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[ HE Green Revolution of the 1970s had brought for Indic security "
on food front, but at the cost of agricultural ecosystemn. There has
peen gualitative and guantiiative degradation of land, water

and bioresources, The fertile land has become uncullivable due

fo water logging and salinization. Environmental security is,
therefore, no longer peripheral to the issue of food and nutritional
security, Environmental access to food can be best realized by
resorting o organic farming, the principal components of which
should be integrated. The work being persued at the National
Botanical Research Instifute (NBRI), Lucknow, on biofertilizer and
biopesticide developmentis an important step in this direction.
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Incculation of seeds or soil with
beneficial microorganisms for crop
improvement has been practised for
decades. However, a major factor
coming in the way of the successful
commercialization of bicinoculants
was inconsistency of field test results
and quality of product(s) after com-
mazrcialization. The  establishment
and performance of these are se-
verely affected by environmental fac-
tors, especially under  stress
conditions encountered in soil, e.g.,
salt, pH, and temperature. There-
fore, it is desirable to provide stress
tolerant bacteria as inoculants. At
MERI, Dr Shekhar Mautiyal's group
has tried to overcomne these chal-
lenges by a focused approach to en-
sure that technology developed for
the purpose is scieptil’ically,.r sound,
gasy to use, and proven to deliver
consistent and valuable product.
Work on the development of the
technologies was initiated at MBRI
when the Director General-CSIR's
Special grant was sanctioned to Dr
MNautiyal in 1995, Since then NERI
has cbtained and filed several pat-
ents for the technclogy developed
using novel plant growth promoting
bactetia namely Pseudomonas, Ba-
ciflus and Rhizebivm. The products
thus developed have the potential to
contral phytopathogenic fungi; pro-
mote plant growth; improve toler-
ance for abiotic stresses; and
solubilize phosphate even under abi-
otic stress conditions. The products
are useful as plant growth enhancers
and biopesticides for seed, soil and
foliar applications.

The Pseudomonas based tech-
nology was successfully transferred
to a leading biotechnology company
ME! International, USA in 2000, On
30 August 2004 NERI's Microbial In-
oculant Technology consisting of Ba-
cilfus has been transferred to Biotech
International Ltd. (BIL), New Delhi, irv
the presence of Or R. A, Mashelkar,
DG-CSIR, for commercial exploita-
tion. BIL is the largest Indian bictech-
nology company in private sector,

New Projects undertuken/completed by CRRI

HE new projects undertaken and those completed at the Central Road
Research Institute (CRRI), New Delhi, in the recent past include :

e Evaluation of DAMA for design of porous asphalt mixes sponsored by
Wooil Development P, Ltd;

» |nvestigation for design of flexible pavements of approach road of BFCL
LPG bottling plant, Kanpur;

1 ® Quality assurance of strengthening works of Shankar Road from round-

about Vande Matram (Ring Road) to roundabout Patel Road in Karol
Bagh, New Delhi;

& Third party quality assurance for road no. 32 connecting Clock Tower to
Jail Hoad in Hari Nagar, New Delhi;

e Quality assurance of road works along grade separator to Najatgarh Road
and Patel Road intersection near Moti Nagar in Mew Delhi;

e Testing of Polymer Modified Bitumen for covering Palam drain in Dwarka,
Mew Delhi;

e |nvestigation and suggesticn for rectification of cracked slabs of NH-4.

Projects completed

® Strengthening of existing concrete surface of speed track paving at heavy
vehicles factory, Avadi, Madras;

® Phase-| study of the project evaluation of Recron 3§ Polyester Fibre in
paving grade concrete,

e [ndependent evaluation of Bridge Mo. 53/1 between Chennai and Nellore;

& Inspection of Pennar Bridge at Mellore on NH-5 byepass. a

manufacturing  bicfertilsers  and  agronomic crops, flowers, and vege-

biopesticides with global marketing
capabilities. The technolegy has
been developed by Dr Nautiyal in
collaboration with Dr H. B. Singh,
Head, Plant Pathology Group. The
niche microbes involved have been
isolated, identified and characterized
under quality-controlled conditions.
A process has been developed for
commercial manufacture of these
products keeping in view local needs
and national/international market po-
tential. Powerful blend of novel mi-
crobes  (Pseudomonas, Bacillus,
Rhizobium and Trichoderma) consti-
tutes a synergistic and stable blend
of inoculants that may be applied to

tables, and to digest organic wastes
such as press-mud, farm manure
and vermicompost, etc., and to re-
cover degraded ecosystems.
NBRI's networking with ‘BIL'
through technology transfer will en-
sure niche benefits for farmers. In
terms of environmental benefits the
impact will be innumerable, as it will
lead to reduced dependence on
chemical fertilizers for agricultural
growth. The deterioration in soil and
water quality will be checked if the
use of the new technologies and its
products move on the anticipated
path. 3
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Nanoparticles from Cationic Copolymer and DNA that are soluble
and stable in common organic solvents

OUVIK Maiti and Munia Ganguli

of the Institute of Genomics and
Integrative Biology {IGIE), Delhi and
Kizhakkedathu N, Jayachandran of
University of British Columbia, Van-
couver, Canada in their paper pub-
lished in the Journal of American
Chemical Scciety (Vol. 126 (1),
2004) have reported for the first time
an easy method for making DMA sal-
uble in different organic solvents.
The imporance of this lies in its po-
tential for designing new materials
based on DNA,

The unigue double helical struc-
ture of DMNA along with its reversible
recognition properies, ability to com-
pletely contrel the length and content
of oligonuclectides and the wealth of
enzymes available for its modifica-
tion have made DNA extremely suit-
able for several novel applications,
some of which are even non-biologi-
cal in nature. Miniaturization of
hicsensors and biochips into the
nanometer scale regime, fabrication
of nancmetric objects using DNA as
a termplate, and replacement of sili-
con devices with single ONA male-
cule-based computational systems
are just a few of the emerging and
fascinating applications of DNA.

Although DNA is amenable for
tailar-made applications, it also has
a major limitation due to its insolubil-
ity or only parial sclubility in any
commen organic sclvent because it
loses its base pairing recognition
properties. Making DMNA soluble in
organic solvents such that it retains
its biclogically important properties is
thus a challenge.

Cationic amphiphiles such as
surfactants and lipid molecules have
been used in the past to make DNA
soluble in organic solvents. How-
ever, these amphiphile-mediated

DMNA complexes are not soluble
either in water or in cther commaon
arganic sclvents. In recent years, it
has been demonstrated that polyca-
tion grafts with water-scluble poly-
mers form nanoparicles that are
stable in water when they interact
with DNA molecules. The DMNA pre-
sent in these nanopadicles is inac-
cessible to the action of the enzyme
Dnasel and can be transfected into
the cell. The polymer-based
nanoparticles are potential candi-
dates for a wide multitude of applica-
tions.

In this paper, the authors have
shown that random cationic co-
pelymers from methoxy poly (ethyl-
ene  glycol)  monocmethacrylate
(MePEGMA) (3-methyeryloylaming)
propylitrimethylammonium  chloride
{(MAP- TAC) are also able to form
stable water-soluble nanoparticles
when they interact with DNA. The
researchers reported that these
nancparicles from DMNA and caticnic
random copolymer (RCP) with 94
mol % PEG content are not only sta-
ble in water but also in different or-
ganic salvents such as acetonitrile,
benzene, dimethyl sufoxide and
tetrahydrofuran,

To study the solubility behaviour of
the DNA containing nanoparticles in
different organic solvents, the re-
searchers Ilyophilised the particles
and re-dissolved them in different or-
ganic solvents, It was found that the
nanoparicles did not break down in
the solvents nor did these aggregate
to form bigger particles. These re-
tained their original size and shape
as is observed in aguecus medium.
As PEG is soluble in all the sclvents
tested, the solvophilic effect arising
from PEG segments of the nanopar-
ticles not only makes them soluble

but also prevents aggregation due to
steric repulsion and reduces non-
specific interactions among the parti-
cles themselves or with surround-
ings, thereby making them stable
toc.

It was confirmed that the DNAIn
nanoparticles is the double-stranded
helical farm. All of the solutions con-
taining nancparticles were practi-
cally transparent, and no
aggregation was observed over a
course of several weeks. Atomic
Force Microscopy revealed the
spherical nature of the nanoparticles
in organic solvents. Cther observa-
ticns also revealed that the systems
are stable and remained scluble
over a period of time.

Thus it is clear that DNA can be
made solukle in different organic sol-
vents with the help of PEG based
random cationic copolymer and that
its helix conformation can also be
preserved.

The methodology used in this
study in making DNA scluble in or-
ganic solvents would definitely be of
relevance in designing DNA-based
advanced materials and in making
DMNA more compatible with organic
building blocks and for creating ma-
terials for applications such as reac-
tion catalysis. Another possible
application is the long-term stability
of the particles in a Dnasel-free envi-
ronment, which is important for gene
delivery. It also allows the use of
traditional physicochemical methods
to study the molecular charac-
teristics of such DMNA-based com-
plexes in organic salvents.

The paper presents, what is
probably the first repont ever, de-
scribing the process of making DNA
soluble in a variety of non-biclogical
solvents using cationic polymer.
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Centre for Cellular & Molecular Biology, Hyderabad

E R&D programmes at the
Centre for Cellular & Molecular
Biology (CCMB), Hyderabad, pertain
to Biotechnology and Biomedicine
— Tumour Biology, Cataract and
other eye diseases, DNA Finger-
printing and conservation of endan-
gered species, Transgenics and
aquaculture, Infectious diseases,
and Applied processes and prod-
ucts; Genetics and Evolution —
Molecular basis of sex determination
and evolution of sex chromosomes,
Microbial/fungal genetics, and Extre-
mophiles; Cell Biology and Develop-
ment — Molecular basis of capacita-
tion of spermatozoa, sperm associ-
ated proteins and fertility potential of
spermatozoa, Receptor Biology, Mo-
lecular basis of development, Hor-
mone regulation, and Chromatin
structure and function; Molecular Bi-
ology — Signal transduction, Eu-
karyotic transcription mechanisms,
Muclear pores and lamins, Host-
guest interactions in plants, Enzyme
structure, function and regulation,
and Gene silencing, Biochemistry
and Biophysics — Intracellular
transport of proteins, Membrane ac-
tive molecules and membrane or-
ganization, Protein structure and
confarmation, Mathematical model-
ling of biological processes, and
Structural Biclogy; Genomics — Mo-
lecular analysis of human genetic
disorders, Repromics and chromo-
some biology, Genome analysis,
and Functional genomics using
transgenic and gene knockout mice.
During the year 2002-2003 the cen-
tre published 94 research papers in
peer-reviewed international journals,
26 research papers were in nress,
four patents were granted, nine were

R&D Highlights

filed and two US patenis were proc-
essed.

A brief account of the accomplish-
ments in basic research is presented
here. The accomplishments in the
domain of applied research and
those intended to meet the societal
needs will be covered in one of the
forthcoming issues of this newslet-
ter.

BASIC RESEARCH

Genetit tauses of male
infertility

Y Chromosome deletions in
azoospermic men in India — Ge-
netic factors cause about 10% of
male infertility. Azoospermia factors
(AZFa, AZFb, AZFc¢) are considered
to be the most important for sperma-
togenesis. Scientists at CCMB have
made an attempt to evaluate the ge-
netic cause of azoospermia, Y chro-
mosome deletion in particular, in In-
dian men. A total of 570 men,
including 340 azoospermic men and
230 normal control subjects were
analyzed. The DNA samples were
initially screened with 30 sequence-
tagged site (STS) markers repre-
senting AZF regions (AZFa, AZFb,
AZFc). Of the azoospermic men ana-
lyzed, 29 (8.5%) showed Y chromo-
some deletion, of which deletion in
AZFc region was the most common
(82.8%), followed by AZFb (55.2%)
and AZFa (24.1%). Microdeletions
were observed in AZFa, whereas
macrodeletions were observed in
AZFb and AZFc regions. Deletion of
heterochromatic and azoospermic
regions was detected in 20.7% of the
azoospermic men. In  seven
azoospermic men, deletion was

found in more than 8.0 Mb, spanning
AZFb and AZFc regions. Sequence
analysis at the break points on the Y
chromosome revealed the presence
of L1, ERY, and other retroviral re-
peat elements. They also identified a
240-kb region consisting of 125 bp
tandem repeats, predominantly com-
prised of ERV elements in the AZFb
region. Histological study of the tes-
ticular tissue of the azcospermic
men, who showed Y chromosome
deletion, revealed complete ab-
sence of germ cells and presence of
only Sertoli celis.

A highly conserved human gene
encoding a novel member
(WDR13) of WD-repeat family of
proteins — CCMB scientists have
identified and characterized a hu-
man gene designated as WDR13
(nomenciature approved by Human
Gene Nomenclature Committee),
which encodes a novel member of
ED-repeat family of proteins. The
gene has been completely se-
quenced, its structural crganizaticn
unveiled, chromosomal location de-
termined and promoter region identi-
fiedinthe 5’ UTH, which interestingly
showed a tesfis-specific activity in
the transgenic animals studied. High
levels of seguence similarities
across the species testify evolution-
ary functional significance of this
gene.

Genome-wide analysis of Bkm
sequences (GATA repeats) —
Bkm {Banded krait mincr) satellite
DNA sequences (GATA repeats)
have been shown to be associated
with the sex determining chromo-
somes of various eukaryotes and
have been implicated in the evolu-
tion and differentiation of sex chro-
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mosomes in snakes, CCMEB scien-
tists have analyzed the GATA re-
peats of human genome, specifically
the Y-chromeosome, and other model
organisms to understand the possi-
ble functional and potential role in
higher order chromatin organization.

Extensive analysis of GATA re-
peats in the prokaryotic and eu-
karyotic genomes, which have been
completely sequenced so far, has re-
vealed that GATA repeats are ab-
sent in prokaryotes and have been
accumulated in higher organisms
during the course of evolution. In hu-
man, the Y-chromosome has the
highest GATA repeat density, which
predominantly exists in the Yq cen-
tromeric region. Generally, occur-
rence of repeats in the genomes de-
creases steadily as the length of the
repeat increases. In contrast, CCMB
scientists found that the occurrence
of GATA repeats increases as the
length of the repeat increases from
six tandem repeats onwards and
peaks at (GATA)10-12 This has not
been observed with any other simple
repeat. Distribution of (GATA)0-12
along the chromosome with their
close proximity to Matrix Associated
Regions (GATA-MAR) suggests that
it may be demarking chromatin do-
mains for a coordinated expression
of genes residing in these domains.
Supplementary data is available at
hitp:fwww.comb.res.infbkm/gata.h
tm.

Triplet repeats in human
genome: distribution and their as-
sociation with genes — A study
was undertaken on simple sequence
repeats (SS5Rs) or microsatellite re-
peats which are found abundantly in
many prokaryotic and eukaryotic
genomes. Among SSRs, triplet re-
peats are of special significance be-
cause some of them have been
linked to various genetic disorders.

LAD Fiehlichis

The analysis of triplet repeats in
the complete human genome from
the publicly available sequences re-
vealed that AGC and CCG repeats
were predominantly present in the
coding regions of the genome while
UTRs and the upstream sequences
contained CCG repeats in relative
abundance. Analysis of density of
triplet repeats (bp. Mb) revealed that
AAT and AAC were the rare repeats
found in human genome. They could
identify about 2135 known or pre-
dicted genes that were associated
with at least one of the triplet repeat
types. A large proportion of putative
transcripts that were identified by
gene finding programs were found to
be associated with triplet repeats.
These transcripts will be the candi-
date genes for analysis of triplet re-
peat expansion and their possible
association with disease pheno-
types, ldentification of 171 genes
which contain a minimum of ten re-
peat units will be of particular interest
in future in correlating their associa-
tion with any disease phenotype due
to the expansion potential of repeats
present in them. The list of genes
and other details of analysis are
given in the online supplementary
data (http://www.ingenovis.comitri-
pletrepeats).

Analysis of DAZ gene family in

infertile men in India — DAZ gene, .

which is present in AZFc region, is
important for spermatogenesis. The
size of the DAZ gene cluster is about
380 kb, which consists of seven cop-
ies of DAZ; of these four copies are
located relatively close together in
deletion interval & on the ¥ chromo-
some (Ygq11). These four copies of
DAZ genes exist in two clusters,
each comprising of an inverted pair
of DAZ genes (315" 5'=3"). Clus-
ter 1 includes DAZ1 and DAZ2, and
cluster 2 includes DAZ3 and DAZ4.

Scientists at CCMB have analyzed
DAZ gene clusters in 539 males,
which includes 367 men with
azoospermia, 72 men with oligo-
zoospermia and 100 fertile men in
order to find out the role of DAZ in
infertility. Of the 4 DAZ copies, dele-
tion of DAZ3 and DAZ4 was found to
be significantly associated with male
infertility.

Mutation analysis of autosomal
DAZ (DAZL) in infertile men —
DAZ gene is present on the Y chro-
mosome of humans, great apes and
old world monkeys; but in other
mammals it s present on
autosomes. DAZL is an autosomal
homologue of DAZ, located on the
long arm of chromosome 3 (3g24).
CCMB scientists analyzed a total of
367 azoospermic, 24 oligozoosper-
mic and 100 control men, of which, 4
azpospermic and one oligospermic
individuals showed a single base in-
sertion in DAZL. Two individuals
showed insertion in exon 3, while the
remaining three showed insertion in
intron. In one individual an insertion
of G was found at position 65 in exon
3, which converts Thr to His and in-
troduces a stop codon. In another
individual T to A transition at position
61 and an insertion at position 63 of
exon 3, change the amino acids lle to
Asn and Thr to His and introduce a
stop codon. Three individuals (4133,
A347 and A364) showed Cto T tran-
sition at nucleotide position 60 in
exon 3, resulting in the change of lle
to Arg, but no insertion was found in
control samples. In addition, we
found one neutral SNP in this region;
however, this SNP was already re-
ported and has not been found to be
associated with any disease.

Human Genome Diversity

Genetic affinities of the An-
daman Islanders, a vanishing hu-

15 DECEMBER 2004
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man population — The study of
CCMB scientists on tribal popula-
tions of Andaman and Nicobar Is-
lands has demonstrated that the
Onge and the Jarawa represent a
unigue subtype of haplo group D not
described so far in the world popula-
tion. The presence of a hitherto un-
identified sub-set of the mtDNA
Asian haplogroup M, and the Asian-
specific Y chromosome group D,
testify that the Andamanese have
closer affinities to Asian than African
populations and, therefore, are the
descendants of early Paleclithic
colonizers of South East Asia— the
hunter gatherers and the first mi-
grants who moved out of Africa
about 60,000 - 100,000 years ago.
The gquestions remain, how then
these so called Andamanese
reached Andaman? And are there
any tribes in Indian mainland, which
show  resemblance with  An-
damanese and therefore, shed light
on the root of migration? To answer
these guestions, they studied tribal
population of Indian mainland. They
ocbserved YAP (Y-Alu Polymor-
phism) insertions in 27 individuals
out of 47 samples in a tribe from
Gujarat, West coast of India, as ob-
served in their earlier studies in
Onge and Jarawa tribes of Andaman
and Micobar Islands, SMNP analysis of
the above populations is in progress.
In contrast to Andamanese, the Ni-
cobarese have genetic affinities to
groups widely distributed today
throughout Asia, thus, the Nico-
barese should presumably descend
from Neolithic agriculturists. Further
studies may throw light on the mys-
tery of our own origins.

India: the cradle for a novel mi-
tochondrial haplogroup R8 —The
polymorphic Sbp motif
(CCCCCTCTA) between  cyto-
chrome oxidase Il (COIl) and tRNA

lysine genes (tRNA®) of mtDNA is
present in two copies in the majority
of people around the world. Our ex-
tensive analysis involving 3432 indi-
viduals belonging to different ethnic
groups and geographical regions of
India revealed both deleticn and in-
sertion. The 9bp deletion (1 copy)
and insertion (3 copies) alleles were
observed in 93 individuals. The dele-
tion was observed in 76 (2.2%) indi-
viduals while the insertion allele oc-
curred in 17 (0.5%). The maximum
frequency of deletion was observed
in the Nicobarese (45.8%) while the
maximum insertion was observed in
the Ao-Naga (796). SNP analysis re-
vealed at least four independent ori-
gins of the deletion and two inde-
pendent corigins of the insertion in the
M haplogroup background. Nine ad-
ditional origins of the deletion and
two of the insertion were observed in
N haplogroup lineages. Twenty-two
Nicobarese and 2 Harijans of de-
leted samples classified to
haplogroup B, wher analyzed in the
phylogenetic context of the total pool
of Indian mtDNA sequences. Some
of the samples with two copies of the
9bp motif also showed the same mu-
tational pattern as the deleted sam-
ples. Regeneration and recombina-
tion are two different phylegenetic
pathways that can explain this phe-
nomenon according to the BS path-
way. Alternatively, CCMB scientists
proposed a phylogenetic pathway,
which invokes a novel phylogenetic
clade R8 with a coalescent time of
31,130+5,300 years that relates sub-
sets of Indian and Southeast Asian
matemal lineages and infers an in-
dependent origin of the 9bp deletion
in paraphyletic haplogroup B. In the
light of present data, Eastern India
seems to be a likely source for the
spread of the carriers of haplogroup
R8.

Repromics and chromosomal
biology — CCMB has evolved an
integrated approach that examines
the defect globally at genomics and
proteomics levels. In a study to un-
derstand the impact of ecogenetic
polymorphisms on pregnancy loss,
genotyping of SNPs in CYP1A1,
CYP2D86, NOS3, MTHFR, Prothrom-
bin, Factor V Leiden and 6 SNPs in
NAT2 gene (C481T, G590A, ABO3G,
G857A, (C282T and T341C) was
carried out using a PCR-RFLP ap-
proach. Among the various poly-
morphisms studied, the frequencies
of 2 SNPs in CYP1A1 namely the
Te235C (p-0.023) and A4889G
(p=0.29) were found to be signifi-
cantly different between the women
with miscarriages and contral popu-
lations at 95% significance level in-
dicating the importance of detoxifica-
ticn systems in influencing the
success rate of pregnancy ocutcome,

Chromosomal and molecular
genetic studies at CCME have, for
the first time, established that in a
significant number of patients with
varicocele, genetic defect in the farm
of either chromosomal abnormality
or ¥ chromosome microdeletion is
indeed respansible for impaired
spermatogenesis. Among infertile
men with varicocele, severe oligo-
zoospermic and oligoasthenoterato-
zoospermic men with varicocele
have higher incidence of genetic de-
fects than mild cligozocospermic and
azoosparmic men,

Molecular analysis of human
genetic disorders — CCMB scien-
tists sequenced the coding regions
of cationic trypsinogen gene
(PRSS1) and trypsin  inhibitor
(SPINK) genes in 250 controls and
188 patients, of whom 120 were di-
agnosed as idiopathic (ICP), 41 as
alcoholic (ACF) and 37 as hereditary
pancreatitis (HP). No mutations in
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FPRS51 gene were detected in any of
the patients including hereditary
pancreatitis, while MN345 mutation
was observed in SPINK1 gene of
majority of HP patients (73%:). Simi-
larly, 26.8% of ACP {11 of 41} and
32.8% (39 of 120) of ICP patients
also had SPINK1 mutations, N34S
mutation was observed in both ho-
mozygous as well as heterozygous
condition.  In  comparision, only
2.76% of control population had
M345/WT genotype (P<0.001). Irre-
spective of the eticlogy, mutations in
PRSS1 gene were not found to be
associated with chronic pancreatitis,
including hereditary pancreatit is in
India. On the contrary, N34S muta-
tion in SPINK1 gene showed signifi-
cant correlation in these patients,

Microbes from extreme environ-
ments and cold adaptation — A
study of cold-loving crganisms with
respect to their diversity, distribution,
seasonal  variation and charac-
terization led to the identification of a
number of new species of bacteria
viz., Sphingobacterium antarcticus,
Arthrobacter  flavus,  Arthrobacter
roseus, Kocuria polars, Planccoc-
cus antarclicus, Planoccoccus psy-
chrophiius, Hafomonas glaciel, Leif-
sonla rubra, Leffsonia aurea and
Sporosarcing  momurdoensis,  All
these species were unigue with re-
spect to their ability to grow at low
temperature and produced a number
of enzymes of bictechnclogical po-
tential. These enzymes were capa-
ble of catalyzing reactions at low
temperatures. In addition, it was alsc
observed that the ability of the organ-
isms to adapt to low temperature de-
pended on the upregulation of the
desaturase genes (desd and desE),
whereas desC, which existed as
gasCh and desCe, was constitutively
cxpressed.

BAD Highlichts

The severe cold sensitive pheno-
type of P Syringae when trans-
formed with a plasmid that produces
full-length RpoS (sigma subunit of
RMNA polymerase) is very significant
from adaptation and evclutionary
points of view.

The cbservations that the recD
mutants of P. syringae produce a
large amount of broken DNA result-
ing in an enhanced mutation fre-
guency, indicates that the cold sensi-
tive phenctype of recD mutant is
perthaps caused by an inefficient
DMA repair process in the bacterium
at low temperature. In contrast, recD
mutants of mesophillic bacteria such
as E. coli are not defective for growth
at low temperature. The study also
establishes that the recD gene or
RecD protein would be a good target
for controlling low temperature
adapted pathogenic andfor food-
spoilage bacteria.

Genetic analysis of repeat-in-
duced point mutation (RIP) — RIF
i5 an unusual mutational process in
the fungus Neurospora that causes
duplicated DNA sequences to un-
dergo multiple G:C to AT mutaticns
and methylation of cytosine resi-
dues. CCMB scientists had devel-
oped a convenient assay to score
RIP by which they screened over
400 wild-isclated N. crassa strains
for dominant suppression of RIP.
One of the identified suppressor
strains appeared to contain a chro-
mosome segment duplication. Pre-
viously they had shown that the pres-
ence of a large duplication in a cross
suppresses the occcurrence of RIP in
a smaller duplication, possibly by ti-
tration of the RIP machinery. In an-
other suppressor strain, the suppres-
sor mutation was mapped to linkage
group 1 to the left of the mat locus.
They also developed a strategy to
isclate recessive RIP-defective mu-

taticns in the pseudchomothallic
species N. tefrasperma, and also
demonstrated that although RIP can
spread from a duplication into the
flanking single copy sequences,
such spread is not efficient.

Functional role of lamin speck-
les — Towards studies on the regu-
lation of the lamin A gene, the group
identified two novel binding sites for
transcription factors in an important
regulatory region for the cell-type-
specific transcription of A-type lamin
isoforms. These factors belong to the
winged helix family and the retinoic
acid receptor family of transcription
factors, which play essential roles in
differentiation and development.
Further, in studies on lamin crgani-
zation, the group characterized a
novel menoclenal antibody that rec-
ocgnizes detergent-susceptible lower
crder lamin structures in the form of
small intranuclear foci, which are en-
hanced in the G1 phase of the cell
cycle and are likely to be assembly
intermediates.

Mechanism of induction of
apoptosis by tumor suppressor
P53 — The tumor suppressor pro-
tein p53 is activated in response to
DMNA damage or hyperpreliferative
signals resulting in cell cycle arrest
or cell death by apoptosis. The apop-
tosis inducing property of p53 is very
important for its tumor suppressor
functicn. Previously, the group had-
shown that caspase-1 gene tran-
scription is induced by p53 in re-
sponse to  activation by DNA
damage. Blocking caspase-1 func-
tion either by a chemical inhibitor or
rmutant caspase-1, inhibits p53-de-
pendent apoptosis. It was found that
an activator of caspase-1, known as
Ipaf (a structural homolog of Apaf-1),
is induced transcriptionally by p53.
Inhibition of |paf function by small
inhibitory BMNA results in reduced
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apoptosis by p53. These results sug-
gest that Ipaf-Caspase-1 pathway
may e an important mediator of
p53-dependent  apoptosis.  This
pathway may be acting independent
of or parallel to the well-known Apaf-
1-Caspase-9 pathway.
Plant-pathogen interactions
— Xanthomonas oryzae pathovar
otyzac (Koo causes bacterial leaf
Blight, a sericus discase of rice. This
group obtained the complete se-
guence of a novel 12 kb Xoo
genomic locus that encodes six
genes which are homologous to
functions involved in lipopolysaccha-
ride {lps) biosynthesis and export. All
six OBFs exhibited atypical G+C
content and codon usage patterns
that are characteristic of genomic is-
lands which are acquired by horizon-
tal gene transfer. The presence of
this genomic island in Xoo strains
that are distributed across a wast
seqrnent of the Asian continent, from
India to Korea, suggests that it was
introduced into the Xoo genome
garly in the evolution of this patho-
gen. Interestingly, this genomic is-
land is absent in a variant Indian Xoo
pathotype and a Xoo strain from Ne-
pal. It appears that ancther horizon-
tal gene transfer event had occurred
in the progenitor of these two strains
wherein the genomic island was re-
placed with an Ips gene cluster that
is related to sequences in a xantho-
monad that infects citrus plants.
These data provide evidence, for the
first time, of the substantial variation
in fps gene clusters within different
strains of a plant pathogenic bacte-
rium and indicate that these bacteria
are under selection to undergo vari-
ation at this locus. The data are also
indicative of the enormous range of
genetic resources that plant patho-
gens can draw upon to counter ad-
verse conditions that they might

encounter under agricultural set-
tings.

Drosophila genetics — In the
fruitfly  Drosophila  melancgaster,
wings and halteres are the dorsal
appendages of the second and third
tharacic segments, respectively. In
the third thoracic segment of Droso-
phila, wing development is sup-
pressed by the homectic selector
gene Ultrabithorax (Ubx) to mediate
haltere development. CCME scien-
tists have observed that LUbx func-
tions downstream to Shaggy/GSK3[
to enhance the degradaticn of Arma-
dille/p -catenin, which causes down
regulation of Wingless signaling in
haltere discs. Furthermare, they
have shown that enhanced degrada-
tion of Armadillo/fi—catenin in haltere
discs can be used as an assay sys-
tem to identify additional positive and
negative regulators of Wnt signaling.
CCME scientists examined the role
of peripodial membrane in wing de-
velopment. The peripodial mem-
brane plays a significant role during
the regional subdivision of the wing
disc into presumptive wing, notum
and hinge. The EGFR/Ras pathway
mediates this function of the peripo-
dial membrane. These results on
signaling between sgquamous and
columnar epithelia are particularly
significant in the context of role of
EGFR/Ras pathway in metastasis
and tumer progression.

Extreme conservation of non-
coding DNA near the HoxD com-
plex of vertebrates — The group
discovered an unprecedented con-
servation of non-coding DNA se-
guence adjacent to the HoxD com-
plex, where stretches of hundreds of
base pairs in a 7 kb region show
100% conservaticn from fish to hu-
man. Such a high degree of conser-
vation, where no variation was al-
lowed during -500 million years of

evolution, suggests critical function
for these sequences in the regulation
of the HoxD complex. The group am-
plified and sequenced the corre-
sponding regions from different spe-
cies of mammals, birds, reptiles,
amphibians and fishes. This has
given vital clues about the evolution
and conservation of sequences dur-
ing diversification of wvertebrate
classes,

Molecular biclogy of skeletal
muscle growth and regeneration
— CCMEB scientists have studied the
role of adhesion-mediated signalling
in modulating the uncoupling of ar-
rest from tissue-specific gene ex-
pression. A new system for generat-
ing reversibly arrested mychlasts
using pharmacoelogical inhibitors of
acto-myosin contractility has been
established and extensively charac-
terized using transfection of known
signalling molecules. On continuing
the analysis of suspension-arrested
mychklasts, CCME scientists found
that the Rb family member 0130 and
the cyclin-dependeant kinase inhibitor
p27 were induced in G0, but not the
CKl p21. Further, using microarray
analysis, they identified and wvali-
dated a number of genes that were
induced in GO, but were rapidly sup-
pressed upon cell cyele re-entry,
making them candidates as regula-
tors of the quiescent state. Using a
retroviral gene trap approach, a
geng was identified enceding the nu-
clear protein p8 that appeared to be
involved in the regulation of G1, as
EMAI mediated knockdown of its ax-
pression led to shortening of the G1
phase. Induction of the myogenic
regulatory factor MyoD during the
G0-G1 transition of synchronized
myoblasts was analysed; and dis-
section of the signalling pathways
that regulate MyoD expression was
under progress. Altcgether, the re-
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sults provide new information on
regulation of the guiescent state and
the integration of the cell cycle with
tissue-specific gene expression.

Chaperone-like activity of a
lens protein — Many small heat
shock proteins including «A- and oB-
Crystalling contain a well-conserved
SELFDGFFG sequence motif in N-
terminal region. The constructs were
made at CCMB deleting this se-
guence from oA and aB-crystalling,
over-expressed, purified and these
deleticn mutant proteins studied
which indicated that such daletion
results in changes in oligomeric size
and more interestingly increase
chaperone-like activity.

The studies on in vivo functicnal-
ity of wecrystallin indicated novel
roles for ¢-crystalling It was found
that upen heat shock, all the c-crys-
tallin translocates to nucleus and co-
localizes with lamin A/C intra-nuclear
network. Upon heat shock, lamin A/C
network also undergoes structural
reorganization indicating that a-crys-
tallin has a major role to play in this
reorganization. It was also shown
that c-crystallin localizes with SC35,
a splicing factor. Interestingly, -
crystallin does not translocate to nu-
cleus of myotubeas. This
stage-specific requirement, co-local-
izing with SC35 indicated a possible
role for a-crystallin in gene expres-
sion.

Peptide-membrane  interac-
tions — SNAP-23/25, members of
a family of proteins essential for exo-
cytosis, have a highlyconserved cen-
tral cysteine rich domain, which
plays animportant role in membrane
targeting. More than one cysteine in
this domain is modified by palmitic
acid through a thioester linkage. In
an effort to address the biological
significance of acylation of this do-
main, the group generated synthetic
peptides corresponding to the cyste-
ine-rich regicn of SNAP-23 and co-
valently madified the cysteines with
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palmitic acid, The interaction of acy-
lated and non-acylated peptides with
lipid wvesicles and natural mem-
branes was investigated. The results
indicated that palmitoylation was es-
sential for membrane association.
The palmitoylated peptides were
able to fuse both model and natural
membranes, The extent of fusion de-
pended on the length of the peptides
and the number and positions of co-
valently linked palmitic acids. Pep-
tide-mediated fusion was supp-
ressed by lysolipid and involved both
cuter and inner leaflets of the lipid
bilayer, a characteristic of natural
membrane fusion. The results sug-
gested an important role for the cys-
teine-rich palmitoylated domain of
SNAP-23 In promoting membrane
fusion in cells.

Antimicrobial peptides —
Generally antimicrobial  peptides
constitute an important part of innate
immune system in crganisms across
the phylogenetic tree. However, the
results of research at CCME suggest
that this may not be so at least in the
skin secretions of the Indian toad
Bufo melanostictus, Instead, indole
alkaloids and bufalinolides, which
are also excgencus in origin, may
function as antimicrobial agents in
these toads.

Modelling spatiotemporal or-
ganization in biclogical systems
— CCME scientists studied the role
of fluctuations in the dynamic behav-
icur of simple biochemical pathways
having different types of feedback
contrels. The results showed that the
same pathway, under some condi-
ticns can give rise to cellular dynam-
ics that are exceedingly rebust under
noise, while in other parameter re-
gimes it may lead to ncise-sensitive
behaviour. In ecology, the group
studied model meta-populations of
interacting host and parasite species
to assess the role of external pertur-
bation on their spatiotemporal dy-
namics. The results show that intro-

duction of any heterogeneity, such
as habitat loss or inhomogenecus
distribution in demographic parame-
ters, can lead to asynchrony in spa-
tiotemporal dynamics in the host-
parasite metapopulations. It is
known that synchronization of dy-
NAMICS across space increases the
risk of population extinction in large
spatial scale. Thus, heterogeneity
can help increase species persist-
ence.

Calcium binding is a wide-
spread feature of the beta gamma-
crystallin superfamily —It has
been shown at CCMBE that Absent in
Melanoma-1-g1(AIM1-g1) binds the
calcium-mimic dye Stains-all, _the
calcium probe terbium and *°Ca.
AlM1-g1 binds calcium (Kp30 ubd)
with a comparatively higher affinity
than bovine lens gamma-crystallin
(90 uM). The AIM1-g1 domain is as
stable as domains of beta gamma-
crystalling betaB2- or gammas-crys-
tallins). Despite the sequence
variation, AlM1-g1 folds like a beta
gamma domain, hinds calcium and
undergoes dimerization. Based on
the results, it is suggested that cal-
cium binding is a widespread feature
of the superfamily.

Understanding the structural
basis of function — The thermo-
stability of a Bacillus subtilis lipase has
been enhanced nearly  300-fold
through directed evolution ap-
proaches. In order to understand the
structural basis for the enhanced
thermostability, crystals of a thermo-
stable triple and double mutants were
obtained. High resolution X-ray data
from an in-house systern were col-
lected and the structures sclved using
the moclecular replacement meathod,
The analysis, currently in progress, is
expected to provide valuable insights
inte the structural basis for thenmo-
stability and clues for futher improve-
ment of the thermestability using
rational design. Q
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Tcundaticn Day Celebraticns

NAL celebrates Foundation Day

E National Aerospace Labora-
tories (NAL), Bangalore, estab-
lished on 1 June 1959, is now 45
years old. This year's Foundation
Day celebrated recently was particu-
larly special coming as it did just
three days after the successful Saras
inaugural flight.

Dr B. R. Pai, Director, NAL, began
his welcome address by paying a
fribute to NAL's first Director, Dr P.
Nilakantan, and marvelling at his vi-
sion of planning a 4ft trisonic wind
tunnel as early as in 1960 when
there wasn't even a whiff of any ma-
jor national aerospace programme.
Dr Pai also greeted his predecessor,
DrT. S. Prahlad - NAL's fifth Director
— and Prof U. R. Rao who graced
the gathering.

This year's Foundation Day lec-
ture, the 18th of the series, was de-
livered by Dr G. Madhavan Nair,
Chairman (ISRO].

Dr Nar's lecture on Future
Space Transportation Systems was
truly a remarkable narrative. What
agne found especially pleasing was
how ISRO has its roadmap so won-
derfully lined up even up to the year
2025. The lecture itself covered wide
ground: ISRO's 39+4 missions, ap-
plications (broadecasting, meteorol-
ogy, communication, developmen-
tal), evolution of ISRQ's launch vehi-
cles, today's concerns (expensive
and infrequent launches, no abort
capability, no or minimal reusability,
non-standard payload interfaces)
and tomorrow’s challenges (reus-
able launch vehicles).

Informative observations in-
cluded facts such as: ISRO's first
satellite has one transponder on-
board, today's satelltes offer 386

transponders; the resolu-
tion of satellite pictures has
improved from 1 km to 1m;
85% of TV channels cov-
ered by INSAT systems etc.

Dr K Yegna Narayan
delivered the NAL Technol-
ogy Lecture, which was the
seventh in this series. Dr
Narayan spoke engagingly
and compellingly on Saras:
from an idea to first flight.
The narrative talked of the
highs and the lows and the
agony and the ecstasy, of
leading a Saras-ike pro-
gramme. By dividing the
Saras programme into the early
years (1990-94), the middle — and
frustrating— vyears (1995-99) and
the years of success and achieve-
ment (1999-2004), Dr Narayan
forcefully brought home the point
that Saras was effectively a five-year
programme ("it bothers me when the
media uses expressions like ‘long
delayed’ or "finally’ with reference to
Saras— the truth is that we flew the

Dr G. Madhavan Mair, Chairman (ISRO), ifeft) releasing the NAL Annual Report on NAL

Dr G. Madhavan Nair, Chairman {ISRO), delivering
his Foundation Day Lecture on ‘Future Space

Transponation Systems’ al MAL

plane in just five years after the
money came in!").

The NAL Annual Report was re-
leased on the occasion. NAL Out-
standing Performance Awards were
distributed and prizes were distrib-
uted to children of NAL employees
excelling in academics or sports.

Shri M. R. Nayak, Head, TS pro-
posed a vote of thanks. . |

Foundation Day. Dr B.R. Pai, Direclor, NAL, is also seen holding the Annual Report
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