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Using a fluorogenic thiol reagent, N-(I-pyrene)maleimide (NPM), we have examined the effect of lipid pei oxidati m on
the microenvironment around SH groups of the membrane proteins in porcine intestinal brush-border membrane
vesicles. The lipid peroxidation of the membranes was performed with various concentrations of r-butylhydroperoxide
(¢-BuOOH) in the presence of 100 uM ascorbic acid and 10 uM Fe’*. Treatment of NPM-labeled membranes with
these oxidizing ageuts resulted in a decrease of the fluorescence lifetime, suggesting modification of the environmental
properties around the bound dye. Measurement of the steady-state fluorescence anisotropy of the tabeled membranes
indicated restriction of the motion of th: bound dye by the lipid peroxidation of the membranes. This interpretatinn was
further supported by an elevation of the transition temperature of the anisotropy, a decrease in the guenching rate
constant of the fluorescence with acrylamide and a decrease in the SH reactivity of the membrane proteins for NPM by
lipid peroxidation. Based on these 1esults, the possibility of conformation changes in the vicinity of SH groups in the

membrane proteins associated with lipid peroxidation has been discussed.

Introduction

Lipid peroxidation has been videly studied in rela-
tion to oxygen toxicity and is known to be a primary
process in a variety of pathological events in cells [1-5).

It seems that biological membranes are readily sus-
ceptible to lipid peroxidaticn because the membrane
lipids are rich in highly uns: turated fatty acids. There-
fore analysis of the lipid s ructure and lipid-protein
interaction in membrane damage resulting from lipid
peroxidation will give an important clue to elucidation
of the mechanism of oxidat've injury of cells.

Several investigators have demonstrated that lipid
peroxidation of artificial and biological membranes in-
duces decrease in their lipid fluidity [6-9] and. in conse-
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Correspondence: T, Ohyashiki. Department of Brochemusiry, School
of Pharmacy. Hokuriku University. Kanagawa-machi. Kanazawa
Ishikawa 920-11, Japan.

quence, modification of the activities of membrane-
bound enzymes {10-12]. Recently. we have reported [13}
that the reactivity of SH groups in the porcine :ntestinal
trush-border membranes with a fluorogenic thiol re-
agent, N-(7-dimethylamino-4-methylcoumarinyljyma-
leimide, decreases upon lipid peroxidation of the mem-
branes, and we have suggested that the membrane pro-
tetn conformation is modified by lipid peroxidation.
However. there have been few lines of rescarch concern-
ing the effect of lipid peroxidation on the protein con-
formation in biological membranes.

In the present study we have examined the possibility
of conformational change affecting the paysical prop-
erty of the microenvironment of protein SH groups in
the porcine intesunal brush-border membranes in as-
sociation with lipid peroxidation.

Materials and Methods

Chemicals. NPM was purchased from Molecular
Probes and dissolved in acetone to make a stock solu-
tion (1 mM). 2-Thiobarbituric acid, /-BuOOH and BHA
were obtained from Wako Pure Chemical. Superoxide
dismutase (3000 U/mg protein) and catalase (3100
U/mg protein} were obtained from Sigma.
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Preparation of membrane vesicles. The brush-border
membrane vesicles were prepared from the porcine small
intestine by the calcium-precipitation method described
in our previous paper [14] and suspended in 10 mM
Tris-maleate buffer (pH 6.85). Protein concentration
was assayed by the procedure of Lowry et al. [15] using
bovine serum albumin as standard.

Labeling of AcCys or membranes with NPM. Labeling
of AcCys with NPM was carried out by incubating 0.5
inM AcCys with 10 gM NPM in 10 mM phosphate
buffer (pH 6.5) at 0°C for 10 min. On the other hand,
labeling of the membranes with NPM was performed as
follows. The membrane vesicles (2 mg protein/ ml) were
incubated vith 10 pM Tris-maleate buffer (pH 6.85) for
30 min at 0°C. The concentration of acetone in the
reaction mixture was 1% or less. The reaction was
terminated by dilution with a large volume of 10 mM
Tris-maleate buffer (pH 6.85) and centrifugation at
25000 x g for 26 min. The peilets were washed twice
with the same buffer. After centrifugation at 25000 X g
for 20 nur., the final pellets obtained were suspended in
10 mM Tris-maleate buffer (pH 6.85).

Polyacrylamide gel electrophoresis. SDS-polyacryla-
mide gel electrophoresis was conducted in a 7.5% sep-
arating and a 5% stacking gel system in the presence of
0.1% sodium dodecyl sulfate. Proteins employed as
molecular weight standards were obtained from Sigma:
triosephosphate isomerase (26.6 kDa), lactate dehydro-
gena~2 (36.5 kDa), fumarase (48.5 kDa), pyruvate kinase
(58 kDa), fructose-6-phosphate kinase (84 kDa), B-
galactosidase (116 kDa) and a,-macroglobulin (180
kDa). Staining of the protein fractions in a gel was
carried out using Coomassie brilliant blue. The fluores-
cence bands in a gel were detected by using a Shimadzu
double-beam flying-spot scanner CS-9020 with the exci-
tation wavelength of 340 nm.

The labeling pattern of the membranes with NPM is
shown in Fig. 1. Examination of the electrophoreto-
grams revcaled that NPM was mainly incorporated into
36 and 80 kDa protein fractions i1 the membrane
proteins under the conditions of NPM-labeling em-
ployed in the present study.

Lipid peroxidation of the membrane. Lipid perox da-
tion of NPM-labelcd membranes was performed as
‘ollows. The NPM-labeled membranes (2 mg
protein/ml) were incubated with 100 uM ascorbic acid,
10 pM FeSO, and 0.6 mM ~-BuOOH in 10 mM Tris-
maleate buffer (pH 6.85) for 30 min at 37°C, unless
otherwise specified. The reaction was terminated by
dilution with a large volume of 10 mM Tris-maleate
buffer (pH 6.85) and centrifugation at 25000 x g for 20
min. The pellets obtained were washed twice with and
resuspended in the same buffer. In the measurement of
thiobarbituric acid-reactive substance (TBAR) forma-
tion, the reaction of the membranes with oxidizing
agents was terminated by the addition of 5 mM BHA
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Fig. 1. Densitometnic pattern of the SDS-polyacrylamide gel electro-
phorests of NPM-labeled membranes. The experimental conditions
and procedure of gel electrophoresis are described in Matenals and
Methods. . Coomassie brlliant blue staining; - - - - - - . fluores-
cence image.

(as a final concentration). The amount of TBAR formed
during the reaction was determined by measuring the
absorbance at 530 nm (e, =1.56-10° M~ '-cm™!,
Ref. 10) after mixing the reaction mixture with 2-thio-
barbituric acid as described in our previous paper [16).
Conjugated diene formation was measured by monitor-
ing the absorbance at 233 nm of the detergent-dis-
peased membranes (0.02 mg protein/ml of 10 mM
phosphate buffer (pH 7.1) containing 1% Lubrol) as
described in Ref. 17.

Fluorescence measurements. Fluorescence measure-
ments were carried out using a Hitachi spectrofluorome-
ter 850 at 25°C by circulating water through the cell
holder unless otherwise specified. The excitation and
emission wavelengths used were 340 and 392 nm, re-
spectively. The error due to light scattering of the
sample emission could be entirely prevented using a 350
nm cutoff filter. The steady-state fluorescence ani-
sotropy is defined as the value of (I, — I,)/(1\ + 21y),
where the fluorescence intensity upon excitation with
vertically polarized light is measured with the emission
polarizer in the vertical (/) and horizontal (/) direc-
tions. Measurement of the fluorescence lifetime was
performed using an Ortec PRA-3000 nanosecond fluo-
rometer (Photochemical Research Associates, Ontario,
Canada) at 25°C. The data were analyzed by a Digial
computer system (Digital Equipment, Maynard, US.A)).

Quenching studies. Quenching experiments wcre car-
ried out by adding small amounts of 5 M acrylamide



solution in 10 mM Tris-maleate buffer (pH 6.85) at
25°C as described in our previous paper [18]. The stock
solution of the quencher was used within a few days
afier preparation. Analysis of the quenching data was
performed by using the following equations proposed
by Stern and Voimer [19] and Lehrer [20].

Io/1=KolQl+1

Io/tlo= D TG

where I, 1, Ky, (Q] and f, denote the fluorescence
intensities in the absence and presence of quencher, the
quenching constant, the quencher’s concentration and
the effective fraction of the fluorescence that 1<
quenchable, respectively. The quenching rate constant,
k., was estimated by the equation, k, = Kqo/%. where
T, is the fluorescence lifetime in the absence of quencher.

Results

Effect of t-BuOOH on the membran: lipid peroxidation
Fig. 2 shows the -BuOOH concentration depen-
dence of TBAR formation in the membranes in the
presence of 100 pM ascorbic acid and 10 uM Fe®*.
In the absence of -BuOOH, the amount of TBAR
formed by incubation of the membranes at 37°C for 30
min was 0.4 + 0.03 nmol/mg protein as malondialde-

tamot MDA 7 mg protein per 30 min)
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Fig. 2. r-BuOOH concentration-dependence of TBAR formaton in
the membranes at 25° C, Membrare protein concentradon was 0.5
mg/mi. The -BuOOH concentration was vaned from 805 o 1.0
mM. Other experimental coaditions of lipid peroudation are de-
scribed in Materials and Methods. The amounts of TBAR formed are
represented as differences in the values in the presence and absence of
-BeOOH and exprossed as the mean of tnphicate determunatons
MDA, malondialdehyde. The 1nset ~hows copjugated dicne [urmation
in the membranes. After lipid peroudation. the c.embranes (C.02 mg
protein/ml) wer  disolved an 1) mM phosphate buffer (pH 7.1y
containing 1% Lubrol and the absorbance was measured at 233 am
Values are expressed as the means of tnplcate dewermunations

TABLE |
Fffect of radical scw ongers on TBAR formation of the m mbranes

The membranes (0.3 mg pro ~n/mh were mnvabated with 1K M
ascorbic acd. 10 M Fe’” and 0.6 mM -BuOOH 3t 37°C for %
man. After termination of the reaction by addition of $ mM BHA. the
amount of TBAR formed was measured. Values are expressed s
means + S D. for tnphicate determinations,

Scavengers Conen “TBAR formation %)
No addition . i(’;)NF~ T
Superonade dismutase 10z mi 949+ 744

Catalase 100 pg/ml [ BB X

Thiourea 30 mM 456+ 707

hyde. On the other hand. TBAR tarmation was marhedly
stimulated by treatment of the membranes with these
reagents in the presence of ~BuOOH. The sumulation
of TBAR formation was stronglhy dependent on the
concentraticn of 1-BuOOH. showing the maximum at
about 0.6 mM 1-BuOQOH. In addition. the absorhance at
233 nm of detergeat-dispensed membranes after treat-
ment with 100 p!f ascorbic acid. 10 uM Fe'" and
various concentrat ons of -BuUOH also increased de-
pending on the hydroperoxide concentrations (inset of
Fig. 2).

Next we hav: examined effect of radical «cavengers
on TBAR formation by treatment of the membranes
with 100 g\ ascorbic acid. 10 gM Fe~ " and L& mM
1-BuCOH.

As can be seen in Tabie I TBAR forina n was
markediy and moderately inhiated by aldditon of
thiourea and catalase. respeciively. but superonide dis-
muta.e did not affect TBAR formation. From (rese
results. it could be considered tha. an inreased TBAR
formation by treatment of the membranes with ascorbic
acid/Fe® " /1-BuQOH 1s due to ipsd peroudation of the
membrane liprds and hyvdroxy radicel maimiy imvalved
i the reaction.

Changes tn the flucrevcence lifetime of NPM-lubeled
membranes

The fluorescence decay curve of the membranes
labeled with NPM. & SH-directed fuorogenic dve {211,
could not be anabvzed by 4 singic exponential fupction
(Fig. 33 This fact suggests that NPM hound 10 SH
groups in the membrane proteins 15 in a multiphaty of
physical states.

The fluorescence of NPM-labeled AcCys followed a
single exponential decay with a single lifetime (1 =403
+ 0.51 ns). By computer fitung of the data for the
membranes, assuming two comporents 1 the decay
process. one o the decay umes was esumated to be
145 + 0.80 ns (7). «ccounting for 45% of the total
fluorescence. and the other 10 be 56.0 ~ 182 ns (7.).
accounting for the remaining 55%.
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Fig. } Fluorescence decay curve of NPM-labeled control membranes

n Ht mM Trns-maleate buffer (pH 6.85). Membrane protein con-

wentrabion was 0.1 mp/mb Excitation waveleng:h used was 340 nm.

Curve: A and B represent excitation pulse and fluorescence of NPM-

lubeled control membranes, respectively. The solid ine wn the curve B

vhows the fitted curve by the nondintar least-squares method. The
residual values are shown in the 1op part of the figure

Fig.4 shows the change in the fluorescence lifetime of
NPM Jabeled membranes as o luoction of the amount
of THAR formed by treatment of the membranes with
aseortie aad/Fes ' together with various concentra-
tions of +-BuQOH.

The fluorescence lifetime of the complex decreased
up to about 6 nmol malondialdehyde per mg protein
formed and then reached a constant level. On the other
hand, the 7, and 7, values at 29°C of NPM-labeled
muembranes after treatment with 100 gM ascorbic acid.,
{0 uM Fe’’ and 0.6 mM (-BuOOH alone were 14.4 +
0.80 and 55.3 + 1.51 ns, 15.0 + 1.02 and 54.0 + 0.93 ns,
and 15.1 + 0.82 and 56.5 + 1.80 ns, respectively. From
these results, 1t s concluded that a decreased fluores-
vence Ietime of the NPPM-labeted membrane reflects
the changes in the environmental properties around
NPM-lubeled SH proups in the membrune protcins by
lipid peroxidation.

To obtain further information about th= inflv *nce of
lipid peroxidation on the envirominental properties
around the forescence-lubeled SH groups, we have
examinea the steady-state fluorescence anisoltopy and
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Fig. 4. Change in the fluorescence lifeume of NPM-labeled mem-
branes by lipid peroxidution. The membranes with different levels of
hpd perondation were prepared by incubating the NPM-labeled
membranes {2 mg protein/ml) with 100 uM ascorbic acid and 10 uM
Fe’ " in the presence of various concentrations of -BuOOH (0.1-0.6
mM) at 37°C for 30 min. The protein concentrations of the labeled
membranes employed in measurements of the fluorescence lifetime
and THAR formation were 0.1 and 0.5 mg/ml, respectively. Other
experimental conditions were the sume as described in the legend 0
Figs. 3 and 1, respectively. Values are expressed as the means + S.D.
for inplicate determinations. @, 1, valve; O, 7, value. MDA,
malondialdehyde.

fluorescence quenching efficiency for acrylamide of
NPM-labeled membranes.

Fig. 5 shows the tempcrature-dependence profiles of
the fluorescence anisotropy of the coatrol and per-
oxidized membrane..

The degree of te amisotropy of the control mem-
branes decreased vith increase in temperature, showing
a transition point at about 32.0 £ 0.2°C. In the per-
oxidized membranes, the degree of the anisotropy was
larger in all temperatures tested as compared to that of
the control ones and the transition point shifted 1o
about 37.0+£0.1°C.

0 790 306 G T
Temperature (K)
Fig. 5. Temperature-dependence of the fluorescence anisotropy of
NPM-labeled membrancs. The membrane concentration was 0.1 mg
protein/ml. The temperature was varied from 20 10 45° C. ©, control
membranes; @ peroxidized membranes (100 gM ascorbic acid /10
M Fel' /06 mM -BuOUH). Values arc expressed as the means +
5.D. for tnplicaie determinations.
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Fig. 6. Quenching studies of NPM-labeled AcCys and membranes by
acrylamide at 25°C. (A) Stern-Volmer plots of NPM adducts. The
concentrations of NPM-labeled AcCys and membrane protein were
10 pM and 0.1 mg/ml, respectively. The acrylamide concentration
was varied from 33.1 10 300 M, O, NPM-AcCys adduct: @ NPM.
labeled membranes. Values arc « «pressed as the means of 3 (0) and $
{®) determinations, respectively (B) Effect of viscosity (n) on the
quenching of (luorescence intensity of NPM-AcCys adduct by
acrylamide. NPM-AcCys adduct concentration was | uM, Changes in
viscosity were produced by the addition of sucrose (5-25%. w/v).
Acrylamide concentration was varied from 19.8 to 187.5 mM. The [,
values represent the fluorescence intensity in the absence of acryla-
mide in each system. Values are expressed as the means +S.D. for
triplicate determinations.

Quenching studies of NPM-labeled membranes

Figs. 6 and 7 show the results of the quenching
experiments using acrylamide of NPM adducts with the
membranes or AcCys.

The fluorescence intensity of NPM-Ac¢Cys adduct
decreased with increasing concentrations of acrylamide
and the plot of (/,/1) - 1 versus [Q] showed a lincar
relation up to 0.2 M acrylamide (Fig. 6A).

Since quenching phenomena can be predominantly
of either the static or the dynamic type, we have
examined the effect of viscosity on the quenching ef-
ficiency of NPM-AcCys adduct by acrylsmide.

As shown in Fig. 6B, in the presence of increasing
concentrations of sucrose, the K/, value of NPM-
AcCys adduct fluorescence decrcased linearly. Tlus in-
dicates that acrylamide causes a dynamic type of
quenching of NPM fluorescence and that the mecha-

TABLE 1l
Quenching parameters for acrylamide of NP M labeled ine nbranes
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Fig. 7. Madified Stera-Volmer plots of NPM-dabeled control and
perassdized membranes. The conditions and procedure of the guench-
ing experiment were the same as those described in the legend to Fig.
6A. ©, control membhranes, @, peroxidized membranes (100 uM

ascorbic acid/ 10 M Fe?* /0.6 mM r-BuOOH). Values are expressed
as the means of triplicate determinations.

nism of quenching involves predominantly a collisional
process.

On the other hand, quenching of the fluorescence of
NPM:-labeled membranes by acrylamide did not follow
a sitaple Sterm-Volmer law; the intercept on the ordinate
in the ploi of (1,/1)~ 1 versus |Q)] derived from zero
(Fig. 6A). Therefore, deterinination o the fluorescence
quenching parameters of NPM-labeled membranes was
performed using a modified Stern-Volmer equation pro-
pased by Lehrer {20).

As shown in Fig. 7, the plots of 1,/(1,~ 1) versus
1/[Q] of the control and peroxidized membranes were
both linear over the concentration range of the quencher
tested, suggesting that the dye molecules 1 both the
membranes are subjected to a sioudar degree of ffuores-
cence quenching. The yuenching parameters determined
from these plots are presented in Table 11

Fig. 8 shows the relationship between the quenching
rate constants and the amounts of TBAR formed by
treatment of the membranes with 100 pM ascorbic acid
and 10 uM Fe®' in the presence of various concentra-
tions of 1-Bu(OYOH.

Data were obtained from Fig. 6. Values are cxpressed as means £ 5.0, for inphcate determinations

System KoM k:(l(ﬂ M s k, ) f,
Control membranes 2851010 1951010 * 515¢)15° 0254002
Peroxidized membranes 186 +0 08 1441011 176 4010" 0.25£0.01

* Calculated using the 7, value
® Calculated using the 7, value
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Fig. 8. Relatioaship between the quenching rate constant (k) and the
amount of TBAR formed. The data of fluorescence lifetimes and
TBAR formation were obtained from Figs. 4 and 2, respectively. The
conditions and procedure of quenching experiment were the same as
those described in the legend to Fig. 6A. Values are expressed as the
means + S.D. for triplicate determinations. MDA, malondialdehyde.

The quenching rate constant for acrylamide of the
peroxidized membranes was smaller than that of the
control ones (Table II) and the degree of decrease in the
quenching rate constant by treatment of the membranes
with ascorbic acid /Fe?* /+-BuOOH was dependent on
TBAR formation.
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Reaction of the membranes with NPM

The incorporation of NPM into the SH groups in the
control and peroxidized membranes was examined.

As can be seen in Fig. 9A, incubation of the control
membranes with the dye causes a progressive develop-
ment of NPM fluorescence at 392 nm with two phases,
fast and slow rezctivities. From the slope of the semi-
logarithmic plots of the fluorescence change versus the
time of reaction with NPM, the pseudo-first-order rate
constants, k’, of the reaction of the SH groups belong-
ing to the fast and slow phases in the control mem-
branes were estimated to be 5.50 + 0.27 and 1.90 1 0.14
-107% s, respectively. On the other hand, in the
peroxidized membranes (100 pM ascorbic acid /10 uM
Fe?* /0.6 mM (-BuOOH), the degree of NPM fluores-
cence development was markedly reduced and the &’
values of the fast and slow phases were 3.68 + 0.19 and
1.01 £ 0.15-107% s~!, respectively. A good corrzlation
between the degree of decrease in the k” values and
t-BuOOH concentration is presented in Fig. 9B.

On the other hand, the time-course of the NPM
fluorescence development of the membranes treated
with ascorbic acid, Fe’* and +-BuQOH alone were
almost the same to that of the control membranes (data
not shown).

Discussion

The effect of lipid peroxidation on the membrane
structure was examined by monitoring the changes in
the fluorescence characteristics of covalently bound
NPM with SH groups in intestinal brush-border mem-
brane proteins.

Kix10t s

Q 1 s 1 i 3 5
o] 01 02 03 04 05 06

1-BuOOH concn (mM)

Fig. 9. Labeling of the membranes with NPM at 25° C. {(A) Time-course of NPM fluorescence development. The fluorescence intensity at 392 nm

was monitored after the addition of 5 uM NPM (a- a final concentration) to the membrane suspension (0.1 mg protein/ml) in 10 mM phosphate

buffer (pH 6.5). The excitation wavelength used w15 340 nm. ©, control membranes; ®, peroxidized membranes (100 pM ascorbic acid /10 uM

Fe’*/0.6 mM (-BuOOH). (B) Relationship betw :cn the rate constants of NPM-labeling and -BuOOH concentration. The membranes with

different levels of lipid peroxidation were prepare: as descrit 2d in the legend to Fig. 4. The conditions employed in NPM-labeling measurement

were the same as described in the legend to (A). ¢ %' for the fast phase; @, k&’ for the slow phase. Values are expressed as the means +S.D. for
triplicate determinations.



The fluorescence decay of NPM-labeled membranes
(Fig. 3) indicated a multiplicity of physical states of the
bound dye molecules in the membrane proteins, be-
cause the fluorescence decay of NPM-AcCys adduct
follows a monoexponential function. The fluorescence
lifetime of NPM-labeled membranes decreased depend-
ing on the amount of TBAR formed after treatment of
the membranes with ascorbic acid/Fe?*/r-BuOOH
(Fig. 4). Since NPM specifically binds to sH groups of
macromolecules [21], this change in the lifetime may
reflect modification of environmental properties around
NPM-labeled SH groups in the membrane proteins by
lipid peroxidation.

Perturbation of the membrane structure in associa-
tion with lipid peroxidation was also observed in the
temperature-dependence of the steady-state fluores-
cence anisotropy of NPM-labeled membranes (Fig. 5).
The degree of the fluorescence anisotropy gives us infor-
mation about the mobility of fluorescence molecules
[22). Therefore an increase of the fluorescence ani-
sotropy of bound NPM and a shift of the transition
temperature of the anisotropy from about 32.0 to 37.0°C
(Fig. 5) by treatment of the membranes with oxidizing
agents suggest a restricted motion of the bound NPM
molecules by lipid peroxidation. This possibility was
also suggested by a decrease in the acrylamide quench-
ing rate for NPM fluorescence in the membranes.

The results of quenching experiments using NPM-
AcCys adduct revealed that quenching of NPM fluores-
cence by acrylamide follows a simple Stern-Volmer law
(Fig. 6). However, in the case of NPM-labeled mem-
branes, the intercept on the ordinate in the plot of
(I,/1)— 1 versus the quencher concentration deviated
from zero, indicating that several classes of fluorophore
having different Stern-Volmer constants are present
{20,23]. From the intercept on the ordinate in the mod-
ified Stern-Volmer plot, a value of f, =0.2% was ob-
tained (Fig. 7 and Table II), indicating that about 25%
of NPM molecules bound to the membrane proteins is
accessible for quenching by acrylamide and the other
75% is not affected by acrylamide in the concentration
range of acrylamide tested. By lipid peroxidation, the
quenching rate constant for acrylamide of NPM fluores-
cence in the membranes decreased sensitively as shown
in Table II. On the other hand, the f, value did not
change by lipid peroxidation of the membranes. This
suggests that the amount of quenchable dye molecules
in the membranes is not affected by lipid peroxidation.
Therefore, it seems that a decrease in the quenching rate
constant of NPM-labeled membranes after lipid per-
oxidation is mainly due to a decrease of the penetration
of acrylamide in the vicinity of NPM molecules bound
to SH groups in the membrane proteins.

The relationship beiween the quenching rate con-
stant and TBAR formaiton (Fig. 8) suggests thai the
change in the accessibility of the quencher to the bound
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dye molecules in the membrane proteins is completed
after about 6 nmol malondialdehyde per mg protein was
formed. A similar phenomenon was observed in the
relation between the fluorescence lifetime of the com-
plex and TBAR formation (Fig. 4). The concentration-
dependence of -BuOOH on TBAR formation of the
membranes in the presence of 100 uM ascorbic acid and
10 uM Fe?* revealed that about 10.5 nmol
malondialdehyde per mg protein is formed in the pres-
ence of 0.6 mM r-BuQOH (Fig. 2). From these results,
it is suggested that the change in the environmental
properties around the bound dye molecules is saturated
at a certain degree of lipid peroxidation.

We have previously reported [9] that lipid fluidity of
the membranes decreases depending on TBAR forma-
tion. This may reflect an overall increase in lipid-lipid
interaction and packing density by lipid peroxidation.
Such a modulation of the lipid fluidity may influence
the topology and conformation of protein molecules in
biological membranes [24,25]. However, the exact ex-
planation for how a decrease in the lipid fluidity in-
fluences the protein conformation in the membranes is
unclear at present. Recently, several investigators have
reported [26-28]} that membrane lipid composition is
more important a factor in the regulation of certain
protein-mediated activities than membrane lipid fluidity
per se. The-efore, further detailed experiments, such as
reconstitution study using liposomes containing various
types of lipid, are necessary to obtain exact nformation
about the contribution of physical state of membrane
lipids to the protein conformation in the intestinal
brush-border membranes.

Recently, Fodor and Marx [29] have reported that
lipid peroxidation of rabbit intestinal microvillus mem-
branes is induced even at a physiological iron con-
centration. This finding suggests that an overload of
iron is capable of inducing lipid peroxidation of the
microvillus membranes of enterocytes in vivo. Altaough
the observations of in vitro experiments cannot be
directly related to in vivo conditions, it seems that the
results obtained in the present study may help us in the
analysis of mechanism of cellular injury development in
enterocytes by lipid peroxidation.
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