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matter connectivity in human brain  
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4 

  Supra-molecular Magnetic Nanoparticles for Contrast 

Enhancement in MR Molecular Imaging  

Chaohsiung Hsu (Prof. Lian-Pin Hwang/Yung-Ya Lin Lab, 
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  Comprehensive Solid-State NMR Study of Octacalcium 

Phosphate Incorporated with Succinate 
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  Hydrogen bonding network in Nafion proton exchange 

membrane  

Zhen Wu (Prof. Shangwu Ding Lab, NSYSU) 
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  New Insights of 12-Tungstophosphoric Acid from 

Solid-state 
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Facilities at Instrumentation Center of National Taiwan 
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Shing-Jong Huang, PH.D. (Department of Chemistry, NTU) 

 

10 

  NMR and X-ray analysis of DNA recognition by Myb3 

DNA binding domain from Trichomonas vaginalis  

Yuan-Chao Lou, PH. D. (Institute of Biomedical Science, 

Academia Sinica) 
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12 
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14 
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NMR in an integrated drug discovery approach 

 

Wolfgang Jahnke 

Novartis Institute for Biomedical Research, Basel, Switzerland 

wolfgang.jahnke@novartis.com 

 

NMR is a useful and highly versatile biophysical technique that can support the 

drug discovery process in a variety of ways
1
. On one hand, biomolecular NMR is a 

very robust and reliable method to detect and characterize protein-ligand interactions. 

On the other hand, NMR can give structural information on proteins and 

protein-ligand complexes.  

In my presentation, I will review the most commonly used NMR experiments to 

detect ligand binding, and I will present two recent applications of valuable NMR 

contributions to the drug discovery process: Allosteric non-bisphosophonate inhibitors 

of FPPS
2
, and allosteric inhibitors of Abl kinase

3
. 

 
1
 W. Jahnke “Perspectives of biomolecular NMR in drug discovery: The blessing and 

curse of versatility” J. Biomol. NMR 39, 87-90 (2007) 
2
 W. Jahnke, J.-M. Rondeau, S. Cotesta, A. Marzinzik, X. Pellé, M. Geiser, A. Strauss, 

M. Götte, F. Bitsch, R. Hemmig, C. Henry, S. Lehmann, J.F. Glickman, T.P. Roddy, 

S.J Stout, J. R. Green “Allosteric non-bisphosphonate FPPS inhibitors identified by 

fragment-based discovery” Nature Chemical Biology 6, 660-666 (2010) 
3
 W. Jahnke, R.M. Grotzfeld, X. Pellé, A. Strauss, G. Fendrich, S.W. Cowan-Jacob, S. 

Cotesta, D. Fabbro, P. Furet, J. Mestan, A. Marzinzik “Binding or bending: 

Distinction of allosteric Abl kinase agonists from antagonists by an NMR-based 

conformational assay” J. Am. Chem. Soc. 132, 7043-7048 (2010) 
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Recent Development of Paramagnetic Relaxation Enhancement (PRE) 

in Studying Protein Solution Dynamics 

 
Chun Tang 

State Key Laboratory of Magnetic Resonance and Atomic Molecular Physics, Wuhan 

Institute of Physics and Mathematics, Chinese Academy of Sciences, Wuhan, Hubei 

430017, China 

 

Proteins in solution constantly undergo conformational fluctuations, thus to 

fulfill their specific functions. Most established NMR methods including relaxation 

dispersion afford only timescales of protein dynamics. Recently, we applied 

paramagnetic relaxation enhancement (PRE) technique to directly visualize structures 

of low-populated species in a dynamic system. The technique utilizes large dipole 

moment of an unpaired electron and <r
-6

> distance dependency of PRE effect. I will 

talk about applications of PRE to visualize protein-protein encounter complexes, 

protein domain movement, and protein oligomerization. In addition, ongoing work 

studying the dimerization of ubiquitin will also be presented. 

To study protein dynamics using PRE, a paramagnetic probe is introduced at 

specific site, often through a surface cysteine residue. The flexible linker between the 

paramagnetic center and protein backbone results in uncertainty of the observation 

point. We have designed a rigid probe that permits detection of subtle movement. We 

have improved the PRE technique, called differential scaled PRE (DiSPRE); when 

using multiple probes of different paramagnetic strengths, we can extract both 

temporal and spatial characterization for an exchanging process. Taken together, 

paramagnetic NMR offers new opportunities to visualize protein structure and 

dynamics in solution. 
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A small/wide-angle X-ray scattering instrument for structural studies 

of soft matter at the NSRRC 

 

U-Ser Jeng, Chiu-Hun, Su, Chun-Jen Su, Wei-Chung Chuang, Yu-Shan Huang 

National Synchrotron Radiation Research Center, Taiwan 

 

Research on soft matter with time-resolved small/wide-angle X-ray scattering 

(SAXS/WAXS) at NSRRC is blooming because of the much improved X-ray flux 

provided at the new SAXS beamline BL23A. The BL23A SWAXS endstation, open 

since May 2009, provides efficient collection of high-quality data that follow closely 

the standards of the world's leading SAXS instruments at ESRF, SOLEIL, APS or 

SPring-8 in static measurements of equilibrium morphology or slow kinetics in 

solutions and films. Presented in this talk are the features of the new BL23A SWAXS 

endstation, including simultaneous, time-resolved SAXS/WAXS with DSC, shear, a 

stretching device, and a stopped-flow device for structural kinetics of polymers, 

nanoparticles, liquid crystals and biomacromolecules in solution. SAXS/WAXS 

applications on biomacromolecular solutions or oriented films will be emphasized, 

including protein folding-unfolding and peptide-membrane binding. The future X-ray 

photon correlation spectroscopy (XPCS) beamline with the Taiwan Photon source 

(TPS), aiming for structural kinetics and dynamics of thermal equilibrium structures 

on a time scale from hundreds of seconds to milliseconds, will be briefed.  

 

 

Figure 1 Schematic of the BL23A SAXS/WAXS instrument.  
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Applying diffusion MRI techniques to discover the white matter 

connectivity in human brain 
 

Yu-Chun Lo 羅伃君 and Wen-Yih Isaac Tseng 

Institute of Biomedical Engineering, National Taiwan University 
 

Neuroscience is an interdisciplinary science that collaborates with other fields. 

Neuroimaging is a part of neuroscience and includes the use of various techniques to 

either directly or indirectly image the structure, function, or pharmacology of the 

brain. Neuroimaging studies focus on discovering the primary and cognitive functions 

in the brain. Recently, magnetic resonance imaging (MRI) has become an important 

technique to discover the human brain non-invasively. Advances in MRI 

methodology, such as the functional MRI and the diffusion MRI, and related analytic 

strategies allow researchers to test the brain connectivity models related to healthy 

patterns and disease pathology in psychiatric disorders.  

There are four main topics targeted to diffusion spectrum imaging (DSI) 

techniques for clinical applications in this dissertation. First, we introduced the 

diffusion MRI techniques and related analytic approaches, such as voxel based 

morphometry (VBM) and tractography-based morphometry. Second, we analyzed 

white matter tracts in the fronto-striato-thalamic circuitry of the healthy human brain 

using DSI data and found the gender and handedness factors should be considered 

when one evaluates the impairment of the fronto-striato-thalamic circuitry. Third, we 

aimed to further explore white matter abnormalities in patients with obsessive-

compulsive disorder (OCD) in DSI and tractography of targeted white matter tracts in 

the fronto-striato-thalamic circuitry which most probably play an important role in 

OCD neuropathology. This study supports the white matter abnormalities of patients 

with OCD, which corroborates neurobiological models that posit a defect in fronto-

striato-thalamic circuitry in OCD. Finally, we analyzed the microstructural integrity 

of the long-range connectivity related to social cognition and language processing 

with diffusion tractography among adolescents with autism compared to neurotypicals. 

The loss of leftward asymmetry and reduction of interhemispheric connection in 

adolescents with autism suggest alterations of the long-range connectivity involved in 

social cognition and language processing.  

In summary, we successfully applied the DSI techniques to healthy participants 

and patients with mental disorders. The translation of DSI technique from laboratory 

to clinical setting is potentially feasible. Moreover, the clinical experience and 

technical strengths provide a strong basis for us to extend to imaging genetics, aiming 

to determine effective endophenotypes of psychiatric disorders. In the future, it is 

plausible that brain imaging may serve as effective endophenotypes that link clinical 

manifestation (phenotypes) and the biological variables (genotypes). The 

methodology of validating endophenotype will be readily extended to other 

psychiatric disorders. 
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Supra-molecular Magnetic Nanoparticles for Contrast Enhancement 

in MR Molecular Imaging 

 
Chaohsiung Hsu 許朝雄 and Yung-Ya Lin 

Taiwan International Graduate Program (TIGP), Academia Sinica (and National 

Tsing Hua University) 
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Comprehensive Solid-State NMR Study of Octacalcium Phosphate 

Incorporated with Succinate  
 

Tim W. T. Tsai and Jerry C. C. Chan  

Department of Chemistry, National Taiwan University 

 

Octacalcium phosphate (OCP) is an important model compound in the study of 

biomineralization. The octacalcium phosphate incorporated with succinate (OCPS) is 

hypothesized as a component of mineral granules in mitochondria.
1

It is therefore in vitro 

prepared and characterized mainly by solid-state NMR spectroscopy. Accordingly, the 

molecular formula of OCPS is determined to be 

Ca7.81(HPO4)1.82(PO4)3.61(succinate)0.56·zH2O, where z ≤ 0.5. Furthermore, the succinate 

molecule is found to be in the hydration layer of OCPS. The stability of OCPS is 

significantly higher than OCP with respect to the hydrolysis reaction at high pH and/or 

high temperature conditions. We conclude that the hydration layer of OCP is playing the 

key role in the structural transformation of OCP.  

 
References: 

1 J. W. Greenawalt, C. S. Rossi and A. L. Lehninger, J. Cell Biol., 1964, 23, 21-38. 

2 M. Markovic, B. O. Fowler and W. E. Brown, Chem. Mater., 1993, 5, 1401-1405. 

3 T. W. T. Tsai, F. C. Chou, Y. H. Tseng and J. C. C. Chan, Phys. Chem. Chem. Phys., 2010, 

12, 
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Hydrogen bonding network in Nafion proton exchange membrane 
 

Zhen Wu 吳振 1
, Peter Chu

2
 and Shangwu Ding

1 

1
Department of Chemistry, National Sun Yat-Sen University 

2
Department of Chemistry, National Central University 

 

The structural and dynamical properties of Nafion membranes swollen with 

water molecules in varied hydration level under proton and sodium forms have been 

investigated by NMR variable temperature experiments and pulse field gradient 

techniques. By analyzing the spin-lattice relaxation time of water in membranes as a 

function of temperature, the activation energy is obtained in light of BPP theory. In 

proton form of membranes, the activation energy is up to 43500 J ． mol
-1

 for 

dehydrated state (λ=6) and down to 16500 J．mol
-1

 for fully hydrated state (λ=22), 

respectively. In sodium form of membranes, the activation energy is up to 35500 J．

mol
-1

 for dehydrated state (λ=8) and down to 15500 J．mol
-1

 for fully hydrated state 

(λ=17), respectively. The ab initio calculations from triflic acid (CF3SO3H), 

CF3SO3Na and H2O, as model system, are carried out in order to characterize the 

dependency of rotational correlation time and activation energy on hydrogen bonding 

network within Nafion membranes. With less water content, the results indicate that 

most of water molecules are involved in hydrogen bonding network close to the 

sulfonate acid groups which is contrary to the case of higher water content. These 

results are useful in understanding the behavior of dynamics and proton transfer for 

Nafion proton exchange membrane. 
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Characterization of a Novel Cysteine Protease Inhibitor, Crammer, 

from Drosophila melanogaster, and its Potential Role in Cathepsin 

Regulation 

 
 Chao-Sheng Cheng 曾天生, Tien-Sheng Tseng, Yu-Nan Liu, Dian-Jiun Chen, Ping-

Chiang Lyu   

Institute of Bioinformatics and Structural Biology, National Tsing Hua University 

 

Drosophila melanogaster crammer belongs to a novel class of cysteine protease 

inhibitors and has been found to be involved in the formation of Drosophila long-term 

memory (LTM). The biophysical properties of crammer remain elusive. Here we 

found that the oligomeric state of crammer is pH-dependent. At neutral pH, in vitro, 

crammer exists as a disulfide bonded dimer, while at acidic pH, the monomer is 

predominant. However, in vivo, crammer likely exists as a monomer inside the 

lysosome. Our inhibitory assay shows that only monomeric crammer, but not a dimer, 

can act as a strong competitive inhibitor to suppress Drosophila cathepsin, which is 

distinct from the conclusions of previous studies. In particularly, Cys72 in crammer is 

not only responsible for the formation of intermolecular disulfide bond but also 

crucial for cathepsin inhibition. Finally, we also report the first structure of a 

propeptide-like inhibitor, crammer, and propose that monomeric crammer, like a 

molten globular protein, can undergo conformational change from the flexible state to 

the well-packed state upon binding with cathepsin. We presume the major driving 

forces for controlling structural change are the packing of aromatic residues and 

network salt bridges. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15823028&query_hl=1
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Study on complex structure between human synaptotagmin I (syt I) 

C2B domain and inositol hexakisphosphate (IP6) by NMR 
 

Meng-Je Juang 莊孟哲 and Chin Yu 

Department of Chemistry, National Tsing Hua University 

 

Synaptotagmin I (Syt I) is a synaptic vesicle protein that contains two copies of 

highly conserved protein kinase C homology regions known as the C2A and C2B 

domains. The C2A domain binds Ca
2+ 

and the C2B domain binds inositol 

polyphosphates (IP4, IP5, and IP6). It has been reported that Ca
2+

 regulated exocytosis 

of secretory vesicles is proposed to be activated by Ca
2+

 binding to the C2A domain 

and inhibited by inositol polyphosphate binding to the C2B domain. Inositol 

hexakisphosphate (IP6) is the principal storage form of phosphorus in many plant 

tissues. It has been shown that IP6 is protective against Parkinson's disease in vitro. In 

the present study, we investigated the interaction of IP6 with C2B in the presence and 

absence of Ca
2+ 

by various biophysical methods including isothermal titration 

calorimetry (ITC) and multidimensional NMR spectroscopy. These data show that 

IP6 binds specifically to the lysine-rich region of C2B with similar binding strength 

both in the presence and absence of Ca
2+

. The experimental data indicated IP6 binding 

to C2B is calcium independent. To understand the IP6 induced inhibition in exocytosis 

of secretory vesicles, we solved the solution structure of C2B-IP6 complex. This 

information will give clues to design better drugs for neurological disorders. 

http://en.wikipedia.org/wiki/Phosphorus
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Biological_tissue
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New Insights of 12-Tungstophosphoric Acid from Solid-state 
31

P 

NMR of Absorbed Trimethylphosphine Oxide and Introduction of 

the New High-Field NMR Facilities at Instrumentation Center of 

National Taiwan University 

 
Shing-Jong Huang 黃信炅 

Department of Chemistry, National Taiwan University 

 

The first part of this talk is intended to present our recent works (in collaboration 

with Prof. Shang-Bin Liu’s group) on Keggin-type heteropolyacids such as 12-

Tungstophosphoric acid (H3PW12O40; HPW) using solid-state
 31

P NMR of absorbed 

trimethylphosphine oxide (TMPO) probe molecule in conjunction with density 

functional theory (DFT) calculations. It will be shown that various protonated 

TMPOH
+
 and (TMPO)2H

+
 adducts may be unambiguously identified using 

31
P{

1
H} 

Lee-Goldburg cross-polarization (LG-CP) HETCOR and 
31

P-
31

P DQ correlation 

techniques. Moreover, it was found that transport of TMPO absorbate in HPW 

adsorbent invokes a desorption/absorption process associated with the (TMPO)2H
+
 

adducts. Consequently, three types of protonic acid sites with distinct superacidic 

strengths, corresponding to the observed 
31

P chemical shifts of 92.1, 89.4, and 87.7 

ppm, were identified for TMPO/HPW system. Together with the results from DFT 

calculations, thus, the TMPOH
+
 complexes are most likely associated with protons 

located at three different terminal oxygen (Od) sites of the PW12O40
3-

 polyanions. 

Similar techniques have also been applied to other heteropolyacid systems, such as 

alkali ion-exchanged CsxH3-xPW12O40 and H3PMo12O40 (HPMo). 

In the second part of this talk, I will briefly introduce the new high-filed NMR 

facilities at Instrumentation Center of National Taiwan University (NTU). This new 

800 MHz NMR spectrometer (Bruker AVANCE III), which is located at the 

Chemistry Building of NTU, was installed just before the end of 2009. This 

spectrometer (under the supervision of Prof. Ying-Chih Lin) is also equipped with 

several probeheads for solution-state applications, including a 5 mm TCI cryoprobe, a 

5 mm TXI, and a 5 mm BBO probes and also equipped with the solid-state 

accessories. We are also anticipating a new solid-state Bruker AVANCE III 600 MHz 

NMR spectrometer (supervised by Prof. Jerry Chun-Chung Chan) to arrive and to be 

installed in the same facility by mid-2011. With these state-of-the-art instruments, we 

hope to offer the best services to the NMR communities and to contribute to the 

NMR-related research in Taiwan. 
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NMR and X-ray analysis of DNA recognition by Myb3 DNA binding 

domain from Trichomonas vaginalis 

 
 

Yuan-Chao Lou 羅元超, Shu-Yi Wei, Meng-Ru Ho, Jung-Hsiang Tai and Chinpan 

Chen 

Institute of Biomedical Sciences, Academia Sinica 

 

Trichomonas vaginalis, a protozoan parasite, is the causative agent of 

trichomoniasis, which is a common but often neglected sexually transmitted disease. 

The ap65-1 gene of T. vaginalis, encoding a 65-kDa surface adhesion protein which is 

associated with the cytoadherence of T. vaginalis to the host cells, is regulated by 

Myb proteins through the Myb recognition elements (MREs). Among the identified 

Myb proteins (Myb 1 to 3), Myb3 interacts with the MRE-1 element. We identified 

that Myb353-180, containing two Myb-like DNA-binding motifs (designated as R2 and 

R3 motifs) and an extension of 31 residues at C-terminus (Ile
150

-Lys
180

), is the 

essential fragment for DNA recognition. And interestingly, the removal of C-terminal 

31 residues reduces the DNA binding ability significantly. The structural basis of 

Myb353-180/DNA interaction was investigated by X-ray crystallography and showed 

that only the third helixes of both R2 and R3 motifs are responsible for DNA 

recognition. In the complex structure, the C-terminal 31 fragment forms a significant 

b-hairpin, but no direct interactions between DNA and the 31 residues can be 

observed. Using SPR, ITC and site-directed mutagenesis, we showed the importance 

of C-terminal fragment in DNA binding. Also, paramagnetic NMR was applied to 

investigate the interactions between Myb353-180 and DNA, and will be presented in 

detail in this talk. 
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Drug discovery by NMR  

Dr. Wolfgang Jahnke  
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