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AES-1 
 

Thermal Stabilization of Tissue Samples Using the Denator Stabilizor T1:  
The Inactivation of Proteases and Elimination of Proteolytic Fragments  

On Two-Dimensional Gels 
 

Gary B. Smejkal1, Alexander J. Trachtenberg1, J. Robert Chang1, John Lindsay, Denator2, 
Mats BorŽn, Denator2, Soulafa A. Almazrooa1, and Winston P. Kou1 

 
1Laboratory for Innovative Translational Technologies 

Harvard Clinical and Translational Science Center 
Boston, MA 

 
2Biotech Center 

Arvid Wallgrens Backe 20 
Gothenburg, Sweden 

 
 
An understanding of cellular processes is facilitated only when methods such as two-dimensional 
gel electrophoresis (2DGE) are capable of isolating without bias the entire protein constituency 
of cells such that the analysis can provide a comprehensive representation of the proteome. The 
regulated expression of proteins as it relates to normal or disease processes, the efficacy of 
therapeutic regime, or the identification of phenotypes requires that specific proteins are 
accurately quantified. Therefore, reliable methods of sample preparation become necessary to 
produce meaningful results. Since proteases regulate many cellular processes including the 
clearance of down-regulated proteins and the cleavage of precursors to produce functional 
proteins, it is essential to completely abolish all enzymatic activity to elicit a realistic “snapshot” 
of the proteome as it occurs in vivo, both qualitatively and quantitatively. Further, the 
phosphorylation states of proteins may be altered if enzymes involved in phosphorylation and 
dephosphorylation are not promptly inactivated. Typically, proteolytic activity is curtailed by 
rapidly freezing the sample and by the inclusion of protease inhibitors and metal chelators. 
However, freezing preserves the activity of enzymes which is restored when the samples are 
thawed. The formation of apocryphal protein spots in 2D gels indicates the inability to 
completely halt enzyme activity before protein fragmentation can occur. Further, alterations of 
the proteome caused by in vitro degradation may obscure important information of a sample's 
biological state and hinder the discovery of biomarkers. An alternative is to use rapid heat 
inactivation to eliminate enzymatic activity. The Denator Stabilizor T1 has been evaluated and 
shown to improve results by decreasing proteolytic fragments. 
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Viable and Non Viable Microalgae Fractionation Employing  
Insulator-Based Dielectrophoresis 

 
Nadia M. Jesœs-PŽrez1, JosŽ I. Mart’nez-L—pez1, Adriana Pacheco-Moscoa1,  

Mario M. Alvarez2, Blanca H. Lapizco-Encinas1 
 

1Biotechnology and Food Engineering and Biotechnology Center 
2Centro de Biotecnolog’a 
Tecnologico de Monterrey 

Monterrey, Mexico 
 
 
Dielectrophoresis (DEP) is a transport mechanism driven by polarization effects on particles in 
the presence of non uniform electrical fields. DEP can be employed effectively to concentrate 
and fractionate microorganisms non-destructively. To produce the non uniform fields to 
perform DEP, the most common approach is to apply AC electric fields employing arrays of 
microelectrodes. However, microelectrode array- based DEP systems face some issues, such as 
degradation of microlectrodes and high production costs. An alternative to electrode-based 
DEP is the technique called insulator-based DEP (iDEP), where non-uniform electric fields are 
produced employing arrays of insulating structures. 
 
It has been demonstrated that differences in cell's membrane state and conductivity has effect 
on the dielectrophoretic response of cells1  and that DEP can be used to manipulate live and 
heat-treated cells of Listeria, to separate viable and non viable Yeast cells and separate live and 
dead bacteria. 
 
Several research groups had proved that the viability of microalgae is a critical factor for the 
absorption of elements like copper or tributyltin (TBT). However, there is not a method to 
efficiently differentiate live from dead microalgae. The present work shows the capability of 
iDEP to fractionate and concentrate live and dead microalgae. 
 
Green algae (Ankiristodesmus sp., UTEX 98) has been successfully concentrated and 
fractionated using an array of cylindrical insulating posts to induce dielectrophoresis under 
several applied voltages.   
 
A microchannel made from glass was employed, the channel  was 10.12-mm-long, 1-mm-wide, 
10-µm deep, and had an array of 32 cylindrical posts distributed in eight columns of four posts 
each, posts had a diameter of  200-µm and were arranged in a square array  250-µm center-to-
center. The cylindrical posts transverse the entire height of the microchannel (Figure 1). 
 
A sample of 50 ml mid-logarithmic phase (OD675 = 1.5) culture of microalgae was divided 
into two equal parts, which were centrifuged at 3000 rpm for 3 minutes. Both pellets were 
resuspended in buffer solution (pH 9 σm=100 µS/cm). Dead microalgae cells were prepared by 
heating an aliquot oc cells 100 ºC for 1 hour, and the reduced viability of this sample was 
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corroborated with epifluorescence microscopy. Fluorescence of SYTOX Green (S7020, 
Invitrogen, Carlsbad CA, USA) a dye that only penetrates damaged cell membranes, and 
autofluorescence were observed simultaneously, allowing the discrimination of viable and non 
viable cells. 
 
A sample of mixed live and heat-treated was introduced at the inlet reservoir of the 
microchannel. Care was taken to eliminate pressure-driven flow, and then electrodes were 
placed at the inlet and outlet reservoirs in order to apply a DC electric field. 
 
Several voltages ranging from 100 to 750 V/cm were applied to the sample and differential 
trapping of live and dead cells was shown by two separate bands of different color. Viable cells 
(red) are trapped at the wider regions between the circular posts (negative DEP), and non viable 
cells (green) exhibit less negative DEP, since they are trapped at the narrower regions between 
the circular posts. 
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Pressure Enhanced Processes (PrEP) Enabling High Quality Two-
Dimensional Gel Electrophoresis of Frankia Mycelia and Vesicle Structures 

 
Louis S. Tisa1, Gary B. Smejkal2, Tom Berkelman3, Winston Kuo2 

 
1Department of Cellular, Molecular and Biomedical Sciences 

University of New Hampshire 
Durham, NH 

 
2Laboratory for Innovative Translational Technologies 

Harvard Clinical and Translational Science Center 
Boston, MA 

 
3Bio-Rad Laboratories 

Hercules, CA 
 
 
The actinobacteria, Frankia, are particularly challenging in terms of sample preparation, 
isoelectric focusing (IEF) and two-dimensional gel electrophoresis (2DE). While French Press 
is typically used for the disruption of Frankia mycelia, protein yields are typically very low and 
potentially biased toward cytoplasmic proteins. Operating at a maximum pressure of 20,000 
psi, the French press fails to disrupt vesicles such that this recalcitrant organelle has remained 
largely uncharacterized in terms of its protein constituency. Alternatively, pressure cycling 
technology (PCT) recycles the sample at 45,000 psi maximum pressure and effectively disrupts 
both mycelia and the resilient vesicles. However, increased protein yield from Frankia strain 
EAN1pec corresponds to increased contamination by an indigenous red pigment which 
interferes with protein assay and IEF. The pigment is lessened, but not removed by acetone 
precipitation and concentrates with proteins in ultrafiltrative retentates, suggesting the pigment 
exists as high molecular weight aggregates which are not dissociated by chaotropes or 
detergents. If not removed, the pigment precipitates on the surface of the immobilized pH 
gradient (IPG) and prevents proteins from being imbibed into the strip. This is evidenced by the 
preponderance of horizontal streaking in second dimension gels. Pigment that is imbibed in the 
IPG rapidly focuses in the pH 4-5 region of the gradient, creating a highly conductive zone 
where a localized voltage drop prevents proteins from properly focusing. Hence, it is 
ambiguous as to whether proteins that are aligned with this zone are due to their association 
with the pigment or as an electrophoretic phenomenon. Ultrafiltration of mycelia and vesicle 
homogenates with porous membranes of 100 kDa nominal molecular weight limit partitioned 
80% of the initial sample volume containing approximately 60% of the protein mass into the 
filtrate, whereas most of the offending pigment was accumulated in the retentate. 
Consequently, over 500 proteins were resolved in two-dimensional gels of vesicle filtrates. 
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Microfluidic Cell Culture Device to Study the Effect of Spatial Confinement 

On Adipocyte Cell Death Rates 
 

Sachidevi Puttaswamy1, Nawar Faruque1, James Perfield2, Shramik Sengupta1 
 

1Department of Biological Engineering 
2Department of Nutrition & Exercise Physiology 

University of Missouri 
Columbia, MO 

 
 
Being obese greatly increases one's risk of being afflicted by chronic diseases like diabetes, 
cardiovascular disease and stroke. These adverse metabolic states are believed to arise due to 
the secretion of various inflammatory factors originating from adipose (fat) tissue. Recent 
studies have indicated that with obesity, adipose cells expand so rapidly that the extracellular 
matrix surrounding them cannot expand at the same rate. This physical confinement results in 
increased cell death and macrophage infiltration. These events lead to a chronic state of 
inflammation in adipose tissue which spills over systemically to other tissues leading to the 
adverse metabolic conditions mentioned above. 
 
With standard cell culture petridishes, it is not been possible to systematically investigate the 
effect of physical confinement on adipocyte death, and in vivo models have a large number of 
parameters that cannot be independently controlled. We present here the a “microfluidic” cell 
culture “vessel” embedded in a 3” x 1” cassette that consists of two types of pores: larger pores 
(50-200 microns) into which adipocytes are packed, and smaller pores (2-5 microns) that act 
like a vascular bed through which nutrients can be provided. Controlling the size of the larger 
pores provides us with a way to confine adipocyte growth to varying (but known) degrees. This 
system enables us to study the effect of spatial confinement in isolation from other 
Biomolecular factors on the death rate of adipose cells from various sources (subcutaneous, 
intra-abdominal etc.). 
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Magnifying Differences in the Cross Over Frequency of Bacteria Using 
Solvent Modification and Antibody Tagged Nanoparticles 

 
Neha Gujarati1, Jinwang Tan1, Luis Polo-Parada2, Shramik Sengupta1 

 
1Department of Biological Engineering 

2Department of Medical Pharmacology and Physiology 
University of Missouri 

Columbia, MO 
 

 
Dielectrophoresis (DEP) can potentially serve as a means to rapidly isolate pathogenic bacterial 
species and strains of interest from a mixture containing other related, often non-pathogenic, 
species. Two species can be separated from each other easily using DEP if they have different 
Cross-Over Frequencies (COFs). The COF depends of a bacterial cell in a given solution 
depends on the properties (conductivity and dielectric constant) of the cell membrane and the 
cell interior, and on those of the solution in which it is suspended, and thus each species should 
have a different characteristic cross-over frequency. 
 
In practice, however, it is seen that these crossover frequencies of bacteria can be very close 
together, thus making their separation using DEP quite difficult and inefficient. We propose a 
practical solution to this problem by formulating a “DEP buffer” consisting of Mannitol, 
Amino Hexanoic Acid, and Sodium Chloride in which the differences in COF are magnified. 
The buffer is hypertonic, has a low conductivity but high dielectric constant, and by magnifying 
the contribution of the properties of the cell membrane in determining the COF, enables 
resolution of many different bacterial species like E.coli, Lactobacillus, Pseudomonas, and 
Salmonella. 
 
Closely related strains (such as E coli O157 and E coli K-12) however, are still not resolvable. 
We present a way of doing so using antibody-tagged nano-particles to bind to particular strains. 
Once these particles bind to the bacteria, the COF of the nano-particle bacteria conjugate 
differs from that of the bacteria alone. 
 
These practical techniques open the door to detecting the presence of target pathogenic bacteria 
from mixtures containing large numbers of other bacteria. 
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Monitoring Bioremediation Using Single Strand Conformational 
Polymorphism and Capillary Electrophoresis 

 
Alice C. Jernigan1, Duane C. Wolf2, Greg Thoma1, Christa Hestekin1 

 
1Department of Chemical Engineering 

2Department of Crop, Soil and Environmental Sciences 
University of Arkansas 

Fayetteville, AR 
 
 
Bioremediation is the process by which microbes are used to break down soil contaminants. 
The traditional method for looking at bioremediation is by viable plate counts or microscopic 
examination. These methods are both time consuming and can underestimate the numbers due 
to the inability to culture many soil organisms. The increased speed and automation of capillary 
electrophoresis (CE) allows for more rapid and reliable results. The identification and 
assessment of activity of microbial soil communities can be accomplished by isolating DNA 
and RNA from soil samples. These DNA/RNA samples can then be characterized by a 
technique called single-strand conformational polymorphism (SSCP) analysis of the 16S gene 
and its variable regions. These variable regions have been amplified by polymerase chain 
reaction (PCR) giving species-dependent fragments of the gene sequence. SSCP, a method that 
is normally used to detect mutations, is the heat denaturing of these fragments resulting in 
single strand DNA (ssDNA). Snap cooling of the ssDNA causes it to refold into different 
secondary structures (conformations) depending on the nucleotide sequence. These different 
conformations can be separated due to their different electrophoretic mobility, even if they are 
the same size. CE-SSCP has been used to identify mixed populations from DNA extracted from 
soil samples and to identify activity of the microorganisms by examining the products of 
reverse transcription (RT)-PCR which relates to the sample's RNA. By isolating both DNA and 
RNA from the same soil sample, at the same time, a more accurate picture of the microbial 
community in those samples has been made available. This is an important development in the 
study of contaminated soils and the monitoring of the progress of bioremediation. 
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Particle Manipulation Employing Alternating Current Electric Fields  
in An Array of Insulators 

 
Javier Baylon-Cardiel1, Ana V. Ch‡vez-Santoscoy2, Sergio O. Mart’nez-Chapa1,  

Blanca H. Lapizco-Encinas2, 
 

1Department of Electrical and Computing Engineering 
2Biotechnology and Food Engineering and Biotechnology Center 

Tecnologico de Monterrey 
Monterrey, Mexico 

 
 
Dielectrophoresis (DEP) is the motion of particles in due to polarization effects in nonuniform 
electric fields; this electrokinetic transport mechanism has a great potential for the manipulation 
of a wide array of bioparticles, ranging from biomolecules to microorganisms. DEP can be 
carried out employing DC and AC electric fields. The majority of the studies on DEP have 
employed arrays of microelectrodes, however, employing microelectrodes has some drawbacks 
such as high cost and loss of functionality due to fouling. Insulator-based dielectrophoresis 
(iDEP) is an attractive alternative, since it employs arrays of insulating structures, instead of 
electrodes, to create nonuniform electric fields; resulting in inexpensive and robust devices. 
 
This study presents the manipulation of microparticles employing alternating current electric 
fields with iDEP. The effect of varying operating conditions, such as suspending medium 
characteristics, magnitude and frequency of the applied AC fields, over the dielectrophoretic 
response of the microparticles was analyzed through a mathematical model developed using 
Finite Element Analysis with COMSOL Multiphysics®. By solving Laplace equation between 
the cylindrical post array it was possible to predict the regions of higher field intensity and the 
location of dielectrophoretic traps. It is expected that these findings will be employed as a tool 
for the design and selection of operating conditions of dielectrophoretic microdevices for 
bioparticles concentration and manipulation. 
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Capillary Electrophoresis as a Tool to Monitor the Early Stages  
of Insulin Aggregation 

 
Elizabeth Pryor1, Christa Hestekin1, Melissa A. Moss2 

 
1Department of Chemical Engineering 

University of Arkansas 
Fayetteville, AR 

 
2Department of Chemical Engineering 

University of South Carolina 
Columbia, SC 

 
 
Protein folding abnormalities contribute to many amyloid diseases such as: Alzheimer's 
disease, Parkinson's disease, Type II diabetes mellitus, prion diseases, and Huntington's 
disease. Insoluble protein aggregates, termed amyloids, which exhibit a cross beta-sheet 
structure are a common characteristic of amyloid diseases. The molecular mechanism by which 
proteins progress from monomer to oligomer to insoluble amyloid aggregates is not well 
understood. The formation of low molecular weight oligomeric species during the early stages 
of protein misfolding is of particular interest for disease prevention. Currently, diagnostic 
techniques which monitor the very early stages of protein misfolding remain inadequate. 
Insulin protein is known to form amyloid aggregates displaying a cross beta-sheet structure. In 
this work, capillary electrophoresis is used to monitor the progression of insulin protein from 
monomeric to low molecular weight oligomeric species. A critical aggregation time period of 8 
to 10 hours was found to be necessary for the formation of low molecular weight oligomeric 
species, however this time period was dependent on aggregation conditions such as the amount 
of salt. The limit of detection of insulin using capillary electrophoresis detection by both UV 
and laser induced fluorescence was determined. By determining the early aggregation kinetics 
of insulin at physiologically relevant concentrations (nM-pM range), we have shown that 
capillary electrophoresis has the ability to detect other disease causing amyloid proteins, similar 
to insulin, present in cerebrospinal fluid or plasma. 
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Nanocomposite Gels for Improved Separations in Clinical Diagnostics 
 

Jeffery W. Thompson, Holly Stretz, Pedro Arce 
 

Department of Chemical Engineering 
Tennessee Technological University 

Cookeville, TN 
 

Gels are widely used in biological separations, but commonly certain protein or oligosaccharide 
mixtures may exhibit low resolution. Separation control mechanisms include sieving (morphological 
control) or electroosmosis for electrophoretic separations. Charged gold nanoparticles of varying aspect 
ratios, measured by transmission electron microscopy, have been embedded in poly-acrylamide gels. 
Proteins such as ovalbumin and BSA show unique mobilities and separations in composite gels versus 
control gels. The effects of aspect ratio on protein mobilities will be discussed. 
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Induced-Charge Electrophoresis of Metallodielectric Janus Particles 
 

Sumit Gangwal1, Olivier J. Cayre1, Martin Z. Bazant2, Orlin D. Velev1 
 

1Department of Chemical and Biomolecular Engineering 
North Carolina State University 

Raleigh, NC 
 

2Departments of Chemical Engineering and Mathematics 
Massachusetts Institute of Technology 

Cambridge, MA 
 
The synthesis of "Janus" particles (whose hemispheres are physically or chemically different) is of 
growing importance for the development of novel materials, but the behavior of such particles in 
external fields has not been studied in depth. The application of AC electric fields in aqueous 
suspensions of anisotropic particles leads to unbalanced liquid flows and nonlinear, induced-charge 
electrophoretic (ICEP) motion. We report experimental observations of the motion of "Janus" 
microparticles with one dielectric and one metal-coated hemisphere induced by uniform fields of 
frequency 100 Hz - 10 kHz in NaCl solutions. The motion is perpendicular to the field axis and persists 
after particles are attracted to a glass wall. The velocity as a function of field strength, AC frequency 
and particle size are consistent with ICEP theory in dilute solutions (≤ 100 µM), but we observe 
anomalous behavior at higher concentrations, including no motion above 10 mM. The metallodielectric 
Janus particles' motion across uniform AC electric field lines is, to our knowledge, the first report of this 
fascinating phenomenon that can now guide further development of nonlinear electrokinetic theory. The 
propelling metallodielectric particles may find applications as microscopic mixers, "shuttles", self-
propelling on-chip sensors, microactuators and microsensors in MEMS devices, optoelectronic devices 
or for separations in microfluidic devices. 
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Effect of Material Morphology On Optimal  
Time of Separation of Bio-Molecules 

 
Jyothirmai J. Simhadri, Mario Oyanader, Holly Stretz, Pedro Arce 

 
Department of Chemical Engineering 
Tennessee Technological University 

Cookeville, TN 
 

 
Electrophoresis in polymer hydrogels with nanometer-scale pore structure are widely used for 
the separation and purification of biological macromolecules. In gel-electrophoresis, the 
internal morphology of the gel also plays an important role in improving the separation. Tuning 
the nanometer-scale pore structure of the gel either by templating or by adding nanoparticles to 
improve separations has been the current area of focus in our research group. Moreover, 
analysis of the effects of the nature of the pore alignment, pore length and diameters on the 
transport of macromolecules is an important aspect to be studied either analytically or 
computationally as shown by previous efforts. In this research, non-uniform channel models 
whose characteristics are useful domains to mimic the gel morphology are analyzed 
computationally. The results illustrate the effects of the various geometrical parameters with 
electric fields on effective transport parameters and eventually determine the optimal time of 
separation. 
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Frequency Optimization of Dielectrophoretic  
Blood Cell Rupture in Micro-devices 

 
P.M. Jamison, K. Leonard, and A.R. Minerick 

 
Dave C. Swalm School of Chemical Engineering 

Mississippi State University 
Mississippi State, MS 

 
 
With advancements in medical research and micro-technology, medical diagnostic micro-
devices are becoming more significant for point of care medical testing. These devices have the 
potential to enable the integration of qualitative and quantitative biochemical results from 
single drops of blood in less than 10 minutes. The micro-device being used in this study was 
prepared using soft photolithography and platinum wires to create a chamber with 
perpendicularly arranged electrodes.  This dielectrophoretic approach was used to analyze the 
rupturing of human erythrocytes when exposed to an electric field with variations of low kHz 
frequency. To analyze rupturing, blood types (A+, B+, O+, AB+, A-, O-,and AB-)  where 
diluted 5 times and loaded into a fabricated micro-device.  The system was allowed to 
equilibrate and RBC rupture responses were recorded using video microscopy for 5 minutes at 
increasing frequencies.  The erythrocyte images were analyzed using object recognition 
software to ascertain rupture and experiments were conducted later that same day at the optimal 
rupturing frequency. The results of rupturing are used to develop a correlation between optimal 
frequency levels in contrast with various blood types. This work could impact rapid cell rupture 
technology for sub-cellular protein analysis in point of care medical diagnostic devices. 
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Structure of Protein-Surfactant Complexes  
for Enhanced Electrophoretic Separations 

 
Danilo C. Pozzo and Monica Ospinal 

 
Department of Chemical Engineering 

University of Washington 
Seattle, WA 

!
!

For separations using denaturing polyacrylamide gel electrophoresis (PAGE), sodium dodecyl 
sulfate (SDS) has been the surfactant of choice since its introduction in the 1960’s. SDS-PAGE 
is now a well established analytical technique and its importance to the field of proteomics 
cannot be understated. In order to further improve the resolution and speed of complex 
proteomic separations, such as serum and cell lysates, it is essential that we take a closer look at 
all aspects affecting the separation. In this paper, we focus specifically on the structure of the 
protein-surfactant complexes that are formed using SDS and similar anionic surfactants. We 
utilize small angle scattering (SANS and SAXS) as bulk structural probes that allow us to 
correlate the protein-surfactant nanostructure to the macroscopic separation of proteins in 
PAGE gels. Scattering experiments can also be performed in-situ during an electrophoretic 
separation. This new structural information allows us to rationalize the effect of the 
nanostructure of the complex so that novel surfactant architectures can be designed to target 
specific protein separations. 
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Reduction of Bio-Oil via Electrocatalysis 
 

Chungja Yang and Adrienne R. Minerick 
 

Dave C. Swalm School of Chemical Engineering 
Mississippi State University 

Mississippi State, MS 
!
!

Bio-oil has positive attributes as an alternative energy fuel for heating, electricity, synthesis 
gas, and chemical production applications. However, water content and a large number of 
lower energy oxygenated hydrocarbons such as cyclic ketones and phenolics are problematic 
when utilizing the bio-oil as transport fuels. Most reduction process utilize solid catalyst to 
upgrade bio-oil to transportation fuels, but limitations include high temperature and high 
pressure operating conditions as well as coking which reduces catalysts efficacy rapidly; such 
operating conditions and process constraints limit the economic viability of catalytic upgrading 
approaches.  
 
This research focuses on reducing oxygen content in wood derived bio-oil to increase stability 
and heating rate by a novel electro-catalytic method. Electrocatalytic reduction of bio-oil was 
attained within an electrocatalyzing cell (E-cell) with cathode / anode reaction chambers 
separated by an electron exchange membrane. This custom designed E- cell enables 
complementary oxidation (anode chamber) and reduction reactions (cathode chamber). To 
determine optimum conditions of electrocatalytic reduction, five different electrode materials 
(Nickel, Copper, Steel, Aluminum, and Iron) were explored with two types of membranes 
(Nafion ion-selective exchange membrane and dialysis membrane 10,000 MWCO) at low, 
medium, and high voltages (5, 50, 200VDC) for 5 hours and 10 hours. We further observed the 
electrocatalyzation reactions when powder type catalysts (proprietary composition) were 
suspended in the bio-oil at 5 weight % concentration. Temperature, pH, current, and voltage 
were monitored in real time via a LabVIEW National Instruments Data Acquisition system.  
 
Electrocatalytically treated bio-oils were sampled from cathode and anode chambers 
respectively and analyzed with elemental analysis, GC/MS and FTIR. Electrocatalytic reaction 
products were identified and optimal operating conditions determined. 
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