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Table A. Nomenclature and sequences of the ligands mentioned in the literature. The sequences are taken as described in the
articles cited in the references, whenever available. * indicates a sequence accessed on the author website (details in reference),
and t a sequence inferred from other sequences in the paper.

Construct name Construct sequence Reference
CALNN-TAT CALNNAGRKKRRQRRR This ms

CALNN-TAT QPPRRROQRRKKRGNNLAC Todorova et al. [78]
TAT-Cre * GRKKRRQRRRGHMASMTGGQQMGRDPNS-Cre Wadia et al. [79,80]
dTAT RRRORRKKRG Wadia et al. [79]
Biotin-TAT t Biotin-CKYGRRRQRRKKRG-OH Kumar et al. [81]
FITC-TAT YGRKKRRORRRK-FITC rsr?sgétsi)” al. [82], this
TAT GRKKRRQRRR Lee et al. [83]
Unmodified HA2 GLFGAIAGFIENGWEGMIDGWYG Cross et al. [84]
CCALNN-HA2 CCALNNGGGGLFEAIEGFIENGWEGMIDGWYG This ms

HA2 GLFEAIEGFIENGWEGMIDGWYG Liou et al. [85]
CCALNN-dHA2 CCALNNGdimGewGneifGaiaGf1G—-NH, This ms

dHA2 GDIMGEWGNEIFGAIAGFLG Wadia et al. [79]
dTAT-HA2 RRRORRKKRGGDIMGEWGNEIFGAIAGFLG Wadia et al. [79]
Biotin-TAT-HA2-OH Biotin-CKYGRRRQRRKKRGGDIMGEWGNEIFGAIAGFLG-OH Kumar et al. [81]
pR9-HA2-mCherry T7-6His-RRRRRRRRR-GLFEAIEGFIENGWEGMIDGWYG-mCherry  Liou et al. [85]
HA2-TAT GLFEAIEGFIENGWEGMIDGWYGYGRKKRRORRR rsr;lsggzi)ﬁ al. [82], this
HA2-p53-9R GLFEAIEGFIENGWEGMIDGWYG-p53-RRRRRRRRR Michiue et al. [86]
E5-TAT-mCherry GLFEAIAEFIENGWEGLIEGWYGGRKKRRQRRR-mCherry Lee et al. [83]

Materials and methods for supplementary figures

HA2-TAT and FITC-TAT peptides (Table B, sequences 1 & 3) were purchased from Peptides Proteins Research Ltd (UK),
Thiol-PEG (Table B, sequence 4) was from ProChimia (Poland). 1 % (w/v) poly-L-lysine solution was purchased from Sigma-
Aldrich. The remaining peptides and reagents are as described in the main manuscript. A 100 mM solution of
11-mercaptoundecyl-tetra ethylene glycol (HS-(CHz)11-(EG)4-ol) was prepared in methanol. The HA2-TAT and FITC-TAT
peptides were dissolved in Milli-Q water at stock concentrations of 1 mg/mL. The resulting solutions were aliquoted and stored
at -80 °C.

Table B. Nomenclature of the ligands utilised.

Sequence No. Ligand name Ligand sequence
1 HA2-TAT GLFEAIEGFIENGWEGMIDGWYGYGRKKRRQRRR
2 CALNN-TAT CALNNAGRKKRRQRRR
3 FITC-TAT YGRKKRRQRRRK-fluorescein isothiocyanate
4 Thiol-PEG HS—- (CH;) 11— (ethylene glycol),-glycinol
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Increasing PEG in gold nanoparticles SAMs decreases cellular uptake of gold

In order to gain insights on the effect of poly-(ethylene-glycol) on cellular uptake of gold nanoparticles, the following four
peptide monolayers were designed with increasing percentages of PEG to coat the gold nanoparticles (5 nm diameter):

* 100% CALNN, 0% CCALNN-PEG (0%)

*  90% CALNN, 10% CCALNN-PEG (10%)
*  80% CALNN, 20% CCALNN-PEG (20%)
*  70% CALNN, 30% CCALNN-PEG (30%)

HeLa cells were incubated in suspension with gold nanoparticles (100 nM) for 40 minutes (10 min in serum-free medium and a
further 30 min in complete medium (10 % FCS)), before the gold nanoparticles were removed by centrifugation. The cells were
then seeded on Iwaki glass coverslip bottom dishes and left for 4 h to attach to the dish before fixation. The fixed cells were kept
in 1x PBS at 4 °C with 0.05 % (w/v) sodium azide until photothermal imaging (S3 Fig, dataset available on figshare [87]).

FITC-TAT cellular uptake in presence of HA2-fused TAT

HA2-TAT and FITC-TAT peptides were used to assess the effect of HA2-fused TAT in disrupting endosomes and the subsequent
release of the FITC-TAT into the cytosol as reported by Sugita et al. [82].

HeLa cells (4 x 105 cells/dish) were grown overnight in glass coverslip bottom dishes. The coverslip surface was coated with the
positively charged polymer poly-L-lysine (1 %), in order to later minimise the adherence of positively charged TAT or
HA2-fused TAT peptides and consequently maximise their availability to cellular uptake. The peptides were then incubated with
cells for 5 h in medium (DMEM with 10% FBS and 1% NEAA). The cells were washed thoroughly three times with warm 1x PBS
to remove the peptide-containing medium, before addition of fresh medium (37 °C). The cells containing dishes were then
incubated on the microscope stage at 37 °C and 5 % COz, and observed by laser scanning confocal microscopy using a Zeiss
LSM510 with a Plan-apochromat 40x or 63x oil immersion Zeiss objective. Excitation of fluorescein was performed using an
argon ion laser at 488 nm. The emitted light was detected through a 500-550 nm band pass filter after a 490 nm dichroic mirror.
Data capture was carried out with LSM510 version 3 software (Zeiss, Germany).

An increased cellular uptake of FITC-TAT was observed in the presence of HA2-fused TAT peptides suggesting that HA2-fused
TAT cause an increased cellular uptake of FITC-TAT (S4 Fig). This contrasts with the report from Sugita et al. [82], but is in
agreement with Liou et al. [85]. While uptake increased, the intracellular localisation did not suggest a cytosolic delivery of
FITC-TAT. Indeed, only a small number of cells showed a diffuse FITC-TAT cytosolic signal (S4 Fig D&E).

Macropinocytotic entry of TAT and PEG functionalised gold nanoparticles

15 nm gold nanoparticles were prepared from a 5% CALNN-TAT and 95 % thiol-PEG (mole/mole) combination of ligands
(Table B, sequences 2 and 4) [88]. No nanoparticles were found inside the HeLa cells. It was hypothesized that the formed
monolayer may not have reflected the mixture of ligands with little or no incorporation of the peptide ligands.

In order to increase the chance of an even distribution of TAT and PEG on the gold core surface a second method, adapted from
Duchesne et al. [89], was used to functionalise the gold nanoparticles with the same CALNN-TAT and thiol-PEG ligands. Both
stock solutions of CALNN-TAT (0.7 mM in DMSO) and thiol-PEG (100 mM in methanol) were diluted by factor of 6 in ethanol,
before mixing them together, in order to increase the solubility of the mixture. The final percentage of ligands per gold
nanoparticle was kept identical, ie. 5% CALNN-TAT peptides and 95 % thiol-PEG (mole/mole). The diluted and mixed
CALNN-TAT peptide and thiol-PEG solution was poured into the colloidal gold nanoparticles solution, which was already under
a vigorous stir (magnetic stirring plate). Tween-20 was added to a final concentration of 0.05 % (v/v) afterward and the
resulting solution was stirred overnight at room temperature. The 100 % PEG-capped gold nanoparticles were prepared the
same way. The purification/washing procedure for 15 nm gold nanoparticle was the same as described for 10 nm gold
nanoparticles (experimental section of the main manuscript) with a centrifugation time reduced to 15 min. The gold
nanoparticles functionalised with 5 % CALNN-TAT and 95 % thiol-PEG (mole/mole) were incubated with HeLa cells in medium
for 10 min, 2 h, 24 h or 48 h.

TEM examination showed that gold nanoparticles were taken up mainly by macropinocytosis (S5 Fig, datasets available on
figshare [90-95]). Cell membrane extensions were observed with large numbers of associated gold nanoparticles (S5 Fig A-F).
Macropinocytosis could explain why a large uptake of gold nanoparticles functionalised with thiol-PEG occurred.
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