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Summary

Recent biochemical studies have shown that spectrin, protein
4.1, and actin form a skeletal protein network that underlines
the inner surface of the erythrocyte membrane. The skeleton is a
flexible structure that appears to be important in maintaining
the shape and mechanical properties of the erythrocyte. Recent
studies indicate that immunoanalogues of erythrocyte membrane
skeletal proteins and ankyrin (protein 2.1) have been found in a
wide variety of non-erythroid tissues. In the present study, in
order to examine if human skin contains membrane skeletal
proteins, immunochemical analysis was utilized using antibodies
against anti-spectrin, anti-g -fodrin (non-erythroid spectrin),
anti-protein 4.1 and anti-ankyrin antibodies. Immunoblot
analysis of human epidermis with anti-spectrin and anti=pg -
fodrin antibodies revealed that human epidermis contains 240 kDa
and 235 kDa spectrin-like proteins, which might be identical to
brain fodrin. Human epidermis also contains 4.1-1ike proteins of
80 kDa and 78 kDa that cross react with anti-protein 4.1
antibodies, and contains ankyrin-like proteins of 210 kDa that
cross react with anti-ankyrin antibodies. Analysis with
immunofluorescence microscopy revealed that these antibodies
reacted along the plasma membranes of human epidermal
keratinocytes, eccrine sweat gland cells and sweat ductal cells.
These results suggest that a membrane skeletal protein lattice
might exist in these cells. Cultured human epidermal
keratinocyte in the low Ca?* medium (0.15 mM) showed that

immunoreactive form of protein 4.1 and actin were present

PO

diffusely in the cytoplasm. When the cells were cultured with
standardized Ca?* medium (1.85 mM), protein 4.1 and actin were
observed linearly along the cell margin and in the cytoplasm.
Similar patterns of distribution were observed when anti- 8 -
fodrin antibody was used. Movement of membrane skeletal proteins
from cytosol to the membrane suggest that these proteins or
membrane skeletal lattice might play an important role in the

formation of intercellular junctions.

Key Words: Membrane skeleton, Spectrin, Fodrin, Protein 4.1,

Ankyrin, Human skin.




i

aflf

f& = 4% (membrane skeleton) FWL 2P OEEHE» S22V, EEH
—EBsHMBEEN SMBEBRICBTBLTWVWS, THET, FMHKESD
BMAAES THOVMBEBRINBEEA2S T2V 2S5, MRKRAEOBE O
EFLELEANTEL, ROIBROBERRIZAXRI MY Y, 4.1 BEHE, 7
sFvRhEPSHRY, FNKOMEEFCEBRE (ERESCEZXERE)
DHBFIEERZRINLRELLTWVWSY, AXRZ M) VIFHRVWHEERKD
EMHECT, afi (240 kDa) & B#H (220 kDa)BHERAL T _EBKL
Y, XSRETALTTHALTHEK®KEZERLTWS., —7, ANZ
Ny Y TBGHBORBRESIZ4. 1 EHYE [a (80 kDa)& b (78 kDa)] &7 2
FY 43 kDAl FhFhBEALT=Z=8BEAKEERLTWB., X, AN
Zh Y BT X 2 (210 kDa) B REE L, TR IEMATHE
EAEBLTWVWANY F3OMBERNAASA Y EBHEAELTWNWDE Y,

EE, ROKRUAOHMB TEEREOECHULLERAESRERS
N, RNREERBEEOLEBESFHINS., 74 K Y idR» o HE
XNtEFMEARZ FY Y THH, AN M) VEK, o (240
kDa) £ B &4 (235 kDa) »o6HRINhTWVWS 2, X, FKEEEELE
7V v TIHGKEZAVWVEEEZNEN2»S, AR MY Vi
EQEVONOD 4 1 BERHHE> 'Y, 7y UyREEBER
gis)19) 2 AR MBRPUN DS OHMBREETI2CLPHA L E R
T

KEHREBLTDWTI, €k, HlaEK (T4 270747 X b, 77
FUHBRI7 4 A YN, MNEE) OGFELALIEIERNETE
EEHELC>DVWTEBRFEA TS, X, EEHMRBAEET 2545,
[KCa?*# B (0.15 mM) TIIMBE T 2809, EHECa?"RE(1.2-2.0
o) PRSI F B3 He R TS 27 | WHWIE, SOCa* A4y
FIREBPDIERXCHESTT2F v 747X OERDTPHAREY SM

MEANZLT 2 LLBEBIIATNSE292289), UL, EBICBIFIE
RARSCEEMESEMBCEII2EEBREAEOFESLHHACHET 3
REllFEeAaliTbh Tz, KBETIEZ, 27, W2HDk b
HMKREFREHEHCH T 20 EEZERL, E PEFHRBIIEBERE
BEODEELZDOHHAXCODOVWTHEBEFEHRT 2T RWVWTHEEE b
KREMIAZRAWTCa?" A4 v FREDCHOBEBEREHEOS T OEAL
KOWTHE£2IT> 12,

7 &

1) BlE
MB—TaFYYE)Z20-FUVERIBEFE, VT FVF -8
BHEIM DY ¥ 16 itk il v v 2 1g6 ik iE Bio-Rad, FITC-labeled
goat anti-rabbit IgG& FITC-labeled sheep anti-mouse IgG | Dako-
patts, Rhodamine-phalloidin (& Molecular Probesk h #h FhlE A L
leo FRERFE PRKEAMIRECEMFEEM (KX ZEMCDBL53) T Kura-
bou Codk Y #5372, dispase | = N #fi % ,diisopropylfluorophosphate
(DFP) (X #13, leupeptin (% Boehringer Mannheim, Freund's adjuvant

\& Difco, Affi Gel 10 [ Bio-Rad b A2 FhFhHWHR, i
FTEHEOLDOEH W,

2) MEREHEHHEHCHT2RERY) 20 -+ ik ER

AR 7 rld Teler S5 D FRAY I, ¥, 4.1 BERE 27 v sy
X Tyler 2D HE?? REFhFhito TRHRELE., T RMBERAIEER
MW THEMEY, EFBFE2BRBIVEBI LRI THIBRNEMZR VW T -
AMREZBE. RWTETAFETRITCTARZ MY VT2 F VM
WLy, LA 770 ~2A4BA S5 A, 1.6 X 80 cn )2 T AR TR
DV _EBHRzRELE IEBRECESShERENBEED S, IM KCIERE




FiR4.1 EREL 7YY VY eHBL, B4 v A5 2uv b 757
1+ — (DES2A S A, 1.0 X 10 cm )2 &> T4.1 EAELE7 VXY V%
ThEThRELLE. BREBOHE (1.5 mg/0.8 ml) ¥ 8 D complete
Freund's adjuvant #iMX Tz LYV a v&EEY, TRCETEHL,
SEHMRBEIEU 6 BMBECHEREHLHE (1 mg/0.8 ml) & %80
incomplete Freund's adjuvant® O T3V YV a VA K FHEEBL, 8 @A
RICHEMU 7z BBIgt RY) 2a—-F+HE (AT MY VK, H
4.1 EHEREK, M7 v F Y UHE) T FhoORBREDY %
Affi Gel 10 CEEGESE LT 71 =2T7 4+ —-2u~vbr57 14— THN
e 2875

3) FlEKIT—-—AbDHEH
E bARMER Z KRBEHEB (5 oM ) Y EEEZHEHK, 1 oM EDTA, 1 mM DFP,
pH 7.4) RTHEMEEFRABOIBEL, HEOIT -2 M52 ABL 72,

4) LM REETIRMEEFREY X — b OB
ERfToBEicHEone b EEYH %1000 U/nl dispase (RPMI1640
EW) THRE (37 C, 30) LD bREAEBELOHEL 2. X,
TIORMBRE» S#HAGEBE 2 2HEEL ChHE, 10 aM ) v BREHK
(PBS),pH 7.4 THBHE L, t PRELTIARKEEZZTNZFN5 oM
EDTA, 1 mM DFP, 20u g/ml leupeptin% & 3 PBS, pH 7.4 THE T F A
AL, 41270y PCEBERL .

5) EHt bXREMIE D&

REMBOBBECEI _XEZEOEY L PEEALLER AR N, EX
(I hydrocortisone (0.5 wg/ml), insulin (5 weg/ml), EEFRERTF
(10 ng/ml), 7 ¥ FTEEZF 2 (150 ug/ml) B CEMBEM (HE
MCDB153 ) Z M\, 5% COOFET CTRITCHEL 2. D Caz BWE I

0.15 mM & L7z, HAMKFERI=Z2KEEOXKEAILLEBE A2 B W,
Ca** 24 v FOEBTIZ, HMODCa? BEAE TR (0.15 mM) & jE#em
B(1.85 mM) LT, FAFh12BEBEEL -,

B} £ hLTay Pk |
MELLHERERSEEAE, FOBRT -2 b, FECEINERE T YK
MEEDEEIS R - MIZDODWTSDIS-RY 72 Y L7 I RF¥ILESK
(7.5 %) %47\, Coomassie brilliant blue R-250IC TEHE # %26 L
o 4150/ 708y biZTowbin D HE®*® KRV, L LELOEHQEN
YFz-tolo—-—2ABREEL, —RHAKLLTHZAXRZ VY U H
B, B -7 F)Uvintk, Hidl EREHREXIR T VXY v H kL
ZEm T2HBEAREI L. ROTZRAKLELTRLLT F VY - ETHE
B SN ERBIe lEHvr 216 ERIGSH, BENY R %
4-chloro-1-naphthol THEAXH =,

7)) HIEIUIKE

REEEEBE A2 )T 252y P2BAVWTEXY un ZEYL, 254
FAZAETHEEL acetone(-20C) TEEL ., —&kHkE LT, 3
ARZ MY YHE, B -7+ FY UHK, Hid.l BEREREK, Hi7 v
FUYHREERID (37C, 1 BERl) ¥z, B L TIERBEEIG
XiFFERZEY DR Ig6H H Wiz, PBS WCTHE®E®R, &KL L TFIIC
- labeled goat anti-rabbit IgG X [ZFITC-labeled sheep anti-mou-
se IgG& RIG (37 C, 3043) X H 12,

AN=2A) v 7 ETHBEIRLER PREKMEBE (ZKIEE) % PBS
WTHwE®R, MWB -7+ FYYHEK, id.] BEAERE, Hivvxy v
mEEeRIZB7T C, 1| BE) S82. KWT, “K#fitkke LTFITC-la-
beled goat anti- rabbit IgG Z /2L FITC-labeled sheep anti-mouse
Ig6 E RIS (37°C, 3043) xH i,




EEc MPEREMEEAAVWRC**2AASA v FOERIZBWNWT, BEEHREHR
HORHOLEAZBET 2O HEEREATRKER V2 RELE
¢ [6 B¥ 12 Rodamine-phalloidinZ W7 2 F v ife@ms3t) AT ol
PBS I THBEZEOEEMIE (BHhoCa?*BEIE 0.15 mM X {3 1.85 mM)
%3.7 % formaldehyde CTEE (204) L, RWTO0.5 % TritonX-100 I2
BLE (5 43) o —XPLBELT, #id.1 ERHEHRABRXBEHB~-72 F
DU E RIS (37T C,1ER) X¥, PBS W T&dE, — Rk LT
FITC-labeled goat anti-rabbit IgG X [ FITC-labeled sheep anti-
mouse IgG & Rhodamine-phalloidin (4 U/ml)DEBE AW & KIL (37°C,
3097) XX, RBEBOBBICITHNEHEME (Nikon)Z#FERAL 12,

T R

1) P RERXCBII2EBREAEOERE

AL 70y PRBVWTHARZ MY VHEKFZHFAMBEKTIEARZ b Y
v a #H (240 kDa) & B #4 (220 kDa) O FE#RBBMUL 24, B hRE LT
PRMEETIEARZ MY v atd (240 kDa) iZ—H L =NV KD &M
BEXHh, AXRZ MY v B8 (220 kDa) DN Y R ZRZBxhidrost
(Fig. 1,lanes 4-6)o — /5, ¥iB — 7+ K Y UHFEKFTHKFODEFED 2 X2 b
)Y aHE BHIBLDBRIZRBLAP- 2D, E M REELTIABKEET
72+ FUYB 8 (235 kDa) KW= LN FBEEZH R (Fig. 1,
lanes 7-9), X, 4.1 E0EHHRHKE R, BRHxIhI-4.1 EHEOD
a(80 kDa) & b(78 kDa) OMEFE 2B, L (Fig. 2,lane 4) , T — A+ T
DoMWL 2P DONY FHED S i (Fig. 2,lane 5) « THh 65D
NYRORYRTF FE 4 IBEHEOT IV BENEET 2 L BHRE
SNTW3* o E PRETWEARMERE B@HIZ80 kDak 78 kDadd Z D> D
Ny PP Sh (Fig. 2,lane 6) , T OfIZ73 kDad N Y RH RS h
o M7 FY VHBEEAWLEEA, c P RERBFORT V¥ Y VI

/]

— X LU 210 kDa ON Y RBBHSN, TOMIZ160 kDa DN Y R B
W7iZXhi (Fig. 3,lanes 3,4).

2) EPEBRRBITL2EERELEOSH

EMEBEHEBOEANBERCLIZ2RBERBIIBNWT, ARSI FY v
NMEzHWEEGESE, E PREHMBOMBIEZH > TREREBASHT
(Fig. 4a) o HEBREWC LI, REMBEOP T O E K HIE 245158 < @
BENl. IB—-7x2F) UVRIAKTHLRABRZREKMEBEOMMBIZHR > T
r2EBhrPsron, PRIVEEMRERLEIHNCELIERI N
(Fig. 4b) o X, #i4.1 EAENAKZAVESAROLABCERERO
ILFRERMIEOMBMIEIZH > THREX iz (Fig. 4c) « —F, W7
XY UK TOLREMBOMBEBEBCHR > REgEBsBonn, BE
MidoszoFT 2BFoRKMEBSBIFBINL., X, BEOH%ZSTH
CHlRE b REI N (Fig. 4d) . EEREMBEIBVWTLH L — 7 =
FYvHikeHid ]l EHERAKR L THREER B Gt X h iz,
mME & OHMRREZCLEREREMN S SN - (Fig. ba, 5b) « X, i7 v ¥
YHEZRAWESACEEEMBEOMBEECE N EEESED ST
fit, HBREOKRLAEARICIE L MEELRE XN (Fig. bc) . KF
HEHEBEC>DVWTE, =y 2 ) YyFReZ vy 2 ) VFEOMIIESH A
N7 MY P&k (Fig. 6a) , B -7 = F Y i (Fig. 6b) , H4.1
EHHEH K (Fig. b6c) Rk THRBXNIE. —FH, 7V F ) VHEKT
Ty 2 ) VT EMROMBBKICREBELRBD SN 225 (Fig. 6d, — &
KEH) , = v 2 ViFRMAE Tldmnyoepithelial cells T frfax
I= B, secretory cells & dark cells TIZZBOEEITIHE» > I~
(Rig. Bd, R ET

3) L P REKMBEOEEIZIBT 2C*BERKEL-TEBRELEEDS
i D 2 At




REMAAZ K Ca? BE (0.15 mM) DM CHEEL, 4.1 ELEHKE
ERAVWTREBY 2 L HMEBECLNLREESS SN 12 (Fig. Ta) o —
7, RERE (1.85 sM)DCa** FETICEET 2L ( Ca?* A A v F)
MidEHOA S THEBEBICOLDHS L2 REEBAD SN (Fig. Tb) .
C D54, [AKEICRhodamine-phalloidin2 AW TP 2 F v 2 vta4 2 &
( ZERE) , K" REOXKF TRMRECLENAZT 2F Y 7 4 5 2
v bBHB el (Fig. Te, 8c), Ca?* A4 v F i LV4i.l EREHE
MBI LB REm @SB onz (Fig. 7d, 8d). Ca?*BEOB VI
LSEEAKOHMEASTHOENMBIHB -7+ Y vHEEAVWEEBAICH
mOonhl,. Thbbi T ECa*>*BECRMHRE ICEALR
(Fig. 8a) RERECIMBEBE L MR EOmEZICH SN (Fig. 8b) .

==

RMROBEBEREAES 7 V3 Y YIHLU T 2EHESE PEBIZ L
FET 2P EPEZREFHFELZHVTHRAL, E NERMEBEICIE 2R
M) VEREHE, 4.1 BEHE, 7Y UBEHNESEET A L
ZHOPRKX LIz, E P REMBRREVWEIALRZARZ M) VEEAE L
a 3§ (240 kDa) & B 84 (235 kDa) »S5HM->THY, MHb ST CTIoEE X
NTN27x2RFRYVEeEEF—DODEHELEDAE., EFoltTTicT 4=
RMBIZAXZ MY YEEHAE (72 kYY) BEETACLEHLH
KLTBED® , bbb T ITREZDORVWCEBREXAL. —Bi2
ANZ MY VYT 73 -RETAEHAECIE afd (240 kDa) FHET
O30, BHREBE2OY T 2520880, ZOHBBEMESEL 218
ABHBEEISNTNSHY , MEERTIHEIZ235 kDa © 8 8 %
LbO27xRyveEZSAT,

EMRKEDL. 1 HREBHEICIE a(80 kDa) ¥ b(78 kDa) o4 N ¥+ 2 E [
HOMIZT3 KDaDBEHHE LA SNTe X, 7V 5 ) VEENE I

210 kDa O fthic 160 kDa OEHE RO S hlz. HEAFAETYF A4 X T
HBCE, EHEMBROEMH A M]3 2 DFP & leupeptin MFEMX
nTEWNW2D, 4.1 EHEHB 7V F ) VLBEF XM T s BHSh
T8Y, 41470y bTHONEZTOFhhDODEDTFEDODNY FITHR
EVMTHA2AEEL2RRBICEEETERLZV, LPAL, =7 b YFMEKIR
Hohbd 4. 1EHEDvariant OFEE®*S) RL VY XZFLXHONI2EDF
BEESPTED LIKREHEOFE® ' »6, REMIBI bvaria-
ntBbs2Lb+oFHRENS,

RFEHEBEEEMROREREBEOHER» S, AR N VEEHE
(ZxKRYY), 4.1 BEBHEIZT PEEMEE, =y 2 ) VYFR, F%
OHMBRBCECFETICLPHESPERZY, ChoDHBIIB T 3E
BRBEOCFENP REINZ., REXBVWTIEHEHEBEL TW 3 EEMHM
lRiCEnWREagPBOonk EEEEFEW. L2 L, HEEEDMICHE
RECOLRBESRBODOA LI LR, ChoDEHE ARSI L THI
BABEIN2BRREHPZCLERTOHA2ST, MBPEIK SV T
BREHELOMHEERALZLEMS» DOMEL2IE> THWAAREEDLEZS
N3, EE, HIEEISEREXhI L THEHEFEB'Y TOLHEXAT
BY, in vitro TiF4.1 ZEHE & tubulin % OELEDARZ MY V¥
EHFEET7 1AV MLOHA? TFOoRBRELBON B,

—FH, 7vF)OREME, Ty 2 ) VTR, FBEIB I I2HHIT
ARNZ MY UKREHE (7128 V) ©, 4.1 BEHE LIRS ER-
TWhke 7F ) VIEIHFMRKRTIRIEZEHBL TWEINY R3 EART B
JrezEEL, NYF3OERNTHELZGBETICLICE>TEFDY
EomAaHELTVS, EFRORECBVW L7 VXY VEEAE AR
Ml TiENa* Fr 3L, EEiiNat,K*-ATPase*?) “44) p A
TAHRCLEPHMONhTWS, £ hREHEE, =y 2 Y VTR, FEMEBIR
BWTHB7VF) VEREREPEZEHALTCVWS2EHEEEALTVS
AEEMEBZTIOND. X, 7V F Y VvHEEZHWVWR LB CESREX




a3, B7 v UVBEHEBPEETI2E»IZODVWTOKREES
HORETH 2,

ANRZ MYV, 4.1 EHE, 72F V3 aMNKEAWBERICET S
UL, WEREFCERE (ERRECEZEN.) OMFIEELRKEF Y 218
S>TWBe ANTZEY LT Z2FvOREELI BHER E>TEER
AP Bttt ER T s N, Rl EalRE Y aviaz) ek
bAaTd2LIF20hTWVNE*Y . MIZBWTIZ4.1 EHEBZ7 2 K Y
VRTOFUVOBEAEERMBEL TWAAEEOTRIBEBINTWNWS*® , XK
HMEOEBEICBVWTCA** A vy FRRENVDT2F U7 47XV MDD
HMidHE» olABEANZELT 2B T TCICASNTHE Y 2927, 5EHOD
R THLHEREIN . AR TR IOSREE L PREHBIRZBW T,
Ca? " 24 v FIZEVN4. 1 REHELB -7 ) UPHIEED? S MEIE
ANBITTE3CLPHSDPER> . 7428 YORKEDKITIE
Pam 212%°’, Madin Darby canine kidney cells @ cell 1line®° 238
WTHREINTWS., X, 4.1 BEHHECHELULCIEENERNKMAIEK
BNT, Mi@ATINY vy 2 20EBRTOELCMMERMIC LD A
B oHlAEABTTI2L0BESH S . FLEBEEREHEBIICBL
CTTAEY - A2ENT2EBHE (FTAEITI22R) Ela®** 24 v F
REVHBEBEABITLTFAEY -AZFERTE52 . choDz kit
Ca** A4 v FRIVBEREHMREOMBEEZEESERIN 2 %2R0
THEY, AXZ72b W VBREBBR (7424 FY V) 4.1 BREBREB T 25
VEELDHBREREMBBOBEEER M »OREZRE-ZLT VWS Z LB
HHxn 3,

—fxiZ, MK ZBITH5LTVWA2EEROBETIHMREEDRE, #
ZEMOHR, FESFEQEORHMEOHME, MIEMESOER O
W, PWPRN, ZFVYVH A P -V ARZVYRY AL P =-v 2%DEOH
MZEAZESBECHES T2 b FHRINTEBY, v 2 ) ViFRHA
RICBF2F00WICEb TWAAIERE LD 2. KFFTIXCBNWTE b

|
;
%
‘f
!
r
l

RECBI2BEEREODEOFELATVHOPL L 2o, BELE
Hy2-bRklRES5BChoc0EDEAREL, HEOKASLZ ORI
DVWTRHNT2XEBDDI2LBbh2. X, FllIRTRChSDER
REAEOEMEYBBNBEMNOEEROD—>2Thas BT
5. —hH, BEERLOBEOLYIZOVWTIIHBEDORERIE L L LICHS»IZ
5B bhsH, KEEBECHALEEE (2EFMHERE) THEOIEE
MEHHEOAHPEREZCODOVW TR TI2LESHZ2LEDbDN S,

EMEBFRBIA2FRMKETRELULOEHEODEELPHIZO>WVWTE
A Aa/)7ay bELEHEERKELZRAWTRESFL, UToER®REZE -,
1) e bREMBICE, MECEFEET 27+ MY Y[ aif (240 kDa) & 8
$H (235 kDa) Je A L Bbh 3 2AXR2 MY VHEHE, 4.1 BEAHE
(80 kDa & 78 kDa) o7y %Y YEREHHE (210 kDa) BEET A
EBHS P E LS 2,

2) RBEREBEOHER»S, ARZ MY VEEBRE (71K V) k4.1
HEHHIIE PREME (FCEEMERE) , v 2 ) VTFRRTTFED
HMRECR> TERRFET S, MHMEEZLSHLTWER. MEoESE
S, THLOOHMBRARIFAMKEEREUOBESDZ LB RBEIH
fes

3) 7Y UKREHER L FREMBOMBIRIZH > TEET 22,
EEMiRosrnodREHMREREBEICLELS HFLTNVWR. X, EXHEE
KbLbRBdoshi,

4) BECMREHBIZBWT, Ca2" A4 v FI2 L4 1 BEHHEL B
— 72 RV VBT IoOFVERRKRCHIEELPCHMBIEANRITT 22 & »H
Sy, REREHESERBEFECHASL TWS LN REIH
s
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AMERZ AR DRV EABELEREAEVLEEZ L RILEBERREE
FEHEMBFEBERAER BEHEZ, LBERFEZWAEEE _HE
EREERR, 2o CRALXFEHRZELLFERE SHEE—HIBRC
BRBEBHL T,
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Fig. 1 A, B. Analysis of erythrocyte spectrin dimer and proteins of human epidermis
and pig brain by SDS-PAGE and immunoblotting. A: SDS-PAGE (7.5 %) was carried out
with erythrocyte spectrin dimer (lane 1), homogenate of pig brain (lane 2) and that of
human epidermis (lane 3). On lane 1, 240 kDa and 220 kDa indicate o and B subunits of
spectrin, respectively. B: Immunoblot analysis of purified erythrocyte spectrin dimer
(lanes 4,7), proteins of pig brain (lanes 5,8), and those of human epidermis (lanes 6,
9) were carried out with rabbit anti-erythrocyte spectrin antibodies (lanes 4,5,6) and
mouse anti-B-fodrin antibodies (lanes 7,8,9). The anti-spectrin antibodies reacted with
erythrocyte spectrin dimer (lane 4), and 240 kDa protein in pig brain (lane 5) and that
in human epidermis (lane 6). Anti-B-fodrin antibodies reacted with 235 kDa protein in
pig brain (lane 8) and that in human epidermis (lane 9), but did not react with
erythrocyte spectrin dimer (lane 7).

Fig. 2 A, B. Analysis of erythrocyte protein 4.1, erythrocyte ghost and proteins of
human epidermis by SDS-PAGE (7.5 %) and immunoblotting. A: SDS-PAGE (7.5 %) was
carried out with erythrocyte protein 4.1 (lane 1), erythrocyte ghost (lane 2) and
homogenate of human epidermis (lane 3). On lane 1, 80 kDa and 78 kDa indicate protein
4.1a and protein 4.1b, respectively. B: Immunoblot analysis of erythrocyte protein 4.1
(lane 4), erythrocyte ghost (lane 5) and homogenate of human epidermis (lane 6) were
carried out with rabbit anti-erythrocyte protein 4.1 antibodies. The anti-protein 4.1
antibodies reacted with erythrocyte protein 4.1a of 80 kDa and 4.1b of 78 kDa (lane 4).
Minor immunoreactive polypeptides of larger and smaller molecular size than protein
4.1 in human erythrocyte membranes were also observed (lane 5). The anti-protein 4.1
antibodies reacted with 80 kDa and 78 kDa proteins in human epidermis (lane 6). In
addition, a minor immunoreactive polypeptide of 73 kDa was also observed.



Fig. 3 A, B. Analyses of human erythrocyte ankyrin and proteins of human epidermis
by SDS-PAGE (7.5 %) and immunoblotting. A: SDS-PAGE (7.5 %) was carried out with
erythrocyte ankyrin (lane 1) and homogenate of human epidermis (lane 2) B:
Immunoblot analysis of human erythrocyte ankyrin (lane 3) and homogenate of human
epidermis (lane 4) were carried out with rabbit anti-erythrocyte ankyrin antibodies.
The anti-ankyrin antibodies reacted with erythrocyte ankyrin (lane 3), and 210 kDa
protein in human epidermis (lane 4). In addition, a minor immunoreactive polypeptide of

160 kDa was also observed.

Fig. 4 a,b,c,d. Indirect immunofluorescence microscopy of frozen sections of normal
human epidermis stained with anti-erythrocyte spectrin antibody (a), anti-B-fodrin
antibody (b), anti-protein 4.1 antibody (c) and anti-ankyrin antibody (d). Normal
human epidermis revealed spectrin (a), B-fodrin (b), protein 4.1 (c) and ankyrin (d)
in a peripheral cytoplasmic localization in keratinocytes.

Calibration bar in the a,b=20 pm

Fig. 5 a,b,c. Indirect immunofluorescence microscopy of cultured human epidermal
keratinocytes (3rd passage) stained with anti-B-fodrin antibody (a), anti-protein 4.1
antibody (b) and anti-ankyrin antibody (c). Anti-B-fodrin antibody (a), anti-protein
4.1 antibody (b) and anti-ankyrin antibody (c) reacted at the peripheral cytoplasm of
cultured cells.

Calibration bar in the a,b=10 um

Fig. 6 a,b,c,d. Indirect immunofluorescence microscopy of frozen sections of eccrine
sweat gland cells and eccrine sweat ductal cells using anti-erythrocyte spectrin antibody
(a), anti-B-fodrin antibody (b), anti-protein 4.1 antibody (c) and anti-ankyrin
antibody (d). Eccrine sweat gland cells and ductal cells revealed spectrin (a), B-fodrin
(b), protein 4.1 (c) and ankyrin (d) in a peripheral cytoplasmic localization.
Calibration bar in the a,b,c=30 um

Fig. 7 a,b,c,d. Double label immunofluorescence of cultured human epidermal
keratinocytes (third passage) using anti-protein 4.1 antibody (a,b) and Rhodamine-
phalloidin (c,d). Each pair shows one microscopic field, cells grown in low calcium
(a,c) or standard calcium (b,d) medium. Protein 4.1 (b) and actin (d) were observed
linearly along the cell-cell contact in standard calcium mediums (arrows).

Calibration bar in the a,b,c,d=10 um

Fig. 8 a,b,c,d. Double label immunofluorescence of cultured human epidermal
keratinocytes (third passage) using anti-p-fodrin antibody (a,b) and Rhodamine-
phalloidin (c,d). Each pair shows one microscopic field, cells grown in low calcium
(a,c) or standard calcium (b,d) medium. B-fodrin (b) and actin (d) were observed
linearly along the cell-cell contact in standard calcium mediums (arrows).

Calibration bar in the a,b,c,d=10 um







Fig. 4 a, b, c, d.
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