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ABSTRACT

We report a self-contained electrochemical enzyme
linked immunosorbent assay in microchannel devices
constructed from low temperature co-fired ceramic with
screen-printed gold for fast and sensitive assays. No one has
previously reported a device constructed from these
materials for combined immobilization and electrochemical
detection.  These low temperature co-fired ceramic
microchannel  devices used for electrochemical
immunoassay contain four integrated, individually-
addressable screen-printed gold electrodes. The total
channel volume is wunder 0.8 pupl. The entire
immunoassembly and electrochemical detection is carried
out within the microchannel device-using mouse IgG as the
model analyte and electrochemical detection of p-
aminophenol is possible within /5 s of introducing the
enzyme substrate, p-aminophenyl phosphate into the
microchannel ELISA.
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1. INTRODUCTION

We have demonstrated the first self-contained
electrochemical enzyme linked immunosorbent assay
(ELISA) using mouse IgG as a model analyte in
microchannel devices constructed from low temperature co-
fired ceramic (LTCC) materials with screen-printed gold
(SPG) for fast and sensitive assays. The enzyme linked
immunosorbent assay was developed inside the
microchannel using a protocol whereby self-assembled
monolayers (SAMs) of mercaptoundecanol were formed on
the screen-printed gold on the microchannel wall and
served as the interface for the covalent attachment of rat
anti-mouse IgG. Mouse IgG was captured from the sample
by an antibody, and then a secondary antibody that was
conjugated to alkaline phosphatase completed the
sandwich-type immunoassembly. After addition of p-amino
phenyl phosphate (PAPP), p-aminophenol (PAP) is
generated enzymatically by immobilized antibody
conjugated alkaline phosphatase and is detected

electrochemically using the microchannel electrodes. This
LTCC-SPG microchannel immunoassay is amenable to
automation and can be configured to detect pathogens and
other biological agents. To date, most microchannel
immunoassays reported have been constructed on glass,
silicon and polymer materials [1-3]. The advantages of
using multi-layer ceramics such as LTCC are the high level
of integration of these materials with embedded passives,
electronic circuits, and three-dimensional fluid networks. It
is relatively easy to machine components in the unfired tape
with feature sizes ranging from 10 pm to 10 mm [4]. It is
easy to modify the properties of the individual layers and
integrate desired properties such as incorporating magnetic
materials. There have been several studies demonstrating
the use of these materials to create microchannels [4-7] but
no one has reported a device constructed from LTCC with
integrated electrodes for combined immobilization and
electrochemical detection. . LTCC is marketed in the form
of unfired flexible sheets with thicknesses ranging from
50 pm to 400 um. It is a composite of aluminum oxide,
glass frit binder, and organic materials. After firing to “burn
out” the organic binder, the LTCC becomes rigid and has
very good thermal, mechanical and electrical properties.
LTCC possess several advantages for use as a platform for
Lab-on-a-Chip (LOAC) devices. It is compatible with
screen-printed high conductivity metals such as gold, silver
and platinum that come in the form of shrinkage-matched
pastes. These metals can be integrated with LTCC in a
single firing step without the need of adhesion layers to
form highly intricate three-dimensional structures with
unlimited layer counts[4]. Each LTCC layer can be
fabricated independently, and inspected prior to stacking
therefore improving yields and cost effectiveness since each
layer does not depend on the previous process. LTCC does
not require the use of a clean room nor corrosive and toxic
solutions as required for photolithography [4]. By
fabricating electrodes inside the channels we are able to
make self-contained electrochemical platforms.
Electrochemical detection is well suited for small volumes
due to the improved signal to noise ratio and fast response.
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Figure 1. (a) lllustration of multilayer stacking to
create LTCC-SPG microchannel device (b) Picture
of microchannel device with edge connector (c)
Schematic of microchannel device (d) cross-
section of channel.

2. RESULTS

2.1 Fabrication of the LTCC-SPG
Microchannel

We developed a novel protocol to create LTCC
microchannel devices with integrated sidewall electrodes
[8]. These devices were fabricated on pre-fired sheets of
LTCC of 100-um thickness using computer numerically
controlled punching to create the channels and the
reservoirs. This was followed by filling interconnect vias
between layers with gold paste, screen printing, collating,
laminating the layers together then firing the substrate at
850 °C. The microchannel devices have four internal
individually addressable SPG electrodes. The 2-sidewall
electrodes are 0.7 cm long and 100 um deep .The top and
bottom wall electrodes each span the length and width of
the 1.8cm by 120 um channels .The channel is 326 pm
deep and the total channel volume is under 0.8 pL. These
dimensions were estimated from fabrication parameters.
Figure 1 shows diagrams of these microchannel devices

2.2 Microchannel Electrode Response

Cyclic voltammetry was used to evaluate the
electrochemical response of the microchannel electrode.
Figure 2 shows the electrochemical response inside a
microchannel device using 5 mM Ru (NH;)s*" as the redox
probe in 0.5 M KCl electrolyte. This result shows that we
are able to carry out complete electrochemical experiments
without requiring additional external electrodes. The
microchannel electrodes have excellent electrochemical
characteristics. Detailed electrochemical characterization of
the LTCC-SPG microchannels can be found elsewhere [8].
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Figure 2. Cyclic voltammetry response from the
microchannel electrodes (100 mV/s) in a
solution of 5mM Ru (NH3)63+ in 0.5 M KCI. The
internal right wall channel SPG served as the
working electrode, the left wall SPG as the
reference electrode and the top wall SPG as the
auxiliary electrode

2.3 ELISA in LTCC-SPG Microchannel

Preliminary studies for the development of the
microchannel immunoassay were performed on SPG
macrochips and blocking procedures were developed in
order to minimize NSA on the SPG in the absence of the
analyte and on plain LTCC surfaces towards integration of
the assay into microchannels [9]. The entire
immunoassembly and electrochemical detection are carried
out within the microchannel device. The enzyme linked
immunosorbent assay was developed inside the
microchannel using a protocol whereby self-assembled
monolayers (SAMs) of 11-mercaptoundecanol (MUOL)
were formed on the screen-printed gold on the
microchannel wall and served as the interface for the
covalent attachment of the primary antibody (Ab) rat anti-
mouse IgG (coupled to the SAMS via carbodiimide linkage
using 1-ethyl-3- [3-(dimethylamino) propyl] carbodiimide
hydrochloride (EDC)). The antigen (Ag) Mouse IgG, the
model analyte used for the initial studies, was captured
from the sample by the antibody, and then a secondary
antibody (Ab-AP), rat anti-mouse IgG that is conjugated to
alkaline phosphatase completed the sandwich-type
immunoassembly. After addition of PAPP, PAPy is
generated enzymatically by immobilized antibody
conjugated alkaline phosphatase and is detected
electrochemically using the microchannel electrodes. Figure
3 shows a schematic of the microchannel ELISA. The
electrochemical signal was monitored as a function of time.
The first signal was observed within 15 s and the signal
increases with time as the PAPP continues to be converted
to PAP by the alkaline phosphatase on the secondary
antibody.
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Figure 3. Schematic shows (a) crossection and (b)
side view of the LTCC-SPG microchannel ELISA
and the internal electrodes that are used for
electrochemical detection

The control channels, which had no antigen but had been
carried through the other incubation steps (MUOL SAM +
EDC-coupled rat anti-mouse IgG + alkaline phosphatase
conjugated) show only a background of charging current
but no electrochemical response for PAP in 15 s and even
after 5 min. Figure 4 shows results from the microchannel
ELISA after 5 min incubation in PAPP. The protocol
employed here is a modification of the protocols used in the
macroscale experiments [9, 10] and has not yet been
optimized to take advantage of the increased surface area to
volume ratio that comes with miniaturization. We anticipate
that we can significantly reduce the incubation times and
complete the assay is a shorter time.

3. CONCLUSIONS.

These results show great promise toward the
development of miniaturized ELISA with electrochemical
detection in devices constructed from low temperature co-
fired ceramic and screen-printed gold. The microchannel
volume of these novel LTCC-SPG devices is 0.8 ul and the
electrochemical assay response occurs in 15 s. This robust
LTCC platform for microchannel ELISA is amenable to
automation and portability. We have used mouse IgG as the
model analyte but the assay protocol can easily modified
toward the detection of biological agents of clinical and
environmental importance.
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Figure 4. CV responses (50 mV/s) to
enzymatically generated PAPr were obtained in
4mM PAPP in 0.1M tris buffer over 5 min
incubation in a microchannel device. The solid
curve represents the signal from a microchannel
device that had been carried through the steps
required for complete assembly (MUOL SAM +
EDC-coupled rat anti-mouse IgG + mouse IgG +
alkaline phosphatase-conjugated rat anti-mouse
IgG). The dashed curve is the signal from a
microchannel where the antigen (the analyte),
mouse IgG, incubation step was excluded from the
immunoassembly (MUOL SAM + EDC-coupled rat
anti-mouse 1gG + alkaline phosphatase conjugated
rat anti-mouse 1gG) and represents the
background signal.

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



4. REFERENCES

[1T A. G. Hadd, D. E. Raymond, J. W. Halliwell, S. C.
Jacobson, and M. J. Ramsey, "Microchip Device for
Performing Enzyme Assays," Anal. Chem., vol. 69, pp.
3407-3412, 1997.

[2]J. Wang, A. Ibanez, M. P. Chatrathi, and A. Escarpa,
"Electrochemical Enzyme Immunoassays on Microchip
Platforms," Anal Chem, vol. 73, pp. 5323-5327, 2001

[3]J. S. Rossier and H. H. Girault, "Enzyme Linked
immunosorbent assay on microchip with electrochemical
detection," Lab on a Chip, vol. 1, pp. 153-157, 2001.

[4] M. Gongora-Rubio, P. Espinoza-Vallejos, L. Sola-
Laguna, and Santiago -Aviles, "Overview of low
temperature co-fired ceramics tape technology for meso-
system technology (MsST)," Sensors and Actuators, A:
Physical, vol. A89, pp. 222-241, 2001.

[5]C. S. Henry, M. Zhong, S. M. Lunte, M. Kim, H. H.
Bau, and J. J. Santiago, "Ceramic microchips for capillary

electrophoresis-electrochemistry," Anal. Commun, vol. 36,
pp. 305-307, 1999.

[6] V. Torsten, P. Grundler, A. Kirbs, and G.-U. Flechsig,
"Temperature pulse voltammetry: hot layer electrodes

made by LTCC technology," Electrochemisry
communications, vol. 1, pp. 383-388, 1999.

[7]1J. Zhong, M. Yi, and H. H. Bau, "Magneto
hydrodynamic (MHD) pump fabricated with ceramic
tapes," Sensors and Actuators A, vol. 96, pp. 59-66, 2002.

[8] E. S. O. Fakunle and 1. Fritsch, "Fabrication and
Characterization of Low Temperature Co-fired Ceramic
Microchannel Devices with Integrated Screen Printed
Gold Electrodes," To be submitted to Lab on a Chip.

[9] E. S. O. Fakunle and I. Fritsch, "Evaluation of Screen

Printed Gold on Low Temperature Co-fired Ceramic as a

Substrate for Immobilization in Electrochemical

Immunoassays," To be submitted to Analytical Chemistry.

[10] Z. P. Aguilar, W. R. Vandaveer, and I. Fritsch, "Self-

Contained Microelectrochemical Immunoassay for Small

Volumes Using Mouse IgG as a Model System," Anal.

Chem., vol. 74, pp. 3321-3329, 2002.

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

469



	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










