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CHAPTER 1

INTRODUCTION

A number of compelling circumstances, some associated
with program reorientation, interfered with the issuance oif
a semiannual progress report for the period July through
December 1961. The present report is, therefore, an annual
presentation of the Biological and Medical Research Group's
activities during the period from July 1961 through June
1962,

During the past year, program reorientation and group
reorganization, in keeping with the redirection of the pro-
gram, were completed. It is anticipated that the Biological
and Medical Research Group's activities during the next few

vears will proceed along the following general lines:

{(a) Metabolism of Radionuclides in Mammals Using Whole Body

Counting Techniques (Mammalian Metabolism Section)

Emphasis will be on establishing normal uptake, reten-

tion, excretion, and deposition parameters of radioisotopes
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in mice, rats, dogs, and monkeys for the express purpose of
establishing interspecles correlations for extrapolation to
man. Included also will be investigations of the influence
of diet, environment, age, chemical agents, and octher factors

on the various metabollic parameters.

(b) Genetic and Somatic Effects of Acute and Chronic Radia-
tion Exposure (Mammalian Radloblology Section)

Emphasis will be on effects of radiation exposures of
successive generations of mice on general population statis-
tics and effects of acute and chronic neutron and gamma ray
exposure on radiation repair rates and stamina of exposed

animals as indicated by stress tolerance and life span.

(¢) Environmental Radliation Studies and Methods of Measure-
ment, Including Radiations in Space (Low-Level Counting
Section)

Emphasis will be on exploiting the limits of capability
of the new Human Counter (Humco II) now in full operation,
double 8 x 4 in, sodium lodide crystal spectrometry, poten-
tialities of thermoluminescent materials (e.g., LiF) for
methods of measuring space amblent gamma radiation, and develop-
ment of procedures and codes for electronic processing of

radiation and metabolic data.

~-12-
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(d) Beneficial Applications of Electronic and Radiotracer

Techniques (Clinical Investigations Section)

Emphasis will be on applications of whole hody counters
and electronic cell sizing equipment to medical diagnosis and

the study of clinical diseases,

(e) Cellular Level Studies (Cellular Radiobiology Section)

Emphasis will be directed toward using mammalian cells
grown in agitated fluid medium and bacteria to study the
effects of radiation and related factors on metabolism and
growth at the cellular level., Abnormal, as well as normal,
cells will be investigated using electronic cell sizing and

C14 and H3 tracer methodology.

(f) Molecular Level Studies (Molecular Radiobiology Section)

Emphasis will be on synthesis of oligopolynucleotides of
known base sequence énd studies of their chemical, physical,
and biological characteristics, investigations of chemical
and enzymatic means ¢of polymerization of oligo- and poly-
nucleotides of known structure, development of methods for
isolation and characterization of mammalian chromatin mate-
rial, and eventually studies of the effects of radiation on
structural organization and function of living systems at the

molecular level.

-13-
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A number of personnel changes occurred during the past
year. Drs., Harry Foreman and Joseph A. Sayeg terminated,
and Dr. F. Newton Hayes returned as Section Leader of the
Molecular Radiobilology Section after a year's study in
Germany. The following table of organization shows the Group
personnel, their classification, and section affiliation as

of the end of the present report perilod.

~14-
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Electronically Determined Erythrocyte Volumes, III,

Further Observations on the Skewed Population Profile (C. (.

Lushbaugh, N. J. Basmann, and H., Israel)

INTRODUCTION

The frequency distribution curve of erythrocyte volumes
has an asymmetrical skew to the right or toward larger
volumes than the mode. Although in man this curve looks
like a logarithmic normal curve, in the chicken the skewed

portion of the population appears to be a second population

of large red cells with a wide variance in size (1). On the
hasis of this finding in the bird, an attempt was made to

fit 2 Gaussian distributed populations to the blood of various
mammals and man., Two such distributed subpopulations were
found in all instances. Since these populations could be
electronic (2) or mathematical (3) figmentations, an attempt
was made to prove their existence by differential hemolysis

of the 2 populations. This seemed feasible since study of
pathologic blood seemed to show that population A was senile
while population B was juvenile and, therefore, relatively

resistant to hemolytic processes.

METHODS AND RESULTS

Using a 100-channel pulse height analyzer with 4 memory

units so that 4 consecutive frequency distribution analyses

-198-
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could be made in quick succession, as described previously (1),
blocod samples of chicken and man were studied after addition
of 0,3 ml of O0.15 per cent saponin solution to 100 ml of
1:50,000 dilution of heparinized blcod in 0.9 per cent saline,
The results of this experiment are shown in the accompanying
figures.

Figure 1 shows 3 sequential curves at O, 60, and 90 sec
' after addition of saponin to chicken blood. Curve 1 shows
the usual profile of chicken blood with 2 humps. Curve 2
sihows the absence of the senile population, the presence of
the juvenile population, and the presence far to the left of
4 new, much smaller population, the nuclei of hemolyzed cells
from population A, Curve 3 shows that the 2 populations were
gone at 920 sec, leaving in their stead a single small popula-
tion of bare nuclei. Figure 2 shows a similar typical exper-
iment with human blood. Since the mammalian erythrocyte is
not nucleated, only stromal debris of infinitely variable,
increasingly smaller sized particles is seen accumulating to
the left as population A first and population B second dis-

appear under the action of the saponin,

DISCUSSION

These experiments seem to substantiate the previous

mathematical division of the total distribution curves into

-199-
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2 populations. Further mathematical analysis is presently
being directed toward making a model which will help explain

the nature of population B, or young cells., Work done so far

seems to show that the population B curve is a mathematical
summation of an infinite number of small populations, with a
large variance in volumes that are becoming smaller and more »

uniform as they age and shift into the senile population A,

REFERENCES

, (1) C. ¢. Lushbaugh, N. J. Basmann, and B. Glascock, Blood

20, 241 (1962),
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CHAPTER 6

CELLULAR RADIOBIOLOGY SECTION

Calibratioan of an Electronic Particle Counter for Bacterial

Measuremengg (I. U. Boone and S, H. Cox)

INTRODUCTION

Measurements of bacterial cell number and size have
always been tedious and despendent on relatively unprecise
methods, Tne recently introduced electronic particle counter,
originally designed for the counting of blood cells, has been
applied to counting and to sizing of bacteria (1). Lark and
Lark (2) applied the electronic counter in the study of
synchronous growth of bacteria, while Toennies et al, (3)
studied cell multiplication, In order to facilitate certain
procedures in bacterial metabollic and genetic transformation
studies, an electronic particle counter [with the Loz Alamos
Scientific Laboratory's pulse helight analyzer system, as

described by Lushbaugh et al, (4)], is being calibrated for

bacterial measurements.
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METHODS AND RESULTS

The counter* and pulse height analyzer have been de-
scribed previously (4), Polystyrene latex spheres ranging
in diameter from 0,557 to 3.04 p were used to calibrate the
instrument. The spheres or bacteria were counted in a
formalized citrate-saline solution, The particle content of
the diluting electrolyte was kept very low by filterlng all
solutions through 300~mp millipore filters, The volume
counted was 0.1 mm (28 sec) through a 30-u diameter orifice
aperture. Background counts of the dlluent ranged from 200
to 1000, depending on the aperture current and threshold
settings, The suspensions were diluted to count from 10,000
to 20,0C0 particles per 0.1 ml, The proper current control
settings depended on the slze of the particles studied, The
"galn switch' and the "gain trim” inside the instrument were
also adjusted for particle size and for size distribution,
Variations in the electronic circuitry required repeated
calibration and adjustments.

Calibration of the channel number (mean pulse height
voltage) versus the mean particle volume 1is proceeding by
the methods described for red blood cells (4). Typical size

distribution curves for several particles studied, at the

*x
Coulter Electronics, Chicago, Illinois.
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instrument settings indicated, are shown in Figs. 1 and 2,
Preliminary bacterial counts have been performed with
Hemophilus influenzae and E. coli., It is anticipated that
the electronic counting techuniques can be used also to detect

synchronoas division in bacteria.

RE¥FERENCES
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{(2) K. G. Lark and C. Lark, Blochim. Biophys., Acta 43, 520
(1950), ’

(3) G. Toennies, L. Isgard, N. B. Rogers, and G. D. Shock-
man, J. Bacteriol, gg, 857 (1951),

(4) C. C. Lushbaugh, J. A, Maddy, and N, J. Basmann, Los

Alamos Scientific Laboratory Report LAMS-2526 (1960),
p. 372,
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Growth Characteristics of HeLa Cells in Agitated Fluid Medium
(P, C. Sanders, S, Goldstein, and T. M. Gragg)

INTRODUCTION

A dependable supply of HelLa cells in the logarithmic
phase of proliferation is required for biochemical and
cellular studies. Several changes in the technique of grow-
ing cells in agitated fluid medium have been necessary to
assure an adequate supply. A more reliable method of
determining cell populations and modifications in spinner
culture techniques to obtain cells in the exponential growth

phase are described.

METHODS AND RESULTS

Cell Culture

The technique employed was that of growth in agitated
fluid medium. Spinner flasks with a capacity of 250 and
500 ml were used. Regardless of size of flask, the initial

inoculum was 2 to 4 x 104

Hela cells per ml fn a medium
composed of equal volumes of Eagle's Basic Spinner and Puck's
F4 medium (1) plus 25 y penicillin and streptomycin per

100 ml medium, supplemented with 5 per cent inactivated
horse serum, The flasks were incubated at 37°C and contin-

uously agitated by magnetic stirrers driven by a 164-RPM

synchronous motor,
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Cell Growth Determination

Cell populations were determined immediately after inoc-
ulation and every 24 hr. Duplicate 5-ml aliquots of the
cell suspensions were taken at each time interval and washed
once with saline G (1), followed by addition of 2.5 ml of
0.05 per cent trypsin to disperse any clumps of cells that
might be present. The cells were incubated at 37°C for
12 min with thorough mixing at 3-min intervals. At the end
of the incubation perioed, 2.5 ml of complete medium was
added to stop the trypsin action. A 1-ml aliquot of this
cell suspension was diluted 1:50 with normal saline and
counted in a calibrated Model B Coulter particle counter
with the lower threshold set to eliminate debris smaller
than 2275 p3 in volume. Each duplicate sample was counted
4 times and an average value determined. Viability of the
cell suspension was determined by using a 0.5 per cent try-

pan blue solution as recommended by McLimans et al. (2).

Effect of Medium Change on Cell Growth

Figure 1 shows the effect of 2 additions of fresh medium
on cell growth over a period of 168 hr. The line indicated
by closed circles shows the growth of a culture with no
medium change. Growth continued for about 72 hr with an av-

erage doubling time of about 37 hr., After 72 hr, the total
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cell population decreased., The line indicated by open cir-
cles represents growth of a culture kept in approximate
continuous logarithmic growth throughcout 168 hr by removing
approximately half the cell suspension every 48 hr and re-
placing it with an equal volume of fresh medium. The av-
erage doubling time for this culture was about 30 hr,

The above results were sufficiently interesting that
the experiment was repeated several times,. A typical result
obtained over a period of 240 hr with medium change every
48 hr 1is shown in Fig. 2. The average doubling time over

the period of observation was approximately 31 hr,

DISCUSSION

Tﬁe results indicated that F4, a complete medium de-
vised by Puck and associates, promotes cell growth in a
static culture, The only modification of the original
formula was to eliminate fhe CaCl2 present to prevent the
possibility of cells forming large aggregates. Since this
Laboratory has been using the F4-SBME mixture, nc spinner
flask cultures of Hela cells have shown the characteristic
"lag" phase as reported by other authors (3,4). Hela cells
grown in this medium have been maintained in a logarithmic
phase of proliferation for an extended period of time by the
simple process of removing a predetermined volume of cell

suspension every 48 hr and adding the same volume of fresh
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medium to the flask, The critical factor seems to be to
keep cell concentration between about 104 and 105 cells/ml,
The method assures a continuous supply of healthy, viable
cells for experimental work or for initiation of many new
spinner flasks., Since no centrifugation is necessary tco
remove "'spent’” medium, the cells are protected from any
possible trauma. This factor alone could possibly explain
why the cells do not have a lag phase,

Trypsin was used in the preliminary step of determining
cell populations to be certain that cells were not clumped
during counting, A sample of the trypsinized cell suspen-
sion, stained with trypan blue and examined under the mi-
croscope, revealed that more than 95 per cent of the cells
were viable and that approximately 1 per cent was present as
double cells. A sample of the cell suspension prior to
trypsinization showed‘épproximately 10 per cent in clumps of

2 to 10 cells.
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