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ABSTRACT
EVIDENCE FOR CELL SURFACE ASSOCIATED NUCLEIC ACID:

A STUDY USING WHOLE CELL ELECTROPHORESIS
ON THE S-180 MOUSE TUMOR

By
David Anthony Juckett

A whole cell electrophoresis apparatus was built which
was capable of measuring the average electrophoretic mobility
of a suspension of cells in 3-5 minutes. This was used to measure
the mobility of S-180 mouse ascitic tumor cells under various
conditions. The mobility was determined as a function of the age
of the tumor and treatment with cis~dichlorodiammeplatinum(II)
(cisplatin). The cisplatin treatment of mice bearing the S-180
caused a reduction in mobility of the tumor cells by 10-20Z. The
cells, after removal from the animals, were incubated with several
enzymes to see if any of them would mimic the effect of cisplatin
treatment. In the S-180 tumor, RNase mimicked the effect of zisplatin
by lowering the mobility of controls to the level of the cisplatin
treated cells. The RNase had no effect on the platinum treated cells.
In' the S-180-J tumor, both RNase and DNase mimicked the effect of
cisplatin treatment. Several experiments were then performed to
establish the presence of nucleic acids on the cell surface, which
was implied by the first enzyme studies. pH profiles, ionic strength
profiles, binding of anti-DNA antibody, binding of 'platinum—-thymine-

blues', incubation with Sepharose immobilized DNase and Agarose
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immobilized RNase, incubation with restriction endonucleases

Eco-Rl and Bam I, enzyme kinetics and in vitro incubations with
cisplatin and other antitumor drugs all gave support for cell
surface nucleic acids. These nucleic acids appeared to be in

the process of flux through the membrane with a turnover half-

time of about 2 hours. Inhibition of cell nucleic acid metabolism
resulted in the loss of their expression on the surface of the cell.
The possible roles of these surface nucleic acids are discussed,

particularly with regard to their possible immunological roles.
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Introduction

In the last ten years the development of the successful
treatment of many cancers with cis-dichlorodiammineplatinum-II
(Cisplatin) has led to many investigations of its mode of action
in tumor regression. Most of this research falls into one of
three catagories; studies of platinum chemistry, results of clinical
trials, and interactions of platinum compounds with DNA.

Examination of this new drug's interaction with cellular biochemistry
is noticably lacking and cisplatin's effect on the cell membrane
is virtually unknown.

The first purpose of this study is to examine a particular
cﬁaracteristic associated with the cell membrane as a function
of platinum treatment. That characteristic is the average membrane
surface charge which is derived from the total cellular electro-
phoretic mobility. This is measured on viable cells in physiological
buffer solutions.

The average surface charge is the sum of all surface groups
which are charged at physiological pH. This average charge represents
very little by itself, but it can be used to determine the nature
of the individual charged groups which are present on the outer
surface of the cell. These charged groups are mainly negative,
consisting of carboxylic groups and phosphates. Proteins in the

membrane contain negatively charged carboxylic acid groups,

1



non-charged sulfhydral groups, and positively charged amines.30
Sugar moieties probably contribute the majority of the negative
charged carboxylic acid residues, particularly in the form of sialic
acid.24 Phosphates are present in the lipids of the membrane and also
in some surface macromolecules, and sulfates are also present in
small amounts. When the removal of one or another of these groups can
be identified by changes in cell electrophoresis then a
physiologically significant piece of information about the cell emerges.

To determine the types of groups present, the technique of
whole cell electrophoresis is used in conjunction with controlled
surface effectors. These surface effectors are used to selectively
remove or alter known groups on the surface in order to establish
their presence. The most commonly used effectors are digestive
enzymes specific for saccharide, peptide, or nucleic acid bonds.
Other effectors that can be used include chareed macromolecules
which electrostatically bind to the surface groups, antibodies
specific to surface antigens, and reagents which specifically alter
exposed molecules. Once groups are determined, their relative
concentrations on the surface can be followed as a function of
cellular treatments, such as chemotherapy, immunotherapy, radiation
treatment, etc. This technique is used in this study to examine the
S-180 mouse tumor system as a function of platinum chemotherapy.

When a tumor bearing animal is treated with a therapeutic
dose of cisplatin the electrophoretic mobility of the tumor cells
decrease by approximately 20%. This change occurs over the first

24 hours and remains depressed unless the tumor begins to grow again.



This phenomenon occurs simultaneously with an invasion of the
tumor by neutrophils of the host, followed in later days by large
numbers of macrophages. This host response may be due to
inflammation caused by platinum therapy, by dying cells, or by

an increased immune response to the tumor.

It was this last possibility, perhaps the least likely of the
three, that spurred interest in examining the phenomenon of the
reduced cell surface charge. This reduced charge could lower the
electrostatic repulsion between cells and increase cell-cell
interaction resulting in greater phagocytic activity by host cells.
Since most tumors show increased surface charge37 they could be
protected from the cell-cell interaction necessary for phagocytosis.

Changes in surface charge could also represent a loss or addition
of one or more specific groups, such as receptors, transport
enzymes, catalytic enzymes, glycoprotein or mucopolysaccharide
antigens etc. These types of changes would effect the cell's inter-
action with it's environment and, therefore, could alter the immune
response.

Due to length of time it takes for the mobility to decrease,
approximately 1 day, the possibility of cisplatin binding to
the membrane and thereby altering the charge was virtually ruled
out. Cisplatin is also a neutral molecule at physiological chloride
ion concentration and its surface binding, therefore, would go
unmeasured. The most probable route for the drug would be to enter
the dell where the changes it induced resulted later in a surface

alteration. The purpose of this thesis was to find what these



alterations of the membrane were and to determine, if possible,
whether these alterations were functional or simply incidental.

In addition to the interest in cisplatin's effect we were
intrigued by another phenomenon which was observed on the surface of
tumor cells that had been stained with the 'platinum-pyrimidine-

blues'88

. Electron microscopy studies showed patches on the surfaces
of tumor cells which were attributed to nucleic acids. These patches
were susceptible to nucleases and to neuraminidase, but were not
present at all on non-tumorigenic cells. It seemed likely that we
could detect surface nucleic acids with whole cell electrophoresis
due to their net negative charge at pH 7.4. If they could be detected,
then it would corroborate the staining studies which implicated
nucleic acids on the very periphery of the cell surface - a highly
unlikely and unusual location. Therefore, the second purpose of
this work is to examine cells electrophoretically for cell surface
nucleic acids.

The experimental techniques of this dissertation project are
mostly limited to those of whole cell electrophoresis. It appeared
to be a very effective way to examine very small amounts of a surface
noiety on viable cells especially after cell surface nucleic acids
were implicated. This thesis presents some evidence for a new
phenomenon, speculates on it's role, and suggests some further
experiments. I first present some backround information on whole
cell electrophoresis; the relevant areas of cancer research, particular-
ly tumor cell surfaces and tumor antigens; platinum chemotherapy; and

the work to date on extracellular RNA and DNA. This is followed by



my experimental results and then a discussion section in which I
examine the possible roles of cell surface nucleic acids in light

of some other reports in the literature.



Literature Review

I. Platinum Research

cis-dichlorodiammineplatinum-II, cisplatin, has proven to be
one of a group of very potent platinum base anti-tumor drugs which
is currently being used in human chemotherapy protocols. It's mode
of action is still not known although there is a large amount of
evidence for the primary lesion being an attack on DNA. Initial
studies of it's binding to protein and RNA show little or no effect
on their synthesis, however the number of such studies is small.
The majority of the published work on platinum compounds in cancer
research are concentrated in three areas; platinum chemistry,
platinum interactions with DNA,and clinical results. This thesis
does not address the chemical or clinical aspects but rather,

the biological areas and macromolecular interactions.

A. Biological Effects
The first effect noted on biological systems, was the

filamentation of Escherichia coli which led to the discovery of

1

cisplatin's potential use for tumor chemotherapy.~ The E. coli
continued to metabolize and to grow, but they did not divide. This
immediately led to the investigation of platinum interactions with

DNA, since similar effects can be induced with ultraviolet irradiation,
X-ray irradiation, or alkylating agents - all DNA effectors. Platinum

interactions with ribonucleoproteins in filamentous E. coli did not

6
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seem to interfere with protein synthesis, so, DNA appeared
to be the target molecule.

Lysogenic strains of E.coli could be activated into phage
production by incubation with very low levels of platinum compounds.3
The level of anti-tumor activity correlated well with the ability to
induce phage in the lysogenic E. coli.

Cisplatin is also a mutagen. Beck and Brubaker4 showed that
reversion of mutants back to the prototrophic condition occurred
at a rate 105 times greater than spontaneous reversions. It was later
shown that the induced mutation is a base substitution rather than
a frame shift.s In general, the platinum anti-tumor drugs exhibit
a correlation between mutagenicity and cytotoxicity.s'6

The carcinogenic potential of platinum drugs has been recently
tested7 and shown to be positive for the production of benign tumors
in mice. Lung adenomas were produced in 100% of animals treated with
cisplatin and, in conjunction with croton oil, skin papillomas were
induced, some of which turned malignant. These results are indicative
of moderate carcinogenic activity.

These biolocical effects all suggest that DNA is the molecule
attacked by the platinum drugs. Other effects on cells and animals
are not so straightforward but suggest other concommittant roles
for platinum action.

When used in animals as an anti-cancer drug, cisplatin causes
tumor regression which is probably assisted by an enhanced immune

8 . . .
response. Conran demonstrated that immunostimulants can increase the

efficacy of therapy, and that immunodepressants decrease efficacy.



Sodhi9 showed that within a few hours after platinum treatment of
a tumor the host macrophages attach in greater numbers to the tumor
cells. This occurs despite cisplatin's apparent immunosuppressive
properties as shown by its ability to reduce hemolytic plague
forming spleen cells and lymphocyte blastogensis in mice.lo
Many of the cells after treatment turn into giantcells with

several nuclei,11'12

very reminiscent of the filamentous growth

in bacteria. In Erhlich ascites cells exhibiting this giantcell
growth, the synthesis of DNA is depressed, yet there are several
copies per cell. Both RNA and protein synthesis is above normal.,13
which may be due to these extra copies of DNA. In general, these
cells are blocked in the G2 phase of the cell cycle and are unable
to continue on to mitosis.

Respiratory inhibition of chicken heart mitochondria occurs
with cisplatin but only at doses far in excess of therapeutic levels.
This probably means that respiration is not inhibited in normally
treated tumors. Zakharova,14 however, showed that adenosine tri-
phosphatase can be inhibited at levels of cisplatin closer to

traatment values used. This could play a role in cellular energy

levels and could enhance tumor regression.

B. Macromolecular Interactions

DNA has been studied the Tost thoroughly of all macromolecules
in its binding with platinum. Studies 2,15 indicate that DNA synthesis
is inhibited, but RNA and protein synthesis is not. This was taken

to mean that platinum's main effect was on the DNA and, further, that



this effect was due to platinum binding to DNA.

Pascoe and Roberts 16,17 showed that the amount of cisplatin
bound to DNA, mRNA, rRNA, and tRNA was about equal by weight.
Approximately 1 platinum molecule is bound per 105 bases. In the
case of protein, there was 1 platinum per 106 anino acids. They make
the point that since DNA is so large it contaips many more platinum
residues per molecule than the smaller RNA molecules and therefore
poses a greater threat to the information coded on the DNA. Whereas
RNA can be transcribed from short pieces of DNA, DNA synthesis would
require an intact path for DNA polymerase. If this path was blocked
by platinum, synthesis would be stopped or slowed down while repair
occurred, if repair could occur. This, unfortunately, does not address
the problem of giant, multinucleated cells which appear to be
undergoing DNA synthesis but are unable to divide.

The binding of platinum to DNA is fastest at the cuanosine
residue,18 with the N-7 site the most prevalent attachment point.

The N-1, 0-6 of guanine and the 6-NH2 of adenine are some of the
other possible binding sites. The active cis configuration platinum
drugs have the ability to crosslink in both an inter and intra strand
fashion between sites on neighboring nucleotides,19 thereby creating
a physical block.20

DNA repair appears to exist for some platinum induced lesions
because introduction of caffeine, an excision repair inhibitor,
reduces survival in chinese hamster cells after cisplatin treatment.21

Although postreplicative repair may be involved in the removal of

lesions, it appears that most repair is the caffeine sensitive
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excision repair which repairs the DNA before replication

occurs.19 Differences in cells' ability to repair their DNA may
explain why ‘normal' tissues are not as effected by platinum as
tumor tissues. The tumor cells may lack a repair process making them
more vulnerable to the effect of platinum binding.

The interaction of platinum with RNA and protein is poorly
understood. Early work showed that platinum does bind to both, but
that it did not seem to effect the new synthesis of either. Work
exploring the possibility that platinum binding reduces the function-
ality of RNA or protein has not been done. Hermann et al.22 did
show significant physical aterations in double stranded synthetic
RNA, and Robins et al.23 indicate binding to serum proteins and
some cellular proteins. Horer and Nicolau 102 indicated a significant
binding of cisplatin to protiens of the red blood cell membrane
using shifts in fluorescence, and they suspect the platinum is bound
to amino acids other than the fluorochromic ones. This suggests that
platinum could have a significant membrane effect before it enters
the cell. Electron Spin Resonance spectroscopy studies of Sinha et

al.103 also ghoved tight binding of cisplatin to proteins in the

membranes of red blood cells and the P-815 mastocytoma. Wolf et al.104
further showed cisplatin exists in three fractions in the blood;
bound to cells, serum proteins, and free. They showed that the binding
to the red cell and serum proteins is very strong. The significance of
platinum binding to protein and ribonucleic acid is not known,
however, possible roles include interference- with enzyme activity or

functionality of newly synthesized protein, sequestering platinum in

a protective manner, and specialized transport of platinum.



II. Whole Cell Electrophoresis

A. Theory

When cells are suspended in an isotonic solution in which an
electric field has been established, they migrate toward the positive
source of the field. This was not supprisinc to early investigators
because it was known that the cell membrane contained phospholipids,
glycolipids, glycoproteins and proteins which can have both
negative and positive charges at physiologic pH.

The surfaces of cells are probably a complicated mixture of
these different groups. These cell surfaces undergo turnover of their
components, expand and contract with movement, growth, and cell-cell
interactions, and are not flat surfaces but have depth probably more
like a molecular sponge.24 At some point at the very periphery of
the cell is a surface contour called the slip plane where a physical
demarcation exists between the charged surface molecules, with their
tightly associated counterions, and tle ions in the solution bathing
the cell. The negative charges on the surface are balanced by
positive charges in solution. These counterions of the extracellular
space crowd up near the surface and their concentration falls off
exponentially along radial directions from the cell. Most of the
counterions lie beyond the slip plane (Appendix I, Figure 20) and
therefore there is a potential (zeta potential) at this plane
representing the unbalanced charges at the surface. When the cell is
placed in an electric field the force of the field acts on the charges

at this plane and the cell moves toward the positive electrode.

11
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Its velocity depends upon the zeta potential at the slip plane and
it is this velocity which is taken as the electrophoretic mobility.

The relationship used to obtain the actual surface potential or
surface charge from the mobility has been discussed by many authors
(see review by Abramsonzs). The Smoluchowski equation28 relates

mobility, u, to the zeta potential, f,

e f

L= o

where ¢ is the dielectric constant and‘n is the viscosity. The
values of these two constants are taken to be those of the bathihg
solution. (This may be a source of error.zs) This equation is only
valid for particles or cells or a sufficient size, (approximately

10 micrometers or larger) and it assumes that their surfaces are
impenetrable to ions.

The surface charge, 0, is related to the mobility by the equation
W= —
Ke
where 1/K is the Debye-Hﬁckel double layer thickness, and represents
the distance over which the potential drops to l/e.

These equations are only approximations and have been modified
by several authors to take into account membrane penetrability,27
microvilli and surface contours,24 pH changes at the surface and
membrane conductivity.28 However, the inaccuracy of the relationship
of electrophoretic mobility to surface potential or charge is not of

major importance in the use of the technique.

Most of the information obtained through whole cell electrophoresis



13

comes from measuring differences in nobility which represent small

differences in the amount of charged moieties on the cell surface.

An average mammalian cell exhibits 108 - 109 net negative charges

on it's surface an measured by electrophoresis. Changes of 10% are

easily measured. This represents the gain or loss of 107 - 108

charges or approximately 10-16 mol es. The nature of these changes
are determined by specific treatment of the membrane, usually with
enzymes which will cleave off known groups.

The surface charges of particles, bacteria, viruses, sperm
cells, blood cells, and tissue cells both normal and transformed,
have been examined with whole cell electrophoresis by many

28,29,30

investigators over the past 40-50 years. It wasn't until

; L A 31
the discovery of an enzyme, neuraminidase, from Vibrio cholerae ',

, AP . 32
which was shown to cleave sialic acid groups from the cell surfaces
that interest in the technique rose. Sialic acids were found in

24

great amounts on the surface of some cells, ! representing

as much as 80% of the surface charge on red blood cells. These sialic
acids were found to be bound to glycoproteins 34 and glycolipids35'36
through glycosidic bonds. The carboxylic group on the sialic acid
remained free, and at pH 7.0 contributed a negative charge to the
cell surface. Cells of all types were then examined in order to

see if they had specific sialic acid profiles. Of particular

interest was the turnover rate, the topography of residues, the levels
during phases of the cell cycle, the role in antigen-antibody

interaction and possible changes in transformed cells.37
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B. Effects of pH and Ionic Strength

The existence of a group like sialic acid with a pK between 3.0
and 4.0 had been expected by investigators because the isocelectric
point of many cells is in that range. The isocelectric point was
first determined by Kozawa 38 in 1914 by measuring the mobility
of red blood cells in buffers of varying pH. At a particular
pH the cells stopped moving and below that pH they reversed
direction. The point where there was no movement, and therefore,
no net charge on the cell,was their isocelectric point. On many cells
this occurred between pH 3.0 and 4.0. Heard and Seaman24 examined
the red blood ceil in great detail with a variety of buffers and
ionic strengths. They determined ranges of pH over which the red
cell was stable as a function of the ionic strength.

Altering the ionic strength of the measuring solution and
making it isotonic with a nonionic molecule, like sorbitol, is
another way to obtain more information from the mobility measurements.

In normal ionic strength buffers the membrane groups that lie
as little as 10 & under the surface do not contribute to the zeta
potential. This is due to the abundance of counterions which can
diffuse into the membrane and neutralize the charges. By lowering the
ionic strength the electric potential of the membrane charges
extendsfarther away from the cell due to the lack of counterions.
The groups deeper in the membrane then contribute more to the
surface charge and the zeta potential.24 Mobility measurements at
lower ionic strengths therefore have components which represent

charges deeper than 10 R. ( For greater detail, see Appendix I.)
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The red cell shows a membrane ionic strength profile which suggests
that it has little thickness observable with mobility measurements,
whereas the opposite is true for other mammalian cells.39'40

(See Appendix I )

C. Effects of Enzymes and Other Surface Effectors

Enzyme studies improved the value of electrophoretic mobility
measurements because specific groups could be removed and the
resulting changes in surface charge noted. Neuraminidase and
proteolytic enzymes showed that sialic acid and proteins or
glycoproteins accounted for a large amount of the surface negativity
of the red cell.41

The use of ribonuclease by Weiss and Mayhew71 showed that there
is probably RNA on the surfaces of some lymphocytes and tumor cells.
More will be mentioned of this in a later section.

Mehrishi 3° treated cells with 6,6'-dithiodinicotinic acid
which binds specifically to free -SH groups. Upon binding, the
molecule is cleaved. The half remaining bound to the cell has a free
carboxylic acid group which adds a net negative charge to the
cell. The other half is in solution and it has a characteristic
absorption peak at 344 nm. Using this method, Mehrishi42 showed
that no detectable levels of -SH groups existed on red blood cells,
however, it changed the surface charge of lymphocytes by 10%,
Ehriich ascites by 15%, and platelets by 5%.

Mehrishi also showed that the platelet has a membrane
susceptibility to alkaline phosphatase which removes about 8%

of the cell's negative charge.3o
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In certain cells hyaluronidase also removes surface coat material
and lowers the mobility. Sato et al.40 showed that tumor cells
treated with X-ray irradiation underwent a surface reorientation
that moved the hyaluronidase sensitive sites deeper in the membrane.
They determined this by lowering the ionic strength of the measuring
buffer to probe the charges deeper in the membrane.

Other treatments of cells have been used besides those designed
to discover specific groups on the surface. Mehrishi 42 has incubated
cells with the synthetic polypeptides; polylysine, polyarginine, and
polyornithine and found that cells can be made less negative, zero,
or even positive depending on the concentration of these molecules.
Cells of similar mobilities required differing amounts of polycations
to reduce their charge. This may be due to varying topographical
distributions of charges on the surface. Many of these polycations
also have anti-tumor properties. It was suggested that the reduction
in surface charge could result in increased phagocytosis by host cells.

In similar experiments, Mitchell and Cater43 showed reduction
in mobility by polycations, ptomaines, inflammatory mediators,
antisera, and heparin. Heparin served to reverse the mobility
lowering of polyamines and protamine binding, and to partly reverse
the effect of antisera on BP8 tumor cells. Their most interesting
discovery is that lymph node cells from animals immunized with BPS8
tumor cells could be divided into two populations by polyamines,
one negatively charged and one positively charged. In a later paper,44
they showed that only the negatively charged cells could confer
immunity to BP8 tumor cells in C3H mice and protect them from a

subsequent tumor challenge
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Lymphocytes in general show a heterogeneous distribution of
electrophoretic mobilities. It has been shown that the T and B
cell populations can be separated by preparative electrophoresis.45
Ware et al.46 have examined these two populations and have shown that
they have different mobilities anddifferent susceptibilities to
neuraminidase. They also showed that the T-cells can have subpopulations
which suggests that there is a correlation between the different
functions of T-lymphocytes and their surface properties.
Conconavalin-A has been used in many membrane studes and in a
few electrophoretic studies. Blume et al.47 showed that the binding
of Conconavalin-A to thymocytes resulted in an increase of mobility
which they suggested was due to cellular response rather than the
binding of Conconavalin-A alone. The effect occurred at levels of
Conconavalin-A of 10-12 ug/ml which amounted to 220 molecules per
106 cells. Therefore Conconavalin-A probably induced a change in the
thymocytes' metabolism which resulted in an alteration of the membrane
organization. In this case mobility measurements serve as a very

sensitive monitor of binding activity.

D. Changes in Tumor Cells

In 1956 Ambrose48 reported a difference between the mobility of
normal and tumor kidney cells. The tumor cells exhibited a higher
surface charge than the normal cells. Others 37 showed that some
tumor cells had the same mobility as normal cells but were more
susceptible to neuraminidase. Fuhrmarm49 showed this for liver cells.
The proliferating normal liver cells and hepatoma cells had higher

mobilities than non-<proliferating normal cells but the tumor cells
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were more sensitive to neuraminidase. Other reports37 suggested a
similar correlation, but after several other cases were examined
there did not seem to be a distinct correlation between malignancy
and surface charge level. Vassarso noted differences between
mesenchymal tumor cells and carcinomas in some cases, and there was
a difference in the sensitivities to neuraminidase but there was no
difference between the normal and malignant cells examined. Weiss51
also examined cell surface charge as a function of the degree of
malignancy and found no significant differences. In general, however,
any change in mobility associated with tumorigenesis is usually an

increase, which is also typical of fast growing cells.52



III. Tumor Membranes

It has long been hoped that there would be a simple, measureable
difference between tumor cells and normal cells. The search for this
key difference has been extensive, but no such difference appears
to exist. The membranes of tumor cells have been examined ever
since early studies indicated that contact inhibition was lost in
tumor cell culturessa, and that tumor cells were less adhesive.s4
This search has led to the examination of surface proteins, glyco-
proteins, glycolipids, glycosaminoglycans, lectin agglutinability,
lectin receptor mobiltiy, membrane bound enzymes, membrane transport,
proteolysis, tumor associated antigens, the H-2 antigen complex,
antigen shedding, and the different cell-cell interactions. Each
of these areas, as well as others, have volumes of reports addressing
the issue of tumor cell membranes and several good reviews exist which

attempt to piece it all together.55'56'57'58

So far, however, the
only safe conclusions that can be drawn are that there are a number
of changes that sometimes occur in tumorigenesis but they are
not substantially different from the changes normal cells undergo
during rapid growth or in mitosis.

This does not mean that these findings are unimportant because
the membrane is still the mediator between intracellular and extra-
cellular activities. The interaction with the environment that normal
cells undergo during mitosis and rapid growth is critical to the

understanding of tumor cell interactions with the host even if the

basic cause of the cancerous state lies more deeply within the cell.
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The following is a brief review of the currently known changes
in membranes associated with neoplastic transformation. It is a

synopsis of the material in the major reviews cited earlier.

A. Changes in Cell Behavior

Malignant transformation always shows some departure from the
normal pattern of contact inhibition. Each cell type has its own pattern
of migration and behavior when it makes contact with neighboring cells.
Malignancy often introduces subtle changes in the normal migration
and growth of these cells as viewed in vitro. >3 Epithelial and
glial cells, which umually form strongcell-cell adhesions, stop their
locomotion and contract, show after transformation, a diminished
tendency for intercellular adhesions. Fibroblasts show variable
patterns after transformation, with increased overlapping, less
adhesions to other cells, and - continued membrane ruffling. Malignant
lyrnphoma cells appear less mobile than normal lymphoblastoid cells.
In conjunction with contact inhibition type behavior, tumor cells often
lose density-dependent growth restrictions and in vitro many are
capable of growing in suspension with no anchorage dependence.

These behavioral changes in vitro have not been thoroughly
reproduced in vivo, so it is not known if changes in migratory patterns
and contact interactions are important in the tumor-host system,

particularly in metastasis.

B. Membrane Components
A variety of membrane alterations occur in the malignant state,

particularly in glycolipids, glycoproteins and proteins.
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l. Glycoproteins

The carbohydrate portions of glycoproteins undergo changes
in size and in sialic acid content. Sialyl tranferase has been shown
to be less in some cells, resulting in incpmplete synthesis of
certain large glycoproteins.35 On the other hand, small molecular weight
glycoproteins have more sialic acids in transformed cells and in
fast growing normal cells.55 Virus transformed, non-tumorigenic
kidney fibroblasts showed longer and more highly branched
oligosaccharides of the surface glycoproteins. 36 This has also
been found in tumor cells after virus infection. Similar earlier
work seemed to indicate larger glycopeptide fragments in tumor cells
and mitotic cells when the cells were treated with trypsin and pronase.
This work is comparable to that of the virus induced tumoxs.

Probably the most agreed upon change in glycoproteins is the loss of
-a 200K-250K glycoprotein58 which goes under several names;
fibronectin, LETS (large external trypsin sensitive) protein, Z protein,
galactoprotein,and fibroblast surface antigen. This protein exists
in high levels in membranes of normal cells but transiently disappears
during mitosis. It can be removed with trypsin and its disappearance
occurs simultaneously with induction of the cell into the cell cycle.
This had led several investigators to suggest that this protein is
involved with growth control. Tumor cells appear to be lacking in
this membrane protein but they also may expel it into the medium.
Lectin binding sites have been found on this protein, and the protein
appears to interact with the cell's fibrillar structures. It has even

been proposed that the lectin cap formation in tumor cells is due to the
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lectins binding to less competive, mobile proteins which are
normally not bound when the LETS protein is available. 58 Future work
will probably elucidate the role of this protein.

2. Glycolipids

The glycolipids in the membrane of tumor cells seem to be less
complex than those of normal cells with fewer molecules present and
they are not accessible to antibodies, enzymes and lectins. This
was determined on the NIL hamster cells by Hakonori.59 Most of the
virus transformed cells examined also showed similar reductions in
complex glycolipids. As normal cells grow and contact each other there
is an increased synthesis of these glycolipids, suggesting that they
may be involved in growth control. Spontaneous tumors of the mouse
do not show this reduction unless the cells are cultured for several

55

generations; which raises the question of relevance between

in vitro and in vivo findings.

In general, there are measurable changes in both glycoproteins and
glycolipids between normal, transformed, transformed and tumorigenic
cells, and cells during development.60 These changes are not specific to
cancer, but may be more correlated to levels of differentiation and
cell growth rate.

3. Proteins

The proteins that are altered in tumor cell membranes (besides
glycoproteins) are transport enzymes, adenyl cyclase, Na+ - K+ - ATPase,
proteases and glycosidases.ss’s6

Sugar entry increases in transformed cells as does entry of certain

+ + ..
amino acids and phosphates.55 Na and K movement is increased due to
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the 4-5 fold increase in Na+ - Kf - ATPase activity. It has been
suggested that malignancy is due to the increase in cell transport
which also brings in molecules which stimulate growth.55 It is perhaps
easier to envision the increased transport as a secondary response to
increased energy needs of malignant cells.

Elevated levels of glycosidase activity in human tumors with
respect to similar normal tissues have been reported, however these
measurements are made on cell homogenates. It is postulated that they
can influence both the tumor cell origin and the surrounding cells.
The increased levels are seen in some transformed tissue culture
lines but not all. 35

Protease changes have been reported and raise some interésting
questions. Since protease treatment of normal cells can induce the
mitotic cycle, remove LETS protein, alter other glycoproteins, change
glucose transport, increase agglutinability with lectins, and make
them more reactive to antibodies, a role of proteases in cell cycle
control has been hypothesized.s7 A tumor cell could be releasing
proteases at precise moments in the cell cycle which stimulates the
next round of division. Tumor cells also release a plasminogen
activator which normal subconfluent cells release. However, unlike the
normal cells the tumor cells release it continuously. Roblin61 has
shown that tumor growth serum depleted in plasminogen results in major
morphological changes in tumor cells back to their normal configuration.
This indicates that the tumor activated plasmin causes surface
alterations of the tumor cells, which may be important to the trans-

formed state. The importance of protease actinn on the membrane
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could be great. Antigen sites could be altered or their steric
orientation changed, membrane permeability, membrane-cytoplasmic
communication, surface receptors, etc., could all be significantly
influenced by protease action. Further work in the area should be
very enlightening to growth and cell-cell interactions.

4. lectins

The agglutination of tumor cells by lectins has been known
for several years. The capping phenomencnand the deduced
greater mobility of binding sites has been intriquing, but no real
meaning has been attributed to the phenomenon. Mannino and Burger62
suggest that the surface change detected by agglutination commits the
cell to enter the next round of the cell cycle. Since normal cells in
mitosis exhirit agglutinability there does seem to be a connection.
The question is whether or not it is a causal relationship. They
blocked the Con-A binding sites of 3T3 cells but did not agglutinate
the cells and showed that if the blocking agent was added in early
mitoses the cells finished the cell cycle and entered Go‘ The removal
of the block allowed the cells to enter the cycle again. This suggested
that a stop signal was necessary for cell control and that stop
receptor was associated with lectin binding sites. This raised the
question of what the stop signal molecule might be.

5. Antigens.

The antigen alterations of tumor cells is another large area
of investigation, especially for the possibilities of effective

63,64

anti-tumor immunotherapy. Tumor specific antigens have been

S
demonstrated that are capable of eliciting an immune response. 3
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Viral antigens are usually present in virus transformed cells and fetal
type surface antigens are also present on some tumors. 65 The
fetal antigens, carcinocembryonic antigen (CEA) and alpha-fetoprotein
(4 FP) are released by certain human tumors but their significance is
not known. They are being used as a monitor for recurrent tumors in
some cases. The release of antigens like CEA and «FP has spurred interest
in the idea of antigen shedding by tumors.66 Some results have shown
that antigens released by tumors combine with antibody and form
complexes that act as blocking factors which suppress the response of
sensitized lymphocytes. Shed antigensalone are also claimed to be
inhibitory to sensitized lymphocytess§ The possiblity of large numbers
of released antigens simply overwhelming the immune system is yet
another theory of tumor protection.66

The field of tumor immunology is immense65 but it seems that the
most interesting work is not on the antigen sites of tumors but in the
host's response system. The possible suppression activities of tumor
cells is one very important aspect which has only recently been
examined extensively.67 Another related area is the importance of the
histocompatibility complex H-2 or HL-2. There is evidence68 that they
are involved in antigen recognition by the cells of the immune system.
This cell-cell interaction at the membrane level, particularly the
necessary conformations of antigen and H-2 complexz could be an area for
new breakthroughs and of importance to tumor immunology.

I have outlined briefly only the major changes in the membranes
of tumor cells. Many internal differences have been cataloged. Many of

them are probably the result of tumorigenesis and not the cause, as are

some of these membrane alterations.



IV. Surface Nucleic Acids

A. Surface RNA
In 1952, Lansing and Rosenthal69 showed evidence for ribonucleic
acid on the surface of Arbacia eggs through light microscopy

staining with toluidin blue. They also used the plant Elodea camadensis

and measured calcium oxalate formation before and after ribonuclease
treatment. The peripheral cell edges lost staining ability after
RNase treatment in the first case and less calcium oxalate crystals
formed after RNase treatment in the second case. They suggested
that a nembrane RNA molecule was important as a calcium repository
and could possible serve as a transmembrane carrier for certain
molecules.

Chaudhari and Lieberman70 found RNA on the surface of liver
nuclei by using particle electrophoresis and treatment with RNase.
The RIA was only on the nuclei of liver cells of partially
hepatectomized rats, where the cells are undergoing much greater DNA
synthesis rates.

The next report of surface nucleic acids was made by Weiss
and Mayhew71. They used whole cell electrophoresis to show that
cultured L1210 tumors and RPMI no.41l cells exhibited ribonuclease
sensitive sites on their outer surfaces. Mouse, human and chicken
erythrocytes did not change after RNase treatment, whereas all
cells measured were sensitive to neuraminidase, giving a reduction
in mobility.72 Further work of theirs72 indicated that these RNase

s . . +~ .
sensitive sites were able to bind Ca ions, and at low concentrations

26
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of Ca++ ions, these were the only surface binding sites. They suggested
that there was membrane bound RNA and that it was a structural
component with one of it's functions being a reservoir of divalent
cations.

They continued to study this surface RNA39 and showed that it
did not easily wash off cells, nor could it be added to cells by
debris from broken cells. The rate of cell metabolism and culture
division time did, however, determine the level of surface RNA.

Cells deprived of serum in their tissue culture media lost a
significant amount of charge due to RNA, whereas this starvation did
not effect the level of neuraminidase sensitive sites. This led
them to suggest that the surface RNA was a relatiely labile group
but it was not an adventitious group.

Mayhew and Weiss71 also showed this RNase sensitivity on mouse
lymphocytes, polymorphonuclear leukocytes, thymus cells, liver cells,
and in S37 ascites cells. The tumor cells and transformed tissue
culture cells exhibited the greatest amount.

Mayhews2 also showed that the surface charge of tissue culture
cells (RPMI no. 41) increased during the M phase of the cell cycle.
An increased level of surface sialic acids seemed to be responsible
for this change. When non-synchronized cells were examined at
different growth rates, however, the sialic acid content was constant
even though the surface charge increased with increasing growth rates.
This, and their previously described work,suggested that fast growing
cells have an increased amount of negatively charged groups which

are susceptible to RNase removal but not to neuraminidase removal.



28

They further substantiated that hypothesis by examining normal
and rapidly proliferating lymphoid cells in the mouse.73 The rapidly
growing, moreimmature cells contained RNA on their surface while the
normal controls did not.

Weiss et al. continued this work by exploring the relative density

of these RNase and neuraminidase sensitive sites on the surface

of Ehrlich ascites cells.“'75

The cells were fixed in glutaraldehyde
and treated with positively charged, colloidal iron hycdroxide
particles. The cells were sectioned and viewed by electron
microscopy. When cells were treated with RNase - leaving behind the
sialic acid residues -~ the distribution of the particles was a uniform
Poisson distribution. When the cells were treated with neuraminidase
- leaving the RNA molecules - the particles were found in clusters
and the clusters were distributed in a uniform Poisson distribution.
When both enzymes were used, the remaining 66% of the negativity
of the cell surface was not strong enough to hold any particles
bound. From this they suggested that sialic acid on the cell was
clustered in small patches, each patch with enough negativity, ~30
electrons, to hold one particle bound. The RNA was clustered in
larger patches, each patch capable of binding several particles. The
remainder of the cell's negative charge was distributed evenly
and its density wasn't great enough to keep a colloidal iron particle
bound.

Other electrophoresis work which has demonstrated RNase
susceptibility on cell surfaces was done by Woo and Cater76. They
were examining antigens on adult liver cells, fetal liver cells, and

hepatomas in the mouse. During their studies they showed that one
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of the similarities between the fetal and hepatoma cells was a
susceptibility to RNase treatment. RNase did not effect normal liver
cells but decreased the mobility of fetal cells by 17% and hepatoma
cells by 29%. They also examined the BP8 ascites tumor and lymph

node cells and showed a 39% reduction in mobility with RNase in the
tumor cells as compared to a 4.8% reduction in normal lymphnode cells
and 13% reduction in lymph node cells from animals immunized with
BP8 cells. They spent considerable effort in the attempt to wash

the RNA off of the cells, with no effect, and to make sure that

the RNase enzyme was not binding and causing reduced mobility. They
suggested the RNA was real and hypothesized that it might simply

be due to mitotically active cells or might serve a role in cell-cell
recognition or information transfer.

In another electrophoresis study, Droege et al.77 examined
chicken lymphocytes from blood, spleen, bursa, and thymus. The blood
lymphocytes showed a 22% reduction in mobility after RNase treatment,
whereas none of the lymphocytes from other organs were sensitive
to RNase. They suggesed that this RNA could serve as an endogenous
adjuvant in the lymphocytes response to antigen.

Besides the electrophoresis work there have been a few other
studies suggesting surface RNA. During the isolation of liver

membranes investigators have found 1—2%78 and 2-4%79’80

RNA in
their membrane preparations. The problem with this is that this
quantity of RNA could easily be contamination. In fact, most

researchers attributed RNA in their membrane preparations to

contamination. Davidova and Shapot81 examined more closely this RNA
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in membrane preparations using rat liver and hepatoma cells. They
found that the plasma membrane-bound RNA contained different size
components than the endoplasmic reticulum RNA. They also added a

known amount of radiolabelled contaminant RNA to their liver homogenate
and determined that only 4-7% of the membrane associated RNA was
contaminated by cytoplasmic RNA. They suggested from the isolation
techniques that the RNA is bound to protein and that this is

complexed with lipid.

Using L cells Glick82 examined the RNA associated with membrane
preparations and compared it to ribosomal RNA. She found that
the base compositions and profiles on sucrose gradients were
similar. However, the synthesis rate of surface RNA was greater
(as measured by uptake of 3H uridine) and the surface RNA was less
sensitive to Actinomycin-D and to RNase digestion. She suggested
that protein producing ribosomes are associated with the cell outer
membrane and that they synthesized specific types of proteins. The
question which was not addressed by this study was whether the
membrane RNA examined originated from the inside or the outside
of the membrane.

The possibility of an RNA-protein complex of some sort located
on the surface was supported by Rieber and Bacalao.83 They latelled
Chinese hamster ovary cells with 32P-phosphate and 3H-leucine
and then treated them with trypsin. The trypsin treatment released
radioactive phosphate which was sensitive to RNase treatment and
also contained protein. With several methods they tried to assure

that the trypsin was not getting into the cell and releasing cellular
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phosphate containing macromolecules. When cells were incubated

with Btz-cAMP-testosterone they showed a greater amount of a higher
molecular weight phosphate containing-RNase sensitive macromolecule.
They suggested that this membrane ribonucleoprotein may be associated

with cell proliferation and differentiation.

B. Surface DNA

In 1970, Singer and Reid84 examined the mucoid coats of cervical
cells under the electron microscope and found fibrous bundles and
filaments. Using a method to remove mucoid coats from cells they
examined rat thymus cells. 85 After using DNA extraction methods on
the cell coats they found a DNA which had a higher, more abrupt
melting temperature but lower hyperchromicity than intracellular
DNA. This DNA was shorter and aggregated into bundles and rings
and had a greater buoyant density. They suggested that it might be
partially single stranded and may contain repeating sequences. Reid86
presented an elaborate argument that this surface DNA is involved with
cellular communication in an electronic network fashion.

Lerner et al.87 then reported a plasma membrane associated DNA
in diploid human lymphocytes. The DNA was isolated from membrane
fractions and shown to be smaller in size than nuclear DNA. It
replicated during G, at a rate 16% of the S-phase rate, whereas the

1

nuclear DNA's replication rate in G1 was only 3% of the S-phase
rate. They suggested that this DNA was different from the nuclear
DNA and was not a membrane contaminant. The membrane DNA was susceptible

to DNase while on the membrane, indicating that it wss in an exposed
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position. Finally, they noted that the number of DNA molecules in the
membrane corresponded about one to one with the number of bound

IgG molecules. They suggested that this membrane DNA could be involved
in immunoglobulin synthesis, gene amplification, or immunologically
associated information transfer between cells.

In 1975, Aggarwal et al.88 suggested the presence of DNA on the
surface of tumor cells. Using platinum-pyrimidine complexes as
electron dense stains for electron microscopy, they noted patches
on the surface of tumor cells which could be removed by neuraminidase
or DNase, but not RNase, trypsin, or hyaluronidase. Eight tumorigenic
cell types showed patches, while 11 non-tumorigenic tested negative.
They suggested that DNA was present on the outer surface of tumor
cells, and was bound in association with sialic acids. Rosenbergn1
suggested that this surface DNA could have an immunosuppressive role
by acting to mask tumor antigens on the cell surface.

Further work along this line by McAllister et al.89 suggested
that other cells besides tumors also stained on the surface, and that
the technique needed refinement. She also suggested that under
certain conditions other molecules than nucleic acids could be stained.

Aggarwal strengthened his argument by using an autoradiographic
technique in conjunction with electron microscopy.90 He labelled cells
with 3H thymidine and plotted the number of grains versus distance
from the nucleus. He compared this to a similar plot of the densities
of platinum staining versus distance. There were distinct peaks inside
of the nucleus, at the nuclear membrane, and at the plasma membrane.

Russell and Golub91 found a subpopulation of leukemic spleen
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Cells capable of suppressing anti-sheep erythrocyte antibody response
of normal mouse AKR spleen cells. They showed that this subpopulation
of cells had DNA located on their surface. The suppressor population
could be isolated by passing the cells down a column containing
bound anti-calf thymus DNA antibody. Treatment of these cells with
DNase eliminated the suppressor activity. In the assay for suppressor
activity cell contact was reguired, which could wmean an physical
transfer of DNA or a product was necessary for suppression.
Hollinshead and Stewaz:tg2 have also made an observation involving
membrane DNA. They found a DNase sensitive factor on the membranes
of cells from human Oat cell lung cancer. This appears to be involved
as an inhibitor, protecting the tumor cells from an immune response

directed against the cell's tumor associated antigens.

C. Cell Released Nucleic Acid.

There have been many reports of RNA molecules that have an
effect on cells. The term immune-RNA or informational-RNA or
transfer-RNA is used to indicate RNA which is extracted from cells,
usually sensitized cells, and given to other cells or injected into
animals. Transfer of specific immunity has been demonstrated by this
technique as well as induction of differention. Several reviews

93,94,95

exist on this subject but they do not discuss the release of

RNA from cells. A few studies have shown a release of an RNA-DNA

complex which will be discussed below.

The in vitro release of DNA from 1ymphocytes,97'101'100'105’99

98
bacteria,g6 frog auricles,97 and the water mould Allomyces arbuscula

has been demonstrated in recent years. Khandjian et al.98 and Stroun
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et al.97 described a complex of RNA-DNA and protein as being released.
Stroun et a1.97 have shown that extracellular concentrations released
from lymphocytes attained a steady state level which was recognized
and requlated by the cell. They showed that the RNA-DNA-protein complex
was quite stable and required drastic proceedures for removal of the
RNA. The complex was not susceptible to RNase degredation. Only after
phenol extraction, DNase digestion, and chloroform and sodium
perchlorate extraction was the remaining nucleic acid RNase sensitive.97
They also showed that this complex was capable of extracellular
DNA synthesis.

Rogersloo described a DNA which was excreted by phytohemagglutinin-
stimulated lymphocytes. He showed that the DNA excreted was
homologous with only 10% of the nuclear DNA and was smaller than the
nuclear DNA. He followed the course of labelled DNA from the nucleus
to the supernatant on normal and stimulated lymphocytes.lol The DNA
traveled from the nucleus to the supernatant during the course of 3
days. In the stimulated cells 3-4 times the amount of the DNA
was excreted. He suggested that this excretion of a particular
segment of the cell DNA may be very important in the activation of
lymphocytes.

The DNA released by lymphocytes has also been shown to attach

to red blood cells and cause rosette formation.lo5 The significance

of this is not known.



Developement of Electrophoresis Apparatus

I. Backround and Overall Design

The technique of whole cell electrophoresis consists of placing
a cell in a solution containing an electric field and determining
its induced velocity. The cell migrates toward one of the electrodes
with a velocity directly related to the value of its average
surface charge. Under normal conditions cells are negatively charged
and therefore migrate toward the positive electrode. The electro-
phoretic mobility is measured as velocity per unit electric field,
u/sec/Volt/cm. The standard technique for determining this mobility
was to watch a single cell and determine the time it took to travel
a set distance thereby obtaining its velocity. This is a tedious
proceedure because several cells had to be examined in this way
to obtain a relevent representation of the population. This also
exposed the cells to the electric field for prolonged times. In
order to be able to collect data rapidly on a large number of cells
a new technique was necessary.

A new method of measurement was developed using a technique
first described by Goetz and Penniman.m6 It consisted of
mechanically moving the image of the cells, which are viewed
through a microscope, in a direction opposite to that induced by the
electric field. When the two are equal the cells appear to stand
still and the mechanical movement just equals the field induced
velocity of the cell., Their apparatus consisted of using a prism
oriented in the optical path of the microscope which shifted the

cell image with delicately controlled minute rotations. These were
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controlled with relatively elaborate electronic servo systems.

This technique was altered for the present apparatus by
incorporating a sliding mirror which, as shown in Figure 1 , serves
to shift the image at the reticle located in the eyepiece of the
microscope. The mirror is driven by a motor through a worm gear and
the speed of the motor is accurately controlled and monitored.

When a measurement of cellular mobility is made a 'cloud’' of cells

is watched and the velocity of the mirror is adjusted until the
‘cloud’ appears stationary. The motor speed is then directly
proportional to cell velocity. This method allows for rapid deter-
minations of large numbers of cells thereby obtaining statistically
reliable measurements with a minimum of exposure for the cells.

(A five minute period is usually sufficient to obtain a mobility value
with a coeficient of variation of 1-2%)

To further speed the data taking process a television camera was
attached to the eyepiece so that the cells could be viewed on a TV

monitor, reducing the eyestrain from prolonged microscope work,

II. Measuring Chamber and Electrodes.

The measuring chamber was obtained from Thomas Inc. and is the
flat,parallel plate design as shown in Figure ‘2 , The distance
between the inner surfaces of the plates is 400 micrometers. This
distance times the width of the chamber defines the cross sectional
area of the chamber and equals 0,048 cmz. A water jacket was added to
the chamber, Figure 3, and the chamber is connected to the dual
purpose electrode chambers/fill and drain ports. Stopcocks allow the
sample to be added and drained or the electrodes to be added to the

circuit when the electric field is applied.
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The field strength inside the chamber cannot be measured
directly and therefore it is derived by measuring the electric
current flowing in the electrode circuit (the ammeter in Figure 3 ).
The currents flowing in all elements of the circuit are identical
therefore this represents the current flowing in the measuring
chamber,

The electric field is derived from the current by the following
equations

E= =,
where E is the electric field, I is the current, K is the conductivity

of the buffer, and A is the cross sectional area of the chamber,

K is determined with the following equation:

1
K = Ibuff . K
std

where a 0.1 N KC1 of known conductivity of 1,119, at 18°% is used

std ,

to determine K. The standard is placed in the chamber first and the
current is measured at a fixed voltage between the electrodes. The
standard solution is then replaced with the buffer and the current
is again measured.

The electrodes are Ag| AgCl reversible electrodes in saturated
KC1 solutions, They are made by plating AgCl onto silver wire in a
0.1 N HC1 solution with a current of 10-15 mA for 20 minutes.,
The saturated KC1l solution in the electrode chambers is separated
from the physiological buffer solution in the measuring chamber by
plugs of glass wool., Risks of cell damage due to leaking of the KC1
through the plugs during measurements is reduced by 10-15 cm

connecting tubes from the measuring chamber to the electrode chambers.
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III. Mirror Movement

The microscope used for this apparatus was the NikenMS inverted
microscope. It had the advantage of a right angle bend design in the
optical path from objective to eyepiece. This allowed for placement
of the movable 45° mirror as shown in Figure 1 . The motor attached
through the worm gear to the mirror contains a gear reduction unit
and a built in tachometer to monitor motor speed. The motor input
and tachometer output are attached to a speed control power supply.
The motor and power supply were purchased from Servo-Tek Inc. The
tachometer output is also monitored with a digital volt meter (DVM)
and is used to determine cell velocity.

The mirror velocity is proportional to the velocity of the
cells with a multiplicative constant given by the power of the lens
objective. The mirror velocity, in turn, is proportional to the
T.p.m, of the motor with a proportionality constant given by the
pitch of the worm gear.,

The mirror movement was calibrated with a stopwatch. The stopwatch
timing of a stationary particle in the field of view as it was moved
by the mirror gave an actual value for the velocity. The tachometer
output from the mirror is also related to the velocity observe@ by the
equation,

0.3545

Tach voltage x Y

= velocity

where the factor 0.3545 is a constant obtained from motor speed,
the gear ratio, and conversion factors. After calibration it was
determined that this factor was off by 1.69% and was therefore adjusted

to the value 0.3605, (Y is the power of the objective,)
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The overall schematic for the switches and interconnections is
shown in figure 4 ., Provisions are made to switch polarity of the
electrode voltage and reverse direction of the motor rotation,
A chart recorder is used to monitor electode current while a DVM
is used for ttheetachometer voltage, Further details and operating

instructions are given in Appendix III,
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Materials and Methods

I. Buffers and Solutions
The buffer used for all electrophoresis measurements was a
citrate—-phosphate base buffer with a piH range from 2.2 to 8.0.
(NaCl = 0.,137M3 KC1 = 0.004M3 NaZHPoa = 0,011M; Citric acid =
0.006M for a pH = 7.4) For pH = 6,citric acid = 0,0029M and NaZHP04=
0.01M 3 for pH = 4,6, citric acid = 0.0052M and NaZHPO4 = 0.009M3
for pH = 3,0, citric acid = 0.016M, NazHPOQ = 0.006M.
When the ionic strength of the solutions Were changed, isotonic
(52) mannitol was added tothis buffer.
All incubations with enzymes were performed in a modified
Hanks solution (NaCl = 0,137Mj; KC1 = 0.005M; MgSO

4

CaCl2 = 0,00081M; glucose = 0,011M; NaHzPoa = 0,001M3 and

NaZHPOQ = 0,0045M), The bicarbonate has been removed to eliminate

= 0.0016M3;

the need for a CO2 atmosphere.

When cells are removed from the animals they are diluted
with a 0.,9%X NaCl solution,

The perfusion buffer used during the isolation of cells from
the liver, fetus, thymus, spleen and solid S-180 consists of NaCl at

0.08 M, EDTA at 0.027M and sodium citrate at 0,027M.

II. Cells

The S-180 mouse tumor cells are grown in ascitic form in the
peritoneal ca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>