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Supplementary figures: 
 
FIG. S1. Amino acid alignment of the 50 OXA-like enzymes identified in this study. The three 

motifs conserved among class D β-lactamases are boxed. Stars indicate residues identical among all 

the amino acid sequences. 

 

FIG. S2. Comparison of the neighbor-joining phylogenetic trees obtained for 69 OXA-like class D 

β-lactamases and 103 RpoB sequences. Similarities between the two trees are indicated by grey, 

green, blue, and red squares. Bootstrap values (≥70%) obtained after 1000 replicates are given at 

the nodes. Bar, percentage sequence divergence.  

 

FIG. S3. Dendrogram based on multilocus sequence analysis of the 103 strains studied. 

Concatenated partial sequences of seven protein-coding genes (2976 nt in total) were compared 

using the neighbor-joining method based on a Jukes-Cantor distance matrix. The classification into 

16 groups and 5 singletons based on RpoB cluster analysis (Figure 2) is indicated on the right. The 

accession numbers of the genome sequences from which the data were retrieved are indicated in the 

last column. Bootstrap values (≥70%) obtained after 1000 replicates are given at the nodes. Bar, 1% 

sequence divergence. 

 



 
OXA-264 ---MKLSKLYTLTVLIGFGLSGVACQHIHTPVLFNQIEN---DQTKQIASLFENVQTTGV 
OXA-265 ---MKLSKLYTLTVLIGFGLSGVACQHIHTPVSFNQIEN---DQTKQIASLFENVQTTGV 
OXA-289 ----------------MIGLTLLGCQNFHAPTQSAVSKK---HDQTEIASLFQHAQTVGV 
OXA-290 ----------------MIGLTLLGCQNLHAPTQSAVSKK---HDQTEIASLFQHTQTVGV 
OXA-279 --MPKILKHLGLCASVMIGLTLLGCQNLQAPTQSAVSKK---HDQTEIASLFQHAQTVGV 
OXA-287 MMMSKKLKCLALFTAVFFAIPMTACQSFSQQKQQFSTQK---NEQQQISSLFQSAQTSGV 
OXA-303 MMMSKKLKCLAFFTAIFFAIPMTACQSFSQQKQQLSTQK---NEQQQISSLFQSAQTNGV 
OXA-286 MIMSKKLTCLALFTAIFFAIPMAACQSFSQQKQQLSTQK---NEQQQISSLFQSAQTSGV 
OXA-288 MMMSKKLKCLAFFTAIFFAIPMTACQSFSQQKQQLSTQK---NEQQQISSLFQSAQTSGV 
OXA-291 --MSKKLKMLTLSISMMLGLPLMACQSFSQQKQQIMTQE---REQQQITSLFQNAQTSGV 
OXA-292 --MSKKLKMLTLSISMMLGLPLMACQSFSQQKQQIMTQE---SEQQQIASLFQNAQTSGV 
OXA-293 ----------------------MACQSFSQQKQQIMTQK---SEQQQIASLFQNAQTSGV 
OXA-306 --MSKRLKTLALSASFTFALPLVACQSFGDQTQHIMAQK---SEQQNIATLFQQAQTSGV 
OXA-302 MMMSKKLKCLALLTPCILILQLTACQSVSQQKQQLSTQT---NEQQQISSLFQSAQTKGV 
OXA-307 --MSKKLKCLALLTPLILILPLTACQSPSQKKQQVVSLQ---NEQQRVANLFQQAQTTGV 
OXA-294 --MSKKLKLLALCATVISAATLVGCQNIQSQAQPLVLKK---QAQDQIATAFENIQTTGV 
OXA-295 --MSKKLKLLALCATVISAATLVGCQNIQSQAQPLVLKK---QTQDQIATAFENIQTTGV 
OXA-297 --MPKKLKLLVLSVVVMPSIILLGCQNIQPHVQTLVTQK---QTEDQIATAFENIQTSGV 
OXA-298 --MPKKLKLLALSVVVMPSIILLGCQNIQPHVQALVTQK---QTEDQIATAFENIQTSGV 
OXA-266 --MLKKFKVALLCSSLCLSLGLVACHSLNSELQ-IAEQQ---KQQQKISKLFVNAKTEGV 
OXA-299 -MNPFTKYCAILCPIIFLGACTISPFSHDQAHSAHASQL---TDAATIRNLFNQANVQGV 
OXA-262 --MNIKTL--LLITSAIFISACSPYIVTANPNHSASKSD---EKAEKIKNLFNEVHTTGV 
OXA-259 --MNIKAL--LLITSAIFISACSPYIVTANPNHSASKSD---EKAEKIKNLFNEAHTTGV 
OXA-260 --MNIKAH--LLITSAIFISACSPYIVTANPNHSASKSD---VKAEKIKNLFNEAHTTGV 
OXA-261 --MNIKAL--LFITSAIFISACSPYIVTANPNHNASKSD---DKAEKIKNLFNEAHTTGV 
OXA-263 --MNIKAL--LLITSAIFISACSPYIVTANPNYSASKSD---EKAEKIKNLFNEAQTRGV 
OXA-304 --MYKKVL--VVAIATLFLSACSSNTVKQHQIHSIS-AN---KNSEEIKSLFDQAQTTGV 
OXA-305 --MYKKVL--VVATATLFLSACSSNTVKQHQIHSIS-AN---KNSEEIKSLFDQAQTTGV 
OXA-267 --MYKKAL--IAATSILFLSACSSNTVKQHQIHSIS-AN---KNSEEIKSLFDQAQTMGV 
OXA-268 --MYKKAL--IVTTSILFLSACSSNSVKQHQIHSMS-AN---KNSEEIKSLFDQAQTTGV 
OXA-269 --MYKKVL--IVATTTLFLSACSSKTVKQHQIHSIS-AN---QNSEEIKSLFDQAQTTGV 
OXA-270 --MTKKAL--FFAISTIFLSACSFNTVQHHQIHAIS-TH---KNSEEIKSLFDQAQTTGV 
OXA-271 --MTKKAL--FLAISTIFLSACSFNTVQQHQIHALS-TH---KNSEEIQSLFDQAQTTGV 
OXA-272 --MTKKAL--FFAIGTMFLSACSFNTVQQHQIQSIS-TN---KNSEKIKSLFDQAQTEGV 
OXA-273 --MTKKAL--FFAIGTMFLSACSFNTVEQHQIQSIS-TN---KNSEKIKSLFDQAQTTGV 
OXA-276 --MKILIL--WPLLSYLSLTACSFPVSNSPSQITSTQS------IQAIAKLFDQAQSSGV 
OXA-277 --MKILIL--WPLLSCLSLTACSFAVSNSPSQITSTQS------IQATAKLFDQAQSSGV 
OXA-278 --MKILIL--WPLLSYLSLTACSFPVSNSPSQITSTQS------IQAIAKLFDQAQSSGV 
OXA-282 --MKILIL--LPLLSCLGLTACSLPVSSLLSQSTSTQS------TQAIAQLFDQAQSAGV 
OXA-283 --MKILIL--LPLLSCLGLTACSLPVSSLLSQSTSTQS------TQAIAQLFDQAQSAGV 
OXA-284 --MKTLIF--LPLLNCLSLTACTLPVSSSPSHITSTQS------TQAIAQLFDQAQSSGV 
OXA-285 --MKILIL--LPLLSCLGLTACTSPVSSFPSQITSTQS------TQAIAQLFDQAQSSGV 
OXA-280 --MKTLQLGLIVLITTFG-SACTIIRSPSIETAKNHEQQ---SAQQQIQQAFDQLQTTGV 
OXA-281 --MKTLQFGLIALITTFG-SACTTI-SPSVETAKNHQQQ---SAQQQIQQAFDQLQTTGV 
OXA-274 -MSNNLFKFKIKSSVLIILSSVAFSGCVSNANLHDPAS---SQRTSEIPLLFNYAQTQAV 
OXA-275 -MSNYRFKSKIKSSVLIILSSVAFSGCVSNANLHDPAS---SQRTSEIPLLFNYAQTQAV 
OXA-300 ------MKFKMKGLFCVILSSLAFSGCVYDSKLQRPVI---SERETEIPLLFNQAQTQAV 
OXA-301 ------MKFKMKGLFCVILSSLAFSGCVYDSKLQRPVI---SERETEIPLLFNQAQTQAV 
OXA-296 -MQQRLFYFGCLLLLTQLSACHMNRAQTSNQSVQKAVLQAPSERPEEIKQLFNSAHTSAV 
OXA-308 --MNKKLNLALLCFLSILCAACQSNQQLSANSHTENHN----TRAAEISLLFDEMHTQAV 
        *       * 



 

OXA-264 LITFDGQAYKAYGNDLNRAKTAYIPASTFKILNALIGIEHDKTSPNEVFKWDGQKRAFES 
OXA-265 LITFDGQAYKAYGNDLNRAKAAYIPASTFKILNALIGIEHDKTSPNEVFKWDGQKRAFES 
OXA-289 FVTYDGQTLQAYGNALSRSNTAYIPASTFKMLNALIGIQHHKTSPNEVFKWDGKKRAFAS 
OXA-290 FVTYDGQTFQEYGNALSRSNTAYIPASTFKMLNALIGIQHHKSSPNEVFKWDGKKRAFAS 
OXA-279 FVTYDGQTLQEYGNALSRSNTAYIPASTFKMLNALIGIQHHKSSPNEVFKWDGKKRAFAS 
OXA-287 LMIYDGKKIQSYGNDLDRAEQRYIPASTFKMLNALIGIQHHKTTPDEVFKWDGKKRAFSS 
OXA-303 LVIYDGKKIQKFGNDLDRAEQRYIPASTFKMLNALIGIQHHKTTPDEVFKWDGKKRAFSS 
OXA-286 LVIYDGKKIQSYGNDLDRAEQRYIPASTFKMLNALIGIQHHKTTPDEVFKWDGKKRAFSS 
OXA-288 LVIYDGKKIQSYGNDLDRAEQRYIPASTFKMLNALIGIQHHKTTPDEMFKWDGKKRAFSS 
OXA-291 LVIYDGKKIQKFGNDVHRADQRYIPASTFKMLNALIGIQHHKTTPKEVFKWDGQKRAFSS 
OXA-292 LVIYDGKKIQKFGNDVHRADQRYIPASTFKMLNALIGIQHHKTTPKEVFKWDGQKRAFSS 
OXA-293 LVIYDGKKIQKYGNDTSRAEHRYIPASTFKMLNALIGIQHHKTTPNEIFKWDGRKRAFSS 
OXA-306 LVIYDGKKIQKYGNDTSRAEQRYIPASTFKMLNALIGIQHHKTTPNEVFKWDGQKRAFSS 
OXA-302 LVIYDGKKIQSYGNDLNRAEQRYIPASTFKILNALIGIQYHKTTPNEVFKWDGKKRTFSS 
OXA-307 LVIYDGKQIQTYGNATRRADQRFIPASTFKILNALIGIQHHKTTPNEVFKWDGQKRAFSS 
OXA-294 LVTYDGKNFQRYGNDLSRADQRYIPASTFKMLNALIGIQHHKTSPNEVFKWDGQKRAFRS 
OXA-295 LVTYDGKNFQKYGNDLSRADQRYIPASTFKMLNALIGIQHHKTSPNEVFKWDGQKRAFRS 
OXA-297 LVTYDGKAIQKYGNALNRANQRYIPASTFKMLNALIGIQHHKTSPNEVFKWDGQKRVFTS 
OXA-298 LVTYDGKAIQKYGNALNRADQRYIPASTFKMLNALIGIQHHKTSPNEVFKWDGQKRAFTS 
OXA-266 FVTYDGQKIHEYGNALNRAQTSYIPASTFKMLNALIGIQHHKTTPNEVFKWNGEKRRFKS 
OXA-299 ILIKSGNDLQAYGNAIQRADQPFIPASTFKMLNALIGIEHNKTSPDEVFKWNGEKRSFPA 
OXA-262 LVIQQGQTQQSYGNDLARASTEYVPASTFKMLNALIGLEHHKATTTEVFKWDGQKRLFPE 
OXA-259 LVIQQGQTQQSYGNDLARASTEYVPASTFKMLNALIGLEHHKATTTEVFKWDGQKRLFPE 
OXA-260 LVIQQGQTQQSYGNDLARASTEYVPASTFKMLNALIGLEHHKATTTEVFKWDGKKRLFPE 
OXA-261 LVIHQGQTQQSYGNDLARASTEYVPASTFKMLNALIGLEHHKATTTEVFKWNGQKRLFPE 
OXA-263 LVIQQGQIQQSYGNDLARASTEYVPASTFKMLNALIGLEHHKTTTTEVFKWNGQKRLFPE 
OXA-304 LVIKRGQTEEIYGNDIKRASTEYVPASTFKMLNALIGLEHHKATTTEVFKWDGQKRLFPD 
OXA-305 LVVKRGQTEEIYGNDLKRASTEYVPASTFKMLNALIGLEHHKATTTEIFKWDGQKRLFPD 
OXA-267 LVIKRGQTEEIYGNDLKRASTAYVPASTFKMLNALIGLEHHKATTTEVFKWDGQKRLFPD 
OXA-268 LVIKRGKTEEIYGNDLKRASTAYIPASTFKMLNALIGLEHHKATTTEVFKWDGQKRLFPD 
OXA-269 LVIKRGQTEEIYGNDLKRSSTEYVPASTFKILNALIGLEHHKVTTTEVFKWDGQKRLFPD 
OXA-270 LVIKRGNTEEIYGNDLKRASTEYVPASTFKMLNALIGLEHHKATTTEVFKWDGQKRLFPD 
OXA-271 LVIKRGKKEEIYGNDLKRASTEYVPASTFKMLNALIGLEHHKATTTEVFKWDGQKRLFPD 
OXA-272 LVIKRGQTEEIYGNDLKRSSTEYVPASTFKMLNALIGLEHHKATPTEVFKWYGQKRLFPD 
OXA-273 LVIKHGRTEEVYGNDLKRASTEYVPASTFKMVNALIGLEHHKATPTEVFKWDGQKRLFPD 
OXA-276 LVIQRGPHLQVYGNDLSRAHTEYVPASTFKIFNALIGLQHGKATTNEIFKWDGKKRSFAA 
OXA-277 LVIQRGPHLQVYGNDLSRAHTEYVPASTFKMFNALIGLQHGKATTNEIFKWDGKKRSFAA 
OXA-278 LVIQRGPHLQVYGNDLSRAHTEYVPASTFKIFNALIGLQHGKATTNEIFKWDGKKRSFAA 
OXA-282 LVIQRGQQIQVYGNDLSRADTEYVPASTFKMLNALIGLQHGKATTNEIFKWDGKKRSFAA 
OXA-283 LVIQRGQQIQVYGNDLSRADTEYVPASTFKMLNALIGLQHGKATTNEIFKWDGKKRSFAA 
OXA-284 LVIQRGQQIQVYGNDLSRADTEYVPASTFKMLNALIGLQHGKATTNEIFKWDGKKRSFSA 
OXA-285 LVIQRGQKVQVYGNDLSRAGTEYVPASTFKMLNALIGLQHGKATTNEIFKWDGKKRSFAA 
OXA-280 IVIKDKHGLHSYGNDLSRAQTPYVPASTFKMLNALIGLEHGKATSTEVFKWDGQKNSFPA 
OXA-281 IVIKDKHGLHSYGNDLSRAQTPYVPASTFKMLNALIGLEHGKATRTEVFKWDGQKRSFPA 
OXA-274 FVTYDGTQFKRYGNDLNRAKTAYIPASTFKMLNALIGLQHAKATNTEVFKWNGEKRSFPA 
OXA-275 FVTYDGTQFKRYGNDLNRAKTAYIPASTFKMLNALIGLQHAKATNTEVFKWNGEKRSFPA 
OXA-300 FVTYDGIHLKSYGNDLSRAKTEYIPASTFKMLNALIGLQNGKATNTEVFQWNGEKRAFSA 
OXA-301 FVTYDGIHLKSYGNDLSRAKTEYIPASTFKMLNALIGLQNAKATNTEVFHWNGEKRAFSA 
OXA-296 FITYDGRQFNRYGNALARAQNAYIPASTFKILNALIGLQHHKVSTSEVFKWKGEKRSFPA 
OXA-308 FVTYDGQHFQSYGNALQRADTAYVPASTFKMLNALIGLQNHKATNTEVFKWDGQKRAMSI 
              **   *      ******  *****    *    * * * * *    



 

OXA-264 WEKDLTLAEAMQASAVPVYQALAQRIGLDLMAKEVKRVGFGNTRIGTQVDNFWLIGPLKI 
OXA-265 WEKDLTLAEAMQASAVPVYQALAQRIGLDLMAKEVKRVGFGNTRIGTQVDNFWLIGPLKI 
OXA-289 WEKDLTLAEAMQASAVPVYQELARRIGLELMANEVKRVGFGNAEIGTQVDDFWLVGPLKI 
OXA-290 WEKDLTLAEAMQASAVPVYQELARRIGLELMANEVKRVGFGNTEIGTQVDDFWLVGPLKI 
OXA-279 WEKDLTLAEAMQASAVPVYQELARRIGLELMANEVKRVGFGNAEIGTQVDDFWLVGPLKI 
OXA-287 WEKDLTLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLKI 
OXA-303 WEKDLTLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLKI 
OXA-286 WEKDLTLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLKI 
OXA-288 WEKDLTLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLKI 
OXA-291 WEKDLTLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLKI 
OXA-292 WEKDLTLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLKI 
OXA-293 WEKDLTLAEAMQASAVPVYQELARRIGLELMTQEIKRVGYGNNNVGTQVDNFWLVGPLKI 
OXA-306 WEKDLTLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLKI 
OXA-302 WEKDLSLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKNIGTQVDNFWLVGPLQI 
OXA-307 WEKDLSLAEAMQASAVPVYQELARRIGLELMTREVKRVGYGNKHIGTQVDNFWLVGPLKI 
OXA-294 WEQDLTLAEAMQASAVPVYQELARRIGLELMASEVKRVGYGNQNIGTQFDNFWLVGPLEI 
OXA-295 WEKDLTLAEGMQASAVPVYQELARRIGLELMASEVKRVGYGNQNIGAQVDNFWLVGPLEI 
OXA-297 WEKDLTLAEAMQASAVPVYQELARRIGLELMASEVKRVGYGNQSIGTQVDNFWLVGPLEI 
OXA-298 WEKDLTLAEAMQASAVPVYQELARRIGLELMASEVKRVGYGNQSIGTQVDNFWLVGPLEI 
OXA-266 WEKDLTLTEAIQASAVPIYQELARRIGLDLMASEVKRIGFGNSDIGNQVDNFWLVGPLKI 
OXA-299 WEKDLTLAQAMTASAVPVYQELAHRIGLELMQNEVKRVQFGNGDIGAQVDNFWLMGPLKI 
OXA-262 WEKDMTLGDAMKASAISVYQDLARRIGLELMSKEVKRVGYGNADIGTQVDNFWLVGSLKI 
OXA-259 WEKDMTLGDAMKASAIPVYQDLARRIGLELMSKEVKRVGYGNADIGTQVDNFWLVGPLKI 
OXA-260 WEKDMTLGDAMKASAIPVYQDLARRIGLELMSKEVKRVGYGNADIGTQVDNFWLVGPLKI 
OXA-261 WEKDMTLGDAMKASAIPVYQDLARRIGLELMSNEVKRVGYGNADIGTQVDNFWLVGPLKI 
OXA-263 WEKNMTLGDAMKASAIPVYQDLARRIGLELMSNEVKRVGYGNADIGTQVDNFWLVGPLKI 
OXA-304 WEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNADIGSKVDNFWLVGPLKI 
OXA-305 WEKDMTLGDAMKASAIPVYQELARRIRLDLMTKEVKRIGFGNADIGSKVDNFWLVGPLKI 
OXA-267 WEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNANIGSKVDDFWLVGPLKI 
OXA-268 WEKDMTLGNAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNANIGSKVDNFWLVGPLKI 
OXA-269 WEKDMTLGDAMQASAIPVYQKLARRIGLDLMSKEVKRVGFGNADIGSRVDNFWLVGPLKI 
OXA-270 WEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNADIGSKVDNFWLIGPLKI 
OXA-271 WEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEIKRVDFGNADIGSKVDNFWLVGPLKI 
OXA-272 WEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNADIGSKVDDFWLVGPLKI 
OXA-273 WEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNADIGSKVDNFWLVGPLKI 
OXA-276 WEKDMTLGQAMQASAVPVYQELARRIGLELMQQEVQRIQFGNQQIGHQVDNFWLVGPLKV 
OXA-277 WEKDMTLGQAMQASAVPVYQELARRIGLELMQQEVQRIQFGNQQIGHQVDNFWLVGPLKI 
OXA-278 WEKDMTLGQAMQASAVPVYQELARRIGLELMEQEVRRIQFGNQHIGQQVDNFWLVGPLKI 
OXA-282 WEKDMTLGEAMQASAVPVYQELARRIGLELMQQEVQRIQFGNQQIGQQVDNFWLVGPLKV 
OXA-283 WEKDMTLGEAMQASAVPVYQELARRIGLELMQQEVQRIQFGNQQIGQQVDNFWLVGPLKV 
OXA-284 WEKDMTLGEAMQASAVPVYQELARRIGLELMQQEVQRIQFGNQQIGQQVDNFWLVGPLKI 
OXA-285 WEKDMTLGEAMQASAVPVYQELARHIGLELMQQEVQRIQFGNQQIGQQVDNFWLVGPLKI 
OXA-280 WEKDMTLGQAMQASAVPVYQELARRIGLDLMQKEVQRIGYGNQQIGTVVDNFWLVGPLQI 
OXA-281 WEKDMTLGQAMQASAVPVYQELARRIGLDLMQKEVQRIGYGNQQIGTVVDNFWLVGPLQI 
OXA-274 WEKDMTLAQAMQASAVPVYQELARRIGLDLMSQEVKRVGFGNTQIGQQVDNFWLVGPLKI 
OXA-275 WEKDMTLAQAMQASAVPVYQELARRIGLDLMSKEVKRVGFGNTQIGQQVDNFWLVGPLKI 
OXA-300 WEKDMTLAEAMQASAVPVYQELARRIGLKLMREEVKRVGFGNAEIGQQVDNFWLVGPLKI 
OXA-301 WEKDMTLAEAMQASAVPVYQELARRIGLELMREEVKRVGFGNAEIGQQVDNFWLVGPLKI 
OXA-296 WEKDMNLAQAMQLSAVPVYQQLARRIGLELMQKEISRLGFGNQKIGQQVDNFWLVGPLKI 
OXA-308 WEKDMTLSDAMKVSAVPVYQELARRIGLDLMQKEVTRVRYGNTDIGTVVDRFWLDGPLKI 
  **    *      **   ** **  * * **  *  *   **   *   * *** * *   



 

OXA-264 TPIEEAQFAYRLAKQELPFTPKTQQQVIDMLLVDEIRGTKVYAKSGWGMD-ITPQVGWWT 
OXA-265 TPIEEAQFAYRLAKQELPFTPKTQQQVIDMLLVDEIRGTKVYAKSGWGMD-ITPQVGWWT 
OXA-289 TPIEEVKFAYALANKQLEFDQSVQKQVKQMVFVDEVHGTKIYAKSGWGMD-VTPQVGWWT 
OXA-290 TPVDEVKFAYALANKQLAFDQSVQEQVKQMVFVDEVHGTKIYAKSGWGMD-VTPQVGWWT 
OXA-279 TPVEEVKFAYALAHKQLTFDQSVQEQVKQMVLVDEVKGTKIYAKSGWGMD-VTPQVGWWT 
OXA-287 TPIEEVRFAYALAKQKLPFDQPTQQQVKAMLLVDQIQGTKIYAKSGWGMD-VSPQVGWWT 
OXA-303 TPIEEVRFAYALAKQKLPFDQPTQQQVKAMLLVDQIQGTKIYAKSGWGMD-VSPQVGWWT 
OXA-286 TPVEEVRFAYALAKQKLPFDQPTQQQVKAMLLVDQIQGTKIYAKSGWGMD-VSPQVGWWT 
OXA-288 TPVEEVRFAYALAKQKLPFDQSTQQQVKGMLLIDEVQGTKIYAKSGWGMD-VSPQVGWWT 
OXA-291 TPVEEVRFAYALAKQKLPFDQSTQQQVKGMLLVDEVHGTKIYAKSGWGMD-VSPQVGWWT 
OXA-292 TPVEEVRFAYALAKQKLPFDQSTQQQVKGMLLIDEVQGTKIYAKSGWGMD-VSPQVGWWT 
OXA-293 TPVEEVRFAYALAKQKLPFDQSTQQQVKGMLLLDEVQGAKIYAKSGWGMD-VSPQVGWWT 
OXA-306 TPVEEVRFAYALAKQKLPFDQSTQQQVKGMLLIDEVQGTKIYAKSGWGMD-VNPQVGWWT 
OXA-302 TPVEEVRFVYALAKQKLPFDQSTQQQVKGMLLADERQGTKIYAKSGWGMD-VSPQVGWWT 
OXA-307 TPVEEVRFVYALAKQKLPFDQSTQQQVKDMLLVDEHQGTKIYAKSGWGMD-VTPQVGWWT 
OXA-294 TPVEEVKFAYALAKQQLPFAPSTQQQVRDMLLIENVQGTRIYAKSGWGMD-VNPQVGWWT 
OXA-295 TPVEEVKFAYALAKQQLPFDPSTQQQVRDMLLIENVQGTRIYAKSGWGMD-VNPQVGWWT 
OXA-297 TPVEEVKFAYALAKKQLAFDSSTQQQVKDMLLIEDIQGTKIYAKSGWGMD-VKPQVGWWT 
OXA-298 TPVEEVKFAYALAKKQLAFDSSTQQQVKDMLLIEDIQGTKIYAKSGWGMD-VKPQVGWWT 
OXA-266 TPIQEVRFTYALANEQLAFDIPVQQQVKQMLLVDQMNGTKVYAKSGWGMD-VEPQVGWWT 
OXA-299 TPRQEVQFADQLSHLQLPFRKSTQQQVIQMLFIEQIGSKALYAKSGWGMD-VEPQVGWYT 
OXA-262 TPQQEAQFAYKLANKTLPFSPKVQDEVQSMLFIEEKNGNKIYAKSGWGWD-VDPQVGWLT 
OXA-259 TPQQEAQFAYKLANKTLPFSQKVQDEVQSMLFIEEKNGNKIYAKSGWGWD-VDPQVGWLT 
OXA-260 TPQQEAQFAYKLANKTLPFSQKVQDEVQSMLFIEEKNGNKIYAKSGWGWD-VNPQVGWLT 
OXA-261 TPQQEAQFAYKLANKTLPFSQKVQDEVQSMLFIEEKNGNKIYAKSGWGWD-VDPQVGWLT 
OXA-263 TPQQEAQFAYKLANKTLPFSQKVQDEVQSMLFIEEKNGNKIYAKSGWGWD-VDPQVGWLT 
OXA-304 TPEQETQFAYELANKTLPFSKNVQEQVQSMVFIEEKNGRKIYAKSGWGWD-VEPQVGWLT 
OXA-305 TPEQETQFAYKLANKTLPFSKNVQEQVQSMVFIEEKNGRKIYAKSGWGWD-VEPQVGWLT 
OXA-267 TPQQETLFAYQLAHKTLPFSQDVQEQVQSMVFIEEKNGSKIYAKSGWGWD-VEPQVGWLT 
OXA-268 TPQQETQFAYQLAHKTLPFSKDVQEQVQSMVFIEEKNGSKIYAKSGWGWD-VEPQVGWLT 
OXA-269 TPLQEAEFAYELAHKTLPFSKNVQEQVQSLVFIEEKNGRKIYAKSGWALD-IDPQVGWLT 
OXA-270 TPQQEAQFAYELAHKTLPFSKNVQEQVQSMVFVEEKNGRKIYAKSGWGWD-VEPQVGWLT 
OXA-271 TPQQEAQFAYELAHKTLPFSKNVQEQVQSMVFVEEKNGRKIYAKSGWGWD-VEPQVGWLT 
OXA-272 TPQQEVRFAYKLANKTLPFSKNVQEQVQSMVFIEEKNGRKIYAKSGWGWD-VDPQVGWFT 
OXA-273 TPQQEVQFAYKLANKTLPFSKNVQEQVQSMVFIEEKNGRKIYAKSGWGWD-VDPEVGWFT 
OXA-276 TPKQEVEFASALAQEQLAFDPRVQQQVKTMLLLQERQAYRLYAKSGWGMD-VEPQVGWLT 
OXA-277 TPKQEVEFASALAQEQLAFDPRVQQQVKTMLLLQERQAYRLYAKSGWGMD-VEPQVGWLT 
OXA-278 TPKQEVEFVSALAQEQLAFDPQVQQQVKAMLLLQEQQAYRLYAKSGWGMD-VEPQVGWLT 
OXA-282 TPKQEVQFVSALAREQLAFDPQVQQQVKAMLFLQERKAYRLYVKSGWGMD-VEPQVGWLT 
OXA-283 TPKQEVQFVSALAREQLAFDPQVQQQVKAMLFLQERKAYRLYVKSGWGMD-VEPQVGWLT 
OXA-284 TPKQEVEFVSALAREQLAFDPQVQQQVKAMLFLQERKAYRLYVKSGWGMD-VEPQVGWLT 
OXA-285 TPKQEVEFVSALAREQLAFDPQVQQQVKAMLLLQERQAYRLYAKSGWGMD-VQPQVGWLT 
OXA-280 TPVQEVLFVEKLANTQLAFKPDVQHTVQDMLLIEQKPNYKLYAKSGWGMD-LEPQVGWWT 
OXA-281 TPVQEVLFVEKLANTQLAFEPDVQHTVQDMLLIEQKPNYKLYAKSGWGMD-LEPQVGWWT 
OXA-274 TPEQEAKFAYQLAKKTLPFDDAVQQQVKDMLYVERRGDSKLYAKSGWGMD-VEPQVGWYT 
OXA-275 TPEQEAKFAFQLANKTLPFDDAVQQQVKDMLYVERRGDSKLYAKSGWGMD-VEPQVGWYT 
OXA-300 SPEQEVQFAYQLAMKQLPFDRNVQQQVKDMLYIESRGDSKLYAKSGWGMD-VEPQVGWYT 
OXA-301 SPEQEVQFAYQLAMKQLPFDSNVQQQVKDMLYIERRGDSKLYAKSGWGMD-VEPQVGWYT 
OXA-296 TPEQEAQFVYQLATEQLPFDVKVQKQVKEMLYIERRGDTKLYAKSGWGMD-VKPQVGWYT 
OXA-308 TPKQEAQFAYQLATQQLPFDQNVQSQVKDMLYVESRGQSKLFAKSGLSMKNGQPDIGWYT 
   *  *  *   *    * *    *  *                ***       *  ** * 



OXA-264 GWIEDPNGKVIAFSLNMEMNQPAHAAARKEIVYQALTQLKLL----- 
OXA-265 GWIEDPNGKVIAFSLNMEMNQPAHAAARKEIVYQALTQLKLL----- 
OXA-289 GWIEQPNGQVIAFSLNLEINKPEHGDARKAIVYQALQQLKLLQKQ-- 
OXA-290 GWIEQPNGQVIAFALNLEINKPEHGDARKAIVYQALQQLKLLQKQ-- 
OXA-279 GWIEQPNGQVIAFSLNMQINNSKQGDARKAIVYQALQQLKLLETQ-- 
OXA-287 GWIEQPNGKITAFSLNMQMSQPEHADARKVIVYQALQELGLLAH--- 
OXA-303 GWIEQPNGKITAFSLNMQMSQPEHADARKVIVYQALQELGLLAH--- 
OXA-286 GWIEQPNGKITAFSLNMQMSQPEHADARKAIVYQALQQLGLLAH--- 
OXA-288 GWIEQANGKITAFSLNMEMSRPEHAEARKAIVYQALQQLDLLAN--- 
OXA-291 GWIEQANGKITAFSLNMEMSRPEHTEARKAIVYQALQQLDLLAN--- 
OXA-292 GWIEQANGKVTAFSLNMEMSRPEHAEARKAIVYQALQQLDLLAN--- 
OXA-293 GWIEQANGKITAFSLNMEMSQPEHAETRKAIVYQALQQLDLLVN--- 
OXA-306 GWIEQANGKVTAFSLNMEMNRPEHADARKAIVYQALQQLDLLAN--- 
OXA-302 GWIEQPNGKTIAFSLNMQMSQPEHANARKVIVYQALQELGLLAN--- 
OXA-307 GWIEQPNGKIIAFSLNMQMSQPAHADARKVIVYQALQELGLLAN--- 
OXA-294 GWVEQPNGQITAFSLNMEMKKAEHADARKAIVYQALQQLGLLPQ--- 
OXA-295 GWIEQTNGQITAFSLNMEMKKAEHADARKAIVYQALQQLGLLPQ--- 
OXA-297 GWVEQPNGQVTAFSLNMEMKKAAHAEARKAIVYQALQQLGLLPQ--- 
OXA-298 GWVEQPNGQVTAFSLNMEMKKAAHAEARKAIVYQALQQLGLLPQ--- 
OXA-266 GWVEQPNGKVTAFSLNMEMNKTEHVEARKTIVYEALQQLGLIQH--- 
OXA-299 GWVEDAQGKTTAFSLNLEMDQSTPASLRKELVISSLKQLKIL----- 
OXA-262 GWVVQPQGNIVAFSLNLEMKKGIPSSVRKEITYKSLEQLGIL----- 
OXA-259 GWVVQPQGNIVAFSLNLEMKKGIPSSVRKEITYKSLEQLGIL----- 
OXA-260 GWVVQPQGNIVAFSLNLEMKKGIPSSVRKEITYKSLEQLGIL----- 
OXA-261 GWVVQPQGNIVAFSLNLEMKKGIPSSVRKEITYKSLEQLGIL----- 
OXA-263 GWVVQPQGNIVAFSLNLEMKKGIPSSVRKEITYKSLEQLGIL----- 
OXA-304 GWVVQPQGEIVAFSLNLEMKKGIPSSIRKEIAYKGLEQLGVL----- 
OXA-305 GWVVQPQGEIVAFSLNLEMKKGIPSSIRKEIAYKGLEQLGVL----- 
OXA-267 GWVVQSQGEIVAFSLNLEMKKGTPSSIRKEIAYKGLEQLGIL----- 
OXA-268 GWVVQPQGEIVAFSLNLEMKKGTPSSIRKEIAYKGLEQLGIL----- 
OXA-269 GWVVQPQGEIVAFSLNLEMKKGTPSIIRKEITYKGLEQLGIL----- 
OXA-270 GWVVQPQGEIVAFSLNLEMKKGTPSSIRKEIAYKGLEQLGIL----- 
OXA-271 GWVVQQQGEIVAFSLNLEMKKGIPSSIRKEIAYKGLEQLGIL----- 
OXA-272 GWVVQPQGEIIAFSLNLEMKKGIPSSIRKEIAYKGLEQLGIL----- 
OXA-273 GWVVQPQGEIIAFSLNLEMEKGIPSSIRKEITYKGLEQLGIL----- 
OXA-276 GWIETPQDEIVAFSLNMQMQSNMDPAIRLKILQQALAELGLYPKAEG 
OXA-277 GWIETPQDEIVVFSLNMQMQSNMDPAIRLKILQQALAELGLYPKAEA 
OXA-278 GWVETPQAEIVAFSLNMQMQSNMDPAIRLKILQQALAELGLYPKAEG 
OXA-282 GWVETPQAEIVAFSLNMQMQNGIDPAIRLEILQQALAELGLYPKAEG 
OXA-283 GWVETPQAEIVAFSLNMQMRNGMDPAIRLEILQQALAELGLYPKAEG 
OXA-284 GWVETPQAEIVAFSLNMQMQNGIDPAIRLEILQQALAELGLYPKAEG 
OXA-285 GWVETPQAEIVSFSLNMQMQNGMDPAIRLEILQQALAELGLYPKAEG 
OXA-280 GWVETATGEKVYFALNMHMKTGISASVREQLVKQSLTALGII----- 
OXA-281 GWVETATGEKVYFALNMQMKTGISASVREQLVKQSLITLGII----- 
OXA-274 GWIEQPNGQITAFALNMHMQTGDDPAERKQLTLSILDKLGLFFYLR- 
OXA-275 GWVEQPNGQITAFALNMHMQTGDDPAERKQLTLSILDKLGLFFYLR- 
OXA-300 GWVEQPNGKVTAFALNMNMQAGDDPAERKQLTLSILDKLGLFFYLR- 
OXA-301 GWVEQPNGKVTAFALNMNMQAGNDPAERKQLTLSILDKLGLFFYLR- 
OXA-296 GWVEQANGQITAFVLNLEMHDGDDVGERKQLTLDALDKLGLFFYLH- 
OXA-308 GWVEQADGKIVAFSINMQMVQGLDVNSRQQATLDILDKLGIFFYL-- 
  **          *  *           *       *  *   
	
  

FIG. S1. Amino acid alignment of the 50 OXA-like enzymes identified in this study. The three 
motifs conserved among class D β-lactamases are boxed. Stars indicate residues identical among all 
the amino acid sequences. 
 



 
FIG. S2. Comparison of the neighbor-joining phylogenetic trees obtained for 69 OXA-like class D 
β-lactamases (left) and 103 RpoB sequences (right). Similarities between the two trees are indicated 
by grey, green, blue, and red squares. Bootstrap values (≥70%) obtained after 1000 replicates are 
given at the nodes. Bar, percentage sequence divergence.  
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FIG. S3. Dendrogram based on multilocus sequence analysis of the 103 strains studied. 
Concatenated partial sequences of seven protein-coding genes (2976 nt in total) were compared 
using the neighbor-joining method based on a Jukes-Cantor distance matrix. The classification into 
16 groups and 5 singletons based on RpoB cluster analysis (Figure 2) is indicated on the right. The 
accession numbers of the genome sequences from which the data were retrieved are indicated in the 
last column. Bootstrap values (≥70%) obtained after 1000 replicates are given at the nodes. Bar, 1% 
sequence divergence. 


