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HOLE BURNING AND LOW TEMPERATURE ABSORPTION AND 
FLUORESCENCE SPECTROSCOPY OF ALGAE AFFECTED BY 

UV-B STRESS 

DAVID ENGST, PAVEL KROH, TOMAS POL~VKA, JAKUB 

PSENCIK,*LADISLAV NEDBAL AND JAN H h A  

National Photosynthesis and Global Climate Change Research Centre; 

Department of Chemical Physics, Faculty of Mathematics and Physics, 

Charles University, Ke Karlovu 3, 131 16 Prague 3. Czech Republic. 

*Institute of Microbiology, Czech Academy of Sciences, 379 8 I Tieboii, 

Czech Republic 

Abstract UV-B stress affects the spectral and kinetic behavior of green 
algae These changes were studied by means of hole-burning and low 
temperature absorption and fluorescence spectroscopies Results of this study 
are reported here UV-B irradiation induces significant changes in low- 
temperature fluorescence spectra An influence on persistent spectral hole- 
burning spectra is also reported 

INTRODUCTION 

Algae and cyanobactena are the simplest oxygen evolvlng photosynthetic organisms The 

photosynthetic active radiation is captured and transferred from the antennae to the 

reaction centers where the unpaired electron is generated Algae have the ability to 

protect themselves against an excess of light energy by dissipating excessive excitation 

energy The capture and migration of the exciton within the antenna is reflected by the 
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104 D. ENGST er a/. 

absorption and fluorescence spectra and by the excited energy transfer rate constants 

(k1z-r). 

The antropogenic depletion of stratospheric ozone layer results in increasing levels 

of UV-B radiation (180-330 nm) affecting both the terrestrial and aquatic ecosystems' 

The elevated UV-B radiation affects various fundamental hnctions of the plant cell and 

induces multiple protection mechanisms However UV-B stress can damage the 

protecting mechanisms. This damage also affects the spectral and kinetic behavior of the 

algae. The fluorescence emitted from chlorophyll molecules of the photosynthetic 

apparatus reflects both damaging and protective mechanisms, The suppression of 

photosynthetic activity is accompanied by a decline of variable and. frequently, of 

maximal fluorescence. Constant fluorescence mostly rises during a short term LIV-B 

exposure. 

The UV-B induced changes in fluorescence emission justify the hypothesis that. in  

parallel to the inhibition of electron transfer activity, also the exciton transfer i n  

photosynthetic antennae is affected by the UV-B exposure. The anticipated modification 

of the exciton transfer parameters are investigated here using low temperature 

absorption, fluorescence, and hole burning spectroscopy. 

MATERIALS AND METHODS 

Culture of the chlorococal alga Scencdcsniru qriadricnridfl' was grown svnchronously in 

14/10 hours light/dark cycle, bubbled with air enriched by 3% CO? at 25°C and exposed 

to photosynthetically active radiation of 350 pE.rn-'.s-' provided by tungsten filament 

bulbs3. The algae were harvested in the first half of the light period. resuspended at the 

chlorophyll concentration about 50 pg/ml and exposed to UV-B Samples of the algae 

were taken during the exposure, centrifuged and resuspended in cultivation medium 

mixed with glycerine. Then the samples were placed in the cuvettes for low temperature 

spectroscopy and stored in liquid nitrogen. 

The UV-B radiation was produced using the 300 W high pressure mercury lamp 

screened by UV-B filter (Carl Zeiss, Jena 1601) and cellulose acetate film. The spectrum 
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UV-B STRESS I05 

of the radiation incident on the sample surface is shown on Figure I The total UV-B 

power (= 0,3 W/m'2) applied to the samples was determined using a SED 340 detector 

(International Light). The samples of algae were collected after 10. 20 and 40 minutes of 

UV-B exposure. 

RESULTS AND DISCUSSION 

Low temperature (77 and 4 2  K) absorption and fluorescence spectra were measured 

together with persistent spectral hole-burning (PSHB) on the set-up described in Ref' 

The variable fluorescence of the algae (measured by a Walz fluorimeter) declined during 

the UV-B exposure approximately in parallel to the decline of photosynthetic activity 

measured by oxygen evolution Typical variable fluorescence measured before. during 

and after UV-B irradiation is shown on Figure 2 

300 350 0 1000 2000 [sl 
Wavelength [nm] 

FIGURE 1 Spectrum of applied 
UV-B irradiation 

FIGURE 3 Variable fluorescence of 
5'. Qiradricairda measured during and 

afterUV-B irradiation 

The applied maximal doses of the UV-B radiation causes = 509'0 decrease of the 

photosynthetic activity as determined from the variable fluorescence and oxygen 

evolution rates. Figure 3. shows the resonance region of low temperature (4.2 K) 

absorption and fluorescence spectra of UV-B treated and of control algae. All the 
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I06 D. ENGST et al. 

spectra shown in Figure 3 were normalised to the fluorescence signal of PS I (near to 

7 15 nm). 

Following UV-B irradiation effects and trends can be found in these spectra: The 

applied UV-B exposition was not enough intense to produce any significant changes ( 5  - 

4%) in the red part of the absorption spectra corresponding to a bleaching or a 

destruction of photosynthetic pigments. On the other hand the applied UV-B exposition 

was sufficiently intense to produce an increase of the relative fluorescence caused by a 

global decrease of excited energy transfer (EET) efficiency in antennae of PS 11: LHC I1 
(= +30% near 680 nm), CP 43 andor CP 47 (= +16% near 688 nm). A decrease of the 

relative fluorescence of the RC (= -47% near 695 nm) reflects an interruption of EET 

between CP 43.47 and the RC of PS 11. 

1 

0 

640 680 720 760 

Waelength [nm] 

I 

FIGURE 3. Resonance region of low temperature absorption (left) and 
fluorescence (right) spectra of UV-B treated ( f i l l  curves) and control 
(dotted curves) S. Quadricauda. 

Typical PSHB in absorption spectra are shown on Figure 5-a). The upper and 

lower spectrum belongs to the control (untreated) and UV-B irradiated algae, 

respectively. Both spectra consist of narrow zero phonon holes (ZPH) at the wavelengths 

of the burning laser and red shifted phonon wings (PW). Linear and logarithmic 
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UV-B STRESS I07 

dependencies of the ZPH widths 8m = 8m (p.t) on the burning exposition (p.t) are 

shown in Figure 4. Dependencies of the ZPH widths on burning fluences following the 

relation 8m = 6m(O) + k.(p.t)'"*'/g in the range of burning exposition densities P.t /A= 

0.1-10 J.cm-' were determined from the spectra. To remove power broadening, 

A .  

T 

5 
9 2  
0 r 

1 

1 
0 2 4 6 8 10 12 14 

Exposition density [J ~ r n - ~ ]  

FIGURE 4. Dependence of the ZPH widths 8m = 8m (p.t) on the burning 
exposition (p.t). 

holewidths extrapolated to zero burning exposition 6m(O) were determined (1,5 cm-' < 

ijm(0) < 2,O cm-') [Figure 41. All the PSHB data of untreated green algae fit well with 

the PSHB data obtained on related photosynthetic systems obtained from higher plants"6. 

The corresponding EET rate constant, which represents EET between particular 

pigment-proteins, was 6 < (kEm)-' < 9 ps, as the dephasing contribution and spectral 

diffusion is in pigment protein complexes of photosynthetic systems negligible'. The 

Huang-Rhys factor S characterising electron-phonon coupling (pigment-protein 

interaction) was determined from the ratio of areas of ZPH and PW both from 

absorption and fluorescence spectra at several exposition densities. The S value was 

approximately 1.5 times higher in W - B  stressed algae ( 0.8 < S < 1.2). On the other 
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I08 D. ENGST el a/. 

hand, the distance between ZPH and PW representing the mean frequency of protein 

vibrations R was - 24 em-' in all samples. 

wavelength [nm] 

FIGURE 5-a) Zero phonon holes and phonon wings burned in the 
absorption spectra of S. Quudricuudu; W - B  irradiated (top), control 
(bottom); -b) fluorescence spectrum with a broad-band hole 

Besides ZPH and PW, broad-band holes were found in the fluorescence spectra 

of all samples after prolonged (2 10 minutes) burning using higher laser power 

(2 100 mWcm-*) (Figure 5-b). These data fit well with the results observed in absorption 

of untreated systems Erom higher plants'. The hole-widths were 170 cm-I, probably due 

to very fast (c 100 fs) exciton migration between antenna pigments in particular antenna 

pigment-proteins. The holewidths were not significantly affected by W - B  irradiation. 

From the mentioned results it can be stated, that the applied W - B  affects EET between 

different pigment proteins, but it doesn't affect EET inside one particular pigment- 

protein. 
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