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Antineoplastic activity of strawberry
(Fragaria � ananassa Duch.) crude extracts
on B16-F10 melanoma cells
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The antiproliferative and differentiation potential of anthocyanin-rich strawberry fruit crude extracts (SE)

were investigated on B16-F10 murine melanoma cells. Treatment of melanoma cells with SE produced a

remarkable reduction of cell proliferation, paralleled with both the lowering of the intracellular levels of

polyamine, and the enhancement of tissue transglutaminase (TG2, EC 2.3.2.13) activity (used as a

differentiation marker). To gain further insight into profiling altered protein expression as a potential

biomarker of the SE action on melanoma cells, analysis of the proteomic profile was performed on

the treated B16-F10 cells, compared to the control. Following SE treatment, 30 proteins resulted

up-regulated, and 87 proteins were down-regulated. In particular proteins overexpressed in cancer cells,

involved in tumor progression and metabolism, were down-regulated. The possibility that SE may affect

the Warburg effect in B16-F10 melanoma cells is discussed.

Introduction

Epidemiological studies suggest that the consumption of phyto-
chemical-rich food, which includes fruits and vegetables, contributes
to the reduction of the risk of certain types of human cancers.1

Berries such as blackberry (Rubus sp.), blueberry (Vaccinium
corymbosum L.) and strawberry (Fragaria � ananassa Duch.) are
popularly consumed in a human diet in fresh and in processed
forms such as beverages, yogurts, jellies and jams. In addition,
berry extracts are widely consumed in botanical dietary supplement
forms for their potential human health benefits.2–5 Accordingly,
there has been a focus on identifying components of fruits and
vegetables responsible for anticancer effects.6 Berries contain a
complex mixture of antioxidants including vitamin C, carotenoids,
xanthophylls and polyphenols, which differ in a species-specific
manner.7 Individual polyphenols, such as flavonoids, have
been shown to inhibit cancer cell proliferation.8,9 Flavonoids

are the most widely represented class of phenolic compounds
in strawberry receptacle5 and, among them, anthocyanins are
quantitatively the most important type, with some qualitative
and quantitative variations within the cultivars.3,10

In this work, we report the antitumor activities of an
anthocyanin-rich strawberry extract (SE) on the highly meta-
static B16-F10 murine melanoma cell line. The SE was obtained
from fruits of the cultivar Pajaro and its composition was
characterized by HPLC/DAD/MS. In order to collect evidence
on the potential antineoplastic activity, the possible induction
of tumor cell differentiation by the SE, as well as the anti-
proliferative effect, have been investigated. The activity of tissue
transglutaminase (TG2; E.C. 2.3.2.13) has been used as a
differentiation marker and the intracellular polyamine levels have
been used as proliferation markers.11 Transglutaminases belong
to a class of enzymes which catalyzes the post-translational
modification of proteins by the formation of isopeptide
bonds.12,13 There is increasing evidence of direct correlation
between TG2 activation and reduction of cancer progression, by
means of stimulation of tumor cell differentiation. The linkage
between the TG2-dependent antineoplastic activity and the
induction of cell differentiation as well as the involvement of
the enzyme in the metastatic spread is well defined in melanoma
cells lines.14 It is also well known that, after intracellular activation,
soluble TG2 may cross-link proteins, leading to the formation of
envelopes in apoptotic cells, while extracellular activation contri-
butes to the stabilization of the extracellular matrix (ECM) and
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promotes cell–substrate interactions.15 Transglutaminases can
catalyze also the covalent incorporation of several low molecular
weight amines into proteins in the form of amides of the g-carboxyl
group of a peptide-bound glutamic acid. During cell differentiation,
polyamines (POL), such as putrescine (PUT), spermidine (SPD)
and spermine (SPM), may be covalently conjugated to glutaminyl
residues of polypeptides through a transamidation reaction
catalyzed by TG2.12 As a consequence of POL deficiency, cell
proliferation can be stopped, driving cells to apoptosis.

We investigated also the response of two tumor markers: p53,
probably the most common target for genetic alterations in cancer,
known to induce cell cycle arrest, apoptosis or differentiation of
potentially malignant cells16,17 and p21, a transcriptional target of
p53, able to arrest the cell cycle in the G1 phase, whose expression is
related to the induction of differentiation in a variety of tissues.18

Moreover, the proteomic approach was used to investigate changes
in protein patterns following cell treatment with SE.

Results
Composition of strawberry extracts (SE)

The extraction was mainly focused to recover the anthocyanin
fraction, therefore an acidic and polar mixture was used. The
concentration of total phenols, determined by the Folin–Ciocalteau

method, was 22.6� 0.2 mg g�1 fresh weight, and the anthocyanin
fraction, evaluated by HPLC/DAD, was 333.0 � 6.6 mg g�1 fresh
weight. The HPLC analyses (Fig. 1) allowed the detection,
in agreement with other authors,19,20 of three anthocyanins:
cyanidin 3-O-glucoside and pelargonidin 3-O-rutinoside as
minor pigments, and pelargonidin 3-O-glucoside as a main
constituent. Among these pigments, the glycosides of pelargonidin
constituted the 95% of the anthocyanin fraction. The co-presence
of a glucose ester of p-coumaric acid (39.7 � 1.19 mg g�1 fresh
weight) and of its analogue was also detected.21 The UV-vis and
mass spectra, together with the literature data,19–21 were determi-
nant to recognize the phenolic compounds of this extract. The
mass detector in positive ionization mode was applied to confirm
the anthocyanins, present as ion species in the acidic medium.
Their mass spectra showed the molecular ion [M]+ of the glycosidic
forms and the ion species related to the aglycons (cyanidin at m/z
287 and pelargonidin at m/z 271). More informative mass spectra of
the other phenols listed in Fig. 1 were achieved in negative
ionization mode, and were characterized by the presence of the
pseudo molecular ion [M–H]� and the species derived by the loss of
the glycosidic group (162 amu). The EI profile related to 325 m/z,
the pseudo-molecular ion of the isobaric compounds 1 and 2, is
shown in Fig. 1c. The ellagic acid, a typical compound of the
strawberry fruit, was not present in our sample as confirmed by the

Fig. 1 Chromatographic profiles of strawberry extracts (cv. Pajaro) at 330 nm (a); at 520 nm (b) to highlight the anthocyanins, and the Extract Ion profile
at 325 m/z (c) of the cumaroyl monoglycosides. (1) p-Cumaroyl monohexose; (2) cumaroyl monoglucoside; (3) cyanidin 3-O-glucoside; (4) pelargonidin
3-O-glucoside; (5) pelargonidin 3-O-rutinoside; (6) pelargonidin 3-O-acylglucoside.
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analyses of the UV-Vis spectra, and the comparison with the
pure standard, applying the EI technique on the TIC of the SE
obtained in negative ionization mode. This result is in agree-
ment with the partial lipophilicity of ellagic acid and with the
selected extraction method specifically targeted to recover the
polar anthocyanin fraction.

Inhibition of cancer cell proliferation and reduction of
intracellular polyamine levels

Treatment of B16-F10 melanoma cells with SE affected cell
proliferation, in fact the treatment reduced cell growth by about
30% after 48 h and by about 27% after 72 h (Fig. 2). Treatment
did not cause cell injury and had a toxicity lower than 5%, as
assayed by the Trypan Blue exclusion test (data not shown).
Intracellular concentration of POL was determined after 24, 48
and 72 h of SE treatment. PUT was detected only in traces in all
samples. After 48 h of treatment, the SPD amount decreased to
47.2% (Fig. 3), while SPM content was 20.7% lower than the
control. After 72 h of incubation with SE, a further decrease of
SPD (63.8%) and SPM (52.9%) levels was detected.

Effect of SE on transglutaminase activity

Transglutaminase activity determination represents one of the
methods to evaluate cell differentiation, since it is considered a
differentiative biomarker. We checked in the B16-F10 melanoma
cell line the possible effect of SE on the modulation of this marker,
and the results are shown in Fig. 4. Twenty-four-hour incubation of
B16 cells with SE did not affect the enzyme activity, compared to
the control. On the other hand, treatment with SE significantly
induced, compared to the control, an enhancement in TG2 activity
after 48 h (172% increase) and after 72 h (35% increase).

Down regulation of p53 and p21

p53 and p21 expression were determined in B16-F10 melanoma
cells treated with SE (Fig. 5). Western blot analysis was

performed on total cell lysates using antibodies specific to
p53, p21 and b-actin. The levels of p53 and p21 were decreased
compared to the control of 47.2% and 32.6%, respectively.

Protein pattern analysis

The protein pattern was analysed in triplicate by two-dimensional
gel electrophoresis (2-DE). An average of 500 protein spots per gel

Fig. 2 Antiproliferative effect of the strawberry extract on B16-F10 melanoma
cells. Data are expressed as the mean � SD of three different determinations;
* p o 0.05, compared to the control.

Fig. 3 Polyamine concentration in B16-F10 melanoma cells treated with
strawberry extracts. The concentration of putrescine was lower than the
limit of quantification for the used analytical method. Each point represents
the mean of three different determinations � SD (* p o 0.05).

Fig. 4 Effect of strawberry extracts on tissue transglutaminase activity in
B16-F10 melanoma cells. Data are expressed as the mean � SD of three
different determinations; * p o 0.05, compared to the control.

Fig. 5 Effects of strawberry extracts on the expression levels of the
proteins p53 and p21 in B16-F10 melanoma cells. Total cell lysates were
prepared after 48 h of treatment and Western blot was performed using
antibodies specific for p53, p21 and b-actin. * p o 0.05, ** p o 0.001
compared to non-treated control cells.
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were detected (Fig. 6). Protein synthesis in SE treated B16-F10
cells was clearly affected according to the comparison of
2D patterns of untreated (Fig. 6A) and treated cells (Fig. 6B).
The expression of 121 proteins resulted significantly different. In
particular, 87 proteins resulted down-regulated and 30 up-regulated.
Moreover, four proteins were detected only in treated-melanoma
cells. Out of a total of 20 spots excised from the gels, 8 spots yielded
a good MALDI spectra. Peptide mass fingerprinting allowed the
identification of these proteins (Table 1).

Discussion

Oxidative stress induces a cellular redox imbalance, typical of
various cancer cells, and related to oncogenic stimulation. The
permanent modification of genetic material resulting from
‘‘oxidative damage’’ represents the first step of mutagenesis,
carcinogenesis and ageing. An important role in maintaining
physiological homeostasis is played by diet and nutrition. In fact,
recent literature emphasizes the potential therapeutic effect of
nutrients found in natural products, indicating positive applica-
tions for controlling the pathogenesis of chronic diseases driven
by oxidative stress.22 Polyphenolic compounds are ubiquitous
dietary components and specific polyphenols are very effective in
scavenging oxygen and nitrogen reactive species. They are able to
modulate genes associated with cell metabolism, stress defence,
drug metabolizing enzymes, detoxification and transporter
proteins.6 Their function is protective in overcoming damaging

effects of chronic diseases and in delaying the degenerative
ageing. The mechanisms involved in their activities are complex,
determined by the structure of the compound, the redox status
of the environment and interactions with other agents.

Among edible fruits, strawberry, together with other berries,
represents one of the most important sources of bioactive
compounds. Their qualitative and quantitative composition
depends on genetic and environmental factors affecting the
production and accumulation of these molecules in fruits.23

The qualitative composition of flavonoids of cv. Pajaro, mainly
represented by three anthocyanins, pelargonidin 3-O-glucoside,
cyanidin 3-O-glucoside and pelargonidin 3-O-rutinoside, is in
agreement with those reported by other authors.19,20 The
presence of a quite abundant amount of glucose ester of
p-coumaric acid was also detected, this compound can be
found in a wide variety of edible plants24 as well as berries.19,20

Several parameters of melanoma cells were affected by the
treatment with strawberry flavonoid extracts: a significant
inhibition of cell proliferation in treated B16-F10 cells, associated
with a very low cytotoxicity, has been clearly demonstrated. These
data were also confirmed by the reduction of the intracellular
content of SPD and SPM, well known proliferation markers. The
role of pelargonidin glycosides, the main anthocyanin detected in
strawberry extracts, as antitumor compounds is still controversial
and to be elucidated, since treatment of melanoma cells with the
pelargonidin chloride did not affect cell proliferation.8 At the
moment, two hypotheses may be put forward, i.e. pelargonidin
glycosides contained in the fruit extract may exert an anticancer
role by acting in synergy with other active components, or the
antiproliferative effect of the extract is not due to these pigments,
but to other co-present compounds. The second hypothesis is
supported by data for the inhibitory effects of cyanidin 3-rutino-
side and cyaniding 3-glucoside from Morus alba on the invasion
and motility of A549 cells.25 Besides cyanidin 3-O-glucoside,
another component of the extract may play an important role in
determining the antitumor effect. This molecule, present usually
as an ester of quinic acid, sterol, or glucose, has been considered
as an anti-inflammatory, antioxidant, and antimicrobial agent as
well as anticarcinogenic.26,27 Moreover, as reported by Ferguson
and colleagues,28 p-coumaric acid reduces the risk of stomach
cancer probably by reducing the formation of carcinogenic
nitrosamines.29

Fig. 6 Representative 2-D gels of total extracts from B16-F10 melanoma
cells untreated (panel A) and treated with strawberry extracts (panel B).
Spots labelled with numbers indicate the most interesting proteins that
were found to be significantly modified after treatment.

Table 1 Differentially expressed proteins in untreated and treated B16-F10 cells identified by MALDI-TOF MS

No
Theoretical
Mr (Kda)

Experimental
Mr (Kda)

Average ratio
untreated/treated � SD

SWISS-PROT/
Tremble acc. number Description

0408 33.4 38 3.72 � 0.56 Q9EQU5 Protein SET
0312 38 35.9 2.88 � 0.08 P70670 Nascent polypeptide-associated complex subunit alpha
2009 14 14 2.29 � 0.18 P16045 Galectin-1
3713 57.8 65 5.70 � 0.23 P52480 Pyruvate kinase isozymes M1/M2
5601 56.6 53.5 2.17 � 0.09 Q61753 D-3-phosphoglycerate dehydrogenase
6207 26.7 25 1.49 � 0.54 P17751 Triosephosphate isomerase
1518 42.7 44 2.56 � 0.17 Q04447 Creatine kinase B-type
3313 29.5 35.2 20.6 � 1.89 P61290 Proteasome activator complex subunit 3

Experimental Mr was estimated using PDQuest software. The ratio as the mean � SD of three experiments both for untreated and treated cells
cultured for 48 h under similar conditions.
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Among the human genome, p53 is one of the first tumor
suppressor genes to be discovered. It has a wide range of
functions covering cell cycle control, apoptosis, genome integrity
maintenance, metabolism, fertility, cellular reprogramming and
autophagy.30 The observation of the decrease of p53 levels and the
induction of the transamidating activity of TG2, after SE treatment,
suggests a possible induction of tumor cell differentiation without
DNA damages. Similar results have been reported in F9 cells induced
to differentiate in vitro31 and in epidermal keratinocytes that showed
a decline in p53 protein in conjunction with terminal differentia-
tion.32 Then, recent studies suggest that TG2 plays an active role in
the response of neuroblastoma cells to DNA-damage-induced stress,
by exerting a strong protective effect, likely by the suppression of p53
activation and p53-driven cell signaling events.33 Anyway, it is
also known that TG2, which possess a kinase activity, is able to
phosphorylate p53. This event may facilitate apoptosis, by disrupting
the interaction of p53 with Mdm2, thereby preventing the
subsequent degradation and allowing p53 accumulation.34

Under this view, the interplay between TG2 and p53 in melanoma
cells requires further investigation. Similarly, p21 protein levels
decreased after SE treatment, evidence already shown for cells
which express low levels of p53.35,36

The effect of the extract on cell proteome was really relevant,
many proteins were up- or down-regulated. We were able to
identify 8 out of these differentially expressed proteins. Three of
the down regulated proteins, galectin-1 (GAL-1), proteasome
activator complex subunit 3 (REG-gamma), creatine kinase
B-type (CKB), are involved in the promotion of the metastatic
process. According to the literature, it is reasonable to assume
that GAL-1 expression or overexpression in a tumor or tissue
surrounding a tumor (stroma) can be considered a sign of the
tumor malignant progression.37 In particular, the metastatic
cascade is a multistep process including cell–cell interaction,
cell–ECM adhesion, invasion, migration and angiogenesis.
GAL-1 is involved in many of these steps.38 GAL-1 is also
implicated in the mechanisms of tumor immune-escape: tumors
can evade immune responses by secreting immunosuppressive
cytokines and soluble inhibitory factors, including GAL-1. This
protein also contributes to immune evasion inducing apoptosis
in effector T cells.39,40 A role in the immune response is well
known for proteasome. In particular, proteasome inhibitors
affect the immune response by repressing antigen presentation
on major histocompatibility complex class I (MHC-I) receptors,41

by suppressing cytokine secretion, cell–cell-interaction, migra-
tion and chemotaxis of lymphocytes and by inducing apoptosis
in activated T-cells. Proteasomes are responsible for the degra-
dation of cellular proteins in eukaryotic cells, and they play an
important role in cell cycle progression, apoptosis, angiogenesis
and drug resistance. Since these pathways are fundamental for
cell survival and proliferation, particularly in cancer cells, the
inhibition of proteasomes is an attractive potential anti-cancer
therapy.42 REG-gamma is a member of the proteasome activator
complex (PA28) family, which has been shown to bind specifi-
cally to 20S proteasomes and greatly stimulate the hydrolysis
of peptides, hence REG-gamma is an anti-apoptotic factor
as it is an endogenous substrate for caspase-3 and caspase-7.

Thus, downregulation of REG-gamma may inhibit proteasome
functions and induce apoptosis.43,44 Moreover the inhibition of
the proteasome by anthocyanins and anthocyanidins has
already been reported45 and it has been demonstrated that
proteasomal inhibition helps cytoprotection against oxidative
stress by inducing glutathione synthesis.46 CKB expression was
commonly increased in the metastatic B16 cell line47 and in other
ovarian cancer cells. CKB gene expression is up-regulated and the
CKB enzyme activity is significantly elevated in sera from ovarian
cancer patients, including those with stage I disease48 and in serum
of lung and colon cancer patients.49 Nevertheless current data for
creatine content and creatine-kinase expression in malignant cells
and tumor-bearing animals are contrasting and that probably
depend on the particular tumor model system.50

Altered metabolism is one of the hallmarks of cancer cells. The
best-known metabolic abnormality in cancer cells is the Warburg
effect, which demonstrates an increased glycolysis even in the
presence of oxygen. To this point of view, the inhibition of glycolysis
induces a decrease in ATP cellular levels, affecting cancer cell
growth and proliferation. Thus, the alteration of cancer cell glucose
metabolism may represent a novel and promising anticancer
strategy.51 Two of the down regulated identified proteins, pyruvate
kinase M1/M2 and triosephosphate isomerase, are involved in the
glycolysis. The latter enzyme is up-regulated in several types of
cancer52 and according to Wang and colleagues53 it may be involved
in the chemoresistance. An increase in activity of D-3-phospho-
glycerate dehydrogenase (PGDH), a key enzyme in the pathway of
synthesis of serine, was reported in human colon carcinoma, rat
sarcoma, and rat hepatoma cell lines during the proliferative
phase.54 Moreover, as previously reported, PDGH may be an attrac-
tive drug target in melanoma.55 In this work we demonstrated that
SE are able to induce a reduction in PDGH expression.

From a pharmacological point of view, drugs able to perturb
cancer cell metabolism at the level of glycolysis or other
metabolic pathways56 may open a new perspective in cancer
treatments, since they may overcome some of the limitations of
the molecules currently used in the therapy.57

Conclusions

In conclusion, the results from our study suggest that SE,
characterized by a high content of anthocyanins, exert their
action mainly through the induction of cell differentiation.
However, it is well clear that the serum bioavailability of many
berry polyphenols is low58 and probably orders of magnitude
lower than the levels of berry extracts required for effective
inhibition of melanoma cell proliferation in this study. Indeed,
it has been reported that bilitranslocase is involved in regulating
the function and the permeability of the gastric mucosa, increasing
the bioavailability of the anthocyanins.59,60

Our studies provide preliminary data for the ability of this
extract to inhibit the growth and induce differentiation in a
melanoma cancer cell line. Moreover, the synergistic combi-
nation of a natural differentiation molecule and a conventional
chemotherapeutic agent, which could be therefore administered in
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lower dose, represents an attractive strategy for cancer treatments
and it may assume particular importance considering the sensible
reduction of the side-effects due to the intrinsic cytotoxicity of the
chemotherapeutic agents.61 Future studies should be designed to
investigate the potential of berries in the prevention and treatment
of chronic human diseases such as cancer. Lastly, changes in
dietary and/or nutritional patterns might have a profound impact
on reducing cancer incidence.

Experimental
Materials

Dulbecco’s modified Eagle’s medium (DMEM), glutamine,
penicillin (10 000 UI mL�1) and streptomycin (10 000 mg mL�1)
were from Eurobio Laboratoires (Le Ulis Cedex, France). Fetal
calf serum (FCS) was from Gibco (Grand Island, NY, USA).
[14C]-methylamine (46.6 mCi mmol�1) was purchased from
Amersham International (Bucks, UK). Sodium citrate, Tris,
o-phthaldehyde (OPA), sodium dodecyl sulphate (SDS), ethylene-
diaminotetraacetic acid (EDTA), ethylene glycol tetraacetic acid
(EGTA), ammonium persulfate (APS), tetrametilendiammina
(TEMED), PUT, SPD, SPM, trichloroacetic acid (TCA), dithiothreitol
(DTT), perchloric acid (PCA) and all reagents were from Sigma
Chemicals (St Louis, MO, USA). Acetonitrile, tetrahydrofuran and
all solvents were obtained from Mallinckrodt Baker (Milan, Italy).

Extraction of anthocyanins and determination of total phenols

The anthocyanin fraction (SE) was recovered from strawberry
fruits (Fragaria � ananassa cv. Pajaro) commercially available
on the market. Fruits were sorted to eliminate damaged,
shrivelled, and unripe fruits, and selected for uniform size
and colour. The fresh material (1 g of fresh fruit per 10 mL
extraction solution) was extracted, under stirring for 1 hour
(70% ethanol and 30% water both acidified with HCOOH 1.8%
v/v, final pH of the mixture 2.8). The sample was filtered, the
supernatant obtained from 10 g of fresh fruits was recovered,
dried and redissolved in 1 mL of the extractive mixture, then
analyzed by HPLC/DAD/MS. The total phenolic amount was
measured by means of the Folin–Ciocalteu method62 using
chlorogenic acid as standard, for which a calibration curve
was prepared with solutions of 1, 2, 5, 10, and 20 mg L�1 of this
compound ( y = 0.0648x � 0.0106, R2 = 0.9996).

HPLC/DAD/MS analysis of the SE extract

HP 1100 with a Diode Array Detector (DAD) and a mass detector
HP 1100 MDS and interface API/ESI (Atmospheric Pressure
Ionization – Electrospray) were all from Agilent Technologies.
The operative conditions of the MS detector were: capillary
voltage from 3000 to 3500 V, working both in positive and
negative ionization mode, with fragmentor values of 100 V,
120 V, 150 V and 200 V.

Column Sinergy Max RP-80A, 150 � 3 mm, 4 m, flow
0.4 mL min�1; multistep gradient elution with A: H2O 95%
and HCOOH 5%; B: CH3CN; 95% A at time 0; 88% A after 8 min;
85% A at 14 min; 75% A at 26 min; 55% A at 30 min; finally

5% A at 34 min with a final plateau of 2 min. The quantitative
determination was done by the use of two external standards:
keracyanin at 520 nm with a five point calibration curve
(R2 0.999) for the anthocyanins; caffeic acid at 330 nm by a five
point calibration curve of (R2 1.0) for the cumaroyl glycosides.

Cell culture

A highly metastatic murine B16-F10 melanoma cell line was
purchased from the Division of Cancer Treatment, Tumor
Repository NIH (Frederick, MD). Cells were cultured in DMEM
with 10% FCS, supplemented with 200 mM glutamine, 100 U mL�1

penicillin/streptomycin, and maintained in a humidified atmo-
sphere of 5% CO2 at 37 1C. For proliferation studies, cells were
plated and grown in 35 mm dishes as reported above, and
treated with SE (about 10 mM anthocyanin content) for 24, 48
and 72 hours. Cells were detached with EDTA and counted
using a Neubauer modified chamber. Viability was assessed
after Trypan Blue staining.

Transglutaminase assay and polyamine detection

Transglutaminase assay was performed in the presence of
[14C]-methylamine. Proteins were precipitated in 10% TCA,
solubilised in 0.1 N NaOH at 37 1C and the incorporation of
radiolabelled methylamine into the protein was measured
using a scintillation counter (Beckman LS-5000TD, CA, USA).
The determination of polyamines in cell lysates was carried out
using HPLC. Briefly, culture cell lysates were deproteinized with
PCA, supernatants were derivatized with OPA and injected into
the HPLC (AKTABASIC 10, Amersham Pharmacia Biotech.,
Milan, Italy). Reverse-phase separations were conducted at
room temperature in a LC-18 Supelcosyl column (150 mm �
4.6 mm, 3 mm) (Supelco, Milan, Italy). The derivatives were
separated on two mobile phases: A, 95% 350 mM sodium
citrate, pH 4.0, 5% tetrahydrofuran and B, 45% 350 mM
sodium citrate, pH 4.0, 40% acetonitrile, 15% tetrahydrofuran.
Elution consisted of a linear gradient from 50% to 100% of
buffer B in 5 min, then an isocratic elution for 15 min, at a flow
rate of 0.9 mL min�1. Detection was accomplished using a
spectrofluorimeter (Jasco FP-1520; Easton, MD, USA). Fluores-
cence detection was set at lex 330 nm and lem 445 nm.

Immunoblot analysis

Total melanoma cell lysate extraction: briefly, cells were lysed in
High Salt Buffer (50 mM Tris-HCl pH 7.5, 350 mM NaCl, 1 mM
MgCl2, 0.5 mM EDTA, 0.1 mM EGTA) containing protease
inhibitors. After addition of Nonidet P-40 to a final concen-
tration of 1%, the lysate was vigorously mixed for 15 s, kept on
ice for 30 min and then centrifuged at 1000 � g for 15 min at
4 1C. The resulting supernatant was stored at �80 1C until use.
Equal amounts of proteins extracted from B16-F10 cell lines
(treated or untreated) were separated on 12% SDS polyacryl-
amide gel and transferred to the immobilon membrane (Milli-
pore) using a Bio-Rad electroblot apparatus. Membranes were
incubated with rabbit anti-b-actin or mouse anti-p53 or rabbit
anti-p21 antisera according to manufacturer’s instructions.
Immunoreactive bands were detected by chemilumineSEnce
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(SuperSignal reagent, Pierce) after incubation with peroxidase-
conjugated secondary antibodies (Jackson Immunoresearch).
Quantification analyses were performed using LAS3000 Imaging
System (Fuji) and ImageQuant (Amersham Biosciences) software.

Protein extraction

Proteins were extracted from SE-treated B16-F10 cells according
to the published method.8 Protein concentration was deter-
mined in the supernatants by Bradford protein assay (BioRad).
Samples were stored at �80 1C until use.

2D gel analysis

For the first dimension of two-dimensional electrophoresis
Amersham pH 3–10 NL immobilized pH gradient (IPG) strips
were used to separate the cell proteins according to their
isoelectric points as reported.8 The IPG strips were equilibrated
as follows: (a) 6 M urea, 30% glycerol, 2% SDS, 0.002%
bromophenol blue, 50 mM Tris-HCl pH 8.0, 4.6 mM DTT were
mixed for 30 min with shaking at room temperature; (b) 6 M
urea, 30% glycerol, 2% SDS, 0.002% bromophenol blue, 50 mM
Tris-HCl pH 8, 0.22 mM iodoacetamide were mixed for 30 min
on a shaker. The strips were rinsed with MQ H2O and applied to
the top of polyacrylamide slab gels, containing 41.7% acryla-
mide (12.5%), 25% Tris-HCl (0.5 M, pH 8.0), 1% SDS (10%),
1% APS (10%), 0.034% TEMED and 31.3% H2O. Strips and gel were
put in the vertical slab electrophoresis unit (Hoefer SE 600 Ruby,
Amersham Biosciences). Intensity of the spots was expressed as
integrated optical density using Gel-Pro Analyzer software.

Protein staining and analysis

The gels were fixed in 100 mL of fixing solution (50% ethanol,
12% acetic acid and 0.05% of 35% formaldehyde solution) and
shaken overnight at room temperature. Proteins were stained
by silver staining. Gels were scanned using a Duoscan AGFA
scanner and kept under vacuum in 1% acid acetic solution.
Analysis of the gels was made by the PD-Quest 2-D Analysis
software (Biorad). Average gels from three independent experi-
ments were compared to each other and spots differing at least
fourfold in intensity were marked for further analysis.

Protein digestion and MS analysis

Spots from 2D-PAGE were excised and destained by adding
200 ml of 1 : 1 solution of 30 mM Potassium Ferricyanide and
100 mM Sodium Thiosulfate at room temperature for 20 min.
Cysteines were subsequently reduced with 50 ml 10 mM DTT
and alkylated with 50 ml of 55 mM iodoacetamide.63 After
derivatization, the samples were incubated overnight at 37 1C
with 20 ml of a buffer solution, 50 mM ammonium bicarbonate,
containing sequence grade trypsin (Sigma) at 10 ng ml�1. To
stop the reaction 3 ml of 10% trifluoroacetic acid (TFA) were
added. Following the digestion, the samples were used for
protein identification by MALDI-TOF-MS and MS/MS analyses.

For the mass spectrometric analysis of tryptic digests, sam-
ples were prepared by reverse phase extraction using ZipTip C18

according to the manufacturer guidelines (Millipore, CA, USA).
Elution was performed with a 50% acetonitrile (ACN)/TFA 0.1%

solution of a-cyano-4-hydroxycinnamic acid at 3.6 mg mL�1

directly on the MTP Ground Steel 384 target (Bruker Daltonics).
Thin layer protocol was followed for sample spotting. All
MALDI-TOF-MS and MS/MS spectra were acquired on a Ultra-
Flex III TOF/TOF mass spectrometer (Bruker Daltonics) in
reflectron mode with voltages of 25.0, 21.7 for the first and
second ion extraction stages and 9.0 kV for the lens, 26.3 kV for
reflector 1, 13.8 kV for reflector 2. The value of the laser power
attenuator value was adjusted for each acquisition to balance
differences in sample preparation. Quadratic external calibra-
tion of TOF was performed on the monoisotopic masses of the
peptide calibration standard II mixture from bruker-daltonics
containing Angiotensin II, Angiotensin I, Substance P, Bombesin,
Renin Substrate, ACTH (1-17), ACTH (18-39) and Somatostatin.
Monoisotopic peaks were selected for peptide fingerprinting using
the FlexAnalysis 3.0 software (Bruker Daltonics). BioTools 3.0 was
used to submit mass lists for protein identification. The research
was conducted with the NCBI database. The query was unrestricted,
the maximal tolerance for masses was 50 ppm after an internal
calibration using the autolysis product of trypsin, at most one
miss-cleavage for tryptic digestion was allowed, and the modifica-
tions accepted were carboamidomethylation with iodoacetamide of
cysteines and possible oxidation of methionines.

Peptide fragmentation experiments to confirm PMF identi-
fications (for signals sufficiently intense) were performed on
the same instrument working in LIFT mode.

Voltages were set as follows: 8.0, 7.2 for the first and second
ion extraction stages and 3.6 kV for the lens, 29.5 kV for
reflector 1, 13.8 kV for reflector 2, 19.0 kV for Lift 1 and 3.2
for Lift 2. Signals selected for fragmentation were chosen after
the analysis of PMF results. FlexAnalysis 3.0 was used for
spectra processing and BioTools 3.0 for search submissions.
The query was restricted to mammalian proteins, the maximal
tolerance for peptide masses was 50 ppm and the maximal
tolerance for MS/MS data was 0.3 Da. The remaining search
parameters were set as for the PMF search.

Statistical analysis

Data shown represent mean � standard deviation (SD). Statis-
tical analyses for detection of significant differences between
the control and experimental groups were carried out using
Student’s t test.
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