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Supplementary figure 1. Normalized fluorescence intensities of three GEVIs showing their
photobleaching rates in HEK 293 cells. ArcLight A242, Bongwoori or Bongwoori-R3 expressing cells were
excited with a Xenon arc lamp by repeating a 40s light-on / 20s light-off trial. Fluorescence intensities
were measured every 40s and fitted to an exponential decay function. Time constants for all three GEVIs

were longer than 450s. Excitation light intensity was 1 mW/mm?.
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Supplementary figure 2. Optical imaging of evoked action potentials from cultured mouse hippocampal
neurons with two untuned GEVIs, CC1-Pos6 and D164N-Pos6. For low-pass filtration, Gaussian filter was

used. Upper trace is unfiltered and lower trace is low-pass filtered. Scale bar = 20um.



Normal buffer pipette solution

High buffer pipette solution

0.5
0.0 1 n
'd?
] o -0.54
with g ]
200 msec & _4 g
pulses 2 ]
@154
-Q -
20 n =8 cells n =6 cells -
=-0.50452 u -1.44 R=-0.85844 H -
P =6.27359 x107 1 P=2.81042 x10"
-2.5 - T T T - T T 1 -1.6 T T T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10 12 14
Number of APs Number of APs
0.0+
04 ]
-0.54
with 2 ) 0'
800 msec & o 1
Ises g 1
pu 5 -1.54
o -3
] ]
0]
§ 4 -2.0-
5] n=T7cells 25] n=6cels
R =-0.46989 = R =-0.80875 =
P =0.03161 P = 8.48365 x10°%
-6 T T 1 T 1 1 1 -30 T T 1 T T T T T T T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35
Number of APs

Number of APs

Supplementary figure 3. Baseline change in AF/F measured with Bongwoori-R3 correlates with the
number of evoked action potentials. The amplitude of baseline change of soma was plotted against the
number of evoked action potentials. Pipette solution with normal buffering capacity (56 mM HEPES) or with

high buffering capacity (100 mM HEPES) were used and plotted separately.



Primer Sequence Construct
NEG1-A GAATATTTGACTCCCACCAAGAGATGGGGGATCCCATGAG CC1-Negt
NEG1-B GGGATCCCCCATCTCTTIGGTGGGAGTCAAATATICTIGC
NEG2-A GAATATTTGATTCCCACGAGGAAATGGGGGATCCCATGAG CC1-Neg2
NEG2-B GGGATCCCCCATTTCCTCGTGGGAATCAAATATICTIGC
NEG3-A GAATATTTTATGACCACCAAGAGATGGGGGATCCCATGAG CC1-Neg3
NEG3-B GGGATCCCCCATCTCTTGGTGGTCATAAAATATICTTIGC

NEG-4AA CAAGAATATTTTATGATCACGAACACGAGGGGGATCCCATGAGTAAAGG CC1-Negd
NEG4-BB CCTITACTCATGGGATCCCCCTCGTGTICGTGATCATAAAATATICTIG
POS5-A GAATATTTAGGTCCCACCAAAGAATGGGGAGGCCTATGAG CC1.Pos5
POS5B AGGCCTCCCCATICTITGGTGGGACCTAAATATICTIGC
POSB-A GAATATTTAGATCCCACAGAAGGATGGGGAGGCCTATGAG CC1.Pos6
POS6-B AGGCCTCCCCATCCTTICTGTGGGATCTAAATATICTTIGC
POST-A GAATATTTTATAGACACCAACGGATGGGGAGGCCTATGAG CC1.Pos?
POST-B AGGCCTCCCCATCCGTTIGGTGTCTATAAAATATICTTIGC
POS8-AA GCAAGAATATTTTATTCCAGGCAACAAAGGGGCAGGCCTATGAGTAAAGGAGAAG CC1.Pos8
POS8-BB CTTCTCCTTTACTCATAGGCCTGCCCCTITGTIGCCTGGAATAAAATATICTTGC
SMO14A GGTTAGCAAGAATATTTTATTICCCACCAACAAATGGGGGATCCCATGAG CC1-M240
SMO014B CTCATGGGATCCCCCATTTGTIGGTGGGAATAAAATATICTTGCTAACC
SMO020A GCTGCGTGTGGTTATCTTAGCAAGAATATTTAGATCCCACAGAAGG Bongwoori-Pos6
SM020B AAATATTCTTGCTAAGATAACCACACGCAGCAATCTGGCCAACAC
SMO028A CTTGTTATTTCATGCTGAATTTAGGATTAAGGATATTITGCC D164N-Pos6
SM029B GGCAAATATCCTTAATCCTAAATTCAGCATGAAATAACAAG
SMO042A TTTAAATCCCACAAAAAGATGGGGAAGCCTATGAGTAAAGGAG CC1-Pos6.Ks
SM042B GGCTTCCCCATCTTTTTGTGGGATITAAATATICTTGCTAACCG
SMO30A CGCCGGAGAAGGCGGAGAAGGCGCATGAGTAAAGGAGAAGAACTITIC CC1-9Rs
SMO030B GCGCCTICTCCGCCTTICTCCGGCGTCTAAATATTICTTIGCTAACCGAACC
SMO48A GAAAAAGAAGAAAAAGAAAAAGAAGATGAGTAAAGGAGAAGAACTITIC CC1.9Ks
SM048B CTTCTTTTTCTITTTICTICTTTITCTTAAATATICTIGCTAACCGAACC
SMO48A GGAAGAAGAGGAAGAGGAGGAAGAAATGAGTAAAGGAGAAGAACTTTIC CC1.9Es
SM049B TTICTTCCTCCTCTTICCTCTICTTICCTCAAATATICTIGCTAACCGAACC
SMOS0A CTCATCTTCCTCATCCTCTTCCTCAATGAGTAAAGGAGAAGAACTTTIC CC1.9Ss
SMO050B TGAGGAAGAGGATGAGGAAGATGAGGAAAATATICTTIGCTAACCGAACC
SMO51A GCAGCAACAGCAGCAACAGCAGCAAATGAGTAAAGGAGAAGAACTTTIC CC1-90s
SMO051B TTIGCTGCTGTIGCTGCTGTIGCTGCTGAAATATICTIGCTAACCGAACC
SMOS55A GATGACGATGATGACGATGATGACATGAGTAAAGGAGAAGAACTITIC CC1.9Ds
SMO055B ATCATCGTCATCATCGTCATCATCAAATATTCTIGCTAACCGAACCAC
SMO56A GCTGCCGCAGCTGCCGCAGCTGCCATGAGTAAAGGAGAAGAACTTTTC CC1.9As
SMO056B AGCTGCGGCAGCTGCGGCAGCGGCAAATATICTIGCTAACCGAACCAC

BR1A GGTTATCTTAGCAAGAATATITAGGTCCCACCAACAAGGGG Bongwoori-R1

BR1B CCCCTTIGTIGGTGGGACCTAAATATICTTIGCTAAGATAACC

BR2A CTTAGCAAGAATATTTTATAGGCACCAACAAGGGGATCCC Bongwoori-R2

BR2B GGGATCCCCTIGTIGGTGCCTATAAAATATICTTGCTAAG

BR3A GCAAGAATATTTTATTICCAGGCAACAAGGGGATCCCATGAG Bongwoori-R3

BR3B CTCATGGGATCCCCTTGTTGCCTGGAATAAAATATICTIGC

BR4A GAATATTTTATICCCACAGGCAAGGGGATCCCATGAGTAAAGG Bongwoori-R4

BR4B CCTTTACTCATGGGATCCCCTTGCCTGTGGGAATAAAATATIC

BR5A GAATATTTTATTICCCACCAAAGGGGGGATCCCATGAGTAAAGG Bongwoori-R5

BR5B CCTTTACTCATGGGATCCCCCCTTTGGTGGGAATAAAATATIC

BRBA GAATATTTTATTCCCACCAACAAAGGGATCCCATGAGTAAAGG Bongwoori R6

BR6B CCTITACTCATGGGATCCCTTTGTIGGTGGGAATAAAATATIC
BRTA GAATATTTTATICCCACCAACAAGGGAGGCCCATGAGTAAAGGAG Bongwoori-R7
BRTB CTCCTTTACTCATGGGCCTCCCTIGTIGGTGGGAATAAAATATIC
BRBA CAACAAGGGGATAGGATGAGTAAAGGAGAAGAACTTITTICACTGG Bongwoori-R8
BR8B CCTTTACTCATCCTATCCCCTTGTIGGTGGGAATAAAATATIC

Supplementary table 1. Primer sequences used for PCR reactions to generate DNA gene constructs in
this work.



