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SIMULATION SETUP AND METHODOLOGY 
All simulation systems were built and equilibrated in the molecular simulation package CHARMM.1 Each system was built utilizing the 

CHARMM-GUI2 Membrane Builder3-5 online tool for constructing protein/membrane complexes for molecular dynamics (MD) simula-
tions. The major components of R. sphaeroides membranes are phosphatidylcholine (PC), phosphatidylglycerol (PG), and phosphatidyleth-
anolamine (PE);6,7 past simulation work modeled this species’ membrane as an equimolar mixture of POPE and POPG.8 For simplicity, we 
chose an equimolar mixture of POPE and POPC for the lipid composition in all simulations, though the results we present are not likely to be 
influenced by the specific chemical nature of the lipid membrane. In all cases, the approximate size of the system was 95 x 95 x 190 Å3 contain-
ing ~180,000 atoms. Ions were added to produce a 0.15 M NaCl solution; the exact number of ions was slightly adjusted to achieve an overall 
charge-neutral system. The CHARMM-GUI2 also solvates the system with TIP3P water molecules. In all simulations, the protein, lipids, and 
nucleotide base (UDP) were described by the CHARMM36 with CMAP correction force field,9-12 the carbohydrates by the CHARMM C35 
force field,13-15 and water was described with the TIP3P model.16,17 

After each system was built, the CHARMM-GUI2 minimization/relaxation protocol was followed. This consists of several rounds of mini-
mization followed by 375 ps of MD with varying levels of harmonic restraints on different parts of the system. More specifically, a modified 
version of the CHARMM-GUI equilibration scheme was employed, in which six cycles of equilibration were performed, gradually reducing 
the force constants of restraints placed on various parts of the system. Cycle 1 also includes five rounds of minimization; each round of mini-
mization includes 250 steps each of steepest descent (SD) and Adopted Basis Newton-Raphson (ABNR) minimization before MD com-
mences. Table S1 details the timestep, number of steps, and various restraining forces on the system during minimization and equilibration.  
Table S1. Simulation details for minimization and equilibration, based on CHARMM-GUI protocol. 

 
 
 
 
 
 
 
 
 
 
Force (Water) is the force constant on water molecules to keep them from entering the hydrophobic core of the lipid bilayer during minimi-

zation and equilibration, Force (Lipid tail) is the force constant to keep the lipid tail away from the hydrophobic core during equilibration, and 
Force (Lipid head) is the force constant to keep the lipid head groups close to their target values. Note that all of these restraints are ‘turned off’ 
for the last round of equilibration as well as all subsequent production runs.  

The following parameters were utilized for the MD simulations utilizing the NAMD18 simulation package: periodic boundary conditions, 2 
fs timestep, CHARMM forcefield as described above, 12 Å nonbonded interaction cutoff, SHAKE19,20-constrained hydrogen bonds, 12 Å 
nonbonded interaction cutoff, and temperature of 300 K. The ensemble simulated is the NpzϒxyT ensemble; this involves a constant number 
of atoms, constant pressure in the z dimension (normal to the lipid bilayer surface), constant surface tension in the plane of the bilayer, and 
constant temperature. The normal pressure (pz) is set to 1 bar (controlled by the Langevin piston Nose-Hoover method), and the surface 

cycle 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6
Timestep (fs) 1 1 1 2 2 2

Number of steps 25,000 25,000 25,000 50,000 50,000 50,000
FORCES (kcal/mol)

  Backbone 10.0 10.0 2.5 1.0 0.5 0.0
  Sidechain 5.0 5.0 1.0 0.0 0.0 0.0

    Ligand 10.0 10.0 1.0 0.0 0.0 0.0
  Force (Water) 2.5 2.5 1.0 0.5 0.1 0.0

  Force (Lipid tail) 2.5 2.5 1.0 0.5 0.1 0.0
  Force (Lipid head) 2.5 2.5 1.0 0.5 0.1 0.0
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tension in the xy plane (ϒxy) is set to 0.0 dynes/cm. The three orthogonal box dimensions of the periodic cell are allowed to fluctuate inde-
pendently. Long range electrostatics beyond the real-space nonbonded interaction cutoff are computed using particle mesh Ewald21-23 sum-
mation with a 6th order B-spline interpolation and a grid size of 96x96x180. 

The CHAMBER24 program was used to convert the CHARMM protein structure file, coordinate file, and associated force field files to an 
AMBER topology file and coordinate file. The Sander program of the AMBER25 software package (version 12) was used to perform the um-
brella sampling (US) simulations. Amber12’s25 ‘targeted MD’ utility enables US along RMSD-based coordinates. The starting configurations 
for each of the US windows was produced by pulling the cellulose chain ‘backwards’ (from the ‘up’ state, i.e. post-translocation state) toward 
the active site targeting various RMSD values to the appropriate reference structure. This was done in approximately thirty increments of 0.25 
Å in magnitude. Each increment was run for 10 ps. The final configuration from each of these increments is the starting point for an US simu-
lation in that window.  

The ‘opposite side’ configuration (as in cellulose, see main text Figure 3b) was constructed with the protein configuration and the cellulose 
chain from the crystal structure with cyclic-di-GMP and UDP bound (PDB code 4P00).26 The basis for the protein configuration in the ‘same 
side’ configuration (see main text Figure 3e) was the crystal structure with cyclic-di-GMP and UDP bound (PDB code 4P00).26 The cellulose 
configuration originated from the crystal structure with the cellulose chain in the ‘down’ state, pre-translocation (PDB code 4HG6).27 The 
two glucose rings closest to the active site were deleted, and then a single glucose ring was added in their place in the same configuration as the 
penultimate glucose. The system was then equilibrated for 400 ps of unrestrained MD.  

For the opposite side scenario, the reference structure for the cellulose chain comes from the crystal structure with an elongated cellulose 
chain and lacking cyclic di-GMP (PDB code 4HG6).27 For the same side scenario, the reference structure comes from crystal structure with 
cyclic di-GMP and UDP bound (PDB code 4P00).26 The RMSD coordinate utilized is the C1 and C4 atoms of the glucose rings within the 
transmembrane region. In each case, this comprises 14 total carbon atoms that are restrained in the US simulations. Note that in each case, 
the restrained atoms are all in the transmembrane region; thus all atoms in the cellulose chain that are near the active site are unrestrained. 
The tMD force constant is 70 kcal/mol/Å2. Approximately 36 US windows were utilized for each scenario, spaced 0.25 Å apart. Potentials of 
mean force (PMF) were constructed by the weighted histogram analysis method (WHAM)28 (code from Alan Grossfield29) from the last 3 ns 
of 30 total ns of US. As with the unrestrained MD simulations, the US is performed in the NpzϒxyT ensemble with pz set to 1 bar, ϒxy set to 0.0 
dynes/cm, and thermostat temperature of 300 K.  
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DYNAMICS OF THE GLUCOSE RING TWIST 
French and coworkers have published extensively on energy surfaces for cellobiose.30-33 In general, the energetics for cellobiose to twist 

around its glycosidic bond are tracked via ϕ-ψ two-dimensional contour maps, where ϕ is the dihedral angle H1-C1-O1-C4’ and ψ is the 
dihedral angle H4’-C4’-O1-C1.32 We have tracked the ϕ and ψ dihedral angles for the RMSD=3.00 Å umbrella sampling window. This is the 
first window wherein the rotation around the glycosidic bond is observed and thus represents the most likely point for the rotation in the 
physical system. We have then imposed the results on the ϕ-ψ map from French et al. (Figure 4 in that publication).32 The result is seen in the 
figure below. The black circles represent our data for the aforementioned umbrella sampling window. The data cluster into three groups: the 
first is shown surrounded by blue shading, followed by the green, and finally the orange (progression shown by the red arrows). These results 
correspond quite nicely with the results of French et al. The final, low-energy, opposite-side configuration (orange shading) rests in the global 
minimum in the energy surface. The initial same-side state (blue shading) sits about 4-6 kcal/mol higher. 

In order to analyze the dynamics of ring puckering, we have tracked the Cremer-Pople parameters for the newly added glycosyl ring during 
the ring twist. The results are presented below in the form of a Stoddart diagram. The data shown are for the RMSD = 3.00 Å umbrella sam-
pling window, as in the above graph (i.e. during a complete ring twisting trajectory). As shown by this plot, there is no significant change in 
the ring pucker away from the 4C1 conformation during the rotation, nor did we observe any non-chair conformations in other windows. 
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BCS SEQUENCE ALIGNMENT 

 

Figure S1. Sequence aligment of the bacterial cellulose synthase with the twelve closest non-redundant BLAST hits. All are from bacteria. Strictly 
conserved residues are shown in red block, and chemically similar residues in red text. The blue boxes indicate chemical similarity across a grouping of 
residues. The figure was generated with ESPript  (http://espript.ibcp.fr).34 (The sequence alignment continues on the next two pages.) 

1       10        20        30        40        50        60

Rhodobacter_sphaeroides_BcsA                        W             P                                        LL LL VALLV    LA A V   A  LI L  V LV LLK   GTVRAKARSPLRVVPV  F        PFGL  A   APS QG  A SA V  A   PFA

Citreicella_sp_SE45                                 W             P                                        LL LL LALLA IV LA   I   V AL  L  V  I LLK   ..............MV  I        V  V  AT  ATP E  FA VG SS W   RFA

Salipiger_mucosus_DSM_16094                         W             P                                        LL LL LLLLA II LA A I V V A L I  V LI LLK   ...MTGKRGFMSIAIA  G        I  I  A   A S Q F A IS A  W   RFV

Roseivivax_halodurans_JCM_10272                      W             P                                         L II IALMV VL LA V  SI A  LM L    VI VLK   .........MTRFATWG A        P  F  S  T  V QG  A TTCA  Y   PFV

Roseivivax_atlanticus                               W             P                                        AL LL I LMV IL LA V  SV V ALM V  V II VMK   .........MSQGAAW  A    G   P  F  S  T  S Q   A VT T  F   PFV

Oceanicola_sp_S124                                  W             P                                        LL  I IVLAI LL LA I ISV    LL L    MI  LK   ...............M  LG       P  F  S     GTQG  A LTCA  YG  PMV

Tistrella_mobilis_KA081020-065                      W             P                                        AL LI VLALV LL AA   VSL A IVL I  L AM VLK   .......MVAQRFGRL  G        A  A  AQ    P Q   M LL A  A   GTR

Methylobacterium_sp_88A                             W             P                                        L   V LV  V VL LL   IS    LAM L  M AM VL    ............MRSA RWT    ST A  A  SQ   TQDQ   S CA A  I  WIFF

Pelagibacterium_halotolerans                        W             P                                        I  L  ALVA   V AI L VSL V LI  V  L VM VIK   .............MRA TF F     TGT I  T     Q H  TA LF G  L   TLR

Agrobacterium_tumefaciens                           W             P                                        I  II M V V VL II L VSL A LIA A  L LL  IK   ............MSKV SV    F S C  V  T     Q H   T IS V  AT  SLN

Bosea_sp_117                                        W             P                                        LI  L ALA L VV LI L ISL A L A A  V VI LLK   ............MRKA  AG     T I  F  T     Q H T G IV T  I   MFA

Microvirga_lupini                                   W             P                                        LI A  AVAAV IV IV L ISL A LVA L  V  M ILK   ............MRTG  V F      L  S  A     Q H   G TV AC I   FFR

Microvirga_lotononidis                              W             P                                        LI A  AVAAV II IV L ISI A LVA L  V  M ILK   ............MRAG  V F      L  S  A     Q H   G TV AC I   FFR

           70        80        90       100       110       

Rhodobacter_sphaeroides_BcsA           R          V RY  WR   T P             L   E                   LLL A SM  M          L      ASFL   L F V  FSI I FLD...KMVP F   S A  L    WF  LFE   PPALD    FAL   A  T   S F  

Citreicella_sp_SE45                    R          V RY  WR   T P             L   E                   IVL I SV  M          L      LSFA   V F A  FTV L FLS..TNRQA F   A A  F    WI  LAE   SQDDP    AAV   G  T   A F  

Salipiger_mucosus_DSM_16094            R          V RY  WR   T P             L   E                   LVL I SV  M          L      VSFA   L   A  FTV L FLP..VNRQV F   A A  F    WI  VFE   SPEDP    AAV  LG  S   A F  

Roseivivax_halodurans_JCM_10272         R          V RY  WR   T P             L   E                    VL L SV  L          L      LS A   V F A  FTV L FLT..SNALV FF  A A  F    WL  LLE   STDSP  L AAL   G  T   G F  

Roseivivax_atlanticus                  R          V RY  WR   T P             L   E                    VL V SV  L          L      IS A   L F A  FTV L FLA..ANMPL LS  A A  F    WI  LVE   SIDDP  L AAL   G  T   G F  

Oceanicola_sp_S124                     R          V RY  WR   T P             L   E                   IVM I  V  L          L      IS A   V F A  FTV L FLG..SKISV I   S AG F    WL  LLE   SLDDP  L AAL   G  T   V F  

Tistrella_mobilis_KA081020-065         R          V RY  WR   T P             L   E                   MLV I     A          L        FV   V Y A  Y I M FVAHEDASVR T   M GGFI    LC  TLS   PLDDPFA  PGL   A  V A V F  

Methylobacterium_sp_88A                R          V RY  WR   T P             L   E                   V L L SL  L          L      VSF    V      Y V I FI...DNPPA F F A G  V    MF  VTN   SPSDP   GFGL  LLG L C F L  

Pelagibacterium_halotolerans           R          V RY  WR   T P             L   E                   LLL L TA  L          L      A FI   L Y    Y I M  L...LGGVW L   A G  I    AY  TTS   PVEQW D  PGL   LG M C L LA 

Agrobacterium_tumefaciens              R          V RY  WR   T P             L   E                   I L   TA  L          L       NFI   L Y A  YSV M  L...GKGAW L G GFG  I    VY  TTS   PINQPE   PGF   L  M   L LA 

Bosea_sp_117                           R          V RY  WR   T P             L   E                   IAL L TA  L          L        FI   L Y A  YSV M  L...PVGTP L   S G  I    VY  TTS   PVTQLED  PGF   L  M   G LG 

Microvirga_lupini                      R          V RY  WR   T P             L   E                   IAL L TA  L          I      ASFI   L Y A  YSV M FL...AQGIW L   A G  I    VF  TTS   PITEV    PGF   L  M   M L  

Microvirga_lotononidis                 R          V RY  WR   T P             L   E                   IAL L TA  L          I      ASFI   L Y A  YSV M FL...AQGIW L   A G  I    VF  TTS   PITEI    PGF   L  M   M L  

120       130        140       150       160       170      

Rhodobacter_sphaeroides_BcsA          P               P VD   P   E       TL  AK   YP       N  L            L     L T  I V SYN    ML    AA   M       TV  GF SAD TDRPFPRP QPE.E      L      PAD  SV      N I  ARLR  V

Citreicella_sp_SE45                   P               P VD   P   E       TL  AK   YP       TA V    I       M     V S  I V SYN    LLA   AA   V     R TV   L TAD  DRDPPKP RPS.Q      L      PPE   V      Q I  EG K  V

Salipiger_mucosus_DSM_16094           P               P VD   P   E       TL  AK   YP       T  V            M     V S  I V SYN    LLA   AA   I     K TV  CL TGD CDRAPPKL HVS.Q      L      PPE   V      Q I  EG K  V

Roseivivax_halodurans_JCM_10272        P               P VD   P   E       TL  AK   YP       TA V    V       V     A    I V SYN    LLA   AA   V     K TV   L TGD  ENPPPPK KLR.D  R   L      PDD   V      N T  AD K  V

Roseivivax_atlanticus                 P               P VD   P   E       TL  AK   YP       TA I    V       L     V S  I V SYN    LLA   AA   I     K TV   L TAD  THPLPPR KLS.E      L      SDQ   V      N T  DD K  V

Oceanicola_sp_S124                    P               P VD   P   E       TL  AK   YP       TA I    V       I     V S  I V SY     LLA    A   I     K TV   L TSD  THARPEP KLT.D      L    D SPE   V  S   R T  EG K  V

Tistrella_mobilis_KA081020-065        P               P VD   P   E       TL  AK   YP       N  V    V             L T  V V SFN    LI    I    M     R NV  NF VID  TRMSPPLPEDPAE      F      DDG  ET   G  R W  AD L  Y

Methylobacterium_sp_88A               P               P VD   P   E       TL  AK   YP       SL I    L             L T  I V SYN    IL     A   I     K  V   I NAD  RRSTPPMGAPE.D      F      DAG  ST  S   L D  AD LH W

Pelagibacterium_halotolerans          P               P VD   P   E       TL  AK   YP       SL V    V       L     V S  V V TYN    LLA   AA   L     K TI   F ISN  PSRPSRS KPGEP      F      DYE   G      A D  AE L  W

Agrobacterium_tumefaciens             P               P VD   P   E       TL  AK   YP       SL I    L             V T  I V TYN    LLA   AA   I     R  V   V VSM  PSRKTRPGSPG.Y      F      DAV   N      N D  QD FV W

Bosea_sp_117                          P               P VD   P   E       TL  AK   YP       SL V    L       V          I V TYN    LLA   AA   I     K TV   F VSM  PQRVAPP PVD.NT H   F      EAT   S      A D  AD F  W

Microvirga_lupini                     P               P VD   P   E       TL  AK   YP       SL V    L       I     L T  V I SYN    LLA   AA   M     K TV   F VSS  KSRKAPQ DPQ.N      F      SAD   T      G T  AD V  W

Microvirga_lotononidis                P               P VD   P   E       TL  AK   YP       SL V    L       I     L T  V V TYN    LLA   AA   M     K TV   F VSS  KSRKAPQ DPE.N      F      GSD   T      A T  AD F  W

 180       190       200       210       220       230      

Rhodobacter_sphaeroides_BcsA   L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQRC   D   A  A E R   Q L   L V      R        MS      C         MSP PEL QK Q   RE  Q  RE G V S  E  E        AA ER

Citreicella_sp_SE45            L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQRC   D      A E R   Q L   M I      R        LN      C         NHP PDISRG Q   KL  E  RD G V S  A  E        AA QR

Salipiger_mucosus_DSM_16094    L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQRC   D   A  A E R   Q L   M I      R        LN      C         NHP KEI NA R   ET  S  RD D V S  A  E        AA KH

Roseivivax_halodurans_JCM_10272 L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQRC   D   A  A E R   Q L   L V      R        LN      C         AHA PEI RQ R   AR  K  AE D V T  A  E        EA KT

Roseivivax_atlanticus          L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQRC   D   A    E R   Q L   L V      R        LN      C         AHA PEI KTSQ   AR  K  AD G V S  A  E        AA ET

Oceanicola_sp_S124             L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQRC   D   A    E R   Q L   L V      K        LN      C         NSK PAL ARSQ   KT  A  AE D V S  A  E        AA QN

Tistrella_mobilis_KA081020-065 L DDG                   R   L   C      Y TR  N HAKAGN    L        TD K    D   A  A E H     M   L V               LN      L   S  M RMSA PQE LK R   ER KV  AR G H L  ET A        AA PE

Methylobacterium_sp_88A        L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQKC   D   A  A   R   Q L   L V      R        LN      L         ADP PAK QE IQ  SE  A  MA G T L  S  Q        NG KH

Pelagibacterium_halotolerans   L DDG                   R   L   C      Y TR  N HAKAGN    L       GT QK    D   A  A E H     L   L V      R        LN      L     V  RNDP PEK EE L   TS EK  SD G N L  E  E        NG AH

Agrobacterium_tumefaciens      L DDG                   R   L   C      Y TR  N HAKAGN    L       GS QK        A  A   H     L   L V      R        LN      L     V  RNASNVPE QA TR  EE KK  SD G N L  E  V        NG DH

Bosea_sp_117                   L DDG                   R   L   C      Y TR  N HAKAGN    L       GTDQKC   D   A  A E R   T L   L        R        LN      L         EQD PLA QQ Q   AE  A  EG GCR L  R  E        NG EH

Microvirga_lupini              L DDG                   R   L   C      Y TR  N HAKAGN    L       GTD KC       A  A E R   Q L   M V      R        LN      L      E  NSSNANG HQ R   AE  A  AA D K L  A  L        NG EH

Microvirga_lotononidis         L DDG                   R   L   C      Y TR  N HAKAGN    L       GTD KC       A  A E R   Q L   M V      R        LN      L      E  NSSNAKA QE R   AE  A  EV D K L  A  L        NG EN

 240       250       260       270       280       290      

Rhodobacter_sphaeroides_BcsA     G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    ELVVV     V  R F    VGY              F  N   I   L   D    LK      F      S D  AR     VEDPD          I P   Q   ALG RC P

Citreicella_sp_SE45              G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    DLVLI     V  R      AGY     R        F  N   IE  I   E   SLS      L      S DI AR     VENP           T R       GLP TC  

Salipiger_mucosus_DSM_16094      G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    DLVLI     V  R F    AGY     R        F  N   IE  I   E    LD      L      S D  AR     VEKP           T R       GLP TC A

Roseivivax_halodurans_JCM_10272   G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    ELVLV     V  R F    VGY     R        F  N   IE  L   E   SLD      L      T D  AR     TENP           T R       GFK TC  

Roseivivax_atlanticus            G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    ELLLV     V  R      VGY     R        F  N   IE  L   E   SLE      L      T DI TR     SENP           T R       ALP TC  

Oceanicola_sp_S124               G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    ELVLI     V    F    VGY     R        F  N   IE  L   E   SLT      L      TPE  AR     AENP           T R       ALP DC  

Tistrella_mobilis_KA081020-065   G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    DLIAV     V  R F    VGF     K        F  S   LE  L   E   STH      F      T D  LA     RKDP           L P       KTF RM  

Methylobacterium_sp_88A          G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    EIIVV     V  R F    IG      R           N   IE  L   D   SSQ      L      F S  RE   H AADP         A L P       RTF RM  

Pelagibacterium_halotolerans     G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    DLVAV     A  R F    VPY     K        F  N   LE  L   E   SST      F      A D  QE     GDDE           L P       RTF RM  

Agrobacterium_tumefaciens        G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    ELIVV     A  R F    VGY     R        F  N   IE  L   E   SST      F      A D  QE     EEDE           L P       RTF TM  

Bosea_sp_117                     G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    DLVAV     A  R F    VGY     R        F  N   LE  L   D   SST      F      A S  KE     SQDP           I P       DTF RM  

Microvirga_lupini                G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    DLVAV     A  R F    VGY              F  N   LE  L       SST      F      A S  TE     TTDKS          I P       GTFQTM  

Microvirga_lotononidis           G      DADH P    L  T   F     LFLVQTPH F   DP  RN       P    DLVAV     A  R F    VGY              F  N   LE  L       SST      F      A S  ME     TKDKN          I P       GTFQTM  
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 300       310       320       330       340       350      

Rhodobacter_sphaeroides_BcsA   ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     R   A       V    A  E       T        LEI SRGW       GK H     WGG            R  D AG FA E     A           K

Citreicella_sp_SE45            ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     R   A       L    A  E    S  T        LDI SRGW       ST H     LGG            K  D VG I  V     A           E

Salipiger_mucosus_DSM_16094    ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     R           L    A  E    S  T        LDI SRGW       TT H     LGGT           A  D VG I  V     A           E

Roseivivax_halodurans_JCM_10272 ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     R   A       L    A  E    S  T        LDI  RGW       GQ H     LGG            S  D VG I  E     A       A   E

Roseivivax_atlanticus          ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     R   A       I    A  E       T        LEI SRGW       SE H     LGG            R  D VG IA D     A           E

Oceanicola_sp_S124             ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     R   A       L    A  E    S  T        LDI SRGW       SE H     MGG            R  D VG I  E     A           E

Tistrella_mobilis_KA081020-065 ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     R   A       L       E    S  S        LDL  RGY       GM Q     WNG            AC E VG F  L     A       A   N

Methylobacterium_sp_88A        ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H                   K           L    A  E    S  T         EL SRGW       SVTQ     WNGS           R  D AG F  V     C   F       N

Pelagibacterium_halotolerans   ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             L                 L    A       S  S        LDL SK W       SI Q    SWNAS           E  DIAN F  R     C         K N

Agrobacterium_tumefaciens      ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     K   A       V    A  E    S  S        L L SRGW       GI Q     WNG            Q  K TD F  V     C    A      N

Bosea_sp_117                   ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     K   A       V    A  E    S  S        LEL  RGW       GI Q     WDA            E  M TK F  I     C       G   H

Microvirga_lupini              ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     K   A       V    A  E    S  S        LDL SRGW       GV Q     WDA            E  Q TN F  V     C           S

Microvirga_lotononidis         ENEMFY    RGLD     FFCGSAA LRR  L    G  G  ITED ETA   H             I     K   A       V    A  E    S  S        LEL SRGW       GV Q     WDA            E  Q TN F  V     C           T

 360       370       380       390       400       410      

Rhodobacter_sphaeroides_BcsA   S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    L IDR MI     ETFAS        AT    MLL K  L R    I QRLC LN   F      A              Q  G      M    L N  F R  G A        MS 

Citreicella_sp_SE45            S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    M L R MI     ETFAS        AT    ILI K  L R    L QR C LN   Y    N A              Q  G      M    L N  F S  S A  F     MS 

Salipiger_mucosus_DSM_16094    S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    L L R M      ETFAS        AT    ILL K  L R    L QRLC LN   Y    N A S            Q  G      M    L N  F S  S T        MS 

Roseivivax_halodurans_JCM_10272 S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    M LD  MI     ETFAS        AT    MLI K  V R    I  RLC LN   F     YA              Q  G      I    L N  F S  T GK       MS 

Roseivivax_atlanticus          S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    I IER MV     ETFAS        AT    MLI K  I R    L QRLC LN   F      A              Q  G      I    L N  L S  S T        MS 

Oceanicola_sp_S124             S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    M LDH MI     ETFAS        AT    MLI K  M R    L QRLC LN   F      A              Q  G      I    L N  F S  S T        MS 

Tistrella_mobilis_KA081020-065 S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    V   K LI     ESYA         AQ    I M K  L K    L QRLC L    F   YG P           A  G  S      T  F M N  I R  R P      A SM 

Methylobacterium_sp_88A        S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    I VD  LI     DT V          Q    ILM K  L K      QKL  LS   F     TP         L A  G  S  C   F    L N  F R  HPI   A    MT 

Pelagibacterium_halotolerans   S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    I IDR LI      TF S        AQ    IML    L K    M QRLC MS   F      P       A  S   G  T      T    FNF  F R  S A        MM 

Agrobacterium_tumefaciens      S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    L VDK LI      TFAS        AQ    ILI R  L R      QRLC MS   F      P       A      G  S      M    F Q  F R  SFT        TL 

Bosea_sp_117                   S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    V VDK LI     ETFAS        AQ    IL  R    K    I QRLC MS   F      P              G  S      Y   RF F PG R  S P        TF 

Microvirga_lupini              S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    V VDK LI     DSFAS        AQ    IL  K    K    L QRLC MS   F      P              G  S      M   RY F PF R  K S        SM 

Microvirga_lotononidis         S Y      AGLQP     FI QR RW  GM Q      P    GL       Y  S    V VDK LI     DSFAS        AQ    IL  K    K    I QRLC MS   F      P              G  S      M   RY F PL R  K S        SM 

 420       430       440       450       460       470      

Rhodobacter_sphaeroides_BcsA   W FP  R  F   P     F              Y   Y       QN      RWP  S        M LV  L YLF  I IF AT  E LA     LAV  LV   LF       V  F  LV M    A  I    G E  V  FE V   MPG    SF    A  ARQ   L  

Citreicella_sp_SE45            W FP  R  F   P     F              Y   Y       QN      RWP  S L        LL  L YLF  L VF VQ  E MA     LLV  LV   LF       I     VV MT   S  F    G Q  V  PD V   ILP    AF    G  ARV   L  

Salipiger_mucosus_DSM_16094    W FP  R  F   P     F              Y   Y       QN      RWP  S L      I LI  L YLF  L IF VQ    MA     LLI  LV   LF       I     VV M    S  F    G Q  V  PDGV   ILP    AM    G  ARV   L  

Roseivivax_halodurans_JCM_10272 W FP  R  F   P     F              Y   Y       QN      RWP  S L      I LV  L YLF  L IF VN  E L      LLI  MV   LF       I     LI T    S  I    G Q  V  PA V G ILP    GF    A  ANV   Q  

Roseivivax_atlanticus          W FP  R  F   P     F              Y   Y       QN      RWP  S L      V LL  L YLF  L IF VT  E LA     LLI  MI   LF       I     LV T    S  L    G E  V  GE V   ILP    GF    A  ASV   Q  

Oceanicola_sp_S124             W FP  R  F   P     F              Y   Y       QN      RWP  S L      I LL  L YLF  L IF V   E  V     LLI  IV   LF       I     LI M    S  L    G E  V DSS VF  ILP    GF    A  SDV   Q  

Tistrella_mobilis_KA081020-065 W FP  R  F   P     F              Y   Y       QN      RWP  S L      M LI  L YLF  L IY AT  E A      LVA  MI   L        I     FS L    A  F    G E  R  AA F G TLT    SL    A NGRF   L  

Methylobacterium_sp_88A        W FP  R  F   P     F              Y   Y       QN      RWP  S        I M   M  IF  L IF AS  E IA     IVI  MM   VY       V  F  VP M   FA  LH   D K  V  VD S   TAT    NL    Y  GKF   F  

Pelagibacterium_halotolerans   W FP  R  F   P     F              Y   Y       QN      RWP  S L      I LI    YLF  L IF AS  E AA     LVV  VM   LY       I     FT I    A FF    N Q  T  GG F   TMT    NL    S  GRW   W  

Agrobacterium_tumefaciens      W FP  R  F   P     F              Y   Y       QN      RWP  S L      I L   L YLF  L IF AS  E LA     MLV  MM   LF       I     FP T   FA  F    D Q  V  GG F   TAA    NL    F  GNF   W  

Bosea_sp_117                   W FP  R  F   P     F              Y   Y       QN      RWP  S        I LI  I YL   L IF AS  E LA     MLV  LM   LY       I  F  FS M    S  F  G S E  N  GA F   TST    NL    Y  GRY   W  

Microvirga_lupini              W FP  R  F   P     F              Y   Y       QN      RWP  S L        LV  L YLF  L IF AS  E  A     MMV  MM   LY       I     FS FC   S  C    S E  T  GG FF  TFT    NF    Y  GRY   W  

Microvirga_lotononidis         W FP  R  F   P     F              Y   Y       QN      RWP  S L        LI  L YLF  L IF AS  E LA     MMV  MM   LY       I     FS FC   S  C    S E  T  GG F   TFT    NF    Y  GRY   W  

 480       490       500       510       520       530      

Rhodobacter_sphaeroides_BcsA     YE  Q      A       P    F VTAK         S    P             EV   A   YLA  IV  L              ETL    I  I         L L GVL    V  AP   R   TT LR RSAR A    D   SENY  P YR LLFTFL C S   

Citreicella_sp_SE45              YE  Q      A       P    F VTAK         S    P             EV   A T YLL  V   M              ESL    I  V     I   LM  GLV    I   P   M  FKT LR HAAK N    D   DNDF  P MK LF TTL  FG   

Salipiger_mucosus_DSM_16094      YE  Q      A       P    F VTAK         S    P             EV   A T YLL  V                  ETL    I  V     L   VLLAGIV    I   P   K  FKTFIS RSAK N    D   EDEF  P LV LL TTL       

Roseivivax_halodurans_JCM_10272   YE  Q      A       P    F VTAK         S    P             EV   A T YL   LI  V              DTL    M  I     VL  LLLAGIV    I   P  FA   ET RH RGAS K    D   DRAF  P AM LM  TG       

Roseivivax_atlanticus            YE  Q      A       P    F VTAK         S    P             EV   A T YLL  V   V              DTL    L  I     LM  LLLAGLI    I   P   R  FET LR RGAT K    D   DSAF  P YR LT  TG       

Oceanicola_sp_S124               YE  Q      A       P    F VTAK         S    P             EV   A T YIL  LI  V               TL    L  I     LL  VLLAGLL    I   P   L   ET RN RGAT K    DG  EHAF  P YR LT  VG       

Tistrella_mobilis_KA081020-065   YE  Q      A       P    F VTAK         S    P             EL     S      IV  M              ETL    V  L      V  LLILGM     LS  LHTSV   KT ID RKPV R    G   AHDH  P AK LVG VG      G

Methylobacterium_sp_88A          YE  Q      A       P    F VTAK         S    P             EL   V   YL   II  I                L    L  M     AV  ILLIG      Y  GL  FR   SV VS RKPT N    GAA DQDH  P AW YF  YF     CG

Pelagibacterium_halotolerans     YE  Q      A       P    F VTAK         S    P             EL   I S  LL  IL  I              ESI    L  L      I  LLLVGVA    Y   VH  P   SV RN TKPT K    D   DESR  E AR FYF FL       

Agrobacterium_tumefaciens        YE  Q      A       P    F VTAK         S    P             EL   V T  LL  VV  I              ESI    L  I     VI  VLVI MI    Y   VH  P   SV FN SKPT K    D   SEAR  E SR FF  FG    A  

Bosea_sp_117                     YE  Q      A       P    F VTAK         S    P             EL   I S YLL  LI  I              ETL    V  I     II  L IV AL    Y   V   P   SV LN RKPT K    G   SESH  E GK FF  FA Q  A  

Microvirga_lupini                YE  Q      A       P    F VTAK         S    P             DL   I T YLL  VV  I              ESM    V  L     II  ILILGVI    Y   I   P   SV AN SKPT K    N   EESR  E GT YF  FG       

Microvirga_lotononidis           YE  Q      A       P    F VTAK         S    P             DL   I T YLL  VL  I              ESM    V  L     II  ILILGVI    Y   I   P   SV AN SKPT K    N   EESR  E GT YF  FG       

 540       550       560       570       580       590      

Rhodobacter_sphaeroides_BcsA       R    P           W   N       L    E                     A      A      V  VVG   V   LLV  A  AV  K  R    R  M     A    TLV WV F GDRS LL   G A L V   GF  R  A  QQ RAAP VQ EVPAE QIP

Citreicella_sp_SE45                R    P           W   N       L    E                     A      M      I  IVG   L   IL       V  R  R    R  I     V    AGI WY Y GDRL VQ   G A F F  TVLS RS F  QR LRKP TE MVPAA WSE

Salipiger_mucosus_DSM_16094        R    P           W   N       L    E                     A      L      V  IVG   L   LLA  A   V  R  R    R  I     L    AAL WY F GDRS VQ   G A F L   IL  RS I  QR LLKP TA MAPAS WPE

Roseivivax_halodurans_JCM_10272     R    P           W   N       L    E                     A      A      V  IV    V   LLA  A  AV  R  R    R  V     L    AVA YI F GDRT VQ  AA N Y F   AL  R  F  PA LVRP TA FVPAR HIP

Roseivivax_atlanticus              R    P           W   N       L    E                     A      A      V  IVG   L   LLA  A  AV  R  R    R  V     L    GLI WI F GDRG IQ   A N Y F   AF  R  F  PW LVKP TA STPAR ALS

Oceanicola_sp_S124                 R    P           W   N       L    E                     A      A      V  IVG   L   ILA     AV  R  R    R  V     L    GVY WY F GDRY VQ   A A Y F   AFS R  F  PR LTRP TA STPAR TLV

Tistrella_mobilis_KA081020-065     R    P           W   N       L    E                     A      M      V  VV        LLA  A  VV  H  H    R  V     I    ALW WW E ATRD LL  TF NTF L   SA  G  C  AQ RAAP VM KRPAR LID

Methylobacterium_sp_88A            R    P           W   N       L    E                                   L  VVG       L A  A  VA  R          I     L   TALY YLFE GVTN ML   L NFF L T GV  G  A  RTTEASPSLA DRQGR VFG

Pelagibacterium_halotolerans       R    P           W   N       L    E                            A      I  VVG   L   ILA  A  VV  R       R  I     I   FTGY LW E YRAE TL   G N F L   GC  G  S  REVRASR VP ERRCE RSV

Agrobacterium_tumefaciens          R    P           W   N       L    E                            A      V  VVG   L   I A  A  VV  R  K    R  V     L   FAIY VY E YKAD TL   G N L I F GC  G  S  GE SASR VT KRRCE QIG

Bosea_sp_117                       R    P           W   N       L    E                     I             V  VVG   L   MI   A  VV  R  R    R  L     L    TIW IMTE YTAD TL   G N L L  SGC  G  S  AN RRTH VN SRRCQ IVN

Microvirga_lupini                  R    P           W   N       L    E                     A      A      L  V G   V   IIA  A  VV  R  R    R  V          TGV VW E YKAD TL T A N L L   GC  G  S  AT RQSH VR ERPCRFIMG

Microvirga_lotononidis             R    P           W   N       L    E                     A      A      L  V G   V   IIA  A  VV  R  R    R  V          TGI VW E YKAD TL T A N L L   GC  G  S  AT RHSH VR ERPCRFIIG
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 600               610       620           630          640 

Rhodobacter_sphaeroides_BcsA                   A V  AS   V L V                     I     Q AFGNRSL........T T LD  TSG R L RL....PGVGDPHPALEAGGL Q...F P

Citreicella_sp_SE45                            A L   S   M   L                     L       SKTDGAGVS....... V RMS GRT QFT NDDDE..ARE.ELGMIRSGDR V...LCP

Salipiger_mucosus_DSM_16094                    V L  IS   M                         L       GQHSGSATD....... V RA  ARK RFVFADDDR..KNE....MIGEGAR V...IRP

Roseivivax_halodurans_JCM_10272                   I  AS   I A L                           S GADDDAA......DLETT IS  PTV Q R AAGALPKGLAPG.SEGAAPMRGK...L P

Roseivivax_atlanticus                          V I  AT   V L L                     A     T GDETGAGA....TMLD T IA  AGS Q R DPDSGDSATRDWKKLSIKGAL T...L P

Oceanicola_sp_S124                             A I  AS   I L L                     V       PAESDQSPAPSGEPRE T LS  PER Q Q T....ESGQESWTPEQ.VGAE V...LLP

Tistrella_mobilis_KA081020-065                   L  LS   A L I                     L     T G...........TLYEGA LD  QGG R A PARQAPKGRLAG.....RFAE LVDEL A

Methylobacterium_sp_88A                        V I  AS     I                             S G...........RALD A ER  ALGCT RFGAEGLPP...GA......GSTHRMGQL V

Pelagibacterium_halotolerans                     I  VS   V I V                     I     S D.G.........TWVRGT LN  SGG A Q ADG.KTRLAKDQ......ATA RFQTL P

Agrobacterium_tumefaciens                      A I  VS   M I I                     I     S DND.........AWMP T EN  VNG L H FEEGLSVVEKGS......KAV RVKPH E

Bosea_sp_117                                   A I  VS   A I                       I     S D...........VAYP I ED  IGG G RTAAGNLPKIDRGQ......IAS RFKPQ D

Microvirga_lupini                              A L  VS   A V V                     L     S D...........EIID V KD  VGG R H PPSAEPKLKKGA......SGT EFQPF S

Microvirga_lotononidis                         A V  VS   A V V                     L     S D...........EAID V RD  VGG R H PPSAEPKLKKGA......AGT EFQPF N

      650          660       670       680       690        

Rhodobacter_sphaeroides_BcsA              V      I           V                A LIF     W  KFPDAPQLERM RGR... RSARREGGTVM GVIFEAGQPIAVRETV Y   GESAH RT

Citreicella_sp_SE45                       L L V  V           V              I A LVY     W  VIPAAPDLEHH R H TR SHDEQAGRGTA TVEVEDGQLIPASE T Y   GNSEK VA

Salipiger_mucosus_DSM_16094               L I L  A                          I A LVY     W  KIDDAPELQHE T T TR EDPSDNAGRRLWSADIDRDHLIAASE T H   GDSEK MA

Roseivivax_halodurans_JCM_10272            L V V  V           L              L A IVY     W  VLPKSPALQTP N T NE RSDP...DGLL ELGISAEQMVDASR T V   GDSSR EF

Roseivivax_atlanticus                     L V I  V           V              L A VVY     W  ILEKTPQLEAP E S SD SSGA...DGIR GLVVDPAHMIAASH S T   GDSSR HF

Oceanicola_sp_S124                        L L L  V           V              L A VVY     W  ILPKAADLEVP T T AG RPGV...EGTR DLAVPADSMIGAAR T H   GDSRR QF

Tistrella_mobilis_KA081020-065            V V M              I              A V LVY     W  PAHLATGEARP P E RYG..RPDDAGNIQ GLRFMPETDAA.KE I D   GSSAL AE

Methylobacterium_sp_88A                   L V I  I           V              A A LMY        VPIDGAPVQVP P E GE ...TQSGDEVV TLQFQPLDPKG.YG L S   GDAGALLR

Pelagibacterium_halotolerans              M I V  V           V              L A LLY     W  VPDN......E G F RN ...SNAGKSSM GCRFMAEKPSD.YR I D   ANSKL KE

Agrobacterium_tumefaciens                 M I I              V              L A LIF     W  GVPE......T P N VRS...VRQNGYTS GSTFSPQQAVD.HR I D   ANSDQ SE

Bosea_sp_117                              L L I  V           L              L A LIF     W  IGID......T P A RN ...KREGAEHL GCEFHPEIPLH.HR I D   ANADE QK

Microvirga_lupini                         L M I  V           L              M A LVF     W  LPVQ......H P E RK ...GMDDRGLL GCRFMIEKPEH.RR I D   ANADQ SE

Microvirga_lotononidis                    L M I  V           L              M A LVF     W  LPIQ......H P E RK ...GMDDKGLL GCRFLIEKPEH.RR I D   ANADQ SQ

700       710       720       730       740       750        

Rhodobacter_sphaeroides_BcsA                G                                                        LL   A  L   A S  K A        R                     MREATMRPIG  H M RI WMA A LP T RDFMDEPA RRRRHEEPKEKQAHLLAFGT.

Citreicella_sp_SE45                         G                                                        LI   V  L   V S    V                              AREALPQARG  S I FV RLS G IVPS LALVTHRAAPQHNRKDEDRN.......TVE

Salipiger_mucosus_DSM_16094                 G                                                        LI   V  L   L S    A                              AREAVPRSRG  S I FV RLS T IVPS IALFTYRGAPQDNPEDRYRN.......ANE

Roseivivax_halodurans_JCM_10272              G                                                        LV   A  L   A S  K          R                     FRKVVPRSST  A L YV GKA L LP TTLDLLREPG RQSEMLEEDAVRENTFSAAPE

Roseivivax_atlanticus                       G                                                        LL   V  L   V S  K V        R                     FRKVRPQSST  A L YV AKS V IP S YDFLREPA RRDQLAADLTLPVDSFAEASK

Oceanicola_sp_S124                          G                                                        LV   L  L   A S    I        K                     FRKFHAQGST  T L YV AKS L VPQT YDFLREFS .....................

Tistrella_mobilis_KA081020-065              G                                                        VV   A  I   A    R L        R                     LLSRRHRRPG  R V HF RLS AYGF S GFVLGG.S FRANPAPPPPP..RLQ.....

Methylobacterium_sp_88A                     G                                                        IL   L  I   L    R A        H                     FQQSRRRHKN  S T QL WWG VEPF A SYAFKA.G ASTEEAATKAA..KAPAVLPK

Pelagibacterium_halotolerans                G                                                        II   L  L   I Q  R L        R                     RQESRQVNIG  L T QF SIS Y TA G GYLARF.S PAGSDQPQEAR..S.......

Agrobacterium_tumefaciens                   G                                                        LI   A  L   V Q  R L                              LQSSRRKNPG  K T TF AIA F TN G FYLFRS.FVPEKKPKPTVER..VKT.....

Bosea_sp_117                                G                                                        VL   L  I   I Q  R L        R                     FQYSRRHNPG  K T QF GIA Y TA G SYMMQL.H LQRAASRSTVS..TNK.....

Microvirga_lupini                           G                                                        VL   L        Q  R L        K                     FQKNRHHDIG  R T WFFMVAFY TG G SYFFGL.Q IGTSNPPAPSV..ASA.....

Microvirga_lotononidis                      G                                                        VL   L        Q  R L        K                     FQKNRHHDIG  R T WFFMVAFY TG G SYFFGL.Q IGASKPSAPSV..ASA.....

                     760       770       780       790      

Rhodobacter_sphaeroides_BcsA   .........DF............STEPDWAGELLDPTAQVSARPNTVAWGSNHHHHHHKL

Citreicella_sp_SE45            KTAIEHYLADR............GALPAPATEFLVPEETG.GAP................

Salipiger_mucosus_DSM_16094    TEAIKYYLADN............TSDSDLSAAFLLPEDEG.ART................

Roseivivax_halodurans_JCM_10272 KARTKPA................GRADLDDDGYLTVEE......................

Roseivivax_atlanticus          EQ.EKPAEPVR............QRRRSAESQYLEIED......................

Oceanicola_sp_S124             ............................................................

Tistrella_mobilis_KA081020-065 ...TEPASAQ....EGVPPDGNLTPPTGWSGS........ATAPRTS.............

Methylobacterium_sp_88A        PEAKAPLLVQRPAPFTAPGDTPPTPPPGPSDNPLVVRQGSSRIPGSEAATDWVRL...ML

Pelagibacterium_halotolerans   ............................................................

Agrobacterium_tumefaciens      ............................................................

Bosea_sp_117                   ..A.........................................................

Microvirga_lupini              ..VK........................................................

Microvirga_lotononidis         ..AK........................................................

 800                                                        

Rhodobacter_sphaeroides_BcsA   HHHHHH....................                                  

Citreicella_sp_SE45            ..........................                                  

Salipiger_mucosus_DSM_16094    ..........................                                  

Roseivivax_halodurans_JCM_10272 ..........................                                  

Roseivivax_atlanticus          ..........................                                  

Oceanicola_sp_S124             ..........................                                  

Tistrella_mobilis_KA081020-065 ..........................                                  

Methylobacterium_sp_88A        EFENDRLLEGAGKQANRGSSDPLVRT                                  

Pelagibacterium_halotolerans   ..........................                                  

Agrobacterium_tumefaciens      ..........................                                  

Bosea_sp_117                   ..........................                                  

Microvirga_lupini              ..........................                                  

Microvirga_lotononidis         ..........................                                  
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