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LIST OF ABBREVIATIONS

A Angstrom

Aal Aedes élbopicfﬁs mosquito cell culture
arbovirus Arthropod-borne virus

BHK 21 Baby hamster kidney cells

BSS Balanced salt solution
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FBS Fetal bovine serum
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GKN Glucose, potassium, and sodium chloride solution

(Calcium and magnesium-free saline)

HBSS Hank's balanced salt solution

HeLa Cervical carcenoma cell line

HI Hemagglutination inhibition

IC VEE virus infected Vero cell cultures

I cent, Centroids of VEE virus infected Vero cell volume profiles

LDgq Fifty percent lethal dose
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L cells Lymphoid cells

M Mitosis phase of cell cycle

MCM Mosquito culture medium
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SFV Semliki forest virus
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VEE Venezuelan equine encephalomyelitis’
Vero African green monkey kidney cells

WEE Western equine encephalomyelitis .
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INTRODUCTION

Traditional confirmation of togavirus infected cases may
take from 7 to 12 days, and the togavirus assay results from
shipping serum samples to the few equipped laboratories in the
United States. This laboratory staff is concerned with the
development of a more rapid and economical method to detect
these viruses because irrigation water from the Oahe Reservoir
may soon provide increased mosquito breeding grounds in Northern
South Dakota and implement extended togavirus activity.

Dr. Neil Levit of the U.S. Army Medical Research Institute
at Ft. Detrick, Maryland stated that there is an urgent need
for more rapid and economical ‘methods of arbovirus detection.

He said that elimination of the need for animal assay and certain
tedious biological procedures would greatly facilitate the
detection and identification process (66).

Togaviruses grow to high titer in fibroblasts, BHK 21,
or Vero cells and display a latent period of three hours.
Virions are produced by budding from the plasma membrane and
reach a maximum after 7 hours. "Cloudy swelling'" occurs and
extensive proliferation of cytoplasmic vacuoles which may have
a function in the viral envelope production, viral RNA replication,
or protein synthesis are produced.

It has been hypothesized that cell cultures infected with

togaviruses will display different volumes than the uninfected



virus production systems. Analysis of this cell line to detect
volume differences between uninfected and Venezuelan equine
encephalomyelitis (VEE) virus infected Aal cells has been pre-
viously done in this laboratory (7T4). The results were somewhat
difficult to interpret. Further investigation of the Aal cell
line using con A agglutination will aid in the understanding

of virus production in this recently established cell line and
demonstrate more significant differences between the VEE virus
infected and the uninfected Aal cells.

The schematic representatién of this thesis investigation
is given in Figure 1. The VEE virus is used to infect both the
Vero and the Aal cell cultures. The virus infection in both
cell lines results in volume changes and virus-specific cell
membrane binding site development. The Vero cells are measured
with the Coulter Counter for volume changes before CPE. The
Aal cells are treated with con A and measured with the Coulter
Counter for agglutination., This results in differences between
wuninfected and infected cell culture volume profiles.

The need exists for the development of a universal virus
detection system. The system proposed in thié investigation
may be adapted to use any host cell cultures that show cytocidal
or noncytocidal effects. This system may also be used to
detect a variety of viruses such as the "unconventional slow

viruses", some of the RNA tumor viruses, vaccinia viruses,



Figure 1. Schematic Representation of Thesis Research.
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herpes viruses, reoviruses, rabiesviruses, measles, polio, and
other togaviruses.

The neéd exists for a detection system which is specific
in its diagnosis of viruses. The system presented in this
investigation uses antiserum treated virus infected cell cultures
to establish specificity.

The need exists for an automated virus detection system.

The system described in this thesis uses the Coulter Counter,
a computer analysis, and a simplified procedure which makes
the system suitable for automation.

The need also exists for an inexpensive virus detection
system. The system proposed in this investigation uses no
expensive animal facilities and it will require reduced man-hours.

The final need of a virus detection system is that the
system be rapid. The system presented in this investigation
will detect virus induced cell volume changes within 4 to 16

hours post-infection.



LITERATURE REVIEW

Venezuelan Equine Encephalomyelitis Virus

The initial isolation of Venezuelan equine encephalomyelitis
virus (VEE) occurred in 1938 with the sampling of the brains of
dead horses killed in the severe horse encephalitis epizootic in
Venezuela (5, 61). Symptoms were similar to eastern equine encepha-
lomyelitis, but virus concentration determined in guinea pig studies
was from ten to one hundred times greater. Later studies of in-
fected horses by Kissling (57) demonstrated that VEE produced the
encephalitis form of disease with additional clinical signs,
such as fever or generalized infection.

In Columbia not less than seventy human cases of mild to
short febrile disease, commonly called "pesta loca," were reported
between March and June in 1952. This epidemic was the first
determined to be of VEE viral etiology (94). Human epidemics
©hi VﬁE etiology were suspected as early as 1933, however, no
virus could be isolated. In 1962-1963 another epidemic occurred.
This Venezuelan epidemic resulted in more than thirty thousand
human cases with one thousand two hundred cases of nervous in-
volvement and one hundred and ninty deaths (99). Symptoms of
VEE infection in humans included sudden onset of malaise, chills

and fever, nausea or vomiting, headache, and muscle and bone

pains (9L).



Several accidental laboratory infections with VEE, such as
the Trinidad incident in 1943, have occurred in humans (11k).
Kissling noted that while the laboratory workers in his study
were infected via the respiratory tract, the only agent of trans--
mission in horse cases was the mosquito (57).

Before the 1960's VEE was considered a virus which was
limited to the tropical Americas. Then in 1960 evidence of the
first United States human infection was documented in the Florida
Seminole Indians. Up to 58 percent of the members of some of the
tribes tested possessed VEE antibodies. Admittedly these tribes
could have been exposed to a related virus, but indications were
strongly in favor of VEE, since the virus was isolated from mos-
quitos, mice, rats, and white-tailed deer in the area (16, 122).

In an opposite environment, that of the Utah desert, VEE
was isolated in the 1960's in squirrels, rabbits, and foxes.
Evidence of this isolation was never published, however. Gillette
(32) speculated that the Utah isolation of VEE may have been
accelerated by the storage of VEE in Utah by the government for
use as a biological weapon.

Though the United States strain of VEE caused the first human
case in Florida in 1968, it was unable to multiply in horse blood
(29, L2).

A more virulent strain of VEE which originated in the South A-

merican Amazon basin began spreading into Central America and Northern



Mexico in the late 1960's. The equine fatalities of the strain
of VEE were 80 to 90 percent. Only the well prepared United
States containment effort held the epidemic to a few Southern
Texas counties (32).

The VEE virus is classified by the International Committee
.on Nomenclature of Viruses (ICNV) as a togavirus (formerly termed
arbovirus denoting the arthropod-borne or mosquito-transmitted
characteristic).

Casals and Brown (13) and Casals (14) divided the more than
two hundred togaviruses into twenty-one antigenic categories with
major groups based on cross reactions in one or more serologic
tests. The VEE virus is assigned to the alphavirus genus (formerly
called group A arbovirus) under the family togavirus. The alpha-
viruses include such exotic viruses as: chickungunya, eastern
equine encephalomyelitis (EEE), pixuna, Semliki Forest virus
(SFV), sindbis, western equine encephalomyelitis (WEE), and
twelve other less well known viruses. Walder further characterized
VEE using virulence-markers for strains of VEE categorizing them
as A, B, C, ... O types (119).

VEE viruses are filterable through Berkefeld V, N candles,
EK Seitz pads, and bacteria retaining Millipore filters. They
are inactivated by heat, formalin, and beta-propiolactone. VEE
contains a single-stranded ribonucleic acid (RNA) genome with a

molecular weight of 2.6 X 106 daltons and possesses 15 genes (15).



Electron microscope studies of the VEE virus by Mussgay
and Weibel in 1961 have shown it to be a spherical particle, L0
to 45 milimicrons in diameter (73). VEE contains a lipoprotein
envelope which makes the entire virion from 60 to 70 milimicrons
in diameter (59). The total lipid content of VEE is 24.3 percent
though initial results were somewhat higher because of different
purification methods (43). Ribonucleic acid makes up 6.2 percent
and the total protein content is 69.5 percent of the VEE virus (118).
Pedersen separated three protein components from VEE by discon-
tinuous polyacrylamide gel electrophoresis. All proteins stimu-
lated precipitating antibody in rabbits, while only the largest
protein, which is contained in the envelope, stimulated neutralizing
and hemagglutination inhibition (HI) antibody against the intact
virion (81).

Assembly of the VEE virions takes place near the cell membrane.
Bykovsky et al. (12) described the morphogenesis of VEE viruses
as illustrated in Figure 2. The extracellular virions (Fig. 2-1)
attach to the cell (Fig. 2-2) and enter the cell via pinocytosis
(Fig. 2-3, U4). The viral ribonucleoprotein or nucleic acid is
released (Fig. 2-5) and virus controlled synthesis occurs.
Virus-specific structures appear in the cytoplasm (Fig. 2-6, T)
and in the hucleus (Fig. 2-Ta). The virus production areas are
the sites of synthesis of viral ribonucleic acid, protein,

and. nucleoids of virions (Figure 2-8, 8a). The viral



Figure 2.
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Morphogenesis of Venezuelan Equine Encephalomyelitis Virus,
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nucleoids localize around the cytoplasmic vacuoles (Fig. 2-9),

" near polyribosomal accumulations, or near the mitochondria (Fig.
2-10). Construction of virions occurs with the participation

of the vacuole membrane (Fig. 2-11) or'the cell membrane (Fig. 2=
12). Complete and anomalous virions are then released from the
cell (Fig. 2-14, 15).

VEE virus grows to high titer on chick fibroblasts, BHK 21,
Vero cells, and L cells. Figure 3 demonstrates the latent period
can be less than U4 hours with maximum titer reached in from 10
LEMI2 hours .

Production of VEE virus in mammalian and avian cell cultures
causes cytopathic effects (CPE) in which cells form many vacuoles
and degenerate (38). Invertebrate cells such as mosquito cells
showed 10 cytocidal effect (52) and continue to grow and divide
with only minor changes in volume, cell membrane saccharide

binding sites, and in as yet undetermined cellular structure.

Vero Cell Line

Y. Yasumura and Y. Kawakita initiated the Vero cell line in
1962 at Chiba University in Chiba Japan, by culturing kidney

tissue from a normal, adult African green monkey (cercgpithecus

aethiops) (123). The cells were established in a medium con-
sisting of 0.5 percent lactalbumin hydrolysate, 0.1l .percent
. yeast extract, and 0.1 percent polyvinyl pyrrolidone (PVP) in 98

percent Earl's BSS supplemented with 2 percent heat inactivated
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Figure 3. VEE Virus Production in L Cells,
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2alf serum. Improved cell growth resulted from increasing the
calf serum to 5 percent. Dr. B. Simizu delivered the Vero cell
iline in their 9Tth passage to the Laboratory of Tropical Virology,
Hational Institute of Health and Infectious Diseases, National
Institute of Health. Their passage was maintained on 95 percent
Morgan, Morton, and Parker's medium 199 and 5 percent fetal bovine
serum (not inactivated). Minimum essential medium (Eagle) with
nonessential amino acids and 96 percent Earl's BSS supplemented
with 5 percent fetal bovine serum is another successful main-
tenance medium. The Vero cell line was presented to the Animal
Cell Culture Collection in their 113th passage.

Table 1 demonstrates the susceptibility of Vero cells to a
wide range of viruses including polyoma, adeno, herpes, pox,
picorna, toga, orthomyxo, paramyxo, corona, arena, bunyamwera,
and reovirus groups and families. VEE virus displays typical
cytopathic effect (CPE) and produces plaques in 2 days with the
high titer of 9.4 log;y p.f.u./0.2 ml. (110).

Aedes albopictus Cell Culture Development and Viral Infectivity

Properties
In 1938, prompted by the 1930's horse-encephalomyelitis

epidemic, Trager developed the first mosquito cell culture to
ezamine western equine encephalomyelitis virus (WEE) propagation
(116). For the next twenty-five years insect tissue culture was

disadvantaged by the use of the expensive media additive hemolymph
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Table 1, Partial List of Viruses Infective and Noninfective to

Vero Cells.

1L

FAMILY OR INFECTIVE NONINFECTIVE - REFERENCES
GENUS COMMON ‘'NAME S COMMON-NAME =~ =~ TS e
Polyoma SV5 55,89,90
SV40 124
Sv4l 51
Adeno Types 3,12,18 49
Herpes Infective group 49
Pox Infective group 49
Picorna. Polio 49
Cocksackie 49
Toga Alphavirus (18 tested) 110
VEE 45
Chickungunya 67
Ross river 113
Flavavirus (38 tested) 110
Several Flava 110
Japanese encephalitis 49
Rubella 50,90
Orthomyxo Influenza A2 & B 49
Paramyxo Measles 18,54
Parainfluenza type 4 49
Corona Avian infect. bronchitis 23
Arena Tacaribe complex 110
Bunyamvera Infective group 110
REO Infective group 49
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and aggravated by the growth stagnation properties exhibited by
most insect cell cultures. The challenging problems seemed to
animate interest rather than deter the investigators in this
field (97).

In 1966 Grace established the continuous cell line of Aedes
aegypti from axenually grown larva about to pupate. Hemolymph

from the Antheraea eucalysti moth was still, however, necessary

in the medium. Several attempts to adapt the cells to bovine
albumin, calf serum, or the hemolymph from a more abundant moth

species, Antheraea pernyi, proved unsuccessful. The large number

of morphologically distinct cells which initially existed evolved
after three months into a few most common cell types. The most
common cells were spindle shaped, 40 to 50 microns long, 8 to 10
~icrons wide, and grew in clumps attached to the vessel wall.

“he second most common cell type was 20 microns in diameter and
lcated in the medium. The progenitor tissue of these cells could
nct be determined (35).

Converse and Nagel (20) replaced the moth hemolymph with

“atal calf serum to grow moth cells and Aedes aegypti cells in

1967.

Other investigators soon established such continuous mosquito

cell lines as Aedes aegypti and Aedes albopictus (Aal) by Singh

(104), Aedes aegypti by Peleg (82, 83), Anopheles stephensi by

Schneider (98), Aedes aegypti (L.) by Varma and Pudney (117),
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Culiseda inornata and Aedes vexans by Sweet and McHale (112),

‘and Culex salinarius by Lite and Wallis (68).

In 1967 Singh promoted Aedes albopictus (Aal) cell growth

with the leaf hopper medium of Mitsuhashi and Maramousch (71).
The cells averaged 10 to 15 microns in diameter, grew to mono-
layer within a few days, and displayed no contact inhibition.
The cells therefore formed large multi-layered masses of cells,

From Poona, India, Virus Research Center, Dr. Singh delivered
the Aal cell culture to Dr. Sonja M. Buckley at Yale Arbovirus
Research Unit where storage under liquid nitrogen provides a
supply of low-passage-number cells to other investigators.

Singh and Paul (105) examined viral infectivity of Aal cells
and found that growth occurred in alpha and flava viruses of the
togavirus family. The tests included the following viruses:
chickungunya and sindbis viruses of the alphaviruses; and dengue
type 1 through L4, Japanese encephalitis, Kyasanur Forest disease,
and West Nile viruses of the flavaviruses. The flavaviruses were
the only group of viruses to show CPE.

In 1969 Paul and Singh (106) and Paul et al. (80) demon-
strated that Aal cells were sensitive to flavaviruses and described
CPE from the alphavirus chickungunya. No CPE was observed, however,
when Yunker and Cory (125) infec£ed Aal cell cultures with Japanese
B encephalitis, Saint Louis and West Nile viruses,

"In an investigation by Buckley (11), Aal cell cultures were
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assayed to determine the ability of twenty-three various arboviruses
to produce CPE or to infect the cells. Thirteen viruses failed

to produce CPE or multiply in the Aal cells. These included

two flavaviruses with unknown vectors, Cowbone Ridge and Modoc;
Sicilian and Naple sandfly fever viruses; and the tick-borne
agents of Lanfat (flavavirus), Farallon, Silverwater, Chenuda,
Johnston Atoll, Qalyub, Bandia, C5581, and URB-TMA 1381.
Chickungunya, eastern.equine encephalomyelitis, Semiliki Forest
virus, Venezuelan equine encephalomyelitis, Saint Louis encephalo-
myelitis, and Colorado tick fever viruses infected Aal cell cul-
tures and only the West Nile virus produced CPE.

Isolation of dengue virus type 2 using Singh's Aal cells was
demonstrated in the early 1970's to be more effective than mice
innoculation (17, 24, 102). The Aal cells are left undamaged
by the dengue viruses.

Davey et al. (24) in 1973 studied the Kunjin and Semliki
Forest virus infection kinetics in Aal cells, two other mosquito
cell lines, and one mammalian cell line. Adsorption characteristics
and percentage of cells infected were examined in detail. The
results found similar latent periods, growth rates, and virus
yield in each cell line. The VEE virus used in this study repli-

cates in Aal and other cell lines (52), but does not produce

CEE (11).
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Generally, togaviruses have been found to produce devastating
cytopathic effect on mammal cell cultures as their viral pro-
duction cycleé continue, but mosduito cells only display vacuoli-
zation and continue to function.with possible volume and cell
membrane changes as‘presently detectable alterations. ‘

Cell Volume Analysis with Coulter Counter

The Coulter Counter principle of electronic microscopic
particle counting and volumetric sizing was initiated by W. H.
Coulter in 1953 (22). He designed a particle cr cell counting
instrument which was further modified in subsequent models to
measure volume. Limitations and adaptibilities of the Coulter
Counter were then tested by other investigators. Wales et al.
(120) and Princen et al. (86) examined the Coulter Counter and
developed new mathematical treatments of the theory of coincidence.

Medical investigators, citing hematolqgic errors and errors
in blood counts made in a hemacytometer, were quick to demonstrate
in clinical tests that the Coulter Counter gave a three-fold
.saving in time and a three and one half-fold increase in accuracy
when counting red blood cells (8, 70). Continuous research from
1957 to the present to improve the utilization of the Coulter
Counter in hematology has progressed with the introduction of
each new model of the Coulter Counter (9, 21, 36, 91).

Kubitscheck (62) modified the Coulter Counter by replacing
the 100 micron diameter aperture with a 10 micron diameter aperture

to count and size E. coli and Bacillus megaterium. He also




predicted the extended application in biology, medicine, and
industry for'which the Coulter Counter has become known (63).

Early use of the Coulter Counter by Landinsky (65) in 196k
in rapid detection of uterine cancer offered a method of prescreen-
ing large numbers of females with the advantage of eliminating
the false negative tests obtained with the conventional cytologic
methods. The transformed cells were larger than the untrans-
formed cells, therefore the.Coulter Counter sizing could augment
but not eliminate the Papanicolaou smear.

Lymphoma cells volumetrically sized by Haughten (L1l) in
1965 were also found to be larger than normal untransformed
lymphoid cells. Cell volume analysis using the Coulter Counter
has also been used to determine diploid and tetraploid nucleated
rat spleen cells (95).

Theoretical expressions relating the current change caused
by the passage of mammalian cells through a Coulter Counter
aperture to their volume was developed by Gregg and Steidley
in 1965 (37). Further work with Chinese hamster (CHO) cells,
HeLa S3, and murine lymphoma cells by Anderson and Petersen (2)
gave proof that volume distribution spectrums from mammalian
cells could be precisely determined with the Coulter Counter.
Simons (101) entered Coulter Counter volume data of mammalian
cells into an IBM computer in 1970 to establish the importance

of statistical treatment such as the mean, standard deviation,

19
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skewness, and kurtosis of such data.

Other Coulter Counter applications in microbiology include
the assay of pure and mixed bacterial cultures (72, 26), the
influence of bacteriophage on bacteria pairing (76), and the
measurement of immunological reactions such as cold agglutinins
(84). |

The Coulter Counter has recently been used in agglutination
studies of trypsin treated BHK 21 cells (28); and an English
celloscope model 401l which is similar to the Coulter Counter
measured neurminidase treated rat dermal fibroblasts (69), and
inhibition of agglutination of rabbit peritoneal exudate (6L).

The use of the Coulter Counter by this laboratory to detect
noncytocidal virus infected cell volume changes was undertaken
previously (T4), however as the concanavalin A literature review
in this paper indicates, concanavalin A will provide a more
encouraging procedure to assay for the cellular changes of these
virus infected Aal cell cultures with the Coulter Counter.

The efficiency of the Coulter Counter demonstrated in this
laboratory (74, 78, 79, 108) and the selective agglutinating
ability of concanavalin A will be merged into the development
of a rapid detection system of virus infected mosquito cells.

The measurement of early volume changes in Vero cells with
the Coulter Counter will be executed to demonstrate the ability

of the Coulter Counter to detect cellular volume changes before
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CPE and mammalian cell death occurs.

Cell Growth and Division Simulation

A mathemgtical treatment of the dynamic cell was attempted
‘as early as 1932 when Kelly and Rahm developed theories of
generation time for bacterial cells (60). They postulated that
a cell divides when all of the independent reactions are completed.
Kendal similarly pointed out in 1948 that division occurs when
a number of successive steps have been completed (6). He agreed
with Kelly and Rahm that the generation times of cells were
independent of one another. Kelly and Rahm's theories were
statistically refined later by Finney and Martin (60).

Theoretical cell renewal systems were described by Quastler
in 1960 in which cell populations were compartmentalized into a
basic flow diagram shown in Figure 4a. The cells pass from
a transition "box" through mitosis into Gy, S, and Gp phases
and back into the transition "box" (87).

Koch and Schaechter in 1961 proposed a statistical model
of cell division using enteric bacteria. They stated that 1.)
cell growth is deterministic, 2.) control of cell division is
cellular and environmental, 3.) the distribution of sizes of cells
at cell division has a small coefficient of variation and is
independent of the size at previous divisions, and 4.) cells divide

inte approximately equal halves. These theories demand cell

iivision at what is called a critical volume and that generation




Figure 4. <Cell Growth and Division Simulation Designs.
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times are not independent of one another (60).

In_l962 Rigas attempted quanititization of time periods
of the events of cell growth and division using radioactive
labeling proceedures and developed equations of mean generation
time, mean life span, and distribution functions of each of
these cell properties (92).

Koch 'and Schaechter's hypothesis was further analyzed in
1964 by Powell who vindicated many of the previously unjustifiable
and nonquantitated approximations. Using mathematical simpli-
fication techniques, he arrived at formulas for the cell model
which were more closely applied to his and others experimental
dasa-(85).

Formulation of a mathematical model of mammal cell growth
which considered cell age, volume, and rate of growth was ac-
complished by Bell and Anderson in 1967. A cell's division
provatility was determined by the cell's age and Coulter Counter
determined volume (6). Continuing to expand this previous cell
model, Bell used integral equations relating the distribution
of vtirth volumes in successive generations (7).

Radioisotove labeled cell cultures aided Fried in the
development of a mathematical model to determine median gener-
ation time. The cell simulation was then successfully applied

in two leukemia patients (30).

Sinclair and Ross compared the Coulter Counter volume
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profile data of Chinese hamster lung cells to a mathematical model
of eell volume increases (103). They found no definite distinc-
tion between linear and exponential modes of volume increase

in the initial generation of cells. Also, they proposed use of
only segments of a cell population through electronic separation
to overcome the disadvantages of unsynchronized cell cultures.

Later Ross and Mel developed a procedure to apportion valume
to the nucleus, the cytoplasm, and the mitochondria. They
accomplished this by using the electron microscope and the Coulter
Counter to develop é more intricate cell simulation (93).

A careful consideration of sterile and dead cells was in-
cluded in the 1973 mammalian diploid cell model of Hirsh and Curtis
(k). Their set of differential equations was based on the
diagram in Figure Ub.

Kim, Bahrami, and Woo (56) described a cell model of Ehrlich
ascites tumor cells and included a consideration of cell division,
cell death, the resting cell, and the dead cell in the modeling.
Each progressive phase of growth Gy, S, Go, and cell division
M, are shown in the schematic diagram in Figure lkLc.

Computer modeling of the VEE virus infected cell can compli-
ment the experimental analysis of these cells, aid in the gather-
ing of basic knowledge of virus-cell interaction, and point
. to areas in the present understanding of the virus infected

cell which must be further resolved.




Concanavalin A

Lectins are proteins which possess many interesting and
useful biological and chemical properties. They agglutinate a
wide variety of organic material such as erythrocytes, protozoa
(27), and viruses (LS, 75). They may stimulate cell division
or have mitogenic properties, they may activate lymphocytes
(115), and they may even protect certain cells from viral in-
vasion. Plant lectins are termed phytohemagglutinins and are
found associated with many of the legume plant seeds, roots,
leaves, and bark. Vertebrates as fish produce it, and a
'hepatic protein from a rabbit has been the first reported
mammalian lectin (111). Examples of the more notable lectins
other than concanavalin A (con A) from jack bean include: soy
bean agglutinin and wheat germ agglutinin.

Recent studies using lectins have shown that tumor cell
membranes differ from normal untransformed cell membranes.
Sella, Inbar, and Sachs (46) used polyoma virus transformed rat
~cells to show that some lectins selectively agglutinate trans-
formed cells. The transformed cells were aggregrated into
giant domplexes while the normal rat cells were mostly monomers,
dimers, trimers, and tetramers. These studies have encouraged
virologists for further research efforts into the properties
of lectins and virus-cell membrane interaction in hopes of a

new understanding of viral disorders. Since concanavalin A

£3
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and other lectins have only recently come to the attention of
virologists, it is important to realize: 1,) the historical
roots, 2.) the structure and propertiés, and 3.) the preéent uses
of lectins and con A in the areas of cell-virus interaction

.and virus effect on the cell membrane.

Stillmark first described hemagglutination with a plant
lectin in 1888. He noted that castor beans contained ricin,

a toxic protein capable of agglutingting red blood cells of
humans -and animals., Soon another lectin called abrin from
Jequirity beans was discovered.

In 1908 Landsteiner and Raubitschek compared hemagglutinating
powers of various lectins with different animals and contrasted
their specificity with that of antibodies in animal serum.

Crude extracts of lectins from plants had been used prior
to the 1919 crystalization of concanavalin A from jack bean by
Sumner. This meant more precise chemical and physical properties
could be determined. Wheat.germ agglutinin was not purified
until Burger and Goldberg accomplished the technique in the
early 1960°'s.

Boyd and Reguera discovered that lectins possess specific
agglutinating powers for some human blood group antigens. This
late 1940's discovery found, for example, lima bean is specific

for the A antigen and tufted vetch acts more strongly on A

than on B or 0 antigens. Later in 1952, Watkins and Morgan showed
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that sugars have a role as determinants of blood group
specificity (100).

df all the eight hundred or more lectins, the physiochemical
properties and-structure of con A has been studied in the mpst
detail because concanavalin A is relatively abundant, is easy
to prepare, and is able to interact with a wide variety of
high and low molecular weight saccharides which are themselves
readily available., Con A has been called a metaloprotein and
occurs as a dimer with the molecular weight of 54,000 at a pH
below 6. Above pH 6 tetramers form (4, 10, 96). Each con
A subunit called a protomer has a molecula; weight of 27,000
and forms an eliptical dome with a base of approximately L6
by 26A and a height of 42A, as show in figure 5a with metal
ions, calcium, and saccharide binding sites indicated by M, C,
and S. Though the amino acid sequence is only tenatively
known (Figure 5c), a depression on the surface of the con A
'molecule may be involved in the binding and agglutinating
activities of the lectin (100).

The saccharide specific binding sites that exist on con
A are dependent on divalent metal ions. Two metal ion binding
sites exist per monomer., Site one (S 1) is the transition
metal ion binding site with binds N2¥, CU2*, co2+, 2N2+, Fel*t,
and Mn°* but not Ca2*, or Mg?*. Site two (S 2) is

selective for Ca2t only after previous binding of N2t or Mg2+




Figure 5.

Structure of Concanavalin A and Binding Sugar.

b. mannose drawn to most
stable conformation
with Con A interacting
groups circled

a. schematic drawing of
Con A tetramere along
Z axis with binding
Bites indicated

KEY:
M = TRANSITION METAL BINDING SITES

C = CALCIUM BINDING SITES
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.

iﬁ site one. Occupancy of both sites is necessary for saccha-
ride binding to occur (10), and carboxyl groups may be present
in or ‘near the.con A binding site.

Con A precipitates with a-D-mannopyranosyl or its 2-acetamino
derivatives, a—D-maﬁnopyranosyl, B~D-fructofuranosyl, and &—D—
arabinofuranosyl. Examples of these include sugars as glycogen,
monolopectins, and dextrans; yeast mannanes, phosphomannanes,
and synthetic D-mannanes; D-fructans, such as bacterial and
Plant levans; mycobactereal arabinogalactan; many glycoproteins
including soy bean agglutinin which possess a-D-mannopyranosyl
residues; and certain teichoic acids (100).

The binding sites on the con A molecule are directed toward
unmodified hydroxyl groups at the C-3, C-4, and C-6 positions
on the six carbon sugars as shown in Figure 5b (33, 34). 1In
this figure the sugar is drawn in most stable conformation with the
interacting groups circled.

Only glycogans and mannans containing a-glycoside link-
age interact with con A, while B-linked polysaccharides fail
to. Polar interaction, such as H bonds and charge-dipolar but
not charge-charge interactions, are predominate stabilizing
forces in a con A - polysaccharide complex. The formation
of complexes involves the nonreducing chain ends of the re-

acting polysaccharides.

Con A binding sites can also accommodate certain five




membered fings such as B-D-fructofuranosides énd D-arabino-
furanosides. These are much weaker than con A glycopyranoside
reactions (109). Furaniod sugar binding to con A has seen
explained on the basis of common configuration features with
sugars possessing the pyranoid ring. Evidence from L. L. So

and I. J. Goldstein (107) exists that con A may possess more
extended binding sites than the single saccharide originally
postulated. They suggested the possibility of two or more con
A molecules being associated with extended sequences of a-(1-2)-
D-mannopyranosyl residues.

Con A is used as a reagent in analytical and preparative
biochemistry. It, for example, helps purify the antihemophilic
factor (factor VIII) from the blood (53), determines the presence
of a new group related to the A B O blood group, and extracts
the structural specificities of rabbit gamma globulin (lOO).
This lectin also helps isolate immunoglobulins and blood group
substances (25), purifies glycoprotein enzymes such as glucose
oxidase and peroxidase (3), and partially purifies receptors
from lymphocyte plasma membranes (1). The use of con A has
€ven been suggested in class demonstrations of antigen-anti-
body reactions where antigen and antiserum are not available
(100).

The use of lectins by virologists has been growing explo-

sively since the mid 1960's. In 1963 Aub and co-workers using
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wheat germ lipase which was later found to be contaminated

with a lectin agglutinated tumor cells more readily than normal
cells. Then in 1969 Inbar and Sachs demonstrated that con A

in concentrations of 250 ug/ml. -agglutinated leukemic cells and
tissue culture cells that had been transformed by polyoma virus,
simian virus 40, chemical carinogens, and irradiation with X-
rays. Agglutination was thought to occur because a higher number
of exposed sites for the binding were present in transformed

and trypsin treated cells. Con A did not agglﬁtinate normal
cells under the same conditions (L6).

In 1971 Semliki Forest virus (SFV) was agglutinated with
only 40 ug/ml. of con A by Oram et al. (75). SFV is an alpha-
virus in the togavirus family and it contains an envelope which
is like many cell membranes possessing the specific saccharide
receptor sites for con A. Double diffusion studies showed con
A forms a precipitate line with the envelope component of the
virion but not the virus core. More recently Japanese
.encephalitis virus, a flavavirus group in the togavirus family,
was agglutinated with con A (12L).

Animal viruses released by budding from the cell membrane,
such as togaviruses, rhabdoviruses, myxoviruses, and RNA tumor
viruses, which possess ccn A specific réceptor sites similar to
those on the cell membrane from which they were released, can

also be agglutinated by con A. Inhibition of binding by
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2-rethyl-D-glycopyranoside or o-methyl-D-mannopranoside infers
tnat mannose is the determinant sugar in con A virus envelope
cinding, and these sugars are located on glycoprotein spikes

cn the virus envelope. A hidden layer of glycolipid is exposed
_when the glycoprotein spikes are stripped off so addition of
ccn A causes floculation (88).

Con A was found to inactivate herpes simplex by Ito and
Barron (48), while phytohemagglutinin, wheat germ agglutinin
and poke weed mitogen had no affect. In these 1974 studies
viral aggregation was determined not to be the cause of inacti-
vatién by filtration procedures. The con A inactivation was
interestingly compared to neutralization by antiserum, with the
con A action being more rapid and less temperature dependent
than trLe antiserum. Con A binding sites on the virion envelope
must be essential for the binding process. Addition of con A

blocks these sites inactivating the virus. Approximately 0.2

to 1 percent of the virions remain infective due to possible
pcssession of receptor sites which do not interact with con A.
The con A blocked virions absorb to the test cells but ére
reactivated by release of con A inhibitors at the cell surface.
Klenk et al. (58) demonstrated using polyacylamide gel electro-
phoresis that con A treated influenza virus infected cells

synthesize virions, however, the virion synthesis is blocked

at the late stage of release. Ozanne further studies con A
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resistant viruses (77). Similar inactivation by con A treat-
ment was observed in rhabdovirus but no inactivation occured
with poxvirus, adenovirus, or picornavirus. The phenomenon
must be related to enveloped viruses (75). This was earlier
méntioned in this review in the double diffusion studies by
Oraml(75).

Radioactive 1251 labeled concanavalin A has raised new
questions about the saccharide binding properties of lectins.
Experiments showed there is not a direct correlation between
the amount of lectin bound and the agglutinabiiity of cells
(19, 47, 109). Often normal and transformed cells as well as
cells which have undergone proteolysis bind more or less the
same amount of lectin. These findings postulate that agglutina-
tion by lectins depend on the relative distribution of sugar
receptors on the surface of the cell. In normal cells the
receptors are dispersed, whereas after proteolysis or malignant
transformation a redistribution of sites occurs which results
in their clustering into an arrangement favorable for cell
agglutination, Conclusions of the arrangement of these trans-
formed sites are based on new electron microscope methods
developed by Ben-Basset, Inbar, and Sachs for studying the
specific. localization of antigens and saccharides on cell
membrane surfaces. It is possible that only a small percentage

of the lectin molecules bound to the cell are involved in
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agglutination; whereas the bulk is bound to sites that contain
appropriate saccharide receptors in which the binding to those re-
ceptors does not lead to agglutination. This "unproductive" binding
could mask any small but real differences in the number of
"productive" binding sites (100).

In 1974 Willingham and Pastan (121) devised a method of
measuring con A agglutination in transformed mouse fibroblast
cells with a particle counter from Particle DataAInc., England.
Here the low cyclic adenosine monophosphate (cAMP) levels were
correlated to high agglutinability. An agglutination index
representing the percentage increase of counts at a volume
range double the monomer volume range was created as a standard.
They found lower levels of cAMP in transformed cells as com-
pared to the parent cells caused cell alterations in adhesive-
ness, morphology, motility, and cell surface properties.
Higher agglutinability of many cells at mitosis can then be
explained since cAMP levels are low in this cell phase. The
significance of the Willingham and Pastan work to this investi-
~gation is the development of electronic particle counter measure-

ment of agglutination of cell cultures treated with concanavalin

Ao



MATERTALS AND METHODS

Tissue Culture Materials and Procedures

Mammalian and mosquito continuous cell lines are utilized
in this investigation. The mammalian cell line is the Vero cell
culture (African green monkey kidney cells) which is obtained
from the Veterinary Science Diagnostic and Research Laboratory,
South Dakota State University, Brookings, S.D. 57006. The Vero
cells are between passage numbers 129 to 171. These cells are
used as the host for a detection system of virus infection based
on cellular volume changes as detected with the Coulter Counter
(Coulter Electronics Inc., Hialeah, Florida). The mosquito
cell line which is used to detect increased agglutination when

the cells are treated with the plant chemical concanavalin A

(con A) is the Aedes albopictus (Aal) cell culture. These cells

are obtained from Dr. Sonja Buckley, M. D., Yale Arbovirus
Research Unit, Department of Epidemiology and Public Health,

New Haven, Conn. 06510, The Aal cell culture is between passage
numbers 29 to L5 in this investigation.

The volume measurement procedures described here are similar
to those discussed by Naeve (7L) and Parikh et al. (78, T79).
Modification and updating of these methods has been done.
Also, several new analysis procedures have been introduced. The

con A agglutination procedure is an adaptation of a method used

previously in this laboratory (79) for work with latex particles.
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This procedure has been redesigned to analyze cell culture
agglutination.

Materials and Procedures for Subculturing Vero Cells

A. The materials required for the propagation of Vero cells

included the following:

1. Minimum Essential Medium, Eagles (MEM). This medium
is purchased commercially from Grand Island Biological
Company (GIBCO), Grand Island, New York, in a dehydrated
form. MEM is rehydrated, supplemented with 10 percent
inactivated fetal bovine serum and L-glutamine, aﬁd'
filtered (0.22 u Millipore filter) before it is used.

2. Fetal Bovine Serum (FBS). This is purchased from GIBCO
in a dehydrated form. Rehydration procedures specify
addition of 100 ml. of sterile distilled water and
inactivation to remove viral inhibitors that may be
present. Inactivation is accomplished by placing the
rehydrated serum in a 56°C water bath for 30 minutes.

3. Calcium and Magnesium Free Saline (GKN). A ten-fold

concentration of the solution is composed of the following:

FECL . v v o 5 o 5 o » o s a % % & « o o = o BOJO g,
KCl . e © ® @ ®©® o o e o o o o e o o o e § o . )4.0 gn.
GLUCOSE o o o o o o o o o o o o o o o o « » - 10.0 gm.

Distilled water o« « o o o o o o o o o o o o 1000.0 ml.

The solution is sterilized by autoclaving at [i21.9€ dfon

fifteen minutes and is diluted 1:10 in sterile distilled water.



4, Trypsin - Versene Solution.

pared containing the following:

Trypsin « « . &
Versine . . .

(ethylenediaminetetraacetic acid

Doubled distilled water . .
percent) .

Phenol Red (0.5
Penicillin ., .
Streptomycin .
Kanamycin . . .
NaCl . ... o &«
KCIN . ¢ o « o
NaHCO3 . . . .
Glucose . . . .

The solution is filtered

stored in 1 ml. aligquotes at

thawed rapidly and diluted 1:

before it is used.

5. Hank's Balanced Salt Solution.

composed of the following:

u

Millipore

disodium salt)

. . -

filter)

3%

A ten-fold solution is pre-

.

.
n W
.
[eNe]

O
o

(0]
HW&HFOOHH FO
e o o .
OV OOWVMOoOoOo

IRQIIQFEE §Q

and

The ‘trypsin solution is

sterile distilled water

A 1000 ml. solution is

Ha-!lk's ° . . ° ° ° ° ° ° . . . . . ° [ ° . . . . -9.90 gm.
Double distilled water . -

NaH COS e e o e © © o e o o o o o o o+ o o ° o . .

1000.00 ml.

0.53 gm.

The solution is filteréd (0.22 u Millipore filter) and

refrigerated.

6. Carbon Dioxide Incubator at 37°C.

A National incubator

is used to keep a 5 percent carbon dioxide atmosphere.

T. Falcon Plastic 25 cm® Tissue Culture Flasks.

flasks arrive presterilized and pretreated for cell

cultures.

These

They may be purchased from Falcon Plastics,



Oxﬁard, California; GIBCO; or from Scientific Products,
Sioux Falls, S.D.

B8 Prescription Bottles (20 ounce, glass). These ére-
sterilized bottles are purchased from any local drug
stores.

9. Pasteur Pipettes. These are purchased from any biologi-
cal supply house, and then sterilized by autoclaving.

10. Pipetting Dispenser (Kontes Glass Company).
11, VEE Virus. The VEE virus used in this investigation is
the tissue culture vaccine strain entitled VEE/TC-283.
The stock virus titer is 5.0 X 108 LDSO/O.Z mil 4 sor
Biid -« X 109 LDSO/ml., while the 1:100 dilution in HBSS
is 2.5 X 107 LDgg/ml.
B. The procedure for subculturing Vero cells is as follows:

A flask containing Vero cells which have been allowed fo
grow for at least 4 days is removed from the 37°C incubator,
and the o0ld medium is poured off into a waste flask that is
covered with foil which has several small holes punched in it.
Three to 5 ml. of GKN which has been diluted 1:10 is added to
the cell culture flask. After a 1 ml. aliquot of trypsin is
thawed rapidly, it is diluted 1:10 in 9 ml. of sterile water
which has been previously prepared. The GKN is then poured
off of the cell culture, and the trypsin (1 to 2 ml.) is added.

When the trypsin has covered the cell culture for about a minute,

38



the flask is invefted and incubated at 37°C for 2 to 5 minutes.
After this incubation the trypsin is poured out of the cell
culturé flask; MEM which has been previously supplemented with
10 percent inactivated fetal bovine serum (iFBS) is added.

One to 3 ml. of MEM is added for each subculture to be made.
Note: wusually four to eight subcultures ‘are the maximum allow-

able number of subcultures which may be made from a single flask.

After the cells have been agitated or suspended by gentle pipetting,

they are dispensed at the desired volume into labeled subculture
flasks. The Vero cells are incubated at 37°C with a 5 percent
carbon dioxide atmosphere for 4 to 6 days. By turning the flask
caps down after the first day, carbon dioxids is conserved.
C. The procedure for infecting Vero Cell cultures with VEE is
as follows:

The cell culture flasks are removed from the incubator and
placed in a laminar flow hood (Specialaire Cabinet made by
Torit Manufact. Co., St. Paul, Minn.) which has been disinfected
with 70 percent alcohol. After discarding the old MEM, 1 ml.
of HBSS is added to one half of the cell culture flasks, while
1 ml. of HBSS with VEE virus (0.4 ml.) is added to the remaining
flasks. Incubation is carried out at 37°C for 30 minutes to

allow virus adsorption. Then the HBSS and the HBSS with VEE

Virus are poured off of the cell cultures. The cells are rinsed

three times with HBSS, and 2 to 3 ml. of fresh MEM which is
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surrlemented with 10 percent iFBS is added. The uninfected and
the virus infected cell culture flasks are incubated for speci-

£:ad periods of time at 37°C before the Coulter Counter volume

-=Tw
gizing is done.

Materials and Procedures for Subculturing Aedes Albopictus Cells

~. The following materials are used in growth and maintenance

of Aedes albopictus (Aal) cell cultures:

1. Mosquito Culture Medium (MCM). This medium is purchased
from GIBCO and must be supplemented with 20 percent iFBS
for the growth medium and 5 percent iFBS for the main-
tenance medium. MCM arrives as a liquid in sterile

glass bottles.

. Fetal Bovine Serum (FBS). This serum and the inactivation

AV

of it are described in the materials section of the

Vero cells.

. Falcon Plastic Flasks. These flasks have been described

(DY)

previously in the Vero cell materials section.

A ten-fold concentration

=. Trypsin - Versine Solution.

of this is prepared as discussed in the Vero cell materials

section.
S. Pasteur Pipettes and a Pipetting Dispenser. These have

also been described in the Vero cell materials section

of this paper.

Lo
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6. Incubator. A Precision Scientific Company incubator
at 279C is used for the Aal cell cultures.

The procedure for subculturing Aedes albopictus cells is

1L”§Lusimilar to the subculturing procedure for Vero cells except that

©  is the same procedure as that described for the Vero cells.

Micrometer Measurement Materials and Procedures

; ﬁIhe materials for the optical micrometer measurement of latex
- particles, Vero cells, and Aal cells include:

Optical Micrometer (Awerican Optical Co., Buffalo, N.Y.).
Bausch and Lomb Graduated Slide.

Spencer AO Microscope.

Hand-held Counter (Veeder-Root Inc., Hartford Conn.).
Hewlett Packard 9830A Programmable Calculator (Hewlett
Packard, Palo Alto, California). This mini-computer 1is
the data analysis system used in this investigation.

It uses Basic language programs and stores da*a and

programs on magnetic cassette tapes.
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‘I', , .
. The procedure for the optical micrometer measurement is as

iv
i

]
-

b
15

follows:

a
4

i, The 6 to 14 micron diameter latex particles are diluied
100 with Isoton; the Vero cells and the Aal cells which are
vested with trypsin are diluted 1:10 with Isoton. A drop
;ﬁtﬁé latex particles or the cell cultures is suspended on a
.ihf-. The cover slip is gently lowered to the slide surface
‘a{ ﬁ!aced over the suspended particles or cells. Two hundred
1?l§eutive particles or cells are counted at a total magnifi-
I!ﬂﬁ#&oﬁ of 1000 X on the Spencer AO microscope with the American

ptical micrometer which has been previously calibrated. The

e

10 ical micrometer data is then entered into the Hewlett Packard

j  rammable calculator for statistical analysis and for plotting
.;?iphe data.

‘éﬂﬁhe optical micrometer computer program (Appendix I) is.similar
vﬁ?J@ math pack histogram program developed by Hewlett Packard.

¢ fication of the math pack program was necessary, however,

> that it may accept optical micrometer data. This software
‘?;'?‘dred on the special function keys and is accessed by the

1ds "Load Key 3 Execute" from the cassette storage tape

/‘I.

The program is initiated by pressing "Run" and special function
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ace is to be utilizéd.

ab

| The first special function key is the data initialization
. This key.is pressed only when using a new file before data
been entered. Pressing fl assigns zeros to all data storage
vaces so that the entire data file may be loaded or stored.

The second special function key loads a data file which has
previously entered.

Special function key three is the data entry key. Pressing
L‘allows up to 200 optical micrometer data points to be entered.
The fourth special function key is the data storage key

ich stores the entered data.

The fifth special function key is the data print key. When
“is pressed the optical micrometer data such as the particle
cell diameter in microns, and the particle or cell volume
cubic microns is printed. An example of .a data list of

ial function key five is shown in Table 2.

 Special function key six is the basic statistics key.

the histogram "X") and the cell width (the range of width of

gl

 volume into which the entered data will be grouped) must

to one half of the cell width value. After the offset
‘the cell width values are entered into the mini-computer,

"les of statistical calculations are listed as described in



Table 2,

Ly

Example of Optical Micrometer Computer Program Data List.

INPUT CELL
DIAMETER

11.00
€.50
9.00
8.75

10.00
9.00
9.78
9.75
8.00
8.00
8.00
8.75
7.00

10.25

11.00
8.00

12.00
9.75
S$.00
6.00
8.50
9.25
$.00
8.00
7.75
8.00

10.00
9.00
8.00
8.50

13.00
9.00
7.00
8.25

DIAMETER
-(MICRONS)

20 .48
15.83
16 .76
16 .29
18.62
16 .76
18.16
18.16
14.90
14.90
14.90
16.29
13.04
19.09
20 .48
14 .90
22.35
18.16
9.31
11 .17
15.83
17.23
9.31
14.90
14 .43
14.90
18.62
16.76
14.90
15.83
24.21
16.76
13.04
15.36

CELL
VOLUME
(CUBIC
MICRONS)

4500.43
2076 .50
2464 .92
2265 .17
3381 .24
2464 .92
3133.93
3133.93
1731.19
1731.19
1731.19
2265.117
1159.7¢
3641 .22
4500 .43
1731.18
5842.78
3133.93
422.65
730 .35
2076.50
2676 .09
422 .65
1731.19
1573 .91
1731.19
3381 .24
2464 .92
1731.19
2076.50
7428 .58
2464 .92
1159.76
1898 .62



1%3?gure 6. These statistics include the number of points gntered,
% ;the mean, the standard deviation, the skewness, the kurtosis,
fAffhe minimum and maximum values of the data points entered, and

0 -

' the range of the data points entered.

The seventh special function key is the key which prints a
graph of the data with a best fit curve when it is pressed.
graph is incremented according to the cell width given;

"X" symbols are printed at the point which is indicated
lﬁ;}ythe offset value. In Figure 6 the offset is 250, and the
f?;qll width is 500.

E The eighth special function key is the statistics key. When
18 is pressed a list is made of the number of objects which have
en grouped in each "cell" or what is better termed volume range.
Also the percentage relative frequency of the objects in each
b>lume range is calculated and listed. These statistics are

sted in Figure 6.

ulter Counter Volume Profile Analysis Materials and Procedures

The materials for Vero cell volume profile analysis include:
1. Model F Coulter Counter (Coulter Electronics Inc.,

| Hialeah, Florida).

Isoton (Coulter Electronics Inc.). Isoton is a saline
solution with a sodium azide preservative added to it.

Hemacycometer (C. A. Hausser and Son, Philadelphia, Penn.).

Spencer AO Microscope.



Example of Optical Micrometer Computer Program Statistics,
 Histogram, and '"Cell" Statistics.

N = 200

MEAN = 2072.9254
STD. DEV = 1232.8891
SKEVNESS = 1.5519
KURTOS!IS = 6.5045

XMIN = 91.2934
XMAX = 7428.5803
RANGE = 7337.2869

EACH X= 0.58 PERCENT

0.0000 « L
o XXXXXXX @
500.0000 . L
SXAXXXXXXXXX®
1000.0000 . .
[2,3,0.9.9.0.9,0.9.0.9.0.0.0.0,0:0.9.000.0,08590.0020904
.

1500.0090 .
SXXXXXXXXXXXXXXKXXXKXKXX X XXX XXAXXXX XXX XXX
]

2000.0000 .
XXAXXAXXXXNXNXXXXXXKXXXXXXEXXOXXXX
*

2500.0000

XXXXXXXXXXX L]
3600.3000 *

P XXXNXXXXXXXXXXX b
3500.0000 » L

XXX .
4000.0000 . L/

4500.0000 o -
5000.0000 . *®

5500.,0000 . *
6000.0000 .*
6500.0000 .*

7000.0000 .* ) ‘
CELLe LOWER LIMIT NO. OF CBS ZRELATIVE FREQ

I 0.0000 9 4.5C000
2 500.0000 19 9.50C00
3 1000.0000 39 19.50000
4 1560.0000 46 23.00000
) 2000.2000 38 19.00000
6 2500.0000 13° 6.50000
7 3000.0000 18 9.00000
8 3500.0000 4 2.00000
9 4000.0000 | 0.50000
10 4500.0000 6 3.30000
1 5000.0C00 1 - 0.50000
12 5500.0000 a 2.00000
13 6000.0000 0 0.00000
14 6500.0000 0 0.00000
15 7000.0000 2 1.006000

L6
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5. Hand-held Counter (Veeder-Root Inc., Hartford, Conn.).

6. Hewlett Packard 9830A Programmable Calculator. This

mini-computer has been previously described in the op-

tical micrometer materials section.

E ﬁ;The Mgthods for the Coulter Counter Vero cell volume profile

Qﬂanalysis are as follows:

& A single Vero cell culture from Veterinary Science Diagnostic

d Research laboratory is subcultured 1:12 and grown to mono-
ayer in 3 to 6 days. When a monolayer of cell growth is reached,

. of HBSS is added to eight flasks, while 1 ml. of HBSS

r;{ln ubated at 37°C for 30 minutes. The HBSS and the HBSS plus

% virus is poured off; the flasks are rinsed three times with
SS. Two mililiters of fresh MEM which has been suppliemented
20 percent iFBS is then added to each flask. Four flasks
 the uninfected cell cultures and four flasks of the VEE virus
>cted cell cultures are incubated 4 to 24 hours (depending

| the experimental design). Four of the other flasks are

. ately harvested into 3 ml. of Isoton per flask. Two
xﬁters of this cell suspension. is taken for a hemacytometer
A7 The‘remaining 10 ml. of cell suspension is diluted in

. of Isoton (1:10) and counted in the Coulter Counter model



The Coulter Counter passes particles or cells, which are
spended in the electrolytic fluid Isoton, through a tiny aper-
ure. The cells displace their volume of electrolytic fluid

hich causes a change in conductivity that is picked~up by platinum

ectronic pulses proportional in height to the cell volume and
oportional in number to the total cell number are displayed on
oscilloscope screen. Adjustment of the threshold dial on the
oy éhiger Counter selectively blocks out all pulses below a desired
:5 figi&. Counts which are called thresﬁold cognts may be thken

R b o
-'eééh successive threshold dial calibration. The difference

Y “"N

V"n§l,can be set from approximately 0.0l cubic microns to over

cubic microns wide. Over 100 channels can be utilized which

'OﬁFcubic microns to 36,000 cubic microns). Figure 7 is a
cription of the functional operation of the Coulter Counter,

4

Figure 8 is a presentation of the Vero cell volume analysis

9ﬁmental design.
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Figure 8. Vero Cell Volume Analysis Experimental Design.
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w;}bckard 9850A programmable calculator. Although limited initial
i;data analysis in this research was done with the existing progreams
§of thié laboratory, an innovative set of interlocking p£ograms
was developed as a core program to which future adjustments.can
~ easily be made. These programs are stored on the General Tape

b
»;; called the Coulter Counter Tape (Appendix II) on the special
;:_ ction keys of the mini-computer and accessed by "Load Key
VEO Execute" commands. The special function keys are defined in
;:ﬁ conceptual diagram in Figure 9.
‘f Special function key O is the initialization key and is a
i essed by pressing "Run" and "fo" which is special function key
This is pressed only at the beginning of program use and
'prepares file storage space for data entry.
The first special function key is the data entry key. The
5‘eshold counts for each threshold may be entered with man& en-
fieered measures to protect the computer operator from entering
alid and nonsense data.
The third special function key lists the newly entered

It may also list data from files on tape storage, however,
/ the mean threshold counts and the channel counts will be
Lsted because only the mean threshold count is stored on tape
;onserve memory space. The data list of newly entered data,

t stored data, includes the three input threshold counts for
7%

0 one hundred thresholds, the mean threshold count, the



Conceptual Diagram of Coulter Counter Computer Program
which Defines the Function Keys.

fo
INIT.
v
THRESHOLD / £,
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INPUT DATA INPUT
v »
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£3. B LIST
LIST
v
£, | TarE
STORE D{




(Con't.)

fs

DATA PLOT

v

fe

PERCENT LIST

TOTAL

SPECIFY
D | RANGE |4

PERCENT

IST
i

v

£;

CENTROID

7

LOAD DATA

58



54

cent standard deviation of the threshold counts,.and the

1 nnel counts as shown in Table 3.

Special function key L merely stores the mean threshold

unt calculated from the three input threshold counts.

The fifth special function key loads the cassette tape data

és and has the option of 1.,) plotting the channel counts fof
to six sets of data, 2.) plotting the perceptage of particles

| céils of the entire population which are located in each

%-“qh%el, and 3.) plotting the first two options with anylspecified

sent of the volume range.

o

¢
~ The sixth special function key can be used after data has
iloaded onto computer memory or directly after use of special
{ﬁon key 5 to list the plotted data in tabular form.

‘iist is valuable when plotting the percentage option at

_fEl function key 5. A listing cf up to 6 plotted curves

iépecial fﬁnction key 7 calculétes the N
‘;éid of the channel count or percentage L
;ﬂéh.piots for any specified veclume range.
| S ST WP S —
LfaFn%roid of a curve is the center of mass 1 3&&J;7891011
i
at curve and is given in channel units.
ihé figure on the right it can be noted C?*
€ centroid of this theoretical curve k 422 184 276
CHANNEL 2  CHANNEL 3
about volume unit 7. Since centroid VOLUME

IN CUBIC MICRONS



CCULTER COUNTER DATA LIST

EXPe 12.10

ATTENUATICH SETTING s &
APFZRTURE SETTING = 256

‘

(5]
(L]

317

43

K9

Qz1%
4930
4166

3564
3501
35€9

2752
2716
27;6

1663
1236
1267

1238
1202
1264

BN
770
806

gle
473
494

213
Q1317
3.32

190
3548
1.52

212
27SS
2.1%

190
1836
1.32

114
1238
3.72

42
774

.63

20
493
5‘6‘

27
33¢
4.2%

225
4.4%

14

20

26

32

38

44

S0

S6

27117176

3920
3935
391¢€

3302
299
33€4

2565
2302
2555

1653
1e82
1662

1120
1146
1107

756
4
726

497
457
464

313
315
295

221
216
214

OHR UNINFECTED VERC CELL

38
3924
0.42

104
3355
2.12

29
2543
1.72

34
1666
1.32

76
1124
2.5%

35
122
Q.27

39
473
6.42

11
308
S5.1%

217
2.3%

15

21

27

33

39

RS

Si

Jeso
3506
3933

3252
3297
3204

e532
2529
24%2

1553
1592
1600

1039
10S0

-1056

698
697
635

412
T 456
435

366
301
284

1

16

22

28

34

40

46

52

THRESHOLD NUMBER

THRESHOLD COUNTS

3856
3543
3756°

3084
3060
3175

2229
cL79
2181

1522
1569
1476

935
97S
929

637
647
627

429
418
398

278
266
236

MEAN THRESHOLD COUNT
CHANNEL COUNT
l PERCENT STANDARD DEVIATION

65
3832
1.22

17
Jile
2.3%

5
2166
1.82

109
1522
4 ..3%

5
946
3.7%

23
637
2.22

43
4l4
$.3%

19
267
14.22

11

17

23

29

35

41

47

S3

Jols
3691
3672

3173
3035
2908

z121
2080
2162

1373
1459
1407

900
862
est

615
6180
617

378
365
369

258
243
243

74
3667
1.0%2

17
3039
6.22

195
2121
2.7%

119
1413
4.3%

43
871
4.2%

91
614
0.82

19
371
2.52

19
248

.4 .82

18

24

30

36

42

a8

Sa

3sat
3592
364,

28¢2
2632
2881

1914
193¢
1932

1332
12¢z
1262

813
822
&4¢

510
Sas
S13

349
34¢
360

237
229
e2z

a8
3593
2.1%

i3
26¢8
1.62

70
1926
G.8%

Sé6
1294
4.32

54
828
3.22

36
s23
S.2%

17
3s¢
3.0%

e29
4.02

49
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] uni@s are given in channels the centroid in the example would
‘fﬁbe.near éhannel T. Recall that channels are volume ranges as
indicated by the lower figure on the preceding page. Channel
Ewo iﬁ this example extends from 92 cubic microns to 184 cubic
'\-lrons; channel three extends from 184 cubic microns to 276
bic microns. From this information it can be noted that the
entroid of the upper figﬁre is located at about channel Fee
The centroid value is determined by the following set of

‘relationships:

mass = (channel n) (channel n count)

moment 2 = (channel n2) (channel n count)
moment 3 = (channel n3) (channel n count)
centroid = I moments

L masses
The I of the mass of particles or cells in any range of
annels may be calculated, the moment at the various degrees

bias may be determined, and then the centroid can be calculated

m the I masses and the I the moments,

‘ﬁ&lﬁg&gr Simulation of Cell Cycle Volume Dynamics Materials and
 édures
 Materials required for the computer simulation of cell cycle

dynamics include the Hewlett Packard 9830A programmable cal-

flator and cassette storage tapes.
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is as follows:
As cells grow, they increase in volume to a specific level
nd divide, forming two new cells, each with approximately one

half the dividing volume. Each new cell then starts growing,

r:in splits, as the cycle is repeated. This cell érowth process
be represented in terms of Coulter Counter data by showing
ells "moving" from one channel to another. This implies there
?%s a rate of cell population "flow" between channels. Generally,
'ﬂ S‘process can be described as shown in Figure 10.

“The computer, in effect, scans the channel data from low to
gh_numbered channels, and calculates the new population level
e;ch channel by adding the cells coming in and subtracting

e cells going out. The general equation describing this pro-

Sl S ¢

[ I

3 Ci (new) = Ci (01d) = Ri—lci_l - Rici

" ' Cells Cells

y coming in going out

= channel no. )
cell population in channel 1
= rate of cell flow between channels i and i + 1

i+
=
=
o
n]
o
R
|

=]
M.
1

lﬁse end of a scan, the cells moving out of the last channel

gﬁultiplied by a factor less than one, based on death_and

ity rates, (non-multiplying cells), to acccunt for the

 that are eliminated naturally. The remaining cells are

lied by two to simulate cell division and returned to the
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KEY

C=channel,subscript denotes channel no.
R=rate

h=half-volume channel no.

F=division, death, & sterility factor
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rreturn"

jlf—volume channel. The scan is then repeated for the next
crement of time.
Since cells do not always divide into two equal volumes,

ﬁ\here must be some variation in the particular channel they -

to. For example, suppose the variation is 1 channel on

‘ther side of the half-volume channel. This means, that there

' :a range of three channels that a daughter cell can return to.

flon ' 1.s
e for

annels
 The
'olgte
;blem,

annels.,

;_;éting the possible combination as shown in Figure 11, makes

. evident the distribution. This is the ratio 1:2:1. If the vari-

two channels on either side of the half-volume channel,

distribution ratio would be 1:1:2:1:1. The pattern is the

any number of channel variations; the half-volume

nel gets two "returncd" cells for every cell the variation

get.

only undetermined quantities left to make the model
and workable are the rates. This poses an interestipg
since there is really no rate of cell "flow" between

The channels in reality are divisions along a continuous

g of volume. As the cells grow in volume, they move along
%lne gradually shifting from one channel to the next as

.trérily measured by the Coulter Counter. For modeling pur-
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f_?igure 11. The Pessible Channels into which Post-Division Cells -

R Enter, Assuming Half-Volume Channel is 18, Volume .
Variation is 1 Channel and Probabilities of All
Events are Equal.

:'_sibiltties are two: Channel Ratio

-? l. Equal volume division - both

. e L
%

AR cells '"return" to channel 18.

£ )

2, Unequal volume division - one

cell goes to channel 17, the

;;}H other to channel 19, (:>---—ﬂ’[EE: '

gure 12, The Approximate Relationship of Cellular Rate Versus
i Cellular Volume,

;i %, Equation:
Ex av =mV+b

‘ 5 g A

‘Volume (V)
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é'volume'of the next channel. There the cell stays for a time,
Lo,

Now there is an equivalent cell flow between channel means which
n be described in terms of rate.

Sinclair and Ross (103) established that there is approxi-
?-utely a linear relationship between the cell growth rate and

A
AR
 the volume of a cell. This relationship is shown by the graph

Es . t = time
B UV ¥ b, Where V = cell volume
m = slope
b = y intercept
- The growth rate can be found, given the cell volume, because

Xy
'm and b can be experimentally determined. But it is the rate

cell flow between channels that is required for the model.
" This rate of flow between channels can be computed by finding
“L“*'differences between the mean growth rates of each channel.

ce the growth rate and volume are linearly related, the

A i
T
TN
gt

1 growth rate of a channel will be the growth rate at the
| volume. This is expressed by:

= mV£ + b, where V; = mean volume of cpannel 15
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Vil A T oay b
Ri-_T-_-"_tl? = (mVj4; + b) = (mVy + D)
Simplifying:
Ry = m(Viy, - V)

The quantity (Vj4; - Vi) is the difference between channel
‘j;ans. This is nothing more than the range of one channel. Since

f,'e units of output are expressed in channels, Viql - Vi =1

Ri =m
It would seem unusual that the growth rate difference between

i@WJannels is the same for all channels, since the actual rate is

1-- to the fact that the growth rate increase is linear and that
he channels are equally spaced. Thus, the growth rate is in-

reasing the same amount for each successive channel. Therefore,

The cell model (Appendix III) is accessed by the commands
ad 2 Execute" from the Coulter Counter tape. The data re-
:pr%d for the model simulation includes the file number from

_;gi'the initial cell volume profile will be taken, the first

¥



%o
ell volume which is the mean cell volume given in cubic microns,
he cell variation which is the deviation in cell volume after

ok

division given in cubic microns, the rate of volume increase

Cultures Materials and Procedures
' The materials for the clinical application of the Coulter
iA“Counter virus detection system are similar to those described

>‘Tin the Vero cell subculturing materials section and the

‘1. Convalescent Horse Immune Serum (Anti-VEE). This
antiserum is obtained from the Department of H. E. W.,

P. H. S. N. C. D. C. Biological Reagents Section, Atlanta,
Ga.

' The procedure for detection of inactivated VEE virus treated

~ Vero cell cultures is as follows:

63
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iﬁnore flasks; 1 ml. of HBSS plus VEE virus (0.4 ml.) which was
F“‘

- previously mixed for 30 minutes with excess antiserum is added
(3
g

- to the remaining flasks. Note: 0.2 ml. of VEE virus pius 1.8
ml. of reconstituted antiserum are mixed for 30 minutes. All
-,?flasks of cells are rinsed three times and 2 ml. of fresh MEM
7;;~ich is supplemented with 10 percent iFBS is added. The
,ﬁ;ell culfures are incubated 4 to 24 hours (depending on the

‘experimental design), and harvested with 3 ml. of Isoton per

b
..gngask. A 2 ml. suspension is taken for a hemacymoter count,
A‘w;hile the remaining 10 ml. is diluted in 90 ml. of Isoton (1:10)
l I__d.coun‘ted in the Coulter Counter model F. Figure 13 describes
‘?ifq elinical application of the Coulter Counter to rapid
v-tection of viruses.

gulter Counter Concanavalin A Aedes Albopictus Cell Agglutination

rials and Procedures

The materials for the concanavalin A agglutination of Aal

. cell cultures are as follows:

Coulter Counter, Isoton, Hemacytometer, Microscope, Hand-
held Counter, and Hewlett Packard Programmable Calculator
(as described in the Coulter Counter volume analysis
materials section).

Concanavalin A (con A). This is purchased in a freeze-
dried form from Pharmica Fine Chemicals, Uppsala, Sweden.

Con A was prepared from 100 mg/10 ml. frozen stock



igure 13, Experimental Design of Clinical Application of Coulter
Counter Virus Detection System,
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ET PACKARD
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solutions., One mililiter contains 10 mg. con A, there-

fore 8 ml. of 10 mg/ml. con A is diluted 1:5 in 32 ml.

of Isoton to produce 40O ml. of 2 mg/ml. con A.
The procedure for con A agglutination of uninfected and VEE
: virus infected Aal cell cultures to be measured with the
Coulter Counter is as follows:
Uninfected and VEE virus infected Aal cells are harvested
‘hiem eight flasks and diluted 1:10 in 250 ml. of Isoton. Fifty
mililiters of the Isotcn and cell suspension is removed for later
The 200 ml. suspension of Isoton and cells is counted in
'"Coulter Counter model F. After addition of 1 ml. of 10 mg/ml.
A plus 1 ml. of the cells from the 50 ml. of stock suspension,
cells are again counted. Successive addition of 2 ml. of

>‘ ﬁ8/ml. of con A plus 2 ml. of cells are made, and Coulter

.‘vl
b
unter measurements are taken. Use of the computer programs

data storage and data analysis is similar to that described

he Vero cell volume analysis procedures section. Figure 1L

VEE virus infected Aal cell



- 1, CELLS TRANSFERED 1:9

2. CELLS TREATED WITH
BSS OR BSS+VIRUS
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-WITH COULTER COUNTER

CELLS TREATED WITH INCREASING
CONCENTRATIONS OF CON A AND
SUCCESSIVE COULTER COUNTER
MEASUREMENTS TAKEN

DATA ANALYSIS WITH
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MODEL 9830 A -
PROGRAMMABLE CALCULATOR

B S.
W

6. COMPUTER OUTPUT:
' GRAPHING AND
~ STATISTICAL
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»
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RESULTS AND DISCUSSION

atex Particle Control Measurements

The development of a rapid system for virus detection, which

'y ilizes the physical property of volume change in animal cell
- .

cultures as the criterion of virus infection, demands an ac--

-

;ate instrument which gives reproducible results. The Coulter
is hter, as described in the literature review, has been shown
‘.j possess many desirable volume measurement capabilities.

|

However, human or mechanical error may distort the Coulter

Counter data, therefore, extensive measurement controls must
company any series of Coulter Counter experiments.
Control measurements of 6 to 14 micron diameter latex

ticles'and of Vero and Aedes albopictus cell cultures were

a én with an optical micrometer and with the Coulter Counter.
n;JPtical micrometer measured the particle diameter which was
' ;érted to volume with the assistance of a Hewlett Packard
puter program. The Coulter Counter measured volume as
4ribéd in'the materials and methods section. These control
;urements were done so that comparisons couid be made

eén the‘two types of measurements, and they were dong to
strate the accuracy of the Coulter Counter. Coulter

Tef measurements were also taken of 2.02 * 0.0135 micron

er latex particles for further verification of the

Jﬁer Counter accuracy.
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Optical means were initially employed to measure the parti-

le or cell volumes. The calibration of the American optical
icrometer is documented in Table 4. In this calibration
‘twelve optical measurements were taken of fifty graduations

f a Bousch and Lomb stage micrometer. One optical micro-

eter graduation was determined to equal 1.86 microns. This
actor was subséquently used in the optical micrometer computer
rogram for determining particle and cell volume profiles.

Two hundred latex particles were measured with the optical
icrometer and were found to range from 4O to 2303 cubic microns
volume and displayed a mean volume of 363.4 cubic microns.
igure 15 is an illustration of the number of latex pérticles

shich were found at the specified volume ranges. Knowledge

R

- of the range and volume of the majority of latex particles
nsures that correct Coulter Counter sensitivity settings
ill be chosen. As illustrated in Table 5, the Coulter Counter

;"

‘\!ttenuation settings extend for ten values from 0.125 through

éy range from 1.000 to 512.000.

Two groups of sensitivity settings were chosen for the
ter Counter measurements of the 6 to 14 micron diameter
‘gx particles as displayed in Table 5 and 6. An attenuation
b énd an aperture of 256.with a range extending from 92 to

cubic microns were chosen to match the desirable range
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Optical Micrometer Calibration Using Stage Micrometer.

OPTICAL MICROMETER STAGE MICROMETER UNITS
GRADUATIONS : (MICRONS)
26.8 ' 50
26.8 50
26.6 50
26.8 ' 50
26.8 50
27.0 50
26.8 50
26.8 50
27.0 . 50
27.0 50
26.8 50
26.8 50

TOTAL 32262

 MEAN 26.85 = 50 microns

1 OPTICAL MICROMETER GRADUATION EQUALS 1,8622 MICRONS

An American Optical Micrometer is placed on a Spencer microscope

using a magnification of 1000 X.




Figure 15.

1197.3000

Statistics and Histogram of Latex Particles.
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N = 200
MEAN = 363.3973
STD. DEV = 336.2162
SKGWNESS = 2.7823
KURTOSIS = 13.3043
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RANGE = 2226.6510
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921.0000 =
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X
1105.2000 . *



Table 5.

Volume Runge for All Attenuation and Aperture Sensi-
tivity Settings,

Attn.

0,125
0.177
0,250
0.354
0.500
0.707

L]
T~
“:‘[\)
—~N \N

.250

L]

w
A\ )
=

(&5}
—~ O

OFMVHOOOOOOo
. .
O OO O =W

i
w N~ =

—
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L\

- 12
- 18
- 25
- 36
= Sl
- 75
- 1hQ
- 290
- 570

- B8
- 26
- 36
- 51
- "(2
- 100
- 150
- 290
- 580
-1159

- 100
140
300

-1156
-2302



1 .Table 5. (Con't.)

2

3

2 Attenuation

3 Volume Range in Cubic Microns

Ap.}  Attn.©  Vol. Range Ap. Attn. Vol. Range
0.125 T=- T3 0.125 5 - 290
0.177 0 - 100 0.177 L - 1410
0.250 © 10 - 1ko 0.250 17 - 580
0.354 33 - 200 0.354 33 - 820
0.500 20 - 290 0.500 23 - 1152
0.707 45 - 40O 0.707 24 - 1625
6L 1.0 6 - 600 256 1.0 L9 - 2307
2.0 23 -1153 2.0 24 - U625
4.0 23 -2300 4.0 92 - 9227
8.0 46 -L600 8.0 530 -18400
0.125 12 - 1ko 0.125 17 - 580
OpLTF 2 - 200 0.177 8 - 820
0.250 20 - 290 0.250 2% = ¥IGn
! 0535 33 - k10 0.354 33 - 1625
-3 0.500 23 - 580 0.500 23 - 2300
‘ QITON 57 - 790 0.707 65 - 3250
128 1.0 12 -1153 512 1.0 Ly - L4636
g 210 23 -2307 2.0 93 - 9258
4.0 L6 -L625 k.o 370 -18500
8.0 92 -9200 8.0 370 -37000

,l Aperture

73
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Table 6. Coulter Counter Resolution (Cubic u/ Channel) at All
Attenuation and Aperture Sensitivity Settings.
ATTENUATION APERTURE
1 2 4 8 - 16
0.125 §.0113 §.0225 0.0450 §.0000  0.1800
0.177 0.0159 0.0319 0.0637 0.1274 0.2549
0.250 0.0225 0.0450 0.0900 0.1800 0.3600
0.354 0.0319 0.0637 0.1274 0.2549 0.5098
0.500 0.0450 0.0900 0.1800 0.3600 0.7200
0.707 0.0636 0.1273 0.2545 0.5090 1.0181
1.000 0.0900 0.1800 0.3600 0.7200 1.4400
2.000 0.1800 0.3600 0.7200 14400 2.8800
4.000 0.3600 0.7200 1.4400 2.8800 5S.7600
8.000 0.7200 1.4400 2.8800 5.7600 115200
ATTENUATION APERTURE
32 64 128 256 S12

0.125 T-3600 T.7200 1.4400 2.8800 5.7600
0.177 0.5098 1.0195 2.0390 4.0781 8.1562
0.250 0.7200 1 .4400 2.8800 S.7600 11.5200
0.354 1.0195 2.0390 4.0781 8.1562 16.3123
0.500 1 2400 2.8800 57600 11.5200 23.0400
0.707 2.0362 4.0723 8.1446 16 .2E93 32.5786
1.000 2 .8800 5.7600 11.5200 23.0400 46 .0800
2.000 5.7600 11.5200 23 .0400 46.0800 92 .1600
4.000 11.5200 23.0400 46.0800 92.1600 184.3200
8.000 23.0400 46.0800 92.1600 184.3200 368.6400
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f:and sensitivity settings used to measure Vero cells. The

determination of these sensitivity settings will be described

‘later in these results.

measure Aal cells. This attenuation was 0.354, the aperture
was 512, and the range extended from 33 to 1625 cubic microns.
A comparison of measurements taken with the optical micro-
meter and with the Coulter Counter is made in Table 7 and 8,

- and in interpolation graphs in Figures 16, 17, 18, and 19.
l?fable T is a list in the percentage and cumulative percentage
":f latex particles with the volﬁme ranges given in the Coulter
ounter sensitivity sensitivity settings for Vero cells, while
able 8 is a 1list of the same statistics, but it uses the sen-
sitivity settings of the Aal cells.

An interpolation plot of the percentage relative fre-

luency of latex particles measured with the optical micrometer

a data point. The optical micrometer curve has six distinct
aks or particle populations. The largest population is

cated at 230 cubic microns. The Coulter Counter curve has
'0ximately four of five particle populaticns, some of which

l h the optical micrometer particle populations. The largest
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ble 7. Optical Micrometer and Coulter Counter Percent and
Cumulative Percent of 6 to 14 Micron Diameter Latex
Particles (Coulter Counter using Vero Cell Sensitivity
Settings).

ume OPTICAL MICROMETER COULTER COUNTER -
cubic microns) Percent Cumulative - Percent - ... Cumulative -
Sl ' Percent ' " Percent

14,5 14.5

15.0 29.5

27.0 56.5

8.0 64.5 28.37 28,37

10.5 75.0 24,29 53.35
5.5 80,5 12.70 66.05
8.5 89.0 10.73 76,78
3.0 92.0 4,89 81.67
2.5 94,5 5.88 87.55
0.0 94,5 3.34 90,86
1.5 96.0 2.42 93,13
1.0 97.0 2.00 95,13
0.5 97.5 1.26 96.39
0.0 97.5 1.12 97.60
0.0 97.5 0.51 98.11
0.0 97.5 0.59 98.70
0.0 97.5 0.42 99.12
0.0 97.5 0.29 99,41
1.5 99,0% 0.22 99,63

0.19 99,.82%*.

LB ]

-

1 Percent of Optical Micrometer
2asured Latex Particles Were
‘ound Larger than 1749 but

“:iler than 2303 Cubic Microns. ing.

34

* Coulter Counter Measured
Latex Particles Showed 0,18
Percent Error Due to Round-



8. Optical Micrometer and Coulter Counter Percent and.
Cumulative Percent of 6 to 14 Micron Diameter Latex
Particles (Coulter Counter using Aal Cell Sensitivity
Settings).

OPTICAL MICROMETER COULTER COUNTER
‘microns) Percent Cumulative . Percent ... Cumulative - .
T Percent ' ~_Percent

0.0 0.0

0.0 0.0

2.0 2.0

2,5 4,5

1.0 5.5

9.0 14.5 3.23 3.23
0.0 14,5 4.02 7.25
7.0 18.0 3.06 10.31
4.5 22,5 5.60 15.91
0.0 22.5 5.65 21,56
7.0 29.5 3.39 24,95
0.0 29,5 3.72 28.67
0.0 29.5 5,42 34,09
20.0 49,5 2,81 36.90
0.0 49,5 6.19 43,09
7.0 56.5 5.63 48,72
0.0 56.5 4,97 53.69
0.0 56.5 2.18 55.87
5.5 62.0 2,19 58,06
0.0 62.0 3.85 61.91
0.0 62.0 4,08 66.99
0.0 ‘ 62.0 2.25 68.24
2.5 64.5 2,43 70.67
0.0 64.5 1.76 72,43
0.0 64.5 1.53 73.96
10.5 75.0 2,75 76.71
0.0 75.0 1.37 78.08
0.0 75.0 2.59 80.67
0.0 75.0 1.45 82,12
0.0 75.0 1.15 83.27
5.5 80.5 1.51 84.78
0.0 80.5 0.73 85.51
0.0 80.5 1.48 86.99




78

COULTER COUNTER -

* Eight Percent of Optical Micrometer
asured Latex Particles Were Found
ger than 872.,5 Cubic Microns.

'0lume OPTICAL MICROMETER
 (cubic microns) Percent Cumulative Percent - Cumulative . . ..
3% i . ey . g . Percent .......... ¥ . Percent R o i

0.0 80.6 0.97 87.96
5.5 86.0 2,31 90.27
0.0 86.0 0.99 91.26
0.0 86.0 0.26 91,52
0.0 86.0 0.26 91.78
0.0 86.0 0,52 92.30
3.0 89.0° 1.37 93.67
0.0 89.0 0,00 93.67
0.0 89.0 1,20 94,87
0.0 89.0 0.60 95.47
0.0 89.0 0.38 95.85
3.0 92.0 0.52 96.37
0.0 92.0 0.90 97.27
0.0 92.0 0.31 97.58
0.0 92.0 0.32 97.90
0.0 92.0 0.43 98.33
0.0 92.0 0.84 99,17
0.0 92.0 0,20 99.37

3 0.0 92.0 0.26 99,63

o 0.0 92.0 0.06 99.69

i 0,0 92.0% 0.35 100. 40%

)

* Coulter Counter Measured
Latex Particles Showed 0.4
Percent Error Due to Round-

ing.
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Example of Given and Interpolated Data Points for the
Plot of Percent Frequency of 6 to 14 Micron Diameter
Latex Particles Measured with the Optical Micrometer
in Figure 16.

CPTICAL MICRCMETER
=== INTERPCLATED === sz=z2s GIVEN =scac=

X Y X Y
46.100 14.4999 " 464100 14.5000
69.130 11.1975
92.160 10.6267

115.190 12.1183
138.220 15.0030 138.200 15.0000
161.250 18.6115
184 .280 22.274S5 -
207.310 25 .3226
230.340 27.0867 228.300 27.0000
253.370 22.8836
299,430 12.6898
322.460 7.9687 322.300 8.0000
345 .490 7.7€29
368.520 g.4211
391.550 9.4718
414.580 10.4956
437.610 11.0534 414.700 10.5000
483.670 6.6143
- 506.700 $.5075
$29.730 4 .897S 506.900 $5.5000
552.760 7.0250
$575.790 7.8973
$98.820 8 . 4985
621.850 8.5711 599.100 8.5000
644 .880 $.9846
667.910 4.4503
690.940 3.,9150
713.970 1.8893 691.200 3.0000
737.000 2.5633
760.030 2.5397
783 .06 2.5020
852-392 2.,3405 783.400 2.5000
829.120 1 .1349
852.150 Oogggg
. 0.
ggg.é?g -0.2333 875.500 0.0000
921 .240 0.6169 .



":ﬁgure 16. Percent Frequency of 6 to 14 Micron Diameter Latex
: Particles Measured with the Optical Micrometer and

Cell Sensitivity Settings).
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?Qercentage of latex particles measured with the Coulter Counter
is at 345 cubic microns. From these peak particle populations,
the optical micrometer measurement of the latex particles.is
shown to be over 100 cubic microns smaller than the Coulter

Counter measurement of these similarily sized particles.

Fifty percent of the latex particles measured with the optical
micrometer are found to be smaller than 210 cubic microns,

- while 50 percent of the latex particles measured with the
 Coulter Counter are found to be smaller than 390 cubic microns.
e optical micrometer measurement is once again 100 cubic

. ﬁicrons smaller than the Coulter Counter measurement. This
‘élarge difference may be caused by the imposition of Vero cell
s

Sehsitivity settings on the Coulter Counter for measuring these
late# particles. The latex particles are at the lower volume
.f‘range of the Vero cells, and the Coulter Counter .1is measuring
only the upper range  of the latex particles.

The percentage relative frequency of'latex particles
asured with the optical micrometer and with the Coulter
uﬁter, which are found at the specified volume ranges using
Aal cell sensitivity settings, are plotted in Figure 18.

use of the Aal sensitivity settings allows for a fine
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Cumulative Percent Relative Frequency of 6 to 14 Micron
Diameter Latex Particles Measured with the Optical
Micrometer and the Coulter Counter (Counter Counter
using the Vero Cell Sensitivity Settings).

e e
...................
............
..........

46,10 276.35 506.60 736.85 976.10 1197.35 1427.60 1657.85
Volume (cubic microns)
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’leot every other point is a data point. Major latex popula-

ions can be found at 90, 230, and 460 cubic microns in the

Figure 19 is an interpolation plot of the cumulative

e, &
wFFpErcentage relative frequency of latex particles at each of

the specified volume ranges. It is incremented using the Aal
Y ensitivity settings. Fifty percent of the latex particles

measured with the optical micrometer are smaller than 245 cubic

ith the Coulter Counter are smaller than 260 cubic microns.

e optical micrometer cumulative percentage curve is only 15

a-ﬁcent&ge equals 50 percent. The Aal sensitivity settings allow
.ﬁine particle resolution; the Aal cells are smaller than the
';?O cells which makes the Aal cells closer to the latex volume
L;e. These optical micrometer and Coulter Counter curmu-

tive percentage curves, which are incremented using the Aal
sitivity settings, more closely parallel each other than do

€ Cumulative percentage curves, which are incremented using

83



,ii:j Cumulative Percent Relative Frequency of 6 to 14 Micron Diémetér Latex Particles
- Measured with the Optical Micrometer and the Coulter Counter (Coulter Counter
using the Aal Cell Sensitivity Settings).

...............................................

: . 4 . Coulter Counter = X, Optical Micrometer = 0
e D B R © R e N
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1e Vero cell.sensitivity settings.

Control measurements were taken of 2.02 micron diameter

monstration of the volume sizing ability of the Coulter
__»unter. Figure 20 is a plot of the percentage of latex parti-
s found at the specified volume ranges when Coulter Counter
‘J},usurements are taken with an attenuation of 0.177, an aperture
f 32, and a resolution of 0.509 cubic microns. The small

A;x in the figure represents the volume at which a 2.02 micron
:m-ameter particle can be found. The Coulter Counter detects

e latex particles between 2 and 9.7 cubic microns in volume.

‘ h- largest populations of particles are located in channels

; 9, 11, and 12 which extend from 3.6 to 7.6 cubic microns.

‘terference Count Control

e Another control experiment was performed to document the

A B . .
?‘1 erent interference counts obtained when recording Coulter

|Ounter data. Interference or background counts are caused
‘by electronic interference from proximally located electric
;"'bOrS or incident small dust particles from the air. Inter-
rence counts were taken by recording the Coulter Counter
“.unts of Isoton on a day with normal activity at midday.

‘ éounts were taken at threshold 5 and at threshold 10

' five different groups of sensitivity settings proposead

be_used in this investigation.



i

20.0.

[
)]
L]

12.0!
PERCENT

PARTICLE
POPULATION

L
.
)
‘
L
L)
’
.
*
L

8.0

4.0

.
.
L
]
)
.
L
.
*
(]
]

.
L)
'
.
L]
.
.
*

0.0

IR

- Figure 20. Coulter Counter Control Measureme
Diameter Latex Particles.

* * + * * * * * * * * * + +* *

LOCATION

OF -
2.02 MICRON
DIAMETER
LATEX
PARTICLES

N/

® x

. ',,.o

000"

o ©® o D - ﬂ

-

q ¥

2.0 3.1 4.1 5.1 6.1
Volume (cubic mi

()
-

N\

*

*

. * *
not-.

7.1 8.2 9.2

1A

crons)

nts of :2,02 Micron

*
L]
.
.
L
L}
.
'
'
'

*
.
.
.
.
.
.
.
.
L]

*

.
.
L
L
.
'
.
L
L]
*
L]
L]
.
L]
.
1]
L]
.
.
*
L]
1]
.
L}
Ll
L
L
L
L}
+

86



Table 9 is a list of the counts and the mean of the counts
of interference for each of the sensitivity settings. There

- are 19.9 mean threshold counts at threshold 5 and 8.4 mean
“phreshold counts at threshold 10 for the Vero cell sensitivity
‘ﬁgéttings. Mean threshold counts of U48.5 and 24.1 are obtained
‘Hfrom threshold 5 and 10, respectively, at the Aal cell sensitivity
settings. Since typical Vero cell threshold counts range from
;MOOO to 40,000 at threshold 10, the error caused by intérference
is from 0.23 to 0.02 percent. Typical Aal cell threshold
‘“‘counts range from 20,000 to 40,000 at threshold 10, therefore,
he error caused by the interference in these measurements is
5%bm 0.12 to 0.06 percent.

}EEFO Cell Volume Analysis Control

Control measurements of an inert particle, such as latex,
aken with the optical micrometer and with the Coulter Counter
are necessary for assurance that major populations of particles
an be counted and sized by the.Coulter Counter. Yet, because
'thé 6~ to lb-micron diameter latex particles were in the lower

volume range of the Vero cell, use of the Vero cell sensitivity

rors than the use of the Aal sensitivity settings. A further

;E;ol measurement was then proposed. An experiment was

Wéﬁéd to measure Vero cells with the optical micrometer

nd with the Coulter Counter, thus better establishing the
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eshold 5

At .500 At .354 At .250 At .177.

A 4 At 1
Ap 256 Ap 256 Ap 512 Ap 512 Ap 512 Ap 512
26 88 57 53 111 8413
26 95 69 61 138 6290
18 71 104 54 169 8376
15 86 116 39 156 6774
13 100 103 50 153 6411
17 97 97 39 153 8211
17 112 88 43 181 6374
20 84 100 56 158 8606
23 63 93 50 167 6757
24 57 76 40 181 8652
19.9 85.3 90.3 48.5 156.7 7486.4
13 40 46 26 27 45

8 65 46 32 25 43

5 51 62 32 27 45
12 46 60 16 26 31

3 51 55 25 26 46

8 31 49 27 25 39

6 35 54 18 36 50

4 35 61 21 33 39
11 54 44 27 32 28
14 47 55 22 27 38

8.4 45,5 53.2 24,1 25.8 40.4

88

Isoton Interference Counts for Coulter Counter Attenuation
and Aperture Sensitivity Settings. '
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lécceptability of the Coulter Counter measurements taken at the

- Vero cell volume range.

i Five separate measurements were taken of 1000 Vero cells with

&

¥ the optical micrometer, and five measurements were taken of about

J %Q0,000 Vero cells with the Coulter Counter. The results which

‘measurement with the optical micrometer are given in Table 10.

rThis optical measurement shows the average Vero cell volume ranges

iy

resolution of the optical micrometer. Cells which may have

en located in these "empty" volume ranges were judged %5 Dbe

ghtly larger or smaller and were allocated to other A Eakoring

ume ranges.

After the relative population distributions of Verc cells



 Table 10. Optical Micrometer Measurement of Vero Cells.

.

&
N
[

- Volume Range

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Total Number of Cells

~ Lower Limit
i .

5
12
31
41
47
10
22

=

HOOOOOOOOHOWHOMFHWW®

3
0
16
33
52
13

~N
O

[

OO0 O0O0OO0COOHHUVVKHEHOOOMHOUVWOWVUYHO

0

1

26
55
51

8

N
S

-

NOOOOOOOOO0OO0OO0OOOKHKFKOWWNNO

3
16
27
40
32
16
25

OOOOKHHOOHFHMHOONOFHRERE&ENOOANVWOO

1
7
28
43
50
10

[
~N

[

HOOOOOONMKKEKNONOMFHOOOOOWNO N
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Chennel
No.
T
8
9

19
1l
12
13
14
15
16
il
13
16
20
21
22
" 23
2L
25
26
27
28
29
30
31
32
33
3k
35
36
37
38
39

Cumulative
Volume B Trial (%) Average % Average %
(cubic microns) 1 2 3 L 5 Relative Freg. Relative Freg.
6L5.12 %.30 0.00 0.00 L.Lo 3.21 2.38 2.38
737.28 1.23 0.00 0.900 0.00 0.00 0.25 2.63
829.uk 0.00 0.00 0.00 0.00 0.00 0.00 2.63
921.60 1.23 0.00 0.50 L.Lo 0.64 1.37 4 .00
1013.76 0.61 0.73 0.60 0.63 0.00 0.51 L.s51
1105.92 10.43 2.96 10..i2 6.29 11.54 8.26 12.77
1196.08 1.84 1.5 2.33 5.66 1.94 2.65 15.42
1260.2k4 0.00 0.00 0.00 0.00 0.00 0.00 15.42
1362 .40 6.1L 1.4k5 2.33 L.ko L.L49 3.77 19.19
147 .58 0.09 0.00 0.02 0.00 0.00 0.00 19.19
1566.72 3.67 1.k45 1.79 2.52 L.Lg 2.66 21.85
1653.68 21.47 21.7h 26.7% 18.24 21.15 21.88 43.73
1751.04 0.00 0.00 0.00 0.00 0.00 0.00 43.73
1843.20 1.23 1.5 L7 L.40 1.62 2.63 46.36
1935.36 C.00 0.00 0.00 0.00 0.00 0.00 L6.36
2027.52 6.75 7.97 8.53 7.55 8.33 T.91 sh.27
2119.68 0.00 0.00 0.00 0.00 0.00 0.00 sk4.27
2211.6k 3.68 3.62 4.17 1.26 5.13 3L5TT 57.84
2304.C0 0.60 0.00 0.cC 0.00 0.00 0.00 57.84
2396.16 17.79 26.09 17.2€ 11.95 18.59 18.37 76.21
2488.22 0.00. 0.00 0.0C 0.00 0.00 0.00 76.21
2580.48 0.00 0.00 0.00 0.00 0.00 0.00 76.21
2672.64 1.8k, 0.73 0.60 0.00 3.85 1.L0 T77.61
2764 .80 0.00 0.00 0.00 0.00 0.00 0.00 77.61
2656 .96 L.30 8.70 L.y 9.43 2.56 5.83 83.44
2949.12 0.00 0.00 0.06 0.00 0.00 0.00 83.Lk
3041.23 0.00 0.00 0.0 0.00 0.00 0.00 83.L4
3133.4b 2.45 1.k5 3.0 3.77 3.21 2.16 85.60
3225.60 0.00 0.00 0.00 0.00 0.00 0.00 85.60
3317.76 11.66 19.57 11.31 11.95 8.33 12.56 98.16
3409.92 0.00 0.00 0.00 0.00 0.00 0.00 98.16
3502.08 0.00 0.00 C.on 0.00 0.00 0.00 98.16
3594 .24 0.00 0.73 1,7¢% 3.45 0.6k 1:.32 99.48
Totel Cells 163 138 158 159 156
Counted

. .T6



:pmtenuation and aperture settings desirable for a population
ifof cells such as the Vero cells of which the majority of cells
'&hre located between 500 and 4000 cubic microns in volume.

e decision of which sensitivty settings to utilize must

o be based on the resolution each attenuation and aperture
tings will give. Resolution is the extent of the volume

ge or channel. An attenuation of L4 and an aperture of 256

e the sensitivty settings selected for the Coulter Counter
asurements of Vero cells. According to Table 5 and 6,

se sensitivity settfings will cover a 92 to 9227 cubic micron
volume range and allow a resolution or channel width of 92.16
bic microns. These sensitivity settings were selectea

ﬁ, ause of several rational. First, these sensitivity sectings
h.’quately encompass the Vero cell volume range. Second,

e necessity of taking an excessive number of threshcld counts
ould arise if the resolution were small. This would cause
;,sample size to be large (more volumes of fluid would te

sed through the Coulter Counter), and more time would ve
nded. If the resolution were very large, sample‘size

d be reduced, however, the cells would be allocated into
 extensive volume ranges, and fine volume differences

een cell volume profiles may be lost. Finally, severa:



os

trial measurements taken of latex particles with the Coulter Counter
resulted in less than 0.23 percent‘interference or background
counts. The Coulter Counter inherent interference could there—

- fore be ignored in further Coulter Counter measurements of Vero

11s.

| Coulter Counter measurements ‘of Vero cells were then performed
the second part of the control measurement to compare the optical
crometer and Coulter Counter measurements of Vero cells. Figure
is an example of one of the five Coulter Counter measurements
aken of the Vero cells, Table 12 is a presentation of the

rcentage relative frequency from each of the five measure-

1ts of Vero cells found at the specified volume ranges.

0 cells measured with the optical micrometer and with the

ulter Counter can be compared. The optical micrometer

€rage volume profile has four channels where major populations

- (=
cells are located. These channels are 12, 18, 26, and 36

; cn are at the mean volumes of 1106, 1659, 2396, and 3318

£ \ ] i a
i¢ microns, respectively. The Coulter Counter averag

percent. The cell populations for the Coulter Counter

rag i uniformly located.
rage Vero cell volume profile are more
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igure 21. Example of a Vero Cell Volume Profile,

6000'..’....‘ oooooooooo L T T S
.
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645.1 1198.1 1751.0 2211.8 2672.6 3133.4 3686 .4
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Counted

Channel Volume Average %
No. (cubic microns) 1 2 3 5 Relative
7 645.12 L .45 0.00 1.33 6.05 1.75 2.73
8 737.28 6.7 2.66 1.67 1.08 4.76 3.38
9 829.uk L.L7 2.86 3.48 1.53 4.3k 3.3
10 921.60 5.72 0.00 3.52 L.68 0.35 2.85
11 1013.76 0.00 2.90 1.87 2.10 0.45 1.46
12 105.92 1.31 3.36 5.75 1.36 0.00 2.32
13 1198.08 1.82 0.00 3.12 5.39 4.58 2.36
1k 1290.24 6.31 5.35 3.19 2.15 1.47 2.98
15 1382.40 1.25 Lkl .51 3.83 1.54 3.71
16 1474 .56 CT.hb L.o2 2.1k 2.19 L4l L.ok
17 1566.72 2.4 0.00 10.19 L.85 L.Ly L.38
18 1653.88 2.01 5.82 1.83 3.21 5.35 3.64
19 1751.04 5.28 L.59 6.11 6.02 3.81 5.16
20 1843.20 3.63 1.80 2.92 0.82 3.43 2.45
21 1935.36 1.89 6.28 5.19 9.03 L.93 2.52
22 2027.52 3.52 1.92 3.25 2.13 L,55 5.46
23 2119.68 0.00 L.97 L. 5.54 L.34% 2.96
2 2211.84 4,33 L.36 2. 1.99 3.95 3.35
25 2304.00 11.72 5.83 L. 5.39 L.Ly 6.30
26 2396.16 2.67 0.65 L. 2.38 2.80 2.60
27 2L488.32 0.37 385 2. 1.70 3.6L 2.32
28 2580.48 3.03 0.66 3 3.09 6.12 3.22
29 2572.64 1.44 0.00 3. 3.38 1.75 2.08
30 276L .80 2.69 0.00 1.8 1.59 1.57 1.54
31 2856.96 2.65 2.49 1.b: 3.24 3.L6 2.65
32 2949.12 2.9 0.90 3.14 2.16 3.11 2.36
23 3041.08 2.03 2.03 0.14 2.90 1.78 1.78
3L 3133.44 3.19 2.49 0.0 2.13 1.89 1.94
35 3225.60 0.00 6.03 1.25 1.22 3.25 2.35
36 3317.76 1.55 2.k1 0.89 1.53 1.82 1.64
37 3409.92 0.36 L.65 1.32 1.19 1.96 1.90
38 3502.08 1.88 L.75 0.00 0.99 0.94 1.71
39 3594 .24 1.32 2.45 1.70 3.34
Total Cells 49317 L4486 3523

Cumulative
Average %
. Relative Freq.

2.73

6.11

9.45
12.30
13.76
16.08
18.L4
21.k42
25.13
29.17
33.55
37.19
42.35
LY .88
L7.32
52.78
58.24
61.59
67.89
70.L49
T72.81
76.03
78.11
79.65
82.30
8kL.66
86.L4
88.38
90.73
92.37
9L.27
95.98
99.32

G6
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There are major cell populations located at channels 17,5 108%
:O, 23, and 26 which are at the mean volumes of 1567, 1659,
:8&3, 2120, and 2396 cubic microns, respectively.

. The cumulative average percentage relative frequency is
i‘:I;;_Eg»’;"‘;-1o‘t;ted for both the optical micrometer and.thé Coulter Counter
:  asurements of Vero cells in Figure 22. The opticél micro-
eter curve and the Coulter Counter curve parallel each other

fﬂflosely. Using the format of comparing the volume at .which
4. 4

he cumulative percentage equals 50 percent, it can be observed

}only 29.51 cubic microns by using this analysis. From these

i1l be used to refer to uninfected cell cultures, and IC

1 be used to refer to VEE virus infected cell cultures at
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‘various times post-infection. For example, 4UC will refer

o b-hour uninfected Vero cell cultures.

éeveral independent experiments of uninfected and VEE

virus infected cell cultures were performed at 0, 4, 6, 10,

12, and 24 hours post-infection as discussed in the materi;ls
,'d methods section (post-infection is used to designate the

ime after the infection of some of the group of flasks with
@irus). These time periods were chosen because of the importance
Hy éf early detection of the cell volume changes caused by the virus
1*0 a rapid detection system. Alsc most of these times precede
'EJ ervable CPE.

An example of the volume profiles of OUC, 4UC, and LIC

‘)

:,B presented in Figure #2. Much difficulty in comparing volume

%ArOfiles is encountered. &limination of the OUC volume profile
}?fOﬁ the plot as shown in Figure 24 allows for a better obserf
tion of the differences between the LUC and the LIC profiles,
the significance of these differences is questionable.
Centroid analysis was chosen to overcome the complexity

" comparing Coulter Counter volume profiles of the uninfected
‘and of the VEE virus infected Vero cell cultures. It will

‘i recalled that the centriod value of a curve was defined

‘ he center of mass of that curve. Centroids can be cal-
lated for any Coulter Counter volume profile, such as the

infected Vero cell curve shown in Figure 25. The centroid
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F  gure 23. Cell Population Volume Profiles of 0 Hour Uninfected,
4 Hour Uninfected, and 4 Hour VEE virus Infected Vero

Cells.

: ]
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"igure 24, Cell Population Volume Profiles of 4 Hour Uninfected and
j 4 Hour VEE Virus Infected Vero Cells,
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akfgure 25. Centroid Analysis of a Vero Cell Volume Profile,
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for this curve was determined to be 24.25 using the Coulter
14 .

unter program of the Hewlett Packard programmable calculator.
7@5&5 means the center of mass of the curve is located at channel
T

.25. Channels are volume ranges which are dependent on the
E

uJ

Coulter Counter sensitivity settings; therefore, channels can

;easily converted into volume. In the example of the Vero

' cell volume profile which is given, channel 24 is the volume )

;; i

4gj .25 is the volume 22L43.88 cubic microns. This is determined

ge extending from 2212 to 2304 cubic microns, and channel

adding 0.25 X 92.16 (the resolution) to 2211.84 (the lower
it of channel 2L).
When centroid analysis is applied to the 0OUC, LUC, and

:d volume profiles, it can be seen in Figure 26 that the LUC

'

ume profile has a centroid of about 2300 cubic microns

.gnnel 25.02), while the LIC volume profile has a centroid
;:gbout 2600 cubic microns (channel 28.47). The difference
ggeen the centroids of the uhinfected and the virus infected
ﬁé?; cell volume profiles is 317.4 cubic microns (3.45 channels).
' Centroid analysis can then be applied to uninfected and

‘fhs infected cell. volume profiles of which data was collected
1L various times post-infection. Table 13 is a presentation

of g centroid analysis of 0-, 4-, 12-, and 2k-hour uninfected and

v‘t
)

rus infected Vero cell volume profiles which are calculated

S
W

rom channels 7 to 30.
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When the centroids are plotted versus time, significant
;élcent;oid differences can be observed. Figure 27 is such a

'ﬁ plot of centroid versus time from O-hour through 24-hour post-
~infection times. 1In this discussion centroids of the unin-
fected Vero cell volume profiles are represented by the letters

EiU cent. (uninfected centroid), and the centroids of the VEE

s
virus infected Vero cell volume profiles are represented by

_ the letters I cent. (infected centroid). The U cent. initially
decreases while the I cent. remains at a higher centfoid

f;lue. At about 9 hours post-infection the U cent. and I
;,‘ﬁ?t' are equal. From 9 to 20 hours the I cent. is smaller
ijﬁhan the U cent., however, this I cent. rapidly surpasses the
cent. after 20 hours.

A possible explanation of Figure 27 is that virus attaches
the cell membrane, penetrates through the cell membrane

to the cell, uncoats, and is read by the cellular ribosomes.
is éauses a 6 hour delay in the normal growth cycle. After
hours many cells begin to degenerate, and the centroid value
omes smaller. Soon after 12 hours of infection, masses of

us are being produced, and they contribute to the large

1 volumes and a higher centroid. The initial increase in
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.Uninfected = O, Infected = X
=)
o
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X0 °

and 2L4-Hour Uninfected and VEE Virus Infected Vero

Centroids of Uninfected and Virus Infected Vero-Cell
Volume Profiles Versus Time (Centroids for 0-, 4-, 12-,
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~ Figure 27,



A confirming experiment was also performed which was
designed to measure uninfected and VEE virus infected Vero
cell volumes at 0, 8, 12, and 16 hours post-infection. This
test was done within a 2h-hour period of time. Application
5f centroid analysis to the confirming experiment, as shown

Table 14 and Figure 28, again result in the I cent. re-

1O

Differences between the two centroid analysis plots are
scribed in the‘following diséussion where plot 1 is used to
esignate the Eentroid analysis of the independent experiments
hén figUre 27 of the 0-, U-, 12-, and 24-hour volure profiles of

| e uninfected and virus infected Vero cell cultures; and

ot 2 is used to designate the centroid analysis in Figure 28
0-, -, 8-, 12-, and 16-hour volume profiles of the uninfected
d virus infected Vero cell cultures. U cent. will again

. 3 an
fer to an uninfected centroid, and I cent. will refer to

107 -
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Channels 7 to 4) Centroid Analysis of 0-, 4-, 8-, 12—, and
16-Hour Uninfected and Virus Infected Vero Cell Volume
Profiles.

Uninfected Infected
Centroid Centroid
Channel Channel

25,94 25,94
24,94 26.33
26,13 20,95
26,60 17.50

26.55 18.25
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~ Figure 28. Centroids of Uninfected and Virus Infected Vero-Cell

i Volume Profiles Versus Time (Centroids for O-, L4-, 8-,
12-, and 16-Hour Uninfected and VEE Virus Infected Vero
Cell Volume Profiles),

28.0

...................................................
............

H
: . ‘ Uninfected = 0, Infected =X

. 25.0

19.0 .
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infected centroid.

The I cent. in plot 1 does not increase in the first 255

. nours as does the I cent. in plot .2. In plot 1 the U cent.

B

iﬁhile the U cent. and the I cent. in plot 2 are equal at 5

ours post-infection. It may also be acknowledged that the
cent. of plot 1 covers a range of only 2 channels, while

 the I cent. of plot 2 covers a range of 10 channels. Though

ange of centroid channels between these two plots must be

one cautiously; since plot 1 centroids are calculated from

annels 7 to L40.

omputer Simulation of Uninfected and VEE Virus Infected Vero

11 Growth and Division

Concurrent to the implementation of centroid analysis in
is investigation, a computer'model was developed to simulate
rowing and dividing cell populations (31). The difficulty
nd expense associated with the cell cultures themselves con-
ibuted impetus to the cell model development. Time expended
Or growing and harvesting procedures may require several days
r each experiment. For the computer cell model, experimen-.

tation which is impractical to perform because of cost or time

be quickly and easily simulated and thus explored. Also,
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J"I
the often inapparent correlation between such experimental

&
s

»Fﬁata as shown previously in Figure 23 leads to difficulty in
tidetermining the cell cycle dynamics. The development of a
Ty

48

working model requires the gathering and organization of a

iﬂ%onsiderable amount of cell cycle information. During this

ocess facts are revealed that may have otherwise escaped
Iﬁ!ﬁtention, and a greater factual understanding of cell volume
‘?;ianges that occur during the cell cycle can be realized.
i%bmputer modeling is rapid, reproducible, and makes more
pects of the cell ‘cycle dynamics problem accessible during
given time,

ot

‘Several simulations were performed as tests of the com-

’,tﬁtEr cell model operations. In all tests 2000 cells were

%

‘finitially entered at the half-volume channel 18 (about 1600
rowth rate of one channel per hour (92.16 cubic micrqns).
e

e growth rate and the half-volume channel were experimentally

‘wg, then Coulter Counter volume measurements were taken at

‘ ﬂg, and 10 hours. The rate of cell growth can be determined
ffhe centroid change versus time as shown in Table 15.

In Figure 29 cell population Vversus volume in channels

blottéd for 4, 8, 12, 16, and 20 hours as the first test



~ Table 15.
b Infected Vero Cells.

112

Rate of Growth Determination of Uninfected and Virus

/

Nstituting in Rate Formula for Slope:

1.78 - (-0.50) = 1.11
22,82 - 20.77

~ Slope =

fected Cells:

Slope = Y2 - Y1 = 08¢C_ ac AC=Change in Centroid
- 5 s At=Change in Time
2= % AFz a4t A V=Change in Mean Volume
W, -7,
infected Cells:
-‘l'ime (Hours) Centroid Aac at ac v
(Channels) At
22,28
-3.02 6 -0.50 20.77
19.36
7.12 4 1.78 22.82
26.38

1 used in Cell Simulations

-1,35 - 0.1 = 0.58
23,64 - 26.14

(Hours) Centroid OC At OC v
(Channels) At
25.94
’ 0.30 4 0.10 26.14
ik -5.38 4 -1.35 23.64
20.95

0.6 used in Cell Simulations
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‘Computer Cell Model Test with'ZOOO Cells in Channel 18.

0.0
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~of the cell model simulation. Figure 29 is presented in two |

j;separate plots for ease in viewing. The initial 2000 cells
~ in channel 18 are not shown, due to the need to use a narrow
iiscaling factor. 1In each successive volume profile cells have
(;@Dved into higher channels and have occupied‘a large number

_ﬁbhannels. At 16 hours the cells have begun to divide at channel

20 hours most of the cells have divided and are located at
Eﬂme lower channels near channel 20.

A cell simulation is also carried out where cell popula-
tions are at 10, 20, 30, 40, and 50 hours of growth as shown
‘in Figure 30. Cells are captured in every phase of growth.

‘ ﬁhen the same simulation is repeated in Figure 31 using 18,
‘”fﬁ,’Sh, 72, and 90 hours of growth (18 hours is an accepted

| neration time for the Vero cell line being simulated), cells
re captured in similar stages‘of growth just after division.
ifhis assures the acceptability of the experimentally determined
ell growth rate.

A comparison between the experimental Coulter Counter

5;lume profiles of uninfected Vero cells and a simulation based

a 0-hour experimental volume profile was then attempted.

e simulated volume profiles, however, tend to be gHoothee

d this results in difficulty in comparing the experimental
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- Figure 31. Computer Cell Model Test with 2000 Cells in Chanmel 18-

) at 18-Hour Intervals.
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d the simulated volume profiles. This comparison was made

'manageablelby the development of a smoothing computer program
(Appendix Table IV) which smoothes the experimental Coulter
éounter data as demonstrated in Figure 32. 1In this.example
seven point smoothed curve has been calculated. Seven point
méothing denotes that seven points have been considered for
hé‘placement of every smoothed point. Table 16 is an example

of a list of the experimental and of the smoothed data.

mental volume profile as shown in Figure 33. The "O" plotted
points indicate the initial O-hour experimental data. 1In this
simulation cell populations are shown at 4, 8, 12, and 16
Hhours of growth and division. The initial parameters entered

into the computer cell model are given at the left of the

Comparisons may then be made, for example, between the
4-hour smoothed experimental volume profile and the 4 ~hour

computer simulated volume profile. An example of such a

Computer simulation of the virus infected cell cycle
Mmamics is also accomplished. The rate of infected Vero
11 volume change occurring in the infected cell cycle can

experimentally determined from centroid changes in the

.‘f.irils infected Vero cells. The calcula,_tion of the rate

Simulations can then be carried out using a C-hour experi-

188
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Example of 7 Point Smoothing of an Uninfected Vero Cell
Volume Profile.

Experimental Data = X, Smoothed Data = S

.

.
o ~
L

o e ae e =

1843.2 2304.0 2764.8
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Wie . 16. Example of Smoothed Data List of an Uninfected Vero
Cell Volume Profile.

ZXP4 9.1

ATTZNJATION

= 4
APPERTIRE= 256

SHANNZL OLD DATA SMOOTHED
7 2196 2647
3 3323 1724
J 2204 1437

10 2319 1336
11 -1126 1626
Iy 645 1254
13 5173 1612
14 3112 1413
15 6135 1611
lo 3673 13354
17 1202 1975
13 IVl 1675
15 2605 1305
23 1750 . llaé
21 730 1300
22 1733 2064
23 -J11 1577
24 2134 1617
25 5777 1654
26 1313 15179
27 133 1734
25 1332 1666
29 712 1091
33 13293 1343
31 1307 1233
32 1230 1001
33" 1000 1d03
B 34 1575 031
e 'E -78 736
36 765 703
37 177 664
33 . 123 497

55 6510 631
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"f‘i'gure 34, Experimental Smoothed and Computer Simulated 4-Hour
- Uninfected Vero Cell Volume Profiles,
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ngf growth for infected Vero cells measured at 0, 4, and 8 hours
%;post-infection is shown in Table 15. From these calculations

- it may be seen that the uninfected cells have a growth rate

fmay.account for the lower growth réte calculated for the virus
?infected cells in this table and for the lower centroid values
- discussed previously in the centroid analysis section of this
jﬂwaper. Figure 35 is an example of the computer simulation

of the virus infected cells. Once again, the initial para-

h'reters entered into the computer are given on the left of the

An example is given in Figure 36 of an experimental
.;foothed volume profile and computer simulated volume profile
!‘i¥r a Vero cell at U4 hours post-infection. There is less l
;orrelation between these two virus infected volume profiles
han existed between the experimental and simulated volume
 §0file of uninfected Vero cells. Possible extreme rate
1?_riations which virus infected cells undergo, but which are
1;“t incorporated into the cell model, cause this less precise
-:KUS infected cell growth and division simulation.

Further computer cell model simulations which were made
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».F:Lgure 36. Experimental Smoothed and Computer Simulated 4-Hour VEE
Virus Infected Vero Cell Volume Profiles.-
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 in this paper.

Coulter Counter Measurement of Tnactivated VEE Virus Treated

Vero Cell Cultures

For the successful clinical application of a rapid virus

i% detection system using the Coulter Counter, more evidence of

- virus presence is needed than only cellular volume differences
_f‘when the virus infected cell volumes are compared to uninfected
f?'cell volumes. The treatment of some of the virus infected

cells with virus-specific antiserum as described in the materials
{)and.methods section will allow for the clinical application

;ﬁ of the rapid virus detection systen.

Coulter Counter volume measurements can be taken of L-

hour uninfected Vero cells, of 4-hour VEE virus infected Vero

Figure 37 is a plot of the volume profiles of L-hour

ihfected, L-hour VEE plus antiserum treated, and L-hour VEE

rus infected Vero cells. Centroid analysis is once agaln
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used to determine the center of mass of each volume profile

- and to better display the differences between volume profiles.
This centroid analysis calculated the centroids from channels
;77 to hO.‘ The.centroid of the uninfected Vero cell volume pfo-
' file is located at-channel 25.85, the centroid of the VEE

-

“Q'pius antiserum treated Vero cell volume profile is located

 the antiserum neutralizes the VEE virus and maintains these

}?ééll volumes near the uninfected cell volumes. The VEE virus

~ antiserum treated Vero cells.

Coulter Counter Measurement of Con A Agglutination of Unin-

fected and VEE Virus Infected Aedes Albopictus Cell Cultures

. A . ed
. Previous Coulter Counter investigations were periiouel

“this laboratory in which measurements were taken of unin-

Bis 5nd VEE virus: infected Aal cell cultures (74). Even

it
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};vthough Aal cell cultures d2monstrate no CPE when infected with
T4 1

:‘ VEE virus, it was hypothesized that expected volume differences
b could be detected between the uninfected and the virus‘infected

- Aal cell cultures usiug the Coulter Counter. Volume differ—

- ences indeed may exist between the uninfected and the virus

v}linfected Aal cell cultures, however, these differences are
FE
detected in Vero cell cultures infected with VEE virus.

If volume differences in mosguito cells do not sépis-
- factorily demonstrate application to a rapid virus detection
jiﬁ:&stem because of nonreproducibility, then other physical
- changes in the infected mosguito cell must be sought out and

. advantageously used. One such property of virus infected cell
-

_; cultures is their agglutinability when treated with the plant
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"~ passages removed from the Aal cells used in this investigation;
~and the cell size was expected to differ.
The optical micrometer measurement detected that the Aal
cells range f?om 70.32 to 730.35 cubiéimicrons (5.2 to 11.35
Zf microns in diameter). Figuré 38 is a presentation of the
statistics and histogram of the optical.micrometer measurements.
Once the relative size of the Aal cells was determined,
acceptable Coulter Counter sensitivity settings could be
chosen. An attenuation of 0.354. and an aperture of 512 will
~ measure particles with a range of from 33 to 1625 cubic microns
and allow a resolution or channel width of 16.32 cubic microns.
. These parameters are acceptable for the Coulter Counter measure-
‘€ ment of Aal cells in accordance with the optical micrometer

data. These sensitivity settings also give an interference

;herror of under 0.12 percent according to Table 9. An example

- of a Coulter Counter volume profile of Aal cell cultures is
given in Figure 39. Measureménts are taken from threshold 6
to threshold 40.

Table 17 is a list of the percentage relative frequency

- and cumulative percentage relative frequency of Aal cells found
?l;t the specified volume ranges. From this table it may be
served that the optical micrometer measurement results in

ve populations of Aal cells located in channels T, 8, 10,

13, and 15. The largest percentage of Aal cells is found at
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~ Figure 38, Statistics, Histogram, and "Cell Statistics of Aal Cells
. Measured with the Optical Micrometer.
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Figure 39, Uninfected Aal Cell Volume Profile.
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Table 17. Percent and Cumulative Percent of Aal Cells Measured with
the Optical Micrometer and the Coulter Counter,

A Volume OPTICAL MICROMETER COULTER COUNTER
- . (cubic microns) Percent Cumulative Percent Cumulative . .. .
i . Percent . B . AR % | L 'Percent _____
~ 106.08 0,00 0.00 4,82 4.82
122,40 17.68 - 17.68 4,18 9,00
iss. 72 29.83 47.51 5.98 . 14,98
155,04 0.00 47,51 8459 23, 57
. 171.36 8.29 55.80 4,53 28,10
~ 187.68 0.00 55.80 8.36 36.36
204,00 0.00 55.80 9,29 45,65
220, 32 13.26 69.06 7.84 53.49
. 236,64 0,00 69.06 6.14 59.63
252,96 8.86 77.92 7.58 67.21
269,28 0.00 77.92 3.20 70.41
~ 285.60 0.00 77.92 5,51 75.92
~ 301.92 6.63 84.55 5.15 81.07
I 318.24 0.00 84.55 3.21 84,28
334,56 0.00 84,55 4,42 88.70
350,88 0.00 84.55 1.65 90. 35
- 367.20 6.63 91.18 2,57 92,92
~ 383.52 0.00 91.18 1.61 94,53
399,84 0.00 91,18 1.04 95,57
 416.16 6.63 97,81 0.81 96.38
432,48 0.00 97.81 1.14 97,52
448,80 0.00 97.81 0.32 97.84
465,12 0.00 97.81 0.66 98.50
. 481,44 0,00 97.81 0.57 99.07
497,76 0.00 97.81 0.20 99.27
514,08 0.55 98.36 0.22 99.49
 530.40 0.00 98,36 0.20 99,69
546,76 0.00 98.36 0.09 99,78
% 0.00 98.36 0.07 99.85
1.66 100.20 0.03 99.88
0.00 100.20 0.04 99,92
0.00 100.20 0.03 99.95
0.00 100.20 0.02 99.97*
0.00 100.20* 0.02 99,99
- *Error Due To Rounding




13k

a mean volume of 138.72 cubic microns (channel 8). The Coulter
Counter measurement shows large Aal cell populations in channels
9, 11, and 12 and has measured more of a unifarm distribution

- of the population. The largest population of Aal cells is
located at a mean volume of 204.00 cubic microns (channel 12)
in this Coulter Counter measurement.

Figure 40 is a comparison of a single optical micrometer
measurement of 200 Aal cells with the Coulter Counter measure-
ment of 47,000 Aal cells. This is a plot of the cumulative
percentage relative frequency of Aal cells. Using the format
of comparing the volume at which the cumulative percentage
equals 50 percent, it can be observed that the optical micro-
meter cumulative percentage reaches 50 percent at a volume
of 167.67 cubic microns. The Coulter Counter cumulative
percentage reaches 50 percent at a volume of 212.16 cubic

- microns. The optical micrometer measurement found more of

the smaller Aal cells.
Coulter Counter measurements were then taken of uninfected

and VEE virus infected Aal cell cultures to which increasing

~ concentrations of con A were added. Centroid analysis 1s

~ done for each volume profile as presented in Table 18, and

L;an interpolation plot is made of the centroid versus con A

At 15 mg. of concanavalin A the L-hour uninfected
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- Table 18, Centroid Analysis of Concanavalin A Agglutinated Aedes
] albopictus Cell Volume Profiles.

14,21

*QVCon A Concentration Uninfected Infected
' (mg.) Centroid Centroid
Channel ‘Channel
14,80 14.90
15,58
14,92
15.89
14,78
15,43
14.39
14,40
14.59
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£ hal céll volume profile is located at channel 14.85, while
the centroid of the L4-hour infected Aal cell volume profile
is located at channel 15.87. This is a difference of 1.02
channels (17.00 cubic microns). The centroid of the infected
cell volume profile then decreases at a more rapid rate than
does the centroid of the uninfected cell volume profile. With
as little as 5 mg. of con A, the Aal cell infected with

VEE virus are displaying lérger centroids which is a sign of
agglutination. Further analysis of the differences between
{i the uninfected and the virus infected Aal cell cultures was
attempted by observing single channel shifts which may be

caused by agglutination. These analyses showed no immediate

success.



CONCLUSIONS

Optical micrometer measurements were taken of 200 6 to 1k
micron diameter latex particles and were found to extend,
from 89.8 to 1797.0 cubic microns and have a mean volume of
363.4 cubic microns.

When Coulter Counter measurements were taken of about 45,000
6 to 14 micron diameéeter latex particles using both Vero

cell and Aal cell sensitivity settings, the latex was found
to extend from 92 to 9227 cubic microns.

When histograms and volume profiles were prepared-of the

ptical micrometer and ol ihe Coulter Counter measurements

]

of 6 to 14 micron diameter latex particles and a comparison
was made between the two measurement techniques, the results
demonstrated that the Coulter Counter using the Aal cell
sensitivity settings compared more closely with the optical
micrometer measurements because of the fine resolution.
Coulter Counter measurements taken of 2.02 micron diameter
latex particles were found to display a distribution of
particle populations from 2 to 9.7 cubic microns in volume.
Control measurements taken of the Coulter Counter inter-
ference counts were found to be in less than 0.3 percent

error for the sensitivity settings used in this investigation.

When five optical micrometer measurements were done of 1000

139
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Vero cells, it was determined that the Vero cells extend
from 270 to 12,000 cubic microns in volume and that 81
percent of the population was from 500 to L4000 cubic microns.
Efficient Coulter Counter sensitivity settings chosen for
the Vero cell volume measurements were an attenuation of

4 and an aperture of 256.

Five Coulter Counter measurements of volume taken of about
100,000 Vero cells showed that the cells extend from 645
to 359k cubic microns.

Histograms and volume profiles were done of the Vero cell
volume measurements using the optical micrometer and the

Coulter Counter, and comparisons were made between these

two measurement techniques. The results demonstrated that

the Coulter Counter measurements of the Vero cells compared
closely to the optical micrometer measurements of the Vero
cells,

Coulter Counter measurements were taken of uninfected and
VEE virus infected Vero cells at various times post-infection
and volume profiles were compared with much difficulty.
Centroid analysis was applied to the uninfected and the

virus infected cell volume profiles, and it was demonstrated
that virus infected Vero cells display significantly dif-
ferent centroids at various times post-infection than the

uninfected Vero cells over that same time period.
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A computer cell model was developed to simulate growing

and dividing uninfected and VEE virus infected Vero cells.
When a smoothing function was used to compare computer simu-
lated cell growth and division with the experimental volume
profiles, the uninfected cell simulations correlated more
closely with the experimental smoothed data than did the
infected cell simulation.

A clinical application of the Coulter Counter rapid virus
detection system was studied using antiserum from VEE virus
immune horses. The centroid of the virus infected Vero
cell profile was significantly smaller than the centroid
of the uninfected and the VEE virus plus antiserum treated
Vero cell volume profiles.

Optical micrometer measurements taken of 200 Aal cells
showed that the cells range from 70 to 730 cubic microns
in voluﬁe and have ; mean volume of 206 cubic microns.
Efficient Coulter Counter sensitivity settings chosen for
the Aal cell volume measurements were an attenuation of
0.356 and an aperture of 512,

Coulter Counter measurements of about 45,000 Aal cells

resulted in measurements which extend from 106 to 645 cubic

microns in volume.
Histograms and volume profiles of the Aal cell volume measure-

ments using the optical micrometer and the Coulter Counter
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and comparisons were made between the two measurement methods
w%th the results being that the optical micrometer measure-
ment was shown to have found smaller Aal cells.

Successive Couwlter Counter measurements were taken of unin-
fected and VEE virus infected Aal cells after increasing
concentrations of con A were added.

Centroid analysis was applied to the con A agglutination
volume profiles of the uninfectéd and the virus infected

Aal cells and significant differences were observed between
the uninfected and the virus infected Aal cells.

Further application of the Coulter Counter virus detection sys-
tem may demonstrate the reproducibility of centroid anaiysis or
document a more efficient statistical data analysis system
which has been previously overlooked. This virus detection system
can be extended for use in detecting cellular volume changes in
other virus infections such as the slow degernative virus
diseases of scrapies and kuru. The serum neutralization test
presented in this investigation to detect virus presence may

be extended to detect virus in test animals, and patiehts sus-

pected of being infected with a specific virus which is later

confirmed by traditional methods. Further rate of volume change;

a virus infected cell undergoes must be incorporated into the

computer cell model. Finally, the use of concanavalin A can be

extended to show higher agglutination in other cell lines with

other viruses to be measured with the Coulter Counter.
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APPENDIX




Table I.
Program, -

1C FEFPat¥; INIT, KEYOC

eC LIr CSL200,9),AI(50),P3(32)
30 CISF SFAL" - DAY (LD CELLS "}
aC 10T ©

SC leFrIcC)

€ F=0

7C C1ZF ° FPESS FEY #1 (P e2°
ER E*D
30 CEF FALCY)

ILC I} Y00.25 THED 120
W FETURY )

10 IF yoN.S THEM 140
130 PETYer 2

1aC I} -yel THER. 1CO
150 =~FrTypy 3

lel IF re2 TYER 160
A7C RETURN &

120 IF 703 THE! 200
190 =eToupt S

cll I} yea TIEP 220
el FETUy ¢

220 !F eI THEM 240
230 "ETUOL 7

<4l 1} 70¢ THEN 200
€St FETURNL &

€tC 1} va7 TVEr 2&C
LRARS 5 SFLY W

BBl 20T ¥
3l sCTC 100

{ FEYAFFL DATA IMIT, KEYel

- SIIF T LATA IMIT FPCGFESSINGT
C «AIT 10LCO

T raT CsCCP

SL FAT Cet(999)°C

el CISF ~ FFESS VPEY €27

BIGAIE 1l

F ¥a%vi LaTA L(AD, VEYe2

Cl€T™ SEAS"I (AL DATA-FILE @ ---
ItruT 3

IF Fi-1rTFL THER ¢

I$ 11 »>e |S AILD FI <= 19 TPEN EO

O~ o

R L

<

51 39
L(4D  DATA $1,C

4 L17P °  precs wvhy 03, 5, (P ¢6°
C1C Erg v

DA
co

b

L FEMARK: DATA EFT1PY, KEYR3
€0 IF Cl1,11=9%9 THEN €0

12727 oy

SL IF PC3C(PY, 0 C”) THEN 110

SO rC= gs) TC 2CC

72 LISF 57A4"PAW CELL DIAMETE®J:
ILFUT CClu,1) :

IF Cty,11.%99 THEN 110
C rEYT j

€50 CISF ° FE-EITERP: IPVALID CELL-AGE.

CITF ° reer=, FE-ENLTEPs FILFe ="FI,

3L DISF ° [ATA ALPFACY EPTEPED. CONTIMUE®S

1o
120

1hy

)

Optical Micrometer Histogram and Statistics Computer

DISP ~ FPESS KEY #4, #S, (P 0¢°
END

10 PEMAPKL DATA ST(PE, KFY#4Q
20 DISP SPAS'STC(RE DATA-FILE # -=- °3

3c
40
S0

¢l DISP

INPUT FO

1F FO-INTFO THEN 6C .

IF $0 »= 15 AND FO0 <= |9 THEN 60
EFRCP, PE-ENTE®: FILES® ="FO0,

70 GCTC 30
80 STCRE DATA FO,C

90 DISP

(XY

DATA-STCPAGE DCME”
END

FEMATHL LATA LIST, KEYSS

20 JC=|
306 FRIMT LINI,WPYTEI2

a0
S0
e
70
€0

WAIT 1000

Fapel

FRIMU “FAGE"F3;D"- CLD CELLS DATA"

PPINT LIN2°PAW CELL DIAMETER"SPAT"CELL"
FEINT "“DIAMETEP (¥ICPRCNS) VCLUYMETLINI

%0 PCP J=J0 TC 200

160
1o
120
132
140
15C
1L
170
160
190
200

10
20
30
40
st
(11
k"
(1
%G
100
e
12¢
130
140
150
le@
170
180
190
200
210
220
236
240
250
260
270
ce0
290

1F C(J,13=59% TFEN 190
M=l .£62197393°C(J, 1]
Ye(.523596877¢ V"3

WdPITE (15,176)CCJ,1),M,¥
1F J/S0-INT(J/50) THEN 160
JC=Jel

GCTC J0

FCPMAT F6.2,2F14.2

NE¥T J

DISP ° LIST DCNE®

ELD

FEMAPK: BASIC STAT, FEYse
IF CC1,130999 THER Si .
DISF SFAB NC ENTEFED DATA.
GLTC SEO
DISF SPALO"THE CHFSET “}
INFUT 2
DISP SFAIO0"CELL VIDTH 3
INFUT C
a=5C

MAT AZER

Fl=3E+%9
gf-s;:sa-sa-na-na-ns-Tl-z9-v9-o
FC7 t =1 TC 200

IF C(N,11=99% THEN 370
vel.36123816B8°CIN,1370

1+ ¥>PiI TFEMN 190

Pley

IF Xx<P2 THEN 210

p2=y

Si=SleX

Ys¥®*Y

S2uS2+Y

Yayex

§3=53°Y

Y=Y*X

SQq=S4*Y o

- =C)/Cel .

Trlszf(;vsr 350



Jouu
310
320
330
340
3s5¢
3¢0
370
380
390
4GC
410
420
430
440
4s0
460
470
460
490
$00
S10
S20
S3c
5S40
S50
Sel
S70
se&o

10
20
30
40
S0
60
70
80
90
100
110
120
130
140
150
1€0
176
18C
190
20e
210
.22t
23¢
240
2s0
2€C
270
286
250
3ce

R ‘310

320
330
340
3¢

IF Y>2 TFEM 360

Alv)I=AlY)+]

GCTC- 3¢0

R3=RJ3+1

GCTC 3¢0

F4=R4+]

NEXT N

N=N-1

P=F+1

PRINT LINI1,WBYTEI2

%AIT 1000

PRKNT “FAGE"F;D”- DAY CLD CELLS
rF=S1/N

S=SQR ((S2-M*M®N) /(N-1))
M3=S3/N-3*MeS2/N+2°M73
Ma=S4/N-4°F*S3/Ne0® (M T2)%S2/N
rMa=N4-3°F"4

FRINT °N =N

WRITE (15,450) NMEAN ="M"STD. DEV ="S"SKEWNESS ="M3/S°"3"KURTCSIS

FCFMAT Fll.4,/7,F114,/,Fl11.4,/,F11.4
IF T1=0 TFEN 52C
PRINT

STATISTICS LIM2

="V4/S"a

“MIN,MAY,PaNGE MPAY BE INCCPPECT"

WEITE (15,450) ¥ IN ="Rl“¥FAY ="F2°PANGE ="P2-Rl

IF P3=0 TFEKN S50
FRINT “NC. TCC SMALL ="F3

1F P4=0 TEEN 570

PRIMT "NC. TCC LARGE ="PR4
DISF ° FRESS KEY #7 (R ¢6°
END
RENMARK: K ISTCGRAM, KEY# 7
FCE ¥=] TC S?
IFRS>ATK) THEN"S0
FS=A(K]
NEXT K
V=2 ,S*RS /N

U=(N®*C/(2.50€€*S))*(40/FS)
VRITE (15,59C) EACK ¥="W~ PEESCENT"
FCPMAT /,2F5.2

PRINT LINI ::ﬁ
Y=FNC(1) 360
FCR K=l TC B+l 5
Y=C+(K-1.5)"C T
WRITE (15,156)Y° .73 il
FCEMAT 2F12.4 o0
T=INTCU®EXF(-((Y=F)/S+"2/2)40.5) o0
FRINT TABT *"; o
FRINT : 250
IF K=B+l. THEN 470 et
Y=Y+0.5°C P
FRINT TARI3"™."; e
T=INT(U®EYF(-((Y-F)/S)"2/2)+C0.5)
P=INVC (100 ACKI/N) /W)

IF T <= ® TEEN 3¢C .
1}"2=0 THEM 250 5t
FCE J=1 TC R 30
PRINT “x°; 20
NEYT J 0
IF T=0 TEEM 330 zn
FCP J=F TC"T-2+(R00) =
PRINT = "3

NEYT J ec
FRINT ~*7; 930
FRINT !

GCTC 4¢€0

IF T=0 TEEN 400

FCP J=1 TC T-(T=R)®P*(F=()
FRINT “X°;

MEXT J

PRINT “#*°;

IF T=P TEEN 450

FCR J=1 TC R-T-1

PRINT “X°;

NEXT J
PRINT

NEXT K
DISF °
END

FFESS KEY #8°

KEYe
LCWEP LIMITT; i
CF CES 3PELATIVE FFEQ

PEFARK: CELL STAT,
FRINT LINITCELLS
FRINT TABIE™ NC.
Y=FNCC)

B k=l TC B
ZE,TE (15,70)K,C+(K=1.5)°C,AL¥],10C*ALKI/N

FCLRMAT FS.0,F12.4,F11.C,F17.5

NEXT K .
pi1SF ° EMC CELL STATISTICS

END
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S0

1cc
e
120
13¢C
140

1C
20
3
at
SC
e
70
€0
90
160
110
120
130
140
15C
1€0
170
1€0
19C
2ce
210
220
30
240
€S0
eeo
270
Q&0
260
360
10
320
336
340
3s0
3ec
37¢C
3e0
350
alC
410
azi
420
44t
4se
40
470

Table II. Coulter Counter Computer

QEN; IMIT
TIM DSI1C2,2),05096,¢3,53056,¢)
DIM J1Ced,FICe),FeCe),GoC11E?,29(01(3),D8(1C2)
DIF ESCE),FICEC)
DISF ° TCIAY'S DATE: M(ATR/CAY/YEAR "3
INFUT *0,07,Vv)
C9=100
D5eD9 -1
FERIM D(DS,2)
FAT C=?€C
¥AT Ce2E®
REVIED
CISP “FEMC\E C.C. TAFE FE(}M TRANSFCRT."
END .

PEFM1 EATFY

.DISP SPA7 EX¥FESINMENT PMUNMEER 3

INPUT DC(BS,1)
DISF ° ATTEANLATICAN,AFETTURE SETTING °;
INFUT DICE,1),CCD6,2)
FEM: EOP(E CFECK
FESTCFE
FCP J=0 TC 9
PEAD DI

1F D(DE,1JeDl THEM lag

GCTC 1&C

DATA (.125,(.177,0.25,0.354

DATA (.5,0.7C7,1,2,4,8

NEXT o .
CISF Diiisi) ESRFA: FE-cLTEZ ATTEN.SFAS,
INFUT DCZE, 12

GCTC 7C

FCR J=0 TC §

IF DI{CE&,2)#2°J TEEN 216

GCTC 250

NEXT J .
DISF C(DE,2) ERRCE: PE-ENTER AFERTUFE.
INFUT D(LE,2)

GCTC 1€0

T2=K=0

MAT C=2ER

N=N+1]

IF N<D6 TKEN 310 .
DISF ° oee0000 TATA LIMIT ea00008¢
GCTC 550 .

DISR ° TFPESKCLC#™T2+1° 3 CCURNTS
INFUT T,EC1),E(2?,E(3)

PEM: CFECK CATA

IF T-INTT (2 T<) CP T>10€ TEEN 360

IF T>T2 THEX 41C
DISF T CHAaNMEL NCT
WAIT 10626

GCTC 31¢

DISF T INVALID TFPESHCLD®

GCLTC"37¢C

FCP Js=1 TC 3

1F ECJ)-INTECJ) THER 440 ) .
IF ECJ) >= G ebD B3 <= 59375 THEP aes
CISF ECLJ)I IILALIC CCUMT S

5CTC 37C

Cer,J1=E(J)

NEYT J

-"T2+1

Program.
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AsC CCA,1 )T

&SC DIN,ZYsINTICECLI]¢E(21+E131)/3+C0.5)

SCC Ve EC011-00K,2))720E021-00N,2))72(ECII-CIN,2072
516 CCN,S2= 10 C°S3FV/DIN,2)

$2C T2=T

330 C(TS,2)=K

€3l GCTC 27¢C

5SC END

17 ®EM: CCEESCT

2C CISF ° CCST3CT TKPES. NC. TC 3-CCUNTS ~»
3C IRFUT T,EC13,502),5(3)

4C SEM: EEE(T CKFECK

SG FCE I=1 TC C(L9,2)

el IF T=D(K,1) TEEA 11C

T AEXT 1

€0 LISE T THSESECLD NCT FCUNT.®

S0 WAIT 160CO

16 GCTC 20

11 FCR J=1 TC 3

120 IF ECJI-INTECJ) THEN 1Al

13C IF £(J) »>= € AND ECJ) <= 65599 THEN 1¢0
140 CIST EC(JY INVALID CCURT"J

15C .GCAC 90

1€ NEXYT J

170 BEF: SAVE CCTFECT

18C DCI1,2)=INTCCECII+EC2)+E(3))/3¢(.5)

190 CC1,13=E71)

200 C(1,2)=E(2)

210 C(1,31=E(3) -
226 Ve (E(1)-CC1,27) 2+(E(21-D01,2))72+(E(31-D(1,21)72
236 CC1,4)~100°S€R\V/DC1,2)

Zal GLTC 20

250 EXC

16 PEr: LIST

2C DISF SFAT°DATA LIST HEADING 3
3¢ INFUT P

aC PEF: CALC

SC FC® I=1 TC DCDS,2)-1

€6 CC1,53=DC1,2)-D(1+1,2)

70 KEXT 1
PEF: V2I1TE FILE

G&="CATA LIST"
JEFrJO .

CUTEUT (15,12C) EYPs ~DIDS,1)
FCAvaQT FICCC .2,/ .
FEINT “ATTEPUATICN SETTIMG = DtD&.!J .
SEIMT “AFFERTURE SITTIMG s"DrCe,23;LIN]
L=¢g

1C=]
FC® k=1 TC 3
As(

FC: 1=1C TC C(D%,2)

GCS”E K (F 4Cl,4e€(,503
Ashe) ’

IF DCI,1)«10CC1+1,1) TFER 250
F A/e-INT(A/E)=( THE! 25C
NEYT

FRILT

$21T 200

AEYT K
C Fa10T
IF 1 »= D(CY,2) THEN S2C



300
310
320
330
340
350
3¢0
370
360
390
400
410
420
430
440
aso
460
470
480
490
500
S10
S20

10
20
30
a0
S0

10
20
30
a0
S0
60
70

1F JCJI=999 THEN

10=1¢1

IF J TEEN 170

L=L+4

IF L<Se THEN 170

J=FAJI

FRINT

L=4

GOTC 17¢C

FEM: VWFITE IST LINE

FCRMAT 2F7.0

WRITE (15,390)DC(1,1),C(2,11;
‘IF DCI1,1)+10eDC1+1,1) THEN 430
WRITE (15,39C)C(1,51;

FETUSNK

FEM: WFITE 2AND LINE

FCRVMAT 7X,2F7.0

\VRITE (15,450)C(1,2),D(1,2)3
PETURN

FEM: WRITE 3RC LINE

FORMAT 77,F7.0,F¢el, %"
VRITE (15,450)CC1,33,C(1,4)3
FETURN

END

REM: DATA STCRE

DISP STCRE DATA CN WFICH FILE #
INPUT J

STCRE T[ATA J,D

END

REM: FLCT

DISF SFA7°DATA FLCT LEADING 3
INPUT ks

FCR J=1 TC ¢
DISP SFA4"FILEe CF DATA SET"J;
INFUT J(J)
110
DISP J(JI FILE, PCINT-SYMECL ";
INFUT F8(J,J1

NEXT J

K=g.1

Cl=C2=(3=]

DISP ° ZERC NEGATIVE CCUNTS CFTICN
INPUT Gs

IF PCS(GY, NC™) THEN 170

c1=0

DISP ° NC®MALIZE CCUNTS TC %3 CPTICN
INPUT G

IF FCS(GY, NC™) THEN 210

C2=¢

Gs="0"

DISP ° SPECIFY CFANNEL RANGG CFTICN
INPUT G3(2)

IF FCS(GS,"AC”) TEHEN 290

03=0

¥1=UAL(GS)
¥2=UAL(G(FCS(G3,", " )+1))

REM: DATA LCAD & CALC

MAT C=2ER

YAT G=ZE?

Y0=YE=GE+9S

X9=Y9=-¥0

FCR J=1 TC N

LCAD DATA J(J),D

.
’

S~ ngn
[ N a
Rk EaR S AR

~ e~
o
~

o«

s~
T
S e

(124
70
710
72C
73¢C
T4l
%8
7cC
7760
a3

-,
Tl

(4
X
cel
(321
eal
(324
ee b
e76G
(231
£yl
9Ll
91l
el
930
Yal
956G
e 0
$70
$el
570

1060 CUTPUT

; FEM3

1F J»1 TEER
TI=CLICE,I]

Te=2(C0%,2)

IF GfLE,1 12T
UISF “FILETJrJI"AFF.
STCF
FEMS
Fe0

F(P 1=] TC DID9,21

iF CCl,1)+10DCI%1,3) THEN 580
Kirrel

3E0

AMD D(DKE,2)eT2 THMEN 420
(F ATT. NCT SCMF."

DATA TPAM3FERP & CALC

¥-MIN.VAY
Y*CL(Y,J)=DC1,1})
I+ ¥ >= ¥YG THEN 500
rCey
iF Y <= Y9 TFEN 530
Yyey
PEMS YeFIN,MEY
YotV ,J)=C(1,2)-D(1*1,2)
IF v >« V0 TFEK 5¢0
Yo=Y
1F Y <= YY THPEN 580
VG ey
tevT 1
TILE,J 1K
Ef.11e0(09,1)
teyrT J
FEM: C(FTICEPS
(032 e
S0I.® ROCT C) CP 1E20
ce-up pCT C2 LF 1720
TEM: ZOALILG
IF YOsYY TFEN €70
TeFPE(YY-Y0)
1} S<S TFEP 72C
Se!hLT(5+0.995)°10 (P0-2)
oCTe 13¢C
€Cx1rT(2?(5-0,05)1)/72°10°(P0-2)
Alsyy-100.5°S
A9sYL+0.5°S
ti=t
IF Anled AMT A9>0 THEMN 900
SR EINY
FL21es
Trl1e2
PP Cl1=sl TC 3
(2 Phef T
L-lt!(}DF(E.g'(AlOAQ))'IO’DIIP(ROJOD.S)
JCereF(=61°10 C(RO0-DI)
I+ 15>p1 APD 10<A% THEM 900
LEYT FC
LEYT LI
c1es
<T(F
“F+: MEADINGS
Sye"CATA FLLVT
JeERJO
“ebh (0
p(2 11 TC N
1F (2 THEL 570
CUTFUT (l5.9LO)G!D8:!3!
rovsT "< ,$1000.0,° > .
[gTEL} (15,9€0)"EXFA"ECIIT =
}CerAT 2r10006.2

st THEM 1010 |
T (15,9800°, "3

GI'AFH SKIFPED: NCT SCALEABLE®

“PyCl,1)8

148
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1010 PEYT 1

1020 FCFMAT /,/4F15.1,5F260.1

1030 WPITE (15,1020)10,20°S+10,40°S+10,60°S+16,60°5+1C,1CC*S+10
1040 FEtt GFAFH INIT
1050 As0.GS*TI®*T2
U FCF Kel TC €1 STEP 20
107C BS(KIe"

1060 DI(KI®"™ ¢ o = = = = = = = = ¢
1090 NEXT X

1160 By (2,2)="+"
1110 £3C102,102)""
1120 MAT J=C(M

1130 PEM1 WCPKING GRAPH
1140 WPITE <15,1570)° “D3
1150 FCR ¥s¥1 TC ¥

1160 REM! DFT GRAPH-PTS

1172 T=0

1160 MAT FeCCN ]
1190 FCP J=1 TC N ‘
1200 IF CCJrJI,Jdlax THEN 1230

1210 TeTel

1220 GGTC 12¢0

1230 P(JI=(GIJC(JI,JI-10)/5+2

1240 JJI=Jd(JIrl

1250 TC=0

1260 NEYT J

1270 IF TO THEM 1540

1260 GCTC TeN CF 1560

ley0 REMt SE1 GPAFF-PTS

1300 Gy=BS

1310 PY=103

1320 FCR Ket TC N

1330 IF F(K)=0 THEN 1500

1340 F(P JeK TC N

1350 IF PCJIOFCK) TEEN 1460

1360 1} J=K TFEN 1470

1370 GLTC D: CF 1410

1360 P9=P9«1|

1390 G3C(FPA,"0)eFs (K,K)

1400 F9=F9+1

1410 G3CF9,P9I=PS(JsJ)

1420 P(JI1=0

1430 P9=P9+1

1440 G3(P9,Fr9)e", "

1450 D1=1|

1460 GOTC 1460

1470 Dl <0

1460 NEXT U

1490 GS(PIK1,FI(KII=PSI[K,K)

1500 MEXT K

1510 FEMI WRITE GPAPH-PTS

1526 WRITE <15,1530)A®¥,¥,G3(1,P9-1)
1530 FCRMAT FEolo/Z F11.0,1%,F1 40

1540 NEYT ¥

1550 REM: W3I1E DIVIDE-LINE

15¢0 WPITE “15,1570)A°Y,D3

1576 FCRMAT FEolo/.12X,F1.0

1560 TO=1

1590 GOTCL"X <= Y2 CF 1540

1600 EMD

1610 FEM1 ZERC NEG CCUNTS

1620 IF Y0 »= 0 THEN 1700

1630 Y0=0

1€40 FCR J=I TC N

1650 FCP 1el TO CCDE,JI

1660 IF Gel,J) » 0 THEN 1680
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16/t GLLLsVISL . 140 1F CCUCX)I,K)eX AND TO0=0 THEN 160

16E0 AEXT | 150 TO=TO0e1l
169C AE>T J 160 NEXT K
1700 SETUSN 170 GCTC T0=0 CF 290
“I7T)1C FE¥: MNCFFM % CCUNTS 180 WRITE (15,190)X3
1726 Y0sYG=0 190 FORMAT Fa.0
1736 FC(R J=1 TC N 200 FCR K=1 TO TO'
1740 TsC 210 IF C(JLK),K)=)¥ THEN 250
1756 FCR l=1 TC C(CE,J) 220 WRITE (15,232)°"
17¢C TeTeGl1,J) 230 FCRMAT 12X ;
1776 MEXT 1 240 GCTC 280 2
1720 G(CB,J)=T 250 WRITE (15,260)G(JEK),X)}
176C FCE Ie] TC CCD3,J) 2¢0 FCRMAT F12.2
1600 ¥Y=GC1,J2=1CC°GC1,J)/T 270 JLKI=J(KIe|
1eIC IF Y >= YO THFEN 1830 260 NEYT K
162C Y(sY 290 PRINT
1530 1F Y <= Y9 TYEN 1850 300 NEXT ¥
310 END

1840 Yyey
IleSC NENT 1

leel NEXT VY 10 REMs CENTPCID

et LR 26 DISP SPA4"CENTFCID CFANNEL RANGE °}
€LC FEM: CCUAT ©
BEEC SEr: COURT 2ARGE 30 INPUT ¥1,x2

- 4 W
1560 1F  ACT (3 THEN 1930 %0 T1e=T2=0

foie saone 50 FCR L=l TC DCDS,2)
Bdl neque €0 IF DCI,1)<X) C® DCI,1)>X2 THEN 110
5 AN 70 IF DC1+1,1)0DC1,1)¢1 THEN 110
ER ey 60 Y=DCK,21-DL1+1,2)
AJs LIS .
ISEC IF \1»32 THER 1900 Y i e e 1
15¢C IF ¥1>¥C AMD X1<N9 THEM 19E0 116 NEXT 1 > )
1576 Xla¥0 Ly 3
152G IF ¥2>¥0 AND Y29 THEN 2000 e e .
1590 x2ax9
SLGC IF NteMC AND Noevy THEN 2170
el10 Y(<GEe3S 10 FRINT "KEY# INTK;
EOSC Y3 s 0y C . 20 IF K-INTKe=0 TEEP a0
€G30 F(R J=1 TC N 30 PRINT “SHIFTED
f‘t:s :(;E I=1 TC CtD&,v) a0 PRINT
(SRt o LJ .
2CeC IF CC1,J3¢¥1 CR CLI,J)>X2 THEN 2140 50 END
2070 K=Kel
Susl Clh,J=Cl1,M) 10 REM: DATA LCAC
2096 y.n(n.a:-ctl.:{ 20 DISP ° LCAD DATA FRCM WHICH FILE #
2‘::3 :: : >s Y0 TREKN 2120 30 INPUT U
-
i 40 LCAD DATA J,D
€120 IF Y <= Yo THEN 2140 . 50 END
2120 Yeev
21aC YENT ]
SISC CIC5.J <K
21eC NFYT O
21 7C PETURN

10 Ga="FLCT LIST"

2L JaptJue

3C RetACO

al FRINT 1INLT CHANT}
S0 FC® Ksl TC N

¢C WRITE (15,7C)ECK) 0"}
7 FC(RMPAT 2X,2F9.2

EC MENT K

St FSIMT LIND

100 MAT J=CCN

11C FCR XeM] TC N2

¢ TC=0

136 P(F hel TC N




Table III.

10

20

3c

ag

S0

el

7€

ec

SC

1co
1ne
12¢
13¢
1<
15¢
led
17C
1i=lG
16C
cccC
10
et
23¢C
Sal
°5C
el
27C
230
2% C
acc
dic
320
3¢
Jac
BIE16
JeL
371G
REXY
RE2]
4Co
«iC
42(C
Qi
Qual
as o
acl
Qe
a0
&S50
SiGic
sie
STC
S3t

$70
Sc C
SN ¢C
eCC
e1c
et

REM: P.F. CELL VMCDEL

01+ CSC50),55(52,12),P1C12),05C100,2)
DIM F3C12),C3C122),R3C163),D3C103),H3(B0)
F3="CCBCDEFGEIUK™

DS=1(0

Ct=r0-1

RELIM C(DY9,2)

DISF ° TCPAY'S DATE: PCNTH/DAY/YEAR
INFUT M1,D7,Y3

DISF SFA7°DATA DESCRIFTICN "3

IMFUT Ky

DISF SFA4TINITIAL-CELL FILE NC. "3
IEFUT B

C1=l

DISF °  7ERC NEGATIVE-CCUNTS CPTICN °)
INTUT Gy

1FFCS(GS, "KC") TFEKN 190

Cl=0

CI1S® ~ FIPST-CELL VCLUNME, VARIATICN
INFUT 2O,V

CISF SFAQTBATE CF VCLUME INCREASE 3
IAFUT ¥

L1SF 'SFAE"TINME IKNTERVAL 3

IAFUT D

S8d B

INITIAL, FINAL TIME CF RUN 3}
ILFUT TC,TS

CISF SFA7 CUTFUT INTERPUVAL 3§
INFUT PI

PEF: CCUNT INIT

DISF INSERT DATA TAFE, PEPLY 0. ’
INFUT 0

LCAD DaTAa Fli,D

‘AL=D(Da, 1)

A220(0v,2)

€eD(0G, 1)

Asu.09%al®A2

CC=IrT(MLZA)

LCeaIPTCLZA)

¥C=CC-\C

>SezeCC-1

1=1

N=rC=0

FAT CsZEP

FC® C=X0 TC X9

NC=bGel

1+ C(1,1)sC THEN ee0

1» CC1,1)>C (R 1>D(D9,2) THEN 710
Iele]

GCTC 4¢0

PEM: C(UTEUT SAVE

Petoel

1F N>12 THEMN ¢50

(X ¥d

FC° 1=1 TC NO

YsS(1,N)eC(1)

SeSey

IF Y »e Y0 THEK 590

Yoy

I} Y .<= YS THEN €10

YieY

NEST |1

€C51,M)=S

Computer Cell Model Program.

€30
640

650

660
670
€Eeo
€690
700
710
720
730
740
750
760
7170
780
790
600
610
620

830

840
850
86O
670
Eb0
650
900
910
920
930
940
950
%€ 0
972
980
$S50
1000
1610
1020
1030
1040
1CS0
1060

1060
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210

1c20

1230
1240
1256
1200
1272
1260

150

S(52,Nn)=P9

‘F9=P9+PI

RETURYN

IF DC1,1)+104DC1*1,1) THEN 710

CCNOJI=D(1,2)-DC1+1,2).
GCTC €1 CF 710

IF CCr0). >= 0 THEN 710

CI(NO1=0

NEXT C

REMS “W(FKING MLDEL

Y0=9E+99

Y9=-Y0

F9=TO

}=D*M

S1=0.0074S

D0=0.0S16

R=(1-S1-D0) /C(VO0+l)

Vo=z*\0+1

MS=V0+1

GCSUB S10

FCR T=T0 TC T9 STEP D

Cle=0

FCR l=1 TC NO

C2=F°C(1}
CCl1)=CC1)+Cl-C2

cl=c2

KEXT 1

RG=R*C 1

FCR 1=1 TC V9
CC11=CC(13]+R0

NGXT 1

CCMS3=C(}S-I+RO

GCSUB P9=T CF 510

NGYT T

RENM <<< (UTPUT 2>3>>>>3>>>>

REM: SCAL.ING

IF YO=YY THEN 1190
S=FNF(Y$-Y0)

IF S<u THEN 1040
S=INT(S5+0.995)*10°(P0-2)
GOTC 1050
S=INT(2°(S5-0.05)+31)/2°107¢P0-2)
AD=Y9-1C0.5°S
A9=Y0+0.5°S

. 1070 10=0
IF A0<G AND A9>0 THEN 1280
PC13=1C
F(2)s5
F(l)e=:

FCR Die=l TC 3
FCR R(=] TC 3
l-lkTiPhP(O.5'(AIOA9))'IO'DIIP%R%;¢

10=1*F(R21*10°CPO-DI) -

1IF 10>A0 AND 10<A9 THEN 1280

NEYT RO

NEYT DI

DISF ° URAPH SKIFPED: NCT SCALEABLE"
STCP

REM: FCWER FUNCTICN

DEF EFAPC(X)

FO0=0 £

1F ¥=C TIEN 12€0

FO=INTLGTABSZ

FETURN >*10°(-P0)

REM: HFEAPIRGS

DISP SFAL"READY FPINTER, REPLY 0. o



. | , 152

leyl IPFUT U

et 1 J TR 1380

310 FTINT LIML,bRYTRIR

1220 valT 1C5C

1232 CUTFUT (15,1340)°P.F. CELL MCDFL",M1,D7,Y3,HS
1340 FCPMAT $5.0,7/7,F1063.C, /" ,F1060US5.0,4Y,F1.0
139 FHINT LINZTIPITIAL-CELL FILE NC. ="FI EYPe'E

1360 5CTC CI CF 13€6C "

1370 FRIPT TCFTICH: INITIAL P'EGATIVE CCUNTS ZERCED®

Tz Te!FT TFI1PST CFLL VCLUME « PO VAPIATICN =7V

13%C F2IMT “FATE CF VCLUME IPCREASE ="M

14CC FPIMT “TIME: IPTEPVAL = D INITIAL o"TO“FINAL «°T9

141C IF & <= )2 TPEP laat

142C FFINT LIMITHFAY. PC. CUPVGS EXCEFEDFD BY°N-12

14zt =12

tanl §Z1T% €1%9,14%0)7090 CELL CCUMT VS. C.C. CFPANKEL #00°

1420 FCEYAT /,42Y,F1.0°

1aet FRITT

147C FC2 1=l TC M-I

1650 CUTPUT (15,1490)°<€°S(S1,11°>TIMEC"S(S2,137) = “Ps(1,127, °
1456 FCo%AT 3FI1G0e.0

1500 IF lee THEM 1530

tsit TRINT

1522 wal T 25C

i9:0 rEYT L E(S(52.137) = “Py (1 1)

Sel UTE 1490)°<"S(71,1)°>TIVECTS ’ '

15:; :PI;ST(:;i‘SLE;ID.Zt'SOIU.Ab'S'ID.60'5'10.80’5610-100'5'l°
15¢0 FCFMAT /,ay.;v.l.xlr.rq.l.lly.i9.l.llr.io.l.llx.r9-l-lIX»F9-I
1576 #3M3 GEATY IRKT

1520 1s(

1490 pr~ pel TC El STEP 20

el Ea3lin)se”

160 C3(7)1=" & = = = o = = = = = ¢

ezl EZYT K
130 312,23 s
1eal BML102,102)%"
LS REML StV 1P 0 GRAPM

1660 STITE (1%,20000° "Dy
1€7L FLR C=Y0 TC 79

16.20, I=foe}

leyl FEv¥: CET CIAFM-FTS

V7.5 FCi Jel TC b

1702 F0CY=C501,01-10)/542

T GRAFP-FTS

17¢2 #(C> =l TC M

1772 17 20710 THEN 1940
1720 FC= JUse TC 8

17%% 1F frgles(¥) THEN 1920
1250 1F J=K TFEM 19%10

1250 CTC C1 CF 1&56
1227 F9z7 el

1230 LACFs,F91oP3CK,K)
12406 §5e% %)

1E50 7307 5,F%)=F3lJd,J)
1eel FLJI=C

1670 Fysryel

1227 Catr9,F93e",°
iyl Tl

i500 ZoTC 1%t

§51¢C Tilel

1522 NEYT J

193L C3(PIKI,FIKII=PY (K,K)
1940 PEYT
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ety N>l VY
3 SAE"E  U° 1BE SRaPH-PTS 220 DISF *  ©C YOV VANT ANCTEFR RN =3

::;g :giiﬁc(lb.lvbO)A'C.Cpu)(lnrv-l1 2¢30 INFUT GS
1960 FCOMAT FB.l, /o F11.0,1X,F1.0 g:;z ;:Si(ffgzé.“ Ul Ul U5
1966 VRITE (15,2000)A°C,D» 2660 END

2060 FCAMAT F@.1,7,12X,F) .0

2010 REM: TABULAR CUTPUT

2020 CISF SFAS WPITE THE RESULTS "3

2030 INSUT G

2040 IF FCSC(G3,"N") THEN 2290

20S0 FRINT LINI,VRYTE12

2060 WCIT 10CO

2070 CUTFUT (15,1340)°R.F. CELL MCDEL®,MI1,D7,Y3 N}

2080 FRYNT LIN2 CHANNELTS

2090 FC 1=l TC N

2100 VRITE ¢15,2250)° “}

2110 1F S(S2,1) >= J0 THEN 2132

2120 WRITE (15,2250)°

2130 CUTPUT (15,1@90)°TIMEC"S(S2,11°)"}
2140 NE¥T |

2150 FRINT LINI

21€0 WAIT 250

2170 C=>0

2160 FCP =] TC NO

2190 WPITE (15,2200)CH

2200 FCAMAT F4.0,2x

2210 FC2 el TC A

2220 VPITE (15,2250)SC1,J)3

€230 NEYT J

2240 PRIANT

2250 FCAMAY FLO .0

22¢06 WAIT 250

2270 C=2+1

2260 NEXT I

2290 DISF SPA7T"STCRE ANY RESULTS
2300 IMPUT G

2310 IF FUS3(GY, N") THEN 2620
2320 FC=".121 TC N

23306 F=F(S(G3,FslJ,J1)

2340 1F P=0 THEN 2610

2350 Pere

23¢0 IF GY(F,F)>="0" THENMN 2440
2370 DISP ~ ERRCR: FILE NC. FCR CURVE "Ps(1,1)"
2380 INPUT =y

2340 1F FCS(9Y, N7) THEN 2610

2400 IF P3<"0° THEN 2370

2410 IF Pr>"9Y" THEN 2370

2420 FlsUAL(ES)

2430 GC(TC 24ce0

244U 1F CS(F,F1>79" THEN 2370

2450 Fle\L(GS(P)) .
24€¢0 C=¥0-1

2470 T=1tT(S(S1,J)¢0.5)

2480 MAT C=ZER -

2490 FC2 1=} TC NO

25€0 Df1,1 )=C=C+l )
2510 DC1,2)=T

2520 T*T-INT(SCI,J)¢0.5)
2530 NEXT I

2540 DC1,12=C+1

2550 D(1,2)=T

25¢0 D(DE,!)=Al

2570 D(D8,2)=A2

2560 D(D9,1)=E+1000°5(S52,J)
2590 D(F9,2)=1

2600 STCRE DATA FI,D
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Table IV. Data Smoothing Program,

10 REMt C.C. DATA S PCCTHING
20 DIM™ DSC100,2),C5(58,2),55(983,H3(32),A8C10),B3¢(102 .
30 D9e100

aC REDIN D(L9,2)

SC DISE “LCAC DATA FRCM WHICH FILE 073
eC INFUT U

7€ LCAD DATA J,D

EC J=K=(

SC FCR 1=1 TC D(C9,2)-1

1CC IF CClel,130DC1,1)e1 THEN 140

110 J=Jel

120 CCJ,1)eDC1,1)

130 CCLy2)=0C1,23-001¢1,2)

130 NEXT 1

1SC Kayg

160 DISF “SPCCTF CVEP -- NUMBERS™}

17C INFUT N

150 1P N-INTN THEN 290

19€ 1F N<) TEFN 2SC

200 I* N>D(DY,2) THEN 270

210 I} N/2-INTC(F/2)=0 THEN 230

SI0 GLTC 30¢C

€30 ©1Se NTIMALID, RE-ENTER CDD NC."3
240 GCTC 17C

25C DISF MTINVALID, PE-ENTER A NC.>37}

<eC GCETC 17¢ 640 S=S+S(1)

€70 DISR N INVALID,RE-EMTER A NC.<="DC(D9,21} 650 IF DC2e1,13=DC2,1d+1 THEN 6ED

S8l GLTC 170 660 T=D(1¢1,2)

€50 DISP N°INVALID, RE-ERTER AN INTEGER™} 670 S=0

JCC NieJglere) 680 NEXT 1

31C REMI SMCCTH SEGIMNING 690 DISP “PRINT RESULTS"3

JZC F(R J2e(Nel)s2 TC N 700 INFJUT BS

230 SC1)=FNAC 710 15 PCS(ES,"N") THEN 930

6T 1elel 720 REM: LIST ]

35C MENMT J2 730 CISP "READY FRINTER .(REPLY 0)°;
3¢0 IF ANeD(D9,2) THEN 4€0 740 INFUT J

370 Jo=02-1 750 1=0

d=C Gevl Sse ’ 760 !F J THEN 790

35C REM1 A\FRAGING FUNCTICN 770 FRINT LINI,VBYTELI2

4CC PEF FAACX) ) 7310 WAIT 1000

41D Rahge( 7:C Ji=l

42C FCP JsJl TC J2 600 IF 141 THEN E50

436 NCsPO+ClJ,1) B1C C"RINT LIN2EXPITDI(D9,1)

44l Bs9eD(J,1)°C(J,2) €20 FRINT LINIATTENUATICN="D(D9-1,1)
w50 NENT U €30 PRINT "APFERTURE="D((D9-1),2)

4¢l RETUPN B/RC B840 J1=J)+S

@70 FEMI S LCTH P 1DDLE . - €50 FRINT LIN2°CHANNEL CLD DATA SMCCTHED®
45C Jisdleld 660 Jl=Jgl+2

av0 SClY=FnaQ 670 FCR 1=1¢1 TC H

SCO0 lslel 8O0 Ml =)l ]

10 Je2Jdael 6y0 WRITE (15,900)C(1,13,CC1,22,5C12
570 IF J42<0(DP9,2) ThEN Q80 900 }(RMAT F4.0,F13.0,F12.0

$3C PEr: SM(CTY END 910 IF JI >= 55 AND NCT J THEN 770
540 J2=Jd2-1 920 MEXT 1 a
SSCL Jl=JJel 930 DISF “DC YCV WISH TC STCRE NEW DATA"}
5¢0 SCI)=FNAD 940 INFIT AS

$70 lalel 950 1F PCS(AS,“N”) THEN 1000

PI1SP “STCPE DATA ON WHICH FILE 073

SEO0 IF 1 <= D(F9,2) THEN 550 9¢0

5S¢0 REM: AFTE®T SMCCTHING 970 lh.‘FUT_J .
e({0 S=0 GE0 L1SP® "THARK YCU
elC Tel(1,2) 990 STC(RE DATA J,D
el FC% 11 TC DLDY,2)-1 1000 END

€3l C(1,2)=T-S
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Table V. Interpolation and Graphing Computer Program.

10 Ccr RStltl.lﬂ).GS(Eoo.EJ.llIIO.SJ.N.lO.)’.O.Y‘O.X%YhP.SHIII.J:H.NHBI b}
26 DIV J1€16,2),F1C10),P3C10),G30120),C3¢€1033,03C103)
3C DIM MSC10,2),N(4,4),AC4),VSC4),UCQ,4),ESCQ)
40 PEVM: GENEPAL IKTERFCLATICN & GRAFHING
S0 FeiC=0

¢0 MAT le”FR

70 MAT Se’ER

60 MAT Ke?ER

S0 REM »>>> ENTERNAL ENTRY <<<<c

1ICC N=1

110 "/C=0

12C A9« 0

12C DV=100

140 XC=9E .99

150 ¥Y5e.30

1eC REDIM R(DO,09)

17C FCR 1=1 TC N9

leC 11,201

160 MNEYT 1

SCC Gy=" 1t 09%8°()%¢,-./0123425¢78913<u>?
210 33034)="ABCUE}GEIJUKLFMNCFQRSTUVVY Y2

2c0 GsCee l="orcaefarigklrneraratuvuxyr”
23C IF HUs51) THEN JCC

SaC DISP ° DATA TESCRIFTICN <60 CHAR> "}
250 IMFUT (S

2¢0 Kol )eLEN(CS)

270 F(® 1«1 TC M(S1)

SoC H(1)=sP(3¢(GY,C(1,1))¢])

250 NEMT 1

300 IF SCN,33) THEN 40C

31C DISF ° AAvE (P CURVETAN" <32 CHAPR> 3}
JTC INFUT (s

330 IF F(5¢C3,"999°) THEN 690

340 SIN,33)=1ENCCY)

3SC IF StN,J)) <= 22 TMEN 2370

3¢l SCK,3331=32

370 FCR 1=1 TC SCN,J3)

A0 SIN,1)eFCS(GY, 00 1,1))2¢310

390 AEXT 1

Q0C t=N

410 GCsuB JIvio

420 IF 1CN,3) THEN ¢40

43)C 1OCN,QYeN

aQqlf 1(N,3)=K0

@506 CleC

4¢C Cl=Dlel

a7t DISP °X,Y DATA PT. -"DI13jCy3

@b INFUT N, Y

4s5C REM: EFRRCR CFECK

SCU IF Y0996 (2 YIS99 THEN 540

10 IF DI>4 THEN €20 -
820 DISF © FNTFR 4 FCINTS MINIMUV . .
SJC GCTC a0

540 GCTC CI1 CF 590

S50 IF X»>G(1(M,3),1) THEN 590 . .
S¢0 DISP ° ye°X'NCT 7, FREV.¥="G(ICN,3),1),
S70-GCTC ae€o0

Sel REME SAVE DATA

SYG ICN,3)a1(N,3)e)

eCC GOIIN,3),1)32X

€10 SCIIN,D),2)ey

€0 GCTC 4¢b

¢3C REM: CUECK ENTERNAL DATA




156

€40 1F. 1CN,J)-R0O<& THEN €70 1300 NEXT K

‘¢80 FOR 1=R0el TC 1(N,3)-1 1316 V(4)=G(®C,2)

660 IF GCI+1,1)>GC1,1) THEN 800 1326 IF Dl<a THEN 1170
670 DISP “DFILETED CURVE"I(N,211Cy 1330 REM: INTESPCLATE!
660 WAIT 5000 1340 MAT Usm

€90 FCR JeN TC N9-1 1356 RSs=(

700 Ji=J+) 13¢0 FCP S2=1 TC Q@

710 1CJ,2)e1CU1,2) 1370 23=U(22,82)

720 1CJ,3)=1(J1,3) ) . 1320 IF CASS(23)-0.00001) <= 0 THEN 1520
730 £(J,33)=S5(J1,32) 139¢ FCR Ya=1 TC &

746 FCRATKel TC S(J,33) 1aC8 L(32,2Q1=U(R2,04)/C3
790 SCJU,KI®e50J1,K) 1810 AENT 24

760 MNEXT K 1820 U(R2,321=1/Q3

770 MEYT J 1436 FCR Ce=)l TC @

780 1(J,21=1(J,3)=0 la<C 1F Sc=Q2 THEM 1500
7:0 GCTC 300 1a5¢ G2sU(Re,32)

600 NEXT | l4e UlCe,32)20

EIC PEMI MIN,MAY ¥ 147¢ FC3 27=1 TC &

620 IF 70 <= G(RO+l,1) THEN €40 lazC U(le,C7_=U(26,07)-G2°U(C2,07)
€30 XC=GC(RO+!,1) 1asC AEXT 7

€40 TO=1CN,J) 1530C AEXNT Qo

€50 IF ¥9 »= G(RO,1) THEN ET0 15106 ¢C(TC 1%4c

€C0 ¥Y9=G(RO,1) 1320 .5=225e

b7 N=Ne| 153C E0251=22

&G IF N <= NS THEN 300 1540 NEMT 22

e N enen 1550 1F 35:C TVEN 17¢0
600 DISP SPA7 VRITE THE RESULTS "3 15¢3 F(r w2=l TC QS

%10 INFUT QY 157C vis=SCwW2)

§20 DISP SFA7 GPAPH THE RESULTS 8 1550 23=U(vi Wl

§30 INPUT GS 1530 1F (A25(¢(337-0.00001) THEN 1740

S40 IF FC5¢GY,"N") THEN 1010 1elC FC2 V371 TC &

$50 FCR 1=) TC N 110 Utal,vdlellVl,w31/Q3
9¢0 GLSUB 3900 lecl MEYT 43

v70 DISP “PT-S(MBC(L 13033 ch; Lf\l:hll-I/GJ

S50 INFUT F3(I1,1) lews FCS le=1 TC &

990 MEYT 1 leSt IF Ycswl THEN 1710
1000 REMI INTERPCLATION leeC GZ=U(Ze, V1)

1010 IF 10 THEN 1040 1e7C0 UCle, W12-C

- 3 CF INTERPCLATICN "3 tesC F(R 27=1 TC 4
:ggg ?;izr 10 INTERVAL leyi U(2e,07)eU(2¢,07)-G2°U(W1,Q7)

1640 1 , THEN 10¢ 1720 veENT 27
AR 0 1710 MENT Q6

1050 10=¢¥9-¥0)/50 e nier BB
TZ0 NENT w2
e o 173 GCTC 17¢0
L 730 DISF “INVERSE IMFCSSIBLE®
’ = .
1650 JeJC1,2)=R0=1 LA
1160 FAT V=2FPR L '
1110 MAT F=CONCa,4) R e 1060
1120 FCF lel TC N e VALUE "MLVl ,2) AND RERUN®
1130 Diet 17¢C CISF "CHANGE X VAL »
sCe S

1146 XeGIRO,11-10 e i A=l
"53 GCTC 1270 p— =o€ 1F Y <= ¥[3,2) THFN 16060
11¢0 REM: SHIFT MAT R 1=3C 1F S0<IC1,3) THEN 1170
1170 pleplel leut 1F X >e GCRG,1) THEN 1050
::23 :E;?::: TC 3 TosC Ry ¥ gl
1200 JleKe+l ‘ e N Sy

' 1376 3 =X+10 . *(ALII*X®ACAID)
1210 FCP Le2 TC 4 1EE0 YoSCJCle 10,01 ,2))0A0 110X CAL2)+X"CAL an
1220 MCK,L)eMCJI,L) : 1390 IF YO <= ¥ THER 1910
1230 NEXT L loit YeeY
1240 VIK1eVIJ1) N6 15 ve »e Y TPEN 1620
1250 NEXT K :;fE yoay
1260 FEM1 BUILD CO-EFF FAT SO,
lefr’ FOosilE Jewf SEM1 SAVE R-NDX
120 FCP Ke2 T & 1930 Ttta1aeat1s1)

1290 Ml4,K) =P0=GCRO,})°P0




1900
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
21060
2170
2160

2200
2210
2220
c230
2240
2250
2260
22170
2280
2290
2300
2310
2320
2330
2340
2350
2362
2370
2360
2390
2400
2410
2420
2430
2440
2450
24¢0
2470
24bL
2490
2500
2510
2520
2530
2540
2550
2500
25170
25¢¢C
2550
2C00
2€10

101,2)=0(),2)
RO=1C1,3)+1
NEXT 1
IF PCS(Q@S,"N") AND PCS(GS, N") THEN 3730
DISP SPAS “READY PRINTER, REPLY 0. =y
INPUT JO
1F PCS(C3, N") THEN 2670
FEM >>> WRITE DATA <<<<c<e
REM: INIT
Jis-]
VAT MeZEWC10,2)
MC1,12:=Gt1,1)
ML ,2)41
FCH Je2 1C N
M(J,2)210J=-1,3)e1
MEJ,11=GIMJU,2D,1)
NEXT J
GCsue 3170
Jls=Jgls2
J2s=Jgiel
1F J2 <= N THEN 2190
J2=N
REM: FEADIPGS
2190 C3="DATA"
GCSUB 39¢0
FOR 141 TC U2
S?2u4-1NT1S(1,33)/2)
PRINT 3PnS}
GLSUB 39(0
WRITE (1%,3720)(8}
IF 1=J2 1HEN 2260
FRIMT 5PFC46-S-SC1,330)8
MEXT 1
PRINT
FCR JeJl TC J2 .
WRITE (1¢,2320)" ssa=ss GIVEN sess==
FCRMA1 ° === INTERFCLATED === " ,Fl.0
NEXT J
FRINT
FCR JsJI TC J2 .
WRITE (15,2370)° x Yo )
FCoMAT ° x Y oF1.0
NEXT o
FRINT
L=o
PEM: WRITE LINE
FCR JeJI TO J2
IF M(JW2) <= 1(J,3) THEN 2500
IF JsJ2 1THEN 2590
WRITE (1%,24E0)° "3
WRITE (15,2460)° 3}
GLTC 259t
FCRMAT 22X,F1 .0
FCRMAT FI10.3,17,F11.4,1X
WPITE (15,2490)NMCJ,1),REJ0J,1),J0J,22)8
1F GIM(J,2),1)>MCJ,1) THEN 2550
WRITE (15,2490)G(MCJ,2),11,G(M(J,2),21%
MIJ,2)eM0J,2)01
GOT 570
IF 5-33 (R M[J2,21>1(J2,3) THEK 2570
VEITE (15,24b0)° "3
MOJold=td, 1010
G(SUB 3tu0
LEYT J
FRONT
Le=l+1
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2¢20
2ed0
2€40
2eS0
ceec
et 7L
R4
2¢ %0
270¢
2710
2720
2730
274C
c7s¢e
eTeC
277C
el
2790
2EN0O
<kl
770
28130
-4l
esSte
c=el
A1
“zkl
«E9C
«900
2910
2920
2%30
940
29590
2500
2510
«sot
29%¢C
305G
3C10
3620
3030
JCa6
30S0
360
3070
3020
3096
3100
311G
3120
313¢C
3140
3150
s1e0
I17C
3180
319%
Jaece
Jeti
222¢C
Jell
J24¢C
3250
Jze0
3270

PE¥: WPITE AMCTHEP LINE?
18 MCJ1,2)210J1,3) AND M(JU2,2)71(JU2,3) THEN 2660
1F L<57 CR JO THEN 2420 )

GCTC 2190

IF J2<N THEMN 2140

IF FC3CGY, ") THEN 3730

PEY »>> CFAPPIPG <<<<ccccc

ALM SCALING

IF YOsYY THEN 2900

S=FIF (Y9-YC)

IF <4 THEM 2750
SellhT(S90,.975)°10°(r0-2)

CCTC 27€¢0

SeIMT(2.5°(S-C.005)+1)/2 .5°)10°(¢P0-2)
Al=Y9-100.5°S

A9aYN+0.95°S

eel

IF Al<0 AMD A9>0 THEN 2990

FL11=10

pLele=s

Frije2

F(e Cl=l TC 3

¥eFt 7(0.5°CA1+A5))°10°DI

FCr PCel TC 3
A=P(POI®INT(K/PIR(I+0.5)®10°CFO0-DI)

1} A>Al AKD A<A9 THEN 2990

MEYT PO

t=7T DI

DISP ° GPAFH SKIPPEDS NCT SCALEABLE.”
STCF

PEMI PCWER FUNCTICN
DFF FRFPCY)

FU=0

1F ¥=0 THFF 2970
FOeILTLGTARSY

FEThUEN ¥*10°¢-PO)
I'E1 HEACIMCS
Cy="roppu”

JLeJO AID PCS(RY, N")
GLSuUl 3960

KeC

F(x 1=l TC N

creu= 3900

WPITE (15,37202C3" = “P3C1,1)}
IF Leti THEM 3110
VEITE (15,37#0)7, 3
¥=rPeS(1,33146

1P K<95 THEN 3130

Ken

FPINT

WALT 250

LEYT 1

WEITE (15,3150)A,25%S¢A,50°5+A,
FUPMAT /,6%,F10.3,15XsF103015Xs

75°S+A,100°S*A
fl0-3.l5¥.Fl0-3.l57.f10-3

TEvL IRLT

Fr2 ve] TC 76 STEP 29$ -
(2 (K)=" .
PEYT K

FCP ¥?1 TC 81 STEP 20 .
LAI(KIE" e ¢ @ = ©« « @« ©» = = =
PExT K

V=0

Di=0.5°10

PEDIM M(C10,2)

FCR Je) TC N

MOJsl I=sGC(Kel 1)
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J2oV K=1(J,3)
3290 M(J,2)=10°INTC(GIK,1)-M(J,1))/20¢1)+M(J,1)+D
3300 MCJ,1)=MCJ,1)-DI

3310 NEXT J

3320 cCsun 3700

3330 L=9

3340 REM: WCRK SECTION

3350 FCR Xx=X0 TC-X9 STEF 10
3360 Le=L+1

3372 GCTC Le=10 CF 3400

3380 GS=0%

3390 GOTC 3430

3400 L=0

3410 Gs=29%

3420 REM:°DET GRAFH-FTS

3430 FCR J=1 TC N

3440 FlJ)=]

3450 1F X<M(J,y1) CR X »= M(J,2) THKEN J4E0
3460 PLJUI=(RIJCJI,1),JLJ,2))-R)/S+2
3470 GC(5UR J€a0

3480 NEXT J

3490 REM: FIX GRAFH-FTS

3500 P9=103

3510 FOP K=1 TC N

3520 IF P(K)=0 THEN 3¢90
3530 FCP J=K TC N

3540 IF PCJ)OPCK) THEN 3670
3550 IF J=K THEN 3¢¢0

3560 GCLTC DI CF 3600

3570 P9=P9+l

3580 G3(P9,P9)=PI(K,K)

3590 P9eF9+1

3600 GM(P9,P9)=P3(J,J)

3610 PLJ)=0

3620 F9=F9+3

3630 G&(F9,P9)1e","

3¢40 Dls=})

3¢50 GCTO 3670

3660 DIl=(

3670 NEXT J

3LE0 GECP(K),P(K)I=P3(K)
3690 NEXT K

3700 WRITE (15,3720)%,G3C1,P9-1) ~
3710 KEXT X

3720 F(RMAT F10.3,1%,F1.0
3730 DISP ° END”

3740 ENMD

3750 REM: R-KDY FCINTER INIT
37¢0 JCU1,13=JC1,2)=1

3770 FCR J=2 TC N

37€0 JCGJ,13=1CJ=1,1)¢1

37;0 J(J,2)=1(J-1,2) 3940 FLRMAT B
3600 GCSUB 36850 3950 PEM3 WKITE MEADING
3610 NEYT o 3960 1F JO THEN 3990
3620 RETURN 3970 PRINT LINI,WEYTEI2
3830 KEMI R-NDX PCINTER 3580 WAIT 1000
3840 JCJ,1)1=J0J,10¢] 3990 P-P;é e -
<s D9 3 WPl ’ . .
gg:: S:Jf:g::I D9 THEX 3880 :g?g FLRCAT “FAGET,FI.C,47, GENEEAL JPTESECLATIC? o}
3870 J(J,2)=J(J,2)¢] 4C20 FCP 1ol TC F(ELD
3680 RETURN 4030 WFITE (15,3940)KC1)3
3890 REM: MAT S->Cs TRANS " 40au EEYT 1
3900 FOR"ye]l TO S(1,333 450 FRINT 11RZ
3910 OUTPUT (C3(J),39a0)S8(1.J) 40c0 FLTURE
3920 NEXT J 4070 END

3?35 RETURN
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