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Figure S1. Multiple sequence alignment of EbBcsZ (GenBank: BAM44856.1), EcBcsZ (GenBank: 
AAB76556.1), and CMCax (GenBank: AAA16969.1). The asterisks (green) and triangles (blue) 
represent the residues located around the catalytic site of EbBcsZ and catalytic residues, respectively. 
 
  

                                        TT     TT TT        EbCesZ

EbCesZ    1            V     A            W  F   Y    GRV D         SEGQ      A                           K   I      I        T     ....MK LRWV MALVL AMNVRAACTWPA EH  RA  SDG     PSDARKI T    

EcCeSZ    1            V     A            W  F   Y    GRV D         SEGQ      L                           K   I      I        T     ...MNV RSGI TMLLL AFSVQAACTWPA EQ  KD  SQE     PSDARKI T    

CMCax     1            V     A            W  F   Y    GRV D         SEGQ      M                           R   L      V        S     MSVMAA GGAQ LSSTG FADPAPDAVAQQ AI  AK  RPS     TGNG.GE H    

                                             TT             EbCesZ

EbCesZ   57  Y    A  A D   F     W   NL        L  W   K       V D N A D    L   L         NV              EH     W              S S  S A FF  A D RPM D  LE TKD  AQGDPG   PA L G KDENNWT L S     A

EcCeSZ   58  Y    A  A D   F     W   NL        L  W   K       V D N A D    M   L         NI              ER     W              S S  S G FS  A N RAA D  LD TQN  AQGSLK   PA L G KENSKWE L S     G

CMCax    60  Y    A  A D   F     W   NL        L  W   K       V D N A D    M   A         SM              DK     F              N T  G G LF  S G LAS Q  WM ART  QHTN..   FS R L GHQP..P P K     G

                                                            EbCesZ

EbCesZ  117 D   A  L  AG       Y     A                   L PG VGF        I I        R W           L   IA    V VPG   M L               W  WS LE   L KEAR TTLGN  LNR  KEEV T   LGP     K   AEETVWR

EcCeSZ  118 D   A  L  AG       Y     A                   L PG VGF        V M        R W           L   IA    V VPG   M L               W  WS LE   L KEQR TDIGS  LKR  REEV T   LGS     K   AEDNSWR

CMCax   116 D   A  L  AG       Y     A                   L PG VGF        L I        K F           I   VL    M AGP   V M               L  LA GR   R QRPD IQDAM  YGD  NLMT K   Y.V     A   TKKDSVI

               .                        TT                  EbCesZ

EbCesZ  177  N SY               P W    E   RL            PDW                      A             TL       L              V   K     QLL P  LPPQI RYLT.RFGE . T  Q TNH   LETA..PKGFS    RYE SK.GW  

EcCeSZ  178  N SY               P W    E   RL            PDW                      A             TL       L              V   K     QLF P  LPPTL QYFT.RFGA . T  R TNQ   LETA..PKGFS    RYE DK.GW  

CMCax   175  N SY               P W    E   RL            PDW                      L             QV       V              L   R     SIL L  YVMPS LQAFDLTAD R R  M DGI   SAGRFGQWRLP    AVN ATGAL  

   TT                    TT                             TTT EbCesZ

EbCesZ  232          YDAIRV                          A         P  VD  T                 LW   M                                  V   APDKTLISG      Y  VGM N..DHDAQKASLLERLKPM ALTAKKGVV EK   A A

EcCeSZ  233          YDAIRV                          A         P  VD  T                 MW   M                                  V   KAEKTLISS      Y  VGM P..DSDPQKARMLNRFKPM TFTEKNGYP EK   A G

CMCax   235          YDAIRV                          A         P  VD  T                 LY   A                                  L   ASGWPPRFS      P  FYW HMLAPNVLADFTRFWNNFG N......AL GW   T G

    .                                                       EbCesZ

EbCesZ  290        P G  A                            Y    LTL              G      F  AL          A Q  KV          FS V              QPR .DG V  A   LPFLQDRDAQ V RQ  ADHFPGDDA   Y    FGQGWDEHRFR

EcCeSZ  291        P G  A                            Y    LTL              G      F  AM          A Q  RV          YN V              KAQ .KG V  S   LPFLQNRDAQ V RQ  ADNFPGSDA   Y    FGQGWDQHRFR

CMCax   289        P G  A                            Y    LTL              P      Y  VA          L T  HA          YS A              ARS YNA P  L   ECTGLDSAGE P LD  P.......D   A    LVYIARAEETI

  TT                                                        EbCesZ

EbCesZ  349 FTPRGELQPDWGQACASSQ                                         

EcCeSZ  350 FSTKGELLPDWGQECANSH                                         

CMCax   342 K..................                                         
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Figure S2. Conformation of pyranose represented by Cremer-Pople sphere (upper) and Mercator 

representation (lower). Cremer-Pople parameters f, q, and Q are also displayed (Cremer and Pople, 
1975). The conformation of pyranose is represented by the puckering parameters, f, q, and Q, which 
shows 38 different conformers. 
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Figure S3. The structures of cellooligosaccharides bound to monomer A in EbBcsZ(D242A)CPT. (a) 
The omit map of cellooligosaccharides contoured at 3.0 σ. (b) Close-up view of G−1 in (a). (c) 
Superposed view of glucosyl units. Superposition of G−1 (green) and G-2 (light gray) in 
EbCeSZ(D242A)CPT and G−1 in CtCelA(E95Q)CPT (yellow). 
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Figure S4. Glycerols bound to the active site in EbBcsZ. (a) The conformation of bound glycerols 
around the subsites −2, −1, and +1. The glycerols bound to monomers A, B, C, and D of the asymmetric 
unit were superposed and shown in green, gray, purple, and orange, respectively. Oxygen atoms are red. 
(b) Stereo view of the superposition of G−1 (dark green) and glycerol (gray) in the subsite −1 (upper). 
Water molecules overlapped on the 1-OH and 2-OH of G−1 appear as yellow spheres. Oxygen atoms 
are red. The close up view of glycerol located at the subsite −1 of monomer A with the omit map 
contoured at 4.0 σ (lower). 
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Figure S5. The molecules in the asymmetric unit of EbBcsZ(D242A)CPT. Dotted lines (red) represent 
the secondary binding site of each monomer in the asymmetric unit. The cellooligosaccharides appear 
as sticks. 
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Figure S6. Superposed structures of EbBcsZ(D242A)CPT and EbBcsZGOL. EbBcsZ(D242A)CPT (light 
blue) and EbBcsZGOL (light green) represented as ribbon. The cellooligosaccharides (blue) and the 
residues (Asp242, D242A, and Arg245) are represented as sticks. 
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Table S1. Cremer-Pople parameters 

monomer subsite 
Cremer-Pople parameters 

conformation 
f (°) q (°) Q (Å) 

A −4 30.6 7.8 0.54 4C1 
 −3 306.6 7.5 0.57 4C1 
 −2 38.0 4.1 0.61 4C1 
 −1 97.6 78.3 0.81 5S1 
 +1 355.2 1.9 0.60 4C1 
 +2 82.9 27.0 0.51 4C1 

B −4 307.9 8.1 0.58 4C1 
 −3 315.3 8.1 0.57 4C1 
 −2 355.2 7.0 0.64 4C1 
 −1 95.8 85.0 0.74 5S1 
 +1 278.0 7.1 0.62 4C1 
 +2 79.1 2.8 0.57 4C1 

C −4 10.5 8.1 0.51 4C1 
 −3 303.1 7.2 0.62 4C1 
 −2 54.2 6.2 0.58 4C1 
 −1 99.1 81.9 0.82 5S1 
 +1 234.6 12.6 0.57 4C1 
 +2 23.4 4.4 0.55 4C1 

D −4 73.8 3.5 0.52 4C1 
 −3 319.4 5.7 0.61 4C1 
 −2 357.7 4.2 0.59 4C1 
 +1 154.6 2.0 0.57 4C1 

  +2 106.7 4.0 0.55 4C1 

 
  



Table S2. Distances between oxygen atoms of glycerols and waters in EbBcsZGOL and five 
oxygen atoms of G-1 in EbBcsZ(D242A)CPT 

 

O1 (1-OH)       O2 (2-OH)       
EbBcsZGOL EbBcsZ(D242A)CPT distance (Å)   EbBcsZGOL EbBcsZ(D242A)CPT distance (Å)   
monomer A monomer A 0.96   monomerA monomer A 0.22   

  monomer B 0.68     monomer B 0.84   
  monomer C 0.84     monomer C 0.20   

monomer B monomer A 1.05   monomer B monomer A 0.20   
  monomer B 0.75     monomer B 0.94   
  monomer C 0.93     monomer C 0.20   

monomer C monomer A 0.97   monomer C monomer A 0.23   
  monomer B 0.69     monomer B 0.81   
  monomer C 0.84     monomer C 0.15   

monomer D monomer A 0.98   monomer D monomer A 0.08   
  monomer B 0.67     monomer B 0.84   
  monomer C 0.86     monomer C 0.06   
    0.85 ± 0.13       0.40 ± 0.34   

                
O3 (3-OH)       O5       
EbBcsZGOL EbBcsZ(D242A)CPT distance (Å)   EbBcsZGOL EbBcsZ(D242A)CPT distance (Å)   
monomer A monomer A 0.39   monomer A monomer A 1.04   

  monomer B 0.42     monomer B 1.41   
  monomer C 0.37     monomer C 1.17   

monomer B monomer A 0.34   monomer B monomer A 0.92   
  monomer B 0.33     monomer B 1.29   
  monomer C 0.31     monomer C 1.04   

monomer C monomer A 0.36   monomer C monomer A 0.87   
  monomer B 0.35     monomer B 1.23   
  monomer C 0.32     monomer C 0.99   

monomer D monomer A 0.33   monomer D monomer A 0.92   
  monomer B 0.35     monomer B 1.29   
  monomer C 0.29     monomer C 1.05   
    0.35 ± 0.04       1.10 ± 0.17   

                
O6 (6-OH)               
EbBcsZGOL EbBcsZ(D242A)CPT distance (Å)           
monomer A monomer A 0.24           

  monomer B 0.16           
  monomer C 0.23           

monomer B monomer A 0.26           
  monomer B 0.17           
  monomer C 0.31           

monomer C monomer A 0.22           
  monomer B 0.14           
  monomer C 0.26           

monomer D monomer A 0.27           
  monomer B 0.17           
  monomer C 0.33           
    0.23 ± 0.06           


