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Chapter 1
INTRODUCTION

Cellular communication enables a multicellular organism to
respond to external stimuli in an integrated fashion. Cell behavior may
be modulated by an exchange of information via the cellular release of
soluble factors. Initial contact between the cell and intercellular
mediators occurs at the plasma membrane. In this framework the plasma
membrane functions as a biological transducer, receiving external
messages and relaying the appropriate signals to the cell interior. As
such, the membrane plays a critical role in the function of fhe cell.

Lymphocyte activation by specific antigen graphicai]y
illustrates how cell function may be modulated by surfacé‘reactants.
Upon interaction with appropriate stimulating Tigands the lymphocyte is
transformed from a metabolically quiescent cell to a pro]iferating_ce]]
involved in executing its physiological function of.defending the body
against invading foreign organisms. Dormant lymphocytes are triggered
to undergo blast transformation not only by specific antigens but also
by the phytomitogens (1), bacterial products (2), ahti—immunog]obu]ins
(3), trypsin (4,5), the divalent cation ionophore (A23187) (6) and
reagents such as sodium periodate (7). Lymphocyte activation 1is a
phenomenon initiated at the cell surfabe. Mitogénicragents maintain
their ability to activate lymphocytes after being coupled to 1nsoTub]e
supports, indicating that transport of mitogen to the cell interior is
not obligatory for mitogenic triggering (8,9). Despite this established
relationship between mitogen-cell surface binding and transformation
1n1t1ation, the triggering or transmembrane signaling mechanism remains

to be clarified. Salient bijochemical and physico-chemical changes are



manifest in the cell membrane minutes after mitogen binding. The means
by which a ligand bound to the lymphocyte surface initiates the series
of events defining stimulation will not be resolved, however, by the
mere cataloging of membrane alterations apparent immediately after
mitogen binding. Primary transitions must be distinguished from those
which arise secondarily and an integrated description of the properties
of the‘activated lymphocyte must emerge.

1.1 Lectin Lymphocyte Interaction

Studies of lymphocyte activation frequently rely upon }ectins
as stimulants. Lectins are proteins of nonimmune origin that afe quite
widely distributed in nature, ranging from concanava]invA of the Jack
bean to helix pomatia lectin of the snail (10). Lectins share a host of
unusual biological and chemical properties, the foremost among these
properties being the ability to bind mono- or oligo saccharides with
remarkable specificity (11). Mitogenic stimulation arises by virtue of
the carbohydrate binding capacity of lectins. The first stage in the
mitogenic activation of lymphocytes 1nv01ves‘binding of mitogen to the
saccharide units of glycoproteins and glycolipids. The Tlymphocyte
response 1is nonspecific, initiated by a process independent of the
immunogenicity of the stimulant. Polyclonal blastogenesis is triggered
by mitogens. It is this ability to turn on multiple clones in the
lymphocyte population in a manner analagous to specific antigen
stimulation which has led to their widespread use in immunclogical
research.

Although the interaction of lymphocytes with mitogenic lectins
leads to fhe expression of a myriad of functional activities, it is

generally assumed that only a restricted number of changes originate



directly from interaction between a lectin and its receptor and that an
amplifying mechanism must operate within the membrane leading to the
other expressed changes.  Typically, early events in activation have
been analyzed in three relatively discrete stages: 1. Recognition --
ligand-receptor interaction 2. Transmission =-- information transfer
acroés membrane 3y Modulation -- redistribution of surface
components.  For the purposes of this discussion, génera] conclusions
derived from ligand receptor studies will be briefly presented and then
followed by a description of the changes documented in the plasma
membrane subsequent to mitogen binding. Thg relation of these membrane
changes to the transfer of the mitogenic signal to the cell interior
will be addressed.

1.1.1 Ligand-Receptor Interactions

Immunoglobulin, the receptor of B lymphocytes for
specific antigen has been the subject 6f a rigorous structuraT
analysis. In recent years the complete amino acid sequeﬁce of ﬁembrane
bound immunoglobulin has been determined (12). B lymphocytes are
presumed to have a receptor distinct from immunoglobulin for mitogénic
lectins. Evidence suggesting that B lymphocytes may be activated by at
least two different and independent receptors derives from capping
(receptor-redistribution) studies. Lectins and anti—immunog]obu11ns do
not co-cap, but rather redistribute independently to different sites on
the membrane, implying the involvement of at least two distinct types of
receptors in activation (13).

In view of the carbohydrate binding specificfty of
lectins, it would be expected that they would bind with either of the

two major classes of sugar containing molecules on cell surfaces, the



glycoproteins and glycolipids. Inhibition studies demonstrate that
glycoproteins but not glycolipids may effectively inhibit lymphocyte
transformation (14). Generally, it is therefore accepted that
glycoproteins are the critical receptors involved in the process of
mitogenesis.

Lectins exhibit binding specificity for a variety of
saccharides associated with  membrane glycoproteins. Simultaneous
interaction with all available cellular receptors for mitogenic lectins
fails to stimulate, whereas proliferation is maximal when only 5% of the
receptors are occupied (15,16). Evidence from Toyoshima et al. suggests
that phytomitogens bind to the cell surface via a common receptor not
shared by the non-mitogenic lectins (17). ‘Wynne et al. addressed the
question of whether different mitogens trigger cells by affecting.
different membrane sites (18). This question was approached through ﬁhe
use of a cheﬁica] method which involved the in§ert10n of a mitogenic
site onto the lymphocyte membrane. The extreme specificity of the
interaction between conjugated ligand and the cell surface required to
induce blastogenesis prompted the group to infer that the lymphocyte
activation site 1is unique. Prevailing evidence does suggest that a
single transformation sensitive receptor molecule exists which mediates
activation of lymphocytes by a variety of ligands.

Note that Tligand-receptor interaction is not the sole
means of initiating lymphocyte activation. Heavy metal ions 53 weif as
certain bacterial products are thought to induce mitogenesis by
interacting with the lipid bilayer, thereby perturbing the membrane and

mimicking the result of receptor-ligand interaction (19,20,21).



1.1.2 Membrane Associated Events in Lectin Lymphocyte

Interaction

The cell surface is implicated in the regulation of the
lymphocyte activation phenomenon. Subsequent to interaction with
mitogenic  lectins, lymphocytes undergo metabolic, biochemical,
morphological and proliferative changes. These alterations are
sequentially expressed, manifest first in the plasma membrane and later
in the cytoplasm and nucleus.

Changes in the permeability of the.piasma membrane to
small molecules is one of the primary functional alterations evident
after mitogen binding. Increased uptake of nucleosides (22), sugars
(23,24), amino acids (25,26), and cations (27,28) have been measured.
Changes in membrane permeability are known to accompany the transition
of a resting cell to a state of enhanced activity in a number of other
systems. However, a causal relationship has yet to be established and
it has been suggested that the permeability change is only an indicator
for a more general change in the cell membrane. = MNevertheless, one
hypothesis has been advanced which relates early changes in the membrane
permeability in Ca*t to the late biochemical changes associated with
blast transformation (27). This hypothesis hinges on the fact that one
of the initial alterations induced by mitogen interaction is the
stimulation of guanosine 3':5'-monophosphate {cGMP) accumulation

(29,30). Membrane alterations are thought to lead to a change in cat?

[R®]

permeability with a resultant cat® influx. The elevated guanylate
~cyclase activity is suggested to arise from the increase in cytoplasmic

cat?, a cation which stimulates the enzyme. These experimental

observations are relevant in view of the reported correlation between



cyclic GMP and increases in RNA synthesis and changes in the synthesis,
phosphorylation, and DNA binding of nonhistone acidic nuclear proteins
(31,32). Cyclic GMP is thus envisioned as an intracellular messenger, a
mediator between the cell surface and the nucleus in the mitogen-
stimulated lymphocyte.

In an apparent contradiction to these studies, however,
is the work reported by Parker et al. (33,34,35). Parker and
collaborators have long sought to establish cAMP as a positive ef fector
of mitogenesis. Initially, they reported finding no change 1in cGMP
levels while obsérving a rapid increase in cAMP levels in PHA stimulated
lymhocytes. In later work, the selective activation of a cyclic AMP-
dependent protein kinase was demonstrated (36). More recently they have
focused their attention on mitogen induced alterations in protein
phosphorylation and speculate on a plausible role for these proteins in
the intracellular propogation of the mitogenic signal (37 ) o

For years now the Titerature in this area has continued
to expand unwarrantably. Yet a consensus has not been reaéhed on just
what role, if any, the cyclic nucleotides play in mitogenesis and the
literature remains replete with contradictions. Thé primary flaw 1in
this work is obvious. The change in intracellular concentration of a
biochemical cannot be measured with precision if the cell population is
heterogenous. A1l of these studies have been carried out on
heterogenous cell populations which have not been well characterized.
It is likely that the range of values reported in the 11ferature reflect
to a large extent differences in the cell populations which have been
assayed.

Changes 1in membrane associated . function such as



permeability have been linked to concomitant changes in the 1lipid phase
of the plasma membrane. A considerable body of literature now attests
to the biological significance of alterations in membrane
phospholipids. Resch et al. (38) has implicated the activation of
membrane phospholipid metabolism in the induction‘ of mitosis.
Subsequent to mitogen binding, the fluidity of the lymphocyte plasma
membrane increases. The fluidity change is attributed to alterations in
the fatty acids of phospho]ipids which result in a less constrained
packing of the membrane phospholipids. According to Resch, all membrane
associated events in lymphocyte activation originate from this
alteration in phospholipid hydrocarbon packing.

Phospholipid methylation has also been touted as a
critical biochemical signal modulating lymphocyte mitogenesis. Hirata
et al. (39) reported increases in phospholipid methylation subsequent to
the binding of mitogenic lectins to the lymphocyte cell surface. The
increase in phospholipid methylation is short-lived since phospholipase
A? is also activated by mitogen binding and this enzyme then proceeds to
degrade the methylated phospholipids. | |

Phospholipase A2 action results in the release of
arachidonic acid. Speculation on the involvement of this process in
lymphocyte activation also exists (40). Arachidonic acid 1is the

precursor to a variety of biologically active fatty acid derivatives .

Q

such as thromboxane and the prostaglandins. To date, however, a

&

specific role for arachidonic acid metabolites in the activation process
has not been identified. Moreover, recent work by Hirata et al. (39)
has shown that the inhibition of prostaglandin synthesis by indomethacin

has little effect on mitogenesis.



In addition to the aforementioned biochemical changes,

physico-chemical changes at the cell surface have also been observed in
the response of lymphocytes to mitogenic Tlectins. Cellular surface
charge density has been assessed using analytical particle
electrophoresis (41,42,43). This biophyéical technique is capable of
detecting subtle changes in the radial distribution of cell membrane
charge. Blume et al. (43) monitored eér1y eventé associated with
lymphocyte stimulation via analytical particle electrophoresis.
Increases in the electrophoretic mobility of murine and human derived T
lymphocytes subsequent to short term exposure to mitogenic lectins such
as Con A or specific antigen were described.

Changes in membrane potential have been identified
during mitogenic stimulation of mouse spleen lymphocytes (44). The
membrane potential is a reflection of transmembrane ionic concentration
ratios. Cone (45) has discussed an experimentally observed correlation
between the level of electrical transmembrane potential in somatic cells
and the intensity of mitotic activity. Kiefer et al. (44) report that
mitogens exhibit the same specificity for depo]afization as for
mitogenic stimulation. Their group has put forward the notion that
depolarization of the plasma membrane initiates the transition of
lymphocytes from a resting state to mitotic activity.

Biophysical methodology has been used to also monitor
early events in lectin-lymphocyte interaction. Immediately after the
addition of Con A, rat thymocytes respond in .the presence of luminol
with a burst of chemf]uminescence which can be measured/monitored in a

Tiquid scintillation spectrometer (46). Chemiluminescence is thought to

arise from the generation of reactive products of oxygen (057, H,02>



OH*) and singlet 0, which emit light in the presence of polyunsaturated
fatty acids, polysaccharides or easily oxidizable substances such as
luminol. Typically, lymphocyte stimulation is followed exberimenta]]y
by measuring the rate of incorporation of tritiated thymidine 48 to 72
hr after the addition of a stimulating agent. Chemiluminescence affords
the obvious advantagé of early detection of lymphocyte stimulation.

In attempting to identify the initial response of the
plasma membrane to mitogen binding, a host of functional and
physicochemical surface changes have been detected. Unfortunately, most
investigators have approached this question from a narrow perspective
and have neglected to relate their findings to other published data in
this area. As a consequence the literature in this area is difficult to
assimilate. At this time it is not possible to define the precise
sequence of events initiated by mitogen binding. The emphasis in the
majority of the studies described herein has been to establish if indeed
the alteration under study 1is critical to the process of blast
transformation. The term critical has been applied to those alterations
which when blocked 1lead to a reduction 1in tritiated thymidine
incorporation. It is highly probable, however, that lymphocyte
activation consists of a series of many individual steps for each of
which certain conditions must be met if the ultimate outcome is to be
realized. Interferring with any biochemical step in the chain of events
would then be expected to dramatically affect thé net outcome. Hence,
the value of demonstrating that the Dblockage bf a specific bfochemica]
event results in a reduction in the incorporation of tritiated thymidine
is quite limited in itself. A broader scope is désirab]e in addressing

the subject of lymphocyte activation. Cell surface changes must be
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analyzed not only in regard to their inf]uence.upon tritiated thymidine
incorporation but also Th relation to other changes accompanying mitogen
binding. Questions meriting consideration include: Does the alteration
provide the cell with substrate(s) required for cell activation? Does
the membrane associated change contribute to a signai ‘transducing
mechanism? Whére does the alteration fit into the chrono]ogical
sequence of other observed changes? |

1.1.3 Cellular Communication Involved in Lectin-Lymphocyte

Interaction

Since the discovery of T cell growth stimulating
factors, pronounced attention has been focused on identifying surface
receptors which emerge subsequent to mitogen 1ymphqcyte interaction.
Evaluation of lymphocyte surface topography subsequent to lectin
interaction has revealed chénges in antigen and receptor patterns.
McCune et al. (47) report an eleven-fold 1ncreaée in the availability of
HLA antigens twelve hours after incubation with PHA. Interestingly, the
receptor changes which are expressed at the cell surface are dependent
upon the mitogen which initiated stimulation. For instance, lymphocytes
transformed with Con A are reported to exhibit increased numbers of
receptors for insulin and Con A, whereas sbdium periodate-induced
transformation of lymphocytes results in an increase in the number of
receptors for PHA but not for Con A (48,49).

Speckart et al. (50) assessed membrane alterations
arising from either Con A or PHA stimu1atioﬁ by analyzing - thé
distribution of receptors for six purified plant Tectins. Quantitative
differences in the density of lectin receptors on resting vhuman

lymphocytes and on lymphocytes transformed with Con A or PHA were
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reported. From Speckart's Tlater work, it appears that Con A and PHA
affect both the multiglycosyltransferase enzyme system and the protein
synthetic apparatus differently, thereby leading to the expression of
distinct surface changes (51).

The analysis of mitogen induced changes in the cell
surface continues to be an area of interest as investigators attempt‘to
understand how mitogens elicit a state of responsiveness to T cell
growth factor. It was in 1976 that Morgan et al; (52) reported the
presence of a mitogenic factor in conditioned media from lectin
stimulated mononuclear cells. This factor, which is referred to in the
literature as either T cell growth factor, TCGF, or interleukin 2, was
shown to support the continuous exponential pro]iferatioh of lectin
activated human T cells. Since the sole requirement for maintaining
growth was shown to be the availability of T cell growth factor, it was
inferred that proliferation was mediated by T cell growth factor (TCGF),
mitogen or antigen only being required to initiate the process.

Smith et al. (53) have demonstrated that TCGF production
requires not only the interaction of mitogenic lectins with T cells but
also the participation of mnacrophages. Habu and Raff (54) had pointed
out in 1977 that lectin stimulation of T Tlymphocytes required the
participation of adherent Ia positive accessory cells identified as
macrophages. Macrophages are thought to contribute to T cell activation
in a dual fashion. Firstly, macrophages present antigen to T cells in
an immunogenic form (55,56) and secondly, macrophages produce soluble
factors capable of modulating T cell function (57

Lymphocyte activating factor (LAF), also referred to as

interleukin 1, is a soluble product released by macrophages which has



been shown to potentiate the mitogenicity of lectins in thymocyte
culture (58). The cellular requirement for macrophages in TCGF
production méy be circumvented by the addition of preformed LAF (59).
The speéific influence which LAF exerts in TCGF production is largely
unknown. Preliminary findings of Puri et al. (60) reveal that LAF
increases the lipid viscosity of the T cell membrane as measured by
fluorescence depolarization. Puri et al. (60) suggest that the increase
in microviscosity of the cell membrane may lead to unmasking of membrahe
bound receptors.

While TCGF production is a cell cooperétive response
involving both T cells and macrophages (61), the acquisition of
respénsiveness to TCGF is a direct response of T lymphocytes to the
binding of mitogenic lectins (62). TCGF is a selective mitogen for
precursors of cytotoxic T cells (63,64) and the initial event 1in
activation involves the binding of mitogen to these precursor cells (Lyt
1= 2% 3% cytotoxic T cells). Mitogen binding induces these cells into a
TCGF  responsive state. TCGF  responsiveness is thought to be
attributable to the appearance of TCGF-specific membrane receptors,
although such receptors have yet to be experimentally identified.
Larson's data suggests that the triggering of resting T cells to the
expression of growth receptors arises from specific interactions with
the cell surface membrane, rather than from nonspecific membréne
rearrangements{61,65). hus far, specific antigen and mitogenic lectins
are the only surface ligands which have displayed the ability to promote
precursor cells to a TCGF responsive state.

The second event in T cell activation 1involves

production of TCGF. Upon specific interaction with LAF produced by
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macrophages, helper cells (Lyt 1t T cells) will produce TCGF (59,66).
proliferation commences once TCGF produced by the helper cells (Lyt it T
cells) interacts with the TCGF receptors present on the cytotoxic
precursor cells (Lyt 1~ 2+ 3° 7 cells) (67).

Insight into the means by which cells communicate and
cooperate in the immune response is steadily developing. Experimental
studies aimed at providing a more definitive description of the

mechanism of action of T cell growth factor are in progress.

1.2 Cellular Electrophoresis Applied _ tO Lectin-Lymphocyte
Interaction
The peripheral zoné denotes the portion of the cell membrane
exterior to the 1ipid bilayer which consists of a natrix of hydrophilic
material porous to water aﬁd small ions. Initial contact between the
cell and activating agents occurs jn this region. Surface reagent-
induced changes in the constituents and conformation of the peripheral
zone may be systematica]ly evaluated through the app]ication_of cellular
electrophoresis.

The thrust of our work has been directed towards understanding
the early response of the plasma nembrane subsequent to interaction with
mitogenic lectins. We have applied cellular electrophoresis to the
study of early events associated with Tectin 1ymphocyte interaction.
Analytical particle electrophoresis was considered to be methodoloqy
eminently suitable for approaching this problem since it is sensitive to
perturbations in the peripheral components of the membrane. Prior to
elaborating on our experimental findings, I would 1like to briefly
outline the theory of electrophoresis and  describe earlier

electrophoretic studies involving 1ymphoid cells.
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1.2.1 Application gj_Ana]xtical particle Flectrophoresis

Biological cells possess d net negative surface charge
density (68). consequently, when these cells are suspended in an
e1ectrophoresis chamber they migrate toward the anode under the
influence of an electric field with the rate of migration dependent on
the surface charge density of the cell and the electric field
strength. An electrophoretic mobility (u) defined as the
electrophoretic velocity (v) of a cell per unit électricai field
strength (x) may be calculated in wm sec:'l\l"1 cm.  Through sequential
application of the He\mholtz—Smoluchowski (59) and Gouy-Chapman (70,71)
equations the surface charge density of the cell may pe calculated from
the experimenta11y determined electrophoretic mobility. ppplication of
these equations involve several underlying assumptions which have been
reviewed by Seaman (72). Consequently the accuracy of the values for
zeta potentia] and surface charge density derived from these equations
are dependent upon the degree O which the system investigated fulfills

the assumptions.

HELMHOLTZ—SMOLUCHOWSKI EQUATION

v e

where n 158 the viscosity in poise, € the dielectric constant and o the

zeta potential.

GOUY-CHAPMAN EQUATION

(Uni—univalent Flectrolytes)
NkT er
s(statcoul. cm'z) = 2(_..._,,_)1/2 (51)1/2 sinh{—)
' 2000w 2kT

where N 1s Avogadro‘s number, k the Boltzmann constant, T the absolute
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temperature, e the charge on an electron and I the ionic strength.

Only a limited amount of 1nformat10n on the actual
surface chemistry of a cell may be deduced from the measured
electrophoretic mobility and surface charge density. The net surface
charge density of a cell may be multiplied by the surface area of the
cell to arrive at an estimate of the net number of electron charges per
cell. However, this electrophoretic analysis assumes that the charge is
uniformly distributed throughout the peripheral zone. Realistically it
must be emphasized that two cell types which have identical
e1ectrophoretic‘mobilities may differ 1in the nature of-the jonogenic
groups which contr1bute to cellular charge and in the manner in which
the ionogenic groups are distributed throughout the per1phera1 zone.
The specific ionogenic groups contributing to cellular charge and
information about their spatial distribution within the pefipheka] zone
may be ascertained by studying the dependence of the electrophoretic
mobility on (a) pH of the suspending medium, (b) ionic strength of the
suspending medium, (c) treatment with group-specific reagents, and (d)
treatment with enzymes.

Measuring the change in electrophoretic mobility of a
cell over an extended range of pH yields a data plot similar to the
titration curves of amino acids or proteins. The pH vs mobility
relationship provides information on the pK values of the major
ionogenic groups present in the peripheral zone. - Admittediy the
cellular situation is more complex and the analysis not quite as
straightforward as in the case of simple acids or proteins. 0Often the
offectiveness of this method of analysis in identifying cellular

jonogenic groups s enhanced by comparing the pH vs mobility



relationship of untreated cells with cells that have undergone specific
chemical or enzymatic modification.

The peripheral zone extends outward approximate]y 80 &
from the exterior of the lipid bilayer (Z3jx It is possib]e to arrive
at a relative idea of where specific ionogenic groups are located within
the peripheral zone by varying the ionic sfrength of the suspending
medium and measuring the electrophoretic mobility. As the ionic
strength is reduced, groups deeper within the cellular peripheral zone
begin contributing to the electrokinetic charge. Application of this
method of analysis led Heard and Seaman (74) to postulate the existence
of basic groups deep in the interior of the peripheral zone of the human
red cell from the decrease in net negative electrokinetic charge density
they detected when reducing the jonic strength of the suspending medium.

Often through an awareness of cellular surface chemistry
“and biochemistry it is possible to postulate which functional groups are
likely to be found in the peripheral zone of a specific cell type. One
‘means of establishing the presence of a specific functional group within
the peripheral zone is to develop a reversible chemical modification
scheme specific for the surface group in question. The electrokinetic
behavior of the native and modified cell may then be compared. Crucial
. in determining the effectiveness of this type of approach is knowledge
“of the specificity and extent of completeness of ‘the modification
reaction. If it is not established whether the reaction has solely
produced a modification of a specific surféce group or‘if it has led
also to a conformational rearrangement within the peripheraT zone
serious errors in electrokinetic interpretation ensue. The condition of

electrokinetic reversibility aids in distinguishing those reactions
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which have produced rearrangement within the peripheral zone. To date
this method of surface analysis has not been thoroughly exploited.
Means and Feeney's (75) vreview of the experimental schemes fof
functional group modification in proteins emphasizes the potential of
this technique. Successful application of these modification schemes to
chemical groups on the cell surface 1is dependent, however, upon
maintaining the stability of the cell which general]y' requires
physiological conditions for the reactfons. |

: A]though the versatility associated with use of the
chemical modification schemes is appealing, treating functional groups
on- the cell surface enzymatically provides specificity under
physiological conditions. In fact this method of analysis proved to be
the potent technique in establishing the identity of the major ionogenic
component contributing to the net negative surface charge density of the
hunan red cell (76). Cook et al. (76) obtained a 75% decrease in the
surface charge density of the human red cell by treating with
neuraminidase. Enzymatic treatment coupled with an examination of the
reaction products has since been effectively applied in electrokinetic
studies using other enzymes.

A rigorous series of guidelines meriting consideration
when interpreting electrokinetic data on enzyme-treated cells has been
provided by Seaman (72). Attributing the change in electrophoretic
mobility of an enzyme-treated cell solely to enzymolysis fs naive. The
possib]e complexities associated with enzymatic tfeatment are apparent
by reviewing the following points of Seaman (72):

1. Has adsorption of the enzyme and/or products of its

autolysis occurred?
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‘2. Have other enzymes or components present as
jmpurities in the preparation either adsorbed or acted
on the cell?

e Has the reaction been taken to completion, i.e.,
will retreatment with a fresh enzyme preparation lééd to
further changes?

4.. Have any components which have leaked from the cell
or which have resulted from breakdown of other cells
adsorbed on to the cell?

5. Have any of the products of proteolysis either those
from the peripheral zone or degraded leakage products
adsorbed on to the cell?

6. Is the enzyme able to enter the cell and what
effects might result from this?

T Have any of the parameters which influence
electrophoretic mobility changed, for example, position
of the plane of shear, conductivity of the cell, radius
of curvature of the surface, etc.?

B Have. any changes in the distribution of ions
occurred either within the internal (porous periphéra]
zone) or external electrical double layer, i.e., have
non-ionogenic (hydrophobic) regions been exposed by

enzyme action or has the porosit

“«
(@)
“h
&
=
[1°]

peripheral zone
(a« factor) changed?

9. Have any conformational changes occurred at the
electrophoretic surface, for instance reorientation or

unmasking of groups?
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1.2.2 Lymphocyte Electrophoretic Studies

Initial electrophoretic studies in the lymphocyte field
focused primarily on the‘ difference in electrophoretic mobilities of
1ymphocytes from different subpopulations, the final expectation being
to separate subpopulations of lymphocytes by preparétive electrophoretic
techniques (77,78,79). Free-flow electrophoresis represents a physical
method of cell separation which is dependent on membrane-specific
properties. Murine cells of  lymphoid origin have been
electrophoretically separated into two distinct subpopulations. In
physiological suspending media, murine T cells expréss a high
electrophoretic mobility (-1.33 ym/sec/v/cm) whereas B celis m@y‘ be
distinguished by their lower electrophoretic mobility of [-0.90
um/sec/v/cm (80). Nordling et al. (81) demonstrated that the difference
in mobility between T and B cells arose from quantitative differenges,in
neuraminidase-susceptible sialic acid on the surface of the, cell
membrane.

By means of chemical modification of the cell surface
and subsequent measurements of the alteration in electrokinetic
behavior, Mehrishi (80,82) identified five different types of chémica]
groups in the cell periphery of murine B cells. At a physio]ogicé] pH,
Mehrishi (80) detected at least three types of ionizable groups in the
cell periphery of murine T cells. Later experimental studies revealed
significant differences in the mobility of T cells isolated from mice
with varying major histocompatibility haplotypes (83). The difference
in cellular electrophoretic mobility is related to different amounts

and/or types of surface membrane molecules under the control of the

major histocompatibility complex (83). Supplemental electrokinetic
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studies on the murine T lymphocyte should lead to a more thorough

characterization of the ionogenic moieties in the cell periphery Lhich
| |
contribute to cellular charge. |

Sundaram's (84) 1967 experimental observation that
antigen stimulated lymph node cells had a lower electrophoretic mobj]ity
extended the range of experimentation in which cellular electroph&resis
proved to be of use. Surface reactions of lymphocytes were asspssed
using cellular electrophoresis. Alterations in lymphocyte
electrophoretic mobility subsequent to treatment with immunosuppressing.
agents (85), anti-neoplastic agents (86), asparaginase (87), human
chorionic'gonadotropin (88) and poly A:U (89) were reported. The narrow
scope of the experimental design in the majority of these studies
allowed only a limited interpretation of 1ympﬁocyte cell-surface effects
to be made. The generalized experimental scheme employed in these
studies consisted of treating lymphocytes with a fixed concentration of
a surface reagent and measuring the electrophoretic mobility priﬁr and
subsequent to treatment. An alteration in observed electroph&retic
mobility was viewed as being indicative of a change in the net sdrface
charge density of the lymphocyte. Rarely did the investigators attempt
to discern the exact physicocheﬁica] processes occurfing at the cell
surface whicﬁ manifest themselves as changes in the electrophoretic
mobilities of the cells. For instance, Bert (90) noted thaF the
electrophoretic mobility of human peripheral lymphocytes was rgduced
after treatment with PHA, anti-immunoglobulin serum and specific
antigen. On this basis he suggested that substances which would induce

lymphocyte transformation would also reduce the net surface charge

density of the lymphocyte with the decrease in charge playing a central
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role in the transformation of the lymphocyte.

Reduction in electrophoretic mobility, however, is a
nonspecific phenomenon.  An alteration in electrophoretic mobility may
result from changes in the number or arrangement of ionogenic groups at
the cell surface, a shift in the position of the electrophoretic slip
plane or ion redistribution within the peripheral zone. Blume and
coworkers (43) have reported that incubating 106 1ymphocytes with Con A
at concentrations greater than 5 wug/ml produced a dose-dependent
decrease in electrophoretic mobility attributable simply to the
adsorpt1on of Con A molecules to the cell surface. Hence, in this
instance, it is not a lectin-induced membrane transformat10n wh1ch S
being detected but rather the presence of Con A bound to the lymphocyte
surface.

Emphasis must therefore be placed on the limitations of
experimental 1nterpretatibns which are made solely on the basis of an
alteration in cellular electrophoretic mobility detected subsequent &
reaction at the cell surface. A change in the electrophoretic mobility
of a cell does not provide information on the specific changes which
have occurred in the peripheral zone of the cell. It is only through a
series of exhaustive electrophoretic studies in which the dependence of
cellular electrophoretic mobility on pH, fonic strength and chemical and
enzymatic modification is established that a characterization of the
specific charge alterations within the peripheral zone may be made.

In 1974 Wioland (42) examined the electrokinetic
behavior of the mouse thymocyte and reported an 11% increase in

electrophoretic mobility upon exposure to Con A. An attempt was then

made to systematically identify the alterations in the Con A-stimulated



A

thymocyte which resulted in the increase in electrophoretic mobility.
Prior to this work there had been no attempt to exploit the potential of
cellular electrophoresis to probe the ultrastructure of Tlymphocytes
which had undergone cell surface reactions. Wioland's (42) premise was
that the increase in thymocyte mobility arose from Con-A induced cap
formation and the subsequent endocytosis of the cap. Cap formation
would lead to a redistribution of charged groups on the cell surface
while endocytosis would yield a change in the number of surfacé
ionogenic groups. Initially, Wioland demonstrated that at Tow
temperatures where cap formation and endocytosis were known to- be
inhibited, Con A had no effect on the electrophoretic mobility of the
thymocyte.

In a later paper Wioland et al. (91) provided evidence
of a decreased surface density of amino groups, carboxyl groups of
sialic acid as well as alkaline phosphatase-susceptible phosphate
groups. In addition the. density of unidentified negatively charged
surface groups was shown to have increased twentyfold. The decrease jn
density. of specific ionized groups in the cell periphery waé considered
a reflection of endocytosis or shedding while the increase in density of
the unidentified negatively charged surface groups was interpreted as a
consequence of the redistribution of membrane receptors and -concurrent
appearance of new structures in the membrane.

| Sainis et al. (92,93) also evaluated the electrophoretic
response of murine lymphocytes treated with Con A.  Con A was shown to
induce biphasic changes in the electrophoretic mobility of murine
splenic lymphocytes. Exposure to mitogenic doses of Con A led to an

increase 1in the electrophoretic mobility of the ce]]é, whereas
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incubation with higher concentrations of Con A resulted in a reduction
in cellular electrophoretic mobility.

Human T lymphocytes also are reported to exhibit an
elevated electrophoretic mobility subsequent to interaction with the T
cell mitogen, PHA (94). Through the use of cellular electrophoresis
combined with specific enzymes and varying ionic strength media, Sato
revealed a topological change of acidic sugars in fhe plasma membrane of
PHA stimulated lymphocytes. Both an early translocation of hya]dronic
acid to the T-cell periphery and a subsequent elevation in the
biosynthesis of chondroitin sulfate was showh to accompany the
phytohemagglutinin-induced blast transformation of human T lymphocytes.

The intent of reviewing the preceding experimental work
was to emphasize thebutility of electrophoretic methods in providing
information on cellular surface structure. Moreover, the studies cited
demonstrated that the course of chemical, enzymatic, and immunological
reactions which change the number of surface charge groups may be
followed by cellular electrophoresis. |

1.2.3 Initial Description of the Electrochemical Membrane

Phenomena

The interaction of mitogens with suitable lymphocyte
surface receptors initiates the series of events associated with
]ymphoqyte activation. Although investigators have acquired an
increased awareness of the complexity of this process, a complete
understanding of the early membrane changes inducéd by mitogen binding
is lacking. Previously, it had been conjectured that miiogen bhinding
induced a redistribution of transmembrane protein (95). The

redistribution of transmembrane protein was thought to convey the
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mitogenic signal to the interior of the cell and elicit the metabolic
and transport changes associated with mitogenesis.

Blume et al. (43) speculated that if such a
conformational change in membrane structure occurred at the time of
lymphocyte-mitogen encounter, perhaps it could be detected by a
biophysical technique. In attempting to identify such an early membrane
conformational change, analytical particle electrophoresis, a technique
sensitive to perturbations in the charged peripheral components of the
membrane, was applied. The electrophoretic mobility of a cell is a
reflection of its net surface charge density (70,71). It was
hypothesized that given the presence of charged surface groups on the
lymphocyte membrane, a conformational change involving these groups
would give rise to an alteration in the surface charge density.

Early events associated with the interaction of Con A
with murine T lymphocytes were monitored via analytical particlte
electrophoresis (43) using a nylon wool fractionated preparation (96)
suspended in phosphate buffered saline (PBS). Treatment of the murine T
lymphocytes with mitogenic concentrations of Con A (1-5 pg/ml) for 5
minutes at 37°C resulted in an increase in electrophoretic mobiTity by
about 30% over control values. The change in mobility was blocked by
incorporation of a competitive inhibitor  of Con A, «a-
methylmannopyranoside, into the incubation medium (43). The Con A
induced change in electrophoretic mobility of the lymphocytes was
consistent with the hypothesis of a membrane configurational change
accompanying the initial binding of mitogen to the Tymphocytes.

However, when the concentration of Con A was

progressively reduced in an attempt to determine the threshold dose that
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would induce the observed mobility change, an entirely unexpected
observation was made. The maximal response of a 30% increase in

o-11 wyg/ml

mobility was noted at concentrations of Con A as low as 1
(i.e., 10-17 g/ml). (Fig 1.1 and 1.2) The e]ectrophofetic response
could not be attributed to the direct interaction between lectin
molecules and the surface of each lymphocyte in the population in view

of the short incubation period and the fact that at the threshold
concentfation of Con A required to initiate the reSponsa only a -few
hundred molecules of Con A were present. Consequently, a cellular
communication mechanism was postulated to mediate the electrokinetic
effect. A factor released by a few cells that bound Con A was
envisioned to effect the change in electrokinetic properties of the
population of cells.

The existence of this factor_ was demonstrated by a
simple experiment involving the use of the effective Con A inhibitor, «-
methylmannopyranoside. Splenic murine T cells were incubated with Con A
at a concentration of 1070 ug/ml for 10 wminutes, the suspension
centrifuged and the supernatant fluid removed. This supernatant fluid
contained the putative factor as well as an indetermihate amount of
residual Con A. An aliquot of this supernatant fluid was mixed with an
equal amount of «-methylmannopyranoside and fresh T cells were added.
These cells displayed the same 30% increase fn mobility as did tnhose
cells treated directly with Con A.

A few initial experiments directed toward the
characterization of the factor have been carried out (97). Preliminary
purificétion of the factor was achieved using a Pro-di-con (Biomolecular
Dynamics, Beaverton, Oregon) negative pressure apparatus. The factor

solution was filtered under vacuum through a cellophane dialysis



Figure 1.1 Influence of Con A on the electrophoretic mobility of
murine T lymphocytes. White bars refer to cell mobility
in the absence of «-MM and black bars refer to cell
mobility in the presence of «-MM. The standard error of
the mean is given for the number of measurements indicated
above each bar.
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Figure 1.2 Distribution of mobilities of individual cells treated
with various concentrations of Con A. Note that at the
threshold concentration of 10-1 ug/mi~* of Con A the
mobility values of individual cells are distinguished from
control values to the maximum response values.
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membrane. High molecular weight components (>12,000) in the supernatant
of Con A stimulated T cells will remain inside the dialysis membrane.
On the other hand, molecular weight components less than 12,000 will be
pulled through the membrane. Upon testing the high (>12,000) and low
(<12,000) molecular weight fractions, only the low molecular weight
fraction was found to initiate a change in T cell electrophoretic
mobility. The Tow molecular weight fraction was found to be colorless,
was heat labile, stable to freeze-thawing, and exhibited the ability to
effect T cell mobility at a 1:250 dilution.

Additional purification of the factor was achieved by
gel filtration on Bio-gel P-2 in PBS. The elution profile of
polypeptides of known molecular weight (insulin, bacitracin, ACTH, and
lysozyme) lightly conjugated with trinitrophenol (TNP) was determined.
The factor was applied to the same column and elution volumes
corresponding to the polypeptides of known motecular weight were
collected and analyzed for their ability to alter the mpbi]ity of T
cells. The fraction eluted with a molecular weight between 2000 and
3000 and appeared to possess all of the activity present in the original
factor preparation.

A number of additional observations were made. When
unfractionated splenic lymphocytes were treated with Con A, two
populations of cells resulted, only one of which displayed an increased
electrophoretic  mobility. Furthermore, the T cell lectin
phytohemagglutinin produced an increase in the mobility of splenic T
cells similar to that observed with Con A. On the other hand, the B
cell lectin, bacterial Tipopolysaccharide, did not produce any chahge in

the mobility of the T cells. Experiments using cultured human leukemic
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cells, CCRF-CEM (98) which have been characterized as T cells (99) were
also carried out (Table 1.1). The electrokinetic response of these
cells was similar to the response of murine T cells when exposed to Con
A or the supernatant fluid containing the factor. Moreover, it was
noted that the human derived cells responded to the murine factor with

an increase in mobility just as the murine cells did.

As a result of these initial studies, several new
guestions bearing significance to an understanding of thé immune
response and lymphocyte communication emerged. In view of the
biophysical orientation of our laboratory, we were particularly
interested in identifying the specific membrane changes which accompany
the electrophoretic response. The experimental studies detailed in this
thesis represent my attempt to establish the nature of the
physicochemical alterations in the peripheral zone of the factor
stimulated lymphocyte which are manifest as changes in cellular surface

charge.
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TABLE 1-1

Behavior of CCRF-CEM Human Derived Cultured Lymphocytes

No.
Mean Tobility, measure-

Treatment um s™* V7 tcm ments SEM
None,control cells -1.01 40 0.010
Con A, 1071 ng/ml -1.34 20 0.026
Con A, 1070 ug/ml -1.34 20 0.020
Con A, 10'6 ug/ml

+ g-methylmannopyranoside,

0.05 mol/liter -0.960 10 0.012
Factor from CCRF-CEM cells

+ a-methylmannopyranoside,

0.05 mol/liter -1.45 20 0.052

Factor from murine cells
+ g-methylmannopyranoside,
0.05 mol/liter -1.42 20 0.052
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Chapter 2
GENERAL METHODOLOGY
This chapter describes the materials and procedures which are
common to much of the work presented throughout this thesis. Specific
experimental details of individual experiments are outlined in their
appropriate section.

2.1 Isolation of Murine T Lymphocytes

Spleens were removed from 8 to 12-week old female LAF; mice
(Jackson Laboratories) which had been ether-anesthetized and sacrificed
by cervical dislocation. Splenic cell suspensions were prepared and
washed three times in 0.01M phosphate-buffered saline contafning 5% v/v
heat-inactivated fetal calf serum (PBS-FCS), pH 7.2, by centrifugation
at 490 g for 10 min at 4°C. T lymphocytes were separated by the nylon
wool filtfation method of Julius et al. (96). Cell suspensions are
added to a nylon wool column and the column incubated for 45 min at
37°C. B lymphocytes adhere nonspecifically to the column while the
cells which pass through the column are predominately T cells. In thé
majority of experiments erythrocytes were lysed by treatment with
buffered 0.154M ammonium chloride (100). This treatment did not
influence the electrophoretic results. The final cell preparation was
diluted to a cell concentration of 107/m1. When treated with
fluorescein-Tabelled anti-thy serum (Microbiological Associates), 98 to
99% of the cells bound the antibody. When treated with trypan blue,
more than 95% of the cells of each preparation excluded the dye. |

2.2 Generation of Factor and Factor Treatment of Murine T

Lymphocytes

2.2.1 Concanavalin A
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Concanavalin A (Miles Laboratories) was obtained as a
three-times recrystallized powder. A stock solution (100 ug m]‘l) of
Con A was prepared by weighing out 10 mg of Con A and diluting to 100 ml
with phosphate buffered saline (PBS). Con A solutions of various
concentrations were prepared by serial dilution of the stock solution.

2.2.2 Preparation of Factor

Equal volumes of Con A (10"6 pg/mt) and murine T
1ymphocyte suspension (10-7 cells/ml) were mixed and incubated for 5 min
in a water bath at 37°C. Following incubation the cell suspension was
centrifuged (490 g, 10 min, 4°C) and the cell-free supernatant f1u1d
containing the factor was collected.

2.2.3 Factor Treatment of Murine T Lymphocytes

The general protocol for these experiments consisted of
mixing 50 ul of the factor preparation with 50 ul of 0.2 M a-
methylmannopyranoside (a-MM). These experiments are performed in the
presence of a-MM to eliminate the effect of residual Con A which is not
removed from the factor preparation. To this mixture was added 100 ul
of cell suspension. The mixture was incubated for 5 min at 37°C and
then subjected to electrophoretic analysis.

2.3 Analytical Particle Electrophoresis

The cylindrical cell electrophoresis equipment originally
described by Bangham et al. (101) and subsequently modified by Seaman
and- Heard (102) was used for the determination of cellular
electrophoretic mobilities. The electrophoretic instrumentation 1is
pictured and schematically represented in Fig. 2.1 and Fig. 2.2,
respectively. Seaman (103) has carefully described both the

construction and operation of the apparatus.



Figure 2.1 Cylindrical chamber microelectrophoresis apparatus
employed for the collection of mobility data.
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Figure 2.2 Schematic illustration of a cylindrical
microelectrophoresis apparatus.

1) ocular with graticule

2) microscope tube

3) coarse adjustment for microscope

4) fine adjustment for microscope

5) dial test indicator for horizontal positioning

6) x 40 objective

7) electrophoresis chamber and chamber holder

8) vertical adjustment screw

9) dial test indicator for vertical positioning of
chamber

) stirrer
11) heater
) 1light source
) tank leveling screws
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Unless stated otherwise, all electrophoretic measurements were
collected at 25°C. The temperature of the water bath was controlled to
within £ 0.1°C by a 200 watt heating element connected to a relay via a
mercury thermostat. The stirrer in the electrophoretic apparatus was
incorporated to aid in minimizing temperature gradients; The
electrophoretic mobility is a temperature dependent measurement with thé
primary parameter responsible for the dependence being the change in
viscosity of the suspending medium (104). Temperature must be
controlled within a range of ¢ 0.5°C to prevent significant measurement
errors.

The electrophoresis chamber which was incorporated in the
apparatus pictured in Fig 2.1 is termed a mini-all-glass cylindrical
microelectrophoresis chamber (Fig 2.3 and Fig el Ys This
electrophoresis chamber consists of a glass capillary tube which is
separated from the electrode compartments by sintered-glass disks.
Silver-silver chloride electrodes were used in all experiments and the
electrode chambers were filled with 1.0M potassium chloride solution.
In most experiments a voltage of 45V was applied across the chamber by a
regulated direct-current power supply. Both voltage and amperage were
monitored by a digital multimeter (Hewlett Packard 3435A) and manually
recorded.

The electrical field strength, x, was calculated according to

+

the equation:

where V is the electrical potential in practical volts across a cell



Figure 2.3 Mini-all-glass cylindrical microelectrophoresis chamber.
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Figure 2.4 Dimensional specifications (cm) for the mini-all-glass
electrophoresis chamber incorporating solid Ag/Ag Cl
electrodes (D), fused in sintered glass disks (H) and
capillary standard taper stoppers (e :
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with a length 1. In electrophoresis chambers which contain sintered
glass discs to separate the electrode and sample chamber, the length is
not easily measured directly. The effective electrical length, le, may
be experimentally determined and substituted in the electrical field
strength equation. The effective electrical length is computed from theA
measured amperage, [, through the sample chamber of cross sectional
area, ral, filled with a standard KCl1 solution when a voltage, V, is

applied, i.e.,

- KVTra2

le I

in which K is the specific conductivity of the KC1 solution at the
concentration and temperature of the measurement. Analytical reagent
grade KC1 was always dried at 150°C to constant weight before preparing
the standard KC1 solutions used in the determination of effective
electrical length.

One other additional adjustment that must be made prior to
operating the electrophoresis apparatus 1is the "stationary level"
determination. When a direct-current voltage is applied across the
chamber, counterions in the suspending media flow in the direction of
the cathode with a forced return flow along the center of the tube.
This fluid flow, termed electro-osmosis, contributes to the
electrophoretic mobility. This complication may be alleviated by pre-
setting the point of focus of the microscope into the electrophoresis
chamber to a position where no net flow of fluid occurs. At this
position, termed the stationary level, the observed cellular mobility is

a reflection solely of the interaction between cellular charge with the
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potential field. The stationary level is located at a distance of 0.293
x electrophoresis tube radius from the wall of the chamber. The
stationary level adjustment was made by focusing the microscope upon the
inside proximal wall of the tube and then advancing the proper distance
with the aid of the fine adjustment of the microscope and the horizontal
dial test indicator. Only cells which are in focus at this position are
electrophoretically measured.

Cell suspensions were introduced into the observation region of
the electrophoresis chamber using a microinjection technique. The
design of the mini-all-glass cylindrical microelectrophoresis chamber
was predicated to a large extent upon reducing the required experimental
‘samp1e volume. When this chamber is used in conjunction with the
microinjection technique, only 0.1 ml of sample (107 cells/ml) is
necessary to obtain electrophoretic measurements. The following
paragraphs provide a thorough description of how samples were
microinjected into the electrophoresis chamber.

The electrophoresis chamber was initially filled with particle
free buffer (suspending media). A closed stopcock was then placed in
one of the filling ports and the suspending media was allowed to
equi]ibrate to the operation temperature of the apparatus. The sample
was introduced directly into the region where the electrophoretic
measurements are made via a piece of polyethylene tubing, ~15 cm long
‘and having an inner diameter of 0.2mm, which is fitted over a 20 gauge
syringe needle attached to a tuberculin syringe. Care must be taken in
both filling the syringe and in injecting the sample from the syringe to
assure that air bubbles are not introduced into the electrophoresis

chamber.



40

The polyethylene tubing containing the sample was fed through
the open filling port into the capillary tube and allowed to
equilibrate, typically, for three minutes before the sample was
injected. Once the sample was injected a stopcock was placed in the
second filling port and a check was made to assure that the cells were
not drifting horizontally or sedimenting more or less rapidly than
normal.

It is critical that no difference in density exists between the
injected sample suspension and the suspending medi um. Density
differences may arise from differences in temperature or small
differences in media composition. Density differences will lead to
convective disturbances which prevent the determination of an accurate
electrophoretic velocity.

Immediately after injecting the sample into the chamber and
establishing that no convections or drifts were present, the
electrophoretic velocities of individual <cells were measured.
Generally, measurements were taken on 20 different cells in focus at the
stationary level with a reversal of the polarity of the electric field
between measurements. The electrophoretic mobilities are expressed in
um s'1 V'lcm and are based on the times of migration of a series of
cells across a fixed number of divisions of an eyepiece graticule.
While no empirical calibration factors are used with this technigue, the
performance of the apparatus was monitored by determining that the
mobility of human erythrocytes suspended in 0.150M aqueous Vsodium
chloride solution conformed with the generally accepted value of -1.08

pm s"1 V'lcm.
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2.4 lodination of Cell Membrane Protein

The surface protein of murine T lymphocytes was selectively
labeled by the [1251] lactoperoxidase method described by Vitetta et al.
(105). In brief, the experimental scheme consisted of adding three
pulses of 0.03% Hy0, to cells (:108) suspended in 1 ml of PBS containing
200 ug of lactoperoxidase and 1 mCi of carrier-free Nal2971, Cell
suspensions were incubated at room femperature with the reaction being
terminated in 10 min by the addition of 10 volumes of cold 5 M L-
cysteine hydrochloride in PBS. Cell viability was determined before and
after radiolabeling by trypan dye exclusion. The iodinated cells (107
cells/ml) were then either incubated with PBS or Con A (10'6 ug/ml) for
10 min, at 37°C as previously described (43). Cell suspensions were
centrifuged, 350 g, 10 min, 4°C, the supernatant fluids collected and
the cells solubilized in buffer containing 0.05M Tris-hydrochloride (pH
6.8), 1% v/v SDS, 1% v/v p-mercaptoethanol, 20% v/v glycerol and 6M
urea.

2.5 Sodium Dodecyl Sulfate (SDS) Urea Polyacrylamide Gel

Electrophoresis

Labelled surface protein was examined by gel electrophoresis in
the presence of sodium dodecyl sulfate according to the procedure of
Laemmli (106). Prior to gel electrophoresis the samples were heated for
2 min at 100°C. Electrophoresis was performed in 10% to 20%

gradient gel containing 0.6% w/v SDS. Gels were then

[1>]
1)

polyacrylamid
fixed in 12.5% v/v trichloroacetic acid. The fixed gels were dried and
covered with Kodak X-omat medical X-ray film and exposed at -70°C.
Molecular weights were estimated by comparison to labelled proteins of

defined molecular weight. (Lactoglobulin A, 18,637; carbonic anhydrase,
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30,000; ovalbumin, 46,000; bovine serum albumin, 69,000; phosphorylase

B, 92,500).
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Chapter 3
THE RELATIONSHIP OF THE ELECTROCHEMICAL MEMBRANE PHENOMENON
TO OTHER EARLY EVENTS IN LECTIN-LYMPHOCYTE INTERACTION

Originally, Blume et al. (43) sought to monitor early mehbrane
changes associated with the Tlectin stimulation of lymphocytes by
biophysical methodology. A rapid change in the surface charge density
of murine lymphocytes subsequent to lectin interaction was detected by
analytical particle electrophoresis. Further work indicated that the
change in cellular charge was mediated by a low molecular weight factor
which was released by those cells which reacted directly with Con A.

These preliminary studies provided prospects for the
application of analytical electrophoresis to c]arificatién of the
mechanisms of cellular cooperation in the response to varjous stimuli.
In addition the marked alterations in cellular electrophoretic mobility
established that the method would also be of use in describing the
alterations in the peripheral zone of the membrane which are responsible
for the changes which occur in the cellular surface charge density.
While the precise role of both the low molecular weight factor and
cellular mobility change in blast transformation has yet to be defined,
we have attempted to establish how these electrophoretic events relate
to other membrane associated phenomena known to accompany lectin-
1ymphocyte interaction.

The experimental work detaiied in this chapter describes the
effects on lymphocyte electrophoretic mobility of other Tow molecular
weight substances implicated in 1influencing early events in cell
activation. The time course of the release of the low molecular weight

factor closely approximates changes in cyclic nucleotide concentrations



44

in Tlymphocytes during activation reported by other investigators
(29,30,33,35). In order to evaluate the possibility that the mobility
changes associated with Con A treatment are mediated by a cyclic
nucleotide, and that the factor is such a compound, experiments were
performed in which the mobility of T cells was measured in the presence
of cyclic nucleotides and theophylline. Theophylline is an inhibitor of
cyclic nucleotide phosphodiesterase and thereby increases intracellular
cyclic nucleotide levels.

Further insight into the mechanism of action of the low
molecular weight factor was obtained by examining the mobility of T
cells incubated with the 250-fold-diluted factor. The question
addressed was whether factor-modified cells produced more factor or
whether only those cells directly interacting with the Con A produce
factor.

Finally, experimental studies which define the re]atiohship
between the membrane phenomena termed "capping” and the changes in
ce]]u]ar. electrophoretic mobility are detailed in this chapter.
Approximately one hour after exposure to mitogenic doses of Con A,
lymphocytes undergo capping (107). Capping consists of a coordinated
migration of 1ligand-receptor complex to one discrete area of the
membrane. It was originally conjectured that the cellular mobility
change might be the consequence of an alteration in the distribution of
the charged moieties of membrane glycoproteins. Ih order to establish
if this phenomenon of receptor redistribution, capping, contributed to
the increase in cellular surface charge, electrophoretic studies were
performed both at 0°C and in the presence of sodium azide. Capping does

not occur in the presence of the metabolic inhibitor sodium azide nor at
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0°C. Reducing the temperature from 37°C to 0°C increases the viscosity
of the lipid bilayer of the membrane, thereby markedly reducing the
mobility of membrane proteins and inhibiting capping.

Although only a percentage of cells in the lymphocyte
population cap in response to mitogenic lectins and despite the fact
that this event is known to occur Tater than the time in which mobility
changes are detected, we elected to study what relation, if any, capping
has to the change in cellular electrophoretic mobility. Other
investigators had previously reported changes in  Tlymphocyte
electrophoretic mobility in response to mitogenic lectins during the
time frame in which capping is known to occur and attributed these
changes to capping of membrane protein and glycoprotein (42,92).

3.1 Materials and Methods

3.1.1 Cyclic Nucleotide Treatment of Murine T Lymphocytes

Cyclic guanidine monophosphate (cGMP), cyclic adénine
monophosphate (cAMP), dibutryl cAMP and theophylline (Sigma)  were
diluted to the appropriate concentrations in PBS.  Equal volumes of the
murine T lymphocyte suspension (107 cells/ml) and the cyclic nucleotide
preparation were mixed and incubated for 5 min in a water bath at
37°C. Subsequent to the incubation, the cells were electrophoretically

analyzed at 25°C as outlined in section 2.3 of this thesis.

3.1.2 Sodium Azide Treatment_gj_Murine_I_Lymphocytes
Sodium azide (J. T. Baker Chemical Company) was
dissolved in PBS to make a 10 mM solution. The general protdco] for
these experiments consisted of mixing 50 u1 of sodium azide (10-2M) with
50 ul of Con A (106 ,g/ml). To this mixture was added 100 ul of the

murine T lymphocyte suspension. The resulting mixture was incubated for
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5 min at 37°C and then electrophoretically examined as described in
section 2.3 of this thesis.

3.1.3 Low Temperature Electrophoretic Experiments

Electrophoretic mobility measurements of individual
cells were determined in a cylindrical chamber apparatus according to
the procedure outlined 1in section 2.3 of this thesis. The sole
exception to this previously described procedure was that the
electrophoretic mobility measurements were carried out at 0°C. These
1ow tempefature experiments were performed by filling the instrument's
water bath with ice and water and placing silica gel within the
microscope tube to prevent condensation on the optics. The cell
suspensions and all of the solutions used were brought to 0°C by placing
them in an ice-water bath before mixing and maintaining that temperature
during incubation and measurement.

3.2 Results

In order to evaluate the possibility that the mobility changes
associated with Con A treatment were mediated by a cyclic nucleotide,
and that the factor was such a compound, several experiments were
performed in which the mobility of murine T cells was measured in the
presence of cyclic nucleotides and theophylline. The conditions of
measurement were comparable to those used for the lectin experiments.
The data is shown in Table 3-1. It indicates that neither cAMP, cGMP,
dibutryl cAMP, theophylline nor cyclic nucleotides in the presence of
theophylline produce the increase in mobility observed following
treatment with Con A. The fact that these compounds do not influence
the electrophoretic mobility of murine T cells suggests that the

mobility altering factor is not a cyclic nucleotide.



TABLE 3-1

Effect of Cyclic Nucleotides on Electrophoretic Mobility

of Murine Splenic T Lymphocytes
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Mean Mobf]lty f Sk oM
Treatment Concentration (um sec”™™ V™* cm)
Control -1.05 + 0.02
CAMP 2.5 x 10'2 M -1.09 + 0.02
cAMP 2.5 x 10" M -1.05 + 0.02
CGMP 2.5 x 10'2 M 41,06 ¢ 0.02
cGMP 2.5 x 1079 M -1.08 + 0.03
Dibutryl cAMP 1.0 x 10'% M -1.03 + 0.02
Dibutryl CAMP 1.0 x 10> M -1.04 + 0.02
Theophylline 2.5 x 10-2 M -1.04 + 0.02
Theophylline 2h5 10N -1.08 + 0.02
Concanavalin A 1076 ,g/m 51.32 it 002
Dibutryl cAMP + 2.5 x 1073 M -1.04 + 0.03
Theophy11ine 2.5 x 1073 M
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In another series of experiments, the factor preparation was
progressively diluted with PBS and tested for its ab<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>