* 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)

IMP-9 MSKLFVFFYFLFCSIIHAAGESLPDLKIEKLDEGVYVHTSFEEVNGWGY PKHGLVVLVNII 60
IMP-4 MSKLSVFFIFLFCSIATAAEELPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLV A 60
IMP-10 MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGYV PKHGLVVLVNA 60
IMP-3 MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNA 60
IMP-1 MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNA 60
IMP-6 MSKLSVFFIFLFCSIATAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNA 60
IMP-5 MSKLIEVFFYFLFCSTIFAAAESLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVN] 60
IMP-7 MKLSVFF FLFCSTAAS(EELLPDLKIEKLDEGVYVHTSFEEVNGWGVVPKHGLVVLVNLI 60
IMP-12 MKLIFVLEIFLF SIREAS(6E LPDLKIEKL{ZEGVY HTSFEEV GWGVVTKHGLVVLVN 60
IMP-11 MSKL[FVL IFLFCSITA‘ ASLPDLKIEKL{{EGVYVHTSFEEVNGWGVVSKHGLVVLVN] 60
IMP-2 MKKLFVL CSTpaA LPDLKIEKL|{ZEGVYVHTSFEEVNGWGVVSKHGLVVLVNl] 60
IMP-8 MKKLFVL CSTIFSAIGAAL PDLKIEKLIZEGVYVHTSFEEVNGWGVVSKHGLVVLVNY 60
* ko k. . .. ok sk ook« skokokok «doksokskokok kokokok | koskkokkokokok
[HEH]
IMP-9 DAYLIDTPFTAKDTE LVIWFVERGY IKGSISSHFHSDSTGGIEWLNSESIPTYASELT 120
IMP-4 EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSOSIPTYASELT 120
IMP-10 EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGIEWLNSRSIPTYASELT 120
IMP-3 EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISSHFHSDSTGGI WLNSRSIPTYASELT 120

EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISS

HFHSDSTGGIEWLNSRSIPTYASELT

IMP-6 EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISS 120
IMP-5 EAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISS 120
IMP-7 WAYLIDTPFTAKDTEKLVTWFVERGYKIKGSISS 120
IMP-12 DAYLIDTPFT KDTEKLVAWFV RG WIKGS SS 120
IMP-11 WAYLIDTPFTAKDTEKLV)WFVERGYKIKGSISS 120
IMP-2 WAYLIDTPFTAUDTEKLV)WFVERGYKIKGI{ISS 120
IMP-8 WAYLIDTPFTAIDTEKLVAWFVERGYKIKG ISS 120
Skdokdokskokokk kokok okok kokok ok . dokok s

IMP-9 NELLKKDGKVQAK SFSGVEYWLVK KIEVFYPGPGH PDNVVVWLPE C 180
IMP-4 NELLKKDGKVQAKNSF  GVNYWLVKNKIEVFYPGPGHTPDN VVWLPERKILFGGC 180
IMP-10 NELLKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGC 180
IMP-3 NELLKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGC 180
IMP-1 NEL LKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGCFIKP

IMP-6 NELLKKDGKVQATNSFSGVNYWLVKNKIEVFYPGPGHTPDNVVVWLPERKILFGGCFIKP 180
IMP-5 NELLKKDGKVQAKNSFSG SYWLVKKKIEVFYPGPGHTPDNVVVWLPEL:/LFGGCFYKP 180
IMP-7 NELLKKDGKVQAKNSFSGASYWLVKKKIE"FYPGPGHTPDNVVVWLPEH:ILFGGCF\KP 180
IMP-12 NELLKK GKVQATNSFSGVEYWLVKNKIEFYPGPGHTEDNVVVWLPE\KILFGGCF\KP 180
IMP-11 NELLKKDGKVQANSFSGVEYWLVKNKIEVFYPGPGHT¢DNVVVWLP \KILFGGCF\KP 180
IMP-2 NELLKKDGKVQANSFSGVEYWLVKNKIEVFYPGPGHT DNVVVWLPEMKILFGGCF\KP 180
IMP-8 NELLKKDGKVQAINSFSGVEYWLVKNKIEVFYPGPGHTEDNVVVWLPEMKILFGGCFVIKP 180

sokdokdok kskkokok Rk sk dokdolok s doksk 2 skokokaoRokpl - ko s okakokok s+ okakokbkbE . kok

Q
YGLGNLGDANIEAWPKSAKLLKSKYGKAKLVVPEHSEVGDASLLKLTLEQAVKGLNESKK

IMP-6 240

IMP-5 YGLGNL GDANJJEAWPKSAKLLYSKYGKAKLVVPSHSEVGDASLLKETLEQAVKGLNESKK 240

IMP-7 YGLGNLGDANMEAWPKSAKLL SKYGKAKLVVPSHSEVGDASLLKZTLEQAVKGLNESKK 240

IMP-12 GLGNL[IDAN AWPKSAKILYSKYGKAKLVVS[EHSERIG ASLLKLTJEQAVKGL ESKK 240

IMP-11 YGLGNLEDANYJEAWP SA  LEISKYGNAKLVVPSHSDRIGDASLLKLT[JEQAVKGLNESKK 240

IMP-2 GLGNLGDANMEAWPKSAKILYSKY KAKLVVESHSERIGDASLLKTJEQAVKGLNESKK 240

IMP-8 GLGNLGDANEEAWPKSAKILYSKYGKAKLVV! HSE GDASLLK:T[EQAVKGLNESKK 240
*****'***::***:**: k  kkk :***** . : * **** * **:***::****

IMP-9 TTA 245  33/246 = 13.4% .

IMP-4 PSK SN 246 9/246 = 3.7% [f] conserved key motif

IMP-10 PSKPSN 246  1/246 = 0.4% [ residue of IMP-1

IMP-3 PSKPSN 246 2/246 = 0.8% [

IMP-1 PSKPSN 246

IMP-6 PSKPSN 246 1/246 = 0.4% o

IMP-5 PSKPSN 246 15/246 = 6.1% mismatch residue from IMP-1

IMP-7 SKPSN 246 19/246 = 7.7% M

IMP-12 P PSN 246 387246 = 15.5% i

IMP-11 245  33/246 = 13.4%

IMP-2 PSHPSN 246 33/246 = 13.4%

IMP-8 PSEPSN 246 32/246 = 13.0%

Supplemental Fig. 6. The alignment of primary sequences of the class B metallo-pB-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).



