THREE-COLOR PHOTOPHARMACOLOGY
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A three-color photocage system enables selective and sequence-independent payload release using visible light.
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3 a,,-AR ligands * 3 photocages * 3 colors of light

Three a,,-AR ligands - one agonist and two
were caged with photocages
responsive to different colors of visible light.

When combined in a single solution, they can be
uncaged
irradiation wavelength.

using the appropriate
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rhodol - RX540

carboxanthenium - CX640

SINGLE COMPOUND IRRADIATION
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DEAC-PE uncaging curves (MS)
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DEAC-PE chromatograms

LC-MS studies: 50 uM of each compound in HEPES/MeCN 9:1

GPCR MODULATION IN CELLS
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PHOTOCHEMICAL CHARACTERIZATION

Chromatic selectivity?:

. . : eN)x®
The selectivity of a given wavelength for the desired photocage over the Compound | A_. (nm) A, (nm) |e(M'cm) P, (%) () x O,
: . max em u (M-1 cm-1)
k red, 120 s other photocages in a mixture.
¢’ () e(0) - D c DEAC-PE 394 491 19 293 0.37 70.4
i & A) Dy it G
l green, 120 s (¢, A) =T o0 Calculated fort =0: 1;(0,2) =S e () D RX540-PE 536 563 52 343 0.025 13.1
j= J < wj vj
DEAC-OH _ , o . ] CX640-PE 639 673 85 098 0.015 12.8
A violet, 120 s Chromatic selectivity > 90%: chromatic orthogonality
DEAC-PE
383 nm k dark 405 nm 488 & 500 nm 638 & 658 nm 405 nm 488 & 500 nm 638 & 658 nm
BK K * & DK k& * ¥
0 1 2 3 4 5 6 80
R. Time (min) - i — >
g"- 1.0 S T e e\ N B
RX540-PE chromatograms 2 § 607 3 o
® % i D 9
S B &
red, 120 s £ 8 0.5 m =
@
RX540-0H g >, £
L/YM green, 120 s c & 207 i ?, o
- L (o] =
= (&)
J violet, 120 s 0 - 0.0 0% — N
JRX540'PE 300 350 400 450 500 550 600 650 700 300 350 400 450 500 550 600 650 700
53,1 mln e da,rk Wavelength (nm) Wavelength (nm)
o 1 2 3 4 5 6 & ¥ : confocal laser
R. Time (min) DEAC-PE RX540-PE CX640-PE
s f :LED
0 GO E Y= chromatograms
p——— MULTICOMPONENT IRRADIATION
L—/’LL red, 120 s
E_ . 180 s green 30 s violet % 30 s violet i ¢ 300 s green %_ 15s i4si 15s 48 (:ﬂg:j E_ ]l 30s ¥ 10 min i 180s
green, 120 s = 6- = P = 3- P I = - P
s s 57 % = P : S 8- B Ny -
% S 5. S | A L 9 % g ] i e .
k iolet, 120 £,] £ 4 2%V e%eee” | E_| &PE o--¢ Eed P i
R violet, S o i o = o 119 Co0® _ o £ 2 : P B4 c 6 / ¥ P
CX640-PE & g .- Ao gt 83 2 | ~ g | =™ i f & g {1~ ¥ 5 o
£ 3 oo ii e g2 g / P p”":' £ P - = | % i
640 nm dark @@ : - Y 3,] ¢ : 8 . AT o g 74 o Dl »vfk‘f‘d*
— T T T T T T T T T g2 & s T 4/ ;i A 21 ’,J?Fﬁ__.—ﬂ’ 5 2.l o pPEii #
m w 1 o P -o- PE 7 / - | -e- PE 7] AT i E : o 2] sé" i g
0 1 2 3 4 5 6 8 1 - ,I DT LT 8 1-’1 Py 8 D', " : 5 m 8 ! @& TS Pl 5 rd
: : T 1 5 : < : - TS s 1. ] T |
R. Time (min) & 0-f—00—ore—9—b | —— Y - B - . — @ 0RETar ’ ' & Owl—oﬁfor*é? T
0 50 100 150 180 190 200 210 0 10 20 30 100 200 300 0 5 10 15 20 25 30 35 & 0 10 20 30 230430630 730 830930
Time (s) Time (s) Time (s) Time (s)
S 6 S 6 : S4 : : —
=1 60 s red :  30sviolet =1 30 s violet 60 s red s 6s i 4s 6s i 4s ,* = 180s 30s _ ;.rl-‘l-
= 54 i = 5- i = = o
S - z-".’.--.g E-.\.a sg=--<9 .E o i--.—-.’."""-o—‘. .g 3- /, .E 81 & DI P ",
% g41 K > £ 4 Pl e £ | e PE . s EloPe | /7 1
T - / P / E - ’ P mp---8- 1= : : s e 07 N P
@3] / i 7 g 3 P g g92] g s : A ¢ |-m TS i P
& 2 37 "1 R 2 3- (" = /' g2 & TS R--o--p=-¢ g 4. > 0 8000, 008D
8o / g 82 i tiom S a--m T S o° o 0 !° o4
" . o N o s ‘ . o " i H
o 1/ g i o 1/ Pig i @ 1- AL g z Q o Pl Pl
AF/F @14/ i o PE 214/ ¥ o R 2 A g 21 P  : i
0 CX640 LAY P! 4= TS KT = & TS s 17 S e e o Jg & & {10 min
400% & 0 -Pro—9ror9rord | ——— & 0 PrBpeAR- Rl | — & 0-Froro i — §0M:”.?’.fﬁi...,.
' W == 405nm 0 20 40 60 70 80 90 0 10 20 30 40 60 80 0 5 10 15 20 0 60 120180 190200210 410610810
300% %l - - 643%5n:1 Time (s) Time (s) Time (s) Time (s)
9 = <6 = < 3.0 . : : . - = 10
3 200%- Cm:) §_7 180 s red 150 s green l = 180sgreen i ! 60 s red = " ]l6s i6s 65 6si6s i 65 2 10 min 5 min IFH
- = 6+ % . = 5- = 2.5- i ‘ = a_ 4
100% - DEAC-PE _S g ] o--0-0-0._ /.__‘./ é ] ,I:l S é 1 © PE é 8 _ - DI | "
il CX640-TS ﬁ@@ g1 / e g 47 ga-T e o N 207 BHTS P 9%%0 g Jo PE i g
. 244 ¢ | B 5.1 B . & % : 07 5 : ¥ R ih-~5-00¢
0% : . : | r I . I . I & 8 1 ' ,/ g 3 ’/ § ,’rd. g 1.5- : : .’._._.,..-. : g 1 - TS : o : ., ’
0O 20 40 60 80 100 120 g3/ o 8,] F P 8 10, PP 0 s g 44 POS ¢ ‘E: >0 %00
Time (s) - 2/ e - o T . 4 : : : : T &% i ]
e 4/ i B e PE @ .1} i -o- PE @ os] 2 s | O o 24 / Y
HEK293-a,,-AR cells CcX640 KBk S = @ ] 0-Q : 21 e Brog | oo oo 8 12 i id P
1A < Pl -o- TS s 1 o .-0-0- Pl - TS ) C oo o : ] ] / P 2 : i 60s
Fluo-4-AM calcium indicator ﬁohﬁ#ﬂ%ﬂiu 1 £ 0 Y+t = — & 0.0 FBRHT & 0-GHOO-OF0-0 HEERE B
1 & UM DEAC-PE 0 60 120 180 200 260 320 0 60 120 180 200 220 240 0 6 12 18 24 30 36 0 200400 600 700800900 920 940 960
D H Time (s) Time (s) Time (s) Time (s)

S

0.5 uM CX640-TS

AF/F,
60%
% = 488 nm
488 +

40% — % i 638 nm
20%- RX540-PE

1 Cx640-TS ’ ”

' | ! 1 ! 1 ! | |
0 20 40 60 80 100 120
Time (s)

HEK293-a,,-AR cells
Fluo-4-AM calcium indicator
1.5 yM RX540-PE

0.5 uM CX640-TS

a Egyed, A. et al. J. Am. Chem. Soc. 2023, 145 (7), 4026-4034.
b Kaufmann, J. et al. Chem. Eur. J. 2023, 29 (17), €202204014.

2-component LC-MS studies: 10 pyM of each compound in HEPES/MeCN 9:1
3-component LC-MS studies: 10 pyM of each compound in HEPES/MeCN 3:1

THREE-COLOR UNCAGING IN CELLS
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LED emission maxima: 405 nm (violet), 500 nm (green), 660 nm (red)
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   η i  ( t , λ ) =      c ′ i ( t )    ∑ j     c ′ j ( t )


   η i  ( 0 , λ ) =    ε i ( λ ) ∙  Φ  u , i ∙  c i    ∑ j   ε j ( λ ) ∙  Φ  u , j ∙  c j

