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Basics

Practical realization

Applications

The ESRF Cryobench lab

Superoxide reductase

Presenter
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



BasicsBasics



Ground state

Excited state

AbsorptionAbsorption



Practical realizationPractical realization



Reference 
spectrum

Measured 
spectrum

Absorption spectrum Absorption spectrum 
measurementmeasurement

Measurement time ~ Measurement time ~ 50 ms50 ms

Pb: optically thick crystals, light scattering effects, orientatPb: optically thick crystals, light scattering effects, orientation ion 

dependance, polarization effectsdependance, polarization effects

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

Measurement time ~ Measurement time ~ 1 ms 1 ms (with laser) (with laser) 

Pb: inner filtering, polarization effectsPb: inner filtering, polarization effects

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





Raman spectrum measurementRaman spectrum measurement
785 nm

Wealth of informationWealth of information

Measurement time ~ Measurement time ~ 15 min15 min, solvent contamination, , solvent contamination, 

orientation, polarization effects orientation, polarization effects 

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





Cys vibrations Cys vibrations 
510, 530 cm510, 530 cm--11 SS--S stretchingS stretching
725 cm725 cm--11 Cys CCys C--S stretchingS stretching

Trp vibrations : 760, 880, 1010, 1350 and 1558 cmTrp vibrations : 760, 880, 1010, 1350 and 1558 cm--11

Phe vibrations: 1005 and 1200 cmPhe vibrations: 1005 and 1200 cm--11

Tyr vibrations: 840, 860 and 1210 cmTyr vibrations: 840, 860 and 1210 cm--11

Main chain vibrationsMain chain vibrations
Amide I band : 1600Amide I band : 1600--1700cm1700cm--11

Contribution carbonyl C=0 stretchingContribution carbonyl C=0 stretching
Backbone conformation and HBackbone conformation and H--bonding patternbonding pattern

Amide II band : 1510Amide II band : 1510--1580cm1580cm--11

Contribution: NContribution: N--H bending and CH bending and C--N stretchingN stretching

In crystallo Raman spectroscopyIn crystallo Raman spectroscopy

Exposure time 15minsExposure time 15mins

Lysozyme crystalLysozyme crystal

Presenter
Presentation Notes
Raman spectrum on lysozyme = favorable case.



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

Less contribution from solvent in crystals 
(50%): Lower background in Raman spectra

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

Raman spectroscopy: 
advantages of crystals



Lysozyme Crystal

Solution (100 mg/ml)

NonNon--resonant in crystallo Raman dataresonant in crystallo Raman data

Presenter
Presentation Notes
Comparison between solution and crystal with the same apparatus.



ApplicationsApplications



““In crystalloIn crystallo”” spectroscopy ?spectroscopy ?

ThenThen

a toola tool to validateto validate the crystal structure.the crystal structure.

IfIf

J. Mc Geehan, EMBL & Dr Xavi Carpena, Parc Cientific de Barcelona

Presenter
Presentation Notes
Historical perspectives: validation of crystal structure.



Photoconversion of  Alpha-phycoerythrocyanin crystals 
(absorption)

Marius Schmidt, University of Munich, Germany, Biochemistry 46, 416, 2007 

a toola tool to check activityto check activity in the crystalline state.in the crystalline state.

Presenter
Presentation Notes
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.



Carpentier et al, J. Appl. Cryst. (2007), 40, 1113–1122.

a toola tool identify bound ligandsidentify bound ligands..

Binding of nitrate to xylose isomerase (Raman)Binding of nitrate to xylose isomerase (Raman)

Presenter
Presentation Notes
Binding of nitrate to xylose isomerase



Unbound EtBrUnbound EtBr

Bound EtBr (solution)Bound EtBr (solution)

Bound EtBr (crystal)Bound EtBr (crystal)

Time [ns]Time [ns]

Binding of EtBr to DNA Binding of EtBr to DNA 
(fluorescence lifetime)(fluorescence lifetime)

Royant et al, J. Appl. Cryst. (2007), 40, 1105-1112.

Presenter
Presentation Notes
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.





NearNear--atomic atomic 
global global viewview

a toola tool to complementto complement crystal structure.crystal structure.

SubSub--atomic atomic 
local local viewview



Malate Deshydrogenase
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Redox state of NADP(H) Redox state of NADP(H) 
(fluorescence)(fluorescence)

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



a toola tool to monitor chemistryto monitor chemistry induced by Xinduced by X--rays.rays.

XX--raysrays



a toola tool to follow reactionsto follow reactions in crystalsin crystals

IdentificationIdentification of of 
intermediate stateintermediate state

StructureStructure of of  
the the 

intermediateintermediate

Fluorophore

Glu222

Fluorophore

Glu222

In crystallo In crystallo 
reaction reaction triggeringtriggering

Presenter
Presentation Notes
Exemple of fluorescent protein crystals



hν

Temperature dependent 
fluorescence 

microspectrophotometry 
(TDFM): 

Observing glass transition in 
nano-volume samples ...

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

a toola tool to study dynamicsto study dynamics in crystalsin crystals



a toola tool for cryofor cryo--enzymology studies in solutionenzymology studies in solution

Presenter
Presentation Notes
Fraction of a ul of a concentrated solution is sufficient to get good data on flash-cooled solution samples.



The ESRF Cryobench labThe ESRF Cryobench lab



Presenter
Presentation Notes
View of the ESRF Cryobench lab.



XX--rayray
ID23ID23--1 MAD1 MAD

ID23ID23--2 microfocus2 microfocus
XX--rayray

Sample prepSample prep

ElectronicsElectronics

CryobenchCryobench FFiibbrree ooppttiiccss

Presenter
Presentation Notes
The lab is linked to ID23 for online studies.



Video-
 microscope

Objective 1

Objective 2

Objective 3

Fiber to 
spectrometer

Fiber from light 
source 

(absorption)

Fiber from lasers 
(fluorescence)

Cryostream

Crystal on goniometer 
head

OfflineOffline

Presenter
Presentation Notes
Close view of the ESRF Cryobench microspec (offline)



John McGeehan, Florent Cipriani and Raimond Ravelli, EMBLJohn McGeehan, Florent Cipriani and Raimond Ravelli, EMBL

OnlineOnline

Presenter
Presentation Notes
Close view of the ESRF/EMBL microspec (online)
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RamanRaman
probeprobe

spindlespindle
crystalcrystal

OnOn--Line Raman experimentLine Raman experiment

Presenter
Presentation Notes
Close view of the ESRF Cryobench Rama microspec (online)





Case example: Case example: 

superoxide reductasesuperoxide reductase



Superoxide reductase: 
O2

-• + 2H+ + SOR(Fe2+) H2O2 + SOR(Fe3+)

O2
-• + H+ + Fe2+ Fe3+-OOH - Fe3+ + H2O2

+ H+
Katona et al, Science (2007), 316, 449.

Presenter
Presentation Notes
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.



Puzzling crystallographic dataPuzzling crystallographic data

Limited crystallographic resolution (1.95 Limited crystallographic resolution (1.95 ÅÅ))

Multiple observations in the asymmetric unitMultiple observations in the asymmetric unit

Can these be relevant intermediate species?Can these be relevant intermediate species?

c db

? ? ?



In crystallo Raman Spectroscopy of SORIn crystallo Raman Spectroscopy of SOR

Signature of iron-peroxide 
intermediate

Presenter
Presentation Notes
Identification of 567 + 838 cm-1  bands characteristic of Fe-O and O-O bonds in iron peroxyde species.



Comparison with solution stateComparison with solution state



3 3 ×× 101055 Gy absorbed dose does not affect Raman peaksGy absorbed dose does not affect Raman peaks

Radiation damageRadiation damage



Proposed mechanism Proposed mechanism ……

c db

c db

Presenter
Presentation Notes
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.



Growing importance of complementary 
techniques

In crystallo spectroscopy of particular 
interest for studies of protein mechanisms 
and dynamics

Small “niche” in the MX field

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

Take home message
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