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We have analyzed both the total ganglioside composition and the surface accessibility of C3H/HeN B
lymphocytes and C3H/HeJ B lymphocytes. Seventeen individual resorcinol-positive moieties were visualized by
two-dimensional thin-layer chromatography of the purified gangliosides from both strains. Complete homology
between strains was seen in the patterns of total gangliosides purified from the endotoxin-responsive and
-hyporesponsive strains, with only minor differences in the relative concentrations of four gangliosides. In
comparison, only 12 individual gangliosides were accessible to surface labeling following galactose oxidase
treatment in these same strains, suggesting that some gangliosides are masked at the cell surface in both strains.
However, labeling of the more polar components was greatly reduced in the endotoxin-hyporesponsive
(C3H/HeJ) strain, suggesting that these gangliosides have decreased accessibility to galactose oxidase at the cell
surface. Therefore, while the total ganglioside compositions of the two strains were nearly equivalent, there
were dramatic differences in ganglioside surface accessibility. These findings indicate that an alteration in
membrane structure that is associated with the endotoxin hyporesponsiveness observed in C3H/HeJ B
lymphocytes exists.

Studies on the cellular and molecular mechanisms of
activity of bacterial endotoxins have been facilitated by the
existence of genetically hyporesponsive murine strains. In
1968, Sultzer (28) determined that the C3H/HeJ strain was
defective with respect to certain physiologic and pathologic
responses to endotoxins. Since that time, a vast amount of
investigation has helped unravel the genetic basis of hypo-
responsiveness to endotoxins (22, 24). The Lps gene has
been mapped to a single locus on chromosome 4. The
product of this locus has remained undefined. Several years
ago, Jakobovits et al. (15) were able to reconstitute endo-
toxin responsiveness in C3H/HeJ B lymphocytes by fusing
them with liposomes containing membrane extracts from
syngeneic endotoxin-responsive B lymphocytes. Kuus-Rei-
chel and Ulevitch (17) also obtained partial restoration of
endotoxin responsiveness in C3H/HeJ B cells by treating the
cells with the proteolytic enzyme trypsin. A recent study
(11) has shown that certain rough chemotypes of lipopoly-
saccharide (LPS) have the ability to elicit responses from
C3H/HeJ B lymphocytes. Taken together, these data suggest
that the endotoxin-triggering mechanism is intact but may be
occluded in the plasma membrane of C3H/HeJ cells.

Gangliosides are sialic acid-containing glycosphingolipids
which are located predominantly in the plasma membrane of
eucaryotic cells. These amphipathic molecules are anchored
in the lipid bilayer by their hydrophobic ceramide group,
while oligosaccharide-sialic acid extends toward the external
environment. Although glycoproteins usually represent the
high-affinity receptors for lymphocyte stimulation, ganglio-
sides have been shown to represent receptors or components
of receptor complexes in a variety of ligand-membrane
interactions (16). Several bacterial toxins, certain cytokines,
viruses, and hormones have been shown to bind to ganglio-
sides (31). Miller et al. (20) have found that an exogenous
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ganglioside fraction could abrogate B-cell tolerance at levels
which had no effect on the induction of antibody synthesis.
Also, gangliosides shed by antigen-stimulated T cells inhib-
ited certain B-cell functions (5). The accumulated evidence
suggests that B-cell membrane gangliosides may serve as
part of a receptor complex or triggering mechanism for
immunoregulatory substances in B lymphocytes.
Chaby et al. (4) studied the lipids of isolated B lympho-

cytes from normal and C3H/HeJ mice. They examined the
ability of B-cell gangliosides from both strains to react with
galactose oxidase and reported that one of five gangliosides
present in the LPS-responsive B-cell population was not
detectable in the C3H/HeJ strain. There was a concomitant
increase in another ganglioside in the C3H/HeJ strain. It was
suggested that the loss of a specific ganglioside might be
related to the lack of a response to endotoxin. The total
ganglioside content and resorcinol-positive thin-layer chro-
matography (TLC) patterns were not determined. Thus, it
remains to be determined whether there is a true alteration in
the amounts of specific gangliosides in the B cells of C3H/
HeJ mice or whether these B-cell gangliosides have an
altered surface accessibility to galactose oxidase. We have
therefore compared the total ganglioside patterns and galac-
tose oxidase-susceptible ganglioside patterns of B cells from
LPS-hyporesponsive C3H/HeJ mice with the corresponding
patterns of B cells from the LPS-responsive C3H/HeN
congenic strain of mice to investigate further whether an
alteration in the amounts or surface accessibility of specific
gangliosides may be involved in the expression of the Lps
gene.

MATERIALS AND METHODS

Animals. C3H/HeJ female mice were purchased from
Jackson Laboratory, Bar Harbor, Maine. C3H/HeN and
BALB/c female mice were obtained from the National
Institutes of Health facility at Frederick, Md. Endotoxin
hyporesponsiveness in the C3H/HeJ mice was documented
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by testing the ability of protein-free versus protein-contain-
ing LPS preparations to induce lymphocyte mitogenesis (23).

Reagents. Media were obtained from Flow Laboratories,
Inc., McLean, Va., or Whittaker MA Bioproducts, Walk-
ersville, Md. Fetal calf serum was purchased from Sterile
Systems, Logan, Utah.

Solvents used were high-performance liquid chromatogra-
phy grade. All chemicals were standard analytical reagent
quality. Goat anti-mouse immunoglobulin G (mu chain spe-
cific) was purchased from Organon Teknika, Malvern, Pa.
Fluorescein-conjugated goat anti-mouse immunoglobulin G
was also obtained from Organon Teknika.

Cell sources. Total spleen cells were obtained by suspend-
ing teased spleen cells in cold Hanks balanced salt solution
and filtering the suspension through sterile nylon gauze. The
cells were centrifuged at 200 x g for 10 min, and erythro-
cytes were lysed by suspending the pellet in 3 ml of lysing
solution (0.15 M NH4Cl, 0.01 M KHCO3, 0.1 mM EDTA).
Cells were washed twice with Hanks balanced salt solution
and then suspended in Eagle minimal essential medium
containing 10% fetal calf serum. B cells were isolated by the
antibody-panning method of Wysocki and Sato (36). Viabil-
ity was assessed by trypan blue exclusion.

Cells expressing surface immunoglobulin were assessed in
all B-cell preparations by direct immunofluorescence with
fluorescein isothiocyanate-conjugated goat anti-mouse im-
munoglobulin G (mu chain specific). No background fluores-
cence was noted.

Radioactive labeling of cell surface glycoconjugates. In
accordance with the method of Chaby et al. (4), B cells of
both strains were incubated in medium with 5% CO2 and
95% humidity at 37°C for 14 h. Cell viability was 50 to 60%
following this overnight incubation. Concentrations were
adjusted to 5 x 107 viable cells per ml in phosphate-buffered
saline (pH 7.0), and cells were labeled by a modification of
the procedure of Gamberg et al. (12). Cells were incubated
with gentle shaking for 3 h at 37°C with galactose oxidase
(type V; Sigma Chemical Co., St. Louis, Mo.) at 5 IU/ml.
After being washed with phosphate-buffered saline (pH 7.4),
108 cells per ml were gently agitated for 30 min at room
temperature in the presence of sodium [3H]borohydride (1
mCi/ml; specific activity, 20 Ci/mmol; Research Products
International Corp., Mount Prospect, Ill.) to accomplish
labeling. After five rinses with phosphate-buffered saline (pH
7.4), a sample was taken and total incorporated 3H was
measured in a liquid scintillation counter. The remaining
cells were pelleted for extraction of gangliosides.

Isolation and analysis of B-cell gangliosides. For TLC
analysis, B-cell pellets (3 x 108 cells) in 50-ml glass centri-
fuge tubes were extracted with 20 ml of chloroform-metha-
nol (1:1 [vol/vol]). The tubes were placed on a rotating
inverter overnight. Cellular debris was removed by filtering
the extract through a sintered glass funnel overlaid with a
glass fiber mat. The tube and funnel were serially rinsed
twice with 5 ml of chloroform-methanol (1: 1 [vol/vol]).
Gangliosides were isolated by anion-exchange chromatogra-
phy followed by latrobead chromatography as previously
described in detail (39).

B-cell ganglioside patterns were examined by two-dimen-
sional TLC on high-performance thin-layer chromatograms
(10 by 10 cm; HPTLC Silica Gel 60 plates; E. Merck AG,
Darmstadt, Federal Republic of Germany) by the method we
have used previously for murine peritoneal macrophage
gangliosides (39). The first solvent was comprised of chloro-
form-methanol-0.25% aqueous KCl (50:45:10 [vol/vol/vol]).
After being dried in vacuo over P205 for 90 min, the plate

was rotated 90° counterclockwise and developed in a second
solvent comprised of chloroform-methanol-2.5 M NH4 in
0.25% aqueous KCl (50:40:10 [vol/vol/vol]). Optimal TLC
plates were obtained when 4 to 6 ,ug of B-cell ganglioside
sialic acid was used per plate.
For autoradiographic analysis, gangliosides were ex-

tracted from 0.4 x 108 to 1 x 108 B lymphocytes. The total
lipid extract contained 35 x 104 to 60 x 104 cpm/108 cells,
and the isolated 3H-labeled gangliosides contained 0.5 x 104
to 5.0 x 104 cpm/108 cells. TLC plates of 3H-labeled gangli-
osides were sprayed with En3Hance spray (New England
Nuclear Corp., Westwood, Mass.) and visualized by auto-
radiography by exposure to hypersensitized XAR-5 film
(Eastman Kodak Co., Rochester, N.Y.) for 2 to 3 weeks at
-70°C. X-ray film was hypersensitized by the method of
Smith et al. (25). Optimal hypersensitization was achieved
by treatment with 7% hydrogen-93% nitrogen at 48°C for 16
h. Densitometric analyses of the autoradiographs were per-
formed on a Microscan 1000 (Technology Resources, Inc.,
Nashville, Tenn.).

Total ganglioside sialic acid quantity and sialic acid types
were determined by the gas-liquid chromatographic method
of Yu and Ledeen (40).

Individual ganglioside quantification and ganglioside pat-
tern analyses were done with a two-dimensional chromato-
graphic analysis system (Microscan 1000) as previously
described for other ganglioside preparations (2, 38). B-cell
ganglioside pattern comparison analyses were performed for
determining strain differences. Comparisons were initiated
by identifying a minimum of three standard spots on each
chromatogram. The chromatograms were then brought into
registration via nonlinear translation, rotation, and scaling.
The basic criteria for homology were distance to neighboring
spots, size, shape, and height. Repeat analyses with known
quantities of total gangliosides indicated an error of +5% for
spots containing >0.2 jig of sialic acid, with progressively
greater error for lower-intensity spots. Calculation of data as
relative percentages was influenced by cumulative errors as
well as by the variations in the chromatograms of different
preparations from the same source. Using brain ganglioside
standards for comparison testing, we determined that con-
sistent differences of ± 15% for the relative percentages were
necessary before differences in major spots were significant.
In addition, large differences between chromatograms will
affect the comparison of minor spots when data are reported
as relative percentages. One means of partially overcoming
this difficulty is to normalize the data to spots which have
similar intensities in all samples. Data from both TLC
pattern analyses and autoradiographs were compared by use
of both relative percentages and normalized values. Because
of the number of mice necessary for each preparation (50
mice for each strain, 100 per experiment), the number of
preparations required to determine significance for minor
spots was logistically not feasible. Since 4 ,ug was the
minimum quantity needed for B-cell ganglioside analyses,
significant differences in gangliosides containing <6% of the
total sialic acid content (i.e., <0.2 ,ug of sialic acid) were not
assigned.

RESULTS

Characterization of B-cell ganglioside preparations. B-cell
preparations from both strains were examined for cell recov-

ery and for purity by direct immunofluorescence for surface
immunoglobulin. A yield of 10 to 15% total spleen cells with
94 to 99% surface immunoglobulin-expressing cells was
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obtained. No strain difference was noted for either yield or
purity. Cell viability was >96%, as estimated by trypan blue
exclusion. B cells from both strains were found to contain 1
to 2 ,ug of ganglioside sialic acid per 108 cells. However,
B-cell gangliosides showed a difference with respect to the
sialic acid composition. Examination of three independent
preparations of B cells showed that C3H/HeN gangliosides
contained 53 to 55% N-glycolylneuraminic acid, while C3H/
HeJ gangliosides contained 66 to 70%.
TLC analysis of B-cell ganglioside patterns. Two-dimen-

sional TLC of B-cell gangliosides is shown in Fig. 1. Seven-
teen separate resorcinol-positive spots were defined. A
comparison of the chromatographic mobilities of B-cell
gangliosides with those of brain ganglioside standards indi-
cated that B-cell gangliosides 6 and 13 comigrated with the
brain gangliosides GD1a and GM,, respectively. The obser-
vation that most of the B-cell gangliosides did not comigrate
with the brain gangliosides is consistent with the presence of
N-glycolylneuraminic acid, which is not found in significant
amounts in mammalian brain gangliosides (40).

Visual examination of the resorcinol-stained chromato-
grams indicated little difference between B-cell ganglioside
patterns derived from strains C3H/HeN and C3H/HeJ. No
gangliosides appeared in one strain but not the other. This
observation was supported by pattern comparison analyses,
which indicated complete homology between the strains
(Table 1). Shifts in intensity (Table 1) were noted between
strains for gangliosides 1, 3, 10, and 12. The relative per-
centages of gangliosides 1, 10, and 12 were higher in C3H/
HeJ B cells than in C3H/HeN B cells, whereas the percent-
age of ganglioside 3 was lower. The greatest and probably
only significant difference was seen for ganglioside 3, which
represented less than 30% of the ganglioside sialic acid
content of B cells in C3H/HeJ mice but 45% of that of B cells
in C3H/HeN mice. Together, these four gangliosides (1, 3,
10, and 12) represented over 65% of the B-cell ganglioside
sialic acid content for both strains. Differences were not
noted for any other specific gangliosides, whether the distri-
bution was examined by relative percentages or normalized
to the value for ganglioside 11 (normalized values not
shown).

Autoradiographic analysis of surface-labeled B-cell gangli-
osides. When C3H/HeN and C3H/HeJ B-cell gangliosides
were examined for in situ susceptibility to surface labeling
by galactose oxidase, profound quantitative differences were
noted in most of the gangliosides detected (Fig. 2). Twelve
individual gangliosides were labeled. Thus, at least five
gangliosides were either totally inaccessible to the enzyme
or unable to react with galactose oxidase. Quantitative
densitometric analysis of the autoradiographs indicated in-
tensity shifts in virtually all of the susceptible gangliosides
(Table 2). The most profound differences between labeled
C3H/HeN and C3H/HeJ B cells were in gangliosides 2, 3, 4,
6, and 10. Radiolabel in more slowly moving gangliosides
was greatly decreased in C3H/HeJ samples as compared
with C3H/HeN samples and, in a duplicate experiment, was
nearly absent.
Comparisons between the autoradiographs and the TLC

patterns were also made. Spots numbered 1, 2, 5, and 7 on
the autoradiographs corresponded to ganglioside spots 1, 3,
9, and 11, respectively, on the thin-layer chromatograms
(Fig. 1). Matching of other 3H-labeled moieties to resorcinol-
positive spots had a high degree of uncertainty.

3H-labeled gangliosides were prepared from BALB/c B
cells and C3H/HeN B cells in separate experiments. Densi-
tometric analysis of the two-dimensional autoradiographic
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FIG. 1. Thin-layer chromatograms of ganglioside patterns of

C3H/HeN (a) and C3H/HeJ (c) B cells. Gangliosides were isolated
and separated by two-dimensional TLC as described in the text. The
origin is indicated by an asterisk, with the numbered arrows
indicating the direction of the first and second solvent runs. Prior to
the run in each dimension, brain ganglioside standards were spotted
in the margin opposite the sample. Standard ganglioside mobilities
were as follows: A, GTlb, IV3NeuAc, II3(NeuAc)2-GgOSe4Cer; B,
GDla, IV3NeuAc, II3NeuAc-GgOSe4Cer; and C, GM1, II3NeuAc-
GgOSe4Cer (30). Identified peaks are indicated in the numbered
schematic (b). Broken ovals show spots that consistently repre-
sented - 1% of the total content in both strains (Table 1).

patterns revealed similar density distributions (Table 2).
Both patterns showed the same distributional shift when
compared with the labeled-ganglioside patterns seen in auto-
radiographs of C3H/HeJ B-cell gangliosides. Both endotox-
in-responsive strains showed a higher percentage of acces-
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TABLE 1. Relative percentages of resorcinol-positive B-cell
gangliosides on thin-layer chromatograms

Relative percent of total ganglioside
Peaka content in:

C3H/HeN C3H/HeJ

lb 8 14
2 trc tr
3 45 29
4 1 tr
5 3 2
6 4 4
7 1 1
8 1 2
9 4 5
job 3 8
11 11 12
12b 11 15
13 3 1
14 tr tr
15 1 2
16 4 4
17 tr tr
a Peaks correspond to the schematic in Fig. 1.
b Because of the limits of analysis (see Materials and Methods), the

differences seen for gangliosides 1, 10, and 12 may not be significant.
c tr, Trace (spots representing 0.5% of the total).

sible gangliosides with slower mobilities than did the C3H/
HeJ strain, with the BALB/c strain showing the highest
percentage in one slow-moving ganglioside (ganglioside 2).
This distributional shift was emphasized when the data were
normalized to the intensity for ganglioside 7 (Table 2).
The profound quantitative labeling differences between

C3H/HeN and C3H/HeJ B-cell gangliosides were not mir-
rored in the total ganglioside patterns visualized by resorci-
nol. Indeed, the resorcinol-positive density of ganglioside 1
was greater in C3H/HeJ B cells than in C3H/HeN B cells,
while the opposite was true in the autoradiograph. Thus,
membrane gangliosides from C3H/HeJ B lymphocytes and
C3H/HeN B lymphocytes react differently with galactose
oxidase.

DISCUSSION
Gangliosides have been implicated as receptors for many

immunomodulatory substances, including lymphokines (21),
interferons (3, 33) viruses (14, 29), toxins (10), and glycopro-
tein hormones (16). Recently, Spiegel and Fishman (26)
showed that gangliosides have a bimodal function by serving
as receptors for signals which can either stimulate or inhibit
cell growth. Chaby et al. (4) used galactose oxidase to probe
the surface of B lymphocytes and reported that the B cells
isolated from C3H/HeJ mice contained one less susceptible
ganglioside than did the B cells isolated from a normal strain
of mice. Using a similar antibody-panning technique (36), we
confirmed the altered surface accessibility of C3H/HeJ B-
cell gangliosides as compared with that of congenic C3H/
HeN B-cell gangliosides. Autoradiographic density shifts
were seen in nearly all of the labeled gangliosides from
C3H/HeJ B cells, as compared with those from C3H/HeN B
cells. This result is strikingly different from that of Chaby et
al. (4). The difference may be partly due to our use of
hypersensitized film (25), which permitted a more detailed
analysis of the minor gangliosides. In addition, the different
solvent system that we used for two-dimensional TLC
analysis may account for some of the disparity. We found no
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FIG. 2. Autoradiographs derived from thin-layer chromatograms
of 3H-labeled gangliosides of C3H/HeN (a) and C3H/HeJ (c) splenic
B cells. Identified peaks are indicated in the numbered schematic
(b). The orientation is as described for Fig. 1.

ganglioside missing but noted quantitative differences in
both major and minor gangliosides between the two congenic
strains.
The total ganglioside content and distribution in C3H/HeN

and C3H/HeJ B cells were very similar and did not mirror
the ganglioside content determined by accessibility to galac-
tose oxidase. This result is not surprising, as it is known
from the exogenous neuraminidase studies of Barton and
Rosenberg (1) that gangliosides of many cell types are not
readily accessible to large molecules. Furthermore, Stein et
al. (27) previously noted the presence on murine B cells of
glycolipids that are masked to glycolipid antibodies but can
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TABLE 2. Distribution of surface-labeled B-cell
gangliosides on autoradiographs

Relative percent (normalized)b of total
Peak' ganglioside content in:

C3H/HeN C3H/HeJ BALB/c

1 13 (0.9) 8 (0.4) 12 (1.0)
2 20 (1.4) 10 (0.5) 31 (2.8)
3 6 (0.4) 1 (<0.1) 4 (0.4)
4 8 (0.6) 4 (0.2) 5 (0.5)
5 14 (1.0) 18 (0.9) 6 (0.5)
6 7 (0.5) 20 (1.0) 5 (0.5)
7 14(1) 20(1) 11 (1)
8 3 (0.2) 3 (0.2) 6 (0.5)
9c 6 (0.4) 3 (0.2) 9 (0.8)
10 9 (0.6) 4 (0.2) 10 (0.9)
11 1 (0.1) trd tr
12 tr 8 (0.4) tr

a Peaks correspond to the schematic in Fig. 2.
bAs indicated in Materials and Methods, the expression of quantitative

data on relative percentages is influenced by cumulative differences on the
chromatograms. Therefore, the density distribution is also reported normal-
ized to ganglioside 7, which appeared similar in all the autoradiographs
(numbers in parentheses).

' Although spot 9 of each autoradiograph was matched by the densitometer
as a homologous peak, small differences in the mobilities of the spots were
noted (Fig. 2), suggesting that this match of peaks may be marginal.

d Trace (minor peaks whose intensities could not be quantitated).

be exposed by appropriate enzyme treatment. The data of
Kuus-Reichel and Ulevitch may relate to this altered surface
expression of gangliosides. They found that proteolytic
treatment with trypsin enhanced LPS responsiveness (17).
In similar fashion, Flebbe et al. reported that certain rough
chemotypes of LPS were able to stimulate C3H/HeJ B
lymphocytes (11). These chemotypes may be inserted into
the membrane to trigger a response because of their hydro-
phobic properties. An interaction with an occluded ganglio-
side is one possible event that may be required for effective
signal transduction.
There was very little correlation between spot intensities

measured by resorcinol staining and autoradiography. Since
there were five fewer spots on the autoradiograph than on
the TLC plate, several gangliosides appeared not to be
accessible to galactose oxidase. Whether these were the
same five gangliosides in both strains cannot be determined
with certainty. It is clear, however, that the autographs
showed major quantitative differences in the surface expres-
sion of gangliosides in the endotoxin-responsive and con-
genic endotoxin-hyporesponsive mice but not in two genet-
ically different endotoxin-responsive strains (C3H/HeN and
BALB/c); i.e., the two normal strains had a similar surface
expression of gangliosides. The alteration in membrane
architecture reflected in these data may relate to the phe-
nomenon of endotoxin hyporesponsiveness in the C3H/HeJ
strain.
One ganglioside (ganglioside 1) on both the TLC plate and

the autoradiograph was more concentrated in C3H/HeJ B
cells than in C3H/HeN B cells (14 versus 8%) but appeared
less accessible (8 versus 13%) by enzyme labeling. No
individual ganglioside in either autoradiograph pattern rep-
resented more than 20% of the total ganglioside content,
while ganglioside 3 represented 45% of the total ganglioside
content on the C3H/HeN TLC plate. Thus, it is evident from
these data that there is no loss of a major ganglioside to
explain the endotoxin hyporesponsiveness in C3H/HeJ
mice. There is, however, profoundly altered surface expres-

sion of individual gangliosides between the two strains.
Differences in autoradiographic patterns were reproducible
in several experiments, but small differences were often
noted between experiments. Often the separation of the
major ganglioside intensities was not distinct, probably
because of differences in enzyme batches, TLC conditions,
or autoradiographic conditions. Thus, all comparisons re-
ported are from simultaneously labeled and extracted gan-
gliosides from each strain. We were unable to define resor-
cinol-positive spots on the plates used in the autoradiographs
because of the relatively smaller amount of ganglioside used
to prepare these plates. This result underscores the far
greater sensitivity of autoradiography in detecting small
quantities of gangliosides.
An additional observation from these studies is the differ-

ence in sialic acid composition between gangliosides of the
two strains. There was about 10% less NeuAc in C3H/HeJ B
cells than in C3H/HeN B cells. Similar differences were
noted in our earlier study of T cells and thymocytes from
these strains (38). In both cases, there was a significant
decrease in NeuAc in the C3H/HeJ cells. In our earlier
report on murine macrophage gangliosides, the difference in
sialic acid composition was less pronounced, but we found
smaller amounts of NeuAc in resting macrophages than in
lymphocyte populations (37, 39). One explanation for the
difference in sialic acid composition between the two strains
may be relative alterations in quantities of specific NeuAc-
containing gangliosides. More detailed structural analyses
are needed to assign structures to each of the major gangli-
osides in both macrophages and lymphocytes.
The biochemical basis of the C3H/HeJ B-cell hyporespon-

siveness to LPS has been postulated to be due to the lack of
an LPS receptor in the plasma membrane (6); others have
failed to find such a receptor (34). Several groups have used
derivatized LPS to probe for surface proteins interacting
with endotoxin. Lei and Morrison (18, 19) recently identified
an 80-kilodalton protein which interacts with LPS in a wide
variety of lymphocytes, including cells from hyporesponsive
and responsive murine strains. This result suggests that the
simple presence of an LPS-binding protein does not confer
LPS responsiveness on B lymphocytes. Other groups (13,
32) have found different proteins which bind endotoxin, but
it is not yet clear which of these are functionally significant.

Since LPS is a natural detergent, this amphipathic mole-
cule, upon insertion into the plasma membrane, perturbs the
endogenous lipids. The effect of such an insertion depends
not only on the amphipathic nature of the endotoxin but also
on the composition and surface accessibility of the natural
lipids. Support for the critical importance of the interaction
of LPS with the plasma membrane has come from recent
studies with liposomal lipid A. As compared with free lipid
A, liposomal lipid A has profoundly decreased activity in
eliciting interleukin-1 and tumor necrosis factor from murine
macrophages (8, 9). These data are consistent with the need
for LPS to interact directly with the plasma membrane to
activate the transduction of a signal across the membrane.
Our recent preliminary studies of the structure of murine

macrophage gangliosides (7) have shown that most of the
gangliosides have a gangliotetraose structure. Thus, most of
the gangliosides should be susceptible to galactose oxidase,
and the inability to label significant moieties is more likely
related to accessibility than to lack of reactivity. This theory,
of course, requires formal proof, since murine B lympho-
cytes may contain structurally distinct gangliosides.
The accessibility of specific lymphocyte gangliosides to

LPS is at this time unknown. We have begun using an
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affinity-labeled, photoactivatable LPS derivative (35) which
allows radioactive tagging of molecules in contact with the
LPS derivative. These studies may help verify whether
gangliosides play a role in the transduction of LPS-mediated
responses.
These data show that there are profound differences in

membrane architecture between C3H/HeN and C3H/HeJ B
lymphocytes, as reflected in surface-accessible gangliosides.
This result is emphasized by the data for the genetically
distinct but normal BALB/c B lymphocytes, whose gan-
glioside surface accessibility was similar to that of the
C3H/HeN B lymphocytes. The biochemical cause of this
altered architecture is not clear but may be related to the
defect associated with the Lps gene. A fundamental altera-
tion in membrane structure would be consistent with all of
the data on LPS hyporesponsiveness in C3H/HeJ mice.
Further investigation of glycolipid and sialic acid metabolism
in this strain is needed to determine whether the altered
ganglioside accessibility is directly related to the LPS hypo-
responsiveness or whether it is an additional consequence of
the Lps gene defect.
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