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Supporting information
Section 1

Supplementary Table S1.

H-bonds observed during 200ns MD of oBgt-HAP, aCtx-HAP, aBgt-HAP[LO9E], and oCtx-
HAP[L9E].

Hydrogen bonds*
aBgt-HAP aCtx-HAP aBgt-HAP[L9E] | aCtx-HAP[L9E]
HAP[ HAP[
HAP aBgt lifetime HAP aCtx . L9E] aBgt . L9E] aCtx .
residue residue ek residue residue lifetime resid residue lifetime residu residue lifetime
ue e
TRP1 THR6 m TRP1 THR6 m
TRP1 ALA7 m TRP1 ALA7 m
TRP1 THR8 m
TRP1 SER9 m TRP1 SER9 m
TRP1 ASP38 m TRP1 GLU41 m TRP1 ASP38 m
ARG2 ASP30 m
ARG2 GLU41 m
TYR3 ALA7 m
TYR3 THRS8 s TYR3 THR8 m
TYR3 SER9 m TYR3 SER9 m
TYR3 ASP8 1 TYR3 ASP8 1
TYR3 ILE11 S
TYR3 VAL40 1 TYR3 VAL37 1 TYR3  VAL40 1 TYR3  VAL37 1
TYR3  HIS68 ]
TYR3 GLN71 s
TYR3 GLY74 S
TYR4 ASP30 1 TYR4 ASP27 1
TYR4 ARG36 m TYR4 ARG33 m
TYR4 ARG36 m TYR4 ARG36 1
TYR4 GLY37 m
TYR4 LYS38 m
TYR4 HIS68 m TYR4 HIS68 m
GLUS5 SER35 m
GLU5 ARG36 m
GLUS LYS38 1 GLUS LYS35 1 GLU5 LYS38 1 GLUS LYS35 1
GLUS THR67 m GLU5 LYS70 s GLU5 THR67 m
GLU5  ARG68 s
SER6 ARG36 m SER6 ARG33 1 SER6  ARG33 m
SER6 HIS68 S
SER6 LYS70 s SER6 THR67 s SER6 LYS70 s SERG6 THR67 s
SER6 ARG68 m
SER6 LYS69 m
SER6 ARG70 m SER6  ARG70 1
SER7 ARG36 m SER7 ARG33 S SER7  ARG33 m
SER7 HIS68 m
SER7 ARG68 s SER7  ARG68 s
SER7 ARG70 m SER7  ARG70 s




SER7 PRO71 s
LEU8 THR67 m
LEU8 GLN71 s LEUS8 ARG68 1 LEU8 ARG68 m
GLU9 ARG36 m GLU9 ARG33 m
TYR11 ASP30 m
TYR11 ARG36 m
TYR11  PRO71 m
ASP13 SER9S s
ASP13  ARG36 S

* All the contacts in the table “aligned” considering aBgt-aCtx and HAP-HAP[L9E] amino acid sequence alignment
(Fig 2A, 3A). Each contact in the aBgt-HAP complex is put in correspondence with analogous contacts in the
complexes aCtx-HAP, aBgt-HAP[L9E], and aCtx-HAP[LIE]. In case when an analogous contact was not observed
during MD, the corresponding cell in the table is empty.

** Lifetime of each contact counted as part of MD-trajectory total time (200ns). “s” stands for short-living contacts:
lifetime is less than 10 %; “m” stands for medium-living contacts: lifetime is less than 50 %; “1” — long stands for long-

living contacts: lifetime is greater than 50 %.




Supplementary Table S2.
Salt bridges observed during 200ns MD of aBgt-HAP, aCtx-HAP, aBgt-HAP[L9E], and aCtx-
HAP[L9E].

Salt bridges*
aBgt-HAP aCtx-HAP aBgt-HAP[LI9E] | aCtx-HAP[L9E]
HAP Bgt HAP Ctx HAPIL Bgt HAP[L Ctx
! abg lifetime ! . lifetime | 9E] “B8 | ifetime | 9E] o lifetime
residue residue residue residue il residue i residue
residue residue
ARG2 ASP30 m
ARG2 GLU41 m
GLUS LYS38 m GLUS LYS35 m GLUS LYS38 S GLUS LYS35 m

GLUS ARG36 m GLUS ARG33 m

ASP13  ARG36 m

* All the contacts in the table “aligned” considering aBgt-aCtx and HAP-HAP[L9E] amino acid sequence alignment
(Fig 2A, 3A). Each contact in the aBgt-HAP complex is put in correspondence with analogous contacts in the
complexes aCtx-HAP, aBgt-HAP[L9E], and aCtx-HAP[LIE]. In case when an analogous contact was not observed
during MD, the corresponding cell in the table is empty.

** Lifetime of each contact counted as part of MD-trajectory total time (200ns). “s” stands for short-living contacts:
lifetime is less than 10 %; “m” stands for medium-living contacts: lifetime is less than 50 %; “l” — long stands for long-
living contacts: lifetime is greater than 50 %.



Supplementary Table S3.
Stacking and m-mt interactions observed during 200ns MD of aBgt-HAP, aCtx-HAP, aBgt-
HAP[L9E], and aCtx-HAP[L9E].

Stacking / m-n interactions*

aBgt-HAP aCtx-HAP aBgt-HAP[L9E] aCtx-HAP[L9E]
HAP[L HAP[L
HAP aBgt . HAP aCtx . aBgt . aCtx .
. . lifetime . . lifetime 9E] . lifetime 9E] . lifetime
residue residue residue residue . residue i residue
residue residue
ARG2 TRP28 m ARG2 TRP25 m ARG2 TRP28 1 ARG2 TRP25 1
ARG2 ARG36 m
TYR4 ARG36 m TYR4  ARG33 m TYR4 ARG36 m TYR4  ARG33 m
TYR4 PHE29 m TYR4 PHE29 S
TYR4  ARG36 m TYR4  ARG36 s
TYR11 ARG36 1 TYR11 ARG33 1
TYR11 ARG36 m TYR11 ARG36 1

* All the contacts in the table “aligned” considering aBgt-aCtx and HAP-HAP[L9E] amino acid sequence alignment
(Fig 2A, 3A). Each contact in the aBgt-HAP complex is put in correspondence with analogous contacts in the
complexes aCtx-HAP, aBgt-HAP[L9E], and aCtx-HAP[LIE]. In case when an analogous contact was not observed
during MD, the corresponding cell in the table is empty.

** Lifetime of each contact counted as part of MD-trajectory total time (200ns). “s” stands for short-living contacts:
lifetime is less than 10 %; “m” stands for medium-living contacts: lifetime is less than 50 %; “1” — long stands for long-
living contacts: lifetime is greater than 50 %.



Supplementary Table S4.
Cation-n interactions observed during 200ns MD of aBgt-HAP, aCtx-HAP, aBgt-HAP[L9E], and
aCtx-HAP[LO9E].

Cation-Tt interactions*

aBgt-HAP aCtx-HAP aBgt-HAP[LI9E] | aCtx-HAP[L9E]
HAP[L HAP[L
HAP aBgt . HAP aCtx . aBgt . aCtx .
. . Lifetime** . . lifetime 9E] . lifetime 9E] . lifetime
residue residue residue residue i residue . residue
residue residue
ARG2 TRP28 1 ARG2 TRP25 m ARG2 TRP28 1 ARG2  TRP25 1
ARG2 PHE32 s ARG2  PHE29 m
TYR4 ARG36 1 TYR4  ARG33 1 TYR4 ARG36 1 TYR4 ARG33 1
TYR4 ARG36 m TYR4 ARG36 1
TYRI11 ARG36 1 TYR11 ARG33 1 TYR11 ARG36 m
TYR11 ARG36 m TYR11 ARG36 1

* All the contacts in the table “aligned” considering aBgt-aCtx and HAP-HAP[L9E] amino acid sequence alignment
(Fig 2A, 3A). Each contact in the aBgt-HAP complex is put in correspondence with analogous contacts in the
complexes aCtx-HAP, aBgt-HAP[L9E], and aCtx-HAP[LIE]. In case when an analogous contact was not observed
during MD, the corresponding cell in the table is empty.

** Lifetime of each contact counted as part of MD-trajectory total time (200ns). “s” stands for short-living contacts:
lifetime is less than 10 %; “m” stands for medium-living contacts: lifetime is less than 50 %; “I” — long stands for long-
living contacts: lifetime is greater than 50 %.



Supplementary Table S5.
Hydrophobic contacts observed during 200ns MD of aBgt-HAP, aCtx-HAP, aBgt-HAP[L9E], and

aCtx-HAP[LOE].

Hydrophobic contacts*

aBgt-HAP aCtx-HAP aBgt-HAP[L9E] aCtx-HAP[L9E]
HAP aBgt e . HAP aCtx e . HAP[L9E] aBgt lifeti HAP[L9E] aCtx lifeti
residue residue lifetime** residue residue lifetime residue residue me residue residue me
TRP1 THR5 m TRP1 ILES m TRP1 THR5 1 TRP1 ILES m
TRP1 THR6 1 TRP1 THR6 1 TRP1 THR6 1 TRP1 THR6 1
TRP1 ALA7 1 TRP1 ALA7 1
TRP1 THR8 1 TRP1 THR8 1
TRP1 SER9 1 TRP1 PRO7 1 TRP1 SER9 1 TRP1 PRO7 1
TRP1 PRO10 1 TRP1 ASP8 1 TRP1 PRO10 1 TRP1 ASP8 1
TRP1 ILE11 1 TRP1 ILE9 1 TRP1 ILE11 1 TRP1 ILE9 1
TRP1 SER12 m
TRP1 TYR21 m TRP1 TYR24 1 TRP1 TYR21 m
TRP1 LYS23 m TRP1 LYS23 m
TRP1 TRP28 m TRP1 TRP25 m TRP1 TRP28 1 TRP1 TRP25 1
TRP1 VAL39 TRP1 ARG36 1
TRP1 VAL37 m
TRP1 GLU41 1 TRP1 ASP38 1 TRP1 GLU41 1 TRP1 ASP38 1
TRP1 LEU42 m TRP1 LEU39 1 TRP1 LEU42 1 TRP1 LEU39 1
TRP1 GLY43 1
TRP1 PRO67 m
TRP1 PRO66 m
TRP1 GLN71 m TRP1 GLN71 m
TRP1 PRO73 m
ARG2 THR6 1 ARG2 THR6 1 ARG2 THR6 1 ARG2 THR6 1
ARG2 ALA7 1 ARG2 ALA7 1
ARG2 THR8 m ARG2 THR8 1
ARG2 SER9 m ARG2 PRO7 1 ARG2 ILE11 m ARG2 PRO7 1
ARG2 ILE11 m ARG2 ILE9 m ARG2 ILE9 1
ARG2 TYR21 m ARG2 TYR24 1 ARG2 TYR21 m
ARG2 LYS26 m ARG2 LYS23 m ARG2 LYS26 1 ARG2 LYS23 1
ARG2 THR24 m ARG2 MET27 1 ARG2 THR24 1
ARG2 TRP28 1 ARG2 TRP25 1 ARG2 TRP28 1 ARG2 TRP25 1
ARG2 CYS26 m ARG2 CYS29 1 ARG2 CYS26 1
ARG2 ASP30 1 ARG2 ASP30 1
ARG2 ALA31 1 ARG2 ALA31 m
ARG2 PHE32 1 ARG2 PHE29 1 ARG2 PHE29 m
ARG2 ARG36 1 ARG2  ARG33 1
ARG2 LYS38 m ARG2 LYS35 m
ARG2 VAL39 1 ARG2 ARG36 1 ARG2 VAL39 1 ARG2 ARG36 1
ARG2 VALA40 1 ARG2 VAL37 1 ARG2 VAL40 1 ARG2 VAL37 1
ARG2 GLU41 1 ARG2 ASP38 1 ARG2 GLU41 1 ARG2 ASP38 1
ARG2 LEU42 m ARG2 LEU39 1 ARG2 LEU42 1 ARG2 LEU39 1
ARG2 LYS52 m
ARG2 VALS52 m ARG2 GLU55 m ARG2 VALS52 1
ARG2 PRO67 s
ARG2 HIS68 m ARG2 HIS68 1
ARG2 PRO66 m ARG2 PRO66 m
TYR3 HIS4 m TYR3 HIS4 m TYR3 PHE4 m
TYR3 THR5 m TYR3 ILE5 m TYR3 THR5 m TYR3 ILE5 1
TYR3 THR6 1 TYR3 THR6 1 TYR3 THR6 1 TYR3 THR6 1
TYR3 ALA7 1 TYR3 ALA7 1
TYR3 THR8 1 TYR3 THRS8 1
TYR3 SER9 1 TYR3 PRO7 1 TYR3 SER9 1 TYR3 PRO7 1




TYR3 PRO10 1 TYR3 ASP8 1 TYR3 PRO10 1 TYR3 ASP8 1
TYR3 ILE11 1 TYR3 ILES 1 TYR3 ILE11 1 TYR3 ILES 1
TYR3 SER12 m TYR3 THR10 m TYR3 SER12 m TYR3 THR10 1
TYR3 LYS12 m TYR3 LYS12 1
TYR3 ARG25 m
TYR3 MET27 m TYR3 THR24 m
TYR3 TRP28 1 TYR3 TRP25 1 TYR3 TRP28 1 TYR3 TRP25 1
TYR3 ARG36 1 TYR3  ARG33 1 TYR3 ARG33 s
TYR3 VAL39 1 TYR3  ARG36 1 TYR3 VAL39 1 TYR3 ARG36 1
TYR3 VALA40 1 TYR3 VAL37 1 TYR3 VAL40 1 TYR3 VAL37 1
TYR3 GLU41 1 TYR3 ASP38 1 TYR3 GLU41 1 TYR3 ASP38 1
TYR3 LEU42 1 TYR3 LEU39 1 TYR3 LEU42 1 TYR3 LEU39 1
TYR3 PRO67 1
TYR3 HIS68 1 TYR3 PHEG5 1 TYR3 HIS68 1 TYR3 PHEG65 1
TYR3 PRO69 1 TYR3 PRO66 1 TYR3 PROG69 1 TYR3 PRO66 1
TYR3 LYS70 1 TYR3 THR67 m TYR3 LYS70 1 TYR3 THR67 1
TYR3 GLN71 1 TYR3 GLN71 1 TYR3 ARG68 m
TYR3 ARG72 m TYR3 LYS69 m
TYR3 PRO73 1
TYR3 GLY74 m
TYR4 THR6 m TYR4 THR6 m TYR4 THRG6 1
TYR4 ILE11 m TYR4 ILES 1 TYR4 ILE11 m TYR4 ILES 1
TYR4 MET27 1 TYR4  THR24 1 TYR4 MET27 m TYR4 THR24 m
TYR4 TRP28 1 TYR4 TRP25 1 TYR4 TRP28 m TYR4 TRP25 m
TYR4 CYS29 1 TYR4 CYS26 1 TYR4 CYS29 m TYR4 CYS26 1
TYR4 ASP30 1 TYR4 ASP27 1 TYR4 ASP30 m TYR4 ASP27 1
TYR4 ALA31 1 TYR4  ALA28 1 TYR4 ALA31 m TYR4 ALA28 1
TYR4 PHE32 1 TYR4 PHE29 1 TYR4 PHE29 1
TYR4 CYS33 1 TYR4 CYS30 1 TYR4 CYS33 m TYR4 CYS30 1
TYR4 SER34 1 TYR4 SER31 1 TYR4 SER31 m
TYR4 SER35 m TYR4 ILE32 1 TYR4 SER35 m TYR4 ILE32 1
TYR4 ARG36 1 TYR4  ARG33 1 TYR4 ARG36 1 TYR4 ARG33 1
TYR4 GLY37 1 TYR4 GLY34 1 TYR4 GLY37 1 TYR4 GLY34 1
TYR4 LYS38 1 TYR4 LYS35 1 TYR4 LYS38 1 TYR4 LYS35 1
TYR4 VAL39 1 TYR4  ARG36 1 TYR4 VAL39 1 TYR4 ARG36 1
TYR4 VALA40 1 TYR4 VAL37 1 TYR4 VAL40 1 TYR4 VAL37 1
TYR4 GLU41 m TYR4 ASP38 m
TYR4 LEU39 m TYR4 LEU39 m
TYR4 PRO67 m
TYR4 HIS68 1 TYR4 HIS68 1
TYR4 PRO69 1 TYR4 PRO66 1 TYR4 PRO69 1 TYR4 PRO66 1
TYR4 LYS70 m TYR4  THR67 m TYR4 LYS70 m TYR4 THR67 m
TYR4 GLN71 m TYR4  ARG68 m TYR4 GLN71 m TYR4 ARG68 m
TYR4 LYS69 m TYR4 LYS69 m
TYR4 PRO73 m TYR4  ARG70 m TYR4 ARG70 1
TYR4 PRO71 1 TYR4 PRO71 s
GLUS THR6 m
GLU5 ILE9S m GLU5S ILES 1
GLU5  THR22 m GLU5S THR22 1
GLU5 ARG25 1 GLUS5 ARG25 m
GLU5 MET27 1 GLU5 THR24 1 GLUS5 MET27 1 GLUS THR24 1
GLUS5 TRP28 1 GLU5S TRP25 1 GLUS5 TRP28 m GLUS TRP25 1
GLU5 CYS29 m GLUS CYS26 s GLUS5 CYS29 m
GLUS ASP30 m
GLUS PHE29 m GLU5S PHE29 m
GLU5 CYS33 1 GLUS CYS30 1 GLUS5 CYS33 m GLU5S CYS30 1
GLUS5 SER34 m GLUS5 SER31 m GLUS SER34 m GLU5S SER31 m
GLUS SER35 m
GLUS5 ARG36 1 GLU5 ARG33 1 GLUS5 ARG36 1 GLUS ARG33 1
GLU5 GLY37 1 GLUS GLY34 1 GLUS GLY37 1 GLU5S GLY34 1
GLU5 LYS38 1 GLU5 LYS35 1 GLUS5 LYS38 1 GLUS LYS35 1
GLUS5 VAL39 1 GLU5 ARG36 1 GLUS VAL39 1 GLUS ARG36 1
GLU5 VAL40 1 GLUS VAL37 1 GLUS VAL40 1 GLU5S VAL37 1
GLU5 GLU41 m GLUS5 ASP38 m




GLUS LEU39 1 GLUS LEU42 m GLU5S LEU39 1
GLU5 GLUS56 m
GLUS5 PRO67 m GLUS PRO64 1 GLU5S PROG64 1
GLUS5 HIS68 1 GLU5S PHEG5 1 GLUS5 HIS68 1 GLU5S PHEG5 1
GLU5 PROG69 1 GLUS PRO66 1 GLUS PROG69 1 GLUS5 PRO66 1
GLU5 LYS70 1 GLU5  THR67 1 GLUS5 LYS70 1 GLUS THR67 1
GLUS ARG68 m
GLUS5 GLN71 1 GLU5  ARG68 1 GLUS GLN71 1 GLUS5 LYS69 1
GLU5  ARG70 m GLU5S ARG70 m
GLUS PRO71 s
SER6 MET27 m
SER6 PHE29 m SER6 PHE29 S
SER6 ARG25 S
SER6 MET27 m
SERG CYS33 m SERG CYS30 m
SER6 SER34 m SER6 SER31 m SER6 SER31 m
SER6 SER35 1 SER6 ILE32 1 SER6 SER35 m SER6 ILE32 1
SER6 ARG36 1 SER6 ARG33 1 SER6 ARG36 1 SER6 ARG33 1
SER6 GLY37 1 SER6 GLY34 1 SER6 GLY37 m SER6 GLY34 1
SER6 LYS38 1 SER6 LYS35 1 SER6 LYS38 1 SER6 LYS35 1
SER6 VAL39 1 SER6 ARG36 m SER6 VAL39 1 SER6 ARG36 m
SER6 VALA40 1 SER6 VAL37 1 SER6 VAL40 1 SER6 VAL37 1
SER6 PRO64 m SER6 PROG4 m
SERG HIS68 1 SER6 PHEG5 m SER6 HIS68 1 SER6 PHEG5 m
SER6 PROG9 1 SER6 PROG6 1 SER6 PROG69 1 SER6 PROG66 1
SER6 LYS70 1 SER6 THR67 1 SER6 LYS70 1 SER6 THR67 1
SER6 GLN71 1 SER6 ARG68 1 SER6 GLN71 1 SER6 ARG68 1
SER6 LYS69 1 SER6 ARG72 m SER6 LYS69 1
SER6 ARG70 1 SER6 ARG70 1
SER6 PRO71 1 SER6 PRO71 1
SER7 PHE32 1 SER7 PHE29 1 SER7 PHE29 m
SER7 SER35 1 SER7 ILE32 1 SER7 SER35 m SER7 ILE32 1
SER7 ARG36 1 SER7 ARG33 1 SER7 ARG36 1 SER7 ARG33 1
SER7 GLY37 1 SER7 GLY34 1 SER7 GLY37 m SER7 GLY34 1
SER7 LYS38 1 SER7 LYS35 m SER7 LYS38 m SER7 LYS35 1
SER7 VAL39 m SER7 ARG36 m SER7 VAL39 m
SER7 VALA40 m SER7 VAL37 1 SER7 VAL40 m SER7 VAL37 m
SER7 HIS68 1 SER7 HIS68 1
SER7 PRO69 1 SER7 PRO66 1 SER7 PROG69 1 SER7 PRO66 1
SER7 LYS70 1 SER7 THR67 1 SER7 LYS70 1 SER7 THR67 1
SER7 GLN71 1 SER7 ARG68 1 SER7 GLN71 m SER7 ARG68 1
SER7 LYS69 1 SER7 LYS69 1
SER7 ARG70 1 SER7 ARG70 1
SER7 PRO71 1 SER7 PRO71 1
LEUS8 HIS4 m LEUS8 PHE4 m LEUS8 HIS4 m
LEUS8 THR6 m LEUS8 THR6 m LEUS8 THR6 1 LEUS8 THR6 m
LEUS8 PRO7 m LEUS8 SER9 m LEUS8 PRO7 m
LEUS8 ASP8 1 LEUS8 PRO1I0 m LEUS8 ASP8 1
LEU8 ILE11 m LEUS8 ILES 1 LEUS8 ILE11 1 LEUS8 ILES 1
LEUS8 THR10 m LEUS8 THR10 m
LEUS8 ARG36 1 LEU8  ARG33 1 LEUS8 ARG36 m LEUS8 ARG33 1
LEUS8 GLY34 m
LEUS8 VALA40 m LEUS8 VAL37 1 LEUS8 VAL40 1 LEUS8 VAL37 1
LEU8 LEU42 m LEUS8 LEU39 1 LEU8 LEU42 m LEUS8 LEU39 1
LEUS8 ASNG6 m
LEUS8 PRO67 m
LEUS8 HIS68 1 LEUS8 PHEG65 1 LEUS8 HIS68 1 LEUS8 PHEG65 1
LEUS8 PRO69 1 LEUS8 PRO66 1 LEUS8 PROG69 1 LEUS8 PRO66 1
LEU8 LYS70 1 LEUS8 THR67 1 LEUS8 LYS70 1 LEUS8 THR67 1
LEUS8 GLN71 1 LEUS8 ARG68 1 LEUS8 GLN71 1 LEUS8 ARG68 1
LEUS8 ARG72 1 LEUS8 LYS69 1 LEUS8 ARG72 1 LEUS8 LYS69 1
LEU8 PRO73 m LEU8  ARG70 1 LEUS8 ARG70 1




LEUS8 GLY74 m LEUS8 PRO71 1 LEUS8 PRO71 m
GLU9 SERS m
LEU9 ASP8 m
LEU9 ILE11 m LEU9 ILES 1 GLU9 ILE11 m GLU9 ILES m
LEU9 PHE32 m LEU9 PHE29 m GLU9S PHE29 m
LEU9 ARG36 1 LEU9 ARG33 1 GLU9 ARG36 1 GLU9 ARG33 1
GLU9 GLY34 m
LEU9  ARG36 m GLU9 VAL39 1 GLU9 ARG36 1
GLU9 VAL40 m GLU9 VAL37 m
LEU9 HIS68 1 GLU9 HIS68 1
LEU9 PROG66 1 GLU9 PRO66 1
LEU9 LYS70 m GLU9 THR67 m
LEU9 GLN71 1 LEU9 ARG68 m GLU9 ARG68 1
LEU9 LYS69 1 GLU9 LYS69 m
LEU9 ARG70 1 GLU9 LYS70 1 GLU9 ARG70 m
LEU9 PRO71 1 GLU9 GLN71 m GLU9 PRO71 m
PRO10 THR6 1 PRO10 THR6 1 PRO10 THR6 1 PRO10 THR6 1
PRO10 ALA7 S PRO10 ALA7 m
PRO10 THR8 m PRO10 THRS8 1
PRO10 SER9 1 PRO10 PRO7 1 PRO10 SER9 1 PRO10 PRO7 1
PRO10 PRO10 1 PRO10 ASP8 1 PRO10 PROI0 m PRO10 ASP8 1
PRO10 ILE11 1 PRO10 ILES 1 PRO10 ILE11 1 PRO10 ILES 1
PRO10  ARG36 m PRO10 ARG36 m PRO10 ARG33 m
PRO10 VAL39 m PRO10 ARG36 m PRO10 VAL39 1 PRO10 ARG36 m
PRO10  PROG66 m PRO10 PRO66 m
PRO10 HIS68 1 PRO10 HIS68 m
PRO10  GLN71 1 PRO10 GLN71 m PRO10 ARG68 m
PRO10  ARG72 m PRO10  LYS69 1 PRO10 LYS69 m
PRO10 PRO73 m PRO10 ARG70 s
PRO10 GLY74 m PRO10 PRO71 m
TYR11 THR6 m TYR11 THR6 m TYR11 THR6 1 TYR11 THR6 m
TYRI11 THRS8 1
TYR11 SER9 m TYR11 PRO7 m TYR11 PRO7 m
TYRI11 TRP28 1 TYR11 TRP25 1
TYR11 ASP30 m TYR11 ASP27 1
TYRI11 ALA31 m TYR11 ALA28 1
TYR11 PHE32 1 TYR11  PHE29 1 TYR11 PHE29 1
TYR11  ARG36 1 TYR11  ARG33 1 TYR11 ARG36 1 TYR11 ARG33 1
TYR11 GLY37 1
TYR11 LYS38 m
TYR11 VAL39 1 TYR11  ARG36 1 TYRI11 VAL39 1 TYR11 ARG36 1
TYR11  VAL37 m TYR11 VAL40 1 TYR11 VAL37 1
TYR11 GLU41 1 TYR11 ASP38 m
TYR11 HIS68 m TYR11 HIS68 m
TYR11  PRO66 m
TYR11  GLN71 m
TYR11  LYS69 m
TYR11  ARG70 m
TYR11  PRO71 1
PRO12 THR8 1
PRO12 SER9 1 PRO12 PRO7 m PRO12 PRO7 1
PRO12  ARG36 1 PRO12  ARG33 m
PRO12 ARG36 m PRO12 ARG36 1




PRO12 VAL39 1
ASP13 ALA7 m
ASP13 THR8 s ASP13 THR8 m
ASP13 SERS m
ASP13 TRP28 m ASP13  TRP25 m ASP13 TRP28 1 ASP13 TRP25 1
ASP13 ARG36 m
ASP13 VAL39 m ASP13  ARG36 1 ASP13 VAL39 m ASP13 ARG36 1
ASP13  ASP38 m ASP13 GLU41 1 ASP13 ASP38 1

* All the contacts in the table “aligned” considering aBgt-aCtx and HAP-HAP[L9E] amino acid sequence alignment
(Fig 2A, 3A). Each contact in the aBgt-HAP complex is put in correspondence with analogous contacts in the
complexes aCtx-HAP, aBgt-HAP[L9E], and aCtx-HAP[L9E]. In case when an analogous contact was not observed
during MD, the corresponding cell in the table is empty.

** Lifetime of each contact counted as part of MD-trajectory total time (200ns). “s” stands for short-living contacts:

lifetime is less than 10 %; “m” stands for medium-living contacts: lifetime is less than 50 %; “l” — long stands for long-
living contacts: lifetime is greater than 50 %.




Section 2

PGCA application for three-component
solution spectra

Presented results aim to demonstrate PGCA applicability to determination of complexation constant
using the spectra of three-component solutions and the influence of various factors on fitting results.
The solution components are analyte A, titrant T and their complex C, which interacts according to
chemical reaction equation A + T <=> C. We demonstrate that PGCA method is fully applicable to
systems both with well resolved spectra and systems with similar spectra of different components.
The 1% error in the experimental intensities yields ~10% error of complexation constant in case of
well resolved spectra and ~50% error in case of overlapping peaks for 10 samples titration series.
Complexation constant error decreases with experimental intensities error reduction and the
increase of sample number in titration series. Three-component PGCA yields acceptable values of

complexation constant even in case of non-luminescent complex (with zero quantum yield).

Brief method description

Background for PGCA method and its application to fluorescence and absorption spectra of 2-(2'-
hydroxyphenyl) benzimidazole is described in details in Al-Soufi et al (2001)' Here we will give a
brief summary of the method. Experimental spectra are presented as a matrix Y with size n, x n,,
where ns is a number of spectra and n,, is a number of wavelengths. It is used to obtain covariation
matrix Y'Y. Eigenvalues A of covariation matrix can be used to estimate the number of
components in the system. Another index for components number estimation is a mean residual

error 0 weighted by the remaining degrees of freedom:

nS

2 M

2 I=k+1

ST n—K)(n,—k)

The eigenvectors V of covariation matrix are abstract spectra and corresponding eigenvalues Z are
their contribution to experimental spectra. The number of components n. is 3 for all our simulations.

Eigenvalues Z corresponding to n. highest eigenvalues are used for least-squares fitting using the

1Al-Soufi, W., Novo, M., & Mosquera, M. (2001). Principal component global analysis of
fluorescence and absorption spectra of 2-(2'-hydroxyphenyl) benzimidazole. Applied Spectroscopy,
55(5), 630-636.



chemical reaction model. Concentrations of each component at each solution D are functions of
equilibrium constants and known total reagent concentration D = H(K; x). In our case D is a
solution of a following equation system:

[C]
[A][T]

[A],=[A]+[C]
[T ] =[T]+[C]

K=

The following residual x* is minimized to obtain optimal equilibrium constants:

=33 (2-D(D'2), )

i=1 I=1
Eigenvalues are connected with components concentrations by the following relation:
Z=DP (1)
“Rotation” matrix P is estimated as P=D"Z . D" isa pseudoinverse of D

Further we will provide numerical simulations to evaluate this approach for complexation constants

determination.



Basic case

As a basic case we will consider the system of analyte, titrant and complex with well resolved
spectra (Fig. 1A). The concentrations are [A]w = 1, [Blo = 0—1, titration series contains N = 11
spectra including the titrant spectra (Fig. 1B), true value of complexation constant is K = 1, and the

initial fitting value Ky = 100.

Plots of covariation matrix indexes suggests that three components are presented as there are three
points over the noise level for each plot (Fig. 1C, 1D). Fit matches the modeled concentration
dependency (Fig 1E) and the obtained value of complexation constant Ke; = 0.999999999999 +/-

1.38-10" corresponds to true value K = 1.
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Figure S1. A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes
of covariation matrix. E. True titration concentrations (plus symbol), components concentrations fit
obtained using optimal K value (dashed line) and components concentration estimation obtained

using eigenvalues and the rotation matrix for optimal K (see eq. 1) (x-cross symbol).



Overlapping spectra case.

Consider analyte, titrant and complex system with highly overlapping spectra with the similar

parameter values: [Ao = 1, [Blit = 0—1, N =11, K = 1, Ki = 100. This case yield similarly good
fit (Fig. 2E) and Kex= 0.9999999999991127 +/- 1.59-10°".
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Figure S2. A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes

of covariation matrix. E. True titration concentrations (plus symbol), components concentrations fit

obtained using optimal K value (dashed line) and components concentration estimation obtained

using eigenvalues and the rotation matrix for optimal K (see eq. 1) (x-cross symbol).



Basic case with noise

Consider the case with well resolved spectra of components in presence of additive experimental

noise with standard deviation equal to 1% of spectra maxima with the model parameters

corresponding to basic case. This scenario leads to the estimated value of complexation constant

Kest =1.19 +/- 0.10.
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Figure S3. A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes

of covariation matrix. E. True titration concentrations (plus symbol), components concentrations fit

obtained using optimal K value (dashed line) and components concentration estimation obtained

using eigenvalues and the rotation matrix for optimal K (see eq. 1) (x-cross symbol).



Basic case with noise and increased titration samples number

The complexation constant error can be reduced with the increase of sample number in case of same

noise intensity. Consider sample number N = 31 with the same parameter values as in the previous

case. This case leads to the estimated value Kest = 0.96 +/- 0.05 with the error reduction factor

close to square root of sample numbers ratio. Thus estimation error can be reduced by extending the

titration series. The corresponding plots are presented at Fig. 4.
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Figure S4 A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes of

covariation matrix. E. True titration concentrations (plus symbol), components concentrations fit

obtained using optimal K value (dashed line) and components concentration estimation obtained

using eigenvalues and the rotation matrix for optimal K (see eq. 1) (x-cross symbol).



Overlapping components in presence of noise

Consider the case with the similar spectra of anlyte, titrant and complex in the presence of
experimental noise (~1%) (Fig. 5A, 5B). Spectra of titration series are very similar in presence of
noise. Correlation indexes plots (Fig 5C, 5D) demonstrate two index values greater than the noise
level. This leads to the fact that third component eigenvalues become very noisy (Fig 6). Never the
less three-component fit of obtained projections leads to the complexation constant estimation Kes =
0.85 +/- 0.59 and acceptable fitting curve profile (dashed curves at Fig 5E). The mean value of K.
is close to the real value K = 1. Thus it can be used for the order of magnitude estimation despite the
high value of estimated variance. Transformation of noisy projections to concentrations using the
relation from eq. 1. leads to noisy estimation of concentrations (x-crosses at Fig 5E) and should not

be taken into account in this case.
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Figure S5 A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes of

covariation matrix. E. True titration concentrations (plus symbol), components concentrations fit



obtained using optimal K value (dashed line) and components concentration estimation obtained

using eigenvalues and the rotation matrix for optimal K (see eq. 1) (x-cross symbol).
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Figure S6. Eigenvalues corresponding to first three components (indexing from 0). It can be seen

that the third component (denoted “2” at the figure) becomes noisy in the current case.

Overlapping components in presence of noise continued

Samples number increase leads to decreased value of estimation error. For sample number N = 30
Kest = 0.95 +/- 0.29. Thus, 3 fold sample number increase leads to two fold error decrease. It should
be noted that components number estimation using Fig 7C, 7D leads to the assumption of 2 detected
components. This value differs from true value n. = 3. The concentrations obtained by eigenvalues
transformation still deviate from true concentrations values due to reasons discussed earlier, but the

fitting curve profile matches to simulated concentrations used for fitting.
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Figure S7. A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes
of covariation matrix. E. True titration concentrations (plus symbol), components concentrations fit
obtained using optimal K value (dashed line) and components concentration estimation obtained

using eigenvalues and the rotation matrix for optimal K (see eq. 1) (x-cross symbol).



Overlapping components in presence of noise continued

Similar complexation constant error decrease can be obtained by the experimental noise reduction.

Three fold noise reduction (0.003% of spectra amplitude) yields two-fold error reduction: Kes =

1.02 +/- 0.24. Figs. 8C, 8D, 8E demonstrate similar problems described in previous paragraph.

10

08

0&

04

0z

0o

107t

1072

A

A
T
C
200 300 400 500 600 700 8OO
wavelength, nm
C * T 10¢
&
10t
102
0=
= 1072
lu—ll
[N}
sesdee ...
o 5 10

16 1

14 1

12 1

10 1

08

06 1

04 1

02 1

00 4

104

08 1

06 1

04 1

02 1

00 A

400 500 600 VOO 8OO 900 1000

wavelength, nm

b4
oo
4
i
L v
~——_
~ .
‘--+"-.._
=
AT
= - o
o I
3 -
——
-
S e L
Pt
-
o
T T T X T
04 06 0s 10
[T]tot

Figure S8. A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes

of covariation matrix. E. True titration concentrations (plus symbol), components concentrations fit

obtained using optimal K value (dashed line) and components concentration estimation obtained

using eigenvalues and the rotation matrix for optimal K (see eq. 1) (x-cross symbol).



Nonfluorescent complex

It should be noted that in case of non-fluorescent complex (Fig 9A) and the same parameters as in
previous case, complexation constant still can be obtained using the same three-component fitting

method: Ke:=1.00 +/- 0.11.
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Figure S9. A Components spectra of the simulation . B. Simulated titration spectra. C, D. Indexes
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Section 3
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Figure S10. LC-MS of the first peak from gel-filtration of HAP-aBgt mixture. A: Reverse-phase

chromatogram of the first peak reveals two major components. The wide double peak is attributed

to aBgt (consisting of two isoforms). The narrow peak is attributed to HAP; B: Mass-spectrum of

the narrow peak from the reverse-phase chromatogram. HAP m/z peak is highlighted.
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Figure S11. LC-MS of the first peak from gel-filtration of HAP[L9E]-aBgt mixture. A: Reverse-

phase chromatogram of the first peak reveals two major components. The wide double peak is

attributed to aBgt (consisting of two isoforms). The narrow peak is attributed to HAP[L9E]. Note
that HAP[L9E] elutes earlier than HAP (Fig. S9) showing more hydrophilic nature due to L9E

substitution; B: Mass-spectrum of the narrow peak from the reverse-phase chromatogram.

HAP[L9E] m/z peak is highlighted.
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Figure S12. LC-MS of the first peak from gel-filtration of HAP[L9E]-aCtx mixture. A: Reverse-
phase chromatogram of the first peak reveals two major components. The first peak is attributed to
HAP[L9E], the second peak is aCtx; B: Mass-spectrum of the first peak from the reverse-phase
chromatogram. HAP[L9E] m/z peak is highlighted.
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Figure S13. HAP does not bind to NT2 short a-neurotoxin (MW 6880). Native ESI MS shows no

signs of m/z corresponding to HAP-NT?2 complex.
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Figure S14. HAP[LSE] does not bind to NT2 short a-neurotoxin (MW 6880). Native ESI MS
shows no signs of m/z corresponding to HAP[LOE]-NT2 complex.



