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ABSTRACT

This study consists of main two parts. The first part of the study involves
ion beam bombardment effects on a cell membrane. A cellulose membrane was
used to mimic a plant cell membrane. An argon (Ar) or nitrogen (N) ion beam at
an energy of 25 keV bombarded the cellulose membranes at fluences ranging from
10'% - 10'® jons/cm?. An argon beam at 7.5 keV was neutralized by microwave-
driven plasma and then bombarded the cellulose membranes. A charge neutralizer
was used to observe the charge effect.

Modifications of the membrane surface morphology, contact angle and elec-
tric characteristics were investigated. Results showed that, when subjected to ion
bombardment, the membrane surface was roughened and the contact angle of the
membrane surface varied. The membrane impedance decreased while the conduc-
tance and capacitance increased. The type of damage on the ion-beam-bombarded
membranes was characterized using infrared spectroscopy, a micro tensile test and
scanning electron microscopy (SEM). Chain scission was confirmed to be the dom-
inant radiation damage type in the membrane. DNA diffusion across the mem-
brane was studied and found to be significantly enhanced after ion beam bom-

bardment. The DNA transfer enhancement effect was hence attributed to chain
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scission which increased the number of pores in the membrane and consequent
permeability. These modifications characterize the effects of ion bombardment of
plant cell envelopes and DNA transfer through induction.

The second part is a systematic study on mechanisms involved in physical
cancer therapies, this work investigated the responses of mammalian cells to ultra-
low-doses of ion beam irradiation. The ion beam irradiation was performed using
the recently completed Vertical Nanobeam Facility at the Surrey Ion Beam Centre.
A scanning focused vertical ion nano-beam was applied to irradiate Chinese ham-
ster V79 cells. The V79 cells were irradiated in two different beam modes, namely,
focused single ion beam and defocused scanning broad ion beam at 3.8-MeV pro-
tons. The single ion beam was capable of irradiating a single cell with a precisely
controlled number of the ions to extremely low doses. After irradiation and cell
incubation, the number of surviving colonies as a function of the number of the
irradiating ions was measured to make a cell survival curve. A lower survival at
relatively low dose for the single ion beam irradiation than that of the broad beam
case implied a hypersensitivity and bystander effect. The cell survival curves were
compared with that from 300-kV X-ray irradiation. A general similarity in the
linear-quadratic behavior of the three survival curves implied similar cell killing

mechanisms.
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