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ABSTRACT

lon beam bombardment of biological material has been recently applied for
gene transfer in both plant and bacterial cells. Understanding of the fundamental
mechanisms involved in ion interaction with living cells is not yet well developed.
A fundamental question about the mechanism is the possible formation of pathways
due to ion bombardment that are responsible for the gene transfer. Low energy
bombardment of onion skin cells with both metallic and gaseous ion species, such as
N, Ar, Cl, Xe, Fe, Mg, Ti, and Cu at fluences of 1-5 x10" jon/cm?, can induce the
formation of microcrater-like structures on the onion skin cell walls. A scanning
electron microscope and an atomic force microscope (AFM) were used to observe
these microcrater structures. Mass loss measurements indicate dehydration of the
onion skin samples of up to 85% over a period of 5 minutes. Ex-situ AFM
observations subsequent to Fe ion bombardment reveal an average microcrater
depth of 60 nm, which compares with a penetration depth for Ti ions as determined
experimentally using RBS characterization, of approximately 15 nm. Three different
computer codes that provide a simulation of ion penetration in matter TRIM, T-Dyn
and PROFILE have been used to investigate the expected depth profiles for the case
of Ti bombardment, and compared with the experimental RBS results; it
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was found that the PROFILE code shows the best correspondence to the RBS. The
work reported here has also included the design and installation of an in-situ AFM
system to the beam line of our bioengineering ion implantation facility, and ongoing
relevant experiments. Work to-date has shown clear evidence of microcraters
formed on onion skin cells bombarded by 25 keV Ar ion with fluence 1-2 x10%
ion/cm?, allowing comparison of observations made in-situ (in the vacuum chamber
of the bio-implanter) and observations made in atmosphere some time after removal
of the samples from the implanter.

The molecular dynamics simulations of Fe ion bombardment of onion skin
cell wall have been carried out. A study of the interaction of energetic Fe ions with
cellulose 1-Beta surface which was used as a model material for the cell wall is
reported, including results for ion penetration depth as a function of location, ion
energy, and ion fluence. The calculations indicate that ion-bombarded cellulose
molecules are broken into fragments by the collision, which fragments then initiate
molecular collision cascades, leading to the ejection of intact molecules and
molecular fragments from the surface.

Finally, methods have been developed for growing patterned networks of
large numbers of neurons on plasma-processed substrates, as a tool for addressing
some basic questions in neuroscience, such as for example, how large systems of
neurons communicate. The use of metal ion implantation using a vacuum-arc ion
source, and plasma deposition with a filtered vacuum arc system has been
investigated, as a means of forming regions of selective neuronal attachment on
surfaces. PC-12 rat neurons were then cultured on treated glass slides coated with
Type | Collagen, and the neuron growth and differentiation monitored. Thin
diamond-like carbon films formed by plasma deposition were found to be the most

effective for selective neuron growth.
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