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A. structure of the plasnid pHB2307; B. chranmosmal structure of
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Fig 2 Control of growth and pignent levels of mutant DRHB2307 by
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Fig 3 Subcellular structure (A), photognthesis (B) and regiration
(C) of the wild type and mutant strains of Synechocystis 6803 cultured
in copper-free medium

( 3B 0),
( 7)),
- 0. 64 molO, /mgChl- min,

0.6 x 10 °U molO, /A - min, 1
18. 6% :
1. 854 molO, /mgChl- min, 1
24.3%, 2.0 % 10" molO, /A4 -
min, 1 53.5% ,
sl10260 , 6803
2.3 S110260
N rid ( , ) [14, 15]
CP47 (PS a )
(% Toc75 (7 3
( 4 )
CP47 , :
( 4 )
SI10260 448 ,
S110260
PM/OM

B

Tot. Sol. Tot. PM/OM

S110260

4 6803
(A) S110260 (B)
Fig 4 Detection of the purity of membrane fractions of Synechocystis
(A) and subcellular localization of 10260 (B) by W estem blotting

Tot., .\ ; AM/OM, ; Sl

Tot., total menbranes ™, thylakoid menbrane fraction; BM/OM,
plasnamembrane / outer membrane fraction; Sol., luble fraction



5 : PCC6803  ORF sll0260

793

W estemn blot
( 4B), S110260

, 110260 '

lacz 6803 [1]
PpetE [3] [2]
, 5110260
P..e ~sl10260 A\
DRHB2307
S110260 ,
Pree s110260 ,
S110260
s110260
, Pree [5]
P Q ,

[6]

5110260 ,

6803
S110260 NGB | . L7l
Md" /Co " CoiB /CoIC
’ ' [8]
SI10260 :
’ Mgz+ /G

[9]

SI10260 [10]

Wesphal, et al. ! 6803
, Vippl

[18]

[11]

[8, 19] [20]

, Vippl

s110260
P -s110260 110260

1 PpeIE

http: //bacteria kazusa or. jp/cyanobase/ Synechocystis/ index himl
Kaneko T, Nakanura Y, Sasmot S, et al Analysis of four
large plasnids harboring in a unicellular cyanobacterium, Syne-
chocystis . PCC 6803 [J]. DNA Res , 2003, 10: 221—228
Gao H, TangQ, Xu X D. Construction of copper-induced gene
expression platfom in Synechocystis . PCC6803 [J]. Acta
Hydrobiologica Sinica, 2007, 31(2): 240—244 [ , s
PCC6803
, 2007, 31(2): 240—244]

NorlingB, Zak E, AndersonB, etal 2D-ilation of pureplas
ma and thylakoid membranes fran the cyanobacterium Synecho-
cystis . PCC 6803 [J]. FEBSLett , 1998, 436: 189—192
W illiamsJ G K Construction of gecific mutations in the Photo-
g/stam photogynthetic reaction center by genetic engineering
methods in Synechocystis 6803 [J]. M ethods Enzymol , 1988,
167: 766—778

XuXD, WangY Q, Li SH. Construction of biphasic CAT pro-
moter probe vector shuttling betveen Anabaena (blue green al-
gae) and Escherichia coli [J]. Journal of Graduate School, Aca-
damic Sinica, 1993, 10: 203—209 [ , ,

- CAT
, 1993, 10: 203—209]

Sanbrook J, Fritxch E F, Maniatis . Molecular Cloning a la-
boratory manual, 2™ edition [ C]. New York: Cold Spring Habor
L aboratory Press 1989

Huang F, Pamryd I, Nilson F, etal Proteomicsof Synechocys
tisg. strain PCC6803, indentification of plasna membrane pro-
teins [J]. Molecular & Cellular Proteamics, 2002, 1: 956—966
Lasnmli U K Cleavage of structural proteins during the assanbly
of the head of bacteriophage T4 [J]. Nature, 1970, 227: 680—
685

Shestakov SV, Anbudurai PR, Stanbekova G E, etal Molecu-
lar cloning and characterization of the ctpA gene encoding a car-
boxyl-terminal processing protease Analysis of a gontaneous
photosystan  -deficientmutant strain of the cyanobacterium Syn-
echocystis 9. PCC6803 [J]. J Biol Chen. , 1994, 269:
19354—19359
Wi ildeA, Hartel H, Hubschmann T, etal Inactivation of a Syn-
echocystis . strain PCC6803 gene with hanology t conserved
chloroplast open reading frane 184 increases the photosystam |I-
tophotosystan ratio [J]. Plant Cell, 1995, 7: 649—658



794 33

[12] AmonD I, McSwainB D, Tajimoib H Y, etal Photochanmical phoosystan ' compari©on of plants and cyanobacteria [ J].
activity and components of membrane preparations from blue- Philos Trans R Soc Lond B Biol Sci, 2002, 357:
green algge . Coexistence of wo photosystans in relation o 1329—1335
chlorophyll a and removal of phycocyanin [J]. Biochim. Bio- [17] BolterB, SollJ, SchulzA, et al Origin of a chloroplast protein
phys Acta, 1974, 357: 231—245 importer [J]. Proc Natl Acad Sci USA, 1998, 95: 15831—
[13] ence E, Bailey S, NenningerA, etal A hamolog of A lbino3/ 15836
Oxal is esential for thylakoid biogenesis in the cyanobacterium [18] Zak E The initial stepsof biogenesisof cyanobacterial photosys
Synechocystis . PCC6803 [J]. J. Biol Chem. , 2004, 279: tensoccur in plasnamanbranes [J]. Proc Natl Acad Sci
55792—55800 USA, 2001, 98: 13443—13448
[14] OmataT Structure, function and regulation of the nitrate trans- [19] Wesphal S, HeinsL, Soll J, et al Vippl deletion mutant of
port system of the cyanobacterium Synechococcus . PCC7942 Synechocystis A connection betveen bacterial phage shock and
[J]. Plant Cell Physiol , 1995, 36: 207—213 thylakoid biogenesis [J] ? Proc Natl Acad Sci USA, 2001,
[15] Huang F, Hedman E, Funk C, et al Ilation of outer mem- 98: 4243—4248
brane of Synechocystis . PCC6803 and its proteamic character- [20] Srivastava R, Pisareva T, et al Proteomic studies of the thyla
izaton [J]. Molecular & Cellular Proteamics, 2004, 3: koid membrane of Synechocystis . PCC6803 [J]. Proteanics,
586—595 2005, 5: 4905—4916

[16] BarberJ, andNield J Organization of transnembrane helices in

THE ESSENTIAL ROLEOFORF S L0260 INMAINTENANCEOF
BASICL IFEACTIVITIESOF SYNECHOCYSTIS SP. PCC6803

LUO Quan"? and XU Xu-Dong
(1. State Key Laboratory of Freshwater Ecology and B iotechnology, Institute of Hydrobiology, Chinese Acadeny of Sciences Wuhan 430072;
2. The Graduate School of Chinese Acadamy of Sciences Beijing 100049)

Abstract: In the cyanobacterium Synechocystis 6803, many genesof unknown function are essential for basic life activities

Insertion inactivation of these genes could lead to loss of viability, and the mutants could not be campletely segregated,

consequently, genetic studies are hard o perform with these genes However, to construct mutants expressing these genes
from a copper-regulated promoter P, may result in complete segregation. To find out the physiological effectsof the inves-
tigated gene, copper may be renoved fran the medium to turn off the gene expression or adjusted to certain lov concentra-
tions to lover the gene expression level. This report presents the construction of the P, -sl10260 mutant and the study on
the esential role of sll0260 in Synechocystis 6803. Upstream of the P, pramoter was an anega cassette with stem-loop
structures at both ends to terminate background transcriptions The mutant was campletely segregated in the presence of
cupric ion as shown with PCR detection. In the mutant, the expression of sll0260 was fully turned on in the presence of
320rmol/L cupric ion, but tumed off after removal of cupric ion fran the medium. The copper regulation of sll0260 by
P

petE

was confimed by W estern blot analysis Upon copper deprivation, the growth of the P, -sl10260 strain was seriously
inhibited, pignentswere greatly reduced, thylakoid membraneswere destructed, oxygenic photosynthesis ceased and res-
piration was ramarkably lovered. Under the same conditions, thewild type strain showed almost no change in growth and
physiological characters All these results suggested that sll0260 should be essential for the maintenance of basic life activ-
ities of Synechocystis 6803. Based on W estern blot analysis, sll0260-encoded protein was localized to the total membrane
fraction. Further analysiswith purified thylakoid membranes and a mixture of cytoplasnic and outer menbranes showed
that the sl10260-encoded mambrane protein (SII0260) was located in either cytoplasnic or outer membrane or both, but
not in the thylakoid membranes The predicted anino acid sequence of S10260 showved a low level smilarity to certain ion
trangporters W e proposed that S10260 could be involved in ion trangort or the biogenesis of thylakoid membranes

Key words Synechocystis . PCC6803; sl10260; P,

e; Mambrane protein



