Reconstructing 3D protein crystal intensity
from unoriented sparse diffraction patterns
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Ewald-sphere slice

Sg, S’ : wave vectors so| = |8'| =1/

) : wavelength lq| = |8’ — sg| = 2sin(0/2)/A



Effect of periodicity
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Crystal diffraction
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Radiation damage

Axford et al., Acta Cryst. D (2012)



Outrunning damage — X-ray free electron laser
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Time resolved serial crystallography
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Schmidt, Advances in Condensed Matter Physics (2013)
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Orientation determination - indexing
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1.
2.

Orientation determination - indexing

embed Bragg peaks onto the Ewald sphere
find crystal unit cell parameters & orientation using Fourier
methods (requires at least 20-30 resolvable peaks)
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XFEL vs. synchrotron

XFEL beamlines synchrotron beamlines
LCLS 7
SACLA 3

European XFEL 6 > 40 facilities > 10 each
PAL-XFEL 3
SwissFEL 2
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Synchrotron-based serial crystallography

Crystal stream
Flowing in 100um diameter
capillary at 2uL/min ——a
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9.8 keV X-ray energy —
6x9 um? beam size (FWHM) Pilatus 6M detector
10" photons/second

Stellato et al., [UCr) (2014)

14



Sparse data frame
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Roadmap for sparse serial crystallography

rotational
target source
parameters
aligned crystal 1 table-top
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unaligned
3 synchrotron

microcrystal
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Single-axis experiment

400 ym protein crystal
8.8M data frames

beamstop

sample

upstream

~200 photons/frame
Wierman et al., [UCr] (2016)
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The expand-maximize-compress (EMC) algorithm
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Loh & Elser, Phys. Rev. E (2009)
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The expand (E) step
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Conditional probability calculation
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The maximize (M) step
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The compress (C) step
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Two-axis experiment

detector

400 ym protein crystal
270k data frames

Lan et al., J. Appl. Cryst. (2017)

25



Percentage (%)

Peak statistics
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EMC - local update scheme

—— standard, n = 40

— local, (n, nf) = (40, 60) | 60 ~ o deg

—— local, (n., nf) = (60, 100) |- n
— local, (n¢, nf) = (60, 150) ||
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0.35 0.4 0.45 0.5
q=2sin(0/2)/)\ (A7)
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serial micro-crystallography at synchrotrons

gel injector
0

=0

~~ Beamstop

5-10 ym protein crystals

Crystals 300k data frames, taken at

\(‘3 Advanced Photon Source
by the ASU group

X-ray beam

{%"o::o o\» S o

Martin-Garcia et al., IUCrJ (2017)
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Goal for the reconstruction

data frames

resolution

Martin-Garcia et al.,
|lUCrJ (2017)
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Complicating factors
e data reduction
e background scatter

e varying crystal size
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peak identification
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peak identification
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peak identification
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Powder pattern = unit cell parameters
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e data reduction
e background scatter

e varying crystal size

36



Modified EMC algorithm

crystal size R

ooooo
........

iIntensity model

Expand (E) l

background

estimates

— ' " .ll.’. "

Ewald-sphere
slices

Compress (C)

data frames

| updated
-+ | crystal size

| R A

h— -

updated slices
A

Maximize
likelihood (M)

conditional probability over
orientations of each frame

37



The expand (E) step
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Conditional probability calculation
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The maximize (M) step
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The compress (C) step

' . - . . . ,
Compress (C) S Wza
W, (p) T TP el T

'n.-o-.......: . 4
o....." \s\..".‘" .
oo.:'.'... "‘\o....... )
00.0..:.' "'ftgg. NASC I
.3 °..'.o .o..g.:.'. °%ee
° 0..:..:::.:: 0 e

° o
° ° ° °
ooooooo

slices
updated

: odel

intensity m

pr R($;) - qi)( ijkqsk
R(;) - qi)( Zij¢k
Zf (P = n

W'(p) =

41



Summary

e Indexability does not limit the smallest usable
crystal size in serial crystallography.

e Further reduction of background scatter will
enable protein structure determination from much
smaller crystals at synchrotron sources.
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