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High—Pressure X-ray Protein Crystallography

Chae Un KIM

High-pressure X-ray protein crystallography is a combina-
tion of high-pressure techniques and X-ray protein crystal-
lography. In this review, we begin with the high-pressure
techniques, which are now maturing for practical appli-
cations. This is followed by their scientific applications,
ranging from probing high-energy intermediate structures of
proteins to studying water-protein interactions at cryogenic

temperatures.
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Fig. 1. (Left) Beryllium cell for high-pressure X-ray crystallography.
(Right) Typical X-ray diffraction image of Beryllium cell. On top of the
crystal Bragg diffraction spots, Beryllium power rings are visible in the
high resolution area. Figures are adapted from References 4 and 5.
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Fig. 2. (Left) Schematic description of a diamond anvil cell. (Right)
A urate oxidase crystal loaded in the diamond anvil cell gasket
(adapted from Reference 6 with copyright permission from IUCr).

Tty 100 MPa ~ 1000 atm
(a)
283+ e-------
Helium gas :
i (b}
]
]
L f”"‘tc‘]‘"j
ol 200 P(MPa)

Fig. 3. (Left) Schematic diagram of high-pressure cryocooling
(adapted from Reference 7). (Right) An example of high-pressure
cryocooled crystal mounted in an X-ray beamline. Once frozen, the
crystal can be handled at ambient pressure and the pressure effects
captured inside the crystal can be maintained as long as the crys-
tal temperature is kept below 110 K.
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Fig. 4. Schematic representation of energy landscape (modified
from Reference 8). Note that the intermediate structure has a
smaller effective volume than the native structure. Therefore, the
intermediate structure can be more stabilized under pressure.
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Fig. 5. Glucose Isomerase crystals frozen by flash-cooling method
at ambient pressure (Left) and by high-pressure cryocooling (Right)
(Adapted from Reference 7). Note that the high-pressure cry-
ocooled crystal looks clear and crystalline ice rings are suppressed
with superior crystal Bragg spots.
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Fig. 6. X-ray diffraction images of a high-pressure cryocooled aque-
ous solution. Upon warming, water phase transforms from HDA to
LDA, cubic, and hexagonal ice (Modified from Reference 16).
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