VIM-7
VIM-3
VIM-6
VIM-11
VIM-10
VIM-2
VIM-8
VIM-9
VIM-12
VIM-1
VIM-4
VIM-5

VIM-7
VIM-3
VIM-6
VIM-11
VIM-10
VIM-2
VIM-8
VIM-9
VIM-12

VIM-5

VIM-7
VIM-3
VIM-6
VIM-11
VIM-10
VIM-2
VIM-8
VIM-9
VIM-12

VIM-4
VIM-5

VIM-7
VIM-3
VIM-6
VIM-11
VIM-10
VIM-2
VIM-8
VIM-9

VIM-7
VIM-3
VIM-6
VIM-11
VIM-10
VIM-2
VIM-8
VIM-9
VIM-12

* indicates positions which have a single, fully conserved residue

:indicates that one of the following 'strong' groups is fully conserved ( >0.5 Gonnet Pam250 matrix)
.indicates that one of the following 'weaker' groups is fully conserved (=<0.5 Gonnet Pam250 matrix)

MFEOIRSEL VIEISARVMAVEETIATSAQEEGEYPTVINIPVGE VL YNIEDGVWSHIATQ 59
MFK[ERSTAL LVY|ETASHMARASPLAFSDESGEYPTVISEIPVGEVHLYQIADGVWSHIATA 60
MFKEESIALLVY|ETASHMAASPLAFS\DISGEYPTVISEIPVGEVHLYQIADGVWSHIATR 60
MEKIEESISLLVY[ETASHMARIASPLA[FSVDSISGEYPTVEEIPVGEVHLYQIADGVWSHIATQ 60
MEKIEESISLLVY[ETASEHMARIASPLA[FSYDSISGEYPTVEEIPVGEVHLYQIADGVWSHIATQ 60
MEKIEESISLLVY[ETASHMARIASPLA[FSVDSISGEYPTVEEIPVGEVHLYQIADGVWSHIATQ 60
MEKIEESISLLVY[ETASHMARIASPLA[FSYDSISGEYPTVEEIPVGEVHLYQIADGVWSHIATQ 60
MIEKIEESISLLVYIETASIMAIASPLAESYBSISGEYPTVSEIPVGEVHLYQIADGVWSHIATQ 60
MLKVISSLLVYMTASVMAVASPLAHSGEPSGEYPTVNEIPVGEVHLYQIADGVWSHIATQ 60
MLKVISSLLVYMTASVMAVASPLAHSGEPSGEYPTVNEIPVGEV-LYQIADGVWSHIATQ 59
MLKVISSLLVYMTASVMAVASPLAHSGEPSGEYPTVNEIPVGEV[HLYQIADGVWSHIATQ 60
MLKVISSLLVYMTASVMAVASPLAHSGEPSGEYPTVNEIPVGEV LYQIADGVWSHIATQ 60

. ok . ©dokskokokskLskokokskokok dkok ok skokokskokokokokok
[ANeEIVYSSNGLIVRDMADELLLIDTAWGAKNTIAL LAETEKQIGLPVTREHIS 119
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVS 120
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVS 120
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVS 120
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVS 120
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVS 120

SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVS
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVS
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAETIEKQIGLPVTRAVS
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAETIEKQIGLPVTRAVSTHFHDD
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVSTHFHDD
SFDGAVYPSNGLIVRDGDELLLIDTAWGAKNTAALLAEIEKQIGLPVTRAVSTHFHDD

ok ckokokokokkokok okokook kodkodk sk skokook kodkokok ok ok sk sk ok ok sk ok ok ok dkodkok sk sk ok o ok ok ok ok ok

120

[H]
GGVDVLRAAGVATYISPETRALAEARGNEYPAHSLE#AL SSSGDNVRFGPVENFYPGAAH 179
GGVDVLRAAGVATYASPSTRRLAE\JEGSEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 180
GGVDVLRAAGVATYASPSTRRLAE\EGSEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 180
GGVDVLRAAGVATYASPSTRRLAE\EGSEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 180
GGVDVLRAAGVATYASPSTRRLAE\JEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 180
GGVDVLRAAGVATYASPSTRRLAE\JEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 180
GGVDVLRAAGVATYASPSARRLAE\JEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 180
GGVDVLRAAGVATYASPSHRRLAE\JEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 180
GGVDVLRAAGVATYASPSTRRLAEAEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGAAH 130

GGVDVLRAAGVATYASPSTRRLAEAEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGAA
GGVDVLRAAGVATYASPSTRRLAEAEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGA
GGVDVLREAGVATYASPSTRRLAEAEGNEIPTHSLEGLSSSGDAVRFGPVELFYPGA

kkkkkkk kkkkkk . kk * o Kk ¥k k kekekkk. kkkkkk kkkkkkk . kkkkkKk

[S[FESAGNVADANLAEWPENJITIRIQURAYPEAEVVIP
TDNLVVYVPSASVLYGGCAIRGE L SHTSAGNVADADLAEWPTSISERIQOHYPEAQFVIP
TDNLVVYVPSA

TDNLVVYVPSA

TDNLVVYVPSA
TDNLVVYVPSA
TDNLVVYVPSA

TDNLVVYVPSA

LYGGCAIRZE L S|NTSAGNVADADLAEWPTSHERIQOHYPEAQIFVIP
LYGGCAIRZE L S|NTSAGNVADADLAEWPTSHERIQOHYPEAQEVIP
LYGGCAIRGE L SHTSAGNVADADLAEWPTSHERIQUHYPEAQNVIP
LYGGCAIRYE L S|NTSAGNVADADLAEWPTSHERIQOHYPEAQFVIP
HTSAGNVADADLAEWPTSHERIQOHYPEAQ[FVIP
LYGGCAIRYE L SETSAGNVADADLAEWPTSHERIQOHYPEAQFVIP

ek ok ok ok ok ok ok o

*k o kKA Fekeok ok ok ok ok ok o ok ok kok . sk e ekokokk . kokok

VIM-4
VIM-5

GLPGGL[ELLQHTNVVKIHKYREVAE 265 62/266 = 23.3%
GLPGGLDLLHTRINVVKAHIINRSV\YE 266 27/266 = 10.2%
GLPGGLDLLNHTRINVVKAHIINRSV\YE 266 27/266 = 10.2%
GLPGGLDLLNHTRINVVKAHIINRSV\YE 266 26/266 = 9.8%
GLPGGLDLLNHTRINVVKAHIINRSV\YE 266 25/266 = 9.4%
GLPGGLDLLHTRINVVKAHIINRSV\YE 266 25/266 = 9.4%
GLPGGLDLLHTRINVVKAHIINRSV\YE 266 26/266 = 9.8%
GLPGGLDLLNHTRINVVKAHIINRSV\YE 266 26/266 = 9.8%
GLPGGLDLLSHTEINVVKAHIINRSWYE 266 8/266 = 3.0%
GLPGGLDLLQHTANVVKAHKNRSVAE

GLPGGLDLLQHTANVVKAHKNRSVAE 266 2/266 = 0.8%
GLPGGLDLLQHTANVVIIAHKNRSVAE 266 5/266 = 1.9%

kokokokokok o kok o kok okkk .k * ok ok

HS

HS 180
HS 180
falid

GH 239
GH 240
GH 240
GH 240
GH 240
GH 240
GH 240
GH 240

*[%

[f] conserved key motif
I residue of IMP-1

mismatch residue from VIM-1

Supplemental Fig. 7. The alignment of primary sequences of the class B metallo-p-lactamase

VIM family

Primary sequence variations as evidenced by the alignment of VIM-type MBLs. The binding site
for Zn2*at the enzymatic active site involves three histidines at the amino-terminal side. Based on
the primary sequences, the alignment was generated using Clustal Omega [32, 33, 34] of
GenomeNet at Kyoto University Bioinformatics Center (https://www.genome.jp/tools-

bin/clustalw).



