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1. Synthetic schemes of AzoTP derivatives.

Scheme of AzoethoxyTP (4b)
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AzoethoxyTP (4b) AzoethoxyMP (3b)

a) Ethylene glycol, Pd(OAc)Z, PhI(OAc)2

b) di-tert-butyl N,N-diisopropylphosphoramidite, 1H-tetrazole, dry THF, Ar atmosphere, rt, 6h; then, mMCPBA,0°C, 1h;
then rt, 40 min;
¢) Trifluoroacetic acid, dry CHZCIZ, Ar atmosphere, rt, 6 h; then eluting through DEAE Sephadex A-25 anion

exchanger, TEAB,;
d) Tributylamine, carbonyldiimidazole, pyrophosphate, dry DMF, Ar atmosphere, rt, overnight.

Scheme of DimethylAzoTP (4c)
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DimethylAzoTP (4c)

=0

DimethylAzoMP (3c)

(a) mCPBA, EtOAc, 0°C, 3h.
(b) 1,2-phenylenediamine, AcOH, EtOAc, N,- atmosphere, 50 °C, 72h.
(c) Acetoxyactyl chloride, Triethylamine, DCM, RT, 3h.



(d) K,COs3, MeOH, RT, Overnight.

(e) Di-tert-butyl N,N-Diisopropylphosphoramidite, 1H-tetrazol, dry THF, Ar-atmosphere, RT, 6h, then
mCPBA, 0°C,1h.

(f) TFA, dry DCM, Ar-atmosphere, RT, 6h.

(9) Tributylamine, carbonyldiimidazole, tributylammonium pyrophosphate, dry DMF, Ar-atmosphere, RT,
overnight.

Scheme of AzoethyI TP (4)
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(a) ArNO, AcOH, Toluene, Ar-atmosphere, 60 °C, 72h.

(b) Di-tert-butyl N,N-Diisopropylphosphoramidite, 1H-tetrazol, dry THF, Ar-atmosphere, RT, 6h, then
mCPBA, 0°C, 1h.

(c) TFA, dry DCM, Ar-atmosphere, RT, 6h.

(d) Tributylamine, carbonyldiimidazole, tributylammonium pyrophosphate, dry DMF, Ar atmosphere, RT,
overnight.



2. Photoisomerization of AzoTPs.
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Fig. S1. UV-Vis absorption spectra of AzoTP molecules a)DimethylAzoTP (4c), b) Azoethyl TP (4d) in BRB-
80 buffer solution at 25 °C; before irradiation (black line), UV PSS (red line), Vis PSS (green line) and c)
AzoethoxyTP (4b) in water at 25 °C, before irradiation (black line), UV PSS (green line), Vis PSS (red line).
Insets show the absorbance changes a) at 341 nm, b) at 325 nm and c¢) at 324 nm after the alternate irradiations
by 365 and 436 nm light for 5 cycles.



3. Isomerization ratio of cis and trans at UV and Visible PSS
The photo conversion ratio from trans to cis and cis to trans isomers of the AzoTPs corresponding to
irradiation with 365 nm and 436 nm light was measured with *"H NMR (400 MHz, D,0).
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Fig. S2. '"H NMR spectra (400 MHz, D,0) showing the trans and cis isomer ratios of a) AzoethoxyTP (4b),
b) DimethylAzoTP (4c) and ¢) AzoethylTP (4d) before irradiation, at UV PSS and Visible PSS.

4. Muscle fibre shortening as a function of AzoTP concentration
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Fig. S3. AzoTP (4a) concentration dependent shortening of muscle fiber. Lines are best fit through the data
trend.



5. Purity of the AzoTPs by HPLC analysis.
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Fig. S4. Reverse phase HPLC chromatograms of a) AzoTP (4a), b) AzoethoxyTP (4b), ¢) DimethylAzoTP
(4c), d) AzoethylTP (4d) showing > 95% purity. Conditions of the RP-HPLC analysis; Column: CN-80Ts, 4.6
x 250 mm (TOSOH). Eluent: Eluent - CH;CN/NaPi buffer (pH 6.5). Solvent gradient: 15 — 45% of CH3;CN in
NaPi buffer. Monitoring wavelength: A = 327 nm. Flow rate: 0.5 mL/min at room temperature (23 °C).
Injection volume: 20 pL.

6. Mass spectra of AzoTP molecules.
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Fig. S5. ESI mass spectrum of AzoethoxyTP (4b), the peaks at m/z = 504.03, 503.02, 479.02 and 481.04
assigned to the [M-H] ions of monosodium tetraprotonated, monosodium triprotonated, diprotonated and
tetraprotonated AzoethoxyTP species respectively. The peaks at m/z = 424.05, 423.05 and 401.07 assigned to
[M-H] ions of monosodium triprotonated, monosodium diprotonated and triprotonated AzoethoxyDP species
respectively.
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Fig. S6. ESI mass spectrum of DimethylAzoTP (4c), the peaks at m/z = 668.11, 544.15 and 522.16 can be
assigned to the [M-H] ions of disodium-mono triethyl ammonium, monosodium and tetra-protonated
DimethylAzoTP species respectively. The peaks at m/z = 464.16 and 442.17 can be assigned to the [M-H]
ions of monosodium and tri-protonated Dimethyl AzoDP species respectively.
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Fig. S7. ESI mass spectrum of AzoethylTP (4d), the peaks at m/z = 487.04, 465.06 and 385.08 can be
assigned to the [M-H] ions of monosodium, tetra-protonated AzoethylTP and tri-protonated AzoethylDP

species respectively.
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Fig. S8. High-resolution mass spectrum of 1b calculated for C;,H1sN,O,Na [M + Na]*: 265.09475
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Fig. S9. High-resolution mass spectrum of 2b calculated for C,,H3;N,OsPNa [M + Na]*: 457.18628.
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Fig. S10. High-resolution mass spectrum of 3b calculated for C14H14N,OsP [M - H]": 321.06458.
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Fig. S11. High-resolution mass spectrum of AzoethoxyTP (4b) as tetrasodium salt calculated for
C14H14N,041:Na,Ps [M + H]": 570.93957
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Fig. S12. High-resolution mass spectrum of 5 calculated for C14H:gN3 [M + H]": 226.13387.
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Fig. S13. High-resolution mass spectrum of 6 calculated for C15H;9N;O;Na [M + Na]*: 348.13186.
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Fig. S14. High-resolution mass spectrum of 1c calculated for C;gH1;N;0,Na [M + Na]*: 306.12130.
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Fig. S15. High-resolution mass spectrum of 2¢ calculated for C4H3:N3OsP [M + Na]*: 498.21283.
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Fig. S16. High-resolution mass spectrum of 3c calculated for C;gH;7N30sP [M — CsH17N(TEA)]:362.09113.

170415_DimethyiT2_pr7 £192* RT: 0.24-027 AV 2 NL 5435
T OFTRIS {11} - p 251 Full ms [150.06-2000 00]

.
o0, 81 96787
3 ¥ 05 95074
5 .1 51132522
£ &0 605 53435
=
< ]
E
5
5 ] . .
@ 2] 53097247 B0895956 | 6129713 518 95019 €37 83119 £33 %4957
1 ssrazars [ 39097500 59793747 [ | 6894789 *312,@“5‘77 g2aogTen | 62598528 Jeasaasﬂ 50457 52908
B e S —_ e e S e
585 550 55 500 803 810 5' 520 825 630 835 540 545
mz

Fig. S17. High-resolution mass spectrum of DimethylAzoTP (4c) as tetrasodium salt calculated for

Ci16H16N301:NayP3 [M + H]": 611.96612.
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Fig. S18. High-resolution mass spectrum of 1d calculated for C,4H:sN,ONa [M + Na]*: 249.09983.
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Fig. S19. High-resolution mass spectrum of 2d calculated for C,,H3,N,O4PNa [M + Na]": 441.19137.
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Fig. S20. High-resolution mass spectrum of 3d Cy4H14N,O,4P [M - CsHsN(TEA)]: 305.06967.
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Fig. S21. High-resolution mass spectrum of AzoethylTP (4d) as tetrasodium salt calculated for
C1H1N,010Na,Ps [M + H]': 554.94466.
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7. Supplementary Movies

MvO01: Movie demonstrates the in-situ photoregulation of F-actin motility by irradiating alternatingly with
365nm(3s) and 510nm (5s). The change in the velocity of fluroscently labelled actin filaments corresponding
to the light irradiation could be seen. After UV irradiation the filaments move slowly and after shining Visible
light the speed increses drastically. The concentration of 4a is 40 pM.

MvO02: This movie demonstrates the effect of trans and cis isomer of 4a on the glycerinated muscle fibre. cis-
4a was added to one fibre and trans-4a added to the other. Fibre shortens after addition of trans-4a solution
while the fibre infused with cis-4a doesn’t show any change in the length. cis-4a was pregenerated before
addition on muscle fibre. Concentration of 4a is 3 mM (total).

MvO03: This movie demonstrates that the photo-induced shortening of muscle fibre is due to the photo-
generated trans isomer and not due to the heat of irradiation. Buffer solution without any 4a is added to one
fibre and to the fibre cis-4a is added. Both the fibres don’t shorten even in 20s after addition of buffer and cis-
4a solution respectively, unlike as seen in the MvO01 where the fibre shortens significantly in 20s duration
after addition of trans-4a. So this again reconfirms that cis-4a doesn’t induce muscle fibre shortening. Both
the fibres are irradiated with 510nm light for 10s. Muscle fibre infused with cis-4a shortenes about 38% of its
initial length while the buffer solution infused fibre doesn’t show any change in the length. Concentration of
4a is 3 mM (total).

Mv04: This movie demostrates the photoinduced shortening of muscle fibre infused in inactive cis —4a
solution. To both the muscle fibres cis-4a solution was added and one fibre was irradiated with 510nm light
for 10s. The irradiated fibre shortens about 31% of its length before irradiation whereas the non-irradiated
muscle fibre exhibits no change in length as shown in the snapshots of the video below.

before irradiation non-irradiated irradiated(510nm)
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'H NMR and **C NMR spectra of 1b

8. NMR spectral data
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'H NMR and **C NMR spectra of 2b
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'H NMR and **C NMR spectra of 3b
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'H NMR and *C NMR spectra of 1d
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'H NMR and *C NMR spectra of 2d
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'H NMR and *C NMR spectra of 3d
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'H NMR and **C NMR spectra of 4d
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'H NMR and **C NMR spectra of 5

23

20

40

60

1 .
i G316 6L
[T EEE002 —
[ ]
[
SWL 00— ] 1 o
=
z L
£ g e
=
(6] N—, I
z — LN
C IJ -
- 1
T N
€8T~y ) sz |
6" — 1 e |n .
e Zrreas
+ 21O
L e FELF L
m
[ ['s]
e
=
o+
LT
mE._ I "
e + [
i09 | V=
69 5 La £
T — L sw.\!
189-F - =001 in"
. £ ' = ) o FOSO L b—
s — Ry & \A Lyoz | 0587 LLL——
59 - L w Fre0 021
. e 1T L lerlezl——
. I .
v o L= ba 089z 41—
e BIE - 2860 | ack
. 0ze — EGT| F01 | o cLraLEL
mw Ew\.m — |W Feat | ~ Drmw\”hmr“VI
19794 i B ] LLOF LEL
ol 3a = § L Cl9g6el—
. sz = - ez P —
ww ﬁ azed L W ) oo | 0E66°2F L
=N =
814 e e
51 B M~ r PO LG L——
61°¢4 BEE, B Lo
0z 09%¢ pe——— P e
1ee 1o ) 1
2 €9 | ™~ L=
€7 BLEn ™~ |
sz BeE _ o
92°¢ ﬁw.m.zr —— T L M
85°¢ a8 |
554 = =
0944 _W ~ r nm_w
19 5 L l ©
€9 Z n =,
L g = - re g
£ sedd R e 3 E
LIRS Wmf__ L =
9 e T - |
: £e . n
7 & e Moo r4
=3 I
£
ey L
EZ l
am

ul

80

5/ ppm

100

160

180




'H NMR and **C NMR spectra of 6

Fo
[ w
-
I vivF 6L T _ =
Qersal - b
[ ovec oz —
I«
: DH& [= ZrLLoe -
SKL000— o = Sogsos
I 26606
A\ L L60¢ 6
[=}
¢ T QLel6e
Iz L= 6L766E
~— (o] 3
o Nc | 8CSLOF
= &
ﬂ.wa I
I L=
ST _ .ﬂhqm ~N
EE'T - a I
s — I ot S600°€9
[ L=}
e
= [n
(3}
[ L=}
IS
| w
dn
[Eb— —— 00 [ n“m
9z =
9z I =
9z L
87
87 - [ o
et voe L2 |
bE¢] bE 1
b5 . n
1 st o 3 §
146 o~ 2eevr okl
9ze : b .
E4f ey — — 0T = mmmmﬁmw__ﬂlffr[
. A r ~ = -
m.m; B IS | 9661 TZl—
A se7 e e [ w 1907 Fel
AN ) T e
= i - = —sol - L= careeel
0g's |~ L = £000°9¢ l————
ﬁm.mW Ml =801 [ memmm__m
28 o —_——— ) = e aos UV e
eend MMM |I|m...|,.|8 g NW | H 6820 L L
PLL = |
50¢ | )
Lt = " 80.5°05)
LE F o L
zge! | 1
N
g |~ I
7 o— B = —— =0T b .
£ i [ 158591
] By MJ.I%; [ = &wnw.__. o
¢ 5y -3 | :
= Fa | =
m ] E_ ] g
g Ee -2 Fa g
58 =l @ L =
B L
£
T2 1
EZ in
[~} Lo H

24

5/ ppm



EE'T
FE mv

'H NMR and **C NMR spectra of 1c

60" b—

L
BE'S
o' &
854
Ly
08y
08y
[
[

o8
98
59 mw
598

Dimethyl Azo amige-ol

single_pulse

72

7.4

7.6

8.0 7.8

f1 (ppm)

8.2

8.4

8.6

8.8

Dimethyl Azqzmide-ol

single_pulsggy

Two.m

e

a0t

901
=107
=0T
g8
e

0T

Fort

-15

1.0 05 0.0 -0.5

1.5

£655°61
G585 61

-
G568 8¢
LF0L6E
SELEBE
=] el =Tl

9.0 85 80 75 70 65 60 55 50 45 40 3.5 3.0 25 2.0
f1 (ppm)

11.5 10.5 9.5

125

0LELBE
GHEG 6E
£orL oF

88.6°L9

8GCC W l—

cLlv 05L

6266 0L

dimethylo-OH

25

100 80 60 40 20

&/ ppm

120




'H NMR and **C NMR spectra of 2¢
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'H NMR and **C NMR spectra of 3¢
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'H NMR and **C NMR spectra of 3d
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31P NMR spectra of 4c, 4d, 4b.
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