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                     10        20        30        40        50        60  

                      |         |         |         |         |         |  

DXS_MYCTUB   ----------- MLQQIRGPADLQHLSQAQLRELAAEIREFLIHKVAATGGHLGPNLGVVE 

DXS_DEIRAD   MNELPGTSDTPLLDQIHGPKDLKRLSREQLPALTEELRGEIVRVCSRGGLHLASSLGAVD 

TK_HOMSAP    - MESYHKPDQQKLQALKDTANRLRIS-- SIQASSAAGSG-- HPTSCCSAAVIMAVLFFHT 

                         *: ::.. :  ::*  .:   :           .  .  : . *     

 

                     70        80        90       100       110       120  

                      |         |         |         |         |         |  

DXS_MYCTUB   LTLALHRVFDSPHDPIIFDTGHQAYVHKMLTGRS----- QDFATLRKKGGLSGYPSRAES 

DXS_DEIRAD   IITALHYVLDSPRDRILFDVGHQAYAHKILTGRR----- DQMADIKKEGGISGFTKVSES 

TK_HOMSAP    MRYKSQDPRNPHNDRFVLSKGHAAPILYAVWAEAGFLAEAELLNLRKISSDLDGHPVPKQ 

             :    :   :. .* :::. ** *     : ..       ::  ::* ..  .    .:.  

 

                    130       140       150       160       170       180  

                      |         |         |         |         |         |  

DXS_MYCTUB   EHDWVESSHASAALSYADGLAKAFELTGHRNRHVVAVVGDGALTGGMCWEALNNIAASRR 

DXS_DEIRAD   EHDAITVGHASTSLANALGMALARDAQGK- DFHVAAVIGDGSLTGGMALAALNTIGDMGR 

TK_HOMSAP    AFTDVATGSLGQGLGAACGMAYTGKYFDKASYRVYCLLGDGELSEGSVWEAMAFASIYKL 

              .  :  .  . .*. * *:* : .  .: . :* .::*** *: *    *:   .     

 

                    190       200       210       220       230       240  

                      |         |         |         |         |         |  

DXS_MYCTUB   PVIIVVNDNGRSYAPTIGGVADHLATLRLQPAYEQALETGRDLVRAVPLVGGLWFRFLHS 

DXS_DEIRAD   KMLIVLNDNEMSISENVGAMNKFMRGLQVQKWFQEGEGAGKKAVEAVSKP--- LADFMSR 

TK_HOMSAP    DNLVAILDINR ----- LGQSDPAPLQHQMDIYQKRCEAFGWHAIIVDGHS---- VEELCK 

               ::.: *        :*         :::   :.    * . : .           :   

 

                    250       260       270       280       290       300  

                      |         |         |         |         |         |  

DXS_MYCTUB   VKAGIKDSLSPQLL-- FTDLGLKYVGPVDGHDERAVEVALRSARRFGAPVIVHVVTRKGM 

DXS_DEIRAD   AKNSTRHFFDPASVNPFAAMGVRYVGPVDGHNVQELVWLLERLVDLDGPTILHIVTTKGK 

TK_HOMSAP    AFGQAKHQPTAIIAKTFKGRGITGVEDKESWHGKPLP--- KNMAEQIIQEIYSQIQSKKK 

             .    :.   .     *   *:  *   :. . : :    .         *   :  *   

 

                    310       320       330       340       350       360  

                      |         |         |         |         |         |  

DXS_MYCTUB   GYPPAEADQAEQMHSTVPIDPATGQATKVAGPGWTATFSDALIGYAQKRRDIVAITAAMP 

DXS_DEIRAD   GLSYAEADP- IYWHGPAKFDPATGEYVPSSAYSWSAAFGEAVTEWAKTDPRTFVVTPAMR 

TK_HOMSAP    ILATPPQEDAPSVDIANIRMPSLPSYKVGDKIATRKAYGQALAKLGHASDRIIALDGDTK 

               . .  :     . .    *:  .       .   ::.:*:   .:     ..:      

 

                    370       380       390       400       410       420  

                      |         |         |         |         |         |  

DXS_MYCTUB   GPTGLTAFGQRFPDRLFDVGIAEQHAMTSAAGLAMGG- LHPVVAIYSTFLNRAFDQIMMD 

DXS_DEIRAD   EGSGLVEFSRVHPHRYLDVGIAEEVAVTTAAGMALQG- MRPVVAIYSTFLQRAYDQVLHD 

TK_HOMSAP    NSTFSEIFKKEHPDRFIECYIAEQNMVSIAVGCATRNRTVPFCSTFAAFFTRAFDQIRMA 

               :    * : .*.* ::  ***:  :: *.* *  .   *. : :::*: **:**:    

 

                    430       440       450       460       470       480  

                      |         |         |         |         |         |  

DXS_MYCTUB   VALHKLPVTMVLDRAGITGSDGASHNGMWDLSMLGIVPGIRVAAPRDATRLREELGEALD 

DXS_DEIRAD   VAIEHLNVTFCIDRAGIVGADGATHNGVFDLSFLRSIPGVRIGLPKDAAELRGML- KYAQ 

TK_HOMSAP    AISESNINLCGSHCGVSIGEDGASQMALEDLAMFRSVPTSTVFYPSDGVATEKAV- ELAA 

             .  .        . .   * ***:: .: **:::  :*   :  * *..  .  : :    

 

                    490       500       510       520       530       540  

                      |         |         |         |         |         |  

DXS_MYCTUB   VDDGPTALRFPKGDVGEDISALERRGGVDVLAAPADGLN-- HDVLLVAIGAFAPMALAVA 
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DXS_DEIRAD   THDGPFAIRYPRGNT--- AQVPAG- TWPDLKWGEWERLKGGDDVVILAGGKALDYALKAA 

TK_HOMSAP    NTKGICFIRTSRPEN--- AIIYNNNEDFQVGQAKVVLKSKDDQVTVIGAGVTLHEALAAA 

               .*   :* .: :              ::  .     .  .:* ::. *     ** .*  

 

                    550       560       570       580       590       600  

                      |         |         |         |         |         |  

DXS_MYCTUB   KRLHNQGIGVTVIDPRWVLPVSDG- VRELAVQHK- LLVTLEDNGVNGGAGSAVSAALRRA 

DXS_DEIRAD   EDLP ---- GVGVVNARFVKPLDEEMLREVGGRAR- ALITVEDNTVVGGFGGAVLEALNSM 

TK_HOMSAP    ELLKKEKINIRV LDPFTIKPLDRKLILDSARATKGRILTVEDHYYEGGIGEAVSSAVVG-  

             : *     .: *::.  : *:.   : : .   :  ::*:**:   ** * **  *:    

 

                    610       620       630       640       650       660  

                      |         |         |         |         |         |  

DXS_MYCTUB   EIDVPCRDVGLPQEFYEHASRSEVLADLGLTDQDVARRITGWVAALGTGVCASDAIPEHL 

DXS_DEIRAD   NLHPTVRVLGIPDEFQEHATAESVHARAGID---- APAIRTVLAELGVDVPIEV------  

TK_HOMSAP    EPGITVTHLAVN- RVPRSGKPAELLKMFGIDRDAIAQAVRGLITKA--------------  

             :   .   :.:  .. . ..  .:    *:     *  :   ::                 

              

              

DXS_MYCTUB   D 

DXS_DEIRAD   -  

TK_HOMSAP    -  

 

Figure S1. Alignments of Mycobacterium tuberculosis DXS (upper sequence, acc. no. 

YP_177898, 638 residues), Deinococcus radiodurans DXS (acc. no. Q9RUB5, 629 residues) and 

human transketolase (bottom sequence, acc. No. CAA47919, 623 residues). Dashed lines indicate 

gaps introduced in protein sequences in order to maximise the alignment. Asterisks indicate amino-

acid residues (AARs) that are identical between two protein sequences, colons  indicate AARs that 

are strongly similar and points indicate AARs that are weakly similar between the three protein 

sequences. The alignment has been performed using the online CLUSTAL W (1.8) multiple 

sequence alignment server (http://npsa-pbil.ibcp.fr/cgi-

bin/npsa_automat.pl?page=/NPSA/npsa_clustalw.html). The following parameter could be 

extracted from the alignment: Identity (*): 74 is 11.20%, Strongly similar (:): 108 is 16.34%, 

Weakly similar (.): 78 is 11.80%, Different: 401 is 60.67%.  
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Figure S2. Reaction velocity versus thiamine diphosphate (TDP) concentration plots for D. 

radiodurans DXS (A) or M. tuberculosis DXS (B).  
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Figure S3. Flowchart to illustrate the binding-mode validation by spin-diffusion-based NMR 

spectroscopy. In the first stage, the protein structure of DXS (PDB code: 2O1X)[1] was taken, and 

docking models of the ligands were created within the TDP-binding site using the docking 

software FlexX.[2] Representative docking poses with acceptable torsion energies were chosen and 

the spin-diffusion-based NMR parameters STD, trNOE and INPHARMA were back-calculated 

with the software spINPHARMA (www.inpharma.de). These parameters were also experimentally 

determined and correlated with the back-calculated values. The docking pose with the best 

correlation between experimental and back-calculated values was then taken as the experimentally 

validated binding mode. 
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Figure S4. Experimental STD data of ligand 15. The normal 1D-NMR spectrum with 1 mM of 

ligand 15 in the presence of 10 µM DXS is shown in black and the STD spectrum in blue. Saturation 

was applied for 8 s at ī0.5 ppm on a 400 MHz spectrometer (number of scans = 8; temperature = 

293 K; time domain = 16384 points).  

 

 

Figure S5. Experimental STD data of ligand 16. The normal 1D with 1 mM of ligand 16 in the 

presence of 10 µM DXS is shown in black and the STD spectrum in blue. Saturation was applied 

for 8 s on ī0.5 ppm on a 700 MHz spectrometer (number of scans = 8; temperature = 293 K; time 

domain = 16384 points).  
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Figure S6. Experimental STD data of ligand 17. The normal 1D-NMR spectrum with 1 mM of 

ligand 17 in the presence of 10 µM DXS is shown in black and the STD spectrum in blue. Saturation 

was applied for 8 s at ī0.5 ppm on a 700 MHz spectrometer (number of scans = 8; temperature = 

293 K; time domain = 16384 points).  

 

 

Figure S7. Schematic representation of the three top-scoring poses of deazathiamine within 

D. radiodurans DXS (PDB code: 2O1X).[1] These binding modes are the result of a docking run 

using the FlexX docking module with 30 poses and represent the three top-scoring poses after 

HYDE scoring[3] and careful visual inspection to exclude poses with significant inter- or intra-

molecular clash terms or unfavourable conformations. Mg2+ has not been included in the docking. 

The figure was generated with PoseView[4] as implemented in the LeadIT suite. This holds also for 

other figures of this type (Fig. S2, Fig. S3 and Fig. S5). The same protocol was applied for 

fragments 15, 16 and 23.  
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Figure S8. Determination of Ki and mode of inhibition for deazathiamine (17). Ki (competitive 

mode of inhibition) = 151 ± 34 µM; Blue, red, green and grey points represent data sets recorded 

at concentrations of compound 17 of 0, 400, 1000 and 1600 µM, respectively. 
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Figure S9. NOESY spectrum of inhibitors 15 (1 mM) and 17 (1 mM) in the presence of DXS 

(30 µM) in Tris-HCl buffer. Binding of both ligands to DXS can be clearly seen by the transferred 

NOE peaks, which have the same sign as the diagonal peaks. INPHARMA peaks between the 

ligands confirm that they bind to the same binding site. The mixing time was 600 ms on a 700 MHz 

spectrometer, equipped with a cryogenically cooled probe head. The spectrum was recorded at 293 

K with 64 scans, 8192 points in F2 and 640 points in F1.  

 


