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. Astrategy combining covalent conjugation of photosensitizers to a peptide ligand directed to

. the melanocortin 1 (MC1) receptor with the application of sequential LED light dosage at near-IR

 wavelengths was developed to achieve specific cytotoxicity to melanocytes and melanoma (MEL)

. with minimal collateral damage to surrounding cells such as keratinocytes (KER). The specific killing
of melanotic cells by targeted photodynamic therapy (PDT) described in this study holds promise
as a potentially effective adjuvant therapeutic method to control benign skin hyperpigmentation or
superficial melanotic malignancy such as Lentigo Maligna Melanoma (LMM).

Photodynamic therapy (PDT) is an effective, non-invasive treatment for various cancerous and pre-malignant
diseases which has gained increasing clinical interest in last few decades'~. It is used in urology, gastroenterology
and dermatology to treat superficial epithelial cancerous and pre-cancerous lesions. Applications in dermatology
. are particularly attractive because the photosensitizers can be topically delivered to the desired target without the
: patient experiencing systemic side effects. Furthermore, because skin is directly accessible to light, PDT offers
opportunities to adjust the wavelengths and intensity of light delivered, as well as the photosensitizer to achieve
the right combination to effectively target tissues or cells which show high uptake of that photosensitizer®.
: One of the most widely employed targeted PDT methods currently employed for topical application in a
© clinical setting is 6-aminolevulinic acid (ALA), a precursor of proto-porphyrin IX (PPIX). Hyperactivated cells
. in tumors or infected cells show an increased intracellular metabolism of ALA and finally accumulation of PPIX
in these cells. Therefore, ALA-PDT has been used successfully not only for the treatment of precancerous lesions
(e.g. actinic keratosis, Bowen’s disease) and extensive superficial non-melanoma skin cancers (e.g. basal cell car-
© cinoma)®’ but also for other infectious or inflammatory diseases such as common, recalcitrant HPV infections,
. leishmaniasis, acne, and even cutaneous T-cell lymphomas. Although there is the advantage of specific accu-
. mulation and lack of interference of surplus residual ALA present near the targeting site during PDT, the quick
systemic clearance and ineffectiveness towards melanomas and more advanced, invasive squamous and basal cell
carcinomas remain amongst the concerns and limitations of this approach?®.
Alternative approaches to treat more invasive and non-cutaneous cancers in gastroenterology and urol-
. ogy by PDT are based on the systemic use of haematoporphyrin derived photosensitizers such as verteporfin,
. temoporfin and 2-(1-hexyloxyethyl)-2-devinyl pyropheophorbide (HPPH). More recently these molecules have
© been tested for the treatment of malignant melanoma employing animal and human models’, where they were
. found to induce significant apoptosis, regression®1°-1>, tumor growth arrest'*>-'” and tumor necrosis'®-?’ in both
experimental and clinical studies. Slastnikova ef al. used a modular nanotransporter and bacteriochlorin-p as
PDT agent for targeted delivery to experimental mouse melanomas with excellent specificity*-*%. Also, in human
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Figure 1. Left: Picture of a superficial lentigo maligna melanoma; Right: Schematic presentation of targeted
killing of the melanotic melanoma cells with minimal damage to keratinocyte using a peptide ligated
photosensitizer at 660 nm LED-light.

oncology, PDT was used as a primary effective therapy for choroidal melanoma?*?* and secondary therapy for
ocular melanomas®. However, most of the clinical reports indicate limitations of this type of PDT, because of
patient non-compliance and drop out of patients from the studies. This was due to partial remission and recur-
rences of the tumors, excruciating pain and massive collateral damages by non-targeted and non-specific photo-
toxic effects on both healthy and target tissues?*>%?7.

Several studies have addressed the delivery of the haemoporphyrin derived photosensitizers?*-** to increase
the specificity to target cells, including attachment to monoclonal antibodies**-*, peptides**!, proteins****, sac-
charides*, aptamers*® or by nanomaterial encapsulation*®. These methods are encumbered by inherent limita-
tions such as large size, transport barriers*”*® and potential toxicity. Moreover, these studies have not included
peptide ligands targeted against human melanoma/melanocytes; and none of these methods have addressed the
issue of collateral damage that occur to the healthy surrounding cells which is a major concern for very early stage
skin cancer/disorder, especially in delicate parts of the body (e.g. a mole on the face or forehead).

Recently, targeting of melanocytes and melanoma cells in vitro or melanotic lesions in vivo has been inves-
tigated using octapeptide derivatives of a-melanocyte-stimulating hormone (a-MSH) containing a chelator
(DOTA) for radiometals such as indium, /**gallium or *’yttrium. This led to uptake and accumulation of
radioactivity in melanomas of experimental animals*>*°. MSH is the natural ligand of the melanocortin-1 recep-
tor (MCR1), and octapeptide derivatives of a-MSH containing DOTA were shown to bind specifically to MC1R
highly expressed on melanocytes and most malignant melanoma cells®~>*. o-MSH also induces melanogenesis
in melanocytes and melanoma cells but this process is slow”: melanins do not appear before 1-3 days after initial
treatment with MSH peptides, i.e. at an interval when therapy sessions have long been terminated. The excellent
targeting specificity of MSH octapeptide conjugates has been well documented®.

In this study, we describe the development and biological properties of an MSH octapeptide conjugated
to a non-selective photosensitizer for specific targeting of melanoma cells, via binding to MCI1R followed by
receptor-mediated internalization. Utilizing highly precise and tandem near-IR LED light (which has ability to
penetrate much deeper in the skin), the cytotoxicity to the target melanoma cells is achieved with minimal collat-
eral damage to the peripheral keratinocytes (for pictorial presentation, see Fig. 1). This could lead to a potentially
more effective, non-toxic, and sophisticated technology for specific cytotoxicity (i.e. controlled pigmentation)
with minimum collateral damage.

Result and Discussion
The (4-11) octapeptide sequence of a-MSH, appropriately modified, has been shown to be the best choice in
replacing the relatively instable tridecapeptide sequence of a-MSH for in vitro and in vivo studies. We selected
NAP-amide* (Fig. 2) as targeting peptide, as this molecule is active in the sub-nanomolar concentration range
and has been shown by different laboratories to be an excellent compound for melanoma targeting®>. Among
various photosensitizers, HPPH and methylene blue (MB) were chosen for covalent conjugation with NAP.
These photosensitizers absorb at 660 nm, i.e. in the spectral range of 650-800 nm that is considered applicable
for PDT of melanotic melanoma (a very small peak of melanin absorption exist beyond the 650 nm wavelength
but is regarded unproblematic)®>**. HPPH has a higher molecular weight and is more hydrophobic than the
charge-bearing MB. Molecular size, aqueous solubility and polarity of the final synthetic products are important
factors for future intra-cutaneous delivery, factors that ultimately determine the ability of the conjugates for trans-
port through the corneal layer, live epidermis and upper part of dermis where potential target cells are located.
Moreover, these properties also affect cellular uptake, ROS formation, cytotoxicity and finally clinical efficacy®”.
To this end, the free N-terminal amine of NAP was covalently attached to the acid group of HPPH using
pyBOP and DIPEA as coupling agent and base respectively; the reaction produced HPPH-NAP (Fig. 2b) con-
firmed by mass spectrometry. In contrast, MB was attached to the lysine side-chain of NAP (Fig. 2¢): the aromatic
amine group of Azure B was first modified with the tert-butyl derivative of 4-bromomethyl pheny lcarboxylic
acid by warming to 47 °C and using basic conditions. Subsequently, TFA-mediated deprotection of the tert-butyl
group generated the free acid, followed by in-situ conjugation with C-terminal lysine of NAP using pivaloyl
chloride, thus furnishing NAP-MB (see supporting information, Scheme S2b-e). No over-reacted products (i.e.,
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Figure 2. Structure of the MC1 receptor peptide ligand NAP (a) where R = H/Ac, R’ = Ac/H; Structure of its
photosensitizer derivatives HPPH-NAP (b) where R = HPPH, R’ = Ac, and NAP-MB (c) where R = Ac, R" = MB.

additional photosensitizer coupled products) was observed in mass spectroscopy indicates highly reactive nature
of primary amine of the lysine that is present on the end of the peptide (i.e., less hindered) over other nitrogen
present on imidazole ring and arginine moiety. In addition, the NAP-MB conjugate, after purification using two
different gradients (see supporting info for synthetic procedure) has shown the correct mass in ESI spectrometry
but no sign of peak splitting, broadening and no additional peak in analytical HPLC which indicates that MB was
conjugated exclusively through the highly reactive amine of lysine.

Another advantage regarding their photo-chemical properties is that HPPH and MB have common absorp-
tion peaks at far-visible/near-IR wavelength (i.e. 660 nm) but different ROS generating abilities upon excitation
at same wavelength. This allows a high-throughput PDT screening with one and the same light source, using a
precisely defined wavelength with comparable light quantities. In addition, the near-IR wavelengths of 660 nm
penetrate deeply into the skin, down to the subcutaneous fat tissue whereas shorter wavelengths do not®. We
developed a patented LED device capable of delivering standardized light quantities at specific wavelengths (+/—
10 nm) on cells grown on tissue cultured plates®. The system was incorporated into the Incucyte-FTR (Essen
Bioscience), which is a fully automated device that images cells in real time thus enabling the progressive study of
cell morphology, cell density and cell proliferation over time. The delivery of well-defined and localized near-IR
irradiation to the cells containing the photosensitizer will result in production of ROS damaging the membranes
of targeted cells and their organelles through oxidation of lipids and proteins and resulting in apoptosis, necrosis
or cell cycle arrest in these cells®. Hence, the novel synthetic molecules were screened in vitro using various skin
cell types, such as mouse melanoma cells (B16-F10), human melanoma cells (FM55), primary human melano-
cytes and immortalised human skin keratinocytes (N/TERTSs) exposed to 660 nm inducing in target cells in short
term specific cytotoxicity and/or long term skin pigmentation.

Literature precedence®*¢! revealed that murine melanoma B16-F10 cells have higher densities of MC1
receptors and higher basal levels of melanin compared to most of the human melanoma cell lines (FM55)
and primary human melanocytes. Murine B16-F10 cell line and human FM55 melanoma cells were used as
models to study binding properties and functional efficacies of native peptides (a-MSH, NAP) and various
peptide-photosensitizer constructs by measuring the amount of extra- and intracellular melanin production.
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Figure 3. Visual color change upon addition of HPPH and HPPH-NAP (a) and MB and NAP-MB (b) at 1 uyM
concentration to B16-F10 mouse melanoma cells. Quantitative determination of extracellular and intracellular
melanin production by o-MSH (10 nM), IBMX (50 uM), NAP (1 uM), HPPH-NAP (1 uM), MB (1 uM) and
NAP-MB (1 uM), to B16-F10 (c,d) mouse melanoma and FM55 (e,f) human melanoma cell lines. Optical
density (OD) of melanin was measured at 475 nm after 72 h. Significance®: ***p <0.001.

As shown in Fig. 3, photosensitizers alone (i.e. HPPH, MB) did not induce any melanin production in BI6F10
cells, whereas all peptides (i.e. MSH, NAP) and their photosensitizer derivatives (i.e. HPPH-NAP, NAP-MB)
were able to generate within 72h considerable amounts of extra- and intracellular melanin. The long duration of
melanin production by the peptides and photosensitizer derivatives was comparable to the positive control
3-isobutyl-1-methyl xanthine (IBMX). Substantial production of extracellular as well as intracellular melanin in
both murine B16-F10 cells (Fig. 3¢,d) and FM55 human melanoma cells (Fig. 3e,f) indicate targeting and binding
nature of the different peptides and their photosensitizer derivatives to the MC1 receptor at sub-micromolar
concentrations. The increase in cellular uptake is due to the targeting ability of the peptides with its balanced lipo-
philicity/hydrophilicity nature as demonstrated with radiolabelled DOTA ligands which supports the melanin
production results®®*: Significant melanin production using a-MSH with B16 melanoma cell line is observed at
72h, whereas negligible amount of melanin was produced in first 36-48 h®2. This safe time-window of first 48 h
without considerable melanin production is important in our study, because this allowed us to do light induced
cytotoxicity measurement within 24 h without much interference by melanin, a stable protein-complex with a
wide absorption spectrum from 400-650 nm. In addition, it has been reported in literature that the resistance of
malignant melanotic lesions to PDT was due to the production of the melanin, which competes with photosensi-
tizers for photons, resulting in inefficient phototoxicity®. If the melanotic cells are killed during the first 48 h, this
problem does not occur. Therefore, our future toxicity assays are demonstrated on the first 24 h.

In clinical settings, all medically used photosensitizers should be well-tested to be non-toxic under dark con-
ditions and the wavelength of light used during therapy must also be non-toxic to skin cells which are the primary
requirements for PDT. Although, HPPH-NAP and NAP-MB bind to MC1-receptor at low micromolar concen-
trations, it was important to investigate cell proliferation and toxicity in the dark without light stimulation. A cell
proliferation assay was performed in dark conditions on B16-F10 cells in a dose response of HPPH-NAP from
selected concentrations of 10 uM to 100 nM (see supporting information, Figure S1). The non-toxic nature of
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Figure 4. Effect of (a) HPPH-NAP and (b) NAP-MB on B16-F10 cell proliferation* (no light exposure). The
effect of 660 nm light on survival/proliferation® of (c) B16-F10 and (d) N/TERT-1 cells.

HPPH-NAP at 10uM and 1 uM for prolonged period of time, i.e. 96 h (see Fig. 4a), demonstrates its suitability as a
potential therapeutic candidate. In addition, the light used for this study, i.e. 660 nm with an intensity of 0.1 mW/
cm?, did not affect the proliferation of B16-F10 cells and N/TERT-1 cells (Fig. 4c,d) as cells showed healthy mor-
phology (Figure S3).

By irradiating HPPH (5 pM) with 0.10 mW/cm? of LED light for 48 h continuously, cytotoxicity was observed
at both 627 nm and 660 nm (Figure S2). The cell proliferation continues after stopping the light source at 627 nm
but not at 660 nm. In the case of HPPH-NAP (5 pM), more cytotoxic effect and drastic reduction of B16-F10
melanoma cells were noticed at 660 nm light with an intensity of 0.1 mW/cm? continuously over 24 h. Incucyte
images were taken at an interval of one hour and changes in cell densities (i.e. confluency) were measured as
shown in Fig. 5a. Reduction in cell growth and proliferation defect was observed for the first 24 h exposure of
near-IR LED light in comparison to the control. The quick termination of cell growth was due to the combination
of HPPH-NAP and light. The sole effect of light was excluded by the exponential proliferation and lack of growth
defect, by exposing melanoma cells to the light of 660 nm without incubating with HPPH-NAP (Fig. 4c,d).
Incucyte images taken after 24 h were used to compare the morphologies of cells studied between HPPH-NAP
with light and HPPH-NAP without light. Morphologically damaged, rounded B16-F10 melanoma cells were
observed after exposure to 5uM HPPH-NAP and 0.1 mW/cm? light at 660 nm (Fig. 5d). In contrast, melanoma
cells just cultured for 24 h with 5uM HPPH-NAP and no light exposure were growing well with healthy morphol-
ogy (Fig. 5¢).

Achieving appreciable cytotoxic effects on melanoma cells, it was interesting to test the collateral damage
using an immortalized skin keratinocyte line, N/TERT-1 at higher confluency to better mimic the physiological
conditions of the epidermal melanin unit system in the skin where keratinocytes are present in much higher num-
ber than melanocytes®. However, 5uM HPPH-NAP was found to inhibit N/TERT-1 cell proliferation (Fig. 5b,
brown curve) with appearance of rounded and granular cell morphology (Fig. 5f) after exposure to 0.1 mW/cm?
light at 660 nm for 24 h. This is in contrast to control conditions with cells exposed to 5uM HPPH-NAP in Fig. 5¢
and kept in dark for 24 h (see also Fig. 5b, black curve), where cells proliferate to 100% confluency and is therefore
perhaps not optimal for specific, targeted PDT.

In the search for a photosensitizer with less collateral damage to keratinocytes we expanded our experiments
to methylene blue (MB), another clinically used photosensitizer. The effect of C-terminal lysine linked NAP-MB
(for structure, see Fig. 1¢) on murine B16-F10 melanoma cell proliferation in dark was performed and was found
to be non-toxic both at 10 uM and 1 uM concentration for prolonged period of time (Fig. 4b). The minor differ-
ence in proliferation was due to slight difference in starting cell densities. The B16-F10 melanoma cells incubated
with NAP-MB at 10 uM were irradiated for 24 h with 660 nm light with an intensity of 0.1 mW/cm? resulting in
high cytotoxicity and reduction in cell densities (Fig. 6a). Proliferation defects and unhealthy cellular morphology
was observed at 24 h for melanoma cells treated with NAP-MB under 660 nm light (Fig. 6d) compared to the no
light control (Fig. 6¢). However, significantly healthy morphology (Fig. 6f) and cell proliferation to 100% conflu-
ency (Fig. 6b, brown curve) was observed for N/TERT-1 keratinocytes incubated with NAP-MB even after 24 h
of light exposure at 660 nm. Healthy cell morphology (Fig. 6f) was noticed similar to cells that were grown under
no light conditions (Fig. 6e) indicating reduced collateral damage. As 10 uM NAP-MB conjugate is more specific
and working better than 5uM HPPH-NAP resulting in higher cytotoxicity to melanoma cells with less collateral
damage to other peripheral skin cells and therefore, NAP-MB was taken further to demonstrate competition assay
and quantitative Sulforhodamine based (SRB) cytotoxicity assay.
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Figure 5. Cell proliferation® curve of B16-F10 (a) and N/TERT-1 (b) cells treated with HPPH-NAP (5uM) and
660 nm light for 24 h. Corresponding cell growth image after 24 h for B16-F10: (c) no light, (d) 660 nm light and
for N/TERT-1: (e) no light, (f) 660 nm light irradiation.

In Fig. 6g, specific binding of NAP-MB to B16-F10 mouse melanoma cells were demonstrated by competition
assay using unconjugated peptide (NAP) at 4 °C and at room temperature. Quantitatively, near-equal population
of cells containing MC1-receptor bound to NAP-MB at two different temperatures (A, C) were observed. The fifty
percent reduction in the NAP-MB-bound-population at room temperature (B) in presence of 250 fold excess of
unconjugated NAP indicates that both NAP and NAP-MB were competing for the same MCl1-receptor target, and
the higher concentration of the NAP binds significantly to the MC1-receptor resulting the substantial reduction
in population at room temperature. The competition between NAP-MB and excess of unconjugated NAP were
found sluggish at 4 °C as found by 25% reduction in the population (D). Probably, the receptor trafficking is much
less at 4 °C and results less internalisation, which may explain the observed difference.

All the incucyte experiments were done by exposing the target cells to the photosensitizer for 4 h, then
washing it away and irradiating the cells with 660 nm light at 0.1 mW/cm? over 24 h. However, under natural
therapeutic conditions, the photosensitizer could be present in the tissue for more than 24 h, particularly with
a known renal clearance taking at least 24 h. A variation in the cytotoxicity assays were done by leaving the
1M NAP-MB for longer duration i.e. 24 h during the entire light exposure, after a 4 h pre-incubation in the cell
medium by measuring cellular protein contents and therefore, cell proliferation/toxicology by colorimetric assay
of Sulforhodamine B.

Figure 7a shows the quantitative cytotoxicity in the SRB assays at 1 uM NAP-MB using melanoma cells
(B16-F10) and peripheral keratinocyte cells (N/TERT-1). As seen previously (in Fig. 6a—f) with incucyte eval-
uation, there was again morphologically and by colorimetry a significant cytotoxic effect of NAP-MB with light
exposure on melanoma cells, but not to N/TERT keratinocytes. The longer duration of cells exposed to NAP-MB
allowed to reduce the amount of photoactive peptide by 10-fold. The results from the SRB assay are supported by
the morphological images of the cell cultures taken after 24 h light exposure with remarkable signs of damage i.e.
cells are rounded and deforming instead of elongated cell morphology was observed in B16-F10 melanoma cells
(Fig. 7b,c) with no morphological indication of cell damage for N/TERT-1 keratinocyte (Fig. 7d,e).

Furthermore, the cytotoxic effect of the peptide-photosensitizer conjugate, NAP-MB was tested on human
primary melanocytes (MeL) and human melanoma cells (FM55) upon exposing to 660 nm light. Figure 8a and d
represent quantitative phototoxicity of NAP-MB on melanocytes and melanoma FM55 respectively. The results
indicate appreciable toxicity for both these cell types when compared to keratinocytes, N/TERT-1. However,
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Figure 6. Cell proliferation® curve of B16-F10 (a) and N/TERT-1 (b) cells treated with NAP-MB (10 uM)

and 660 nm light for 24 h. Corresponding cell growth image for B16-F10 after 24 h: (¢) no light, (d) 660 nm

light and for N/TERT-1: (e) no light, (f) 660 nm light. (g) Competition assay of NAP-MB in presence of excess
unconjugated NAP where percentage of NAP-MB bound cell population presented upon incubation of A) 1 uM
NAP-MB at RT, B) 1 utMNAP-MB and 250 uM NAP at RT, C) 1 uM NAP-MB at 4 °C, D) IuMNAP-MB and

250 M NAP at 4 °C.

Mouse melanoma cells, B16-F10 show higher levels of toxicity compared to human melanoma FM55 cells and
particularly primary human melanocytes, as these cells have reduced amounts of MC1 receptors compared to
mouse cell lines with approximately 10-fold more MC-1 receptor expression®*®. Nevertheless, morphological
images of the cell cultures taken after 24 h light exposure support the SRB cytotoxicity data with clear cell damage
to melanocytes and FM55 cells, but none to keratinocyte.

Conclusion

Various experimental designs and different quantitative and qualitative assays demonstrate that N/TERT skin
cells were not affected by NAP-MB at high (85-95%; Fig. 6) and lower (35-40%; Figs 7 and 8) cell confluency.
However, the melanocytes and melanoma cells were severely affected by the photosensitizer in combination with
light exposure suggesting an important reduction of collateral damage by specific and targeted killing of mela-
noma cells and melanocytes. Hence, a strategy was developed by covalent conjugation of photosensitizers to a
MCI receptor-targeting peptide. This method successfully achieved specific cytotoxicity to the melanoma cells
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Figure 7. (a) Phototoxicity (%) of NAP-MB (1 uM) with B16-F10 and N/TERT-1 measured by SRB
colorimetric assay (Significance?: **p <0.01). Incucyte cell growth image for B16-F10 after 24 h: (b) no light, (c)
660 nm light and for N/TERT-1: (d) no light, (e) 660 nm light.

under precise LED light dosage at near-IR wavelength with minimum collateral damage to peripheral skin cells.
Further studies using formulated peptide-MB conjugates on in-house 3D-organotypic cultured®® human mela-
noma skin models under light would be useful to better understand how these compounds could be deployed in
a clinical setting®. The concept of photodynamic therapy has as well the benefit to irradiate very targeted only
the areas that have to be treated and the surrounding skin can be covered and there will be no damage to the
pigmented cells. This technology aims to be the preferred choice over radiation and have clinical potential for
treatment of superficial benign and malign melanotic lesions, particularly if they are of great surface and/or on
delicate parts of the body (e.g. face, fore-head) or if the patient cannot undergo an operation (e.g. old age). The
specific killing of melanoma cells that was achieved in this study is an effective subsidiary therapeutic method to
control skin pigmentation which potentially can be used for cosmetic application. The near-IR wavelength light
used in this study has potential to address the issue of much deeper skin tissue disorder (e.g. subcutaneous mela-
noma). The newly designed photosensitive peptide can be used for very targeted and personalized treatments of
benign and malign pigmented lesions®.

Methods

Cell culture. B16-F10 mouse melanoma cells, HBL and FM55 human melanoma cells were maintained in
DMEM media supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin. Primary human mel-
anocytes, MeL were maintained in medium 254 supplemented with human melanocyte growth supplement 2,
PMA free and 1% penicillin-streptomycin. To prevent interference of light absorption by the media, DMEM
media without phenol red was used in near-IR light mediated photodynamic therapy. N/TERT-1 human kerat-
inocytes were maintained in K-SFM media supplemented with 0.4 mM calcium, 0.2 ng/ml epidermal growth
factor, 25 ug/ml bovine pituitary extract and 1% penicillin-streptomycin.
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Figure 8. Phototoxicity (%) of NAP-MB (1 uM) with (a) MeL & N-TERT-1 and (d) FM55 & N/TERT-1
measured by SRB colorimetric assay. Incucyte cell growth image for MeL after 24 h: (b) no light, (c) 660 nm light
and for FM55: (e) no light, (f) 660 nm light.

Melanin assay (general procedure). B16-F10 mouse melanoma cells or human mid-pigmented mela-
noma cells FM55 were seeded in Nunc 6-well tissue culture plates using DMEM medium without phenol red.
After overnight incubation of the cells at 37 °C, various photosensitizers (1 uM) or peptide conjugated photosen-
sitizers (1 uM) were added at room temperature and the cells were incubated at 37 °C for 72 h. After three days of
incubation, supernatants of cell (200 uL) were pipetted out from Nunc 6-well tissue culture plates as extracellular
melanin pigment and three concurrent absorption measurements were taken at 475 nm using a Spectra Max MS
microplate/cuvette reader (Fig. 3c,e). Adherent cells in the Nunc 6-well plates were detached with 0.02% EDTA
and centrifuged at 2000 rpm for 3 min. The cell pellets were dissolved in 1 M NaOH (200 uL) and then heated at
75°C for 5min in order to lyse the cells to release intracellular melanin pigments and subsequently cooled down
to room temperature. Three concurrent absorption measurements were taken at 475 nm using a Spectra Max
MS microplate/cuvette reader (Fig. 3d,f). 10nM a-MSH (melanocyte stimulating hormone) or 50 uM IBMX
(3-isobutyl-1- methyl xanthine) were used as positive control because these are commonly known as melanin
inducers.

Cell proliferation assay (general procedure). B16-F10 murine melanoma cells were seeded at a density
of 3000-4000 cells per well in 96-well black-view Perkin-Elmer plates using DMEM medium without phenol red.
After an overnight incubation at 37 °C, the medium was aspirated from the wells and varying concentrations of
synthetic peptide-photosensitizer constructs diluted in DMEM medium were added to the cells. The cells were
incubated in dark at 37 °C for 4h and then washed twice with 1X PBS buffer (200 uL). Fresh medium (300 uL)
was added to the wells before placing the plates in the Incucyte ZOOM live cell imaging machine to capture the
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images after every hour. Percentage of confluence was measured over a time period of 24-72h. For skin keratino-
cyte cell line N/TERT-1, the starting confluence was 75-85% of cell density for the initial light experiments. The
higher cell density was used to mimic the physiological condition in the body, where keratinocytes are present in
much larger numbers (30:1) than melanocytes.

Flow cytometry. Adherent BI6F10 melanoma cells were subjected to dissociation using TrypLE (Gibco,
Thermo Fisher Scientific Inc., Singapore) and washed with Phosphate Buffered Saline (PBS) before re-suspension
in buffer (PBS + 1% bovine serum albumin). NAP and NAP-MB treatment was carried out at a density of approx-
imately 100,000 cells per ml in buffer on room temperature (RT) or 4 °C for 30 min with the indicated con-
centrations before acquisition on the BD LSR Fortessa™ (BD Biosciences, San Jose, CA, U.S.A.). Signal from
the methylene blue dye was detected using the 647 nm excitation and BP660nm emission filter. Samples were
prepared and analyzed in triplicates or more. Subsequent population and data analysis was carried out using
FlowJo_V10 software (FlowJo LLC, Ashland, OR, USA).

Sulforhodamine (SRB) Phototoxicity assay. Mouse melanoma B16-F10 cells, primary human melano-
cytes MeL, mid-pigmented human melanoma FM55 cells and human keratinocytes N/TERT-1 were seeded at cell
densities to achieve similar confluence after overnight incubation to perform SRB cytotoxicity assay. Cells were
incubated with 1 uM of NAP- MB, and left in the medium with 0.10 mW/cm? of 660 nm light for 24 h. After the
end of the experiment, cold 10% trichloroacetic acid (100 uL) was added to the wells. Upon one hour incubation
at 4°C, the cells were washed five times with water and air dried. Further, SRB in 1% acetic acid (100 ul of 0.057%
(wt/vol) SRB solution) was added to each well. After 30 min of incubation at room temperature, cells were washed
thrice with 1% acetic acid and air dried. 10 mM Tris-base (200 uL) was added to solubilize the dye with gentle
agitation. Optical density was measured at 510 nm wave-length. The percentage of phototoxicity was calculated
using the following equation:

(ODTreatment — ODBlank)

Phototoxicity (%) =1 —
(ODControl - ODBlank)

where OD eymenc Fepresents optical density measured for cells treated with peptide-photosensitizer constructs
and light at 660 nm. ODgy,,,, represents optical density measured for media. OD ¢, denotes optical density
measured for cells treated with peptide-photosensitizer constructs.

Incucyte LED light setup and imaging.  This combinatorial equipment comprises light irradiation system
with multiple wavelengths LED (From UVA to near IR) assembled with well-established incucyte that contains
incubator and light microscope. The instrument is equipped with state-of-the-art feedback mechanism that can
interpret the actual amount of energy being delivered to the samples. In current study, we have used only 660 nm
LED light source. The energy of light irradiation was 0.10 mW/cm? produced continuously and was found stable
for a period of 24-72h. Incucyte light microscope was used to capture images of the cell growth at every hour or
two, from which percentage confluence (i.e. cell densities) were calculated.

Statistical analysis. B16-F10 and FM55 melanin assays are represented as the average of three independ-
ent experiments expressed as Mean + SEM. Differences between various groups were calculated using one way
ANOVA post Bonferroni’s multiple comparison test and results were reported as significant if P-value was below
0.05. Phototoxicity SRB data of B16-F10, MeL, FM55 and N/TERT-1 was analyzed via student ¢ test and signifi-
cance was reported if P-value was below 0.05.

Notes
LThe proliferation graphs are representative of single experiment that was performed thrice independently.
“The data represent mean value & SEM of three independent experiments with triplicates.
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