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RESEARCH PLAN
Introduction
Tick-borne Babesia parasites are able to infect erythrocytes of
multiple species of vertebrates causing diseases of global impact. A
secondary antibody conjugated with easily detectable gold
nanoparticles can bind to already bound antibodies on the erythrocytes.
We can use the AFM to image these gold-antibody conjugates. This
technique can provide a new method to detect B. bovis antigens that are
either expressed in the surface of erythrocytes or merozoites, and thus
help to define new vaccine targets.

Methods
Sample preparation:
Erythrocytes were smeared onto glass slides for analysis.
• Contact mode atomic force microscopy (AFM) was used to image
infected erythrocytes, normal erythrocytes, and free merozoites.
• Gold nanoparticles were synthesized and imaged by transmission
electron microscopy (TEM).
• The chemical composition of the synthesized nanoparticles was
obtained by EDX (energy-dispersive x-ray) to ensure they were pure
gold.

Results
• AFM micrographs of normal and infected erythrocytes (blood red
cells) exhibit distinct features that distinguish infected from non
infected cells. In addition of the parasite in the infected cell the surface
texture is different between the two cells.
• Free Babesia bovis merozoites were imaged successfully using the
AFM.
• Size of discrete gold nanoparticles were successfully synthesized and
imaged by TEM.

ATOMIC FORCE MICROSCOPE (AFM)
A picture of the atomic force microscope used and its principle is
shown in figure 1a and 1b, respectively. It is a type of microscopic
imaging system that has the ability to image on the atomic level. In
this project, the AFM was in contact mode to image bovine
erythrocytes that are approximately seven micron in diameter. A sharp
tip (~ 10 nm) is in direct contact with the surface of the sample. The
interaction between the tip and surface is recorded and used to generate
a 2D image. Because the resolution is very high, AFM allows: 1) blood
cells on the surface of glass and their surface texture to be imaged, 2)
determining if a cell is normal or infected and 3) the imaging of free
merozoites that are responsible for the infections. For future purposes,
the AFM will also be used to image gold nanoparticle-antibody
conjugates bound to antigens as a tool to define targets useful for
developing vaccines to fight against the infection.

RESULTS

GOLD-ANTIBODY CONJUGATE

Determining cell’s morphology and surface texture difference between
normal and infected erythrocytes was the first step in this project.
Figure 2 displays a) an image of a normal erythrocytes and b) its
surface texture and Figure 3 a) an image of an infected erythrocyte and
b) its surface texture around the parasite. As shown in these images, an
infected cell has an indentation on the cell surface as well as small
elongated bumps on the surface around the indentation. The virulence
of the parasites can be gauged by comparing the distribution of the
elongated bumps. A highly virulent parasite will show many bumps on
the surface, where as a weaker one will have fewer. The texture
difference between cells is displayed by a smooth surface for the
normal cells and a rough surface for the infected cells.

Gold-antibody conjugates (antibody bounded to gold nanoparticles
such as protein A or mouse IgG) can be imaged by AFM due to its
spatial resolution. Gold nanoparticles of two different sizes were
synthesized using the method described by Jana et al3. The gold
nanoparticles were imaged by TEM and their sizes estimated to be
about 10 and 40 nm in diameter. The chemical composition of the
particles was checked by EDX (Figure 7). Since size difference is
indeed distinguishable, as shown in Figures 5 and 6, antibodies can be
bound to the Au particles which will in
turn be bound to erythrocytes and
EDX data
imaged using AFM. Using the AFM,
the location and quantity of antigens of
interest can be determined. This information
allows the selection of primary antibodies to Figure 7: EDX spectrum of gold
successfully fight against the infection.
nanoparticles.
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Figure 2: AFM image of a normal erythrocyte.
a)

b)
Figure 5: TEM image of ~10 nm gold
nanoparticles.

Figure 6: TEM image of ~ 40 nm gold
nanoparticles.

CONCLUSIONS AND FUTURE WORK
Figure 3: AFM image of an infected erythrocyte (Mo7).

Imaging of free merozoites (parasites) on clean glass was the second
step in this project. In order to test if the gold-antibody conjugates
could bind to the surface, parasites outside of the cells had to be
obtained and imaged. Figure 4 shows a) an AFM image with many
free merozoites and b) a close up of a single set of merozoites (circled
in Fig 4a). Merozoites penetrate blood cell individually, duplicate
inside of erythrocytes as seen in the images. The merozoites shown
here were obtained using a lysis buffer to break them out of the
erythrocyte’s membrane.
Deposited salt from
the PBS solution

Infected and normal erythrocytes can be imaged and are
distinguishable. Free merozoites can be nicely imaged as well and
studied individually or paired with another parasite.
Gold nanoparticles of different sizes can be
easily synthesized and bound to an antibody
which will be bound to erythrocytes for further
studies.
This method could provide a new way to
investigate B. bovis antigens in erythrocytes.
Comparing normal cells to infected cells at
different stages of the infection will provide
8: AFM image of a
new information that could be used to design Figure
pair of erythrocytes.
a vaccine to fight the infection.
Future work involves the separation of paired erythrocytes as shown
in Figure 8 using the AFM cantilever to estimate the binding energy
which will provide an idea of the adhesion force between paired cells.
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