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In this review following topics are shortly characterised: 1. conversion of light energy into the clectric energy using the
system containing elements of photosynthetic organisms, 2. production of hydrogen-ecological fuel, produced by some
bacteria mutants,3. photodynamic cancer therapy, predominantly the use of dyc in oncology.

First of all one should establish what biophysics is.
Does the biologist studying the tissue under the
best clectronic microscope automatically becomes
the biophysicist? If he only describes the structure
of the tissue, that means — he isn't. He 15 sull the
biologist using specialised physical equipment. As
soon as he reaches for the atom force microscope
and will base the interpretation of his macromole-
cule observation on the theory of intermolecular
inleraction, then he can be called a Biophysicist.
One may say generally that Biophysicist uses the
theory of physics to explain processes which take
place in organisms, il it wasn’t for the fact that
nowadays the interpretation of theory of physics
takes into account only very sophisticated, formal-
ised mathematical reasoning, whercas in biophys-
ics we often reach for the already well known, very
basic principles of physics. Therefore Biophysicist
needs to be a biologist as well as a physicist at the
same time. It does not mean at all that he has to
have two degrees or graduate from The Faculty of
Biophysics but has to be able to deal with two
subjects simultaneously at once.

In the past people could cope to perfection in
many ficlds. Copernicus for example was not only
an astronomer bul also a physician and an econo-
mist. Goethe did not only deseribe “The Sulferings
of the Young Werter” and ups and downs of Faust
but also eagerly fought in one of his thick publica-
tion against Newton's views - that the white light
can be obtained by the overlapping of multicolour
light beams. He was far better at biology and very
inquisitively analysed the similarity of various
organisms. Such results at a later stage help Dar-
win to form the theory of evolution. Goethe, defi-
nitely was not the Biophysicist — his studies in
physics and biology were performed completely
separately. We have learned of his activities in

science pretty recently from a very interesting book
by A. K. Wréoblewski “Scientists in Anecdote™
(Wrdéblewski, 1999).

Due to a very vast number of information and the
development of research methods in various fields
there used to be a trend for a very narrow speciali-
sation. Then, such professions as a physicist.
chemist or a biologist existed completely sepa-
rately, but now is the tendency to carry studies on
the boarders of these three domains. It was not
only in order to avoid a very narrow specialisation
where one knows “everything about nothing” but
also to get advantage of numerous different appli-
cations, based on achievements gained on the
boarder of various fields.

In technics the results of physical research were
utilised from as long as one can remember. Ana-
lysing the nature, physicists did not think of a
practical applications of their findings. Once
someone asked professor A. Kastler if he had ever
thought of laser and its use when he was working
on the optical pumping. He very sinccrely stated
that what made him happy was the possibility of
oblaining high population of excited states, but at
that stage he never thought of the practical use of
such effeet. Only further years introduced the in-
vention of laser and the numerous applications of
lasers in physics, technology and medicine.

It is very similar with Biophysics: it is very diffi-
cult to predict as to what one can apply onc’s re-
search as there is more and more usage. We would
like to talk only about a few of them — the ones
which we dealt with in our laboratory, such as:

(i) converston of light energy into the electric
energy using the system containing ele-
ments of photosynthetic organisms,

(ii) production of hydrogen ecological fuel,

produced by some bacleria mutants,
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Fig. 1 Simplified scheme of photosynthesis . Z" proc-
ess of algae and green plants (PS 1 PS 11 - photo-

systems first and second; P700, P690 — reaction
centres of PS Tand IL
(i) photodynamic cancer therapy — or gener-
ally speaking — the use of dye in oncol-

ogy.

It is worth reminding ourselves the process of
photosynthesis. We all know that in the autotrophs
such as higher plants, thanks to the absorption of
light and the use of carbon dioxide as well as due
to decomposition of water, carbohydrates (CH,0)
are synthesized according to the following reac-
tion:

nCO, +nH,0—"-n0, +(CH,0), )

Every day we witness the effect of plants re-
freshing air due to carbon dioxide being absorbed
and oxygen being emitted, both of which happen in
a rather complex, strongly anisotropic photosyn-
thetic apparatus ol organisms. There are several
different pigments responsible for absorbing radi-
ant energy in photosynthetic organisms, with ab-
sorption spectra matching the spectrum of the light
reaching the organisms.

In order to get one “brick” of carbohydrate
CH-0 one needs eight quantum of light; four for
each photochemical reaction taking place in two
reaction centres. For the photosynthesis to tlake
place, both centres have to co-operate with one
another. Some “dark”™ reactions also need to take
place which we will not discuss but which are
marked in Fig. 1. The process of light absorption
and excitation energy transfer to reaction centres
takes place in pigment-protein complexes. These
pigmented macromolecules called antenna com-
plexes are arranged in such a way so they force
migration of the excitation energy in the privileged
direction to the reaction centre. It happens thanks

to the way the dye complex with lower excitation
energy being placed closer to reaction centres. As
we know it is much easier to diffuse part of the
energy into the heat than getting it back. The trans-
fer of the energy takes place without emission and
absorption of quantum - only excitation energy gets
through. Mechanism of transferring such encrgy
depends on the structure of photosynthetic appa-
ratus. If pigments are attached to large macromole-
cules and thanks to this are quite far away from
each other (“quite far away” needs to be under-
stood in the language describing micro world — it
usually is a distance of a few nm), such a passing
of energy has in approximation a Forster resonance
character (Lakowicz, 1999; Kawski, 1992),

Similar mechanism of the transfer of the excita-
tion energy takes place in diluted dye solutions
(Lakowicz, 1999; Kawski, 1992). The energy re-
turns among our antenna molecules are hardly
probable - more probable is the roaming of the
excitation between antennas with lower and lower
excitation energy and after there trapping it in the
reaction centre. The excitation energy in reaction
centre is used for the charge separation and after
further reactions is responsible among others for
the difference of potentials between both surface of
the membrane (Fig. 1). Some parts of the photo-
synthetic apparatus can be used in arrangements
for conversion of light energy into electric cnergy.
It is in simplification the description of the run of
the photosynthetic process in such complex organ-
isms as the higher plants.

Photosynthetic bacteria thal appeared in the
evolution period much earlier are simpler. There
arc many types of these bacteria in nature — such as
purple, green, cyjanobacteria etc. Their antenna
systems are very well adjusted Lo the range of light
penctrating their existing environment. Some of
them live in deep lakes and they take hydrogen not
from the water decomposition but from sulphur
compounds present in their environment:

nCO, +nH,8—»(CH,0), +2nS+nH,0 (2

TRANSITION
MOMENT

Fig. 2 Chlorosome structural model - green bacteria
antenna complex.
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cules (Fig. 2). Dye molecules are placed so close to
each other and exhibit such strong mutual interac-
tions, that the process of excitation energy migra-
tion between them cannot be explained with the
Forster resonance theory. Dexter theory can match
better. According this theory the exciton migrates
between molecules packed so closely that their
electron clouds partly overlap one another. This
theory described very well the excitation migration
in molecular crystals. The antenna complexes of
various  organisms  have different structure and
differently packed pigments. Because of this
Kenkre-Knox theory [6] tends to fit best the de-
scription ol the migration of the excitation energy
in biological systems. The thcory assumes that
there is an intermediale interaction between week
(resonance — as in Forster’s theory) and strong
(Dexter's — exchange theory). In Kenkre and
Knox's theory both of the above theories are in-

ground staie
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Fig. 3 Transition moments x and v loca-
tions in Chl « molecule skeleton; sim-
plified Jablonski diagram of energy
levels and main electronic transitions
and absorbance spectrum of Chl a.

absorbance

cluded as limiting cases. How to recognise which
reactions occur in a particular antenna complex?
The answer gives the comparison between the
theory and the experiments. If we know the dis-
tance between antennas (from structural experi-
ments) and the probability of excitation transfer
(from spectral analysis) then we can point out the
dependence of probability of energy transfer from
the distance between the donor and acceptor of
energy (R). In Forster's resonance theory it is pro-
portional to R™®, in Dexter’s theory to R™ and in
Kenkre-Knox theory index has an intermediate
value dependent on the interaction strength among
molecules.

All the above three theories have one character-
istics in common : they take into account mutual
arrangement of transition moments. The probabil-
ity of cnergy transfer depend on the angle between
the directions of the emission transition moment of

Fig. 4 The ways of molecule exci-
tation and the paths of energy
deactivation.
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olccule being a donor encrgy and the absorption
transition moment of the acceptor of excitation
energy. Tt becomes highest when the transition
moments are parallel and disappears when they are
perpendicular. The absorption transition moment is
connected with every one transition between elec-
tronic energy states. Consequently emission transi-
tion moment is related with the fluorescence emis-
sion. The positions of transition moments of the
most important dye of plant -chlorophyll « located
on the surface of porphyrin ring and the arrange-
ment of cnergy levels in its spectrum of absorption
and emission are shown in Fig. 3. Vibronic transi-
tion moments marked as x, cross I and II pyrrole
rings. the ones marked as y — II and IV pymole.
Fig. 3 shows also the position of O, and Q, bands
in the range corresponding the absorption from
state S,>8, and B, and B, within the Soret band
(5,>51) (S — singlet state). Transition moments x
and y arc only approximately mutually perpen-
dicular and the exact angle between them depends
on groups attached 1o the ring as well as on the
surroundings of chlorophyll molecule (Surma &
Frackowiak, 1970). The yield of the energy trans-
fer between dyes depends strongly on mutual ori-
entation of molecules being the donor and the
acceptor of the energy. Due to the vast develop-
ment of the molecular structure rescarch given by
the diffraction as well as the microscopic methods
(i.e. Atomic Force Microscopy) (Binning & Ro-
hrer, 1987) and also by ultra fast spectral methods
(Holtzwarth, 1995; Zinth, Arlt, Hamm, Bibikowa,
Dohse, Oesterhelt, Meyer & Scheer, 1995), one
can presently compare experimental results of the
migration of the excitation energy between anten-
nas and the reaction centres with theoretical pre-
dictions. For chlorosomes (Fig. 2) Fetisova et al.
(Novoderozhkin & Fetisova, 1995; Fetisova, No-
voderzhkin, Taisova, Uzbekov, Freiberg, Tipmann

Fig. 5 Deposition of lipids monolay-
ers by Langmuir-Blodgett method:
() vertical .Y-type” method and
(b) horizontal , X-type”.

& Belozersky, 1995) compared excitons properties
achieved by “permanent hole burning”™ (meaning
absorption spectrum changes of the sample illumi-
nated by strong monochromatic radiation) with the
assumption regarding the excitons properties tak-
ing into account different models of the interaction
between  bacteriochlorophyll ¢ molecules. This
method received the compatibility between the
theory and the expericnce only for strongly inter-
acting chains built out of dye molccules. A group
of Japanese scientists reached the similar conclu-
sion however with the assumption of different
placement of these chains (Mimuro, Matsuura.
Shimada, Nishimura, Yamazaki, Kolayashi. Wang,
Nosava, 1995). Their investigation was buscd on
the analysis of the fluorescence speetra. Our own
research (Martynski, Frackowiak, Miyake, Dud-
kowiak, Piechowiak, 1997), based on fluorescence
microscopy as well as polarised light spectroscopy
confirmed that the arrangement of Q, transition
moments is almost parallel to the axis of cylindri-
cal rods ( Fig. 2)

Fig. 3 presents Jablonski’s diagram describing
basic mechanisms of luminescence emission ({luo-
rescence — F, delayed fluorescence — DF and phos-
phorescence — Ph). The molecule can be excited on
a different way, but for the purpose of conversion
of the light into electric energy il is necessary to
absorb the electromagnetic radiation quanta. The
system can return to the ground state also in a
different way: by the luminescence cmission (fluo-
rescence, delayed luminescence), conversion of the
excitation into heat (TD), excitation energy transfer
to another molecule (ET), or through photochemi-
cal reaction (PCh) ( Fig. 4). Antenna systems are
characterised by high efficiency of the excitation
transfer towards reaction centres and reaction cen-
tres are distinguished by high cfficiency of charge
separation reaction.



Biophysics in technology and medicine 7

semiconducting
electrode (In,0.) l

electrode (Au)

glass plates

teflon distancer

(Cil-1c A

Fig. 6 Scheme of asymmetrical photoelectrochemical
wsandwich™ cell for the pigment photovoltaic prop-
cities  measurements.  Photopotential — generation
mechanism in asymmetrical cell with Chl a in liguid
crystal (energy levels structure) (Dudkowiak ef al.,
1996).

The sum of quantum efficiencies of all the paths
of excitation energy deactivation equals:

b +D, + O, + D+ D, =1 3)

In our laboratory we can investigate all the above
ways of deactivation of the absorbed energy. We
are able to measure (Tuorescence, delayed [luores-
cence, phosphorescence, photothermal spectrum as
well as the process of charge separation. Due to the
complexity of the structure of the photosynthetic
apparatus or even less complicated models of this
apparatus, we use polarised light in investigation of
all these spectra (Goe, Hara, Tateishi & Miyake,
1996; Frackowiak, Zelent, Malak, Cegielski, Plan-
ner, Goc & Niedbalska, 1994; Enomoto, Takeda,
Nakamura, Miyake, Ptak, Dudkowiak & Fracko-
wiak, 2000).

Now as we became familiar with photosynthesis
secrets, we can pass to the constructions of the
systems to the conversion of the light energy into
the electric one using elements of photosynthetic
organisms. What sort of conditions do these com-
plexes have to fulfil in order to be economically
Justified? They need to show good enough conver-
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sion efficiency, have to fit within the sun spectrum
reaching the Earth, be relatively cheap and be
possibly stable in time. Also they should be envi-
ronmentally friendly. The last condition is always
fulfilled for these complexes, as the used elements
of the organisms do not affect the environment
similarly (o the falling leaves. One has to work
extremely hard in order to retain the semi biologi-
cal complexes. The Japanese who co-operate with
us have great achievements in this ficld. The effi-
ciency of the conversion depends on mutual orien-
tation of antennas molecules and reaction centres.
In Goc works (Goc, Hara, Tateishi, Miyake, Plan-
ner & Frackowiak, 1997; Miyake, Hara, Goc,
Planner & Wrobel, 1997), carried out in coopera-
tion with The National Institute of Advanced Intcr-
disciplinary Research (NAIR) in Tskuba (Japan),
antennas and the reaction centres were arranged in
Lanmuir-Blodgett mono layers. Fig. 5 explains the
rules of this method on an example of settling
down of lipids. Mono layers were formed on the
boundary of liquid “sub- phase” and the air (or
another gas), and then deposited on quartz surface.
We used native reaction centres of purple bacteria
and chlorophyll @ (plant pigment) as an antenna.
Reaction centres and pigments were incorporated
into liposomes - lipid vesicles popular also in cos-
metics. Liposomes brought onto the sub-phase
surface were getting deformed changing the round
shape into the ellipsoidal one, then cracking form-
ing two lipid layers with reaction centres and dyes.
The series of the antenna-centre layers were placed
on the semi-conductive eclectrode. The second
electrode was made out of precious metal —gold or
platinum. Both have to be in transparent to a large
extent: the semi-conductive one in order to let the
active light into electrochemical cell, metal one —
to get rid of the light which has not been used to
induce the antenna dye (Fig. 6). Excited antennas
transfer their excitation energy (o the reaction
centres in which under the influence of oxidation
they are able to transfer electrons to the conduction
band of the semi-conductive electrode. The illumi-
naled cell is thus the source of the electrochemical
force. In order to reach the efficient system we
have 1o join the whole series of these cells, as the
output of the conversion in the single one is still
low.

Do such systems have the future? Different
sources of energy presently used have faults, such
as: resources of the crude oil will soon run out and
there are a lot of problems with the wastes of the
nuclear reactors. Maybe we should, for example,
put up small “rools” out of photo-electrochemical
cells over motorways and cover the roofs of houses
with them, then we would obtain an ecological
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Fig. 7 Absorbance spectra (a) and photopotential ac-
tion spectra (b) of green bacieria in electrochemi-
cal cell. 'The curves represent: (1) — native bacle-
ria. (2)-(4) — bacteria with increasing intensity of
vligomers desagregation (747 nm) (Ptak

source of energy. It, of course, is the vision of the
future but not that remote. The described model is
onc of very many tested by oursclves (Ptak,
Chrzumnicka, Dudkowiak & Frackowiak, 1996;
Dudkowiak, Francke, Amesz, Planner, Hanyz &
Frackowiak, 1996a; Dudkowiak, Francke, Amesz,
Planner & Frackowiak, 1996b; Plak, Dudkowiak &
Frackowiak, 1998). Practically each dye-protein
complex set in the illuminated photo electrochemi-
cal cell can generate photopotential. The whole
point is about constructing the most productive
system. There are a lot of traps awaiting the con-
structors of such systems. For example — after
placing whole green bacteria in the cell, photopo-
tential action spectrum does not indicate the maxi-
mum connected with absorption of oligomers in the
chromosome (747 nm) (Fig. 7). As the oligomer
desagregates, the maximum connected with desag-

DL Intensity [counts]

m 1 1 L 1 1 I
0 100 200 300
Temperature [K]

Fig. 8 Temperature dependence on delayed lumines-
cence intensity of Chl ¢ in PVA; (1) A = 678
. €2) A= 740 nm; e = 13 A 10 M, A, =
418 nm, time window: 0.2 - 5.2 ps.

gregated dye (about 670 nm) increases in the ab-
sorption spectrum as well in the spectrum of photo
potential action, whercas in the area of chlorosome
oligomer absorption there is no recordable photo-
potential gencration. It is connected with a very
effcctive (ransfer of the excitation energy to the
further parts of donor-acceptor chain of the con-
veying energy. The case is completely different if
oligomers are placed dircetly in the electrochemi-
cal cell. Electrons are then transferred to the ac-
ceptor which is the semi-conducting electrode.
There is an next example ol a dangerous inter-
pretation presented in Fig. 8. The observed lumi-
nescence which is emitted by chlorophyll mono-
mers is a delayed fluorescence (Fig. 3) emitied
from singlet state after a thermal transition from Ty
>S; as it disappears with the decrease of the em-
perature. The emission of the luminescence of the
aggregales has a completely different character, as
its intensity increases together with the cooling of
the sample. This emission comes from ions recom-
bination leading to the excited state S; and delayed
cmission. Presented examples show that we need to
establish very carefully the character of molecular
processes undergoing in the examined model.
Arother interesting way of technical use of pho-
tosynthetic process is hydrogen production through
mutant strains of bacteria. The appropriately mu-
tated bacteria, instead of producing hydro carbon-
ates only for its own use, emit hydrogen very cf-
fectively. Hydrogen fuel is very interesting from
the point of running of the vehicles. As we all
know, burning hydrogen generates water so this
process is  environmentally  friendly.  In
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collaboration with our Japancse colleagues we
examined the efficiency of how the excitation
energy in antennas reaches the reaction centres in
mulated bacteria (Vasilieva, Miyake, Goe, Planner
& Frackowiak, 1999). Modified set of antenna
complexes in mutants was different than in wild
strain of the same bacteria. Contrary to the several
antenna complexes LHI of the wild strain of the
bacteria which are usually placed in (he nearest
surroundings of the reaction centres (Fig. 9), mu-
tants had fewer complexes LHI. Besides the trans-
fer of the energy, for both types of bacteria strains
we studied other ways of deactivation of the an-
lenna excitation. It is very well known that antenna
complexes are photo-chemically very stable, there-
fore their excitation energy which is not passed to
the centres can be only emitted as luminescence
(fluorescence or delayed luminescence) or also
converted into heat. We therefore analysed photo-
acoustic spectra and, as a result of the division of
the photoacoustic signal by the proper quantity of
absorption, we obtained the efficiency of the ther-
mal deactivation of individual types of antennas.
We also measured fluorescence and delayed lumi-
nescence spectra at the excitation of individual
dyes. Afler analysing thesc spectra we reached
conclusions concerning the processes of the energy
transfer between pigments of antenna and the reac-
tion centres. [ appeared that mutants, apart of
having changes in the antenna complexes, cope
very well with supplying of the excitation energy to
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Fig. 9 Scheme of pigment-protein com-
plexes orientation in lipid bilayer of
purple photosynthetic  bacteria.  Ar-
rangement of pigment molecules n
photosynthetic unit (PRU) composed
of reaction centre (CR), surrounded by
antenna LHI core complex and pe-
ripheral antenna complexes LH2,

the centres. Therefore such is thew high efficiency
of the hydrogen production (Vasilieva et al.
1999),

Another way of applying the production of hy-
drogen was analysing how organisms do it and re-
create similar molccular processes in an artificial
system. In this case the physiological process was
Just a model of a technological process. H. Tien of
USA (Goe & Tien, 1993) happened to choose this
way. A partition, dividing two chambers — 1wo
watery arcas, onc of which was 3S electrolyte and
the other — sca water, played the vital part in his
device. Shotky's barrier acted as the model of
membrane was built out of polycrystalline layer of
cadmium selenide placed on a thin nickel foil
(Fig. 10). The system was illuminated from CdSe
side, which caused the shooting up of photo-

Fig. 10 Scheme of septum SC-SEP cell with Schotky
barrier which play a rule of membrane dividing two
aqueous solutions: structure of SC-SEP energy levels
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at present — the production of hydrogen by the
mutants of purple bacteria seems (o be more
promising (Vasilieva et al., 1999). That is all as far
as the application in the technology is concerned.

Now — the medicine. We shall only talk about so
called photodynamic ( PDT) therapy and diagnos-
tics based on the experiments carricd out in our
laboratory. It is worth mentioning that this is only a
small part of the application of biophysics in medi-
cine. Presently there is no such physical mcthod
which is applied to the biological macro molecules
experiments or the whole tissue, which would not
have the use in medicine. For example — in The
Institute of Nuclear Research in Cracow, under the
guidance of professor A. Hrynkiewicz, a method of
pointing out the elastic characteristics of the cells
with the help of an atomic forces microscope, has
been elaborated. This method, applied by Dr. M.
Lekka lets us distinguish healthy cells and the
cancer oncs. The ones who are interested in the
applications of biophysical methods in medicine,
we would refer to books by Hrynkiewicz (1999,
2000).

In this article we shall confine ourselves. simi-
larly as in the technical applications, just to the
experiments which we carry out.

In photodynamic therapy onc has to incorporate
into tissue the photo sensitizer which alter being
highlighted, uswvally creates singlet oxygen '0,
strongly affecting tissues causing their degradation.
Photo sensitizer useful in cancer diagnostics or
therapy has to fulfil the following conditions:

(i) has 1o be ahsorbed sclectively, meaning
more by malignant tissues than by the
healthy ones,

(11} cannot be toxic for healthy cells and nceds
to be soon eliminated from them,
(i) should efficiently produce singlet oxygen

in cancer cells,

The first two conditions are important in diagnos-
tics. The fluorescence of the sensitizer is very often
used in diagnostics, as it is very important that it
would staincd the malignant cells. Fluorescent in a
characteristic way areas of the infected cells are
removed via an operation.

A tissue exhibit its own emission, which has 10
be distinguish from the sensitizer cmission. The
light is inserted into the internal organs through an
optical wave-guide in order to excile the fluores-
cence. Similarly, it applies to the emntted light. A
beam of light is submitted to a set of the complete
internal reflections, moving this way along the
optical wave-guide. Tissues apart [rom the fluores-
cence show a delayed luminescence. The genera-
tion of the fluorescence, delayed fluorescence and
the phosphorescence is explained in Tig 3. All
these types of the light emission have a very wide
application in medicine. Iluminated healthy and
malignant tissues show differcnt light emission not
only after applying the sensitizer on them, but they
have their own dilferent luminescence. Pictures
observed under the lNuorescence microscope sup-
ply us with more information about the distribution
of different substances changing the fluorescence
in the analysed tissue.

The reactions which take place in the tissue,
which absorbed the molecule of the sensitizer P
can be described in short in the following way:

PAS.) + hv > P(S)) 2 isc > P(T)) (4)

Molecule of the sensitizer P in ground statc is
excited by light to singlet state and through the
inter-system crossing (isc) Lransition can undergo
to the triplet state.

It is known that the electron can stay fairly long
on the level T), therefore there is & high probability
to interact of the molecule P in triplet state with the

Fig. 11 Scheme of flow cylomery.
AL argon laser, FC cell
stream. FLSD 1 RLSD — detectors
of light incident in front and per
pendicular direction. GFD. OF.
RFD - fluorescence emission de-
tectors (G — green, O — orange. R
- red). F — filter (Wikiorowicz er
al,, 1995).
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Fig. 12 Light scaitening dependency on front and
perpendicular direction for investigated sample
(Frackowiak ef al., 1998). A - lymphocytes area,
B - granulocytes, C — monocyies.

oxygen molecule in triplet state according to the
following reaction:

P.T)) +'0; P(S,) +'0; 5
As the result we get very active molceules of sin-
glet oxygen 'O, which destroy biological macro-
molecules. as well as the sensitizer ready for the
use once again. In order for the photo-sensitive
reaction to take place the light must get across the
tissue to reach the sensitising dye. placed within
this tissue. The dye has to absorb the light in the
area hardly absorbed by the tissues. Such a
“window” of absorption appears within the red and
infrared (650 nm - 900 nm) range. Apart from that,
the dye must be transferred to these tissues. Some-
times it is inserted with intravenous injection or by
applying an ointment. In our experiments the cells
are incubated m the dye solution outside the or-
ganism. Contrary to the expectations, the last
method has a very wade clinical use. The bone
marrow, collected form the leukaemia patient, can
be incubated with the dye and if the dye is ab-
sorbed only by malignant leukocytes, then after

being illuminated they get destroyed. After division
of the remains of the broken leukocytes by cen-
trifugation. the bone marrow may be inserted again
into the spinal cord of the patient. Such a transplant
is never rejected. Unfortunately, all dyes so far
applied are introduced, to some extent also into
healthy tissucs and after the penetration of the
light, destroy them as well. Therefore, we still
scarch for the ideal photo sensitizer which would
not only be inserted selectively into the infected
tissues, but also destroy them. Tt is very interesting,
that some pigments denvatives of photosynthetic
organisms are good sensitizers. We carried out the
research of the usefulness of various porphyrins
and also of a large group of stilbazolium merocya
nines (Ion, Planner, Wiktorowicz & Frackowiak,
1999; Frackowiak, Wiktorowicz, Cofta, Niedbal-
ska & Latosifiska, 1995; Wikiorowicz, Niedbalska,
Planner, Frackowiak, 1995). An examination of a
large group of dyes allows us to come (o more
general conelusions, which show the way to further
experiments. One can, for example. decide if neu
tral molecules are better or privileged are dyes with
the charge, or as long chains attached to rings can
help the penetration of molecules through molecu-
lar membranes. Somewhat there are some problems
with the penetration of photo-sensitizers to the
lissues, so sometimes one uses additional
“vehicles” which help sensitizer molecules to get 1o
the malignant cells. Liposomes are such “vehicles”
in the middle of which a sensitizer can be present.
During our experiments we do not introduce of
course new dyes into ill persons organisims but we
bring them into so called resting or activated leu-
kocytes (Frackowiak, Planner, lon & Wiktorowicz,
1998). Blood is taken from a healthy donor. Part of
leukocytes are activated, it means incubated, not
only with the dye but also with the substance which
makes them resemble malignant cells. We analysed
the structure of cell membranes that had been
wreated with different activators that we come
across in literature. It turned out that their activity

Fig. 13. Fluorescence inten-
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varies. Some very strongly interfere with the cell
structure, in particular its membrane. Therefore, we
cannot compare the results obtained for various
activators: it is best to test them on blood samples
of a truly ill donor. However, even here, we come
across certain problems — the blood taken from
different, cven healthy donors, docs not react in the
same way with dyes and activators. How do we
find a solution? One can do all sorts of experi-
ments on blood obtained from different donors and
only treat seriously such results which can be re-
peated in such conditions.

How do we cxamine penctration of the dye into
cells and their possible lesion? The analysis of
absorption, fluorescence, delayed luminescence
and photo-thermal spectra come of an advantage.
The latest show us which part of the light is ex-
changed into heat instead ol producing singlet
oxygen. Studying the spectra of the oriented cells
using the polarised light provides us with informa-
tion about cell structure. Flow cytometry plays also
a very important role in experiments (Fig. 11). The
stream of [lowing cells is illuminated by almost
parallel to it laser light beam. Depending on the
size and propertics of the cell surface, the number
ol quanta scattered along and across the beam
changes. The picture of dependence of the number
of quanta scattered in these dircctions supplies us
with information about the properties of cells heing
cxamined. Fig. 12 shows arcas of scattering for
lcukocytes, granulocytes and  monocytes. The
number of cells emitting fluorescence of a certain
colour is also recorded (Fig. 13). The dependence
of the number of counted cclls on the intensity of
emission in the given area of spcetrum provides us
with information about incorporation ol dye into
cells. The intensity of the fluorescence depends
also on the efficiency of the emission of fluores-
cence dyc in the cell. With the help of cytometer
we directly get some information ol possible cell
lesion and about dye penctration into the sample.
Photodynamic therapy presently develops very
fast. We have previously (Frackowiak er al., 1998;
Frackowiak, Planner & Wikiorowicz, in press)
described in more detail its application in differcnt
domains of medicine. Studying current pro-
grammes of international photo-biophysical con-
ferences, we can assure owrselves that the subject
together with the environment protection is highly
in favour.

We hope that presented studies underline that
Biophysics is useful not only in biological analysis
but also has numerous practical aspects — both
technical and medical.
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