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Ektacytometry % U Electron Spin Resonance (ESR)
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FEEFRMEEI-IE 2 OWMIBH - LFHEENA, ROBREDOWHEDZEIL % electron spin
resonance (ESR) i% (X E ¥ 35 ~NIiE) BRU ektacytometry iEDMHE & A L TEEBH&ET
L. 2EAE Y S~ILAE L T5-doxyl-stearic acid 2B\ 7=5°, ZOIEIFEES NIz
EoThH, HMBEBEOTLELBMTE I TRETH-/-. SEAOKBROBER, AT
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ESRETWE, BASEMEBETIAECSNLFLEBERTZIEICL>T, ROERES
OB, DHIREIS, BMAEME L TRIML I B EFEAOAL.  (FR4FIANEEA)

Studies of Membrane Physico—chemical Properties on Human Red Cells
by Ektacytometry and Electron Spin Resonance

Ikuyo Higo, Akio Kanzaki*, Yoshihito Yawata*and Keiichi Hosokawa

Ektacytometry and electron spin resonance (ESR) studies were carried out on
normal human red cell membranes treated with heat, N-ethylmaleimide, and calcium.
It was proved that lipid labeling with 5-doxyl-stearic acid was useful to clarify the
mechanism of cytoskeletal changes. Spin labeling was carried out on the surface of
the membrane, but it detected a change in the cytoskeleton. The changes in
membrane fluidity detectable by ESR and cell deformability by ektacytometry were
different in some cases. ESR studies may be able to indicate the precise site of
membrane lesions more sensitively and specifically, depending on the kind of labeling
probes employed. (Accepted on October 30, 1992) Kawasaki Igakkaishi 18(4):305—313, 1992
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ETHLRETL, HMIRRERE L EREEC OV T
HEBHRET L7z

MRELUEE

A~ N TEE A OBRIRIL % BRENE:, R
R 2,000 g, 1053EEO L, M4 X MBRES
WCABEL T2, RIMMBRIZE 5120.9% NaCl iz T 3

(1) Cell deformability by ektacytometry
Deformability index :

(2) Membrane fluidity by ESR
Order parameter (S ) :

S = 1/2(3cos26-1)

T -1,

(BE18% 245 1992)

g’ﬂl

El¥eEE L, T4+ buffy coat &KL, EBER
MBREFER & (R, Wtk L7z,
1) BEFH*

a. Ektacytometry : Mohandas » ® /5 12
#ELTIT- . medium IZEZEE 290 mOsm/
Kg 1o 88 7-15% @ Dextran T-40 (EH45F
81400 ) UBEEK pH7.4) 2R, #
FENX25°CTITo72. FAv7z flat cell @ gap 1% 150
nm T, IR & U THEE 633 nm D helium-neon
laser Z{#F L, shear stress 1318~280 dyne/
cm?E L7z,

Ektacytometry 12 X > TESNZEH S 2D
DEE, ThbblREORMAAORIL, &
HORESW2E, COLEW EDOEZHANT
deformability index [DI : (L-W)/ (L+W)]
PEML, ZEEOfTEE L Lz (Fig. 1). 20
80 0 (L=W OREE) 22 5 EFRINICIE 1 T
ZL, 1IGEWIZERRENREWERRT. Y

b. ESR (RE Y Z~iE) | A ¥ T ~ULVA]
% 5-doxyl-stearic acid (5-SAL) 2w/, X

=[

BT xx +Tyy +T27 )

T 12 (Tex+Tyy ) 13(T, 42T, )

(Tyx» Tyy, Tzz : hyperfine coupling constant )

Fig. 1.

2T L

- 2T, >

Indices for biophysical properties of red cell membranes
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By 7 ~OVENR99.5% LY S —VICEEREL , 3.5
ug B EICEBREIC LY, NJWATESY
— VR HEFE X TC thin film® £ L7z, ZHUC 2 X
109E DR MBRIEFER (Ht #140%) 2z, 37°C
ISAEEEL, I~V 7 L7z, & 5IRIMEK
#0.9% NaCl iz T+ ¥ L., free D7~V
FlekE Liztk, ZORMERE 20 £ B B E
L7z, BFAC UHEEEIL, JES-RE
2 XH, HEABEFObLDOEMW.

BEEL, %OWREELENICEHEL .

c. Ca** E&fRIMER D FHH

¥eyesRimEk % 2 M A23187, 50 uM CaCl,,
20 uM EGTA jin K-HEPES buffer (130 mM
KCl, 50 mM N-2-hydroxyethyl-piperazine-
N’-2-ethane sulfonic acid) pH 7.4z T Ht 10
%% L, 3T°C60BE T 5 2 & T Ca® &R

A. DEFORMABILITY BY EKTACYTOMETRY

ZDESR A7 MR ERELT ST

® 1z order parameter (S) %M\>, ¥ 054
Bt L L7z (Fig. 1. ZOMIE ¢ ¢ :{{E
05 10EEED, 0EWIEER X oad
BEMELEW I L 2EKT 2 .10 S i
) FROBROMESE E sl
a. BJLH g ) i
Y)Q%Eiﬁ[ﬂl;‘j?ﬁﬁﬁ % %Eg 20°C 8 on SHEAR STRESS 94 dyne/cm
~50°C) T105> B3 fE L, ektacyto- i
metry & UF ESR O#IFE A7z, 0.1-
b. N-ethylmaleimide (NEM) #L¥
b-1. V) vEEEEW (PBS) TR 0.04—t— : — o ,
BRI Ht 10%cH8L L, &L 20 30 40 50 60
¥E (0, 0.2, 0.5, 2mM) © NEM TEMPERATURE ()
BINz C37°C 153K G & 7. Rt & FLUDITY BY ESR
WT#H, PBSkTtH+odkEL,
ektacytometry Jz ' ESR O #IE 2 A 0.80 7
Wz,
IRz NEM JLERIMER D spectrin 0.75 - i
o dimer - tetramer equilibrium % & E-'
=14 % HHYT, Marchesi & DFEIC] § (]
vy, spectrin ZHiHi L, Liu 2 DFET < 070 - ()
non-denaturating PAGE T spectrin § (]
ZHH L7z, 2D coomassie blue S o065 . []
112 C spectrin D N> R 2RRH L, 560 I%
nm THIEL 7.
b-2. 0% 0°2mM @ NEM 458 01
TRIMER % & 512 FIRE BTC~43°C) T o %0 % ) 5 2

WHE\EL, ZhoMRk%E
ektacytometry X O ESR W THIE ¥
bz, 1%BI7NVILTLTER
0.1M Y ~EREER (pH 7.4) 12T

TEMPERATURE (C)

Fig. 2. Membrane biophysiology studied by ektacytometry
and ESR with 5-SAL in normal red cells under heat treat-
ment




308 N B & 3% ((518% 4% 1992)

BEFEBL:. X512, ZONERMERD—IR B X Uf ektacytometry 21TV, ZDEHEIMEB

EZSEIL, a. 30uM W-7, b. 0.25% (W/ X UHIFEERE 2 HEERET L 2. 2%, MEKE

V) glucose, F£7zixc. 2 mM EGTA 2¥hN BlZ1 %7V —A7AFTEeERIN0.1M Y Vg

U7z&EF T, 37°C, 305FmEL /2. FEER (PH 7. )W TEE L, LB BZ L.
PUE DS TR L 2R IMEk I DT, ESR

NEM (mM) (0] 0.2
HMW ——
SP-T ——
NEM : n-ethylmaleimide
P-D ——
S HMW : high molecular weight
SP-T : spectrin tetramer
SP-D : spectrin dimer
% OF HMW 53.3+2.6 56.9+3.4 50.3%1.3 55.5+9.9
% OF SP-T 42.8+1.3 41333 12.4+1.1 1.320.4
% OF SP-D 3.9+1.3 1.8+0.1 37324 43.2+9.6

Fig. 3. Polymerization status of spectrins extreated from NEM-treated red cells

EKTACYTOMETRY
5 05
2
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2
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Z 0.4 A 0 02 05 2
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-4 0.3
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= o—a NEW 0.2 mM ESR
g 0.2 1 o O—0O NEM 0.5 mM
In] 0—O NEM 2 M
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(] 0.2 05 2
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Fig. 4. Ektacytometry and ESR studies in red cells treated with NEM
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1) BIRFRmER

Ektacytometry ¥:12 81 2 JEEFHE R, 45°C
T TCRE(LEED Do Teh, ATCUALETIEE
BICET L, 4°CTIIIB0% A Lz, Zh
123 LT ESR #:12 & % order parameter fH I,
45°C ¥ TIREBEKRER ICEBRMCE TS 529,
46°CH H4PCE TR Z DEIZFEAE T, 1FIE—
E¥THo (Fig. 2).
2) NEM 432k mEk

a. spectrin dimer-tetramer equilibrium @

RS

NEM #LE S MmEk & D fili{t L 72 spectrin @
high molecular weight complex (HMW) ,
tetramer B & Ndimer D bR Z 2 h £,
0 mM:53.3+2.6, 42.8+1.3, 3.9+1.3,
0.2mM : 56.9+3.4, 41.3+3.3, 1.8%0.1,
0.5mM: 50.3+1.3, 12.4+1.1, 37.3+2.4,
2 mM: 55.5+9.9, 1.3%+0.4, 43.2£9.6

37°C

CONTROL

i .

discoid

NEM 2mM

discoid

budding(—)

Ll PEEEKIEMEIC spectrin @ dimer 43 E D
w2 7z (Fig. 3).

b. Ektacytometry ¥ & tF ESR O#IEREHE

Ektacytometry 12 3 J % AR IMEREEZFZEE (DI
) 1, shear stress 94~231 dyne/cm*iZ B>
T, NEM QBEEKEEICET L. %72, %4
dyne/cm?i2 8 1) % DI fEix, NEM FRALER SR
BRTI130.47THo -0t L, NEM 0.58 L O
2 mM FIIARIMEL T130.388 L 70.35 L& T L
Twiz. %77, ESR 2 X % order parameter i3,
NEM FEALEFRIMER T0.718 TH o DI L,
NEM 0.58 & O 2 mM GIIZRIMER Ti30.71136
LU0, 710 & T AR Lz (Fig. 4).

c. BULE X ARIMBROEELEIL LV

ektacytometry # & OF ESR OHIERER

NEM o¥shnic & 2 B2t Palek © D%
£y [EkE, 3TCTIRED s iz fzod, NEM
AVEBFRIMER CIRBLE 2 (T3 5 2 &ickY, FE
JLBEFRIMER X D (KR D47°CT budding R &R
»7- (Fig. 5).

47°C 49°C

budding(+)

budding(+) vesiculation(+)

Fig. 5. Morphological changes in normal and NEM-treated red cells under heat

treatment
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A. DEFORMABILITY BY EKTACYTOMETRY

0.6 1
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0.1
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-TEMPERATURE (C)

B. FLUIDITY BY ESR

0.2 ® CONTROL
O NEM 2mM

|

B
=

((518% %45 1992)

BEEZRDLM, A°CUETR
BH & s Z R D e d - 7z (Fig.
6).
3) Ca**AffRIMER

a. BREZ( L

Ca**&fific & D FRIMER 13100
% echinocyte 22 L7223, 2D
FRIMERIZ glucose ZERANT 5 T
L2 EVHI0%LS, W-TEHRINT
13100% #3 discocyte IZ 18 4% L
7. —7%#, EGTARMTIX
echinocyte M ¥ ¥ T discocyte
1LIZERD s high- 7z (Fig. 7).

b. Ektacytometry 8 & Of

ESR D HIERFR
Ektacytometry i & % DI f&

0.70- 13, FEALEERFIX0.58+0.02TH

S 7h, Ca** iz & D0.51+

« 0681 X X ® CONTROL 0.02EFL7%. ZDRIMERE
E 0,664 T O NEM 2mM glucose, W-7, EGTA icFH#E
2 i{ By 5Zricky, DIEREX
E 0.64 1 §I 0.58+0.02, 0.56+0.02,
i 0.57+0.02 L E# b L < REH
5 0% T Py TIROMECERL 7. (shear
0.60- stress 280 dyne/cm?). —F

a order parameter |ZFEALBHREF 1Z

o I;—4gs - - - 0.713+0.005 (HIE : 25°C) <
Holeh, Ca"EAIC £ D

TEMPERATURE (C) 0.736+0.04 L B L oz, L

Fig. 6. Membrane biophysiology studied by ektacytometry » L, glucose ® ¥R i T i

and ESR with 5-SAL in NEM-treated intact normal red

cells under heat treatment

Ektacytometry 12815 % DI {Eix, NEM 4L
OHEHEICED S 3, BEKFEICECrOET
L7z. Uy L NEM MLEJRINER TIZ, 46°CLARE
DIETRMB X Y EE T, DIEMSITCD50% & 7%
LR, FEALBEIRIMER CTI348.°CTH 5 DI
LT, NEM ALERIMER T, 46.6°CTH -7z
(Fig. 6).

ESR 1281J % order parameter 1337°CT, JE
AVEFRIMEBR T130.668, ALEIRIMERTO.662LF

0.721+0.05, W-7% 0 < i3
0.714%0.05, EGTA HiN<TIix
0.7274+0.04 %> 7> (Fig. 8).

% =

SEEZ 135 5B %N - ARIMBR OREFIZ
FERE% ektacytometry ZHWTHIET 5 L3k,
ESRICL B A I ~)viE (5-SAL label) %
AW TERBMEAMETL, ZOmE LKL,

¥ P EVILE R Bk T X, 49°CT ektacy-
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BEFORE

GLUCOSE

CALMODULIN ANTAGONIST (W-7)

Fig. 7.

EGTA

Morphological changes of Ca**-loaded normal red cells after treatment

with glucose, calmodulin antagonist (W-7), or EGTA

tometry IZBJ 2 EHEESBBUET L7223, &
i spectrin 8 @ & B fEEEL , FERWIAIZEAL
2250 ZriERTERbs. —7,
ESR TR 7 BB 1345°C % CIRIFERRAYICHE
L, #OBEEVWER-> TS, ZhESHE
i 7 ~VEIDSEEEE 7 VR TH o722 &
w5 tEbNS. BB, SEOERTIE

B EIRE DR EE D > 127280 bdl‘ﬁﬁz{\i
DORE IS L TIER» o 72,

Wiz SH #fEEHITH 5 NEM 2HWT, &
BROTEEETH S spectrin &, BH DIRFE
TH? tetramer B> dimer BALICE LI E
T H Tz, —i3 spectrin @ dimer PMELLIC %
X, spectrin IZ X 2 & FREEENERTE T, M
BB HgE R &L, MlaEREERO>Z L
DTERL LS .D Zhe KL T, NEM /#
FRINER TlX ektacytometry & & 2EREDE T

BEDT. e, BB~k 3 ESR T,
IHIHIET 2RI oz, 2512, NEM
QVER I BR 1 BVLER 2 0 2 T2 08, SREEAYICFRALER
MEk & v K35 T budding 2#&®» 7z. NEM 4L#
Mk iz 2R 2 s &, EEENC NEM JELE
MERTIFAFCULTL 2D 5BV ART b
) UATFOEREN, IVEETHEDONTED,
FZ X D BEPREEICE S EEZL6NTNS .Y
Z it hereditary pyropoikilocytosis (HPP)
DORIMERZ46°CTUE UEEA 2RI, &
BICARZ V) U FORERE T i
L T 3. HPP OFRMERTIFARZ b Y~

43F D head DIHMEERFE DD 5 2 E0HIS
NTw325, NEM EIIERT, A7 + Y D
dimer PMEATIZ 7 3 & & R UBVLER OB
{t% HPP (@M T 2551k, NEM AHRINEK
WBWT, HPP @D AR MY YO ERE
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EKTACYTOMETRY

CALMODUL IN
ANTAGONIST

0.7
GLUCOSE CH-1)

DEFORMABILITY INDEX

YRy s

1

((518% 45 1992)

B

o7z, I glucose I2&
DZANVF—%525, 3
W X calmodulin antagonist
TH2 W-TICHIRES 2,
50 EGTA TCa** 2 ¥ 1
— T 2ZED3EDAET
Ca’DEERIN LTz, 28,
FRIMEREEIZ BV >T calmodulin

EGTA

1% spectrin, band 4.1z B8
L, Z ® calmodulin ®F7E
TT Ca** HEDLE I RIS
TH b Tws. 2
L T, calmodulin antagonist

0.5 4

04 1

0 T T T T T T T

before after before after before after
ESR
CALMODUL IN
ANTAGONIST
0.750 GLUCOSE CW-7)

ORDER PARAMETER

0.700

T

L

EGTA RRMBRICERA S ¥ 2 L
E\\i B (W-7 054, 100 xuM
) TidzEn Tk’ cup

forming 3% Z &HISN T
% .19 SEFTL BT W-7

betore after betore after

Ca?*-LOADED RED CELLS :

INCUBATION WITH [ONOPHORE A23187 AND CaCl.

Fig. 8. Properties studied by ektacytometry or ESR with 5-
SAL in Ca?*-pretreated red cells incubated with glucose,

calmodulin antagonist (W-7), or EGTA

BELTWER L 2RET 5.

& Z AT, ektacytometry OF5RIZTEREE L
WAL, NEM ZLEFRMER TRRAREICB LT
FEaEEFRIER I L L DI fE2MEW & ki, K D1{E
BD47°CT, T TIZ refraction pattern 2L
< %oz, Lo L ESR OFERIZ 2GS
T, A1I°CA L TREMICEER DR Mo, Z
ik, B S XV EHWle»ic, TV E
NTW3RAMOIREDRE X EEEERDZE(
LDy FZFIDEBbNS. LizoT,
5 SOVHIDBIRIT & - TIRALCHEDRAET T
b, BREAOEME XV HIBUICRILT 5 2k
MHEETH 5 D .

Bz Ca?t&fif L7 OMRRE L RS
UMD L2 BRE L 7z, SLERRYIC 39Ek
DAL FRE, Ca>*&WIZ & D echinocyte

before after

DEEEIX 30 LM THD, W-
7T BRI L AREELIZED
TWwiz\, Lo L, glucose B
U W-T&HINTIi3 Ca> &fif
12 & D echinocyte 12725 T
7-HZEEHY discocyte IZTEIA L,
EGTAT R ZZ & <
echinocyte D £ Th-o7z. L»L ektacyto-
metry ® DIfEIZWTFhOFETHEEL, 20
TEREZEAl & ETREC IR s dpo Tz,
—75 ESR O#E8R X glucose B & Y W-7 IiNT
ZIZEIHL, EGTASHIMTIR 4 EHE T,
R fic—8T 2 L Bbi:.

DAk, HIRZTZRE & BEFEN I D v TH L
7238, BBESEE S NV ERWE A Y T VERIZ
BOTHEBRORE RIS Z LOWRETH
S>7z. LaL, BB~V 2 EWizlzdiz, 40°C
ULEORERTIIERREESH-TH, TOMK
HIZRETH -7, 7z, MBREFRCEE S
KTHZBECIE, ERREOETELTREAINS
S, ZOBOBEREMECIX, TTET HEE LK
TI 258 D0MENRD STz

5%, BEREMECEE T 2RFERET S L&
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