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MID TERM PROGRESS REPORT

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

Establishina hum&n kidnev 2roxilal cell (PT Ce1l
culture in the laboratory from human cadaver kidneys.

Essentially the same procedure :1) as described in the
research project was followed to culture human PT cells.
Confluent cultures of PT cells were subculturod employing
digestion with trypsin and passaged up to 2-3 times.
Confluent cultures of PT cells were harvested and stored
frozen for the isolation of GSL.

Isolation of GlvcosDhinaoliDids IGSL) frol _M&a
kidney/PT cells and other tissues.

GSL were isolated from human kidney or PT cells by the
procedure described previously. (2) GSLs were also prepared
from rat kidneys, human brain, erythrocytes and human
intestine as above. The GSLs were separated by th.in layer
chromatography on silica gel-G HPTLC plates (Merck) using
chloroform-pethanol-water (55;25:4 v/v) as the solvent
system, and were identified using aniline diphenylamine
(DPA) reagent. Figure 1 shows the separation of human
kidney GSL on a high performance thin layer chromatography
(HPTLC) plate. The major GSL species observed in human
kidney were glucosylcaramide (GlcCar), lactosylceramide
(LacCer), trihexosylcaramide (-bo%3Cer) and
tetrahexosylceramide (Gbose4Cer) (Figure ).

SEB Receptor Identification

itgphylococcal enterotoxin-B (SEB) was radiolabelled
with ' I using lodogen and was used for overlaying
procedurea (3). GSL from human kidney or PT cells were
separated as described above and identified using DPA
flgqent (Fig. 2A). A duplicate plate was incubated with

I-SEE for binding to the individual glycosphingolipids.
Autoradiograms of the plate were then analyzed for bgding
activity. Figure 2B, an autoradiogra, shows that 14I-SEB
bound to human kidney q, corresponding in chromatographic
miqration to LacCer. I-SEE binding to GSLs derived from
rat kidney, human brain or human intestine was not observed.

I

S

. , I III



3

Grant No. DAMDl7-91-Z-1027

Binding of SEB to purified kidney GSL (SEB Receptor. U

The GSL fraction showing binding with 1251-SEB on HPTLC
plate was purified as described and referred to as SEB
receptor (SR), The binding of SEB to t1 receptor was
assayed by measuring the attachment of I-SEB to this
putative receptor (SR) immobijied 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 kidney (RKGSL) is shown in Figu1 5 3. HK GSL
and the SR, both, showed significant binding to I-SEB0
Maximal binding of SEB to HKGSL and SR occurred at a
concentration of 100 ng/well and 20 ng/well, respectively.
At this concentration, the SR binding to1jB was 5-fold more
than HK GSL. A significant decrease in I-SEB binding to •
HKGSL was observed at a concentration of 100 ng/well and
above. A similar inhibition was observed with SR at the
concentration of more than 20 ng/well. This observed
decrease in binding could be due to the formation of
multilamellar layers in the well at these GSL concentrations
which have been reported to result in the inhliAtion of the
,[geptor binding (4). Synthetic LacCer also bound some

I-SEB; at a GSL concentration of 20 ng/well it bound12 5 -SEB in the order of 26 fold less than purified SEB
receptor GSL, (Figure 3). Increasing the concentration of
intnetic LacCer in the assay mixture did not increase its

I-SEB binding further, showing saturable bindin 2f this
GSL at low concentrations. RKGSL did not bind to ?2?f-SEB
at these concentrations (Figure 3). SEB did not bind to
LacCer prepared f-om rat kidneys (data not shown).

Specificity of 12;1ISEB Binding

The specificity of SEB binding to SR was assessed S
further employing various structurally defined
glycosphingolipids in Table 1. These were GalCer, GlcCer,
Gbose4Cer, GM1, GTjb, and sulfatide (S04-GalCer). At GSL
concentrati 9on the order of 10-1000 ng/well, a marginal
binding of L I-SEB to 1gse GSLs were seen. At low
concentrations of GSL, I-SEB did not bind to any of these
GSLs. (Data not shown).

Characterization of SEB ReceDtor

The putative GSL receptor for SEB (SR) is at present
being characterized further.
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Hinh Performance Liauid ChromatoaraDhv (HPLC) of SEBReceptor

Purified SEB receptor GSL was perbenzoylalated by the
method of Ullman and McCluer (5) and a suitable aliquot was
subjected to HPLC on a Spherisorb Si-S column with detection
at 230 nm as described (6). In figure 4 (B) a HPLC
chromatogran of the purified SR is presented. It resolved
into two main peaks, with retention times on the order of
8.49 min. and 8.74 min, respectively. The standard LacCer
(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 LacCer. p

Gas ChromatoaraDhv-Mass Spectrometry (GC-MSa of SEB Receptor

The SR was subjected to acid catalysed methanolysiA.
The methylglycosides, methyl fatty acids and methyl
shingosines were derivatized employing trimethylchlorosilane S
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-NS chromatogram of SR is shown in
Figure 5. The preliminary data shows it to contain mainly
three fatty acids, namely methyl palmitate (C16; molecular
weight 270.46); methyl elaidate (C 18:1; molecular weight
296.48) and methyl stearate (C18; molecular weight 298.51);
two sugars, namely glucose and qalactose and three
sphingosine bases (d18:2, d22:2, d23:0). turther GC-M3
analysis oi this GSL is in progress.

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

Publications:
1. Chatterjee, S.; Jett, M. "Glycosphingolipids:The •

putative receptor for staphylococcus-aureus enterotoxin-B in
human kidney proximal tubular cells." Mol.Cell. BioChem. lfl
:pp.25-31 (1992)

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

3. A review article entitled "Glycosphinqolipids as
putative receptors.* is under preparation.

S
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Abstracts:
1. ChatterJes, S.; Jett, M. "Glycosphinge~llpids as

putative receptors for Staphylococcus-aureus toxin-B in
cultured human proximal tubular cells." FASEB. J. a :pp.2,
629. (1991).

References:

1. ChatterJee, S.; Trifillis, AL.; Regec, AL.; (1987) Can.
J. BioChem. Cell. Biol. 15: pp.1,049

2. Esselman, WA.; Laine, RA. and Sweeley, CC. (1972)
Methods Enzymol. 2: pp.140

3. Karlsson, KA. and Stromberg, N. (1987) Methods Enzymol.
=3: pp.220

4. Karlsson, KA. and Stromberg, N. (1987) Methods Enzymol.
U8: pp.227

5. Ullman, MD. and McCluer, RH. (1987) Methods Enzymol. •
138: pp.117

6. Chatterjeo, S. and Yanni, S. (1987) LCGC: pp.571
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Table 3.. Structure of Glygsphi nglligids Used to Determine
SpeCi JCitV Of AALSZinpana

1. Lactosyl Ceramide Gal(B1-4)Glc-Cor

2. Glucosyl Carazide Gic-Cer

3. Galactosyl Ceaaide Gal-Car

4. Globoside

GalNAc (Bl-4:Gal( Bl-4)Gal(BI-4) Glc~l-lCer

S. Trisialoqanglioside:

NeuAc2-3Gal(Bl-3)GalNAc(Bl-4)Gal(Bl-4)Glc(1-1)Car

-N*UAc2-6 - NeuAC2S

S. Monosialoqanqlioside:

XeuAc2-3Gal (Bl-4) Glc(B1-1)Cer

7. Galactosyl Sulfatide S0 4 -Gal-Cer
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Table 2. GC-MS Data of Purified Receptor GSL

1. Carbohydrates: Galactose 10.28 nmo.

Glucose 14.12 nmol

Gal!Glc 1:1:37

2. Sphingosine:

d18:2 d22:2 d23:0
% 45.34 8.04 46.62

3. Fatty Acid •

C16 C18:1(8-ene) D18
% 23.96 30.78 39.24
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Legends to iaures

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

Figure #2 - Binding of 1 2 51-labelled Staphylococcal
enterotoxin-B (SEB) to glycosphingolipids (GSLs) separated
by high performance thin layer chromatography (HPTLC). A -
GSLs detected wich aniline diphenylanine reagent; B - GSL
fitected by radi autoqraphy (exposure time:l8hrs.) employing

I-SEB (1 X 10 cp/ml; incubation for 4 h at room
temperature). Lanes I and 6 - Human kidney GSL; Lanes 2 and
5 - PT cell GSL; Lanes 3 an4 4 - rat kidney GSL,

Figure #3 - Bindinq of 1 2 5 I-abelled staphylocozcal
entertoxin-B (SZB) to glycomphingolipids (GSL) coated on
microtiter wells. Data are expressed as Aean values of S
triplicate determinations. The X-axis indicates the amount
of GSL coated to wicrotiter wells.

Figure #4 - L".C tnalysis of perbenzoylated (GSL) A -
LacCer; B - Staphylococcal enterotoxin-B receptor (SR).
GSIs were benzoylated, dried, suspended in hexane and
injected.

Fiqure #5 - Mass chrozatoqrams (SA - SC) of staphylococcal
4nterotoxin-B receptor (SR). 5 (A) mass chromatoqram of SR
carbohydrates and sphingosene; 5 (3) mass spectrum of SR
sphingosines; 5 (C) mass chromatoqram of fatty acids.

Figure #6 - Mass spectrum (6A - 6C) of SR fatty acids. 6 (A)
C16, methyl palitate; 6 (B) C18:l, methyl slaidate; 6 (C)
C18:0, methyl stearate

S
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Glycosphingolipids: The putative receptor for
staphylococcus aure-as enterotoxin-B in human
kidney proximal tubular cells

Subroto Chatterjee' and Marti Jett
' DParrn&'nf of Pchaincr. John.% HopkI)ins. ViivflhI.%' Shool of Miedicine. and 'Depa~rtment of Pailuilogv.
Walter Reed 1rmY Rg'erch In.%anse. WaNhiligtOll. D.C.

R~ctd .11 Aupi.1 1141. wicpted 13 Fdcrunar 11A)2

Abstract

We have investigated the inding of "'I-staphylococcal enterotoxin-B (SEB) in cultured human proximal tubular
cel:.i. We found that the binding of '!'I-SEB to PT cells was time and concentration depentdent and competitively9
inhibited by antibody agat.-st SEB. Preincubation of cells with trypsin and ncuraminidasc or with tetuin did not
%igtnificantly impair the bindi rigof 'I-SEB to such cells. In contrast, treatment with endoglycoceramidase completely
ii~hibitedi the binding of '2l-SEB to cells. Neutral glycosphingolipids exerted a concentration-dependlent inhibition oi
'.ISEB binding to such cells. maximum inhihition (96% compared to control) occurred upon incubation of PT cells
with neutral glycesphingolipids. Taken together. our studies indicate thtat SEB spcifically hinds to a neutral
giv.cosphingolupid in PT ctells. In cositrast. staphviococcal -riterotoxin-A and toxic shock toxin (TST- I) are hound ito a
pw otein in % uch cells. (Mol Cell Biochem 113: 25-31. 19i92)

Ahhreiations. SEB - Staphylococcal Enterotoxin-B. SEA - Staphylococcal Enterotoxin-A. TS- I - Toxic Shock
syndrome Toxin: GSL - Glycosphingolipiu; PT - Proximal Tubular-. LPDS - Lipoprotein Deficient Serum; PBS -
Phosphate Buffered Saline

KeY words. glycosphingolipids. kidney proximal tubular cells. staphykococcal enterotoxin-A. B. toxic shock syn-
Jromne toxin

Introduction

Staphviococcal enterotoxin-B (SEB)' is an important (MC) molecules of murine fibroblasts transfecled
pathogen which causes severe diarrhea and death in with lILA class Ill has been noted 12. 31. liowever.
experimental animals and man I 1. Recently. HLA-DR localizition and biochemical tracer studies reveil that
in human TCB cell lines were found to have high affin- the kidney plays a major role in the uptake of the toxin
itv hndn for SEB. SEA and TST-I 121. The hindingo(f prior to its potent effect on other organs 14. 51. In
1)EA to ttass IV major histowompatability complex particular. 75'%. of radiolibeled toxin given to nokeN

Add,..it faolfIpnns S Chsiterice. C'MA NW4. lipd Rewirch. Aih.,ri'wkrumn Unit, tDeparimcni of Keduink-. Johin% Ilopkin% tirtis.s
s~ow.t of !.tcdwn. NNO. N Woltt Strco. Blwwmre. .Mirflind 2P2"4. t:SA



200o from Dupont. News LnoIltnd Nuclear. All other Nio-
SE, chemical% were purchased from Sigma Cheical Co..

S St. Low%.. Vihrio cholera neuraminidase and Rhodo-

~i4cocxus endogl% coe ram midase were pu rchased froiCal-
CL ~hiochemn and G, niMC Corporation. Boston. respi~c.

ti clv. "Phorcast- polyacr~ limide gels and Rainbow
protein markers (Nit 2.350-'Nlr -Ut(M) were purchase~d

c:o00 from Amersham Corixoration. Hluman brain ganglio-
0 ~sides and human kidney neutral gly~osphingolipiI.s

E_ were pr.pared in our laboratory 171 awli characterize!l
SEA emplommg HPTLC and 1IPLC techniques 181. Human

12 50lw density lipoproteins (LDL .119I.W gmidl) and
T3T~ilipoprotein deficient plasma was obtained from the

plasma of normal human volunteers by KBr density
* gradient ultracentrifugation 191. Lipoporotein-deficient,

0 1 2 2 wrum, (LPDS) was prepared from lipoprotein-delicien t
-Toxin (jg/ml) plasma by precipitation with thrombin as described

Fit I 1101~q'.ua~~~aervnor.(Eii d'~ l'. Such preparations were free from glycosphingoli.
,,,'n r*/ huoran pewtitmad iftunar OPT) (elk Huna~n FT MNit I X II pids and cholesterol.
wercrwvseed nNiI, iS mm p4Asic pctn dishes ti fruvn n medium
cisnioning III",, feial cA~t wrum withoist inteheoties. Oni the sixlh da~k
of cell groih. cdl% %ere kdJ medium tnn g I n mg rolin mi od
qii proten & licient serum (L POSI and toctijtcd (or 2 hi i Surss- Preparation of SEB toxin and radio labeling wi "~I
sefitv. fresh medium containing L"t) and ti-3 uli of >t-SEB

ts~dreacs~ty i~cm oi -SE scitc~a~i~tv 16 ~gl Commercially available SEB. SEA and TST-l were
and TST-I (siweiic .aettity. I(Mcplting) wd ahk Alclc iii onewt of1 labeled with 1 51 using iodo~gen I I 1 solubilized in %am-
dishis. ro anoither et of diihies. pior to thie additio of t-toua tsit.-
hiiii eesu- of awrcspiwdenS unaee toin wa &d and imtw ple buffer and subjected to polyacrylamide gel electro-
in was eeitint" wd f-w hr at 371 C. Next. rnedeum %a% remod MaW phoreis on Phorcast gels at 12.5 milli amp/gel for 24 h at

the :,:I weir. waskd ten timnes with KacQl phth~itc hultercd room temperature. Appropriate standard proteins of
swline (FHS) for a perixod Ala .ao41 ts. known Mr were also elect rophoreseti simultaneouslyv.

issoecAii wrdie -sttvand roea crnitel wits IejPIrNAU inIM Following electrophoresis. a portion of the gel including
we:rt riumucd in duptkate dishs 'P*An two hatcses o4 Pt t0 wi the standard molecular weeight proteins was sliced and
anAi~zcd in du:p~icat ipecifi: tN*htkq i.e. tslndeng Ortr1W atisemc n; stained with coomassie blue at (AY*JC for 5-1(1mi. The

un fdoxon-tsindtng in the presence of unfahrd toxin wabaac. gel area corresponding ito Mr 290111) for SEB and SEA
ilatcd and plileed. and 24011) for TST-1 was sliced. eluted and dialyzed.

The material was freeze dried. ciolubilized and assessedl
was found in PT cells in the kidney Il11. Because of the for purity by SDS-PAGE analysis. Such prcparations
availability of well characterized human kidney Pf cells were free from contaminating proteins.

*in Ilur laboralory [61. we have pursuied studics to deter-
mine the biochemical nature of the receptor for SEB in
such cells. Competetive high affinity binding studies of (Cells
SEB with SEA and rST-1 were pursued to reveal
whether iech toxin% bound to similar or different bind- Cultured human PT cells wcre prepar~d from autopsy
ing domains in FT cells, kidney as described previously [ft(. Cells were trypsi-

nized and sceded (I x 1(P) in 601 x 15 mm plastic Petri
dishes and grown for 6 days in medium containing 10"4~

Materials and methods fetal calf serum and no antibiotics, On the 6ith day.
medium was remnoved. cells were washed %iul phos-

uwmpes an'd chemicals phate buffered saine. (PBS) and incubation continued
~lfor 24 h iii mediem containing LPDS (I mg protein ml).

'-I(specific activity 644 MBq/,ug iodine) was purchased

-7I
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Unless otherwise descrit _d in the text, the following
.s.i %%as adopted to rn.:asurc ihe binding ol'"'I-SEB toU
11'clis Medium %%.t% remos~ed fromn cells primed with
LIDS Next. fresh medium (2 ml) and '-SUB (2,Lg E- 12
nil) plus a lv.ent% fold excess of unlabeled SEll was
;iddcd and incubation ctintinucd for 2 h a. 17 C, Next.
the medium wa% discardcd and thi: cells Aashcd with
im of PBS containing 0I.2 6, bovine serum albumin
(maintained at 4*0~ and 5 time-, with PBS. The mono-

Saver %as soluh~ilized in I N NaOll. protein and radio-
acti%,itv wasnmeasiured acco~rding to Lowry et al. I i2J and
scintillation spectrometry. respectively. Specific bind-
ing of "A toxin to PT cell% was calculated by subtracting
!he data obtained in the absence of uniabcll'; toxin 4~~
from :he data ohtained in the presence of 201 fold excess
of unlabeiled toxin.

Incubtion of cells with en.zvmes 0 4 6

Cell% prcincubated w ith medium containing LPDS were Tim (hr)U
further incubated for 5min at 37*C with try!sin (0- Fit :. Effrv of __vii oftw he i hwming (f ''I-.SEB to PT
549);Lg/ml). t reaction was terminated by removine ce/1. rhwbpoumcithis xpenitixwwasi.k-iiaio that dLenhcd
the enzyme solution from the dishes, washing tbe cells% in Fi. I "it thai M11%s were imeuhaled with 201 told csccsu oIt ih
with PBS anid incubation with so%-bean trvpsin inhibitor SEE anfd ± "ISEE 1it/ni) forw1.2. 4 and $hr at 37!c. Th s4wvtii
followed by extensive washing wi'h PBS. Trypsin treat- Nndint: of '-SES io PT s.01% wascalkulaicd. as k-wrthtd in Fig. 1.
ed ctlls were used in "' texin and in "l-LDIL binding Them .io craschctw ofep fch an aned inom uliat.ise
studies j1131. Similarly, cell% verc iacubated with neura-
minidaw (0.5 anits/ml to 2.01 unitsimlj .nd endoglycoc.
erami-iase (0.13 milliunmts.-4)n mqlliunitsimi) for I h at
370 C. washed an,! *he binding of 2Ql-SEB pursued as Results
desribed above.

8.nrling of "- Istaph vIococc ernerotoxin-11 (SEBi and
other toxins h v cultured normal human prnsA;.Oal tubilar

licuhatou, of cells with glycosphingolipids (PT) cels

Cells preincubated with medium containing LPDS were The binding of '2'1-SEB to PT cells is shown in Fig. I.
further incubated with fresh medium containing gly- Maximum high affinity birding occu~rred with 2Ag of
co-phingolipids and ''l-toxin mixture. Glycosphingoli- SEB and TST-l but not SEA per ml medium. The
pids were taken into -i sterile glasm tube and dried in N. binding of "l-SEB ito PT cell was saturated at higher
atmosphere. Theii medium containing LPDS was add. eonenration: 5 jg/ml medium. Ihe ratio of binding of
ed. sionicated and suitable aliquots added it) the assay 1ST-I1. SEA and iEB to PT cells was on the order ot. I :
mixture. After incubatiun for 2 hr at 370 C the asay was 1.5: 3. respectively: The binding of '2l.SEB it) PT cells
terminated and the binding of toxin it) PT cell% inca- was time dependent (Fig. 2). For example. a linear
sufcU. increase in the binuing of this toxin occurred up to 2hr

followed by a plateau after 4 hr. The inclusion of anit-
body against SEB in the assay misture quantatiselv
inhibited the binding of this toxin to PTells(Fig. 3). A



162h.8",..and .10.4"... recilsl compared tot control.
(Taible I). tinder similir conditions. lr psin t5 i(Ipe1 fill)
inhibited Ml4'%, of 'l-LDL binding to r I.Preincu-

G hation of PT cells with end gl~coccraimidaise did not

impair the binding ol '1-SEA or ''l-TST-I (data not
CL shovkn). Preincubation with endoglyccweraniidase
C 12 (). 15-40~t milli unit, ml) completely inhibitled the binding

of '1-SEB to PT cells (Table 1),

Effects of g4co.vplaingohipids on tihe finding of"''l-Sl R

I~t F r cells

M Maximumt inhibition of binding. (54. 2%/ relative to con-
U) troll occurred with UN()Aglml gangliosides (Table 2). In
CP contrast, when 50Mg/mI neutral glycosphingolipids

were added in the incubation mixture. 96.7- inhibitlon
of 'NI-SEB binding to PT cells occurred as compared to
control.

0 5 10 25

SEB-Antibody (psq/mI) Dsusion
Fig. 3 Eflninafair a~o.muSEA im iAw b .g f'-SEB to PT
arJz toc~Jiufed PTrtFvIsl. .1.ndlisgoalihadyAgAzm4SEB Our major findings in this report are: first, kidney prox-
%aa~ddpmwiotli aid*kmfof 2psg/mI AoV'*-SE8. lncuh&1Mbatwf

cacd tot 4hr ir aod th ofihtiiaa 'ISEB to PT imal tubular cells have high affinity binding sites (recep-
cetih was measured. The data mpepfts average valuem Plitm.Ad toes) for SEB: second. preincubation of cells with en-
tra~m dulowma thum ftvr,m two haerhs o( Fr ceUk analyzed -n du- doglycoceramidase and/or human kidney neutral gly-
piecate. cosphingolipids markedly inhibited the binding of SEB

to i'r cells. Third. in contrast. cndoglycoceramidase

fineor decrcai ir binding occurred upto Myl;VmI of ireatmet did not impeait the binding of 1231-SEA or
SEB antibody. '1-TST-I to PT cells. Moreover, these toxins were

unable to competetively dispIace SEB from binding to
PT cells.

Displaeable binding of toxu..s in PT cells Previous studies in experimental arimals and man
have suggested that the kidney. in general and proximal

Displaceable binding assays employing a fixed amount tubular cells in the kidney cortex in particular. may' play
of '5 1-toxin and increasing concentrAtions of unlabeled a major role in the pathophysiology of SEB induced
toxin revealed that, firs, unlabeled SEB was unable to toxemia j4. 51.
compeic for the binding sites for 'I-SEA and 1I-TST We have found that PT cell can bind 12TISEB first.
(Fig. 4A). Similarly, unlabeled SEA was unable to via a high affinity receptor mediated mechanism at low
compete with the binding of'I-SEB to PT cel! recep- concentrations of toxin. as well as a nonsaturable recep-
tors (Fig. 4B). tor-independscnt mechanism at high concentration of

t ~SEB (Fig. 1). Competition experiments with unlabeled
SEB, and antibody against SEB which quantitativelyK Effects of trypsin, neuraminidase and inhibited '1-SEB bincling suggest that the receptors in

endoglycoceramidase on the binding of' I-SEB and such cells are specific for SEB. The inclusion oif 3-iodo-
other toxins in P Tcelli; tyrosine (3 X III 'M). an inhibitor of deiodinase tin the

assay mixture, did not alter the binding of '>1-SEll in
A Preincubation of ce!Is with trypsin and neuraminidase PT cells (data not shown). These findings suggest thatI. maximally decreased '1I.SEB binding in the order of the binding of '!1-SEB of PT cells is not due to the
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Fit 4. Cimaneitftve hindis Cof SEB. SEA ad 7T.IT- io PMelh. ThaL pnaaaI to( thr~c1ramc1 .a wam4Rarto the legnd t Fig. I cxpvt thait

(tminif the addit~ame at :t oxin SEA and TST-l (Fag. A) untaheIed SEB (II-51111t; ml) *j% Akkd. Stotttadlymtami~herw ofe u da'ulte'. "'tSEB
nlusi ~go m unlitheled SEA was added anid the draplaceahic 4ading u,(1oxi wit. mcawurd (Fig. 8). The recaalibrepruicat data trout mone
c'pcnient analyred in duplicate.

remo,,ai of '21 by a deiodinase and the subsequent binding assays only moderately decreased I-"l-SEB
labeling of cells with '-"I. Rather. "I-SEB binding is binding. Under similar conditions, trypsin inhibited
due ~o the presence of receptors in PYT cells. 110% of the binding of '11LDL to PT cells compared to

To investigate the nature of the SEB receptor on P"T control. Previously. digestion of rat liver membranes
cells. studies were pursued further. First. pretneubatton with trypsin was found not to impair the binding of
of cells with trypsain and neuraminidase followed by cholera toxin (141. Second. SDS-PAGE analysis of PT

cells incubi 'ed with '211-SEB for 2 hr revealed alabeled

Table 1. Effects oft y pu. .ewammine and eadooeramiate hand at the dye front. In no instance did toxin hind to
an the binding of "'I-SED and 'I-LDL to morma l'man kidney any other ban~d visible in the coomassie brilliant blue
Pala l u ceuja. stained gel. Third. inclusion of fetuin (250 ,sglrl). a

serum glycoprotein in the assay mixture, did not impair
Enzym the binding of - 4 -SEB to PT cells.

(*g SEB ba"d taahwtui Recently the binding of SEB to humanTcells bearing

"I-SEB CowwM0 11.2 0 Tuahl 2. Effects of human btrain taqianhades aud human kidney

'Crypsm I soog'ml) 9. 6 14.3 neutral oycoqsng(Aiapdo the hmduasiiio -I-SEB innornmlhu-
Try"u I tt~t~ml) 8.9 206 man ProximiaJ tubular cels.
Trypsin (30I~sAWmi) 8.2 26.11
Neuramsaidaw ' (0.5 isatsim!) 7.5 33.1 GyI~osphuAalipad Binading%
Nearuadae (1.0 aaats/m) 05 24.2 (agSED botmid' Inhiitioan
Neuraaudase (2.0 unitsimt) 7.8 30.4 10, W etit(CM

(0. 15 millaunats; 0 It00 Coaarnl 12.0 41
Endoglycocransidaic Ganglowdcs

(0.0 malhWINNOW 0 lii) ( XtlOW.M) 10.3 14.2
Endoolvieenmidm (150,4/md) 9.2 23.4

(0. () imaUiurw) 0 111) tXII,4/Ml) 9.2 23.4
LVI.DL couarol tOO0 0) tONt~M) 3.3 54.2

Tr% j~n (5411 jug ml1) 2.0 YAt INetral i .mmmphingmlopid-
I 5ugwi) 33 72 5

*One mii t neuramtntdaic releass I psmolct ncuramanc acid. man. ( II ps ml) I. 91.~l7
-One unit otendogiycoceranuaw iuenlases I manok of glucowe from (S'5A pinIt) (1.4 96~.7

bovane twain gangixioudesma.
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