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Table S1. Computational studies of photoswitchable ligands targeting voltage-gated ion channels. Both photochromic ligands (PCLs)

and photoswitchable tethered ligands (PTLs) are included.

Target Tethering | Photoswitchable | Type [ Activity Computational | Aim Reference
protein mutations | ligand methods
Shaker Kv n.a. QAQ PCL" | Pore blocker Molecular Rationalization of | [1]
channel (quaternary (trans) docking differential effect of
ammonium + trans and cis
azobenzene + isomers
quaternary
ammonium)
Cav1.2 n.a. FHU-779 PCL Pore blocker Homology Rationalization of [2]
channel (azobenzene + modeling + differential effect of
diltiazem) Molecular trans and cis
docking isomers
(Montecarlo
minimization)
Nav1.4 n.a. azobenzene PCL | Pore blocker Molecular Understanding the | [3]
channel & p-diamino- (trans) dynamics + mechanism of pore
azobenzene Free energy blocker binding
calculations
(GaMD +
MM/PBSA)
TRPC3 n.a. OptoDArG PCL Activator Homology Structure-guided [4]
channel (azobenzene- modeling mutagenesis
containing- screening to
arachidony I+ understand the
glycerol) lipid-sensing and

gating mechanism

[il QAQ acts as light-regulated open channel blocker not only for voltage-gated K™ channels, but also voltage-gated Na* and Ca®* channels [1].

[ii] Azobenzene and p-diaminoazobenzene were used as simplified models of the light-sensitive pore blocker QAQ [3].
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Table S2. Computational studies of photoswitchable ligands targeting cationic pentameric ligand-gated ion channels.

Target Tethering | Photoswitchable | Type | Activity Computational | Aim Reference
protein mutations | ligand methods
nAchR LinAChR | MAACh PTLY | Agonist (cis) Homology Structure-guided | [5]
(a4B2) (B2(E61C)) | (maleimide + modeling+ mutagenesis
azobenzene + Molecular screening to
acylcholine) docking identify possible
tethering sites
(Cys mutants) &
Rationalization of
differential effect
of trans and cis
isomers
nAchR n.a. AMI-10 PCL" | Agonist (cis) Molecular Rationalization of | [6]
(azobenzene + docking differential effect
bis- imidacloprid) of trans and cis
isomers
5-HT3R n.a. Pro8* n.a."! | Endogenous Molecular Molecular and [7,8]
molecular switch | dynamics + energetic insight
Free energy into the
calculations connection

(metadynamics)

between prolyl
isomerization
and channel
gating

[i] Modeling of MAHoCh (maleimide+ azobenzene+ homocholine), another PTL reported in reference [5], was not attempted, due to the lack of ligand

similarity between this PTL and the antagonists for which crystal structures bound to AChBP were available at the time.
[ii] The AchBP was used as proxy of the target nAchR in flies.

[iii] Although the endogenous Pro molecular switch of SHT3R is not a photoswitchable ligand, it also undergoes trans-cis isomerization resulting in

changes in channel activity.




Table S3. Computational studies of photoswitchable ligands targeting anionic pentameric ligand-gated ion channels.

Target Tethering Photoswitchable | Type | Activity Computational | Aim Reference
protein mutations | ligand methods
GABAAR LiIGABAAR MAB-0 PTL Antagonist Homology Structure-guided | [9]
(a1B2y2S) (a1(T125C)) | (maleimide+ (trans) modeling+ mutagenesis
azobenzene+ 4- Molecular screening to
hydroxy- docking identify possible
benzylamine) tethering sites
(Cys mutants) &
Rationalization of
differential effect
of trans and cis
isomers
GABAAR n.a. Azogabazine PTL Antagonist Homology Rationalization of | [10]
(a1B2y2L) (trans) modeling + differential effect
Molecular of trans and cis
docking isomers &
Design of
validation
mutagenesis
GABAAR B3(M283C) | MAP20 PTL Positive Homology Identification of [11]
(a1B3y2) a1(V227C) | (methanethio allosteric modeling + possible
sulfonate+ modulator (cis) Molecular tethering sites
azobenzene+ docking (Cys mutants) &
propofol) Rationalization of

photomodulation
differences
depending on the
Cys mutant
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Table S3. (cont.) Computational studies of photoswitchable ligands targeting anionic pentameric ligand-gated ion channels.

Target Tethering | Photoswitchable | Type | Activity Computational | Aim Reference
protein mutations | ligand methods
GABAAR n.a. Azo-NzZ1 PCL Pore blocker Homology Rationalization of | [12]
(a1B2y2) (trans) modeling + the differential
and Molecular effect of trans
GABAAR-p docking and cis isomers,
(p1 and p2) subtype
selectivity and
the effect of
mutations
GlyR n.a. azo-NzZ1 PCL Pore blocker Homology Rationalization of | [13]
(a2 and a2p) (trans) modeling + the differential
Molecular effect of trans
docking and cis isomers,
subtype
selectivity and
the effect of
mutations
GlyR n.a. Glyght PCL Negative Homology Rationalization of | [14]
(a2 and a2p) allosteric modeling + the differential
modulator (cis) Molecular effect of trans
docking and cis isomers
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Table S4. Computational studies of photoswitchable ligands targeting ionotropic glutamate receptors and ATP-dependent purinergic

receptors.
Target Tethering Photoswitchable | Type | Activity Computational | Aim Reference
protein mutations ligand methods
Kainate n.a. gluazo PCL | Partial agonist Experimental Rationalization of | [15]
receptor (glutamate+ (trans) structure of the differential
(GluK2) azobenzene) inspection + effect of trans
Manual docking | and cis isomers
Kainate n.a. gluazo PCL | Partial agonist Molecular Rationalization of | [16]
receptor (glutamate+ (trans) dynamics + the differential
(GluK2) azobenzene) Free energy effect of trans
calculations and cis isomers
(US)
Kainate LiGIuR6 MAGO PTL™ | Agonist (cis or Molecular Rationalization of | [17]
receptor (L439C) (maleimide+ trans depending | dynamics + the different
(GluR6)! LiGIuR6 azobenzene+ on the MAG Free energy isomer
(G486C) glutamate) compound) calculations preference
(US) depending on the
attachment Cys
site
AMPA n.a. ATA-3 compound [ PCL [ Agonist (trans) Molecular Rationalization of | [18]
receptor (azobenzene+ docking + the differential
(GluA2) tetrazolyl+ AMPA) Molecular effect of trans
dynamics + and cis isomers
Free energy
calculations
(US)

[i] The glutamate ionotropic receptor kainate type subunit 2 is referred to as either GIuR6 or GluK2; the latter is the recommended name in the
UniProt database.
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Table S4. (cont.) Computational studies of photoswitchable ligands targeting ionotropic glutamate receptors and ATP-dependent
purinergic receptors.

Target Tethering | Photoswitchable Type | Activity Computational | Aim Reference
protein mutations | ligand methods
GluD LiGluD2 MAGu (maleimide+ | PTL | Pore blocker Homology Structure-guided | [19]
receptor (1677C) azobenzene+ modeling + mutagenesis
(GluD2) guanidinium) Molecular screening to
covalent identify possible
docking + tethering sites
lon pore (Cys mutants)
calculations & Rationalization
of the unusual
pore blocking
properties
P2X2 1336C MAM PTL | Molecular Molecular Derivation of [20]
receptor N353C!" (maleimide+ tweezer dynamics structural
azobenze+ (Cys-Cys constraints to
maleimide) crosslinker) understand the

(ATP-triggered)
pore opening
mechanism

[ii] Mutants considered in the MD simulations.
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Figure S1. Chemical structures of the PCLs and PTLs targeting voltage-gated ion channels
mentioned in the text. The bioactive fragment is colored in blue, the photochromic group
(azobenzene, shown in its trans form in the figure) in orange and the electrophilic group of PTLs
in green.
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Figure S2. Chemical structures of the PCLs and PTLs targeting cationic pentameric ligand-gated
ion channels. The same coloring code as in Figure S1 is used. Note that the design of azo-PTA
(9) capitalizes on the phenyl group already present in the bioactive group
(phenyltrimetylammonium) to integrate one of the phenyl rings of the azobenzene photochromic
group.
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Figure S3. Chemical structures of the PCLs and PTLs targeting anionic pentameric ligand-gated
ion channels. The same coloring code as in Figure S1 is used. Note that the design of
azogabazine (14), azo-NZ1 (16) and Glyght (17) capitalize on the phenyl group already present
in the bioactive group (gabazine for 14 and nitrazepam for 16 and 17) to integrate one of the
phenyl rings of the azobenzene photochromic group.
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Figure S4. Chemical structures of the PCLs and PTLs targeting ionotropic glutamate receptors
and ATP-dependent purinergic receptors. The same coloring code as in Figure S1 is used.
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