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Abstract: Avidin-biotin binding detection system is found to be an ideal detection system for specific
proteins with strong affinity binding. The essential properties of a biosensor like recognition capabilities,
mechanical rigidity and physiochemical stability which result in greater sensitivity and stability exist in
such a binding system. Protein interaction, DNA binding and even detection of mRNA can be achieved by
enhancing and making such binding system even more strong.
Aim of this study was to utilize the oxidation of TEM grids for improving (enhancing the normal) specific
binding properties and extensive studies for avidin-biotin binding pattern, as a model system for mRNA
detection and their control. Secondly, direct application of DNA probes (complementary oligonucleotides)
binding with the variation in oxidation time to improve the binding capability while attaining a strong
affinity binding between two oligonucleotides and to introduce biosensing abilities, which can be further
utilized in the detection of mRNA in a cell. This binding property was successfully enhanced by oxidizing
the TEM grid initially using oxygen plasma (etching) and then treating the oxidized grid with a
combination of coupling-enhancer (EDC-NHS) reagents. At first, the oxidized grids were treated with
biotin which binds on to the grid with the coupling-enhancer combination, then after a wash, the grid is
treated with avidin coupled with gold nanoparticles.
The TEM grids oxidized at different interval of time (in secs) (0,5,8,10,15) showed quite consistent growth
and decline in terms of number of conjugated particles (Singles and clusters) , withstanding regular wash
with water given at the end of each step. The samples were observed with TEM. Similar experiments were
carried out for consistency in terms of enhanced binding capabilities of Avidin-biotin binding system and
also a different control was extensively examined each time, for inhibiting this strong enhanced binding
property. Glucose amine as a control showed interestingly quite strong affinity towards protein (AVD-Au
nanoparticles) and thus was not found to be a good specific-binding restricting agent. BSA was extensively
(conjugating first, later) used as restricting agent for specific-binding in order to inhibit the enhanced
binding properties to a greater level, which showed that it was working to an extent, still didn’t prove out to
be an ideal restricting agent for specific-binding, contrary to what was expected from it, given it’s strong
heavy protein molecule presence which should have covered the grid completely without showing the
presence of very few or none coupled gold nanoparticles.
In the final step, Mercaptoethanol was used as a control in order to inhibit the binding properties of the
protein-ligand. It indicated to be an ideal control to a greater extent, when used in different combinations.
Instead of proteins avidin-biotin, two complementary oligonucleotides were used to study the enhanced
binding properties. One of two complementary oligo was taken on an oxidized grid, similarly on other
oxidized grids in terms of time in secs, eluted with water and the sample was treated with the other oligo
coupled with gold nanoparticles. The TEM images and the histogram results elucidate that there was strong
binding affinity in terms of clusters, when compared to singles, bounded particles. Further studies would
include detection of mRNA using an oligo probe coupled on a TEM grid using TEM. This would also
elucidate the path to investigate further details of mRNA localization and function with a simple lab
experiment as this.
Keywords: mRNA, TEM
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1. INTRODUCTION
There is always a constant urge and need to have newer detection methods
when it comes to biological molecules which play a significant role in
research. Messenger ribonucleic acid (mRNA) detection is a detection of one
such biomolecule which serves as an intermediate template for translation
process, during the gene expression, where the functional single stranded
structure of mRNA is synthesized. The various methods that have been
employed for mRNA detection have been found to be having concerns with
sensitivity, specificity and stability.
Methods commonly used for

gene expression analysis offer quite many

limitations like in the case of Northern blotting, ribonuclease protection and
reverse transcription-polymerase chain reaction (RT-PCR) are the most
commonly used ones. First two methods offer detection of single genes at 106107 copy levels in 10-100 µg of DNA. RT-PCR offers amplification of a single
nucleic acid molecule million of times and thus is useful for very small size
samples. However, it also tends to introduce contamination and prolong assay
time. These limitations affect the quality and precision of the resulting data,
which often leads to distorted information of gene expression.
Avidin and biotin molecules were chosen in this study due to their unique
binding properties. Avidin is a protein, which is composed of four identical
subunits, each binding one biotin molecule. The binding affinity between the
two is so high (Ka= 105 mol-1) that the formation of complex could be regarded
as almost irreversible, on a scale comparable to covalent binding (Mickan et
al., 2002).
In the continuously advancing field of biosensing systems there is a constant
need for methods to increase system sensitivity to signals that indicate binding
of one biological molecule to another. Flexibility in the types of ligands that
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mimic phenomena occurring in the nature is also desirable. Studies of biotin
binding and their influence have been carried out. Preferential binding of
ligands to native state of proteins has been observed to be taking place, with an
increase in protein thermostability due to the linkage between ligand binding
and unfolding equilibrium, which also represents a good example of Le
Chartelier’s principle.
In the UV-Vis optical region, detection of ligand-analyte binding is mainly
accomplished by the application of either surface plasmon resonance biosensor
(SPR) or fluorescence spectroscopy (Smith et al., 1981; Mayo and Hallock,
1989). These methods are being used routinely in the analytical laboratories.
The other techniques that have been recognized as potentially significant tools
for monitoring on-off binding in the far infrared region are attenuated total
reflection Fourier transform infrared (ATR-FTIR) and Raman spectroscopy
(Brown et al.,1972;Regan et al.,1996).
In the field of molecular diagnostics, microarray based gene expression is
poised to enter, which plays a significant role in modern biology. Current
microarray based gene expression systems usually require enzymatic
conversion of mRNA into labelled cDNA or cRNA. The interaction between
streptavidin and its ligand biotin was studied by direct force measurements in
the past work (J. Wong et al., 1999). The complimentary approaches of surface
force apparatus (SFA) and atomic force microscopy (AFM) were used to
determine both long-range and short-range adhesive interactions of the
streptavidin-biotin interaction. There has also been some success over the years
with the use of fluorescent indicators. Although, many biological molecules
have shown an inherent fluorescence associated with amino acid derivatives of
tryptophan, tyrosine and phenylalanine, exploiting this inherent property for
bioassay is not a simple procedure because the emitted signal was found to be
generally weak and often difficult to distinguish above a background signal.
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Another new concept was introduced in 2000, for molecular beacon DNA
molecules. Molecular beacons are a class of oligonucleotides that can report
the presence of specific nucleic acids in both homogenous solutions and at
liquid-solid interface. They emit intense fluorescence signal only when
hybridized to target DNA or RNA molecules. (W. Tan et al., 2000).
MicroRNAs (mi RNAs) have been found to be playing regulatory roles in
animals and plants by targeting mRNAs for translational expression or
cleavage. They have many different expression patterns and have been
suggested of regulating various developmental and physiological processes.
Profiling miRNA was found to be useful in studying biological functions of
miRNAs.

1.1 Avidin-Biotin

1.1.1 Avidin

Avidin is a protein originally isolated from chicken white. Its genome analysis
studies have been conducted in detail in a research work more recently. (Einari
A Niskanen et al, 2005). It is also found in the tissue of birds. Avidin, a basic
glycoprotein with an isoelectric point of approximately 10.5, can be
crystallized from high salt buffers between pH 5 and 7. Avidin is tetrameric
with four identical subunits having a combined molecular weight of about 67,
0000. The avidin monomer contains 128 amino acid residues. Avidin is soluble
in aqueous solutions and stable over wide pH and temperature ranges.
Avidin has one disulfide bridge per subunit. The bridge can be reduced only
after the tetramer is dissociated into subunits. This disulfide bridge hasn’t been
identified as playing a crucial role in binding of biotin to avidin.
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The heterogeneous oligosaccharide on each subunit is a distinguishing
characteristic feature of avidin. This makes avidin a glycoprotein. The
carbohydrate is linked to Asn 17 on the subunit through one of its
acetylglucosamine residues; three structural types of similar composition and
size are present.

1.1.2 Biotin
Biotin is a naturally occurring vitamin found in every living cell. The tissues
with the highest amounts of biotin are the liver, kidney and pancreas. Yeast
and milk have quite high biotin content. Cancerous tumors have more biotin
than

normal

tissue.

(Components

of

Avidin-Biotin

technology,

http://www.piercenet.com, Avidin-biotin chemistry handbook)

Figure.1: Chemical structure of biotin. MW=244.31,
(http://www.chm.bris.ac.uk/webprojects2002/schnepp/biotin.html).

The chemical name for biotin is cis-hexahydro-2-oxo-1H-thieno [3, 4]
imidazole-4-pentanoic acid. The molecular weight of biotin is 244.31, and its
molecular composition is C10 H16 N2 O3 S.

1.1.3 Stability of the Avidin-Biotin complex
The avidin-biotin interaction is the strongest known noncovalent, biological
interaction (Ka=1015 M-1) between protein and ligand. (Avidin-Biotin
chemistry a handbook, http://www.piercenet.com,), (Anna Bogusiewicz et al.,
2004). The bond formation between biotin and avidin is very fast in nature and
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as soon as the formation takes place, it is unaffected by extremities of
temperature, pH, organic solvents and other denaturing agents. The avidinbiotin complex is also resistant to enzymatic proteolysis within the digestive
tract.
Free avidin could be inactivated at 85º C; the avidin-biotin complex can
withstand brief exposure to 132ºC. Autoclaving will also break the avidinbiotin interaction. Outside of these parameters, the loss of biotin activity results
from the denaturation of avidin. The effects of several detergents on the
binding and dissociation of avidin-biotin have been studied.

14

C –labelled

avidin binds to immobilized biotin when incubated in the presence of 1% SDS,
Tween 20, Tween 40, Triton X-100 and two of the zwitterionic detergents, Noctyl-N, N-dimethyl-3-ammonio-1-propane-sulfonate and N-tetradecyl-N, and
N-dimethyl-3-ammonio-1-propanesulfonate.

Binding

of

biotinylated

transferrin to immobilized avidin is weaker and easier to dissociate when these
detergents are present in the binding buffer. Elution of biotinylated transferrin
to immobilized avidin requires only the use of SDS (sodium dodecyl sulphate)
and high temperatures (95.6ºC), indicating that the detergents decrease the
binding strength of avidin to biotinylated molecules.

1.1.4 Avidin, Streptavidin Contrasting Characteristics and Comparison
Avidin and Streptavidin have similar affinities for biotin, thought they differ
quite much in other respects. The two proteins have different molecular
weights and electrophoretic mobilities. Both proteins are rich in tryptophan,
yet the tryptophan residues of streptavidin are found to be less susceptible to
oxidation by N-bromosuccinimide. When a sequence of streptavidin is
compared with avidin, the shared high affinity may be attributed to the
conserved tryptophan-lysine sequences in their primary structures.
Streptavidin and avidin are highly dissimilar with regard to overall amino acid
composition. Avidin is very soluble in aqueous solutions, while streptavidin is
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less soluble in water and can be crystallized from water or 50% isopropanol.
Streptavidin is highly resistant to denaturation by acids.
Avidin has an isoelectric point of approx. 10 and is a glycoprotein.
Streptavidin on the other hand does not possess any carbohydrate and has a pI
of approx. 5-6. These differences explain the higher nonspecific binding
characteristics of avidin, in most instances, when compared to streptavidin.
(Avidin-Biotin chemistry a handbook, http://www.piercenet.com).

1.1.5 Protein Coupling (Adsorption)
Protein Coupling or Adsorption process basically comprises of (1)
transportation towards the interface, (2) attachment at the interface, (3) final
structural rearrangements in the adsorbed state, (4) detachment from the
interface and (5) transportation away from the surface, found in most of the
cases, if not in all. In protein surface-interactions, the factors that determine
them are physical state of material and protein surface and the intimate
solution environment. Many optical and spectroscopic techniques have been
applied in recent past like variable angle reflectometry, ellipsometry and
surface plasmon resonance.
The protein-protein or DNA coupling and binding effect with the added
physiochemical properties to it which should eventually enhance the unique
recognition capabilities, mechanical rigidity and physiochemical stability.
These properties are essential for a biosensor and provide the results with
maximum reliability and sensitivity. Proteins avidin and biotin and DNA are
leading construction materials for the fabrication of nanostructured scaffolds.
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1.2 Study of Avidin-Biotin interaction
Electron microscopy is a powerful tool for the identification of cellular and
biological structural details. To enhance electron microscopy, the cellular
components of interest can be labelled with electron dense stains. For, instance
a protein ferritin is used for this purpose by conjugating it to the antibodies or
other proteins by covalent attachment.
Biotin-labelled protein and ferritin labelled avidin make a unique combination,
which have been used in electron microscopy. NHS-biotin was used for the
planar distribution for surface proteins and was studied. Biotin hydrazide was
used to biotinylate erythrocyte membranes oxidized with either periodate or
galactose oxidase. The human component C3 was biotinylated using the biotinN-hydroxysuccinimide imidoester. (Avidin-Biotin chemistry a handbook,
http://www.piercenet.com).
Another advantage of avidin-biotin detection system is that biotinylation of a
protein often has a minimal effect on the host molecule. Biotin is relatively
small molecule; it does not significantly affect the permeability or binding
capabilities of its conjugate. This makes cytochemical studies of dynamic
cellular events, receptor-ligand interaction and protein biosynthesis possible.
A ferritin labelled avidin was used for the detect biotinylated antibodies on
retinal tissues. The biotinylated antibodies were successfully detected when
incubated with ferritin-labelled avidin either before or after embedding.
Ferritin-labelled avidin has been used for the direct visualization of the
interaction of liposomes and the cell surface. Biotin was attached to the head
groups of the appropriate lipids via NHS-biotin. It would also be possible to
use ferritin-labelled avidin in double labeling experiments.
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Figure 2. Colloidal gold nanoparticles coated with four streptavidin molecules which form a
complex being used for two different kinds of antigens specific to biotinylated primary
antibody. (Detections using avidin-biotin systems, Avidin-Biotin chemistry a handbook,
http://www.piercenet.com)

Colloidal gold particles are electrostatically adsorbed to macromolecules such
as immunoglobulins, protein A, lectins and streptavidin. The usage of colloidal
gold nanoparticles in electron microscope has increased tremendously in past
several years. The gold nanoparticles strongly emit secondary electrons and are
therefore useful with Scanning Electron Microscopy and Transmission
Electron Microscope. In TEM and SEM, the electron beam is focused using
magnetic lenses, generally more lenses in TEM. The sample is placed into the
path of electron beam of the TEM, while in SEM it is placed at the end of the
focused electron beam path. The image is produced in the form of a shadow on
a fluorescent screen in TEM. The avidin-biotin system suits the gold colloidal
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detection with the adsorption of avidin or streptavidin into various sized gold
particles. A general detection system for biotinylated molecules is developed.
The label was attached by incubating the tissue with a biotinylated primary
antibody against the first antigen. This step was followed by adding a
streptavidin-gold complex. The biotinylated primary antibody against the
second antigen was applied, followed by an addition of a streptavidin-gold
complex, of different size. This application was used for quantification
analysis and evaluation. If all of the biotin was not found to be bound to avidin
during the first labeling step, then there is a possibility of cross-reaction
between the first and second labeling. As, inferred from the figures a technique
was developed for protein A-gold complex, adapted to streptavidin gold
system. Ultrathin tissue sections were mounted on uncoated nickel grids, were
both faces of section were exposed and made available for labeling. Labeling
was carried out by incubating the grid with the primary antibody to the first
antigen allowed followed by streptavidin complexed with large gold
nanoparticles. The grid was rinsed in buffer and dried and turned over. The
second face of the grid was labelled in the same manner with the biotinylated
primary antibody to the second antigen.
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Figure 3. Labeling with incubation of the grid with the primary antibody to the first antigen
followed by streptavidin complexed to gold nanoparticles. Turned over grid being used for the
second antigen with biotinylated primary antibody. (Detections using avidin-biotin systems,
Avidin-Biotin chemistry a handbook, http://www.piercenet.com)

In a similar way, cell surface antigens have been labelled with biotinylation
ligands and avidin-gold complexes. Avidin-biotin interaction was used for the
visualization of the binding and internalization of protein ligands at an
ultrastructure level. Biotinylated nucleotides microinjected into Xenopus laevis
eggs were visualized using streptavidin-colloidal gold and streptavidin –ferritin
conjugates. Incorporated biotinylated nucleotides were made visible as electron
dense spots on the underlying DNA molecules. There was little non-specific
binding found. The smaller particle sizes were useful in resolving sites of
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nascent DNA synthesis and biotinylated nucleotides separated by 20-50 bases,
which were assumed to be resolvable. (Hiriyana K.T. et al.,1998)

Figure 4. Biotinylated nucleotides microinjected into Xenopus laevis eggs were visualized using
streptavidin-gold and streptavidin-ferritin conjugates, which were visible as electron dense
spots on the underlying DNA molecule. (Detections using avidin-biotin systems, AvidinBiotin chemistry a handbook, http://www.piercenet.com).

1.2.2. Advantages of using biotinylated probes
There are many advantages of using biotinylated probes instead of radioactive
probes:
1) Biotinylated probes can be stored for long periods at -20 °C with no loss of
activity.
2) Biotinylated probes do not have any safety hazard associated with them.
3) There are no special requirements for safe disposal of biotinylated probes.
4) The detection procedures are rapid (usually need short incubation periods).
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5) Biotinylated probes make use of various detection methods.
6) Biotinylated probes are less expensive to use.

2.1 HISTORICAL PERSPECTIVE
The earliest works involving avidin-biotin chemistry were more focused
towards biotin’s function as a vitamin. In 1927, rats used in the experiments,
fed on large quantities of egg white had developed dermatitis, indicating
malnutrition. Vitamin H, chemically identified as the biotin structure in 1940
for the first time, prevented the dermatitis. The malnutrition was eventually
attributed to the depletion of biotin. Avidin, a protein present as a constituent
in the egg white, was complexing and interfering with the animal’s nutrition.
In the early times of 1941, the extraordinary affinity of biotin for avidin was
recognized. In a short while from that period in 1942, crystallization of avidin
in a pure form was accomplished.
Biotin’s role as a coenzyme in carbon dioxide transfer was studied extensively
in the early 1950’s. Avidin blocked the activity of two carboxylating enzymes,
characterizing them as biotinylated enzymes. Biotinlylated enzymes were there
on studied extensively and have drawn much attention.
The syntheses of biotin in 1941 eventually lead to the use of avidin-biotin
technology as a research tool. Becker and Wilchek coupled biotin to
bacteriophages for diagnostic purposes. The avidin-biotin reaction as an
affinity cytochemical probe was used by Heitzmann and Richards. In 1976,
biotinylated lectins and biotinylated antibodies were used to localize receptors
and antigens on erythrocyte membranes and the term affinity cytochemistry
was introduced by Bayer, Wilchek and Skutelsky. The avidin-biotin interaction
has since become increasingly popular for a variety of specific applications and
technologies.

(Components

of

Avidin-Biotin

http://www.piercenet.com, Avidin-biotin chemistry handbook)

technology,
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2. Aims of this study
The experiments were conducted to study the unique affinity binding
properties that exist between biotin and avidin, two naturally occurring proteinligand molecules. Main objective was to study the specific binding properties
that exist between biotin and avidin with their treatment on especially
favourable-made TEM grids and to examine the effect that they produce and
also to simultaneously alter the effect produced under similar conditions by
carrying out non-specific, restricting binding experiments. Two independent
experimental approaches were supposed to be undertaken:
1. Utilizing the Etching (Oxidation) of TEM grids for improving (altering the
normal) binding properties and usage of DNA probes (instead of biotin and
avidin coated gold nanoparticles) based on later one’s extensive study. To
explore various proteins to find out an ideal restricting control exhibiting nonspecific binding.
2. Direct application of DNA probes (complementary oligonucleotides)
binding with the variation in oxidation time to improve the binding capability
while attaining a strong affinity binding between two Oligonucleotides and to
introduce biosensing abilities, which can be further utilized in the detection of
mRNA in a cell.

3. Virtually, eukaryotic mRNA’s mostly have a number of adenylate residues
at their 3’-end; the poly (A) tail. Functionally, poly (A) tail is suggested to be
involved in determining the time for mRNA, present in a cell, before it gets
degraded. An mRNA extracted from a cell with the help of an application of
detergent, taken on a TEM grid can be treated (incubated) with an oligo dT
modified gold nanoparticle probe for conjugation to take place between the
two. Subsequently the oligo dT probe would conjugate with poly (A) tail of

14
mRNA on the TEM grid, which could be than taken for visualizing it with
TEM. This can most definitely be a promising detection method for mRNA in
future.

Figure 5. Schematics for conjugation between the oligo
dT gold nanoparticle probe and poly (A) tail of mRNA on a TEM grid. Visualization of future
use of the experiment in detection of mRNA using TEM. Modified image of (Martin Huber et
al., 2004)

3. BACKGROUND
3.1 AFM studies for biosensing abilities of Avidin-Biotin

A molecular delivery system using nanoneedle and AFM
In this experiment a new low invasive cell manipulation and molecule or a
gene transfer system in a single living cell system was developed using a
nanoneedle, an atomic force microscopy (AFM) and ultra-thin needle. (S.W.
Han et al., 2005).
A lot of experimental studies have been conducted for receptor/ligand
interactions, the best example being small ligand biotin interacting with closely
related proteins avidin or streptavidin (Florin et al, 1995; Merkel et al., 1999;
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Moy et el., 1994), protein interactions (Vinckier et al., 1998), and interactions
between complementary strands of DNA (Rief et al., 1999) etc.
The new application was proposed which involves a cell manipulation system.
The objective molecules being proteins or genes were immobilized on ultra
thin needle. The gene-immobilized needle was inserted into a living cell. The
cell damage by insertion could be reduced compared to microinjection method
because the diameter of the needle being quite thin, 200nm, a so called
nanoneedle. An AFM system gave the control needed when it comes to
insertion and depth of insertion, in the three-dimensional system involved in
the process. A fabricated nanoneedle of 200nm in diameter and DNA was used
immobilized on the surface of a nanoneedle using covalent binding and avidinbiotin affinity binding. Immobilization of DNA was confirmed by
measurement of the unbinding force between avidin and biotin through
observation of needle using confocal laser scanning microscopy after the
insertion. (S.W. Han et al., 2005).

Figure 1. Schematic representation of the nanoneedle and mica substrate. (S.W. Han et al.,
2005).
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Figure 2. An SEM image of a nanoneedle. (S.W. Han et al., 2005)

Measurements with AFM
The head-unit of the MFP-1D was mounted on the stage of the microscope,
and the cantilever was moved down close to the streptavidin-immobilized mica
substrate in HEPES buffer whilst observing cantilever and the mica by CCD.
The force-distance curve for inserting the DNA-immobilized nanoneedle was
measured during approaching and retraction on a cell with a piezo speed of
4µm/s.
Images were also taken using confocal laser scanning microscopy. An excess
amount of the biotinylated DNA fragment was subjected to immobilization on
the needle surface which suggested that the free biotin at the other terminus of
the DNA. A second contact of the tip of needle was on the substrate in
buffered solution leading to binding between biotin and the substrate avidin,
and a DNA bridge(s) between the tip of the needle and the substrate was
established. The observed unbinding force suggested that the DNA fragments
were immobilized via avidin-biotin interactions and only one terminal end of
the linear fragment could be immobilized on the needle by controlling the
concentration of DNA in the immobilization step. After observation with
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confocal microscope there was comparison made between manipulated cells
and non-manipulated cells, which in turn suggested that there was no critical
damage to the manipulated cell.

Figure 3. Confocal microscopic images of DNA-immobilized nanoneedle. (S.W. Han et al.,
2005)

After insertion was measured again observed by confocal microscopy in order
to investigate DNA detachment from the surface of the nanoneedle, although
still was very hard to measure amount of DNA molecules released from needle
surface by confocal microscope imaging. A system to deliver molecules into a
living cell had been developed.
This has lead to focus more on complete delivery of the DNA, without any loss
until evacuation of the needle in future. It could be inferred from the images
below (S.W. Han et al., 2005)
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Figure 4. Confocal microscopic images of DNA-immobilized nanoneedle before (A) and after
(B) inserting into a cell. (S.W. Han et al., 2005)

Functionalization of AFM tip with avidin

A detailed profile of the intersurface forces was provided with high spatial
resolution, functionalized with streptavidin and biotin. (J. Wong et al., 1999).
Measurements were carried out by SFA long and intermediate range forces that
are important in determining ligand-receptor closeness. AFM was used in
measuring the unbinding force of individual streptavidin-biotin complexes
which resulted in short range interactions (hydrophobic and hydrogen bonding
forces) found to be stabilizing the intermolecular bond. (J. Wong et al., 1999).
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Figure 5. Functionalization of AFM tip with avidin was shown. (J. Wong et al., 1999).

Figure

6.

Stability

of

avidin

functionalized AFM tip. The activity of the functionalized tip was assayed by its adhesion to a
biotin-derivatized agarose bead in successive force measurements. The force scan number
referred to a measurement within the series in this experiment. (J. Wong et al., 1999).

TREC imaging in AFM for biophysical studies
Simultaneous topography and recognition imaging (TREC) has been a recent
development in dynamic force microscopy, which has proven to be a powerful
technique in biophysical research. The broad range of biological applications it
opens up to is of great interest. A well characterized, high affinity biological
binding pattern, such as avidin-biotin was efficiently used with TREC, which
enabled a better understanding of the key factors for optimizing the scanning
parameters. (A. Ebner et al., 2005).
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TREC was found to be a powerful AFM imaging tool in which topography and
recognition of specific target sites were simultaneously mapped. The images
obtained are in a dynamic force microscopy mode, and the target sites that are
immobilized on the sample surface were recognized by sensor molecules
covalently coupled with to an AFM tip. Avidin-biotin offered a well
characterized receptor-ligand pair, as a good example of TREC. (A. Ebner et
al., 2005).
The images in Fig.7 show that biotin covalently coupled to an AFM tip,
recognizing the specific binding sites with avidin, with quite high specificity.

Figure 7. TREC imaging. A) Principle: The cantilever oscillation is split into lower and upper
parts, resulting in simultaneously acquired topography and recognition images. B) Avidin was
electrostatically adsorbed to mica and imaged with a biotin-tethered tip. A good correlation
between topography (left image with bright spots) and recognition (right image, dark spots)
was found (solid circles). Topographical spots without recognition denote structures lacking
specific interaction (dashed circle). Scan size was 500 nm. (A. Ebner et al., 2005). Mica used is
an ideal support for AFM imaging.
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Figure 8. Specificity of TREC imaging. First topography (A) and recognition (B) images were
acquired. Later, the biotin on the tip was blocked by adding free streptavidin to the system
while scanning the same position. No change in the topography image was observed (C). In
contrast, almost all binding events disappeared in the recognition image (D). The scan size was
1000 nm. (A. Ebner et al., 2005).

3.2 Conformational flexibility of avidin : Influence of Biotin
binding
In previous works it was also demonstrated that the tight binding of the watersoluble vitamin biotin to streptavidin (STV) or avidin (AVD) increases the
temperature of midpoint denaturation from 75 and 84 ºC in the free form to
112 to 117 ºC. respectively, at full ligand saturation point. The increase in the
thermal stability of STV was found together with an increase in the unfolding
cooperativity and a substantial increase in structure order, which was further
measured by infrared spectroscopy. (Soledad Celej et al., 2004)
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Figure 9. Secondary structure of free and biotin-bound AVD was obtained as above. FTIR
absorbance spectrum in the amide I’ region of (A) free AVD and (B) biotin: AVD complex at
2:1 ligand: protein ratio was taken. Gaussian curves obtained are spectral components obtained
by curve fitting. (Soledad Celej et al., 2004)

In this work the conformational flexibility of free AVD and AVD saturated
with biotin was carried out by H/D exchange kinetic, monitored by infrared
spectroscopy and investigated. A correlation was observed between the
thermostability induced by biotin binding and the degree of compactness. FTIR
spectroscopy was used to examine the effect of biotin on AVD secondary
structure. Fig. 1 shows the infrared absorbance spectra in the amide region I’ of
free AVD and AVD saturated with biotin. It was concluded that the secondary
structure of free AVD is mainly conformed by antiparallel ß-sheet with minor
contributions of ß-turns and unordered structure. The infrared spectrum of
AVD saturated with biotin was found to be similar to that of previously
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obtained for free AVD. Slight variations in the form of percentage and
positions of amide I’ components which were exceptions. (Swamy et al.,
1996). FTIR was used to monitor the H/D exchange kinetic of the apo- and
holoprotein parts to have an insight into protein conformational flexibility
changes induced by ligand binding.

Table 1: Secondary structure of free AVD and complexed with biotin resolved by FTIR.

The figure.2 shows the deuteration-time duration for AVD and biotin bound
protein. The best fit to an experimental data was obtained with a bi-exponential
decay, indicating two well defined populations, with slow and fat components.
In free AVD, the proportion of the exchangeable amide protons is equally
distributed between the two defined components. Biotin binding produces two
noticeable effects: the proportion of slow component is increased and the
exchange kinetic constant of the fast component is decreased twofold in
comparison with the value of free protein. (Soledad Celej et al., 2004)
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Figure 10. Conformational flexibility of free and biotin bound AVD. Kinetics of H/D exchange
of free AVD represented by (squares) and its complex with biotin (circles) at 2:1 ligand:protein
mole ratio. The best fit obtained with a bi-exponential decay is represented by solid lines.
(Soledad Celej et al., 2004).

c slow components of the bi-exponential decay.

Table 2: Analysis of the amide H/D exchange behaviour of AVD and its complex with biotin.
(Soledad Celej et al., 2004).

The above mentioned effects of biotin binding were observed with (k) values;
where the average exchange rate of complex was found to be decreased with
free AVD. It was interpreted as an average decrease in the conformational
flexibility of AVD in the bound state. Crystallographic studies carried out
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showed that biotin binding decreases the conformational flexibility of the
exposed loop connecting strands ß-3 and ß-4 solvent accessibility to solvent of
polar and aromatic amino acid in the binding site of AVD. It was reported at
more global level, that biotin binding shortens the rotational correlation time
for AVD resulting in a more compact structure of the liganded protein. It was
concluded that the biotin: AVD studied system as well as the biotin: STV
system

follow

the

same

correlation

between

thermostability

and

conformational flexibility, which was previously found for anilinonaphthalene
sulphonate derivatives interacting with bovine serum albumin (Celej et al.,
2003).

Studies of Streptavidin-Biotin Interaction Dissected by Phage-Displayed
Shotgun Scanning
Shotgun scanning method has also been used for identifying long-range
hydrophobic interactions which contribute to one of the strongest naturally
occurring

noncovalent-protein

–ligand

interactions.

The

femtomolar

dissociation constant was used as a useful model system to dissect the forces
that govern the high-affinity molecular interaction between proteins and small
molecules. Shotgun scanning had the combination of diversity and in vitro
binding section of phage-displayed libraries with a binomial mutagenesis
strategy. Libraries were shown consisting of proteins with the residues in
multiple positions mutated to alter the ratio of alanine:wild type.
Shotgun scanning was used in here to determine the functional contribution of
38 C-terminal residues of streptavidin to the high-affinity interaction with
biotin. Results were found to be quite successful for the dissection of receptor
small molecule interactions. The residues distant from the biotin binding site
were also explored for the first time with this experiment, (Avrantinis S.K. et
al., 2002)
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Figure 11. Shotgun Scanning results showing side chains examined in this study represented
by (stick models) has 32% of residue (96-133) of streptavidin (gray). Colours indicate the wtA (wild type to Alanine) reported. Red denoted wt:A> 9, ; orange, 9 > wt:A > 6; yellow, 6 >
wt:A >3; blue, wt:A>3. Green represents biotin. Figures were produced by using Visual
Molecular Dynamics and Raster 3D software. (Avrantinis S.K. et al., 2002)

The occurrence of the wild type or an alanine residue at each position was used
to calculate the ratio of wild type to alanine (wt:A). For instance, in the above
figure with shotgun scanning analysis a strong preference for tryptophan at
residue 108 (wt:A=21:1) was confirmed.
Shotgun scanning results were found to be quite consistent with single-point,
site-directed mutagenesis studies for residues in contact with biotin, residues
far from the biotin binding site were not explored before this. Key streptavidin
residues were identified by shotgun scanning which were the contributors to
the interaction with biotin including those with side chains that fill the β-barrel,
residues at the tetramer surface, and the second-sphere residues, which were
found to be reinforced by long-distance spread of hydrophobic interactions.
(Avrantinis S.K. et al., 2002).
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Figure 12. Key residues at the streptavidin tetramer surface. Streptavidin is represented by grey
colour, while biotin was represented by green and other colours represented as in the figure
above. (Avrantinis S.K. et al., 2002)

Biotin-Streptavidin Interaction studies concerning thermostability and
conformational changes upon binding
The effect of biotin binding on streptavidin (STV) structure and stability were
also studied using differential scanning calorimetry, Fourier transform infrared
spectroscopy (FT-IR) and fluorescence spectroscopy. Biotin was found to be
increasing the midpoint temperature Tm , of thermally induced denaturation of
STV between 75°C in an unliganded protein - 112°C at full ligand saturation.
The cooperativity of thermally induced unfolding of STV was found to be
changing substantially in presence of biotin. While, unliganded STV monomer
has at least one domain that unfolds independently. The dimer bound to biotin
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was found to undergo a single coupled denaturation process. Simulations of
thermograms of STV denaturation was found to be taking into account only the
thermodynamic effects of the ligand with a Ka ~1015, reproduce the observed
behaviour, while the estimated values of Tm were 15-20°C lower than those
experimentally determined. The increased stability was attributed to an
enhanced cooperativity of the thermal unfolding of STV. (Gonzalez M. et al.,
1996).

Figure 13. Schematic illustration of two extreme models of STV-Biotin interaction. A)
Cooperative binding. B) Non-cooperative binding with changes in the confirmation of the
unliganded protein neighbors propagated as a result of the binding of biotin to one STV
subunit. (Gonzalez M. et al., 96).

The cooperativity results in a stronger intersubunit association and an
increased structural order upon binding. FT-IR and Fluorescence spectroscopy
data revealed that unordered structure found in unliganded STV disappears
under fully saturated conditions. This also supports the previous ideas of biotin
binding found to be inducing an increase in protein tightness structural
cooperativity resulting, in a higher thermostability. (Gonzalez M. et al., 1996).
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3.3 Biosensing studies using RNA arrays

Ultrasensitive biosensor arrays for direct detection of nucleic acids
An ultra sensitive nucleic acid biosensor method for direct detection of genes
in mRNA was carried out. (Hong Xie et al., 2004). It was based on
amperometric detection of a target gene by forming a complex with an mRNA
/redox polymer bilayer on a gold electrode. The mRNA was directly labelled
with cisplatin-biotin conjugates through coordinative bonds with purine bases
in mRNA molecules. A novel approach was developed for detection of specific
genes in mRNA, which were extracted from animal tissues. (Hong Xie et al.,
2004)
As represented in the figure below:
Thiolated oligonucleotide capture probes (CP) and thiol molecules were
immobilized on a gold electrode through self-assembly. The electrode was then
exposed to the labelled mRNA in solution. After hybridization to its
complementary cisplatin-biotin labelled target gene in the mRNA, glucose
oxidase-avidin D (GO-A) labels were introduced to the main system. Then, a
redox polymer overcoat was brought to the electrode layer by-layer
electrostatic self-assembly. The redox polymer acted as a mediating layer for
the enzymatic reaction. It activated the enzyme labels attached to the target
gene electrochemically. The current generated from enzymatic oxidation of
glucose was detected amperometrically in presence of glucose and it was found
to be correlating with to the target gene concentration in the sample.
The target genes used in the experiment were a cancer susceptible gene, tumor
protein p53, a housekeeping gene, glycerladehyde-3-phosphate dehydrogenase
(GAPDH). The detection limit used was at femtomolar levels.
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Figure 14. Schematic illustration of mRNA assay using an mRNA/redox polymer bilayer
model. (Hong Xie et al., 2004)
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Figure 15. Cyclic voltammograms of biosensors at 25 mV/s after hybridization with TP53 in
500ng of C-B labelled mRNA, incubation with GO-A and application of three overcoatings. a)
Control sensor (non complementary CP); (b) TP53 sensor in PBS; and after adding 40mM
glucose to the PBS. (Hong Xie et al., 2004)

In results, the cDNA’s were found to be retaining their integrity after the
transcription from the extracted mRNA and after their reaction with C-B.
Comparison was made with non-labelled cDNA’s, the lower mobility shifts of
the reaction which suggested successful incorporation of C-b into the C DNA
chains. Furthermore, hybridization was carried out and target gene detection
was examined. To have a better understanding of the labelled nucleic acid
hybridization efficiency and GO-A level, a series of QCM measurements were
carried out on C-B labelled GADPH cDNA after hybridization and after GO-A
loading. (Hong Xie et al., 2004)
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Figure 16. Amperometric responses of biosensors after TP53 and GADPH in 30 ng of C-B
labelled mRNA hybridized with (a) non complementary and (b (TP53), c (GADPH)
complementary capture probes, incubation with GO-A and application of three overcoatings.
Poised potential: 0.36V, 40mM glucose. Smoothing applied after each run. The arrow indicates
the time at which glucose was injected into PBS. (Hong Xie et al., 2004)

It was not possible to attach GO-A to every biotin moiety on the labelled gene
due to steric hindrance. There were also three redox polymers tested for their
ability to form stable bilayers. It was observed that among the three redox
polymers tested, poly (vinylimidazole-co-acrylamide) was found to be best in
terms of stability of the bilayer and amount of redox polymer being
immobilized on the biosensor surface. Another test after hybridization it was
found that the amperometric response sensitivity increases with increasing
glucose concentration in the range of 0-40 mM and then begins to level off
after 40mM. Therefore, 40mM glucose was used in the amperometric detection
of the target genes. Detection of target genes with one-base mismatch and
calibration curves for target genes were done with the data as in the figures
below:
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Figure 17. Amperometric responses of biosensors after hybridization in 5.0 ng of C-B labelled
mRNA with captured probes 1) Complementary and 2) One-base-mismatch to TP53-(A) and
GADPH (B). The arrows indicate the time at which glucose was injected into PBS. (Hong Xie
et al., 2004)

Figure 18. Amperometric responses of biosensors to C-B labelled TP53 and GAPDH cDNA’s
at different concentrations. (Hong Xie et al., 2004)
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Figure 19. Dependence of amperometric responses (6 Duplicates) on TP53 and GADPH
expression represented with circles and triangles. The expression levels were mimicked by
spiking various amounts of mRNA with a test solution containing 5.0 ng of C-labelled mRNA.
(Hong Xie et al., 2004)

The biosensor used and explained in these experimental studies was found to
be rapid, ultra-sensitive, and nonradioactive and is able to directly detect genes
in mRNA without using PCR amplification. By introducing the cisplatin-biotin
conjugates, mRNA was directly labelled with biotin moieties in a one step
non-enzymatic reaction. Specific genes were detected amperometrically with
high sensitivity and specificity. The increase in sensitivity was 25 folds
because of labeling of mRNA molecule, compared to other methods. Full
length mRNA were detected at femtomolar levels. The lowest amount of gene
detected was found to be ~800 copies in very little amount of mRNA (1.5ng).
This assay with developments would include most frequent mutations in
cancer susceptibility genes. Integration 50-100 sensors of this kind into an
array and with incorporation into microelectromechanical system will provide
faster, inexpensive and simpler solutions for molecular diagnosis, especially
for early cancer diagnosis etc. (Hong Xie et al., 2004)
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3.4 Biosensing studies using DNA arrays
Study of DNA-protein (STV) hybrids
Novel biometallic nanostructures require physico-chemical stability, rigidity
and recognition capabilities. This was proved to a greater extent with the
experimental studies of Covalent DNA-Streptavidin Conjugates as the acting
building blocks (with their respective molecular structure). (C.M. Niemeyer et
al., 1998).

Figure 20. Schematic representation of the DNA-protein hybrids. A) Generation of
superamolecular aggregates from DNA-STV conjugates obtained by covalent coupling of thiol
modified oligonucleotides and streptavidin. B) Fabrication of biometallic aggregates by means
of DNA-STV adapters. (C.M. Niemeyer et al., 1998).
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Analysis of the Biometallic aggregates by transmission electron microscopy
(TEM) was carried out, which showed the result as multiple gold clusters were
found bound to a single STV molecule. Flexibility with respect to both nucleic
acid and spacer region was found with several gaps present on the backbone of
the double helix. (C.M. Niemeyer et al., 1998).

Figure 21. TEM images of superamolecular aggregates labelled with gold clusters. A) DNAprotein aggregate having three DNA-STV adapters. B) Aggregate containing five gold
adapters, antimouse IgG coupled and RNA. Shady areas representing the immobilized protein
matrices. (C.M. Niemeyer et al., 1998).
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Hybridization of oligonucleotide-modified gold nanoparticles probes to
modified complementary oligonucleotides on a latex microsphere
DNA detection method based on latex microsphere and gold nanoparticles
probes was also developed as an effective one. (R. A. Reynolds et al., 2000).
The latex and gold particle probes, which were functionalized with separate
oligonucleotide sequences, underwent hybridization in the presence of
complementary target strands to both of the probes. Duplex formation thus
resulted in linking of gold nanoparticles to the latex microspheres and a
corresponding white to red colour change, which was because of the large
extinction coefficient of the gold nanoparticles was observed with the naked
eye.

Figure 22. Hybridization of oligonucleotide-modified gold nanoparticles probes to
oligonucleotide-modified latex microsphere probes in the presence of a complimentary target
oligonucleotide. (R. A. Reynolds et al., 2000).

Unbound gold nanoparticles causing background signal were significantly
removed by filtering the solution containing the samples and probes through a
cellulose membrane. The unbound gold nanoparticles were found to be moving
freely through this membrane, while the target particles were trapped. Latex
and gold nanoparticles were joined together via the target oligonucleotides; the
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membrane appears red, giving a positive result. It appears white in colour,
when there is no hybridization, including a negative result. (R. A. Reynolds et
al., 2000).

Figure 23. Gold nanoparticles/latex microsphere based colorimetric DNA activation method.
(R. A. Reynolds et al., 2000).

Immobilization of oligonucleotide was also carried out in an experiment on
micropatterend surfaces. (Chandran R.S. et al., 2000). In this procedure
photolithographic patterning of streptavidin was carried out on silicon
substrates. Long wavelength light UV (365nm) was used to direct the covalent
attachment of photoactivatable biotin onto silylated silicon wafers.
Fluorescently labelled streptavidin was found to bind biotin only in the areas
exposed to the light. This procedure was then utilized to selectively pattern
streptavidin and binding characteristics of biotinylated oligonucleotides were
investigated. (Chandran R.S. et al., 2000).This method shows the way for a
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streptavidin or avidin (a linker molecule), that could be employed to
immobilize a variety of biotinylated molecules such as proteins, nucleic acids,
antibodies, lipids and polysaccharides.

Molecular beacons applications based on DNA arrays
Biotinylated DNA (molecular beacons) were designed and used to study
protein molecular interactions studies at a solid-liquid surface. Molecular
beacons also find application with investigations involving protein-DNA
interactions. (W. Tan et al., 2000).

Figure 24. Mechanism of operation of molecular beacons. On their own these molecules exist
as non-fluorescent. Molecular beacons emit intense fluorescence only when the stems are apart
through hybridization of DNA. (W. Tan et al., 2000).

Molecules are non-fluorescent because the stem hybrids keep the fluorophores
close to quenchers. Different molecular beacons can be designed by choosing
loop size and sequence. Biotinylated molecular beacons have also been used
for the development of ultrasensitive DNA sensors.

40

Figure 25. Optical image of two immobilized molecular beacon sensor areas on silicon surface:
(A) Fluorescence images of the molecular beacon sensor areas after adding MB1’s
complementary DNA for 1min (B) and 5 min (C). (W. Tan et al., 2000).

DNA modified gold nanoparticle probes (array) based gene expression
analysis with unamplified total human RNA

In the field of molecular diagnostics, microarray based gene expression is
poised to enter, which plays a significant role in modern biology. Current
microarray based gene expression systems usually require enzymatic
conversion with of mRNA into labelled cDNA or cRNA. It involved a target
amplification step to overcome the low sensitivity associated with fluorescent
detection methods. A novel enzyme-free, microarray-based gene expression
system that uses unamplified total human mRNA sample as the target nucleic
acid. The detection of micro-array bound RNA molecules was accomplished
by targeting the poly-A tail with an oligo-dT20 modified gold nanoparticles
probe,

signal

amplification

by

autometallography,

and

subsequent

measurement of nanoparticles-mediated light scattering. High sensitivity
afforded by the nanoparticles probes was observed allowing differential gene
expression with very little unamplified total human RNA in 2 h hybridization
without the need to conduct elaborate sample labeling steps. (Martin Huber et
al., 2004)
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Figure 26. Schematics of the ClearRead assay. Total human RNA was hybridized to
complimentary oligonucleotides attached to a microarray slide. In a second hybridization step,
an oligo-dt20 modified gold nanoparticles probe is hybridized to the poly-A-tail of the captured
mRNA. After the silver enhancement, the slide was imaged using an in house developed
scanner. (Verigene ID) (Martin Huber et al., 2004).

DNA modified gold nanoparticles probes were clearly observed to be offering
promising new avenues for DNA diagnostics. Due to high sensitivity linked
with nanoparticle-induced scatter signal, direct SNP detection was recently
demonstrated from unamplified human genomic DNA. (Martin Huber et al.,
2004). DNA modified nanoparticles were shown to detect zeptomolar target
sequences in a homogenous colorimetric assay. (Storhoff, J.J., et al., 2004).

Figure 27. Average signal intensities of 8 RNA hybridizations. Signal intensities (were
corrected for the local background) exhibited consistent values for the 13 human genes. The
error bar indicated 1 SD of the signal intensities over eight arrays. (Martin Huber et al., 2004)
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Figure 28. Absence of 3’ end bias in Clear ReadTM expression profiling. Six capture
oligonucleotides were designed to be complementary to different sections of the β-actin
mRNA as follows: Oligo1 (1051-1100), Oligo 2 (781-830), Oligo 3 (621-670), Oligo 4 (461510), Oligo 5 (221-270), and Oligo 6 (74-123). The scattered image of hybridization with total
human mRNA was shown as in (A) and the corresponding data analysis in (B). The average
mean signal intensities were also plotted. The error bars represent 1 SD. (C) Schematics of the
positions of the six captured oligonucleotides on the full-length β-actin mRNA. (Martin Huber
et al., 2004).

Biotin avidin system for the generation of fully renewable DNA sensor
based on biotinylated Polypyrrole film
Electronic conducting polymers (ECP’s) appear to be particularly suitable
substrates for the construction of elaborate sensing layers at the surface of an
electrode. They exhibits key properties like easy electropolymerization in one
step of the ECP matrix, opening the possibility of miniaturization and versatile
functionalization, either by grafting or doping, of desired biological molecules.
Polypyrrole has been used for the immobilization of biomolecules because its
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electropolymerization is possible in aqueous solutions at a low potential, which
is compatible with most of the biological molecules of interest. Recently, a
new approach to post-functionalization, based on biotin/avidin affinity system
was used. The biomolecules were anchored on a modified Polypyrrole-biotin
film through an intermediate layer. Three steps were involved: 1)
Electrosynthesis of the Polypyrrole-biotin film at an electrode surface; 2) the
immobilization of the avidin layer on this polymer via the biotin entities which
are linked to the pyrrole network; 3) the anchoring of the biomolecules bearing
biotin entities on the pyrrole-biotin/avidin scaffolding to elaborate a bioactive
surface. (A. Dupont-Filliard et al., 2004)
Two detection approaches were employed namely, QCM and fluorescence
microscopy to monitor the efficiency of the sensor assembly and to have
control over hybridization. To complete, the copolymers containing different
amounts of biotin were electro synthesized in order to evaluate the influence of
biotin content in pyrrole matrix with the capacity of DNA hybridization.
Relative large size of avidin makes the optimization of the recognition
strength, not needing the synthesis of a polypyrrole film with a high surface
density of biotin units, i.e. pyrrole-biotin homopolymers.

Figure 29. Structure of the biotinylated pyrrole monomer (1) and the unbiotinylated monomer
(2). (A. Dupont-Filliard et al., 2004)

In this experiment, with the sensor and other measurements performed with a
quartz crystal microbalance(QCM) showed that the amount of DNA probe
immobilized was controlled by the quantity of biotin units included within the
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polypyrrole-biotin film. The maximum coverage of DNA probes was achieved
by a copolymer electrosynthesized from a pyrrole-biotin and un-biotinylated
pyrrole monomer ratio of 1/5. The sensing layer could be re-generated several
times with a minimum loss of activity. After the hybridization between
immobilized DNA probes and complimentary DNA strands, with two ways
regeneration. The complimentary oligonucleotide (ODNc) strands were
selectively removed. (A. Dupont-Filliard et al., 2004)

Detection-Hybridization
Polypyrrole-biotin/avidin/ODN-probe Cpbio

Biosensor
Polypyrrole-

biotin/avidin/ODN-probe Cpbio
Figure 30. Synoptic of the ODN sensor, ODN sensing and sensor regeneration. (A. DupontFilliard et al., 2004)

Self-assembly of bivalent protein binding agents based on oligonucleotidelinked organic fragments
A library of bidentate fragments linked through an oligonucleotide duplex has
been tested for binding to streptavidin. (K. I. Sprinz et al., 2005). In this
experiment, one fragment of biotin, only biotin-containing duplexes were
selected by streptavidin and heated above the melting temperature to obtain
only bidentate biotin ligands. Melting temperature was achieved via thermal
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denaturation experiments. It was found that the stability of the monodentate
versus bidentate binding ligand increased from 59 to 71 ºC in the presence of
streptavidin.

Figure 31. Strategies for combining two recognition fragments and their comparison (A)
antibody light and heavy chain association (B) metal-ligand assembly; (C) hydrogen bond
template association. (K. I. Sprinz et al., 2005)

When biotin was substituted with 2-iminobiotin, it resulted in exclusion of all
other duplexes by the bidentate iminobiotin duplex in binding streptavidin.
In a DNA duplex, the phosphate end of the 5’-strand and the hydroxyl end of
the 3’-strand are ~20 Ǻ apart and can be coupled to organic fragments. A
linker addition modified the 5’-end or 3’-end of the duplex, allowing the
attachment of a range of organic fragments, in turn increasing the flexibility to
the duplex. It was carried out to a duplex rather than a single stranded
oligonucleotide sequence.
One of the remarkable advantages of this strategy observed was that the DNA
duplexes act as scaffolds to display the protein-binding structures but can also
be induced to dissociate under denaturing conditions and exchange conditions
with other complementary functionalized strands. (K. I. Sprinz et al., 2005).
Fig.32 elucidates chemical structure of biotin adhering and conjugating to an
oligonucleotide through a linker.
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Figure 32. (A) Chemical structure of biotin conjugated to an oligonucleotide through the C3
linker. (B) Schematic of a bidentate biotin ligand binding two adjacent biotin sites on the
tetrameric SA. Subunits (red, cyan, oink 6 blue) binding biotin (green) through an amine
modified (yellow) DNA duplex. PDB code: streptavidin (1SWG). NDB code: duplex DNA
(BDL084). (K. I. Sprinz et al., 2005).
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Figure 33. Strategy for protein recognition by oligonucleotide-linked organic fragments. (K. I.
Sprinz et al., 2005).

An oligonucleotide microarray for micro RNA expression
A novel miRNA profiling microarray, in which miRNAs were directly labelled
at the 3’ terminus with biotin and hybridized with complementary Oligo-DNA
probes immobilized on glass slides, and then detected by measuring
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fluorescence of quantum dots labelled with streptavidin bound to miRNAs
through streptavidin-biotin interactions.
A model was also made for microarray to profile miRNAs from leaf and root
of rice seedlings. The analysis results showed a good reproducibility and were
consistent with northern blot method. A colorimetric detection method based
on nanogold probe coupled with silver enhancement was also shown to be
successful in introducing miRNA profiling microarray detection. (Liang et al.,
2005).

Figure 34. Schematics of miRNA profiling microarray. (A) Principle of labeling miRNA at the
3’ terminus with biotin. (B) Principle of the miRNA profiling microarray detected with QD or
colorimetric method. (Liang et al., 2005).

Biocompatible force sensor with optical readout and with dimensions of
6nm³
A nanoscopic force sensor with optical readout was developed. The sensor
consisted of a single stranded DNA coinciding with two dyes. The DNA here
acts as nonlinear spring: when the spring was stretched the distance between
the two dyes increases, resulting in reduced Förster resonance energy transfer.
The sensor was calibrated between 0 and 20 pN using a combined magnetic
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tweezers/single –molecule fluorescence microscope. It was shown that it is
possible to tune the sensor’s force response by varying the interdye spacing
and that the FRET efficiency of sensors decreases with increasing force.
Effective usage of this sensor was also demonstrated by using them to measure
the forces internal to a single polymer molecule, a small DNA loop. Partial
conversion of single stranded-DNA loop to a double stranded form was found
resulting in the accumulation of strain: a force of approx. 6 pN was measured
in the loop with hybridization. (Shroff H. et al., 2005)

Figure 35. Schematic illustration of force sensors and experimental geometry used. (a) Force
sensors were composed of Cy3/ Cy5 dyes separated with single-stranded DNA of variable
length. Details of linker attachment between dyes and backbone are shown. N denotes
nucleotide. (b) force sensor complexes were assembled in flow chambers and stretched with
magnetic tweezers. Chambers were treated first with Biotin-BSA and then streptavidin. Double
stranded DNA formed a molecular handle between the magnetic bead and top end of the
sensor. On the bottom end, biotin provided an attachment point to the streptavidin-coated
chamber. Sensors were excited with an evanescent wave (green gradient). (Shroff H. et al.,
2005)
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This kind of sensor was predicted to be applicable in measuring internal force
to

different materials like programmable DNA self assemblies, polymer

meshes, and DNA-based machines. (Shroff H. et al., 2005)

Study of Streptavidin film structure and its effect on biotinylated DNA
assembly and target DNA hybridization using Surface Plasmon Resonance
Spectroscopy and Quartz crystal Microbalance.
Surface Plasmon Resonance Spectroscopy (SPR) was employed for the study
of biotinylated DNA having an assembly on streptavidin modified gold
surfaces for target DNA hybridizations. Two immobilization methods were
applied for constructing streptavidin films. 1) Physical adsorption on biotincontaining thiol treated surfaces through biotin-streptavidin links and 2)
covalent attachment to 11-mercaptoundecanoic acid (MUA) treated surfaces
through amine coupling. A quartz crystal microbalance was with energy
dissipation monitoring (QCM-D) was used to understand the structural
properties of the streptavidin films by monitoring the streptavidin
immobilization procedures. (Su X. et al., 2005)
The simultaneously measured frequency and dissipation factor changes,
together with the SPR angle shifts, suggested that the streptavidin film
assembled on the biotin –containing surfaces were highly rigid, ordered well in
structure while the streptavidin formed with amine coupling was highly
dissipative and less structured. The subsequent biotinylated DNA (biotinDNA) assembly and target hybridization results show that the streptavidin film
had distinct effects on the biotin-DNA binding amount. Streptavidin films with
well molecular order formed on the biotin-containing surfaces ensured a wellorderly DNA assembly, which was expected to help in achieving higher
efficiency in target DNA capture and higher sensitivity in the hybridization
analysis when compared to the biotin-DNA assembled on the less structured
streptavidin films formed through amine coupling.
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Figure 36. Schematic illustration of the binding steps involved in the experiment including
streptavidin immobilization, biotin-DNA assembly and target DNA hybridization. The
streptavidin was immobilized by either of the two steps, A) Biotin-Streptavidin interaction on a
biotin containing thiol-modified surface or B) Covalent attachment on a carboxyl-containing
surface using amine-coupling. In part B, unoccupied steps residues are deactivated using
ethanolamine-HCl buffer to form passive CO-NH-R groups. (Su X. et al., 2005)

Figure 37. SPR responses to the sequential reaction steps of streptavidin immobilization on a
biotin-thiol treated surface, biotin assembly and target hybridization. The
of rinsing the surface. (Su X. et al., 2005)

indicated the time
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Figure 38. Biotin-DNA probe density dependent hybridization efficiencies in biotin-thiol
system (represented by filled circles) and the MUA system (represented by open circles). (Su
X. et al., 2005)

3.5 Newer sophisticated techniques used for bioaffinity
Use of terahertz wave technology for label-free amplified bioaffinity
A new detection method based on tetrahertz differential time-domain
spectroscopy (THz-DTDS) is being used to detect minute amounts of labelfree antigen-antibody and drug discovery (Nagel et al., 2002a; Menikh et. al.,
2002).
In the continuously advancing field of biosensing systems there is a constant
need for methods to increase system sensitivity to signals that indicate binding
of one biological molecule to another. Flexibility in the types of ligands that
mimic phenomena occurring in the nature is also desirable. In this experiment
small agarose beads were used as a providing means of a target outer surface
area on which target molecules could get attached. Thus by employment of
secondary interaction with small agarose beads, conjugated with an analyte,
the THz optical difference signal between a ligand and a ligand-analyte affinity
bound component was amplified. Another significant property that this
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association has is that the biotin can be adsorbed on hydrophobic surfaces
without losing its specificity towards avidin, which makes possible the study of
avidin-biotin interactions on supported lipid membranes.
The study was aimed to demonstrate that capability of biochemical means to
amplify the optical tetrahertz signal from a previously affinity-bound
compound in a lipid membrane like environment. The method was found to be
simple, inexpensive, non-invasive and without hardware modifications, unlike
other methods. (A. Menikh et al., 2004)
Octadecanol, bovine serum albumin (BSA), biotin, and agarose beads
conjugated to avidin. Digalactosydiacylglycerol (DGDG), quartz microscopic
slides were also used in as the materials for the experiment.

Figure 39. (a) Octadecanol self-assembled modified quartz crystal surface; (b) biotin
monolayer on a quartz surface modified octadecanol; and (c) biotin-avidin binding in lipid
membrane environment. (A. Menikh et al., 2004)
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THz spectrometer
It was a double modulated THz-DTDS system with femtosecond laser source
generating 150 fs pulses at 86 MHz and 1.5 W of average power. A beam
splitter separating the laser beam into pump and probe pulses. The electro optic
detection of the THz wave was based on measurement of the phase modulation
of the probe beam induced by Pockel’s effect. The structure of crystal changes
slightly when the beam propagates through ZnTe which leads to small
alternation in polarization of the probe beam. (A. Menikh et al., 2002; A.
Menikh et al., 2004).

Figure 40. Tetrahertz biosensor system showing an unbiased GaAs crystal, THz and a ZnTe
crystal detector. The sample holder was dithered in and out of the THz beam by a
galvanometer at a frequency of 10 Hz. (A. Menikh et al., 2004)

Results for THz-biosensor system
To overcome the limitations a new detection method was developed based on
THz-DTDS, a technique which was found to be successful method to probe the
electrical properties of thin solid films in the spectral interval between the
infrared and microwave bands.
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To test the ability of the THz biosensor to detect avidin-biotin binding in a
membrane lipid like environment, immobilization of a hydrophobic substrate
on a hydrophilic quartz surface was carried out. In this way the interfacial
region of the biochip was systematically controlled, process referred to as
molecular self-assembly. The quartz surface was treated with octadecanol to
obtain a well- defined self-assembled macromolecular film that guaranteed
certain level of stability to the biosensor chip. It was found that the agarose
conjugated particles to avidin and applying the conjugate to half of the quartz
surface modified biotin, the THz difference signal between biotin-avidin
complex were found increased dramatically. About 10.3ng/cm2 avidin on the
quartz surface, indicated the capability for future applications to detect DNA
hybridization and antigen-antibody reactions. Compared with avidin-biotin
experiment without agarose beads, an eight-fold enhancement was observed.
The figure below illustrates the configuration used to determine the difference
between the reference (octadecanol-biotin) and the sample (octadecanol-biotinagarose conjugated avidin). With the data obtained it was observed that the
specificity of biotin towards DGDP lipid is far less than towards avidin. The
inherently high affinity of avidin-biotin complements and is thus found to
make this immunosensor highly attractive as an analytical device for wide
variety of biochemical studies. Almost any biologically active molecule can be
tagged with biotin or avidin with minimal effects on biological activity. Thus,
this method using avidin-biotin technology together with high refractive index
beads, the THz –DTDS biosensor were suggested to be able to play a vital role
in detecting trace amounts of wide range of biological materials. (Abdellah
Menikh et al., 2004)
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Figure 41. THz pulses (time domain) obtained by measuring the signal difference between a)
biotin and biotin-avidin conjugated agarose; (b) biotin and biotin-avidin complexes without
beads; and (C) biotin and biotin-DGDG (control sample). The THz pulses have been smoothed
numerically using a 0.1-1 THz band pass filter. The inset shows the waveform in the fast
Fourier transform domain (FFT). (A. Menikh et al., 2004)

Biotin covalent label useful for peptide hormones
In plasma stability between a biotin-protein has also been established in an
experiment. In infants, children and pregnant women, pharmacokinetic studies
with a nonradioactive label for peptide hormones would be useful. Biotin was
suggested to serve as a covalent label for subsequent detection with the use of
variety of advanced conjugates, given the high binding affinity between biotin
and avidin. However, usually biotin labels produced by most commercially
available biotinylation reagents are rapidly cleaved from protein to plasma. A
stable biotin label for protein was developed to be synthesized.
Biotin was conjugated through a cysteine residue with the use of
immunoglobulin G (IgG) as a model protein; a carboxylate group was also
positioned alpha to biotinamide bond. Stability of the bond in the presence of
plasma and buffer control was assessed by release of biotin. Released biotin
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was separated from biotinylated IgG by ultrafiltration and then quantified by
an avidin-binding assay. In plasma less than 0.6% biotin was released. It was
concluded that this biotin-protein bond is stable in plasma. (A.Bogusiewicz et
al., 2005).

Figure 42. Schematic representation for the synthesis of Bio-C-A-IgG. (A.Bogusiewicz et al.,
2005)

58

Figure 43. Biotin released
was expressed as percentage of total biotin, IgG was biotinylated with a variety of
biotinylating reagents- biotin-PEO-amine (BPEO), 5-(biotinamide)pentylamine (5BP),
iodoacetyl-LC- biotin (IAB), biotin-LC-hydrazide (BH), sulfo-NHS-LC-biotin (SNHSSB),
NHS-LC-biotin (NHSB), and biotinyl-cysteine (BC)- producing different spacer arms and
different types of bonds to several different moieties on IgG. (A.Bogusiewicz et al., 2005)

Human biotin acceptor domain allowing site-specific conjugation, for
targeted drug delivery use
An antibody-avidin (AVD) fusion protein, anti-transferrin receptor (TFR)
IgG3-AVD, which could deliver biotinylated molecules to cells, has been
constructed previously. (T. Asai et al., 2005). In context to this the use of
fusion protein for antibody-directed enzyme prodrug therapy (ADEPT) was
described. The 67 amino acid carboxyl-terminal domain (P67) of human
propionyl-CoA carboxylase ά was metabolically biotinylated at a fixed lysine
residue. P67 was genetically fused to the carboxyl terminus of the yeast
enzyme FCUI, a derivative of cytosine deaminase which can convert the nontoxic prodrug 5-fluorocytosine to the cytotoxic agent 5-fluorouracil to the
cytotoxic agent 5-fluorouracil. When it was produced in E.coli, cells where
biotin protein ligase protein is overexpressed, the FCUI-67 fusion protein was
efficiently mono-biotinylated. In the presence of 5-fluorocytosine, the
biotinylated fusion protein was conjugated to anti-rat TFR IgG3-AVD
efficiently killed rat Y3-Ag1.2.3 myeloma cells in vitro. The results suggest
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that when combined with P67-based biotinylation, anti-TFR IgG3-AVD was
found useful in serving as a universal delivery vector for targeted
chemotherapy of cancer. (T. Asai et al., 2005).

Direct Labeling of mRNA with multiple biotins
Multiple biotins used for direct labeling of RNA allowing sensitive expression
profiling of acute leukemia class predictor genes. (Kyle Cole et al., 2004).
Direct labeling method of RNA is an expedient method for labeling large
quantities of target RNA for microarray analysis. Efficient labeling method
was developed using T4 RNA ligase to attach a 3’-biotinylated donor molecule
to target RNA. Microarray indicated that directly labelled RNA is uniformly
labelled, has higher signal intensity then comparable labeling methods and
higher transcription detection sensitivity was achieved. The labelled donor
molecule allowed the attachment of multiple biotins, which increased target
signal intensity. This method of direct labeling was used to detect two types of
cancer: acute myeloid leukemia (AML) and acute lymphoblastic leukemia
(ALL). In order to test the sensitivity of direct RNA labeling, AML and ALL
expression profiles for predictor genes were analyzed. They showed elevated
expression in the diseased state. Direct labeling of AML poly (A) RNA detects
90% of the class predictor genes that are detected by the IVT-based target
amplification method to find the genes. This method was found to be ideal for
diagnostic applications that do not require target amplification. (Kyle Cole et
al., 2004).

Biological Sensing Using Transmission Plasmon Resonance Spectroscopy
Ultrathin gold island films evaporated on transparent substrates have been
used, which have offered promising transducers for chemical and biological
sensing in the transmission surface plasmon resonance (T-SPR) mode. (M.
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Lahav et al., 2004). In this work, the applicability of T-SPR based systems to
biosensing was demonstrated, using a well established biological model
system. Au island films were evaporated on polystyrene slides and modified
with a biotinylated monolayer via a multistep surface reaction, the monolayer
was assisted by the good adhesion of metal islands to polystyrene. The biotinderivatized Au island film was then used for selective sensing of avidin
binding, as a bio-recognition surface which distinguished between specific and
nonspecific binding to the substrate. Transduction of the binding event was
accomplished by T-SPR spectroscopy, using plasmon intensity measurements
for convenience and maximal sensitivity. T-SPR spectroscopy of Au island
films was also found to be an effective tool for monitoring the binding of
molecules to the receptor layers on the Au surface. (M. Lahav et al., 2004).

Figure 44. Schematic representation of different steps in the preparation of the various
interfaces. (M. Lahav et al., 2004).
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Figure 45. Transmission UV-vis spectra were taken
ex-situ of 2.5 nm Au island films evaporated on
polystyrene, before (dashed lines) and after (solid
lines) with exposure to avidin solution: (A)
Biotinylated surface, interacted with BSA before
avidin exposure. (B) same as part A, without the
BSA blocking step (C) Cystamine-terminated
surface, interacted with BSA prior to avidin
exposure. (M. Lahav et al., 2004).

A peptide route to multifunctional gold nanoparticles

The usage of gold nanoparticles for the observation of binding properties is
ideal, with the help of Transmission Electron Microscope (TEM). This is
further proved in the following experiment which was carried out recently.
Extremely stable, peptide-capped gold nanoparticles with two different
biomolecular recognition motifs expressed on their surface were prepared. It
was also demonstrated that they were quite specific in nature and selective in
binding to artificial, DNA- modified target particles (thiol modified ss DNA,
CALNN DNA) with DNA and protein microarrays were conducted.
Biofunctionality and stability were achieved in a single preparative step
starting with citrate-stabilized gold hydrosols and a derivation of peptidecapping ligands, which carried the functionalities of choice. (Wang et al.,
2005).
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Figure 46. 1) Nanoparticle binding scenarios sequences of DNA and functionalized peptides 2)
Dependence of the aggregation of small (probe) and large (target) particles were observed.
DNA loading was varied from small to larger particles affected the perceived colour of the
solution. Blue colour indicated the formation of extended aggregates (with TEM images
showing different types) (a and b), red indicated either no aggregation or the formation of large
particles labelled by a small number of small particles (c and d), and purple indicated the
formation of a dense shell of small particles around large particles. (Wang et al., 2005).
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Study of resistance to protein adsorption and stability of thin films
Comparative studies of resistance of protein adsorption and stability of thin
films have also been carried out on different kinds of H-Si surfaces. Oligo
(ethylene glycol)-terminated thin films was prepared on hydrogen terminated
silicon surfaces and their resistance to protein adsorption, and stabilities with
variety of condition such as air, water, acid, biological buffer, and a base were
investigated using contact angle geometry and ellipsometry techniques. AFM
and fluorescence microscopy was used to demonstrate that various proteins
including fibrinogen, avidin, and BSA predominately adsorbed onto the
patterns of EG-coated Si (111), than on the Si (100) surfaces. (C.M. Yam et al.,
2005).

Direct assembly of gold Nanoparticles using branched DNA scaffolds
The concept of self-assembled dendrimers has been lately in quite significant
research work. This concept of dendrimers was explored for the creation of
discrete nanoparticle assemblies in this experiment done, recently in 2005.
Hybridization of branched DNA trimers and nanoparticle-DNA conjugates
resulted in the synthesis of nanoparticle trimer and tetramer complexes.
Multiple tetramer architectures were investigated in this work utilizing AuDNA conjugates with varying secondary structural motifs. Hybridization
products were analyzed by gel electrophoresis and discrete bands observed
corresponded to the structures with increasing number of hybridization events.
Samples extracted from each band were then analyzed by TEM. Statistics from
micrographs were used to compare assembly structures. (Claridge et al., 2005).
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Figure 47. Nanoparticle assemblies using branched DNA scaffolds. Conjugation of gold
nanoparticles to thiolated DNA followed by electrophoretic purification yielding DNA-Au
nanoconjugates, which were hybridized with branched scaffolds to yield (a) internal-hairpin
trimers, (b) internal-hairpin tetramers, and (c) external –hairpin tetramers. (d) Extended
tetramers are formed by adding linear DNA H’ to HB’ monoconjugates before hybridization
with branched scaffolds. (Claridge et al., 2005).

Effect of avidin-biotin binding system on chondrocyte adhesion, growth
and gene expression.

In the field of tissue engineering, cell adhesion to degradable scaffolds is a
prerequisite for a successful tissue engineering outcome. Cell adhesion to
synthetic biomaterials is a prerequisite for anchorage cell culture and tissue
engineering. The study was carried out for investigating the utilization of an
avidin-biotin binding system in enhancing chondrocyte adhesion to tissue
culture polystyrene (TCPS). Biotinylated chondrocytes were found to be
adhering to avidin-coated TCPS more quickly than untreated chondrocytes to
bare TCPS. The avidin-biotin binding system was found to have enhanced cell
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initial spreading, with transient effects. The growth of chondrocytes was first
decreased, for the first 3 days but increased afterwards. It was found that the
progeny of biotinylated chondrocytes still maintained the ability in expressing
cartilage extracellular matrix proteins such as type ÌÌ collagen, type ÌҲ
collagen and aggrecan. (W.B. Tsai et al., 2005)

Figure 48. A) Phase contrast microphotographs and B) fluorescent microphotograph of
biotinylated passage 1 chondrocytes. Fluorescent image was taken after incubation with
avidin-FITC (1gm/ml) for 5 mins. The bars represented here are 50 µm. (W.B. Tsai et al.,
2005)

The results showed potential for the application of avidin-biotin binding
system to cell culture and tissue engineering. The methods employed for cell
biotinylation and for avidin immobilization used in this study were quite
different from previous studies, from those of Reichert studies. In their studies,
adherent cells were biotinylated in cell culture flasks and the biotinylated cells
were later detached from the substrate, which is quite a limiting process for
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biotin conjugation. The suspended cells were made to undergo biotinylation in
this study. The difference in methods was tested and found to be of with
higher membrane bound biotin molecules when compared to Reichert’s
method. Avidin was also made to get adsorbed to TCPS directly, whereas the
other group used an indirect adsorption method (W.B. Tsai et al., 2005).

Figure 49. Growth curves for passage 1 chondrocytes. B chondrocytes were conjugated to
avidin coated TCPS in serum-free media, while normal chondrocytes were conjugated to bare
TCPS in serum containing media. Media were changed the next day with fresh serumcontaining media. (W.B. Tsai et al., 2005).

3.6 Experimental studies showing various combinations of gold
nanoparticles attachment with DNA and other biomolecules
Usage of biological molecules (affinity binding) to assemble polystyrene
beads and nanogold particles
Since Mirkin et al., and Aliviastos et al.,(1996) have demonstrated DNA
mediated-assembly of gold nanoparticles; there has been tremendous research
work done with interest in the use of DNA to specifically assemble micro- and
nano-size particles for chemical and biological detection and for possible uses
in future with relation to assemble nano-electronic devices. One of it being the
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Self assembly of micro-and nano-scale particles using bio-inspired events
which has been achieved. (H. McNally et al., 2003).
The biologically inspired events used were the hybridization of single (ss) - to
double stranded (ds) DNA and the strong affinity between the protein avidin
and its associated Vitamin, biotin. Employing these molecules, micro-scale
polystyrene beads and nano scale gold particles were assembled with high
efficiency on gold patterns and the procedures were optimized. The DNA and
avidin-biotin complex was also used to demonstrate the attachment of microscale silicon islands to each other in a fluid. This work provided insight into
the techniques for the self-assembly of heterogeneous materials.

Figure 19. Various strategies for bio-inspired assembly of particles. a) DNA on both devices
and substrates, (b) use of biotinylated DNA on substrate and avidin on particles, (c) use of
biotinylated-ds DNA on both substrate and devices and avidin as linking element. (H. McNally
et al., 2003).
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Figure 20. Optical micrographs showing the capture of avidin-coated beads using biotinylated
DNA. (a) Sample showing the bead attachment on the gold surface (beads appear on dots), (b)
control sample with no thiol, hence no bead capture. (H. McNally et al., 2003).

Figure 21. AFM (Atomic force microscope) scans
of gold nanoparticles assembly on gold surface. (a) Nanoparticles captured on gold when DNA
was attached to the substrate. (b) control sample with DNA which didn’t have thiol and hence
no biotin was present to capture the streptavidin–coated nanoparticles. (H. McNally et al.,
2003).

69

DNA-directed self-assembly of surface assisted bound layers of gold
nanoparticles have been analyzed with broad range of applications in material
science and biomedical science. Further to this the assembly of substrate –
bound nanoparticle monolayers which employed bifunctional nanoparticles as
building blocks, was containing two DNA oligomer sequences. One of the
sequences was used in attaching the particle with the solid support, while the
other sequence was used to form cross links between adjacently immobilized
surfaces. AFM analyses was used to prove the functionality of inter-particle
cross-links leading to enhanced surface coverage’s and the formation of
monolayered aggregates attached to the substrate. (C. M. Niemeyer et al.,
2003).
mRNA molecule has been detected by employing newer approaches like nonradioactive direct primed in situ reverse transcription where probe production
and other long procedures were avoided and instead Digoxigenin-labelled UTP
was incorporated into a cDNA. (Kriegsmann et al., 2001)
Hybrid conjugates comprising of biomolecules, such as proteins and nucleic
acids, which could be used as building blocks in the self-assembly of
nanometer-sized functional devices attracts great attention. DNA molecules
play an important approach in this area with their tremendous molecularrecognition capabilities. For instance, DNA oligomers have been used to
functionalize gold nanoparticles, thus enabling the bottom-up fabrication of
nanostructured materials (Storhoff et al., 1999), highly sensitive assays for
detecting proteins (Niemeyer et al., 2001) and nucleic acids (Reynolds et al.,
2000).
In previous studies involving DNA nanoparticle conjugates, they were carried
out exclusively using DNA conjugates containing just a single sequence that is
a single oligonucleotide sequence. (Pena et al., 2002); (Jin et al., 2003).
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Figure 22. (A) Schematics of the preparation of bifunctional DNA-gold nanoparticle
conjugates D2-Au by chemisorption of two thiol-modified oligomers (1,2,3,7,8 or 9) to citratestabilized gold nanoparticles. (B) Schematic drawing of DNA-directed immobilization of
cross-linked bifunctional DNA-gold nanoparticles D2-Au. Two different types of particles, D2AuA and D2-AuB, are immobilized at surface-bound capture oligomers. (C. M. Niemeyer et al.,
2003).

To prepare the Oligofunctional DNA-nanoparticle conjugates Dn-Au, the
method prescribed Mirkin and co-workers (Storhoff et al., 1998) employed
using citrate-stabilized gold nanoparticles and oligonucleotides 1-5 containing
thiol groups at their 3’ or 5’ termini. Time dependent measurements were
carried out to compare monofunctional with bifunctional conjugates that have
a low surface coverage of the hybridizing oligomers. UV/Vis measurements
revealed that each layer immobilization lead to increase in the absorbance at
526 nm. Control samples, in which the layers were formed either with or
without non complementary linkers, showed no such increase in absorbance at
526 nm. The result was promising as five sequences revealed more than 85%
efficiencies, while two of them dropping out. Finally the results showed a
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Figure 23. Schematics of the preparation of Oligofunctional DNA-gold nanoparticle
conjugates Dn-Au , illustrating the heptafunctional conjugate D7-Au containing sequence 1a,
1b, 2a, 2b, 3a, 4a, 5a; b) Schematic drawing of the DNA-directed immobilization of
bifunctional DNA-gold nanoparticles D2-Au containing the oligonucleotide sequences 2a and
5a with a subsequent silver development step suggested. (Niemeyer et al., 2003).

complex promising orthogonal coupling system, in which individual oligomers
could be addressed selectively, with high specificity. (Niemeyer et al., 2003).
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4. MATERIALS USED
Chemicals used for coupling, binding, control and others:

Ethyl dimethyl aminopropyl carbodiimide:
1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC) is a water-soluble
derivative of carbodiimide. Carbodiimide group plays the role of catalytic
agent in the formation of amide bonds between carboxylic acids or phosphates
and amines by activating carboxyl or phosphate which forms an O-urea
derivative. This derivative reacts readily with nucleophiles. In case of our
experiment the reagent was used to make peptide bonds from between acid and
amines.
Chemical structure of EDC:

N-hydroxyl succinimide:
It’s an additive or an enhancer used in the carbodiimide method for improved
amidations1 and peptide couplings.
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Chemical structure of NHS:

Biotin ethylenediamine Hydrobromide:
It is a coupling agent for the biotinylation of DNA, carboxylic acids, other
biomolecules.
Chemical structure for Biotin ethylenediamine hydrobromide.

Ethanolamine:
It was used as the first control in the experiment for binding and coupling of
biotin and avidin coated gold nanoparticles with the varying oxidized grids in
time (in secs).
Chemical Structure of Ethanolamine:
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Glucosamine hydrochloride:
It was used as a control in the binding and coupling with biotin and avidin
coated gold nanoparticles. It has some unique binding properties which were
discovered while using it as a control.
Chemical structure of Glucosamine hydrochloride:

Bovine Serum Albumin:
Bovine Serum Albumin (protein) is characterized by a high content of
cysteine, and the charged amino acids glutamic and aspartic acids, lysine and
arginine. Albumin structure is predominantly alpha helical (67%) with
remaining polypeptide occurring in turns and flexible and extended regions
between sub-domains with no beta sheets. It’s known for its
outstanding property of its ability to bind reversibly to incredible variety of
ligands. It was used as a major control in most part of the experimentation on
TEM grids with the coupling and binding of biotin and avidin coated gold
nanoparticles.
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Biotinyl-L-lysine hydrazide:

It is a reactive derivative generally used for labeling proteins and glycoproteins
with biotin. An alternative, biotin was used in the sixth experiment trial to
verify the difference.

Thioglycolic acid

It is a useful chemical intermediate in the chemical reactions such as addition,
elimination and cyclization. A small quantity of it was coated with the Au
solution and further a DNA probe (A’, one of the complementary
oligonucleotide) was coated with the final solution with two dialysis carried
out for 1.5 days and another for four hours.

Mercaptoethanol

It is usually used for retarding oxidation of biological compounds in solution.
Small quantities of it was coated with the Au solution and further a linker
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(EDC) or a catalytic agent, enhancer (NHS) and a long chain Biotin was coated
to the final Au solution with two dialysis carried out overnight and another one
for four hours.

4.1 Experimental procedures
4.1.1. Carbon coated TEM grids
4.1.1.1. Carbon coated TEM grids Preparation
In this technique, the grids are first prepared by formvar-carbon coated grids
and then by removing the formvar support. This is done by placing the grids in
an atmosphere of solvent vapour, which dissolves the formvar (which is a
plastic). The grids are placed on a wire mesh in a glass petri dish, the solvent
(chloroform or carbon tetrachloride is placed in the dish below the wire mesh
and the dish is closed by replacing the lid. If the vapour alone does not remove
the film (which should take a few hours), the process can be accelerated by
dipping the coated grids into the solvent prior to closing the dish and placing
them on the mesh to soak. The solvent was allowed to completely evaporate
before removing the grids, which will make them have only one carbon on
them. Carbons should always be thick enough to be supportive. Advantages of
having carbon-coated grids are high stability in electron beam and high
resolution examination of the adsorbed specimen.
Grids preserved after their preparation were ready to use. This preparation
technique was used each time; the grids were used in the experimental setup.
Carbon coated grids were used intentionally in the experiments in order to
have etching and oxidation i.e.; oxygen attachment, which act as a strong
platform and means for strong base for the coupling of the affinity based
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molecules and intactness throughout the process which includes cycle of
washes.
Note: All chemicals were purchased from Sigma, Germany, unless otherwise
stated.

4.2. Colloidal gold solution preparation (Avidin coated gold
nanoparticles preparation) (Ruth Hollinshead, 1990)
4.2.1. Method used:
5 ml of gold solution was taken at the right pH , add 5 µl 1 mg/ml pA ( protein
used Avidin), 500 µl was taken into a small glass test tube and to it after 1-2
secs 50 µl of 10% NaCl was added. This would be a final Pa conc. of 1 µl /ml.
There is 4.5 ml gold solution left out. To this 4.5 pA (protein-BSA) is added
and another 500 µl is taken in another test tube and again 500 µl is taken in
another test tube and added again 50 µl 10% NaCl – such that the final
concentration is 2 µg/ml. This was continued until there was no colour change
anymore which is shown with the respective amounts as following:
1 µg/ml: 5, 0 ml gold soln. + 5, 0 µl 1 mg/ml pA (Avidin) -- 500 µl + 50 µl
10% Nacl
2 µg/ml: 4, 5 ml gold soln. + 4, 5 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% Nacl
3 µg/ml: 4, 0 ml gold soln. + 4, 0 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% Nacl
4 µg/ml: 3, 5 ml gold soln. + 3, 5 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% Nacl
5 µg/ml: 3, 0 ml gold soln. + 3, 0 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% Nacl
6 µg/ml: 2, 5 ml gold soln. + 2, 5 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% Nacl
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It was at 2 µg/ml where 4, 5 ml of gold soln. + 4, 5 µl 1 mg/ml pA (Avidin) –
500 µl of 10 % NaCl, where there was no colour change anymore and it was
stable. The smaller the gold particle, the more pA is needed. It is usually about
3-3.5 µg/ml pA for 5-6 nm and about 2.0-2.5 µg/ml for 9-10 nm particles.

4.2.2. Gradient Preparation:
10-30 % of Glycerol solution is prepared which is 10 ml per tube in total in
each one of them. Glycerol / PBS / 0.1 % BSA gradient.
Density of glycerol = 1.249= 1.25 approx., Density of water = 1; which is
approx. taken into account for PBS calculation. Here, BSA is made into 0.1 %
from 10% of original soln. taken. The following table describes the different
percentages of glycerol which were made into, for performing gradient
centrifugation later on.

Percentage

Amount

Amount

Amount

of

of

of PBS

of

Glycerol

Glycerol

BSA,

0.1 %

soln.
10 %

800 µl

9.1 ml

100 µl

15 %

1.2 ml

8.7 ml

100 µl

20 %

1.6 ml

8.3 ml

100 µl

25 %

2.0 ml

7.9 ml

100 µl

30 %

2.4 ml

7.5 ml

100 µl

Table 1. Gradient preparation table
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4.2.3. Final solution preparation and centrifugation:
Avidin 2 µgm/ml of gold solution was found to be the stabilization
concentration of the gold soln. with the protein Avidin. The pH correction was
done with 0.1 % NaOH by the use of pH-paper. The pH chosen for avidin
protein was about pH 11, which was found suitable enough. Final avidin conc.
was added to the gold soln. while stirring. After 5 mins BSA/ PBS was added
to a final conc. of 0.2% to be sure that the gold particles are stabilized
maximally.

Centrifugation: A Ti 70 (Beckman) rotor is used, with a spin at 10,000 rpm
speed 30 mins at 4c. Most of the supernatant is removed without disturbing the
pellet and is resuspended, the loose part of the pellet in the remainder of
supernatant (the small part which couldn’t be removed without taking some of
the pellet, about 0.5- 1 ml). Pellets were mixed together and layers was made
which was 1-2 ml over a continuous 10-30 % of (12 ml per tube in totality)
glycerol / PBS + 0.1 % BSA gradient and spin at the 5,000 rpm speed in a SW
40 (Beckman) rotor 45 mins at 4c. The dark-red part of the band (about 2-3 cm
long) is then collected by first removing carefully the top part (uncoloured,
contains probably free pA). The dark part is found to be containing protein
(avidin)-gold essentially free of aggregates.

4.2.4. Storage and Observation of gold colloidal solution (avidincoated gold nanoparticles AVD-Au):
Storage: Immunogold probes may loose activity within weeks due to the
dissociation of the protein from the gold particles. Therefore, the Protein (pA)
–gold is dialyzed usually against 1l of 50 % glycerol / PBS at 4 c overnight.
But, the final gold soln. which was obtained was already quite dilute and
therefore it wasn’t dialyzed like the procedure mentioned above.
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Observation: The AVD-Au gold particles soln. was taken on a grid sample and
incubated for about 30mins, before observing it with the TEM. The gold
nanoparticles were observed which were in clusters and singles scattered
across.
This experiment was repeated about 3 times to get the AVD-Au stabilized gold
solution. The AVD-coated gold solution was prepared as requited, each time as
it lasts stabilized for quite short period i.e.; 3 weeks at the most.

5. EXPERIMENTAL PROCEDURES INVOLVED IN

THE PREPARATION OF TEM GRID SAMPLES.
5.1 USAGE OF ETHANOLAMINE AS A CONTROL AND AVIDINBIOTIN INTERACTION

Method:
Six grids were taken initially and all of them were oxidized
externally with the help of Oxygen Plasma (etching) method. Etching was
conducted in the following way:
1) First two grids were oxidized at 60W for 5 secs time at 40 mT (Torr)
pressure for the Oxygen plasma.
2) Second two grids were oxidized at for 10 secs time at 40 mT (Torr) pressure
(similar conditions of Oxygen Plasma).
3) The third and last set of two grids was oxidized for 15 secs time at similar
conditions as above.
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- There was an extra grid oxidized in all these cases in order to have an extra
one incase of any need.

Preparation of sample solutions with the appropriate amount of buffer:
Three different sample soln’s. were prepared as follows:
1) 50mM: EDC (Ethyl dimethyl aminopropyl carbodiimide) is a zero-length
cross-linking agent used to couple carboxyl groups to primary amines.
2) 50mM: NHS (N-Hydroxy succinamide) a coupling enhancer.
These two solutions were made into 1:1 EDC/NHS with the addition of buffer
PBS (pH 7.0-7.5). The TEM grids are incubated with the droplets from this
solution for about 15 mins and washed 3 times with the water (drop wise).
3) 10mM: Biotin-NH2 (0.5 ml) was prepared and kept ready for use. This
solution is added drop wise on a TEM grid and incubated for 1.5 hrs.
The grid is removed from the solution and is first washed with water drop wise
manner for about 3 times.
The TEM grids are then incubated with the avidin coated gold nanoparticles
for 30 mins with an occasional slight shake.

Finally, the grids are removed and washed with water for about 3 times. This
process was carried out for the one set of the grids which are of 5 secs, 10 secs
and 15 secs of oxidation time.
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Control: The other set of remaining three grids were treated with ethanolamine
solution, instead of Biotin-NH2.
Ethanol amine: It was prepared with 6.4 gms of ethanolamine with 10 ml of
PBS buffer. The grids were then incubated for 1.5 hrs in the case as well.

Results:
Comparative studies of Singles and clusters was done with counting for each
of the TEM images (pics) which represent the one’s treated (incubated) with
biotin and with ethanolamine.
Avidin-Biotin coupling interactions resulted in number of Singles and Clusters
increasing in number from 5 secs to 10 secs. Around 10 secs the maximum
binding number was observed with Au nanoparticles. Near to 15 secs the
growth of the binding number of the nanoparticles averaged a bit less,
somewhat similar to that of a blank TEM grid, which was used with 0 sec of
oxidation time. The number of singles was averaging around 75 at 10 secs,
which was the maximum.
Ethanolamine coupled Avidin interactions resulted in number of Singles and
Clusters also increasing in binding numbers from 5 to 10 secs, 10 to 15 secs.
Around 15 secs the maximum binding number was observed with Au
nanoparticles. The number of singles was averaging around 55, which was the
maximum. Ethanolamine though had shown signs of being a control with the
blank as observed in 0 sec, but starting from 5 secs of oxidized grids, there was
a sharp increase, though comparatively lesser then in avidin-biotin coupling
with the increase in oxidation time of the grids. Thus, Ethanolamine didn’t
prove out to be an ideal controller for the experiment.
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5.2 USAGE OF GLUCOSEAMINE AS A CONTROL IN THE
SECOND TRIAL:
Twelve grids were taken initially and oxidized (except one) with the help of
oxygen plasma procedure. Oxygen plasma was carried out in the following
way:
1) The first three grids were oxidized at 60W pressure for 5 secs time at 40 mT
(Torr pressure of Oxygen plasma).
2) The next three grids were oxidized at 8 secs with the same conditions as
above.
3) The next three grids were oxidized at 10 secs with the same conditions.
4) The remaining three grids were left out without oxidation i.e.; 0 sec.

Preparation of sample solutions with the appropriate amount of buffer:
Four different samples were prepared:
1) 50mM EDC
2) 50mM NHS
3) 10mM Biotin-NH2 (0.5 ml)
4) 10mM Glucose amine
The EDC and NHS solutions are made into 1:0.2 ratios with the addition of
dilute buffer PBS for use. The oxidized TEM grids (one set) are taken which
are as following 0 sec, 5 secs, 8 secs, 10 secs and 15 secs. The grids are
incubated in a soln. with the ratio of EDC/NHS/Biotin-NH2 1: 0.2: 1. Grids are
removed from the solution and washed with water for about 3 times.
Another solution of Glucose amine is freshly prepared. Freshly prepared
EDC/NHS/Glucose amine is made into a solution in the ratio of 1: 0.2: 1 and
the (other set) of TEM grids with different oxidation timings are incubated for
60mins. Grids are removed from the solution and washed with water for about
3 times.
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The remaining last set of varyingly oxidized TEM grids are just kept aside to
be used as blanks. Finally, all of the TEM grids samples were then taken and
incubated with gold coated avidin particles (AVD-Au) with about 50 µ volume
for 30 mins. The grids are removed and washed with water for about 3 times.
After the wash the grids are left for the drying overnight. Later the grids were
taken for examining with TEM.

Results and observation:
Singles and Clusters observed in the blanks with 0sec of oxidation were the
maximum averaging around 120 and 30 respectively (binding number) as
shown in Fig.1. It is observed with the histogram that with increase in
oxidation the number of Singles and Clusters started to decline in total binding
number of Au nanoparticles. The number of Singles and Clusters averaged
around 40 and 15 respectively showing a steep decline in the amount of
bounded Au nanoparticles. Around 8 secs of Oxidation used in this
experiment, The number of Singles and Clusters averaged quite similar to that
of 5 secs, little more in number of Singles, without much difference.
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Figure 1. Histogram showing the binding number of Glucose-amine singles and clusters
observed in the TEM images with the respective oxidation time in secs. There were two TEM
images for each type of sample; an average of two is taken into account. The first two with 0
sec of oxidation represent control for the whole series. Glucose-amine has been used as a
control in here. The results observed above show unique binding characteristics when
incubated with avidin coated Au nanoparticles.

TEM grids with 10 secs of oxidation indicated a bit decline in the number of
Singles and Clusters on an average basis in terms of the binding number,
shown in the Fig.1. The TEM grids with maximum oxidation time indicated
also steep decline with the average binding number of Au nanoparticles. This
suggests that glucose amine was not really able to have the inhibiting effect on
the coupled particles, instead had reverse growth pattern. It was concluded that
Glucose amine might have some unique intrinsic binding properties for the
oxidized TEM grid and Avidin (protein) coated Au nanoparticles.
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Figure 2. Histogram showing the binding number of Biotin singles and clusters observed in the
TEM images with the respective oxidation time in secs after incubating the TEM grids with
avidin coated Au nanoparticles. There were two TEM images for each type of sample; an
average of two is taken into account. The first two with 0 sec of oxidation represent the control
for the whole series. Avidin-Biotin affinity observed after the coupling and series of wash
involved after the incubation, exhibiting great binding affinity.

Avidin-Biotin affinity was observed in an increasing manner with the number
of oxidized TEM grids as expected, as shown in Fig.2. Thus, proving the fact
again that oxidation is aiding the coupling and binding of the molecules
tremendously and remained intact firmly. Blank samples as shown in Fig.3,
were quite inconsistent in binding number represented in singles and clusters
observed.

87

180

160

140

120

100
80
Blank singles
Blank clusters

60
40
20
0
J3 0 secs

J3 0 secs

N3 5 secs

N3 5 secs

M3 8 secs

Blank clusters
M3 8 secs

L3 10
secs

Blank singles
L3 10
secs

K3 15
secs

K3 15
secs

Figure 3. Histogram showing the binding number of Blanks (singles and clusters) observed in
the TEM images with the respective oxidation time in secs after incubating the TEM grids with
avidin coated Au nanoparticles. There were two TEM images for each type of sample; an
average of two is taken into account. The first two with 0 sec of oxidation represent the control
for the whole series.

Glucose-amine was experimented as a control, in order to get an inhibited,
negligibly less binding number when treated with avidin coated Au
nanoparticles. The results with TEM images and the final histogram lead to a
conclusion, that the Glucose-amine does have some unique binding properties
with a protein like avidin, which hasn’t been examined yet. Glucose-amine was
not used as a control in later experiments.

5.3 USAGE OF BSA AS CONTROL AND THIRD TRIAL:
Seven grids were taken initially and oxidized (except one) with the help of
Oxygen plasma procedure. Oxygen plasma was carried out in the following
way:
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1) First two grids were oxidized at for 5 secs time at 60W at 40mT (Torr)
pressure of Oxygen plasma.
2) The next two grids were oxidized at 8 secs in the same conditions.
3) The final three grids were oxidized at 10 secs in the same conditions.
4) There was one grid left out without oxidation i.e.; 0 sec.

Preparation of different samples with the appropriate amount of buffer:
Four different solutions were prepared which are as follows:
1) 50mM EDC
2) 50mM NHS
3) 10mM Biotin-NH2
4) Bovine Serum Albumin (BSA) solution with PBS into 3:4 ratios.
The solutions are made into a ratio of 1: 0.2: 1 of EDC: NHS: Biotin-NH2 for
three of the oxidized grids with 5 secs, 8 secs and 10 secs respectively. The
TEM grids are incubated in the solution for about 60 mins and are washed with
water 3 times afterwards.
The three grids after the wash are incubated with the freshly prepared EDC and
NHS in the ratio 1: 0.2 for about 15 mins. They are then again washed with
water about 3 times. The grids are incubated for about 45 mins in BSA solution
droplet.
For the remaining set of four grids (out of which three are oxidized ones) are
all incubated in EDC: NHS in the ratio of 1:1 freshly prepared solution for 15
mins. Grids are washed with water about 3 times in droplet forms. They are
incubated with BSA for about 45 mins.
The grids (all of them) are removed and again washed with water for about 3
times. Grids are then incubated with avidin-coated gold nanoparticles (AVDAu) for 30 mins. Amount used is 50 µl. Finally, grids are washed in water

89
droplets about 3 times and left for drying overnight. Later the grids were
examined with the help of TEM.

Results and observation:
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Figure 4. Histogram showing the binding number of Biotin singles and clusters observed in the
TEM images with the respective oxidation time in secs after incubating the TEM grids with
avidin coated Au nanoparticles. In this experiment as seen in the histogram after the counting
of the singles and clusters (binding number), it was clearly observed that the number of singles
and clusters were decreasing drastically with (fewer strongly bounded particles) the higher
oxidation time in secs employed on the TEM grids (in the beginning with the help of Etching).

Like in earlier experiments, average of two TEM images was taken into
account, to get the average of their respective counting numbers in the
histogram image. 8 secs was found to be the most probable best oxidation time
(in secs) to have the maximum bounded (coupled) particles with strong affinity
in terms of average of both Singles and Clusters. 8 secs of oxidation time was
thus included henceforth in all of the experiments. Contrary to the experiment
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before the number of Singles and Clusters were found to be the maximum
around 5 secs oxidation time, rather than 8 secs, as observed in the previous
experiment. The control for the sample had singles and clusters ranging around
22 and 15 at an average respectively. This control thus showed that the amount
of Singles and Clusters were on rise with the oxidized TEM grids, henceforth
improving the binding capacity and tenacity for the molecules combined
visible in the form of Au nanoparticles.
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Figure 5. Histogram showing the binding number of BSA singles and clusters observed in the
TEM images with the respective oxidation time in secs after incubating the TEM grids with
avidin coated Au nanoparticles. BSA was used as a control in order to have the inhibiting
binding effect with avidin coated Au nanoparticles. The number of Singles and Clusters
(binding number) clearly shows the variation in the number of Clusters averaging more or less
the same through 5, 8 and 10 secs of oxidation. While, in the number of Singles, BSA-avidin
bound particles were found to be decreasing in number drastically, signaling the partial effect
of being a Control.
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This experiment was conducted with very few grids and the TEM grid with 15
secs oxidation was missing in both the cases and control was missing on in
with BSA (the control). BSA being a really dense protein in itself was
expected to cover off the TEM grid completely with an inhibiting effect, with
no affinity towards avidin coated Au nanoparticles. The number of Singles
was found to be decreasing with the increase in oxidation state thereby,
indicating that the BSA-Avidin binding was getting more concentrated and
resulting in fewer Singles and some clusters, as examined with the binding
number counted in the resulting histogram.

5.4 ANOTHER USAGE OF BSA AS A CONTROL IN THE FOURTH
TRIAL:
Fourteen TEM grids were taken initially and oxidized in the following manner
with the help of Oxygen plasma.
1) First three grids were not oxidized i.e.; 0 sec of oxidation, blanks.
2) The next three grids were taken oxidized for 5 secs each.
3) The consecutive three grids were oxidized for 8 secs each.
4) The next two grids were oxidized for 10 secs each.
5) The last three grids were oxidized for 15 secs each.
Each of these grids had the same original conditions i.e. 60W at 40 mT (Torr
pressure of Oxygen plasma).

Preparation of different solution samples with the appropriate amount of
buffer:
Four different solutions were prepared:
1) 50mM EDC
2) 50mM NHS
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3) 10mM Biotin-NH2
4) BSA 1% with PBS i.e. 10mg of BSA for 1000 µl of PBS. 2 µl of Na-azide
was also added for preserving the stock solution.
The solution was made into 1: 0.2 :1 ratio EDC/NHS/Biotin-NH2 for four
oxidized grids with 5 secs, 8 secs, 10 secs and 15 secs respectively. The TEM
grids were then incubated in this solution for about 60 mins and are washed
with water droplets about 3 times.
The washed TEM grids were then incubated with freshly prepared EDC/NHS
in the ratio of 1: 0.2 for about 15 mins. They are washed again with water
about 3 times. The above grids are then incubated with BSA for about 45 mins.
The grids are then washed with water droplets for about 3 times.
For the remaining 5 grids (of the total 14) were incubated with freshly prepared
EDC: NHS in the ratio 1: 0.2 for 15 mins which are of varying oxidized
timings i.e. 5 secs, 8 secs, 10 secs and 15 secs respectively. Grids are washed
with water for about 3 times. The above grids are then incubated with BSA for
about 45 mins. The grids are then removed / given a wash with water droplets
about 3 times.
All 14 grids (including 4 blanks) are then incubated with avidin-coated gold
nanoparticles for 30 mins. The amount used is 50 µl. Finally, all grids are
washed with water (about 3 times) removed and dried overnight. Later the
grids are taken in a grid holder for examination with the help of TEM.

Results:
Blank samples showed decrease in number of singles and clusters at 0 sec
drastically and showed a steep decrease in number of singles and clusters again
around 8 secs. At 5 secs, the number of singles and clusters were more
consistent and thus elucidated a good average binding number. Whereas, in 15
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sec the number of singles binding had an average similar to 5 secs to an extent
and the number of clusters were fairly similar, a bit less when compared to 5
sec oxidation time.

Figure 6. TEM Blank samples, histogram depicting diverse oxidation time in secs; 0 sec, 5
secs, 8 secs and 15 secs. The increasing number of Singles and Clusters show stronger binding
or coupling with the increase in oxidation time. There was a slight decrease in Clusters
observed around 8 secs. Au nanoparticle size, used ranged around 10 nm.
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Figure 7. TEM BSA samples, histogram depicting diverse oxidation time in secs; 0 sec, 5 secs,
8 secs 10 secs and 15 secs. There is clear decrease evident in (binding number) the number of
Singles and Clusters of coupled Au nanoparticles is observed. Au nanoparticle size used,
ranged around 10 nm.

The histogram of the data depicts that BSA has an inhibiting effect on the
coupling and binding of Avidin coated Au nanoparticles with the increase in
oxidation applied to the TEM grids. In blank with 0 sec oxidation time, the
average binding number represented through Singles and Clusters, which is
maximum ranging around 105 and 35. There is real decrease in the number of
Singles and Clusters with the 5 secs oxidation time and the binding number
goes down further with 8 secs, 10 secs and 15 secs to a minimum average of 26
and 12 in terms of Singles and Clusters respectively.
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Figure 8. TEM Biotin-BSA samples, histogram depicting diverse oxidation time in secs; 0 sec,
5 secs, 8 secs 10 secs and 15 secs. There is decrease in the binding number at the beginning,
i.e. at 5 secs of oxidation time evident with the number of Singles and Clusters of coupled Au
nanoparticles visible with TEM images. Au nanoparticle size used, ranged around 10 nm.

The TEM grids were used with a different combination, first with EDC-NHSbiotin and then after a wash given treatment with BSA, another wash given,
before treating the sample finally with Avidin coupled nanoparticles. In the
blank for Biotin-BSA Singles and Clusters were quite high in terms of binding
number, when observed with the TEM images. Coupled particles tend to
decrease in binding number with the oxidized TEM grids around 5 secs and 8
secs. There was a slight steep rise seen in the binding number (Singles and
Clusters) which was quite constant with the 15 secs oxidation time. This
modified experiment reveals that the TEM grid already coupled with EDCNHS-biotin still had a very strong effect and impact with the oxidation. So,
that suggests that even after the wash and incubation with BSA, it still doesn’t
completely fall down in the number of bounded particles.
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5.5 USAGE OF BSA WITH VARIATION AS CONTROL IN THE
FIFTH TRIAL:
Fourteen grids were taken and oxidized with RIE (Reduction Ion exchange) i.e.
(Oxygen plasma etching) with variations in their respective oxidation times,
which were as follows:
1) The first two grids were kept aside and not oxidized to have a 0 sec
oxidation time.
2) The next three grids were oxidized for 5 secs in similar conditions.
3) The next three grids were oxidized for 8 secs each.
4) The next three grids were oxidized for 10 secs each.
5) The final three grids were oxidized for 15 secs each.
Each of these grids were oxidized at 60W 40mT (Torr pressure) of Oxygen
plasma .

Preparation of different solution sample with the appropriate amount of
buffer:
Four different solutions were prepared:
1) 50mM EDC (was freshly prepared each time; as it looses coupling effect
with long time storage).
2) 50mM NHS
3) 10mM Biotin-NH2 was freshly prepared.
4) BSA 1% with PBS (from the stock solution, stored earlier).

Sample preparation for Biotin-BSA:
These solutions (the first three) were made into 1: 0.2: 1 ratio of EDC: NHS:
Biotin-NH2 for the first 5 grids which were meant to be for Biotin-BSA. TEM
grids with 0 sec, 5 secs, 8 secs, 10 secs and 15 secs respectively varying
oxidation times. The grids were incubated in this EDC: NHS: Biotin-NH2
solution for 45 mins. After the incubation the grid (samples) were washed in
water droplets for about 3 times.
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The washed grids are then incubated with freshly prepared EDC-NHS (from
the stock soln.) for about 30 mins. After the incubation the grids were washed
with water droplets for about 3 times (all 5 grids) and then incubated with BSA
for about 45 mins. A final wash was given to those grids for about 3 times with
water. These grids were then incubated with AVD-Au gold particles for about
30 mins. Then a final wash was given in the droplet from first and then they
were sonicated for 2 mins for the clusters to ease out.

Sample preparation for BSA-Biotin:
The other four grids were taken out of the total 14 grids and were taken out of
the total (fourteen) grids and were incubated with freshly prepared EDC and
NHS in the ratio 1: 0.2 for 30 mins. Then the grids were washed with water for
about 3 times and then incubated with BSA for 45 mins on a Para film.
Afterwards, the grids were washed with water again (about 3 times) and then
incubated with EDC (freshly prepared): NHS: Biotin-NH2 in the ratio of 1: 0.2:
1 for about 45 mins. The grids were then washed with water droplets about 3
times. Finally the grids were incubated with AVD-Au gold nanoparticles
(colloidal soln.) for about 30 mins. The grids were given a final wash (for
about 3 times) and also sonicated with a sonicator for about 2 mins.

Sample preparation for BSA ones (only):
The remaining five grids were taken and incubated with EDS (freshly
prepared) and NHS (from stock soln.) for 30 mins. The grids were then
washed with water droplets for about 3 times and incubated with BSA for
about 45 mins on the Para film. The grids were washed with water again about
3 times after the incubation. The grids were then finally incubated with AVDAu nanoparticles (colloidal soln.) for about half an hour, 50 µl was used
(approx.). The grids were then washed water for about 3 times and sonicated
for about 3 mins for the clusters to ease out. All of the grids are then dried
overnight and observed with the help of TEM.
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Results:
The TEM images were observed for all of the samples. Due to problems with
filming of TEM images the pictures didn’t turn out well. Thus, histogram was
not prepared for this experiment.

5.6 ANOTHER USAGE OF BSA WITH VARIATION AS CONTROL IN
THE SIXTH TRIAL:
Twelve TEM grids were taken which were carbon-coated as in all of the
previous trials. These grids are oxidized with RIE (oxygen plasma) etching
with the variation in oxidation time which was as follows:
1) The first three grids were oxidized for 5 secs each.
2) The next three grids were oxidized for 8 secs each.
3) The next three grids were oxidized for 10 secs each.
4) The final three grids were oxidized for 15 secs each.
Each of these grids was oxidized at 60 W 40 mT (Torr pressure of Oxygen
plasma).

Preparation of different solution sample with the appropriate amount of buffer:

1) 50mM EDC (was freshly prepared)
2) 50mM NHS
3) 10mM Biotin-L-lysine hydazide.
4) 10mM Biotinyl-hexanoic acid, N-hydroxy succinamide ester.
5) BSA 1% with PBS (from the stock soln.)

Sample preparation for three different Biotin combinations:

1) Biotin ester (long chain one)
In the first method, the first four sample grids were taken which are of varying
oxidation time (in secs). There were three soln’s., which were made into EDC:
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NHS: Biotin ester in the ratio 1: 0.2: 1. These sample grids were incubated in
this solution for about more than half an hour.
Biotin-NHS-ester had to be dissolved in dimethyl formamide for the use, as it
was not dissolving in PBS. 1ml of dimethyl formamide was used for this
purpose. The grids were removed and then washed with water droplets about
three times.

2) BSA-EDC-Biocytin hydrazide and 3) BSA-Biocytin hydrazide
The next four set of grids was taken with varying oxidation times 5 secs, 8
secs, 10 secs and 15 secs. These samples were incubated with 1% BSA for
about 45 mins. After the incubation of the sample grids, they were washed with
water with the help of sonication. For each grid about 15 secs of sonication
was given with a gentle wash. As, with BSA grids quickly form multiple layers
on top of it.
After the wash, the other Biotin i.e. Biotin L-lysine hydrazide was used and
the samples were incubated with it for half an hour. The final four remaining
grids sets of grids were taken with varying oxidation time in secs. They were
incubated with 1 % BSA for about 45 mins. These grids were then removed
from the BSA soln. and given wash with water droplets about three times and
also given brief sonication lasting about 15 secs.
After the wash, the grids were removed and incubated with EDC: NHS: BiotinL-lysine hydrazide in the ratio 1: 0.2: 1 for about half an hour. The grids were
then washed with water droplets for about three times. All of the 12 grids were
then finally incubated with AVD-Au nanoparticles i.e. Avidin coated Au
nanoparticles for half an hour. The grids were gently given a wash with water
and kept for drying overnight. All of the grids were then examined with
Transmission Electron Microscope (TEM).
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Figure 9. TEM image of avidin coated-gold nanoparticles with 5 secs of oxidation time
employed on the TEM grid (before). Biotinamidohexanoic acid N-hydroxy succinamide ester
conjugation with avidin made visible gold nanoparticles. Au nanoparticles with size about 10
nm.

Figure 10. TEM image of avidin coated-gold nanoparticles with 8 secs of oxidation time
employed on the TEM grid (before). Biotinamidohexanoic acid N-hydroxy succinamide ester
conjugation with avidin made visible gold nanoparticles. Au nanoparticles with size about 10
nm.
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Figure 11. TEM image of avidin coated-gold nanoparticles with 10 secs of oxidation time
employed on the TEM grid (before). Biotinamidohexanoic acid N-hydroxy succinamide ester
conjugation with avidin made visible gold nanoparticles. Au nanoparticles with size about 10
nm.

Figure 12. TEM image of avidin coated-gold nanoparticles with 15 secs of oxidation time
employed on the TEM grid (before). Biotinamidohexanoic acid N-hydroxy succinamide ester
conjugation with avidin made visible gold nanoparticles. Au nanoparticles with size about 10
nm.
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Figure 13. A histogram representing the variation in oxidation time (in secs) and the no: of
Singles and Clusters plotted in the manner of data obtained from the TEM images. The data
was obtained by counting the clusters and singles from two different TEM images for each
type (studied in detail) and average of each type was taken into account.

Biotin ester treated grids (only) showing the proximity for coupling and
binding with a constant rate of binding number, with the maximum binding
number around 8 secs (as it was observed in the first experiment) and also a
steep increase in binding number from 10 secs to 15 secs. Avidin-Biotin
affinity remaining constant in increase represented with the binding number,
with the application of etching. Etching playing a major role in further
bolstering the binding.
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Figure 14. TEM image of avidin coated-gold nanoparticles with 5 secs of oxidation time
employed on the TEM grid (before). Grids given a treatment with BSA (first) and then
coupling (conjugation) of Biocytin hydrazide was used here with avidin-coated gold
nanoparticles were examined. Au nanoparticles with size about 10 nm.

Figure15. TEM image of avidin coated-gold nanoparticles with 8 secs of oxidation time
employed on the TEM grid (before). Grids given a treatment with BSA (first) and then
coupling (conjugation) of Biocytin hydrazide was used here with avidin-coated gold
nanoparticles were examined. Au nanoparticles with size about 10 nm.
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Figure16. TEM image of avidin coated-gold nanoparticles with 10 secs of oxidation time
employed on the TEM grid (before). Grids given a treatment with BSA (first) and then
coupling (conjugation) of Biocytin hydrazide was used here with avidin-coated gold
nanoparticles were examined. Au nanoparticles with size about 10 nm.

Figure17. TEM image of avidin coated-gold nanoparticles with 15 secs of oxidation time
employed on the TEM grid (before). Grids given a treatment with BSA (first) and then
coupling (conjugation) of Biocytin hydrazide was used here with avidin-coated gold
nanoparticles were examined. Au nanoparticles with size about 10 nm.
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Figure 18. A histogram representing the variation in oxidation time (in secs) and the no: of
Singles and Clusters plotted in the manner of data obtained. The data was obtained by counting
the clusters and singles from two different TEM images for each type studied in detail and
average of each type was taken into account.

TEM grids with BSA first and then after a wash being treated with EDC-NHSbiotin showing negligible effect of control. As, there is no decrease in coupling
or the binding number observed in the histogram throughout the increased
oxidized time. There is a small decrease in amount of Clusters and Singles
observed around 15 secs, which could be attributed to high amount of
oxidation which might have been affecting, in a bit of loosening up of bounded
nanoparticles. Nevertheless, the steady increase in the binding number reflects
the nature of strong intramolecular interaction involved in coupling.
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6. Final experiment: Preparation of two different kind of gold

(colloidal) solutions; one with a protein (Avidin) and the
other with Mercaptoethanol amine (thiol).
Preparation and method involved:
To prepare 100 ml of gold solution, two stock solutions were prepared.

Solution A
80 ml of distilled water and 1 ml 1% aqueous gold chloride solution was used.

Solution B
4 ml 1% tri sodium citrate.2 H2O + variable amount of 1% tannic acid (varying
vol’s. generally) [*Mallinckrodt #1764].
Soln. A and Soln. B, both of them were warmed up to 60◦C (separately) and
were mixed while stirring. When the red colour was formed, the mixed
solution was heated up to 95 ◦C and cooled the solution on ice. The larger
particles (where lower conc. of tannic acid was used) take longer to form and
the red colour could take up to 1 hr in some cases to develop. In this case, red
colour developed within 5 mins of mixing up of the two above solutions.
Amount of Tannic acid used (for 100 ml final solution) was 0.500 ml i.e.; 500
µl which would lead to the formation of gold nanoparticles with size ranging
around 6.0 nm.
Note: The previous gold solutions used in the experiment to prepare Avidin
coated gold nanoparticles were used from the stock solution.
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6.1

MERCAPTOETHANOL-AMINE

GOLD-SOLUTION

PREPARATION
The final gold solution obtained above was divided into three parts. To prepare
a gold solution with Mercaptoethanol-amine, 25 ml of gold solution was used
from the total gold solution prepared (as in above).
200 µl of Mercaptoethanol-amine was taken and mixed with 1.8 ml of ethanol.
It was then mixed with 25 ml of the gold solution (i.e. 10 % of
Mercaptoethanol-amine) and sonicated for the solution to get mixed
thoroughly. The amount of Mercaptoethanol-amine was found to be in excess
when the amount of gold in mgs was calculated from 1 ml of 1% gold chloride
dissolved in 100 ml of water. It was 0.2 mg (gold amount).
In order to remove the excess of Mercaptoethanol-amine from the gold
solution, it was dialyzed with distilled water twice (once overnight and another
time for 4 hrs). It was essential to dialyze the excess of Mercaptoethanolamine with the gold solution , as it was leading to aggregation i.e. formation
of clumps. This would ensure that mercaptoethanol-amine was properly coated
to the Au nanoparticles.

AVIDIN COATED GOLD SOLUTION PREPARATION
(Ruth Hollinstead, 16.2.90)
The pH correction was done with 0.1 NaOH, buy the use of pH paper to the
gold solution. Protein (Avidin) is dissolved with PBS at a final concentration
of 1 mg/ml.
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Procedure:
5ml of gold solution at the right pH was taken and 5 µl 1mg_/ml was added.
500 µl of 10% NaCl was added. This was supposed to give a final pA (Avidin)
concentration of 1 µg/ml. There is 4.5ml of gold solution left. To which 4.5 µl
pA was added and 500 µl was taken out into another test tube and again 50 µl
10% NaCl was added –final conc. 2 µg/ml pA. This was continued until there
was no colour change anymore.
Ex:
1 µg/ml: 5, 0 ml gold soln. + 5, 0 µl 1 mg/ml pA (Avidin) -- 500 µl + 50 µl
10% NaCl
2 µg/ml: 4, 5 ml gold soln. + 4, 5 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% NaCl
3 µg/ml: 4, 0 ml gold soln. + 4, 0 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% NaCl
4 µg/ml: 3, 5 ml gold soln. + 3, 5 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% NaCl
5 µg/ml: 3, 0 ml gold soln. + 3, 0 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% NaCl
6 µg/ml: 2, 5 ml gold soln. + 2, 5 µl 1 mg/ml pA (Avidin) – 500 µl + 50 µl
10% NaCl
It was at 3 µg/ml where – 4, 0 ml gold soln. + 4, 0 µl 1 mg/ml pA (Avidin)
500 µl of 10 % NaCl, where there was no colour change anymore and it was
stable. The smaller the gold particle, the more pA is needed. It is usually about
3-3.5 µg/ml pA for 5-6 nm and about 2.0-2.5 µg/ml for 9-10 nm particles.
As, discussed earlier the gold solution is supposed to have gold nanoparticles
with size around 6.0-6-5 nm.

109
50 ml of gold solution was taken and to it a final pA conc. (Avidin) was added
while stirring 3 µg/ml i.e. 50 × 3 =150 µl of total amount of protein with final
conc. of 1 mg/ml was added and stirred with magnetic stirring. After 5 mins of
stirring BSA in PBS 0.2 % was added to make sure that gold particles are
stabilized maximally.

Centrifugation:
A Ti 70 (Beckman rotor was used, spun at 35000 rpm (in accordance with the
gold particle size for 30 mins at 4◦C . Most of the supernatant was removed
without disturbing the pellet in the remainder of the supernatant (the small part,
which was not removed, about 0.5-1ml). The pellets were then mixed together
and a layer about 1-2 ml was fixed on top of a continuous 10-30% (12ml per
tube) glycerol/PBS + 0.1%BSA gradient and spun at the appropriate speed
25,000 (rpm) (in accordance with the size of gold nanoparticles in a SW40
(Beckman rotor) at 45 mins at 4◦C. The dark –red part of the band (about 2-3
cm long) is then collected by first removing carefully the top part (uncoloured,
contains probably free pA).
The dark part contains pA-gold essentially free of aggregates.
Storage: Immunogold probes may loose activity within weeks due to the
dissociation of the protein from the gold particles. Therefore, the Protein (pA)
–gold is dialyzed usually against 1l of 50 % glycerol / PBS at 4 c overnight.
But, the final gold soln. which was obtained was already quite dilute and
therefore it wasn’t dialyzed like the procedure mentioned above.
Observation: The AVD-Au gold particles soln. was taken on a grid sample
and incubated for about 30mins, before observing it with the TEM. The gold
nanoparticles were observed which were in clusters and singles scattered
across.
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This experiment was repeated about 3 times to get the AVD-Au stabilized gold
solution. The AVD-coated gold solution was prepared as requited, each time as
it lasts stabilized for quite short period i.e.; 3 weeks at the most.

6.2 PREPERATION OF THIOGLYCOLIC ACID COATED GOLD
NANOAPRTICLES

Method:
6.5 ml of gold solution was taken from the original gold solution and 4 µl of
thioglycolic acid was added, mixed together and dialyzed twice with PBS
(overnight and for 4 more hrs, (every time with fresh soln. of PBS). Dialysis
would remove off the excess of solute and larger molecules of the solute and
help in maintaining the evenly, equally soluble amount in the solution.

6.2.1 PREPERATION OF FINAL STEP WITH TEM GRIDS WITH
TWO

DIFFERENT

GOLD

SOLUTIONS

(HAVING

VARYING

OXIDATION TIME).
1) Mercaptoethanol amine coated Au nanoparticles. (As prepared in the
previous experiment).
2) Thioglycolic acid coated Au nanoparticles.

TEM grids with Avidin coupled to (EDC-NHS) Biotin coated
Mercaptoethanol amine coated Au nanoparticles.

Method:
12 TEM grids were taken and oxidized with RIE (etching) to have varying
oxidized time in secs. Two grids were oxidized for 5 secs, 8 secs, 10 secs and
15 secs respectively and rest of them were not oxidized i.e. with 0 sec of
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oxidation in time (in secs). Each of these grids was oxidized at 60W 40 mT
(Torr pressure of Oxygen plasma).
The two gold solutions were taken and first the mercaptoethanol-amine coated
Au

nanoparticles (1

ml of the soln.) were kept ready. 10mM:

Biotinamidohexanoic acid N-hydroxy succinamide ester (0.5 ml) was prepared
and kept ready for use. 10 mM and 5mM of EDC and NHS were also prepared
respectively.

EDC,

NHS

and

Biotinamidehexanoic

acid

N-

hydroxysuccinamide ester was made into ratio 0.2 : 0.1: 0.4 of solution and
mixed with mercaptoethanol-amine coated Au nanoparticles and were dialyzed
with PBS (over 1.5 days and 4 more hours, altogether, every time with fresh
PBS). Dialysis was performed in order to remove off the excess of solute and
larger molecules of the solute and help in maintaining the evenly equally
soluble amount in the solution. Thus, a final solution of Biotin coupled with
EDC, NHS and coated with mercaptoethanol-amine coated Au nanoparticles
was prepared.
First set of six TEM grids were taken with different varying oxidation time in
secs; two of them being 0 sec in oxidation time (to be used as control and
another one blank). Avidin was used from the stock soln. of 1mg/ml of PBS
and about 200 µl was used in the form of droplets and 5 grids (of the total six)
were incubated for about 2 .5 hrs. TEM grids that were incubated were of 0 sec
(Control), 5 secs, 8 secs, 10 secs and 15 secs oxidized times respectively. TEM
grids were then given wash with water droplets about 3 times.
Finally, TEM grids, all 6 of them, including the one which was left out before
(Blank, also with 0 sec oxidation time) were incubated in the above prepared
Biotin coupled with EDC, NHS and coated with mercaptoethanol-amine
coated Au nanoparticles for more than 45 mins. TEM grids were then given a
final wash with water droplets and were sonicated for a brief period like 12
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secs, to ease of the sample. TEM grids were dried overnight and TEM images
were taken.

TEM grids with Oligonucleotide coupled to the other oligonucleotide
(EDC-NHS) coated with thioglycolic acid coated Au nanoparticles.
(Complimentary Oligo or DNA probes).

Method:
Secondly, the one with thioglycolic acid coated Au nanoparticles was kept
ready. Complementary oligonucleotides A’ and T’ and disposable dialyzed
tubes were kept ready. 200 µl of PBS was used and added to both the
complementary oligonucleotides (DNA probes) which are NH2-A16 and NH2T16 respectively by calculating the amount of gold present in the gold solution,
which was found to be 0.2mg.
Oligo NH2-A16, 25 µl of the final solution was taken , (which would be 0.1
mg/ml) and coupled on to by mixing it with EDC and NHS. 10mM of EDC
soln. and 5mM of NHS soln. was prepared for this use. The gold solution (1ml
of it was used from the gold solution which was coated with thioglycolic acid
Au nanoparticles) and dialyzed twice with PBS (overnight and 4 more hours,
every time in fresh solution with PBS). Thus, a final solution of Oligo A’
coupled with EDC, NHS and coated with thioglycolic acid coated Au
nanoparticles was prepared.
The second set of six TEM grids was taken and out of which 5 were used and
incubated with EDC, NHS and Oligo NH2-T16 coupled on each other in the
total soln. for 45 mins. The 5 TEM grids that were incubated were of 0 sec
(Control), 5 secs, 8 secs, 10 secs and 15 secs oxidized times respectively. After
the incubation the grids were washed with water droplets about 3 times.
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Finally, the six grids, including the one which was left out before (Blank, also
with 0 sec oxidation time) were incubated in the above prepared Oligo A’
coupled with EDC, NHS and coated with thioglycolic acid coated Au
nanoparticles for about 45 mins. Then the grids were given a wash again with
water droplets and were done sonication for a brief period like 12 secs, to ease
of the samples. TEM grids were dried overnight and were taken for TEM
imaging and pictures.

7. RESULTS
Final results with TEM images and interpretation of the results with
histograms.

Figure 24. Control TEM sample. TEM image of the grid treated with Avidin and
Mercaptoethanol coated Au nanoparticles, further coated with EDC-NHS-Biotin. TEM grids
were incubated with avidin for about 2 hrs and then treated with the dialyzed Biotin coated
Mercaptoethanol coated Au nanoparticles for about 45 mins. 0 sec oxidation time (TEM grid
was not oxidized in the beginning). Au nanoparticles having size 6nm.
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Figure 25. TEM image of the grid treated with Avidin (first) and Mercaptoethanol coated Au
nanoparticles, further coated with Biotin with EDC-NHS. TEM grids were left for incubation
with avidin for about 2 hrs and then treated with the dialyzed Biotin coated Mercaptoethanol
coated Au nanoparticles for about 45 mins. 5 secs oxidation time. (TEM grid was oxidized in
the beginning). Au nanoparticles having size 6nm.

Figure 26. TEM image of the grid treated with Avidin (first) and Mercaptoethanol coated Au
nanoparticles, further coated with Biotin with EDC-NHS. TEM grids were left for incubation
with avidin for about 2 hrs and then treated with the dialyzed Biotin coated Mercaptoethanol
coated Au nanoparticles for about 45 mins. 8 secs oxidation time. (TEM grid was oxidized in
the beginning). Au nanoparticles having size 6nm.
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Figure 27. TEM image of the grid treated with Avidin (first) and Mercaptoethanol coated Au
nanoparticles, further coated with Biotin with EDC-NHS. TEM grids were left for incubation
with avidin for about 2 hrs and then treated with the dialyzed Biotin coated Mercaptoethanol
coated Au nanoparticles for about 45 mins. 10 secs oxidation time. (TEM grid was oxidized in
the beginning). Au nanoparticles having size 6nm.

Figure 28. TEM image of the grid treated with Avidin (first) and Mercaptoethanol coated Au
nanoparticles, further coated with Biotin with EDC-NHS. TEM grids were left for incubation
with avidin for about 2 hrs and then treated with the dialyzed Biotin coated Mercaptoethanol
coated Au nanoparticles for about 45 mins. 15 secs oxidation time. (TEM grid was oxidized in
the beginning). Au nanoparticles having size 6nm.
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Figure 29. Blank TEM sample. TEM image of the grid treated with Mercaptoethanol coated
Au nanoparticles, further coated with Biotin with EDC-NHS (Only). TEM grids were left for
incubation with the dialyzed Biotin coated Mercaptoethanol coated Au nanoparticles for about
45 mins. 0 sec oxidation time. (TEM grid was not oxidized in the beginning). Au nanoparticles
having size 6nm.

The average of the two TEM images of each sample was considered for the
result. It was observed with the TEM images in the coupling of Avidin with
Biotin coated Mercaptoethanol coated Au nanoparticles that the Singles were
quite varied with Control. While, with 0 sec of oxidation time, the number of
clusters observed were also the maximum in the same, when compared to the
other oxidized TEM grids. The number of Singles and Clusters (binding
number) averaged more or less the same with the two TEM images of 5 secs
oxidation time. The numbers of Singles and Clusters were clearly hardly there,
except one or two, odd Singles or Clusters. It definitely showed a drastic
change in terms of the first oxidized grid in terms of the coupling (binding)
property.
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Figure 30. Histogram showing the data, with the binding number counted in the form of
Singles and Clusters and represented with varying oxidized states of TEM grid samples. 0 sec
oxidation is the Control for this experiment which was not oxidized in the beginning and was
treated with Avidin first and later with Mercaptoethanol-Biotin coated Au nanoparticles, same
as in case with the other oxidized TEM grids.

There was a slight increase in the number of Singles and Clusters of Aunanoparticles observed (which was still not drastically enormous) and which
averaged around 5 and 2.5 for Singles and Clusters respectively with 8 secs of
oxidation time. Even with 10 secs of oxidation time, the number of Singles and
Clusters appears to be very few averaging less than 5 each. Finally, with 15
secs of oxidation there was a steep increase in the amount of binding number
of Singles averaging around 32, while the number of Clusters remained quite
few in number as in throughout the oxidized TEM grids. Thus, thereby
Mercaptoethanol proved out a greater extent, to be a better control for the
strong affinity binding, which exists between molecules like Avidin and
Biotin.
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Figure 31. Blank TEM sample histogram showing the data, with the binding number counted
in the form of Singles and Clusters and represented by a 0 sec oxidized time in secs. In this
case, a blank sample was produced by incubating the TEM grid with Mercaptoethanol-Biotin
coated Au nanoparticles only*, and was not treated with avidin. This blank was prepared to
observe the difference that the Mercaptoethanol-Biotin coated Au nanoparticles Au
nanoparticles would have without having the coupling or the binding affinity towards the
avidin molecule.

The blank TEM sample with Mercaptoethanol-Biotin coated Au nanoparticles
showed binding pattern with quite a huge number of Singles and Clusters,
when compared to other oxidized grids. The data obtained with blank suggests
that the biotin was still able to bind strong enough with only Mercaptoethanolamine coated Au-nanoparticles.
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Figure 32. Control sample. TEM image of the grid, incubated first with Complementary
Oligonucleotide T’ and then with Thioglycolic acid coated Au nanoparticles, further coated
with EDC-NHS attached A’ oligonucleotide (DNA probe). TEM grids were left for incubation
with the Oligonucleotide T’ for 45 mins, washed and then finally treated with Thioglycolic
acid coated Au nanoparticles, further coated with the other complementary oligonucleotide A’.
0 sec oxidation time. (TEM grid was not oxidized in the beginning). Au size = 6nm.

Figure 33. TEM image of the grid, treated first with Complementary Oligonucleotide T’ and
then with Thioglycolic acid coated Au nanoparticles, further coated with EDC-NHS attached
A’ oligonucleotide (DNA probe) by dialyzing the final solution. TEM grids were left for
incubation with the Oligonucleotide T’ for 45 mins, washed and then finally treated with
Thioglycolic acid coated Au nanoparticles, further coated with the other complementary
oligonucleotide A’. 5 secs oxidation time. (TEM grid was oxidized in the beginning). Au
nanoparticles having size 6nm.
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Figure 34. TEM image of the grid, treated first with Complementary Oligonucleotide T’ and
then with Thioglycolic acid coated Au nanoparticles, further coated with EDC-NHS attached
A’ oligonucleotide (DNA probe) by dialyzing the final solution. TEM grids were left for
incubation with the Oligonucleotide T’ for 45 mins, washed and then finally treated with
Thioglycolic acid coated Au nanoparticles, further coated with the other complementary
oligonucleotide A’. 8 secs oxidation time. (TEM grid was oxidized in the beginning) Au=9nm.

Figure 35. TEM image of the grid, treated first with Complementary Oligonucleotide T’ and
then with Thioglycolic acid coated Au nanoparticles, further coated with EDC-NHS attached
A’ oligonucleotide (DNA probe) by dialyzing the final solution. TEM grids were left for
incubation with the Oligonucleotide T’ for 45 mins, washed and then finally treated with
Thioglycolic acid coated Au nanoparticles, further coated with the other complementary
oligonucleotide A’. 10 secs oxidation time. (TEM grid was oxidized in the beginning).
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Figure 36. TEM image of the grid, treated first with Complementary Oligonucleotide T’ and
then with Thioglycolic acid coated Au nanoparticles, further coated with EDC-NHS attached
A’ oligonucleotide (DNA probe) by dialyzing the final solution. TEM grids were left for
incubation with the Oligonucleotide T’ for 45 mins, washed and then finally treated with
Thioglycolic acid coated Au nanoparticles, further coated with the other complementary
oligonucleotide A’. 15 secs oxidation time. (TEM grid was oxidized in the beginning).

DNA probes (complementary oligonucleotides) appear to be binding each
other quite compactly with the TEM images examined. There were quite few
singles seen in the TEM grids, while there were many clusters seen tightly
bounded. Some of the clusters were a bit open loosely bound and some of them
were very compact. The number of Singles and Clusters in the Control sample
was found to be very small in number, which had 0 sec of oxidation time (in
secs).
In the first oxidized grid with 5 secs of oxidation time, the number of Singles
observed was maximum, (even after average of the two TEM pictures was
taken into account for the same TEM grid). The number of Clusters also
averaged to a maximum amount when compared to other oxidized grids. In the
8 secs oxidized grid, the number of Singles observed went drastically down
and averaged quite low. While, the number of Clusters averaged around 15 in
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the binding number, showing the DNA binding pattern with two
complementary Oligonucleotides A’ and T’ used in the experiment.
In the 10 secs oxidized grid, the number of Singles went a bit less in average
when compared with the 8 secs oxidized grid, while the number of Clusters
averaged little bit less than in the 5 secs oxidized grids. Again, compact
binding of the two Oligonucleotides was observed with the Au nanoparticles.
In the 15 secs oxidized grids, the number of Singles were averaging one on
each TEM image picture and the number of Clusters were averaging around 8
(in binding number) which was a little bit more than seen in 10 secs of
oxidized grid. Once again, compact binding of the two Oligonucleotides was
observed with the Au nanoparticles.
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Figure 37. Histogram showing the binding number in terms of Singles and Clusters obtained
from the TEM images for Oligonucleotide T’ bounded by EDC, NHS to the Oligonucleotide
A’ coupled with EDC-NHS coated over thioglycolic acid coated Au nanoparticles. There were
two TEM pictures that were taken for each oxidized grids and average of each of them was
taken into account. The 0 sec oxidized grids with TEM images represent the Control for this
experiment (which was not oxidized in the beginning).
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In the 0 sec oxidized grids, as shown in the Fig.37, the binding number in
terms of singles and clusters observed with TEM were minimal. In case of
singles they were just one or two nanoparticles found, while there were very
few clusters seen. This clearly shows that the specific binding in case of two
oligonucleotides work a lot better in favourable conditions (with oxidation),
than without it.
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Figure 38. Blank TEM image histogram showing the binding number in terms of Singles and
Clusters obtained from the TEM images for Oligonucleotide A’ bounded by EDC, NHS coated
to thioglycolic acid coated Au nanoparticles. Blank TEM grid having 0 sec oxidation time
shows very few Singles consistently spread over the grid (as observed in the two TEM images
of the same grid), when compared to Clusters, which were found to be a bit more than the
Singles.

In the blank, TEM grids for the single oligonucleotide coupling (binding) to
the surface of the thioglycolic acid coated Au nanoparticles, there were quite

124
many Clusters observed, compared to few odd Singles around. This blank
suggests that the number of Au nanoparticles bounded were much more with a
single oligonucleotide than in case of two complementary oligonucleotides
binding together. Even in the case of Control, similar in the oxidized state of 0
sec, the number of Clusters averaged a bit less when compared to the Blank
TEM grid. Sonication done to all of these TEM grids had not made much
difference in terms of the number of Singles observed, when compared to the
previous experiment results with Avidin-EDC-NHS-Biotin Mercaptoethanol
coated Au nanoparticles.

8. DISCUSSION
COMPLEMENTARY OLIGONUCLEOTIDE INTERACTION
WITH STRONG AFFINITY AND WITH BIOSENSING
CAPABILITY
The preliminary finding of Streptavidin film structure effects on biotinylated
DNA assembly and target DNA hybridization (Su et al., 2005) and the
detection of micro-array bound RNA molecules accomplished by targeting the
poly-A tail (Huber M. et al.,2004) was further established and was verified by
using another protein (Avidin) of the same family. Stronger affinity of ligandacceptor molecule was produced with the use of oxidation with RIE etching of
carbon-coated TEM grids. Similar amount of stronger affinity was produced to
an extent with the two complementary oligonucleotides (DNA probes) by
using the same coupling reagent and enhancer used in the avidin-biotin
interaction (model system) and all of the other experiments. The sensitivity of
this method was quite achievable and particle specificity was achieved to a
much greater extent. The stability achieved with the results is fruitful, but more
desirable. Gold nanoparticles (colloidal solution) coated with the protein
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(Avidin) or with DNA (oligonucleotide) showed promising results in terms of
binding specificity and interaction observed with the results of TEM images.
Biotin-thiol method has been employed in the recent past (Su et al., 2005)
showing the Streptavidin immobilization, biotin-DNA assembly and target
hybridization, where a biotin-containing thiol modified surface or a biotinstreptavidin interaction with covalent attachment on a carboxyl-containing
surface using amine coupling. In a similar way avidin coated gold
nanoparticles were used in the initial experiments, where a biotin molecule was
coupled with the help of EDC-NHS to the carbon oxidized TEM grids, where
the amine group reacts with the carboxyl group and bounding occurs.
Moreover, there was an intriguing need to have a control for the strong affinity
binding ligand-receptor molecules, where the number of Singles and Clusters
can be inhibited to a great extent, observed with the help of Au nanoparticles in
a TEM image. There were different chemical molecules used to test the
overpowering effect of the ligand binding. Ethanolamine was the first one to be
used as a control which did effect and had minimal inhibiting growth with
some Clusters and Singles seen in the TEM images. Glucose amine was the
second to follow up as a control in the next experiment. In the TEM grids with
glucose amine as the control the Singles and Clusters showed a reversible
characteristic of growth in the number of bounded particles with the increase in
oxidation time in secs of the TEM grids. This leaves us with the question of
glucose amine coupling in an inhibiting role, as the results were contrary to
what was expected. Glucose amine could have strong binding characteristics of
coupling which definitely needs extensive studying and examination.
BSA, (Bovine Serum Albumin) was used as control inhibiting the coupling of
Avidin-Biotin interaction to a greater extent. BSA was also used with
modifications involving the use of BSA first on the TEM grid and then a wash
and then incubation with fresh EDC-NHS-Biotin and finally with Avidin
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coated Au-nanoparticles. The number of Singles was found to be increasing
with the oxidation time consistently and then dropping a bit around the max.
oxidation time. While, the Clusters were decreased to a greater extent.
In a similar way, Biotin first and then BSA was used to examine the control
working. In case of Biotin-BSA, the number of Singles and Clusters were
fount to be decreasing up till 8 secs of oxidation of TEM grids and then
increasing slightly in the binding number. Thus BSA worked up to an extent as
a control with its inhibiting properties as it covers the TEM grid being a
profuse protein. It still did not proved out to be an ideal control for the strong
coupling and binding affinity. The binding pattern of avidin-biotin remained
the same with very little changes observed in the number of Singles and
Clusters suggesting the coupling a success.
Two other reports have been published detailing the coating of gold
nanoparticles. One of it uses a controlled assembly of monolayer protected
gold clusters by dissolved DNA. (Wang et al., 2003). The second one details
Influence of thiol position on the attachment and hybridization of thiolated
DNA on gold surfaces respectively. (Wirtz et al., 2004).Thus the importance of
attaching a single-stranded DNA to solid substrates was employed by attaching
an oligonucleotide with EDC-NHS (same coupling reagent and enhancer) to
Au nanoparticles. There have also been reports in the recent past in which
DNA has been attached to a surface via sulfur groups without using linker
molecules. (Hianik, T. et al., 2004), (Nakayama, M. et al., 2002).
Complementary oligonucleotides binding with the similar affinity but with less
number of singles were observed. Thioglycolic acid was used to coat the gold
nanoparticles; in order to have the DNA (single Oligo) attachment via
thioglycolic

acid

dialyzed

in

the

final

solution.

Complementary

oligonucleotides binding reflect the nature of coupling environment affecting
the preference of binding of Oligonucleotides over proteins. The fact that
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complementary oligonucleotides are supposed to bind to each other is an
obvious reason, but here for this final result, one could imagine that the
oxidation of the TEM grids is providing a suitable means of binding, which is
further enhanced with coupling reagent, enhancer and which bears and stands
out the wash and sonication to maintain the binding intact, as seen in the form
of Au-nanoparticles. This result thus shows that a bounded DNA in a cell
surface could be a potential detection method for detecting mRNA. As a target
DNA was hybridized in the work by Su et al., 2005 and detection of
microarray based RNA carried out by targeting poly-A tail with an
oligonucleotide in the work by Huber et al.,2004.

8.1 CONCLUSION AND FUTURE DIRECTIONS
This method employed for studies of binding patterns between biotin and
avidin coated gold nanoparticles shows unique binding properties which could
be used in many different variations when employed with little bit of
sensitivity and selectivity. These binding patterns were extensively studied
with variations in oxidation state, which resulted in showing the best possible
binding properties which then furthermore, can be applied to oligonucleotides
(DNA) probes in the detection of mRNA. DNA probes have tremendous
coupling and binding properties like in the case of avidin and biotin, which as a
potential tool could be used as a biosensor in detecting nucleic acids and
perhaps specific proteins.
A control which was found to be effective for Avidin-Biotin coupling was
BSA which though completely binds and covers the grids with multiple protein
layers. But, still there were quite many bounded nanoparticles found in the
form of singles and clusters. Effective control tends to be a constraint in case
of BSA as the results shows a complete decline of binding patterns at times
and at times shows quite a variation of binding patterns. Mercaptoethanol
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amine was the most effective control, where the bounded particles were
reduced to negligible. Mercaptoethanol amine could be the ideal control for
strong affinity binding molecules.
Messenger RNA (mRNA) with it’s poly A tail conjugated with an oligo dT
(modified gold nanoparticle probe) on a TEM grid can be more promising than
ever, in terms of stability, sensitivity and simplicity in detection of mRNA
from a cell. Enhanced binding properties attached on a TEM grid are going to
make the binding stronger and intact for longer time.
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