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Abstract
The apoptosis triggered by violacein in V79 cells was assessed using annexin V/propidium iodide
labeling and the Comet assay. No necrosis was detected by propidium iodide staining. Apoptotic
nuclei were labeled by annexin V, and the results agreed with those with the Comet assay in weak
alkaline solution. Characteristic apoptotic nuclear phenotypes were obtained from violacein−treated
cells just lysis step. The use of annexin V/propidium iodide staining together with the Comet assay
provided a fast, reliable means of characterizing cell death. Chromatin fragmentation and the
externalization of phosphatidylserine were visualized by annexin V/propidium iodide staining after
less than 48 h of exposure to violacein.
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Introduction
The morphological characteristics of apoptosis include cell shrinkage, membrane blebbing, nuclear
condensation and the emergence of apoptotic bodies (Wyllie I et al 1981, Palardy et al 1997,
Raffray & Cohen 1997, Maria et al 2000). In contrast to necrosis, apoptosis is an active process with
well organized, regulated biochemical events, involving cell signaling and ordered enzyme
cascades (Raffray & Cohen 1997).
The treatment of currently incurable human cancers and the improvement of therapy for other
diseases, such as Chagas’ disease, represent important applications for knowledge about
apoptosis. Rather than promoting a general, irretrievable collapse of cellular homeostasis and
necrosis, as usually occurs with chemotherapics, apoptosis−triggering drugs such as violacein
(Melo et al 2000) induce less pronounced tissue damage but with a similar therapeutic effect .
Apoptosis has been detected by agarose gel electrophoresis , as well as histochemical (Wyllie I et
al 1980, Koopman et al 1994, Mello 1999), cytochemical (Singh et al 1988, Singh 2000) and
immunochemical (Gavrieli et al 1992, Mello et al 2000) methods as discussed by Singh (2000). In
this work, violacein−induced apoptosis was detected using the Comet assay and annexin V
labeling. This approach provided a fast, accurate method for assessing chromatin fragmentation
and biochemical modifications present in apoptotic cells.

Results and Discussion
Violacein, a pigment produced by Chromobacterium violaceum, is a potential drug for treating
leukemia, lymphoma cells and Chagas’ disease (Melo et al 2000). The antitumoral and
apoptotic−promoting activities, as well as the National Cancer Institute assays for validation of
violacein were described by Melo et al (2000). Based on these results, violacein is a useful tool for
studying apoptosis.
The labeling of apoptotic cells with annexin V conjugated to fluorescein isothiocyanate is very useful
for detecting apoptosis (Koopman et al 1994). Annexin V is a Ca2+−dependent protein with a strong
affinity for phosphatidylserine (PS), which is externalized in the early stages of apoptosis (Koopman
et al, 1994). In non−apoptotic cells, PS is present only on the inner surface of the membrane and
false positive results may occur if the membrane is damaged, as occurs in necrotic cells. Cell
damage and false positive PS labeling were assessed by staining with propidium iodide which does
not enter an intact cell.
Positive labeling by annexin V (indicative of apoptotic cells) was rare in control culture. The
apoptotic cells were usually detached from the coverslip, probably as a result of cell−cell
interactions (Park et al 1999, Maria et al 2000). Violacein−treated cells were round and smaller than
control cells, and showed no citoplasmic prologations (Fig. 1). The cell shrinkage observed was
typical of apoptotic cells (Loo & Rillena, 1998, Maeno et al 2000). In agreement with a previous
report (Melo et al 2000), no micronuclei was seen; this absence appears to be peculiar to violacein
toxicity. About 50% of the cells treated with violacein
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Figure 1: Annexin V / propidium iodide labeled V79 cells under phase contrast (A, C) and fluorescence (B, D) microscopy for apoptosis
detection . Apoptotic cells were not detected in control cells (A, B), but only in violacein−treated cells (C, D). Necrosis was not observed in both
control and treated cells. Bar = 50 µ m.

were positive for annexin V labeling, but no necrosis was observed after propidium iodide staining of
control or violacein−treated cultures. The possibility of triggering apoptosis without necrosis
reinforces the usefulness of violacein as a therapeutic agent and a tool in apoptosis research.
The Comet assay (single cell gel electrophoresis) is a fast, reliable method for detecting DNA
damage in individual cells (Singh 1988, Olive et al 1992, Klaude et al, 1996). Alkaline lysis followed
by a weak alkaline medium for DNA unwinding and electrophoresis enhanced the sensitivity of the
test (data not shown), in agreement with Olive et al (1992). Good results were also obtained if TAE
buffer (40 mM Tris−acetate, 1 mM EDTA, pH 8) was used instead of alkaline buffer during
electrophoresis (data not shown).
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Figure 2: V79 cells after the alkaline lysis step stained with propidium iodide. In control cells (A), a DNA halo is observed around some nuclei
while in violacein−treated cells (B−F) only condensed chromatin could be seen displayed in small granules or in nuclear periphery. Bar = 20 µ
m.

After lysis and chromatin unwinding, the nuclei of control cells were uniformly stained by propidium
iodide, with small "halos" of DNA (Fig. 2). The "halo" phenotype resulted form the removal of histone
by the high−salt concentration lysis solution which allowed chromatin loops to disperse within and
outside the nuclei while still attached to nuclear matrix proteins and to the nuclear envelope (Olive
et al 1992, Vidal 2000). Violacein−treated cells had a granular appearance and the higher level of
DNA condensation meant there were no halos (Fig. 2). The apoptotic nature of violacein−treated
cells was clearly seen in some nuclei showing the marginalization of chromatin at the periphery of
the nuclear envelope (Fig. 2). The extent of chromatin diffusion in agarose gels was also useful for
distinguishing healthy cells from apoptotic and necrotic cells, as reported by Singh (2000).
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Figure 3: V79 nuclei subjected to Comet test and stained with propidium iodide. The nuclei can be classified by the phenotypes: type 1 (A) and
type 2 (B) retract healthy nuclei while type 3 (C) and type 4 (D) are regarded to apoptotic nuclei. Bar = 20 µ m.

Apoptosis was also assessed after electrophoresis with the cells being classified according to their
tail extent, as described in experimental procedures (Fig. 3). Although some subjectivity is involved
in classifying nuclei as type 1 or 2 or as type or 3 or 4, it is unlikely that a normal nucleus (type 1
and 2) was mistakenly identified as apoptotic (type 3 or 4) or vice versa, because of the marked
difference in the nuclear appearance of these two groups. Thus, the interpretation of the Comet
assay without the need for image analysis makes this a fast, reliable and non−expensive method.
The Comet assay showed that control cells had few nuclei with fragmented chromatin whereas a
high number of nuclei had no detectable tail (type 1 and 2) (Fig. 4). Apoptotic nuclei (type 3 and 4)
were more frequent in violacein−treated cells. These results reinforce those obtained with annexin V
labeling and confirm previous data suggesting that the expressive chromatin fragmentation in
violacein−treated cells was a result from apoptosis (Melo et al 2000).

Figure 5: Frequency histogram of V79 cells subjected to Comet test and classified by phenotypes. Control cells (A)
showed a low frequency of apoptotic nuclei (types 3 and 4), in contrast to violacein treated cells (B).
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Conclusions
Our results showed that violacein was a potent induced of apoptosis and its use in apotosis
research is recommended. Annexin V and the Comet assay provide a fast and efficient tools for
studying apoptosis in animal cells and may be of diagnostic use in the future.
Experimental procedures
Cell culture. For annexin V labeling, V79 Chinese hamster lung fibroblasts (clone M−8) were plated
on coverslips in 5 ml of Dulbecco’s modified Eagle medium containing antibiotics (100 U
penicillin/ml, 100 µ g streptomycin/ml) and supplemented with 10% fetal calf serum, in a 5% carbon
dioxide−humidified atmosphere at 37° C. After 48 h, the cells were treated with 2 µ M violacein,
(generously supplied by Dr. N. Durán, Institute of Chemistry, UNICAMP) for 24 h. For further details,
see Melo et al (2000).
For the Comet assay, V79 cells were grown in culture bottles and treated with violacein in the same
conditions as described above.
Annexin V labeling. The coverlips with V79 cells were washed twice in 0.05 M phosphate−buffered
saline (PBS) and immediately incubated with annexin V and propidium iodide in HEPES buffer as
recommended by the manufacturer (Boheringer−Mannheim, Germany). The observations were
done using live cells in an Axiophot fluorescence microscope (Zeiss, Germany) with an excitation
filter of 515−560 nm and a barrier filter of 590 nm. For longer analysis, the cells were maintained in
a humidified chamber for up to 1 h.
Comet (SCGE) assay: After treatment, the cells were trypsinized, washed in ice−cold PBS
containing calcium and resuspended in calcium−free ice−cold PBS. The cell suspension was mixed
with an equal amount of 1% low melting point agarose kept at 37° C. Immediately after mixing, 100
µ l of the suspension was pipetted on to microscope slides pretreated according to Klaude et al
(1996), then covered with a 25 mm x 50 mm parafilm coverslip and placed on a glass tray on ice.
The parafilm was removed after the agarose had set and the slides were immersed in cold lysis
solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, pH 10, with freshly added 1% Triton X−100 and
2% DMSO) followed by incubation at 4° C for at least 1 h. The electrophoresis in weak alkali (0.03
M NaOH, 1 mM EDTA, pH 12.1) at 1 V/cm and 30 mA for 15 min was preceded by a 20 min
immersion of the slides in the electrophoresis buffer to promote chromatin unwinding.
After electrophoresis, the slides were neutralized in 0.05 M Tris buffer pH 8.0, rinsed in distilled
water, fixed in methanol, air dried and stored. DNA was stained with propidium iodide (20 µ g/ml) for
10 min, washed in distilled water and examined in a fluorescence microscope (Zeiss Axiophot).
Apoptosis was estimated by analyzing 200 nuclei from each treatment (50 nuclei per slide). Nuclear
phenotypes identified according to their tail length (Fig. 3): type 1−no tail or DNA diffusion halo, type
2−no tail but with a DNA diffusion halo, type 3−a tail and a DNA diffusion halo, and type 4−a tail and
not a DNA diffusion halo. Type 3 and 4 were markers for the early and late apoptotic stages,
respectively.
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