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1. Fa
2. XHFBTHSNMILEZZ & BB
A. 4.1R DE#EA domain,
B. 135kDa & protein 4.1R (4.1R%) NH, K&k 209 7 2 J BRFRAE
(head-piece, HP) DHlf@IE#E & HIEIHEAE,
C. 4.1G DIRAE ST,
D. 4.1BAVS2 & NHE-RF D#5& R,
3. WS AR
4. AR RE

B2E PIFROMRRE

% 118 4.1R 30kDa domain @ calmodulin #5& B 7.

B 2TE 4.1R 12k 5 PDZ EHE DR S HIE,

% 318 4.1R 30kDa domain @ X #f# 5t i,

% AJH 135kDa & protein 4.1R (4.1R*3%) NH, K&k 209 7 =/ BREE
(head-piece, HP) DHIfRIEAE & H RS,

% 518 160kDa % protein 4.1G QAR & OFE S fEHT.

61 Bl proteind. 1B (4.1BAVG?) L PDZ BHE O ST,

ETH ZTOMOWFITERE.
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1. &

MlaEE N T 5V FIVEERIT. (HEBRERE -RETHSEAE M
B SR] OBESY 1 FIXLOEETHD. DED. T FIMRERITIE,
SRESOEEREALGICEEKEEG T EER (EITS) EREZTLTH
FERICEEIND EEAT, BETONTVWBIHEDL I T FIVnE
WHOLLAEREEY 1)L Hx0ERELST) ORERENVENN. &
FEOBELESS TRAREIER (HEMEE Rz & OE BB & MBI
[OF et i A VA AN

AnKkyrin g — : — Ca?t/CaM

7 Actin filament

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 (o and ), 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
glycophorin C (GPC).

AR T, MEEEEEAEEH (Fe. 12R) KERZH T, BaK
BEEEOATFLANNTY T IV EELZEBET 72012, BEEFIGHBEDET
HO. HBERNS IV FIVEECHEELRREZREZLTWLS ETFEIND
protein 4.1 (FRMERE 80kDa % 4.1R®, FRIFEKE 135kDa & 4.1R'™ KN



SHMICRIT S general type & 4.1G RUOBICEFRER T 5ME %
4.1BMV¢2 LBEEE) DRSS domain TdH S N K 30kDa (AisE FERM
domain) & T*4.1R'* @ 30kDa (FERM domain) @ N K4 209 7 2/ B R
UARTF R (head-piece, HP &B8EC. Fig.2) CERZHS T, EEREAHE
(glycophorin C, LA'F GPC. Band 3 gWid pb5 (FRifu¥k PDZ ERHE. 7
T8 55kDa) ) EOREEGHEITETWV. T FIVMEEICBITSEEREHED
ez BRI,

AUG1 AUG 2 AUG3 stop
| | T T L1
Exon 2 | 2 Py T Th T g T T T s’ 17 17B '18 ' 19 '20 '21 '
* * * * * ok * * " *
4.1R ™| HP | [ | |
4.1R3 | saB | | cmD \
16 kDa 10 kDa 22/24 kDa

Fig.2. Primary structure of 4.1R isoforms. Translation of the prototypical red
blood cell 80kDa 4.1R isoform (4.1R*) is initiated at AUG-2, 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 2’. An updated list of the binding partners identified for each domain of 4.1R 1s
displayed. 4.1R® is digested by a-chymotrypsin and generated 4 main domains, 30
kDa, 16kDa, 10 kDa and 22/24kDa domains. The 30kDa domain named FERM
domain after Four point one, Ezrin, Radixin and Moesin, which have conserved
amino acid sequence (Chishti, A. H. et al. (1998) Trends Biochem. Sci. 23, 281-282).
* Indicates alternative slicing Exon.

Fro 41773 —FEHED 4.1G, 4.1B & 4.1R OfEEKMERET S Z
EWCED, 41 773 —EHEOBEMNSHEE EBESMBIIDONWTEERE R
AT



2. AHFEFTHLMILEZ & (B

A. 4.1R® OE#K S domain

(1) %D Exon % REIHZ 4.1R OERES domain (N Kim 30kDa) @
X EBHEE I DWW T, Resonant Mirror Detection (RMD) & &M W/
[Asys™ EBIC K2 S EERIFESHITIE D, 4.1R%* @ pdbd. GPC Kk
X CaM ORI ZFE L7z, DE D, p55 id Exon 10, GPC 13 Exon 8
DENTNEKET I VEBEEEZLGVE2ITHE L. CaM & Exon 9
(Ca* BEMDOHA) kU Exon 11 (Ca*t FEEZMHORKES) O 2 @i (&%
11 %E) KHETHZEEWALMNIL, £z, CaM 4% 41RNIZEMT %
F=DIZI O 2 BATICARICHER T A ZENEETH L I E2HENT LT,
BT 4.1R® & CaM DFEEICRWT, Ca? BREZMEOREHAL TIX 185 &H
DY CEEESE), Ca* FEEZHEOHBEMA T, FEERY I/ BIVEE
REEEL TS EEHLMNITL,

(2) p55 D GPC ANDO#EEIE. 4.1R® A p55 DFEET 5 Z LITX DI 10 5580
5377, P55 DFESEL (Exon 10 )L 30kDa domain D &aA&E £ D
C-lobe fERICH V. £/~. GPC & Band 3 DS I ITHEHEELE LD
a-lobe 81 K& Uf N-lobe fBIIZHEL 7z,

(3) 4.1R% » p55, GPC. B XU Band 3 ~D#EEIL, Ca?m itk D CaM &I
U TEFMEDHK 10~20 2D 112550 5N,

<5 Y 7HFEORMKEEZERED—D MESA 13, 4.1R® M Exon 10 fEH
THUO. MESA I3. phb & 4. 1R DFEEZEHE LT,

BVNERFL 7 F > (WGA) ZEENE IS WEE TROKE (T2
R WERIE 2 ERMREOEREMET Lz, WGA FE T T, JRILIK
RO R/ E/ED Z LI TERN DT,



B. 135kDa # protein 4.1R (4.1R!3%) NH, RK## 209 ¥ I JBR&
# (head-piece, HP) i E#s & HlHE.

4.1R1% ¢ 30kDa (FERM domain) @ N K 209 7 X /BRURTF R

(HP) 1. 30kDa (FERM domain) &EZEHE (GPC & Band 3) LD
SEEIHE E EEE) L7z, GPC. Band 3 OfifaAN domain kU pb5 &
138 4., VHEREEER~10° M, ~10® M, ~107 M., THaLl7%Z, HPIZ
it. 30kDa (FERM domain) & ¥ HEALIC CaM 2WfEE L7z, CaM 4% Ca**
BEFTHP AT D E 4.1R™ & pbb kU GPC LI E&<HEATERLIR
572, 77, Band 3 & OPEMEEEHII~105 M ICKE RO FES OHF
PEDMET L7,

C. 4.1G DR G,

4.1GVE. FRIFERIEE 7 ARIC—@MICREAL T, 4.1G O NH, RiHB
209 7 3 JEFRE (head-piece, HP) iZid Ca?* &&FMHED CaM #s& BRALAY
HD, CaM & FHEEEER~108 M TS L&, GPC, Band 3 OfiizA
domain KON p55 Eid&/ 4. FEMEEEER~107 M THSLZ, CaM 2°
Ca** HEFTHPICHEAT 5& 4.1G & p55 KU Band 3 LI3&<HEETE
1< 7o, Eiz. GPC & O #REEEIZ~10 M 278 D #E G OBFPED
L7

D. 4.1BAV6?2 & NHE-RF O S #ET.

FHIRICRIE T S Nat/H X Hi#xAE (NHE3) OFESERE NHE-RF
(218 PDZ domain 289 5%) & 4.1BV S L 5% T &% in vitro
binding assay (IAsys™) IZXDBSMCLk, £/z. NHE-RF 57 LT
13 4. 1R® OFEAERALIE Ezrin OFSE AKX PDZ  domain &I3#72 2 HL
ZHB T ENRSNT,
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4. FERZE .

(1) @& L3EXRE
(EHFEREE O TOEB RO HE OBER K 2 15H)

Regulation of protein 4.1R, p55 and glycophorin C ternary complex in
human erythrocyte membrane.

Nunomura, W., Takakuwa, Y., Parra, M., Conboy, J. G., and Mohandas,
N.

J. Biol. Chem. 275 (32): 24540-24546 (2000)

Ca®* -dependent and Ca®" -independent calmodulin binding sites in
erythrocyte protein 4.1: implications for regulation of protein 4.1
interactions with transmembrane proteins.
Nunomura, W., Takakuwa, Y., Parra, M., Conboy, J. G., and Mohandas, N.
J. Biol. Chem. 275 (9): 6360-6367 (2000)

Crystallization and preliminary X-ray crystallographic analysis of a 30kD
membrane binding domain of protein 4.1 from human erythrocytes.

Han, B. G., Nunomura, W., Wu, H., Mohandas, N., and Jap, B. K.

Acta Crystallographica D56: 187-188 (2000)

Protein 4.1 core domain structure and insight into regulation of
cytoskeletal organization.

Han, B. G., Nunomura, W., Takakuwa, Y., Mohandas, N., and Jap, B. K.
Nature Struc. Biol. 7(10): 871-875 (2000)

Plasmodium falciparum histidine-rich protein 1 associates with the Band
3 binding domain of ankyrin in the infected red cell membrane.

Magowan, C., Nunomura, W., Waller, K.L., Yeung, J., Liang, J., Dort, H.
V., Low., P, S., Coppel, R. L., and Mohandas, N.

Biochim. Biophys. Acta 1502:461-470 (2000)

Two distinct domains of protein 4.1 critical for assembly of functional
nuclei in vitro.

Krauss, S. W, Heald, R., Lee, G., Nunomura, W., Gimm, J. A,
Mohandas, N., and Chasis, J. A.

J. Biol. Chem. 2777(46): 443399-44346 (2002)

Functional characterization of spectrin-actin-binding domains in 4.1
family of proteins.
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Gimm, J. A, An, X. L., Nunomura, W., Mohandas, N.
Biochemistry 41(23): 7275-7282 (2002)

Mapping the domains of the cytoadherence ligand Plasmodium
falciparum erythrocyte membrane protein 1 (PfEMP1) that bind to the
knob-associated histidine-rich protein (KHRP).

Waller, K.L., Nunomura, W., Cooke, B.M., Mohandas, N., Coppel, R. L.
Mol. Biochem. Parasitol. 119(1): 125-129 (2002)

Mature parasite-infected erythrocyte surface antigen (MESA) of
Plasmodium falciparum binds to  the 30-kDa domain of protein 4.1 in
malaria-infected red blood cells.

Waller, K.L., Nunomura, W., An, X.L.., Mohandas, N., Coppel, R. L.
Blood 102, 1911-1914 (2003)

2)eRE
ERK1 25K (2000 )

Protein 4.1 (135 kDa) EMREHE & OFEG#FNT
Ak Y, KBEF, ERME—
%73 M HAE LR RS, LT 72, 806 (2000)

Jap, B.K., Han, B.-G., Nunomuwa, W.. Takakuwa, Y., and Narla M.
Atomic model of protein 4.1R core domain; insights into calmodulin
regulated activities of protein 4.1R on cytoskeletal structure.

50th. American Crystallographic Association, Program: 93 (2000)

Krauss, S.W., Heald, R W, Lee, G.M., Gimm, J.A., Nunomura, W.,
Narla, M., and Chasis, J.A. Dissecting protein 4.1 function in assembly of
vertebrate nuclei, mitotic spindles and centrosomes. 40th. American
Society for Cell Biology Annual Meeting, Mol. Biol. Cell 11 (suppl.),
567a (2000)

Rk 1 35EE (2001 )

135 kDa @ protein 4.1 (4.1R"°) LEEHE L DFHEFIT DN T,
| j’ ‘] ‘i’i‘\ Zkﬁ%%\ _L‘ —V &\'E —

AAES25E 23 £45 (2001)

FRIMEREY protein 4.1 (4. 1R)DEFE S domain D FEEfET.
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ikl ¥, Han, B.-G.. Mohandas, N.. Jap, B.K..
AAESa5E 23 4 (2001)

Protein 4.1 (4.1R) @ 30-kDa domain @ X #f#E sEiEIE

fitt ¥, Han, B.-G.. Mohandas, N.. Jap, BK.. E&Ekf—
%74 B AREFERE, BEE 806 (2001)

k1 45K (2002 )

ML T CD44 =9 55 ?Fﬂ*ﬁﬁﬂf)ﬂ@ﬁﬂﬁ ZOWnT,
ARERERF. Mkt . KHEE,
HAE 22 24 4, BEEHE. p76 (2002)

CD44 AR EREREHOREGIZDNT,
ARERELT. Mkl W, KHEEH, S5k —
% 55 BIHAMEEYFaRke, EEE. p34(2002)

JEFRIMERE Protein 4.1 EOBEE R B S MO RN EEmIHENT.
ikt P, Parra, M., An, X.-L.. Narla, M., B —
5% 75 B AARELFER RS, BB 75 %, p798 (2002)

FERM & HE B O RAE S HEICBIT 5 70 F A B O RS EE
FRAT o

REERT. MK ¥ KEEH, &

5 75 M AARELFERRE. ELF 75 %éé D798 (2002)

Mapping of the regions responsible for in vitro interactions between
Na'/H" exchangers, NHERF and protein 4.1R.

Nunomura, W., Orlowski, J., Denker, S.P., Mohandas, N., and Gascard,
P.D. 42nd American Society for Cell Biology Annual Meeting. Mol. Biol.
Cell 13, 55a (suppl.) (2002)

Interactions of protein 4.1G with membrane proteins and calmodulin.
Nunomura, W., Gascard, P., Parra, M., An, X., Narla, M., and Takakuwa
Y. 42nd American Society for Cell Biology Annual Meeting. Mol. Biol.
Cell 13, 500a (suppl.) (2002)

Regulation of 135 kDa protein 4.1R interactions with membrane proteins
by its headpiece region.
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Nunomura, W., An, X., Gascard, P., Parra, M., Narla, M., and Takakuwa
Y. 42nd American Society for Cell Biology Annual Meeting. Mol. Biol.
Cell 13, 500a (suppl.) (2002)

Identification of protein 4.1 and actin binding sites in erythrocyte beta-
spectrin.

Debnath, G., Nunomura, W., Guo, C., Baines, A., Mohandas, N., and An, X.
42nd American Society for Cell Biology Annual Meeting. Mol. Biol. Cell 13,
L137 (Late Abstracts) (2002)
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#1718 4.1R 30kDa domain ® calmodulin & B4z,

[HH]

4.1R% 3, EHEEEMITH D 30kDa domain %L T calmodulin (CaM) &
Ca' K BFMICHER T D &Moo TS (Fig. 1BR) . —#. b bk
MERETIL, Ca?t& CaM OEEHR (Ca* 4 nF TN/ CaM, LIFT
i3 Caz*/CaM & & T5) MN4A.IR®ICHET 2 & 4.1R* & spectrin / actin
DREANFEED., BRELTEOREENMETTL I ENMENTND

(Fig.3) . 4.1R® 7% CaM & Ca* JHEFHEICHEE T HIcbEb 53, Ca*t
M CaM &/t L7z 4.1R® QEREE Z IS 2B 2 EHT 5817, 4.1R* D
CaM & EBAL 2 RE LTz,

0.8
e
(%}
.=
=
£
=
=
<
=
o
S
[*]
a
Ca* uM 100 100 100 00
CaM zM 8 2 0 8 0
0 I 1 [ |
0 50 100 150 200
Time (sec)

Fig.3 Ca*/CaM -induced decrease in membrane stability. Resealed ghosts were
prepared in the presence and absence of Ca** (0 or 100 uM). Various concentrations of
CaM (0, 2, 4, and 8 uM) and membrane stability were measured by Ektacytoeter.
Membrane stability decreased with increase in Ca** only when CaM was present.
(Referred from Takakuwa, Y. et al. (1986) J. Clin. Invest. 78, 80-85)
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[PEELET5ER ]
LEBZAEAHDOEHR

b b 4.1R @ cDNA 75, 30kDa domain (7 X /&%= 1~298, Exon
4~12 O— RHER) % EcoRI KU Sall HlfREE R &N L 287 5 1
—iZ &% PCR THitEL . pGEX-KG N7 ¥ — (Amersham Bioscience) {Z#i
#iz /-, £7-. Band 3 #@8EN domain 1%, FRZFERER cDNA DS, RFE
W7o —IcKDEIEL. HERS &R %. KEE (Escherichia coli)
BL21(DE3) & Eixi Lz, LB BH#ICTKBEHZ 37TC—ESRH T TEERE
#FL. E600nm TO®NKE (BLFTId OD600 % L < i3 A600 & THR)
DIED 0.4~0.8 ITZE L /K12, PTG Z2&&BE (ImM) &L, 53
7T C—EGMHT T 3RHBmaEEE Lz, KEFEIL, &D RPR20-2 O—5 —,
HiL T#. 8000rpm. 4C., 8 7+RDILEE. 1mM EDTA. 1mM DFP,
1mM 2ME Z&inL 7z B-PER™ (PIERCE. USA) BB LBEHEL/Z. &
BRIk E 10 S H 0BT HLEE, = (RPR20-2 0—45F—. HIITH#,
18,000rpm, 2 04 f) @ kEZEFZ, L£iFIX. Glutathione-Sepharose

(Amersham Bioscience) &f#E L. GSTMSEBREZ 0B L /2. GST @
A ZEHHE I3 PreScession proteinase ™ML IZ X D EWEBHE (30kDa
domain) & GST Z4Jkf L7z, GST % Glutathione-Sepharose Z THIX
L. 30kDa domain % Q-Sepharose (Amersham Bioscience) THEIZHEH
Uiz, BEIL-EAEOMEIL SDS-PAGE IZTHRELZ., EHEEIX UV
FEEAWE (280nm & 260nm #HEE L, ERERE (mg/ml = 1.45 Ay,
~0.74 Aygy)

ZfED Exon % RESIHE 4.1 OFEKES domain (N K 30kDa) DO

MR EER L 2 (Fig. 2). BETOREREACLSLY I/ BESDEHL
(S185 = W185 F277F = A277A. W268 F277F = A268, A277A) 713,

20
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BETS v —%28R L. QuickChange™ Site-Directed Mutagenesis Kit
ZRWTERLU. ZEEAD, HEERZHERL

1. CaM O 8,

CaMid., EFEFMNS b 7 O OEEEILE. SESILE. Phenyl
Sepharose CL6B (Amersham Bioscience) &AWk 5 L7 0O NI 57
4 —IC X DB~ (Gopalakrishna, R., and Anderson, W. B. (1982)
Biochem. Biophys. Res.Commun. 104, 830-836) .

1. RTF R &K

R7F Rid, Fmoc %I & D Perseptive #tD X7 F RE M 9500 12K D
ERRL7- (Figd BR) . RT7F R, #MHAISLIOR NI ST 4 —

(C18) THEHLEZ, 7I/EY— /7T —TEIZHERL. MER
(MALDI-TOF-MS, REFLEX II™™, Bruker Instruments, Switzerland) TH
E LTz,

1. Resonant Mirror Detection (RMD) Iz & 5 X it 5 B s U R AT o

EAE-SEHEMBLUERE —RXTF MO RIS EEmEIFITICIE,
Affinity Sensor # (4> 7 U v, UK) @ Resonant Mirror Detection
RMD)EIC & B [Asys™ ¥EEZ W\ (RHEIL Fig. bAZMR) . EAERW
13~ 7F KiZ. 10mM Na,HPO,/NaH,PO,, pH7.4 &#iE (0.1M NaCl 24
&0, LLF PBS &EBEEE) 12 100 pg/ml OBEEICHEM LY 2 /7 0FaXy
k_Eiz. BS? (PIERCE #t. USA) #M U TEAMLL 2. XTF FOEMEIL
i, —B7Y 3235 FaXy NECOVIMET IV T 22 (BSA) % BS®
TEMILL7Z05, NHS/EDCIZTBSA O 2/ EZERILT 5 HE

(Nunomura, W., et al. (1997) J. Biol. Chem. 272, 30322-30328) ®{}fH
L7z. BOSIZIZ. 10mM Tris HCl ##&# pH7.5, 0.1M NaCl (Buffer A)
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2% LT 1mM EGTA 3\ id 1mM EGTA & 2mM CaCl, & X THWZ,
Fary NNOKIMEEIR 25C—EICHEb. —EEETHEE UL, RIGKHE
DHBENTA—F— (BEREEK. MEEFEEER. RXEAR) SFRAMEN
VI NERWTEHELE (Fig.5BBR) . FEAEBEER Kow) & BE
HEER (k) CREEEETR (k) OHNSTORTKDZ,

K(D)kin = kd / ka

(K D1EIZ. RCHEETHONLHERN SBABGRDOEZHNT
Scatchard plot f##7 21TV, MEBZLBR LU EBEERET L. A TORKR
= (K{D)kjn) DIERDH & K(D)& LT&ERLZ,

ek, Lo > TRD 7%,

fE&t 4.1R : CaM=

Bmax (4.1R®) / 80,000 : CaM El#H{k.& /18,000

(4.1R & CaM D4 F 813 80,000 & 18,000 & L7, Bmaxld. f#tiY 7 k
EZRAWCZEHENSHONLIRAMEGE.

1. CaM & 4.1 HRRTF ROBRAE

RTFRI KN & CaM DS TRET HE8EZ{L %, MicroCal ££D
HEMNAEAEE (VP-ITC) THEIELZ. KNiZid, 10mM Tris HCI #& &
¥ pH7.5. 0.1M NaCl (Buffer A) iZxtL T 1mM EGTA g\ id ImM
EGTA & 2mM CaCl, ZMA TAWZ. CaM BE 23uM IZd L TR TF Rig
B (471 uM) ZHE LR, BAZEHNTA—F—, AH: T2 )IVE—ZIL
B AS: I hOE—ZE ; AG: BRI X F—Z{LE ; N ; HEkid,
HEDY 7 "I IT — % AWTHET L,
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Fig.5 RMD (Resonant Mirror Detection) method. The principle of RMD and [Asys™ is
described by Cush, R., et al. (1993) Biosensors & Bioelectronics 8,347-353. InB, k, and k,
represent association rate constant and dissociation rate constant, respectively.



[REREEBE]

1. 4.1R*® CaM O S DFIE

Fig.6 1. CaM ZEMILLzFa Xy MNZEL DEE 4.1R®, 30kDa
domain % Ca?* EHHETFTHML ZROEGHHEZ —DOKIZEMRL TR
Uize ZOREFRIT, 41RO CaM EOEEICI Ca?* 2 ERLIAWEZERL
TH D, Tanaka 5 (Tanaka, T. et al (1991) J. Biol. Chem. 266, 1134~
1140) O|EEFFE LMo k. CaM DR AL, N K HE 30kDa
domain ThHH I &% RMD EICTHRIEL/Z, DFED. D 16kDa 10kDa
22/24kDa ®#%& domain & CaM i Ca?* FEHEHETROEEFTE<HEE
7s/n-o 72 (data not shown) . 4.1R¥® ki 30kDa domain & CaM D&
Alid. Ca?t EEEFACHFETOWMATL : 1 THo7 (Fig.?)

Table I CaM binding to wild and mutant 30kDa domain

Analyte Mutation Condition Ky (UM)

4.1R% wild EGTA 0.33
Ca* 0.10
30kDa wild EGTA 0.35
Ca* 0.13
AEx.11 EGTA 30.0
Ca* 5.10

AEx.9/11 EGTA No binding

Ca* No binding

The binding assay was carried out in PBS. From the binding curves obtained by

RMD, k,, k, and K ;,, were determined using the software package FAST-Fit™.
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4.1R% & CaM O E#fREE s, Ca*™ EFEFAUTHFEREFT 1.0~3.3
x10""M T# V. 30kDa domain & CaM O FEMEEEERIL. Ca?t FERET
KOBETFT 1.0~3.5 x10’M THo7. 30kDa domain 2I— KT 3
Exon 45 11 DFNTNEREITLEREAMAEHEZER L. CaM
EDFEE % IAsys™ TN L-fE, Exon 11 2 RESELEEMBEZER
B & CaM OV EMREEEEIT. Ca?t JFEFEEFT3.0x10°M (30uM) TH-
FOWR LT, Ca?t 7#{E KT 5.1 x10¢M (5.1uM) TH o7z (Table D,
Exon 9 & 11 O A& REIGLERMHZEAEIT CaM EfEG LN D
Tzo TORERNS,

1) Exon9 & 1112 CaM OFEEEALAD 5.

1) Exon 91l Ca?t KEMDREEAND S

CEMNTRREINZ, TORMERIET A/, —DDExon9 & 11 80— R
THEBTHREED D HEHNERBR L. TORER. Fig. 4 1R UIZESNIC
DT, CaM DFEE EMBHT L7z, Table 1 IT/RL7ZXKDIT, pep 91, Ca’*
KD CaM #EEEALTH V. pep 1113, Ca?t JEEFIED CaM #& & EBAL
THDIENHASMERS T, IBITEL DI RTF RITDWTEBRIZHE
G ZTT o=, pep 9-a D 9 7 I J BEEREMN, Ca?t KEMED CaM #EEHE
MNTH o7z,

pep 11 12K < BLA -

TEISTDTIPK

KK,
pep 9 IZ#k < AL

E”*GVDIIL
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i2id. CaM id Ca2t OEFEICELS TG LMo 7z,
T2, W a AR THED Ca2t KESE CaMBEaXRTF R .

LRRQPSIASQHHDVTNISTPTHI

EANIER

KKAVKVPKKEKSVLQKLTRLAVQI

E% 2Ny MIEHLL T CaM & O SFHEIE LR, Cat (KO
&% L. FEREEHIL 10°M Tholk. ZORREIR. BHROBEEFHEL
1o,

pep 11 & pep 9 7 2 JEEFRE L EHIZ BT 5 &, NS 4 FE,. AKKL

EFNIE A DR TF RTEBLTHED, ROV VERELNIT T 7 &

ENERZSOTNWEIENS, pepdIXBITFHEY Y (8) 2 U T T 7 >
(W8s) ([ZEBH L = ERRTF R

ABKKLWMYGVDLHKAKD

& CaM OB ZEfET L7z (TablelI) . TOfEE, MU T h7 7> (W)
WEHARTF R 91, CaM & Ca*t FEEKEHEOHEE LK. —F. pep 1l
DEWBLIEZERXRTF R

AKKILSLVCVEHHTFFRL

1Z. CaM & Ca?* {kEHO#KEE L7z (TableIl) ., LU, Table 41Z7R
Liz& S, W268/S268 OBUMER T3 CaM & Ca?t JRKEFEH RS ZE L.
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Fig. 6. Tracing from the IAsys™ system to quantitate interaction between 4.1R
and CaM. 4.1R interaction with CaM was examined with the IAsys™ system
(Thermo Labsystems Affinity Sensors, Cambridge, UK), resonant mirror detection
(RMD). RMD relies on kinetic analysis of molecular interactions in a cuvette in
which binding of a protein in solution (analyte) to a protein immobilized on the
cuvette surface (ligand) is monitored by differential resonant mirror diffraction of a
laser beam. Various concentrations of 4.1R (a, 1.6 uM; b, 1.2 uM; ¢, 0.8 uM; d, 0.6
uM; e, 0.4 uM) as analytes were added to the CaM immobilized cuvette. Signal
response to binding was expressed as arc seconds. Dissociation rate constants may be
derived based on signal loss as a function of time immediately following replacement
of the binding buffer containing analyte-free solution (Buffer). The bound analyte
was completely dissociated from the cuvette by 20mM HCI] (HCI). The analyte-free
binding buffer regenerated the cuvette. This method makes possible measurement of
the association rate constant (k,), and dissociation rate constant (k,), from which the
equilibrium dissociation constant K, is determined from K= k,/ k,. Changes in &,
and k, provide indirect evidence for changes in conformation and/or distribution of
surface charge within a molecule and a complex, respectively. Parameters for binding
analysis by RMD were estimated with the software package, FASTfit™. The
principle, mathematical analysis method and immobilization of ligand to the cuvette
are described in previous paper [Nunomura, W. (2001) Res. Adv. Biol. Chem. 1, 25-49,
Nunomura, W. et al. (2000) J. Biol. Chem. 275, 6360-6367.].
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Fig.7. Scatchard plot analysis of 4.1R binding to CaM using the IAsys system.
A. Concentration dependence of 4.1R binding to CaM. Increasing concentrations of
purified 4.1R (up to 0.8 uM) were incubated with an aminosilane cuvette on which
CaM has been immobilized, either in the presence (@) or absence (O) of Ca®. The
amounts of 4.1R/CaM complex formed under equilibrium conditions are represented
by the "Response" expressed in arc seconds. B. Scatchard plot analysis of the data
shown in panel A. Maximal binding (B,,,,) of 4.1R to CaM immobilized cuvette was
970 arc seconds, both in the presence and absence of Ca**. The amount of
immobilized CaM on the aminosilane cuvette accounted for 200 arc seconds by it.
The apparent molar ratio of 4.1R (M.W. = 80 kDa) binding to CaM (M.W. = 18.5
kDa) was 1:1, both in the presence and absence of Ca*". In this figure, 4.1R* is
presented as “4.1R”.
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Fig.8 Temperature dependent CaM binding to pep11 in the presence of Ca™.

A. shows raw data and B shows binding fit by using software. The parameters are
calculated as following; 37C(left panel): N = 0.7849; AH = -31.07 KJ/mol; AS =
0.0164 KJ/mol-K; AG = -36.16 KJ/mol; K,j,, = 8.0 x10®M; 25C(right panel) N =
0.8531; AH = -18.36 KJ/mol; AS = 0.0617 KJ/mol-K; AG = -36.74 KJ/mol; K5, = 3.6

x10'M

7K



q 0.8
06 | CaM-PEPO/PEP11@37°C I

0.4 CaM-PEP9
0.2 MHHHHHHHHH“
0.0 W
3 | Fﬁf CaM-PEP11
Q-O.Z—
'(_(g 4
5 044
0.6 -
-0.8
-1.0 H
A2——7F——T——F— T 17 7 T T T T T T T T T 1
0 10 20 30 40 50 60 70 8 90 100 110 120
Time (min)

0.4

B || caM-PEP11@37°C I
0.2 - 24
w/o Ca

oo W
-0.2 - ( w/ Ca”™

0.4 -

Mcal/sec

-0.6

-0.8 ~

104

2

0 10 20 30 40 50 60 70 80
Time (min)

Fig.9 Calorimetric binding analysis of CaM binding peptides to CaM. A, pep 9 and
pepl1 titration into CaM in the presence of Ca?*; B, pep 11 titration into CaM in the
presence (w/Ca?*) and absence of Ca®* (w/o Ca*). Concentration of CaM and peptides were
23 uM and471uM, respectively.



BED ) P RE (K®) 2O > VICFEFFICERT S (SL) Z&iZE-T
Ca?* {KEMHED CaMEEE L2 E0S, pep 11 IZHBITBH KEHEDI T A
5 — (KKLWK) EFIiE CaM OfEEICBS L TWA Z v ani, &
FRARTF RTCHESNFERERIET H72012, U (S®) 27522

(A1) [CE#H L -ZRMAH X 30kDa domain ZEE L, CaM L OfEE %
fRAT L7 fE R, Cat JFKFEHO#EE Lz, X7z, Table IV IZ/RL 7z pep
1LIZBTEFEKRY I/ BOBHER (WH/A8, FE/A?A) 13, T4
TNTHEREEHMNME T LD, MEEEERIIRERLLIENI &ZITX
DL MREEE B DEMINERE I N, o, W8 F2ITE /A8 A2TTA TRLUTZ
EIC3DDEEFKRYI/BET I VICERT S E CaM i3fEE Lz
fzo TDIEL, W FTF/AZ8 AZTA TER L2 Z 30kDa domain
13, CaM DG LIl & EFF LR > Tz,

pepll & CaM OFEEMER (B 5:1~10: 1) &, pep 9 IZX L T,
Ca?t KFMEEME L2 S, BEEEEROEM & MEREFHDE I
X0 P REEEROK T GREOEN NEHEEI N/ (TableV) .

KIZ. pep 9 kW pep 11 @ Ca?t FE T TD CaM #EEITH T % BT FH)
ZeERIE L Fig.8) . 3STCRU25CIIBITHRAFERIINT A—F —%,
JIAsysT™M TO#ER % B & 12 one site model T1it U7z, FEEITHED B J1%H)
ZALDOFERIT. JAsys™MTRO T2 FEMRREE R E X <GB LTV, LiL,
Ca?* FE7FE F T3, pepll & CaM ORISBUIBRI NN >z, ZOHRR
i3, CaM DEEZE/A pep 11 EDOREITES L TWDH I L, DED, Ca?*
FEEETTRIMOEY I RBERIETH D I EITH LT, Ca?t H#ETF
TRI Y OEY VREEGRIETH D EMNRSNIZ,. —F. pep 9 & CaM
DRISRTIE, BBOBENERI N>l &M, T2 MOEY IR
HEERISTH D Z ENrgsni (Fig.9) .
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0.4 1

Maximal r30kDa Binding

0.2 1

+CaM

0.0  — . . .

pCa

Fig. 10. Ca?* concentration dependence of protein 4.1 binding to cytoplasmic
domain of Band 3. 30kDa domain of 4.1R¥ binding to cytoplasmic domain of Band
3 was measured at various concentrations of CaZ* either in the presence of 5 uM CaM
(represented as +CaM) or in the absence of CaM (represented as -CaM). Ca2+
concentrations were maintained by Ca2+/EGTA buffer system. The maximal extent
of binding under different experimental conditions was quantitated as described under
"Experimental Procedures". Maximal binding in the presence of EGTA was used to
normalize the extent of binding under different experimental conditions. pCa
represents ionized Ca2+ concentration. The extent of r30kDa binding to cytoplasmic
domain of Band 3 is plotted as a function of Ca2* concentration. r30kDa represents
recombinant 30kDa domain of 4.1R¥.
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2. CaMizk® 4.1R® @ Band 3 &EE&MHBIZE

## %2 30kDa domain 1. Band 3 O#fERN domain & 47 BEE K
0.18uM (1.8x107 M)THES L7z, CaM &#i#tz2 30kDa domain OB GHF
(BJVEL 5 : 1 A E) 13 Ca?t JEFFFE FTId, Band 3 O#ifdA domain &
T REEEE 0.18uM (1.8x10"M) THE& L7=2% Ca?* #7E FTld. Band 3
OHIBEA domain & EEEEEEE 2.0uM (2.0 X108 M)THREE L. Z0OZ%1L
. EAEETEOETICL D EEREEROBEM GRMIEDET) NEE
M5, ## X 30kDa domain (&, Ca?*/CaM #&9 5 I &ILD,
SAEERWIIRAMEDELICE B> T, Band 3 Ol domain &
BELELIRoEERIND, —FH., BUY () 27522 (A®) I
B L /- fi# % 30kDa domain 3. Band 3 OffifgN domain & S fEEEE
B ouM (2.0 x10¢ M) THAE LM, Ca**/CaM itk % Band 3 DOHIEN
domain &SI LANSTZ. T 51T, Exon 9 KT Exonll ZRKE
7= ## 2 30kDa domain . Ca?*/CaM iZ& % Band 3 DO#ifldi
domain &E#EIEZEL7sho 7z (Table VD) . mAHESED Ca?t FEFHE
T (100%DHEERET D) TOXFOBERITARD Ca?t BEWEKXRIL 107
MTHU, HARNTO Ca?t BEEL—HL TWw (Fig.10) .
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3. 4.1R® HE#EESD CaM iIZ XA MHEH

FERM 77 IV —ERE T3, Z® FERM domain \dNEHEEER (RT
BFHNTES) ZENFEINTVS, 4.1R® 0K domain NHEICHES
B2 EITDNT [Asys™a FHWTRRE L 7z,

50 !

-50°

Response (afc secends)

-100°

) 10 20 a0 50 6‘0 7'0

40
Time {minutes}

Fig. 11 Binding profile of 4.1R* to 4.IR* immobilized cuvette. Various
concentration of 4.1R* put into the 4.1R* immobilized cuvette. The binding curves
are traced. The binding parameters were k,=1.6x10°M's”, k=2.1x10?s", and K,
=1.31x10"M.

Fig.11 IR L2 & D12, 4. 1R #EML L ZF 2 Xy MT 4.1R® Z2FFNY
5 &, BALNTRERENICHKS Lz, Table VII ITZRLZLDIT 4.1R* D
4. 1R =0T B R E RS 131nM  (1.31 x10"M) THiE L7z, iz,
4.1R® 0% domain ZEAMILLZF 2 Xy M2 4.1R® ZIRMT % &, 30kDa
domain & CTD (C-terminal domain, 22/24kDa domain) IZZ#1Z 11
~10"M THEA L7z, Table VI IZ;R L7z & 512, 30kDa domain & CTD 23
EEEATS EE 25N, TOVEREEEHIZ~200nM (2.91 x107"M) TH
27z,

CTD @ 30kDa domain IZBT 5K S EMLZRERT H720IT, Exonz0,
21 MOA-RIBRYRTF REBEMLLIZF 2Ny T 41R® Z2iFMT 5 &
Fig. 12 {OR L2 X D IWBEKRENICHEG U, T OV EfREE #13~200nM
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Table VII. 4.1R* binding to 4.1R*

Analyte Ligand k, M s™ ki(s™) Kp) (nM)
41R¥®  41R*  1.6+017x10° 2.1 +0.40x107 131
30kDa  1.0+0.10x10* 3.2 £0.40x10° 320

16kDa*  No binding No binding No binding
10kDa No binding No binding No binding
CTD 2.6 £0.20x10* 4.4 £0.07x10 169

GST No binding No binding No binding

The binding assay was carried out in PBS. From the binding curves obtained by
RMD, k,, k, and K ;,, were determined using the software package FAST-Fit™.

(2.8 x10™M) TH o7z, ZDfEIL, 30kDa domain & CTD BL U 4.1R® &

CTD OFBICHBIT 2 FEMBMER L LB L T, ZORKR, 41RO

30kDa domain &, Exon 20,21 280 — R§AEREEETH I ERIN~,
30kDa domain % J— R9 5% Exon 2 R&EI VMBI EHEZ AW

TableVIII. 30kDa domain binding to CTD

Analyte Ligand k,(M's™) ki(s™) K, (nM)

30kDa  4.1R"  5.6+050x10°  1.5+0.05x10” 280
30kDa No binding No binding No binding
16kDa*  No binding No binding No binding
10kDa No binding No binding No binding
CTD 8.2 £0.20 x10* 1.8 £0.01 x10™ 219
GST No binding No binding No binding

The binding assay was carried out in PBS. From the binding curves obtained by
RMD, k,, k, and K ;, were determined using the software package FAST-Fit™.
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Fig.12 Binding profile of 4.1R¥ to Exon 20 and 21 encoded polypeptide of 4.1R*
immobilized cuvette. Various concentration of 4.1R¥ put into the Exon 20 and 21

encoded polypeptide of 4.1R* immobilized cuvette. The binding parameters were
k,=2.4x10'M''s, k,=7.0x107s", and K, =2.91x107 M.,

.
o)
o

Response (arc seconds)

0 1 2 3 4 5 6 7
Time (minutes)

Fig. 13 CaM inhibited 4.1R* binding to 4.1R¥ in Ca**-independent manner.
CaM completely inhibited 4.1R* binding to 4.1R* with CaM in the presence and
absence of Ca*".
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30kDa 30kDa

(0.085uM) (0.17pM)
30kDa +p55 +Ca’/CaM  30kDa
(0.17uM) +GPCecyt (2.7uM) +EGTA/CaM

p— " —

T T
a5 50 55
Time (minutes)

Fig. 14 CaM inhibited 30kDa domain of 4.1R* binding to CTD of 4.1R* in Ca®-
independent manner. 30kDa domain of 4.1R* with or without CaM in the presence
and absence of Ca**-. CaM completely inhibited 30kDa binding to CTD with CaM in
the absence of Ca®*. The complex of 30kDa and cytoplasmic domain of GPC and p55
did not inhibit 30kDa - CTD interaction.

TREEETIZEL D, Exonll 20— K9 2M#EEN Exon 20,21 WNa— R4 5%
A S AEE T B 2 AR E Nz (data not shown), 30kDa domain 1Zi@EE| D
CaM % Ca** HFAETKOHEFEFTHESE, Exon 20,21 A3 — F9 5
BEBAERINEMT LR, Ca2t ¥EFEETBIUEEFT CaM &
30kDa domain O#E&@FKIFIHE Lizho 7z (Fig.13) . £7. GPC, p55 &
30kDa domain OE&EIL. CTD t0#EEZHEL N> (Fig.14) .
GPC. pbb KU CaM 1. CTD &d#Ea Liah -7z (data not shown) ,
INGDRERIL, 4.1R®MN, CaM & Ca?t EBHEHEFTHAT 2EHENRE
#£L LT, 41R® OAFKERNWIZEEFHESITLSERS L2l 5
EHEEZLND, SRAEEICE. BEICHE AWM THET S (anti paralle])
2 B2REN, ZERBETHZ2ONEAATHS (Fig.15) . HIE. HBirE=E
DEZE AW TBENT R U Yeast Two Hybrid System 12X 0, BIZHKET
HTH 5,

25



[£&ED ]

1) 4.1R® & CaM OfEEIE. Ca?t KEMED

ABKKILSMYGVDLHKAKD
& Cat JEREND

AMMKKLWKVCVEHHTFFRL

D 2EFATHE L, 18 FEBH D IIRESI®)N Ca?t KFEDHEEIT.
pep 11 BESIDFHFEET I ) B R ICEERZEZ L THWASENASNIR

272,

2) Ca*t FEPFTCaM & pep 9> by, pepllidz oyl
v 7 IkER %= Uz,

3) 4.1R¥® & CaM OEEKIT Ca?t KFEHICEEBRERE D —D, Band 3
DOFIFEN domain & OFESEEH STz,

4) 4.1R* 7 CaM S AFIT Ca?t MRKEMRICHE T 2B LT, NENE

GHEIVETAIRCFALTOREICIDERESHRLEZNLETIERND D LM
"IN,
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Band3 GPC

Fig.16 Proposed model of Ca** regulation 4.1R* binding to membrane proteins
through CaM interaction. Dissociation constants of p55 binding to GPC was

described in this chapter § 2 “PDZ proteins binding to membrane regulated by
4.1R*”,

(48 ]

41RO S28M DEREBEA LGS, 4.1R™F, TR CaM & Ca®™ K
GHEOEBICELT 20N EEID D, ZOEREA 4.1R® % 4.1R* KRB/ 1
BRICH AL, TOBELENEE Cat FETEHRFETTRAET D&, AR
AIROIZHEARTE DB AT 5 EHfF N5,
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#21H 4.1R% |2X 3 PDZ EHE OEHM & HIH.

[ B ]

FRILER PDZ (PSD95, ZO1. Dlg OB TH D, HBLAET I/ BES
K Ui D PDZ domain % 1~3 59 5. PDZ domain i, BEE@EEAE
D C KR EAELF] T/S-X-X-V i3t PDZ domain E#EET %
7. AFRICSHI RUNERZESE ST 7 2L — b4 %x—A (MAGUK) #
FERE C KMICHETS) TH5 pdd BLUNGPC (BHE—RIEEMEEH
B) 13, 41RO EFEET B ENFA SN TS, KRFFE T,

1) 41R%®/p55/GPC ZHEEE WIS pd5 & 41R* D%
1) p55 DHEEEHIFEAIRT
EREATAIEEZERNE LT,

[ AR E ]

1LEBRZABERHROEH

cDNA (4.1R) » 5. 30kDa domain (7 X / Eg#&E= 1~298. Exon 4~12
O— R4EK) % EcoRI KU Sall HIFREER YK 2L 2 RENT 51~
—12& % PCR THfEL . pGEX-4T2 X7 ¥ — (Amersham Bioscience) IZ
Wz T, & Exon ORERN Exon BATORY RTF R(Fig. 1M, &
BET 51 ¥ —I1& D PCR THIEL T pGEX-4T2 X7 ¥ =T Az, F
7=, FREFERH®E cDNA NoBRMT I —ICXDEIIELZ GPC HilgEN
domain (GPCcyt) 1d pGEX-4T2 X7 & —IZ. p55 id pET31 (Novagen)iZ
MHZ -, PCR EWIIEEE S ZMAR%. KW (Escherichia coli)
BL21(DE3)# K Eix# L /-, LB HEHic TKEHE%Z 3 7T C—ERMNH FTEE
EEL. KR 600nm TOEFE (LLF Tl OD600 & L <Iid A600 & THX
SR) DEM 0.4~0.8 IZELZEHC, IPTG 2R K&EE (ImM) #HML., &5
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IC 3TC—ELRM T T IRMBRIERL &, pDGEX-4T2 N ¥ —TREE#H
Lz KBBE. &0 (RPR20-2 O0—% —, HILLH. 8000rpm. 4C. 8 77
)L, E. 1mM EDTA, 1mM DFP. 1mM 2ME Z#ML 7z B-PER™
(PIERCE, USA) I[ZfE LA L7z, BWEKIIKLE 1 0 2 OEF s E
%, @0 (RPR20-2 o—#—, HI L#. 18,000rpm. 2 04rfE) OLIE
Z1587-, LiEid, Glutathione-Sepharose (Amersham Bioscience) &%
BL. GSTRIAEAEHWI His tag EAHE (pbb) Z7BEL 7z, GSTRE
EREIR DY LEIC X DEMNERE (30kDa domain) & GST Z4)#T
L7z#. GST % Glutathione-Sepharose IZTHRIXL . 30kDa domain %
Q-Sepharose (Amersham Bioscience) THEIZHEHM L /. pET3lb X7 %
—THREEHR L - RIBE L. =D RPR20-2 0—4—, HIZITH, 8000rpm,
4°C, 8 rRDILEE%. 1mM DFP, ZIML 7%z 6MRZBCEELEREL 2, &
EWRIEK L 10 SR OBFHEAE%, 2 (RPR20-2 0—%—, HITH#,
18,000rpm. 20 23R D LEEZEEZ. EEIE. NIty 77U 2750 & %E
L. Histagpbb Z508EL 7z, BHELZEHEOHMEIL SDS-PAGE IZTHRE
Lz, EEHEEIZ UV EZ2AWE (280nm & 260nm ZHIE L. EHEEE
(mg/ml) = 1.45 Ag — 0.74 Aygy) o

MBITEBE Importin a®#E&IL. Gascard, P., Nunomura W., et al.
Mol. Biol. Cell 10 (6): 1783-1798 (1999) kU< 7 ) 7 HRARMERERE
Mature parasite-infected Erythrocyte Surface Antigen (MESA) DfFE
KO D55 & DEEAMEET O AL, Waller, K.L., Nunomura, W.et al. Blood
102, 1911-1914 (2003) iZgFR L 7z,

2. CaM O H

CaM Iid, IEWEMNS MY 7 o OFEEbE. SERILE. Phenyl
Sepharose CL6B (Amersham Bioscience) AW ILT SHAT NI Z
T4 =K DRI 7= (Gopalakrishna, R., and Anderson, W. B. (1982)
Biochem. Biophys. Res.Commun. 104, 830-836) .
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2.RTF RER

RT7F Rid, Fmoc ikiZ & D Perseptive #D R 7F K& Bk 9500 1I2 LD
Bl lce XTFRIE, FHAS L0570 — (C18) THEL,
T/ T —TEINEHR L. MEIZMALDI-TOF-MS,
REFLEX 11", Bruker Instruments, Switzerland) T L7z. LL iz GPC
DER X TF R DELF| & RT,

GPC-1: D'"PALQDAGDSSRKEYFI
GPC-2: T’ EFAE-SADAALQG
GPC-3: R*"YMYRHKGTYHTNDAKG

(Fig.27 =&18)
2. Resonant Mirror Detection (RMD) T & 5 & s 33 BE 3 B AR 7 o

EOE-EHEMBLUVERE - X7 F REOKGEEROMBHTIZNE.
Affinity Sensor #t (&> 7V v ¥, UK) ®Resonant Mirror Detection
(RMD)IEIC L B 1Asys#EZ AWz (Fig.bAZR) . EHERWIEIXRTF R
i3, 10mM Na,HPO,/NaH,PO,, pH7.4 &% (0.1M NaCl &%, MF
PBS & B&EE) 12100 ug/mMIOBEICEMRL T I /)25 >F a2y b EiT,
BS® (PIERCE#t. USA) %/t L TEHM{LLz. RTF ROREMIIE, —
BY 2/ 52FaXy hEIZBSAZBSSTEMILLZDE, NHS/EDCIZ
TBSADY 2/ HEz{EHd 541k (Nunomura, W., et al. (1997) J. Biol.
Chem. 272, 30322-30328) & A L7z, RANZCIE, 10mM Tris HCl #Z &#&pH7.5.
0.IM NaCl (Buffer A) iIZx L TlmM EGTAZK Wid1mM EGTA & 2mM
CaClLzfmA THWE, FaXy hNOKINREIZ2C—EIZRE. —E®R
FETH# Lz, PobEDEMITICIE., PBSIZ0.056%Twee-20&NA 5 Z &
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T. His tag DR EIFE S ZEEE Lz, RIGICEDLZ NI A—F— (FHE=E
EER MEEREER. RHEEER) BHEABRNY 7 FERAVWTHELE
(Fig.5BSH) . FHEMEER (Kpw,) & BEREEHK (k) CHEEE
EER (k) OUNSLUTORNTRD,

K(D)kin = kd / ka

(K PEIT. EICHETHSNEEENSHEAEEEDEEZANT
Scatchard plot #1217V, MHFZ LB L EBEEKRFTLZ. AL TORKE
3. (K(D)Idn) O)%ﬁ%@;}% K(D)& UTFHERL=,

2. 2 RuBRIKBHE (2D) TX 5,

AT AMZEZYOH L, BEED 5 FBD 9.6M RE (FHE L.
Gibco X DHEEA) ITBE L /-, BEBRERE., =L (RPR20-2 01— —, H
M TH. 8000rpm, 4°C. 10 ZEDIL&E LiEZGZ. ZOLiEZ 2 RouE
KUKkENEEE (PROTEAN IEF Cell, BioRad. AR EMEIS THA)
DFABIRE S TN ETo /2. FRKIC 2 ROFIVEREL. 1 MITERE

(Fnyesiise) 1ot L7z, 1 i3 PVDF RICBSES LB Ral iz, Jikid
KRIZ, HHZ pdd H DT 4.1R¥® D 30kDa domain #%&E L THEZHiim
B IgG IREHMLTHWE, SHEOE vy 20@MsELE. #ne
NORMIKEZ AWz 2 AF > T 0y METHR Lz, THEREL T,
bt hRMLEREEE 2 RTEBRKE L T, FHRICEBRA L PVDF RICEREE L
728, FEI 4.1R® @ 30kDa domain JiRiIC L B RERAICHL /=,
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(R & B ]

1. p55 & 4. 1R D& S MAIT

Fig. 18 IZ;RL7=2 & DT, 4.1R¥® KN 4.1R¥® - 30kDa domain 3. pd5 &
A LM, Exonl0 Z2RESBZERMHZ 4.1R* « 30kDa domain i
p55 Ee LKA LshoTr, £/-. Exon8 ZRESIVIERMMPAZ 4.1R® -
30kDa domain i GPC #ifgfN domain &3S Lizh->7z. Exond Z/R%E
XELEMHZ 4.1R® - 30kDa domain 13 GPC #ifN domain & Ii3#ES
L7z. BAEXD. p55 13 Exonl0 O— REKIZ, GPC X Exon8 J— KK
TSI A ENH LN /R o7z, Table X IZ/RULZ&L DI, Fig.17TRL
7= 30kDa domain 31— K9 5% Exon # R&EULERMHBAEAEZH N
TAERMHTICE D, Exonl0 28— K9 BEA pbb &, “FEfRsiE s 1.8
X107 M THEE T2 Z EMNREI N, [Asys™ [T K B HEMHENT %2 30kDa
domain & p55 DFEEITITo I2kERIT. HERETH 515 5 Nz TRk
FEf &L < —H L/ (datanot shown) . Fig.191Z;RL7Z2& DT, 30kDa
domain & GPC D&KL p5b5 2%t LT, Hill plot £aE° 1.6 TH U IED
R ER LD, pbb & GPC O &1L 30kDa domain {23 LT, Hill
plot f&52% 1.0 TH D EFMIT/ZN T LRSS N7Z,

51 amino acids

10 20 30 40 50
DLEGVDIILGVCSSGLLVYKDKLRINRFPWPKVLKISYKRSSFFIKIRPGE
Ex10-1
Ex10 -2
Ex10 -3
<
p55 biniding site

Fig. 20 Amino acid sequence of p55 binding site of 4.1R*. Exon 10 encodes 51
amino acids. Ex10-1~3 were indicate sequence of synthetic peptide.
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Table X. p55 binding site on Exon 10 encoded region of 4.1R

peptide k (M's?) k, (s K > (M)
Ex10-1 5.8 £0.1x10° 9.8 +0.1x103 1.7 x10¢
Ex10-2 9.0 £0.9x10* 9.4 +0.1x103 1.0 x10”
Ex10-3 9.7 £0.3x10* 8.2 +0.1x103 8.4 x108

The binding assay was carried out in PBS comtaining 0.05% Tween20.
From the binding curves obtained by resonant mirror detection method,
k,, k, and K ;, were determined using the software package FAST-Fit™.

Fig.20 IZ 4.1R® @ Exon 10 a— RERO Y 2 ) BEIERLE, T0E
NDOXRTF RE pbs EDFEEIL. Ex10-2 & Ex10-3 13~10"M THE L=
2, Ex10-1 OFESIIMIC B L TH 1/10 oFftETH o7z (Table X) .

—. pbd D 4.1R¥ DS ERALIL. PDZ domain & MAGUK domain @
M $H B 39 73 /BEREN 5725 HOOK domain ThHh5 Z ENHMSENT
W3 (Fig.2l) . ABFEICHWNT, 2O HOOK domain (D5 LFEZE) D
GST MEEHBEKRVEZDERRTF RZEHRL. 41R® - R 4.1R¥% -
30kDa domain OfEEfENT 21T > fERIE. pdd 2R EDHEREL—HL
7z (data not shown) . &KX 7 F K TIL, 55D5-2 & 55D5-2 A
4.1R% - TN 4.1R* - 30kDa domain &fEE L7z,

39 amino acids
RVSMAQSAPSEAPSCSSPFGKKKKYKDKYLAKHSSIFDQ
55D5 -1

4.1R* binding site

Fig. 21 Amino acid sequence of 4.1R* binding site of pS5. Exon 10 encodes the
sequence. 55D5-1~3 were indicate sequence of synthetic peptide. This sequence is
named as “HOOK domain” at present.

43



1. GPCRFF R & p55 RN 4.1R8 - 30kDa domain O &&HEHT

Table XI IZR L7 & 91T, 4.1R® - 30kDa domain & GPC-3 12 -1 fig it
FR2.2x107" MTHEE L. pb5 13 GPC-1 & VPHEMEREEE 1.6 x10° M TH
BT BT ENREIN, pOSIFGPC-1E DB B IIBEROBERE LS —HL -

(Marfatia, S. M.,et al. (1995) J. Biol.Chem. 270, 715-719) . p55iZ
4.1R® - 30kDa domainZ BHEI Kk S 2 RICGPC-1 & DR B Z2MITT 5
. PS5 IS HEES 1.6 x10° M1 - 571, EEREER4.4x10° s,
T fREEEE 2.8 X10M THEAET B Z MRS, pbb & GPC-1 DFEEIT
30kDa domain 28 p55 IS TH I EICL D, KIOEEMEN ER TS D
EARENZ (Table XI) . 30kDa domain OfKH D IZ 4.1R¥ (data not
shown) & % Wit Ex10-2 & Ex10-3 (RT7FE) ZANWTHREROZIRN
Bo5i/z (Table XID) Z&0n5, 4.1R®IZIE p55 O GPC NG E (et
HEREN DD EMRENT.

Table XIII iZ;R L72&L D512, 4.1R¥ - 30kDa domain & pb5 B\ id pd5
& GPC-1 DESHROEHEMEHERII TN TN 1~2x107 M Thaa LAEILIE
Mo 2T UL, A REER IR EERDFR UL TRIELZRERT
o7, p55 & 4.1R¥ - 30kDa domain i\ id 4.1R¥ - 30kDa domain &
GPC-3 AR L DS Z MR LIz/R. 4.1R® - 30kDa domain @ p55
DFEEIT GPC-3 I & U722 EWR S 17z,

3. CaM 2k 5 4.1R% @ GPC kU pb5 oMz E

##1 2 30kDa domain &, GPC OFffifdA domain & % 7 B & £
1.8x107 M TH&E L. CaM Ef#fi 2 30kDa domain O#E&EHE (EILE
5:1 LE) 13 Ca** JEfEHE FTIE. GPC O#MifigN domain & EH#AFRERE £
4.1 X107 M TS LD, Ca?t #HE T Tid. GPC O#fiflgA domain &
EREEE R 1.6 x10° M THEIG L7z, E7/&. ##ix 30kDa domain {3, p55
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EOPEEEEE R 4.4 X107 M THEG L7z, CaM &#i#: X 30kDa domain @
#HEMR (B E 1 BL) 1F Ca?t FEEFEE T, pbd & FfgRiE £ 4.1
x107 M THEE LW, Ca?t F1E F T, pbb & EREES 3.4 x10°¢ M
TS L7z (Table XIV) . ZOZELIL, HEREEROETITED FEHE
BEEROBEMN EFEOEKT) NEE/ZI EMnS, 30kDa domain iF, Ca?~
/CaM 8T 5 EICKD, MEEED L WIEIREANEDORIITE B> T,
p55 O domain LS LE#< B EERIND, RRAKEEMN Ca?*
FEEET (100%DHEEET D) TOESOKEEICRS Ca?t BEIIIK
FLIOM TH 0, HIlENTO Ca?tEEE—XKL Tz (Fig.22) .

A. GPCcyt B. p55
o8 EGTA o - CaM EGTA - CaM
£ L4 @ O o 01 ® o]
S ° o o e © o
B 084 0.8 -
g )
-e" 0.6 0.6 -
2 o
- e
E 0.4 0.4
% °
é‘ 0.2 ® +CaM | 02 - + CaM
® g © o e
0 //1 T T T T T T 0 T/ T T T T T T T
8 6 4 2 8 6 4 2
pCa pCa

Fig.22. Ca® concentration dependence of 30kDa binding to cytoplasmic domain
of GPC (A) and p55 (B). 30kDa binding to cytoplasmic domain of GPC (GPCcyt)
and p55 was measured at various concentrations of Ca”" in the presence (closed circle)
and absence (open circle) of 5uM CaM. Ca® concentrations were maintained by a
Ca**/EGTA buffer system. The maximal extent of binding under different
experimental conditions was quantitated as described under “ Experimental
Procedures.” Maximal binding in the presence of EGTA was used to normalize the
extent of binding in the presence of varying concentrations of Ca*". pCa represents
ionized Ca®* concentration. The extent of 30kDa binding to GPCcyt and p55 is plotted
as a function of Ca** concentration.
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4.p55 DEBITEBAE (importina) & DR

D55 13, BBITERE (importin a) &% @ p55D5 KX pboD5-2 & o
FEBEEEC 108 M THB L7z (TableXV) . PDZ EHED—D CASK 13N
BITUESERTFEREETEIENASN TS, pb5 BFEKEIC importin o
LRETBHIEICELD., BRABITTHARENDH 5,

Table XV. Importin a binding to p55

peptide k (M1sh) k, (s7) K, (M)
p55 3.4 +0.3x10° 9.9 +0.1x10? 2.9 x10*
p55D5 2.9+03x10° 4.9 0.1x10° 1.7 x10°

p55DS -1 No binding No binding No binding
p55D5 -2 2.4 +0.3x10° 7.9 +0.1x10° 3.3x10°%
pS5SDS -3 No binding No binding No binding

The binding assay was carried out in PBS comtaining 0.05% Tween20.
From the binding curves obtained by resonant mirror detection method,
k, k, and K , were determined using the software package FAST-Fit™.

5. p55 &< 5 U ¥ H¥Mature parasite-infected Erythrocyte
Surface Antigen (MESA) D4.1R80IZXT A HESHHES.

< Z U7 (Plasmodium falciparum) Z. 7RIMERA TMature parasite-
infected Erythrocyte Surface Antigen MESA)ZEA L, NEKmD197 I
/ BREC :

DHLYSIRNYIECLRNAPYI
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T4 IR ICHEET B I ENHM SN T WS (Bennett, B.J. et al. J Biol. Chem.
(1997) 272,15299-15306) . L L. 4.1R® OFESEALIIAHATH - 7.
AIFFEIZBNT, MESADHEEGERALIZ. Exonl0d — RiEETH V. pbS&EH
BTAHIENRSMIIR - (Fig.23) » 7 U 7 ERIERMmMERA TIE pb5
Z 41RONSMBEES YT MESA Z2Ha s 2 EEA LGNS, YT UTER
DEFHIEE LT MESA & 4. 1R 2/ U TARMEREICEE L TWa & T8
INBEN, EYFNERIHNFHATH S, £z, MESA OHEEXRTF B ¢
DHLYSIRNYIECLRNAPYT Z 7R fERPIZE AL T, p55&4.1R%* 2RI
RS E 2 Z & T, FAEREZMEIT T 2 2 & T pbb OMREAHRTE S EE X
57z,

p5S (uM) - 0 0.17 033 0.65 13 20
MESA (pM) + 10 10 10 1.0 1.0 1.0

MESA =y

Fig.23. Three-dimensional structure of 30-kDa 4.1R and competition of MESA
binding to 4.1 by p55. Competition of binding was demonstrated using GST-pull
down assays, in which GST-4.1R* (coupled to glutathione Sepharose beads;
Amersham Pharmacia Biotech, Piscataway, NJ) pre-incubated (30 minutes at room
temperature) with increasing concentrations of p55 (ranging from 0.0uM to 2.0uM),
before the addition of 1.0uM His-tagged MESA (S)+19 (30 minutes at room
temperature, Bennett, B.J. et al. J Biol.Chem. (1997) 272,15299-15306). Subsequently,
beads were washed and collected, and the proteins resolved by SDS-PAGE
(10%[wt/vol]). The binding of MESA to 4.1R® was detected by Western blot using
monoclonal anti-His antibody (Roche, Indianapolis, IN). The first lane
contains0.45ug His-tagged MESA that was included as an immuno-blot MESA-
positive control. Competition of MESA for 4.1R80 by p55 was indicated by the
decreasing levels of MESA detected in samples with increasing concentrations of p55
used in the preincubations.
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1. AMDAIRE pSSHFEIHLER D 2R T ERIKENE I X 5 BT,

b FRIMERIRZ 2 ROTEBKIKENE THT TS &, 4.1R*IEI pH7 . 4 FHEIC
3DDARy L THKEI TN (Fig.24) . YU AKD 2 RITEKIKENE
IZ X BEMTTIL. B 4.1R%°30kDa Hifkld pH6.5. 737 &#K 150kDa fFiE1Z.
F /2. Hipb5 Pifk pH6.4, D FEK 100kDa D ARy hEKRH Lz, T
NEOHRTDOT I ) BEINZICOWTIIENFTHS (Fig.25) .

7. HOOK domain ®# [ #

4.1 family FAE (4.1G. 4.1N. 4.1B) 2. 4.1R & k<< REEIN=T
2 BEINNH D ENS, PSS IR ST, HOOK domain 2489 % PDZ
ERBLEETHREENSD D Z ENRB N~ (Fig.26) .

4.1-R] YKDK LRINRFPWPKV LKISYKRS S FFIKIRP GE
LRINRFAWPﬂﬂLKISYKRSN FIKVRP AE
LRINRFAWPKI| LKISYKRS|NFFIKI RP GE
LRINRFAWPKV LKISYKRNNY|FIKI RP GE

Fig.26 Sequence conservation of p55 binding site among members of the protein
4.1 family. A stretch of 33 hydrophilic amino acids in the C-terminal part of Exon 10-
encoded sequence in 4.1R is highly conserved in the homologues, 4.1G, 4.1N, and
4.1B. Shaded regions indicate identical amino acids.
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A 2 pH3 pH 10

4.1R8%

4.1R%

Fig.24 4.1R% in human red blood cell membrane detected by 2D-electrophoresis.
Panels A and B shows silver staining and immuno-blot staining by rabbit IgG to
30kDa domain of 4.1R®. Note that4.1R3? migrated at the position of pH7.4 and 80kDa.
* indicates whole red blood cell.



pH3 pH 10 pH 3 pH 10

kDa

98

43

30

20.1

Silver staining o-pSS

pH3 pH 10 pH3 pH 10

20.1

Silver staining a- 30kDa

Fig.25 Rabbit IgGs to p55 and 4.1R* reacted with some antigens in extract of mouse
brain on 2D-electrophoresis. Upper and down panels show silver staining and immuno-
blot staining by rabbit IgG to human p55 and 30kDa domain of 4.1R®, respectively. Note
that p55-like antigen was detected at the position of pH6.4 and ~100kDa. A 30kDa-like
antigen was detected at the position of pH6.5and ~150kDa. The cross reactivity of those
antibodies were checked by immuno-blot of mouse red blood cell membrane.



[X&D]

(1) p55 13, 4.1R®® Exon 10 21— F#EE, GPC I3, 4.1R*® Exon 8 O —
RIS Ui,

(2)4.1R® 13, p55 D GPC #EEZRIEL /=,

(3) Ca2*/CaM IZ. 4.1R® & p55 KRN GPC L D#EGNIED T,

(4)p55 1. BRITERE (mportina) &AL, BEBITORRESEZ L,
(5)p55 &< 517 (Plasmodium falciparum) '8 Mature parasite-
infected Erythrocyte Surface Antigen (MESA)IS, 4. 1R®#EEITEL TH
BITHEEZLNI

(6)~ ™7 Z/NIIZIE. $1 p55 HURICRIN T A EAENEE L,

GPC GPC

Increased
Cytosolic

GPC-1 Calcium

y L
GPCoyt  coomy

Fig.27 Model proposed for Ca**/CaM modulation of 4.1R* interactions with
GPC and p55 in the erythrocyte membrane. The proposed model is based on the
binary protein-protein interaction data obtained in the present study. When Ca™
concentration inside the erythrocyte is less than 1.0 uM, CaM is constitutively bound
to the Ca* -independent CaM binding site of the 30kDa domain of 4.1R*. In this state,
CaM-bound 4.1R binds simultaneously to the DS domain (at present, D5 domain is
renamed as “HOOK domain™) of p55 and to the GPC-3, while p55 binds to GPC-1
through its PDZ domain. All three of these interactions exhibit binding affinities on
the order of 0.1 uM. Following increased intracellular Ca** concentration, CaM binds
with high affinity to the Ca® -dependent CaM binding site in the 30-kDa domain,
causing conformational change in binding sites for GPC and p55, resulting in marked
decreases in the affinity of 4.1R* for both GPC and p55 (binding affinities on the
order of 1.0 uM). We suggest that this large decrease in the binding affinities of all
three binary interactions that constitute the GPC-4.1R®-p55 ternary complex will
markedly destabilize this complex. In this figure, 4.1R* is represented as ‘4.1R’.
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% 375 4.1R 30kDa domain ® X #¥5REE MR

[HH ]

EEKOFEEAE TH S 4.1R®1E, N &K 30kDa domain (EEES

domain) =ML THEE@EEHE (Band 3. GPC, pbb) ® CaM &#iEIT 5
EERARz, —F., 4.1R® L[S domain OREREICXT 28 E,
Ca?t/CaM IZX DK 100D 1 LATFIE T T A EEH5MNIL, B 1. 2IHT
BTz, ABZETIL. RS domain D= RITEEEMTT 2 2 LickD. —K
TERFITHS M- & EERBE OGN OZERMAERBRZHS ML
7Za

[ ¥ ]
1. EB|AEBHHOER

4.1R @ cDNA 7n 5, 30kDa domain (7 2 / ##%E S 1~298, Exon 4~12
O— REEH) % EcoRI kU* Sall HIREERGINIRMEMMLIZBRT 51—
&% PCR TH##fg L. pGEX-6P2 X2 ¥ — (Amersham Bioscience) IZil# 2
7. HERFNEHR%. KBE (E.col) BL21(DE3)ZHEE#H Lz, LB &
T TRIBEZ 37C—ELE T TREEEL. OD600 DEN 0.4~0.8 171
LB, PTG ZR&KEBE (ImM) HmnL. 512 371C—EE&MH T3k
RIEEEE Lz, KB, B (RPR20-2 0—% —, HITTHE. 8,000rpm,
8 /) L%, 1mM EDTA, 1mM DFP, 1mM 2ME Z#&fiiL 7z B-PER™
(PIERCE. USAIZIRE LIAE L7z, BEKRIIKLE 1 0 2 HDBF R ALER.
%O (RPR20-2 O—%—, HI TH#. 18,000rpm. 2 073F) D EFEZRE
7. Lbi&id. Glutathione-Sepharose (Amersham Bioscience) &% L .
GSTREEHE 208 L=, GST & EHE T PreScission Protease™ 4l
BMicEkVEMEAYE (30kDa domain) & GST ZHM L&, Q-
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Sepharose (Amersham Biosciences) TEICHE L7z, HELZEBEOH
BEld SDS-PAGE IZ THRE L7z, S domain BB AEICK D#ERIEL .
Advanced Light Source (Lawrence Berkeley National Lab., UCB) T
X #iHs BT 217 5 /= [Acta Crystallogr., D56, 187 (2000).

[ R R ]

Fig.28A MDA R Uizt Z /R U7z, Fig.28B IT/RL72K DT, #
Gt L7z 4.1R @ 30kDa i3, Z8EEFRL T, Fig.29 ITRLZEDIZ
FNENUL, ZDEROEEZ L TWe, BT, 2 RG22 H TR U7
Band 3-0f&ETF—7 (LYEEDY BFD 2. N KumHlD®E 1 & (N-
lobe) DI —TELMLTH o7z, GPC DREEERILTH S Exon 8 1 — NaEEIT.
4 D o-helix M5725% 2% (a-lobe) ® 3FBD helix 283 DHEBTDH
577, P55 X 7D p-sheet & 1 D a-helix N572%% 3% (C-lobe)
DIV—TERMLIHE ST D Z EMAS NIRRTz, CaM id, HLEEOSR 2 &

(a-lobe) &5 3% (C-lobe) KHE->THEITHIENHLN LR ST,
Fig.30 2. EHEMESPMAER L7z, Band 3 O#EEFT—7 (¥EEDY E
F) . BRTRLELII. BEREOARY h&ETHolz. GPC D
AL, REBTRLULELDICBHEMEERE TH 7. CaM O Ca?"{KEMHE
BENLTH D pepd DHEEIT. FETRLZBEMEBERE THD., R v b
BENER I Nz, CaM O Ca EKGFMEESHMLTH % pepll DFEEIL
FETRLUEBKER TH oz, Fig.31 IZ. CaM @ Ca KFEiE ST
&% pepd DEBMDAR—AT 4 U 0 TETINERLE, CaM O Ca?*IEkF
HAESEATH S pepll OFEITIT, FITH-ZZLDCT =N T T
E7OY R E S THKEZEMAL TWiz (Fig.30 LHE) .

Fig.32 1z, Radixin ® FERM domain (1J19) O#&E#EEZRLZ, 4.1R
& Radixin @ FERM domain OfEE#EEIL. EBHIC=vEREEEZL TS
HATEPTWAR, ATELEa, b, cEDN—THETIIEWICER ST
B, EERENERELTH I EMHESI NS,
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N-lobe & C-lobe I3, THENEADIEFF > (1UBL) Ep—A~Z k
) >® PH domain (IMPH) &ML TWiz Z SI3ERKREWN, 73/ B
WWRZRZEHEICH > T, BEOEMUMENSH S Z &, EYEHEEXD D
EREOPMEE L TREBBECNH L TELETFEREENZ, CaM & 4.1R
@ FERM domain O##ESEERITIE. TORERESZEMET S LTED
THEMRBRFETH S, BIE. UC Berkeley EFHRMAET. R EHEG &
15570123 (FFFEREH ; B kT TH %5, FERM ERED—DT
HY. MBEONAICED S Merlin (1ISN) 1213 BB (Blue Box) &MEEHN
%R RIS ES

Y"'"QMTPEM

7= EC A
RSMTPAQ

W& 5, Drosophilae Tid. MTP FSIDERMN RIS N2 AT A4 TT, &
BWBEZ2ETHZENHM5NTWS, BBIE. 4.1R @ 30kDa domain iZ 4
FEFNH D, EEL EAEREICEDL TWD I ENHLNITESTZ,
RE. ZOEF-TJOREGERBZEZRETTH 5.

[X&D ]

X #is BREEETICE D, 4.1R OEFES domain 13= v EREEZ L TWY
%5z &, CaM idFoFLERDEERICHE A L. pb5. GPC. Band 3 id#he
NAEICHEESTAZENS, CaM 17X D 4.1R OEAEHITE O FREIEEHS
miz U7z,
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<X O FH B>

Fig.29. Overall structure of 4.1R 30kDa domain. A. Visualization of 4.1R 30kDa
domain structure by ribbon representation with secondary structure elements. Letters
in the N-lobe and in the C-lobe represent P-strands while numbers in the a-lobe
represent-helices. The blue, green, and red colored ribbons represent the N-lobe, the
o-lobe and the C-lobe, respectively. The crystallographic data of 30kDa domain of
4. 1R were treated with molecular visualization program RASMOL
(http://www.OpenRasMol.org/, Sayle, R. and Milner-White, E. J. (1995) Trends
Biochem. Sci. 20, 374,) B. Topological diagram of 4.1R 30kDa domain. Arrows and
boxes represent -strands and o-helices, respectively.

Fig.30 Ribbon diagram, surface and density maps. A, Ribbon diagram of 30kDa
domain viewed perpendicular to the faces of the cloverleaf like structure showing the
three lobes (N-lobe, a-lobe and C-lobe) and their overall internal structure. B; Electric
potential surface map of the molecule in the same orientation as in A. B, Electric
potential surface map of the molecule in the same orienationas in (A). The Ca™
insensitive CaM binding domain (indicated by the green arrow) contains
predominantly hydrophobic residues and is in an indentation located between the C-
lobe and N-lobe.

Fig.31. Space filling representations of CaM binding regions. Amino acid residues
on the surface are labeled. Hydrophobic residues of the CaM binding sequence are
colored white, polar residues yellow, negatively charged residues red, and positively
charged residues blue. Key amino acid residues for CaM binding are labeled red.
Hydrophobic residues from distant regions of the primary sequence that have folded
to participate in the formation of the hydrophobic patch of the CaM binding region are
shown in translucent white. pepll, Ca’ insensitive CaM binding region showing a
hydrophobic patch flanked by predominantly positively charged residues. This patch
has a high degree of complementarity to the target peptide-binding surface of the
CaM globular domain, which has a hydrophobic patch flanked by negatively charged
residues. Such complementarity is believed to be a critical factor in CaM target
peptide interactions. Hydrophobic residues (Trp*®, Phe’”” and Phe®”, indicating Red
circled) of 4.1R are known to be critical for CaM binding; replacement of these
residues with Ala greatly affects CaM binding. The point mutation W**S results in
CaM binding becoming Ca®* sensitive. pep9, Ca** sensitive CaM binding region
showing a hydrophobic patch and the distribution of charged residues. This region is
formed by an extended structure. The polar residue Ser'® is found to be important for
Ca™ dependent interactions with CaM; the mutation S'"W increases the binding
affinity between this site and CaM and abolishes the Ca®* dependence.

Fig.32 3D structures of FERM domain. Comparison of the FERM domain of 4.1R
with radixin (1J19). The differences are presented in 3-circled regions.

Fig.33 Similar structure of subdomain presents in the different proteins.

Comparison of the N-lobe with ubiquitin (1UBI), and C-lobe with PH domain of -
spectrin (1MPH).
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% 416 135kDa ® protein 4.1R (4.1R!%%) NH, K& 209
73X/ BBRE (head-piece, HP) D#iifiulE#K & HlH A,

[ BE ]

FREFBRE O EEMAZICRIE TS 135kDa D7 AV 7+ — A (4.1R¥) |3,
4.1R® @O N KImERIC# 50kDa (head-piece. HP) DRI XRTF RAMTINEN
TWBM, TOBEEAEEOHEEARAHTH S (Fig.1 BR) . AR T,
4 1R O THIMHEERZHITL 4. 1RO & thig U7z,

[ A%t &5k ]

1. REFROE®

IRFROBER O GRERAIL., MERZEZNARFERE —&FE 0K
RIBFZE TIT O,

b NAHEIMD S 28 L MBI 2 55E LU T CD34 BMEMila s 5z, &
SICTY AORITF > ORINC K DFRFERICHEFEE L 2. CD34 BElig
E157-REE Day 0 & U TR S 2 £ TREFAICHIEZ I L 7z, MiEEE
#%. NRBEDONAFTT7—2 % 3%iEE{ILKEK (HO,) LEIZKDARTE
MAEL., —KHEEL T, FEH 4. 1RHP EEFTAR. KR 4. 1R FEIgFIA,
AP GPC T AEZE KNS Bz, BAETTENAFY —EE#HE KX
itk % KX, diaminobenzidine (DAB) TH @ L .

2. MR XBEHHEOER

fHLZ 4.1R® 72D 30kDa domain. Band 3 . GPC KU\ p55 DI
domain OE&E CaM OFERITE 1 HICEKE L =, HP kT HP+30kDa
domain (EAF HP30) 1d GST fusion protein & U TKBEICRR S Bz,
cDNA (4.1R) 5. HP XU HP30 #E% EcoRl MU\ Sall filFR = Y)W
WAL EMMUAERER I —1ck% PCR THIEL. pGEX-4T2 X7 & —
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(Amersham Bioscience) \ZH# 2 7z, 4.1R¥® |3, tag HEHEREK S VL
pET31 (Novagen) iIZ#l#: 2 7= E R 5| = # %, KIBE (Escherichia
col) BL21(DE3)ZWE i L /= (4.1R™ 23 tag l3fFmE Ty

LB EMICTRBEEZ 3 7TC—ESMH FTTEREEZEL, OD600 DEA 0.4~
0.8 ITELZKIZ, IPTG ZERMAEE (ImM) HINL. 5183 7C—ER
T T3IMMBEEE L -, pGEXAT2 X7 & —THEEKHL ZRBEI.

®il (RPR20-2 O—4—. HIMTH. 8000rpm. 4C. 8 7MDiLi&#%. 1mM
EDTA. 1mM DFP, 1mM 2ME 2%l 7= B-PER™ (PIERCE., USA) IZ
BB LEE L. BERIK E 10 M oBER0ER, =0 (RPR20-2 O
— & —., A ITH, 18,000rpm. 20 M) @ EFEZE/Z. LFEE,

Glutathione-Sepharose (Amersham Biosciences) &##& L. GST @&
EHEESE L. GST I EHER MO EVUBIC X OENERE
(30kDa domain) & GST Z4JiL7z#%. GST % Glutathione-Sepharose
I TRIN L. 30kDa domain % Q-Sepharose (Amersham Biosciences)

THEICER LU/, pET31b XU & —THEER#HE L = KGEE. Ei (RPR20-
2 m—4%—, A T#. 8000rpm. 4°C. 8 DIk E. 1mM DFP, Z#&
ml7= PBS ((E1HESMR) CREL. Kb 10 /sHOBEROER, =i
(RPR20-2 O—4—, HAIMTH#. 18,000rpm. 20 7fE) © LEZzEZ. E
Hi. 35% L%, Q-Sepharose, CaM-Sepharose IZ K DEHEL 7z,

EREOMEILX SDS-PAGE IZTRELZ., EREEIX UV EHZHVWE
(280nm & 260nm FEFEL. BEAEEE (mg/mb = 1.45 Ay, - 0.74
Aggs) o

3. REBE/NB (inside-out-vesicle: IOV) & DO#EEMBAT

EERABEICH LT, RPRERBEDHAZ L ETANTRERL L
T, MiEZE A~ CFEE T ChgEiR» S HI L. RERESBEL 72z, FRIMER
X, 5mM U CEEREEIRIC X S ERFHET THELL,. NES O E S EMEA
R EREL. FiIE. ROKRI -2 NEEEZ, FROERET—Z M
ImM EDTA #&# (pH8.5) IZE L. =ik E (REESE) Z257%.
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REBESBEL, &5, 10mM NaOH, pH11 TUELUERFSOEAEZE
HERZEL. PBS THokEDE, BEMBMICHLE, AXTIE, 20O
pH11 TUE L =KEEZ IOV &Lk, REREER. FEL, FmE7 )b
TIUEERE LTSy R +— Rk (RFET PIERCE #t. USA KD
A) KEVHEIELE (BEROBEHEREL THW, BMETRARWNWI %2R
HoLTHEALE) » BaOBEOMEBEZ 4.1R ((FREIELICEHED)
IOV & 37CT 30 HRERISE. 20% > 27 D—ABKRICHREKREZEREL, O
— 4 — (RPR20-2) Z MW T 18000rpm. 30min. 4 C TIT WL D H
(IOV-EHEHES4E) % SDS-PAGE FABKRICHE L. —EEDT
7))L % SDS-PAGE i2#M. EHERM (Coomasie Brilliant Blue G250)
%, ¥ hAY — (KODAK EDAS290) T 4.1R' KU Band 3 (NHHE
%) OWHEEI Yy —@ITLE, #ERIE. 4.1R*® O Band 3 IZHT 5
FEXT I YR TEME L 7=, Scatchard plot fEATILEIEICHE S 7z,

4. ¥ Be PN o o R 3R

cDNA (4.1R'* KA HP30) % pEGFP N7 ¥ —IZHIA A, HEEBISZ MR,
KIBH (Escherichia coli) DHbaZ B EEM LIz, RIBEM S EEHIINSY —
EOEERIL, 73270 T2 b0 COST MlEIcEAREZAWTREARS
U/, BEMEEIE. Zeiss LSM 510 confocal microscope & AV 7z,

5. ERBRBOBAEITICI IAsys™ Z2H W,

EAE-ZEOEMBIUOEAE T F RO KRG E E R EITICE,
Affinity Sensor ft (7 >7Y v, UK) O Resonant Mirror Detection
RMD)EIZ L D TAsys EEBEZRA W (Fig.s 28) . EHEHWEXRTFR
2. 10mM Na,HPO,/NaH,PO,, pH7.4 #&&#% (0.1M NaCl Z2&8. KR
PBS &R&ED) 12 100 pg/ml DEEIEHBLY 2 /27 >Faxy bR,
BS® (PIERCE #t. USA) 2/ U CE#M{LL . XTF ROEMAEIZIE, —
B73 )35 % a2y b EIZ BSA % BS TEM{ELLZZDE, NHS/EDC
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2T BSA D7 3 HEEMEMT 5HENuUnomura, W., et al. (1997) J. Biol.
Chem. 272, 30322-30328) b0t L7z, RIGICIE. 10mM Tris HCl #2 &K
pli7.5. 0.1M NaCl (Buffer A) iZxfL T 1mM EGTA g\id 1mM EGTA
& 2mM CaCl, 2MMATHWE (Fig.2 R) . FaXy FADKIGERER
25C—EIHEE, —ERETHERLL, RIGIKEDZINIA—F— (fEa
EER, MEEREER. RARGR) IEAMIY 7 bEAWTEHELL

(Fig.5 BR) . TEREEH Kow) 3. BeREeH (k) CRERE
T (k) ODENSEUTORXTKRDZ,

K(D)kin =k, / k,

(Kppaw DfENE. AICHIETHEONLEENSRABEEROEZHANT
Scatchard plot fg# 21TV, MBEBEZHB L ABMEERET Lz, XX TOR/MR
. (K(D)kin) @%%@yj‘% K(D)& LTHERLZ,

2. CaM-Sepharose "® 4.1R & &t O T

CaM-Sepharose (Amersham Biosciences) @5 7 A% 50mM Tris-HC],
pH7.5 $2f&#k. 0.1M NaCl & 1mM CaCl, &8 TR L. FREKR TE
FEE (L L -ERERRERINLU 2. 1o LG LZEBEI 50mM Tris-
HCl, pH7.5 &%, 0.1M NaCl & 5mM EGTA B X 50mM Tris-HCl,
pH7.5 $E&E. 0.6M NaCl & 5mM EGTA TIRREH L7z,

6. KA V7 ORETICLSESHIE

CaM & 4.1R'™® OFEE L OMITICIE, EESTOEBRMZEE TE 2KETA
7 OREET (QCM™, 1 =37 A, BE, AHRLEROEHBIICIOESEZE
ELTEW:) 2AWE, KESA 7 ORKRTFAD CaM OFEMIIE. FEHHA
ZITHES T, T DK, CaM ZEBEEIC/KRY A 7 ORRFITMA NS, EHE
fLiRggE#E=_y—L . BEEZIEL -,
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maEid. LTORANERDZ.
AF=C + Am

ClIEE. RBKOELMERIF v 7 LOLEBELEHHIT S, 1Hz DA
30pg PELICHS T 5, 728, 4IR® O FRIZHERFTREICK D, 93305.77,
4.1R® O3 FEIL 69940.65. CaM O3 F&#IE 16706 & H Wz,

[ #E&# ]

1) RERICATS 4.1R* ORFE

FRIFERIT, E® 14 BEHTHBEURBRRMIKICOML 2, FREFEREE
(Day0) T4.1R™ OfifaE T RENERZE I N (data not shown) . Day3,
Day5 TI3HIfaE L IcBRI Nz, ZORK, GPC OMildERENEEINL
(Fig.34) . Dayl0 Tid. 4.1R¥ [FMEE CoRENEL D, KHDIT
4. 1R DB IC BIEABRR I Nz, RFGRIMERICBNT, 4.1R™ 32 <H#HE
N, o R, 41RY FMEEICER < RAINE (Fig.34) . GPC &,
Day0 75 BREARMERICE £ Tt RENESE SNz (Fig.35) . Fig.iZidmx
720, Band 3 HE b EFRIC Dayd PARICHER 258072, 4.1R™s O #
fafE IR EN/ZD T, 4.1R™ KN 4.1R - HP30 % LMD COS7 T
SRR UZRC, ERRICHRBEICERT S 2Nz, Fig.36 ITRL
X512, GFP &® 4.1R™ 13, MIEBICERRT TS E05. MR
JES 5 SEMHER S Nz,

2) IOV & 4.1R!35 DEESRBH

REBRICBNT, 4.1R™ IZMEETORENEREIN, £, FRICEES
EHETHD., 41RCOFEEEHE TH S GPC KU Band 3 H IR /7N E
BAINEIEMNS, 4.1R® 3% GPC KU Band 3 & 4. 1RPAEICKHET 2 LT
BENz, ZORBEEND DT, 4.1R* & IOV OFEEMITEIT o7z, £ D

5K



Fig.34 4.1R' expressed in erythroblasts. a, Day3; b, Day5; ¢/ and c¢2, Day10; d] and a2,
matured red blood cells. 4.1R 135 was showed in a, b, cI and d1, and 4.1R¥ in ¢2 and d2.



Fig.35 GPC expressed in erythroblasts. Note that GPC strongly stained at the plasma membrane
at Day5 (a), Day7 (b), Day10 (c¢) and matured red blood cells (d). x1000



Fig.36 4.1R"*-GFP transfected COS7 cells. The recombinant fusion protein 4.1R'*-

GFP localized at the plasma membrane (arrow indicates 4.1R'*>-GFP).

R, 4.1R™ 1210V AL, BTSS0I 2 HEOREGERLE. B
EAE, TEREEEENK 10°8M 83nM)ThH V. TWHEE 1L B MREEE K
10"M (358nM) TH - 7= (Fig.37). [FFkIZ 4.1R% & IOV D& f#EMT 217 o 724,
1 AR TR AREEE RO 10M DR G ZR L7z (datanot shown) o EERIZ
Ko T, BN 2 O E 2 RLAEDIE. IOV Z pH11 TUHEL /2
il BEBEAEICEENRELEEZ SNz, KD ERREHET 4.1RM®
EIRERAE (GPC. Band 3 KU pb5) & DREGHIT 21T D %12, TAsys™ITX

5 ROSEEROENT 2T, 4.1RY SO g E ATz,

2) 4.1R*™ & BEHHEOHES

4.1R135 & 41RO FIREAE EO [Asys™IC & % i HE B i B FE AT A5 3R 2
Table XVI 2L, 4.1R3 & Band 3 & DRSO VLEMBEEEER (Kp=~
108 M) 1IE4.1R XD B 10 fZ/hE -7 GEFEEEV) . 4.1R¥ & GPC
EOTEMREER (Kpy=~10° M) 13, 4.1R® & GPC & 0 i R & 5k

(Kpy=~107 M) K0 HREBHMEIIENZ EWHN Loz, —5. D55
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& 4IRS H 51T 4.1RY & O FHEMREERITIEBIC (Kp=~107 M) TEW
DM -o7z, HP 1. Band 3. GPC. pb5 &idallamozl &hb,
HP 13, 30kDadomain QA ZHI# (Band 3 D& ZEEL. GPC &0
EaeEIFE) §5ZENRBEINT. £k, 41RO EBHFEE LN EN DL,
HP I3, 4.1R ONIHEAICEEG LiaWZ EARENE, —FH. BRRXTFREH
Wz ER#RE (Leclerc E. & Vetter S. (1998) Eur. J. Biochem. 258, 567-
571) n5, HP 1 CaM & Ca?"REMEDREE T2 T ENA LN TWER, £
BRI ORERIT. HP 1T CaM & Ca?"kFHEO#HEZ R L. T OV EREEE R
~10® M & 30kDa DR R D RN ERASNITIE o 7,

Table XVI. 4.1R"* and 4.1R® binding to membrane proteins

peptide Ligand k.M s k(s Kp) (nM)
4.1R'* GPCeyt 9.1x10°  1.2x10° 1319
4.1R* GPC cyt 29x10°  2.7x107 93
4.1R"™  Band 3 cyt 4.0x10°  6.1x10° i3
4.1R®  Band 3 cyt 9.4x10°  1.4x107 205
4.1R'* p55 1.4x10°  1.7x107 121
4.1RY p55 3.8x10°  3.6x107 95

The binding assay was carried out in TBS. From the binding curves obtained by
RMD, k,, k, and K ;, were determined using the software package FAST-Fit™,

HP f8Ei21E,. Band 3S#EBSEF—TJTHH

EXLS BT 2/ EERS,
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Fig.37 4.1R'* binding to inside-out-vesicle of human red blood cells. Upper and Lower
panels show the binding profile and Scathard plot analysis, respectively. In Scatchard
plot analysis, dot line shows possible 2nd phase. “Bound” is represented as the ratio of
optical densities of 4.1R!*® to Band 3 on the SDS-PAGE measured by EDAS290

(KODAK, USA).



S®EEEG - L'™DEEI

Table XVIL. HP binding to membrane proteins and CaM

Analyte Ligand Ky, (nM)
HP Band 3 No Binding
GPC No Binding
p55 No Binding
CaM (+EGTA) No Binding
CaM (+Ca*™) 73
4.1R¥ No Binding

The binding assay was carried out in Buffer A. From the binding curves
obtained by RMD, k,, k, and K ;,, were determined using the software package
FAST-Fit™,

MEET 5, HP HH1d Band 3 &id#EE L7aMh->7z (TableXVID « 215D
7 2 BESINERE, Band 3HEEEFT T ERLRBWI EIZASNTSH 503,
SARMTE B, LY %9 EEDY B F — 7 & & bICBEMERERE A F AL, Band 3
MAIRP N AIRP LD b EE Lz EHR NS, BIE. HP30 D& EIE
B TH, X BELBEMATICE D ZORMBFRINS EHifFa NS,

3) 4.1R1¥% & CaM &L DS

FREOHEREEEE 2, 4.1R*¥, HP KUNIIP30 @ CaM #E& 1% CaM-
Sepharose & MWz 5 LETHREEL 2R % Fig.38 12w L7z, HPE. GST
BIAEAEELTRAELEE, hOYETHEE YN LAREGHZ CaM-
Sepharose IZHRINL 7z, GSTIEH T LAZFED L7z, HPIZA I LITHEL
TWwi, HPIZ, bmM EGTA Tl E /- (Fig.38A) . HP I, OD280 Tid
el SN o2, SDS-PAGE Tld< ERERAINEZ. ZOMEAIZ
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HP RURTF RNICHEEET I /BOZENDRNWI EICERL TWD EEX
5N7z, 4.1R¥ KN HP30 (data not shown) ®[#kiC. Ca?" 4 KT CaM-
Sepharose IZf§& L. 5mM EGTA TEfHi s/ (Fig.38B) . 4.1R™ %
5mM EGTA T CaM-Sepharose 7 5 & HI#., X 51C0.6M NaCl 2Lz &
2% 0D280 ¥ — 7 O ERD M. SDS-PAGE TRHERERB S /LD
o7 (Fig.38)

CaM & 4.1R'™® @ IAsys™ 1T & 2 ¥ &M OFER % Table VXIIN IR L 72,
4.1R¥ 3 CaM & Ca? G 7E F Tl EMRs e ik K ,=6.9 x10°M TS L7248,
EGTA B F Tld. TOEMMEIL K ,=6x~10°M TH o7z, LAEDOFERIL,
AR KN HP 1E, Ca? ###E F T CaM-Sepharose &#E& L. EGTA TEHE
NEREREFELRNWEHML 2,

Table VXIII 4.1R"* binding to CaM

Analyte Condition k,(M's?")  k,(s") Ky (nM)

4.1R'* EGTA 2.6x10° 1.5x10% 5769
Ca* 2.1x10° 1.1x107? 69
4.1R% EGTA 7.8 x10° 1.6 x102 205
Ca* 2.3x10° 2.3x1072 100

The binding assay was carried out in Buffer A. From the binding curves
obtained by RMD, k,, k, and K, were determined using the software package

FAST-Fit™,

QCM™ |z X BBIEFRERMN S, CaM & 4.1R™¥ 13 1: 1 T Ca? kFHEDHEEZT
57 EDNHERIN, 4.1ROE, CaM & 1:1 TCa* EREFHOHEEZTHZ
ERER XN (Fig.39) , CaM MBI HP IR T B &MEm L 72,

HP 81z BT 5 CaM A . BlRATF REAWEERERN S,

S RGLSRLFSSFLKRPKS
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012 1 Buffer: EGTA
| 20mM Tris/HC), pH7.5
0.1M NaCl, 1mM CaCl, 4.1R135
0.10 - ,
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Fig.38 HP and 4.1R'* binding to CaM-Sepharose in the presence of Ca*".
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Response wash - HCI
(arc sec) T
100
504
0. 4.1R™+ S a|
I Ca*/CaM
50+
0 1 2 3 4 5 6 7
Time (min.)
Response
(arc sec.)
[ B HCI
1001 4.1R™ ¢
X (0.2uM)
50+
0 4.1RP5+
Ca*/CaM
504

1 2 3 4 5 6 7
Time (min.)

Fig.40 Ca?"/CaM inhibits 4.1R'3* binding to cytoplasmic domain of GPC
(GPCcyt, A) and p55 (B).



THDHIENBEINTWS (Leclerc E. & Vetter S. (1998) Eur. J. Biochem.
258:567-571) . FEI. U VEBMLENS LY VEREERLTWS, GRAT
FREFWEERERNS, Z0v) JEEN) CEIND & CaM OFEM%E
HETTHIENRESNTWS, PiU Bt HgEERANT, £HFRNTO
) ELAEIET S Z RIS NG, AR T JEREN CaHKEED
CaMBESIBEETH LI EEHSNLED, 1IP @ CaM #E BN THRKIZ
T UBRENEETHL ZENTREND,

APKKILSMYGVDLHKAKD

(4.1R®  30kDa domain =BV} % Ca? &K FED CaM #EEHEIST)

4) Ca?*/CaM it &% 4. 1R OREHEM & O Hl#H

PEFETIZ, 4.1R X Ca?#E R T CaM IZHE BT 5 T EZBALNIT LT
A %z 30kDa domain 1. GPC O domain & F#ifREEE Rk 1.8x107
M TG L, CaM & 4IRS EAE (B)V5: 1 R 13 Ca EFE T
Tid., GPC OMIERA domain & EHEMBEEER 2 x10° M THRE L7225,
Ca* 57E FTli. GPC O#fifa domain &34 <A L7ah > 7z(Fig.40A),
F7-. M#ez 30kDa domain I3, pbb & FEMEEER 4.4x107 M THRE L
7z, CaM & 4.1R OEEE (BIVE 5:1 BAk) 1% Ca? 3k F T
P55 &LEMREEER 4.1 X107 M THEA L2, Ca?t #7E F T, pdd &id
S LN (Fig.40B), CaM & 4.1R™ OoFE&H (B)VE 5:1 U
) 13 Ca?t JEF(E F T, Band 3 OffigA domain & F-#ifFREER 1.5
x1077 M THEE LAY, Ca2t Z7E FCld. Band 3 O#MifgA domain & ¥
frEEE S 3.9 x10° M THEE L. Z0&td. HEREFEROEMIXD
EE B ER BN ERHEOET) MRS NS, 4IRS I, Ca?t
/CaM #EEBTHI LIV, MEBERWIETRAERMEORILIC L 72T,
Band 3 O#IfAN domain EfES LEHL o2 EBRIND, BRAKETED
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Ca?* FEEEF (100% DHEEEET ) TOXSOBERIIRS Ca?t RE
WZANLI0"M THD, MEATO Cazt BEE—HL T (Fig4l) .
ZM CaM O Ca?*fF{f F TOFZLBHEAMHNL, 4. 1R™ IHilgA Ca** @
EFRICKD, MEELE S TRICHEET S SHERENS, 4. 1R DN
T, 4.1R® [T spectrin/actin filament &#E& L TV 5 FEERAIGEIMRIT/E N

Table XIX. Effect of Ca/CaM on 4.1R'” binding to Band 3

Analyte Condition k, M's") k,(s") Ky (nM)

4.1R™ EGTA 4.0x10° 6.1x10° 15
Ca* 2.1x10° 8.1x10° 39

41R*+CaM EGTA 5.1x10° 6.4x10° 13
Ca’ 1.1x10° 1.2x10% 1100

The binding assay was carried out in Buffer A. From the binding curves
obtained by RMD, k,, k, and K ;,, were determined using the software package

FAST-Fit™,

N, T3 EBERINSESTAERIEIRIICH D EE > TR, 41IRF N
spectrin/actin filament &#& L TW5 &L, MEEEST S EED.
Ca?* D EFICED 4.1R® ZRLNIMBKRIND LHRIND, 41R™ . K
e THSEMI L& D ICEREIIC GPCpbbs E=FHEEKRZRMRL THO,
R, FIEA Ca2*t W EFE LU THEZFBEARDOETNETNOREDN 1/10 12
LT HETT, ZEEEEIIH,. fiFahs tBESNS, RRARMERIZ
BNT, %fﬁfﬂmmwﬁiﬁ% THEW—IBMEICHIEA Ca N LA U THEESD
BEORSHKEIELETIC. BEEERETIEERONS, —H, K
OB E T DI ORI & bz o THIREES 5 G DstiRN B Z
LEMEEEIND, TOK, Catt O EFHNIT4.1IR®IF CaM 21 L TEEIC
MR SAFREL . MIRRIEEFT S BENIE TE 5 LRI ND,
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Fig. 41. Ca?* concentration dependence of protein 4.1R'3° binding to
cytoplasmic domain of Band 3. 4.1R'*° binding to cytoplasmic domain of Band 3
was measured at various concentrations of Ca?" either in the presence of 5 uM
CaM (represented as +CaM) or in the absence of CaM (represented as -CalM).
Ca?" concentrations were maintained by Ca?>"/EGTA buffer system. The maximal
extent of binding under different experimental conditions was quantitated as
described under "Experimental Procedures". Maximal binding in the presence of
EGTA was used to normalize the extent of binding under different experimental
conditions. pCa represents ionized Ca?* concentration. The extent of 4.1R!35
binding to cytoplasmic domain of Band 3 is plotted as a function of Ca?*
concentration.



[ &®D]

¥ Ca’*/CaM

Fig.42 Proposed model of Ca** regulation 4.1R'” binding to membrane proteins

through CaM interaction.

JEFRMER R OFRIEFRICHINT 2 4. 1R [ IABRIMERE 4.1R® L EREIC, 7R
Mk PDZ EHE p55 & PHMBEER~107 M THE Lz, RILEKIEEEE
HETdH % GPC KU Band 3 O#IfEA domain &13& 4. EEMREEE B~
1006 M BRU~108 M THE L7z, CaM i3, 4.1R'™* ® HP EHIC Ca*{k7F
PV T EHREEE R ~108 M THAE L. pb5 & GPC L OS2 ITHIHIL
720
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% 518 160kDa & protein 4.1G O & O & HHT.

[ B ]

FRERTIZ, 41ROTAY 74 — A 4.1G OEBRRZFRSN TN NER OB
WIS, . TOBEAEEOMAEREZARATH S, —75. 4.1R® &

41G V3. HIZERES % T % 30kDa FERM domain @ N KuEkic 209 7 3 J B

%% (head-piece. HP) @R U RTF RAFMENTND, ABFATHE, 4.1G
OHENEE S MEEERSE OO TRAEERZHTL 4. 1R L& L.

NH,

4.1R*™ | HP

NH,

4.1G

35% 71%

Fig.43 Primary structure of 4.1R"* and 4.1G. 4.1G is one of 4.1R Isoform that
expresses in general. The amino acid sequences of HP and FERM in 4.1G are identical
35% and 71%, respectively. HP region is containing 209 amino acids.

[ ARt EH ]
2. RFMOEE

FREFRROER R N GEREIE. MBERFEFHARFERE &R OH
R Tz,

b R 5408 L - i i & 558 U T CD34 BBiMiie 2 /Fiz.
ST ARIF > DEMIC K D FRFFRICHMEFEE L 7z, CD34 Bt
E1E7H%E Day 0 & LT % £ TREFIICHIEZ R L 72, HIRIEEE
%, RREOVVAFIFT— A% 3% BB bkEK (H,O0,) NEIZIDAE
ML L. —K¥ifkE LT, FE 4.1G Exonl6 EEFiEZ G /2.
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HEOHER) 55 —PEES KA E KIS E . diaminobenzidine
(DAB) TRBW#ELL T,

2. B A EAHOEH

Mz 4.1G @ 30kDa domain. Band 3 . GPC KU pb5 DHIRNA
domain OEEIE CaM DOFEENIE 1 HIZFEE L7z, 416G @ HP kW
HP+30kDa domain (84 F GHP30) & GST fusion protein & LT KIEHEIC
KIWX W7z, cDNA (4.1G) »5. HP KON HP30 fEi % EcoRl KU Sall
HIFREEE YN ERAM 2 ML 2R 751 —1C k% PCR THIEL. pGEX-
AT2 N7 & — (Amersham Biosciences) IZ##iZ 7z, 4.1G 13, tag HEZE
R4 &7~ pET31 (Novagen) I 2 - HER I =z ERAR. KEBEE

(Escherichia coli) BL21(DE3)ZHEEML 7z (4.1G 123 tag IS N
TWizl) . LBEHICTREREZ 37C—ELRETFTEREEL,. OD600 O
EA 0.4~0.8 ITZELZKIC, IPTG 2HR&EE (ImM) #&InL. 25123
7C—EEET T IHERBELE L, DGEX-4T2 X/ & —TRHAGERLZ
KEEIZ, =D (RPR20-2 O—4%—, HI. L. 8000rpm. 4C. 8 DI
B#%. 1ImM EDTA. 1mM DFP. 1mM 2ME Z &M L 7z B-PER™

(PIERCE, USA) @B LEBEE L. BERIIKEL 0 rHOBERIAHE
#%. @m0 (RPR20-2 O—% —, HILTH 18,000rpm. 20 7H) DLiEZ
27, k3. Glutathione-Sepharose (Amersham Biosciences) &R
L., GSTRIAEREZ0BEL-, GSTRIEEREII MO 2V EUBIZL DR
MEHE & GST 29l L7=#%. GST % Glutathione-Sepharose IZTHRIX L .
Q-Sepharose (Amersham Biosciences) THEICHERE L7z, pET31b XJ7 ¥
— (4.1G) THREE#HL - KBEIL. B0 (RPR20-2 O0—4—, HIL L,
8000rpm. 4°C. 8 #f)itik#. 1mM DFP, Z¥EiML 7z PBS (5 11ES
) I\ L. KE1 0MoBEERAEEZ, ®L (RPR20-2 0—%—. H
S THE. 18,000rpm. 20 23f) O EEEBL. LiEIL. 35%MELILEE.
Q-Sepharose, CaM-Sepharose [Z X DHEE L/, EAEOMEIL SDS-
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PAGE L THRELZ, EAEERIZI UV k%A (280nm & 260nm Z#EIE
L. EEEEE (mg/ml) =1.45 Ay — 0.74 Ayg) o

3. REE/NE (inside—out—vesicle: IOV) & O#E AR

EEBRABEIH LT, AORERBEOHWAZ LI LTAATRERL I
T, MEE AN DEE T CHERD SRR L., ROERZESBEL 72, FRIL3K
X, 5mM U CEEEEIROEBSM FTIEML., NEYDE ERRRNRS
EBREL. FEARMRE T -2 MEEEL, FLKET—Z MI, ImM
EDTA WA¥K (pH8.5) KB L. BINLESE (RERSE) 267z, Kis
BAEIE. & 51C. 10mM NaOH . pH11 THLE UG OERE 2 AR
EL. PBS TH2ITHeHDE, HBEMITICHLZ, AXTE, 2O pHIL T
MELAEREEZ IOV &Lk, REHEERR. L FOETNTI>E
EREE LTIy R7+— Rk GA¥IL PIERCE #t. USA KDEA) ITX
DHRIELZ (BROEAEEELTHL, #EEBTIIRNWI EZB/ED LT
HERALE) » BxOBEOHEBEZ 4.1R¥®  (EEEITLICHR) IOV & 37T
T 30 ARG E, 20% > a7 00— ABRICHBEKEZEEL, 0—5F —
(RPR20-2) #FWT 18000rpm. 30min., 4 CTir\WikEgsE (IOV-&
MERASE) % SDS-PAGE FABEKICHBLL, —EBDOY XTIV E
SDS-PAGE Iz#f 7. ZEEHA (Coomasie Brilliant Blue G250) ZfT-
7o

4. MEPHHIRR
cDNA (4.1R!3 BN HP30) % pEGFP X7 & —IiZHLA A, HEELT 2 R,
KIEE (Escherichia coli DHboZREEHE L=, KBEM S EEHAIINSY —

EOBESIL, 7O 7T O COST HRICEAREZE AW THRERR
L. BEMSE13. Zeiss LSM 510 confocal microscope % FHV 7z,
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5. EAE-EAHME OB RN,

EHYE -EAEMBIOEAEARTTF RO KSHEE R I,
Affinity Sensor # (7> 71w, UK) ® Resonant Mirror Detection
(RMD)IEIC & B [Asys EEE AW (Fig.b ZHR) . EHEHNWIEXTF R
i3, 10mM Na,HPO,/NaH,PO,, pl17.4 & (0.1M NaCl #&5, LT
PBS &R&30) 12 100 ug/ml DEEICEML 7 I /5 > FaxXw b EIT,
BS® (PIERCE tt. USA) ZA L THEHMILLZ, RTF ROBEHREICE, —
B7Y3/35>FaxXy b EiZBSA % BS] TEMILL 2. NHS/EDC iZ
TBSADY 2 /) HEZEMTDHEOHA L, RISICIE, 10mM Tris
HCl #£%&%& pH7.5. 0.1M NaCl (Buffer A) 2% L T ImM EGTA sihiZ
1mM EGTA & 2mM CaCl, A THWZ (Fig.2ZH) . FaxXv bR
DIREIL 25C—EIRE, —EERETHERALZ. KIBZEDD/8T A—
H— (HEREER. MEEERETHR. BRAMSE) BEMAMTY 7 hZEHN
TetE L/ (Fig.5BZH) . FEBEER (Kpw,) 3. MEEREER

(k,) EfREEREEHR (k) OHMSLUTFOXTRD,

K(D)kin =k, /k,

(AT, FEFEREERIL K ) THRRLZ)

3. CaM-Sepharose "® 4.1R & & O BT

CaM-Sepharose (Amersham Biosciences) D75 A% 50mM Tris-HCI,
pH7.5 @&, 0.1M NaCl & 1mM CaCl, 88 THRIEEL L. FEERK
THER L ZEHERRERN UL, 71T LICHE L/ZEBEIL 50mM
Tris-HC], pH7.5 $£&#. 0.1M NaCl & 5mM EGTA £ 50mM Tris—
HCI, pH7.5 #2%&#%. 0.6M NaCl & % Wi bmM EGTA TIEXREH L7z,
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[ 2R ]

1) FRERICRTS 4.1G oiIRERE

FREBREE (Day?) T4.1G OMfRETORENEE S NH. Dayb LAAL.
Dayl0 B TId&<BEas N>z (Fig.44) . Day 7 Tlid. GPC IIMMEAE
TREI N (Fig.34) . 4.1G OMBEESEINRBINZDT, 416 KW
4.1G - HP30 % L Z#ifa D COST7 THHIFHE L 2REC, ERICHIRICERT
57 EEMENDTIZ, Fig. 45 1IZRLIZ&DIZ. GFP & D 4.1G kT 4.1G - HP30
. HIRAEICEERET B I NG, ENICHIRICRES S Z EHR SN

({HL., COS7 M TOERD 4.1G NEM LT 2REEAEIIRE SN TV
W, ZOEETIE. Exonlé REEHEEHNWTNWSD TR &% Spectrin/
actin filament ~OE S TII7R VY, F£/2, HP30 14 CTD 23H 5D ZEMR L
AT 2 EOWMEDBAE DM, HP30 ISHifEEAERL72)

4.1G (AExon 16) 4.1G HP30

Fig.45 4.1G and 4.1G HP30 located at the plasma membrane of COS7 cell.

2) 10V & 4.1G O &R

FRERICBNT, 4.1G I3—@HICHRETORENERE I Nz, 4.1G &
IOV O#ESHEITEZTo> 7. TOFER. 4.1G FERM domain &, 4.1R FERM
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Fig. 44. Expression of 4.1G in erythroblasts. Note that 4.1G expressed at the Day7 (b)
but not Day5 (a), Day10(c) and matured red blood cells (d). x1000



domain EREIZ IOV EES L. GSTIX IOV IZHEE Lah-o 7z, LEOER
REsEZ. 4.1G LEEBE (GPC, Band 3 XU pb5) & D IAsys™{IZ K HEE
MR Z1T o T

FERM

43

30

e

S o :
# g B

TR

Fig.46 FERM (30kDa) domain of 4.1R and 4.1G bound to IOV. IOV and GST
fusion protein was incubated at 37C for 30 min. The IOV separated and put into SDS-
PAGE. In each right lane showed IOV binding FERM domain and in each left lanes
showed in put protein as control. Note that GST fusion protein of 4.1G FERM domain
was bound to IOV as well as 4.1R FER domain. GST, as a negative control, did not
precipitated with IOV.

2) 4.1G & BEHHEOES
IAsys™|Z X% 4.1G LEERE & OHEERVENTER % Table XX [T L

7z. 4.1G & GPC. Band 3. p55 & DfEE OEEEEEEITNTN G Kp=~
107 M THo7. F/. 4.1G FERM domain & GPC, Band 3. p55 & DfER
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OEEBEEERIIVWTND Kp=~107 M Th-o % (datanot shown) . 4.1G
@ HP 13, Band 3. GPC, pbb &id#alahozl &5, HP L, FERM
domain DOEHEE ZHIE L7z ENHS NI 72,

Table XX. 4.1G binding to membrane proteins

Ligand k.M s™) ki(s™) Kp), (nM)

GPC cyt 5.6 x10° 9.1x10° 167
Band3 cyt 2.4 x10* 1.9 x107 458
p55 4.7 x10* 8.5 x107 181

The binding assay was carried out in TBS. From the binding curves obtained by
RMD, k,, k, and K 5, were determined using the software package FAST-Fit™.

3) 4.1G & CaM & D&

FROKREEE X, 4.1G O CaM #& % CaM-Sepharose Z W/ 5
LIETHREE U, 4.1G RWVHP30 (data not shown) ®[RIEkIZ. Ca?'HFE F T
CaM-Sepharose IZ#& L. 5mM EGTA T a7z (Fig.47B) » HP I,
GSTRASERHE L TRAELEE. PO ECTHEZYKLZESHKZ
CaM-Sepharose 12N L7z, GSTIIA I LZFEO LA HP B4 T ALITH
&L TWwi=, HP X, 5mM EGTA T a7z (data not shown) .

CaM & 4.1G @ TAsys™ IZ K B BT ORER & Table XXT 2R L7z, 4.1G
i3 CaM & Ca?*f#1E F Tl Po it sk « K ,)=54nM THE L7z, EGTAF
ETTIE, ZTOVEBREESIL K )=22nM TH o7z, LAEOFRIE, 4.1Gd,
Ca?*##1E F T CaM-Sepharose &#E& L. EGTA THEHEINIZHREFE LR
WEEHIW L7, HP 2Bz 4.1G @ 30kDa domain 3. CaM & EEfFEEE
K py=~107 M TH& L7z (datanot shown) . 4.1G @ CaM #&EGEMLIE
RETHBHM, 4IRS O HP P27 2 ) BEFINEEL (Fig.48A)

772,



A.| Bacteria Lysate: 1
V
(NH,) SO,
35% ppt: 2, (after dyalysis: 3)

S0% ppt: 4
50% sup: S

Q Sepharose: 6

SOmM TB, pH7.5,
1mM EDTA
0.1M-0.6M NaCl

CaM Sepharose

50mM TB, pH7.5,
1mM EDTA

0.1M NaCl
0.5mM CaCl, : 7
SmM EGTA: 8

B. M12345 67 8

Fig. 47 Purification of 4.1G. A, Procedure of purification of 4.1G; B,SDS-PAGE of 4.1G.
Note that 4.1G was eluted from CaM-Sepharose by SmM EGTA.



4.1R1 N
—

SRGLSRLFSSF LKRPKS
NRGI SRFI PPWLKKQRS

\,///—/*

CaM binding site:

4.1G

80
B

&
340.
[P) A
Z |
2 0
]
=%

Time (min)

Fig.48 CaM binding to peptide form 4.1G HP region. A. A CaM binding sequence of 4.1R
HP is conserved in the 4.1G HP region. B . CaM binding to peptide form 4.1GHP region (blue
lettersin A) in the presence of Ca?* but not in the absence of Ca?*.
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Table XXI. 4.1G binding to CaM

Analyte Condition k,(M's™) k,(s" K p, (mM)

4.1G EGTA 3.7 x10° 8.3 x103 2243
Ca* 9.4 x10* 5.1 x10° 54

The binding assay was carried out in Buffer A. From the binding curves obtained by
RMD, k,, k, and K, were determined using the software package FAST-Fit™.,

FDRTF R ;
NRISRFIPPWLKKQRS

2L ERL, T /35 FaxXy MEICEME L, CaMIZZDOXRTF R
LA LUED (Fig.48B) . FOEHMEIZ~10M ThH7-, |E. S SHICHAE
HTH 5,

4) Ca?**/CaM Iz& 3 4. 1R DEBHEES O

DIEETIZ, 41G I3 CaFEF T CaM IZHERT A EZzH 5N LTz,
4.1G 1%, GPC O#ifgN domain & E#E#EEEEEL 3.01 X107 M THEE L7z,
CaM &. 4.1G OFE&EK (BIVK 5:1 Db 1d Ca? I EFET T, GPC
DO#IALAN domain & FPEEEETE 2 x10°M THES L7, Ca?t FE F T,
GPC OH#ifEA domain &IXVEMAEEEE 1.2 x10° M THE L. HAED
KT BRI N/ (Fig.48A). mAMBEED Ca*™ FEHFEL (100%DHEE
LT D) TOXEFOMBERITED Ca?t BEIIBBLE~10"M THO, #
AN TO Ca?t BEE—HL TWk (data not shown) , 4.1G I p55 &3
BfEEEE R 181nM THE L7z, CaM & 4.1G OEAMEK (B)VH5: 10 1E)
& Ca?*IEFME FTIL. pbb &M E R 410nM THREAE LN, Ca*m #
FETFTIL. phd &iFe<BEaLlahok(Figd9., CaM & 4.1G OEEHK

(B)VEE 51 BAE) & Ca*t FEFMEFTIE, Band 3 O#ifldN domain &
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R REEE R 458nM THEA U724, Ca?* ##7E FTIL, Band 3 OfffEN
domain &i3&<#a& Lz oz (Fig.49),

Z D CaM @ Ca**##{f F TOE& 4.1G OEFEEMHNIT. 4.1G 13z
Ca>* D LRIZLD, WIREENE L TRHEET S RN D, 41G W
ML T, 4.1R® [T spectrin/actin filament EfEEL TWD Z &N LR
SR THE D 5N T W B (Kontrogianni-Konstantopoulos, A. et al. J Biol.
Chem. (2001) 276, 20679-20687), 4.1G #' spectrin/actin filament &5
L TWS ETHIE, MREET SN, Ca?*OLERICKD 4.1G ZH.0
AR INS EHEIND (Fig.50) . LML, 4.1G ORFERTOMIER
SEHABREFRIEINTOAEW, T2, 4.1G 2k, RFEREEE 7 0 HAl
BIC—BEICRRT 200, AATH S,

O O

0000000

¥ Ca>'/CaM

Fig. 50 Ca’"/CaM regulates 4.1G binding to membrane proteins
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M 6 JH BWH proteind.1B (4.1BAVS2) & PDZ BHE DK
BT,

% 6 IH B protein 4.1B (4.1BAV6?) L EEAEOESHENT L. ZOERA
B %) TELE L 7= Philippe Gascard (ILBNL, UC Berkeley) &+ & D4k
RS L TiITbnsz,.

[ B ]

B TI3ANE protein 4.1 (4.1BAVSY) S HIRRBARA R 2 RITT % isoform
(4.1BAYS2)  (Fig.51, 52) 7\ apical il & BEEBEBOEAICHEZEL TV
(Fig.53) . 4.1BAUG2i%, 4.1BAVS! ¢ 30kDa domain NH, R¥mEl D 104 7

2 /¥ (head-piece, HP) ORUYRTF RNRREL TW5, FWFETA.

BX4MBE O apical AIIC RIS B NHE—RF & 4.1BAYS2 @ in vitro 53 FEAHA

VEF OREESRMIMATIC L V., BHILIC 4. 1BV RE T 2B AICDNWTER

L7z

_— brain 4.1BAV¢

.= Drain 4.1

105 1 kidney 4.1B*U* (lacking additional peptides

compared to brain 4.1B*Y%?, see map below)

75

1: Whole mouse brain extract

2: lysate of COS-7 cells transfected with
a ¢cDNA encoding kidney 4.1B*V¢?

50

Fig.51. Characterization of renal 4.1 proteins in mouse whole kidney extracts.
Western blot analysis of mouse kidney, spleen or brain extracts (60 ug total protein)
and of lysates of COS-7 cells transfected with cDNAs encoding hemagglutinin (HA)
epitope-tagged mouse kidney 4.1B splice forms was carried out.
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1097aa

978aa

Fig.52. Primary structure of 4.1B*"¢! and 4.1BAUG2. U, unique sequence among
4.1 family proteins; FERM. Protein four point one, Ezrin Radixin Moesin conserved
domain, SAB, spectrin and actin filament binding domain; CTD, C-terminal domain.

Fig. 53. Tissue distribution of 4.1 proteins in kidney. Wild-type mouse kidney
sections were stained with antibodies specific for each 4.1BU2 shown as Fig.51.

Insets in first left panel of third row highlight 4./B diffuse expression in Bowman’s
capsule (BC) (upper inset) and apical expression in some proximal convoluting
tubules (PCT) (lower inset) (Ramez, M. et al., Kidney Internal. (2003) 63, 1321-1337).

[ 448 & 5 k]

1 M A EREOER

HHEZ 4.1BAVG2 1T, tag fEI A REIHZ pET31 (NovagemiZH#L 2 72
WEEE S| A R, KBS (Escherichia coli) BL21(DE3) =& L /-,
LB E#ic T KRIEFE 2 37TC—ESRMH FTEEEZRL. OD600 OfED 0.4~

76



8 WL, PTG #&&KBE (ImM) KL, E5IT 3TC—ELRH
TTIRRIBBREE Lz, 41BNV TRERE Lz KEEIE. =L (RPR20-
2 O—4&—, AN THE, 8000rpm. 4°C. 8 #EDILEEE. 1mM DFP, £
L7z PBS (38 1TESR) WHE L. XKL 1 0HOBEHLER,. &

(RPR20-2 O—% —, H L#. 18,000rpm. 2 04[] O LEZEEL,

EiEIE. 35% BRI, Q-Sepharose, CaM~-Sepharose IZ & D EH L7z,
NHERF ®% domain (PDZ1, PDZ2, HOOK, Ezrin binding domain (EBD).
Fig.53 &) 13 pGEX-4T2 X7 ¥ — (Amersham Biosciences) 1Z## 1
GST fusion protein & L TKBEICHE I/, LB E#MICTKEEZ 3
7TC—ELLETTEREEEL., OD600 DEMN 0.4~0.8 IZZEL 2K, IPTG
ZEKEE (ImM) L. S5 3TC—EFHE T TIREBREE L,
KE#EE, #D (RPR20-2 o—4—. HILTH. 8000rpm. 4C. 8 72EDIL
##%. 1mM EDTA. 1mM DFP. ImM 2ME Zi#&in UL 7z B-PER™
(PIERCE. USA) B LEEH L k. BEKRIZKLE L 0 0MOBE RALE
%, #i (RPR20-2 o—4—. HITH. 18,000rpm. 2 043f) O L&
187, Li#Eld. Glutathione-Sepharose (Amersham Biosciences) &%
WL, GSTREEHE 2,8 L7z, GSTRAAEREII MO EUEICXD
EHERE & GST 298t L7=#%. GST % Glutathione-Sepharose 12 T
L. Q-Sepharose (Amersham Biosciences) THICHEH Lz, EREOHM
1L SDS-PAGE ICTHRELZ. EHEEIE UV EzHWwe (280nm &
260nm ZEIEL . EHEERE (mg/mb =1.45 Ay — 0.74 Agg)

1 11 97 149 236 289 358
- HOOK

Fig53. Structure of NHE-RF (Na*/H" exchanger regulatory factor).
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2. ERE-BEOHERAOHESHEN.

EAE - EHE MO KGEERMITICE, Affinity Sensor #t (> 7V
v, UK) O Resonant Mirror Detection (RMD)#IZ K 5 [Asys =& & H
W7z (Fig.b 2R) . EBHEHWIRTF Fid. 10mMNa,HPO,/NaH,PO,,
pH7.4 &L (0.1M NaCl 258, LR PBS &E&FE) 1T 100 pg/ml D#RE
WML TY I FaNy ki, BS® (PIERCE (., USA) 2/ LT
BfE{L U7z, BOZiE. 10mM Tris HCI #&#&#% pH7.5. 0.1M NaCl

(Buffer A) iZxf LT 1mM EGTA gWid 1mM EGTA & 2mM CaCl, 2l
ZTHWE. FaXy NNORGIREIL 25C—EITRDE, —ERETHEEL
7o RONICED BT A% — (HAEERETR. BEEEEHR. "KAHEG
B) BEAMLNTY 7 hEHAWTEHELE (Fig.b 2R . R

Kppan 13, BEREER (k) MBEREREER (k) QNS TFORT
kediz.

K(D)kin = kd / ka

(PerfRBtE R, AX T, KpTHR)

3. CaM-Sepharose "® 4.1R & &1 DRIT

CaM-Sepharose (Amersham Biosciences) D715 A% 50mM Tris-HCI,
pH7.5 &k, 0.1M NaCl & 1mM CaCl, 8 TROICEEL L. FHRER
THENMPELLZEQERKERML 2. 15 LIRHE LZEREIR 50mM
Tris—HCl, pH7.5 $&&#. 0.1M NaCl & 5mM EGTA 3 XX 50mM Tris—
HCl, pH7.5 &%, 0.6M NaCl & 5mM EGTA TIRXREH L7z,

7R



R ]

1. 4.1BAVeZ D g 3

12 3

kDa |

94 |
68 |

4.1 BAUGZ

43
30

20.1

Fig.55 SDS-PAGE of 4.1B*%*, Recombinant 4.1B*"%* was purified from bacteria
lysate by salting out (35%), Q-Sepharose and CaM-Sepharose. 0.6M NaCl eluted
4.1BAUG2 from CaM-Sepharose. Lanel: Bacteria lysate; Lane 2: salting out (35%),
Lane 3: 4.1BAY%* ¢ from CaM-Sepharose by 0.6 NaCl. 10% gel was used.

4.1BAV62 13, 35%EuRIRRE THATE 1. 50mM Tris HCl #&f&# pH7.5 T
SE#i b & 172 Q-Sepharose 7 5 1d 0.25M NaCl THEH E 7. CaM
Sepharose 2% LT 4.1BAYS2 |3, Ca*t #EEMHICHES L (EGTA ZHETRT
HEEG L TWR) |, 0.6M NaCl TIEH a/z (Fig.55, Lane 3). T DA,
4.1BY EERETH o7z, [Asys™IT K DHTTIL, 4.1BAVC2 13 Ca?t Rk T
PEIC CaM B EF Xy MZHAEL. TOHEHMNMEIE. K 5 =~10"M
(~200nM) TH > 7z (Table XXII) .

2. NHE-RF & NHERF & O &,

NHE-RF & 4.1B2V62 & OBt E R (K ) 13 ~10°M Th o7z,
NHE-RF O domain (FiEDHESHE) & 4.1BV OfES#ITETD &,
7 X JEEHEE 236 ZHEM S 289 FH D PDZ2 domain & Ezrin #55 B DM
CIFEET B 2 EMBAS M ETR 572 (Table XXIII) . PDZ EHED 4.1 #&
B TH S DT HOOK domain EFEFR L 72, NHE-RF ® HOOK domain
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E. p55 HBWiE Dlg @ HOOK domain Tid. 7 3/ EEEAIOI@E M, 4
\Z p55 & Dig DRFBAIEEFITH AEEMET I /BD Y7 5 A5 —DIBEMHEILR
M7z,

Table XXII. 4.1B*Y binding to CaM

Analyte  Condition k,(M's™) k;(s") Kg (M)

4.1BAUG? EGTA 9.4 x10* 2.1x10% 223
Ca* 8.0 x10* 1.6 x102% 200

The binding assay was carried out in Buffer A. From the binding curves obtained by
RMD, KD, k, and K ;, were determined using the software package FAST-Fit™.

Table XXIII. 4.1B*Y% binding to NHE-RF

Analyte Ligand k,M"s") ki(s™) Ky, (nM)

41B*Y  full 4.4+0.1x10° 2.8 0.1 x107 64
PDZ1 No binding No binding  No binding
PDZ2 No binding No binding  No binding
HOOK 7.5+0.7x10° 3.3 0.1x107 44
EBD No binding No binding  No binding

EBD: Ezrin binding domain The binding assay was carried out in Buffer A. From
the binding curves obtained by RMD, k,, k, and K ;,, were determined using the

software package FAST-Fit™.,
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4. Ca?*/CaM/4.1BAVe2 &4k & NHE-RF O# S .

CaM &. 4.1BVG2 #EEE (B)VEL 5 1 BLE) 1 Cat IEEAE F T
NHE-RF & LR 4.9x108 M (49nM) THS LD, Ca?t FET
T3, PEEEEER 1.4x107 M (139nM) THSE L7z (Table XXIV), Z®
ZMEid. 4.1R® & GPC HEELE & OHE TORLITHRD L/hEho 7,

Table XXVI. Effect of Ca’*/CaM on 4.1B*"* binding to NHE-RF

Analyte  Ligand Condition  k,(M's™) ka(sh Km\ (nM)

4.1B*'>  NHE-RF EGTA 3.2£0.1x10° 1.520.1x107 49
+CaM Ca®™ 1.8 0.1 x10° 2.5x0.1x107 139

The binding assay was carried out in Buffer A. From the binding curves obtained by
RMD, k,, k, and K, were determined using the software package FAST-Fit™,

[(Z%]

4.1BAVG2 13, Ca?t/CaM IZ & 0 30kDa domain OEERE & OFE SN
HEENT. MIEATO Ca* BENELL THEMEHEZEFL TS LS
At sniz,

BEDEZ A, NHE-RF KUNNHES3 & 4. 1BV NEHMBANTRHE LT
W3 Z & DOEBREHIZHR L TWwialy (Gascard, P. BHR/E) . LU,
4. 1R LR EBITINS 4.1BAVS2 I Ca¥/CaM AHEG L TWTH, TOFES
CHEOEEL NI LIF, ENEY I BRSIOENDERENENIZRD
EEZ5ND, EBICHIREN T 4.1V |ES T 2 ERENRE S N,
XOITHLWRITNTE S LB IND, 4.1BV20T7 72U -ERETH
% DAL-113. TSLC1 (Tumor Suppressor Lung Cancer 1, GPC fHRIKE
BEAYE) SFEAUVBNMBOGEBEBEEINT 2EEND D, 4.1BVE 0N

K1



AL, DAMROMERE 2 BETLHTICRS BN, RE B
LU RS ERPIZE C MRBEE S EREROBENSREICL 21
REERESE O A £ FNMIT] (15570123, BFRERERE  mttdh. F
iR 16~17 FRE) T TH 5.

R?2.



BTH TOMOBIFERRR.

(WNERFEL I FURIXDFRMBEEREDE T,

INERE L 7 F > (WGA) #RENEZ 5 WEE THRIKE (I—2A
M) ICEREE S ERMIREOEWEENME T Lz, WGA F7 F T, RifEk
O REB/NEZED Z W TERM>7 (datazl) o ZOFRE,
WGA 1T & - T, FRIEREES]H#EED GPC #4179 % 4.1R-spectrin/actin
filament network O#EA DL S NREREOMERIRIE N o7z EE X 51
7o

25V 7EBHEOESEN.

<5 THRODEAYE PEMPL(Plasmodium falciparum erythrocyte
membrane protein 1) & Knob-associated histidine-rich protein
(KAHRP) AR EHEAWMORE #1T > 7z, Knob -associated
histidine-rich protein (KAHRP)IZ. RIEKEREICEREHTH< I Y 7 HK
OEEBREAE TH S, X7V TOFHLREEREAEEZEAL. RMERE
KREIND-OIHEEEZLSND, DXV, KAHRP LOfEIE~I Y
TOEGEBEMSNDOEOD NS D EEBbNS., —F. PIEMPL I,
Ankyrin BT HIEEMBALE, IV TIE. BAOEBREEKELT
FRMEREZBE L, GERGEERL TS AREENRER S Nz GEIIER
DRI D B8 ; Plasmodium falciparum histidine-rich protein 1 associates

with the Band 3 binding domain of ankyrin in the infected red cell membrane.

Magowan, C., Nunomura, W., et al. (2000) .Biochim. Biophys. Acta 1502:461-470) .
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B8IH MR

AFETIE. EEREAED—DTH S 4.1R OfEHES domain THS N
K 30kDa #E3 (FERM domain) ZHERZEHT. £9. TOREEHEK
UBHBEAEELTO CaM EOFREEHAERSNITLT, KRITHE G Z
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