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Scales of Human Structures

10-7m 10-8m 10-9m10-6m10-5m10-4m10-3m1m 10-2m10-1m

• Biomolecular assemblies
– DNA 

• storage of genetic information
– Ribosome

• translation of genetic information
– Proteins/Enzymes

• executing machinery
– Complexes

• controlling genetic information

• Target

- Structure aided drug design

- Understanding of life-cycle processes

Structure-Function 
relationship to unravel life 

processes

Structural Molecular Biology

N-terminal C-terminal



Bovine Trypsin & Its Inhibitor Leupeptin

Leupeptin-trypsin 
covalent complex 

PDBid 2AGI

X-ray

NMR

Cryo-
EM



��� Grouper fish

Infection of viral nervous necrosis (VNN)
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Orange-Spotted Grouper Nervous Necrosis Virus

• Non-enveloped virus (30 nm)
• Single-stranded, positive-sense RNA
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What is protein Crystallography? Purification  
cytoplasm periplasm

Protein Expression and Purification for 
Protein Crystallography

DNA Cloning Expression Ultra-sonication

Metal affinity 
chromatography

Ni+2-His-protein

Electrophoresis (SDS) Gel filtration (sizing)
chromatography

Purified protein

Preparation and Negative-staining EM of GNNV-LPs



Protein Crystallization

0.1 mm

Protein crystal

Molecular packing
inside crystals

a 477Å

c 337Å β 134˚

b 423Å
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Current Protein Crystallography Facilities of NSRRC
• SP12B2 Taiwan Beamline, SPring-8, Japan
• 2002.09 open to Taiwan users

• BL13B1 PX Beamline, TLS, NSRRC, Taiwan
• 2005.09 open to general users

• BL13C1 PX Beamline, TLS, NSRRC, Taiwan
• 2006.01 open to general users

• BL15A1 PX Beamline, TLS, NSRRC, Taiwan
• 2011.10 open to general users

• µ-beam 05A PX Beamline, TPS, NSRRC, Taiwan
• 2016.9 open to users

• SP44XU Osaka Beamline, SPring-8, Japan
• 2010.01 open to Taiwan users

• µ-focus 07A PX Beamline, TPS, NSRRC, Taiwan
• opening soon

TLS 13B1 PX Experimental Station

Q-315 CCD Detector

High Precision Diffractometer

Cryo-Cooler

Fluorescence Detector

Sample Automatic Mounting System

TPS 05A Protein Microcrystallography
Beamline

The focused beam size at the sample: 50 (H) x 20 µm (V), photon flux 6 x1012 photons/s.
Apertures to collimate the beam in the range:  50–5 µm. 
The beam divergence at the sample < 500 μrad (H) and 100 μrad (V)
The energy range: 5.7 - 20 keV (wavelength 2.175-0.62 Å).

Sample Preparation, Data Collection & Processing



Flash-cooling:

(a) In LN2

(b) In the gas stream

Cryo-crystallography

Crystal in the loop

0.1 mm

2 : 30 am



dtdisplay

Beam center

Resolution rings

Profiles

Zoom window5

Image
info

Data Collection and Structure Determination

r(x,y,z,) =1 / Vc ∑hkl |F(hkl)| eif(hkl) e-i2p(hx+ky+lz)

X-ray diffraction image on crystal Solving the phase problem

Data analysis and computation

�
??

Crystallographer

Secondary structure

a-helix b-sheets

You should be able to see some secondary-structure-like density 
from the correct phased maps.

Step1: Baton atom

Step2: poly-ala

Step3: mutant

Step4: refine and rebuilding



Different resolution data input for NCSA 

25 Å 22 Å
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Different resolution data input for NCSA 

18 Å 6 Å

Different resolution data input for NCSA 

4.7 Å 3.2 Å

The density map of T=3 GNNV-LP

40



T=3 icosahedral lattice of GNNV-LPs

5

3 32 228Å

350Å
47Å

Surface domain-colored diagram Central cavity

Overall structure of GNNV coat protein
PLoS Pathog. 11(10): e1005203 (2105)

Sequence Alignment of P-domains 
among Different Strains of Betanodavirus

210
100.0%
100.0%
93.0%
82.8%
69.2%
70.0%

The protrusion surface of the GNNV might
be associated with the functionalities of
the receptor binding and host-cell
specificity during viral infection.
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Structure of GNNV



β-lactoglobulin (β-LG), one of the most investigated 
proteins, is a major whey protein in bovine milk to 
an extent about 50%, and sensitive to thermal 
denaturation. 

The essential biological functions of the protein include 
cholesterol lowering, modulation of the immune system, 
transport of retinol, fatty acid, and vitamin D, and 
prevention of oxidative stress. 

Structurally, it belongs to the lipocalin superfamily 
which can carry some hydrophobic ligands.

Introduction of β-lactoglobulin
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β-LG comprises 162 amino acids and 
contains nine anti-parallel b–strands from A 
to I.

A to D strands form one surface of 
the barrel (calyx) whereas strands E-
H form the other.

Structure of β-LG and hydrophobic ligand complex

There is one gate (EF loop) sensitive 
to pH of the calyx.

The structural function of the only a-helix 
(residues 130-141) with three turns at the 
C-terminus is unknown.

Vitamin D3 binds to the central calyx.

Binding ratio of β-LG with ligands
Titration experiment

2:1
The same site for two vitamin D3
Or two independent sites?



β-LG was heated between 50 and 100℃ for 15s to 16min before the addition of 
these ligands.

Effect of heating on β-LG binding to  ligands

This data suggest that there is another thermally independent vitamin D3
binding site, which is remote from the calyx.

Electron density map of two vitamin D3 binding sites

Vitamin D3 and β-LG molar 
ratio at 3:1, pH=8.0

Hydrophobic residues

Hydrophilic residues

Molecular interaction of β-LG with vitamin 
D3

52

Data from TPS 05A

Data from TLS 15A
Solving structural puzzle

Monomeric structure of PWWP domain

Dimeric structure of swapped PWWP domain 
complex with DNA
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• �����(radiation-damage-free)�
��


• ����	��(serial femtosecond crystallography, SFX)
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• ���	�(SPI), �����

• pump-probe
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