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1. Overview 

To provide an understanding of protein functions in biological processes that take 

place within living organisms at a molecular level is one of the most important tasks and 

ultimate goals of modern biology. Fundamental to this understanding is a knowledge of the 

three dimensional structures of the molecules because of the causal link between structure 

and function. Among those different approaches, protein crystallography has continued to be 

the dominant method of determining the three-dimensional structures of increasingly larger 

and more complex molecular problems at atomic resolution in the field of structural biology 

and genomics. Moreover, in recent years, synchrotron radiation protein crystallography is 

becoming an increasingly important tool in the development of new therapeutic agents in a 

broad range of diseases and structure-based drug designs.  

Numerous methodological and technological developments have contributed to the 

current success. These include the availability of intense, tuneable and highly collimated 

synchrotron X-ray sources, anomalous dispersion phasing methods, cryogenic sample 

cooling techniques, fast readout area detectors techniques, and real time computing 

capabilities. These advancements allow rapid data collection from very small and/or very 

weakly diffracting crystals. Without the use of synchrotron radiation many of these projects 

would not be feasible. An analysis of the protein structure depositions shows that synchrotron 

radiation is used in over 75% of all structure determinations and this percentage is increasing 

every year. The percentage of structures determined using anomalous dispersion methods, 

usually from SeMet proteins, is also increasing dramatically. The high success rate of this 

approach has made it become the method of first choice. The tunability of the X-ray that is 

essential to optimize the anomalous dispersion signal is only available with synchrotron 

radiation. 

Although the protein crystallography community in Taiwan is relatively small, however, 

the contribution of the community to NSRRC’s user publications is relatively high, 

especially in high-profile publications. It is very important that this community has adequate, 

frequent and local access to the new TPS to keep its performance in the increasingly 

competitive field. 

One protein crystallography beamline using undulator source is proposed as phase-I 

beamline of TPS to determinate the 3-D structures of macromolecules. The primary 

requirements are high flux (>1x1012 photons in 100 m2), low beam divergence (<0.2 mrad) 

and rapid tunablity over a range 0.5-2.5 Å . Additional requirement is high level of 

automation, both in sample handling and data collection and processing. Automation is 

essential to realize the full benefits of the source. This beamline should be equipped with 

state-of-the-art detectors and computational facilities. 

 

2. Scientific Case 

The highly productive X-ray diffraction has made an unrivaled contribution to structures 

at atomic resolution of all biological molecules such as proteins and DNA. As the technology 



of X-ray beam light and X-ray crystallography research are still incessantly developing, the 

research topics have expanded to the structure of macromolecules related to physiological 

function and even more complicated systems, i.e. liposome, lipo-membrane, carbohydrate, 

enzyme, virus protein, drug molecule etc. In research on biological structure and functional 

relationship, the advanced X-ray beamline has been used in structure-changing research to 

understand how those specific proteins regulate the ion channel closed or open on the 

lipo-membrane, and how a penicillin molecule inserts into the entrance of a bacterial 

duplicating protein to block bacterial regeneration.  

 

Large Molecular Assemblies 

Structural determination of large complexes and assemblies generally benefits from the 

high brilliance and high flux of a synchrotron source. Common applications are the structural 

determination of virus particles, consisting of several proteins with high symmetries and a 

total molecular mass over several Mdalton (including DNA or RNA genomes), such as 

Hepatitis B virus proteins. These studies illustrate the difficulties in working with crystals of 

large complexes, including weak diffraction, close spots from large unit cells and radiation 

damage. Apart from viruses, the studies of ribosome and the 

DNA/RNA-polymerase-transcription complexes, protein-DNA/RNA complexes are also 

critically dependent on routine and frequent access to synchrotron radiation facilities. For 

example, nucleases play key roles in numerous biological events, including DNA/RNA 

turnover, repair, editing, programmed cell death and host defense. Understanding the 

regulatory strategies of these nucleases is important to selectively activate or inhibit these 

nucleases in pathogenic, virus-infected or tumor cells.  The structural studies will be focused 

on protein complexes, such as degradeosomes in apoptosis and yeast exosomes in RNA 

degradation, and protein/nucleic acid complexes involved in apoptotic DNA fragmentation 

and RNA degradation. This research will provide molecular bases for the regulation, substrate 

recognition and catalytic strategies of several important nucleases involved in cell defense 

and survival.  Some of the projects have the potential to lead to something that might have an 

impact on human health. Another target is the prokaryotic and eukaryotic type II DNA 

topoisomerases in complex with DNA, and antibiotics or antitumor agents. 

Protein molecules generally form complexes to fulfill their functions.  The interactions 

between molecules cause association into large protein multimers in the asymmetric unit of 

crystals. Such a large molecular complex limits the data collection of X-ray diffraction, e.g. at 

low resolution (to only 2.5 Å ), a large unit cell and radiation damage, etc., which all conspire 

to increase the difficulty of structural determination at atomic resolution. A more stable X-ray 

source and greater flux will greatly benefit the study of other large molecular assemblies and 

complexes.  

 

Membrane Proteins 

The functions of membrane proteins are of prime importance to the cell.  The genomic 



sequences from several organisms show that membrane proteins constitute a significant 

portion of the genome. Much energy conversion, storage, biogenesis of organelles, solute 

exchange and signal transduction are mediated by specialized membrane proteins, such as 

water-channel proteins. Understanding such fundamental vectorial processes of the molecular 

biology of the cell requires information about the structures of these hydrophobic proteins at 

atomic resolution.  The critical step in accomplishing this objective by X-ray crystallography 

is the routine availability of well-ordered three-dimensional crystals. This challenge is great 

but has so far met with limited success for protein crystallographers, because the hydrophobic 

surfaces and anisotropic orientation of membrane proteins are serious impediments in 

producing crystals suitable for X-ray analysis.  Whereas non-membrane protein structures 

have been determined by protein crystallographers at the rate of one or more per day, only a 

few membrane protein structures have been determined so far.  Some of membrane protein 

targets will be proposed for structural and functional studies, such as neurotransmitter 

transporters for the development of psychopharmacology and electron transfer chain on 

membrane. To determine the crystal structures of these enzymes will hence not only aid the 

understanding of their structure-function relationships for bio-technical applications but also 

provide useful information for structural proteomics.  

 

Drug Design 

Structure-based drug design has played an important role in the drug discovery process 

because of its efficiency to reduce the high cost and wastage in time and money to discover a 

novel drug. Moreover, this approach promises the development of drugs which have more 

specificity toward the targets and fewer side effects, since the lead compounds can be 

modified atom by atom to fit their specific targets by visualizing the three-dimensional 

structure of the target protein -drug complex using x-ray crystallographic technology. A large 

number of pharmaceutical companies and health research institute have launched the 

structure-based design program since 1990’s and continuously make intense efforts in this 

area. As a result, a number of successful cases of novel drugs discovered in this way have 

been reported and developed into the clinical trial. The number of new drugs discovered by 

this method is expected to increase as improved x-ray crystallographic and NMR techniques 

in combination with exponential growth in the number of protein targets as identified from 

human proteomics project and ever-advancing computational equipment stimulate the 

development of drug discovery field. 

 In order to elaborate the details of the interaction between the drug target and the drug 

hits/leads and consequently guide the further lead optimization, the access of the synchrotron 

radiation source to obtain high resolution data is crucial for the success of the drug discovery 

program. For examples, in the anti-diabetics drug discovery program in the Division of 

Biotechnology and Pharmaceutical Research (BPR), NHRI, several high resolution datasets 

have been collected in NSRRC and SPring8 and the structures of the peroxisome 

proliferator-activated receptors (PPAR, a validated drug target in the treatment of diabetics) in 



complex with the drug leads have been solved. These structures have been provided insight 

into the detailed interactions of the drug target with the hit/lead compounds and rationalized 

the structure-activity relationship (SAR) to guide the lead optimization. Compounds modified 

as suggested by the structural biology study have improved the potency and shown the in vivo 

efficacy in the animal experiment.  

 

Functional-important proteins 

Some other functional important protein targets are proposed, such as flagellar synthesis 

proteins, SOS response-related proteins, and pathogenicity-related proteins from 

Xanthomonas campestris and Deinococcus ficusm, Cytochrome P450 enzymes and AAA+ 

ATPases involved in protein secretion. 

 

3. Beamline Requirements 

Beamline requirements were defined by Working Group Meeting held at Institute of 

Molecular Biology, Academia Sinica in June 11th 2008, assembled by research scientists and 

beamline scientists from Taiwan. The letter of support (LOS) sent by the Working Group 

were circulated to the PX community of Taiwan, Thailand, and Singapore, and 39 responses 

were received. Basing on these responses, and taking into account the current level of 

synchrotron usage, the anticipated expansion of the community, and the expected 

performance of the TPS beamlines, it was concluded that three dedicated beamlines would be 

required. 

Currently, There are one PX beamline in operation and one in construction at the TLS in 

NSRRC, therefore, it is very importance that at least one state-of-the-art PX beamline is 

available from Day 1 operation of TPS. All TLS PX beamlines can then move over to TPS in 

subsequent years. 

It is no doubt that the anomalous dispersion measurements (MAD or SAD) have 

become the most powerful and successful phasing methods for de novo structure 

determination. Therefore the new beamlines should be rapidly tuneable over a minimum 

wavelength range of 0.5-2.5Å .  

Large macromolecular complexes carry out many cellular functions. Their unit cells are 

usually very large, and are very difficult to obtain suitable crystals. Both factors result in very 

weak diffraction system which requires beams with extremely low divergence and high 

brilliance to resolve adjacent Bragg spots and provide good data quality. It is essential that 

the beamline is designed to deal with very small samples, both with regard to visualisation 

and in terms of mechanical stability and reproducibility. 

Automation systems for crystal handling and centring, data collection and processing 

are essential to achieve the highest possible productivity from the beamline. Remote access 

of this beamline can also be developed based on these beamline automations. 

Support facilities to allow sample storage, inspection and manipulation are absolutely 

necessary and should include provision of basic equipment (microscopes, pipettes, dewars, 



glassware) as well as working space. 

Sufficient computational facilities at the beamline or a central facility should be 

available after a scheduled user session has finished while others are using the beamline. 

 

4. Beamline Specification 

The schematic diagram shown below illustrates a possible optical layout for a protein 

crystallography beamline built to meet the beamline requirements outlined above. 

 

 

 

An estimate of the performance of such a facility is given below. 

Source:  Undulator 

Optics:  Double crystal monochromator with focusing K-B mirrors 

Properties: Energy range: 0.5 – 2.5 Å  (4 – 24.8 keV) (optimised for Se-MAD phasing)  

Bandpass : 2 x 10-4 

   Energy stability: 0.25eV 

Photon beamsize at sample: 10 - 200 µm (FWHM) (the lower extremes will 

be achieved using slits, the upper by defocusing)  

Beam divergence at the sample: <100 µrad (H) x < 50 µrad (V) @1Å  

Flux at the sample: 1.0 x 1012 (ph/s) in 100 x 100 µm @1Å  

Flux stability at sample: 0.3% RMS on timescale >100ms 

   Positional stability at sample: 1% RMS on 5s timescale  

         3% RMS on 1hr timescale 

Goniostat: Single axis with <1m sphere of confusion 

   Area detector with no more than 1s readout time 

Fluorescence detector for XAS 

   Auto-loading and auto-changing of sample 

   Auto-alignment of sample both optically and with X-rays 

Visualization optics is capable of accurately determining crystal volume, 

shape and position within loop 



Sample   He or N2 cryogenic system down to temperatures of 100K 

 

5. Evidence of Competence 

The Protein Crystallography Interest Group has contributed to the beamline construction 

ever since NSRRC built the first PX beamline in 1993. They all are experienced synchrotron 

users and are knowledgeable in instrumentation and methodology on protein crystallography. 

A table listed below summarizes briefly about the effort achieved by this group. 

NSRRC BL17A/B/C Construction Project (1993 – 1996) 

Budgetary Resource IMB/AS: 42M NTD 

NSRRC: 220M NTD 

 

Working Item Participant 

Planing & 

Conceptual Design 

IMB/AS: Dr. Chwan-Deng Hsiao, Dr. Yen-Chywan Liaw, Dr. Hanna S. Yuan 

NSRRC: Dr. Yuch-Cheng Jean 

Technical Design & 

Construction 

NSRRC: Dr. Yuch-Cheng Jean 

Commissioning IMB/AS: Dr. Chwan-Deng Hsiao, Dr. Yen-Chywan Liaw, Dr. Hanna S. Yuan 

NYMU: Prof. Shwu-Huey Liaw 

NSRRC: Dr. Yuch-Cheng Jean 

Operation NSRRC: Dr. Yuch-Cheng Jean 

 

NSRRC BL13B/C Construction Project (2002 – 2005) 

Budgetary Resource NRPGM/AS: 250M NTD 

NSRRC: 40M NTD 

 

Working Item Participant 

Planing & 

Conceptual Design 

IBC/AS: Dr. Andrew H.-J. Wang 

IMB/AS: Dr. Chwan-Deng Hsiao, Dr. Yen-Chywan Liaw, Dr. Hanna S. Yuan 

NTHU: Prof. Yuh-Ju Sun, Prof. Wen-Ching Wang 

NYMU: Prof. Shwu-Huey Liaw 

NTU: Prof. Nei-Li Chan 

NHRI: Dr. Su-Ying Wu 

NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao, Dr. Chun-Jung Chen 

Technical Design & 

Construction 

NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao, Dr. Chun-Jung Chen 

Commissioning IBC/AS: Dr. Andrew H.-J. Wang 

IMB/AS: Dr. Chwan-Deng Hsiao, Dr. Yen-Chywan Liaw, Dr. Hanna S. Yuan 

NTHU: Prof. Yuh-Ju Sun, Prof. Wen-Ching Wang 

NYMU: Prof. Shwu-Huey Liaw 

NTU: Prof. Nei-Li Chan 



NHRI: Dr. Su-Ying Wu 

NCHU: Prof. Shan-Ho Chou 

NSRRC: Dr. Yuch-Cheng Jean 

Operation NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao 

 

Spring-8 BL12B2 Upgrade Project (2007 – 2008) 

Budgetary Resource AS: 20M NTD 

NSRRC: ~20M NTD 

 

6. Contributing Groups and Work Breakdown 

A very general work breakdown based on different users group is listed below. 

Working Item Participant 

Overall Planning and 

User Group 

Organization 

IBC/AS: Dr. Andrew H.-J. Wang 

IMB/AS: Dr. Chwan-Deng Hsiao 

NSRRC: Dr. Yuch-Cheng Jean 

Beamline 

Specification 

IBC/AS: Dr. Andrew H.-J. Wang 

IMB/AS: Dr. Chwan-Deng Hsiao, Dr. Yen-Chywan Liaw, Dr. Hanna S. Yuan 

GRC/AS: Dr. Ming-Daw Tsai, Dr. Alex Che Ma, Dr. Chou, Chia-Cheng 

NTU: Prof. Nei-Li Chan, Prof. Chii-Shen Yang 

NHRI: Dr. Su-Ying Wu 

NCHU: Prof. Shan-Ho Chou 

NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao, Dr. Chun-Jung Chen 

Conceptual Design IMB/AS: Dr. Chwan-Deng Hsiao, Dr. Yen-Chywan Liaw, Dr. Hanna S. Yuan 

NTU: Prof. Nei-Li Chan 

NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao, Dr. Chun-Jung Chen 

Technical Design IMB/AS: Dr. Yen-Chywan Liaw 

NTU: Prof. Nei-Li Chan 

NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao 

Construction NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao 

Commissioning IBC/AS: Dr. Andrew H.-J. Wang 

IMB/AS: Dr. Chwan-Deng Hsiao, Dr. Yen-Chywan Liaw, Dr. Hanna S. Yuan 

GRC/AS: Dr. Ming-Daw Tsai, Dr. Alex Che Ma, Dr. Chou, Chia-Cheng 

NTHU: Prof. Yuh-Ju Sun, Prof. Wen-Ching Wang 

NYMU: Prof. Shwu-Huey Liaw 

NTU: Prof. Nei-Li Chan, Prof. Chii-Shen Yang 

NHRI: Dr. Su-Ying Wu 

NCHU: Prof. Shan-Ho Chou 

NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao, Dr. Chun-Jung Chen 

Operation NSRRC: Dr. Yuch-Cheng Jean, Dr. Chun-Hsuing Chao 

 



7. Expressions of Support 

There are totally 39 user groups including 37 domestic and 2 international groups, 

express their supporting of this proposal by sending a Letter of Support (LOS) to us. 

Summary of their beamline requirements and comments are listed in the following table.

Beamline Requirements and Comments 

 NSRRC is our synchrotron of choice. This is due to a proven reliability and superb user support. 

However, the intensities of the present beamlines are relatively low. This new proposition will 

add excellent beam charateristics to the existing qualities, making the NSRRC a truly world class 

facility. I fully support this proposal. (Robert. Robinson, Singapore) 

 Although the current beamlines are quite useful and the service at the current site is excellent, it 

would be useful to have a more powerful beam for applications such as small crystals and large 

unit cells. (James. Cairns, Thailand) 

 The current protein beamlines BL13B1, BL13C1, BL12B2 and closed BL17B2 provide 

excellent help for protein structure analysis during the past 10 years. It is great to hear that the 

new protein beamline at TPS ring will be opened in the future. 

 It is very important to have the delicate macro-molecule beamlines in the new 3 GeV TPS ring 

and I support strongly this proposal. These beamline should include functions: microfocus, SAD 

or MAD, tuneable over wide range (at least between 0.5 and 2Å ), and automatic alignment to 

the beam by the camera/detector set-up. 

 Easily tunable over wide range (at least between 0.5 and 2Å ) 

 SAD or MAD methods should be available 

 Optimized performance and availability of instruments required for SAD or MAD experiments 

 More user-friendly measurement of fluorescence spectrum on MAD station. 

 Fast sample rotation to collect diffraction of Friedel's pair (0o, 180o, 1o, 181o, ...) instead of 

sequential frames (0o,  1o,  2o, ...) 

 If possible, fast wavelength tuning to collect data at peak, inflection and remote point of MAD 

for each frame. 

 The new beamline should have 2-theta capability or is equipped with a larger area detector to 

allow data collection at ultrahigh resolution (better than 1Å ) or from crystals with very large (> 

500 Å ) unit cell. 

 Detector should be large enough to handle big unit cell and also fast enough to screen crystals in 

short time 

 Suitable set-up is requested to collect data from crystals with large unit cell. 

 Three-axis goniostat might be necessary for the alignment of crystals with unusual unit cell 

dimensions. 

 Use of smaller crystals requires a microfocus beamline with bright intensity. The proposal for 

beam size at sample of 10 micron would be satisfactory. 

 Automatic alignment to the beam by the camera/detector set-up 

 Checking 'sphere of confusion' - method of checking the crystal rotation and the camera axes are 

coincident and orthogonal 

 Software integration to determine data collection strategy. (Mosflm seems to have better strategy 

than HKL2000) 

 Robot for automatic sample mounting and remote control for data collection should be 

considered  

 It will be convenience if the remote control system is available for the routine data collection. 

 Radiation damage may require a need to cool below 30K 

 A wet lab (including a cold room) for protein preparation is needed. 

 A long wavelength beamline is considerable to solve the problem of phase determination. 

 


