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Bovine Trypsin & Its Inhibitor Leupeptin
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covalent complex
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Figure 11-25
© 2013 John Wiley & Sons, Inc. All rights reserved.
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Crystallization leads to crystals of various sizes

Open a door for structure determination
from micro-size crystals




Diffraction Pattern
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B-lactoglobulin
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@ pB-lactoglobulin (B-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.

Al
[Tt

@ 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.

Effect of heating on B-LG binding to Vitamin D3
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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 D5
binding site, which is remote from the calyx.



Molecular interaction of B-LG with vitamin D,

Lys-60 Arg-148

Calyx Exosite

—— Hydrophobic residues

— Hydrophilic residues
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The complex structure of AjFT with substrates

Crystal structure of Aspergillus japonicus fructosyltransferase (AjFT) complex with nystose.
The structure of AjFT composed of an N-terminal catalytic domain comprising a five-blade B-
propeller linked to a C-terminal B-sandwich domain is presented as ribbons and electrostatic
surface (positive charge: blue; negatively charge: red). A nystose substrate (in ball and stick)
is bound at the active-site pocket.

I Scientific Opportunities

Structure-based Drug Design

Polymorphism of methotrexate (cancer drug) by y-glutamyl hydrolase
J. Med. Chem. (2013) 56, 7625

To elaborate the details of interactions between the drug target and drug
hits/leads, the access of the stable micro-focus X-ray beam to obtain high-
resolution data from screened micro-crystals is crucial for drug discovery.
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Virus Studies

Grouper Nervous Necrosis Virus (GNNV)
PLoS Pathog. 11(10): 1005203 (2015)

JPp=—1t—
Porcine Virus
In preparati
Shrimp Nodavirus (NV) e

Commun. Eiol. 2:72(2019)
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LPs and Structure of Capsid
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S-domain N-terminal arm

PLoS Pathog. 11(10): e1005203 (2015)
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Infection alone or through mite complex

The central nervous system

Abnormal behavior (hair loss, black tail, body
shrinking, inapparent pattern, deformed wing,
abnormal posture, muscle tremors...)

High mortality

L

E E Australia' honey bées -1‘1t in

lockdown due to deadly varroa . % :

The tiny varroa mite can kill bee colonies by feasihgn them and
29June 2022 transmitting viruses.




nature communications (2023) 14:545
Chen, et al.

Article

Structures of honeybee-infecting Lake Sinai
virus reveal domain functions and capsid
assembly with dynamic motions

Combination of PX, Cryo-EM, SAXS, MALDI-TOF and
other biophysical techniques for structural biology
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Self-assembly mechanism

The Linac Coherent Light Source Free electron: the first hard
X-ray XFEL in the world
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Applications of XFEL

* Single Particle Imaging (SPI), such as virus particles

30 nm
—

* pump-probe technology and crystallography for time-resolved
dynamic study on structures.

Applications of XFEL

e Radiation-damage-free structures of macromolecules




Strategy for Serial
Femtosecond
Crystallography

SLAL v

LABORATORY #KS
Liquid Jet

+ Size of crysfal: small (typically 0.1-10 um)
* Crystals in mother liquor, ‘RT’

Interactlo?m * Liquid injection

(10 focus) § - Light source (xFEL): ‘coherent’, frequency =

CSPAD detector KB Undulstor 120 Hz, higher flux (~10'2 photons/pulse)
(it mirror  (420m upstream) and high peak brilliance
+ Femtosecond exposure outruns radiation
Image from Boutet et.al (2012) damage

» Time-resolved study for both reversible and
irreversible processes possible

Photosynthesis changed planet Earth

7 \ ’
N

Photosynthesis transformed our planet 2.5B years ago producing oxygen, capturing
solar energy and CO,, that slowly converted to fossil fuels.
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Use short pulse durations to resolve the structural changes in
Photosystem Il in transient states of water splitting process
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Using Protein crystallography & X-ray free electron lasers

(XFELS) to Study Photosystems | & Il project

Project Goals of Photosystem | & Photosystem Il protein complexes

Obtain a molecular movie of electron transfer in Photosystem |
Resolve the structural changes in Photosystem Il and the oxidation states of the Mn atoms in the

transient S4 state of the water splitting process
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Diffraction pattern of shrunk
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. MFX beamline used for The Fromme lab scientists
Structure of Photosystem I, responsible " . ;
for water splitting during photosynthesis PSlI vyater splitting opsew!ng real-time PSI
experiments diffraction at LCLS

Use of XFEL for PSI and PSII

PSI: 2022, 2024

PSII: 2019, 2021, 2022, 2023

PSI1:2026?

T SRS PSI:2021
PSII: 2019
PSI1:2026?

EuXFEL
e ® Germany
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U.S. PSI|:2024 SOUth Korea Japan

PSII:2026?

PSI: 2019,2023



Beamtime season

X-ray
measurement

: Sample (LCLS, :
reparation
prep crystals el EuXFEL, Data analysis

onsite PalXFEL,
SACLA, or
SwissXFEL)

Sample Preparing

Bacteria grow and PSiII purification & crystallization
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Crystallization under Microgravity in Space
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Space Crystals Returned to NSRRC Lab (2022.02.07)
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Returning Space Crystal Samples
Crystals were shipped back to Japan from the launch site under controlling the
same temperature as it was in space. Crystals were removed from capillaries,
frozen, and shipped back to NSRRC, Taiwan.
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