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Are prohibitins involved in photoprotection?
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Prohibitins - background

» Prohibitins are ubiquitously found and have been studied in yeast
and humans, but very little about them is known in procaryotes.

» Prohibitins belong to the Band 7 protein superfamily which share
the SPFH domain as a common motif (SPFH = Stomatin, Prohibitin,

Flotillin and HfIK/C).

» The functions of prohibitin homologues are still unclear, although
they have been linked to many important cellular processes, such

as:
- cellular signalling and transcriptional control
- senescence and apoptosis
- mitochondrial biogenesis
- chaperone activity
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The FtsH connection

- Chaperone activity of Prohibitins in yeast -

» In S. cerevisiae and E. coli prohibitin homologues have been
found to form large, heteromultimeric complexes.

» In both organisms these complexes seem to be associated
with FtsH proteases.

» In S. cerevisiae prohibitin complexes have been reported to

negatively regulate an FtsH homologue by binding newly
synthesised membrane proteins.

» In Synechocystis sp. PCC 6803 an FtsH homologue has been
found to help protect the organism from the damaging effects of
light.
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AIms

» |ldentification of prohibitin homologues in Synechocystis sp.
PCC 6803 and Thermosynechococcus elongatus.

» Bioinformatic analysis of identified prohibitin homologues.

» |ldentification and characterisation of possible prohibitin
homologue complexes in Synechocystis sp. PCC 6803 in vivo.

» Testing the possible interaction between the prohibitin and
FtsH homologues.

» Generation of prohibitin inactivation mutants in
Synechocystis sp. PCC 6803 and studying the potential roles
of prohibitin homologues in particular in the PSII repair cycle.
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BIOINFORMATICS



5 Prohibitin homologues are found in

Synechocystis sp. PCC 6803

L————Synechocystis sp. (strain PCC 6803) Tax id: 1142

UnilPr ot Swiss.
Prot

Phb5
Phb3
Phbl
Phb2
Phb4

1laa

10aa

10aa

TE_Phb2
TE_Phbl

ynechococcus elongatus Tax id: 3204

10aa

1094

Protein

UniProt
accession #

Calculated
MW

Phbl

P72754

30.57

Phb2

P73049

32.83

Phb3

P72655

35.73

Phb4

P74042

30.37

Phb5

P72929

74.42

TE_Phbl

Q8DI32

31.55

TE_Phb2
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Prohibitin homologues are only distantly related
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COMPLEX
CHARACTERISATION



Localisation of prohibitin and FtsH homologues

0228 and 1604 = FtsH homologues

CP43 = chlorophyll binding protein;
subunit of PSII; thylakoid marker

SbtA = sodium-dependent bicarbonate
transporter; plasma membrane marker

NrtA = nitrate/nitrite transport system
substrate-binding protein ; plasma
membrane marker
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| - Prohibitin homologues form large complexes

1=WT

2 = APhbl

3 = APhb2

4 = APhb3

5 = APhb4

6 = APhb1l APhb2 APhb3 (triple mutant)
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Prohibitins do not seem to interact

Quadruple
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The Prohibitin homologue 1 interacts with FtsH
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PHYSIOLOGICAL
RELEVANCE



The PSII repair cycle
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Hypothesis and working model

- for synchronised replacement of the D1 protein -

Prohibitin complex
based on prohibitin hypothesis of Nitjmans ez al. (2000)
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Generation of a prohibitin quadruple mutant
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Prohibitin inactivation mutants

are viable under “high light* intensities
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The PS Il repair cycle is not impaired

In the quadruple inactivation mutant

» Wildtype cells maintain
their PSII activity (oxygen
evolution).

» PSII activity decreases in
wildtype cells in the
presence of a protein
synthesis inhibitor.

» The quadruple mutant

| also maintains PSII activity.
time [h]

—DWT - Linc DWT + Linc — Quadruple mutant
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The D1 protein is turned over at a similar rate
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Future Work

» Affinity purification of prohibitin and His-tagged prohibitin
homologue complexes.

» Single particle analysis of purified protein complexes.

» Further investigation of the nature of the Prohibitin
homologue 1 interaction with FtsH.

» Testing further stress conditions to find the physiological
relevance of prohibitin homologues.
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Conclusions

The identified cyanobacterial proteins are only distantly related to
other known, eukaryotic prohibitin homologues and amongst themselves.

Prohibitin 1 is localised in the thylakoid and plasma membrane,
whereas the Prohibitin homologues 2 and 3 are localised in the plasma
membrane.

The prohibitin homologues Phbl, Phb2 and Phb3 form large and
possibly homomultimeric protein complexes.

Phbl seems to weakly interact at low levels with GST-tagged FtsH
(SIr0228).

The prohibitin homologues Phbl, 2, 3, 4 & 5 are not essential for cell
viability under the conditions tested so far.

The prohibitin homologues Phb1l, Phb2, Phb3 and Phb4 seem not to
be involved in the PSII repair cycle or affect the rate of D1 protein
turnover in the performed experiments.
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More Prohibitin homologues are being discovered

Prohibitins

Saccharomyces cerevisiae nclassified
Fungi irus 1
Caenorhabditis elegans ' Archaeg 1

Nematoda 4 \_>Bdacteria 11
Metazoa .\‘ ,,"&‘ i yanobacteria 4
Fruit Fly !L " { $—Synechocystis PCC 6803 1

f‘\\ } <Rice spp. _ 5

Arthropoda ‘
Chordata 4 > Arabroop Bakahs 0
Mouse \\a““' reen Plants 22
Human Plastid Group 28

Eukaryota Other Eukaryotes Total = 92
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Total = 220






