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Ciências Ambientais - NCA, Universidade de Mogi das Cruzes, Mogi das, Cruzes- S.P., Brazil

(Received 28 May 2005; accepted 16 June 2005)

Abstract
Given the importance of protein phosphorylation in the context of cellular functions, abnormal protein phosphatase activity
has been implicated in several diseases, including cancer. These critical roles of protein phosphatases qualify them as potential
targets for the development of medicinal compounds that possess distinct modes of action such as violacein. In this work,
studies with this natural indolic pigment at a concentration of 10.0mmol L21 demonstrated a 20% activation of total protein
phosphatase extracted from human lymphocytes. Although no alteration was observed on protein tyrosine phosphatase
(CD45), 30% of inhibition was achieved in cytoplasmatic protein phosphatase activity after incubation with 10.0mmol L21

violacein. Additionally, 5.0mmol L21 of violacein inhibited by 50% the serum tartrate-resistant acid phosphatase activity.
Violacein presented toxic effect on lymphocytes with IC50 values of 3 and 10mmol L21 for protein content and protein
phosphatase activity, respectively. These findings suggest an important role for protein phosphatases in the mechanisms
controlling proliferation and cell death.
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Introduction

Violacein (Figure 1), the major pigment produced by

Chromobacterium violaceum, is an indole derivative

characterized as 3- (1,2-dihydro-5- (5-hydroxy-1H-

indol-3-yl)-2-oxo-3H-pyrrol-3-ilydene)-1,3-dihydro-

2H-indol-2-one [1]. The biosynthesis and biotrans-

formation of violacein has been extensively studied

and further optimized its production, extraction and

purification [1,2].

This pigment has been reported to possess several

activities, including bactericidal [3,4], trypanocidal

[5,6], mycobactericidal [7], as well as antiviral [8],

antiulcerogenic [9] and antitumoral properties [10–14].

Protein phosphorylation-dephosphorylation is

probably the most crucial chemical reaction taking

place in living organisms [15]. In an average

eukaryotic cell, every third protein undergoes revers-

ible phosphorylation [15,16]. This dynamic equili-

brium is a ubiquitous element of intracellular signal

transduction pathways that are essential for regulating

cell growth, differentiation and metabolism, and

survival. Abnormal changes in the activities of these

enzymes can lead to severe consequences, including

cancer and diseases resulting from immunological

disorders [17].

Protein tyrosine phosphatases constitute a large

family of enzymes that can be divided into three major

subfamilies: tyrosine-specific, dual-specific, and low

molecular weight phosphatases. Unlike the tyrosine-

specific and low molecular weight phosphatases, which
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strictly target pTyr-containing proteins, dual-specificity

phosphatasesutilize protein substrates that containpTyr

as well as pSer and pThr. Protein tyrosine-specific

phosphatases (PTPs) can be further divided into two

groups: receptor-like (e.g. CD45) and intracellular

PTPs. Genetic and biochemical studies have implicated

various PTPs as potential targets for drug development

in diverse areas such as cancer, hematopoiesis and

immune function [18–20].

The significant effect of violacein on different tumor

cell lines prompted us to evaluate its effect on normal

human lymphocytes viability as well as its action on

two important phosphatases from these cells, CD45

and low-molecular-weight PTP. T cell express

approximately 50–60 different PTPs. CD45, SH2

(Src homology 2 SH2-domain-containing PTP2) and

low-molecular-weight PTP have positive roles in

signaling through the T cell receptor [21]. The

preferential cytotoxic activity of violacein in myeloid

leukemia cells alludes to the potential of violacein to

be developed as an anti-leukemic agent [14]. There-

fore, the establishment of its cytotoxic effects on

untransformed cells is of major importance. Given

that the active site pockets of phosphatases are very

similar among various enzymes in each family, it

would be challenging to develop specific inhibitors to

probe specific physiological roles played by individual

phosphatases in this process. It was therefore of

interest to us, in the course of the search for new

therapeutic agents from natural origin, to study the

effects of violacein on protein phosphatases extracted

from different sources and also investigate their

involvement in violacein cytotoxicity to human blood

lymphocytes. The observation of violacein action on

these molecular targets, would not only contribute to

the elucidation of its mechanism of action, but also

promote a rational and safe use of this natural product

for new therapeutics.

Materials and methods

Violacein

Chromobacterium violaceum (CCT 3496) was culti-

vated on cotton, in modified 1 litre Roux bottles on a

surface tray bioreactor according to Rettori and Durán

[1]. Violacein {3-[1,2-dihydro-5-(5-hydroxy-1H-

indol-3-yl)-2-oxo-3H-pyrrol-3-ilydene]-1,3-dihydro-

2H-indol-2-one} was isolated from C. violaceum,

purified by Soxhlet extraction and characterized by

proton and carbon-13 NMR spectroscopies, mass

spectrometry, UV-VIS spectroscopy and infrared

spectroscopy as previously described [1,4].

Cells

Peripheral blood was obtained by venipuncture

from healthy adult donors and mononuclear

cells were isolated by Ficol1-Hypaque gradient

separation. Lymphocytes were washed and resus-

pended in RPMI medium supplemented with 10%

fetal bovine serum.

Cytotoxicity assays

Lymphocytes were washed, resuspended in RPMI

medium supplemented with 10% fetal bovine serum

and plated (1x106 cells mL21) in the presence of 5mg

mL21 phytohemagglutinin. After incubation for 48 h

at 378C and 5% CO2, the cells were treated with

different concentrations of violacein (0.1–20mmol

L21) for 24 h. Cytotoxicity of violacein was deter-

mined by the MTT assay, phosphatase activity and

total protein content evaluation as previously

described [22–26].

Protein phosphatases extraction from human lymphocytes

Briefly, 1.0 £ 106 cells mL21 were centrifuged at 2000

rpm for 2 min and washed with saline solution. The

cells were lysed with 1 mmol L21 acetate buffer, pH

5.5 for 20 min with periodic agitation. The super-

natant containing soluble phosphatases, was obtained

after centrifugation at 20000 rpm for 30 min. The

precipitate was resuspended in 1 mmol L21 acetate

buffer, pH 5.5 in Triton X-100 and agitated for 20 min

for the extraction of CD45.

Tartrate-resistant acid phosphatase (TRAP) partial

purification from human blood serum

TRAP was partly purified from fresh human serum of

healthly adult volunteers through ammonium sul-

phate precipitation.

Effect of violacein on protein phosphatases

The assay conditions were utilized as previously

described by Freire et al. (2003) [27], using p-

nitrophenyl phosphate (pNPP) as the substrate for the

enzyme cell extract. Violacein was added to the assay

medium and the enzyme activity determined after

different periods of incubation. In the absence of

violacein the activity was considered to be 100%.

Statistical analysis

All experiments were performed in triplicate

and the results shown in the graphs represent

Figure 1. Chemical structure of violacein.

N. Bromberg et al.450

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

al
m

o 
H

og
sk

ol
a 

on
 1

2/
24

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



the means ^ standard deviation (SD). To verify

significant differences among groups, analysis of

variance (ANOVA) was used. When significant

difference was obtained, the Tukey test was used to

evaluate the minimal differences among the groups.

Results and discussion

Cytotoxicity of violacein against human lymphocytes

Based on the important events that protein phospha-

tases mediate in the control of cell growth and

differentiation, Aoyama et al. (2000) [25] and Freire

et al. (2003) [27] have proposed the use of

phosphatase activity as a tool to evaluate cellular

viability in cytotoxicity studies. This complementary

parameter was also shown to be useful for studying

cellular adaptation to apoptosis and oxidative stress

among other conditions. Recently, the use of protein

phosphatase activity as a cytotoxic parameter has been

successfully applied to natural products [27,28].

Lymphocytes were treated with gradually increasing

concentrations of violacein. According to Figure 2,

cytotoxic effect was observed on cells (IC50.10mmol

L21) when protein phosphatase activities were

evaluated. Kinetic studies with enzymatic extract

from HL60 cells and lymphocytes revealed that the

predominant phosphatase is a protein tyrosine

phosphatase (PTP) [18]. Since all PTPs have SH

residues at the active site [27,29], it is possible that

violacein inhibitory effect was due to modification of

sulphydryl groups. It is also possible that hydrophobic

interactions between violacein and specific domains of

the enzyme may contribute to the observed effect.

The cytotoxicity of violacein on human lympho-

cytes stimulated in vitro was also examined by

assessing its effect on MTT reduction and protein

content (Figure 2). These assays give information

about the integrity and susceptibility of different

cellular organelles [30,31]. The cleavage of the yellow

tetrazolium salt MTT to purple formazan by

metabolic cells reveals the mitochondrial function

through the action of succinate dehydrogenase,

involving the pyridine nucleotide cofactors NADH

and NADPH [32]. The decreased lymphocyte

proliferation resulted in a decrease in the total

metabolic activity of the cells, as shown in Figure 2.

The IC50 value obtained (.10mmol L21) is in

agreement with that determined by the phosphatase

assay.

Figure 2 shows the total protein contents measured

after the treatment of lymphocytes with different

concentrations of violacein and in this case, an IC50 of

3mmol L21 was found. The protein content provides

an index of the total cell number based on the

determination of the macromolecule content. Thus, it

is clear that the decrease in lymphocyte proliferation

was due to an inhibitory effect of violacein. It is

important to note that a reduced cytotoxic effect of

violacein on normal lymphocytes relative to leukemia

cells (IC50, 1.0mmol L21) [11] was observed,

suggesting violacein as a promising agent in leukemia

therapy.

Effects of violacein on protein phosphatases extracted from

human lymphocytes and blood serum

In order to compare violacein action on different

sources of phosphatases, total protein phosphatase as

well as tartrate-resistant acid phosphatase were

extracted from human lymphocytes and blood

serum, respectively, and tested in the presence of

violacein.

Protein phosphatases (PPs) are important control

elements in cell signaling with particular relevance in

human diseases, including cancer. Thus, PPs rep-

resent promising new targets for drug discovery. In this

work, 20% activation of total protein phosphatase

activity from human lymphocytes was observed after

20 minutes of pre-incubation with 10.0mmol L21

violacein (Figure 3A). Since the active site (the pTyr-

binding site) is highly conserved among the PTPs, next

it was evaluated the effects of violacein on isolated

receptor-like transmembrane tyrosine phosphatase

(CD45) and intracellular tyrosine phosphatases.

At these same conditions, 30% inhibition was achieved

for intracellular protein tyrosine phosphatases activity

(Figure 3B), whereas no alteration was observed on

isolated CD45 (data not shown). Alteration of CD45

conformation provoked by its isolation from mem-

brane lipids (lipid rafts), thus affecting the sensitivity of

this protein to violacein, may explain why activation of

total protein phosphatase from human lymphocytes

was observed, despite the inhibition of intracellular

protein tyrosine phosphatases and the absence of

Figure 2. Cytotoxicity of violacein in human lymphocytes after 24

hours of incubation. The curves show the effects of violacein on

MTT reduction, total protein content and protein phosphatase

activity. The inhibition was expressed relative to normal cell viability

(100%) and each point represents the mean ^ SD of at least three

experiments run in quadruplicate.
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violacein effect on CD45. Recently, Zhang and

collaborators have demonstrated that CD45 function

can be affected when its interaction with lipid rafts is

disrupted [33]. All PTPs share a common catalytic

mechanism to effect catalysis, utilizing the active-site

cysteine as a nucleophile in the formation of a

thiophosphoryl covalent enzyme intermediate.

Despite this fact and unlike receptor-like transmem-

brane tyrosine phosphatases, which usually contain a

tandem repeat of PTP catalytic domains and one of

them commonly inactive, intracellular tyrosine phos-

phatases contain a single catalytic domain and various

amino- or carboxy-terminal extensions, including SH2

domains that may have targeting or regulatory

functions. This suggests that violacein exerts diverse

in vitro effects on these proteins and that the control of

intracellular protein tyrosine phosphatases in vivo

could affect signal transduction pathways on lympho-

cytes. Considering the higher cytotoxic effect of

violacein on human myeloid leukemia cells (HL60)

and its ability to induce differentiation and apoptosis

in this cell line [11], it would be interesting to evaluate

the roles of PPs in violacein-induced cell death of

leukemic cells.

Osteoclasts, the multinucleated cells that resorb

bone during bone remodeling and participate in Ca2þ

homeostasis, are terminally differentiated cells derived

from hematopoietic progenitors. The importance of

PTK activity in osteoclast function was underscored

by gene-deletion experiments. Other results found

that PTP inhibitors suppress in vitro osteoclast

differentiation and bone resorption by freshly isolated

osteoclasts [34,35]. Osteoclasts express high amounts

of tartrate-resistant acid phosphatase (TRAP), whose

role in osteoclastogenesis has also been well docu-

mented, and secrete it into circulation [35]. Thus, the

effect of violacein on TRAP extracted from human

blood serum was studied using different concen-

trations of violacein. A dose-dependent effect on

TRAP activity was observed, with 50% inhibition after

incubation with 5.0 mmol L21 of violacein for 20

minutes at 378C (Figure 4A). In addition, the

violacein effect was also time-dependent as shown in

Figure 4B, when an IC50 of 5.0mmol L21 was

obtained after 20 minutes of incubation.

Since PTP activity is essential for osteoclast function

and that measurement of the level of bone-specific

Figure 3. Effect of violacein on total phosphatases (A) and soluble

phosphatases (B) from human lymphocytes. *p , 0.01 compared

to control (ANOVA, Tukey test).

Figure 4. Effect of violacein on tartrate-resistant acid phosphatase

(TRAP) extracted from human blood serum (A). The enzyme

activity was also measured with and without pre-incubation with

violacein (B).
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alkaline phosphatase can be used as an index of bone

formation and overall bone turnover, we can suggest

that TRAP could be a molecular target for violacein to

be explored in future experiments.

The findings of this work showed the importance

of evaluating the activity of phosphatases from different

sources in toxicological studies of new compounds.

Further studies are necessary to clarify the mechanisms

underlying the effects of violacein on specific PPs

involved in cell cycle progression and cell death and their

roles in the differential cytotoxicity exerted by violacein

in myeloid leukemia cells and lymphocytes.
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