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PSS G Protein-coupled Receptors (GPCRs)

intro rhodopsin, the light receptor

incoming signal

Neuronal Synapse

Review: Deupi & Schertler, Biochem.Soc.Trans. 2012
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RAMC | Valérie Panneels Review: Deupi & Schertler, Curr.Op.Struct.Biol. 2011
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“PsiC Time-line of GPCR structures
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o= Routine GPCRs Crystallisation

De novo Structure Determination of GPCRs

First Mosquito-LCP developed by Schertler

B1l-adrenergic receptor crystals grown in lipidic cubic phase (Rock-Imager,
Formulatrix) observed under bright light (a) or using cross polarization (b).
Inset: Differential Interference Microscopy (DIC).

B1-adrenergic receptor purification and crystallisation: Briickner & Schertler Methods in Enzymol 2013.
RAMC | Valérie Panneels
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== GPCR crystals characterisation

NANOCRYSTALS m protein crystal having at least one

dimension smaller than a micron.

(submicron)

PRODUCTION DETECTION ANALYSIS
Adapted Screenings Rock Imager Powder diffraction
Nucleation Control DIC-Microscopy Electron diffraction
Dynamic Light Scattering UV/Fluorescence Microfocus

VTPEF |, -‘" e ell SONICC Nanodiffraction
. R In plate diffraction XFEL
Streek seeding

measure by Cornelius Gati, CFEL/DESY
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Optimisation of Crystal Size? No.
Nanocrystallography!
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o= the X-Ray Free Electron Laser Brilliance
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o » the XFEL Design

Incredibly short and
Basic XFEL design intense X-Ray Pulses

electron beam

2 — 200 fsec

photo cathode

RAMC | Valérie Panneels
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BS the short Pulses of the XFEL

help to circumvent radiation damage

Simulation of the Explosion Dynamics of Biomolecules (C, N, O)

o *
.

l=—21s I=21s (=51s 1=10fs t=—201s t=50fs

Neutze et al., Nature 2000
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=« -{J» Radiation Damage at the Synchrotron & Microdiffraction

Dark-state Rhodopsin crystals
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Riekel & Schertler, 2005
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RAMC | Valérie Panneels Edwards & Schertler, unpublished
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Sps1s

Serial Femtosecond Crystallography (SFX)

Parameter 40-fs pulses 5-fs pulses SLS RT data 3
Wavelength 132 A 1.32 A 0.9997 A
X-ray focus {um?) ~10 ~10 ~100 x 100
Pulse energy/fluence at sample 600 p)/4 x 10™* photons per pulse 53 u)3.5 x10° photons per pulse n.a/2.5 x 10* photonsfs
Dose (MGy) 33.0 per aystal 2.9 per crystal 0.024 total
Dose rate (Gy/s) 8.3 x 10%° 5.8 x 107 9.6 x 10°
Space group Pdz2,2 Pds24,2 P43242
Unitcelllength{ﬁ),n:ﬂ:y:‘m“ a=b=79 c=38 a=b=79c=38 a=b=792 c=381
Oscillation range/exposure time Still exp./40 fs Still exp./5 fs 1.0°M0.25 s
No. collected diffraction images 1,471,615 1,997,712 100

No. of hitsfindexed images 66,442/12,247 40,115/10,575 n.a./100
Number of reflections n.a. n.a. 70,960
Number of unique reflections 9921 9743 9297
Resolution limits (&) 35.3-1.9 35.3-1.9 35.4-1.9
Completeness 98.3% (96.6%) 98.2% (91.2%) 92.6% (95.1%)
Nestl) 7.4 (2.8) 73 (3.1 18.24 (5.3)
Repiit 0.158 0.159 n.a.
Rierge n.a. n.a. 0.075 (0.332)
Wilson B factor 28.3 A? 285 & 19.4 &
R-factor/R-free 0.196/0.229 0.189/0.227 0.166/0.200
Rmsd bonds, Rmsd angles 0.006 A, 1.00° 0.006 A, 1.03° 0.007 A, 1.05°
PDB code 4ET8 4ET9 4ETC

*Electron bunch length

RAMC | Valérie Panneels

CSPAD detector
(z=93 mm)

Interaction Point
(10 um? focus)

Boutet et al, 2012

Undulator
(420 m upstream)
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ol =] Serial Femtosecond Crystallography (SFX)

2D-crystals
of
bacteriorhodopsin

1st detector

(display only one or
a few lattices)

to 2nd
detector

diffraction patterns with a
resolution less than 9 A !

Tsai, Schertler and Li unpublished & JMB 2013
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ol =] )» Time-Resolved Pump Probe SFX

- Rhodopsin Photoactivation -

Dark State Rho%opsin
Edwards,..,Schertler 2004

Meta-Il State Rhodopsin
Standfuss,..,Schertler 2011

RAMC | Valérie Panneels
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Time-Resolved Pump Probe SFX

RAMC

Valérie Panneels

Pump laser

Liquid flow

b

Gas dynamic
virtual nozzle

)
\

Optical fibre <C—

laser coupling CSPAD detector

5-9 keV X-ray energy

10 fs pulse duration
Pump laser )

Aaquila, ... & Chapman, Nature 2012; modified at CFEL (Barty)
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ol e Routine Wild-Type Rhodopsin Crystallisation

Crystallisation of wild-type rhodopsin in the dark state.

(b)

. 50pum

Edwards & Schertler, J.Mol.Biol. 2004
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ol Lysozyme Nanocrystallisation

Schlichting et al, Curr.Op.Strcut.Biol. 2012

“about 1.5 million individual “snapshot” diffraction patterns.

About 4.5% of the patterns classified as crystal hits, 18.4% of which were indexed.”

Boutet et al, 2012
RAMC | Valérie Panneels
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e~ -{m Producing a Nanocrystal suspension for XFEL experiment

- UVTPEF

Cornelius Gati

RAMC | Valérie Panneels
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==

conclusion

Too Small Crystals?

—> Serial Femtosecond Crystallography at the Free Electron Laser.

! First structure of a GPCR solved at the FEL using SFX: Wacker et al, Thesis, unpublished results.

Dynamics in Structural Biology?

= Time-resolved Pump Probe SFX Experiment at the XFEL.

RAMC | Valérie Panneels
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