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sUniversally conserved in bacteria and
found in chloroplasts and mitochondria

Involved in degradation, assembly and
dislocation

*4 homologues in Synechocystis 6803:

SIr1390 (FtsH1) vital
SIr0228 (FtsH2) dispensible
SIr1604 (FtsH3) vital
Sli1463 (FtsH4) dispensible

(Mann et al., 2000)

*9 FtsH homologues targeted to
Arabidopsis chloroplast

(Sakamoto et al., 2003)



Top view looking onto hexameric AAA ring Side view: AAA ring on bottom, protease ring on the top

Bieniossek et al (2006) PNAS 103, 3066-3071



thylakoid lumen
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Bieniossek et al (2006) PNAS 103, 3066-3071



Visible light stress (Silva et al., 2003)

*UV-B stress (Cheregi et al., 2007)

*Heat stress (Kamata et al., 2005)

*Low levels of inorganic carbon (Zhang et al., 2007)

Osmotic (salt) stress (Stirnberg et al., 2007)



Evidence that FtsH?2
(slr0228) plays a direct role
In the early stages of D1
degradation during PSI|
repair



A scheme for the PSII repair cycle in cyanobacteria
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3. D1 degradation is slower in ftsH (slr0228)
Insertion mutant

WT sir0228::Q WT slr0228::Q)

MO246 0246024602 4 6(h)

66.2
45.0 —|
31.0 DI
21.5 — .
14.4
Stain Autoradiogram
WT slr0228::Q)

Ya Yo 0 2 4 6 YalY2 0 2 4 6(h

100 73 36 9 100 92 95 58

Quantitative immunoblotting of D1

No fragments!

Silva et al. (2003)



4. FtsH interacts with His-tagged PSl|

Elution

X
R Washes 50 100 150 300 mM imidazole
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FtsH2 (dlr0228) and
FtsH3 (dlr1604) have
been identified by mass
gpectrometry (Kashino
et al., 2002)




D1 turnover is unimpaired in a degP/htrA triple null
mutant in a pulse-chase experiment

WT htrA triple mutant WT htrAtriple mutant
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Barker et al (2006) J Biol Chem 281, 30347-30355



‘FtsH-only’ model for D1 degradation

Removal of damaged D1

Nixon et al (2005) J Exp Bot 56, 357-363

Some predictions :

*Proteolysis is highly processive and is driven by
ATP hydrolysis. No breakdown intermediates.

*Deg proteases not needed for D1 degradation
(Barker et al., 2006)

D1 is triggered for degradation by
destabilisation/partial unfolding. Common pathway
for both donor-side and acceptor-side damage?

(Cheregqi et al., 2007)
*Housekeeping role

eDegradation can be initiated at N-terminus (as
long as greater than 20 residues)

*FtsH complex is probably hexameric and might
be homo- or hetero-oligomeric

*Forms supercomplex with Prohibitins



Mechanism of D1
degradation:
Evidence for N-terminal
mediated D1 degradation In
Synechocystis 6803



N-terminus of D1
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TOBACCO: MIARILEREES ESLWGEFCHW IT3TENELYI GWEGVIMIFT LLTATSVFIL
kA Ak kkd ok bk ddkd Ak b dededd bk ke ek

5.6803 Ad: MITTLQQOERES ASLWEQFCOW VISTHHNRIYV GWEGTLMIFT LLTATICFIIL
S5.0803 AS: MORES ASLWEQFCOW VISTHHRIYV GWEGTLIMIFT LLTATTICFIIL
S5.0803 ALD MSLWEQFCOW VISTHMNEIYV GWEGILMIFT LLTATTCFII
5.0803 A2Z0 MTISTHHRIYV GWEGTLMIFT LLTATTCFIIL
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Surface a-helix Start of the first
transmembrane a-helix




A20 still assembles dimeric PSIlI complexes

ATPsynth
stain
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A

D1 degradation and PSlI repair is inhibited in A20 at
high light intensities

PSII oxygen
evolution (rel.u.)
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Truncation of D1 in A20 blocks degradation in the
RC47 complex
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Model of D1 degradation

¥ high light
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Komenda et al (2007) Plant Cell 19, 2839-2854

degradation
products

repaired RCCII



What about the D1 fragments and D1 aggregates?

Synthesis of PSII

Under optimal
conditions, PSII
repair involves

selective protein
synthesis and
enzymatic

degradation .
ub-optimal conditions

e.g. in vitro or in vivo under
stress conditions

Active PSII

Light-induced damage
v

Damaged D1 tagged for
replacement

Further damage to D1, D2
and CP43 by ROS causing
disassembly, aggregation
and non-enzymatic
degradation

Adapted from Komenda and Masojidek (1995) Eur J Biochem 233, 677-682



Does FtsH2 play a
general role in quality
control?



FtsH2 Is involved In remo_val_ of | o1 ADLI AR
unassembled PSII subunits in D1 (min) 0 45 90 180 0 45 90 180
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Komenda et al. (2006) J. Biol. Chem. 281, 1145-1151



FtsH2 Is involved In removing

WT ApsbA D1-H198V D1-H198L

mutant D1 proteins T O F - F - (R
PSI trimer
D1-H198V D1-H198L WT
morcmers.
PSI|

monomer




Isolation of FtsH2 complex



Isolation of FtsH2-Glutathione-S-transferase (GST)
fusion protein

kDa C S aGST 00228 oFtsH

212 —
158 —
116 —
972 — . — «— FtsH2-GST fusion

66.4 —

+«— SKNNKKXXNA N-terminal sequence

55.6 — MSKNNKKWRNA FtsH3 (sir1604)

42.7 —
34.6 —

27 —
20—

Barker et al (2007)



571
C. annuum Pftf
1000
982 D

o Byps VAR1 (A-type subunit)
s Synechocystis FtsH1 (sl 1390) VAR2 (B _type sSu b un |t)
I i SIr 0228) e
. RS EES TERA Sl 0225) heterocomplex detected
|-|OE§Os | In chloroplasts
{55 A—type N. tabacum FisH
285 Synechocystis FtsH3 (SII1604) e
FtsH4
. = S. cerevisiae Ymelp

777

E. coli FtsH

FtsH10
1000

I-— FisH3

989

S. cerevisiae Afg3p
— 626

688

S. cerevisiae Recalp

. Synechocystis FtsH4 (sl11463)

1000

Sakamoto W., Zaltsman, A., Adam, Z. and Takahashi, Y. (2003) Plant Cell 15, 2843-2855
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Summary
=FtsH2 is involved in PSIl repairin  Synechocystis sp. PCC 6803
following damage by visible light

=FtsH2 acts at an early stage in D1 degradation and  is not
restricted to the removal of D1 fragments

=\We propose an ‘FtsH-only’ model for PSII repair and propose that
the main pathway for D1 degradation proceeds viath e N-terminus
(Komenda et al., 2007)

=FtsH2 also appears to play a ‘house-keeping’rolei  n the removal
of unassembled subunits and misassembled PSII compl exes
within the thylakoid membrane (Komenda et al., 2006 )

=FtsH2 forms hetero-hexameric complex with FtsH3 (Ba  rker et al.,
2007)

=FtsH complexes probably play similar roles in chlor oplasts
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