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General Methods

All reagents and solvents were purchased from commercial suppliers and used without further
purification. Mass-spectrometric data were obtained on Thermo Fisher LTQ Orbitrap XL using
Nano Electrospray lonization (NSI). UV-vis spectra were measured on a Cary 100 Bio
spectrophotometer. Fluorescence and excitation spectra were measured on a Cary Eclipse
spectrofluorimeter, excitation slit width was set to 2.5 nm and emission slit width was set to 5 nm
if not mentioned otherwise. Fluorescence integrals and quantum yields were determined in three
independent triplicate experiments.

DNA Synthesis and Purification

DNA strands without modifications were purchased from Microsynth (Switzerland). Syntheses of
1,8-dialkynylpyrene phosphoramidite and 3,6-dialkynylphenanthrene phosphoramidite were
described previously.[1-31 Oligomer strands

S1 - S18 were prepared on an Applied Biosystems 394 DNA/RNA synthesizer. A standard
cyanoethyl phosphoramidite coupling protocol was used beginning with nucleoside-loaded
controlled pore glass (CPG) support. After synthesis, the CPG-bound oligomers were cleaved and
deprotected by treatment with 28-30% NH4+OH (aq) at 55°C overnight. The supernatants were
collected and the debris’ were washed two times with 1 ml H20. After lyophilization the crude
oligomers were purified by reversed phase HPLC (Merck LiChroCART 250-4; LiChrospher 100, RP-
18, 5 um); Solvent A: 0.1 M aqueous ammonium acetate; Solvent B: CH3sCN; 1 ml/min; T = 40°C.

Gradient 1 Gradient 2 Gradient 3
Time [min] | Solvent B in Solvent A [%] | Solvent B in Solvent A [%] | Solvent B in Solvent A [%]
0.01 0 0 0
2.00 0 0 5
22.00 30 40 50
24.00 100 100 100
26.00 100 100 100
28.00 0 0 0

Table S1: HPLC solvent gradients used for oligomer purification

Gradient 1 was applied for purification of oligomer strands S1, S2, S3, and S4; Gradient 2 was
applied for purification of oligomer strands S5 and S6; Gradient 3 was applied for purification of
oligomer strands S7 - S15. Oligomer purity was confirmed by analytical re-injection.

The samples were measured in negative ion mode in mixtures of water/acetonitrile/triethylamine.
The purified oligomers were dissolved in 1 ml Milli-Q H20. Samples of the stock solutions were
diluted and the absorbance at 326 nm was measured to determine the concentrations of
oligomer strands S2 - S15, using the €326 value of 34’500 for 3,6-dialkynylphenanthrene.l1l To
determine the concentration of oligomer strand 81, which does not contain 3,6-
dialkynylphenanthrene, the molar absorption coefficient at 260 nm was calculated using the €260
values of 15’300, 11’700, 7'400 and 9’000 for A, G, C and T bases, respectively, and 30’000 for
1,8-dialkynylpyrene.!2!
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Strand Sequence Calcd. mass Found mass
S 5' GGC TAA YTA AAT TTA AAT CGC 3' | 6524.1548 6524.0712
S2 3'CCG ATT AT TTA AAT TTAGCG 5' | 6482.1280 6482.0520
S3 5' GGC TAA YTax AAT TTA AAT CGC 3' | 6587.0412 6587.1432
S4 3' CCG ATT oA TTA AAT TTAGCG 5' | 6554.0278 6554.1216
S5 5' GGC TAA YTax AaT TTA AAT CGC 3' | 6649.9276 6649.1470
S6 3' CCG ATT oAt ToA AAT TTA GCG 5' | 6625.9276 6625.1470
S7 5'GGC TAA YTa AaT oTA AAT CGC 3' | 6721.8274 6722.1693
S8 3' CCG ATT oAt T&A AT TTAGCG 5' | 6688.8140 6689.1672
S9 5'GGC TAA YTa AT aTa AAT CGC 3' | 6784.7138 6785.2350

S10 | 3'CCG ATT aAa TaA At TTAGCG 5' | 6760.7138 6760.2222
S11 | 5' GGC TAA Yoo aT TTA AAT CGC 3' | 6784.7138 6784.1983
S12 | 3'CCG ATT aaax oxxA AAT TTAGCG 5' | 6760.7138 6761.2182
S13 | 3'CCG ATT aTax TaA AT TTAGCG 5' | 6679.8006 6680.1760
S14 | 3'CCG ATT cAa TaoT AT TTAGCG 5' | 6679.8006 6680.1570
S15 | 3'CCG ATT oTax TaT AT TTAGCG 5' | 6670.7872 6670.1316

Table S2: Calculated and found masses (negative ion mode) of oligomer strands.
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Figure S2: Mass spectrum of single strand S2.
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Figure S3: Mass spectrum of single strand S3.
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Figure S4: Mass spectrum of single strand S4.
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Figure S5: Mass spectrum of single strand S5.

S3

2000



100
95

85
425.2517
80 21

2-10

Relative Abundance

509.2702
2=7
601.5590

z=11

il

600

Figure S6:

5.8

Relative Abundance

a
-]
T

083707 '

=7

6052769
=7

827.2706

z=8

735.2397
=9

661.5147

800

945!

5961

=7

948.7367
2-7

1103.3639

z=

1000

614.1949
z=11

6139216

z=11

6120144

=11

612.1058

6119231
=11

0.0162
227

609.9248 | 6101063
=2 =1

610

z=11

1189.2812

1395.7530
222
ORIV W [

1655.5493
2=4

1567.3013
1324.2378 z=2
25
16808287
2-4

1313.8373
2=

1705.8587
224

)
G 4

1200
miz

1400

1600

Mass spectrum of single strand S6.

616.1020

=1

616.0110
z=11

617 6445
=11

618.1005
=1

619.4607
=1

| 619 6433
=1

| 620.0075
=1

6215502
=11

621.6416
=1

622 0967
=1 s2a0014
=N

620 622 624 626

1731.1358
2=

1800

626.0935
=7

628

1901.8216
222

6282731
=

Figure S7: Mass spectrum of single strand S7.

609.1048
2=11

556.4306
z=12

Relative Abundance

513 5508
z=13

476.7248
14

400

600

611.1028
2=11

747.1277

z=9
751.3439
z=9

m

10254743  1189.3073
eea3028 1020 it

’ 1176978
=2

16610959
1305 7835 g
71
1470.7626 vz
2=7 o

n L

1901.8486
2=7

1000

1
1200 1400

miz

1800

Figure S8: Mass spectrum of single strand S8.

S4



Relative Abundance

615.8382
2=11

@
3

a2 o o
& 3 o

a
3

672.4234

564.4345 z=10

z=12

617.7449
597.9383

Ly

6775228
2=10

752.9150
z

847.1554
2=8

968.3216
2=7

731.4705
2-3
679.6204
=10

849.9029
2=8
850.4041
=8

755.3569
=9 971.3187
2=7

6813174 757.2428
2210 ey OOLTI05 Eposs sa02277

| RSN

IV RIA T

700 750 900 950
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Figure S11: Mass spectrum of single strand S11.
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Figure S15: Mass spectrum of single strand S15.
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Figure S16: HPLC trace of oligomer strand S1. Black curve: Abs. 260 nm, green curve: Abs. 365 nm
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Figure S17: HPLC trace of oligomer strand S2. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm
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Figure S18: HPLC trace of oligomer strand S3. Black curve: Abs. 260 nm, green curve: Abs. 365 nm
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Figure S19: HPLC trace of oligomer strand S4. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm
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Figure S20: HPLC trace of oligomer strand S5. Black curve: Abs. 260 nm, green curve: Abs. 365 nm
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Figure S21: HPLC trace of oligomer strand S6. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm
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Figure S22: HPLC trace of oligomer strand S7. Black curve: Abs. 260 nm, green curve: Abs. 365 nm
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Figure S23: HPLC trace of oligomer strand S8. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm
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Figure S24: HPLC trace of oligomer strand S9. Black curve: Abs. 260 nm, green curve: Abs. 365 nm
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Figure S25: HPLC trace of oligomer strand S10. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm
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Figure S26: HPLC trace of oligomer strand S11. Black curve: Abs. 260 nm, green curve: Abs. 365 nm
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Figure S27: HPLC trace of oligomer strand $12. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm
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Figure S28: HPLC trace of oligomer strand S13. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm

4500
4000
3500
3000
2500
@ 2000
1500
1000
500

0

Intensity [mAu]

N ¢

T T 1 T 1 T 1 T 1 T T T 1 T 1 T T T L

2 4 6 8 10 12 14 16 18 20 22

Retention time [min]

Figure S29: HPLC trace of oligomer strand $14. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm
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Figure S30: HPLC trace of oligomer strand $15. Black curve: Abs. 260 nm, blue curve: Abs. 326 nm

Spectroscopic Data of Single Strands
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Figure S31: Absorption spectra of single strands with the pyrene acceptor. Conditions: 0.5 uM each strand, 10 mM sodium
phosphate buffer pH=7.0, 400 mM NaCl, 20°C.
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Figure S32: Absorption spectra of single strands without the pyrene acceptor. Conditions: 0.5 uM each strand, 10 mM
sodium phosphate buffer pH=7.0, 400 mM NacCl, 20°C.
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Figure S33: Emission spectra of single strands with the pyrene acceptor. Conditions: 0.5 uM each strand, 10mM sodium
phosphate buffer pH=7.0, 400mM NaCl, A 316 nm, 20°C. Excitation slit: 2.5 nm, emission slit: 5 nm.
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Figure S34: Emission spectra of single strands without the pyrene acceptor. Conditions: 0.5 uM each strand, 10mM sodium
phosphate buffer pH=7.0, 400mM NaCl, A, 316 nm, 20°C. Excitation slit: 2.5 nm, emission slit: 5 nm.
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Figure S35 Excitation spectra of single strands with the pyrene acceptor. Conditions: 0.5 uM each strand, 10mM sodium
phosphate buffer pH=7.0, 400mM NaCl, A., 425 nm, 20°C. Excitation slit: 2.5 nm, emission slit: 5 nm.
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Figure S36: Excitation spectra of single strands without the pyrene acceptor. Conditions: 0.5 uM each strand, 10mM sodium
phosphate buffer pH=7.0, 400mM NaCl, A, 425 nm, 20°C. Excitation slit: 2.5 nm, emission slit: 5 nm.
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Melting Curves and Melting Temperatures of Duplexes

To measure melting temperatures of duplexes, cooling-heating curves were recorded after
heating duplexes to 80°C in the thermo-shaker for about 30 min. Monitored was absorbance at
260 nm, where nucleobases as well as dialkynylphenanthrene and -pyrene absorb. Cooling stage
(80 - 20°C) is depicted as blue curve, heating stage (20 - 80°C) as orange curve. General
conditions, if not stated otherwise were: Cooling/heating rate= 0.5°C/min, 0.5 uyM each strand,
10mM sodium phosphate buffer pH=7.0 and 400 mM NaCl. Melting temperatures were

calculated from the first derivation of melting curves.
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Figure S37: Cooling-heating curves of duplex 1.
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Figure S38: Cooling-heating curves of duplex 2.
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Figure S40: Cooling-heating curves of duplex 4.
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Figure S41: Cooling-heating curves of duplex 5.
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Figure S42: Cooling-heating curves of duplex 6.
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Figure S43: Cooling-heating curves of duplex 7.
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Figure S44: Cooling-heating curves of duplex 8.
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Duplex Sequence Tm [°C]
1 5' GGC TAA YTA AAT TTA AAT CGC 3' 60.7
3'CCG ATT olAT TTA AAT TTA GCG 5' )
o 5' GGC TAA YTat AAT TTA AAT CGC 3 574
3' CCG ATT oAt TTA AAT TTA GCG 5' )
3 5' GGC TAA YTa AaT TTA AAT CGC 3' 505
3' CCG ATT aAa TaA AAT TTA GCG 5 )
4 5' GGC TAA YTax AaT oTA AAT CGC 3' 498
3'CCG ATT aAat TokA AT TTA GCG 5 )
5 5'GGC TAA YTa AaT aoTax AAT CGC 3 126
3' CCG ATT aAa ToA A TTA GCG 5' )
6 5' GGC TAA YTax AT oTA AAT CGC 3 50.7
3' CCG ATT aTa TaxA oAT TTA GCG 5' )
7 5' GGC TAA YTa AaT oTA AAT CGC 3' 48.3
3'CCG ATT aAa TaT oAT TTA GCG 5' )
8 5' GGC TAA YTa AaT oTA AAT CGC 3' 513

3' CCG ATT aTa TaT oAT TTA GCG 5'

Table S3: Melting temperatures of duplexes 1, 2, 3, 4, 5, 6, 7 and 8. Conditions: Cooling/heating rate= 0.5°C/min, 0.5
MM each strand, 10mM sodium phosphate buffer pH=7.0 and 400 mM NaCl.

Additional Spectroscopic Data of Duplexes
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Figure S45: Absorption spectra of duplexes Refl, 1 - 5 (left) and 6 -8 (right). Conditions: 0.5 uM each strand, 10mM
sodium phosphate buffer pH=7.0, 400mM NaCl.*
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Figure S46: Emission spectra of duplexes Refl, 1 - 5 (left) and 6 -8 (right). Conditions: 0.5 uM each strand, 10mM
sodium phosphate buffer pH=7.0, 400mM NaCl, Aex 316 nm, 20°C. Excitation slit: 2.5 nm, emission slit: 5 nm.*

*Figures S39 and S40 correspond to Figures 2 and 3, respectively, in the main text. For increased
readability, they are here grouped into two sets of curves.
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Figure S47: Excitation spectra of duplexes Refl, 1 - 5. Conditions: 0.5 uyM each strand, 10mM sodium phosphate
buffer pH=7.0, 400mM NaCl, Aem 425 nm, 20°C. Excitation slit: 2.5 nm, emission slit: 5 nm.

Quantum Yield Determination

Quantum yields @r were determined relative to quinine sulfate in 0.5 M H2S04 as a standard
following the procedure described in literature.4 By integration of the fluorescence area from 350
- 600 nm the quantum yield could be determined. The Absorption of the duplexes and quinine
sulfate at the excitation wavelength 316 nm were measured. The formula for the calculation was:

Io - Ag
Ac - Ig

Pr = (0

le: fluorescent area (350 - 600 nm) of the samples

Ir: fluorescent area (350 - 600 nm) of quinine sulfate
Ac: Absorption of the samples at 316 nm

Ar: Absorption of the quinine sulfate at 316 nm

@r: quantum yield of quinine sulfate = 0.546
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