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Supplementary Figure 1. A phylogenetic tree of all known a-type carbonic anhydrases

produced using ClustalX.
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

CAH3 CAEEL [Q27504]
CAHS5 CAEEL [Q10462]
CAH4 BOVIN [Q95323]
CAH4 HUMAN [P22748]
CAH4 RABIT [P48283]
CAH4 MOUSE [Q64444]
CAH4 RAT [P48284]
CAH6_ HUMAN_ [P23280]
CAH6_ CANFA_[Q865C0]
CAH6 SHEEP [P08060]
CAH6_ BOVIN_[P18915]
CAH6 MOUSE_[P18761]
CAH9 MOUSE_[Q8VHBS5]
CAH9 HUMAN [Q16790]
CAH12 HUMAN [043570]
CAH12 MOUSE_[Q8CI85]
CAH12 RABIT [Q9MZ30]
CAH14 MOUSE_[Q9WVT6]
CAH14 HUMAN [Q9ULX7]
CAHZ_DANRE [Q92051]
CAH1 CHIHA [P83299]
CAH2_ TRIHK [Q8UWAS5]
CAH2 BOVIN_[P00921]
CAH2 SHEEP [P00922]
CAH2 MOUSE_[P00920]
CAH2 RAT [P27139]
CAH2 RABIT [P00919]
CAH2_ HUMAN [P00918]
CAH2 CHICK [P07630]
CAH3 MOUSE_[P16015]
CAH3 RAT [P14141]
CAH3_HUMAN [P07451]
CAH3 PIG_[Q5S51S4]
CAH3_BOVIN_[Q3S52X4]
CAH3_HORSE_ [P07450]
CAH13 MOUSE_[Q9D6N1]
CAH13 HUMAN [Q8N1Q1]
CAH1 RAT [BOBNN3]
CAH1 MOUSE [P13634]
CAH1 PANTR [Q7M317]
CAH1 HUMAN [P00915]
CAH1 GORGO_ [Q7M316]
CAH1 MACNE [P35217]
CAH1 MACMU_[P00916]
CAH1_HORSE_[P00917]
CAH1 RABIT [P07452]
CAH1 BOVIN [QI1LZA1l]
CAH1 SHEEP [P48282]
CAH1 MONDO [Q8HY33]
CAH7 HUMAN [P43166]
CAH7 MOUSE_[Q9ERQS8]
CAHSB_RAT [Q66HG6]
CAHS5B_MOUSE_ [Q9QZAO0]
CAHSB__HUMAN_[Q9Y2DO0]
CAHSA RAT [P43165]
CAHSA_MOUSE_ [P23589]
CAH5A HUMAN [P35218]
CAH8 RAT [Q5PPN4]
CAH8_HUMAN [P35219]
CAH8 MOUSE_[P28651]
CAH10 PONAB_[Q5R4UO0]
CAH10 MOUSE_[P61215]
CAH10 MACFA [QYN085]
CAH10 HUMAN [QINS85]
CAH10 BOVIN [A0JN41]
CAH11 HUMAN [075493]
CAH11 PONAB_[Q5R665]
CAH11 BOVIN [Q866X7]
CAH11 SHEEP_ [Q95203]
CAH11 MOUSE_[070354]
CAH11 PIG_[Q866X6]
CAH1 CAEEL_[Q20781]
CAH2 CAEEL_ [Q18932]
CAHH VACCW_[P04195]
CAHH VACCT [Q9JFA1ll
CAHH VACCA_[057211]
CAHH VACCC_[P20508]
CAH1 CHLRE_[P20507]
CAH2 CHLRE [P24258]
CAH_ERWCA_[052538]
CAH_ERWCT _[Q6DAJ6]
CAH_KLEPN_[052535]
CAH_NEIGO_[Q50940]
CAH NOSS1 [P94170]
CAH15 MOUSE [Q99N23]
CAH3 CHLRE [A8J4Z8]
NEC3_NICLS [Q84UV8]
CAH DUNSA_[P54212]
ruler
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228
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

CAH3_CAEEL_[Q27504]
CAHS5 CAEEL [Q10462]
CAH4 BOVIN [Q95323]
CAH4 HUMAN [P22748]
CAH4 RABIT [P48283]
CAH4 MOUSE [Q64444]
CAH4_ RAT_[P48284]
CAH6 HUMAN [P23280]
CAH6_ CANFA [Q865C0]
CAH6_ SHEEP [P08060]
CAH6_ BOVIN_ [P18915]
CAH6_ MOUSE [P18761]
CAH9_MOUSE_[Q8VHB5]
CAH9 HUMAN [Q16790]
CAH12 HUMAN [043570]
CAH12 MOUSE_[Q8CI85]
CAH12 RABIT [Q9MZ30]
CAH14 MOUSE_[Q9WVT6]
CAH14 HUMAN_[Q9ULX7]
CAHZ DANRE [Q92051]
CAH1 CHIHA [P83299]
CAH2 TRIHK [Q8UWAS5]
CAH2 BOVIN_[P00921]
CAH2 SHEEP [P00922]
CAH2 MOUSE_[P00920]
CAH2 RAT [P27139]
CAH2 RABIT [P00919]
CAH2 HUMAN [P00918]
CAH2 CHICK [P07630]
CAH3 MOUSE_[P16015]
CAH3_RAT [P14141]
CAH3 HUMAN [P07451]
CAH3_PIG_[Q5S184]
CAH3_BOVIN_[Q35ZX4]
CAH3_HORSE_[P07450]
CAH13 MOUSE [Q9D6N1]
CAH13 HUMAN_ [Q8N1Q1]
CAH1 RAT [BOBNN3]
CAH1 MOUSE [P13634]
CAH1 PANTR [Q7M317]
CAH1 HUMAN [P00915]
CAH1 GORGO_[Q7M316]
CAH1 MACNE_[P35217]
CAH1 MACMU_ [P00916]
CAH1 HORSE_[P00917]
CAH1 RABIT [P07452]
CAH1 BOVIN_[Q1LZAl]
CAH1 SHEEP [P48282]
CAH1_ MONDO_ [Q8HY33]
CAH7 HUMAN [P43166]
CAH7 MOUSE_[Q9ERQS8]
CAH5B_RAT [Q66HG6]
CAH5B_MOUSE_[Q9QZAO0]
CAH5B_HUMAN [Q9Y2DO0]
CAH5A RAT [P43165]
CAHSA MOUSE_[P23589]
CAHSA HUMAN [P35218]
CAH8 RAT [Q5PPN4]
CAH8 HUMAN_ [P35219]
CAH8 MOUSE_[P28651]
CAH10_PONAB_ [Q5R4UO0]
CAH10 MOUSE [P61215]
CAH10 MACFA [Q9N085]
CAH10 HUMAN [Q9NS85]
CAH10 BOVIN [A0JN41]
CAH11 HUMAN [075493]
CAH11 PONAB_[Q5R665]
CAH11 BOVIN [Q866X7]
CAH11 SHEEP_ [Q95203]
CAH11l MOUSE_[070354]
CAH11 PIG_[Q866X6]
CAH1_CAEEL_[Q20781]
CAH2 CAEEL_ [Q18932]
CAHH VACCW [P04195]
CAHH VACCT [Q9JFA1ll]
CAHH VACCA_[057211]
CAHH VACCC_[P20508]
CAH1 CHLRE_[P20507]
CAH2 CHLRE_[P24258]
CAH_ERWCA_[052538]
CAH_ERWCT_[Q6DAJ6]
CAH_KLEPN [052535]
CAH_NEIGO_[Q50940]
CAH_NOSS1_[P94170]
CAH15_ MOUSE_ [Q99N23]
CAH3 CHLRE [A8J42z8]
NEC3_NICLS [Q84UV8]
CAH DUNSA [P54212]
ruler
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

CAH3_CAEEL [Q27504]
CAH5_CAEEL [Q10462]
CAH4 BOVIN_ [Q95323]
CAH4 HUMAN [P22748]
CAH4 RABIT [P48283]
CAH4 MOUSE [Q64444]
CAH4 RAT [P48284]
CAH6 HUMAN [P23280]
CAH6 CANFA [Q865C0]
CAH6 SHEEP [P08060]
CAH6_ BOVIN [P18915]
CAH6 MOUSE_[P18761]
CAH9 MOUSE_ [Q8VHB5]
CAH9_HUMAN [Q16790]
CAH12 HUMAN [043570]
CAH12 MOUSE_[Q8CI85]
CAH12_ RABIT_[Q9MZ30]
CAH14 MOUSE [Q9WVT6]
CAH14 HUMAN [Q9ULX7]
CAHZ_ DANRE_[Q92051]
CAH1 CHIHA [P83299]
CAH2_ TRIHK [Q8UWAS5]
CAH2 BOVIN_ [P00921]
CAH2 SHEEP [P00922]
CAH2 MOUSE_[P00920]
CAH2 RAT [P27139]
CAH2_ RABIT [P00919]
CAH2 HUMAN [P00918]
CAH2 CHICK_[P07630]
CAH3 MOUSE_[P16015]
CAH3 RAT [P14141]
CAH3 HUMAN [P07451]
CAH3 PIG [Q5S1S4]
CAH3_BOVIN [Q3SZX4]
CAH3_HORSE_[P07450]
CAH13 MOUSE_[Q9D6N1]
CAH13 HUMAN [Q8N1Q1]
CAH1 RAT [BOBNN3]
CAH1_MOUSE_[P13634]
CAH1 PANTR_[Q7M317]
CAH1 HUMAN_[P00915]
CAH1_GORGO_[Q7M316]
CAH1 MACNE [P35217]
CAH1 MACMU [P00916]
CAH1 HORSE_[P00917]
CAH1 RABIT [P07452]
CAH1_BOVIN [QlLZA1ll
CAH1 SHEEP [P48282]
CAH1 MONDO_ [Q8HY33]
CAH7_HUMAN_[P43166]
CAH7_MOUSE_ [Q9ERQS8]
CAHSB_RAT [Q66HG6]
CAH5B_MOUSE_ [Q9QZA0]
CAH5B_ HUMAN [Q9Y2DO0]
CAHSA RAT [P43165]
CAH5A MOUSE_[P23589]
CAHS5A HUMAN [P35218]
CAH8 RAT [Q5PPN4]
CAH8 HUMAN [P35219]
CAH8 MOUSE_[P28651]
CAH10 PONAB_[QS5R4UO]
CAH10 MOUSE_[P61215]
CAH10 MACFA_[Q9NO085]
CAH10 HUMAN [QINS85]
CAH10_ BOVIN_[A0JN41]
CAH11 HUMAN [075493]
CAH11 PONAB [Q5R665]
CAH11 BOVIN [Q866X7]
CAH11 SHEEP [Q95203]
CAH11l MOUSE_[070354]
CAH11l PIG_[Q866X6]
CAH1 CAEEL [Q20781]
CAH2 CAEEL [Q18932]
CAHH VACCW_[P04195]
CAHH VACCT [Q9JFA1]
CAHH_VACCA_[057211]
CAHH_VACCC_[P20508]
CAH1 CHLRE [P20507]
CAH2 CHLRE [P24258]
CAH_ERWCA [052538]
CAH_ERWCT_ [Q6DAJ6]
CAH_KLEPN_[052535]
CAH_NEIGO_[Q50940]
CAH_NOSS1_[P94170]
CAH15 MOUSE_[Q99N23]
CAH3_CHLRE [A8J4Z8]
NEC3_NICLS_[Q84UV8]
CAH DUNSA_[P54212]
ruler
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

CAH3_CAEEL_[Q27504]
CAH5_CAEEL_[Q10462]
CAH4_ BOVIN [Q95323]
CAH4_ HUMAN [P22748]
CAH4_ RABIT_ [P48283]
CAH4 MOUSE_[Q64444]
CAH4_RAT_[P48284]
CAH6_ HUMAN [P23280]
CAH6_CANFA_ [Q865C0]
CAH6_SHEEP_ [P08060]
CAH6_BOVIN_ [P18915]
CAH6_MOUSE_ [P18761]
CAH9_MOUSE_ [Q8VHBS5]
CAH9 HUMAN [Q16790]
CAH12 HUMAN [043570]
CAH12_ MOUSE_ [Q8CI85]
CAH12 RABIT_[Q9MZ30]
CAH14 MOUSE_[QIWVT6]
CAH14 HUMAN [Q9ULX7]
CAHZ_DANRE_[Q92051]
CAH1 CHIHA [P83299]
CAH2_TRIHK_[Q8UWAS]
CAH2_BOVIN_ [P00921]
CAH2_SHEEP_ [P00922]
CAH2_MOUSE_ [P00920]
CAH2 RAT [P27139]
CAH2_ RABIT_[P00919]
CAH2_ HUMAN_[P00918]
CAH2_ CHICK_[P07630]
CAH3 MOUSE_[P16015]
CAH3_RAT_[P14141]
CAH3_HUMAN [P07451]
CAH3_PIG_[Q55154]
CAH3_BOVIN_[Q3SZX4]
CAH3_HORSE_[P07450]
CAH13_MOUSE_ [Q9D6N1]
CAH13_HUMAN [Q8N1Q1]
CAH1 RAT_[BOBNN3]
CAH1_MOUSE_[P13634]
CAH1 PANTR_[Q7M317]
CAH1_HUMAN [P00915]
CAH1_ GORGO_[Q7M316]
CAH1_MACNE_[P35217]
CAH1_MACMU_[P00916]
CAH1_HORSE_[P00917]
CAH1_RABIT_[P07452]
CAH1_BOVIN_ [Q1LZA1]
CAH1_SHEEP_[P48282]
CAH1_MONDO_ [Q8HY33]
CAH7 HUMAN [P43166]
CAH7_MOUSE_ [Q9ERQ8]
CAH5B_RAT_[Q66HG6]
CAH5B_MOUSE_ [Q9QZA0]
CAH5B_HUMAN_ [Q9Y2D0]
CAHSA_RAT_[P43165]
CAHSA_MOUSE_ [P23589]
CAHSA_HUMAN [P35218]
CAH8_RAT_ [Q5PPN4]
CAH8_HUMAN [P35219]
CAH8_MOUSE_ [P28651]
CAH10_PONAB_ [Q5R4U0]
CAH10_ MOUSE_[P61215]
CAH10_ MACFA_[Q9N085]
CAH10_ HUMAN [Q9NS85]
CAH10_ BOVIN [A0JN41]
CAH11 HUMAN_[075493]
CAH11 PONAB_[Q5R665]
CAH11 BOVIN [Q866X7]
CAH11 SHEEP_[Q95203]
CAH11 MOUSE_[070354]
CAHI1 PIG_[Q866X6]
CAH1 CAEEL_[Q20781]
CAH2_CAEEL_[Q18932]
CAHH_VACCW_[P04195]
CAHH_VACCT_[Q9JFA1]
CAHH_VACCA_[057211]
CAHH_VACCC_ [P20508]
CAH1 CHLRE_[P20507]
CAH2_ CHLRE_[P24258]
CAH_ERWCA_[052538]
CAH_ERWCT_[Q6DAJ6]
CAH_KLEPN [052535]
CAH_NEIGO_[Q50940]
CAH_NOSS1_[P94170]
CAH15_MOUSE_ [Q99N23]
CAH3_CHLRE_[A8J4Z8]
NEC3_NICLS_ [Q84UV8]
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

CAH3_CAEEL_[Q27504] 246
CAH5_CAEEL_[Q10462] 310
CAH4 BOVIN_[Q95323] 312
CAH4 HUMAN_[P22748] 312
CAH4 RABIT [P48283] 308
CAH4 MOUSE_[Q64444] 305
CAH4 RAT [P48284] 309
CAH6 HUMAN_ [P23280] 308
CAH6 CANFA_[Q865C0] 320
CAH6_SHEEP_[P08060] 307
CAH6_BOVIN_[P18915] 319
CAH6 MOUSE_[P18761] 317
CAH9 MOUSE_ [Q8VHB5] 437
CAH9_ HUMAN_[Q16790] 459
CAH12 HUMAN_[043570] 354
CAH12 MOUSE_[Q8CI85] 354
CAH12 RABIT [Q9MZ30] 355
CAH14_ MOUSE_ [QOWVT6] 337
CAH14 HUMAN [Q9ULX7] 337
CAHZ DANRE_[Q92051] 260
CAH1 CHIHA [P83299] 259
CAH2 TRIHK [Q8UWAS] 260
CAH2 BOVIN_[P00921] 260
CAH2 SHEEP_[P00922] 260
CAH2 MOUSE_[P00920] 260
CAH2_RAT_ [P27139] 260
CAH2_RABIT [P00919] 260
CAH2 HUMAN_[P00918] 260
CAH2 CHICK_[P07630] 260
CAH3 MOUSE [P16015] 260
CAH3 RAT [P14141] 260
CAH3 HUMAN [P07451] 260
CAH3_PIG_[Q5S1S4] 260
CAH3_BOVIN_[Q3S52X4] 260
CAH3 HORSE_[P07450] 260
CAH13_ MOUSE_[Q9D6N1] 262
CAH13_ HUMAN_[Q8N1Q1] 262
CAH1_RAT_ [BOBNN3] 261
CAH1_MOUSE_[P13634] 261
CAH1_PANTR_[Q7M317] 261
CAH1_HUMAN_[P00915] 261
CAH1 GORGO_[Q7M316] 261
CAH1 MACNE [P35217] 261
CAH1 MACMU_[P00916] 261
CAH1 HORSE_[P00917] 261
CAH1 RABIT [P07452] 235
CAH1_BOVIN_[Q1LZAl] 261
CAH1_SHEEP_[P48282] 261
CAH1_MONDO_ [Q8HY33] 262
CAH7_HUMAN_[P43166] 264
CAH7_MOUSE_ [Q9ERQS8] 264
CAHS5B_RAT_[Q66HG6] 317
CAH5B_MOUSE_ [Q9QZA0] 317
CAH5B HUMAN [Q9Y2DO0] 317
CAHSA RAT_ [P43165] 304
CAH5A_ MOUSE_[P23589] 299
CAH5A_ HUMAN [P35218] 305
CAH8_RAT_[Q5PPN4] 290
CAH8_HUMAN_[P35219] 290
CAH8 MOUSE_[P28651] 291
CAH10_PONAB_ [Q5R4U0] 328
CAH10_ MOUSE_[P61215] 328
CAH10_ MACFA_[Q9NO085] 328
CAH10_ HUMAN_[Q9NS85] 328
CAH10_ BOVIN_[A0JN41] 328
CAH11 HUMAN [075493] 328
CAH11 PONAB_[Q5R665] 328
CAH11 BOVIN_ [Q866X7] 328
CAH11 SHEEP [Q95203] 328
CAH11 MOUSE_[070354] 328
CAHI11_PIG_[Q866X6] 331
CAH1_CAEEL_[Q20781] 365
CAH2 CAEEL_[Q18932] 337
CAHH_VACCW_[P04195] 304
CAHH_VACCT_[Q9JFA1l] 304
CAHH_VACCA_[057211] 304
CAHH_VACCC_[P20508] 304
CAH1 CHLRE [P20507] 377
CAH2 CHLRE [P24258] 380
CAH_ERWCA_[052538] 244
CAH_ERWCT_[Q6DAJ6] 244
CAH_KLEPN [052535] 246
CAH_NEIGO_[Q50940] 252
CAH_NOSS1_[P94170] 264
CAH15_ MOUSE_[Q99N23] 324
CAH3_CHLRE_[A8J4Z8] 310
NEC3_NICLS_ [Q84UV8] 274

CAH_DUNSA_ [P54212] LiUPECEEI VEVEVFLEP RIVEVERUEVEADVILNEN? CAIVENNRH IQCLEGRIVECHNGAAA 585

ruler




Supplementary Figure 2. ClustalX multiple sequence alignment.

Supplementary Figure 3. Three histidine residues capture a zinc atom to form the active site
of Cr- CAL. Furthermore, the two histidine residues, H163 and H182, are supported by
hydrogen bonds with the surrounding residues, Q161 and E180. The third histidine residue
H165 is supported by a hydrogen bond with the carbonyl oxygen atom of F360 on the short
peptide.
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Supplementary Figure 4. A chromatogram of the gel-filtration step (a) and native-PAGE (b)
of the purified Cr-CAL. In (a), Peaks (1) and (2) correspond to the molecular sizes of a dimer
of the dimeric enzymes (159.2 kDa) and a single dimeric enzyme (79.6 kDa), respectively. In
(b), lanes labeled M indicate the molecular-weight markers. Lanes 1 and 2 are for Cr-CAl
and for spinach CA, respectively. Arrows a, b and c indicate the bands for a dimer of the
dimeric enzyme Cr-CAl (159.2 kDa), an octamer of spinach CA (212kDa) and a trimer of
the dimeric enzyme Cr-CAl (238.8kDa), respectively. Sample A is Cr-CAl just after
purification and Sample B is Sample A that was stored for three months at 277 K. The
difference observed in lane 1 between the two samples suggests that dimers of Cr-CAl can
form higher order oligomers





