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Abstract — The plasma membrane and microsomes, isolated from the cells treated with hematoporphyrin
derivative (HpD) for 1 and 24 h, accumulated the aggregated porphyrin. The quantity of aggregated porphyrin
was same in the plasma membrane and microsomes after isolating them from cells treated with HpD for 1 h
whereas the microsomes accumulated higher quantity of aggregated porphyrin when cells were treated with
HpD for 24 h. Photodynamic action of aggregated porphyrin on plasma membrane and microsomes was
investigated using lipid specific fluorescent probes: 1,6-diphenyl-1,3,5-hexatrine (DPH) and 1-(4-
trimethylammonium), 6-diphenyl-1,3,5-hexatrine(TMA-DPH). The time dependent anisotropy of these probes
in the membranes was measured and the decay of anisotropy was analyzed using wobbling in cone model.
Upon irradiation both the plasma membrane and the microsomes showed an increase in the limiting
anisotropy and order parameter and a decrease in the cone angle of the lipid probes. The increase in the
limiting anisotropy was pronounced in membranes isolated from the cells treated with HpD for 24 h.
Photoinduced change in the limiting anisotropy was dependent on the duration of incubation of cells with
HpD before isolating the membranes. In both the membranes, the membrane core was affected more as
compared to the outer leaflet. In addition to the structural changes, a decrease in Na™-K*-ATPase and
NADPH cyt ¢ reductase activity was also observed upon irradiation of HpD treated cells. Inhibition in
NADPH cyt ¢ reductase was more when cells were treated with HpD for 24 h, however, Na*-K*-ATPase
activity did not depend on the duration of the treatment of cells with HpD before irradiation. Our results
suggest that the extent of photoinduced perturbations in the membranes varies as a function of duration of the
treatment of cells with HpD and the membrane core is more susceptible to the photodynamic action of

aggregated porphyrin.

INTRODUCTION

Photosensitizing properties of certain dyes are being
exploited in photoinactivation of tumor cells, viruses
and bacteria’-¢. Hematoporphyrin derivative (HpD)t is
one of the widely used photosensitizer. In vitro studies
have shown that the plasma membrane, mitochondria,
cytosolic and lysosomal enzymes are susceptible to the
photosensitization’*. Cellular membranes have been
proposed to play an important role in photodynamic
cellular damage®. Earlier studies on photosensitization
of erythrocyte ghosts and cultured cells have shown
protein cross linking, lipid peroxidation, derangement of
cellular ion homeostasis, inhibition of amino acid

* To whom correspondence should be addressed.

t Abbreviations:HpD: Hematoporphyrin derivative; PDT:
Photodynamic therapy; EMEM: Eagle’s minimum essential
medium; PBS : Phosphate buffered saline; DPH: 1,6-diphenyl-
1,3,5-hexatrine; TMA-DPH: 1-(4trimethylammonium), 6-
diphenyl-1,3,5-hexatrine ; ATP : Adenosine-5'triphosphate;
HEPES : N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid; CTAB: Cetyl trimethyl ammonium bromide.
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transport and inactivation of enzymes/*-/6. Most of the
previous studies on the photoinduced alterations in the
membranes have been performed in different cell types
and very little is known about the photoinduced structural
changes in membranes in a single cell system as a
function of duration of HpD treatment. Our earlier
studies have shown that the photodynamic cellular
damage depends greatly on the time of incubation of
cells with HpD®. Incubation of cells with HpD for
longer duration enhanced the photoinduced cell death.
Though , the total amount of HpD taken up by the cells
after shorter and longer duration of HpD treatment was
similar, a change in the fluorescence intensity distribu-
tion of cell bound HpD as a function of incubation time
was found. Previously, we have shown that the photo-
sensitization perturbs the structural organization of the
plasma membrane in intact U-87MG cells and isolated
membranes when cells were treated with HpD for a
fixed duration’¢’’. In the present paper we have
compared the photoinduced structural changes in plasma
membrane and microsomes, isolated from U-87MG
cells treated with HpD for shorter and longer durations.
Our results show that these membranes accumulate
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aggregated porphyrin and suggest that the extent of
photoinduced perturbations to the plasma membrane and
microsomes vary with the duration of incubation of cells
with HpD.

MATERIALS AND METHODS

Materials. Hematoporphyrin dihydrochloride(Hp).
adenosine-5' -triphosphate, cytochrome ¢, NADPH. nystatin,
ouabain, cetyl trimethyl ammonomium bromide(CTAB),
trypsin, sodium pyruvate, N-2-hydroxyethylpiperazine-N'-
ethanesulfonic acid (HEPES) and Tris were purchased from
Sigma Chemical Company, St.Louis. MO (USA). 1.6-diphenyl-
1,3,5-hexatriene (DPH) and I-(4-trimethylammonium), 6-
diphenyl-1,3,5-hexatriene(TMA-DPH) were acquired from
Molecular Probes Inc. Eugene, OR (USA). Eagle's minimum
essential medium (EMEM), phosphate buttered saline (PBS)
and trypsin were procured from HiMedia, Bombay (India).
Antibiotics were purchased from Hindustan Antibiotics, Pune
(India). Foetal calf serum was procured from Northumbria
Biological Ltd., Carmlington (UK) and bovine serum was
prepared in the laboratory. Hematoporphyrin derivative (HpD)
was prepared by the method of Gomer and Dougherty’®. All
other analytical grade chemicals were from Glaxo Laboratories,
Bombay (India). Plastic tissue culture flasks were obtained
from Nunclon, Denmark whereas Roux culture bottles were
from Borosil, Bombay (India).

Cell culture. The human glioma (U-87MG) cell line was
obtained from ATCC, Rockville (USA). The cells were grown
at 37 °C in plastic tissue culture tlasks (Nunc) and maintained
in EMEM supplemented with ImM sodium pyruvate, 5%
bovine serum and 5% foetal calt serum. 2.2 g/l. Hepes, 50000
units/L. benzyl penicillin, 3500 units/L streptomycin and 2.2
mg/L nystatin. The cells were routinely subcultured after 96 h
of growth. Cells were also grown in one litre Roux bottles
when required in large quantity.

Dye treatment and irradiation. Required amounts of HpD
was directly added to the growth medium and the cells in
monolayer were incubated at 37 °C with the dye for a specific
duration. The dye treated monolayer was first washed with
PBS to remove the free HpD and treated twice with 0.25%
trypsin containing 0.03% EDTA. The cells were resuspended
in either PBS or 0.32 M sucrose solution buffered with 20 mM
Tris (pH 7.4) as required for the experiment. Irradiation of
membranes was performed by two 40 W cool day light
fluorescent tubes (Phillips, India) covered with a perspex
sheet. This source has its emission in the range from 400 to
700 nm. The fluence rate at the position of the samples was 1
W/m? as measured by the Kyoritsu luminometer model 5200
(Kyorisu Electrical Instruments, Japan).

Isolation of plasma membrane and microsomes. lsolation
of plasma membrane and microsomes was carried out by the
method of Cotman e al., with modifications””. U-87MG cells.
grown in monolayer, were treated with HpD and were
harvested as described above. Cells were resuspended in cold
sucrose solution(0.32 M sucrose, 20 mM Tris, pH 7.4). Cells

were homogenized by mild sonication and complete
homogenization of the cells was ensured by examining the
material under microscope. Cell homogenate was centrifuged
at 5500g for 20 min in a Sorvall Combi-Plus ultracentrifuge
using a T-641 swinging bucket rotor. The nuclear pellet
obtained in this step was discarded and the supernatant was
centrifuged at 76,000g for 25 min. The pellet obtained in this
step consisted of plasma membrane and mitochondrial
fractions whereas the supernatant consisted of microsomal
fraction. The pellet was resuspended in sucrose solution (0.32
M sucrose, 20 mM Tris, pH 7.4) and layered over a high
density sucrose solution (1.2 M). The ratio of the cell
homogenate and high density sucrose solution (1.2 M) was
2:1. This gradient was centrifuged at 150,000g for 30 min.
The resultant pellet was mitochondria while the interphase
consisted of plasma membrane. The interphase was carefully
removed and layered on a sucrose solution (0.8 M). This
gradient was centrifuged at 150,000g for 30 min and the
resulting pellet was plasma membrane. The supernatant
consisting of microsomal fraction was also centrifuged at
150.000g for 30 min. The purity of these preparations was
assessed by measuring the activity ot marker enzymes in each
fraction in comparison to the activity of the enzyme in the
homogenate. The purity of each preparation was found to be
60%.

Enzyme assays. The activity of the Na'-K'-ATPase was
measured by the method of Deliconstantinos er a/.>’. The
assay was performed in two sets of tubes, containing 50 mM
Tris (pH 7.3), 80 mM NaCl. 20 mM KCI 3 mM MgCl,,
membrane sample (150 pg protein) and 3 mM adenosine-5'-
triphosphate in a total reaction volume of 0.5 mL with and
without 0.5 mM ouabain. The reaction was initiated by the
addition of ATP and was stopped after 30 min with the
addition of 10% ice cold TCA.

The activity of the enzyme NADPH cyt ¢ reductase was
measured by the method of Guengerich’/. The reaction
mixture contained 30 mM PB 0.16 mM KCI, 0.04%
cytochrome ¢, membrane sample (300 pg protein) and 0.8 mM
NADPH, in a total volume of 1.2 mL. The reaction was
initiated by the addition of NADPH and the optical density was
monitored at 550 nm. The specific activity of the enzyme was
calculated using extinction coefficient (€) 2.77 X 10* Mem!
for cytochrome ¢ at 550 nm.

HpD uptake measurements. The uptake of HpD by the cells
and membranes was measured by the method of Christensen
et al**. The required amount of cells or membrane fractions
was dissolved in 1% cetyl trimethyl ammonium bromide
(CTAB) which was prepared in (0.2 N NaOH. The optical
density was measured using a JASCO UV-VIS spectropho-
tometer. HpD content in the cells or membrane fractions were
estimated by a standard curve obtained by dissolving known
quantities of HpD in 1% CTAB with 0.2 N NaOH. The HpD
content was calculated per unit protein. For the membrane
tractions the HpD content in each fraction was expressed as a
percentage of the total HpD taken up by the cells.

Labeling of membranes with fluorescent probes. Membranes
were labeled with DPH and TMA-DPH by the methods of
Shinitzky and Inbar®’ and Petty er al.?’, respectively. Briefly,
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the stock solution (5 mM) of DPH in THF was diluted 250
fold by adding the same to PBS and the solution was stirred
continuously for 1 h. A known amount of this solution was
mixed with an equal volume of membrane suspension (200
pg/ml protein) and incubated at 25 °C for 30 min. The
incorporation of DPH into the membranes was followed by a
steep increase in the fluorescence intensity of DPH. The
procedure for labeling the membranes with TMA-DPH was
similar to that of DPH but the incubation time was only 10
min.

Measurement of fluorescence spectra. The fluorescence
spectra of HpD bound to cells or membrane fractions were
recorded on a SLM 8000C spectrofluorometer. Samples were
excited at 395 nm and the emitted photons were selected by an
emission monochromator and detected by a cooled photo-
multiplier tube.

Measurement of decay time and time dependent anisotropy.
The decay of fluorescence intensity and anisotropy was
measured using a Edinburgh CD900 time resolved spectro-
fluorometer, which utilizes the single photon counting method
to generate the decay curves. The light source was a N»
discharge lamp operated at a pressure of 1 bar. The excitation
wavelength was 337 nm and the emission was monitored at
415 nm for both DPH and TMA-DPH. The data were
collected in 1024 channels using a multichannel analyzer. In
each experiment the data were acquired to give a peak counts
of about 5000. For each sample decay curve, a corresponding
lamp profile using a scattering solution was collected. Data
were analyzed by nonlinear least square deconvolution
procedure?’. The goodness of fit was tested by chi-square and
residuals.

The decay of fluorescence anisotropy was measured by
incorporating the Glan Thompson calcite prism polarizers in
the excitation and emission paths. Samples were excited with
vertically polarized light. The decay of vertically [I,(t)] and
horizontally [Iyn(t)]polarized fluorescence intensities were
measured by collecting the data alternately between two
memory segments of multichannel analyzer. The toggling of
the emission polarizer between vertical and horizontal
positions with simultaneous change in memory segment was
automatically controlled with a dwell time of 30 sec. The
decay of anisotropy was generated from the measured time
resolved decay of I,4(t) and L.(t) using the equation:

r(t) = IVV(‘:) -G Ivh(t) / Ivv(t) + 2G Ivh(t) (1)

where G is the correction factor given by G = Ly (t)/Ips(t).
Inv(t) and Iun(t) are the vertically and horizontally polarized
fluorescence intensities on exciting the sample using
horizontally polarized light. The decay of anisotropy of
fluorophore in the membrane has been explained in terms of
the wobbling in cone model®5-2%. According to this model, the
fluorophore is considered to be in a hindered environment and
its orientational motion in the membrane is described by the
wobbling confined within a cone around the normal to the
membrane. The decay of fluorescence anisotropy of a
fluorophore in the hindered environment like membrane is
represented by:

rM =@ —re)e @ +re )

where 1, is the anisotropy at t = 0, r is the limiting anisotropy
and ® is the rotational relaxation time for the wobbling
diffusion within the cone. The relationship between the limiting
anisotropy, order parameter and the cone angle is given by

FoolTo = S2 = (/4) [cos 6. (1 + cos 6.)]? 3)

where S is order parameter and 6. is cone angle.

RESULTS

HpD binding to plasma membranes and microsomes

To understand the photoinduced alterations in the
plasma membrane and microsomes it was necessary to
study the binding of HpD to these membranes. Figure
1A shows the emission spectra of HpD bound to the
plasma membrane and the microsomes isolated from the
cells treated with HpD for 1 h. The emission spectrum
of HpD bound to the intact cells has also been shown for
comparison. It is clear that the emission spectra of HpD
bound to the membranes are different from that of cell
bound HpD. The emission spectrum of HpD bound to
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Figure 1. Fluorescence spectra of dye bound to (----) plasma
membrane, ( )} microsomes and (. } U-87MG cells.
Plasma membrane and microsomes were isolated as described
in the method section. Membranes were isolated after treating
the cells with HpD for (A) 1 h and (B) 24 h.
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Table 1. Fluorescence decay times and fractional
contributions of TMA-DPH incorporated into the membranes
isolated from the cells treated with HpD for 1 and 24 h. 7
and 7, are the fluorescence decay times whereas f, and t are
the corresponding fractional contributions. The numbers
shown in the parenthesis are the fractional contributions.

Table 2. Fluorescence decay times and fractional
contributions of DPH incorporated into the membranes
isolated from the cells treated with HpD for 1 and 24 h. 7, and
7, are the fluorescence decay times whereas f and f; are
corresponding fractional contributions. The numbers shown
in the parenthesis are the fractional contributions.

Sample Decay time(ns)/Fractional contribution Chi-square
n/fi e X
Plasma 1 h 1.80 + 0.07 5.45 +0.05 1.10
Membrane 0.31) (0.69)
24h 1.93 + 0.05 6.61 4 0.06 1.73
(0.41) (0.59)
Microsomes 1 h 2354 0.09 597 +0.75 1.19
(0.33) (0.67)
24 h 1.58 = 0.04 5.16 + 0.06 1.10
(0.45) (0.55)

Sample Decay time(ns)/Fractional contribution Chi-square
T/f i Xz
Plasma Ih 273 + 041 8.97 £ 0.04 1.28
Membrane (0.28) (0.72)
24h 3.26 £ 0.06 9.01 £0.10 1.10
(0.45) (0.55)
Microsomes 1 h 217 £0.07 8.23 +0.05 1.10
(0.22) (0.78)
24 h 2.01 £0.05 7.36 £0.05 1.10
(0.32) (0.68)

the cells exhibits three fluorescence bands at 615, 636
and 676 nm while the emission spectrum of HpD bound
to either of the membranes exhibited an emission
maximum at 636 nm with a shoulder at 626 nm and a
broad band at 696 nm. Similar measurements were
performed in the membranes isolated from cells treated
with HpD for 24 h and the results are shown in Fig. 1B.
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Figure 2. Comparison of HpD taken up by plasma membrane
(PM) and microsomes (MS) isolated from cells treated with
HpD for 1 h and 24 h. The values given are the percentage of
total HpD taken up cells.

HpD uptake by membranes

A comparison of the HpD uptake by plasma membrane
and microsomes, isolated from cells treated with HpD
for 1 h as well as 24 h, is depicted in Fig. 2. The total
HpD taken by the cells was normalized to 100% and the
accumulation of HpD by the membranes was determined
with respect to the total HpD accumulated by the cells.
We observed that the plasma membrane accumulates
more HpD than microsomal membranes when cells
were treated with HpD for 1 h. In cells treated with HpD
for 24 h, the quantity of HpD accumulated in microsomal
fraction was significantly higher as compared to the
plasma membrane fraction.

Decay time of the lipid probes

The decay of fluorescence intensity of TMA-DPH and
DPH incorporated into the isolated membranes showed
a double exponential decay. The fluorescence life times
along with the fractional contributions are given in
Table 1 and 2. No significant changes were observed in
the decay times of either DPH or TMA-DPH in any of
the membranes as a result of photosensitization.

Time dependent anisotropy of TMA-DPH

The decay of anisotropy, analyzed using Eq. (2),
exhibited the best fit for a single rotational correlation
time. The limiting anisotropy (r.) and rotational
correlation time (P) for TMA-DPH incorporated in the
membranes are given in Table 3. HpD treatment alone
for 1 h did not cause any appreciable change in the
limiting anisotropy or rotational correlation time. The
irradiation of the plasma membrane and microsomal
fractions, isolated from cells treated with HpD for 1 h,
caused no significant change in the limiting anisotropy
and rotational correlational time of TMA-DPH.
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Table 3. Limiting anisotropy ( r. ) and rotational correlation
time (®) of TMA-DPH incorporated into the plasma
membrane and microsomes with and without irradiation.
Plasma membrane and microsomes were isolated from U-
87MG cells treated with HpD for 1 h and 24 h.

Table 4. Limiting anisotropy ( r.) and rotational correlation
time () of DPH incorporated into the plasma membrane and
microsomes with and without irradiation. Plasma membrane
and microsomes were isolated from U-87MG cells treated
with HpD for | h and 24 h.

Sample Dark controls Irradiated Sample Dark controls Irradiated
g ®(ns) o ®(ns) Too ®(ns) e ®d(ns)
1h 02190003 246+032 022440003 2584039 lh 012140003 3444103  0139+0007F 2734009
Plasma Plasma
Membrane £4& 022610004 295+1.14  0238+0005" 3704034 Membrane 24h 012610011 383+ 105  0159+£0002*F 490 +0.17
lh 022020003 3.16£037  0233+0008" 3104093 Ih 014940001 415+128  0160£0007" 3361045
Microsomes Microsomes
24h 021620007 3851014  024710006™ 3654127 24h 043010001 5544055 0154+0008™ 511+055

* Not significant
** Significantly different at p < 0.05 than dark controls
*** Significantly different at p < 0.005 than dark controls

Irradiation of the membrane fractions, isolated from
cells treated with HpD for 24 h caused an increase in the
limiting anisotropy of TMA-DPH by 5.3% (p < 0.05 ) in
the plasma membrane and by 14.3% ( p < 0.01 ) in the
microsomes. However, the rotational correlation time
did not change significantly.

Time dependent anisotropy of DPH

The values of limiting anisotropy (r.) and rotational
correlation time (®) of DPH incorporated into the
membranes are shown in table 4. Irradiation of the
plasma membrane isolated from the cells treated with
HpD for 1 h increased the limiting anisotropy of DPH by
14.9% (p < 0.05). However, there was no significant

Table 5. Order parameter ( S ) and cone angle (6;) of TMA-
DPH incorporated into the plasma membrane and microsomes
with and without irradiation, Plasma membrane and
microsomes were isolated from U-87MG cells treated with
HpD for 1 h and 24 h.

*Significantly different at p < 0.025 than dark controls
*++Significantly different at p < 0.01 than dark controls

** Not Significant

*** Significantly different at p < 0,005 than dark controls

change in the r. of DPH incorporated into the
microsomal membrane. Irradiation of the plasma
membrane and microsomes isolated from cells treated
with HpD for 24 h increased the limiting anisotropy by
26.2% (p < 0.025 ) and 18.5% (p < 0.025) respectively.
There was no significant change in the rotational
correlation time in either of the membranes upon
irradiation.

Estimation of order parameter and cone angle

The order parameter (S) and cone angle (6.) were
calculated from the limiting anisotropy values using Eq.

Table 6. Order parameter (S) and cone angle(6, of DPH
incorporated into the plasma membrane and microsomes with
and without irradiation. Plasma membrane and microsomes
were isolated from U-87MG cells treated with HpD for | h
and 24 h.

Sample Dark controls Irradiated
S 6. S 0.
1h  0.749 £ 0.005 u 0.757 £ 0.005° 340
Plasma
Membrane  24h  0.761 £ 0.007 338 0.781 +0.008" 322
Th  0.751%0.005 S 0.12+0013° 328
Microsomes
24h 074410012 11 0.195 £0.019™ 310

Sample Dark controls Irradiated
S 6. S 0.
1h 0557 £0.009 87 0597 £0015* 454
Plasma
Membrane  24h  0.568 +0.025 413 0.638 +0.004 F* 426
1h 06180002 40 0.640 +0.014™ 425
Microsomes
24h  0577£0002 46.7 0.628 +0.016™ 43

* Not significant
** Significantly different at p < 0.05 than dark cofitrols
*** Significantly different at p < 0.005 than dark controls

* Significantly different at p < 0.025 than dark controls

+* Significantly different at p < 0.01 than dark controls

** Not Significant

** " *Significantly different at p < 0.005 than dark controls
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Table 7 . Activity of Na'-K'-ATPase (nmoles Pi/min/mg)
and NADPH cyt ¢ reductase (umoles Pi/min/mg) in cells
treated with HpD for 1 and 24 h with and without irradiation.

Activity
Enzyme
Dark controls Irradiated
lh 65.30 + 12.30 11.94 + 7.30
Na' -K "-ATPase
24 h 66.90 + 15.30 11.50 -+ 7.45
NADPH cyt ¢ lh 1.99 + 0.03 0.72 £ 0.13
ductas
recuctase 2h 202+ 006 0.23 + 0.07

(3). The plasma membrane and microsomes, isolated
from cells treated with HpD for | h, showed no significant
change either in the order parameter or in the cone angle
of TMA-DPH. However, in the membranes isolated from
cells treated with HpD for 24 h, the order parameter
increased while the cone angle decreased in both the
membranes, as shown in Table 5.

The order parameter and cone angle for DPH
incorporated into the membranes differed from the
values for TMA-DPH. In the membranes isolated from
cells treated with HpD for | h, the order parameter
increased and the cone angle decreased for DPH in the
plasma membrane, while the microsomal membrane
showed no significant change. However, in the
membranes isolated from cells treated with HpD for 24 h
the order parameter of DPH increased in the plasma
membrane and microsomal membranes, while the cone
angle decreased in both the membranes. These results are
shown in Table 6.

Na*-K*-ATPase and NADPH cvt ¢ reductase activity

Table 7 depicts the activity of Na*-K*-ATPase and
NADPH cyt ¢ reductase in cells treated with HpD for |
h and 24 h with and without irradiation. The activity of
the enzymes in cells treated with HpD alone for 1 or 24
h was similar to the untreated controls. The activity of
Na*-K+-ATPase was found to be 65.3 & 12.3 nmoles
Pi/min/mg protein in cells treated with HpD for | h.
Irradiation to the cells reduced the enzyme activity to
11.9 + 7.3 nmoles Pi/min/mg protein. In cells treated
with HpD for 24 h the activity of Na'-K*-ATPase was
inhibited to the same extent after irradiation as in the
cells treated with HpD for I h. The activity of NADPH
cyt ¢ reductase was found to be 1.99 + (.30 umoles/
min/mg protein in cells treated with HpD for 1 h which
was inhibited to 0.72 & 0.13 umoles/min/mg protein
after irradiation. In cells treated with HpD for 24 h,
NADPH cyt ¢ reductase activity was 2.02 + 0.06
pmoles/min/mg protein and on irradiation the activity
reduced to 0.230 + 0.07 umoles/min/mg protein.

DISCUSSION

Our earlier studies on HpD binding to intact cells have
shown that the fluorescence intensity distribution of cell
bound HpD was different in cells treated with HpD for
different durations®®”. It has been suggested that the
emission band at 636 nm in the emission spectra of HpD
bound to the cells originates due to the binding of
aggregated porphyrin to the hydrophobic sites in the
cells whereas the emission at 615 nm was due to the
binding of monomeric HpD to the hydrophilic sites in
the cells. The present study demonstrate a typical
fluorescence intensity distribution of HpD bound to the
membranes, irrespective of whether they were isolated
from cells treated with HpD for | h or 24h. HpD bound
to the isolated membranes exhibited an emission
maximum at 636 nm with a shoulder at 620 nm and a
broad band at 696 nm. The absence of 615 nm band in
the spectra of membrane bound HpD clearly suggest
that these membranes accumulate the aggregated
porphyrin. The reason for the absence of 615 nm band
in the spectra of membrane bound HpD is not known at
present. The measurement of the HpD accumulation by
the membranes showed that after shorter duration of
HpD treatment the plasma membrane accumulated
higher quantity of dye as compared to the microsomal
fraction. However, after longer duration of HpD
treatment, the accumulation of HpD was significantly
higher in microsomal fraction than in the plasma
membrane fraction, though, the quantity of HpD taken
up by the plasma membrane was similar after 1 or 24 h
of incubation. Our results are contrary to the earlier
suggestions that HpD localizes only in the plasma
membrane after shorter duration of incubation and it
migrates from the plasma membrane to intracellular
sites on increasing the duration of incubation.* Our
results showed that microsomes accumulate HpD even
after shorter duration of incubation. The increase in
HpD accumulation by microsomes on longer duration of
incubation may be due to the diffusion of HpD from
extracellular medium instead of the migration of HpD
from plasma membrane to the microsomes as suggested
carlier.

Our results on HpD binding demonstrated that both
plasma membrane and microsomes accumulate the
aggregated porphyrin. Therefore, these membranes are
most suitable systems to investigate the photoinduced
changes caused by aggregated porphyrin which has been
shown to be a tumor localizing and photosensitizing
component present in HpD. Our results showed that the
anisotropy of TMA-DPH or DPH incorporated into the
membranes isolated from cells treated with HpD alone
for either 1 h or 24 h was similar to that observed in
untreated controls. On irradiation, an increase in the
anisotropy of the lipid probes incorporated into the
membranes was found, but this increase was dependent
on the duration of treatment of cells with the dye before
isolating the membranes, the nature of the lipid probes
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and also on the membrane fractions. In both the
membranes, the anisotropy of DPH showed a large
increase as compared to TMA-DPH. DPH is a rod
shaped hydrophobic molecule and partitions into the
lipid core of the biological membranes while TMA-
DPH is a cationic derivative of DPH and partitions in
the bilayer leaflet’. These two probes can give the
structural information on the different portions in the
membranes. Our results suggest that the effect of
photosensitization is larger on the lipid core of the
membrane as compared to the outer leaflet. It is possible
that the aggregated porphyrin localizes in the core of the
membrane lipid bilayer. The accumulation of aggregated
porphyrin in the membrane core could be more with the
increase in the duration of the HpD treatment to the cells
which may be responsible for the larger changes in the
anisotropy of DPH in the membranes isolated from the
cells treated with HpD for 24 h. The more photo-
sensitivity of the plasma membrane as compared to the
microsomes may be due to the variations in the lipid-
protein ratio and the lipid composition of these
membranes.

The increase in the limiting anisotropy of the probes
implies a more hindered motion of the probe molecule
in the membrane. The limiting anisotropy of TMA-DPH
in plasma membrane of intact U-87MG cells treated
with HpD for 1h was found to be 0.250 + 0.002%¢
whereas the anisotropy of TMA-DPH in isolated plasma
membrane obtained in the present study is 0.219 &
0.003 These results suggest that the isolated plasma
membrane is more disordered than that in the intact
cells. The time resolved anisotropy measurements can
provide information on both the rate and range of the
rotational motions of the probe molecules which give the
dynamic and static information about the mobility of the
probes in the membranes?-?. The increase in the order
parameter and a decrease in the cone angle suggest that
the photosensitization affects the range of the rotational
motion of the probes. On the other hand, the rate of the
rotational motion is not affected by photosensitization as
evidenced by no change in the rotational relaxation
time.

The increase in the membrane order on photo-
sensitization may arise due to the cross linking of lipid
radicals and/or as a consequence of the formation of
lipid peroxides®”*2. Earlier studies have shown that HpD
mediated photosensitization can induce lipid peroxidation
in the plasma membrane and microsomes’?/. Lipid
hydroperoxides are formed by free radical attack at
unsaturated fatty acyl chains. Such hydroperoxides can
then decompose with the liberation of malondialdehyde.
The removal of unsaturation from fatty acyl chains
allow the saturated hydrocarbon chains to pack more
closely and make the membrane more ordered.

Structural changes in the membranes as a result of
photosensitization lead to the changes in the functional
parameters. We observed that HpD induced photo-

sensitization inhibits the activity of plasma membrane
enzyme Na"-K*-ATPase but the inhibition does not
depend on the duration of HpD treatment. Our results
are in concurrence with those of Gibson et al’/. They
have shown that Nat-K*-ATPase is highly susceptible
to photosensitization even after very short duration of
HpD treatment. In contrast to Nat-K*-ATPase, the
photoinduced changes in the activity of NADPH cyt ¢
reductase was found to be dependent on the duration of
HpD treatment. In cells treated with HpD for 1 and 24 h,
NADPH cyt ¢ reductase activity was inhibited to 35%
and 10% respectively of its value in the dark control.
These results suggest that the photosensitization of
NADPH cyt ¢ reductase is highly susceptible to the
duration of HpD treatment. However, the fact that the
HpD accumulation by the microsomal membrane was
higher than the plasma membrane can not be neglected.
It is speculated that the microsomal membrane offers
specific binding sites for the oligomeric component of
HpD. In summary, both plasma membrane and microsomes
accumulate aggregated porphyrin. The photoinduced
structural alterations observed in the plasma membrane and
microsomes suggest that the plasma membrane is more
susceptible to photosensitization than the microsomal
membrane. These results also suggest that the membrane
core is affected more as compared to the outer leaflet.
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