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2. Materials and methods:

Chemicals and dry solvents were purchased from Aldrich, ABCR and VWR were used
without further purification unless otherwise mentioned. Unmodified DNA strands
were obtained from Metabion. TLC was performed on ALUGRAM Sil G/UV2s4 0,20 nm
silica gel 60 F254 from Macherey-Nagel GmbH & Co. KG. Flash chromatography was
carried out with silica gel 60 from Aldrich (60 — 43 um). Spectroscopic measurements
were recorded in NaP; buffer solution (10 mM, pH = 7) in presence or absence of 250
mM NaCl (see detailed description for each experiment) using quartz glass cuvettes
(10 mm). Absorption spectra were recorded with a Varian Cary 100 spectrometer
equipped with a 6x6 cell changer unit at 20 °C. Fluorescence was measured with a
Jobin—-Yvon Fluoromax 3 fluorimeter with a step width of 1 nm and an integration time
of 0.2 s. All spectra were recorded at 20 °C and are corrected for Raman emission from
the buffer solution. Fluorescence lifetimes were measured with Horiba Scientific
FluoroMax-4 spectrofluorometer using a time-correlated single photon counting
(TCSPC) technique with excitation sources NanoLed at 370 nm or 455 nm (Horiba,
impulse repetition rate of 1 MHz, time calibration = 2.74E-11 sec/ch). Lifetimes were
calculated with DAS6 v 6.8 decay analysis software (Horiba). The determination of FAB
mass spectra was executed by the Institute of Organic Chemistry of the KIT using a
Finnigan MAT95 in positive ionization mode. NMR spectra were recorded on a Bruker
B-ACS-60, Bruker Avance DRX 400 and a Bruker Avance DRX 500 spectrometer in
deuterated solvents ("H at 300, 400 or 500 MHz, 3C at 75, 100 or 125 MHz). Chemical
shifts are given in ppm relative to TMS. IR spectra recording were performed by the
Institute of Organic Chemistry of the KIT with a Bruker|FS88. DNA strands were purified
with a Reversed Phase Supelcosi™LC-C18 column (250 x 10 mm, 5 pum) on a Shimadzu
HPLC system (autosampler SIL-10AD, pump LC-10AT, controller SCL-10A, diode array
detector SPD-M10A). Purification was verified by MS (MALDI) on a Biflex-IV
spectrometer from Bruker Daltonics in the linear negative mode and Autoflex-IlI
Smartbeam from Bruker Daltonics in the linear negative mode (matrix for DNA: 2:1
mixture of 2,4,6-trihydroxyacetophenone (0.3 M in EtOH) and diammoniumcitrate (0.1
M in H20); matrix for PNA: saturated a-cyano-4-hydroxycinnamic acid (CCA) solution
with HzO:acetonitrile (1:1) + 0.1 % TFA). Finally the oligonucleotides were lyophilized
and quantified by their absorbance in water at 260 nm on a ND-1000
spectrophotometer from NanoDrop in the nucleic acid mode.
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3. Schematic synthesis of the dyes 1-4:

3.1 Dye 1 and corresponding azide 8:

| N N R1/\/\N X
| o °N 7 . o AN
- o | | D—cN
N N\
OH
5 6 [:dye1:R1=OH

C 8:R'=1
9:R"=Nj

Scheme S01: Synthesis of dye 1 and corresponding azide 9.

3.2 Dye 2 and corresponding azide 11:

dye 2 10: R? = |
- R?=Nj

Scheme S02: Dye 2 and corresponding azide 11.

Synthesis of dye 2 is already published.["!
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3.3 Dye 3 and corresponding azide:

dye 3

Scheme S03: Dye 3.

Synthesis of dye 3 and the corresponding azide is already published.[

3.4 Dye 4 and corresponding azide 14:

®
N 12 \ _ o | P
' |
N\
OH
6 E dye 4: R®=OH

4:
|: 13:R3=|
14: R3 = Ng

Scheme S04: Synthesis of dye 4 and corresponding azide 14.
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4. Synthesis:

4.1 Synthesis of compound 6:

1-(3-hydroxypropyl)-4-methylpyridin-1-ium iodide

X C]
o) !
N
KLOH

Under argon, a mixture of 4-methylpyridine (5, 0.47 g, 0.49 mL, 5.0 mmol) and 3-iodo-
1-propanol* (0.72 mL, 1.40 g, 7.5 mmol) in 3 mL 1,4-dioxane was stirred in a headspace
vial at 101°C for 16 h. After cooling to room temperature 7 mL diethyl ether were added
and mixed thoroughly. Then the upper layer was removed and the procedure repeated

for 2 times. Drying under reduced pressure yields brown oil (quant.).

* Please note: It is crucial to use fresh 3-iodo-1-propanol (e.g. via Finkelstein-reaction

of 3-chloro-1-propanol and Nal in acetone).

TLC (dichloromethane : methanol = 9: 1): R = 0.04.

IR (DRIFT): & (cm™") = 3442 (s), 3047 (m), 2926 (m), 1643 (m), 1068 (w).

TH-NMR (300MHz; DMSO-ds):

S (ppm) = 1.97 — 2.12 (m, 2H), 2.60 (s, 3H), ), 3.40 — 3.45 (m, 2H), 3.45 - 3.84 (m, TH),

461 (t, /=7.0,2H), 798 (d, /= 6.1, 2H), 8.88 — 8.97 (m, 2H).

13C-NMR (75 MHz, DMSO-dé):
d (ppm) = 21.4,33.1,57.1,57.8, 128.1, 128.3, 143.8, 144.0, 158.6.

MS (FAB) m/z (%): 152.6 (100) [M*].
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Scheme SO5: IR of compound 6.
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Scheme S06: "H-NMR of compound 6.
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Scheme S08: MS (FAB) of compound 6.
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4.2 Synthesis of dye 1:

(E)-4-(2-(5-cyano-1-methyl-1H-pyrrol-3-yl)vinyl)-1-(3-hydroxypropyl) pyridin-

) ONF
| N
N

\

1-tum iodide

Under argon, to a mixture of compound 6 (0.21 g, 1.00 mmol) and 4-Formyl-1-methyl-
TH-pyrrol-2-carbontitril 7 (0.20 g, 2.00 mmol) in 10 mL ethanol, piperidine (0.14 g, 0.16
mL, 1.65 mmol) was added and the reaction mixture was stirred in a headspace vial at
65°C for 19 h. After cooling to room temperature the precipitated product was
collected and washed three times with diethyl ether. Drying under reduced pressure

ylelds a light-brown solid (69 %).

TLC (2-butanol : water : acetic acid = 80: 15:5): R = 0.10.

IR (DRIFT): & (cm™") = 3345 (s), 2211 (s), 1610 (s), 1314 (w), 1146 (m).

TH-NMR (300MHz, DMSO-ds):

d (ppm) = 1.93 - 2.13 (m, 2H), 3.39 - 3.53 (m, 2H), 3.81 (s, 3H), 4.44 - 4.63 (m, 2H), 4.74
(s, TH), 7.13 (d, /= 16.0, 1H), 7.41 (s, 1H), 7.64 (s, 1H), 7.87 (d, /= 15.8, 1H), 8.08 (d, / =
5.6, 2H), 8.84 (d, /= 5.9, 2H).

13C-NMR (75 MHz, DMSO-dé):
6 (ppm) = 33.1, 35.5, 57.1, 57.3, 105.6, 113.0, 117.9, 120.5, 121.3, 122.8, 131.0, 133.8,
144.2, 153.2.

MS (FAB) m/z (%): 268.1 (100) [M*].
HR-MS (FAB) m/z: calculated for C16H1sN3O [M*]: 268.1450, found: 268.1448.

Elementary analysis

calculated for C16H18IN30O:

N: 10.63 % > found: 10.45 % C: 48.62 % - found: 48.71 %
H: 4.59 % - found: 4.39 %

SI 10
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Scheme S10: "TH-NMR of dye 1.
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Scheme S14: Elementary analysis of dye 1.

4.3 Synthesis of compound 8:

(E)-4-(2-(5-cyano-1-methyl-1H-pyrrol-3-yl)vinyl)-1-(3-iodopropyl) pyridin-1-

ium todide

I/\/\N|®\
o N
| | H—cN
N
\

Under argon, a mixture of dye 1 (0.20 g, 0.50 mmol), triphenylphosphine (0.39 g, 1.50
mmol) and tetrabromomethane (0.55 g, 1.65 mmol) in 5 mL dichloromethane was
stirred in a headspace vial at room temperature for 2 h. After addition of 2 g Nal to the
mixture it was solubilized with 75 mL acetone and 10 mL methanol and the solvent was
removed at 50°C and reduced pressure. The residue was dissolved in 20 mL acetone
and 8 mL methanol and stirred at 50°C for 90 h. After cooling to room the precipitation
was removed and the filtrate was reduced to a residual volume of 5 mL. The suspension
was diluted with 5 mL methanol and the product was crystallized with use of ultra sonic

bath. The precipitation of the crude product was collected and washed three times with
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diethylether and solubilized in 150 mL dichloromethane and 50 mL water. The aqueous
phase was extracted additional two times with 50 mL dichloromethane, respectively.
The solvent was removed at 40°C and reduced pressure. The residue was suspended in
10 mL methanol using ultra sonic bath. The precipitation of the product was collected
and washed three times with diethylether. Drying under reduced pressure yields light-

brown solid (95 %).

TLC (2-butanol : water : acetic acid = 80: 15:5): R = 0.18.

IR (DRIFT): © (cm™) = 3036 (w), 2221 (s), 1597 (s), 1501 (m), 1150 (m).

TH-NMR (400MHz; DMSO-de):

S (ppm) =245 (t, /=7.0,2H),3.24 (t, /=7.0, 2H), 3.81 (s, 3H), 449 (t, /= 7.1, 2H), 7.11
(d, /=16.1, 1H), 7.40 (s, TH), 7.63 (s, 1H), 7.87 (d, /= 16.0, 1H), 8.08 (d, /= 6.5, 2H), 8.82
(d, /= 6.4, 2H).

13C-NMR (100 MHz, DMSO-dg):

3 (ppm) = 32.3, 34.0, 58.5, 104.2, 111.5, 116.4, 118.9, 119.7, 121.57, 129.5, 132.5, 142.6,

151.9.

MS (FAB) m/z (%): 378.1 (60) [M*].
HR-MS (FAB) m/z: calculated for CisH17N3l* [M*]: 378.0462, found: 378.0464.

SI 14
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lr.m.T 66, +Fal B212014 34513 PM PE 17803 Fib 3-MAA

Ro P. Bohigerdar AK Wagsnirmchl

pb1Z8 #17-18 RT: 1.189-126 AV: 2 NL: 1.B1ES

T: + ¢ El Full rmes | T8.50-500.50)

100 15440

95
B
11
B0
5
]
85
[ii]

I7EA

Realalive Abundanca
&

30 1550
25 107.0

2891 781
15 120.0

1 = 2501 4G0.0
o 156.0 2131 8.1
g WY g 2810 FRA ITTI M04 a3pg 30 (A0 g,

100 150 200 250 300 350 400 430 50C

Scheme S18: MS (FAB) of compound 8.

SI 16



polid-caofid KT: :

o1+ G wl
myz= 250 T-2178_0B9:
)z Intepeity|Relative] Theds, Dalta Conpoaltion
Magg {mmu |
ITE, E4E| 778231.0 1006, 00 37&. 0462 .'l.'.iil.'.u.-l-n-‘.-:_. dTT

Scheme S19: HR-MS (FAB) of compound 8.

4.4 Synthesis of azide 9:

(E)-1-(3-azidopropyl)-4-(2-(5-cyano-1-methyl-1H-pyrrol-3-yl)vinyl) pyridin-1-

ium todide

N3/\/\N|®\
e} NS
! | H—cN
N
\

Under argon, a mixture of compound 8 (0.15 g, 0.30 mmol), NaNs (0.20 g, 3.00 mmol)
and Nal (0.15 g, 1.00 mmol) in 3 mL dimethylformamide was stirred in a headspace vial
at room temperature for 19 h. Afterwards the mixture was poured in 150 mL
diethylether and 50 mL hexane. The precipitation was collected and washed three times
with diethylether. After addition of 2 g Nal the crude product was solubilized in 50 mL
water and 150 mL dichloromethane. The aqueous phase was extracted two times with
50 mL dichloromethane. The solvent of the organic phase was removed at 35°C and
reduced pressure. The residue was solubilized in 3 mL methanol and 12 mL acetone
(use of ultra sonic bath) and was diluted with 120 mL diethylether und 100 mL hexane.
Most of diethylether was removed at 35°C and reduced pressure. The residue was
suspended by use of ultra sonic bath. The precipitation was collected and washed three
times with diethylether. Drying under reduced pressure yields a light-brown solid (82
%).

TLC (2-butanol : water : acetic acid = 80: 15:5): R = 0.12.
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DC (2-Butanol : Wasser : Essigsaure = 80:15:5): & = 0.12.

IR (DRIFT): & (cm™") = 3006 (w), 2219 (s), 2074 (s), 1611 (s), 1150 (m).

TH-NMR (400MHz, DMSO-de):
S (ppm) = 2.17 (p, /= 6.9, 2H), 3.47 (t, /= 6.4, 2H), 3.81 (s, 3H), 4.52 (t, /= 7.1, 2H), 7.12

(d, /=16.1, TH), 7.41 (s, TH), 7.64 (s, 1H), 7.88 (d, /= 16.1, 1H), 8.10 (d, /= 6.6, 2H), 8.86
(d, /= 6.6, 2H).

13C-NMR (100 MHz, DMSO-de):

d (ppm) = 29.5, 35.5, 47.6, 57.2, 105.7, 113.0, 117.9, 120.5, 121.2, 122.9, 131.0, 134.0,
144.1, 153.3.

MS (FAB) m/z (%): 293.2 (95) [M*].
HR-MS (FAB) m/z: calculated for Ci6H17Ns*™ [M*]: 293.1509, found: 293.1508.
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Scheme S20: IR of azide 9.

SI18



Aug29-2014

714
710
4.54
4.52
4.51
—381
3.49
347
3.46

ey
28

Gy 05 @ 0 NN NN

P.Bohlaender PB 1387@/‘?1 PSP

/.
N
Va

N

1700

1600

1500

[ 1400

1300

1200

1100

1000

900

[ 800

700

600

500

400

300

200

100

r-100

T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

& 420

& 0-{
3.001

w |

& 2.00-1

5.0 4.0
f1 (ppm)

Scheme S21: "TH-NMR of azide 9.

11

Aug29-2014 5
P.Bohlaender PB 138/2 F1
I

— 144
—134.01
— 131.00
_-122.93
—121.23
\-120.45
~~117.94
— 113.00

105.70

57.16

47.57

me o A B

— 35.50

—29.49

0.0

170 160 150 140 130 120 110 100 90 80
f1 (ppm)

Scheme S22: 3C-NMR of azide 9.

500

4000

3500

3000

2500

2000

1500

1000

SI 19



'r.-'.uT B, +FAE A0S FEET PM PG 1302 F1.2-NBA
Fo F. Bahlagnder AK ‘Wagankngcht
pb138 #32-33 RT: 202-208 AV; 2 NL: 1.62EE
T: + & El Full ma [ 79.50-400 50} !
164.0
100 P ",-*'"-?-'-.' F
a5 2032 [ .
9:, 1
85
an
75
o
L]

a0

137.0

Rzlatie Abunmdancss

2 RERELER

156.1 LA

1070
15 B0 | o 261
10 1581 2100 g7y 508.1

3 H9Z ap4
810 183.0 . 1 oasqy a2

5 100 150 200 250 300 350 4010 480

Scheme S23: MS (FAB) of azide 9.
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Scheme S24: HR-MS (FAB) of azide 9.

4.5 Synthesis of dye 2:

(E)-1-(3-hydroxypropyl)-6-methoxy-2-(2-(1-methyl-1H-indol-3-

yl)vinyl)quinolin-1-ium iodide

Synthesis of dye 2 is already published.["!

500
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4.6 Synthesis of compound 10:

(E)-1-(3-brompropyl)-6-methoxy-2-(2-(1-methyl-1H-indole-3-

yl)vinyl)quinolin-1-tium bromide

0]

- AN
oI )

Under argon, a mixture of dye 2 (0.25 g, 0.50 mmol), triphenylphosphine (0.39 g, 1.50
mmol) and tetrabromomethane (0.55 g, 1.65 mmol) in 5 mL dichloromethane was
stirred in a headspace vial at room temperature for 2 h. After addition of 0.1 g NaBr to
the mixture it was solubilized in 75 mL acetone and 10 mL methanol and the solvent
was removed at 50°C and reduced pressure reduced to a residual volume of 15 mL.
The suspension was diluted with 5 mL methanol and the product was crystallized by
use of ultra sonic bath. The precipitation was collected and washed three times with

diethylether. Drying under reduced pressure yields an orange solid (75 %).

TLC (2-butanol : water : acetic acid = 80 : 15: 5): R = 0.36.

IR (DRIFT): & (cm™) = 1592 (m), 1568 (m), 1513 (m), 1350 (w).

TH-NMR (400MHz, DMSO-ds):

d (ppm) = 3.87 —4.02 (m, 8H), 4.98 - 5.15 (m, 2H), 7.28 — 7.45 (m, 3H), 7.62 (d, / = 8.1,
1H), 7.68 - 7.79 (m 2H), 8.21 (d, /= 7.6, TH), 8.26 — 8.33 (m, 1H), 8.39 (d, / = 9.6, TH),

8.57 (dd, /= 20.6, 7.5, 2H), 8.72 (d, /= 9.4, T1H).

13C-NMR (100 MHz, DMSO-ds):
d (ppm) = 30.8, 31.3, 33.5, 48.8, 56.1, 109.2, 110.4, 111.3, 113.3, 120.0, 120.4, 120.5,
122.0, 123.4, 125.0, 125.5, 128.8, 133.5, 137.2, 138.1, 141.1, 141.5, 153.8, 158.1.

MS (FAB) m/z (%): 435.0 (50) [M*].
HR-MS (FAB) m/z: calculated for Co4H24N2Br* [M*]: 435.1067, found: 435.1066.
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Scheme S29: HR-MS (FAB) of compound 10.

4.7 Synthesis of azide 11:

(E)-1-(3-azidopropyl)-6-methoxy-2-(2-(1-methyl-1H-indole-3-

yl)vinyl)quinolin-1-ium iodide

Under argon, a mixture of compound 10 (0.16 g, 0.30 mmol), NaNs (0.20 g, 3.00 mmol)
and Nal (0.15 g, 1.00 mmol) in 6 mL dimethylformamide was stirred in a headspace vial
at room temperature for 19 h. Afterwards the mixture was poured in 150 mL
diethylether and 50 mL hexane. The precipitation was collected and washed three times
with diethylether. After addition of 2 g Nal the crude product was solubilized in 50 mL
water and 150 mL dichloromethane. The aqueous phase was extracted four times with
50 mL dichloromethane. The solvent of the organic phase was removed at 35°C and
reduced pressure. The residue was suspended in 10 mL methanol (use of ultra sonic
bath). The precipitation was collected and washed three times with diethylether. Drying

under reduced pressure yields an orange solid (72 %).

TLC (2-butanol : water : acetic acid = 80 : 15:5): R = 0.32.

DC (2-Butanol : Wasser : Essigsaure = 80 : 15: 5): & = 0.32.
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IR (DRIFT): & (cm™) = 3056 (w), 2097 (s), 1592 (m), 1567 (m), 1511 (w), 1350 (w).

TH-NMR (400MHz, DMSO-de):

d (ppm) = 2.12 = 2.24 (m, 2H), 3.78 (t, /= 6.1, 2H), 3.94 (s, 3H), 3.97 (s, 3H), 4.92 - 5.07
(m, 2H), 7.31-7.46 (m, 3H), 7.64 (d, /= 8.0, 1H), 7.68 — 7.77 (m, 2H), 8.20 — 8.30 (m, 2H),
8.40 (d, /= 9.8, TH), 8.51 - 8.62 (m, 2H), 8.72 (d, /= 9.2, TH).

13C-NMR (100 MHz, DMSO-de):
d (ppm) = 27.5, 33.4, 47.5, 48.0, 56.1, 109.2, 110.4, 111.36, 113.3, 120.1, 120.3, 120.4,
122.1,123.4,125.0, 125.4, 128.8, 133.4, 137.6, 138.2, 141.1, 141.5, 153.7, 158.1.

MS (FAB) m/z (%): 398.3 (300) [M*].
HR-MS (FAB) m/z: calculated for Co4sH240ONs* [M*]: 398.1975, found: 398.1974.
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Scheme S30: IR of azide 11.
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Scheme S34: HR-MS (FAB) of azide 11.

4.8 Synthesis of compound 12:
1-methyl-1H-indole-3-carbaldehyde
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Synthesis of compound 12 is already published.!"
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4.9 Synthesis of dye 3:

bis(2-((1E,3Z)-1-cyano-3-(1-methylquinolin-4(1H)-ylidene)prop-1-en-1-yl)-3-
(3-iodopropyl)benzo[d]thiazol-3-ium) monoiodide hydroiodide

Synthesis of dye 3 and the corresponding azide is already published.

4.10 Synthesis of dye 4:

(E)-1-(3-hydroxypropyl)-4-(2-(1-methyl-1H-indole-3-yl)vinyl)pyridin-1-ium

iodide

Under argon, to a mixture of compound 6 (0.28 g, 1.00 mmol) and compound 12
(0.34 g, 2.11 mmol) in 13 mL ethanol, piperidine (0.22 mL, 0.19 g, 2.20 mmol) was added
and the reaction mixture was stirred in a headspace vial at 80°C for 20 h. After cooling
to room temperature the precipitated product was collected and washed three times

with diethyl ether. Drying under reduced pressure yields an orange solid (69 %).

TLC (2-butanol : water : acetic acid =80 : 15:5): R = 0.18.

IR (DRIFT): & (cm™) = 3333 (m), 1594 (s), 1504 (m), 1307 (w), 1173 (m).
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TH-NMR (400MHz DMSO-de):

d (ppm) = 2.05 (p, /= 6.6, 2H), 3.46 (g, /= 5.5, 2H), 3.88 (s, 3H), 4.49 (t, /= 7.0, 2H), 4.76
(t, /=4.8, 1H), 7.25-7.36 (m, 3H), 7.57 (d, /= 8.0, TH), 7.97 (s, TH), 8.12 — 8.27 (m, 4H),
8.75 (d, /= 6.5, 2H).

13C-NMR 100 MHz, DMSO-de):
d (ppm) = 33.1, 56.8, 57.1, 111.0, 112.6, 116.8, 120.6, 121.4, 121.8, 123.0, 125.3, 135.7,
135.8, 138.0, 143.5, 154.3.

MS (FAB) m/z (%): 293.2 (100) [M*].
HR-MS (FAB) m/z: calculated for C19H21N20O [M*]: 293.1648, found: 293.1648.

Elementary analysis

calculated for C19H21IN20O:

N: 6.67 % - found: 6.58 % C: 54.30 % - found: 53.99 %
H: 5.04 % - found: 5.05 %
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Scheme S35: IR of dye 4.
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4.11 Synthesis of compound 13:

(E)-1-(3-todopropyl)-4-(2-(1-methyl-1H-indole-3-yl)vinyl) pyridin-1-ium todide

N
! NS

@l//

! \

Under argon, a mixture of dye 4 (0.21 g, 0.50 mmol), triphenylphosphine (0.39 g, 1.50
mmol) and tetrabromomethane (0.55 g, 1.65 mmol) in 5 mL dichloromethane was
stirred in a headspace vial at room temperature for 2 h. After addition of 2.5 g Nal to
the mixture it was solubilized with 75 mL acetone and 10 mL methanol and the solvent
was removed at 50°C and reduced pressure. The residue was dissolved in 20 mL
acetone and 8 mL methanol and stirred at 50°C for 90 h. After cooling to room the
precipitation was removed and the filtrate was reduced at 40°C and reduced pressure.
The precipitation of the crude product was collected and washed three times with
diethylether and solubilized in 150 mL dichloromethane and 50 mL water. The aqueous
phase was extracted additional two times with 50 mL dichloromethane, respectively.
The solvent was removed at 40°C and reduced pressure. The residue was suspended in
10 mL methanol using ultra sonic bath. The suspension was diluted with 10 mL
methanol and the product was crystallized with use of ultra sonic bath. The
precipitation was collected and washed three times with diethylether. Drying under

reduced pressure yields an orange solid (95 %).

TLC (2-butanol : water : acetic acid = 80: 15:5): R = 0.33.
IR (DRIFT): 0 (cm™) = 1586 (m), 1567 (w), 1370 (w), 1169 (m).
TH-NMR (400MHz; DMSO-de):

d (ppm) = 2.42 -2.48 (m, 2H), 3.25 (t, /= 7.0, 2H), 3.89 (s, 3H), 4.45 (t, /= 7.1, 2H), 7.25
—7.36 (m, 3H), 7.58 (d, /= 8.0, TH), 7.96 (s, TH), 8.13 — 8.28 (m, 4H), 8.74 (d, /= 6.7, 2H).
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13C-NMR (100 MHz, DMSO-de):

d (ppm) = 31.5, 32.2, 57.9, 109.4, 111.0, 115.1, 118.9, 119.8, 120.3, 121.4, 123.7, 134.2,
134.4, 136.4, 141.8, 153.0.

MS (FAB) m/z (%): 403.2 (100) [M*].
HR-MS (FAB) m/z: calculated for Ci9H20N2I* [M*]: 403.0666, found: 403.0667.
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4.12 Synthesis of azide 14:

(E)-1-(3-azidopropyl)-4-(2-(1-methyl-1H-indole-3-yl)vinyl)pyridin-1-ium

todide

Under argon, a mixture of compound 13 (0.16 g, 0.30 mmol), NaN3 (0.20 g, 3.00 mmol)
and Nal (0.15 g, 1.00 mmol) in 3 mL dimethylformamide was stirred in a headspace vial
at room temperature for 19 h. Afterwards the mixture was poured in 100 mL
diethylether and 100 mL hexane. The precipitation was collected and washed three
times with diethylether. After addition of 2 g Nal the crude product was solubilized in
100 mL water and 100 mL dichloromethane. The aqueous phase was extracted two
times with 50 mL dichloromethane. The solvent of the organic phase was removed at
35°C and reduced pressure. The residue was solubilized in 3 mL methanol and 12 mL
acetone (use of ultra sonic bath) and was diluted with 120 mL diethylether und 100 mL
hexane. Most of diethylether was removed at 35°C and reduced pressure. The residue
was suspended by use of ultra sonic bath. The precipitation was collected and washed
three times with diethylether. Drying under reduced pressure yields an orange solid
(84 %).

Recently, another synthesis route of azide 14 was published.?!

TLC (2-butanol : water : acetic acid = 80: 15:5): R = 0.27.

IR (DRIFT): o (cm™) = 2924 (w), 2085 (s), 1593 (s), 1376 (w), 1170 (m).
TH-NMR (400MHz, DMSO-de):

d (ppm) = 2.18 (p, /= 6.7, 2H), 3.48 (t, /= 6.5, 2H), 3.89 (s, 3H), 4.48 (t, /= 7.1, 2H), 7.25
—-7.36 (m, 3H), 7.58 (d, /= 8.1, TH), 7.97 (s, TH), 8.13 = 8.27 (m, 4H), 8.76 (d, /= 6.7, 2H).

SI 36



13C-NMR (100 MHz, DMSO-de):

8 (ppm) = 29.5, 33.1, 47.6, 56.7, 111.0, 112.6, 116.8, 120.5, 121.4, 121.9, 123.0, 125.3,
135.8, 136.0, 138.0, 143.4, 154.6.

MS (FAB) m/z (%): 318.2 (100) [M*].

HR-MS (FAB) m/z: calculated for Ci9H20Ns* [M*]: 318.1713, found: 318.1715.
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Scheme S46: IR of azide 14.
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Scheme S48: 3C-NMR of azide 14.
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Scheme S50: HR-MS (FAB) of azide 14.
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5. Strand displacement:

5.1 PNA and DNA sequences:

PNA strands:

PNA1

C- Lyss - ACG-AAT-AITA-ACA-TC -N

PNA2 C- Lyss - ACG-AAT-ATIA-ACA-TC -N

:i = PNA

|

| O A 0 T (0] A |
%%HNWHNWHN%
R

JPNA 1
HN R

ol
T N

O/ N N

DNA strands:

DNA1

DNA2

DNA4

DNA3

DNAS5S

DNAG

DNA11

5- TA-TAT-TG - 3'

5-C-TTA-  -TGT-3
UAT

TAU

5- TGC-TTA-

=
TAB

3’- ACG-AAT-ATA-ACA-TC -5

5- C-TTA-TAT-TGT - 3

DNA12 5°- TGC-TTA-TAT-TGT-AG - 3’

-TGT-AG - 3

M[\]@\
|
AN
dye 1 o \\ cN

Rl = \
(0]
o
o) N" 70 g2
o &
N\
U= Q o\/[N,N
DNA

Scheme S51: PNA and DNA sequences of strand displacement.
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5.2 Spectroscopic data:

Spectroscopic measurements were recorded with 2.5 pM PNA/DNA in NaP; buffer
solution (10 mM, pH = 7) using quartz glass cuvettes (10 mm) at 20 °C. Absorption
spectra were recorded with a Varian Cary 100 spectrometer equipped with a 6x6 cell
changer unit. Fluorescence was measured with a Jobin-Yvon Fluoromax 3 fluorimeter
with a step width of 1 nm and an integration time of 0.2 s. Spectra were recorded with

an excitation band pass and an emission band pass of 3 nm and were corrected for
Raman emission from the buffer solution (Aexc. = 389 Nm; Aem. = 399 — 766 nm). All

strand displacement measurements were recorded after addition of 1.0 equivalent of
each longer counterstrand to previously annealed PNA1 or PNA2 with DNAT,
respectively. Thereby, the time to equilibrium determined in kinetic measurements was

followed.

1.0q; —— PNA1-DNA1

| PNA1-DNA1-DNA2
1 —— PNA1-DNA1-DNA2-DNA3
o811l |. --- - Comp. DNA1-DNA2

IR - -~ - Comp. DNA1-DNA2-DNA3

06

absorption

0.4 1/ 7

024 °

0.0 — === T T T 1
200 300 400 500 600 700 800

A [nm]

Scheme S52: Absorption spectra of PNAT-DNA1 before and after strand displacement with DNA2 and
DNA3, respectively. Absorption spectra of comparison solutions containing DNAT-DNA2 and DNA1-
DNAZ2-DNAS3, respectively, are also displayed (dashed lines).
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24
0 S——————r arslll TTTee :
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Scheme S53: Fluorescence spectra of PNA1T-DNA1 before and after strand displacement with DNA2
and DNA3, respectively. Fluorescence spectra of comparison solutions containing DNA1-DNA2 and

DNA1-DNA2-DNA3, respectively, are also displayed (dashed lines).

—e—dyel
10 - dye 2
——dye 3
84
— 6
]
s,
= 4
24
O - T 1 1 1 1
0 30 60 90 120 150

time [min]

Scheme S54: Fluorescence intensity changes of dye 1 - 3 of strand displacement PNA1T-DNA1 with
DNAZ2 and DNAS3, respectively. The atypical kinetic trend of the first strand displacement with DNA2 is
explained in 5.2.1.
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024 °
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Scheme S55: Absorption spectra of PNA2-DNA1 before and after strand displacement with DNA2 and

DNA3, respectively. Absorption spectra of comparison solutions containing DNAT-DNA2 and DNA1-

DNAZ2-DNA3, respectively, are also displayed (dashed lines).

I[a. u.]

—— PNA2-DNA1
PNA2-DNA1-DNA2

—— PNA2-DNA1-DNA2-DNA3

---- Comp. DNA1-DNA2

---- Comp. DNA1-DNA2-DNA3

Scheme S56: Fluorescence spectra of PNA2-DNA1 before and after strand displacement with DNA2

and DNA3, respectively. Fluorescence spectra of comparison solutions containing DNA1-DNA2 and

DNA1-DNA2-DNA3, respectively, are also displayed (dashed lines).
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Scheme S57: Fluorescence intensity changes of dye 1 - 3 of strand displacement PNA2-DNA1 with
DNA2 and DNAS3, respectively.
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Scheme S58: Absorption spectra of PNAT-DNA1 before and after strand displacement with DNA4 and
DNADS, respectively. Absorption spectra of comparison solutions containing DNA1-DNA4 and DNA1-
DNA4-DNADS, respectively, are also displayed (dashed lines).
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Scheme S59: Fluorescence spectra of PNAT-DNA1 before and after strand displacement with DNA4
and DNAS, respectively. Absorption spectra of comparison solutions containing DNA1-DNA4 and

DNA1-DNA4-DNADS, respectively, are also displayed (dashed lines).
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Scheme S60: Fluorescence intensity changes of dye 1 - 3 of strand displacement PNA1T-DNA1 with
DNA4 and DNAS5, respectively.
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Scheme S61: Absorption spectra of PNA2-DNAT1 before and after strand displacement with DNA4 and

DNADS, respectively. Absorption spectra of comparison solutions containing DNAT-DNA4 and DNA1-

DNA4-DNAD5, respectively, are also displayed (dashed lines).

—— PNA2-DNAL
PNA2-DNA1-DNA4

—— PNA2-DNA1-DNA4-DNA5
84 ---- Comp. DNA1-DNA4
- === Comp. DNA1-DNA4-DNA5
6 -
E
e
24
0 /_\I ----- PR LT T
400 500 600 700

Scheme S62: Fluorescence spectra of PNA2-DNA1 before and after strand displacement with DNA4

and DNAS, respectively. Absorption spectra of comparison solutions containing DNA1-DNA4 and

DNA1-DNA4-DNAD5, respectively, are also displayed (dashed lines).
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Scheme S63: Fluorescence intensity changes of dye 1 - 3 of strand displacement PNA2-DNA1 with
DNA4 and DNAS, respectively.
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Scheme S64: Absorption spectra of DNA3-DNAG6 before and after strand displacement with PNA1.
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Scheme S65: Fluorescence spectra of DNA3-DNAG6 before and after strand displacement with PNA1.
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Scheme S66: Fluorescence intensity changes of dye 1 and dye 3 of strand displacement DNA3-DNA6
with PNAT.
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5.2.1 Comment to kinetic trend:

Kinetic measurements of the first strand displacement PNA1T-DNA1 and PNA2-DNA1
with DNA2 and DNA4, respectively exhibit unexpected but reproducible emission

intensity changes. All kinetic trends are compared in the following scheme.

—— PNA1-DNA1-DNA2
= PNA1-DNA1-DNA4
31 —— PNA2-DNA1-DNA2
—— PNA2-DNA1-DNA4

_—

I[a. u.]

O T T T T T
0 10 20 30 40

time [min]

Scheme S67: Comparison of all fluorescence intensity changes of dye 2 in course of the first strand

displacement with DNA2 and DNA4, respectively.

Only sample PNA2-DNA1-DNA2 shows a “typical” kinetic trend, whereas the other
three samples and to the greatest extend sample PNA1-DNA1-DNA2 have rather

atypical fluorescence intensity changes.

A plausible explanation can be assumed by comparison to the literature.”! Nielsen
observed an almost similar trend of CD-spectra recorded during triplex invasion of
aegPNA into double-stranded DNA. MNielsen supposed the formation of an

intermediate with more than one PNA-strand.

Regarding to the literature it is most likely that the observed kinetic trends reflect the
formation of an intermediate with more than one DNA-strand (ABy, with A = PNA and
B = dye 2-modified DNA). The initial increase of fluorescence intensity might be an
effect of a temporary attachment of two acceptor-modified DNA strands to the PNA
strand that carries the donor dye 1. If both acceptor dyes 2 are in optimal proximity to

the donor dye 1 an energy transfer can occur to both acceptor dyes, respectively. In
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this case, the initial emission intensity is higher than the emission intensity of the final

conformation (C).

A +xB > AB, > C

\S\rrrrﬁ]ID—rn +1eq LLLLIILII] AB, \S\rrm]ﬁ]:rn
A+7mer B C
PNAT-DNAT DNAZ2 PNAT-DNA2
6\| T x 1]

|
N

ABx

Scheme S68: Assumed formation of the most likely generated intermediate ABx before the final

conformation (C) is formed.
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5.3 Color contrasts and fluorescence intensity increase factors:

Fluorescence intensity increase factors were calculated by determined fluorescence
intensity enhancement from each value of comparison solution to final fluorescence

intensity of sample solution, respectively.

Color Contrast - Blue : Yellow Color Contrast - Blue : Red

250 1
49 223

BPNA1 @PNA2

50 -

EPNAL BPNA2 200 -

40 -

34
150 -
30 -
20 - 100 -
10 - 50 -
0 0
DNA2 DNA4 DNA3 DNA5

Scheme S69: Fluorescence color contrasts of strand displacement. Color contrasts blue:yellow (left)

and blue:red (right).

Fluorescence Increase Factor: Yellow Fluorescence Increase Factor: Red
25 - BPNA1 BPNA2
BPNA1 @PNA2 25
20 - 21.1 20.1 19.8
16.6 20
15.0
15
9.8
10
5
0
DNA2 DNA4 DNA3 DNAS5

Scheme S70: Fluorescence intensity increase factors of strand displacement. Increase factors yellow
(left) and red (right).
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5.4 ET-efficiencies and fluorescence lifetimes:

Fluorescence lifetimes were recorded of sample solutions containing 2.5 uM PNA/DNA
in NaP; buffer solution (10 mM, pH = 7) using quartz glass cuvettes (10 mm) at 20 °C.
Fluorescence lifetime measurement was performed with Horiba Scientific FluoroMax-
4 spectrofluorometer using a time-correlated single photon counting (TCSPQC)
technique with excitation source NanoLed at 370 nm (Horiba, impulse repetition rate
of 1 MHz, time calibration = 2.74E-11 sec/ch) and emission was detected at 478 nm.
Lifetimes were calculated with DAS6 v 6.8 decay analysis software (Horiba), mono-
exponential fit for donor lifetimes in absence of acceptor dye and bi- exponential fit

for donor lifetimes in presence of acceptor dye.

Energy transfer efficiencies were calculated by following equation:

Tpa
Etrunsfer =1 ——

Tp

With: Tps = lifetime of donor dye 1 (Taye1) in presence of acceptor dye 2 or dye 3

Tp = lifetime of donor dye 1 (Taye1) in absence of acceptor dye

Taye1-Decay graphs:

PNA1-DNA12

10000 4
. Prompt
5 + + + Decay
- —— Fit

1000 A

PNA1-DNA12
— Residuals

Ty

: cCH
2000 2500 3000 3500 9
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Counts

: 5,
100 A =

Deviation [Std. Dev.]
between decay and fitted function

T T
1000 1500

T T T T T T
750 780 810 840 870 900
Channels

Scheme S71: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNA1-DNA12.
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Scheme S72: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNA1T-DNA2.
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Scheme S73: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNA1-DNA4.
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Scheme S74: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNA1-DNA3.
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Scheme S75: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNAT-DNAS.
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Scheme S76: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNA2-DNA12.
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Scheme S77: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand
displacement hybrid PNA2-DNA2.
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Scheme S78: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNA2-DNA4.
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Scheme S79: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand

displacement hybrid PNA2-DNA3.
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Scheme S80: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand
displacement hybrid PNA2-DNAS.
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Duplex

T AT AT AE
dyel dyel dyel E transfer tLansfer AEtransfer
[ns] [ns] (%] (%]
| PNAL-DNA4 | 0.337 0.0385 11.44 0.790 0.117

| PNA2-DNA4 | 0.382 0.0375 0.750 0.099

Table S1: Fluorescence lifetimes and energy transfer efficiencies of strand displacement hybrids

fluorescence lifetimes Ty, of strand displacement hybrids
181 161 _ .
' 1.53 T 4ye1 of hybrids with PNAL
15 A T 4y1 Of hybrids with PNA2
n 12 -
=)
g 0.9
SN
0.6 -
0.3 -
0.0 -

0.014 0.034

PNA-DNA12

0.029 0.026
PNA-DNA2

PNA-DNA4 PNA-DNA3 PNA-DNA5

Scheme S81: Fluorescence lifetimes of donor dye 1 of strand displacement hybrids
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Etransfer

Energy Transfer Efficiencies E;,,,ster Of Strand displacement

E ; anster Of hybrids with PNA1

E (1ansrer OF hybrids with PNA2

1.0 1
0.8 -
0.6 -
0.4 -
0.2 4

0.0 -

0.99 0.98 0.98 0.98

0-82 0.78 0.79

PNA-DNA2 PNA-DNA4 PNA-DNA3 PNA-DNAS

Scheme S82: Energy transfer efficiencies of strand displacement hybrids.
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5.5 Melting temperatures:

A = 260 nm; 5 - 95 °C; interval: 0.5 °C/min; 2.5 pM PNA/DNA in 10 mM NaPi-buffer

(pH = 7.0). For comparison melting temperatures of DNA/DNA homodimers were

additionally determined in presence of 250 mM NaCl

duplex (1:1) mp ['C]
without NaCl | with 250 mM NacCl
PNA1-DNAT1 71.0 -
PNA2-DNAT1 71.5 -
DNA6-DNAT <10 10.1
PNA1-DNA11 > 90 -
PNA2-DNA11 > 90 -
DNA6-DNATT <10 314
PNA1-DNA2 78.2 -
PNA2-DNA2 77.2 -
DNA6-DNA2 <20 35.1
PNA1-DNA4 > 90 -
PNA2-DNA4 82.7 -
DNA6-DNA4 <20 351
PNA1-DNA12 > 90 -
PNA2-DNA12 > 90 -
DNA6-DNA12 289 48.9
PNA1-DNA3 > 90
PNA2-DNA3 > 90
DNA6-DNA3 32.7 51.1
PNA1-DNA5S > 90 S
PNA2-DNA5S > 90 S
DNA6-DNA5S 32.7 514

Table S2: Melting temperatures of strand displacement.
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6. Strand invasion:

6.1 PNA and DNA sequences:

dsDNA strands:

dsDNA  3- GGC-TCC-TT-AA-TAT-ATA-AAG-AAA-TT-CCT-CGG - 5

5"- CCG-AGG-AA-TT-ATA-  -TTC-TTT-AA-GGA-GCC - 3
dsDNA7 TCT R'=dye 1 dsDNA8 TAt R =dye 1
dsDNA9 TAT R*=dye3 dsDNA10 TA R* = dye 3
NH, o}
DNA «NfN DNA fi’i"
o] N N/)R“ o) N™ "0 ga
A= {0? s U= {O?J s
N | N,
(0] \)I N 9 o\/[ N
ona C N DNA N

dsDNA13 3°- GGC-TCC-TT -5’
5- CCG-AGG-AA - 3

ssDNA strands:
DNA14 3 - AA-TAT-ATA-AAG-AAA - 5
DNA15 3- GGC-TCC-TT-AA-TAT-ATA-AAG-AAA-TT-CCT-CGG - 5

DNA 5- CCG-AGG-AA-TT-ATA- -TTC-TTT-AA-GGA-GCC - 3

DNA16 TAT

DNA17 TCT R*=dye 1 DNA18 TAli R =dye 1
DNA19 TCT R* = dye 3 DNA20 TAli R* = dye 3

DNA21  5- TT-ATA-TAT-TTC-TTT - 3°

Scheme S83: DNA sequences of strand invasion.
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PNA strands:
PNA

PNA3 C- Lyss- AA-TAT-ATIA-AAG-AAA -N O=§,i HN~PNA
PNA4 C- Lyss- AA-TAT-ATMG-AAA -N [Nﬁ
PNA5 N- TT-ATA-TAT-TTC-TTT -Lyss -C

= NMR3
PNA6 C- Lyss-CT-ACA-ATIA-TAA-GCA -N N=N

R = dye 2 . TINTNGS
7 Ri=dye4 O “NF
p R3 = dye 1 I \ N

\

Scheme S84: PNA sequences of strand invasion.

6.2 Spectroscopic data:

Spectroscopic measurements were recorded with 2.5 pM PNA/DNA in NaP; buffer
solution (10 mM, pH = 7) in absence and presence of 250 mM NaCl, respectively, using
quartz glass cuvettes (10 mm) at 20 °C. Absorption spectra were recorded with a Varian
Cary 100 spectrometer equipped with a 6x6 cell changer unit. Fluorescence was
measured with a Jobin-Yvon Fluoromax 3 fluorimeter with a step width of 1 nm and
an integration time of 0.2 s. Spectra were recorded with an excitation band pass and

an emission band pass of 3 nm (if not explicit denoted below the spectrum) and were

corrected for Raman emission from the buffer solution (donor dye 1: Aexc. = 391 nm;

Aem. = 401 — 766 nm, donor dye 4: Aexe. = 410 nm; Aem. = 425 — 800 nm). Strand invasion
measurements were recorded after addition of 3.0 equivalents (kinetic: 1.0 equivalent,
titration: until 3.0 equivalents) of PNA3-PNAD5 or 1.5 equivalents (kinetic: 1.0 equivalent,
titration: until 2.5 equivalents) PNA4-PNA5 e.g. 1.5 equivalents PNAG, to previously
annealed dsDNA7 - 10, respectively. Thereby, the time to equilibrium determined in

kinetic measurements was followed.
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6.2.1 Spectroscopic data of kinetic measurements:
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Scheme S85: Absorption spectra of strand invasion kinetic of dsDNA7-PNA3-PNA5 in presence of

NaCl.
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Scheme S86: Fluorescence spectra of strand invasion kinetic of dsDNA7-PNA3-PNAS5 in presence of

NaCl.
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Scheme S87: Fluorescence intensity changes of dye 1 and dye 2 of strand invasion kinetic of dsDNA7-

PNA3-PNAS in presence of NaCl.
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Scheme S88: Absorption spectra of strand invasion kinetic of dsDNA8-PNA3-PNAS5 in presence of
NaCl
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Scheme S89: Fluorescence spectra of strand invasion kinetic of dsDNA8-PNA3-PNAS in presence of

NacCl.
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Scheme S90: Fluorescence intensity changes of dye 1 and dye 2 of strand invasion kinetic of dsDNA8-

PNA3-PNAS in presence of NaCl.
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Scheme S91: Absorption spectra of strand invasion kinetic of dsDNA8-PNA3-PNA5 in absence of NaCl.
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Scheme S92: Fluorescence spectra of strand invasion kinetic of dsDNA8-PNA3-PNA5 in absence of

NacCl.
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Scheme S93: Fluorescence intensity changes of dye 1 and dye 2 of strand invasion kinetic of dsDNA8-

PNA3-PNAS in absence of NaCl.
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Scheme S94: Absorption spectra of strand invasion kinetic of dsDNA9-PNA4-PNAS5 in presence of

NaCl.
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Scheme S95: Fluorescence spectra of strand invasion kinetic of dsDNA9-PNA4-PNAS in presence of

NacCl.
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Scheme S96: Fluorescence intensity changes of dye 4 and dye 3 of strand invasion kinetic of dsDNA9-

PNA4-PNAS in presence of NaCl.
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Scheme S97: Absorption spectra of strand invasion kinetic of dsSDNA9-PNA4-PNAS5 in absence of NaCl.
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Scheme S98: Fluorescence spectra of strand invasion kinetic of dsDNA9-PNA4-PNAS5 in absence of
NacCl.
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Scheme S99: Fluorescence intensity changes of dye 4 and dye 3 of strand invasion kinetic of dsDNA9-

PNA4-PNAS in absence of NaCl.
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Scheme S100: Absorption spectra of strand invasion kinetic of dsDNA10-PNA4-PNAS5 in presence of
NaCl.
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Scheme S101: Fluorescence spectra of strand invasion kinetic of dsSDNA10-PNA4-PNAS in presence of
NaCl.
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Scheme S102: Fluorescence intensity changes of dye 4 and dye 3 of strand invasion kinetic of

dsDNA10-PNA4-PNAS in presence of NaCl
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6.2.2 Spectroscopic data of titration experiments:
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Scheme S$103: Absorption spectra of strand invasion titration of dSDNA8-PNA3-PNAS5 in absence of
NacCl.
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Scheme S104: Fluorescence spectra of strand invasion titration of dsDNA8-PNA3-PNAS in absence of

NaCl.
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Scheme S105: Absorption spectra of strand invasion titration of dsSDNA9-PNA4-PNAS5 in presence of
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Scheme S106: Fluorescence spectra of strand invasion titration of dsDNA9-PNA4-PNAS5 in presence of
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Scheme S107: Enhancement of fluorescence intensity increase factor in course of strand invasion
titration of dsDNA8-PNA3-PNAS5 in absence of NaCl and of dsDNA9-PNA4-PNAS in presence of NaCl.
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6.2.3 Spectroscopic data of final invasion measurements:
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Scheme S108: Absorption spectra of final strand invasion measurement of dsDNA7-PNA3-PNAS5 in

presence of NaCl.
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Scheme S109: Fluorescence spectra of final strand invasion measurement of dsDNA7-PNA3-PNA5 in

presence of NaCl.
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Scheme S110: Absorption spectra of final strand invasion measurement of dsDNA7-PNA3-PNAS5 in

absence of NaCl.
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Scheme S111: Fluorescence spectra of final strand invasion measurement of dsDNA7-PNA3-PNAS in

absence of NaCl.
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Scheme S112: Comparison of fluorescence spectra of final strand invasion measurement of dsDNA7-

PNA3-PNAS5 in presence and absence of NaCl, respectively.
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Scheme S113: Absorption spectra of final strand invasion measurement of dsDNA8-PNA3-PNAS5 in

presence of NaCl
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Scheme S114: Fluorescence spectra of final strand invasion measurement of dsDNA8-PNA3-PNA5 in

presence of NaCl.
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Scheme S115: Absorption spectra of final strand invasion measurement of dsDNA8-PNA3-PNAS5 in

absence of NaCl.
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Scheme S116: Fluorescence spectra of final strand invasion measurement of dsDNA8-PNA3-PNA5 in

absence of NaCl.
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Scheme S117: Comparison of fluorescence spectra of final strand invasion measurement of dsDNA8-

PNA3-PNAS in presence and absence of NaCl, respectively.
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Scheme S118: Absorption spectra of final strand invasion measurement of dsDNA9-PNA4-PNA5 in

presence of NaCl.
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Scheme S119: Fluorescence spectra of final strand invasion measurement of dsDNA9-PNA4-PNAS in

presence of NaCl
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Scheme S$120: Absorption spectra of final strand invasion measurement of dsDNA9-PNA4 in presence

of NaCL
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Scheme S121: Fluorescence spectra of final strand invasion measurement of dsDNA9-PNA4 in

presence of NaCl
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Scheme S$122: Comparison of fluorescence spectra of final strand invasion measurement of dsDNA9-

PNA4-PNA5 and dsDNA9-PNA4 in presence of NaCl, respectively.
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Scheme S$123: Absorption spectra of final strand invasion measurement of dsDNA9-PNA4-PNA5 in

absence of NaCl.
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Scheme S124: Fluorescence spectra of final strand invasion measurement of dsDNA9-PNA4-PNAS5 in

absence of NaCl.
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Scheme S125: Comparison of fluorescence spectra of final strand invasion measurement of dsDNA9-

PNA4-PNAS in presence and absence of NaCl, respectively.
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Scheme S126: Absorption spectra of final strand invasion measurement of dsDNA9-PNA4 in absence

of NaCl.
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Scheme S127: Fluorescence spectra of final strand invasion measurement of dsDNA9-PNA4 in absence

of NaCl.
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Scheme $128: Comparison of fluorescence spectra of final strand invasion measurement of dsDNA9-

PNA4-PNA5 and dsDNA9-PNA4 in absence of NaCl, respectively.
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Scheme S129: Absorption spectra of final strand invasion measurement of dsDNA10-PNA4-PNAS5 in

presence of NaCl
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Scheme S130: Fluorescence spectra of final strand invasion measurement of dsDNA10-PNA4-PNAS5 in

presence of NaCl.
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Scheme S131: Absorption spectra of final strand invasion measurement of dsDNA10-PNA4-PNAS5 in

absence of NaCl.
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Scheme S132: Fluorescence spectra of final strand invasion measurement of dsDNA10-PNA4-PNAS5 in

absence of NaCl.
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Scheme S133: Comparison of fluorescence spectra of final strand invasion measurement of dsDNA10-

PNA4-PNAS in presence and absence of NaCl, respectively.

SI 85



2.0 —— dsDNA9
—— dsDNA9-PNAG6 (non-sense)
1.5
S
=] dye 1 dye 3
5 1.04
%]
Qo
©
0.5
0.0 T T ‘I/\I T 1
200 300 400 500 600 700 800
A [nm]

Scheme S134: Absorption spectra of final strand invasion measurement of dsDNA9 with non-sense

PNAG in presence of NaCl.
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Scheme S135: Fluorescence spectra of final strand invasion measurement of dsDNA9 with non-sense

PNAG in presence of NaCl.

Sl 86



2.04 —— dsDNA9
—— dsDNA9-PNA4 (sense)

—— dsDNA9-PNAG6 (non-sense)

154

dye 1 dye4 dye 3
1.0 1

absorption

0.5

00 T T T T 1 1
200 300 400 500 600 700 800

A [nm]

Scheme S136: Comparison of absorption spectra of final strand invasion measurement of dsDNA9-

PNA4 (sense) and dsDNA9 with non-sense PNA6 in presence of NaCl, respectively.
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Scheme S137: Comparison of fluorescence spectra of final strand invasion measurement of dsDNA9-

PNA4 (sense) and dsDNA9 with non-sense PNA6 in presence of NaCl, respectively.
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6.2.4 Comparison of dye 3 attachment at adenosine and uridine:
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Scheme S138: Comparison of absorption spectra of dsDNA9 (dye 3 at 2’of adenosine) and dsDNA10

(dye 3 at 2'of uridine) in absence of NaCl, respectively.
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Scheme S139: Comparison of fluorescence spectra of dsDNA9 (dye 3 at 2"of adenosine) and dsDNA10

(dye 3 at 2°of uridine) in absence of NaCl, respectively.
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6.3 Color contrasts and fluorescence intensity increase factors:

Fluorescence intensity increase factors were calculated by determined fluorescence
intensity enhancement from each value of sample solution before invasion to final

fluorescence intensity of sample solution after invasion, respectively.

Color Contrast - Blue : Yellow Color Contrast - Green : Red

10 1 100 T

87.0

Invasion complexes Invasion complexes

Scheme S140: Fluorescence color contrasts of strand invasion. Color contrasts blue:yellow (left) and

green:red (right).

Fluorescence intensity increase factors

25 T 23.2

Invasion complexes

Scheme S141: Fluorescence intensity increase factors of strand invasion.
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6.4 ET-efficiencies, fluorescence lifetimes and Invasion efficiencies:

Fluorescence lifetimes were determined of invasion complexes with 2.5 uM dsDNA7 —
dsDNA10 in NaP; buffer solution (10 mM, pH = 7), with 3.0 equivalents of PNA3 and
PNAS5 (dsDNA7, dsDNA8) or 1.5 equivalents of PNA4 and / or PNA5 (dsDNAJ,
dsDNA10) in absence and presence of 250 mM NaCl, respectively. Lifetimes of donor
dye 1 were recorded of 2.5 uM dsDNA7 and dsDNAS8 in NaP; buffer solution (10 mM,
pH = 7) in absence and presence of 250 mM NaCl, respectively. Lifetimes of donor dye
4 were recorded of 2.5 uM PNA4-DNA21 in NaP; buffer solution (10 mM, pH = 7) in

absence and presence of 250 mM NaCl, respectively.

In order to calculate invasion efficiencies fluorescence lifetimes of additional compare
solutions were recorded. These compare solutions contained 2.5 uM DNA17 or DNA18
3.0 equivalents PNA3; or DNA19 or DNA20 and 1.5 equivalents PNA4 in absence or

presence of NaCl, respectively.

Fluorescence lifetimes were recorded with Horiba Scientific FluoroMax-4
spectrofluorometer using a time-correlated single photon counting (TCSPC) technique
with excitation sources NanoLed at 370 nm for dye 1 or 455 nm for dye 4 (Horiba,
impulse repetition rate of 1 MHz, time calibration = 2.74E-11 sec/ch) and emission
intensities were detected at 475 nm for dye 1 or 528 nm for dye 4. Lifetimes were
calculated with DAS6 v 6.8 decay analysis software (Horiba), mono-exponential fit for
donor lifetimes in absence of acceptor dye and bi- exponential fit for donor lifetimes

in presence of acceptor dye.

Energy transfer efficiencies were calculated by following equation:

Tpa
Etransfer = 1 _
Tp

With: Tps = lifetime of donor dye 1 (or dye 4) in presence of acceptor dye

Tp = lifetime of donor dye 1 (or dye 4) in absence of acceptor dye

Invasion efficiencies were determined as the quotient of the energy transfer efficiencies

of each invasion complex and the corresponding compare solution:

E transfer,invasion complex

E invasion =
Etransfer, compare solution
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Taye1-Decay graphs of strand invasion complexes with PNA3/PNAD5:
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Scheme S142: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasions
dsDNA7 in presence of NaCL
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Scheme S143: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion

complex dsDNA7 with 3.0 equivalents PNA3/PNAS5 in presence of NaCl.
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Scheme S144: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion

compare solution with DNA17 and 3.0 equivalents PNA3 in presence of NaCl.
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Scheme S145: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasions

dsDNAS8 in presence of NaCl.
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Scheme S146: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion
complex dsDNA8 with 3.0 equivalents PNA3/PNA5 in presence of NaCl.
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Scheme S147: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion

compare solution with DNA18 and 3.0 equivalents PNA3 in presence of NaCl.
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Scheme S148: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasions

dsDNA7 in absence of NaCl.
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Scheme S149: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion

complex dsDNA7 with 3.0 equivalents PNA3/PNAS5 in absence of NaCl.
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Scheme S150: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion

compare solution with DNA17 and 3.0 equivalents PNA3 in absence of NaCl.
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Scheme S151: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasions
dsDNAS8 in absence of NaCl.
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Scheme S152: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion

complex dsDNA8 with 3.0 equivalents PNA3/PNAS5 in absence of NaCl.
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Scheme S153: Fluorescence lifetime decay of donor dye 1 (left) and residuals (right) of strand invasion

compare solution with DNA18 and 3.0 equivalents PNA3 in absence of NaCl.
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Invasion Efficiency into dsDNA by PNA3, PNA5 in presence and absence of NaCl:

A = Standard Deviation

Conditions Duplex / Complex Taye: ATgper | ATape AE ranster AE yanster | Einvasion AE nvasion AE ivasion
[ns] [ns] [%] [%] (%]
dsDNA7 2577 0.074 2.87 - - - -
= =
dsDNA7-PNA3-PNAS 0.859 0.093 10.89 1376 0.092 0.989 19.25 0.129

with NaCl

dsDNA8

DNA17-PNA3 0.840 ) 2.62

dsDNA8-PNA3-PNA5 0.882 0.170 19.33 22.20 0.146 0.993 39.21 0.259
DNA18-PNA3 0.871 0.123 14.13 17.01 0.113 = = -
dsDNA7 2.427 0.041 1.69 = = = =
| —
dsDNA7-PNA3-PNA5 16.12 0.119 0.991 28.20 0.210

without NaCl

|  DNA17-PNA3 |

Table S3: Fluorescence lifetimes, energy transfer efficiencies and invasion efficiencies of strand

3.0
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05

0.0

dsDNA7 dsDNA7-PNA3-PNA5S DNA17-PNA3

invasion complexes with PNA3/PNADS.

fluorescence lifetimes Ty, of invasion complexes with PNA3

2.43

2.52

dsDNAS8
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dsDNAB8-PNA3-PNA5 DNA18-PNA3

Scheme 154: Fluorescence lifetimes of strand invasion complexes with PNA3/PNAS5.
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Scheme 155: Energy transfer efficiencies of strand invasion complexes with PNA3/PNA5.
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Scheme 156: Invasion efficiencies of strand invasion complexes with PNA3/PNADS.

Tayes-Decay graphs of strand invasion complexes with PNA4/PNAD5:
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Scheme S157: Fluorescence lifetime decay of donor dye 14 (left) and residuals (right) of strand

invasion PNA4-DNA21 in presence of NaCl.
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Scheme S158: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

complex dsDNA9 with 1.5 equivalents PNA4/PNAS5 in presence of NaCl.
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Scheme S159: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

complex dsDNA9 with 1.5 equivalents PNA4 in presence of NaCL
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Scheme S160: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

compare solution with DNA19 and 1.5 equivalents PNA4 in presence of NaCl.
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Scheme S161: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

complex dsDNA10 with 1.5 equivalents PNA4/PNAS in presence of NaCl.
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Scheme S162: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

compare solution with DNA20 and 1.5 equivalents PNA4 in presence of NaCl.
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Scheme S163: Fluorescence lifetime decay of donor dye 14 (left) and residuals (right) of strand

invasion PNA4-DNA21 in absence of NaCl.
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Scheme S164: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

complex dsDNA9 with 1.5 equivalents PNA4/PNAS5 in absence of NaCl.
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Scheme S165: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

complex dsDNA9 with 1.5 equivalents PNA4 in absence of NaCl.
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Scheme S166: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

compare solution with DNA19 and 1.5 equivalents PNA4 in absence of NaCl.
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Scheme S167: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion
complex dsDNA10 with 1.5 equivalents PNA4/PNA5 in absence of NaCl.
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Scheme S168: Fluorescence lifetime decay of donor dye 4 (left) and residuals (right) of strand invasion

compare solution with DNA20 and 1.5 equivalents PNA4 in absence of NaCl.

Invasion Efficiency into dsDNA by PNA4, PNA5 in presence and absence of NaCl: A= Standard Deviation
- T AT AT AE yanst AE inyasi
Conditions Duplex / Complex dyed dyed dyed | E ranster | AE Einvasi Invasion | AE | vasi
[nS] [nS] [%] transfer [%] transfer invasion [%] invasion
PNA4-DNA21 4.408 0.064 1.44 - - - - _
dsDNA9-PNA4-PNA5S 0.127 0.004 2.95 0.971 4.40 0.043 0.990 9.65 0.094
dsDNA9-PNA4 0.282 0.005 1.79 0.936 3.23 0.030 0.954 8.49 0.082
with NaCl
DNA19-PNA4 0.082 0.003 3.81 0.981 5.26 0.052 - -
dsDNA10-PNA4-PNAS 0.291 0.015 5.05 0.934 6.50 0.061 0.993 11.34 0.106
DNA20-PNA4 0.264 0.009 3.40 0.940 4.84 0.045 - -
PNA4-DNA21 4.121 0.011 0.28 - - - - -
dsDNA9-PNA4-PNAS 0.060 0.0005 0.80 0.985 0.80 0.008 1.001 357 0.035
dsDNA9-PNA4 0.227 0.032 13.94 0.945 13.94 0.132 0.960 16.70 0.159
without NaCl
DNA19-PNA4 0.063 0.002 248 0.985 2.76 0.027 - -
dsDNA10-PNA4-PNAS 0.142 0.003 2.10 0.966 2.10 0.020 0.994 9.28 0.090
DNA20-PNA4 0.119 0.008 6.90 0.971 7.18 0.070 - -

Table S4: Fluorescence lifetimes, energy transfer efficiencies and invasion efficiencies of strand

invasion complexes with PNA4/PNA5.
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fluorescence lifetimes Ty, of invasion complexes with PNA4
5.0
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w
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N
o
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Scheme 169: Fluorescence lifetimes of strand invasion complexes with PNA4/PNA5 (top) and

magnification (bottom).
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Scheme 170: Energy transfer efficiencies of strand invasion complexes with PNA4/PNA5.
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Einvasion Of dye4-dye3-modified invasion complexes
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Scheme 171: Invasion efficiencies of strand invasion complexes with PNA4/PNA5.
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6.5 Melting temperatures:

A = 260 nm; 5 - 95 °C; interval: 0.5 °C/min; 2.5 pM PNA/DNA in 10 mM NaPi-buffer

(pH = 7.0) in absence or presence of 250 mM NaCl, respectively.

duplex (1:1) mp ['Cl mp ['Cl
with 250 mM NaCl | without NaCl

dsDNA13 39.0 19.1
dsDNA7 68.7 494
dsDNAS 69.0 50.4
dsDNA9 69.7 51.3
dsDNA10 70.5 50.7
DNA16-DNA15 704 48.7
PNA3-DNA17 > 90 > 90
PNA3-DNA18 > 90 > 90
PNA3-DNA16 > 90 82.8
PNA4-DNA19 > 90 > 90
PNA4-DNA20 > 90 > 90
PNA4-DNA16 > 90 88.6
DNA14-DNA16 36.5 17.1
PNA3-PNA5 <10 <10
PNA4-PNA5 <10 <10
DNA14-PNA5 > 90 > 90
PNA3-DNA21 > 90 > 90
PNA4-DNA21 > 90 > 90
DNA14-DNA21 36.3 15.5

Table S5: Melting temperatures of strand invasion.
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Scheme S172: Comparison of normalized absorption trend of melting temperature determination of
invasion complex dsDNA8 with 1.0 equivalent PNA3-PNA5 (blue), dsDNAS (light green), 8mer
dsDNA13 (black) and DNA18/PNA3-hybrid (light grey) in absence of NaCl, respectively.
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Scheme S173: Comparison of normalized absorption trend of melting temperature determination of
invasion complex dsDNA9 with 1.0 equivalent PNA4-PNAS5 (blue), dsDNA9 (light green), 8mer
dsDNA13 (black) and DNA19/PNA4-hybrid (light grey) in presence of NaCl, respectively.
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7. Preparation and purification of PNA:

7.1: Synthesis of PNA:

The APC-modified acpcPNA was synthesized manually on Tentagel S-RAM resin from
the respective Fmoc-protected monomers at a 0.5 pmol scale according to the
previously published protocol.PM® 5 Lysine residues were always included at the C-
termini to improve water solubility and cell permeability. After completion of the
synthesis, the N-terminal Fmoc group was removed and the free amino group was
capped by acetylation. The trifluoroacetyl protecting group of the APC residue and the
nucleobase side chain protecting groups were removed by treatment with 1:1 aqueous

ammonia-dioxane (1:1) at 60 °C for 16 h.

Reductive alkylation of APC-spacer:!”]

The deprotected APC-modified acpcPNA (0.5 pmol) was treated overnight with the
aldehyde (4-Pentin-1-al, 15 umol, 30 equivalents) in the presence of NaBH3CN
(30 umol, 60 equivalents) and acetic acid (30 umol, 60 equivalents) in 100 uL methanol
at room temperature. Afterwards the solid support was washed with methanol and

dried under a stream of nitrogen.

7.2 “Click” modification of PNA:

37.5 pL of an aqueous sodium ascorbate solution (0.4 mM in water), 51 pL tris-[(1-
benzyl-1H-1,2,3-triazol-4-yl)methylJamine (0.1 mM DMSO / t-butanol = 3:1), 25.5 pL of
a solution of tetrakis(acetonitrile)copper(l)hexafluorophosphate (0.1 mM DMSO / t-
butanol = 3:1), 95 pL acetonitrile and finally 171 pL of azide (0.01 M, DMSO / t-butanol
= 3:1) were mixed thoroughly. 0.5 pmol PNA (on solid support) was soaked with this
reaction mixture and kept 3 h at 60 °C. The reaction solution was mixed every 30 min
to ensure complete reaction. After cooling to room temperature the solid support was
washed 3 times with acetonitrile and methanol, respectively. Afterwards the dried PNA
was cleaved with TFA (3 times with approximately 500 uL TFA) and the combined TFA
washing was evaporated under a stream of nitrogen and the acpcPNA was precipitated
by the addition of diethyl ether. After washing with more diethyl ether and air-dried,
the crude acpcPNA was solubilized in 250 pL water for HPLC-purification.
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7.3 HPLC-purification and MALDI Mass spectra of PNA1 to PNAG6:

PNA strands were purified by HPLC Reversed Phase Supelcosi{™ LC-C18 column (250
x 10 mm, 5 um) on a Shimadzu HPLC system (autosampler SIL-10AD, pump LC-10AT,
controller SCL-10A, diode array detector SPD-M10A) using the following conditions: A)
Water + 0.1 % trifluoracetic acid; B) methanol + 0.1 % trifluoracetic acid; for gradient
see Table S6; flow rate 2.0 mL/min; room temperature; UV/Vis detection at 260 nm, 385
nm for PNA1, PNA2 and PNAG6, 260 nm, 506 nm for PNA3, 260 nm, 459 nm for PNA4
and 260 nm for PNAS.

time [min] amount of eluent B [%]

0 20

5 20

60 70

80 70

85 90

90 90

91 20
105 20

Table S6: HPLC-conditions for semi-preparative purification of PNA by reversed phase HPLC.

Analytical HPLC of the purified oligonucleotides were determined with Reversed Phase
Supelcosil™ LC-C18 column (250 x 4.5 mm, 5 um) using the following conditions: A)
Water + 0.1 % trifluoracetic acid; B) methanol + 0.1 % trifluoracetic acid; for gradient
see Table S7; flow rate 0.8 mL/min; room temperature; UV/Vis detection at 260 nm, 385
nm for PNA1, PNA2 and PNAG®6, 260 nm, 506 nm for PNA3, 260 nm, 459 nm for PNA4.
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MmAL

time [min] amount of eluent B [%]

0 10

60 70

80 70

81 90

95 90

96 10
110 10

Table S7: HPLC-conditions for analytical analysis of the purified PNA.
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Scheme S174: HPLC-chromatogram of purified PNA1.
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Scheme S175: MALDI spectra of PNA1, calculated: 5739.04 g/mol, found: 5757.4 g/mol (+OH"). The

mass 5903 g/mol represents residual Benzoyl-protected product (+OH", + Na*).
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Scheme S176: HPLC-chromatogram of purified PNA2.
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Scheme S177: MALDI spectra of PNA2, calculated: 5739.04 g/mol, found: 5756.9 g/mol (+OH"). The

mass 5903 g/mol represents residual Benzoyl-protected product (+OH", + Na*).
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Scheme S178: HPLC-chromatogram of purified PNA3.
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Scheme S179: MALDI spectra of PNA3, calculated: 5917.22 g/mol, found: 5934.9 g/mol (+OH").
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Scheme S180: HPLC-chromatogram of purified PNA4.
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Scheme S181: MALDI spectra of PNA4, calculated: 5837.13 g/mol, found: 5855.3 g/mol (+OH).

DADATAKung\Ac_TTATATATTTCTTT_Lys5_pure_2_17091410_F2\1

Comment 1 Ac_TTATATATTTCTTT Lys5 pure_2 170914
Comment 2
g J Ac TTATATATTICTTT Lys5 pure 2 17081410 FZ81¢SUin.
3> H
5 g
E g
1500 - @
1000 -4
Q
1 8]
g
60
i " o

Scheme S$182: MALDI spectra of PNAS, calculated: 5365.9 g/mol, found: 5367.1 g/mol.
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Scheme S$184: MALDI spectra of PNAG, calculated: 5739.04 g/mol, found: 5757.6 g/mol (+OH"). The

mass 5903 g/mol represents residual Benzoyl-protected product (+OH", + Na*).
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8. Preparation and purification of DNA:
8.1 Synthesis of DNA:

Oligonucleotides were prepared on an Expedite 8909 Synthesizer from Applied
Biosystems (ABI) using standard phosphoramidite chemistry. Reagents and controlled
pore glass (CPG) (1 umol) were purchased from ABI and Glen Research. 2 propargyl-
adenosine (cA) and 2'propargyl-uridine (cU) were purchased from ChemGenes. DNA
synthesis was performed using standard coupling conditions since the cA and cU
building blocks contain a phosphoramidite group at the 3"-position and a DMT group
at the 5-position. The concentration of the artificial building blocks was 0.1 mol/L (in
acetonitrile). After preparation, the oligonucleotides were cleaved from the resin and

deprotected by treatment with conc. NH4OH at 55 °C for 18 h.

8.2 “Click” modification of DNA:

25 pL of an aqueous sodium ascorbate solution (0.1 mM in water), 34 L tris-[(1-benzyl-
1H-1,2,3-triazol-4-yl)methylJamine (0.1 mM DMSO / t-butanol = 3 : 1), 17 uL of a
solution of tetrakis(acetonitrile)copper(l)hexafluorophosphate (0.1 mM DMSO / t-
butanol = 3/ 1), 35 pL acetonitrile and finally 114 pL of azide (0.01 M, DMSO / t-butanol
= 3 : 1) were added to the 2"-propargyl-uridine modified DNA (solubilized in 50 pL
water). The reaction solution was mixed thoroughly and kept 1.5 h at 60 °C. The
reaction solution was mixed every 30 min to ensure complete reaction. After cooling
to room temperature the mixture was diluted with 150 uL Na>EDTA (40 mM in water),
450 pL sodium acetate (300 mM in water) and 13 mL ethanol (100%) and stored for 18
h at -20 °C. Afterwards the suspension was centrifuged (4000 rpm, 10 min) and the

supernatant removed. The pellet was solubilized in 250 pL water for HPLC-purification.
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8.3 HPLC-purification and MALDI Mass spectra of modified DNA:

The modified oligonucleotides were purified by HPLC Reversed Phase Supelcosil™ LC-
C18 column (250 x 10 mm, 5 um) on a Shimadzu HPLC system (autosampler SIL-10AD,
pump LC-10AT, controller SCL-10A, diode array detector SPD-M10A) using the
following conditions: A) NH4OAc buffer (50 mM), pH = 6.5; B) acetonitrile; for gradient
see Table S8; flow rate 2.5 mL/min; room temperature; UV/Vis detection at 260 nm, 506
nm for DNA2 and DNA4; 260 nm, 559 nm for DNA3, DNAS5, and DNA19 and DNA20
and 260 nm, 390 nm for DNA17 and DNA18.

time [min] amount of eluent B [%]
0 0
45 17
75 17
76 95
85 95
86 0
95 0

Table S8: HPLC-conditions for semi-preparative purification of DNA by reversed phase HPLC.

Analytical HPLC of the purified oligonucleotides were determined with Reversed Phase
Supelcosil™ LC-C18 column (250 x 4.5 mm, 5 um) using the following conditions: A)
NH4OAc buffer (50 mM), pH = 6.5; B) acetonitrile; for gradients see Table S9; flow rate
1.0 mL/min; room temperature; UV/Vis detection at 260 nm, 506 nm for DNA2 and
DNA4; 260 nm, 559 nm for DNA3, DNA5, and DNA19 and DNA20 and 260 nm, 390
nm for DNA17 and DNA18.
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s

time [min]

amount of eluent B [%]

0 0
45 20
65 20
66 95
77 95
78 0
90 0

Table S9: HPLC-conditions for analytical analysis of the purified DNA.
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Scheme S185: HPLC-chromatogram of purified DNA2.
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Scheme S186: MALDI spectra of DNAZ2, calculated: 3443.7 g/mol, found: 3444.9 g/mol.
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Scheme S187: HPLC-chromatogram of purified DNA4.
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Scheme S188: MALDI spectra of DNA4, calculated: 3443.7 g/mol, found: 3445.6 g/mol.

Dodatalak WagenknechittFEWD107 2014

| 1: 260 nim, 8 nm
snnd - —— sauber_ph062_019 DNA3-dye 3
] sauber_ph062 019
Hame
750
0 _.._..._r.u-J...
o 10 Cw T  w w T s w
Minutes
28549 nm, 8 nm
2IZIIZI: —— sauber_phis2_019 DHA3-dye 3
E Sauber_phi62_019
1 Hame
100
] |
|:|: T
0 ' 10 ' 20 ' 30 ' a0 ' 50 ' 5O
Winutes

Scheme S189: HPLC-chromatogram of purified DNA3.
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Scheme S190: MALDI spectra of DNAS3, calculated: 4718.9 g/mol, found: 4749.7 g/mol (+K*).
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Scheme S191: HPLC-chromatogram of purified DNAS.

SI 118



{ INETRUM MBEK-TOFMS
Pl cDafs SO A Opld  Brukerd
SMPNAM 1011
ACH DATE 2014-07-01 12:42:05
180 PATH  Didatael_WageanknechiPEAD107 2014
POLARI MEG
ACOP_m Lirear
T 20000

- MoSHOTS =0 0]
SR LI 1
SMOPTS 5
SMOPTS2 a
SMOFTSS [}
oW 2.00 [na
140 DELAY 2H000 |||-|=-.|J
Ui 19,00 [kV]
UisZ2 16,80 [Kv]
Urefl 000 [Kv]
120 Llana 9.20 [kWV]
Uhimass 000 [KW]
FesfFull 0.00 [KW]
| Licdinl 1.75 [kV]
| Udet 0LOD [KW]
100 | Uiclefi 0.00 [KV]
| REFPHZ 5.00 [Hz]
ATTEM 5.0
ML 1 222010205
MLZ 465, 708
B0 ML .00
HITURBO na
GREON  yas
GDEDLY madism
DEFLOM no
80 RLMBBEMD o
LLMSBMNI na
UISZBMND no
DPCALY Ll
DFMASS 100000 [Da]
40 REMDAVAL 0.00
LEMDMWVAL 0.0
ISEEMNDW [T
CMT1  PE 68 019
- | CMTZ2 linneg2-BkDatsS20HP A
0 (FRFTRR, [T R FRTRRT TRV EERTY T ¥ AR

{| =000 3000 || pen S000  miz PR

fD=idata/Ak._Wagenknecht/PEM1OT2014/L11 1/ 1LIn'pdala’  Administrator  Tue Jul 1 12:42:21 2014

Scheme S192: MALDI spectra of DNADS, calculated: 4718.9 g/mol, found: 4750.2 g/mol (+K*).
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Scheme S193: HPLC-chromatogram of purified DNA17.
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Scheme S194: MALDI spectra of DNA17, calculated: 9561.7 g/mol, found: 9565.0 g/mol.
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Scheme S$195: HPLC-chromatogram of purified DNA18.
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Scheme S196: MALDI spectra of DNA18, calculated: 9547.7 g/mol, found: 9548.9 g/mol.
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Scheme S$197: HPLC-chromatogram of purified DNA19.
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Scheme S198: MALDI spectra of DNA19, calculated: 9693.7 g/mol, found: 9694.5 g/mol.
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Scheme S199: HPLC-chromatogram of purified DNA20.
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Scheme S200: MALDI spectra of DNA20, calculated: 9679.7 g/mol, found: 9685.5 g/mol.
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