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Phycobiliproteins, including phycoerythrin, phycoerythro-
cyanin, phycocyanin and allophycocyanin, are brilliantly col- x x x
ored, highly fluorescent components of the photosynthetic light-
harvesting antenna complexes of cyanobacteria, red algae, and
cryptomonads. In the past decades, studies on phycobiliproteins
focused mainly on the photophysical processes of light capture
and energy transfer of the different chromophores of these
proteins. The refined crystal structures of several phycobilip-
roteins from several organisms have been determined by X-ray
diffraction? and the energy transfer kinetics among the chro- Figure 1. (A) ESR spectrum of trapped hydroxyl radical produced by
mophores of phycocyanin have been resolved on the basis ofirradiation of an oxygen-saturated agueous solution contaiGHR{
the crystal structural dafa. (5 mg/mL) and DMPO (45 mM) for 8 min.; (B) Same as A but in the

More recently, considerable attention has been paid to the Presence of 1% ethanol and incubation of the solution in the dark for
photochemistry of phycobmprotewfsAlthough phycobilipro_ 1 min after irradiation; (C) ESR SpeCtrL!m produ(.:e.d from the irradiation
teins are considered to be photochemically quite stable, irradia-f an 0xygen-saturated aqueous solution contaiGHR(C (10 mg/mL),
tion of Langmuir-Blodgett (LB) films of phycobiliproteins ~ PMPO (0.2 M), and DTPA (1 mM). The signal resulted from the
caused the generation of photocurrents and photovoltages in thd?MPO—"OH adduct was marked with crosses. Instrumental settings:
electrochemical cell: these results showed that the chromophoredhicrowave power= 10 mW; modulation amplitude= 1 G; receiver
of phycobiliproteins, especially those chromophores near the gain= 2 x 10.

surface, exhibit photoinduced charge transfer phenomena in theR—phycoerythrin R-PE), C-phycocyanin C-PC), and allophy-
LB films.5 Interestingly, preliminary data have shown that cocyanin (APCY. The detection method employed was ESR
phycobiliproteins exert much stronger photodynamic action on spin trapping with 5,5-dimethyl-1-pyrrolins-oxide (DMPO)
tumor cells compared with Photofrin-1l and that they might be 55 the spin trap.

used as a new type of photodynamic therapeutic @yent.  \yhen an oxygen-saturated aqueous solution contalBiRg
Phycocyanin, employed in pioneering photodynamic studies (5mg/mL) and DMPO (45 mM) was irradiated at wavelengths
with phycobiliproteins, exhibits_ seve_ral _advantages_ over the gpove 470 nm for 8 min, a four-line ESR spectrum (Figure 1A)
presently used hematoporphyrin derivatives (HPD), i.e., ready ywas clearly observed with an intensity ratio of 1:2:2:1 and an
preparation and easy purification relative to HPD, high molar equal separation of 15.0 G between neighboring lines. This
extinction coefficients, wide U¥visible absorption, no side spectrum has been analyzed as due to the DMPIB adduct,
effects, and significantly reduced normal tissue photosensitivity ith a primary nitrogen splitting tripletad = 15.0 G), with
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because of its fast metabolisim »iz0.5¢ However, the mode

each line further splitting into a secondary doublet by theC#

of action of these proteins, which was considered to be related proton @H = 15.0 G), resulting in a four-line ESR spectrum

to reactive oxygen speci€¥” remained unclear. In this

with the observed intensity distributidn.The intensity of the

communication, we report for the first time the detection of gigna increased significantly with prolonged irradiation of the

reactive oxygen species, i.e., superoxide radical aniefrJO
hydrogen peroxide (¥D,) and hydroxyl radical®OH), generated

solution (Figure 2). When ethanol (1%, V/V) was introduced
into the irradiated systed?,the ESR spectrum of the DMPO

from the photosensitization of the three phycobiliproteins, spin adduct of CRCHOH generated from the hydrogen
* To whom correspondence should be addressed. Fax: 86-10-62029375 abstraction of ethanol byDH was observed with" = 15.8 G
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100 The formation of superoxide radical anion O upon
photochemical activation &-PC in oxygen-saturated aqueous
80 solution was also demonstrated. In this experiment, higher
concentrations of DMPO (0.2 M) ar@d-PC (10 mg/mL) were
60| used and diethylenetriaminepentaacetic acid (DTPA) (1 mM)
was added to the irradiated sample to inhibit the formation of
40 *OH.! The ESR spectrum obtained for the DMP&uperoxide

| adduct is shown in Figure 1C, which also contains a small
contribution from the DMPG*OH adduct (marked with
crosses). The hyperfine coupling constants for the DMPO
superoxide adduct determined from Figure 1C alfe= 14.1
0 5 10 s 20 G,a" =11.3 G, anda" = 1.3 G, which are consistent with the

Iivadiation time (min) reported values for the DMP&superoxide spin adduct in

Figure 2. Dependence of the relative intensity of ESR signal of the aqueous solutiof. When superoxide dismutase (40/mL) was
DMPO—"0OH adduct on irradiation time. Other experimental conditions present in the sample, it totally prevented the formation of this
are the same as for Figure 1A. spin adduct, confirming its proper identification. Control
experiments again ascertained t8aPC, oxygen, and light were
all necessary to produce the DMPBuperoxide adduct.

When R-PE or APC was used instead @-PC as the
sensitizer, the photosensitized formation®@H, H,O,, and Q*~
was likewise observed (data not shown). Since the chro-
601 mophores of phycobiliproteins, especially those chromophores
near the surface, can act as electron donors in the presence of
a proper acceptG2Pit was inferred that a photoinduced electron
transfer from the phycobiliproteins used-PC,R-PE, and APC)
to oxygen might occur in our system and lead to the formation
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20 of O»~. In aqueous solution the© formed after irradiation
o 5 10 15 2 25 30 underwent rapid dismutation to,B,, which was then trans-
Concentration of catalase (ug/ml) formed into°OH radicals via Fenton type reactions and/or other

Figure 3. Dependence of the intensities of the ESR signals of the unidentified pathways.
DMPOf‘OH_gdduct on the concentratio_n of catalase. Other experi- | summary, we have demonstrated the photosensitized
mental conditions are the same as for Figure 1A. formation of reactive oxygen specie®©H, H0,, and Q')

) . upon irradiation of the three phycobiliprotein€-PC, R-PE,
assignment of the spectrum shown in Figure 1A to the DMPO  ang APC) with light>470 nm; this may provide an understand-
*OH radical adduct. ) » ing of both their biological functions and their photodynamic

The formation of OH radicals fromC-PC on photosensiti-  4ction mechanisms. Further studies on the quantitation and on
zation depends on tf&-PC and oxygen concentrations and the yhe getajled mechanism of the formation of reactive oxygen

intensity of irradiation. No ESR signal of the DMPCOH : o : e .
. ; . . species from phycobiliproteins on photosensitization are in
adduct was detected in the dark or in the irradiated sample progress in our laboratory.

without C-PC or oxygen. The presence of catalase in the system
inhibited significantly the formation oOH radicals. As shown . .
in Figure 3, the signal intensity of the DMP@OH adduct Acknowledgment. This research was supported by the National
decreases strongly with increasing amounts of catalase, and 5dVatural Science Foundation of China.
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denatured catalase had no effect. These results indicate that
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