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Project A 
Damage and Repair of Genetic Structures 

and 

Project B 

Analysis of Sensitive Sites by 

Particle Beam Irradiation 

Experiments or analyses on four of the six studies 
proposed in projects A and B for the contract year were 
carried out. New data on alpha particle induced interphase 
chromosome damage which was obtained has been incorporated 
into both a general view of radiation damage and a new 
model of chromosome structure detailed in the appended manuscripts. 
An analysis of our radiation studies of the last three years 
has been completed and a paper in press is appended. An 
important finding of these studies was that complex radiation 
damage involving multiple damage sites but which may be 
assayed as either single strand or double strand DNA breaks 
contributes to most biological responses. These and other 
findings are presented in the appended paper which is 
summarized below. 

MECHANISMS OF CELL INJURY 

Arthur Cole, Raymond E. Meyn, Ruth Chen, and Peter M. 
Corry (Dept. of Physics, University of Texas System Cancer 
Center) and Walter Hittelman (Dept. of Developmental Thera-
peutics, University of Texas System Cancer Center). 

SUMMARY 

Ionizing radiation beams of low linear energy transfer 
(LET) and high LET (alpha particles) which penetrated part way 
into or completely through cell monolayers were used to study 
a variety of molecular and cellular responses including: DNA 
damage, chromosome aberrations, division delay, lethality, 
mutation, and transformation. Modifiers of radiation response 
such as oxygen tension, cell temperature, cell growth cycle 
stage, dose fractionation and/or post irradiation repair 
incubation were studied. The following properties were 
evaluated: cellular location of radiation susceptible sites, 
optimum action cross-sections, relative biological effective-
ness (RBE) for high LET radiation, effect of radiation modifiers, 
and the kinetics of cell repair of the initial damage. 



Correlations among these properties suggested that similar 
genetic damage was involved in most responses. For example, 
a concentration of radiation susceptible sites at the nuclear 
periphery was deduced for induction of DNA damage, cell 
division delay and cell lethality. Similar alpha particle 
RBE values were found for induction of cell lethality, chromosome 
damage, mutation, transformation and "complex" DNA damage. 
Although poor correlations were found between the alpha particle 
RBE values for cell responses and those for initial DNA single 
strand breakage (SSBin), initial DNA double strand breakage 
(DSB±n), unrejoined DNA SSB (SSB .), or unrejoined DNA DSB 
(DSB . ), an excellent correlation was found between the unrej ' 
high LET RBE values for cellular responses and the values for 
the induction of total unrejoinable SSB and DSB, i.e. SSB . + unrei 
DSBunrej. These and other data suggest that an important mode 
of genetic damage involves nuclear membrane associated DNA which 
suffers multiple proximate lesions induced by the high LET 
component of any form of ionizing radiation. Such damage may 
be assayed as a single or double strand DNA break but includes 
other DNA lesions in close proximity. Failure of the cell to 
properly repair such complex lesions may contribute to a variety 
of biological responses. 



PROJECT A 

Study lib: Cell Transformation: Interaction of Cells with 
Magnetic Fields 

/ 

One of the proposed studies for Project A involved 
verification of a recent report on the induction of cell trans-
formation by magnetic fields (Malinin et aZ, 1976). Although 
there has been abundant evidence that some cells (e.g. in 
plants) are capable of responding to gravitational fields 
with a change in growth pattern, instances of the influence 
of static electric or magnetic fields have been established only 
relatively recently. The dramatic effects of static electric 
fields on regeneration or the pattern of development in embryos 
appear to be explainable in terms of the redistribution of 
simple ions or other charged molecules involved in critical 
steps of metabolic cycles (Nazarea, 1978). In the case of 
static magnetic fields, it appears very likely that organells 
within target cells of responding organisms contain small 
deposits of magnetite which undergo a reorientation in the 
presence of the field (Arendse, 1978). The claim by Malinin 
et al (1976) that a static magnetic field was able to transform 
several types of tissue culture cells only if they were exposed 
to the field when frozen at a very low temperature, appeared 
most extraordinary since no known mechanism can be suggested. 
However, a preliminary account of studies indicating that a 
uniform 5000 gauss magnetic field had transformed tissue culture 
cells to a malignant type growth pattern during their exposure 
at liquid helium temperature was published in a widely read, 
presumably responsible journal (SCIENCE), and confirmation of 
the unexpected effect appeared appropriate from the standpoint 
of the fundamental information that it might provide about 
the phenomenon of cell transformation. 

Accordingly, a cryostat was assembled in this laboratory 
to hold several samples of cells at a low temperature (77°) 
within the gap of an NMR electromagnet capable of producing 
a uniform field as high as 10,000 gauss. 

Through contacts made at an annual meeting of the 
Biophysical Society, it was learned that Dr. Marvin Frasier of 
Battelle Memorial North West Laboratories had already conducted 
a number of unsuccessful tests to confirm the Malinin 
observations. A conversation with Dr. Frazier indicated that 
he had investigated the Malinin claim in an extended series 
of experiments that included WI-38 cells, LP-59 cells, and 
Syrian hamster embryo primary cells. In every case, only 
negative results had been obtained. Furthermore, careful 
reading of the text of the original article and checking with 
Malinin revealed that the treated cells in the original 
experiments were not subcultured at regular intervals, as were 
the controls, but were allowed to stand undisturbed for as long 
as 30 days. There is every reason to believe that the bizarre 
growth patterns reported were the consequence of untoward 
culture conditions for the treated cells and revealed only the 
culturing anomalies discovered earlier by Hayflick and others. 



We have concluded that it would be unproductive to 
carry out additional magnetic field studies according to the 
protocol of Malinin et al (1976). 

References 

Nazarea, A. D: Electric fields and self-coherent patterns and 
structures in chemical systems: large-scale effects and 
biological implications. Advances in Chemical Physics, 
Vol. 38 (ed. Dr. Stuart A. Rice). John Wiley and Sons, Inc., 
pp. 415-449, 1978. 

Arendse, M. C: Magnetic field detection as distinct from light 
detection in the invertebrates Tenebrio and Talitvus. Nature 
274:358-362, 1978. 

Malinin, G. A., W. G. Gregory, L. Morrellu, V. K. Sharma, and 
J. C. Houck: Evidence of morphological and physiological 
transformation of mammalian cells by strong magnetic fields. 
Science 194:844-846, 1976. 



Project C 

Organization of Genetic Structure 

Study I: Arrangement ox Interphase and Mitotic Chromosomes. 

During the contract year a major effort was put into 
stereo electron microscopic and molecular autoradiography 
studies of chromosome structure. This effort has proved 
very successful and we feel that a new and detailed under-
standing of chromosome structure is now available. The work 
is presented in three appended manuscripts. Summaries of 
these manuscripts follow. 

SIZE AND NUMBER OF DNA MOLECULES FROM 
CHO CELLS DETERMINED BY MOLECULAR RADIOAUTOGRAPHY 

Mary Todd and Arthur Cole, (Department of Physics, University 
of Texas System Cancer Center, M. D. Anderson Hospital and 
Tumor Institute). 

SUMMARY 

Tritium labeled DNA molecules from one to four gently 
but thoroughly lysed CHO-LA cells were deposited on membrane 
filters which were dipped into Kodak NTB2 liquid autoradiographic 
emulsion and exposed for six to 72 days. The developed and 
clarified filters contained silve^ -ain clusters which measured 
from 5 to lOOym in diameter with an average cluster size of 
27ym.- For most experiments the number of clusters on a filter 
was within 10% at an integer multiple of 168, which corresponded 
to eight clusters per chromosome. The distribution of cluster 
sizes was qualitatively similar to the distribution of 
chromosome sizes. Grain counts per average cluster were 
consistent with a DNA size of about 3-101 daltons. The 
size of clusters was much smaller than that expected for DNA 
molecules of 3-1010 daltons whether configured as a linear 
random coil or closed circular molecule. The results imply 
that CHO chromosomes contain eight DNA subunits which, after 
lysis, are deposited independently as compact multiply-
constrained molecules. 
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STEREO ELECTRON MICROSCOPIC STUDIES OF 
MAMMALIAN MITOTIC CHROMOSOMES 

Arthur Cole and Ruth Chen (Department of Physics, University 
of Texas System Cancer Center, M. D, Anderson Hospital and 
Tumor Institute). 

SUMMARY 

Our observations suggest that the basic chromosome 
arrangement consists of eight extended circular DNA molecules 
arranged in a parallel array (like eight stretched rubber 
bands laid side-by-sidej to form a 16 stranded structure. 
The two strands of each loop are periodically paired at 1 to 
30ym intervals and organized by three classes of morphologically 
identifiable structural proteins to form transverse organizational 
rows which associate longitudinally to form a backbone ribbon. 
The inter-row DNA strands extend outward thx-ough the protein 
matrix to form two classes of peripheral loops; one class 
contains relatively short DNA segments of approximately 2ym 
lengths which appear to contain secondary organizational row 
structures, the other class contains less organized lonqer 
DNA segments of variable length. The DNA loops coil into 
histone nucleosome particles to form lOnm fibers vhich 
condense further by helical and super helical windings in 
metaphase chromosomes. 

ORGANIZATION AND FUNCTION IN THE 
MAMMALIAN CHROMOSOME 

Arthur Cole, (Department of Physics, University of Texas System 
Cancer Center, M. D. Anderson Hospital and Tumor Institute). 

SUMMARY 

Results of studies which utilized light microscopy, 
stereo electron microscopy, sedimentation -ind autoradiographic 
techniqu~s implicate a structure for the mammalian chromatid 
which contains eight circular DNA molecules. The circular 
molecules, each of which extends the full length of the 
chromatid, are arranged side-by-side to form a 16 stranded 
structure which is organized periodically along short regions 
to form transverse organizational rows which contract longi-
tudinally to form a backbone ribbon. Between organizational 
rows the 16 DNA strands loop outward as lOnm nucleosome 
fibers which condense in metaphase to generate fibers of 
40 to 50nm diameter which radiate outward from the cylindrically 
distorted backbone ribbon. Implications of these interpre-
tations on mechanisms involved in chromosome replication, genetic 
exchange, induction of chromosome aberrations and damage, chromatid 
multiplicity and chromosome evolution are briefly examined. 
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Project C 

Organization of Genetic Structure 

Study II: Nucleoproteins. 

This proposal involved a study of the effects of the 
binding of selected control proteins with specific DNA 
restriction fragments of eukaryotic genomes. Emphasis was 
placed on local base pair destabilization induced by the 
proteins, as detected by high resolution thermal denaturation, 
as a logical requirement for a genetic control function. 

Progress toward the projected goals includes the initiation 
of pure cultures of Phy sarum polyaephalumj an organism 
proposed as appropriate for some of the planned studies 
because of the relative simplicity of its genome among 
eukaryotes, its simple developmental cycle, and high degree 
of synchronization during development. Suspension cultures 
of the organism are currently being grown in an 8-liter 
bottle and have supplied preparations suitable for the 
isolation of nuclei by established techniques and the subsequent 
purification of DNA and selected nucleoprotein fractions. 
However, we have found that the standard nuclear isolation of 
Mohberg and Rusch (1971) .gives relatively clean nuclei but 
the DNA obtained from them is badly degraded by the nucleases 
present, which remain active in the isolation medium which 
contains Ca2 +. We have modified the procedure tc make it 
comparable to the method routinely used in this laboratory 
with mammalian nuclei, which includes spermidine and EDTA. 
Nuclei were obtained in good yield and thermal denaturation 
assays showed that the DNA in this case was apparently intact 
and far superior to the original Physarum method. However, as 
suggested by Mohberg and Rusch, (1971), we found somewhat higher 
contamination of the nuclei by cytoplasmic debris. Thus, we 
conclude that different methods for the isolation of nuclei, 
should be used, depending on whether nuclear proteins or 
nuclear DNA is desired at the end product. 

Several DNA restriction fragments from other organisms 
have been characterized by high resolution thermal denaturation, 
as suggested in the proposal. In the cases investigated, 
restriction fragments of mammalian DNAs were received through 
the collaboration of investigators outside this laboratory. 
The fragments appear to be unimodal in thermal denaturation, 
an observation consistent with the concept that the preparations 
are derived from highly repeated sequences, some of which may 
be interspersed in distribution, but most of which are from the 
tandem repeat segments of satelite DNAs. These samples include 
one restriction fragment from human DNA, six fragments from 
rat DNA, and one from mouse DNA. 
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