

iz, MBBOFEZEIL., W-7T DFNREN- T,
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Control

Hela cells treated Hela cells treated
with 3mM EGTA with 100uM W7

10min 10min

30min 30min

60min 60min

Fig.8 HelLa cells cultured in a medium containing 3mM EGTA or 100 u M W-7 in different

time. Control (upper panels) present cells cultured in normal RPMI medium with FCS.

EEIZ, FHEICAER 72 HeLa Ml 4.1G 251 4.1G CTD Bk CTH& L=,
FL4.1G CTD Hiih Z AV T2 B e 5, Tld, 4.1G 1%, EGTA AL B\ THEAA—HE A ]
DRI BEL Tz, W-7 AR Crx, MROEFRIZHEV, 416G BE B BRE XN

< potz, - )7, EGTA X L7~ HeLa #lfa#$H1 4.1G HP HiiA CLEdIT 5 &, 10

SN

S DICREIZEAL B B2 WERIZ, MIREICREZBE L, L, TOMHEE
T2 VDT Ca? OFL— FHRIZ L - T 416G BREREN LI E S DITMET

X Ipho Tl
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EGTA 3 mM W7 100uM

10min 1omin

€0min tomin

Fig.9 Distribution of 4.1G CTD in HeLa cells treated with EGTA or W-7 in different time.

Ca™% % L — h LT 41RP iMoo MR B EIC B biZ - 7o, Ca™*
¥ L— MZ X% 41R” DML R U HeLa flifd & SRR IFER T LD 2 &
ITELBRERV S, Lo L. REFFETIE. MIER Ca™ B E ([Ca™]) F TIKEIE Laho
DT, TORITESEALHITLIZN,

IR LI L DI241G & 4R I FEHAEBEES—10"M T CD44 [ZHE& LTz,
I DA Ca?/CaM IZ L » TRBIIBHE SN, Eholz, W-TARE L7
Hela #if2 2 H14.1G HP FLiA CLET 5 & | Ml RAELNE L RattE B L

TV,
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EGTAS faM

10min

60min

Fig. 10 Distribution of 4.1G HP in HeLa cells treated with EGTA or W-7 in different time.

10min 10min

30min [

80min

Fig. 11 Distribution of 4.1R"* in HeLa cells treated with EGTA or W-7 in different time.
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Table 1. Effect of Ca**/CaM on 4.1 family binding to CD44

Analyte CaM £, M5} k(s Ky, (nM)
4. IR full - 4.2 +0.1x10* 1.5 +0.25102 357
4.1R HP30 - 2.6 +0.1x10° 3.0 +0.1x10? 110
4.1R HP30 EGTA + 4.120.1x10¢ 1.5 +0.1x102 © 366

4.1R HP30 ca + No binding No binding No binding
4.1G full - 3.8 30.1x10¢ 6.6 +0.1x103 174
4.1G HP30 - 7.1 +0.1x10¢ 1.4 +0.1x102 197
4.1G HP30 EGTA + 7.7 20.1x104 2.1 +0.1x102 273

4.1G HP30 ca* + No binding No binding No binding
4.IN 4.4 20.1x10° 1.1 +0.1x102 2500

v
INHIBITED » INHIBITED

ca¥/cam #
Kp=1 03 M Kpy=~1 03M
Ca?" -dependent Ca?" -dependent

Fig.12 Ca®/CaM binding to HP of 4.1R and 4.1G inhibited its interacting with CD44.
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3. RERIZRAIT 3 4.1G OMBER/TE

4.1G I&, FRFEIEE 710 A BIZ—@MICHRE L Tz, HSUFRREIZLY 416
IRFEROMPBE B SRR B I N, Fo. CREHZBHES 2H0E1%, fE
Ty MEIZT, 45kDa OMEIZE—V FERLE, 2O/ Rk, it 41G30
PURCRPEE SR P o2 &0 0 RIEFFRKICEZT L TV D 4.1G 1, N K x K%
LT A Y 73— DBREETDIONE LILRV, B TIiE, 4.1G XU 4.1G » HP30
Z L RHERE D COST THRMIFEE L 72 | ERRICHIRARICER 5 Z & 21D T,

BIREERE TR L L 91T, GFP & ™ 4.1G K1V 4.1G - HP30 X, MR ERE BT

SR . 45kDa

Fig.13 Immunoblot analysis of 4.1G in erythroblasts (Day7; D7 and Day1l; D11). Lanes 1~4

represent as cytosol, membrane and organelle, nucleus and matrix fractions.

THIEMND, MRERICRET S Z LR S (BEL, COST Mg THDREER

D 41G BERMETHREAEIZFRE I TV, ZOEERTIL, Exon 16 K&E
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BEZBWVWTWADTA< &b Spectrin/actin filament ~DfE & TlI7ev & Bbi

b, £7=. GHP & CTD 3H2HOZRELFEETHLOHRELE D) .

4. 10V & 4.1G DORESHRIT

4.1G & 10V OFERIT 21T o 72, ZDfER. 4.1GFERM N A A 4, 4.1R FERM
RAAL U EFFRIZ IOV EfEE LT, GSTIXIOV IS L o7z, LRORR%EY
B E Z, 41G LEEAE (GPC, Band3 KU p55) & D TAsys®IZ L 2 5 E i B fEsT
%1T-72, 4.1G iZ. GPC,Band3, CD44, p55 &{iTh & —100nM oD FHTAREEEE ChE
& LT, Z ONffEEER L. FERM domain i3, B COBEEDPBARLREALE 7=
ZEMDL, 41G 1K, 41RY LIXRZRY | HP fREA FERM domain & EEKEAE
S LRI LRG0T, 4.1G HP EIRIZ 1T Ca™MEEMEICHA T 5 CaM
AR DY, TOBSEFE L, 41GHP BED CaM &7 F N & Ef1L
LTIy Faxy AW IAsys® TOfENTIZ LV | Z DT F FiZ CaM
T Ca RIS L (K 14) . ZOEFIE 4.1R™° HP O CaM fES L & 36
IR EITWe, BEEFIOFERMEND, CaMEEICEDL L7 I BERESEE Sz

(X 14) ., 41G HP RO CaM FEARXTF NI, AT TAT IV ICHEETH & F
TTNT I UAIREHEIC o T,

4.1G HP 1 4.1G full & R4RIZ Ca® K fFMEIZ CaM-Sepharose CL 6B (Zf#E4& L7z (X
15) o ZOFEAIX 0.5M NaCl THREE L 72027258, 5mM EGTA TIEH Sz,
4.1G HP & CaM DfEA L Ca*IZ L B CaM OB ELACITIRFET 5 Z E B3 L T2

277,
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A gares [T

CaM bindine site. S RGLSRLFSSFLKRPKS
£ SRGISRFIPPWLKKQKS

* % % A * x A A * v A * %
4.1G:
80r

B +Ca?+

< 40|

&

3 -Ca*

£ O

§‘ o

4

2 4 6 (min)

Fig.14. CaM binding sequence of 4. 1GHP. Based on the 4.1R HP CaM binding sequence, a
sequence of CaM binding to 4.1G was predicted. Triangle indicate the identical residue between

4.1R and 4.1G (A). The CaM binding profile of to predicted 4.1G CaM binding peptide of 4.1G

immobilized on the a cuvette (B).

A. B. . s C.
CaCl, EGTA u1a 3 .
AR I 150 =
e 75 -
. 50 -
. 37 -» - - e GHP
* i 25 Wl < GST
* N
Jee
N tad 20
I R -~
- %
Fraction

Fig.15. 4.1G binding to CaM in the presence of Ca®. (A) Purification of 4.1G. 4.1G was
purified by salting out and Q-Sepharose (Lanes1~6) and CaM-Sepharose (Lane 7; Ca**-presence and
Lane 8; EGTA). (B) 4.1G HP bound to CaM-Sepharose. (C) Analysis of proteins from
CaM-Sepharose. Mixture of GST and GHP loaded onto the column in the presence of Ca’*. Bound

proteins were eluted by SmM EGTA.
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41GHP O7 I/ BRIEAL (209 £ M OEHE S 2 F 81T, 24374.99Da TH D |
GHP @ SDS-PAGE LM%y F&it 37kDa (K 15) TH o7z Z & h 5 GHP DKERS
MEZEDRWT VA LAEETHIZ EDHALNE 2o, RERIZ RHP 13,
23365.15Da Tdh > 7275, SDS-PAGE b4y F &3 45kDa (Nunomura, et al. 2002) T
bole, TRHDOHFEEIL, HP FEIWTH LT VA ABETHH Z EBHALNE
2ol RHP DF P L VEEDERE (T FLREEL LDIERV) BEne

Bbhs,

5. % AT FBAGORHM

4.1GHP /% 4.1R HP & —&RiEEIZH YD DEWA>S . FERM domain ~D EFE 103

Glutathione-Sepharose . BB T LS MZL 72, FERM domain (13X 1 (27
a

Thrombin cleavage L72E2271%D Tl —RNHY JBEAE & DOFEE

SP- S;Pharose EEE O CTHERRERERD o=, KF T41R

50mM Tris/HCL, pHT.5

0.2M NaCl, & 4.1G DHEEBER ST HP IC L VBEES N D) & FEEF

1mM EDTA,

HrMLZME 4 %5#12. 41RHP & 4.1G HP %3 % ¢ FERM domain

0.4mVmin

2nil/tube EDFX AT (xwepo) EAEZER L, XEOEAED

Gradient:

0.2-0.8M NaCl, 100ml BONSEESICED S HP OMRE2 EZE+5 2 L 2 H
& L7,

BEFLEHFHEZIVEREINZFATEALE (4.1G HP & 4.1R 30kDa FERM
domain ® ¥ A 7 & HE GHP-R30) DOfFHELER (Ao 7 v —F v-h) ROEKIKE)

fRATRERE R LT (K17 o JAVEFA I T L THE L GSTREEREL b
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oy EVABEIZ L VeI Y B 7=, % GHP-R30 1%, pH7.5 TW#i{L &7 SP-
Sepharose 7 7 AZEM LTz, A7 —F ¥-MIRLIEL I, BT ATREL
7B AEE NaCl DIREAR THEH L7z, B 17 12K Lz & 912, GHP-R30 14 0.66M
NaCl [ZEANT-gifl e — 2 & LTI Sz, Zhid, &40 BRUkENE R O
4.1R 30kDa FiiE R UL GHP iz L ARfE 7 o v MEIZ LV HER LT,

17 DFERITR LI RIS BEIII D MRED I ZE T vy P ETHHERE SR

Mofe, ZONENIEIDR L b X ATERE L LT, B2k THD LHWT LT,

NaCl (A

)
A286 08

0l o

100m1
Gradient

‘@ {material for

binding 33;3;)
Fig.17 Elutior profile of GHP-R30 protein from SP-Sepharose (leff) and immuno-blot
analysis of each fraction from SP-Sepharose (righf). GHP-R30 chimera protein was eluted with
0.66M NaCl in 50 mM Tris-HCI, pH 7.5 in the presence of ImM EDTA and ImM 2ME. The arrow
indicates the start point of NaCl gradient (0.2M to 0.8M in 100m). The fractions of around the
0.66M NaCl appeared as a sharp peak analyzed with SDS-PAGE and immuno-blot using antibodies
to 4.1R 30kDa domain (a-R30) and to 4.1G HP (a-GHP). Upper panel shows protein staining of
SDS-PAGE gel with Coomasie Brilliant Blue G-250 (Protein staining). Arrow-head indicate that

the sample for using binding assay. The fraction did not contain any degradation.

88



¥ A 5F FE RHP-G30 (3. CaM-Sepharose CL-6B IZ Ca™ FERIFMEIC#ES L T2,
(R 14) ,

Protein staining - HP

1 :RHP-G30 GST fusion protein

2 :RHP-G30+GST (cleaved)

3: RHP-G30 (degraded)

4 :RHP-G30 {material for binding assay)

Fig.14 Elution profile of RHP-G30 protein from SP-Sepharose (leff) and immuno-blot
analysis of each fraction from SP-Sepharose (right). GHP-R30 chimera protein was eluted
with 0.66M NaCl in 50 mM Tris-HCI, pH 7.5 in the presence of lmM EDTA and 1mM 2ME.
(data of elution profile not shown). The arrow indicates the start point of NaCl gradient (0.2M
to 0.8M in 100m). The fractions of around the 0.66M NaCl appeared as a sharp peak analyzed
with SDS-PAGE and immuno-blot using antibody to 4.1R HP (a-RHP). Upper panel shows
protein staining of SDS-PAGE gel with Coomasie Brilliant Blue G-250 (Protein staining).
Arrow-head indicate that the sample for using binding assay. The fraction did not contain any

degradation.

6. ¥ XA 7EARLEEOHOK MBI

T AuiE GHP-G30 73 4.1G full & [F#EIZ CaM-Sepharose CL-6B & Ca* K Z I FE &

L7zfER ST R - Tz, [Asys® 2 AW HIERE R T, & A & B'E RHP-G30
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i, CaM ZEMI LT I /70 Fay M LT, —100oM (7 =4
ryaF—4—) OVERBEHCRE L. G30 B, R30 B L CaM OFEEF
BERBEERM SR LIS o722 &b, ¥ A 7EHE RHP-G30 Tid RHP (21 CaM
THEEET GOITHERT A ENHALNITR T,

¥ A 7 EHE RHP-G30 X, G30 [F4RIZ pH11-10V &L L, £/, HE&®
EHY (GPC, Band3, CD44) it p55 #EM{LLEZTI /v T vF a2y b

WZEEE L, T OFEMEEEERI—1000M (T ~Af 7 uatd—F—) Thol,

Ca™*/CaM IZ, ¥ A T EH'E RHP-G30 L HE®EMYE (GPC, Band3, CD44)
213 p55 DT CD44 LA DRESE K 101555 < L1z, Z DFERIL, Ca*/CaM D
R30 L EEME & OHIEEELF L CTh o7, CD4M L DFEEITIZEE L) o
oo ®ATERAE®D RHP 1% G30 & HEMNIIKFET HFEOEMICEL Y. RHP &

G30 DIRFESIZE<EE Ll kot E 2 bND,

7. ¥ ATHEAEBL IOV EO/RE

19ITR L7291, F A T EAEIIRER/NMNAIZHES Lz, HP 7217 Tl
BRI/ NMEI R A L2 &35 HP #3432 B Y 2 2 T% FERM domain (3FEIC
fEET 5 I & DRI N, RHP-G30 % P-IOV & 3LIZIRFIT 5 & RHP #4523 5
fE L. 30kDa #(4r (G30) OH 1 ->7-, GHP-R30 @A RHP-G30 XV %
SDS-PAGE TR & 253 FEDMEBIZIKE) =172, GHP-R30 I&, PERIE/NEIZHS
BTDHEANTEBDFEPTOEAE LY bRES o, ZThHDRERE

T, FATERAEL CaM K UREBE & OFEEHBIT 21T > 72,
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FT22IE.FATEAE L CIMOFBEEHMTER A E LD, T A TEREIR,
native ERE L 1T RV Ca FEKIEMEIZ CaM & F5E L. 7 O BRREEE 5034

—10M TH o7z,

pH11-IOV

Fig.19 Chimera proteins binding to IOVs, Human 4.1R 30kDa FERM domain (R30) and
chimera proteins, GHP-R30 and RHP-G30 were incubated with pH11 treated IOV (pHI1-I0V)
and PKC activated by PMA treated IOV (P-IOV). Proteins precipitated with IOVs by centrifuge.
The precipitates were analyzed by SDS-PAGE and immuno-blot using antibodies to R30
(a-R30) and to HP (a-RHP). 30, A and B represents R30, RHP-G30 and GHP-R30. The

numbers 0, I and 2 represent in put, supernatant and precipitate form centrifuge.

XATEABICE > T, AEDHP @ CaM FEEHEN TS LY, FERM domain
EOFEE L ERRC, ZeEE T TEMEEHROE R (BAEOIET) 2
BEIN,
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Table II Chimera proteins bound to CaM

Analyte Ligand k,(M1s1) k(s Ky, (aM)
GHP-R30 EGTA/CaM 4.5 +0.3x10° 4.6 +0.4x102 111
GHP-R30 Ca*/CaM 4.1 +0.3x10° 6.3 +0.1x10? 154
RHP-R30 EGTA/CaM 2.6 £0.2x103 1.6 +0.3x102 11428
RHP-R30 Ca*/CaM 2.0 £0.1x10° 1.9 +0.1x10"3 73
RHP-G30 EGTA/CaM 4.1 £0.1x10*4 1.8 +0.1x102 439
RHP-G30 Ca¥/CaM 1.0 £0.1x10° 2.3 +0.1x102 230
GHP-G30 EGTA/CaM 3.0 £0.3x103 8.8 £0.2x1073 2667
GHP-G30 Cal*/CaM 1.8 +0.1x10° 8.0 £0.4x1073 43

Binding buffer: S0mM Tris/HCY, pH?.5, 0.1M NaCl, 1mM EGTA (EGIA/CaM) or LEmM CaCl, and 1mM EGTA (Ca®/CaM)

Table III. Ca*/CaM regulation of chimera proteins binding to CD44
Analyte Ligand k,(M1sh k,sY) K py (aM)
GHP-R30 EGTA 7.7 +0.1x105 2.1 +0.1x102 27
GHP-R30 Cal 3.7 +0.1x10° 1.5 10.1x102 43
GHP-R30 EGTA/CaM 4.1 +0.1x10° 1.5 +0.1x102 37
GHP-R30 Ca?/CaM 7.5 £0.1x10¢ 2.8 +0.2x102 373
RHP-G30 EGTA 6.1 +0.1x104 1.2 +0.1x10-2 198
RHP-G30 Ca?* 8.7 +0.1x104 9.5 +0.1x10-3 1067
RHP-G30 EGTA/CaM 6.5 +0.1x104 1.1 £0.1x10-2 169
RHP-G30 Ca?/CaM 2.9 +0.1x10% 1.7 +0.2x10°2 582

Binding buffer: 50mM Tris/HC], pH?.5, 0.1M NaCl, ImM EGTA (EGTA/CaM) ar 1.1mA{ CaCl, and lmM EGTA (Ca?*/Cald)
QFEFHDOX A TEREIL., BEEREIZX L THIZ native EAE L I1TE 54
A% 7 L7, GHP-R30 1X CD44 (2% L T native form (GHP-G30 } U*RHP-R30)

I LW 10EFEFHEEL (~10°M) | T2, Ca¥/CaM IZ L - T, EHAREEESL
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K ="10_7 M K’(D)z\'lo'J M
(333)*‘ -independent Cal* _independent

Fig. 20. Ca®/CaM regulation of chimera proteins binding to CD44.

N-lohe o-lob

Fig.21. Proposed model of topology of HP on the FERM domain in chimera protein.
This is virtual model based on the binding assay.3D structure of FERM domain (human 4.1R) is
visualized based on PDB1GG3. In GHP-R30, GHP may locate near the C-lobe. In
RHP-G30, RHP may locate far from FERM domain.
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TR 1045 EAF L7z, — 5. RHP-G30 1%, CD44 |Z A fRBEEE~10"M THEE L
7o, Ca™/CaM (X VHFARBEESR A K 2 720> > 72, FERM domain DO#ES site 1%
C-lobe FHIEICH D Z L ZHALNIZ LT, ¥ A T EHEDOHENTHERIL. FERM
domain |Z HP W& W #iv> T\ 5 (fEE Tldle <, ZMMERE & L T HP i FERM
domain DITFHFIZED) B2 OND, ZOZEMMELED 4.1G & 4.1R DRSS
HEOREMELZHEL TWVDEEZOND, ZORNEZHEND D %I, FERM
domain DMDFER Z T L7z, ©DF V|, FRMIKEERHE T 5 Band3, GPC K&
W p55 x5 L LT, Ca®/CaM DB % L b7,

F 4 H O 22 12R$ & 912, GHP-R30 { R30 & A4 GPC & Band3 & (3
HrfR B EE~10"M THES L. Ca™/CaM 12T DFEEIZHE L2/ - 72, GHP-R30
IZR30 & &7V p55 LT VEAEEHEEL~10"M THREA L. Ca®/CaM DFEAIZ X -
T, FEREEEEITR 105 LR L-, Z OfERIE, GHP-R30 & CD44 & DfES

EFEEETH Y, Clobe IZHEST D p5S5 1T L THET S EEZLND (K25),

Table IV. Chimera protein binding with membrane proteins (1)

Analyte Ligand k, QM1 s k(s Ky (ndD)
GHP-R30 GPCcyt EGTA 1.1 20.1x10° 2.1 £0.2x10°2 191
Ca* 1.5 +0.1x10° 1.9 £0.1x10? 154
5 EGTA/CaM 1.3 £0.1x10° 2.1 £0.1x10°? 162
Ca*/CaM 7.6 +0.1x10+ 1.9 20.4x10°2 250
GHP-R30 p3s EGTA 3.0 £0.1x10° 1.9 +0.1x10 63
Ca** 7.8 £0.1x10° 3.7 £0.1x10°? 47
EGTA/CaM 6.0 20.1x10° 3.0 =0.1x10°2 50
Ca¥#CaM 1.9 20.1x10¢ 6.0 0.4x10* 316
GHP-R30 Band3cyt EGTA 9.1 20.1x1¢* 1.3 £0.1x10* 143
Ca* 7.0 £0.1x10° 2.6 £0.1x10"? 3n
EGTA/CaM 6.6 0.1x10° 1.9 20.1x102 288
Ca¥/CaM 4.0 £0.1x1¢* 1.8 £0.4x10°? 450

Binding buffer: S6mM Tris/HCL pH7.5, 0.1M NaCl, 1mM EGTA (EGT4) or 1.1mM CaCl, and ImM EGTA (Ca™)
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Ca? -independent

Chimera protein (GHP-R30) binding to membrane proteins and its regulation by

Fig.22.
Ca*/CaM.

Table V. Chimera protein binding with membrane proteins (2)

k(5 Ky @V

K, (M 5

Ligand

Analyte

N

1.3 +0.1x10"

4.6 +0.4x10%

EGTA

GPCcyvt

RHP-G30

433
187
1357

7.3 +0.1x10°
1.2 +0.2x10°?

1.9 +0.4x10°

=0.1x10*
6.4 +0.4310*

1.4 £0.1x1¢%

1.7

EGTA/CaM

Ca**/CaM

275

2.2 #0.2x16
400

1.2 £0.1x10°*

8.0 0.6x10%

3.0 20.2x10°

EGTA

RHP-G30

Ca*

EGTA/CaM

176
1067

1.2 +0.1x10*

6.8 +0.4x10"
3.0 40.2x10¢

3.2 +0.4x10?

*CaM

Ca

275
169
187
2150

2.2 +0.2x16°

8.0 +0.6x10*
5.9 =0.5x1¢*
6.4 20.4x1¢*
2.0 20.2x1¢¢

EGTA

Band3cyt

RHP-G30

1.0 £0.1x16?

3+

Ca
EGTA/CaM

1.2 +0.2x10°?

4.3 +0.4x10?

*CaM

Ca

and 1mM EGTA (Ca™)

6.1 NaCl, 1mM EGTA (EGTA) or 1.1mM Ca(l,

Binding buffer: S0mM Tris/HCl, pH7.S,
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Fig. 23 Chimera protein (RHP-G30) binding to membrane proteins and its regulation by

Ca’/CaM.
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XA TEAYE (RHP-G30)IX. MHIC e SNz,

[% & D]

L J C-lobe

N-lobe o -Jobe

Fig.25. Proposed topology of HP and FERM domain of 4.1R and 4.1G. FERM domain is
visualized based on the PDB 1GG3 (visualized by RasMol®).

25 (2 FFE X415 4.1R 30kDa FERM domain & HP ® bR o ¥V— %R L7z,
4.1G AUV 4.IRP O HP 13T U F LEETH DH Z L DR SNz, 41RP D
HP {Z FERM domain @ N-lobe & a-lobe DITFEIZAIE L TV 503, 4.1G TiL, 3
DO lobe DFEFEGEMIITE R LB WERICH S EBEINZ, ZOHE
K72 &V S HP IZHEA L7z Ca®/CaM 12 & % FERM domain O #5 & HI#ENEME b
BixpEtEz2 b5, AFFE TIE, RHP-R30 OfEdab 24723, HP g%

LB B D 2 &R Hy o 72 RHP-R30 121X Ca> K TFME D CaM
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EAEALNTED 728, CaM & RHP-R30 OHEHESRIL B RLT-BFEREHEDL Z LT
Hkenole, BUE, AMETEHEONHERZ TICEIRIC L 2BETHREAA
W5,

4.1R"™W K T'4.1G @ FERM domain 28 EFE, EFATEDEMRE LHES LTV
DHNEEI D> TR, LA L. 4.1R 30kDa FERM domain (X fth DIEE HE < CaM
DH2 53, PS Bild PIP, bAES T2 Z &m0, MIERERE~NEEESL S 5,
AHFEIT, SHRMAINDTHAH., 4IRP KD 416G OFBEEEAE L OEER

izt z iRtk 5 L BT 5,

EE BTN
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31H Y7574 vy a 41R EESHEORENT

[ B &9]

B EX AT EOICE MROKREERELE DS FRMBAEEA% 4.1R
L CaM DFEEITE S %2 & TRENT L TKT,

Background.l Over view of human erythrocyte membrane structure

A protein network forming a “cytoskeleton” underlies the cytoplasmic surface of the erythroeyt
lipid bilayer. Spectrin (& and B), actin, adducin, 4.1R (80kDa erythrocyte type) and p55 are the
main constituents of the skeleton. Imteractions between these proteins are defined as lateral
interactions. This protein network is anchored to the lipid bilayer through two vertical
interactions, one imvelving ankyrin and Band3, the other ome imvelving 4.1R, p35, and
Glveophorin C. Calmodulin (CadT) binds to 4.1R independent fo cytesolic Ca®* concentration.
Ca?* saturated CaM (Ca?'/CaM) regulates the 4.1R binding to the membrane proteins.
Review: Front. Biol Sci. (2006) 11: 1522

Band3 Glycophorin C

%

interaction

-~
T

lateral interaction

ARIE T, - 4.1R DIEREEM % LLBACFR RN OIIT L, E0EEEL D
RV 2 BB E B E OB EERBFICANT, 41R OEWENER (Bie
7T —F 5 R ENE L, BEEEEAQEO LBRAEFEHIZRITER
HIZHH/mPTHD, Zhid, EEREAEIIBRLREDOL I ICEELRH DD
THRVWD T, ZDAEYFHIEEZL BT D EIEN WA E B D, RFFETIL,

BAE-EAEOHFRMEEROEENFHMEIC LY . EEEORRRS 18
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FEAEOMRE L., 21T,

FALEM LN TIXE T T 7 ¢ v > 2 (Danio rerio) @Omutant® < A A7 J —=
> 7 DIEMT > A IRDBIGFAEED HE SH. TDDNANDLT I/ BRES
Bl X 7= (Shafizadeh et al. Development 2002) , Shafizadeh et al. Hid, ZyF&F
TREREILa FUE2FT54.1R mutantDRMERITFERER, =7 ) Doy
MEREERE LT,

—FH BT T 7 14 a2 41R @O cDNA FEIEMFHT X N K 30kDaFERM doamin
¥k b 4.1R 30kDa FERM domain OFERIERSE b2z, LaxL, THET
IZEE &7z & b 4.1R 30kDa FERM domain @ Band3 f&& ML & CaM OFEAER

LT 2V BROBBRBHL PR -T2 (FR2)

Background.2 Primary stractures of 4.1R in haman and zebrafish (Danio rerio)

Human
aa 297,298 5
30kDa U | SAB| CTID
MW idalton) 34349.91 1141994 8044.69 16126.11 ,
C—] . ‘a2 sensitive: © 24 itve: W
b s e ‘ 30kDa Uab/ SAB/
Band} GPC CaM Rp CTD
Zebrafish 15231524
aa 1 IDEINT 782783 11073108 14021404 F1533
30kDa Ua | Rp | Ub [SAB[}-CTID
MW {dalton) 34396.87 8277738 32219.03 3572464 1603045 1219.34

Limited chymotryptic digestion of erythroid 4.1R® generates four structural domains (30kDa membrane
binding; U, unique 16kDa; SAB, spectrin and actin binding 10kDa, and CTD; C-terminal 24 kDa). The 30kDa
domain, so-called FERM (four-one, ezrin, radixin, moesin) domain, mediates 4.1R®* binding to plasma
membrane via transmembrane proteins glycophorin C (GPC) and Band3. We have characterized two
calmedulin (CaM) binding sites in the 30kDa dorsain and have established that the Ca**-dependent regulation
of 4.1R binding to membrane proteins occurs throngh these CaM binding sites.

Shafizadeh er ol (2002) have recently cloned 4.1R in zebrafish (ZF4.1R) and determined cDNA sequence of
ZF4.1R. ZF4.1R is a much larger protein than human 4.1R, ZF4.1R consisting of 1534 amine acids (with a
predicted molecular weight of ~170kDa). The ZF4.1R has large unigque domains (Ua and Ub) containing
repeat sequence (Rp). The aminoe acid seguence of ZF4.1R 30kDa domain (ZFR30) shows 59% homalogy with
its human counterpart.
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F 77 cDNA M HHELNTFEZR 1534 FBRED 4 1R X ERBRICRIMERIZRIE L TW5D

D>, FIIT A V73— LDBFEBE L TV DDONMERII 2V,

We asked the two following questions:

30kDa Uab/ SAB/
Rp CTD ZF Red Cell

. 2) kaen the stmctnr‘ these ZF4.1‘
;xsoforms what are then' bmdmg prop 'S
in respect to interactions with mem brane

d regulaﬁon by/ the Ca2+ ]CaM

Fig.1 What we want to know in this study.

ERIZR L2 E DT, ARBFETIE 1) RMERDOFBEIH L TWD 41R 53FDOT AV
TA—LERONITH 2D4IRIFEEBREAE L EOLHIHEEST 200 (5
EREROMEIA) | 3) Ca¥/CaM I 4.1R L EEBEEBQB O S L HIEd 5 0% BF

LMCTHZEEBERE LT,

[(B18E & T7IE]

17597492

BT 7 02k, 285°C, BHEN 14 B, BEHA 10 BREl—E CHRE L7z, 7R
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MERIE., MS222 B2 B IREIMTIZ &V 40mM EDTA 727 F G L7~

2. cDNA OB

¥7I7 4 v 2®4.1R cDNA 1. Zon ##% (Dana-Farber Hf%“fﬁ Boston) 72>
H4t5 L CTEVW /=, Glycophorin C (GPC)® cDNA (%, ATCC mHLEA LT
(#BG72957) , Band3 cDNA }X. Paw [E+ (Dana-Farber #2577 Boston) 7> & fit

5 LTEWE,

3. M2 EREOMER

¥H#L 2 4.1G @ 30kDa domain, Band 3 . GPC XU p55 DHMIEN KA A DIE
L CaM ORERUTE 1 THIZFEH L=, 4.1G @ HP K U HP+30kDa domain (LLF
GHP30) iX GST fusion protein & L CKBEIZHBEL I H7, CDNA (4.1G) »
&, HP XUV HP30 f8I % EcoRl K O* Sall HIFREEFE WAL 2 (0 L7242
7 A —IZ X % PCR CH##tg L. pGEX-4T2 X7 # — (Amersham Bioscienece) (Z#H
Hiz 77, 4.1G 1L, tag fEIE KK ¥ 7 pET31  (Novagen) (ZHR¥L 2 7= EELS
hHESR . KBS (Escherichia coli) BL21(DE3) % /B lix#a L7~ (4.1G IZi% tag
EfIMEATVAYY) . LB BHICTKIBEZ 37C —ESHGT TREEE L,
OD600 DB 0. 4—0. 8 [T L72RFIZ, PTG 2 HKEBE (ImM) WRIIL, &5
IZ 37 C—ELMET T 3 BREEREE Lz, pGEX-4T2 N7 4 —CREiai L7z

KBHE L, =0 (RPR20-2 2 —# —, B L. 8000rpm, 4°C. 8 2rff) Lili% .
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ImM EDTA, ImM DFP, ImM 2ME % ¥/ L7 B-PER™ (PIERCE, USA) (Z
B LIAE LTz, WEIRIOK B 10 SR OBEF R AEE ., =0 (RPR20-2 o —#
—. BILTH. 18,000rpm, 20 73f@) © _LiE %457z, EIEIL. Glutathione-Sepharose
(Amersham BioSciences) & %# L. GSTREERE 2 7Bt L7z, GST & EH
Bixbr vy QB L VEMNEREL GST 20 L72%. GST %
Glutathione-Sepharose {Z T#IX L, Q-Sepharose (Amersham BioSciences) THICZ
FERL L7z, pET31b vector (4.1G) THEEM L ZKBEIL, &L (RPR20-2 &
—4&—, B3 THE, 8000Rpm. 4°C. 8 4rf) tL#&T%. 1mM DFP, Z %S L 72 PBS
(F1HEZR) BB L, kE 10 0MoBFHAEE, =0 (RPR20-2 7 —#
—. BT #%. 18,000Rpm, 20 43f#) D EEEH-, LiEIX, 35%ME 0%,
Q-Sepharose, CaM-Sepharose (Z & V¥R L7z, BEEOEOME L SDS-PAGE (2T
BRE Lz, BAERIZ UV IEZAVE (280nm & 260nm ZHE L, BEREHEE

(mg/ml) = 1.45 Ay - 0.74 Aygy) o

4. Hilk

7724y ad 41R IZXT 2 HiKIT. FERM domain ~ 7 F K
[(NH,)-EHLNLLERDYFGLV] %k ® C X % ¥ ~ 7 F |
[(NH,)-MGLMDENGKTILLRTQEEIFA] D7 F K&{LZEARK L. KLHIZH v 7
VDU 7 LTHERICEZE LK, GPC . N R (MES KA1 )
[(NH,)-RDSTRGPYFEA]DX7*F REAZEER L KLHIZA v 7 V7 LTHR

W5 LT,
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5. RT-PCR

Total RNA % FREEIRIMER D 5458 L, TITANIUM™ One-Step RT-PCR kit
(Clontech, Palo Alto, CA)% FiV T RT-PCR %17 -7, 7"F A < —Iid, data base No.

NM_175084 |2 L V| N FKim=— FEIRE O C K= — NEBIZERE LT,

6. XEHE/NK (inside-out-vesicle: IOV) & D5 & BT

RERABEICT LT, B 2ERBEOHAL LI ETRATAEZE L
T, MEZ~/NY UTFE T CHEFRIRD> GEREL L, IRIMER A 53 BE L 7=, FRIMERIZ
5SmM PBS KRG FCEM L, ~E7 a v U SN S ZBRE L, FrREsRim
BRE T — 2 N E &S, RMEKET— A hI, ImM EDTA &¥# (pHS.5) IZ
RRE L i DSy B (RIS ) % 1572, ERIES BN, & 512, 10mM NaOH
pH11 THE LIRS OERE 2 EMRE L, PBS THOIHEEO%, AT
WA L7z, ARLTIE, 2@ pHI1 CTAE LEXKEREEZ 10V & L7z, MEREE
FVEEL AMBET VT I EEREEE LT T v R 7 4+ — & (RZEIT PIERCE
f£, USA XVIEA) WX VAIELE (BARDEBREEE LTHY., #IETIE
RN L ERBOLTHEALR) , e OBREOMRBZ 41RP (FERIEIEEIC
FEIR) IOV & 37°C T 30 G HE. 20% Y = 7 m— ARIRIZRERZ EE L.

— (RPR20-2) % AV T 18000Rpm, 30min, 4°C TITW LB E (IOV-EH

BiEE471E) % SDS-PAGE ALK IZBE LT~ —EEDY 7 /)L % SDS-PAGE
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W T E BB Y2 (Coomasie Brilliant Blue G250) #% .5 3 k A % — (Invitrogen)
T 4.1R" K O® Band3 (PEBIEHE) OWNKEEL 2V a ¥ —fHT LTz, FERIT
4.1R"® @ Band3 |Z%9" B AR L LA TFMM L7z, Scatchard plot & 13 & EIZHE

277,

8. CaM-SephaRose ~® 4.1R #& &1t 0 fEHT

CaM-Sepharose CL 6B (Amersham Biosciences) ® 7% T A% 50mM Tris-HCl, pH7.5
FEEWR. 0.1M NaCl & 1mM CaCl, &8 THRMICFEHL L. FEEER CET
L LIz BEEBRRE M LT, 7T JIFES LB B3 50mM Tris-HCI, pH7. 5
FEMENR.0.1M NaCl & 5mM EGTA 3 & O 50mM Tris-HCl, pH7. 5 £%7&7# . 0.6M NaCl

L 5mM EGTA TlEREH Lz,

9. EHHE-BEHHEHDOESEN,

EHE-EREMBIOEREATF FEORIGEE mAIAEATIZIX, Affinity
Sensor tt (227U v ¥ UK) @ Resonant Mirror Detection (RMD) {EiZ & % TAsys
EEEAWE (B5808) , EAEEIE7F KX, 10mM Na,HPO,/NaH,POy,
pH7. 4 #RE#E (0.1IM NaCl Z&¢e, LLT PBS &I&EE) 1T 100 mg/ml DIEEIZE
LTI/ V7 rFay bk kiZ, BS® (Pierce #, USA) %41 L CEFE{L L7z,
T F NOEBIZE, —BE7I /7 F a2y M EIZBSA %, B #T L

TEM{L L7=DE, NHS/EDC 12T BSA OF7 I ) EEEMHET A HELILAL
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7o RISIZIX. 10mM Tris HCl #2&#& pH7. 5. 0.1IM NaCl (Buffer A) {Zxf LT
1ImM EGTA 8\ 3 ImM EGTA & 2mM CaCl, /M2 THW: (K2&8) , %
2~y NHOINMEEX 25°C—EILR S, —ERETHEB L, HNICED2
RIA—F— (FERETEER, HMEEREER. KNBEE) II5MHMTY 7 b
ZRVWTEHELLZ (KSBER) . FEEBER Kew) (. HEEEER &)
CIREEEEER (k) ORPLUTORTRDEZ,

Ky = ko | K,

(RSP Tid, FEMRBEERITK ) TRRLE)

10. CaM-SephaRose ~® 4.1R #& & D 247

CaM-Sepharose CL 6B (Amersham Biosciences) D% 7 2% 50mM Tris-HCl, pH7.5
FEENR, 0.1IM NaCl & 1mM CaCl, &H CTHRMICEEL L, FEER CHEIT
L LT-EBBEBREZIIN LT, 1T DIHEE L7 BB E 1T 50mM Tris-HCL, pH7. S
FEER, 0.1M NaCl & 5mM EGTA 3 & O 50mM Tris-HCI, pH7. 5 #&&#&. 0.6M

NaCl & 5mM EGTA TIE&RIEH L7,

11. M EERe

BT T 74 v v aRMEKE FERFUATREYE LT, 2 IRHUK (FITC 513 Cy3
2V a— b IgG, DAKO #8) Rz, HES L —F—FEMEEIT, Leica

DM-5000 microscope (Leica Microsystems GmbH, Wetzlar, Germany) % H V> 7z,
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KR & B2

ZF4.1R
|
] |l 1602 <90 5090 4700bp
30kDa J'j CTD | | %z
L
PLINFT “IIacRA ig :2;: 1800bp
zP4.INF#2 zP4.1CR#2

1018

BL31
BL42

1018

zP4.1NF#1:5"-atgttgcagtgtcgagtgaatttcetag, 171-199 506
zP4.1CR#1:5 -agcaaatattécttcttgtgtgcgaageag, 4772-4742

ZP4.INF#2:5-cagtgtcgagtgaatitectagatgac, 177-211
7P4.1CR#2:5'-caagcaaatattictictigigtgegaag, 4774-4745
accession No. NM_175084

BL56

Fig. 1 RT-PCR of 4.1R in ZF blood cells. In order to identify 4.1R isoforms expressed specifically
in ZF erythrocytes, ZF4.1R ¢cDNAs were generated from total RNA by RT-PCR. During the first
round of PCR amplification. several products were obtained. their size ranging from ~400bp to
~4200bp. After a second round of nested PCR, § bands were amplified, three major bands migrating
at ~500bp. ~800bp and ~1000bp, and two minor species migrating at ~1800bp and ~4700bp.

12231834 CTD
30kDa ] Ua | Rp | Ub [SAB|

BL31

BL42

]

Fig.2 Gene structure of 4.1R in ZF blood cells. Three spliceforms of 4.1R in ZF blood cells
deduced from the RT-PCR. Clone BL31, comprised of 412 residues, contained full length
30kDa domain, the first 96 residues of the Ua and the last 10 residues of the CTD. Clone
BLA2, compnsed of 248 amino acids, expressed 197 N-termunal and 80 C-terminal residues.
Clone BL56, comprised of 181 residues, expressed the 52 N-termunal residues of ZFR30 and
the last 129 C-ternunal restdues. The calculated theoretical molecular weights based on the
amino acid sequences of these 1soforms were 49kDa, 32kDa, and 22kDa, respectively.
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LR LTIE KD IC B2 2D T T A ~—%fF o 72 RT-PCR K nested
PCRIZEVET T 7 4 v afiluika b, £725 3 KD K (BL56, BL42,
BL31) & 1800bp & TX4700bp D/ N K 2 K% 7,

1 T#7= BL56. BL42, BL31 ® DNA Q%% —27 T A LT, F—
TN =T 4T = LEBHMORIIERNORE L, &7 I BELS| % R’
L (K2) , £O#EFE, BL31 X FERM domain D&KL CTD DERE & A
TV, & 5HIZ Ua 8N RiwD 95 FHE % =2— FL TV, BLA2 1L, FERM
domain @ N K 197 7% & SAB domain D 1455 F B L0 7 X JEEa—FL

TV 7z, BL56 1%, FERM domain @ 52 7% & SAB X (X CTD domain =2 — K L

TV,
ZF4.1R =i SHER:
. _30kDa__;; CTD ~ropa TSGR
S— -
G-pep3 a-Cend -
" =c323kDa <c123kDa
20 =
pepS:EHENLLERDYFGLV
C-end: MGLMDENGKTILLRTQEEIF A CBB a-pepS a-Cend

Fig.3 Immunoblot of 4.1R in ZF blood cells. Rabbit antibodzes to pep5 and C-end detected 6 and 7
bands, in ZF blood cellsrespectively. Both antibody detected same molecular weight baads,
130kDa and 23kDa, indicating open amow head. Note that the sample is containing red and white
blood cells.

312k, BT 77 4 v =2 41R ZRHT 572 DICER L 2RO & T
AW TF RORS 2 Uiz, RAFFE TlX, Exon5 fH YA 22— N4 57
F FIZx9 % 31 pep5 HufE (FERM domain) K O C K¥mEh % 583% 9% H1 C-end L

KERE L, Y7974 v 2flik% SDS-PAGE EXKEIHRIZ, fRE T o
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v NMETHEAT L7z, $T pepS fiuflit, 23kDa, 70kDa, 130kDa, 140kDa D/ 3> K
AR U7z, U C-end HUA1E, 23kDa, 65kDa, 75kDa, 130kDa, 150kDa /X
Nzt L, Bl PR OB RPEONZ3 2D a— P a— K5 4.1R
BAEE., TOZOOHEPFERHIEEINDITTTH D, mPLEIRRFICE
WD (RUBBE) 2EELT5L. BERERETARLE 23kDa & 130kDa
D 2 RO/ RBREENTZ, BASTFHERREINE LEHE. 73/ BESIH
bRtESN/=/nFEL SDS-PAGE LOGFEIFKL—EKTHZ L2205, 23kDa
D32 FiX BL56 3 F & & %2 bz, BL31 & BLA2 Ba— RTAEADTDOT
BB FREINDSHFEIT, TNEN49%Da & 32kDa THY, Zhb
EHKT AN RERESNRN -T2, ZODHEEREZ RS,
1) BEFBIEmRNA LVETRRELTWAD, BEHEIIOMIND,
2) EEOEASTIIEMELETH Y, SDS-PAGE TIEANT EXK&E RX 5,
2) IZEL Tk, SERERE CIXERSFED 2 — 35D+ &% SDS-PAGE
THETHIIENDH D, AHE TR L7 4.1R135 RN 4.1G OBEEN T OFITH
=

ARHFFETIX, Ua, Ub, Rp BBIREZBHT AHMELES> TWRVWOT, BIE, Z
ONOEEARET LT EFRL T, BIELHEL TV 5,

PL pep5 HLiA K UL C-end $Ui8 % AV CORIMER & HfE S E Y 2 R A 72, X4
(ORT XD ICE G OFURIL. WS FRMERIE R OJR Bk E o 7 LS
BlE I,
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AR D]
Fig.4 Localization of 4.1R at the periphery of zebrafish erythrocytes. (A) HE staining of

ZF erythrocytes; (B) staining of ZF erythrocytes without primary antibody (negative control);
(C) staining of ZF erythrocytes with a-pep5 antibody; and (D), staining of ZF erythrocytes with
a-Cend antibody. Both antibodies detected 4.1R on the peripheral membrane of erythrocytes.

Some cells showed nuclear staining. Scale bar: 50 nm.

A B
[ REDSTRGPYFEA | k‘;“s_

sk-=dt 170LDa
150~

100== .
. " sje-ett 96kDa

o=t 48kDa

Cytoplasmic domain of ZF GPC: e Mot 264 a
RYMYQEKGITYHTNEAKGTEF
AETADAAI RRDPAT QDAVDES

CBE a-ZFGPC

Fig. 5 Expression of GPC in ZF red bloed cells. The antibody to ZFGPC detected the 4 bands.
"The major band appeared at the position of 26kDa on immuno-blot membrane (a-ZFGPC). GPC
was detected immuochemically in the membrane of red cells.

For Fig.5 (A) Elution profile of ZFR30 bound to CaM Sepharose CL-6B in the presence of
1mM of CaCl, (lane I; unbound), eluted with 5SmM EGTA (lane 2; 5mM EGTA) and eluted
with 0.6M NaCl in the absence of Ca** (lane 3; 0.6M NaCl). A mixture of GST and ZFR30
(resulting from thrombin cleavage of GST-ZFR30 fusion protein) was loaded into
CaM-Sepharose CL 6B (1.0 x 15c¢m). SDS-PAGE analysis of ZFR30 binding to CaM
Sepharose CL-6B, (B) gel stained with CBB. lane I: mix of ZFR30 and GST (Mixture), lane
2: purified GST (GST), lane 3: elution fractions from CaM Sepharose CL-6B, (C)
Immunoblot analysis of fractions shown in (B) using the a-pep5 primary antibody confirming
elution of ZFR30 at 0.6M NaCl, (D) SDS-PAGE analysis of ZFR30 binding to CaM
Sepharose CL-6B in the absence of Ca®*. Gel stained with CBB showing that ZFR30 is

retained on the column in absence of Ca** (lane 4), its elution requiring 0.6M NaCl (lane 5)
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BT7T7 4y ad GPC I, £DEIGFA data base IZHHE I TWNDH D
(BG729257) . FEERIHKRMEKE TORBIIFEZ SN TRV, GPC DOMAEA

domain (47 7 X JEAFREL) ICIIFEFIC LS BEEIN TV DA, M4 domain
WZIEFR ERF STV, DFE D | Miast domain IIFERFEMENH D, AU
TiE, T OHMAIEs domain (233§ DR EFUE (H1 GPC #iAZSt domain Hitk) % H
WT, FRILERETO GPC (FuR) EEZMT L7z (K 5A)

5BiCit. ¥75 743 2® GPCIZOWTDRET oy METZIT-o 72
fER %R LTz, $1GPC #EfE4h domain HUiRIX, 26kDa (FAE S 115 &K GPC)
Dfth, 48kDa, 96kDa & TN 170kDa M N> K& L7z, GPC i%, 7RMEREET 2
BEREZERTIHRELHHD, R ~—DBEITR,

5CIZiE, BT 774 v =® GPCIZOWT DM SBELRREAEZITo R
R LTz, DEMBENS LS L, HL GPC MESL domain Hiikid, FRMBKER
CREZRE L, Z0Z &6, it GPC #MIEsh domain FLAEDFRBHRIL
RMEKFRTHDHZ &, DNAERFI O TR ENLT I/ BESIOMEENE (7272
L. #AEA domain) 725t kN GPC LFE[E & kT L7z,

GPC I3% g)%ﬁﬂ@ﬁ domain IIFEE K 0 FHEITROD TRIREFEINTND,
Lo, ZOMiast domain ITFEF R ODFHTERICEATEY | EEUHE
FRMEZRBE L TND T EITHEEEY, F 43, GPCIIHMIEAN T4.1R & p55 T
SEBEREEB LTS ZEZBELMNILTE R, 41IRICH p5SS b EhZ
NHEFEEOEWT 7 I ) —EREFPREEIN TV D, JIE, RMEKLS THEE

2 ZE B AL TSLC1 (GPC fEFEI#AMEAN domain) -DALL (4.1B DERHR Y~
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FR) dlg (p5S5 77 IV —FEAHE) BdHsH, ZOEESMIT. FEOHEEMG %
HoTWa, ZO=FHESEN . MEEENMHEICEET 2003 HTH
%o Blo CURMERIZE 1T D GPC-4.1R-p55 DAEMZHIEZ LR STV,

WE, BT 77493 a2® p55 OHEEERL, ZOREIC S BEOELE

BLTWD,

Method: YTI7 4y vaffRmERTHA< & H GPC L 4IRITEIEL

zﬁéﬁm TEY., 4R Zi%. FERM domain ZHf> T\ 5 Z &AL MIZ
!

CoviSepiarose 72572, WRIZ, BT T 7 4 v 2® 4.1R FERM domain @ CaM

T aC1, o

> smMECTA AR L, AR LIZE2IZ. ¥ 570 v 2 41R
N - . .

. FERM domain (B Ti& ZFR30 &£ KRG L TH D) & GST DIRAHK

Immuno-Blot

Z CaM b T M@ L7z, GSTIXfEMsE LTRVW -,

1 b] 3 £ |
SmM  0.6M 61 2 3 L2 3
EGTA Na(Cl wa §F & = = EDa Y e
_ S e e A K Mo "
E el & : . 75
2 A b s 2 50
jf ; | 35 ot TR 4GST 25
B i 20 2
o 40!
i k}
SN , ’ :
S CBB a-peps

Fig.6 ZFR30 bound to CaM. ZFR30 bound to CaM-Sepharosecolumm in the presence and the
absence of Ca? ZFR30 was eluted by 0.6M NaCl.

FOfRER, MO6IZRLIZLIIWC¥ T T 7 4 v 2 4.1R FERM domain 1X. Ca*FF
RIFMEIZ CaM B T BIZHEE L, TOREAIE Ca*DF L— + (EGTA) TILAzEfE
T, 0.6M NaCl TIEHEINT-, TOREIZE TS 7 4 v =2 41R FERM

domain |X CaM IZ%19 A& MEIZ t b 4.1R 30kDa FERM domain & R U Th - 7-,
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—7% . BL42 =2— NEB'E % [F#k(Z CaM-Sepharose ~¥A0 L 77,

ZFBL42 + GST

4

CaM-Sepharose
50mM Tris-Cl, 7.4

0.IM NaCl 1:GST fusion
Imd CaCl, protein
2:GST+ZFBLA42
» SmM EGTA P: unbound
» 0.6M NaCl E: 0.681 NaCl
*SDS-PAGE

Fig.7 ZFBLA42 bound to CalM. ZFBLA42 bound to CaM-Sepharose column in the presence
and the absence of Ca®*. ZFBLA2 was eluted by 0.6M NaCl. Note that the band of ZFBL42
on SDS-PAGE was broad, not sharp.

R TRRIZ, BL42 b [FIFKIZ CaM-Sepharose (2% L C Ca* JEEFIEICHE A

L. 0.6M NaCl {Z & V) figlff (FFH) iz,

Table I.4.IR binding to CaM

Analyte Ligand Condition k, M s kst K, iuM)
ZFRI0 CaM EGTA 1.2+ 0.26x10¢ 1.8 +6.10 x1G2 150
€Ca» 221 016x105 29+0.20x1¢2 132
ZFR/BLAZ CaM EGTA 6.4+ 0,20 x104 2.8 +0.10x16 339
Ca 9.9 1.6.10 x104 3.8 £0.20 x10- 359
HR30 CaXx EGTA 6.5 + 0.20 3104 2.6 £0.20 x10* 308
Caw 3.1 2620 x10# 1.1 + 0.10 x16* 354

K, vilues for the interaction between CaM and ZFR30, ZFR/BL42 snd HRWKDa, in the presence and absence of Ca™* are
shown. Ansalybes {50 nM to I u%{) were mcnbated with CaM immobilized on aminosilane cuveties in tke presenre of either 1
mM EGTA (EGTA}) or LI m¥ CaCl, and 1 0 m3 EGTA (0. 1mM free Ca>) in Buffer A 3s described wnder “Experimental
Procedures™. From the binding curves obtamed by the resomant mirror detection method, a K py, was determined using the
software packsge FAST-FiTM. K, was caleulated from three independent experiments represents (mean = SD: 3-5).

ZFR30 bound to CaM with a Ky

of 150nM both in presence and absence of Ca®*

(Table 1). The

vatues for ZFR30 and HR30 binding to CaM in presence and absence of Ca®* were similar, ~1350aM
and ~300nM, respectively. Kinetic analysis also revealed that the BL.42 izoform bound to CaM with 2 Ky
value similar to ZFR30, 460nM both in presence and absence of Ca®*. The B, vatues for ZFR30 and
BL42 binding to Ca®/CaM were 135.0 and 112.8 {arc seconds), respectively (data not showmn).
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#F112¥ 757 4 v = 41R FERM domain & £ bk 4.1R 30kDa FERM domain
K OVBLA2 =— RAR Y RXTF R L CaM EFLF =y b & O EHREEE £k % 3
ELIERER L, ZORR. ZhHoDEAE & D CaM OV ERICIL
Ca"DIFEILED LT, AERELZRD RN oT,

Table H. Ca®*/CaM does not regulate ZFR30 binding to ZF Band3cyt and GPCeyt

Ligand Analyte Condition k, M g} ksh K.y, (nMy

Z¥Band3cyt ZFR30 EGTA 23020 x10s 2.0 £0.20 x1p? 15
Ca™ 2.7+0.20 x1f* 1.4 £0.20 xipe 52

+CaM EGTA 21010 x10¢ 5.8 £0.20 x10? 28

Ca® 7.8 +£60.20 x16F 18 +0.20x182 23

ZFGPCoeyt ZFR30 EGTA 29020 x10¢ L6 +6.20 <13 552
Cart 250,10 x1d 12 £0.16x10° 430

+CaM EGTA 3.7+0.21 x1# L4 £0.31x102 3818

Ca 5.8+0.20 xip¢ L7 +0.20 162 203

Ky, values for the interactions between cytoplasmic domain: of ZFBaml3 {ZFBand3cyt) ar GPC [ZFGPCeyfs and ZFRYD, in the presence
and ahsence of Ca™, are shown. ZFR3D (30 i) to 1 uM) was incubated with CaM immshilized on sminositane cuvaites in the presence of
either 1 mM EGTA (EGTA)or 1.1 mM CaCl; #nd 1.0 mM EGTA (B 1mM free Co*} in Buffer A 25 descyibed under “Experimenial
Procedures”. The CaMIZFR30 complex was mcubated with ZFRarddewt or ZFGPCeyt immmobilized on aminosilane cuvettes From the
binding curves. obtained by the resonant mirror detection method, 5 Ky, was dedermvined using the software packape FAST-FilTM. K,
wis ealrnlated from three independent experinents represents (mean + SD: 3~5).

757 4 v 2 4.1R FERM domain I%, t k 4.1R 30kDa FERM domain [Rl4§
IZ CaM IZREBTHZERHLNI R oD T, C*TaMEhz CaM
(Ca/CaM) 1= &5 EE@E T & ORIBEIEEL . TAsys & VTR L7, 2
DFEFTCIE, €777 4 v 2® GPC (ZFGPC) K U* Band3 DOfifaN domain
EEMHEALET I I FaXy bRV, ¥7J 7 ¢ v 2 Band3
(ZFBand3) MJRMERAEICHFELL TV 5 Z LIFBEIZ Paw HIZ X o THEINT
V% [Paw, B. H., et al. Nat.Genet. 2003], & OfER, €75 7 4 » < 2 4 1R FERM
domain /&, Band3 125 L T HEfEREES ~10°M THES L. & b 4.1R 30kDa FERM

domain 28t b Band3 {23 AF/EE LV B 10 fZ5#E0 > 7=, F7-. Ca*/CaM IZ,
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Y7 Z 7 4 v =2 4.1R FERM domain & ¥ 7 7 7 4 v ¥ = Band3 O LA fRHEE S
ERBILEZ o1, €777 4 v =2 41RFERM domain X, €777 4 »
2 GPC IZxt L CPHfREEES ~10'M THA& L, & M 4.1R 30kDa FERM
domain 23t b GPC X9 BFEA LIZIER L ThoTz, £/, Ca¥/CaM i, ¥
757 4 w32 41R FERM domain & ¥ 75 7 4 v I 2 GPC DA fREEEE %
BEICEZ o7,

pep 9 (Ca**-sensitive site)

HUMAN AKKLSMYGVDLHKAKDLE
ZEBRAFISH VMCLIPMYGVDLHPAKDAS
XENOPUS AKKLTMYGVDLHKAKDLE
CORACLE AKKLAMYGVDLHKAKDLE

pep 11 (Ca®**-insensitive site)

HUAMAN AKKLWKVCVEHHTFFRLT
ZEBRAFISH CKQLWKCS VEHHSFFRNR
XENOPUS AKKLWKVCVEHHTFFRLT
CORACLE AKKLWKSCVEHHTFFRLT

Fig.8 Comparison of CaM binding sequences of 4.1R proteins. Importantly, a key Ser!® residue
in the pep9 sequence of HR30 responsible for the Ca2*/CaM-dependent regulation of HR30 binding
to transmembrane proteins (Nunomura et al. 2000 JBC, 6360), is replaced by a proline (ZF),
threonine (Xenopus. sp.) and alanine (coracle) . This feature may well account for the ability of ZF
and Xenopus 4.1R and coracle to bind to CaM in a Ca**-independent manner and for the fact that
the interactions of these 4.1 proteins with GPC and Band3 are not regulated by the Ca?*/CaM
complex.

B 8 |2 CaM FEEEBALOT X/ BRECHN AR LTz, SEllHE L7z K 512, CaM Ol
BHSEEIC IS pepd O SEREE TH BT L AR L, BTTT 4 v o2 TRIO
S®MRERKT I /B Pro (Fml ) ICEHBEL TV, Pro RETIIERE K
BiEL FrivthDA5EHTHY BELOELLEBE L RITNIR L2V, £
7o, IROFE 3-2 HTIRRS T a 7Y a U/ x Coracle BEnFFEY) coracle T,

Ala [ZE#H: L TWD, —7, pepll SEECTIIFEMABA T I/ BRESNIT L <R
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FENnTWiz,

pH11 treated: pH11-10V
PKC activated: pIOV

3 i R
T e

CBB a-peps

Fig.9 ZFR30 co-precipitated with human red cell IOV, Since we cannot make an I0V of ZF
erythrocytes, inside-out vesicles (IOV) prepared from human erythrocytes were used to assess
ZFR30 binding to transmembrane proteins because of the difficulty to obtain IOV from ZF
erythrocytes. ZF4.1R binding features, highlighted by the RMD binding assays presented above,
were confirmed in vive by ZFR30 pull down assays with human IOV. BLA42 also co-precipitated
with human IOV (data not shown).

N

? L] . .
z . - N\ p,=~300nM
3 g
§ ° ﬁ \
£ > -
4 = -
x * B \.\?
E = \\
N = Ep=~700nM>e_ |
g (

I L)

PKC treated 0 ] ; ; "
ZFR30 (u¥) Binding (Photo-density)

Fig.10 Scatchard analysis of ZFR30 binding with human IOV, ZFR30 binding to IOV prepared
from PMA-treated erythrocytes (p-IOV} was higher than that to pH11-IOV, suggesting that PKC-
dependent phosphorylation of transmembrane proteins was promoting their interaction with ZFR30.
ZFR30 bound to IOV with an apparent dissociation constant of ~10nM, a value similar to that
observed for human red blood cell 4.1R¥ and HR30 (Kp=~300nM) (data not shown). Scatchard
plot analysis revealed the existence of two classes of binding sites of characterized by Ky, values of
~ with 300nM and ~700nM, respectively. The ratio of maximal binding was approximately 1:1.3
(high affinity:low affinity binding sites).
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Wiz, ¥ 757 4 v 2 41R FERM domain 2’ hOEEBRERE L P00 L)

RFEE & T DR Uc, ZOMATICHR T 5 KEBR/ Mg (I0V) MW,
LB A FRAT LT, TORER, €757 4 v 2 4.1R FERM domain (¥ & k IOV
sRIELE (K9

7T 7 4 v 2 41R FERM domain i3t k IOV & Of5E % Scatchard Plot £
THEHT L7z (X 10) » TORR, FEHHEEE S 3000M & 700nM O "ABIED#E

s RESz, REENMaTE, BIEELFETLIOT, EREMSZIRY B

S FREIFEEERZ. TAsys® 2 AV THRET LT,

Table II. Comparison of binding properties of human and zebrafish 4.1R to membrane proteins.

Ligand Analyte k, QA1sYy k, is1) K, (aM)
ZFBand3cyt ZFR34 23+0.10 x10¢ 2.0 +0.26 x1072 15
ZFBL42 1.4 =0.20 5165 31+0.10x10? 230

HR30 2.5+0.20 1104 41+0.20x102 1640

HBand3cyt ZFR3¢ 3.2 £0.20 x1¢4 34 +0.23 5107 1063
ZFBL42 1.2+ 0.09 x1¢4 4.1 £0.20 x102 2032

HR¥) 6.8 = 0.20 x1¢* 1.6 + 0.14 x192 235

ZEGPCcyt ZFR3¢ 2.9 +0.26 x10¢ 1.6+ 0.20 x1¢?2 552
Z¥BLA2 6.0 £ 0.16 x102 2.8+0.10x102 4667

HR30 1.8 £0.19 x1¢¢ 6.5 +0.26 x10* 361

HGPCcyt ZFR30 2.9+0.20 x104 1.7 £ 0.11 x1¢2 386
ZFB1 .42 2.2 +0.26 x16° 2.0 +£0.20 xk02 1043

HR36 30+0.17 168 3.5+£0.05 12 117

K, values for the interactions between cytoplasmic demain of zebrafish (ZF) and human (H) transmembrane profeins Band3 (ZF
Band3cyt, HBand3cyl) and GPC {ZFGPCeyf, HGPCcyl) and ZFR30, ZFR/BL42 and HR3) are shown. Analytes (50 oM to 1 uM) were
incubated with ZFBand3cysf, HBandicyt, ZFGPLcyf or HGPCcyf immabilized on aminosilane cuvettes as described under “Experimental
Procedures”. From the binding curves obfained by the resonant mirror detection method, a K, was determined using the software
package FAST-FitTAL K, was calcelated from three independent experiments represents (mean = SD.: 3~51

ZFBL 42 also bound to ZFBand3eyt and ZFGPCeyt. But the Ky, values of the binding were higher
than ZFR30. ZFR30 binding to the human transmembrane proteins. But the Ky, values of binding

were higher than those of binding to ZF transmembrane proteins.
¥7 77 4 v ¥ a2 41RFERM domain %, ¥7' T 7 1 v ¥ =2 Band3 & FHifEREE
D3

# 150M THEA L7223, & b Band3 & OE#EEBETE 2L 1063nM Th oz, =

M

VIR AEE TR OBEWIZER LT\, #fict k 4.1R FERM domain %, & b
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Band3 & EHIAREEEER 2150M THREA L7223, ¥ 797 4 » ¥ 2 Band3 & DTy
FEEEEEL 16400M Th o7z, ZOEWIIHEGEHEEEHOEVISER LT\,

¥7'F 7 4 v 2 41R FERM domain i3, ¥7' T 7 4 v = GPC & FHfig
TE$5 5520M THEA L7243, B b GPC & O FHfigkfE$k 586nM Th o7z, Z D
BEWVIIRAEEEROEWVICER L TWe, #iZt k 4.1R FERM domain I, bt
N Band3 & EHEEBEES 117aM TREA LA, 757 4 v 2 GPC & D

BREEEER 36InaM Th - 77,

Table IV. Camparison of 4.1R binding to human Band3cyt

Ligand k (M1sY) kytsh) Ky, (M) = 7:.0‘: %E 75‘/ _%-;g &b 5 - (1: X
[Nt = flh —

ZFR30 3250205104 3.4 £0203102 1663

HR30 68020310  16£0.20x10? 235 HElono77,

H41G 2420235104 12010 1102 500

BL42 @=a— RR YT F

ZFR30 L N L|L E D Y|F GL

HRY L N LIL E|EID Y |F G L

“eLNLlLelRBiRIFCL: Fix, €7774vva
N

Band3 & Y 1 fif B T K
230nM THRAE L, B7 57

4 v a2 GPC LT

EEEE 466TaM THEES LT-,

Table IV Comparison of 4.1R binding tc human Band3cyt

Motifs responsible for human Band3/4.1R interaction have been mapped to the L3?EEDYmotif
in HR30 and the L35*RRRY and P*RRRY miotifs in Band3-cyt. The LEEDY motif in HR30 is
replaced by a LERDY motif inZFR30. We have observed that 4.1G interacts with also Band3
through its LEKDY motif in 30kDa domain. Although the 4.1R binding motifs in human
Band3cyt are not conserved in ZFBand3cyt, but two similar motifs, IP*9KRRY and
LITZQRKRSQL are present in ZFBand3cyt are there in it. Importantly, the location of the
BYKRRY motif in ZF Band3cyt is very similar to that of the IL353RRRY mwotif in human
Band3cyt. We therefore hypothesize that have thought for long time 4.1R/Band3 interaction
through the E-X-D motif in 4.1 proteins and RRR/KRR /RKR clusters in Band3cyt is a
hallmark of erythrocyte membrane organization is important for the interaction. The results of
our binding assays also illustrate the specificity of protein-protein interaction within a species.
the Ky value of heterologous proteins being lower than that of proteins originating from the
same species.
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K4 LRI, ¥ T 7 4 v =2 41RFERM domain (ZFR30) . t b 4.1R
FERM domain (HR30) % 1*4.1G & t b Band3 & OfEAMRITHE R, Band3 #5456
MLOT 2/ EEELFI KO b FERM domain (HR30) O st &EfEATE 7 v (1GG3)
%~ L7z, Band3 f5&E€F—7 & LC LEE¥DY EFINREE Sz, Lo 3
FOERETIX, TF—7DE® (Glu) BNEEMET I /B KFILR) ICEHRS
NTW5, LanL, EEEIZIE Band3 EFEETHZ LD, 2D E” (Glu) 134
BB LT RnE B s, MEEETIE., 2D E® (Gl) (&7 % L
EICH DA, MEHIIMDO Glu (B®) BELIZZ LRDFMEZRNTWDS Z L
MHHIFIND,

777 4 v = 4.1R FERM domain (ZFR30) #3757 4 » ¥ 2 Band3 iZ
E hOBE LY BEIFES Lz, Paw Hid, 4.1R & Band3 OF & IIMAaS B
L U'Band3 @ HCO, JEMICEEBT A Z L 2R Lz, ZOEMWERMEL, Mgy

HIZBRH D Db Lt

[£ & D]

B 12 1287 T 7 4 v 2 RMEKEIZBITS 41R DT A Y 74— LDOFEEE
FTNERLTZ, BL31 & BLA2 D @Y BB X DD, EDOT A V74— LD
MERE CEALNIA SN TE R oTz, EH6DT A Y7+ —A0h Ca'IEK
VR CaM L FEAT D03, Ca¥fafn CaM 1d, 4.1R OfE S CEEMEEEES) %0

ZIpoTz, Zivid. Ser FBEMN Pro BEICEB I N TW=22OThH o712,
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BL31 BL42 Ca**/CaM

Fig.12 A proposed model for ZF erythrocyte membrane organization. We propose different
models for each of the three isoforms, BL31 and BLA2, depending on the integrity of the 30kDa and
SAB domains. BL31 strongly binds to Band3. BL42 expresses 2 SAB domain and binds weakly to
Band3 compared with BL31. The BL31 has both a CaM binding site but the Ca?*/CaM complex
does not affect significantly 4.1R binding to Band3 and GPC.
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22 TayPa vz 4R HFEEBE Coracle D BEHES M DB

[H&9]

pep 9 (Ca?+-sensitive site)

HUAMN AKKL

ZEBRAFISH IV MC L

MYGVDLHKAKDLE
MYGVDLHF AKDLE
MYGVDLHKAKDLE

S
‘ P
~ XENOPUS AKKL|T
| CORACLE AKKL|A

MYGVDLHKAKDLE)

pep 11 (Ca**-insensitive site)

AKKLWKVCVEHHT[F FRLT
[CKQLIWIKCS VEHHT|F FRNR
AKKLWKVCVEHHT|FFIRLT
AKKLWKS CVEHHT|F FIRL T|

Background: Comparison of CaM binding sequence. Predicted CaM binding
sequence of different species based on human 4. 1R CaM binding sequence, pep9
and pepll is shown. A key residue of $1%5 15 replacement with the other
residues in coracle being human 4.1R homologue.

Teid, THER]IORTEOICE PRNKEFTBREQE DS FRHEALERZ

41R & CaM DOFEBICES ZH THNT L THR-, £7-. FIEH

(2-1) TRLTE

I E7 97 432 41RIE.CaM & Ca*F-IREMIZRE ST 523, & Ca¥/CaM

(Ca*fafn CaM) I3, 41R CEEBERE L OREEEEZ 2o To, iU,

CaZ*/CaM DVEREI TH B Ser'® N¥ T T 7 4 v a TIEProll BB XN TWVWD

HTHDHZEDBRRTH B & OFFE#mIZE -7 (Nunomura et al. 2000),

[ 5] IC41R L ZDOERIEZEAE D CaM FEAEL (pep9 & pepll) DT 2/

127



FRECYIZ R LT, 2 ZICHliT 72 4 FEORT T FORINIMHEIIED TR <&
FESHTVDH DS, Ca¥/CaM DIEREML ToH D Ser'™ BENZ DD T I/ BRICE
BENTWD, B NeBT T T 4 v v ORERIT, BOELBREIZE VO T41R
I% Ca¥/CaM DIERERL G L TITo7e &EBEZA NS, FDEMZENERL R
B9~ LV TERT a7V a Uz (Drosophila sp.) 23895 coracle &

{5F W Coracle IZE R4 H T, Ca*/CaM DAERIZ DWW THET LT,

Hypothesis:
Taxonomy CaM regulation of 4.1R 30kDa-interactions

Protostomia Deuterostonma NO YES

Hypothesis: CaM regulation of 4.1R FERM domain binding is changing during the animal
evolution. This hypothesis is based on the sequence of CaM binding site of pep9
(Ca**-sensitve CaM binding site). The taxonomy classified two groups, Protostomia including

fly and Deuterostomia including fish, frog and mammalians based on shape of body.
MR R Lk i, B EnEZE LA nE LR nEmicsEsh
%, CaM 7%’ FERM domain (2 & DERIZ/ER T 57>, DE V| pep9d D Ser ZREDE

WTHETHE MR EORRIZRD, 121 L. BT /VZZOEEIX Thr TH
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D, Rt & LT Ser DOH EREEILLEEZ bND,

112 Coracle & E b 4.1R D—RIEED LB & 75 L7z, Coracle Id, &F& 1698
T BRENCRDLIRRLREAE TH LD, AWFETIE N Kiw 298 7 2/ BE
7%% (FERM domain) DAIZE S % & T7z, Coracle FERM domain (ZVN< 273D
mutant ARESINTEY ., THODERFIIFRERHREE DFREREIZZ>TND

(Ward et al. 2001),

107aa 67aa 150aa
11419.94 8044.69 16126.11

Alternative splicing

Homology 52%

Fig.1 Structure of 4.1R of human and coracle. The coracle has a 30kDa FERM domain
homologue in its N-terminal. The homology 1s 52%. In this study, we focus m the 30kDa
FERM domain.

Coracle @ C-terminal domain (CTD){3 glutamate acid receptor & DfER M3 X
N TV S 23, FERM domain (DWW CIEZE DFESHFITHE ST (Ward
etal. 2001) .

ARIETIE, 4.1R OEFEEHEZ LA FRRM HMT L, EHE#EES D
BRI A B R E AE OELFEAEEICAN T, 41R OEYZHES (k)

T Tr—=F35 e BRE Ui, BEREREO LB AELFRINFRI iR
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BIZbHDTH D, Zhid, BREREREIIBR RO LS IEERH DT
THRWDT, ZOEYFHIEREE L & DIEEN RV & Bbh D, AWFFETIE,
BEAE-REREOSFHAEEEMAOERMFEMIC L Y EAEOREN DB

wEAE O LIEX THITZ1T o7,

Band3 Glycophorin C (GPC)

Fig.2 Strategy of this study. We compare the binding profile of Coracle FERM domain with
human membrane proteins.

AHFZEClE, 1) Coracle FERM domain & b FRMEKEEBREHEZ YD LD
BT 500 (e OAER) | 2) Ca®/CaM X Coracle FERM domain & &
BREAE L OERZHIETANERALNMNITAHAZEZERE L (K2) o

(B8 & T71E]

1. cDNA O EfE
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Coracle cDNA X, R.G. Fehon ##% (Chicago X%) o ftE L CIEWZ, & K
Glycophorin C (GPC) ) Uf Band3 ® cDNA %, Ms. Parra (Lawarence Berkeley Natl.

Laboratory, UCB, USA) b #t5 L TTEW,

2. MM X BHE O EM

FH# 2 4.1R @ 30kDa FERM domain, t b Band3 . GPC K& U p55 Ofifal K
AA 1% GST fusion protein & U TKRIFE (EscheRichia coli) BL21(DE3)IZ 53
¥ 7, LB B U CRIBE & 37°C —ES&RM T TREEEEE L, OD600 DfES 0. 4
—0. 8 |2 L7=FFIZ, IPTG &M EE (ImM) BINL, EHIC3TC—EEHT
T 3 BRBEREE L, pGEX-4T2 X7 ¥4 —CR/Eéx# Lo KIFE T, =L
(RPR20-2 ©—# —, HI T, 8000rpm, 4°C. 8 #r[M) ki, 1mM EDTA,
ImM DFP, 1mM 2ME % ¥ L 72 B-PER™ (PIERCE, USA) (ZfE LIAHE L
7z, WEIRITOK 10 5 OB EF LS, 3.0 (RPR20-2 = —&% — B THE,
18, 000rpm, 20 77f) @ LyEX &7z, EigiE. Glutathione-Sepharose (Amersham
BioSciences) &M L. GST MiaEREZDBEL /7, GST MaEREIX e
BB I VIERMERE L GST U L%, GST % Glutathione-Sepharose
\ZCTHIY L. Q-Sepharose (Amersham BioSciences) T8 IZ#EH8 L7z, pET31b vector

(4.1G) TR L~ KB I %0 (RPR20-2 & —& — H 3 T4, 8000rpm,
4°C., 8 /i) L%, 1mM DFP, Z#ML7Z PBS (58 1 TEHZH) IZEE L. K
F 10 S OBERAFEE, @0 (RPR20-2 v —F—, B TH#. 18,000rpm,

20 53fE) D LIEERFTZ, EEIL 35%R LI . Q-Sepharose, CaM-Sepharose
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WL BRI, BEREOMEIL SDS-PAGE ICTHRELZ, EEEEII UV E

% V72 (280nm & 260nm ZHIE L EBEEE (mg/ml) = 1.45 Ay, - 0.74 Ayg) o

3, HitkooER

Coracle FERM domain IZ® 3 2 HURIL, BRI L /-2 ERE 2 FZRIZHEZE L

77,5t N 4.1R FERM domain 57 0 — U HADOERNT B4 S 2 HIZE LT,

5. REcHE/NE (inside-out-vesicle: IOV) & D%EERAT

RERANFEIIG LT, RO eERBREOHALZ L ETRKATALZEZ L
T, MKE~/RD FEET CHEEEIRD ORI L, RIMERE 558 U7z, FRIRMER
¥, SmMPBS KRG HET CAM L, ~E7 0 U SEMEBNRY ZBREL, BTl
IRMERE = — R Ny EE 77, FRMEKE DT —Z M, ImM EDTA %% (pHS. 5)

I L, TR SE (RS E) 21570, REBESEIE, 512, 10mM
NaOH pH11 TAE LEFEADOEABEZ EMHREL, PBS THOIIEEEDOHE,
BfEATICHE L 72, ASCTIE, T pH11 THHE L7-KEREE IOV & Uiz, &
REEIT, EBEL, FMETNVTIVEFEL LT Ty F7+— Mg B3
(3 PIERCE £, USA KYVEA) IZXVHELZ (BZOEREE L LTHW,
TR CIIRWE 20 ECHEA LK)  Bx OREOHEBEZ 4.1R
BUEITICIZERR) 10OV & 37°CT 30 G, 20% Y = 7 v — AR RICIREIR

#EE L, m-%- (RPR20-2) % V> T 18000rpm, 30min, 4°C TITV LS E
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(IOV-EBERGE) % SDS-PAGE FIAAHEICIEB L., —EBDOY 71
% SDS-PAGE |Z#f}, mHE Y (Coomasie Brilliant Blue G250) %, T v ¥ b
A & — (Invitrogen) T 4.1R"™ KT Band3 (NEBEYE) OWEEAL 2 B o X —
FEAT Lz, fERIZ, 4.1R™ @ Band3 (Z%H4 B FEX LR CFF{f L7z, Scatchard

plot ST ILFEILE> T

6. CaM-Sepharose ~® 4.1R #& & D f#HT

CaM-Sepharose CL 6B (Amersham Biosciences) ® 7 7 A% 50mM Tris-HCI, pH7.5
FEEWR. 0.IM NaCl & 1mM CaCl, &8 THROICFE ML L, FEEE R CEIT
L L-ERERRE RN LT, 7T LIZHEES L& BE I 50mM Tris-HCl, pH7. 5
FEER, 0.1M NaCl & 5mM EGTA £ LT 50mM Tris-HCI, pH7. 5 $2&R. 0.6M

NaCl ¢ 5mM EGTA TIE®REBEH LT,

7. BRE-BHEROKSBIT,

EHE-BEREMB LOEAERT T FHOKRKIGEEFRmIIAENTIZIX, Affinity
Sensor # (%> 7V v ¥ UK) @ Resonant Mirror Detection (RMD) {5(Z & 5 1Asys
EEAVWE (K528R) , EAES T2 F NIk, 10mM Na,HPO,/NaH,PO,,
pH7. 4 @K (0.1IM NaCl 2 &Ze, LLF PBS & H&EE) (2 100 mg/ml DR EIZEE
LT X/ TrFay b hiZ, BS® (Pierce #1:, USA) %41 L CEMIL LT,

AXTF ROBEMEICE, BT /¥ Fay b EiZ BSA &, BSS 24 L
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TEFM{EL7=D%H, NHS/EDC (2T BSA OF 2 J EEEHLTHHEGIERAL
7oo  ISIZIX. 10mM Tris HCl #%&¥#& pH7. 5. 0.1M NaCl (Buffer A) Zxt LT
1mM EGTA 8V % 1mM EGTA & 2mM CaClL, /1 z THW= (K2 &88) , F
2~y NADORIRREL 25C—EILRD, —ERETHEE L., RSICEDLS
NRT A= — (FHEHEEER. HEOREER. BAKEEE) I5RMITY 7 b
ZRAWTEHE L (B5B3MR) . THEMBEER Koy 13, BEEREER (k)
LIRBEEE TR (k) DOENLLUTORTRDE,
Koppin = ki K,

(B TiE, FEBEEEEILK ) TRRLE) .

8. CaM-SephaRose ~® Coracle #& & £ D &4

CaM-Sepharose CL 6B (Amersham Biosciences) D% 7 A% 50mM Tris-HCl,
pH7.5 #&f&7%, 0.IM NaCl & 1mM CaCl, &8 TR THL L, FIEER CFE
Wb L= BEEEKRE RN U, 77 2SS LI ERE L 50mM Tris-HC,
pH7. 5 A2 &#E, 0.1M NaCl & SmM EGTA 3 & U8 50mM Tris-HCl, pH7. 5 #E{&E#& |

0.6M NaCl 5mM EGTA TIEXREH LT,

(R & B £

3R L7 X 91T, Coracle FERM domain {3t FRERE/NME (P-IOV) LB

BEEFEORE Rk & L7,
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]
kDa $SPSPSPSPSPSP

75 = -

- b

= CBB -

. -

15 8
kDa e o 35 1 {(%«

75 =

e - - emmeene® Coracle ( Opmol~ 440pmol)

35 -t ¥ fi’

20 ° © IB: mAD #13

15 - '

~

Coracle { Opmol~ 440pmol)

Fig. 3 Coracle FERM domain bound to human IOVs. Coracle FERM domain

{Coracle) bound to human IOVs. The bound protein was detected by mouse anti-human
4.1R monoclonal antibody (InAb#13).

% 4 BT B X 9z, Hik b 4.1R FERM domain B 7 v — U HUKHUAIT
Coracle & REKIET 2 Z &, mAb#13  (FERM domain @ C-lobe 523k HL{A)
Z Rz, FB L 72 human IOV Tld, Coracle FERM domain ?~35kDa DAL & I
BEREEZ2MH LR 27O T U RRERINZ Coracle ZH L TWD &HIMT L7,

41278 L7z £ 91 Coracle FERM domain 1%, Ca”3E{KTFEMEIZ CaM 7 T AU
AL, ZORAIZCa* X L— b (EGTA) TIIfEBE 3. 0.6M NaCl TI&
H Xz, Z DR IT Coracle FERM domain 1x CaM {29 A &AM L e b RO

Y757 4w =2 4.1R 30kDa FERM domain & [ U T - 77,
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Coracle FERM

CaM-Sepharose column
(56mM Tris-Cl, pH7.5,
0.2m)/min, 1.5x10cm)

@ 1mM CaCl,
0.1M NaCl
. SmM EGTA
o 0.1M NaCl

® 5mM EGTA ]
0.1M NaCl
® 5mM EGTA
a 0.6M NaCl
@ 5mM EGTA
0.6M NaCl

kDa _ ‘® @ @ ©@ kDa
75 B
50 = ?
37 e g 0
e 37
25 % 25
20 = 0
15% 15
CBB
®:HR30

®2 @6

- -

IB: mAb #13

Fig. 4 Coracle FERM domain bound to CaM-Spharose in Ca’* independent manner.

Table L. 4. IR binding to CaM

Analyte Ligand Condition kM s k(s K (uM)
H 4.1R¥ CaM EGTA 7.8 £0.20 x10* 1.6 =010 x10° 205
Ca** 2.3+ 0.20 x10° 2.3+020x107 100
H 4.1R30 CaM EGTA 6.5 = 0.20 x104 2.0+020x102 115
Ca** 3.1+0.20x107 11+0.10x10? 215
ZF 4.1R30 CaM EGTA 1.2 +0.20 x10° 1.8 £0.10 x10-2 150
Ca®** 2.2+ 0.10 x10° 2.9+020x10? 132
Cor3g - CaM EGTA 5.3 +0.20 x10* 1.7 + 0.10 x10°2 280
Ca** 1.4 £0.10 x10°F 4.1 +0.20 x10? 284

Km valunes for the interactions of H_4.1R“ , H/4.1R30, ZF_4.1R30 to CaM immobolized aminositan cuvette in the
presense (Ca’")and absence of Ca’* (EGLA)are shown. Each analyte (30nM to 1 pM) was incubated with the identified
ligand immeobilized on the aminosilane cuveste as described under Experimental Procedures, Erom the binding carves

obtained by the resonant mirror detection method, K,

values were determined using the software package FAST-Fit ™,

Fz1lze ., 797 4 v 3= 4.1R FERM domain & Coracle FERM domain

(Cor30) & CaM EAE{L ¥ =X k& OV EHAZRE LR E R LT,

136



TOFRER. TN O DERHE LD CaM OFEMEEEERICTIT Ca* DFEICHED 5T,

S AREE E$L~100nM DA — & —THEA Lz,

Table IL. Ca?*/CaM not down-regulate Cor30-human membrane proteins interaction

Ligand Condition k M1sh k (st K(D) M)

H_Band3cyt EGTA 33£020x10¢ 2120203102 634
Ca? 43£020x10¢  2.6+020x102 607

+CaM EGTA 3.0£0.10310¢  1.8+0.20x16? 600

Cat 49£020x10¢  2.7+0.20 x102 570

H_GPCevt EGTA 32£020510¢  1.5%0.20 x10° 468
Ca 27£010310°  1.8+0.10x102 656

+CaM EGTA 38£0621510¢  2.6+0.11x102 526

Ca? 53:020x10¢  2.7+020 5102 s11

K, for the interaction between cytoplasmic domain of H_Band 3 (Bandicyt) and that of GPC (GPCoyt) with Coracle 30kDa domain in
the presence and absence of Ca’* are shown. Coracle 30kDa domain (50 uM te 1 pM) was preincubated with CaM (5 pM) and either 0.1
m?M EGTA (EGTA) or 1.1 mM CaCl, and 1.0 mM EGTA (Ca™) for 30 min at 25 °C in buffer A. The complex of CaM and Coracle 30kDa
domain was incubated with the cytoplasmic domain of Band 3 immobilized on the aminosilane cuveite.

Coracle FERM domain /%, & F 4.1R 30kDa FERM domain [F#£(Z CaM (ZFEE&T
HZEPHALNIRSTDOT, Ca* TRfIES N CaM  (Ca®/CaM) 2 X BIEE
WEAE & OFIEEEZ TAsys® & AV T L7z, Z OfET Cid, & b GPC (H
_ GPC) X U'Band3 (H_ Band3) O#EEA domain ZEMLL7Z7 I/ v 7 %
2y hEHWE, FOFER, Coracle FERM domain 1%, Band3 {Z5xt U T Az
BEES ~100nM A — & —THES L, B b 4.1R 30kDa FERM domain 23 & k Band3

WX A%EE L 1FIEF U72 -7~ (Nunomura et al. 2000, 2006), ¥ 7=, Ca**/CaM 1%,

Coracle FERM domain & & |k Band3 O EfEEEEH A E X2 720> 77,
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Table IIL. Various 30kDa domains interaction with Band3cyt

Ligand k,(M1gsl) ky(sh K, (M)
ZF 41R 3.2+0.20 x104 3.4 +£0.20 x107 1663
H 4.IR 6.8 + 0.20 x104 1.6 +0.20 x162 235
H 4.1G 2.4+ 0.23 <104 1.2 £ 0.10 x10? 500
Coracle 3.3+0.20x1¢4 2.1 £0.20 x10? 634
pl
HUAMN LNLILEEDY|FGL 295
4qp ZEBRAFISH LNLILERDY|FGL 4.11
7 XENOPUS L NIIVEEDYIF G L
CORACLE LNLILE[K[DY[FGL 411
4.1G LNLI|ILEIKIDY|FGL
H H
| o e
HP -oC - O By®-5C.E8
[ o | 0
{CHQ‘ QTHQZ
| -
NH, bH
Lysine é‘:NH
{Lys f L} | 2
NH,
Argmine
{Arg/R)

Fig. 5§ Comparison of Band3 binding sequence.
The structure of Lysine and Arginine is shown.

Band3 & &€ F— 7 & L CLEE*DY BCF 23[R € S 172 (Jons, T. and Drenckhahn,
D. 1992), LD IFEENPEHE TIL, EF—7 D E® (Glu) PEEMET I /B
(KBTI R) ICE#B N TWD, LaL, ERICIEBand3 LFEETHZ &b,
Z O E* (Glw) A ICEE L TWhine Bbh b, SLFEEE TIZ, 2D E* (Glu)

1IT oA LHEE RICH A2, AT Glu  (B®) BE L IZZ L5 HR A2
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WTWAZ ED B EEF XI5 (Han et al. 2000),

200
3
S 156
b -PIP
+EGTA £ :
g 50
g +PIP,
g ¢ )
0 1 2 3 4,, 5 6
Time (minutes)
2060
3 I
§ 156
5 100 -PIP,
2+ 2
+Ca™ +PIP,
3
&
g o
PIP,:Sigma, #P9763, Sodimn salt 9 1 2 3 4 5 6

Time (minutes)

Fig. 6A Effect of PIP, on human 30kDa binding to CaM.

z

g

+EGTA

Response (arc seconds)
w
< S

¢ 1 2 3 4 5 6 17
Time (minutes)

+Ca?t

Response (are seconds)
8 .n22388

=
-

2 3 ¢ £ 6
PIP,:Sigma, #P9763, Sodium salt Time (minutes)

Fig. 6B Effect of PIP, on coracie FERM binding to CaM.
t I 4.1R FERM domain L PIP, fE &M RS LTV %, £ | 4.1R FERM domain

iE. PIP,FEAIZE V. GPC & DOfFAPHEE I, ¥IZ Band3 OFEE 3 IH &
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HIEPHESINTVD (FEBBEERDOEILTII R, RREEEZRHIE
RTHDHZEIZER) , Coracle & & b 4.1R FERM domain O 7 3/ B2ELF DO FH
R 6, PIP, fE GBS EE SN D,

--J7. FERM domain {Z PIP,#& L72BA. CaM LT ED I I REEE2T 50

DMRER X TRV, PIP, & CaM (3 & HICHIEIRKRF & L THEET 5, PIP, %

EIr3 % PLA, IE Ca® K TEMEIZTEMEIL T 5, Ca® %) LTz 2 RO HIEEE & fiF
B4 A FLTEELEbDILS,

PIP, (MaEeth . /KEME) 1. Coracle & E b 4.1R FERM domain @ CaM f&& 1%

Ca*FEFEIE T TRAICHHI L7223, Ca™ 77 T CTHIf L2 o 7z,

+EGTA +Ca’

Vvt

Fig. 6C Effect of PIP, on Coracle FERM domain binding to CaM.

P

IP, 1%, KBEEP TIEIEARTH Y, F72, Coracle & & I 4.1R FERM domain
D CaM FEE L. Ca™IETFAE T THRAEIZME L7223, Ca»F7E T THIHI L7225
Too XPREERRE LT, 1P, OKEM) ZRERICLE Y L2, &< EiEhro

7",
—o
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pep 11 (Ca?*-insensitive site)

HUAMN AIKKILWKIVCVEHHTFFRLT
ZEBRAFISH |C|KQ|LIWK|CS VEHHTF F RNR
XENOPUS AIKKIL WKIVCVEHHTFFRLT
CORACLE AIKKILWKISCVEHHTFFRLT

AR
VA
0 oy
B} H
L D

PIP,:Sigma, #P9763, Sodium salt

K265K, K269

Fig. 6D PIP, binding sites on the FERM domain

Y757 4 v 2®4.1R 30kDa FERM domain i, PIP, (MEBeHE. /KiEtE) 1
LV .CaM & OFEEIL, CIHFET THREBITHH S22 b o 72, B 6D 1T,
PIEOFREREZRIE L, UEDORERNL, KX, PIP,DEBELRFEEIHRMTH D

Z R ol

EXR2)

TIORLZE DI, 41R O CaM FEBREMZITIZERZHTH E, B MZE

B OENMIBIE T, Ser BREL R LI-DIIMAEBY TH Y | JRIEKO AL E
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BhdHEFHRIND, B, MAEEREZ 0BT —ANBNLETHD Z LIk
E95HTHRV, Wi, ¥7F57 4 v =¥ Coracle 7% CaM Z AT HI2H H
755, FERM domain L EEBERE & OFEEICEE (FE) Livoid,

EWVWSRES, H, EZoTn5,

CaM regulation of
4.1R 30kDa-interactions

NO YES

T AKKL|ISMYGVDLHKAKDLE
#[VMCLIPIMYGVDLHF AKDLE
=) AKKL|TIMYGVDLHKAKDLE
o AKKLIAIMYGVDLHKAKDLE

Fig. 7 Proposed novel evolutional tree based on CaM regulation of 4.1R binding to membrae proteins.
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% 31 4.1R @ Calmodulin #F&X7F K & Calmodulin ® 4
8 ) B W RS B R AT

[B#]
pepll:
4.1R | 30kDa | //]
g0 T T xpma07m
WA apo éaM
pep9: ABIKKLSMYGVDLHKADL
NE, Ex.9 y
4.1R 30kDa | /)
o /7
Egp=—10"M
Ca™/CaM
pep2:  S®RGLSRLFSSFLKRPKS
Ex2 y
4.1R13 | HP 30KDa 7

Kpy=105M

Ca**/CaM

Fig.1. CaM binding sites of 4.1R. The CaM binding sites were located in NH,-terminal
30kDa domain of the 4.1R (so-called FERM (four-one, ezrin, radixin, moesin domain), we have
determined the sequence of the two CaM binding sites, pepl1 and pep9 as shown in this figure.
The aromatic amino acids, W and F in pep11 were important residues for CaM binding and S in
pep9 was key residue for the regulation by Ca** and CaM. JBC (2000) 275:6360 On the other
hand, the large molecule isoform of 4.1R (4.1R"’) expressed in non-erythroid cells has typical
Ca’*-dependent CaM binding site (pep2) in its additional 209 amino acids at upstream of 4.1R.
Eur. J. Biochem. (1998) 258:567

4. 1R% X, FEFEBERA Td 5 30kDa domain % 4 L T Calmodulin (CaM) & Ca*
FIEEEICEESTA I ERMmENTWS (K 1) ., —F. b MEMEKBETIX

Ca®*& CaM DHEAIK (Ca** 4 \—P’Cﬁﬁﬂl X7z CaM 2 LAF Tl Ca¥*/CaM & 3

147



Fig.2. Modulation of 4.1R binding to cytoplasmic domain of Band3 by Ca*/CaM. 4.1R,
an erythrocytes membrane skeletal protein, is a unique CaM-binding protein in that it has
distinct Ca®*-sensitive (pep9) and Ca**-insensitive high affinity CaM binding sites (pep11).
CaM bound to 4.1R at a stoichiometry of 1:1 both in the presence and absence of Ca”, implying
that one CaM molecule binds to two distinct sites in the same molecule of 4.1R. The binding
affinity of 4.1R with Band3 was reduced by Ca** and CaM complex (Ca**/CaM). JBC 275: 6360
(2000)

2T 5) 4IRPIZHERT D & 4.1R¥ & spectrin / actin DFEENFHE Y | FR L
LTRDOZEMENMET T2 LBMEINTND, THETIZ, 4.1RY 23 CaM
& Ca™ KRBT 2T BB 57 .Ca™ 28 CaM &1 L7z 4.1RY D& &
BT DA T 5412, 41RY O CaM AT A RE LTz, DFED,

4.1R 21X, Ca™ FHRFMEITHE AT 8L (17 FRE, pepll) & Ca* ICX VA
BB 70D (VHERBEEBDME T4 2) #6L (17 725, pep9) Z[FE L7z, Pep9
T, £0OFD 185 FB DU VERE (Ser'™ Bl S L RFL) PMETHLZ &

ZEE L7, CaM 2 4.1R OFEA ZHIET 521213, CaM 2 EFEED 2 ERT DR
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BEMICEARFICEET D2 EBRVODEITHAHZ EBRALNIRSTND
(Nunomura et al. 2000) , 4.1R @ CaM #5& Kk UHIEHEEIL, 1) Ca™iREIZEMR
BR<FEET D, 2) 157D CaM T 4.1R DR ZEMICER CTRATHZ LT
EMEICR D, ORTHO CMBEEERELERDIRTa=—7THD,
FAIRICIEZEDT A V7 4+ — AL Th D 41R™ RIFFERTRELL TV B,
FRRARMERIZIZFE ERV) B D, 4.1RP D N K 209 7 2/ ERFEE (head-piece.
HP LBEEE) 121E. Ca™KTEMED CaM FESHEINL (pep2) MdH V. Z DOFHIEEEREIC
DWTIIRMTE TR L7z, DF Y. pepd. pepll OXfHE LT pep2 ZAVDH T
EMFRETHY ., 41R & CaM ODHEMEREBETH L COHERLERT,
—J5. CaM i Ca™ic L v fafnsn/zkig, 2V, 4 5FD Ca¥*EFFEEL T
WAHREETIE, BUCK L TRD TEWREHLZEHE L, BEKLEZETHLED
FEAFEMENREETAZ ENREINTWVWAR, PO XD g HEENRES LT
WBDM, REAHTH S, £z, HIIRT LI CaM DO SLREEIISE E D
o-helix 1#&1ETdH 2 08 4 FRED> 5 72 D B-sheet #EE D 4 8, Ca™FEEEMI (EF-hand
i) IiEhDd, TNET, 2OV, FT—HEZIBFHBREFEEINTI 21>
77
Ca*/CaM & FERM domain & & D X 5 ey FHMEIER. H2WVIIEBRES
F & LTOREGEZELAER L, FERM domain & GPC SDOEERERE & D
FEEVHIE SN DDONRIERATH D, AP TIE, BRBERLEZER
B2 REEICES Y H T, FHICAHRE L EEDOHBMENDS CaM L XTF R
DOFIEANER & fRAT U To, ARFFE Tld 2T EE T (DSC) BRIyt B ELIE (DLS) |

7— Y 2 EHAGRANG S FT-IREZ MAEHE T EHESREEDEHE
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L DL EHIRIT 21T > 7,

CaM

N-lobe <

C-lobe <

Cat-free Ca¥-saturated

Fig.3. 3D structure of CaM : Reviewed by Zhang, M. & Yuan, T. (Biochem Cell Biol.
(1998) 76:313-323). CaM contains two structurally similar domains, N-lobe and C-lobe
connected by a flexible central linker. The binding of Ca* induces concerted helical pair
movements and changes the two helices in each Ca®* binding motif to a nearly perpendicular
orientation. These concerted helix pair movements are accompanied by dramatic changes on
the molecular surface of the protein. Rather than exhibiting a flat, hydrophilic molecular
surface as seen in Ca®* - free CaM, the Ca®* - saturated form of the protein contains a Met-rich,
cavity-containing hydrophobic surface in each domain. These hydrophobic surfaces are
largely responsible for the binding of CaM to its targets. The unique flexibility and high
polarizability of the Met residues located at the entrance of each hydrophobic pocket together
with other hydrophobic amino acid residues create adjustable, sticky interaction surface areas
that can accommiodate CaM's targets, which have various sizes and shapes. Therefore, CaM is
able to bind to a large array. of targets without obvious sequence homology. Upon binding to
its target peptides, the unwinding of the central linker allows the two domains of the protein to
engulf the hydrophobic face of target peptides of differing lengths. The binding of Ca** reduces
the backbone flexibility of CaM. Formation of complexes with its target peptides further

decreases the backbone motion of CaM.

150



(A8 & 7]

1. CaM DO¥H

CaMiZ, EH AW 5 b U 7 v o BEERILIE ., 5% UL, Phenyl Sepharose CL6B
(Amersham Biosciences) Wb T hru~v I 7 40— X VBRI
(Gopalakrishna, R., and Anderson, W. B. (1982) Biochem. Biophys. Res.ComMun.

104, 830-836) .

2. RFF RERR

A T7F RiZ. Fmoc {512 & U Perseptive #EDX7'F N & 9500 12 & Y &A% L
7w (KasR) , XT7FRiL, #HELV T L7m<v 777 40— (C18) THREL,
T/ BY—r Y — (B¥) THEAIEZEFE L. #EX (MALDI-TOF-MS,

REFLEX II", Bruker Instruments, Switzerland) THE L7~

3. Resonant Mirror Detection (RMD)#: 12 & 5 i BE 38 BO 8 47

BERE-ZEAEMBIOERE YT NEOKIGEE #REIFENTIZIE, Resonant
Mirror Detection (RMD) 7512 & % 1Asys® 3£ {& (Affinity Sensor #-. 7> 7 U » |
UK) ZzHWe (FREIIK 5A 28) . EEEWESTF Fid. 10mM

Na,HPO,/NaH,PO,, pH7.4 #&&#& (0.1M NaCl #&%e, LLF PBS LM&FD) I
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100 mg/ml OEEIZEMLT 2 /7% 2y b iz, BS® (Pierce £, USA
A&E) 24 U CEMBIE Lz, RISIZIE, 10mM Tris HCl #&&% pH7.5.0. 1M NaCl

(Buffer A) {Z%f L C 1mM EGTA Z\ i% 1mM EGTA & 2mM CaCl, # /i x TH
Wi, Fay NNOKIGEEL 25C—EIRb, —EEECTHELEZ, b
DD RT A — S — (FEOEEER, MEEETK. BRARAR) IR
YT MERWTEHELE (RSBBR) . FEEBEER Ko 13 HoEE
T (k) CFREBEEEEH (k) OEMPLLUTORTRD,

K(D)kin = kd / ka

(K pyin) DBV, R CHIE TH D N2 AE R bR KRB EDEZ T Scatchard
plot SEHT 24TV, WH Z B LAEMELZRET Lz, AXTORBRIT, Ko

DFERDHFE Kpb LTERR LI

FEa i, LT ORI > TRD T,

A 4.1R= CaM=
Bmax (4.1R*) /80,000 : CaM [E#B{k£/18,000
(4.1R & CaM D4 F&13 80,000 & 18,000 & L7-, Bmax 1%, fiEtF Y 7 v % A

WEEED BB N D RAREE),

4, CaM ¢ 4. 1 HARRTF FOBERHE
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NRTF R 2 (pep2) . 9 (pep9) . 11 (pepll) & CaM DFEA THRAET HEELR
b&, =4 7 axy VEORZERBERELZ (VP-DSC) THRIE L7z, KISITIE,
10mM Tris-HCl 2% pH7.5, 0.IM NaCl (Buffer A) (2% LT ImM EGTA &
VM 1mM EGTA & 2mM CaCl, (Buffer B) ZMx THW 7z, CaM RE 23mM
WXL TRTF FRE (471 mM) Z#E LTz, BAFHRTA—F— AH:
TUANVE—FELEAS: = b Bt AG: BETRXLVX—E(LE ;

N; &I, MROY 7 by =7 —% AW THT LT,

5.FT-IR |2 & B ~ A EDORIE

FT-IR ORIEIZIL, TNV B —F 7T 4 7 AP ConfoChecklI®% FiV 7z, CaM @
BET Img/ml IR U, BERIIATRIC X O 12 Ca*7F7E (Buffer A) . FEFE

(Buffer B) ZHAE L7,

6.DLS \IZ X W ERE S FEOAIE

BEkEELE (DLS) ORIEIX, B—F VA —F 2/ (B R A v 7 A%h) %
iz, CaM 3$HE, 02pum D7 4 v F —RiBHICFHANZ AV -, BEKRENE
DRIEZEIL, 30CH 5 0CETZEBNICAIE L7z, CaM DREIX 1mg/ml
(CIRR L, BERIIATRIZ L 51 Ca™F1E (Buffer A) . FEfF/E (Buffer B) %

EL7,
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(R & B

1. ¥R CaM DO #liEE

20 -

Fig.4. SDS-PAGE of purified CaM. Lane 1; Ca® free CaM, Lane 2; Ca®* saturated CaM.
SDS-PAGE using 15% gel stained with Coomasie Brilliant Blue G-250.

BRI CaM 1355 FE 17kDa OEIZE — /0 & L TkEI & vz, Ca®fafn
CaM X, Ca®—free CaM X ¥ & AEXTHIIC KEN EOBBINENKE o, ZD

fER LY, UTORIEICME KD &l LT,

2.DSCIi2 X% CaM R CaM BA RO BRBE/L ORI E

SICIEEBOMER-REZ R LI, IS0 X 20, Bkt LTik Ca™
free ® CaM & Ca™fafl CaM (Ca™/CaM) TIIBEMF KR (Tm) ZRTE—7
WERESER STV, 72, Ca™/CaM Tid, 120CUL LDORIE R TE o7z,
6 Tlid, BERBAROBELMEZLSIVWT, BELLHERENTITRL
77
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B. The partial molar heat capacity

A. Scanning raw data
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Fig. 5. Temperature dependent of partial molar heat capacity of CaM and complex of

CaM-peptides from 4.1R. Ca**-free (+ EGTA) and Ca* saturated CaM (+Ca**).

*1 EGTA/CaM *1 EGTA/CaM-+pep2
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Fig. 6. Temperature dependent of partial molar heat capacity of CaM and complex of

Ca®'-free CaM-peptides from 4.1R. EGTA/CaM represent Ca**-free CaM.

6 12 L72 & 91T, Ca*free CaM 121X, 39.7°C (peakI) & 58.4°C (peak II)

D2ODREMEFRB D o7z, ZORRIT, BBHROFRE B L TEY peak I
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i¥, Ca™/CaM t&1ED C K4y (C-lobe) HETH D LHWrCTE 7z, 4.1R Ak
DRTF K% CaM & 1:1 (B/VE) TMZ 5 &, peak I OEEIT END 58.4C
HET1CLLEDOE T2 D> o723, peak T 12DV Tid, pep2 Tix 16.2°C. pep9
TiX 19.0°C, pepll TiX 18.1°CEH LTV, Pep2 I% Ca*EEFEMEDOREE AT 5
ZEML, ZD pep2 1L CaM OREMFSEEZ WV E TR LTz, EEE
ZIEEEBRBE SN, MLCK (24 Y VB#EFF—F¥) O CaM #EEL7F K
X, CaKTEE CaM ICEE T 2IC b b 59, CaM OBBEMEF RAE X 722
ERHME SNz, BRIITRERWVA, Fx b MLCK _7F FE&EMK L. Ca®*
—free CaM &2 DSC TRIE L/ L Z A, FERABREELHBL Z &A%, 5HR
P2 R Lz, CRFMEDREE % T 57 F KA DSC T Ca*-free CaM DFAE
A2 AL (R~ 7 hEE5) BRIIAATH S,

pep9 1E. Ca™ESEMEMLE L TRIESNIZRTF R Thole, TOFET
pep9 75 CaKF DR 52T 5D TIIR Ca*2F L — M LIZRETH-TH
fEa LTV D03 % OFEREEERIL C*FE T TD 10 E LA EEWERIZHEL
TV B ARBFIE TH LT pep9 (2 & D CaM D peak I DEVEMHF S DL 7 M
pepll XV L9 1 HCEVZ & 1d pep9 D CaM FEAERNLAS CaM D C-lobe FEIRIZ
H Y| peplt b [E I ZE DFESEALA B D05, TN ENOEN R O AR
MBRRDZLEERLTWD, Ll BERRRKOEWVITREHTE o7,

B 7 12X, Ca®/CaM @ DSC HIERERZR L7z, Ca/CaM DEVEMEF S

101.1°C & 1192°CTh - 7=,
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Fig. 7. Temperature dependent of partial molar heat capacity of CaM and complex of

Ca™-free CaM-peptides from 4.1R. Ca’/CaM represent Ca**saturated CaM.

EDr—ZIZRWT S peak ITHTIFE(LITAR D> > 72, Pep9 D peak I 1% 0.4°C L 2>

7 b (RIBA) LZedozdizxt LT, pepll @ peak 11X, 5.6°CHEIEMANIZ

7 b L7, pep9 & pepll % CaM L ZHENLTRAT S & (pep9+pepll) F D

7 ME 5 1CTHY | pep9 (2 & HIEIEMA~D 7 b (0.4C) DFEFR (5.6°C0.4C

=520C) & E<—FH LTz, Ca®/CaM {Z pep2 #IRE D & peak 1%, 121.0C

W27k (189C) L7z, CaKFMICREERT 5 pep2 . pep9 KT pepll &K

L ER->TW e, Ly, peak] TOELLTHY ., ZHHDOFRRITIEDRTF

Kt CaM @ C-lobe IZfEETHZ L AR L TWA, Peak I DEVEMF SO 7 K

DEWVL, EXTF FE CaM OFERFUTEVEZRB L TW5D L Bbh b 03,

Z DR E TIHEATE R0 72,
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Table 1. Thermo-dynamical parameters of CaM and peptide complex in DSC

SAMPLE First Tramsiti Second Transition
AHtotal Tml AH1 Tm2 AE2
(kcal'mel) {C} {heal/mal) [yo] (kcalimol)
CaM EGTA 16 307 0.624 9.4 10.032 584 H.046 364 20031
CaM~+FEP ® 83 - - 589 00053 82.6 100454
CaM+PEF 11 65 491 0.7 149 002 580 20055 496 +0.002
CaM+PEP 2 6 558 £0.022 9.1 0156 .5 20.017 6710192
CaMf 1mAf CaCh2 108 1011 44 1193 0.1
CaM+FPEF 2 117 1129 66.1 1216 59
CaM 10077 1011 =D.049 4214 $0 185 1182 +0.6680 58.63 10.163
CaM+PEP & 9608 0.7 20.067 46.69 D294 1181 20 6613 £9.93 +0.243
CaM+PEP 11 548 106.7 011 54.76 D529 116 4 £05.0016 48.72 +0.449
CaM+PEP 9+11MIX 11125 1082 011 70.21 +6.642 119.4 =0 0615 41.04 0 517
Aftotal
{k¥mal) (kJ/mol) Gt/mol)
CaM EGTA 191 2 152
CaM+FEP & 46 - 346
CaM+PEP 11 271 a2 209
CaM+PEF 2 e 33 231
CaM 1mM CaCl, 437 186 252
CaM+PEP 2 480 77 233
CaM 422 176 245
CaMi+PEP 9 402 198 207
CaM+FPEP 1} 400 229 170
CaAM+PEP S+1IMIX 466 294 172

112, CaM RN CaM L RXT7'F REEED DSC o B\ T A —F—%
F L W7, Peak N IZHOWTIE, EEL-ULIZEL TWRWVO TEHE FOFH|A

TEE L,

3.FT-IRIC L % CaM DR EERGFE_RBEE/LOBEYT

FT-IR Tid, ZHREEFICNTF FEE7 2 AV RI (Amide I) (ZH¥ET S
BESEREOBRRNETCEBETHZ 006, CD (BREAEZEME) AT L
ELYOEEZMEZAELRDIFEARH D, L, ZTHETIEIREZELLHD
DIRGF DI, BEBEEGFOPNREELZRET DI ENTERMNo7,

D, BARERTRENTONTE T, 5%, IV I—F7F 4 7 2%t
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1. BKBRE CTEAE S F O FT-IR HIE R 4E72 Confocheck I®% BA% L 7=,

#FT-IR detects the change of Amide I band (C=0) of peptide bond.

1862 ©3
} ASALLLLQE ——n | iy
- - . B 583
§ e 4
E) & Ed
178 WeSanzsn) s 130 i Weezaid - om 1649 oy el f o © s

a-Helix f—-Sheet Random

Fig. 8. FT-IR measures the changes of Amide I band of peptide bond. Specific

absorbance are at 1652cm™ for a-helix, B-sheet at 1630cm™ and random for 1645cm™.

Confocheck 1 ZF | LT, CaM kN CaM & X7 F REESER O " IRFEEDIRERK

FMEZRIE LTz, K92 CaM BHIETO FT-IR BIERREA2R LT,

i X N
S et 2 v O
s ol A~ -
& VS antiprailel / paraliel
= </ S-sheet
h -1
2 | ] 1630 fm
2o
2z
< -
E = T T T T
e 1760 1650 1600 S50 1500
1]
2
i A AW
& '
8 { {
g i
7 ~ 3 I N
= £ i a-helik 1
g . & 1652 Fm
] T T [ T T
> (Wavenumber cm) 1700 loopissg 1600 1550 1500

Fig. 9. FT-IR measures the changes of CaM in the presence and the absence of Ca*.
Loop structure of CaM increased in the absence of Ca’*. a-helix structure at 1652cm™ increased

in the presence of Ca*. Slight change was seen at 1630cm’™ for B-sheet structure.
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FT-IR DR 5 | Ca>*—free CaM THLUA| S 4172 loop #iE 1% Ca®/CaM [T AV TR
LTV, 1652cm™ THUI X35 o-helix #1& 1. Ca®/CaM THEEM L TV -,
1630cm™ CHLHI X 415 B-sheet HiElIL, Ca®*/CaM TR LT\, ZOFKER%E T

KR TF REE/)VH 11 TRELTHE L,

a-helix B-sheet

P A PN e e N, e 1O
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)
P — — P e ¥PEP2
7 £ ~ N4
Z 3 » -
=2 T g g T
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] N +
8 N N /i R - pe
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Fig. 10. FT-IR measures the changes of CaM-peptide complex in the presence of Ca®™.
The second derivative spectrum is shown. Loop structure of CaM increased in the absence of
Ca®. a-helix structure at 1652cm™ did not change mixing with peptides in the presence of Ca®.
A dramatic change was seen at 1630cm for B-sheet structure mixing with pepl11 but not with

the other peptides.

10 12" L7 K D1, pepll & CaM OEAERTIL, 1630em™ IZ KX 2D
%ﬁ’f’%éﬂf:o& Z DAL, pepll FFRHITH Y, pep 9 K pep2 TIFHEE I N
Mmolz, E2, pep9 & pepll BTN L723HE TH pepll B TOEILBRIERIZ
BEINTZ, ZORERIE, pepll (IZ L DI pepd ITEFELRNZ LB 6 »
272 o7,

11 [ZBERTF R L Ca¥/CaM DEEEIZOWTRERFHEOE Lz B L

TeAERKROED R FER (K12) 27, B 1TIZRL7CX 91T, pepll
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Fig. 12A. Temperature dependent changes of spectrum of Ca?*/CaM with peptides.
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L Ca”/CaM DOBES I, BEKFM IZo-helix #H&EZ KT 5 1652cm” 7
1630cm™ (B-sheet #15) IZZEL L Tz, Z DIREKRIFHEDZE(LIT pepl 1 ITHF R
HIZRZLTH Y, pep2. pepd K UNMLCK X7 F RTIHBIRI N o7, BIE

RO KRB O TELNT-band DHBEZBE L-EREZX 13 X141 LT,

40
—_ ¢ +MLCK
330} "
°
p ® pepll
= ® +pep2
220
é / ® +pep%

et
[}

40 50 60 70 80 90
Temperature (°C)

Fig. 13A. Temperature dependent changes of second derivative spectrum at ¢ -helix

area., o-helix structure area at 1652cm™ is estimated by using software PLS Calibration model

of Proteins established by Bruker Optics.

60
-~ @ +MLCK
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Fig. 13B. Temperature dependent changes of second derivative spectrum at f-sheet area.

B-sheet structure area at 1630cm™ is estimated by using software PLS Calibration model of

Proteins established by Bruker Optics.
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B13A 12778 L7z & 918, o-helixi#iE L, IREKTFIHEICE DERENED LT,
55CH>B70°CTIL, o-helixtEEDER &%, BEKRGFHEOE(LIZe o7, pep2
& Ca?/CaM DB AR Da-helix 878 &3 E VO DIX, pep2 B RIZa-helixHEENE £ i1
TWaaThHhd BRI,

X13B 1278 L7z L 912, CaMDB-sheetiiEiE, pep2/k Opep9idid EERIFMHED
TARITBE SN2 Do Tz, —F, pepll EEHEITIR - 7-Ca>*/CaMTlE, PB-sheet

HEDEENSSCTHBTISCITNT THEML, I5CULETIRFREEL L 2D o 7,

6.0605 6.0E-05 j

5.06-05 5.08-05
~ 40805 = 4.0E05
§ 3.0E.05 5 30805 hd
? 2.06:05 ? 20605 o \+
E 1.06-05 .Ta—e—g g 1.08-05 —8 55 o
& 0.054.00‘—5—.—6—8—— & 00 2
E‘»weosg—. L in.oe-os S o

-2.0E-05 ~2.08-05 ® LA *

-3.0£-05 -z,oeos*—q <

-4,08:05 e -4.0E-05 e
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Fig. 14B. Temperature dependent changes of second derivative spectrum at o« -helix

area (left panel) and p-sheet area (right panel) CaM. «a-helix structure area at 1652cm™ is
estimated by using software PLS Calibration model of Proteins established by Bruker Optics.

B-sheet structure area at 1630cm™ is estimated by using software PLS Calibration model of
Proteins established by Bruker Optics. Closed circle and Open circle represent as in the

presence and absence of Ca®*, respectively.

M14B (%) IR L2 X 912, CaMDa-helix#Ei&E 1T, Ca*DEEICED SR
EERGFHEOEFEDPEIL LR o7, K14B (F) IR L2 XK 912, B-sheettid

(3. Ca™FET TIHREKRFHEORILITBRRE SR o 7e s, Ca*IFFET T
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B KTV B-sheetiEE DS BEM55CH>HT5°COR T LT,

4. DLSIZ X 3 CaM D R R — REEEL D BT

Ca™* FETFTE T CTDCaM DR E K IFE 7 B-sheethEIE DN, CaME S FATEH
TABZERDOD, BB TFHEOBEIZLDBRLONERLIZT DD,

BEEREEHEOSFROBIANONFELEE Lz, ZORBITIZIZ, YARXA v

2R LT —F A —F %% iz,

5 5

&
£ 3
o S
-
© o

(left panel) and diameter (right panel) of

Fig. 15. Measurement of molecular weight
CaM and its complex of peptides by Zetasizer® based on dynamic light scattering light.

Concentration of CaM was 1mg/ml in the presence and absence of Ca*.

DLSIZ L A4 FRBIEMNSEL L72CaMD4yFEiL. Ca¥1FZ/E F TlIKI22kDa
Z DFERD

(5Snm) TH o727, CaFEFET TIEf44kDa (7nm) ThH o7,
5. COFEFET TINEARZ TR L TV A AIEEM S R Sz, MLCKR 7 F
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RN % CaMIZIN 2 T H R FRIZE LIZ 23> T2, Pepl1_XTFF NECaMIZHNZ 5 &
Ca”FAE T TIICaMIZ 2 B AR L TR Y., £/-. Ca*IEFE T TII3ERK %

TRk LTV D ATREME S RS S Tz,

CaM +MLCK % +pepl ik

2+ .
FCaT g +ca¥*  _Ca teat et

Fig. 16. Proposed model of CaM and its complex of peptides by data from Zetasizer®

based on dynamic light scattering light.
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Fig. 17. Temperature inducing aggregation of CaM in the presence (open circle) and the

absence (closed circle) of Ca**.
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REKFEIZ K DCaMD 7y F RO Z BRI BELE TRIE L2 R 2 K15
R LTz, BA TR L7ZCa¥-free CaMiZ, S0°CE B2 72 & T A TR AlEME
BEEDEE Y, 60CHHT0°CE T— BB EMICRY . 75CL L THEIZESE
THZERHLNI R, UL, Ca/CaMTIE60°CH H65CIERENRIBZ %
B, FOHK, SHITREY ERE ST TH R FRICEMITRWI LA 6 NIR
STy THHDERMS, 1) CaMDpB-sheettid DR EEFHEML, BEHTFH
TOBER TR HFHOBEIZ L B AEEREVZ & 2) Ca*ECaMD

SFAICEETHY, Ao, BEEREFLEELZTE] S Z ENTRRSNT

[£ & ®]

4. 1R FERM domain

Fig. 18 Predicted 4.1R binding site on 3D structures of 4.1R FERM domain and CaM.

AMFFETII. DSC. FT-IREUDLS Z# AV T, CaME UCaM-~<7"F REAIKIZ
DOWTEEI L, CMOARZEMER Y, X7 F ROFEEEMIZHO>WNTOTEIZLT

277,
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Z OFE R, 30kDa FERM domain i 3R DX 7' F Rt & $I1ZCaMDC-lobelZ fEE T 5
D, FORERIZZ LD L. pepll DFEAIZCaM D B-sheetikAg & & H N X
B ERBELNIRoTz, ZDOIEIX, pepll DFEEIZ L Y Ca TRafi STz
REE (CIFA TRET D) DCaMH»HC A T ERE S, BT k|
Ca™-free CaM& A UIRBBIC 25 Z &L bE 2 b5, L L. DCSOAIERRIT
pepl IDFERIZ LY . CaMDC-lobe DEAREME A NI ETWNDH I &b, BE
Sz,

Pepl 112 & % B-sheetii & 2 ML, CaMOZERTER G(EMAKFR) & LR
W dEHREND, 28BECaM & 3REITAIT 5 B-sheetBRIEED B> TV D

TLEEHERITE AN, N EOZ SIS ICH KR o T,

[ K]

R AEBERTIZAV T, DSC, FT-IREXUDLSIIED THRFETH D,
L»L, BEOEM CHMEYBOEAERMZ HE L 2ThIER 620, Ao
FETIE, CaMEXRE LR ZVUEREOFARPAETHY . 2, ®mIBEIZ
LTHABEEE» O THD, LAL, ZRICRICELY OEREIICHERD
RTCIE7eVy, #FlziE, 4.1R 30kDa domainid, 1mg/ml TiLET 5,

A%, SOICEBRERESHEORENEZEND,

166



% 3.2 15 LKEMIEMITIC X B 4.1R 30kDa FERM domain @ GPC & 2L

D[ E

4.1R 30kDa FERM domain & GPCHiiEANdomain D 3EAESH{EIZ L 0 . FEEELIZ
o271/ BARE L, BEEERITORBRII. TRETICRESN A
LRI R A B LTz, 2% Y, 4.1R 30kDa
FERM domain ® ¥ CExon87%% = — K9 5 fHIK IZGPC D
FEEENAH D Z L, GPCO4.1R 30kDa FERM domain

HEEEMI T, RHKEF— 7 BNEE L TWAZ 5

mer MZ7e o7z, (5 : ABF%EIL, Bong-Gyoon Hant¥+ (¥
SAILEBFSEE) L OILFERFZE TITOIL ., AMEEEREIIRER THD 2 &

7>5. Bong-Gyoon Hanf# - DEFEIC & 0 FMIRIEROMETHER )

[Z% k]
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2000a. Ca**-dependent and Ca*'-independent calmodulin binding sites in
erythrocyte protein 4.1. Implications for regulation of protein 4.1
interactions with transmembrane proteins. J. Biol. Chem. 275, 6360-

6367.
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2000b. Regulation of protein 4.1R, p55, and glycophorin C ternary
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B4-1H 41RO PKC Y rE{LZ2FAH L KEE/NEOER

[BHH]

b MRMEROREE/NMIZ R L 2R BE-BEES OfFTIZIE. pHI1 LER
KICA Y 27 LA XD EERGMHIEY ., BREEREORELZ L, 20
7, BRETHREBEBRERE DAL RO TIRIEEOEM NS 55K TRE R
WradT-> TRz, —FH, RLKEEEHRDETH S 4.1R # PKC TV VEfbsh 3
& . spectrin/actin, GPC 7> LFEBET 5 Z L 38 &7z (Manno et al. 2005) , A&
WFFETIL. 4.1R & PKC TV Bk Lo BRI R/ N Na 2 ER4 5 Z & ¢, REE
DEMFMEIZ L IBFEAERELZEE L, F o -REE/ NMNMIOEBE % #E

#r L. 4.1R 30kDa FERM domain & OfE&fEAT 21T > 7.

[#46E L 58]

1. M2z EREOER

t k 4.1R @ cDNA 755, 30kDa FERM domain (7 X / B8% 75 1-298, exon 4-12
21— NEEIR) & EcoRI X O Sall fIIREESR G EML Z (M LB E T T4 —I12 Xk D
PCR THEIE L, pGEX-KG X7 # — (Amersham Biosciences) (ZH#A#: 2 72, F 7=,
Band3 MIFLE N domain (X, FRIFERFAN cDNA 75, FRHT T~ —IZ X 0 H#Hig

L. HWERY| 2w %. KWBE (Escherichia coli) BL21(DE3) # B Z#x#a L7~
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LB BEHUZ CTRIBHE % 37C—ESRM T CEEEEE L, K&K 600nm TORE (L
T TI% OD600 Bl A600 5 THRR) DOIEM 0.4-0.8 IZE LB, IPTG & &k
BRE (ImM) ML, & HIZ37°C—ERM T T 3 BpFBEEE Lz, KA,

=0 (RPR20-2 ©— & —_ HLTL#, 8000rpm, 4°C. 8 43 k&% . ImM EDTA,

ImM DFP, 1mM 2ME % #$/0 L7z B-PER™ (PIERCE. USA) I(ZERBLEE L7, &
EIRIZK £ 10 SR OBERLEE, #0 (RPR20-2 0 —4F — B TH,

18, 000rpm, 20 43fH) ® EE%E&7-, EIEIZ. Glutathione-Sepharose (Amersham
Biosciences) & ¥ L .GST Rt & & H g’i’ﬁv\%ﬁ L 72, GST ft & 2 B E 1 PreScession
proteinase® AL IZ XV ERIEE'E (30kDa domain) & GST ZYIEF L7=1%. GST
% Glutathione-Sepharose {2 T UYL L, 30kDa domain % Q-Sepharose (GE Healthcare
Biosciences) TRICHER L7z, BH L-EBEOMEIL SDS-PAGE IZTREL

77, BEAEEIZ UV EE AV 72 (280nm & 260nm #HIE L, EAEEE (mg/ml)

1.45 Ay - 0.74 Ay)

[\

. KB/ o ER

. PKC V VBB L R ERfE/ N (P-IOV) D 1R,

o

PKC V b EE/NE (P-I0V) DYERLE, Manno & (2005) (ZH€E- 72,
fEEBARAB I LT, EBROBIARVEE 221G~ L TERMLE Lz, miEH
HEMERAE 7 4V Z—FREL, KB LZPBS ZIMEED 2EETEM LIz, &

D578 (5000rpm, Tomy MX-300) THRIMERSIE A 5 MiE & B Lz, HRIMERS
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Preparation of inside-out-vesicle

human blood

wash with iced 10mM Na,HPO ¢/NaH,PO,, pH 7.4, 0.15M NaCl (¢cPBS)
MAX 306 (TOMY Co.Ltd) SK rpm, for S min @ 4%C, 3 times to remove serum

Suspend in ¢PBS, 50% Ht.
Add calyculin A, final Cenc. 20aM, @37°C for 30min
Add phorbol 1myristate 13-acetate, final conc. 2pM @37°C for 60min

Suspend in SmM Na,HPO /NaH,PO,, pH 7.4 and wash 3 times by same buffer

Incubate in 0.1mM EDTA, pH 8.5 @37°C for 30min

P-10V
Suspend in S0mM Tris-HCL pH 7.5, 0.1M NaCl, ImM EDTA, 1mM 2-mercaptoethanol (binding buffer)

Fig.1. Preparation of inside-out-vesicle 10V).

2 (aml) ZHEOPBS IR EH, 0.lmM DA U F= U A (Sigma) % a
w1z, 37°C, 20 3R L7z, ARMERBEBIZIC, 74 2R —/LI U AT —h
(TPA) %A1 2, 37°C. 60 53N L 7z, AR M ER & 32 0 4y BEfL | 5 i B OIREREIR (SmM
) ERRRETE pHT.4) 2Nz, Wil X w7z, = O008E% (16500rpm, 15min 4°C,
Hitachi PRP-20 rotor) L, 2 —X MEZE7-, 9 — X MEZL 5 F&ED 5mM EDTA,
pHS.5 BRI RE L, =00 EE% (16500rpm, 15min 4°C. Hitachi PRP-20 rotor)
EEEIR IR L., 37°C, 30 /9ME L7z, 0B (18000rpm, 30min 4°C,
Hitachi PRP-20 rotor) . 50mM Tris-HCI, pH7.5, 0.15M NaCl (& EpAIEEER) 12

B LT, BEmAREZR IR LT,

b. pH11 L3R KRB NG (pH11-10V) DERL
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pH11 AER I ERE/NE (pH11-10V) OERLIE, Danilov & (1990) (Z5E- 72,
FEARABFICH LT, EROBARVEFELB ETRMOLE L, ik
HEMKE 7 4 NVF—BREL, KB L7ZPBS #MEED 2HEETRM L, =
04rBE  (5000rpm, Tomy MX-300) TrRMMEKE DS MiE A RE Lz, RifnEk%E
Ly EER . 5 S EOKIEREIK (SmM VU > ERSRENR pH7.4) N4, il S8z,
w05 BE%  (16500rpm, 15min 4°C, Hitachi PRP-20 rotor) L., =— X MNEZ15
7o, T—A MNE% 58D 5mM EDTA, pHS.5 IARIZERE L, =050 8E

(16500rpm, 15min 4°C. Hitachi PRP-20 rotor) [FIXEENRICERE L. 37°C. 30
IR Uiz, @mO0BE#% (18000rpm, 30min 4°C. Hitachi PRP-20 rotor) . F(Z
[FRRENR C 3 BV (R &= Lo BE) # 0aR U 7o, B (PEX) 43 1%, pH11 NaOH
IR 37°C. 30 o3 I0iR L 72, /0578 (18000rpm, 30min 4°C. Hitachi PRP-20
rotor) | B IZ [FIFRMENK C 3 EIE (FR & B 00 BE) M0 L7z, IEE43 1T 50mM
Tris-HCI, pH7.5, 0.15M NaCl (i&&EALARENR) (BB LT-, [EESORERE

B3, BSAZFHL LT Ty F7+— FIEIZKVRIE L7,

3. FECREER

FERE/ N L #E# % 30kDa FERM domain 174 &ES L. B30 0 RS S H 7,
IOEE, EFEITI00pIZ L, HEMBITEER CHRARE L 3%y 27—
(1501 1) Z3ELF =—7 (Beckman) (2 A, KERE/NE & #H#: 2 30kDaFERM

domain DIREFREIR 2 5 EB LT,
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100ul | 30kDa+P-IOV

50mM Tris-HC), pH 7.5, 0.1M NaCl,
ImM EDTA, 1imM 2-mercaptoethanol

20% sucrose

150pl

@TIA 100 rotor (Beckman), 60Krpm, for 10 min.

SDS-PAGE (CBB G250 & IB)

~
100uT |

\o

Fig.2 Binding assay of 30kDa domain of 4.1R and P-IOV.

= OBt (Beckman, TLA100, 70000rpm, 10min, 4°C) L CHE7=0E (BomE) &

EEESEEL (K2)

4.SDS-PAGE B L UHBET oy M

b EBR TE LN & E 41T SDS-PAGE R UMRE 7 1 MNE T LT,
mE T a oy MEIZIZ, = haklo—XE (BioRad) Z Wt I FI4 5K
XA 7uey b (1I2ZVEEE, 504 ZiTWoTo, 7oy MEIL, 59AF L3

7 E2WbE L FE—BEOmME 2% TIHFERRLOTax 7 (FiE,
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60 77) 1T o 7. —RBUAIL, BEROZRHE b 4.1R 30kDa domain (IgG E4%)) |

FRILE b GPC M2 domain (IgG Ei%y) . FRHLL b p55 (IgG E4y) %= A

Wiz, = 7 A5 calmodulin HUARIE Upstate 2> AF L=, £/, 2 kLKL

WA X E—CIEBMFER 1gG ik (DAKO) %AWz, X, ECL(GE

Healthecares Bioscinece) & FV, X #2 7 « /LA (KODAK) % &t L 72, SDS-PAGE
HBEYEIL, GelCode Blue® (Pierce) & iV iz, 73 b A b U —iZ, KODAK

EDAS %z RV 7z,

[(RER L BE]

1. P-IOV O L BEHE O,

P-IOV 27 1 v M TR T 5 L. 4.1R RO p55 OREMTRED LT
25, GPCId=—X MELREffICRE I (K3) , EHERETIE, 41RO
Ny ROGEEMEDIK FAA LN (K3 KH) , BARE T, Band3 BEIW
spectrin D /N RIZIREDE VR 2o T2, IR L, THHDEAEDRET 0
v MEHNTIIAT > TV, E72, P-IOV TiE, CaM iX5ERIZHEE LTV (F
4) . LoL, RELEELUVT4IR OEFEZROZN, Ll tbad—2

(ZHBT 5 &R LTz, BRPEAIZIBVW T, Band3 XU Band3 IZfEET 5
Band4.2 & F— R MEXK U P-IOV TEL L TWRWZ L1d, 2—X MEL P-IOV
TEENKBI SN LZRLTWD, £/2, PKCOEEIZRLRNWT & 2R

LTW5, BIFFE T, I2—R MEIZH o7z CaM 23 P-IOV TIXZRITTHEE
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SDS-PAGE of P- IOV (1)

J & a &3 &
kDa a 0 ¢ &FO
Fa r , -
100 = -
37 s 37 = ’ - -
25 - 25 =
20 & 20 2
CBB G-250 a-4.IR ap55 a-GPC3

Fig.3 SDS-PAGE of P-IOV(1)
Figure legend for Figure 3. Immuno-blot analysis of Ghost and IOV prepared by PKC
treated with red cell ghost. Using specific antibodies to 4.1R (a-4.1R), pS5 (a-p55) and
GPC (a-GPC3, this antibody is specific to the 4.1R binding sequence of GPC), immuno blot

image is shown.

LTWAZEWRENTz, RMEKED CaM OFEAEHRE & L TiE, 4.1R DO,
Adducin, spectrin 2351 53TV 5, 7272 L. spectrin & CaM DFEAIZIZEGRMN H
%, Adducin iZ, PKCOEE THDHZ L b LN > TH Y, MARKS fHFAED
FNE CaM FEEHEMLTH Y . PKC DEEEILTH & %, Adducin 1% PKC J > ER1L
X VIRERLOHERT 22 000, CaMid, EERE & HITKEE/ Mz

TERIERICEERL L2 & &2 b D, b —DIZAREMEIL, 4.1R <° Adducin 28V &
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BRI XD CaM PIERERENOMEEL, I — 2 MERFHCOBES - b &
Abhb,

SDS-PAGE of P- IOV (2)

X, N .
X & A% &4 & 5
kDa o Da C;‘\ » . kDa RS Q”oxo'\
100
100 ¢ 00
73 - s
; - 37 -
20 o 20
25
q
. 15
20 7 P
CBB G250 4
) AR vapss CBB G-250 a-GPC3  a-CaM

IOVHROV+IOV) was not determined.

Fig.4. SDS-PAGE of P-IOV(2)

Figure legend for Figure 4. Immuno-blot analysis of Ghost and IOV prepared by PKC
treated with red cell ghost. Using specific antibodies to 4.1R (a-4.1R), p55 (a-p55) and
GPC (a-GPC3, this antibody is specific to the 4.1R binding sequence of GPC), immuno blot

image is shown.

2

2. 4.1R 30kDa FERM domain ® IOV & Q& AT,

P-IOV(MEREE 185ug) & pHII-IOVGREAE & 2001 g) ALy, 4.1R
30kDa domain DFEE ZMEH L7-, K5I RL7ZX 912, 4.1R 30kDa domain @

BEERFMEIZP-IOV & pHIT-IOV IS Lo ERAEBRURE T 2 v MET,
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RECE/ Na~DFE S 2R LT-, X 6121%. 4.1R 30kDa FERM domain D E
FHREEER L, ET oy NTHELNEZAY RET VY b A—Z — TN
L7z, P-IOV & pHI1-TIOV | P EEEERIL L HIZ 10'M Th o 7oy &KRFE

AEIXZP-IOV OB A pHII-IOV LD L K& oz,

30kDa

X,
Nd
& <
& - Py
- =]
» ; \QQ

" e

r s T

@ ~weiild ~uowd

/ 20 PIOVISSug  pHILIOV 200 ug
L o-30kDa
PIOVISSpg  pHILIOV 200 pg
Q&‘
& e ]

P ~wusm -sce
PIOVI8Spg  pHILIOV 200 ug

a-30kDa

PIOV 183 pg pHI1-IOV 200 ug

Fig.5. 30kDa binding to P-TOV(1)

Figure legend for Figure 5. 4.1R 30kDa FERM domain (30kDa) binding with P-IOV.
Comparison of P-IOV and pH11 treated IOV describing by Danilove. The not-bound (Upper
panels) and bound 30kDa (Lower panels) were analyzed by using specific antibodies to 4.1R
30kDa FERM domain (0-30kDa). Electrogram showed the dose dependent of 30kDa bindinf
with IOV.

4.1R 30kDa FERM domain & KiBE|D CaM (5 u M) f£E F T P-IOV & OfES %
FEANT L7-, ZiUE T2, CaM 1T 4.1R 30kDa FERM domain & JEEEEHE L D

EEEH/DDHZ L AR L7 (Nunomura et al. 2000) .
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Y 1 - - .

a-30kDa
PIOV18Sug  pHILIOV 200 ug

Terov *Tomitov
= ° -
3 « *° =
Z, ] N
g § e o
g 1 2 L
2 . 2 .
11 11
o ¥
3 2
£ =
2 8

Py — — s \ 00— - ; - '

(1] 1 2 3 4 5 (1 0 1 2 3 4 5 6
Added 30kDa (x10-'M) Added 30kDa (x10-"M)

Fig.6. 30kDa binding toe P-IOV(2)

Figure legend for Figure 6. 4.1R 30kDa FERM domain (30kDa) binding with P-IOV.
Comparison of 30kDa binding with P-IOV and pH11 treated IOV. The electrogram of 30kDa
binding (Upper panels) and dose dependent binding plot data (Lower panels) analyzed by using
specific antibodies to 4.1R 30kDa FERM domain (a-30kDa) are shown. Electrogram showed
the dose dependent of 30kDa FERM domain binding with IOV.

[F & ]
P-IOV X, EOBENEFTHY . TOHFIENRBEWEBbh s, EEE
EHETHS Band3 L OGPC T LK REEIN TV IFIERI UED IOV IZX L

T? 4.1R 30kDa FERM domain DfEE 1T, VHEREEEHIIE L 2V S &1,

P-IOV DF N KEVWEE L, EEREREOEER VRN LERL TS E
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Bbh e, 2hbOKREEE/ L 4.1R 30kDa FERM domain DS #4T - 7235

ESEDORIERODEAEZELINCT A LICX Y, KEOHRMEEBET LI,

CaM bound to P-IOV ?

"7 30kDa
] CaM (SubD)

50 8

a-30kDa @@ i
a—CaM nRmy - : &
Fig.7. 30kDa binding to P-IOV(3)

Figure legend for Figure 7. Ca®*/CaM effect on 4.1R 30kDa FERM domain (30kDa) binding
with P-IOV.  Different dose of 30kDa domain and 5uM of CaM in the presence of Ca2+ was

mixed with P-IOV. The bound proteins were analyzed by using antibodies to 30kDa domain
(a-30kDa) and CaM (a-30kDa).
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% 427 4.1R FERM domain {233+ 28 7 v —  HFEDER

[B&]

41R 13, Ex ORMIERDI 72 O L OMifg THEIL T H Z &4, mRNA
Lb BHE LAV THRESLTWD, B o—rhiifid, fURRHEOZD
DBARFETHD L L HIT, BMFRARE Y o— Rz, BEaE2HET
DL EDNHEDZ LMD, Flo BTN/ TE S, EREAHMNLTHD
30kDa domain (259 DH 7 v — U HUALZ L L, £ORERME, BEiiL, K

& DOFEEHE ZBE LT,

(A1t & 5]

1. M2 BEAEOHEM

B N 4.1R @ cDNA »>5, 30kDa domain (7 X /EE% S 1-298, Exon 4-12 =
— NHE3) % EcoRI XU Sall HIFREERLIMTEMLA I LR TS5 4 —12 kD
PCR CH41g L. pGEX-KG X7 % — (Amersham Biosciences) (ZH# % 72, F77,
Band3 M2 E AN domain 1%, JRIFERAFR cDNA 225, FEHT T < —IT LY #HIE
L. BEAH|ZME%. KIBE (Escherichia coli) BL21(DE3) & #x#a L7T-,
LB 5 H#Z TRABE & 37C—E &M T TEEREE L, &K 600nm TOWIE (L

T Tl OD600 Biv Vi A600 Z THRR) OED 0.4-0.8 IZELT-HIZ, IPTG &
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BRE (ImM) BINL, EHI3TC—ESRHT CIRMEEEE Lz, KIBE
(X, &0 (RPR20-2 v—4— ASLTHE, 8000rpm, 4°C. 8 7ofd) L&, 1mM
EDTA. 1mM DFP. ImM 2ME % #§A1 L7 B-PER™ (PIERCE, USA) IZ/&#& L
WE L, WEBIOK B 10 oM 0BT RLAHEE, =1 (RPR20-2 m—4—, H
ST, 18,000rpm, 20 7 fE) D EiFEA 1S/, LE{EIL. Glutathione-Sepharose

(Amersham Biosciences) & %%E L. GSTREERE 7Bt L 7=, GSTRIEEH
B 1% PreScession proteinase™LHZ L W ERYE H'E  (30kDa domain) & GST % Y
Wr L 724 . GST % Glutathione-Sepharose (Z THUY L, 30kDa domain % Q-Sepharose

(Amersham Biosciences) THRIZER L7z, HR L - EBE OHMEIL SDS-PAGE
CTRE LT, EREEIIUVEEZ AV (280nm & 260nm Z#BIE L, EHE

BE (mg/ml) = 1.45 Ay, - 0.74 Ay,) o

ZFED Exon & KREIET- 4.1 OFEFHE KA AL (NEKIGE 30kDa) DO#E#E X

A% {ER L7 (Construct 3) , ZRRE AT, BWHERS| ZHEB L7,

2. XTF FEH.

~7F RiX, Fmoc {EIZ & ¥ Perseptive (LD~ 7"F NG5 A% 9500 (2 L ¥ &AL
= (4B _XTF NI HFEAIT Loa<w 757 10— (C18) THEL,
TIVBYy—r oy — (BE) TRIIZESRL, #MEE (MALDI-TOF-MS,

B THRE L, BT F KL, 72 EiEM( Ovalbumin  (Pierce & Y k&
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Constaructs (1)

avG1 AUG2 AUG3 Stop
| | L Lt T S B | L1 1
| | T T 11 1 i 1 | S A e e
Exon 2' 2 4 5 8 o101 17 18 19 20 21
- Human 135kDa
4.1R135
80kDa
4.1R%¢
head-piece
HP 30kDa
30 __16kDa__
16 10kDa
L HP30 SAB 24kDa
- CTD
Zebrafish 30kDa
F I.Y 320
Constaructs (2)
Human
: 30kDa E
Exon 4 ., 5 6 T 8 0 | 10 1 .
. MH, ; ] | 1 ; 1 | 1
Amino acid i 18 5 67 93 166 195 246 280
N-lobe
a-lobe
C-lobe
Frag.a
Frag.b
Frag.c
Frag.d
Ex.§ ———
Ex.8 full
Ex.8 N-half
Ex.8 C-half
Ex.9 ——
Ex.10
Ex.11
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Constructs (3)

Human
30kDa
f ]
E";; 4 |, 3 N 8 9 [ 10 11 |
Amino acid ’ 1 18l sSI 671 93 ! 166 1.9‘:| 246| ;‘
4 | | | | |
AES — | — ~ —
i | | | | |
AE.6 i 1 | — 1 I |
§ |
AR.7 mmeeerremef—f, | — —
| l | |
AE.8 i — 1 — | |
{ | H | | I | |
AE.9 ] I [ [ || I |
I | | |
AE.10 ] ; . — e —t—
H 3 | [ {
AE.11 | ‘; i } L jl I \,/‘1

A) IZREESETHEMR Lz, B&Hix. ~7F N Ilmg iZxt L Ovalbumin /% 2mg

DEIG THRE LT,

3. Resonant Mirror Detection (RMD)¥: 1T & 5 it 3 B aa HO SR AT,

EAE-EAERSLOEAETF FEORGEE HRIMETIZIT. Affinity
Sensor %t (427 Y v ¥ UK) @ Resonant Mirror Detection (RMD){EIZ X 5 1Asyse
FHEZHWE (FEIIKSAZR) . EEEEVETF NI 10mM
Na,HPO,/NaH,PO,, pH7.4 #Z&% (0.IM NaCl %&¢r, LLT PBS &B&EE) (12 100

mg/ml DEEIERLT I /T %2~y b iz, BS® (Pierce £, USA) %
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L CEME Lz, _7F FoEEiciz, —B, 73 /v 7 vFa~y bk
WO VET V7 I (BSA) &, BS’ &/ LCEM{E LD %, NHS/EDC IZ
TBSA DT X/ EEIEMH(LT S5 (Nunomuraetal. 1997) H3EH L7, it
(Z1%. 10mM Tris-HCl #2&i% pH7.5. 0.1M NaCl (Buffer A) {Z5%f L C 1mM EGTA
gV ik ImM EGTA & 2mM CaCl, # Mz CTHW, =2y FHNOKIGIEET
BC—EIRDL, —ERETHEE L, JUNIEDLE T A—4— (BEEE
T, MEERETER. RABER) XEAMTY 7 F2AVWTEHE L (K58
BH) . FEEETEE Keyw & BEEREEHR (k,) CMBESHRETEER k) O

BB LTFORTRD T,
K(D)kin =k,/k,

(K o) I ] U T8 & M7 R0 & B RS & DB % AU T Scatchard
plot FEHF 21T\, i % LB LABIEEZMET LI, AXTOBREE. Koy

DFERDH % K& LTRR LT,

4. S R AL

FEE L7z 4.1R 30kDa FERM domain % 2mg/ml {[ZFH#L L. TiterMax® (7 3 =
NRUR) EEERS LT BALB/c mouse (265 L72,30 BRICEFIR OEMm L,
i AN 2 BRI EE (ELISA) RO ZE 7 oy METHR LK, Bx

WHL, BFEE> TRV ZF L7 ) a—LZAVWTPIUI RS 21T T,
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AT Y R—=<XRPMI1640 £5H# (10% FCS % &Tp) TH;FE L7z, 4.1R 30kDa
domain & EFH{k (BSA T7 m v ¥ ) L7 ELISAEZ AW, Bt v —r %
BRIz, 2D L X 2K L LTH Y A IgG REFKEZHNLZ LITXY,
TeG EEAR 7 u— LV B3R Lz, 7 u—=1 2%, BRAFRES AV,
7a—rOFERIE, AIRBLUCZOMAERE, 41773 —0®RETa v b
LY, BEEOBN a—VEBRIRLE,

BAEENCER L4 70— DA T Y R—<%, X— <7 A (BALB/c)

MEERIZHR G LK Z15Tz, 4 7 0 — 0 OBFOBRITH/ERIZTL T

5.1gG DIER

BT BE L7 EKICE B O PBS 2N X 72k, SFEOBFFREER ZHR 212
Z Tz (EaF) , NN BICEIR T 30 e Lo %, B OSBEHS THERE 572,
ZOUEE K EF CED PBS T L%, RRICBEMLEEZTo7-, R
7pEEA FIZ BV IR L72%, 10mM Tris-HCI, pH 8.0, 50mM NaCl (Buffer
A) THEML., REER THHENE Lz, RNERD i LRER, Buffer AT
Pl L 72 Q-Sepharose (GE Health Science) @ 1 x 20cm ' 7 A 12 0.7ml/min D
HTIHE L7z, FiBY B OWIEE A280 23 0.05 LLFIC /2 - 72K AT, Buffer A
IZFIZ 50mM D NaCl (BB EE 0.1M NaCl) THUKIEMED 5 1gG 418 % [EIY
L7, MRGUAIL, SDS-PAGE THIE Z#ERS L7, BEHEREEIL. A280 21T

LT®RE L (B'™=15) ,
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6. 41R J v 77 v b~ R MR EH

41R /v 77U h= U AMEROMEHTIZILFHEE T (New York Blood Center)

(CREAT 2 ARHR LTz, BRUAIE. REELHE LT,

[RER L EE]

1. FUE DRGSO RE

lobe Frag.
I_——If—_gl
NeCabod
[|[[1]] kP
Jhdld

6, CTD

N, N-lobe

o, a-lobe

C, C-lobe

a, Fragment a
b, Fragment b
¢, Fragment ¢
d, Fragment d

7.AEx.8

8, Ex8

9, Ex.8 C-half
10, Ex.11

13

Fig.2A Binding site of mAbs to R30

4.1R @ 30kDa FERM domain |2 ind B 7 @ — % % k{8572, B 2A 1R LTZ

£ 512, 4.1R 30kDa FERM domain DF3R Y X7 F F& GSTREERE & L
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THIE L. SDS-PAGE BEXR k&% ny b Lz, ZhHETDI B —2 D
ETHEERET 0y METET L. RUSMEDENDG 4 DD T NV—T1257
Hahiz, 2%V, 3D#EE LD N-lobe IZUS L7z, a-lobe IZSis L7z, C-lobe
RS LTIZIZo3E L, B2, a-lobe IZ Xt L7 21X Fragment b (s L7227
m— & Fragment ¢\ 5 7 0 — SN, 4 EEE G, Rx OFh

SEBIL--2D 7 a—EE AT (5. #7. #9. #13) (TRITKEE),

mAb class WG
- 3IgGlax

7 IgG2bx
9 IgG2bx
31sGl x

positive

WG: white ghost
(Bru—vHigEodr 7753 2ART41EBE7 7 1) —OXRERGHE)

Exon

White Ghost lymphocytes
|

HP+30 fragment s‘¢ of mouse of mouse

1 g o SE— —

kDa + i : Kno kDa Kn i
96 194
68 116
43 97
30 53
20.1 37

Fig.2B. Cross-reaction of mAbs
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BT, #SHUEDEEMER L, 2F 0, #5HMFIE. 41773V —EH
2 (G, N, B) ®HP EOFERM domain \ZIIFUSHE T, 4.1R DRITKG LTz,
2 127~ L7z 30kDa FERM domain D ER53 AR U X7F RIZxF L CTid, Fragment C
& OVExon 8 D =2— N9 AT L TRIG L7z, F£72, white ghost (WG)IZH
Bt L7=#3, 80kDa X UF 150kDa O 2 RD/S v K& Lz, Zibit, 4.1R%
& 4IRP EBDND, £/, 41R XK~ U ZAOFRMERRIIISUS Ligho e (#
SHUE) o AR KEY T AD Y USERIZIIRIG Ligdro T (HIHLE) . wWih

HIEE~ 7 ZBEEORMERD NIV RO 41R® 2 H L7,

iobe Frag. Exon AExX,
f i 1 ] B LB
mAb 135 80 30N « € a b ¢ d S58F §NSC 910 11

1

‘6 7 8 91011

Aminoacid 1 ml 5 1) 4] ' 166 w5

0 MECEKVSLLDDTVY E|ipepddd

A YDPELHGVDYYS DF KL A P N|(pepd8l
7 OTEELEERKVMEL HES Y R 5 M {pepis2)

13 QEQYESTI GFELPS Y R A ipepll])

Fig.2C Epitope of 4.1R 30kDa domaiy recognized by mAbs

KIZ, 4.1R @ 30kDa FERM domain % = — K% Exon By CRE X H=HRY
ARTF RN EDOREDNDS, #5 & #7113 Exon 8 8. #9 /X Exond ik, #13
/X Exonll fHILD AR Y RT7F NERETHZ ENRALNI2 -7, & Exon & =

— KL HRY _TF FEUExon 8 1IN Rim¥-y & C RimFo 2 HEL#5 XU
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#7133 E4, Exon 8 D CRKIHHFDBEBICHKET DI EAHOLNITRoT,
% lobé\ 4 ->® Fragments, M U4 Exon D /K8 30kDa FERM domain &% U Exon
Ba— RTLHRIXTF RORIEHNG, 4FEEO 7 a—r (#5, #7. #9.
#13) BRBES LT F FEEA L (K5) ., #5. #7. #9. #13 O

LHPURNRTF RERS5IZR LIz, 2N DT F RE{LFEER LT (pep 004,
pep 081, pep 082, pep013) , THZEHD N REEERIZIT A TN AT ¢ VFRE
BAML, Vo vEEDe7 I JRicaryyasf—rvaryllz, ZThbnary
27 —=avEECT X ) T rF 2y MIEME L TEHE L DR
ROGEERIICEBE L. (1) . 4.1R 30kDa FERM domain (30kDa) % F5tE
XS LT,

Table L. meAb binding to 30kDa domain of 4. 1R

Anaslyte Ligand EOM1sh kg(sH K, (nM)
H 30kDa 1.5 = .10 x10° 1.0=0.20x10 56
pepli4 No binding No binding No binding
pepfBl 5.3=0.10 x10¢ 11=0.10x162 207
pep082 No binding No binding No binding
pepll3 No binding No binding No binding
» 30kDa 9.3 =0.20 x16¢ 6.5 010107 60
peplid No hinding No binding No binding
pep081 No binding Nobinding Ne binding
pepl8 9.3=0.10 x10* 9.8 0.10 107 105
pepll3 Ne binding Nobinding No hinding
N 30kDra 6.1=0.20 x10¢ 9.7=0.10x10° 159
pepltd 35010 216° 6.0=0.10 x10° 17
pepdSl No binding No binding No hinding
) peph82 No binding No binding No binding
- pepil3 Ne binding No binding No binding
13 30kDa 6.1 =020 x104 9.7 0,10 2102 24
pepBod No binding No binding No binding
pepisl No hinding No binding No binding
pepf82 No binding No binding No binding
peplill 17 =010 x10° 1.7 =419 x162 100
Each snakvie (SM to 100 nki) was incabated with the identified igand immobilized on the aminosilane covette. From the binding carves

obtained by the resonant mirror debection method, K\, valnes were dstermined using the software packape PAST-Fit ™.

#S5., #7. #13HUKIL, 30kDa & EHEFEBEEEIL. ~10nM order TH o7z, =

NoORESEETES (k) 13~10°sM TH Y., fEEEEEEE (k) X, ~10°1/s
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THolzZ bbb, 26 DOHKIIHR TH S 30kDa & FEEI3AEHNTE VD3,
FIFRFICAERE DBV Z E BB LI R o T2, TOZ Lk, FURREEAEDOR K
SRR, —BEERESNTESEIIHELEN L2 L TnD, #9
LA & 30kDa & AEE IO 3 FEEOTUE L 0 b BB ER PR E D olz,
AT, FEEEREERDY 107 1/s LMMOFE LD bRENWZLICERTZ EEX L
Nz, #5 L HBPUFETNTNOHURNTF P& OREE Tid, 30kDa & HH#R
L CHERER B ER DRI O PR ER O LR PBE Sz, #9HE&IT
PURNTF R & OFEE DT 30kDa L D bR < BE I N7z, X B aiEEmT
DFERTIL, #IMEOBFETF FREIBITZ D DB-sheet FEE D BV MZH 7 M
B XFRTHLZEPFRENT, T/ V7 0FaXy b~O@EMEIC

%t
D, ZORBEENAEAENEICER Y IAALTHWDEZEREZ LN D,
2. XEE/NNEZHAWEHREKIZE 5 30kDa DESEE

BRI CTHE L7 PIOV GEMIZE 4-1 THZR) 2 VW T, Zh b DHuE L 30kDa
DFEE~DFERZ RS Lz, ERTIE, AIRRFURICH LTS EBIRE LIS
P-IOV LIRE L7z, BIEDEREZ S LICPIOV OREAHEEICK L TERIZA

DEIITHRBE LT,

P-IOV IZI3EERE R E I3 > TV A M, p55 itV DT, C-lobe fEIEIZ
THHIBIZOWTIIRE Lhrol, T, 4BHEOTK LIRS T 5 & HEinE
T 600kDa 2720 | HZEHERE TH 5 30kDa D 20 (BFHEHIZ e D720, #5, #

7. BOIWZDOWTHE L7z, #9 % N-lobe Z #2572 7% Band3 #5E& BN 2 3858k
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f ﬁ.ﬁg&ﬁ“n*
e O

R30 mixed with 10 times excess mAb(s). The mixtre incubated with IOV and thes bound R30 were analyzed by SDS-
PAGE. Optical density was measured by CCD camers. The binding ratie to comirel {mone) was calculated.

Fig.4. Inbabition of R30 binding & IOV by mAbs

HPURTIEARWZ & #5, #713XExon8 22— NI TH A Z &b b D
BIC L DPHEIZ LY GPCHREAIMLDORIEZHFF Lz, #5. #7. #9 Bl & 30kDa
& DBEAKRIT 30kDa B & FRIZ P-IOVICHEA Lz, #5 & #7DIRE TH 30kDa
DFEEICE BT R NoTe 2 G, GPC DFEEEMLIT. Exon8 = — RIS
DHFTH N KIgDESERIZFET D2 AR I, ZDZ L, NKRIEG

AT OHITURL H#SBUIHT L DIREIZL Y | 30kDa Dfsa1E 40% —50%
A Lz, P-IOVIZIZ4.1R DEZ HFEEEMLIL Band3 & GPC TH Y, 4.1R &
IO OEERENE & O TEMRBERAFRS LT 5 & 50%ORAMET

GPC L DFEAZHEL TWAI EARIRLTWS,

3. BRIz
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Table IL mAb binding to 30kDa domains of 4.1R from 3 spieces

Analvte Ligand k, (M5 ki(sh Ky (nM)
(mAb) (30ED2 domain)
8 Humazn 1.8 +0.10 x10° 1.0+ 0.20 x19?2 56
Zebrafisk £3+0.10x104 1.1+8.10x102 07
Fly 1.6 =0.10 51908 58+8.10 x103 3.6
7 Human 6.3 2020 x104 6.5 =0.10 x10° 69
Zebrafish 6.5 +0.20 1165 9.6 +0.20 3103 -~ M8
Fly 2.0 = 0.20 x10% 1.4+6.20 x102 T
9 Human 6.1 £0.20 x1¢4 9.7 +0.10 x10°% 159
Zebrafisk 1.7 =020 x1¢? 42+ 0.20x1073 2348
Fly No Binding No Binding No Binding
13 Human 2.8 =0.20 x10° 6.7 + 0.10 x10° 24
Zebrafish No Binding No Binding No Binding
$343 502020 x164 5.0+6.20 x10° 106

Each snalyte (Sukf to 106 ahl} was incubated with the identified lisnd immobifized on the aminosilane cavette. Frum the binding carves obtained
by the resonant mirror detection method, K, vaines were determined using te software package FAST-Fit ™

4 FEFEOFUEOEMAZEMEE JAsys = FAVWTRET Lz, E hEBT T T 4 v v
= ® 4.1R 30kDa FERM domain X ('Y 3 V¥ g U/ (coracle BmFEWM TH
% Coracle @ N K5 FERM domain fEFIfEIEK) 2N EEMEILLEZT I/ 7
¥ oy bERAEL, UKL OFEEBEREZBE L, #5 & #7113, 3F&
$6 30kDa FERM domain &f&E L7z, #91X. B7 7 7 4 2 D 30kDa FERM
domain & )& L7243, Coracle &fES LdoTe, iz, #1313, BT T 74
= @ 30kDa FERM domain & fJiz L72 Ao 7223, Coracle &R L7z, BELBREL
AiE. #5013, B MR LY b Coracle (2% 5 EEREEERIS /N SV (Bt
WEWEERE) 2L ThHD, BT T 742KV Coracle DETE b —7FDT I
JEBEEAE K TR LTz, BS5 O h—T 2T 5 L (K7) | &ED
HOLTI/BETESBERAOLPEICIFHEDOD BRRICE#BINTND, £72,

bt hOEFID 3FD P, Coracle TIXTHBIZPRH D, 295 LI-EBEIFUEL
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DEMMEZEZTVWDLARBELH D, —FH. #THHBORBH S 2= F—71%,
SHEOBY THENRSAREINTEY, HICI3EBETOEINZ., &2<HE
DZL2BTI/BII3ZEZFBOKDATH-T-, ZOZ &, #7HFIE. Q
NOHETO BECEITHLEEZDND (MW7), #ITUKICHEB T
N—T7"0BF 19RETIE, B hEET T 7 02 bOMTIE, 8EE (x5
5y) DHThole, WEOFEMRBEERIIIN I5BOERD Y, TIUIERHE
EEBOEIZERLTW., 2F0, BEaPEVHENZLERL TS, #13
PUEDSEES L7zt h 4.1R BL W Coracle TIX, RE SNk 17 BEON, 137
EPHEREThHo7z, E FOI3FEAMNL 1ISEHD 3K (P-S-Y) 7% Coracle T
i3 (A-N-H) [CE#HE SN TRY, FHEHEEROE, FICHAaREERIZ L 2:E
WEZD3EREIER T2 EEbD, #55KiL. B9 74 v v a kD

Coracle DE 7 11 v MIfERREETH -7,

Sequences of epitope

Haman MH CKV SLLDDTVYCVVE
9 Zebrafish MLQUCRVNF LDDTLFTW E
Fly MPAEI KPSAPAEPETPTEK
Consensus  * L S ® ¥ % ¥ *
Human YDPELHGVDYYSDFELAPN
5 Zebrafish YDPNLHEKNNY VREI VLAPN
Fiy YDAEEMPTRAVLDFKI APN
Consensus * * *® SR BN R
Humsn QTEELEEEKEVMELHEKSYRSM
7 Zebrafish QS»KELEEKVMELHA‘,T,YRFBi
Fly QSAELEDKVMDLHATHEKGQ
Consensas * * % % * % = * % T
Human QEQYESTI GFKLPSYRA
13 Zebrafish £ DPASEGNLSFSLANYRA
Fly FEQYESTI GFKLANHRA
c Sl ol el Ll el Sl * x
(Gray letters: sequence NOT reacted)

Fig.3, Epitope of 4.IR 30EDa domain recognized by nuibs
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4. I H

#5 PuiRIT. B MRMEREO Z 72 53 MRZEEK, K562, KGI1, Jurkat i fufE
DRBET Ry MIERAETH -7, DF Y, 80kDa ® 4.1R U} 135kDa @ 4. 1
EFRINTAE (N R) THRHEHLE, #7808, LIZLIZKS62, KGI,
mmm%@ﬁf\mHMMR;D@&Lﬁ%%@»éwﬁﬁ&%ﬁbto#9&
# 13 HuiRiL. K562, KG1, Jurkat #fEfRIZ 4. 1R ZiH LW Z eib o7z, —
7. EERV—F—BMEEE BV R R A TSR RNIE RS <, E

LTWiedoiz,
5. ¥¢%

Summary 1 RO 2 IZHE Y o — U HIERR#ET L2 b —T <y 7ER LT 3L
{81513, PDB 1GG3 7> bt L 72, 4 TR DOHUKIT V71 S 30kDa FERM domain
DHAREZ BT D0, #9 L #71%. P-sheet HE, #51d random H1&E, #7
I Zo-helix #HEZXFHFE L T, HFUEOHEEIZILEHIT RN o7,

SFEAEE LD 3 DD NAL U EZLBBRT DHUEEG, 2EL, BEEE
BHE & OREEMLE TR R > TV,

PuiE% FVT GPC OFEREMLZ 80 7 X/ BEFR BT - T,

FURORET vy b~DIEHZRET L, #5 UAORAMEEZ TR LT,
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