
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 1. Phylogenic analysis of Sll0218 in cyanobacteria, bacteria 

and archaea. 

Amino acid sequences were retrieved from CyanoBase 

(http://bacteria.kazusa.or.jp/cyanobase/) and NCBI (http://www.ncbi.nlm.nih.gov/), 

and were named according to their locus tags. The exceptions are indicated. The 

arrows show the sequences with high identity with Sll0218 but are missing the flv4 

and flv2 genes. The star indicates a Sll0218 homolog, which is not located between 

the flv4 and the flv2 genes.    
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Supplemental Figure 2. Solubility of the Flv4, Sll0218 and Flv2 proteins by 

nonionic and zwitterionic detergents. 

Total membrane of the air level CO2 grown WT cells was isolated in Buffer B and  

solubilized by 2% DM, 1% Triton X-100 or 2% CHAPS according to BN PAGE 

protocol in Methods. The soluble and insoluble proteins were separated by 

centrifugation. The pellet was resuspended in water. Both soluble and insoluble 

materials were solubilized by Laemmli sample buffer with 6 M urea, and subjected 

to SDS-PAGE. Control represents the total membrane directly solubilized with the 

Laemmli solubilization buffer. The Flv4, Sll0218 and Flv2 proteins were detected 

by Western blot. 
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Supplemental Figure 3. BN/SDS-PAGE demonstrating the heterodimer formation 

by Flv2 and Flv4. 

Soluble fractions were isolated from WT, flv2, flag-flv4 and sll0218-19/flag-flv4 

cells, and the protein complexes were separated by BN gel. The 2D BN/SDS-PAGE 

and immunoblotting with the FLAG and the Flv2 antibody were subsequently 

performed. Only the sections of the SDS-PAGE gels corresponding to the molecular 

masses of the Flv2 and Flv4 proteins are shown. 
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Supplemental Figure 4. Expression of Flv4, Sll0218 and Flv2 proteins in WT, flv 

mutants, the flag-flv4 strains and the flv2 complemented strains. 

(A) Expression of the Flv4, FLAG-Flv4, Sll0218 and Flv2 proteins in WT, flv 

mutants and the flag-flv4 strains. 

(B) Expression of the Flv4, Flv2 and D1 proteins in WT, psbA2, flv4/::flv2 and 

sll0218-19/::flv2 strains. 

Total membranes were isolated from the WT and various flv mutants, and proteins 

separated by SDS-PAGE. The expression of the Flv4, FLAG-Flv4, Flv2, Sll0218, 

D1, PsaB proteins was detected by specific antibodies. ATPase  subunit represents 

a loading control. 

 

Supplemental Data. Zhang et al. Plant Cell (2012). 10.1105/tpc.111.094417



 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 5. An example of the Gaussian sub-band deconvolution of 77K 

fluorescence emission spectra exited at 580 nm in Synechocystis WT cells.  

The black line shows the original spectrum, the red line shows the fitted spectrum by 

the Gaussian deconvolution. The other color lines are the Gaussian deconvolution 

sub-bands from the original spectrum. 
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Flv2                                         HG               Y                     L    TRQVETAL QF  L     L   A G   L R        Y   R W   Q  Q   VAL Y DC HAPQ        D  DP ....T KMI P   P V F..SLSRL SD  Q CQQ PS TLK   I A
Flv4                                         HG               Y                     L    ARSVLMAL RI  L     V   A G   L Q        L   D W   Q  A   VAL Y NC MGSN        K  AP ....Q VLV T   P L H..HISHW GQ  A SQN VK ETF   F V
1YCF                                         HG               Y                     I    SNLITKKL EI  I     I   A S   I R        I   A W   Q  K   AVI Y AN LMPF        D  QK NL..A KTI P   I W K..DPGRI EA  R AEG .G .AK   A D
1E5D                                         HG               Y                     I    APQTLKAI TL  A     P   C D   I R        V   V Y   K  T   VVI Y AN VNPY        E  VG GV..A EFI P   V F GADQCTFA QK  E AEQ .P .NK   F D
2Q9U                                         HG               Y                     I    SAQMRKAL VA  V     I   L A   S R        I   D W   Q  Q   VTV L AN LGLF        E  ST ....E KYI S   V W GD.AMGLA AE  R SKG HC .KK   V D
1VME                                         HG               Y                     V    KNYILEGA KL  L     I   L G   I K        L   V V   D  K   VTV Y VT IGHY        E  SS K.... KAL P   L W K..DPQRL NH  S AKG .P KGK   I D
B7KDC6_CYAP7                                  HG               Y                     I    AKQVESAL KL  F     A   A G   V R        T   R W   Q  Q   VAL Y DC HAAQ        D  GT ....T KYY P   P V Y..SLSRL YD  Q CQQ KT ELK   F A
B4WPZ4_9SYNE                                  HG               Y                     L    TKQVEAAL HI  L     L   A G   L R        K   R W   Q  Q   VAL Y DC HATQ        D  DR ....T KCL P   S V Y..SLSRL DD  L CHQ RQ TLK   L A
Q8YNW7_NOSS1                                  HG               Y                     L    AKQVEAAL KV  L     A   A G   V R        T   R W   Q  Q   VAL Y DC HAPQ        D  VM ....G RSY P   P V Y..SLSRF YD  Q CQG KS DLN   L T
A0ZHS9_NODSP                                  HG               Y                     L    AKQVEATL KL  L     A   A G   V R        T   R W   Q  Q   VAL Y DC HAPQ        D  AV ....G RCY P   P V Y..SLSRF YD  Q CQA KS DLS   L T
Q3MDE3_ANAVT                                  HG               Y                     L    AKQVEAAL KV  L     A   A G   V R        T   R W   Q  Q   VAL Y DC HAPQ        D  VM ....G RYY P   P V Y..SLSRF YD  Q CQG KA DLN   L T
B4W3S4_9CYAN                                  HG               Y                     L    ARQVEVAL KL  F     A   A G   I R        L   R W   Q  Q   IAL Y DC HAAQ        N  AT ....S KMY P   P V Y..SLSRF HD  Q GQQ TE DLT   I A
B0JX17_MICAN                                  HG               Y                     L    SKAVETAL KI  F     A   A A   I R        A   R W   Q  R   VAL Y DC HAVQ        D  KE ....P QYY P   P I Y..SLSRL HD  Y CQE KT PLQ   L A
Q117X8_TRIEI                                  HG               Y                     L    AKQVLSTL KI  L     V   A G   L R        T   R W   Q  R   VVL Y DC HAAQ        E  SE ....T KLY P   P V Y..GMMEL NL  K SQE SS DLN   L A
Q8DJ55_THEEB                                  HG               Y                     L    TRQVESIL RL  L     P   A A   I K        F   R W   Q  Q   VAL Y EC HAAQ        D  AE TP..P RLY P   P V F..SRSRL QD  D CQA AE ETK   F A
A0YMD6_LYNSP                                  HG               Y                     L    ARQVLSTL KI  L     I   A G   L R        T   R W   Q  Q   VAL Y DC HAAQ        D  AD P...Q KFY T   P V Y..GMSEL HL  E SNK KT AFN   L A
B4WPZ3_9SYNE                                  HG               Y                     L    ARSVLMAL RI  F     V   A G   L K        V   R W   Q  A   VAL Y DC MGPN        K  AK ....P DLI T   P L H..HREAW EQ  S SEN AK ETF   F M
Q3MDE1_ANAVT                                  HG               Y                     L    ARSVLAAL RI  L     I   A G   L Q        L   Q W   Q  T   VAL Y DC MGPN        K  EN ....T NTV T   P L N..HISEW GK  N SLE AK ETL   F A
B1WP02_CYAA5                                  HG               Y                     L    ARSVLAAL RI  L     I   A G   L K        I   E W   Q  T   VVI Y DC MGPN        K  DK ....E DTI T   P L H..HIPQW ND  K SKE AK DNL   F D
Q2JPB3_SYNJB                                  HG               Y                     L    ARSVLSAL RM  L     I   A G   L R        V   R W   Q  A   VAV Y DC MGPN        K  EA P...P AAI T   P L H..HLSDW GQ  T SLE AK ERL   F L
Q8YNW5_NOSS1                                  HG               Y                     L    ARSVLAAL RI  L     I   A G   L Q        L   K W   Q  T   VAL Y DC MGPN        K  EN ....A KTV T   P L V..HISEW GR  N SLE AK ETL   F A
A0ZHS8_NODSP                                  HG               Y                     L    ARSVLAAL RI  L     I   A G   L K        L   L W   Q  T   VAL Y DC MGPN        K  AN ....E KTV T   P L H..HIHQW NK  T SLE AK EIL   F A
Q8YQD8_NOSS1                                  HG               Y                     L    ARSVLSAL RM  L     V   A G   L Y        T   R W   Q  A   IGV Y DC MGPN        K  GE P...S KMI T   P L H..NVEEL GR  T SQN TK ETS   F V
B4VHN3_9CYAN                                  HG               Y                     L    ARSVLSAL RM  L     V   A G   L L        V   R W   Q  A   VIV Y DC MAPN        K  DK G...D TTV T   P L H..HVGEW DR  R SKA AK ETS   F V
Q119P3_TRIEI                                  HG               Y                     L    ARSVLNAM RM  L     I   A G   L R        T   Q W   K  A   VAV Y EC MAPN        K  KA G...D NTI T   P L H..NLVEL NR  E SQA SK EKT   F I
B0JX19_MICAN                                  HG               Y                     L    ARSVLGAI RI  F     I   A G   L K        V   Q W   Q  A   VAI F DC MRPN        K  EK ....E NLI T   P L H..HISDW GR  T SQE TS DTL   F T
Q8DJY2_THEEB                                  HG               Y                     L    ARSVLSAF RL  L     V   A G   L R        L   R W   Q  A   VAI Y DC MGPN        K  ES P...P QLV T   P L H..HLDQW ES  N SQE AK ATT   F A
Q7VEG8_PROMA                                  HG               Y                     L    ARSVLQAL RI  L     I   A G   L R        L   Q W   R  G   AAV Y DC MGPN        K  KN P...T QTI V   P L H..NLDLW NN  E SGQ SQ EDY   C I

                                                                      2OHI        
   270       280       290          300        310       320       330

2OHI        T    T                                                                  HG    MA AIA G M E   VRVY           EIVK I     AIAL  P        S    L M  S RK  H   E A S GVD    CLH...EDDRS    D LE.SG    GA TIYDEPYP VGDL 
Flv2        S    T                                                                  YG    MA AIA G V A   VETI           EIVE I     GFIV  P        Q    L A  N AT  R   Q L K GVA    NCE...IAEPN    A QAC.D    GS TLGSHAPV IQTA 
Flv4        D    S                                                                  YG    LV TIA G S T   IELV           E.VR L     GLVV  P        T    L G  V DR  Q   D I K GVA    DLS...VADTH    T AQCAA    GM PQSS.TST LDPL 
1YCF        T    T                                                                  WL    MA ALM G V G   VKLF           DVIK I     AVLV  P        V    L M  S EK  H   D L A GCE    KLS...VSDRN    E LD.AR    GS TINNDILP VSPL 
1E5D        S    T                                                                  WH    MA VLA S R E   VKLM           QIMS I     AVIV  P        Y    L M  S EK  R   E F D GCT    WCK...ACHHS    E SD.AG    GS THNNGILP VAGT 
2Q9U        S    T                                                                  YG    MA ALL G R T   TVLL           KVAL T     AVAF  P        S    L M  T HR  L   D A S GCE    EMT...SSDIT    H YD.SG    AS TLNNTMMP VAAA 
1VME        S    V                                                                  YG    V. KAI S K K   PVVY           EILK I     ALIF  S        L    L .  F EN  K   D L E GFT    KFSDEERPAIS    D PD.SE    GV TYEAEIHP .RFT 
B7KDC6_CYAP7 S    T                                                                  YG    LA AIA G V N   VDSI           QMSE I     GFLI  P        Q    L A  N AT  N   Q L D GIA    NCE...LADPA    A EN.CD    GS TLGGHAPV IQTA 
B4WPZ4_9SYNE S    T                                                                  YG    LA AIA G I S   VELI           ELTR V     GFII  P        Q    L A  N AT  S   Q L H DVA    NCE...SVEQA    I ES.SD    GS TLAGHAPV IQTA 
Q8YNW7_NOSS1 S    T                                                                  YG    LA AIA G V N   VQSV           EITR V     GIII  P        Q    L A  N GI  N   Q L Q DVN    NCE...LADTA    I EA.CD    GS TLGGHAPT IQTA 
A0ZHS9_NODSP S    T                                                                  YG    LA AIA G I N   VESI           DITR I     GFII  P        Q    L A  S AI  N   Q L E GVN    NCE...LADPA    I DA.SD    GS TLGGHAPT IQTA 
Q3MDE3_ANAVT S    T                                                                  YG    LA AIA G V N   VQSV           EITR V     GIII  P        Q    L A  N GI  N   Q L Q DVN    NCE...LADTA    I EA.CD    GS TLGGHAPT IQTA 
B4W3S4_9CYAN S    T                                                                  YG    LA AIA G T T   VESI           EIEA I     GFLI  P        Q    L A  N AT  Q   R I K GAA    NCE...FAEPG    A QR.CD    GS TLGGHTPT VQTA 
B0JX17_MICAN S    T                                                                  YG    LA SIE G L N   VESI           EISQ I     GFII  P        Q    L A  N AT  R   R L E DLA    NCE...FATPA    A EN.CD    GS TLAGHAPT IQTA 
Q117X8_TRIEI S    T                                                                  YG    VA AIA G T A   VESI           EIRE V     GFII  P        Q    L A  N AI  Q   R L K GVA    NCE...VATSN    V EK.CD    GS TLGGHAPT IQTA 
Q8DJ55_THEEB S    T                                                                  YG    LA AIA G T A   VEAV           EMQA I     GFII  P        Q    L A  N AI  N   Q L A GVQ    NCE...TTPPA    L HS.SD    GS TLGGHMPT VQTA 
A0YMD6_LYNSP S    T                                                                  YG    IA AIA G T A   VESI           DIQA I     GFII  P        Q    L A  N AT  Q   K L K GIA    NCE...YTKAS    A EK.CD    GS TLGGHAPT IQTA 
B4WPZ3_9SYNE E    S                                                                  YG    IV VIA G T A   VELV           EVRA A     GIVI  P        M    L D  H DR  K   E I K GVD    EMS...VADAH    L NS.AN    GM PQQEQGVA HP.A 
Q3MDE1_ANAVT E    S                                                                  YG    LV TLG G T T   VELI           EVRE V     GLVI  P        A    L D  Y EH  H   H C K GVA    DLN...TAEPQ    L AQ.AS    AM SQYSLTAQ A... 
B1WP02_CYAA5 E    G                                                                  YG    IA HIA G Q T   IDLI           ETRQ V     GLVL  P        V    V D  Y EE  R   Q L K EVN    DLS...TTDPH    L YE.AK    GM SQSDDHAQ I... 
Q2JPB3_SYNJB S    A                                                                  YG    LA AIA G Q T   VELA           EVRE M     GVVI  P        T    L G  Q ET  Q   R I K GIQ    DLR...LVDAH    L SL.AA    GM PQSGPEAA TQVL 
Q8YNW5_NOSS1 E    S                                                                  YG    LV ILG G T T   VELI           EVRE V     GLVI  P        A    L D  Y EH  H   H C K GVA    DLN...TAEPQ    L TQ.AS    AM SQYSLTAQ A... 
A0ZHS8_NODSP E    S                                                                  YG    LA HLG G N T   VELI           EVRE V     GIVI  P        A    L D  Y EH  H   L C K GVA    DLN...SAEPQ    L SQ.AS    AM SQYSVTAQ A... 
Q8YQD8_NOSS1 S    S                                                                  YG    LA AII G T T   VDVV           ELRE V     GLVI  S        Q    L E  Y DR  Q   N I K GVG    DLG..AAVDLQ    L GR.CT    GM PAASAASI G..A 
B4VHN3_9CYAN S    S                                                                  YG    LS AIA G T T   VEMM           EVQE V     GIAI  P        A    V D  Y DR  Q   R I K GVG    DLK...SADPQ    T SR.AG    AM PASNKAAT A... 
Q119P3_TRIEI S    S                                                                  YG    LS AIA G I T   VEMM           EVRE V     GIVI  P        T    I D  Y DR  Q   H I K GVA    DLK...SADPQ    L EM.AK    GA PSTGPIAT AEIG 
B0JX19_MICAN Q    S                                                                  YG    LA MIS G T T   TELV           EVRE I     GVVI  P        T    L D  Q EH  T   Q L K DVV    DMN...NADPH    L NQ.SK    GM PQSSLTNQ I... 
Q8DJY2_THEEB A    S                                                                  YG    LA AIE G A T   VEKM           DIRE T     GIII  P        V    L N  Y NA  E   R T K GVV    DLL...TAEPQ    L EI.AA    GT PTT....A AKTA 
Q7VEG8_PROMA S    C                                                                  YG    LS AIA G N A   VQLV           ELSA I     AVVV  W        Q    I Q  F DR  Q   L I K DAQ    DIR...ASDAQ    L GD.AK    PT PNKPDAEL S..S 

                                     .         . .                    2OHI        
       340       350       360        370         380       390       

2OHI                                                                                LR L F     R A VF S G   G T  MKELLA            .EVY VP     D   EAGR MY  G K NRTLT K L  G M GNG A GT      .EAGFDVACE.E    Y  TGDEL ACF    K
Flv2                                                                                VL S T     K A VF S G   E I  IENKLK            IRIQ SP     D   TSGA GI  S A K.T.. L G  G Y WSG A DL      .DGGYRFGFE.A    F  NLDAL VCT    N
Flv4                                                                                IL A H     Q I LF S G   E I  LRNRFQ            ILLK EP     Q   EAGT GT  A V P.K.. V G  E G GQD P YP      .ELGLQEAFE.P    T  TAATD LCR    D
1YCF                                                                                LV L R     K G AF A G   G Q  LEERLK            PTVQ VP     Q   ELGR DD  G . P.KN. V L  G Y WGG A KI      .AAKIELIAEPG    W  RGEDL RCY    K
1E5D                                                                                IK L R     K G AF S G   E T  LAEWLT            VKVK VP     E   TMAQ QY  G . P.QN. I G  G F WSG S KV      .GMGFDMPAT.P    N  THADY QLK    T
2Q9U                                                                                VR L T     K A AF A G   R V  IVAELR            ITFK NY     E   NAGV NY  G . LIKG. P F  G F WSN A PD      DGCKADVYDEKG    F  TEELL QAY    D
1VME                                                                                II K N     K V VF V G   S E  AGELLK            TEIK SN     R   EAIS LE  D A Y.E.. P L  G H WAP A RT      .ETKFRILS..F    G  ...DE KIE    L
B7KDC6_CYAP7                                                                         IL S A     K A VF S G   E I  LEEKLR            IRVK TP     Q   EAGA GI  A A K.T.. L G  G Y WSG A DL      .DANYRFGFE.S    F  DEPIL QCQ    N
B4WPZ4_9SYNE                                                                         VL S V     K A VF S G   E I  LEQKLR            LRVR SP     Q   EAGI GT  S A K.T.. L G  G Y WSG A DM      .DHNYRLGFE.T    F  QPETL ACA    Q
Q8YNW7_NOSS1                                                                         VL T A     K A VF S G   E I  IESKLK            IRVR SP     Q   AAGA GI  S A K.T.. L G  G Y WSG A DL      .DANYRLGFD.T    F  TPEIL QCQ    T
A0ZHS9_NODSP                                                                         IL T A     K A VF S G   E I  IEGKLK            IRVR SP     E   AAGA GI  S A K.T.. L G  G Y WSG A DL      .DANYRLGFE.T    F  TQEIL QCQ    T
Q3MDE3_ANAVT                                                                         VL T A     K A VF S G   E I  IESKLK            IRVR SP     Q   AAGA GI  S A K.T.. L G  G Y WSG A DL      .DANYRLGFD.T    F  TPEIL QCQ    T
B4W3S4_9CYAN                                                                         VL N A     K A VF S G   E V  IESKLL            IRVK KP     Q   EVGI GI  S A K.T.. L G  G Y WSG A DE      .DAGYRLGFE.S    F  DDETI YCK    D
B0JX17_MICAN                                                                         VL T A     K A VF S G   E V  IETKLK            LRVR SP     Q   LAGE GI  S A K.T.. L G  G Y WSG A DL      .DANYRLGFE.S    F  TESCL AGY    T
Q117X8_TRIEI                                                                         VL T S     K A VF S G   E I  LESKLK            IRVK KP     Q   EAGI GI  N A K.D.. L G  G F WSG A DF      .DTGYKFGFE.P    F  DDVMI TCQ    D
Q8DJ55_THEEB                                                                         IL E S     K A VF S G   E I  IEQKLL            LRVK TP     E   IAAN GF  A G Q.T.. L G  G Y WSG A DD      .DAGYTLGFE.T    F  TATDL KCQ    E
A0YMD6_LYNSP                                                                         IL T S     K A VF S G   E I  LEGKLK            IRVK KP     Q   EAAI GI  N A T.N.. L G  G F WSG A DI      .DAGYKFGFE.P    F  TDVTL TCK    D
B4WPZ3_9SYNE                                                                         LL S V     Q V LF T G   E I  LRNQLQ            IVIK IP     Q   EAGV ST  T . SQN.. S G  E G GRD P YP      .AIGLKEAFT.P    Q  NEVTD ICS    D
Q3MDE1_ANAVT                                                                         IL A V     Q I LL S G   E V  LRNKFQ            ILIK AP     Q   EAGT NT  A . HHK.. A G  E G GED P FP      .ELGLVEAFP.P    E  TQTTE LCE    D
B1WP02_CYAA5                                                                         IL V A     Q I LF S G   E I  LRNKLQ            ILVK AP     K   EAGT NT  A . HPK.. A G  E G GED P YP      .EIGVTEGFP.P    T  TPNTE MAE    D
Q2JPB3_SYNJB                                                                         LL S A     Q F LF S G   E V  CRNTLQ            ILLK PA     Q   EAGT KT  A . HSK.. G G  E G EDD S YL      .EIGAKEVFA.P    Q  GEALL LAE    D
Q8YNW5_NOSS1                                                                         IL A V     Q I LL S G   E V  LRNKFQ            ILIK AP     Q   EAGT NT  A . HHK.. A G  E G GED P FP      .ELGLVEAFP.P    E  AQTTE LCE    D
A0ZHS8_NODSP                                                                         IL A V     Q I LL S G   E V  LRNKFQ            ILIK TP     Q   EAGT NT  A . HQK.. S G  E G GED P YP      .ELGLFEAFP.P    E  GERAE LCA    D
Q8YQD8_NOSS1                                                                         IL S V     Q V IF T G   E I  LLSKFR            IRIK TP     K   EAGT ST  G . NEK.. A G  E G GDD P DP      .NLGLTTAFP.A    Q  TENTY LCE    D
B4VHN3_9CYAN                                                                         VL A V     Q V LF S G   E I  LLSQFR            IRVK TP     Q   EAGT ST  A . KSK.. T G  E Y GDD P DP      .NLGLKEGFA.A    E  TEAIY LCE    D
Q119P3_TRIEI                                                                         IL A A     Q F LF S G   L I  LAIQFK            ITIK TP     K   EAGT ST  A . NKK.. T G  E G GDD S YP      .GLGLKQAFP.N    E  SELTY LCE    D
B0JX19_MICAN                                                                         IL A V     Q V LF S G   E I  LRNKLQ            LLVK NP     F   EAGT ST  A . NGK.. A G  E G GED P FP      .EMVAIEAFP.P    D  NQSLD IAD    D
Q8DJY2_THEEB                                                                         IR A A     Q I VF S V   E A  LLNQFR            IRVT AP     Q   EAGT ST  A . HAK.. A G  E G ADA P YP      .DAGLVPSFP.V    A  TDALF EAE    D
Q7VEG8_PROMA                                                                         LL A L     Q V VY G G   E I  VANQLR            LRVK SP     Q   EAGT GT  A . KPK.. W A  E Y KND P DV      .SLGQKEAFS.P    Q  DANTF QFD    D

η3 α6 β16 α7 β17 

α8 β18 α9 β19 β20 β21 α10 

η4 β22 α11 β23 α12 

Supplemental Data. Zhang et al. Plant Cell (2012). 10.1105/tpc.111.094417



                                                                      2OHI        
400                                                                   

2OHI                                                                                A IR                                                                LA E                                                                  
Flv2                                                                                R LR                                                                FA Q                                                                  
Flv4                                                                                Q LT                                                                LG Y                                                                  
1YCF                                                                                A IA                                                                IA R                                                                  
1E5D                                                                                R LK                                                                IA A                                                                  
2Q9U                                                                                K AI                                                                LG R                                                                  
1VME                                                                                K LE                                                                LK E                                                                  
B7KDC6_CYAP7                                                                         Q LK                                                                FA A                                                                  
B4WPZ4_9SYNE                                                                         Q LR                                                                FA Q                                                                  
Q8YNW7_NOSS1                                                                         Q LK                                                                FA T                                                                  
A0ZHS9_NODSP                                                                         Q LK                                                                FA T                                                                  
Q3MDE3_ANAVT                                                                         Q LK                                                                FA T                                                                  
B4W3S4_9CYAN                                                                         Q LK                                                                FA A                                                                  
B0JX17_MICAN                                                                         R LK                                                                FA T                                                                  
Q117X8_TRIEI                                                                         Q LI                                                                FA A                                                                  
Q8DJ55_THEEB                                                                         Q LK                                                                FA A                                                                  
A0YMD6_LYNSP                                                                         Q LR                                                                FA T                                                                  
B4WPZ3_9SYNE                                                                         H LT                                                                LA Q                                                                  
Q3MDE1_ANAVT                                                                         Q LT                                                                IG W                                                                  
B1WP02_CYAA5                                                                         Q IT                                                                LG W                                                                  
Q2JPB3_SYNJB                                                                         Q LT                                                                LG W                                                                  
Q8YNW5_NOSS1                                                                         Q LT                                                                IG W                                                                  
A0ZHS8_NODSP                                                                         Q LT                                                                MG W                                                                  
Q8YQD8_NOSS1                                                                         Q VT                                                                LG W                                                                  
B4VHN3_9CYAN                                                                         Q LT                                                                MG L                                                                  
Q119P3_TRIEI                                                                         Q LS                                                                AG L                                                                  
B0JX19_MICAN                                                                         Q LS                                                                LG W                                                                  
Q8DJY2_THEEB                                                                         Q LL                                                                MG W                                                                  
Q7VEG8_PROMA                                                                         Q LN                                                                LG L                                                                  

Supplemental Data. Zhang et al. Plant Cell (2012). 10.1105/tpc.111.094417

neckardt
Text Box
Supplemental Figure 6. Multiple structure-based alignment of Methanothermobacter marburgensis F420H2 oxidase (PDB ID: 2OHI), Synechocystis Flv2, Synechocystis Flv4, Moorella thermoacetica FprA (PDB ID: 1YCF), Desulfovibrio gigas rubredoxin oxygen:oxidoreductase (PDB ID: 1E5D), Giardia intestinalis flavoprotein (PDB ID: 2Q9U), Thermotoga maritima flavoprotein (PDB ID: 1VME).The amino acid numbering is according to Flv2. The cyanobacterial sequences are included with UniProt Knowledgebase accession codes. The secondary structure above the alignment is according to 2OHI. The switch loop is colored cyan, the iron-binding residues are green, and Trp corresponding to Trp371 in Flv2 is pink.



 

 

 

 

 

 

 

 

Supplemental Figure 7. The FMN and diiron binding sites of Flv2 and Flv4 

homodimers.  
(A) Synechocystis Flv2/Flv2 homodimer in closed formation. 

(B) Synechocystis Flv4/Flv4 homodimer in closed formation. 

 

Supplemental Data. Zhang et al. Plant Cell (2012). 10.1105/tpc.111.094417



 

 

Supplemental Table 1. Ratios of low temperature (77K) fluorescence yields of PBS, 

PSI and PSII (F685 + F695) of WT and various flv mutants excited at 580 nm light 
 

Strain FPBS/FPSII FPBS/FPSI F685/F695 F695/FPSI FPBS/F695 

WT 1.50 ± 0.03 1.24 ± 0.02 0.38 ± 0.03 0.60 ± 0.02 2.06 ± 0.04 

flv2 1.30 ± 0.04 1.24 ± 0.03 0.85 ± 0.05 0.51 ± 0.02 2.45 ± 0.09 

sll0218-19 1.12 ± 0.03 1.25 ± 0.03 0.96 ± 0.04 0.57 ± 0.01 2.18 ± 0.06 

flv4 1.12 ± 0.04 1.26 ± 0.05 1.02 ± 0.07 0.57 ± 0.02 2.22 ± 0.13 

sll0218-19/flag-flv4 1.18 ± 0.03 1.24 ± 0.04 0.83 ± 0.01 0.58 ± 0.01 2.15 ± 0.04 

flag-flv4 1.68 ± 0.10 1.19 ± 0.08 0.44 ± 0.05 0.49 ± 0.02 2.42 ± 0.13 

 

The quantification was performed from four independent measurements. The results 

are shown as mean value ± SD. Peaks are indicated in Supplemental Figure 4.
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Supplemental Table 2. Conserved metal binding sites on the Flv2/Flv4 heterodimer 

surface 

 

Metal 

binding site 

Conserved residues in Flv2/Flv4 

heterodimer 

Template Corresponding 

residues in template 

  Ca2+ Asp404, Glu400 in Flv4 Synechococcus sp. 

flavodoxin-like domain 

Asp 397, Glu393 

  Zn2+ Glu80, Asp84 in Flv2 M. thermoacetica FprA Glu55, Glu59 

Glu148 in Flv2  Asp120 

Asp289 in Flv4  His271, Asp275 

  putative His246, His247, His 250 in Flv4 - - 

His27, His153, Asp173 in Flv4 - - 

His143, Glu145 in Flv2 - - 

 

Supplemental Data. Zhang et al. Plant Cell (2012). 10.1105/tpc.111.094417



Supplemental Table 3. Kinetic data of flash induced fluorescence relaxation 

components of psbA2 and two flv2 complemented strains grown at high and air level 

of CO2.   

 

 Fast Middle Slow 

 T1 (ms) A1 (%) T2 (ms) A2 (%) T3 (s) A3 (%) 

High CO2 No addition 

  psbA2 0.443 ± 0.009 56 ± 0.8 3.4 ± 0.17 28 ± 1.0 17.3 ± 1.0 16 ± 0.3 

  flv4/::flv2 0.450 ± 0.025 57 ± 1.8 3.1 ± 0.22 28 ± 1.4 14.0 ± 0.4 15 ± 1.0 

  sll0218-19/::flv2 0.394 ± 0.006 57 ± 1.4 2.9 ± 0.19 27 ± 1.1 17.1 ± 1.6 16 ± 0.7 

 + DBMIB 

  psbA2 1.059 ± 0.094 46 ± 0.4 31.9 ± 1.3  36 ± 0.7 3.4 ± 0.4 18 ± 0.6 

  flv4/::flv2 1.135 ± 0.082 49 ± 1.3 34.9 ± 0.4  32 ± 2.0 4.7 ± 0.8 19 ± 0.7 

  sll0218-19/::flv2 1.129 ± 0.131 51 ± 1.0 32.5 ± 1.2  30 ± 1.5 4.5 ± 0.4 19 ± 0.5 

Air level of CO2 No addition 

  psbA2 0.634 ± 0.010 67 ± 1.3 9.3 ± 1.7 17 ± 1.6 5.0 ± 0.5 16 ± 0.4 

  flv4/::flv2 0.762 ± 0.042   54 ± 2.1 8.7 ± 0.7  19 ± 1.1 4.1 ± 0.8  27 ± 1.3 

  sll0218-19/::flv2 0.482 ± 0.032 67 ± 0.3 7.2 ± 1.0 18 ± 1.2 2.4 ± 0.4 15 ± 1.0 

 + DBMIB 

  psbA2 0.757 ± 0.016   53 ± 1.4 29.1 ± 1.3  29 ± 1.0 1.3 ± 0.1  18 ± 0.4 

  flv4/::flv2 0.995 ± 0.025   39 ± 1.2 27.1 ± 0.3  29 ± 1.3 0.7 ± 0.1  32 ± 2.0 

  sll0218-19/::flv2 0.637 ± 0.007   48 ± 1.2 23.4 ± 1.0  30 ± 1.8 0.5 ± 0.1  22 ± 1.4 
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