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Membrane Fluidity Studied by Electron Spin Resonance (ESR) in Red
Cells of Various Membrane Disorders

Ikuyo Higo

An ESR study was performed on red cells from patients with various membrane
disorders using three types of spin labels; that is, 5-doxyl-stearic acid, 16-doxyl-
stearic acid, and maleimide. Experiments were carried out on the red cells of
patients with hereditary spherocytosis, hereditary elliptocytosis, band 4.2 defi-
ciency, hereditary high red cell membrane phosphatidylcholine hemolytic anemia
(HPCHA), and paroxysmal nocturnal hemoglobinuria (PNH). In the cases with
cytoskeletal abnormalities, band 4.1 deficiency and band 4.2 deficiency, the mem-
brane fluidity was enhanced, while it was diminished in HPCHA and PNH. To
elucidate impaired membrane functions in membrane on abnormalities, it is advis-
able to choose adequate labels for the detection of these abnormalities. (Accepted on
October 30, 1992) Kawasaki Igakkaishi 18(4) : 315—322, 1992
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1) BEROBEEEDIER

A28 IIERIM L 72 ERRIT % 2000 g, 1043fE
=L, MBS & MRS ICTBEL 72, 20
BRI 5 BED0.9% NaCl o T & 512 3 |
L, 1432 buffy coat EV B &, EEIRIIBK
HIER 2157z
2) RAECSRIEE

BERfEEA €T~ VVAI 2 B, T7bb, stearic
acid spin labels (SAL) : 5-SAL B X 116~
SALE, EHIIRNNLVAE1HE, T§40bb,
maleimide label (MAL-6) % f\7z. 5-SAL
1% nitroxide radical 27 ¥ VEDE 5 fLicks,
M oFEARER S WHFEE L, 16-SAL I
nitroxide radical % 7 ¥ VEDH16(LIZHF HBE
KEGEL WHEET 2. Bls, 5-SAL ZEERE
D, 16-SAL I3EEHBEOFHRE 2R Z &
b, 72, MAL-613 SH HIiEET 5. 7
> T MAL-6 3FARMEREEIC BT, FEIZAR
7 ) rIfEAEL, BEEREHOREZRY
s,
3) AEYSNLE

5-SAL, 16-SAL @ Z ~ Wz DWW T IFRTROD
Zr &, VK| thin film Z{ERK L 72338k

gl‘:t

((518% %45 1992)

BENIRMBRFER = At, 37°C150HIcTT
OV ERBITLT.

—7, MAL-6% 5~ )V§ 501X, 27,
FRIMERME ghost Z4ERL L, thin filmfEL 725
WHEI & Z DfE ghost % 4°C 15BEIK G & ¥ 7.
% B, B ghost i, 5mM Tris HCI, 7 mM
NaCl, 0.2 mM phenyl - methylsulfonyl fluo-
ride(PMSF), pH 7.4, 37°COIKRER % A
THERG L 72

WTFNIZBVLTH FRIVETRIZTHED
buffer I THEL, D LEEI free D7 ~UVE|
DEAELEWI & RERL &, BlERL
Jo. F72, IV ghost 13130 mM KCl,
10 mM NaCl, 10 mM Tris, 0.2 mM PMSF,
pH 7.4, 37T°COEREWICT resealing ZHET
Lictk, HIECAWT:.

4) ESR BIE#EEL ESR X~X7 [ LRI

TERL L Tcilft 2~ A4 7a vy MICHY, %
% ESR I HERE 1 wh, cavity NiRE
23T°CIZERE L7 ESR HIEEE (HAET JES
-RE2X &) iz THIE L7z, BIESM13 power :
10 mW, field : 327.5+5mT, sweep time :
2 min., modulation : 100 kHz, amplitude :
2 X100 & L7z,

AEYIVENR, ZTNDTEET 2 FEEOR
BORBEOREICL-T, BERoRAXRTZ MV
L. £LFEDOLWERT TIX, radical 43
HECEEHTE 2 (FHEEE) 2o, kit
3EDY 7 FNEED L. UL, radical 23
AIERD A, EEFVPREINE LIk D
L, BAEEEREERZED, YIS FIABERELTY
I ERBIZ B LTI, EEIEZCREMLYE
{Tebe®, BEOKREBEEBTIIE X572 ESR
DART PIVBBELEND . ZRZDEALDARY
PV EERILT B 7202, 5-SAL Tid order
parameter %, 16-SAL TIid motion parame-
ter ZFHV, mEMEOFERE Lz (Fig. D). 20D
order parameter ¥ X f motion parameter %
ZOEB/NSVIZE, ZOREFTOREIMELE
ZE BT .PY

MAL-6 iz 2w Tix, Figure 1-(3)D = & <
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(1) 5-SAL

H "— 2T‘_’:E i
-—y, —————»

Order parameter (S)=1/2 ( 3 cos %1 )
T, = To 3T +TywaTg)
=T 12 (Txx +Twy) 13(T, +2T- )

(Txr Tyv: T,z : hyperfine coupling constant )
(2)16-SAL

Motion parameter = K-W [ (hg/ h_, )”2-1]

(K : hyperfine coupling constant )

(3) MAL-6

W/S

Fig. 1. Diagrams of electron spin resonance in 5 -
SAL or 16-SAL-labeled intact red cells, and in
MAL-6-labeled red cell ghosts
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IEH# 4761,  hereditary
spherocytosis (HS) : 17#l,
hereditary elliptocytosis
(HE) : 144, band 4.2 defici-
ency - 4 f5, hereditary high
red cell membrane phos-
phatidylcholine hemolytic
anemia (HPCHA) : 1 #l,
paroxysmal nocturnal hemo-
globinuria (PNH) : 13fizow
THREL 2.
6) g

Band 4.2 deficiency @ 7k Ifl
RizowTix, 851237, 41,
43, 45, 47°COEILIE %1057
WIT L 72, MAL-6 7 V%
7w, 37°Clz CHEE = HE L
7z.

& R

1) E¥a>ba—Ji(Table 1)

Table 1. Membrane fluidity studied by electron spin resonance in intact

red cells of membrane disorders

. Order parameter Motion parameter (X107
Disorders (by 5-SAL) by 16—SAL() o
Control 0.667+0.004 (N=47) 7.71£0.40 (N=35)
HS 0.667+0.005 (N=17) 7.7240.29 (N=17)
Presplenectomy 0.667+0.005 (N=11) 7.80+£0.32 (N=11)
Postsplenectomy 0.668+0.005 (N=6) 7.59+0.18 (N=6)
HE 0.669+0.007 (N=14) 7.52+0.42 (N=9)
Band 4.1 deficiency 0.669+0.006 (N=12) 7.3840.32 (N=7)*
Band 4.2 deficiency 0.672+0.004 (N=14)* 7.13+7.19 (N=2)
HPCHA 0.672 (N=1) 7.84 (N=1)
PNH 0.676+0.007 (N=13)** 7.81+£0.32 (N=13)
HS : hereditary spherocytosis HE : hereditary elliptocytosis

HPCHA : hereditary high red cell membrane phosphatidylcholine hemolytic anemia

PNH : paroxysmal nocturnal hemoglobinuria * 1 p<0.05 * % p<0.001
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EEHEATHI BT 3 order
parameter X, 0.667%0.004,
motion parameter (X1071°) i,
7.71+£0.40 Tho7z. £z, IE
HHIW B 5 W/SEH i
3.34+0.27 7o 7.

2) HSEH

HSEREBEITEM BT 3
order parameter I%, 0.667+
0.005, motion parameter (X
1071°) 137.72+0.29 T, IEEH
EDOMICEREIIFRED o7z,
¥ 7 2 OFRIE, FERTOBRE
(1141) R M Bk T X, &%
0.667+0.005, 7.80+0.32, #§
B0 EE (64 RIMEKTIE
0.668+0.005, 7.59+0.18T,
WINLBEEERRD P oTE.
3) HEE®

HERBZFUUER 1T BT 3
order parameter {20.669+
0.007, motion parameter (X
1071°) 137.52+0.42 L IEHE& &
OMCEEREZEZRBDRIoT.
LoL, #faEH&D band 4.1%
HEXKELTWS THIZDNT
X, motion parameter (X
10719 137.38+0.32 T, p<
0.05 %57, 72, W/SLt
b, band 4. 1 REHITIE,
3.93+0.48Tp<0.02- BEEE
2oz (Fig. 2).

4) band4.2 ZEHXIERE

band 4.27 (4R 4BSE 4 1 5
7 % order parameter 120.669,
0.669, 0.678, 0.672& 1 72
UEEERLUID, 4Bl
% £ 0.672+0.004T P <0.05,
BEETh-oT1H 2K
0.670+0.002TP <0.572> 7.
—7%, motion parameter (X

MEMBRANE FLUIDITY
( PERCENT OF CONTROL )

MEMBRANE FLUIDITY
( PERCENT OF CONTROL)

i

1)

B R ¥ & 3 (BB18% %45 1992)
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Fig. 2. Increased membrane fluidity studied by

electron spin resonance in MAL-6-labeled red
cell ghosts
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Fig. 3. Decreased membrane fluidity studied by
ESR in MAL-6-labeled red cell ghosts of band
4.2-deficiency under heat treatment
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107°) Z2BIDADKRETH 5
28, 7.13, T.19-FEEEFEDT:.
%72, MAL-6 12X 2 W/Stt
1%, 3.63+0.11T P<0.5% %&
27z,
BB T O MAL-6 OB
B 1337, 41°CTIRIERRIMER
LEERDRMoTH DD, 43,
45, 47°CT 1% IE % I Bk 089,
86, 85% L{E T L T (Fig.
3).
5) tDMOBEEELE
HPCHA RO PNH i22Ww<T

ORDER PARAMETER

LABELING BY 5-SAL

0.70-

Y=0.00037 X +0.666 r=0.837

10 20 30 40 5 60 70
HEMOLYSIS (%)

iX, order parameter, motion LABELING BY 16-SAL

parameter (X107'°) DJEIZ %

hZzh HPCHA : 0.672, 7.84, 504

PNH :0.676+0.007 (P <

0.001), 7.81£0.32 (P <0.5) E g0 .

L7zt %7z PNHERICH g 00 %

I} % order parameter, motion F o ° o
parameter Off & Ham test M é 7043y o

A & DN 13 MBI R %0 837 g §

K 1f0.479&, order parame- 60 r=0.479
ter, RIHBEEOEREINMEED A

& HEBISSTED &Nl (Fig. T 0 10 20 3 4 50 6 70
4). Z® Ham test OHE L D HEMOLYSIS (%)

stEbAr R, sugar water test
KBOLTHIZAK CTH-7. B
12 5-SAL 2 X % order parameter &, two
color analysis IZ & % decay accelating factor
(DAF) Bt > MACIF iR Bk (TCA
class III) DR & ORI b B VWAEES (r=0.991)
»Ee5h, FEFC DAF 8X U MACIF OIEE S
HAET 2 TCA class I FRIMEK & ORI 1334H
BE»TD 5tz (r=0.991) (Fig. 5).

% =
RINBREE S, PRE_EE CMEEAS L UF

KEA»S%S. kX VORI, H
faggsBEE5T 2 L b TE M, ZOER

Fig. 4.
and extent of hemolysis in Ham test

Relationship between membrane fluidity

bOELT, BREATHLIARZ NI Y, 7
YEVy, 775, band 4. 1BHAEN T EN
5. G, ZOBREHREYE 2 CEMEEID
OFRMEREFANGT, AEYT_VRIZ & D ED
REMEZBRETL TAH. BB, TOAEYIN
NVEERRWSEE, FNHIOBERIZE>TE, H
HETI2HTOEEREEAS Z LOHRETH
5.

%9, HS RIMEROEFFEIMETLTWE I L
I3, microcapillary #% 8 X ¢ filtration 12 &
DXHENT WS WO ZOEREE L THIlEA
¥EO LR, REME BAELOBY, BESHE
DEAL, f8E - EAMOMHERROZEEDIR



320 e B ¥ & 3

LASS IINTCA

0.69 A

ORDER PARAMETER
(BY 5-SAL)
4
@
@

0.67 4

Y=-0.00031 X + 0.691 r=0.991

(BB18% F45 1992)
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VT, ERBEL M 2
fEmHs, £z, BHINVT
&, S R ENE OIS
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HRBLL7-H D EBbis.
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BVRKRIBIZ & - T, %
FREBSET T2 i3& <A
SNTRBMD R ZE LI
VEERRWS L, KHRER S
STFEEOBECIEUT, %
DHIEFBR*Ric 7 506
BRBENS.

band 4. 2/RIBE IFEHE
HE AR R R B TH B8,

RAE £ 72 band 4. 27 H O#EEE

15
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Fig. 5. Membrane fluidity studied by electron spin

resonance with 5-SAL in PNH-red cells classi-
fied by two color analysis on DAF and MACIF
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37°CIZBWTIX, 5-SAL T~V & 5 EHRENME:
F1IFITREFHEUETL W, g,
Z DEFIHMELD 3 Bl & 13 B HEEER Y 2R -
TWBHAEEN L HY , SEREPLETHS. %
72, 16-SAL Z~UViZ 2 FNC LoHEFT L Tz
23, IEH & 0 REMEOSERE TR T A EA R
bohl:. i, BERMECEBINEZNZ 72
#12 MAL-6 7~V 21T L, 37°CCHEFENM:
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ZERRTHRTH L EBbiiz. UL, band
42 BADOKEERES I2DICIX, SHBRISIEL
OB EERDIVLENDH .

zoMOEREEE L L THPCHA B L U
PNH 2D\ bR LE7:. HPCHA i3EDHE
g’ & & phosphatidylcholine (PC) D HyE
nEE#cE>. ZhE i HPCHA OFRIMER
125-SAL T~V 2 HET L7 OERE D 3D 548,
INTIRBEERIE» OB LY VIEEDY
R — A DOWREMEIEINT 2 OD, FRIMIRD
B I I EED s hTuiwy, —RiC
PC ORI FTEMEDOIEIN %KL, free cho-
lesterol (FC) DMK I TREMEDE T 2K T £ F
bhTwza, BEDY VREDY XY —AT
FEMELEEINT 2 DX Z DO P C DR %KLY
20T, FKiMEkEE e LTCoREMIcZR Lz
VDI PC ORI FC DEERHRD
SNTWEEDEERLTWS. SEIOKRRKT
X 5-SAL SRV TIRIEHEa Yy to— Vv EeEES
Do Tzhs, 16-SAL S~V TRIRENIEIME
T atEM%ERLT. HPCHA EF OIRIMERAL
DHTFREIZOWTE, fEFEER, BETT 5
DEWH S .

T4 PNH 0OfgREIC  glycosylphosphatidyl-
inositol (GP) EHOXKESEHINTETW
23 SE16-SAL T2 b B EEED 7 )V
TRREZEREEZED Lo 7bDD, 5-SAL
FTRbbEEEB DT~V E WL BRI R E T
DETHRED SN, ZOETOREZ Ham test

X

OFER, 251213, DAF 8L U MACIF &R
MERDEEER & ORIcE WAHBEIRR 2R 72,
hoOfEE X, PNHRMERDFE O EFEH
GPI ZH OS> TH 5 PI, ¥EH, EEHES
It ERER RTEREMESS BT S N5 T, RRCHEEH
INCB T 2 £ A BGREEE STV A HITE,
RO FEBHIC O L HEEE L H 5 L Bb
iz, 8B5-SAL 2 X % order parameter 235
e OMHEEE T 5 Z ik Ham test & OXFEL
ERroHe MRS T,

BAE, v < D OFRIMEREER ERE I DV Tl
RTCE., SERF2ERILERZHZH, A
vro~vgER S 2FAET ik, M
JaRERR 5 F DIREEB & V% D4 T DHERE % B4
LS5 ZERAEETHY, IHEMNIC L > TR
HRROBEEZHETLIILLARETHL LA
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2, MEEBLUSOFHY A b7 14—, FERIE,
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