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ABSTRACT  \We have investigated the repair mechanism of UV-damaged PSIl in Synechocystis
6803 cells, in relation to the role of the FtsH protease. FtsH is an ATP- dependent metalloprotease
that belongs to the AAA- ( ATP-ase associated with diverse cellular activities) protein family. One
of the homologues is encoded by the sIr0228 gene whose transcript level is induced 16 fold by
UV-B radiation. The UV-B induced loss of oxygen evolving activity was accelerated in the AFtsH
mutant, which lacks the FtsH protease due to the deletion of the sIr0228 gene. In the presence
of the protein synthesis inhibitor lincomycin, the rate of UV-B induced oxygen inhibition in the
AFtsH mutant show the same kinetics as in the absence of antibiotic. In addition, the mutation
completely abolished the restoration of oxygen evolution in visible light following UV-B treat-
ment. These data demonstrate that PSII repair is blocked in the absence of the FtsH protease
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both under UV illumination and in visible light following the UV-B treatment.
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The most sensitive target of UV-B radiation is the light en-
ergy-converting photosystem II complex of the photosynthetic
apparatus. The primary target site of UV-B irradiation has
been identified at the donor side of PSII, at the level of the
Mn cluster of water oxidation (Vass et al. 1996). UV radiation
affects also the Tyr-Z and Tyr-D electron donors (Vass et al.
1996) as well as the Q, and Q, quinone electron acceptors
(Vass 1999).

An important consequence of the UV-B irradiation is the
degradation of the D1 and D2 subunits of PSII reaction centre
(Greenberg et al. 1989; Melis et al. 1992).

The ability of plants to avoid and/or repair UV-B induced
damages determines their capability to tolerate the adverse
effects of UV-B irradiation. In intact photosynthetic organism
the structure and the function of photodamaged PSII centers
can be repaired. The critical step of this repair process is the
novo synthesis of the damaged D1 and D2 subunits followed
by the reassembly and reactivation of PSII complex (Aro et
al. 1993; Sass et al. 1997). The repair process is preceded by
proteolitic removal of the damaged D1 protein; however, the
identities of the proteases involved remain unknown despite
intense research efforts.

The FtsH protease has been shown to play an important
role in the turnover of the D1 protein when induced by visible
light both in higher plants and in cyanobacteria (Bailey S et
al. 2002; Silva P et al. 2003).

Inactivation of one of the four FtsH homologues- slr0228-
showed altered pigmentation due to a 60% decrease in the
content of the PSI reaction centre. Here we report the analysis
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of PSII repair in a specific FtsH mutant of Synechocystis
PCC6803, slr0228::€2.

Materials and Methods

Synechocystis sp. PCC 6803 cells were routinely grown in
BG-11 medium in a rotary shaker at 30°C under a 5% CO,-
enriched atmosphere. The AFtsH mutant was constructed by
interrupting the slr0228 gene with a chloramphenicol resis-
tance cassette as described by Silva et al. UV-B irradiation
was performed in open, square glass containers in which the
cell suspension of 6.5 ug Chl ml! formed a layer of 1 cm
height, with continuous stirring. A Vilbert-Lourmat VL-215M
lamp was used as UV-B light source, with maximal emission
at 312 nm, in combination with an 0.1 mm cellulose acetate
filter (Clarfoil, Courtaluds Chemicals, UK) in order to screen
out any UV-C contribution. The UV-B intensity was 4.8 Wm?
(=13 uEm%s™) at the surface of the cell suspension. For the re-
covery experiments, visible light was produced by an array of
halogen spot lamps in the 40-50 uE m?s™! intensity range.
UV- induced changes in the transcripts level of the FtsH
homologues genes were detected by quantitative RT PCR.
Light-saturated steady-state rate of oxygen evolution was
measured using a Hansatech DW2 O7 electrode at a light
intensity of 1000 uEm2s! in the presence of 0.5 mM 2,5-
dimethyl-p-benzoquinone as electron acceptor.

Results

The cyanobacterium Synechocystis 6803 has four homo-
logues of the membrane bound ATP-dependent FtsH protease
encoded by the s1r0228, slr1390, slr1604 and sl11463 genes
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Figure 1. UV-B induced expression of the FtsH homologue genes. The
transcript levels were detected by quantitative RT PCR for the s/r0228
(right hatch), s/ir1604 (crossed hatch), slr1390 (left hatch), sll1436
(horizontal hatch) genes.

(Sokolenko et al. 2002). A RT PCR experiment in our lab
showed that all four genes were induced more than 2-fold
after 90 min UV-B exposure with the most dramatic effect on
the slr0228 gene which was induced 16 fold (Fig. 1).

To determine whether the loss of FtsH gene (slr0228)
impaired the ability of the cells to repair damaged PSII, PSII
activity measured as light-saturated rates of oxygen evolution,
was monitored in cells as a function of exposure to UV-B
radiation and subsequent recovery in visible light, either in
the presence or in the absence of lincomycin. Lincomycin is
an antibiotic that blocks de novo protein synthesis and thus
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Figure 2A. UV-B induced loss, and recovery of oxygen evolution. The
time course of oxygen evolution was followed in the WT (circles) and
AFtsH cells (up triangles) during exposure to UV-B light and subsequent
recovery in low intensity (40 uEms) visible light.
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the repair of PSII.

Illumination with UV-B induced a 20% loss of oxygen
activity in the WT and a 60% loss in the FtsH mutant. During
the one hour recovery the WT fully recovered while in the
mutant a very weak recovery process was measured. Under
these conditions, in the mutant the PSII repair was unable to
compensate the rate of damage (Fig. 2A).

The loss of oxygen evolution in the AFtsH mutant has
practically the same kinetics as measured in the WT in the
presence of protein synthesis inhibitor lincomycin (Fig. 2B).
The fast rate of damage obtained in the presence of lincomy-
cin represent the “true rate” of PSII inactivation in the absence
of any repair process. The slower rates of PSII inactivation
in the absence of lincomycin represent the balance between
UV-B inactivation and its continous repair. The same pattern
of oxygen evolution inhibition in the mutant and wild type
with lincomycin, proves that in the absence of FtsH protease
there is no protein synthesis. It is known that the UV-B ir-
radiation damages the D1 protein and enhance the turnover
of this subunit in vivo. If there is no repair process of the
damaged D1 the PSII function cannot be reabilitated and this
is obvious in the loss of oxygen activity. The results clearly
show that de novo protein synthesis is needed to restore PSII
activity following UV-B induced damage.

Conclusions

Our data demonstrate that the FtsH protease is needed for the
repair of PSII during and after UV-B treatment in Synecho-
cystis 6803 cells.

Considering that repair of PSII activity requires de novo
synthesis of the D1 reaction center protein (Sass et al. 1997),
we conclude that in the AFtsH strain the degradation and
synthesis of the D1 protein is blocked.
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Figure 2B. The time course of oxygen evolution is also shown in the
presence of lincomycin for the WT cells (down triangles).
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