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Photosynthetic Apparatus and Regulation of Photosynthesis-
gene Expression in Purple Bacteria

ZHAO Zhi-Ping HU Zong-Li LIANG Yan CHEN Guo-Ping’
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Abstract: Purple bacteria are extensively used in bacterial photosynthesis research. This review describes

the structure of light-harvesting I, light-harvesting II and reaction center of photosynthetic apparatus of pur-

ple bacteria and discusses the regulation mechanisms of photosynthesis (PS) gene transcription, with an

emphasis laid on the transcriptional regulation of PS gene by PpsR/AppA system.
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LH2 LHI RC , X :
[ 1 Rhodopseudomonas acidophila B LH2 7L ELE

(31 B 3T#K(35])
1.1 LH2 B4 Fig. 1 Top view of LH2 from Rhodopseudomonas aci-
LH1 LH2 ) dophila is an octamer(From [35])
o- , B-
o- B' Note: The a- subunit inside and the - subunit outside
LH2 &8 9 a/p- , Kleinekofort 1.2 LH1 %1 RC By&E#y
, Rhodospirillum(Rs.) molischianum  LH2 8 LH1 16 o/p-
o/B- , Walz , Rhodobacter(Rb.) sphaer- , Xiche Hu , Rb.
oides LH2 9 o/p- sphaeroides =~ LHI ap-
» 0= , B- 9.5A, o- , B-
( 1) o/B- 1 Crt , 78A, 108A,
3 BChl BChl \ 118A of- 2 BChl 2
Crt Crt , BChl a-His32
B-His39, BChl , BChl
w - Mg*' 92A LHI LH2 BChl
BChl LH2
, Crt  BChl o/B- ’
800 nm 850 nm R LH1 875nm
Koepke Rs. molischianum  LH2 LH1 X X
pu > pu
24 BChl , BChl LHI RC ’
(a-Tyr4d4) (a-Trp45) LHI RC [5]
[2]
: o- p- 16 RC LH2 LHI , Ermler
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, BChl- BChI-B850 ; 8 BChl ( 2(a)) RC ,
28A , BChl LH2 ey 5 LNy, D
, 800 nm , BChl-BChl-
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Mg** LH2
, BChl-BChI-B800 a-Aspb,
BChl-BChl-B850 a-His34
B-His35"), BChI-BChI-B850 LH2 2 BRTAT RS R S 1L 22 R ol B 2543 () B S B
LH2 4] , a/B- , BChl & F (b) (51 B 3ZR#K[6])
Fig. 2 Structure of RC from Rb. sphaeroides and its cofactors
Crt LH2 (From [6])
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Fig. 2 Spectral absorption of LH2 at 800nm and 850nm

A: DD13( pufBALMX  pucBA)
B: DD13-pRKBAC( LH2 pRKBAC)
C: DD13-pRKBAC( LH2 pRKBAC)

A: DDI13(a mutant strain of Rb. Sphaeroides, genomic deletion of
pufBALMX and pucBA) grown in semi-aerobic conditions;

B: DD13-pRKBAC strain bearing pPRKBAC plasmid encoding LH2
grown in aerobic conditions;

C: DD13-pRKBAC strain bearing pRKBAC plasmid encoding LH2
grown in semi-aerobic conditions
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Fig. 4 Schematic overview of proteins involved in the
regulation of the transcription of PS gene

" - . . .
Note: +: Represents activation; —: Represents repression; Solid line:
direct regulation; Dash line: indirect regulation

© FERZERMEDFHRFATIKSHELL http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



834 g ER

2008, Vol.35, No.5

puf  puc , TrxA TrxA
[33,34]
3 RE
, LHI1 RC
bc,; , LH2 BChl Crt
PS
PpsR  DNA ,
AppA C-
AppA C- AppA/
PpSR(l 2) N BLUF AppA-PpSR
PS
, BLUF ,
2 & X #
(11 ) , ,
)

, 2004, 34(2): 15-19.
[2] , ,

, 2005, 3(6): 567-574.

[3] Koepke J, Xu X, Miinke C, et al. The crystal structure of
the light harvesting complex 1I(B800-850) from Rhodo-
spirillum Moloschianum. Structure, 1996, 4(5): 581-597.

[4] Rutkakuskas D, Olsen J, Gall A, et al. Comparative Study
of Spectral Flexibilities of Bacterial Light-Harvesting
Complexes: Structural Imiplications. Biophys J, 2006,
90(5): 2463-2474.

[5] Geyer T. On the effects of PufX on the absorption proper-
ties of the light-harvesting complexes of Rhodobacter
sphaeroides. Biophys J, 2007, 93(12): 4374—-4381.

[6] Ermler U, Fritzsch G, Buchanan S, et al. Structure of the
photosynthetic reaction center from Rhodobacter sphaer-
oides at 2.65A resolution: cofactors and protein-cofactor
interactions. Structure, 1994, 2(10): 925-936.

[7] Watson AJ, Hughes AV, Fyfe PK, et al. On the role of ba-

http://journals.im.ac.cn/wswxtbcn

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

sic residues in adapting the reaction center-LH1 complex
for growth at elevated temperatures in purple bacteria.
Photosynth Res, 2005, 86(12): 81-100.

Choudhhary M, Kaplan S. DNA sequence analysis of the
photosynthesis region of Rhodobacter sphaeroides 2.4.1".
Nucleic Acids Research, 2000, 28(4): 862—-867.

Moskvin OV, Germeroth L, Gomelsky M. Transcriptome
analysis of the Rhodobacter sphaeroides PpsR regulon:
PpsR as a master regulator of photosystem development. J
Bacteriol, 2005, 187(6): 2148-2156.

Gomelsky M, Horne IM, Lee HJ, et al. Domain structure,
oligomeric state, and mutational analysis of PpsR, the
Rhodobacter sphaeroides repressor of photosystem gene
expression. J Bacteriol, 2000, 182(8): 2253-2261.
Gomelsky M, Kaplan S. AppA, a Redox Regulator of
Photosystem Formation in Rhodobacter sphaeroides 2.4.1,
Is a Flavoprotein, INDENTIFICATION OF A NOVEL
FAD BINDING DOMAIN. J Biol Chem, 1998, 273(52):
35319-35325.

Brastsch S, Gomelsky M, Kuphal S, ef al. A single flavo-
protein, AppA, integrates both redox and light signals in
Rhodobacter sphaeroides. Mol Microbiol, 2002, 45(3):
827-836.

Kuphal S, Bauer CE. AppA is a blue light photoreceptor
that antirepresses photosynthesis gene expression in
Rhodobacter sphaeroides. Cell, 2002, 110(5): 613—623.
Anderson S, Dragnea V, Masuda S, et al. Structure of a
novel photoreceptor, the BLUF domain of AppA from
Rhodobacter 2005, 44(22):
7998-8005.

Masuda S, Tomida Y, Ohta H, et al. The critical role of a
hydrogen bond between GIn63 and Trpl04

sphaeroides. Biochem,

in the
blue-light sensing BLUF domain that controls AppA ac-
tivity. J Mol Biol, 2007, 368(5): 1223-1230.

Han Y, Meyer MH, Keusgen M, et al. A haem cofactor is
required for redox and light signaling by the AppA protein
of Rhodobacter sphaeroides. Mol Microbiol, 2007, 64(4):
1090-1104.

Steunou AS, Astier C, Ouchane S. Regulation of photo-
synthesis genes in Rubrivivax gelatinosus: transcription
factor PpsR is involved in both negative and positive con-
trol. J Bacteriol, 2004, 186(10): 3133-3142.

Jaubert M, Zappa S, Fardoux J, et al. Light and redox
control of photosynthesis gene expression in Bradyrhizo-

bium: DUAL ROLE OF TWO PpsR. J Biol Chem, 2004,

WiEED http://journals. im. ac. cn



835

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

279(43): 44407-44416.

Laratta WP, Choi PS, Tosques IE, et al. Involvement of
the PrrB/PrrA two-component system in nitrite respiration
in Rhodobacter sphaeroides 2.4.3: Evidence for transcrip-
tional regulation. J Bacteriol, 2002, 184(13): 3521-3529.
Oh JI, Kaplan S. Redox signaling: globalization of gene
expression. EMBO, 2000, 19(16): 4237-4247.

Willett J, Smart JL, Bauer CE. RegA control of bacterio-
chlorophyll and carotenoid synthesis in Rhodobacter
capsulatus. J Bacteriol, 2007, 189(21): 7765-7773.

Oh JI, Ko 1J, Kaplan S. Reconstitution of the Rhodobacter
sphaeroides cbb3-PrrBA signal transduction pathway in
vitro. Biochem, 2004, 43(24): 7915-7923.

Kim YJ, Ko 1J, Lee JM, et al. Dominant role of the cbb;
oxidase in regulation of photosynthesis gene expression
through the PrrBA system in Rhodobacter sphaeroides
2.4.1. J Bacteriol, 2007, 189(15): 5617-5625.

Oh JI, 1 Kaplan S. Generalized approach to the regulation
and integration of gene expression. Mol Microbiol, 2001,
39(5): 1116-1123.

Happ HN, Braatsch S, Broschek V, ef al. Light-dependent
regulation of photosynthesis genes in Rhodobacter
sphaeroides 2.4.1 is coordinately controlled by photosyn-
thetic electron transport via the PrrBA two-component
system and the photoreceptor AppA. Mol Microbiol, 2005,
58(3): 903-914.

Jager A, Braatsch S, Haberzettl K, et al. The AppA and
PpsR proteins from Rhodobacter sphaeroides can estab-
lish a redox-dependent signal chain but fail to transmit
blue-light signals in other bacteria. J Bacteriol, 2007,
189(6): 2274-2282.

Oh JI, Eraso JM, Kaplan S. Interacting regulatory circuits
involved in orderly control of photosynthesis gene ex-

pression in Rhodobacter sphaeroides 2.4.1. J Bacteriol,

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

2000, 182(11): 3081-3087.
Ouchane S, Picaud M, Therizoles P, et al. Global regula-
tion of photosynthesis and respiration by FnrL: THE
FIRST TWO TARGETS IN THE TETRAPYRROLE
PATHWAY. J Biol Chem, 2007, 282(10): 7690—-7699.
Shimada H, Ishida K, Machiya Y, et al. Isolation of SIP, a
protein that Interacts with SPB, a possible transcriptional
regulatory factor in Rhodobacter sphaeroides. Plant and
Cell Physiology, 2007, 48(10): 1504-1508.

Gomelsky L, Sram J, Moskvin OV, et al. Identification
and in vivo characterization of PpaA, a regulator of pho-
tosystem formation in Rhodobacter sphaeroides. Micro-
biol, 2003, 149(Pt2): 377-388.

Yeliseev AA, Kaplan S. TspO of rhodobacter sphaeroides.
A structural and functional model for the mammalian pe-
ripheral benzodiazepine receptor. J Biol Chem, 2000,
275(8): 5657-5667.

Zeng XH, Kaplan S. TspO as a modulator of the repres-
sor/antirepressor (PpsR/AppA)

regulatory system in

Rhodobacter sphaeroiedes 2.4.1. 2001,

183(21): 6355-6364.

J Bacteriol,

Li K, Pasternak C, Klug G. Expression of the trx4 gene for
thioredoxin 1 in Rhodobacter sphaeroides during oxida-
tive stress. Arch Microbiol, 2003, 180(6): 484—489.

Li K, Pasternak C, Hértig E, et al. Thioredoxin can influ-
ence gene expression by affacting gyrase activity. Nucleic
Acids Res, 2004, 32(15): 4563-4575.

Richard JC, Alastair TG, Aleksander WR, et al. Rings, el-
lipses and horseshoes: how purple bacteria harvest solar
energy. 2004, 81: 207-214.

Han Yuchen. Integration of redox and light signals by the
regulator protein AppA in Rhodobacter sphaeroides. Gi-
essen: Fachbereich Biologie und Chemie Justus-Liebig-

Universitét, 2006.

(99100199499 4910090 199 (9% (90 (90 190 {99199 490400 90 499190 490 490 190 (99190 (D490 190 190190 (D0 190 100 (90 190 (D0 D0 190 190 D0 D0 D0 (e (D0 D0 (D D D0

SE ¢ t F

B EME

S, SD

© FERZERMEDFHRFATIKSHELL http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



	紫细菌光合机构及光合作用基因的表达调控 
	赵志平  胡宗利  梁  岩  陈国平* 
	Photosynthetic Apparatus and Regulation of Photosynthesis- gene Expression in Purple Bacteria 
	ZHAO Zhi-Ping  HU Zong-Li  LIANG Yan  CHEN Guo-Ping* 

	1  光合机构的结构 
	1.1  LH2的结构 
	1.2  LH1和RC的结构 

	2  PS基因的表达调控 
	2.1  PpsR/AppA 
	2.2  Prr 
	2.3  其它调控元件 

	3  展望 
	参 考 文 献 




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


