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IMP-9       MSKLFVFFMFLFCSITAAGESLPDLKIEKLDEGVYVHTSFEEVNGWGV PKHGLVVLVNT 60
IMP-4       MSKLSVFFIFLFCSIATAAEPLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLV A 60
IMP-10      MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGV PKHGLVVLVNA 60
IMP-3       MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNA 60
IMP-1       MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNA 60
IMP-6       MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNA 60
IMP-5       MSKLFVFFMFLFCSITAAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNT 60
IMP-7       MKKLSVFFMFLFCSIAASGEALPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNT 60
IMP-12      MKKLFVLCIFLF SITASGE LPDLKIEKLEEGVY HTSFEEV  60
IMP-11      MKKLFVLCIFLFCSITAAGASLPDLKIEKLEEGVYVHTSFEEVNGWGVVSKHGLVVLVNT 60
IMP-2       MKKLFVLCVCFLCSITAAGARLPDLKIEKLEEGVYVHTSFEEVNGWGVVSKHGLVVLVNT 60
IMP-8       MKKLFVLCVCFLCSITAAGAALPDLKIEKLEEGVYVHTSFEEVNGWGVVSKHGLVVLVNT 60
            *.** *: : :: **:::.  *********:****:*******.****. ********: 

IMP-9       DAYLIDTPFTAKDTE LVNWFVERGY IKGSISSHFHSDSTGGIEWLNSQSIPTYASELT 120
IMP-4       EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSQSIPTYASELT 120
IMP-10      EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSRSIPTYASELT 120
IMP-3       EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGI
IMP-1       EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSRSIPTYASELT 120
IMP-6       EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSRSIPTYASELT 120
IMP-5       EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSQSIPTYASELT 120
IMP-7       DAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSQSIPTYASELT 120
IMP-12      DAYLIDTPFT KDTEKLVAWFV RG IKGS SSHFHSDSTGGIEWLNSQSIPTYASELT 120
IMP-11      DAYLIDTPFTAKDTEKLVNWFVERGYKIKGSISSHFHSDSTGGIEWLNSQSIPTYAS
IMP-2       DAYLIDTPFTATDTEKLVNWFVERGYKIKGTISSHFHSDSTGGIEWLNSQSIPTYASELT 120
IMP-8       DAYLIDTPFTATDTEKLVNWFVERGYKIKGTISSHFHSDSTGGIEWLNSQSIPTYASELT 120
            :********* .***:** *** **: ***::************ ****:******* **

IMP-9       NELLKKDGKVQAK SFSGVSYWLVK KIEVFYPGPGH PDNVVVWLPENRVLFGGCFVKP 180
IMP-4       NELLKKDGKVQAKNSF GVNYWLVKNKIEVFYPGPGHTPDN VVWLPERKILFGGCFIKP 180
IMP-10      NELLKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGCFIKP 180
IMP-3       NELLKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGCFIKP 180
IMP-1       NELLKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGCFIKP 180
IMP-6       NELLKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGCFIKP 180
IMP-5       NELLKKDGKVQAKNSFSGASYWLVKKKIEVFYPGPGHTPDNVVVWLPENRVLFGGCFVKP 180
IMP-7       NELLKKDGKVQAKNSFSGASYWLVKKKIEIFYPGPGHTPDNVVVWLPEHRVLFGGCFVKP 180
IMP-12      NELLKK GKVQATNSFSGVSYWLVKNKIEIFYPGPGHTQDNVVVWLPENKILFGGCFVKP 180
IMP-11      NELLKKDGKVQAKNSFSGVSYWLVKNKIEVFYPGPGHTQDNVVVWLP
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KNKILFGGCFVKP 180

IMP-2       NELLKKDGKVQAKNSFSGVSYWLVKNKIEVFYPGPGHTQDNVVVWLPEKKILFGGCFVKP 180
IMP-8       NELLKKDGKVQAKNSFSGVSYWLVKNKIEVFYPGPGHTQDNVVVWLPEKKILFGGCFVKP 180
            ******:*****. **.*..*****:***:*******: **:*****:.::******:**

IMP-9       YGLGNLGDANLEAWPKSAKLLMSKYSKAKLVVPSHSDIGD WEQ VKG NESKK 240
IMP-4       YGLGNLGDANLEAWPKSAKLLISKYGKAKLVVPSHSE GDASLLKLTLEQAVKGLNESKK 240
IMP-10      YGLGNLGDANIEAWPKSAKLLKSKYGKAKLVVPSHSEVGDASLLKLTLEQAVKGLNESKK 240
IMP-3       YGLGNLGDANIEAWPKSAKLLKSKYGKAKLVVPGHSEVGDASLLKLTLEQAVKGLNESKK 240
IMP-1       YGLGNLGDANIEAWPKSAKLLKSKYGKAKLVVPSHSEVGDASLLKLTLEQAVKGLNESKK 240
IMP-6       YGLGNLGDANIEAWPKSAKLLKSKYGKAKLVVPGHSEVGDASLLKLTLEQAVKGLNESKK 240
IMP-5       YGLGNLGDANVEAWPKSAKLLMSKYGKAKLVVPSHSEVGDASLLKRTLEQAVKGLNESKK 240
IMP-7       YGLGNLGDANLEAWPKSAKLL SKYGKAKLVVPSHSEVGDASLLKRTLEQAVKGLNESKK 240
IMP-12      DGLGNLDDAN AWPKSAKILMSKYGKAKLVVSGHSEIG ASLLKLTWEQAVKGL ESKK 240
IMP-11      YGLGNLDDANVEAWP SA LISKYGNAKLVVPSHSDIGDASLLKLTWEQAVKGLNESKK 240
IMP-2       DGLGNLGDANLEAWPKSAKILMSKY KAKLVVSSHSEIGDASLLKRTWEQAVKGLNESKK 240
IMP-8       DGLGNLGDANLEAWPKSAKILMSKYGKAKLVVSSHSEIGDASLLKRTWEQAVKGLNESKK 240
             *****.***::***:**: * *** :***** .**: *::**** * **:***::****

IMP-9       STTAH- 245
IMP-4       PSK SN 246
IMP-10      PSKPSN 246
IMP-3       PSKPSN 246
IMP-1       PSKPSN 246
IMP-6       PSKPSN 246
IMP-5       PSKPSN 246
IMP-7       SKPSN 246
IMP-12      P PSN 246
IMP-11      
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IMP-2       PSQPSN 246
IMP-8       PSQPSN 246
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1/246 =  0.4%
2/246 =  0.8%

1/246 =  0.4%
15/246 =  6.1%
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conserved key motif

mismatch residue from IMP-1

H

residue of IMP-1

* 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)
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Supplemental Fig. 6. The alignment of primary sequences of the class B metallo-β-lactamase IMP 
family
Primary sequence variations as evidenced by the alignment of IMP-type MBLs. The binding site for Zn    
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).
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