The Effects of High Intensity X-ray Laser Pulses
iIn MHz-XPCS Measurements of
Protein Solution Dynamics

EBERHARD KARLS

" UNIVERSITAT UNIVERSITAT
Stockholm SIEGEN TUBINGEN

University

Mario Reiser, Jan 24 2022, XFEL MID Workshop



Time Scales Of Protein Diffusion
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Antibody Solutions
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Ragulskaya, et al., J. Phys. Chem. Lett. 12 (2021): 7085.
o Girelli, et al., et al. Phys. Rev. Lett. 126 (2021): 138004.
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MHz X-Ray Photon Correlation Spectroscopy

(sequential) XPCS
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Measuring Protein Dynamics with MHz XPCS

Correlation Functions
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SAXS MHz-XPCS

Setup Parameters
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Dose and Dose Rate
MHz-XPCS with a pulsed source
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Dose: 1kGy - 1kd/kg
Dose rate: 1kGyMHz - 1kGy/us

dose dose rate
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Structural Changes
Azimuthally Integrated Intensity
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Time Resolved Dynamics

Two-Time Correlation Functions

average over 5000 trains
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Correlation Functions

Parameter Estimation
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Understanding Non-Stationary Dynamics

Correlation Functions of Different Doses and Dose Rates
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Dynamic Parameters
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-aggregation: decreasing D, and increasing heterogeneity (o < 1).
-dose rate dependence: D, increases with dose rate simple exponential behavior (a =~ 1).
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The Effect of X-Ray Induced Heating
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Correlation Before Aggregation
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MHz XPCS With Antibody Solutions

First Step: The Effect of Dose and Dose Rate

 We demonstrated the feasibility of MHz-XPCS with IgG-PEG solutions.
* Distinguish between X-ray induced aggregation and speed-up.

* Dose rate dependence implies X-ray induced dynamics beyond heating.

« MHz-XPCS at XFEL would benefit from higher degree of longitudinal
coherence (monochromator, seeding), faster repetition rates (4.5 MHz), longer
trains (more pulses), and smaller pixels.
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