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CDFD MANTRA

“We dedicate ourselves to achieve world class excellence in basic research
and simultaneously endeavour to transfer the benefits of modern biology to

every section of society. We view our population not as a problem, but as an

advantage, which is unique to India. We believe we can use our
extraordinarily large pool of genetic diversity as a “genetic playground” to
address a number of questions; questions which will continue to accumulate
and will demand answers, as the new millennium is bombarded with
increasing arrays of nucleotide sequences as a consequence of global
genome projects. Compassion, when coupled with science, can realize its
highest ideal, viz., improving the quality of life of the average citizen. This is
the lifeline of our activities at CDFD. We are prepared to face the challenging
tasks ahead of us with our exceptional human resources. We are confident

that we will meet and surpass the expectations and responsibilities reposed in

us by the creation of the CDFD”.
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From the Director’s desk

Director’s Message

On behalf of my colleagues and myself, | am happy to present the Annual
Report of CDFD for the year 2006-07. This Centre uniguely combines two
kinds of activities, the first being that of service provision in the areas of
DNA profiling for law-enforcement agencies and of diagnostic tests for
genetic disorders, and the second that of frontier-level research in various
disciplines of molecular biology, in such a way that each supports and in
turn is enriched by the other. | am sure that this symbiosis will be in clear
evidence to the reader in much of the work that is described in the Report.

Given both its small faculty strength (more or less that of a modest-sized
University department) and the fact that it is still relatively young, the
Centre has achieved an impressive record of publications in international
peer-reviewed journals and of patents in this reporting year. Additionally,
several awards and honors have come its way, including the Young Scientist
Medal of the Indian National Science Academy (Dr P Prachee), Innovative
Young Biotechnologist Award (Drs N Madhusudhan Reddy and Rupinder
Kaur), Innovative Award for Young Scientist at Bio-Asia 2007 meet (Dr N
Madhusudhan Reddy), and the Scopus Young Scientist Award (Dr S K
Manna).

From the details of the work undertaken by the Centre that are given
elsewhere in the Report, | give below a few highlights, not necessarily
exhaustive. The DNA fingerprinting services were provided to a large number
of states in the country, and two prominent cases that were handled by the
Centre during this period were the identification of skeletal remains of
children and women recovered from Nithari village in Noida, Uttar Pradesh,
and that of victims of the Samjautha Express train blast case. Diagnostics
services comprising biochemical, cytogenetic, and molecular investigations
for genetic disorders were offered to about 3300 patients this year.

Following the establishment in the CDFD of the Centre of Excellence on
Genetics and Genomics of silkmoths, the RNAI strategy has been
successfully used to generate transgenic virus-resistant silkworms (Bombyx
mori), and the immune transcriptome of both Bombyx mori and the Indian
tasar silkmoth (Antheraea mylitta) have been constructed and analyzed. In
work on bacterial transcription, a novel mechanism of environmentally
regulated promoter inhibition was identified in which a regulator protein, in
the presence of its co-effector ligand, traps Escherichia coli RNA polymerase
at the promoter in a dormant, reversible Rip Van Winkle complex. Further,
the roles of different domains of the bacterial transcription termination
factor Rho were established as was the mechanism of inhibition of Rho by
the phage-encoded protein Psu. A genetic linkage map of basmati rice based
on microsatellite markers was constructed and assays were developed and



employed for detection and quantification of adulteration in export batches
of basmati rice.

In computational and structural biology, a new algorithm for prediction of
global protein-protein interaction networks in bacteria was developed.
Molecular dynamics simulations were undertaken to determine the
mutational basis of congenital glaucoma, and the likely role of simple
sequence repeats in pathogenicity of the plague bacterium Yersinia pestis
was determined. As part of attempts to develop new methods for improved
prediction and modeling of protein structures, it was found that a
combination of solvent accessibility and secondary structural state
information of dipeptides and amino acids provided the most suitable
correlation for fold-specific discriminatory potential in proteins. The
mechanistic differences between the chaperonins of E. coli and
Mycobacterium tuberculosis were elucidated, and the crystal structure of the
YefM antitoxin from the latter was determined. Bioinformatic analyses of the
genomes of mycobacteria and the malaria parasite Plasmodium have been
carried out in order to delineate operons and regulons in the former and to
provide for improved annotation of genes in the latter. Many of these studies
were undertaken with the aid of the powerful computational facilities
available in the SUN-Centre of Excellence in CDFD.

In the area of pathogen biology, genomic analysis was undertaken to
establish evolutionary relationships between individual isolates of both M.
tuberculosis and Helicobacter pylori. Several genes putatively involved in iron
and siderophore metabolism and transport in M. tuberculosis have been
characterized. It has also been shown that, as part of the host response to
infection, the B7.1 and B7.2 co-stimulatory molecules on macrophages play
a crucial role in activation of macrophage effector responses through the
mediation of the NF-kappa B family of transcription factors, and that free
radicals can modulate T cell responses by modulation of the IL-12 signaling
pathway. Mechanisms of nucleo-cytoplasmic shuttling of protein complexes
in HIV -infected cells were investigated, and a new research group has been
set up for studies on the pathogenic yeast Candida glabrata.

In the tumor biology field, GATAG6 has for the first time been identified as a
transcription factor that is implicated in pancreatic cancer, based on studies
of gene copy number alterations and genome-wide expression profiling in
biopsy samples. Differences in the frequency of Wnt pathway activation
were observed between old and young patients with colorectal cancer. The
plant-derived glycoside oleandrin was shown to induce apoptosis in tumor
cells but not normal cells, and the mechanism of oleandrin action was
characterized.  Studies on nuclear transport of Ras-associated tumor
suppressor proteins demonstrated for the first time that arginine-rich
nuclear targeting signals in different proteins exhibit different nuclear
transport receptor binding specificities to mediate the transport of these
proteins to distinct subcellular compartments. In exploring the role of
changes in genome epigenetic status in cancer, DNMT3L was identified as a
candidate gene which shows promoter DNA methylation changes during



cancer development. In a related study, a putative imprinting control region
for the Neuronatin gene in mouse was identified by biochemical experiments.

In all of the work described in this Report, | must sincerely acknowledge the
contributions of and co-operation from my colleagues in the scientific,
technical, and administrative cadres as well as from students and staff
working in various projects at the Centre. The CDFD has been functioning
under several constraints, including those related to operating from two
campuses and severe space limitation for lab operations, and its
achievements described here are all the more creditable for this reason. We
have also benefitted immensely during the year from the advice, support,
and encouragement from the officers of the Department of Biotechnology,
and members of the Governing Council and the Research Area Panels -
Scientific Advisory Committee of CDFD. We will continue to strive to greater
heights in both our research and service activities in the years ahead.

Dr. J Gowrishankar
March 31, 2007
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Mandate

The objectives for which the Centre for DNA Fingerprinting and Diagnostics (CDFD)
was established as enumerated in the EFC documents are:

1.

To establish DNA diagnostic methods for detecting genetic disorders and to develop
probes for such detection;

To use DNA fingerprinting techniques for the authentication of plant and animal cell
material, cell lines and to develop new probes where ne cessary for such purposes;

To provide training in DNA fingerprinting techniques and offer consultancy services to
medical institutions, public health agencies and industry in the country;

To undertake basic, applied and development R & D work;

To collaborate with foreign research institutions and laboratories and other
international organizations; and establish affiliation with recognized universities and
institutions;

To acquire or transfer technical know-how from/to entrepreneurs & industries and, to
register patents, designs & technical know-how in the interest of the Centre;

To carryout DNA profile and related analysis in civil cases like paternity disputes,
immigration, and exchange of new-borns in hospitals, for various agencies including
private parties, on appropriate payment;

To provide DNA fingerprinting and related analysis and facilities to crime
investigation agencies;

To assist police personnel, forensic scientists, lawyers and the judiciary in
understanding the evidential value of the DNA profile analysis and related techniques
in crime investigation and family matters.
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DNA FINGERPRINTING AND DIAGNOSTICS SERVICES






DNA FINGERPRINTING SERVICES

Service Co -ordinator J Nagaraju Staff Scientist

Other Members N Madhusudan Reddy Staff Scientist
Varsha Staff Scientist
SPR Prasad Senior Te chnical Examiner
V N Sailaja Technical Officer Gr.l
ChV Goud Technical Examiner
D S Negi Technical Examiner
B Ramesh Babu Technical Assistant
Md Mahfooz Alam Junior Assistant-l
G Rajalingam Attendant

Objectives:

To provide DNA fingerprinting services in cases forwarded by lawenforcing agencies
and judiciary of State and Federal Governments, relating to murder, rape, paternity,
maternity, immigration, child-swapping, body identification, wildlife identity, seed purity
testing, strain identification, etc;

To develop human resources skilled in DNA fingerprinting, to cater to the needs of State
and Federal Government agencies;

To impart periodical training to manpower involved in DNA fingerprinting sponsored by
State and Federal Government agencies;

To provide advisory services to State and Federal Government agencies in establishing

DNA fingerprinting facility; and

. Summary of the state-wise breakup of DNA Fingerprinting cases
To create DNA marker databases of Suate DeceasedPanernity Rapshiu rdedWilditeTotal
. . . ANDHRA PRADE5H 1 3 1 B
different caste populations of India. FYTITTR : W
Details of progress made in the e ' 3
CHANDIGARH 1 1
current reporting year (April 1, 2006 - CHATTISGARA 3 T 1 T [¥
DELHI [] 1 1 T
March 31, 2007) e F s .
L Cases received for DNA HARYANA 3 5 i ’
. L . . HIMACHAL PRADESH 1 1
fingerprinting examination TR & RASHIAR 3 3
JHARKHAND 2 2
- i = HARMATAKA 10 28 1 2 1 FE]
Patemnity/maternity disputes 83 T - - ;
Identification of deceased B8 MADHYA PRADESH | & T3 i
MAHARASHTRA 4 T 1 1 13
Sexual assault 11 T 3 =
'ﬂurﬂ Er DB ORISSA 1 | 1
PONDICHERRY ] 3
Wildiife poaching 02 SIS i i g &
RAJASTHAN 4 | [ 3 1 n
Total 172 TRRCTAGT : .
TRIPURA 1 1
UTTAR PRADESH E] 1 4
UTTARANCHAL 1 1
WESTBENGAL 1 1 2
TRTAl R B 11 L] > aTe




Cases Recehved irom April 2008 to March 2007
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Il. A few prominent cases

1) Identification and individualization (by DNA profiling) of skeletal remains recovered from
Nithari village, Noida, Uttar Pradesh, forwarded by Central Bureau of Investigation, New
Delhi.
2) Samjoutha Express Train Blast Case forwarded by Railway Police, Haryana.
M. Deposition of evidence in Hon’ble Courts

During the reporting period, the DNA experts defended their reports in about 24 cases in
various Hon’ble Courts throughout the Country.
V. Training provided

Training on DNA fingerprinting examination has been provided to the scientists from:

1) The State Forensic Science Laboratory, Sagar, Madhya Pradesh

2) The State Forensic Science Laboratory, Jaipur, Rajasthan
3) Rajiv Gandhi Centre for Biotechnology, Tiruvananthapuram, Kerala
V. Lecturesdelivered

Frequent lectures have been delivered for the benefit of the following law enforcing
officers:

1) Trainee investigating officers from Central Detective Training School,
Ramanthapur, Hyderabad
2) IPS Officers from Sardar Vallabhabhai Patel National Police Academy, Hyderabad

3) International Police Officers from 22 different countries, coordinated by National Crime
Records Bureau (NCRB), New Delhi.

VI. Workshop conducted

The Press Institute of India, New Delhi in collaboration with DBT and CDFD organized a
workshop on “Forensic Science and Biotechnology for Journalists” during 30-31% March,
2007 at CDFD.



Service Co -ordinator
Other Members

DIAGNOSTICS SERVICES

R Angalena

S M Naushad

A Radha Rama Devi

Usha Rani Dutta

Jamal Md Nurul Jain

Consultant
Technical Officer 1
Technical Officer 1
Technical Assistant
(On study leave)

Technical Assistant

Ram Prakash Singh Tradesman

C Krishna Prasad Tradesman

R Sudheer Kumar Tradesman

V Murali Mohan Attendant

G Srinivas Attendant

P Rajitha Project Associate

Collaborators Gayatri Ramakrishna CDFD, Hyderabad

Muralidharan Bhashyam  CDFD, Hyderabad

Nagarajaram CDFD, Hyderabad

Usha Naik Niloufer Hospital,
Hyderabad

Suma Prasad Sridevi Nursing Home,
Hyderabad

Objectives:

1. Providing services for diagnosis, counseling and management of genetic disorders

2. Early intervention programs

3. Research on orphan diseases including multi-locus investigations to study complex multi-

factorial disorders

4. Providing social awareness in early detection and prevention of genetic disorders

5. Training the medical and paramedical students in genetic testing

Details of progress made in the current reporting year (April 1,2006- March 31, 2007)
I Services provided

Mode of investigation Total cases | Positives
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Disease -wise segreqgation of positive cases

Dhisease Number of postives Disease Mumber of postives
Biochemical Crtogenetic i)
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Diowns) Duchenne Muscular 1
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During the current reporting year, 2241 cases were referred for biochemical evaluation and
12.7% cases were confirmed to have inborn errors of metabolism. Hyperhomocysteinemia
was the most prevalent inborn error (21.6% in referred cases) followed by glutamic
academia, hyperalaninemia and hyperglycinemia. Early diagnosis, prompt clinical
intervention and management helped the families of the affected children. Among the
lysosomal storage disorders, mucopolysaccharidosis was the most prevalent followed by
Sandhoff, Gaucher and Pompe’s. There has been an increased number of referrals for high
risk pregnancy screening due to awareness created both in physicians and public. The
screen positives were confirmed to be normal by karyotyping despite high risk for Down'’s.
About 810 cases were referred for cytogenetic evaluation and 7.4% were confirmed to have
chromosomal anomalies. Downs syndrome was the most prevalent followed by Turner’s
syndrome. Seventy high-risk families opted for prenatal diagnosis and all were normal. 456

cases were referred for molecular diagnosis and 23.7% were positive, the most important



being patients with thalassemia, cystic fibrosis and Duchenne muscular dystrophy in the
order of prevalence. Out of 15 cases referred for prenatal diagnosis, seven were positive.
Genetic testing at this tertiary testing center will be thus useful in the management and

prevention of burden of genetic diseases in the population.

II.  Research
Extodermal dysplasia : In the current year molecular analysis was carried out on one of the
orphan disorders, ectodermal dysplasia, by sequencing of Ectodysplasin-A (EDA-1) and
Ectodysplasin-A receptor (EDAR) genes (in collaboration with Molecular Oncology group).
Out of four cases examined, two had novel disease-causing mutations in the EDA-1 gene
(resulting in X-linked hypohydrotic ectodermal dysplasia (HED)), one had a novel mutation in
the EDAR gene and the fourth had the G382S mutation in the EDAR gene (both resulting in
autosomal recessive HED). Pedigree analysis correlated well with the genotype in terms of
mode of inheritance. Molecular analysis of Maple syrup urine disease (MSUD) was initiated
by sequencing branched-chain alpha-keto acid dehydrogenase complex (BCKD) E3 subunit.

Assessment of paternal risk factors in recurrent pregnancy loss

The current study was undertaken to investigate whether paternal risk factors for recurrent
pregnancy loss are associated with DNA damage and chromatin abnormalities. Two different
cell populations were detected in the semen sample of cases and in normal controls using
flow cytometry. The results showed increased percentage of sperm with immature chromatin
i.e. 30.21 = 13.49 in the patients compared to 19.18 + 17.19 in controls (P<0.02). The mean
comet tail length in cases was 64.99 = 6.98nm and in controls was 54.11 + 7.34 mm
(P<0.001). Both FACS analysis and comet assay indicate significant DNA damage in male

partners with recurrent pregnan cy loss.

Prenatal detection of deletion -duplication of chromosome 3 arising from meiotic
recombination of familial pericentric inversion

A clinical and cytogenetic finding of prenatally diagnosed recombinant chromosome 3 arising
from a paternal pericentric inversion was studied in collaboration with the Royal Children’s
Hospital, Melbourne, Victoria, Australia. The recombinant chromosome 3 leading to deletion
of 3p and duplication of 3q is very rare; there are six postnatal reports in the literature and
there are no reports of prenatal diagnosis. Amniocentesis was performed for abnormal
ultrasound findings viz. ventriculomegaly, lumbosacral meningocele and lemon shaped
head. The karyotype from cultured amniocytes demonstrated a karyotype of 46,XY,
add(3)(p25). Parental karyotype revealed a pericentric inversion of chromosome 3 in the
father with breakpoints p25 and g21 [46,XY, inv(3)(p25g21)]. The abnormal chromosome

found in amniotic fluid cells was a recombinant chromosome 3 arising from paternal meiotic



recombination between normal and inverted 3. Hence, the karyotype of the fetus was
interpreted as 46,XY, rec(3)dup(3q)inv(3)(p25g21)pat. The deletion 3p and duplication 3q
was retrospectively confirmed by quantitative multiplex ligation-dependent probe
amplification (MLPA) assay for subtelomeres. The pregnancy was terminated soon after
amniocentesis. The aborted fetus was confirmed to have abnormalities that were detected
through ultrasonography and other dysmorphic features superimposed to that of deletion-
duplication syndrome of chromosome 3. This is the first report of prenatal diagnosis of
deletion-duplication syndrome of chromosome 3. The prenatal findings of distorted head
shape, meningocele and ventriculomegaly may serve as markers for deletion-duplication
syndrome of chromosome 3. The ultrasound detection of neural tube defects, especially in
association with additional markers might be a strong diagnostic clue for fetal chromosomal
aneuploidy.

National database on prevalent genetic disorders in India: Development, curation and
services

In collaboration with Bioinformatics division, a national database on prevalent genetic
disorders in India is being developed. This will be helpful in establishing the nation-wide
incidence of these genetic disorders. A module has been developed that can be
incorporated by the genetic testing laboratories in the country for the easy transfer of data
from other centers.

External quality control for six parameters

Since 2003, the Diagnostic s lab was enrolled with QCQ AP program with CDC, Atlanta, USA
for the newborn screening program and for the fourth consecutive year 100% satisfactory
results were obtained for all the six parameters, namely, neonatal TSH, 17-hydroxy
progesterone, immuno reactive trypsinogen, total galactose, biotinidase, and galactose-1-
phosphate uridyl transferase. This year we have accredited TLC based quantitation of
phenylalanine, leucine, methionine, tyrosine, valine and citrulline. Based on this, ICMR has
identified CDFD as the quality control center in the multi-center project on newborn
screening in the country

Publications

1 Devi AR, Gopikrishna M, Ratheesh R, Savithri G, Swarnalata G and Bashyam MD
(2006) Farber lipogranulomatosis-clinical and molecular genetic analysis reveals a novel
mutation in an Indian family. Journal of Human Genetics51:811-814.

2 Naushad SM, Jamal NJ, Angalena R, Prasad CK, and Devi AR (2007)
Hyperhomocysteinemia and the compound heterozygous state for methylene
tetrahydrofolate reductase are independent risk factors for deep vein thrombosis among
South Indians. Blood Coagulation & Fibrinolysis 18:113-117.



CDFD RESEARCH






Laboratory of Molecular Genetics

Centre of Excellence on Genetics and Genomics of Silkmoths

Principal Investigator
Ph D student

Other members

and

J Nagaraju

N Mrinal

V L N Reddy
Archana Gandhe
Sunil Archak
Jayendra Shukla
K P Arunkumar
Jyoti Singh

K Sriramana

V Satish

Edupalli V Subbaiah
G Janardhan

S H John

P Sravan Kumar
G Janardhan

M Eshwar

Basmati rice genetics and genomics

Staff Scientist

Senior Research Fellow
Senior Research Fellow
Senior Research Fellow
Senior Research Fellow
Senior Research Fellow
Senior Research Fellow
Junior Research Fellow
Post doctoral fellow
Research Associate
Research Associate
Project Assistant
Project Assistant
Project Assistant
Project Assistant
Project Assistant

Project 1: Development of RNAi-based baculovirus resistant transgenic silkmoths

Objectives:

To generate transgenic silkworms resistant to Bombyx mori nucleopolyhedrosis virus
(BmNPV) using RNAI strategy

Summary of the work done until the beginning of this reporting year

After the molecular analysis confirmed the transgenecity of the two silkworm lines (126A and
126B) for baculoviral ie-1 gene, the BmNPV infection assays were carried out to evaluate
these transgenic lines for their ability to withstand viral infection. Reduction in the mortality of
infected larvae was observed to the tune of 40% in per os infected larvae as compared to
non-transgenic control lines, which succumbed to viral infection. Research was also initiated
to construct vectors that carry dsRNA encoding fragments for multiple essential viral genes.

The transgenic lines were developed using these vectors and the ability of the transgenic

lines to combat viral infectionwas tested using viral infection assay.



Details of progress made in the current reporting year (April 1, 2006 — 31, March 2007):
After confirming the

transgenicity by reporter
assays (Fig. 1), viral infection
assays were performed to

ascertain the efficiency of

transgenic lines that contained

Figure 1. A3DS promoter drves GFP expression in the sense transgenic ]
larvae. Left panel shows larvae under white i%ht and right panel shows| dSRNA encoding fragments for

larvae under blue light. The fluorescence of GFP is observed in the gut

multiple  viral genes in
combating viral infection. Additional assays were performed to validate the result of
multigenic transgenic on virus proliferation by carrying out viral infection assays at various
developmental stages. Infection was achieved either by pupal injection of free virus or by per
os infection of 3" or 4" instar larvae. The latter is a natural way of baculovirus infection of
silkworm larvae. Twenty each of transgenic and control pupae were injected with a viral dose
of 1200 budded virus (BV)/larva. The survival was measured based on the number of moths
emerged from infected pupae. Proliferation of virus was evident in control lines where GFP

expressed by the virus was all
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The transgenic line carrying
non-specific dsRNA and water injected silkworms recorded ~ 90% mortality. Confirmation of
viral induced death was carried out by symptomatic observation as well as presence of
polyhedral inclusion bodies. Viral proliferation was also assayed by the western blot analysis
using anti-GP64 antibody. Multi-flip-flop transgenic lines performed better than other lines
(sense or antisense lines, or hybrids or ie-1FF lines) suggesting that multigene targeting of
baculovirus essential genes is an efficient way of incorporating baculovirus resistance in
silkworms.



Details of technologies developed and transferred:

The transgenic lines are being transferred to APSSRDI, Hindupur and Central Silk Board
under MTA for large scale controlled trials, after necessary clearance from RCGM and
GEAC.

Project 2: Comparative and functional genomics of silkmoths

Objectives:

To generate microsatellite and EST data, construction of genetic maps, and comparative
and functional genomic analysis of genes involved in silk protein production, immune
response, sex-specific functions as well as microRNA and their targets.

Summary of the work done until the beginning of this reporting year

Silkworm microsatellite database, SilkSatDb was developed. Framework linkage map and a
Z-chromosome map of Bombyx mori were generated.

Details of progress made in the current reporting year (April 1, 2006 — 31, March 2007):

Consequent to the availability of whole genome sequence of many insects (Silkworm,

inSasty bpect 6 ood el Oatatate

——— e 7 Mosquito, Honey bee, Dro sophila

Tribolium), microsatellite loci from
these insects were  extracted
computationally and annotated for

comparative analysis. The information

has been made available to the

researchers as an open access
database InSatDb, hosted on CDFD
server (Fig. 3). Microsatellite markers
developed and experimentally
confirmed at the Centre were included

Figure 3. Scresn shots of (&) InSatDb homepags, (B) mulb-opbon query sheet, (C)
cutput table, and (D) analyss page

in generating a high density linkage
map by the international consortium. Many of these microsatellite loci were also tested for
the flanking region similarities among different insect species. The results show that in

lepidopterans, a large number of microsatellites are associated with transposable elements
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pathways. Immune challenged tissue produced 719 unique ESTs from a total of 1412
sequences (Fig. 4). Four novel defence proteins (DFPs) were identified and annotated by
PSIBLAST. Three showed similarity to extracellular matrix proteins from vertebrates
implicated in innate immunity (Fig. 5), while the fourth was similar to, yet distinct from, the
anti-microbial protein, Cecropin. Several unknown proteins were also identified, some of

which were predicted to have immune-related functions.

- Project 3. Sex determination
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Peshovte reactioul beginning of this reporting year:

A female specific gene coding for zinc-finger motif containing protein was putatively placed
as an upstream regulator of the sex determination pathway. One Wspecific and two
autosomal copies of this specific gene were discovered and the gene structure was deduced

based on RACE and bioinformatic approaches.

Details of progress in the current reporting
year (April 1, 2006 — 31, March 2007): A W-
linked C-x8-C-x5-C-x3 Zinc-finger domain-
containing gene was identified through
differential display of total RNA extracted from

36hrs old female and male embryos. The
ubiquitous female-specific expression of this
gene in all the tissues starting from early
embryonic  development and in all

developmental stages suggests its possible
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role as the primary sexdetermining signal.
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Also, two putative genes containing the C-x8-
C-%5-C-x3 domain were mapped on to the 25" chromosome. The W-linked CCCH-type zinc
finger gene is being functionally characterized. The cDNA of the W-linked zinc finger is
cloned and expressed in E. coli and the size of the protein was confirmed to be ~28 Kda,
inclusive of the 6x-His tag (Fig. 6). The ~2 Kb stretch upstream to the W-linked zinc finger

encoding gene was cloned, sequenced and analyzed for the presence of a promoter and two



regions were short listed as putative promoters. The expression analysis with 2 Kb upstream
sequence cassette conferred GFP expression in silkworm cells (Fig. 7).

Project 4: Molecular characterisation of immune response proteins of silkmoths
Objectives

Genetic, biochemical and functional characterisation of lepidopteran immune response
pathway.

Summary of the work done until the beginning of this reporting year:

Immune transcriptome analysis of B. mori and wild silkmoth Antheraea mylitta, led to
identification of a new class of anti-microbial proteins. These proteins were designated as
lysozyme -like proteins (LLPs) owing to their partial similarity with lysozymes. However, lack
of characteristic catalytic amino acid residues essential for muramidase activity in LLPs puts
them functionally apart from classical lysozymes. Two LLPs, one from B. mori (BLLP1) and
the other from A. mylitta (ALLP1) expressed in a recombinant system, exhibited a broad-
spectrum anti-bacterial action. Further investigation of the antibacterial mechanism revealed
that BLLP1 is bacteriostatic rather than bactericidal against E. coli and Micrococcus luteus.
Details of progress made in the current reporting year (April 1, 2006 — 31, March 2007):
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immunity is mediated by secretion in
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compared to larvae injected with non-specific dSRNA (GFP-dsRNA) or saline prior to E. coli-
challenge was studied. Figure 8a indicates that E. coli load was 34 fold higher in BLLP1
knockdown larvae as compared to the control larvae. The BLLP1-dsRNA induced
knockdown of BLLP1 was confirmed at molecular level by RT-PCR and is shown in Figure
8b. This indicates the involvement of BLLP1 in immunity and point towards its occurrence in
hemolymph as predicted from the signal peptide studies. Anti-bacterial mechanism of this
protein was demonstrated to be due to peptidoglycan binding rather than via peptidoglycan
hydrolysis or membrane permeabilization as observed with lysozymes and most other anti-
microbial peptides. This is the first report on identification and functional analysis of novel,
non-catalytic lysozyme-like family of anti-bacterial proteins that are functionally distinct from



classical lysozymes. The present analysis holds promise for functional annotation of similar
proteins from other organisms.

Basmati rice genetics and genomics
Project 1: QTL mapping in Basmati rice
Objectives:
To map important Basmati traits like aroma, kernel length, kernel breadth and kernel
elongation
Summary of the work done until the beginning of this reporting year:
In order to construct Basmati rice linkage map, a traditional Basmati variety Basmati370 and
a semi dwarf variety Jaya were chosen as parental strains. The parental strains were
screened with 493 rice microsatellite loci, of which 257 loci showed polymorphism. F; hybrid
was confirmed by using two microsatellite markers RM263 and RM339.
Details of progress in the current reporting year (April 1, 2006— 31, March 2007):

F, progeny was advanced to F,
to be used as mapping
population (see Fig. 9 for grain

characteristics and a
R I R T T TR I Tl segregating marker). 150 F
p— R I L L 1] plants were randomly selected

from 6000 plants. Data on
Figure 9. Top panel shows distinct grain charcteristics of Basmati P

short-grain  variety and their F.. Bottom panel shows the| quantitative and qualitative
segregation pattern of an SSR marker in F; sample (composite gel )
picture). M Size Marker: B: Basmati370: J: Jaya: H: F- traits of parents, F. and F:

progeny were recorded. All the quantitative and qualitative traits (plant height, panicle

number, panicle length, number of filled and chaffy grains, per panicle, spikelet no./panicle,
spikelet fertility, 1000 seed weight and yield/plant and kernel length, kernel breadth, alkali
spreading value, amylose content (%), aroma, grain chalkiness, kernel length after cooking,
kernal elongation ratio) showed normal distribution except spikelet fertility. Transgressive
segregants were observed in all traits. Screening of mapping population with polymorphic

microsatellite markers is being carried out.
Project 2: Detection and quantification of adulteration in Basmati samples
Objectives: To develop microsatellite-based assay to detect and quantify adulteration in

Basmati samples

Summary of the work done until the beginning of this reporting year:



Basmati rice varieties are known for their extra long grains, and pleasant and distinct aroma.
Traditional Basmati rice cultivars confined to Indo-Gangetic regions of the Indian sub-
continent, are often reported to be adulterated in the export market. Surprisingly, there is no
commercial scale technology to reliably detect adulteration. Unlike multiplex PCR, real-time
PCR and microarray based methodologies employed for the traceability of genetically
modified organisms in foods, detection of adulteration in Basmati is tricky as the adulterant is
not really a foreign material. This genetic homogeneity of the adulteration renders
technologies such as real-time PCR non-applicable necessitating employment of non-genic
markers.

Details of progress in the current reporting year (April 1, 2006— 31, March 2007):
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- ' founded on capillary

electrophoresis based
| i : multiplex microsatellite
e marker  assay  for

e | detection as well as
e —— == = - w | quantification of
i I —— - T B F S adulteration in Basmati

rice  samples was

B developed. The single-
Fgure 10. Sngle tube assay can detect the adulerant (or undeclarsd vaneties) o genuing Basmat .
samples. The pclure shows the resolts of seven such assays. Each microsatelite marker paak is labeled tUbe a-ssay mUItIplexeS
with the name of the variety and s quanty (%) n the sample. Each panel is the product of one of the . . . .
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to generate variety-specific allele profiles that can detect adulteration from 1% upwards (Fig.
10). The protocol also incorporates a quantitative -competitive PCR based analysis for
guantification of adulteration. Accuracy of quantification has been shown to be £1.5%.
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Laboratory of Genomics and Profiling Applications

Principal Investigator N Madhusudan Reddy  Staff Scientist
Other Members AnitaKumari Project Assistant
Deepika Dashyam Project Assi stant
K Hanuma Kumar Project Assistant
Objectives:

1 Development, standardization and validation of DNA markers for genetic fidelity
testing of tissue culture raised plants and phylogenetic studies

2 Referral Centre for detection of genetically modified foods employing DNA -based
markers

3 Development of novel strategiessmethodologies for enrichment of human DNA from

mixtures of human and nonhuman DNAs for DNA profiling-based human
identification
4 To study the human genetic diversity among various caste and tribal populations of
India
Project 1: Referral Centre for Genetic Fidelity Testing of Tissue Culture Raised Plants
Employing DNA Markers.
This is a new activity.
The National consultation group on certification of tissue culture raised plants sponsored by
Department of Biotechnology has proposed that plant certification is essential for
import/export material as per the rules/procedures laid down in the Plant Quarantine Order
2003, whose primary goal is to ensure production of virus-free plants of assured quality
raised through tissue culture. The need for identification of more region-based centres,
especially around the parts of the country and also at locations where there is a hub of tissue
culture units, was recognized in view of the large volume of material to be tested, for which
Department of Biotechnology has been notified as the Certification Agency under the
National Certification System for Tissue Culture Raised Plants (NCSTCP).
In view of the above recommendations/proposals, a ‘Referral Centre for the Genetic Fidelity
Testing of Tissue Raised Culture Plants Employing DNA Markers’ is established at CDFD
and is proposed to undertake the true -to-type testing of important crop plants like banana,
potato, sugarcane, black pepper and vanilla. The project entails providing services in the
genetic fidelity testing of tissue culture raised micropropagules and development,

standardization and validation of microsatellite or Simple Sequence Repeats (SSR) markers,



Inter-SSR (ISSR) markers and Amplified Fragment Length Polymorphism (AFLP) techniques
to test true-to-typeness of above micropropagated plants. Further, it is proposed to conduct
periodic proficiency tests to verify sensitivity, specificity, reproducibility and conformity of the
test results.

Project 2. Referral Centre for Detection of Genetically Modified Foods Employing
DNA-based Markers .

This is a new activity.

The advent of genetic engineering in agriculture and food production has impacted, not only
on the environment and biodiversity, but also the human health. A thorough Biosafety
assessment requires not only evaluation of environmental impacts of Genetically Modified
Organisms (GMOs), but also assessment of the risks that genetically engineered foods pose
for the health of the consumers. The need to monitor and verify the presence and the
amount of GMOs in agricultural crops and in products derived thereof has generated a
demand for analytical methods capable of detecting, identifying and quantifying either the
DNA introduced or the proteins expressed in transgenic plants, because these components
are considered as the fundamental constituents.

The methods presently employed by various laboratories worldwide for GMO detection and
quantification differ in their reliability, robustness and reproducibility and have different levels
of cost, complexity and speed. Also, there is no one universal method that is applicable to
all circumstances. In order to obtain comparable results, and hence giving consumers and
producer’s confidence in the testing methods, an urgent need was felt for internationally
validated methods, which could serve as reference methods. A ‘Referral Centre for
Detection of Genetically Modified (GM) Foods Employing DNA-based Markers' is
established at CDFD. As part of this project, we propose to undertake the GM food detection
services employing the protocols developed earlier at CDFD in cotton and rice (whole or
crushed seeds). In the research and development component of the project, we plan to
develop, standardize, validate and employ DNA-based markers for GM food detection for
various crops/varieties containing specific transgenes as envisaged by the Joint Working
Group of the Department of Biotechnology and Ministry of Health & Family Welfare.

Project 3: “Human epigenetics to the rescue of Human ldentification Process: Enriching
human DNA from DNA mixtures employing antibodies directed against 5methylcytosine
followed by whole genome amplification” (as part of Innovative Young Biotechnologist Award
(IYBA) - 2006).

This is a new activity.

Mass fatality incidents like natural disasters (earthquakes, tsunamis, flooding and cyclones),
accidental disasters (aircraft cashes, train crashes and derailments, and building fires) or

intentioned terrorism (direct attacks on significant objectives and bombing of populated



areas, including suicide affects and deployments of chemical and biological weapons)
results in a very large number of casualties. In such scenarios, forensic identification of
victims is essential not only for humanitarian reasons but also for civil or criminal
investigative needs. In such situations, DNA testing plays an important role in human
remains identification in mass fatality incidents throughout the world. However, degradation
and contamination of DNA extracted from bone and teeth samples with non-human DNA
could make that process difficult.

Owing to its tropical environment, which results in robust microbial infestation, obtaining
good quality human DNA for body identification by DNA profiling has not been very
successful in India. Therefore newer methodologies are needed to circumvent these
problems. In the present project, it is proposed to selectively enrich the human DNA from the
mixture of microbial DNAs by employing antibodies directed against 5-methyl cytosine (5-
mC), an epigenetic modification found in humans, to specifically ‘pull down’ human DNA
sequences containing 5-mC, followed by whole genome amplification to amplify such DNA
sequences. Subsequently, human short tandem repeat (STR)-containing fragments would
be ‘captured’ and isolated employing biotinylated tetra-hucleotide repeat-containing oligos
(“probe™) and streptavidin-coated beads. The ‘captured’ DNAs would then be subjected to
STR/mini-STR analysis to unambiguously identify the body parts/ skeletal remains of
deceased persons.

Project 4: “To study the genetic diversity among various caste and tribal populations
of India” (as part of Max Planck India Visiting Scientist Fellowship).

This is a new activity.

The diverse caste and tribal populations in India offer a rich source of human biologic
variation, whose study would aid in our understanding and knowledge of social stratification,
human evolution and migration patterns. In India, various studies have been undertaken to
assess the genetic diversity among various population groups. But thus far, no
comprehensive comparison of both uni-and bi-parental genetic diversities has been made in
Andhra Pradesh and Madhya Pradesh populations, employing a large set of DNA markers. It
is proposed in the present project to study and catalog the human diversity in 6 -10 different
castes in the states of A.P. and M.P. The DNA polymorphism in these communities would be
studied using mtDNA, autosomal and Y-chromosomal genetic markers. The data obtained
from the studies will be compared with published data from other population groups and
regions from rest of the country and the world to ascertain male and female migration rates
during the evolution of native A.P. and M.P. populations. Such studies would shed light on
male/female migration patterns and to address questions about patrilocality v/s matrilocality
in the course of human pre-history and evolution.



Some of the specific hypotheses that we wish to test with the genetic data generated in this
project are: (a). to understand as to what extent was the caste system an indigenous
development vs. something that was brought in by a migration. Earlier attempts by various
groups to address this question have been inconclusive. Therefore the present project
proposes to address this by studying a large number of DNA markers developed in Prof.
Mark Stoneking's lab at Leipzig, Germany. (b). another interesting hypothesis that is
proposed to be tested in the present proposal is to determine to what extent was the spread
of agriculture across India the result of demic vs. cultural diffusion. Previous studies had
addressed this problem by characterizing only a limited number of samples. In order to
better understand this, it is proposed to sample a statistically significant number of
agricultural and hunting -gathering tribal populations from India and study the distribution of
uni- and bi-parental genetic markers in them. The knowledge gained by the proposed human
genetic variation studies in different populations of South and Central India would provide
new insights in our understanding of human genetic variability.



Laboratory of Fungal Pathogenesis

Understanding the pathobiology of an opportunistic human pathogen, Candida
glabrata

Principal Investigator Rupinder Kaur Staff

scientist

Candida spp. are important opportunistic pathogens in humans, primarily causing mucosal
infections which in the immuno -compromised host can breach the mucosal barrier leading to
life threatening systemic infections. The major clinical risk factors that predispose patients to
Candida infections are a severe underlying disease (AIDS or leukemia), impaired phagocytic
function (granulocytopenia or neutropenia) and exogenous factors (such as pre-existing use
of broad spectrum antibiotics, implantation of prosthetic material like catheter, IV drug use,

trauma, abdominal surgery etc.).

Although some pre -disposition in the patients appears to be an important factor in most of
the Candida infections reported to date, questions remain unanswered regarding the intrinsic
properties that make commensal yeasts potential pathogens. Survival in-vivo is a complex
multifactorial process requiring the co-ordination of several responses, a few being the ability
to survive in the nutrient poor host environment, the ability to evade the host immune
response and the ability to develop resistance to anti-fungal drugs. Our lab is trying to better
understand the pathogenesis of a human opportunistic pathogen, Candida glabrata, by
focusing on some of these responses.

Project 1: Functional genomic analysis of C. glabrata-macrophage interaction.

This is a new activity.

To study the molecular interactions of C. glabrata with macrophages which constitute the
first line of host defense against this pathogenic yeast, we are carrying out a genomic
analysis of host-pathogen interactions in C. glabrata using an in-vitro human macrophage
model system via a modified version of sighature tagged mutagenesis (STM) approach. This
project involves screening of a C. glabrata Tn7 insertional mutant library (20,000 mutants
representing ¥ of C. glabrata genome) for altered intracellular survival profiles by a high
throughput strategy whereby a pool of 96 mutants will be screened at once. This genetic
screen will help us identify genes required for survival/replication of C. glabrata in human
macrophages and will thus vyield insights into the kind of nutritional and anti-microbial



stresses, C. glabrata encounters in the intracellular milieu of macrophages and the
strategies, this yeast has evolved to counteract/evade the anti-microbial arsenal of
macrophages.

Project 2: Innate resistance of C. glabrata to fluconazole

This is a new activity.

A major clinical challenge in treating C. glabrata infections is the innate resistance of this
yeast to fluconazole which is the most commonly used anti-fungal drug. One of the first step
towards developing new combinatorial anti-fungal agents is a better understanding of C.
glabrata's response to fluconazole. To gain insights into the intrinsic resistance of C.
glabrata, a project in the lab is focused on a genome-wide screen for mutants that lose
viability in the presence of prolonged fluconazole stress. We hope that this screen will help
us identify the novel mechanisms that C. glabrata has developed to survive the fluconazole
exposure.

Project 3: Transcriptional regulation of a multi-gene yapsin family

This is a new activity

Our recent transcriptional profiling analysis of macrophage internalized C. glabrata cells in
an in-vitro system (murine macrophage like cell line J774A.1) shows an up-regulation of
seven members of a multi-gene family that codes for a family of cell-surface associated,
glycosylphosphatidylinositol (GPI)-linked aspartyl proteases (yapsins). A part of our research
is centered around a comprehensive analysis of differential transcriptional regulation of this
yapsin gene family in response to different environmental cues. Using a combination of
molecular biology, genetics and biochemical approaches, we will identify and characterize
the regulatory regions in yapsin gene promoters that are responsible for the differential
expression of yapsin genes. The knowledge gained from this analysis will shed light into the
mechanism that C. glabrata has evolved to regulate the expression and activity of its family

of eleven extracellular proteases and how do these protease contribute to its virulence.



Laboratory of Virology

Molecular Pathogenesis of lentiviruses

Principal Investigator S Mahalingam Staff Scientist
Ph D Students P R Kumar Senior Research Fellow
(till September 2006)
P K Singhal Senior Research Fellow
M K Subba Rao Senior Research Fellow
Gita Kumari Senior Research Fellow
B Neelima Junior Research Fellow
Other Members Dr. P Srilakshmi Post doctoral Fellow
Dr.Y Padward Post doctoral Fellow
(from Feb 2007)
Dr Janaki Ram Post doctoral Fellow (DBT)
(from March 2007)
Ch Vijayakumar Project Assistant
S Chary Project Assistant

(from Feb 2007)

Objectives:
1. Understanding the mechanism of human immunodeficiency virus pathogenesis

2. Functional analysis of Nucleolar GTPases

3. Understanding the function of Ras effector proteins

Summary of work done until the beginning of this reporting year

Transport of the lentiviral genome into the nucleus required phosphorylation of components
in the preintegration complex by virion-associated host cellular kinases. In this study, we
showed that ERK-2/MAPK is associated with simian immunodeficiency virus (SIV) virions
and regulated the nuclear transport of Vpx and virus replication in non proliferating target
cells by phosphorylating Vpx. Suppression of the virion-associated ERK-2 activity by MAPK
pathway inhibitors impaired both Vpx nuclear import and viral infectivity without affecting
virus particle maturation and release. In addition, mutation analysis indicated that the
inactivation of Vpx phosphorylation precluded nuclear import and reduced virus replication in
macrophage cultures, even when functional integrase and Gag matrix proteins implicated in
viral preintegration complex nuclear import are present. In this study, we also showed that
co-localization of Vpx with Gag precursor in the cytoplasm is a prerequisite for Vpx
incorporation into virus particles. Substitution of hydrophobic Leu-74 and lle-75 with serines
in the helical domain abrogated Vpx nuclear import, and its incorporation into virus patrticles,
despite its localization in the cytoplasm, suggested that the structural integrity of helical



domains is critical for Vpx functions. Taken together, these studies demonstrated that the
host cell MAPK signal transduction pathway regulated an early step in SIV infection.

We reported that the fission yeast nucleoporin Nup124p is required for the nuclear import of
retroviral HIV-1 Vpr. Nuclear import of HIV-1 Vpr was impaired in nup124 null mutant strains
and cells became resistant to Vpr's cell-killing activity. On the basis of protein domain
similarity, the human nudeoporin Nup153 was identified as a putative homolog of Nup124p.
We demonstrate that in vitro-translated Nupl124p and Nupl53 coimmunoprecipitate HIV-1
Vpr. We provide evidence that both nucleoporins share a unique N-terminal domain,
Nup124p(AA264-454) and Nupl53(AA448-634) that is absolutely essential for Vpr nuclear
translocation. Our results established a unique relationship between two analogous
nucleoporins Nup124p and Nup153 wherein the function of a common domain in Vpr nuclear

transport is conserved.

Grnlp from fission yeast and GNL3L from human cells, two putative GTPases from the novel
HSR1_MMR1 GTP-binding protein subfamily with circularly permuted G-motifs play a critical
role in maintaining normal cell growth. Deletion of Grnl resulted in a severe growth defect, a
marked reduction in mature rRNA species with a concomitant accumulation of the 35S pre-
rRNA transcript, and failure to export the ribosomal protein Rpl25a from the nucleolus.
Deleting any of the Grnlp G-domain motifs resulted in a null phenotype and nuclear/nucleolar
localization consistent with the lack of nucleolar export of preribosomes accompanied by a
distortion of nucleolar structure. Heterologous expression of GNL3L in a Deltagrnl mutant
restored processing of 35S pre-rRNA, nuclear export of Rpl25a and cell growth to wild-type
levels. Genetic complementation in yeast and siRNA knockdown in HelLa cells confirmed the
homologous proteins Grnlp and GNL3L are required for growth. Failure of two similar
HSR1 MMR1 putative nucleolar GTPases, Nucleostemin (NS), or the dose -dependent
response of breast tumor autoantigen NGP-1, to rescue deltagrnl implied the highly specific
roles of Grnlp or GNL3L in nucleolar events. Our analysis uncovered an important role for
Grnlp/GNL3L within this unique group of nucleolar GTPases.

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)
The following significant findings were made by the group in the current year.

SIV Vpx shuttles between nucleus and cytoplasm. GFP fusions containing different Vpx
deletion fragments expressed in either HelLa or Cos7 cells were found to localize
differentially. This indicated the presence of NES in SIVsm Vpx. GFP-Vpx1 -63 fusion proteins
were probably shuttling into and out of the nucleus and appeared cytoplasmic due to longer
dwell time. We therefore studied the effect of a well-known nuclear export inhibitor, LMB,



and/or translational inhibitor, cycloheximide, on the nuclear accumulation of GFP-Vpx fusion
proteins. LMB is known to block nuclear export due to a covalent modification at a cysteine
residue in the central conserved domain of an export receptor, chromosomal region
maintenance 1 (CRM1). GFP-Vpx was localized in cytoplasm in the presence of
cycloheximide alone and in nucleus with both cycloheximide and LMB (Fig. 1). This suggests

the presence of both nuclear import
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with or without LMB (Fig. 1). In summary, these data provide evidence that Vpx is a
nucleocytoplasmic shuttling protein and that its export from nucleus is sensitive to LMB.

Nuclear export of SIVsm(Pbj1.9) Vpx can complement effector domain function of HIV-1
Rev. A transient transfection system with reporter plasmid pDM128 derived from the env
region of HIV-1 was used to characterize the nuclear export of Vpx. The transcript produced
by pDM128 harbors a single intron containing a CAT coding sequence which is excised when
the RNA is spliced. Cells transfected with pDM128 alone expressed the spliced transcripts in
the cytoplasm and yielded very low levels of CAT activity. In contrast, cotransfection with a
functional HIV -1 Rev expression vector (pReV") permitted the unspliced transcripts to enter
the cytoplasm, thus increasing the CAT activity. Our results indicate the low levels of CAT
activity in Rev" -transfected cells compared with ReV'-transfected cells, suggesting that
mutation in the Rev effector domain blocks the nuclear export of CAT mRNA (unspliced RNA)
to the cytoplasm. A fusion protein was generated by fusing full-length Vpx to the carboxyl
terminus of HIV-1 Rev™ to assay the activity of Vpx nuclear export signal in the above-
mentioned system. Interestingly, Vpx could complement the defects of HIV -1 Rev effector
domain and increase the CAT activity in the Rev™-Vpxtransfected cell. These results provide
evidence for the presence of a functional NES in Vpx and further suggest that Vpx NES is

able to complement exportactivity of heterologous proteins.



Signal sequence within residues 41 to 63 of Vpx is essential for nuclear export. Deletion
analysis of Vpx showed that amino acid residues 1 to 40 of Vpx were able to transport the
heterologous protein GFP to the nucleus, whereas residues 1 to 63 localized it to the
cytoplasm. It appears that GFP-Vpx1-63 shuttles into and out of the nucleus. To this end, GFP
fusion constructs containing Vpx1-40 and Vpx1-63 were transfected into Cos7 cells and
treated with cycloheximide in the presence or absence of LMB. Our results indicate more
nuclear accumulation of the GFP-Vpx1-63 protein upon cycloheximide and LMB treatment
compared to the results seen with untreated as well as cycloheximide-treated cells. Identical
doses of the indicated drugs did not alter the nuclear localization of GFP-Vpx1-40. These

results suggest the possibility that export signal resides between residues 41 and 63 of Vpx.

Nuclear export activity of Vpx mutant protein was examined with Cos-7 cells in the presence
of cycloheximide with or without LMB by indirect immunofluorescence using anti-Vpx
monoclonal antibody. Cycloheximide (with or without LMB) did not alter the nuclear
localization of Vpx protein containing a mutation at tryptophan 49 (W49S) alone or in
combination with tryptophan residues at positions 53 and 56 (W49, 53, 56S). In addition,
replacement of tryptophan residues abrogated the nuclear export activity of Vpx1-63 as well.
These data provide evidence for the presence of nuclear export signal within residues 41 to
63 of Vpx. Surprisingly, a similar pattern of localization for mutant Vpx protein with tyrosine
residues exchanged to alanine (Y66, 69, 71A) was observed. Cycloheximide treatment did not
alter the nuclear localization of these mutant proteins. Collectively, these data suggest that
tryptophan residues within domain 41 to 63 may play a critical role in export of Vpx from

nucleus.

Vpx interacts with Fyn SH3 domain through its C-terminal proline-rich domain. Proline -
rich motifs are known to interact with SH3 domains of Src-like tyrosine kinases as well as of
proteins that are involved in signal transduction pathways. To understand the role of the C-
terminal proline-rich domain (RPGP,GLA) in Vpx function, we first tested whether Vpx
interacts with any host Src-like kinases. SH3 domains of Fyn, Src, Hck, and full-length Crk
were used as an affinity matrix to identify the Vpx-interacting partner in an in vitro GST
pulldown assay. Equal amounts of GST, GST-Fyn-SH3, GST -Src-SH3, GST -Hck-SH3, and
GST-Crk bound with glutathione -Sepharose beads were incubated with in vitro-translated
GFP or GFP-Vpx, and the bound proteins were analyzed by autoradiography. Vpx was found
to specifically associate with Fyn SH3 domain. The specificity of the interaction between the
Vpx and Fyn SH3 domains was further confirmed by competition experiments with SH3 and
SH2 domain peptides. Cos-7 cell lysates expressing Vpx protein were incubated with

glutathione-agarose-bound Fyn SH3/SH2 domains in the presence or absence of peptides



corresponding to the SH3 or SH2 domain of Fyn and probed with anti-Vpx monoclonal
antibody. Vpx interaction was observed only with the SH3 domain and not with the SH2
domain. Furthermore, interaction between Vpx and SH3 domain was selectively blocked by
SH3 domain peptide but not by SH2 peptide.

Cos-7 cell lysates expressing Vpx protein were incubated with glutathione-agarose -bound Fyn
SH3/SH2 domains in the presence or absence of peptides corresponding to the SH3 or SH2
domain of Fyn and probed with anti-Vpx monoclonal antibody. Vpx interaction was observed
only with the SH3 domain and not with the SH2 domain. Furthermore, interaction between

Vpx and SH3 domain was selectively blocked by SH3 domain peptide but not by SH2 peptide.

Involvement of C -terminal proline-rich motif (RPGP,GLA) in the interaction of Vpx with the Fyn
SH3 domain was next examined. Cos-7 cell lysates containing wild-type or mutant Vpx
proteins were incubated with glutathione -agarose bead-bound Fyn SH3/SH2 domain fusion
proteins. Our results indicate that exchange of proline residues at position 103 and 106 with
serine in the C-terminal proline-rich domain completely blocked Vpx binding with the Fyn SH3
domain. In contrast, exchange of the glutamic acid residue at position 30 with proline as well
as tyrosine residues at positions 66, 69, and 71 with alanine resulted in a wild-type interaction.
Together, these data suggest that the C-terminal proline-rich motif plays a critical role in Vpx

interaction with SH3 domain of Fyn.
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interacts with both endogenous and ectopically
expressed Fyn (Figure 2A). Interestingly, more

binding of Vpx was noticed in cells



cotransfected with Vpx and Fyn; this correlates with Fyn expression in the cotransfected cells.
These results reconfirmed the specific binding of Vpx to the cellular tyrosine kinase Fyn.

Fyn kinase modulates nuclear export of Vpx. All the potential phosphorylation residues
such as serines, threonines, and tyrosines in Vpx were exhanged by site-directed
mutagenesis to determine the role of phosphorylation in export of Vpx from nucleus. The
phosphorylation status and expression status of all Vpx mutant proteins were ascertained by
expressing them using a vaccinia virus expression gstem and labeling with *Pi in Cos-7
cells. The lysates from the labeled cells were immunoprecipitated with anti-Vpx monoclonal
antibodies and separated by SDS-15% PAGE. Equal levels of phosphorylation were found for
all the Vpx mutants in the absence of kinase inhibitors. Analysis of Vpx mutants in the
presence of various kinase inhibitors indicated that phosphorylation of STm (both serine and
threonine residues were mutated) was completely inhibited by the tyrosine kinase inhibitor
PP2 and tyrosine mutant (Y66, Y69, Y71) by the MAPK pathway inhibitor hypericin despite
equal amounts of mutant proteins, as observed in the transfected cells. These results suggest
that Vpx is phosphorylated by two different cellular kinases, MAPK-ERK-2 and Fyn. Using
immunofluorescence analysis, Vpxspecific signal was observed for all the mutants in Cos-7
cells. Cytoplasmic localization for serine as well as threonine mutants and wild-type nuclear
localization for tyrosine mutants confirms the role for serine and threonine residues in Vpx
import into the nucleus. We next investigated whether export of Vpx from nucleus is
dependent on Fyn-mediated phosphorylation. To this end, nuclear export of Vpx was
determined in the presence of PP2 (inhibitor of Fyn kinase activity) alone or in combination
with the translational inhibitor cycloheximide. Vpx localizes into the nucleus in both PP2 -
treated and untreated cells. Interestingly, PP2 inhibits the export of Vpx from nucleus. This
inhibition was specific, since an inactive Fyn tyrosine kinase inhibitor, PP3, or a MAPK
pathway inhibitor, PD98059, did not alter the cytoplasmic localization of Vpx in cells treated
with cycloheximide. In addition, treatment with cycloheximide and LMB (alone or in
combination) did not change the nuclear localization of Vpx Y66, Y69, 71A mutant protein.
These data suggest that Fyn-mediated phosphorylation may be important for export of Vpx
from nucleus.

Nuclear export activity of Vpx modulates virus replication in macrophages. To
understand the importance of the nuclear export and virion incorporation properties of Vpx for
optimal virus replication in nondividing cells, SIVsm(PBj1.9) proviral clones with the following
characteristics were selected: (a) clones with wild-type Vpx virion incorporation and defective
Vpx nuclear import and (b) clones with wild-type Vpx nuclear import and defective nuclear

export as well as virion incorporation functions. All vpx mutant viruses replicated as efficiently



as the wild type and to high titers in macaque PBMCs but not in terminally differentiated
monocyte-derived macaque macrophage cultures. As expected, mutant Vpx proteins that
failed to localize in the nucleus were severely impaired in their ability to support virus
replication in macrophages (Fig. 2B). For example, impairment of virus replication in
macrophages was observed for Vpx H82S and P103, 106S mutants that are packaged into
virus particles at levels similar to wild-type levels but failed to localize to the nucleus.
Importantly, failure to replicate in macrophages was also observed for Y66, 69, 71A mutants
despite maintaining wild-type nuclear localization (Fig. 2B). These Vpx mutant proteins failed
to be exported into the cytoplasm and therefore could not be packaged into virus particles.
PBj1.9 mutant viruses with defective nuclear export or virion incorporation of Vpx were found
to replicate poorly in macrophages. These results suggest that nuclear export plays a critical
role in translocation of Vpx into the cytoplasm for its packaging into virus particles. These
findings support the notion that virion-associated Vpx with wild-type nuclear import and export
is critical for efficient virus replication in nondividing target cells.

RASEF1A RASESFIC RASEF2 RASEFS

Nuclear transport of ras associated tumor
suppressor proteins. Ras proteins regubte a
wide range of biological processes by
interacting with a variety of effector proteins. In

addition to the known role in tumorigensis,

activated form of Ras also exhibits growth-
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nucleolus (Fig. 3A). A 50-amino acid transferable arginine -rich nucleolar localization signal
(NoLS) identified in RASSF5 is capable of interacting with importin-beta and transport the
cargo into the nucleolus. Surprisingly, similar arginine-rich signals identified in RASSF1C and
RASSF2 interact with importin -alpha and transport the heterologous g/toplasmic proteins to

the nucleus. Interestingly, mutation of arginine residues within these nuclear targeting signals



prevented interaction of Ras effector proteins with respective transport receptors and
abolished their nuclear translocation. These results provide evidence for the first time that
arginine-rich signals are able to recognize different nuclear import receptors and transport the

RASSF proteins into distinct sub-cellular compartments (Fig. 4). In addition, our data suggest
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that the nuclear localization of RASSF5 is critical
for its cel growth control activity (Fig. 3B).
Together, these data suggest that the transport of
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during tumorigenesis.

A novel lysine+ich domain and GTP binding motifs regulate the nucleolar retention of
human guanine nucleotide binding protein, GNL3L. A variety of G proteins and GTPases are
known to be involved in nucleolar function. We describe here a new evolutionarily conserved
putative human GTPase, guanine nucleotide binding protein-like 3-like (GNL3L). Genes
encoding proteins related to GNL3L are present in bacteria and yeast to metazoa and
suggests its critical role in development. Conserved domain search analysis revealed that the
GNL3L contains a circularly permuted G-motif described by a G5-G4-G1-G2-G3 pattern
similar to the HSR1/MMR1 GTP-binding protein subfamily. Highly conserved and critical
residues were identified from a three-dimensional structural model obtained for GNL3L using
the crystal structure of an Ylgf GTPase from Bacillus subtilis (Fig. 5A). We demonstrate here
that GNL3L is transported into the nucleolus by a novel lysine-rich nucleolar localization
signal (NoLS) residing within 150 amino acid residues. NoLS identified here is necessary

and sufficient to target the heterologous proteins to the nucleolus (Fig. 5B). We show for the



first time that the lysine-rich targeting signal interacts with the nuclear transport receptor,

importin-beta and transports GNL3L into the nucleolus. Interestingly, depletion of intracellular

GTP blocks GNL3L accumulation into the nucleolar compartment. Furthermore, mutations

within the G -domains alter the GTP binding ability of GNL3L and abrogate wild-type nucleolar

retention even in the presence of functional NoLS, suggesting that the efficient nucleolar

retention of GNL3L involves activities of both basic NoLS and GTP-binding domains.

Collectively, these data suggest that GNL3L is composed of distinct modules, each of which

plays a specific role in molecular interactions for its nucleolar retention and subsequent

function(s) within the nucleolus.
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Objectives:

1. Regulation of Interleukin-8 receptors in neutrophils and macrophages

2. Detection of novel cell death pathway induced by small molecules and its exploitation for
design of chemotherapeutic agents for combination therapy in cancers.

Summary of work done until the beginning of this reporting year

Considering the role of interleukin-8 (IL-8) in a large number of acute and chronic
inflammatory diseases, an understanding of the regulation of IL-8-mediated biological
responses is important. A tridecapeptide inhibits most forms of inflammation by an unknown
mechanism. In the present study, we found that alpha-melanocyte -stimulating hormone @ -
MSH) inhibited several IL-8-induced biological responses in macrophages and neutrophils. It
downregulated receptors for IL -8, but not for TNF, IL -4, IL-13, or TRAIL in neutrophils. Level
of neutrophil elastase, specific serine protease, but not cathepsin G or proteinase 3 increased
in a-MSH-treated cells and restoration of IL-8Rs by specific neutrophil elastase or serine
protease inhibitor suggested the involvement of elastase in downregulation of IL-8Rs induced
by a -MSH. Oleandrin (a cardiac glycoside) inhibited IL-8-, formyl peptide (FMLP)-, EGF-, or
nerve growth factor (NGF)-, but not IL -1- or TNF -induced NF -kB activation in macrophages.
Oleandrin inhibited the binding of IL-8, EGF, or NGF, but not IL-1 or TNF. It decreased almost
79% IL-8 binding without altering affinity towards IL-8 receptors and this inhibition of IL-8
binding was observed in isolated membrane. Phospholipids significantly protected oleandrin -
mediated inhibition of IL -8 binding thereby restoring IL-8-induced NF -kB activation. Oleandrin
altered the membrane fluidity as detected by microviscosity parameter and a decrease in
diphenylhexatriene (a lipid binding fluorophore) binding in a dose-dependent manner. Overall,
our results suggested that oleandrin inhibits IL -8-mediated biological responses in diverse
cell types by modulating IL -8Rs through altering membrane fluidity and microviscosity. These
studies indicated that oleandrin might help to regulate IL-8-mediated biological responses



involved in inflammation, metastasis, and neovascularization. The compound, 5-@-
methoxyarylimino)-2-N-(3,4-dichlorophenyl)-3-ox0-1,2,4 - thiadiazolidine (Ps-25) is known to
possess anti-bacterial, anti-fungal, anti-tubercular, and local anaesthetic activities. We
studied the anti-tumorogenic activity of P25 and the role of NF-kB in this process. In
constitutive NF-kB-expressing cells, treatment with Ps;-25 inhibited expression of NF-kB-
dependent reporter gene, adhesion molecules, and cyclooxygenase. It decreased
phosphorylation of p65 by inhibiting upstream kinases, such as protein kinase A and casein
kinase Il. By itself P-25 induced apoptosis in NF -kB-expressing and doxorubicin-resistant
breast cancer cells and in presence of other chemotherapeutic agents it potentiated
apoptosis. Overall, our results suggested that B-25 exerts anti-tumorogenic activity by
inhibiting phosphorylation of p65, the transcriptional active subunit of NF -kB through inhibiting
its upstream kinases, and potentiates apoptosis mediated by chemotherapeutic agents.
These results have also suggested novel approaches for design of anti-cancer drugs for

combination chemotherapy.

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)
A. Oleandrin induces apoptosis in human, but not in murine cells: dephosphorylation

of Akt, expression of FasL, and alteration of membrane fluidity.

A common practice has been to evaluate the efficacy of any compound as drug in celltbased
in vitro system followed by in vivo murine model prior to clinical trial in human. Cardiac
glycosides are very effective to kill human cells, but not murine cells. In this report, we
describe the comparative molecular mechanism of the cardiac glycoside oleandrin’s action in
human and murine cells. Treatment with oleandrin facilitated nuclear translocation of FKHR in
human, but not murine cells, by dephosphorylating Akt. It activated MAPK and JNK in human,
but not in murine cells and also induced expression of FasL leading to apoptosis in human
cells as detected by assaying caspase activation, PARP cleavage, nuclear fragmentation,
and annexin staining. Oleandrin interacted with human plasma membrane as evaluated by
HPLC, altered its fluidity as detected by DPH binding, inhibited Na */K*-ATPase activity, and
increased intracellular free Ca* level followed by calcineurin activity only in human, but not in
murine cells. Results suggest that human plasma membrane might be different than murine,
which interact with oleandrin that disturb Na*/K*-ATPase pump resulting in the calcification
followed by induction of Ca*-dependent cellular responses such as apoptosis.
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Fig. 1. Effect of sheandrin on eell death in Human and murine celis. Human
L-E3T, Hela, and MACF-T) amd meidine (NBOTI, C200, and PIE01) ol
Imes {3 x 1090 mm | weere realed with 100 ngéml oleandrin Tor
24 b, Cell death detecked by annexin V-PE and analyzed in FACE.

Oleandrin induces apoptosis in human but not
murine cells. U-937, HeLa, MCF-7, NIH3T3,
C2C12, and P338D1 cells were treated with
oleandrin (100 ng/ml) for 24 h and live and
dead cells were detected by annexin V-PE in
FACS. The Fig.1 shows that oleandrin
induces cell death by 33%, 27%, and 36% in
U-937, HeLa, and MCF -7 cells respectively.
But other murine cells like NIH3T3, C2C12,
and P338D1 remain unaffected.

Oleandrin decreases amount of phospho -Akt
and induces nuclear translocation of FKHR and
FasL expression in U-937 cells. U937 and
NIH3T3 cells were treated with oleandrin for
different time periods and phospho-Akt was

measured. A gradual decrease in the
amount of phospho-Akt was observed
in oleandrin incubated U -937, but not
NIH3T3 cells with increasing time (Fig.
2A). As Akt dephosphorylation is
required for nuclear translocation of
forkhead transcription factor (FKHR),
the amounts of FKHR were measured
from cytoplasm and nucleus from
oleandrin-treated U-937 and NIH3T3
cells. Oleandrin treatment led to
gradual decrease in amounts of FKHR
in the cytoplasmic extracts with
increasing times and that was
corresponding with the gradual
increase in the amounts of FKHR in
the nuclear extracts in U-937, but not
in NIH3T3 cells (Fig. 2B). These results
suggest that oleandrin induces
translocation of FKHR from cytoplasm
to nucleus in human cells. The amount
of FasL increased with time of
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Fig 2. Effect of oleandrin on concentration of phospho-aki, nuclear
translocation of FKHR, and Fasl expression U-837 and NIHITD cells were
treated with different oleandrin (100 ng/mi} for different times and
concentradion of phospho-Akt was detected from whole cell extract
protens., The came blol was re-probed for Akl and fubulin by Westen bt
(AL U037 and HIHITI celld were treated with 100 ngiml aleandrin for
different times and then FKHR was detected from cyloplasmic and muchear
extracts (100 meg) followed by reprobing those biots by tubulin and CRRE
respectively by Western blot (B). U037 and NEHITI cells were reated with
100 ngiml cleandrin for different tmes. The concentration of Fasl was
dedected from whole cell extracts by Westemn biot and same blot was re-
protead for tubulin (C). U807 and NIHITI cells wers treated wilh obeandrin
(100 ngimd) for different Bmes and conceniration of Fasl mRMA was
detected by RTPCR followed by PCR using Fasl and actin specific primers
{04,

oleandrin treatment in U-937 but not in NIH3T3 cells as detected by Western blot (Fig.

2C) and RT-PCR (Fig. 2D).




Oleandrin increases intracellular free Ca®, alters membrane fluidity and interacts with
plasmamembrane. Oleandrin treatment enhanced intracellular Ca® level in U937 cells as

detected by Fura-2AM fluorescent probe. In NIH3T3, oleandrin did not increase intracellular

F— c free Ca™ level (Fig. 3A). Fluorescence
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(untreated), NIH3T3 (untreated) and NIH3T3
(oleandrin-treated) cells (Fig. 3C).
We report here for the first time that oleandrin-mediated cell death is occurring through
alteration of membrane fluidity due to binding of oleandrin with membrane in human tumor
cells. Oleandrin does not interact with murine membrane and thus bypass oleandrin -
mediated cell death. This study might restrict us to choose the proper in vivo model to test the
efficacy of any drug.
B. Oleandrin potentially induces apoptosis in tumor cells, but not in primary cells
Chemotherapeutic agent is characterized by its concentration in tumor cells with slight side
effects. Oleandrin, a polyphenolic cardioglycoside and known to induce apoptosis in tumor
cells. No report is available on its efficacy in primary cells. In this report we are providing the
evidences that oleandrin induces apoptosis in tumor cells potently but not in primary cells like
peripheral blood mononuclear cells (PBMC) and neutrophils isolated from fresh human blood
as detected by cytotoxicity, caspase activation, lipid peroxidation, reactive oxygen
intermediates (ROI) generation, and DNA fragmentation. Oleandrin inhibited NF-kB activation

in tumor cells, but not in primary cells. Oleandrin failed to inhibit apoptosis in NF-kB



overexpressed tumor cells. Primary cells when downregulated with NF -kB failed to induce

apoptosis by oleandrin. Oleandrin induced Fas, thereby induced apoptosis in tumor cells, but
not in primary cells. Overall, these results suggest that oleandrin mediates apoptosis in tumor

cells by inducing Fas, but not in primary cells
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in HeLa cells, but not in neutrophils (Fig. 4A).
Oleandrin induced 63% cell death as shown by
the number of red cells in U-937 cells and 16%
in case of PBMC as detected by ‘Live & Dead’

Figure £. Effect of oleandrin on apoptosis and Fas expression in fumor and
primary cels. HelLa celle and neuirophils were trealed with 200 ngimi
oleandrin for 24 h &l 3. Then cells wene stained with propidium iodide [P1)
and then vewed under Nuosort microscops () Cells wers eated with
oleandrin for 24 h and then inCubabed wilh "Live & Dead” ol reagent. The red
and green orlls were visualized under Fluorescen! microscopes, red colls
niamber wald counted and expreseed in parcendage in bracket (). Cols were
treated witl 200 ng'mi oleandrim for 3 h and Sen membrane wirk isolatbed by
sucrose gradient ulira-centrifugaton. Membrane wans solubllized and anakyred
In #% BDE-FPAGE, slectrotramsfermed info nitrocefsliose membrane and
detected fod Fas and THFRT by Wedten ol (Ch The amount of Fas was
detected by Incubaling the nirocelluloss membrans 'with anll-Fas anBbody
(P i rabbaE) feloeed bry "S400 (goal mnti-rabbil) (B). Sams nirocelkiloss
miembrane was siripped and defected for THFR1 and THFRT by Wesiern blot

assay (Fig. 4B) indicating that the tumor but
not primary cells are affected by oleandrin.

Oleandrin up-regulates Fas, but not anti-
TNFR1 in U937 cells, but not in PBMC. To
detect the level of Fas and TNFR1 in oleandrin
treated U-937 and PBMC, cells were treated

with oleandrin (0.2 ng/ml) for different times at 37°C. Cell membrane then isolated,
solubilized, and 100 ng membrane soluble proteins were analyzed for Fas and TNFR1 by
Western blot. Oleandrin induced Fas at 12 and 24 h in U937 cells, but not in PBMC,
whereas the level of TNFR1 remained unchanged in U937 cells or PBMC (Fig. 4C). The
solubilized membrane protein (100 ng) were analyzed in 9% SDS-PAGE and transferred to

nitrocellulose membrane. Then incubated with anti-Fas antibody followed by **°

I-1gG (goat
anti-rabbit). Then the blot was exposed and scanned in Phosphorimager (Fuji, Japan). The
result in Fig. 4D reveals that the level of Fas binding is increased gradually with time of
oleandrin treatment in U-937 cells, but not in PBMC further suggesting that up-regulation of

Fas in tumor cells (but not in primary cells) might cause cell death.

C. Cardiac glycoside induces cell death via FasL by activating calcineurin and NF-AT,

but apoptosis initially proceeds through activation of caspases



Decrease in caspase activity is a @mmon phenomenon in drug resistance. For effective
therapeutic intervention, detection of such agents, which affects other pathway independent

of caspases to promote cell death, might be important. Oleandrin, a polyphenolic glycoside
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case of tumors where cell death pathway occurs due to deregulation of caspase -mediated
pathway

D. Thiadiazolidine derivatives induce cell death by arresting cell cycle and FasL
expression via AktFKHR pathway

The 1,2,4-thiadiazolidine derivatives have been shown to induce cell death but the exact
mechanism is not known. In this study we have obtained evidence that dichlorophenyl form of
thiadiazolidine (designated as P:-25) is a strong inducer of cell death in comparison with
other forms. R-25 potentially arrested cell cycle at G1 phase and down regulated the
amounts of cyclin D1 and cyclin E without interfering with levels of p16 and p27. It decreased
c-Myc level and thereby inhibited DNA binding ability of Myc-Mad complex. Ps-25 ck-
phosphorylated retinoblastoma and Akt thereby facilitated nuclear translocation of forkhead
transcription factor, which in turn, expressed its dependent gene FasL. Activated FasL
inhibited cell proliferation and induced cell death. Overall our results suggest that RB-25
derivative exerts anti-tumor activities by decreasing Myc-mediated response and increasing
FasL expression, which may have role for designing such drugs for tumor therapy.
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Objectives:
1 To test the model of and mechanisms mediating Rloop formation from nascent
untranslated transcripts
2 To study the mechanism of ArgP-mediated transcriptional regulation of the arginine
exporter ArgO
3 Toinvestigate an unusual phenomenon of K* toxicity in hns trx double mutant strains

Summary of work done until the beginning of this reporting year

Based on genetic studies in our lab with rho and nusG mutants defective in factor-dependent
transcription termination (Harinarayanan and Gowrishankar, J. Mol. Biol., 2003, 332: 31-46;
Gowrishankar and Harinarayanan, Mol. Microbiol., 2004, 54: 598-603), we had proposed a
model that rho and nusG mutants suffer increased chromosomal R-loops by the re -annealing
of nascent untranslated transcripts (that are expected to occur with increased frequency in
the mutants) to the DNA upstream of the elongating RNA polymerase, and that such R-loops
are inimical to the health of the cells because they block movement of succeeding RNA
polymerase molecules and/or of the replication fork. (An R-loop is a structure in which one
strand of double -stranded DNA is hybridized with RNA, with the complementary DNA strand
concomitantly displaced.). Accordingly, we had suggested that, given the toxicity associated
with R-loops in the chromosome, Rho’s action in mediating the premature termination of
untranslated transcripts in bacteria is indeed its primary function. The novel phenotypes of



rho and nusG mutants identified by us included (i) lethality with ColE1 -like plasmids such as
pPpACYC184 whose replication is Rloop-dependent (for which we have proposed that the
lethality is caused by uncontrolled replication of the plasmids consequent to a titration effect
of increased chromosomal R-loops in the mutants); (ii) suppression of the plasmid-mediated
lethality phenotype by overexpression of known R-loop removing enzymes such as RNase
H1 or RecG from E. coli and UvsW from phage T4; and (iii) synthetic lethality of rho/nusG
mutations on the one hand with recG/rnhA mutations on the other (the latter encoding RNase
H1 and RecG, respectively). We had also obtained genetic evidence that the
endoribonuclease RNase E is required to promote R-loop formation in rho and nusG mutants,
and we have proposed that te absence of a fully functional RNase E is associated with a
reduced propensity of endonucleolytic cleavage of the nascent untranslated transcripts and
consequently with a reduced propensity of Rloop formation in rho and nusG mutants.
Overexpression of phage T7 protein kinase, which is known to phosphorylate RNase E and
inactivate it, also led to suppression of R-loop-associated phenotypes of the rho and nusG
mutants.

In our lab, the argP gene product was identified as a transcriptional regulator of an
anonymous open-reading frame yggA (or argO) that was deduced to encode an arginine
exporter, designated by us as ArgO (Nandineni and Gowrishankar, J. Bacteriol., 2004, 186:
3539-3546). Transcription of argO (yggA) was induced by arginine (Arg) in the presence of
ArgP, whereas lysine (Lys) supplementation strongly inhibited its transcription. Primer-
extension analysis experiments demonstrated that the start-site of argO transcription is at an
A residue 28 bases upstream of the predicted translation start site of the structural gene. The
ArgP protein (with Nterminal His-tag) was overexpressed and purified and shown to be a
dimer in solution. Electrophoretic mobility shift assay (EMSA) experiments established that

ArgP binds to argO with nanomolar affinity in the absence or presence of Arg or Lys.

We have earlier shown (Sardesai and Gowrishankar, J. Bacteriol., 2001, 183: 86-93) that
transcription of the kdp operon, which encodes an inducible high-affinity K*-uptake system, is
substantially reduced in strains mutant for thioredoxin or thioredoxin reductase (encoded by
trxA and trxB, respectively) as well as for the abundant nucleoid protein H-NS (encloded by
hns), but the mechanism underlying these effects are not known. Subsequently, we observed
an unusual phenomenon of K* toxicity in these double mutants (trxA/trxB hns) whereby their
growth is severely impaired in media whose K* concentration is >10 mM. Suppressors of this
phenotype were obtained and shown to be transposon insertions in ahpC, ptsP, rpoS, or
metL.

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)



The following significant findings were made by the group in the current year:

1. Chromosomal R-loops from nascent untranslated transcripts in bacteria

In the current year, the following findings were obtained:

a. The Gterminal half of RNase E is known to provide a scaffold for assembly of a
multiprotein complex called the degradosome which is involved in degradation of mMRNA. Two
other proteins in the degradosome are polynucleotide phosphorylase (PNPase) and an RNA
helicase RhIB, but mutation in neither of the cognate genes (pnp and rhiB, respectively) was
able to suppress nusG//rho-pACYC184 lethality.

b. Even moderate overexpression of RNase E conferred growth inhibition in rho and nusG
mutants (but not in the wild-type strain), and the growth inhibition was suppressed by
overexpression of UvsW. These results lend support to the notion that RNase E action
potentiates R-loops toxicity inrho and nusG mutants.

c. A direct test to determine R-loop formation from nascent untranslated transcripts in rho and
nusG mutants was undertaken at two genetic loci lacZ and trpE, following the introduction of
premature stop-codon mutations in the two ORFs. The basis of this test was that R-loop
formation will lead to the displacement as single -stranded DNA of the non-template DNA
strand which will now become susceptible to bisulphite -mediate conversion of C residues to
uracils. The results obtained so far indicate that indeed G® T mutations occur on the non-
template strand at high frequency under these conditions, and that their occurrence is
dependent on (i) presence of rho/nusG mutation, (ii) transcription of the lacZ and trpE genes,

as well as (iii) absence of translation downstream of the stop-codon mutations in the genes.

2. ArgP-mediated transcriptional regulation of ArgO

In the current year, we have elucidated the mechanism of ArgP-mediated transcriptional
regulation of argO. The model of ArgP-mediated regulation of argO transcription which
emerges from the results is the following. In the absence of ArgP, RNA polymerase (RNAP)
engages with the argO promoter to form a relatively unstable binary complex, resulting in just
a low basal level of productive argO transcription. The ArgP dimer has a common binding
site(s) for its ligands Arg and Lys, and is able to bind the sequence between approximately
-85 and -20 of argO to form a stable binary complex in both its liganded and unliganded
states. However, the binding of unliganded ArgP and of RNAP to the argO regulatory region
appear to be mutually exclusive, and it is only ArgP in its ligand-bound form which is able to
co-operatively bind along with RNAP atargO to establish formation of a stable open complex.
Whereas the open complex established by RNAP through the mediation of Arg -bound ArgP
is proficient for productive transcription, that mediated by Lys-bound ArgP is trapped in a
paused and inactive state. The latter, however, can be chased into the productive state by
competitive replacement of the Lys ligand which is bound to ArgP by Arg.



We therefore propose that the argO case is the first known instance of an environmental
signal regulating bacterial transcription initiation at the final stage of promoter escape (ie.,
after open complex formation) by RNAP. Mechanistically, one possibility is that the RNAP
complex at argO in the presence of ArgP and Lys exists in a dominant Rip Van Winkle state
after melting of the promoter duplex at the —10 region, and that it is blocked in the step of
“DNA scrunching”, which has recently been shown to be an obligatory prerequisite both for
abortive initiation as well as for promoter clearance during productive transcription. We also
propose that, in E. coli cells, the ternary complex remains assembled and poised at the argO
promoter at all times to respond, positively or negatively, to instantaneous changes in the

ratio of intracellular Arg to Lys concentrations.

3. K" toxicity in E. coli trx hns double mutants

In the current year, we have obtained several lines of genetic evidence that at least one
mechanism of suppression of K" toxicity in trx hns double mutants operates through the loss
of RpoS activity, achieved either directly or through a pathway linking OxyR and RpoS. Thus,
it is known that the OxyR regulon is activated by hydrogen peroxide or by mutations in ahpC,
and that one of the members of this regulon OxyS (a non-coding RNA) binds the Hfq protein
to lead to inhibition of RpoS translation. Thus, we found that K™ toxicity in the trx hns double
mutants could be reversed by mutations in rpoS orahpC, or by addition of hydrogen peroxide
to the medium. A gain-of-function mutation in oxyR (oxyR2) that renders the protein
constitutively active was also effective in suppressing the K* toxicity phenotype, whereas a
null mutation in oxyR was synthetic lethal in the trx hns double mutants. Taken together,
these results indicate that reduction of RpoS function serves to alleviate the K toxicity

phenotype, the mechanism(s) for which remains to be ascertained.

Publications:
1. Laishram RS and Gowrishankar J (2007) Environmental regulation operating at the

promoter clearance step of bacterial transcription. Genes & Development.

Patents:
1. Gowrishankar J and Harinarayanan R. A method of altering levels of plasmids.
Application No. 10/266,510: US Patent No. 7,176,028 B2 issued February 13, 2007.

2. Gowrishankar J and Harinarayanan R. A method of altering levels of plasmids.
Application No. 11/377,380: Notice of Allowance dated 12 January, 2007 issued by the US
Patent Office.
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1. Dynamics-Function correlation studies on the Wild-type and PCG associated
Mutant forms of Human CYP1b1

Objective: To study the effect of deleterious mutations on the collective and

correlated motions of human CYP1b1 protein.

Summary of the work done until the beginning of this reporting year

Molecular dynamics simulations of 30ns duration were carried out on the wild-type (WT) and
the eight different PCG disease mutants (MTs) of the Human CYP1b1 protein. Analysis of
time evolution as well as time averaged values of various structural properties, especially of
those of the functionally important regions: the heme binding region, substrate binding region
and substrate access channel, gave some insights into the possible structural characteristics
of disease mutant and the wild-type forms of the protein. In a nutshell, as compared to the
wild-type the core regions in the mutant structures are associated with subtle but significant
changes and that the functionally important regions seem to adopt such structures that are
not conducive for the wild-type like functionality.

Details of progress in the curre nt reporting year (April 1, 2006— 31, March 2007):

In continuation of the above work we carried out principal component analysis (PCA) also
referred to as Essential Dynamics to get an insight into the large-scale, functionally

significant correlated motions in the wild-type and the disease mutants.

The principal components (PCs) were calculated by diagonalizing the Ca positional
covariance matrix generated from the trajectories. The eigenvectors thus generated were
arranged in the descending order of their corresponding eigenvalues. Figure 1.1 shows the
plot of eigenvalues of WT and MTs which reveal that first few eigenvectors sufficiently



describe the total fluctuations in the dynamics. In all the structures, the first 3 eigenvectors
have eigenvalues >= 1. The Total positional fluctuation for the first 3 eigenvectors in the WT
and the MTs viz., A115P, M132R, Q144P, P193L, E229K, S239R, R368H, G466D, are
respectively 45.2%, 53.2, 61.1, 57.9, 49.6, 46.2, 48.1, 46.4 and 44.2.
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be involved in the substrate access. All the
mutants also show fluctuations in these regions

and in addition have fluctuations in many other
regions. E229K, Q144P, R368H and G466D do not show fluctuations in the F/G loop region.
Thus in these mutants the F/G loop region dose not exhibit the flexibility as observed in the
WT. Mutant E229K show very reduced fluctuations, observed only in the terminal loops of
the molecule, indicating relatively rigid nature of the molecule. Mutant M132R shows the

highest flexibility among all the molecules.

Table 1.1 shows the % of residues showing RMSF higher than 1A in the Functionally
Important Regions (FIRs) along the first PC. SAC region commonly shows fluctuations along
this PC. In the WT, the HBR region shows no fluctuations. In other mutations except P193L,
the HBR region shows considerable fluctuations. The SBR region, responsible for substrate
binding also is expected to be relatively least fluctuating. The WT shows small fluctuation

(5%) in this region. This is probably required for optimum docking and binding of the



substrate in the binding pocket. Some of the Mutants (M132R, P193L, E229K, S239R and
G466D) show higher fluctuations in SBR, while mutants A115P, Q144P and R368H show no
fluctuations in SBR. E229K when analyzed with respect to the individual secondary
structures, showed the least number of structures with high fluctuations. But when analyzed
for the entire FIR regions, it showed considerable increase in fluctuations than the WT.
P193L showed the highest fluctuations in the SAC region, indicating marked changes in the

dynamics of this region. Thus this study revealed the

Table 1.1
effects of the mutants in terms of the differences in
Percentage of residues in vanous,
FIRs showing RMsF>14 | collective motions between the WT and Mutants. Further
HER SBR analysis is underway.
(24) (17) 2. Knowledge based approach for protein fold-
WT 0 6 .
recognition
A115P 4 0 ) )
M32R | 4 24 Objectives:
Q144P |4 0 To develop a new fold-recognition tool with a sensitivity
P1S3L |0 12 and specificity better than the existing tools
E229K | & 18
5239R . o
= b Summary of the work done until the beginning of
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S50 13 = this reporting year
We initiated a new project on development of a protein

fold-recognition procedure having sensitivity and specificity better than the existing methods.
The underlying principle of the new method stems from the fact that the number of protein
folds in the universe is limited and that each protein adopts one of these known folds and
therefore the protein fold-recognition can essentially be regarded as a classification problem
where protein sequences can be classified into different fold-categories. For this the most
important requirement is a set of easily computable protein fold specific features for each
fold. Analysis of dipeptide distribution in various folds revealed that the each fold can be
characterized by the presence/absence as well as preferences or otherwise of a unique set
of dipeptides. Although this was an interesting discovery, the same information was of less
use for prediction purposes due to the fact that some folds are thinly populated and therefore
the observed dipeptide frequencies could simply be the artifact of the number of available
protein sequences. We therefore decided to use the entire information of available
dipeptides for class discrimination by means of the supervised machine learning algorithm-

support vector machine (SVM).

Details of progress in the current reporting year (April 1, 2006— March 31, 2007)
We have developed a SVM-based method for protein fold-recognition using secondary

structural state and solvent accessibility gate information of amino acids and dipeptides as



discriminatory features. These features have not been exploited so far for protein fold-
recognition to the best of our knowledge. The accuracy obtained using our method is

strikingly higher than the other existing methods.

The data sets used for training and testing SVM

The training and the test data sets used in this study contains 302 and 379 proteins,

respectively (http://crd.lbl.gov/~cding/protein/) and these according to SCOP classification

belong to 27 different folding classes representing all major structural classes: all a, all 3, a /
3, a + B3, and small proteins. These are the datasets used by several authors for bench
marking their fold-recognition tools. No two proteins in the training set have more than 35%
sequence identity to each other and similarly none of the proteins in the test set has greater

than 25% sequence identity to the proteins in the training set.
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this study (Table 2.1).

Training and Testing using SVM

Support vector machines (SVM) were basically designed for binary classification. To extend
it to multi-class classification, many methods have been developed. Currently there are two
kinds of methods, one is binary classification based method, which constructs and combines
several binary classifiers, and the other is referred to as ‘All-together method’, which directly
considers all data in one big optimization formulation. Since protein-fold recognition is a
typical multi-class problem we used multi-class methods viz., All-together method: Crammer
and Singer method and the two binary classification based methods: “one versus all,” & “one
versus one”. To the best of our knowledge ours is the first study to use Crammer and Singer

multi-class method for protein fold classification.



Performance Measure

Overall accuracy was used as a measure to
Overall accuracy is the most commonly

performance of multi-class problems. Overal

evaluate the performance of our approach.
used parameter for assessing the global

| accuracy (Q) is defined as the number of

instances correctly predicted over the total number of instances in the test set:

? Zi

= — X 100
Q N

Where, N is the total number of proteins (instances) in the test set, and z are the true

positives.

Results obtained on atest set

We first analyzed the fold-discriminatory potential of individual features (Table 2.1). Both
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sequence and structure -based features
were individually used for learning the
protein fold classifier. Prediction accuracies
of each feature for all three multi-class
methods were calculated and shown in
Table 2.2. It can be seen that out of nine
individual features used in this study,
secondary structural state frequencies of
amino acids (SSS_AA) gives the best

prediction accuracy for all three multi-class

methods with overall accuracy of 64.4%.

This accuracy itself is higher than the best accuracy (62%) reported in literature so far. As
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shown in Table 2.2, all structural features
perform better than the sequence -based
features for all the three multi-class methods
employed. The maximum overall accuracy
achieved by any sequence-based feature is
49.6% for 1l-gapped dipeptide composition
(1GAP), which is less than the accuracy
obtained by any structural features used in

this study. This study, therefore, further



strengthens the fact that structural features have better discriminatory potential for protein
fold classification than the sequence -based features.

We further used the combination of features to improve the accuracy of prediction. As
structural features have better fold -discriminatory potential than the sequence -based
features (Table 2.3), we used only combinations of the structural features. Different

combinations of structural features were made in order to define and encapsulate overall
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66% for one versus one multi-class method. Combo7, which corresponds to structural
properties (secondary structural state and solvent accessibility state frequencies) of amino
acids and second order amino acid pairs, achieved an overall accuracy of 66% for one
versus all multi-class method. Combo8, which corresponds to structural properties
(secondary structural state and solvent accessibility state frequencies) of first and second
order amino acid pairs, achieved an overall accuracy of 66% for one versus all multi-class
method. So the combination of features improves the accuracy of fold classification.
Currently we are trying to increase the size of the training set by including close homologues
in an effort to increase the accuracy further.

3 Analysis of microsatellites in prokaryotic genomes.

Objectives

Analysis of microsatellite frequencies, abundance and polymorphism in fully seque nced
prokaryotic genomes.

Summary of the work done until the beginning of this reporting year

Cross-genome comparisons of M. tuberculosis H37Rv (MTH), M. tuberculosis CDC1551
(MTC) and M. bovis (MB) revealed tract length variations in some of the microsatellites.
Furthermore, it was also discovered that tract length variations, at several loci, were

associated frame -shifts in the coding regions. While some frame-shifts caused fission/fusion



of ORFs, some resulted in premature termination of ORFs and numerous others caused
length changes in the ORFs.

We also analysed Neisseria genomes for microsatellite distributions and polymorphisms. An
analysis of these genomes revealed an even distribution of microsatellites tracts throughout
these genomes. Upon compaiing the equivalent microsatellites occurring in the coding
regions of the three genomes we discovered nearly 120 microsatellites tracts showing
polymorphism. Most (99 out of 119) of the polymorphic tracts are the mononucleotide tracts.
In most of these cases microsatellite polymorphism led to frameshifts in the ORFs. The
affected ORFs were annotated as periplasmic protein, transpoter, restriction endonuclease,
adhesin protein (Maf), transcriptional regulator, lipoprotein, membrane protein, penicillin
binding protein, bacteriocin resistance protein, methy-transferase, sigma factor, kinases, pilin
gycosylation protein, hydratase, oxidoreductase, phage associated proteins and hypothetical
protein.

Details of progress in the current reporting year (April 1, 2006 — March 31, 2007)

(a) Studies on Yersinia genomes: Yersinia pestis is a gram negative bacterium which
seems to have diverged from the enteric pathogen, Yersinia pseudotuberculosis very
recently. Whereas Yersinia pseudotuberculosis is a soil and water born pathogen, Yersinia
pestis is a dangerous pathogen and in humans, this pathogen causes bubonic, septicemic
and pneumonic plagues. The bacterium also exhibits wide range of hosts such as rodents,
flea etc. Flea gut is necessary for the colonization of these bacteria. However they also can
survive in different hosts having different environments. How they survive in different host
environments and what genetic factors are responsible for their variable host adaptions, has

not been completely understood. As SSRs are known for imparting variability in pathogenic

' " genomes, it was tempting to carryout an in-
_ : "{ﬁﬁ.ﬁm,{{WML’%‘.!_E#%EH& depth analysis of their distribution, enrichment
o : : = and polymorphism in all the known genomes
| = ﬁ’ﬁﬁfﬂL‘"‘-ﬁWz,"ﬁ"ﬁﬁ'&‘ﬁ'-l‘:f-‘i'."m"‘f*ﬁl\h""ﬂ of this pathogen.

e o Fl ' The six genomes analysed in this study are as
#waw-ﬂ*%ﬂw’*&%@m follows: Yersinia pestis CO92 (YPO), Yersinia
|- : : pestis KIM (Y), Yersinia pestis 91001 (YP),
. : .'Id-"if'Ji‘Ft:f e ﬂ‘;-'!‘ A Yersinia pestis Antiqua (YPA), Yersinia pestis

. : _ Nepal516 (YPN) and Yersinia

pseudotuberculosis (YPTB). Our analysis

revealed that every genome harbors as many

s .,.I. | ;

Mgt
- : - = as one million SSRs constituted by 68% of the
total nucleotides present in the genome. The

A

Fig. 3.1 S8R Tract-density profiles for Yersinia genomes.
The thick line represents theaverage of the expected
numbers of the SERs. The two broken lines shown on
either side of average line are drawn at the levels of two
standard deviations.,




observed tract density is 2250 SSRs per 10kb which is higher than the expected tract
density of 2212 indicating general enrichment of SSRs in the genomes. SSR density profiles
of the Yerninia genomes (Fig. 3.1) further revealed some regions that are significantly
enriched by SSRs. The numbers of such SSR enriched regions vary from 41 in YPA to 49 in
YPTB. These regions by virtue of being abundant in SSRs can be called as hypervariable
regions and are expected to be more prone for mutations as compared to the rest of the
genomes. Very interestingly many of these regions are conserved across the Yersinia
genomes. These regions harbour ORFs whose functions have been assigned as ABC type
transporter protein, membrane protein, siderophores, transferases and different types of
kinases, haemolysin, heat shock protein and hypothetical proteins.

Table 3.1 gives the number of different types of SSR types observed and expected in all the
six genomes. As also observed in the other bacterial genomes (for example, mycobacterial
genomes) mononucleotide tracts are the most abundant type in the yersinia genomes with
their numbers varying in the range of 196-252 tracts per kb of genome and hexas are the
least abundant ranging from 04 tracts per kb. The number of SSR tracts seems to be
inversely correlated to their lengths, in other words, short arrays are more abundant than the
long arrays. The arrays longer than 12bp are nearly absent in all the genomes indicating
general scarcity of long tracts in the yersinia genomes. The infrequently occurring long tracts
are mostly populated in the non-coding regions.

Mono, tri, tetra, penta and hexa SSRs are found more number of times than expected
indicating their enrichment where as di tracts are underepresented. Generally prokaryotic
genomes show enrichment of only tri and hexa SSRs and underrepresentation of mono, di,
tetra and penta SSRs. It is believed that selection against frameshifts in coding regions is the
reason for underepresentation of mono, tetra and penta tracts. In the light of this it is
interesting to note that yersinia genomes are distinct as they show unexpected enrichment of
mono, tetra and penta tracts indicating their potential preference for frameshift mutations in
their coding regions.

Although the genomes are slightly AT rich, selective bias towards enrichment of certain
sequences is seen. For example, among the mono tracts all the four sequences viz., A, T, G
and C tracts are enriched and among the di tracts only GC repeat sequence is enriched.
Furthermore cross-genome comparisons of the genomes yielded 391 SSRs showing length
variation (refered to as PSSRs) across the six genomes of which the 193 were found in the
coding regions. Of 391 SSRs 183 were showing length variation between YPTB and YP
genomes. Therefore they can be considered as the examples of inter-species SSR
polymorphism. The remaining examples, 208 in total, can be considered as the examples of
intra-species polymorphism
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Of the PSSRs a large majority (291 out of 391 i.e., 74%) are mono nucleotide tracts of which
about 60% are A/T tracts. In non-coding regions 152 (77%) mono nucleotide PSSR are
present and out of which 109 (72%) are of A|T type whereas 43 (28%) are of G|C type. In
coding region the number of mono nucleotide PSSR is 139 (72%) and out of which 64 (46%)
are of A|T type and 75 (54%) are of G|C type. With regard to the extent of length variation,
almost every PSSR (369) has undergone only one repeat copy humber variation, in other

words, indel of only one repeat unit.

(b) Development of a computational tool for
identification and extraction of imperfect
SSRs from genome sequences. In all the

studies conducted so far, we focused only the

perfect SSRs. A look at any genome reveals a

number of SSRs with imperfections (those

harbouring substitutions and indels as

compared to their perfect counter-parts).

P Since analysis is preceded by identification

e b g o

and extraction of imperfect SSRs from fully

sequenced genomes and that our survey of
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existing tools revealed several lacunae in

them, we resorted to develop a new tool called

- Imperfect Microsatellite Extractor (IMEX). IMEX
1u uses a simple yet novel algorithm to find both
— perfect as well as imperfect microsatellites

o ey B gt

from genome sequences. A representative
flow-chart is shown in Fig. 3.2.

IMEx Algorithm:
Fig. 3.2 Flow-chart of IMEx We define a sequence at a given locus as

microsatellite if that sequence can be expressed as a tandem repeat of a motif of 1-6 bp
size. The repeating motif can at every iteration harbor upto k’ number of point mutations
(substitutions or indels of nucleotides). IMEx algorithm uses this definition and works as a
two-step procedure: (a) Identification of microsatellite nucleation sites which are nothing but
the loci where a repeat motif is repeated twice either tandemly (type | nucleation site) or after
certain intervening nucleotides (type Il nucleation sites). in both cases the repeat motif is
without any imperfection (i.e., k=0) and (b) Extension of the nucleation sites on both sides in
the steps of the repeating motif (with imperfections less than 'k’ value) as long as one of the
termination criteria is satisfied: (a) The number of imperfections (inclusive of substitutions



and a maximum of one indel) between the consensus and the perfect repeat motif is more
than the limit (denoted by ‘k” parameter set by the user) and (b) The percentage of
imperfection is more than the limit set by the user (denoted by “p” parameter). The
percentage imperfection is calculated as follows:

% Imperfection = (no. of point mutations in the observed tract / total no. of bases in the

equivalent perfect tract) * 100

The user can set a value for k’ between 0 and m where m=repeat motif size(consensus
size). Once the termination criteria ae satisfied, only those candidate microsatellites that
are more than the minimum repeat number of that repeat size set by the user (denoted by

“n” parameter) are reported.

Input to the program consists of a sequence file and the following parameters: (a) No. of edit
operations/motif (k); (b) percentage imperfection for the entire tract (p); (c) minimum repeat
number (n); (d) coding information file. The program generates two files, one of which gives
a summary table describing the microsatellite tracts along with their information that includes
tract size, no. of iterations, % imperfection, nucleotide composition and coding/non -coding
information. The second file contains the alignment of each repeat with its consensus
sequence. These two files are produced both in html form as well as in text formats. The text
files produced can be downloaded and used for further studies. In html outputs, the files are
linked so that on clicking a repeat will display its corresponding alignment in a separate html
page. An option for designing primers for the microsatellite regions found has also been
provided.

IMEXx is developed in standard “C” language. A web-server called “IMEx-web” has been
created using the IMEx program at the back-end. IMExweb is a web-based, fully automated
server which provides a list of known genomes belonging to prokaryotes (430 genomes) and
viruses (1809 genomes) from which the user can select a genome of his interest for
extraction of microsatellites satisfying his criteria of imperfection, SSR type, SSR motif
sequence etc. The web-server as well as the IMEx program can be accessed freely from
www.cdfd.org.in/imex or http://203.197.254.154/IMEX/.

Publications:

1 Achary MS, Reddy ABM, Chakrabarti S, Panicker SG, Mandal AK, Ahmed N,
Balasubramanian D, Hasnain SE and Nagarajaram HA (2006) Disease-causing mutations
in proteins: structural analysis of the CYP1B1 mutations causing primary congenital

glaucoma in humans. Biophysical Journal 91:4329-4339.



2. Sreenu VB, Kumar P, Nagaraju J and Nagarajaram HA (2007) Simple sequence
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3. Suresh BM and Nagarajaram HA (2007) IMEx: Imperfect Microsatellite Extractor.

Bioinformatics (InPress).
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Our laboratory focuses on (A) Understanding of the transcriptional apparatus during
baculovirus infection of in vitro cultured insect cells and the ensuing apoptotic response of
these cells (B) The other major focus of our group is molecular epidemiology, dissemination
dynamics and infection biology of infectious pathogens, notably, Mycobacterium
tuberculosis.

A. Dissecting the baculovirus transcription regulatory apparatus

Objectives:

1. To study the role of cis-acting elements, trans-acting factors and the RNA
polymerase involved in hyperactivation of transcription from the very late polyhedrin
gene promoter of Autographa californica nuclear polyhedrosis virus (ACMNPV).

2. Molecular cross talks between Baculovirus P35 with host apoptotic machinery

3. Cloning and characterization of SO P53 homolog.

Summary of work done until the beginning of this reporting year

The host RNA polymerase transcribes early genes of the baculovirus whereas the

polymerase utilized in the late and very late phase is a viral encoded a-amanitin resistant

RNA polymerase. This polymerase recognizes promoters with a TAAG motif. Promoter



recognition is an integral characteristic of the purified enzyme. This viral RNA polymerase
has been purified and four of its subunits have been identified till date. The four subunits are
LEF -4, LEF-8, LEF 9 and P47. LEF-8 and LEF -9 are hypothesized to constitute the catalytic
core of RNA polymerase since they possess amino acid sequence motifs homologous to
other polymerases. For the in-vitro reconstitution of viral RNA polymerase activity, purified
forms of its subunits are necessary. The presence of purified subunits will also help in
understanding the interaction between the subunits and their interaction with other factors
and the promoter. LEF4 and P47 were purified as GST-tagged proteins to homogeneity. We
find that through GST -pull down method LEF4 interacts with LEF9 and also P47 interacts
with LEF9. These interactions involve different domains since there is no competition. GST
pull down assays also suggests that there may be no direct interaction between LEF4 and
P47.

Transcriptional cross talk between host and viral factors during apoptosis: P53
protein, the central molecule of the apoptosis pathway, is often targeted and inactivated by
several animal viruses as a prelude to productive infection. Of late, P53 homologues have
been identified from different invertebrates including Drosophila, C. elegans, Squid and
Clams. We have reported the identification of a P53 like protein in Spodoptera frugiperda
(S19) insect cells, which is activated during oxidative stress, caused by exposure to UV-B or
H,0, and binds to P53 conse nsus DNA binding motifs as well as other P53 sequence motifs.
Sf9 P53-like factor is apparently similar to murine and Drosophila P53 in terms of molecular
size, which is around 50-60kDa as was evident from UV cross-linking and SouthWestern
analyses. Expression of baculovirus P35 appears to down regulate the activity of Sf9 P53-
like factor, which was evident from electrophoretic mobility shift assays. The binding of P53
to its cognate motifs is inhibited in the presence of recombinant P35 and this inhibition is
specific to P53 and not AP-1 or NF?B which are also down regulated upon baculovirus
infection. The rP35 mediated DNA binding inhibition is limited to the transcriptionally active
tetrameric form of P53. The P53 target gene expression is also reversed in the presence of
P35 protein. In vitro transcription confirms the molecular cross talks between the viral P35
and the host P53-like transcription factor. The identification of P53 dependent apoptotic
pathway in Sf cells adds a new facet to our understanding of the mechanisms of baculovirus
P35 mediated abrogation of apoptosis under oxidative stress.

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)
Having shown Spodoptera frugiperda insect cells as a model for oxidative stress, we
investigated the presence of P53 dependent apoptotic pathway in Sfocells. In the present
work, we report the biochemical characterization of the DNA binding activity of Sf9 P53 like
factor, which is activated upon oxidative stress in S9.



Sf9 P53 like factor binds to cognate
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Figure 1, Biochemical characterization of DNA binding activity of S/ _ _ _
like factor. S/ P53 like factor binds with high affinity to its eognate | Of increasing concentration of KCI up
molif as evident from song binding even in the presence of high salt
concentration {(2M) either Sodium Chioride (&) or Potassium chiloride i N
{B). The dissoclation constant for 58 P53-DNA complex is calculated to 2M (Figure 1B, lanes 1-6), the
as 7.50M (C). Cysteine and histidine residues are involved in DNA
binding activity of 58 P53 like factor as evident from decreased
binding by treatment with lodoacetamide (D) or DEPC (E).

binding was stable and in fact

increased at lower concentration (up
to 0.5M). To determine the dissociation constant of SfP53 DNA binding to consensus P53,
EMSA was carried out with 5ug of Sf9 nuclear extract and decreasing concentration of probe
(1-0.625ng) (Figure 1C). The dissociation constant of a ligand is defined as half the

concentration at which it reaches saturation. The complex intensity decreases as a function
of probe dilution (Figure 1C, lanes 2-6). From the graph of probe vs P53- DNA complex
intensity (Figure 1C), it is clear that complex saturates at 0.5ng equivalent to 7.5nmoles.
Hence the K; for SPP53-DNA binding is 7.5nmoles. These assays demonstrate that S® P53
like factor binds with high affinity to its cognate motif.

Sf9 P53 like factor requires divalent metal ions for DNA binding: To look into the
requirement of a divalent metal ion in the DNA binding activity of SfP53, EMSA for SfP53
was carried out using 5ug of Sf9 nuclear extract in the presence of increasing concentration
of divalent metal ion chelator, EDTA up to 250mM (Figure 1A, lanes 2-6). At concentration of
25mM EDTA, the binding of SfP53 to cognate motif was completely abolished,
demonstrating that divalent ions are essential for DNA binding activity of Sf9 P53 like factor.

Cysteine and histidine residues are involved in DNA binding activity of Sf9 P53 like
factor: To demonstrate the role of cysteine and histidine residues in the DNA binding activity
of SfP53, EMSA was carried out with 5ug of SO nuclear extract by modifying either cysteine

(lodoacetamide, Figure 1D) or histidine (DEPC, Figure 1E). lodoacetamide causes



acetylation of sulfhydryl groups of cysteine residues thus blocking the availability of
sulfhydryl group for DNA pro tein interaction. The binding of S® P53 like factor to its cognate
motif decreases (Figure 1Dlanes 2 to 6) as a function of concentration of iodoacetamide
(0.2mM —2mM). A decrease in the DNA protein complex is evident in the presence of 1mM
(Figure 1D, Bne 6), 2mM (Figure 1D, lane 7) lodoacetamide, demonstrating the role of
cysteine residues in the DNA protein interaction. Similarly by treatment of Sf9 nuclear extract
with DEPC (0.25-2mM), which modifies the histidine residues by alkylation, the SfP53
interaction with DNA is abolished (Figure 1E) even at minimal concentration of DEPC used,
i.e. 0.25mM (Figure 1E, lane 1), also pointing the involvement of histidine residues in SfP53-
DNA interaction. Taken together, both cysteine and histidine residues of SfP53 are involved
in interaction with DNA.
In conclusion, we report the biochemical characterization of Sf9 P53 like factor in terms of its
DNA binding activity, which appears identical to the reported vertebrate P53. The molecular
size, cognate element recognition, divalent metal ion requirement, the involvement of
cysteine and histidine residues and the dissociation constant suggest the Sf9 P53 like factor
to be the authentic SO P53 homolog. Additionally, the Sf9 P53 like factor has been purified
by conwventional protein purification strategies although in minute quantity for the N-terminal
sequencing of the protein. Cloning of the gene corresponding to this factor is underway
which will conclusively demonstrate the P53 homolog in Sf9 insect cells.
B.Molecular pathogenesis and infection biology of Mycobacterium tuberculosis
Objectives:
1. Identification and characterization of genes involved in siderophore mediated iron
uptake in Mycobacterium tuberculosis and their role in virulence
2. Characterization of genesinvolved in the virulence and persistence of M. tuberculosis
3. Identification and characterization of novel antigens of M. tuberculosis vis-a vis their
immune response
Summary of work done until the beginning of this reporting year
The success of Mycobacterium tuberculosis (M. tb) as an efficient pathogen lies in its ability
to persist within humans for long periods in a clinically latent state, in hostile intracellular
environment including microaerophilic and extreme acidic conditions, without causing any
disease symptoms. Fumarate Nitrate Reductase Regulator (FNR) family proteins are global
regulators of low oxygen conditions and regulate target genes carrying the FNR box
elements. By relative positional entropy method using database Predict Regulon Server
(http://210.212.212.6/prindex.html) we predicted the presence of 60 FNR boxes across the
complete (3919 ORFs) M. tb genome. We also pooled FNR box elements present in

homologues of M. tb in other organisms like E. coli, Pseudomonas, Bacillus, Paracoccus,

Rhodosprillium etc. Many of the predicted ORFs were previously reported to be induced



under hypoxia in various microarray data. To validate our computer prediction, M. tb ORF
Rv3676, a putative FNR regulator, was selected and subjected to in silico analysis to
theoretically confirm its likely role as a member of the FNR family of transcription regulators.
Recombinant protein coded by ORF Rv3676 was finally demonstrated to bind to some of the
predicted FNR box elements using electrophoretic mobility shift assay. Our results will
additionally aid in our understanding of gene regulation in hypoxia and the role of such gene
in M. tb pathogenesis.

About 10% of the coding capacity of the Mycobacterium tuberculosis genome is devoted to
the PE/PPE family of genes scattered throughout the genome. We have identified 28
PE/PPE operons which are organized within the M. tb genome in such a way that most PE
members are upstream to PPE members. One example of such a gene arrangement is the
PPE gene Rv2430c, earlier shown by us to code for a highly antigenic protein eliciting strong
B-cell responses in TB patients [Choudhary, R.K., Mukhopadhyay, S., Chakhaiyar, P.,
Sharma, N., Murthy, K.J.R., Katoch V.M. and Hasnain, S.E. (2003) PPE antigen Rv2430c of
Mycobacterium tuberculosis induces a strong B cell response. Infect. Immun. 71, 6338-
6343], situated downstream to PE gene Rv2431c. Rv2431c and Rv2430c are transcribed as
an operon. Expression of either rRv2431c or rRv2430c alone in E. coli limited their
localization to the inclusion bodies. However, when they were co-expressed, both the
proteins appeared in the soluble fraction. These two proteins interact with each other and
form oligomers when alone, however, when present together they exist as heteromer.
Details of progress made in the current reporting year (April 1, 2006 - March 31, 2007)
1. Trafficking of iron from host to pathogen involves interplay between
Mycobacterium tuberculosis exporter protein Rv1348 and importer Rv1349 and
Rv2895c proteins

Despite a reasonable understanding of mycobacterial iron uptake system and their role as
virulence determinants, mechanistic and biochemical principles involved in this process are
not well investigated. We report the role of three iron-regulated proteins namely, Rv1348,
Rv1349 and Rv2895c as modulators of intracellular siderophore concentrations and
consequent iron uptake. In silico analysis suggests that Rv1348 and Rv1349 have regions
corresponding to ATP binding cassettes with typical Walker A and Walker B signature
motifs. Whereas, Rv2895c and the N-terminal region of Rv1348 showed regions of
homology to the siderophore interacting proteins. Reverse transcriptase PCR from total
MRNA of M. tuberculosis reveals that Rv1348 and Rv1349 are transcribed as a part of same
operon and that all the three genes are upregulated in low iron conditions. Also, there
membrane localization is indicative of their likely role in membrane transport. The N-terminal
siderophore binding domain within Rv1348 selectively binds to non-ferrated siderophores,

whereas, rRv2895c shows comparatively higher affinity towards ferrated siderophores



(180 mM) than non-ferrated (127 M) siderophore. Besides, our pull down assay points to an
interaction between rRv1348 and Rv2895c, possibly involving the permease domain.
Liposomal reconstitution experiments demonstrate that recombinant Rv1348 is involved in
the siderophore export whereas the two-component Rv1349-Rv2895c¢ system serves as an
importer of ferrated siderophore, both of which require ATP hydrolysis. Knockout of Rv1348
homologue M. smegmatis, msmeg6554 showed phenotypic changes suggesting disruption
of siderophore export which could be restored by complementation by Rv1348. Our data
demonstrate, for the first time, the functional characterization of Rv1348 and Rv1349-
Rv2895 as an exporter-importer system functioning together to maintain the fine balance of
siderophores and thus iron inside the cells.

Computational analyses predict Rv1348, Rv1349 as transporters and Rv2895c as
siderophore binding protein: Rv1348 and Rv1349 are operonic: The sequence homology
and the motif scanning of proteins coded by Rv1348 and Rv1349 showed the presence of
the nucleotide binding, Walker A and B and ABC signature domains, besides the six and five
membrane spanning segments, respectively (Bribant et al., 2000). Rv1348 sequence also

T B harbors an additional N terminal

domain with  similarity to the

= e D | L‘ periplasmic substrate -binding proteins

. : - ' of other ABC transporters, more
specifically with those involved in
siderophore uptake. The siderophore
interacting motif (SIM) is present in
Rv2895c¢ (Schubert et al., 1999). The
sequence analysis of the two Rv1348
”%IIT” = —;j-.jh.f::!:f.’.f.'. and Rv1349 as well as RT-PCR
; 5 shows that Rv1348 and Rv1349 are
Figure 2 {2) 0% 760 O FVIE e R4 wes contimed by BTECE 1| operonic as evident from amplification
of 2.4Kb fragment (Figure2A). To

determine the orientation of SBD and

ATPase domain tryptic digestion of
liposome reconstituted eRv1348 (LP-

48) was carried out which indicate that

the two domains the N-terminal SBD

and the C-terminal ATPase domain
are on the same side of the membrane (Figure 2C).
Immunoblotting and RT-PCR indicates that all three proteins are membrane localized

and upregulated in low iron conditions: RT-PCR using M. tb RNA from control and iron



depleted cultures and immunoblotanalyses with antibodies raised against individual proteins
indicated that the proteins are cytoplasmic membrane localized. In iron replete conditions the
level of expression of the three proteins is basal, as is evident from faint bands in RT-PCR
(FigurelD,E,F lower panel) and immunoblot (Figure 2G, lane2). The expression is however
enhanced many folds as the iron depletion stress increases (Figure 2D, E, F upper panel,
Figure 2G, lane4), suggesting their role in iron uptake and supporting their function
membrane specific siderophore transport.

Fluorimetric analyses suggests higher affinity of SBD to ferrated siderophores whereas
Rv2895c¢ shows higher affinity to non-ferrated siderophores; To address the role of SBD and
Rv2895c¢ in siderophore export or import, the substrate specificities and the dissociation
constant (kD) of the recombinant proteins were analyzed fluorimetrically. k for SBD and
Rv2895c gave a value of 25.5mM for non ferrated siderophore and 50nmM for ferrated
siderophore, pointing that SBD selectively binds to non ferrated siderophores (Figure 2B).
However, Rv2895c shows relatively higher binding affinity to ferrated (180nM) than non
ferrated (127mM) siderophores (Figure 3A). This indicates that Rv2895c is primarily involved

in import of ferrated siderophores viz. a viz., helps in facilitating export of non ferrated

siderophores  through a ligand
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inorganic phosphate estimation indicates the intraliposomal ATP hydrolysis
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suggesting that the two proteins interact via the transmembrane permease doman (Figure
2B, lane 5).

In vitro and in vivo studies reveal that Rv1348 is involved in the export of non-
ferrated siderophores whereas Rv1349-Rv2895¢c mediates the import of ferrated
siderophores:Lipososme based transport assays showed a time dependent increase in the
fluorescence of the LP-48 supernatant indicating the release of MycoJ from the liposome.
This is accompanied by a concomitant increase in intraliposomal ATPase activity as evident
from the increase in inorganic phosphate release, suggesting an energy driven export of
Myco-J by Rv1348 (Figure 3C). This correlates well with the presence of both the domains
on the same side of membrane as shown by tryptic digestion of LP-48 (Figure2C). However,
in case of LP49, Fe-MycoJ internalization occurred only upon incubation with Rv2895c
bound form indicating the import property of Rv1349-Rv2895c combination (Figure 3D). A
linear relationship between export (LP-48) or import (LP-49) of Fe-MycoJ to an increase in
intraliposomal ATPase activity was observed. The release of inorganic phosphate reflects
the ATPase activity of respective proteins (Figure 3C,D). These liposomal experiments
indicate that while rRv1348 is involved in siderophore export, a two component rRv139-
rRv2895c system serves as an exporter of ferrated siderophores.

M. smegmatis KO for Rv1348 homologue renders it incapable of siderophore uptake, that
could be restored by Rv1348 complementation: To convincingly demonstrate the

involvement of Rv1348 in siderophore uptake invivo, M. smegmatis KO for Rv1348

homologue msmeg6554
(mc®’A6554) was constructed. The
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siderophore uptake, was analyzed
by RT-PCR to show that there is no
polar effect. The presence of the
band corresponding to msmeg6553
transcription in mc?A6554 strain in
low iron conditions (Figure 4C)
indicates that the disruption of the
upstream msmeg6554 has no effect
on the expression of the downstream
gene, msmeg6553.

The KO strain, mc’A6554, shows a




sick phenotype with slow growth (Figure 4A.1,2) in iron rich agar plates and low CAS
reactivity when grown in iron depleted media (Figure 4B.S1) indicating inability of the strain
to secrete sufficient concentration of siderophores into the media. This abrogation of CAS
reactivity is consequent to the disruption of the msmeg6554 gene. The supernatant from
mc’A6554 cultures, which showed reduction of blue color quenching signifying low
production of CAS reactive substance after 24hours of growth (Figure 4B.S1). However,
complementation of mc?155A6554 with plasmid harboring Rv1348 restored normal growth
of the strain in low iron conditions (Figure 4A) as well as increase in the concentration of
CAS reactive substance in the culture supernatant after 24 hours of growth (Figure 4B.S2)
comparable to mc®155. This suggests that M. tuberculosis Rv1348 could be involved in the

release of siderophores.

2. Characterization of genes involved in DNA replication

Replication in eubacteria is initiated when DnaA, an initiator protein, binds to DnaA boxes
located within the origin of replication (oriC). Initiation of replication from oriC can be divided
into three stages namely, initiation, open complex formation and pre priming. Initiation of
replication proceeds with the binding of DnaA protein to oriC and leads to opening of 13-mer
regions, which is followed by entry of DnaB helicase to form the prepriming complex. There
are five DnaA-binding sites in oriC region of E. coli, referred to as R boxes, to which both
active ATP-DnaA and inactive ADP-DnaA bind with equal affinity. There are additional
initiator-binding sites in oriC region referred to as | sites to which DnaA—-ATP can bind. DnaA
protein binds with nearly equal affinity to ATP and ADP. For opening of the DNA duplex,
multiple DnaA protein complexed with ATP bind to oriC and melt the DNA unwinding
element (DUE). ADP bound form of DnaA is highly inactive for replication initiation, forming

an important level of regulation at the origin.

IciA (nhibitor of Chromosome jnitiation) of E. coli blocks initiation at a very early stage in
vitro by binding specifically to A+T rich region of oriC. Binding of IciA blocks the opening of
A+T rich region mediated by DnaA and HU (or IHF) protein and this inhibition of strand
opening by IciA does not affect binding of DnaA and IHF (or HU) protein to their respective
binding sites. ICiA is also implicated in binding to A+T rich regions in plasmid replication
origins and the copy number of the F plasmid is increased in iciA deletion mutant and shows
higher binding preference for curved DNA. ICiA as a transcription regulator controls nrd gene
encoding ribonucleoside diphosphate reductase, as an activator of dnaA gene and as a

regulator of argnine exporter encoded by yggA gene.



M. tb maintains itself in two physiologically distinct growth states — an active replicative state
and a nonreplicative persistent state. The genetic elements responsible for the replication
processin M. th, specificaly its initiation and regulation, are not known. Given the clinical
significance of persistence within the macrophages, it is important to identify and
characterize the events involved in M. tb replication initiation and the negative effectors of
replication initiation.

Open complex is formed near the A+T rich repeat: At the 3 end of dnaA gene thereis a

single stretch of A+T nucleotide repeat

which could be the site for helix
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(e} ATP hydrolysis is essential for helix opening by rOnaA, (d) jinhibition of
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For the helixopening assay increasing amounts of DnaA protein (25-75ng) were incubated
with supercoiled pUCoriMtb. The products were fractionated on sequencing gel (Figure 5B).
The helix opening was observed only in the presence of 75ng of rDnaA protein (lane 3) but
not when 25ng (lanel) or 50ng (lane2) of rDnaA was used. The extension products were
then separated on a standard (6% or 15%) urea sequencing gel (Figure 5A and B). In primer
extension we sequenced only the template upstream of dnaN gene and hence all the
distances are measured from start point of dnaN gene. Primer oriR1 annealed between
positions — 292 to — 320 of template strand and primer oriR2 annealed between positions —
402 to— 420 of the template strand. Analysis of the sequencing product obtained with primer

oriR1 (Figure 5C, D) show two bands of size 200bp and 199bp (Figure 5A, lane 4)



corresponding to thymidine residues of — 501 and — 500 from the start of dnaN gene. To
further confirm the exact location of the oxidized thymidine another primer oriR2 was used.
When primer oriR2 was used once again two bands of size 99bp and 98bp (Figure 5B,
lanel), corresponding to positions — 500 and — 501 could be seen. E. coli origin contains
three tandem repeats of an A+T rich 13-mers and four 9mer dnaA boxes where DnaA
protein binds and opens the DNA for initiation of DNA synthesis. M. tb oriC, however, is very
complex as it contains 13 non perfect dnaA boxes and lacks a distinct A+T nucleotide repeat
thereby explaining the inability to experimentally to map the precise nucleotide involved in
duplex opening. Our results provide evidence for the first time that in M. tb the duplex
opening occurs near position — 500 (from start of dnaN gene) which lies in this A+T rich
nucleotide repeat.

ATPase activity is essential for open complex formation: Having mapped the precise
nucleotide, within the oriC region of M. tb, inwlved in opening of the duplex DNA we
investigated the requirement of ATP hydrolysis in this process and also whether other
hydrolysable and poorly hydrolysable analogue of ATP could provide the necessary energy
to drive this process. The E. coli DnaA protein has a very weak intrinsic ATPase activity but
in M. tb intrinsic ATPase activity of DnaA promotes rapid oligomerization of DnaA on oriC
and both ATP binding and ATP hydrolysis are required for rapid oligomerization of DnaA on
oriC. We therefore carried out helix opening reaction with 5mM of ATP, ADP and ATP?S
(Lithium salt). After oxidation with 8mM KMnO, and primer extension, helix opening was
observed only in the presence of 5mM ATP (Figure 5C). Only when 75ng of rDnaA is
incubated with 5mM ATP (Figure 5C, lane 1), helix opening is apparent but not when 75ng of
rDnaA is incubated with 5mM ADP (lane 2) or with 5mM ATP?S (lane 3). Helix opening once
again begins at positions — 500 and — 501 (taken from start of dnaN gene). These results
directly support the role of ATP in helix opening, which is the first step of replication initiation.
Inhibition of helix opening by IciA: IciA in addition to other function is a known inhibitor of
chromosome replication initiation. We used a putative IciA (ORF Rv1985c) of M. th, which
showed 35.8% identity in 285 amino acid overlap to iciA of E. coli. Analysis of secondary
structure through FUGUE server also demonstrated that both IciA of E. coli and Rv1985care
identical. To determine the effect, if any, on inhibition of open co mplex formation by IciA of
M. tb, experiments were designed to carry out the helix opening reaction in increasing
concentration of recombinant purified IciA protein. For monitoring inhibition of helix opening
75ng of rDnaA protein was used as this amount was sufficient for helix opening, using assay
condition described earlier (Figure 5A) helix opening is evident from the appearance of 200
bp and 199 bp band in primer extension reaction (Figure 5D, lane 1). However, in the
presence of 50ng of ICiA protein (lane 2) a very faint band could be seen which completely

disappears as the concentration of ICiA is increased to 75ng (lane 3). In this reaction ICiA



was present before the adding of DnaA protein, but when IciA was included 8min after
incubation at 37°C to allow the formation of open complex, there was no inhibition. These
results demonstrate that IciA protein can block open complex formation only before the 13-
mer region is opened and not after the opening of the 13 -mer region has already occurred.
ICiIA protein therefore apparently has no inhibitory role once the helix opening stage is

crossed.

Electrophoretic Mobility Shift Assays: Having identified the nucleotides involved in helix
opening in-vitro, as seen by oriC unwinding assays, oligonucleotides corresponding to this
region was used to determine DNA-protein interaction involving ICiA. Electrophoretic mobility
shift assay were carried out using an A+T richoriC element and huge excess of poly(dl-dC).
Results clearly show that IciA protein binds specifically to A+T rich region (Figure 5F). That
this binding is specific is clearly evident from homologous and heterologous cold competition
assays. Even in 100 fold molar excess of non-specific competitor DNA, the DNA-protein
complex is present (Figure 5F, lane 5). Whereas the DNA -protein complex completely
disappears in presence of 50 fold molar excess of specific competitor DNA (lane 7). These
results demonstrate that IciA inhibits helix opening by specifically binding to A+T rich region

on the oriC.

Gel Filtration Chromatography reveals riciA is a dimer: ICiA belongs to a lysR family of
prokaryotic transcription regulators and the members of this family are either dimer or
tetramer. Gelfiltration results (Figure 5E) clearly demonstrate that M. tb ICIA is a mmplete
dimer with no monomeric or tetrameric forms. This is reflected in the form of single a peak,
with a molecular of around 69.12 KDa. The estimated molecular mass of dimer is 71.28
KDa, which is in close agreement with the molecular mass determined experimentally.
These results clearly demonstrate that miciA also behaves as a dimer.

3. Identification and Characterization of novel antigens of M. tb vis-a vis their immune
response

Secretory proteins of Mycobacterium tuberculosis have been shown to be major
immunomodulators of host immune response and promising vaccine candidates. The
conserved hypothetical protein Rv2626c was earlier shown to be a secretory protein present
in the M. tb culture filtrates, upregulated upon infection in mice and in hypoxic conditions and
elicited humoral immune response in TB patients. We describe the ability of recombinant
Rv2626¢ in eliciting Thl type adaptive immune response in murine macrophage cell lines.
rRv2626c¢ induces murine macrophage cell lines to secrete Nitric oxide (NO) mediated by
expression of INOS. Significant induction of pro -inflammatory cytokine, TNF-a, was evident



in in vitro cultured murine macrophage cell lines upon stimulation with rRv2626c. The
secretion of NO and pro-inflammatory cytokines in response to Rv2626c¢ is mediated by
transcription factors like NF-kB and AP-1, and this was evident from the administration of
specific pharmacological inhibitor. That Rv2626¢ could modulate macrophage functions
eliciting innate and adaptive immune response has implications of using this hypothetical
protein in providing protective immunity against M. tuberculosis infection.

Recombinant Rv2626 (rRv2626c) induces nitrite and iNOS expression in RAW 264.7
murine macrophages: In the initial experiments, ability of rRv2626¢ on nitrite production via
de novo expression of INOS in RAW264.7 cells was assessed. The cells were stimulated

with different concentrations of rRv2626¢ as well as with the potent NO activator LPS plus
IFN-g The addition of rRv2626c significantly increases production of NO in RAW 264.7 cells

in a dose dependent manner. The addition of 0.3 ng of rRv2626¢ was sufficient enough to
increase NO to 1.4 fold 7as compared to the cells co-treated with LPS and IFN-g, the potent
NO activators as shown in Figure 6A. The same effect was seen in another murine

macrophage cell line J774. The stimulation with rRv2626c was able to increase the nitrite
release from cells co stimulated with LPS and IFN-gih a synergetic manner. Heat inactivated

rRv2626¢ markedly decreased NO
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Similar results were seen in another
murine macrophage cell line J774 indicating that the effect of rRv2626c¢ is independent of

cell line used for our study. The observed increase in NO or iINOS expression was



specifically due to the rRv2626¢c and not due to any LPS contamination as similar results

were observed in transiently transfected RAW 264.7 cells with pcDNA-2626¢ construct as

compared to expression vector control. pcDNA-2626c¢ transfected cells were able to increase

the NO to 10 fold as compared to the vector control as shown in Figure 6B; even at the level

of INOS expression also the pcDNA-2626c¢ transfected cells were able to increase iINOS

expression to 8 fold as compared to the vector control and 10 fold as compared to the

unstimulated cells as shown in Figure 6D indicating that rRv2626c¢ is potent enough to

increase NO by activating INOS expression equal to the level induced by known NO

activators LPS plus IFN@? This indicates that the protein coded by?Rv2626c plays a

significant role in the host pathogen interaction at the immune interface.
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Objectives
1. Examining the signaling pathways involved in the regulation of IL-12 by free radicals
2. Investigating the role of B7 family proteins in regulating macrophage innate-effector
functions.

3. Examining the effect of mycobacterial heat shock protein 60 in modulating
macrophage signaling and anti-PPD T cell responses
Summary of work done until the beginning of this reporting year

Higher levels of nitric oxide (NO) are produced by macrophages during infection wth
Mycobacterium tuberculosis. NO though shows an ability to inhibit mycobacterial infection by
inducing innate cytotoxic response, it may become a problem in later phase when it converts
a protective Thl response to a subversive Th2 response mainly by inhibiting IL-12 cytokine,
thus acting as a potential regulator of Th1/Th2 response. Therefore, an understanding of the
signaling pathways involved in the regulation of IL-12 by NO may help in the selective
modulation of Th1/Th2 to regulate mycobacterial infection. We reported earlier that NO
inhibited IL -12 induction in macrophages by downregulating the nuclear crel transcription
factor. A detailed signaling pathway by which NO inhibits IL-12 may be helpful to design new
therapeutic agent(s) for treatment d tuberculosis. A study to understand the upstream
signaling pathways involved in the regulation of c-rel by NO revealed that NO increaseed
p38 MAPK phosphorylation. Further studies revealed a cross-talk between p38 MAPK and



IL-12 p40 signaling involving the c-rel. We have than checked whether NO involves the p38
MAPK pathway to subsequently inhibit c-rel transcription factor and IL-12 p40 transcription.

Details of progress made in the current reporting year (April 1, 2006-March 31, 2007)

1. Examining the signaling pathways involved in the regulation of IL-12 by free
radicals

NO targets the p38 MAPK to downregulate nuclear c-rel level and IL-12 p40 in activated
macrophages: Since NO activates p38 MAPK and both nuclear crel and IL-12 p40 levels
are lower in NO-exposed macrophages, it is likely that NO targets the upstream p38 MAPK
to subsequently down -regulate nuclear c-rel level and IL-12 p40 induction. The SNP-treated
RAW 264.7 macrophages were therefore, stimulated with LPS+IFN-g in the absence or

SB20%60 |— | — | = + | A e |=|-]-]+]C presence of 10 pM SB203580. Data
SN |=|=|* [+ PCONAS | = |+ |*| = shown in Fig. 1A reveal that treatment
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- v v |+ corel [LPS+ENy| = [+ [+ [+ with SB203580 augmented nuclear ¢
[ p-actin - = w0l rel level in the group treated with

- — [ (-actin

LPS+IFNg and SNP. Although c-rel

rel but not p65 NF -kB in SNP-treated
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peanas:
PS+IFNy
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= 15001 = was increased, p65 NF -kB level was
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S o 5 500 that regulation of IL-12 p40 by p38
) o0 FT ) o :7 ﬂ ﬂ MAPK is probably mediated through c-
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macrophages. This up-regulation of

Fig. 1. Inhibition of p38 MAPK activity prevents NO-mediated down-
regulation of nuclear c¢rel and IL-12 p40 levels. RAW 264.7 macrophages
were treated with SNP and LPS+IFN-y in the absence or presence of 10 pM .
SB203580, c-rel levels in the nuclear extracts were determined by| an enhancement of IL-12 p40 (Fig.
immunoblotting (A) and IL-12 p40 levels in the culture supematants were
estimated by EIA (B). In another experiment, RAW 264.7 macrophages 1B)_ This study indicates that p38
were transfected with a dominant-negative mutant of p38 MAPK (DNp38)
construct. The control group was transfected with backbone vector Wi H

PCDNA3. At 24 h of trans%'ectign, cells were stimulated with LPS+IFN-y in MAPK aCtIVIty 1S targeted by NO
the absence or presence of 300 pM SNP. The c+el (C) and IL-12 p40 (D)
levels were estimated by immunoblotting and EIA respectively. Results
shown are representative of four independent experiments.

nuclear c-rel level was correlated with

causing inhibition of nuclear crel level

and  subsequently  resulting in

suppression of IL-12 p40 induction.

To further confirm the role of p38 MAPK in NO-mediated inhibition of IL-12 p40, we next
used dominantnegative mutant of p38 (DNp38). It could be seen that the crel level was
upregulated by transfection with DNp38 in spite of SNP exposure (Fig. 1C). This
enhancement in nuclear c-rel level in the DNp38-transfected group resulted in concomitant
up-regulation of IL-12 p40 when compared with the group transfected with the backbone
vector pPCDNA3 (Fig. 1D) These results further support the view that activated p38 MAPK



negatively regulates nuclear crel level and this consequently plays an important role in NO-
mediated IL-12 p40 inhibitionin LPS+IFN-g activated RAW 264.7 macrophages.

The p38 MAPK targets CaM protein to negatively regulate nuclear crel level and IL-12 p40
in SNP-treated RAW 264.7 macrophages: Recently, we have shown a role of calmodulin
(CaM) in the regulation of crel and IL-12 p40 in activated macrophages during oxidative
stress. CaM binds to crel in the cytosol preventing its transport to the nucleus causing
decreased nuclear crel level leading to decreased IL-12 p40 induction. Therefore, it is
possible that p38 MAPK inhibits c-rel vis-a-vis IL-12 p40 in SNP -treated macrophages by up-
regulating CaM. Thus the cytoplasmic CaM levels were examined in activated macrophages
treated with SNP in the absence or presence of SB203580. Stimulation with LPS+IFN-g led
to almost two-fold increase in CaM level (Fig. 2A, bar 1) over the control. Upon combined
stimulation with SNP and LPS+IFN-g CaM level was significantly increased (Fig. 2A, bar 3)

35 A Fig. 2. The p38 MAPK and SB203580 treatment reduced
2 3 regulates c-rel and IL-12 p40 :
5 e :: SNP :reattedm?cmphag;; CaM level (Fig. 2A, compare bar 4
£ _ roug argeting .
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£ 151 macrophages were either . .
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T . ot i ir oo 2l a with LPSHFN¢ in the _
£ 7 % SIBE B3 < absence or presence of 300 NO production by AG also decreased
@ 2 g2 55 g ¢ WM SNP or 100 pg/ml AG or
= 7 88 @ 4 10 uM SB203580 or 10 uM i
£ SB203580 plus 300 W SNP. CaM level (Fig. 2A, compare bar 7
After 1 h, cytoplasmic CaM ; . .
— == B levels were measured by with bar 1; P < 0.001). Interestingly,
- - - EIA and expressed as fold . .
T B - changes over unstimulated] CaM induction was upregulated by
control (A). RAW 2647 .
| it B el o 0 | macrophages were either SNP treatment alone (Flg 2A, bar 2)
= - = = |y B-actin treated with LPS+IFN-y alone| . . . i .
or co-treated with SNP and| indicating that activation of p38 MAPK
LPSHFN-y in the absence or . .
1200 c presence of 5 pM TFP and| was  positively  correlated  with
? nuclear accumulation of c-
g 8001 rel was detected after 1 hby| jncreased CaM level. As expected,
§ llrrzmmp:golblotlan_aly;]ls (B)Iil.:L-
a evels In thhe culture H
E 4001 supematants were SB203580 reduced CaM level in
= In 10 :'c‘;““,;ggu?ger e hbyEAl LPS+IFNg -activated macrophages
0 .
+ representative of at least . .
Seafifes three independent| (Fig. 2A, compare bar 5 with bar 1; P
E 5B b experiments.
=== < 0.001). However, SB203580 or AG

alone did not affect CaM level (Fig. 2A, bar 6 and bar 8) with respect to the control.

In SNP -treated macrophages, we further confirmed involvement of CaM in down-regulating
c-rel vis-a-vis IL-12 p40 using TFP, a known pharmacological inhibitor of CaM activity. It was
observed that TFP increased ruclear c-rel level in the LPS+IFN-g-activated macrophages
exposed to SNP (Fig. 2B, compare lane 4 with lane 3). Increased crel in the TFP-treated
group was positively correlated with increased IL-12 p40 (Fig. 2C, compare bar 4 with bar 3;



P < 0.001). TFP alone had no effect on c-rel (Fig. 2B, lane 5) and IL-12 p40 (Fig. 2C, bar 5)
in unstimulated cells. TFP upregulated c-rel and IL-12 levels also in LPS-activated
macrophages treated with SNP (data not shown) indicating that CaM was involved in the
NO-mediated down-regulation of crel and IL-12 p40 irrespective of the stimulator used to
activate macrophages. These results confirm a direct role of CaM in NO-mediated down-

regulation of c-rel and IL-12 p40 levels in RAW 264.7 macrophages.

2. Investigating the role of B7 family proteins in regulating macrophage innate-
effector functions

In this study, we showed that signaling through the B7-1/B7-2 molecules results in
macrophage activation for various innate -effector functions like induction of TNF -alpha,
bactericidal activity etc. indicating that the B7 family proteins not only provide co -stimulatory

stimulations to T cells for eliciting optimum T cell proliferation but also are crucial to control

the macrophage-innate responses. We
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Fig. 3. Ant-B7-187.2 mab stmuiates| 1AUCtiON of TNF-a is higher in

macrophages for increased TNF-a . .
production. RAW 264.7 macrophages| macrophages treated with anti-B7-
were  treated  with  various ) .
concentrations of either 19G2a ol 1/B72 mADb: We first examined
anti-B7-1/B7-2 anlibody and after 48
r;rg“,::;“mgmﬁ whether murine macrophages treated
RHA from macrophages stimulated) | . . .
with 10 pgiml of IgG2a or anti-B7-| IN Vitro with mADb to either B7-1 or B7-
1/B7-2 mab was subjected to RTPCR
analysis to determine THF-o mRNA i _a i
mn':“mu:-.ﬁuﬂg e Rication 2, produced higher levels of TNF-a in
[y | J T .
were teied with Lpesriy | the cultures. Accordingly, RAW 264.7
either Mow cytometric analysis of BT - i
:.:} and B7-2 ﬁ""mmﬂm malsoules macrophages were cultured with
ar s -
production in the presence of igGla H H
or antL.B7-187.2 mAb (D). RAW 2847| Various concentrations (5, 10 and 15
also treated with . .
:‘:;“n"“‘“’“.,w'.:":m{f ragments off Q/MI) of either isotype-matched
lgG2a or antl-Br-187-2 antibody for . .
48 h and the level of TNFal control antibody (IgG2a isotype) or
production was measured by EIA (E),

D atve of 1 i i
ol e oy | anti-B7-1 mAb or anti-B7-2 mAb and

after 48 h culture supernatants were tested for the levels of TNF-a produced by EIA. As
opposed to the isotype control group, treatment with anti-B7-1 mAb resulted in increased
production of TNF-a (Fig. 3A). Similarly, the anti-B7-2 mAb also increased TNF -a production
(Fig. 3A). Both anti-B7-1 mAb and anti-B7-2 mAb individually stimulated murine

macrophages to preferentially express mRNA transcripts for TNF-a as compared to the



IgG2a control group (Fig. 3B). We next examined whether induction profile of TNF -a was

directly proportional to the number of B7-1/B7-2 molecules. Therefore, macrophages were
stimulated with LPS+IFN-gto increase B7-1 and B7-2 levels as detected by flow cytometry

(Fig. 3C). It could be seen that the TNF -a production was more in the LPS+IFN-? activated

group (Fig. 3D) than those treated with anti-B7-1/B7-2 mAb alone. It was found that the
activity of anti-B7-1/B7-2 mAb on the production of TNF-a?could be abrogated by heat but

not by polymyxin B or anti-CD14- plus anti-TLR4 antibody treatment ruling out contribution of
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endotoxin to the macrophage stimulatory
property of anti-B7-1/B7-2 mAb. It is known
that signaling through Fc receptors can
activate macrophages for higher production
of TNF -a. To rule out this possibility, we next
treated anti-B7-1 and anti-B7-2 antibodies
with pepsin to purify F(ab’). fragments. It was
found that the F(ab’), fragments activated
macrophages for increased TNF -a induction
(Fig. 3E) in a similar manner as observed
with the respective intact antibody (Fig. 3A). It

Fig. 4. The anti-B7-1/B7-2 mADb stimutates macrophages Tor
Increased ROS production and bactericidal activity. RAW
264.7 macrophages were reated with 10 pgiml of IgG2a or
anti-B7-1/87-2 mAb for 1 h, Cells were then either treated
with 15 uM dilydrorhodamine-123 for 45 min and assayed
for mmunofluorescence on a Nikon Muorescence
microscope (A) or incubated with live Escherichia ool
bacteria for 15 min, Bactericidal activity was moniftored after
3 h (B) and & h (C). Data are representative of five different

and IL -12 cytokines.
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Fig. 5. Anti-B7-1/B7-2 mAb targets the NF-«xB for increased TNF-a
induction in macrophages. RAW 264.7 macrophages treated with anti-
B7-1/B7-2 mAb show increased NF-xB activity as evident from EMSA (A)
and Western blotting for p50 and p65 NF-xB in macrophages treated with
anti-B7-1 (B) or anti-B7-2 (C) mAb. Also RAW 264.7 macrophages co-
transfected with either I-«<Ba or mock plasmid (PRC/CMV) were treated
with IgG2a or anti-B7-1/B7-2 mAb. Nuclear NF-«xB levels were examined
by EMSA (D) and TNF -« by EIA (E).

was noticed that anti-B7-1/B7-2 mAb had

little effect on the induction profile of IL-10

Macrophages treated with anti-B7-1/B7-2




anti-B7-2 mAb was therefore directly examined. It was observed that the bactericidal ability
of both anti-B7-1- and anti-B7-2-treated macrophages was significantly higher than that of
IgG2a-treated macrophages when examined after 3 h (Fig. 4B) and 6 h (Fig. 4C) of
incubation.

The anti-B7-1/B7-2 mAb activated p50 and p65 NF-kB which play important roles in
the induction of TNF-a in anti-B7-1/B7-2 mAb -treated macrophages: The NF-kB family
of transcriptional regulators is important for induction of TNF-a as well as microbicidal
activity. Therefore, NF-kB induction was measured by EMSA using a consensus NF-kB
deoxy-oligonucleotide probe labeled with P -*P}ATP. As compared to the IgG2a control
group, intensity of the DNA-protein complex corresponding to the NF-kB proteins was
apparently increased upon treatment of macrophages with either B7-1 mAb (Fig. 5A,
compare lane 4 with lane 2) or B7-2 mAb (Fig. 5A, compare lane 6 with lane 2). As
expected, LPS+IFN-g treatment increased intensity of the complex (Fig. 5A, compare lanes 5
and 7 with 3). Since p50 and p65 NF -kB play important role in TNF-a gene activation, we
next examined expression profile of p50 and p65 NF-kB. The Western blotting experiment
also revealed that treatment with anti-B7-1 mAb (Fig. 5B) and anti-B7-2 mAb (Fig. 5C), as
compared to the respective control populations, resulted in an increase in p50 and p65 NF -
kB proteins demonstrating anti-B7-1/anti-B7-2 mAb treatment increased NF -kB activity as
evident from EMSA and Western blotting. Further experiment using the phosphorylation-
defective FkappaB alpha plasmid construct to inhibit NF -kB (Fig. 5D) revealed that activation
of NF-kB complex by anti-B7-1/B7 -2 mAb, was actually responsible for increased TNF -a

induction in macrophages (Fig. 5E).

3. Examining the effect of mycobacterial heat shock protein 60 in modulating

macrophage signaling of anti-PPD T cell responses

The IL-10 and IL-12 cytokines from macrophages can directly regulate T cell effector
phenotype of T helper 1 (Th1) or Th2 type. Earlier, we have reported that IL -10 can inhibit IL-
12 p40 induction by targeting the rel proteins. The mycobacterial heat shock protein (Hsp) 60
has recently been shown to influence the immune responses and their overexpression
during infection suggests that this might offer a survival advantage to mycobacteria within
the host. Since Hsp60 protein can influence the Th2 responses, we examined whether anti-
PPD T cell response is modulated by the myobacterial Hsp60 protein (MtbHsp60). To

understand whether MtbHsp60 modulates anti-PPD T cell response we collected PBMC



samples from TB-infected patients from local TB Hospital of Hyderabad, India, and used for
in vitro antigen proliferation assay using PPD as recall antigen with 3 pg/ml of either

MtbHsp60 or unrelated recombinant glutathione -S-transferase (GST) protein. The anti-PPD
Thl and Th2 cytokines were examined measuring IFN-gas the Thl cytokine and IL-5 as the

Th2 as described pre viously. When compared with GST -control group, it could be seen that
the anti-PPD T-cell response in the MtbHsp60 -treated group was poorer and biased towards

the Th2 type with an increase in IL-5 and a decrease in IFN-g response. Further studies

revealed that MtbHsp60 protein targets the macrophage to skew the anti-PPD T-cell
response towards the Th2.
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Fig. 6. The Mibhspé0 protein inhibits IL-12
p40  induction In response to PPD in
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macrophages. For example, induction
- g of IL-12 from macrophages favors a
Thl response. In contrast,

Hsp+PPD

cells to the Th2 effector pathway. In

the anti-PPD T cells responses were skewed to Th2 type by MtbHsp60 when macrophages
were used as antigen-presenting cells indicating that MtbHsp60 might influence the PPD-
induced IL-12 p40 signaling in macrophages to establish a Th2 response. The results shown
in Fig. 6, A and B clearly reveal that mycobacterial Hsp60 inhibits PPD-induced IL-12 p40 in
a dose dependent manner. The IL-12 p40 is mainly regulated by various rel transcription
factors like p50 and p65 NF-kB and c-rel. While studying the transcription factor(s) involved
in the downregulation of IL-12 p40 by MtbHsp60, it was observed that MtbHsp60 protein
mainly inhibited the nuclear crel transcription factor but not the p50- or the p65 NF -kB in
PPD-activated macrophages. To confirm whether c-rel played a critical role in Hsp60
protein-mediated inhibition of IL-12 p40, we overexpressed c-rel transcription factor in the
macrophages co-treated with PPD and MtbHsp60. The results reveal that transfection with
c-rel could significantly restore IL-12 p40 induction in response to PPD in macrophages even

being treated with MtbHsp60 indicating that mycobacterial Hsp60 protein targets the crel



transcription factor to downregulate IL-12 p40 induction in PPD-stimulated macrophages.
The detailed upstream signaling mechanism involved in the MtbHsp60-mediated

downregulation of c-rel and IL-12 is under investigation.
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Objectives
1. Analysis of origins and current geographic diversity of strains of H. pylori
2. Comparative genomics of strains from different patient populations and analysis of

genes responsible for chronic gastric inflammation, pathogen survivability/adaptability
and phylogeographic variability.
3. Identification of genes/proteins of clinical significance for the devebpment of

diagnostics

Summary of work done until the beginning of this reporting year

Last year we reported research progress pertaining to several projects encompassing
Helicobacter pylori evolution, development of new diagnostic markers for the detection of H.
pylori and M. avium paratuberculosis (MAP) and the development of molecular
epidemiological tools for the identification and characterization of strains of Leptospires and
other opportunistic bacteria. We presented findings related to the evolution of ancestral and
modern lineages of H. pylori in Peru. Also, we discussed in vivo evolution of H. pylori in a
single patient observed for 10 years and discussed implications on understanding acquisition
and optimization of virulence in pathogenic bacteria when analyzed as a population and as
an individual strain. The diagnostic potentials of isocitrate dehydrogenase of H. pylori and
the heparin binding haemagglutinin of MAP were systematically analyzed using recombinant
protein antigens against patient sera in different ELISA methods. We also highlighted the
importance of molecular genotyping methods for the individualization of Leptospiral serovars



representing various different epidemics and sporadic cases and introduced our own in
house MLST method for such purposes.

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)
1. Predominantly European origins of Helicobacter pyloriin India

The human
gastric pathogen H.
pylori is co-evolved
with its host and
therefore, origins and
expansion of multiple
populations and sub
populations of H. pylori
mirror ancient human
migrations. Ancient
origins of H. pylori in
the vast Indian

subcontinent are

debatable. It is not
clear how different waves of human migrations in South Asia shaped the population
structure of H. pylori. We tried to address these issues through mapping genetic origins of
present day H. pylori in India and their genomic comparison with hundreds of isolates from
different geographic regions. We attempted to dissect genetic identity of strains by
multilocus sequence typing (MLST) of the 7 housekeeping genes (atpA, efp, urel, ppa, mutY,
trpC, yphC) and phylogeographic analysis of haplotypes using MEGA and NETWORK
software while incorporating DNA sequences and genotyping data of whole cag
pathogenicity-islands agPAl). The distribution of cagPAI genes within these strains was
analyzed by using PCR and the geographic type of cagA phosphorylation motif EPIYA was
determined by gene sequencing. All the isolates analyzed revealed European ancestry and
belonged to H. pylori sub-population, hpEurope (Fig. 1). The cagPAIl harbored by Indian
strains revealed European features upon PCR based analysis and whole PAI sequencing.
These observations suggest that H. pylori strains in India share ancient origins with their
European counterparts. Further, non-existence of other sub-populations such as hpAfrica
and hpEast Asia, at least in our collection of isolates, suggest that the hpEurope strains
enjoyed a special fithess advantage in Indian stomachs, possibly conferred by ‘western' type
cagPAls to out-compete any endogenous strains. These results also might support



speculations related to gene flow in India through Indo-Aryan nomads bringing Neolithic

practices and languages from the Fertile Crescent.
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2. Genome dynamics of H.
pylori observed for over a
decade in a single host:
different evolutions of type
IV secretion systems in the
antrum and corpus regions
of stomach

H. pylori corresponds to a
highly diverse bacterium, due

to  frequently  occurring
mutations and
recombinations. Genotypes

of specific virulence genes
such as cagA and vacA have
been used for a long time as
link with
severity of the H. pylori

stable entities to

induced gastric diseases. In
this study the two genomic

islands, namely the cagPAl

(40kb) and tfs3 (16kb) were completely sequenced and analyzed in isolates obtained at

inclusion (one subclone) and after a 10-year period (two subclones) in a patient who had a

duodenal ulcer relapse following the failure of eradication therapy. Our results indicate

evolution of cagA, cagE and cag7 genes of the cagPAI (Fig. 2); and ORFs G, P and L intfs3

(Fig. 3), which possibly lead to inactivation or pseudogenization of these genes.

Interestingly, no significant reduction in severity of gastroduodenal pathology (Fig. 2) was

found although apparently benign sub-clones were recovered from the patient. These results

strengthen the possibility of the involvement of many more virulence factors in the pathology

of duodenal ulcers than just the CagA and VacA. This also points to an obvious difficulty in

correlating the continuously evolving virulence factors such as the cagPAIl genes with the

disease characteristics that appear to remain stable.



3. Genes from core and flexible genome compartments — putative roles in virulence
Isocitrate dehydrogenase (ICD) of H. pylori has been the target of interest in our laboratory
for quite some time and we have previously observed that it induces strong B cell responses
in gastritis and ulcer disease patients. We continued our efforts further ahead to know the
proinflammatory potentials of this housekeeping protein. We found that ICD potentially
induces signaling molecules IL-1B and IL-8 and therefore could possibly be linked to the
development of chronic gastric inflammation and might have roles in immunomodulation

(data not shown). Further work is under progress.

The plasticity region of H. pylori genome comprises strain specific loci. We performed
genotyping and functional biology of two such loci (JHP940 and HP986) that were previously
found to be functionally unknown but present in disease associated strains from many
different countries. We found their geographic prevalence to be independent of the presence
of the cagA gene and the disease status. Cloning, expression and purification of the JHP940
revealed a novel, ~36kDa protein in biologically active form. The HP986 was also expressed
and purified to homogeneity. Just like JHP940, the HP986 protein also does not have any

database homology and

was therefore, accepted as
a novel protein. Both the

recombinant proteins
! +. induced  strong  and

significant levels of TNF-
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through NF-kB. Induction of the proinflammatory cytokines points to the putative role of the
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alpha and IL-8 in human

macrophage cell lines (Fig.
4). Also, HP986
significantly induced NF-kB
and therefore, it can be

assumed that induction of

IL-8 was possibly mediated

plasticity region proteins (which were otherwise assumed as dispensable) in chronic gastric
inflammation and various other outcomes of H. pylori infection including gastric cancer. In
addition, HP986 induced extremely significant B cell responses in gastritis and duodenal
ulcer patients as compared to control cases and therefore could be tapped for diagnostic
development (Fg. 4). We also found that HP986 significantly induces apoptosis of
macrophages after 24 hours of induction with the recombinant protein (Fig. 4). We are in the



process of deducing various signaling pathways involved in induction of apoptosis by
HP986. Nonetheless, it appears that this protein might constitute a survival mechanism for

H. pylori where immune evasion through killing of macrophages could be the strategy to

prolong the inflammatory process leading to extraordinary chronicity of the pathology.

4. Novel MLST method for genotyping of Leptospiral agents

Leptospira are the parasitic bacterial organisms associated with a broad range of
mammalian hosts and are responsible for severe cases of human Leptospirosis. The
epidemiology of leptospirosis is complex and dynamic. Multiple serovars have been
identified, each adapted to one or more animal hosts. Adaptation is a dynamic process that
changes the spatial and temporal distribution of serovars and clinical manifestations in
different hosts. Serotyping based on repertoire of surface antigens is an ambiguous and
artificial system of classification of Leptospiral agents. Molecular typing methods for the
identification of pathogenic leptospires up to individual genome species level have been
highly sought after since the decipherment of whole genome sequences. Only a few
resources exist for microbial genotypic data based on individual techniques such as Multiple
Locus Sequence Typing (MLST), but unfortunately no such databases are existent for
leptospires.

We report development of a robust MLST method for genotyping of Leptospira. Genotyping
based on DNA sequence identity of 4 housekeeping genes and 2 candidate genes was
analyzed in a set of 120 strains including 41 reference strains representing different
geographical areas and from different sources. Of the six selected genes, adk, icdA and

secY were significantly

T T 1 1 A | B || more variable whereas
; =3 = _ || the LipL32 and LipL41
. ’ ! Z ;;-:: coding genes and the
: il | i - : "~ || ms2 gene  were

e ' 8= = .7 || moderately  variable.

The phylogenetic tree
clustered the isolates
according to the
genome -based species.




The main advantages of MLST over other typing methods for leptospires include
reproducibility, robustness, consistency and portability. The genetic relatedness of the
leptospires can be better studied by the MLST approach and can be used for molecular

epidemiological and evolutionary studies and population genetics.

5. Genomics and functional biology of opportunistic mycobacteria

A) Molecular pathogenesis of M. avium subsp. paratuberculosis infections

(Work carried out in collaboration with LA Sechi, University of Sassari, Italy)

Mycobacterium avium subsp. paratuberculosis (MAP) is the etiological agent of Johne’s
disease (JD), a chronic gastroenteritis of ruminants and other animals, including primates.
Increasing evidences have been recently collected on the association of MAP to Crohn’s
disease, a human chronic granulomatous gastrointestinal disease with strong similarities
with JD. The aim of the present study was a first evaluation of global gene regulation in
MAP, which has not been addressed previously, despite the availability of MAP genome
sequence. For this purpose, we investigated: (i) the presence of sigma factors and their
relationship to sigma factors of other mycobacteria (M. avium subsp . avium, M. tuberculosis,
M. bovis, M. leprae and M. smegmatis), and (ii) their expression during different growth
conditions and in vitro infection of intestinal epithelial Caco-2 cells. MAP genome contains
19 putative sigma factor, but only twelve belong to gene families common to other
mycobacteria. Gene expression was evaluated with Real-Time PCR during growth in 7H9
medium and mycobactin J, in 7H9 medium plus mycobactin J and lysozyme, and during
infection of Caco-2 cells: very different expression patterns were highlighted and, on the
whole, only 7 factors where expressed (Fig. 5). Comparative sequence analysis and
expression data highlighted some peculiarities of MAP with respect to other mycobacteria,
and to M. tuberculosis in particula. Sigd was upregulated during Caco?2 cell infection in
contrast to M. tuberculosis. Even if only few sigma factors were expressed in the three
conditions tested, the high number of MAP sigma factors suggests a noteworthy flexibility of
this pathogen. Thus, this first report on exp ression of MAP sigma factors opens the way to
an extensive characterization of global gene regulation, fundamental to understand its

strategies of survival and mechanisms of infections.

Recent evidence indicates that enteric glia are actively involved in the control of
gastrointestinal functions. An active role for enteric glia is being envisaged towards neuronal
and neuroimmune communication in the gastrointestinal tract, particularly during
inflammation. MAP enters the host through Peyer’s patches and intestinal epithelium and
sampled by intestinal dendritic cells; they survive inside macrophages. Nothing is known

about the role of enteric glial cells during MAP infection. We attempted to establish the role



of enteric glial cells during infection with MAP in Crohn’'s disease. Map adhesion
experiments on enteric glial cells were performed as well as expression analysis of Map
sigma factors during infection (Fig. 5). In this study, we found a high affinity of MAP to

enteric glial cells and we analyzed the expression of MAP sigma factors under different

conditions of Growth. The fact that MAP showed a high affinity to the glial cells raises
concerns about the complicated etiology of the Crohn’s disease. Elucidation of the
mechanisms whereby inflammation alters enteric neural control of gut functions may lead to

novel treatments for inflammatory bowel diseases (IBD).

B) Comparative genomics of Mycobacterium indicus prani (formerly known as

Mycobacterium w) portrays new evolutionary scenario for the genus Mycobacterium



Mycobacterial pathogens have been one of the most successful groups of infective
organisms in human history. Although, genomic alterations are key to virulence optimization

and adaptation, there is a need
to understand dynamics of
mycobacterial virulence over

time. Comparative = genome

analyses including subtractive
_ hybridization (1), BAC based
T:r.:"-- 'j"\ . genome mapping (2) and

’ microarray based approaches
il N, (3) have been employed to
I- understand the variability among

members of the Mycobacterium

tuberculosis complex and also to dissect the intricate mechanisms of ancient and
contemporary dissemination and evolution of mycobacteria. Lately, several genomic regions
of deletion (RDs) have been identified and characterized in Mycobacterium spp which are
shown to be associated with the attenuation of virulence. Also, these deletions are an
important evolutionary paradigm in mycobacteria. Considering the broadly conserved nature
of mycobacteria, it has been hypothesized that a single strain may not have sufficiently
divergent genetic material to qualify for a species status and, therefore, speciation most
likely arises due to specific deletion events. We performed whole genome comparisons
together with molecular phylogenetic analyses of pathogenic and non-pathogenic
mycobacteria by fluorescent amplified fragment length polymorphism (FAFLP) analysis,
enterobacterial repetitive intergenic consensus (ERIC) based genotyping and gene
sequencing of candidate orthologues corresponding to 16, hsp65, sodA, rpoB, gyrB, recA,
its and the 32kDa protein gene. These analyses revealed that the soil derived, ‘generalist’,
Mycobacterium indicus prani (MIP), has been the predecessor of Mycobacterium avium
intracellulare complex (MAIC). Further, our data revealed that MAIC bacilli in their early life
history might have shared a common aquatic phase with the early pathogenic forms, well
before the latter diverged as ‘specialists’ (Fig. 6). This evolutionary paradigm may help to
understand the acquisition and optimization of virulence in mycobacteria and what

determines the boundaries of virulence in such organisms.
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1 Identify important proteins of Mycobacterium tuberculosis for crystallographic and

biochemical analysis

2 Express the chosen proteins and characterize them biochemically

Attempt to crystallize the chosen proteins

Summary of work done until the beginning of this re porting year

Three broad categories of proteins from Mycobacterium tuberculosis were chosen for

biochemical and structural work. The three categories are:

Redox proteins:

Alkylhydroperoxide reductase (AhpC)
Thioredoxins (A, B and C)

Thioredoxin reductase

Heat shock proteins:

Chaperonin-60

family (Cpn60.1, Cpn60.2 and




Cpnl10)

Heat shock protein 70 family (Hsp70, Hsp40)

Other  protein  including
proteins involved in
transcription processes:

Transcription cleavage factor GreA

Transcription termination factor Rho

Sigma factors E and H

Anti-sigma factors E and H

HrcA and HspR: transcriptional repressors of the
Hsp60 and Hsp70 operons respectively

The alkylhydroperoxidase reductase (AhpC) protein was purified and characterized

biochemically. Reaction mechanism of this protein was proposed based on site-directed

mutants. Crystals of this protein were grown, and diffraction data were collected. The

crystals were found to be highly twinned.

Chaperonin-60 gene was cloned and the protein was purified to homogeneity. Crystals

of Chaperonin60.2 were grown and data were collected upto 3.2A resolution. The crystal

structure of the protein was reported at this resolution.
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Figure 1. Measurement of redox

potential of M. tuberculosis TrxB and
TrxC. The fraction of reduced protein as a
function of redox equilibrium buffer was
measured by intrinsic Trp fluorescence.
Redox potential was calculated using
Nernst's equation using the value of K,
obtained. These measurements showed
that the redox potential of TrxB was -280
mV while that of TrxC was =310 mV.

Thioredoxin reductase was cloned, purified
to homogeneity and crystals were grown.
Diffraction data upto 3A resolution were
The
determined and reported at this resolution.

collected. crystal structure was
Crystals of M. tuberculosis chorismate
mutase were grown and the crystal structure
was determined to 2.1A resolution.
Details of progress made in the current
reporting year (April 1, 2006 - March 31,
2007)
Thioredoxins and Thioredoxin reductase:
During the period under review, the three
thioredoxins (Trx’s A, B and C) encoded by the
Rv1470, Rv1471, and Rv3914 were cloned

and expressed in E. coli. All the three proteins

were purified to homogeneity. Size exclusion chromatography showed that TrxA, TrxB and

TrxC are all dimeric proteins. Insulin reduction assays showed that all the three proteins

were capable of reducing insulin in the presence of a non-physiological reductant, DTT. TrxA

was seen to be much slower in this assay than the other two Trx’s. Further it was also



tested if all the three Trx’s are substrates of TrxR by reduction of insulin in the presence of
physiological reductants, NADPH and TrxR. It was observed that TrxB and TrxC are the
substrates of TrxR, however, TrxA is not a substrate of TrxR. Multiple sequence alignments
showed that although all the three Trx’s possess the conserved CXXC maotif, TrxA does not
posses a Trp residue preceding this motif, which is highly conserved among all thioredoxins.
Moreover, some of the other residues known to be important for the activity of Trx’s, such as
Asp26 (E. coli nomenclature), were also replaced in TrxA. Thus, subtle sequence variations
were ascribed to the lack of functional activity of TrxA. RT-PCR showed that TrxB and TrxC
are expressed at varying levels under different oxidative conditions, while TrxA is not
expressed. These results suggest that trxA might be a pseudogene, while TrxB and TrxC

might be the canonical thioredoxins.

The redox potential of TrxB and TrxC measured through fluorescence is —290mV and —-310
mV respectively (Fig. 1). Between the two thioredoxins, TrxC is not as readily reduced by
TrxR, which might be explained by its lower redox potential. Since thioredoxins are the
primary reductants in the cytoplasm, our results suggest that the overall redox potential of
the M. tuberculosis cytoplasm might be lower than that of other bacteria, thereby offering a

possible explanation to why M. tuberculosis is more resistant to oxidative killing.

Chaperonins: We had demonstrated earlier that M. tuberculosis GroELs are dimeric in
nature, and that they do not exhibit canonical chaperonin -like properties. These results
seemed to suggest that they might have lost their chaperoning ability. This hypothesis was
tested in the period under review using heterologous complementation and biochemical
studies. Our results suggest that the loss of chaperoning ability of the mycobacterial GroEL-
1 is indeed due to its inability to form canonical tetradecamers. A chimeric groEL-1 ORF
bearing the DNA sequence corresponding to the equatorial domain of E. coli groEL, unlike
the unmodified groEL-1 ORF, is able to complement the loss of cell viability phenotype
conferred by a conditional allele ofgroEL , in E. coli. The corresponding polypeptidein vitro is
capable of existing principally in a tetradecameric state, a canonical feature of E. coli GroEL.
Complementary studies show that an E. coli GroEL variant, displaying properties similar to
that of Mtb GroEL-1 can be obtained provided it bears the amino acid sequence

corresponding to Mtb GroEL-1 equatorial domain. Analyses of various groEL alleles

obtained via DNA shuffling and

Figure 2. Binding of different
GroELs to CIRCE elements error prone PCR starting with
Electrophoretic mobility shift assays
clearly  demonstrate  that M. | the Mtb groEL-1 and groEL -2
luberculosis GroEL-1, but not GroEL-2,
or the homologous GroELs of M.
leprae, human or E. coli are capable of
binding to CIRCE elements.

.u 1: Probe 2: GroEL-1 3: His-tagged
u B B W B | GroEL-1 4 GroEL-2 5. M. leprae

DNA as templates suggest that

GreEL-2 6: Human CpnB0 7: E. coli
GroEL
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the basic property of a functional GroEL molecule appears to be oligomerization, to facilitate
formation of the cavity for sequestration of substrate polypeptides. The substrate -recognizing
apical domain may be fairly plastic and is capable of tolerating deletions or insertions. These
experiments provide direct evidence for the importance of oligomerization in biologically
relevant GroEL function.

The inability of M. tuberculosis GroELs to act as molecular chaperones is intriguing,
especially since the genes encoding them are not known to be pseudogenes. Considering
the view that the fundamental property of a molecular chaperone is that of substrate binding
with broad specificity, we explored if GroEL-1 has retained the ability to bind different
substrates. Interestingly we observed that GroEL -1 is capable of binding to DNA without any

sequence specificity (Figure 2). The affinity of DNA recognition by GroEL-1 is sufficiently
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revealed that GroEL-1 binds DNA in a sequence-non-specific manner. Treatment of DNA
against Dnasel or hydroxyl-radicals suggests that GroEL -1 can effectively function as a DNA
protecting agent. Moreover, atomic force microscopic studies reveal that it can condense
large DNA molecules into a compact structure. Interestingly, the M. tuberculosis genome
reveals absence of many non-specific DNA binding nucleoid-associated proteins, such as H-
NS. Thus, the groEL-1 gene of M. tuberculosis might have acquired a nucleoid association
function through loss of oligomerization, by utilizing its fundamental property as a non-
specific substrate binding protein. Since the loss of nucleoid associated proteins has been
correlated to defect in biofilm formation in other bacteria, our hypothesis that GroEL -1 might



be a nucleoid associated protein offers an effective explanation to the intriguing observation

that groEL-1 mutants of M. smegmatis are defective in biofilm formation.

Figure 3. Crystal structure of
tetrameric YefM antitoxin of M.
tuberculosis. The  structure
determined in two independent crystal
forms suggests that it is likely to
possess well formed tertiary structure
unlike reported in the iterature.

Other the

period under review, we have

projects: During
been able to determine the
YefM
tuberculosis.

crystal  structure  of
antitoxin of M.
The 10kDa YefM antitoxin was
in two different

two

crystallized

space groups under

different crystallization conditions (Table 1). The structure was determined through Single

Anomalous Dispersion (SAD) technique using Se-Met substituted proteins. The high

resolution stucture has been refined at 2.5 A resolution with the final R and Ry being 0.207
and 0.254 respectively (Table 2).
Observation of its well-formed tertiary structure (Fig 3) was unanticipated since the antitoxins

are reported to be intrinsically unstructured proteins, whereas they are believed to assume

structure only in the presence of their cognate toxin partners. Analysis of our structure and

homologous sequences, however, suggests that YefM in all species is likely to possess well-

formed tertiary structure.
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Objectives:

Specialized chromatin structures as epigenetic imprints to distinguish parental alleles

Summary of work done until the beginning of this reporting year

To elucidate the mechanisms that underlie the establishment and maintenance of parental-
allele-specific specialised chromatin organisation we have been examining a novel imprinted
gene, neuronatin, present on mouse chromosome 2. Previously, we reported a transcription-
independent parental-allele-specific DNase | hypersensitive site within the second intron of
the neuronatin gene. Furthermore, methylation-restricted protein binding was observed to a
GC-rich motif within this intronic region. Methylation-restricted protein binding along with
nucleosomal positioning on the unmethylated paternal allele suggested a role of protein
binding in regulating the imprinting of the neuronatin locus via chromatin organization. In the
last report we showed that tissue-specific histone modifications were associated with the
promoter and the second intron of neuronatin. Interestingly, for the unmethylated paternal
allele it was the histone modification profile for the intron and not the promoter which
correlated with the transcription of the gene. Furthermore, in a functional assay we had

shown the second intron to be a directional inhibitor of transcription.



Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)

Yeast One-hybrid assay for identifying GC-binding proteins: We had earlier identified a 38 bp
GC-rich region within the second intron of neuronatin where methylation-restricted protein
binding was observed. To identify protein(s) which bind to this motif we performed yeast
one-hybrid analysis using the 38 bp GC-rich sequence from within the intronic region as bait
in the assay. As the proteins involved in determining imprinting status of a gene are
expected to be expressed ubiquitously, a mouse testis specific cDNA library was used to
identify proteins which bind to this motif. Seven of the positive clones (mentioned below)
were found to be proteins with possible role in chromatin organization.

Clone Gene Name | Motits Amongst the seven, three proteins phf7, phf20 and

Name chx5a were taken up for characterization initially. To

Bromodomain, confirm the interaction with GC, it was decided to
PHD

YMH16-2 | Bazla
over-express these proteins in the yeast pichia

11M5 Phf20 PHD pastoris rather than E coli as this yeast strain is
YMH17-1 | Phf7 PHD known to provide for
1 2 3 4

YMH252 | Pabpc2 RRM domain posttranslational
YMH34-1 Zfp488 Zn finger modifications which

are similar to those
YMH38-1 Chx5 Chromo domain ] ]

found in higher
YMH39-1 | Phipp PHD

mammals. In our

preliminary experiments we have been able to clone phf7 and
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cbx5 into pPICZaA vector. As the protein Since the aim was

to identify proteins which show a methylation-restricted
binding to the GC motif, the overexpressed proteins were used in EMSA assay to examine
their DNA binding ability. As can be seen from figure 1, phf7 showed binding to the GC
fragment. However, its binding was observed to both the methylated and unmethylated
probes. We are in the process of analyzing cbx5 and phf20 by the same assay for GC
binding.

Functional analysis of neuronatin’s 250 bp second intron: We have previously shown
this 250 bp intron to be a directional inhibitor of transcription in transient transfection assay in
mammalian cells. To analyse its function in vivo, the intronic region cloned in a plasmid
upstream of drosophila miniwhite gene was integrated at various loci in the drosophila
genome using P-element transposition strategy. The aim was to examine whether the 250
bp second intron of neuronatin has any regulatory effect on the reporter gene (which codes



for the eye color). We have generated several drosophila lines which showed effect of
intronic region on the reporter gene. To confirm that the effect is due to the intronic region
and not because of the chromatin context at the integration site, the intronic regions are
being flipped out of the site using loxp sites flanking the region. Following the confirmation,
we plan to perform genetic crosses with known chromatin -effecting mutations to analyse the
possible trans-acting molecules which cooperate with the cis-sequences within the intronic
region in influencing the transcription of the reporter gene.

1) DNMT3L: epigenetic correlation with cancer

Summary of work done until the beginning of this reporting year

To date, no one type of DNA mutation (genetic) has been defined which can be correlated
with all cancers, but in most cancers, aberrant methylation, an epigenetic modification, has
been observed. Previously, we had reported comparison of DNA methylation profile of a few
reprogramming genes like DNA methyltransferases, histone modifiers, etc and stem cell
specific genes like Oct4, Nanog, etc. between normal and cervical cancer samples. Our pilot
study had shown interesting DNA methylation profile for DNMT3L, a reprogramming
molecule belonging to the family of DNA methyltransferases but which lacks the catalytic
domain. We had observed remarkable difference between the normal and cancer cervix
groups.

Details of progress made in the current reporting year (April 1, 2006 - March 31, 2007)

Reprogramming molecules like DNA and histone methyltransferase, histone acetylases and
deactylases are the epigenetic effector molecules which can reprogram genetic information.
These molecules are essential for normal development as any change to the epigenetic
status of genetic loci in response to an environmental cue would have to be perpetuated
through these reprogramming molecules. The possibility, therefore, exists that in the altered
environment of cancer cells, epigenetic status of the genome undergoes changes due to
deregulation of these genes. This deregulation could either be due to genetic mutations
within these genes or due to changes i their epigenetic profile. We sought to explore the
possibility that the reprogramming genes themselves undergo epigenetic modifications
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genes in a small number of normal and cancer cervix samples collected from city based

cancer hospital of Hyderabad, India.

As reported earlier, we had observed DNA methylation difference between normal and
cancer cervix samples for the promoter of DNMT3L. A nuclear reprogramming related gene,
DNMTS3L regulates the DNA methylation function of de novo methyltansferases, DNMT3A
and DNMT3B. The difference in DNA methylation at the promoter of DNMT3L is significant
as DNMT3L is a regulator of de novo methyltransferases and expression of this molecule in
tissues where it is normally not expressed could in turn stimulate DNMT3A/3B activity. This
could cause aberrant DNA methylation (changes in the level of methylation as well as DNA

methylation at sites which are normally not methylated).

1 DNMT3L promoter methylation: a potential cancer biomarker
To confirm our results from the pilot study and to examine the possibility that DNMT3L

promoter methylation could be a potential cancer biomarker we extended our analysis on 10
more cervical cancer samples. As can be seen from figure 2, 14 out 15 (93%) cervical

cancer samples had a DNA methylation profile different from the normal samples. Whereas
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CC3, CC15 and CC17 showed complete loss of

methylation for the DNMT3L promoter, we found that 11 out of the other 12 cancer samples

also had a methylation profile different from normal cervix samples. Comparsion of the two
groups for DNA methylation using t-test showed that the difference at 8 of the 11 CpG’s was
significant (p<0.05, denoted by + below each CpG for DNMT3L, figure 2 and 3). For 5 out of
these 8 CpG's this difference was highly significant (p<0.001, denoted by * in figure 2 and 3).
Preliminary comparison of DNMT3L promoter DNA methylation between normal and cancer
samples from tongue, Esophageal and rectal tissues show similar differences (figure 4).

2) Characterisation of epigenetic_signatures at the DNMT3L loci: Correlation of DNA
methylation changes at the DNMT3L promoter with expression level.




The difference in the DNA methylation at the promoter of DNMT3L is significant as DNMT3L
is a regulator of de novo methyltransferases and expression of this molecule in tissues
where it is normally not expressed could in turn activate DNMT3A. This could cause aberrant
DNA methylation (changes in the level of methylation as well as DNA methylation at sites
which are normally not methylated). Hypomethylation is usually correlated with expression
and hypermethylation with repression of a gene. We were unable to analyse the expression
level of DNMT3L in the cancer and normal samples due to the limitation of specimen
available but we found similar correlation of DNA methylation within DNMT3L promoter with
its expression in cervical

cancer cell lines. As can be
I seen from figure 5, HelLa cell
- line, which had lost

, Haela -
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!
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showed 8 fold more expression than SiHa cell line (promo ter is predominantly methylated).
However, the difference in DNA methylation may not be the only epigenetic modification
correlated with DNMT3L expression. It is also important to note that a regulator of epigenetic
effector molecule (DNMT3L) showed changed methylation pattern upon cancer development
whereas the effector molecules (DNMT3A AND DNMT3B) did not show any change.

2) Dnmt2and non-CpG methylation.
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aminoacids with C-terminal catalytic
domain characteristic of other methyl

transferases and lacking regulatory N-
terminal region which the other methyl transferases seemed to possess. Though it has all
the domains specific for methyl transferases, Dnmt2 has failed to show significant
methylation in vitro and in vivo conditions. In drosophila and dictyostelium, dnmt2 has been
linked with non-CpG methylation. However, its role in mammals has been a mystery,
though recently, Dnmt2 was shown to methylate tRNA in mice. Our laboratory is interested
in examining the role of dnmt2 in mammalian cells. In particular, we would like to examine
whether dnmt2 is part of the non-CpG methylation machinery.

Identification of dnmt2-interacting partners




To characterize the putative function of dnmt2, we decided to identify protein(s) with which
dnmt2 interacts. We have undertaken the following two different approaches to identify

dnmt2-interacting partners: a) Yeast two-hybrid assay; b) Co-immunoprecipitation assay
using dnmt2 antibodies. The results of the yeast two-hybrid analysis were presented in the
last year report. The co-immunoprecipitation assay was done on HelLa whole cell extract
using dnmt2 antibodies. The bound proteins were separated on a 12% SDS-PAGE (figure
6). A few prominent protein bands were cut out from the gel and analysed by MALDI-TOF
peptide fingerprinting for their identity (done at TCGA, New Delhi). As shown in figure 6,
the protein bands were identified as; Nono, SpfQ, Myosin heavy chain, Beta actin, Rho-
GTPase activating protein. Interestingly, previous studies have shown the identified
proteins to be interacting with one another and part of the eukaryotic transcription
machinery. To confirm the interaction of dnmt2 with the proteins identified in the co-
immunoprecipitation and yeast two-hybrid analysis, mammalian two-hybrid analysis has
been undertaken. We are also performing reverse co -immunoprecipitation to examine if
dnmt2 is bound to the identified proteins.

3) Epigenetic mapping of the human Y-chromosome (new project)

Details of progress made in the current reporting year (April 1, 2006 - March 31, 2007)

Epigenetic modifications of the human genome have an important role in the maintenance of
chromatin states distinctive to each cell type and, as a consequence, in the expression of
cell type-specific genes. Abnormalities in epigenetic modifications have been demonstrated
in several types of cancer and in some inherited human diseases, such as the Rett
syndrome. Recent studies have also led to hypotheses linking epigenetic alterations to
certain complex human diseases such as diabetes, in which there is a high rate of
discordance between monozygotic twins. Despite the intense interest in the roles that
epigenetic modifications might play in health and disease, the epigenetic features of the

human genome are only now beginning to be characterized.

In collaboration with CCMB, Hyderabad and CHG, Bangalore, we have undertaken a pilot
project to determine DNA methylation pattems as well as chromatin modification patterns
(histone H3-lysine 9 di methylation and histone H3-K9 acetylation) of all genes on human Y
chromosome (~320 genes). Within this project, our laboratory’s focus is on determining the
DNA methylation status of the promoters of 160 genes present on the Y chromosome. The
analysis was done using bisulfite sequencing assay on DNA isolated from human blood. We
have completed bisulfite PCR on all the 160 gene promoters and methylation profile has



already been generated for more than 100 of these gene promoters. As expected most of
the analysed Y chromosome genes showed hypermethylation of their promoters in blood

DNA. Further work is in progress to collate bisulfite sequencing and histone modification

Chromatin immunoprecipitation results for all the Y-chromosome genes on other samples.

Publications:

1 Khosla S, Mendiratta G and Brahmachari V (2006) Genomic imprinting in the
mealybugs. Cytogenetics and Genome Research 113:41-52.

2 Gokul G, Gautami B, Malathi S, Sowjanya A, Poli U, Jain M, Ramakrishna G and Khosla
S (2007) DNA methylation profile at the DNMT3L promoter: a potential biomarker for

cervical cancer. Epigenetics (InPress).
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Project la: Identification of novel localized high -level amplifications and homozygous

deletions in pancreatic/biliary cancer

Objective

To identify and characterize novel
pancreatic/biliary cancer

oncogenes and tumor suppressor genes for



Summary of work done until the beginning of this reporting year

In collaboration with Dr. Jonathan R Pollack, Department of Pathology, Stanford Univ Sch
Med, and Dr Anirban Maitra, Johns Hopkins University, array comparative genomic
hybridization (aCGH) performed on pancreatic/biliary cancer mouse xenografts were
analyzed. We identified novel regions of localized high-level amplifications and homozygous
deletions presumably harboring as yet uncharacterized oncogenes and tumour suppressor
genes that may be important for pancreatic/biliary cancer initiation and progression. In
addition, an analysis of gene expression data carried out using the same microarray platform
on which aCGH was performed, enabled us to prioritize the ‘driver’ genes within amplicons
for specific samples.

Details of progress in the current reporting year (April 1, 2006 - March 31, 2007)
We have now initiated functional

characterization of selected genes that

lie within amplicons and deletions. One
B cene expressionmieraarsy | SUCN @g€Ne is  the  transcriptional
[] Realime RT-PCR

activator, GATA6, which has been
| shown to be important for the early

Log, expression ratios
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development of pancreas. Using simple
Samples statistical approaches we endeavoured

Fig. 1. Validation of microarray results for gene expression levels of GATAB from different pancreatic/bili ary
cancer xenografts. The microarray log, expression values depict expression levels with respect to an

arbitrary reference which were normalized and ‘mean-centred’, i e, reported with respect to the average tO determlne tl’anscrlpt[)nal tal’getS fOI’
expression value for all samples. The real time PCR results were normalized with respect to GAPDH
GATAG6. An authentic GATAG target is

(housekeeping gene), ‘mean-centred’ and then converted to log2 scale
expected to exhibit elevated expression levels in samples where GATAG is over expressed

and vice versa. Using real time RT-PCR we first validated the expression level of GATA6
obtained from gene expression microarray experiments for different pancreatic/biliary cancer
samples (Fig. 1). We employed the following criteria for selection of GATA6 transcriptional
targets from the gene expression array data; a Pearson’s correlation coefficient (R) greater
than 0.65, significant variation of gene expression in the two data sets (two-tailed student’s t-
test, p value <0.05) and more than two-fold difference in average expression between the
two data sets. We also carried out 1000 random permutations to provide an estimate of the
false discovery rate (FDR) and we obtained an FDR of 15%. In a parallel approach, the
same array data set for the ten samples were subjected to Supervised Analysis of
Microarrays (SAM) that is a well validated statistical package to select datistically significant
genes that can distinguish between two sets of data sets, with an FDR of 1.68%. Using
these complementary approaches we have identified several novel genes that were hitherto
unknown to be transcriptional targets for GATA6 and one or a few of these could have a



particular significance for pancreatic/biliary cancer. We are currently carrying out
transcriptional assays to validate the GATAG6 targets in pancreatic cancer cell lines and

functional assays to determine their role in pancreatic/biliary cancer.

Project 1b: Molecular genetic analyses of sporadic colorectal cancer occurring in the

young

Objectives:

1. Screening young colorectal cancer (CRC) patients for chromosomal instability (CIN) and
microsatellite instability (MSI) and comparison with older patients.

2. ldentifying important copy number alterations (CNAs) as well as important genes located
within the CNAs from non-familial young CRC patients and comparison with older
patients.

3. ldentification of pathways that might distinguish young non-familial CRC patients from
elder patients.

Summary of work done until the beginning of this reporting year

In India and other Asian countries, a high incidence of CRCs has been reported to occur in
the young (age below 50 yrs) as against the western population. In addition, these cancers
are non-familial and do not appear to share a common etiology including socio-economic
status of patients, association with specific infectious agents and/or chronic syndromes such
as ulcerative colitis, etc. A majority of these young patients harbour an aggressive form of
the disease with dismal prognosis; no effective treatment options are currently available. We
had initiated work during the previous reporting year, with the main aim of identifying genetic
pathways important for progression of CRC occurring in young colorectal cancer patients
from India. We had standardized DNA isolation from tumour cells micro dissected from
paraffin sections, with the help of the collaborating pathologist. Using this DNA, we were
able to
standardize DNA
sequencing to

determine
mutations in the

APC gene, as

Fig. 2. Immunihistocheristry for B-catenin carried out on paraffin sections made | Well as
from formalin fixed tumour samples. Yellow armows indicate nuclear staining in microsatellite
panel A and black armws indicate membrane staining in panel B. There is no
staining in panel C, analyses in order




to determine the MSI status in the tumour samples.

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)

Our first objective was to determine whether one of the two canonical pathways known to
occur in CRC viz. CIN or MSI, was active in the tumours isolated from the young CRC
patients. In the current reporting year, we have included immunohistochemistry-based
detection of intracellular localization of b-catenin, to determine the status of the canonical
Whnt signaling pathway. A sample was scored positive for nuclear localization of b-catenin if
at least 10% of tumor cells in the section exhibited immunohistochemical (IHC) staining in
the nucleus. b-catenin was either shown to be present in the nucleus (Fig. 2A), in the
membranes (Fig. 2B) or was not detected at all (Fig. 2C). So far, we have analyzed a total of
20 young colorectal canceer patients

&
and 21 older patients. At least two

separate  paraffin  blocks  were
o analysed for each tumour sample,
wherever possible. The results reveal
that only about 20% of young patients
B appear to have an activated Wnt
PR N1 signalling pathway in their tumours as
s ; . compared to about 80% for the older

Tur i.--.i — patients, a significant difference
Electgr : fox dob b | (P=0.00007; Fisher's exact test). We
detected four novel mutations in the
MCR region of the APC gene: a 2bp deletion nt4461del2 (-TT) at codon 1488 (the resultant
altered reading frame causes generation of a premature termination codon (PTC) 72 bp
downstream of the deletion); a 1 bp deletion nt4551dell (G) at codon 1517 that results in

generation of a PTC 13bp downstream of the deletion; a missense mutation p.P1369S (CCC
to TCC); and a missense mutation p.D1486N (GAT to AAT). The D1486 residue is
conserved in five of the seven 20 amino acid repeats (that are important for binding to b-
catenin) and has been shown to directly interact with the ‘charged button’ (K435) in b-
catenin. The K4 35 residue of b-catenin plays a crucial role in interaction with other binding
partners as well, including E-Cadherin and Tcf. All the four mutations were not present in

the matched normal for each sample (except for p.P1369S for which analysis of the matched



normal is ongoing at present), indicating that these were not germline mutations. Out of 11
samples analyzed that were positive for b-catenin nuclear staining, only 6 harbored a
mutation in the MCR region of APC gene, indicating that mutations might occur in other

region(s) of the APC gene, inb-catenin itself (or in another gene in the Wnt signaling

pathway, such as Axin), or APC might be inactivated through other mechanism(s) (e.g.
methylation/deletion). There was no significant difference in the frequency of MSI-H tumors
between the young and older patients (although result from only a limited number of samples
is available at present), once again pointing to a distinct tumorigenesis pathway(s) operating
in the young CRC patients. A representative electropherogram exhibiting a progressive
Microsatellite instability and a loss of heterozygosity in the BRCA1 locus is shown in figure
3A and 3B respectively. The frequency of BRCA1 LOH reported from other studies is
approximately 30% and our results revealed a similar frequency in both young and older
patients. An interesting observation was a higher proportion of mucinous/signet ring cell type
carcinomas in the young patients as compared to the older patients. Signet ring cell type
adenocarcinoma has been shown to be a rare but highly aggressive subtype of CRC in the
USA.

The data on Wnt pathway activation indicate molecular differences between sporadic CRC
that occur in young and older patients, and support the worth of additional studies that we
have initiated to understand the biology of the tumous occurring in the young patients.
Screening for mutations in Kras and p53, determination of status of the CpG island
methylator phenotype (CIMP) including screening for BRAF mutations, and analyses of
genome-wide CNAs and gene expression profiles, might reveal the biological pathway(s)

A e - that drive(s) tumour initiation/progression in
—
' — i, ' the young sporadic CRC patients.
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In our earlier work, we reported three novel mutations in the Phenylalanine Hydroxylase
(PAH) gene causing Phenylketonuria (PKU) viz. an IVSII-2 A to G mutation (in three patients
from the same family), an IVSI+5 G to A mutation and a p.N393ochre mutation (in two
affected siblings in the same family). The first two mutations were predicted to inactivate

splice sites in the PAH gene.



Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)
lllegitimate transcription of the PAH gene occurs in lymphocytes and this observation has
been used by workers previously to characterize mutations that affect transcript processing.
In order to characterize the PAH splice site mutation that affects the second intron (IVSII-2 A
to G) (from patient 1 and 2, both harboring the same mutation), we first generated
lymphoblast cell lines from the patient blood samples (as well asfrom a control sample). We
designed primers to determine the affect of the mutation (Fig. 4A and 4B). Often splice
mutations resulting in frame shift generate a premature termination codon (PTC), and the
cell triggers a process called nonsense mediated decay (NMD), wherein PTC-containing
transcripts are degraded, protecting the cell from the potentially harmful affects of the
truncated protein. Therefore, we first wanted to determine whether the transcript levels were
reduced in the patient samples, when compared to a normal sample. We carried out real
time RT-PCR using the primer pairs RT-F and RT-R (Fig. 4A) and confirmed the
downregulation of the PAH transcript level in the patient as compared to the normal sample.
Next, we used the NN-splice web based splice site prediction software to predict cryptic 3'-
splice sites. As expected, the software predicted the authentic 3’ splice site with the best
score (0.94). An AG di-nucleotide located 79 bases upstream of the authentic 3’ splice site
had the second bes score (0.67). This alternate site also fulfilled some of the criteria for an
authentic 3'-splice site, for example, the presence of a pyrimidine rich sequence immediately
upstream (including a uridine residue at —11 position). In order to confirm whether this AG
dinucleotide was indeed being used as the 3-splice acceptor site in the patients, we used
the primer pair 2M1-F and 2M1-R (Fig. 4B) to PCR amplify the PAH transcript from the

patients as well as from the

A
[, e s - normal sample. We observed

that the RT-PCR product
obtained from the two patients
: was about 100 bp more than
a that obtained from the normal
. TR . sample (Fig. 4C) suggesting
womal === | that a cryptic 3’ splice site was
being utilized. We also
observed a reduction in the
| amount of the RT-PCR product
in the patient samples as

compared to the normal
samples, although there was no difference when a control transcript (that of GAPDH) was

amplified (Fig. 4, C and D), as expected. The RT PCR product ob tained from both patient



samples was purified and subjected to automated DNA sequencing and the result revealed
that the cryptic 3’ splice site predicted by the NN-splice software was indeed being utilized in
the patients (Fig. 5, A and B). Activation of the 3’ cryptic splice site, results in a change in the
reading frame leading to the generation of a PTC within the second intron itself, which may
trigger NMD (Fig. 5B).

Project 2b: Molecular genetic analyses of Familial Hypertrophic Cardiomyopathy
(FHC)

Objectives:

Identification and characterization of disease causing mutations in FHC

Summary of work done until the beginning of this reporting year

This is a new activity.

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)
We have initiated a new study to profile mutations that cause FHC in Andhra Pradesh. So far
we have collected clinical data for 64 FHC patients from our collaborating hospitals. We
observed a high male:female ratio in the patients, probably due to socio-economic factors
rather than a higher occurrence in males. The ge varied from 20-71 yrs; it has been
reported from studies performed in Europe and USA that specific mutations may be
associated with an early occurrence and it would be interesting to find if such differences
exist in the Indian population as well. The patients exhibited a wide heterogeneity in clinical
presentation, emphasizing the variations in the disease as previously reported. Almost all
patients exhibited abnormalities in their ECG. The interventricular septum (IVS) diameter
varied to a great extent and interestingly, fifteen patients did not exhibit an abnormal 1IVS
diameter. Again it is possible that specific mutations may be associated with such
‘asymptomatic’ patients. The IVS diameter varied from 1.2 cm to 2.7 cms. The mean IVS
diameter in males was 2.4 cm, whereas in females it was 1.94, although this may not be

significant since we had much fewer
female patients than males. In
addition, the IVS diameter varied
equally in different age groups. All
patients exhibited symptoms including
syncope/pre-syncope, angina,
palpitation, etc. In order to determine
the disease -causing mutation, we first

Fig. 6. Interfacial residues occurring within 5 A? region of 773Am posibon in
the chicken MYHT protein . The figure depicts the probable interactions of
1734y wath the rryosin essential light chan residues Probable H-bond
{green dotted line) and ixnic bond [red dotted Ene) between the ressdues
1734rg of MYHT and BEASP of myosin essential light chain is represented
Probable side chain conformation of the rutant Histidine at the 773 position
of MYHT is also shown




began screening the beta cardiac myosin heavy chain gene (MYH7),

which has been shown to harbour mutations in about 30-40% of FHC cases in the western
population. Interestingly, four probands harboured an identical mutation (p.R787H) in the
21 exon of the MYH7 gene.The mutation was confirmed by bi-directional DNA sequencing.
One hundred normal control samples did not harbour this nucleotide change, indicating that

it was not a single nucleotide polymorphism.

We have carried out sequence and structure analyses of the mutant MYH7 protein, in order
to understand the molecular basis for the pathogenic effect of the p.R787H mutation. The
R787 residue is present in the neck/hinge region of MYH7 and is predicted to make contact
with the myosin essential light chain (ELC). First we constructed a sequence profile for
myosin chains i.e., the position-specific preferences of the 20 amino acid residues calculated
from the multiple sequence alignment of related myosin chains. We observed that the profile
score for arginine at the 787 position was 0.3, for aspartic acid —1.8, for lysine 0.3 and for
histidine —0.6 indicating that any substitution that either reversed the charge or resulted in a
polar amino acid was not favoured. The crystal structure of human MYH7 is not available
where as that of the chicken homologue is available. The residue in the chicken protein
equivalent to the human R787 is R773 and the latter is also a conserved residue. Structural
analysis of the R773 interactions in the chicken homologue and mapping the same on the
human myosin indicated that a H-bond is likely to be formed between R773 of normal MYH7
and the D88 residue of the ELC (Fig. 6). In addition, an ionic interaction is also predicted to
occur between these two residues (Fig. 6). However, neither of these bonds is predicted to
form when arginine is substituted by histidine (Fig. 6). Therefore, the changes in the
interactions that occur due to the p.R787H mutation is may possibly compromise the binding

of MYH7 to ELC, thereby affecting efficiency of muscle contraction.

We observed clinical heterogeneity among the affected members harbouring the p.R787H
mutation. In order to determine the basis for this heterogeneity, we have begun to analyze
the role of factors such as age, gender as well as status of ACE polymorphism that may play
a role in modulation of the clinical presentation of the disease. Work has also been initiated
to determine whether the p.R787H mutation could be a founder mutation in Andhra Pradesh,
using microstellite markers located within or adjacent to the MYH7 gene.

Publications
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1 Role of Ras -mediated signaling pathway in Hepatocellular carcinoma with persistent
Hepatitis B Virus (HBV) infection

Objective:

To study the expression and functionality of Ras21 signaling pathway in hepatocellular
carcinoma (HCC) with persistent HBV infection to understand how these regulatory

mechanisms have deviated during the cancer progression.

Summary of work done until the beginning of this reporting year

Since it was difficult to get fresh resected tumor specimens of HCC, a retrospective study
was initiated by collecting archived specimens from the G. B. Pant hospital, Delhi. The
archived serological specimens were also collected from the Gasteroentrology division.
Matched archived wax blocks of patients with proven cases of HCC, cirrhosis and chronic
liver disease were sectioned and standardization for the Ras{21 expression by

immunohistochemistry performed.
Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)

Although persistent infection with HBV is reported to be a major etiological risk factor for
HCC, there is still a big lacuna with respect to other host and cellular components involved in
progression of the liver carcinomas. Recent microarray data on HCC samples have identified
changes in expression of numerous oncogenes and tumor suppressor however not one
single pathway has been delineated for progression of HCC. Using in vitro cell culture
system it has been shown the HBV-X protein can deregulate the Ras mediated signaling
events and this warrants a comprehensive study to test if the same is true in the in vivo



human carcinoma samples with persistent HBV infection. In view of this, the present study

was carried out to evaluate the deregulation in Ras mediated signaling in the HCC cases.

The study was divided into a prospective and retrospective part. For the retrospective study,

histolopatholigcally proven cases of HCC (N=22), cirrhosis (N=10) and chronic liver disease

(N=5) were analyzed for Ras expression by immunohistochemistry. For the prospective

study, biopsy specimens of HCC (8) and chronic liver disease (N=5) were collected for

evaluation of signaling pathways.
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Fig.1 Multiplex PCR for HBV genotyping
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Detailed serological study was also carried
out in these cases for presence of hepatitis B
virus in both the archived and fresh samples.
All the HCC cases were positive for Hepatitis
B virus by PCR assay. There were a few
occult cases where the serology was negative

for HBV surface antigen however they were

positive by the PCR diagnostics. HBV genotype D was found to be the most prevalent

genotype found in the HCC cases (Fig.1, Table 1).

The chronological events towards

progression to malignant carcinoma of

liver involve chronic hepatitis and

cirrhosis. Therefore, we evaluated the
expression of Ras in all stages of liver
by
Immunohistochemistry (Fig. 2a). Normal

disease progression
liver showed an intense staining pattern
for expression of Rasp2l, while the
chronic hepatitis cases and cirrhotic liver
showed strong to moderate expression.
The HCC samples showed a very feeble
expression of Rasp2l. Few cases of
HCC showed distinct focal expression of
Ras (Fig. 2b). The Ras expression was

mostly cytosolic however membrane

Chronic
Liver Driseas

Girrhosis

Hepatocel uba
Carcinoma ;

Hepatocellular |
Larcinoma
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Fig. 2a E:rq;rts:lm of R:u'-pzl. an dif ferent stages af Hlprncz!lufn" corcinomo
progreasion

localization was also seen in a few non-malignant hepatocytes. Interestingly the hepatic

tissue showed a distinct gradation in pattern of Ras staining with




maximal staining in chronic hepatitis followed by cirrhosis and the least in carcinoma. In the
biopsy samples of chronic hepatitis and resected specimens of HCC there was a significant
heterogeneity in expression of Ras, while in general the levels appeared downregulated both
at RNA and protein levels in the HCC cases compared to the normals (Fig. 3). For RNA and
immunoblot analysis, it has to be noted that the normal and the cancer specimens were not

from the same patient.

Since Ras exists in both GTP and GDP bound state, we analyzed the level of Ras-GTP by
doing a GST-RBD pull down assay in the non-malignant and HCC cases. To get detectable
GTP bound form in the normal samples (when Ras is not mutated) one has to use as high
as 500-700ug of protein to detect the signal by the GST-RBD assay. Since the amount of

total protein obtained from the
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Fig.3 Ras expression in histopatholegically normal liver (M) chronic o
liver disease (CLD) and HEE (C) cases. the normals and incidentally

these two samples carried a mutation in K-ras in exon 1 region. However there was one

case where from the same patient,
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histopathologically normal and malignant

Total Raf | tissue was obtained following resection and

we could get enough protein (500ug) to do the
GST-RBD assay. Interestingly this pair
matched sample not only showed
downregulation of the total Ras protein in the
cancerous counterpart but also the
functionally active GTP bound Ras (Fig. 3)
was low compared to normal. No mutation in

Fig.4 Expression analysis of Ras mediated
pathways viz., Raf, AKT and MAPE, Ras was observed in the matched samples,

thereby indicating that even the GTP bound form of wild type Ras is downregulated in HCC.




We next analyzed the level of phosphorylated

B S .
Raf, AKT and MAPK in the biopsy samples of | i w2 M3 €1 2 ¢3 ¢4 s

hepatocellular carcinomas (Fig-4). Again we | = f . . .. iNOS
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. with iINOS expression
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indicative that at least Raf and MAPK can be | & = pel

. , , €DK Inhibitors
activated independent of Ras. Interestingly | fig 5 Activation of cell cycle mediated
the other two tumors which showed no pathways

significant upregulation of Raf or AKT pathways, showed an upregulation of iINOS {ig. 5).
To correlate the activation of the Ras mediated pathways with the cell cycle proteins we
anlaysed levels of CyclinD1 which has been shown to be overexpressed in many tumors.
However at least in the samples we analyzed we did not find any change in its level. The
CDK inhibitors p21 and p27 similarly showed varied expression, with p27 slightly

downregulated in HCC cases compared to the controls (Fig. 5).

Conclusions

1. HBV-Genotype D is the most prevalent genotype detected in the HCC samples tested
by us.

2. The immunohistochemistry study is in stark contrast to other reports on different cancer
types where expression of Ras is upregulated. Our observation of downregulation of Ras
expression in absence of its mutation (in atleast two isoforms of Ras) is supportive of a
tumor suppressive activity of the wild type form.

3. The varied protein expression profiles of downstream signaling proteins and the cell
cycle regulated proteins are indicative of heterogeneity in the hepatocellular cancer samples.

2. Wild type K-ras can induce senescence

The induction of senescence in neoplastic cells constitutes an important pathway for tumor
suppression. There are two forms of senescence descried in the literature, the replicative
senescence induced by telomere erosion and the oncogene induced senescence (OIS).
Oncogenic ras induces tumor proliferation in immortalized cells however when it is
introduced in primary cultures it induces OIS. However the role of endogenous wild type ras
in inducing senescence is not known. In an ongoing work in the laboratory we could show

that in certain cell types (A549 and NIH3T3) wild type K-ras can induce growth arrest. We



therefore, tested if wild type ras can induce beta-galactosidase a well known marker for
senescence. Wild type K-ras was transfected either in (a) tetracycline inducible mouse
fibroblasts (Fig. 6) or (b) in lung carcinoma cell line (A549, Fig. 7) and selected in geneticin
followed by staining for senescent beta galactosidase (S-beta-gal). In both fibroblast and

epithelial cells, wild type K -rasinduced senescence.
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3. Prevalence and distribution of high -risk

Human papilloma virus (HPV) types in
invasive squamous cell carcinoma of the cervix and in cervicovaginal samples
collected fromnormal women in Andhra Pradesh

Objectives

To understand the genotype distribution of high risk HPV types in squamous cell carcinoma
of cervix and to evaluate the feasibility of HPV testing in cervical screening programme in
rural set ups.

Summary of work done until the beginning of this reporting year

Earlier we had completed a pilot study initiated in collaboration with both city based and rural
hospital to evaluate the presence of HPV in women from Andhra Pradesh. In the pilot study
we screened cervicovaginal samples (N=185) collected from women enrolled in the cervical
cancer screening programme conducted in the rural community (Medchal Mandal) where
nearly 10% of the samples were positive for high risk HPV types. Further we also did HPV
testing and genotyping in cervical cancer specimens (N=41) obtained from the Cancer
Hospital (M.N.J. Cancer hospital), where we found nearly 87.8% (N=36/41) of the squamous
cell carcinomas positive for high-risk HPV types. The prevalence of the major high+isk HPV
types detected in the cervical cancers was HPV 16.



Details of progress made in the current reporting year (April 1, 2006- March 31, 2007).
HPV prevalence in cervicovaginal samples collected from women residing in Medchal
community

Despite the high incidence of cancer cervix reported from India, large scale population based
studies on prevalence and distribution of HPV types are very few from this region. In view of
the clinical trials for HPV vaccine taking place in India it is of utmost importance to
understand the prevalence of HPV in various geographical regions of India. Since the pilot
study to screen women for HPV testing proved successful, a larger study was initiated in the
rural community of Medchal Mandal. Till date we have screened close to 1976 women by
Hybrid capture-2 assay (HC2) which is based on hybridization of RNA probes
complementary to genome sequence of high risk HPV types. The RNA:DNA hybrid is
captured on a plate using antibody and the final detection is based on a luminescent reaction

and expressed as relative light unit (RLU). Using this assay, a total of 194 cervicovaginal

samples tested positive for
Table 1: HPY prevalence in Medchal Mandal rural community by hybrid capture

Methad, high-risk HPV. The HPV
positivity rate of 9.8%

Total number of cendcovaginal HPY - HFY + | Percentage HPYV
samples screaned | positive (194/1976) in the Medchal
1976 1782 194 2.8%

Mandal rural community is
Tabie 2. Comparson of PCR based lineblot assay and Hybnd Capture I assay for

detection of high risk HPV in cervcal samples similar to prevalence rate as

seen in other parts of the world
| Line Blot Assay

[Fybrid Capmre | APV = HEW- Toial (Table 1). At present the
i fo o . : _ .

: projected target is to screen
HPY - 12 335 a7

Total 88 47 435 close to 2500 women for HPV
The overall agreement is 04 4% (411/438) and for HPV positivity is

e e and corroborate these results

Table 3. Companson betwesn the saf and vaginal collectsd samples for presence of | With Cytopathology so that HPV

high risk HPV types in cervical samples . H
- testing can be used an adjunct

ST Sellunt test for cancer cervix screening
Self collected HPY + HFY- Tiatal .
T . T = programmes. Besides the HC2
indhd d pd x4 assay we also tested 435
Total &7 3% Fog
The overdl agreament is 92.1% ( 393433) md HPV positivity is 55.5% (25/08) Samples by PCR based line

blot approach. The total overall
agreement was good while the agreement for HPV positive samples was 76% (Table 2). The
12 samples which were positive by hybrid capture but negative by PCR had RLU/Co value
below 5.0 indicating very low viral loads which could have got undetected by the line blot
assay.

Use of self collected samples as an alternate to clinician collected samples for testing

HPV prevalence in rural setups: In the pilot study we had evaluated HPV-DNA testing



using both clinician- and self-collected In the current reporting year we continued evaluation
of about 435 paired samples collected from same women using two different methods of
collection. The overall agreement was good and similar to pilot study. However, unlike the
pilot study the percentage agreement among the HPV positive samples was better (pilot
study 39% HPYV positivity, present study 59%) (Table 3). This is indicative that self-collection
by women can be a good alternative strategy for cervical screening programmes in rural
settings with better health education programmes. It has to be however seen if similar results
of feasibility of self-collection by women can be reproduced in other rural communities in
India.

Conclusions:

Our esults suggests a 10% HPV prevalence in a general screening population from the
Medchal rural community of Andhra Pradesh; furthermore self collection of vaginal samples

by women is a feasible alternative for cervical cancer screening programme.






Laboratory of Computational and Functional Genomics

Computational and Functional Genomics of Microbial Pathogens

Principal Investigator:
PhD Students:

Akash Ranjan
Vaibhav Vindal

P Uma Devi
Jamshaid Ali
Vijaykumar Muley
Rohan Misra

Staff Scientist

Senior Research Fellow
Senior Research Fellow
Junior Research Fellow
Junior Research Fellow
Junior Rese arch Fellow

Other Members: Project Associate (Until 2006)

Project Assistant (Until 2006)

Sarita Ranjan
K Suma

K Rohini Project Assistant
E Ashwanth Kumar Project Assistant
M Jayavardhan Reddy
K Madhumathi
Siddharth Narayanan
Ashis K Das

Seyed E Hasnhain

Project Assistant

Project Assistant

Project Assistant

BITS, Pilani, India

Univ. of Hyderabad, Hyderabad
ZINF, Univ. of Wuerzberg,
Germany

CDFD, Hyderabad

Project 1: Identification of functional linkages in mycobacteria

Collaborators:

Jorg Hacker

Niyaz Ahmed

Objectives:
Transcription regulators are important proteins that coordinate gene expression to bring
together all the essential gene products which are physiologically linked. Since many of the
genes are expressed as parts of an operons, we have used in silico approach to construct
an operon model for mycobacterium genomes. The present objective of this work is

To Identify and classify GntR-like regulators from Mycobacteria

To construct a database of in silico identified operons in Mycobacteria

To develop in silico approach to identify and analyse proteins responsible for given

phenotype
Summary of the work done until the beginning of this reporting year
The genome of tubercle bacillus Mycobacterium tuberculosis contains a large number of
hypothetical and poorly characterized proteins including the proteins belonging to putative
GntR family. The regulators belonging to this family show a conserved Nterminal region
containing winged helix-turn-helix DNA-binding domain but have a highly diverse C-terminal

domain involved in effectorbinding and oligomerization. This heterogene ity leads to a further



classification of this family into sub-families, such as FadR, HutC, MocR, YtrA, AraR and
PImA. We have reported classification of five putative gntR genes as fadR-like regulators,
one gene as hutC-like regulator and one as ytrA-like regulator. Interestingly we did not find
any representative of other families in M. tuberculosis. This classification was also evident
with all specific secondary structural features belonging to their family. We also observed
that regulator Rv3060c shows an unusual size, which led us to demonstrate it successfully
as a product of gene duplication and fusion. This study extends the genome annotation of M.
tuberculosis and provides important leads for initiating experimental characterization of these
proteins. Apart from this in silico classification, Rv0494 was structurally analyzed. We have
proposed 3-D structure for Rv0494; conservation of DNA binding domain of Rv0494 and E.
coli FadR is defined. Important residues of E. coli FadR that are reported to make critical
contact with DNA are found conserved in Rv0494 protein sequence. The similarity between
the two proteins goes above 50% in helixturn-helix region which suggest a possibility that
Rv0494 can recognize E. coli motif. Using the recombinant Rv0494, we carried out binding
assay with known E. coli DNA targets of FadR. In this binding assay we also assessed the
role of minor groove and major groove of DNA targets in target recognition.

Details of progress in the current reporting year (April 1, 2006— 31, March 2007)
Characterization of M. smegmatis GntR regulators

= = Using previously described approach
to characterize M. tuberculosis GntR
like regulator, we characterized M.
smegmatis GntR-like regulators.

Classification of putative M.
smegmatis GntR into subfamilies
Unrooted tree of M. smegmatis
GntRs was constructed  with
classified representatives of all
subfamilies. To construct the tree,
multiple sequence alignment of the
proteins was followed by manual
adjustment according to predicted

secondary structure. Each branch of

. constructed tree represents a

R ———— subfamily. FadR subfamily is divided

into two groups, FadR group and VanR group (Figure 1).



FadR-like proteins of M. smegmatis

Of all the putative GntRs, 45 proteins were classified as the FadR-like regulators. These
subfamily members are further classified into two groups’ viz., FadR and VanR groups,
where the C-terminal effector binding and/or oligomerization domain length is about 170 and
150 amino acid residues respectively comprising all a-helices. Among all FadR-like
regulators, 19 regulators were clustered as members of the FadR group while 26 for the
VanR group. To study secondary structural features both the group members were dealt
separately. C-terminal domain of all the members of FadR group were predicted with seven
a-helices except MSMEG_2599. All the regulators showed distinguishable predicted
secondary structural features specific to this subfamily. Secondary structural patterns of the
regulator MSMEG_3959 revealed an extra secondary structural element, which could be
significant in studying protein family evolution. FadR-like regulators are known to be involved
in the regulation of gene expression in response to oxidized substrates related to either
amino acid metabolism or in various metabolic pathways such as glycolate, pyruvate,
lactate, malonate or gluconate. These results provide a starting point for a detailed
biochemical and genetic characterization of M. smegmatis FadR-like regulators.

HutC-like proteins of M. smegmatis

Contrary to he FadR-like regulators, the regulators of this subfamily consist of both &
helices and ¥sheet structures in the C-terminal domain. We identified eight GntRs as
members of this subfamily. All these members showed distinguishable predicted secondary
structural features specific to this subfamily. These regulators are known to acquire the
same protein fold as Escherichia coli UbiC; hence it is also nhamed as UbiC transcription
regulator-associated (UTRA) domain. This effector-binding domain responds to various
ligands like histidine (HutC), long chain fatty acids, trehalose 6-phosphate or
alkylphosphonate. A range of known ligands, specific to many HutC -like regulators, will help

in characterizing the classified M. smegmatis regulators.

MocR-like protein of M. smegmatis

Among all the putative GntR regulators, eight were classified as members of the MocR
subfamily. All the eight regulators showed distinguishable predicted secondary structural
features specific to this subfamily. MocR-like regulators show homology to the class |
aminotransferase proteins, which requires pyridoxal 5-phosphate (PLP) as a co-factor. All
MocR-like regulators exhibit a PLP attachment site with a conserved lysine residue, which is
also evident in the classified MocR-like regulators. It would thus be interesting to study the
role of pyridoxal phosphate regulation in the classified regulators.



YtrA-like protein of M. smegmatis

The YtrA subfamily is the least represented GntR -like regulator in the bacterial genomes.
Among all M. smegmatis GntR regulators, only one regulator MSMEG_5174, showed the
signatures of theYtrA subfamily member. YtrA possesses a reduced C-terminal domain with
only two a-helices. The average length of the putative effector binding and/or oligomerization
domain is about 50 amino acids. YtrA from B. subtilis is an experimentally explored
regulator, which is part of a large self-regulated operon. This operon consists of genes
encoding the ATP binding cassette (ABC) transport systems in addition to the YtrA. It would
be interesting to study whether MSMEG_5174 has any role in modulating such an operon.

Operator site analysis

We have tabulated a list of potential operator sites near the perfect palindrome sequence
with conserved residues, which are found to be specific for most of the subfamily members.
We did not find an operator sequence in the upstream sequences of all the remaining
regulators. All the predicted sites were found to be in the upstream region from the
translation start site except MSMEG_2599. Identification of these sites is an important step

to understand the GntR associated regulon or the gene regulatory network in the genome.

Ortholog prediction

We have found a number of M. smegmatis GntR regulators that are orthologs of proteins
from the other species of mycobacteria and B. subtilis. As orthologs typically share the same
function, these regulators could serve as a model to study homologs from the other species
of mycobacteria. These characterized orthologs may provide clues for initiating detailed
biochemical characterization of M. smegmatis proteins. Many putative orthologs were
experimentally known like Rv0165c that is involved in regulation of mcel operon; GntR, a
transcriptional repressor of gluconate operon; YcbG, involved in utilization of Dglucarate
and D-galactarate; YcnF, involved in utilization of gamma-aminobutyrate. However, we did
not find the orthologs for all M. smegmatis GntRs in other pathogenic species.

Ab initio mapping of genes to bacterial phenotypes

Microorganisms are ubiquitous, occurring at amazingly high densities in water, hot springs
and soil, as well as in the stable biological niches of host organisms. Many of the latter are
disease causing, with novel evolved mechanisms to cope with the physiological conditions of
their host. Apart from physical conditions of life, these living forms are systematically
classified into various groups depending upon variations among them. The quest for genetic
basis of variation is not new. Since Gregor Mendel’'s time, this has been one of the central

issues of biology. In the present work, we use curated databases to extract the presence or



absence of orthologus groups of proteins in 331 complete genome sequences. Phenotypic
data were also extracted for many of the organisms. We then systematically mapped genes

responsible for phenotype using mutual information and hypergeometric distribution.

More than 83000 orthologous groups from 331 complete genome sequences were extracted
from STRING database. Phylogenetic profile were constructed and represented in Matrix
Mo,g, where ‘0’ represents the number of organisms (331 organisms) and ‘g’ the number of
orthologus groups (Ogs) under investigation. Presence or absence of OG in each organism
was represented by 1 or 0.Phenotypic information for each organism was extracted from
curated databases and literature mining.  Phenotype profile for each organism is
represented by 1 if organism exhibits the phenotype, otherwise 0 is assigned. The
phylogenetic profile of each OG was compared with phenotype profile using Hypergeometric
distribution (HD) and Mutual information (MI).Top 100 hits with highest mutual information
and lowest p-value score were selected for further analysis. These are the probable proteins

responsible for phenotype under investigation.

Project 2: Improved Genome Annotation of P. falciparum Genome
Objectives:
P. falciparum genome is a highly AT Rich Genome that offer great challenges for gene
identification and annotation. The objectives of this project are to:
1. Develop computational approach, such as identification of novel Plasmodium specific
substitution pattern, that can overcome this problem
2. ldentify and annotate functional proteins such as membrane-associated protein
encoded in genome.

Computational and development of Pf specific substitution matrix

Sequence alignments are weighed both at the nucleotide and amino acid levels. However,
as many mutations within the DNA are synonymous, there are chances of over estimation of
divergence and hence protein alignment methods supersede nucleotide alignment methods.
Most of the widely used protein homology detection methods like FASTA and BLAST make
use of amino acid substitution matrices to score the alignments. The matrix consists of log-
likelihood scores that reflect how likely one amino acid is substituted over the other. A
positive score indicates a favored substitution over a chance event and a negative score
reflects a less likely occurrence of the substitution than predicted by chance. In case of
homology searches with standard matrices for compositionally biased genomes, the
background frequencies vary greatly as they are calculated from the protein databases

having standard compositions of the protein. The naive use of standard matrices for proteins



with non-standard composition has thus been dabated for long and the need has been
proposed the need to adjust the target frequencies accordingly. We have attempted to use
an entirely different dataset for calculating the target and background frequencies in order to
figure an exclusive substitution matrix for Plasmodium falciparum that reflects substitutions
from a set of completely annotated proteins of Plasmodium falciparum and its distant
orthologs. Our matrix is calculated from protein blocks obtained from our dataset based on
the formalism of Henikoff. We expect that use of the substitution matrix thus generated
might increase the threshold of alignment scores for database searches with Plasmodium
falciparum leading to better annotation of the Plasmodium falciparum hypothetical proteins,
and our results support this notion.

Computational prediction and analysis of transmembrane proteins in Plasmodium

falciparum

At present, 60% of the available anti-infective agents act on the transmembrane proteins.
Transmembrane proteins play a crucial role in transport, maintenance of homeostasis and
cellular communication. Transmembrane proteins play a variety of roles in pathogenic
organisms such as adhesion to host cell, downstream signaling in response to external
environment etc. In lightof this host-pathogen interaction, we have attempted to predict and

estimate the transmembrane proteins of Plasmodium falciparum.

In the present work, all P. falciparum proteins were screened for transmembrane helices.
Signal sequence prediction was carried out if predicted transmembrane helix is < 18 aa and
is present within 50 aa from Nterminus. In case the protein show the signal sequence,
transmembrane protein prediction was repeated after removing the signal sequence for all
proteins that predict “membrane-out” disposition of the N-terminal region. Proteins that were
not predicted as transmembrane protein upon removal of signal sequence were considered
as false positive and discarded. The remaining proteins (2047) were selected for further
studies as probable transmembrane proteins. Bi-directional BLAST searches were made
against complete genome sequences of eukaryotic organisms and clustering of these
proteins was carried out on the basis of phylogenetic profile. Clusters were used to infer
lineage specific occurrence of these proteins and for mapping interactions among them.
BLAST searches were made against NR and Pfam sequence profiles for functional
annotation and these sequence similarity searches were used for determination of their
functionalrole.
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Objectives Escherichia

Bacterial transcription must terminate at the end of each operon. In Escherichia.coli, the
ends of 50% of the operons each contains an intrinsic termination signal that codes for a
hairpin followed by a U-rich stretch in mRNA. The other 50% of operons do not have any
signature sequence and it is possible that termination of these operons depend on the factor
called Rho. In certain instances, these termination signals can be overcome in response to
certain type of modifications in the transcription elongation complex and the process is
termed as antitermination. The mechanisms of these termination and antitermination
processes are still not very clear and offer an exciting subject for study. In this laboratory,
studies in the following areas have been undertaken.

1) Role of RNA:DNA hybrid sequences in ternary elongation complex (Ec) during
termination.

2) Mechanism of transcription antitermination by an antiterminator protein N from
bacteriophage H-19B.

3) Mechanism of action of transcription termination factor, Rho.

4) Mechanism of antagonism of Rho-dependent termination by an anti-rho factor Psu.



Summary of the work done until the beginning of this reporting year

1) Using several protein footprinting techniques we have identified the region of transcription
elongation complex (EC) which comes close to the C-terminal domain of the antiterminator
protein N.

2) We isolated termination defective mutants in Rho by random mutagenesis, mapped them
on the structure of Rhs and characterized their in vitro properties, and correlated
involvement of different regions in the process of termination.

3) Psu which is a 20 kd protein encoded by bacteriophage P4, known to be an anti-rho
factor, was cloned, purified to homogeneity and characterized for its physical properties,
and the mechanism of its anti-Rho function was elucidated.

Details of progress in the current reporting year (April 1, 2006- March 31, 2007)

A) Anti-pausing activity of N-modified elongation complex and mechanism of action
of N.

The N protein of bacteriophage | activates expression of the late genes by facilitating the
read-through of transcription terminators present in the early genes of the phage. N is a
small basic protein, which binds to a specific stem-loop structure (box B of nut site) of its
own mRNA through the arginine rich motif (ARM) present in its Nterminal domain, and
interacts with the EC through its G-terminal domain via an RNA looping mechanism. N
requires several host-coded factors called Nus factors, to form a processive antitermination
complex. The interacting surface of N on the EC is not yet known, knowledge of which is

critical to understand the mechanism of antitermination.

Using a random mutagenesis screen, we have recently isolated and characterized
Escherichia coli RNAP mutants specifically defective for H19B N-mediated antitermination.
These mutations are located very close to important structural elements of the EC, like the
RNA exit channel, the lid, and the rudder. In this report, we have identified, by protein
footprinting of the N-modified EC the regions of the EC that come physically close to the C-
terminal domain of H-19B N. Specific cleavage patterns of the EC were generated using Fe-
BABE-labeled N, Fe-DTT from the active site, and trypsin. We have also analyzed the
effects of the binding of H19B N on the interactions around the RNA:DNA hybrid at a class
Il pause site, and the interactions of the flap domain with hairpin RNA near the RNA exit
channel at a class | pause site. We concluded that the C-terminal domain of H-19B N comes
close to the active site Mg and that N-induced altered interactions in the active center cleft
stabilizes the RNA:DNA hybrid at a class | pause site and destabilizes the RNA hairpin-flap

domain interactions at a class Il pause site.



i) Mapping the interaction domain of H-19 B N.
We have earlier described RNAP mutations (P251S, P254L, R270C, G333S in b’ and

G1045D in bsubunit) specific to H19B N action, which are located in and around the RNA

exit channel, the lid and rudder elements of the elongation complex. In order to determine
the spatial relationship of the N-induced cleavage sites with the positions of those mutations,

we localized both the cleavage sites and the
positions of the mutations on the available
model of EC, developed on the basis of the
crystal structures of Thermus aquaticus RNA

polymerase and the yeast RNA polymerase |l
elongation complex, and the cross-linking data
on protein-nucleic acids interactions in the EC
of E. coli RNAP. We first determined the
equivalent amino acids of these mutations and
the cleavage sites in the model structure by
structural  alignment  (Figure 1A) using
CLUSTALX program. Figure 1B shows the
location of the cleavage sites together with H
19B N-specific mutations obtained earlier.
Interestingly, the cleavage sites obtained from
e Mol of EC. A) Stuctusel s , ' Fe-BABE or trypsin are located close to the

o ;J nils of £ ool I*ﬂ-l wilh tha

active site and did not overlap with the sites of

'f,i,“," '“;,;‘"J:';.' J]” the mutations. The space-filled version of the
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Eypsin ‘"’Ij;f;-""-‘ ::;_ﬁ: s B} *'rl'ﬁ:ic- e view o iy cwcoos | model (Figure 1C) shows that both the trypsin

cleavage sites and two of the Fe-BABE-

induced cleavage sites are visible through the

secondary channel and located close to the
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surface.

The Fe-BABE-induced cleavage sites are found to be ~30-60 A away from the positions of
the different mutations. Position G333 comes closest (~ 29 A) to N458 and P926.
Theoretically hydroxyl radical generated from Fe-BABE tagged to cysteine 107 of H-19B N
can cleave the peptide backbone within a 12 A ra dius. Therefore, it is unlikely that the C-

terminal domain of H-19B N binds to the region defined by the mutations as the hydroxyl



radicals will not be able to travel over an average distance of ~45 A to generate cleavages
near active site Mg®. One possible explanation for this observation is that the C-terminal
domain comes physically close to the active site Mg * and that this N-induced interactions
near the active site exerts allosteric effects around the RNA -exit channel and the 5-half of
the RNA:DNA hybrid as defined by the location of the mutations. Alternatively, mutations
near the RNA exit channel may define the interaction site of NusA present in the N-NusA
complex.

ii) N prevents reversible backtracking at ops pause sequences

The antiterminators N and Q can suppress pausing during elongation. Results from protein
footprinting experiments, and from earlier mutational analyses suggest that H19B N may
modulate interactions around the RNA:DNA hybrid as well as in the RNA exit channel.
Therefore, we assayed the effect of H19B N on two well-defined pause sequences, namely

ops and his pauses, which
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il in these two regions. At the
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pause sequence,
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g B ops
' pausing occurs due to the

backtracking of the EC,

"’A‘TC{CCIEuG'A'uWTGGGT J.m:l

lmﬂmm

\“‘\ which is dependent on the
.m, sequence of the RNA:DNA

hybrid. Pausing at his pause
sequence is proposed to be
mediated by interaction of a
RNA-hairpin with the flap
domain of b-subunit located

near the RNA exit channel.

The sequence at the his

pause codes for RNA that folds into a hairpin near the exit channel.

We followed the pausing kinetics through the ops pause sequence cloned downstream of
the nutR site, both in the absence and presence of either WT or mutant H19B N proteins
In the
presence of WT N, pausing efficiency (denoted as “a” in the equation of exponential decay;

(Figure 2A). The amount of paused complex was plotted against time (Figure 2B).

shown in the inset of Figure 2B) was not affected, whereas the rate of escape (denoted as
“l " in the equation) from the paused state was three times faster. This result suggests that

N does not prevent the EC from entering the paused state, but reduces the half-life of this



conformational state possibly by disfavoring the backtracking of EC which is an important
component of this type of pausing. In order to determine whether N prevents backtracking at
this sequence, the EC was stalled at this site by using Lac repressor as a road-block (Figure
2C).Backtracking of the stalled EC was monitored by GreB-induced cleavage of the RNA
and by the Fe DTT mediated cleavage of the 3end of the RNA from the active site of the
EC. In the absence of WT N, the EC was sensitivite to GreB-induced cleavage (Figure 2D)
and Fe DTT mediated cleavage of the RNA was also observed at an internal position (3 nt
upstream from the 3’-end and marked as “-3” in the Figure 2E). These are the indications of
the backtracking of the EC at this pause site. In the presence of WT N, sensitivity of EC for
GreB was significantly reduced (Figure 2D) and Fe-DTT mediated cleavage was also not
observed (Figure 2E). These two results strongly suggest that N prevents backtracking at
ops pause site. This observation is specific to WT N, as its mutant derivative did not elicit
this response.

i) N destabilizes the flap

Q : domain-RNA hairpin
1 SRR {m ErET TS interactions at his-site pause
Car B R sequences
"‘i-h-i--“q smmaas | W r

ER-Tan Next we followed the pausing

kinetics through the his pause

Telae PO LR I P A T site cloned downstream of the
AL e “‘"HI'W nutR sequence (Figure 3A).
: = ,gi_ﬂ —— el The amount of paused

SO, .. 5 b by ol o) complex was plotted ~ as

described above (Figure 3B).
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As in the case of the ops

pause, the pausing efficiency

T e o at the his pause did not change

significantly in the presence of
WT N, whereas the rate of escape from the paused state increased by about 5-fold (see the
inset of Figure 3B for the rate constant values). The effect of N on the his pause was more
pronounced than at the ops pause. The dwelling time in this paused state depends on the
stability of the flap domain-RNA hairpin interaction. As binding of N only affected the pause
half-life, it is possible that it did not affect the formation of the pause hairpin, but rather
weakened the flap-hairpin interaction. It has also been shown that the flap-hairpin
interaction at this pause site leads to catalytic inactivation of he EC. Therefore, if the

presence of H-19B N destabilizes this interaction it will also prevent the catalytic inactivation



caused by the RNA hairpin. To test this hypothesis, the EC was stalled by Lac repressor at
the pause site, NTPs were removed by washing, and the catalytic competence of the stalled

EC was tested by the pyrophosphorolysis reaction (Figure 3C). Figure 3D shows that the 3-

end of the RNA of this stalled EC exactly matched the pause site (compare the lanes 3 and
4,10and 11,17 and 18). Formation of RNA—cleavage products (marked as “PPi cleavage”)
induced by pyrophosphate was only observed in the presence of WT H19B N. This effect
was specific to WT N as it was not observed either in the absence of N or in the presence of
DCTD N, that does not bind to the EC. We
that the domain—RNA

conclude flap

interaction is destabilized or significantly
weakened in the N-modified EC and thereby
preventing the catalytic inactivation.

B) Transcription termination defective
mutants of Rho: Role of different activities

of Rho in releasing RNA from the EC.
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We have finished the characterization of each = T-.:I""':.:.T"' ..;T:"'
of the Rho mutants (whose isolation had been e =
described earlier) and we report here the N T T
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domadn. C) The primary RNA binding domain of Rho genemted from
the co-ardmates of the structhem of N-terminal domain (2A8Y 30, left)
and closed ring (ZHT1; right) structures.  RNA cligonucieotide is

mutations on the recently solved hexameric
structure of Rho, and also the C-terminal
conformational changes induced by a point

mutation in the N-terminal domain.

Location of the mutations on the crystal
structure of Rho and prediction of functional
defects.

We mapped the positions of the mutations on
the recently reported hexameric closed ring

structure of Rho which has both the primary

shown in yelow and bocations of GH1V, G523V and YBOC are also
shown a3 sphenss with the same color code as in A) and B). D) The
secondany RNA binding domain i shown in the dimenic unit of the
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and secondary RNA binding sites occupied

with nucleic acids (figure 4A and 4B). In general the mutations are located within or close to
the previously identified important functional domains of Rho. Among them, G51V, G53V
and Y80C are in the primary RNA binding domain (figure 4C). Y274D, P279S are in or close
to the Qloop (figure 4D). G324D and N340S are close to the secondary RNA binding
domain and G324D is in the R-loop (figure 4D). The mutation I1382N could not be located on



the structure as the Gterminal end of the closed ring structure of Rho is not resolved.
Interestingly mutations in these important structural elements of Rho did not have a lethal
phenotype, even though null mutants of rho are inviable. It is revealed from the structure
that amino acid Y80 makes direct contact with the nucleic acid in the primary RNA binding

domain (figure 4C). Hence there is a high probability that YBOC change will affect the
primary RNA binding drastically. Amino acids G51 and G53 also come within 12-14 A of the
nucleic acid in the crystal structure and changes in these amino acids can also affect the
primary RNA binding (see the distance calculations in figure 4E). The crystal structure
revealed the binding of only two nucleotides, whereas about 10 nucleotides can be occupied
in the primary RNA binding site of a monomer. Therefore it is likely that other amino acids of
this domain (including G51 and G53) will take part in the primary RNA binding. Defect in the
primary RNA binding due to the change in these three amino acids will subsequently affect

the secondary RNA binding and the RNA release processes.

The amino acids G324 and N340 are situated dose to the RNA in the secondary RNA
binding site (figure 4D and 4E). It is likely that G324, located in the R-loop, will take part
directly in the interaction with RNA. Therefore it can be predicted that changes in these two
amino acid will cause defect n the secondary RNA binding and as well as in the ATP
hydrolysis activities. This may in turn affect the processive translocation of Rho along the

RNA, which will lead to termination defect.

P279S and P279L changes in the Q-loop can alter the loop conformation by extending the
length of the preceding helix. The closed ring structure of Rho revealed that Q-loop is about
30 A (figure 4E) away from the nearest RNA residue in the secondary RNA binding site. In
the closed ring structure of Rho, Q-oop forms a hairpin-like structure from the disordered
conformations observed in the open ring structure. This alteration may be important for
attaining the active conformation of Rho and change in the loop conformation due to the
mutations will affect its function. On the other hand Y274, which is located just outside this
loop, may come on the pathway of the RNA passing through the dimeric interface of two Rho
protomers (figure 4D). So Y274D may have similar defects as G324D and N340S changes.
i) Summary of differe nt properties of the mutants.

Different properties of the mutants are summarized in Table 1. All the termination defective
mutants (except 1382N) were found to be located in the previously identified functional
domains such as in the primary RNA binding domain and in the secondary RNA binding
domain including Q-loop and R-loops. The termination defect of the mutants G51V, Y80C

and P279S could not be overcome under the most relaxed conditions that have been tested,



suggesting that primary RNA binding doman and Q-loop are the most crucial elements for
RNA release activity. These mutants are also defective for most of the other functions of
Rho. The termination defects of the mutants (Y274D, G324D and N340S), which are mainly
defective for secondary RNA binding and as well as for the translocase activity, could be
restored under relaxed in vitro conditions. The functional defects of most of the mutants
correlate with their spatial localization in the crystal structure. We also show that mutations
in the primary RNA binding domain (Y80C) can affect functions and induce conformational
changes in the distal C-terminal domain which is not predictable from the structure of Rho
(see below). However, we did not observe any severe in vitro defect in the 1382N protein,
which is not consistent with its in vivo phenotype; probably a modest in vitro defect can be

amplified under more stringent in vivo conditions.

iii) YBOC change in the Nterminal region Table 1 Summary of different properties of Rho mutants:

causes conformational changes in the distal MU g Binding Binding Unwincing
. . G51V ++ +- ++ -
C-terminal domain Y80C - - + -
. . . . . . Y274D + - + +-
Besides impairing the primary RNA binding, P279S  ++ * -
G324D + + +/-
the Y80C mutation also caused significant NS Lo "
WT + ++ ++ +

defect in ATP binding. This led us to
All the activities of the mutants are expressed with respect to that of WT

hypothesize that this change may cause [rno.

% Binding activities are for rCyo and rCys templates. +/- indicates ~100 fold
i i i ~ reduced binding on rCs template.

conformational changes in the distal ( 40 A) °For ATP binding of Y580CtheKmvaIueisconsidered.

C-terminal domain allosterically. To teSt thiS |y sremvats L am Arpe oo 05 theumwindng acivity wes

hypothesis we probed the conformation of WT

and mutant Rho by limited proteolytic cleavages, fluorescence anisotropy, and fluorescence
guenching.

We monitored the surface accessibility of the single tryptophan residue (W381) located ~15
A of the ATP-binding site, by fluorescence quenching technique using acrylamide as a
neutral quencher. This tryptophan residue emits a fluorescence signal at 350 nm upon
excitation at 295 nm. Quenching of this signal was plotted against the increasing
concentration of acrylamide to obtain the quenching constant (Ky) (figure 5A). The value of
Ksy increases as the tryptophan becomes more surface accessible. We observed that this
tryptophan in the Y80C mutant is more surface accessible compared to the WT.

We used a fluorescent analogue of GTP, Tb-GTP, which is a complex of terbium chloride
and GTP, to see the local conformational flexibilities at the ATP binding pocket. Here we
assumed Th-GTP will bind to the same ATP binding site as GTP is also a good substrate of
Rho. We measured the anisotropy (r) of the Th-GTP moiety upon binding to the ATP binding

pocket. The anisotropy (r) of a fluorophore gives the measure of the rotational freedom of the



SpeC|eS and reports the Conformatlonal Table 2: Fluorescence anisotropy (r) values of Th-GTP

L . . Species Anisotropy (r)

flexibility of the surroundings. Higher value of e Th.GTP 0,096 005
. [150mM: 50 ]

r means less rotational freedom of the To-GTP+100nM WT Rho  0.246 % .007

Tb-GTP+ 150 nM Y80C Rho  0.183 +.003

fluorescent probe. Lower value of r for Tb-
In all the experiments Th-GTP complexes were made by incubating 150 v
GTP bound to Y80C Compared to that Tb with 50 mM GTP. Mgjority of the Th-GTP species were in bound form in

Obtained fOf WT RhO (table 2) Suggested the presence of indicated amount of hexameric Rha Anisotropies were
measured at 25 °C.

more conformational disorders in the ATP-

binding pocket.
In  general, quenching constant and
i ; anisotropy values did not change drastically
d s because of the Y80C mutation, which
W suggests that the conformational changes
" v " induced by the mutation in the Gterminal
- Py domain are more subtle. To further
N N =
: | afeee el corroborate these data we employed limited
s F ol proteolytic digestions of the WT and Y80C
1 Rho proteins to probe the conformational
- . g changes with V8 protease, which cleaves
S otmt e o S o RS horvan preferably at glutamic acids residues. We
-:T :'-.:_"-o\'- 'h::xl:'f-'-!_'r-e ?,.:T::TI-_:-?::T._-:;\'_-T: ;:-’.u_m»: from
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e T T I S glutamic acid residues (figure 5B) near the
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(PRt 10 o o 90 gal ke The T s COBREINCE 10 T HMAY dimeric interface of the C-terminal domain
Fomnrch. the g ..:IJ ' :Il,'ﬂ!,l:.i.lf‘.:ig r\l;"m'\ 211 and THB :N-.r:.-_,_ala.—\-\n'\- TR are .
T e et 0 s | (figure 5C) of both the WT and Y80C mutant
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Interestingly, a new band corresponding to
the Glu 226, close to this cluster (figure 5C and D), was found to become sensitive to V8

digestion specifically in Y80C mutant. This observation further supports the proposal that
Y80C mutation in the primary RNA binding domain induces distinct but subtle conformational
changes in the distal C-terminal domain, which might have affected the ATP binding domain

and the surrounding regions.
Publications:
1 Pani B, Banerjee S, Chalissery J, Abhishek M, Ramya ML, Suganthan R and Sen R

(2006) Mechanism of inhibition of Rho-dependent transcription termination by
bacteriophage P4 protein Psu. Journal of Biological Chemistry. 281: 26491-26500.



Chalissery J, Banerjee, S, Bandey | and Ranjan Sen (2007) Transcription termination
defective mutants of Rho: role of different functions of Rho in releasing RNA from the

elongation complex. Journal of Molecular Biology In Press.

Sen R, Chalissery J and Muteeb G (2007). Nus factors of Escherichia coli.  Invited c
hapter of the book Escherichia coli and Salmonella: Cellular and Molecular Biology.
ASM press In Press.
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NATIONAL GENOMICS AND TRANSCRIPTOMICS FACILITY

Principal Investigator Murali D Bashyam Staff Scientist

Other Members Ajay Chaudhary Technical Assistant
Chandrakanth Reddy Project Assistant

Objectives:

The National Genomics and Transcriptomics Facility (NGTF) is a Biotechnology services
core group that provides on demand services in the areas of automated DNA sequencing,
genotyping, real-time PCR and microarrays. Services currently available for CDFD groups

and collaborating laboratories include:

. High throughput automated DNA sequencing and analyses

. Gene scan analysis and Genotyping including human STR profiling for forensic
cases

. Real time PCR

. Microarrays

Details of progress made in the current reporting year (April 1, 2006- March 31, 2007)
NGTF continues to provide services to scientists both within and outside CDFD in the areas
of DNA sequencing, genotyping, real time PCR and microarrays. A total of 5.7 million
nucleotides were sequenced during the reporting period. In addition, a total of 13200
genotyping reactions were performed. We also carried out a total of 105 real time PCR
reactions for several laboratories within CDFD. Microarrays using the Human Exonic
Evidence Based oligonucleotides (HEEBO) were procured from the Stanford Functional
Genomics Facility and array-based comparative genomic hybridization as well as gene

expression microarrays were standardized.






Bioinformatics Facility and Sun Centre of Excellence in Medical Bioinformatics

Service Co -ordinator Akash Ranjan Staff Scientist
Other members M Kavita Rao Staff Scientist
G Thanu Technical Officer
S Swaminathan Technical Officer
R K Gundu Technical Officer
(until December 2006)
M N Pavan Technical Assistant
P Prashanthi Junior Assistant
A lmam Project Assistant
Collaboration European Molecular Biology Network(EMBnNet)

SUN Microsystems, Inc, California, USA
C-DAC, Pune, India
University of Hyderabad, Hyderabad
Objectives:
1. To provide Bioinformatics services to the Centre and the scientific community in the
region
To maintain the CDFD website, to provide web based services and e -mail services.

To maintain Computer Servers, PCs, Printers and other peripheral devices.

B

To maintain the internet connectivity of the institute and institute-wide Local Area

Network.

Details of progress made in the current reporting year (April 1, 2006 — 31, March 2007)

Services such as Email, Internet, web were taken care of at Nacharam and Gandipet
campuses. Installation, administration and maintenance of servers which provides various

services, databases and computational jobs were taken care of at both the campuses.

Installation, administration and maintenance of PCs, Printers and Scanners were also done.
Networking of servers and all the PCS and LAN were also administered and maintained.
Also maintenance of other network components such as routers, switches, firewall were

taken care. AMC for Sunserver and SGI Fuel machines were renewed.

Website updating were also done as per requirement. New Databases were added and
given public access. CDFD domain name and other software licenses were renewed. An in



house package for online application for Research Scholar Program — 2006 selection was
developed using freeware. We have added a number of in house developed scientific web
server and databases which includes — genoBASE pylori, INSATDB, MycoperonDB, IMEX
and ICR.

In addition to Nacharam, CDFD website was also configured in a Sun Blade at SUN CoE
Gandipet, so that our site is always accessible should there be a failure at any one place.
Changes done at one place are updated immediately at the other place also. Website was
moved to a high end PC in Nacharam. CDFD domain was registered in a self-manageable
DNS service; hence we can manage all the DNS records ourselves from the control panel.

CDFD Domain name was renewed for 2 more years.

CDFD is one of the eight nodes of the high speed Virtual Private Network called “India Bio-
Grid” and was offered a leased line along with accessories with ISDN backup. This has been
renewed and is mainly used for downloading data. This is also used for Internet access
when 2 Mbps leased line goes down.

High-end PCs (70 Nos.) and laptops (2 Nos.) and printers (25 Nos.) were procured and
installed. To cope up with the rising networking demands several switches were procured

and new PCs were connected to the existing LAN.

Symantec corporate edition was upgraded to Enterprise edition 10.0 and all the PCs were
regularly scanned. In addition to tis Symantec Mail security 3.0 was upgraded to 5.0 with
Antispam support. This scans for all the viruses, worms etc in the incoming and outgoing
mails and also completely stops SPAM.

Databases and Software
The databases were downloaded and updated regulady as and when new releases became
available from their respective host sites. Software required for DNA/protein sequence

analysis and structure prediction was downloaded and installed in the SUN system.

Networking/Internet maintenance
The ISDN backup system for the VPN was completely installed. An assessment of
performance of the leased line as well as the ISDN backup line was performed and an

expert report was submitted to DBT.



SUN-Centre of Excellence (COE)

SUN microsystems, a leading hardware manufacturer signed an MOU with CDFD to set up
one of its COEs at the bioinformatics facility. The COE will have a major focus on the
Medical bioinformatics. The new setup has come up in the newly constructed building of
CDFD near Gandipet. The “Centre of Excellence in Medical Bioinformatics” was
inaugurated at the Gandipet campus of CDFD by His Excellency, Dr. A.P. J. Abdul Kalam,
and dedicated to the service of the Nation. This is also the first SUN-CoE (SUN Centre of
Excellence) in the Indian sub-continent. This Centre is a joint venture between M/s. Sun
Microsystems, CDFD and the Government of Andhra Pradesh. The SUN-COE is equipped
with mostly all requisite facilities and infrastructure back-bone to facilitate carrying out high
impact research in Bioinfo rmatics.

SUN-COE Activities

Sun CoE provided a six months project training to M.Sc Bioinformatics, Jamia Milia Islamia
University, New Delhi which was attended by 9 students of Jamia Milia Islamia University,
New Delhi.

Sun CoE also participated in University of Hyderabad's M.Tech. Bioinformatics Program and

provided lecture and practical training the field of Bioinformatics 18 students of M.Tech
Bioinformatics program of University of Hyderabad.

Sun CoE Coordinator, Dr. Akash Ranjan, organized an Indo German Workshop at University
of Cologne Germany which was attended by leading Bioinformatics Scientist from India and
Germany. He was also invited to University of Wuerzberg as Bioinformatics Expert and
Resource person at a Euro Patho Genomics-sponsored Late Summer School on Structural

Genomics.

SUN CoE, CDFD has entered into a memorandum of understanding with GDAC and
ERNET to be a partner institute in the GARUDA National Grid Computing Initiative. In the
initial proof of concept phase, we have signed a User Acceptance Test of the 10Mbps high
speed connectivity. This enables our researchers to seamlessly gain access at 10Mbps to
the Supercomputing Facility at C-DAC, Bangalore, and also other computational resources
to be made available by Pune, Hyderabad, and Chennai CDAC centres and other 45
research and academic partner institutes spread across 17 cities in India. Recently the
GARUDA SIGMA middleware has been deployed in our Grid head node which is a suite of

grid tools and services required to facilitate access to GARUDA resources. Having



successfully conducted several bandwidth tests for the network fabric, we would soon
involve in the development of applications on GARUDA wherein we could also explore joint
experiments with other partner institutes and collaborate on the research and engineering of
technologies, architectures, standards and applications in High Performance Computing and
Bioinformatics related areas.

The hardware installed at our premises as part of the GARUDA National Grid Computing
Initiative enables connectivity at 10Mbps via the last mile fiber link, provided by ERNET
representative M/s Sify using CISCO routers, to other scientific partners of this project.



Service co-ordinator
Other Members

Instrumentation Services

Raghavendrachar J
R N Mishra
S Pavan Kumar

M Laxman

Staff Scientist
Technical Officer |
Technical Officer |

Technical Assistant

R M K Sathyanarayana Technical Assistant

N P Sharma Junior Assistant-II
Dinesh Kumar Junior Assistant-II

Objectives:

To maintain, repair and service all the equipments in laboratory. To provide pre-installation
requirements for new instruments and to coordinate with the manufacturers / their agents in
Installation and warranty service of the new instruments. Also to provide the reports on the

newly arrived instruments and to follow up with the suppliers for short shipped items.

Details of progress made in the current reporting year (April 1, 2006 — March 31, 2007)

We have performed over 76 new installations of various equipment, like Confocal
Microscope, HPLC System, LPLC System, PCR Machines, Water Purification Systems,
BOD Incubator, Nanodrop Spectrophotometers, Refrigerated Table Top Centrifuges,
Shaking Water baths, Orbital Shaker, Tissue Homogenizer, -86°C Freezer, -20°C Freezers,

Refrigerators, Micro centrifuges, Electrophoresis Apparatus etc.

We have also completed 440 work orders for repair & maintenance of various laboratory
equipments. We were actively involved in reorganizing the Laboratory for additional space
and also the newly leased space in the Ground Floor. We were actively involved in getting
the Confocal Microscope Facility functional in the ground floor and also created the NGTF
DNA Sequencing facility in the Ground floor. We have played active role getting all
instruments installed in the APEDA facility in the Second Floor. In addition we were involved
in organizing the audio & visual requirements for presentations in various seminars, lectures
and workshops, Foundation day lectures, Distinguished Scientist Lectures held in CDFD
both at Nacharam and Gandipet Auditorium. We maintained most of the equipment with
maximum uptime in the Laboratory. Most of the Instruments are maintained by our
Instrumentation staff, there by saving on the expensive AMCs and with very little downtime

of the equipment.



Since we have been entrusted with the additional responsibility of Total maintenance of the
CDFD Nacharam Campus, including Electrical, Refrigeration, EPABX & Telephones, UPS
Systems, House Keeping, we are successfully monitoring these activities and also procuring

the Laboratory tables & getting the partitions done for various group leaders & facilities.
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Research Papers Published (2006)

1 Achary MS, Reddy ABM, Chakrabarti S, Panicker SG, Mandal AK, Ahmed N,
Balasubramanian D, Hasnain SE and Nagarajaram HA (2006) Disease-causing
mutations in proteins: structural analysis of the CYP1B1 mutations causing primary
congenital glaucomain humans. Biophysical Journal 91:4329-4339.

2 Ahmed N, Devi SM, Valverde M de LA, Vijayachari P, Machangu RS, Ellis WA and
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