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Abstract

Application of ion beam technology has recently and rapidly been extended to
biological fields from conventional materials fields. A new field is emerging, that is ion beam
biology (IBB). In IBB, ion beam biotechnology (IBBT) is an important branch, which has
been successfully developed, particularly in ion beam inductions of mutation and gene
transfer. However, for this new subject, understanding of basic mechanisms has much lagged
behind the developments in applications and thus encumbered the applications. This basic
research project was then aimed at investigating fundamental mechanisms involved in ion
beam induction of biological mutation and gene transfer in cells. For ion beam induction of
mutation, the investigation was principally focused on direct interaction between low-energy
ions and DNA. Ions from both ion beam and plasma were introduced to bombard naked DNA
samples and followed by biological assay of DNA change or damage. We found the low-
energy ions indeed able to induce DNA change and subsequent mutation of bacteria.
Cooperated with experimental studies, molecular dynamics simulation (MDS) was also
carried out to reveal nature in the low-energy ion interaction with the DNA molecule. Our
MDS found that ion bombardment induced DNA change was preferential effect but not
random. As for indirect effects of ion bombardment on mutation induction, production of free
radicals and secondary X-ray emission were primarily investigated. For ion beam induction of
DNA transfer, the study was focused on ion interaction with the cell envelope materials and
related effect on changes in morphology, wettability and electrical properties. We found that
these physical properties were changed by the ion bombardment and the changes favored
DNA transfer into cells. In the investigations, special attention was paid to ion charge effect.
From experiments of using an ion beam neutralizer, we found that the input of ion charge due
to ion implantation enhanced the mutation induction effectiveness and reduced the DNA
transfer efficiency. The research of the project has resulted in 12 international publications
with a total journal impact factor of 13.256, 10 internationally submitted manuscripts, 14
international presentations and 17 national presentations. The performance of the project has
also led to development of relevant ion beam and plasma facilities and techniques,
development of relevant measurement and analysis devices and methods, and setting up of a
biological laboratory section in the physics laboratory. The research work involved in the
project has educated 3 Ph.D. students, made 2 graduate students receive their Master degrees

and trained a number of undergraduate students.
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