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Practical realization

Y

Applications

The ESRF Cryobench lab
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Presentation Notes
The difference is that today’’s instruments are very specific and allow to  collecting spectroscopic data from crystals ideally in exactly the same experimental conditions as those that are used for x-ray data collection


Basics
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Absorption spectrum
measurement

y R

m Measurement time — 50 ms

B Pb: optically thick crystals, light scattering effects, orientation
dependance, polarization effects

25 -

15 4

05 -

250 350 450 550 650 750



Presenter
Presentation Notes
Experimental procedure to collect a standard absorption spectrum on a protein crystal mounted in a cryoloop


Fluorescence spectrum

‘ measurement

m Measurement time — 1 ms (with laser)

m Pb: inner filtering, polarization effects
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wavelength (nm)
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Experimental procedure to collect a standard fluorescence emission spectrum on a protein crystal mounted in a cryoloop




Raman spectrum measurement
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m Wealth of information

m Measurement time — 15 min, solvent contamination,
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Experimental procedure to collect a standard Raman spectrum on a protein crystal mounted in a cryoloop
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Raman spectrum on lysozyme = favorable case.


Raman spectroscopy:

advantages of crystals

High concentration of proteins in crystals
10-50mM (10-100 time more than solution):
Higher Raman intensity

Less contribution from solvent in crystals
(50906). Lower background in Raman spectra

Selection of conformations in crystals:
narrower Raman bands In crystals ==
better Raman resolution



Non-resonant in crystallo Raman data
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Comparison between solution and crystal with the same apparatus.
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Historical perspectives: validation of crystal structure.


® Photoconversion of Alpha-phycoerythrocyanin crystals

(absorption)
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.
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a tool In_the crystalline state.

Marius Schmidt, University of Munich, Germany, Biochemistry 46, 416, 2007
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The light-harvesting antennae of photosynthetic cyanobacteria

and red algae consist of proteins containing linear

tetrapyrroles known as bile chromophores. Together with

linker proteins, they are assembled into phycobilisomes,

which absorb light and transfer the energy step by step to

the photosynthetic reaction centers (4). The phycoerythrocyanin

(PEC)1 in phycobilisomes of certain cyanobacteria

(4-6) contains R-subunits (R-PEC), each of which has a

single, covalently attached phycoviolobilin (PVB) chromophore.


Binding of nitrate to xylose isomerase (Raman)

1200 1400 1600
ift (cm-1)

Carpentier et al, J. Appl. Cryst. (2007), 40, 1113-1122.
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Binding of nitrate to xylose isomerase


Binding of EtBr to DNA
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Royant et al, J. Appl. Cryst. (2007), 40, 1105-1112.
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Checking ligand binding in crystals with fluorescence liftetime measurement.

EtBr is a well known fluorescent intercalating agent of

DNA, and, as such, is a carcinogenic agent. Its fluorescent

properties upon UV light excitation are significantly enhanced

upon intercalation between two successive bases.
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Redox state of NADP(H)

(fluorescence)
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UV-visible fluorescence: checking red-ox state of  NADP(H) cofactor


Before X-ray exposure After X-ray exposure -

-

-

coooHHH
Wui~dOEF—~ W

-~

Optical Density

=8 .
@) 0,3 | ‘ I T
400 500 600 700 500 600

Wavelength [nm] Wavelength [nm]

-

a tool (o /monitor chemisiry induced by X-rays.




13 ClIY/Stallo;
fezleEje)gh LrICICIET ILIC]

lelggiiificzriior) eF
Intermediate state

a tool 1o jollovy reactions 1n_crystals



Presenter
Presentation Notes
Exemple of fluorescent protein crystals


Weik et al,Biophys. J. 86:3176-3185 (2004)

Observing glass transition in
nano-volume samples ...
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Fraction of a ul of a concentrated solution is sufficient to get good data on flash-cooled solution samples.


The ESRF Cryobench lab
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View of the ESRF Cryobench lab.
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The lab is linked to ID23 for online studies.
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Close view of the ESRF Cryobench microspec (offline)
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Close view of the ESRF/EMBL microspec (online)
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Close view of the ESRF Cryobench Rama microspec (online)




case example:

superoxide reauctase




Superoxide reducitase:

O, + H* + /—‘92+7\ Fes* + H,0,
-+ H*

Katona et al, Science (2007), 316, 449.
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SOR is a non-heme iron enzyme. The reaction proceeds through the formation of iron-peroxide intermediates. The second protonation step is rate limiting in the catalytic cycle.
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Identification of 567 + 838 cm-1  bands characteristic of Fe-O and O-O bonds in iron peroxyde species.


Comparison with solution state

E114A-SOR + H,” 0,
E114A-SOR + H,”0,
E114A-SOR native
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Radiation damage
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The proposed mechanism is that Lys48 grabs a wat molecule in the solvent, imports it within the active site in proximity to the peroxyde, reorganizes slightly to get that water mol close to the proximal oxygen and make it acidic, so that it donates a proton to that proximal O.


Take home message

ana aynarnics

Small “niche” in the MX field

Proyjects are generally difficult and require
dedicated efforts over long term.
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