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HISTONE DEACETYLASE ACTIVITY AND REACTIVE
OXYGEN SPECIES CONTENT IN THE TISSUE CULTURE
OF Arabidopsis thaliana UNDER NORMAL CONDITIONS
AND DEVELOPMENT OF ACUTE OSMOTIC STRESS
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The possible involvement of histone deacetylase (HDAC) in regulation of ROS content in the tissue
culture of Arabidopsis thaliana under normal conditions and under development of acute osmotic stress
was studied by using inhibition assay with application of trichostatin A (TSA). It was found that in the tissue
culture grown under normal conditions a decrease in HDAC activity by means of TSA led to increase of the
ROS content. Similar but more pronounced alterations occurred under stress. At the same time an increase
in histone acetyltransferase (HAT) activity was also observed. The possible mechanisms of HDAC and HAT
participation in regulation of ROS content by changes in expression of genes that are responsible for ROS
production and antioxidant activity are discussed.
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cetylation and deacetylation of nuclear his-
A tones by histone acetyltransferases (HATS)

and histone deacetylases (HDACs) play an
important role in the regulation of gene expression in
plants under stress [1-3].

HDAC: (Histone deacetylases, HDAC, 3.5.1.98)
are enzymes that remove acetyl groups from nuclear
histones. This leads to a reduced ability of DNA
transcription factors to access DNA that results in
transcriptional repression and a decrease in gene
expression. On the contrary, HATs (Histone acetyl-
transferases, HAT, 2.3.1.48) acetylate histones that
results in transcriptional activation of DNA and an
increase in gene expression [1, 4]. There is a dynamic
balance between acetylation and deacetylation of
histones in plants that regulates gene expression and
cell metabolism as a whole [1, 5-7].

Reactive oxygen species (ROS), including
H,0,, are important signaling components during
the development of plant resistance to various
stresses [8, 9], including osmotic stress [10]. Acety-
lation and deacetylation processes are also involved
in regulation of development of oxidative stress in
plants. It is known that the formation and utilization
of reactive oxygen species (ROS) are regulated by
a large network of genes [11, 12]. It was shown that
HDAC inhibition by trichostatin A (TSA) in animal
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cells led to an increase of ROS level [13]. It was es-
tablished that during an acute hyperosmotic stress in
tissue culture of Arabidopsis thaliana, early H O -
dependent increase in HAT and HDAC activities
occurs. We have assumed that these changes are pri-
marily aimed at increasing the antioxidant activity
to prevent the development of oxidative stress [14].
However direct studies of HDAC role in the regula-
tion of ROS content in plants have not been carried
out.

The aim of our work was to study the interrela-
tionship between HDAC activity and ROS content in
tissue culture of A. thaliana under normal conditions
and the early stages of acute osmotic stress induced
by polyethylene glycol (PEG) by using inhibition as-
say with TSA.

Materials and Methods

Callus tissue culture of A. thaliana (12-14-days
old), ecotype Columbia, at the stationary growth
stage obtained by T. V. Vorobieva from plant leaves
in our laboratory was used in experiments. The cul-
ture was grown on a solid agar medium Murashige
and Skoog in the dark at 24 °C.

Acute osmotic stress was caused by placing
1.0-1.5 g of tissue culture in 25% PEG-6000. The
activity levels of HDAC and HAT, as well as inten-
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sity of spontaneous chemiluminescence (SCHL) as
an indicator of ROS level in the living native cells
were determined after 3 h.

To obtain the supernatant, the tissue culture
was homogenized in cooled mortars with cooled
solution containing 50 mM Na HPO,/KH,PO,
(pH 7.0), 0.8% Triton X-100 and 1% polyvinylpyr-
rolidone. The homogenate was then centrifuged at
17000 rpm/min for 17 min and HDAC and HAT ac-
tivities were immediately determined in the obtained
supernatant. All steps were carried out at 4 °C.

HDAC activity was assessed using “Colorimet-
ric HDAC Activity Assay Kit” (BioVision, USA)
with some modifications, in particular: 250 pg of
cell homogenate protein was used; the reaction mix-
ture was incubated for 3 h, then 140 ul of water was
added to 110 ul of stained sample to a total volume
250 pl. Absorbance was measured at 405 nm using
spectrophotometer (SF-2000, Russia). HDAC activi-
ty was calculated in absorbance relative units per mg
of protein [15].

HAT activity was assessed using “HAT Activi-
ty Colorimetric Assay Kit” (BioVision, USA) also
with some modifications, in particular: 70 ug of cell
homogenate protein was used, the reaction mixture
was incubated for 5-6 h, then 142 pl of water was
added to 108 pl of stained sample to a total volume
250 pl. Absorbance was measured at 440 nm using
spectrophotometer (SF-2000, Russia). HAT activity
was expressed in absorbance relative units per mg of
protein [16].

HDAC role in the regulating ROS content was
studied using inhibition analysis with trichostatin A
(TSA) based on the method described in [13] with
some modifications such as: water insoluble TSA
was dissolved in dimethylsulfoxide (DMSO) and
then 0.01% DMSO+TSA solution was used. To ex-
clude DMSO side effect, DMSO without TSA was
used in corresponding control samples. The TSA
inhibition effect on tissue culture cells was evalua-
ted on reducing of HDAC activity. The tissue cul-
ture (1.0 g) was placed in 5 uM of TSA solution for
1 h. After that, HDAC and HAT activities as well as
SCHL intensity were immediately determined in a
sample (0.5 g) of the tissue culture. Another part of
the tissue culture (0.5 g) was immediately placed in
25% PEG-6000 (TSA+PEG) and HDAC and HAT
activities as well as SCHL intensity were determined
after 3 h.

Determination of SCHL intensity. The tis-
sue culture (1.0 g) was placed in a cuvette and in a
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special chemiluminometer chamber (ChLMTS-01,
Ukraine). The luminescence intensity was measured
after 10 min after “flashing effect” in the dark cham-
ber. SCHL intensity was calculated in impulse/sec/g
of wet weight of tissue culture [10].

Protein concentration was determined by Brad-
ford assay [17]. All experiments were performed
independently 3-5 times. Statistical processing of
obtained data was performed using software “Mi-
crosoft™ Excel” and Student #-test. The data are pre-
sented as average values and standard errors and are
considered significant at P < 0.05.

Results and Discussion

For control samples of tissue culture of
A. thaliana growing under normal conditions the
following parameters were characteristic: HDAC
activity was 130-150 abs.rel.u per mg of protein;
HAT activity was 30-40 abs.rel.u per mg of pro-
tein; SCHL intensity was 24-29 impulse/sec/g of wet
weight. Changes of HAT and HDAC activities are
represented in the figures as percentage with respect
to corresponding control.

At first, the concentration of TSA inhibitor was
selected for the most potent effect on HDAC activity.
The optimal concentration was found to be 5.0 uM
TSA (tested alternatives being 1.0 and 9.0 uM TSA).
At this TSA concentration, HDAC activity decreased
by 39-47% after 1 h of incubation with TSA and re-
tained almost the same level after 3 h (Fig. 1, 4).

TSA decreased HDAC activity in tissue cul-
ture growing under normal conditions and increased
HAT activity. At that SCHL intensity was also in-
creased significantly with respect to control (Fig. 1-3,
A).

Significant increases in HDAC and HAT ac-
tivities, as well as SCHL intensity were observed in
the presence of PEG. While the effect of TSA+PEG
resulted in a significant decrease of HDAC activity
and a certain increase of HAT activity and SCHL
intensity (Fig. 1-3, B).

The obtained data demonstrated that HDAC
involved in the regulating of ROS level in tissue
culture of A. thaliana under normal conditions and
during the development of acute osmotic stress
(Fig. 1-3).

The same effect was found in human culture
cells [13], in particular, an increase of ROS level
was also observed during HDAC inhibition by TSA
however the authors did not investigate the mecha-
nism behind the correlation.
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Fig. 1. Changes of histone deacetylase (HDAC) ac-
tivity (% to control) in tissue culture of A. thaliana
in the presence of trichostatin A (TSA) under normal
conditions (4) and under PEG or TSA+PEG (B). C —
control (P <0.05)
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Fig. 2. Changes of histone deacetylase (HAT) activi-
ty (% to control) in tissue culture of A. thaliana in
the presence of trichostatin A (TSA) under normal
conditions (4) and under PEG or TSA+PEG (B). C—
control (for A, P <0.05, for B, P> 0.05)
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Fig. 3. Spontaneous chemiluminescence (SCHL)
intensity changes in tissue culture of A. thaliana in
the presence of trichostatin A (TSA) under normal
conditions (A) and under the presence of PEG or
TSA+PEG (B). C — control (P <0.05)

HDAC in the studied tissue culture (Fig. 1-3)
can actively be involved in the regulation of antioxi-
dant activity of cells and in regulation of ROS level
indirectly via alterations in chromatin structure and
function as well as alterations in gene expression of
the proteins which are responsible for ROS produc-
tion and antioxidant activity.

It should be considered that under TSA inhi-
bition of HDAC, an increase in histone acetylation
may follow too, therefore HAT are also involved in
stress-response reactions (Fig. 2).

Retaining a certain dynamic equilibrium be-
tween histones acetylation and deacetylation is im-
portant for cell metabolism [1, 3]. These processes
may also be involved in maintaining a certain pro-
antioxidant level with appropriate ROS level and
antioxidant activity, particularly under plant stress
[14]. Therefore a significant increase in ROS level
occurred at inhibition of HDAC (Fig. 3, B).

A. thaliana plants contain many various HDAC
and HAT isoforms. Therefore it should be considered
which isoforms may be involved in stress-response
reactions since each of the isoforms is involved in
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the acetylation and deacetylation of certain lysine
residues of histone tails that determines either ex-
pression or silencing of the respective genes [1, 7].

Alterations in HDAC and HAT activities via
changes in gene expression may regulate activity of
antioxidant enzymes such as ascorbate peroxidase,
catalase, peroxiredoxin and thioredoxin since their
activities are increased in the early stages of acute
osmotic stress [10, 18].

Histones acetylation and deacetylation by
HAT and HDAC may affect chromatin structure by
altering the charge of the histone tails and assist in
genes expression/silencing through mechanism of
the so-called effect of “open/closed DNA” for tran-
scription [1, 3]. Furthermore acetylated histone tails
may serve as binding sites for proteins that may di-
rectly or indirectly regulate transcription. Bromo-
domain-extraterminal (BET) containing proteins
BET9, BET10 and others in plants can specifically

bind with acetylated lysine residues on the histones
and activate transcription factors and the following
respective regulation of gene expression [4].

All histone deacetylases, except for class III,
contain zinc and are known as zinc-dependent
deacetylases. TSA is an antifungal antibiotic that is
able to inhibit HDAC effectively by displacing zinc
ion from the active site of enzymes classes I and 11
of HDAC family including plant HDAC. Therefore,
from the known HDAC inhibitors, TSA is the most
effective one [13].

Thus, it was shown by inhibition assay with
TSA that HDACs are involved in the regulation of
ROS content in tissue culture of 4. thaliana under
normal conditions and under the development of
acute osmotic stress. An increase of histone acetyl-
transferase activity (HAT) was also observed. This
regulation was carried out possibly by alterations
in histone acetylation and deacetylation that led to

Histone acetylation-deacetylation
by HAT and HDAC
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Open/closed DNA
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Fig. 4. Hypothetic scheme for involvement of histone acetyltransferase (HAT) and histone deacetylase (HDAC)
in regulating of content of reactive oxygen species (ROS) and antioxidant (AO) activity in plants during the
development of acute osmotic stress. BETY9, BET10 — bromodomain-containing proteins
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the alterations in chromatin structure and function,
as well as expression of the genes that are responsi-
ble for ROS production and cell antioxidant activity
(Fig. 4). However, further experimental verifications
are required.

AKTHUBHICTb I'IlCTOH
JAEAIETHUJA3U I BMICT AKTUBHUX
®OPM KHUCHIO B KYJIBTYPI
TKAHWHMW Arabidopsis thaliana B
HOPMI TA 3A PO3BUTKY I'OCTPOI'O
OCMOTHUYHOI'O CTPECY
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MeTonom iHTIOITOpHOTO aHai3y i3 3acToCy-
BanHsM TpuxoctatuHy A (TCA) nocnimxyBamu
MOXJIMBY yuacTh TicToH aeanerunazu ([JIA) B
perymsmnii BMicTy akTUBHUX GopM KucHIO (ADK) B
KyInbTypi TKaHUHU Arabidopsis thaliana B HOpMi 1
3a PO3BUTKY I'OCTPOTO0 OCMOTHYHOTO cTpecy. Bera-
HOBJICHO, 110 B KYJIBTYpi TKAHWHH, 1[0 POCiIa B HOP-
MaJbHUX yMOBaX, y pasi 3HWKEHHS aKTHBHOCTI
I'1A 3a mortomororo TCA, BinOyBanocs 301bIIIEHAS
Bmicty ADK. AHnajoriudi, ane BUpakeHIIIi 3MiHH,
BiIOyBasTHCA 1 i 9ac po3BUTKY cTpecy. [Ipu mpomy
TaKOX BiIOyBasiocs 301bIIEHHS aKTUBHOCTI T1CTOH
aneruntpanchepasu  (IAT).  OOroBoprorOThCH
MoknnBi MexaHi3mu ydacti [JIA i AT B perynsamii
BMicTy ADK 3a mormomororo 3MiH B eKCpecii TeHiB,
BiAMOBiAanbHUX 3a mpoxaykiito ADK i aHTHOKCH-
JTaHTHY aKTUBHICTb.

KnmouyoBl cJiaoBa: riCctoH acameruiaa3a 1
aneruntpanchepasa, akTHBHI pOpMHU KUCHIO, KYJIb-
Typa TKAHUHU, OCMOTHYHUI CTpEC.
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B KYJIBTYPE TKAHMU Arabidopsis
thaliana B HOPME U I1PU PASBBUTUU
OCTPOI'O OCMOTHYECKOI'O
CTPECCA
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MeTonoM WHTHOWTOPHOTO aHaln3a C TIpH-
menennem tpuxoctatuHa A (TCA) umccrnemoBamu
BO3MOYKHOE y4acTHe TMCTOH JiealleTHIa3bl B pery-
JANWHA COMICP)KaHMS aKTHBHBIX (DOpPM KHCIOpoa
(ADK) B xymbrype TKaHU Arabidopsis thaliana B
HOpPME W TP Pa3BUTHU OCTPOTO OCMOTHYECKOTO
cTpecca. YCTaHOBJICHO, UTO B KYJNbType TKaHH, pa-
CTyIIeW B HOPMAJBHBIX YCIOBUSX, IPH CHIIKEHUHU
AKTUBHOCTH THUCTOH JEaleTHsIa3bl TOCPEICTBOM
TCA npoucxoauno ysenudenue coaepxanus ADK.
AmHanornuHele, HO Oojee BBIpa)XKEHHBIE H3MEHE-
HUS TIPOUCXOWIHN U TIPH Pa3BUTHH CTpecca. Ycra-
HOBIIEHO TaK)K€ YBEIWYEHHE AKTUBHOCTH THICTOH
anetunTpancdepassl. OOCYkTAIOTCS BO3MOXKHBIE
MEXaHHM3MBI yYaCTHS 3THX DH3UMOB B PETYISIINU
conepxxkanusg ADOK nocpencTBoM U3MEHEHUM B 3KC-
MPECCHH TEHOB, OTBETCTBEHHBIX 3a MPOIAYKIIHIO
A®K 1 aHTHOKCHIAHTHYIO aKTUBHOCTb.

KnrmoueBble c0Ba: I'UCTOH JealleTuiaasa
W aneTuiTpaHcdepasa, akTUBHbIE POPMBI KUCIOPO-
Jla, KyJIbTypa TKaHH, OCMOTHYECKHUH cTpecc.
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