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Supporting information

Synthetic methods
Synthesis of Fluorescein-Photocleavable linker (Fsc-PCL 1)

Preparation of N-hydroxysuccinimidyl active ester of 5,6-carboxyfluorescein

Preparation of 5,6-carboxyfluorescein-succinimidyl ester was adopted from the literature.™
To a solution of 5(6)-carboxyfluorescein (1.0 g, 2.6 mmol) in dry DMF (15 mL), 1-[3-
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (EDCxHCI 609 mg, 3.18 mmol)
was added, followed by N-hydroxysuccinimide (NHS, 366 mg, 3.18 mmol). The reaction
mixture was covered with foil, stirred under Ar and monitored by TLC using a DCM:MeOH
9:1 solvent system. After 4-5 h, additional EDC (101 mg, 0.2 equiv) was added and the
reaction mixture was stirred o.n at rt. The reaction mixture was poured in DMF (2 mL) in an
extraction funnel and diluted with acetone (40 mL). Buffer (0.05 M, pH 6 phosphate buffer,
50 mL) was added, and the mixture was extracted with diethylether (Et,O)/ethyl acetate
(EtOAC), 2:1, 60 mL). The organic layer was separated, and the aqueous layer was extracted
two times with 50 ml of Et,O/EtOAc, 2:1. The combined organic extracts were washed with
water (3 x 20 mL) and brine, dried over Na,SO, (anhyd) and filtered. Solvents were removed
in vacuo. The final product, 5(6)-carboxyfluorescein succinimidyl active ester, was obtained
in 73 % yield and used in further steps without purification.

ESI-MS calcd for CosH1sNOg [M+H]" 474.03, found 474.13,

'H NMR (DMSO-d6): 52.87-2.89 (m, 4H, 2xCH,, NHS), 6.53-6.69 (m, 4H, Ar-H), 7.56 (d, J
= 8.1 Hz 1H, Ar-H), 7.95 (d, J = 8.1 Hz 1H, Ar-H), 8.38-8.54 (m, 2H, Ar-H), 10.20 (s, 2H,
Ph-OH)



Preparation of amine 3

NH,

N-boc-1,6-hexanediamine (AlfaAesar, 301 mg, 1.2 mmol) was dissolved in DMF (7 mL)
under Ar and DIPEA (522 pL, 3 eq) was added. The solution was stirred for 30 min and then
5(6)-carboxyfluorescein succinimidyl active ester (470 mg, 1 mmol) was slowly added under
Ar. The reaction was monitored by TLC using DCM:MeOH (+0,05%HOAC) 9:1 solvent
system. After overnight stirring, the formed precipitate was filtered and the solvent was
removed in vacuo. The obtained crude product was dissolved in DCM (50 mL), extracted
with 10% citric acid (2 x 10 mL) and washed with brine. The Boc protection group was then
removed by dissolving the crude product in DCM (10 mL) and TFA (1 mL)./? The reaction
mixture was stirred until TLC showed completion of the reaction (1-2h). DCM and TFA were
co- evaporated with toluene and the obtained product was used without purification for the
next step. For spectra see Fig. S5.

HRMS: calcd for C27H26N206 [M+H]" 575.24, found 575.23,

'H NMR: (500 MHz, CD;0D, mixture of isomers) : § 1.21-1.27 (m, 4H, 2xCH,), 1.30-1.35
(m, 4H, 2xCH,), 1.42-1.47 (m, 4H, 2xCH,), 1.61-1.64 (m, 4H, 2xCHy), 3.14 (t, J = 7.1 Hz,
2H, CH;NHy), 3.21 (t, J = 7.1 Hz, 2H, CH,NHCO), 6.51-6.53 (m, 4H, Ar-H ) 6.59-6.65 (m,
4H, Ar-H), 6.72-6.76 (m, 4H, Ar-H), 7.29 (d, J = 8.2 Hz, 1H, Ar-H), 7.39-7.48 (m, 2H, Ar-H),
7.66 (s, 1H, Ar-H), 7.72 (d, J = 8.2 Hz, 1H, Ar-H), 7.82 (d, J = 8.2 Hz, 1H, Ar-H), 7.95 (s, 1H,
Ar-H), 8.05 (d, J = 8.2 Hz, 1H, Ar-H), 8.13 (dd, J = 1.69, 8.2 Hz, 1H, Ar-H), 8.22 (dd, J =
1.69, 8.2 Hz, 1H, Ar-H), 8.45 (br s, 1H, NH).

BBCNMR: (125 MHz, CD;0D, mixture of isomers) : & 29.9, 31.5, 32.7, 32.9, 33.4, 34.4, 39.7,
43.7,43.8,61.0,82.4,106.3, 114.3, 116.4, 120.9, 126.6, 127.5, 128.3, 128.8, 130.0, 130.7,
131.1,132.1, 132.7, 132.8, 138.1, 140.4, 144.9, 156.6, 156.9, 161.0, 161.1, 163.9, 164.0,
167.4,170.5, 170.8, 173.2.



Preparation of N-[Fluorescein-5(6)-carboxamido]-N"-(a-methyl-nitroveratryl)-butyryl-
1,6-diaminohexane 6

Synthesis of 6 was adopted from protocols given in the literature.?* o.-methyl-nitroveratryl-

butyric acid 5 (Sigma,Aldrich, 80 mg, 0.27 mmol) was dissolved in dry DMF (5 mL).
Subsequently, HOBt (39 mg, 0.29 mmol)and DIPEA (366 uL, 8eq) was added and the
solution was cooled down to 0°C. Then EDC x HCI (69 mg, 0.36 mmol) was slowly added.
The reaction mixture was stirred for 15-20 min at 0°C and then slowly warmed to rt and
stirred for additional 30 min. Amine 3 (230 mg, 0.4 mmol, dissolved in DMF (1 mL) was then
added slowly into the solution. After 4h, TLC showed consumption of the amine. The crude
product was purified by silica gel flash chromatography using 2-20 % gradient of MeOH (+
0.05%HOAC) in DCM, 30 column volumes (CV) to obtain the final product 6 in 15% yield.
For spectra see Fig.S6.

HRMS: calcd for C4oHa1N3012 [M+H]" 756.77, found [M+H]" 756.27

'H NMR (500 MHz, CDsOD, mixture of isomers): & 1.27-1.35 (m, 14H, 7xCH,), 1.46 (d, J =
6.4 Hz, 3H, CHs), 1.52(t, J = 6.3 Hz, 2H, CH,), 2.03-2.12 (m, 2H, CH,), 2.36-2.42 (m, 2H,
CH2CO0), 3.17-3.21 (m, 2H, CH,NHCO), 3.41 (t, J = 6.9 Hz, 2H, CH,NHCO), 3.66-3.72 (m,
1H, CHy), 3.93 (s, 3H, OCHy), 4.01-4.06 (m, 2H, CH;0), 5.45 (g, J = 6.4 Hz, 1H, CH-OH),
6.51-6.56 (M, 2H, Ar-H), 6.65-6.69 (m, 4H, Ar-H), 7.11-7.21 (m, 4H, Ar-H), 7.31-7.37 (m,
4H, Ar-H), 7.54 (s, 1H, Ar-H), 7.70 (d, J = 8.2 Hz, 1H, Ar-H), 7.76 (d, J = 8.2 Hz, 1H, Ar-H),
8.45 (s, 1H, NH).

3CNMR (125 MHz, CDs;0D, mixture of isomers): & 17.9, 20.1, 20.4, 23.8, 25.1, 26.1, 26.2,
28.9, 32.1, 38.9, 39.7, 42.3, 54.3, 55.3, 64.8, 68.2, 102.3, 108.5, 108.7, 110.7, 117.2, 124.4,
124.7,124.9, 127.8, 128.5, 129.1, 133.2, 136.4,137.5, 137.6, 139.3, 142.5, 146.8, 153.3, 154.0,
166.7, 167.0, 168.7, 173.8, 176.5.



Preparation of Fsc-PCL 1
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Compound 6 (20 mg, 0.026mmol) was dissolved in dry DMF (250 uL) and DIPEA (18 uL,
4eq) was added followed by N,N’-disuccinimidyl carbonate (DSC, 34mg, 5eq) under Ar. The
reaction mixture was stirred overnight at rt. The solvent was removed in vacuo and the crude
product was purified by silica gel flash chromatography using 2-20 % gradient of MeOH in
DCM. The final product 1 was obtained in 31 % yield. For spectra see Fig. S7.

ESI-MS: calcd for C45HasN4O16 [M+H]" 896.28, found [M+H]" 896.93, [M-H] 895

'H NMR (500 MHz, CD30D: CDCls, mixture of isomers): & 1.35-1.30 (m, 12H, 6xCH>),
1.32-1.38 (m, 4H, 2xCH>),1.50-1.54 (m, 2H, CH,), 1.62-1.66 (m, 2H, CH,), 1.74 (d, J=6.4
Hz, 3H, CHs), 1.78 (t, J = 6.3 Hz, 2H, CH,), 2.08-2.15 (m, 2H, CH,CO), 2.33 (br s, 2H, CH,),
2.36-2.43 (m, 2H, CHy), 2.70 (br s, 2H, CHy), 2.80-2.84 (m, 8H, CH»-NHS), 3.42 (t, J = 7.0
Hz, 2H, CH,NHCO), 3.90-3.96 (m, 2H, CH,), 4.02 (s, 3H, OCHs), 4.06-4.10 (m, 4H, OCH,),
6.43 (0, J = 6.3 Hz, 1H, CHOH), 6.54-6.66 (m, 2H, Ar-H), 6.68-6.75 (m, 2H, Ar-H), 6.80-
6.90 (m, 3H, Ar-H), 7.06-7.15 (m, 3H, Ar-H), 7.51-7.56 (m, 1H, Ar-H), 7.61-7.67 (m, 1H, Ar-
H), 7.97 (br s, 2H, Ar-H), 8.04-8.22 (m, 3H, Ar-H), 8.45 (s, 1H, NH).

BCNMR (125 MHz, CD;0D, CDCls, mixture of isomers): & 16.5, 21.0, 25.0, 25.1, 25.2, 26.2,
28.9,29.3, 29.4, 30.8, 32.2, 36.1, 39.0, 39.8, 55.9, 68.3, 76.2, 102.5, 107.4, 108.8, 112.7,
112.8,122.7,124.2, 124.9, 126.7, 128.3, 128.6, 128.8, 128.9, 130.8, 139.4, 147.8, 150.7,
151.9, 152.0, 152.2, 154.1, 154.5, 159.8, 163.3, 165.9, 166.6, 167.3, 169.2, 169.6, 169.8,
170.0, 170.1, 170.3, 173.3, 173.6.



Synthesis of Biotin - photocleavable linker (Biotin-PCL 2)

Preparation of amine 4
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To a solution of biotin-NHS (500 mg, 1.46 mmol, in 15 mL dry DMF), prepared as described
in the literature,”™ N-boc-1,5-pentanediamine (384 mg, 1.61 mmol) was added followed by
TEA (407 pL, 2eq). The reaction mixture was stirred under Ar at 50°C for 22h. The solvent
was removed in vacuo and the residue was diluted in 40 ml of DCM, then extracted with 10%

citric acid (2 x 15 mL), washed with brine and evaporated to give the boc-protected product in
40 % vyield.

ESI-MS: calcd for Cy;H3sN4O4S [M+H]+ 443.26, found [M+H]+ 443.07, [M+Na]+ 465.20
'H NMR (500 MHz, DMSO-dg): & 7.74 (t, J = 5.2 Hz, 1H, N14H), 6.76 (t, J = 5.2 Hz, 1H,
N21H), 6.43 (br s, 1H, NgH), 6.37 (br s, 1H, N4H), 4.32-4.27 (m, 1H, C3H), 4.13-4.09 (m, 1H,
C;H), 3.11-3.07 (m, 1H, CgH), 2.99 ( d, J = 6.0 Hz, 2H, Cy5H,), 2.87 (br q, J = 6.0 Hz, 2H,
CaoHy), 2.81 (dd, J = 5.0, 12.3 Hz, 1H, C;HaHg), 2.55 (d, J = 12.3 Hz, 1H, C;HaHB), 2.01 ( t,
J=7.3Hz, 2H, CyoH,), 1.64-1.20 (m, 14H, CgH, CioH,, C11H,, CigHa, Ci7H,, CigHa, CioHy ),
1.35 (s, 9H, 'BuO).

BCNMR (125 MHz, DMSO-dg): & 175.3, 173.2, 164.5, 78.8, 62.3, 60.9, 56.7, 41.5, 41.3,
39.7,36.7, 29.8, 30.8, 30.6, 29.6, 27.5, 27.3, 26.8, 26.6.

j\
HN" 5 NH
367
12 H 20
2 ‘e, 13 NW\/\ ,H
8
ST N

To remove the Boc protection group,® N-Boc-Biotinylhexanediamine (260 mg, 0.59 mmol)
was dissolved in DCM (12 mL) with addition of TFA (3 mL) and stirred until TLC
(DCM:MeOH 9:1) showed no starting material. The solvent was evaporated in vacuo,
washed with DCM and evaporated to obtain the oil-like crude product which was redissolved
in 4mL DCM:MeOH 1:1 and mixed with ~10 eq of Amberlyst A-21 (Sigma) for 30 min.
After filteration, the volatiles were removed in vacuo to obtain final product in 82 % vyield.
For spectra see Fig.S8.

ESI-MS: calcd for C16H30N402S [M+H]+ 343.21, found [M+H]+ 343.20,



'H NMR (500 MHz, DMSO-dg): & 7.74 (t, J = 5.2 Hz, 1H, N14H), 6.76 (t, J = 5.2 Hz, 1H,
NgH), 6.43 (br s, 1H), 6.36 (br s, 1H, N4H), 4.30-4.25 (m, 1H, C3H), 4.12-4.07 (m, 1H, C/H),
3.10 (br t,J= 7.3 Hz, 2H, Cgng), 3.08-3.05 (m, 1H, CgH), 3.01 ( d, J=6.0 Hz, 2H, C15H2),
2.79 (dd, J = 5.0, 12.5 Hz, 1H, C;HaHg), 2.54 (d, J = 12.5 Hz, 1H, CoHaHg), 2.01 (t,J = 7.3
Hz, 2H, C1,Hy), 1.57-1.22 (m, 14H, CgHy, C1gHa, C11Ha, Ci6Ha, Ci7Ha CigHa CioHy).
BCNMR (125 MHz, DMSO-ds): & 173.5, 164.4, 62.3, 60.9, 56.8, 41.3, 41.1,

39.7,36.7, 30.8,30.7, 29.6, 27.5, 27.4, 26.8, 26.6.

Preparation N-biotinamido-N’-(a-methyl-nitroveratryl)-butyryl-1,6-diaminohexane 7

o-Methyl-nitroveratryl-butyric acid (Sigma Aldrich,192 mg, 0.64 mmol) was dissolved in
DMF/DCM (1:1, 6 mL) under Ar. HOBt (95 mg, 0.7 mmol) and TEA (357 pL, 4eq) were
added subsequently. This solution was cooled down to 0°C and and EDC x HCI (135 mg, 0.7
mmol) was slowly added. The reaction mixture was initially stirred for 15-20 min at 0°C and
then slowly warmed to r.t. and stirred for another 30 min. Amine 4 (219 mg, 0.64 mmol) was
then slowly added into the reaction mixture, which was then stirred for 6h. Reaction was
monitored by TLC (DCM/MeoH 9:1). The solvent was removed in vacuo and the crude
product was diluted with DCM (40 mL), extracted with 2 x 10 mL 10 % citric acid and
washed with brine. The solution was dried over anhyd. Na,SO,. The solvent was removed in
vacuo and the crude product was purified by silica gel flash chromatography using 2-20 %
gradient of MeOH in DCM. The final product was obtained in 21 % vyield. For spectra see
Fig.S9.

HRMS: calcd for CagHasNs0gS [M+H]* 624.76; found [M+H]" 624.30

IH NMR (500 MHz, CDCl5:CDs0D): & 7.47 (s, 1H, Ar-H), 7.31 (s, 1H, Ar-H), 7.23-7.20 (br
s, 2H, NH), 5.44 (br g, J = 5.9 Hz, 1H, C7H), 4.42 (t, J = 5.3 Hz, 1H, C3H), 4.22 (m, 1H,
C;H), 4.01 (t, J = 5.3 Hz, 2H, CyH>), 3.90 (s, 3H, OCHg), 3.65-3.54 (m, 1H, CgH), 3.10-3.02
(m, 6H, C12H2, C11H2, C13H2), 2.84-2.79 (m, 1H, CzHAHB), 2.63 ( d, J= 120, 1H, CzHAHB),
2.35-2.29 (m, 2H, C15H2), 2.12-2.06 ( m, 4H, CgoH>, C23H2), 1.56-1.52 (m, 4H, CqgHo, C24H2),
1.41 (d, J =5.9 Hz, 3H, CHj3), 1.35-1.31 (m, 6H, CysH,, Ci7H,, C1gHy)

BCNMR (125 MHz, CDCl35:CD3s0D): 6 178.1,177.2, 168.1, 157.9, 150.5, 143.0, 142.2, 112,
72.4,69.03, 65.8, 64.1, 61.4, 60.1, 59.5, 58.2, 46.4, 44.2, 43.1, 43.0, 39.6, 36.4, 32.9, 32.2,
32.0, 29.5, 29.0, 28.5, 21.7



Preparation of Biotin-PCL 2

Modifier 2 was prepared with a protocol adopted from literature.l”! Compound 7 was
dissolved in DMF (1.5 mL) and TEA (35 pL, 3 eq) was added followed by DSC (28.3 mg,
0.11 mmol). The reaction mixture was stirred o.n. at rt. under Ar. The solvent was evaporated
in vacuo, and the residue was dissolved in 10 mL 1M NaHCO3 and extracted with EtOAc (3 x
4 mL), washed with brine, dried over anhyd. Na,SO,, filtered and dried in vacuo. The final t
Biotin-PCL 2 was obtained in 62 % yield. For spectra see Fig.S10.

HRMS: calcd for C34H4gNgO12S [M+H]+ 765.31 found [l\/H'H]Jr 765.31

IH NMR (500 MHz, CDCl3:CD30D): § 7.68 (t, J = 5.4 Hz, 1H, N14H), 7.63 (s, 1H, Ar-H),
7.61-7.58 (m, 1H, NH), 7.11 (s, 1H, Ar-H), 6.42 (q, J = 6.3, 12.7 Hz, 1H, Cy7H), 4.48-4.41 (m,
1H, C3H), 4.31-4.28 (M, 1H, C;H), 4.11 (t, J = 6.3 Hz, 2H, Cs5H), 4.04 (s, 3H, OCHs), 3.65-
3.60 (M, 1H, CgH), 3.19-3.13 (M, 4H, C12H,, C1sHy), 2.90 (dd, J = 4.9, 12.7 Hz 1H, C;HaHs),
2.82 (br s, 4H, C33H2, C34H2), 2.41 (t, J=6.3 Hz, 2H, C23H2), 2.20-2.14 (m, 4H, C20H2,
C24H2), 1.76 ( d, J= 6.4, 3H, CH3), 1.68-1.57 (m, 4H, C10H2, Clle), 1.49-1.46 (m, 4H, CgHz,
C16H2), 1.36-1.32 (m, 6H, C17H2, ClgHz, ClgHz).

BCNMR (125 MHz, CDCl3:CD;0OD): & 174.4, 173.5, 173.3, 169.5, 164.4, 154.5, 150.7,
147.7, 139.3, 130.9, 108.9, 107.4, 76.3, 68.5, 61.9, 60.1, 57.3, 56.1, 55.6, 40.1, 39.1, 39.0,
35.6, 32.3, 29.0, 28.4, 28.1, 26.3, 25.6, 25.2, 25.1, 25.0, 21.3, 17.5



General Procedures

Assembly and characterization of DNA origami
Assembly of DNA Origami

DNA origami was assembled from solutions containing the 10925 ssDNA scaffold strand
[700-1200 nM, in TE 1x, pH 8,2] and each of the staple strands [100 uM, in water] in 1X
TEMg in a total volume of 0.5-1 ml, as priviously described.’®! The sequence of the 109Z5
ssSDNA scaffold strand and the full list of staple strands are given in Tables S1 and S2,
respectively. The assembly of origami structures bearing linker 1 was achieved by modifying
6 amino-modified staples(Fig. 2A and for the sequences see Table S3) with respective linker.
The annealing was performed by decreasing the temperature from 75° C to 25° at -6°C/min
on a PCR cycler (Mastercycler Pro, Eppendorf). Quality control was performed with AFM
and agarose gel analysis using a 1.5% agarose gel in 1X TBEMg buffer (40 mM Tris, 20 mM
boric acid, 2 mM EDTA, 12.5 mM Mg acetate, pH 8.00) and running the gel at 80 V for 2 hrs
at 4°C.

AFM characterisation of DNA origami

For AFM analysis the DNA samples were deposited on freshly cleaved MICA surface (Plano
GmbH) and adsorbed for 3 min at room temperature. After addition of 15 uL 1X TAEMg the
sample was scanned in ScanAsyst mode with use of scan-Asyst-Fluid+ tips (Bruker).During
scanning, peak force set point was set between 0.15-0.4 V and speed between 1-2 Hz. Image
analysis was performed using Nanoscope 1.14 Software.

Modification of oligonucleotides

Prior to use, Am-DNA (SigmaAldrich) was desalted and purified by gel filtration, using
NAP5 and NAP10 columns (GE Healthcare, Sephadex G-25 DNA grade). NAP5/NAP10
columns were used according to manufacturer’s instructions. PBS 1x, pH 7.3 buffer was used
as an eluent. Subsequently, eluate was concentrated using Vivaspin 500, MWCO 3000
(Sartorius) centrifugal concentrators. Concentration of final solution was determined by
UV/VIS spectroscopy.

5uL [280 uM] of Am-DNA in PBS 1x was mixed with Fsc-PC 1 or Bt-PC 2 active ester [10
mM in DMSO]. Different molar eq (15 and 30 eq) of 1 or 2 were used to optimize the
coupling reaction. The reaction was performed o.n. at rt. Analysis of coupling products was
performed by gel mobility shift assays on 20% urea gel, 1x TBE, 220V, 50 min, rt. The same
reaction conditions were used for modification of selected staple stands for DNA
nanostructure assembly. The staple strands were purified using NAP5 / NAP10 columns and
TE 1x buffer as eluent to remove DMSO and excess of 1. Staples were then concentrated
using Vivaspin 500, MWCO 3 kDa centrifugal concentrators.



Photolytic cleavage of 2-nitrobenzyl linker

Photolysis of the 2-nitrobenzyl linker moiety was performed in thin-walled, polypropylene
tubes in TE 1x buffer, pH 7,6 using near-UV light of A=366 nm (Bio-Link 254
microprocessor controlled UV irradioation system). Samples were irradiated for 5, 10 and 15
min. Aliquots were taken after different irradiation times and analyzed by Urea-PAGE.

Coupling of proteins to PC-DNA oligomers

To optimize coupling between 1- and 2-DNA and their respective cognate proteins, anti-
fluorescein single-chain Fv fragment FITC-E2 or STV were used. To this end, reactions were
performed by mixing 2, 5, 10 and 30 eq of FITC-E2 and 1-DNA in PBS pH 7.3 Samples were
incubated for 1h or o.n at 4°C. To obtain STV-2-DNA conjugate, 30ul [4uM] of 2-DNA were
incubated with a 5, 10, 15, or 100 molar excess of STV [100uM]. Incubation was performed
for 30 min at rt. After completion of the reactions, samples were analysed by native-PAGE.
For binding of anti-fluorescein 1gG to 1-origami and Fsc-origami, an assembled and purified
origami solution (20 uL, ~10 nM) was incubated with 5ul of anti-Fsc-IgG (0.1 pg/ul, Thermo
Scientific). The mixture was incubated at r.t. for 4h and then analysed by AFM.



Supplementary Figures
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Figure S1: Optimization of coupling reaction between linker 1 and amino-modified DNA
oligomers (Am-DNA). Reaction was performed for 3h or overnight using different ratios of
1/Am-DNA. Bands were visualised with Sybr Gold staining for DNA (a) or fluorescein
detection (Ex./Em. 475/542) (b). Running conditions: 20% urea gel, 1x TBE, 220V, 50 min,

rt.

Figure S2: Time course of the photolytic cleavage reaction of 1-DNA. Note that 15 min
irradiation with near UV light (350-370 nm) led to efficient cleavage of the ligand from the
oligonucleotide. Running conditions: 20% urea gel, 1x TBE, 220V, 50 min, rt.
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Figure S3: Binding of 2-DNA by STV. Running conditions: 10% native gel, TBE 1x, 220V,
20 min, rt.
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Figure S4. Labelling of DNA origami and staple strands with linker 1. A: Schematic
representation of DNA origami nanostructure depcting the position of 1-modified staple
strands as green dots. B, C: Electrophoretic analysis of labeling reactions. Staple strands were
purified and analysed by urea PAGE. Bands were visualised with Sybr Gold staining for DNA
(B) and fluorescein detection with specific filters (Ex./Em. 475/542). Running conditions:
20% urea gel, 1x TBE, 220V, 45 min, rt.
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Figure S6. *H (A) ,**C NMR (B) and HRMS (C) analysis of the compound 6.
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Figure S9. *H (A), **C NMR (B) and HRMS (C) analysis of the compound 7.
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Supplementary Tables

Table S1: DNA sequence of ss109Z5 template used for assembly of rectangular -shaped

DNA origami

1 GACCACCTTG ATTCTCATGG TCTGGGTGCC CTCGTAGGGC TTGCCTTCGC CCTCGGATGT

61 GCACTTGAAG TGGTGGTTGT TCACGGTGCC CTCCATGTAC AGCTTCATGT GCATGTTCTC

121 CTTAATCAGC TCTTCGCCCT TAGACACCAT GGTTCTATCC TCCTTAGAGC CTGCTTTTTT

181 GTACAAACTT GTGATATTCC TTCTTAAAGT TAAACAAAAT TATTTCTAGA GGGGAATTGT
241 TATCCGCTCA CAATTCCCCT ATAGTGAGTC GTATTAATTT CGCGGGATCG AGATCTCGAT
301 CCTCTACGCC GGACGCATCG TGGCCGGCAT CACCGGCGCC ACAGGTGCGG TTGCTGGCGC
361 CTATATCGCC GACATCACCG ATGGGGAAGA TCGGGCTCGC CACTTCGGGC TCATGAGCGC
421 TTGTTTCGGC GTGGGTATGG TGGCAGGCCC CGTGGCCGGG GGACTGTTGG GCGCCATCTC
481 CTTGCATGCA CCATTCCTTG CGGCGGCGGT GCTCAACGGC CTCAACCTAC TACTGGGCTG
541 CTTCCTAATG CAGGAGTCGC ATAAGGGAGA GCGTCGAGAT CCCGGACACC ATCGAATGGC
601 GCAAAACCTT TCGCGGTATG GCATGATAGC GCCCGGAAGA GAGTCAATTC AGGGTGGTGA
661 ATGTGAAACC AGTAACGTTA TACGATGTCG CAGAGTATGC CGGTGTCTCT TATCAGACCG
721 TTTCCCGCGT GGTGAACCAG GCCAGCCACG TTTCTGCGAA AACGCGGGAA AAAGTGGAAG
781 CGGCGATGGC GGAGCTGAAT TACATTCCCA ACCGCGTGGC ACAACAACTG GCGGGCAAAC
841 AGTCGTTGCT GATTGGCGTT GCCACCTCCA GTCTGGCCCT GCACGCGCCG TCGCAAATTG
901 TCGCGGCGAT TAAATCTCGC GCCGATCAAC TGGGTGCCAG CGTGGTGGTG TCGATGGTAG
961 AACGAAGCGG CGTCGAAGCC TGTAAAGCGG CGGTGCACAA TCTTCTCGCG CAACGCGTCA
1021 GTGGGCTGAT CATTAACTAT CCGCTGGATG ACCAGGATGC CATTGCTGTG GAAGCTGCCT
1081 GCACTAATGT TCCGGCGTTA TTTCTTGATG TCTCTGACCA GACACCCATC AACAGTATTA
1141 TTTTCTCCCA TGAAGACGGT ACGCGACTGG GCGTGGAGCA TCTGGTCGCA TTGGGTCACC
1201 AGCAAATCGC GCTGTTAGCG GGCCCATTAA GTTCTGTCTC GGCGCGTCTG CGTCTGGCTG
1261 GCTGGCATAA ATATCTCACT CGCAATCAAA TTCAGCCGAT AGCGGAACGG GAAGGCGACT
1321 GGAGTGCCAT GTCCGGTTTT CAACAAACCA TGCAAATGCT GAATGAGGGC ATCGTTCCCA
1381 CTGCGATGCT GGTTGCCAAC GATCAGATGG CGCTGGGCGC AATGCGCGCC ATTACCGAGT
1441 CCGGGCTGCG CGTTGGTGCG GATATCTCGG TAGTGGGATA CGACGATACC GAAGACAGCT
1501 CATGTTATAT CCCGCCGTTA ACCACCATCA AACAGGATTT TCGCCTGCTG GGGCAAACCA
1561 GCGTGGACCG CTTGCTGCAA CTCTCTCAGG GCCAGGCGGT GAAGGGCAAT CAGCTGTTGC
1621 CCGTCTCACT GGTGAAAAGA AAAACCACCC TGGCGCCCAA TACGCAAACC GCCTCTCCCC
1681 GCGCGTTGGC CGATTCATTA ATGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC
1741 AGTGAGCGCA ACGCAATTAA TGTAAGTTAG CTCACTCATT AGGCACCGGG ATCTCGACCG
1801 ATGCCCTTGA GAGCCTTCAA CCCAGTCAGC TCCTTCCGGT GGGCGCGGGG CATGACTATC
1861 GTCGCCGCAC TTATGACTGT CTTCTTTATC ATGCAACTCG TAGGACAGGT GCCGGCAGCG
1921 CTCTGGGTCA TTTTCGGCGA GGACCGCTTT CGCTGGAGCG CGACGATGAT CGGCCTGTCG
1981 CTTGCGGTAT TCGGAATCTT GCACGCCCTC GCTCAAGCCT TCGTCACTGG TCCCGCCACC
2041 AAACGTTTCG GCGAGAAGCA GGCCATTATC GCCGGCATGG CGGCCGACGC GCTGGGCTAC
2101 GTCTTGCTGG CGTTCGCGAC GCGAGGCTGG ATGGCCTTCC CCATTATGAT TCTTCTCGCT
2161 TCCGGCGGCA TCGGGATGCC CGCGTTGCAG GCCATGCTGT CCAGGCAGGT AGATGACGAC
2221 CATCAGGGAC AGCTTCAAGG ATCGCTCGCG GCTCTTACCA GCCTAACTTC GATCATTGGA
2281 CCGCTGATCG TCACGGCGAT TTATGCCGCC TCGGCGAGCA CATGGAACGG GTTGGCATGG
2341 ATTGTAGGCG CCGCCCTATA CCTTGTCTGC CTCCCCGCGT TGCGTCGCGG TGCATGGAGC
2401 CGGGCCACCT CGACCTGAAT GGAAGCCGGC GGCACCTCGC TAACGGATTC ACCACTCCAA
2461 GAATTGGAGC CAATCAATTC TTGCGGAGAA CTGTGAATGC GCAAACCAAC CCTTGGCAGA
2521 ACATATCCAT CGCGTCCGCC ATCTCCAGCA GCCGCACGCG GCGCATCTCG GGCAGCGTTG
2581 GGTCCTGGCC ACGGGTGCGC ATGATCGTGC TCCTGTCGTT GAGGACCCGG CTAGGCTGGC
2641 GGGGTTGCCT TACTGGTTAG CAGAATGAAT CACCGATACG CGAGCGAACG TGAAGCGACT
2701 GCTGCTGCAA AACGTCTGCG ACCTGAGCAA CAACATGAAT GGTCTTCGGT TTCCGTGTTT
2761 CGTAAAGTCT GGAAACGCGG AAGTCAGCGC CCTGCACCAT TATGTTCCGG ATCTGCATCG
2821 CAGGATGCTG CTGGCTACCC TGTGGAACAC CTACATCTGT ATTAACGAAG CGCTGGCATT
2881 GACCCTGAGT GATTTTTCTC TGGTCCCGCC GCATCCATAC CGCCAGTTGT TTACCCTCAC
2941 AACGTTCCAG TAACCGGGCA TGTTCATCAT CAGTAACCCG TATCGTGAGC ATCCTCTCTC
3001 GTTTCATCGG TATCATTACC CCCATGAACA GAAATCCCCC TTACACGGAG GCATCAGTGA
3061 CCAAACAGGA AAAAACCGCC CTTAACATGG CCCGCTTTAT CAGAAGCCAG ACATTAACGC
3121 TTCTGGAGAA ACTCAACGAG CTGGACGCGG ATGAACAGGC AGACATCTGT GAATCGCTTC
3181 ACGACCACGC TGATGAGCTT TACCGCAGCT GCCTCGCGCG TTTCGGTGAT GACGGTGAAA
3241 ACCTCTGACA CATGCAGCTC CCGGAGACGG TCACAGCTTG TCTGTAAGCG GATGCCGGGA
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3301 GCAGACAAGC CCGTCAGGGC GCGTCAGCGG GTGTTGGCGG GTGTCGGGGC GCAGCCATGA
3361 CCCAGTCACG TAGCGATAGC GGAGTGTATA CTGGCTTAAC TATGCGGCAT CAGAGCAGAT
3421 TGTACTGAGA GTGCACCATT GCGGTGTGAA ATACCGCACA GATGCGTAAG GAGAAAATAC
3481 CGCATCAGGC GCTCTTCCGC TTCCTCGCTC ACTGACTCGC TGCGCTCGGT CGTTCGGCTG
3541 CGGCGAGCGG TATCAGCTCA CTCAAAGGCG GTAATACGGT TATCCACAGA ATCAGGGGAT
3601 AACGCAGGAA AGAACATGTG AGCAAAAGGC CAGCAAAAGG CCAGGAACCG
TAAAAAGGCC

3661 GCGTTGCTGG CGTTTTTCCA TAGGCTCCGC CCCCCTGACG AGCATCACAA AAATCGACGC
3721 TCAAGTCAGA GGTGGCGAAA CCCGACAGGA CTATAAAGAT ACCAGGCGTT TCCCCCTGGA
3781 AGCTCCCTCG TGCGCTCTCC TGTTCCGACC CTGCCGCTTA CCGGATACCT GTCCGCCTTT
3841 CTCCCTTCGG GAAGCGTGGC GCTTTCTCAT AGCTCACGCT GTAGGTATCT CAGTTCGGTG
3901 TAGGTCGTTC GCTCCAAGCT GGGCTGTGTG CACGAACCCC CCGTTCAGCC CGACCGCTGC
3961 GCCTTATCCG GTAACTATCG TCTTGAGTCC AACCCGGTAA GACACGACTT ATCGCCACTG
4021 GCAGCAGCCA CTGGTAACAG GATTAGCAGA GCGAGGTATG TAGGCGGTGC TACAGAGTTC
4081 TTGAAGTGGT GGCCTAACTA CGGCTACACT AGAAGGACAG TATTTGGTAT CTGCGCTCTG
4141 CTGAAGCCAG TTACCTTCGG AAAAAGAGTT GGTAGCTCTT GATCCGGCAA ACAAACCACC
4201 GCTGGTAGCG GTGGTTTTTT TGTTTGCAAG CAGCAGATTA CGCGCAGAAA AAAAGGATCT
4261 CAAGAAGATC CTTTGATCTT TTCTACGGGG TCTGACGCTC AGTGGAACGA AAACTCACGT
4321 TAAGGGATTT TGGTCATGAG ATTATCAAAA AGGATCTTCA CCTAGATCCT TTTAAATTAA
4381 AAATGAAGTT TTAAATCAAT CTAAAGTATA TATGAGTAAA CTTGGTCTGA CAGTTACCAA
4441 TGCTTAATCA GTGAGGCACC TATCTCAGCG ATCTGTCTAT TTCGTTCATC CATAGTTGCC
4501 TGACTCCCCG TCGTGTAGAT AACTACGATA CGGGAGGGCT TACCATCTGG CCCCAGTGCT
4561 GCAATGATAC CGCGAGACCC ACGCTCACCG GCTCCAGATT TATCAGCAAT AAACCAGCCA
4621 GCCGGAAGGG CCGAGCGCAG AAGTGGTCCT GCAACTTTAT CCGCCTCCAT CCAGTCTATT
4681 AATTGTTGCC GGGAAGCTAG AGTAAGTAGT TCGCCAGTTA ATAGTTTGCG CAACGTTGTT
4741 GCCATTGCTG CAGGCATCGT GGTGTCACGC TCGTCGTTTG GTATGGCTTC ATTCAGCTCC
4801 GGTTCCCAAC GATCAAGGCG AGTTACATGA TCCCCCATGT TGTGCAAAAA AGCGGTTAGC
4861 TCCTTCGGTC CTCCGATCGT TGTCAGAAGT AAGTTGGCCG CAGTGTTATC ACTCATGGTT
4921 ATGGCAGCAC TGCATAATTC TCTTACTGTC ATGCCATCCG TAAGATGCTT TTCTGTGACT
4981 GGTGAGTACT CAACCAAGTC ATTCTGAGAA TAGTGTATGC GGCGACCGAG TTGCTCTTGC
5041 CCGGCGTCAA CACGGGATAA TACCGCGCCA CATAGCAGAA CTTTAAAAGT GCTCATCATT
5101 GGAAAACGTT CTTCGGGGCG AAAACTCTCA AGGATCTTAC CGCTGTTGAG ATCCAGTTCG
5161 ATGTAACCCA CTCGTGCACC CAACTGATCT TCAGCATCTT TTACTTTCAC CAGCGTTTCT
5221 GGGTGAGCAA AAACAGGAAG GCAAAATGCC GCAAAAAAGG GAATAAGGGC
GACACGGAAA

5281 TGTTGAATAC TCATACTCTT CCTTTTTCAA TATTATTGAA GCATTTATCA GGGTTATTGT
5341 CTCATGAGCG GATACATATT TGAATGTATT TAGAAAAATA AACAAATAGG GGTTCCGCGC
5401 ACATTTCCCC GAACCTCAGC CATATGGAAG AAGAAGAA

Table S2: Staple strands used for the assembly of the rectangular DNA origami
nanostructure.

Left side

B-17,26 GGCGGACGGTTCTGCCAAGGGTTGGGTCCAAT
B-17,58 CCCGAGATTTCTCCGCAAGAATTGCCGAGGCG
B-17,90 TCATGCGCGGAGTGGTGAATCCGTTACAATCC
B-17,122 GCCTAGCCGCTTCCATTCAGGTCGGCGGGGAG
B-37,26 GATCGAAGAAGAGCCGCGAGCGATTTGAGCGA
B-37,58 GCATAAATGATGGTCGTCATCTACAAACGTTT
B-37,90 ATGCCAACGCCTGCAACGCGGGCACCATGCCG
B-37,122 GCAGACAAAGCGAGAAGAATCATACGCCAGCA
B-57,26 GGGCGTGCATACCGCAAGCGACAGTGCGCTCA
B-57,58 GGTGGCGGCTCCAGCGAAAGCGGTCTAATGAG
B-57,90 GCGATAATCCAGAGCGCTGCCGGCGCTCTCAA
B-57,122 AGACGTAGGCATGATAAAGAAGACGCGCCCAC
B-77,26 CTGCCCGCGGAAACCTGTCGTGCCGTCGTATC
B-77,58 TGAGCTAACGGCCAACGCGCGGGGGGCGGGAT
B-77,90 GGGCATCGTTGGGCGCCAGGGTGGGCAGGCGA
B-77,122 CGGAAGGATGAGACGGGCAACAGCTTGCAGCA
B-97,26 CCACTACCCACCAACGCGCAGCCCCTAACAGC
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B-97,58 ATAACATGCGCATTGCGCCCAGCGCAGACGCG
B-97,90 AAATCCTGAACCAGCATCGCAGTGCGAGTGAG
B-97,122 AGCGGTCCTCAGCATTTGCATGGTCTTCCCGT
B-117,26 GCGATTTGAATGCGACCAGATGCTGACACCAC
B-117,58 CCGAGACAACCGTCTTCATGGGAGTACAGGCT
B-117,90 ATATTTATTGGGTGTCTGGTCAGAGCGTTGCG
B-117,122 TCCGCTATGCCGGAACATTAGTGCTCCAGCGG
B-137,26 CACGCTGGATCGGCGCGAGATTTAATCGTATA
B-137,58 TCGACGCCGCGACGGCGCGTGCAGGTCTGATA
B-137,90 CGAGAAGAGCAACGCCAATCAGCACGTGGCTG
B-137,122 ATAGTTAACAGTTGTTGTGCCACGCGCTTCCA
B-157,26 ACGTTACTTCACCACCCTGAATTGGCGCTCAT
B-157,58 AGAGACACTATCATGCCATACCGCCGGGGCCT
B-157,90 GCCTGGTTTTCGATGGTGTCCGGGCAAGGAGA
B-157,122 CTTTTTCCTTATGCGACTCCTGCATTGAGCAC
B-177,26 GAGCCCGACCGATCTTCCCCATCGAACCATGG
B-177,58 GCCACCATAGGCGCCAGCAACCGCTTGTACAA
B-177,90 TGGCGCCCATGCCGGCCACGATGCTTTGTTTA
B-177,122 CGCCGCCGCGAGATCTCGATCCCGTGAGCGGA
B-197,26 TGTCTAAGTGATTAAGGAGAACATGCACATGA
B-197,58 AAAAGCAGATGGAGGGCACCGTGAACAACCAC
B-197,90 ACTTTAAGGTGCACATCCGAGGGCGAAGGCAA
B-197,122 TAACAATTAGGGCACCCAGACCATGAGAATCA
G-23,14 TTGATATCGATGTT

G-23,43 ATTCACAGGCGCCGCGTGCGGCTGCTGGAGAT
G-23,75 CAATTCTTACCCGTGGCCAGGACCCAACGCTG
G-23,107 TGCCGCCGGGGTCCTCAACGACAGGAGCACGA
G-43,14 TTCTGGTTTAGGTT

G-43,43 CTGTCCCTCGCCGTGACGATCAGCGTTTGCGC
G-43,75 ACAGCATGCCGTTCCATGTGCTCGATTGGCTC
G-43,107 CCGCCGGAGGTATAGGGCGGCGCCTAGCGAGG
G-63,14 TTTCCGAAAGATTT

G-63,43 TCGTCGCGGACCAGTGACGAAGGCCCTTGAAG
G-63,75 AAAATGACGGCCTGCTTCTCGCCGCTGCCTGG
G-63,107 TACGAGTTCCCAGCGCGTCGGCCGTCCCGATG
G-83,14 TTAGTCGTTTCCTT

G-83,43 TAATGAATCTTACATTAATTGCGTGCCGATCA
G-83,75 TTTGCGTAGTCGAGATCCCGGTGCCCTCGCCG
G-83,107 TTCACCAGGCTGACTGGGTTGAAGACCTGTCC
G-103,14 TTATCCGGAGATTT

G-103,43 TAATGGCGAGCTGTCTTCGGTATCAGCTGCAT
G-103,75 TCGTTGGCTTTGATGGTGGTTAACAGAGGCGG
G-103,107 GCCCTCATACGCTGGTTTGCCCCATTTTTCTT
G-123,14 TTGACCCCTGGTTT

G-123,43 AGTCGCGTGAACTTAATGGGCCCGGGACTCGG
G-123,75 ACTGTTGAGCCAGCCAGCCAGACGCCATCTGA
G-123,107 GAAATAACCGGCTGAATTTGATTGGGAACGAT
G-143,14 TTAGTTGCACCCTT

G-143,43 GACAATTTGCTTCGTTCTACCATCCCACGCCC
G-143,75 TGGAGGTGTTGTGCACCGCCGCTTAAAATAAT
G-143,107 TTGCCCGCTGATCAGCCCACTGACGACATCAA
G-163,14 TTCACATGGTTTTT

G-163,43 CCGGGCGCCGGCATACTCTGCGACATCGCCGC
G-163,75 TTGCGCCACACCACGCGGGAAACGGGCCAGAC
G-163,107 GCTCTCCCCGCGTTTTCGCAGAAAACGACTGT
G-183,14 TTCGAGCAGTGGTT

G-183,43 GGCGATATACCCACGCCGAAACAAACTCTCTT
G-183,75 CGCCGGTGAACAGTCCCCCGGCCAGAAAGGTT
G-183,107 TAGAGGATCAAGGAATGGTGCATGATCTCGAC
G-203,14 TTAGAGCGGCGATT

G-203,43 AGCTGTACGCTCTAAGGAGGATAGGTGATGTC
G-203,75 CACTTCAAAAGGAATATCACAAGTACCTGTGG
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G-203,107 GCCCTACGCCCCTCTAGAAATAATGTCCGGCG
Right side

B-23,171 ACCAGAGACACGTTCGCTCGCGTATCGGTGAT
B-23,203 CGCTTCGTAGGTCGCAGACGTTTTGCAGCAGC
B-23,235 GGGTAGCCACGGAAACCGAAGACCATTCATGT
B-23,267 GGAACATAGCTGACTTCCGCGTTTCCAGACTT
B-43,171 TCACAGATTGCCCGGTTACTGGAAGCGGCGGG
B-43,203 CTCGTTGAATGCTCACGATACGGGAATGCCAG
B-43,235 GGCTTCTGTGGGGGTAATGATACCGTTCCACA
B-43,267 GTTTTTTCTGATGCCTCCGTGTAAGCAGATCC
B-63,171 AATGGTGCCACCGAAACGCGCGAGGAAGCGAT
B-63,203 GCCGCATAGAGCTGCATGTGTCAGGCGTCCAG
B-63,235 TCGCTACGTCCGCTTACAGACAAGTAATGTCT
B-63,267 ACACCCGCACGCGCCCTGACGGGCTAAGGGCG
B-83,171 GTGATGCTAAGAGCGCCTGATGCGCACACCGC
B-83,203 AAAACGCCCGAGCGCAGCGAGTCAGCTCTGAT
B-83,235 CTGGCCTTTGAGCTGATACCGCTCCTCCGCTA
B-83,267 CTTTCCTGATTCTGTGGATAACCGGCGCCCCG
B-103,171 AGTTACCGTGGTATCTTTATAGTCCGATTTTT
B-103,203 ACGGGGGGAGCGCACGAGGGAGCTCCTATGGA
B-103,235 GCGAACGAGTATCCGGTAAGCGGCTACGGTTC
B-103,267 AGCGTGAGGCCACGCTTCCCGAAGCACATGTT
B-123,171 CGCGTAATAGTGGCTGCTGCCAGTAAGACGAT
B-123,203 ACCGCTACCCTACATACCTCGCTCCGGGCTGA
B-123,235 AAGAGCTATAGGCCACCACTTCAAAGCTTGGA
B-123,267 GGCTTCAGACCAAATACTGTCCTTATACCTAC
B-143,171 GACGGGGAGAGCGTCAGACCCCGTTTTTTCTG
B-143,203 ATAGACAGCAAAATCCCTTAACGTAAAAAACC
B-143,235 ATTAAGCATAGGTGAAGATCCTTTGCCGGATC
B-143,267 CTCATATAATTTAAAACTTCATTTAGGTAACT
B-163,171 CAAACGACATCATTGCAGCACTGGATCTACAC
B-163,203 GCAATGGCAATCTGGAGCCGGTGATGAACGAA
B-163,235 TGGCGAACGGCCCTTCCGGCTGGCCCTCACTG
B-163,267 AATTAATAGCGGATAAAGTTGCAGCAAGTTTA
B-183,171 GACGCCGGGGGGGATCATGTAACTAGCCATAC
B-183,203 ACACTATTCCGAAGGAGCTAACCGTGCCTGCA
B-183,235 CACCAGTCCGGCCAACTTACTTCTCTATTAAC
B-183,267 ATGACAGTCAGTGCTGCCATAACCCCGGCAAC
B-203,171 ATAATATTTTCCAATGATGAGCACCCCGTGTT
B-203,203 AACATTTCGATCCTTGAGAGTTTTCGCCGCAT
B-203,235 GCGGCATTGGTTACATCGAACTGGTGAGTACT
B-203,267 AGAAACGCAAGATGCTGAAGATCACGGATGGC
G-17,186 AGTCGCTTAAAATCACTCAGGGTCTTACTGAT
G-17,218 TGTTGCTCTAATACAGATGTAGGTGATGAAAC
G-17,250 TACGAAACAGCAGCATCCTGCGATGGGGGATT
G-17,280 TTCAGGGCATGGTGTT

G-37,186 GATGAACAGTCTGCCTGTTCATCCAGGTTTTC
G-37,218 GAGAGAGGGTTTCTCCAGAAGCGTCTGTGACC
G-37,250 TCTGTTCAATAAAGCGGGCCATGTTTGTCTGC
G-37,280 TTGGTCACCTGTTTTT

G-57,186 ACCGTCATACTCTCAGTACAATCTGTGAGCGA
G-57,218 GTCTCCGGGTTAAGCCAGTATACAGCCGCAGC
G-57,250 TCCCGGCATGACTGGGTCATGGCTTATTACCG
G-57,280 TTCCGCTGCAACACTT

G-77,186 GGAAGCGGCGTCAGGGGGGCGGAGTCCAGGGG
G-77,218 CGAACGACAGCAACGCGGCCTTTTAGGGTCGG
G-77,250 CCTTTGAGTTGCTGGCCTTTTGCTGGAGAAAG
G-77,280 TTCCCCTGCGTTATTT

G-97,186 GAAACGCCGATAAGGCGCAGCGGTTGCTAATC
G-97,218 AACAGGAGTTCGTGCACACAGCCCGAACTCTG
G-97,250 GCGGACAGCCTACACCGAACTGAGCTAGTGTA
G-97,280 TTGAAAGCCTATGATT
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G-117,186 CTGTTACCCTGCTGCTTGCAAACAGAGTTTTC
G-117,218 TAGCACCGCAGCGGTGGTTTGTTTTTGATAAT
G-117,250 GCCGTAGTCCAACTCTTTTTCCGATTAATTTA
G-117,280 TTGCAGATCAGAGCTT

G-137,186 GTTCCACTGTCAGGCAACTATGGAGCGTGGGT
G-137,218 CTCATGACATCGCTGAGATAGGTGTGGTTTAT
G-137,250 AAAGGATCTTGGTAACTGTCAGACGACCACTT
G-137,280 TTAGATTGTACTTTTT

G-157,186 CTCGCGGTGAGCGTGACACCACGACTTTTTTG
G-157,218 TGCTGATAAACAACGTTGCGCAAAGACAACGA
G-157,250 CTGCGCTCTACTTACTCTAGCTTCATGAGTGA
G-157,280 TTATGGAGGACTGGTT

G-177,186 CACAACATGCAAGAGCAACTCGGTCGCCCCGA
G-177,218 TCGGAGGACTCAGAATGACTTGGTATCTCAAC
G-177,250 TAACACTGACAGAAAAGCATCTTAGTTGGGTG
G-177,280 TTATTATGAAGAGATT

G-197,186 AGAACGTTGAAAAAGGAAGAGTATGAGTATTC
G-197,218 AGCGGTAACGTGTCGCCCTTATTCCCTTTTTT
G-197,250 CACGAGTGTTGCCTTCCTGTTTTTGCTCACCC
G-197,280 TTAAGTAATGGTGATT

Central seam

G-17,154 TCATTCTGCTAACCAGTAAGGCAACCCCGCCA
G-23,139 CGGCTCCAAACTGGCGGTATGGATCGTTGTGA
G-37,154 GGGTAAACTGCACCGCGACGCAACAGGTGGCC
G-43,139 GGCCATCCTCATCAGCGTGGTCGTGCAGCTGC
G-57,154 GGTAAAGCAGCCTCGCGTCGCGAAATGGGGAA
G-63,139 GTGCGGCGCATCTGTGCGGTATTTGTATTTTC
G-77,154 TCCTTACGACGATAGTCATGCCCCAGTCATAA
G-83,139 CTTCACCGCCTCTGACTTGAGCGTCTGTCGGG
G-97,154 TTTCGCCACCTGGCCCTGAGAGAGTGATTGCC
G-103,139 AACCGGACTTACCGGGTTGGACTCGGCGATAA
G-117,154 GTCGTGTCATGGCACTCCAGTCGCTTGTTGAA
G-123,139 TCCACAGCTCTTCTTGAGATCCTTAGAAAAGA
G-137,154 TCAAAGGAAATGGCATCCTGGTCAAGGCAGCT
G-143,139 AATGTAATCTCCCGTATCGTAGTTGGCCAGAT
G-157,154 GGTAAGCCTCAGCTCCGCCATCGCCGGTTGGG
G-163,139 CAGCCCAGAACCGGAGCTGAATGACGCCTTGA
G-177,154 TCGTTGGGTAGTAGGTTGAGGCCGTTAGGAAG
G-183,139 ATACGACTTGTGGCGCGGTATTATTTTTAAAG
G-197,154 TTCTGCTACACTATAGGGGAATTGCGAAATTA
G-203,139 AGGTGGTCACAATAACCCTGATAAATGCTTCA

Table S3: Amino-modified staple strands used firstly in coupling reaction with 1 and further
in assembly of 1-origami.

amC7-B-17,26 amC7-GGCGGACGGTTCTGCCAAGGGTTGGGTCCAAT
amC7-B-17,58 amC7-CCCGAGATTTCTCCGCAAGAATTGCCGAGGCG
amC7-B-17,90 amC7-TCATGCGCGGAGTGGTGAATCCGTTACAATCC
amC7-B-17,122 amC7-GCCTAGCCGCTTCCATTCAGGTCGGCGGGGAG
amC7-G-17,186 amC7-AGTCGCTTAAAATCACTCAGGGTCTTACTGAT
amC7-G-17,218 amC7-TGTTGCTCTAATACAGATGTAGGTGATGAAAC
amC7-G-17,250 amC7-TACGAAACAGCAGCATCCTGCGATGGGGGATT
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Tabel S4: Fsc- modified staples strands used in assembly of Fsc-origami.

ATTCACAGGCGCCGCGTGCGGCTGCTGGAGAT-

G-23,43-Fsc C7 FlcC7

G-23,107-Fsc C7 TGCCGCCGGGGTCCTCAACGACAGGAGCACGA-FIcCT

B-23,171-Fsc C7 ACCAGAGACACGTTCGCTCGCGTATCGGTGAT-FIcC7

B-23,235-Fsc C7 GGGTAGCCACGGAAACCGAAGACCATTCATGT-FIsC7
FAM-C6-

FAM C6-B-17,122 GCCTAGCCGCTTCCATTCAGGTCGGCGGGGAG
FAM-C6-

FAM C6-G-17,186 AGTCGCTTAAAATCACTCAGGGTCTTACTGAT
FAM-C6-

FAM-C6-B-17,58 CCCGAGATTTCTCCGCAAGAATTGCCGAGGCG
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