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Presentation Notes
Good evening, It is my utmost pleasure to give you a summary of this exciting day by opening a window into the nearest future and talk about potential areas of research which can benefit from high pressure.  



History of High pressure in Life Sciences

• 1623-1662: Blaise Pascal – described fundamental 

concepts of pressure and vacuum.

• 1895:  H. Royer – pressure kills bacteria

• 1899: B.H. Hite et al. – pressure preserves milk

• 1914: P.W. Bridgman  - pressure coagulates egg white

• 1989: High pressure processing of food products

• 1996: First Pressure Cycling Technology patent is filed

• 2000: First International Conference on HPBB

• 2008: First HPBB Conference held in the USA
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While fundamental laws of Physics governing interactions of pressure with matter have been described in the mid-17th century, until recently life sciences researchers had no access to commercial instrumentation capable of maintaining and controlling high hydrostatic pressure. Enthusiasts of high pressure science literally had to build their own equipment. It is not surprising that publications in this field have been rather sporadic and sometimes somewhat conflicting and confusing. 



Temperature vs. Pressure
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It is evident how more mature is temperature control instrumentation and how comfortable we all are with the thought that temperature control is essential in our every day life, particularly in our experiments. What really held the high pressure instrumentation from becoming a mainstream was material science, not the fundamental understanding of physics.  An ability to maintain pressure 1000 times higher then atmospheric relies heavily of new materials and engineering solution which only recently became available to us.  Pressure BioSciences is currently the leading vendor of equipment capable of controlling and maintaining high hydrostatic pressure in a convenient bench-top format. Opportunities in high pressure research are numerous and adoption of the high-pressure thermodynamic tools is rapidly  becoming widespread. 



Pressure and Temperature – Two Dimensions in 
Thermodynamics:

Pressure-induced interdigitation
of lipid bilayers in an ester-ester 
linked HPPC bilayer: HP DSC data.

Pressure cycling at 33 ºC 

Interdigitated bilayer

Ichimori H. et al., 1999; in: Advances in High Pressure Bioscience and Biotechnology,
Horst Ludwig (Ed.), Proceedings of the Intl. HPBB Conference, Heidelberg, 1998.
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Scientists are very comfortable with temperature control in the lab but have ignored pressure for years. However, it is not a secret that pressure is an equally important thermodynamic parameter, another dimension of the phase diagram.For instance, lipids are the most compressible components of a typical biological sample. Biological membranes mostly composed of lipid bilayers are crucial for maintaining gradients of chemicals and energy in the living cell and specific localization and compartmentalization of cellular machinery. Direct physical impact on the lipid bilayers leads to alterations in their structure and destabilization of molecular equilibria holding the cell together. 



Reaction Activation Volume Drives Pressure Effects

• Protein Dissociation

• Protein Denaturation

• Hydrophobic hydration

• Water dissociation

• Dissociation of COOH and NH2

• Hydrogen bond formation

ΔV 



Protein “Phase Diagram”

B.B. Boonyaratanakornkit et al. / Biochimica et Biophysica Acta 1595 (2002) 235-249

Pressure protects proteins from thermal denaturation
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Pressure protects proteins from thermal denaturation but eventually (at very high levels) leads to protein denaturationAlthough we generally cannot currently achieve the levels of pressure in our equipment necessary to denature all proteins in a physiological matrix,  pressure acts in synergy with chemical denaturants. Such synergy is extremely useful to control the action of pressure. 



PCT Sample Preparation Applications
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Today we all have experiences the breadth of current applications of high pressure in life sciences spanning from cell lysis and pathogen inactivation to pathology and proteomics.  However, it is clear that high pressure as a ubiquitous thermodynamic parameter is useful in many more fields of research.   



New directions

•Enzymatic activity

•Clinical applications

•Automation and miniaturization

•Chemical synthesis

•Differential lysis

•Real-time analytical tools:

Enzymology
Structural Biology
Material science
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We continue to develop new applications of pressure cycling and high pressure in general. I’d like to encourage our user community to continue exploring high pressure enzymology and trying new enzymes. We have begun development of several new concepts of high pressure instrumentation driven by popular trends of miniaturization and automation. With several collaborators we are advancing into the area of high pressure organic synthesis. Additionally, there are two more application areas I’d like to bring to your attention today: Differential lysis  and applications of high pressure in real-time analytical measurements, such as Electron Paramagnetic Resonance spectroscopy.   



Differential Lysis for Organelle Isolation

The PCT Shredder and/or PCT SPS Replace Manual Methods 
such as Scissors and Potter-Elvehjem Homogenizers. 

Fresh Tissue Sample
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The idea that various biological objects such as organisms, cells or organelles, just like individual enzymes, react to pressure according to their composition and structure, leads to the conclusion that precise levels of pressure can be used to selectively interrogate and control certain objects while leaving others untouched.The project we have been focusing on for the past few years has lead to the development of methods of selective lysis of cells and tissues to isolate intact and functional mitochondria for proteomics, metabolomics, in-vitro functional studies and drug screening.    



3000x 8000x

Mitochondrial Morphology

Mitochondria isolated from rat kidney 
by pressure cycling at 10,000 psi (5 cycles)

exhibit normal morphology consistent with intact mitochondria.

This work is funded by the NIGMS SBIR Phase II grant GM079059
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We have developed new methods of mitochondrial isolation from several tissues and exhaustively compared them with conventional methods based on manual mechanical homogenization. Morphology of resulting mitochondria is exceptional in both cases while ability to isolate process several tissue samples on demand in parallel and in an unattended fashion is only possible with methods using PCT Shredder and Barocycler instruments. 



Mitochondrial Function

Mitochondria from Rat Skeletal Muscle Are Not Damaged By 
Exposure to 10,000 psi for 5 cycles at 4˚C
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Moreover, respiration activity of isolated mitochondria is preserved and not affected by exposure to moderate levels of hydrostatic pressure. This indicates that the reproducible on-demand mitochondrial isolation methods can now be used in screening of drugs against stroke, heart disease and metabolic disorders which target mitochondrial proteins. 



High Pressure Control Systems for 
EPR and NMR spectroscopy

Model HUB440

Real-time measurements of pressure-induced  conformational 
changes are critical for understanding  protein  structure and 
function.

Applications include mechanistic enzymology,  structural 
biology  and drug development. 
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Another exciting area of research which has rapidly descended upon us is the use of high pressure in real-time spectroscopic studies of protein structure and function. Our collaboration with Prof. Wayne Hubble of Jules Stein Eye Institute at UCLA has resulted in a development of the flexible universal high pressure generator we called HUB440 to commemorate Dr. Hubble’s vision and the device pressure amplification ration of 440 times.    This device can generate pressure up to 60,000 psi (in excess of 4 kbar), has no pressure chamber but can be interfaced with any pressure vessel or device needed to be pressurized. Options include manual control and interface with LabView software for the ease of automation.



Applications of Differential lysis

• Sample fractionation by subcellular 
localization

• Differentiation between cell populations in 
heterogeneous samples (tissues, stool, 
environmental samples, etc.)

• Cell biology  - targeted impact on certain cell 
populations

• etc.
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Mulder et al (2001) Nature, 8:932

Conformational exchange in a ligand-binding T4Lysozyme mutant (L99A)

“excited state”
F helix
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Our understanding of protein conformation comes predominantly from X-ray crystal structures - static, properly folded denesly packed proteins, typically retaining only a few tightly bound water molecules. Such structures represent most stable protein conformations. However, protein  activity  is a result of molecular motion, subtle conformational changes, determined by partially unfolded states (excited states) of proteins. This illustration of stable conformers of the T4 lysozyme mutant protein is missing the intermediate which has been predicted by aberrations of the NMR spectra to represent on average about 3% of the protein molecules at any given time at room temperature. Typically, equilibria between such conformational states exist, but transient “excited” states of proteins usually are very short lived. NMR can resolve events which are happening on a seconds to minutes time scale and are too slow to capture such transient structures. The NMR signal tends to average out between all conformations, only suggesting that something is there, but not giving us a chance to characterize these intermediate transient conformers. 



Pressure reveals an “Excited State” of a benzene-binding
cavity mutant of T4 Lysozyme

The PBI HUB440

EPR spectra of 109R1 in T4 Lysozyme as a function of pressure 
generated by HUB440

Spin label at
residue 109

T4 Lysozyme

0 kbar

1 kbar

2 kbar

3 kbar

4 kbar

Excited state

Data provided by Prof. Wayne Hubbell, UCLA (2010)
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EPR when used with strong spin labels, introduced into proteins by means of site-directed mutagenesis (SDSL), on the other hand, allow temporal resolution of sub-millisecond scale. Additionally, even stable tightly folded proteins have solvent-inaccessible cavities which can be populated by water under pressure leading to formation of partially unfolded protein forms. Energetics of this process is such that with increase of pressure, the most probable unfolded conformations are achieved, which likely to represent the transient catalytically relevant excited states. Indeed, in Dr. Hubbells laboratory have discovered such excited conformation of the lysozyme and recorded its spectroscopic signature which begins to be evident at about 3 kbar (43,000 psi) and is very strong at 4 kbar (58,000 psi). Currently, Dr Hubbell’s laboratory is studying protein conformation kinetics by “pressure jump” experiments, made available by rapid depressurization of the sample, followed by registration of protein conformational change back to the stable ground state.  The HUB440 pressure generator can be also used with optical spectroscopy and other real-time analytical methods which allow sample placement into a pressure-resistant container.These experiments signify the entry of commercial high pressure instrumentation into the structural biology and mechanistic enzymology research, promising to bring us better understanding of life machinery and better ways to treat the disease.  



Conclusions

•High hydrostatic pressure is a new dimension in biomedical 
research

•Availability of commercial high pressure equipment  drives new 
research

•High pressure presents attractive opportunities for discovery 
and innovation

•Widespread adoption of new technologies is impossible 
without collaborations

THANK YOU! 



PBI R&D Vera Gross
Greta Carlson

BWH/HMS Bruce Kristal
Irina Stavrovskaya
Sergei Baranov

UCLA  Wayne Hubbell
John McCoy

NIH NIGMS SBIR grant GM079059

Acknowledgements


	Slide Number 1
	History of High pressure in Life Sciences
	Temperature vs. Pressure
	Pressure and Temperature – Two Dimensions in Thermodynamics:
	Reaction Activation Volume Drives Pressure Effects
	Slide Number 6
	PCT Sample Preparation Applications
	Slide Number 8
	Differential Lysis for Organelle Isolation
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Applications of Differential lysis
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17

