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s!!!E?x -A~r~nocl~antibodyreactingwithearlymousegnhryosaradmurine 

7ztiY 
caxcimnacells (F9) defines the stage-specificgobryonicantigen 

- . Wenowreportthattheantigen @SEA-l) isaaxq$exglycolipidwith 
thebranchedlacto-N-glycxxylseries. Antibody to SSEA-lreacts smnglywiti 
the branched H4-glycosphingolipid but not with other various glycolipids so far 
teSted. lplisreacti~~wasabolishedby~~galactosidasetreatment. The 
harogeneousHq-glycolipid~tonlyreactedwiththe~~l~ antibady~ SSRA-1 
butalsowithantibcdy to I-(Ma), i-@ench) andwitb anti-H specific k&in. 
Chfmical analysis, including methylation, also indicates that the glycolipid 
antigenhadacloserese&lanceto I-antigen. 

detected by ~logicalIg~andhavebeendescribedasd~elopnentally 

regulated antigens. These include ARH (l), Forsman (2,3), Ii (4,5,6) and 

SSEA-1 (7)as wel1asaxnplexantigenicmixturesdetected by antisera raissd 

against ekryonal can&ma cells like F9 (8,9) and TerC (10). In each of 

casestheantigenicmleculeswre foundtibeglycolipidorglycoprotein. 

sequentidLchangeinthebranchingprocessofacertaincarbohydratechain 

early embryo (5) at-d in the later stage of eqthmqtedifferentiation (6) 

beendescribed. Theimportanceofcarbohydratecorrtaining~leculesin 

these 

A 

in the 
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development is furtherena~izedbyresultsindicatingthatinkibitionof 

glyaqlationby tuniqin prevents develqmentofnmse embryos (11) and that 

an-es raised against F9 cells pmavent aqqction of mouse mrulae (12,13). 

=ha=P reviouslydescribedamimclonalautkdy,preparedbyimnunization 

ofmicewiththeF9e&ryonalcarcimnacellline (7). Thisautibodyreactswith 

teratocarcinana stem cells and mt with their differentiated derivatives (14,15, 

16) andwithpreinplanta~rrpuseenhryosbeg~attheeightcellstage. 

During subseguentpost-inqlantation developwant, SSEA-lis selectively expressed 

on only sune gem layers and organ anlage (15). 

Ourpreliminary data (7) suggested that SSEA-1 is a glycolipid. We now 

reportthespecificreactivityoftheronoc~antibodydirectedtoSsEA-1 

antigen with the qlex branched glycosphingolipid of humn eqthm@e 

m&ranes. The glycolipid was also characterized by the presence of blood group 

activities H, I-(Ma) and i-(Bench). The activity with antibcdy to the differen- 

ti.ationantigenSSEA-1,aswellas toHand Iiwfxeabolishedbyendo-f3- 

galactosidase of Eschsrichia freundii. Methylation analysis also irkdicates that 

the glyoolipid antigen had a close resmblaxe to I-antigen. 

Antibodies and Imunoassay:'I'hemmclonal antibody directed to the stagespecific 
tmbrymic antigenSSEA-iofmuseteralDcarcimnaF9wasobtainsd as prwiously 
described (7). tlXe.reactivity oftheantib&ywithvariousglyaUpidswas 
determined by absoZption assay on plastic plate using [125I]-Protein A of 
&zphyZococcus aureus (IPA) (17,18). Briefly, the glycolipid solution in water 
(not inbuffer solution) was incubated inMicrote.st IIwells (Falcon, Oxnard,CA) 
at 37OC ovensight. EachwellwaswashedwithPi/salineandblcckedwitb5% 
bovine semn albunin for 2 hours at 37T. ~antibodybindingtoglycolipidwas 
determined with diluted lmrmclonal anti-SSEA-1 antibody (1:4000) follokml by 
rabbit antibody to mouse IgM (heavy chain specific) followed by [12%1-Protein A. 
!l!hepurifiedglyoolipid shclwirg the activitywas further confimedby irmnxm- 
precipitation~lbublediffusi~a5larplatesusingglycolipid-li prepared 
fran one part of glycolipid, 5 parts of egg lecithin, and 3 parts of cholesterol. 
Anti-I@&), anti-I(Step) andanti-i(Bench) ~ekimllydonatedthroughBr. Eloise 
R. Giblett (Puget SoundBlood Bsnk) audMrs. Marie Crookston (Toyonto General 
Hospital).Variousglycolipids, suchas lactosylceramide,ceranidetrihexoside, 
globxide,paragloboside (lacto-neo-tetraosylceramide), Hl, H2, and H3-glycolipid, 
sialylparaglokxxide, al ganglioside, ~3gsnglioside,werepreparedaccordiW 
totheprocedweestablished inthislaboratory (19). 

Fmctionation of GZycoZipide and Preparation of Active Faction, Hq-gZycoZipid 
fm &man Ezythrocyte Membranes: preparation of total lipid extract and sub- 
sequent fractionation to obtain the Folch's upper phase glycolipid was carried 



Vol. 97, No. 2, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

outacaxdingtothemetkddescrikdpreviously (20) andthene~tral fraction 
was separateafrPngangliosides,~totalupperphaseglycolipid,bychrorratD- 
graphy through WU3-w (21) . Theupperphaseneutralglyoolipidthus 
Prepared - further fractionated by the follming 2 step purification. a) Im 
pressurechrcmatographyin~arianHpLcapl?aratuswiththeaol~Ia~ 
100 an x 1 an (~Rs-860; 60 micron, IatmnLaboratory, Tokyo, see 22), gradient 
f?xxnchlorofornm&ham l-water 75:25:3 to chlorofomm&ham l-water 20:80:15, 
applyingalcwpressureinoxdertoobtaihthe flowrate, 21nl/min. Fourml 
fractions~ecollectedardeach fractionwas analyzedbyTE. The fractions 
thatcontainglyoolipidsweremllededandanalyzedfcnthereactionwith 
antibodyti SSSA-1. b) The active fractionswhichwere elutedasassociated 
with '94"-fracticm (see Fig. 1) were further fractionated by high-pressure HPIC 
on Iatrobeads 10 micron column, 10 x 500 mn (6RS-810) with the solvent system 
devisedbyWatanabe (personal azammication with Dr. Kiyohko Watanabe, stigei. 
MedicalRm?archInstitute,Okayam,Japan). Namely, gradieatelution fmn 
hexan~isopmpanol-water (40:55:5) to hexane-isopmlzanol-water (30:55:15), 
follcmad by elution with hexane- isopro~l-mter (25:55:20). A pressure 
(15OPSI)wasapplied inordertoobtain1ml/min i.nVarianHPLCapparatus. 
~mlfractions~emlleztedandeachfra~onwasanalyzedbyTIX:and 
further analyzed fox-the activitywithanti-SSEA-lantibcdy. 

Enzymatic Degradation with Endo-B-GaZactosidase: Elrdc-~-galactosidase of 
Escherichia freundii was prepared as previously described (23) and was dmated 
byDr.MichikoN.Fukudaofthis laboratory. Theconditions for enzymatic 
degradation (comlitiohslaxxd2) and exaaninationofdegradationpzducts,glyco- 
lipidsardoligosaccharides,~ecarriedoutaccording~tkbe~as 
previously described (24). 

MethyZation Analysis: Glycolipids We pzmethylated (25), aud analyzed by 
dcirectprobemass spectranetry (26) or by gas chmMwraMy*ss spectranetry 
for the partially Wnethylated sugars after hydrolysis (27,28). 

AstrongreactivitywiththemonoclondlantibodyagainstS~-lanti~ 

was fourdonly in the fractionpreviouslyassignedas H4-glycolipid, the fourth 

blood groupH-active canponentofblood group0 erythrocyte manbranes (29). No 

other glycolipids tested, including H1, H2, H3, shrrwledthis activity (seeTable1). 

The H4 fraction, ehlted franlaw-pressure HEX (seeFig.1) was further separated 

byhigh-pressumHPLC into tmhamgeueous czuqments, H4-a and H4-b (see Fig. 2). 

Eoth fractions were equally active on the plastic plate assay (Table I), and in 

double diffusion precipitin reactions with antibody to SSEA-1 (see Fig. 3). 

The fraction H4-a was also characterized by a rea&Lvity with anti-I(Ma) 

and a weak reaction with anti-i(Dench) arvl with anti-H UZex europeus lectin 

We Fig. 3). Interestir@y, the fractiondidmtgive a~ecipitinlinewith 

anti-I(Step). 
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TABLE I. 

&activity of Various Glycolipids to the Monoclonal Antikcdy 

Directed to theStage+xcific Embryonic Antigen @SEA-l) 

(by the plate-binding assay) 

LaeCer, globotriosylcer, globoside, Forssmn, 

la&o-N%eo-tetraosylcer (paraglokosidef , 

lacto-N-triosylcer, la&o-N-nor-hexaosylcer, -* 

Hit Hz, H3, 9, (rz, sialylparagloboside, 

ganglia-N-triosylcer, ganglion-tetraosylcer 
I 

H4-glycolipid i+t+ 

H4-a, H4-b +Mt 

H4-glyaLipid incubated with -* 

endo-B-galactosidase 

-Negative at the first well that was incubated with a glycolipid solution with 
+20 ug/lOO ~1 concentration. 

Positive at the fourth to fifth well that was incubated with a glymlipid 
solution with l-2 ug/lOO ~1 concentration. 

Fig. 1. TLC pattern of neutral glycolipids of humn eryUm+e mkranes 
separated through l.c#pressureHPICon acolumof Iatmkeads, 6RS-860 (60 
micmn)thmughVarianIiPICaFparatus. Ckmditions,seeMetext. 4mlfrac- 
tionsweremllectxdandanalyzedonTW. Fractionsshmi.rqasimilarTLC 
@zte.rn~ax&imAandanal~edagainonTIC,k+&his&xxmabove.Iane 
n~areidentifiedasfollows:1and14,unfractionatedtotdl,~neutrdl 
glycolipid. 2 and 13, referenos 
rxmbers pooled as: 3: 43-57, 4: 

H2 (upper spot) and H3 (lcxmz spk). Fraction 
58-77, 5: 78-91, 6: 92-103, 7: 104-l.l.5, 8: l.l6- 

127,9: 126-143, 10: 144-165, 11: 165-185, 12: methsml4ateK 80:20 wash, 100 ml. 
spots for Hl, H2, H3 and H4 are marked. The activity with the anti-SSEA-1 anti- 
body was only demnstrated with the fraction which oontains Hq-glycolipid, i.e., 
fractions 10 and 11. 
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1‘ 2 3 4 

parfo F&2. high nxxmce TIC of pirifiad m-1 glyoolipid antigen (H4-a and 
- . Lanes 1 and 4: A standard Hj-glyoolipid (20,29). Lana 2: H4-a glyoo- 

lipid and Lane 3: H4-b glyoolipid separated fxun fraotion 10 of Fig. 1 by 
VarianHPICaFparatuaas described inthetext. k-rowe ir&katethaorigin. 

Reactivity with anti-SSEA-1, anti-H, and anti-Ii antibodies was abolished 

by endo-9-galactosidass treatment of the glycolipid fraction . The degradation 

with endo-B-gdlactosidas was clearly seen on TIC (see Fig. 4). A oeramide tri- 

sacCharide,butnotacermidemonosacchar' ide, was the major glymlipid liberated 

under the "condition 1" (24). This is in a striking contrast to H3-glycolipid 

1. Rum cuteebimur 
egg lectin reactive to ~T~~IWC residua (37). 2. A&i-I(~). 3. Anti-ssEA-1 
Konoclonal antibody,1:4 dilution. 4. Anti-SsEA-l MXmolmal 1:40 dilution. 5. Anti-i0enoh). antibody, 6. Anti-i(Danoh) 

1:4 dilution. 7. Anti-H Ulex 
europeus. 8. None. 
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Fiq. 4. W cleavage pattern of Hz, Hj, and H4-a glycolipid by endo-@galact@ 
sidase of Escherichia freundii under the condition 1 (24). Dareloped with 
chlomfomm&haml~ter 56:38:10 ard sp%s revealed by orcirml-H$0 . 
land 8. Lactosylceramide andglobotriosylceramide. 2. H2 wntml. 4. H2 
degraded by the enzyme. 4. Hj control. 5. H3 degraded by the enzyme. 6. HA-a 
wntrol. 7.H4-adeqradedbythe~zyme. 

which yields only a ceramide mmosaccharide on enzyme degradation (see Fig. 4), 

in agrement with previous result (24). 

Direct probe mass qxctrawtry of the pemethylat& H4-a glycolipid 

indicated the presence of bm temhi; Hex-CMexN (m/e 219+187; m/e 464+432), 

and Fuc+hH~-@HexN on/e 189+157; m/e 393+361; m/e 638 +l). Hydrolysis of 

pemethylated H4-a yielded, on hydrolysis, reductionandacetylation, follcWing 

pztially Cbmthylated alditol acetates: 2,3,4-m3-Fuc, 2,3,4,6-Me4-GdL, 

2,4,6-Me3Gal, 3,4,6-Me3-G& 2,4,6-~e~Glc, 2,4-Me2+al and 3,6+e2+lm. 

Since 2,4+k2-Gal and 2,3,4,6-bb4-Gdl were present, the branched structure 

shouldbe at the 3 and 6 positicarofgalactoseandoneof the~ar~atichati 

hasthe-galactose. Tksetsms bL-ucmralpoint!3arethe~enentfor 

I-activities (30,31). Details in structure of this H4-glycolipid will be 

plblished elsewhere. 

DISCUSSION 

Thepresenceof stagespecificcellsurfacemoleculesandtheirorderly 

changesduring~~~isanddifferentiationhavebeensuggestedby~logicdl 

appmaches, i.e., that&age-specific antibodies can be raisedby imnunizationwith 

448 
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cmbrymd carcinoma cells (32,33) or with muse enlxyos (34,34). The results of 

thepresentstudyclearly indicatxthatone suchcellsurfacemlecule, SSEA-1, is 

aspecificglycmphkgolipidwithabranch&ilacto-N-glycosylseries. Theactivity 

was associated with H4-glycolipid fraction which was further separated into tw 

active vents thmqhahigh-pressureHPLCon10micronIatrobeadscolmm. 

They are hanogeneous on TLC and assigned, respectively, H4-a and H4-b. A prelim- 

inarystudyonH4-aindicatesthattheactiveccmponenthasadLosestructurdl 

similaritywith I-antigenhaealso an additional H-activedetemimnt. Awe& 

i(Dench)activitywasdlsopresent~chmaybed~totheinternalstructurewith 

mpeating N-acetyl-lactosamine. Atentatives tructuralassigranent, as seenin 

Figure 5, should be further confirmed by extensive chemical study. 

Thecellsurfacecarbohydrate structures recognizedbyxmmclonalanti-I(Ma), 

anti-I(Step), andanti-i(Dench) havebeen i.rdepe.rdently kowntibeexpressedon 

early pxt-iqlantation muse enbryos and etkyonal car&mm cells. Urdiffer- 

entiatedteratocarcirwma stmcellswere rich in surface-associatedand 

Cytoplasnic I-antigen;whereasi-antigenappearedwhencells~ediff~ti&ed 

intoprimary erdcdem (5). Ii-determinants have been chmically well established 

(30,31) andaE]arJwn tobehighly susceptible toendo-g-gala&x&&se treatTEnt 

(36). The glyapeptides ofenbryonalcarcinanacells, shxinga cleardifferen- 

~altWGlcNAct31 
A. 

3 

Fig. 5. A tentative structure, assigned for H4-a glymlipid that reacts to the 
mmoclonal antibxly directed to the stage-specific enbrymic antigen (SSEA-1). 
lbu teImini, Gal61+4GlcN&c, andFkal+ZGal5l-+4GkNAc areli.nk&bybranching 
to theaxe capkohydrate chainwhichis highly msoeptibletiexlo-8-galacto 
sidase under tiuz "condition 1" (24). The degradationpmductwasGlciUmGal+ 
Glc+C.er rather than GlcCer. Therefore, arepeatingN-acetyllactosmimmst 
bepresentatthe internal region (region 3) andthe endo-B-gakctcsi 
susceptiblelinkageisiMicatedbyananm. 
and direct pmbs mass 

Feults of methylaticm analysis 
spectrometrysupportthisstructure. Thenmkerof 

N-acetyllactosirmine residues (shrrwn in parenthesis) at the side chain is unkmmn, 
but probably 1 (n=l). The regim 1 for I(Ma) (30,31), the region 2 for H 
activities, tiprobably region 3 for aweakiactivity. T¶ie structure respon- 
sible for SSEA-lactivitytill bedescribedelsmhere. 
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t.iat.ion-dependentchange,~ealso found to be susceptibleto endo-~-gala&c&&e. 

~eresultsarecQnparabletoourfindingthatthestase-specific enbryoantigen 

SSFA-lisrelatedti Ii-antigen. Furtherchmicalcharacterizationoftw 

ampments, H4-a and H4-b, will establish the mlecular mechanism which may 

define the cell social behavior of early embryo. 
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