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Abstract

Molt-4 human leukemia cells were triggered to
undergo apoptosis by various agents with different
mechanisms of action. Staurosporine [a protein kinase C
(PKC) inhibitor], camptothecin (atopoisomerase | blocking
drug), and tiazofurin [an inhibitor of inosine 5'-phosphate
dehydrogenase (IMPDH)], were used.

Ultrastructural analysis showed morphological
changes characteristic for apoptosis that were very similar
for al three agents. Nevertheless, DNA oligonucleosomic
fragmentation was not detectable by agarose gel
electrophoresis. However, a genomic DNA cleavage
appeared after pulse-field gel electrophoresis(PFGE) incells
treated with these agentsfor 24 h. Furthermore, in situnick
tranglation (NT) showed afinely spotted nuclear |abelling
inall staurosporine-treated cellsand acompact fluorescence
after camptothecin incubation. In tiazofurin-treated cells
an intermediate pattern was found. Therefore, apoptotis
inducing agents with different mechanisms of action,
induced the formation of large genomic DNA fragments
and very similar ultrastructural changes. Thiscould mean
that these phenomena follow a pathway that is common to
thethree apoptosis-triggering agents, despitetheir different
mode of action.
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Introduction

Apoptosis is a physiologic phenomenon of cell
death involved in the regulation of embryonic organ devel-
opment and cell proliferation in normal and neoplastic
tissues (Wyllie et al., 1980; Elliset al., 1991; Kouri et al.,
1992; Barr et al., 1994; Schwartz, 1995). Apoptosis appears
indifferent cell types. It can also be experimentally induced
in various cell types, and is accompanied by generally
comparablestructural changes (Falcieri etal., 1994c).

The molecular events underlying the apoptotic be-
haviour are mostly correlated to the activation of Ca?*/Mg**
dependent endonucleases, causing DNA cleavage in
nucleosomic or oligonucleosomic fragments (Arendset al .,
1990; Peitsch et al., 1993a,b). This pattern of DNA
fragmentation, clearly identifiable by DNA agarose gel
electrophoresis(Boeet al., 1991), haslong been considered
ahallmark of apoptosis.

Recently, anumber of cell types has been described
in which, despite the presence of other apoptotic signs,
DNA oligonucleosomic fragmentation does not take place
(Collinsetal., 1992; Felcieri etal., 1993; Fady et al., 1994).
Larger DNA fragments, prior to or in the absence of
internucleosomic cleavage, were reported (Oberhammer et
al., 1993a,b; Walker et al ., 1995; Falcieri et al., 1996; Weaver
et al, 1996). Apoptosis thus can proceed via different
pathwaysand it istherefore advantageousto useamultiple
technical approach for the study of this process.

In the present study, apoptosis was induced in
human leukemia Molt-4 cells, and studied by different
techniques. Three different agents, staurosporine, camp-
tothecin and tiazofurin were used and compared. Therole
of cell metabolism and mechanism triggering the start and
progression of apoptosis is discussed.

Materialsand M ethods

Cdl cultureand drugtreatment

Molt-4 cellswere obtained from theAmerican Type
Culture Collection (Rockville, MD, USA) and were main-
tained in RPM 11640 medium supplemented with 10% fetal
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calf serum. All experimentswere performed on cellsduring
the exponential growth phase at 37°C.

Apoptosis was induced by 15 UM staurosporine
(Boehringer, Mannheim, Germany) and 0.15 UM campto-
thecin (Sigma, U.K.) for 6, 18, 24 hours, and 10 UM tiazofurin
(NSC 286193, kindly provided by Prof. G. Weber) for 24, 48,
72,96 hours(Tricot et al., 1990).

Electron microscopy
Treated and control cellswerefixed with 2.5% glu-

taraldehyde in 0.1 M phosphate buffer and processed as
previously described (Falcieri et al., 1994a).

Conventional agar osegel electrophoresis

DNA wasroutinely extracted (Boeet al., 1991), 4-5
Mg wereloaded on each lane and wererun on 1.8% agarose
gel for 120 minutes at 80 V and stained with 0.5 lg/ml
ethidium bromide (Bissonnetteet al., 1992).
Pulsed-field gel electrophoresis

Cell pellets, obtained from 5x 107 cellsml embedded
in 1% low melting agarose, were incubated for 48 hours at
50°C in alysis buffer containing 1% sarkosylate, 25 mM
ethylenediaminetetraacetic acid (EDTA), 50 Hg/ml
proteinase K. The pelletswerewashed with 0.05M EDTA
and stored at 4°C. Runs of standard size DNA and Molt-4
cell DNA (after different treatments of the cells) was
performed at 6 V/cm voltage, 14°C, 20/24 hour runtimes, a
switch time from 45 to 90 seconds, 120° angle and linear
ramping. Thegel wasfinally stained with 5 lg/ml ethidium
bromidefor 30 minutes (Sambrook et al., 1989; Oberhammer
etal., 1993 ab; Walker et al., 1995, Falcieri et al., 1996).
Insitu nick translation

Cells, fixedin 3:1 methanol :acetic acid were layered
on slides. Samples were then incubated for 45 minutes at
room temperature in a solution containing 2 1.U. of en-
donuclease-free DNA polymerase | and 10 UM each of
dATR dCTPR, dGTPand digoxigenin-dUTPin50mM TRIS-
HCl, pH 7.8, 5mM MgCl,, 10 mM 2-mercaptoethanol (Sigma,
Italy). The slides were then washed for 5 minutes in 5%
trichloroacetic acid at 4°C to remove the unincorporated
triphosphate nucleotides and rinsed in Buffer | (IM TRIS
base, 20 mM MgCIl,, pH 7.5). Thereaction wasblocked by
incubation for 20 minutesat 42°C in Buffer | containing 2%
bovine serum albumin (BSA), followed by 10 minute Buffer
| at room temperature. The preparationswere then labeled
with fluoresceine isotiocyanate (FITC)-conjugated anti-
digoxigenin antibody (Boeringher, Mannheim, Germany),
diluted 1:500 in Buffer I, 2% BSA; the incubation was
performed at 37°C for 30 minutes. Nuclei were
counterstained with 1 plg/ml propidiumiodide (PI) and the
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Figurel (facing page). Transmission electron microscopy
of Molt-4 cells after 24 hour incubation with staurosporine
(a, b), camptothecin (c, d) and tiazofurin (e, f). All apoptotic
features, such as cytosol condensation (*), vacuoles (v),
chromatin margination (—>), and formation of gradually
condensing micronuclel appear. An increasing disruption
of cytoplasm and membrane can be observed after tiazofurin

treatment (f) (bar = 1 Jim).

specimens were observed by confocal microscopy. For
confocal microscopic analysis, the sampleswere observed
with a Leica TCS 4D equipped with an Argon ion laser,
attached to Leitz DMRB fitted with a 100X/1.3 NA oil
immersion objective. For theimage acquisition, FITC and
Pl wereexcited with the blue (488 nm) and green (514 nm)line
of the argon ion laser, respectively. Thereafter, serial op-
tical sections of the FITC signal, performed on z-axis and
merged with the corresponding Pl images, were el aborated
and reconstructed asathreedimensional image(DelLaTorre
etal., 1993; Falcieri et al., 1994a,b; 1996).

Results

Staurosporine treated Molt-4 cells showed the
apoptotic features previously reported (Falcieri et al., 1993).
Changes were seen in the cytoplasm and the nucleus; the
latter changes mostly involved chromatin arrangement. At
24 hours, 30 to 40% of the cell population showed a
characteristic condensation of the cytoplasm with a
simultaneous appearance of large vacuoles (Fig. 1a); this
wasfollowed by disintegration of the nucleusinto numerous
micronuclei. Further chromatin condensation finally
generated cap-shaped dense structures sharply separated
fromthe diffuse chromatin areas (Fig. 1b).

Camptothecin addition induced comparable ultra-
structural changes after 24 hours (Fig. 1¢). Inalater phase
of apoptosis, cells with numerous, partially condensed,
micronuclei are commonly observed (Fig. 1d). When
apoptosis was induced by tiazofurin, a similar nuclear
rearrangement was seen (Fig. 1e), but also a progressive
swelling of the cytoplasm with signs of membrane disrup-
tion (Fig. 1f). Apoptosisinduced by tiazofurin appeared to
befollowed by necrosis. Thisresponseto tiazofurin makes
it more difficult to analyse changesin cell organelles. On
the other hand, after staurosporine and camptothecin
treatment, cell organellesappeared rel atively well-preserved,
as also described in other apoptotic models (Falcieri et al.,
1993, 1994a,b). Some focal swelling of the cells can be
observed, usually correlated to cytosol condensation, but
membrane and cytoplasmic components can be recognized
for long periods after apoptosis sets in.

Conventional agarose DNA electrophoresis of
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Figure 2. Agarose gel electrophoresis of DNA extracted from Molt-4 cells after 24 hours of treatment. Lane A: Marker
ADNA/HInd111; lane B: DNA from Molt-4 control cells; lane C: Molt-4 incubated with 0.15 JAM camptothecin; lane D: Molt-
4incubated with 10 UM tiazofurin; lane E: Marker L1 X174 DNA/Haelll.

Figure3: Pulsed-field gel electrophoresisin 1% low melt agarose of DNA from Molt-4 cells after 24 hours of treatment. (&)
laneA: yeast chromosomal DNA (PFGE Marker I1; Boehringer, Mannheim, Germany) as molecular weight standard; lane B:
Molt-4 control cells; lane C: Molt-4 incubated with 15 UM staurosporine; lane D: Molt-4 incubated with 0.15 UM camptothecin;

(b) lane A: yeast chromosomal DNA asmolecular weight standard; lane B: Molt-4 incubated with 10 UM tiazofurin.

Figure4: (facingpage) Insitu NT labelling of Molt-4 cellsafter 24 hour incubation with staurosporine (a, b) camptothecin (c,
d) and tiazofurin (e, f). The bright fluorescent spots label the single strand DNA breaking points. Diffuse fluorescence
appearing in staurosporine treatment (a), gradually clusterstowards nuclear poles (b). Camptothecin treatment showslarge
fluorescent patches (c) or entirely labeled micronuclei (d). Anintermediate pattern appears after tiazofurin incubation (e, f)

(bar =10 UM).

camptothecin and tiazofurin treated cells did not show the kb and 1400 kb (Fig. 3a: lanes C, D). Also in the control
typical DNA ladder (Fig. 2). An oligonucleosomic DNA DNA (laneB), asmall amount of 1900 kb fragments can be

fragmentation is thus absent, as previously reported for observed. This phenomenon is seen occasionally and can
staurosporinetreatment (Falcieri et al., 1993). be ascribed to spontaneous apoptosis, which can also be
Thepossible presence of larger DNA fragmentswas observed by electron microscopy and NT of control cells.

investigated by means of pulse-field gel electrophoresis The tiazofurin treated cells showed two fragments, one of
(PFGE). Different runsof staurosporine, camptothecin and 1600 kb and one of about 1070 kb (Fig. 3b: lane B).

tiazofurin treated cell DNA, respectively, were performed, When single strand DNA cleavage was analyzed,
because of the large number of cells required by the particular featureswere shown by thein situ NT technique.
technique. Bands of high molecular weight DNA were In this molecular approach, areas of green fluor-escence
identified after al threetreatments (Figs. 3ab). Incellstreated identify the spots corresponding to single strand cleaved
for 24 h with staurosporine and camptothecin, three high DNA, whileintact DNA, stained by propidiumiodide, shows
molecular weight fragmentswere present: > 2200 kb, 1900 a compact red fluorescence. In black and white pictures,

354



Apoptotic cell death




E. Falcieri etal.

the red fluorescence is generally not seen and the bright
areas are considered NT positive.

In 60-70% of thecellsafinely spotted nuclear fluores-
cenceappeared after staurosporinetreatment (Fig. 4a8), which
gradually clustered towards a nuclear pole (Fig. 4b), as
previously reported in other apoptotic systems (Falcieri et
al., 1994a). Camptothecin treatment of cells produced a
different labelling pattern, showing large fluorescent
patches or entirely labeled nuclei and micronuclei (Fig.4
c,d) (Falcieri etal., 19944). 25-30% cellsappeared positive
in this case.

Among tiazofurin treated Molt-4 cells, which showed
10-20% labelled nuclei, both staining patterns could be
observed and finely spotted, as well densely fluorescent
nuclei, appeared (Fig. 4¢/f).

Discussion

In this study, we induced apoptosisin Molt-4 cells
by means of three agents with different mechanisms of
action. Staurosporine, an alkaloid isolated from Strepto-
myces cultures, is a potent protein kinase inhibitor with a
broad spectrum of activity and generally arrests cell cycle
progression preventing cells from entering the S-phase
(Bruno et al, 1992; Bertrand et al., 1994). In a previous
paper, we described its effect on Molt-4 cells, where, even
though the conventional apoptotic features were present,
conventional agarose gel electrophoresis could not
demonstrate DNA fragmentation (Falcieri et al., 1993). The
lack of activation of endonucleases can be postulated in
this apoptotic model, despite the existence of a metabolic
pathway responsiblefor chromatin rearrangement and other
apoptotic patterns.

In the present study, we attempted to clarify this
behavior by using other inducers of apoptosis and we
analyzed their effect by several different techniques.
Camptothecin, achemically identified plant alkaloid, inhibits
topoisomerase |, thus affecting the spatial arrangement of
DNA (Kaufmann et al., 1989; Bertrand et al., 1994) and,
consequently, DNA and RNA synthesis. The action of
camptothecinismarkedly different from that of staurosporine
but neither in this condition, a DNA ladder can be found,
despite the presence of an apoptotic ultrastructure. There-
fore, also in the case of camptothecin, the typical
endonuclease is not activated, but nuclear changes occur.
Tiazofurinisan antitumor agent capabl e of inducing eryth-
roid differentiation, and down-regulating phospholi pzaseCB1
(Manzoli et al., 1995). It selectively blocks IMPDH, an
enzymewhich isactivated in cancer cells, and iscrucial in
the synthesis of guanosine triphosphate. This nucleotide
is also an intermediate compound active in signal
transduction, RNA synthesis and other biochemical
pathways (Tricot et al., 1990; Weber et al ., 1991; Manzoli et
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al., 1995). When Molt-4 cells are treated with tiazofurin,
they show an apoptotic morphology very similar that
induced by camptothecin and staurosporine. Conventional
agarorse gel electrophoresis shows the absence of a DNA
ladder.

A different type of single strand DNA cleavage is
evidentinthethreedifferent experimental conditions, both
in terms of the percentage of cells showing a positive
reaction, and in termsof thelabelling pattern. Staurosporine
treatment produces a finely spotted labelling of the nuclei
in 60-70% cells indicating a diffuse distribution of DNA
single strand breaks, which gradually cluster towards the
nuclear polesand form cup-shaped positively labelled areas
(Falcieri et al., 1994a). On the other hand, single strand
breaks induced by camptothecin are present in only 25-
30% of the cells, and appear clustered in large fluorescent
patches, indicating both alarger number of breaksand their
possible successive spatial rearrangement, presumably due
to the mechanism of action of camptothecin, which affects
DNA architecture (Kaufmann, 1989). Tiazofurinincubation
producesamarkedly lower cell 1abelling. Punctatelabelling,
aswell asintensively positive patches appear, suggesting
apartial spatial rearrangement of the single strand breaks,
consequent to single strand cleavage.

Inall apoptotic models, conventional DNA el ectro-
phoresisfailed to reveal oligonucleosomic DNA fragmen-
tation, which suggeststhe absence of endonuclease activity.
Nevertheless, genomic DNA cleavage is detectable and
reproducibly found by PFGE. Three bands, corresponding
to>2200 kb, 1900 kb and 1400 kb appear after staurosporine
and camptothecin treatment, while two bands at 1600 kb
and 1070 kb are present after tiazofurin incubation. This
difference in DNA fragment size is probably due to the
different mechanism of action of the drugs used.

Staurosporine and camptothecin could, in the
absence of an endonuclease, activate another enzymatic
pathway in Molt-4 cells, leading to the appearance of 2200
kb, 1900 kb and 1400 kb DNA fragments. On the other
hand, tiazofurin decreases the concentration of guanosine
triphosphate and reduces the size of the intracellular
nucleotide pool. The mechanism of action of tiazofurinis
not known in detail; this substance has mainly been studied
in aclinical context because of its antineoplastic activity
(Tricot et al., 1990), but the effect on the intracellular
nucleotide pool could beresponsiblefor the different pattern
of genomic cleavage, involving the formation of 1600 kb
and 1070 kb DNA fragments. Thisunusual pattern of DNA
fragmentationisintriguing and difficult to explain. Molt-4
apoptotic cellshave not been widely investigated and most
information on different patterns of DNA cleavage derives
from basically different apoptotic models(Cohenet al., 1993;
Oberhammer et al., 1993a,b, 1994; Peitsch et al., 1993b;
Bicknell etal., 1994; Walker et al., 1995; Weaver et al., 1996).
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In addition, we used two well-known apoptotis inducers,
staurosporine and camptothecin which induce typical apop-
totic patterns (also in terms of oligonucleosomic
fragmentation) in other cell lines (Kaufmann, 1989; Bertrand
etal., 1994).

Why DNA nucleosomic cleavage does not occur in
Molt-4 cellsisnot clear. We suggest that an unknown form
of DNA cleavage occurs, due to a metabolic pathway that
is specific for the Molt-4 cell line. The dightly different
behaviour of tiazofurin treated cells could be attributed to
the same, or to avery similar enzymatic system, activated
when the nucleotide pool isreduced by tiazofurin treatment.
Therefore, despite the different mechanisms of action of
the drugs used in this study, DNA cleavage depends on
enzymatic activity inthe Molt-4 cellsand only high weight
fragments can be observed. Also single strand DNA
cleavage shows dlightly different features, possibly dueto
spatial rearrangement of DNA subsequent to the break and
which givesrise to different labelling patterns. However,
singlestrand DNA cleavageisinduced by all three apoptosis
inducers used in this study.

Finally, chromatin rearrangement, as observed by
€electron microscopy, appears comparable to what has been
described in other well known apoptotic models (Vitale et
al., 1993; Zamai et al., 1993) and thethree drugsinvestigated
in the present paper produced comparable effects. In
conclusion, apoptotic agents with very different
mechanisms of action induce a similar response in Molt-4
cells, consisting of agenomic fragmentation and a closely
comparable ultrastructural pattern. The programmed cell
death in Molt-4 cells induced by the three agents used in
this study may follow a pathway that is common for the
three agents despite differences in the way they induce
apoptosis.
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Discussion with Reviewers

A. Liepins: Tiazofurin gives a different genomic DNA
cleavage by PFGE (Figs. 3aand 3b). Thisisnot consistent
with the main conclusion of the paper that the triggering
agents may induce a common enzymatic pathway for
apoptosis.

Authors. We agreethat tiazof urin hasamechanism of action
different from thetwo other triggers, which aso differ from
each other. Nevertheless, as we show in a paper recently
submitted for publication, it is an apoptotic trigger that
causes both a DNA ladder and structural changes
characteristic for apoptosis. Tiazofurin gives a different
genomic DNA cleavage by PFGE probably because of its
different mechanism of actionwhich may involveadepletion
of the intracellular nucleotide pool. This effect, in
combination with the activity of an endonuclease, could
explainthedifferencein DNA fragment size.

K.M. Anderson: Apoptosis can be a morphologic
accompaniment of physiologic cell death rather than a
mechanism, or at |east somebelieve, e.g., Schwartz (1995).
A number of what are considered to be examples of
programmed cell death do not express a typical apoptotic
(nuclear) morphol ogy. Please comment.

Authors: Theeditoria by Schwartz (1995) specul ates about
the existence of two types of programmed cell death,
apoptotic and non-apoptotic cell death, the first, more
precisely, concerning the morphological featuresof thelatter.
Due to the application of recent molecular techniques and
by a multiple technique approach [e.g., transmission and
scanning electron microscopy, immunocytochemistry,
freeze-fracture, DNA gels, PFGE, field inversion gel
electrophoresis(FIGE), nick trandation (NT), TdT-mediated
dUTP-biotin nick end labeling (TUNEL ), different types of
flow cytometry] to the study of cell death, apoptosis is
becoming a more defined and characterized phenomenon
(Falcieri etal., 1996). Inthe present paper amodel isusedin
which programmed cell death reproducibly shows some of
the widely described parameters typical of apoptosis, and
particularly the ultrastructural features.

K.M. Ander son: What percentage of cellsweretrypan-
positive after treatment with any of the drugs for up to 96
h?

Authors: Initially, 10-15% of the cells were trypan blue-
positive. After 24 h incubation with staurosporine or
camptothecin 15-20% were positive and, after 48h, 30%.
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After 24 h incubation with tiazofurin, 30% of the cell
population was positive and thisincreased to 40% after 48
h. Cell viability wasnot measured at 96 h, sincethe majority
of the cells at that time undergoes a progressive secondary
Necrosis.

K .M. Ander son: What arethe signsof membranedisruption?
What were the effects on mitochondria, endoplasmic
reticulum, lysosomes, and vacuolization? Do the cytoplasms
resemble one another or are differences present?
Authors: The signs of membrane disruption in tiazofurin-
treated cells are shown in Fig. 1f. This feature is the
consequence of cytoplasmic swelling, whichisalso evident
in the figure. Under these conditions more detailed
investigations of the organelles, which can be hardly
recognized, is not possible. However, in better preserved
apoptotic cells (which is the case with staurosporine and
camptothecin treatment) the organelles appear generally
unaffected by the drugs, which has al so been described for
other apoptotic conditions. On the other hand, Molt-4
lymphocytic cells do not represent the best model for this
kind of study, having arelatively high nucleo-cytoplasmic
ratio.

K.M. Anderson: Do control nuclei show any fluorescence?
Based onFig. 3a, lane B, | would expect limited fluorescence.
A. Liepins: Please present a micrograph of control nuclei
for comparison.

Authors: Weregret that we are unableto include color prints
in the present paper because of the increased cost of
publishing. However, in control untreated cellsintact DNA
appears homogeneously red-stained with propidium iodide.
(For further details see the color picturesin Falcieri et al.,
1994a). No green fluorescence (indicating single strand DNA
cleavage) is seen, because no single strand breaks occur in
these control cells. Nevertheless, inasmall number of cells
aweak staining can be recognized, indicating some single
strand DNA cleavage. Similarly, apositivity can be found
incontrol DNA electrophoresis(Fig. 3a). Thishasfrequently
been described in control cells of other apoptotic models,
and is related to a small fraction of the cells undergoing
spontaneous apoptosis.

K.M. Anderson: Do the authors want to extend their
discussion of the differences between PFGE and NT assay
results in tiazofurin-treated versus camptothecin and
staurosporin-treated cells? Although the latter two drugs
yieldasimilar PFGE pattern, their NT resultsdiffer.

Authors: At present it isimpossible to precisely correlate
PFGE and NT data. PFGE datareveal double strand breaks
and NT single strand breaks. Possibly, acomparison could
be made using the terminal deoxynucleotidyl transferase
reaction, which identifies “in situ” double strand DNA
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breaks (seeFalcieri et al., 1996).

J. Hurle: The pattern of DNA fragmentation in fragments
around 2000 kb isan unusual finding in previous studies of
apoptosis using pulse-field electrophoresis. Can you
discuss this observation in relation to the characteristic
700, 300 and 50 kb pattern of DNA fragmentation reported
by e.g., Bicknell and Cohen (1995) or Cohen et al. (1994)?

Authors: The size of the fragments observed in our
experimental model (i.e., >2200, 1900 and 1400 kb in
staurosporine and camptothecin treated cells or 1600 and
1070 kb in tiazofurin treated cells) is considerably larger
that the size given in the papers cited by the reviewer and
others. However, the cells used in those publication aswell
as the inducers of apoptotis are different from Molt-4
apoptotic cells. Moreover, very little is known about the
nuclear matrix intheMolt-4 cells, and changesin the nuclear
matrix appear to be a crucial point for DNA degradation.
Speculations about the role of laminsin DNA degradation
arethusfor the moment impossible. An unknown enzymeatic
pathway, possibly typical for Molt-4 cells could regulate
this type of apoptosis.

J. Hurle: Canyou include akinetic analysis of the pattern
of DNA fragmentation at different times after treatment?
Does internucleosomal DNA degradation occur at more
advanced stages of degeneration?

A. Liepins: In Methods, three time points are listed (6, 18
and 24 h) but the results presented are only for 24 h. Please
comment.

Authors: The effects of different staurosporine concen-
trationsand different times of incubation have been reported
in a previous paper (Falcieri et al., 1993) and no
oligonucleosomic DNA fragmentation was found. When
incubation timeislonger than 24 h, aprogressive secondary
necrosis appears which hampers the identification of the
ladder. Thisisthe case for all three drugs, but particularly
for tiazofurin). Cell lysismust be considered thefinal step
of this apoptotic phenomenon, and 24 h was chosen as the
best condition for this study.

Reviewer 1V: Inthelegendsof Fig. 1and Fig. 4, aswell asin
Results and Discussion, you mention “progressive
changes’ despite the fact that you report data from only
onetime point. Please explain.

Authors: Programmed cell death is generally studied in
synchronized cells. When the apoptotic trigger is added,
not all cells will start undergoing apoptosis at the same
time, and therefore a progression from “early” to “late’
changes can be commonly observed at a single time point.
Another point to be consider4d is the sensitivity of the
different techniques used, where NT is most sensitive (see
alsoFacieri etal., 1994c, 1996), whereas el ectron microscopy
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“detects’ apoptosis later. Finally, very early apoptotic
markers must be analyzed with cution, because a small
percentage of apoptotic cells is commonly present in the
control population.

J. Hurle: Please clarify why the control yeast DNA shows
remarkable differencesin migrationin Figs. 3aand 3b.

A. Liepins: Technically, all threeinducing agents should be
analyzed by PFGE on onegel.

Authors: Because of the very high number of cellsusedin
PFGE, different runswere performed. Possible differences
inexperimental conditions (buffer, pH, voltage, temperature)
can cause adifferent rate of migration in Figs. 3aand 3b).
However, the comparison with astandard molecular weight
DNA correctsfor these differences, which therefore become
irrelevant.

A.Liepins: Pleasegive quantitative datafor thethree agents
in order to provide evidence that these agents, at the
concentration used, are equally effective in inducing
programmed cell death.

Authors: The quantitative data, used for thethree agentsin
the present study, can be found in published papers from
us and others (Kaufmann, 1989; Weber et al., 1991; Bruno
etal., 1992; Facieri etal., 1993).
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