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The purpose of these experiments was to develop an improved 
method to lyse the nematode Caenorhabditis elegans for 
proteomic studies.  The tough exterior cuticle of Caenorhabditis 
elegans makes the nematode resilient to lysis.  This resilience 
to lysis impedes proteomic analyses.  Proteomic analyses are 
even more difficult when preservation of the native 
conformation and biological activity of proteins are desired, thus 
prohibiting the use of denaturing chaotropes or detergents to 
enhance lysis.  In the course of our studies, we determined that 
in physiological buffers, these nematodes are so resilient that 
they can even withstand hydrostatic pressure cycling 
technology (PCT) up to 20,000 psi with a 2.3% survival rate.  
However, by combining pressure and non-denaturing buffer 
with pre-processing using PBI’s new PCT Shredder, it is 
possible to achieve nearly total disruption of the nematodes and 
maximal protein yields.  In these experiments, the nematodes 
were mixed with silicate (SiC) abrasive and frozen directly in a 
Shredder PULSE TubeTm, a specialized container used in both 
The PCT Shredder and subsequent high pressure treatment in 
a PBI Barocycler.  To achieve optimum lysis, the frozen 
sample-abrasive mix was first ground with The PCT Shredder.  
The sample was then subjected to PCT.   Damage to cuticles 
was evaluated by Trypan blue permeability.  By comparison to 
other processing methods, The PCT Shredder in combination 
with PCT disrupted virtually all nematodes in a heterogeneous 
culture, whereas when processed by sonication, some larval 
stage nematodes remained undamaged.  
 
 

      
 
 
 
 
Cont. on Page 2 

�

C A L E N D A R  O F  E V E N T S  
ABRF  
MEMPHIS, TN  
FEBRUARY 7-10, 2009  

 

PBI in The News  
����������	
��	��������������(���%%�����

.�

�	������%	%�%���	'��"#����	$��
��%��%�&	������!'���
��%�

 

Pressure BioSciences, Inc. announced that they have entered 
into an exclusive patent license agreement with the Battelle 
Memorial Institute (“Battelle”).  The licensed technology is 
described in the patent application filed by Battelle on July 31, 
2008 (US serial number 12/183,219).  This application includes 
subject matter related to a method and a system for improving 
the analysis of protein samples, including through an 
automated, in-line system utilizing pressure and a pre-selected 
agent to obtain a digested sample in a significantly shorter 
period of time than current methods, while maintaining the 
integrity of the sample throughout the preparatory process. 
 
The Company believes that the claims in the pending Battelle 
patent will build upon and broaden its own existing IP position in 
using pressure cycling technology (“PCT”) to further enhance 
the quality and significantly decrease the processing time for 
protein analysis.  This is an area of particular importance for 
many laboratories worldwide, and is one of PBI’s strategic 
areas of focus.  The novel aspect of the Battelle invention, 
when combined with the advantages of PCT, offers the 
possibility of a straightforward approach to the automation of 
sample preparation techniques.  The Company believes that 
this combination may lead to the potential development of 
instrumentation to be directly integrated with high-performance 
liquid chromatography (HPLC) and mass spectrometry 
equipment for the complete processing of proteins, from sample 
preparation to final result – a truly novel approach to protein 
analysis.    
Cont. on Page 3 

 

See Page 3: Excerpt  from Biomarkers Med. (2009)  
 

Mass spectrometry MALDI imaging of 
colon cancer biomarkers: 

a new diagnostic paradigm 
 

Paul H. Pevsner, Jonathan Melamed, Tiffany Remsen, 
Alexander Kogos, Fritz Francois, Paul Kessler, Arnold Stern,  

& Sury Anand4 
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Furthermore, temperature fluctuations during processing 
by thermostated bead beating and sonication resulted in 
highly variable protein recoveries when compared to the 
PCT method of processing.  In addition, large protein 
aggregates were observed under a microscope in bead 
beating and sonication preparations, but were not 
present in The PCT Shredder preparations.  Moreover, 
protein denaturation and precipitation was observed in 
bead beating, resulting in the gradual loss of soluble 
protein over repetitive cycles;  this did not occur with The 
PCT Shredder and PCT. 
 
 

RESULTS AND DISCUSSION 
In physiological buffers, nematodes can withstand high 
pressure as evidenced by Trypan Blue permeability of 
only 10-14% of nematode cuticles following 20 cycles at 
35,000 psi maximum pressure.  Adult hermaphrodites 
were selectively destroyed at this pressure, while larvae 
were more resilient (Figure 3A). 
 

The PCT Shredder disrupted all nematodes including 
dauer stage larvae (Figure 3B).  In physiological buffers, 
protein yields were six times greater with The PCT 
Shredder than with high pressure alone, and an order 
magnitude higher when The PCT Shredder was used in 
combination with freezing and abrasives (Figure 3C and 
3D).  Protein yields were more than doubled when the 
chaotropic ProteoSOLVE CE Lysis Reagent and 
ProteoSOLVE Reducing Reagent provided in the CE 
PrEP kit were used (not shown).  
 

By comparison, temperature fluctuations during 
thermostated bead beating resulted in highly variable 
protein recoveries.  Further, large protein aggregates 
observed microscopically in bead beating preparations 
were not observed in The PCT Shredder preparations 
(Figure 2).  Moreover, protein denaturation was observed 
in bead beating preparations, resulting in the gradual loss 
of soluble protein with each successive cycle. 
 

              
Figure 2.  (A) Comparative protein yields following sequential 20 second 
cycles of either PCT or bead beating. In physiological buffers, the 
gradual denaturation, aggregation, and precipitative loss of proteins was 
observed in bead beating preparations.  (B) Protein aggregates 
produced from 3X 10 seconds bead beating.  (C)  Aggregates produced 
from 3X 10 seconds sonication.  Trypan Blue permeability was observed 
in only 55% of the visually intact nematodes.  (D)  Complete disruption 
of nematodes without the formation of aggregates in PCT Shredder 
preparation. 

 
Figure 3.   (A) Trypan Blue staining showing minimal cuticle damage to 
live nematodes following 35,000 psi.  The expulsion of embryos and 
detachment of basement membranes from the dorsal cuticle of adult 
hermaphrodites was a prominent feature, while many unstained larvae 
remained.  (B)  Disruption of nematodes with the PCT Shredder followed 
by 40X 10 seconds at 35,000 psi maximum pressure.  (C)  Live 
nematodes shown mixed with 50-100 micron abrasive particles for size 
reference.  (D)  Total disruption of nematodes using the PCT Shredder 
in combination with abrasive particles.  Milligrams of total protein 
extracted from each 50 mg of initial biomass is indicated (top right).  
Magnification 100X. 
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Paul H. Pevsner1, Jonathan Melamed2, Tiffany Remsen1, 
Alexander Kogos1, Fritz Francois3, Paul Kessler1, Arnold 
Stern1, & Sury Anand4 

 
New York University School of Medicine, New York, NY USA: 
1Department of Pharmacology, 2Department of Pathology, 3Department 
of Medicine, division of Gastroenterology; The Brooklyn Hospital 
Center, Brooklyn, NY, USA: 4Department of Medicine, Division of 
Gastroenterology 
 
Abstract 
Colorectal cancer (CRC), is the second-leading cause of 
cancer-related deaths in the USA, affecting both men and 
women.  Current projections show little or no change 
since the publication of a morbidity and mortality study in 
2005.  The projected number of new cases for 2008 is 
154,000, and the projected number of CRC cancer 
deaths for 2008 is 53,000.  The standard diagnostic 
paradigm is based on histopathology of either biopsy or 
surgical specimens.  This article suggests a new 
paradigm for colon cancer diagnosis and staging using 
matrix-assisted laser desorption/ionization imaging mass 
spectrometry (MALDI IMS or IMS).  IMS may identify 
potential tumors in normal tissue of cancer patients and 
predict those cancer patients who are at risk for recurrent 
cancer. 
 

Excerpt from the Materials and Methods Section: 
Contiguous 1µ sections were obtained for histology, IMS 
and protein extraction with high pressure 
(Barocycler®, Pressure BioSciences, Inc.)   The 
complete protocols are detailed in the references. 
 

Conclusion & Future Perspective 
All of the polyps had putative CRC proteins in the 
transition zone between polyp and peripheral tissue.  
This finding suggests that these polyps have already 
mutated to CRC, and these patients may be at risk for 
CRC from other patches of ACF that could develop into 
polyps and CRC.  A pathologist reporting no tumor in the 
normal tissue would be correct.  However, histology 
alone would significantly affect therapy and postoperative 
surveillance by underestimating the extent metaplastic or 
malignant disease.  We suggest that IMS and LCMS, and 
histopathology will provide a more comprehensive 
diagnosis for CRC tumors.  This diagnostic paradigm 
should provide the patient and his/her physicians with a 
more complete diagnosis and may lead to better outcome 
of CRC.  With future refinement, LCMS of extracted stool 
proteins could become the basis for an acceptable, high-
throughput mass spectrometry screening test. 

Cont. from Page 1  
 

PBI in The News 
����������	
��	��������������(���%%�����

.�

�	������%	%�%���	'��"#����	$��
��%��%�&	������!'���
��%�

 
Dr. Nathan Lawrence, V.P. of Marketing for PBI 
remarked: “We are very pleased to see that customers of 
PBI’s PCT Sample Preparation System are making 
discoveries and developing important new applications 
using our PCT technology and equipment.  PCT is 
gaining acceptance worldwide in many areas of research.  
We have long anticipated that independent researchers 
would extend “the Power of PCT” on their own.  Although 
PBI may not always choose to license all discoveries 
made with PCT by others, the Company will continually 
assess the value of the discovery to broaden our already 
extensive patent position.  We firmly believe that 
licensing this particular patent will help us more rapidly 
reach our goal of making PCT a standard method for 
accelerating enzymatic reactions in many different fields 
of the life sciences.” 
 
Dr. Alex Lazarev, Vice President of Research and 
Development for PBI, said: “This invention combines 
pressure-accelerated protein digestion with HPLC 
separation. New instruments based on the combination 
of this invention and PCT could become a front-end to 
modern LC-MS instrumentation.  These could eliminate 
major bottlenecks in biological sample preparation for 
protein analysis, since they could obviate the need for the 
operator to manually load and unload samples during 
processing.  Such instruments could seamlessly integrate 
sample preparation with modern HPLC equipment, which 
could in turn offer the significant advantages of 
increasing the quality of results and decreasing the time 
to discovery.  For drug discovery and development 
companies, this could result in a significant reduction in 
both the cost and time required to get new products to 
market.”  
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