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When Spirulina platensis filaments were exposed to 0.75 mW.m~2.s~! of ultraviolet-B radi-
ation (the ultraviolet-B radiation under clear sky condition is ~1.0 mW.m~2.s~!), an inhibi-
tion in photosystem II activity was observed, the inhibition being 90% after 90 min exposure.
Upon exposure to ultraviolet-B, the room temperature emission characteristics of Spirulina
cells were altered when excited with light primarily absorbed by chlorophyll a or phycobili-
somes. When the cells were exposed for 3 h the emission at 685 nm (Fegs), when excited at
440 nm (primarily chlorophyll a absorption), was enhanced compared to 715 nm (F5;s) band
of photosystem I suggesting a decrease in energy transfer from photosystem II to photosys-
tem I. Similarly, when the cells were excited at 580 nm (primarily the phycobilisomes), the
ratio of emission intensity at 685 nm (Fggs) to that of 655 nm (Fgss) was decreased in the
exposed cells. This change in emission characteristics seems to be linked with the uncoupling
of the energy transfer from allophycocyanin to chlorophyll a of photosystem II. A small shift
in emission peak positions was also indicated when excited either at 440 nm or 580 nm.
Analysis of the fast induction of chlorophyll a transients in the presence and absence of
10 um 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU) indicated that ultraviolet-B expo-
sure initially affects Q4, the primary stable acceptor of photosystem II, and then the plas-
toquinone (PQ) pool. Our results on the loss in photosystem Il-catalyzed Hill activity with
p-benzoquinone or dichlorobenzoquinone as electron acceptors also supports the contention
that ultraviolet-B, even at low dose, initially alters the Q 5 of photosystem II and subsequently
PQ pool. The analysis of functional pool size of Spirulina suggests a substantial decrease in
the functional pool size after 2 h UV-B exposure. These results indicate that in Spirulina low
intensity of ultraviolet-B initially damages the reaction centre of photosystem II.

Introduction While some reports indicate that the photosystem
I (PS I) activity was not affected by UV-B (Iwan-
zik et al., 1983; Kulandaivelu and Noorudeen,
1983; Renger et al., 1986) others indicated inhibi-
tory effect on this activity (Brandle et al., 1977,
Van et al., 1977). However, this effect seems to be
marginal as compared to loss in photosystem II

ozone layer by a number of pollutants (Frederick, (PS II) activity (Strid et al., 1990). UV-B induced
1993). This increase is more pronounced in case of damage to PS II has been momtorgd Py measuring
UV-B (280—320 nm) as ozone selectively absorbs chlorophyll a (Chl a) fluorescence in isolated chlo-

it (Bothwell et al., 1994). This increased UV radia- foplasts and in cell suspensions (Smillie, 1982;
tion is affecting all types of living organisms in- Iwanzik er al., 1983) and also in intact tissue (Tev-

cluding plants. In plants, UV-B was shown to in- M ¢/ al, 1991; Bornman anq Vogelman, 19913
hibit primarily photosynthesis (Caldwell et al., Middleton and Teramura, 1993, Naidu et al., 1993,

1982, Bornman, 1989, Tevini and Teramura, 1989, Ziska et al., 1993) UV-B induced inhibition of PS

Teramura and Sullivan, 1994, Strid et al., 1994). 11 gctiyity was shown to be associa.ted with water
oxidation complex of PS II by altering charge sep-

aration (Renger et al., 1989) and the light harvest-
ing complex of PS II (Renger et al., 1986). Renger
et al. (1989) have suggested that UV-B causes

Spirulina biomass production outdoors is influ-
enced by a variety of environmental factors. One
of these factors which has drawn attention in re-
cent years is ultraviolet (UV) radiation. There is
an increase in UV radiation reaching the atmo-
sphere from sun due to damage to stratospheric
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bacterium Synechococcus that UV-B affects the
energy transfer within the phycobilisomes
(PBsomes) (Bala Krishna et al., 1996) in vivo and
from PBsomes to Chl a in vivo (Kulandaivelu et
al., 1989). Friso et al (1994, 1995) have shown that
both the PS II reaction centre proteins (D2, D1)
are degraded by UV-B. The quinones of the pho-
tosynthetic electron transport chain have been
suggested to be the targets of UV-B radiation
(Melis et al., 1992). Strid et al (1994) have observed
that UV-B down regulates all the photosynthetic
genes, the damage to the nuclear-encoded ones be-
ing more rapid than the chloroplast encoded genes
(Jordan et al., 1991). Of the photosynthetic genes
tested D1 was found to be more resistant to UV-
B (Strid et al., 1994).

Most of the above observations on the effect of
UV-B on photosynthesis were made with exposure
to relatively high intensities of the ultraviolet radi-
ation than naturally observed in solar radiation.
Although UV-B exposure seems to induce dam-
ages at multiple sites, it is important to estimate
the extent of the damage to photosystems and also
to ascertain the early event of the damage. Thus,
in this communication, we have attempted to char-
acterize the damage caused to PS II activity by
moderate intensity (0.75 mW.m~2.s~!) of UV-B ra-
diation in the cyanobacterium Spirulina platensis
under laboratory conditions since cultivation of
this organism outdoors is likely to be affected
specifically by exposure to UV-B. Our results sug-
gest that PS Il reaction centres are damaged at low
to moderate intensities of UV-B. Also, the energy
transfer between phycobilisomes (PBsomes) and
PS II, and between PS II and PS I gets altered.
We also show that UV-B exposure alters the in-
tersystem PQ pool of the electron transport chain
in Spirulina.

Materials and Methods

Spirulina platensis was obtained from National
Facility for Algae, New Delhi. The culture was
grown at 30 °C in continuous light of 75 uE.m~2.s~!
to mid-exponential phase according to Murthy and
Mohanty (1995) in Zarrouk’s medium (Zarrouk,
1966) consisting of 215mm NaHCO;, 29 mm
NaNO;, 17mm NaCl, 5.7mm K,SO,, 2.8 mMm
K,HPO,, 0.75 mm MgS0O,.7H,0, 0.35 mm
FeSO,4.7H,0, 0.3 mm CaCl,.2H,0, 0.22 mm EDTA,
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46 um H3BO3, 9.2 um MnCl,, 1.6 um
NaMo04.2H,0, 0.77 um ZnSO4.7H,0, 0.32 um
CuSO45H,0 and 0.17um  Co(NO3),.6H,O
(pH 9.0). The cells were harvested and were resus-
pended in fresh Zarrouk’s medium at 5 mg Chl.1~!
concentration. The cells were subjected to UV-B
exposure (0.75 mW.m~2.s~!) for different intervals
of time at 30 °C with the help of UV-B tubes from
Fotodyne Inc. (USA) having maximal emission at
300 nm with 40 nm bandwidth at 50% intensity.
This intensity was found to be within the range of
UV-B observed (1 mW.m2s~!) on a sunny sum-
mer afternoon under a clear sky in Delhi.

Chl (Chl) was determined according to MacKin-
ney (1941) with methanol as solvent.

Absorption spectra were recorded on a dual
wavelength double beam spectrophotometer (Hi-
tachi 557). Room temperature fluorescence emis-
sion spectra of the whole cells were recorded on
a Perkin-Elmer LS-5 spectrofluorimeter. The cells
were suspended at 5 ug Chl.ml~! in Zarrouk’s me-
dium. The excitation and emission slit widths were
15 and 5 nm, respectively. Corning 4-96 filter was
used with the excitation beam.

Fast induction of Chl a fluorescence were re-
corded on a pulse-amplitude modulated (PAM)
fluorimeter (Walz, Germany) following Tiwari and
Mohanty (1996). The cells (5ug Chl.ml~! Zar-
rouk’s medium) were dark incubated for 3 min.
The spectra were recorded at F > 655 nm with the
help of a yellow measuring light (590 nm) after
fluorescence induction by red actinic light
(650nm). 10 um  3-(3,4-dichlorophenyl)-1,1-di-
methylurea (DCMU) was used where indicated.

The capacity of photosynthetic electron trans-
port chain components to reduce PS I was also
measured using the PAM fluorimeter following
Schreiber et al. (1988) as described in Tiwari and
Mohanty (1996). After UV-B exposure the cells
were resuspended at 95 ug Chl.ml~! in Zarrouk’s
medium. Since in cyanobacteria respiratory elec-
tron flow and cyclic electron flow around PS I are
coupled to intersystem electron chain (Scherer et
al., 1988) the Spirulina cells were dark-incubated
for 10 min at 25 °C prior to measurement to de-
plete the respiratory substrates. Also 0.3 mMm
HgCl, was added 10 min prior to measurement to
inhibit electron donation mediated by NAD(P)H
dehydrogenase from respiratory and cyclic elec-
tron flow to the intersystem chain (Mi et al.,
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1992a,b) which may otherwise wrongly overesti-
mate the intersystem electron carriers. For mea-
surement, P700 was oxidized by application of far-
red light (approx. intensity of 100 uE.m~2.s~!) for
10 s prior to tyrning the measuring light on. A
single turnover saturating flash (6 us) was given
with a xenon single turnover lamp (XST-103, Walz,
Germany) and the decrease in absorbance around
830 nm was recorded with an emitter-detector unit
(ED 800T, Walz, Germany) after a multiple turn-
over saturating flash (50 ms) from Xenon multiple
turnover lamp (XMT-103, Walz, Germany). The
area above the curve gives the intersystem pool
size.

PS II activity was measured polarographically
by monitoring the amount of O, evolved with H,O
as electron donor and either p-benzoquinone
(pBQ, 1 mm) or dichlorobenzoquinone (DCBQ,
0.1 mm) as electron acceptors (Srivatsava et al.,
1994). The measurements were made in a clark
type O, electrode from Hansatech, U. K. (model
DW2).

Light intensity was measured with Li-Cor radi-
ometer (model LI-189, Li-Cor, USA). UV-B irra-
diance was measured with the help of VLX-312
UV meter (Vilber-Lourmat, France). The detector
of UV meter was protected with UV-B interfer-
ence filter with 100% transmittance at 312 nm and
a half bandwidth of 5 nm at half the maximum in-
tensity.

Results and Discussion
Effect on spectral properties

The absorption spectra of control and UV-B
treated Spirulina is given in Fig. 1. The Spirulina
filaments showed typical absorption peaks at
620 nm and 680 nm pertaining to the absorption
by pigments of PBsomes and Chl a, respectively
(Fork and Mohanty, 1986). Kulandaivelu et al
(1989) have reported a decrease of 10% in
PBsomes absorption peak intensity when cells of
the cyanobacterium Anacystis were exposed to 5
W.m~2 UV-B. The absorption spectra of UV-B
treated and control cells did not show significant
change after exposure to 0.75 mW.m2s~! of UV-
B intensity. Thus, the decrease in PBsomes absorp-
tion is probably dependent on the dose of UV-B
to which the cells are exposed. At low dose of UV-
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Fig. 1. Absorption spectra of Spirulina cells exposed to
0.75 mW.m~“.s~! of UV-B for different durations. The
arrows indicate absorption peaks due to phycobilisomes
(620 nm) and chlorophyll a (680 nm). —, control; —-—,
1h;--—--,2h; ——+——, 3 h UV-B treatment.

B (0.75 mW.m~2.s~!) the absorption profile of cells
did not alter.

With excitation at 440 nm, absorbed primarily
by Chl a, the room temperature emission spectra
of both the control and UV-B treated cells of Spir-
ulina (Fig. 2a) showed emission peaks at 685 nm,
emission originating from Chl a of PS II, and at
715 nm emanating from Chl a of PS I, and a shoul-
der at 660 nm emanating from allophycocyanin
(APC) of PBsomes (Fork and Mohanty, 1986).
The Fggs emission peak of the Spirulina cells was
quenched by approximately 8% after 1 h exposure
to UV-B. However, when the cells were exposed
for 3 h, the same Fggs emission was enhanced by
7% to that in control. We consider this increase is
due to uncoupling induced enhanced emission of
APC contribution to Fggs peak (Mohanty et al,
1985). Similarly, with 2 h exposure the Fggy emis-
sion due to APC was enhanced by 9.5%. However,
these changes are less than 10% and hence are
considered insignificant. Also, cross-over of the
spectra of 2 and 3 h UV-B exposed cells to that of
the control occurred at around 665, 695 nm which
is indicative of a shift of Fegs peak emission band
that emanates from both APC and Chl a (Mo-
hanty ez al, 1985). The ratio of F5;5/Fggs with 440
excitation indicated that there is a drop in the ratio
from 0.83 in control to 0.77 in 3 h UV-B treated
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Fig. 2. Fluorescence emission spectra of Spirulina cells exposed to 0.75 mW.m2s~! of UV-B for different durations.
Emission spectra were recorded with cells (5 ug Chl.ml~') on a spectrofluorimeter with slit widths of 15/5 nm (excita-
tion/emission). Cells were excited at (A) 440 nm where primarily Chl a absorbs and (B) at 580 nm where primarily

phycocyanin absorbs. —, control; ——-——, 1 h; ----, 2 h;

—————— , 3 h UV-B treatment. The spectra are typical of

atleast three independent measurements whose standard deviations at the peak positions are less than 5%.

cells. This drop may be due to changes in the en-
ergy transfer from PS II to PS I. However, the
ratio of Fggs/Feeo, Which reflects the energy
transfer between APC of PBsomes and Chl a of
PS 1II, decreased by 7.2% after 2 h of exposure
and subsequently increased by 4.1% after 3 h of
exposure suggesting uncoupling of energy transfer
from APC to Chl a.

The room temperature emission spectra of both
the control and UV-B exposed Spirulina cells
when excited at 580 nm, which primarily excites
chromophores of PBsomes, showed a peak at
655 nm and a shoulder at 685 nm (Fig. 2b). Inten-
sity of the peak at 655 nm decreased steadily on
exposure to UV-B by ~8% after 3 h of UV-B
treatment and the decrease is considered insignifi-
cant upto the time measured. Cross-over of the
spectra between control and UV-B exposed cells
were observed at 665 and 695 nm again indicating
a small peak shift. The ratio of Fggs/F¢ss enhanced
by about 6% after 1 h and 11% after 2 h. The
increase in Fggs/Fgss ratio seems to indicate uncou-
pling of energy transfer between PBsome antenna
and the reaction centre. Thus, analyses of emission

characteristics of Spirulina cells suggest that UV-
B induced spectral changes arise because of alter-
ations in energy transfer processes.

Changes in PS II activity

Table I shows the PS II activity of intact cells of
Spirulina with either pBQ or DCBQ as electron
acceptors. It is known that pBQ accepts electrons
from the PQ pool of electron transport chain (Sa-
toh et al., 1992) and DCBQ mostly from Q,, the
stable primary acceptor of electrons in PS II (Cao
and Govindjee, 1990; Satoh et al., 1992). Thus, an
assay of the PS II activity with pBQ and DCBQ is
likely to provide information regarding the rela-
tive extent of UV-B induced impairment in elec-
tron transport chain. Both the pBQ-supported and
DCBQ-supported PS II activities were inhibited
with increasing duration of exposure to UV-B
(Table I). Up to 1 h of UV-B exposure, the pBQ-
supported O, evolution was more suppressed than
the DCBQ-supported one after which the differ-
ence between them became negligible. This initial
difference in loss in PS II activity with pBQ and
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Table I. Changes in photosystem II activity of Spirulina cells exposed to 0.75 mW.m~2s~! intensity of UV-B. The
samples were drawn at different intervals during the exposure and the activities were assayed as amount of O,
evolved with the help of O, electrode immediately with either p-benzoquinone (pBQ, 1 mm) or dichlorobenzoqui-
none (DCBQ, 0.1 mm) as electron acceptor. The values in the parentheses indicate SEM.

Duration of
exposure [min]

Photosystem II activity (umol O, evolved.mg~! ChL.h~!)

H,O — pBQ % Inhibition H,O — DCBQ % Inhibition
0 407 (0.057) 0 279 (0.061) 0
20 345 (0.008) 15 251 (0.011) 10
40 204 (0.007) 50 153 (0.033) 45
60 93 (0.174) 77 84 (0.05) 70
90 46 (0.276) 89 24 (0.259) 91

DCBAQ as electron acceptors is due to the fact that
initially Q o, which is less in amount than PQ (Kok
and Cheniae, 1966) was affected by UV-B. Loss in
50% activity of PS II activity was noted within
40 min of exposure to UV-B with either pBQ or
DCBQ as electron acceptors (Table I). In higher
plants, Kulandaivelu et al (1991) have also ob-
served a loss in PS II activity when they were ex-
posed to 5 W.m~2 UV-B. In Anacystis Kulan-
daivelu et al. (1989) have shown that when the
cells were exposed to UV-B (5 W.m~2) the photo-
synthetic O, evolution was inhibited by 50%
within 30 min. Thus, the loss in PS II activity seems
to exhibit dose-dependence of UV-B and Spirulina
cells seem to be quite sensitive to UV-B.

Changes in Chl a fluorescence transients

Charge transfer at PS II reaction centres can be
analyzed by fast Chl a fluorescent transient rise
(Joshi and Mohanty, 1995). To further characterize
the damage caused to PS II reaction centre by UV-
B, we have recorded Chl a fluorescence transients
using PAM fluorimeter. When dark-adapted pho-
tosynthetic samples are illuminated, the Chl a flu-
orescence yield follows a time course rising from
minimal fluorescence, F, to maximum fluores-
cence, F, (Govindjee, 1995). The extent of this
rise of fluorescence from F, to F,, termed the
variable fluorescence (F,), is an indicator of the
redox state of the stable primary acceptor of PS II
(Duysens and Sweers, 1963; Butler and Kitajima,
1975; Butler, 1978; Joshi and Mohanty, 1995). Spir-
ulina cells without exposure to UV-B showed a
typical O-I-D-P transient (Munday and Gov-
indjee, 1969) before attaining the maximal fluores-
cence (M) (curve 1 in Fig. 3). But the exposure to

Rel Fluorescence
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1.06S
—

Fig. 3. Chlorophyll a fluorescence transients of UV-B
treated Spirulina cells. The cells were dark adapted for
3 min. Chl a fluorescent transients were recorded on
pulse-amplitude modulated (PAM) fluorimeter as de-
scribed in Materials and Methods. Red actinic light
(83 umol.cm~2s~1) was provided by PAM 102. F, was
recorded with a weak measuring light. The transients
have been normalized for F,. Curve 1, control; Curves
2, 3 and 4, Cells treated with UV-B for 1, 2 and 3 h,
respectively.

1 h or more of UV-B resulted in the loss of dip
(D), and the P peak was also lowered. The dip
(D) has been claimed to be associated with the
oxidation of reduced Q4 (Munday and Govindjee,
1969; Satoh and Katoh, 1981). The loss of dip in
Spirulina exposed to UV-B, thus reflects changes
on the oxidation of Q4- and subsequent reduction
of Qg and damage to PQ (pool).
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Table II. Changes in Chl a fluorescence transient param-
eters on UV-B (0.75 mW.m~2.s~!) treatment of Spirulina
cells. The cells (5 ug Chl.ml~!) were dark adapted for
3min. Chl a fluorescent transients were recorded on
pulse-amplitude modulated (PAM) fluorimeter as de-
scribed in Materials and Methods. Red actinic light
(83 umol.cm~2.s~!) was provided by PAM 102. F, was
recorded with a weak measuring light. The values in the
parentheses indicate SEM.

Duration of F, Fs Fy=F; = Es
exposure [min] (relative units) (relative units)
0 1.216 (0.006) 1.328 (0.005) 0.112
20 1.221 (0.009) 1.333 (0.016) 0.112
40 1.24 (0.014) 1.325 (0.015) 0.085
60 1.261 (0.01) 1.32 (0.009) 0.059
90 1.339 (0.026) 1.397 (0.027) 0.058

The variable Chl a fluorescence, F, = (F, - F,),
reflects the quantum yield of photochemistry (Du-
ysens and Sweers, 1963; Butler, 1978, Joshi and
Mohanty, 1995). Variable fluorescence of the Spir-
ulina cells decreased when exposed to UV-B
(Table IT) from 0.112 in control to 0.058 after
90 min exposure. It is observed that 20 min expo-
sure did not affect the F, and there was no change
between 60 and 90 min. There was an increase in
F, values upon exposure to UV-B (Table II) and
this value further increased with increase in expo-
sure time, the increase being 10% after 90 min ex-
posure, indicating a possible energy uncoupling
between the light harvesting antenna and the reac-
tion centre (Schreiber and Berry, 1977). However,
the yield of fluorescence when all the reaction
centres are closed (F,) did not change much up to
60 min exposure to UV-B. Up to 20 min of expo-
sure to UV-B, the extent of variable fluorescence
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(F,) was not altered while there was an increase
in F,. This reflects that the initial UV-B effect is
due to suppression of energy flow from PS II an-
tenna to reaction centre. This drop in F, also is in
conformity with the inhibition of PS II activity
(Table I).

The Chl a transients recorded in the presence of
DCMU which blocks electron flow at Q4 (Duy-
sens and Sweers, 1963), showed a decrease in F,
from 0.219 in control to 0.141 (51% decrease) af-
ter 60 min exposure of Spirulina filaments to UV-
B (Table III). After 90 min exposure the loss in F,
increased to 72%. These changes in F, corres-
ponds to the changes in PS II activities.

Thus, a comparison of the F,/F, ratios recorded
both in the absence and the presence of DCMU
(Tables II and III) indicate that up to 60 min of
exposure of Spirulina cells to UV-B the ratios
were of same magnitude (0.50 and 0.56, respec-
tively). However, after 90 min exposure the corre-
sponding values were 0.53 and 0.75, respectively
indicating that as the dose of UV-B increased the
proportion of quinone pool got reduced.

Intersystem pool analysis

We have further measured the photosynthetic
electron transport chain for its ability to reduce PS
I. This reduction results from both the activity of
PS-II dependent electron transfer as well as the
intersystem pool size comprising plastoquinone,
cytochrome b¢/f and plastocyanin. The quantifica-
tion of P, reduction and its subsequent oxidation
by far-red light was carried out according to
Schreiber et al. (1988). PS 1 was oxidized by far-

Table III. Changes in Chl a fluorescence transient parameters on UV-B (0.75 mW.m~2.s~!) treatment of Spirulina
cells in the presence of DCMU. The cells (5 ug Chl.ml~!) were dark adapted for 3 min. DCMU (10 umol) was added
and the transients were recorded with red actinic light (83 umol.cm~2.s~!) provided by PAM 102. F, was measured
with a weak measuring light. For details see Materials and Methods. The values in the parentheses indicate SEM.

Duration of
exposure [min]

F, (relative units)

F,, (relative units) F,

% Increase

% Inhibition % Inhibition

0 1.149 0
(0.046)

60 1.274 10.9
(0.053)

90 1.278 11.2
(0.09)

1.438 0 0.289 0
(0.058)

1.415 1.6 0141 512
(0.041)

1.359 55 0081 72

(0.067)
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Table IV. Intersystem pool measurement of UV-B (0.75
mW.m~2s~!) treated Spirulina cells. After exposure for
different durations, cells were harvested and resus-
pended in Zarrouk’s medium at 95 ug Chl.ml~!. Cells
were incubated in dark for 10 min after addition of
0.3 mm HgCl,. Baseline was recorded after 10 sec illumi-
nation with far-red light (0.04 umol.cm~2s-!). Single
turnover (ST) saturating flash was given from XST-103
and decrease in absorbance at 830 nm was recorded af-
ter a 50 ms multiple turnover (MT) saturating flash with
XMT-103. MT flash was given after 1 min of ST flash.
Red light was kept on throughout the measurement. The
area above the curve was determined by cutting the
curves and weighing them. Values in the parentheses in-
dicate SEM.

Duration of exposure [min] % Area above the curve

0 100 (0.018)
60 54.1 (0.074)
120 21.6 (0.053)

red light. Then, a multiple turnover flash subse-
quent to a single turnover flash reduced all P,
which was reoxidized by the continuous far-red
light kept on during the entire measurement
essentially as described by Schreiber et al (1988).
The time taken to re-oxidize P700 will be propor-
tional to the number electrons stored in the PQ-
pool and, therefore, the reduction area (Fig. 4) is
a measure of intersystem pool size (Schreiber et
al., 1988). This area decreased continuously as the
duration of exposure of Spirulina to UV-B
increased. Within 1 h of exposure of Spirulina fila-
ments to UV-B the damage to this functional pool
was estimated to be 50% of that of the control
which decreased to 70% after 2 h of exposure
(Table IV). Taken together with the PS II activity
(Table I) and fast Chl a fluorescence transient
analysis (Table II) these results suggest that PS II
reaction centre as well as quinone pool are the
major sites for damage by UV-B (Melis et al.,
1992).

In summary, 0.75 mW.m~2.s~! ultraviolet-B radi-
ation caused alterations in emission spectral char-
acteristics and these changes seem to be linked to
alterations in the efficiency of energy transfer be-
tween PBsomes and PS II and between PS II and

+

3p700"—

i A830x10

Time (s)

Fig. 4. Determination of intersystem pool size upon ex-
posure of cells to UV-B by following the p700 redox
changes at 820 nm. Cells after exposure to UV-B were
suspended at 95 ug Chl.ml~! in Zarrouk’s medium and
were dark-incubated for 10 min after addition of 300 um
HgCl,. The cells were illuminated with far-red light (ap-
prox. 100 uE.m~2s7!) for 10 s and the absorbance
changes were recorded using the emitter-detector unit
(ED 800T) of PAM fluorimeter. Single (ST) and mul-
tiple (MT)-turnover saturating flashes were given as in-
dicated in the fig. Curve 1, Control cells, Curves 2 and
3, cells exposed for 1 h and 2 h to UV-B.

PS I in Spirulina. Also, UV-B caused inhibition of
the PS II photochemistry as a result of damage to
both PS II reaction centres and the intersystem
PQ pool. The proportion of Q-linked PS IT dam-
age was more in extent than that of PQ pool and
was an early event in UV-B induced damage to
photosynthetic membranes of Spirulina.
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