
 

0026-2617/02/7103- $27.00 © 2002 

 

åÄIä “Nauka

 

/Interperiodica”0298

 

Microbiology, Vol. 71, No. 3, 2002, pp. 298–301. Translated from Mikrobiologiya, Vol. 71, No. 3, 2002, pp. 345–348.
Original Russian Text Copyright © 2002 by Strakhovskaya, Belenikina, Ivanova, Chemeris, Stranadko.

 

Yeasts, which are unicellular eukaryotic microor-
ganisms, are widely used as model systems for study-
ing the mechanism of photodynamic chemotherapy at
the cellular level [5, 6, 9–11, 22, 23]. The recent atten-
tion to this problem has been stimulated by the ever-
increasing resistance of pathogenic fungi and yeasts
to drugs and the need for alternative therapeutic
methods [12, 16], such as photodynamic antimicro-
bial chemotherapy [20]. The last method is based on
the phenomenon of the inactivation of microbial cells
by active oxygen species generated by the photoex-
cited molecules of sensitizers. With photochemother-
apy, as opposed to conventional chemotherapy, these
is no problem of developing cell resistance because
of a large number of potential targets for oxidative
destruction (such as proteins, enzymes, and unsatur-
ated lipids). The investigation of the photosensitiza-
tion of 

 

Candida

 

 species, about 10% of which are
pathogenic or opportunistic [18], is of particular inter-
est.

Some photosensitizers, including phenothiazines
[14] and porphyrins [3, 5, 6, 9, 15, 21–23], possess high
fungicidal activity. Earlier, we devised a method for the
endogenous photosensitization of yeasts by inducing
the biosynthesis and intracellular accumulation of pro-
toporphyrin IX [1, 2, 19].

The aim of the present work was to evaluate the pho-
tosensitizion efficiency of photodithazine, a glu-
cosamine salt of chlorin 

 

e

 

6

 

, and to study its effect on the
inactivation of 

 

Candida

 

 

 

guilliermondii

 

 cells by visible
light.
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MATERIALS AND METHODS

 

Strain and growth conditions.

 

 Experiments were
carried out with a diploid strain of the yeast 

 

Candida
guilliermondii

 

 obtained from the Laboratory of Selec-
tion and Physiology of Microorganisms, State Research
Institute of Protein Biosynthesis, Moscow, Russia.
Growth conditions and the induction of the biosynthesis
of protoporphyrin IX with 0.4 mM 5-aminolevulic acids
and 0.2 mM 2,2'-dipyridyl are described earlier [1].

 

Illumination experiments.

 

 A suspension contain-
ing 

 

10

 

6

 

 yeast cells per ml was placed in a temperature-
controlled cuvette (

 

22°

 

C) 1 cm in diameter and irradi-
ated with visible light of wavelengths longer than
380 nm from a DRSh-1000 high-pressure mercury
lamp equipped with a BS-8 light filter and a heat-
absorbing water-filled trap. The distance to the sus-
pension from the lamp was 15 cm. The suspension
was illuminated with stirring at a fluence rate of
50 W/m

 

2

 

, which was measured with a high-sensitivity
Hilger FT 16.1/622 thermocouple calibrated using an
F116/1 galvanometer.

 

Yeast survival.

 

 The survival rate of yeast cells was
determined as described earlier [1]. 

 

The photosensitivity 

 

of yeast cells was defined as the
reciprocal (

 

1/

 

D

 

37

 

) of the illumination fluence (in kJ/m

 

2

 

)
that provided for the 37% cell survival rate (

 

D

 

37

 

). The
photosensitivity of cells has the dimension m

 

2

 

/kJ.

 

Photodynamic inactivation. 

 

Immediately after the
illumination of a suspension containing 2 

 

× 

 

10

 

7

 

 cells/ml
with a certain fluence of visible light, its aliquot was
transferred to the temperature-controlled (22

 

°

 

C) mea-
suring cell of a Clark-type oxygen electrode, and the
rate of oxygen consumption was measured using an
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Abstract

 

—Photodithazine, a glucosamine salt of chlorin 

 

e

 

6

 

, is highly effective in sensitization of 

 

Candida
guilliermondii

 

 cells to visible light. The sensitizing effect of photodithazine was found to be related to free or
cell surface–bound molecules of this dye. Sodium azide (a singlet oxygen quencher) and propyl gallate (an
inhibitor of lipid peroxidation) protected yeast cells from the photodithazine-enhanced photoinactivation.
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LP-7 polarograph (Czech Republic). The same suspen-
sion was used to prepare serial dilutions for the deter-
mination of cell survival.

 

Protoporphyrin IX was extracted 

 

from yeast cells
by shaking a separatory funnel containing 100 mg of
wet cells suspended in 9 ml of a chloroform–methanol
(2 : 1) mixture at 

 

4°

 

C for 30 min. After the separation
of phases, the lower chloroform phase with the
extracted protoporphyrin IX was collected, and its con-
centration was determined spectrophotometrically
from the absorbance at 405 nm. The molar extinction
coefficient of protoporphyrin IX (189 mM

 

–1

 

 cm

 

–1

 

) was
determined from a calibration curve. The concentration
of protoporphyrin IX was calculated per the cell num-
ber and per the cell volume. The number of cells used
for the extraction of protoporphyrin IX was determined
microscopically using a Goryaev counting chamber.
The mean volume of one cell was calculated by assum-
ing that its mean dimensions are 8.5 

 

×

 

 6 

 

×

 

 6 

 

µ

 

m. 

 

Porphyrin spectra

 

 were recorded in a Hitachi-557
spectrophotometer (Japan).

 

Reagents.

 

 Chlorin 

 

e

 

6

 

 and its glucosamine salt pho-
todithazine were obtained from the ZAO Veta (Mos-
cow, Russia). All other reagents were purchased from
Sigma (United States).

RESULTS AND DISCUSSION

Figure 1 shows the effects of photodithazine, chlorin

 

e

 

6

 

, and endogenous or exogenous protoporphyrin IX
(PP IX) on the sensitivity of 

 

C

 

. 

 

guilliermondii

 

 cells to
the inactivating action of visible light. The induction of
the synthesis of PP IX in 

 

C

 

. 

 

guilliermondii

 

 cells by the
previously developed method [1], which allows the
intracellular concentration of PP IX to reach about
2 

 

µ

 

M, led to an 8-fold increase in the cell photosensi-
tivity. At the same time, even at a considerably higher
concentration (20 

 

µ

 

M), the exogenously added PP IX
almost did not enhance the cell photosensitivity.
According to Ricchelli [17], the high photosensitizing
activity of endogenous PP IX is due to its occurrence in
cells in a monomeric form, which is characterized by a
high quantum yield of singlet oxygen generation. The
37% survival rate of 

 

C. guilliermondii

 

 in the presence
of 2 

 

µ

 

M chlorin 

 

e

 

6

 

 was observed under illumination at
fluence of 22.8 kJ/m

 

2

 

, i.e., at an order-of-magnitude
lower fluence than in the absence of chlorin 

 

e

 

6

 

. The pho-
tosensitization efficiency of 2 

 

µ

 

M photodithazine was
25% higher than that of 2 

 

µ

 

M chlorin 

 

e

 

6

 

, which may be
due to a better solubility of photodithazine in water and,
hence, to a lower degree of aggregation of photodithaz-
ine molecules in aqueous solutions. When the concen-
tration of photodithazine was raised to 20 

 

µ

 

M (i.e., by
ten times), its photosensitization efficiency increased
by more than 25 times (Fig. 2).

Experiments with the varied time of cell preincuba-
tion with photodithazine showed effective yeast photo-
sensitization (30% cell survival) even after short (15 s)

incubation with the dye (Fig. 3, curve 

 

1

 

). The photosen-
sitizing effect increased with an increase in the preincu-
bation time to 10 min. In this case, the survival rate of
unilluminated photodithazine-treated cells changed
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Fig. 1.

 

 The photosensitivity of (I) control 

 

C. guilliermondii

 

cells, (II) cells with the induced synthesis of protoporphyrin
IX, as well as cells incubated with (III) exogenous protopor-
phyrin IX, (IV) chlorin 

 

e

 

6

 

, and (V) photodithazine added at
concentrations of 20, 2, and 2 

 

µ

 

M, respectively. 

 

Fig. 2.

 

 The dependence of the photosensitivity of 

 

C. guilli-
ermondii

 

 cells on the concentration of photodithazine in the
preincubation medium. The preincubation time was 20 min.
The photosensitivity of the control cells (0.004 m

 

2

 

/kJ),
which were not preincubated with photodithazine, was
taken as unit photosensitivity. 
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insignificantly (Fig. 3, curve 

 

2

 

). Increasing the preincu-
bation time to 1 h decreased the survival rate of both
illuminated and unilluminated cells by the same value
(about 6%). These data suggest that the photosensitiza-

tion of yeast cells is induced by free or surface-bound
photodithazine molecules. This suggestion is con-
firmed by the fact that the single washing of yeast cells
preincubated with photodithazine for 20 min consider-
ably diminished the inactivating effect of illumination
on the cells (Fig. 4).

It is known that the rate of oxygen consumption by
a suspension of yeast cells is proportional to the con-
centration of viable cells (i.e., cells with the colony-
forming ability) in this suspension [13]. Therefore, res-
piration measurements may serve as an alternative
method for evaluating cell viability. In fact, the illumi-
nation of the control yeast cells led to a correlated
decrease in their respiration and viability (Fig. 5, curves 

 

1

 

and 

 

2

 

). The illumination of yeast cells with the
2,2'-dipyridyl-induced synthesis of protoporphyrin IX
led to a decrease in their respiration, which appeared to
be more sensitive to photosensitization than viability
(Fig. 5, curves 

 

3

 

 and 

 

4

 

). This is in line with the earlier
observation that the mitochondria of yeast cells grown
in the presence of 2,2'-dipyridyl accumulate PP IX in
considerable amounts [2]. Conversely, the colony-
forming ability of yeast cells preincubated with photo-
dithazine was more sensitive to inactivation with visi-
ble light than their respiration (Fig. 5, curves 

 

5

 

 and 

 

6

 

).
These data suggest a reduced contribution of mitochon-
drial photodamage to photoinduced lethal effects of
photodithazine on yeast cells and confirm the above
suggestion that the photosensitization efficiency of
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Fig. 3.

 

 The dependence of the survival rate of 

 

C. guillier-
mondii

 

 cells, either (1) illuminated for 10 min at an intensity
of 30 kJ/m2 or (2) unilluminated on the time of preincuba-
tion with 7 µM photodithazine. 

Fig. 4. The survival–illumination fluence curves of
C. guilliermondii cells which were (1) preincubated with
20 µM photodithazine for 20 min, (2) washed singly from
photodithazine before illumination, (3) preincubated with
20 µM photodithazine and 5 mM sodium azide for 20 min,
and (4) preincubated with 20 µM photodithazine and 1 mM
propyl gallate for 20 min. 
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Fig. 5. (1, 3, 5) The survival–illumination intensity and (2,
4, 6) the respiration–illumination intensity curves of (1, 2)
control C. guilliermondii cells, (3, 4) cells with the induced
synthesis of protoporphyrin IX, and (5, 6) cells preincu-
bated with 20 µM photodithazine for 20 min. The respira-
tion and survival rates of each type of cells before illumina-
tion were taken as 100%. 
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photodithazine is due to the free or cell surface–bound
molecules of this dye. It can be suggested that, like
hematoporphyrin [3, 9], photodithazine sensitizes yeast
cells through its action on plasma membranes.

Experiments with sodium azide (a singlet oxygen
quencher [7]) and propyl gallate (an antioxidant inhib-
iting lipid peroxidation [8]) showed that both com-
pounds protected yeast cells from the photosensitizing
action of photodithazine (Fig. 4). The protective effect
of sodium azide indicates that singlet oxygen consider-
ably contributes to the phototoxicity of photodithazine
(i.e., to the photodynamic effect). The singlet oxygen
oxidizes ergosterol (an important component of yeast
plasma membranes [4]) with the formation of polar
products, which enhance the permeability of the mem-
branes and thus may be responsible for most (up to
90%) of the photodynamic decrease in the colony-
forming ability of yeast cells [9]. The singlet oxygen
also interacts with unsaturated membrane lipids, induc-
ing their peroxidation [12]. The protective effect of pro-
pyl gallate on the photoinactivated yeast cells suggests
that the photodithazine-enhanced lethal effects of visi-
ble light are related to lipid peroxidation processes.

In spite of the fact that the comparison of the photo-
sensitization efficiencies of porphyrins on yeast cells
evaluated by various authors cannot be adequately
compared because of the use of different light sources
with different spectral characteristics [3, 5, 9, 12, 14,
23], we believe that photodithazine is a promising pho-
tosensitizer with high antifungal activity.

REFERENCES

1. Strakhovskaya, M.G., Shumarina, A.O., Ivanova, E.V.,
and Fraikin, G.Ya., Involvement of Endogenous Porphy-
rins in the Inactivation of Candida guilliermondii by Vis-
ible Light, Mikrobiologiya, 1998, vol. 67, pp. 360–363.

2. Strakhovskaya, M.G., Shumarina, A.O., Fraikin, G.Ya.,
and Rubin, A.B., The Effect of 2,2'-Dipyridyl on the
Accumulation of Protoporphyrin IX and Its Derivatives
in Yeast Mitochondria and Plasma Membranes,
Biokhimiya, 1999, vol. 64, pp. 262–266.

3. Bertoloni, G., Reddi, E., Gatta, M., Burlini, C., and
Jori, G., Factors Influencing the Haematoporphyrin-sen-
sitized Photoinactivation of Candida albicans, J. Gen.
Microbiol., 1989, vol. 135, pp. 957–966.

4. Bocking, T., Barrow, K.D., Netting, A.G., Chilcott, T.C.,
Coster, H.G., and Hofer, M., Effects of Singlet Oxygen
on Membrane Sterols in the Yeast Saccharomyces cere-
visiae, Eur. J. Biochem., vol. 267, pp. 1607–1618.

5. Carre, V., Gaud, O., Sylvain, I., Bourdon, O., Spiro, M.,
Blais, J., Granet, R., Krausz, P., and Guilloton, M., Fun-
gicidal Properties of Meso-Arylglycosylporphyrins:
Influence of Sugar Substituents on Photoinduced Dam-
age in the Yeast, J. Photochem. Photobiol. B, 1999,
vol. 48, pp. 57–62.

6. Casey, W.M. and Parks, L.W., A Role of Sterols in the
Porphyrin-mediated Photosensitization of Yeast, Photo-
chem. Photobiol., 1989, vol. 50, pp. 553–556.

7. Fernandez, J.M., Bilgin, M.D., and Grossweiner, L.I.,
Singlet Oxygen Generation by Photodynamic Agents,
J. Photochem. Photobiol. B, 1997, vol. 37, pp. 131–140.

8. Gutteridge, J.M. and Smith, A., Antioxidant Protection
by Haemopexin of Haem-stimulated Lipid Peroxidation,
Biochem. J., 1988, vol. 256, pp. 861–865.

9. Ito, T., Photodynamic Action of Hematoporphyrin on
Yeast Cell: A Kinetic Approach, Photochem. Photobiol.,
1981, vol. 34, pp. 521–524.

10. Lazarova, G., Effect of Glutathione on Rose Bengal Pho-
tosensitized Yeast Damage, Microbios, 1993, vol. 75,
pp. 39–43.

11. Lazarova, G. and Tashiro, H., Protective Effect of
Amphotericin B Against Lethal Photodynamic Treat-
ment in Yeast, Microbios, 1995, vol. 82, pp. 187–196.

12. Malik, Z., Hanania, J., and Nitzan, Y., New Trends in
Photobiology (Invited Review). Bactericidal Effects of
Photoactivated Porphyrins: An Alternative Approach to
Antimicrobial Drugs, J. Photochem. Photobiol. B, 1990,
vol. 5, pp. 281–293.

13. O’Riordan, T.C., Buckley, D., Ogurtsov, V., O’Con-
nor, R., and Papkovsky, D.B., A Cell Viability Assay
Based on Monitoring Respiration by Optical Oxygen
Sensing, Anal. Biochem., 2000, vol. 278, pp. 221–227.

14. Paaderkooper, M., Van den Broeck, P.J., de Bruijne, A.W.,
Elferink, J.G.R., Dubbelman, T.M.A.R., and Van
Steveninck, J., Photodynamic Treatment of Yeast Cells
with the Dye Toluidine Blue: All or None Loss of Plasma
Membrane Barrier Properties, Biochim. Biophys. Acta,
1992, vol. 1108, pp. 86–90.

15. Paaderkooper, M., de Bruijne, A.W., Van Gompel, A.E.,
Verhage, R.A., Averbeck, D., Dubbelman, T.M.A.R.,
and Van den Broeck, P.J., Single Strand Breaks and
Mutagenesis in Yeast Induced by Photodynamic Treat-
ment with Chloroaluminium Phthalocyanin, J. Photo-
chem. Photobiol. B, 1997, vol. 40, pp. 132–140.

16. Powderly, W.G., Resistant Candidiasis, AIDS Res. Hum.
Retrovir., 1994, vol. 10, pp. 925–929.

17. Ricchelli, F., Photophysical Properties of Porphyrins in
Biological Membranes, J. Photochem. Photobiol. B,
1995, vol. 29, pp. 109–118.

18. Schauer, F. and Hanschke, R., Taxonomy and Ecology of
the Genus Candida, Mycoses, 1999, vol. 42, suppl. 1,
pp. 12–21.

19. Strakhovskaya, M.G., Shumarina, A.O., Fraikin, G.Ya.,
and Rubin, A.B., Endogenous Porphyrin Accumulation
and Photosensitization in the Yeast Saccharomyces cere-
visiae in the Presence of 2,2'-Dipyridyl, J. Photochem.
Photobiol. B, 1999, vol. 49, pp. 18–22.

20. Wainwright, M., Photodynamic Antimicrobial Chemo-
therapy (PACT), J. Antimicrob. Chemother., 1998,
vol. 42, pp. 13–28.

21. Wilson, M. and Mia, N., Sensitization of Candida albi-
cans to Killing by Low-Power Laser Light, J. Oral
Pathol. Med., 1993, vol. 22, pp. 354–357.

22. Zoladec, T., Nhi, N.B., and Rytka, J., Saccharomyces
cerevisiae Mutants Defective in Heme Biosynthesis as a
Tool for Studying the Mechanism of Phototoxicity of
Porphyrins, Photochem. Photobiol., 1996, vol. 64,
pp. 957–962.

23. Zoladek, T., Nhi, N.B., Jagiello, L., Graczyk, A., and
Rytka, J., Diamino Acid Derivatives of Porphyrins Pen-
etrate into Yeast Cells, Induce Photodamage, but Have
No Mutagenic Effect, Photochem. Photobiol., 1997,
vol. 66, pp. 252–259.


