
Supplemental Figure 11. Photostability of iGluSnFR3 and SF.Venus-iGluSnFR.A184V under 2P

excitation in vivo. a) Representative images of SF-Venus-iGluSnFR.A184V (blue; top) and

iGluSnFR3.v857 (yellow; bottom), both in the PDGFR backbone, expressed in excitatory cortical neurons

in mouse visual cortex, over the course of two-photon recordings at matched excitation power. Images

are shown with the same brightness scale. b) Brightness, normalized to its initial value, of the two

variants. Shading denotes SEM. A184V, n=34 FOV’s from 5 mice; v857, n=27 FOV’s from 5 mice. Curves

are fit with two-phase exponential decay (red line). Right panel is a zoom-in view from 0 sec to 20 sec. c)

Time constants of the fast component of the two-phase decay.
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Supplemental Figure 12. Functional in vivo imaging of layer 4 TC boutons during a pole touching task

with iGluSnFR3.v857.GPI. a) Schematic of viral injection of AAV2/1.hSyn.iGluSnFR3.v857.GPI in VPM to

label the TC boutons in layer 4. b) Schematic of the dynamic pole touch tasking during active sensing.

The pole moves back and forth at a range of 5 mm along the azimuthal direction with an average speed

of 1.25 mm/s. Images are acquired at the frame rate of ~500 Hz. c) Average (top) and SD (bottom) of the

image of TC axons and boutons labeled by v857.GPI in layer 4 of vibrissa cortex. d) Raster plot of the

touch response from individual boutons detected from panel c. e) Averaged touch response across all

boutons in panel d. f) Corresponding whisking trace and touch onset. This experiment was performed with

a single subject and is a representative session.
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Supplemental Tables

Supplemental Table 1. Photophysical characterization of SF-Venus-iGluSnFR.A184V (wild-type),

iGluSnFR3.v82, and iGluSnFR3.v857. All measurements are made in purified protein. N=3, error bars

represent SEM.

Variant Name

SF-Venus-iGluSnFR.A184V iGluSnFR3.v82 iGluSnFR3.v857
APO SAT APO SAT APO SAT

1-photon Excitation maxima ƛexc

(nm)
512 512 502

1-photon Emission maxima ƛexc

(nm)
530 530 522

1-photon ∆F/F0 2.9 0.1± 13.1 0.9± 54.0 2.6±

Kd (µM) 24.4 2.4± 31.7 3.9± 195.9 14.8±

Apparent Hill coefficient (nH) 0.97 0.096± 1.1 0.1± 1.2 0.097±

Apparent pKa 7.48 0.08± 6.63 0.06± 7.88 ±
0.12

6.61 ±
0.06

6.88 ±
0.26

6.74 0.08±

KM (µM) 180 69± 1960 210± 16800 1550±

Extinction Coefficient ε
(M-1cm-1)

34,000 ±
990

116,000 ±
3300

11,800 ±
840

105,000
1600±

2,000 540± 40,000 ±
2900

Quantum Yield Φ 0.54 0.03± 0.54 0.01± 0.41 ±
0.02

0.60 ±
0.01

0.26 0.03± 0.93 ±
0.03

1-photon Brightness (x1000) 18.4 62.6 4.8 63.0 0.5 37.2

2-photon ∆F/F0,
(950 nm / 1030 nm)

2.67 / 2.97 9.81 / 10.44 61.54 / 67.08

2-photon Brightness F2 (GM),
(950 nm / 1030 nm)

25.6 / 25.0 21.1 / 19.9 22.6 / 8.16
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Supplemental Table 2. Sequences of surface display construct variants used in the N-terminal screen

and C-terminal screen. Sequences I to XXIII show the protein sequences that were used for the

N-terminal screen (see Supplemental Figure 9), and constructs XXIV to XL show the amino acid

sequences for the C-terminal screen (see Figure 4). N-terminal mutations were introduced relative to

iGluSnFR3.v857.GPI (sequence XXVI). C-terminal mutations were introduced relative to iGluSnFR.v857

with the IgK N-terminal secretion leader (sequence XIII). All sequences were codon-optimized for Mus

musculus.

Construct N-terminal C-terminal

GenBank ID, Accession

ID, or Uniprot # Reference Sequence

I
Insulin AAA59172.1 MALWMRLLPLLALLALWGPDPAAA

II
SPARC CAG33080.1 MRAWIFFLLCLAGRALA

III

Vesicular Stomatitis
Virus G AAA48403.1 MLSYLIFALAVSPILG

IV

Preprochymotrypsinoge
n AAA52128.1 MAFLWLLSCWALLGTTFG

V
Interleukin-2 AAD48509.1 MYRMQLLSCIALSLALVTNSM

VI
Gaussia luciferase AAG54095.1 MGVKVLFALICIAVAEA

VII
Albumin AAA98797.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MKWVTFISLLFLFSSAYS

VIII
Influenza Hemagglutinin ABB80034.1 T. Patriachi et al. Science, 360,

eaat4422 (2018)
MKTIIALSYIFCLVLG

IX
Frizzled-7 NP_032083.3 MRGPGTAASHSPLGLCALVLALLGALPTDTRA

X
CD59 CAG46523.1 MGIQGGSVLFGLLLVLAVFCHSGHS

XI
Integrin β pat-3 NP_497787.1 J. Kim et al. Nat. Methods, 9, 96 (2012) MPPSTSLLLLAALLPFALPASDWKTGEVT

XII

5HT3A serotonin
receptor

MRLCIPQVLLALFLSMLTGPGEG

XIII
IgK light chain precursor AAT37716.1 O. Takenouchi et al. Sci. Rep, 8, 677

(2018)
MDMRAPAGIFGFLLVLFPGYRS

XIV
Ig heavy chain Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MDWTWRVFCLLAVTPGAHP

XV
Ig light chain AAA20442.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MAWSPLFLTLITHCAGSWA

XVI
Azurocidin preproprotein QIH53806.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MTRLTVLALLAGLLASSRA

XVII
Cystatin-S precursor NP_001691.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MARPLCTLLLLMATLAGALA

XVIII
Α conotoxin lp1.3 NP_001890.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MGMRMMFIMFMLVVLATTVVS

XIX

Aspartic proteinase
nepenthesin-1 AAS93426.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MASSLYSFLLALSIVYIFVAPTHS

XX
Acid chitinase BAF98915.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MKTHYSSAILPILTLFVFLSINPSHG

XXI
Cholera toxin ABF74624.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MIKLKFGVFFTVLLSSAYA

XXII

MHC class I antigen +
prolactin BAA06291.1 Kober et al. Biotechnol. Bioeng. 110,

1164 (2013)
MVPCTLLLLLAAALAPTQTRA SA

DSKGSSQKGSRLLLLLVVSNLLLCQGVVSTPV

XXIII Transferrin receptor

XP_006523736.1
NP_776378.2 B. Chow et al. Nature, 463, 98 (2010)

MMDQARSAFSNLFGGEPLSCTRASLARQVDGDNSH

VEMKLAVDEEENADNNTKANVTKPKRCSGSICYGTIA

VIVFFLIGFMIGYLGY

XXIV Adam23_TM
KAF6112537.1

KDEGPKGPSATNLIIGSIAGAILVAAIVLGGTGWGFKN

VKKRRFDPTQQGPI

XXV Semaphorin-4F_TM NP_001295303.1 Jones et al. Front Genet 9, 746 (2019)

QRGPANRAHTVVGAGLVGFFLGVLAASLTLLLIGRRQ

QRRRQRELLARDKVGLDLGAPPSGTTSYSQDPPSPSP

EDERLPLALGKRGSGFGGFPPPFLLDSCPSPAHIRLTGA

PLATCDETSI

XXVI GPI_COBL9 NP_199738.1

SDNDYGKDGLAGASGGRRNGAITVLSFITFYVAAFMV

LL

XXVII GPI_NGR NP_075358.1

AGSGASGTGDAEGSGALPALACSLAPLGLALVLWTVL

GPC
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XXVIII GPI_GFRA1 BCP51370.1

SDNDYGKDGLAGASHITTKSMAAPPSCGLSSLPVMV

FTALAALLSVSLAETS

XXIX Adam22_TM_PDZ_TTPV NM_001324418 Charmsaz et al. BMC Med 18 (1), 349 (2020)

NAVGQDTQEITLSGNGVAGTNIIIGIIAGTILVLALILGIT

AWGYKNYREQRQLPDRHKQLRATARATDYLQADAIT

RIPDYRYRYQRRDRDDDRDTEPDHDRDADPVGVKGF

NTLPDTEIDTTPV

XXX

Semaphorin-4F_TM_PDZ

_TTPV NP_001295303 Jones et al. Front Genet 9, 746 (2019)

QRGPANRAHTVVGAGLVGFFLGVLAASLTLLLIGRRQ

QRRRQRELLARDKVGLDLGAPPSGTTSYSQDPPSPSP

EDERLPLALGKRGSGFGGFPPPFLLDSCPSPAHIRLTGA

PLATCDETSITTPV

XXXI Shisa9_TM_PDZ_TTPV A0A6G1B171

NAVGQDTQEVIVPLHDPTKDKTNLIVYIICGVVAVMV

LVGIFTKLGLEKAHRPQREDRHKQLRATARATDYLQAD

AITRIPDYRYRYQRRDRDDDRDTEPDHDRDADPVGV

KGFNTLPDTEIDTTPV

XXXII Nrx1b_TM_PDZ_TTPV NP_445803 Chen et al. Cell 170 (6), 1234-1246 (2017)

LQADAITRIPDYRYRYQRRDRDDDRDTEPDHDRDAD

PVGVKGFNTLPDTEIDTTPV

XXXIII Thy-1 GPI

NP_033408.1,

NM_009382.3

SISVYRDKLVKCGGISLLVQNTSWMLLLLLSLSLLQALD

FISL

XXXIV B7-1 NP_002600

Kaymaz et al. Turk J Gastroenterol 32 (12),

1038-1048 (2021)

NAVGQDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILI

KCFCKHRSCFRRNEASRETNNSLTFGPEEALAEQTVFL

XXXV Kir1.1

NP_033985.3,

NM_009855.2

Matundan et al. J Virol 95 (19), e0103621

(2021)

NAVGQDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILI

MLWQKKPRYDNPNFVLSEVDETDDTQM

XXXVII P14 FAST Corcoran et al. J Biol Chem (2006)

KLQVDEQKLISEEDLNAVGQDTQEVIVVPHSLPFKVV

VISAILALVVLTIISLIILIKYLQKRRERRRQDRHKQLRATA

RATDYLQADAITRIPDYRYRYQRRDRDDDRDTEPDHD

RDADPVGVKGFNTLPDTEIDTTPV

XXXIX PDGFR

Marvin et al. (2013, 2018); from iGluSnFR

and SF-iGluSnFR

AVGQDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILI

MLWQKKPR

XL SGZ Deng et al. J Neurosci (2006)

NAVGQDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILI

MLWQKKPRDRHKQLRATARATDYLQADAITRIPDYRY

RYQRRDRDDDRDTEPDHDRDADPVGVKGFNTLPDT

EIDNPQTTSV

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 4, 2022. ; https://doi.org/10.1101/2022.02.13.480251doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.13.480251
http://creativecommons.org/licenses/by-nc-nd/4.0/


Supplemental Table 3. Summary of iGluSnFR variants tested in this study. ‘WT’ refers to

SF-Venus-iGluSnFR.A184V (Marvin et al 2018).

Variants tested in this study Reference Figures Supplemental Figures

SF-iGluSnFR.A184V Marvin et al (2018) 3, 6

SF-iGluSnFR.A184S Marvin et al (2018) 5

SF-Venus-iGluSnFR.A184V Marvin et al (2018) 1, 2, 6 1, 2, 3, 4, 5, 10, 11

SF-Venus-iGluSnFR.A184S Marvin et al (2018) 1

iGluSnFR3.v82 This study 1, 2, 6 1, 2, 3, 4, 5

iGluSnFR3.v857 This study 1, 2, 3, 4, 5, 6 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12
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Supplemental Videos
Supplemental Video 1. Widefield recording of optical minis using iGluSnFR3.v857.GPI in mixed

hippocampal and neocortical primary cultures 14 days post transfection. Culture medium was exchanged

with hyperosmotic buffer containing 100 mM sucrose, and action potentials were silenced using 2 µM

TTX. Video is recorded at 100 frames/second using a Nikon Eclipse microscope (60X 0.4NA).

Supplemental Video 2. In vivo 2-photon recording of spontaneous activity (no visual stimulus) in

excitatory cortical neurons in mouse visual cortex using iGluSnFR3.v857.PDGFR using a custom

2-photon microscope (20X, 1.0NA, Exc - 1010 nm, Em 525/50, 156 Hz).

Supplemental Video 3. Averaged images of thalamocortical boutons with sparse labeling of

iGluSnFR3.v857.PDGFR in L4 during whisker stimulation. Images are acquired at the frame rate of 247.9

Hz for 60 s and interpolated to 500 Hz and averaged to 1s. Images are acquired at the depth of 350 µm

below pia with a field of view of 50x25 µm.

Supplemental Video 4. Averaged images of dendritic spines labeled with iGluSnFR3.v857.GPI in L4

during whisker stimulation. Images are acquired at the frame rate of 130 Hz for 60 s and interpolated to

500 Hz and averaged to 1s. Images are acquired at the depth of 365 µm below pia with a field of view of

50x30 µm.
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