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Grant No. DAMD17-91-Z-1027

MIC TERM PROGRESS REPORT

From June 1, 1991 - November 30, 1992, research
activities have beean aimed at the following areasa.

Establishing human kidney proximal cell (PT Cell)
culture in the laboratory from human cadaver kidnavs,

Essentially the same procedure /1) as describad in the
research project was followed to culture human PT cells.
Confluent cultures of PT cells were subcultured employing
digestion with trypsin and passaged up to 2-3 times.
Confluent cultures of PT cells were harvestod and storcd
frozen for the isolation of GSL.

Igsolation of Glvcosphingolipids (GSL) frowm human
kidney/PT cells and other tissuesg,

GSL were isolated from human kidney or P?T cells by the
procedurs described previously. (2) GSLs were also preparaed
fros rat kidneys, human brain, erythrocytes and human
intestine as above. The GSLs were saparated by thin layer
chromatography on silica gel-G HPTLC plates (Merck) using
chloroform-pethanol-water (5$5:25:4 v/v) as the sclvent
system, and were identified using aniline diphenylamine
(DPA) reagent. Fiqgure 1 shows the separation of human
kidney GSL on a high performarce thin layer chromatography
(HPTLC) plate. The major GSL specles observed in human
kidney wers glucosylcaraxida (GlcCer), lactoaylceramidas
(LacCer), trihexosylceranide (GbosayCer) and-
tetrahexosylceramide (Gbose,Cer) ~ (Figurs 1j.

SEB Receptor Identification

gtgphylococcal entaerotoxin-B (SEB) was radiolabelled
with 14°I using Iodogen and was used for overlaying
procedurea (3). GSL from human kidney or PT calls were
separated as described above and identified using DPA
Iggqont (Fig. 2A). A duplicate plate was incubatad with

I-SEB for binding to the individual glycosphingolipids.
Autoradiograms of the plate were then analyzed for Yigdinq
activity. Figure 2B, an autoradiogram, shows that
bound to human kidney tgg corresponding in chromategraphic

migration to LacCer. I-SEB binding to GSLs derived fron
rat kidney, human brain or human intestine was not observed.

I-SEB
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Binding of SEB to purified kidney GSL (SEB Receptor).

The GSL fraction showing binding with 1257_sEB on HPTLC
plate was purified as dascribed and referred to as SEB
receptor (SR). The binding of SEB to tg&g receptor was
assayed by measuring the attachment of I-SEB to this
putative receptor (SRj immobiiiged on microtiter plates
(Immunolon wells) (4). The I-SEB binding to GSL derived
from human kidney (HKGSL), the SR, LacCer and the GSL
derived from rat xidney (RKGSL) is shown in Fiquis 3. HK GSL
and the SR, both, showed significant binding to 51-sEB. :
Maximal binding of SEB to HKGSL and SR occurred at a
concentration of 100 ng/wall and 20 ng/well, respectively.
At this concentration, the SR binding to §§B was 5-fold more
than HK GSL. A significant decrease in 1457.sEB binding to
HKGSL was observed at a concentration of 100 ng/well and
above. A similar inhibition was observed with SR at the
concantration of more than 20 ng/well. This observed
decrease in binding could be due to the formation of
multilamellar layers in the well at thess GSL concentrations
which have been reported to result in the inhibition of the

,{sggptor binding (4). Synthetic LacCer also bcund scne

-SEB; at a GSL concentration of 20 ng/well it bound
1251_5rB in the order of 26 fold less than purified SEB
receptor GSL, (Tigure 3). Increasing the concentration of
iggtnetic LacCer in the assay mixture did not increase its

I-SEB binding further, showing saturable bindini gt this
GSL at low concentrations. RXGSL did not bind to 23y.5ED
at these concentratioas (Figqure 3). SEB did not bind to
LacCer prepared f-om rat kidneys (data not shown).

The specificity of SEB binding to SR was assessed
further employing various structurally defined
glycosphingolipids in Table 1. These wers GalCer, GlcCer,
GboseyCer, GM;, GT,b, and sulfatide (SO4-GalCer). At GSL
concentratiigg on the order of 10-1000 ng/well, a marginal
binding of I-SEB to EB se GSLs were seen. At low
concencrations of GSL, I-SEB did not bind to any of these
GSLs. (Data not shown).

Characterization of SEB Receptor

The putative GSI. raceptor for SEB (SR) is a* present
being characterized further.
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High Performance Liguid Chromatography (HPLC) of SEB
Receptor o

Purified SEB receptor GSL was perbenzoylalated by the
method of Ullman and McCluer (5) and a suitabls aliquoct was
subjected to HPLC on a Spherisorb Si-5 column with detection
at 230 nm as described (6). In figure 4 (B) a HPLC
chromatogram of the purified SR is presentad. It resolved
into two main peaks, with retention times on the order of
8.49 min. and 8.74 min, respectively. The standard LzcCer
(stearoyl LacCer) under similar conditions, also resolved
into two peaks, having lower retention times on the order of
8.14 and 8.39 Figure 4 (A). The SR GSL was quantified using
a standard curve prepared with authentic LaccCer.

Gas Chropatography-Mass Spectrometry (GC-MS) of SEB Receptor

The SR was subjected to acid catalysed mathanolysis.
The methylglycosides, methyl fatty acids and methyl
shingosines were derivatized employing trimethylchlorecsilana
and analyzed on an Ion Trap Detector-800 (ITD-800) GC-MS
using DB-5 capillary column (0.25 X 30 m). Table 2 shows
the percent fatty acid, sphingosine composition and sugar
ratio of SR. The GC-HMS chrematogram of SR is shown in
Figure S. The prelininary data shows it to contain mainly
three fatty acids, namely methyl palmitate (C16; molecular
weight 270.46); methyl elaidate (C 18:1; moclecular weight
296.48) and methyl stearate (Ci3; molacular waight 298.51);
two sugars, namely glucose and galactoge and three
sphingosine bases (d18:2, d22:2, d423:0). #urther GC-M3
analysis of this GSL is in progress. ' '

Publications ,
The following papers and abstracts were published
during June 1, 1991 - November 30, 1992.

Publications:

: 1. Chatterjes, S.; Jett, M. "Glycosphingolipids:The
putative receptor for staphylococcus-aureus enterotoxin-B in
human kidney proximal tubular cells." Mol.Cell. BioChem. 113
:pp.25-31 (1992)

2. A manuscript relevant to the work presented hera is
under preparation.

3. A review article entitled "Glycosphingolipids as
putative receptors.” is under preparation.
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Abstracts:

1. Chatterjee, S.; Jett, M. “Glycosphingnlipids as
putativa receptors for Staphylococcus-aureus toxin-B in .
cultured human proximal tubular cells.™ FASEB. J. 5 :pp.2,
629. (1991).
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Table 1. s::ns:nzz4uLju*ig§nh1n99linida_nzsd_ss_nsx:xmins
Specificity of #«<1-SEB Binding

1. Lactosyl Ceramide Gal(Bl-4)Glc-Cer
2. Glucosyl Ceranide Glc~Cer
3. Galactosyl Csranide Gal-Cer

4. Globoside
GalNAc (Bl-4)Gal( Bl-4)Gal(Bi-4)GlcBl-1Cer

s. Trisialoganglioside:
NeuAc2-3Gal(Bl-3)GalNAc(Bl-4)Gal(Bl~4)Glc(1-1)Cer
3

=NeuAc2-8 - NeuAc2-

s. Monosialoganglioside:
NeuAc2-3Gal (Bl-4)Glc(Bl-1)Cer

7. Galactosyl Sulfatide S04-Gal-Car




1.

Sphingosine:
d18:2
% 45.34
Fatty Acid

ci6
% 23.96
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Table 2. GC-MS Data of Purified Receptor GSIL

. Carbohydrates:

Galactose 10.28 nmo).
Glucose 14.12 nmol
Gal/Gle 1:1:37
d22:2 d23:0

8.04 46.62

Cl8:1(8~ene) D18
30.78 39.24
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Legends to Fiqureas

Figure #1 - HPTLC of huxan kidney glycosphingolipids (GSLs)
on an MPTIC (silica gel G) plate using chloroform-methanol-
water (65:24:4 v/v). The plate was dried in air and
developad with aniline diphanylamine reagent. Lane 1 -human
kidney GSL; Lane 2 -~ cultursd proximal tubular cell GSL.

Figure #2 - Binding of 1231 )abelled Staphylococcal
enterotoxin-B (SEB) to glycosphingolipids (GSLs) separated
by high pertormance thin layer chromatography (HPTLC). A -
GSLs detected wich aniline diphenylamine reagent; B - GSL
gsgoctod by radigautoqraphy (exposure time:l8hrs.) employing

I-SEB (1 X 10° cpm/ml; incubation for 4 h at room
temperature). Lares 1 and 6 - Human kidney GSL; Lanes 2 and
S = PT cell GSL; Lanes 3 and 4 - rat kidney GSL.

Figure #3 - Bindiag of 1231.1apelled staphylocozcal
entertoxin-B (SZB) to glycosphingolipids (GSL) coated on
microtiter wells. Data are expressed as nean values of
triplicate determinations. The X-axis indicates the amount
of GSL coated to microtiter wells.

FPigure #4 - 1".C snalysis of perbenzoylated (GSL) A -
LacCer; B - Stzphylococcal enterotoxin-B receptor (SR).
GSLs were benzoylated, dried, suspended in hexane and
injected. '

Figure #3 - Hass chromatogrzms (SA - 5C) of staphylococcal
untsrntoxin-~B receptor (SR). 5 (A) mass chromatogram of SR
carbchydrates and sphingosine; 5 (B) mass spectrum of SR
sphingosines; 5 (C) mass chromstogram of fatty acids.

Pigure #6 -~ Mass spectrum (6A ~ 6C) of SR fatty acids. 6 (A)
C16, methy) palmitate; 6 (B) Ci18:1, methyl elaidatas; 6 (C)
C18:0, mathyl atearate
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Glycosphingolipids: The putative receptor for
staphylococcus aureus enterotoxin-B in human
kidney proximal tubular cells

. . h]
Subroto Chatterjee' and Marti Jett*
" Department of Pediatnies, Johns Hopkas University, School of Medicine, and * Department of Pathology,
Wulter Reed Army Rescarch Insitute, Washungton, D.C. :

Reverved MY Augud 191, sccepted 13 February 1992

Abstract

We have investigated the binding of "“I-staphylococcal enterotoxin-B (SEB) in cultured human proximal tubular
celis. We found that the binding of '*I-SEB to PT cells was i:me and concentration dependent and competitively
inhibited by antibody agawst SEB. Preincubation of cells with trypsin and ncuraminidase or with fetun did not
significantly impair the binding of '“*1-SEB (o such cells. In coatrast. treatment with endoglycoceramidase completely
ihibited the binding of '*I-SEB to cells. Neutral glycosphingolipids exerted a concentration-dependent inhibition of
'**[-SEB binding to such cells. maximum inhibition (96 compared to control) occurred upon incubation of PT cells
with neutral giveosphingolipids. Taken together. our studies indicate that SEB specifically binds to a neutral
givcosphingehipid in PT cells. In contrast. staphylococcal :nterotoxin-A and toxic shock toxin (TST-1) are bound to o
piotein in such cells. (Mot Cell Biochem 113: 25-31, 1942)

Abbreviations: SEB - Staphylococcal Enterotoxin-B: SEA - Staphylococcal Enterotoxin-A; TST-1 - Toxic Shock
syndrome Toxin: GSL ~ Glycosphingolipia; PT - Proximal Tubular: LPDS ~ Lipoprotein Deficient Serum; PBS -
Phosphate Butfered Saline

Kev words: glycosphingolipids, kidney proximal tubular cells. staphylococcal enterotoxin-A. B. toxic shock syn-
Jdrome toxin

Introduction

Staphyiococcal enterotoxin-B (SEB)' is an important (MHC) molecules of murine fibroblasts transfected

pathogen which causes severe aiarrhea and death in
experimental ammals and man | 1]. Recenly. HLA-DR
in human TCB cell lines were found to have high affin-
ity binding for SEB. SEA and TST-1(2]. The binding of
SEA to dass 1! major histocompatabiiity compiex

with HLA class J11 has been noted [2. 3]. However,
localization and bivchemical tracer studies resvenl that

the kidney plays a major role in the uptake of the toxin

prior to its potent effect on other organs (4. 5] In
pasticutar. 75% of radwlabeled toxan given to monkeys

Address for offprinis. S Chatterjee, CMSC M, Lipwd Rescarch. Atherowlkeross Unit, Department of Pediatties. Johns Hophans Univeraity,
Schoot of Mediane, 60N Wolfe Street. Baltimore, Marvland 21208 USA
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Fiv | Binding o1 ' -Saphedococcal enseroioan-B 1SEB) by cudiueed
normal human prosimal tubudar (PT) cells. Hunan PT cells (x 100}
weres woded i 6l 7 1S mm plastic petn dishes and grownin medium
contpmng L fetal cail swerum without antibeoties. On the sivih day
of coll growth, coth were ed medium comamng | mg protein mi o
ipoprotemn deficient serum (LPDS) und incubated for 24 hours Sub-
seyuentlyv. fresh medium contaimng LPDS and -5 ugmi of 1I-SEB
(speciic activity I8 cpm ng). ' 1-SEA (speaific activity. 116 cpemng)
and TST-1 (speatic activity. 104cpavag) was added to ome st of
dnhes. To anather <t of dishes, prwe 1o the addition of ' 'lonie. 20
{fold excoss of corresponding uniaheied 1oxin was added and incub-
Bon was continued {ov 2hr ut 37 C. Next. medium was removed and
the el were washed ten times with xe-cold phnphate bulfercd
suline (FBS) for a perwd of abowt W) man.

The sampics were solubahized cvermgt with 1M NaOH an ool
waagizted radwiactiv iy and protein conten: was measured. Al assays
wers: pursued in dupisate dedves frea two batchwes of PT celis and
ncivzcd in duphicate Specific imkng e, binding s the abaence oF
uniubcied 10xn-tinding in the presence of unlabeled toxin was calcg-
lated and plovied.

was found in PT ceils in the kidney [1]|. Because of the
availability of well characterized human kidney PT ceils
in our laboratory {6]. we have pursued studies to deter-
mine the biochemical nature of the receptor for SEB in
such c2lls. Competetive high affinity binding studies of
SEB with SEA and TST-1 were pursucd to reveal
whether such toxins bound to similar or different bind-
ing domains in PT cells.

Materials and methods

Isoiopes and chemicals

=] (specific activity 644 MBy/ug iodine ) was purchased

from Dupont. New England Nuclear. All other bo-
chemicals were purchased from Sigma Chemieal Co,
St. Louis. Vibrio cholera neuraminidase and Rhodo-
coceus endoghycoceramidase were purchased from Cal-
biochem and Gengyme Corporation. Boston, respec-
tively. “Phorcast”™ polyacrs lamide gels and Rainbow
proteia markers (Mr 2.350-Mr 46,000} were purchased
from Amersham Corporation. Human brain ganglio-
sides and human kidney neutral glycosphingolipids
were prepared in our laboratory [7) and charactenzed
employving HPTLC and HPLC wechnigues (8], Human
low demsity lipoproteins (LDL: 1.019-1.063 gmvdl) and
lipoprotein deficient plasma was obtained from the
plasma of normal human volunteers by KBr density
gradicent ultracentrifugation [9]. Lipoporotein-deticient
serum (LPDS) was prepared from lipoprotein-deficient
plasma by precipitation with thrombin as described
[1}. Such preparations were free from glycosphingoli-
pids and cholesterol.

Preparation of SEB toxin and radio labeling wiik: 'l

Commercially available SEB. SEA and TST-1 were
labeled with '*1 using iodogen [11]. solubilized in sam-
ple buffer and subjected to polyacrylamide gel electro-
phoresis on Phorcast gels at 12.5 milli amp/gel for 24 h at
room temperature. Appropriate standard proteins of
known Mr were also electrophoreseu simultaneously.
Following electrophoresis. a portion of the gel including
the standard molecular weight proteins was sliced and
stained with coomassie bise at 60° C for 5-10min. The
gel area corresponding to Mr 28.0(K for SEB and SEA
and 24,000 for TST-1 was sliced. eluted and dialyzed.
The material was freeze dried. solubilized and assessed
for purity by SDS-PAGE analysis. Such preparations
were free from contaminating proteins.

Cells

Cultured human PT cells were prepared from autopsy
kidney as described previously [6]. Cells were trypsi-
nized and seeded (1 x 1) in 60 x 15 mm plastic Petri
dishes and grown for 6 days in medium containing 10"
fetal calf serum and no antibioties. On the 6th day,
medium was removed. cells were washed with phos-
phate huffered saline. (PBS) und incubation continucd
for 24h in mediem containing LPDS (1 mg protein mi).




ESEB binding assay

Unless otherwise deserit .d in the text. the following
assay was adopted to mezasure che binding of “*1-SEB to
PT celis. Medium was eemosed from cells primed with
LPDS. Next, fresh medium (2el) and '"ESEB (2 ug
mb) plus o tventy fold excess of unlabeled SEB was
added and incubation continued for 2h a. 37°C. Next,
the medium was discarded and the cells washed with
Smi of PBS containing 0.2"% bovine serum albumin
{maintained ot 4°C) and § times with PBS. The mono-
laver was solubilized i I N NaOH. protein and radio-
activity was measured according to Lowry etal. [i2] and
scintillation spectrometry. cespectively. Specific bind-
ing of "1 toxin to PT cells was calculated by subtracting
the data obtained in the absence of uniabell:d toxin
from the data obtained in the presence of 20 fold excess
of unlabeiled toxin.

Incubation of cells with enzvmes

Cells preincubated with medium containing LPDS were
further incubated for Smin at 37°C with tryosin (0~
500 ug/mi). The reaction was terminated by removing
the enzyme solution from the dishes. washing the cells
with PBS aud incubation with sovbean trypsin inhibitor
followed by =xtensive washing with PBS. Trypsin treat-
ad celis were used in 1 texin and in “I-LDL binding
studies [13]. Similarly. ceils were incubated with neura-
minidase (0.3 units/ml to 2.0 units/m!) und endoglycoc-
eramidase (0.13 milliunite<i 6 milliunitvmi) for 1 h at
37°C. washed an the binding of *‘I-SEB pursued as
described above.

Incubation of cells with giycosphingoliptds

Cells preincubated with medium containing LPDS were
further incubated with fresh medium containing gly-
cosphingolipids and '**1-toxin mixture. Glycosphingoli-
pids were taken into 1 stenle glass tube and dried in N,
" atmosphere. Then medium containing LPDS was add-
ed. sonicated and suitable aliquots added to the assay
mixture. After incubatiun for 2 hr at 37 C the assay was
terminated and the binding of toxin to PT cells mea-
sduied,

® ~
v -~

.3 SEB Bound/ 10 ug protein

»

Timg (hr)

Fig Y. Eifect of twe of incubanon on the weding of '*1-SEB 10 PT
celis. The protocol of thes cxpenment was ideatical (o that desenbed
in Fig. ) except that colis were incwhated with 2U fold encess of the
SEBund £ 'I-SEB (2ugmi) for 1.2, dand 6hr at 37°C. The spectiic
Rinding of '1-SEB 10 7T cclhy was calowlated as dheseribed in Fig. 1.
The duta represents average values obtaned from duplicate dishes
from two separat: batches of PT collx analyvzed in duplcate.

Results

Bin-ding of "' I-staphylococcal enterotoxin-B (SEB) and
other toxins by cultured normal human prox:imal tubilar
(PT) cells

The hinding of *‘I-SEB to PT cells is shown in Fig. 1.
Maximum high affinity bieding occurred with 2 ug of
SEB and TST-1 but not SEA per mi medium. The
binding of '“'I-SEB to PT cull was saturated at higher
concentration: 5 ug/ml medium. The ratio of binding of
TST-1. SEA and 3EB to PT cells was on the order ot 1 :
1.5: 3. respectively: The binding of '“[-SEB to PT cells
wis time dependent (Fig. 2). For example. a linear
mereise in the binding of this tonn occurred up to 2 hr
followed by a plateau after $hr. The inclusion ot anii-
body against SEB in the assay mixture quantatively
inhibited the binding of this toxin to PT celis (Fig. 3). A
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51g. 3 Effect of smubody ageinsi SEB oa the bindmg of 'I-SEB in PT
ceils Tocultured PTeells 0.2, 5. 10 and 25 ug of antibody agaunst SEB
@ as added prior 1o th addion of 2 ug/mi of '“1-SEB. Incubation was
carnied out for 4 hr a1 37° C amd the specific binding of *1-SEB to PT
celis was measurcd. The data represents average values obtaned
from dupiscate tsacs from two hatches of PT colis analyzed ' du-
plxcate.

linear decreaue in binding occurred upto {Dug/mi of
SEB antibody.

Displaceable binding of toxirs in PT cells

Displaceable binding assays employing a fixed amount
of "*“I-toxin and increasing concentrations of unlabeled
toxin revealed that, first, uniabeled SEB was unable to
compeie for the binding sites for '*1-SEA and “*I-TST
(Fig. 4A). Similarly. unlabeled SEA was unabie to
compete with the binding of '“I-SEB to PT cel! recep-
tors (Fig. 4B).

Effects of trypsin, neuraminidase and
endoglycoceramidase on the binding of '*'I-SEB and
other wxins in PT cells

Preincubation of cells with trypsin and neuraminidase
maximally decreased '**I-SEB binding in the order of

26.8% and 0.3, respectivedy compared to control,
(Table 1). Under simibar conditions. trypsin (300 g mb)
inhibited 80", of '"1-LDL binding to PT cell. Preincu-
bation of PT cells with endoglycoceramidise did not
impair the binding of “'I-SEA or '“ETST-1 (data not
shown). Preincubation  with  endoglycoceramidase
(015406 miltiunitml) completely inhibited the binding
of "'[-SEB to PT cclls (Table 1).

Effects of glycosphingolipids on the binding of *1-SEB
to F T cells

Maximunt inhibition of binding, (54.2% relative to con-
trol) occurred with 600 ug/mi gangliosides (Table 2). In
contrast, when SOug/ml neutral glycosphingolipids -
were added in the incubation mixture, 96.7% inhibition
of *1-SEB binding to PT cefls occurred as compared to
coatrol.

Discussion

Our major findings in this report are: first, kidney prox-
imal tubular cells have high affinity binding sites (recep-
tovs) for SEB: second. preincubation of cells with ¢n-
doglycoceramidase and/or human kidney neutral gly-
cosphingolipids markedly inhibited the binding of SEB
to PT cells. Third, in contrast, endoglycoceramidase
ireatment did not impazir the binding of '“I-SEA or
I-TST-1 10 PT cells. Moreover, these toxins were
unabie 10 cocmpetetively dispiace SEB from binding to
PT cells.- '

Previous studies in experimental arimals and man
have suggested that the kidney. in general and proximal
tubular cells in the kidney cortex in particular, may play
a major role in the pathophysiology of SEB induced
toxemia 4. 5J.

We have found that PT cell - can bind '**I-SEB first,
via a high affinity receptor mediated mechanism at low
concentrations of toxin, as well as a nonsaturable recep-
tor-independent mechanism at high concentration of
SEB (Fig. 1). Competition experiments with unlabeled
SEB. and antibody against SEB which quantitatively
inhibited '“*1-SEB binding suggest that the receptors in
such cells are specific for SEB. The inclusion of 3-iodo-
tyrosine (3 x 1 " M), an inbibitor of deiodinase in the
assay mixture. did not alter the binding of '"I-SEB in
PT ceils (data not shown). These findings suggest that
the binding of “'I-SEB of PT ccils is not due to the
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Fie. 4. Competetnve hnding of SEB. SEA und TST-1 10 PT cells. The protacn! of this cxpcrmicm was similar 10 the legead for Fig. § except that
foliowing the additon of 1 toxm SEA and TST-I (Fig. A) unlahcicd SEB (-S40 ug mi) was added. Sinularly to ancther set of dishes, '1-SEB
plus (-5 ug m) unlabeled SEA was added and the dnplaccabie Laadiag of toxin was measured (Fig. B). The results repeesent data from one

expeniment analveed in duplicate.

removai of '*I by a deiodinase and the subsequent
labeling of ceils with '*1. Rather, **I-SEB binding is
due to the presence of receptors in PT cells.

To investigate the nature of the SEB receptor on PT
cells. studies were pursued further. First, preincubation
of cells with trypsin and ncuraminidase followed by

Table . Elfects of trypssa. inidasc and cndogly ;!
on the wading of '"'1-SEB amd "“I-LDL 1n normal human kidncy
prouimal tubular ceils.
Enzyme Binding %
» (ng SEB bound/ Inibition
100 ug protein)
**1-SEB Control 1.2 0
s Teypuin (50 ug/mi) 9.6 143
Trvpsin (106 ug/mi) 89 206
Trypsn (00 ug/mi) a2 2.8
! Neuranumidase ® (0.5 umtyml) 7.5 3
] Newrarunidase (1.0 unitwmd)  #2 242
Neuraminidase (2.0 unitv/mi) 78 0.4
(0.15 milliunits} 0 100
Endoglycooeramidase
{0.30 mallumts) 0 100
Endoglycoceramuiase
(0.60 mullive—-) 0 100
'-LDL Control 10.0 0
Trvpain (S00 ug ml) 2.0 w)

* One unit of neuramimidase releases [ pmole of ncuraminic «id. min.
** One unit of endoglycocersmidase ruieases | umole of glucose from
bovine brain ganghosdes'min,

binding assays only moderately decreased '*‘I-SEB
binding. Under similar conditions, trypsin inhibited
8% of the binding of **I-LDL to PT cells compared to
control. Previously, digestion of rat liver membranes
with trypsin was found not to impair the binding of
cholera toxin {14). Second, SDS-PAGE analysis of PT
cells incub: "ed with '*[-SEB for 2 hr revealed a labeled
band at the dye front. In no instance did toxin bind to
any other bard visible in the coomassie brilliant blue
stained gel. Third, inclusion of fetuin (250 ug/mt). a
serum glycoprotein in the assay mixture, did not impair
the binding of ***I-SEB to PT celis.

Recently the binding of SEB to human T cells bearing

Tubde 2. Effects of human braia gangliosides and human kidney
neutral glycosphingolipids on tive binding of '‘I-SEB in normal hu-

L B

man proximal tubular celis.

Glycosphingolipsd Binding %
(ng SEB bound/ Inkbition
100 ug prosein)
Control 120 ]
Gangliosdes .
( Mugmi) 10.3 14.2
(150 ug/mi) 92 pAR
(300 ug/mi) 9.2 3.4
(M0 ug/mit) ss 542
Neutral glycosphingalipids
{ Sugml) 33 728
(10 ug'ml) (KU 91.7
(S0 ugmi) 03 96.7




particular VB sZquences as part of their receptors for
mugor histocompatibility: complex protein-associated
antizen has been shown [3). Tn another study a unigque
site on class 11 MHC proteins to which SEAL SEB and
TST-1 binds was shown {2]. The reasons for the dis-
crepancies i the above studies and ours is not clear
presenth. Since the anuno aad sequence of TST-1
buears intle resemblance with SEA und SEB. the hind-
g of these three toxins 10 an adeatical site ap pears
non-speailic. Moreover, SEB is enly 28% homologous
10 SEA and the binding of SEA to such sites is 10-13
urmes higher than SEB {2}. We also found that un-
lateled SEB was unable 1o displace SEA or TST-| from
binding to PT cells. Similarly, SEA or TST-1 were
unable to displace SEB from binding to PT cells. More-
over. in our studies. pretreatment with trypsin only
partially decreased the binding of SEB to PT cells com-
pared to preincubation of cetls with givcosphingolipids
or endoglycoccramidase which dramatically decreased
“I.SEB hinding to PT celis (sce below). Our studics
lead to the suggestion that there is a clear dichotomy in
regard to the nature of receptor for SEA. TST-! and
SEB. In case of SEA and TST-1 the receptor is clearly a
protein. in contrast, in case of SEB. the receptor is most
probablv a glvcosphingolipid.

Several glycosphingolipids have heen suggested to
serve as recepturs for various toxias, For example, GM,
{ceramide-glucose-galactose-Nacetviaeuraminic  acid)
and nobotriosyl-ceramude  (cevamide-giucose-galac-
tuse-galactuse ) serve as receptors for cholera toxin and
verocytetoxin, respectively (14, 15). Similarly. a large
nuraber of comisnonly occuriing bactcria and pathogen-
ic bactena irave beeri found to bind speritically to lactc-
sviceramide (Ceramide-glucose-galactose) [19]. We in-
vestigatad whether glycosphingolipids may also serve as
a putative receptor for SEB in PT celis. First. we found
that human kidney reutral glycosphingolipids are a pe-
tent inhibitor of SEB binding to PT cells. Such findings
are in agreement to previous reports suggesting neutral
glycosphingolipids as probable receptors for toxins.
Furthermore. preincubation of cells with endoglycoc-
eramidase resulted in complete intibition of '“'I-SEB
binding to PT cells. This enzyme specifically clec . ¢s the
glycnsyl muorety from glycosphingolipids [22]. Finatly,
our prehiminary studies reveals direct hinding of SEB to
a human kidney neutral glvcosphingolipid. Taken tc-
vether cua findings suggest that most probably a neutral
glycosphingohipid 1n PT cells serves as a putative recep-
tor for SEB. Further studies are under way in our
laboratory to determine the structure of the putative

ghycosphingolipid receptor and to ostablish strucwure
function relationships.
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