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Fig. 1. Structure of PSII complex of cyanobacteria
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Fig. 2. Structure of lipid modification of cyanobacterial lipoproteins, PsbQ (left) and Psh27 (right)
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The amino-terminal signal sequence
region of bacterial lipoprotein

)
£ O ;’
(b)  PsbQ

Psh27 MMSFLKNOLSRLLALILVVA

(C) Mature lipoprotein

Pre-lipoprotein

Lipid modification o/
——— " o
R

MSRLRSLLSLILVLVITVLVECSSPQV::-----:-

IGLTACDSGTG: -

Fig. 3. Lipid modification of lipoproteins. (a) Structure of pre-lipoproteins. (b) N-terminal sequence of cyanobacterial

lipoproteins, PsbQ and Psh27. (c) Structure of mature lipoproteins.
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Lgt, PG:prolipoprotein diacylglycerol transferase
LspA, Signal peptidase 11
Lnt, Phospholipid:apolipoprotein transacylase

Membrane

Fig. 4. Lipid modification of lipoproteins in cyanobacteria
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2. 2 IBEEMERELROER

FAEMEZ L _E D N K 7 Vidslza—R Lz
TSR A A BACARHR LT AT H R e a— R DX AT
BIEFEERLT, I, ZN608BE % 2. 1 TER
LT BB FRERIE AL 7/ LR D=2 —FF P Ak
AR 2 (2 Lo CTRLAIAATE (Table 1), 7'mE—%
—X, ENENDZ L RTEDIAT AT T T —F—%
A=,
2.3 BURNIBDOHH

TERILT-BRIZ I 1T D2 "B D3 B, SDS-PAGE &
Blue-Native PAGE, BLOEX L 7 EIZxT DA%
HWT = 2% 7 ay MERTIZ L T~ T, F, #v
B DOREEERRIL, PSII % SDS-PAGE 12/ THK4
INITEDONRREGIOHL, &% O/ RODIH LT
ROBEEBOITEHC Lo TONT T 528 THER LT,
2. 4 PSIEHEDRIE

PSII DIETEIX, A B LI XA T IR LR
FHEMBCTRETHZEICL T T o T, BFZARMELLT
L, 72U T ACHIT LT 7anT 2= )-p- R )
VEERLTZ,
2. 5 MHEM O

PP AR L OMERIL 7R O M ARl 4 D
PR SIETICR W TIEEL ., B E B LU SRS
PE (BeRF A RR) 2 E 352 LI KVFHT 2,

3. IRHER

VERLL 7= 12 FEFADF AT XL RV E RSB D8k, KO
ENENOB THLERL T ERNOT TNz
HiBfEL . SDS-PAGE (2&0# 0 E %58 LT=, =D,
UL AL T EATN XX D3 B AR~ 7= (Fig.
5). ZDfEH, PshQ DAL L /71T NitA, Psh27,
PsbQ D7 SN EATIILIZb D TlL, Zo 7E D
BB HERENT-, F/-. PshO DREZ L 712 PshO
T VBRI L= DT, PshO ZL /R 7 B D3 H
PHERRENTZ, EBIT, Psh27 DRSENZ L 77T NrtA,
Psh27, PshQ D7 AESIZEINUIZb D TH XL 237
BOFRBPMERI NIz, ZNHORERI G, FEEiA =
FDE TG, VT NS O IR EE A2 D
L RTEDT T FNEINIEREL T, X7 X7 E V5

Table 1. List of chimera proteins encoded in the
constructed chimera genes

Host strain Signal Mature protein Chimera protein
ApsbQ NrtA PsbQ N-PsbQ
ApsbQ Psb27 PsbQ 27-PsbQ
ApsbQ PsbQ PsbQ Q-PsbQ
ApsbQ PsbO PsbQ 0O-PsbQ
Apsb27 NrtA Psb27 N-Psb27
Apsb27 Psb27 Psb27 27-Psb27
Apsb27 PsbQ Psb27 Q-Psb27
Apsb27 PsbO Psb27 O-Psb27
ApsbO NrtA PsbO N-PsbO
ApsbO Psb27 PsbO 27-PsbO
ApsbO PsbQ PsbO Q-PsbO
ApsbO PsbO PsbO O-PsbO

Thylakoid membrane
~
%64\ SO A I
A 0 >y
LA Gl @~ & & 0
& \*9 i 09 OQ ‘;;:
PsbQ |- —
N
¢€§ O 3 N & 0
(AY & &= =) ) 0
& \*9 i 09 Ofi' ‘;;:
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~
Q}a’\‘?é A A ‘]:\ A A
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& o & 4 & o

Fig. 5. Western blot analysis of PsbhQ, PsbO, and Psbh27 in
thylakoid membranes
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Fig. 6. RT-PCR analysis of expression of genes for
0O-Psh27 and O-PshQ
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Y Y

2nd dimension (SDS PAGE)
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Fig. 7. Western blot analysis of D1 and PsbQ in PSII
complexes, which were separated by Blue-Native PAGE,
from the strain expressing N-PsbQ
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— ettt D1
P e

-
Fig. 8. Western blot analysis of D1 and PsbQ in PSII
complexes, which were separated by Blue-Native PAGE,
from the strain expressing 27-PsbQ
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Summary

Post-translational modification of proteins with lipid is ubiquitously found in all organisms to facilitate the
attachment of soluble proteins to biological membranes. Bacterial lipoproteins are modified with lipid at their
N-terminal cysteine residues and play important roles at the membrane-aqueous interface. In cyanobacteria,
which perform oxygenic photosynthesis, many genes for putative lipoproteins were found in genome databases by
bioinformatic analysis. However, few studies have been performed on structure of lipid modification or
physiological roles of lipid modification of lipoproteins.

In this study, we found that extrinsic proteins, PsbQ and Psb27, which are bound to photosystem 11 (PSII)
complex of the cyanobacterium Synechocystis sp. PCC 6803, are modified with lipid, whereas other extrinsic
proteins, PsbO, PshU and PsbV, were not modified. In PsbQ, a sulfhydryl and an amino groups of the N-terminal
cysteine residue were modified with a diacylglycerol and a palmitic acid moiety, respectively, whereas the
corresponding sulfhydryl group of the N-terminal cysteine residue in Psh27 was modified with diacylglycerol but
the amino group was only partially modified with a palmitic acid moiety. Since extrinsic proteins in PSII are
required for stabilization of manganese cluster that is the most sensitive part of photosynthesis to stresses such as
salt and heat stresses, these findings suggest that the lipid modification of PsbQ and Psb27 might play important
roles in the stabilization of PSIlI complex. We also found that lipid modification of extrinsic proteins can be
genetically changed by exchanging the coding region for signal sequences among extrinsic proteins. Such
changes in lipid modification of extrinsic proteins may affect stability of PSII and lead us to make salt tolerant
strains of cyanobacteria.
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