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MESSAGE 

I am happy to learn that the Department of Physical Sciences, IISER Mohali is organizing the 24th 
conference of National Magnetic Resonance Society, India from February 16-19, 2018. The event has a 
unique character because it provides a platform to the researchers and students to participate and listen to 
the lectures from the National and International experts on NMR spectroscopy and related fields. 

IISER Mohali has a rich tradition of openness to new ideas and take keen interest in activities related 
to interdisciplinary areas of research. A symposium solely dedicated to NMRS which has multi-pervasive 
applications ranging from structural elucidations of small molecules as well as large biomolecules, polymer 
characterization, supra molecular interactions to imaging in health care diagnostics, is befitting to that tradition. 
I have a strong feeling that the four days of deliberations and exchange of ideas covering diverse aspects of 
NMRS, would act as a motivation for our budding scientists. 

 I wish the organizer a grand success in their endeavour. 

 Debi P. Sarkar 



NATIONAL MAGNETIC RESONANCE SOCIETY, INDIA (REGD) 

INDIAN INSTITUTE OF SCIENCE 

BANGALORE – 560012, INDIA 

Prof. N. Suryaprakash 
President 

          16
th 

February, 2018 

I am extremely delighted to note that today we are organizing the 24
th 

Conference of the 

National Magnetic Resonance Society (NMRS) of India. The NMR research activity in India was 

initiated more than six decades back and many Indian stalwarts have a distinct record of seminal 

contributions to NMR that are relevant to diverse areas, such as, chemistry, biology, physics, medicine, 
etc. The heightened research activity, progressed in conjunction with the scientific advancement and 

technological development, prompted a group of renowned magnetic resonance spectroscopists of 

India to establish the National Magnetic Resonance Society in 1996, with its registered office at IISc. 
I am happy to share with you that as of today, the society has nearly 1000 active researchers as life 

members, fortytwo honorary members, and seven corporate members. Every year the society also 

elects distinguished overseas scientists, as its honorary members. The long list of honorary members 
contains internationally lauded scientists, including Nobel Laureates, such as, Richard Ernst, Kurt 

Wuthrich, A. Pines, E. D. Becker, P.C. Lauterbur, K. Akasaka, R. Kaptein, I.C.P. Smith, J. R. Pilbrow, 

J.H. Freed, Seiji Ogawa, Ad Bax, to mention a few.
Ever since its inception, the society has been striving to promote scholarly exchange of 

multifaceted development and applications of magnetic resonance by holding annual meetings spread 

all across the country, to reach the broader audience and to encourage researchers to discuss their latest 

findings. The previous meetings were held at Bangalore, Amritsar, Kharagpur, Tezpur, Lucknow, New 

Delhi, Mumbai, Hyderabad, Chennai, etc. The record number of participation of globally acclaimed 

scientists from all across the globe, increasing year after year, has given these annual meetings an 
international character. The NMRS is always playing a dominant role in nurturing the younger 

generation, and also to instill the deeper interest on the developments and applications of magnetic 
resonance by frequent organization of symposia, conferences, workshops, summer schools, etc. Over 

the years the magnetic resonance activity in the country has experienced an incredible growth in 

multiple dimensions. NMRS is serving as a network in bringing together many active research groups. 
The annual meetings of NMRS are unique for their profoundity, immensity, intellectual diligence and 

stimulating oral and poster presentations. In the next few days of deliberations we will have  thought 

provoking discussions, consisting of plenary talks, invited talks, short oral and poster presentations 
covering wider range of magnetic resonance. I am sure all of you will relish this academic feast and 

have ample opportunities to exchange ideas. 

As a current president of NMRS, I would like to take this opportunity to extend warm 
welcome to all the delegates who have come from all across the globe and wish all of you a pleasant 

stay.  Many have contributed in organizing this event and strived hard to put all of us together to render 

this a successful conference. I would like to take this opportunity to heartily congratulate all my faculty 
colleagues at IISER Mohali, and the enthusiastic local organizing team for taking this academic 

initiative and sincerely thank them for doing an outstanding job. 

President 
National Magnetic Resonance Society  

Message 



On behalf of the Organizing Committee I extend a warm welcome to all of you to IISER Mohali. We hope 

you thoroughly enjoy both the scintillating science and the socio-cultural aspects of the NMRS-2018. 

The field of NMR spectroscopy and the wide range of its applications is changing rapidly and the 24th 

Annual Meeting of the National Magnetic Resonance Society of India (NMRS-2018) being organized at IISER 

Mohali reflects the diversity and the interdisciplinarity of NMR. The theme of the NMRS-2018 conference is 

"Frontiers of Interdisciplinary NMR: Applications to Physics, Chemistry, Biology and Medicine", and will include 

sessions on all aspects of magnetic resonance ranging from Biomolecular NMR and Diffusion NMR to NMR 

Metabolomics and Imaging. We hope the interactions between young researchers, world-renowned NMR experts and 

industry participants will open up new avenues for collaborative research in this exciting area. 

We thank the National Magnetic Resonance Society, India for giving us the opportunity to organize this 

24th Annual Conference at the Indian Institute of Science Education and Research Mohali. We thank all the members 

of the IISER Mohali community, especially the Director IISER Mohali, for all their support and encouragement. We 

thank the speakers and the participants who have come all the way to Mohali from far-flung corners of the globe. 

We hope you have a fruitful and memorable time at IISER Mohali! 

with best wishes 

Dr Kavita Dorai

(Convener NMRS-2018) 

INDIAN INSTITUTE OF SCIENCE EDUCATION AND RESEARCH MOHALI  

(Est. By Ministry of Human Resource Development, Govt. of India)  

Sector – 81, Knowledge City, P.O. Manauli, S.A.S. Nagar, Mohali, Punjab -140 306 

Dr. Kavita Dorai 

Associate Professor (Physics) & 

Convener NMR Research Facility 

IISER Mohali, Sector 81, Mohali  

PO Manauli 140306 Punjab, India 

Message
February 16, 2018
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Friday, February 16, 2018 (Day-1) 

 

9:00 am-onwards Conference Registration 

11:00 am-1:00 pm Jeol User Meeting 

1:00 pm-1:30 pm Lunch 

1:30 pm-4:15 pm Bruker User Meeting 

4:15 pm-4:30 pm Tea 

4:30 pm-5:00 pm Conference Inauguration 

5:00 pm-5:40 pm PL1: William S. Price 

5:45 pm-6:15 pm Award Lecture 1: 
          Neel Sarovar Bhavesh 

 

6:15 pm-6:35 pm Award Lecture 2: 
             A. Lakshmipriya 

 

6:35 pm-6:55 pm Award Lecture 3: 
        Sandeep Kumar Mishra 

 

7:00 pm Jeol Banquet Dinner 

  

Tentative Scientific Programme 
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Saturday, February 17, 2018 (Day-2) 

 

9:00 am-9:40 am PL2: Walter J. Chazin 

9:40 am-10:20 am PL3: Dieter Suter 

10:20 am-10:40 am Tea 

 

Time Session 1 

Biomolecular NMR 

Session 2 

Methods and Applications 

10:40 am-11:10 am Jonathan Farjon N. Suryaprakash 

11:10 am-11:40 am Janez Plavec K K Bhagchandani 

11:40 am-12:10 pm K. V. R. Chary Daniel Topgaard 

12:10 pm-12:40 pm Yong-beom Lim Subash Khushu 

12:40 pm-1:00 pm Santosh Upadhayay Mahavir Singh 

 

1:00 pm-3:00 pm Odd Poster Presentation + Lunch 

 

Time Session 1 

Biomolecular NMR 

Session 2 

Methods and Applications 

3:00 pm-3:30 pm Fabien Ferrage Yusuke Nishiyama 

3:30 pm-4:00 pm S. Sendhil Velan T. G. Ajithkumar 

 

4:00 pm-4:20 pm Tea 

 

 

 

4:20 pm-5:50 pm 

Student Talk Session 1: Rakesh Sharma, Urvinder 

Kaur S, Anita Kotar, C S Sudheer Kumar, N Lokesh, 

Sheetal Kumar Jain 

Student Talk Session 2: Shruti Dogra, P Dhanishta, 

Shahid Malik, Sreemantula Arun Kumar, Jayasubba 

Reddy Yarava, Renuka Ranjan 

Student Talk Session 3: Sneha Paturi, Arnab 

Chakrabarti, Kavya I, Shrikant Sharma, Ajay Verma, 

Aritra Be 

6:00 pm-7:00 pm Free time/Bhangra Classes 

7:00 pm Banquet Dinner 
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Sunday, February 18, 2018 (Day-3) 

 

9:00 am-9:40 am PL4: R. V. Hosur 

9:40 am-10:20 am PL5: Christian Griesinger 

10:20 am-10:40 am Tea 

 

Time Session 1: 

Biomolecular 

NMR 

Session 2: 

NMR 

Methodology 

Session 3: 

NMR 

Applications 

10:40 am-11:10 am Harald Schwalbe H. S. Atreya Predrag Novek 

11:10 am-11:40 am Mikael Akke Eriks Kupce K K 

Bhagchandani 

11:40 am-12:10 pm Joel Mackay W. Kozminski M. T. McMahon 

12:10 pm-12:40 pm Ashish Arora Rolf Boelens Anant B. Patel 

12:40 pm-1:00 pm G. J. Reddy Nilamoni Nath Vinesh Vijayan 

 

1:00 pm-3:00 pm Even Poster Presentation + Lunch 

 

 

Time Session 1: 

Biomolecular 

NMR 

Session 2: 

NMR 

Methodology 

Session 3: 

NMR 

Applications 

3:00 pm-3:30 pm R. Pierattelli T. S. Mahesh G. A. N. Gowda 

3:30 pm-4:00 pm Ranabir Das R. Bhattacharyya Neeraj Sinha 

4:00 pm-4:30 pm Anirban Bhunia Tuo Wang Phani Kumar 

 

 

4:30 pm-5:00 pm Tea 

5:00 pm-5:30 pm GBM + Prize distribution 

5:30 pm-7:00 pm Free time/Bhangra Classes 

7:00 pm Dinner 
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Monday, February 19, 2018 (Day-4) 

 

9:00 am-9:40 am PL6: Ad Bax 

9:40 am-10:20 am PL7: Steffen Glaser 

10:20 am-10:40 am Tea 

 

Time Session 1: 

Biomolecular NMR 

10:40 am-11:10 am Shenlin Wang 

11:10 am-11:40 am Mandar Deshmukh 

11:40 am-12:00 pm Ravi Barnwal 

12:00 pm-12:20 pm Sulakshna Mukherjee 

 

Time Session 2: 

Applications 

10:40 am-11:10 am S. Senthil Kumaran 

11:10 am-11:30 am Dinesh Kumar 

11:30 am-11:50 am Somashekhar B. S. 

 11:50 am -12:10 pm Jayalakshmi K. 

 

Time Session 3: 

Applications 

10:40 am-11:00 am Venus Singh Mithu 

11:00 am-11:20 am Bikash Baishya 

11:20 am-11:40 am Sridevi J 

 11:40 am -12:00 pm Badrinarayan Chandak 

12:00 pm-12:30 pm Poonam Rana 

 

12:35 pm-12:50 pm Vote of thanks + closing 

 

12:50 pm- 2:00 pm Lunch 
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PL(1) 

NMR Diffusion Measurements: Easier, Better, Faster  

 
William S. Price1, Tim Stait-Gardner1, Allan Torres1, Scott A. Willis1, Gang 

Zheng1, Yuichi Aihara2 
1Nanoscale Group, Western Sydney University, Penrith, NSW, Australia 

2Samsung R&D Institute Japan, Osaka, Japan 

 
Echo-based NMR-based diffusion measurements now pervade many 

areas of NMR including clinical MRI and are the method of choice for 

measuring self-diffusion. As motion is measured over a specific timescale the 

measurements can also report on geometries within which diffusion is 

occurring.1-3 The last few decades have seen tremendous technical advances 

and, concomitantly, theoretical advances for studying, for example, the 

microstructure of porous media (e.g., brain tissue).  

For example, most contemporary NMR spectrometers are now able to 

generate modest pulsed magnetic field gradients (e.g., gradient amplitudes  

0.5 T m-1) suitable for measurements on low viscosity/rapidly diffusing 

samples (e.g., D > 1  10-11 m2s-1) with reasonably long relaxation times. And 

commercial equipment capable of generating pulses in excess of 20 T m-1 

suitable for measurement of very slowly diffusing/rapidly relaxing species is 

increasingly available. Measurements with such pulses can push a 

spectrometer to its performance limits such that it becomes difficult to separate 

artefact from reality. Some pitfalls have long been known (e.g., ref. 4) but 

perhaps not so widely recognised 

This presentation details some approaches to developing generally 

applicable fast diffusion measurements, obviating the deleterious effects of J-

evolution, including better solvent suppression, and overcoming the 

complications of high gradient diffusion measurements. 

 
1. Kärger, J.; Pfeifer, H.; Heink, W., Principles and applications of self-diffusion 

measurements by nuclear magnetic resonance. Adv. Magn. Reson. 1988, 12, 1-

89. 

2. Price, W.S., NMR Studies of Translational Motion. Cambridge University Press: 

Cambridge, 2009. 

3. Callaghan, P.T., Translational Dynamics & Magnetic Resonance. Oxford 

University Press: Oxford, 2011. 

4. Price, W.S.; Hayamizu, K.; Ide, H.; Arata, Y., Strategies for Diagnosing and 

Alleviating Artifactual Attenuation Associated with Large Gradient Pulses in PGSE 

NMR Diffusion Measurements. J. Magn. Reson. 1999, 139, 205-212. 
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PL(2) 

Functional Dynamics in Protein Machines 
 

Chris. A. Brosey1, Sarah E. Soss-Warnick1, Kavita Dorai2, and Walter J. 

Chazin1 

 
1Departments of Biochemistry and Chemistry, and Center for Structural 

Biology, Vanderbilt University, Nashville, TN, USA; 2Department of Physical 

Sciences, IISER, Mohali, India 

Virtually all primary biological processes require the coordinated 

action of multi-domain proteins operating within dynamic multi-protein 

machines. Flexible linkers in these proteins enable changes in the spatial 

distribution of domains, and interactions between proteins, over the trajectory 

of operation of the machine.  The ever-changing structural landscape in these 

systems represents one of the greatest current challenges in structural biology.  

This presentation will focus on how the critical movement of domains can be 

experimentally characterized by NMR and interpreted in coordination with 

small angle x-ray scattering to build a picture of dynamic protein architecture 

as it functions.  These studies are providing fundamentally new insights into 

the mechanical action of multi-protein machinery in genome maintenance and 

post-translational processing via protein ubiquitination.  The approach will be 

demonstrated in studies of template priming in DNA replication by the action 

of human DNA primase and replication protein A, and of the activation of an 

E2-ubiquitin conjugate by the E3 ligase E4B. 

 

Figure 1.  (Left panel) Functional dynamics ribbon representation of 

replication protein A.  (Right panel) Surface representation of the complex of 

E4B U-box domain with a Ubc5a-O-ubiquitin conjugate. 
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PL(3) 

Using electron spins to polarise, excite and detect individual 

nuclear spins 

Dieter Suter,  

Universität Dortmund, Germany 

 

  A typical NMR experiment consists of the phases relaxation in a large 

static magnetic field, excitation and detection of an ensemble of nuclear spins. 

In the case of nuclear spins coupled to the electrons of a diamond NV-center, 

the polarisation process occurs through laser pulses that polarise the electron 

spin and subsequent microwave pulses that transfer the polarisation to the 

nuclei. Excitation can be achieved with radio-frequency pulses, but also 

indirectly, via microwave pulses driving the electronic spin. Detection occurs 

by transferring the longitudinal magnetisation of the nuclear spins to the 

electron and subsequent detection of the electron spin polarisation by counting 

the photons emitted during a laser pulse. The characteristic properties of these 

spins include large enhancement of the gyromagnetic ratio. Applications are 

found in quantum information or as sensors of magnetic and electric fields as 

well as temperature. 
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PL(4) 

Moving the Frontiers of Solution NMR Methods and 

Applications 
 

Ramakrishna V. Hosur1,2,* 

 

1Department of Chemical Sciences, Tata Institute of Fundamental Research, 

1-Homi Bhabha Road, Colaba, Mumbai-400005, India 

2UM-DAE Centre for Excellence in Basic Sciences, University of Mumbai, 

Kalina Campus, Santa Cruz, Mumbai- 400098, India 

 

Methodological developments continue to occur for stretching the 

limits of NMR applications, and for generating new ones. Enhancing the speed 

of structure determination, characterization of intrinsically disordered proteins, 

drug-protein interactions, protein fibrillation, and investigation of kinetic 

processes are some of the goals in such endeavours. Encompassing the above, 

this talk will summarize some of the accomplishments and the recent 

developments in our laboratory to deal with NMR of complex biological 

systems, on one hand, and NMR of complex mixtures as in metabolomics and 

herbal drug preparations on the other.  
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PL(5) 

Dynamic and kinetics measured by NMR: recognition and 

droplets 

S. Prathihar1, C. Smith1,2, J. Reddy1, T.M. Sabo1, L. Wong1, L. Russo1, J. 

Kühn3, S. Pirkuliyeva3, D. Lee1, T.M. Sabo1, S. Ryzanov1,4, L. 

Antonschmidt1,4, A. Martinez Hernandez5, H.Y. Agbemenyah6, S. Shi7, A. 

Fischer6, G. Eichele5, D. Lee1, S. Becker1, D. Becker1, A. Leonov1,4, R. Benz8, 

M. Zweckstetter1,4, J. Wienands3, A. Giese7, and C. Griesinger1,4 

 
1Dept. for NMR-based Struct. Biology, Max-Planck Institute for Biophysical 

Chemistry; 3Institute of Cellular and Molecular Immunology, Georg August 

University of Göttingen, Göttingen; 4DFG-Center for the Molecular 

Physiology of the Brain, Göttingen; 5Genes and Behavior Dept., Max-Planck 

Institute for Biophysical Chemistry, Göttingen; 6 European Neuroscience 

Institute Göttingen;, 7 Center for Neuropathology and prion research, LMU, 

Munich, Germany; 8 Jacobs University of Bremen, Germany 

Kinetics of protein dynamics will be discussed on examples of folded 

and unfolded proteins (1). The kinetics can be measured down to life times of 

states of 300 ns with dedicated hardware. By that fast processes in proteins can 

be studied label free. These techniques are applied to the measurement of 

recognition dynamics of protein protein complex formation based on a new 

formalism described in ref. (2). Examples are given on the complex formation 

of ubiquitin with an SH3 domain.   

The role of partially disordered proteins in two fields of research is 

investigated. One is the adaptor protein SLP65 which interacts with CIN85 (3). 

The two proteins are essential for B cell activation. The protein is found to be 

mainly unstructured and its various segments entertain different functions or 

interact with membranes, SH3 domains and forming coiled coils. Based on the 

structures, a molecular lego will be described that reduces the SLP65/CIN85 

interaction to its absolutely necessary essentials. The two proteins can perform 

phase separation which is related to function. 

Finally, a surprising link between neurodegeneration and cancer can 

be identified. (4) 

 
(1) C. Smith et al. Proc. Natl. Acad. Sci. USA. 113, 3296-74 (2016); C. Smith et al. 

Angew. Chem. Int. Ed. 54, 207-10 (2015) 

(2) F. Paul T.R. Weikl, PLOS Comp. Biol. 12, e1005067  (2016) 

(3) M. Engelke et al. Science signaling: 7 (339) ra79 (2014); J. Kühn et al. Science 

signaling: 9 (434) ra66 (2016) 
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PL(6) 

Studies of protein folding, misfolding, and unfolding by 

rapid pressure jump NMR 
 

Cyril Charlier, Reid Alderson, Joseph Courtney, Jinfa Ying, Philip Anfinrud, 

and Ad Bax 

Laboratory of Chemical Physics, National Institute of Diabetes and 

Digestive and Kidney Diseases, National Institutes of Health, 

Bethesda, MD 20892 

 

The equilibrium between a protein’s folded and unfolded state is 

strongly impacted by hydrostatic pressure, to an extent determined by the 

difference in volume of the unfolded and folded states.  Many proteins, in 

particular larger proteins, can be unfolded by applying a modest amount (≤2.5 

kbar) of hydrostatic pressure.  Smaller proteins often can be mutated to 

generate small internal cavities, such that they also have a large volume 

difference between the folded and denatured states, and can be unfolded at 

pressures that are easily reached inside an NMR spectrometer.  Rapidly 

dropping the pressure from denaturing conditions (e.g. 2.5 kbar) to 1 bar, inside 

the NMR magnet, makes possible a range of different experiments to monitor 

the actual folding process under native conditions.  By building a device that 

allows such rapid (ms) and repeated (>100,000 times) switching, it is possible 

to monitor directly the folding process by two- and three-dimensional NMR. 

Measurements on ubiquitin show a strong temperature dependence of the 

folding rate constant, but a much weaker temperature dependence of the 

unfolding rates at high pressure, responsible for the shift to the unfolded states 

at lower temperatures.  Remarkably, after a jump from high to atmospheric 

pressure, the spectrum of the unfolded state disappears at a rate that can be up 

to an order of magnitude faster than the appearance of the folded spectrum, 

providing evidence of molten-globule meta-stable intermediate states invisible 

to NMR.  However, novel NMR experiments permit probing of the structural 

properties of these intermediates and show evidence for a state with non-native 

contacts on the pathway towards the folded state.  This observation goes 

against the widely held concept that native contacts define the path towards the 

folded structure, a hypothesis that formed the bases for many hundreds of 

protein folding studies. 
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PL(7) 

Optimal control design of entire pulse sequences 

 

Steffen J. Glaser 

Department of Chemistry, Technical University of Munich, 85747 Garching, 

Germany 

Analytical and numerical tools of optimal control theory make it 

possible to explore the performance limits of pulse sequences. In the last 

decade, these tools not only provided pulse sequences of unprecedented quality 

and capabilities, but also new analytical and geometrical insight and a deeper 

understanding of pulse optimization problems [1]. After the initial focus on the 

performance limits of individual pulses, e.g. for excitation or refocusing, the 

perspective has been more and more widened to the optimization of entire 

pulse sequences [2-5]. In this talk, novel approaches will be presented for the 

design of cooperative broadband spin echo sequences [4] and of broadband 

relaxation dispersion experiments to determine chemical exchange parameters 

[5].  

 

Advanced visualization techniques, such as the DROPS representation [6] 

(implemented in the free SpinDrops app [7]), provide a powerful approach to 

interactively and intuitively explore the dynamics of coupled spin systems in 

teaching and research. Here, novel theoretical and experimental aspects, in 

particular the tomography of such generalized Wigner-type mappings of 

density operators and propagators to three-dimensional shapes will also be 

presented[8].  

 
[1] S. J. Glaser et al, Eur. Phys. J. D 69, 279/1-24 (2015). 

[2] M. Braun, S. J. Glaser, New J. Phys. 16, 115002 (2014). 

[3] Q. Ansel, M. Tesch, S. J. Glaser, D. Sugny, Phys. Rev. A 96, 053419 (2017). 

[4] W. Kallies, S. J. Glaser, J. Magn. Reson. 286, 115-137 (2018). 

[5] T. T. Nguyen, S. J. Glaser, J. Magn. Reson. 282, 142-153 (2017). 

[6] A. Garon, R. Zeier, S. J. Glaser, Phys. Rev. A 91, 042122/1-28 (2015). 

[7] To download the SpinDrops app go to spindrops.org. 

[8] D. Leiner, R. Zeier, S. J. Glaser, Phys. Rev. A 96, 063413 (2017). 
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(IL-1) 

Pushing the limits of NMR to investigate complex mixtures in life 

sciences 
 

Jonathan Farjon1, Estelle Martineau1,2, Serge Akoka1, and Patrick 

Giraudeau1,3 
1 Université de Nantes, 2 chemin de la Houssinière, UMR CNRS 6230, 

44300 Nantes France 
2 SpectroMaitrise, CAPACITÉS SAS, 26 Bd Vincent Gâche, 44200 Nantes, 

France 
3 Institut Universitaire de France, 1 rue Descartes, 75005 Paris cedex 05, 

France 

 

Investigating complex mixtures is essential to know more about cells 

and organisms. Among analytical methods, NMR is able to identify 

metabolites while providing accurate concentration values. 1D 1H NMR is the 

easiest and the most sensitive method, however it becomes rapidly limited by 

peak overlap. 2D NMR is therefore an alternative of choice to access 

concentrations in mixtures with a high accuracy. However, 2D NMR is time-

consuming and its use for quantitative analysis is not as straightforward as 1D 

NMR [1]. 

In this context, our group has developed an ensemble of fast 

quantitative 2D NMR experiments to determine the concentration of analytes 

in complex mixtures. Some of these approaches are based on hybrid methods 

derived from ultrafast 2D NMR, a strategy recently applied at high [2] and low 

field [3] for metabolomics or food sciences. In combination with external 

calibration or standard additions, ultrafast-based methods give accurate and 

repeatable results [4]. However, these approaches are mainly limited to 

homonuclear experiments, moreover they require commercially available 

standards. Thus, there is a need of quantitative 2D methods that would directly 

yield “intrinsically” quantitative results with a simple internal reference. 

 

References: 

 
1. Giraudeau, P. Magn. Reson. Chem. 2014, 6, 259-272. 
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Orchestrated Approaches to Combat Challenging Problems in 

NMR: Extraction of Spectral Parameters, Ultra High Resolution 

and Sensitivity Enhancement  
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The limited chemical shift range of protons and pairwise interaction 

among all the abundant nuclear spins of a molecule renders 1H NMR spectrum 

too complex, severely hindering the straightforward analysis and the accurate 

extraction of their interaction strengths. Such problems are very often 

encountered in diverse situations where the determination of homo- and 

hetero- nuclear scalar couplings continues to be challenging. The available 

many two-dimensional selective refocusing (SERF) based experiments suffer 

from the evolution of magnetization from uncoupled protons, which appears 

as intense uninformative axial peaks. This creates ambiguity in the 

identification of peaks belonging to the coupled partners of a selectively 

excited proton, hampering the accurate extraction of their coupling strengths.  

The several pure shift based 1D and 2D NMR strategies have recently been 

developed by us for the extraction of spectral parameters, achieving ultra high 

resolution and enhancement of sensitivity of 1H detection.  Among the recently 

developed two novel experimental techniques, the Clean-G-SERF completely 

eradicates the axial peaks and suppresses the evolution of unwanted couplings 

while retaining only the couplings to the selectively excited proton thereby 

permitting the accurate determination of indirect spin-spin couplings even 

from a complex proton NMR spectrum in an orchestrated manner. Another 

designed PS-Clean-G-SERF technique completely eliminates the axial peaks 

and undesired couplings in addition to providing ultra-high resolution by the 

incorporation of real time broad band homonuclear decoupling. The 

enhancement in the sensitivity has also been achieved in the slice selective pure 

shift experiments by the rapid acquisition of proton spectrum where the 

polarization from the adjacent protons is transferred to the selectively excited 

proton.  Many other novel techniques designed by us to derive specific 

information will be discussed.   
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Double stranded helix is the most common secondary structure of 

DNA. However, guanine-rich DNA sequences, which are abundant throughout 

the genomes of many different organisms, can fold into four-stranded 

structures called G-quadruplexes. Those sequences have been found in regions 

with biological significance, such as human telomeres and oncogene-promoter 

regions. Formation of G-quadruplexes is closely related to transcription, 

replication, genome instability as well as cancer and other diseases. G-

quadruplexes have been as well applied to DNA nanotechnology (e.g. they can 

be used to design pH-driven nanodevices such as a nanoswitch), DNAzymes 

and biosensors since they have special four-G-strand structure and are sensible 

to cations and ligand binding. These structures exist in dynamic equilibrium 

within the single-stranded G-rich DNA generated during major genomic 

events. G-quadruplexes may be modulators of nucleic-acid-processing 

proteins and, as such, as potential components of new pathways of genome and 

epigenome regulation.  

Solution-state NMR spectroscopy has contributed significant insights that 

helped to uncover overall topologies and local features of non-B-DNA 

structural families alone or in interaction with other molecules such as small 

molecule ligands. An unexpected four-stranded structures stabilized by G-A 

and G-C base pairs stimulated us to explore if G- and A-rich repeat segments 

of DNA can adopt tetrahelical structures different from G-quadruplexes. 5'-

AGCGA-3' repeat sequences are found in regulatory regions of 38 different 

human genes linked to neurodevelopment and neurological disorders, 

abnormal cartilage and bone formations, cancer and regulation of basic cellular 

processes  

 

1. V. Kocman, J. Plavec, Nat. Commun. 2017, 8:15355. 
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Success with ACD/Structure Elucidator for Natural 

Products Research 
KK Bhagchandani 

 

A thorough characterization of the natural products/ compounds is an 

almost necessity for any organic chemistry research to be complete and 

many times the related compounds as well need to be studied.  

NMR has been a key technique for elucidation / Characterisation of 

chemical compounds for ages and continues to do so. NMR by its nature 

contains more information about chemical structure as compared to other 

techniques, however, for complete elucidation one needs to work with 

several experiments from several analytical techniques. Modern tools 

now, can handle multiple techniques and extrapolate the information one 

to another to facilitate elucidation.  

Considering that Natural products can be far more challenging due to 

lack of initial information. A better way to perform elucidation of natural 

products could be through CASE (Computer Assisted Structure 

Elucidation) that can help researchers in reducing the time consumed and 

increase the dependability of the characterization results. This 

presentation is a real time case of a very large marine natural product. 
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Structure of a Ca2+-binding protein from Entamoeba histolytica 

and its involvement in trophozoite proliferation regulation 
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The protozoan parasite E. histolytica encodes twenty-seven Ca2+-

binding proteins (CaBPs) suggesting that the organism has an intricate and 

extensive Ca2+-signaling system. One of these CaBPs (abbreviated as 

EhCaBP6) is mainly localized in the nucleus and present at the microtubule 

end and at the intercellular bridge with the microtubules during cytokinesis. 

The increased expression of EhCaBP6 has been correlated with a significant 

increase in the number of microtubular structures suggesting that this protein 

may be involved in the regulation of chromosome segregation and cytokinesis 

in E. histolytica. In other organisms, calmodulin (CaM) plays a role of a major 

signal-transducing factor, through which Ca2+ concentrations are regulated 

during the cell cycles. The presence of a typical CaM like protein in E. 

histolytica is not known till date. In an attempt to understand the structural and 

functional similarity of EhCaBP6 with CaM, we determined the 3D structure 

of EhCaBP6. The observed structural similarity between EhCaBP6 and CaM, 

despite their low sequence identity, suggested that they might be having similar 

functions during the cell cycle. Exploring this hypothesis, we investigated the 

localization and interaction of EhCaBP6 with microtubules at different stages 

of the cell cycle using confocal imaging, immuno-precipitation and co-

sedimentation studies. Further, we investigated the role of EhCaBP6 in the 

regulation of amoebic cell cycle. The downregulation of EhCaBP6 affected 

cellular proliferation, DNA synthesis and cytokinesis. Overall our results, 

including structural inferences, showed the importance of EhCaBP6 in the 

regulation of cell proliferation in E. histolytica, a feature not observed in other 

parasites. 
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Multidimensional diffusion MRI 

Dr. Daniel Topgaard, Lund University, Sweden 

Diffusion MRI is an excellent method for detecting subtle 

microscopic changes of the living human brain, but often fails in assigning the 

experimental observations to specific structural properties such as cell density, 

size, shape, or orientation. When attempting to solve this problem, we have 

chosen to disregard essentially all previous work in the field of diffusion MRI, 

and instead translate data acquisition and processing schemes from 

multidimensional solid-state NMR spectroscopy [1]. Key elements of our 

approach are q-vector trajectories and correlations between isotropic and 

directional diffusion encoding. To highlight the source of the new methods, we 

have selected the name “Multidimensional diffusion MRI” [2]. Our new 

methods yield estimates of the complete diffusion tensor distribution or well-

defined statistical properties thereof, such as the mean and variance of isotropic 

diffusivities, mean-square anisotropy, and orientational order parameter, 

which are straight-forwardly related to cell densities, shapes, and orientations. 

This presentation will give an overview of the multidimensional diffusion MRI 

methods, including basic physical principles, pulse sequences, data processing, 

and examples of applications in healthy and diseased brain. 

 

 

 

[1] Schmidt-Rohr K, Spiess HW. Multidimensional solid-state NMR and polymers. 

San Diego: Academic Press; 1994. 

 [4] Topgaard D. Multidimensional diffusion MRI. J Magn Reson 2017;275:98-113. 

https://dx.doi.org/10.1016/j.jmr.2016.12.007 
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Spectroscopic and nanoscopic characterization for in vitro and in-

cell self-assembly of peptides and peptide-DNA conjugates 

 

Yong-beom Lim 

Yonsei University 

In recent years, interest in manmade or artificial bionanostructures, 

including peptide-based supramolecular assemblies have been intense and are 

expected to escalate further. Proteins are perhaps one of the most diverse and 

complex structures in nature. When designed appropriately, self-assembling 

peptide nanostructures (SPNs) can mimic the functions of natural proteins. 

This research group intends to develop SPNs that can mimic or even have 

enhanced functional properties over biological proteins. Moreover, we expect 

that SPNs can be designed to have properties that are unprecedented in nature. 

Since the major driving forces that underlies the formation of supramolecular 

assembly are noncovalent interactions and thermodynamic/kinetic principles, 

an elaborate design of supramolecular building block is an initial but the most 

critical step in controlled SPN formation. In this talk, our recent research 

efforts about the design of novel peptide-based building blocks, towards the 

understanding of unusual in-cell self-assembly behavior of peptides, and on 

the development of unique supramolecular assemblies of peptides and peptide-

DNA conjugates, will be presented. Nanoscopic and spectroscopic 

characterization including NMR characterization of supramolecular peptide 

assemblies are also presented. 

 

  

https://scholar.google.com/citations?view_op=view_org&hl=en&org=11919290039037600548
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Traumatic brain injuries: Role of NMR 

Subash Khushu, Richa Trivedi & Kavita Singh 

Institute of nuclear medicine & allied Sciences (INMAS), Delhi-110054 

 

Traumatic brain injury (TBI) is one of the leading causes of death and 

disability in people worldwide. These injuries may be caused by motor road 

accidents, fall or blast. Mild traumatic brain injury (mTBI) is the most common 

form of TBI (70-90%) (1), often characterized by a non-penetrating direct or 

indirect blow to the head, accompanied by loss of consciousness for less than 

30 min and/or alterations to mental state (2). 

The subtle alterations occurring due to secondary injury at cellular 

level cannot be detected via conventional MRI. Advanced Magnetic 

Resonance (MR) techniques such as MR spectroscopy (MRS), Diffusion 

tensor imaging (DTI), Susceptibilty Weighted Imaging(SWI) and resting state 

fMRI have great potential in providing a noninvasive means for evaluating 

metabolic, structural and functional changes that occur at the cellular level in 

patients with mTBI (5,6,7).  

In this paper we present the results of the work done at our centre on 

blunt induced mild and moderate TBI in human and animal models. The paper 

will also highlight the correlation of these MR based parameters with 

behavioural and histopathology data. 

 
1. Belanger HG, Vanderploeg RD, Curtiss G, Warden DL. Recent 

neuroimaging techniques in mild traumatic brain injury. J Neuropsychiatry 

Clin Neurosci. 2007;19:5–20. 

2. Blyth BJ, Bazarian JJ. Traumatic alterations in consciousness: traumatic brain 

injury. Emerg Med Clin North Am. 2010 Aug;28(3):571-94. doi: 

10.1016/j.emc.2010.03.003.  

3. Kirov II, Tal A, Babb JS, Reaume J, Bushnik T, Ashman TA, Flanagan S, 

Grossman RI, Gonen O Proton MR spectroscopy correlates diffuse axonal 

abnormalities with post-concussive symptoms in mild traumatic brain injury. 

J Neurotrauma. 2013 Jul 1;30(13):1200-4. doi: 10.1089/neu.2012.2696. 

4. George EO, Roys S, Sours C, et al. Longitudinal and prognostic evaluation 

of mild traumatic brain injury: a 1H‐magnetic resonance spectroscopy study. 

J Neurotrauma. 2014;31:1018–1028. 

Singh K, Trivedi R, Devi MM, Tripathi RP, Khushu S. Longitudinal changes in the 

DTI measures, anti-GFAP expression and levels of serum inflammatory cytokines 

following mild traumatic brain injury. Exp Neurol. 2016 Jan;275 Pt 3:427-435. doi: 

10.1016/j.expneurol.2015.07.016. 
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High-Resolution Relaxometry and Two-Field NMR: 

Combining High-Field and Low-Field NMR to Investigate 

Dynamics  
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Understanding of the physics and chemistry that underlie the function 

of biological macromolecules requires an atomic-resolution description of 

their conformational space and the timescales of their motions. NMR is a 

powerful experimental technique to characterize dynamics of biomolecules. In 

particular, nuclear spin relaxation provides access to motions on picosecond to 

nanosecond timescales. However, high-field relaxation only provides limited 

sampling of motions and has led so far to simple models of motions. Can we 

do better? 

High-resolution relaxometry1 is an innovative approach to quantify 

relaxation over a broad range of magnetic fields and better quantify protein 

motions in the ps-ns range.2,3 Here, we present carbon-13 relaxation rates 

recorded between 0.3 and 22.3 T on methyl groups in ubiquitin. This ensemble 

of rates allows the analysis of motions with up to three correlation times 

spanning three orders of magnitude from picoseconds to nanoseconds.  

We have used our sample shuttle to build a unique two-field NMR 

spectrometer that permits the excitation and observation of 1H, 13C and 15N 

spins at two magnetic fields. We have measured chemical shifts at low field 

with a two-field spectrometer and shown that signals broadened beyond 

detection by chemical exchange at high field can be recovered in a two-field 

correlation.4 This approach allows the observation of molecular systems prone 

to enhanced chemical dynamics and paves the way for performing NMR on 

very high field spectrometers. 

 
(1) Redfield, A. G. Magn. Reson. Chem. 2003, 41, 753. 

(2) Clarkson, M. W.; Lei, M.; Eisenmesser, E. Z.; Labeikovsky, W.; Redfield, A.; Kern, 

D. J. Biomol. NMR 2009, 45, 217. 
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X-ray, electron, and NMR nano-crystallography for small organic 

molecules 

 

Yusuke Nishiyama 

JEOL RESONANCE Inc., Musashino, Akishima, Tokyo 196-8558, Japan 

RIKEN CLST-JEOL Collaboration Center, Tsurumi, Yokohama, Kanagawa 

230-0045, Japan 

A combined approach using X-ray diffraction (XRD), electron 

diffraction (ED), and solid-state NMR (ssNMR) for structural determination 

of nano- to micro-crystalline small organic molecules at natural abundance will 

be presented. A set of ssNMR experiments at very fast MAS condition > 60 

kHz are developped1, including constant-time 1H double quantum (DQ) / 1H 

single quantum (SQ) 2D correlation2 and 13C/1H DQ/1H SQ 3D correlation3 

experiments for spectral assignments. 1H-15N distances are measured using 1H 

detected cross polarization with variable contact time measurements4. 

Combined with single crystal XRD, this method is applied to multi-component 

systems where intermolecular hydrogen bonding is present, in order to 

distinguish salt, cocrystal and continuum5. Co-drug formation is also verified 

by 1H-14N correlation experiments6. ED is used to distinguish crystalline 

polymorphs7 and detailed structures are investigated by 1H chemical shift 

anisotropy measurements8. 
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The mechanism of RNA-Binding Proteins induced post-

transcriptional gene regulation 

 

Mandar V. Deshmukh 
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How do RNA-binding proteins effect post-transcriptional gene 

regulation? Our group explores the role of regulatory proteins which bind to a 

variety of RNA molecules and effect post-transcriptional gene regulation. 

In prokaryotes, the gene regulation is manifested by a set of long non-

coding RNA which are globally regulated by Hfq and specifically controlled 

by Crc, RapZ etc. Our lab has derived the solution structure of Crc (~ 32 kDa) 

using solution NMR techniques. We find that Crc is divergently evolved from 

AP endonucleases and regulates lncRNA using a non-canonical RNA binding 

surface. 

In higher eukaryotes, the RNA interference (RNAi) uses two key 

enzymes, Dicer and Argonaute, which are assisted by a variety of multiple 

dsRNA binding domains (dsRBDs) containing proteins (dsRBPs) to regulate 

RNA mediated gene silencing. A seemingly conserved pathway of RNAi 

exhibits significant heterogeneity across organisms, e. g., in C. elegans and H. 

Sapiens, only one Dicer and one or two dsRBDs are found to dictate both 

siRNA and miRNA biogenesis. Whereas, organisms like D. melanogaster 

have two separate sets of Dicer:dsRBPs for executing siRNA and miRNA 

pathway. On the contrary, A. thaliana requires four Dicers and four dsRBPs to 

accomplish the small RNA pathway in a unique and highly controlled fashion. 

Sequence analysis of Dicer and dsRBPs show a variety of differences, e. g., 

the linker between RDE-4 dsRBDs C. elegans is composed of ~70 amino acids, 

whereas, DRB4 A. thaliana contain linker of 8 amino acids.  

To understand the origin and necessity of the evolutionary divergence 

in RNAi, we have defined the functional roles of RDE-4 C. elegans as well as 

DRB4 and DRB2 A. thaliana using solution structures and complementary 

assays. Moreover, relative inter-domain orientation determined through PREs 

and SAXS provides a vivid picture on the role of dsRBPs in the RNAi 

initiation. Results elaborate on the divergence in seemingly conserved and 

highly homologous proteins implying a fine balance in which subtle changes 

can “make or break” the small RNA mediated gene silencing in plants.   
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Insights into the mechanical properties of polymers by probing 

their functional group, and segmental motions using solid-state 

NMR 
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Predicting mechanical properties like ductility of polymers is, in 

general, a very difficult problem. However, it is well known that ductility of a 

single component amorphous glassy polymer is related to the inter- and intra-

molecular cooperative segmental motions that occur in the glassy state. These, 

in turn, are related to the motions of functional groups in the repeat unit of the 

polymer. In the case of semi-crystalline polymers, the morphology, in addition 

is also very crucial to the mechanical property of the polymer. 

In this talk the results from studies of functional group, and segmental 

motions in amorphous and semi crystalline polymers using solid-state nuclear 

magnetic resonance (SSNMR) will be presented. The separated local field 

NMR has been used to probe the functional group motion. The Center Band 

only Detection of Exchange (CODEX) experiments have been used to probe 

the slow segmental motions. We have carried out studies on polycarbonates 

and polysulfones which are purely amorphous. Results from the studies carried 

out on polyoxymethyline, a semi-crystalline polymer will be presented. In this 

study we have shown that the mechanical property is closely linked to the 

morphology of this polymer.  
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Disulfides in protein folding 

 

 L. Schulte, R. Silvers, F. Buhr, J. Mao, C. Glaubitz, A. Frangakis, F. Gabel, 

M. Blackledge, A. Komar, H. Schwalbe 
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  In my presentation, I will discuss first the impact of disulfide bonds 

on the conformation and dynamics of unfolded states of proteins. Then, I will 

present unpublished data on disulfide bond formation during protein 

translation. Beside liquid and solid-state NMR, SAXS,  Xray and Cryo-EM 

data will be presented. 

 

References: 

R. Silvers et al. JACS (2012) 134, 6846-54. 
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New methods to achieve ultra-high resolution in NMR 

spectroscopy 
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An important step in NMR data analysis is the accurate estimation of 

the chemical shift values of peaks observed in the spectrum and the 

identification/assignment of the individual components. This is a challenging 

task hindered by severe signal overlap, with weak intensity of some resonances 

further compounding the issue. This problem is frequently encountered in 

metabolomics and systems involving large proteins and their complexes, 

where the sample contains a mixture of a large number of peaks or compounds 

with varying S/N. We address this problem using two approaches. One 

involves a higher-order spectral estimation technique to achieve high 

resolution. The method uses the recently developed technique in signal-

processing known as Finite Rate of Innovation. The second involves a method 

that allows one to resolve overlapping spin systems often encountered in 

samples containing a mixture of different molecules such as in metabolomics. 

By evolving the 1H chemical shifts in a conventional two dimensional (2D) 

HSQC-TOCSY experiment for a fixed delay period, the phase/intensity of set 

of cross peaks belonging to one spin system are modulated differentially 

relative to those of its overlapping counterpart, resulting in their discrimination 

and recognition. Taken together, the two methods accelerate the process of 

accurate chemical shift estimation and resonance assignment of individual 

compounds in complex mixtures. Application of these methods across a wide-

range of systems will be presented. 
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Unravelling Interactions of Macrolide Antibiotics; What can 

NMR do?  

 

Predrag Novak 
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Macrolide antibiotics are effective therapeutic agents for treating 

infectious diseases owing to their high efficacy and safety. They inhibit 

bacterial protein biosynthesis by binding to the ribosomal 23S rRNA at the 

peptidyl transferase region and block the exit tunnel through which the nascent 

peptides leave the ribosome. In spite of a number of existing antibiotics, the 

emerging multi-drug resistant microbial pathogens present serious and 

challenging problems which demand novel and more potent antimicrobial 

agents to be discovered. An effective approach to overcoming this problem is 

to understand the principles of how these drugs interact with the ribosome. 

NMR spectroscopy is one of the most powerful and valuable methods 

in conformational analysis and structure-based inhibitor design. We have 

shown that an approach which combines one- and two-dimensional NMR 

methods and molecular modelling calculations could successfully be applied 

to conformational analysis of free and bound macrolides [1]. Furthermore, 

NOE based NMR techniques such as transferred NOE (tr-NOE) and saturation 

transfer difference (STD) provide further information on the bound state 

conformation and binding epitopes [2]. The application of NMR self-diffusion 

and solvent paramagnetic relaxation experiments can reveal the interaction 

strength and localization of macrolide antibiotics bound to their targets [3]. In 

this talk the interactions of macrolides with ribosomes, membrane mimetics 

and bile acids will be presented and discussed. 
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Entropy–Entropy Compensation in Protein–Ligand Binding 

 

Mikael Akke 

Lund University, Sweden 

 

Differences between free and ligand-bound proteins in their 

conformational fluctuations contribute to the entropy of ligand binding [1, 2]. 

Here we describe recent advancements based on comparisons of proteins 

binding 'matched pairs' of stereo-isomeric ligands. Using NMR relaxation 

experiments in combination with quantum chemical calculations, isothermal 

titration calorimetry, X-ray and neutron crystallography, molecular dynamics 

simulations, and computational analyses, we estimate the entropic 

contributions from both conformational fluctuations and solvation to the free 

energy of ligand binding. Our results reveal compensatory changes between 

fluctuations of the protein and solvent degrees of freedom, leading to what can 

be described as entropy–entropy compensation.  
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Increasing the efficiency of multi-dimensional NMR 
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The advent of multiple receiver technology has opened new 

possibilities for design of more efficient NMR experiments that are based on 

utilizing multiple coherence pathways for recording several multi-dimensional 

experiments in parallel.1,2 In this work we further explore the concepts of 

multi-FID acquisition techniques and show that many conventional small 

molecule experiments, such as HSQC, HMQC, HMBC, COSY, DQ COSY, 

NOESY, TOCSY and similar can be combined into NMR super-sequences that 

allow recording of up to five two-dimensional spectra in a single experiment 

thus dramatically reducing the data collection time required for the structure 

elucidation and verification in synthetic, medicinal and natural product 

chemistry. The proposed concept is outlined in the Figure 1 and termed NOAH 

- NMR by Ordered Acquisition using 1H-detection.3 

 
Figure 1. A schematic representation of the NOAH concept for acquisition of multiple 

2D spectra in small molecule research. 
 

 
1) Freeman R.; Kupče, E̅. In Modern NMR Approaches To The Structure Elucidation 

of Natural Products; Williams, A. J., Martin, G. E., Rovnyak D., Eds.;, vol. 1, pp 117-

145, Royal Soc. Chem.: London, U.K., 2016. 

2)  Kovacs H.; Kupče Ē. Magn. Reson. Chem. 2016, 54, 544-560. 
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Remove Your Bias During Structure Verification by NMR 

 
KK Bhagchandani 

 
The way scientists collect and handle data is evolving. Advances in 

instrumentation have enabled scientists to conduct specialized experiments more 

efficiently. However, this often leaves them with more data than there is time to analyse. 

Additionally, R&D industries that adhere to strict regulations often use multiple 

instruments to characterize samples. As a result, there is a need for third party software 

that can accurately process large volumes of data from multiple instruments in a single 

interface away from the instrument 

In general, when verifying whether a proposed structure matches an NMR 

dataset, verification is inherently biased. This is because the user selects a proposed 

structure based on their expected knowledge and chemistry of the sample, and no 

alternative structures are presented as potential “better fits”.  ACD/Labs NMR software 

offers such verification methods, the simplest of which we will refer to as single 

structure verification. This method confirms whether a proposed structure is consistent 

if it fulfils certain conditions. These are usually from 1D–1H NMR data, a combination 

of 1D-1H and 1H-13C HSQC spectra, or other 1D and 2D data. 

We at ACD/Labs have developed an unbiased method for structure verification 

based on the structure generator used in our Computer Assisted Structure Elucidation 

system. The method uses a proposed structure and a representative minimum NMR 

dataset, i.e., a dataset that includes at least 1H, 13C, HSQC, and HMBC spectra. The 

unbiased verification method proceeds as follows: 

 

1. The NMR data is automatically processed and the proposed structure is 

automatically assigned. 

2. A molecular connectivity diagram is generated from the data. 

3. The structure generator outputs all possible isomers that fit the NMR dataset. 

4. Resulting structures are ranked by either the mean deviation of the predicted 

versus experimental chemical shift values, or a complex match factor. 

As the final tool in the structure verification workflow, it is important to 

ensure that unbiased verification can catch proposed structures that appear to be 

correct but aren’t the best result. To illustrate the power of UBV, we’ll need to 

show an example where the proposed structure is declared a good match by single 

structure verification and CCV, but is not declared the best match by unbiased 

verification. When selecting a proposed structure, it was necessary to ensure that 

none of the CCV isomers would match the best structure. Since CCV generates 

isomers by moving substituents along a ring or a chain, the proposed structure 

needed to be beyond these modifications. 
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How do BET bromodomains proteins regulate gene expression? 

Joel Mackay 

The University of Sydney 

BET-family bromodomain proteins are important players in the 

regulation of gene transcription in complex organisms. They have also become 

prime therapeutic targets for a wide range of human diseases – more than a 

dozen clinical trials have sprung up in the last few years that are testing BET 

protein inhibitors. 

Our understanding of the biochemistry of these proteins – how they 

actually work – has lagged considerably behind the excitement about their 

therapeutic possibilities, and our lab has been working to try to fill in some of 

the gaps. This work will hopefully improve our understanding of the 

mechanisms of transcriptional regulation and also perhaps inform future drug 

discovery efforts in the area. 
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High dimensionality and high resolution NMR experiments for 
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Studies of biomolecular structure and dynamics by NMR 

spectroscopy at atomic resolution require acquisition of multidimensional 

spectra. However, the recording time of sufficiently resolved multidimensional 

spectra is often very long due to the sampling limitations. A variety of different 

methods was proposed to overcome this limitation in multidimensional NMR 

spectroscopy. They could be utilized in two different ways, either to shorten 

the experiment duration without loss of resolution, or to perform experiments 

that are not obtainable conventionally, i.e. with significantly improved 

resolution and/or of high dimensionality. Most often first of these two, so called 

“Fast NMR” approach, is shown as the example of the utility of these methods, 

as it saves expensive spectrometer time. However, in many cases spectra 

featuring extraordinary resolution and high number of dimensions may be 

more interesting from scientific point of view as they reveal effects that are 

hidden, when spectral lines are broad, or enable resolving spectral ambiguities 

when peaks are overlapped. This second approach we refer to as “Accurate 

NMR”. Its full potential is manifested when the overall experiment time is less 

important than a new information available from spectra of high 

dimensionality (4-6D) or of high resolution approaching natural line-width. 

The new methods were applied for NMR studies of intrinsically disordered 

proteins, where the structural disorder in combination with highly repetitive  

amino-acid sequences causes severe peak overlap in the spectra. Recently, 

several novel 4-6D pulse sequences are proposed. The new experiments 

employ non-uniform sampling that enables achieving high resolution in 

indirectly detected dimensions. The experiments facilitate resonance 

assignment of intrinsically disordered proteins. 
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Using pH sensitive CEST MRI contrast to detect kidney injury 

 

KowsalyaDevi Pavuluri*, Michael T. McMahon*,# 
*Russell H. Morgan Department of Radiology and Radiological Science, 

Johns Hopkins University School of Medicine. #F. M. Kirby Research Center 

for Functional Brain Imaging, Kennedy Krieger Research Institute, 

Baltimore, Maryland 21205, United States 

Acid-base homeostasis is an essential process for maintaining proper 

pH levels in the body. This balance helps preserve normal cell metabolism 

and function. Furthermore, changes in acid-base homeostasis are associated 

with a variety of pathological changes, making pH an important 

physiological observable that can reveal the presence or extent of numerous 

diseases like renal failure, cancer or ischemia. While monitoring urine pH, 

blood gases and other assays can provide information on the overall systemic 

pH, it is desirable to get more localized knowledge as a means to assist 

diagnosis and improve treatment decisions, with MRI emerging as a method 

to accomplish this task. 

This study aims to explore the potential of CEST imaging for 

detecting injuries to kidneys, a key organ for controlling the acid-base 

balance in the body. Three different types of CEST pH probes were 

investigated: iopamidol, Imidazole-4,5-dicarboxyamides (I45DCs) and 

salicylates. Iopamidol and I45DCs possess two labile protons enabling 

measurement of pH using the two labile proton frequency ratiometric method 
2 while salicylates generally possess one labile proton requiring usage of a 

ratiometric power method1 to create pH maps. We will demonstrate that these 

probes can be used to detect several different types of kidney injuries and 

discuss the advantages and disadvantages of the various probes. 

 

References 
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Rab5a and the ADF-H family proteins 

 

Ashish Arora 
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Leishmania donovani Rab5a (LdRab5a) has been a challenge that we 

have pursued over the last seven years. Leishmania has scores of Rab proteins, 

out of which there are two Rab5 proteins, both of which are essential. LdRab5a 

is essential for fluid phase endocytosis, while LdRab5b is essential for receptor 

mediated endocytosis. To the best of our knowledge, solution structure has not 

been determined for any of the Rab proteins so far. While we are still working 

on the complete assignment and solution structure of the 245 residues 

LdRab5a, we have been able to determine the high-resolution structure of a 

stabilized truncated version of the protein. 

We have been working on the Actin Depolymerization Factor/Cofilin 

family of proteins (AC) and have previously determined the structures of AC 

proteins from L. donovani, T. gondii, and C. elegans. We have now been able 

to complete the NMR solution structures for AC proteins D. melanogastor 

Twinstar and Glia Maturation Factor from C. elegans. 
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Protein Complexes in Cell Regulation 

 

R. Boelens  
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NMR spectroscopy has developed to an invaluable tool to investigate 

the structure and dynamics of biomolecules. It provides unique detailed 

information on the interactions between biomolecules which can be weak and 

transient, that cannot be easily obtained by other methods. This progress is due 

to technical advances in NMR spectroscopy (multidimensional NMR and high-

field NMR instruments), in protein production and 13C/15N/2H isotope labeling, 

and considerable advances in computing. 

 At Utrecht, we use NMR spectroscopy to study structure and 

dynamics of protein-protein and protein-DNA complexes involved in 

signaling, transcription and DNA repair. Studied examples are (i) E.coli Lac 

repressor,1 (ii) the human XPF-ERCC1 DNA repair complex,2 (iii) the Rad6-

Rad8 ubiquitination complex,3 (iv) nucleosome structure and dynamics,4 and 

(v) Hsp90 chaperone complexes.5  13C/15N isotope labeling was required for all 

NMR studies, and in several cases complemented with 2H labeling. Many 

complexes were modelled using our docking procedure Haddock.6 In many 

cases the NMR studies were complimented with biophysical data and results 

from complimentary structural biology techniques. 

 The different examples demonstrate the strength and flexibility of 

NMR for studying the structure and dynamics of proteins and complexes 

involved in cellular regulation. 

 
1. Kalodimos CG et al, Chem Rev 2004, 104, 3567-86; Loth K et al, J Biomol NMR 

2013, 56, 41-49 

2. Tripsianes K et al, Structure 2005, 13, 1849-58; Das D et al, Structure 2012, 20, 

667-75 

3. Huang A et al, J Mol Biol 2011, 410, 424-35; Hibbert RG et al, PNAS 105 2011, 

5590-95 

4. van Nuland R et al, Epigenetics & Chromatin 2013, 6:12;  

5. Karagoz GE et al, PNAS 2011, 108, 580-85 ; Karagoz GE et al, Cell 2014, 156, 

963-74 

6. Dominguez C et al, JACS 2003, 125, 1731-37; van Dijk AD et al, FEBS J 2005, 

272, 293-312 
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Depression and related mood disorders are complex neuropsychiatric 

syndrome, and often life threatening1. Presently there is no biomarkers for 

diagnosis of the disease. Moreover, the current antidepressant(s), which are 

developed based on monoamine receptor targets suffer from the disadvantage 

of low recovery rate, long remission time and drug resistance2. We use an 

approach of infusion of either [1,6-13C2]glucose or [2-13C]acetate in chronic 

unpredictable mild stress (CUMS) and social defeat (SD) mice in conjunction 

with 1H-[13C]-NMR spectroscopy to understand neuronal and astroglial 

metabolic activity and neurotransmitter cycle in depression3.  

  The glutamatergic and GABAergic TCA cycle, and corresponding 

neurotransmitter cycling fluxes were reduced in the prefrontal cortex (PFC) of 

depressed mice. Most interestingly, acute sub-anesthetic intervention of 

ketamine (a glutamate receptor antagonist) reversed behavioral and neural 

metabolic deficit in SD mice. Additionally, Lanicemine, a low trapping 

NMDA channel blocker, completely reversed the deficit in behavior and 

neurometabolism in CUMS mice. Moreover, prior supplementation of Rasa 

Sindoor, an Ayurvedic formulation used in the Indian traditional medicine, 

maintained the neuronal and astroglial metabolic activity in CUMS mice to the 

control levels. As the neuronal glucose oxidation is stoichiometrically coupled 

with neurotransmitter cycling4, findings of increased cerebral metabolic in 

stressed mice suggest improved synaptic transmission with NMDA receptor 

antagonists and Rasa Sindoor in depression. In this presentation, I will be 

discussing these findings in detail. 

 

References: 
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Just flexible linkers? 

Roberta Pierattelli 
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(Florence), Italy. roberta.pierattelli@unifi.it 

The importance of local flexibility in determining the function of 

proteins has been recognized long ago and also widely scrutinized. If the extent 

of local flexibility is taken to its extreme conditions it leads to completely 

random coil behaviour of a polypeptide chain, indicated as intrinsic disorder, 

through a wide variety of intermediate cases both in terms of extent of mobility 

or in terms of protein stretches involved.  

The general properties of IDPs cannot be captured in ordered crystals, 

preventing them to be suitable targets for crystallographic studies. Thus, 

nuclear magnetic resonance (NMR) spectroscopy plays a crucial role in their 

investigation, being the only method that allows a high resolution description 

of their structural and dynamic features in solution. The high flexibility has 

several consequences on the NMR spectroscopic parameters that, if properly 

handled, can give precious information. 

Large proteins are often composed of several folded domains 

separated in the primary sequence by flexible linkers. Although structure and 

function of globular domains are generally well characterized, only little 

information is often available for highly flexible and disordered protein 

segments. We will present recent results suggesting that more complex 

functions than expected can be ascribed to the long disordered chains 

connecting well-structured protein domains.  

 

References  
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Fast numerical methods to build RF controls for multi-spin 

dynamics 

 

T. S. Mahesh, Deepak Khurana, Gaurav Bhole 
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Given a multi-spin system with known Hamiltonian parameters, how 

to efficiently generate a desired spin dynamics?  There are some powerful 

numerical methods to achieve this task, and we will consider a few of them.  

First we explain the how bang-bang (BB) technique, involving optimized 

sequences of short-duration full-power RF pulses, can help us in fast and robust 

generation of quantum controls.  In a recent experiment using BB optimal 

control technique, we transferred polarization from a set of abundant high-

gamma nuclei directly to the singlet order of a low-gamma spin-pair.  

Specifically, we applied this method for enhancing the singlet order in a natural 

abundant 13C- 13C spin pair by exploiting nine equivalent protons of an 11-

spin system. Compared to the standard method not involving polarization 

transfer, we found an enhancement of singlet order by about 3.4 times. In 

addition, since the singlet magnetization is contributed by the faster relaxing 

protons, the recycle delay was halved. Thus effectively we observed a 

reduction in the overall experimental time by a factor of 23.   We then describe 

a new technique - Rapid Exponentiation using Discrete Operators (REDO).  In 

this method, the matrix exponential of an operator is replaced with a product 

of certain discrete operators, which is particularly efficient for calculating 

propagators of multi-spin systems.  We have incorporated REDO in optimal 

quantum control algorithms and obtained a speed-up of several folds over a 

range of system size. In addition to REDO-assisted quantum controls, we will 

describe REDO-assisted numerical simulations of quantum dynamics.  

 

Ref 1. Bang-Bang Optimal Control of Large Spin Systems: Enhancement of 13C-13C 

Singlet-Order at Natural Abundance, Deepak Khurana, T. S. Mahesh, J. Magn. Reson. 

284, 8 (2017). 

Ref 2. Rapid Exponentiation using Discrete Operators: Applications in Optimizing 

Quantum Controls and Simulating Quantum Dynamics, Gaurav Bhole, T. S. Mahesh, 

arXiv:1707.02162 [quant-ph]. 
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NMR spectrometry and mass spectrometry (MS) are the two major 

analytical platforms used widely in the metabolomics field. The two methods 

are complementary in that while NMR is highly reproducible and quantitative, 

and enables unknown compound identification, MS is highly sensitive and 

hence it enables measurement of low concentration metabolites. Despite 

numerous technological advances during the last more than a decade, unknown 

metabolite identification and absolute quantitation continue to be major 

bottlenecks in the metabolomics field. 

Major efforts in our laboratory are focused on alleviating these 

challenges. For example, using human blood, a widely used biological 

specimen in the metabolomics field, our efforts have led to the development of 

new extraction methods for the identification and quantitation of expanded 

pool of metabolites by NMR spectroscopy. These studies also demonstrate 

advantages of whole blood metabolite profiling over conventional blood 

serum/plasma analysis for analysis of important compounds such as 

coenzymes and antioxidants, apart from other metabolites. Separately, efforts 

were focused on alleviating the quantitation challenges. Owing to its high 

sensitivity, MS provides access to several hundreds to thousands of metabolites 

in one step. However, absolute quantitation in MS analysis is challenging 

owing to numerous factors including the need for isotope labeled internal 

standards for each metabolite, the fact that such standards may be unavailable 

or prohibitively costly, the need to maintain their concentrations close to the 

target metabolites, or the alternative use of time consuming calibration curves 

for each target metabolite. By taking advantage of our newly developed NMR 

methods that enabled access to an expanded pool of metabolites, we show that 

NMR spectroscopy can guide quantitation of metabolites using the highly 

sensitive MS method, without the need for isotope labeled internal standards. 

Some findings of these investigations will be discussed in this presentation. 
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Conformational dynamics in the Endoplasmic Reticulum 

Associated Degradation pathway and its target 

 

Ranabir Das, NCBS-TIFR 

The ubiquitin-conjugating enzyme (E2) Ube2g2 functions with the 

ubiquitin ligase (E3) gp78 to assemble poly-ubiquitin chains on target 

substrates. Two domains in gp78, RING and G2BR, bind to two distant regions 

of Ube2g2 and activate it for ubiquitin (Ub) transfer. G2BR increases the 

affinity between the RING and Ube2g2 by 50-fold, while the RING catalyzes 

the transfer of Ub from the Ube2g2∼Ub conjugate. How G2BR and RING 

activate Ube2g2 is unclear. I will discuss how conformational dynamics in 

Ube2g2 revealed a clear correlation of binding G2BR and RING with the 

sequential progression toward Ub transfer. A target pf gp78, the prion protein 

forms β-rich soluble oligomers in vitro at pH4 in the presence of physiological 

concentrations of salt. In the absence of salt, oligomerization and misfolding 

do not take place in an experimentally tractable timescale. While it is well 

established that a lowering of pH facilitates misfolding and oligomerization of 

this protein, the role of salt remains poorly understood. I will share our recent 

data, where solution-state NMR was used to probe perturbations in the 

monomeric mouse prion protein structure immediately upon salt addition, prior 

to the commencement of the oligomerization reaction. The binding of salt 

causes a weak and non-specific perturbation of structure throughout the prion. 

Also, significant perturbation occurs in the loop between helix 2 and 3 in and 

around the partially buried K193-E195 salt bridge. The disruption of this key 

electrostatic interaction is the earliest detectable change in the monomer before 

any major conformational change occurs and appears to constitute the trigger 

for the commencement of misfolding and oligomerization.  
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Dynamics of polymer aggregation in aqueous solution monitored 

by solvent NMR relaxation 
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Aggregation of thermo-responsive or pH-resoponsive polymers in 

aqueous solution as a function of temperature or pH of the solvent, is of 

significant importance owing to various bio-medical applications. While the 

thermo-responsive polymers show coil to globule transition as a function of 

temperature, the pH-responsive polymers often show aggregation of polymer 

micelles. Either type of transition could be quite sharp with respect to the 

variable parameters (temperature or pH) and hence gain popularity as potential 

drug-delivery agents and for other purposes. Popular methods for monitoring 

these reversible phase transitions are usually optical, such as UV-visible or 

Dynamic Light Scattering (DLS) spectroscopy. We show that simple method 

of monitoring the solvent dynamics of such polymers can yield a wealth of 

information about the aggregates. For pH-responsive polymers, we show how 

one can estimate the size of the micellar aggregates. On the other hand, for 

thermo-responsive polymers we show that a quantitative estimate of the 

Hydrogen bonds between the polymers and the solvent could be obtained. 
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Nuclear Magnetic Resonance (NMR) based metabolomics of acute 

respiratory syndrome (ARDS) 
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The predictive outcome in acute respiratory distress syndrome 

(ARDS) is very poor despite recent advancements in ventilator associated 

medical interventions. Nuclear Magnetic Resonance (NMR) based 

metabolomics has become an important tool of system biology to get insight 

into the metabolism of different diseases. This talk highlights various results 

generated in our laboratory to gain insights into the metabolism of ARDS.  
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Structural and Mechanistic Studies of Amyloids and Model 

Membranes 

Anirban Bhunia, PhD 

Department of Biophysics  

Bose Institute, Kolkata 

India 

Understanding the mechanisms of biological processes requires 

precise knowledge of the three- dimensional structures of the executor 

molecules such as proteins, bioactive peptides and others. Atomic-resolution 

structures of well-folded proteins or complexes can be obtained from X-ray 

crystallography. However, a large number of proteins or domains of large 

proteins (e.g., in signaling cascades) and intrinsically disordered proteins (e.g., 

amyloid peptide) appear to be dynamic, thus limiting the application of X-ray-

based methods. On the other hand, gaining insights into such molecular 

systems at the atomic level is possible using nuclear magnetic resonance 

(NMR) spectroscopy. The functional aspect of neurodegenerative diseases 

linked with amyloid beta (A40/ A42) and -synuclein fibril formation is 

well known from the in vitro studies. However, membrane could play an 

important role for this fibril formation. To date, there is a paucity of 

information detailing the interaction of Amyloid proteins with membrane 

structures. Recently, we have identified a peptide sequence from SARS corona 

virus (CoV) Envelope (E) protein, which also form amyloid in 

solution/membrane, could be responsible for disease progression. In this talk I 

shall focus on elucidating the biophysical properties of the interactions 

between Amyloid proteins and model membrane system.  
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The carbohydrate-rich cell wall, a fundamental component in plants, 

bacteria, fungi and algae, is a versatile material that concurrently provides the 

cell with sufficient mechanical strength and retain remarkable plasticity to 

extend during growth. A better understanding of the cell wall architecture will 

guide us in improving the efficiency of converting biomass into biofuels and 

facilitate the design of anti-fungal agents to fight against fatal diseases caused 

by pathogenic and allergenic infections. Recently, we have applied 

multidimensional solid-state NMR spectroscopy to study the protein-

polysaccharide interactions and the spatial arrangement of bio-

macromolecules in 13C-labeled primary plant cell walls, and these studies have 

revealed the 3D architecture and the protein-loosening mechanism of primary 

plant cell walls. 1-3 Here, we will highlight a few major findings from previous 

studies and further present our recent progress in characterizing the structure 

of intact secondary plant cell walls and pathogenic fungal cell walls, with a 

special focus on the lignin-carbohydrate and chitin-glucan interactions. We 

will also present a systematic strategy that integrates Dynamic Nuclear 

Polarization (DNP), Paramagnetic Relaxation Enhancement (PRE) and 

spectral editing methods to investigate these difficult-to-study whole-cell 

systems.  
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Collagen is the most abundant protein present in mammalian tissues 

and it finds wide spread applications varying from industrial process like 

tanning to biomedical applications such as hydrogels, scaffolds for wound 

healing and control drug delivery.  Interaction of small molecules with 

collagen has far reaching consequences in biological and industrial processes.  

In this regard, atomistic/molecular level insights on the interaction of 

polyphenols such as Gallic acid, Pyrogallol, (+)-Catechin and Epigallocatechin 

gallate with type-I collagen was investigated with a view to appreciate binding 

and dynamics.  Saturation transfer difference (STD) NMR and selective           

spin-lattice relaxation techniques have been employed to reveal the binding 

and dynamics of polyphenols with collagen. Furthermore, interaction of ionic 

liquid (IL) with protein is now becoming important in stabilizing the protein 

due to the selective cation-anion combination of IL.  Above said NMR 

approaches have also been applied to green ionic liquids of imidazolium alkyl 

sulfate family with proteins namely Human Serum Albumin (HSA) and 

Collagen.  These studies revealed the spatial proximities and global binding 

affinities of polyphenols and ILs with protein/s.  In addition, the selective 

binding of IL with protein is an interesting observation.  A detailed analysis of 

results will be presented. 
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RNA structures are critical to understand their physiological 

functions. However, RNA structure determination remains a challenging topic. 

In recent years, magic-angle-spinning solid-state nuclear magnetic resonance 

(MAS SSNMR) has emerged as an alternative technique for structural and 

dynamic characterization of RNA. In this presentation, I will introduce a novel 

proton-detected MAS SSNMR strategy based on 15N-15N proton assisted 

recoupling to detect the inter-nucleotide NHN hydrogen bonds within 

Watson-Crick base pairs of micro-crystallized RNA. The strategy was tested 

on the dimeric 23-mer RNA found in human immunodeficiency virus type-1 

(HIV-1). The proton detected 1H-15N correlation spectra are acquired on fully 

protonated RNA at a magic-angle-spinning frequency of 40 kHz. The 

experiments with 15N-15N proton-assisted recoupling (PAR) yield direct 

information about the inter-nucleotide NHN hydrogen bonds found within 

the canonical Watson-Crick base pairs. A comparison of the spectral patterns 

of the uniformly labeled sample and those of the isotopically diluted sample 

with naturally abundant RNA confirms the kissing-loop structure of the 

dimeric RNA. This strategy will contribute to advances in the structure 

determination of micro-crystalized RNA. 

 

Yang, Y.; Xiang, S.; Liu, X.; Pei, X.; Wu, P.; Gong, Q.; Li, N.; Baldus, M., Wang, S. 
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The study of fat distribution is important to understand the 

pathophysiology of obesity related disorders, diabetes mellitus and 

cardiovascular diseases.   There are two types of fat tissues, white adipose 

tissue (WAT) and brown adipose tissue (BAT), which essentially perform 

opposite functions in energy metabolism.  WAT comprises the majority of 

body fat, which is utilized for energy storage, whereas BAT is involved in 

thermogenesis, due to the presence of uncoupling protein 1 (UCP1). There is 

a large interest in investigating BAT with interventions including cold 

exposure and nutrition to increase the energy expenditure and to combat 

obesity.  Positron emission tomography (PET) has been the gold standard for 

imaging BAT due to a selective image contrast of activated BAT by the 

increased uptake of 18F-deoxyglucose. However, PET is not suitable for 

longitudinal studies as it requires administration of exogenous radioactive 

tracers. Magnetic resonance (MR)-based methods are more promising for real-

time and long-term observation of fat accumulation and consumption.  In this 

talk I will highlight some of our ongoing effort in multi-parametric magnetic 

resonance based imaging of white and brown adipose tissues in rodents and 

human studies.  We have characterized these tissues with advanced methods 

including fat fraction, diffusion and perfusion techniques.   

References:   
1. Cinti S, Nutr, Metab. Cardiovas. Dis. 2006, 16: 569-574. 

2. Sampath SC., et al., Radiology 2016, 280: 4-19. 

3. Sun L et al., Diabetes Metab. 2017, 43, 401-410. 

4. Verma SK et al., J Lipid Res., 2017, 58, 289-298.  

5. Prakash KN et al.,  MAGMA, 2016,  29, 277-86.  
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(IL-36) 

Understanding Parkinson’s disease using MRS, MRI and fMRI 

S Senthil Kumaran1, Sadhana Sharma1, Shefali Chaudhary1, Sunita 

Gudwani1, Anshul Srivastava2, Mohit Saxena3, Bharti Rana4, Priyanka Bhat, 

Ankeeta, Vinay Goyal3, Madhuri Behari3, Suman Jain2, RK Agrawal4, NR 

Jagannathan1 

Departments of 1NMR and MRI Facility, 2Physiology, 3Neurology, All India 

Institute of Medical Sciences, New Delhi 

 4School of Computer & Systems Sciences, Jawaharlal Nehru University, 

New Delhi 

Introduction: Parkinson’s disease (PD) is a progressive 

neurodegenerative disorder with motor and non-motor symptoms. We studied 

the biofluids in PD using in vitro MRS, an experimental (6-OHDA) model 

using MRI/MRS, and the patient population using MRI, MRS and fMRI. 

Methods: This work is a combination of four studies and all of them 

were approved by IEC. Serum, urine and saliva samples of the PD and healthy 

controls (HC) were collected and 1H NMR experiments carried out at 700 

MHz (Varian, M/s. Agilent Technologies). In vivo PD model was created 

using 6-hydroxydopamine (OHDA) and MRI was done using 35 mm coil in 7 

T MR scanner (Biospec, M/s Bruker). MRI and fMRI (motor, speech, motor 

and Saccadic eye movement tasks) were carried out in PD and Young-Onset 

Parkinson’s Disease (YOPD) subjects and controls in 1.5 T (Avanto, M/s 

Siemens) and 3 T (Achieva, M/s Philips) MR scanners. Mnova and 

MetaboAnalyst (ver 3.0) were used for NMR data processing and multivariate 

analysis. SPM was used for fMRI analysis and LCModel for MRS.  

Results and Discussion: A few metabolites were altered (high or low) 

in PD in comparison with that of HC suggesting impaired Alanine, aspartate 

and glutamate metabolism, Phenylalanine, tyrosine and tryptophan 

biosynthesis, Arginine and proline metabolism and energy and glucose 

metabolism suggesting impaired mitochondrial function and villous 

abnormality. Results of the reflexive and Go-NoGo saccades suggest 

impairment of fronto-parietal in patients with YOPD. Speech and motor 

functions were impaired in PD subjects as compared to age matched HC. 
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(IL-37) 

Application of MR Methods in Radiation Biology: From Imaging 

to Omics 

Dr. Poonam Rana 

NMR Research Centre, Institute of Nuclear Medicine and Allied Sciences 

(INMAS), DRDO, Delhi, India 

Humans have been exposed to radiation from environmental and 

industrial resources, clinical therapy, accidents and wartime detonations, and 

inadvertently during experiments in research laboratories. Radiation exposure 

is known to bring about functional physiological and behavioral changes in an 

organism. These changes could be acute or there may be long term effects 

depending upon the radio-sensitivity of the organ system exposed. NMR 

technique has been used in the field of imaging since 1972when its potential 

in imaging was detected for the first time. Since then MRI has shown its 

enormous potential in clinical imaging with special reference to neuroimaging 

by providing information from morphological, metabolic and functional level. 

In addition, now a days NMR based metabolomics have entered in a new era 

of biomarkers identification for different disease conditions.  Brain and body 

are equally affected by radiation exposure and it is pertinent to study radiation 

induced changes in body and brain for comprehensive information of radiation 

injury. Although information on human radiation exposure is preferred, the 

paucity of data forces significant reliance on animal research. At INMAS, we 

have done extensive studies on radiation induced changes in brain and behavior 

along with identification of NMR based high through put metabolite markers 

for radiation exposure. In this presentation, aspect of MR imaging in acute and 

delayed effects of radiation exposure, differential response of whole body and 

cranial radiation would be discussed which would eventually help in 

developing strategies for medical management of subjects if accidently 

exposed to whole body radiation. In the second part of the presentation, 

radiation metabolomics for identification of metabolite markers for radiation 

exposure would be discussed. 
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(OP-1) 

Peptidyl prolyl isomerase FKBP25 is a novel double-stranded 

RNA binding module   

Santosh Kumar Upadhyay 

CSIR-Institute of Genomics & Integrative Biology, New Delhi-110025, India 

The FKBP is a highly conserved family of proline isomerases, present 

in all species from prokaryotes to humans. Its activity is inhibited by the small 

molecules FK506 and rapamycin. Of the 10 known human FKBPs, only 

FKBP25 and four other members display nuclear localization. In terms of 

architecture, human nuclear FKBP25 contains a C-terminal peptidyl-prolyl 

isomerase (PPIase or rotamase) domain and an N-terminal domain with no 

clear homology to other proteins. Unlike the prototypic FKBP12 which resides 

in the cytoplasm and has a wide range of client protein substrates, the nuclear 

FKBP25 has so far been implicated only in complexes with nucleolin and 

casein kinase II. In this work, we report the structural and functional aspects 

of FKBP25. We found that the peptidyl prolyl isomerase FKBP25 is a double-

stranded RNA binding module (dsRNA), the FKBP25 RNA-association is 

required for its nuclear localization and protein interactions, including 60S pre-

ribosome and early ribosome biogenesis factors. Furthermore, we also showed 

that the N-terminal basic tilted helix bundle (BTHB) domain of FKBP25 is 

selective over DNA and single-stranded oligonucleotides. In particular, we 

also showed that N-terminal domain freely interacts with other protein binding 

partners.  

We will also present RNA-binding protein RBM24, which has been 

identified as a major regulator of alternative splicing in cardiac and skeletal 

muscle development. The RBM24 protein contains an RNA recognition motif 

(RRM) domain that presumably mediates the binding to target pre-mRNA 

required for regulation of the splicing patterns. We have reported 1H, 15N 

and 13C chemical shift assignments of the backbone and sidechain atoms for 

the RRM domain from human RBM24. Secondary chemical shift analysis and 

relaxation measurement confirm the canonical architecture of the RRM 

domain. The data will allow for further atomic level studies aimed at 

understanding splicing regulation of target genes in heart and muscle 

development and investigation into a separate role of RBM24 in modulating 

mRNA stability of genes involved in the p53 tumor suppressor pathway. We 

are currently exploring functionality of RBM24 protein.   

The above described structural and biophysical studies uncovers 

fundamental principles of RNA binding proteins and hence opens new avenues 

in RNA cellular biology.  
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(OP-2) 

Structural, sequence, and evolutionary analysis of ARID and 

BAF250_C containing BAF250a and its implications in function 

 

Aditi Maulik1, Malyasree Giri1 and Mahavir Singh1,2, 

Molecular Biophysics Unit1 and NMR Research Centre2, Indian Institute of 

Science, Bengaluru, 560012 

 

BAF250a is a subunit of the BAF (a class of SWI/SNF) chromatin-

remodeling complex that recruits the complex to heterochromatin allowing 

transcriptional activation of normally silenced chromatin. In addition to the N-

terminal DNA binding ARID (~110 residues), BAF250a harbors a C-terminal 

folded region (~250 residues) of unknown structure and function, recently 

annotated as BAF250_C. Using hydrophobic core analysis, fold prediction, 

and comparative modeling we have associated a β-catenin like ARM-repeat 

fold to the C-terminus of BAF250a that encompasses BAF250_C. The highly 

conserved ARID is found in diverse domain combinations imparting unique 

functions to these proteins. However, the exact contribution of ARID to 

SWI/SNF functions as well as its DNA binding specificities and energetics has 

not been established. Here we have compared the multiple sequence 

alignments of the ARID from different domain contexts and identified a set of 

conserved residue positions that are important to preserve its core structure and 

functions such as DNA binding. Further, we have probed the interaction of 

ARID with different dsDNA sequences using ITC and NMR methods. Using 

NMR chemical shift perturbation experiments we have mapped residues 

interacting with different DNA sequences on the structure of ARID. 

Additionally, we identified a set of conserved and surface-exposed residues 

unique to both the ARID and BAF250_C sequences only when they are 

associated with one another. Based on this conservation we predict the residues 

in BAF250a that may be involved in mediating protein-DNA and protein-

protein interactions in the BAF complex. 
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(OP-3) 

Simultaneous determination of fast and slow dynamics in 

molecules using extreme CPMG relaxation dispersion 

experiments 

 

Jithender G Reddya,b, Supriya Pratihara, David Banc, Sebastian Frischkorna, 

Stefan Beckera, Christian Griesingera, and Donghan Leec,* 

 

a Department for NMR-based Structural Biology, Max-Planck Institute for 

Biophysical Chemistry, Am Fassberg 11, 37077, Göttingen, Germany. 
b NMR & Structural Chemistry Division, CSIR-Indian Institute of Chemical 

Technology, Hyderabad 500007, India. 
c Department of Medicine, James Graham Brown Cancer Center, University 

of Louisville, 505 S. Hancock St, Louisville, KY, 40202, USA. 

 

Molecular dynamics play a significant role for the function of 

molecule. A critical method that provides the information regarding these 

dynamics at the atomic level is NMR-based relaxation dispersion (RD) 

experiments. The RD experiments have been utilized for understanding 

multiple biological processes occurring at micro-to-millisecond time, such as 

enzyme catalysis, molecular recognition, ligand binding and protein folding. 

Here, we applied the recently developed high-power RD concept to the Carr–

Purcell–Meiboom–Gill sequence (extreme CPMG; E-CPMG) for the 

simultaneous detection of fast and slow dynamics. Using a fast folding protein, 

gpW, we have shown that previous inaccessible kinetics can be accessed with 

the improved precision and efficiency of the measurement.1 

 

1. Reddy, J. G.; Pratihar, S.; Ban, D.; Frischkorn, S.; Becker, S.; Griesinger, 

C.; Lee, D., Simultaneous determination of fast and slow dynamics in 

molecules using extreme CPMG relaxation dispersion experiments. J Biomol 

NMR 2017 (DOI: 10.1007/s10858-017-0155-0). 
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(OP-4) 

Robust measurement of residual chemical shift anisotropy in 

liquid crystal 

 

Nilamoni Nath1,*, Bhaskar Barman1 and Christian Griesinger2 
1Departmenet of Chemistry, Gauhati University, 2Department of NMR-based 

Structural Biology, Max Planck Institute for Biophysical Chemistry, 

Göttingen, Germany 

e-mail for correspondence: nilamoni.nath@gmail.com 

 

Ambiguities and errors in the structural assignment of organic natural 

products hinder both drug discovery and total synthesis efforts. 1,2 RCSAs, 

which arise from the anisotropy of the chemical shift tensors, have not been 

measured as widely as residual dipolar couplings (RDCs) due to the practical 

difficulties to distinguish the RCSA effect from isotropic shifts caused by the 

slight variations in sample’s conditions. Recently, RCSA were measured only 

in mechanically constrained polymer gel.2 Since RCSA values are smaller than 

the RDCs, its measurement in liquid crystal is more appealing as they can 

induce stronger alignment than polymer gel. In this presentation, I will describe 

the robust measurement of 13C and 1H RCSAs in polyacetylene based chiral 

liquid crystal.3 Using 1H and 13C RCSAs, the determination of the relative 

configurations of stereogenic centers in several molecules will be discussed. 

The use of 1H RCSA allows the structure determination of natural products 

that are present in microgram quantities, which is otherwise not possible from 

RDCs.  

 
Figure: Different configurations of the steroid estrone. The lower quality factor (Q) 

derived from proton RCSAs indicates the correct configuration. 

 

References: 

1) Liu, Y.; Saurí, J.; Emily M.; Peczuh, M.W.; Clardy, J.; Martin, G. E.; 

Williamson, R. T. Science, 2017, DOI: 10.1126/science.aam5349 
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                                            (OP-5) 

The role of Zn(II) in the aggregation of tau protein 

 

Jiji A.C., Arshad A., Dhanya S.R., Shabana P.S. , Mehjubin C. K., and Vinesh 

Vijayan  

School of Chemistry 

IISER Thiruvananthapuram 

 

Direct binding of divalent metal ion, especially Zn(II)
 
have been 

shown to increase the rate of tau aggregation and enhance tau toxicity in cells1. 

Hence understanding the molecular basis of the Zn(II)
 

accelerated tau 

aggregation can potentially determine the molecular interactions modulating 

tau aggregation. Here we show that Zn(II)
 
coordinate through the cysteine in 

R3 repeat and significantly accelerate the aggregation rate of the three repeat 

tau construct (K19) but the coordination is incapable of increasing the 

aggregation rate of the 20 amino acid peptide derived from the R3 repeat (R3) 

of tau. The NMR characterization of the binding of Zn(II)
 
to K19, together 

with the aggregation studies with K19, R3 and R4 peptides reveal the presence 

of an aggregation inhibitory interaction between the R3 and R4 repeat of K19. 

Our data show that binding of Zn(II)
 

to R3 repeat of tau, weaken the 

aggregation-inhibiting influence between R3 and R4 repeats leading to faster 

aggregation of tau protein2.  

 

 

 (1) Huang, Y.; Wu, Z.; Cao, Y.; Lang, M.; Lu, B.; Zhou, B. Cell 

reports 2014, 8, 831. 

 (2) Jiji, A. C.; Arshad, A.; Dhanya, S. R.; Shabana, P. S.; Mehjubin, C. 

K.; Vijayan, V. Chemistry 2017, 23, 16976. 
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(OP-6) 

Insight into the architecture and function of RNA assembly in 

Neisseria meningitidis 

Ravi Pratap Barnwal1,2, Kate Godin1, Ed Loh3,4, Chris Tang3 and Gabriele 

Varani1 
1Department of Chemistry, University of Washington, Seattle 98195 (WA) 

USA 
2Department of Biophysics, Panjab University, Chandigarh 160014 India 

3Sir William Dunn School of Pathology, University of Oxford, Oxford OX1 

3RE UK 
4Department of Microbiology, Tumor and Cell Biology (MTC), Karolinska 

Institute Stockholm Sweden 

 

In this talk, I will focus on the study of a thermosensing molecular 

rheostat that modulates immune evasion by Neisseria meningitidis, a leading 

cause of bacterial meningitis and septicemia. The bacterium evades the host 

complement system by upregulating expression of three immune evasion 

factors in response to changes in temperature. RNA thermometers within 

mRNAs control expression of bacterial immune evasion factors; of which the 

best studied is CssA, located in the 5-untranslated region of the operon 

necessary for capsule biosynthesis. Recently, I solved the structure of the CssA 

thermometer and dissect the molecular mechanisms of thermoregulation. I 

showed that the thermometer acts as a rheostat, whose structural stability is 

optimized to respond within a relatively small temperature range around 37 °C 

such as occur within the upper airways during infection. Small increases in 

temperature gradually open up the RNA structure to allow progressively 

increased access to the ribosome-binding site for the initiation of protein 

synthesis. Even small changes in stability induced by mutations of imperfect 

base pairs, as observed in naturally occurring polymorphisms, shift the 

thermometer response outside of the desired temperature range, suggesting that 

its activity could be modulated by pharmacological intervention. 

 

Reference: Barnwal, R.P.; Loh, E.; Godin, K.S.; Yip, J.; Lavender, H.; Tang, C.M.; 

Varani, G. Nucleic Acids Res. 2016, 44, 9426. 
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NMR Characterization of various combinatorial dimers of NF-

kappaB 

involved in transcription regulation 

 

Sulakshana P. Mukherjee and Manish Kumar 

 

Department of Biotechnology, Indian Institute of Technology Roorkee, 

Uttarakhand 247667, 

India 

 

NF−κΒ refers to a family of proteins, which regulate the expression of a large 

number of genes important for human health. In normal cells, NF−κΒ activity 

is regulated. Activated NF−κΒ migrates to the nucleus and binds to its DNA 

recognition sites and regulates its target gene transcription. The NF−κΒ family 

is comprised of five members, namely, p50, p52, RelA, RelB and c-rel. The 

family members have potential to form 15 combinatorial dimers. Though 

RelA:p50 heterodimer is the most abundant dimer observed in cells other 

specific NF−κΒ dimers are known to activate specific set of its target genes. 

How these specific dimers are stabilized in the cells is not clear. In my talk, I 

will discuss some of our recent NMR results that shed light on the stability 

some of these specific NF−κΒ dimers. 
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(OP-8) 

Diagnostic Panel of Biomarkers for differential screening of 
patients with Axial and Peripheral Ankylosing spondylitis revealed by NMR 

based serum metabolomics 

 

Dinesh Kumar1,*, Latika Gupta2, Anupam Guleria1, Atul Rawat1, Amit Kumar1, and 

Amita Aggarwal1* 
1Centre of Biomedical Research (CBMR), Department of 2Clinical Immunology,  

Sanjay Gandhi Postgraduate Institute of Medical Sciences (SGPGIMS), Raibareli 

Road, Lucknow-226014, Uttar Pradesh, India 

 

Ankylosing spondylitis (AS) is characterized by predominant involvement of 

the sacroiliac joints and the spine although half the patients have peripheral arthritis as 

well. The disease-modifying antirheumatic drugs (DMARD) like sulfasalazine (SSZ) 

and Methotrexate (MTX) which shows efficacy in peripheral AS condition, have 

limited efficacy in axial AS suggesting that these two phenotypes may have different 

pathogenesis. We hypothesized that serum metabolic profiles of axial patients would 

be different compared to peripheral AS patients and the distinctive metabolic signatures 

will then serve as biomarkers for differential diagnosis, monitoring disease progression 

and response to therapy in these two phenotypically different AS conditions. Within 

this framework, the sera of 80 patients fulfilling ASAS 2010 criteria for axial (n=33) 

and peripheral (n=47) AS condition and 86 normal controls (NC) were subjected to 

metabolomics analysis using high resolution (800 MHz) 1D 1H CPMG NMR 

spectroscopy and compared using orthogonal partial least-squares discriminant analysis 

(OPLS-DA, Fig. 1A). Apart from metabolic differences in AS vs. NC, discriminatory 

analysis revealed distinctive metabolic profiles of axial and peripheral AS patients (Fig. 

1B-1C). Overall, the study revealed that the underlying pathogeneses in axial and 

peripheral AS are different. The results in detail and their biomedical relevance will be 

discussed during the meeting. 

  

 

Figure: (A) The 2D OPLS-DA score plot showing separation between axial and 

peripheral AS groups, (B) screening of discriminatory metabolites responsible for the 

group separation identified based on variable importance in projection (VIP) score > 

1.0 and (C) representative box plots of potential marker metabolites (based on 

univariate analysis) 
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NMR-based Metabolomics Approach in Delineating the Novel 

Targets and Therapeutic Interventions in Triple-negative Human 

Breast Cancer Cells 

 

Dhanamjai Penta, Vijendra Kumar N, Shreenidhi GR,  

Syed Musthapa Meeran, Somashekar BS 

 

Department of Biochemistry, CSIR-Central Food Technological Research 

Institute (CSIR-CFTRI), Mysuru-570020, Karnataka, INDIA 

 

Breast cancer is one of the most frequently diagnosed malignancy 

among women and the leading cause of cancer-related death in worldwide. 

Despite recent advances in treatment modalities, breast cancer remains a 

leading cause of morbidity and mortality worldwide. Moreover hormonal 

refractory or triple-negative breast cancer do not respond to the available 

hormonal therapy such as selective estrogen receptor modulators (SERM), and 

have the poor prognosis. Dietary phytochemical derived from cruciferous 

vegetables such as 3,3ʹ-diindolylmethane (DIM) has been known for its anti-

cancer property that targets various signaling pathways involved in cell-cycle 

progression and -proliferation. Further, centchroman (CC), a non-steroidal 

SERM oral contraceptive drug, has been explored for anti-cancer potential 

against triple-negative breast cancer. With an objective to delineate the 

synergistic therapeutic potential of DIM and CC, we performed NMR-based 

metabolomics study on triple-negative human breast cancer cell lines. Prior to 

metabolomics study, the anti-proliferative potential of DIM and CC were 

obtained using MTT-assay, which revealed an IC50 of 60µM and 10µM, 

respectively. Interestingly, the combinations of DIM with CC inhibit the 

cellular proliferation of human breast cancer synergistically at very low 

concentrations. With this prior knowledge, NMR based metabolomics study 

was performed on MDA-MB-231 cells with treatment of DIM and CC 

individually, and in combination of these molecules. 1H NMR spectra of polar 

extracts were used to identify a wide range of metabolites involved in 

glycolysis, TCA-cycle, glutaminolysis, energy metabolism, hexosamine 

pathway, membrane choline phospholipid metabolism and osmo-regulatory 

mechanism. The combinations of DIM and CC, synergistically alter these key 

energy metabolic pathways in human breast cancer cells. The alteration of 

these metabolic pathways might be the reason for the inhibition of cellular 

proliferation by CC and DIM. These novel findings will further be discussed 

in the conference.  
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(OP-10) 

1H-NMR based Metabolomic profiling of serum of rat fed with 

Alcohol: A Pilot Study 

Jayalakshmi Kamaiah1, Bhrigu Kumar Das2, Pramod.C.Gadad2 
1Karantak University’s Karnatak Science College, Dharwad, 2K.L.E U’s 

College of Pharmacy Vidyanagar,, Hubballi, Karnataka 

 
1H-NMR based metabolomics been studied to understand the 

complexity of Alcoholic Liver Diseases. Sprague-Dawley rats of eight- to ten-

week-old with body weight more than 200g been employed for the study. 

Control rats received water and regular food ad-libitum. The experimental rats 

received 10% of alcohol in the place of water and regular food ad-libitum. The 

feeding been done for 7-days. One-dimensional 1H-NMR spectra were 

obtained using Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence with 

suppression of water resonance by presaturation to remove the broad 

resonances arising from macromolecules.  1H-NMR study shows significant 

alteration of metabolites viz., lactate, alanine, glutamine, Pyruvate, creatinine 

and sugar in the alcohol fed groups as compared to control group.  

References:  

1. Roger Williams, Global Challenges in Liver Disease, Hepatology, 2006, 

521-526. 

2. Mengqian Yu, Ying Zhu, Qingwei Cong, and ChunyanWu, Metabonomics 

Research Progress on Liver Diseases, Review in Canadian Journal of 

Gastroenterology and Hepatology, 2017, 1-10. 
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(OP-11) 

Structural Insights into Ampiphilic-Ionic-Liquid Induced 

Membrane Disruption at Low Concentrations 

 

Venus Singh Mithu 

Department of Chemistry, Guru Nanak Dev University, Amritsar, India. 

Ionic liquids (ILs) are salts with low-melting-points [1] that have 

shown promising applications as solvents in chemical- and bio-catalysis, 

chromatography, biomass processing, electrochemistry, and self-assembly. 

Two properties which increased the attractiveness of ILs are (i) the synthetic 

control offered over their properties through the choice and design of the 

cations and anions involved, and (ii) their “green” or environmental friendly 

nature [2]. In particular amphiphilic ionic liquids (AmILs) containing 1-alkyl-

3-methylimidazolium cations [CnMIM]+ (Fig. 1a) have received special 

attention in all these studies.  

The interaction of the ionic liquid 1-alkyl-3-methylimidazolium 

cation [CnMIM]+, which shows acute cytotoxicity towards marine and 

bacterial life, with zwitterionic and anionic lipid membranes is investigated. 

We provide structural details of the interaction of [CnMIM][Br] with POPC 

and POPG membranes. [CnMIM]+ inserts into the membrane and induces 

vesicle leakage already at relatively low concentration. Biophysical parameters 

of this interaction were quantified using fluorescence, ς potential, and solution-

state NMR measurements.. Furthermore, solid-state NMR spectroscopy was 

employed to determine the location of [CnMIM]+ inside lipid membrane and 

its impact on the structural order and dynamics of the bilayer. Overall, the 

study provides a molecular understanding of the membrane disrupting effect 

of the ionic liquid due to its wedge-like structure similar to detergents. 

 

 

 

[1] T. Welton, Chem Rev 1999, 99, 2071-2084 

[2] T. Welton, Green Chem 2011, 13, 225-225. 

LUV [C12MIM]+ 
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Spatially selective coherence transfer and other methodologies 

 

Bikash Baishya, Upendra Singh, Ajay Verma,  

Centre of Biomedical Research (Formerly Centre of Biomedical Magnetic 

Resonance), Lucknow, Uttar Pradesh, India  

    We report a new spatial encoding strategy for simplifying multiplet 

patterns in homonuclear correlation spectra. Slice selective broadband 1H-1H 

decoupling utilizes slice selective refocusing pulses for generating ultrahigh 

resolution 1H NMR spectra, which has drawn great attention in recent years.1-

3 Another novel methodology that stemmed from slice selective refocusing is 

the J-edited spectroscopy or gradient-encoded selective refocusing experiment 

(G-SERF) that extracts the J-coupling information between a given proton site 

and all its coupled neighbours in a very useful way.4 

      Recently, we have demonstrated a different aspect of the spatial 

frequency encoding which can give rise to slice selective (or spatially encoded) 

mixing and bring about a simplification of all the correlation peaks between a 

given proton site and all its coupled partners in a single experiment.5 In other 

words, such a strategy allows spin state selective coherence transfer which 

leads to parallel acquisition of all the soft COSY spectra between a given signal 

and all its coupled neighbours. In favourable cases this can be accomplished 

for multiple proton sites (which are not coupled) simultaneously scaling up the 

number of experiments that can be acquired parallelly. The method allows 

extraction of active as well as passive couplings of all the involved signals. 

    In yet another development, a frequency switched slice selective 

mixing strategy allows selective cross peak editing in 2D homonuclear 

correlation spectra with spin state selection and diagonal suppression.6 A 

combination of Band Selective Homo-Decoupling (BASHD) and Perfect-Echo 

decoupling to improve the performance of BASHD will also be discussed.  

 

References: 

[1] K. Zangger, Progress in NMR Spectroscopy. 2015, 86–87, 1–20.  

[2] N. H. Meyer, K. Zangger, Angew. Chem. Int. Ed. 2013 52, 7143-7146. 

[3] K. Zangger, H. Sterk, J. Magn. Reson. 1997, 489, 486–489. 

[4] N. Giraud, L. Béguin, J. Courtieu and D. Merlet, Angew. Chem., Int. Ed., 2010, 

49, 3481-3484; Angew. Chem., 2010, 122, 3559-3562. 

[5] Upendra Singh, Ajay Verma, Bikash Baishya, J. Magn. Reson. 2017, 284, 80-85 

[6] Frequency Switched Slice Selective Mixing, Submitted for publication 

[7] Perfecting Band Selective Homo-Decoupling, Submitted for publication 
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Probing Hexavalent Chromium reduction in finished leather 

using Electron Spin Resonance Spectroscopy  
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Raghava Raoa 
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Institute, Chennai, India 

 

Chromium (III) salt in the form of Basic Chromium Sulphate (BCS) 

is the preferred tanning agent for leather processing.  BCS used for tanning is 

manufactured via dichromate reduction.  Various direct sources of Cr (VI) 

presence in finished leather products are contributed by the unreduced 

chromium present in BCS, metal complex dyes, inorganic pigments with Cr 

(VI) impurities in traces.  Besides these direct sources, presence of residual or 

uncombined Chromium (III) in the leather matrix may get converted into Cr 

(VI) through in-process chemical oxidation. 

In this work, Cr(V) generation was confirmed at fixed time at room 

temperature using direct detection by Electron Spin Resonance (ESR).  Also, 

ESR spin trapping studies using 5-diethoxyphosphotyl-5-methyl-1-pyrroline-

N-oxide (DEPMPO) as the spin trap, was carried out to characterize Reactive 

Oxygen Species formation (ROS)2.  Prominent signal of Hydroxyl radical 

(oOH) adduct along with a smaller signal corresponding to superoxide (O2S-) 

adduct was observed even for very low Cr (VI) concentrations (~10 µM).   

Application of ESR spin trapping studies provides valuable insights 

to understand the interaction of hexavalent chromium and their reactive 

intermediates extracted from leather samples even at very low concentrations.  

This is an attempt to explore ESR spectroscopy as a versatile complementary 

tool towards certification of leather and related accessories complying with 

GMP to benchmark sustainability standards.      
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Structure determination of novel antibacterial agent 

Alalevonadifloxacin by NMR spectrometry 

Badrinarayan Chandak, Vipul Rane, Ashok Jadhav and Ravindra Yeole 

Wockhardt Research Centre, D-4, MIDC, Chikalthana, Aurangabad, 431006, 
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Nuclear magnetic resonance spectrometry is a powerful analytical technique 

for structure elucidation of new chemical entities. One dimensional (1D) and 

two dimensional (2D) NMR experimental data is valuable in assigning the 

structure including stereochemistry of the molecules.  In this study structure of 

a novel anti-MRSA antibacterial Alalevonadifloxacin (WCK 2349) has been 

fully characterized by using NMR spectrometry and other analytical 

techniques like infra-red spectrophotometry, mass spectrometry and elemental 

analysis. Alalevonadifloxacin is a L-alanine ester pro-drug of 

levonadifloxacin. Chemically it is S-(-)-9-fluoro-8-(4-L-alaninyl oxypiperidin-

1-yl)-5-methyl-6, 7 dihydro-1-oxo-1H, 5H- benzo [i, j] quinolizine-2-

carboxylic acid, methane sulphonic acid salt.  The new drug is under Phase-III 

clinical development in India as potential antibacterial agent for the treatment 

of acute bacterial complicated skin and skin structure infections 1.  
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Molecular Formula: C22H26FN3O5.CH3SO3H 

Molecular weight: 527.57Da 
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Prof. S. Subramaniam 60th Birthday Lecture Award 

Protein unfolding snapshots @ atomic resolution 

Harshesh Bhatt and Neel Sarovar Bhavesh 

International Centre for Genetic Engineering and Biotechnology (ICGEB), 

New Delhi, India. Contact: www.neelsb.com  

 

To understand phenomenon of protein-folding, complete 

characterization of all the states of the protein present along the folding funnel 

is essential. For this purpose NMR spectroscopy has a significant advantage 

over other techniques in providing atomic-resolution structural and dynamics 

information for all states along the folding funnel. We report here unfolding 

study of a RNA recognition motif (RRM) of a human RNA binding protein 

involved in alternate splicing. We have observed simultaneous existence of 

two major individual species ‘native like’ intermediate as well as unfolded in 

solution at various urea concentrations during. An ensemble of ‘native like’ 

intermediate at different urea concentrations has shown loosing of tertiary 

structure but having almost all secondary structural elements intact.  The 

swollen ‘native like’ ensemble is a semi-dry molten globule like state having 

higher solvent accessibility of the core. As the urea concentration is increased 

there is steady increase in concentration of unfolded species and decrease in 

the intermediate. The completely unfolded ensemble at 9.5 M urea is highly 

dynamic and has native as well as non-native structural propensities. We have 

also used a combination of time-resolved and steady state fluorescence 

spectroscopy to gain complementary information. 
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Design of Novel NMR Pulse Sequences, Chiral Analysis and 

Detection of Rare type of Hydrogen Bonding   

 
Sandeep Kumar Mishra and N. Suryaprakash  

NMR Research Centre and Solid State and Structural Chemistry Unit, Indian 

Institute of Science, Bengaluru-560012, INDIA 

Poor chemical shift dispersion and the pairwise interaction among the 

entire coupled network of protons results in the severely complex and 

overcrowded one dimensional 1H NMR spectra, hampering both the resonance 

assignments and preventing the accurate determination of nJHH. A number of 

two dimensional and modified one dimensional experiments has been reported 

for the precise measurement of scalar couplings. We have circumvented this 

challenge by designing two novel and superior experimental techniques, cited 

as “Clean G-SERF” and “PS-Clean-G-SERF”. The developed techniques 

completely eradicate the axial peaks, suppress the evolution of unwanted 

couplings and permits the accurate determination of indirect spin-spin 

couplings even from a complex proton NMR spectrum in an orchestrated 

manner. The PS-Clean-G-SERF yields broadband decoupled 1H NMR 

spectrum in the direct dimension thereby enhancing the resolution. In parallel 

a simple, rapid and highly effective protocol for assigning the absolute 

configuration of various chiral a hydroxy acids and their derivatives have been 

developed by involving the coupling of 2-formylphenylboronic acid with (R)-

[1,1-binaphthalene]-2,2-diamine, and 2-formylphenylboronic acid with (S)-

[1,1- binaphthalene]-2,2-diamine as chiral derivatizing agents. The absence of 

aliphatic peaks from CDA and large chemical shift separation between the 

discriminated diastereomer peaks, with a systematic displacement of peaks for 

an enantiomer in the diastereomeric complexes, permitted the unambiguous 

assignment of absolute configuration.  
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The Intramolecular Appetency for Conformational Penchants in    

Dibenzoyloxalohydrazide Derivatives: NMR Experimental 

observations and DFT Based Theoretical Calculations 

 

C. Madhusudan,a A. Lakshmipriyaab N. Suryaprakashab 
a NMR Research Centre, Indian Institute of Science, Bangalore. 

b Solid State and Structural Chemistry Unit, Indian Institute of Science, 

Bangalore. 

 

The conformational appraisal of dibenzoyloxalohydrazide derivatives 

has been investigated by NMR Spectroscopy and theoretical calculations. The 

two-dimensional 1H-19F HOESY experiments on the derivatives containing 

fluoro and trifluoromethyl functional groups resulted in through-space 

correlation information, thereby enabling the establishment of stable 

conformations. The information derived from HOESY reveals that both fluoro 

and trifluoromethyl functional groups have a preference for residing on the 

side of NH group which is in close proximity to the phenyl ring, thus 

awakening the genesis of intramolecular hydrogen bond mediated interaction 

with the fluorine atom. In contemplation of exposing this intramolecular 

interaction, extensive proton NMR experiments have been carried out. 

Furthermore, the experimental results have been ratified by the Density 

Functional Theory (DFT) based relaxed potential energy surface scans. In 

addition, the proposed stable conformations of all the molecules of interest 

have been derived by Quantum Theory of Atoms in Molecules (QTAIM) and 

Non Covalent Interaction (NCI), and Molecular Dynamics (MD) simulations. 
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Fast profiling of metabolite mixtures using chemometric analysis 

of a fast two dimensional heteronuclear correlation NMR 

experiment. 

Rakesh Sharma , Navdeep Gogna, Harpreet Singh and Kavita Dorai* 

Department of Physical Sciences, Indian Institute of Science Education and 

Research (IISER) 

Mohali, Sector 81, SAS Nagar, P.O. Manauli, Punjab-140306, India 

*kavita@iisermohali.ac.in 

In One-dimensional (1D) NMR spectra, mixtures of metabolites 

suffer from severe overlap of peaks and hence recent research in NMR-based 

metabolomics focuses on using two-dimensional (2D) NMR experiments for 

metabolite fingerprinting. In standard 2D NMR experiments we have 

alternative to the problem of overlapping resonances, but they suffer from the 

disadvantages of long experimental time and poor sensitivity. This work uses 

a fast 2D NMR experiment namely the 2D ASAP-HSQC (acceleration by 

sharing adjacent polarization heteronuclear single quantum correlation 

spectroscopy) scheme, which achieves good spectral resolution in a fraction of 

the experimental time taken by the standard 2D NMR pulse sequences. The 

experiment is easy to implement on standard NMR spectrometers and does not 

require specialized hardware, complicated software routines or expensive 

isotope labeling. The entire metabolomics study, including metabolite 

identification and preparing input data for multivariate statistical analysis, is 

performed using the 2D NMR dataset. Integrated 2D crosspeak intensities are 

used directly as input variables for statistical analysis. The results of the 

statistical analysis obtained using the 2D ASAP-HSQC spectra were validated 

by comparing with those obtained by using 1D proton NMR and the standard 

2D HSQC NMR datasets, and a good match was obtained. 
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Plasma Metabolic Profiling of Perinatally HIV Infected Children 
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 3 Division of Infectious Diseases, St. John Research Institute, Bengaluru. 

 4Department of Pediatrics, King George’s Medical University, Lucknow.  

 

E-mail: s.urvinder@gmail.com 

 

Perinatally HIV infected children on anti-retroviral treatment (ART) are 

reported to have metabolic abnormalities such as dyslipidemia, lipodystrophy, 

insulin resistance which potentially increases the risk of diabetes, kidney, liver 

and cardiovascular disease. While most of the studies focused on elucidating 

the effect of ART on metabolic abnormalities, HIV-mediated metabolic 

complications that sustain even during ART in perinatally HIV-infected 

children are less understood. We have profiled metabolites in the plasma of 

treatment naïve (n=15) and ART-experienced virally suppressed (n=15) 

perinatally HIV infected children and compared them with that of age-matched 

uninfected controls (n=12) using NMR spectroscopy. Validated multivariate 

analysis (PLS-DA and OPLS-DA) showed clear distinction among our study 

groups. Certain metabolites such as propionic acid, Leucine, lactate, acetate, 

taurine were altered in HIV infected children with or without ART as compared 

to control. Pathway analysis showed these metabolites to be involved in 

propanoate, aminoacid metabolism, glycolysis and TCA cycle.  This study 

reports the altered metabolites in the plasma of treatment naïve and ART-

suppressed perinatally HIV infected children and emphasizes the role of these 

altered metabolites in HIV pathogenesis.  

 

#These authors contributed equally. 
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NMR structures of G-quadruplexes in the promotor region of the 

c-kit gene 

Anita Kotar1 and Janez Plavec1,2,3  
1Slovenian NMR Center, National Institute of Chemistry, Hajdrihova 19, SI-

1000, Ljubljana, Slovenia, 2Faculty of Chemistry and Chemical Technology, 

University of Ljubljana, Ljubljana, Slovenia and 3EN-FIST Center of 

Excellence, Ljubljana, Slovenia. 

 

Proto-oncogene c-kit plays an important role in normal cell growth and stem-

cell proliferation and differentiation. Its dysregulation is connected with 

various human cancers. The promotor region of this gene contains a peculiar 

domain that is comprised out of three closely located short guanine rich 

sequences (Figure 1). These three sequences, namely kit1, kit2 and kit*, are 

able to fold into non-canonical DNA secondary structures called G-

quadruplexes (1-4). In general, G-quadruplexes have been associated with 

genomic instability, telomerase dysfunction and regulation of gene expression. 

Moreover, it was shown that in the region of kit* there is also a binding site 

for SP1 transcription factor, which plays an important role in many cellular 

activities (3). 

The high resolution structures of kit1 and kit2 G-quadruplexes were already 

determined, while the detail structural features of kit* are still unknown 

(Figure 1). kit* is located between kit1 and kit2 and is separated from both 

only by a few nucleotides. We initiated structural study of kit* using solution-

state NMR spectroscopy with hypothesis that its G-quadruplex structure will 

contribute to the understanding of the recognition and binding of SP1 

transcription factor and its influence on the regulation of the gene. 

 

Figure 1. Schematic representation of c-kit proximal promotor region, binding site of 

SP1 transcription factor and the high resolution structures of kit1 and kit2 G-

quadruplexes. TSS indicates the transcription start site. 
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Quantum metrology using pre-correlated ancillary qubits with a 

system qubit in NMR 

 

C S Sudheer Kumar, and  T S Mahesh 

Department of Physics and NMR Research Center, Indian Institute of Science 

Education and Research, Pune 411008, India 

 

Quantum Fisher information (QFI) is a quantity used to quantify the 

maximum achievable precision in estimating an unknown parameter with a 

given amount of resource. It has been shown in  PRA 94, 012101 (2016) that, 

in the presence of noise, precorrelation between ancillary qubits and probe 

qubits (i.e., measuring qubits) leads to enhancement in QFI  and hence 

precision of parameter estimation. Motivated by this work, here we propose 

and demonstrate experimentally in NMR setup where purity is typically of the 

order of 10-5, a method to tomograph the unknown state of a low sensitive (low 

gyromagnetic ratio) system qubit (i.e., qubit of interest) precorrelated with 

highly sensitive (high gyromagnetic ratio) ancillary qubits by a single 

quadrature measurement of ancillary qubits only. Further we theoretically 

justify the protocol by showing that with precorrelation between system and 

ancillary qubits, QFI (and hence precision in parameter estimation) scales 

linearly with number of ancillary qubits. We also show that without 

precorrelation, use of ancillary qubits has no advantage in terms of QFI.  
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CEST: A potential NMR Tool for Reaction Mechanistic Study 

 

N. Lokesh, Andreas Seegerer, Johnny Hioe and Ruth M. Gschwind 

Institute of Organic Chemistry, University of Regensburg, D-93053 

Regensburg, Germany 

 

The low sensitivity of NMR and transient key intermediates below its 

detection limit are the central problems studying reaction mechanisms by 

NMR.. Here, we apply the Chemical Exchange Saturation Transfer (CEST) 

technique for the first time to NMR detect and characterize previously 

unobserved transient reaction intermediates in organocatalysis. The potential 

of the method is demonstrated on the proline catalyzed enamine formation for 

unprecedented in situ detection of a DPU stabilized zwitterionic iminium 

species, the elusive key intermediate between enamine and oxazolidinones. 

The quantitative analysis of CEST data at 250 K revealed the population ratio 

of [Z-iminium]/[exo-oxazolidinone] 0.02, relative free energy +8.1 kJ/mol 

(calculated +7.3 kJ/mol) and free energy barrier of +45.9 kJ/mol (∆G‡calc.(268 

K)= +42.2 kJ/mol) for Z-iminium→exo-oxazolidinone. The findings underpin 

the iminium ion participation in enamine formation pathway corroborating our 

earlier theoretical prediction and help in better understanding. The reliability 

of CEST is validated using 1D EXSY measurements at low temperature (213 

K). Thus CEST serves as a potential tool for mechanistic investigations in 

organocatalysis. 
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Effects using Microwave Pulses  
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2Department of Chemistry, University of Konstanz, Germany, 

3Francis, Bitter Magnetic Lab and Department of Chemistry, Massachusetts Institute 
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4Department of Physics, University of California Santa Barbara, Santa Barbara,USA. 
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Barbara, USA.   

The major challenges in the field dynamic nuclear polarization (DNP) 

enhancement nuclear magnetic resonance (NMR) spectroscopy are to achieve 

high DNP efficiency at high magnetic fields, and combat the poor resolution 

and peak shifting in the NMR signals caused by the paramagnetic effects (PE) 

originating from the hyperfine interaction between the paramagnetic center and 

nuclear spins. The efficiency of the continuous-wave DNP mechanisms scale 

inversely with the 

nuclear Larmor 

frequency as w 0

-n
 

where n~1-2, 

whereas in pulsed 

DNP methods, 

such as nuclear 

orientation via 

electron spin-

locking (NOVEL), 

the DNP efficiency 

is independent of the strength of the main magnetic field.1-2  

Figure 1 (A)NOVEL Pulse sequence for electron-proton polarization transfer. (B)Pulse sequence 

with a hyperfine decoupling (hfDC) block to reverse PE in NMR spectra. (C) A comparison of 
microwave field profiles for on resonance NOVEL matching and generalized NOVEL matching 

condition (D) 7Li-NMR spectra of Li- electrolyte solution showing the effect of mixing 60mM 

TEMPO methacrylate and microwave irradiation on the line-line-width and peak position.  
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Superposing pure quantum states using NMR 
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600036, India. 

 

The principle of superposition is an intriguing feature of quantum 

mechanics, which is regularly exploited in many different circumstances. A 

recent work [1] shows that the fundamentals of quantum mechanics restrict the 

process of superimposing two unknown pure states, even though it is possible 

to superimpose two quantum states with partial prior knowledge. The partial 

prior knowledge is in the form of the overlaps between each of the states to be 

superimposed and a fixed referential state. We discuss an experimentally 

feasible protocol to superimpose multiple pure states of a d-dimensional 

quantum system and carry out an explicit experimental realization for two 

single-qubit pure states with partial prior information on a two-qubit NMR 

quantum information processor [2]. Desired superpositions are experimentally  

obtained in the given framework, covering all possible aspects, i.e. (i) creation 

of arbitrary pairs of single-qubit states and obtaining their superposition, (ii) 

superposition with arbitrary weights, and (iii) superposition of single-qubit 

states in the presence of assumed overall phases. All the experimental results 

have been obtained with fidelities over 0.97. We also analyze the enhancement 

in the success probabilities associated with the desired superpositions for 

different prior information. 
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The Intramolecular HB Interactions Evidenced in Dibenzoyl 

Oxalamide Derivatives : NMR, QTAIM, NCI Studies 
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Fax: +91 8023601550; Tel: +91 8022933300 

 

The present study reports the unambiguous evidence for the presence 

of three centered Hydrogen Bonds (HB) of the type C=O∙∙∙H(N)∙∙∙X–C, and 

also two centered hydrogen bonds of the type X-H∙∙∙O(C) and C=O∙∙∙H(N) in 

the synthesized dibenzoyl oxalamide derivatives.  The conclusive evidence on 

the rare detection of such type of hydrogen bonds has been drawn by extensive 

NMR studies. The hydrogen bond mediated coupling between fluorine and 

proton has been detected in the fluorinated derivative, where the transmission 

of spin polarization is mediated through hydrogen bond. The detected 

significant deviations in the strengths of 1JNH provided information on the 

nature of the hydrogen bond. The temperature and the solvent induced 

perturbations provided additional support for the presence of intramolecular 

hydrogen bond. It is unequivocally established that the stabilized 

conformations of the investigated molecules are due to the involvement of two 

and three centered HBs. The NMR experimental findings have been further 

corraborated by DFT based calculations, such as, QTAIM and NCI.    
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Mechanistic insights into the interactions of Proteins with Silver 

Nanoparticles and Graphene oxide. 
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IISc,Banglore. 

 

Nanomaterials exhibit unique structures and properties, often 

different from the corresponding bulk materials1. The properties of these 

nanomaterials are dependent on their morphology2,3. From a biological and 

medical applications point of view, due to their varying sizes, these 

nanomaterials can reach previously inaccessible targets and can therefore 

interact with the various cellular components4. The interaction between 

nanomaterials and biomolecules results in the formation of a biological corona 

on the nanomaterial surface5. When nanomaterials interact with proteins, they 

can alter the protein conformation, expose new epitopes on the protein surface, 

or perturb the normal protein function, which could induce unexpected 

biological reactions and lead to toxicity. For this reason, it is important to study 

the interaction of protein with some potent nanomaterial. NMR can provide 

high resolution information on protein structural changes in protein-nano 

complexes in aqueous solution, thus in an environment very close to that found 

in physiological conditions. Also, NMR is particularly well suited to detect 

detailed information in the case of weak protein-target interactions. Towards 

this end, we have chosen two proteins viz. ubiquitin (globular protein) and 

disordered linker domain of the human Insulin-like Growth Factor Binding 

Protein-2 (L-hIGFBP2) in order to understand the interactions of the 

nanomaterials with the proteins. The interaction of proteins has potent 

implication in drug delivery and biomedicine and here we have chosen 

Graphene Oxide and three different sizes of AgNPs, 10 nm and 30 nm to study 

the interaction with Ubiquitin and L-hIGFBP2 using solution state NMR 

spectroscopy. 
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Age related cognitive impairment 

is associated with neurodegenerative 

disorders like Alzheimer’s disease, which is 

exacerbated in conditions like obesity, 

diabetes and other metabolic syndromes1. It 

was hypothesized that diabetes-/obesity will 

alter the neurotransmitter cycling, which 

will affect the neural glucose metabolism in 

brain, thereby affecting cognition2.  

 Four months old male C57BL6/J 

mice were divided into three groups: A. 

Control (Chow diet), B. High fat diet 

(HFD), C.  HFD + Streptozotocin (25 

mg/kg, i.p.). Mice in Group B and C were 

fed with HFD for 3 months. In addition, 

Group C mice were administered STZ after 

2 months of HFD intervention3. Mice were 

infused with [2,4-13C2]-β-hydroxybutyrate 

(BHB) for 15 min and euthanized using 

FBMI4. Concentration and 13C labeling of  

brain metabolites were measured in tissue 

extract using 1H-[13C]-NMR spectroscopy 

at 600 MHz spectrometer (Fig. 1)5. 
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Understanding dynamics in proteins is crucial for describing their 

function, since their specificity depends on both structural and dynamical 

properties. The hierarchy of the different dynamical processes is of particular 

interest as it is a direct representation of the energetic landscape of proteins. 

Methods such as solution-state NMR or Neutron scattering can be used to 

probe dynamics, but are often limited to a specific timescale, or are only 

sensitive to one specific change in the protein-solvent system. Solid-state NMR 

methods have been recently developed which enable the study of protein 

dynamics over a broad range of timescales (ns-ms), and which can 

simultaneously measure motions affecting specific parts of the protein, such as 

the side chains, the backbone or the hydration shell. Lewandowski et al. 

introduced an approach using temperature dependent magic angle spinning 

multinuclear solid state NMR relaxation measurements with sixteen different 

probes (4 relaxation parameters for 4 different nuclei), and demonstrated it in 

GB1 in order to characterize the hierarchy of dynamic processes.1  

Here, we investigate the robustness and reproducibility of the method and we 

expand the approach to include measurements at several different magnetic 

field strengths. Furthermore, we take a step towards evaluating the universality 

of the hierarchy in dynamics of proteins by extending the method to a second 

microcrystalline protein (SH3), and to a disordered protein. 

1.Lewandowski, J. R.; Halse, M. E.; Blackledge, M.; Emsley, L., Direct observation 

of hierarchical protein dynamics. Science 2015, 348 (6234), 578-581. 
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Amyloid-ß peptides are widely studied amyloidogenic proteins which 

are known to be causal agents of Alzheimer’s disease. These peptides are also 

found in the sub- retinal pigment epithelium deposits in the mammalian eyes. 

These deposits, also known as drusen deposits, are known to occur in age 

related macular degeneration disease, which affects vision of aged 

individuals[1]. Studies have shown that hydroxyapatite is a content of these 

drusen deposits[2]. Amyloid -ß interacts with calcium ions which promotes 

formation of amyloid oligomers[3].  

The proposed study is directed towards elucidating interactions of 

hydroxyapatite with amyloid-ß using solid-state NMR. Solid state NMR can 

be used for looking at the structural changes in proteins by tracking changes in 

NMR signals of 13C and 15N nuclei. 13C and 15N labelled proteins are 

general choice for such studies, yet these nuclei could be probed in natural 

abundance using advanced solid state NMR experimentation. We utilize such 

NMR methods to study the drusen deposits and look at atomistic details of 

these interactions without using 13C and 15N labelled proteins. Purification of 

amyloid- ß and initial studies of hydroxyapatite- amyloid beta mixture by solid 

state NMR shall be presented.  
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The serendipitous discovery of RNAi in Petunias to the demonstration 

of this phenomenon in C. elegans opened a new avenue of gene regulation [1]. 

Small dsRNAs typically 21-25nt such as miRNAs, siRNAs, piRNAs and 

tasiRNAs are generated from longer dsRNA precursors by DICER: dsRNA 

Binding Domain (dsRBD) complex [2, 3]. Animal DICERs are assisted by 

dsRBPs such as RDE-4 in C. elegans, Loquacious in Drosophila and TRBP in 

Humans. Whereas, plants such as A. thaliana, display an extremely divergent 

and intricate RNA interference with five dsRBPs named DRB1-5 containing 

two N-terminal dsRNA-binding motifs, along with partnering DICER-like 

proteins (DCL1-4). Using phylogenetic analyses, two isoforms of DRB7 

harboring a single dsRBD at the C-terminus, represented by DRB7.1 and 

DRB7.2, were recently identified [4]. One way through which plants get 

acclimatized to the varying environment at the molecular level is by switching 

the interacting protein partners. For example, DCL4:DRB4 complex regulates 

the siRNA mediated defense against RNA viruses. Further, DRB7.1 and 

DRB7.2 interact with DRB4 to sequester endoIR dsRNA precursors processed 

by DCL3:DRB3 interaction [4]. Thus, investigating the differing properties of 

DRBs would reveal the underlying mechanisms of gene attenuation. Here, we 

present NMR based studies showing the interaction of DRB7.1 and DRB7.2 

with DRB4 and dsRNA. The present study also reveals the binding properties 

of dsRBD1 and dsRBD2 of DRB5 to dsRNA with different affinities through 

NMR based chemical shift assignments and ITC. Hence, this work will help in 

providing structural insights into how protein-protein interactions can maintain 

homeostasis in plants. 
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Nutation of nuclear magneitzation is essentially a damped oscillation 

of the observed magnetization. While the frequency of this oscillation is 

directly proportional to the strength of the resonant drive, a precise estimate of 

its damping rate is difficult. A solution of the Bloch Equations for an on-

resonance drive predict the decay of nutations at a rate which is the average of 

the transverse (1/T2) and longitudinal (1/T1) relaxation rates. However, in 

reality nutations decay much faster due to the presence of drive 

inhomogeneities. In this work we attempt to measure the true damping rates of 

nutations caused by an on-resonance drive, by developing a novel pulse 

sequence to refocus the effects of these inhomogeneities. Using our refocussed 

nutation scheme, we measure these damping rates for nutations of an ensemble 

of spin-(1/2) nuclei, at various drive strengths, by selecting a small slice for 

signal detection. The decay rates of nutations thus obtained show a surprising, 

albeit small, quadractic dependence on the drive strength with the asymptotic 

value matching the prediction of the Bloch Equations. This additional decay 

rate, proportional to the square of the drive strength, might have its origin in 

the nonlinear response of the spin system to a resonant drive, as predicted in 

the seminal work of Redfield. 
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Although Lithium ion batteries are very popular and is being widely 

used for portable electronic devices, there is a need to substitute them due to 

the fewer sources and the increasing cost of lithium. An attractive alternative 

to them is the most abundant, low cost and also non-toxic Na-metal based Na-

batteries.  Glass based electrolyte materials have numerous advantages such as 

isotropic properties for ion migration, easy shaping, low cost and easy control 

of properties by changing chemical compositions1. In this study, Al-containing 

NASICON (Na3Al2P3O12) glasses are explored for solid electrolyte materials 

by understanding the glass structure and modifying the structure with the 

changes in chemical composition of the glass.Slightly modified NASICON 

based material Na2.8Ca0.1Al2P3O12 (labeled as NCAP) was considered as a 

starting glass composition to design and develop solid based electrolyte 

material2. The NCAP was further modified by substituting boron and gallium 

for phosphorus to obtain Na2.8 Ca0.1 Al2P2.7 X0.5O12. The new glass 

compositions were labelled based on the chemical formula obtained after the 

substitution of X3+cations (where X= B and Ga) for P5+cations: NCABP 

(Na2.8Ca0.1Al2B0.5P2.7O12) for X=B and NCAGP (Na2.8Ca0.1Al2Ga0.5P2.7O12) for 

X=Ga. 23Na, 27Al,31P, and 11B MAS-NMR, techniques are utilised to elucidate 

the structure of newly designed glasses. 31P and 27Al MAS-NMR results 

revealed that the structure of NASICON glass network structure is build-up 

with Q0 type structural units with AlO4 tetrahedral units as next nearest 

neighbors. The substitution of B3+ for P5+cations influenced the polymerization 

of Q0 units, whereas the substitution of Ga3+ for P5+ greatly influenced the 

coordination of Al cations, increased the concentration of AlO5 units.  
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Cataract, or opacification of the eye lens, is the leading cause of 

blindness world over. While age-related cataract is the result of the 

accumulation of environmental and metabolic effects, congenital cataract, seen 

in newborn children, is essentially genetic in origin. The human lens has three 

major γ-crystallins, namely, γC, γD and γS. A mutant of human γS-crystallin, 

G57W, has been recently reported in a Chinese family wherein a young boy 

and his mother were found to have cataract in the center of the lens. Efforts are 

on to understand the mechanism of cataractogenesis, since it is not clear how 

a single point mutation in γ-crystallins compromises eye lens transparency and 

packing and finally causes cataracts.  

In this endeavour, we attempted to structurally characterize this 

G57W mutant and study its dynamics by solution-state NMR. Optimized 

overexpression and purification yielded protein concentrations upto 1.5 mM 

per litre of culture. A suite of heteronuclear 2D and 3D NMR experiments with 

uniformly 13C/15N-labelled γS-G57W has enabled almost complete sequence-

specific 1H, 13C and 15N backbone and side-chain resonance assignments. The 

Chemical Shift Index (CSI) plot shows γS-G57W to be predominantly in a β-

sheet conformation, similar to its wild-type. However, unfolding 

thermodynamics of γS-G57W upon thermal and chemical denaturation 

revealed γS-G57W to be less stable as compared to its wild-type. We are also 

studying the inter-domain interactions in γS-G57W. Unfolding studies on 

individual N- and C-terminal domains of γS-G57W separately showed that the 

latter retains its predominantly β-sheet nature while the N-terminal domain 

intriguingly adopts an α-helical conformation in isolation. 
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In the past few years PS NMR methods have delivered ultrahigh 

resolution NMR spectra with resolution that would theoretically be available 

from spectrometers operating at many GHz frequency.1 Pure shifts (PS)2 NMR 

methods can resolve peaks in crowded spectral regions of complex molecules. 

In pure shift NMR spectrum the effect of J-couplings are eliminated so that all 

multiplets are collapsed into singlets producing singlet peak per chemical site.  

Recently, Zangger-Sterk (ZS) based PEPSI (Perfect Echo Pure Shift 

Improved Experiment)3 experiment has been developed to improve the 

efficiency of classical Zangger-Sterk experiment. ZS-PEPSI experiment 

decouples the spin system if they share the same volume element.  

Herein, we present a band selective homodecoupling (BASH-D)4 

method with incorporation of perfect echo (PE)5 block for improving 

decoupling performance in complex spectral regions. The experiment produces 

clean and artefacts free NMR spectra in presence of moderate strong couplings. 

The performance of the proposed method is demonstrated in 

immunosuppressive drug cyclosporine-A in the presented figure below.  
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Mutations in the DNA binding domain of the tumor suppressor 

protein p53 are frequent in human cancers, leading to lose the potency of p53’s 

DNA binding ability. Based on earlier reports, these two DNA contact mutants 

exhibit significant perturbation within its local sites, keeping the overall global 

fold similar like the wild-type protein.2,3 While these local structural changes 

upon mutations may favor to lose the native function, no clear explanation is 

available on the gain-of-function mechanism due to limited structural evidence 

of the mutants. Recently, we have shown the structure and dynamic properties 

of wild-type protein in comparison with those two DNA contact mutants by 

using solution NMR spectroscopy.4 The results of amide chemical shift 

changes along with 15N spin relaxation and 1H spin diffusion measurements 

indicate subtle conformational changes in mutants over wild-type. However, 

the structural perturbations differ significantly within mutants themselves and 

are found higher in R273H, indicating looser and more flexible β-sandwich 

core alongside the dynamic DNA binding interface. Furthermore, the increased 

flexibility in mutants is found to favor the thermodynamic destabilization of 

the native conformation, probably giving rise to an ensemble of native and 

native-like conformational states in a dynamic equilibrium. Altogether, this 

study brings new structural insights about R248Q and R273H that may leads 

to designing better rescue strategies against p53 mutants. 
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With the advent of several new classes of non-coding RNAs (e.g. 

siRNA, miRNAs) research has been heavily focused on the understanding the 

role of RNAs in cellular processes during normal and diseased states through 

exploring its structure-function relationship. Over the years, in conjunction 

with isotopic labeling techniques, several NMR techniques proved to be highly 

useful in expanding our knowledge about RNA structure, its basic structural 

motifs, catalysis and interactions with small molecules/proteins. However, 

precise structural determination of even moderate size RNAs is still 

problematic. In addition to low proton density in RNAs, biopolymers made out 

of only four different nucleotides, chemical-shift dispersion in NMR spectra is 

also significantly less; which causes severe spectral overlaps even in 3D NMR. 

To alleviate these difficulties we developed novel through bond methods 

which provide sequential connectivities in 13C-labeled RNAs. The 

performance of the experiments was tested on a fully 13C,15N- labeled 34-nt 

hairpin RNA consisting of two A-RNA form stems, one adenine bulge, an 

asymmetric internal loop and a GAAA terminal loop1. The proposed 

experiments complement the set of high dimensional experiments2,3,4 reported 

for sequencial assignments in RNAs.  

                                                      
1 Cevec M, Thibaudeau C, Plavec J. Nucleic Acids Res., 38(21): 7814–7821, 2010 

2 Stanek J, Podbevšek P, Koźmiński W, Plavec J, Cevec M. J Bio. NMR, 57(1): 1-9, 

2013 

3 Krähenbühl B, El Bakkali I, Schmidt E, Güntert P, Wider G. J Bio. NMR, 59(2): 87-

93, 2014 

4 Saxena S, Stanek J, Cevec M, Plavec J, Koźmiński W. J Bio. NMR, 60(2): 91-98, 

2014 



99 
 

 (PP-2) 

Do It Yourself Earth Field NMR Spectrometer with improved 

Shimming  

 
Chennagiri Rajarao Padma1, ThejasVishnu Ramesh1, S.S. Siddiq1,  

Darshan Keelara Shivaramu1, Sairam Geethanath1,2 
1Medical Imaging Research Centre, Dayananda Sagar Institutions, 

Bangalore, India 
2Department of Radiology, Columbia University Medical Centre, New York 

 

  A simple, cost effective and Do It Yourself (DIY) Earth’s Field NMR 

(EFNMR) spectrometer1 with shimming has been demonstrated.The three 

main signal transmissions in the system include the polarizer along with the 

polarization coil, transmitter driver with the transceiver coil, and the receiver 

circuit that is a low noise amplifier with band pass filter as shown in figure 1 

based on the works in ref. 1.The code for pulsing the Arduino and the user 

interface for visualizing the FID was utilized from the open source repository1. 

The circuits, PCB layouts and instructions utilized are available online2. The 

FID decay time was 2000ms with amplitude of 5a.u. at 1512Hz. The line width 

decreased by 13Hz after active shimming compared to 3Hz with passive 

shimming. Results of the commercially available Terranova-MRI EFNMR 

system3 were used as a benchmark for the low cost EFNMR spectrometer for 

spin echo sequence with and without the sample as shown in figure 2. 

                   

 

 

 

Figure 1: EFNMR setup with shimming 

consisting of polarizer, transmitter and 

receiver circuits 

Figure 2: Acquisition parameters, 

FID and spectrum of Terranova 

spectrometer and EFNMR 

spectrometer -  (a) and (c) FID and 

spectrum for a spin-echo acquisition 

with sample after shimming for eight 

transients. (b) and (d) show 

acquisition without sample. 
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  There are several studies done in our laboratory on the 

characterization of the degradation products (DPs) which can be carried out 

either through traditional approaches involving cumbersome isolation process, 

followed by spectral analysis, or alternatively DPs may be synthesized and 

identified by matching the retention time, and from their NMR, MS and IR 

spectral data 1-2. Here we are presenting one of the case studies of application 

of 1D/2D NMR for the characterization of oxidative degradation products of 

cilazapril which was not accessible through hyphenated techniques like LC-

MS and LC-NMR.   

Significant degradation of cilazapril was observed in hydrolytic and 

oxidative conditions which were performed according to ICH guidelines. 

1D/2D proton LC-NMR studies further confirmed the proposed structures of 

hydrolytic DPs (CL-I, CL-III to CL-VI). But oxidative DPs (CL-II and CL-

VII) could not be characterized using hyphenated MS and NMR techniques. 

Hence these degradation products were isolated using preparative LC and 

extensive 1D/2D NMR studies were performed to ascertain their structures. In 

CL-VII, 1H NMR indicated the loss of 2 protons (29 protons in drug). All other 

chemical shifts were found similar to the drug except positions H-9, H-10, and 

H-13. Proton of position H-10 was not observed, while protons at H-9 and H-

13 showed the de-shielding effect from 1.95 to 2.13 ppm and 3.71 to 5.33 ppm, 

respectively. 13C NMR studies of both positions showed the de-shielding 

effect. Further it confirmed that oxidation occurred at H-10, All connectivities 

were also established through 2D NMR (COSY, HSQC and HMBC) studies. 
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Solid-state NMR has been employed for characterization of a broad 

range of bio-macromolecules and supramolecular assemblies. However, due to 

limitations in sensitivity and resolution the size of the individual monomeric 

units has rarely exceeded 15 kDa. Enzymes, which are often more complex 

and comprised of long peptide chains, have not been easily accessible, even 

though manifold desirable information could potentially be provided by solid-

state NMR studies. Here we show that backbone and sidechain chemical shifts 

as well as backbone dynamics and intermolecular interactions can be reliably 

assessed from minimal sample quantities (1 mg) for a 29 kDa human enzyme 

using a new set of increased dimensionality techniques. This possibility opens 

the door for characterization of residue-specific enzyme properties for catalytic 

activity and inhibition in this and other enzymes. 

Solid-state NMR strategies affording assignments of a 29 kDa enzyme enable 

access to its atomic-resolution dynamics and interactions 

References: Singh, Himanshu#.; Vasa, SK#.; Petra, Rovo.; Linser, Rasmus. 
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 Slow dynamic processes occurring at millisecond to second scale, 

typically the maximum time, for which, these processes could be studied, 

depends on longitudinal (T1) or transverse (T2) relaxation time constant1-3. 

Singlet states or long lived states (LLS) are nuclear spin states having 

relaxation times longer than T1 or T2 relaxation4. We exploit the long lifetime 

of singlet states to study slow processes and to extract kinetic information from 

them5-7. The splitting of H2O/HOD peak in ionic liquid and H2O –D2O mixture 

provides an opportunity to measure H/D exchange rate8. Results of our studies 

on measuring this exchange using conventional or LLS based exchange 

method would also be reported. 
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The hyphenated tools like LC-MS and LC-NMR are useful for 

unequivocal characterization of impurities/degradation products/metabolites, 

and these save the effort of enrichment and isolation of targeted components. 

These hyphenated tools are also very useful when it is difficult to isolate the 

compounds of interest by conventional preparative chromatography due to 

their instability [1, 2]. The characterization of isomeric components by LC-MS 

is challenging due to the similar mass 

The stress studies on prasugrel hydrochloride resulted in four 

degradation products, of which three hydrolytic products (PRG II-IV) showed 

the same accurate mass. Even, the mass fragmentation pattern was also found 

to be similar. LC-COSY NMR data confirmed occurrence of keto-enol 

tautomerism between PRG II and diastereomeric pairs of PRG III/IV (Fig. 1), 

as the characteristic correlations were found between positions of H-2 and H-

3 in PRG III/IV (keto form), which were absent in case of PRG II (enol form). 

 

Figure1. Structures of PRG II and PRG III/IV  
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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. Type III toxin-antitoxin system consists of 

a non-coding antitoxin RNA that directly binds and inactivates the protein 

toxin. Previous studies on type III TA systems from Pectobacterium 

atrosepticum (ToxIN) and Eubacterium rectale (CptIN) have established that 

antitoxin RNA consists of 2-6 repeats of 32-45 nucleotides each upstream to 

the toxin gene. Each repeat of RNA forms pseudoknot structure that is required 

for complex formation with toxin. 

We showed the retardation of E.coli growth upon expression of toxin 

protein in E. coli growth assays. Using large-scale in-vitro transcription and 

purification we have prepared antitoxin RNA repeats. 1D-1H, 2D 1H-1H 

NOESY, and 2D TOCSY NMR spectrum of RNA suggests formation of 

pseudoknot structures. Further, biochemical and biophysical studies are 

underway to establish the structural organization and functional 

characterization of the first type III TA systems from E. coli. 
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 Glycolysis is an essential metabolic pathway in Plasmodium 

falciparum that supplies energy (ATP), and carbon backbone for synthesizing 

a variety of cellular building blocks. Thus, the robustness of glycolytic flux is 

indicative of parasite viability. We have developed a NMR spectroscopy 

method to monitor glycolysis in P. falciparum, and by extension its viability, 

in real time from live cells. P. falciparum infected red cells (iRBCs) have a 

very high rate of glycolysis, and the flux through this pathway can be studied 

by 13C-NMR, by monitoring the conversion of U-13C6-glucose to U-13C3-

lactate. As these measurements can be made within a few hours, it allowed us 

to map the temporal dynamics of glycolysis during the 48 h intraerythrocytic 

development of the parasite. Interestingly, this method also allowed us to 

monitor the effect of anti-malarial drugs on distinct intraerythrocytic stages of 

the parasite. Our results indicate that ring stage parasites are indeed more 

tolerant to a variety of potent anti-malarial compounds in comparison to 

trophozoite stage parasites. This is important, since it is suspected that ring 

stage parasites are more tolerant to drugs when compared to the trophozoite 

stage. Drug tolerant rings can facilitate the emergence and spread of resistance 

to frontline anti-malarial drugs. The NMR method presented here, can 

facilitate the identification of novel anti-malarial compounds, which are fast-

acting inhibitors of ring stage parasites. Such compounds are in need as partner 

drugs in artemisinin combination therapy for elimination of malaria. 
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  In the last few decades, it has been shown that it is possible to 

represent the state of quantum system of arbitrary dimension as probability 

distribution function in phase space. The fact that the function also takes 

negative values, it is generally referred as 'Quasi'-probability distribution 

function (Wigner function). In this paper, we present the first NMR 

implementation of a quantum state tomography in phase space, i.e. the direct 

reconstruction of phase space for given quantum state, specifically for the state 

of the quantum spin ensemble, based on recently proposed phase space 

distribution function which can be expressed as expectation values of displaced 

parity operator. We have demonstrated the phase space measurement scheme 

for several different quantum states (2-qubit system. The results are very good 

match with corresponding theoretical and simulated Wigner functions. 
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The amyloidogenic protein, -synuclein is a typical intrinsically 

disordered protein that has been known to misfold and form aggregating 

deposits linked to the development of various synucleinopathies including 

Parkinson’s disease (PD).1 The familial form of the disease has often been 

associated with the point mutants of the wild type (WT) protein that affect the 

aggregation kinetics, forming functionally different toxic intermediates 

resulting in the early onset of the disease.2 These mutant variants have often 

gained interest owing to the subtle changes in the conformations that bring 

about drastic functional differences in their aggregation kinetics Alternatively, 

knowledge of the mutated residues and their resulting effects might help in the 

understanding of the WT protein aggregation kinetics. We chose two familial 

mutant variants of the protein, i.e., A30P and E46K for the comparative 

analysis. These variants are unique with respect to their aggregation 

propensities. While E46K facilitates rapid fibril formation,3 A30P have been 

shown to readily form the oligomeric intermediates (both fibrillar and non-

fibrillar) that slowly undergo further modifications before forming the mature 

fibrillar forms.4 Our studies involving a series of real-time solution state NMR 

experiments, helped in gaining further atomistic insight into their dynamics, 

while comparing the same with the WT protein. The experimental evidences 

suggest a change in the chemical environment of the point mutation that helped 

elucidate the modified kinetics of aggregation at the atomic resolution.  

 
1. Bodner, C. R.; Dobson, C. M.; Bax, A., Multiple tight phospholipid-binding modes 

of alpha-synuclein revealed by solution NMR spectroscopy. J Mol Biol 2009, 390 (4), 

775-90.  

2. Anderson, V. L.; Ramlall, T. F.; Rospigliosi, C. C.; Webb, W. W.; Eliezer, D., 

Identification of a helical intermediate in trifluoroethanol-induced alpha-synuclein 

aggregation. Proc Natl Acad Sci U S A 2010, 107 (44), 18850-5.  
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T7 endolysin (T7L) is a single-domain N-acetylmuramoyl-L-alanine 

amidase which lyse the bacterial peptidoglycan layer. We investigated the pH-

dependent structure-function relationship of T7L using optical and NMR 

spectroscopic techniques along with cell lysis assay. Studies established that 

pH plays a major role in maintaining the structural integrity of the T7L 

structure. Lowering of pH below 6 resulted in complete loss of T7L lysis 

activity, and a reversible conformational transition from native state to a 

partially folded (PF) state. NMR studies evidenced that the native state of T7L 

is conformationally heterogeneous and the C-terminal half of the protein 

including long α2-helix access alternate conformations. The data manifested 

that although, the protein is present in its folded conformation, it exhibits 

differntial structural stablities, unfolding characterstics and dynamic nature at 

pH 6 conformation compared to pH 8 and 7 conformtions. The PF states at pH 

5, 4 and 3 are characterized by the substantial secondary structure, absence of 

tightly packed tertiary structure and exposed hydrophobic pockets as compared 

to native state conformations. These PF states also display structural 

heterogeneity and differential exposure of hydrophobic pocket which are 

responsible for their distinct chemical and thermal stabilities. Our detailed 

studies suggested that the structural stability, function, dynamic behavior and 

the heterogeneity of T7L are highly regulated by the pH and, repulsive 

interactions of the partially buried Histidine residues facilitate this reversible 

pH-dependent structural transition. 
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Introduction:  Region specific brain metabolites may correlate with disease 

stage, can serve as diagnostic marker and aid in better understanding of the 

disease. We carried out MRS in frontal white matter in Parkinson’s Disease 

(PD) patients.   

Methodology:  2D-Chemical Shift Spectroscopy (CSI) with TR=2000ms, 

TE=44ms, was done on 10 PD (8M/2F, mean age (±SD)=59 (±6.8) years) and 

6 Healthy Controls (HC) (4M/2F, mean age (±SD)=53.67 (±2.6) years) in 3T 

MRI, with 32 channel head coil using Press sequence. Data was processed 

using LC-Model software for voxel at frontal white matter. T-test was used to 

compare the mean between patient and control groups.    

Results and Discussion: Significant decrease in PD compared to HC was 

observed for n-acetyl aspartate (NAA) (p=0.05, t=2.13) and NAA/tCho 

(p=0.01, t=2.93) while other metabolites were not significantly altered in 

patients with respect to controls. NAA/Cho ratio is a sensitive marker for 

neuronal loss, axonal injury and gliosis depicting combined effect of increased 

choline because of changes in membrane metabolism and/or glial cell reaction 

and decreased NAA because of neuronal loss and/or injury.  

References: 1. Alchanatis, M., Deligiorgis, N., Zias, N., et al., (2004). Frontal 

brain lobe impairment in obstructive sleep apnea: a proton MR spectroscopy 

study. European Respiratory Journal, 24(6), 980-986. 

2. Kamba, M., Inoue, Y., Higami, S., et al., (2001). Cerebral metabolic 

impairment in patients with obstructive sleep apnea: an independent 

association of obstructive sleep apnea with white matter change. Journal of 

Neurology, Neurosurgery & Psychiatry, 71(3), 334-339. 

3. Zhang, Y., Han, Y., Wang, Y., et al. (2015). A MRS study of metabolic 

alterations in the frontal white matter of major depressive disorder patients 

with the treatment of SSRIs. BMC psychiatry, 15, 1-7. 
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Dynamic Nuclear Polarization (DNP) can dramatically enhance the 

Nuclear Magnetic Resonance (NMR) signal by a huge factor by transferring 

the large electron spin polarization to surrounding nuclear spins via microwave 

irradiation. Dissolution-DNP (D-DNP) experiments are usually performed in 

frozen samples doped with paramagnetic polarizing agents (PAs) where 13C 

polarization enhancements factors as high as 10,000 are possible with respect 

to thermal polarization in the liquid state at room temperature [1].  

In this work we show that by switching off the microwave irradiation 

prior to CP allows electrons to relax back to their highly polarized state (Pe = 

99.9% at B0 = 6.7 T and T = 1.2 K), resulting in an extension of T1ρ (1H) by 

several orders of magnitude, and therefore CP transfer efficiency can be 

significantly improved by microwave gating. By using gating, 13C polarization 

can be boosted by 70% at 1.2 K and finally, a 65% polarization can be achieved 

in acetate with an overall polarization build-up time constant as short as bup 

= 3 min. A record polarization P(13C) = 78% was achieved in 13C labelled urea. 

 

[1] Ardenkjaer-Larsen, J. H.; Fridlund, B.; Gram, A.; Hansson, G.; Lerche, M. H.; 

Servin, R.; Thaning, M.; Golman, K. PNAS, 2003, 100(18), 10158-10163. 

[2] Bornet, A.; Melzi, R.; Perez Linde, A.J.; Hautle, P.; Brandt, B. VD.; Jannin, S.; 

Bodenhausen, G. J. Phys. Chem. Let., 2012, 4(1), 111-114. 

Figure 1. Build-ups of the carbon-13 

polarization during multiple CP with 

continuous microwave irradiation 

(red) and with microwave gating 

(blue). 
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Antimicrobial peptide cecropin, isolated from both insects and 

mammals, is a linear, cationic peptide having a random-coil structure in 

solution but form amphipathic helical structures upon interaction with cell 

membrane.1, 2 In our study, E53 and Q53 variants of cecropin B6 (Cec B6) 

have been investigated to determine the influence of specific amino acid 

residues on their antimicrobial activity. Circular dichroism spectroscopy 

showed the change in secondary structure in the presence of live Pseudomonas 

aeruginosa cell for both the variants. The Cec B6 isoform 2, characterized by 

a Q in position 53, displayed a higher proclivity to be antimicrobial in 

comparison to the isoform 1, having an E in the same place.3 Moreover, Q53 

Cec B6 isoform 2 had a more positive net charge, which is an essential factor 

in the interaction between cationic AMPs and negatively charged bacterial 

membranes. Both isoforms showed cytoplasmic damages against Gram-

negative bacteria, Pseudomonas aeruginosa, but those treated with Cec B6 

Q53 isoform 2 also showed membrane damage and leakage at a lower 

concentration. Onedimensional Saturation Transfer Double Difference 

(STDD) NMR was used to study the residuespecific binding of the peptides 

with Pseudomonas aeruginosa. Inhibition of in vitro transcription and DNA 

binding suggests a secondary mode of action for the peptides, hinting at 

possible intracellular targets. 
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Molecular interaction between organophosphate pesticide (OP) and 

protein have a great impact in understanding ecotoxicology. In the present 

study we focus to compare the interaction of two most widely used OP viz 

chlorpyrifos (CPF) and diazinon (DZN) with bovine serum albumin (BSA) by 

employing Saturation transfer difference (STD) NMR spectroscopy1. A 

preliminary indication of OP-protein complex formation is achieved from the 

chemical shift and line width experiments. STD effects recorded with variable 

saturation time indicated significant difference in the mode of interaction of 

these two pesticides with BSA. In one hand the pyridine ring protons of CPF 

received higher saturation compared to the phosphate moiety protons while the 

reverse is true in case of DZN. However, all the methyl groups present in both 

molecules exhibited poor reception of saturation transfer due to greater 

mobility of such groups. A comparative analysis of the saturation transfer 

received by different protons of these molecules under the same experimental 

condition indicated stronger complexation of CPF with BSA. This behavior 

could be attributed to the chlorinated ring structure of CPF – an observation 

made earlier as well2,3. Finally, STD experiments with BSA site markers 

confirmed that both OP bind to the Site I4. 

 

Reference: 
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Overhauser Dynamic Nuclear Polarization (ODNP)1,2 is among the most 

popular hyperpolarization techniques to address the inherently low sensitivity 

of NMR. In general, ODNP exploits cross relaxation of nuclear spins by 

electron spins in solution state. As ODNP arises from the interaction of the 

radical unpaired electron with nuclear spins in the substrate molecule, insights 

into molecular structure and dynamics result, with high dynamic range and 

sensitivity3.  

Here we report 19F ODNP of 2,2,2-trifluoroethanol (TFE) at ca. 0.35 

T in solution state. We have investigated the time course of establishment of 

ODNP, which allows us to explore the possible dynamics in the system. We 

show for the first time that the ODNP build-up plot in this system is bi-

exponential as a function of the duration of microwave irradiation, unlike the 

mono-exponential behavior which typically results from strong electron-

nuclear interaction in a system of two spins (one electron and one nuclear spin). 

We present a model for this bi-exponential behavior.  

 

References: 

1) Overhauser, A. W. Polarization of Nuclei in Metals. Phys. Rev. 

1953, 92, 411-415. 

2) Hausser, K. H.; Stehlik, D. Dynamic Nuclear Polarization in 

Liquids. Adv. Mag. Res. 1968, 3, 79-139. 

3) Banerjee, A.; Dey, A.; Chandrakumar, N. Slow Molecular Motions 

in Ionic Liquids Probed by Relaxation of Nuclear Spins during 

Overhauser Dynamic Nuclear Polarization. Angew. Chem. Int. Ed. 

2016, 55, 14756-14761. 

4) Bakó, I.; Radnai, T.; Funel, M. C. B. Investigation of Structure of 

Liquid 2,2,2 Trifluoroethanol: Neutron Diffraction, Molecular 

Dynamics, and ab Intio Quantum Chemical Study. J. Chem. Phys. 

2004, 121, 12472-12480. 



114 
 

(PP-17) 

Conformational dynamics and energetics of double-helical DNA 

with an internal alternating Pyrimidine-Purine bulge motif 

Pallabi Sengupta, Subhrangsu Chatterjee 

Departement of Biophysics, Bose Institute, Centenary Campus, P-1/12 C.I.T. 

Scheme VIIM, Kankurgachi, Kolkata- 700054 

 

Nucleic acid bulges are implicated in a number of biological 

processes (e.g., frame shift mutagenesis, splicing, DNA-protein interactions). 

They are formed when bases in one strand have no pairing partner in the 

complementary strand resulting in a sharp kink1. In this study, we 

demonstrated solution NMR structures of two 32-mer DNA sequences having 

tetraloops (GTAT and TGTA) embedded within double-helices. The GTAT 

tetraloop imparts enhanced thermal stability to the bulge structure compared to 

that of TGTA loop due to non-canonical hydrogen bonding between first 

guanine and third adenine nucleotides, extended hydrogen-bond interactions 

between deoxyribose sugars and nitrogenous bases and extensive stacking of 

the nucleobases. We corroborated the thermodynamics of bulge formation by 

deciphering the magnitude of conformational fluctuations in GTAT and TGTA 

loop structures by relaxation NMR studies. Bulge formation influenced the 

intramolecular flexibility of double-stranded DNA in which localized motion 

of the flexible side chains retarded dipolar relaxation by shortening the 

rotational correlation time. Additionally, the base-pairs delineating internal 

bulge are more restricted in GTAT than TGTA, which envisage the role of loop 

guanine in the protection of delineating base-pairs from solvent accessibility. 

We further analysed the interaction profiles of NCS-chrom with loop 

sequences as bulge DNA is the specific cleavage target for NCS-chrom 

chromophore2. We discussed the results of structural calculations in the 

spotlight of RNA bulges in introns and protein-DNA recognition during 

transcription, which helps in understanding the mechanism of bulge 

recognition by the compound and provides a platform for designing bulge-

specific nucleic acid binding molecules.  

 
1. Gollmick, F. A.; Lorenz, M.; Dornberger, U.; von Langen, J.; Diekmann, S.; 

Fritzsche, H., Solution structure of dAATAA and dAAUAA DNA bulges. Nucleic 

acids research 2002, 30 (12), 2669-77. 

2. Kwon, Y.; Xi, Z.; Kappen, L. S.; Goldberg, I. H.; Gao, X., New complex of 

post-activated neocarzinostatin chromophore with DNA: bulge DNA binding from the 

minor groove. Biochemistry 2003, 42 (5), 1186-98. 
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Ethylene Glycol is one of the simplest polar molecule that has 

conformational degrees of freedom. It can, like water, form a three dimensional 

hydrogen bonding network in the liquid state as each molecule has two proton 

donor hydroxyl groups and two oxygen atoms that can accept proton. Ethylene 

glycol, like water, can participate in four hydrogen bonds. The similarity, 

however ends here unlike the water molecule, ethylene glycol can form both 

intra and intermolecular hydrogens bonds. The question is whether these two 

interactions can be distinguished? 

In this poster I will try and address this question by NMR 

measurements on a mixture of OHCH2CH2OH and OHCD2CD2OH, where the 

chemical shift of the hydroxyl protons in the isotopomers are different due to 

the secondary isotope effect. The NOE is used as molecular meter to 

distinguish intra and intermolecular interactions in Ethylene Glycol. 
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The study describes the design of two anti-Pseudomonas aeruginosa 

peptides from our previously reported, Pseudomonas inactive shorter analogue 

VG13P; derived from a de novo designed antimicrobial peptide VG16KRKP1; 

originally designed from the dengue viral fusion peptide. N- or C-terminal 

addition of a “KNKSR motif,” isolated from Bovine Lactoferrin peptide 

(WR17)2, known to play a key role in peptide anchoring to the microbial cell 

surface; to VG13P gave rise to KG18 and VR18, respectively. VR18 and 

KG18 were found to be non-toxic and highly potent against multi drug resistant 

P. aeruginosa and opportunistic fungal pathogen C.albicans. This motivated 

us to develop an assay system by conjugating these peptides at their Cys 

residue, with highly fluorescent and photo stable Tungsten disulfide (WS2) 

Quantum Dots (QD) 3 in water, to be able to track them in vitro. The tungsten 

disulfide quantum dots proved to be highly functional in being used as a 

tracking device, upon tagging, without interfering with the antimicrobial 

activities of the peptides. Three dimensional solution structure of QD 

conjugated peptides, determined using NMR spectroscopy, helped to 

understand the functional aspects of the peptides at an atomic resolution.  
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We experimentally study the response of star-shaped clusters of 4, 10 

and 37 nuclear spin- ½ moments to an inexact π pulse sequence, and show that 

an Ising coupling between the centre and the satellite spins results in period 2 

oscillations just as for perfect π-pulses. While the period is stable against 

decoherence, the amplitude decays with a time scale that depends on the 

inexactness of the π-pulses. Simulations reveal a semiclassical picture where 

the rigidity of the period is due to a randomizing effect of the Larmor 

precession in the mean magnetization of nearby spins. The subharmonic peak 

strength depends on the initial magnetization and pulse interval. For generic 

initial magnetizations, the peak improves with N. 

 

 

satellite spins of TMP as a function of time at JT/ђ = 6.5 and an pulse sequence of 'h' = 

π-0.1. Red/green dots show the magnetization at odd/even time steps. For visibility, the 

y axis has been rescaled after every 100 time steps. (f)Themagnetization of non-

interacting spins under the same pulse sequence. 

[1] Frank Wilczek, "Quantum time crystals" Phys. Rev.Lett. 109, 160401 (2012). 
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D. Potirniche, A. C. Potter, A. Vishwanath, N. Y. Yao, and C. Monroe, "Observation 
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Fig: Structure of molecules used in the 

experiments acetonitrile(a), trimethyl 

phosphite(b) and tetrakis(trimethylsilyl)silane(c) 

with the NMR active atoms encircled. (d)Sche-

matic diagram summarizing the NMR 

experiment. h-pulses are applied periodically to 

all spins with period T. After n pulses, a pulsed 

field gradient is used to destroy x, y coherences 

and ˂Sz˃ is measured. (e) Magnetization of  
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Practical realisation of quantum computing is limited by decoherence 

and chaos inherent in the system. Chaos is a characteristic classical 

phenomenon. It’s quantum equivalent, however, is still not clearly understood. 

Extensive studies of chaotic dynamics have been carried out using the kicked 

top system in both the classical and quantum regimes. In the quantum case, 

entanglement is widely used as a measure of chaos, and entanglement 

generation in chaotic systems has been of great interest considering its 

implications in developing more robust quantum error correction codes. 

Recent studies have also shown that chaos might be the driving factor behind 

ergodic dynamics and thermalization in isolated quantum systems. 

Experimental investigation of chaos in kicked top system have been performed 

using laser cooled Caesium atoms and in superconducting qubits. In this work, 

we implement the same in an NMR system experimentally and numerically. A 

two-qubit molecule is used as the experimental testbed. The system is 

initialized into different coherent initial states, and is evolved under the kicked 

top Hamiltonian. The average von Neumann entropy after the periodic kicks 

for each initial state is compared with the classical phase space map of the 

system to establish a correlation between them. NMR allows for easy 

realization and manipulation of such systems. Moreover, the system can be 

extended to multiple qubits which would help us better understand the 

interplay between classical chaos and quantum correlations.  
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Inhibition of telomerase activity through interaction and stabilization 

of quadruplex with small molecules is an effective anticancer strategy. In this 

context we have extensively studied binding of drug epiadriamycin to G-

quadruplex containg telomeric DNA repeat sequence TTGGGGT occurring in 

ciliated protozoa Tetrahymena thermophilia. Binding interactions have been 

studied through NMR, Circular Dichroism (CD), Absorbance spectroscopy 

and Surface Plasmon Resonance (SPR). Epiadriamycin binds with the G-

quadruplex sequence [d-TTGGGGT]4 with affinity constant (Kon) = 5.37x104 

M-1
. Absorbance/NMR melting experiments show thermal stabilization of ∆Tm 

= 10˚C on binding of epiadriamycin to the [d-TTGGGGT]4. Progressive 

addition of epiadriamycin (D) to [d-TTGGGGT]4 (N) at D/N molar ratio 4.0 

results in upfield shifts ~0.30 ppm in GNH protons and downfield shift of 

~0.18 ppm in TCH3 protons of 1D NMR spectra, accompanied by complete 

reversal of 240 nm negative band and decrease in ellipticity of 264 nm positive 

band in CD spectra. The phosphorus-31 NMR spectra and sequential walk of 

base to sugar protons show that base pairs do not open at any step of DNA. 

The line broadening and chemical shift analysis reveal external binding of 

epiadriamycin close to G6pT7 step of DNA. These binding and structural data 

have potential therapeutic application for development of novel anticancer 

agents. 

Keywords: Epiadriamycin, G-quadruplex, Anticancer action, Thermal 

Stabilization 
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Contextuality is one of the key features of quantum mechanics and to 

be able to make quantum mechanical predictions about the outcome of a 

measurement, the context of measurement needs to be specified. We 

experimentally test logical proofs of quantum contextuality on a qu-quart 

(single indivisible 4 level system) using an NMR quantum information 

processor. Experimental demonstration has been performed using 23Na (spin 

3/2) on NMR in a lyotropic liquid crystal system. 
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Chemokines are 8-10 kDa disulphide bridged proteins that provide 

regulatory cues during leukocyte trafficking. Neutrophil activating 

chemokines (NACs) are subgroup of chemokines that are actively involved in 

the recruitment of neutrophils during various exalted inflammatory events at 

the site of infection. This process also includes interaction of Chemokines with 

cell surface Glycosaminoglycans (GAGs), and G-protein coupled receptor of 

neutrophil cells. In order to unravel the species specific structure-stability 

features, human (hIL8) and canine IL8 (cIL8) proteins were overexpressed and 

purified with the help of various chromatographic techniques.  Backbone 

resonance assignment of both proteins has been obtained using triple resonance 

NMR experiments. Both the proteins exist as dimer at pH 7 as evidenced by 

size exclusion chromatography and NOESY spectroscopy. NMR based 

temperature dependent amide proton chemical shift measurements and 

relaxation studies for both the proteins are in progress to assess the differential 

stability and dynamic features of these ortholog proteins. Furthermore, our 

heparin binding studies suggested that hIL8 binds stronger to heparin as 

compared to cIL8. 

 

 

 

 

 

 



122 
 

(PP-25) 

Transient non-native intermediates are not necessarily unfolded 

in all transthyretin related amyloidosis 

Jitendra K Das, Aritra Bej, Shyam S Mall and Sujoy Mukherjee 

Structural Biology and Bioinformatics Division, CSIR - Indian Institute of 

Chemical Biology, 4, Raja S.C. Mullick Road, Kolkata, West Bengal - 

700032, India 

*E-mail: mukherjee.lab@gmail.com 

 

Tetramer dissociation and unfolding of monomer forms non-native 

intermediates leading to pathogenic conditions involving transthyretin (TTR) 

aggregation1. Most of the biophysical techniques fail to characterize these 

poorly populated transient intermediates. In our previous work we probed the 

backbone dynamics of TTR over an extended timescale by using NMR 

spectroscopy and MD simulations2. Interestingly, the population of 

intermediate states increases from ~10% for wild type to ~28% for pathogenic 

mutants, which are energetically more favorable than the wild type. These 

findings open a new perspective of intermediates in TTR amyloidosis. To 

delve deeper the temperature dependence of backbone dynamics of various 

TTR proteins was studied. The fast timescale dynamics at multiple 

temperatures showed subtle deviation with temperature. However, the 

thermodynamic parameters acquired from the slow timescale dynamics at 

multiple temperatures provided exciting results. The free energy differences 

from the slow timescale motions were fitted to extract the contribution of 

enthalpy and entropy towards free energy as well as the change in heat capacity 

(ΔCp)3. The variability and extent of ΔCp indicates new structural re-

arrangements rather than pure unfolding in the non-native states. These 

findings basically raise the question if the initial, non-native states are partially 

unfolded in nature in all pathogenic mutants or how crucial it is to be unfolded 

to undergo fibrillization. 

 
(1) Quintas, A., Vaz, D. C., Cardoso, I., Joa, M., and Saraiva, M. (2001) Tetramer 

Dissociation and Monomer Partial Unfolding Precedes Protofibril Formation in 

Amyloidogenic Transthyretin Variants *. J. Biol. Chem. 276, 27207–27213. 

(2) Das, J. K., Mall, S. S., Bej, A., and Mukherjee, S. (2014) Conformational flexibility 

tunes the propensity of transthyretin to form fibrils through non-native intermediate 

States. Angew. Chem. Int. Ed. Engl. 53, 12781–4. 

(3) Prabhu, N. V., and Sharp, K. A. (2005) Heat Capacity in Proteins. Annu. 

Rev. Phys. Chem. 56, 521–548. 
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Prostate cancer (PCa) is the most prevalent adenocarcinoma in men 

over the age of 50 years. The elevated PSA level and/or abnormal DRE 

followed by TRUS guided biopsy are used for diagnosis of PCa. The present 

study based on 1H-NMR investigates the differences in metabolic profiling of 

blood plasma of PCa patients and BPH for determining potential biomarker/s 

for PCa. Blood samples were collected from PCa patients [n =29 mean age: 

69.1 ±7.5 years, PSA: 34.88 (5.56-84.76) ng/mL] and BPH [n =18, mean age: 

64.1 ±7.8 years, PSA: 2.23 (0.55-3.76) ng/mL], in morning pre-prandial after 

overnight fasting. An informed consent was taken and study was approved by 

institute ethics committee. Proton spectra of blood plasma samples were 

carried out at 700 MHz spectrometer (Agilent, USA) using 1D CPMG with 

presaturation. For comparison between the two groups, unpaired Mann-

Whitney U test was carried out using SPSS software. The metabolic profile of 

blood plasma of PCa patients showed significantly (p<0.05) higher 

concentration of choline, betaine, malonate, dimethylamine, creatine and 

glucose as compared to BPH. The univariate ROC curve analyses indicated 

that choline, betaine with AUC (0.818 and 0.731, respectively), had a highest 

diagnostic accuracy.  

  

 

 

 

 

 

Figure1. (A) Representative one dimensional (1D)  

aliphatic region of 1 H NMR (700MHz) spectrum 
of blood plasma of a PCa patient and BPH. 

Figure1. (B) PLS -DA scores plot 
showed clear  discriminate PCa 
patients (green) and BPH (red). 
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 Rotational Resonance experiments are widely used in the structural 

elucidation of labelled bio-molecules. Polarization transfer is achieved in such 

experiments via the zero quantum recoupled Hamiltonian by satisfying 

resonance conditions between the chemical shift difference of the two 

concerned nuclei and the rotor frequency. One can perform a modified version 

of this experiment by introducing multiple RF pulses. This leads to a scaling 

of the internal interactions present in the sample thereby enabling one to 

perform this experiment at more ambient conditions and also achieve 

broadband recoupling. Moreover the scaling of the internal interactions and the 

introduction of amplitude modulated RF pulses leads to new resonance 

conditions and hence these are called Fractional Resonance conditions. 

Polarization transfer in such cases can be achieved via ZQ, SQ or DQ 

Hamiltonians depending on the choice of the resonance condition. Two 

important aspects of this problem from an analytic point of view are: i) the 

calculation of the scaling factor and ii) the quantification of polarization 

transfer. These will lead to design of better sequences as well as better and 

accurate estimation of inter-nuclear distances. Employing Floquet theory, an 

analytic formulation would be presented to quantify such experiments.  

References: 

i) R.G.S Spencer, et al, JCP,100,pg 5533 (1994) 

ii) R. Ramesh, M.S. Krishnan, JCP,114,5967 (2001) 

iii) U. Sivaranjan, R. Ramesh, JCP, 140,054101 (2014) 

  

 

 



125 
 

(PP-28) 
 

Solution state structure and dynamics of Skp1 indicates unique 

mechanism of recognition of F-box proteins  
 

Amrita Bhattacharya 1, Vaibhav K. Shukla2, Nitin N. Kachariya1, Sarath 

Chandra Dantu1, Ashutosh Kumar1 
1Department of Biosciences and Bioengineering, Indian Institute of 

Technology, Mumbai, India,  
2UM-DAE-Centre for Excellence in Basic Sciences, University of Mumbai, 

Kalina Campus, Mumbai,  

Skp1-Cullin1-Fbox (SCF) E3 ligase is a multi-protein enzyme 

complex responsible for the final transfer of ubiquitin to the target substrate. 

S-phase kinase-associated protein 1 (Skp1) is the adapter protein in SCF 

complex which recognizes and binds to the F-box protein (FBP). FBP, in turn, 

binds and presents the substrate fated for degradation to the rest of the E3 

ligase. More than 70 different FBP’s are encoded by human genome. FBPs are 

the only variable component of the SCF complex and determine the substrate 

specificity. Skp1 binds to the conserved F-box domain of the FBP via C-

terminal helices H6, H7 and H8. The diverse substrates ubiquitinated by SCF 

complex are implicated in cell cycle, DNA damage1, cancer 2, 3 along with 

several other diseases. Therefore, the Skp1-Fbox domain interface is a 

potential new drug target4. Skp1 has been co-crystallized with five different 

FBPs; however interaction and recognition dynamics of Skp1-FBP interface is 

not understood yet. As first step towards this goal, using solution state NMR 

we have proposed that the C-terminal helices H7 and H8 of Skp1 lose their 

helicity in absence of F-box.5, 6 Solution state NMR experiments of Skp1 have 

confirmed that helices H7 and H8 adopt random coil secondary structure and 

they are indeed flexible in solution. The dynamics of H7 and H8 indicates 

motion in the ps-ms timescale. The solution state structure is in agreement with 

the dynamics and this motion may affect tumbling of the Skp1 molecule. The 

flexible and adaptive nature of Skp1 C-terminal helices helps in binding the 

diverse FBPs.  
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The molecular and functional group motions in different bio-based 

(co)polycarbonates containing pendant furyl groups were probed using the 

polarization inversion spin exchange at magic angle (PISEMA) NMR 

experiment, which is used to measure the 13C-1H heteronuclear dipolar 

couplings of aromatic C-H groups. The reduction in 13C-1H heteronuclear 

dipolar coupling is an indication of the presence of phenyl pi-flips of the order 

of 100 KHz in the phenyl groups. In the homopolycarbonate containing 

pendant furyl groups, no phenyl pi-flips were detected because it contains the 

furyl groups and methoxy substituents, both of which restrict the phenylene 

motions. This result correlates very well with the mechanical property data 

which was measured independently using DMA studies. Thus, the present 

studies validated the usefulness of solid-state NMR technique as a fast and 

quick screening process to gain insights into the mechanical properties of 

experimental (co)polycarbonates. The additional advantage of this method is 

the requirement of only small quantities of polymer samples for analysis. 
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Like ubiquitin, small ubiquitin like modifier (SUMO) proteins 

(SUMO 1-3) can be covalently attached to lysine residue of the target proteins 

through posttranslational modification called sumoylation. It is reported that 

many cellular process like DNA-repair, viral defense, cellular cycle etc. are 

regulated via sumoylation. Promyelocytic leukemia (PML) proteins undergo 

sumoylation process, a critical step for forming PML-Nbs and is responsible 

for silencing the viral genome. In order to overcome this anti-viral defense, 

ICP0 (Infected cell protein 0) which is expressed during the early stage of 

Herpes Simplex Virus – 1 (HSV-1) infection, hijacks the host cell's ubiquitin-

proteasome pathway to disrupt PML-Nbs by targeting sumoylated PML. ICP0 

is part of a class of ubiquitin ligases (E3s) that harbors a catalytic RING (really 

interesting new gene)-finger domain and SUMO interacting motif (SIM). The 

E3-activity of ICP0 was found to be essential for viral genome replication. The 

mechanism of how ICP0 targets its substrates like PML proteins is poorly 

understood. In this work, we investigate the structure-based mechanism of how 

ICP0 manipulates the components of PML-Nbs. 
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The combined utility of numerous multidimensional NMR techniques 

and DFT-based theoretical calculations have been exploited to detect the 

intramolecular hydrogen bond (HB) involving organic fluorine in a series of 

N,N'-([1,1'-binaphthalene]-2,2'-diyl)bis(benzamide) derivatives. The site-

specific substitution of different substituents at the ortho position of the phenyl 

ring, including organic Fluorine at ortho position, provided ample opportunity 

for in-depth study on the existence of Intramolecular Hydrogen bonding in all 

the investigated molecules. The coupling between two NMR active nuclei 

where the spin polarization transmission is mediated through hydrogen bond, 

heteronuclear through space correlation, systematic variation of chemical 

shifts of NH protons as a function of solvent dilution, have paved the way for 

understanding the presence of strong intramolecular hydrogen bond involving 

organic fluorine and other substituents in all the investigated molecules. The 

relative strengths of hydrogen bonds could be measure by monitoring of H/D 

exchange.  The experimental NMR observations are being ratified by XRD 

structural study as well as DFT-based calculations, such as, NCI, QTAIM. 
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  Eradication of drug resistant bacterium accounts to be one of the 

greatest issue for the scientist of this era. These multi drug resistant bacteria 

are a constant threat to public health. One such bacterium is Helicobacter 

pylori which is a paradigm for chronic bacterial infections in humans 

including gastritis, peptic ulcers, and gastric cancer. The bacterium express a 

Histone-like DNA binding protein (HU) – referred here as Hup- is one of the 

abundant nucleoid-associated proteins in the bacterial chromatin and plays an 

important role in maintenance of chromosomal architecture, stabilizing higher-

order nucleoprotein complexes and in global regulation of DNA transactions. 

As Hup is secreted in vitro by H. pylori, it may have its role in disease 

pathogenesis through dysregulating host metabolic pathways or modulating 

immune system. Like eukaryotic histone H1, Hup is also rich in lysine residue 

and thus provides two closely similar and conserved SUMO binding motifs 

(SBMs), through which it acts like a substrate for SUMOylation.  
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A simple and rapid ternary ion-pair complexation protocol for testing 

the enantiopurity and the assigning of the absolute configurations of various 

acids and their derivatives have been developed, where R-1,1’-

[binaphthalene]-2,2’-diamine (DABN) is employed as a novel chiral solvating 

agent (CSA) in the presence of trimethylsulfonic acid (TFMS) as a third 

ingredient. TFMS effectively enhances the ability of complexation between 

DABN and the chiral analyte by stabilizing the ternary complex through strong 

hydrogen bond interactions. In addition to testing the enantiopurity, the 

systematic change in the chemical shifts of the identifiable peaks in 

enantiopure R(DABN) and S(DABN) permitted the unambiguous assignment 

of absolute configuration of various acids and their derivatives. 
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  Materials with hybrid organic-inorganic interface have diverse 

applications as their molecular interface plays a major role in self-

assembly, drug transport, bio-mineralization etc.  Information about 

molecular transport, binding, chemical reactivity, etc. can be obtained 

through the study of the interactions of dissolved molecules or confined 

liquids with the surface of these porous materials. In this study, we have 

employed solid state proton (1H) Magic Angle Spinning (MAS) NMR to 

study the dynamics of confined water in ethane substituted Periodic 

Mesoporous organo silicate (PMOE) materials to understand the molecular 

transport and binding. Studies have been done at different hydration level 

of PMOE in a controlled mannerin order to derive a dynamic model of the 

surface in terms of different water clusters, in corroboration with solid state 

NMR observations.At any given hydration, we have calculated the number 

of water molecules per nm2in the pores.We have observed that, the bulk 

water peak that appears at ~4.5 ppm undergoes fast exchange between the 

confined clusters at ~3.8 ppm.We have also observed different dynamic 

time scales associated with these clustersand also the presence of 

monolayers at 0.8 ppm ranging between 8 – 15%, in contrast with 

hydrophilicSBA-15. Systematic temperature studies under various 

hydration levels displayed conformational changes of PMOEwhich we 

report for the first time using NMR.Further studies in understanding the 

role of these water cluster in imparting dynamics to the guest molecules is 

under investigation. 
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Drug discovery is a long and challenging process with a number of 

key steps, in vitro screening of drug response being an indispensable one. 

Quick screening of drugs is the need of hour to get lead molecules especially 

from natural sources. The study has explored NMR as a drug response 

screening tool in HIV pseudovirus infected cell lines treated with positive 

control drug  (TAK 779) and plant extract (benzene fraction of Terminalia 

bellerica). In this study, 200 TCID50 of Clade C pseudovirus was pre-incubated 

for 1hr at 37ºC, 5% CO2 separately with extract and positive control drug at 

predetermined IC50 value. TZM-bl cells were added to each well of culture 

plate containing control drug, plant extract and only virus. The supernatant was 

lyophilised. 1D proton NMR spectra were acquired at 700 MHz (Agilent, 

USA). Using TSP as reference, concentration (mM) of metabolites was 

determined and percentage changes calculated. Reduction in metabolite 

concentration was observed after HIV infection (Figs. 1a and 1b): leucine-

80%, isoleucine-85%, valine-70%, tyrosine-77%, phenylalanine-80%. 

Treatment by positive control restored the metabolite levels indicating positive 

response to treatment (Fig. 1c): leucine-27%, valine-44%, tyrosine-34%, 

phenylalanine-43%. Restoration in metabolites was higher by Terminalia 

bellerica: leucine-76%, valine-78%, tyrosine-62%, phenylalanine-60%. The 

study has shown that NMR can be a potentially useful technique for screening 

of drugs, in particular plant based. 
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Li (0.5-x/2) Zn x Fe (2.5-x/2) O4 samples of different composition 

viz., LZF0 (x = 0.0), LZF2 (x=0.2), LZF4 (x = 0.4), LZF6 (x = 0.6), LZF8 (x 

= 0.8) and LZF10 (x = 1.0) have been studied using 57Fe internal field NMR 

and Mössbauer spectroscopy at RT and 77 K. We have observed that as Zn 

concentration increases, the IFNMR echo amplitude decreases and vanishes at 

a particular Zn concentration at RT (x > 0.4), whereas at 77 K, the echo 

amplitude does not vanish completely (except for pure Zn-ferrite)1. This 

indicates that the sensitivity of Internal Field NMR depends on the magnetic 

hyperfine field, temperature and abundance of the magnetic cations at the 

lattice of the spinel ferrites. We have also demonstrated that spin echo (π/2-τ-

π) pulse sequence is inappropriate to observe the maximum echo amplitude for 

the LZF series whereas “two equal pulses” sequence (π/2-τ-π/2) yields 

maximum echo amplitude. This discrepancy in the pulse sequences is 

attributed to the inhomogeneous spread in the hyperfine field at RT and 77 K2. 

Furthermore the condition for π/2 pulse in the present case is ηγH1τ = π/2 

where η is the enhancement factor which exists only in the ferromagnetic 

materials3. Hence it is not possible to define the exact π/2 pulse in ferro/ferri 

magnetic materials. Because of this, “two equal pulses” sequence results in 

maximum echo amplitude than the spin echo sequence.  

Spin echo amplitude as a function of frequency for Lithium-zinc ferrite (a) at 

RT, (b) at 77 K. 

 
1. Anupama.A.V, Manjunatha.M, Rathod.V,Jali.V.M, Damle.R, Ramesh.K.P, Sahoo. 

B. J. Magn. Reson. 286 (2018), 68-77.  

2. J. Butterworth, Proc. Phys. Soc. 86 (1965), 297–304.  

3. R.L. Streever, Phys. Rev. 134 (1964), 1612–1617. 
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Nuclear magnetic resonance (NMR) spectroscopy has evolved as an 

inimitable approach for pharmaceutical quality assessment, currently playing 

a critical role in unequivocal structure identification as well as structural 

confirmation (qualitative detection), enabling the understanding of the 

underlying mechanisms of the formation of process impurities and/or 

degradation products [1]. The objective of the study was to establish chemical 

degradation behaviour of mitiglinide (a blood glucose lowering agent [2]) 

through stress studies [3]. To acquire NMR data, the drug was completely 

converted into degradation product by optimization of stress conditions, and 

monitoring of conversion by HPLC analyses. The degradation product was 

purified by solvent extraction using ethyl acetate. This was followed by 

conduct of 1D/2D NMR experiments on the drug and the degradation product. 

NMR data established the absence of octahydro-1H-isoindole ring in the 

degradation product, as compared to the drug. All connectivities were also 

confirmed by COSY, HSQC and HMBC studies. The structure of the drug and 

its identified degradation product are shown in Figure 1. 
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Figure 1. Chemical structure of mitiglinide and its degradation product 
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Introduction 

Parkinson’s disease (PD) is second most prevalent neurodegenerative disease 

in the world affecting ∼1% of people over 60 years old1. We studied serum 

samples of experimental PD model and control rats using NMR to identify 

possible biomarkers for early diagnosis of PD.  

Results and Discussion 

Metabolites were assigned using 1D and 2D NMR (Figure 1). Significance of 

class discrimination was assessed by PLS-DA. We observed a clear 

separation between 3rd week PD model and baseline (Figure 2a), between 7th 

week PD model and baseline (Figure 2b); between 7th and 3rd week PD model 

(Figure 2c). PD model exhibited higher lactate, alanine, GPC and lower 

tryptophan as compared to controls, attributed to oxidative stress and protein 

metabolism impairment2-4.  

 

 

Figure 1. (a) Representative 1H NMR spectrum of serum at 25oC in D2O; 2D 

representation of PLS-DA scores plot of serum between (b) baseline (red) and 3rd week 

PD (green), (c) baseline (red) and 7th week PD (green) and (d) 3rd (red) and 7th weeks 

PD. 

1. Luan H. et al. Proteome Res. 2015; 14: 467–478. 

2. Govindaraju V et al. NMR in Biomedicine. 2000; 13: 129-153. 

3. Lin M, Beal M. Nature. 2006; 443:787-95. 

 

(a) (b) (c) (d) 



136 
 

(PP-39) 

Mechanistic Insight of Self Assembly Process of a Five-Residue 

Peptide, Isolated From SARS Corona Virus E Protein 
 

MONALISA KUNDU, ANIRBAN BHUNIA 

Department of Biophysics, Bose Institute, P-1/12 C.I.T. Road, scheme-VII M. 

Kolkata-700054, India. 

 

Molecular self-assembly, which forms highly ordered arrangement, is 

now referred to as a universal manufacturing technique for the novel 

nanomaterials. Among the various building blocks (including organic and 

inorganic) of these self-assembled structures, peptides are the most useful one, 

as it possesses physical and chemical diversity similar to that found in proteins. 

One of the important uses of this process is to monitor protein folding and 

misfolding as it can furnish detail comprehension of peptide aggregation 

related to a variety of amyloid diseases (e.g., Alzheimer’s disease, Parkinson’s 

disease, type-II Diabetes). From past few decades Severe Acute Respiratory 

Syndrome (SARS) Corona Viruses (SARS CoV) have been familiar due to 

their attachment with different respiratory problem in human and various 

animals. CoV E protein is a small protein containing 76-109 amino acids 

including N-terminal, C-terminal and an alpha- helical transmembrane region. 

In our previous study we showed thatTK9,a short stretch from C- terminal, has 

self-assembling ability in solution and can inhibit the aggregation of human 

Islet Amyloid Polypeptide(hIAPP).More interestingly, the aromatic residue 

‘VYVY’ is mainly responsible for amyloid aggregation and forms β-sheet rich 

structure. This study describes self- assembly of TY5 (TVYVY), a five-residue 

peptide, isolated from the C-terminal tail of the SARS CoV E protein. Detail 

Investigation of the self-assembly process monitored using different 

biophysical technique and NMR spectroscopy.  
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In this work we experimentally demonstrate the efficacy of a recently 

proposed [1] protocol to differentiate between six different classes of three qubit 

entangled pure states. We have tested the protocol on 𝐺𝐻𝑍, 𝑊�̅�, 𝑊 , three 

biseparable, a separable and twenty random generic three qubit states. Only 

four observables suffice to experimentally differentiate the six classes of three 

qubit entangled pure states. Experimental realization is achieved via NMR 

through mapping [2] the observables, to local Pauli’s z-operators, followed by 

measuring the ensemble average in the state under investigation. Results have 

been substantiated with direct full quantum state tomography as well as 

negativity calculations and the comparison suggested that indeed the 

demonstration is a success. 
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Cross – polarization (CP)[1] is the building block for most of the solid 

state NMR (ssNMR) experiment since it provide solution to the two major 

problems[2]. The first one is sensitivity enhancement by transferring the 

polarisation from high gamma nuclei (1H) to low gamma nuclei (15N, 13C) 

through heteronuclear dipolar coupling network. The second one is, by 

shortening the recycle delay time since spin-lattice relaxation time for 

abundant nuclei (1H) is much shorter than dilute nuclei such as 13C or 15N. CP 

is robust and ubiquitous technique to probe the connectivity between the 

coupled nuclei and molecular dynamics in solids under Hartmann-Hahn 

condition at magic angle spinning [3]. 

In our proposed study, we shall look at the effect of CP under 

Hartmann-Hahn mismatched condition at magic angle [4] on the molecular 

dynamics of sample valine in natural abundance. Experimental and theoretical 

results under mismatch Hartmann – Hahn conditions [5] will be presented. The 

utility of such experiments for the inference of dynamics and structural details 

will be discussed. 
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Long-Lived Coherence (LLC) is well known since last decade1. 

However, the creation of LLC in compounds with multiple two spin systems 

or in the mixture of two spin systems is still challenging. Maninder Singh2 et. 

al. created  LLC in such systems and showed its application in relaxation 

editing. Their work revolves around the concept of off resonance locking 

(locking of the spins at other than middle of the two peaks in two coupled spin 

system). It was shown that the LLC component survives longer than non-zero 

quantum coherences.  The present work argues that the higher measured 

lifetime can not be used as the sole criterion of LLC formation. Theoretical and 

experimental results of off resonance locking are shown on the two spin system 

(2, 3- dibromo thiophene i.e. DBT) to prove the hypothesis. The problem of 

creating LLC in compounds with multiple two spin systems/in the mixture of 

two spin systems (Broad Band LLC) is solved by selective excitation of the 

peaks via phase modulated Gaussian shape to create I1x-I2x separately for each 

pair of two spin system. The optimized values, obtained from simulation, of 

amplitude and frequency was used for locking to create BBLLC. It was found 

that the BBLLC can be created with 48% efficiency via off resonance locking 

with a 5 kHz pulse whence the offset is placed at either end of the spectrum. It 

is proved theoretically that increase in locking power can change the efficiency 

of BBLLC up to 99%. 
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  Water pollution is a serious concern worldwide, especially due to 

water contamination caused by highly toxic dyes and toxic chemicals.1 In 

particular, the effluent of the textile industries and leather industries carries a 

lot of harmful chemicals, carcinogenic dyes and pigments those can cause 

severe health hazards creating problems for aquatic as well as non-aquatic lives 

and can contaminate the ground level water with indirectly affecting human 

health. Carbon materials have shown high efficiency as adsorbent for removal 

of toxic chemicals from water streams. In this work, we used SS NMR as an 

analytical tool to study the structural transformation of adsorbents registering 

toxic chemicals on their surface during batch adsorption study. GO and 

graphene-clay composites were synthesized hydrothermally. The structural 

details of composites were studied by multinuclear MAS NMR and other 

analytical methods. 13C/29Si/27Al CP/MAS NMR methodologies with various 

relaxation measurements enable us to study the effect of dye (R6G) on 

adsorbents at different stage of removal process. The structural changes of 

adsorbent due to effect of variables during batch adsorption were studied and 

monitored through UV and NMR spectroscopic methods. The study provides 

information of on underlying science of structural transformation in GO and 

GO composites. The understanding of the effect of surface functional groups 

of porous adsorbents/carriers on the uptake of dyes/drugs will have huge 

impact on the applications of these materials. 

 

 

Fig: Picture showing pollutant discharge,adsorbent syntheis and characterization with 

effect for dye remediation(R6G) 

1. Ahmad A; Mohd-Setapar SH. et.al.RSC advances, 2015, 39, 30801 

2. Weiwei C; Richard D. et.al. Science 2008, 321, 1815 
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An attempt has been made to characterize β-CD and HP-β-CD 

inclusion complexes of model drug diflunisal1 in terms of its mode of insertion 

and motional dynamics inside the cavity by employing 1D selective NMR 

methods. The main objective of the present study is to prescribe the most 

favorable set of 1D selective experiments based on NMR relaxation and NOE 

to quantify internuclear distances in view of the molecular system and 

respective spectral complexity. A combination of non-selective ( 1

nsR ), 

selective ( 1

seR ) and bi-selective ( 1

bsR ) relaxation rate measurements has been 

proven2 to be sufficient to quantify molecular rotational correlation time (c) 

and internuclear distances for diflunisal_β-CD complex while in case of 

diflunisal_HP-β-CD complex selective NOE experiment3 becomes a necessary 

choice to extract the distance data. In general it is possible to state that bi-

selective relaxation experiments will be more beneficial and informative in 

case of inclusion complexes with better peak resolution while selective NOE 

will be a superior method for molecular systems with unresolved peaks. It must 

also be pointed out that a prior knowledge of any internuclar distance is not 

required in case of bi-selective relaxation rate measurement as compared to the 

selective NOE method.  

 

References: 

 
(1) Ugwu, S. O.; Alcala, M. J.; Bhardwaj, R.; Blanchard, J. Characterization of the 

complexation of diflunisal with hydroxypropyl-b-cyclodextrin. J. Pharm. Biomed 

Anal. 1999, 19, 391-397. 

(2) Kumar, D.;  Krishnan, Y.; Paranjothy, M.; Pal, S. Analysis of Molecular 

Interaction of Drugs within β‑Cyclodextrin Cavity by Solution-State NMR 

Relaxation. J. Phys. Chem. B 2017, 121, 2864−2872. 

 

mailto:pg201383501@iitj.ac.in


142 
 

(PP-45) 

Interaction of Doxorubicin with G-quadruplex DNA leads to 

stabilization: NMR study 

Shailja Raje, Ritu Barthwal 

Department of Biotechnology, Indian Institute of Technology Roorkee, 

Roorkee-247667, Uttarakhand, India  

Telomerase inhibition by stabilization of G-quadruplex sequence on 

binding to various ligands is one of the prominent approaches of anticancer 

drug designing. Non-canonical G-quadruplex DNA structures correlate with 

gene expression level by interacting with array of proteins. Short repeats of 

Guanine (G)-rich sequences, TTAGGG, are found in human telomere, which 

is maintained by telomerase enzyme that gets over expressed in 85% cancer 

cells. The G-quadruplex ligands which stabilize G-quadruplex structure, 

possess immense potential to act as anticancer drug. We report here the NMR 

study of anthracycline Doxorubicin complexed to parallel stranded human G-

quadruplex DNA sequence d-(TTAGGGT)4. It shows thermal stabilization of 

G-quadruplex DNA d-(TTAGGGT)4 by ~ 20°C. Titration of Doxorubicin [D] 

with DNA [N] were monitored at D/N = 0,1,2,3 by NMR. At D/N 3, G4NH, 

G5NH and G6NH protons showed upfield shift of 0.13, 0.14 and 0.34 ppm 

respectively, whereas downfield shift up to 0.18 was showed by T7CH3 

protons. Doxorubicin aromatic ring protons showed significant upfield shift 

upto 0.47 ppm and daunosamine sugar protons shift upfield upto 0.17 ppm. 

Intermolecular NOE contacts between drug and DNA proton were 3H- A3H8, 

T7CH3, 1H-G4NH, 5’CH3-G5NH, etc. Additional contacts observed at 5°C 

like 6OH-T2CH3, T1H1’.Model is build using restrained molecular dynamics 

using distances calculated from NOE contacts which suggests external binding 

of drug to DNA. The present work has potential pharmaceutical applications 

for rational anticancer drug designing. 

 

                    (a)                                                                 (b) 

Fig. 1 (a) Chemical structure of Doxorubicin (b)  1D 1H NMR spectra of 

Doxorubicin-d-(TTAGGGT)4 complex at 298 K. 
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The TAR RNA binding protein (TRBP), a double-stranded RNA 

binding protein, is involved in multiple functions in the cell life cycle from its 

development to cell death. It is a central part of RNA induced silencing 

complex (RISC)- a ribonucleoprotein complex involved in small RNA 

biogenesis1. It interacts with Dicer - a Ribonuclease III protein to cleave 

precursor microRNA of ~60-70 bp to RNA duplex of ~20-22 bp. It is also 

involved in strand selection process in RISC to generate mature miRNA. 

TRBP, a part of the canonical pathway of small RNA biogenesis, interacts with 

a variety of dsRNAs – each with a different conformation – and thus targets a 

large conformational space. TRBP helps dicer to process pre-miRNAs 

selectively in an otherwise crowded cellular environment2. Previous reports 

suggest that the defects in the A-form helix of dsRNA like loops, bulges, and 

mismatches perturb the binding affinity of TRBP to dsRNA, which affects 

product of the biogenesis3. The detailed mechanism of interaction of TRBP 

with its substrate dsRNA is still unknown. We have carried out comprehensive 

dynamics study of dsRBD1 of TRBP with and without a series of substrates 

by NMR spectroscopy to probe motions at multiple timescales. The studies 

were carried out by using NMR relaxation experiments like nuclear spin 

relaxation and relaxation dispersion to characterize dynamics at ps-ns and μs-

ms timescale. In this poster, I will present the results of the above experiments. 
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defects in microRNA influence protein binding by TAR RNA binding 

protein. PLoS One 2015, 10 (1), e0116749. 

 



144 
 

(PP-47) 

Structural and Functional Insights into the Generation of 

Microbial Resistant Transgenic Plant Expressing de novo 

Designed Peptide Complex 

 

Humaira Ilyas1, Martin Malmsten2, Pallob Kundu3, Anirban Bhunia1 
1Department of Biophysics, Bose Institute, P-1/12, CIT Road Scheme VIIM, 

Kolkata-700054, India 
2Department of Pharmacy, Uppsala University, SE-75232 Uppsala, Sweden 
3Division of Plant Biology, Bose Institute, P-1/12, CIT Road Scheme VIIM, 

Kolkata-700054, India 

 

Peptide-based antimicrobial therapy has seen a new light in the last 

few decades, owing to its vast occurrence and huge applicability, including 

applicability against drug-resistant strains. One prospective approach to 

counteract both the drawbacks would be to use synergistic combination of 

antimicrobial peptides. Recently, we have designed two synthetic 

antimicrobial peptides and both of them showed potent antimicrobial activity 

against devastating plant pathogens including Xanthomonas vesicatoria, which 

causes bacterial leaf spot (1-2). Here, we determine the three-dimensional 

solution structure of the synergistic peptides using NMR spectroscopy in the 

presence of lipopolysaccharide (LPS), the major components of the outer 

membrane of the Gram-negative bacteria. Additionally, paramagnetic 

relaxation enhancement and site directed mutagenesis study confirms the 

structure plays an important role on the synergistic interaction between these 

two peptides that leads to potent and efficient killing at much lower 

concentration. We are in a process of developing transgenic tomato plants, 

expressing these peptide sequences. 
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Understanding the changes in the macro-structure of amphiphilic pH 

responsive polymers remains a relevant issue due to their potential use as drug 

delivery carriers. Since some of the amphiphilic polymers are known to 

exchange hydrogen ions with aqueous solvent, hence we monitor the effective 

change of the surface to volume ratio of such polymer aggregates using 

solution-state nuclear magnetic resonance (NMR) spectroscopy. The surface 

to volume ratio with the help of UV-visible spectroscopy is shown to yield the 

average diameter of polymer aggregates. We show that the proposed method 

not only satisfactorily corroborates the existing notions of how the aggregation 

of these polymers takes place as a function of pH, but also provides a 

quantitative estimate of the size of the aggregates. 
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Rotational-Echo DOuble Resonance (REDOR) is a heteronuclear 

dipolar recoupling experiment which readily estimates the dipolar coupling 

between two nuclei. Numerous implementations of this experiment can be 

found in material science, biochemistry, and NMR crystallography. But the 

experiment performs badly when probing stronger couplings (tens of  kHz) at 

slow/intermediate MAS frequencies. We propose a few modified REDOR 

sequences to probe stronger couplings from low to very high MAS frequencies. 

We further evaluate the performance of the modified sequences in a 

background of strong homonuclear dipolar couplings. These findings open up 

possibilities for application on strongly coupled systems at slow and 

intermediate MAS frequencies and also extending all the way to the currently 

achievable frequencies of 120 kHz.  
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Thyroid cancer is the most common endocrine malignancy in the 

United States, with the fifth highest incidence of all cancers affecting females, 

however more than 90% of thyroid nodules. Metabolomics can provide 

valuable and comprehensive information about low molecular weight 

compounds present in living systems and further our understanding of the 

biology regulating pathological processes. We applied 1H NMR-based 

metabolic profiling to identify the metabolites present in aqueous tissue 

extracts of healthy thyroid tissue. Benign and malignant thyroid cancer (TC) 

as an alternative way of investigating cancer lesions. Multivariate statistical 

methods provided clear discrimination not only between healthy thyroid tissue 

and pathological thyroid tissue but also between different types of thyroid 

lesions. Papillary thyroid cancer was found to display metabolic features of 

malignant thyroid cancer and simultaneously displayed a partial metabolic 

profile associated with malignancy. This finding allows the discrimination of 

papillary thyroid cancer (PTC) from Malignant and different classes of thyroid 

cancer with similar accuracy. The strategy represents a distinct methodology 

and identification of potential biomarker in malignant thyroid cancer.   
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The centromere is a specialized chromosomal locus that ensures 

faithful segregation of chromosomes during cell division. Aberrant 

chromosome segregation can lead to many genetic defects including cancer. 

The centromere in yeast and higher eukaryotes is epigenetically marked by the 

presence of H3 variant called CENP-A (Cse4 in budding yeast). Cse4 replaces 

H3 at the centromeric nucleosome to perform the ‘specialized’ function of 

kinetochore formation for microtubule attachment and hence faithful 

chromosome segregation. The structural and dynamic characterization of Cse4 

is necessary to understand centromere structure and function. Previous studies 

done in our lab identified that Cse4 has two separate folding cores: The N-

terminus and the C-terminus. Both Cse4 and H4 are known to bind at the C-

terminus of Cse4 from the available structural knowledge. However, absence 

of full length proteins in the structure has created a gap as to what could be the 

role of N-terminus in Cse4 targeting and centromere function. In this study 

using NMR and time resolved fluroscence the plasticity of the N-terminus has 

been determined in presence and absence of H4 and Scm3 , the obligate histone 

partner and chaperone of Cse4, respectively, to see that both the partners show 

binding with the N-terminus. The residues involved in binding  do no overlap 

with each other. This suggests that the way each protein affects N-terminus 

dynamics is different. This is useful to know if the step-wise interaction profile 

of Cse4 is to be understood for its deposition on the centromere. 
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Intestinal permeability (IP) refers to the property of the intestinal mucosa 

that ensures adequate containment of undesirable luminal contents of the 

intestine while preserving the ability to absorb nutrients. Increased IP and 

bacterial translocation (BT) are often clinically manifested in liver cirrhosis 

(LC) and in acute on chronic liver failure (ACLF) owing to high HVPG 

(hepatic venous pressure gradient) and portal hypertension (PHT) in these 

patients [1]; In current study, the method has been employed to compare the 

gut permeability in LC and ACLF patients and further evaluate if the 

decongestion of gut with complete resolution of Ascites with slow albumin, 

furosemide and terlipressin infusion may alter IP – when given in addition to 

standard clinical treatment- reset the altered IP. 

  

[1] Dinesh Kumar*, Gaurav Pandey*, Deepak Bansal, Atul Rawat, Umesh Kumar, 

Durgesh Dubey, Anupam Guleria, and Vivek Anand Saraswat, “NMR based urinary 
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permeability in acute-on-chronic liver failure (ACLF) patients”, Magnetic 

Resonance in Chemistry (2017), 55(4), 289-296. 
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  A novel spatially selective mixing strategy is demonstrated for 

parallel acquisition of several slice selective soft COSY proton spectra.1 In 

experiments like soft COSY2,3, a regular selective mixing pulse is applied 

which provides the desired multiplet reduction and hence spectral 

simplification. To study each correlation peak with multiplet reduction, the 

basic experiment needs to be repeated with change of the offset of the selective 

mixing pulse on the resonance of interest. In the new method, we have 

designed a scheme in which the selective mixing pulse can be simultaneously 

applied on all the coupled spins which parallelize the recording of a large 

number of soft COSY spectra in a single experiment. This is accomplished by 

utilizing a new concept- spatially selective mixing1 which is analogous to the 

concept of slice selective broadband homo-decoupling4-6.  

      The method applies slice selective mixing pulse in a selective 

correlation experiment. This allows slice selective coherence transfer between 

different coupled spin pairs. Such slice selective coherence transfer executes 

spin-state selective coherence transfer between a given spin and all its coupled 

neighbours. This results in a final spectrum which contains multiple soft cosy 

spectra between a given signal(s) and all its coupled signals, significantly 

reducing experimental time and complexity of analysis. Although slice 

selective element has sensitivity which is only 2-3 percent of the regular proton 

NMR, however, considering today’s high field magnets, cryo-probe 

technology, and spin hyperpolarization techniques, such experiments are 

becoming feasible.  
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  α-Synuclein is a natively unfolded neuronal protein which is 

expressed abundantly in the presynaptic neurons. α-synuclein is the major 

component of the intracellular Lewy bodies that are the histopathological 

hallmark of Parkinson’s disease. Posttranslational modifications including 

ubiquitination, phosphorylation and nitrosylation of α-synuclein have been 

reported to play a role in modulation of α-synuclein aggregation. A recent 

study showed that SUMOylation, a post-translational modification involving 

covalent attachment of SUMO to the target protein, abolishes α-synuclein fibril 

formation (2). In our study, we show that SUMO-1 interacts non-covalently 

with α-synuclein and alters the aggregation kinetics of α-Synuclein using ThT 

fluorescence, circular dichroism, nuclear magnetic resonance (NMR) 

spectroscopy and atomic force microscopy (AFM). The aggregation rate of α-

Synuclein is slower in presence of SUMO1. The residues specific interaction 

studied by solution state NMR reveals that, SUMO1 interacts to the protein in 

the N-terminal region. This region has been previously shown to form a β-

hairpin loop structure which upon sequestration completely inhibits α-

Synuclein aggregation. This study gives a better insight about the SUMO and 

Synuclein interaction.  
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  Dynamic nuclear polarization (DNP) has recently developed into a 

powerful analytical technique to enhance the sensitivity of magic angle 

spinning (MAS) solid-state NMR spectroscopy of biomolecules and 

materials.1,2 In DNP, the sample is usually impregnated with a radical as a 

polarization source, which is dissolved in a solvent that forms a glassy matrix 

at low temperatures (~100K). In this presentation, we propose an concentrated 

aqueous solution of calcium nitrate as a new glassy solvent for MAS DNP. 

This system has some advantages over current choices, including the absence 

of solvent peaks in 13C spectrum and high DNP signal enhancements with short 

build-up times. Applications of the new solvent system will also discuss for a 

functionalized mesoporous silica and microcrystalline samples of some 

polymorphs of flufenamic acid. 
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  Chronically elevated glucose and lipid levels have been known to 

induce dysfunction and apoptosis of pancreatic β-cell and are the major 

phenotypes associated with type 2 diabetes mellitus (T2DM)1. Here, we aim 

to determine the metabolic signatures associated with high glucose 

(glucotoxic), high palmitate (a saturated fatty acid) exposure (lipotoxic), and 

high glucose, palmitate in combination (glucolipotoxic) conditions and 

identify pathways that play significant roles in excess-fuel detoxification. 

Isolated rat islets and clonal INS-1E cells (pancreatic insulinoma) were 

exposed to high glucose, high palmitate, and high glucose and palmitate in 

combination for 24 hours and glucose-stimulated insulin secretions were 

assessed. Exposure to high saturated fatty acids led to increased lipid 

accumulation as indicated by high triglyceride content and increased Oil red O 

staining. Increased accumulation of ROS species observed in all these 

conditions was associated with increased membrane damage and increased 

apoptosis in these cells. Low molecular-weight metabolite (typically < 1500 

Da) resonances present in 1H NMR spectrum were identified using Chenomx 

NMR Suite 8.1 software and confirmed with biological magnetic resonance 

data bank (BMRB) database and human metabolome database (HMDB). Using 

this data, we unambiguously identified a total of 48 abundant metabolites out 

of which 20 metabolites showed stark differences in the metabolic profiles 

obtained. Further confirmation of metabolites was achieved using 1H-1H 

TOCSY using a semi-automated software – MetaboMiner The results from this 

study will help us in annotating the critical metabolites associated with 

diabetes-like conditions and consequently, will help us in constructing the 

metabolic pathways that play crucial roles in excess-fuel detoxification 

associated with chronic T2DM. 

 

1. Kim, J. W.; Yoon, K. H., Glucolipotoxicity in Pancreatic β-Cells. Diabetes 

and Metabolism Journal 2011, 35(5), 444-50.  
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  The endeavour of the present study was to establish the degradation 

chemistry of an Angiotensin-Converting-Enzyme (ACE) inhibitor, perindopril 

which is used in control of hypertension [1. For the purpose, the drug was 

subjected to stress studies according to ICH guidelines [2]. HPLC evaluation 

indicated that perindopril degraded significantly in acid, base, neutral, 

oxidative and thermal conditions. A total of eight degradation products (PR-I 

to PR-VIII) were found on stress studies. Out of these, three degradation 

products (PR-III, PR-V and PR-VII) were detected in a stressed sample 

exposed to 30% H2O2 for 72 h. PR-V and PR-VII were isolated through 

preparative HPLC via enrichment. The structure of PR-III was elucidated with 

the help of LC-NMR and was observed to be N-dealkylation product of the 

drug. On the other hand, PR-V and PR-VII were characterized on the basis of 

2D NMR viz. COSY and TOCSY. Being to their low amount, hence 13C and 

related NMR experiments could not be acquired. PR-V was confirmed as a 

secondary DP formed from PR-III through oxidation of primary amine, 

resulting in a hydroxyl amine, which further converted to nitroso form. 1D/2D 

NMR data confirmed the presence of an ester linkage, butyl chain and an intact 

perhydroindole ring in PR-VII. The study thus signified the role of NMR and 

LC-NMR as complimentary tools to obtain the structural insights of 

degradation products of the drugs. 
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  Development of theoretical models based on analytic theory has 

remained an active pursuit in molecular spectroscopy for its utility both in the 

design of experiments as well as in the interpretation of spectroscopic data. In 

particular, the role of “ Effective Hamiltonians ” in the evolution of theoretical 

frameworks is well known across all forms of spectroscopy. Nevertheless, a 

constant revalidation of the approximations employed in the theoretical 

frameworks is necessitated by the constant improvements on the experimental 

front in addition to the complexity posed by the systems under study. Here in 

this talk, we confine our discussion to the derivation of effective Floquet 

Hamiltonians based on the contact transformation procedure. While the 

importance of the effective Floquet Hamiltonians in the qualitative description 

of NMR experiments has been realized in simpler cases, its extension in 

quantifying spectral data deserves a cautious approach. With this objective, the 

validity of the approximations employed in the derivation of the effective 

Floquet Hamiltonians is re-examined through a comparison with exact 

numerical methods under differing experimental conditions. The limitations 

arising from the existing analytic methods will be discussed along with 

remedial measures for improving the accuracy of the derived effective Floquet 

Hamiltonians. 
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  RNAi mediated gene silencing mechanism is a tightly regulated 

process involving four Dicer-like enzymes (DCL1-4) and six dsRNA binding 

proteins (DRB1-DRB5 and DRB7) in Arabidopsis thaliana. DRB4 consists of 

two dsRNA binding domains (dsRBDs) at their N-terminal region which adopt 

the canonical α-β-β-β-α fold and has ability to independently recognize the 

trigger dsRNA albeit with different mechanism. The dsRBD1 appears to be the 

principle dsRNA recognizer in DRB4 as its α1 dsRNA recognition site exhibits 

favorable by ms-µs dynamics, a feature that is missing in dsRBD2. NMR 

structural analysis and ITC experiments indicate that the dsRBD1 of DRB4 

can slide along the siRNA duplex, whereas dsRBD2 shows canonical binding 

mode. Supporting the previous observation, BLI experiment also proved that 

the exponential association of dsRBD1 and dsRBD12 over the length of 

dsRNA and canonical association-dissociation of dsRBD2 occurs due to the 

sliding of dsRBD1 over the siRNA duplex. Additionally, a relatively short and 

rigid linker composed of nine amino acids imparts steric constraint on the 

dsRNA recognition sites on the dsRBD2 obliterating its RNA binding activity. 

We further show that the long C-terminal region of DRB4 about 200 amino 

acids contains a small structural domain, six PxxP motifs, and binds to Zn2+ 

which may be crucial for its putative protein: protein interactions. The work 

will demonstrate the synchronous compartmentalization of DRB4 domains for 

their recruitment in the multifarious activity.  
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  Detailed insights on drug interaction with biological membranes are 

beneficial in design and develop efficient drug delivery systems.  However, 

due to complex nature of biological membranes, surfactant micelles have been 

used as model systems to appreciate drug-membrane interactions.  In this 

regard, the interaction of anticancer drug Doxorubicin (DOX) with               

sodium dodecylsulfate (SDS) micelle (in aqueous solution) has been 

investigated with the aid of solution NMR. Various NMR parameters such as 
1H and 13C chemical shifts, 1H and 2H spin-relaxation times (T1 and T2) have 

been determined to infer on binding and dynamics of DOX-SDS aqueous 

mixture. The 13C chemical shift and spin-relaxation results indicate the 

penetration of DOX into SDS micelle, which further corroborated with 2D 

NOESY.  These studies facilitate to monitor atomistic level understanding of 

micelle-drug interaction. A detailed analyis of NMR results will be presented.  
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  In A. thaliana, small RNA mediated gene silencing is performed by 

four sets of Dicer like proteins (DCL1-4) and six types of double stranded RNA 

binding proteins (DRB1-5 and DRB7) that specifically recognize trigger 

dsRNA and result in the silencing of cognate mRNA. For the miRNA mediated 

gene regulation, the complex formed by either DCL1:DRB1 or DCL1:DRB2 

dictates the selection of pre-miRNAs and further decides whether the cognate 

transcript be cleaved or sequestered. Further, the molecular determinants and 

mechanism of RNA binding for the two concatenated dsRNA binding domains 

of DRB2 (i.e., DRB2D1 and DRB2D2) are unknown. 

Additionally, binding kinetics suggests that four molecules of 

DRB2D1 bind to a single 20 bp dsRNA akin to its homologues. However, 

DRB2D2 displays severe resonance broadening originating perhaps through 

higher order oligomerization or conformational heterogeneity. GuHCl 

titrations, AUC and 15N relaxation studies suggest that DRB2D2 is a molten 

globule in the absence of its ligand.  

Broadly, dsRBMs are of type A, which bind to dsRNA and type B, 

which form homo- or herterodimer with other protein. Here, DRB2D2 emerges 

as putative third type, which is devoid of definite 3D structure and might attain 

its native fold in presence of correct substrate. 
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  Transcription factors (TFs) are DNA-binding proteins that control 

gene expression, play important roles in many biological processes and are 

under tight regulation. Eukaryotic TFs have long stretches of intrinsically 

disordered regions (IDRs), which do not form any defined structure but are 

functionally important.1 In this study, we are investigating the structural 

mechanisms of IDR function in Drosophila HOX transcription factors.  

HOX TFs have a conserved DNA-binding homeodomain and the 

remaining residues, though predicted to be disordered, have been shown to 

regulate HOX function.2 We are using solution NMR spectroscopy to 

characterize the structure and dynamics of these IDRs in the HOX factors 

Deformed (DFD) and Sex comb reduced (SCR). Comparative study of these 

paralogous proteins should elucidate both common and distinct features of the 

structural mechanisms of IDR function. Chemical shift based secondary 

structure prediction as well as T1, T2 and NOE data show that the residues N-

terminal to the DNA-binding domain are disordered. Interestingly, a small 

stretch of residues, which are known to interact with a partner protein, are 

partially ordered in both SCR and DFD and most likely form a helical turn. 

Chemical shift perturbations show that the IDRs transiently interact with the 

DNA-binding domain. The interaction interface is localized on the DNA-

binding interface.  

To better characterize the structural properties of the IDRs, we are 

attempting to calculate their ensemble structures. Torsion angle from chemical 

shifts, NOE distance, hydrogen exchange protection factor and T2 relaxation 

are being used as restraints to determine the ensemble structures of the IDRs. 
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  The serendipitous discovery of RNAi in Petunias to the demonstration 

of this phenomenon in C. elegans opened a new avenue of gene regulation [1]. 

Small dsRNAs typically 21-25nt such as miRNAs, siRNAs, piRNAs and 

tasiRNAs are generated from longer dsRNA precursors by DICER: dsRNA 

Binding Domain (dsRBD) complex [2, 3]. Using phylogenetic analyses, two 

isoforms of DRB7 harboring a single dsRBD at the C-terminus, represented by 

DRB7.1 and DRB7.2, were recently identified [4]. One way through which 

plants get acclimatized to the varying environment at the molecular level is by 

switching the interacting protein partners. For example, DCL4:DRB4 complex 

regulates the siRNA mediated defense against RNA viruses. Further, DRB7.1 

and DRB7.2 interact with DRB4 to sequester endoIR dsRNA precursors 

processed by DCL3:DRB3 interaction [4]. Thus, investigating the differing 

properties of DRBs would reveal the underlying mechanisms of gene 

attenuation. Here, we present NMR based studies showing the interaction of 

DRB7.1 and DRB7.2 with DRB4 and dsRNA. The present study also reveals 

the binding properties of dsRBD1 and dsRBD2 of DRB5 to dsRNA with 

different affinities through NMR based chemical shift assignments and ITC. 

Hence, this work will help in providing structural insights into how protein-

protein interactions can maintain homeostasis in plants. 
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Proper folded structure of a protein is crucial to carry its biological 

function(s) and hence maintain living systems. It is well known that several 

proteins upon misfolding cause fatal diseases. Prion is one such protein which 

upon aggregation causes fatal neurodegenerative diseases like Creutzfeldt-

Jakob disease (CJD), Fatal Familial Insomnia (FFI), Kuru etc. which have no 

cure. In order to discover therapeutic targets it is important to study how the 

conversion of the monomeric protein to oligomer(s) happens. The mouse prion 

protein (moPrP) is α-helical at pH 4 in absence of salt. Upon addition of 

150mM NaCl at pH and at 37OC it oligomerizes to a β-sheet rich structure. 

We have studied the effect of salt and temperature variations on the 

native (monomeric) structure by solution Nuclear Magnetic Resonance (NMR) 

spectroscopy. These results suggest that NaCl binds weakly to moPrP, 

resulting in loss of vital interactions destabilizing the protein. Also the 

unstructured N-terminus of the protein shows increased conformational 

flexibility upon addition of salt. 
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  NMR spectroscopy is a powerful technique for profiling and 

quantification of plant metabolites. We used NMR-based metabolomics, along 

with multivariate analysis for metabolite profiling and identified the 

metabolites showing circadian rhythmicity in Bougainvillea plant. We also 

investigated the changes in plant metabolism due to environmental stress of air 

pollution. We compared the metabolic profiles of plants grown under 

conditions of no pollution (control) with those of plants grown under 

conditions of moderate (sparsely-polluted) to heavy (heavily-polluted) 

pollution. We identified and quantified the metabolites that show variation in 

concentrations in response to the stress of pollution. Our study validates the 

use of NMR-based metabolomics to study circadian rhythm in plant 

metabolism and plant metabolic responses to environmental stresses. 
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Introduction: 

Fast dynamic DCE MRI has been used to calculate transfer constant (Ktrans), 

an indirect measure of neovascularization having an established role in 

response evaluation in cancer.  

Purpose: 

To assess if inhomogeneity of T1 relaxation time exists in the breast coil used 

for breast MR Imaging applying multiple phantoms and adopting a corrective 

method to normalize T1 across the coil.  

Methods: 

A special phantom with 19 tubes filled with known contrast fitting into breast 

coil was designed, and T1 at various  spatial locations was calculated applying 

variable flip angle (VFA) protocol using Simultaneous PET/MRI  (Biograph 

mMR, Siemens) with dedicated breast coil. Mean values were compared using 

t test and a p value of 0.05 was considered significant.  

Results: 

There was significant difference between mean T1 values between posterior 

and anterior aspects and along both sides of the breast coil(p<0.01).  Also an 

increase in the value of T1 was observed from anterior to posterior locations 

up to 32% in the left and a decrease of 10% in the right side of the coil.   
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In the homonuclear spins system, it is experimentally observed that 

double-quantum coherences decay rapidly as compared to zero-quantum 

coherences.  In this work, we used three different homonuclear two spins 

systems with different chemical shifts. We experimentally initialised these spin 

systems into 1/√2( |01> + |10>) and       1/√2 ( |00> + |11>) states, which have 

zero and double quantum coherences respectively. We experimentally 

measured the decay of zero and double quantum coherence and modelled the 

noise of two spins system. The experimental data was best modelled by 

considering a correlated phase damping channel, along with a generalised 

amplitude damping. 
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NMR spectroscopic study has been performed to study the effect of 

moisture on the LiClO4 mixtures of polyethylene glycols-based polymers with 

a wide variation in their molecular weight in the presence of three different 

molecular solvents such as water, dimethyl sulfoxide (DMSO), and acetonitrile 

(ACN). Temperature dependent NMR self-diffusion coefficients, spin-lattice 

(T1), and spin-spin relaxation (T2) studies has been performed in order to 

understand the dynamics of these mixtures. The ethylene oxide unit (-

OCH2CH2-, EO) of polymers are probed through the NMR spectroscopy and 

observed that an increase in its self-diffusion coefficient values with the 

increase temperature of the medium. Both the T1/T2 relaxations of EO unit of 

polymer have also been increase with the increase temperature of the medium 

because of their increasing reorientational correlation motion. The effect of the 

moisture on the interaction of the EO unit of the polymer has been probed 

through the 1H-7Li 2D HOESY spectra. It is expected that the current study 

will show a new dimension to understand the dynamics of other polymer-

lithium-solvent systems through these NMR spectroscopic methods for the 

better designing of novel electrolytic media for their potential use in various 

electrochemical devices. 
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We have designed efficient quantum circuits for the three-qubit 

Toffoli (controlled-controlled NOT) and the Fredkin (controlled-SWAP) gate, 

optimized via genetic programming methods. The gates thus obtained were 

experimentally implemented on a three-qubit NMR quantum information 

processor, with a high fidelity. Toffoli and Fredkin gates in conjunction with 

the single-qubit Hadamard gates form a universal gate set for quantum 

computing, and are an essential component of several quantum algorithms. 

Genetic algorithms are stochastic search algorithms based on the logic of 

natural selection and biological genetics and have been widely used for 

quantum information processing applications. We devised a new selection 

mechanism within the genetic algorithm framework to select individuals from 

a population. We call this mechanism the “Luck-Choose" mechanism and were 

able to achieve faster convergence to a solution using this mechanism, as 

compared to existing selection mechanisms. The optimization was performed 

under the constraint that the experimentally implemented pulses are of short 

duration and can be implemented with high fidelity. We demonstrate the 

advantage of our pulse sequences by comparing our results with existing 

experimental schemes and other numerical optimization methods.  
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We studied the dynamics of amyloid beta peptide (25-35) inside 

bicelle using Pulse field gradient(PFG) Nuclear Magnetic Resonance(NMR) 

and molecular dynamics simulations. Amyloid beta peptide(Aβ) is the main 

constituent of senile plaque in the Alzheimer’s disease. The neurotoxic 

fragment Aβ (25-35) can intercalate into the lipid bilayers and affect the 

dynamics of bilayers. PFG NMR experiments were conducted for samples Aβ 

(25-35), bicelle(DMPC/DHPC/DMPG) and Aβ (25-35) inside bicelle. We 

calculated the diffusion coefficient for Aβ (25-35), bicelle(DMPC/DHPC) and 

Aβ (25-35) inside neutral as well as charged bicelle. A linear diffusion pattern 

was observed for Aβ (25-35) as well as bicelle alone samples. But when we 

incorporated Aβ (25-35) into bicelle both systems were following anomalous 

diffusion.  We further extend this work via introducing different crowding 

agents in the Aβ (25-35) + Bicell solution. Aggregation and dynamics of Aβ 

(25-35) were affected by the presence of crowding agent. The NMR 

experiment results were validated by molecular dynamics simulations using 

the MD package Groningen Machine for Chemical Simulations(GROMACS). 

2D hetro and homo nuclear NMR experiments were also performed for the 

structure analysis. 
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Insulin plays a key role in the regulation of blood glucose levels which 

exists in different forms therefore it has been extensively studied through 

different technique The insulin produced and stored in the pancreas is in the 

active Zn hexamer in which three dimers are surrounded by Zn+ ion, but when 

it released into blood serum by the pH change, this hexamer dissociate into 

dimer and subsequently monomers which is its physiologically active form. 

However, monomers is less stable than hexamer therefore, it tend to aggregate 

as well as zn-insulin shows reduced fibril formation relative to Zn-free insulin 

because of the formation of the stable zn-insulin hexamer. In this work, we 

studied about insulin (with and without EDTA) aggregation at different 

physiological conditions such as pH, concentration and temperature. 

Moreover, We investigate the dynamics of human insulin at different crowding 

environment. 
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Antimicrobial peptides (AMPs) are an important component of 

natural defense of all life forms against invading pathogens. The target of these 

peptides is the microbial membrane and there are numerous models to explain 

their mechanism of action ranging from pore formation to general membrane 

disruption. We here are studying the conformational studies of diptericin, an 

82 residue glycopeptide. It is the key AMP of Drosophila’s innate immunity 

and is active only against gram negative bacteria. It also inhibits the outer 

membrane protein synthesis and thus increases the permeability of the outer 

membrane. To study the conformational change of the peptide on association 

with bacterial membrane, identical membrane mimic is required. SDS micelles 

are used as a membrane mimic earlier, but to get ideal membrane environment, 

it has been replaced with bicelles which are bilayer lipid micelles. The peptide-

bicelle association can be studied by 2D NOESY, COSY, TOCSY, ROESY, 

HSQC spectra and the NMR peak assignment followed by structure prediction 

softwares which give the validation and information about the structure of 

protein. 
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The characterization of degradation products (DPs) helps to establish 

degradation pathways of the drug, which is important from both quality and 

safety point of view [1]. These studies involve subjecting the drug to different 

stress conditions, followed by the structural elucidation of DPs using different 

analytical techniques [1,2].  

A total of seven degradation products were formed, as indicated in 

HPLC studies carried out using Inertsil ODS-3V C-18 column and employing 

a gradient method. LC-MS analyses indicated that CPL I-VII had an accurate 

molecular mass of m/z 281.1820, 352.2239, 324.1918, 354.2387, 430.2548, 

587.3379, and 251.1390, respectively. 1D/2DNMR analyses confirmed their 

structures, as postulated from mass data. 1H and 13C NMR studies of CPL-IV 

indicated absence of two protons, and carbons for positions 3a and 3b, 

highlighting that acetyl group in the drug was converted to hydroxyl under 

oxidation condition.  In 13C NMR, the intensity of signal of CO group 

decreased to half, suggesting that CPL-V was formed by the loss of one CO 

group alongwith N-ethyl moiety from two molecules of the drug. CPL-VI was 

unstable in solution hence 1H and COSY studies were performed on it by using 

LC-NMR. The data indicated that all the protons were similar to the drug, 

except position 3b, which was shielded from  2.63 ppm to  1.71 ppm, 

establishing occurrence of oxidation at the same proton.  
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The riot control agents (RCAs) cause temporary incapacitation by 

causing severe irritation of the skin and mucous membranes in eyes and upper 

respiratory tract. They cause rapid onset and brief duration of effects after 

exposure. The high ratio of lethal dose to effective dose, characterize margin 

of their safe use. The agent dibenz[b,f]-1,4-oxazepine (CR) was developed by 

the British Ministry of Defence as a riot control agent (1950-60) 1, is widely 

used by the law enforcement agencies around the globe. It is a TRPA1 agonist 

and it acts through a reversible electrophilic attack on the imine carbon by thiol 

functionality of cysteines or amine functionality of lysines present at the active 

site thereby transducing pain related inflammatory signals2, 3. The intense skin 

irritation caused by this chemical is aggravated by moisture. Hence, water 

cannot be used to get rid of its irritant property. Lacrymation, sneezing, 

coughing, difficulty breathing, ocular pain and irritation, abnormal contraction 

or twitching of the eyelid and temporary blindness4, 5 are some other dose and 

route dependent effects of this powerful chemical. Due to the abovementioned 

biochemical pathway, molecular structure, purity and formation of by-products 

during delivery has a great influence on the biological effects of this chemical 
6. The synthesis and structural characterization of CR and its analogs, by one- 

and two- dimensional NMR spectroscopy, will be presented. 
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Understanding the structure and dynamics is highly essential to tailor 

the performance of composites and blends. Solid state NMR parameters such 

as chemical shift, line-width, line-shape and relaxation times are dependent on 

the local structure and dynamics 

of the molecules.1,2. Since these 

parameters are sensitive to the 

type of interaction between the 

filler and matrix or the 

interactions among the 

components in a blend, NMR 

can be used as a tool to study the 

effectiveness and performance 

of such composite systems. In 

the present work, filler-polymer 

interaction in a silicone polymer 

composite and matrix-additive interactions in a poly chloroprene-phenolic 

resin blend are investigated by monitoring the NMR parameters. It is observed 

that, by incorporating the filler or additive there is a change in the spin-lattice 

relaxation time (T1) of protons present in the base matrix i.e., silicone or poly 

chloroprene. It is also observed that the nature of fillers also affect 1H T1 of the 

silicone polymer significantly, which gives an insight on the type of polymer-

filler interaction. Polymer blends also exhibited change in T1 (from the base 

matrix of poly chloroprene) on blending. This change could be attributed to the 

prevalence of different interactions between the components of the blends. 

 
1. Nowaczyk, G.; Glowinkowski, S.; Jurga, S. Solid state Nuc. Mag. Reson., 

2004, 25, 194-199. 
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Primary hypothermia/cold stress is due to environmental exposure, 

with no underlying medical condition causing disruption of temperature 

regulation.1 The exposure of human to such conditions often leads to 

decremented physical and mental performance, which also exacerbates pre-

existing medical conditions.2 To the best of our knowledge, the present study 

is first of its kind, aimed at exploring metabolic responses due to the cold 

exposure. Pre-exposure followed by exposure of rats (n=7) to cold in a 

simulated climatic hypoxia chamber for 14 days, urine samples were collected 

in metabolic cages. 1H NMR spectra were acquired on each sample at 600 

MHz on a Bruker AvanceIII spectrometer at 298K. Water suppression was 

achieved using 1D NOESYPR pulse sequence. Matlab based icoshift (Interval 

Correlation Optimized Shifting) algorithm was used to correct pH-dependent 

peak shifts. The binning of spectral data was performed over the range of δ 

0.2-10 ppm using Amix software. PCA & PLS-DA showed clear separation of 

cold exposed groups from controls. PLS-DA model quality parameters; R2 and 

Q2 for first three parameters were 0.93and 0.78, respectively suggesting that 

the first three components were the most efficient cluster classifier. The 

weighted sum of PLS-regression coefficients showed top 30 important buckets 

which resulted in clusters separation in PLS-DA. The metabolites related to 

the top 30 buckets were integrated and the concentration of metabolites were 

plotted and compared with respect to controls. The phenylacetylglycine and 

NAG were significantly decreased after D1 cold exposure, while taurine were 

significantly elevated after D1, D4 of cold exposure. The α - ketoglutarate (α-

KG), citrate, and cis-aconitate levels were increased after D1, D7 and D14 of 

cold exposure, respectively. Succinate and fumarate were increased after D14. 

References: 1. Long WB et al (2005) Cold Injuries 15(1) 67, 2. Holmer et al (2012) 

Patty’s Toxicology Ch 12, 3. Kosmides et al (2014) Metabolomics 41(3) 205, 4. 

Larive et al (2015) Anal Chem 87(1) 133, 5. Brugniaux et al (2007) Respir Physiol 

Neurobiol 158 212 
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Cataract, or opacification of the eye lens, is the leading cause of 

blindness world over. While age-related cataract is the result of the 

accumulation of environmental and metabolic effects, congenital cataract, seen 

in newborn children, is essentially genetic in origin. The human lens has three 

major γ-crystallins, namely, γC, γD and γS. A mutant of human γS-crystallin, 

G57W, has been recently reported in a Chinese family wherein a young boy 

and his mother were found to have cataract in the center of the lens. Efforts are 

on to understand the mechanism of cataractogenesis, since it is not clear how 

a single point mutation in γ-crystallins compromises eye lens transparency and 

packing and finally causes cataracts.  

In this endeavour, we attempted to structurally characterize this 

G57W mutant and study its dynamics by solution-state NMR. Optimized 

overexpression and purification yielded protein concentrations upto 1.5 mM 

per litre of culture. A suite of heteronuclear 2D and 3D NMR experiments with 

uniformly 13C/15N-labelled γS-G57W has enabled almost complete sequence-

specific 1H, 13C and 15N backbone and side-chain resonance assignments. The 

Chemical Shift Index (CSI) plot shows γS-G57W to be predominantly in a β-

sheet conformation, similar to its wild-type. However, unfolding 

thermodynamics of γS-G57W upon thermal and chemical denaturation 

revealed γS-G57W to be less stable as compared to its wild-type. We are also 

studying the inter-domain interactions in γS-G57W. Unfolding studies on 

individual N- and C-terminal domains of γS-G57W separately showed that the 

latter retains its predominantly β-sheet nature while the N-terminal domain 

intriguingly adopts an α-helical conformation in isolation. 
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deuterated solvents 
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• Reliable results in NMR-spectra by

• Excellent chemical purity and highest isotopic entrichment

• Reliable deuteration degrees

• Determination of water content in two ways (karl Fischer and
NMR)

• Innovative packaging for lone-term storage without quality loss

• Easy, save and accident-free handling with septum bottles and glass
ampoules

• Flexibility through broad packaging variety for less chemical and
packaging waste

Interested in??? 

QUANTITATIVE NMR Navigate Towards 
Technical Details and Trace CERT 
Certified Referance Materials 

...... etabolo...,...ic Discovery 

Contact us : lifescienceindia@merckgroup.com 

Merck Life Science Private Limited 
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Floor, Godrej One , Pirojshanagar, Eastern Express Highway, 
Vikhroli (E), Mumbai - 400079 
Phone : +91 22 6210 9800, Website : www.merckmillipore.in 



The AVANCE NEO is the next generation of Bruker’s successful AVANCE product 
line. Offering ultra-fast control, greater dynamic range and enhanced flexibility, the 
AVANCE NEO takes NMR research to an even higher performance level.

For more information please visit: www.bruker.com/neo

Innovation with Integrity
NMR

Ready for the future...

NMR
...in 

research.
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