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The histone deacetylase inhibitor trichostatin A influences
the development of Drosophila melanogaster
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Abstract. We examined the consequences of the deacety-
lase inhibitor trichostatin A (TSA) on the development of
Drosophila melanogaster. When fed to flies, TSA caused
lethality and delayed development at concentrations as
low as 5 mM, had stronger effects on males than females,
and acted synergistically with mutations in the gene en-
coding the RPD3 deacetylase to cause notched wings, but
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did not appear to affect a SINA signaling pathway that is
normally repressed by the SIN3 corepressor. These find-
ings suggest that deacetylated histones play an important
role in normal developmental progression and establish
parameters for genetic screens to dissect the role of
deacetylases in this process.
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Acetylation of core histones (H2A, H2B, H3, and H4)
plays an essential role in modulating gene expression
[1]. For example, alterations in histone acetylation are
associated with hyperactivation of the male X chromo-
some during dosage compensation and silencing of eu-
chromatic genes by position-effect variegation (PEV) in
Drosophila [2, 3]. Histone acetylation is a reversible
process that is regulated by the opposing activities of 
histone acetyltransferases (HATs) and histone deacety-
lases (HDACs) [1]. HATs catalyze addition while
HDACs catalyze removal of an acetyl group from the e-
amino group of lysine side chains in the N-terminal tails
of core histones.
Inhibitors of HDACs, such as n-butyrate and trichostatin
A (TSA), have been used to probe the role of HDACs and
histone hyperacetylation on gene expression and devel-
opment. Treatment of flies with n-butyrate suppresses

PEV [3], treatment of frog embryos with TSA leads to
embryonic lethality and defects in the head and tail re-
gions [4, 5], treatment of starfish embryos with TSA
leads to developmental arrest during the early gastrula
stage [6], and treatment of mammalian tissue culture cells
with TSA alters the expression of ~ 5% of cellular genes
[7].
The Drosophila genome encodes five HDACs, including
TSA-sensitive dHDAC1 (referred to as RPD3), and five
Sir2-like proteins that may possess NAD-dependent his-
tone deacetylase activity [8, 9]. RPD3 is the catalytic sub-
unit of the SIN3/RPD3 complex that interacts with se-
quence-specific DNA-binding proteins and nuclear hor-
mone receptors to repress transcription [10]. Repression
of genes in yeast is associated with localized SIN3- and
RPD3-dependent deacetylation of histones [11, 12]. Mu-
tations in Drosophila rpd3 are lethal and suppress the
silencing of genes affected by PEV [13].
Mutations in Drosophila sin3 are also lethal and were
identified as enhancers of the rough eye phenotype
caused by ectopic expression of seven in absentia (sina)
[14]. Presumably, a reduction in the activity of the
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SIN3/RPD3 complex increases the activity of SINA,
which in Drosophila and mammals involves binding
ubiquitin-conjugating enzymes and targeting proteins
such as Tramtrack [14], DCC (deleted in colon cancer)
[15], N-CoR (nuclear receptor corepressor) [16], and c-
Myb [17] for degradation. We were interested in under-
standing the role of SIN3/RPD3-mediated deacetylation
in SINA signaling pathways and, more generally, the role
of histone deacetylation during development.
To initiate these studies, we set out to determine the phe-
notypic consequences of inactivating HDACs during
Drosophila development and then to determine if muta-
tions in sin3 or rpd3 modify these phenotypes. A previous
study in Drosophila used the HDAC inhibitor n-butyrate
[3], but we chose to use TSA because, unlike n-butyrate,
concentrations of TSA that inhibit histone deacetylation
do not affect other enzymatic activities [18, 19].

Materials and methods

Flies were cultured on medium containing agar, corn-
meal, yeast, and molasses but no propionic acid, which
has been shown to be a deacetylase inhibitor [3]. The
medium was cooled to 55°C before adding TSA (Wako
Pure Chemical Industries) to a final concentration of 0, 5,
10, 15, or 20 mM. The stock solution of TSA was 1 mg/ml
in dimethyl sulfoxide (DMSO; Sigma). To ensure that the
flies were developmentally synchronized, 0- to 1.5-h em-
bryos of the indicated genotype were collected on stan-
dard egg-laying medium. Fifty embryos were transferred,
on a slab of egg-laying medium that did not contain TSA,
to each vial containing either control DMSO-containing
food or TSA-containing food and cultured at 25°C. The
number, sex, and external phenotype of eclosed adult
flies was scored each day from 10 to 21 days post egg lay-
ing (PEL). An experiment consisted of six vials (i.e., 300
total embryos) of each of the TSA concentrations. A min-
imum of three experiments (i.e., 900 total embryos) was
performed for each TSA concentration and genotype. As-
says were performed on w1118 (referred to as wild type),
l(3)04556/TM3 Sb (referred to as rpd3/+), l(3)04556X5/
TM3 Sb (referred to as rpd3-X5/+), and sin3e374/CyO (re-
ferred to as sin3/+) flies. l(3)04556X5 flies were generated
by mobilizing the w+ P element by crossing l(3)04556/
TM3 Sb flies with flies carrying a source of transposase.
Southern blot analysis revealed that the rpd3 gene is
deleted in l(3)04556X5 (data not shown). sin3e374 is proba-
bly a null allele as it contains an 8-base pair deletion ap-
proximately 50-base pairs downstream of the translation
initiation codon [E. M. Schlag and D. A. Wassarman, un-
published observation].

Results 

The percentage of wild-type males and females that
eclosed after being cultured on food containing various
concentrations of TSA is presented in figure 1A. Three
major conclusions can be drawn from this data. First, both
male and female flies displayed a dose-sensitive response
to TSA. The viability of flies raised on 20 mM TSA was
reduced more than 20-fold relative to flies raised in the
absence of TSA. Second, males were more sensitive than
females to TSA. Males and females raised in the absence
of TSA eclosed at approximately the same rate, while
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Figure 1. (A) Viability of male versus female flies on media with
TSA. Percent eclosion is equal to the number of observed flies 
divided by the number of expected flies times 100. (B) Timing of
development on media with TSA. Percent eclosion is equal to 
the number of flies that eclosed on a given day divided by the total
number of flies that eclosed times 100. (C) Viability of rpd3 and
sin3 mutant flies on media with TSA. Percent eclosion was calcu-
lated as in (A).



two-fold and five-fold fewer males than females eclosed
when raised on 10 and 20 mM TSA, respectively. Third,
TSA probably caused lethality during first-, second- or
early third-instar larval development, since embryos de-
veloped on media that did not contain TSA and dead wan-
dering (late) third-instar larvae and pupae were rarely ob-
served (data not shown). No gross phenotypic abnormal-

ities were observed that would provide insight into the
TSA-sensitive developmental process that caused larval
lethality (data not shown). 
The developmental timing of flies cultured on food con-
taining various concentrations of TSA is presented in fig-
ure 1B. These data indicate that TSA causes a dose-de-
pendent delay in development. All flies raised in the ab-
sence of TSA eclosed prior to 17 days PEL, but ~20 % of
flies raised on 10 mM or higher TSA eclosed 17 days or
more PEL. The average time of development was 12.6,
13.2, 13.7, 15.1, 15.3, and 15.3 days for flies raised on
normal food (without DMSO), DMSO, and 5, 10, 15, and
20 mM TSA, respectively. Thus, TSA caused a significant
delay in the normal progression of development. How-
ever, developmentally delayed flies, even those that
eclosed after 20 days, appeared phenotypically normal.
A comparison of the effects of TSA on flies that carry
mutations in genes encoding components of the
SIN3/RPD3 HDAC complex is presented in figure 1C.
Mutation of one of the two copies of rpd3 or sin3 did not
enhance the rate of lethality or the developmental delay
caused by TSA (fig. 1C and data not shown). In fact, rpd3
mutations weakly suppressed the lethality caused by
TSA, with a null allele of rpd3 (rpd3-X5) having a greater
effect than a hypomorphic allele (rpd3). In contrast, rpd3
flies, but not other flies tested, displayed a notched wing
phenotype (fig. 2). Wild-type flies have a continuous bor-
der along the wing margin, while rpd3 flies had notches
that increase in number and size with increasing TSA
concentration (compare fig. 2A to B–E). Finally, the
rough-eye phenotype caused by ectopic expression of
SINA was not altered when flies were raised on medium
containing 10 mM TSA, a TSA dose that caused 50%
lethality (data not shown).

Discussion

We have presented evidence that in Drosophila, the
deacetylase inhibitor TSA (1) causes lethality and delays
development at concentrations as low as 5 mM, (2) has
stronger effects on males than on females, and (3) acts
synergistically with mutations in rpd3 to cause notched
wings but does not affect a SINA signaling pathway that
is normally repressed by SIN3.
The lower survival rate of males than females treated with
TSA may be attributed to inactivation of RPD3, as op-
posed to other deacetylases, since rpd3 mutant males
have been shown to survive at significantly lower rates
than females [13]. Differential sensitivity of males and
females to deacetylated histones may reflect the presence
of the Y chromosome in males or the dosage compensa-
tion mechanism that hyperactivates the transcription of
genes on the X chromosome in males. A deacetylase, like
RPD3, is possibly required to maintain the heterochro-
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Figure 2. Micrographs of wings from heterozygous rpd3 adult flies
that were raised on media with TSA.



matic structure of the Y chromosome or to modulate the
level of acetylation of lysine 16 on histone H4 along the
male X chromosome as part of the dosage compensation
mechanism [2].
The finding that TSA caused notched wings in rpd3 mu-
tant flies suggests that the Notch signal pathway is regu-
lated by histone deacetylation. In Drosophila, Notch mu-
tants show wing notching, and in Xenopus and mammals,
RPD3/HDAC1 has been implicated as a component of
Notch signaling pathways [20, 21]. In contrast, reducing
the dose of rpd3 suppressed (did not enhance) TSA toxi-
city, suggesting that TSA-inhibited RPD3 protein has
some other, possibly non-catalytic, activity that is toxic.
The lack of an effect of TSA on the rough eye caused by
misexpression of sina is in accord with the finding that,
unlike mutations in sin3, mutations in rpd3 do not en-
hance the sina phenotype (data not shown). This suggests
that SIN3 may function independently of a deacetylase in
some contexts.
Lethal effects of TSA have been observed in develop-
mental studies conducted in other metazoan organisms
[4–6]. In Drosophila, n-butyrate and propionic acid also
prolong development, as do mutations in the gene encod-
ing the TAFII250 HAT [22]. Thus, Drosophila may serve
as a model system to probe the role of regulated histone
acetylation and deacetylation in executing the normal de-
velopmental program. The dose sensitivity of the TSA-
induced lethality (fig. 1) and wing phenotype (fig. 2) sug-
gests that screens for modifiers of these phenotypes may
identify genes that regulate the acetylation status of his-
tones or genes that are differentially expressed in re-
sponse to the inhibition of histone deacetylases.
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