
	 1	

Supplementary Data 

 

Illuminating the catalytic core of ectoine synthase through  

structural and biochemical analysis 

Laura Czech1¶, Astrid Höppner2,¶, Stefanie Kobus2, Andreas Seubert3, Ramona Riclea4,,  

Jeroen S. Dickschat4,, Johann Heider1,5, Sander H.J. Smits2,6,*, and Erhard Bremer1,5,* 

 

1Department of Biology, Laboratory for Microbiology, Philipps-University Marburg, D-35043 
Marburg, Germany 
2Center for Structural Studies, Heinrich-Heine-University Düsseldorf, D-40225 Düsseldorf, Germany 
3Department of Chemistry, Analytical Chemistry, Philipps-University Marburg, D-35043 Marburg, 
Germany 
4Kekulé-Institute for Organic Chemistry and Biochemistry, Friedrich-Wilhelms-University Bonn, D-
53121 Bonn, Germany 
5LOEWE Center for Synthetic Microbiology, Philipps-University Marburg, D-35043 Marburg, 
Germany 
6Institute of Biochemistry, Heinrich-Heine-University Düsseldorf, D-40225 Düsseldorf, Germany 
 

¶Both authors contributed equally 

*co-corresponding authors 

 

Running title: Crystal Structure of Ectoine Synthase  

 
 
 
Please direct all correspondence concerning this manuscript during the reviewing, editorial and 
printing process to Dr. Erhard Bremer. Philipps-University Marburg, Dept. of Biology, Laboratory 
for Microbiology, Karl-von-Frisch-Str. 8, D-35032 Marburg, Germany. Phone: (+49)-6421-2821529. 
Fax: (+49)-6421-2828979. E-Mail: bremer@staff.uni-marburg.de 
 
Correspondence to Sander H.J. Smits: Institute of Biochemistry, Heinrich-Heine-University 
Düsseldorf, Universitätsstrasse 1, D-40225 Düsseldorf, Germany. Phone: (+49)-2118-112647. Fax: 
(+49)-211-8115310. E-Mail:  sander.smits@hhu.de 
 
Correspondence to Erhard Bremer: Department of Biology, Laboratory for Microbiology, Philipps-
University Marburg, Karl-von-Frisch Strasse 8, D-35043 Marburg, Germany. Phone: (+49)-6421-
2821529. Fax: (+49)-6421-2828979. E-Mail: bremer@staff.uni-marburg.de 
 

  



	 2	

 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure S1 Original unprocessed version of the SDS gel included in Figure 

1b of the main text. 
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Supplementary Figure S2 Electron densities of (a) the substrate N-γ-ADABA derived from 

the (Pl)EctC::Fe/N-γ-ADABA complex  (PDB code: 5ONN) and of (b) the EctC-generated 

enzyme reaction product ectoine derived from the (Pl)EctC::Fe/ectoine crystal structure (PDB 

code: 5ONO). The iron atom crucial for the EctC-mediated cyclo-condensation reaction of the 

linear N-γ-ADABA substrate molecule to form the cyclic ectoine reaction product, is shown 

as an orange sphere. The electron densities around the N-γ-ADABA and ectoine molecules 

and the iron atom are contoured at 1.0 sigma. The figures were prepared using Phenix and 

Pymol1,2. 
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Supplementary Figure S3 Numbering of the C- and N- atoms of the substrate N-γ-ADABA 

and the product ectoine of the ectoine synthase EctC. 
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Supplementary Figure S4 Overlay of the substrate N-γ-ADABA (depicted in yellow) bound 

in the (Pl)EctC crystal structure (PDB code: 5ONN) and the proposed hexandiol ligand 

(shown in blue) found in the catalytic core of the previously reported (Sa)EctC crystal 

structure (PDB code: 5BXX)3. The superimposition of the (Pl)EctC::Fe/N-γ-ADABA and 

(Sa)EctC/hexandiol complexes revealed a root-mean-square deviation (r.m.s.d.) of 1.4 Å over 

105 Cα atoms of the two crystal structures. 
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Supplementary Figure S5 Phylogenomics of the ectoine synthase. The amino acid sequences 

of 582 EctC-type proteins were retrieved from microorganisms with fully sequenced 

genomes, aligned using MAFFT 4 and then used for a clade analysis with the iTOL software5. 

The tree was rooted with a number of microbial proteins that belong to the cupin-

superfamily6,7 to which the EctC protein also belongs3. The phylogenetic affiliation of the 

various EctC proteins is depicted in different colors shown in the outer ring, and the color 

code is explained in the figure. The dots in the outmost rings depict (from the inside to the 

Tree scale: 0.1
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outside) if the EctC protein is encoded within an ect biosynthetic gene cluster or if the EctC-

type protein is an orphan. This figure was modified from the data compiled and published in a 

previous study8.  

 

  



	 8	

Supplementary Table S1 DNA primers used in this study for the introduction of site directed 

mutations into the codon-optimized P. lautus gene. 

aMutations introduced into the P. lautus ectC gene are indicated with bold letters. 

 

 

  

Plasmid Mutation Primer name Primer sequencea 

pLC55  Glu-57/Ala 

GAA à GCA 

(Pl)EctC_E57A_for 

(Pl)EctC_E57A_rev 

AACCATGTTGCAGCCGTGTATTG 

TTTATACCAAATCAGGGTTTC 

pLC56 Tyr-84/Ala 

TAT à GCT 

(Pl)EctC_Y84A_for 

(Pl)EctC_Y84A_rev 

GGGTATGATGGCTGCACTGGATGG 

GGTGTAATCGGATAGGTTTC 

pLC57 His-92/Ala 

CAT à GCT 

(Pl)EctC_H92A_for 

(Pl)EctC_H92A_rev 

TCATGAAAAAGCTTATCTGCGTGCACG 

CCATCCAGTGCATACATC 

pLC58 Cys-104/Ala 

TGT à GCT 

(Pl)EctC_C104A_for 

(Pl)EctC_C104A_rev 

GCGTATGGTTGCTGTTTTTAATCCGCCTCTGAC 

ATCTGGCTACGTGCACGC 

pLC59 Cys-104/Ser 

TGT à TCT 

(Pl)EctC_C104S_for 

(Pl)EctC_C104S_rev 

CGTATGGTTTCTGTTTTTAATCCGCC 

CATCTGGCTACGTGCACG 

pLC67 Trp-21/Ala 

TGG à GCG 

(Pl)EctC_W21A_for 

(Pl)EctC_W21A_rev 

TACCACCACCGCGAATAGCCGTC 

TCAATATCATCTTTGGTATCC 
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