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Engineering and Development of Antibody Directed Nanotherapeutics 

Dr. Drummond currently serves as the Vice President of Discovery for Merrimack Pharmaceuticals, 
and was one of two principle inventors for many of Merrimack's nanotechnology-based drugs and 
platform technologies, most notably MM-398, a highly stabilized liposomal formulation of irinotecan. 
He joined Merrimack in October of 2009 following the merger of Merrimack with Hermes Bioscienc-
es. Dr. Drummond received a Ph.D. degree in Biochemistry from Indiana University in 1997, with an 
emphasis on membrane biochemistry and biophysics. He later joined Hermes Biosciences in 2000 
as an Associate Director of Liposomal Research and Development following a post-doc in the labor-
atory of the renowned father of current liposome drug delivery systems, Demetrios Papahadjopoulos. 
Overall, Dr. Drummond has more than 20 years of experience in the research and development of 
advanced drug delivery systems, including four unique drugs that have been tested in various clinical 
trials, eight issued patents or patent applications, and more than 50 peer reviewed publications fo-
cused on lipid-based nanotherapeutics. 

 

The focus of his research is in developing targeted nanotherapeutics for treating a wide range of sol-
id tumors.  He successfully developed novel platform technologies for targeting lipidic nanocarriers 
such as liposomes using a range of novel ligands, but most notably Fab’ or scFv antibody fragments.  
He has also developed platform technologies for dramatically improving the in vivo drug retention of 
difficult to stabilize small molecule drugs, and for systemic delivery of nucleic acids. Three of their 
nanotherapeutics are being studied in clinical trials, including an ErbB2-targeted liposomal doxorubi-
cin which is currently being evaluated in a Phase II study in ErbB2-overexpressing breast cancers 
and a nanoliposomal formulation of irinotecan which recently showed promising results in a Phase III 
trial in gemcitabine-refractory pancreatic cancer and was approved in October of 2015. A fourth 
EphA2 antibody targeted lipososomal docetaxel is scheduled to enter the clinic in late 2016.   
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Nanotechnology: A Tiny Solution to a Big Problem? 

 

Dr. Mark S. Smeltzer obtained his PhD at Kansas State University and began his studies focusing 
on Staphylococcus aureus as a post-doctoral research associate with Dr. John J. Iandolo. He was 
subsequently recruited to the University of Arkansas for Medical Sciences (UAMS) by Dr. Carl L. 
Nelson, who at the time was chair of the UAMS Department of Orthopaedic Surgery. Dr. Smeltzer 
has been at UAMS since 1993 and throughout his career as placed a primary research emphasis 
on overcoming the problem of S. aureus as an orthopaedic pathogen. He has been continuously 
funded by federal agencies including the National Institutes of Health and the Department of De-
fense since 1996 and holds the academic rank of Professor in the Department of Microbiology 
and Immunology and the Department of Orthopaedic Surgery. He also serves as Director of the 
UAMS Center for Microbial Pathogenesis and Host Inflammatory Responses.  
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Greg M. Thurber work focuses on applying fundamental biotransport principles to design novel therapeu-
tics and molecular imaging agents. These widely applicable techniques have found use in the Thurber 
laboratory in diverse projects ranging from self-administration of near-infrared molecular imaging agents 
for early disease detection to the modular design of stabilized alpha helices using bioorthogonal chemis-
try. Some of the original concepts for monoclonal antibodies, developed during his graduate work, have 
found recent applications in designing improved antibody-drug conjugates for cancer therapy. Prof. Thur-
ber received his training in protein therapeutics at MIT under the guidance of Dr. Dane Wittrup. He com-
pleted his in vivo training in molecular imaging in the laboratory of Dr. Ralph Weissleder at Mass General 
Hospital and Harvard Medical School. Since joining the faculty at Michigan, he has delivered over 14 in-
vited talks at major pharmaceutical companies, national and international conferences, and university de-
partmental seminars. He and his students have also presented their interdisciplinary work at chemistry, 
chemical engineering, and pharmaceutical science conferences. Prof. Thurber has authored 30 peer-
reviewed journal publications, 3 book chapters, and numerous conference proceedings. He has received 
several awards including an NIH K01 award and the National Science Foundation CAREER award. 

Molecular Engineering of Stabilized Alpha Helices and Antibody Drug Conjugates: 

Novel Experimental Approaches Guided by Drug Design Principles 

Next-generation therapeutics hold the potential to avoid many of the limitations of traditional small mole-
cule drugs. However, these more complex drugs are not conducive to current drug development ap-
proaches that involve a linear progression from screening to in vitro, in vivo, and clinical trials using em-
pirical guidance. This is in part due to the larger chemical space covered by these molecules and also 
due to the paucity of drugs in these nascent fields that are required for empirical fitting methods. Two ex-
amples of these more sophisticated drug classes include stabilized alpha helices and antibody drug con-
jugates. In this talk, I will present our progress on applying design principles and novel experimental ap-
proaches to improve delivery and efficacy for these two classes of agents. Stabilized alpha helices are 
being developed to reach the estimated two-thirds of all disease-associated targets that are ‘undruggable’ 
because of their intracellular location and lack of small molecule binding site. We will present our modular 
approach using bioorthogonal chemistry for modifying the physicochemical properties to improve intracel-
lular delivery and efficacy while enabling cell surface display for peptide engineering. For antibody drug 
conjugates, these potent small molecules attached to monoclonal antibodies are a rapidly growing class 
of chemotherapeutics designed to reduce off-target toxicity by specifically delivering their payload to the 
site of interest. However, the toxicity of the payload limits the dose and frequency of delivery. Due to rapid 
binding and internalization of the drugs, these agents never reach more than a few cell layers into a tu-
mor. Using guidance from computational simulations, we have developed a way to increase penetration 
into the tumor, thereby more effectively delivering the payload. This approach should be widely applicable 
to other cancer targets and improve the development of the nearly 30 ADCs in clinical trials and others in 
preclinical development. 

Plenary Speaker III 
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Contributed Talks 
Enhanced Darkfield Hyperspectral Microscopy  
Dr. Jim Beach 
CytoViva, Inc. 
 

CytoViva’s technology combines patented, enhanced darkfield optical microscopy with high resolution hyperspectral imaging. These integrated tech-
nologies were specifically designed to enable optical observation and spectral characterization of label free nano-materials as they interact with bio-

logical and other materials-based matrixes. No fluorescent labeling or other sample prep is required to optically observe or spectrally characterize nano-materials in 
these complex environments. Within seconds, you can optically observe your nano-materials sample in almost any environment. A hyperspectral image of the sam-
ple can be captured in minutes, providing you the spectral response within each nanoscale pixel of a high resolution image. Since 2005, CytoViva’s integrated opti-
cal microscopy and hyperspectral imaging technology has been adopted by hundreds of research laboratories worldwide. These labs are focused on nano-materials 
synthesis, nano-drug delivery, nano-toxicology and pathogen detection related research efforts. 

Neuroligin-4X expression and significance in breast cancer 
Henry Henderson1, Myles Davis1, Jasmine Smith1, Balasubramanyam Karanam2, Clayton Yates2, Deepa Bedi2 
1Department of Biomedical Sciences, Tuskegee University, Tuskegee; 2Department of Biology, Tuskegee University, Tuskegee 
Breast cancer is the most common cancer and the second leading cause of cancer death in American women.  Despite advances in early detection 
and understanding of the molecular basis of breast cancer biology, about 40% of the patients with early-stage breast cancer have recurrent and meta-
static disease. Improving our understanding of the molecular mechanisms of the metastatic process might also improve clinical management of the 

disease. Initiation of metastasis requires invasion, which is enabled by epithelial to mesenchymal transition of cancer cells. The process of tissue invasion and me-
tastasis is a process where series of attachment and detachment events based on cell or substrate attachment. One crucial step during tumor invasion is loss of 
cancer cells adhesiveness to the extracellular matrix component of basement membrane and mesenchymal tissue. It is believed that these invasive cells have un-
dergone an epithelial to mesenchymal transition (EMT), which is associated with increased expression of cell-adhesion molecules such as laminin, integrins, and 
CD44. These molecules play an important role in survival, apoptosis, angiogenesis, invasion and metastasis.  Here, we demonstrate identification of a novel bi-
omarker, Neuroligin 4X in breast cancer by phage display screening of metastatic cancer cells. Neuroligins are transmembrane neural adhesion proteins that play 
an important role in organizing the neuronal synaptic cleft. They have been also implicated in promoting angiogenesis and are widely expressed in the vascular 
system. Preliminary studies done in our lab using immunofluorescence and flow cytometry showed high expression of Neuroligin 4X in triple negative breast cancer 
as compared to non-triple negative. Immunohistochemistry data also showed high expression of neuroligin 4X in breast cancer tissues. MCF-7 breast cancer cells 
treated with EMT inducer, TGFb showed increase expression of Neuroligin 4X as compared to MCF-7 cell alone. Informatics analysis of a large patient cohort 
showed that increase Neuroligin 4X expression correlated with a decrease in survival. Based on these preliminary findings, Neuroligin 4X appears to play a role in 
breast cancer progression and metastasis. 

Functionalized carbon nanotubes: approach to balance between antimicrobial and toxicity phenomenon 
Chaudhari AA1,  Kate K2, Dennis V1, Singh SR1, Owen DR3, Arnold RD4, Miller ME5, Pillai SR1 
1 Center for Nanobiotechnology Research, Alabama State University 
2Department of Mechanical Engineering, University of Louisville 
3Therapeutic Peptides Inc. 

4Department of Drug Discovery and Development, Auburn University 
5Research Instrumentation Facility, Auburn University  

 

Purpose: Increasing antibiotic resistance is a global issue and recent advances in nanotechnology have shown remarkable promise towards developing effective 
antimicrobials. In particular, the use of silver coated single walled carbon nanotubes (SWCNTs-Ag) and antimicrobial peptides (APs) is becoming popular due to 
their antimicrobial properties. Despite this, toxicity to human cells and stability in a solution are some major issues with SWCNTs-Ag and APs, respectively. How-
ever, the toxicity issue can be resolved by an appropriate functionalization of the SWCNTs-Ag; either by using a non-toxic polymer such as poly ethylene glycol 
(PEG) or by covalent attachment of antimicrobial peptides. Our goal is to functionalize SWCNTs-Ag and investigate their: 1) antibacterial effect and 2) toxicity to 
human cells. Methods: SWCNTs-Ag were non-covalently PEGylated using PEG (PSWCNTs-Ag). Covalent functionalization with an effective antimicrobial pep-
tide from Therapeutic Inc., TP359, was carried out using EDC and NHS chemistry on SWCNTs-Ag (FSWCNTs-Ag) carboxylated by a novel method developed at 
ASU. Non covalent functionalization with TP359 was also performed by simple mixing of TP359 and SWCNTs-Ag (SWCNTs-Ag-M). All the nanoparticles were 
characterized by Fourier transform infrared spectroscopy (FT-IR), Ultraviolet visualization (UV-VIS), atomic force microscopy (AFM) and transmission electron 
microscopy (TEM). Additionally, the antibacterial activity was investigated against two Gram-positive (Staphylococcus aureus and Streptococcus pyogenes) and 
two Gram-negative (Salmonella enterica serovar Typhimurium and Escherichia coli) pathogens. The cellular toxicity of TP359, FSWCNTs-Ag and PSWCNTs-Ag 
was compared with plain SWCNTs-Ag using murine macrophages and lung carcinoma cells. Results: FT-IR, TEM and AFM analysis revealed the successful 
functionalization of SWCNTs-Ag (covalent or non-covalent). More importantly, the results from our studies further showed that functionalization of SWCNTs-Ag 
did not reduce their antibacterial activity against the four pathogens tested. Indeed, functionalized SWCNTs-Ag exhibited better antibacterial activity against the 
four bacteria (MIC~7.8-3.9 µg/ml with IC50: ~4-5 µg/ml) compared to plain SWCNTs-Ag (both 62.6 µg/ml, IC50: ~31-35 µg/ml). Conclusion: In conclusion, our 
data showed that functionalization of SWCNTs-Ag is a feasible approach to balance between antimicrobial activity and their toxicity to human cells. 

Nanotechnology and the Liquid Crystal Renaissance 
Virginia A. Davis 
Department of Chemical Engineering, Auburn University 
 

Liquid crystal science is a nearly 130 year old field that has repeatedly been reinvigorated and extended by the discovery of new materials capable of forming liquid 
crystalline phases. The discovery of small molecules with rigid cores led to thermotropic liquid crystals that are now ubiquitous in display applications. Similarly, the 
discovery of rod-like polymers and their ability to form lyotropic liquid crystals enabled the production of high strength fibers such as DuPont Kevlar. Nanocylinders 
(e.g. nanorods, nanotubes, and nanowires) are the latest additions to liquid crystal science’s rich history. Some of their self-assembly and rheological behaviors can 
be explained based on historical understanding of lyotropic liquid crystal dispersions. However, their range of long range interactions, aspect ratios, rigidities, and 
densities have created new questions about the colloidal thermodynamics underlying liquid crystalline phase behavior. Gaining this understanding is important be-
cause processing of liquid crystalline assemblies is increasingly recognized as a scalable and economical way to produce large assemblies of ordered nanomateri-
als. We have compared the rheology and morphology of five distinct nanocylinder systems: cellulose nanocrystals in water, carbon nanotubes in aqueous DNA, 
mixtures of silver nanowires and spheres in ethylene glycol, and silica nanorods in dimethyl sulfoxide. These systems span a broad range of structural and chemical 
characteristics, and they include dispersions that form nematic, cholesteric and smectic, phases.  Comparison of these systems to each other and their lyotropic 
liquid crystalline polymer cousins highlights opportunities for new insights into the fundamental behavior of colloidal rods. These insights promise to provide the next 
generation of advanced materials based on anisotropic building blocks including high strength materials, microelectromechanical systems, and optical filters.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhari%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kate%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dennis%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
http://www.ncbi.nlm.nih.gov/pubmed/?term=Owen%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arnold%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pillai%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=27412259
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Contributed Talks 

Controlled Patterning of Nano-Hydroxyapatite by Dip-Pen Nanolithography 
C. Schindler1,2 and D. Dean1,3 
1Department of Materials Science and Engineering University of Alabama at Birmingham 
2Malvern Instruments, Houston, TX 
3Biomedical Engineering Program, Alabama State University 

Purpose: The ability to precisely control the spatial distribution of these components is critical to developing scaffolds that more closely resemble the extracel-
lular matrix (ECM). This work demonstrates the ability to fabricate hybrid nanostructures using dip pen nanolithography(DPN).  Methods: Nanoparticle based 
inks of nano-hydroxyapatite were designed for specific use with dip-pen nanolithography. The effect of ink viscosity was studied in terms of dispersion, stability, 
and accuracy of patterning to determine the optimal formulation for high throughput printing onto electrospun scaffolds. Dynamic light scattering and scanning 
electron microscopy were used to determine the dispersion of nano-hydroxyapatite in solution. Atomic force microscopy and scanning electron microscopy 
were utilized to image the dip-pen nanolithography patterns on a SiO2 substrate and on an electrospun polymer scaffold following printing.  Results: The opti-
mal ink viscosity was determined by evaluating the state of dispersion, stability, and accuracy of printing. Formulations with viscosities in the range of 5 – 15 cP 
or 30% and 50% glycerol were chosen for DPN printing. Dynamic light scattering and SEM analysis showed that all viscosities exhibited a well-dispersed solu-
tion. Zeta potential and turbidity measurements were used to study the effect of glycerol content over time to evaluate the stability of the inks. AFM imaging 
showed that the 3 w/v % nanoHA solution with 30% glycerol accurately transferred nanoHA particles in the form of dots ranging from 745 – 1175 nm in diame-
ter on a SiO2 substrate.  SEM with EDS confirmed the transfer of nanoHA particles in controlled patterns on the fibers.  Conclusions:  The dispersion, stability, 
and accuracy of printing by DPN in this study confirm its viability for depositing nanoscale patterns of nanoHA onto electrospun polymer scaffolds and other 
surfaces with nanoscale precision.  Advantages over similar fabrication methods such as ink-jet printing include higher resolution and direct transport of ink to 
the substrate rather than through a nozzle, which can become clogged over time.   

Mathematical model of actin cytoskeleton in kidney podocyte cells applied to glomerular disease. 
C.V. Falkenberg 
Mechanical Engineering Department, Auburn University. 
Purpose: Podocytes kidney cells morphology is essential for their function: the maintenance of the size selective filter in the glomeruli. Fully differen-
tiated podocytes interdigitate their foot processes with neighboring cells, establishing a signaling hub for its actin cytoskeleton. Such cytoskeleton is 
composed of cortical actin and actin bundles, essential to sustain the local mechanical stress. Disruption of the actin cytoskeleton is linked to glomer-

ular disease, such as proteinuria. Methods: The analysis of a recent mathematical model for the actin cytoskeleton of the podocyte foot processes (http://
biorxiv.org/content/early/2016/07/26/065839) is extended to better understand the interplay between regulators of actin (polymerization, bundling and turnover) and 
cytoskeleton stability. Recent literature review on podocyte actin regulators was performed to relate parameters of the mathematical model and podocyte proteins. 
Results: The mathematical model predicts that global competition for freely diffusing monomeric actin may cause local cytoskeleton catastrophe and loss foot 
processes; prolonged imbalance among regulators may lead to progressive damage, while short lived imbalance would result in localized damage; hyperactive 
bundling competes with the machinery for cortical F-actin polymerization, and can be compensated by increased bundle turnover. Similarly, high bundle turnover 
(due to increased mechanical stress, for example) can be compensated by enhancing F-actin cross-linking; the cell morphology is resilient to mild spatial asymme-
tries in the F-actin polymerizing machinery (due to cell-cell interaction for example), however, significant disparities will result in localized enhanced bundles at the 
cost of the cytoskeleton of neighboring foot processes. Conclusion: Quantitative methods and analytical and numerical models can be used to generate new hy-
potheses and potentially accelerate research on kidney disease. 

Nanotechnology approach to enhancing transgenic farm animal production  
J. M. Feugang1, C. L. Durfey1, S. Park1, R. D. Arnold2, H. Clemente3, S. T. Willard1,4, P. L. Ryan1,5  
1Department of Animal & Dairy Sciences, Mississippi State University; 2Department of Drug Discovery and Development, Auburn 
University; 3Clemente Associates, Madison, CT; 4Department of Biochemistry, Molecular Biology, Entomology & Plant Pathology, 
Mississippi State University; 5 Department of Pathobiology & Population Medicine, Mississippi State University 
 

The fast growing human population necessitates that we develop more efficient livestock production systems to satisfy the market demands. Generation of trans-
genic animals is a viable means to ensure precision and effective animal productions on farms, but the present production rates remain unsatisfactory. The recent 
progress in nanobiotechnology provides opportunities for more advanced approaches to improve transgenesis in livestock, and our laboratories are developing 
nanoparticle-based strategies to improve and monitor their interactions with mammalian spermatozoa for transgene delivery. In experiment 1, boar semen was 
mixed with or without (Control) iron-oxide nanoparticles designed to target non-viable spermatozoa. After incubation, the mixtures were placed under a magnetic 
field to trap iron-oxide bound-spermatozoa (non-viable) while the free ones (viable) were collected by elution. Both sperm groups were submitted to ultrastructure 
evaluation (TEM) and aliquots of viable sperm were analyzed for viability and motion parameters (Computer-Assisted Sperm Analyzer- CASA). In Experiment 2, 
fixed concentrations of spermatozoa (2x108 /ml) were mixed with various amounts of fluorescent liposomes (0, 91.4, 182.8, 457, and 914 M phospholipid basis) 
and incubated under mild rotation. Post-incubation, sperm motility characteristics were evaluated and unbound liposomes were discarded by centrifugations (3x). 
Both supernatants (PBS) and labeled spermatozoa in PBS were kept for non-invasive imaging (In Vivo Imaging System - IVIS), while invasive imaging 
(Epifluorescence - EVOS LF-Auto) was obtained from paraformaldehyde-fixed spermatozoa. Experiments were repeated three times and statistically analyzed (t-
tests or ANOVA-1). Threshold of significance was fixed at P<0.05. Sperm motility characteristics were generally not affected by either nanoparticles (P>0.05). How-
ever, the straight-line velocity and sperm linearity and straightness were dose-dependently increased by the presence of liposome nanoparticles (P<0.05). Expo-
sure to iron oxide nanoparticles did not affect the ultrastructure of viable sperm and viability tests are still ongoing, without any alarming effects seen thus far. Lipo-
some-labeled spermatozoa exhibited dose-dependent increase of fluorescence intensity (P<0.05) that was observed within the entire sperm length by epifluores-
cence microscopy. These preliminary data indicate that 1) iron oxide nanoparticles can be used for magnetic selection of desired spermatozoa, 2) prepared fluores-
cent liposomes can interact with spermatozoa and 3) both nanoparticles do not impair sperm motion. The future combination of both nanoparticles has high poten-
tial for substantial sperm-mediated gene transfer and thus, enhance transgenic farm animal production.  

 
Tracking Nanoparticles Using Multispectral Optoacoustic Tomography 
Clinton W. Hupple 
iThera Medical, München, Germany 

 

Multispectral Optoacoustic Tomography (MSOT) is a powerful new molecular imaging technology which combines high-resolution real-time ultra-

sound detection with the specificity of optical imaging, providing the ability to detect chromophores in tissue at depth. Uniquely, it provides the capacity to separate 

endogenous signals of interest such as oxy-/deoxy-hemoglobin from extrinsically administered agents such as nanoparticles and fluorescent dyes or proteins. This 

presentation will focus on new developments and applications of MSOT to track the kinetics and distribution of nanoparticles. 



  

                                                                                                                              

  

Contributed Talks 
Piezoresistivity in thin films:  A first principles study 
Marcelo A. Kuroda 
Department of Physics, Auburn University 
 

Purpose: Piezoresistivity, change in resistivity upon the exertion of strain/stress, finds applications in pressure, acceleration, torque, tactile, micro-
electromechanical (MEM) devices and in-line force sensors. Suitable materials for technological applications require the seemingly incompatible features: high sensi-
tivity, speed and endurance. Methods: A theoretical study of tunneling piezoresistivity in transition metal dichalcogenides (MoS2 and  MoSe2) and mixed-valence 
rare earth samarium compounds (SmSe and SmTe) is presented here. The effect is studied in relation to electrode composition, film thickness and operation regime 
using first-principles calculations and ballistic transport within density functional theory. Results: We find that best piezoresistive response for layered materials 
(MoS2 and MoSe2) is comparable to those of “bulk” thin films (SmSe and SmTe), although they are based on different mechanisms.  In the former case, the change 
in tunneling current stemming from varying distance is the main mechanism behind the response.  In contrast, maximal piezoresistive response in SmSe and SmTe 
thin films arises from the enhanced thermionic emission with reduction of band gap with strain.  Results show remarkable agreement with experimental observations. 
Conclusion: First principles calculations are used to quantify the piezoresistive response of semiconducting thin films.  The results explain the different mechanisms 
governing the effect observed at the nanoscale and highlight the potential of these materials in fast, resilient strain/stress sensors.  

Medusa particles: A magnetically triggered drug delivery system consisting of diblock copolymer brushes covalently linked 
to the surface of magnetite nanoparticles.  
Benjamin McCormick1, Morgan Whittaker1, Elsa Roedern1, Rhythm R. Shah2, Shanlin Pan1, Jacqueline A. Nikles3, Christopher S. 
Brazel2 and David E. Nikles1 
1Department of Chemistry, The University of Alabama; 2Department of Chemical and Biological Engineering, The University of Ala-

bama; 3Department of Chemistry, The University of Alabama at Birmingham 

 

Medusa particles: A PCL-PEG diblock copolymer, H(OCH2CH2CH2CH2CH2CO)19 (OCH2CH2)43-OCH3 was prepared by the ring opening polymerization of ε caprolac-
tone from the alcohol terminus of poly(ethylene glycol) monomethyl ether, Mn ~ 2,000. The alcohol terminus of the diblock was reacted with the isocyanate group of 
the silane coupling agent, 3-(triethoxysilyl)propyl isocyanate. In the presence of magnetite nanoparticles and adventitious water, the silane group made a covalent 
bond to the particle surface, giving Medusa particles. The Medusa particles had the PCL block closest to the particle surface, followed by the PEG block extending 
away from the surface. Combustion analysis of the particles gave the carbon and hydrogen content, allowing an estimate of thousands of polymer chains bound to 
each particle. The particles could be easily dispersed in water and in water the hydrophobic PCL block collapsed around the magnetite particle giving a semi-
crystalline shell. The PEG block formed a hydrophilic corona that allowed the particles to be dispersed in water. Dynamic light scattering gave an average hydrody-
namic diameter of 18 nm. Given the radius of gyration for the PEG block (2 nm) and the average diameter for the magnetite particles of 11 nm, the thickness of the 
PCL shell was estimated to be 1 to 2 nm. Doxorubicin, a cancer drug, was loaded into the PCL shell. It was expected that the semi-crystalline PCL would serve to 
entrap the doxorubicin. Indeed the doxorubicin was trapped in the PCL shell. However, at 27 or 37 °C, doxorubicin slowly leaked out of the Medusa particles. Upon 
exposure to a radio frequency ac magnetic field (frequency 430 kHz, amplitude 480 Gauss, 30 minute pulse), differential pulse voltammetry showed a dramatic in-
crease in the concentration of free doxorubicin. The release was much greater that control samples held at room temperature. The ac magnetic field pulse heated 
the magnetite particles by magnetic induction, thereby melting the PCL shell, allowing the trapped doxorubicin to be released.  

In-Situ Grown Metal Nanocatalysts from Oxide Host Lattices 
Tae-Sik Oh 
Department of Chemical Engineering, Auburn University 
 

Catalysis plays a central role in energy conversion and chemical production. High activity and robustness under operational condition is required for 
practical utilization of catalysts. Especially for high temperature applications such as solid oxide fuel cells and methane steam reforming, catalyst stability 

is an important issue. This talk presents three different catalyst systems for efficient energy conversion and chemical production. First, I will discuss metal nanoparti-
cles formed by partial decomposition of oxide. This phenomenon, metal exsolution, has been known for some time and is used in formulations of automotive emis-
sion control catalysts. The ability to re-dissolve and exsolve the metal via redox cycling has a merit of nanoparticle regeneration. However, the mechanism by which 
the transition metal is exsolved from the oxide host is still poorly understood. My recent contribution looks into the mechanism for the evolution of the unique metal-
oxide dual phase structure. I have used well-defined model systems and detailed structural analysis to characterize the nucleation and exsolution of Ni particles. I will 
show how interesting properties of resistance against coarsening and carbon fiber formation are linked to the particle-in-a-pit morphology. Second catalyst system is 
for membrane reactor application. Syngas production via methane steam reforming is an important industrial process by which hydrogen is produced in mass scale. 
However, it requires high energy input due to endothermic nature of the reaction. Using oxygen transport membrane, one can combine air separation and methane 
partial oxidation to reduce energy cost. I will show how catalyst can increase the oxygen flux by reducing the surface resistance, and expand the applicability of exso-
lution concept to proton conducting membranes. 

More than Lipids: Solutions for the entire product cycle from research to commercialization 
Kacee Sims, Avanti Polar Lipids, Inc., Alabaster, AL 

 

While Avanti is well known for our high quality lipids, we offer much More Than Lipids. Specifically, we offer services across eight divisions that provide 
scientists with the benefit of our experience and solutions from the initial phases of research through to commercialization. Our services cover the entire product 
cycle and allow our customers to have the Avanti experience throughout their projects. This presentation will highlight each of Avanti’s division including Research 
Products, cGMP Manufacturing, Adjuvants, Analytical Services, Lipidomics, Formulations, Equipment, and Custom Services. Avanti can truly revolutionize your sci-
ence!  Simply put, people do amazing things with our lipids! What will you do? 

Smart Manipulation of Nanobiomaterials for Immunoengineering 
Kyung-Ho Roh, Department of Chemical and Materials Engineering, University of Alabama in Huntsville  

 

Vaccination has served as an effective means to protect humankind from various fatal infectious diseases for more than two centuries. Recently, more 
sophisticated methods to manipulate our immune systems have been actively pursued to fight against pertinacious diseases including cancer, autoim-
mune diseases, as well as immune evasive infections. As our understanding of the immune system and its molecular mechanism progresses, opportuni-

ties to leverage biomaterial design to precisely control immune responses are rapidly growing. In this presentation, I will first discuss how biomaterials designed to 
control the spatial distribution of biological molecules in nanometer scale can be used to engineer the immune system with two examples of the main arms of the 
adaptive immune system, T cells and B cells. First, as a conductor of the immune system, T cells recognize the foreign pathogens or malignant transformation in a 
very specific, selective, and sensitive manner. Recent studies using super-resolution microscopy revealed that this fascinating antigen recognition and activation of T 
cells are regulated by spatiotemporal organization of membrane molecules in a nanometer scale with multi-hierarchical dynamics. As such, biomaterial design is 
necessary to effectively target the corresponding dynamics of membrane nanostructures to precisely control the T cell activation process. Second, B cells impart 
humoral immunity by producing antigen-specific antibodies against pathogens. Following infection or vaccination, antibody-secreting B cells and memory B cells are 
generated in specialized regions of secondary lymphoid organs, called germinal centers. We showed that this germinal center can be recapitulated in vitro using 
biomaterials that provide the critical molecular signals in a controlled manner to effectively induce naïve B cells to carry out the proliferation and differentiation pro-
cesses. In addition to these two examples showing that controlled surface presentation of biological molecules is critical, other biomaterial design principles that 
determine size, aspect ratio, materials distribution, and other physicochemical properties are equally important in immunoengineering. Therefore lastly, biohybrid 
structures, multifunctional micro- and nanoparticles, and spatiotemporally controlled artificial microenvironments will be introduced as effective and unique means 
that utilize the above mentioned biomaterial design principles either to fortify a healthy immune response or to suppress an aberrant immune response, thus making 
them exciting prospects in the new era of personalized medicine and custom-immunotherapy. 



  

                                                                                                                              

  

Development of gradient nano-biomaterials and interfaces for tissue engineering 
Vinoy Thomas, Department of Materials Science & Engineering, University of Alabama at Birmingham (UAB), Center for Na-
noscale Materials & Biointegration (CNMB) 

 

Development of interface materials with zone-dependent properties for interface tissue engineering (ITE) and biomaterials for hard-soft interface 
tissues is a rapidly developing field that aims to fabricate biological tissue alternates with the goal of repairing or regenerating the functions of dis-

eased or damaged zones at the interface of different tissue types (“interface tissues”). Notable examples of the interface tissues in the human body include liga-
ment-to-bone, tendon-to-bone and cartilage-to-bone. Engineering interface materials in both biomedical context as well as dissimilar joints in composite industry 
context is complex, which requires a combination of specialized materials with spatially organized material chemistry, composition and morphologies In the case 
of ITE of hard-soft interfaces in biomedical applications require additionally cell types and signaling molecules. Therefore, the use of conventional biomaterials 
(monophasic or composites) for ITE has certain limitations to help stimulate the tissue integration or recreating the structural organization at the junction of differ-
ent tissue types. The advancement of 3D printing and nanotechnologies enable us to integrate and develop systems with gradients in biomaterials properties that 
encourage the differentiation of multiple cell phenotypes and subsequent tissue development. As an example, we focus on the fabrication of gradient scaffold/
membrane for favoring the repopulation of regenerative cells for scaffold-based tissue regeneration or high throughput screening of biomaterials. Recent develop-
ments on new functionally-graded bioresorbable fibrous composite membranes with nHA gradient for potential membrane for periodontal tissue engineering by 
promoting the bone growth and preventing the bacterial colonization and graded-blood vessel graft for vascular tissue regeneration by promoting endothelial cells 
will be presented.   

Contributed Talks 

Relative photoprotective efficacy of silver, zinc-oxide and titanium-dioxide nanoparticles against UVB radiation-induced 
skin carcinogenesis 
N. Tyagi1, S. K. Srivastava1, S. Arora1, Y. Omar1,2, Z. M. Ijaz1,3, A. AL-Ghadhban1, S. K. Deshmukh1, J. E. Carter4, A. P. Singh1,5 and 
S. Singh1,5   1Department of Oncologic Sciences, University of South Alabama; 2Department of Chemical and Biomolecular Engineer-
ing, University of South Alabama; 

3
Department of Biomedical Sciences, University of South Alabama; 

4
Department of Pathology, 

University of South Alabama’ 5Department of Biochemistry and Molecular Biology, University of South Alabama 

 

Purpose: Sunscreen formulations containing UVB filters, such as Zinc-oxide (ZnO) and titanium-dioxide (TiO2) nanoparticles (NPs) have been developed to limit 
the exposure of human skin to UV-radiations. Unfortunately, these UVB protective agents have failed in controlling the skin cancer incidence. We recently demon-
strated that silver nanoparticles (Ag-NPs) could serve as novel protective agents against UVB-radiations. Here our goal was to perform comparative analysis of 
direct and indirect UVB-protection efficacy of ZnO-, TiO2- and Ag-NPs. Methods: HaCaT cells were exposed to UVB (20 mJ/cm2) using Daavlin Research irradiator 
and percent cell viability was examined by WST-1 assay. The photoprotective efficacy of Ag-, ZnO-, and TiO2-NPs on UVB-induced cell death was examined by 
trypan blue dye-exclusion method. The dot-blot analysis was performed to detect DNA lesions like cyclobutane pyrimidine (CPDs) 6-4 photoproducts (6-4 PPs) as 
an indication of DNA damage. Sun protection factor was calculated using a UV/Visible spectrophotometer by measuring the absorption spectra of nanoparticle solu-
tions in the range of 290 to 320 nm. Reactive oxygen species (ROS) and anti-oxidant assays were performed as per manufacturer’s instructions. Results: Sun-
protection-factor calculated based on their UVB-reflective/absorption abilities was the highest for TiO2-NPs followed by Ag- and ZnO-NPs. This was further con-
firmed by studying indirect protection of UVB radiation-induced apoptosis of HaCaT cells. However, only Ag-NPs were active in protecting HaCaT cells against 
direct UVB-induced DNA-damage by repairing bulky-DNA lesions through nucleotide-excision-repair mechanism. Moreover, Ag-NPs were also effective in protect-
ing HaCaT cells from UVB-induced oxidative DNA damage by enhancing SOD/CAT/GPx activity. In contrast, ZnO- and TiO2-NPs not only failed in providing any 
direct protection from DNA-damage, but rather enhanced oxidative DNA-damage by increasing ROS production. Together, these findings raise concerns about 
safety of ZnO- and TiO2-NPs and establish superior protective efficacy of Ag-NPs. Conclusion: Altogether, our findings suggest that Ag-NPs provide better protec-
tion against UVB radiation, and could be an ideal candidate for the development of next-generation sunscreens. 

Engineered metal nanoparticles in the sub-nanomolar levels are lethal to cancer cells 
V. Vodyanoy1, Y. Daniels2, O. Pustovyy1, W. A. MacCrehan2, Shin Muramoto2, G. Stan2 
1Department of Anatomy, Physiology and Pharmacology, Auburn University; 2Material Measurement Laboratory, National Institute 
of Standards and Technology 

 

Small metal nanoparticles obtained from animal blood were observed to be toxic to cultured cancer cells, whereas noncancerous cells were much 
less affected. A cell viability assay and high-resolution light microscopy showed that exposure of cultured rat brain glioma cancer cells, to the zinc 

and copper nanoparticles resulted in cell morphological changes, including decreased cell adherence, shrinking/rounding, nuclear condensation, and budding 
from cell bodies. Therefore, in this work, engineered metal nanoparticles were examined to mimic the properties of endogenous metal nanoparticles. RG2, rat 
brain glioma cells CTX TNA2 brain rat astrocytes, high-voltage discharge, atomic force microscope, X-ray photoelectron spectroscopy, and super-resolution light 
microscopy, were used in this work. Engineered zinc and copper metal nanoparticles of size 1 nm–2 nm were lethal to cultured glioma cancer cells. The noncan-
cerous astrocytes were not affected at the same conditions. The engineered zinc and copper nanoparticles are potentially significant as biomedicine. 

Quadruple Negative Breast Cancers (QNBC) are more prevalent in African American women with an enriched immune 
signature 
Clayton Yates , Department of Biology, Tuskegee University 
 

Triple Negative Breast Cancer (TNBC) are tumors which lack ER, PR, and HER2 expression.  This subtype comprises only 10-20% of invasive 
breast cancers, however African-American (AA) women are three times more likely to be diagnosed with this subtype compared to Caucasian (CA).  

Recent evidence has demonstrated that a subgroup of TNBC patients may benefit from targeting the hormone receptor Androgen Receptor (AR), however the 
expression of AR in AA patients has not been determined.  To determine the expression of AR and its relationship to breast cancer subtypes, we compiled a series 
of GEO profiles totaling 958 patients that contained racial and clinical outcome. AR protein expression was validated in a multi-institutional cohort of 300 BC pa-
tients.     Interestingly, African American women had more AR negative tumors compared to white women, and AR negative tumors correlated with the basal sub-
type in both races, a shorter time to progression, and worse overall survival compared to white women.   Molecular profiling of AR negative tumors demonstrated a 
unique molecular profile, that was enrich for immune genes in African American patients.   100% of African American TNBC patients where AR negative, and us-
ing the TNBC subtyping tool, we found the AA women have increased expression of the basal-like 1, basal-like 2, and immunomodulatory signature compared to 
white women   Probing racially associated  genes within the IM  subtype, we found that JAK3, SOC3, IRS1, CXCR5, PLCG2, BCL2, LCK, CBL, CEBPB, CCL3, 
aNFKBIL2, and E2F1 where differentially expressed in African American compared to white women.  These findings suggest that AR is a robust prognostic marker 
and should be routinely used along with the standard of care assessment of ER, PR, HER2 status to determine the tumor aggressiveness, particularly in African 
American women. Furthermore, AR negative TNBC patients should be referred to as Quadruple Negative Breast Cancer (QNBC) 

 NanoBio Summit 2016 18 



  

                                                                                                                              

  

 
NanoBio Summit 2016 19 

 
The organizers would like to offer special thanks to all of the 

Universities, Schools and Colleges who financially supported this event! 
 

Alabama A & M University 

 

Alabama State University 

 

Auburn University 
 Office of the Vice President for Research & Economic Development (OVPR) 

 Auburn University Research Initiative in Cancer (AURIC) 
 College of Agriculture (COA) and Ag. Experiment Station 

 College of Sciences and Mathematics (COSAM) 
 College of Veterinary Medicine (COVM) 

 Harrison School of Pharmacy (HSOP) 
 Samuel Ginn College of Engineering (COE) 

 

Tuskegee University 

 

University of Alabama @ Birmingham 

 

University of Alabama @ Huntsville 

 

University of Alabama @ Tuscaloosa 

 

University of South Alabama 
 

 

Academic Sponsors 

Synthesis of nanomaterials/nanocomposites for bio-sensing and imaging applications 
X. Zhang1, J. Cook1, A. Nautiyal1, H. Xie2, J. W. Smith2  -  

1Department of Chemical Engineering, Auburn University; 2Sanford-Burnham Medical Research Institute  

 

Purpose: Nanomaterials, such as carbon nanotubes (CNT), metal oxides, and polymers, possess superior mechanical, thermal and elec-
trical properties, lead to broad applications in composite materials, smart structures, chemical sensors, energy storage and nano-

electronic devices. However, the high cost and difficulty in getting large scale, high quality nanomaterials remain challenges. We are focusing on investi-
gating methodologies in synthesizing bulk quantity nanomaterials/nanocomposites with multi-functionalities. Methods: In these studies, we demonstrat-
ed facile and affordable approaches for large quantity synthesis of nanostructured conducting polymers, nanocarbons and their nanocomposites with 
metal nanoparticles & metal oxides, which possess high potential for bio-applications, such as bio-sensing and bio-imaging. These approaches, includ-
ing self-assembly, microwave irradiation etc., are normally carried out at room temperature in air, making nanomaterial process more convenient and 
economical. For example, microwave initiated nanomaterial growth will take only 20-30 seconds under the microwave irradiation at room temperature in 
the air, no need of any inert gas protection, and additional feed stock gases, usually required in CVD approach.  Results: Demonstrated by the prelimi-
nary testing through Scanning Electron Microscope (SEM) and Transmission Electron Microscope (TEM), the microwave produced CNTs possess hol-
low centers, with the diameter ranging from 10-100 nanometers, and the length varies from several to tens of micrometers. With the trapped iron nano-
particles in CNTs, the materials could be used as MRI contrast agents. On another hand, the conducting polymer/metal particle nanocomposites, syn-
thesized through self-assembly, demonstrated nice detection potential for glucose, providing opportunities for diabetes detection. Conclusion: The use 
of self-assembly and microwave approaches successfully demonstrated the potential to make bulk quantity nanomaterials/nanocomposites for bio-
applications, such as bio-sensing and imaging. 

Contributed Talks Concluded 




