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Table S1. CA-VIII potential protein-protein binding sites and residues. SNV positions are italicised,
underlined and highlighted in bold red.

SiteMap

Binding site SiteScore Binding site residues

1 0.885 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 43 44 45 46 47 49 51 52 53 54 55 58
59 60 61 62 76 77 78 79 80 81 83 84 85 86 87 88 90 92 93 94 95 96 111 113 114 116 118 119
121 122 123 124 125 126 127 128 130 133 134 135 136 137 141 143 145 152 153 154 155 157
158 159 163 165 171 172 177 178 180 181 183 184 185 187 188 190 191 192 193 194 196 198
199 200 201 202 205 222 223 224 225 226 228 229 233 245 246 248 249 251 252 254 255 256
257 258 260 261 262 263 264 266 269 270 271 272 274 275 276 277 278 279 280 281 282 283
284 285 286

2 0.908 56 57 59 60 61 65 66 69 70 72 102 131 132 134 136 169 171 210 211 212 213 214 215 216 236
237 238 239 287 288 289 290

3 0.897 43 46 47 48 64 65 67 68 102 103 104 105 106 110 158 160 161 163 164 217 218 219 220 228
229 230 231 232 282 283 284 285 286

4 0.881 68 69 71 72 73 74 75 96 97 98 100 101 106 107 109 174 175 176 177 178 204 205 207 208 209
210 212 213 238 239 240 241

5 0.792 190 191 252 254 255 256 257 258 259 260 262 263 266 267 268 269

CPORT

1 NA∗ 26 27 28 29 30 31 32 33 34 35 36 39 40 44 93 94 111 113 116 147 151 153 214 224 237 238
255 256 262 263 264 265 269 274 276 278 289 290

Consensus of SiteMap and CPORT

1 NA∗ 26 27 28 29 30 31 32 33 34 35 36 39 40 44 93 94 111 113 116 147 151 153 214 224 237 238
255 256 262 263 264 265 269 274 276 278 289 290

∗ No site scoring metric provided.
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Figure S1. Sequence alignment showing the conserved residues between the human CA-II and CA-VIII
proteins. CAH2 sequence in bold represents the reference sequence.
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Table S2. Mapping of CA-II residues onto the CA-VIII protein structure and predicted residue function
based on the sequence alignment in Figure S1.

Residue Function Source
CA-II CA-VIII

Trp5 Trp29 Aromatic cluster residue [1–3]
Tyr7 Tyr31 Aromatic cluster residue, active site water network coordination [1–9]
Trp16 Trp37 Aromatic cluster residue [1–3]
Phe20 Phe41 Aromatic cluster residue [1–3]
Ser29 Ser50 Enzymatic stability [10,11]
Asn62 Asp85 Active site water network coordination [4]
His64 His87 Proton shuttling residue [1,4–8]
Phe66 Ile89 Aromatic cluster residue, secondary CO2 binding pocket

formation
[1,5–8]

Asn67 Gln90 Active site water network coordination [12]
Phe70 Leu93 Aromatic cluster residue [1–3]
Gln92 Glu114 Secondary Zn2+ ligand [1,4]
Phe93 Val115 Aromatic cluster residue [1–3]
His94 Arg116 Zn2+ coordination [1,4]
Phe95 Phe117 Aromatic cluster residue, secondary CO2 binding pocket

formation
[1,5–8]

His96 His118 Zn2+ coordination [1,4]
Trp97 Trp119 Aromatic cluster residue, secondary CO2 binding pocket

formation
[1,5–8]

Glu106 Glu128 Orientation of Zn2+ water ligand molecule for catalysis [1]
Glu117 Glu139 Zn2+ affinity and catalytic efficiency, secondary Zn2+ ligand [13]
His119 His141 Zn2+ coordination [1,4]
Val121 Ile143 Primary CO2 binding pocket formation [1,5–8]
Val142 Ile165 Primary CO2 binding pocket formation [1,5–8]
Phe175 Ile198 Aromatic cluster residue [1–3]
Phe178 Phe201 Aromatic cluster residue [1–3]
Leu197 Leu222 Primary CO2 binding pocket formation [1,5–8]
Thr198 Thr223 Deep water molecule stabilisation, catalytic orientation of Zn2+

water ligand molecule
[4]

Thr199 Ile224 Active site water coordination, tertiary CO2 binding pocket
formation

[4]

Pro200 Pro225 Tertiary CO2 binding pocket formation [1,5–8]
Trp208 Trp233 Primary CO2 binding pocket formation [1,5–8]
Phe225 Phe250 Aromatic cluster residue, secondary CO2 binding pocket

formation
[1,5–8]

Asn243 Asn273 Tertiary CO2 binding pocket formation, secondary Zn2+ ligand [1,5–8]
Arg245 Arg275 Enzyme stability [14]
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Figure S2. α-carbon RMSD and Rg comparison between WT and variant proteins during MD
simulation. (A) RMSD; (B) Rg.
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Figure S3. RMSF comparison between the WT and variant protein residues.
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Figure S4. ∆L and ∆BC (WT − variant) showing changes variant residue accessibility and
communication. (A) ∆L; (B) ∆BC.
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