
3/15/2013 

 1 

Supplementary Material 

Features of the full length TcaR structure.  

We have presented the 3D structure of TcaR in its apo form (Chang et al., 2010), but the winged 

region (residues 84-96) was invisible most probably due to their high flexibility. In our previous 

study, we have demonstrated that TcaR possess the binding ability both to dsDNA and ssDNA. 

In order to develop a more complete understanding of how the interaction of TcaR with ssDNA 

regulates multiple function of TcaR, we tried to co-crystallize TcaR protein with 33-mer ssDNA 

fragment (GC33) of an equimolar ratio. Unfortunately, we have only been able to obtain the 

result of apo-TcaR structure with visible winged region. As seen in Supplementary Fig. S1a, the 

refined apo TcaR structure contains two molecules (denoted chain A and chain B) in the 

asymmetric unit, forming a dimer as seen in other MarR proteins (Hong et al., 2005, Alekshun et 

al., 2001, Wu et al., 2003, Lim et al., 2002). In each monomer there are six α-helices, two β-

strands, and one wing region:  α1 (residues 2-34), α2 (residues 39-48), α3 (residues 54-60), α4 

(residues 63-76), βA (residues 80-83), wing (residues 84-96), βB (residues 97-99), α5 (residues 

101-122), and α6 (residues 126-150). The winged motif is between a slightly twisted β-hairpin 

composed of strands βA and βB. Similar charge distribution has been observed in MarR proteins 

as the positive charge residues are located at the DNA Binding Motifs at the bottom side of TcaR 

(Supplementary Fig. S1b and S1c). The positive charge residues such as Lys60, Lys65, Arg70, 

Arg71, Lys73, Lys74, Lys82, Lys85, Arg93, Lys95, and Lys98 contributed by helix α3, α4, and 

winged motif are solvent-exposed. Interestingly, large patch of positive charges have been 

observed on the left side of the TcaR structure (Supplementary Fig. S1b), including amino acids 

Arg3, Arg4, His8, Lys102, Lys104, Lys105, Lys108 and Lys111. These positively charged 

amino acids are not highly conserved within other MarR family proteins so it’s possible that they 
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contribute to the ssDNA binding ability of TcaR.  

 

Crystal structure of SAR2349 complexed with salicylate  

Up to now, the 3D structures of four MarR family proteins complexed with salicylate (Sal), have 

been determined, which are: E. coli MarR (Alekshun et al., 2001), M. thermoautotrophicum 

MTH313 (Saridakis et al., 2008), S. tokodaii ST1710 (Kumarevel et al., 2009) and TcaR (Chang 

et al., 2010). It has been known that Sal provides detailed insights for the location and amino 

acid composition of the ligand binding site, and for the conformational changes upon effector 

binding. In this study, the SeMet derivative of SAR2349-Sal complex structure was determined 

to 2.08 Å resolution with four molecules of Sal bound to nonequivalent positions on each dimer 

designated SAL1 to SAL4 (Supplementary Fig. S2a). Although the SAR2349-Sal structure and 

apo SAR2349 are well superimposed with a root mean square deviation (RMSD) of 2.3 Å using 

278 corresponding Cα atoms, the binding of Sal drives a significant domain motion 

(Supplementary Fig. S2b). There is a more obvious movement in the DNA binding domain 

(especially on helices α3 and α4) than the dimerization domain of each monomer. This 

conformational change may lead to an unfavorable SAR2349-DNA interaction, as discussed 

below. 

The SAR2349-Sal complex structure revealed that a large portion of the hinge region between 

the DNA binding domain and the dimerization domain forms the hydrophobic ligand binding 

pocket, which contains a high proportion of hydrophobic residues. The detailed interactions of 

Sal1-8 are shown in Supplementary Fig. S2c-f. In the first SAL binding site, SAL1 molecule is 

composed of a high portion of charged residues including Tyr 14, Leu 18, Leu 36, and Arg 39. 

The carboxylate group of SAL1 makes two hydrogen bonds with SAR2349: one with the 
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guanidinium group of Arg 39 and another with the hydroxyl group of Tyr 14. In the second SAL 

binding site, SAL2 molecule hydrogen bonds to the hydroxyl group of Tyr 17, the indole ring of 

Trp 35, the guanidinium group of Arg 39, the amino group of Gln 111 and water and forms 

hydrophobic contacts with Tyr 17, Trp 35 and Arg 39. Moreover, the residues Ile 37, Arg 56 and 

Ile 58 are the major interacting residues in the third binding site. The SAL3 carboxylate 

hydrogen bonds to the guanidinium group of Arg 56. Aside from a hydrogen bond from the 

carboxylate group of SAL4 to the amide group of Lys 88 via a water molecule, the interactions 

of SAL4 molecule to SAR2349 are primarily hydrophobic. The hydrophobic interactions involve 

the side chains of Leu 49, Leu 67, Ile71, Val 78, Lys 85, and Lys 88.  

By comparing the structural features of SAR2349-Sal with other MarR family protein 

complexed with salicylate, we have found that salicylates in E. coli MarR are more solvent 

exposed but salicylates in MTH313 and ST1710 are buried deeply and located close to α5 helix. 

However, SAR2349-Sal structure appears to combine the features of both the solvent exposed 

and the buried salicylate binding sites and is one of the MarR proteins with the most numerous 

salicylate binding sites. Three salicylates (SAL1, SAL2 and SAL3) bound directly at the junction 

between the DNA binding and the dimerization domains and one (SAL4) is partially solvent 

exposed located near the DNA binding domain. However, as similar to observation in TcaR-Sal 

complex, the numerous and diverse types of binding in SAR2349 shows the binding is 

nonspecific. It seems like salicylate is able to interact, perhaps weakly, with many proteins that 

possess suitable hydrophobic cavities and thereby influence the biological function of those 

proteins. This might explain our previous suggestion about the broad physiological effects of 

aspirin (Chang et al., 2010). 



3/15/2013 

 4 

Comparison of the structures for the apo SAR2349 and the SAR2349-Sal complex 

(Supplementary Fig. S2b) reveals that the latter lost its DNA binding ability due to dramatic 

movement on the DNA binding domain. The DNA binding domain of the SAR2349-Sal complex 

were twisted to each other to produce a sheared orientation with the most contracted distance 

between the recognition helices α3/α’3 and α4/α’4. The distance between the N termini of the 

α4/α’4 helices reduced from 33.0 Å for apo-SAR2349 to 31.2 Å for the SAR2349-Sal complex 

(Cα-Cα distance between Lys A60 and Lys B60). The movement displace one domain relative to 

the other by 1.8 Å for the N termini of the recognition helix α4 (measured from the Cα of Lys 

B60), causing the interaction with the target DNA sequence to be highly unlikely. Moreover, the 

DNA binding wing is displaced by as much as 6.2 Å (measured from the Cα of Leu B82) from 

its likely position in the DNA minor groove. Taken together, these features define a possible 

allosteric mechanism of SAR2349 in salicylate binding. 

 

The effect of teicoplanin on repressor activity of TcaR.  

As mentioned earlier, TcaR was originally described as a putative transcriptional regulator of the 

teicoplanin-associated locus (tca) (Brandenberger et al., 2000). However, the mechanism of how 

teicoplanin regulates TcaR protein remains unclear. In the previous studies of MarR family 

protein, diverse anionic lipophilic (usually phenolic) effector molecules were shown to bind to 

the repressor and altered its conformation (Martin & Rosner, 1995, Wilkinson & Grove, 2006, 

Alekshun et al., 2001, Saito et al., 2003). Here, to investigate the possible effect of teicoplanin 

and its structural homolog, vancomycin on TcaR, two compounds were tested for their potential 

inhibition of TcaR-DNA interaction.  



3/15/2013 

 5 

As shown in Supplementary Fig. S4a, vancomycin does not show significantly inhibition of 

the interaction between DNA and TcaR. On the other hand, teicoplanin interfered with the DNA 

binding activity of TcaR at a concentration of 8 μM, and this effect was more pronounced at a 

higher concentration, suggesting that teicoplanin inhibits the formation of TcaR-DNA complex. 

Moreover, we used the crystal structure of TcaR-Strep complex (PDB 4EJW) as a template to 

construct a model of TcaR-teicoplanin complex and an overview of modeled complex structure 

is shown in Supplementary Fig. S4b. In this model, teicoplanin is located in the cavity between 

the dimerization domain and the DNA binding domain, which we designated as Cavity 1. 

Consistent with our hypothesis about cavity types, Cavity 1 is large enough for teicoplanin 

binding, and the interactions between teicoplanin and TcaR probably cause conformational 

changes on TcaR dimer by shrinking the distance between the wHTH motifs, thereby causing 

severe steric clashes with the target DNA backbone. Furthermore, the position of teicoplanin 

molecule directly influences DNA binding ability of TcaR. A better understanding of the TcaR-

teicoplanin complex will not only benefit the understanding of many biological mechanisms but 

is also expected to provide a concept for designing a new therapy for Streptococci. We will try to 

obtain and solve the crystal structure of TcaR-teicoplanin complex, and this work is currently 

under progress. 
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Supplementary Table S1. The list of MarR homologs in S.aureus and S. epidermidis.  
 

    S.aureus 

 

 

 

 

 

 

S. 

epidermidis 

TcaR  
(Regulate 

biofilm 

formation and 

teicoplanin 

resistance)  

SAR2349 
(Predicted 

regulate drug 

transport )  

AtlR  
(Repressor of the 

major autolysin 

and reduce 

biofilm-forming 

capacity)  

MgrA  
(Affect multiple 

genes involved 

in virulence and 

antibiotic 

resistance)  

SarZ  
(Promote toxin 

expression and 

decreased 

transcription of 

mgrA)  

TcaR  Identity: 63% 

Similarity: 87%  

Identity: 23% 

Similarity: 43%  

Identity: 24% 

Similarity: 47%  

Identity: 25% 

Similarity: 50%  ― 
SERP1846  Identity: 28% 

Similarity: 48%  
Identity: 52% 

Similarity: 76%  ― 

Identity: 20% 

Similarity: 46%  

Identity: 25% 

Similarity: 47%  

SERP0635 

(AltR)  ― 

Identity: 27% 

Similarity: 55%  
Identity: 88% 

Similarity: 92%  

Identity: 25% 

Similarity: 52%  ― 

SERP0342 

(MgrA)  

Identity: 23% 

Similarity: 54%  

Identity: 26% 

Similarity: 51%  

Identity: 25% 

Similarity: 53%  
Identity: 95% 

Similarity: 98%  

Identity: 34% 

Similarity: 63%  

SERP1979 

(SarZ)  ― ― ― 

Identity: 35% 

Similarity: 63%  
Identity: 79% 

Similarity: 93%  

SERP2196  Identity: 28% 

Similarity: 45%  

Identity: 23% 

Similarity: 50%  

Identity: 25% 

Similarity: 42%  ― 

Identity: 36% 

Similarity: 58%  
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Supplementary Figure S1. Overall structure of full length TcaR. (a) Stereo view of the overall 

structure of the TcaR homodimer. The protein structure is shown as a ribbon diagram. (b) The 

electrostatic surface of the dimer. The electrostatic surfaces are drawn either blue for positive or 

red for negative. (c) The DNA-binding domain. The electrostatic surface of the dimer is viewed 

after a rotation of ~90。 from Supplementary Fig. S1a, with a horizontal axis in the plane of 

paper.  
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Supplementary Figure S2. (a) A ribbon diagram of SAR2349 in complex with salicylate (Sal). 

Sal binds to four distinct locations in the dimer. (b) Overall structure of the SAR2349 

homodimer. The native protein structure is shown as a ribbon diagram. (c) Superimposition of 

the apo and the salicylate-complexed structure of SAR2349 revealed a major motion at the 
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wHTH domain, especially in wing region. (d) The bottem view of the apo and the salicylate-

complexed structure of SAR2349. (e-h) A representation of some of the binding site residues 

relative to the bound salicylate in the binding pocket. 
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Supplementary Figure S3. The putative cavity in MarR family protein. (a) The cavities of the 

first binding site in TcaR-amp, TcaR-Meth, TcaR-PnG, TcaR-Kan, TcaR-Strep and TcaR-Chl 

complexes. We used the program CAVER and CASTp to explore possible cavities in TcaR for 

antibiotics binding at first binding site. The cavities identified are shown in surface 

representation and using a solvent probe of radius 2 Å. (b) The cavity of the putative antibiotic 
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binding site at Cavity 1 in E. coli MarR. (c) The cavity of the putative antibiotic binding site at 

Cavity 2 in S. aureus SarZ. (d) S. pneumoniae AdcR which is suggested as the other type of 

MarR proteins. The antibiotic binding cavity could not be found through the program CAVER 

and CASTp in those proteins such as OhrR and AdcR. 
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Supplementary Figure S4. The effect of teicoplanin on DNA binding activity of TcaR. (a) 

EMSA analysis of the binding of TcaR protein to DNA in the present of teicoplanin and 

vancomycin. DNA probe of 1 μM was preincubated with 4 μM TcaR (dimer) at room 

temperature for 15 min before mixing with 4 μM, 8 μM or 16μM antibiotics, followed by the 
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same procedures as in previous assays (Chang et al., 2010). (b) The model of TcaR-teicoplanin 

complex structure. This model was constructed based on the crystal structure of TcaR-Strep 

complex (PDB 4EJW) as a template. 
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