High Pressure Freezing
Philippe Carpentier,

MX BAG Meeting, Monday February 8t 2016

-1- High pressure freezing of crystals without cryo-protectant.
-2- Recent developments of oxygen and noble gas cryo-cells.
-3- Perspectives for “very” high pressure freezing and room temperature pressure cell.
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. HIGH PRESSURE FREEZING SYSTEM AND METHOD (P. VAN DER LINDEN)
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HP-cooling process: 100
(A) Crystal fishing ((293K, 1bar), LDA
(B) Loading in drop tubes, (293K, 200bar)
(C) Pressurization (293K, 2000 bar), r
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(D) Cooling under HP (77K, 2000bar), P/kbar
Pressure

(E and F) Pins/bases assembly in LN2 @ 77K, 1bar
Control software (automated)
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. HIGH PRESSURE COOLING, APPLICATIONS

(1) Cryoprotection-free, improvement of crystal quality
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AP-cooled.
cryoprotection
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- space group P2,?
- Resolution ~ 3A

- Mosaic/broken, twin

- space group P2,2,2;,
- Resolution ~ 2.5A
- Lower mosaicity

User challenging project
protein-RNA complex
structure solved by
High Pressure
Crystallography @ 2.5A

(2) Exploration of
conformational sub-states

3

A318u3
awn|oA |ensed

100

k 4

(=]
Loe ]

Pressure LOw energy subsates

Page 3

, Y
'
Unfolded <& /&3

states 4

Fligﬁ Energy

substates

&

Folded states &

(3) Studies of reaction,
ligand binding intermediates
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. ASSESSMENT OF THE SYSTEM WITH TEST CRYSTALS

Gallery of HP-cooled protein crystals. Phase transition in FAE

Ca backbone & 3d displacements representation 2000bar
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- Structural changes few and localized (sdrface)
- Structures HP-freezing isomorphous with AP -
- Method applicable to all projects

- Avoid search of cryoprotection conditions

P. van der Linden et al., Journal of Applied Crystallography 2014

Pro141 buried in crystal contacts, Lys163 exposed to the solvent
Exploration of conformation sub-states (some case)
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. FREEZE BIO-XTALS IN PRESSURIZED O, AND KR GASES
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C : Soaking/freezing in Oxygen

Cryogenic Kr

A : Phase diagram
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D : Soaking/freezing in Krypton

(I) cryogenic oxygen pressure cell (P. van der Linden and A. Royant)
- System dedicated to proteins requiring O2 as a cofactor or substrate
Myoglobin, Hemoglobin, Cytochrome P450, oxidase, photosensitizers ....
- Reveal Oxygen sites of affinity in oxygen sensitive proteins

(Il) cryogenic noble gas pressure cell (P. van der Linden)

- Search of pores, channels and cavities in proteins

- Production of efficient derivative of crystals for phasing
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. HIGHER PRESSURES BY CRYO-PUMPING

\ B: Cryogenic krypton pressure cell
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Fi1a. 3. Solubilities of noble gases. The plot represents the concentration (in mole fraction) ‘AL ‘ ‘

of xenon and krypton in pure water as a function of their partial pressure. Data computed
from Ref. 61.
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. ASSESSMENT OF THE CRYOGENIC KR-CELL USING TEST CRYSTALS

* Lysozyme 100bar of Kr « Thermolysin 100bar of Kr
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. ASSESSMENT OF THE CRYOGENIC O2-CELL USING TEST CRYSTALS

N. Colloc’h at al. Biophys. J. 2008 ;\JIE
UOX catalyzes oxidation of uric acid to 5-hydroxyisourate o
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(small molecules as phenol, isopropanol, acetone, function?)
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. “VERY” HIGH PRESSURE FREEZING
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Pressure, MPa « Larger exploration of energy landscapes

Pressure « Protein unfolding ?
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. RT PRESSURE CELL FOR MX EXPERIMENTS

High pressure pressurization
bench 2Kbar 0 P& 1bar —» 2kbar

\\ LD . = i T
- e & ! o , - . - .
, —_—
) .
- 1'1 :
;[ .

~—

RT cell = microvalve 2kbar + capillary

RT pressure cell :

* Biological solutions/crystals

* High pressure (Cte ~ 2kbar), Room temperature
« X-ray diffraction

« UV/vis spectroscopy
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HP-Freezing in the laboratory of ID23 in User mode

Freezing session for a mx experiment (2 weeks before mail @ Local
contact or @ D. Flot)
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