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Application of X-ray in Biological Protein Structure
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Bovine Trypsin & Its Inhibitor Leupeptin

Figure 11-25
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PDB Data Distribution by Experimental Method and Molecular Type

Copy CSV
Molecular Type X-rayl|f NMR EM Multiple methods Neutron
Protein (only) 143678 11856 8479 179 70
Protein/Oligosaccharide 8501 3 1068 5 0
Protein/NA 7588 274 2110 3 0
Nucleic acid (only) 2389 1394 61 8 2
Other 150 3 3 0 0
Oligosaccharide (only) " 6 0 1 0
Total 162317 13592 g721 196 72

Cryo-

EM

NMR ) e A

X-ray

Leupeptin-trypsin
covalent complex
PDBid 2AGI

162294

185835

W 555 @ 1]

of Biclogy
Prcteen Duea Bask archove-rformation st
s B, 3 camiien sssemoies Tt Peica

3 8 asgects of biomediia and sFGAturs.

7PUV
Cepatat strurcture of carbosic ardydrase X3

) ety 2 e sonesn o) 4 <Hwos.
S-ustamoyerzonts

Use the new Group option 19 Simolly
s Dasest 0 SIS KSuntty.

L UniProt 10, and growp depcsiions.




J & & Grouper fish

BERTF R




LB E SR TEALE S EA0R N 0 B G AR A 1238 LR 5 R
I FIFAHR L SEPIHIE > BT F FENY -

WEERREAEARRBATREREAE B E
T o B R R AR E 4 R P 0 1 AT B — AL
HBH AR EREFCAE - B AEHEeY
2 B R Rk B R R AR 0 B 1
PR AL E A R > A e IR T R -

-
P e
&r"" Orange-Spotted Grouper Nervous Necrosis Virus
AETRBERDAEEIHANEE LB * Non-enveloped virus (30 nm)
HihAE - EEEENANAN  6ELEHA * Single-stranded, positive-sense RNA

HIRE -

A5 X

EOHESR

X B RGfE

(R —

FEIRIEIR T A E LB




What is protein Crystallography?

o Protein crystallization x-rction
a Protein purification ! & :

e Drug design & medical
biotech applications

Protein Expression and Purification for
Protein Crystallography

- f~#

Expression Ultra-sonication

Ni*2-His-protein ——— e T o e —— ,@
iy ERESEE | m— >

e %—3 Purified protein

Electrophoresis (SDS) Gel filtration (sizing)
chromatography

Metal affinity
chromatography

Purification

periplasm




Protein Crystallization

Hanging Drop Vapor Diffusion Cell
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Current Protein Crystallography Facilities of NSRRC

* SP12B2 Taiwan Beamline, SPring-8, Japan
* 2002.09 open to Taiwan users

* SP44XU Osaka Beamline, SPring-8, Japan
*2010.01 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

* p-beam 05A PX Beamline, TPS, NSRRC, Taiwan
* 2016.9 open to users

¢ u-focus 07A PX Beamline, TPS, NSRRC, Taiwan
* opening soon

TPS 05A Protein Microcrystallography
Beamline

P

The focused beam size at the sample: 50 (H) x 20 um (V), photon flux 6 x10'? photons/s.
Apertures to collimate the beam in the range: 50-5 um.

The beam divergence at the sample < 500 prad (H) and 100 prad (V)

The energy range: 5.7 - 20 keV (wavelength 2.175-0.62 A).

TLS 13B1 PX Experimental Station
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Flash-cooling:

Fig.3. A. Loop in a pin held by a magnetic wand probing a drop of
cryoprotectant on a silated glass cover slip on a microscope stage. B. Loop 2
wafting a crystal in the cryoprotectant. C. Loop has captured the crystal (@)InLN

Radiation damage can seriously compromise the quality of the afting a crystal in oprotectant. €. Loop has captured ! )
~ e . o which is being lifted out of the drop. D. The loop is da on a dry
final electron denS“y' room temperature lysozyme after 3 hours surface of the cover slip to remove excess cryoprotectant prior to flash (b) In the gas stream
in a 2nd generation Synchrotron bealn_ cooling by plunging into liquid nitrogen. This last step is optional, but g
may help reduce X-ray background due to scatter from the excess
cryoprotectant.

Cryo-crystallography




File Edit View Utils Help ||

Image
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Secondary structure

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

Data Collection and Structure Determination
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Data analysis and computation

Step1: Baton atom Step3: mutant

Step4: refine and rebuilding

Step2: poly-ala




Different resolution data input for NCSA

Different resolution data input for NCSA

CA 8

25A

Different resolution data input for NCSA

4.7 A 3.2A




Overall structure of GNNV coat protein
PLoS Pathog. 11(10): e1005203 (2105)
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Sequence Alignment of P-domains G A IR TAE

among Different Strains of Betanodavirus Structure of GNNV
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OSGNNV (GenBank: AAN04042.2)
DGNNV (GenBank: AAG22496.1)
RGNNV (GenBank: ACV07659.1)
BFNNV (GenBank: ABY87292.1)
SJNNV (GenBank: BAA06491.1)
TPNNV (GenBank: ABY87295.1)

Betanodavirus




Emg* Rtﬂ:ﬂ maﬁm EE Introduction of B-lactoglobulin
E
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(RERCL/GIR] W TIEASEITENS, STHREEALMTIAE . . .
(MEDARMTRET ISR RGO TR RO RDWER (J B-lactoglobulin (B-LG), one of the most investigated
MRS« FERZ SN ERIRATRLINUT RS A SN TR JNEE

proteins, is a major whey protein in bovine milk to
an extent about 50%, and sensitive to thermal
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SRR NSNS SIS (SN Saraeen D s . (J The essential biological functions of the protein include
cholesterol lowering, modulation of the immune system,

transport of retinol, fatty acid, and vitamin D, and
|FJ%= B |F&(E)$t : AALESER | EI8 : 2015113 | prevention of oxidative stress.

(O Structurally, it belongs to the lipocalin superfamil
which can carry some hydrophobic ligands.

Binding ratio of B-LG with ligands

Titration experiment

() B-LG comprises 162 amino acids and
contains nine anti-parallel B—strands from A
tol.

() Ato D strands form one surface of
the barrel (calyx) whereas strands E-

H form the other. £ 100l Vitamin D;
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(J There is one gate (EF loop) sensitive § 60
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Effect of heating on B-LG binding to ligands

o

Vitamin Dy Heated g-LG binding to vitamin D,

Retative quenching (%)
t
Relatvie quenching (%)

70 80 90 100 0 1 2 3 4
Temperature (°C) [Vitamin Dy / [heated 8-LG]

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

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

Molecular interaction of B-LG with vitamin

Lys-60 Arg-148

Calyx Exosite

Hydrophobic residues

Hydrophilic residues

Electron density map of two vitamin D; binding sites

Phe-105

Vitamin D; and B-LG molar
ratio at 3:1, pH=8.0

Solving structural puzzle
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Dimeric structure of swapped PWWP domain
complex with DNA
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o fHEHE B {52 (radiation-damage-free) Ay 4= 1745 1%
: o BEFEMLIECAG(SPI), T AL

o (KRFFRFDELBLES (serial femtosecond crystallography, SFX)
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