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Carriers of ataxia-telangiectasia gene display additional protein
fraction and changes in the environment of SH groups
in erythrocyte membrane
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Additional protein fraction migrating slower than spectrin has been detected in erythrocyte membranes from an
ataxia-telangiectasia (A-T) patient and from his mother (A-T heterozygote). In erythrocyte membranes labelled with
maleimide spin label changes in signal of the weakly immobilized spin label as related to that of strongly immobilized
one (w/s) were noted. In comparison to age-matched control groups the values of w/s were lower in A-T
heterozygotes (ten persons) and higher in A-T homozygotes (four persons). In control persons the values of w/s
increased with age, whereas in families with A-T no significant differences in this parameter were noted between
children and parents. The presence of additional protein fraction in erythrocytes membranes of A-T patient and A-T
heterozygote indicates that these phenotypes can be differentiated from the healthy control persons for the first time on
the basis of changes detected in the erythrocytes. This change in erythrocyte membrane may explain the decrease in the
w /s parameter of electron spin resonance in A-T heterozygotes. On the other hand increased values of w/s in A-T

patients may be caused by disease process.

Introduction

Ataxia-telangiectasia (A-T) is a monogenically in-
herited autosomal recessive disorder (Mc Kussick code
number 20890) and its gene has recently been mapped
to chromosome 11q22-23 [1). It is characterized by
clinical hypersensitivity to therapeutic X-rays, chro-
mosomal instability and many neurological and im-
munological abnormalities. Patients rarely live longer
than 20 years and in 20% of cases die of cancer [2]. The
disease is heterogenous and at least four complementa-
tion groups were differentiated on basis of expression
on cellular level [3]. Radiosensitivity in this syndrome is
also expressed at the cellular level.

Homozygotes of A-T occur with a frequency of 1 per
40000 births, but heterozygotes make up for between
0.6 and 2.8 percent of the population [4]. They display a
3-fold increased risk of cancer in general [5] and cardio-
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vascular disease [6], but a 6-fold increased risk of
mammary gland cancer and a 12-fold increased risk of
leukemia [5].

Many of the biological effects of ionizing radiation
are induced by changes in the membranes, which are
one of the immediate targets of X-rays. The presented
study of membrane proteins in erythrocytes of persons
carrying the A-T gene was planned on the assumption
that in A-T changes may occur in the membranes which
would resemble those observed by electron spin reso-
nance (ESR) in erythrocytes exposed to ionizing radia-
tion [7] or radiosensitizing agents [8]. We have applied
the same methods of protein separation, spin labelling
and monitoring of ESR spectra in preparations of
erythrocyte membranes to samples of blood from A-T
patients and from their parents.

The presented results indicate, for the first time, that
in A-T patients and heterozygotes changes may be
detected in erythrocytes which differentiate them from
healthy control persons. These changes in erythrocyte
membranes may be caused by the same factors, which
in dividing cells cause chromosomal instability and
sensitivity to DNA damage.
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Materials and Methods

Blood from four patients with A-T (samples taken
principally to study lymphocytes), ten obligatory
heterozygotes of A-T (parents of patients with A-T),
eight healthy children and eight healthy adult persons
was collected into heparinized tubes. Blood was stored
for 10 h at 4° C. After centrifugation at 1000 X g for 10
min at 4°C, plasma and buffy coat were remowed and
cells washed three times in 150 mmol /1 NaCl, 5 mmol /1
sodium phosphate buffer (pH 8.0). Hemoglobin was
removed by osmotic lysis in 5 mmol/1 sodium phos-
phate buffer (pH 8.0) and centrifugation at 25000 X g
for 10 min, followed by washing five times with the
same buffer. Protein was determined by the method of
Lowry et al. [9].

For PAGE-SDS electrophoresis red blood cell mem-
branes were stored frozen at —20° C. Membranes were
solubilized in 125 mmol /1 Tris-HCI (pH 6.8), 4% sodium
dodecyl sulfate (SDS), 20% glycerol, 10% 2-mercapto-
ethanol by incubation for 90 s at 100°C. 20 ul of
membrane lysate containing 30 pg of protein was ap-
plied on the gel. Separation of membrane proteins was
performed in 10% polyacrylamide gel containing 0.1%
SDS with 4% acrylamide stacking gel [10].

Conditions of spin labelling have been chosen to
minimize variation in proportion between weakly and
strongly bound label [11]. The membranes in 5 mmol /1
phosphate buffer (pH 8.0) were labelled with 2,2,6,6-te-
tramethylpiperidine-1-oxyl-4-maleimide (MAL-6) added
in amount of 1 mg per 25 mg of membrane protein [12].
The mixture was incubated overnight (14 h) in dark at
4°C. To remove unreacted spin label, membranes were
washed five times with 5 mmol/]l sodium phosphate
buffer (pH 8.0). Within 2 h after preparation the sam-
ples were transferred to the ESR laboratory and placed
in 1.5 mm inner diameter quartz tubes. The ESR spectra
were recorded at room temperature on RADIOPAN
SE/X-2543 X-band spectrometer with TE,y, rectangu-
lar cavity and 100 kHz field modulation. Appropriate
settings of spectrometer were taken to avoid saturation
effects (microwave power 16 mW), overmodulation
broadening (modulation field 0.3 G), and transient
spectrum deformations (time constant 0.3 s, scan time 8§
min for 10 mT scan range). Spectrometer was operated
at 9.4 GHz (X-band) with the field range 328.5-338.5
mT. Amplitudes of signals from weakly (‘w’) and
strongly (‘s’) bound spin label were quantified as de-
scribed by Barber et al. [11). The preparation procedure,
timing of experiments, and ESR spectrometer settings
were kept constant for all samples.

A number of spin labels in the samples containing
the specified quantity of proteins was controlled by
measurements of an integral intensity of the ESR spec-
tra and was practically constant in our samples. The
w/s parameters can be used as a measure of a relative
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amount of weakly and strongly bound MAL-6 mole-
cules in the membrane. A change in w/s indicates
changed distribution of spin labels between two types of
SH groups displaying low and high mobility. The w/s
parameters can be used as a measure of relative amounts
of weakly and strongly bonded MAL-6.

Results

Additional fraction of low electrophoretic mobility,
migrating slower than spectrin on SDS-PAGE, was
found in erythrocyte membranes of both A-T patient
and A-T heterozygote (Fig. 1).

spectrin
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Fig. 1. SDS-PAGE densitometric scannings (Ultrascan LKB) of

erythrocyte membrane proteins from ataxia telangiectasia patient

(A-T), ataxia telangiectasia heterozygote (A-T het) and from normal

person (N). Additional fraction present in carriers of A-T gene
marked (*).
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Fig. 2. ESR spectrum of MAL-6 attached to the erythrocyte mem-

brane membrane (upper) and exemplary low-field components (M; =

+1) of spectra of the adult control (spectrum 1) and A-T hetero-

zygote (spectrum 2) preparations. The B; ,, and B, are independent
of the w /s ratio.

ESR spectrum of MAL-6-labelled erythrocyte mem-
brane of control adult person is shown in Fig. 2. Itis a
typical spectrum of maleimide label covalently bonded
to erythrocyte membranes. This kind of spectrum is
commonly recognized as a two-component spectrum
[13]. The narrow line triplet is a spectrum from weakly
immobilized labels with correlation time of a motion of
the order of 107'° s. The low-field line amplitude
(M, = +1) of this triplet is marked as ‘w’ in Fig. 2. The
broad line triplet is a powder-like spectrum from
strongly immobilized labels (with correlation time longer

TABLE 1

Parameters derived from ESR spectrum of erythrocyte membrane pro-
teins labelled with MSL and characterizing relative amplitudes of weakly
(“w’) and strongly (‘s’}) bound spin label

Group w/s Mean
(number of mean value range of differ- age
persons) (+S.D) values ence vs. 2
respective
control *
Children
Homozygotes
of A-T(4) 5.02(+0.53) 4.4-56 P <001 8.25(+3.0)
Control (8)  3.74(10.33) 3.2-4.1 - 74 (+24)
Adults
Heterozygo-
tes of A-T
10) 4.15(+0.75) 3.3-5.6 P <0005 32.3 (£3.5)
Control (8)  6.22(+£0.27) 6.0-6.8 - 311 (+£29)

* Student’s r-test.

than 1077 s) with low-field line amplitude marked as ‘s’
(Fig. 2). Preparations of erythrocyte membranes were
characterized by the w/s ratio. The mean value of w/s
parameter in the adult control group was 6.22 + 0.27,
whereas in the group of children age-matched with A-T
homozygotes it was 3.74 + 0.33. In heterozygotes of A-T
significantly lower w/s values were found as compared
to the respective age-matched control group (4.15 + 0.75,
P <0.01; Table 1), whereas in homozygotes values of
w/s were higher than in the control group of children
(5.02 + 0.53, P <0.05).

The age-dependent changes in the environment of
protein SH groups in erythrocyte membranes were dem-
onstrated by an increase in the value of w/s parameter
from 3.74 (+£0.75) in the group of healthy children to
6.22 (£0.27) in the group of healty adult persons — the
difference was significantly at P < 0.001. No difference
in w/s values was noted when groups of A-T children
(w/s =5.02 + 0.53) and their parents, heterozygotes of
A-T (w/s =4.15 % 0.75) were compared (P = 0.05).

The ESR linewidth values B,, and B, , marked in
Fig. 2 are not affected by the A-T gene. It indicates a
lack of changes in the motional correlation time and in
a distribution of the correlation times.

Discussion

The presence of additional fraction of protein in
erythrocyte membranes of carriers of A-T gene (Fig. 1)
may explain lower values of w/s in membranes of A-T
heterozygotes (Table I). On the other hand, the increase
in w/s values found in A-T homozygotes may be
explained by changes induced in these children by the
disease process.

One can consider involvement of spectrin in occur-
rence of the observed additional protein fraction. Blood
storage may modify spectrin in erythrocyte membranes
as shown by decreased binding of actin to such prepara-
tions [12]. Spectrin, normally present in the tetramers
form, may also occur in the form of branching struc-
tures or as part of spectrin-actin lattices {13] both in
vivo [14] and in vitro [15].

Protein-specific spin label MAL-6 is covalently
bonded to the SH-groups of proteins and leaves lipid
bilayers unlabelled. The spin label senses the differences
in environment of SH groups of membrane proteins. In
the ESR spectra of membrane proteins labelled with
MAL-6 two signals are identified as corresponding to
the mobile (weakly bound =‘w’ component) and immo-
bile (strongly bound =‘s’ component) residues of spin
label. ‘w’-type sites are situated on the membrane
surface in a highly polar environment, whereas the
‘s’-type sites are located at the membrane surface as
embedded deeply in lipid bilayers [16,17]. Under stan-
dard labelling conditions MAL-6 has greater affinity for
high molecular weight membrane proteins and most of



its binding sites (70-90%) is located on the skeletal
proteins, spectrin and band 3 protein [17]. Changes in
aggregation of spectrin, that is reversible transitions
between tetrameric and dimeric forms occur parallel
with changes in w/s value [18]. Therefore, w/s may
serve as a marker of the physical state of erythrocyte
membranes. Mobility of sulphhydryl groups of mem-
brane proteins may be affected by changes in conforma-
tion of spectrin produced by such compound as sper-
mine or 2,3-bisphosphoglycerate [18]. Values of w/s
may be either decreased or increased, respectively, as
result of in vitro treatment of membranes with quino-
linic or glutamic acids [19].

Despite of the use of preparation procedures identi-
cal in many respects to those reported by the authors of
the method [11,16], after standard 18 h incubation of
membranes with MAL-6 in 5 mmol phosphate buffer
followed by washing we have obtained a control value
of w/s of 6.22, that is higher than 5.4 found by Barber
et al. [11], but falls within the range of values reported
by Butterfield and coauthors within the time period of
10 years (from 3.65 +0.12 [20] to 5.47 £+ 0.49] [21]).
Comings reported even higher control values of w/s
(7.35 £ 1.95) [16]. The relatively high values of w/s in
our study probably are not due to the experimental
conditions of the determination of ESR spectra, since in
this case increased w/s would disturb the narrow lines
(w). On the other hand, longer duration of the stages of
blood storage (10 h) and of transporting of labelled
erythrocyte membranes (2 h) in our experimental set up
could be the cause of increased values of w/s in control
blood. Our results should, however, well characterize
intergroup differences in membrane characteristics, since
all blood samples were processed by the same proce-
dure.

In human erythrocyte membranes the fraction of
weakly immobilized residues of MAL-6 (‘w’) increased
following exposure to denaturing agents [22], ionizing
radiation [7] and heat treatment [23). Properties of
MAL-6-labelled membrane proteins were studied also
in some genetic disease characterized by changes in
membrane functions. Increased fractions of weakly im-
mobilized spin label were found in Duchenne’s muscu-
lar dystrophy [24-26] and in myotonic dystrophy [24].
Observation of the shortened life span of erythrocytes
in patients with myotonic dystrophy [27] suggests that
the described changes in erythrocyte membranes may
be accompanied by disturbances of cell function. If life
span of erythrocytes was shortened also in A-T patients,
this would explain the increase in w/s found in this
group (Table I).

The main point in our study is demonstration that
erythrocyte membranes are changed in heterozygotes of
A-T as compared to control persons.

It seems that the in vitro procedures in our study
were controlled enough to exclude the possibility that
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some in vitro membrane-modifying factors could de-
crease the w/s value in carriers of A-T gene as it was
noted with spermine [28)] or quinolinic acid [19].

It is interesting to note, that the decrease in the
weakly immobilized fraction of spin label (‘w’) seen by
us in erythrocyte membranes of heterozygotes carrying
A-T gene (Table I) resembles the effect of ionizing
radiation on erythrocyte membranes [7] or changes pro-
duced by treatment with chemical radiosensitizers [8].
These changes may be not directly related to the pre-
sumed increased radiosensitivity of A-T heterozygotes,
but may be explained in terms of recently described
abnormalities in the levels of SH groups in A-T cells
(29,30].

We have shown also that esr spectra of erythrocyte
membranes change with age of the blood donor, the
values of w/s being significantly higher in adult (6.22 +
0.27) as compared to those in children’s group (3.74 +
0.33, P<0.001). This points to the importance of
matching for age which has been demonstrated by
showing that the apparent differences in w/s between
erythrocytes of patients with Huntington’s chorea and
normal persons [31] have not been confirmed in the
study on age-matched groups {11]. On the other hand,
the higher values of w/s seen in muscular dystrophy
can not be explained by age differences, since the
younger group would be expected to have lower w/s
ratios.

By finding of additional protein fraction we have
shown for the first time, that A-T patients and A-T
heterozygotes can be differentiated from the healthy
control persons on the basis of changes detected in
erythrocytes. This offers an unique opportunity to di-
agnose A-T genotype on the basis of investigation of
these readily accessible cells.

Diagnosis of heterozygotes of A-T is important not
only for purpose of genetic counselling, but also for
prevention of genotoxic exposures of these hypersensi-
tive subjects. Tests based on in vitro challenge give
variable results in heterozygotes from different families
(complementation groups) [32,33]. Sensitivity to in vitro
treatment with caffeine has been shown in A-T hetero-
zygotes from four families [34,35]. Heterozygotes of A-T
seem also to be significantly more sensitive to induction
of micronuclei in vivo as result of natural exposure to
genotoxic agents [36]. Cell lines heterozygous for A-T
are consistently more sensitive to effects of ionizing
radiation in G, [37]. When the effects of the A-T gene
in heterozygotes and in homozygotes are compared, the
linear relation between gene-dose and the effect are
rarely observed [38].
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