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Abstract:

Over 80% of the biomass of Earth consists of organisms living under extreme conditions of temperature,
pressure, and chemical environment. As a potentially rich source of new tools and deeper understanding of the
history and limits of life, there is much renewed interest in conducting biophysical and structural biological
measurements under these types of conditions. We have developed an X-ray transparent, biologically compatible
sample environment for conducting small angle X-ray solution scattering at hydrostatic pressures of up to
400 MPa (58,000 psi). The disposable, low-volume cells are designed to allow pressure equalization between the
sample and pressurizing medium without excessive flexing of the thin X-ray transparent windows. The current
design has been routinely and successfully used at the Cornell High Energy Synchrotron’s High Pressure Biology
facility (HP-Bio) since late 2019, including a remote “hands-on” training course in April 2021.

Summary of Research:
Though we surface dwellers are rarely aware of it, high
hydrostatic pressure is the norm for most of the biomass on
Earth. Organisms living in the deep ocean and subsurface
experience pressures that can reach beyond 100 MPa
(14500 psi). Biomolecules do not merely compress in
response to external pressure; they rearrange their structure
in informative ways to minimize total volume, including
that of the surrounding water [1]. X-ray solution scattering
(SAXS) is well-suited to study such changes, but special
design considerations are necessary to handle the high
pressure.
We recently introduced an easy-to-use SAXS system
capable of maintaining up to 400 MPa of hydrostatic
pressure on biological samples [2]. The system uses X-ray
transparent single crystal diamond windows combined
with a quick sample change mechanism (Figure 1A,B). To
prevent the pressurizing medium (water) from mixing with
the biological samples, we designed disposable laser cut
PMMA cells with thin, X-ray transparent 7 µm polyimide
film windows. At 400 MPa, the specific volume of water has
declined by a significant amount, 11.6%. The chemically
inert silicone grease used to seal the cells can flow, allowing
pressure between the sample and external pressurizing water
to equalize. The cells have also been adapted successfully
to hold standard 1.5 mm glass sample capillaries for use in
studying phase changes in deep sea lipid samples (Winnikoff
and Budin, personal communication, 2021).
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Figure 1: High pressure small-angle solution scattering system. X-rays
enter the cell from the right (A) traveling through a single-crystal
diamond window, passing through a sealed plastic sample cell at center
and emerging from the second diamond window scattered at angles up to
26°. Water is used as a pressure medium. A locking pin and piston-style
o-ring system allows easy access to the disposable inner PMMA cell
(B), which has 7 µm polyimide windows to minimize X-ray scatter and a
grease seal to allow for pressure equalization.
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