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ABSTRACT 
 

Micro-patterning of neuronal cells in vitro  is a critical 
step for studies in the fundamental biology of neuron-neuron 
and neuron-surface interactions.  The selections of a 
negative surface modifying agent, such as an extracellular 
matrix protein like tenascin-C, and a specific positive 
surface, such as an antibody against neuronal cell adhesion 
molecules to support cell adhesion on specially designed 
surface patterns, would be important. The protein modified 
surfaces could then be used to arrange cells in specific 
circuits and control cell growth due to a specific protein 
function such as an inhibition of cell outgrowth.  This 
protein immobilization method on the solid substrates  could 
then be extended to be used as  support layers for neuronal 
cell-based sensors , neuronal networks, biomedical devices, 
bioprocessing, and bioassays.  In this study, we have 
developed a technique for protein patterning in two 
dimensions utilizing two proteins for in vitro  studies of 
protein patterning to control cell function. Hippocampal 
neurons were observed to grow axons and dendrites on anti-
NGF surfaces.  The immobilized tenascin-C surface has 
demonstrated that tenascin-C inhibits axonal growth while 
promoting dendrite outgrowth.  
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1. INTRODUCTION 
 

Micro-patterning of neurons in vitro  is a critical step for 
studies in the understanding of the fundamental biology 
involved in neuron-neuron and neuron-surface interactions. 
A couple of investigators have developed patterned 
substrates to induce formation of neuronal networks from 
primary neuron culture [1-5]. They have shown that 
chemically defined substrates can be used to control cell 
adhesion and neurite outgrowth. 

Patterning of surfaces with biological molecules is a 
method to develop biologically integrated devices with 
resolutions from micron to the nanometer scale. Protein 
patterning is currently used for the development of 
biosensors for cell studies and tissue engineering 
applications.  Several techniques, such as local deposition of 
molecules using microcontact printing methods, laser 
techniques, photochemical structuring, and photolithography 

[6-9] have been examined to generate patterns of functional 
biomolecules on solid surfaces for applications such as 
neuronal cell-based biosensors and neuronal networks.   

A method of protein immobilization on surfaces for 
creating protein patterns is  physical adsorption where 
attraction between the solid surface and the protein results in 
coverage of the surface [10-12]. Another method of protein 
immobilization is to covalently bind a protein to the surface 
using a chemical covalent bond [9,13-15].  We are 
interested in the development and application of techniques 
for protein patterning in two dimensions with two proteins 
per surface.  
     The culturing of patterned neurons on proteins coupled to 
SAMs requires chemical modification of the SAM surface 
to induce cell adhesion and to promote neurite outgrowth. It 
is important to select specific substrates such as 
extracellular matrix proteins such as tenascin-C, and 
specific functional proteins, such as anti-nerve growth factor 
(anti-NGF), that interact with neuronal cell adhesion 
molecules to support cell adhesion on designed surface 
patterns. We have examined a technology to create cell 
patterns based on an initial surface of the 3-mercaptopropyl-
trimethoxysilane (MTS) SAM combined with microcontact 
printing (µCP) of proteins from patterned 
polydimethylsiloxane (PDMS) stamps. These protein 
modified surfaces can be applied to create specific cellular 
patterns and control cell growth because of a specific 
protein function such as inhibition of cell outgrowth. 

    In this study we have developed a technique for 
protein patterning in two dimensions with two proteins on a 
single surface for in vitro  studies of protein function by 
using a combination of the self-assembled monolayer of 
MTS, a heterobifunctional crosslinker and microcontact 
printing (µCP) of proteins with patterned PDMS stamps. 
We have determined that specific regions of proteins (anti-
NGF) on the surface can be patterned to attach embryonic 
day 18 rat hippocampal neuronal cells. The remaining 
regions are backfilled with a protein, tenascin- C, which has 
been shown to be anti-adhesive for many cells and to 
promote cell rounding, but which also has been proposed to 
mediate neuron glia adhesion and to promote neurite 
outgrowth. [16-18]. 
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2. MATERIALS AND METHODS 
 

The MTS (Aldrich Chemical Company, Milwaukee, 
WI) solution was prepared in a glove box.  The O2 level in 
the glove box was less than 1ppm to prevent oxidation of 
the SH group of MTS.  A volume of 125ml of distilled 
toluene was transferred to a beaker.  Then, 2.5 ml of MTS 
was added to the toluene by pipette and mixed thoroughly to 
make a 2% MTS in toluene solution. Prior to coating, the 
glass coverslips were cleaned in a plasma cleaner (Harrick) 
at an oxygen pressure of 100 millitorr for 15 minutes.  The 
cleaned glass cover slips were then immersed in the MTS 
toluene solution for one hour, rinsed in toluene three times, 
and allowed to air dry.   

The N-succinimidyl 4-maleimidobutyrate cross-linker 
(GMBS) (Fluka) was dissolved in dry DMSO to make a 
2mM GMBS in absolute ethanol solution.  The MTS-coated 
cover slips were then immersed in the 2mM GMBS for one 
hour at room temperature.   

After the reaction, the MTS-GMBS cover slips were 
washed with absolute ethanol three times. After being 
washed with PBS (1X), the MTS-GMBS cover slips were 
dried with N2.  Then the Anti-NGF (Chemicon, Temecula, 
CA) solution was applied to the Polydimethylsiloxane 
(PDMS) stamp and dried with a flowing stream of N2.  The 
anti-NGF was stamped on the cover slips for 2-5 minutes.  
After stamping, the cover slips were incubated at room 
temperature for more than two hours.  Next, the cover slips 
were immersed in the blocking agent, tenascin-C (Chemicon 
International, Temecula, CA) solution and were backfilled 
for one hour.  Finally, the cover slips were washed and 
rinsed with a 0.1% Tween 20 in PBS solution by shaking for 
30 minutes, and then washed again with PBS three times.  
Cell culture was in serum-free media containing neurobasal 
media, B-27 supplement and glutamine using embryonic 
day 18 rat hippocampal neuronal cells. 

 
3. RESULTS AND DISCUSSIONS 

 
Figure  1 depicts the reactions during the protein 

immobilization procedure.  The thiol group on the silane 
reacts with the maleimide region of the heterobifunctional 
crosslinker, GMBS, by covalent binding for 1 hour.  Then 
the succinimide residues bind terminal amino groups of the 
antibody, which was applied by microcontact stamping, or 
of tenascin-C, which was applied by immersion from a 
buffer solution. 

The contact angles of the films were checked as a semi-
quantitative guide to evaluate film quality and 
reproducibility.  The cleaned glass cover slip contact angles 
were less than 5º before reacting with MTS.  The contact 
angle of MTS coated coverslip was 55º+/-3º.  The contact 
angle of the MTS-GMBS coverslips was approximately 45º.  

Before evaluating the samples by culturing neuronal 
cells , it was important to determine the existence of the 
protein pattern on the glass coverslips.  Two glass coverslips 
were selected as samples for the secondary antibody 

reactions.  Figure 2 indicates that an anti-NGF antibody 
polarity pattern (backfilling with tenascin-C) that was 
examined by a secondary antibody reaction using anti-
mouse IgG.  The picture was taken using a fluorescence 
microscope.  

Anti-NGF molecules were printed on the MTS-GMBS 
surface using a PDMS stamp , which contained a polarity 
pattern.  The protein tenascin-C was backfilled on the 
unpatterned area to block the exposed GMBS succinimide 
residue.   

 
Figure 1: Schematic procedure of protein immobilization 
 

               
 
Figure 2:  Micrographs of the anti-NGF polarity pattern 
then backfilled with tenascin-C. The green patterns were 
used to characterize the patterns by a secondary antibody 
reaction with anti-mouse IgG. X is the magnification. 
 

     
 

Figure 3 :  Hippocampal neurons plated on an anti-NGF 
surface control without patterns. (a) and (b) in  day 4 
cultures. 
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Two surfaces were then prepared for comparison of 
hippocampal neuronal cell growth. Anti-NGF and tenascin-
C were immobilized on silanized glass coverslips through 
the GMBS crosslinker as indicated previously. Figure 3 
shows neuronal growth on day 4 on an immobilized anti-
NGF surface without patterns. Neuronal cells began to grow 
and extend processes. Nerve growth factor (NGF) receptor 
is a polypeptide that has a large effect on survival of 
peripheral and CNS neurons.  In this research, anti-NGF 
was immobilized by a cross-linking reagent to a glass 
surface in an attempt to retain its antigen binding ability. 
Figure 3 shows that the anti-NGF surface promoted the 
hippocampal neuron attachment and neuronal cell growth on 
day 4 cultures.  
     Figure 4 shows that hippocampal neuron growth was 
limited on a tenascin-C surface on day 4, as only  some cells 
had limited neurite outgrowth. Tenascin is a large 
glycoprotein that forms disulfide-linked hexamers. It has a 
multidomain with many repeat structural units including 
heptad, EFG-like and fibronectin type III  repeats, as well as 
a homology to the globular domain of ß- fibrinogen and ?-
fibrinogen. Tenascin is expressed in distinctive spatial and 
temporal patterns in many embryonic tissues where tissue 
remodeling and cell migration occur. The tenascin-gene 
family consists of four distinct genes: Tenascin-C, Tenascin-
R, Tenascin-X and Tenascin-Y. Tenascin-C is mainly 
expressed by glial cells during the development of the 
central and peripheral nervous system.  The biological 
functions of tenascin are still partly controversial. Research 
indicates that  the extracellular  matrix glycoprotein 
tenascin-C has the function of controlling cell adhesion, 
neuron migration and neurite outgrowth [16-19]. 

Tenascin-C has both stimulatory and inhibitory effects 
on CNS neurons. In some research, tenascin-C was used to 
study both extension and avoidance behaviors of growing 
axons and to demonstrate the dual aspects of astroglial 
effects on developing neuronal tissues  [20]. In this 
experiment, tenascin-C inhibited the hippocampal neurite 
outgrowth. The reason is not yet clear; however, it may be 
due to the distinct domains of tenascin-C, which underlies 
anti-adhesive (against cell-binding) for cells and promotes 
cell rounding for its inhibitory properties [21].  

The results of culturing hippocampal neurons on an 
Anti-NGF and tenascin-C pattern demonstrated that 
hippocampal neurons were observed to adhere on the 
surface of anti-NGF immobilized. Tenascin-C had the 
ability to adhere hippocampal neurons, but inhibited the 
neurite outgrowth. Results were observed on day 3 and day 
7, which are shown in Figure 5 and Figure 6. Hippocampal 
neurons grew and made neurites along the pathway of the 
polarity pattern.  The results of the hippocampal neuronal 
pattern demonstrate that anti-NGF was the dominant factor 
for cell adhesion and neurite outgrowth on the anti-NGF/ 
tenascin-C patterns.  Even though both tenascin-C and anti-
NGF can promote hippocampal neuron adhesion, neuronal 
cells preferred to grow on the anti-NGF where neurite 
outgrowth was not inhibited.   

By using the competitive properties of different 
proteins such as extracellular matrix proteins for neuron cell 
adhesion and growth, further study will focus on selecting 
and comparing different proteins for microcontact printing 
and backfilling for an optimal pattern formation of 
hippocampal neurons. The functionalities of the proteins are 
also very important after immobilizing on the substrates.   

Our further research will focus on keeping the natural 
functionality of proteins by using several high-affinity 
ligand pairs to immobilize proteins to substrates such as 
avidin-biotin, lectins, protein A and protein G, and a 
fragment of specific antibodies.  We believe that the 
patterns of neuronal cells on the protein patterns are very 
useful for applications such as neuronal cell circuits and 
neuronal networks in the near future. 

 

      
 

Figure 4: Hippocampal neurons plated on a tenascin-C 
surface controls without patterns. (a) and (b) in  day 4 
cultures (morphologically immature processes ) 
 

      
 
Figure 5:  Patterned hippocampal neurons plated on an anti-
NGF polarity pattern. The surface was backfilled with 
tenascin-C. (a) and (b) in  day 3 cultures 
 

     
 

Figure 6: Patterned hippocampal neurons plated on the anti-
NGF polarity pattern. The surface was backfilled with 
tenascin-C. (a) and (b) in  day 7 cultures 
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4. CONCLUSION 
 

Anti-NGF and tenascin-C were immobilized on glass 
substrates and tested for hippocampal neuronal cell growth.  
The antibody against NGF was observed to be a positive 
growth surface while tenascin-C demonstrated that it  limited 
neurite outgrowth. Using the microcontact printing 
technique, with a subsequent backfilling step, anti-NGF 
patterns were formed on glass a substrate with a tenascin-C 
negative region. Patterned hippocamp al neurons were 
achieved on the anti-NGF patterned surface. 

 
ACKNOWLEDGMENTS 

 
We would like to thank the Department of Energy for 

their support on this project, Grant Numb er DE-FG02-
00ER45856.  
 

REFERENCES 
 
[1] Liu, Q-Y., Coulombe, M., Dumm, J., Shaffer, K.M.,  

Schaffner, A.E., Barker, J.L., Pancrazio, J.J., Stenger,  
D.A. ,  and Ma,  W.,  “Synaptic Connectivity in  
Hippocampal Neuronal  Networks Cultured on  
Micropatterned Surfaces ,” Developmental Brain  
Research, 120, 223-23, 2000. 

[2] Dotti ,  C.G., Sullivan, C.A., and Banker, G.A.,   
“The Establishment of Polarity by Hippocampal  
neurons in Culture ,” J. Neurosci., 8, 1454-1468, 1988. 

[3] Kleinfeld, D., Kahler, K.H., and Hockberger, P.E.,  “  
Controlled Outgrowth of Dissociated Neurons on  
Patterned Substrates,” J. Neurosci., 8, 4098-4120, 1988.  

[4 ] Stenger,  D.A.,  Hickman, J.J . ,  Bateman, K.E.,   
Ravenscroft, M., Ma, W., Pancrazio, J.J., Shaffer,  
K., Schaffner, A.E., Cribbs, D.H. and Cotman,  
C . W . ,  “M i c r o l i t h o g r a p h i c  D e t e r m i n a t i o n  o f   
Axonal/dentritic Polarity in Cultured Hippocampal  
Neurons,”  J. Neurosci. Meth., 82, 167-173, 1998. 

[5] Ravenscroft, M.S., Bateman, K.E., Shaffer, K.M., 
Schessler, H.M., Jung, D.R., Schneider, T.W., 
Montgomery, C.B., Custer, T.L., Schaffner, A.E., Liu, 
Q.Y., Li, Y.X., Barker, J.L. , and J.J. Hickman,  
“Developmental Neurobiology Implications from 
Fabrication and Analysis of Hippocampal Neuronal 
Networks on Patterned Silane-Modified Surfaces,” J. 
Amer. Chem. Soc. 120, 12169-12177, 1998. 

[6 ]  B lawas ,  A .S . ,  and  Re iche r t ,  W.M. ,  “ Protein 
Patterning,” Biomaterials, 19, 595-609, 1998. 

[7] Kane, R.S., Takayama, S., Ostuni, E., Ingber, D.E., and  
Whi t e s ides ,  G .M. , “ Pa t te rn ing  Pro te ins  and   
Cells Using Soft Lithog raphy,” Biomaterials, 20 , 
2363-2376, 1999. 

 [8] Ito, Y. “Surface Micropattering to regulate cell  
       functions,”  Biomaterials,  20, 2333-2342, 1999 . 
[9] Sorrribas, H., Padeste, C.,  and Tiefenauer, L.,   

“ P h o t o l i t h o g r a p h i c  G e n e r a t i o n  o f  P r o t e i n   
 

Microp atterns for Neuron Culture Applications,” 
Biomaterials, 23, 893-900, 2002. 

[10] Lin, J.N., Andrade, J.D., and Chang, I-N., “The  
Influence of Adsorption of Native and Modified  
Antibodies on Their Activity,” J. Immunol. Methods,  
125, 67-77, 1998. 

[11] Soderquist, M.E. and Walton, A.G., “Structural  
Changes in Proteins Adsorbed on Polymer Surfaces,”  
J. Colloid Interface Sci., 75, 386-397, 1980. 

[12] Buttler, J.E., Ni, L., Brown, W.R., Joshi, K.S., Chang,  
J . ,  Rosenberg ,  B . ,  and  Voss ,  J r .  E .W. ,  “The  
Immunochemistry of Sandwich Elisas—VI. Greater  
Than 90% of Monoclonal and 75% of Polyclonal  
Ant i-fluorescyl Capture Antibodies (CAbs) are  
Denatured by Passive Adsorpt ion,”  Molecular  
Immunology, 30, 1165-1175, 1993. 

[13] Chang, J.C., Brewer, G.J., and Wheeler, B.C., “A  
Modif ied Microstamping Technique Enhances  
Polylysine Transfer and Neuronal Cell Patterning,”  
Biomaterials, 24, 2863-2870, 2003. 

[14] Bhatia, S.K., Shriver-Lake, L.C., Prior, K.J., Georger,  
J.H., Calvert, J.M., Bredehorst, R., and Ligler, F.S.,  
“ U s e  o f  T h i o l - T e r m i n a l  S i l a n e s  a n d   
Heterobifunctional Crosslinkers for Immobilization  
of  Antibodies  on Si l ica  Surfaces ,” Analyt ical   
Biochemistry, 178, 408-413, 1989. 

[15] Pope, N.M., Kulcinski, D.L., Hardwick, A., and  
Chang, Y-A., “New Application of Silane Coupling 
Agents for Covalently Binding Antibodies to Glass and 
Cellulose Solid Supports,” Bioconjugate Chem., 4, 166- 
171, 1993. 

[16] Jones, F.S. and Jones, P.L., “  The Tenascin Family  
of ECM Glycoproteins: Structure, Function, and  
Regulation during Embryonic Development and  
Tissue Remodeling,” Developmental Dynamics , 218,  
235-259, 2000.  

[17] Chiquet-Ehrismann, R., Kalla, P., Pearson, C.A. Beck,  
K. and Chiquet,  M., “Tenascin Interfaces with  
Fibronectin Action,” Cell, 53, 383-390, 1988. 

[18] Fischer, D., Brown-Ludi, M., Schulthess, T. and  
Chiquet- Ehrismann, R.,  “ Concerted Action of   
tenascin C Domains in Cell Adhesion, Anti-adesion  
and Promotion of Neurite Outgrowth,” J. Cell Sci .,  
110, 1513-1522, 1997 . 

[19] Scholze, A., Gotz, B. and Faissner, A., “Glial Cell  
In terac t ions  wi th  Tenasc in - C:  Adhes ion  and   
repulsion to Different Tenascin -C Domains is Cell  
Type Related,” Int. J. Devl. Neuroscience, 14, 315- 
329, 1996.  

[20] Faissner, A., Gotz, B., Joester, A., Wigger, F., Scholze,  
A. and Schutte, K., “Tenascin -C Glycoproteins  
in Neural Pattern Formation and Plasticity,” Seminars 
in the Neurosciences, 8, 347-356, 1996. 

[21] Faissner,  A. and Kruse, J., “ J1/Tenascin is a  
Repulsive Substrate for Central Nervous System  
Neurons,  J. Neuron., 5, 627-637, 1990. 

NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-0-6  Vol. 1, 2005 463


	Book1.1.pdf
	1132.pdf
	1132.pdf
	[13]  Lisa A. DeLouise, Peng Meng Kou, and Benjamin L. Mille



	Book1.2.pdf
	1064.pdf
	1064.pdf
	ABSTRACT
	2    TRIBOMECHANICAL ACTIVATION OF SOLIDS
	3     INDUCTION OF PROGRAMMED CELL DEATH-APOPTOSIS
	4    ANIMAL DATA
	5    HUMAN DATA

	CONCLUSION
	REFERENCES



	1124.pdf
	ABSTRACT
	To examine the roles of the adjuvant in antigen delivery, de
	INTRODUCTION
	EXPERIMENTAL
	RESULTS
	Phagocytosis of tomatine-antigen complexes by the DCs

	REFERENCES


	Book1.4.pdf
	825.pdf
	825.pdf
	 
	 
	ABSTRACT 
	The bioaccumulation of a large variety of inorganic trace elements in Bacillus subtilis was studied using an inductively coupled plasma mass spectrometer and compared to other related and unrelated species. Bacillus subtilis is a safe substitute for anthrax. Unique and reproducible chemical fingerprint for each species of organisms were determined. Additionally, it was found that these chemical signatures were very susceptible to laboratory and procedural effects, suggesting that this approach could be useful also as a forensic tool. In addition, quantitative analysis on these signatures have been performed to mathematically relate the chemical fingerprints of B. subtilis to the number of cells or spores present in an analyzed sample.  
	INTRODUCTION 
	METHODS 
	RESULTS 
	REFERENCE 




	828.pdf
	Elastic Properties of Aspergillus nidulans Studied with Atomic Force Microscopy 
	* Department of Chemical and Biochemical Engineering, UMBC, lzhao@umbc.edu 
	*** Department of Biological Science, UMBC, Baltimore, MD 21250 
	**** Department of Chemistry and Biochemistry, University of Maryland Baltimore County (UMBC), Baltimore, Maryland 21250 
	ABSTRACT 


	877.pdf
	ABSTRACT
	1.   INTRODUCTION
	3.  RESULTS
	REFERENCES


	175.pdf
	Nanofabrication of Bioselective Materials Using Diverse Nano


	Book1.5.1.pdf
	292.pdf
	292.pdf
	Nanotechnology  Based on Spatially Fixed DNA (RNA) Molecules
	ABSTRACT
	ON THE PRACTICAL APPLICATION OF NANOCONSTRUCTIONS
	The NaCs created by us are of interest for various areas of 





	557.pdf
	Testing

	307.pdf
	References

	743.pdf
	ABSTRACT
	1   INTRODUCTION
	MATERIALS AND METHODS
	REFERENCES



	Book1.7.pdf
	1158.pdf
	1158.pdf
	Testing the response to NO
	Results and discussion


	1169.pdf
	1. INTRODUCTION
	2. RESULTS


	Book1.8.pdf
	407.pdf
	Name
	Label
	Sequence

	569.pdf
	Controlling Colorimetric Reversibility of Polydiacetylene Su
	Ji-Seok Lee*, Joo Seop Lee*, Hyun Wook Park*, Cheol Hee Lee*
	Dong June Ahn**, and Jong-Man Kim*
	*Department of Chemical Engineering Hanyang University, Seou
	**Department of Chemical and Biological Engineering, Korea U
	dja@korea.ac.kr
	ABSTRACT
	We have investigated colorimetric reversibility of polydiace
	Keywords: biosensor, polydiacetylene, reversibility, supramo
	INTRODUCTION
	The development of efficient chemosensors based on conjugate
	Among the conjugated polymers reported to date, polydiacetyl
	Scheme 1 : Schematic representation of polymerization of ass
	The advantage of the nanostructured polydiacetylenes as sens
	The polydiacetylene-based chemosensors reported to date, however, function via irreversible fashion. Accordingly, once the blue-phase shifts to the red-phase upon a given external
	Figure 1 : Structures of diacetylene lipids investigated for
	EXPERIMENTAL SECTION
	Preparation of Diacetylene Lipid Monomers
	The diacetylenic lipid monomers investigated in this study w
	Figure 2 : Structures of diacetylene derivatives used for th
	Preparation of Polydiacetylene Supramolecules.
	The polydiacetylene vesicles employed in this investigation 
	Thermochromism of Polydiacetylene Vesicles.
	In order to investigate colorimetric reversibility of the po
	The polymer vesicle solution prepared with PCDA-mCPE 2, an e
	Next phase of current investigation focused on the effect of
	In order to gain more information on the role of the phenyl 
	The effect of hydrophobic carbon chain lengths on the revers
	We next investigated the effect of the terminal carboxylic g
	Final phase of colorimetric reversibility with polymer vesic
	RESULTS AND DISCUSSION
	Several aspects of the results described above warrant detai
	The observations made with polymer vesicles prepared with PC
	Another important factor for the reversible thermochromism i
	Investigation of the effect of the hydrophobic chain length 
	Terminal carboxylic acid is recommended for two major aspect
	CONCLUSION
	The observations made during our effort for the understanding of the structural effects of reversible polydiacetylene sensors have led to a conclusion. It seems most probable that
	The lipid monomers which afford polydiacetylene supramolecul
	REFERENCES
	D. tyler McQuade, Anthony E. Pullen and Timothy M. Swager, C
	Jelinek Raz, Kolusheva Sofiya, Biotechnology Advances, 19, 1
	A. Singh, R. B. Thompson and J. Schnur, J. Am. Chem. Soc. 12
	Yang Yi, Lu Yunfeng, Lu Mengcheng, Huang Jinman, Haddad Raid
	Lee Dong-Chan, Sahoo K. Sangrama, Cholli L. Ashok and Sandma
	U. Jonas, K, Shah, S. Norvez and D. H. Charych, J. Am. Chem.
	Ahn Dong June, Chae Eun-Hyuk, Lee Gil Sun, Shim Hee-Yong, Ch

	714.pdf
	V. Martins*, L.P. Fonseca*, H.A. Ferreira**, D.L. Graham**, 
	INTRODUCTION
	EXPERIMENTALS
	Chemicals
	Spin Valve Sensors and Chip Design
	Experimental Set-up
	Surface Functionalization
	Antibody Surface Functionalization
	DNA Surface Functionalization
	Magnetic Particles Functionalization
	Labeling and Setup Measurements

	RESULTS AND DISCUSSION
	CONCLUSIONS

	172.pdf
	A
	ABSTRACT
	INTRODUCTION
	CELLULAR COMMUNICATION
	PETRI NET METHODOLOGY
	A Petri Net Model of Cellular Communication
	A Detailed Petri Net Model of Cellular Communication

	CONCLUSION
	
	
	REFERENCES




	737.pdf
	Figure 1: Hybrid Computational Approach


	Book1.10.pdf
	1137.pdf
	1137.pdf
	ABSTRACT
	AKNOWLEDGEMENT
	REFERENCE


	1138.pdf
	Department of Mechanical and Aerospace Engineering


	Book1.11.pdf
	417.pdf
	417.pdf
	1  SEARCHING FOR OPTIMAL MIXERS
	2  NUMERICAL METHOD
	ACKNOWLEDGMENTS
	REFERENCES


	198.pdf
	Antimicrobial Fabrics Coated with Nano-Sized Silver Salt Cry
	CTT Group, 3000 Boullé, Saint-Hyacinthe,Canada, J2S 1H9,
	dtessier@groupecttgroup.com
	E. coli
	S. Aureus
	Fabric
	Not treated
	Not treated


	REFERENCES



	Book1.12.pdf
	680.pdf
	680.pdf
	Ana Morfesis* and David Fairhurst**
	*Malvern Instruments USA Inc., Southborough, MA, 01772 ana.morfesis@malvernusa.com
	1INTRODUCTION
	1.1Solar Radiation and Sunscreens
	3OPTICAL PROPERTIES


	3.3Formulation parameters
	
	
	
	4CONCLUSIONS










