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Macromolecular Crystallography
at Synchrotrons



A synchrotron accelerates
and stores particles (electrons
or protons) moving at speeds
close to that of light.

As the particles loose energy
they give of electromagnetic
radiation.

The particles are steered by
magnetic fields.

Electromagnetic radiation
(photons) is not affected by
these fields and is emitted at
the tangent to the change in
direction.

Insertion devices (undulators

and wigglers) 6 a mp Ithisf y 6

radiation
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On-Axis Brilliance (ph/s/mrad2/mm?2/0.1%)
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Why use a synchrotron?

A Roughly (very roughly) - The signal to noise In )
the data goes up by the log of the increase in Another area of
bri”ian ce. research saved for a

later date 7 i.e. What

A Brilliance has units of photons per second, per » will my crystal diffract
mrad? per mm? per 0.1% relative bandwidth. to if it diffracts to X A at

A Laboratory X-ray source, brilliance 1.0x102°, home?
synchrotron 1.0x10*8, Log(1.0x108)=8 fold
potential increase in signal to noise. /

Potential pitfalls?

A Heat and radiation.
I Is heat a problem that could be addressed to help improve data?

I Radiation damage is known to be a problem, what causes the
damage, how is it manifested, can we reduce it or even use it?



Caution i Work In progress
(Raw Data)

Outline of talk

A Beam heating

Modeling and measuring beam heating

A Radiation damage

Process of radiation damage

T
I Henderson limit
I Practical limits

.
1
|
|

Experiment

- Results
- Can we reduce or prevent the damage
- Can we make use of the damage



Beam Heating

How much heat does an intense synchrotron beam deposit on a
crystal?

Does the cryostream effectively take this heat away?

To date

Steady state data processing and modeling almost complete (paper
In preparation).
Time resolved analysis starting



Experimental

A Advanced Photon Source beamline 19-ID Structural Biology Cat
A Oxford 700 cryostream used to cool sample
A Samples imaged with thermal imaging camera



Glass Bead Samples and Protocol

A Sample 1: 2mm diameter glass bead

I Imaged at 100K with no beam (steady
state calibration point)

I Imaged with shutter opening (time
resolved)

I Imaged after shutter had been open for 1
minute (steady state).

I Measurements repeated in 10K steps up
to 290K

I Final measurement with the cryostream
off.

A Sample 2: 1 mm diameter glass bead

I Imaged from 290K down to 100K in
reverse of 2mm case.




Temperature calibration
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Bead at known temperature when shutter is closed. The intensity determined at this
temperature and a calibration curve of intensity versus temperature calculated.



Shutter Opening

2mm glass bead at room
temperature with no
cryostream flow.

Beam hits bead from left,
blue is cold, red is hot.

Temperature rise is 50K over
24 seconds.

Extreme case!




Coolant flow

X-ray beam
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Model
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Top View

Side View

Bottom View

Front View

Model uses finite
element analysis
and fluid dynamics.

Any portion of the
glass bead can be
examined.

Model is currently
steady state. i.e.
constant heat load
and constant
cooling.



Model versus experimental
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Model versus experimental
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Other work In process

A Time resolved heating:

I Initial results are from a steady state model, a time resolved model is in
development.

A Other samples: Real protein crystals:
I Data also collected on real protein crystals and loops with liquid in them.

I Radiation caused changes in the infrared emittance properties (this
means structural properties are changing).
I Subsequent data collection using infrared laser to put same heat load
as beam on sample.
A Flow rate
I Data collected on different flow rates.
A Thermocouple
I Data collected on thermocouples in the cryostream



To o To To To  To I

Summary

Heating does happen.

Phase change (occurring at ~140K for ice) is not a problem, even in this
worst case scenario.

Heating may cause small cell parameter changes.
Systematic error in theory, about 5K difference in results.

Suspected cause of error now known, incident beam calculations are being
recalculated.

No other model this accurate exists to date

Model can be used to look at different heat transfer methods, e.g. flow,
cryogen, pulsed exposure etc.

Why are we doing this

A To produce an accurate model that can be used to design improved
cryopreservation techniques, model changes in diffraction data over time
and provide data for in silico modeling of the process a crystal goes through
when in the beam.
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