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ABSTRACT

The various mechanisms that are involved in the transcriptional activation of
eukaryotic genes have been reviewed. These include changes at the level of the
chromatin structure of a gene and factors involved in the actual transcription of the
gene. The events that control the activation of the chicken globin gene during
embryonic development have been discussed.

INTRODUCTION

THE signals that regulate gene activity in
eukaryotes are far more complex and
varied than in prokaryotes, thus allowing a
precise control of gene expression in develop-
ment, differentiation and metabolism. Part of
this complexity arises from the fact that the
amount of DNA in a eukaryotic cell is about
three orders of magnitude greater than in a
bacterial cell. This DNA is highly compacted
by interaction with proteins to form chromatin.
This tight compaction of the DNA makes it
largely inaccessible for transcription. Hence at
any particular time only a small portion of the
chromatin (10-20%) is less condensed and
available for transcription. As gene regulation
is a highly selective phenomenon, the process
of conversion of chromatin from a highly
condensed, inactive state to a transcriptionally
active state must occur in a controlled manner.
Considerable experimental evidence suggests
that two different kinds of mechanisms are
involved in the transcriptional activation of a
gene. One mechanism operates to make 2a
selected set of genes accessible for transcrip-
tion. This involves substantial changes in chro-
matin structure and composition, leading to an
‘active’ chromatin configuration. A second
mechanism allows the actual transcription of a

Abbreviations: bp: basepairs; kb: kilobasepairs

gene from the active chromatin template by
RNA polymerase and associated factors. At
present, more is known about the second
mechanism than about the first, as studies on
the latter have been largely limited to a
description of the structural differences be-
tween inactive and active chromatin due to the
considerable technical difficulties involved in
working with chromatin. Hence the more
difficult question of how these changes are
regulated has yet to be answered in a meaning-
ful way.

In this article, we firstly discuss the current
findings on the activation of chromatin. This
will include a brief summary of chromatin
structure, followed by a detailed analysis of
active chromatin in terms of its nuclease
sensitivity, modifications in DNA composition
and structure, modifications in protein com-
position, and nucleosome positioning. Second-
ly, the mechanism of actual transcription of a
gene is discussed. This will be followed by a
summary of the recent information on regula-
tory proteins that control either the activation
of chromatin of specific genes or their subse-
quent transcription. Finally, the question of
how the entire process of transcriptional
activation of a gene may be regulated during
embryonic development is approached by dis-
cussing the available evidence on the globin
gene. The present article will be limited to a
study of animal systems, as these have been
more thoroughly investigated.
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ACTIVATION OF CHROMATIN

Chromatin structure

The lowest level of DNA coiling in chroma-
tin is the nucleosome, a repeating subunit
comprised of a nucleosome ‘core’ particle of
approximately 166 bp of double-stranded B-
form DNA wrapped into two left-handed
super-helical turns around the outside of an
octamer of histone proteins'. Nucleosomes are
arranged into a 10 nm chromatin fibre as
‘beads-on-a-string’ with 0-80 bp of linker
DNA between core particles. Nucleosomes are
present on both transcriptionally active and
mactive chromatin, but may undergo changes
during conversion of one to the other, as
discussed in the next section. The bulk of
chromatin in vivo, especially the inactive chro-
matin, consists of 30 nm thick fibres. These
result from the winding of the 10 nm fibre into
a ‘solenoid’ with approximately six nucleo-
somes per turn, requiring histone H1 for its
stabilization. It is postulated that the 30 nm
fibre becomes unfolded in vivo when a gene
becomes transcriptionally active. Direct evi-
dence for this is based on the sedimentation
rates of active and inactive globin gene frag-
ments during sucrose density centrifugation?.
The third level of chromatin structure appears
to be the folding of the 30 nm solenoid into
loops or domains of chromatin containing
35-100 kb of DNA”. As with lower levels of
chromatin organization, chromatin domains
also appear to be dynamic structures and may
be related to units of transcription or units of
replication.

Active chromatin

(a) Nuclease digestion studies: The chromatin
of active genes is functionally defined by its
increased susceptibility to various endonuc-
leases as compared to the chromatin of inactive
genes. The most commonly used endonuclease
in chromatin studies is pancreatic DNase 1.
Micrococcal nuclease and spleen DNase Il
have been used to a lesser extent. Typical

expenimental procedures involve controlled
digestion of nucler by DNase I, followed by
isolation of total DNA and probing with
specific genes by Southern hybridization proce-
dures. Weintraub and Groudine* were the first
to show that the globin gene is preferentially
sensitive to digestion by DNase 1 in chicken
erythrocyte nucler whereas the same gene is
resistant to the enzyme in oviduct nuclei,
where it is inactive. On the other hand, the
ovalbumin gene 1s preferentially sensitive mn
chicken oviduct but not in red blood cells.
Subsequent studies with several genes have
shown that the enhanced DNase I sensitivity of
an active gene correlates with the tissue in
which the gene is normally expressed’.

A second type of nuclease sensitivity is seen
at the 5’ or 3’ ends of most active or potentially
active genes, also in a tissue-specific manner.
These DNase 1 hypersensitive sites are ten
times more sensitive to DNase I than the
corresponding coding regions. For the chick a-
and B-globin genes and certain genes In the
early embryonic stages of Drosophila, the 5’
hypersensitive sites are extremely stable and
once established, are propagated to daughter
cells in the absence of transcription. On the
other hand, for several genes such as the sea
urchin embryonic histone genes and chick
vitellogenin genes, these sites disappear after
transcription has ceased. Although the struc-
ture or precise function of nuclease sensitive
sites has not been firmly established, the
hypersensitive sites appear to represent small
stretches of control regions of DNA which can
interact with regulatory molecules (proteins).
Appearance of hypersensitive sites has been
correlated with gene activity for several genes
such as the herpes simplex viral thymidine
kinase gene, mouse metallothionein I gene and
Drosophila glue gene. In the last example,
elegant studies on the Sgs 4 glue gene have
demonstrated that certain Drosophila mutants
which underproduce the glue protein dunng
embryonic development have deletions in 5’
sequences and a loss in DNase I hypersensitive
sites.
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The molecular basis for the nuclease sensi-
tivity of chromatin is not clear. Earlier electron
microscopic studies had demonstrated the ab-
sence of regular nucleosomes on the highly
active and nuclease sensitive nbosomal genes,
suggesting that nuclease sensitivity might be
due to the absence of nucleosomes on other
genes also°. However, it is now evident that
active non-rtbosomal genes do have nucleo-
somes, although these may be 1n an altered
form. Apparently, the DNA associated with
nucleosomes 15 accessible to other molecules
such as nucleases and polymerases as it 18
wrapped around the outside of the nucleo-
some. A further question 1s whether DNase |
sensitivity results solely from the altered con-
formation of individual nucleosomes or also
involves higher order chromatin structure. In
support of the latter, the active ovalbumin
gene 1n chicken oviduct has been shown to
exist in a DNase I sensitive domain approxi-
mately 100 kb in length, which includes non-
transcribed flanking regions also®. In the case
of the a- and +y-globin genes in chicken
erythrocyte nuclei, the flanking 20-50 kb re-
gions are moderately DNase 1 sensitive as
compared to the highly sensitive coding
regions’; again suggesting a more relaxed
higher order structure for active genes. A
recent study using procedures of DNA trans-
tection into cultured mammalian cells has
reported that a unit of three genes (herpes
simplex viral thymidine kinase gene and hu-
man a- and y-globin genes) can integrate into
chromosomes and be coordinately regulated’.
This unit, 20 kb long, behaves as a domain of
chromatin and the entire region adopts either a
DNase I sensitive or insensitive structure de-

pending on culture conditions. Such techniques.

for precisely controlling chromatin structure
and expression of genes in vivo should be of
immense use in the future.

At present, nuclease sensitivity of an active
gene can be correlated with various changes in
the structure and composition of chromatin,
such as undermethylation of the DNA, confor-
mational changes in DNA structure, hyper-

acetylation of histones, and association of
active nucleosomes with certain non-histone
DNA binding proteins of the high mobility

group. These are discussed in the following
sections.

(b) Modifications in DNA composition and
structure: There 1s considerable cvidence that
changes in DNA composition and structure can
be correlated with gene activation. In many
higher eukaryotes, an inverse correlation has
been observed between gene activation and
methylation of cytosine at -CpG- sequences®.
For the active globin, metallothionein, ovalbu-
min, y-crystallin, and various integrated viral
genes, there 1s a tissue-specific pattern of
methylation, with the majonty of undermethy-
lated sites at the 5’ ends of active genes. Direct
transfection of methylated and unmethylated
cloned genes into cultured mammalian celis
has demonstrated that methylated genes (espe-
cially methylated at the 5 end).are not
transcribed, indicating that undermethylation
s a prerequisite for transcription. Under-
methylation of a gene has been correlated with
DNase I sensitivity for several genes. Howev-
er, tn vivo correlations between methylation
and gene 1nactivity are not always absolute (for
example, methylated SV40 and polyoma virus
DNAs and Xenopus ribosomal genes are high-
ly methylated but still active). Part of the
reason s that methylation at only 20~-30% of
the possible ~CpG- sequences can be detected
by endonuclease digestion and Southern hybri-
dization techniques, and important sites of
demethylation may not be detected. Recent
advances 1n genomic sequencing should permit
a more thorough analysis of methylation pat-
terns. It 1s evident, however. that under-
methylation 1s not always sufficient for gene
activation. For example, the globin gene s
undermethylated in placenta and  certain
tumour cell lines but is not actively transcribed.

A possible role for S-methylcytosine 18 to act
as a binding domain for specific regulatory
molecules. Another possibility is that DNA
methylation could stabihze certain alternate
DNA structures. It has been shown that
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methylation of the synthetic polymer, poly
(dG-d(C). can facilitate the transition from B-
to Z-form DNA under physiological
conditions’. The B-Z transition is also accom-
panied by changes in the torsional stress of the
DNA. In prokaryotes, specific proteins,
topoisomerases and DNA gyrase, precisely
control the degree of supercoiling of the DNA,
which in turn controls transcriptional activity.
Although there is no direct evidence for
torsional stress in eukaryotic DNA, 1t is possi-
ble that small stretches of DNA can become
torsionally stressed, at least transiently. Rich
and his colleagues!® have proposed that selec-
tive demethylation of Z-DNA, thereby des-
tabilizing it, would result in torsional stress.
This stress could be overcome by positive
supercoiling, which would result in unwinding
of the double helix at a position removed from
the nitital event,
hypersensitive single-stranded region. There is
indirect evidence for altered DNA structures,
especially single-stranded regions, in the 5’
region of the active human «a- and B-globin
genes, as demonstrated by their susceptibility
to S1 nuclease cleavage!!. There have also
been some suggestions that Z-DNA may play a
positive regulatory role. On the SV40
minichromosome, the sequences that enhance
transcription (‘enhancers’, see next section)
situated upstream of the SV40 onigin of replica-
tion, have the ability to adopt a Z-DNA
conformation. The B-Z junction is more sus-
ceptible to nucleases and this may induce
DNase I hypersensitive sites in the vicinity of
the enhancer sequences.

(c) Modifications in protein composition:
There 1s considerable correlative eviderice for
changes in the protein composition of active
chromatin®. These modifications are chiefly in
histone composition and in the non-histone
high mobility group proteins (HMGs). In
addition, the occurrence of sequence-specific
regulatory proteins has been confirmed in
some systems and these have been characte-
nzed to a hmited extent, as discussed in a later
section.

and vyield a nuclease®

The chemical modifications of histones most
often imphcated in the regulation of transcrip-
tion are poly (ADP)-ribosylation and acetyla-
tion. It is not clear whether poly (ADP)-
ribosylated histones are associated only with
transcriptionally active chromatin but it has
been suggested that the poly (ADP)-ribosyla-

- tion of histones may facilitate transcription by

relaxing chromatin structure and preventing
the formation of higher order configurations.
Acetylation (and hyperacetylation) of histones
can be correlated with active chromatin re-
gions. It has been suggested that neutralization
of the positive change on histones by acetyla-
tion may destabilize the 30 nm chromatin fibre
and facilitate its unwinding. Butyrate can
inhibit histone deacetylase, resulting in histone
hyperacetylation and induction of DNase I
sensitivity. Thus histone hyperacetylation
appears to be a permissive condition for the
acttvation of chromatin. In addition, histones
H2A, H2B and H3 have non-allelic variants
with simple amino acid substitutions. These
variants are conserved in evolution and have
been shown to change precisely during the cell
cycle of mammalian cells and during
embryonic development in the chicken.
Although their function is not known, it is
possible that histone variants are involved in
transcriptional regulation by altering the struc-
ture of nucleosomes. However, their occutr-
ence in active chromatin has not been studied
extensively.

The HMGs are highly conserved DNA-
binding proteins of low molecular weight and
contain ~25% basic and ~30% acidic
residues'®. In studies with chicken erythrocytes
and trout testes, an enrichment of HMGs has
been demonstrated in active chromatin frac-
tions and HMGs have been postulated to
confer DNase I sensitivity on active genes.
Antibodies against HMGs can bind preferen-
tially to active heat shock genes in Drosophila.
However, HMGs are associated with non-
transcribed chromatin regions also. In vitro
HMGs can unwind supercoiled plasmids, par-
tially inhibit histone deacetylases and bind
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preferentially to single-stranded DNA. Their
role in vivo may be to maintain nucleosomes in
an altered configuration in active chromatin.

(d) Nucleosome positioning:Unique position-
ing of nucleosomes at specific sequences could,
in principle, regulate gene activity by controll-
ing exposure of various sequences such as
promoters, enhancers etc to enzymes and
regulatory molecules. Nucleosomes could also
be ‘phased’, that is, regularly placed on a
repeating DNA sequence such as satellite
DNA. On the other hand, such positioning or
phasing may not be necessary, as the DNA
wound around nucleosomes appears to be
reasonably accessible to macromolecules. The
location of nucleosomes with respect to DNA
sequence depends on the enhanced cleavage by
enzymes or chemicals at nucleosome-free re-
gions of chromatin. However, since most
reagents also have a certain degree of sequence
specificity, there 1s conflicting data in the area.
Most studies have concentrated on the highly
repetitive a-satellite DNA in African green
monkey cells, where the finding of a unique
restriction site within micrococcal nuclease-
cleaved chromatin subunits was interpreted to
mean that the nucleosomes were in one de-
fined location of the repeat unit of the satellite
DNA"°. However, additional data have sug-
gested that micrococcal nuclease has preferen-
tial cutting sites on DNA. At best there may be
a small number of phased nucleosomes super-
imposed on a largely random nucleosome
positionmng. There are similar uncertainties on
nucleosome positioning in protein-coding
genes and 3s TDNA genes. It is clear that better
analytical techniques are required before this
1ssue can be resolved.

MECHANISM OF GENE TRANSCRIPTION

The active chromatin configuration of a gence
gives it the potential for being transcribed by
RNA polymerase and associated factors. Eu-
karyotic RNA polymerases can be divided into
three classes: polymerase I transcribes 28s and
18 rDNA genes, polymerase Il transcribes

protein-coding genes and polymerase III trans-
cribes 53 tDNA and tDNA genes. For poly-
merase lII promoters, sequences in the middle
of the coding regions are required for the
transcription of 5s rDNA genes (see next
section) whereas sequences at both the 5’ and
3" ends of tDNA genes are essential for
transcription'®. The 5’ ends of genes trans-
cribed by RNA polymerase II contain several
promoter-like sequences’®. About 30 nuc-
leotides upstream from the transcription initia-
tion site is a short AT-rich nucleotide sequence
often called the TATA box. Most evidence
indicates that the TATA box determines the
specific site of initiation of transcription in
vivo, but not the efficiency of initiation (as
initiation from aberrant sites can occur in
vivo). However, it appears to be essential for
in vitro transcription, as its elimination (or
conversion to TAGA) drastically reduces in-
itiation of transcription in the chicken conalbu-
min and ovalbumin genes and the B-globin
gene. Several genes also have a CAAT sequ-
ence about 80 nucleotides from the transcrip-
tion intiation site as well as GC-rich sequences
flanking the CAAT sequence, both of which
can modulate the rate of transcription. Pro-
teins that specifically bind to the TATA box
have been identified in Drosophila and Hela
cells. Specific proteins that bind to the GC and
CAAT boxes have also been identified. Pro-
tein SP1 binds to the GC box at the 5’ ends of
several genes and enhances transcription 10-50
fold. These factors probably form a complex
with promoter sequences prior to initiation and
may assist in the recognition of promoter
sequences by RNA polymerase II. Control of
the rate of transcription initiation is one way by
which the expression of genes can be vaned.

Recently, sequences have been described
that can enhance transcription up to 200-fold,
called enhancers’. These were first discovered
in the 5’ ends of the SV40 early region genes as
a 72 bp direct repeat, which was essential for
transcription of the viral early genes and could
enhance transcription of heterologous genes
such as the cloned B-globin gene about 2(X)-
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fold. The enhancer was effective either up-
stream or downstream of the gene at distances
of several kb and in either orientation. Enhan-
cers have been detected in several DNA
viruses and retroviruses. They apparently con-
tain or are close to DNase I hypersensitive sites
and may adopt altered DNA structures as seen
in an earlier section. Putative eukaryotic en-
hancers have been identified in the immuno-
globulin, insulin and chymotrypsin genes.
These enhancers appear to be active only in the
tissues which express these genes. Since the
enhancer sequences themselves are present in
all tissues, 1t i1s most likely that the enhancers
are interacting with tissue-specific regulatory
factors to enhance the transcription of specific
genes. Different enhancers do not appear to
have sequence homology to each other.
However, cellular enhancers can enhance
transcription of heterologous genes on plas-
mids if injected into cells containing regulatory
factors specific for the particular enhancers.
Recent studies on regulatory factors are discus-
sed below.

PROTEINS THAT REGULATE SPECIFIC

GENES

The information available on sequence-spe-
cific regulatory proteins in eukaryotes is rather
iimited. In most cases where such proteins
have been detected, details of their mode of
action are not available due to technical
difficulties in the 1solation and assay of mole-
cules present 1n very low concentrations. A
well-charactenized regulatory protein is the
TFII1A protein (MW 37.,000) from Xenopus
oocytes that binds to the intragenic regulatory
sequence of the 5s IDNA genes and appears to
act as a positive control molecule in the
formation of a stable ‘imtiation complex’.
TFII1A is also required for the reconstitution
of transcriptionally active 5s IDNA chromatin
in vitro™. Using highly sensitive techniques of
detection, a protein has been identified in
Drosophila which activates transcription from
the heat shock genes by binding to a site
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approximately 100 bp upstream of the trans-
cription initiation site'®. This protein is present
only 1n heat-shocked Drosophila cells and not
in non-mduced cells. Proteins that bind selec-
tively to the chicken g-globin gene have been
1Isolated from chicken erythrocyte nuclei.
These factors can confer a pattern of DNase |
hypersensitivity in the 5’ region of the cloned
B-globin gene which is identical to that found
in vivo, indicating that these factors are found
on the transcriptionally active B8-globin gene in
vivo'’. Two different_ hypersensitive regions
appear to bind different components of the
isolated factors. Such a complexity of interact-
ing factors 1s also seen in the mating type locus
of yeast, the MAT locus. In this instance, the
inactive loci, termed HML, are repressed by at
least four factors collectively termed SIR'S
Sequence-specific regulatory proteins have
been identified in various viruses®. A complex
of proteins known to bind steroid hormones,
binds to enhancer sequences in the LTR of
mouse mammary tumour virus. The SV40
large T antigen binds to specific sequences in
the viral origin region and represses early gene
transcription (and activates replication). Ana-
logous examples are the polyoma T antigen
and the adenovirus DNA binding protein.

A diagrammatic representation of inactive
and active chromatin domains of structural
genes 18 shown 1n figure 1.

ACTIVATION OF THE GLOBIN GENE
DURING EMBRYONIC DEVELOPMENT

Dunng early development in most verte-
brates, a fetal type of haemoglobin molecule 15
produced by the circulating red blood celis.
which eventually switches to adult haemo-
globin as development proceeds. Fetal
haemoglobin 1s produced n ‘primitive’ red
cells which also show other embryonic mar-
kers. This line of cells then gives rise to the
adult ‘definitive’ line of adult red cells which
produce adult haemoglobin and other adult
markers. Weintraub and coworkers’” have
carried out a detailed study of the activation of

the fetal and adult globin genes during erythro-
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Figure 1. Diagrammatic representation ot inactive
and active chromatin domains. A. Inactive chroma-
tin: condensed 30 nm ‘solenoid’ with six nucleo-
somes per turn. B. Active chromatin: relaxed
chromatin domain for three difterent structural

genes; ——_— coding sequences; Mwwwwv 5’
promoter region with altered DNA structure and
methylation levels; O RNA polymerase 11; ¥, W,
factors associated with RNA polymerase I1;8, ¢, %
gene-specific regulatory factors; ‘H’ DNase 1
hypersensitive sites.

poiesis in the chicken and have been able to
provide some insight into how these events

may be regulated. Gene activation has been
monitored by sensitivity of the gene II DNase I.

The expression of the gene has been de-
termined by assaying for globin transcripts.
In fetal red cells, both adult and fetal 8-globin
genes are very sensitive to DNase I although
only the fetal gene is transcribed. In adult
lines, the fetal B-globin gene becomes relative-
ly more resistant (and transcriptionally inac-
tive) but the adult gene remains highly sensi-
tive. Both genes are insensitive to DNase | in
other tissues such as brain and lymphoid cells.
These results imply that during the switch from
the primitive to definitive line, the fetal gene
chromatin 1s altered in some way to make 1t
less accessible to DNase I. There 1s suggestive
evidence that this switch 1s regulated by DNA
sequences flanking the fetal gene, since these
sequences are deleted in the disease ‘pancellu-
lar hereditary persistence of fetal haemoglobin’
wherein most adult red cells continue to
produce fetal haemoglobin.

The above results demonstrate that the adult
globin gene has already become ‘committed’ to
activation in the fetal cells. Thus an altered
chromatin configuration clearly precedes trans-
cription of the gene. These changes in the adult
gene chromatin occur very early in develop-
ment. The adult and fetal gene chromatin is
insensitive to DNase 1 in primitive red cell
precursors at 20-23 hr of development but
becomes sensitive by 35 hr of development i.e.
after at least one round of DNA replication’.
Studies with inhibitors of replication indicate
that replication is absolutely required for
changes in chromatin structure to occur. This
may reflect the necessity to restructure an
active chromosome configuration, either by
removing methylated DNA or by allowing
different DNA binding proteins to associate
with these genes. Weintraub er al suggest that
the DNase sensitivity of the globin genes is
partly a consequence of their association with
HMGs 14 and 17.

An mportant guestion in the regulation of
gene activation i1s whether the various struc-
tural changes that occur in the conversion to
active chromatin are obligatorily related or
independently established. To answer this re-
quires a synchronized population of celis which
can be manipulated to turn on/off a defined
pattern of genes. Precursor red cells are an
inappropriate choice as the transition from
inactive to active globin chromatin in these
cells occurs asynchronously and rapidly. Wein-
traub et al*' have analyzed erythroblast cell
lines transformed by a temperature-sensitive
avian erythroblastosis retrovirus which bears a
temperature-sensitive lesion in the transform-
ing gene erb. These cells are similar to normal
immature red cells that are arrested in a
particular stage of development. The cell line
used in this particular study did not produce
haemoglobin at the permssive temperature
(36°C) but began to make haemoglobin at 42°C
when the transforming gene was inactive.
Different clones of this line were found to have
acquired various changes at the globin locus.
One clone had acquired DNase 1 hypersensi-
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tive sites (at 36°C) foliowed by DNA under-
methylation near the 5’ end of the adult S8-
globin gene (at 42°C). However, in the same
clone and another clone for the a-globin gene,
undermethylation appeared to be an early
marker and occurred at 36°C. For both a-and
B-globin genes, binding of HMGs occurred
only when the genes were transcribed (i.e. at
42°C). It appears that multiple, independent
events are required for establishing the vanous
features of tully active chromatin, which are
not obligatonly hnked to each other. Thus
activities from different genes (regulatory) may
be required for each structural change in active
chromatin.

CONCLUSIONS

In this article, we have reviewed the current
status on the mechanisms involved in the
transcriptional activation of eukaryotic genes.
Emphasis has been placed on the changes that
occur 1nitially to open up or ‘activate’ a specific
region of chromatin, which may be considered
‘gene commitment’, since this would be the
focal point of regulation during cell differentia-
tion. However, it is evident that there is a
certain degree of overlap between factors
involved in chromatin activation and the actual
transcription of the gene, such as DNase I
hypersensitive sites. Recent information has
been included on proteins that regulate specific
genes, which is an area of intense research at
present. In order to illustrate the complexity of
gene regulation during embryonic develop-
ment, we have discussed the regulation of the
chicken embryonic and adult globin genes. The
chief conclusions that emerge from these stu-
dies are that chromatin activation clearly pre-
cedes transcription of a gene; that DNA
replication is essential before an active chro-
matin configuration can be established; and
that the vanious changes in DNA and proteins
that occur during chromatin activation appear
to be independent events, not obligatorily
related to each other. It is evident that these
are preliminary findings and more work re-

quires to be done in this area before a
meanmingtul model can be established. Analy-
tical tools such as better assays for detection of
small quantittes of regulatory proteins and
transfection of defined sets of genes into
cultured cells should definitely prove to be of
tremendous potential for the study of chroma-
tin structure and gene regulation.
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ANNOUNCEMENTS

EISENHOWER FELLOWSHIP

The Eisenhower Fellowship has been instituted in
the honour of Dwight David Eisenhower for his
contribution to humanity as a soldier, statesman and
leader. The Fellowships provide each feliow twelve
weeks of closely scheduled professional consult-
ations, visits, conferences and social activities
throughout the United States, during March
through May 1987. The program is aimed at

enhancing the professional capabilities of leaders

from many nations and also fostering understanding
through international fellowships.

‘Dr R. Sarin, Scientist and Head, Basic Research
and Traming Division of the National Environmen-
tal Engineenng Research Institute, Nagpur has been
awarded the Eisenhower Fellowship.

This i1s the first time that an Indian has been
awarded this prestigious and distinguished fel-
lowship, instituted by the Eisenhower Fellowship
Incorporated, USA. Mrs. Shobha Sarin, wife of Dr
Sarin has also been invited by the Eisenhower
Exchange Fellowships Inc., to accompany Dr Sarin
during his tenure; during March-May 1987,

TRAINING COURSES AT THE STRUCTURAL ENGINEERING RESEARCH CENTRE, MADRAS

The following three training courses will be con-
ducted at the Structurai Engineering Research Cen-
tre, Taramani, Madras: 1. Course on Dynamics of
Civil Engineering Structures will be held during
January 19-23, 1987; 2. Course on Mass-produced
Precast Concerte Components will be held dunng
January 27-30, 1987; 3. Course on Applications of
Experimental Mechanics Technigues to Industnal
Problems will be held during February 2-6, 1987.

The venue for all the courses 1s the Lecture Hall of
the CSIR Campus, Taramani, Madras.

Further particulars about the above three courses
may be had from Dr P. Snnivasulu, Shn V. S.
Parameswaran and Dr R. Narayanan, respectively

of The Structural Engineering Research Centre,
CSIR Campus, Taramani, Madras 600 113.

PROFESSOR HIRA LAL CHAKRAVARTY AWARDS

Professor Hira Lal Chakravarty Awards, insts-
tuted in 1984, are intended to honour talented
young scientists doing significant researches 1n
botany within the country. There are two awards
given annually, each carrying a sum of Rs. 4,000/-
and a certificate. The scientists eligible for consid-
eration of this award must have a Ph.D. degree In
any branch of botany — either pure or applied. The

awards are given on original independent published
work carried out in India within three years prior to
the award. The presentation of awards to- the
recipients are made during the inaugural function of
the Indhan Science Congress. Last date of submutting
application for the awards is July 15, of each year.
Further details may be had from: The Secretary,
14, Dr Biresh Guha Street, Calcutta 700 017.
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