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1 Abbreviations

AFM Atomic force microscope

APTES (3-Aminopropyl)triethoxysilane
CEP-CI 2-Cyanoethyl N,N-diisopropylchlorophosphoramidite
DCE 1,2-Dichloroethane

DCM Dichloromethane

DIPEA N,N-Diisopropylethylamine

DLS Dynamic light scattering

EtsN Triethylamine

EtOAC Ethyl acetate

MeOH Methanol

RT Room temperature

TEM Transmission electron microscope
THF Tetrahydrofuran

TLC Thin-layer chromatography



2 General methods

All chemicals and solvents were purchased from commercial suppliers and used without further purification. 3,6-
Dibromophenanthrene (2) was prepared according to literature.!!]

All NMR spectra were measured on a Bruker Avance Ill HD (300 MHz) spectrometer. Mass spectra were obtained
on a Thermo Fisher LTQ Orbitrap XL with nano Electrospray lonization (ESI) from the Analytical Research and
Services of the University of Bern.

Absorption spectra were measured on an Agilent Cary 100 spectrophotometer using quartz cuvettes with an optical
path of 1cm. Fluorescence spectra were recorded on a Cary Eclipse fluorescence spectrophotometer setting the
excitation and emission slits to 5 nm. The supramolecular polymer formation of N-Phe; (vesicles) was performed
via thermal disassembly and reassembly process. N-Phe; in ethanol was added to a solution of 10 mM sodium
acetate buffer (pH 4.7) and 10 vol% ethanol. The sample was heated to 70 °C to fully disassemble the N-Phe; and
then cooled to 20 °C with a controlled rate of 0.33 °C/min in an Eppendorf Thermomixer Compact to form the N-
Phe; vesicles. The formed vesicles were stable for at least 24h. The formation of Pys-nanosheets was achieved in
10 mM sodium phosphate buffer (pH 7.1), 10 mM sodium chloride and 10 vol% ethanol with a controlled cooling
rate of 0.5 °C/min from 70°C to 20°C in a Cary 100 spectrophotometer equipped with a Peltier thermostat.

Atomic force microscopy (AFM) measurements were performed on a Nanosurf FlexAFM instrument in tapping mode
under ambient conditions. Tap190-Al-G cantilevers from Budget-Sensors were used with a resonant frequency of
190kHz, a force constant of 48N/m and a tip radius of 10 nm. Mica sheets (Glimmer “V1”, 20mm x 20mm, G250-7,
Plano GmbH) were used as substrates. The graphical illustration and evaluation of the AFM measurements was
done with the softwares Nanosurf C300 and SPIP. The mica sheets were APTES-modified according to published
procedures.?! For every sample preparation, 30ul of the sample solution was pipetted onto the mica sheet. After 10
minutes of adsorption time, the solution was sucked with a KIMTECHScience” precision wipe and the mica was rinsed
with Milli-Q water (1ml), then dried under an argon stream.

For the electrostatic layer assembly, the two molecules N-Phe; and Py; had to be preassembled as previously
described. Py;-sheets were adsorbed on APTES-modified mica, the mica was washed and dried as previously
described, and afterwards the second layer, positively charged N-Phe;s-vesicles, was adsorbed on top and treated
like before.

Transmission electron microscopy (TEM) was performed on a Tecnai Spirit instrument with an operating voltage of
80kV and with either an Olympus-SIS Veleta CCD camera or FEI Eagle CCD camera. The N-Phe; was self-
assembled as previously described, and a carbon-coated copper grid (300 Mesh, Agar Scientific) was used as a
substrate. The samples were prepared as followed: 5ul of the supramolecular polymer was dropped onto the grid,
waited for 10min, and the solution was blotted. Afterwards the grid was washed by dipping into 20ul of Milli-Q water
and blotting two times. The last step was the staining of the sample with a 0.5% aqueous uranyl-acetate solution.
This was done according to the washing procedure: the sample was dipped twice into 20yl of the uranyl-acetate
solution (0.5%).

DLS measurements were carried out on a Zetasizer Nano instrument (Malvern Instruments) by using the standard
operation procedure for particle size determination. Pre-washed plastic cuvettes were used for the measurements.
The equilibration time at 70 °C was 5 minutes, before cooling to 20 °C.

The zeta potential and the size distribution measurements were determined by nanoparticle tracking analysis (NTA)
with a ZetaView (software version 8.05.05 SP2, ParticleMetrix, Inning am Ammersee, Germany) equipped with a
488 nm laser, zeta potential and temperature control units. Measurements were performed at 20 °C, a camera
sensitivity of 85, and 100 1/ms shutter value.

3  Organic synthesis

3.1 N-Phe;

3,6-Dibromophenanthrene (2)

OO The commercially available 4,4’-dibromo-trans-stilbene (1) (2.5036 g, 7.41 mmol) and lodine

O Br (0.3638 g, 1.43 mmol) was dissolved in toluene (4 |). The solution was irradiated with a mercury
medium pressure UV lamp for 70 hours while air was bubbled through. The reaction was
Br 2 monitored by 'H NMR. Water (1 1) and an excess of Na,S,0; were added to remove the iodine

(color change from pink to beige). The organic phase was evaporated under reduced pressure. The obtained yellow
solid was dissolved in boiling DCM (99 ml), methanol (60 ml) was added, and the solution was kept for 2 days in



the fridge. The white crystals were filtrated off and washed with cold DCM (7 ml). The filtrate was evaporated and
recrystallized again. The combined fractions of compound 2 were obtained in 70% yield (1.7460 g). '"H NMR (300
MHz, CDCl3) 6 8.69 (d, J = 1.6 Hz, 2H), 7.79 — 7.65 (m, 6H).

2-(5-(6-(5-hydroxypent-1-yn-1-yl)phenanthren-3-yl)pent-4-yn-1-yl)isoindoline-1,3-dione (3) and
5,5'-(phenanthrene-3,6-diyl)bis(pent-4-yn-1-ol) (4)

OO To a degassed solution of 3,6-Dibromophenanthrene 2 (1.0016 g, 2.98

O N OH mmol) in dry THF (33 ml) and Et;N (16.5 ml) under an argon atmosphere,

Pd[PhsP],Cl, (116.7 mg, 0.166 mmol), Cul (51.9 mg, 0.273 mmol), 4-

I 3 Pentynyl-phthalimide (635.9 mg, 2.98 mmol) and 4-Pentyn-1-ol (275.5 yl,

2.98 mmol) was added. The black solution was refluxed overnight. The

Q mixture was filtrated, the filtrate was washed with citric acid (10%) and

@Q saturated NaHCOj; solution. The solution was dried over Na,SO, and

0 concentrated in vacuo. The crude products 3 and 4 were separated by flash

column chromatography on silica gel

OO (hexane/EtOAc 3:1). Compound 3 was

O X OH isolated as an orange-yellowish solid

(437.1 mg, 31%). Compound 4 was

isolated as an orange solid (164.7 mg,

16%). 3: Rr=0.24 (hexane/EtOAc 1:1).

"H NMR (300 MHz, CDCI3) 5 8.64 (s,

1H), 8.51 (s, 1H), 7.84 — 7.68 (m, 4H),

7.65 (s, 2H), 7.62 —7.41 (m, 4H), 3.98 — 3.86 (m, 4H), 2.71 — 2.54 (m, 4H), 2.10 (p, J = 6.9 Hz, 2H), 1.96 (p, J = 6.6

Hz, 2H). '3C NMR (75 MHz, CDCIl3) 5 168.68, 133.96, 132.29, 131.42, 129.71, 128.43, 127.06, 126.42, 123.30,

122.12, 90.34, 81.91, 61.99, 37.69, 31.56, 27.40, 17.68, 16.30. HRMS-NSI (m/z): [M+H]* calcd for C3,H6NO3:

472.1907, found: 472.1895. 4: R; = 0.06 (hexane/EtOAc 1:1). '"H NMR (300 MHz, CDCI3) d 8.69 (s, 2H), 7.77 (d, J

= 8.2 Hz, 2H), 7.67 (s, 2H), 7.63 — 7.53 (m, 2H), 3.90 (t, J = 6.2 Hz, 4H), 2.64 (t, J = 6.9 Hz, 4H), 1.94 (p, J = 6.6

Hz, 4H). '3C NMR (75 MHz, CDCl3)  131.54, 129.78, 129.61, 128.62, 127.15, 126.28, 122.16, 90.33, 81.83, 62.04,
31.57, 16.30. HRMS-NSI (m/z): [M+H]* calcd for C24H2302: 343.1693, found: 343.1703.

HO

5-(6-(5-aminopent-1-yn-1-yl)phenanthren-3-yl)pent-4-yn-1-ol (5)

OO A solution of compound 3 (212.8 mg, 0.451 mmol) and hydrazine-monohydrate
‘ N OH (0.18 ml, 3.610 mmol) in THF (9 ml) was stirred at 40 °C, under argon atmosphere
overnight. The grey precipitation was filtrated off and the filtrate was diluted with

I 5 DCM (100 ml). The filtrate was washed two times with 2M K,CO3; (2x 100 ml).

The organic phase was dried over K,CO3; and concentrated in vacuo. Compound

5 was gained as a yellow sticky solid (149.7 mg, 97%). "H NMR (300 MHz, CDCl3)
HoN 0 8.69 (s, 2H), 7.77 (d, J = 8.2 Hz, 2H), 7.66 (s, 2H), 7.62 — 7.54 (m, 2H), 3.89 (t,
J =6.2 Hz, 2H), 2.94 (t, J = 6.9 Hz, 2H), 2.60 (dt, J = 18.5, 6.9 Hz, 4H), 1.94 (p, J = 6.7 Hz, 2H), 1.82 (p, J = 6.9 Hz,
2H)."3C NMR (75 MHz, CDCIl3) d 131.35, 129.59, 129.46, 128.46, 126.96, 126.18, 122.02, 90.42, 81.68, 61.73,
41.38, 32.48, 31.45, 17.06, 16.16. HRMS-NSI (m/z): [M+H]* calcd for C,4H,4NO: 342.1852, found: 342.1849.

5,5'-(phenanthrene-3,6-diyl)bis(pent-4-ynal) (6)

The procedure was carried out analog to reference.®l Dess-Martin Periodinane (DMP)
(817.2 mg, 1.926 mmol) was dissolved in DCM (9 ml) and placed under argon.
Compound 4 (299.8 mg, 0.876 mmol) was dissolved in DCM (9 ml) and was added
to the DMP solution. The reaction mixture was stirred at RT for 1 hour. The reaction
mixture was diluted with DCM (50 ml) and washed with sat. ag. NaHCOj; solution
containing 12.5 g Na,;S,0; (50 ml), sat. ag. NaHCO; soution (50 ml) and water (50
ml). The organic phase was dried over MgSO, and concentrated in vacuo. The crude
product was purified by flash column chromatography on silica gel (hexane/EtOAc 3:1). The product was gained as
a white yellowish fluffy solid (120.8 mg, 41%). R¢ = 0.3 (hexane/EtOAc 2:1). '"H NMR (300 MHz, CDCl;) & 9.92 (s,
2H), 8.69 (s, 2H), 7.78 (d, J = 8.2 Hz, 2H), 7.68 (s, 2H), 7.62 — 7.52 (m, 2H), 2.88 — 2.80 (m, 8H). 3C NMR (75




MHz, CDCl;) 6 200.99, 132.09, 130.20, 130.01, 129.08, 127.68, 126.78, 122.24, 89.16, 82.53, 43.24, 13.41. HRMS-
NSI (m/z): [M+Na]* calcd for C24H1502Na: 361.1199, found: 361.1198.

5,5'-((((phenanthrene-3,6-diylbis(pent-4-yne-5,1-diyl))bis(azanediyl))bis(pent-1-yne-5,1-
diyl))bis(phenanthrene-6,3-diyl))bis(pent-4-yn-1-ol) (N-Phe;)

ale
V4 A\

HO

H
N

N-Phe;,

4 \

~OH

The procedure was carried out analog to
reference.! A solution of 5 (20.2 mg, 0.0591
mmol) and Na(OAc);BH (25.5 mg, 0.12 mmol)
in CHCI3 (6 ml) was placed under argon and a
solution of 6 (10.0 mg, 0.0296 mmol) in CHCl3
(3 ml) was added dropwise. The reaction was
stirred overnight. The reaction mixture was
diluted with CHCI3 (15 ml) and washed twice

with 2 M K;COj; solution. The CHCI3-phase was dried over K,CO3 and concentrated in vacuo. The crude product
was purified by preparative TLC (DCM/MeOH 95:5 + 1% Et3N) and yielded N-Phe; as a white-yellowish solid (22.8
mg, 78%). R¢= 0.22 (DCM/MeOH 95:5+1% Et;N). HRMS-NSI (m/z) [M+H]* calcd for C7,HesN202: 989.5041, found:

989.5042.
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Scheme S1. The synthesis of the 1,6-dipentynyl linked pyrene trimer with phosphodiester-bridges (Pys3).

5,5'-(Pyrene-1,6-diyl)bis(pent-4-yn-1-ol) (8)

Compound 8 was synthesized according to literature.®! 1,6-Dibromopyrene (7) (1.0201 g, 2.833 mmol) was
dissolved in anhydrous THF (23 ml) and degassed Et3N (14 ml) under an argon atmosphere and heated to 84 °C.
4-Pentyn-1-ol (1 ml, 10.8 mmol) was added, followed by the catalysts Pd[PPh3],Cl, (52 mg, 0.074 mmol) and Cul
(10 mg, 0.053 mmol). The reaction mixture was refluxed at 84 °C overnight. TLC (DCM/MeOH 92:8) showed the



disappearance of starting material 7. The reaction mixture was cooled to RT, before it was diluted with DCM (100ml),
and filtrated through Celite 503. The filirate was washed once with 10% citric acid (100ml), once with aqg. sat.
NaHCO; (100ml), dried over Na,SQ,, filtrated, and concentrated under reduced pressure. The residue was purified
by a flash column chromatography on silica gel (DCM/toluene/MeOH 88:10:2). Compound 8 could be isolated as a
pure yellow compound (437.4 mg, 42%). R; = 0.23 (DCM/MeOH 97:3). 'H NMR (300 MHz, CDCl3) 8 8.52 (d, J =
9.1 Hz, 2H), 8.13 - 8.02 (m, 6H), 3.96 (t, J = 6.2 Hz, 4H), 2.79 (t, J = 7.0 Hz, 4H), 2.04 (p, J = 6.6 Hz, 4H).

5-(6-(5-Hydroxypent-1-yn-1-yl)pyren-1-yl)pent-4-yn-1-yl acetate (9)

Compound 8 (152.6 mg, 0.416 mmol) was dissolved in pyridine (4.2 ml) under argon. A 2M solution of acetic
anhydride (0.2 ml, 0.416 mmol) in pyridine was added dropwise over ten minutes to the dissolved compound 8. The
reaction mixture was stirred at RT for 2 hours until TLC (hexane/EtOAc 3:2) showed mainly the mono-acetylated
product (9) and some unreacted starting material 8. The reaction mixture was diluted with DCM (10ml) and washed
once with aq. 0.5 M HCI (10ml), once with aq. sat. NaHCO3; (10ml) and once with brine (10ml). The organic phase
was dried over MgSO,, filtrated, and the solvent removed under reduced pressure. The residue was purified by a
flash column chromatography on silica gel (hexane/EtOAc 3:2). Compound 9 could have been isolated as a pure,
yellow solid (41.1 mg, 24%). R =0.55 (hexane/EtOAc 1:1). '"H NMR (300 MHz, CDCl;) 5 8.53 (d, J = 11.1 Hz, 2H),
8.15 - 8.03 (m, 6H), 4.36 (t, J = 6.3 Hz, 2H), 3.96 (t, J = 6.2 Hz, 2H), 2.85 - 2.71 (m, 4H), 2.16 - 1.98 (m, 7H). '3C
NMR (75 MHz, CDCl3) 6 132.11, 130.86, 130.82, 130.04, 128.05, 128.02, 126.11, 126.07, 124.99, 124.97, 124.31,
119.07, 118.94, 95.65, 94.86, 63.49, 62.05, 31.79, 28.20, 21.15, 16.90, 16.65. HRMS-NSI (m/z): [M]* calcd for
CasH2403: 408.1720, found: 408.1701.

Bis(2-cyanoethyl) (pyrene-1,6-diylbis(pent-4-yne-5,1-diyl)) bis(diisopropylphosphoramidite) (10)

Compound 8 (100.3 mg, 0.274 mmol) was dissolved in anhydrous THF (6 ml) and DIPEA (0.5 ml, 2.93 mmol). CEP-
Cl (210 mg, 0.887 mmol) was added dropwise at RT and the reaction mixture stirred for 3 hours. TLC
(hexane/EtOAc 7:3 + 1% Et;N) showed the disappearance of starting material. The reaction mixture was
concentrated under reduced pressure. The resultant yellow-greenish foam was purified by a short flash column
chromatography on silica gel (hexane/EtOAc 8:2 + 1% Et;N). Product 10 could have been isolated as a yellow-
greenish oil (112.0 mg, 53%). R = 0.81 (hexane/EtOAc 6:4 + 1% Et3;N). "H NMR (300 MHz, CDCl3) 6 8.55 (d, J =
9.1 Hz, 2H), 8.15 - 7.95 (m, 6H), 4.04 — 3.76 (m, 8H), 3.74 — 3.56 (m, 4H), 2.78 (t, J = 7.0 Hz, 4H), 2.65 (t, J = 6.5
Hz, 4H), 2.14 — 2.01 (m, 4H), 1.26 — 1.18 (m, 24H). '3C NMR (75 MHz, CDCl;) d 132.08, 130.76, 130.00, 127.94,
126.14,124.92, 124.30, 119.17,117.75, 95.67, 80.05, 62.57, 62.34, 58.62, 58.36, 43.57, 43.27, 43.11, 30.67, 30.57,
24.81, 24.72, 20.55, 20.46, 16.74. 3'P NMR (121 MHz, CDCl;3) & 147.84. HRMS-NSI (m/z): [M+H]* calcd for
Ca4Hs5704N4P>: 767.3850, found: 767.3816.

Protected 1,6-dipentynyl substituted pyrene-trimer (11)

A solution of 5-(ethylthio)-1H-tetrazole (9.9 mg, 0.076 mmol) in DCE (0.25 ml) was added under argon atmosphere
to a solution of compound 10 (15 mg, 0.02 mmol) in DCE (0.14 ml). Compound 9 (25.1 mg, 0.061 mmol) was
dissolved in DCE (0.48 ml) and added to the activated compound 10. The reaction was stirred at room temperature
for one hour. Tert-Butyl hydroperoxide solution (70%, 16.2 pl, 0.117 mmol) was added and further stirred for 10
minutes. The reaction mixture was diluted with chloroform (15 ml) and washed once with aq. sat. NaHCO3 (15 ml)
and once with brine (15 ml). The organic layer was dried over MgSQy,, filtrated, and concentrated under reduced
pressure. The residue was purified by a preparative TLC (DCM/toluene/MeOH 86:10:4). Compound 11 was purely
isolated (6.9 mg, 25%). R; = 0.43 (DCM/toluene/MeOH 86:10:4). "H NMR (300 MHz, CDCl;) 5 8.54 — 8.30 (m, 6H),
8.14-7.86 (m, 18H), 4.51 —4.25 (m, 16H), 2.91 — 2.66 (m, 16H), 2.22 — 2.04 (m, 18H). 3'P NMR (121 MHz, CDCl3)
0 -1.37. HRMS-NSI (m/z): [M]* calcd for CggH74012N2P2: 1412.4712, found: 1412.4648.

1,6-dipentynyl substituted pyrene trimer (Py;)

Compound 11 (6.9 mg, 0.0049 mmol) was dissolved in a solution of 2 mol/l NH; in methanol (5 ml) and stirred at
RT overnight. The sample was lyophilized, the residue was suspended in MeOH (1 ml) and lyophilized again and
yielded the product Py; (6.0 mg, quant.). HRMS-NSI (m/z): [M-H]- calcd for C;sHgsO10P2: 1222.3975, found:
1222.4007.
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Figure S1. "H NMR of compound 2 in CDCl;.
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Figure $10. 'H of compound 8 in CDCl;.
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Figure S11. 'H NMR of compound 9 in CDCl;.
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100

90
il (ppm)

12




9000

8000
7000
6000
5000
4000
3000
2000
1000

8Lk
ON.F/
Ll

[Zay
€Tl
9Tl

0T
90T

Fovvez

0.0

0.5

1.0

1.5

80C—
oﬁu\
cLe

€9C /
S9C
L9c V
LTz
8LT \
08'¢c
6S°€
l9'e
29'e
€9'¢
v9'e
99'c —%

Ferv

8¢
F e8¢

— 00

25

3.0

3.5

L9€
89°€

—oLL

69
ose
e
6.°¢
18°€
18°¢
z8°¢
€8'¢
vge ]
sge
18°¢ 4
68°¢
16
€6
v6'€
96'¢
96'¢
86°¢
66
L0y

008
No.w/
mo.wv
L0'8
mo.w\
4%
PS8~
158"

N

VA
o~ _

or,

W 08'S

Fost

4lo

5.0

55

6.0

6.5

7.0

7.5

8.0

8.5

9.0

1 (ppm)

Figure $13. 'H NMR of compound 10 in CDCl5.
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5 MS spectra

51 N-Phe;

NSI pos THF
University of Bern, Departement of Chemistry and Biochemistry LTQ Orbitrap XL
Mass Spectrometry Service, Schuerch Group

Jevric4 6 1 160815124059 #47-58 RT: 1.7-2.1 AV: 12 NL: 8.08E4

T: FTMS + p ESI Full ms [150.00-2000.00]
472.1895
z=1
800004
750004
70000
65000]
60000
55000]
500007

45000%

Intensity

40000%
350005
30000§ 473.1932

] z=1
25000

ZOODOE

15000;
10000%

5000 ‘
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471.8 472.0 472.2 4724 4726 472.8 473.0 473.2 473.4 473.6 473.8 474.0
m/z

Figure S$18. Mass spectrum of compound 3.

Elemental composition search on mass 472.1895

m/z= 467.1895-477.1895

m/z Theo. Delta Composition

Mass (ppm)

472.1895| 472.1894 0.2
472.1883 253
472.1907 F2ah
472.1880 3.1%
472.1910 =315
472.1870 5.39
472.1867 5:z08
472.1856 8.21
472.1934 =6:24
472.1843 11.05

Figure S$19. Elemental composition of compound 3.
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ESI pos ACNB0_H2020
University of Bern, Departement of Chemistry and Biochemistry
Mass Spectrometry Service - Schuerch Group

Jevric 6_5_1_160418113935#9-12° RT: 0.3-0.4 AV: 4 NL: 4.85E6

T: FTMS + p ESI Full ms [150.00-2000.00]

LTQ Orbitrap XL

343.1703
z=1
4500000
4000000
3500000
i 287.1076
] z=1
3000000
= -] 277.2648
B 2500000 z=1
()
E 4 365.1523
2000000-] il
1500000: 344 1737
] __z=1
10000007 255.1178 288.1110
] z=1 z=1 366.1557
500000 174.0793 188.1207 275._2493 3151380 7=
z=2  z=1 z=1_ = 3811178 407.1087
il ‘ ‘ z=2 z=1
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m/z

Figure S20. Mass spectrum of compound 4.

Elemental composition search on mass 343.1703

m/z= 338.1703-348.1703
m/z Theo. Delta Composition

Mass {ppm)

343.1703| 343.1693 3.13
343.1669 10.14
343.1781 -22.60
343.1805 -29.
343.1567 2HIE
343.1543 46.78|C2; H22 02 NNa

Figure S21. Elemental composition of compound 4.
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NSI pos THF
University of Bern, Departement of Chemistry and Biochemistry
Mass Spectrometry Service, Schuerch Group

LTQ Orbitrap XL

Jevric 5_6_1_160815124059 #9-17 RT: 0.3-0.5 AV: 9 NL: 2.49E7

T: FTMS + p ESI Full ms [150.00-2000.00]
342.1849
z=1
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Figure S$22. Mass spectrum of compound 5.

Elemental composition search on mass 342.1849

m/z= 337.1649-347.1849

m/z Theo. Delta Composition
Mass {ppm)
342.1849| 342.1852 -0.88|C
342.1839 3.04
342.1828 615
342.1826 6.95
342.1874 =7.:09

342.1815 10.07
342.1812 10.88
342.1887 =21 0
342.1802 1398
342.1898 -13.12

OO aaaooan

Figure S$23. Elemental composition of compound 5.
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NSl pos THF

University of Bern, Departement of Chemistry and Biochemistry

Mass Spectrometry Service, Schuerch Group

Jevric 7_4 160815124059 #11-20 RT: 0.3-0.6 AV: 10 NL: 7.39E5

T: FTMS + p ESI Full ms [150.00-2000.00]
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z=1

LTQ Orbitrap XL
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z=1

360.5
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Figure S24. Mass spectrum of compound 6.

Elemental composition search on mass 361.1198

m/z= 356.1198-366.1198

m/z Theo.

Mass
361.1198| 361.1199
361.1210
361.1186
361.1183
361.1223
361.1159
361.1244
361.1143
361.1268

Figure $25. Elemental composition of compound 6.
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NSI pos EtOH
University of Bern, Departement of Chemistry and Biochemistry LTQ Orbitrap XL
Mass Spectrometry Service, Schuerch Group

Jevric8 2 2 1a 160815124059 #4-29 RT: 0.1-0.8 AV: 26 NL: 1.42E6
T: FTMS + p ESI Full ms [150.00-2000.00]
989.5042
z=1
1400000

1300000

1200000 990.5075

z=1
1100000

1000000

9000007

o]
Q
Q
[=]
o
C‘D

700000

Intensity
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400000 z=1
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= 992.5139
100000 z=1
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Figure S26. Mass spectrum of compound N-Phe;.

Elemental composition search on mass 989.5042

m/z= 9864.5042-994.5042

m/z Theo. Delta Composition
Mass (ppm)

989.5042 989.5041 0.13|C72 Hes 0z Nz
989.5057 =1L CrsHegNa
989.5017 2. C70Hee 02Nz Na
989.5014 2: CesHe70Os N
989.5000 4 Cg7Hes 04 Ng
989.4990 5.26|Ceg7Heg Os NNa
989.5102 =6 CeeHea O4N3Na
989.4976 Bl CesHeg 04Nz Na
9895115 =i H700sNa
989.5126 -8. Heg704N3

Figure S27. Elemental composition of compound N-Phej.
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NSI pos THF

jevric 16_1_2_210215113940 #7 RT: 0.17 AV: 1~ NL: 2.12E7
T: FTMS +p NS Full ms [150.00-2000.00]
409.1768

100 =
95
90
85
80
75
70
65
60
55
50
45
40
35
30

408.1701
2=1

Relative Abundance

410.1809
z=1

411.1844
z=1

405 410

Figure S$28. Mass spectrum of compound 9.

Elemental composition search on mass 408.1701

m/z= 403.1701-413.1701

m/z Theo. Delta Composition
Mass {ppm)
408.1701 408.1696 1.35
408.1720 =a555
408.1675 6.40

408.1651 12.30

Figure S29. Elemental composition of compound 9.
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NSI pos THF . .
jevric 17_1_210215113940#1-9 RT: 0.01-0.23 AV: 9 NL: 143E7
T: FTMS + p NSI Full ms [150.00-2000.00]
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85
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65 767.3816
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55
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45
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30 _z=1
25
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z=1
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20 790.3668

10 769.3883
_z=1
; |

789.3634
768.3849 z=1
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z=1

806.3614
_z=1

821.3529
z=1

822.3563

z=1 807.3648 |°°C=

7993712 || &1
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Z=1
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884.4966
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Figure $30. Mass spectrum of compound 10.

Elemental composition search on mass 767.381é

m/z= 762.3816-772.3816

m/z Theo. Delta Composition
Mass {ppm)
7€7.3816| 1767.3826 -1.26|C42Hs5 02 N2 NaP:z

767.3850 —4.40|CqaH5704 N4 P2
673951 —17.65|C43He0C4N3Na Pz

Figure S31. Elemental composition of compound 10.
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NSI pos THF o o
jevric 18_1_210215111404 #1-5 RT: 0.00-0.11 AV: 5 NL: 5.72E7
T: FTMS + p NSI Full ms [150.00-2000.00]

1412.4648
100 =
95

90

55 1414.4713
_z=1

Relative Abundance
w
[=]

20 1415.4744
_z=1

1416.4774
5 _z=1

O e e e H,!.w!.'.“..._..,m,'.w.,eu“..._.. A Raa e e R
1380 1390 1400 1410 1420 1430 1440 1450
m/z

Figure S$32. Mass spectrum of compound 11.

Elemental composition search on mass 1412.4648

m/z= 1407.4648-1417.4648

m/z Theo. Mass Delta Composition
(ppm)
1412.4648| 1412.4687 -2.80|Cge H15 012 N2 Na Pz
1412.4712 -4.50 74 012 N2 P2
1412.4813 -11.70|Cs7H77 012 NNa P2

Figure S$33. Elemental composition of compound 11.
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NSI neg MeOH L .
Jevric 19_1_2_3_180208101241 #13-18 RT: 0.33-047 AV: 6 NL: 4.60E5

T: FTMS - p NSI Full ms [150.00-2000.00]

£10.1925
100 =
%53 510.6942
904 z=2
853
803
753
703
LE
L
e
B 553
=3 3
2 509
4 1
£ 457 611.1959
2 a0 =2
355
303
257
203
155 611.6974
103 z=2
G:\ T T RECE RRES! AT \"‘|“'J\ T T T | 2 B T T T \"‘\"‘I“\ T 7 T T T T T T | @ag By T | T T T T T T T T
508 509 510 611 612 613 614 615 616
m/z
Figure S34. Mass spectrum of compound Pys;.
6 UV-vis and fluorescence spectra
6.1 N-Phe;
0.4 7
0.35
o
o 03
= ——75°C
% 0.25 —_65°C
- 0.2 55°C
<0.15 45°C
0.1 I\ w/
o
0.05 1 L —25°C
— ——15°C
O T T T T 1

220 270 320 370 420 470
Wavelength [nm]

Figure S35. Absorption spectra of N-Phe; in agueous medium when cooling down from 75 °C to 15 °C in 10 °C steps. A red-
shift of 2 nm is observed between 45 °C and 35 °C. Conditions: 1 yM N-Phe;, 10 mM sodium acetate buffer, 10 vol% ethanol.
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Figure S36. Fluorescence spectra of N-Phe; in aqueous medium measured every
10 °C. Conditions: 1 yM N-Phe;, 10 mM sodium acetate buffer, 10 vol% ethanol,
Aex = 330 nm.
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Figure S37. Excitation spectra of N-Phe; in aqueous medium measured every
10 °C. Conditions: 1 yM N-Phe;, 10 mM sodium acetate buffer, 10 vol% ethanol,
Aem = 387 nm.
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7 TEM measurements of N-Phe;

Figure S38. TEM measurements of the self-assembled N-Phe; in aqueous medium. Conditions: 5 yM N-Phe;, 10 mM sodium
acetate buffer (pH 4.7), 10 vol% ethanol.
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8 DLS measurements of N-Phe;

MNumber PSD
Court Rate: 36 Hecps
Cumulants result
181 Z-Average size: 239.9dnm
184
17 ] FOI: 0.481
; PDI width: 166.5d.nm
16 4
151 Distribution result
14 Mean / Area
13 ] Peak 1: 184 d.nm / 100.0%
124
_1
=
=10 1
2
E 91
Z ;]
F 4
E .
5 4
4]
3 4
2 4
‘I B
1] T T - : .
0.1 1 10 100 1000 1e+04
Size (d.nm)

Figure S$39. Dynamic light scattering (DLS) measurement of the assembled N-Phe; in aqueous medium at 20 °C. Conditions:
10 mM sodium acetate buffer (pH 4.71), 10 vol% ethanol, 1 uyM N-Phe;.

MNumber PSD
Count Rate: 37 Ycps

Cumulants result
44 1 Z-Average size: 256 8d.nm

404 FDI: 0.306
28 4 PDI width: 142 d.nm

9] Distribution result

Mean / Area
Peak 1: 06488 d.nm / 98.7%
Peak 2: 133 dnm /1.3%

0 : T T T !
0.1 1 10 100 1000 Te+04
Size (d.nm)

Figure S40. DLS measurement of the disassembled N-Phe; in aqueous medium at 70 °C. Conditions: 10 mM sodium acetate
buffer (pH 4.71), 10 vol% ethanol, 1 yM N-Phes.
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9 Size distribution measurement
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Figure S41. Size distribution profile of the assembled N-Phe; (1 uM) in 10 mM sodium acetate buffer (pH 4.7) and 10 % ethanol
at 20°C. The mean value is 109.6 nm. The measurement was done with the nanoparticle tracking analysis instrument from
ZetaView.

10 Electrostatic assembly experiments

10.1 1. Py; + 2. N-Phe;

Height [nm]

) 250 500 750 1000
Width [nm]

Figure S42. AFM measurements of the two layers: 1. Py; + 2. N-Phe;, their height profiles and the deflection scan (right).
Conditions: 1%t layer 2uM Py3, 10 mM sodium phosphate buffer (pH 7.1), 10 mM sodium chloride and 10 vol% ethanol, 2" layer
10 uM N-Phes;, 10 mM sodium acetate buffer (pH 4.7) and 10 vol% ethanol.
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0 600 1200 1800 2400 3000 3600
-2
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Figure S43. AFM measurement of the two layers: 1. Py; + 2. N-Phe; and their height profile. Conditions: 15t layer 2uM Py;, 10
mM sodium phosphate buffer (pH 7.1), 10 mM sodium chloride and 10 vol% ethanol, 2" layer 10 uM N-Phes, 10 mM sodium
acetate buffer (pH 4.7) and 10 vol% ethanol.
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Figure S44. AFM measurement of the two layers: 1. Py; + 2. N-Phe; and their height profile. Conditions: 15t layer 2uM Pys3, 10
mM sodium phosphate buffer (pH 7.1), 10 mM sodium chloride and 10 vol% ethanol, 2" layer 10 uM N-Phes, 10 mM sodium

acetate buffer (pH 4.7) and 10 vol% ethanol.
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Figure S45. AFM measurement of the two layers: 1. Py; + 2. N-Phe; and their height profile. Conditions: 1st layer 2uM Py,, 10
mM sodium phosphate buffer (pH 7.1), 10 mM sodium chloride and 10 vol% ethanol, 2" layer 10 uM N-Phes, 10 mM sodium
acetate buffer (pH 4.7) and 10 vol% ethanol.
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