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Project A 

The Organization of Genetic Structure: Chromosomes 

Work on this project has centered around three experimental 
approaches. 1. Sedimentation analysis of chromosome components 
from interphase and mitotic chromosomes. 2. Electron microscopy 
of mitotic chromosomes. 3. Radiosensitive site analysis using short 
range particle beams. Results of these studies remain consistent 
with our proposal that the mammalian chromosome is made up of a quasi 
parallel array of some 64 duplex DNA molecules which are strongly 
associated at centromeric and telomeric regions. 

1. Sedimentation Analysis 

Additional data was collected on the "speed dependence" of Chinese 
hamster DNA. Figure A-l summarizes measurements for S values for 
the peaks of the sedimentation profiles obtained between 10,000 and 
26,000 rpm in a SW 27 rotor. The extrapolated low speed value for 
DNA from 10 K rad irradiated cells is anticipated to be about 135 S 
(about 109 daltons), and for DNA from either unirradiated or incubated 
10 K rad irradiated cells (repaired DNA) is about 170 S (about 2 • 
10y daltons). The hamster mitotic cell is expected to contain about 
6 • lO1^ daltons DNA in 44 chromatids Oi about 1.3 • 10 u daltons 
per average chromatid. I f we assume that the 170 S DNA unit represents 
an average intact chromatid sub-unit, we have 1.3 • 10*1/2 • 10y = 
65 sub-units per chromatid. This is surprisingly consistent with 
our proposal that the chromatid contains 64 DNA duplex molecules. 

Only a small fraction of the labeled DNA from unirradiated cells 
was found to sediment freely. The major part of the labeled material 
was found either at the top of the gradients or along the walls of 
the polyalomer tubes. This non-freely sedimenting component was 
called for brevity the "bound" component and contained up to 80% 
of the radioactivity. As shown in Fig. A-2, the amount of bound 
component decreased with increasing radiation dose such that for 
doses above 10 K rads a maximal amount (85%) of the label was found 
to sediment freely within a well defined profile. The formation of 
the bound component apparently involved the interaction of chromatin, 
cellular material and sarkosyl, since as shown in Fig. A-2, purified 
mitotic chromosomes yielded minimal "bound" material while mitotic 
cell lysates which included chromosomes and cellular material deve-
loped the bound component when sarkosyl was present on top of the 
gradient. A great deal of effort has been put into characterization 
of the structure and bonding of the non-freely sedimenting component. 

One reason for this effort is the fact that the dissolution of 
this component is one of the more radiosensitive (chemical) responses 
observed in cells, and therefore the pertinent structures may be 
related to the radiosensitive sites which we believe are located 
at the nuclear periphery of interphase cells (see project C). 
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Figure A-2 
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Figure A-3 outlines the most recent protocol utilized in these 
studies. As shown, intact cells are lysed to release the DNA and 
bound components, which is then spun into a treatment layer and in-
cubated under ideal conditions. A sucrose gradient is then layered 
under the treatment layer for subsequent DNA sedimentation analysis. 
All procedures are designed to provide optimal treatment and minimal 
mechanical shearing conditions. Table A-l summarizes the effects 
of various agents on breakage of DNA and release of DNA from the 
bound component. These results suggest that RNA, protein, or sulfhydryl 
bonds are probably not involved in the bound component, but that a 
single strand DNA region might be involved. 

As mentioned, purified mitotic chromosomes yielded only a minimal 
bound component. Since mitotic cell lysates, which contain both 
chromosomes and cellular debris, yielded a relatively large bound 
component, purified chromosomes were recombined with various cell 
lysate supernatant fractions to characterize an effective lysate 
component. Table A-2 summarizes some of these studies. The results 
suggest that membrane vesicles, which are observed microscopically 
in the effective fractions, may be responsible for producing the non-
freely sedimentating material. Unfortunately, these experiments have 
proved diff icult to reproduce and further studies are necessary. 
Electron microscopic observations will be included 'In future work. 

Although radiation causes the release of DNA from the non-freely 
sedimenting component, incubation of cells following irradiation 
and prior to lysis causes the bound component to reappear. This 
"cell repair" effect is illustrated in Fig. A-4 which shows the effect 
of incubation time on the sedimentation profiles for a 10 K rad irradia-
ted cell sample and in Fig. A-5 which plots the percent bound compon-
ent as a function of incubation time for various radiation doses. 
As seen in Fig. A-5, repair of the bound component is strongly in-
hibited by radiation doses in excess of 25 K rads. This is the same 
dose level which inhibits cell repair of single strand DNA breaks 
(60 K rads are required to inhibit cell repair of double strand DNA 
breaks). Thus single strand DNA repair and hence a single strand 
DNA region may be involved in the formation of the bound component. 
Figure A-6 illustrates a proposal for the arrangement of a section 
of a DNA sub-unit in the interphase nucleus. 64 such molecules would 
be organized by virtue of stabilizing associations at centromeric 
and telomeric regions. Some 1 to 10% of the total nuclear DNA could 
be closely associated with the nuclear membrane effectively "plaster-
ing" the interphase chromosome against the nuclear membrane. We 
assume that the radiosensitive association sites are retained in the 
mitotic chromosome even though an intact nuclear membrane is not pre-
sent. Such regions, in the presence of detergent, may associate 
with membrane vesicles from a cell lysate to form the non-freely 
sedimenting component. A schematic model for the mitotic chromosome 
is given in Fig. A-7. 
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Table A - l 

TREATMENT EFFECT ON DNA 
RELEASE FROM 
BOUND COMP. SSB DSB 

V Radiation 0-»100Kr 
oL Radiation 0~)50 Kr eras 
U.V. Radiation 100-^4,000 mrn̂  

+ + ++ + + ++ 

pH ^ 13, 8 hr 
Pronase 0.1-»1.0 mg/ml 
D.S. DNase l-»200 J<.g/ml 
S.S. DNase 1->10 units/ml 
T1 RNase 0.01-^10 .ug/ml 

+ 
? 

i + 
+ 

Mercaptoethanol 5-»10mM 
H202 0.0003-^0.3% 

- - -

Hyperthermia 42~»45°C -

*0H radical 
H- radical 
eT radical 

? 
? 
? 

- no apparent effect 

+ definite effect 

++ large effect 

* equivocal effects 

? untested 
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TABLE A-2 

Reconstitution of Bound Component 

Sample which 
was plated in 
1% Sarkos-yi 

% Activity i 
EXPERIMENT 

#11 

n Bound Component 
AVERAGE FROM 

24 EXPERIMENTS 

Interphase Cells 77 

Mitotic Cells 68 

Mitotic Cell 
Dounce Lysate 71 36 

Purified Mitotic 
Chromosomes 11 31 

Chromosomes plus 
Supernatant, Top 55 38 

Chromosomes ;:lus 
Supernatant, Middle 47 42 

Chromosomes plus 
Supernatant, Bottom 40 37 

Summary of experiments to determine i f purified chromosomes, when re-
combined with various cell lysate supernatant fractions, would yield a 
large percentage of bound component when placed in 1% Sarkosyl. Although 
several experiments (p.e. #11) indicated a positive result, average values 
for 24 various experiments gave equivocal results. The supernatants were 
taken from a 3,000 rpm, 15 minute spin of cell lysate through a 10 ml» 
5 to 10ft sucrose gradient. 
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Model for Interphase Chromatin - Duplex DNA chromosomal sub-unit strands of about 2.10' 
Daltons have multiple {9* 50) radiosensitive attachment sites at the nuclear membrane. 
A primary site is strongly attached and is very radiosensitive. Radiation damage at 
that site allows the release of DNA sub-units of about 10̂  Daltons from the membrane. 
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2. Electron Microscopy 

Stereo electron microscopic studies of isolated metaphase and 
anaphase chromosomes were re-initiated. Current studies have con-
centrated on the effects of divalent cations of relatively high ionic 
strength (0.25 to 2 M Mg++). Figures A-7 through A-11 illustrate 
some of the recent observations which are consistent with findings pre-
sented in the AEC progress report dated October 1970 (0R0-2832-85). 
We are currently interested in looking for levels of condensation 
comparable to the bodies described by 01 ins and 01 ins (Science 183:330, 
1974) and others. 

3. Radiosenitive Site Analysis 

Many deductions of chromatid structure have been based on studies 
of the location of radiosensitive sites in cells using short-range 
particle beams. Some of these ideas were summarized in Fig. A-6. 
A further discussion is presented in Section C. 



FIGURE A7. Telomeric region of an isolated metaphase chromosome. The dominant 
fibers and knobs are about 10 nm across and appear to contain fine fibers about 
1 nm in diameter. Chromosomes settled out from 75 mM NagSO/̂ , 25 mM EDTA and 
10 m.M Tris. Uranyl Acetate stained and Anderson Critical point dried. Mag. = 
110,000. 



FIGURE A8. Group of telophase chromosomes isolated from mitotic cells which 
were allowed to incubate for one hour after removing a 1% hour colcemid block. 
Membrane vesicles are regularly seen associated at the telomeric and other 
regions of the chromosomes. Sample prepared as for Figure A7. Mag. = 18,000. 



FIGURE A9. Typical telophase "nucleus" from sample as in Figure A8. The 
"nuclear" periphery is covered with membrane vesicles. Mag. ® 30,000. 



FIGURE AID. OissocUtion of Art4phase-Te!oph4se chromosomes in 4 1 K KgCi? 
treatment 1«*<f$ to extensions of fclur chromosomes which cm be follows over 
(ttngcfts of over SOOym. A $»«$t»p«r»T)*) array of fltwrs is Apparent. Hag. 



FIGURE Al l . Higher magnification from region of extended chromosomes shown 
in Figure A10. The finest fibers seen at this magnification are about 2 nm 
in diameter. Mag. » 66K. 



Project B 

The Organization of Genetic Structure: Nucleoproteins and DNA 

Investigations were continued as planned using synthetic polymers poly-
(dG:dC) and poly-(dA:dT) in studies designed to establish the values of 
constants that could be used to determine base composition from the spec-
tral changes accompanying thermal denaturation. The high accuracy auto-
mated spectrophotometer assembled in this laboratory was used to record 
absorbance data at 250, 260, 270, and 280 nm from about 20° to above 100° 
for both polymers and for known mixtures of the polymers. 

The recordings of hyperchromicity as a function of temperature were 
divided into three regions, a gradual pre-transition rise, the transition 
increment, and a post-transition rise. An effort was made to calculate the 
magnitude of the increment between the pre- and post-transitional plots e"; 
the Tp, as well as to tabulate the final hyperchromicities at four wave-
lengths. The slopes of pre-melting regions in the hyperchromicity plot 
could be determined with considerable precision for both polymers and the 
slope of the post-transitional region for poly-dA:dT was well defined. 
However, the slope of the post-transitional rise for poly-dG:dC was poorly 
defined unless the temperature was allowed to rise above 105°C, because of 
a lack of data above the melting point of this polymer, which has a Tm of 
93° in a medium containing 20 mH sodium ions. 

A major anomaly was sometimes observed for the GC polymer at the ter-
mination of the main transition; the hyperchromicity curve went through a 
maximum, followed by a minimum, before rising gradually at higher tempera-
tures in the usual post-transitional region, as shown in Fig. B-l . This 
unexpected behaviour may be a function of molecular weight since in a 
degraded sample, the anomaly was not seen. Because the polymer samples 
were scarce, they were re-annealed by slow cooling and then re-melted for 
additional hyperchromicity recordings. As many as four determinations 
were made on the same sample. I t was apparent from the plot of hyper-
chromicity at 270 nm that the samples were being degraded, particularly in 
the case of poly-dG:dC. This is shown in Fig. B-2, where i t can be seen 
that with repeated heating the poly-dG:dC has undergone a progressive de-
crease of the main increment, a drop in the final hyperchromicity at 100°, 
and a spreading of the low-temperature side of the transition which is 
coupled with an increased pre-transition slope. In poly-dA:dT(Fig. B-3), 
the pre-transition slope rose and the transition became less abrupt as the 
number of remeltings increased, but the final hyperchromicity was not 
significantly changed. 

Degradation of both polymers by repeated heating was confirmed by 
alkaline sedimentation in the analytical untracentrifuge. Single strand 
molecular weight in the in i t ia l samples of both polymers was 500,000; 
after four denaturation cycles, the single strand molecular weight for 
both polymers had dropped to approximately 50,000. Furthermore, a decrease 
in the absorbance of the G-C polymer at 100° car be taken as evidence of 
base destruction, although a drop of the hyperchromic increment (shown in 
Fig. B-2) may indicate only an increase of the denatured form of the poly-
mer. That not more than about 52S of the GC bases had been destroyed by 



- 1 5 - F ig . B - l 

TEMPERATURE 

-LEGEND. Thermal denaturation profile obtained during f i rs t melting of 
po1y(dG:dC), determined in a medium containing 20 mM sodium ions. Hyper-
chromicity 1s defined as the ratio of absorbance at any elevated tempera-
ture to that at the ini t ia l temperature (ambient) of the experiment. 
Note the steep transition near 93° and the anomalous pattern showing a de-
cline at the end of the main transition, followed by the usual gradually 
rising terminal portion of the plot. 
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16 POLY (dG: dC) 
270 nm 

fO-O-cr̂ . 

50 70 
TEMPERATURE 

LEGEND. Successive thermal denaturation profiles for the same sample of 
poly(dGtdC). Curves 2,3, and 4 were obtained after the reannealing of 
the denatured chains present in solution at the end of the previous dena-
turation heating cycle. A successive degradation of the sample is appar-
ent in the decreasing sharpness of the transition, a slight displacement 
of Tm to lower temperatures, a decrease of the apparent terminal hyper-
chromicity and hyperchromic increment, and an increase of the slope of 
the pre-transition region. The medium contains 20 mM sodium ions. 
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TEMPERATURE 

LEGEND. Successive thermal denaturation profiles of the same sample of 
poly(dArdT). Numbers refer to the order in which the curves were record-
ed. Although some increase of the pre-transition slope is apparent after 
repeated thermal denaturation, other effects seem slight in comparison to 
those observed for poly (dG:dC). The medium contains 20»qM sodium ions. 
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the heat treatment involved in four thermal denaturation experiments was 
deduced from absorbances measured at 100° for wavelengths of 260, 270, 
and 280 nm. We conclude, therefore, that actual base destruction or any 
major base modification does not appear to be an important cause of 
changes in denaturation profiles with repeated heating. 

In i t ia l optical absorbance of the 6C polymer at 280, however, was 
found to be a simple function of the number of times the sample had been 
heated, as shown in Fig. B-4. We interpret these changes, in addition to 
the increase in in i t ia l slope and the decrease of hyperchromic increment 
after multiple heating, as evidence that more denatured polymer is present 
in the solution at room temperature than existed in the in i t ia l polymer 
solution. 

One way to determine the amount of this single-stranded form would 
make use of the values of the hyperchromic increment at 92.5° adjusted for 
the value of the room temperature absorbance of the in i t ia l sample. Pro-
gressive decrease in this increment is shown in the following table for 
measurements made at 270 nm. 

Melt Corrected Hyperchromic Increment % of In i t ia l Increment 

Were i t not for the increased slope of the pre-transition plot of Fig. B-2, 
i t would seem reasonable to conclude that nearly 50% of the sample was 
single stranded at room temperature after 3 or 4 heating cycles. 

A clue to the most likely explanation of heat-induced changes in the 
poly-dG:dC polymer is indicated by the disparity in the pre-transition 
slope between the simple AT and GC polymers and naturally occurring rat 
DNA having a single strand molecular weight that has been reduced to 
50,000 by nuclease digestion; shown in Fig. B-5. The degraded rat DNA has 
a very nearly f la t plot of hyperchromicity between 24° and 44 in a low 
salt medium (ca. 8 mM Na ) . From this evidence we surmise that: (a) 
single strand breaks broaden thermal transitions of synthetic polymers 
with degenerate sequence, (b) single strand breaks are sites of limited 
denaturation at room temperature, which is greater in simple pairs of 
homopolymers than in natural DNAs, (c) the unraveling of strands starting 
at the site of single strand breaks increases with temperature and is 
much greater for simple polymers than for natural DNAs, (d) the increase 
of unraveling with temperature is not a function of base composition 
since 1t can be noted that the GC polymer has approximately the same 
slope as the AT polymer below the main transition of poly-dA:dT (shown in 
Figs. B-2 and B-3), (e) the decrease in the hyperchromic increment with 
increasing single strand breaks is a direct function of the temperature 
at which the transition occurs. 

1 
2 
3 
4 

0.369 
0.337 
0.277 
0.191 

100 
91 
75 
52 

With the above conclusions in mind, i t is not surprising that in i t ia l 
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SEQUENCE 

LEGEND. Plot of room temperature absorbance at 280 nm for a sample of 
poly(dG:dC) as a function of the sequence number of the denaturation ex 
periment. 
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TEMPERATURE 

LEGEND. Thermal denaturation profile of rat DNA in a medium containing 
8 uiM sodium ions following degradation of the sample to an average single 
strand molecular weight near 50,000 by means of DNAse treatment. Note 
the relatively f la t pre-transition portion of the plot. 
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attempts to apply data on calculated hyperchromic increments of AT and GC 
polymers to the determination of base ratio in a known mixture were un-
successful . An attempt to use final hyperchromic values also was unsuc-
cessful, presumably because of the complications introduced by degrada-
tion and the requirement for adjustment of observed hyperchromicity for 
in i t ia l absorbance values. I t seems likely that many of these complica-
tions can be reduced by making calculations in terms of absorbance at 
100°C, which shows only relatively minor changes (decrease) with polymer 
degradation. 

In addition to carrying out the studies designed to determine the 
base composition of DNA using the spectral parameters of denaturation, we 
have extended our investigations on DNA to include the more detailed 
analysis of DNA denaturation at a single wavelength. When data are con-
fined to a single wavelength, i t becomes practical to collect many more 
points per degree and thereby characterize any sriiall deviations in the 
thermal denaturation transition. This analysis is feasible in the case of 
simple DNA molecules such as small bacteriophages. Detailed f i rs t deriva-
tive thermal denaturation profiles were recorded for T7 and lambda bacterio-
phage DNAs using a thermal increment of approximately 0.045° per point. 
The truly remarkable detail obtained clearly indicates that the usual 
thermal denaturation profile is the summation of many small sub-transitions, 
which we. have termed thermalites. The principles of high resolution 
thermal denaturation and the basic characteristics of the sub-transitions 
which make up the thermal denaturation profiles of simple DNA molecules 
are described in a series of two appended manuscripts. Abstracts of 
these manuscripts are given below. ' 

HIGH RESOLUTION THERMAL DENATURATION OF DNA 
I . THEORETICAL AND PRACTICAL CONSIDERATIONS FOR THE 

RESOLUTION OF THERMAL SUB-TRANSITIONS 

Allen T. Ansevin, Douglas L. Vizard, Barry W. Brown, and Judy McConathy 

Abstract 

The f idel i ty achieved in f i r s t derivative profiles of DNA thermal de-
naturation is shown to depend on a number of factors including the thermal 
increment of data gathering, the precision of absorbance readings, and 
the manner in which data are smoothed prior to calculating the derivative 
of hyperchromicity. The closeness with which thermal denaturation data 
can be f i t ted by a cubic polynomial is carefully considered and a deriva-
tion is presented for the estimated error in calculated values of the 
derivative of hyperchromicity with respect to temperature. After review-
ing both theoretical and experimental evidence for the expected minimum 
width of a thermal transition in DNA, we conclude that thermal increments 
of 0.05° or less are required for an adequate representation of transi-
tions in naturally occurring DNAs. 

Data gathered under conditions meeting the requirements suggested 
here for quantitative recording of thermal denaturation profiles (D. L. 



-22 -

Vizard and A. T. Ansevin, submitted for publication) show that virtually 
al l of the high resolution thermal denaturation profiles of a simple, 
naturally occurring DNA may consist of small sub-transitions, which we 
call thermalites. The finding of sub-transitions is consistent with cur-
rent theories of DNA melting. A particularly well-resolved thermalite of 
bacteriophage DNA has a width of only 0.30° ( - 1 standard deviation), and 
thus is narrower than previously reported thermal transitions for DNA. 
For this thermalite, the combination of width, shape, and position in the 
profile suggests that the sub-transitions observed in accurately recorded 
DNA thermal denaturation profiles are not described satisfactorily by 
existing theories. 

Knowledge of the requirements for the quantitative recording of 
thermal denaturation profiles should greatly favor the usefulness of de-
naturation experiments for physical genomic analysis. 

HIGH RESOLUTION THERMAL DENATURATION OF DNA 
I I . THERMALITES OF BACTERIOPHAGE DNA 

Douglas L. Vizard and Allen T. Ansevin 

Abstract 

High resolution thermal denaturation profiles are presented for the 
DNAs of bacteriophages A and T7. I t is concluded that the temperature 
increment in data gathering and the method of calculating results meet 
the requirements for quantitative recording of the large amount of infor-
mation found in the thermal transitions of both DNAs. The high resolu-
tion derivative denaturation profiles of these bacteriophage DNAs demon-
strate that individual sub-transitions (thermalites) of natural DNA are 
Gaussian in form and have narrow transition widths. Curve resolution per-
formed on these profiles indicates that the mean thermalite width (2ff) is 
0.33° and that this breadth is relatively invariant. The transition 
widths were found not to be influenced by the thermalite position in the 
profile or by cation concentration in the range from 5 to 30 mM Na+. 
However, the relative position of thermalites within a profile is striking-
ly modified by the ion content of the denaturation medium. The distribu-
tion of lengths of the DNA sequences which these thermalites represent is 
broad, with a number average length of 900 base pairs. Although we find 
an approximate similarity between the number of thermalites in the dena-
turation profile of T7 DNA and the number of looping regions in the elec-
tron microscopic partial denaturation map (Gomez and Lang, 1972), we con-
clude that free solution thermal denaturation experiments can be compared 
only superficially to the mapping results. 



Project C 

Particle Btan. Irradiation Studies of Radiosensitive Sites 

Last year's proposal listed seven potential studies to be 
investigated. Work has been performed on three of these; the others 
remain of interest. 

1. RBE and OER for double strand breaks (DSB) and single strand 
breaks (SSB) of DNA irradiated with Am-241 alpha par.ticles. 

A new device'illustrated in Fiq. C-l was constructed to allow 
cells to be irradiated with a Cs-137 gamma irradiator under controlled 
temperature and gaseous environment conditions. A new alpha source 
holder was built and a higher activity (1.0 mCi) Am-241 source 
obtained. Testing and dosimetric measurements of this source are 
being carried out. Table C-l l ists some of the recent data obtained 
for this project. 

2. Use of Am-241 alpha particle track-epds to study the location of 
radiosensitive sites. 

This project, which was successfully initiated and completed 
during the year, is described in an appended paper, the abstract of 
which is reproduced here. 

USE OF TRACK-END ALPHA PARTICLES FROM 241Am 
TO STUDY RADIOSENSITIVE SITES IN CHO CELLS 

Ratna Datta, Arthur Cole and Sandra Robinson 

Abstract 

Monolayers of CHO cells placed on membrane f i l ters were irra-
diated with alpha particles from an 241Am source. Particle penetra-
tion into the cells was controlled by placing the cell sample at 
various distances from the source. Dosimetric and spectrometric 
measurements were performed at comparable positions using a parallel 
plate ionization chamber and a scintillation crystal spectrometer. 
Cell survival, as measured by conventional cloning techniques, was 
single hit in form. A pronounced minimum in mean lethal dose of 29 
rads was observed for alpha particle beams which penetrated only 
about 3jum into the cell. A pronounced maximum in inactivation 
cross section of 90jam , equal to the projected area of the nucleus, 
occurred for beams which penetrated only 5 to 7Mm into the cell. 
Thus a single alpha particle penetration several /Um within the cel.! 
nucleus was effective in kill ing the cel l , while fully penetrating 
beams were actually less efficient; the latter requiring-several 
particle traversals and about three times the cell dose to achieve 
the same effect. These results support the proposal that radiosensiti 
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Table C-1 

EXPERIMENT OOSE 
K RAOS 

SINGLE STRAND BREAKS 
PER 2 -10* OALTOKS 

PER 10 K RAOS 

OCR RBE 
<XT0lf 

Cs-137 rays 

Average 6 experiments 
in air . Cells in 
suspension. 

0-30 3.10 

12-5-74 
Cells on f i l ter .as in 
Figure C-1. 

Oxygen Flush 5 
20 

3.4 
2.9 

1.46 
1.21 

Nitrogen Flush 5 
10 

2.3 
2.6 

1-11-75 
Cells on f i l t e r as 
in Figure C-1. 

Oxygen Flush 10 
20 

• 

1.7 
1.6 

1.58 
1.59 

6 Torr Vacuum 10 
20 

1.1 
0.98 

4-9-75 
Cells on f i l t e r as in 
Figure C-1. 

Oxygen Flush 3 
10 

5.8 
2.7 

6 Torr Vacuum 5 
15 

4.4 
1.5 

Am-241 particles 

Average of 10 
experiments in alpha 
irradiator. Cells on 
f i l ters . 

Air flush 0-50 0.80 1.0 0.26 

Nitrogen flush 0-50 0.8 0.39 

LEGEND. Summary of current studies for single strand DNA breaks induced by 
ganina rays and alpha particles. Recent experiments utilized the aluminum 
chamber shown in Fig. C-1. Cells were placed on membrane f i l te rs and irra-
diated at 2°C either in a 1 atmosphere gas environment or in an anoxic 
environment of 6 Torr water vapor. 
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VtHt results of this mrk were wny and suggest 
I h H owf device my Iwr wi#fii) for **r4©»4 studies of *««&<-
Uve Site dHtrifc^iOttS. including sites for SSS of OttA, inactive 
ifoo or c«u t ' tmie, i>.«tHa*s of M t t i i c calls, a*ws induction i f 
m u z i m i or t%r«MOM«tt M«rr*i ien$ i« ce lH . A uossi~ 
ltd f ly M l flailed f i w thsse ftl«4f*ft «*% that overkill «*y occvr 
with iw t l cS* i m t f i t t l t t S . ShH cett^Sic*i«s interpretation* 
4wd that p i n i c i * t w a i of iowswiwt lesser i l l would he 
es&re ideal for *wch UutHnrs, The oaly s*K«»t* candidate U the 
protea aod therefore a $rt*utf ef fort M l O &e sawle to u t i l i ze iatmt in future studit*. 

A t C f t A i t S M f t t wUH the latest Stisdiei, for the arrawge-
of iftterj»J*m ssitotte cfcrsxattto has been presented i« 

Section FL$I. A«6 ami Fl$»r* C-3 illustrates possible 
aede* of KOtectioa of ivm radiatfoa by 
»Hh J»fOt*i« (MttOfltt) . Tfcg rMlieMftlUtot associated with tha *s»cl**r m? tor relatival? unprotected. Evidence 
for such * heterogeneity in the SM not asly derives iron the 
sensitive site Uwifes; tot H a He iapHed by tin? data §ive« in 
f ig . C-X "he ft!»sftf*e«s in plotted «eose» f i rst 
rises linearly with Oosa * #v««s. £»chAfiis«, bvt timi wH3» * two 

UtSmt tfloti fe* saiwsfcMK! if av^rU^ins SS8 mero involved (i,«r. w dpDOsUe within U pairs 
tfovotov «« * 05® ««$«*} dinrAvir) 1 of OJtA), However, the 

of Pi?. C-3 sitows tmtt theoretical),? predicted on 
tho Imsts of $5$ only for & sa»U fraction of the 
observed OSS unless « « $$2 to eatwentmeo within 
regies constitute only 5 to SO" the tow! SKA. further-
fiaore, these studies s4turdtio« of the OSfi ift the region 
of 100 breaks per nuesfeer averse t^Ucwle of 3 - 1 0 * da)tons, 
which would he expected mst of the dv«i1abte sites were 
daessp&d. The Mgh «!ose studies heve poveiJ d i f f icu l t because of 
prohfm In wsirnj the s&ut $rAdi<mts to s<wiccnt hoth very large 
nod very sea!! aoiecules, the re<|w$res%nt of lony radiation exposure 
times, ind of interpretation because of the possibility 
of cross-}inking *r.d other ddtaage. i f *e uke the dota on face 
value and assuase that about^100 breaks per 3 • 10s daltons (or 
about 700 breaks per 2 • 10 dalton sub-unit) represents the number 
of susceptible sites, the average teass between sites would be in 
the order of 3 * 10® daltons or only about 1 . 5 o f 0T4A length. 
This value, which uould represent the length of the unravelled OKA 
loops illustrated in Fig. A-6 would appear to be far too short to 
allow 0HA to extend very far into the nucleus and can only be con-
sidered a limiting possibility until further studies are completed. 

As outlined in the previous abstract, alpha particle irradia-
tions yielded a maximal inactlvation cross section of SO/im2 for 
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particle penetrations of 5 to into the cel l . The projected 
nuclear area is in the order of l lO^nr , thus a single alpha par-
t ic le which penetrates only part way into the nucleus is capable 
of ki l l ing the cell . I f the major radiosensitive s'.tes were 
attached to the nuciear membrane, this data implies that a high 
LET particle traversal through any region of the nuclear mem-
brane has close to unity probability for inactivating a site. A 
model satisfying these requirements is illustrated in Fig. C-4. 
The explanation for this model is as follows. 

1? 
The interphase DNA mass of 3 • 10 daltons corresponds to 

1.5 m of length. The projected area of this ONA will be (20 A0) x 
(1.5 m) or 3000Mnr. The surface area of a spherical nucleus 6jf& 
in radius is 4 5 0 a n d i f moderately convoluted may approach 
1000/dir. Thus the DNA projected area is some 3 times larger than 
the nuclear surface area; hence i f 3% of the DNA were attached to 
the nuclear membrane i t would cover about 10% of the available nuclear 
surface area. Such an arrangement is exemplified in Fig. C-4. 
The effective radiosensitive width of the DNA molecules would be 
extended by radical diffusion distance of 10 to 20 A0 as indicated 
by the dotted lines in Fig. C-4. An alpha partic1e with an LET 
of 200 KeV/Am releases energy at essentially every atomic separation 
along its track and this energy diffuses out to a radius of several 
hundred angstrom units around tne track. Figure C-4 illustrates 
that an effective inactivation radius of only 80 A0 around the 
track core will insure that an alpha particle traversal anywhere 
through the membrane probably will affect at least one susceptible 
DNA strand. I t is estimated that at least 10% of the dense alpha 
particle energy is dissipated beyond an 30 A0 radius so that this 
radius of action is quite realistic. 

3. Assembly and utilization of the heavy particle irradiator. 

Limited design and construction work was accomplished this 
year. Studies with the <=s-particle source have preempted work on 
the accelerator; however the former work has pointed to the potential 
usefulness of proton beams which should have a sufficiently large 
LET value to exhibit a site inactivation probability which approaches 
unity, but would not be expected to induce significant overkill. 
Therefore, present design and construction work is directed toward 
simplification of the irradiator to be utilized in i t ia l ly only as a 
proton accelerator. 

No work was initiated on the following studies, which were 
listed as potentially interesting investigations of lesser priority. 

4. Cell repair of DNA, SSB and DSB induced by low voltage 
electron beams; 

5. Sites for cell transformation studied by low voltage 
electron beam irradiation; 

6. Localization of cellular sites for DNA breakag'e using 
labeled specific antibodies; 

7. Localization of highly mutable sites in T4 bacteriophage 
using electron beam irradiation. 
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LEGEND. Model for sensitive DNA sites on nuclear membrane. I f 3% of the 
total DNA is attached to the membrane, i t wil l cover about 10% of the 
available surface area. In this case, an alpha track which passes any-
where through the membrane will have a high probability that an effective 
track column 160 A0 in diameter will damage at least one DNA molecule. 
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Project D 

Gamma Ray and Particle Irradiation Studies of 

Cellular and Nucleoprotein Damage 

Study I Irradiation of Nucleoprotein Model Systems 

As noted in the research proposal for this study, only limited ac-
complishments were expected until the UV scanner for the ultracentrifuge 
was completed. Investigations that were undertaken stressed the use of 
thermal denaturation as an assay far single strand breaks induced by 
radiation, as described in a previous report. The analytical ultracen-
trifuge was used when needed to check the validity of preliminary conclu-
sions. 

The apparent abil ity of histones to protect DNA from radiation dam-
age, 1n some but not al l experiments uti l izing simple nucleoproteins or 
chromatin, was attributed earlier to geometrical factors that reduced the 
probability of free radical attack on the DNA. I t was concluded that DNA 
was protected only in preparations that showed some degree of condensa-
tion or aggregation. 

In i t ia l results from a related control experiment conducted with 
free DNA appeared to support the above result when free DNA was irradiated 
In the presence of the divalent cations Ca2+ or Mg2+. Results indicated 
that the extent of radiation-induced denaturation, and presumably of 
single strand breakage, was inversely proportional in the concentration 
of divalent ion in the irradiation medium. This result was consistent 
with the view that DNA should appear to be partially protected from in-
direct radical attack when in a condensed state since both magnesium and 
calcium ions were expected to cause some condensation of the relatively 
s t i f f coil form of native DNA. However, when analytical ultracentrifuga-
tion was employed to test the extent of condensation of double stranded 
rat DNA produced by these cations, a.neglibible change in sedimentation 
coefficient was found up to 16 mM Mĝ  or 10 mM Caz while a several fold 
protection was inferred from thermal denaturation results. Additional 
tests demonstrated that the thermal denaturation result of apparent pro-
tection was attributable to a thermal stabilization of DNA, presumably 
due to a fractional residency of calcium or magnesium ions on DNA even in 
the presence of excess EDTA. 

Studies were continued on the interpretation of the changes in thermal 
denaturation profiles of DNA that are caused by ionizing radiation. Al-
though i t was shown (1974 progress report) that values of the reciprocal 
of the maximum ordinate in derivative profiles increased linearly with 
radiation, dose, an attempt was made to show that virtually al l of the 
change detected was caused specifically by single strand breaks. Accord-
ingly single strand breaks were introduced enzymatically by treatment of 
rat DNA with DNAse I from tovine pancreas. Using this test, the recipro-
cal of the maximum ordinate of the derivative thermal denaturation profile 
was expected to increase linearly with the reciprocal of the corresponding 
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number average molecular weight of single strands, as determined from 
sedimentation analysis. That Is , the plot should be a straight line i f 
breaks were introduced completely randomly. Results shown in Fig. D-l 
demonstrate, Instead, a response that falls off with increasing enzymatic 
attack. The curved response may indicate either failure of the Studier 
equation at low molecular weight or a tendency of the enzyme to attach 
and break the nearby opposite ONA strand following an in i t ia l cleavage of 
the sister strand. The latter effect would be detected as a second single 
strand break in the sedimentation analysis, but would not significantly 
add to the denaturation or unraveling already present at a nicked region 
of the DNA. 

Fig. D-l 

to6 MN 

LEGEND. Reciprocal of the maximum ordinate of the f i rs t derivative ther-
mal denaturation profiles of digested rat DNA as a function of the reci-
procal of the number average for single strand DNA molecular weight deter-
mined by analytical sedimentation. The abscissa is the apparent average 
number of DNA strands per million daltons, in samples digested to di f -
ferent extent and then centrifuged in alkaline medium. 
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Study I I Assembly of New Equipment for the Analysis of DNA Size Dis-
tributions 

Substantial progress has been made on the construction of an automated 
computer controlled ultraviolet scanner for our Model E ultracentrifuge. 
This is nearing completion and is shown diagrammatically in the accompany-
ing block diagram. The photomultiplier, analogue to digital converter, 
rotor sync, computer interfacing circuitry and modifications to the 
centrifuge have been constructed and tested. The remaining circuitry 
construction is nearing completion. 

Basis of Operation 

For each revolution of the rotor, a sync pulse is generated by light 
reflecting off of a mark onto the rotor sync photodiode. This pulse 
causes the contents of the rotation counter, which has been counting 
pulses from the clock during the entire revolution, to be stored for 
transmission to the central processing unit (CPU). The contents of the 
rotation counter are then inversely proportional to rotor rotation speed, 
allowing the CPU to monitor this parameter on each revolution. The 7.2 
MHZ clock is crystal controlled to a precision of 0.001%. 

When the rotor reaches the desired speed, the central processor 
wil l then have information as to this speed and will "know" the number 
of clock pulses which corresponds to one rotor revolution. At.60,000 RPM 
this wil l correspond to 7200 pulses, allowing angular resolution of 0.05 
degrees of rotation. This information, combined with experimental 
parameters (rotor speed, number of cells, sectors per cel l , etc.) will 
then allow the CPU to determine the number of clock pulses corresponding 
to the angular distance between the sync pulse and the f i rs t cell position. 
The angular separation between each cell is determined by the number of 
cells in the rotor, either 2, 4 or 6. The clock pulse count information 
corresponding to these angular separations is then fed to the f i rst and 
subsequent cell counter storage latches. These counts are then parallel 
transferred to the f i rst and subsequent cell counters when either a sync 
pulse from the rotor or a convert command is generated for the ADC. Each 
rotor sync pulse causes clock pulses to be channeled to the f i rs t cell 
counter, resulting in a count down for each clock pulse. When the contents 
of the counter underflow (to -1) a convert pulse is generated, initiating 
a sample to hold cycle and analogue to digital conversion of the photo-
multiplier output at that instant. The initiation of each conversion 
cycle causes the.control logic to begin count down of the subsequent cell 
counter. When this counter underflows the conversion cycle is again 
initiated and countdown begins again for the next cell on the rotor until 
the next rotor sync pulse is encountered which will ini t iate countdown 
to the f i rs t cell again. 

The intercell time for a six cell rotor spinning at 60,000 RPM is 166 
microseconds. The time required for analogue to digital conversion, trans-
mission of the information to the CPU and minor data reduction and storage 
is 80-100 microseconds. Therefore, there is ample time available to 
sample each cell once during each rotation of the rotor, as well as 
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alternation of the contents of the f i rs t cell counter latch and the 
performance of other control functions by the CPU. 

The contents of the f irst cell counter latch, in effect,, controls the 
position across each cell at which sampling takes place. By altering the 
contents of this latch, this sampling position may be "moved" across the 
cell on each subsequent revolution. The contents of the subsequent cell 
latch controls which of the cells on the rotor are sampled. At present, 
i t is estimated that 100 revolutions wil l be required to scan across 
each cell i f double sector cells are used and 50 revolutions for single 
sector cells. 

After scanning across each cel l , the CPU then moves the mirror to 
Image the next scan line along the cells onto the photomultiplier. This 
process is repeated until a complete scan along the cells is completed 
which wil l require 10 seconds at 60,000 RPM and 20 seconds at 30,000 RPM. 

After each scan, the data may be then presented on the remote termi-
nal , plotted on an incremental plotter, stored on disc or magnetic tape 
and processed in any manner found to be desirable. Considering the current 
computer system capabilities, i t wil l be possible to use scan frequencies 
as high as two per minute i f this is desired. Scan frequency can be pre-
determined by the operator and changed at will through the remote terminal. 

Study I I I Cell Rejoining of DNA Breaks Induced by Various Radiations 

Work on this study has been concentrated in two areas; 1) the 
kinetics and chemical characteristics for the dissolution and reformation 
of the non-freely sedimenting or "bound'.' component of DNA and 2) the 
effect^hyperthermic incubations on cell survival and DNA breakage and 
repair. The f i rs t of these studies has been described in detail under 
Project A, and the second is described in an appended manuscript, the 
abstract of which is given below. 

HYPERTHERMIC INHIBITION OF DOUBLE STRAND 
REJOINING IN MAMMALIAN DNA 

Peter M. Corry and Sandra Robinson 

For some time i t has been known that elevated temperatures (41°C-45°C) 
synergistically enhance the lethal effects of ionizina radiation on 
mammalian cells. In that these studies suggested that these elevated 
temperatures inhibited the repair of sub-lethal damage, other laboratories 
have studied the effects of hyperthermia on the rejoining of single 
strand DNA breaks (SSB). These studies have led to conflicting conclu-
sions, probably due to differing experimental approaches. 

The observation in our laboratories that unrepaired radiation induced 
double strand breaks are probably associated with cell lethality has 
led us to test the hypothesis that elevated temperatures inactivate cell 
rejoining of double strand breaks (DSB). These studies were carried out 
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using sucrose density gradient techniques previously developed in our 
laboratories and elevated temperatures of 41°C to 45 C for 15-45 minute 
incubation periods prior to irradiation of Chinese hamster ovary cells. 
Following irradiation the cells were incubated in complete medium for 
periods up to 2 hours to assay for DSB rejoining. 

The results of these experiments show that pre-incubation at 41°C for 
15 minutes has no appreciable effect on rejoining whether the preincuba-
tion is carried out in Hanks Balanced Salt Solution (HBSS) or complete 
medium. When pre-incubation in complete medium is prolonged to 40 minutes 
and the temperature is raised to 43°C, subsequent.DSB rejoining is in-
hibited for periods of at least two hours. However, when pre-incubation 
was carried out in HBSS for 45 minutes at 41 to 45°C, DNA degradation 
occurred within 30 minutes during the subsequent post-irradiation incuba-
tion. 

These data have shown that hyperthermic treatment of cells prior to 
irradiation can markedly inhibit DSB rejoining while the elevated tempera-
ture induces no detectable breaks by i tse l f . This conclusion is at 
variance with other published reports concerning SSB rejoining where the 
hyperthermic treatments were carried out subsequent to irradiation. We 
have shown that at least a 15 minute pretreatment at 41-45°C is required 
to inhibit subsequent cell repair of DSB rejoining. 

Study IV Studies on Radiation-Induced Cell Transformation 

In i t ia l accomplishments on this new study, which was added in last 
year's proposal, include the following: 

1. Organization of a laboratory specifically for transformation 
and related studies. A lab bench and sterile hood were constructed. An 
automated colony counter was purchased an/put into operation. An addi-
tional wet-C02 incubator was acquired and set up. A chicken egg incuba-
tor and other ancillary equipment was purchased and utilized. Instruc-
tion on cell culture of embryo!ogical systems was generously provided by 
Or. Krystyna Ansevin of the Rice University, and instruction on cell ag-
glutination techniques was provided by Dr. Earl Walborg of the M. D. 
Anderson Hospital. 

2. Preliminary studies on cell cloning. This work was carried out 
mainly to gain experience in techniques and procedures. To date, five 
cell systems have been used; normal Chinese hamster ovary (CHO) cells, 
an aberrant CHO cell l ine isolated in our laboratory that exhibits pro-
perties of transformed cells, human kidney T-cells, 6-day old chick em-
bryo cells, and 10-day old chick embryo cells from individual organs 
(particularly embryonic retinal cells). The CHO and T cell lines exhi-
bited plating efficiencies of 50% or better. Cells were irradiated 
with gamma doses between 0 and 400 rads and from 250 to 50,000 cells 
were plated in plastic petri dishes to examine effects on both individual 
colony morphology and confluent growth. No significant transformations 
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(clone stacking and disorganization) were observed in the normal CHO and 
T-cell lines. The aberrant CHO line exhibited a very high fraction of stacked 
clones (50 to 80%) at all dose levels. Plating efficiency for the chicken 
embryo cells was low (about 2%) with feeder layers present, and was essen-
t i a l l y nil without feeder layer. In the case of the chicken retinal cells, 
2 stacked clones were observed out of a total of 600 following 150 rads ex-
posure. Although this indicates a possible transformation frequency in the 
order of 0.3%, i t is obvious that the small numbers in these in i t ia l studies 
provide no statistical foundation. We are currently expanding our experience 
by util ization of primary cultures from mouse and rat tissues and embryos. 

3. Preliminary studies on cell agglutination. The in i t ia l results 
illustrated in Figure D-3 were encouraging since the aberrant CHO cell line 
which exhibited properties of clonal cell stacking (loss of contact inhibi-
tion) also exhibited the predicted high agglutinability with both concanavilin 
A and wheat germ agglutinin. Normal CHO and red blood cells exhibited normal 
agglutination patterns. A conventional scoring scale of from 0 to +4 was 
used for these observations. We are currently expanding this work to ut i l ize 
a heme agglutination method to selectively attach red blood cells to intact 
clones for an in-situ analysis of transformation. 

Study V Localization of Cellular Sites for DNA Breakage Using Labeled 
Specific Antibodies 

No significant progress was made on this study during this contract year. 



Fig . D-3 
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LEGEND. Self agglutination patterns for conconaval.in-A on human red blood 
cells (R8C), normal CHO cells, aberrant CHO cells (CHO-Ab), and wheat 
germ agglutinin (WGA) on normal and aberrant CHO cells. 
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Project E 

Studies of Semiconductor Properties of Biological Macromolecules and 

Application to Melanin Containing Cells 

Preliminary studies on this project were reported last year (0R0-2832-
126). These studies have continued, using a small amount of AEC funds pri-
marily for expendable supplies. Separate fundi-.ig has been sought for this 
work and should such funding materialize, no further funds from this contract 
wil l be used. 

The major thrust of this work has been the study of the effects of 
various drugs on the electronic properties of the melanins and the study of 
the preferential ki l l ing of melanized cells using ultrasonics and drugs which 
alter the electronic properties. 

Some of the theoretical reasoning for this approach is contained in an 
appended reprint of an art icle, "A Hypothesis on the Preferential Destruction 
of Melanized Tissues," a preprint of which was included last year. The 
abstract of this paper is given here. 

A HYPOTHESIS ON THE PREFERENTIAL DESTRUCTION 
OF MELANIZED TISSUES 

Peter Proctor, John McGinness and Peter Corry 

Based on existing biological data and the known amorphous semiconductor 
properties of the melanins, a hypothesis to explain the preferential death 
of melanized cells is presented. This hypothesis suggests that melanized 
cell death associated with Parkinson's disease and other syndromes involving 
non-illuminated areas occurs as a result of non-radiative transfer of energy 
to and from the melanins. This mechanism is also consistent with the observa 
tion that melanized cells are preferentially killed by high intensity ultra-
violet light in illuminated areas, but the melanins appear to be cytoprotec-
tive at low intensities. 

These hypothetical concepts have been tested using human malignant 
melanoma cells in culture, ultrasonics, melanin binding drugs and temperature 
variation. This work is described in the appended preprints of articles 
which are in press, summaries of which follow: 

SEMICONDUCTOR PROPERTIES OF MELANINS RELATED TO 
PREFERENTIAL KILLING OF MELANOMA. CELLS 

Peter M. Corry, John E. McGinness and Elwood Armour 

The effect of various drugs on the conductivity and amorphous semiconduc-
tor switching properties of the melanins has been studied. From the results 
of these investigations, i t is postulated that the melanins behave as a non-
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Unear energy transduction device within the melanized cell . Experimental 
studies using melanized cells in culture support this hypothesis and demon-
strate that melanized tumor cells can be preferentially killed relative to 
non-pigmented tissues by sonic irradiation. Some evidence indicates that 
free radical production is involved in this process. 

MELANIN-BINDING DRUGS AND ULTRASONIC INOUCED 
CYTOTOXICITY 

John E. McGinness, Peter M. Corry and Elwood Armour 

The effects of various melanin-binding drugs on the ki l l ing of human 
malignant melanoma cells by high intensity ultrasound has been studied. 
Using colony formation assays, i t has been found that these nelanized cells 
can be preferentially killed when treated with Kanamycin or Chlorpromazine 
prior to irradiation i f the irradiations are carried out at temperatures in 
the range 20-40°C. At 0-2°C the preferential ki l l ing was greatly reduced. 
These effects were predicted by quantum mechanical consideration of the semi-

conductor properties of the melanins. These considerations are discussed. 
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0R0-2832-137 P. M. Corry and J. McGinness: Exploitation of Amorphous 
Semiconductivity to Preferential Killing of Melanoma Cells. 
Presented at Xlth International Cancer Congress, Florence, 
I ta ly , October 1974 (Abstract). 

0R0-2832-138 P. Proctor and J. McGinness: Quantum Mechanical Aspects of 
the Treatment of Melanotic Tumors. Presented at Xlth Interna-
tional Cancer Congress, Florence, I ta ly , October 1974 (Abstract). 

0R0-2832-139 J. McGinness and P. Corry: Ultrasonic-Drug Interactions in 
Human Melanoma Cells. Presented at Xlth International Cancer 
Congress, Florence, I ta ly, October 1974 (Abstract). 

0R0-2832-140 A. T. Ansevin and D. L. Vizard: A Thermal Denaturation 
Assay for Single Strand Breaks in DNA. Biophysical Journal 
15: 137a (1975). (Abstract) 

,0R0-2832-141 R. Datta, A. Cole, and S. Robinson: Study of Radiosensitive 
-Sites of Cells Using Partly Penetrating -Particles. 
Biophysical Journal 15: 198a (1975). (Abstract) 

0R0-2832-142 E. Armour, P. Corry, and J. McGinness: Ultrasonic Effects on 
Melanoma Cells in Culture. Biophysical Journal 15: 64a (1975). 
(Abstract) 

0R0-2832-143 A. Cole, S. Robinson, F. Shonka, R. Datta, and R. Chen: 
Organization of Mammalian Chromosomes Interpreted from 
Radiation and Other Studies. Biophysical Journal 15: 207a 
(1975). (Abstract) 

0R0-2832-144 R. Chen, A. Cole, and S. Robinson: Radiation Induced Release 
of Native DNA from a Non-freely Sedimenting Component of 
Mammalian Cells. Biophysical Journal 15: 197a (1975). (Abstract) 

0R0-2832-145 A. Cole and S. Robinson: Stereo Electron Microscopy of Iso-
lated Mitotic Chromosomes. To be presented at Texas Society 
for Electron Microscopy, Houston, Texas, May 2-3, 1975. 
(Abstract) 

0R0-2832-146 R. Datta, A. Cole, and F. Shonka: Utilization of 241Am Alpha 
Particles to Irradiate Cells to Selected Depths. To be 
presented at 23rd Annual Meeting of the Radiation Research 
Society, Miami Beach, Florida, May 11-15, 1975. (Abstract) 

0R0-2832-125 S. Robinson: The Study of Post Irradiation Ion Retention in 
Chinese Hamster Cells by X-ray Spectroscopy. Master's Thesis. 
The Univ. of Texas Graduate School of Biomedical Sciences, 
Houston, 1974. Submitted as a separate document. 

0R0-2832-147 This Progress Report Dated April 11, 1975. For ERDA Contract 
AT-(40-l)-2832. 
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ADDITIONAL PAPERS PRESENTED BUT NOT PUBLISHED 

P. Corry: Double-Strand Breaks and Rejoining in Mammalian DNA. Presented 
Prairie View A. & M. University. Prairie View, Texas. Sept. 20., 1974 
(ERDA-AIBS Visiting Radiation Biologist). 

A. Cole: Radiation Effects on Cells. Presented Prairie View A. & M. Uni-
versity. Prairie View, Texas. Oct. 16, 1974 (ERDA-AIBS Visiting Radiation 
Biologist). 

A. Cole: Cell Radiobiology - Sites, Structure, Damage and Repair. Present-
ed Manitoba Biochemical and Biophysical Association. Winnipeg, Canada. 
October 24, 1974. 

A. Cole: Interpretation of Chromosome Structure from Radiation and Other 
Studies. Presented 7th Annual Meeting Texas Association for Radiation 
Research. Dallas, TExas. Nov. 8, 1974. 

R. Datta, S. Robinson, F. Shonka and A. Cole: Study of Radiosensitive Sites 
in Cells Using Partially Penetrating Heavy Particles. Presented 7th Annual 
Meeting Texas Association for Radiation Research. Dallas, Texas. November 
8-9, 1974. 

A. Ansevin: A Thermal Denaturation Assay for Single Strand Breaks in DNA. 
Presented 7th Annual Meeting Texas Association for Radiation Research. 
Dallas, Texas. November 8-9, 1974. 

E. Armour and P. Corry: DNA Breaks Induced by Sonic and Ionizing Radiations 
in CHO and Human Melanoma Cells. Presented 7th Annual Meeting Texas Associa-
tion for Radiation Research. Dallas, Texas. November 8-9, 1974. 

G. Cooper, I . Kristal and A. Cole: Studies of Time Dependent Cellular Pro-
cesses Associated with Rejoining of Radiation-Induced Double Strand Scission 
in Mammalian DNA. Presented 7th Annual Meeting Texas Association for Radia-
tion Research. Dallas, Texas. November 8-9, 1974. 

R. Chen, S. Robinson and A. Cole: Radiation Induced Release of DNA from a 
Bound Component of Mammalian Cells. Presented 7th Annual Meeting Texas Asso-
ciation for Radiation Research. Dallas, Texas. November 8-9, 1974. 

F. Shonka, S. Robinson and A. Cole: Cell Repair of DNA Breaks Induced by 
Alpha Particles. Presented 7th Annual Meeting Texas Association for Radia-
tion Research, Dallas, Texas. November 8-9, 1974. 

A. Cole: 3 Lectures: (1) The Critical Targets forRadiation Effects in Cells. 
(2) Using Ionizing Radiation to Study Genetic Structure and Organization of 
the Cell. (3) Radiation Damage and Repair; Considerations of Radiation 
Quality, Dose, and Dose Rate. Presented The University of Wisconsin-Green 
Bay. Jan. 23-24, 1975 (ERDA-AIBS Visiting Radiation Biologist). 

P. Corry: Radiation Effects on Biological Systems. Presented Southwestern 
Union College. Keene, Texas. Feb. 4, 1975 (ERDA-AIBS Visiting Radiation 
Biologist). 
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A. Cole: Radiation Effects on Cells. Presented Sam Houston State Univer-
sity. Huntsville, Texas. March 11, 1975 (ERDA-AIBS Visiting Radiation 
Biologist). 

P. Corry: Semiconductor Properties of Melanin Related to Selective Killing 
of Melanoma. Presented Colorado State University. Fort Collins, Colorado. 
March 12, 1975. 

P. Corry: Molecular Repair of DNA Damage. Presented Colorado State Univer-
sity. Fort Collins, Colorado. March 17, 1975. 

P. Corry:. Radiation Effects on DNA. Presented University of Wisconsin-
Oshkosh. ' Oshkosh, Wisconsin. March 18, 1975. 

P. Corry: Hyperthermic Effects on DNA Repair Mechanisms. Presented Univer-
sity of Wisconsin Medical School. Madison, Wisconsin. March 19, 1975. 

P. Corry: Hyperthermic Effects on DNA Repair Mechanisms. To be presented 
International Symposium on Hyperthermia in Radiation Therapy. Washington, 
D. C. April 28, 1975. 

A. Cole: 4 Lectures: (1) Cellular Repair of Radiation Damage. (2) Radiation 
Damage at the Cellular and Chromosomal Level. (3) Radiosensitive Sites of 
the Cell. (4) Chromosome Structure Interpreted from Radiation and Other 
Studies. College of St. Scholastica. Duluth, Minnesota. April 28-29, 1975 
(ERDA-AIBS Visiting Radiation Biologist). 


