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Radiolabeled and biologically active endotoxin molecules were prepared, and their binding to monocyte
plasma membranes was studied. The binding of *H-endotoxin and 5! Cr-lipid A to isolated membranes was
found to be less specific and of lower apparent affinity than that observed using whole cells. Plasma
membranes isolated from intact, viable 3! Cr-lipid A-pretreated monocytes were found to contain a significant
portion of the cell-associated 3! Cr-lipid A following Percoll density gradient fractionation of post-nuclear
homogenates. When monocytes were pretreated with *H-endotoxin under the same experimental conditions,
all of the label was recovered in the extracellular medium, and subcellular fractionation revealed no fractions
which contained tritium. Taken together, our results suggest that specific and high affinity interactions
between monocyte membranes and endotoxin molecules are likely to depend on plasma membrane structures
which are assembled in intact monocytes but which are disrupted when plasma membranes are isolated from

these cells.

Introduction

Bacterial lipopolysaccharides, or endotoxins,
comprise a class of membrane-active molecules
derived from the cell wall of Gram-negative
bacteria [1-3] which exert a variety of effects in a
number of types of mammalian cells [4-6]. Inter-
action of these complex macromolecules with
surface structures of susceptible cells is the first
step in, and a prerequisite for, initiation of many

of the pathophysiologic responses elicited by endo--

toxins [2]. The ability of endotoxins to associate
with cell surfaces and to produce most of their
biologic effects is apparently conferred by the lipid
moiety, lipid A [7]. The polysaccharide compo-
nents of endotoxins, when separated from lipid A,
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do not possess endotoxic bioactivity but may be
involved in the initial attachment of the molecules
to the cell surface (8]. It has been suggested that
plasma membranes of cells sensitive to endotoxins
regulate their response to stimuli initiated by these
macromolecules either by a receptor-mediated pro-
cess (involving specific endotoxin-binding struc-
tures [8-10] which are integral membrane compo-
nents) or through a more general type of mem-
brane interaction (which is dependent, for the
most part, on the physical and structural state of
the cell surface and the plasma membrane [11]).
The molecular events which take place at the level
of the cell membrane and which give rise to endo-
toxin-induced stimulation of the cell have not been
well defined.

A primary biologic target for the action of
bacterial endotoxins is known to be the mono-
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nuclear phagocyte, an immunologic effector cell
which exhibits a rapid change in numerous cell
activities [12-16] upon exposure to endotoxins or
to lipid A. We [15] and others [17-20] have ob-
served that although monocytes and macrophages
initially respond to endotoxins by synthesizing
and/or secreting a variety of proteins, such as
granulocyte-monocyte colony-stimulating factors
[15,17-20], B-glucuronidase [21], or endogenous
pyrogen [22], these cells rapidly become highly
refractory or ‘tolerant’, to further stimulation by
endotoxins [15,21,22]. In order to gain insight into
the nature of the resistance to endotoxins which
human monocytes appear to acquire, our labora-
tory has recently begun to investigate the char-
acteristics of the binding of endotoxins to the
surface of these cells before and after induction of
endotoxin resistance in vitro. The present report
describes specifically the nature of the interaction
of radiolabeled preparations of Salmonella typhi
endotoxin and lipid A with plasma membranes
isolated from monocytes obtained from human
peripheral blood.

Methods

Preparation of human monocytes. Monocytes
were isolated by adherence separation from nor-
mal human peripheral blood [23] following centri-
fugation on sodium metrizoate-ficoll gradients [24].
Viability assessed by the trypan blue exclusion
method consistently exceeded 91%, and the per-
centage of monocytes, calculated from 45 experi-
ments in our laboratory and determined by alpha-
naphthylbutyrate staining [25], was 91.2 + 1.0
(mean + S.E.).

Incubation of monocytes with “H-endotoxin and
MCr-lipid A, density gradient fractionation of mono-
cytes. Monocytes were incubated in McCoy’s 5A
medium at a concentration of (0.1-1)-10°/ml for
16 h at 37°C in a humid incubator containing 5%
CO, in the presence or absence of either *' Cr-lipid
A (2-5 pg/ml) or *H-endotoxin (1 pg/ml). Free
ligand was removed by multiple centrifugations
after which the cell pellets were resuspended in
1-2 ml 0.012 M phosphate-buffered 0.15 M saline
(pH 7.4), and radioactivity was then measured.
Monocytes were also subjected to fractionation by
centrifugation in the presence of preformed self-

generated gradients of Percoll [26]. Centrifuge
tubes containing 10 ml of iso-osmotic Percoll solu-
tion (density = 1.075 g/ml) were prepared by mix-
ing 5.3 ml Percoll with 1 ml 0.12 M phosphate-
buffered 1.5 M saline (pH 7.4) and 3.7 ml distilled
water. A gradient was formed by centrifugation at
4°C for 30 min at 15000 X g. 1.0 ml of the cell
suspension was then layered on top of the pre-
formed gradient, and centrifugation was carried
out at 2000 X g for 30 min. Fractions (1.0 ml) were
removed and assayed for radioactivity and cell
number.

Isolation of plasma membranes. Monocytes were
suspended in 15-20 ml cold buffer containing 25
mM Tris-HCl (pH 7.4)/5 mM KCl/2 mM
MgSO,/10 mM Na, ATP (lysis buffer) and equi-
librated in a cell disruption chamber at 450 b/
inch’ at 4°C. After 20 min the cells were lysed by
release from the cavitation chamber and collected
into a tube containing Na,EDTA at a final con-
centration of 1.0 mM. The cell homogenate was
centrifuged at 500 X g for 10 min at 4°C to re-
move nuclei and undisrupted cells. 1.0 ml of each
supernate was then mixed with 1.22 ml Percoll,
0.24 ml of 10-fold concentrated lysis buffer, and
0.96 ml distilled water to give a starting density of
1.05 g/ ml [27]. Centrifugation was performed at
26 000 X g for 30 min at 4°C. 0.5-1.0-ml fractions
were removed by pipette, pooled, diluted two times
with lysis buffer, and subjected to centrifugation
at 100000 X< g for 90 min to separate the Percoll
beads from membrane material.

Radioactivity, density, enzyme and protein assays.
Radioactivity was measured by 8- or y-spectrome-
try. The density of Percoll-containing fractions
was determined using density marker beads
(Pharmacia Fine Chemicals, Raritan, NIJ). Al-
kaline phosphatase activity was used as a marker
for plasma membranes and was quantitated using
p-nitrophenylphosphate as the substrate in 0.1 M
glycine buffer, pH 10.4 [28]. Lysozyme, which was
used to identify the presence of granules, was
assayed according to a previously described proce-
dure [29] using Micrococcus leisodykticus as the
substrate. Protein was measured in diluted frac-
tions by the method of Lowry et al. [30] or by the
Coomassie brilliant blue method of Bradford [31].

Cell surface labeling. Monocytes were labeled
with tritium by the galactose oxidase method [32).



(20-50) - 10® monocytes were incubated in 2 ml of
0.012 M phosphate-buffered 0.15 M saline (pH
7.4) with 12.5 International Units of neuramini-
dase and 5 units of galactose oxidase for 30 min at
37°C. The cells were washed twice by centrifuga-
tion, resuspended in 2.0 ml of 0012 M
phosphate-buffered 0.15 M saline (pH 7.4) and
reduced with 0.5 mCi of tritiated sodium boro-
hydride (*H-NaBH,, 20 Ci/mmol, ICN Radio-
chemicals) for 15 min at room temperature. The
cells were washed, lysed by nitrogen cavitation,
and fractionated on Percoll gradients as described.
Distribution of radioactivity was measured in each
0.5 ml fraction. -

Preparation of *H-endotoxin. Lyophilized S. typhi
lipopolysaccharide B (Lot No. 680016, Difco
Laboratories, Detroit, MI) was used as starting
material. Details regarding our subsequent purifi-
cation of this preparation of endotoxin have been
previously reported {33]. This material was labeled
with tritium using tritiated sodium borohydride
(*H-NaBH,, 20 Ci/mmol, ICN Radiochemicals,
Irvine, CA) using a modification of the method of
Tack et al. [34] which we have previously described
[33]. Tritiated S. typhi endotoxin (*H-endotoxin)
prepared in this manner was then subjected to gel
filtration using a Sepharose 6B column under con-
ditions which we have previously outlined [33] in
order to obtain from the void volume a single peak
of *H-endotoxin which had a minimal molecular
weight of approx. 10° daltons. Endotoxin purified
in this manner had a specific activity of 10 Ci per
mmol (approx. 20000 cpm/ug) as determined by
B-spectrometry and retained potent biologic activ-
ity as assessed by its ability to coagulate Limulus
amebocyte lysate, to elevate the plasma concentra-
tion of granulocyte-monocyte colony-stimulating
factor within 4 h after intravenous injection into
CF, mice [35], and to stimulate isolated human
monocytes to secrete granulocyte-monocyte col-
ony-stimulating factor when added to liquid sus-
pension cultures of these cells at concentrations of
0.5 to 1.0 pg/ml [15]. The percent of protein in
each sample was determined by the method of
Lowry et al. [30] or estimated by amino acid
analysis which was kindly carried out for us in the
laboratory of Dr. Carl Franzblau in the Depart-
ment of Biochemistry [33]. Although the starting
preparation of S. typhi lipopolysaccharide B con-
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tained 12.4% protein by weight, the final prepara-
tion of *H-endotoxin isolated by gel filtration con-
tained negligible contamination by protein. In
order to investigate this specific question, we iso-
lated the carbohydrate moiety of the *H-endotoxin
by mild acid hydrolysis [36] and demonstrated that
this fraction contained > 99% of the.radiolabel
[33]. We further showed that the carbohydrate
moiety of the 3H-endotoxin, which contained vir-
tually all of the radiolabel, contained only trace
amounts of the amino acids asparagine, serine,
glutamine, and glycine [33].

Preparation of “'Cr-lipid A. Lipid A was
extracted from S. typhi lipopolysaccharide B by
mild acid hydrolysis in 1% acetic acid as described
[36] and stored at —20°C. Lack of contamination
by polysaccharide was demonstrated by assaying
each sample for 2-keto-3-deoxyoctonate using a
colorimetric assay [37]. *'Chromium was incorpo-
rated into lipid A according to a procedure
described by Braude et al. [38]. >'CrCl; (1 mCi,
304.7 mCi/mg, 10 mg/ml; ICN Radiochemicals,
Irvine, CA) was added to lipid A (1. mg/ml in
0.012 M phosphate-buffered 0.15 M saline (pH
7.4)) and stirred for 24 h at 37°C. Excess label was
removed by dialysis and by repeated centrifuga-
tions in the same buffer. Specific activity was
based on the quantity of starting material and the
organic phosphorus content [39] and ranged be-
tween 2000 and 4000 cpm/pg (1.8-7.2 mCi/
mmol).

Membrane binding assays. Plasma membranes
were prepared from human monocytes as described
and were suspended in 0.012 M phosphate-
buffered 0.15 M saline (pH 7.4). In the binding
assay, 100 pl of membrane material (10-30 pug
membrane protein) was incubated with *H-endo-
toxin or *'Cr-lipid A at 37°C in the presence or
absence of excess endotoxin (0.2 mg/ml) in a final
volume of 0.25 ml of 0.012 M phosphate-buffered
0.15 M saline (pH 7.4) for periods of time varying
from 15 to 240 min. The reaction was stopped
either by the addition of 2.0 ml iced 0.15 M NaCl
or 0.5 ml boiling 10% trichloroacetic acid. Samples
were collected on Whatman GF /B filters under
vacuum and were washed with an additional 8 ml
of cold saline or 5% trichloroacetic acid. Non-
specific binding was defined as the radioactivity
that remained bound in the presence of excess (0.5
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mg,/ ml) unlabeled endotoxin, and background ra-
dioactivity was defined as the amount that re-
mained associated with the filter in the absence of
cells. These values were subtracted from all data
points in order to produce a uniform estimate of
specific binding.

Binding of *H-endotoxin and *'Cr-lipid A to
membranes was also studied by Percoll gradient
fractionation following incubation of membrane
material with each ligand. Percoll-free prepara-
tions of monocyte membranes (50-100 mg,/ ml) in
0.012 M phosphate-buffered 0.15 M saline (pH
7.4) or lysis buffer were incubated with *H-endo-
toxin or *'Cr-lipid A (2 pg/ml) at 37°C for up to
16 h. Following the incubation period, 1.5 ml
samples were mixed with 9 ml of isotonic Percoll
solution and centrifuged at 27000 X g for 30 min
at 4°C. 0.50-0.75-ml fractions were removed and
analyzed as described above.

Results

Separation of monocyte plasma membranes by den-
sity gradient centrifugation

Two major bands were distinctly visible after
centrifugation of post-nuclear homogenates on
continuous Percoll gradients: a buoyant band
(Band I), which had a density of 1.017-1.03 g/ ml
and which contained primarily plasma membrane
fragments, and a denser band (Band II), which
had a density of 1.058-1.064 g/ml and which
consisted predominantly of intact granules (Fig.
1A). Band I contained alkaline phosphatase activ-
ity but no lysozyme, and 90% of the *H-labeled
surface glycoproteins were included in this frac-
tion. Band II was strongly positive for lysozyme
but contained no alkaline phosphatase activity,
and was essentially free of *H-labeled surface gly-
coproteins.

Density gradient centrifugation of monocytes after
incubation with *H-endotoxin and ' Cr-lipid A

In multiple experiments, we observed that
monocytes which had been preincubated with
>!Cr-lipid A for 24 h retained a significant propor-
tion of the total label 12.0 + 2.1% (mean + S.D.)
which remained associated with the cells during
centrifugation on pre-formed Percoll gradients. To
investigate the geographic distribution of the re-

Protein (ug/ml) —
Radioactivity (cpm 3HXI0 3) +--+
Density (g/mi) s--

Radioactivity (% of total)

Volume {mi)

Fig. 1. (A) The distribution of subcellular fractions of disrupted
monocytes on a continuous Percoll gradient. Post-nuclear ho-
mogenates from untreated and *H-labeled monocytes were
isolated, disrupted by nitrogen cavitation, and fractionated as
described. Each fraction was then analyzed for density (a),
radioactivity (@), protein (bars), alkaline phosphatase activity
(AP), and lysozyme activity (LY).

(B) The distribution of radioactivity in membrane and granule
fractions from monocytes after incubation of the cells with
*H-endotoxin or >'Cr-lipid A. In these experiments, monocytes
were incubated with the appropriate radioligands as described,
disrupted by nitrogen cavitation, and subjected to fractionation
on continuous Percoll gradients. Shown are the distributions of
radioactivity in subcellular fractions from cells incubated with
3H-endotoxin (-~-—-) or S1Cr-lipid A ( ). As controls,
*H-endotoxin (- - - - - - )y or S Cr-lipid A (— — —) were frac-
tionated in cell-free suspensions on identical Percoll gradients.

tained radiolabel, post-nuclear supernates from
cells treated with >'Cr-lipid A were prepared and
fractionated by density gradient centrifugation.
Using this approach, the retained radiolabel was
found to be distributed approximately evenly be-
tween the membrane and granule fractions (Fig.
1B). In contrast, monocytes which had been
incubated with *H-endotoxin in an analogous
manner were essentially free of measurable radio-
label after washing the cells, and after density
gradient centrifugation of the post-nuclear homo-
genates, no radioactive fractions were found (Fig.
1B).



Binding of *H-endotoxin and *'Cr-lipid A to mono-
cyte membranes

*H-Endotoxin was incubated with increasing
concentrations of plasma membrane in the pres-
ence or absence of excess unlabeled endotoxin,
and binding was measured after precipitation of
the sample with 5% trichloroacetic acid (Fig. 2).
Specific binding of *H-endotoxin was maximal
(80.0 + 5.0% (mean + S.D.)) when 20-40 pg/ml
of membrane protein was present. At higher con-
centrations (> 40 pg/ml) of membrane protein,
the increase in non-specific binding of *H-endo-
toxin was considerable and resulted in an apparent
decrease in specific binding. In subsequent mem-
brane binding studies, <40 pug/ml samples of
membrane protein were used. We were not able to
detect specific binding of *H-endotoxin to mem-
branes when mixtures of *H-endotoxin and mem-
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Fig. 2. Effect of increasing membrane concentrations on the
binding of 3H-endotoxin to monocyte membranes. 3H-Endo-
toxin (0.4-0.6 pug/ml) was incubated at 37°C for 20 min with
increasing concentrations of membrane (5-320 pg/ml) in the
absence (@) or presence (x) of unlabeled endotoxin (5 mg/ml).
Total (T), specific (S), and non-specific (NS) binding are shown.
Binding was measured by precipitation with 5% trichloroacetic
acid (O, @, x) or by rapid filtration (a) of each sample. Each
data point shown represents mean+ S.D. of duplicate experi-
ments.
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brane preparations were subjected to rapid filtra-
tion, on glass fiber filters following incubation
periods of 0-240 min at 37°C (Fig. 2). For that
reason, membrane binding of 3H-endotoxin was
measured after precipitating the samples with 5%
trichloroacetic acid. Using this technique, we found
that the association between *H-endotoxin and
monocyte membranes at 37°C was complete with-
in 2 min and remained constant for as long as 4 h
from the start of the incubation period (data not
shown).

In additional experiments, membranes were ex-
posed to increasing concentrations of *H-endo-
toxin in the presence and absence of unlabeled
endotoxin (Fig. 3). Specific *H-endotoxin binding
to membranes was determined and was found not
to be saturable even at concentrations as high as 8
pg/ ml of *H-endotoxin.

In similar experiments, >'Cr-lipid A (2.4-3.2
rg/ml) was incubated with increasing concentra-
tions of monocyte membrane, and total, non-
specific, and specific binding were measured.

3 H-Endotoxin Bound (fmole)
)
T
\

1
(0] O.l 0.2 03 0.4
3H - Endotoxin (ug/ml)

Fig. 3. Binding of *H-endotoxin to monocyte membranes as a
function of the concentration of >H-endotoxin. Membranes (24
ng/ml) were incubated with serial concentrations of >*H-endo-
toxin, and total (W), non-specific (O), and specific (a) binding
were measured. Each point represents the mean + S.E. of three
samples. Results shown are from a representative experiment
repeated four times.
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Specific binding of >!Cr-lipid A to membranes was
maximal (67.0 + 19.0% (mean + S.D.)) at low con-
centrations of membrane protein; however, de-
terminations of specific binding varied widely. At
membrane concentrations greater than 10 pg/ml,
nonspecific binding generally exceeded 60% of the
total amount of >'Cr-lipid A bound. Under these
limiting conditions, the probability of an accurate
determination of specific binding was very low
and precluded accurate estimation of binding
parameters. Binding of >!Cr-lipid A to membranes
was not observed when mixtures of °'Cr-lipid A
and membranes were subjected to rapid filtration
on glass fiber filters following the incubation
period. The radioactivity associated with the filters
was the same in the presence and absence of
membrane material.

Relatively high concentrations of unlabeled en-
dotoxin were required to inhibit the binding of
*H-endotoxin and >'Cr-lipid A to isolated mono-
cyte membranes effectively. A 1.0 pM (1.0 mg/ ml)
concentration of endotoxin was required to pro-
duce 50% inhibition of *H-endotoxin binding, and
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Fig. 4. Inhibition of binding of *H-endotoxin and *' Cr-lipid A
to monocyte membranes by unlabeled endotoxin. Membranes
(10-50 pug/ml) were incubated in 0.25 ml 0.012 M
phosphate-buffered 0.15 M saline with *H-endotoxin (0.4-0.6
pg/ml) or *1Cr-lipid A (2-3 pg/ml) in the presence of increas-
ing concentrations of unlabeled endotoxin ranging from 1
pg/ml to 20 ug/ml for 20 min at 37°C. Binding was measured
as described. Results are expressed as percent of control bind-
ing which was defined in each experiment as the amount of
3H-endotoxin (@) or >!Cr-lipid A (a) which bound in the
absence of unlabeled endotoxin. Each point represents the
mean + S.E. of data from a minimum of three experiments.

a concentration of 10 uM (10 mg/ ml) was needed
to inhibit >'Cr-lipid A binding to a similar degree
(Fig. 4). Unlabeled lipid A had no inhibitory effect
on the binding of either *H-endotoxin or *'Cr-lipid
A.

Discussion

In the present report, we describe the interac-
tion of the radiolabeled endotoxin molecules, *H-
endotoxin and °'Cr-lipid A, with plasma mem-
branes from human peripheral monocytes. Our
data indicate that both of these radioligands bind
to isolated monocyte membranes with lower affin-
ity and with apparently less specificity than we
have previously observed to be the case in similar
studies using intact, viable monocytes [33). Taken
together, our results suggest that specific, high
affinity, and presumably physiologically effective
interactions between bacterial endotoxins and
monocytes are likely to require complex plasma
membrane structures which are part of the intact
cell, and cannot be accounted for strictly on the
basis of classical ligand-receptor binding.

It has long been recognized that when mono-
cytes and macrophages are exposed to bacterial
endotoxins, an extraordinary array of physiologic
processes are triggered within these cells {40], which
includes the production of a number of glycopro-
teins [15,17-25], among which are the specific
granulopoietic growth factors commonly referred
to as granulocyte-monocyte colony-stimulating
factors [15,17-19]. We have previously observed
that when human monocytes are activated by en-
dotoxins, they initially synthesize and secrete large
quantities of granulocyte-monocyte colony-stimu-
lating factors but rapidly become refractory, or
‘tolerant’, to the stimulatory effects of endotoxins,
as assessed by the production of these particular
glycoproteins [15]. In an earlier study. in order to
investigate the subcellular mechanisms involved in
the acquisition of the endotoxin-refractory state
which we have observed to develop rapidly in
these cells, we examined the binding of radio-
labeled endotoxin to intact monocytes that were
maintained in liquid suspension cultures [33]. We
found that the binding of *H-endotoxin to viable
monocytes consisted of a rapid (¢, , <5 min),
reversible, temperature-independent phase of



surface adsorption followed by a slower (¢, ,, > 20
min), temperature-dependent period of cellular
uptake which could not be reversed by the addi-
tion of competing concentrations of endotoxin.
We further noted that pretreatment of the cells
with native endotoxin resulted in a decrease in the
capacity of the monocytes to bind 3H-endotoxin
which appeared to be due to a decrease in the
number of binding sites on the cell surface availa-
ble for the attachment of endotoxin molecules and
not to a decrease in the avidity of binding. To
pursue these initial observations which were made
using viable, intact monocytes, the experiments
summarized in this report were undertaken.

In our present study, we found that the proper-
ties of the binding of *H-endotoxin and *!'Cr-lipid
A to isolated monocyte membranes differed con-
siderably from the kinetics of the binding of these
radioligands to the surface of the intact cells.
Results from competition binding experiments in-
dicated that the affinity of both radioligands for
isolated membranes appeared to be considerably
lower than for intact monocytes, since large quan-
tities of unlabeled endotoxin were required to in-
hibit 50% of the binding of *H-endotoxin and
31Cr-lipid A (1.0 mg/ml and 10.0 mg/ ml, respec-
tively). These concentrations of unlabeled endo-
toxin were 100-fold greater than those required to
produce a similar degree of inhibition of binding
to whole cells [33]. In these experiments, the bind-
ing of *H-endotoxin to isolated membranes ap-
peared to be of low affinity and low specificity. In
addition, distinct complexes between *H-endo-
toxin and membrane, or *'Cr-lipid A and mem-

. brane, were not detected after density gradient
centrifugation or rapid filtration of membrane sus-
pensions which had been incubated with each of
these radioligands, a finding which suggested that
isolated membrane structures did not interact
specifically with these molecules and further
strengthened this conclusion.

It appears, then, that endotoxin molecules bind
avidly to plasma membranes of intact monocytes
but not to isolated membrane fractions from these
cells. In addition, our data indicate that lipid A
may remain firmly attached to, or embedded in,
membrane and intracellular structures derived
from whole monocytes preincubated with *'Cr-
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lipid A. Although *H-endotoxin apparently does
not remain associated with monocytes even after
prolonged incubation periods, this finding may
indicate either than endotoxin is effectively pre-
vented from insinuating itself into the plasma
membrane because of the hydrophilic properties
imparted to the molecule by its carbohydrate
moiety, or, since the tritium label in this prepara-
tion is confined to the polysaccharide portion of
YH-endotoxin, cell-mediated hydrolysis of the
molecule with subsequent release of *H-labeled
carbohydrate may make it impossible to detect the
presence of residual lipid A associated with the
membrane.

In summary, our data may be taken to indicate
that recognition and attachment of endotoxin
molecules to the monocyte membrane do not de-
pend solely on the presence of specific cell surface
receptors. Instead, specificity and affinity of endo-
toxin for cell membranes may be attributed to the
particular physical and structural state of the
membrane which isolation procedures may alter.
Precise spatial arrangements and structural interre-
lationships of phospholipids and proteins as well
as the surface charge distribution, the surface area,
and the resting membrane potential of the cell are
factors which may dictate membrane interactions
with these macromolecules by directly affecting
hydrophobic and ionic associations between endo-
toxin molecules and the cell membrane which are
necessary for effective binding,
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