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ABSTRACT
Early and accurate detection of biological threat agents (BTA) is crucial in preventing 
large numbers of casualties, costly indecision, and panic.  In a bioterror attack, infectious 
agents may be introduced to the air, water and food supply, as well as onto solid objects 
by aerosolization, weaponry, or animal vectors.  Detection of these biothreat agents 
relies upon rapid, safe, robust, and versatile sample preparation processes.  Most current 
detection systems are limited in their front-end sample extraction capabilities to one 
analyte.  However, target molecules may vary among DNA, RNA, proteins, lipids, and 
other biomaterials; there may also be multiple target analytes in a single bioterror attack.  
Therefore, effective detection systems will rely on sample preparation processes that are 
capable of multiplex biomolecule extraction, since single analyte extraction in a single 
target or multiple target attack will result in some level of false results, which complicates 
the choice of an appropriate response.  In addition, errors may also be caused by human 
mistake, by flaws in the assay reagents and/or equipment, or, perhaps of greatest 
concern, by deliberate perturbation of the detection system from genetically modified 
organisms.  Without absolute security of the methods of sample preparation and 
detection, modified organisms can be engineered to cause false positives or negatives, 
resulting in lost response time or even incorrect results that can overwhelm detection 
systems, rendering them useless.  

Here we present a multiplex sample preparation system, PBI’s proprietary Pressure 
Cycling Technology (PCT) Sample Preparation System (PCT SPS)TM, which includes a 
BarocyclerTM (high pressure generating instrument), PULSETM Tubes (single-use sample 
processing containers), and The PCT ShredderTM (mechanical homogenization device).  
The PCT SPS is capable of simultaneous extraction of each class of target biomolecules 
from a wide variety of materials (viruses, bacteria, spores, arthropods, plant and animal 
tissues, human biological samples, soil, and fomites) through a combination of cycled 
pressure (ambient to ultra high levels), chemistry, temperature, and mechanical 
homogenization.  Subsequently, the versatility of the PCT SPS offers the possibility of an 
algorithm-based decision tree to determine with greater certainty whether a bioterror 
attack has actually occurred.  The features of the PCT SPS can be incorporated into a 
small, portable, rugged system suitable for battlefield deployment or for onsite use.  A 
hypothetical system and proposed workflow is described.

PCT SAMPLE PREPARATION SYSTEM (PCT SPS)
PBI’s proprietary Pressure Cycling Technology (PCT) Sample Preparation System (PCT 
SPS)TM, includes a BarocyclerTM (high pressure generating instrument), PULSE TubesTM

(single-use sample processing containers), and The PCT ShredderTM (mechanical 
homogenization device).  Both the Barocycler and The PCT Shredder can be used in 
conjunction with chemistry and temperature to extract DNA, RNA, proteins, lipids and 
small molecules from a wide variety of materials (viruses, bacteria, spores, arthropods, 
plant and animal tissues, human biological samples, soil, and fomites.) 

The Barocycler
The Barocycler is a small semi-automated instrument that generates rapid cycles of 
hydrostatic pressure, between ambient and ultra high levels, to precisely control 
biomolecular interactions. By this mechanism, it can be used to disrupt tissues and cells 
to extract cellular structures and components. Temperature can be controlled during the 
PCT-based sample preparation process by an external circulating water bath.  
Biomolecules are extracted in single-use sample processing containers (PULSE Tubes.)

Barocycler

The Pct Shredder
The PCT Shredder is a small, portable mechanical homogenization system for use with 
tough, fibrous, and other difficult-to-disrupt tissues and organisms. The PCT Shredder is 
used to rapidly homogenize a biological sample directly in the PCT Shredder PULSE 
Tube. This pre-processing method increases sample surface area and,  when followed by 
PCT extraction, permits better access of high pressure extraction fluid to the sample, 
resulting in improved sample lysis and extraction of the desired analytes.

PCT PULSE Tubes
PULSE Tubes (Pressure Used to Lyse Samples for Extraction) transmit the power of PCT 
from the Barocycler instruments to the sample.  Specimens are placed on the Lysis Disk 
of the PULSE Tube.  Using a PULSE Tube Tool, the PULSE Tube is assembled with a 
Ram, selected sample processing buffer is added, and the PULSE Tube is closed with a 
Screw Cap.  The PULSE Tube is placed in the pressure chamber of the Barocycler, 
chamber fluid is added, and pressurization begins.  As pressure is increased, the Ram 
pushes the sample from the Sample Chamber through the Lysis Disk and into the Fluid 
Retention Chamber.  When pressure is released, the sample (now partially homogenized) 
is pulled back through the Lysis Disk by the receding Ram.  The combination of physical 
passage through the Lysis Disk, rapid pressure changes, chemistry and other bio-physical 
mechanisms, breaks up the cellular structures quickly and efficiently, releasing nucleic 
acids, small molecules, and proteins  The PULSE Tube may be used for transport, 
processing and storage.
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ProteoSolve-SB

The PCT SPS Workflow

ProteoSolve-SB is a pressure-dependant kit designed for the concurrent, detergent-free 
extraction and fractionation of proteins, lipids and nucleic acids from cells and tissues.  
Following extraction, the sample is separated by centrifugation into three fractions - a 
lipid-containing upper phase, a protein-containing lower phase, and an insoluble fraction 
(pellet and interface), which contains the DNA and RNA.

The PCT SPS is capable of simultaneous extraction of DNA, RNA, proteins, and lipids 
from a wide variety of biological samples and materials (viruses, bacteria, spores, 
arthropods, plant and animal tissues, human biological samples, soil, and fomites) 
through a combination of cycled pressure (ambient to ultra high levels), chemistry, 
temperature, and mechanical homogenization.

ProteoSolve-SB is one of many extraction
reagents that can be used with PCT.

RESULTS

The inactivation of vegetative Bacillus sp. by PCT has significant implications for 
combating bioterrorism.  Once an infectious sample is processed by PCT, the number of 
viable organisms is significantly reduced or possibly eliminated.  Therefore, the likelihood 
of a healthcare worker or soldier who is processing the sample becoming infected is 
significantly reduced. 

Inactivation of Microorganisms by PCT

Extraction of DNA from B. subtilis Spores by PCT
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B. subtilis spores are relatively resistant to standard extraction conditions and low positive 
specimens may be missed unless more rigorous sample preparation methods are used.  
In preliminary experiments, B. subtilis spores were suspended in two different lysis 
buffers, Buffer A or Buffer B.  Positive control samples were prepared by bead beating 
method in the same buffers.  Negative controls were prepared using the identical samples, 
but not pressure-treated.  After pressure treatment, DNA was purified using Qiagen 
DNeasy Mini kit from 250 µL clarified supernatants.  PCT extracts were split into two sets. 
One was heated at 70oC for 10 min. prior to adding ethanol in the purification according to 
the kit procedure.  The other set was not heated.  Final DNA products were dissolved in 
100 µL AE Buffer  and electrophoresed in an Agarose gel.

Figure 2.  DNA extracted by PCT SPS and compared to conventional bead beating 
method shown by 1% agarose gel electrophoresis. Buffer A (ATL from QIAGEN, 
supplemented with 1% Triton) and buffer B (saturated Guanidinium HCl and 1% CHAPS or 
3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate, 1% Triton and 1%SDS, pH 
not adjusted).

Note:  Since these initial experiments, significantly more effective extraction of DNA from 
Bacillus sp. using PCT and ProteoSolve-SB have been reported.

Extraction of DNA from Filters and Fomites by PCT
Filter papers are often used for air and water sampling and then processed for 
suspected biothreat agents. Whatman paper (Cat. No. 1006042) was
impregnated with B. subtilis.  A “Positive Control” sample was prepared by bead 
beating paper impregnated with B. subtilis.  A “Negative Control” was prepared 
using paper not impregnated with spores but processed in the PCT SPS.  DNA 
was successfully isolated from paper impregnated with B. subtilis spores using 
the PCT SPS as shown by gel electrophoresis.  DNA yields were higher using the 
PCT SPS than those obtained by bead beating.  

Figure 3. DNA extracted from paper impregnated with B. subtilis and processed 
by PCT SPS compared to conventional bead beating method shown by 1% 
agarose gel electrophoresis.

Extraction of DNA from Ticks with The PCT Shredder and PCT
The combination of mechanical disruption of exoskeleton with The PCT Shredder
and pressure-mediated extraction, as outlined above, have demonstrated good 
recovery of Borrelia burgdorferi.

Figure 4. Fourteen (14) individual ticks (including Ixodes scapularis, Amblyomma 
americanum and Dermacentor variabilis) were collected and processed as 
described above. Bacterial 16s gene sequence was readily amplified in all 14 
samples confirming the presence of bacterial DNA in all 14 ticks (panel A). To test 
for the presence of Borrelia burgdorferi (spirochete that causes Lyme disease) 
DNA in the tick samples, PCR primers specific to the 23S rRNA gene of this 
organism were used. Real time PCR results (panel B) indicate that three of the 
samples (highlighted in yellow box) contained high levels of Borrelia DNA (108-
109 copies of the gene). 

Simultaneous Multiplex Biomolecule Extraction with ProteoSolve-SB and PCT
Although the PCT SPS is capable of extracting DNA, RNA, proteins and lipids 
individually from biological specimens, to save both time and precious sample, PBI 
developed a method for the simultaneous extraction of biomolecules. ProteoSolve-
SB is a detergent-free sample preparation kit that allows for the concurrent 
isolation and fractionation of protein, nucleic acids and lipids from cells and 
tissues. This method utilizes a synergistic combination of cell disruption by PCT 
and a reagent system (ProteoSolve-SB kit) that dissolves and partitions distinct 
classes of molecules into separate fractions. Liquids, which are poorly miscible at 
atmospheric pressure, interact under high pressure in such a way that the phase 
boundary presents less of a barrier for partitioning of molecules between solvent 
phases. As a result, partitioning occurs in the entire volume of the vessel, rather 
then just at the interface. This PCT-assisted liquid-liquid extraction has been used 
for the simultaneous extraction and efficient recovery of proteins, DNA, RNA, and 
lipids from biological samples such as cell cultures and tissues.  

Figure 5. Example of simultaneous isolation of Proteins, RNA, DNA and lipids 
from several tissue types.

SUMMARY
• Early and accurate detection of biological threat agents (BTA) is crucial in 

preventing large numbers of casualties, costly indecision, and panic.  

• Detection of these biothreat agents relies upon rapid, safe, robust, and 
versatile sample preparation processes. 

• The PCT SPS, which includes a Barocycler, PULSE Tubes, and The PCT 
Shredder, potentially offers the features and benefits required for a sample 
preparation system for biothreat agents.

• The PCT SPS has been shown to extract DNA, RNA, proteins and lipids 
from a wide variety of samples.  When used in combination with 
ProteoSolve-SB it is possible to simultaneously extract all of these 
biomarkers.

• Multi-analyte extraction and detection is critical for the reduction of false 
positives and false negatives.

• The PCT SPS could provide a sample processing method as part of a more 
accurate and secure algorithm-based decision tree.

• The features and benefits of the PCT SPS could be incorporated into 
simple-to-use and maintain, rugged, light-weight field unit.  

HYPOTHETICAL ALGORITHM AND DECISION TREE
The PCT SPS is not only capable of extracting DNA, but is also capable of 
releasing RNA, proteins, and lipids for use with other detection and identification 
systems. Multi-analyte analysis is critical because detection systems can and will 
result in false positive and false negative test results.  The errors may be caused 
by accident or as a result of a possible experimental design flaw. But perhaps of 
greatest concern is that without absolute security, it is possible to fool any 
system through genetically modified organisms.  These fall into two categories.  
The first, which is quickly recognized as a problem, is genetically engineering the 
target of a true bioterror organism to cause a false negative result.  This would 
have disastrous health consequences.  A second possibility, which is not readily 
obvious, is to genetically engineer an innocuous mimic bioterror organism.  This 
would swamp detection systems with false positive results and create the 
desired effect of spreading terror.  Under combat conditions, an enemy would 
have the advantage of knowing that the organisms released were safe and 
would not need to take precautions with safety suits, water, or food.  Therefore, 
we propose an algorithm-based decision tree.

A possible algorithm-based decision tree might work as follows.  For any given 
organism, there would be multiple target analytes that include DNA, RNA, 
proteins, and lipids.  Each of these analytes would have multiple specific targets; 
for example, more than one gene or gene product.  These analytes would be 
detected by multiple detection systems, not just PCR and DNA probes.  An 
algorithm could be created that is changed routinely or by random number 
generator to significantly reduce the likelihood of genetically engineered false 
positive or false negative results.  The decision to respond and level of response 
to a potential threat would be based on a “score” derived from multiple data 
points (See Table).  The greater the agreement in the number of biomarkers, the 
higher the confidence in identifying an authentic biothreat.

Proposed Field Unit
The features and benefits of the PCT SPS could be incorporated into simple-to-
use and maintain, rugged, light-weight field unit.  One possible design is depicted.

Proposed field Barocycler unit with modular chamber arrangement.
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