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High Pressure Macromolecular Crystallography project (HPMX). 

This session on ID27 was dedicated to the crystallographic study of GFP (Green Fluorescent 

Protein) crystals under high pressure, following preliminary experiments in Jan 2009 

(MX759). Participants were E. Girard, A.-C. Dhaussy, R. Kahn and R. Fourme with Pierre 

Bouvier as staff member. The clone of the protein, an enhanced GFP (EGFP) with mutations 

F64L, S65T and H231L, was supplied by Philippe Oger (ENS Lyon, France) who also 

participated to the session.  The goals of this study are the following: i) to solve and refine the 

3D structure of this EGFP at several pressures ; (ii) to record the variation of fluorescence 

emission as a function of pressure ; and (iii) to correlate fluorescence variation with small 

pressure-induced changes in the chromophore and neighbouring protein and water structures.  

The crystal structure in space group C2221 is unprecedented, in connection with the very high 

content of MPD in the crystallization solution. Crystals can withstand pressures in excess of 1 

GPa, which means that the secondary and tertiary structures of EGFP are preserved in this 



range. Crystals degrade above. Pressure induces an elastic compression of the protein. No 

other conformation was detected, which is coherent with the fact that EGFP has  (as far as we 

know) a single function, light emitting. The experiment was performed at ultra-short 

wavelength using a MAR165 CCD detector. Data were recorded at room temperature.  Sets at 

4 pressures (Pamb, 160, 350 and 780 MPa) were essentially complete and a fifth one (860 

MPa) was recorded with a lower completeness (85%). The useful resolution was 0.185 nm. 

Ambient-pressure structure was solved by molecular replacement and refined (R = 0.16, Rfree 

= 0.18), providing high quality electron densities in particular in the chromophore region. 

Refinement of the high-pressure structures is in progress. Overall, the beam qualty was 

excellent and high quality data were obtained. The fluorescence emission of single crystals in 

the diamond anvil-cell was recorded using a Raman spectrometer.  Study of another GFP 

(citrine) was performed by Gruner et al. at Cornell University using high pressure cryocooling 

(Barstow et al., 2008, PNAS 105, 13362-13366) with data collection at atmopheric pressure. 

We have performed the first single crystal analysis of GFP under high pressure.  The detailed 

analysis of structural variations induced by pressure is underway.  

Other HPMX results 

During the last few months, besides review articles in Ann. Rev. Biophys1 and High Press. 

Res2, there are several publications in press giving structural results on urate oxidase3 and 

superoxide dismutase4 and the determination by HPMX of the intrinsic isothermal 

compressibility of « dry » proteins and DNA models5.  

Technical developments 

As we are interested in trapping higer energy conformers of proteins, we have developed a 

pneumatic diamond anvil cell cell (ELSA) oriented toward pressure and temperature cycling 

and annealing . The new cell has been designed and constructed in collaboration wih Betsa 

(Nangis, France) and tests have been performed (submitted6). All experiments during this 

session were performed with this cell.  
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