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Supplemental Methods 

Protein expression and purification 

The WbnH gene was PCR amplified from Escherichia coli O86:H2 and then 

cloned into the PET-15b vector. The correct constructs were subsequently transformed 

into E. coli BL21 (DE3) and overexpressed via induction with 0.15 mM 

isopropyl-1-thiogalactopyranoside (IPTG) at 18 °C for 12 h. 

The harvested cells were resuspended in buffer A (50 mM Tris-HCl, pH 8.0, 200 

mM NaCl) and lysed via sonication. After centrifugation at 18,000 ×g for 40 min, the 

supernatant was loaded onto Ni-NTA affinity columns and washed with buffer A. The 

column was subjected to individual washes with 5 column buffer B (50 mM Tris-HCl, 

pH 8.0, 200 mM NaCl and 10 mM imidazole) and 5 column buffer C (20 mM 

Tris-HCl, pH 8.0, 200 mM NaCl and 25 mM imidazole). The target protein was 

eluted using buffer D (50 mM Tris-HCl, pH 8.5, 200 mM NaCl and 250 mM 

imidazole). The eluted protein solution was loaded onto a desalt column (GE 

Healthcare) and eluted using buffer E (20 mM Tris-HCl, pH 8.5, 50 mM NaCl, 1 mM 

EDTA and 1 mM DTT). The solution was then loaded onto a Q anion-exchange 

column (GE Healthcare) and eluted using a NaCl gradient (100-1,000 mM). Fractions 

of interest were pooled and loaded onto a superdex200 gel-filtration column (GE 

Healthcare) with buffer F (20 mM Tris-HCl, pH 8.5, 200 mM NaCl, 1 mM EDTA and 

1 mM DTT), and peak fractions were identified via SDS-PAGE and pooled.  

The Se-Met derivative protein was produced using the same protocol that was 

used for the wild-type protein, except cells of the methionine auxotroph E. coli B834 
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(DE3) and minimal medium were used to express the recombinant protein. 

Crystallization and data collection 

The WbnH protein was crystallized by combining 1 l of protein solution (2.0 

mg/ml) (20 mM Tris-HCl, pH 8.5, 200 mM NaCl, 1 mM EDTA and 1 mM DTT) with 

an equal volume of well solution containing 1 M Li2SO4, 0.5 M (NH4)2SO4, 0.1 M 

sodium citrate tribasic dehydrate, pH5.6. Crystals were obtained at 4 °C via 

sitting-drop vapor-diffusion. 

The wild-type data were collected on the Shanghai Synchrotron Radiation 

Facility BL17U1 beam line, and all data were processed using the HKL2000 software 

(Otwinowski, 1997). Single wavelength anomalous data were collected for Se-Met 

substituted crystals at element SE peak wavelength on the beam line BL-17A at the 

Photon Factory (Tsukuba, Japan). 

Structure determination and refinement  

The structure of WbnH was determined using the single-wavelength anomalous 

dispersion methodology. The initial phases were then calculated using PHENIX 

Autosol (Adams et al., 2010). The models were built using the COOT program 

(Emsley and Cowtan, 2004). After the initial model was built, iterative refinement 

was performed using the PHENIX refinement program and COOT. The orientations 

of the amino acid side-chains and bound water molecules were modeled based on 

2Fobs – Fcalc and Fobs – Fcalc difference Fourier maps. The final structure had an Rwork 

value of 20.48% and an Rfree value of 23.96%. The detailed data collection and 

refinement statistics are summarized in Supplemental Table SI. All of the figures were 
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generated using the program PyMol (DeLano Scientific, LLC.). 

Accession numbers 

Atomic coordinates and structure factors for the reported crystal structure have 

been deposited in the Protein Data Bank with accession code 4XYW. 
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Supplemental Table SI Data collection and refinement statistics 
Crystal name Wild-type-crystal Se-Met-crystal 

Unit cell 

Space group H 3 2 H 3 2 

a, b, c (Å) a = b = 114.311  

c = 183.479 

a = b = 114.351 

c = 183.199 

Molecule/ asu 1 1 

Wavelength (Å) 0.9791 0.9791 

Resolution range (Å) 50- 2.2 (2.28- 2.2) 50-2.6 (2.69-2.6) 

No. of unique reflections 23,421 (2,294) 14,409(1,408) 

Redundancy 11.1(11.3)a 22.3(22.4)a 

Rsym (%)b 6.4(48.3) a 8.1 (48.7)a 

I/σ 23.52 (5.44) a 72.56(9.91)a 

Completeness (%) 99.02 (98.96) a 99.9 (98.6) a 

Refinement   

Resolution range (Å) 26.96-2.2  

Rcrystal (%)c 21.60(26.38)  

Rfree (%)d 24.42 (28.26)  

RMSDbond (Å) 0.009  

RMSDangle() 1.26  

Number of 

 non-hydrogen atoms 2,592  

macromolecules 2,517  

protein residues 324  

water 62  

Residues in (%)   

Ramachandran favored  97.0  

Ramachandran allowed  2.68  

Ramachandran outliers  0.32  

Average B factor (Å2)  54.70  

macromolecules 54.60  

Solvent 56.70  
a the highest resolution shell;  

b   IIIR
j jsym ;  

c Rcrystal=  
hkl obshkl calcobs FFF ; 

d Rfree, calculated the same as Rcrystal, but from a test set containing 5% of data excluded 

from the refinement calculation. 
 

 

 



                       ......WbnH
WbnH      1                       G        M  V       EIG       AQTWV  I  LI     I  I        S........ KN GFIVTKS    ......     NE SN  KEECN FL T....... EEG
MshA      1                       G       RV LL M   P D P       MN YV  LA AL      V MAMPPACPD  L  S HTS V Q  SGDAGG  V  WH  R  AQAGWR D  TLDRDPSRTEG
pimA      1                       G        M I MI     DVP       VQS V  LA VM     LV VL       S........ R G  CPYSF    .....G   H LQ  E  RTRGH  S  ....APA PHA
aviGT4    1                       G       R   VAL   P  VP          WI            VV  L......M PLK   VNI LR   ......SDA  SVPPQGYGGIQW  AN .....MDGLLE
pimB’     1                       G       R  LVV    P  IG       IQSYL   I        VV A        T...MSAS KT   TNDF PR   ......     RDF ATQDPESI  F S....... QNA

                      ..........WbnH
WbnH     42       V     VI G                  T   L K LK   I    L A    A VWLTHKD FAGVF  P IKKYFDFL.......... LFK R I  ENN S..T I SSAN G 
MshA     63 V     A GI  LAV  PG  AAP            R L HF    DA   VLHAH     V HPTDL P  RL   SL  AG   KQDLPRFAEPFG A A  YDGD  APR     YWLSA 
pimA     46 A    FV G   V IP  G  A            T R V KWL   D D  VLHLH   A LPDY  S GRA P  YN SV R.....LRFGPA H K K   AHG F ..     EPN PS
aviGT4   46 L    FL GA    AG PG  VVP              I RWLR  DVD  VVH H GHEV  L  PGSP  R  LT   ........AGEPEE E    TA   ..   D SG....
pimB’    47      Y   L   VI  P   MLP          T H M   IR  EID  V       L LEEAHA DKT DYE  RW RSV   .......TPT A A AEI  ER   N. WFGAAAP A 

WbnH
WbnH     92                  H A  V  LV    I  S   S   N   L      V K L         VSY RL RL  DFKC YV  GW CLY GGR KSIFCI E Y SLLTDVIWC  .........KS
MshA    125                  HA V LA  L   LMLT        N   L  G   A             VS G E  EH HAP    L TSAAAK ... RA ADE PETREREEAERFV  RACRTVVNTPV
pimA    101                  HL M AL IA   IVAT    T              I R M         VS S L  N  EGP    F TS TKSL...TLTVFQG L P HEKIVGRIA  .........DL
aviGT4   94                  H VI  A L    A ISS   T          G     R           AG  GP G PPGT F    HF TRPV...NPV CTYSS AQRAHCGGGDD P...........
pimB’   101                  HMA  A  A    VIAST       S   M  G     R I         IS  GT KQ GASK      GHEVGW ... LP SRQSL K GTEVDVLTY  .........QY

WbnH
WbnH    145                       V  K  IE  G     I  V N        NDE KA  NI IKEPK IT S S PQMPRC NKQ.............................
MshA    184                       V  H  VEL G     V  IP G D   F  V         REK QL   Y ADPER EV  P   PTV RP PREPLPRSP SAAVPRAGDHPAAHPDDAPSA
pimA    151                       V  R  MEA G     A  IPNG D   F SA         RAR WQ   L SD... VE      VDS A  AR..LDGYP .....................
aviGT4  142                       V                  IP P D   Y SA.................V  I   PAR R  AD.............................
pimB’   151                       V  R    A G        LPSG D   F  A         KTL RFKS F SHP.TFEH      VKR TP TPEDKSATR KLG..................

                             ....          WbnH
WbnH    178                         P K                      L   G               VL                 LL NVI  KP    S  IV  G...........LQYK  FVGRLTH . RP....E  A   SK  Q..Y  H   G ERLESL
MshA    246                         P K                      L   G                VL   RM    G   LV ALGQL   HPE  V  VLA  G  EPSGDPGASPDHQAPFT  CAG  Q L  QQV  R     RRT   TP R     A SP FLN
pimA    187                         P K                      L   G               VL        R G   LL ALP VV   PD  VQ LIV  G  D...........QGKT  FLGRYDE    MAV  D   K  QRF  ..       H DA QLR
aviGT4  158                         P K                      L   G                LL   RV  H G      AL  AA  H       VLA.........QVAKEDF  FMG  S    ......  EA  FA ACG.RR     PAWEPEYF
pimB’   194                         P K                      L   G               VIA   RL  R G   LI AMPQVI  RPD  AQ LIV  G  E.........FTDTTP   CNS  V    QDS  K      AA   ..       S RY STL

                   WbnH
WbnH    222                   G                                 E       EAK      Q     NIHFL  V            DLF L S S           G PM  L .....K FSECE      E NN...FYNYHEY   S I D ..........  L  SG
MshA    308                   G                                 E       EAH      T  V   V     L     A LM SVDA AVPSSS             GLVAV LRELAR EG AGD VLR S PRPEL R  G    V      .......... TF
pimA    236                   G                                 E       EA          L   LRFL  V     A AM SADVY APNT              GIVLV.....GQAGR AAH     Q DDAGK S  R     C    GG......... SF
aviGT4  204                   G                                 E       EA       T     TV  I  V     L LL SA A LA SQ            P   VVD....EI RRYGS  EP  E GGERR D  A  H V  M  AVTGPWGGIWC  GAT  S
pimB’   245                   G                                 E       EAR         V  NVKFL  L     I  L  ADIFAMP  T           G GIV L ....RLATD SQ      R EYQDM NT AA       AR RG...GGLDV  L   Y

                                  .....WbnH
WbnH    266                         G  V     PLLLSDVGG  ELI    N  L    E D     I   L KI DDHTAAI         CF   EG..  L  ENT D ..... GYK D  F  ...YENYREQAI
MshA    360                         G  V A GTPVLATDV GL  AV    T  L P  D         E L RAA D     A   AQ C         D  RY  RDGE  R   GR P....AVWA A H   A PSAWR MSH AT
pimA    284                         G  V A GT VVASDL     VL       L P    D     L D L  VLE          AM A  A      DAFRR  RDGEV H   VDPP LQAAA A G IA   NDVLRERYVA GN
aviGT4  262                         G  V V GTPVV T  G L EIV       V G          A D A R L       A   VA S     G GN C A   PS..V E   YGTD.....F P E R T AG...LP SDE RR
pimB’   300                         G  V A G PVIA   GGA E V    T  V    D D     L E L  LLDD     A   AQ C V    GTS   P T TP.A  L  EGS V ....K S L IE    PIRRA MGA GR

WbnH
WbnH    318  A    F  E  A     IR SG.K VI NY SAYKS ILG............
MshA    418   AR    WD VA R A AY   ARR  .ELT  D  A H G  LAC GAAATA....
pimA    346 AAVR  Y W  VA   M VY   A    .R D SV  SQI R  ETV GSGAKVQVAS
aviGT4  314 AAVR  W    IA R V  Y   L    .L GHVT  E Y EQ RRL AGATWK....
pimB’   357 A V   W WE M  R   I H EAE S  I GE LTN LQSEPR.........
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Supplemental Figure 1

Sequence alignment of WbnH with other glycosyltransferases. The amino acid sequences 
of some GT-B family members (i.e., WbnH; the Corynebacterium glutamicum glycosyltransferase 
MshA; the phosphatidylinositol mannosyltransferase PimA from Mycobacteria; the glycosyltrans-
ferase aviGT4 from Streptomyces viridochromogenes, which is involved in avilamycin A biosyn-
thesis; and the phosphatidylinositol mannosyltransferase PimB’ from Corynebacterium glutamic-
um) were aligned together. The conserved residues are highlighted in red. The secondary struc-
ture is drawn based on the WbnH structure. The conserved residues for substrate binding are 
designated by blue stars.



Supplemental Figure 2

apo-PimA WbnH

Structural comparison of WbnH and apo-PimA. The PDB code of apo-PimA is 
4N9W. WbnH is presented in yellow, and apo-PimA is presented in blue.
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Supplemental Figure 3
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Model of WbnH with the donor and the acceptor. (A) Model of WbnH binding to the 
donor substrate UDP-GalNAc. (B) Magnified view of the active center. The side chains of 
four conserved residues (i.e., His109, Lys192, Glu256, and Glu264) that surround the 
proposed position of UDP-GalNAc are represented as yellow sticks. (C) Model of WbnH 
binding to the donor substrate UDP-GalNAc (magenta carbons) and the acceptor analog 
1-L-Ins-1-P (yellow carbons). (D) Magnified view  of the proposed acceptor binding site. 
The side chains of five residues that surround the acceptor analog are represented as 
green sticks.
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