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Supplementary Figure 1: Sequence alignment of all GH13_32 domains from 15 Gardnerella 
isolates with GH13_32 domain of functionally characterized a-amylase from P. haloplanktis A23 
(CAA41481.1). An alignment including amino acids from 120 to 250 positions only is shown. 
Conserved catalytic residues are indicated with red triangles and invariant sequences are 
highlighted in dark background.  
  

                                                                           CAA41481.1
120       130       140       150       160                    170           

CAA41481.1 T    V      Y       GV GFR DA KH                                 QE I            Q  I      L  I            V   DI  L   V                          G    ASNY  NT AA IND QA   K   F  S   AAS  QS MAK NGSP.............VVF  V DQ ..G
NR017_A   T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  A   V     M P DVK IK  AA  A         PE IWWM  T G P          KI  N   K             T   C E   G  EA  KA GM......K  N         F EQD
NR017_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  V   V  V  ISP DMK IK  AA  A         PD IWWM  T G P          QV  K   D                   A   A  AE  KQ NT......T  K         D SEA
GH005_A   T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  A   V     M P DVK IK  AA  A         PE IWWM  T G P          KI  N   K             T   C E   G  EA  KA GM......K  N         F EQD
GH005_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  V   V  V  ISP DMK IK  AA  A         PD IWWM  T G P          QV  K   D                   A   A  AE  KQ NT......T  K         D SEA
GH007_A   T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL  A   V  A  MSP DVK IK  AA  A         PD IWWM  T G P     N    KT  E   H                   Q   A  AA  DA GT......T  K         F EQD
GH007_AP  T    V      Y       GV GFR DA KH                                 QE I       SK      LG  FA LL L  A   I  V  ISP DM  IK  AA             D IWWM  T G P      QN RET  K   Y  E                T  AA  AE  KQSGK......NA E         D SEA
GH020_A   T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL  A   V  A  MSP DVK IK  AA  A         PD IWWM  T G P     N    KT  E   H                   Q   A  AA  DA GT......T  K         F EQD
GH020_AP  T    V      Y       GV GFR DA KH                                 QE I       SK      LG  FA LL L  A   I  V  ISP DM  IK  AA             D IWWM  T G P      QN RET  K   Y  E                T  AA  AE  KQSGK......NA E         D SEA
N170_A    T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL  A   V  A  MSP DVK IK  AA  A         PD IWWM  T G P     N    KT  E   H                   Q   G  AA  DA GT......T  K         F EQD
NR001_A   T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL  A   V  A  MSP DVK IK  AA  A         PD IWWM  T G       N    KT  E   H                   Q   G  DA  EA GT......T  K         FSEQD
NR001_AP  T    V      Y       GV GFR DA KH                                 QE I       SK H    LG  FA LLKL  A   I  V  ISP DM  IK  AA  A         PD IWWM  T G P      Q  RET  K   H                   T  AA  KA  DA HT......T  K         N SEA
NR016_A   T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  A   V  A  M P DVK IK  AA  A         PE IWWM  T G P          KI  N   K                 C E   G  EA  KA GT......K  N         F EQD
NR016_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKL  A   V  V  ISP DMR IK  AI               IWWM  T G P          QV  K   D                   E   G  AS  RQYNESVEDSKKIHD         N SEA
NR020_A   T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  A   V  A  M P DVK IK  AA  A         PE IWWM  T G P          KI  N   K                 C E   G  EA  KA GT......K  N         F EQD
NR020_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKL  A   V  V  ISP DMR IK  AI               IWWM  T G P          QV  K   D                   E   G  AS  RQYNESVEDSKKIHD         N SEA
NR021_A   T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  A   V  A  M P DVK IK  AA  A         PE IWWM  T G P          KI  N   K                 C E   G  EA  KA GM......K  N         F EQD
NR021_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKL  A   V  V  ISP DMR IK  AI               IWWM  T G            QV  K   D                   D   G  AS  RQYNESVEDSKKIHD         NSSEA
NR026_A   T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL  A   V  A  MSP DVK IK  AA  A         PD IWWM  T G P     N    KT  E   H                   Q   G  AA  DA GT......T  K         F EQD
NR026_AP  T    V      Y       GV GFR DA KH                                 QE I       SK      LG  FA LL L  A   I  V  ISP DM  IK  AA               IWWM  T G        QN RET  K   H  E                I  AA  AE  RASGK......SAND         DSSEA
NR038_A   T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL  A   V  A  MSP DVK IK  AA  A         PD IWWM  T G       N    KT  E   H                   Q   G  DA  EA GT......T  K         FSEQD
NR038_AP  T    V      Y       GV GFR DA KH                                 QE I       SK H    LG  FA LLKL  A   I  V  ISP DM  IK  AA  A         PD IWWM  T G P      Q  RET  K   N                   T  AA  KA  DA HT......T  K         D SEA
NR039_A   T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL      V  A  MSP DVK IK  AA  A         PD IWWM  T G       N    KT  E   H      D            Q   G  DA  EA GT......T  K         FSEQD
NR039_AP  T    V      Y       GV GFR DA KH                                 QE I       SK      LG  FA LL L  A   I  V  ISP DM  IK  AA               IWWM  T G P      QN RET  K   H  E                T  AA  AE  RASGK......SVND         D SEA
NR047_A   T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  A   V  V  I P EMK IK  A             PE IWWM  T G            KT  N   K                 A N   A  KA SEASGI......K  N         DSNGA
NR047_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKL  A   V  V  IS  DMK IK  AA  A         PD IWWM  T G P          QV  K   D                  TA   A  AE  KQ NT......T  K         N SEA
VN002_A   T    V      Y       GV GFR DA KH                                 QE I       S PH Q  LG  FA MLKL  A   V  A  MSP DVK IK  AA  A         PD IWWM  T G P     N    KT  E   H                   Q   C  DA  EA GT......T  K         F EQD
VN002_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKL  V   V  V  IS  DM  IK  AA  A         PD IWWM  T G P          QV  K   D                  QA  AA  AE  RQ ST......T  K         N SEA
VN003_A   T    V      Y       GV GFR DA KH                                 QE I       SK H Q  LG  FA LLKM  A   V     M P DVK IK  AA  A         PE IWWM  T G P      S   KI  N   K             T   C E   G  EA  KA GM......K  N         F EQD
VN003_AP  T    V      Y       GV GFR DA KH                                 QE I       SKPH Q  LG  FA LLKM  V   V  V  ISP DMK IK  AA  A         PD IWWM  T G P          QV  K   D                   A   A  AE  KQ NT......T  K         D SEA
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180       190       200       210        220       230       240       250   

CAA41481.1            G V EF YS  L                           A  FV N D  R         T     V     L     T         N F         N        MPS   VV      N          I    EA GASEY ST L    K  TE G T RNGSLAWLS F.GEGWGF   SS     D H  Q GHGGAGNV     
NR017_A              G V EF YS  L                           A  FV N D  R         T     IQP   V   E       YR RN FYGSI     NL  ITD LIPN K AI  T W T  DN    R L    PK   DQY GT   D  E       Y     E....  SH   Q    K           E   ..ST V     
NR017_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KN FYGSI     NL  IT  LVPS K  I  T W T  EN    R L    PE   AKH NE      Q       D     S....  KN  NG    D  S        P   ..YV T     
GH005_A              G V EF YS  L                           A  FV N D  R         T     IQP   V   E       YR RN FYGSI     NL  ITD LIPN K AI  T W T  DN    R L    PK   DQY GT   D  E       Y     E....  SH   Q    K           E   ..ST V     
GH005_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KN FYGSI     NL  IT  LVPS K  I  T W T  EN    R L    PE   AKH NE      Q       D     S....  KN  NG    D  S        P   ..YV T     
GH007_A              G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN FYGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   DQY QT      E       Y     E....  KH   K    K           E   ..AS V     
GH007_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KS FYGSI     NL  ITD LVPS K  I  T W T  EN    R L    KE   DQH KE      Q       D     S....  KN   G    D  S        P   ..YV T     
GH020_A              G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN FYGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   DQY QT      E       Y     E....  KH   K    K           E   ..AS V     
GH020_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KS FYGSI     NL  ITD LVPS K  I  T W T  EN    R L    KE   DQH KE      Q       D     S....  KN   G    D  S        P   ..YV T     
N170_A               G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN FYGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   DQY QT      E       Y     E....  KH   K    K           E   ..AN V     
NR001_A              G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN FYGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   DQY QT      E       Y     E....  KH   K    K           E   ..AS V     
NR001_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KN FYGSI     NL  IT  LVPS K  I  T W T  EN    R L    KE   DKH NE      Q       D     S....  KN  NG    D  S        P   ..YV T     
NR016_A              G V EF YS  L                           A  FV N D  R         T     IQP   V   E       YR RN FYGSI     NL  ITD LIPN K AI  T W T  DN    R L    PK   DQY GT   D  E       Y     E....  SH   Q    K           E   ..ST V     
NR016_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     Y   Q F GSL      L  VQD MV S K AI  T W T   N      L    QQ   AAH NE      G   Q M S K   MKASKP NK   G  K D           E G ..SV..     
NR020_A              G V EF YS  L                           A  FV N D  R         T     IQP   V   E       YR RN FYGSI     NL  ITD LIPN K AI  T W T  DN    R L    PK   DQY GT   D  E       Y     E....  SH   Q    K           E   ..ST V     
NR020_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     Y   Q F GSL      L  VQD MV S K AI  T W T   N      L    QQ   AAH NE      G   Q M S K   MKASKP NK   G  K D           E G ..SV..     
NR021_A              G V EF YS  L                           A  FV N D  R         T     IQP   V   E       YR RN FYGSI     NL  ITD LIPN K AI  T W T  DN    R L    PK   NQY GT   D  E       Y     E....  SH   Q    K           E   ..ST V     
NR021_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     Y  KQ F GSL      L  IQD MV S K AI  T W T   N      L    AQ   SAH NE      G   Q   N K   MKASKP NK   G  E D           E G ..SV..     
NR026_A              G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN FYGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   NQY QT      E       Y     E....  KH   K    K           E   ..AS V     
NR026_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   D N     YR KN FYGSI     NL  ITD LVPS K  I  T W T  EN    R L    KE   DQH KE      Q       D     S....  KN   G    D  S        P   ..YV T     
NR038_A              G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN  YGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   DQY QT      E       YL    E....  KH   K    K           E   ..AS V     
NR038_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KS FYGSI     NL  IT  LVPS K  I  T W T  EN    R L    KE   DQH NE      Q       N     S....  KN  NG    D  S        P   ..YV T     
NR039_A              G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN FYGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   DQY QT      E       Y     E....  KH   K    K           E   ..AS V     
NR039_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KS FYGSI     NL  IT  LVPS K  I  T W T  EN    R L    KE   DQH KE      Q       N     S....  KN  NG    D  S        P   ..YV T     
NR047_A              G V EF YS  L                           A  FV N D  R         T      QP   I   E       YR RN F GSI     NL  ITD LIPN   AI  T W T  DN      L    KEN  DKY GT   D  E       Y S   D....  KH   S    KS          E   ..ATSV     
NR047_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     Y  RQ F GSL      L  IQD MV S K AI  T W T   N      L    AQ   AAH NE      G   Q   S K   MKASKP NK   G  N D           E G ..SV..     
VN002_A              G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR RN FYGSI     NL  ITD LIPS K AI  T W T  DN    R L    PR   NQY QT      E       Y     E....  KH   K    K           E   ..AS V     
VN002_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     Y  KQ F GSL      L  IQD MI S K AI  T W T   N      L    KE   TAH NE      G   Q   S K   MQSGKP NK   G  A D           E G ..SV..     
VN003_A              G V EF YS  L                           A  FV N D  R         T     IQP   V   E       YR RN FYGSI     NL  ITD LIPN K AI  T W T  DN    R L    PK   DQY GT   D  E       Y     E....  SH   Q    K           E   ..ST V     
VN003_AP             G V EF YS  L                           A  FV N D  R         T     IQP   L   E N     YR KN FYGSI     NL  IT  LVPS K  I  T W T  EN    R L    PE   AKH NE      Q       D     S....  KN  NG    D  S        P   ..YV T     
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Bhandari et al. Supplemental Figures 2 

 

 
Supplementary Figure 2: Ni-NTA purification of 6His-tagged amylase (A) and pullulanase (B) 
domain proteins. M: molecular weight marker, FT1 &FT2: flow through fractions, W1&W2: wash 
fractions, E1-E3: elution fractions. 
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Bhandari et al. Supplemental Figures 3 

 

 
Supplementary Figure 3: Analysis of fractions obtained during protein purification using 
glutathione beads. M: molecular weight markers, BS: mixture of glutathione beads and solubilized 
protein, FT: flowthroughs, B1-B3: Protein bound glutathione beads obtained after first, second and 
third wash, E1-E2: elution fractions 
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Bhandari et al. Supplemental Figures 4 

 

 
Supplementary Figure 4: SDS-PAGE (A) and Western blot (B) analysis of fractions obtained 
during recombinant a-amylase protein purification using Nickel affinity chromatography (A). 
Immunoblot membrane was first incubated with primary antibody (Anti-6x His tag monoclonal 
antibody, 1:2,000 dilutions) followed by washing and further incubation with secondary antibody 
conjugates (Alexa fluor 680 goat anti-mouse IgG, 1: 20,000 dilutions). Finally, membrane was 
scanned at 700 nm using Li-COR scanner after secondary antibody wash. M- molecular weight 
markers, W1 & W2: wash fractions, E1-E3: elution fractions.  
  

M      W1     W2     E1       E2      E3           

37

25

50

100
150

20

250

75

M      W1      W2       E1       E2      E3           

A B

37

25

50

100
150

20

250

75



Bhandari et al. Supplemental Figures 5 

 

 
Supplementary Figure 5: (A) Expression and Ni-NTA purification of GST-His fusion tag. M: 
molecular weight markers, IN: IPTG induced culture, UN: uninduced culture, LY: lysate, PT: 
pellet, FT: flowthrough, W1 and W2: wash fractions, E1 and E2: elution fractions.  Identification 
of products obtained from purified GST-His tag with maltopentose (M5), maltodextrin (MD) and 
Glycogen (Gly) using TLC (B) and HPAEC-PAD (C). M: sugar standards: G: glucose, M2: 
maltose, M3: maltotriose, M4: maltotetraose. 
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Bhandari et al. Supplemental Figures 6 

 
 

 
 
Supplementary Figure 6: Identification of products obtained from purified pullulanase domain 
protein with maltotriose (M3), maltotetraose (M4) and maltopentose (M5) after 24h of incubation. 
M: sugar standards: G: glucose, M2: maltose, M3: maltotriose, M4: maltotetraose and M5: 
maltopentose. 
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