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1.Materials

1. Materials and reagents

HAuUCls-3H20 (> 99.9%), sodium dodecyl sulphate (> 98.5%), ascorbic acid (99%), DMSO-
ds (= 99.9 atom % D), AgNOs (= 99.9) and trisodium citrate dihydrate (CeHsNasO7-2H20, >
99%) were purchased from Sigma-Aldrich (Steinheim, Germany). DF(I)NKF was
synthesized through a classic solid phase peptide synthesis according to the following
procedure.

2. Peptide synthesis and characterization

Materials

2-CTC resin, N-a-Fmoc-L-amino acids and building blocks used during chain assembly were
purchased from Iris Biotech GmbH (Marktredwitz, Germany). Ethyl cyanoglyoxylate-2-oxime
(Oxyma) was purchased from Novabiochem (Darmstadt, Germany), N,N*-
dimethylformamide (DMF) and trifluoroacetic acid (TFA) were from Carlo Erba (Rodano,
Italy). N,N’-diisopropylcarbodiimide (DIC), dichloromethane (DCM) and all other organic
reagents and solvents, unless stated otherwise, were purchased in high purity from Sigma-
Aldrich (Steinheim, Germany). All solvents for solid-phase peptide synthesis (SPPS) were
used without further purification. HPLC grade acetonitrile (ACN) and ultrapure 18.2 Q water
(Millipore-MilliQ) were used for the preparation of all buffers for liquid chromatography. The
chromatographic columns were from Phenomenex (Torrance CA, USA). HPLC eluent A:
97.5% H20, 2.5% ACN, 0.7%TFA; HPLC eluent B: 30% H:20, 70% ACN, 0.7%TFA

3. Peptide synthesis: general procedures

Resin loading

2-CTC resin (0.5 mmol/g loading) was swollen in CH2Cl2 for 30 min. A solution of entering
Fmoc- amino acid and DIEA (1.2:8 eq over resin loading) in CH2Cl2 (3 mL) was added and
the resin shaken at rt for 4 h. The resin was washed with DMF (2 x 3 mL) and capping was
performed by treatment with acetic anhydride/ DIEA in DCM (1 x 30 min). The resin was
then washed with DMF (2 x 3 mL), CH2Cl2 (2 x 3 mL), and DMF (2 x 3 mL). The resin was
subsequently submitted to fully automated iterative peptide assembly (Fmoc-SPPS).

Peptide Assembly via Iterative Fully Automated Microwave Assisted SPPS

Peptides were assembled by stepwise microwave-assisted Fmoc-SPPS on a Biotage
ALSTRA Initiator+ peptide synthesizer, operating in a 0.1 mmol scale. Activation of entering
Fmoc-protected amino acids (0.3M solution in DMF) was performed using 0.5M Oxyma in
DMF / 0.5M DIC in DMF (1:1:1 molar ratio), with 5 equivalents excess over the initial resin
loading. Coupling steps were performed for 30 minutes at 50°C. Fmoc-deprotection steps
were performed by treatment with a 20% piperidine solution in DMF at room temperature (1
x 10 min). Following each coupling or deprotection step, peptidyl-resin was washed with
DMF (4 x 3.5 mL). Upon complete chain assembly, resin was washed with DCM (5 x 3.5
mL) and gently dried under a nitrogen flow.

Cleavage from the Resin

Resin-bound peptide was treated with an ice-cold TFA, TIS, water, thioanisole mixture
(90:5:2.5:2.5 viviviv, 4mL). After gently shaking the resin for 2 hours at room temperature,
the resin was filtered and washed with neat TFA (2 x 4 mL). The combined cleavage
solutions were worked-up as indicated below.




Work-up and Purification

Cleavage mixture was concentrated under nitrogen stream and then added dropwise to ice-
cold diethyl ether (40 mL) to precipitate the crude peptide. The crude peptide was collected
by centrifugation and washed with further cold diethyl ether to remove scavengers. Residual
diethyl ether was removed by a gentle nitrogen stream and the crude peptide was purified
by RP-HPLC and pure fractions combined and analysed by ESI-MS.

RP-HPLC analysis and purification

Analytical RP-HPLC was performed on a Shimadzu Prominence HPLC (Shimadzu) using a
Shimadzu Shimpack GWS C18 column (5 micron, 4.6 mm i.d. x 150 mm). Analytes were
eluted using a binary gradient of mobile phase A (100% water, 0.1% trifluoroacetic acid) and
mobile phase B (30% water, 70% acetonitrile, 0.1% trifluoroacetic) using the following
chromatographic method: 10% B to 100% B in 14 min; flow rate, 1 ml/min. Preparative RP-
HPLC was performed on a Shimadzu HPLC Prominence system using a Gemini, Shimadzu,
C18 column (10 micron, 21.2 mm i.d. x 250 mm) using the following chromatographic
method: 0% B to 90% B in 45 min; flow rate, 14 ml/min. Pure RP-HPLC fractions (>95%)
were combined and lyophilized.

Electro-spray ionization mass spectrometry (ESI-MS)

Electro-spray ionization mass spectrometry (ESI-MS) was performed using a Bruker Esquire
3000+ instrument equipped with an electro-spray ionization source and a quadrupole ion
trap detector (QITD).

Table S1 - Peptide theoretical and experimental molecular weight

Sequence Theoretical MS Experimental MS

DF(I)NKF [M+1]* = 796.3 [M+1]* = 796.4

Intens +MS, 0.0-1.2min (#1-#128
xto 796.4
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Figure S1 — DF(I)NKF ESI-MS (positive ion mode)



2.Experimental procedures

1. Ultraviolet Spectroscopy (UV)

UV-vis spectra of samples in MilliQ water were acquired at room temperature on a V-630
double beam Jasco spectrophotometer, equipped with a halogen lamp and a deuterium
lamp.

2. Transmission Electron Microscopy (TEM)
Transmission electron microscopy (TEM) images were collected using a Philips CM200 FEG
TEM operated at 200 kV in bright field mode with Omega-type Zero-loss energy filter.

3. Scanning Transmission Electron Microscopy (STEM) for Energy dispersive X-Ray
spectroscopy (EDX)

The Scanning transmission electron microscopy (STEM) images were collected by means
a ZEISS LIBRA FE200-HR TEM, operating at 200 kV and equipped with a second
generation in-column W filter and HAADF detector. Elemental Energy dispersive X-ray
(EDX) were recorded by EDX, OXFORD X-Stream 2 and INCA software.

4. High-Angle Annular Dark-Field Scanning Transmission Electron Microscopy
(HAADF-STEM) and Electron tomography (ET)

HAADF-STEM images and tilt series have been acquired using an aberration-corrected
cubed Thermo Fisher Scientific Titan microscope operating at 300 kV. In order to reduce the
exposure dose to prevent shrinkage, fast HAADF electron tomography tilt series were
acquired using a Fischione 2020 tomography holder between -70° and 70° tilt angles using
an incremental fast acquisition scheme described elsewhere.!

The projection images were acquired using 1.5us dwell time, while the image resolution was
set to 1024x1024 pixels. The obtained series were aligned using cross-correlation and 3D
reconstructions were obtained using the Expectation Maximization (EM) algorithm, as
implemented in Astra Toolbox.23

5. Dynamic Light Scattering (DLS)

Multiangle-DLS measurements were performed on an ALV/CGS-3 Platform-based
Goniometer System equipped with an ALV-7004 correlator and an ALV/CGS-3 goniometer.
The signal was detected by an ALV-Static and Dynamic Enhancer detection unit. The light
source was the second harmonic of a diode-pumped Coherent Innova Nd:YAG laser (A =
633 nm), linearly polarized in the vertical direction. Measurements were performed at 25 °C.
Approximately 1 mL of sample solution was transferred into the cylindrical Hellma scattering
cell. The dynamic information on assemblies were derived from the normalized
autocorrelation function gz(q, 1) of the scattered intensity, which is measured according to:

(@.0) = (I(q,)I(q,t + 1))
9234 (I(q,0))2

where q is the scattering vector, t is the relaxation time and I is the scattered intensity.
Autocorrelation functions have been analyzed through Laplace inversion (CONTIN
algorithm). For each sample, at least three measurements were performed at four different
angles (70°, 90°, 110°, 130°), corresponding to four different scattering vectors (q):

q = (4mn/A) - sin(8/2)
4



where n is the refractive index of the medium, 8 is the scattering angle and A is the laser
wavelength.

6. {-potential (¢-pot)

Zeta () potential measurements were performed with a Malvern Zetasizer Nano ZS.
Average potential at the slipping plane was obtained using the Smoluchowski correlation.
The temperature was kept at 25 °C and the sample was left equilibrating 60 second before
each measurement. Each sample was analysed three times and the results were averaged.

7. Attenuated Total Reflectance Fourier-Transform Infrared Spectroscopy (ATR-
FTIR)

ATR-FTIR spectra of dried peptides water solutions were analysed after incubation by using
a Nicolet iS50 FTIR spectrometer equipped with an ATR device. For each sample, droplets
were dried directly over the ATR crystal to form a film. Spectra were collected in the medium
IR region (64 scans, 4000—-400 cm™). All the spectra were measured with a resolution of +
4 cm™ and corrected for the air background (64 scans).



3.Peptide-Au superstructures (PAuSSSs)

1. Synthetic procedure

Peptide-Au superstructures (PAuSSs) synthetic procedure has been slightly modified from
a previously developed protocol.* 1 mM peptides’ solutions were freshly prepared each time
by dissolving peptide powders in MilliQ water. Complete dissolution was obtained by
sonicating for 30 s and gently warming up to 90 °C. The obtained peptide solution was
diluted using 1 mM HAuCI4 solutions to achieve a final concentration of 0.5 mM for both
reagents. The peptide/HAuCls solutions were subsequently incubated at 60 °C under
magnetic stirring at 800 rpm for 1 h.

2. Characterization
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Figure S2 — A) Intensity distribution of PAuUSSs hydrodynamic radii at different angles; B)
Normalized autocorrelation functions at the analysed angles; C) Size distribution of AUNPs
decorating PAuSSs surfaces. Size is intended as diameter of AUNPs, acquired from HR-
TEM images of PAuUSSs (see Fig. S3) furtherly processed with ImageJ software®; UV-vis
spectra of PAuSSs D) as acquired, E) normalized on SPR peak, F) normalized on SPR peak
and focus on the wavelength interval of interest.



Figure S3 - TEM image of PAUSSS. |
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Figure S4 — A) C-potential distribution of PAuSSs; B) Energy dispersive X-ray (EDX)
analyses of PAuUSSs.




4.Impact of template and SDS

Table S2 — Conditions employed to verify SDS and template impact

Entry Seed [SDS], mM | [HAuUCI4], mM | [Ascorbic acid], mM Product
1 / 10 0.5 0.5 Au aggregates
2 / 5 0.5 0.5 Au aggregates
3 / 0 05 05 Precipitated Au
aggregates
Branched aggregates +
4 PAuUSSs 5 0.5 0.5 PAUSSS
5 PAuUSSs 0 0.5 0.5 Precipitated PAUSSs
6 AuNPs 10 0.5 0.5 Au aggregates
Centrifuged
7 PAUSSS 10 0.5 0.5 PAuUSSs + Au aggregates




1. Growth without PAuSSs seeds, 10 mM SDS, 0.5 mM mM HAuCl4, 0.5 mM ascorbic
acid

500 uL of MilliQ water were mixed with 250 uL of a 40 mM SDS solution and 250 uL of a 2
mM HAuUCI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a constant
temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in MilliQ water
were added to the reaction and stirring was maintained overnight.
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Figure S5 - A) Picture of sample after synthesis; B) UV-vis spectra of sample over time,
where no relevant shifts in SPR wavelength are detectable; C) Hydrodynamic radius profiles
at the different analyses angles (left) and table reporting the average hydrodynamic radius,
PDI and R? of I'-g? fitting (right); D) Z-potential distribution (left) and extrapolated data (right);
E) TEM image of individual aggregate.



2. Growth without PAuSSs seeds, 5 mM SDS, 0.5 mM HAuCl4, 0.5 mM ascorbic acid
500 pL of MilliQ water were mixed with 250 pL of a 40 mM SDS solution and 250 pL of a 2
mM HAuCI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a constant
temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in MilliQ water
were added to the reaction and stirring was maintained overnight.
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Figure S6 - A) Picture of sample after synthesis; B) UV-vis spectra of sample over time,
where no relevant shifts in SPR wavelength are detectable; C) Hydrodynamic radius profiles
at the different analyses angles (left) and table reporting the average hydrodynamic radius,
PDI and R? of I'-g? fitting (right); D) Z-potential distribution (left) and extrapolated data (right);

E) TEM image of individual aggregate.
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3. Growth without PAuSSs seeds, no SDS, 0.5 mM HAuCl4, 0.5 mM ascorbic acid

500 pL of MilliQ water were mixed with 250 pL of a 40 mM SDS solution and 250 pL of a 2
mM HAuCI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a constant
temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in MilliQ water
were added to the reaction and stirring was maintained overnight.
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Figure S7 - A) Picture of sample after synthesis; B) UV-vis spectra of sample over time,
where no relevant shifts in SPR wavelength are detectable; C) Hydrodynamic radius profiles
at the different analyses angles (left) and table reporting the average hydrodynamic radius,
PDI and R? of I'-g? fitting (right); D) {-potential distribution (left) and extrapolated data (right);
E) TEM image of multiple aggregates.
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4. Growth with PAuSSs seeds, 5 mM SDS, 0.5 mM HAuCl4, 0.5 mM ascorbic acid

500 uL of PAuUSSs suspension were mixed with 250 pL of a 20 mM SDS solution and 250
uL of a 2 mM HAuCI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a
constant temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in
MilliQ water were added to the reaction and stirring was maintained overnight.
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Figure S8 - A) Picture of sample after synthesis; B) UV-vis spectra of sample over time,
where no relevant shifts in SPR wavelength are detectable; C) Hydrodynamic radius profiles
at the different analyses angles (left) and table reporting the average hydrodynamic radius,
PDI and R? of I'-g? fitting (right); D) Z-potential distribution (left) and extrapolated data (right);
E) TEM image of branched aggregates.
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5. Growth with PAuSSs seeds, no SDS, 0.5 mM HAuClI4, 0.5 mM ascorbic acid

500 pL of AuSSs suspension were mixed with 250 pL of MilliQ water and 250 pL of a 2 mM
HAuClI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a constant
temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in MilliQ water
were added to the reaction and stirring was maintained overnight.
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Figure S9 - A) Picture of sample after synthesis; B) UV-vis spectra of sample over time,
where no relevant shifts in SPR wavelength are detectable; C) Hydrodynamic radius profiles
at the different analyses angles (left) and table reporting the average hydrodynamic radius,
PDI and R? of I'-g? fitting (right); D) {-potential distribution (left) and extrapolated data (right);

E) TEM image of branched aggregates.
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6. Growth with AuNPs seeds, 10 mM SDS, 0.5 mM HAuCl4, 0.5 mM ascorbic acid
AUNPs have been synthesized using a modified Turkevich method.® First, a 50 mL flask was
cleaned with freshly prepared aqua regia (mixture of concentrated HCI:HNOs3 in 4:1
volumetric ratio). Then, 50 mL of a 0.5 mM HAuCl4 in MilliQ water were added to the flask
and the solution was heated under stirring (> 600 rpm) with an oil bath until boiling.
Separately, a 34 mM trisodium citrate dihydrate (NaCt) in MilliQ water was prepared under
constant and vigorous stirring. When boiling was reached, 2.35 mL of NaCt solution were
quickly added to the HAuCls solution such that the HAuCl4+:NaCt molar ratio was equal to
3:2. The reaction was left to proceed for 2 minutes, then the solution was left to cool at
ambient conditions. Obtained AuNPs were purified from excessive NaCt by centrifuging
thrice at 3000 rpm for 3 hours.’

500 uL of AuNPs suspension were mixed with 250 uL of a 40 mM SDS solution and 250 uL
of a 2 mM HAuUCI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a
constant temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in
MilliQ water were added to the reaction and stirring was maintained overnight.
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Figure S10 - Characterization of AuNPs. A) Picture of AuNPs after synthesis; B) UV-vis
spectra; C) Hydrodynamic radius profiles at the different analyses angles (left) and table
reporting the average hydrodynamic radius, PDI and R? of '-g? fitting (right); D) TEM image
of AUNPs, mostly presenting a spherical shape.
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7. Growth with centrifuged PAuSSs seeds, 10 mM SDS, 10 mM HAuCls4, 0.5 mM
ascorbic acid

PAuUSSs were centrifuged three times at 5000 rpm for 5 min each, until no peptide traces
were found in the supernatant anymore. Supernatants were discarded and precipitates were
resuspended by vortexing.

500 pL of centrifuged PAUSSs suspension were mixed with 250 uL of a 40 mM SDS solution
and 250 uL of a 2 mM HAuUCI4 solution, then stirred at 400 rpm for 6 hours in a water bath
kept at a constant temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid
solution in MilliQ water were added to the reaction and stirring was maintained overnight.
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Figure S12 — Supplementary data regarding PAuSSs after centrifugation and reaction. A)
Pictures of PAuSSs after centrifugation (left) and reaction (right); B) UV-vis spectra at
different stages the production procedure reporting acquired (left) and normalized (right)
absorbance; C) Hydrodynamic radius profiles at different analyses angles and table
reporting the average hydrodynamic radius, PDI and R? of I'-g? fitting for PAUSSs after
centrifugation (left) and after reaction (right); D) CD spectra of centrifuged PAuSSs after
resuspension (red curve) and of supernatants. PAuSSs were centrifuged until no significant
signals were detected in the supernatants, implying no relevant peptide amount was left in
the supernatant; E) ATR-FTIR spectra of supernatants from PAuSSs centrifugation. Spectra
were acquired by drying the supernatant solutions directly on the ATR crystal.
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5.Branched Au Nanoshells

Table S3 — Branched Au nanoshells formulations summary

Entry Seed [SDS], mM [HAuUCl4], mM [Ascorbic acid], mM Outcome
1 PAUSSs 10 0.5 0.5 BAUNSs
2 PAUSSs 20 0.5 0.5 BAUNSs

1. BAuNSs with 10 mM SDS
500 pL of PAUSSs suspension were mixed with 250 puL of a 40 mM SDS solution and 250

uL of a 2 mM HAuCI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a
constant temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in
MilliQ water were added to the reaction and stirring was maintained overnight.

Element Peak area Weight %
» /\ | 2451 9.11
F?.uH Scale QESWGS Cursor 1;093 '[6 cts) é i 5 klelo PAUSS
; Au 28167 90.89
¢ ‘ I 1077 3.21
o cu f L I—J BAuUNS
SEA I N TN AN —" Au | 34106 | 88.27
Ful Scale 1188 cts Cursor: 10.187 (0 cts)

Figure S13 — EDX intensity profiles (left) and additional details (right) of PAuSSs and
BAuUNSs. From both, the increase in Au/l ratio can be appreciated when growing BAuUNSs

over PAuUSSs.
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Figure S14 — A) STEM images displaying BAUNSSs shrinkage after fast tomography; B) 3D
reconstruction (left and center) and 2D tomogram of hemispherical BAUNSs; C) STEM
images of BAUNSSs; Size distribution and Gaussian fitting of D) BAuUNSs and E) AuNPs
constituting the branched nanoshells, acquired from HR-TEM images (see Fig. S15)
furtherly processed with ImageJ software®.
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Figure S15 — TEM images of BAUNSs evolution over time at A) 6 hours of incubation in
growth solution; B) time zero (i.e. immediately after addition of ascorbic acid); C) 1 hour after
ascorbic acid addition; D) 4 hours after ascorbic acid addition; E) 18 hours after ascorbic
acid addition; F) 1 day after ascorbic acid addition; G) 2 days after ascorbic acid addition;
H) 3 days after ascorbic acid addition; 1) UV-vis spectra of BAUNSs evolution over time at
different timings. Absorbance peak reaches its maximum with a sharp peak (day 1), then
disassembly causes absorbance reduction and peak broadening (from day 3).
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Figure S16 — TEM images of BAuUNSs after more than 10 days. Surviving PAuUSSs are
mostly deformed or fused together (top), whereas AuNPs mostly coalesce into large
aggregates (bottom).
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Figure S17 — Z-potential of BAUNSs evolution over time.
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2. BAUNSs with 20 mM SDS
500 pL of PAUSSs suspension were mixed with 250 pL of an 80 mM SDS solution and 250
uL of a 2 mM HAuCI4 solution, then stirred at 400 rpm for 6 hours in a water bath kept at a
constant temperature of 25 °C. Then, 5 uL of a freshly prepared ascorbic acid solution in
MilliQ water were added to the reaction and stirring was maintained overnight.
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Figure S18 — Characterization and evolution over time of 20 mM BAuUNSSs: A) Z-potential at
time zero; B) Surface plasmon resonance (SPR) peak position variation during consecutive
assembly and disassembly of 20 mM BAuUNSSs; C) UV-vis spectra of BAUNSs evolution over
time reporting measured absorbance (left), normalized absorbance (center and right); D)
TEM images displaying the evolution of 20 mM BAuUNSSs over time.
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6.0ther experiments

Consecutive BAuNSs growths

First, BAUNSs were synthesized according to the procedure reported in Section 5.1 and
aged for 5 days to ensure complete disassembly. Then, 500 uL of disassembled BAUNSs
suspension were mixed with 250 uL of a 40 mM SDS solution and 250 pL of a 2 mM HAuUCl4
solution, then stirred at 400 rpm for 6 hours in a water bath kept at a constant temperature
of 25 °C. Finally, 5 uL of a freshly prepared ascorbic acid solution in MilliQ water were added
to the reaction and stirring was maintained overnight.
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Figure S19 — Supplementary data on 2" growth over disassembled BAuUNSs. A) Picture of
BAUNSs after 5 days from their first assembly (left) and after having undergone the 2"
growth (right); B) UV-vis spectra of the different stages of the 2" growth reporting the
acquired absorbance (left) and normalized absorbance (right); C) TEM images displaying
two different stages of the 2" growth over disassembled BAUNSs. No BAUNSs are detected,
as the leftovers from the first growth render the system too polydisperse and, as such,
unable to drive the second assembly towards the formation of branched nanoshells.
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7.Statistical analysis

Uv-VIS data have been pre-processed and normalization of the spectra has been
performed. Zeta-Potential data are presented as averaged values (n=3) with relative
standard deviation (SD) values. All the experiments have been run in triplicate (n=3).
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