MBU IN-HOUSE SYMPOSIUM 2019
SCHEDULE
Venue: Faculty Hall, Main Building
Registration 9:00- 9:20am
TEA/COFFEE BREAK
Session Chair : Himani Tandon

10:55 am - 11:30 am

9:20-9:30am

Chairman’s Remarks

9:30-9:45am

Anindita Paul
( NS Lab)

9:45-10:00am

Debashree Behera
(BG Lab)

11:30-11:45am

Harsh Chhajer
(RR Lab)

Divyansh Mittal
(RN Lab)

11:45-12:00pm

Khushboo Kumari
(SPS Lab)

10:00-10:15am

Dr. Uma Ramakrishnan, NCBS
(Plenary Lecture I)
10:15-10:55am

LUNCH

Session Chair : Priyanka Lahiri

12:00-12:15pm

Madhurima Kulkarni
(ASK lab)

12:15-12:30pm

Malyasree Giri
(MS lab)

12:30-12:45pm

PRV Shabareesh
(AP lab)

12:45 pm - 2:00 pm

POSTER SESSION
Session Chair : Unnati Patel
2:00-2:15pm

Nayanika Sengupta
(SD lab)

2:15-2:30pm

Praveen Jaiswar
(AS Lab)

2:30-2:45pm

Pritha Ghosh
(JC Lab)

Prof. Ganapathy Ayappa, IISc
(Plenary Lecture II)
2:45-3:25pm

HIGH TEA
06:00pm

3:25 pm - 4:30 pm

Session Chair : Meenakshi Ghosh
4:30-4:45pm
4:45-5:00pm
5:00-5:15pm
5:15-5:30pm
5:30-5:45pm
5:45-6:00pm

Rajeswari Appadurai
(ANS Lab)
Sivaji Nukathoti
(MV Lab)
Sonali Vasnik
(SKS Lab)
Soumyanetra Chandra
(RV Lab)
Sreeparna Biswas
(KS Lab)
Concluding
Remarks/Awards
designed by Nazia Hussain

Plenary Lecture

Unravelling Membrane-Protein Intermediates of an α-Helical Pore
Forming Toxin
Ganapathy Ayappa

Department of Chemical Engineering, Centre for Biosystems Science and
Engineering, Indian Institute of Science, Bangalore
Protein-membrane interactions play an important role in our understanding of
diverse phenomena ranging from membrane-assisted protein aggregation,
oligomerization and folding. Pore-forming toxins (PFTs) are the primary
vehicle for infection by several strains of virulent bacteria. These proteins
which are expressed in a water-soluble form (monomers) bind to the target
membrane and self-assemble to form multimeric transmembrane pore
complexes. Our understanding of the molecular mechanism of pore formation,
specifically for amphiphatic α-helical toxins is limited. Using a combination of
molecular dynamics simulations and experiments we unravel the process of
pore formation of the bacterial α-PFT, cytolysin A from Escherichia coli (ClyA)
in lipid bilayer membranes. Using atomistic MD simulations, we show that
transmembrane oligomeric intermediates or “arcs” form stable proteolipid
complexes consisting of protein arcs with toroidal lipids lining the free edges.
Spontaneous lipid evacuation occurs on the time scale of tens of nanoseconds,
suggest that transmembrane arcs rapidly stabilize to form functional water
channels capable of leakage and lysis. Kinetic models of calcein leakage
experiments on small unilamellar vesicles reveal that arcs do indeed play an
important role. We connect membrane insertion and ensuing conformational
changes with recent single molecule and vesicle leakage data on ClyA and
discuss the vital role played by cholesterol during the pore forming pathway.

Plenary Lecture
Tigers on islands?
Uma Ramakrishnan

National Centre for Biological Sciences, TIFR, Bangalore
It is difficult to imagine tigers marooned on islands. First, they live mostly on
mainlands, but second, they are big, and we expect large animals to move long
distances. Over the past decade or so, my laboratory has been investigating
whether tigers’ populations are indeed isolated from each other, and hence on
islands. Using genetic methods, we have investigated geneflow (and its
absence) between populations. In this talk, I will present our results that help
piece together a picture of where tiger populations are connected, and where
they are isolated. I will illustrate how to facilitate gene flow and connectivity
on the one hand. I will also highlight examples of isolation and explore its
consequences. We hope such research help us understand tigers in the context
of a changing world and contributes towards safeguarding their future.

Student Talks

T-1
Structural and Functional Insights into Pseudokinases from
Arabidopsis thaliana
Anindita Paul & N. Srinivasan
Prof. N Srinivasan Lab
‘Pseudokinases’ are homologous to Ser/Thr/Tyr eukaryotic protein kinases
(EPKs), but lack the conserved catalytic motifs, known to be central to the kinase
catalytic machinery. Therefore, they are predicted to be enzymatically inactive.
However, the loss of catalytic residues in pseudokinases led to exploitation of
versatility of the kinase fold to perform critical non-enzymatic roles. In
Arabidopsis thaliana, majority of pseudokinases, lacking the catalytic Asp
residue crucial for phosphotransferase activity in their active counterparts,
belong to the plant-specific receptor-like kinase family. Comparison of crystal
structures of pseudokinases revealed a major rearrangement of the hydrophobic
spine network, typically found in active conformations of canonical protein
kinases. The rearrangement of the hydrophobic interactions in these
pseudoenzymes compels the highly flexible activation loop to adopt a folded
conformation, in contrast to an extended conformation, found in active kinases.
The folded conformational state of the activation loop results in enhanced solvent
accessibility of residues in the pseudoactive site that can now possibly serve as
an interacting surface while association with other proteins. It appears that the
pseudo-catalytic motifs may have been repurposed to achieve mechanistic
control over non-catalytic functions. Finally, to delve into molecular functions of
pseudokinases, insights from membrane-based protein interaction database were
considered.

T-2
Mechanisms that govern transcription initiation in Mycobacterium
tuberculosis
Debashree Behera1, Biplab Singha2, B. Gopal1 and V.K. Nandicoori2
1

Molecular Biophysics Unit, Indian Institute of Science, Bangalore.
2
National Institute of Immunology, New Delhi
Prof. B. Gopal Lab

Gene expression in bacteria is regulated at the transcription initiation step.
This step involves recruitment of the RNA polymerase (RNAP) enzyme (core
enzyme with its small dissociable subunit σ factor) to DNA promoter element.
In Actinobacteria class, to which Mycobacterium tuberculosis belongs, the
transcription initiation complex has multiple other protein/RNA components.
Initiation of transcription by the Mycobacterial RNAP has previously been
shown to exhibit different open complex kinetics and stabilities relative to
Escherichia coli RNAP. The essential transcriptional regulators– RbpA (binds
selectively to group 1 and certain group 2 σ factors) and CarD (it directly
interacts with RNAP) act to modulate the transcription by associating with the
initiation complex. Here we used σA (a group 1 and an essential σ factor of M.
tuberculosis) pull down experiments in different growth phases in a
conditional knockout background. We evaluated binding affinities of different
interacting proteins and the region which it interacts. The preliminary data of
this study will be described in this talk.

T-3
Intrinsic activity patterns in stellate cells of the medial entorhinal
cortex are consistent with stochastic bifurcations in a
heterogeneous neuronal population
Divyansh Mittal and Rishikesh Narayanan
Dr. Rishikesh Narayanan Lab
Stellate cells of layer II medial entorhinal cortex exhibit intrinsic patterns of
electrophysiological activity that resemble periodic oscillations. Whereas one
school of thought entertains the hypothesis that these are membrane potential
oscillations, another school considers these activity patterns to be filtered
noise. Here, we employ a combination of electrophysiological and
computational techniques to reconcile these differences by viewing these
activity patterns through the lens of stochastic bifurcations in neuronal
structures endowed with biophysical heterogeneities. Computationally, we
employed a heterogeneous population of biophysically constrained and
physiologically validated models of stellate cells. We introduced three distinct
forms of noise with different amplitudes and assessed the impact of such noise
on patterns of activity in this heterogeneous neuronal population. We
developed specific tools and measurements to identify and quantitatively
validate the existence of oscillations in these activity patterns. We show, for
each of the three forms of noise, that the presence of an optimal amount of
noise stabilizes the oscillations emergent through ion channel interactions.
Electrophysiologically, we assess recordings obtained at different membrane
voltages from entorhinal stellate cells and show that these activity patterns
satisfy our validation criteria for the presence of stable membrane potential
oscillations. Together, our results provide lines of evidence in support of the
hypothesis that entorhinal stellate cells exhibit mixed mode oscillations that are
consistent with stochastic bifurcations in a heterogeneous neuronal population.

T-4
Theoretical exploration of Flaviviridae lifecycle
Harsh Chhajer1, Vaseef Rizvi2, Rahul Roy1,2,3
Center for BioSystems Science and Engineering,
Molecular Biophysics Unit, 3Chemical Engineering, Indian Institute of
Science, Bangalore
1

2

Dr. Rahul Roy Lab
Flaviviridae is a family of enveloped, positive-sense (+) single stranded RNA
(ssRNA) viruses like Hepatitis C (HCV), Dengue (DENV), Zika (ZIKV) and
Japanese Encephalitis (JEV) viruses. Their genome serves as the template for
translation, replication and assembly during viral lifecycle. These processes
compete with and complement each other by spatio-temporal interactions
which likely restricts certain aspects of the viral lifecycle. For instance, most
of the (+) ssRRNA viruses remodel host membranes to compartmentalize viral
RNA replication biasing the lifecycle towards the process. To understand how
this interplay constrains the virus lifecycle and how the Flaviviruses overcome
these challenges, we present a intracellular process-based mathematical model
for Flavivirus lifecycle. The model captures and predicts HCV lifecycle
dynamics under several scenarios including perturbations to membrane
remodeling, making it a suitable framework to explore lifecycle perturbationspace for drug discovery. The analysis is further extended to other Flaviviruses
and accurately captures observed dynamics for DENV, ZIKV and JEV
infections.

T-5
Structural characterisation of MazEF6 TA complex by Solution
NMR
Khushboo Kumari and Siddhartha P Sarma
Prof. Siddhartha P Sarma Lab
M. tuberculosis possesses a large number of Toxin-Antitoxin (TA) systems
that confer multidrug tolerance and arrest cellular growth under stress
conditions. Under normal growth conditions, the activity of the toxin is
counteracted by the antitoxin. In the case of the Maz TA systems, structures are
known for MazF3,4,6 and 9. The structure of MazEF4 represents the sole
structure of a TA complex.
The results presented here, involve the biophysical and structural
characterization of proteins associated with mycobacterial MazEF6 TA
system. Near complete sequence specific assignments for backbone 1H, 13C and
15
N nuclei of the proteins MazF6, MazE6 and MazE6c (Δ1-46, MazE6c) in the
free form have been obtained from triple resonance experiments acquired on
deuterated samples ( 2H, 13C and 15N labelled). Analysis of secondary chemical
shifts and {1H}-15N heteronuclear NOE data indicates that MazE6c is
structurally disordered while the full-length proteins (MazF6, MazE6) have
intrinsically disordered regions. Isotope edited (13C and 15N) NOESY
experiments have been acquired and are currently being analysed. Structure of
the MazEcF6 complex will be determined using experiments that measure
chemical shift perturbation, cross-saturation transfer and RDC data.

T-6
Seeing the invisible: Minor conformations of the Cytidine
Repressor
Madhurima Kulkarni1, Sneha Munshi2, Athi Naganathan2, Ashok Sekhar1
Molecular Biophysics Unit, Indian Institute of Science, Bangalore
Department of Biotechnology, Indian Institute of Technology, Madras
1

2

Dr. Ashok Sekhar Lab
Intrinsically disordered proteins (IDPs) are proteins that lack ordered threedimensional structure. These proteins are characterized by presence of
relatively few hydrophobic residues and a higher fraction of polar and charged
groups. The function of IDPs is regulated in a number of ways such as by
binding to their cognate receptor or by post- translational modifications, which
are events that cause the IDP to adopt a folded structure.
Cytidine Repressor (CytR) is a member of the LacR family that controls at
least nine operons which code for proteins involved in nucleoside degradation
pathways, transportation, etc. The DNA binding domain (DBD) of CytR is
disordered in its free state, whereas in the presence of DNA, it adopts a threehelix bundle structure. Studies on thermally accessible higher energy
conformations of CytR will help us in understanding the free energy landscape
of this IDP as well as the role of excited states sampled by CytR. Using
Chemical Exchange Saturation Transfer (CEST) experiments, we have
detected and structurally characterized an excited conformation of CytR. Upon
comparing the chemical shifts of the excited state with the DNA bound form,
we find that the excited state is structurally similar to the functionally relevant
DNA bound CytR. Experiments are underway to obtain excited state chemical
shift information on more nuclei so that the structure of the excited state can be
calculated. We are also carrying out experiments to determine the mechanism
of binding of CytR to DNA to judge whether the excited state is
conformationally selected by DNA for binding.

T-7
Molecular Determinants of Complex Formation between DNA and
the AT-rich Interaction Domain of BAF250a
Malyasree Giri, Aditi Maulik, Mahavir Singh
Dr. Mahavir Singh Lab
AT rich interaction domain (ARID) containing BAF250a protein is a central
DNA binding subunit of SWI/SNF chromatin remodeling complex. ARIDs are
found in several eukaryotic proteins that play roles in different aspects of
cellular physiology. However, despite their biological importance, ARIDs
remain relatively not well characterized for their dynamics and DNA binding.
Here, we have probed the structure and DNA binding properties of BAF250a
ARID. We showed that the core BAF250a ARID interacts with DNA
sequences with low micro-molar affinities. NMR chemical shift perturbation
results revealed a number of conserved residues in ARID that are involved in
DNA binding. NMR CSP based docking model of ARID – DNA complexes
revealed that BAF250a ARID possesses necessary determinants of specific
DNA binding. This was further supported by the observation that BAF250a
ARID interacts with a 12mer AT-12 double stranded DNA with
thermodynamic signatures for a specific binding.

T-8
Structural basis of noradrenaline recognition and inhibition by a
neurotransmitter transporter
PRV Shabareesh, Aditya K Mallela, Deepthi Joseph and Aravind Penmatsa
Dr. Aravind Penmatsa Lab
Pain is a multicomponent physiological response towards a noxious stimulus.
Physiologically pain is intendent to be a defense response to ward off
potentially harmful signals. Clinically, chronic pain persists for longer periods
than required and doesn’t serve any physiological advantage. Modulation of
pain by inhibiting the reuptake of neurotransmitters in the noradrenergic and
serotonergic neurons of the descending spinal tracts has been a therapeutically
effective strategy to treat chronic pain like fibromyalgia and diabetic
neuropathy. Several clinically important drugs to treat chronic pain are
inhibitors of noradrenaline reuptake by the plasma membrane noradrenaline
transporter (NET). Owing to lack of any structural information on the mode of
substrate recognition and inhibition of noradrenaline transporter (NET), we
mutated an invertebrate dopamine transporter (dDAT) to resemble the human
NET (DATNET) and carried out biochemical and structural studies. We show
that noradrenaline and different competitive inhibitors of DATNET occupy the
primary binding site of the transporter and lock it in its outward open state.
Besides this, conformational changes in the primary binding site were
observed which could explain its plasticity in accommodating structurally
diverse drugs.

T-9
Membrane bound Vibrio cholerae Cytolysin: A Cryo-Electron
Microscopic study to identify the pore formation mechanism
Nayanika Sengupta1, Chinmaya KV1, Kausik Chattopadhyay2, Somnath Dutta1
Molecular Biophysics Unit, Indian Institute of Science, Bangalore
Department of Biological Sciences, Indian Institute of Science Education and
Research, Mohali
1

2

Dr. Somnath Dutta Lab
Vibrio cholerae produces different types of extra-cellular products, which have
toxic effect on eukaryotic cells, causing cholera which may become fatal if
untreated. One of these products called Vibrio cholerae Cytolysin (VCC),
forms a heptameric β-Pore Forming Toxin (PFT) implicated in vacuolisation
and lysis of intestinal cells. VCC is released as water- soluble monomers
which form a stable, rigid β-barrel oligomer on target membranes. The
amphiphilic β-hairpins anchor the non-polar region of the lipid bilayer and
insert into it to form a β-barrel channel. In our study, we aim to determine the
structure of VCC heptamer in a lipid-membrane bound state using single
particle cryo-electron microscopy. VCC purified in liposomes was first
visualised by negative staining EM and monodispersed complexes were
observed. For sample and cryo-EM grids preparation, different freezing
conditions and grid conditions were optimised before cryo-EM data
acquisition. It is crucial to correct the beam induced motion properly for whole
liposome. Motion and CTF correction were performed in different ways to
maximise signal-to-noise ratio of VCC bound liposome. Particles were picked
using manual and automated picking. 2D class averages showed the wheel-like
top views and the membrane inserted side views of the toxin. 3D
reconstruction was performed using RELION and cisTEM. A near-atomic
resolution cryo-EM structure of membrane inserted VCC is resolved and the
structure was validated by fitting the crystal structure into the cryo-EM density
map.

T-10
Studies in Diabetic Peripheral Neuropathy
Praveen Jaiswar, Prof. A. Surolia Lab
Prof. Avadhesha Surolia Lab
Diabetes is a debilitating disease affecting millions in India and approximately
450 million globally. Diabetes leads to diabetic peripheral neuropathic (DPN)
pain as it progresses. Pain associated with diabetes may be caused due to
increase in endoplasmic reticulum (ER) stress. It has been shown that ER
stress leads to peripheral neuropathy. Mice administered with chemical
inducers of ER stress showed behaviour related to neuropathic pain. Also,
involvement of ER stress in diabetes exists. Studies have shown that
autophagy had a cytoprotective role in ER stress by preventing apoptosis. In
our study we try to decipher the role of autophagy in ER stress induced
peripheral neuropathy as well as in DPN. We have used a novel modulator of
autophagy and shown that induction of autophagy helps in mitigating pain in
animal models. Findings of these study will not only identify the molecular
mechanism of DPN but also identify molecules to inhibit DPN, which may
eventually lead to a treatment of a pathological sequela of diabetes afflicting
about millions of people.

T-11
Imparting Oral Bioavailability to Peptide Macrocycles by
Thioamide Substitution
Pritha Ghosh, Hitesh Verma, Jayanta Chatterjee
Dr. Jayanta Chatterjee Lab
The major obstacles to effective oral delivery of macrocyclic peptides include
low membrane permeability, rapid degradation in gastro- intestinal tract and
fast clearance from the system. Previous studies have revealed that passive
membrane permeability can be enhanced by shielding of amide (-NH) groups
by intramolecular Hydrogen bonding or by lowering their solvent accessibility.
By far, the most common approach of desolvating the amide bond is through
N-methylation. But, to our knowledge, there are no studies where efforts have
been put towards understanding the importance of carbonyl modification in
this context. Thioamide is an ideal isosteric modification of the peptide bond,
which is basically a single atom substitution (‘O’ to ‘S’) that minimally
perturbs the backbone conformation of peptides. To understand the effect of
this modification in enhancing the lipophilicity and permeability, we chose a
well-studied cyclic hexapeptide model and sequentially substituted all the
amides with thioamides. Out of all the variants, three thioamidated peptides
showed higher retention time in reverse phase HPLC column, enhanced
plasma-protein binding, PAMPA and Caco-2 permeability and significantly
improved metabolic stability in human plasma, microsome and simulated
gastric and intestinal fluid compared to the reported tri-N-methylated variant
of the same peptide, which is orally bioavailable. Hence, we believe that this
unexplored class of peptidomimetics will open up new avenues for the design
of orally bioavailable peptides.

T-12
Efficient exploration of complex protein landscapes using a new
replica exchange method
Rajeswari Appadurai and Anand Srivastava
Dr. Anand Srivastava Lab
Replica exchange molecular dynamics (REMD) (also known as parallel
tempering) is one of the successful methods for exploring the multidimensional conformational landscape of proteins. To efficiently sample
conformations of larger proteins, enhanced versions of the method such as
replica exchange with solute tempering (REST) have been developed in the past
where the solute (protein) is tempered and the solvent interactions are kept at
room temperature. We find that REST methods suffer from conformational
trapping when the barriers are entropic in nature and the limitations become
particularly evident for large intrinsically disordered proteins (IDPs). Hence in
this work, we design a scaled Hamiltonian that differentially treats the protein
and solvent interactions as a function of temperature, and we derive and
implement the appropriate detailed balance conditions for the replica exchange
simulations. We apply this new protocol to sample simple dihedral switches in
alanine-dipeptide as well as test it on small fast-folding proteins (TRP-Cage and
beta hairpin) and we show significant enhancements in the efficiency over the
existing methods. We also show that this protocol efficiently captures the
complex energy landscapes of larger proteins such as metamorphic RFA-H (66
amino acids) and intrinsically disordered cytosolic tail of TREK-1 (120 amino
acids).

T-13
Structure and interactions of an archeal lectin, the first study of
its kind
N. Sivaji, A. Surolia, K. Suguna and M. Vijayan
Prof. M. Vijayan Lab
Our decade long studies on plant lectins have contributed substantially to
glycobiology and helped in the initiation and development of macromolecular
crystallography in India. Subsequently we extended the studies to
mycobacterial lectins. It was realized that no lectin from archaea has been
thouroughly characterised. A genomic bioinformatic search led to the
identification of several lectins from archaea. We have now cloned, expressed
and purified an archeal lectin from Methanococcus voltae A3, christened
mevolectin. Crystallographic studies on this lectin and its sugar complexes
have been carried out. In particular, the lectin and its complexes with αmannose
(Man),
αMan(1,2)αMan,
αMan(1,3)αMan,
αMan(1,3)(αMan(1,6))Man
and
Man(1,3)(αMan(1,6))-αMan(1,6)
(αMan(1,3))Man, have been crystallized. At the present stage of refinement, it
is clear that the molecule has an unusual quaternary structure with seven
subunits making up the molecule. Identification of lectins in archea and
experimental studies on one of them demonstrate the existence of lectins in all
three domains of life. It would also appear that lectins evolved to the present
form before the three domains diverged. The observation of an unusual
quaternary association adds another interesting dimension to the study.
Protein-sugar interactions observed in the crystal structures exhibit novel
features.

T-14
Cholinergic modulation of the intrinsic properties of Subicular
neurons via direct suppression of HCN channels
Sonali Vasnik and Sujit K. Sikdar
Prof. Sujit K. Sikdar lab
Subiculum, a subregion of the hippocampus generates theta oscillations
involving both intrinsic and synaptic mechanisms. The cholinergic inputs
which drive the local theta oscillations require activation of muscarinic
acetylcholine receptors. However, it is unknown if acetylcholine has any direct
effect on the intrinsic resonance of subicular neurons. To isolate the effect of
cholinergic agents from changes due to binding to nicotinic and muscarinic
acetylcholine receptors, we used nicotine (1 μM) in the presence
mecamylamine (50 μM) under current clamp condition using horizontal rat
brain sections. Nicotine decreased the sag amplitude and the resonance
frequency of burst firing neurons while the neuronal firing frequency
increased. In voltage clamp experiments, nicotine suppressed the ZD 7288sensitive HCN currents, Ih. In a septohippocampal slice preparation stimulation
of cholinergic fibers with a continuous pulse train of 50 Hz for 1s in the
presence of a blockers cocktail showed similar suppressive effect on Ih which
has not been reported earlier. The projection of ChAT positive fibers to the
subiculum region was confirmed post-hoc using immunohistochemistry. The
study highlights the role of acetylcholine mediated changes in the intrinsic
resonance of subicular burst firing neuron that may modulate the theta rhythm.

T-15
Insights into toxin-antitoxin interactions in the CcdAB TA system
by Mutational Screening of CcdA Antitoxin coupled to Yeast
Surface Display
Soumyanetra Chandra, Kritika Gupta, Raghavan Varadarajan
Prof. Raghavan Varadarajan Lab
The ccdAB operon in E. coli F-plasmid is involved in plasmid maintenance
and codes for the CcdB toxin and its cognate antitoxin, CcdA. In contrast to
globular proteins, the effect of point mutations on the function of Intrinsically
Disordered Proteins (IDPs) is not well studied. In this context, we displayed the
ccdA library on the yeast surface and quantitated binding to CcdB using FACS
coupled to deep sequencing. Mutational effects on binding were largely
restricted to CcdB interacting residues. C-terminal proline substitutions were
observed to render the protein non-functional. This indicates that despite being
intrinsically disordered, CcdA requires structuring for its antitoxic activity.
Gly63 (Φ = 143.43° and Ψ = 144.35°) is highly sensitive to mutations and
therefore appears to be functionally important in creating a flexible region
between the helix (39-62) and the extended arm (64-72) in the C-terminal
region. Only interacting residues in the interface appear to be highly sensitive to
cysteine mutagenesis, pointing to a possible new way to identify active site
residues in protein binding IDPs. The mutational sensitivities have been used
to predict the absolute dissociation constant (Kd) and the Gibb’s free energy of
binding (ΔGbind) for each of the CcdA mutants represented in the library. We
propose this methodology to be useful to gain insights into Toxin-Antitoxin
interactions and to help predict interfaces in case of TA systems with unknown
complex structure.

T-16
Characterization of a Viral small Heat Shock Protein
Sreeparna Biswas, K Suguna
Prof. K Suguna Lab
Small heat shock proteins (sHSPs) are oligomeric stress proteins characterized
by an α-crystallin domain (ACD) flanked by a N-terminal arm and C-terminal
extension. sHSPs were discovered in viruses in the year 2013 for the first time.
They were found in some cyanophages that infect the marine unicellular
cyanobacteria, Synechococcus and Prochlorococcus. These phage sHSPs
contain the ACD and the N- and the C-terminal extensions with or without the
conserved C-terminal anchoring module L-X-I/V, suggested to be implicated
in the oligomerization. Phylogenetically, cyanophage sHSPs form a
monophyletic clade closer to bacterial class A sHSPs than to cyanobacterial
sHSPs. At higher temperatures, they show extensive structural dynamics and
undergo conformational changes through an increase of subunit rearrangement
and formation of sub-oligomeric species. It was reported that the oligomeric
state of an archaeal sHSP changes with the addition of peptides. We have
observed that polydispersity of sHSP from a cyanophage changes on addition
of a few residues to the N-terminus. Functional characterization of this sHSP
has been carried out and structural studies by X-ray crystallography and Cryo
Electron Microscopy are in progress.

Poster Abstracts

P-1
Fold combinations in multi-domain proteins
Naveen Kumar. N and Narayanaswamy Srinivasan
Prof. N. Srinivasan Lab
Domain-domain interactions in multi-domain proteins confer
functional and stability advantages. The tethering of domains in multi-domain
proteins plays an important role in the regulation of function of the individual
domains and the overall biological activity of the protein. Often the functions
of the tethered domains are coupled and hence, limited numbers of domain
architectures are known in nature. Here, we address the question whether
certain protein folds and fold-fold combinations are predisposed in multidomain proteins. For this, all the multi-domain proteins of known structure were
analyzed. Interestingly, only 860 fold-fold combinations are observed. On
integrating the sequence information in the dataset, 29,860 fold-fold
combinations are observed. Although the number of fold-fold combinations is
higher on integrating the sequence information, it is still only 2.8% of the
theoretically possible (1,036,080) fold-fold combinations. Preferred domain
fold combinations in multi-domain proteins suggest that the geometrical
constraints and the compatibility between domain folds is a requisite feature for
folding and stability of multi-domain proteins.

P-2
Characterizing the structure-function relationship of a naturally
occurring RNA thermometer in bacteria: An overview from
molecular dynamics study.
Swagata Halder and Manju Bansal
Prof. Manju Bansal Lab
Thermoresponsive structures in the 5’-unstranslated (5’ UTR) region of
mRNA are known as RNA thermometers that control translation of heat shock
and virulence genes. RNA thermometers repress translation initiation by base
pairing to the Shine-Dalgarno (SD) sequence at low temperature. Increasing the
temperature induces the RNA duplex to partially unfold and expose the SD
sequence to the ribosome binding site for translation. A prime example is the
ROSE thermometer known to regulate the production of the ROSE heat shock
protein in Bradyrhizobium japonicum using a “UUCG” motif. We show here
by a series of in silico approaches the unfolding of four RNA stem loop (IV)
structures of ROSE thermometer, which differ from each other due to base
deletion and mutations near the SD region. Our simulations reveal that deletion
of a highly conserved residue leads to the formation of a stable RNA helix that
has lost its thermosensing ability. Point mutation of bases near the SD region
increases the thermosensing ability due to imperfect base pairing around SD.
The quantitative estimation of differences in the unfolding paths is carried out
by monitoring evolution of base-pair parameters, stacking energy calculation,
cross correlation contact map and lifetime dynamics of Watson-Crick and nonWatson-Crick hydrogen bonds. These results demonstrate how subtle structural
changes in regulatory RNA can govern gene expression.

P-3
Structural basis of noradrenaline recognition and inhibition by a
neurotransmitter transporter
PRV Shabareesh, Aditya K Mallela, Deepthi Joseph and Aravind
Penmatsa
Dr. Aravind Penmatsa Lab
Pain is a multicomponent physiological response towards a noxious
stimulus. Physiologically pain is intendent to be a defense response to ward off
potentially harmful signals. Clinically, chronic pain persists for longer periods
than required and doesn’t serve any physiological advantage. Modulation of
pain by inhibiting the reuptake of neurotransmitters in the noradrenergic and
serotonergic neurons of the descending spinal tracts has been a therapeutically
effective strategy to treat chronic pain like fibromyalgia and diabetic
neuropathy. Several clinically important drugs to treat chronic pain are
inhibitors of noradrenaline reuptake by the plasma membrane noradrenaline
transporter (NET). Owing to lack of any structural information on the mode of
substrate recognition and inhibition of noradrenaline transporter (NET), we
mutated an invertebrate dopamine transporter (dDAT) to resemble the human
NET (DATNET) and carried out biochemical and structural studies. We show
that noradrenaline and different competitive inhibitors of DATNET occupy the
primary binding site of the transporter and lock it in its outward open state.
Besides this, conformational changes in the primary binding site were observed
which could explain its plasticity in accommodating structurally diverse drugs.

P-4
Interpretation of Phase Boundary Fluctuation Spectra in Biological
Membranes with Nanoscale Organization
Sahithya S. Iyer*, Archit Negi † and Anand Srivastava*
*Molecular Biophysics Unit, Indian Institute of Science, Bengaluru.
† Department of Physics, Indian Institute of Technology, Bombay
Dr. Anand Srivastava Lab
In this work, we use Support Vector Machine algorithm to detect simple
and complex interfaces in atomistic and coarse-grained molecular simulation
trajectories of phase separating lipid bilayer systems. We show that the power
spectral density of the interfacial height fluctuations and in turn the line tension
of the lipid bilayer systems depend on the order parameter used to identify the
intrinsic interface. To highlight the effect of artificial smoothing of the interface
on the fluctuation spectra and the ensuing line tension calculations, we perform
a convolution of the boundaries identified at molecular resolution with a 2D
Gaussian function of variance ϵ2 equal to the resolution limit, (1/2πϵ2)exp(-|r2|/2
ϵ2).The convolution function is given by h⊗g, where h is the instantaneous
height fluctuation and g is the Gaussian function. This is similar to the effect of
point spread functions in experiments. We find that the region of fluctuation
spectra that scales according to capillary wave theory formalism depends on the
complexity of the interfacial geometry, which may not always be detected at
experimental resolutions. We propose that the different q-regimes in the
fluctuation spectra can be used to characterize mode dependent interfacial
tensions to understand the interfaces beyond the linear line tension calculations.
This could also be useful in interpretation of fluctuating boundaries in out-ofequilibrium in-vivo membrane systems that carry information about the nature
of non-thermal (active) fluctuations in these systems.

P-5
Conserved and unique molecular features recognized through
comparison of Afrotherial whole proteome sequences
Arangasamy Yazhini, Sankaran Sandhya and Narayanaswamy
Srinivasan
Prof. N. Srinivasan Lab
Afrotheria is a clade of Africa origin species comprising of elephant,
manatee, aardvark, golden mole, shrew and tenrec. Their distinct phenotypic
characteristics such as low metabolic rate, sensitivity to seismic vibrations,
hibernation, lack of testicular descent and low cancer risk make it a peculiar
clade inviting molecular analysis. Here, we performed proteome-centric
comparative sequence analysis of these species. We find that ~99.5% of the
proteomes are similar and elephant standing out with the highest number of
diverged and orphan proteins. We observed unique functional and structural
domain architectures with 88 hitherto unseen fold combinations in 130 proteins.
We analyzed some examples in detail and find that such domain combinations
might have roles in specialized functions. Proportion of multi-domain proteins
involved in skin barrier formation, cell shape and musculoskeletal movement is
higher in the large sized animals (elephant, manatee and aardvark). Elephant
has more copies of MAGE proteins and olfactory receptors with possible
functional implications in sperm protection and exceptional olfaction. Unusual
abundance of a few eukaryotic ribosomal proteins in shrew is intriguing and
may play a role in translational regulation during stress/hibernation. Overall,
this study highlights unique molecular features of Afrotheria that might account
for their distinct phenotypic characteristics.

P-6
Cryo-EM structure of Pannexin1, a purinergic channel
Nazia Hussain*, PRV Shabareesh*, Vinothkumar K.R.† and Aravind
Penmatsa*
*Molecular Biophysics Unit, Indian Institute of Science, Bengaluru,
†National Centre for Biological Science, Bengaluru
Dr. Aravind Penmatsa Lab
Intercellular communication is vital for the proper development and
functioning of multicellular organisms. Communication between the cells is
mediated by gap junctions, connexins in vertebrates or through signaling
molecules such as ATP, cAMP.
Pannexin1, an oligomeric membrane channel, despite having a similar
topology as connexins acts as a variant as it does not form gap junctions and
mediates ATP release upon activation. Individual protomers of Pannexins are
tetra-spanning, ubiquitously expressed channels and have diverse stimuli of
activation such as high extracellular K+, intracellular Ca2+, and caspase
mediated cleavage of C-terminus. Apart from this, a homozygous mutation in
pannexin1 causes a genetic disorder which leads to multiorgan failure.
Here, we employ Cryo-EM as a tool to investigate the structural
changes owing to single mutation in pannexin channels. In this study, we have
optimized the condition for the purification of full length human pannexin
channels in open conformation using high extracellular K+ concentrations. The
2D classes reveals the pannexin channel is a heptamer and not hexamer, as
previously. The classes show that the channel is predominantly in the top and
bottom views and clear helical density could be seen in the side views. A lowresolution 3D map shows pannexin1 has a wide pore at the cytosolic end which
constricts towards the extracellular side with clear density for all the 28 TM
helices. Optimization of sample quality and image processing is being carried
out to improve the resolution of the reconstruction.

P-7
Interaction of replication protein A with human regulator of
telomere elongation helicase 1
Niranjan Kumar1, Meenakshi Ghosh1, Sanmoyee Basak1, Mohsen
Sarikhani3, Nagalingam Ravi Sundaresan3, Mahavir Singh1,2
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Regulator of telomere elongation helicase 1 (RTEL1) is a Fe-S cluster
containing DNA helicase that is implicated in telomere DNA maintenance.
RTEL1 is a modular protein with following domains: N-terminal helicase
domain, two tandem harmonin-N-like (HNL) domains - HNL1 and HNL2, and
C-terminal C4C4 RING domain. C4C4 RING domain interaction with TRF2
facilitates recruitment of RTEL1 to telomere whereas helicase domain
disassembles telomere t/D-loop and unwinds G-quadruplex. Harmonin-N-like
domains are predicted to be putative protein-protein interaction domain but
none of its interacting partners are known. Therefore, in order to understand the
functional regulation of RTEL1 through its interacting partner(s), structural and
functional characterization of HNL domains of RTEL1 is needed. In this study
we have expressed, purified and biophysically characterized the HNL domains
of RTEL1. We have performed 3-D triple-resonance NMR experiments for
backbone and side chain assignments and generated the CS-ROSETTA model
structures of HNL1 and HNL2. Multiple interacting partners of HNL domains
of RTEL1 were identified, through GST pull-down followed by mass
spectrometry screen. One of the prominent interacting partners identified in
screen was replication protein A (RPA). RTEL1-RPA interaction via HNL
domains was further validated using co-immunoprecipitation and NMR titration
experiments.

P-8
Mechanistic understanding of lincRNA-p21/hnRNPK interaction
Devleena Bandopadhyay1, Aditi Maulik1, Nagalingam Ravi
Sundaresan2, Mahavir Singh1
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Long intergenic non-coding RNA p21 (LincRNA-p21) is a ~ 4kb long
non-coding RNA situated upstream of p21 gene. LincRNA-p21 binds to p53
promoter and along with hnRNPK and HuR represses the expression of a
number of genes. In lincRNA-p21, at the 5' end a conserved ~ 195 nt long
sequence is known to interact with hnRNPK. Through sequence analysis we
showed that this region harbors a UCCC-motif that might be a putative hnRNPK
binding site. To test this putative interaction, we in-vitro transcribed and
purified the UCCC-motif containing fragments of lincRNA-p21. We have also
subcloned, over-expressed and purified hnRNPK FL and individual KH
domains and checked their interaction with UCCC-motif of lincRNA-p21 using
ITC and NMR experiments. Using qRT-PCR analysis in HeLa cells, we found
that overexpression of lincRNAp-21 and hnRNPK together led to the repression
of target genes. In future, we aim to determine specific hnRNPK interaction
sites on the lincRNA-p21 sequence. Furthermore, we will check the effect of
lincRNAp-21/hnRNPK interactions on the expression of target genes. These
studies will unravel the mechanistic basis of gene regulation by lincRNAp21/hnRNPK interactions.

P-9
Intervention of thrombotic pathway using natural substitute Fisetin
M Vidhya, Saraswathi Vishveshwara
Prof. Saraswathi Vishveshwara Lab
Homeostasis is maintained in the body through protective mechanisms
as clotting of blood. Conditions become pathological when it interferes with the
normal functioning through occlusion. Adverse conditions which may lead to
anoxia, morbidity, and even death, may be averted by targeting platelet
formation.
Binding of antagonist to intermediate molecular target during RAP1 –
dependent platelet regulation reduces platelet aggregation. Many anti-platelet
agents, the drugs as clopidogrel, prasugrel, ticagrelor etc., regulates the pathway
to prevent thrombosis. These drugs characterized as thienopyridines, form
intermediates in the biological system prior to their action. However, nonperformance of these drugs due to incomplete oxidative biotransformation or
pronounced inhibition, as in the case of Prasugrel, in platelet aggregation leads
to other pathological conditions. The use of these drugs poses many difficulties
as in dose dependent administration, biological processing, side effects etc.
Here we have investigated the potential of Fisetin, a plant flavonoid,
against platelet aggregation through in-silico studies. Fisetin has been attributed
with the pharmacological roles including anti-inflammatory, anti-microbial, and
anti-cancer activities. The natural substitute, Fisetin has been identified to
mimic the interactions of thienopyridine.

P-10
Analysis of deep mutational scanning datasets for prediction of
active site residues
Munmun Bhasin, Raghavan Varadarajan
Prof. Raghavan Vardharajan Lab
Deep mutational scanning, a strategy for large-scale functional testing
of variants, can functionally annotate a large fraction of amino acid substitutions
for a substantial subset of residue positions. We curated a subset of published
deep mutational scanning datasets and analysed the effects of different amino
acid substitutions. The analysis revealed the pattern of mutational sensitivity
and substitution preferences at buried and exposed positions. The prediction of
active sites solely from the mutational sensitivity data could be done by
incorporating predicted sequence-based accessibility values. The results show
the potential use of sequencing based mutational sensitivity data obtained from
saturation mutagenesis in understanding and predicting the residues that could
be potential active sites as well as potential buried residues which can be useful
in the cases for which no structural information is available.

P-11
Design and characterization of stem derived immunogens from HA
of Influenza B viruses
Nisha Bhandari, Raghavan Varadarajan
Prof. Raghavan Vardharajan Lab
The conserved stem region of surface glycoprotein hemagglutinin (HA)
of influenza virus is the primary target for the design of an effective universal
influenza vaccine, as it can elicit broadly cross-reactive antibodies against
different HA subtypes. Several monoclonal antibodies targeting the stem region
of HA that can neutralize various subtypes of influenza virus, have been isolated
in the recent past. Designing a stable HA stem immunogen that attains a nativelike conformation and can elicit such antibodies has been a challenge. We
recently designed a ‘headless’ HA stem immunogens BHA10F, BHA21F and
BHA21F-ss, based on corresponding sequence from B/Brisbane/60/2008 (PDB:
4FQM). To further improve the biophysical properties and thus the
immunogenicity of these stem derived immunogens, we constructed a random
mutagenesis library of BHA21F-ss. The library was displayed on the yeast cell
surface to isolate mutants showing better surface expression and improved
binding to the broadly neutralizing antibody CR9114 compared to the wild-type
protein. Some improvement in binding is seen and corresponding individual
clones will be isolated and characterized.

P-12
Mutational sensitivity of CcdB mutants in their native operonic
context
Priyanka Bajaj, Raghavan Varadarajan
Prof. Raghavan Vardharajan Lab
We have previously employed saturation mutagenesis, coupled to deep
sequencing to infer mutational phenotypes for ~1600 mutants of the bacterial
toxin, CcdB when heterologously expressed under control of the pBAD
promoter. In this study, the same library was examined in context of its native
operon cloned in the pUC57 vector by transforming in two strains, one resistant
and the other sensitive to the toxic activity of CcdB. Following transformation
and plating, colonies were pooled and subjected to deep sequencing, wherein
the reads of each mutant in the resistant and sensitive strain reflect their relative
populations under non-selective and selective conditions respectively.
Analyzing this phenotypic information gave insights into the functionality of
the toxin in the presence of the WT antitoxin. Of the total residues involved in
CcdA binding, mutations at half of them cause cell death more efficiently than
WT toxin, hence displaying a hyperactive effect. Investigations into the
mechanisms responsible for these effects and correlation with structural
parameters of the CcdA:CcdB complex is ongoing. For future studies, we will
use a modified selection scheme to also measure activities of CcdB mutants that
are less toxic than WT employing a dual selection reporter gene, downstream
of the ccd native promoter.

P-13
Intrinsic activity patterns in stellate cells of the medial entorhinal
cortex are consistent with stochastic bifurcations in a heterogeneous
neuronal population
Divyansh Mittal, Rishikesh Narayanan
Dr. Rishikesh Narayanan Lab

Stellate cells of layer II medial entorhinal cortex exhibit intrinsic
patterns of electrophysiological activity that resemble periodic oscillations.
Whereas one school of thought entertains the hypothesis that these are
membrane potential oscillations, another school considers these activity
patterns to be filtered noise. Here, we employ a combination of
electrophysiological and computational techniques to reconcile these
differences by viewing these activity patterns through the lens of stochastic
bifurcations in neuronal structures endowed with biophysical heterogeneities.
Computationally, we employed a heterogeneous population of biophysically
constrained and physiologically validated models of stellate cells. We
introduced three distinct forms of noise with different amplitudes and assessed
the impact of such noise on patterns of activity in this heterogeneous neuronal
population. We developed specific tools and measurements to identify and
quantitatively validate the existence of oscillations in these activity patterns. We
show, for each of the three forms of noise, that the presence of an optimal
amount of noise stabilizes the oscillations emergent through ion channel
interactions. Electrophysiologically, we assess recordings obtained at different
membrane voltages from entorhinal stellate cells and show that these activity
patterns satisfy our validation criteria for the presence of stable membrane
potential oscillations. Together, our results provide lines of evidence in support
of the hypothesis that entorhinal stellate cells exhibit mixed mode oscillations
that are consistent with stochastic bifurcations in a heterogeneous neuronal
population.

P-14
Stabilization of gp120 outer domain of HIV-1 virus using sitesaturation mutagenesis
Rohan Roy Chowdhury, Kohal Das, Sameer Kumar Malladi, Ujjwal
Rathore, Aparna Asok and Raghavan Varadarajan
Prof. Raghavan Vardharajan Lab

Protein fragment immunization is an attractive approach for designing
vaccines against rapidly evolving pathogens such as HIV-1 because it helps in
focusing the immune response towards conformational epitopes present on the
target antigen. The outer domain (OD) of the HIV-1 envelope glycoprotein
gp120 is an important candidate for structure-based vaccine design, as it
contains several conserved epitopes, including the CD4 binding site. We have
previously designed an E. coli expressed outer-domain immunogen (ODEC)
which elicited a modest neutralizing antibody response in rabbits. Here we
generate a site saturation mutagenesis library of OD fragment in order to
identify the mutations capable of increasing outer domain stability to elicit
broadly neutralizing antibodies. De-glycosylated ODEC (ODEC_∆G4) with two
destabilizing mutations at the core of the protein, either I449D or I345G,
considered as parent inactive mutants (PIMs) was chosen as a base construct for
this purpose. Separate libraries were generated in the background of PIMs
followed by yeast surface display. The broadly neutralizing antibody VRC01
was used for screening the library. After multiple rounds of sorting several
putative stabilizing mutants were identified in the background of PIMs which
show better binding compared to wild type (ODEC_∆G4) as well as individual
PIMs. These are currently being purified and characterized.

P-15
Modeling Multidomain Proteins with Flexible Linkers using Elastic
Network Method
Kirtika Jha, Anand Srivastava
Dr. Anand Srivastava Lab
Bio-molecular structures dynamically assemble, perform highly
orchestrated biochemical functions, and disassemble seamlessly before
reassembling to continue the cycle. Connecting the molecular world to biology
requires understanding of how molecular-scale dynamics propagate upward in
scale. Low-resolution coarse-grained (CG) models provide a computationally
efficient method for rapidly investigating the long time and length-scale
processes. Normal mode analysis (NMA) based elastic network models (ENM)
are popularly used in the protein coarse-graining field. There are also advanced
methods such as plastic network model and double-well network model that
provide a transition pathway between different conformations of the protein.
However, these methods do not work well for multidomain proteins with
flexible linkers, which can undergo dramatic change in configurations. In this
poster, we present an ongoing work where we are developing an advanced
heterogeneous ENM for multidomain proteins with flexible linkers using a
divide and conquer approach. We model individual domains using conventional
methods and integrate low-resolution experimental data to model the flexible
linkers. The purpose of developing this model is to study the conformational
changes in multidomain proteins such as membrane fission inducing protein
dynamin, HIV-1 Gag that facilitates viral budding and endocytic recycling
protein EHDs.

P-16
NMR studies on barley lectin and its interaction with
oligomannosides
Vaishali Narayanan, Nisha GJ, Avadhesha Surolia, Ashok Sekhar
Dr. Ashok Sekhar Lab

Plant lectins are useful targets for biophysical studies of protein-glycan
interactions which is of general interest because multivalent carbohydrate
binding by lectins is pivotal in host-pathogen interactions and cancer metastasis.
Here, we investigate a potential therapeutic lectin, Horcolin, which exists as a
30kDa homodimer with two carbohydrate binding sites on each monomer. We
are using a variety of uniform and selective isotope-labeling schemes to study
the structure, dynamics and mannose-binding of Horcolin. We monitor the
binding of Horcolin to mannose using 15N-HSQC NMR spectroscopy; ligandinduced chemical shift changes in the spectrum are indicative of a three-state
binding event within the fast-intermediate timescale of exchange. Additionally,
15
N CPMG relaxation dispersion profiles are suggestive of dynamical behavior
and conformational exchange in the millisecond-microsecond timescale, which
appears counter-intuitive because lectins have a very stable all-beta prism fold.
We are currently performing triple resonance experiments to assign the
resonances of Horcolin in order to interpret the ligand binding and dynamics
data. We are also acquiring NOE datasets for structure calculation.

P-17
Interpretable machine-learning framework to bridge the structural
dynamic space with functional activity in proteins
Sunaina Banerjee1, Sumanta Mukherjee2, Rahul Roy1,3,4
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Protein structural dynamics at equilibrium can be represented as a set
of vibrational modes ordered by their amplitude using Normal Mode Analysis
(NMA). However, translating the vast range of vibrational modes to biological
function remains a challenging problem. Here we present a modelling pipeline
that couples an enzyme’s physicochemical properties to NMA derived modes.
Normal modes of single residue mutants for an enzyme are encoded in
a vector. Dynamic profiles are generated for physicochemical parameters, P(x,t)
by coarse grained methods. Each dimension of the encoded vector represents an
integrated value of differential between the profile of the mutant with the wild
type over time (t) and space (x). A multi-layer perceptron classification model
is trained to predict the effect of a mutation on enzymatic activity.
Experimental activity data for Hepatitis C Virus NS3 helicase mutants
was used to test our framework. Our results identify steric volume at the ATP
binding site as a discriminatory feature for its ATPase activity while solvent
accessible surface area changes are indicative of RNA binding affinity.
Predictive models thus derived can be used to link biological function to
structural characteristics from NMA and can be used to aid protein engineering
solutions.
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Structural analysis of Vibrio parahaemolyticus thermostable direct
haemolysin by single particle cryo-Electron Microscopy
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Thermostable direct haemolysin (TDH), a membrane damaging pore
forming toxin of Vibrio parahaemolyticus. It is a heat-stable amyloid toxin with
a unique nature of refolding depending on temperature changes. TDH forms
tetrameric -sandwich domain architecture with 11 amino acid long flanked Nterminal region (NTR). In previous report, NTR could not be modelled in the
crystal structure of TDH. The molecular weight of TDH and N-Terminal
Deleted TDH (NTD) are in the range of ~19-18 kDa. Such size range is quite
small for the cryo-EM-based structure determination. Additionally, it is a
challenging task to perform proper alignment during the single particle image
analysis due to particles are less than 5 nm. However, we attempt to identify the
role of NTR region in the tetrameric assembly by single particle cryo-EM.
It is an extremely challenging target to visualize such a small protein in
frozen-hydrated state. Therefore, freezing techniques are modified in presence
of different detergents and imaging techniques are optimized to identify the
optimal parameters to visualize these extremely small complexes by cryo-EM.
Initially different rotation and translation parameters of small-particle were
calculated using different data processing packages. Furthermore, these
parameters were implemented to calculate 3D structure of TDH and NTD at 4.2
& 6.4Å resolution. 3D model of NTD has a larger pore size compared to TDH
due to the lack of NTR region.

P-19
Detection of vicinal and distant relationships between functional
protein domain families through designed sequences
Gayatri Kumar, Sankaran Sandhya and Narayanaswamy Srinivasan
Prof. N. Srinivasan Lab
Proteins are composed of modular units termed ‘domains’ that enable
their classification into families, based on sequence/structure. However,
mutations incurred during evolution result in considerable sequence divergence
between related extant protein families. Consequently, identification of
evolutionary relationships for sequentially distant families of unknown
structure poses a challenge, even for rigorous sequence search methods. To
address this problem, protein-like sequences were designed (Mudgal et al.,
2014) to mimic evolutionary intermediates of structural domain families. These
linkers served as stepping-stones for iterative sequence search methods to
traverse the protein space, connecting distant homologs in a facile manner.
Functional domain families form discrete clusters in protein space,
limiting the identification of biologically relevant associations at poor sequence
identities. Here, we added designed intermediates to this protein sequence
space, improving the number of distant relationships identified through iterative
profile-based searches. To assess the approach, structural kins of the queried
families were identified and a success rate of 94% was achieved. This led us to
examine all pairwise relationships identified, and we report for the first time
structural folds for 746 families and function-based relationships for 1353
‘orphan’ families. With select examples from our associations, we predict
potential functional roles for protein families of unknown structure/function.

P-20
Structural Studies on DNA-damage inducible protein (Ddi1) from
protozoa
Iman Biswas, Sushant Kumar, A. Killivalavan, Kaza Suguna
Prof. K. Suguna Lab
DNA damage inducible protein1 (Ddi1) is a multi-domain protein that
belongs to the ubiquitin receptor family of proteins, which are generally
involved in proteasome-mediated proteolysis of ubiquitinated proteins. It has
been found to be involved in various cellular processes.
Interestingly, in AIDS patients receiving HAART (Highly Active
Antiretroviral Therapy), it was observed that the treatment also offered
protection against parasitic diseases, like leishmaniasis to some extent.
Subsequent studies showed that this effect was due to the interaction of the HIVPR drugs present in HAART which target proteases like Ddi1 present in the
parasites. This has opened a new possibility to develop potent inhibitors which
can specifically block the protease site of Ddi1, thus killing the pathogen. A
structural understanding of the protease domain is necessary to develop
effective inhibitors. Also, structural insights from Ddi1 in complex with known
HIV-PR inhibitors will add to the basic understanding of binding modes and
their effects on the overall conformation of the protein and will help in
developing more potent inhibitors.
Structure of the protease domain of Ddi1 from Leishmania major has
been determined in our laboratory and its interaction with protease inhibitors
has been established. We are also working on Ddi1 from other pathogens like
Entamoeba histolytica, Toxoplasma gondii and others.

P-21
Polymodal sensitivity of hTREK-1 channel to ischemia related
factors
Sourajit Mukherjee, and Sujit K. Sikdar
Prof. Sujit Kumar Sikdar lab
Brain ischemia is a condition where there is deprivation of glucose and
oxygen. Hypoxia is hallmark condition of ischemia where regulation of
hTREK-1 by hypoxia has been studied previously which surprisingly showed
no change in activity. Although these experiments were done in shorter hTREK1 variant, a longer splice variant of hTREK-1 also exists. Considering this
difference and the possibility that oxygen can influence the activity of the
channel by interacting with the extended N-terminal, we re-examined the
sensitivity of the longer variant to hypoxia. Single-channel patch clamp studies
on excised inside-out patches of long hTREK-1 channels expressed in HEK293
cells reveal an increase in the activity of long hTREK-1 channel during hypoxic
conditions with an additional increase in the presence of 20 mmol/L lactate in
the hypoxic solution. hTREK-1 activity also showed an increase in
pathophysiological condition of low pH 6, hypoxia and 20mM lactate.
Moreover, E306 responds to changes that arise due to hypoxia, E306A mutant
showed that hypoxia alone can decrease the activity of the long hTREK-1. Our
findings reveal increase in hTREK-1 activity in low oxygen, high lactate, low
pH- conditions that typically accompany ischemic conditions and also oxygen
might interact with the channel at multiple sites.

P-22
Phenotypic effects of single synonymous mutations
Pehu Kohli, Kritika Gupta and Raghavan Varadarajan
Prof. Raghavan Varadarajan Lab
As the genetic code is degenerate, most amino acids are encoded by
more than one trinucleotide codon. Mutations in the genetic code that do not
lead to a change of amino acid sequence are known as synonymous mutations,
sometimes called silent mutations. In the vast majority of cases, these mutations
are believed to be neutral. Recent studies, however, show that in a few cases
these mutations are not silent. Most such studies have typically introduced
multiple synonymous mutations in a single gene to show its effects. Recent
work from our laboratory has shown significant effects of synonymous
mutations in two toxin-antitoxin operons. To probe the effect of single
synonymous mutations on non-operonic systems, multi-base single codon
synonymous mutations distributed throughout the coding region, were
introduced in genes encoding for ampicillin and kanamycin resistance, and for
the α-peptide of β-galactosidase. In all cases, genes were under transcriptional
control of their native promoters. It was found that single synonymous
mutations indeed show phenotypic effects in a variety of cases and efforts to
understand the mechanistic basis for these effects are ongoing.

P-23
Spectroscopic analysis of RNA polymerase using F17W ω mutant
Sudhanshu Gautam, Shah Nisa, Dipankar Chatterji
Prof. Dipankar Chatterji Lab
Omega (ω) is the smallest subunit of E. coli RNA polymerase and is
encoded by the rpoZ gene. Various experimental and prediction algorithm have
shown that omega is an intrinsically disordered protein. However, when we
analyze the E.coli RNA polymerase crystal structure, it is observed that omega
exists in a structured confirmation. Many studies have shown that for
intrinsically disordered protein there is binding coupled folding. ω is a 91 amino
acid protein consisting of 17 negatively charged residues (Asp + Glu), 13
positively charged residues (Arg + Lys). Interestingly, it lacks Trp, Tyr and Cys
residues, which makes it difficult to analyze the ω protein by fluorescence
spectroscopy. To investigate whether there is binding coupled folding for
omega, we thought of performing anisotropic fluorescence spectroscopy. To
achieve that phenylalanine at the 17th position is mutated to tryptophan (F17W
mutant), which will enable us to detect omega with fluorescence
spectrophotometry. However, the rest of the protein complex has many exposed
tryptophan, which restricts the study by using tryptophan fluorescence. In order
to solve this problem, we have utilized 7-Aza-tryptophan. The photophysical
properties of free 7-Aza-tryptophan gives a strong red-shifted fluorescence (403
nm), which would allow us to trap the conformational changes that
occurs during the ω-β’ interaction and sigma attachment to the core RNAP. The
incorporation of 7-Aza-Trp in ω was achieved by way of using an E. coli Trp
auxotrophic strain (RF12). The interaction of 7-Aza-Trp incorporated ω with
the core1(α2ββ’) RNAP is being studied.

P-24
Tuning the Physico-Chemical Properties of a Macrocyclic Bioactive
Peptide using Amide Isosters
Venkateswararao N, Hitesh Verma, Jayanta Chatterjee
Dr. Jayanta Chatterjee Lab
Sansalvamide is a macrocyclic bioactive peptide that binds to the
human Hsp90 and prevents C-terminal client proteins from binding to it.
Aberrant expression of human Hsp90 has been shown to be associated with
several cancer types. However, selective modulation of Hsp90 and its client
protein interaction has been a challenging task. Although, Sansalvamide is a
potent lead molecule with IC50 3.5µM, its selectivity and affinity towards target
is elusive. Its inherent metabolic instability and poor membrane permeability
further hinders its therapeutic development. So, the primary objective of our
study is to optimize its bioactivity and pharmacokinetic properties. In this study,
we systematically scanned Sansalvamide using both N-methylation and
thioamidation, which are considered as isosteric modification of an amide bond.
Our preliminary results show that thioamide modification enhances
lipophilicity and passive membrane permeability compared to N-methylation.
However, our future goal is to address the structure-activity relationship of
different Sansalvamide variants.

P-25
Structural and functional characterization of the first Type III
toxin-antitoxin system from Escherichia coli
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Toxin-Antitoxin (TA) systems are prokaryotic genetic modules that are
involved in processes such as plasmid maintenance, phage defense, stress
response and bacterial persistence. TA systems have been classified into
different types based on mechanism of toxin inactivation by antitoxin. In Type
III TA system, endoribonuclease toxin protein assembles with the noncoding
RNA antitoxin to form hetero-multimeric complex, rendering the toxin inactive.
Interestingly, so far, the identification of the Type III systems in Escherichia
coli genome had remained elusive. Here, we report identification of Type III
TA systems in several strains of E. coli using homology searches and provide
structural and functional characterization of the first Type III TA system in
E.coli. We have solved the 2.1 Å resolution crystal structure of the Type III TA
complex, which reveals that toxin and antitoxin assemble to form a cyclic hetero
hexamer with 1:1 toxin-antitoxin ratio. The structure sheds light into the
possible mechanism of RNA cleavage by toxin protein. Furthermore, we have
investigated the thermodynamics of the complex assembly using isothermal
titration calorimetry (ITC) experiments. These results provide new insights into
the understanding of assembly and functioning of Type III TA systems.

P-26
X-ray structure of NorC, a 14 TM efflux transporter in complex
with a camelid single domain antibody
Arunabh Athreya, Sushant Kumar, Ashutosh Gulati, Rahul M. Nair,
M. Ithayaraja, Aravind Penmatsa
Dr. Aravind Penmatsa Lab
Methicillin resistant Staphylococcus aureus is the causal organism for
hundreds of thousands of nosocomial infections led fatalities each year around
the world. This superbug has a huge repertoire of drug efflux pumps that efflux
most antibiotics administered to kill it. NorC is a putative multi-drug efflux
transporter of the major facilitator superfamily that is implicated in efflux of
quinolone antibiotics in S. aureus. We initiated structural studies of this 14
transmembrane (TM) helix transporter and crystallized it using an Indian
camelid single domain antibody (ICab) isolated through yeast display
screening. The ICab was observed to bind NorC at the extracellular surface
suggesting its ability to serve as a detection tool and/or inhibitor of NorC. This
unconventional way of using antibodies to block efflux would allow their use
as adjuvants for enhancing efficacy of pre-existing antibiotics. The crystals of
NorC-ICab complex diffracted to 3.7 Å and phases were determined using
anomalous signal from Se-met NorC-ICab crystals using single wavelength
anomalous dispersion (SAD). The structure displays all 14TM helices and
displays an outward-open conformation stabilized by binding of ICab to the
vestibule of the transporter. Model building and refinement of coordinates is
currently underway.
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The bacterial RNA polymerase is a multi-subunit enzyme complex
composed of six subunits, α2ββ’σω. The function of this enzyme is to transcribe
the DNA base sequence to mRNA. Though, contribution of each subunit in
RNA synthesis has been elucidated, the role of the smallest ω-subunit remained
obscure. Recently, a study on a dominant negative mutant of rpoZ has been
reported in which the mutant was shown to render the RNA polymerase
defective in transcription initiation (ω6, N60D) and gave an insight on the
function of ω in RNAP. Serendipitously, we also obtained a silent mutant which
was found to be lethal during the isolation of toxic mutants. The primary focus
of this study is to understand the mechanistic details of the mentioned lethality.
Isolated ω shows predominantly unstructured circular dichroism profile and
becomes α-helical in the enzyme complex. This structural transition is perhaps
the reason for this lack of function. Subsequently, we generated several silent
mutants of ω to investigate the role of codon bias and the effect of rare codons
with respect to their position in rpoZ. Not all silent mutations affect the
structure. RNA polymerase when reconstituted with structurally altered silent
mutants of ω are transcriptionally inactive.
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Origin of life is one of the fundamental questions in science. There are
various hypotheses regarding how the first form of life would have evolved
from prebiotic soup of molecules. One such hypothesis, which has gained
substantial experimental evidence, is the RNA-world hypothesis. According to
this hypothesis, RNA molecules preceded the formation of other biomolecules.
Such scenario demands that the early RNA molecules to have been formed by
non-enzymatic polymerization of nucleotides. Experiments have shown that
cyclic hydration and dehydration as well thermal cycles aid in formation of the
required phosphodiester bond. However, this polymerization reaction, leading
to formation of RNA (polymers) occurs only when the nucleotides are organized
in correct orientation and distance (pre-polymer state). X-ray diffraction studies
have shown that such organization can be induced by lipid bilayers. In this study
we explore the molecular structure, dynamics and kinetics in such lipid assisted
nucleotide organization using various computational simulation techniques. We
further propose a molecular level hypothesis that might have favoured such
organization.
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Uracil DNA glycosylase is an important enzyme in the base excision
repair system. The enzyme from Mycobacterium tuberculosis (MtUng) has been
studied thoroughly in this laboratory. It has been demonstrated in a mouse
model that MtUng is required for in vivo growth of the bacterium. It is now
increasingly realized that DNA repair plays an important role in the
development of drug resistance. Therefore, enzymes involved in DNA repair
are suitable target for preventing or slowing down the development of drug
resistance. In view of the above, we have initiated a project for the design of
inhibitors of MtUng. The target region for possible inhibitors is well defined in
Ung, with the uracil binding pocket as its main element. To start with, inhibition
assays for eight uracil derivatives have been carried out. The crystal structures
of MtUng complexes of these derivatives are available. Ten barbituric acidbased compounds were identified as candidate inhibitors through the
examination of the molecular structure of the protein. Inhibition assays were
carried out using these compounds which were commercially procured.
Furthermore, 19 compounds, mostly involving modifications of uracil and
barbituric acid, were synthesized and tested for inhibition. Many of these
compounds show inhibition at millimolar concentrations. Efforts to enhance
affinity on the basis of interactions of these compounds with the protein are
underway. In silico screening of available libraries to identify more candidate
inhibitors is also in progress.
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MutT proteins are sanitation enzymes which hydrolyze non-canonical
nucleotides in the nucleotide pool, thus preventing their incorporation into DNA
and RNA. We have carried out extensive studies on one such enzyme
designated as MutT1 from Mycobacterium smegmatis (MsMutT1). In particular
we have thoroughly characterized its interactions with and action on a variety
of nucleoside triphosphates. These studies prove MsMutT1 to be a versatile
enzyme. On the basis of structural considerations, it appears that MsMutT1 can
also hydrolyze diphosphoinositol pentakisphosphate (IP7 or PP-IP5). This
hypothesis was confirmed by biochemical investigations. This observation has
implications to biological signaling. We have now prepared and analyzed three
crystal forms of a complex of MsMutT1 with inositol hexakisphosphate (IP6).
All the three forms are monoclinic, but molecular packing in them is different
from one another. Intriguingly, the interactions of the ligand with the protein
also exhibit substantial differences. Our earlier studies on MsMutT1 and their
complexes had demonstrated the importance of the molecular packing of this
enzyme in its action. Therefore, the difference in molecular packing and
protein-ligand interactions in the three complexes of MsMutT1 with IP6 become
particularly interesting. Further refinement of the structures and analysis of the
results are in progress.
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We aim to study structural variability associated with a protein in terms
of inter-residue interaction networks. For this purpose, we compare networks
associated with multiple conformations of a protein available from X-ray
studies. A data set of 24 proteins with at-least 5 high-resolution crystal
structures solved for each of them have been studied. Some proteins, for
example, cytochrome P450 and alpha subunit of casein kinase II have shown
high dissimilarity in their networks although their backbone structures seem to
be quite similar; We also recognize regions of protein structures with deviation
in backbone, but the structural network of local modular units are preserved. A
comparison has been made between structural networks of proteins represented
in multiple crystal structures with the conformations sampled in molecular
dynamics simulation. It has been observed that the networks of conformers from
molecular dynamics simulation of rubredoxin and heart fatty acid binding
protein were found to be less variable than those obtained from the simulation
of cytochrome P450 and sperm whale myoglobin. However, the structural and
network dissimilarities were much higher in molecular dynamics sampled
conformers than crystal structures.
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The arabinose inducible pBAD series of bacterial vectors is considered
a tunable and tightly regulated system with protein expression increasing
monotonically with arabinose concentration for a bacterial population.
However, single cell studies have shown that the arabinose expression vectors
have an ‘all-or-none’ response. Initially attributed to the heterogeneity in the
expression of the transporter AraE, this heterogeneity persists in non-arabinose
metabolizing cells with a constitutively expressed transporter.
To characterize this heterogeneity and understand the underlying cause,
a fast degrading(fd) version of GFP expression under the PBAD promoter was
monitored by flow cytometry and fluorescence microscopy. Upon arabinose
induction at intermediate levels, only a fraction of cells initiates gene expression
resulting in a bimodal distribution of proteins per cell. Even with increasing
amounts of arabinose, a large delay in initiation of gene expression leads to an
‘all-or-none’ behavior over long timescales (~1.5 hrs.). Further, we employed a
single molecule RNA quantification technique, smRNA-FISH, to determine
whether the observed protein heterogeneity stems from transcriptional
heterogeneity at the single cell level. Our results suggest that a ‘inducerthreshold’ model explains the observed heterogeneity in the bacterial arabinose
inducible system.

