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The building shown below houses the Division of Biological and
Medical Research. This multipurpose facility is located on Inner Circle
Drive at Argonne National Laboratory's main site, which occupies
1,700 acres about 25 miles southwest of Chicago.
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DIVISION DIRECTOR'S MESSAGE

Eliezer Huberan, Director

The Division of Biological and Medical Research (BIM) at Argonne
National Laboratory conducts multidisciplinary [research aimed at defining
the biological and medical hazards to man from Energy technologies and new
energy options. These technically oriented stujdies have a strong base in
fundamental research in a variety of scientific disciplines, including
molecular and cellular biology, biophysics, genetics, radiobiology, phar-
macology, biochemistry, chemistry, and environmental toxicology. Our
staff is made up primarily of biologists, biochemists, and biophysidsts
with expertise in a variety of muKidisciplinary areas, complemented by
various support persons including pathologists, taxi cologists, veterinar-
ians, statisticians, computer analysts, and engineering specialists.

The Division is organized into four scientific sections: Carcino-
genesis, Low Level Radiation, Molecular Biology, and Toxicology. Each
section comprises four groups, as il lustrated in the following organiza-
tional chart. The sectional organization emphasizes broad scientific
relationships and encourages interactions among staff members with related
interests. Each section holds regular seminars, which persons from other
sections are encouraged to attend. ^

eoiroR

S. K. Birr

Division DIRECTOR

E. Huberman

ASSOCIATE DIRECTOR

T. E. Frltl

I ASSISTANT OIRECTOR

D. 0. Grube

CARCINOGENESIS SECTION

C. Peraino

LOW LEVEL RADIATION SECTION

T. t. Frltl

HOLECULAR BIOLOGY SECTION

H. E. Kubitschek (Acting)

TOXICOLOGY SECTION

C. A. R«tlly

GENE EXPRESSION
AND CARCINOGENESIS

E. Hut>er»an

HEPATOCAflCINOGErJESIS

C. PeriJno

MAMMALIAN CELL
BIOLOGY

E. Huberaan (Acting)

HETAl CARCINOGENESIS

r. E. tUtiain

RADIATION BIOLOGY
AND GEHEI1CS

0. Grahn

RADIATION
CARCINOGENESIS

D. Grdliu

RADIATION HEMATOLOGY

T. H. Seed

RADIATION TOXICOLOGY

T. E. FMtJ

KOLECULAR ANATOMY

H. G. Anderson

HOLECULAR BIOPHYSICS

M. Schtffer

MUTAGENESIS

il. E. Kubitschek

PH0T01I0L0GY

M. J. Peak

CHEMICAL AND DIOlOlitCAL
CHAKACTERIZATlm

D. A. Htugen

CHEMICAL TOXICOLOGY

C. A. Rellly

METAL TOXICOLOGY

M. H. Bhattichiryya

NEUKOIEHMIORAL
CKRONOtIOlOSY

C. F. Ehret

vii



This research summary is organized into five parts. The f i r s t four
parts ref lect the Divisional structure and contain the scient i f ic program
chapters, which summarize the act iv i t ies of the individual groups during
the calendar year 1983 and the f i r s t half of 1984. To provide better
continuity and perspective, previous work is sometimes br ief ly describ-
ed. Because the summaries have been kept short, they do not necessarily
describe a l l the work of a research group. Each of the scient i f ic chap-
ters is followed by a l i s t of relevant publications of the staff members
that were received in 1983 and the f i r s t half of 1984. Also included are
publications that were accepted for publication as of June 30, 1984.

The f inal part of this report contains chapters that indicate the
range of other act iv i t ies in the Division. They describe the animal and
radiation f a c i l i t i e s , present the various graduate- and undergraduate-
level educational ac t i v i t i es , l i s t the Divisional seminars presented by
v is i t ing and in-house speakers and the principal outside talks given by
staff members during 1983, indicate the jo int and adjunct appointments at
colleges and universit ies and other professional ac t iv i t ies of BIM staff
members, and provide an inclusive l i s t ing of Divisional publ icat ions-
journal ar t ic les , books or book chapters, and reports—for the calendar
year 1983. The last chapter presents the staff and the governmental
agencies supporting each of the Divisional groups.

This year BIM staff members were honored for a variety of accomplish-
ments. Dr. Carl Peraino received a 1983 University of Chicago Award for
Distinguished Performance at Argonne National Laboratory for his model of
multistage carcinogenesis in the rat l i ve r . Dr. Mortimer El kind received
a Gold Medal for Distinguished Achievement from the American Society of
Therapeutic Radiologists for sc ient i f ic contributions in basic radio-
biology and his landmark work on repair of sublethal x-ray damage of
ce l l s . In addition, he was awarded the 1984 G. Fail la Memorial Award by
the Radiation Research Society for signif icant achievements in radiation
research and the 1984 Albert Soil and Memorial Award by the Southern
California Cancer Center for his work on the repair of radiation damage
and i t s influence on the advancement of radiation therapy. The Geronto-
logical Society of America dedicated several of the symposia at i t s 1983
meeting to the memory of George Sacher and established the George A.
Sacher Award for the best presentation by a student biologist at the annu-
al meeting of the Society. Dr. Norman G. Anderson was recognized by
Argonne National Laboratory with the Career Patent Leader Award for his
more than 20 patents associated with the molecular anatomy program.
Dr. Charles Ehret received the Federal Laboratory Consortium 1984 Special
Award for Excellence in Technology Transfer, which recognizes special
creat iv i ty and in i t i a t i ve and dedication to the scient i f ic profession
above and beyond inst i tut ional responsibi l i t ies. His award ci tat ion
highlighted his research in circadian regulation and i t s application to
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the design of methods to eliminate jet lag and to provide safer shift work
schedules. Finally, Dr. Charles Borso received an IR-100 Award for his
real time synchrotron x-ray small angle scattering instrumentation.

Division staff members have been active this year in the organization
of international symposia and programs. Dr. Thomas M. Seed was one of the
three organizers of the program, "The Ultrastructure of Radiation-Induced
Injury in Cells and Tissues," which took place during the Scanning Elec-
tron Microscopy meeting in Philadelphia on April 20, 1984. The highly
successful Third International Symposium on Two-Dimensional Electropho-
resis Protein Mapping, organized by Sandra L. Tollaksen, Dr. Norman G.
Anderson, and Dr. Leigh Anderson, was held at Argonne from June 10 to 14,
1984. Finally, the Argonne National Laboratory International Symposium,
"The Role of Chemicals and Radiation in the Etiology of Cancer," dedicated
to the memory of Charles Heidelberger, was organized by a committee from
the Division, which I chaired, consisting of Drs. Thomas E. Fritz, Colin
K. Hill, Carol A. Jones, and Carl Peraino. This symposium, which was held
at the Hyatt Oak Brook Hotel, Oak Brook, Illinois, on August 26-29, 1984,
was co-sponsored by Argonne, the University of Chicago, the U. S. Depart-
ment of Energy, the U. S. Environmental Protection Agency, Hoffman-La
Roche, Inc., and the Burroughs Wellcome Co. The proceedings of this
symposium will be published by Raven Press.

To conclude on a sober note, we will miss Dr. Tony Han, who died
suddenly on May 7, 1984. Dr. Han, who held concurrent appointments as a
biophysicist in the Mammalian Cell Biology Group of our Division and as a
professor of Radiation Oncology and Director of the Cancer Research
Laboratory, University of Southern California School of Medicine, contri-
buted significantly to the advancement of knowledge in the areas of radia-
tion-induced damage to DNA and radiation-induced neoplastic transforma-
tion. Dr. Han was also an active member of several Argonne committees, an
Associate Editor of Radiation Research, and a member of the Board of
Editors of the International Journal of Radiation Biology.

E. Huberman, Director
Division of Biological

and Medical Research
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In the photograph below, Betty Jean Wright is using an image digitizer
to assess preneoplastic changes in histochemically stained sections
of rat liver. See Chapter 1 for a description of the major program in
which this technique is used.

I

•-V-

i . -1



1. MECHANISMS OF HEPATOCARCINOGENESIS

C. Peraino, Principal Investigator
B. A. Carnes, J. M. Burcham, W. E. Boernke,* J. E. Morris,**

J. A. Blomquist, V. A. Ludeman, A. M. Prapuolenis,
E. F. Staffeldt, and J. J. Russell

The program objectives are
(1) to determine the mechanisms of
liver tumor initiation and promo-
tion and (2) to further refine the
experimental liver tumorigenesis
system developed in our laboratory
as a rapid bioassay for carcino-
gens. We are using two complemen-
tary experimental approaches to
examine the morphological and bio-
chemical characteristics of hepa-
tocytes undergoing tumorigenesis
and the nature of the gene control
processes that are functionally
linked to the expression of neo-
plasia.

Our tumorigenesis studies
involve the administration of pre-
sumptive tumor initiators [e.g.,
diethylnitrosamine (DEN) or benzo-
(a)pyrene (BAP)] to newborn rats
followed by the feeding of pre-
sumptive promoters (e.g., phe-
nobarbital) beginning at the time
of weaning. Histochemical analy-
sis of the liver as early as six
weeks after carcinogen treatment
reveals the formation of small

aggregations of hepatocytes (foci)
with biochemical changes like
those subsequently appearing in
most liver tumors. Foci and tumor
incidences and characteristics are
then compared. The sensitivity,
rapidity, and simplicity of this
nev treatment protocol have en-
hanced the ability of the liver
system to detect environmental
carcinogens and are facilitating
the analysis of the critical
changes in liver cells associated
with the onset of neoplasia.

Our gene control studies in-
volve comparisons of the mecha-
nisms controlling the synthesis of
two enzymes, serine dehydratase
(SDH) and ornithine aminotransfer-
ase (OAT), which undergo adaptive
changes in tumors. Following die-
tary, hormonal, and chronobiotic
stimuli, we measure changes in en-
zyme synthesis rates, functional
mRNA levels, and transcribable
gene content to determine the
sites of action of these stimu-
li. Acquisition of such Informa-

Mammalian Genetics and Statistics Group.
^Visiting Scientist, Nebraska Wesleyan University.
'Scientist In Residence (Faculty Research Leave at Argonne Appointee), State
University College of New York, Brockport.



tion is essential for an under-
standing of gene control mecha-
nisms in normal liver; this know-
ledge can then serve as the basis
for characterizing perturbations
in the regulation of gene expres-
sion during carcinogenesis.

The following were the prin-
cipal findings in our tumorigene-
sis studies: (1) Both the DEN and
3AP treatments were tumorigenie
and produced foci with similar
phenotypic properties (numbers and
identities of histochemical mar-
kers). (2) Foci relative growth
rates and growth capacities
(ranges of possible growth rates)
were directly related to foci phe-
notypic complexity levels (numbers
of markers per focus). (3) Indi-
vidual foci were phenotypically
stable (i.e., they neither gained
nor lost markers). (4) A substan-
tial fraction of the tumors ob-
served in this study had fewer
markers than the most complex
foci.

In our latest studies of the
regulation of SDH and OAT gene
expression in normal liver, we
examined the circadian cycling
characteristics of the rates of
enzyme synthesis in rats fed a 60%
casein diet for 1 h at 11 h inter-
vals vs. 2 h at 22 h intervals and
in rats fed a 20* casein diet vs.
a 60% casein diet according to the
2:22 feeding schedule. The data
demonstrated that changes in feed-

ing frequency or dietary composi-
tion did not abolish the circadian
synthesis cycle for either enzyme
but that the phasing of the cycle
for each enzyme could be shifted
independently. These data indi-
cate that the circadian fluctua-
tions in OAT and SDH synthesis are
generated by separate endogenous
circadian oscillators that influ-
ence one or more of the stages of
gene expression (transcription,
mRNA processing, translation).

Considered collectively, the
results of our studies of foci and
tumor formation suggest that foci
emerge as the result of a specific
set of cellular changes solely in-
ducible by carcinogenic stimuli,
but that the foci do not eventual-
ly become tumors through a process
that involves progressive increa-
ses in the complexity of the
foci. Instead, we postulate that
tumorigenesis involves a separate
transformation event that may oc-
cur in a susceptible fraction of
foci subsequent to their formation
or, alternatively, may occur at
the time of exposure to carcino-
gen, in parallel with the carcino-
gen-mediated events leading to fo-
cus formation. Analysis of the
mechanisms underlying the disrup-
tions in gene expression involved
in the production of foci and tu-
mors will be based on techniques
and insights gained in our studies
of SOH and OAT gene regulation.



PUBLICATIONS APPEARING DURING THE
NOTED PERIODS

1983

Per^ino, C , W. L. Richards, and
F. J. Stevens

Multistage Hepatocarci nogeriesi s
Mechanisms of Tumor Promo-
tion, Vol. I, Tumor Promo-
tion in Internal Organs,
T. J. Slaga, ed., CRC Press,
Inc., Boca Raton, FL, 1983,
Chap. 1, pp. 1-53

Stevens, F. J., and C. Peraino
Liver as a Model System for
Analyzing Mechanisms of Tumor
Initiation and Promotion

Organ and Species Specifi-
city in Chemical Carcino-
genesis, R. Langenbach,
S. Nesnow, and J. M. Rice,
eds., Plenum Publishing
Corporation, New York, NY,
1983, pp. 231-252

Accepted as of_ June 30, 1984

Peraino, C , E. F. Staffeldt,
B. A. Carnes, V. A. Ludeman,
J. A. Blomquist, and
S. D. Vesselinovitch

Relationship of Histochemically
Detectable Mtered Hepatocyte
Foci to Hepatic Tumorigenesis

Proceedings of the Symposium
on the Role of Cocarcinogens
and Promoters in Human and
Experimental Carcinogenesis,
Budapest, Hungary,
5/16-18/83

Peraino, C , E. F. Staffeldt,
B. A. Carnes, V. A. Ludeman,
J. A. Blomquist, and
S. D. Vesselinovitch

Characterization of Histochem-
ically Detectable Altered Hepa-
tocyte Foci and their Relation-
ship to Hepatic Tumorigenesis
in Rats Treated Once with Di-
ethylnitrosamine or Benzo(a)-
pyrene within One Day after
Birth

Cancer Res.



2. ROLE OF METALS IN COCARCINOGENESIS AND THE USE OF
LIPOSOMES FOR METAL MOBILIZATION

Y. E. Rahaan, Principal Investigator
P. A. Lagocki and E. A. Cerny

The objectives of this
program are (1) to establish and
develop animal models to investi-
gate metal tumorigenesis, (2) to
define the specific role of metal
compounds in the process of tumor
induction, and (3) to develop new
approaches for; reducing the tu-
morigenicity and toxicity of the
metals under investigation.

Our studies on the role of
metals in the induction of tumors
currently focus on arsenic. To
study carcinogenesis of the skin,
we gave mice arsenic at different
levels in their drinking water,
first in conjunction with a tumor
initietor (physical or chemical)
and then with applications of a
skin tumor promoter, 12-0-tetra-
decanoyl phorbol - 13 - acetate
(TPA). The mice were then
monitored for the development of
skin tumors. In other studies
focusing on hepatocarcinogenesis,
rats were similarly exposed to
arsenic in the drinking water,
then Injected with a hepatocarci-
nogen md fad phenobarbital as a
promoter. The livers were examin-
ed histochemically at Intervals

for the development of preneo-
plastic foci.

Using ultraviolet (UV) radia-
tion as the tumor initiator, we
had previously demonstrated an
enhancing effect of arsenic on the
induction of skin tumors. Now,
with the use of a chemical carcin-
ogen, 7,12-dimethylbenz[a]anthra-
cene (DMBA), we have further con-
firmed our findings from the UV
experiment. Results obtaln-d from
the DMBA experiment are summarized
as follows: (1) Among all experi-
mental groups (DMBA alone, arsenic
alone, TPA alone, TPA + arsenic,
DMBA + arsenic, DMBA + TPA, and
DMBA + TPA + arsenic), only the
group of mice treated with DMBA +
TPA + arsenic showed an increased
mortality from all causes. (2) A
significantly larger number of
papillomas was observed in the
group of mice given DMBA + TPA +
arsenic over the number of tumors
found In the group given only DMBA
+ TPA. All other experimental
groups had only negligible numbers
of papillomas. (3) By ~ 22 weeks
after the last TPA application,
about 5-72 of the papillomas had

^Present Affiliation: Abbott Laboratories, North Chicago, Illinois.



begun to assume the morphology of
squamous cell carcinomas. (4) In
the group given DMBA + TPA + arse-
nic, 100* trf the mice had skin pa-
pillomas by one week after the
last TPA application, while in the
group given only DMBA + TPA a max-
imum of 95% of the mice had papil-
lomas at four weeks after the last
TPA application.

Analysis of the data from the
experiments involving the induc-
tion of preneoplastic foci and tu-
mors in the livers of rats, in re-
sponse to arsenic given in drink-
ing water, has been continued. We
have examined liver sections from
rats at 9 months after carcinogen
administration. The results show
that arsenic a'; a nontoxic level
of 10 mg/L has an enhancing effect
on the induction of preneoplastic
foci in the liver of female but
not male rats. We have also per-
formed a similar experiment giving
selenium instead of arsenic in
drinking water and have found that
selanium at a level of 4 ppm has a
marked inhibitory effect on the
induction of preneoplastic foci in
the livers of both female and male
rats.

One of the characteristics of
the preneoplastic foci of the li-
ver is resistance to iron accumu-
lation. By injecting carcinogen-
treated rats with multiple doses
of iron-dextran, we obtain speci-
fic iron loading in normal hepato-
cytes while sparing the preneo-
plastic cells. A Percoll (a self-
generating gradient medium) gradi-
ent of appropriate densities has
been successfully developed to
separate the cells of the preneo-
plastic foci (which are less dense

because they lack iron) from the
denser normal hepatocytes. Pre-
liminary study of these preneo-
plastic liver cells indicates that
they have an average diameter of
about 20 Mm, while the average
diameter of the normal hepatocytes
is about 15 urn.

In the development of a new
approach to mobilize toxic metals
from storage organs of animals, we
used two methods to produce ex-
perimental iron overloading in
mice: (1) Iron overloading in the
reticuloendothelial system was
produced by administration of
heat-damaged 59Fe-labeled red
blood cells and (2) iron overload-
ing i4i the liver parenchymal cells
was produced by administration of
purified 59Fe-labeled ferritin.
Lipid vesicles (liposomes) differ-
ing in size and lipid composition
were used to encapsulate various
metal chelators for delivery to
specific metal storage organs.
Short-term cultures of liver par-
enchymal cells and peritoneal
macrophages were also used for jn_
vitro studies of liposome-cell
interactions. Results obtained
from cultured peritoneal macro-
phages were reported in last
year's report, AML-83-40.

This year we have further
confirmed our previous findings
that liver parenchymal cells are
capable of endocytic activities.
Using various types of liposomes,
we observed the following:

1. Given the same surface charge,
large unilamellar liposomes (LUV)
were more effectively taken up
than the small unilamellar lipo-
somes (SUV).
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2. Increasing the positive charge
of liposomes (by Increasing the
stearylamine content) enhanced the
liposome uptake.

3. For liposomes of the same
size, positive liposomes were
taken up best, then negative ones,
with the lowest uptake for neutral
liposomes.

4. Hydrogenation of egg phospha-
tidylcholine (PC) drastically
enhanced the uptake of liposomes
regardless of their surface
charge.

5. Cy\ lasin B, a known inhi-
bitor on phagocytosis, did not
significantly affect the uptake of
LUV or SUV.

6. Incubation of the liver cells
at 4*C, however, resulted in a
more than 90% reduction in lipo-
some uptake.

Few studies have been pub-
lished that focus on the endocytic
capability of liver parenchymal
cells. Our studies, which include
electron microscopic examination,
have indicated that these cells
can internalize particles of the
size of LUV (~ 160 ntn). Reducing
the fluidity of the liposomal mem-
branes by using hydrogenated PC
greatly enhanced the liposome up-
take.

The finding of an endocytic
property for liver parenchymal
cells is unexpected. Further un-

derstanding of the cell surface
behavior of these cells should be
important not only in basic cell
biology but also in the design of
suitable carrier systems for in-
troducing molecules of biological
importance specifically into the
liver parenchymal cells*

PUBLICATIONS APPEARING DURING THE
NOTED PERIODS

1983

Lau, E. H., E. A. Cerny,
B. J. Wright, and Y. E. Rahman

Improvement of Iron Removal
from the Reticuloendothelial
System by Liposome Encapsula-
tion of N,N'-bis[2-hydroAy-
benzyl]-ethylenediamine-
N.N'-diacetic Acid (HBED):
Comparison with Desferrioxamine

J. Lab. Cl in . Med. 101,
806-816 (1983)

MacCoss, M., J. J . Edwards,
P, Lagocki, and Y.-E. Rahman

Phospholipid-Nucleoside Conju-
gates. 5. The Interaction of
Selected l-3-£-arabinofur-
anosy1cytosi ne-5'-di phosphate-
J^-l.Z-diacyl glycerols with
Serum Lipoproteins

Biochem. Biophys. Res.
Commun. J16_, 368-374 (1983)

Rahman, Y. E.
Liposomes as Carriers for
Chelators

Liposome Letters,
A. D. Bangham, ed., Academic
Press, Inc., New York, NY,
1983, pp. 335-340



Rahman, Y. E., E. A. Cerny,
E. H. Lau, and B. A. Carnes

Enhanced Iron Removal from
Liver Parenchymal Cells in
Experimental Iron Overload:
Liposome Encapsulation of HBED
and Phenobarbital Administra-
tion

B l o o d y , 209-213 (1983)

Tom, B. H., C. M. Macek,
L. Raphael, J. Sengupta,
E. A. Cerny, M. M. Jonah, and
Y. E. Rahman

Liposome Uptake into Human
Colon Adenocarcinoma Cells in
Monolayer, Spinner, and Tryp-
sinized Cultures

Proc. Soc. Exp. Biol. Med.
172, 16-28 (1983)

1984 through June

Jonah, M. M., and Y.-E. Rahman
Liposomes Targeted to Cellular
Receptors

Investigation of Membrane-
Located Receptors, E. Reid,
G. M. W. Cook, and
D. J. Moore, eds. 1984,
Plenum Publishing Corpora-
tion, New York, NY,
pp. 317-330

Schwendener, R. A., P. A. Lagocki,
and Y. E. Rahman

The Effects of Charge and Size
on the Interaction of Unilamel-
lar Liposomes with Macrophages

Biochim. Biophys. Acta 772,
93-101 (1984)

Accepted as of June 30, 1984

Rahman, Y. E., K. R. Patel,
E. A. Cerny, and M. MacCoss

The Treatment of Intravenously
Implanted Lewis Carcinoma with
the Sustained Release Forms of
1-3-D-Arabinofuranosylcytosine.
A Covaient Phospholipid-
Conjugate of ara-C and Liposome
Encapsulated ara-C

Eur. J. Cancer Clin. Oncol.
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3. THE CONTROL OF MUTAGENESIS AND CELL DIFFERENTIATION IN
CULTURED HUMAN AND RODENT CELLS BY CHEMICALS THAT

INITIATE OR PROMOTE TUMOR FORMATION

E. Huberaan, Principal Investigator
C. A. Jones, J. P. Hardwick, K. Kiguchi, E. A. Malvoisin,

S. Murao, C. T. Oravec, I. Simon, R. Grayson,* F. L. Lewis,*
M. Stodolsky, M. F. Callaham, C. B. Henning, and B. A. Sedita

The objectives of this pro-
ject are (1) to study, in cultured
human and rodent cells, the mode
of action of chemicals that initi-
ate and/or promote tumor formation
and (2) to establish simple and
reliable cell culture systems for
predicting the potential hazard of
new chemicals that are being in-
troduced into our environment.

A major question in current
carcinogenesis research is why
some carcinogenic chemicals exhi-
bit cell or organ specificity.
The mammalian cell-mediated muta-
genesis assays that we have devel-
oped are useful for investigating
some of the factors determining
such specificity. In these as-
says, mutable target cells (e.g.,
Chinese hamster V79 cells), which
cannot themselves metabolically
activate chemical carcinogens, are
cocultured with primary cells
derived from a selected organ or
tissue. Reactive intermediates
generated from the carcinogenic

chemicals by the primary metaboli-
zing cells are transferred to the
target cells where their mutagenic
activity can be determined.

In one study, we used either
fibroblasts or hepatocytes as the
primary activating cells to meta-
bolize benzo(a)pyrene (BP). We
found that BP was activated to
mutagenic intermediates by fibro-
blasts but not by hepatocytes.
Analysis of the profiles of meta-
bolites and DNA adducts obtained
following incubation of hepato-
cytes and fibroblasts with [3H]BP
indicated that this cell specifi-
city could be explained by a dif-
ference in the metabolism of BP in
the two types of cells. In the
hepatocytes, metabolism occurred
principally In the K-region of the
molecule resulting in the forma-
tion of BP-4,5-diol, phenols, and
quinones, a major portion of which
underwent subsequent metabolism to
water-soluble conjugates. Only
small amounts of BP-7,8-diol, the

Faculty Research Participant, California Polytechnic State University,
^Faculty Research Participant, Cheyney State College, Milwaukee.
'Visiting Scientist, Bosphorus University, Istanbul, Turkey.
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precursor of BP-diol epoxide
(BPDE), the ultimate carcinogenic
and mutagenic metabolite of BP,
were generated, and these were
rapidly converted to nonmutagenic
t r i o l s and tetraols. Metabolism
of BP in the f ibroblasts, on the
other hand, was directed more
toward the formation of BP-7,8-
diol and hence BPDE.

These results indicate that
the low susceptibi l i ty of the
l iver to BP-induced carcinogenesis
may be explained by the preferen-
t i a l metabolism of BP via routes
other than those leading to forma-
tion of signif icant amounts of
BPDE. Thus, c r i t i ca l binding of
this carcinogenic BP intermediate
to hepatocyte DNA does not occur
under normal circumstances.

Recently, we have isolated
from a human teratoma cell l i ne , a
cell clone, designated P3, which
is useful for mutagenesis
studies. These cel ls , which grow
attached to the surface of Petri
dishes, exhibit an epithel ial cel l
morphology and have a stable dip-
loid karyotype with 46(XX) chromo-
somes including a translocation
between chromosomes 15 and 20.
Resistance to 6-thioguanine, which
is associated with a mutation at
the hypoxanthine guanine phosphor-
ibosyl transferase (HGPRT) locus,
can be induced in these cel ls .
Analysis of a series of six P3

mutants resistant to TG revealed
that the acquisition of TG resis-
tance in these cells was associat-
ed with a more than 10-fold reduc-
tion in HGPRT ac t i v i t y . These
cel ls , however, in common with
cells from other cell lines used
in mutagenesis studies, cannot

themselves metabolically activate
chemical carcinogens. After co-
cult ivation of the P3 cells In a
cell-mediated assay with human BJ
carcinoma ce l ls , which are capable
of metabolizing polycyclic aroma-
t i c hydrocarbons (PAH), we could
demonstrate that 7,12-dimethyl-
benz(a)anthracene, 3-methy1cholan-
threne, BP, and chrysene were
capable of inducing TG-resistant
mutants—with the degree of mutant
induction related to the carcino-
genic potency of the PAH. Pyrene
and benzo(e)pyrene, which are not
carcinogenic, were either inactive
in this system or induced only
limited TG resistance. Prelimi-
nary studies also indicated that
P3 cells can be used to detect the
mutagenic response of dimethylni-
trosamine in an assay when rat
l iver hepatocytes are used to
activate the carcinogen.

These results thus indicate
that the human epithel ial teratoma
P3 cells can be useful in detect-
ing mutations induced at the HGPRT
locus by direct-actir.g mutagens or
carcinogens and by premutagenic or
precarcinogenic chemicals act ivat-
ed in a cell-mediated assay with
either human or rodent ce l ls .

Chemicals that have been
shown to promote the formation of
tumors in the mouse skin (such as
the phorbol diesters and teleoci-
dins), unlike complete carcino-
gens, do not bind to ONA and do
not exhibit a mutagenic
response. We and others tiave
shown that the potent tumor promo-
ters phorbol-12-myri state-13-ace-
tate (PMA) and teleocidin B w i l l
induce the human HL-60 promyelocy-
t e cell to dif ferentiate into a
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cell that phenotypically resembles
a mature macrophage. These two
chemically unrelated agents seem
to exert their biological act iv i ty
through a similar mechanism, Tel-
eocidin competitively inhibits the
specific binding of phcrbol dies-
ters to their cel lular receptors
a.nd, in HL-60 ce l ls , induces d i f -
ferentiat ion characteristics
similar to those induced by PMA.
Furthermore, an HL-60 cell variant
(R-80) that we have isolated,
which is resistant to PMA-induced
cell d i f ferent ia t ion, exhibits a
similar resistance to teleocidin
but not to other inducers of cell
d i f ferent iat ion such as dimethyl -
sulfoxide or ret inoic acid.

Recently i t was reported that
1,25-dihydroxyvitamin D3 [1,25-
(QH)2D3J, the biologically active
metabolite of vitamin D3, induced
in HL-60 cells a number of d i f fe r -
entiation markers. These studies
raised the possibi l i ty that 1,25-
(0H)2D3 may induce di f ferent iat ion
processes in the HL-60 cells via a
mechanism similar to that of PMA
and teleocidin. To examine this
poss ib i l i ty , we compared the a b i l -
i t y of l,25-(0H)2D3 and PMA to
induce cell d i f ferent iat ion in
HL-60 cells and in two HL-60 cell
variants that are resistant to
PMA-induced cell d i f ferent ia-
t i on . In addition, we investigat-
ed the ab i l i t y of l,25-(0H)2D3 to
inh ib i t specific phorbol diester
receptor binding as a means of
establishing whether l,25-(0H)2D3

shares similar binding sites with
PMA and teleocidin.

The results showed that after
treatment with l,25-(0H)2D3, the
HL-60 cells expressed a series of

di f ferent iat ion markers including
an increase in lysozyme and non-
specific esterase ac t i v i t i es ,
increased react iv i ty with 0KM1
monoclonal antibody, and an i n -
crease in the fraction of morpho-
logical ly mature cel ls . The i n -
duction of each of these markers
was both time and dose depen-
dent. The increases in nonspeci-
f i c esterase act iv i ty and in the
synthesis of a number of mono-
cyte/macrophage protein markers
and the absence of a large frac-
tion of cells with banded or seg-
mented nuclei (characteristic of
granulocytes) indicate that, in
contrast to previous suggestions,
treatment of HL-60 col ls with
l,25-(0H)2D3 produces cells that
more closely resemble monocytes or
macrophages than granulocytes.
However the monocyte/macrophage
phenotype induced by 1,25-{OH)2D3

in the HL-60 cells was similar,
but not ident ical , to that induced
by PMA.

We have also observed in
these studies a resistance of our
HL-60 cell variant (R-80) to the
induction of cell d i f ferent iat ion
by either PMA or
Together with the previous
sui ts, this resistance suggests
that these two inducers may affect
HL-60 cells by a similar process,
which leads to the monocyte/macro-
phage-like phenotype. Even though
these inducers do not seem to
share common cel lular receptors,
i t is possible that both receptors
transmit similar signals to the
cel ls , which results in comparable
changes in the regulation of gene
expression.

l,25-(0H)2D3.
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In summary, we anticipate
that the work on the development
and use of the various assays
involving cultured human and ro-
dent cells will lead to the de-
velopment of rapid and reliable
methods by which a broad spectrum
of environmental contaminants can
be tested for tumor initiating or
promoting activity and organ spe-
cificity. In addition, this work
should provide further insight
into the cellular and biochemical
events involved in the control of
mutagenesis and cell differentia-
tion and the development of neo-
plasia.
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4 . RADIATION EFFECTS IN MAMMALIAN CELLS IN VITRO

C. K. H i l l , Principal Investigator
A. Han,* M. M. Elkind,1" R. L. Wells, E. M. Buess,

' . 0. Dale, C.-M. Liu, J . M. Holland,5 and 0. L. Redman,

The purpose of this study is
to explore the mechanisms for the
radiation-induced changes in mam-
malian cel ls that lead to cell
death, mutation, and neoplastic
transformation. Of particular
interest are the biology of low-
dose-rate and dose-fractionation
effects on these end points and
the mechanisms whereby these ef-
fects are influenced by cel lular
repair processes, inh ib i tors , and
promoters that act at the genetic
or biochemical leve l . Radiations
used include low linear energy
transfer (LET) radiation such as
60Co gamma rays and x-rays and
high-LET radiation such as f ission
spectrum neutrons from our JANUS
research reactor. (See Chapter 18
for further description of the ra-
diation f a c i l i t i e s of the D iv i -
sion.) To a lesser extent, we are
also using nonionizing radiat ion.

The principal techniques that
are used include (1) clonal growth
of single cells to measure cel l
k i l l i ng or induction of mutants,
(2) transformation assays based on
the ident i f icat ion of morphologi-
cally altered foci on an otherwise
contact-inhibited layer of ce l ls ,
and (3) labeling of DNA-precursor
macromolecules with radioisotopes
and measuring the damage to DMA
with sedimentation and elution
techniques. In further studies of
neoplastic transformation in_ v i -
t r o , we test for altered proper-
ties by measuring the ab i l i t y of
cells to grow in semisolid agar
and determine the tumorigenicity
of transformed cells after their
inoculation into suitable hosts.

Neoplastic transformation of
mammalian cells exposed to f ission
neutrons or 60Co gamma raysT
During the past year, our studies
of protracted exposures to f ission

Dr. Antun Han, M.D., Ph.D., died May 7, 1984, while holding a dual
appointment: Biophysicist, Argonne National Laboratory, and Head,
Division of Experimental Radiotherapy, Southern California School
of Medicine, Los Angeles.

'Dual appointment: Senior Biophysicist, Argonne National Laboratory, and
Chairman, Department of Radiology and Radiation Biology, Colorado State

.University, Fort Coll ins.
J jFal l 1983 Student Research Participant, Carroll College, Helena, MT.

Spring 1983 Student Research Participant, Ohio Wesleyan University.
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neutrons (JANUS reactor) or 60Co
gamma rays have been continued and
extended. We have now gathered
enough data for 60Co gamma rays to
enable us to conclude that as for
acute-dose-rate delivery, both
low-dose-rate (0.1 rad/min) and
multifractionated (50 rads/min)
delivery produce transformation
induction curves that are linear
in the low dose region. However
protracted exposures are s i g n i f i -
cantly less effective than single
acute exposures for both cel l
k i l l i n g and the induction of neo-
plastic transformation. For neu-
tron i r rad ia t ion, we have strong
evidence that the i n i t i a l parts of
the transformation induction
curves for low-dose-rate and
acute-dose-rate exposures are
l inear. In contrast to the re-
sults with 60Co gamma rays, how-
ever, protracting the dose of neu-
trons by decreasing the dose rate
to 0.086 rad/min signif icant ly
increases the induction of neo-
plastic transformation but has
l i t t l e or no effect on cell k i l l -
ing. Doses of neutrons delivered
in several fractions at a high
dose rate (10 rads/min) also en-
hance the transformation frequen-
cy. However, at high total doses
where progressive disturbances
(due to G2 blocking) occur in the
cel l cycle d is t r ibut ion, the
transformation-frequency curve

approaches the acute-dose-rate
curve before i t approaches that
for equivalent low-dose-rate expo-
sures. The i n i t i a l slopes of the
induction curves for the different
exposure conditions with 60Co
gamma rays and f ission neutrons
have been used to estimate the
relative biological effectiveness
(RBE) of the dif ferent radiation

qualit ies and doses by? setting the
dose of 60Co gamma rays given at a
dose rate of 100 rad/min as
1.00. These slopes indicate that
the RBE may vary from 0.3 or less
for multifractionated gamma ray
exposures to more than 22 for low-
dose-rate or fractionated f ission
neutron exposures. A study of a
single dose (21 rad) of f ission
neutrons given at various dose
rates indicates that the enhance-
ment in neoplastic transformation
begins to appear at dose rates be-
low 0.43 rad/min and that the pro-
cess Involved can be completed in
less than 50 minutes.

Mutation induction in mamma-
l ian cells exposed to °̂Co gammT
rays and f ission neutrons. In pa-
ra l l e l with the transformation
studies, an active study is under
way to investigate the effect of
dose protraction on mutation as
measured at the hypoxanthine gua-
nine phosphoribosyl transferase
(HGPRT) locus by the induction of
mutants resistant to 6-thiogua-
nine. Preliminary data using
Chinese hamster ce l ls , normal
human fibroblasts (IMR91) and
cells from a transformed human
epithel ial cell l ine (P3) suggest
that although the human cells are
about twice as sensitive as the
Chinese hamster cel ls to cel l
k i l l i ng by 60Co gamma rays and
fission neutrons, the shape of the
mutation induction curves are
qual i tat ively similar. So far ,
with the dose rate reduced to
0.5 rad/min or 0.1 rad/min for
fission neutrons, there appears to
be no signif icant change in muta-
tion frequency. The estimated RBE
for induction of mutation by f i s -
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ston neutrons In the I n i t i a l part
of the induction curve is 15.

Role of promoters and inh ib i -
tors in the expression of radia-
tion-induced neoplastic transfor-
mation. Studies using 0.1 vig/mL
of tetradecanoy1phorbol-13-acetate
(TPA) added 24 h following i r r a d i -
ation and plating have shown that
more than a 10-fold increase in
transformation can occur in the
small-to-moderate dose region at
acute dose rates of 50Co gamma
rays or f ission neutrons. When
TPA is added after low-dose-rate
exposures of 60Co gamma rays, even
though considerable repair has
occurred, there is s t i l l a s ign i -
f icant increase in transformation
frequency, which suggests that
some promotable damage either can-
not be or is not repaired. Pre l i -
minary evidence with TPA added
after i r radiat ion with f ission
neutrons at low dose rates sug-
gests that although the transfor-
mation frequency is already en-
hanced by the dose given at the
low dose rate, there is s t i l l some
increase due to TPA. However, the
level of transformation reached is
the same as that seen when TPA is
added after single acute-dose-rate
exposures, suggesting that some of
the unexpressed damage that would
normally be promoted by TPA has
already been expressed. In some
manner, then, i t appears that low-
dose-rate neutrons may fac i l i t a te
the expression of the damage that
they cause. In preliminary ex-
periments with the protease inh i -
bitor antipain, we found that the
level of t ransforat ion after low-
dose-rate exposures was reduced to
the level seen after acute-dose-
rate exposures. I t remains to be

seen how antipain affects acute-
dose-rate exposures and thus what
conclusions can be drawn about the
mechanism of the enhanced trans-
formation frequency at low dose
rates of f ission neutrons.

Mutation studies with mono-
chromatic wavelengths of mid- to
near-UV l i gh t . The studies with a
sunlight-simulating source of
near-UV reported last year have
been extended by using single
wavelengths of monochromatic l igh t
for i r rad ia t ion. Using V79
Chinese hamster ce l ls , we measured
cell survival and mutation at the
HGPRT locus and the sodium-potas-
sium ATPase locus. As the wave-
length increased from 313 nm to
405 nm, the frequency of induction
of 6-TG resistant mutants decreas-
ed to a greater degree than did
cel l survival. No mutants resis-
tant to either 6-thioguanine
(HGPRT locus) or ouabain (sodium-
potassium ATPase locus) were i n -
duced by 405 nm l igh t and no mu-
tants resistant to ouabain were
induced by 365 nm l i gh t . Ouabain
resistance was induced with con-
siderably less efficiency at
313 nm and 334 nm than was 6-thio-
guanine resistance. These data
indicate that the action spectra
for the k i l l i ng of cells and the
induction of mutations are d i f -
ferent from each other. In addi-
t ion , action spectra for mutations
at the HGPRT and Na/K ATPase loci
are quantitatively and qual i ta-
t ively dif ferent from each
other. These observations imply
major differences in the cel lular
mechanisms for cell inact ivat ion,
induction of 6-thioguanine resis-
tance, and induction of ouabain
resistance for V79 cells following
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i r rad ia t ion with l i gh t in the
near-UV region.
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5. RADIATION CARCINOGENESIS AND RAOIOPROTECTORS

D. J. Grdina, Principal Investigator
B. Magy, P. J. Dale, and J. M. Angerman

This program is directed at
investigating mechanisms involved
1n radiation-induced carcinogene-
sis. Those radiation protocols
identified in the studies describ-
ed in Chapter 6 as producing sig-
nificant differentials in tumor
Induction as a function of radia-
tion quality will be used. Ini-
tial studies include the charac-
terization of DNA damage and re-
pair in the B6CFX hybrid mouse
strain as these factors relate to
radiation quality, exposure proto-
col, and specific organ sites.
SeTected radioprotective agents,
which act in part as free radical
scavengers, are being used to mod-
ulate DNA damage and repair so as
to elucidate their Influence, if
any, on the ultimate expression of
tumor Induction and/or life short-
ening. This program Is closely
allied with the programs described
in Chapter 6, "Life Shortening,
Tumor Induction, and Tissue Dose
for Fission Neutron and Gamma Ray-
Irradiations"; in Chapter 4,
"Radiation-Induced Changes in Mam-
malian Cells,,; and 1n Chapter 1,
"Mechanisms of Hepatocarcinogene-
sis."

Our studies of the mechanisms
involved in radiation carcinogene-
sis include both \n_ vitro and jm.
vivo systems. Irradiations are
performed with 0.85 MeV fission
neutrons from the JANUS reactor
and gamma rays from 60Co
sources. Radioprotectors current-
ly being evaluated for their
ability to modulate cell killing,
mutagenesis, transformation, and
carcinogenesis include S-2-O-
aminopropylamino) ethyl phosphoro-
thioic acid [WR-2721], N-(2-mer-
captoethyl)-l,3-diaminopropane [WR-
1065] and S-3-(3-methylamino-
propylamino) propyl phosphoro-
thioic acid [WR-151327]. In vitro
systems include a Chinese hamster
V-79 cell system for mutagenesis
studies and a C3H10T1/2 cell sys-
tem for transformation studies.
The BeCFj (Fl hybrid of the BALB/c
and C57BL/6 mouse strains) and the
C3H mouse strains are being used
to study tumor induction, life
shortening, and acute responses as
measured by 50% lethality at 6 and
30 days (e.g.,

respectively,
LDso(6) and

foil'50(30)* respectively, Toilowlng
irradiation with and without pro-
tectors. The effect of radiopro-
tectors on radiation- and/or

Visiting Scientist, Central Institute for Tumors and Allied Diseases, Zagreb,
Yugoslavia.
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diethylnitrosamine (DEN)-Induced
hepatocardoogenesis is also being
Investigated in newborn Sprague
Dawley rats . DNA damage and
repair kinetics are being
characterized in a l l systems
through an alkaline elution tech-
nique. The results obtained from
experiments in progress are sum-
marized as follows:

1 . The effects of WR-1065
(4 mM) on cell survival and
mutagenesis of V-79 cells f o l -
lowing exposure to various doses
of 60Co gamma rays or cis-dichlor-
odiammineplatinum ( I I ) (cis-DDP)
have been studied. WR-1065 pro-
tected against cel l k i l l i ng by
radiation and cis-DDP by factors
of 1.7 and 1.8, respectively.
Using resistance to 6-thioguanine
in V-79 cells as an index of muta-
genicity, we found WR-1065 to be
effective in protecting against
the mutagenic effects of both of
these agents. In a representative
experiment, the number of mutants
per 106 survivors was reduced from
85 to 21 for 800 rad of radiation
exposure and from 27 to 9 for
10 pg/mL of cis-DDP. The control
mutation rate was about 7 per 106

survivors.

2. The ab i l i t y of WR-1065
(1 mM) to protect against
neoplastic transformation of
C3H10T1/2 cells exposed to 60Co
g?mma rays at a dose rate of
50 rad/minute was studied in co l -
laboration with Dr. C. K. H i l l
(see Chapter 4) . The transfor-
mation frequency per cell exposed
was reduced at a l l radiation dose
levels (e .g . , 200 to 900 rad) when
WR-1065 was present during i r radia-
t ion . Maximum Induction of trans-

formation occurred at 500 rad
(e.g. , transformation frequencies
of 1.3 x 10"3 and 3.5 x 10",* for
irradiat ion only and irradiat ion
plus protector, respectively).

3. The agents WR-2721 and
WR-151327 are being evaluated in
collaboration with Dr. Peraino
(see Chapter 1) with respect to
their possible protective effects
against the formation of enzymati-
cally altered l iver foci and hepa-
tocarcinogenesis induced in new-
born Sprague Dawley rats by 60Co
gamma rays, 0.85 MeV JANUS neu-
trons, and/or DEN. Preliminary
studies suggest that WR-2721,
administered at doses of 100 mg/kg
30 minutes before radiation or DEN
exposure, can affect the produc-
tion of these lesions. Studies in
progress are assessing time-dose
relationships.

4. WR-2721 and WR-151327 are
being evaluated with respect to
protection against acute radiation
damage. C3H mice irradiated with
f ission neutrons at doses ranging
from 200 to 1100 rad were protect-
ed by WR-151327 from deaths re la t -
ed to Intestinal factors CLD50^6j3
and deaths related to bone-marrow
disturbances CLD50^3O)3 by factors
of 2.2 and 1.2, respectively. In
contrast, WR-2721 exhibited pro-
tection factors of only 1.3
CLDso(6)3 and 1.2 [LD50( >] ,
respectively. DNA damage from
fission neutrons was evaluated
with alkaline elution tech-
niques. Preliminary data suggest
that the protector WR-151327 may
be effective in reducing DNA
damage in both tissue systems,
i . e . , intestinal mucosa and
hematopoietic ce l ls .
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6 . LIFE SHORTENING, TUMOR INDUCTION, AND TISSUE DOSE FOR
FISSION-NEUTRON AND GAMMA-RAY IRRADIATIONS

D. Grahn, Principal Investigator
K. Duggal, L. S. Lombard, I. R. Marshall, J. F. Thomson,

F. S. Williamson, B. H. Farrington, G. L. Holmblad,
0. L. Hulesch, V. A. Ludeman, A. R. Sallese,
E. F. Staffeldt, J. E. Trier, and B. J. Wright

The primary focus of this
program is to obtain information
on the late effects of whole body
exposure to low doses of a high-
linear energy transfer (LET) and a
low-LET ionizing radiation in ex-
perimental animals to provide gui-
dance for the prediction of radia-
tion hazards to man. The informa-
tion obtained takes the form of
dose-response curves ror l ife
shortening and for numerous spe-
cific types of tumors. This pro-
gram is closely allied with that
in Mammalian Genetics and Biosta-
t i s t i c s (Chapter 7), in which
genetic end points are examined

Table 1. Exposure Types and Doses

using the same radiation sources,
dose rates, total doses, and
strain of mouse.

The animals are irradiated
with fission neutrons from the
JANUS reactor and 60Co gamma rays,
delivered as single, weekly, or
duration-of-life exposures cover-
ing the range of doses and dose
rates shown in Table 1.

In most experiments we have
used the house mouse, Mus muscu-
lus, specifically the C57BL/6 x
BALB/c Fl hybrid (BeCFj). To pro-
vide an interspecies comparison,
we have also used the wild-type

Type of Exposure Neutrons Gamma Rays

Single exposures (rad)

Fractionated, 2-60 fractions
(rad, total dose)

Duration of life (rad/weekly fraction)

Continuous (rad/day)

1-240

2-320

0.67-2.67

22.5-788

100-3820

7-32

1.3-6
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white-footed mouse, Peromyscus
leucopus, a cr icet id rodent that
1s the same size as Mus but with a
signif icantly longer life-span and
a dif ferent spectrum of tumors.

Animals are observed for
their l i fet imes; gross and micro-
scopic examinations of the dece-
dents are carried out to establish
the probable causes of death. The
biological studies are supported
and complemented by dosimetric
analysis and data processing
programs.

Life Shortening

The status of
studies is as follows:

selected

JM-9 extends the neutron
dose-response curves to single
doses below 20 rad and includes
doses of 1, 2.5, 5, 10, 20, and 40
rad of neutron radiation and 22.5,
45, and 90 rad of gamma radia-
t ion . The results show that l i f e
shortening increases l inearly with
neutron dose up to 10 rad, at the
rate of 5.6 days/rad. Gamma-ray-
induced l i f e shortening is
0.375 days/rad, which gives a
l imi t ing RBE of 15. Above 10 rad
of neutrons, the response drops to
~ 2 days/rad.

JM-12 studies the effects of
neutrons given in two, four, or
six fractions at weekly intervals,
compared with the same total dose
(240 rad) given as a single expo-
sure. Previous experiments had
shown that l i f e shortening after
this dose was greater when the
dose was divided among six, 24, or
72 fractions given over a 24-week
period than that observed after a
single exposure. The augmentation

of neutron effect by dose frac-
tionation is evident even with two
fractions, and is most pronounced
with four fractions. Analysis of
causes of death shows that the
augmentation is nrnifested d i f fe r -
ently for eac fractionation
regime. After two fract ions,
there is a marked increase in
early deaths from thymic lympho-
mas; after four fractions, both
thymic and nonthymic lymphomas
appear soon after exposure; and
after six fractions, there is an
accelerated development of lung
tumors.

JM-4L involves gamma radia-
tion only, delivered at instanta-
neous dose rates of 1.4, 2.8, 6.3,
and 12.6 mrad per minute, 22 hours
per day, f ive days per week, for a
total of 23 weeks. The total
doses accumulated are 206, 417,
959, and 1918 rad, the same as in
a previous series of exposures in
which the mice were irradiated
once a week, to allow us to com-
pare the effects of protracted
gamma radiation at low dose rates
with fractionated gamma radiation
at high dose rates. The currently
estimated l i f e shortening coef f i -
cient is 0.16 days/rad accumulat-
ed, about 70% of that seen for
once-weekly exposures.

JM-13, supported by the
Nuclear Regulatory Commission,
involves weekly exposures to
neutrons (0.033, 0.125, 0.225,
0.35, 0.5, and 0.67 rad/weekly
fraction) or to gamma rays (1.67,
3.33, 5, 7.5, and 10 rad/weekly
fraction) for a total of 60 frac-
tions (half of the life-span of
the mouse). About 902 of the mice
have died and provisional es t i -
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mates of the life shortening are
~ 0.2 days/rad of gamma-rays ac-
cumulated and ~ 3 to 4 days/rad of
neutrons accumulated. Response is
linear over the full gamma-ray
dose range (100 to 600 rad) but
only over the neutron dose range
up to 21 rad.

Pathology

The gross autopsy and histo-
pathology ,data have been divided
into 26 diagnostic groups for both
"cause-of-death" and "pathology
present at death." Analyses of
the pathological findings in all
studies have begun to determine
initi&.ly the net risk or proba-
bility of death from any tumor as
a function of age, dose, sex,
radiation quality, and exposure
pattern. RBE (n/y) values are 3
to 4 tor all tumor deaths after
single doses and 15 to 20 after 60
once-weekly exposures. This in-
crease in the RBE values when ex-
posures are fractionated is partly
due to an increase in tumor risk
when neutron irradiation is frac-
tionated, but it is mostly attri-
butable to the decrease in tumor
risk that occurs when gamma irra-
diation is fractionated. Females
have innately higher tumor risks
per rad than males; however, this
difference is not generally influ-
enced by age or type of tumor, so
that RBE values themselves are not
significantly modified by sex. In
general, epithelial tissue tumors
show consistently higher RBEs than
do connective tissue tumors. For
example, after 60 once-weekly ex-
posures, the epithelial tissue tu-
mor RBE 1s between 40 and 50,
while the RBE for connective tis-
sue tumors is only 12 to 16. Tu-

mor risk per rad increases expo-
nentially between 400 and 800 days
after exposure, then the risk
tends to remain unchanged. This
pattern is seen for both sexes and
radiation qualities.

Dosimetry

All mice have been irradiated
with each individual mouse caged
in a 1-pint plastic cup. The
estimated mid-line tissue dose has
been based on phantom measurements
and the assumption that the mouse
rests in a prone position on the
floor of the cup. LDso/3o meas"
urements for mice both in cups and
in tubes, bilaterally exposed, are
nearing completion and will be
used to formulate a more realistic
dose/kerma factor.

We are in the process of
assembling a microdosimeter spec-
trometer with a 0.5-inch diameter
proportional counter; this instru-
ment will be used to document the
distribution of events at repre-
sentative locations in the neutron
and gamma irradiation facilities.

The life shortening studies
and analyses are almost completed;
it is clear that the response to
low doses of neutrons rises rapid-
ly and linearly from 1 to 10 or
20 rad, regardless of the pattern
of exposure, thus placing an upper
limit on the RBE at low doses.
This finding will be evaluated in
terms of causes of death. Al-
though we expect to find a wide
variety of tumor-specific RBE
values, we anticipate that the use
of life shortening as a single
integrated measure of lifetime
Injury will be substantiated and
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eventually recommended as the ba-
sis for considerations of radia-
tion safety. Specific tumor risks
will not be Ignored, however, as
these provide a basis for more
individualized conditions of pro-
tection.
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7. MAMMALIAN GENETICS AND BIOSTATISTICS

D. Grahn, Principal Investigator
B. A. Carnes, B. H. Farrington, C.-H. Lee,* and W. Finley*

This program has three objec-
tives: (1) to assess genetic ha-
zards of single, weekly, and con-
tinuous doses of 60Co gamma rays
and single and weekly doses of
fission neutrons to provide a
basis for estimating relative
biological effectiveness (RBE) of
fission neutrons, (2) to develop
detailed dose-response data at low
doses as a basis for studying
relationships between linear
energy transfer (LET) and the
sensitivity of various cell
stages, and (3) to develop im-
proved statistical approaches to
analytical issues in chemical and
radiation toxicology.

The genetic end points inves-
tigated in this program are (1)
the dominant lethal mutation rate,
(2) the frequency of abnormal
sperm head morphology, (3) the
frequency of reciprocal chromosome
translocations induced in sperma-
togonia, and (4) 'ihe frequency of
chromatin fragments (micronuclei)
in the polychromatophilic erythro-
cytes in the bone marrow. Male
hybrid B6CF! mice, 120 days old,
are Irradiated with fission neu-
trons from the JANUS reactor and

with gamma rays from our 60Co
gamma sources (see Chapter 18 for
further descriptions of our radia-
tion facilities). Breeding tests
are performed with the irradiated
males at selected periods to ob-
tain data on postmeiotic, meiotic,
and premeiotic cell stages in male
gametogenesis.

Effects from single neutron
doses of 1, 2.5, 5, 10, 20, and 40
rad have been compared with the
effects of 22.5, 45, and 145 rad
of 60Co gamma rays; a weekly expo-
sure series has also been perform-
ed for additional neutron and gam-
ma ray comparisons at low weekly
increments of 0.67, 1.67, and 2.67
neutron rad vs. 6.95, 17.4, and
32.0 gamma-ray rad for periods up
to one year. Males were periodi-
cally screened for accumulation of
dominant lethal mutations and for
the frequency of chromosome aber-
rations. An extensive study is
under way for the Nuclear Regula-
tory Commission on the somatic and
genetic effects of 60 once-weekly
exposures to low neutron and gamma
irradiations (see Chapter 6 for a
summary of the somatic effects).
The genetic tests evaluate the

Special term appointment.
'Summer 1983 Student Research Participant, Lehigh University, Bethlehem, PA.
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effects of 0.125, 0.35, and 0.67
rad/week of neutrons and 5, 7.5,
and 10 rad/ week of gamma rays.
Genetic evaluations performed dur-
ing the 60 weeks of exposure and
after the exposure sequence w i l l
be used to determine levels of
residual genetic damage.

Analysis of the genetic
responses. In the single dose
studies, we f ind a continuous
linear response for the induction
of dominant lethal mutations in
postspermatogonial stages for ex-
posures down to 5 rad. Below this
level , there is a signif icant re-
sponse in excess of linear predic-
t ion , which is about a factor of
two above expectation. This ex-
cess level of response is noted in
the rates of both postimplantation
and preimplantation losses. Alto-
gether, signif icant genetic damage
is detected for a l l end points at
2.5 rad, and for a l l except abnor-
mal sperm at 1 rad. In studies
involving once weekly i r radia-
t ions, where males are mated per i -
odically during the 6-day radia-
tion-free period, s tat is t ica l
reduction of the internal error
becomes c r i t i ca l for the evalua-
tion of dose-response relat ion-
ships because responses are near
background. The heterogeneity of
mutation rates among l i t t e r sizes
within doses was examined as a
potential basis for reducing the
variance. Stable mutation rates
were observed for l i t t e r s with
between 6 and 11 pups, so a sta-
t i s t i ca l f i l t e r of the data was
established. Comparisons of

variance analyses with and without
the f i l t e r indicated that basic
response patterns were not a l ter -
ed, but the significance levels of

differences in response were In -
creased by the reduction of the
internal error in the f i l te red
data.

The f i l te red data were then
used for the analyses of dose-
response data for both preimplan-
tation and postimplantation
losses. The regressions of re-
sponse on dose were constrained
through a common intercept (the
control) to fac i l i ta te comparisons
between gamma and neutron i r rad i -
ated animals. Preimplantation
loss could not be adequately de-
scribed as a simple function of
dose (R2 = .07); however, the data
on postimplantation loss (mutation
rate) were adequately modeled (R2

~ .98 for both radiation qual i -
t ies) by a simple linear dose-re-
sponse equation. The slope or mu-
tation rate for neutrons (.0433 ±
.00365/gamete/rad/week) was 11-
fold larger than the slope for the
gamma-ray data (.0040 ± .00039/
gamete/rad/week).

To c lar i fy the data on the
question of whether augmentation
of injury by protraction of the
neutron dose has occurred, we per-
formed a multiple regression an-
alysis on the mutation rate data
using a second independent var i -
able—week of mating—which is a
surrogate for accumulating stem
cell dose/damage. This analysis
accounts for time-dependent varia-
tion in the mutation rate that is
independent of variation speci f i -
cally related to dose. As before,
the dose - dependent increase in
mutation rate/gamete/raoi/week was
signif icantly larger for neutron-
irradiated animals (.04421 ±
.00338) than for gamma-ray-irrad-
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iated animals (.00370 ± .00078).
The increase in mutation rate/week
was similar for both neutrons
(.00068 i .00023) and gamma rays
(.00078 ± .00024). I f these co-
ef f ic ients are divided by the mean
dose/week, they become estimates
of the mutation rate/gamete/rad of
accumulated dose to the spermato-
gonia. The two estimates are 5.4
x Kf1* (neutrons) and 5.5 x 10~5

(gamma rays). Direct estimates
from preliminary analyses of muta-
t ion rate data are in the range of
2.7 to 4.4 x 10-t* for neutrons and
2.8 to 3.5 x 10"5 for gamma
rays. The differences between the
two sets of estimates are not s ig -
n i f i can t , but analysis of the data
on dominant lethal mutations i n -
duced in the stem cel l population
needs to be ref ined. One can con-
clude from the multiple regression
analysis that s igni f icant augmen-
tat ion of genetic injury is induc-
ed by neutron i r rad ia t ion pro-
tracted by low dose rate de-
l i ve ry . The rate of 0.0442/
gamete/rad/week, when divided by
f ive (the number of weeks between
the las t spermatogonia! stage and
the mature sperm), is 0.0088,
which is s ign i f icant ly greater
than the rate of 0.0052 ± 0.0001
seen when males are mated for a
f u l l 5 weeks following a single
high-dose-rate exposure to f ission
neutrons.

The col lat ion of genetic data
with the data on long-term somatic
effects reveals that the RBEs for
genetic effects are generally less
than those for long-term somatic
ef fects , probably because the
la t te r re f lec t multisystemic
pathological interactions that
amplify damage. Genetic in jury is

not subject to as much complica-
tion by systemic interactions and
can also be categorized by speci-
f i c cell-stage factors. Meiotic
and postmeiotic stages, for exam-
ple, show a narrower spread and
lower l i m i t to the RBEs because of
the l imited opportunities for the
repair of genetic damage. The
augmentation of neutron-induced
injury by dose protraction is a
common f inding for in vivo
measures of cel lu lar and systemic
in jury ; this augmentation is never
more than a factor of two, which
is s igni f icant ly less than that
seen in the Jn_ v^tro studies re-
ported in Chapter 4 .
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8. RADIATION TOXICITY STUDIES IN DOGS

T. E. Fritz, Principal Investigator
L. S. Lombard, C. M. Poole, T. M. Seed, D. V. Tolle,

S. M. Cuilen, D. E. Doyle, G. L. Holmblad, L. V. Kajpar,
W. G. Keenan, A. R. Sallese, and M. W. Elliott

The basic objective of this
program is to generate comprehen-
sive data on the late effects of
low doses of ionizing radiation in
a large, relatively long-lived an-
imal, the dog—information neces-
sary to provide a basis for extra-
polations of data from laboratory
animals to man. The specific ob-
jectives are (1) to determine the
influence of two major factors,
the daily exposure rate and the
total accumulated dose, (2) to
provide data for estimates of ra-
diation-specific excess mortality
in the dog to enable interspecies
comparisons to existing rodent da-
ta and to develop a unifying con-
cept of radiation damage, and (3)
to provide baseline data and spe-
cimens to characterize the patho-
genesis and mechanisms of induc-
tion of leukemia, aplastic anemia,
and other diseases, including
late-occurring soft tissue tumors.

Protracted whole-body gamma
irradiation from 60Co sources is
being given to young adult beagles
22 hours/day, 7 days/week at vari-
ous exposure rates down to those
allowing a nearly normal life

span. Radiation is given either
until death of the animal (0.4,
1.0, and 2.5 R/day) or until pre-
determined total doses (600, 1400,
2000, and 4000 R) are accumulat-
ed. The total doses are delivered
at exposure rates of 5, 10, 17,
and 35 R/day to allow us to com-
pare results with those from dogs
previously irradiated until death
at these exposure rates. The dogs
are maintained for their entire
life span and are monitored and
evaluated at regular intervals by
hematologic, clinical, and path-
ological examinations, and a com-
plete necropsy is performed at
death. All data are entered into
a computerized data base.

Responses of adult beagles to
continuous exposure to °"Co gamma
rays. We have continued to moni-
tor both control dogs and those
under continuous irradiation at
2.5, 1.0, and 0.4 R/day. As of
May 1984, these dogs had been ir-
radiated for times ranging from
1934 to 3004 days after their en-
try into the experiment at 400
days of age. All dogs are in gen-
erally good health; the irradiated

Fall 1983 Student Research Participant, Carrol College, Helena, MT.
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dogs cannot be differentiated
c l in ica l ly from the controls, ex-
cept for depression in the numbers
of circulating blood cell and tes-
t icular atrophy in males.

The deaths since last year of
an additional 7 dogs gives a total
of 27 decedents (23 experimental
dogs out of a total of 184 and 4
controls out of 46). Almost 25%
of the dogs in the 2.5 R/day group
have died, but only 12% in the
1.0 R/day group and 5% in the
0.4 R/day group, respectively, are
dead. In the la t ter two groups,
only one of the deaths is believed
related to the i r rad ia t ion. This
death was from myelofibrosis and
terminal anemia in a <log i r rad ia t -
ed at 1.0 R/day and dying at 1829
days of i r rad ia t ion. In the
2.5 R/day group, 10 of the 13
deaths were from causes related to
the hematopoietic system: 7 were
from myelogenous leukemia or re-
lated myeloproliferative disorders
(MPD), 1 was due to aplastic ane-
mia, and 2 were caused by mast
cell tumors. A th i rd mast cell
tumor occurred in one of the dogs
dying of leukemia. Three cases of
mast cell tumors among the 13 de-
cedents suggests that mast cell
tumors may be a signif icant f ind-
ing.

As reported previously, we
found early depression of thrombo-
cyte and leukocyte values and ex-
posure-rate-dependent differences
in the peripheral blood values for
dogs from the three groups. In
earl ier reports, we pointed out
that these differences are not
seen when the blood values are
plotted against total accumulated
exposure rather than against time

in the radiation f i e l d . For the
dogs undergoing continuing i r r a d i -
at ion, the values for both throm-
bocytes and leukocytes are sta-
b i l iz ing at dif ferent exposure-
rate-dependent levels when the
data are plotted against total
dose.

In earl ier studies at dose
rates above 5 R/day, we showed a
relationship between radiation
injury (as measured by increased
radiation mortality) and dose rate
in the dog that is parallel to
that of the mouse. On a log-log
plot the relationship conforms to
a slope 2 response ( i . e . , linear
with the dose squared); therefore,
the response is determined by the
dose rate. These current studies
w i l l permit us to determine the
relationship of total dose and
dose rate to biological response
at lower dose rates and establish
a unifying concept of radiation
damage that is useful in in ter-
species extrapolations. Estimates
of the mean aftersurvival times
(MAS) for the dogs at the three
lower exposure rates suggest that
the MAS established values conform
to a slope of 1 . In such a case
the dog w i l l show a sensit iv i ty
similar to that of the mouse, the
response w i l l be independent of
dose rate, and the injury w i l l be
additive and determined by total
dose as in the mouse.

Responses of adult beagles to
terminated exposures to 6oCo gamma
rays. The dogs s t i l l alive in
this study as of May 1, 1984,
range in age from 2343 to 5152
days. Forty-seven percent of the
irradiated and 52* of the control
dogs have died. Although the data
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are Incomplete, we can base sever-
al tentative conclusions on the
Interim observations and results
to date:

1. The total Incidence of fatal
tumors 1s at present greater In
the Irradiated group than In the
control group (P = .03).

2. As Identified in earlier
reports., there continues to be
significant life shortening as
measured by survival times in the
combined irradiated groups as com-
pared to controls. For all causes
of deaths, the MAS is now 2627 +
87 days (SE) for the irradiated
dogs compared to 3521 ± 201 days
(SE) for the controls (P <
.001). For dogs with fatal tu-
mors, the difference in MAS is
even greater [2757 ± 110 days for
irradiated and of 3883 ± 198 days
for controls (P < .00001)].

3. Irradiation does not appear
to influence the relationship
between carcinomas and sarcomas
(53% of the tumors in the irradi-
ated dogs were carcinomas vs. 57%
in the controls).

4. Both sarcomas and carcinomas
are occurring significantly
earlier in the irradiated dogs
than in the controls. The time to
death from the two different types
of tumors is not significantly
different in controls, but in ir-
radiated dogs sarcomas occur much
earlier than do carcinomas. Thus,
the greater proportion of the life
shortening in irradiated dogs is
due to the greatly accelerated in-
duction of sarcomas.

5. A majority of the 11fe
shortening in the irradiated dogs
can be ascribed to four types of
sarcomas: lymphosarcomas, lympho-
cytic leukemias, myelogenous leu-
kemias, and splenic fibrosarcomas.

6. Malignancies of the mammary
gland also occur much earlier in
the irradiated dogs than in the
controls, although the incidence
is not greater at present.

7. On the basis of the survival
data from four groups in which all
or nearly all dogs are now dead,
we can now tentatively estimate a
coefficient of life shortening for
interspecies comparisons. The
calculated or estimated median
(50%) survival time from plots of
cumulative aftersurvival were used
to derive the MAS.

On the basis of the MAS, we
calculated the life shortening in
days per R of irradiation (d/R)
according to the following:

MAS0 - MAS
d/R

and the percentage of life short
ening per 100 R (% LS/100 R) ac
cording to the following:

10° = % LS/100 R

where MASQ - mean aftersurvival of
control animals, MASj = mean
aftersurvival of irradiated ani-
mals, and E = total radiation ex-
posure in Roentgens.

The mean percentage of life
shortening per 100 R for dogs giv-
en terminated exposures of gamma
rays from a 60Co source Is 1.35 ±
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.32. This value is similar to
that for l i f e , shortening result ing
from protracted i r radiat ion of the
mouse, 1.7% ± .18/100, a value
that was determined with tota l
doses in the range of 200-2000 rad
protracted over 24 weeks (see
Chapter 6 of this report ) .

Thus, these interim estimates
for both continuous and terminated
exposures suggest that despite
large differences in sensi t iv i ty
to acute brief doses of i r r a d i a -
t i o n , body size, and l i f e span
between the dog and mouse, there
may be a similar biological value
for r isk of l i f e shortening and
radiation damage for the two spe-
cies.
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In conclusion, the radiopro-
tectors evaluated thus far have
been shown to protect against ra-
diation-induced DNA damage, cell
k i l l i n g , mutagenesis, and trans-
formation. As such, they offer
the potential of being a class of
agents that can be used effect ive-
ly to modulate radiation damage
and probe the mechanisms involved
in radiation carcinogenesis. Used
judiciously in conjunction with
techniques such as alkaline elu-
tion to assess the magnitude of
tissue-specific damage, these com-
pounds should enable us to study
effectively possible di f ferent ials
with respect to the mechanisms
involved in carcinogenesis induced
by f ission neutron as compared to
low LET radiations.
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9. HEMATOPOIESIS IN CHRONIC TOXICITY STUDIES

T. M. Seed, Principal Investigator
L. V. Kaspar

Aplastic anemia and myeloge-
nous leukemia are, under select
conditions, prominent pathological
results of exposure to ionizing
radiation. To establish "esti-
mates-of-risk" for both single and
protracted radiation exposures, we
must consider these hematological
pathologies—not only in terms of
their incidence under various
exposure regimens but also in
terms of the radiation-dependent
processes involved in the induc-
tion and progression of these
syndromes within "high-risk" indi-
viduals. The primary objective of
this project, therefore, is to
elucidate the mechanisms by which
chronic ionizing gamma irradiation
induces and promotes the develop-
ment of aplastic anemia and myelo-
genous leukemia.

Our approach has been to as-
sess sequentially the changes in
blood-forming tissues of beagles
chronically gamma irradiated with
60Co gamma rays (2.5-17 R/22-h
day) during the preclinical phases
of developing aplastic anemia and
myelogenous leukemia (and related
myeloproliferative disorders,

MPD). Combined morphological and
ultrastructural techniques are be-
ing applied to assess the struc-
tural changes in hematopoietic
tissue during preclinical
stages. Cell cloning assays are
being used to sequentially monitor
vital progenitor populations of
both hematopoietic and stromal
cell origin. The care and clini-
cal monitoring of the animals in-
cluded in this work is supported
by the staff of the Radiation
Toxicology Group and radiological
assistance ib provided by a member
of the Radiation Biology Group*.

During 1983, we continued to
elucidate the cellular mechanisms
underlying hematopoietic recovery
in beagles under chronic gamma
irradiation. This recovery ap-
pears to be a pivotal process in
the induction and progression of
both aplastic anemia and MPD.
Major areas of effort include
(1) structural studies of the
sequential changes in the archi-
tecture of the bone marrow during
the prerecovery and early and late
postrecovery periods and (2) func-
tional studies of the sequentially

Radiation Toxicology Group: D. V. Tolle and S. M. Cullen, hematology;
D. E. Doyle, data processing; T. E. Fritz and L. Lombard, pathology; and
C. M. Poole and W. G. Keenan, veterinary care.

fG. L. Holmblad.
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collected, marrow-isolated hemato-
poietic progenitors, relat ive to
radiosensit iv i ty, cell cycle sta-
tus, and repair capacities.

Structural studies. Ultra-
structural analyses of marrow spe-
cimens from aplasia-prone or MPD-
prone dogs, which were taken dur-
ing the prerecovery period (50-150
days of exposure), revealed marked
differences in the endosteum
( i . e . , the functional c r i t i ca l
cel lular interface between bone
and marrow). In the marrow speci-
mens of the MPD-prone animals, the
endosteum exhibited markedly i n -
creased cel lular ac t i v i t y ; focal
endosteal areas were transformed
from predominantly quiescent to
formative states. This act iv i ty
is in contrast to the increased
quiescence (decreased formati '3
areas) and focal degenerative le -
sions of the marrow endosteum of
the aplasia-prone dogs during this
early exposure period. The i n -
creased endosteal act iv i ty of the
MPD-prone dogs coincided with the
i n i t i a l restructuring of the
marrow's ret icular and vascular
network ( i e . , the hematopoietic
microenvironment) and preceded the
subsequent regenerative (recovery)
hematopoietic response. These
endosteal changes appear to be
early "repair" processes, essen-
t i a l for hematopoietic regenera-
t ion , long-term survival, and the
development of MPD.

Functional studies. We have
confirmed and extended our obser-
vations concerning the radiation
dose- and pathology-dependent ac-
quired shifts in radiosensit ivity
of hematopoietic progenitors
(CFUa-GM) of dogs under chronic

gamma i r rad iat ion. Our results
indicated that the radiosensit iv i-
ty of CFUa-GM from dogs prone to
aplastic anemia, irradiated at
either 17 or 10 R/day, was not a l -
tered appreciably during the
course of exposure and pathologi-
cal progression. In contrast, the
CFUa-GM from MPD-prone dogs, i r r a -
diated at either 5 or 10 R/day,
showed increased radioresistance
during the hematopoietic recovery
phase (phase I I ) following the
i n i t i a l period of acute hemato-
poietic suppression (phase I ) .
Radioresistance of CFUa-GM was
maintained during the subsequent
accommodation phase (phase I I I )
and continued into the late pre-
c l in ical phase of developing MPD
(phase IV). Acquired radioresis-
tance was characterized by three
dist inct patterns of response: A,
elevated high-dose tolerance; B,
elevated low-dose tolerance; and
C, combined, elevated high- and
low-dose tolerance. The frequency
of these responses varied during
preclinical MPD phases I I - IV .
Variants A and B declined from 67%
and 33$ to 46% and 9%, respective-
l y , while variant C increased from
0% to 36%. These changes ref lect
a time-dependent evolution of spe-
c i f i c clonal subpopulations of
hematopoietic progenitors during
the preclinical progression of
MPD.

During this year we have con-
tinued to elucidate the cel lu lar/
molecular tnechanism(s) underlying
acquired radioresistance by v i ta l
hematopoietic progenitors of MPD-
prone dogs. Selective changes in
cellular repair capacity, c e l l -
cycle properties, and microenvi-
ronmental effects, have been con-
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sidered and partially assessed.
The change in recoverability (sur-
vival ratios) following dose frac-
tionation and the ablative effects
of high LET neutron irradiation on
the capacity to accumulate sub-
lethal damage suggest that modifi-
ed repair does occur. Phase-spe-
cific eel I-cycle modifications
have been indicated by toxicity
assays (i.e., S-phase-specific
ARA-C suiciding assays) indicating
enhanced cell cycling prior to he-
matopoietic recovery and suppress-
ed cell cycling during the post-
recovery phases. The potential
microenvironmental effect of
chronic tissue hypoxia has been
ruled out by work with 0 -
dependent radiosensitizers.

In conclusion, the identifi-
cation and partial characteriza-
tion of specific preclinical
phases clearly indicates the "mul-
tistaged" nature of chronic radia-
tion-induced myeloproliferative
disease. Further, aberrant hema-
topoietic recovery (repair)
appears to be a pivotal stage,
mediated, in part, by an acquired
change in radiation sensitivity of
targeted hematopoietic stem cells.
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Molecular Biology.



Dr. Jennifer G. Peak is harvesting human cells that have been ir-
radiated with ultraviolet radiation for analyses of damage to DNA. See
Chapter 10 for a description of the research program involved.



1 0 . MOLECULAR AMD CELLULAR EFFECTS OF RADIATIONS

H. J. Peak, Principal Investigator
J. G. Peak, M. P. Moehring,* M. A. Turner, t

R. M. Jacobs,5 and R. S. Sikorski

This program is concerned
with the basic nature of the bio-
logical effects of mutagenic and
carcinogenic environmental radia-
t ions, especially those solar
u l t rav io let and visible radiation?
responsible for the commonest form
of human cancer, cancer of the
skin. The program concentrates
upon the damages to DNA caused by
these radiations and attempts to
delineate the basic mechanisms
whereby such changes in the gene-
t i c material may occur.

Since i t s inception, this
program has studied biological
effects of radiations ranging from
short wavelength u l t rav io let (far
UV) through long wavelen^h UV
radiation (near UV) to visible
radiations. Biological systems
used as targets range from pro-
caryotic cel ls and subcellular
genetically active nucleic acid to
eucaryotic cells in culture such
as the human P3 cel ls (see Chap-
ters 3 and 4 for a further discus-
sion of research involving P3

ce l l s ) . We are studying such

biological end points as cel l
k i l l i ng and induction of resis-
tance to thioguanine and such
physicochemical end points as DNA
breakage (single strand and double
strand scissions), alkal i labi le
si tes, DNA-to-protein covalent
bond crosslinking, and the forma-
tion of DNA photoproducts such as
pyrimidine dimers and pyrimidine
adducts. This work has ident i f ied
two principal types of pathways
through which damage can occur.
Far UV radiation is toxic and mu-
tagenic due to the direct absorp-
tion of photons because of base
tautomerism, resulting in such
specific photoproducts in DMA as
pyrimidine dimers and pyrimidine
adducts. Near UV radiat ion, on
the other hand, exerts i t s muta-
genic and other deleterious ef-
fects ind i rect ly , primarily
through pathways that use nonDNA
cellular sensitizers and several
reactive oxygen species that are
generated from ground-state
molecular oxygen. These

photosensitized reactions are
known as photodynamic action. We

.Faculty Research Participant, Mount Mary College, Milwaukee, WI.
^Laboratory Graduate Program Participant, University of Missouri.

J jFal l 1983 Student Research Participant, Oberlin College, Oberlin, OH.
Summer 1983 Student Research Participant, Pennsylvania State University,
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are studying the details of these
various mechanisms and the
ultimate damages that they I n f l i c t
upon DNA, damages that may produce
the genetic changes that result in
carcinogenesis. The following
summarizes some of our recent
results.

DNA-to-protein covalent bond
formation. We have extended our
observation that DNA-to-protein
covalent bond crosslinking is pro-
duced in Chinese hamster V79 cells
by monochromatic 365 nm and 405 nm
radiations by exposing both V79
and human cells to other regions
of the electromagnetic spectrum.
An alkaline elution method was de-
veloped, which improves the quan-
t i f i ca t i on of the yield of this
lesion such that linear dose re-
sponse kinetics can be obtained,
not possible with the proteinase k
method we used previously. In our
new method the cells are i r rad ia t -
ed with the monochromatic wave-
lengths, then further treated with
x-rays or gamma rays to break the
DNA into small fragments. The
proportion of these fragments re-
tained on the f i l t e r after alka-
l ine elution is then measured.
Dose responses for the induction
of DNA-protein crosslinks in human
P3 cells by radiation at 254, 290,
313, 334, 365, 405, 434, and 545
nm were determined. All these ra-
diations Induced measurable cross-
l inks, except for the green l igh t
at 545 nm. Estimates of the num-
ber of crosslinks/genome/lethal
event at the various wavelengths
showed that the near-UV and blue
l igh t exposures induced about
three orders of magnitude more of
these lesions than did the more

energetic far-UV radiation. This
finding is signif icant because i t
is these longer wavelengths that
penetrate the skin and irradiate
the dermis and peripheral blood
cel ls . For instance, radiation at
405 nm causes more than 2,000
crosslinks / cell genome / lethal
event. At this wavelength, about
20% of the energy incident on the
surface of the skin reaches the
dermis. A spectrum delineating
the relative efficiencies for the
formation of DNA-protein cross-
links was prepared. This spectrum
reveals that the crosslinks are
induced by at least two mechanisms
that depend upon the energy of the
radiation. In the high-energy re-
gion (254-313 nm), the close cor-
relation between the crosslink
yields and the absorption of DNA
indicates that the crosslinking
occurs as a result of the direct
absorption of photons due to the
tautomeric resonance of the nucle-
ic acid bases. At the lower ener-
gy region of the crosslink-induc-
ing radiation, no such correlation
exists between the crosslink
yields and the absorption of DNA,
indicating that a nonDNA interme-
diate is perhaps the primary chro-
mophore. This lack of correlation
manifests i t se l f as a minor peak,
xmax a t a b o u t 4 0 5 nm» close to the
absorption maximum for porphyrin
residues. The fact that there is
no oxygen requirement for the i n -
duction of crosslinks by 290 nm
radiation, whereas at least 85% of
the crosslinks caused by 405 nm
radiation require the presence of
oxygen, supports the conclusion
that in the more-energetic region
damage Is produced by direct ac-
tion whereas in the less-energetic
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region an indirect photodynamic
reaction occurs. These observa-
tions support the possibility of
more than one type of crosslink.

DNA pyrimidine photopro-
ducts. Pyrimidine adducts (6-4*-
pyrimi di ne-2'-one-pyrimi di ne) have
recently been pinpointed as a new
radiation-induced DNA lesion that
has importance in mutagenesis.
Action spectra for the induction
of pyrimidine dimers (of the 5-6
cyclobutane type) and pyrimidine
adducts were prepared by use of
DNA sequencing techniques that
detect the lesion-specific sites
in the DNA. This technique in-
volved a 127 base pair DNA frag-
ment of defined sequence (studied
in collaboration with Dr. W. A.
Haseltine, Harvard Medical
School). This action spectrum is
the first prepared for pyrimidine
adducts and the first for both
photoproducts using site-specific
analysis. These spectra were com-
pared with spectra for mutagene-
sis, dimer induction measured by
classical chromatographic tech-
niques, and the absorption of
DNA. All these spectra correlated
in the spectral region of high
energy (below 320 nm), indicating
that the adduct, as well as the
dimer (which is well known to be
mutagenic), may indeed be another
mutagenic lesion. At lower ener-
gies, the situation is less
clear. At 334 nm, for instance,
all measurements (dimers measured
by chromatography or by DNA se-
quencing and adducts measured by
sequencing) showed more photopro-
ducts than we would expect to be
produced by DNA absorption. This
evidence is the first that at
334 nm, pyrimidine dimers and

pyrimidine adducts may be induced
by both Indirect and direct mecha-
nisms.

DNA backbone scissions. Cur-
rently a controversy exists as to
the biological role of DNA back-
bone scissions caused by non-
ionizing and ionizing radia-
tions. Comparisons of action
spectra for the killing of differ-
ent species and strains of pro-
caryotic cells with spectra for
DNA backbone scission shows that
the species and strains that are
killed most easily are also the
most sensitive to DNA scissions.
This observation suggests that
these breaks may cause cells to
die. Use of isolated genetically
active DNA has provided further
evidence that DNA breaks play a
role in DNA inactivation. An
action spectrum for protection by
glycerol against the inactivation
of the genetic activity of the
nucleic acid was compared with a
spectrum for protection against
the induction of breaks. These
spectra closely matched each
other, thus providing evidence for
a role of DNA backbone scissions
in the inactivation of the genetic
activity of DNA. However, we have
not excluded the possibility that
some other lesion imposed by the
radiation in the same ratio as it
imposes backbone breaks may be the
critical lesion.

Photodynamic action. In
S.collaboration with Drs. C.

Foote and N. I. Krinsky, Chemistry
Department, UCLA, and Department
of Biochemistry and Pharmacology,
Tufts University, respectively, we
are Investigating the details of
the chemical mechanisms whereby



excitation energy is passed among
photosensitizer molecules, reac-
tive oxygen species, and DNA. We
are using isolated DNA (to avoid
complexities due to permeability
barriers for reactants and extra-
genomic chemical events) and added
chemical probes to attempt to
identify specific sensitizers and
reactive species. Several natur-
ally occurring potential cellular
photosensitizers have been identi-
fied by these methods, and roles
for several of the reactive oxygen
species such as singlet oxygen and
the superoxide anion generated by
these radiations have been postu-
lated. New evidence for a role of
singlet oxygen is that irradiation
of DNA by 334 nm in an environment
of D20 (compared with H20)
markedly enhanced the induction of
breaks in the DNA. New evidence
for a role for superoxide anion is
that superoxide dismutase protects
DNA by a factor of 0.2 from break-
age caused by 334 nm radiation.

It has not yet been demon-
strated whether singlet oxygen has
the excitation energy required to
break DNA. We used rose bengal
plus green light, a system con-
sidered to be specific for the
production of singlet oxygen, to
generate singlet oxygen in the
presence of DNA of known molecular
weight. We showed that this sys-
tem induces breaks in DNA; how-
ever, control experiments (irradi-
ation in the presence of D?0
compared with H20, irradiation in
the presence of diazabicyclc-
[2.2.2.]octane, Irradiation in the
absence of oxygen) revealed that
rose bengal plus green light can
react directly with DNA, without
the intervention of singlet oxy-

gen. This observation casts doubt
upon all previous work Investigat-
ing the biological effects of
singlet oxygen where rose bengal
was used to generate this reactive
species.
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Strains Differing in Near- and
Far-Ultraviolet Light Sensi-
t iv i ty

Mutat. Res. ^26, 1-8 (1984)

Peak, J. 0. , and M. J . Peak
Similar Ultraviolet Action
Spectra for the Protection by
Glycerol of Transforming DNA
against Single-Strand Breaks
and Inactivation of Biological
Acti vi ty

Radiat. Res. 9]_t 570-575
(1984)

Peak, J. G., M. J . Peak, and
M. MacCoss

DNA Breakage Caused by 334-nm
Ultraviolet Light is Enhanced
by Naturally Occurring Nucleic
Acid Components and Nucleotide
Coenzymes

Photochem. Photobiol. 39,
713-716 (1984)

Turner, M. A., and A. Eisenstark
Near-Ultraviolet Radiation
Blocks SOS Responses to DNA
Damage in Escherichia col i

J. Mol. Gen. Genet. 193,
33-37 (1984)

Accepted as of June 30, 1984

Peak, M. J.
Role of DNA Single Strand
Breaks in Lethal and Mutagenic
Events Caused by UYB Radiation

Workshop on Biological Ef-
fects of UVB, U. S. Environ-
mental Protection Agency,
Munich, Germany, 5/22-27/82
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Peak, M. J . , C. S. Foote,
N. I . Krinsky, and 0. G. Peak

Oxygen-Independent Direct DMA
Backbone Breakage Caused by
?tose Bengal and Visible Light

J . Photochem.

Webb, R. B., and B. S. Hass
Biological Effect of Dyes on
Bacteria. V I . Mutation Induc-
tion by Acridine Orange and
Methylene Blue in the Dark with
Special Reference to Escheri-
chia colj. WP6 (poiAl)

Mutat. Res.
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11. THE MOLECULAR ANATOMY PROGRAM

Norman G. Anderson and N. Leigh Anderson, Principal Investigators
C. S. Gigmetti, J. Taylor, J.-P. Hofmann, F. H. Pascoe,*
M. Zivy, M. A. Gemmell, S. L. Nance, and S. L. Tollaksen

The primary focus of the
Molecular Anatomy Program is the
description of cellular processes
and cellular injury at the molecu-
lar level. In this effort, two
approaches can be used: (1) We
can examine a very few molecular
species in cells and assume that
these few are representative, or
(2) we can develop global analyti-
cal methods that allow a large
number of different species of
molecules to be seen. We have
chosen the latter approach, which
has required the development of
new systems and techniques for se-
paration and analysis of various
cellular constituents. Our ini-
tial efforts included the develop-
ment of high-resolution chromato-
graphic systems for the separation
and analysis of low-molecular-
weight constitutents of cells, the
development of zonal centrifuges
for subcellular fractionation, and
the development of centrifugal
fast analyzers for rapid and pre-
cise analyses based on enzyme ac-
tivity or Immunological specifi-
city.

The major function of cellu-
lar DNA 1s to code for proteins,

which carry on nearly all cellular
functions including the synthesis
and repair of DNA itself. Pro-
teins thus reflect alterations in
DNA, are in themselves the end
result and best description of
differentiation, and also, through
changes in types and amounts syn-
thesized, reflect the effects of
pollutants, carcinogens, toxic
agents, drugs, and hormones. Our
present approach, therefore, focu-
ses on the separation and analysis
of proteins by two-dimensional
(2-D) electrophoresis.

The number of proteins coded
for by one human genome is not
known, but estimates range from
30,000 to as many as 100,000, well
beyond the analytical range of
previously available techniques.
The technique, high-resolution 2-D
electrophoresis, offers the possi-
bility of resolving the very large
numbers of proteins found in human
cells. For maximum usefulness,
the system should have high-reso-
lution, allow large numbers of re-
producible analyses, identify as
many proteins on the 2-D maps as
possible, and include image analy-
sis and data reduction systems

*Sungene Technologies, Inc.
•Faculty Research Participant, College of St. Francis, Joliet, IL.
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that w i l l allow a l l of the protein
spots to be resolved and w i l l also
allow large numbers of images to
be intercompared. The ISO-DALT
electrophoretic system developed
at Argonne enables more than
10,000 analyses to be completed
per year. Reference maps of human
serum proteins, muscle, fibro*-
blasts, lymphocytes, red ce l ls ,
platelets, urinary proteins, and
seminal plasma have been prepared
and published. These maps are
serving as reference standards,
which allow disease-associated
changes to be detected.

Of continuing interest in our
program has been the improvement
of resolution. The theoretical
resolution obtainable is now more
than 30,000 proteins, and we do
not believe that the l imits of
resolution have been reached.
Hence, we are investigating the
use of larger gels and immobilized
pH gradients.

Large integrated computer
programs for image analysis and
data reduction have been written
(the TYCHO and KEPLER Programs);
these programs are now considered
the standards for this f i e ld and
are being shared with other labor-
atories.

We have examined in detail
the problem of using high-resolu-
t ion electrophoresis for detection
of mutation in mammalian ce l ls .
More than 70% of base substitu-
tions (point mutations) 1n the DNA
of a structural gene result 1n an
amino acid substitution in a com-
pleted protein, and one-third of
such substitutions result in the
addition or deletion of a charge

on that protein. The addition or
substraction of a single charge
from a protein is easily detected
on 2-0 qels over the molecular
mass range of approximately 10,000
to 150,000 daltons. One protein
containing 400 amino acids there-
fore serves to monitor approxi-
mately 300 bases. I f 1000 pro-
teins can be examined on a single
electrophoretic gel , then the
equivalent of one-third of a mega-
base of DNA can be examined for
point mutations in one analysis.
This method is the most premising
wide-range mutation detecti >n me-
thod currently available and has
strong potential for the detection
of both radiation- and chemically
induced mutations and for the mea-
surement of mutation rates.

These systems have been ap-
plied to the exploration of the
tropomyosin family of proteins in
human cel ls ; several new genetic
variants of tropomyosin have been
discovered, demonstrating that new
genetic variants can be readily
found. For e i new variant
found, however, i t is necessary to
prove that the variant is indeed a
variant of an ident i f ied wild-type
protein and not a di f ferent, ad-
ventit ious, or unrelated protein
that has accidentally appeared
next to a normal cell protein. In
model studies using tropomyosin
variants, we have developed me-
thods for relating a variant to
i ts wild-type prote'n, Including
the demonstration that the variant
and wild type co-isolate during
biochemical isolat ion, that their
partial proteolytic digests give
identical peptide maps, that both
react with antibodies against the
wild-type protein on n i t roce l lu -
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lose transfers, and that they have
similar amino acid compositions.
These techniques may now be appli-
ed systematically to other new
variants as they are discovered.

The discovery of genetic var-
iants and the demonstration of
their relationship to a wild-type
protein are now straightforward,
as are the methods of measuring
mutation rates. However the pro-
blem of how to detect, measure,
and understand changes in gene
expression (and hence changes in
the rate of synthesis of indivi-
dual proteins and in their steady-
state amounts) after exposure of
cells to drugs, toxic pollutants,
carcinogens, or hormones is more
difficult to solve because the
effects may involve many proteins.

Initially seventeen different
treatments or agents including
some antibiotics, heat shock,
phorbol esters, interferon, and
cadmium were examined for their
effect on cells in culture, and
the cellular proteins affected in
a major way by each were indentif-
ed. These treatments, however,
cause many proteins to be affected
to at least a small degree, and
the time courses of these effects
were often different for different
proteins. Hence, we are now de-
veloping more sophisticated multi-
factorial statistical analytical
methods to allow these effects on
cellular proteins to be described
In greater detail and to be inter-
compared.

The production of energy from
biomass has resulted in Interest
In the development of Improved
plant energy sources. We are now

exploring the application of high-
resolution 2-D electrophoresis to
the description of plant pheno-
types and to the search for gene-
tically variant proteins or pro-
tein groups that are associated
with increased yields. The ini-
tial problem has been to adapt our
analytical systems to well-studied
plant proteins including wheat
endosperm proteins. Using known
wheat varieties, we have been able
to discover new variants (bio-
types) and to demonstrate related-
ness among variants using the
techniques we developed for human
cells.

PUBLICATIONS APPEARING DURINa THE
NOTED PERIODS

1980-1981 (omitted from previous
listings)

Anderson, N. G. and N. L. Anderson
Use of High-Resolution Two-
Dimensional Electrophoresis in
Human Health Effects Studies

Proceedings of the Oak Ridge
Symposium on Health Risk
Analysis, Gatlinburg, TN,
October 27-30, 1980, pp.
357-365

Anderson, N. L.
Studies of Gene Expression in
Human Lymphocytes Using High-
Resolution Two-Dimensional
Electrophoresis

Electrophoresis ' 8 1 , Allen
and Arnaud, eds., Walter de
Gruyter & Co., Berlin and
New York, 1981, pp. 309-316
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Danon, M. J., C. S. Glometti,
J. R. Manaligod, 0. H. Perurena,
and J. L. Skosey

Adult-Onset Nemaline Rods in a
Patient Treated for Suspected
Dermatomyositis

Arch. Neurol. .38., 761-766
(1981)

Taylor, J., N. L. Anderson, and
N. G. Anderson

A Computerized System for
Matching and Stretching Two-
Dimensional Gel Patterns Repre-
sented by Parameter Lists

Electrophoresis '81, Allen
and Arnaud, eds., Walter de
Gruyter & Co., Berlin and
Mew York, 1981, pp. 383-400

1983

Anderson, N. G.
High-Resolution Protein Separa-
tion and Identif ication Methods
Applicable to Virology

Current Topics in Micro-
biology and Immunology, Vol.
104, M. Cooper,
P. H. Hofschneider,
H. Koprowski, F. Melchers,
R. Rott, H. G. Schweiger,
P. K. Vogt, and
R. Zinkernagel, eds.,
Springer-Verlag, Berl in,
1983, pp. 197-217

Anderson, N. L., J . Taylor, and
N. G. Anderson

Image Analysis and Interactive
Database Manipulation Applied
to Two-Dimensional Maps of
Human Proteins

Proceedings of the Fourth
Annual Conference and Expo-
sition of the National Com-
puter Graphics Association,
Chicago, IL, June 26-30,
1983, pp. 69-76

Anderson, N. L., J . C. Wiltsie,
C. Y. L i , K. E. Willard-Gallo,
R. P. Tracy, D. S. Young,
M. T. Powers, and N. G. Anderson

Analysis of Human Leukemic
Cells by Use of High-Resolution
Two-Dimensional Electrophore-
sis. I : Results of a Pi lot
Study

Clin. Chem. 29_, 762-767
(1983)

Giometti, C. S. , and M. J . Danon
Letter to the Editor of Neur-
ology Regarding Fast to Slow
Change of Myosin in Nemaline
Rod Myopathy

Neurology ^3_, 1248-1249
(1983)
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Glometti, C. S., M. J. Danon, and
N. G. Anderson

Human Muscle Proteins: Analy-
sis by Two-Dimensional Electro-
phoresis

Neurology J3_, 1152-1156
(1983)

Harrison, H. H.
Improved Photography of Silver-
Stained Two-Dimensional Elec-
trophoresis Gels

Clin. Chem. j$, 1566-1567
(1983)

Taylor, J.
April 1983 Contribution to
Floating Point Systems Array
Users Group of Software for the
FPS API20B- Subroutines

Available through: ARRAY
(Floating Point Systems,
Inc., P. 0. Box 23439, Port-
land, OR 97223)

Taylor, J., N. L. Anderson, and
N. G. Anderson

Numerical Measures of Two-
Dimensional Gel Resolution and
Positional Reproducibility

Electrophoresis £, 338-346
(1983)

Taylor, J., and
A. E. Scandora, Jr.

April 1983 Contribution to
Floating Point Systems Array
Users Group of Software for the
FPS AP1208

Available through: ARRAY
(Floating Point Systems,
Inc., P. 0. Box 23489, Port-
land, OR 97223)

1984 through June

Giometti, C. S., and
N. L. Anderson

An Electrophoretic Variant of a
Human Fibroblast Protein with
Characteristics of Smooth
Muscle Tropomyosin

J. Mol. Biol. J73_, 109-123
(1984)

Giometti, C. S., and M. J . Danon
Reply from the Authors

Neurology 34_, 560-561 (1984)

Accepted as of June 30, 1984

Anderson, N. G.
Introduction to High Resolution
Two-Dimensional Electrophoresis
in Clinical Chemistry

5th Conference on Perspec-
t ive Biology, Nancy, France,
10/3-4/82

Anderson, N. L.
Use of Two-Dimensional Electro-
phoresis to Study the Compara-
tive Molecular Anatomy of Human
Cell Types

5th Conference on Perspec-
tive Biology, Nancy, France,
10/3-4/82

Che, N., S. L. Tollaksen,
N. G. Anderson, and N. L. Anderson

An ISO-DALT Electrophoresis
System with Reduced Buffer and
Current Requirements

Proceedings of Electrophore-
sis '83, Tokyo, Japan,
5/9-12/83
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Ryffel, B., K. E. Wiliard, and
M. R. Loken

Quantitative Fluorescence
Analysis of Cyclosporin A Bind-
ing to Human Leukocytes

Transplantation

Tracy, R. P. , and N. L. Anderson
Applications of Two-Dimensional
Gel Electrophoresis in the
Clinical Laboratory

Clin. Lab.
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1 2 . STRUCTURAL STUDIES OF PROTEINS

M. Schiffer, Principal Investigator
:. S. Borso, F. J. Stevens, E. M. ̂ Westbrook, C. H. Chang, M. T. Short,

P. Thiyangarajan, C. W. Hanly, R. M. Hyslop,* C. F.^Ainsworth,
F. A. Westholm, R. McMasters,̂  and B. Shen**

This program Is directed
toward the ultimate goal of eluci-
dating the molecular events under-
lying selected biological proces-
ses. As a means to this end, we
are involved in a variety of
structural studies aimed at de-
veloping an understanding of fun-
damental structural and conforma-
tional relationships for key bio-
logical molecules. Molecules cur-
rently under investigation include
immunoglobulins, diphtheria toxin,
A5-3-ketosteroid isomerase, and
calmodulin. Information is ob-
tained by various biophysical
techniques Including x-ray dif-
fraction for crystalline material
and small angle x-ray scattering
and gel f i l t ra t ion for molecules
in solution.

Immunoglobulins. Immunoglo-
bulin l ight chains are excellent
models for intact antibody mole-
cules. We are attempting to un-
derstand how antibodies function
and explain their high degree of

specificity through structural
studies conducted by x-ray dif-
fraction of single crystals of
immunoglobulin l ight chains
(Bence-Jones proteins) excreted by
patients with multiple myeloma.
To extend the structural informa-
tion we originally obtained from
the Ay-type Bence-Jones protein
Meg, we have purified, charac-
terized, and attempted to crystal-
lize more than 50 Bence-Jones pro-
teins from different l ight chain
classes and subgroups; of these,
we have crystallized and started
structural determination on four.

During the past year, the
structure of Aj-type Bence-Jones
dimer Loc was determined and re-
fined at 3 A resolution; the
crystallographic R factor is
27*. The antigen binding site
formed by the two variable domains
of the Loc light chain dimer dif-
fers significantly from that of
any antigen binding fragment (Fab)
or l ight chain studied thus far.

*Vis1ting Scientist, University of I l l ino is , Chicago.
^Faculty Research Participant, I l l inois Benedictine College, Lisle.
*Summer 1983 Student Research Participant, Northwestern University, Evanston,

Summer 1983 Student Research Participant, Bowdoin College, Brunswick, ME.
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This difference in the conforma-
tion of the binding site is caused
not only by changes in the hyper-
variable regions, which no longer
form a cavity, but also by differ-
ences in the relative positions
and interactions of the variable
domains. The structure of protein
Loc indicates that immunoglobulins
are capable of forming a much more
diverse spectrum of antigen bind-
ing sites than those observed up
till now; the variability of the
antigen binding sites may be sig-
nificantly enhanced by changes in
the relative positions of the var-
iable domains.

We are also studying anti-
idiotypic antibodies and autoanti-
bodies, which are antibodies with
special binding characteristics
against other antibodies. Anti-
idiotypic antibodies constitute a
part of the network that regulates
the immune response. Rheumatoid
factors, a class of auto-anti-
bodies, are antibodies against the
most common antibody molecule,
IgG, and have been observed in a
number of clincial conditions. To
understand the function of these
antibodies in terms of their
three-dimensional structure, we
are studying their binding proper-
ties in solution and are attempt-
ing to crystallize them for struc-
tural determinations.

During this year, we develop-
ed the procedure for purification
of the IgA rheumatoid factor Sch
from plasma and prepared the Fab
fragment from it with IgA pro-
tease. Chromatographic methods
were used to estimate the binding
constant of the Fab fragment with
the Fc fragment from IgGl protein

Dri. The binding constant is
~ 10 ii » a value similar to the
ones observed for other rheumatoid
factors. This binding strength is
high enough for us to be able to
crystallize the complex for x-ray
diffraction studies.

Diphtheria toxin is a complex
proenzyme with the ability to
introduce an intact fragment of
itself through a cell membrane.
This intact fragment then acts as
an enzyme within the cell to stop
protein synthesis, thereby killing
the cell. By determining the
structure of diphtheria toxin, we
will learn how an aqueous protein
can interact with and insert into
membranes and how this interaction
permits the transmembrane movement
of the intact peptide. During
this year, we grew crystals of the
monomeric toxin from a solution
containing polyethylene glycol,
NaCl, and Li CI. The crystals are
of the orthorhombic space group
P222X and diffract to 2.5 A reso-
lution. Using synchrotron radia-
tion (Orsay, France), we collected
40% of a complete 2.5 A data set
from native crystals. We are now
in the process of completing that
data set, then plan to collect
data from good heavy-atom isomor-
phores derivatives of the crystal
to obtain phase information. When
the phases have been determined
with sufficient accuracy, we plan
to calculate a map of the native
toxin and begin structural inter-
pretations from that map.

A -3-ketosteroid isomerase
catalyzes a step necessary for
synthesis of steroid hormones.
This enzyme binds tightly to cer-
tain steroids, which act as compe-
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t i t i v e inhib i tors of the enzyme,
thus mimicking certain features of
steroid receptor proteins. By de-
termining the atomic structure of
A5-3-ketosteroid isomerase, we
should discover Important general
features of protein-steroid in ter -
actions.

The crystal structure of this
enzyme has been determined at 6 A
resolut ion. Difference-Fourier
analysis of the structure of an
enzyme-inhibitor complex at 6 A
resolution has also shown the
location and some characteristics
of the active center of the en-
zyme. Di f f ract ion data were co l -
lected at 2.5 A resolution with a
synchrotron x-ray source (Orsay,
France). The approximate phases
were determined for the data with
a mean figure of merit of 0.55.
The electron/densi ty map of the
enzyme calculated with these 3.0 A
structure factors has been used to
i n i t i a t e a cycl ic process of phase
improvement using the methods of
density modif ication.

Calmodulin. This molecule
has been studied primarily through
x-ray and neutron small angle
scatter ing, which allow us to
determine molecular shapes and
sizes in solution—their b io log i -
cal ly functional state. During
the past year, we placed s i g n i f i -
cant emphasis on the development
of new detectors for x-ray and
neutron scatter ing. A small angle
x-ray instrument u t i l i z i ng a novel
self-scanning photodiode array
detector was constructed and Is
now in routine use. The electro-
nics for time-resolved small angle
x-ray scattering were tested out
at the Stanford Synchrotron Radia-

t ion Laboratory; real time calcu-
lations were made for radius of
gyration and forward scattering
from 10 msec.

During this year, also, the
t1me-of-f l ight neutron small angle
diffractometer, which we develop-
ed, was used for a variety of bio-
logical studies and is now rou-
t inely available at IPNS-I (a
national users' f a c i l i t y ) as a
research instrument. A new data
acquisit ion system was instal led
to Improve counting rates and to
improve ease of operation for
outside investigators.

PUBLICATIONS APPEARING DURING THE
NOTED PERIODS

1982 {received in 1983)

Borso, C. S.
Implementation of Self-Scanning
Photodiode Arrays for Scatter-
ing Applications Using Conven-
tional and Intense X-Ray
Sources

Trans. Am. Crystal logr.
Assoc. _1§.» 141-148 (1982)

MacCoss, M., J . J . Edwards,
T. M. Seed, and S. P. Spragg

Phospholipid-Nucleoside Conju-
gates: The Aggregational Char-
acter is t ics and Morphological
Aspects of Selected 1-B-D-ara-
binofuranosylcytosine 5'-dipho-
sphate-L-1,2-diacylglycerols

Biochim. Biophys. Acta 719,
544-555 (1982)
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1983 1984 through June

Gast, P., M. R. Was1elewsk1,
M. Schiffer, and J. R. Morris

Orientation of the Primary
Donor 1n Single Crystals of
Rhodopseudomonas vir idis Reac-
tion Centres

Nature J05_, 451-452 (1983)

Gray, S. H., C. F. Ainsworth,
C. L. Bel l , S. S. Danyluk, and
M. MacCoss

Synthesis of Deoxyribonucleo-
ti dy1(3'-5')arabinonucleosi des

Nucleosides and Nucleotides
2_, 435-452 (1983)

Schwartz, H. M., M. MacCoss, and
S. S. Danyluk

Oxygen-17 NMR or Nucleosides.
2. Hydration and Self-Associa-
tion of Uridine Derivatives

J. Am. Chem. Soc. 105,
5901-5911 (1983)

Short, M. T., W. J. Eisler, Jr . ,
and F. J. Stevens

Automated Fail-Safe Control
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tion of Two Radiation Shutters
on a Rotating-Anode X-Ray
Source

J. Appl. Cryst. J £ , 359-360
(1983)

TMyagarajan, P., C. S. Borso,
Ac Banerjee, and B. S. Cooperman

Small-Angle X-Ray Scattering
Studies on Yeast Inorganic
Pyrophosphatase and i t s Inter-
actions with Divalent Metal
Ions, Inorganic Phosphate, and
Hydroxymethane B1sphosphonate

Biopolymers j23_, 159-165
(1934)

Accepted as of June 30, 1984

Westbrook, E. M., R. I . Lehrer,
and M. E. Selsted

Characterization of Two Crystal
forms of Neutrophil Cationic .
Protein NP2, A Naturally
Occurring Broad-Spectrum Anti-
microbial Agent from Leukocytes

J. Mol. Biol.

Westbrook, E. M., 0. F. Piro, and
P. B. Sigler

The 6A Crystal Structure of
A5-4-Ketosteroid Isomerase:
Architecture and Location of
the Active Center

J. Biol. Chem.

Westbrook, E. M., and P. B. Sigler
Enzymatic Function in Crystals
of Delta 5-3-Ketosteroid Iso-
merase: Catalytic Activity and
Binding of Competitive Inhibi-
tors

J. Biol. Chem.
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13. REGULATION OF CELL GROWTH

H. E. Kubitschek, Principal Investigator
W. U. Baldwin and R. A. Ward1*

This program has been con-
cerned with the elucidation of
cellular and molecular mechanisms
common to both prokaryotes and
eukaryotes in the regulation of
cell growth. A primary objective
is to test the hypothesis that
cell mass increases in linear
fashion during the cell cycle.
This hypothesis is based upon
earlier studies of growth of syn-
chronous cultures and single cells
and is supported by our earlier-
observations of constant rates of
uptake of precursors into bacteria
and in yeast.

Conventional methods of cell
biology and biochemistry are used
in studies of the growth and divi-
sion cycle. Increases in cell
mass or volume and division of
cells are the fundamental features
that define the cell growth cycle
and establish cell ages at which
other cell properties are measur-
ed. Synchronous cultures were
produced by the Mltchison-Vincent
method of separating cells by
velocity sedimentation in density
gradients, then selecting the
smallest cells for synchronous

culture. Increase in cell volume
was determined with a precision
Coulter counter-Davidson analyzer
cell-sizing system of high reso-
lution, and cell size and DNA con-
tent were determined by flow cyto-
metry. Values of cell buoyant
densities, required to calculate
cell mass from volume, were ob-
tained by equilibrium centrifuga-
tion in Percoll gradients.

Last year we reported in
collaboration with Dr. M. R. Loken
(University of Chicago), that cell
buoyant densities were constant
during the growth and division
cycle in three different mouse
cell lines, as well as in Escheri-
chia coli. Furthermore, buoyant
densities of E_. coli were also
found to be independent of cell
growth rate, an unexpected finding
because cell size and RNA content
are known to increase markedly at
rapid growth rates. These results
provide evidence for the operation
of a regulatory system that main-
tains cell buoyant density remark-
ably constant at all cell ages and
growth rates.

Scientist 1n Residence (Faculty Research Leave at Argonne Appointee), Indiana
University School of Medicine, Northwest Center, Gary.
'Fall 1983 Student Research Participant, Austin College, Sherman, TX.
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Recently, we examined further
implications of these earlier re-
sults. We found, in agreement
with other reports, that cell buo-
yant density does not remain con-
stant during the cell cycle of the
budding yeast Saccharomyces cere-
visiae but varies cyclically.
This result suggested that buoyant
density constancy might be main-
tained only in cells that divide
by equatorial fission. We obtain-
ed support for this hypothesis in
experiments with the large fission
yeast Schizosaccharomyces pombe;
we found that buoyant densities in
these cells remained constant dur-
ing the cell cycle, as well as at
different growth rates. Thus, our
results show that buoyant densi-
ties are maintained constant dur-
ing growth of three very different
kinds of cells that divide by
equatorial fission: bacteria,
yeast, and mammalian cells.

Our discovery of the highly
constant buoyant cell density in
these prokaryotic and eukaryotic
cells provides evidence for a new
density regulatory system that
operates in cells that divide by
equatorial fission.

In addition, we have obtained
evidence that cell buoyant densi-
ties of Z. coli are under the
control of the cell osmoregulatory
system. We were able to increase
cell buoyant densities by increas-
ing the osmolarity of growth
media, by addition of either
sodium chloride or sucrose. Cell
growth rate and its variability
also were dependent upon osmolari-
ty. Our results to date lead to
the following general conclusions:

1. Buoyant density constancy in
widely divergent types of cells
(bacteria, yeast, mammalian) pro-
vides further evidence for similar
mechanisms of control of growth in
prokaryotes and eukaryotes and
suggests that the regulatory sys-
tem for buoyant density has been
conserved during evolution.

2. Since buoyant cell density is
invariant during the cycle, den-
sity variation cannot provide sig-
naling functions for growth and
division, as has been proposed by
others.

3. Cell mass is proportional to
cell vol-vne throughout the cell
cycle ir. jacteria, yeast, and mu-
rine cultures. Because cell vol-
ume increases linearly during the
cell cycle in E_. coli, buoyant
density constancy in these cells
requires linear mass increase,
i.e., linear growth.

4. Finally, we have identified
the control system in Z_. coli as a
part of the osmoregulatory sys-
tem. It is likely that similar
systems are involved in buoyant
density control in other cells.

Our evidence for linear mass
increase suggests that, despite
the large numbers of genes involv-
ed in cell growth processes {such
as the synthesis of amino acids,
nucleic acids, membranes, and cell
walls), the basic phenomena of
cell growth are controlled primar-
ily by only a few general proces-
ses during the growth cycle.
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Dr. Charles F. Ehret is shown below with one of the animals he uses in
the circadian regulation experiments described in Chapter 17.
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1 4 . CHEMICAL TOXICOLOGY

C. A. Reilly, Jr. , Principal Investigator
F. R. Kirchner, M. J. Peak, M̂  L. Cunningham, S. S. Dornfeld,

V. A. Pahnke, G. VL Culen, B. W. Dunlop, T. Hickok,
D. Kremkow,** K. Rowlen,** C. M. TompkinsJ^

A. Victorian, and R. L. Weiderhold,m

The Chemical Toxicology Group
forms one part of a mul t id isc ip l i -
nary research program that addres-
ses the risks to human health from
exposure to complex mixtures of
chemicals (see Chapter 15 for a
description of another component
of the program). Investigations
from this program and others have
revealed that the toxicological
effects of mixtures of chemicals
are sometimes dif ferent from those
predicted by adding the responses
to the individual compounds making
up the mixture. At present, i n -
formation on interactions within
complex mixtures that may be re-
sponsible for modifying toxic i ty
is l imi ted. Thus, the overall
objectives of our research are to
systematically evaluate the physi-

cal and chemical interactions
among the components of simple
mixtures of organic compounds and
various class fractions of complex
organic mixtures and to elucidate
the unifying principles governing
the ways in which the interactions
modify toxicologic responses.
Emphasis is placed on mixtures
derived from energy production,
but the principles are thought to
a^ply to a l l toxicologic assess-
ments. Because of the large spec-
trum of organic chemical classes
found in materials produced during
conversion of fossi l fuels, re-
sults of experiments with these
materials can provide models for
health effects following exposure
to chemicals from a broad range of
sources, including toxic waste.

Fall 1983 Student Research Participant, St. Xavier College, Chicago, IL.
jFall 1983 Student Research Participant, Alma College, Alma, MI.

^Summer 1983 Student Research Participant, Macalester College, St. Paul, MN.
Summer/Fall 1983 Student Research Participant, Lewis Univerity, Joliet,

^Summer 1983 Student Research Participant, Grand Valley State College,
Allendale, MI.

^Spring 1983 Student Research Participant, Morris Brown College, Atlanta,
***GA-
..Summer 1983 Student Research Participant, Joliet Township West, Joliet, IL.

TTTSpr1ng 1983 Student Research Participant, Olivet Nazarene College,
Kankakee, IL.
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The observations from health
effects research on coal conver-
sion by-products at this labora-
tory and from similar studies at
other national laboratories pro-
vide a logical base for a study of
the def in i t ive principles of toxic
chemical Interactions. As a f i r s t
step, we are conducting studies
with two fundamentally di f ferent
approaches. In one approach, the
mutagenic potential of many types
of mixtures is measured under a
variety of conditions ^n_ v i t ro
using bacterial (Ames Salmonella)
and mammalian cel l systems
(Chinese hamster ovary and human
P3 teratocarcinoma). Such tests
allow the study of interactions in
reasonably well-defined systems
with l imited and ident i f iable
variables. They also provide
advantages of speed and economy.
These results assist in the design
of animal studies to further ex-
tend the observations. In the
other approach, the i n i t i a l ex-
periments are conducted with whole
animals to identify the effects in
complete biological systems. We
are studying dermal carcinogenesis
in the SKH hairless mouse either
following chronic exposure or by
an initiation/promotion assay.
These experiments are then follow-
ed by the in v i t ro studies design-
ed to elucidate the basis for the
altered responses.

Chemical characterization
studies of a number of tar mater-
ials consistently showed in both
bacterial and mammalian cell tests
that fractionation by l i qu id -
l iquid pH part i t ioning into acid-
i c , basic, and neutral fractions
results 1n a highly mutagenic
basic fraction (less than 4% of

the total mass but 30-50% of the
total mutagenicity), a mutagenic
neutral fraction (60-70% of the
mass and 30-50% of the total muta-
genic i ty) , and a nonmutagenic
acidic fraction (25-30% of the
mass). The sum of mutagenic ac-
t i v i t i e s of the fractions in this
assay was roughly equivalent to
that determined for the unfrac-
tionated material. In contrast,
inhibi t ion of carcinogenesis was
observed in the unfractionated tar
in a dermal carcinogenicity study
in SKH mice. The relative carc i -
nogenicity of the whole tar and
i t s three fractions was determined
following chronic application of
the material to the dorsal skin
three times per week for up to 26
weeks. The amount of each frac-
tion used was equivalent to i t s
fractional concentration in the
whole tar . Mice treated with the
neutral fraction developed tumors
signif icantly sooner than those
treated with either the acidic or
basic fractions or the unfrac-
tionated tar . One hundred percent
of the animals treated with the
neutral fraction developed squa-
mous cell carcinomas, with a me-
dian time to tumor appearance of 9
weeks. Similarly, 100% of the
mice exposed to the unfractionated
(crude) tar developed skin tumors
but these tumors appeared later
(median time to f i r s t tumor of 16
weeks), and only 46% of the tumors
were malignant. The basic and
acidic fractions were signi f icant-
ly less carcinogenic than either
the crude tar or i t s neutral frac-
t ion . Animals treated with the
basic fraction had a tumor i n c i -
dence of 90% with a 43-week median
time to tumor appearance (21% of
the tumors were squamous cel l
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carcinomas). In the acidic sub-
fraction treatment group, only 40*
of the mice developed tumors (24%
of the tumors were squamous cell
carcinomas). A number of possible
explanations exist for the greater
carcinogenicity of the neutral
fraction; thus, elucidation of the
mechanism of inhibition in the un-
fracticnated material is the main
goal of current studies. Addi-
tional experiments are in progress
that will determine the carcino-
genicity of stoichiometrically
recombined tar fractions (e.g.
basic + neutral, acidic + neutral,
etc.), thus providing insights in-
to the mechanism of the inhibi-
tion.

Additional studies are also
in progress to help determine the
potential carcinogenicity of low
concentrations of highly mutagenic
aromatic amines. We observed in
the mouse dermal carcinogenicity
study that the basic fraction (in
which the dominant mutagens are
aromatic amines) was not signifi-
cantly carcinogenic. This finding
is not surprising as aromatic
amines are primarily noted for
systemic effects (i.e. induction
of colon and urinary bladder tu-
mors). The basic fraction is cur-
rently being evaluated for its po-
tential as a colon or bladder car-
cinogen following dermal exposure
in Syrian hamsters.

Results from the mammalian
toxicology studies performed with-
in this project, combined with
those from the other studies In
the multidisciplinary program will
provide the supportive evidence
for unifying principles of inter-
actions of components within com-

plex mixtures affecting the toxi-
city of the mixtures. Knowledge
of these principles will help form
the basis for quantitative predic-
tions of the potential risks asso-
ciated with exposures to defined
complex organic chemical mixtures,
irrespective of the source.

PUBLICATIONS APPEARING DURING THE
NOTED PERIODS

1982 (received in 1983)

Haugen, D. A., V. C. Stamoudis,
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Isolation and Identification of
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Proceedings of the 6th In-
ternational Symposium on
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carbons, October, 1981,
M. Cook, A. J. Dennis, and
G. L. Fisher, eds., Battelle
Press, Columbus, OH, and
Springer-Verlag, NY, 1982,
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Chemical and Toxicological
Characterization of HYGAS Pilot
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Proceedings of the 1981
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Rockvilie, MD, 1982,
pp. 1550-1561
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K. M. Suhrbier, and
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An Improved Procedure for Ex-
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Synfuel Materials
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thetic Fuels Analysis, Pro-
ceedings of Chemical Charac-
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Substances in Synfuels,
Seattle, WA, November 2-4,
1981, C. W. Wright,
W. C. Weimer, and
E. Dale Felix, eds.,
published by Technical
Information Center,
U. S. Department of Energy,
Washington, DC, 1983,
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15. CARCINOGEN IDENTIFICATION AND METABOLISM

D. A. Haugen, Principal^Investigator
M. S. Swanson, A. S. Boparai, V. C. Stamoudis,^
J. Stewart,- K. M. Suhrbier, and F. J. Tremmel,

The studies reported here are
one component of a multidiscipli-
nary research program (see Chapter
14) designed to examine the health
risks involved in exposure of
humans to complex mixtures of
chemicals resulting from energy
conversion processes. The speci-
fic objectives of this component
of the program are (1) to better
define adverse health effects of
environmental chemicals by study-
ing toxicologic responses to mix-
tures of chemicals and (2) to fur-
ther characterize the metabolic
activation of aromatic amines,
especially for compounds of toxi-
cologic importance. For these
studies, we are isolating and
characterizing subclasses of
chemical compounds from environ-
mentally significant complex mix-
tures and developing analytical
and biochemical approaches to
study aromatic amine metabolism.

C .emical and Toxicologic Charac-
terization of Coal Conversion
Materials

Liquid partitioning proce-
dures were used to systematically
isolate classes of chemicals from
by-products of coal-conversion
processes. The toxicologic activ-
ities of the chemical class frac-
tions were measured by assays for
dermal and systemic carcinogeni-
city in mice and by assays of
cytotoxicity and mutagenesis in
bacterial (Salmonella typhimurium)
and mammalian (hamster and human)
cells. Chemical class fractions
of special interest because of
their source and genotoxicity were
selected for further fractionation
with liquid chromatographic proce-
dures. These procedures included
ion-exchange, reverse-phase, and
normal - phase high - performance
liquid chromatography (HPLC). We

Analytical Chemistry Laboratory, Chemical Technology Division.
^Energy and Environmental Systems Division.

^•Faculty Research Participant, Atlanta University, Atlanta, 6A.
Thesis Parts Student, University of Iowa.
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developed and validated the Ion-
exchange procedures and adopted
other procedures to sui t our
needs. The l iquid chromatographic
fractions were assayed for bacter-
ia l mutagenesis, and the most
active fractions were further
resolved chemically.

The chemical composition of
the mutagenic fractions and sub-
fractions was determined primarily
by gas chromatography (GC) and gas
chromatography-mass spectrometery
(GC-MS), with additional informa-
t ion provided by their l iqu id
chromatographic characteristics
and their UV-visible absorption
spectra. To process the resulting
data, we developed a computer-
based system, which greatly f ac i -
l i ta ted qualitative GC analysis.

Our studies this year have
shown that polycyclic aromatic
hydrocarbons are among the pr inc i -
pal mutagenic and carcinogenic
components of by-products from
coal-conversion processes. We
also showed that although aromatic
amines are minor constituents,
they are responsible for a major
portion of the mutagenicity of the
mixtures as measured in bac-
te r ia . Of these, highly mutagenic
3-ring aromatic amines (aminoan-
thracenes and aminophenanthenes)
and their alkyl homologs are major
contributors to the mutagenic
ac t i v i t y . Therefore, we are stu-
dying the metabolism and metabolic
activation of representative
3-ring aromatic amines (as des-
cribed in the following section).

Metabolism of 2-aminoanthracene
(2AA)

As for most chemical carcino-
gens, the act iv i ty of aromatic
amines in complex chemical mix-
tures depends on their metabolic
conversion to reactive products
that bind covalently to cel lular
constituents, including DMA.
Evidence obtained by a variety of
approaches indicates that aromatic
amines are metabolically activated
by N-oxidation. This evidence has
been primarily obtained from com-
prehensive studies of aminonaph-
thalene, aminobiphenyl, and amino-
fluorene. However, the metabolism
of aminophenanthrenes and ami no-
anthracenes has received l i t t l e
attention, despite their potent
mutagenic and carcinogenic ac t i v i -
t i es . Thus, we have begun to exa-
mine the metabolic activation of
2-ami noanthracene.

Rat l iver microsomes were
isolated from untreated animals
and animals treated with either
phenobarbital, 3-methylcholan-
threne, or a mixture of polychlor-
inated biphenyls (PCBs). These
agents increase the levels of
various forms of membrane-bound
enzymes (monooxygenases) that are
responsible for the i n i t i a l step
in metabolic activation of chemi-
cal carcinogens. The conversion
of 2AA to metabolites by the mi-
crosomes was detected and measured
by HPLC under conditions devised
to stabil ize 2AA and i t s metabo-
l i t e s . The mutagenicity of HPLC
fractions was measured in the mu-
tagenesis assay with Salmonella
typhimurium strain TA98 in the
absence of exogenous enzymes for
metabolic act ivat ion. Several 2AA
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metabolites were detected and Iso-
lated, most of which are as yet
unidentified. The major mutagenic
metabolite was tentatively Identi-
fied as 2-n1trosoanthracene, based
on Its chromatographic behavior,
Its reactions with glutathione,
Its mass spectrum, and an under-
standing of the fate of other aryl
amines. This elusive metabolite
has not been previously Isolated
or chemically synthesized.

When the concentration of 2AA
In the enzymatic reaction mixture
was 50-100 vMj the formation of
2-nitrosoanthracene was induced
about 8-fold by pretreatment of
the rats with either 3-methylchol-
anthrene or polychlorinated bi-
phenyls. These agents apparently
increased the levels of a monooxy-
genase active for N-oxidation of
2AA. When similar reaction condi-
tions (50 viM̂  2AA) were used to
compare the effectiveness of the
various microsome preparations to
convert 2AA to mutagens as detect-
ed in the Salmonella mutagenesis
assay, the microsomes from rats
treated with 3-methylcholanthrene
and PCB were about 8-fold more
active than microsomes from un-
treated and phenobarbital-treated
rats. This finding was consistent
with HPLC measurements also show-
ing an 8- to 10-void increase in
the formation of the mutagenic
metabolite 2-nit*osoanthracene.
However, when the 2AA concentra-
tion In the mutagenesis assay was
lower (< 2 yM), as Is typical for
mutagenesis screening, the activi-
ties of the microsomes from the
treated and untreated rats for me-
tabolic activation differed in the
opposite sense. We are exploring
the basis for this concentration-

dependent difference in relative
activities. Obviously, interpre-
tation of results from comparative
mutagenesis assays requires cr i t i -
cal consideration of biochemical
variables.

Comparative Mutagenicity and Car-
cinogenicity of Aryl Amines

Energy-related complex mix-
tures contain alkyl homologs of
aromatic amines that are also
likely to contribute to mutageni-
city and carcinogenicity. These
include alkyl homologs of 3-ring
aromatic amines, e .g. , aminoan-
thracenes. The mutagenic and
carcinogenic activities of the
2-ring compounds 2-aminonapbtha-
lene and 4-aminobiphenyl are en-
hanced by the presence of an or-
tho-methyl substituent, but the
effect of methyl substitution of
aminoanthracenes and aminophen-
an threnes has not been describ-
ed. We found that methyl substi-
tution did not markedly enhance
the mutagenicity of 2AA. These
studies also showed that the muta-
genic activities of aminoanthra-
cenes and aminophenanthrenes had a
greater than 100-fold range de-
pending on the position of the
amino group.

The mutagenic activity of 2AA
is at least 20-fold greater than
that for 1-aminoanthracene. We
also compared the activities of 1-
and 2-aminoanthracene in an hepa-
tic initiation/promotion assay
(see Chapter 1) in which newborn
rats were treated with the test
compounds to determine the Ini-
tiating activity of the compounds,
followed by promotion with dietary
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phenobarbital at weaning. Fod of
altered cells were detected histo-
chemically by the presence of
gamma-glutamyl transpeptidase.
Neither of the compounds tested
was significantly active. The
lack of activity may be due to the
Tow efficiency of the microsomes
from the livers of neonatal rats
for liistabolic activation of 1- and
2-AA as determined in subsequent
experiments.

In conclusion, our identifi-
cation of aryl amines as major
contributors to mutagenesis by
coal conversion materials has led
to studies of aromatic amine meta-
bolism. The present studies focus
on isomers and homologs of ami no-
anthracenes with emphasis on re-
finement of experimental approach-
es useful for study of aromatic
amines in general. Our work on
the characterization of the prin-
cipal types of mutagens/carcino-
gens in complex coal conversion
materials has led to work directed
toward better understanding the
toxicology of chemical mixtures in
a more general sense, with the
aims including (1) better inter-
pretation of the results for bio-
assays of mixtures and (2) a bet-
ter understanding of the principal
types of /chemical and biochemical
interactions that affect the com-
bined toxicologic effects of chem-
ical mixtures. This effort in-
volves isolation and characteriza-
tion of well-defined mixtures for
use in studying the toxicology of
complex mixtures in animal and
cellular systems.
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pp. 347-356
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Boparai, A. S., D. A. Haugen,
K. M. Suhrbier, and
J. F. Schneider

An Improved Procedure for Ex-
traction of Aromatic Bases from
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Advanced Techniques In Syn-
thetic Fuels Analysis, Pro-
ceedings of Chemical Charac-
terization of Hazardous
Substances in Synfuels,
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Technical Information
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80



16. METAL METABOLISM AMD TOXICITY

ft. H. Bhattacharyya, Principal Investigator
R. P. tjarsen,* B. D. Wheltan,* E. S. Moretti, D. P. Peterson,

t. 0. Oldham, M. E. Shackelford,5 J. M. Toomey, and L. Ml 11 lams"

This research program 1s
designed to Investigate health
effects of toxic metals In animals
under conditions relevant to
potential human exposures. One
research area focuses on the role
of pregnancy and lactation in
susceptibility to the toxic ef-
fects of cadmium and lead; respon-
ses under investigation include
(1) lead-induced changes in path-
ways for vitamin D and calcium
metabolism in rats and (2} cadmi-
um-induced alterations in kidney
function and skeletal structure in
mice. The second area focuses on
the gastrointestinal (GI) absorp-
tion of plutonium and other acti-
nide elements; studies are cur-
rently being conducted in nonhuman
primates to develop a procedure
for determining GI absorption
values of uranium and plutonium
that does not require sacrifice of
the animal.

For both areas of the pro-
gram, elements are administered
orally. Pathways for uptake and
tissue deposition are studied
through use of either radioactive
isotopes measured by gamma spec-
trophotometry (109Cd, 237Pu) and
alpha spectrometric isotope dilu-
tion (236Pu, 238Pu, 239Pu, 2 3 3U,
2 3 6 U ) , or stable isotopes measured
by atomic absorption spectrophoto-
metry (Cd, Pb). Toxic responses
to lead are evaluated by competi-
tive binding protein assays for
vitamin D metabolites and by mea-
surement of blood concentrations
of protoporphyrin, calcium, lead,
and hemoglobin. Toxic responses
to cadmium are evaluated by analy-
sis of urinary concentrations of
cadmium, amino acids, proteins,
glucose, and creatinine, and by
analysis of calcium content and
microradiographs of bone.

Environmental Research Division.
'Scientist In Residence (Faculty Research Leave at Argonne Appointee)
.Eastern Washington University. Cheney.

^Laboratory Graduate Participant, University of Illinois, Chicago, iL.
Spring 1983 Student Research Participant, Stonehill College, North Easton,

++MA.
"Summer 1983 Student Research Participant, Bradley University, Peoria, IL.

83



Metablism and Tox1c1ty of Com-
pounds of Cadmium and Lead

Influence of exposure to lead
on vitamin D metabolite concentra-
tions during pregnancy and lacta-
tion. This study was conducted to
determine whether exposure to lead
during pregnancy and lactation in
rats reduces concentrations of
circulating l,25(0H)2vitamin D.
The concentration of this metabo-
l i t e , which is essential to the
maintenance of calcium homeostasis
during periods of calcium stress,
normally increases during pregnan-
cy and lactation and also during
childhood. Serum concentrations
of l,25(0H)2vitamin D and calcium
are reduced in children with ele-
vated levels of lead in blood
[Rosen et a l . , N. Eng. J. Med.
302, 1128 (1980)].

Results of our study showed
that lead exposure during pregnan-
cy and lactation produced clear
alterations in pathways for heme
metabolism. Compared to the con-
trol dams receiving no lead, dams
receiving diets containing 250 or
500 ppm lead exhibited threefold
increases in free erythrocyte pro-
toporphyrin concentrations and 11*
decreases in hematocrits on day 14
of lactation. In the same ani-
mals, concentrations of vitamin D
metabolites were not altered by
lead exposure. Concentrations of
l,25(0H)2vitamin D in the plasma
of dams on day 14 of lactation
were 80-100 pg/mL in both lead-ex-
posed and control groups. These
concentrations in dams on day 14
of lactation w*re increased 5-fold
over those in nonpregnant rats in
which plasma l,25(0H)2v1tam1n D
concentrations were 17-20 pg/mL

with or without dietary lead expo-
sure. In rats, therefore, even
when blood lead levels were high
enough to cause changes in heme
metabolism, lead did not block the
rise in l,25(0H)2vitam1n D concen-
trations that accompanied the on-
set of lactation.

Two conclusions can be drawn
from our study: (1) During lacta-
tion, the mother and her offspring
develop toxic responses to lead at
exposure levels that do not affect
nonpregnant animals (sec last
year's annual report, ANL-83-40)
and (2) the nonpregnant adult rat,
the pregnant/1actating adult rat,
and the neonatal rat pup are all
less susceptible than the human
child to the effects of lead on
concentrations of 1,25(OH^vita-
min D.

Influence of pregnancy and
lactation on cadmium toxicity. We
are currently examining the ef-
fects of cadmium, diet, and repro-
ductive history on the etiology of
Itai-Itai disease in Japanese
women. This disease, characteriz-
ed by extensive skeletal deminer-
alization, is attributed in part
to environmental exposure to cad-
mium in rice. The highest inci-
dence of this disease has occurred
in postmenopausal women with a
history of multiple childbirths
(average, six children). Our
study is examining for the first
time the role of cadmium exposure
during multiple pregnancies on the
generation of toxic responses.
Three groups of female mice (260-
340 mice/group) were given diets
containing 0.25, 5, or 50 ppm
cadmium. At each cadmium level,
mice received either a sufficient
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diet or an "Itai-Itai household"'
diet (deficient in certain vita-
mins, minerals, and fat). One-
half of the females were bred for
six consecutive pregnancy/lacta-
tion cycles; the remaining females
were nonpregnant controls. After
six successive cycles, mice were
oophorectomy zed to bring about
hormonal changes characteristic of
the postmenopausal period in hu-
mans.

Following are results of our
study to date: (1) Female mice
exposed to the deficient "Itai-
Itai household" diet and 50 ppm
cadmium showed decreases in repro-
ductive parameters (fertility,
litter size, weaning weight of
pups) that did not occur in mice
on a sufficient diet. (2) Mo
decreases in reproductive parame-
ters occurred in mice given 5 ppm
cadmium, regardless of type of
diet. (3) Multiparous mice expos-
ed to 50 ppm cadmium showed de-
creases in total calcium content
and calcium/dry weight ratios of
femurs, changes possibly charac-
teristic of Itai-Itai disease.
The effects of oophorectomy of
multiparous mice, >o bring about
postmenopausal changes, remain to
be determined.

Gastrointestinal (GI) Absorption
of Plutonium and Other Actinides

Our current aims are (1) to
develop a method for determining
the GI absorption of piutoniurn and
uranium in the adult baboon that
does not involve sacrificing the
animal and (2) to use this method
to determine the GI absorption of
Plutonium and uranium under speci-
fic conditions of feeding and

•fasting. The "nonsacrifice" me-
thod requires simultaneous admini-
stration of two isotopes of a gi-
ven actinide, one orally and one
intravenously [DeGrazia et al., J.
Lab. Clin. Med. &>_, 822 (1965)3.
GI absorption valfs are calculat-
ed from separate analyses of
blood, urine, and/or biopsies of
bone or liver. In our first me-
thods-validation study, we admi-
nistered multiple isotopes of plu-
tonium and uranium to one baboon
according to the following proto-
col: 236Pu and 233U administered
orally to the fasted baboon on day
0; 238Pu and 2 3 6U administered
intravenously at the same time to
the same baboon on day 0; sacri-
fice, day 32.

Results indicate that for
uranium, the pathways for tissue
deposition and urinary excretion
for the orally administered 23 3J
were essentially identical to
those for the intravenously admi-
nistered 2 3 6U. For plutonium,
results differ in one important
way: The percentage of the ab-
sorbed dose appearing in urine for
the orally administered 236Pu
(80%) was considerably greater
than that for the intravenously
administered 238Pu (11%). The
pattern of deposition of plutonium
among tissue? of the body (liver
vs. skeleton), and within the
skeleton itself (femur vs. rib vs.
skull), however, were the same for
the orally and intravenously admi-
nistered isotopes of plutonium.
The possibility is being investi-
gated that contamination of urine
by oral 236Pu in feces accounted
for the apparently greater urinary
excretion of 236Pu than 238Pu.
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Using the dual Isotope method
to determine GI absorption values
for our one baboon, we have found
excellent agreement between calcu-
lated and analytical results .
Uranium absorption was 1.4% of the
oral dose, as determined at sacri-
fice by summation of that retained
in the baboon (0.2%) and that
excreted in urine (1.2%). The
calculated value was 1.3% ± 0.3%
(mean ± SD, n = 7) based on sepa-
rate analyses of urine, l iver , and
bone samples. Plutonium absorp-
tion in the baboon was 0.020% of
the oral plutonium, as determined
by summation of that retained in
the baboori (0.018%) and that ex-
creted in day 1 urine (0.002%).
The calculated value was 0.021% ±
0.004% (mean ± SD, n = 6) based on
separate analyses of blood, urine,
l iver , and bone samples. Once
validatedj this nonsacrifice me-
thod of determining GI absorption
by analysis of urine, blood,
and/or biopsy samples after dual
isotope administration will have
clear advantages over the proce-
dure involving analysis of all
excreta, as well as the entire
baboon at sacrif ice.

Directions for the near fu-
ture include (1) identification of
an animal species whose pathways
for vitamin D metabolism are sen-
s i t ive to lead exposure to study
the mechanism by which lead alters
concentrations of l,25(0H)2vitamin
D, (2) histological and micro-
radiographic examination of bone
changes in oophorectomized, multi-
parous mice following exposure to
cadmium, and (3) validation of the
nonsacrifice method for determin-
ing GI absorption values of pluto-
nium and uranium In additional

baboons, with eventual application
of this method to the neonatal
nonhuman primate.

PUBLICATIONS APPEARING DURING THE
NOTED PERIODS
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Bhattacharyya, M. H.,
B. D. Whelton, and D. P. Peterson

Gastrointestinal Absorption of
Cadmium in Mice during Gesta-
tion and Lactation: II .
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To;.-'col. Appl. Pharmacol.
66, 368-375 (1982)

1983

Bhattacharyya, M. H.
Bioavailability of Orally
Administered Cadmium and Lead
to the Mother, Fetus, and
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Lactation: An Overview

Sci. Total Environ. 28,
327-342 (1983)

Bhattacharyya, M. H., P. Benioff,
C. D. Brown, and N. A. Devine

Health and Environmental
Effects Document for
Batteries—1982: The Lead/Acid
and Zinc/Halogen Batteries

ANL/ES-129 (September 1983)

Larsen, R. P., D. M. Nelson,
M. H. Bhattacharyya, and
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Plutonium - Its Behavior in
Natural Water Systems and
Assimilation by Man

Health Phys. 44, 485-492
(1983)
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Mixtures of Polycyclic Aromatic
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Metabolic Activation
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Proceedings of the 7th In-
ternational Symposium on
Polynuclear Aromatic Hydro-
carbons, October, 1982,
M. Cooke and A. J. Dennis,
eds., Battelle Press,
Columbus, OH, 1983,
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Radiat. Res. ̂ 7., 373-379
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M. I . Spaletto
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Health Phys.
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17. Neurobehavioral Chronobiology: Circadian
Toxicology and Electric Field Effects

C. F. Ehret, Principal^Investigator
K. R. Groh, D. J. Fowler, R. H. Clover^'
D. A. Eberhard,5 and M. F. Papiernik

The major objective for each
of the two studies described here
is to show that alterations of the
characteristic waveforms of bio-
logical oscillations of circadian
(about a day) and ultradian (less
than a day) periodicities can be
used diagnostically to judge the
capacity of potentially toxic
agents and conditions to cause
neurological and behavioral dis-
orders. Emphasis is on the ac-
tions of agents and conditions
that have escaped traditional
screening techniques but that
nevertheless pose neurobehavioral
health hazards.

For these studies, rats are
singly housed in automated systems
in which inputs (food, light,
toxicants) are strictly controlled
and from which physiological in-
formation is continuously monitor-
ed over prolonged periods. This
information produces circadian
"signatures" (finely detailed

waveforms of physiological oscil-
lations of circadian and ultradian
periods, which are derived from
several end points, including
gross motor activity and either
core body temperature or respira-
tion). Baseline "signatures" are
obtained, then the experimental
agent is applied. An altered
signature (circadian dyschronism)
in the presence of a toxic agent
or an electric field indicates
potential performance abnormali-
ties. Such losses or derangements
of the normal circadian rhythm
waveform have been associated with
a variety of neurologic and psy-
chopathic disorders.

Circadian Dyschronogenic Action of
Lithium; Is Lithium a Zeitgeber?

In previous studies, rats
that had been chronically exposed
to lithium at levels considerably
below the L0 5 0 showed circadian
dyschronism within 5-10 days of

.Faculty Research Participant, Western Michigan University, Kalamazoo.
'Spring and Summer Student Research Participant, Purdue University,
Ft. Wayne, IN.
^Spring and Summer Student Research Participant, University of South Dakota,

^Rapid City.
Spring and Summer Student Research Participant, St. Xavier College, Chicago,
IL.
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the onset of exposure. In the
study reported here, we examined
whether a single injection of
lithium could act as a zeitgeber
(agents that phase-shift circadian
clocks) depending on the phase in
the circadian cycle at which i t
was administered. Accordingly,
protocols appropriate to the de-
termination of circadian phase
response curves were used: circa-
dian-phase-specific ("time-of-day"
specific) injections were given
during "free run" (when the ani-
mals are deprived of circadian
entrainment signals) to one or
another of eight groups of well-
entrained animals at 3-hour inter-
vals throughout the course of a
single day, and the animals were
maintained in free run for 6 or 7
days. Immediately following in-
jection, no matter when in the
cycle i t was given, lithium was
decisively dyschronogenic with
significant reductions in circa-
dian amplitude and apparent phase
shifts of the core temperature
rhythm over 2-3 days; however,
after this period, in 58 out of 60
animals, normal circadian rhythms
resumed; these rhythms were indis-
tinguishable in phase from those
for saline-injected controls. In
conclusion, although a single in-
jection of lithium administered at
therapeutic levels appears to be
significantly dyschronogenic, i t
exerts no long-lasting effect on
the circadian phases of either
temperature or activity rhythms
and, therefore, cannot be regarded
as a circadian zeitgeber or as one
of the typical chronobiotically
active drugs (such as theophyl-
l ine, α-methyl-p-tyrosine, or le-
vodopa).

The Induction of Circadian Phase
Shifts in Small Rodents by High-
Strength 60-Hz Electric Fields

This study Is designed to
focus on a key finding of an ear-
l ier series of experiments, name-
ly, that 60-Hz electric fields
cause circadian phase delays in
the white-footed mouse Peromyscus
leucopus and thus are circadian
zeitgebers. Our field-exposure
and data acquisition faci l i t ies
were modified and reconstructed to
enhance the precision and sensi-
t iv i ty of activity and respiration
measurements, and a series of
experiments is under way designed
to answer the following ques-
tions: In P_. leucopus, do elec-
tr ic fields also cause phase ad-
vances? What is the fu l l shape of
the generalized circadian phase
response curve? Can comparable
phase shifts be induced in another
rodent species, the laboratory
white rat? Under what conditions
can dyschronism be induced and/or
prevented following arousal by
60-Hz electric fields in small
rodents? These questions are all
highly relevant to the evaluation
of the health risk to humans of
high-strength electric fields
because an analysis of cogent
effects reported to date in the
literature dealing with electric
fields indicates that al l known
long-term health-risk actions of
high-strength electric fields can
be attributed to their action as
circadian zeitgebers.
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Division Support Facilities,
Services, and Activities



The photograph below was taken in the high-level gamma room
(F-005) and shows mice, individually housed in 1-pint polyethylene
containers, being irradiated with gamma rays from a 60Co source.



18. SUPPORT FACILITIES

Animal Faci l i t ies

T. E. Fr i tz , J . M. Angerman, K. Duggal, W. G. Keenan,
L. S. Lombard, C. M. Poole, A. R. Sallese, and D. V. Tolle

Our 40,000 f t 2 accredited animal f ac i l i t y , a major resource of the
Division, consists of four major components: (1) dog kennels with a
capacity for approximately 700 dogs; (2) two building wings, Wings E and
Q, consisting of 47 animal rooms for housing small laboratory animal
species; (3) service areas that include equipment for cleaning and
sanitizing cages, water bottles, and cage racks, as well as storage space
for food ana equipment; and (4) technical equipment areas, which include
examination and procedure rooms, a surgical operating room, a
histopathology laboratory for processing tissue specimens, a necropsy
room, diagnostic x-ray rooms, a "hot room" for handling radioactive
materials, and an injection room for treating animals with toxic chemicals
and carcinogens.

In addition to the resources l isted above, i-hree of the four Divi-
sional 60Co gamma-ray-exposure f ac i l i t i es , dedicated to whole-body i r rad i -
ation studies in animals, are physically related to the animal f ac i l i t i e s .

During 1983, approximately half of the staff members of the Division
were involved in various studies in which more than 18,000 rodents and
other laboratory animal species were used.

The supporting fac i l i t i es for the husbandry and cl inical monitoring
of the resident animals include the following (responsible personnel in
parentheses):

Automated cage and bottle washing and f i l l i n g machinery
(Animal Care Specialists)

Steam and gas autoclaves for ster i l izat ion of equipment,
instruments, and media (Animal Care Specialists and
scient i f ic staff)

Diagnostic x-ray fac i l i t i es and darkrooms (C. M. Poole,
W. G. Keenan)

95



Clinical pathology laboratory (D. V. Tolle)

Hematology laboratory (D. V. Tolle)

Necropsy laboratory (T. E. Fritz)

Histopathology laboratory (T. E. F r i t z , K. Duggal,
L. S. Lombard, A. R. Sallese)

Surgical suite with inhalation anesthesiology equipment
(C. M. Poole, W. G. Keenan)

An important aspect of the success of any animal research program is
the health of i t s animal population. To assure a supply of high-quality
animals, the f ac i l i t y has concentrated on breeding i t s own healthy,
specific-pathogen-free animals. Most of the rodents, part icularly mice,
and a l l dogs are bred in the f a c i l i t y . The rodent breeding is managed by
J. M. Angerman. The beagle breeding is supervised by C. M. Poole and
Vf. G. Keenan, who are also responsible for the c l in ica l and surgical care
of the dogs.

The beagle colony, used primarily for low-level radiation studies in
dogs (Chapters 8 and 9) has been a closed colony since 1960. Extensive
computerized records are maintained under the supervision of D. E. Doyle
on a l l aspects of the colony, including reproduction, genetics, hematol-
ogy, pathology, and disease incidence. Computerized record systems are
also maintained for the research programs in which rodents are used.

As important as the physical plant and i t s support f ac i l i t i es is the
staff available to manage, monitor, t reat, and evaluate the animals. The
personnel provide a complete range of services to users of the experimen-
tal animals. The animals are cared for by a group of Animai Care
Specialists, l is ted below, under the supervision of E. W. Jackson.

The Animal Care Specialists during 1983 were the following:

Claude C. Colegrove,
Group Leader

William G. McDate, Jr.,
Group Leader

Adrian J. Cordova
Mose Burrell
Charles J. Fowler
Rita Fuchs
MaDonna Gandalovics

Carrey R. Herringer
Robert A. Herringer
Betty L. McKay
Richard A. Santarelli
Leon L. Stewart
Diane M. Thomas
Jose A. Torres
Joseph N. Wilson
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Radiation Faci l i t ies

G. L. Holmblad, J. L. Hulesch, J. E. Trier, and F. S. Williamson

The Divisional radiation fac i l i t i es include a number of gamma, neu-
tron, and x-ray radiation sources with accompanying areas for related
equipment and for the preparation, handling, and servicing of animals.
These sources are described in detail below. There are five 60Co i r radia-
tion f a c i l i t i e s , which provide a unique and versatile gamma-ray i r rad ia-
tion capabil i ty. The gamma-ray fac i l i t i es are suitable for long-term stu-
dies in which animals can be maintained in the radiation f ie ld for dura-
tion of l i f e or for acute brief or fractionated exposures. They provide a
choice of exposure rates ranging from 0.004 to 2 x 101* R/minute. A re-
search reactor (JANUS) is a source of fission-spectrum neutrons dedicated
to biological research. The mean energy of the JANUS neutrons is
0.85 MeV, and the available dose rates range between 0.002 and
80 rad/minute. The contamination from gamma radiation is remarkably low,
between 3 and 4 percent of the total absorbed dose. The x-ray f ac i l i t i e s
consist of three x-ray machines, two for experimental irradiations and one
for c l in ical diagnostic purposes. Research using the Divisional radiation
fac i l i t i es is described principally in Chapters 4 ir> of this report.

In addition to the radiation sources maintained in the Division for
the irradiat ion of biological materials, two other neutron sources in the
Chicago area are available to the staff for cell biology studies comparing
neutron beams with different characteristics: the linear accelerator at
the Cancer Therapy Faci l i ty of the Fermi National Accelerator Laboratory
(which produces neutrons with a mean energy of 25 MeV, JJ_+ •*• Be) and the
Franklin McLean Research In Vitute, The University of Chicago (which pro-
duces neutrons with a mean energy of 8 MeV, d^ + Be).

6QCo Gamma Radiation

F-005 Gamma Room Radiation Field Dosimetry

Cavity configuration. Exposure rates from 500 to
16,000 R/minute can be obtained with ± 2% variation
within volumes as large as 25 cm3.

Panoramic configuration. Exposure rates from
20 mR/minute to 8 R/minute can be obtained with a worst-
case deviation of 1% from the mean within an arc large
enough to contain 500 small rodents. Exposure rates as
high as 30 R/minute can be achieved with up to 80
animals.
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F-101 Gamma Room Radiation Field Dosimetry

Panoramic configuration. Exposure rates from 1 mR/minute
to 30 mR/minute can be achieved by varying distance and
attenuation. Up to 500 small rodents may be irradiated
simultaneously at four different exposure rates with a
worst-case deviation of 1% from the mean. Animals are
maintained in individual plastic cages, with food and
water, on a frame with an N x 5 matrix. N varies from 4
to 8 depending on the frame distance from the source.

F-114 Gamma Room (intermediate) Radiation Field Dosimetry

Panoramic configuration. Exposure rates from 5 R/day to
40 R/day can be obtained by varying distance and
attentuation. Up to 52 dogs may be irradiated
simultaneously at four different exposure rates.

X and Y Gamma PO^TIS Radiation Field Dosimetry

Panoramic configuration. In room X, exposure rates of
1.0 R/day and 2.5 R/day are available on two arcs, each
of which can contain up to 50 individually caged dogs.
In room Y, an exposure rate of 0.4 R/day is available on
one arc, which can contain up to 10^ individually caged
dogs.

Fission-Spectrum Neutron Radiation

JANUS Reactor Radiation Field Dosimetry

Panoramic configuration. Dose rates from 0.002 to
15 rad/minute can be obtained over a matrix of 400 mice
with a worst-case deviation of 8% from the mean. The
gamma dose contribution is only 3-4% of the total
absorbed dose.

Cavity configuration. A restricted room area near the
converter plate may be used fur irradiating small samples
of cells at up to 65 rad/minute with good uniformity.

X-Radiation

General Electric Maxitron 250-kVp x-ray machine, a
general Divisional faci l i ty.
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Westinghouse Flurodex "300" 130-kVp x-ray unit equipped
with a Machlett, Dynamax-40, rotating anode, dual focal
spot tube. This unit is used for cl inical and diagnostic
purposes for small animals and dogs.

Norelco Mtfiler HG "300" 300 kVp x-ray machine used for
radiobiological research and radiotherapy.



19. EDUCATIONAL ACTIVITIES

Postgraduate Training

During 1983, a total of 13 postdoctoral appointees and research
associates contributed to the research programs of the Division. Seven of
these were new appointees in 1983, while five finished their assignments
during the year.

The temporary appointees, their schools,
whom they were affiliated were as follows:

and tha staff members with

James M. Burcham
Chong-Hwan Chang
Michael L. Cunningham
Kaoru Kiguchi

Peter A. Lagocki
Etienne A. Malvoisin

Ingrid Marshall

Shin-ichi Murao

Carol T. Oravec
Michael T. Short

Ido Simon

Mark S. Swanson

Pappannan Thiyagarajan

Robert L. Wells

Iowa State University
University of Pittsburgh
University of Arizona
Jikei University School of

Medicine, Tokyo, Japan
University of Chicago
University of Louvain,
Brussels, Belgium

University of Karlsruhe,
Karlsruhe, West Germany

Kobe University, Kobe,
Japan

Ohio State University
University of Illinois at

the Medical Center
Weizmann Institute of Science,

Rehovot, Israel, and the
University of Iowa

University of Nebraska at
the Medical Center

University of Illinois at
the Medical Center

Colorado State University

C. Peraino
M. Schiffer
C. A. Reilly, Jr.
E. Huberman

Y. E. Rahman
E. Huberman

D. Grahn

E. Huberman

E. Huberman
M. Schiffer

E. Huberman

D. A. Haugen

C. S. Borso'

A. Han
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Faculty Research Participations

Argonne and the Division ha.e long involved faculty members from
colleges and universities and staff members from industrial laooratories
in Argonne activities. During Ii>o3, three Visiting Scientists, nine
Faculty Research Program Participants and three Faculty Research Leave at
Argonne Participants conducted research in the Division. The two latter
programs are administered through the Argonne Division of Educational Pro-
grams. All of these appointments enable faculty members to participate in
the research activities of the Laboratory to broaden their perspectives;
they also allow university professors and Argonne scientists to develop
rapport and explore mutual interests. In addition, the Division of
Educational Programs in 1983 initiated a pilot program involving summer
research participation by high school teachers; the Division had one such
participant. The names of the Visiting Scientists, Faculty Research
Participants, Faculty Research Leave at Argonne Participants, and the High
School Faculty Research Participant during 1983, their schools, and their
staff sponsors are as follows:

William W. Baldwin

William E. Boernke*
Mukul C. Data^
Dona J. Fowler^
Randolph Graysorr

Carey W. Hanlyf

Richard M. Hyslop/
Donald K. Jasper^

Florence S. Lewis^
Pamela M. Moehring^
J. Emory Morris

**
Frank H. Pascoe^
Mark E. Pennington
Juarine Stewart _
Marvin Stodolsky

Bartlett D. Whelton

Indiana University School
of Medicine, Northwest
Center

Nebraska Wesleyan University
Tuskegee Institute
Western Michigan University
California Polytechnic State

University
University of Illinois
Illinois Benedictine College
Illinois Institute of
Technology

Cheyney State College
Mount Mary College, Milwaukee
State University College

of New York
College of St. Francis
Waubonsie Valley High School
Atlanta University
Bosphorus University,

Istanbul, Turkey
Eastern Washington University

H. E. Kubitschek

C. Peraino
T. M. Seed
C. F. Ehret
E. Huberman

M. Schiffer
C. S. Borso
T. E. Fritz

E. Huberman
M. J. Peak
C. Peraino

N. G. Anderson
N. L. Anderson
D. A. Haugen
E. Huberman

M. H. Bhattacharyya

Scientist in Residence (Faculty Research Leave at Argonne Appointee).
^Visiting Scientist.
^Faculty Research Participant.
High School Faculty Research Participant.
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Graduate Programs

Three graduate students were Laboratory Graduate Participants working
in the Division on research for their Ph.D. degrees in programs adminis-
tered and supported by the Division of Educational Programs. The Labora-
tory Graduate participants, their schools, and their staff sponsors are as
follows:

Mary E. Shackelford

Frederick J. T emmel
Mary A. Turner

University
Chicago

Universi ty
University

of Illinois at
Circle
of
of

Iowa
Missouri

M.

C.
M.

H.

A.
J.

Bhattacharyya

Reilly, Jr.
Peak

A related program, called Thesis Parts, is also supported by the
Division of Educational Programs. It enables graduate students to perform
pertinent parts of their research at Argonne. In 1983, one student held
this appointment in the Division:

Greg S. Spicer Texas Technical University N. G. Anderson

In addition, one graduate student carried out research in the Divi-
sion as Resident Student Associate, supported directly by the Division:

Marian F. Papiernik St. Xavier College C. F. Ehret

During 1983, a
the Division of

Undergraduate Training

total of 35 college undergraduates received training
in the Division of Biological and Medical Research through the Spring,
Summer, and Fall Undergraduate Research Participation Programs, sponsored
by the Division of Educational Programs. The students, their schools, and
their staff supervisors are listed below:

Spring Program

Ralph H. Clover
David A. Eberhard
Helen M. Kane
Mary E. Minkwitz
Marian F. Papiernik
David L. Redman
Sally J. Schroeter
Charles M. Tomkins
Jane M. Toomey
Rachael L. Weiderhold

Purdue University
University of South Dakota
Immaculata College
College of St. Francis
St. Xavier College
Ohio Wesleyan University
Nebraska Wesleyan University
Morris Brown College
Stonehill College
Olivet Nazarene College

C. F. Ehret
C. F. Ehret
T. M. Seed
M. J. Peak
C. F. Ehret
A. Han
H. E. Kubitschek
F. R. Kirchner
M. Bhattacharyya
F. R. Kirchner
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Summer Program

Gwen Campbell
Ralph H. Clover
David A. Eberhard
William Finley
Mi chael Goodri ch
Mary J. Hampton
Thomas Hickok
Jennifer Hines
Diane Kremkow
Susan Loess
Cheryl Ann Martin
Richard McMasters
Mary E. Minkwitz
Marian F. Papiernik^
William Reisdorf
Kathy Rowlen
Benedict Shen
Robert Sikorski
Lisa Williams

Salem College
Purdue University
University of South Dakota
Lehigh University
Calvin College
Ft. Valley State College
Macalester College
Oberlin College
Lewis University
Bradley University
College of the Holy Cross
Northwestern University
College of St. Francis
St. Xavier College
University of Michigan
Grand Valley State College
Bowdoin College
Pennsylvania State University
Bradley University

T. M. Seed
C. F. Ehret
C. F. Ehret
B. A. Carnes
F. S. Williamson
D. V. Tolle
F. R. Kirchner
H. E. Kubitschek
F. R. Kirchner
D. V. Tolle
Fritz/Lombard
M. Schiffer
M. J. Peak
C. F. Ehret
C. S. Borso
F. R. Kirchner
M. Schiffer
M. J. Peak
M. H. Bhattacharyya

Fall Program

Gregory
Beth W.
Mark W.
James P
Gregory
John M.
Rebecca
Michael
Robert

W. Culen
Dunlop
Elliott
. Greer
A. Grose
Holland
M. Jacobs
J. Morris

A. Ward

St. Xavier College
Alma College
Carroll College
Bellarmine College
Carrol"' College
Carroll College
Oberlin College
University of Alabama
Austin College

F. R. Kirchner
F. R. Kirchner
T. E. Fritz
F. R. Kirchner
C. F. Ehret
C. K. Hill
M. J. Peak
C. F. Ehret
H. E. Kubitschek

Also participant in the Spring Undergraduate Research Participation Program.
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20. DIVISIONAL SEMINARS IN 1983

The Division of Biological and Medical Research Seminar Committee for
1983 consisted of M. J. Peak (chairman), M. H. Bhattacharyya, C. A. Jones,
C. A. Reilly and T. M. Seed. T. M. Seed served as host for the in-house
speakers.

The General Seminar Program for 1983 consisted of a combination of
in-house and v is t i t ing speakers, selected on the basis of recommendations
from BIM staff members. In addition, a number of informal seminars in
specialized subjects were held during the year and during the summer
period when the general seminars were not scheduled; some of these
informal talks are indicated in the following l i s t i n g .

Visiting Speakers

Dr. John T. Leith, Division of Biology and Medicine, Brown University,
Providence, RI

Radiological Aspects of Tumor Heterogeneity
January 13, 1983

Dr. Alfred Misonoff, Rosenstiel Basic Medical Sciences Research Center,
Brandeis University, Waltham, MA

Regulation of the Immune Response Mediated Through Idiotypic
Determinants

January 27, 1983

Dr. Bernard S. Strauss, Department of Microbiology, Cummings Life
Sciences Center, the University of Chicaqo, Chicago, IL

In Vitro Models of Base Substitution Mutagenesis: A Role for the
Polymerase

February 10, 1983

Dr. Toshio Kuroki, Department of Pathobiochemical Cell Research, The
Inst i tute of Medical Science, the University of Tokyo, Tokyo, Japan

Can Two-Stage Carcinogenesis in Mouse Skin Be Extrapolated to Human
Skin?

February 21, 1983
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Dr. Leonard H. Augenlicht, Sloan-Kettering Institutes for Cancer
Research, Rye, NY

Gene Expression in Cancer
March 3, 1983

Dr. Hoshe Shifrine, Laboratory for Energy-Related Health Research,
University of Cali fornia, Davis

Seasonal Variation in Immunity of Dogs and Man
March 10, 1983

Dr. David J. Grdina, Department of Experimental Radiotherapy, M. D.
Anderson Hospital, Houston, TX

Radiobiological and Cellular Heterogeneity of Tumor Cell
Subpopulations

March 15, 1983

Dr. Joseph Aloni, Department of Genetics, The Weizmann Institute of
Science, Rehovot, Israel

Regulatory Elements in the Control of Eucaryotic Gene Expression
April 4, 1983

Dr. Kate E. Carr, Department of Anatomy, University of Glasgow, Glasgow,
Scotland, UK

The Effects of Radiation Quality, Hyperthermia, and Other Modulating
Factors on the Morphological Responses of Postirradiated
Gastrointestinal Tissues

April 28, 1983

Dr. Kevin McEntee, Department of Biological Chemistry, University of
California Medical Center, Los Angeles

Gene Regulation and DNA Repair in Prokaryotes and Eukaryotes
June 2, 1983

Dr. R. J. Michael Fry, Biology Division, Oak Ridge National Laboratory,
Oak Ridge, TN

Ultraviolet Radiation Carcinogenesis
June 9, 1983

Dr. Ann R. Kennedy, Harvard School of Public Health, Boston, MA
Factors Influencing X-ray Induced Neoplastic Transformation In Vitro

June 16, 1983

.Informal seminar.
'Dr. Grdina joined the Division in September 1983.

106



Dr. R. M. Tyrrell, Swiss Institute for Experimental Cancer Research,
Lausanne, Switzerland

Lethal and Mutagenic Action of Solar Radiation on Cultured Human Cells
June 23, 1983

Dr. Sushilkunar G. Devare, Laboratory of Cellular and Molecular Biology,
National Cancer Institute, National Institutes of Health, Bethesda, MD

Simian Sarcoma Virus: Genome Organization and Transforming Gene
Product

June 24, 1983

Dr. Anne Ryblcki, Department of Biochemistry, The University of Chicago,
Chicago, IL

Membrane Cytoskeleton Interaction in the Red Blood Cells
August 2b, 1983

Dr. Linda L. Randall, Biochemistry Department, Washington State
University, Pullman

Export of Protein in Escherichia coli
September 22, 1983

Dr. Thomas G. Ebrey, Department of Physiology and Biophysics, University
of Illinois, Urbana

Proton Pumping in the Purple Membrane of Halobacterium halobium
October 6, 1983

Dr. Steven Kennel, Biology Division, Oak Ridge National Laboratory, Oak
Ridge, TM

Monoclonal Antibodies and Some of Their Applications
October 13, 1983

Dr. Robert J. Cousins, Department of Food Sciences and Human Nutrition,
University of Florida, Gainesville

Molecular Aspects of Copper and Zinc Metabolism
November 10, 1983

Dr. Morris Pollard, Director, Lobund Laboratory, University of Notre
Dame, Notre Dame, IN

Life in a Sterile Environment
December 1, 1983

*Informal seminar.
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Dr. Reggie H. Stevens, Radiation Research Laboratory, Department of
Radiology, University of Iowa, Iowa City

Radiation Equivalency: A Quantitative Measure for Carcinogenicity
December 8, 1983

In-House Speakers

Pr. Karianne Schiffer, Division of Biological and Medical Research,
Argonne National Laboratory, Argonne, IL

Three-Dimensional Structure of Immunoglobulin Light Chains
January 20, 1983

Or. Peter A. Lagocki, Division of Biological and Medical Research,
Argonne National Laboratory, Argonne, IL

Effects of Charge and Size on the Uptake of Unilamellar Liposomes by
Macrophages

February 17, 1983

Dr. Colin K. Hill, Division of Biological and Medical Research, Argonne
National Laboratory, Argonne, IL

Oncogenic Transformation of Mammalian Cells: Role of Radiation
Quali ty

March 24, 1983

Dr. Charles S. Borso, Division of Biological and Medical Research,
Argonne National Laboratory, Argonne, IL

Small Angle X-Ray and Neutron Scattering: Instrumentation and
Information Content

April 21, 1983

Dr. Herbert E. Kubitschek, Division of Biological and Medical Research,
Argonne National Laboratory, Argonne, IL

Control of Cell Growth and Density in Prokaryotes and Eukaryotes
May 19, 1983

Dr. Douglas Grahn, Division of Biological and Medical Research, Argonne
National Laboratory, Argonne, IL

Somatic and Genetic Effects of Low Dose Exposure to Fission Neutrons
and Cobalt-60 Gamma Irradiations

May 26, 1983

Dr. Mary Ann Turner, Division of Biological Sciences, University of
Missouri-Columbia, and Division of Biological and Medical Research,
Argonne National Laboratory, Argonne, IL

Biological Effects of Near Ultraviolet Radiation
September 8, 1983
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Or. Edwin N. Vtestbrook, Division of Biological and Medical Research,
Argonne National Laboratory, Argonne, IL

Structural Studies of Natural Antimicrobial Proteins Isolated from
Blood Leukocytes

October 20, 1983

Drs. Heyrick J. Peak and Bruce A. Carries, Division of Biological and
Medical Research, Argonne National Laboratory, Argonne, IL

The Ames Salmonella Mutagenicity Assay
November 17, 1983

Dr. N. Leigh Anderson, Division of Biological and Medical Research,
Argonne National Laboratory, Argonne, IL

Detection of Mutations on 2-D Gels
December 15, 1983



21. OUTSIDE TALKS BY DIVISIONAL STAFF DURING 1983*

Dr. Moraan 6. Anderson

High-Resolution Two-D1mensional Electrophoresis Image Analysis and
Data Base Management for the Human Protein Index

Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy, Pittsburgh, PA

March 9, 1983

An ISO-DALT Electrophoresis System with Reduced Buffer and Current
Requirements

Electrophoresis '83, Tokyo, Japan
March 10, 1983

The Interdependence of Technological Innovation and Knowledge
Acquisition In the Biological Sciences

Department of Clinical Biochemistry, University of Toronto,
Toronto, Canada

April 11, 1983

The Human Protein Index: Towards the Complete Analysis of Human Cells
Department of Clinical Biochemistry, University of Toronto,
Toronto, Canada

April 12, 1983

High Resolution Two-Dimensional Electrophoresis
International Conference on New Developments in Clinical
Laboratory Instrumentation, Robert S. First, Inc., Dusseldorf,
Germany

November 28, 1983

Diagnosis and Treatment in the Future
Monterey Med-Tech Financial Forum, Monterey, CA

December 5, 1983

Not Included in this listing of outside talks are lectures given as part
of courses In area universities or in the educational programs at
Argonne National Laboratory. !
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Image Analysis and Interactive Database Manipulation Applied to Two-
Dimensional Maps of Human Proteins

National Computer Graphics Association Meeting, Chicago, IL
June 30, 1983

Gene Regulation Systems of Human Cells: Enumeration by Protein
Indexing

Conference on Technology Impact: Potential Directions for
Laboratory Medicine, Mew York, NY

September 21, 1983

Dr. N. Leigh Anderson

Data Reduction for the Human Protein Index
7th Annual Symposium on Computer Applications in Medical Care,
Baltimore, MD

October 26, 1983

Or. Hi11Ian U. Baldwin

Cell Density of Escherichia coli B/r during Exponential Growth
83rd Annual Meeting of the American Society for Microbiology, New
Orleans, LA

March 9, 1983

Changes in Density and Mean Cell Volume during Growth in Escherichia
coli B/r

83rci Annual Meeting of the American Society for Microbiology, New
Orleans, L«

March 10, 1983

Dr. Maryka H. Bhattacharyya

Determination of a Gastrointestinal Absorption Factor for Plutonium in
Man: An Evaluation of Existing Data

31st Annual Meeting of the Radiation Research Society, San
Antonio, TX

March 2, 1983

Dr. Charles S. Borso

Determination of Biological Structures with Resonant Neutron Small
Angle Scattering Utilizing a Pulsed Neutron Source

Winter Meeting of the American Crystallographic Association,
Columbia, MO

March 15, 1983
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Or. Bruce A. Carnes

Estimation of the Ridge Constant: An Approach Based on the Condition
Index

1983 Annual Meeting of the American Statistical Association,
Toronto, Canada

August 15, 1983

Mr. Don E. Doyle

A Direct Data Entry System for Differential Leukocyte Counts
Southern Wisconsin-Chicago American Association for Laboratory
Animal Science Meeting, Milwaukee, WI

November 16, 1983

Dr. Charles F. Ehret

Stay the Course Willie Traveling
The Staywell Executive Program, Control Data Corporation,
Minneapolis, MN

January 11, 1983

Neurobehavioral Chronobiology and Circadian Regulation
Winter Meeting of the Academy of Integrated Medical Studies and
the Gesell Institute for Human Development, Lenox, MA

February 5 and 6, 1983

New Approaches to the Problems of Jet Lag and Shift Work for Air Crews
and Flight Attendants

Executive Committee Conference, International Flight Attendants
Association, Chicago, IL

March 16, 1983

Future Perspectives for the Application of Chronobioiogical Knowledge
in Occupational Work Scheduling

Invited Witness, Congressional Hearings on Biological Rhythms and
Shift Work Scheduling, Investigations and Oversight Subcommittee
of the Committee on Science and Technology, U. S. House of
Representatives, Washington, DC

March 24, 1983

Circadian Connections to Coherent Processes in the Functioning of the
Brain

Third Annual Neurosdence Conference, Maharishi International
University, Falrfield, IA

May 10, 1983
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I

The Importance of Meal Timing as a Circadian Zeitgeber 1n Laboratory
Studies of Germ-Free Animals

University of Notre Dame, Notre Dame, IN
May 27, 1983

Introduction to the Role of Circadian Regulation In Mental Illness and
in Sleep Disorders

Gordon Research Conference on Chronobiology, New London, NH
June 13, 1983.

High-Strength 60-Hz Electric Fields are Circadian Zeitgebers in Small
Rodents

16th International Conference of the International Society for
Chronobiology, Dublin, Ireland

July 27, 1983

Coherence and Correspondence in the Classical Composition of the
Temporal and Structural Levels of Organization of Living Systems

Biennial Meeting of the Institute for Ultimate Reality and
Meeting, University of Toronto, Toronto, Canada

August 17, 1983

Chronobiological Engineering: Circadian Connections to Recent
Advances in Biotechnology

Department of Bioengineering, University of Illinois, Chicago, IL
October 25, 1983

Dr. Thomas E. Fritz

Radiation Factors Affecting Development of Myelogenous Leukemia in the
Beagle

11th International Symposium of the International Association for
Comparative Research on Leukemia and Related Diseases, Cambridge,
England

July 6, 1983

Late Effects of Continuous Irradiation of Beagles: Hemopathology,
Carcinogenesis, and Life Shortening

7th International Congress of Radiation Research, Amsterdam, The
Netherlands

July 7, 1983
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Hematopoietic Responses 1n Beagles Given Protracted Whole Body Gamma
Irradiation: Leukemogenic Effectiveness of Varying Modalities of
Exposure

12th Annual Meeting of the International Society for Experimental
Hematology, London, England

July 13, 1983

The Preleukemic Syndrome in Radiation-Induced Canine Myelogenous
Leukemia and Related Myeloproliferative Diseases

12th Annual Meeting of the International Society for Experimental
Hematology; London, England

July 13, 1983

Late Effects of Protracted Whole Body Irradiation of Beagles by
 6 0
Co

Gamma Rays
22nd Annual Hanford Life Sciences Symposium, Richland, WA

September 28, 1983

Dr. Douglas Grahn

Recent Studies on the Effectiveness of High LET Radiations for the
Induction of Genetic and Somatic Injury

Radiation Research Society Meeting, Symposium on Basic Issues in
Radiation Protection, San Antonio, TX

February 27, 1983

Incidence of Abnormal Sperm as a Function of Low Doses of Gamma Rays
or Fission Neutrons, Age, and Season

Environmental Mutagen Society Meeting, San Antonio, TX
March 3, 1983

Somatic and Genetic Effects of Low Doses of Fission Neutrons and
 6 0
Co

Gamma Rays
"7th International Congress of Radiation Research, Amsterdam, The
Netherlands

July 7, 1983

Biological Effects of Low-Doses of Fission Neutrons and 60Co Gamma
Rays

American Statist ical Association Conference on Radiation and
Health, Berkaley Springs, WV

July 1 1 , 1983

Carcinogenic Effects of Fission Neutrons and 60Co γ-rays
Workshop on Neutron Radiation Carcinogenesis, Biology Division,
Oak Ridge National Laboratory, Oak Ridge, TN

September 19, 1983
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Studies on Chronic Radiation Injury with Mice and Dogs Exposed to
External Whole-Body Irradiation at the Argonne National Laboratory

22nd Annual Hanford Life Sciences Symposium, Rich!and, WA
September 27, 1983

Dr. David J. Grdina

Cell Separation and Radiation Biology
Alumni Symposium on Basic and Applied Radiobiology, University of
Kansas, Lawrence

September 30, 1983

Tumor Heterogeneity and Radiation Biology: A Search for Prognostic
Indicators of Tumor Response

Johns Hopkins University, Baltimore, MD
October 25, 1983

Application of Cell Separation Techniques to Experimental Chemotherapy
and Radiotherapy

Johns Hopkins University, Baltimore, MD
October 25, 1983

Development of a Prognostic Indicator for Tumor Response
Oak Ridge National Laboratory, Oak Ridge, TN

November 9, 1983.

Dr. Antun Han

Role of Repair Processes and Radiation Quality in Neoplastic
Transformation of Mammalian Cells

31st Annual Meeting of the Radiation Research Society, San
Antonio, TX

March 1 , 1983

Kil l ing and Mutation of Mammalian Cells by Monochromatic Near-UV Light
11th Annual Meeting of the American Society for Photobiology,
Madison, WI

June 27, 1983

Neoplastic Transformation Decreases after Irradiation with Multiple
Fractions of 60Co Y-Rays

7th International Congress of Radiation Research, Amsterdam, The
Netherlands

July 7, 1983
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Error-free Repair of Neoplastic Transformation Damage following
Protracted Exposures to 60Co Y-Rays

11th L. H. Gray Conference, Cellular Repair of Radiation Damage,
Glasgow, Scotland

July 21, 1983

Dr. David A Haugen

Isolation and Identi f icat ion of Mutagenic Components of Synfuel
Materials

DOE Briefing on Coal Conversion, Germantown, MD
January 7, 1983

Dr. Colin K. Hill

Protr "-<»d Exposures to Fission-Spectrum Neutrons Increase Neoplastic
Trans, -Ton

7th International Congress of Radiation Research, Amsterdam, The
Netherlands

July 7, 1983

Error-prone Repair of Fission-Spectrum Neutron Induced Neoplastic
Transformation

11th L. H. Gray Conference, Cellular Repair of Radiation Damage,
Glasgow, Scotland

July 21, 1983

Radiation and Cell Transformation in v i t ro
Inst i tute of Physics, University of Milan, Milan, I ta ly

October 12, 1983

Problems Associated with Transformation Studies
Inst i tute of Physics, University of Milan, Milan, I ta ly

October 13, 1983

Dr. Eliezer Huberaan

Control of Cell Differentiation in Cultured Human Cells by Tumor
Promoting Agents

University of Maryland, School of Medicine, Maryland Cancer
Program, Neoplastic Diseases Senr'iar Series, Baltimore, MD

January 6, 1983

The Control of Mutagenesis and Cell Differentiation in Cultured
Mammalian Cells by Chemicals which In i t ia te or Promote Tumor Formation

Department of Genetics, Weizmann Inst i tute for Science, Rehovot,
Israel

April 19, 1983
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The Control of Cell Differentiation in Cultured Human Cells by Tumor
Promoting Agents

First International Conference on Carcinogenesis, American Cancer
Society, Buffalo, NY

April 25, 1983

The Control of Cell Transformation, Mutagenesis, and Differentiation
by Chemicals which Initiate or Promote Tumor Formation

International Workshop on the Principles of Environmental
Mutagenesis, Carcinogenesis, and Teratogenesis, Shanghai, China

May 27, 1983

The Control of Cell Differentiation in Human Myeloid and T-Cell
Lymphoid Leukemia Cells by Chemicals

Roswell Park Memorial Institute, Buffalo, NY
September 14, 1983

Dr. Carol A. Jones

Induction of Mutations in Human Cells by Solar Ultraviolet Radiation
Environmental Mutagen Society Meeting, San Antonio, TX

March 4, 1983

Activation of Chemical Carcinogens in an Intestinal-Cell-Mediated
Mutagenesis Assay

American Association of Cancer Research, San Diego, CA
May 26, 1983

Dr. Herbert E. Kubitschek

Cell Growth and Density
DePaul University, Department of Biological Sciences, Chicago, IL

May 6, 1983

Constancy of Buoyant Density of Ĵ . coli and Cultured Murine Cells
Gordon Research Conference, Wolfeboro, NH

July 6, 1983

Dr. Shin-I. Murao

Control of Macrophage Cell Differentiation in Human Promyelocyte
(HL-60) Leukemia Cells by 1,25-Dihydroxyvitamin D3 and Phorbol-12-
myristate-13-acetate (PMA)

42nd Annual Meeting of the Japanese Cancer Association, Nagoya,
Japan

October 14, 1983
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Dr. feyrick J. Peak

Biological and Molecular Effects of Solar Ultraviolet Radiation
Dana Farber Cancer I n s t i t u t e . Boston, MA

May 7, 1983

Killing and Mutation by Solar UV in Bacteria
11th Annual Meeting of the American Society of Photobiology,
Madison, WI

June 27, 1983

Dr. Carl Peraino

Relationship of Putative Preneoplastic Hepatocyte Foci to Hepatic
Tumorigenesis

Symposium on the Role of Cocarcinogens and Promoters in Human and
Experimental Carcinogenesis, Budapest, Hungary

May 16, 1983

Dr. Christopher A. Reilly, Jr.

Toxicological Evaluations of Complex Mixtures
U. S. Environmental Protection Agency, Chemical Research and
Evaluation Branch, Washington, DC

February 24, 1983

Mr. John J . Russell

Plutonium Induced Depletion of Developing Ovarian Fol l icles in the
Mouse

Annual Health Physics Meeting, Baltimore, MD
June 22, 1983

Or. Marianne Schiffer

The Structure of Aj-Bence-Jones Protein LOC at 5 A
67th Annual Meeting of the Federation of American Societies for
Experimental Biology, Chicago, IL

April 12, 1983

Dr. Thorns H. Seed

Hemopoietic Responses under Continuous Low Dose γ-lrradiat ion
Department of Radiation Therapy, Harvard University, Boston, MA

January 20, 1983
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-The Ultrastructure*o£. Ratftation-Induced Injury In Cells and Tissues:
An Overview

• Scanning Electron Microscopy/1983, Dearborn, MI
April 22, 1983

Radiation-Induced Aplastic Anemia
Scanning Electron Microscopy/1983, Dearborn, MI

April 22, 1983

Survival Patterns and Hemopathological Responses of Dogs under
Continuous Gamma Irradiation

Radiobiological Institute, Rijswijk, The Netherlands
July 1, 1983

Acquired Radioresistance of Hematopoietic Progenitors under Continuous
Low Daily Dose Gamma Irradiation

12th Annual Meeting of the International Society for Experimental
Hematology; London, England

July 13, 1983

Hematopoiesis on Cellulose Ester Membranes (CEM). VII. Ultrastructure
of Stroma of Marrow-Enriched Membranes with Trilineal Hematopoiesis

12th Annual Meeting of the International Society for Experimental
Hematology; London, England

July 13, 1983

Dr. Michael T. Short

High Pressure Gel Permeation Chromatography Studies of Self-
Associating Immunoglobulin <j Light Chains and Idiotype Anti-Idiotype
Complexes

67th Annual Meeting of the Federation of American Societies for
Experimental Biology, Chicago, IL

April 12, 1983

Or. John Taylor

Argonne's Contribution to the USE Library for AP120B's
Array Meeting, Monterey, CA

April 27, 1983

Dr. Frederick J. Trenrel

Metabolic Activation of 2-Aminoanthracene in Neonatal Rats
67th Annual Meeting of the Federation of American Societies for
Experimental Biology, Chicago, IL

April 12, 1983

120



PUBLICATIONS APPEARING DURING THE
NOTED PERIODS

1982 (received in 1983)

Nyberg, D.
Sex, Recombination, and Repro-
ductive Fi tness: An Experimen-
ta l Study Using Paramecium

Am. Nat. 120, 198-217 (1982)

1983_

Cahi l l , A. L , D. Nyberg, and
C. F. Ehret

Tissue Distribution of Cadmium
and Metal!othionein as a Func-
tion of Time of Day and Dosage

Environ. Res. 2L» 54-65
(1983)

Ehret, C. F.
Biological Clocks and Shift
Work Scheduling, Hearings
before the Subcommittee on
Investigations and Oversight,
Committee on Science and Tech-
nology, House of Representa-
t ives, 98th Congress, First
Session, March 23, 24, 1983
[No. 7 ] , pp. 321-355

Ehret, C. F., and L. W. Scanlon
Overcoming Jet Lag

Berkley Publishing Corpora-
t ion , NY, 1983

Nyberg, D., and P. Bishop
High Levels of Phenotypic Vari-
ab i l i t y of Metal and Tempera-
ture Tolerance in Paramecium

Evolution V_, 341-357 (1983)

Rosenberg, R. S., P. H. Duffy,
G. A. Sacher, and C. F. Ehret

Relationship Between Field
Strength and Arousal Response
in Mice Exposed to 60-Hz Elec-
t r i c Fields

Bioelectromagnetics 4^
181-191 (1983)

Accepted as of June 30, 1984

Cahi l l , A. L., and C. F. Ehret
Chronobiological Consequences
of Various Shiftwork Schedules

Proceedings of the 15th
International Conference of
the International Society of
Chronobiology, Minneapolis,
MN, 9/13-18/81

Ehret, C. F., C. Peraino,
J. C. Meinert, and K. R. Groh

Circadian Manifestations of
Barbituate Habituation, Addic-
t ion , and Withdrawal in the Rat

I n t l . J . Chronobiol.



Or. Nary A. Turner

Evidence that Near-Ultraviolet Radiation (NUV 313 nm) Does Not Induce
the recA Gene

11th Annual Meeting of the American Society for Photobiology,
Madison, WI

June 28, 1983



22. PROFESSIONAL AFFILIATIONS

Joint and Adjunct College or University Appointments

During 1983, 16 staff members held a total of 18 faculty appointments
at seven dif ferent colleges and universit ies. These appointments usually
require l imited teaching act iv i t ies at the graduate level , generally of a
specialized nature, and involve regular contact with students. These
appointments have often led to co-sponsorship of graduate students and to
collaborative efforts with faculty members, some of which are described in
this report.

• Mornan G. Anderson, Adjunct Professor, Department of Surgery,
Medical University of South Carolina, Charleston, 1974-present

• Maryka H. Bhattacharyya, Adjunct Clinical Professor, Departments
of General and Oral Pathology, Loyola University, Chicago, IL
1979-present

• Maryka H. Bhattacharyya, Adjunct Assistant Professor, Northern
I l l i n o i s University, DeKalb, 1979-present

• Thoaas J . Doody, Lecturer, Chemistry Department, I l l i no i s
Benedictine Colleye, L is le , 1953-present

• Thomas E. F r i t z , Clinical Associate Professor of Pathology,
Loyola University, Chicago, IL, 1975-present

• Thorns E. Fritz, Adjunct Associate Professor, Department of
Biological Sciences, Northern I l l i no i s University, DeKalb, 1978-
present

• Douglas Grahn, Adjunct Professor, Department of Biological
Sciences, Northern I l l i no i s University, DeKalb, 1971-present

• David 0. Grdina, Visi t ing Associate Professor, Department of
Therapeutic Radiology, Rush-Presbyterian-St. Luke's Medical
Center, Chicago, IL, April 1984-present

• Colin K. H i l l , Instructor, Department of Therapeutic Radiology,
Rush-Presbyter1an-St. Luke's Medical Center, Chicago, IL, 1981-
present
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Eliezer Huberman, Professor of Cell Biology and Molecular
Genetics, University of Chicago, Chicago, IL, 1982-present

Walter E. Kisieleski, Clinical Professor, Departments of
Radiology and Oral Pathology, Loyola University Medical and
Dental Schools, Chicago, IL, 1973-present

Herbert E. Kubitschek, Adjunct Professor, Northern I l l i no i s
University, DeKalb, 1971-present

Meyrick J. Peak, Adjunct Professor, Northern I l l i no i s University,
DeKalb, 1982-present

Carl Peraino, Adjunct Professor, Northern Illinois University,
DeKalb, 1971-present

Yueh-Erh Rahman, Adjunct Professor, Graduate School of Arts and
Sciences, Northern I l l i no i s University, DeKalb, 1971-present

Christopher A. Reilly, Adjunct Associate Professor, Department of
Biological Sciences, Northern I l l i no i s University, DeKalb, 1975-
present

Marianne Schiffer, Lecturer, Northwestern University, Evanston,
IL, 1983-present

Edwin J. Westbrook, Assistant Professor, Department of Biophysics
and Theoretical Biology, University of Chicago, Chicago, IL,
1983-present

Other Professional Act iv i t ies

Staff members from the Division were well represented during 1983 as
members of editorial boards or advisory bodies or in positions of
leadership in professional societies. Twelve of the Division staff
members participated in these act iv i t ies as detailed below:

Members of Editorial Boards

• Norman G. Anderson, Member of Editorial Board, Molecular Biology
and Medicine

• M. Leigh Anderson, Member of Editorial Board, Electrophoresis

• Charles F. Ehret, Consulting Editor, International Journal of
Chronobioiogy



Eliezer Huberman, Associate Editor, Cancer Research

Eliezer Hubernan, Member of Editorial Board, Teratogenesis,
Carcinogenesis, and Mutagenesis Journal

Herbert E. Kubitschek, Guest Editor, Molecular and Cellular
Biophysics

Carl Peraino, Associate Editor, Cancer Research

Thomas M. Seed, Guest Editor, International Journal of Scanning
Electron Microscopy

Members of Advisory or Review Bodies

• Charles F. Ehret, Member, International Scientific Advisory
Board, Center for Design of Industrial Schedules

• Thomas E. Fritz, Member, National Council on Radiation Protection
and Measurements Committee 57, Task Group on Leukemia Risk

• Thomas E. Fritz, Member, Board of Directors, Illinois Cancer
Council

• Douglas Grahn, Ordinary Member, International Council of
Scientific Unions, Committee on Space Research, Sub-Commission
F-2 on Radiation Biology of Interdisciplinary Scientific
Commission F on Life Sciences as Related to Space

• Douglas Grahn, Council Member, National Council on Radiation
Protection and Measurement

• Douglas Grahn, Member, National Council on Radiation Protection
and Measurement

Committee 40, Biological Aspects of Radiation Protection
Criteria

Committee 57, Internal Emitter Standards, Task Group 11 on
Genetic Risk

Committee 75, Guidance on Radiation Received in Space
Activities

• Eliezer Hubernan, Member, National Institute of Environmental
Health Sciences Review Committee



Louise Lombard, Member, Board of Scientif ic Counselors of the
Division of Cancer Cause and Prevention, National Cancer
Inst i tuta

Carl Peraino, Member, Research Committee, I l l i no i s Division of
the American Cancer Society

Yueh-Erh Rahman, Member, Committee of Review Group, Division of
Research Grants, National Institutes of Health

Officers or Board Members of Professional/Scientific Associations

» Charles F. Etoret, Vice President, International Society for
Chronobiology

• Charles F. Ehret, Chairman, Committee on Chronobiological
Engineering, International Society for Chronobiology

» David J. Grdina, Chairman, Finance Committee, Radiation Research
Society



23. PUBLICATIONS FOR CALENDAR YEAR 1983

Journal Art ic les

Anderson, N. L., J. C. Wi l ts ie, C. Y. L i , K. E. Wil lard-Gallo,
R. P. Tracy, D. S. Young, M. T. Powers, and N. G. Anderson

Analysis of Human Leukemic Cells by Use of High-Resolution Two-
Dimensional Electrophoresis. I : Results of a Pi lo t Study

Cl in . Chem. _2?_, 762-767 (1983)

Au, W. W., M. F. Callaham, M. L. Workman, and E. Huberman
Double Minute Chromatin Bodies and Other Chromosome Alterations in
Human Myeloid HL-60 Leukemia Cells Susceptible or Resistant to
Induction of Dif ferent iat ion by Phorbol-12-myristate-13-acetate

Cancer Res. _43_, 5873-5878 (1983)

Bhattacharyya, M. H.
Bioavai labi l i ty of Orally Administered Cadmium and Lead to the Mother,
Fetus, and Neonate during Pregnancy and Lactation: An Overview

Sci. Total Environ. _28_, 327-342 (1983)

Bhattacharyya, M. H., B. D. Whelton, and D. P. Peterson
Gastrointestinal Absorption of Cadmium in Mice during Gestation and
Lactation: I I . Continuous Exposure Studies

Toxicol. Appl. Pharmacol. _66_, 368-375 (1982)

Borso, C. S.
Implementation of Self-Scanning Photodiode Arrays for Scattering
Applications Using Conventional and Intense X-Ray Sources

Trans. Am. Crystallogr. Assoc. 18_t 141-148 (1982)

Cah i l l , A. L., D. Nyberg, and C. F. Ehret
Tissue Distr ibut ion of Cadmium and Metallothionein as a Function of
Time of Day and Dosage

Environ. Res. ^ , 54-65 (1983)

Col l ins, J . J . , R. T, Lundy, and D. Grahn
A Demographic Model for Performing Site-Specific Health Risk
Projections

Health Phys. _45_, 9-20 (1983)



Cunningham, M. L., and B. R. Lokesh
Superoxide Anion Generated by Potassium Superoxide is Cytotoxic and
Mutagenic to Chinese Hamster Ovary Cells

Mutat. Res. _121_, 299-304 (1983)

Danon, M. J . , C. S. Giometti, J. R. Manaligod, 0. H. Perurena, and
J. L. Skosey

Adult-Onset Nemaline Rods in a Patient Treated for Suspected
Dermatomyositis

Arch. Neurol. _38_, 761-766 (1981)

Deeg, H. J . , R. Prentice, T. E. Fr i tz , G. E. Sale, L. S. Lombard,
E. D. Thomas, and R. Storb

Increased Incidence of Malignant Tumors in Dogs after Total Body
Irradiation and Marrow Transplantation

In t . J . Radiat. Oncol. B io l . £ , 1505-1511 (1983)

Dupere, S. L. F., S. Holland, S. Gawne, K. E. Cancelliere, B. A. Sedita,
P. J. Dale, E. D. Ja r re l l , and T. E. O'Connor

Effects of Divalent Metal Cations on Composition and Neoplasia-
specific Antigenicity of Chromatins

Cancer Res. ^3_, 493.3-4919 (1983)

Gast, P., M. R. Wasielewski, M. Schiffer, and J. R. Norris
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The individual groups are arranged in the order in which the program
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are those in the organizational chart (p. vii).
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of Arthritis, Diabetes, and Digestive and Kidney Diseases; NIEHS,
National Institute of Environmental Health Sciences.
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.Cover Description

The cover design is a schematic representation of a short segment of
a DNA molecule showing a number of the possible harmful lesions
caused by environmental chemicals or radiations. The ultimate focus
of many of the programs in the Division of Biological and Medical
Research is the elucidation of the mechanisms by which these lesions
are formed and the identification of various methods of protection and
repair. These processes are investigated through a variety of techni-
ques -such as two-dimensional electrophoresis, chromatography,
sedimentation analysis, alkaline elution, cytofluorography, DNA se-
quencing, and the use of DNA probes and monoclonal antibodies. The
lesions represented in the figure include (A) an apurinic site, (B) a
pyrimidine adduct with a backbone distortion, (C) a peptide adduct, (D)
a base change, (E) a single-strand break, (F) an adduct of a chemical
carcinogen, (G) an interstrand crosslink, and (H) a double-strand
break.
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