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Supplementary tables S1 – S3 
 

Table S1. Amino acid sequence identity (%) between mycobacterial UspC orthologues. 

 

 
ClustalW2 (http://www.ebi.ac.uk/clustalw/) was used to score alignments between full length UspC from 
Mtb with orthologues from M. bovis, M. canetti, M. marinum, M. ulcerans, M. kanassi, M. leprae, M. 
intracellulare and M. smegmatis. 

 

Table S2: Oligonucleotides used for recombinant expression plasmids. Restriction recognition sites are 
underlined. Codon encoding the amino acid mutation is indicated in bold type 

 

Name Use Sequence (5’-3’) 

UspC_FL_F_NHis Clone full length UspC 
into pET28a 

AAAAAACATATGGCCGAACCGCGTGGCGGAAAG 

UspC_FL_R_NHis Clone full length UspC 
into pET28a 

AAAAAAGCTTCTAGCGCTGTGTGGCAGCATTG 

UspC_FL_F_CHis Clone full length UspC 
into pET23b 

AAAAAACATATGGCCGAACCGCGTGGCGGAAAG 

UspC-FL_R-CHis Clone full length UspC 
into pET23b 

AAAAAAGCTTGCGCTGTGTGGCAGCATTG 

UspC_T_F_NHis Clone truncated UspC 
into pET28a 

AAAAAACATATGGCCGAACCGCGTGGCGGAAAG 

UspC_T_R_NHis Clone truncated UspC 
into pET28a 

AAAAAAGCTTCTAGCGCTGTGTGGCAGCATTG 

UspC_T_F_CHis Clone truncated UspC 
into pET23b 

AAAAAACATATGGCCGAACCGCGTGGCGGAAAG 

UspC_T_R_CHis Clone truncated UspC 
into pET23b 

AAAAAAGCTTGCGCTGTGTGGCAGCATTG 

UspC_145SDM_5 Mutate residue 
ASP145ALA 

CCGCAACTGACGGCCGCCGGAATTGCC 

UspC_145SDM_3 Mutate residue 
ASP145ALA 

GGCAATTCCGGCGGCCGTCAGTTGCGG 

UspC_218SDM_5 Mutate residue 
GLN218ALA  

GCCGCCAACGATCCTGCGGCCATCTACCTTAAC 

UspC_218SDM_3 Mutate residue 
GLN218ALA  

GTTAAGGTAGATGGCCGCAGGATCGTTGGCGGC 

UspC_292SDM_5 Mutate residue 
TYR292ALA  

CCAGTCCGGCACCGCCAGTTTGGCGCCG 

UspC_292SDM_3 Mutate residue 
TYR292ALA  

CGGCGCCAAACTGGCGGTGCCGGACTGG 
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Table S3. Reservoir conditions for vapour diffusion crystallization of UspC. The commercial sparse 
matrix screen Morpheus (Molecular Dimensions) was used to obtain crystals. 

UspCNt – apo, tetragonal UspCNt – apo, monoclinic UspCNt – iodine derivative 

Morpheus Condition D4 Morpheus condition B4 Morpheus Condition D8 

0.12 M Alcohols 0.09 M Halogens 0.12 M Alcohols 

0.1 M Buffer System 1 0.1 M Buffer System 1 0.1 M Buffer System 2 

50 % v/v precipitant Mix 4 pH 6.5 50 % v/v Precipitant Mix 4 pH 6.5 50 % v/v Precipitant Mix 4 pH 7.5 

 

Alcohols: 1,6-Hexanediol; 1-Butanol; 1,2-Propanediol; 2-Propanol; 1,4-Butanediol; 1,3-Propanediol 

Halogens: Sodium fluoride; Sodium bromide; Sodium iodide 

Buffer System 1: 1 M Imidazole; MES monohydrate (acid) 

Buffer System 2: 1 M Sodium HEPES; MOPS (acid) 
Precipitant Mix 4: 25% v/v MPD; 25% PEG 1000; 25% w/v PEG 3350 
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Figure S1. Sequence alignment of UspC from Mtb with UspC homologues from other mycobacteria. 

The sequence alignment was generated using Clustal Omega (www.ebi.ac.uk/Tools/msa/clustalo/) and 
ESPript version 3 [1]. Numbering corresponds to the sequence of Mtb UspC. Identical residues are indicated 
by a red background, and conserved residues are indicated by red characters. Secondary structure elements 
of Mtb UspC are shown above the sequences.  
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                                                                      Mtb_UspC            
1       10        20        30         40        50        60         

Mtb_UspC                R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AL LVAIL  VT VLL  S E   G KIV  V L    IAA  RQ   A TRS     VTRP Q     T  V      G      GL A .PR           DEP         A       D  
Mbovis_UspC             R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AL LVAIL  VT VLL  S E   G KIV  V L    IAA  RQ   A TRS     VTRP Q     T  V      G      GL A .PR           DEP         A       D  
Mcanetti_Uspc           R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AL LVAIL  VT VLL  S E   G KIV  V L    IAA  RQ   A TRS     MTRP Q     T  V      G      GL A .PR           DEP         A       D  
Mmarinum_uspC           R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AV LIAAL  VT VAL  I A   G KIV  V L    IAA  QQ   A SRT     VSRP F     V  T      G      DR D .PP           AAP         A       N  
Mulcerans_Uspc          R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AV LIAAL  VT VAL  I A   G KIV  V L    IAA  QQ   A SRT     MNRP F     V  T      G      DR D .PP           AAP         A       N  
MKansassi_Uspc          R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AL SIAAL  VT VLL  A E   A RIV  V L    IAF  QR   A TRA     MTRP F     T  T      G      DR G .PA           AEP         D       D  
M.leprae_uspC           R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AL LATVL  AT MLM  S G   G KVV  M L    IST  SQ   A TRT     VTRP Y     E  A      T      GW G QLR           ADQ         Q       D  
Mintracellulaer_UspC     R STL A         L   A            G   VT R W      AY  SF  F   HP IE         V  AL AVAVL  AT VLL  S Q   G KTI  V I    IAA  RQ   E SRA     MTRP F     G  G      A      DY G .PH           GDQ         Q       D  
Msmeg_UspC              R STL A         L   A            G   VT R W      AY  SF  F   HP IE         L  GL VTMAV  VI MLM  T E   A KTV  V L    VAA  RE   A SAE     ...M R     G  A      L      GR T ..P           DPQ         D       G  

                                                        TT           TMtb_UspC            
70        80        90       100       110            120       130    

Mtb_UspC            V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   T L AYST   T         A     L NA  AA   S R M               PA  D    S R          E                    YF          K QT.....DAAD            
Mbovis_UspC         V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   T L AYST   T         A     L NA  AA   S R M               PA  D    S R          E                    YF          K QT.....DAAD            
Mcanetti_Uspc       V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   T L AYST   T         A     L NA  AA   S R M               PA  D    S R          E                    YF          K QT.....DAAD            
Mmarinum_uspC       V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   T L SFST   T         A     L NA  AA   S R M               PA  D    N H          D                    YL          K DTAV...DPGE            
Mulcerans_Uspc      V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   T L SFST   T         A     L NA  AA   S R M               PA  D    N H          D                    YL          K DTAV...DPGE            
MKansassi_Uspc      V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   T L SYSN   T         G     L NA  DA   S R M               PS  D    N R          D                    HL          K DPTL...DPGD            
M.leprae_uspC       V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   T V AYSK   T         A     L SA  AA   N R I               PA  D    A H          N                    YL          N SNSLGQRATSD            
Mintracellulaer_UspC V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   V L AYST   T         A     L NA  AA   S R L               RP  E    N H          N                    YL          D GAALGPTAASD            
Msmeg_UspC          V  N V    YF  LRTDVAGGS DDIFW S      YAD G L  I           WE  VV QFTR   V T AYAS   S         A     I NG  AG   N H L               PS  E    N R          D                    YF          D ADLLGPDAATA            

T                                        TT             TT   TT TT    Mtb_UspC            
   140       150       160       170       180       190       200    

Mtb_UspC            G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            V  G        I VF      AA  VD TQV  LR S   D     M AR  VDAD                                             DN    RGD     P           RTANTPGFDAR
Mbovis_UspC         G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            V  G        I VF      AA  VD TQV  LR S   D     M AR  VDAD                                             DN    RGD     P           RTANTPGFDAR
Mcanetti_Uspc       G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            V  G        I VF      AA  VD TQV  LR S   D     M AR  VDAD                                             DN    RGD     P           RTANTPGFDAR
Mmarinum_uspC       G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            V  G        I VF      AA  VD AEL  LR S   D     L AR  VDAD                                             DG    PGP     A           HVGGTPGFDPG
Mulcerans_Uspc      G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            V  G        I VF      AA  VD AEL  LR S   D     L AR  VDAD                                             DG    PGP     A           HVGGTPGFDPG
MKansassi_Uspc      G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            V  A        V VF      AA  VD AEL  VR S   D     L AR  VDAD                                             DR    PGS     P           HVAGTPGFEAR
M.leprae_uspC       G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            A  G        I VF      TA  ID VQL  MQ T   D     L TQ  LDTN                                             NR    SND     P           HVAKTPGFDSR
Mintracellulaer_UspC G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            T  G        I LY      GA  VD AQL  LR G   R     V AR  VDAD                                             ST    PDE     P           NRGDSKGFGAG
Msmeg_UspC          G LW VPQLTDAG A  YNADLL  AG  P       W     DTLR  L  LT    G            A  G        I VY      EK  VS ADL  LR S   D     L AR  VEES                                             ST    NGP     P           ...........

                              TT                                      Mtb_UspC            
   210       220       230       240       250       260       270    

Mtb_UspC            R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V QR  K A      IE  R         H     SD  D                P A               DG       G         G   D                
Mbovis_UspC         R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V QR  K A      IE  R         H     SD  D                P A               DG       G         G   D                
Mcanetti_Uspc       R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V QR  K A      IE  R         H     SD  D                P A               DG       G         G   D                
Mmarinum_uspC       R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V MR  E A      ID  R         H     SD  D                P A               DN       P         G   N                
Mulcerans_Uspc      R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V MR  E A      ID  R         H     SD  D                P A               DN       P         G   N                
MKansassi_Uspc      R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V QR  E A      IE  R         H     SE  D                P G               GN       P         G   D                
M.leprae_uspC       R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V QR  E A      VE  R         H     SE  N                P A               GD       S         G   N                
Mintracellulaer_UspC R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF V                 Y      V QR  E A      VT  Q         H     AD  D                P G               GD       G         D   R                
Msmeg_UspC          R RQWGYNAAND Q IYLN IGSAGG F     F FDNP A  AF YLV LIN D VAPPA  TN NGDF T                 F      T SE  R T      VE  E         R     SD  D                L G               GD       Q         R   T                

                                       TT              TT             Mtb_UspC            
   280       290       300       310       320       330       340    

Mtb_UspC            SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  A K   F     S   V RD      V ML A  A          A   S SK  D   Q                         P     L H                                        
Mbovis_UspC         SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  A K   F     S   V RD      V ML A  A          A   S SK  D   Q                         P     L H                                        
Mcanetti_Uspc       SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  A K   F     S   V RD      V ML A  A          A   S SK  D   Q                         P     L H                                        
Mmarinum_uspC       SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  A R   F     S   V RD      V ML I  A          A   S SQ  D   Q                         P     T R                                        
Mulcerans_Uspc      SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  A R   F     S   V RD      V ML I  A          A   S SQ  D   Q                         P     T R                                        
MKansassi_Uspc      SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  A R   L     S   V RD      V ML I  V          A   S TK  D   R                         P     T R                                        
M.leprae_uspC       SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  S R   F     N   I RE      I MM T  Q          V   S TK  D   Q                         L     R H                                        
Mintracellulaer_UspC SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   Q  A R   F     N   V RD      V LM S  A          A   A SR  D   R                         P     R H                                        
Msmeg_UspC          SRN FL G MAL QSGTY LA  A  A F WG A  P GP GRVSVTNGIA AGN A  HP AVR VLAW   A  A R   F     N   I DQ      V ML I  K          A   A TR  E   E                         A     P P                                        

                                                                      Mtb_UspC            
   350       360       370       380       390       400       410    

Mtb_UspC            MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    TE  SYL    A I   LS  PV   Y SAR VD T   A  N  R      A         EP  D            H              FD                  P  A       A  QQ       
Mbovis_UspC         MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    TE  SYV    A I   LS  PV   Y SAR VD T   A  N  R      A         EP  D            H              FD                  P  A       A  QQ       
Mcanetti_Uspc       MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    TE  AYL    A I   LS  PV   Y SAR VD T   A  N  R      A         EP  D            H              FD                  P  A       A  QQ       
Mmarinum_uspC       MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    SA  EYL    V I   RS  PS   F EAK VN E   A  S  R      A         KP  D            D              FA                  S  P       A  ND       
Mulcerans_Uspc      MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    SA  EYL    V I   RS  PS   F EAK VN N   A  S  R      A         KP  D            D              FA                  S  P       A  ND       
MKansassi_Uspc      MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    SE  TYL    A I   LS  PV   Y KAK VD T   A  N  R      S         QP  D            E              FA                  P  P       A  ND       
M.leprae_uspC       MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    RE  AYL    A V   RS  SV   Y AAK ID T   S  D  H      A         QS  D            H              FD                  P  P       P  DD       
Mintracellulaer_UspC MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    RQ  EYL    A I   SS  PV   Y ATR VD T   T  N  R      A         QP  D            H              FH                  P  A       A  ND       
Msmeg_UspC          MGS  GN   GR G A PAV  AQ  Y   W   G  V PFF VL G  I APGG GF AG  AL  YF    RR  EFV    A I   LA  PV   Y ASR VD S   R  Q  R      A         TP  A            R              HE                  P  A       P  FE       

                                                                      Mtb_UspC            
   420       430       440                                            

Mtb_UspC            EMFLG       L  AQ AAN A  R                                                 RGDVTTT  Q  A   A T                                                           R          Q .                                           
Mbovis_UspC         EMFLG       L  AQ AAN A  R                                                 RGDVTTT  Q  A   A T                                                           R          Q .                                           
Mcanetti_Uspc       EMFLG       L  AQ AAN A  R                                                 RGDITTT  Q  A   A T                                                           R          Q .                                           
Mmarinum_uspC       EMFLG       L  AQ AAN A  R                                                 RGQVATI  E  A   A A                                                           R          R .                                           
Mulcerans_Uspc      EMFLG       L  AQ AAN A  R                                                 RGQVATI  E  A   A A                                                           R          R .                                           
MKansassi_Uspc      EMFLG       L  AQ AAN A  R                                                 RGDVATI  Q  A   A A                                                           R          Q .                                           
M.leprae_uspC       EMFLG       L  AQ AAN A  R                                                 HGDVEKI  Q  A   T A                                                           C          H .                                           
Mintracellulaer_UspC EMFLG       L  AQ AAN A  R                                                 RGDVAST  R  A   A A                                                           R          A Q                                           
Msmeg_UspC          EMFLG       L  AQ AAN A  R                                                 RRDVAGT  E  R   A A                                                           A          S .                                           
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Figure S2. SDS-PAGE analysis of the purification of UspCNt from E. coli cell extracts. a) Elution of 
His6-tagged UspCNt from a Ni-NTA column. Mr = molecular weight markers in kDa, WC = cell lysate, IS = 
insoluble fraction, FT = column flow through, numbers of 0 to 250 refer to the imidazole concentration in the 
elution buffer (units of mM). b) QHP anion exchange chromatography of UspCNt following the Ni-NTA 
purification step. FT = flow through, numbers across the top indicate NaCl concentration in the elution 
buffer (units of mM). See Materials and methods for buffer compositions. 

 

 
 

Figure S3. Experimental electron density map after SAD phasing and multi-crystal averaging. The 
structure of UspCNt was determined by single-wavelength anomalous diffraction of an iodine derivative, and 
an interpretable map was obtained after solvent flattening and averaging density across two crystal forms. 
The nominal resolution of the map is 2.6 Å, and it is contoured at 1.2σ above the mean density. 
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 6 

 

Figure S4. Comparison of the open and closed forms of the GacH receptor of Streptomyces 
glaucescens. a) Ribbon diagram of the apo (grey) and maltotetraose-bound GacH (pale green) (PBD entries 
3K01, 3K00, [2]). b, c) molecular surface representation of the same structures, coloured according to panel 
a. Maltotetraose is shown as a stick model. 

 
 

Figure S5. Size exclusion chromatography of purified UspCNt. Column resin was Superdex S200, buffer 
composition: 20 mM Hepes, pH 7.6, 100 mM NaCl, 10% v/v glycerol. Sizing markers were alcohol 
dehydrogenase (150 kDa), bovine serum albumin (66 kDa) and carbonic anhydrase (29 kDa). The sequence-
derived molecular weight of UspCNt is 44 kDa. Elution was monitored by recording absorbance at 280 nm.  
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Figure S6. Comparison of UspCNt with structures of ABC-transporter solute-binding proteins. a) 
Superposition of UspCNt (blue, orange) with the E. coli MBP-maltose transporter (PDB entry 3PUW, [3]). 
Chain E (solute binding unit) of the maltose transporter is shown as a pale green ribbon, while the other 
transporter polypeptides are shown in grey. b) Superposition of UspCNt with the structure of UgpB (pale 
blue, PDB entry 4MFI, [4]). 

 
Figure S7. Side-by-side comparison of electrostatic surfaces of UspC, Mtb UgpB and Streptomyces 
glaucescens GacH. Molecular surfaces were calculated using CCP4MG [5] and are coloured according to 
surface charge (red = negative, blue = positive). a) UspCNt; b)  UgpB (4MFI, [4]); c) maltotetraose-bound S. 
glaucescens GacH (3K00, [2]) 
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Figure S8. Thermal shift assay of additional non-binding carbohydrates to UspC. a) Bar graph 
illustrating shifts of Tm for a series of carbohydrates. Data shown are from three independent repeats. UspCNt 
mutants carrying a single alanine substitution at Asp145, Gln218 or Tyr292 are labelled as 145, 218 or 292, 
respectively. Chitobiose (also included in Figure 3a is included for comparison). 

 

 


