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DEAE-Sepharose chromatography of extracts from
Zea mays meristematic cells revealed multiple histone
acetyltransferase and histone deacetylase enzyme
forms. An improved method for nuclear isolation al-
lowed us to discriminate nuclear and cytoplasmic en-
zymes. Two nuclear histone acetyltransferases, A1 and
A2, a cytoplasmic B-enzyme and two nuclear histone
deacetylases, HD1 and HD2, have been identified. The
histone specificity of the different enzyme forms has
been studied in an in vitro system, using chicken eryth-
rocyte histones as substrate. The cytoplasmic histone
acetyltransferase B is the predominant enzyme, which
acetylates mainly histone H4 and to a lesser extent
H2A. The nuclear histone acetyltransferase Al pref-
erentially acetylates H3 and also H4, whereas enzyme
A2 is specific for H3. This substrate specificity was
confirmed with homologous Z. mays histones. The two
histone deacetylases differ from each other with re-
spect to ionic strength dependence, inhibition by ace-
tate and butyrate, and substrate specificity. The strong
inhibitory effect of acetate on histone deacetylases was
exploited to distinguish different histone acetyltrans-
ferase forms.

The reversible postsynthetic acetylation of e-amino groups
of specific lysine residues within the highly basic N-terminal
domains of core histones was discovered by Allfrey and co-
workers (Allfrey et al., 1964; Allfrey, 1970). 26 N-terminal
lysine moieties per nucleosome are subject to reversible acet-
ylation, thus giving rise to a remarkable heterogeneity with
respect to the degree of modification. Since the sequential
acetylation of lysine residues does not occur randomly, but in
a highly ordered, site-specific way, as shown for H4 (Chicoine
et al., 1986; Couppez et al., 1987), it is unlikely that acetylation
exerts its biological effect by simply neutralizing positive
charges of N-terminal histone domains (Loidl, 1988).

The dynamic state of core histone acetylation is maintained
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by two enzyme activities, histone acetyltransferase and his-
tone deacetylase. Soon after the discovery of reversible his-
tone acetylation the first histone acetyltransferase activity
was described in pigeon liver (Nohara et al., 1966, 1968).
These enzymatic activities have then been investigated in
mammalian cells (e.g. Libby, 1978; Belikoff et al., 1980; Garcea
and Alberts, 1980), in Drosophile (Wiegand and Brutlag,
1981); in Artemia salina (Cano and Pestana, 1979), in trout
testis (Candido, 1975), in plants (Salvador et al., 1985; Sendra
et al., 1986), and yeast (Travis et al., 1984; Lopez-Rodas et al.,
1985, 1989, 1991). The studies led to a classic grouping of
histone acetyltransferases based on subcellular localization,
chromatographic behavior, and histone specificity; according
to this, histone acetyltransferase A was characterized as a
nuclear enzyme form which acetylates histones in nucleo-
somes and all core histones in vitro, whereas histone acetyl-
transferase B was defined as a cytoplasmic enzyme form not
active with nucleosomes, which only acetylates histone H4.

In the past years a more complex picture of histone acetyl-
transferase activities has evolved. Bohm et al. (1980) discov-
ered an enzyme (termed DB) in bovine lymphocytes which
acetylates free core histones and nucleosomes; in Artemia two
cytoplasmic and one nuclear enzyme were reported (Estepa
and Pestana, 1983); Yukioka et al., (1984) separated two
cytoplasmic and two nuclear enzyme forms in rat liver,
whereas in yeast the situation is even more complex, since
three nuclear acetyltransferases apart from a cytoplasmic
could be discriminated (Lopez-Rodas et al., 1989).

Histone deacetylases have been investigated in cells of
animals and fungi (Inoue and Fujimoto, 1969, 1970; Fujimoto,
1972; Vidali et al., 1972; Waterborg and Matthews, 1982a,
1982b; Alonso and Nelson, 1986). Ion-exchange chromatog-
raphy indicated the presence of multiple enzymes or enzyme
forms (Kikuchi and Fujimoto, 1973; Cousens et al., 1979). In
pea three enzyme fractions with deacetylase activity have
been characterized (Sendra et al., 1988). A basic difference
between deacetylases from animals and plants exists with
respect to the inhibitory effect of sodium n-butyrate. Butyrate
inhibits mammalian deacetylases at millimolar concentra-
tions (2-5 mM) in a noncompetitive manner (Riggs et al.,
1977; Cousens et al., 1979), whereas in plant cells butyrate
exerts a less inhibitory effect on deacetylase enzymes even at
50-100 mM (Arfmann and Haase, 1981; Pederson and Mino-
cha, 1988; Sendra et al., 1988; Waterborg et al., 1990). Nu-
merous experiments have been performed with respect to the
biological function of histone acetylation, using in vivo butyr-
ate treatment for hyperacetylation of core histones (Kruh,
1982). Recently a novel, more specific inhibitor of histone
deacetylase, trichostatin, has been reported (Yoshida et al.,
1990).

In contrast to the huge body of data on the possible corre-
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Multiple forms of histone acetyltransferases and his-
tone deacetylases, which have been separated and
characterized in the accompanying manuscript (L.opez-
Rodas, G., Georgieva, E. 1., Sendra, R., and Loidl, P.
(1991) J. Biol. Chem. 266, 18745--18750), together
with in vivo acetate incorporation, were studied during
the germination of Zea mays embryos. Total histone
acetyltransferase activity increases during germina-
tion with two maxima at 40 and 72 h after start of
germination. This fluctuation is mainly due to the cy-
toplasmic B-enzyme which predominantly acetylates
histone H4 up to the diacetylated form. The nuclear
histone acetyltransferase A2, specific for H3, is low
throughout germination, except at 24 h, when it tran-
siently becomes the main activity. Both enzymes are
also present in the dry embryo, whereas the second
nuclear enzyme Al, specific for H3 and H4, is absent
in the initial stage of differentiation. The two histone
deacetylases, HD1 and HD2, exhibit entirely different
patterns. Whereas HD1 activity is lJow in the dry em-
bryo and increases during germination, HD2 is the
predominant enzyme at the start of differentiation, but
almost disappears at later stages. Analysis of the in
vivo acetate incorporation reveals that H4 is present
in up to tetraacetylated subspecies. The pattern of
acetate incorporation into core histones closely resem-
bles the fluctuations of histone acetyltransferase B.
Based on the analysis of thymidine kinase activity a
close correlation was established between histone ace-
tyltransferase B and DNA replication, whereas the A2
enzyme is associated with transcriptional activity. His-
tone deacetylase HD1 obviously serves a specific func-
tion in the dry embryo and could be a prerequisite for
DNA repair processes. The study confirms the idea of
multiple functions of histone acetylation and assigns
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distinct enzymes, involved in this modification, to cer-
tain nuclear processes.

Post-translational acetylation of core histones is an active
metabolic process whose precise biological functions remain
controversial. Studies of this type of modification in the ciliate
protozoan Tetrahymena indicated that the biological function
may not be a unique one, but rather variable; in macronuclei
of this organism core histone acetylation is involved in the
regulation of transcriptional activity, whereas in micronuclei
the modification plays a role in the deposition of histones
onto chromatin during DNA replication (Chicoine et al., 1986;
Lin et al., 1989).

Multiple functions of core histone acetylation are adequate
to explain the different and often controversial results in the
literature: in a variety of organisms and cell types histone
acetylation has been linked to transcription (Doenecke and
Gallwitz, 1982; Reeves, 1984; for reviews), DNA replication
(e.g. Loidl et al., 1983; Loidl and Grobner, 1987; Weiss and
Puschendorf, 1988; Talasz et al, 1990), DNA repair (e.g.
Smerdon et al., 1982; Ramanathan and Smerdon, 1989), his-
tone replacement during differentiation processes (e.g. Chris-
tensen and Dixon, 1982; Christensen et al., 1984; Grimes and
Henderson, 1984; Loidl and Grébner, 1986), and recombina-
tion events (Schaffhausen and Benjamin, 1976). The common
denominator of these nuclear events is a transient destabili-
zation of nucleosome structure and subtle rearrangement
reactions occurring within distinct chromatin domains. Based
on the numerous results in the literature and on experimental
data of the myxomycete Physarum polycephalum our labora-
tory has proposed a model (Loidl, 1988) which explains the
biological role of histone acetylation as a general mechanism
to destabilize chromatin structure in a distinct way during
different nuclear processes.

Recently, Megee et al. (1990) have pointed out the essential
importance of a correct “physiological” acetylation of H4 in
yeast; by introducing directed point mutations it was dem-
onstrated that exchange of single lysine residues in the N-
terminal histone domains resulted in mating sterility or cell
cycle delay.

The effect of histone acetylation on structural properties of
nucleosomes or chromatin is not completely clear at present.
Although no dramatic changes of the physicochemical prop-
erties of nucleosomal structure are observed following hyper-
acetylation of chromatin, subtle changes within the nucleo-
some core as well as alterations of higher order structures
occur; recently it was shown that butyrate-induced hypera-
cetylation causes an unfolding of the nucleosome core particle
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Mono Q ion exchange high performance liquid chro-
matography (HPLC) reveals that the main histone de-
acetylase activity (HD1) of germinating Zea mays em-
bryos consists of multiple enzyme forms. Chromatog-
raphy of HD1 after treatment with alkaline
phosphatase yields two distinct histone deacetylase
forms (HD1-A, HD1-B). The same is true for chroma-
tography after phosphatase treatment of a total cell
extract. One of these enzyme forms (HD1-A) is subject
to phosphorylation, which causes a change in the sub-
strate specificity of the enzyme, as shown with HPLC-
purified individual core histone species; the substrate
specificity for H2A increases more than 2-fold after
phosphorylation, whereas the specificity for H3 de-
creases to about 60%. The total histone deacetylase
activity is quantitatively released from isolated nuclei
after extraction with moderate ionic strength buffers;
no significant residual enzyme activity could be de-
tected in the nuclear matrix.

Core histones can be reversibly modified by post-transla-
tional acetylation at distinct lysine residues within the N-
terminal protein domains. The biological function is still
unclear for this modification, but it is assumed to be involved
in changes of chromatin structure and function during differ-
ent nuclear processes (Doenecke and Gallwitz, 1982; Loidl,
1988; Turner, 1991).

The dynamic equilibrium of core histone acetylation is
maintained by two enzyme activities, histone acetyltransfer-
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ase and histone deacetylase. Histone acetyltransferases are
generally grouped in two categories, nuclear A-type enzymes,
acetylating all core histones in nucleosomes as well as in vitro,
and cytoplasmic B-type enzymes, acetylating H4 in vivo and
in vitro but inactive with nucleosomes. Histone deacetylases
have been investigated in fungi, plants, and animal cells (Hay
and Candido, 1983; Alonso and Nelson, 1986; Mold and
McCarty, 1987; Sendra et al., 1991). In pea, three enzyme
forms with deacetylase activity have been described (Sendra
et al., 1988). Our laboratory has recently separated and char-
acterized two histone deacetylases in germinating Zea mays
embryos (Lopez-Rodas et al., 1991); apart from the predomi-
nant enzyme form HD1, there was another histone deacety-
lase (HD2), specific for the very early stage of embryo differ-
entiation (Georgieva et al., 1991). For Physarum polycephalum
we could demonstrate that the two histone deacetylases differ
considerably in their substrate specificities (Lopez-Rodas et
al., 1992).

In this communication we present evidence that the main
histone deacetylase activity HD1 of germinating Z. mays
embryos consists of two distinct enzymes. One of these two
deacetylases is phosphorylated. A change in the substrate
specificity results from this reversible phosphorylation. In
contrast to recently published data that demonstrate histone
deacetylase to be a constituent of the internal nuclear matrix
of chicken (Hendzel and Davie, 1992), the histone deacety-
lases of maize are chromatin bound enzymes, eluting from
nuclei at moderate ionic strength.

EXPERIMENTAL PROCEDURES

Materials—These were purchased from the following suppliers:
Mono Q ion exchange HPLC! column HR 5/5 from Pharmacia-LKB
(Uppsala, Sweden}, Nucleosil 300-5 C, from Macherey-Nagel (Diiren,
Germany), alkaline phosphatase from bovine intestinal mucosa, type
VII-N (2250 units/mg protein) from Sigma (St. Louis, MO), [°*H]
acetic acid from Amersham International plc (Amersham, Bucking-
hamshire, United Kingdom).

Preparation of Cellular Extracts and Ion Exchange HPLC—Maize
seeds (Z. mays M320) were germinated in the dark for 4 h at 28 °C
on cotton layers soaked with water. Whole embryos (3 g) were
harvested and used for the subsequent experiments. Preparation of
extracts was done essentially as described (Lopez-Rodas et al., 1991).
Before loading to the Mono Q column the dialyzed extract was made
15 mM MgCl; and centrifuged for 10 min at 2500 X g. The supernatant
was filtered through a Millipore filter, and the equivalent of 1.5 g of
tissue was loaded onto the column. Proteins were eluted with 80 ml
of a linear gradient of NH,Cl (0.01-0.5 M) in buffer B (15 mM Tris/
HC], pH 7.9, 0.25 mMm EDTA, 10 mMm NH,C], 5 mM 2-mercaptoetha-
nol, 10% (v/v) glycerol). Fractions of 1.2 ml were collected and
assayed for histone deacetylase activity.

Treatment with Alkaline Phosphatase—Crude cellular extracts or
chromatographic eluates (collected from Mono Q chromatography)
after dialysis against buffer B and centrifugation were incubated with
alkaline phosphatase (130 units/ml) for 1 h at 28 °C in the presence
of 15 mM MgCl,. After centrifugation (2500 X g) and filtration
through Millipore filters the samples were loaded onto the Mono Q
column.

Separation and Purification of Chicken Erythrocyte Histones by
HPLC—Chicken erythrocyte histones were acetylated in vivo by
incubating a reticulocyte-enriched red blood cell population with [°H]
acetic acid (5.0 Ci/mmol) according to Ferenz and Nelson (1985) and
then fractionated as described (Helliger et al., 1988) with modifica-

! The abbreviation used is: HPLC, high performance liquid chro-
matography.
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Core histones can be modified by reversible, posttranslational acetylation of specific lysine residues within the N-terminal protein domains. The
dynamic equilibrium of acetylation is maintained by two enzyme activities, histone acetyltransferase and histone deacetylase. Recent data on histone
deacetylases and on anionic motifs in chromatin- or DNA-binding regulatory proteins (e.g. transcription factors, nuclear proto-oncogenes) are
summarized and united into a hypothesis which attributes a key function to histone deacetylation for the binding of regulatory proteins to chromatin
by a transient, specific local increase of the positive charge in the N-terminal domains of nucleosomal core histones. According to our model, the
rapid deacetylation of distinct lysines in especially H2A and H2B would facilitate the association of anionic protein domains of regulatory proteins
to specific nucleosomes. Therefore histone deacetylation (histone deacetylases) may represent a unique regulatory mechanism in the early steps
of gene activation, in contrast to the more structural role of histone acetylation (histone acetyltransferases) for nucleosomal transitions during the
actual transcription process.

Chromatin; Histones; Histone acetylation: Transcription factor; Oncogene protein; Histone deacetylase; Transcription

1. INTRODUCTION

The DNA of the eukaryotic cell nucleus is associated
with histones to form nucleosomes, which represent the
basic structural subunit of chromatin {1]. Histones can
be reversibly modified by a number of posttranslational
reactions, such as phosphorylation, acetylation, ADP-
ribosylation and ubiquitination (see [2] for a recent re-
view). The posttranslational acetylation of lysine resi-
dues within the N-terminal domains of core histones
was first discovered by Allfrey and co-workers [3] and
is assumed to play a critical role in the modulation of
structural transitions of chromatin during different nu-
clear processes [2,4-8], although the precise mecha-
nisms are still far from clear.

The dynamic state of histone acetylation is main-
tained by two enzyme activities, histone acetyltrans-
ferase and histone deacetylase. Histone acetyltrans-
ferases link the acetyl-moiety of acetyl-CoA to the
g-amino group of specific lysine residues. The presence
of such an acetyl-group neutralizes a positive charge
within the N-terminal part of the histone molecule (Fig.

Correspondence address: P. Loidl, Department of Microbiology, Uni-
versity of Innsbruck - Medical School, Fritz-Pregistr. 3, 6020 Inns-
bruck, Austria. Fax: (43) (512) 507 2235.

Published by Elsevier Science Publishers B.V.

1). This modification can be reversed by the action of
deacetylases. The amino acid sequence of the N-termi-
nal histone tails has been conserved during evolution;
therefore the lysine positions which are accessible to this
enzymatic acetylation are identical in a wide variety of
organisms ranging from yeast to human. There are 26—
28 possible acetylation sites within a nucleosome [4]; it
has to be considered that these sites are concentrated on
relatively small, but flexible protein domains of the nu-
cleosome (Fig.1). The usage of these lysine residues for
acetyltransferases has been shown to occur in a non-
random fashion, thus generating a further level of com-
plexity, although the extent of site specificity may be
different among various organisms [9-14].

It was proposed that histone acetylation represents a
general mechanism for the destabilization of nucleo-
somes [5,15]. Such a transient destabilization has to
occur during nuclear processes that are accompanied by
structural transitions of defined chromatin areas, i.e.
DNA replication, transcription, DNA repair, recombi-
nation or differentiation specific exchange of histone
variants. The site specificity, the high variability in the
extent of acetylation, and the multiplicity of enzymes
involved in this modification, would finally lead to
highly specific acetylation patterns which serve as dis-
tinct signals for nucleosome destabilization in different
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Abstract. The cell-cycle progression of germinating em-
bryos of maize (Zea mays L.) was studied from 0 to 72 h
after the start of imbibition using DNA flow cytometry
on isolated nuclei, and analyses of thymidine kinase ac-
tivity, histone biosynthesis and levels of proliferating cell
nulcear antigen (PCNA). At the start of germination,
75% of the cells were in GI, but this population had
decreased to 25% by 72 h. The concomitant increase of
cells in S-phase did not occur continuously, but stepwise,
indicating that during germination most of the cells enter
S-phase as a partially synchronized population. Within
the initial 60 h of embryo germination the cells passed
through one S-phase; the start and duration of this peri-
od of replicative DNA synthesis was further substantiat-
ed by the analysis of S-phase-associated events, the
biosynthesis of core histones and the enzyme activity of
thymidine kinase, which both began to increase at about
12 h after the start of differentiation. Thymidine kinase
fluctuated periodically during germination with a tran-
sient maximum at 30 h and a second peak at 72 h; his-
tone biosynthesis was not detectable until 12 h after the
start of germination. The levels of PCNA protein closely
resembled the pattern of thymidine kinase during germi-
nation. Together with the cytometric data this allows a
clear assignment of cell cycle events to different times of
embryo differentiation.

Key words: Cell cycle — Differentiation — Flow cytometry
— Histone — Proliferating cell nuclear antigen — Zea
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Introduction

In the last decade there has been a considerable improve-
ment in our knowledge of gene expression during plant
differentiation processes at both the cellular and the
molecular level (Goldberg 1988; Goldberg et al. 1989;
Sussex 1989; Poethig 1990; Dudits et al. 1991; for re-
views). Among the various developmental pathways the
germination of plant embryos represents a differentiation
process in which the cell nucleus undergoes changes from
an extremely low metabolism to a state of fully restored
activity. In quiescent embryos, macromolecular syn-
theses and nuclear division have stopped, but these ac-
tivities are resumed sequentially during the initial hours
after the start of seed imbibition (Rejman and Buchowicz
1971; Dobrzanska et al. 1973; Deltour and Jacgmard
1974). Embryo germination therefore represents a
sequence of molecular events that transform the hetero-
trophic embryo into a complex autotrophic organism.

Studies of cellular and molecular events during plant
embryo germination require a detailed analysis of nu-
clear processes and cell cycle parameters. Most of the
available data on maize embryo germination indicate
that during seed maturation the majority of embryo cells
are blocked in the G -period of the cell cycle (Deltour
and Jacqgmard 1974; Conger and Carabia 1976; Deltour
1985), although an early report claimed most cells to be
captured in the G,-period (Stein and Quastler 1963).
However, it has to be considered that environmental
conditions during seed maturation may strongly influ-
ence the percentage of cells accumulating in the G,-pe-
riod. The arrest of cells in G, or in a G,-like phase (G,)
as a starting point for differentiation is also common to
mammalian cells, and it has been demonstrated that cells
in G,/G, maintain a high viability for extended periods
of time (Yanishevsky and Stein 1981). In contrast to the
high percentage of G,-cells in germinating plant embryos
the degree of synchrony of cell cycle progression is poor
(Deltour and Jacgmard 1974). However, for Vicia faba
radicless, it was reported that 96% of the cells were
dividing during the early stages of germination, as shown
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Abstract. The existence of proteins related to nuclear pro-
to-oncogenes (c-MYC, N-MYC, ¢-FOS, c-JUN) and to a
mammalian tumor suppressor gene (p33) is shown at the
protein and mRNA level in embryos of Zea mays L. The
encoded proteins fluctuated individually during maize
embryo differentiation, indicating specific regulatory
functions during the differentiation program. A detailed
description of cell-cycle progression during germination
(see accompanying manuscript) enabled the expression
pattern of these proteins to be correlated with nuclear
events. We suggest that the fluctuations of the ¢-FOS-
and c-JUN-related proteins reflect a functional role as
transcription activators. The patterns of the c-MYC,
N-MYC and p53 homologues are rather related to a
function during DNA replication and growth control.
The level of the p53-related protein in maize embryos
may represent a cellular marker for quiescence.

Key words: Cell-cycle — Differentiation — Proto-oncogene
— Tumor supressor gene (p33) — Zea

Introduction

Proto-oncogenes, the cellular cognates of retroviral
transforming genes, have been highly conserved during
evolution, indicating a basic function of these genes and
their protein products in the regulation of cell prolifera-
tion and differentiation. In contrast to the progress in
understanding the function of proto-oncogenes in the
regulation of cellular processes in vertebrates, very little
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is known about these entities in plants. Nuclear proto-
oncogenes encode proteins which are involved in in-
tranuclear signal transduction (Pierce 1989; Bishop
1990; Gutman and Wasylyk 1991), although their precise
function is far from clear in most cases. At least for some
nuclear proto-oncogene proteins, it has been demon-
strated that they function as transcription factors, e.g.
¢-FOS and ¢-JUN, and therefore have a crucial role as
nuclear targets that mediate mitogenic signals into dis-
tinct changes of gene expression (Ransone and Verma
1990; Gutman and Wasylyk 1991). Since proto-
oncogenes have been highly conserved throughout verte-
brate evolution, investigation of these genes and the
corresponding proteins in lower eucaryotes (Waitz and
Loidl 1991; Lopez-Rodas et al. 1992) and plants is war-
ranted.

Using specific antibodies against mammalian nuclear
proto-oncogene proteins and heterologous cDNA probes,
we could detect c-myc, N-myc, p53, c-fos and c-jun in
maize embryo tissue. We were able to show that these
proteins fluctuate individually during embryo germina-
tion and are involved in the regulation of growth and
gene expression in plant cells.

Materials and methods

Immunodetection of proteins. Maize (Zea mays L., M320; Institute
of Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria) seeds
were germinated in darkness at 27° C on cotton layers soaked with
water as described by Georgieva et al. (1991). At different times
after the start of germination (0, 4, 12, 24, 40 h), embryos and the
meristematic part of the root (72 h) were harvested into liquid
nitrogen, and nuclei were isolated according to the procedure out-
lined in the accompanying manuscript.

Isolated nuclei were lysed in sodium dodecyl sulfate (SDS)
sample buffer (Laemmli 1970); equal amounts of total nuclear
protein from each time point (checked colorimetrically as well as on
test gels) were subjected to SDS-polyacrylamide gel electrophoresis
(Laemmli 1970); 10% gels were run for ¢-FOS and ¢c-JUN; 15% gels
for N-MYC, c-MYC and p53. Gels were blotted onto nitrocellulose
membranes, blocked and processed as described by Waitz and Loidl
(1991). Proteins were immunodetected using the following anti-
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Matrix Attachment Regions and Transcribed Sequences
within a Long Chromosomal Continuum Containing
Maize Adh1
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We provide evidence for the location of matrix attachment sites along a contiguous region of 280 kb on maize chromo-
some 1. We define nine potential loops that vary in length from 6 kb to >75 kb. The distribution of the different classes
of DNA within this continuum with respect to the predicted structural loops reveals an interesting correlation: the long
stretches of mixed classes of highly repetitive DNAs are often segregated into topologically sequestered units, whereas
low-copy-number DNAs (including the alcohol dehydrogenase1 [adh1] gene) are positioned in separate loops. Contrary
to expectations, several classes of highly repeated elements with representatives in this region were found to be tran-

scribed, and some of these exhibited tissue-specific patterns of expression.

INTRODUCTION

The linear chromosomes of eukaryotes are compacted into
a tiny organelle, the nucleus, in a manner that supports the
biological functions of DNA with high fidelity, despite its enor-
mous concentration. Different levels of DNA compaction exist,
including the folding of the nucleosomal fiber into loops of differ-
ent sizes. The bases of these loops are attached to a protein
structure called the matrix or scaffold, and specific DNA se-
quences are responsible for the attachment of the chromatin
to this structure (for reviews, see Gasser and Laémmli, 1987,
Jackson, 1991). These loops might act not only as compac-
tion units but also may define a separately regulated unit (for
reviews, see Gross and Garrard, 1987; Bodnar, 1988; Goldman,
1988). Different experimental approaches have provided
evidence that many biological activities are associated with
the nuclear matrix; matrix attachment regions (MARs), beyond
acting as anchoring sites, may bear positional information re-
quired for controlling transcription, may act as origins of
replication, and may serve as chromatin border elements
(Gasser, 1988; Gasser et al., 1989; Garrard, 1990; Bonifer et
al., 1991; Eissenberg and Elgin, 1991).

Most of the data on MARSs are in relation to known genes
and theirimmediate surroundings; as a whole, information on
domain organization and chromosome folding at a supragenic
level is very limited. All of the current information on the rela-
tionship between loop organization, positioning of transcribed
units, and potential origins of replication on a larger DNA con-
tinuum comes from two regions in Drosophila: a 320-kb

' To whom correspondence should be addressed.
2 Current address: Institute of Genetics, Bulgarian Academy of
Sciences, Sofia, 1113 Bulgaria.

continuum in the rosy-Ace region (Mirkovitch et al., 1988) and
an 800-kb portion of chromosome 1 (Brun et al., 1990; Surdej
etal., 1990). In addition, the 240-kb amplicon of the dihydrofo-
late reductase (DHFR) gene (Dijkwell and Hamlin, 1988), 200
kb around the mouse heavy chain IgH locus (Cockerill, 1990),
and 90 kb containing the human globin loci (Jarman and Higgs,
1988) provide data on the relative distribution of MARs and
transcribed units in relatively long genomic regions. In these
latter cases, the genomic regions represent known loci con-
taining several genes belonging to the same family and
expressed in a developmentally controlled manner. Therefore,
we still know very little about the structural and functional or-
ganization of large regions containing single genes or extensive
genomic regions with no identified function. In plants, infor-
mation onthe loop organization of genomes is limited to the
identification of matrix binding sites flanking known genes (Hall
et al., 1991; Slatter et al., 1991; Breyne et al., 1992; Avramova
and Bennetzen, 1993; Paul and Ferl, 1993; van der Geest et
al., 1994).

An important aspect of the organization of most higher eu-
karyotic genomes is that the gene-containing component of
the genome composes only a small fraction of the total DNA;
the rest represents mainly repeated DNA. In maize, for exam-
ple, the repetitive DNA makes up ~80% of the total nuclear
genome (Flavell et al., 1974; Hake and Walbot, 1980). We still
have little understanding of the possible roles repetitive DNA
might serve, and we have only a limited knowledge of its struc-
tural organization within the maize genome.

A detailed analysis of a yeast artificial chromosome (YAC)
containing the maize alcohol dehydrogenaset (adh1) locus has
been published by Springer et al. (1994). They found the
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Genb5p, a Transcription-related Histone Acetyltransferase,
Acetylates Nucleosomes and Folded Nucleosomal Arrays in
the Absence of Other Protein Subunits®
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Genbp is the catalytic subunit of several type A his-
tone acetyltransferases (HATs). Previous studies per-
formed under a limited range of solution conditions
have found that nucleosome core particles and nucleo-
somal arrays can be acetylated by Gen5p only when it is
complexed with other proteins, e.g. Gen5-Ada, HAT-A2,
and SAGA. Here we demonstrate that when assayed in
buffer containing optimum concentrations of either
NaCl or MgCl,, purified yeast recombinant Gen5p
(rGen5p) efficiently acetylates both nucleosome core
particles and nucleosomal arrays. Furthermore, under
conditions where nucleosomal arrays are extensively
folded, rGen5p acetylates folded arrays ~40% faster
than nucleosome core particles. Finally, rGen5p poly-
acetylates the N termini of free histone H3 but only
monoacetylates H3 in nucleosomes and nucleosomal ar-
rays. These results demonstrate both that rGen5p in and
of itself is catalytically active when assayed under opti-
mal solution conditions and that this enzyme prefers
folded nucleosomal arrays as a substrate. They further
suggest that the structure of the histone H3 N terminus,
and concomitantly the accessibility of the H3 acetyla-
tion sites, changes upon assembly into nucleosomes and
nucleosomal arrays.

Histone acetylation is a reversible dynamic process that oc-
curs at specific lysine residues in the N termini of all the core
histone proteins and has been correlated with several key
biological processes, including nucleosome assembly and mod-
ulation of gene expression (1-4). The recent discoveries of the
specific histone acetyltransferases (HATSs),! Hatlp (5, 6) and
Genbp (7), have directly linked histone acetylation with nucleo-
some assembly and transcriptional activation, respectively.
Hatlp and Genbp are specific examples of the two general
families of HATS, termed HAT-A and HAT-B. The HAT-A en-
zymes reside in the nucleus and acetylate the core histone N
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GM45916 (to J.C. H.) and by Grant PB95-1107 from the Direccién
General de Ensefianza Superior (Spain) (to Vincent Tordera). The costs
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termini following their assembly into nucleosomes and chroma-
tin. HAT-B type enzymes are primarily cytoplasmic and acet-
ylate only free histones prior to nucleosome assembly (6), al-
though Hatlp has recently been localized in the nucleus as well
(8).

Hat1p is the catalytic subunit of both the major cytoplasmic
HAT-B complex and the nuclear HAT-A3 complex (8). Consist-
ent with their roles in nucleosome assembly, recombinant
Hatlp, the HAT-B complex, and the HAT A-3 complex all
acetylate free histone H4 in vitro but do not acetylate H4 after
its incorporation into nucleosomes (5, 6, 8, 9). However, seem-
ingly at odds with its role as a HAT-A enzyme, Gen5p has been
reported to acetylate free histones H3 and H4 but not nucleo-
somal H3 or H4 (10-13). This result has been reconciled by a
model in which Genbp acetylates nucleosomal substrates only
when a component of specific multiprotein complexes and is
supported by the recent identification of several Gen5-Ada
complexes that are capable of acetylating histone H3 and to a
lesser extent H4 in nucleosomes (12, 14-16). Nevertheless,
because all previous studies of rGen5p activity were performed
using a very limited range of buffer and substrate conditions, it
remains to be determined whether other proteins are abso-
lutely required for the HAT activity of Gen5p or whether these
proteins coincidentally accentuate Genbp activity in vitro un-
der the conditions tested previously.

To address this issue, we have assayed the HAT activity of
rGen5p over a wide range of NaCl or MgCl, concentrations,
using an excess of free core histones, nucleosome core particles,
and differentially folded nucleosomal arrays as substrates. Un-
der optimal salt conditions, we find that both nucleosome core
particles and nucleosomal arrays are efficiently acetylated by
rGenbp. Moreover, relative to core particles, highly condensed
nucleosomal arrays are acetylated much more rapidly. Finally,
whereas free histone H3 is polyacetylated by rGen5p, nucleo-
somal H3 is only monoacetylated. These results demonstrate
that when studied under appropriate solution conditions,
rGenbp both exhibits pronounced catalytic activity in the ab-
sence of other protein subunits and prefers folded nucleosomal
arrays as a substrate. They further suggest that the structure
of the H3 N termini changes upon assembly of free histones
into nucleosomes and nucleosomal arrays.

EXPERIMENTAL PROCEDURES

Materials—Whole chicken blood was purchased from Pel-Freeze.
BL21 cells containing plasmid pRSET-yGCN5 were obtained from Dr.
David Allis (University of Virginia). DNA templates consisting of 12
tandem repeats of a 208-base pair sequence derived from the Lytechinus
5 S rRNA gene (208—12 DNA) were grown and purified from plasmid
using pPOL208-12 as described previously (17). All chemicals were of
reagent grade.

Assembly of 208-12 Nucleosomal Arrays and Purification of Core
Particles—Core histones were purified from chicken erythrocyte oligo-

This paper is available on line at http://www.jbc.org
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Chromatin immunoprecipitation assays are used to
map H3 and H4 acetylation over the promoter nucleo-
somes and the coding region of the Saccharomyces cer-
evisiae SUC2 gene, under repressed and derepressed
conditions, using wild type and mutant strains. In wild
type cells, a high level of H3 acetylation at the distal end
of the promoter drops sharply toward the proximal nu-
cleosome that covers the TATA box, a gradient that be-
come even steeper on derepression. In contrast, sub-
stantial H4 acetylation shows no such gradient and
extends into the coding region. Overall levels of both H3
and H4 acetylation rise on derepression. Mutation of
GCNS5 or SNF2 lead to substantially reduced SUC2 ex-
pression; in gnc5 there is no reduction in basal H3 acety-
lation, but large reductions occur on derepression.
SNF2 mutation has little effect on H3 acetylation, so
SAGA and SWI/SNF recruitment seem to be independent
events. H4 acetylation is little affected by either GCN5
or SNF2 mutation. In a double snf2/gen5 mutant (very
low SUC2 expression), H3 acetylation is at the minimal
level, but H4 acetylation remains largely unaffected.
Transcription is thus linked to H3 but not H4 acetyla-
tion. Chromatin immunoprecipitation assays show that
Tuplp is evenly distributed over the four promoter nu-
cleosomes in repressed wild type cells but redistributes
upstream on derepression, a movement probably linked
to its conversion from a repressor to an activator.

The Saccharomyces cerevisiae SUC2 gene codes for invert-
ase, an enzyme that catalyzes the hydrolysis of sucrose and
raffinose to provide the cell with glucose in the absence of this
essential fuel. It has been widely used to study the mechanisms
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underlying glucose regulation in yeast. Because these mecha-
nisms result in changes in chromatin structure, this has been a
long-lasting field of research. We first analyzed the DNase I
sensitivity of the SUC2 gene (1) as well as nucleosome posi-
tioning under repressing and derepressing conditions, in both
wild type cells (2) and in regulatory mutants (3). These initial
data, obtained by indirect end labeling, showed that four nu-
cleosomes are positioned on the promoter in such a way that
certain crucial elements, including the TATA box, are occluded,
whereas other regulatory sequences are nucleosome-free (2).
These results were refined by other workers (4, 5) who mapped
the four nucleosomes at high resolution by primer extension
analysis.

The SUC2 gene is repressed in the presence of glucose by the
Ssn6-Tupl corepressor complex (6, 7), which is tethered to the
promoter by Miglp (8). Tupl-mediated repression of SUC2
results in deacetylation of histone H3 at the promoter, as
shown by an increase in H3 acetylation in tupI mutants, but a
lack of Tuplp does not change the acetylation level of H4 (9).
This result contrasts with findings for other Tupl-regulated
genes in which the repression also results in deacetylation of
H4 (9).

The SUC2 gene is effectively derepressed by lowering the
concentration of glucose (10), and several genes required for
derepression were identified early through genetic screening
(10, 11). These genes were collectively named SNF (sucrose
non-fermenting). Further studies revealed that the SNF genes
play two clearly different roles. The first is accomplished by the
SNF1 and SNF4 genes. The former encodes a protein kinase
(12), which acts in the pathway leading to SUC2 derepression
(13), whereas Snf4p regulates the kinase activity of Snflp (14).
The Snflp kinase itself is rapidly phosphorylated in response to
low glucose (15) and then, in turn, phosphorylates several
proteins, including Miglp (16). This seems to be a signal for the
nucleus to cytoplasm translocation of Miglp (17), and recent
results seem to indicate that protein kinase C is also involved
in this process (18). Importantly, translocation of Miglp does
not result in the release of Ssn6-Tupl, which remains bound to
the SUC2 promoter (19). The remaining SNF' genes are in-
volved in chromatin remodeling, as part of the SWI/SNF! com-
plex as revealed by the pioneering studies of Hirschhorn et al.
(20).

Derepression of SUC2 also requires the action of the HAT

! The abbreviations used are: SWI/SNF, mating-type switching/su-
crose nonfermenting; SAGA, Spt-Ada-Genb-acetyltransferase; YPD,
yeast extract-peptone-glucose; X-ChiP, cross-linking/chromatin immu-
noprecipitation; wt, wild type; HAT, histone acetyltransferase.
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Abstract

The Balkan endemic nephropathy (BEN) is a significant clinical and scientific problem in need of novel effective therapies. Though
many genetic and environmental factors have been investigated the basis, cause, and predisposition to BEN are still unclear. In this
study, based on the hypothesis that the genetic pathways leading to BEN might be associated with p53 dysfunction, we screened for
p53 gene mutations 90 Bulgarian BEN patients using optimized PCR-SSCP-sequencing analysis. Germline p53 single-base changes were
found in blood samples in 10% of BEN cases. Three of them caused amino acid substitutions (p.Arg283Cys, p.GIn317His, and p.Lys321-
Glu); the other six were either synonymous amino acid substitutions (p.Arg213Arg) or intron polymorphisms (T14766C). To the best of
our knowledge, these are the first data investigating tumor suppressor gene mutations in patients with BEN. The obtained results are in
support of our hypothesis that p53 gene alterations are possibly involved in BEN genetic pathways.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Balkan endemic nephropathy; Tumor suppressor genes; p53; Mutation; Cancer; PCR-SSCP

The Balkan endemic nephropathy (BEN) is a chronic,
slowly evolving kidney disease affecting some well-defined
rural areas of Bulgaria, Romania, Croatia, Serbia, and
Montenegro, and Bosnia and Herzegovina. The disease
has no acute onset and may be asymptomatic for many
years [1]. It is characterized by progressive renal failure
and by rule has a fatal outcome. Uroepithelial cancers
appear as a frequent complication of BEN [2]. Approxi-
mately 30-48% of BEN patients develop urinary tract
tumors localized mainly in the renal pelvis and rarely
in the ureter and bladder [3]. BEN is a familial disease
without distinct Mendelian pattern of inheritance [4].
The etiology of BEN is still a mystery. The distinctive
BEN characteristics (mosaic-like area distribution and
familial clustering) have led to the concept that it arises
as a multifactorial phenomenon in genetically susceptible
individuals subjected to exposure to specific environmen-

* Corresponding author. Fax: +359 2 9785516.
E-mail address: georgiev@bas.bg (E.I. Georgieva).

0006-291X/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
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tal agents. Several hypotheses on the etiology of BEN
have been proposed. Thus, it has been assumed that
the disease may result from long-term exposure to envi-
ronmental agents, such as, mycotoxins like ochratoxin
A (the mycotoxin hypothesis) [5], polycyclic aromatic
hydrocarbons, and other toxic organic compounds leach-
ing into the drinking water from the coal deposits (the
Pliocene lignite hypothesis) [6], herbs containing aristolo-
chic acid [7], heavy metals [8], and others. The screening
for chromosomal aberrations has led to the indication of
a putative chromosomal region 3q24-3q26, which may
contain a BEN candidate gene [9]. A recent cytogenetic
study on three tumors of Bulgarian BEN patients found
multiple chromosomal abnormalities including loss of
heterozygosity at 3q24, genectic loss at 4q, and genetic
gains at 17 other chromosomal regions [10]. An inherited
metabolic susceptibility [11] and lecithin-cholesterol-acyl-
transferase partial deficiency [12] were supposed to be
involved in the pathogenesis of the disease. Recently, a
study on 54 blood samples of Bulgarian BEN patients
suggested that polymorphic glutathione S-transferase
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Abstract. Colorectal cancer patients may succumb to their
disease because of local recurrence or formation of metastasis.
To develop a prognostic tool for these fatal types of progres-
sion, 23 patients with colorectal carcinoma were included in
this study for the detection at the time of surgery of the
incidence of K-ras, B-raf and p53 mutations, the phosphory-
lation status of Erk and the expression of cystatin-like
metastasis-associated protein (CMAP) in tumor, mucosa and
liver samples. Polymerase chain reaction-restriction fragment
length polymorphism and PCR-SSCP were used to detect the
respective mutations. The results of these assays were
complemented by sequencing the K-ras, B-raf and p53
mutations. A multiplex RT-PCR assay was used to detect the
CMAP mRNA levels and the phosphorylation status of Erk
in tumor samples was assessed by Western blot using a
phospho-specific Erk antibody. The carcinomas were classified
as stages T4 (70%), T3 (17%), T2 (9%) and T1 (4%) and thus
represent a group of advanced colorectal carcinomas. The
carcinomas (8 out of 23, 39.1%) were mutated in K-ras
codons 12 or 13 and two patients had a B-raf (V599) mutation
in their tumor. Of 22 tumors, 11 (50%) were positive for
pErk, indicating the activation of the RAS/RAF/ERK
signaling pathway. Of the 23 tumors, 13 (65.5%) showed an
increased CMAP RNA level. Notably, 10 of these 13 patients
have already died and two developed liver metastasis.
Mutations in p53 were found in only 6 patients (26%), with 6
being detected in carcinoma, 1 in mucosa and 1 in liver
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tissue. These alterations were classified as non-sense (n=1),
mis-sense (n=2) and frame-shift mutations (n=1) as well as
intron polymorphisms (n=5). There was a significant
correlation between Erk activation and K-ras codon 12
mutation (p=0.016), but not between K-ras codon 13 or B-raf
mutations and Erk activation. Furthermore, there was a
significant correlation of each positive marker with tumor
stage (p=0.001).

Introduction

A significant amount of research in the past several years
suggests that a number of prognostic markers may be useful
in defining the individual risk of colorectal cancer patients after
surgery and in determining which patients may benefit the
most from adjuvant chemotherapy (1,2). Therefore, it is
critical to investigate molecular markers that will identify
more aggressive colon cancer phenotypes to tailor patient
therapy accordingly.

Colorectal cancers develop as a result of different
combinations of genetic alterations, epigenetic changes and
post-translational modifications. Such molecular alterations
affect oncogenes, tumor-suppressor genes and the genes
encoding the enzymes critical for mismatch excision repair
(3). Phosphorylation plays a key role in the post-translational
modification of proteins that regulate their function and
activity (4).

The RAS/RAF/MEK/ERK/MAP signal transduction
pathway is a conserved RAS-activated protein kinase cascade
that regulates cell growth, proliferation and differentiation in
response to growth factors, cytokines and hormones (5). The
constitutive activation of this pathway is common to numerous
cancers. Of human cancers, ~15% have activating ras
mutations (6) and mutations in B-raf were identified in a
large-scale screen for genes mutated in human cancer (7). The
most frequently activated positions of the K-ras gene in human
tumors have been found to be codons 12 and 13. These
activating mutations produce an alteration in the transduction
of signals in the RAS pathway and ultimately lead to increased
mitogenic signaling. The frequency of K-ras codon 12 and 13
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Abstract

Purpose Though p53, BRCAI, ATM, PIK3CA, and HER2
genes are shown to be involved in various aspects of breast
carcinogenesis, their functional relationship and clinical
value are still disputable. We investigated the genetic status
or expression profile of these genes to further elucidate
their clinical significance.

Methods PCR-SSCP-Sequencing of p53, BRCAI, ATM,
and PIK3CA was performed in 145 Bulgarian patients with
sporadic breast cancer. Expression profiles of HER2 were
determined by ICH and CISH. Relationship between muta-
tions and clinicopathological characteristics was evaluated
by Chi-squared and Fisher’s exact tests. Multivariate Cox
proportional hazard test and Kaplan—Meier analysis were
used to evaluate differences in overall survival between
groups.

Results The frequency of p53 (22.07%), BRCAI
(0.69%), ATM (7.59%), and PIK3CA (31.25%) altera-
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tions and HER2 (21.21%) overexpression was esti-
mated. Mutated p53 was associated with tumor size
(P=0.033) and grade of malignancy (P =0.001),
ATM—with grade of malignancy (P =0.032), and
PIK3CA—with PR-positive tumors (P = 0.047). HER2
overexpression correlated with age of diagnosis
(P = 0.009), tumor size (P = 0.0004), and ER expression
(P =0.011). Univariate survival analysis showed that
mutated p53 is an indicator for worse outcome
(P =0.041). Combination of two genetic abnormalities
did not correlate with more aggressive carcinogenesis
and worse overall survival.

Conclusions Our data indicated that p53, BRCAI, ATM,
PIK3CA, and HER? alterations specifically correlate with
clinicopathological characteristics of Bulgarian patients
with breast cancer. Of these genes, only mutated p53
showed significant, though not independent, negative effect
on overall survival.

Keywords Breast cancer - Tumor suppressor genes -
Proto-oncogenes - Mutations - Clinicopathological
characteristics - Overall survival

Abbreviations

BC Breast cancer

IHC Immunohistochemical analysis
CISH Chromogenic in situ Hybridization
(0N} Overall survival

T Tumor size

N Nodal status

G Grade of malignancy

ER Estrogen receptor

PR Progesterone receptor

HR Hazard ratio

CI Confidence interval
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Abstract The influence of chromatin on immediate-early
gene expression has been studied in a model of Egrl
induction in intact mouse cells. ChIP analysis of factor and
RNA polymerase binding reveals that the gene is consti-
tutively poised for transcription in nonstimulated cells,
but a repressing chromatin structure hampers productive
transcription. Stimulation with phorbol esters results in
a transient activation, which starts at 5 min and peaks at
30 min. Quantitative mapping of promoter occupancy by
the different factors shows for the first time that no direct
competition between SP1 and EGR1 occurs. The phos-
phorylation of ELK1 and CREB, which involves both the
cascades of MEK1/2 and p38 kinases, is required for gene
expression, which ceases following the binding of NABI
and NAB2 to the promoter. The changes in histone acet-
ylation and the differential recruitment of histone-
modifying complexes further show the role of chromatin in
the activation of this immediate-early gene.

Keywords Immediate-early genes - Chromatin structure -
Factor binding - Histone deacetylases -
Histone acetyltransferases
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CBP CREB binding protein

ChIP Chromatin immunoprecipitation
CRE cAMP-response element
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CREB cAMP-response element-binding protein
ELK Ets-like

ERK Extracellular signal-regulated kinase
HAT Histone acetyltransferase

HDAC  Histone deacetylase

IE Immediate-early

NAB1/2 NGFI-A binding protein 1/2

S.E Standard error

SP1 Specificity protein 1

SRE Serum response element

SRF Serum response factor

TPA 12-O-Tetradecanoylphorbol-13-acetate
TSS Transcription start site

Introduction

Activation of cellular immediate-early (IE) genes occurs
within a few minutes following the reception of an
appropriate stimulus, which reaches the nucleus usually via
signalling cascades. The roles played by IE gene products
are multiple, ranging from transcription factors to secreted
proteins to cellular enzymes (see [1] for an early review).
The protooncogenes c-Myc, c-Fos, and c-Jun were the
founder members of the IE gene class, to which a large
number of genes have been added.

The activation of IE genes usually occurs in a transient
fashion. For instance, in the course of a study on liver
regeneration, we have described that the expression of
c-Myc, 1d2, c-Fos, and Mat2A genes, as measured by
RNAPoI-ChIP [2], is detected within 30 min after partial
hepatectomy [3, 4] and declines afterwards, dropping to the
basal values by 6 h. The mechanisms by which expression
of IE genes occurs, including the cascades involved in
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QpuryHaneH HayyeH TPy

DISTRIBUTION OF (AAT)n MICROSATELLITE DNA REPEAT SEQUENCE
IN PEPPER LINES RESISTANT TO ECONOMICALLY IMPORTANT
DISEASES COMPARED TO OTHER PLANT FAMILIES

AUCTPUBYLIMJA HA (AAT)n MUKPOCATENUT AOAHA NOBTOPEHA
CEKBEHUA KAJ OTNOPHUTE NUHUUA NMUNEPKA HA EKOHOMCKW
3HAYAJHU BOJNIECTU WK KOMMAPALUUWJA CO HEKOU [PYIU

PACTUTENHU ©AMUNUUN

Zlatina Gospadinova, Elisaveta Stoimenova, lliya Nikolov, Maria Krasteva, Elena Georgieva
3naTvHa MNocnoguHosa, EnvcaeeTa CrowmeHosa, Mnwja Hukonoe, Mapuja Kpacteea, Enena MNeoprveea

Institute of Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria
WMHCTUTYT 3a reHeTuka, byrapcka akagemuja Ha HaykuTe, Codmja, Byrapuja

Summary

Microsatellites, also  called sequence tagged
microsatellite sites (STMSs), have become important
markers for genome analysis but are currently not
sufficiently understood in plants. Characterization of the
type of (AAT)n distribution is of substantial importance
due to its use as a genetic marker in a broad spectrum of
gene screening approaches. By the application of
molecular genetic approaches, we studied the distribution
of (AAT)n simple repeat sequence in several pepper lines
resistant t0 economically important diseases and
compared the results to other plant families. We found
that (AAT}n repeat is well distributed in some plant
genomes, including the genus Capsicum, in big clusters in
DNA regions lacking sites for restriction endonucleases.

Key words: DNA markers, sequence tagged
microsatellite  site, Solanaceae, complex  discase
resistance

Introduction

Tandem arrays of short {(2-5bp) nucleotide motifs are
present in high numbers in most eukaryotic genomes and
have also been found in prokaryotes (Field, 1996, and
Van Belkum, 1998). Despite the large number of DNA

Nasagok

MukpocatenuTiTe,  TaKaHapeuyeHHW  sequence
tagged microsatellite sites (STMSs), cTanaa 3HadvaeH
MapKep 38 aHaNM3a Ha TFeHoMuTe, HO Ce YIUTE ce
cnabo mpoyvern Kaj pacTeHmjaTa. Kapakrepuaalyja
Ha tvnot of (AAT) aucrpubyumja € Of OCHOBHO
3HAUCHE KAKO PE3yITAT HA TOA IUTO C& KOPHCTH
KaKO TFEeHETHYKA MapKep cO IIMPOK CIeKTap Ha
IpoydyBake Ha reure. Co amnuxaugja Ha
MOJEKynapHaTa  CeHEeTHKa, ja  [poydyBame
pvcrpudynyjatTa Ha (AAT) roegvHEYHN TOBTOPEHH
CeKBEHIM Xa] OTOOPBUTE IMHMA [HOEPKa Ha
CKOHOMCKE 3Ha4ajHH OOJeCTH M ja CIOpPERYBAME CO
PEe3yATATHTE Of HAPYTHTE PACTHTENHH aMUInH.
YTepueno e peka (AAT) nDoORTOPYBAameTO €
OHCTPACYMPAHO BO HEKOM pacTATENHH TIeHOMH,
BKAYYHTENHO cO pONoT Capsicum, BO TONEM KIaCTER
Boc JTHK peruonn HaManysajk# TH MECTaTa 3a
PECTPHKIIH]a HA CHNOHYKICHIHTE.

Kayann s6oposn: HK mapxepy, sequence tagged
microsatellite  site, Solanaceqe, OTIOpPEOCT Ha
KOMTIIEKC S0/8CTH

markers now available, the identificaiion and isolation of
additional, novei, bhighly polymorphic DNA markers
remains important. Such markers are needed for the
improvement of genetic linkage maps in disease-
resistance studies. Polymorphic markers are also required
for the construction of genetic maps for economically
important plant species. The kmnowledge of DNA-

Bawrnra Ha pacTenuja, roguHa XIX, 6p. 19, Hoemapn 2008
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Urigingt Regaarch Pagsr
CHWransel HaVIoH THVE

CHARACTERISATION OF RESISTANCE AND VALUABLE
AGRICULTURAL QUALITIES OF PEPPER LINES

KAPAKTEPUCTHUKW HA OTNOPHW W CTAHOAPOHW 3EMJOJENCKA

NAHWU NMUNEPKA

g, Stoimenova, T, Karlzeva, B, Georgleva
&, Crowsenona, T, Kapyess, E. DVeoprivesa

institute of Genstics, Bulgsrian Academy of Sclences, Sofla, Bulgaris
Vneruryr ag resetrra, Byrapoks Axopemvia sa sayrwre, Codwia, Byrapuia

Summary

Mewly created swest pepper lines were pyramided
with disease resistant genes sad genes for taste, guantity
of Becarclene {provitamin A}, viamin €, redusiag
sugars, lvoopene, dry  malter  content  and  the
aathaeyaniniess trait cantributing to improved nutritisnsgt
guality of the pepper.

Three sweet pepoer hines registant fo CMV, TMY,
ToMY and Ph capsici, apthocyaninless and two lobed
kapiva type [ruits were developed. The fruits were of
different colowr at technical malurity: 114 - dark green,
L16 and DR~ light green. AT bolanical malurity the
fruits of QKalR were orange while those of Li4 and L16
were sed, The quantity of vitamin £ and lycopens in LI6
aud reduting sugass and lycopense s L14 was higher then
that of the standard cultivars, The valuey of remsining
traits were found to be approximately squal. The conient
of fearciene in e orange Mty of OKaIR and OKal was
nearly three times higher than in the red fraits of the
standard enliivars,

All Hoes were found o be witshle for early and
middie earky fi2)d produciion and mey be efficiently used
for pepper bresding programs,

ey words: gweet pepper, complex  dissase
regigtancs, anthocvaninless, mulritional guality, orange
aod red pepper fruits,

introduction

Bulgarflan  sweet and hot pepper coltivarg are
prevalent in Bulgaris due to their preforsed flavour
Promoting Bulgarian pepper cultivars provides 2 valuable

Hasanox

Hosorpenpayre  AHNNY CNaTEa THUEPKA oo
ONAHKYRAAT CO PeMM Ha OTMOPROCT Ha Sonsety B
renn 23 3oGap BKYS, BHOORS CONPKHEHA Ha B-oarptene
(rpossramm A), surasux O, saManess medepy,
JUKONER, CYBE METEDUH, 63 AXTONRIAAN.

Pazesesn <& TpH JBBHE  CRATKE  THISPRE
aopar w2 CMY, TMY, ToMY w Ph capsicl, fes
gwroumian  of Yot wanmma. Tinogoswre e oo
posmaxka Goja 80 rexamukars speaocr L4 - veuno
sepeng, L16 =  ORalR~  coperso  zessny. Bo
HUPAHAEYEATE PEROCT nuasuoswre op OXalR o
NOUTORANOBH, 2 onue op L4 um LIS co upeenn
Kongseornoro ua parasudorr C o nuroses g8 Lioy
HaMareReTe wiekepn ¥ aukones Kaj L14 ce nosmcoKn
CTIROIRY ®R} CTRIOADAHNTE cOpTH. BpemmocTHTS Ha
OPAOCTRHATHTS  XaPaKTePHOTHEM 0 Npulamess
egvaxsy.  Compsyara  wa  B-carolene  ®af
soproxanosrTe maogor ox OKaR n OKal e
ApuBTEARC  TPF  DATH  NOBHOOKE  OTKOAKY B0
HEBLANTE BIOROBR OFf CTAHAPIHITE COPTH,

Core ApaMM CC WOTONHY 38 DANO H DPEENO DRRO
fACES ONEISAYBAES ¥ MOXKS 4 ©8 XKODHCTaT
SPHKACHD 32 NPORIROACTRO K HRNL[KS,

Kroywaw sGoposn: CreTka manspra, OTHOPHOCT HA
woMoneke  Sonsorw, o3 anroumiam,  xpamiugs
ERRHNOCT, NOPTORATORY B UPESHY INON0eH

oppartanity to preserve ganetic diversity and evade
dangerpus genctic srosion in the comext of the existing
segtnction of vanation of plant species and varisties, All
Buigarian pepper cultivars sie swsceptible o OMV,
tobamnovireses sod Ph capsie?d which caige the most
cconomically  important discases of pepper  crops,
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HOBU JAHHM BBPXY ETHOJIOT'UATA HA BAJIKAHCKATA EHAEMUYHA
HE®POITATHUA

Mapus E. KpscteBa u Enena U. ['eopruesa

WucTutyT o I'enetnka “ Akan. J[. Kocros”, bearapcka Akanemus Ha Haykure, “IltoBauBcko moce”
13-tu kM., 1113 Codus

NEW DATA ON THE ETIOLOGY OF THE BALKAN ENDEMIC NEPHROPATHY
MariaE. Krastevaand Elenal. Georgieva

Institute of Genetics“Acad. D. Kostoff”, Bulgarian Academy of Sciences, “Plovdivsko shose* 13 km,
1113 Sofia

Abstract

The Balkan Endemic Nephropathy (BEN) is a severe familiar disease that is spread only in restricted
areas of the Balkans. Approximately 30-48 % of BEN patients develop uroepithelial tumors. The
etiology of the disease has not been disclosed so far. One of the reasons for the inherited cancer
predisposition could be the incidence of mutations in p53 tumor suppressor gene. P53 gene mutations
have been registered in about half of the studied human neoplasms.

The results here-reported concern screening of 90 Bulgarian BEN patients for the presence of p53
gene mutations by optimized PCR-SSCP analysis. Blood samples of the patients are analyzed. Until
now, 18 mutations in four studied p53 exons have been registered. Up to date, no data on the
frequency of p53 mutations in BEN patients have been reported. The presence of p53 mutations in
blood samples of the patients presumes that they are germline in character. The DNA fragments with
p53 mutations were cloned in pMOSBIue vector and will be sequenced for determination of the type
of mutations. The results here-obtained give us reasons to presume that the mutational p53 status is
one of the factors, which determine the genetic predisposition for the development of uroepithelial
tumors in BEN patients and could find implications for prophylaxes, early detection and therapy of
the disease.

Key words: p53, PCR-SSCP, BEN, carcinogenesis

Pe3iome

bankanckara Ennemununa Hedpponatus (BEH) e Texko ¢ammiHo 3abonsiBaHe, KOETO ce cpelia B
orpaHuveHH paiionn Ha bearapus, Pympausa, XepBarcko, Cepoust, bocra u Xeprerosunaa. Oxomno 30-
48 % ot naruentute ¢ BEH paspuBar ypoenutennu Tymopu. ETnonorusata Ha 3a00/151BAaHETO 10 TO3H
MOMEHT He € wu3sicHeHa. EjHa OT mNpUYMHUTE 3a YHACIENEHOTO TMPEapasNoioKEeHUE KbM
TyMOpooOpa3yBaHe OM Morjia Aa Oble BB3HMKBAHETO Ha MyTaluu B p53 TyMOp-CympecopHHs TeH.
Mytamuun B p53 reHa (mpeauMHO 0a30BM CYOCTHUTYIHMH) ca ycTaHoBeHH B okoino 50% ot
W3CNE/IBAHUTE HEOIUIa3uM MpH YoBeka. MyTaHTHUSAT p53 craryc Kopeiampa C I0-arpeCHBHO
MOBEJICHUE Ha TYMOPa U JIOLIa IPOTHO3a.

Upes ontummsupan PCR-SSCP ananus, 3a Hanmuune Ha pS3 myrarmu, Oerre ckpuHupana rpyma ot 90
nanuenta ¢ BEH or Tpu engemuuHu cena BbB Bpaudancko. M3cienBaHusATa ca NPOBEIAEHU BBPXY
KpBbBHHU TpoOu. J[o TO3u MOMEHT ca ycTaHOBeHH oOmo 18 myrammu B yeTwpu wuscieiBaHu p53
ex3oHa. ToBa ca mppBUTE AaHHU 3a pS3 Myrtanuu npu nanuedTn ¢ BEH. Hammuuero va p53 myramnmm
B KpPBbBHHU IIpoOU mpexarionara, uye e umar repmusatuser xapakrep. JJIHK ¢parmenture ¢ myranuu ca
kionupanu B PMOSBIlue BekTop u 11e ObaT CEKBEHUPAHH 32 YCTAHOBSIBAHE HA TUIIA HA MYTal[HUTE.
[Tony4yeHnuTe pe3ynTaTu HU JaBaT OCHOBAaHHUE Ja MPEION0KUM, Ye MyTaHTHUAT pS3 cTaryc e enuH OT
(baxTopuTe, ONpeneNaiy reHeTHYHATa PEIUCIIO3UINA 32 PA3BUTHETO HA YPOCHIHUTEIHN TyMOPHU NIPH
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KIMHUKO-ITATOJIOTI'NMYHO ITPOYYBAHE HA BJIMAHUETO HA MYTALIMU B
TYMOPHO CYIIPECOPHMUS I'EH P53 TPU ®PAMUJIHO OBPEMEHEHU MAOUEHTU C
PAK HA MJIEUHATA KJIE3A

Cgetina I'. Anrenosa, Credan C. boxxanos, san I'. 'aBpmtos* , Mapus b. Hadera, Enena U.
I'eopruesa.

Wnctutyt no reneruxa “ Axaz. Jl. Kocros”, bearapcka Akanemus Ha Haykute, “Ilnosnuscko moce”
13-tu kM., 1113 Codus

*CBAJIO-EA/L, yn. “IInosauBcko mose” Ne6, 1756 Codus

CLINICO-PATHOLOGICAL STUDY ON THE INFLUENCE OF MUTATIONSIN TUMOR
SUPPRESSOR GENE P53 IN PATIENTSWITH BREAST CANCER AND POSITIVE
FAMILY HISTORY

SvetlaG. Angelova, Stefan S. Bozhanov, Ivan G. Gavrilov*, Maria B. Nacheva, Elenal. Georgieva.
Institute of Genetics, Bulgarian Academy of Sciences, “Plovdivsko shose” 13 km, 1113 Sofia
*NOC “Plovdivsko pole’ Ne6, 1756 Sofia

Abstract

Our current research includes 97 patients who went through breast cancer operation. The aimis to
find out the relationship between the frequency of mutations in p53 gene, clinico-pathological
progress of the disease and its prognosis. By means of high sensitive PCR-SSCP analysis of DNA,
isolated from tumor tissues, 6 exons of the p53 gene were screened. Mutations were found in 23
women (23.71%). The patients were divided into two groups: A - with mutated p53 and B - with
normally functioning p53 gene. We compared morphological and clinical-pathological
characteristics such as age, histological variant of the tumor, differentiation rate, nodal status,
clinical stage, ER- status and applied adjuvant or nonadjuvant therapy. Satistical differences
dependent on the presence or the absence of p53 mutations was observed regarding: average age,
positive lymphatic nodules and grade of malignancy for G3 and ER- status. In group A the diseaseis
more aggressive which imposes a complex pre- and post- operative treatment. On the basis of the
obtained results we couldn't find consistent data showing some connection between mutations in p53
and histopathological variant.

Key words: p53, mutation, PCR_SSCP, breast cancer, tumor suppressor gene

BBBEJAEHUE

PaxbT Ha MieuHara Jie3a (PMIK) 3aema BaKHO MSICTO B ChbBPEMEHHATA OHKOJIOTHS U MPEICTABIISIBA
CEpPHO3CH JIUArHOCTUYCH, TEPalleBTUUEH M MPOTHOCTHYECH MpoOieMm. Toil € Hal-4ecTo CPEeIraHoTo
3JI0KQYECTBEHO 3a00JIsIBAHE TIPU KEHUTE B CBETOBEH Mamad. B brirapus roaumniso 3a00iisBaT 0KOJIO
3100 >xenn n npudmmsnTenHo 1300 ymupar ot pak Ha MiedHaTa xJie3a. Ciopen CBeToBHara 31paBHa
Opranuzanus 1JIaBHa IPUYAHA 32 CMBPTHOCTTA TIPU JKEHUTE B CPEIHA BB3PACT € TOBA OHKOJIOTHYHO
HOBoOOpasyBanue [1]. PakbT Ha Mie4yHaTta jkje3a Ce OTHACS KBbM CKPUTO MPOTHYANINTE U OBP30
pa3BHBaIM ce 3a0OJsABaHUS, MM CBOWCTBOTO OBP30 Ja Mporpecupar Moj BIWSHHEC HA MHOTO
CHJIOTEHHW W €K30TeHHHW (akTopu. MHOTOCTBIIATHATE MOJICIM HAa KaHIIEpOTeHe3aTa MpearoiaraT
peanna reHCTUYHU HIPOMCHH, CBBpP3aHU C AKTHUBUPAHE HAa IHNPOTOOHKOICHUTC, MHAKTUBHUPAHC Ha
TymopHO cynpecopuu rean (TCT), KakTo W MyTalMul B KIIOYOBH 3a peryjanusiTa TeHH U TEXHHUTE
OCITHYHU TPOJYKTH.
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MMUKPOPA3MHOXABAHE IN VITROHA SIDERITISSCARDICA GRISEB
Benemun Xp. Iletkos, Jlugus A. lllepesa, JIro6a H. EsctatrneBa* u Enena U. ['eopruesa

Wucturyt no reneruka “ Akan. J[. Kocror”, bearapcka Akanemus Ha Haykute; 1113 Codus,
bovarapus

*Wuctutyt o 6oranmnka, benrapcka Axagemus Ha Haykute; 1113 Codwus, brirapus
MICROPROPAGATION IN VITRO OF SIDERITIS SCARDICA GRISEB
Venelin H. Petkov, Lydia A. Shtereva, Lyuba N. Evstatieva*, Elenal. Georgieva
Institute of Genetics“Akad. D. Kostoff”, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
*|nstitute of Botany, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Abstract

Sderitis scadica Griseb. is Bolkan endemic plant. The speciesisincluded in the Red Book of Bulgaria
and in the register of the plants saved by the low. Currently, Sderitis scardica is used in Bulgarian
folk medicine as antioxidant, antibacterial and antiinflammatory drug. It has wide ecological
plasticity and difficult breeding in the nature by seeds (1). In the natural locations the seeds show
very low germination activity approx. 5% (2).

The aim of our study, represented herewith, is to develop an approach for in vitro micropropagation,
adaptation and cultivation in natural conditions of the above mentioned medicinal plant.

By examination of different mediums we have established the most advantageous conditions for in
vitro micropropagation of Sderitis scadica Griseb.

Key words: Sderitis scardica Griseb., micropropagation, in vitro

Usnonzeanu cvkpawenus: BAIl — 6-6emsunamunonyput, 2,4-D-nuxnopheHOKCHOIETHA KHCETHHA,
NOK-unnomunouerna xucenmuHa, AHO-o-sadtunonerHa kucenuna, WMK-ungonunmacnena
kucennna, GAz-rudepennnoBa kucenuna, HOK-nadruionerHa kucenuna, MS — ocHoBHa cpena 1o
Murashige and Skoog, G;-cpema 3a mokbiaBane, Di-cpema 3a kamycorenes, R; m Ro-cpemm 3a
perenepanus, K1,K,,K3,K4,Ks-cpenn 3a BkopensiBane

BnBeaenue:

Pon Sderitis (cem. Lamiaceae) BxmrouBa okomo 140 Buaa W € ChCTaBEH OT EIHOTOIHUINHHN H
MHOTOTOJIMIIIHA TPEBU W XPACTH, IIUPOKO Pa3MpOCTPaHEHU MpeauMHO B Cpenn3eMHOMOPCKUS
peruon. Te 0OMKHOBEHO 0OHUTAaBAT CYXH, CKaJIMCTH U CIIbHUEBH MecTa (3, 4).

Bumosere or poxm SderitiS mmar aHTHOKCHIAHTHO, MPOTHBOBBL3MAIMTEIIHO, AHTHUMHKPOOHO U
OaKTEepUIUIHO JACHCTBHE M CE W3MOJ3BAT IIMPOKO B HAPOJHATA MEIHUIIMHA HA CTPAaHU Karo McmaHus
(5. 6), Typuus (7, 8), I'sprrust (9) u brirapust (1).

Ipe3 mocneHUTE TOAWMHU HAKOIKO BHAA OT pox Sderitis 6sxa mmpoko uscieaBanu ¢ GUTOXUMUYHA
u ¢apmakogorndau Metoan. OCHOBHHTE BTOPHYHHM TPOAYKTH, WHTEPECHH 3a MEAWIIMHATA, Cca
eTepUYHHUTE Macia, auTeprenute u paaBonouaure (10).

Erepuunure macna Ha SderitiS ca chcpeoTOYEHH OCHOBHO B JKJIC3UCTUTE KJICTKU Ha BIACHHKHTE,
KaTo TAXHOTO KOJMYECTBO M KA4eCTBO Bapupa B 3aBUCHMOCT OT BHJA, aHAIU3UPAHUTE OpPTaHU HIIH
ThKaHU M MSCTOTO W ce30Ha Ha chOupane (11, 12, 13. 14, 15,16). [IpunoxkeHuero Ha (GIaBOHOHIH
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