








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
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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
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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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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.
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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.
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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
Hartskeerl RA (2006) Multilocus sequence typing method for identification and genotypic
classification of pathogenic leptospira species. Annals of Clinical Microbiology and
Antimicrobials 5:28.

3 Akif M, Akhter Y, Hasnain SE and Mande SC (2006) Crystallization and preliminary X-ray
crystallographic studies of Mycobacterium tuberculosis CRP/FNR family transcription
regulator. Acta Crystallographica F 62:873-875.

4 Arunkumar KP and Nagaraju J (2006) Unusually long palindromes are abundant in
mitochondrial control regions of insects and nematodes. PLoS ONE 1: e110.

5 Devi SM, Ahmed |, Khan AA, Rahman SA, Alvi A, Schi LA and Ahmed N (2006)
Genomes of Helicobacter pylori from native Peruvians suggest admixture of ancestral
and modern lineages and reveal a western type cag-pathogenicity island. BMC
Genomics 7:191.

6 Devi AR, Gopikrishna M, Ratheesh R, Savithri G, Swamalata G and Bashyam MD (2006)
Farberlipogranulomatosis-clinical and molecular genetic analysis reveals a novel mutation

in an Indian family. Journal of Human Genetics51:811-814.

7 Du X, Rao MR, Chen XQ, Wu W, Mahalingam S and Balasundaram D (2006) The
homologous putative GTPases Grnlp from fission yeast and the human GNL3L are

required for growth and play a role in processing of nucleolar pre-fRNA. Molecular
Biology of the Cell 1:460-474.

8 Gandhe AS, Arunkumar KP, John SH and Nagaraju J (2006) Analysis of bacteria -
challenged wild silkmoth, Antheraea mylitta (lepidoptera) transcriptome reveals potential

immune genes. BMC Genomics 7:184.



9 Goyal K, Qamra R and Mande SC (2006) Multiple gene duplication and rapid evolution in

the groEL gene: functional implications. Journal of Molecular Evolution 63:781-787.

10 *Granneman S, Lin C, Champion EA, Nandineni MR, Zorca C and Baserga SJ (2006)
The nucleolar protein Esf2 interacts directly with the DExXD/H box RNA helicase, Dbp8, to
stimulate ATP hydrolysis. Nucleic Acids Research 34:3189-3199.

(** from work done elsewhere)

11 Gutierrez MC, Ahmed N, Willery E, Narayanan S, Hasnain SE, Chauhan DS, Katoch VM,
Vincent V, Locht C and Supply P (2006) Predominance of ancestral lineages of
Mycobacterium tuberculosis in India suggests an ancient focus of tuberculosis in South

Asia. Emerging Infectious Diseases 12:367-374.
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