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Supplementary Figure 1. Phylogenetic tree of protein sequences identified via a BLAST analysis using the 
OpuD1 (SPISAL_05155) and OpuD2 (SPISAL_05630) amino acid sequences of S. salinus M19-40 as the 
search template against the UniProt Knowledgebase (http://www.uniprot.org/). The indicated phylogenetic 
distances are based on an alignment of the amino acid sequences that was created with the CLUSTAL 
OMEGA algorithm (Sievers et al., 2011). 
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Supplementary Figure 2. Sequence comparison of EctC proteins that exist as homologues in 
the same organism. The amino acid sequences of three EctC homologues in Marinobacter 
aquaeolei VT8 (EctC1 [Maqu_0444], EctC2 [Maqu_0079], EctC3 [Maqu_0616]), two EctC 
homologues in Marinobacter salsuginis SD-14B (EctC1 [Msal_04565], EctC2 
[Msal_04384]), three EctC homologues in Marinobacter sp. CP1  (EctC1 
[Ga0098240_112317], EctC2 [Ga0098240_112233], EctC3 [Ga0098240_11115]) and two 
EctC homologues in Marinobacter nanhaiticus (EctC1 [J057_15490] and EctC2 
[J057_07276]) were compared to the EctC proteins of S. salinus M19-40 [SPISAL_06145] 
and Halomonas elongata [HELO_2590]. (A) EctC amino acid sequences were aligned using 
the CLUSTAL OMEGA algorithm (Sievers et al., 2011). (B) The phylogenetic tree was built 
on the basis of the EctC amino acid alignments. 
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Supplementary Figure 3. Sequence comparison of EctD proteins that exist as homologues in 
one microorganism. The amino acid sequences from two EctD proteins from 
Chromohalobacter salexigens (EctD1 [Csal_3003] and EctD2 [Csal_0542], three EctD 
proteins from Marinobacter nanhaiticus D15-8W (EctD1 [J057_08271], EctD2 [J057_16265] 
and EctD3 [J057_19620]), two EctD proteins from Marinobacter gudaonensis CGMCC 
1.6294 (EctD1 [Ga0070159_2058] and EctD2 [Ga0070159_1429]), two EctD proteins from 
Marinobacter aquaeolei VT8 (EctD1 [Maqu_3892] and EctD2 [Maqu_1849]) and two EctD 
proteins from Marinobacter hydrocarbonoclasticus ATCC 49840 (EctD1 [MARHY3849] and 
EctD2 [MARHY1452]) were compared with the EctD protein of Halomonas elongata 
[HELO_4008]. (A) The EctD amino acid sequences were aligned using the CLUSTAL 
OMEGA algorithm (Sievers et al., 2011). The 17 amino acids consensus sequence of ectoine 
hydroxylases (Höppner et al., 2014) is given in red . (B) The phylogenetic tree was built on 
the basis of the amino acid alignment of the various EctD proteins. 
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Supplementary Figure 4 in silico model of the ProX homolog of the S. salinus M19-40 SPISAL_05285 
ligand-binding protein in complex with glycine betaine. The Escherichia coli ProU system is a ABC-type 
transporter and consists of the ProVWX subunits; ProX is the periplasmic substrate-binding protein of the 
ProU transporter. The ProX::glycine betaine complex of E. coli was used as the template for modeling and 
its crystal structure was taken from the PDB database (PDB 1R9L) (Schiefner et al., 2006).  (A) Overall 
structure of the S. salinus ProX model (cyan) [QMEAN4: -9.58 (Arnold et al., 2006)] overlaid with the 
crystal structure of the ProX::glycine betaine complex from E. coli (yellow). (B) The ligand-binding site of 
the E. coli ProX protein with the three Trp (W) residues forming the aromatic cage for the coordination of 
the trimethylammonium head group of glycine betaine is shown (Schiefner et al., 2006). Within this 
hydrophobic pocket, the positively charged trimethlyammonium head-group of glycine betaine is 
coordinated via cation-π interactions and the carboxylate of the glycine betaine ligand protrudes out of the 
aromatic cage. 
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Supplementary Figure 5  in silico model of the OpuAC homolog of S. salinus M19-40 (SPISAL_06004) 
in complex with glycine betaine. The Bacillus subtilis OpuA system is a ABC-type transporter and consists 
of the OpuAA-OpuAB-OpuAC subunits; OpuAC is the extracellular substrate-binding protein of the 
OpuA transporter and is tethered to the outer-face of the cytoplasmic membrane via a lipid modification of 
the N-treminal Cys residue. The OpuAC::glycine betaine complex of B. subtilis was used as the template 
for modeling; the crystal structure data of the OpuAC::glycine betaine complex were taken from the PDB 
database (PDB 2B4L) (Horn et al., 2006). (A) Overall structure of the S. salinus M19-40 OpuAC model 
(pink) [QMEAN4: -5.5 (Arnold et al., 2006)] overlaid with the protein structure of the OpuAC::glycine 
betaine complex from B. subtilis (yellow) ) (Horn et al., 2006). (B) The ligand-binding site of OpuAC with 
its aromatic cage formed by three Trp (W) residues is shown. Within this hydrophobic pocket, the 
positively charged trimethlyammonium head-group of glycine betaine is coordinated via cation-π 
interactions and the carboxylate of the glycine betaine ligand protrudes out of the aromatic cage. 
 

Supplementary Figures 
 

6	



A B 

Supplementary Figure 6 in silico model of the TeaA homolog of the S. salinus M19-40 SPISAL_01895 
ligand-binding protein in complex with ectoine. TeaABC system from Halomonas elongata is a TRAP-
type transport system. The crystal structure of the TeaA::ectoine complex of H elongata was used as the 
template for modeling and its structural data were taken from the PDB database (PDB 2VPN) (Kuhlmann 
et al., 2008). (A) Overall structure of the S. salinus M19-40 TeaA model (magenta) [QMEAN4: -6.38 
(Arnold et al., 2006)] overlaid with the crystal structure of the TeaA::ectoine complex from H. elongata 
(yellow) (Kuhlmann et al., 2008). (B) The active site of the TeaA ligand binding protein is overlaid with 
the model for the S. salinus M19-40 SPISAL_01895 protein.  
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