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Figure S1 Diminished brightness of R-GECO1 and R-GECO1.2 in the ER of HeLa cells

(A) HeLa cells expressing ER-R-GECOI (left panel) and ER-R-GECO1.2 (right panel), scale bar
=20 pm.

(B) Comparison of the red fluorescence intensities of ER-R-GECOI1 (n = 67 cells; p << 0.001),
ER-R-GECO1.2 (86 cells; p << 0.001) and ER-LAR-GECO1 (57 cells) in HeLa cells.



GCaMP #s 39 40 41 42 43 44 45 46 47 4B 48 50 51 652 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78
R-GECO1 S S R R KWNUIKAGUHAVRAI GRL SSUPV -V S ERMYPEUDUGA ALK S E I
LAR-GECO1 S S R R KWNK A G H A - R A I GR L S S PV -V S ERMYPEDGAILK S E |
R-GECO1.2 8 S R R KWNUIKAGUHAVRAI GRL SSUPV -V S ERMYPEUDUGA ALK S E I
LAR-GECO12 8 S R R K W - K - G HAVRAI GRLSSUPV -V S§ ERMYPEUDUGAILK S E I
GCaMP #s 79 80 81 82 83 84 B85 8 8 8 8 90 91 92 93 94 95 95 97 98 99 100 101 102 103 104 105 108 107 108 109 110 111 112 113 114 115 116 117 118
R-GECO1 K K G LR L KD GG GHYAA - - EV KTTYKAZKI KUPVQLPGAY | VDI KL
LAR-GECO1 K KGLRLKDGGHYAA - - EVKTTYIKAIKI KUPWVQLUZPGAY - vV D I K L
R-GECO1.2 K KGLRLKDGGHYAAS- - EVKTTYIKAIKIE KU®PWVQLPGAY I VDI KL
LAR-GECO1.2 K K G L R L KDOGGHYAA - - EV KTTYKAIKI KUPWVQLZPGAY I VDI KL
GCaMP #s 118 120 121 122 123 124 125 126 127 128 128 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158
R-GECO1 bl vs8s - HNEDYTI VEQCERAEUGRMHSTGGMDEITLYKU GG GTU GG S L
LAR-GECO1 D I VvV § H N E DY T 1 VEQCERAEGRHSTGGMUDE L Y KGOGTG G § L
R-GECO1.2 Dl vs8 - HNEDYTI VEQCERAEGRHSTS GG GMDTETILYKG GG GTU GG S L
LARGECO12 D | VvV 8§ - H N E DY T I V E Q@ CE R A - G RHSTGGMDETLYKGGTTGG S L
GCaMP #s 158 160 161 162 163 164 164a 164b 164c 164d 185 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 180 181 182 193 194
R-GECO1 V S K G E E D N M A | I K E FMRFHKUVHMETGSV NGHETFE I EGEGE G R
LAR-GECO1 V S K G E E DNMA | | K E F MR FKVHMEGS SV NGHEFE I E G E G E G R
R-GECO1.2 vV §$ KGEEUDNRAI VKEFMRTFIKILHMETGSV NGHETFE I EGEGEGR
LARGECO12 VvV S K G E E D NRAI VKETFMRTFIKILHMETGSV NGHTETFTEI EGEGEGR
GCaMP #s 196 196 197 198 199 200 201 202 203 204 205 208 207 208 209 209a 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 282 233
R-GECO1 P YEATFOQTAEKTLTZKVYVTI KG®GPTLFPTFAWTDI LS PQTF[mMY G|s KA Y I KHP
LAR-GECO1 P Y EAFQTAZEKTLIEKVTHEKG GGEPLPFAWD I L S8 P QFfIMYG|S KAY | KHEP
R-GECO1.2 P Y EA FQTAIKILIKWVTHKGSGWPLZPFAWD I L 8 P QLMY G|JS KA Y I KHP
LAR-GECO1.2 P Y EA FQTAZKILIKVTHKSGSGWPLZPFAWD I L 8 P QLMY G|J]s KA Y | KHP
GCaMP #s 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 262 253 254 265 256 267 258 259 260 261 262 263 264 265 266 267 268 260 270 271 272 273
R-GECO1 AADI P - - DY F KL S F P EGFRWEIRWVMNTFEDGG I I HV NQ D S S L Q
LAR-GECO1 A DI P - - DY F K LS FPEGFRWEIRVMNTFEUDTGSG G I I HVNQDSZSS L Q
R-GECO1.2 ADI P - - DY F KL S F P EGFRWEIRWVMNTFEDGG I I HV s QDTS L Q
LARGECC12 A D | P - - DY F K L 8 F P EGFRWERWVMNTFE D G G | I HV s QDTS L Q
GCaMP #s 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 200 291 202 293 294 295 296 297 298 299 300 300a300b 301 302 303 304 305 306 307 308 309 310 311
R-GECO1 b GV F I ¥ KV KLRGTWMNTFWPPDGPVMAQI KI KTMGWEATRDAU QILTEE Q
LAR-GECO1 D GV F I ¥ KV KLRGTNTF®PPUDGPVMOQKI KTMGWEATRUDU QLTEE Q
R-GECO1.2 DGV F I Y¥YKVKLRGTNTFPPIDGPVMOQHKI KTMGWEATRDA GQLTEE Q
LAR-GECO12 D 6 V F | Y KV KL RGTNTFPPDGPVMOQKIEKTMGWEA ATRUDO QLTEEQ
GCaMP #s 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 320 330 331 332 333 334 335 336 337 338 330 340 341 342 343 344 345 346 347 348 348 350 351
R-GECO1 I A E F KEATFSLFDIKDGDG GT I TTKEULGTVMRSILGQNPTEATE/L
LAR-GECO1 | AE F KEAFSLVFDIKDGDGT I TTKEILGTWVMRSILGQNUPTEATE.L
R-GECO1.2 | A E F K E A F S8 L F DI KUDGTDSGTMTTIKELGTV MRS LGQNUPTEAEL
LAR-GECO1.2 I A E F K E A F 8 L F D - bDbG6eGDGTMTTKEILGTV MRS L GQNPTEATEL
GCaMP #s 352 353 354 355 356 357 358 350 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 3B1 382 383 384 385 3B6 387 3BB 389 390 391
R-GECO1 Q bM I NEVDADSGDS GTFDUF F®PEFLTMMARIKMNMNDTUDSETETE 1T RE A
LAR-GECO1 Q D M | - E vVDADGSDSGTT FDTF®PEFILTMMARIKM - T D S E E E | R E A
R-GECO1.2 Q bM I NEVDADGDGTT FDTF®PETFILTMMARIKMNDTUDSETETE I REA
LARGECO12 Q@ D M | NE VDADGUDGT FDFUPETFLTMMARIKMNDTUDSETETE I REA
GCaMP #s 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 408 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 428 430 431
R-GECO1 F RV FDIKUDUGNSGY I GA A ELRHVWVMTDIULGEK L TDEEWVDEMI RV A
LAR-GECO1 F R V D KDGNUGY I GA A E L R H - M T D - G E K L T bDEEVDEMI R V A
R-GECO1.2 F RY FDIKUDGNGY I GAAELURMHVYVMTDILGEI K I TDETEVDEMI RV A
LARGECO12 F R V F D KDGNGY I GAAELRHVMTDILGTEIK I TDETEVDEMI RVA
GCaMP #s 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451

R-GECO1 DI DGDGQVNYETEFVAMMTAHK

LAR-GECO1 D I DGDGQVNYEEFVAMMTAHK
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. .
Figure S2 Sequence Alignment of R-GECO1, LAR-GECO1, R-GECO1.2 and LAR-

GECO1.2

Changes in LAR-GECOL relative to R-GECO1 are shown as green boxes and in LAR-GECO1.2
relative to R-GECO1.2 are shown as pink boxes. Residue numbering is consistent with the
crystal structure of GCaMP2 (PDB ID 3EVR) [31].
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Figure S3 Characterization of LAR-GECO1 and LAR-GECO1.2

For (A-D), the Ca*"-free state is represented with a dotted line and the Ca*"-bound state by a
solid line. All spectra were measured as previously described [6].

(A and B) Excitation (Ex) and emission (Em) spectra of LAR-GECO1 (A) and LAR-GECO1.2
(B) in the Ca**-free and Ca®"-bound states.

(C and D) Absorbance (Abs) and emission (Em) spectra of LAR-GECO1 (C) and LAR-
GECO1.2 (D) in the Ca**-free and Ca*"-bound states.

(E and F) Fluorescence intensities of LAR-GECO1 (E) and LAR-GECO1.2 (F) as a function of
pH.
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Figure S4 Characterization of ER-LAR-GECO1 in HeLa, HEK-293 and U2-OS cells

(A) HeLa cells, (B) HEK-293 cells and (C) a U2-OS cell co-expressing

ER-LAR-GECOI1 (red)
and Cyto-G-GECO1.1 (green), imaged in the resting state (left panels) and after treatment with
histamine (100 UM, right panels). Images after treatment with histamine correspond to the time

of maximal increase in the fluorescence intensity of Cyto-G-GECO1.1. Scale bars = 10 pm.
(D-L) Effects of the release of ER Ca’" evoked by histamine (100 pM) or carbachol (1 mM)

applied alone or with thapsigargin (Tg, 10 uM), on the fluorescence intensities of ER-LAR-
GECOI (red lines) and Cyto-G-GECO1.1 (green lines) co-expressed in HeLa cells (DGJ), HEK-
293 cells (EHK) and U2-OS cells (FIL). Cells were bathed in HBS (D-F and J-L) or nominally

Ca*"-free HBS (G-I). Each trace shows the response from a single cell, and is representative of at

least 4 similar recordings.



Table S1 List of substitutions for new GECOs described in this work. Residues are numbered as
described in Figure S2

LAR-GECOL1 substitutions relative to R-GECO1

Protein LAR-GECO1.2 substitutions relative to R-GECO1.2
LAR-GECO1 V51W, 1113V, N356S, D381Y, F395A, V411A, L415I
LAR-GECO1.2 N451, A47R, E138V, K324E




