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Purple photosynthetic bacteria

Blooming purple nonsulfur bacteria in a coastal
lagoon
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Photosynthetic Reaction

Centre

« MEMBRANE PROTEIN
« 135 kDa

4 subunits
H, L, M, cytochrome c

13 cofactors

4 heme irons

4 bacteriochlorophyll
2 bacteriopheophytin
menaquinone
non-heme iron
ubiquinone




Photosynthetic Reaction
Centre
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Electron & proton movements

Complex light driven proton pump.
 Electron movements driven by light.
» Coupled redox reactions pump protons.

Descendent created O, rich atmosphere.
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Linac Coherent Light Source (LCLS)
Stanford, USA
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Microbunching of electrons

» Electrons form periods
that matches the

107 4

emission wavelength .
» Constructive e
interference w10

« Exponential 107
amplification of )
beam intensity |
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Self-amplified sponaneous emission

and seeding

Shot noise gets amplified
leading to instability in:
* Beam position
« Temporal profile
« Wavelength (spectrum)
* Intensity

Seeding can stabilize, but there
are no X-ray seed lasers
 Solution is recycling
cleaned XFEL radiation
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Free Electron Lasers and Structural Biology
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Synchrotron radiation
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First hard XFEL source was
LCLS in Stanford, US (2009)

Exploit microcrystals

Time-resolved studies
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Henderson’s limit: 20 MGy,
Garman’s 30 MGy

t=—2fs t=2fs t=5fs t=10fs t=—20fs t=50fs

Neutze et al. Nature 2000
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Paradigm shift in data collection

Rear pnCCD
(z =564 mm)

Interaction Front pnCCD One shot per crystal
point (z =68 mm)

Rotation not possible

F&CUlty OfSCICHCf: ,- — UNIVERSITY OF GOTHENBURG



Membrane Protein Crystallisation
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Micro-crystallization of Bl. viridis
photosynthetic reaction centre

* Crystals grow in a lipidic sponge phase medium.

* | inda Johansson, David Arnlund.
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Micro-crystal injection

Acch  Spot Magn Det WD p— 200 m
2000kY 50 150x GSE 146 AUX 1.1 Torr ASU

* Liquid jet =4 um in diameter.
* Developed at Arizona state University.

« John Spence, Uwe Weierstall, Bruce Doak, Petra Fromme,
Dan DePonte, David Shapiro.
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 Data processing algorithms developed at CFEL, Hamburg.

* Henry Chapman, Thomas White, Anton Barty, Richard Kirian et al.
* ~1500 hits; 265 images processed; 90 minutes beamtime.




Deisenhofer, Michel et al
P4,2, 2, a=b=223 A c=114 A Nobel prize (1988)

P2.2,2,a=85 A, b=139 A, c=178 A, Large sponge phase crystals
Wohri et al Biochemistry (2009), Wohri et al Science (2010)

+ various unpublished RC crystal forms while trying to get the
LHI-RC complex (at least 3 diffracting better than 5 A)
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8.2 A serial crystallography structure
of a photosynthetic reaction center

P2.2.2, a=58A, b=85A c=376A



1.4 A X-rays

ion using

Data extends to 2.8 A resolut
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Data collection & refinement
Total number of recorded images
Number of confirmed diffraction patterns
Number of indexed images

Space group

a, b, c (A)

Completeness (%)

Multiplicity

Overall Ry,;; on | (%)

Mean l/o(l)

CC,;5

Refinement resolution limits (A)

Rwork I Rfree

2,744,614
5,767
1,75

P2.2.2,
57.9, 84.8, 384.3
99.1 (93.4)
27.0 (27.6)
36.5 (52.7)
3.50 (2.0)
0.54 (0.32)
49.6 - 3.50

29.4/32.7



Representative reflections
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Intensity distribution of merged
reflections (acentric)

Synchrotron data XFEL data
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Rmerge vs batch

XFEL data

* Loggraph 51_aimless.log

Synchrotron data

hle Appearance Edit Ulilities

Help | hle Appearance Edit Utilities

Help H

Rmerge v Batch for all runs

-&- SmRm:

-@- Rmerge

Brije

Rmerge v Batch for all runs

014

-@- SmRmerge
-@- Rmerge

500

T
1000

1120.,3.438 Rmerge 1128. , 3.462

Tables in File

142.5,-0.05
Tahbles in Fle

»»» 3cales ¥ rotation range, unknown220413
fAnalysis against all Batches for all runs, unknown220413

Correlations CC{1/2}) within dataset, unknownz220-13
Anisotropy analysis of CC{1/2) and Ifsd, unknown220413
Analysis against r i 22013

»»> Jcales v rotation range, XD 3dataset

Analysis against all Batches for all runs, XD3dataset
Correlations CC(1/2) within dataset, XDSdataset
Anisotropy analysis of CC{1/2) and I/sd, XDSdataset
Analysis agai I ion, XD

£ £
Graphs in Selected Tahle Graphs in Selected Table
Rmerge v Batch for all runs Rmerge v Batch for all nins
Cumulative *:completeness & Anom%cmpl v Batch Cumulative %completeness & Anom%cmpl v Batch
Maximum resolution limit, fsigma = 1.0 Maximum resolution limit, I/sigma = 1.0
Cumulative multiplicity Cumulative multiplicity
Imean & RM3 Scatter 7 |Imean & RM3 Scatter i

UNIVERSITY OF GOTHENBURG



Completeness vs batch

XFEL data Synchrotron data

* Loggraph 52_aimless.log
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Cumulative multiplicity

XFEL data
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l/sigma vs resolution

XFEL data

Synchrotron data

. * Loggraph 52_aimless.log
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Anisotropy of CC1/2

XFEL data Synchrotron data

imless.log
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Anisotropy of l/sigma

XFEL data

Synchrotron data

[} ® Loggraph 52_aimless.log
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Completeness vs resolution

XFEL data

Synchrotron data
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Cumulative intensity distribution

XFEL data

(]
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Wilson plot

XFEL data Synchrotron data

® Loggraph 52_aimless.log
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3.5 A SFX structure

Special Pair

Pheophytin




Composite omit map
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Thioether bond

100 K,
4.4 MGy

RT SFX
33 MGy

* A thioether bond links the tetraheme subunit N-terminal
cysteine to a diacylglycerol molecule.

* Susceptible to radiation damage.
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Opinion (Conclusion?)

» Oscillation data collection is just « Serial crystallography for
one of the many ways reflection pump-probe studies of

intensities can be estimated : . .
irreversible reactions
What are the most useful

alternatives for synchrotrons? * |ntense microfocus
beamlines will be very

 Cross crystal averaging often
"y 9ing useful

advantageous
 Detector readout rate need

 Radiation damage much less
at ge mu to keep up with intensity

apparent
 SFX better

 Microseconds to
Henderson, more intense
problematic
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Sigma correction

XFEL data Synchrotron data
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CC1/2 vs resolution

XFEL data

Synchrotron data
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Rcp vs batch

XFEL data

Synchrotron data
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lons removed.

Metal Centres

Green: mF, .-DF . calculated with Mg?* & Fe?*
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