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ABSTRACT 

Structural data are presented on SIX ohgosacchande-fractions (hexa- to octa- 
saccharides))“› released from sheep gastnc-glycoprotems havmg blood-group I and I 

actwlty by degradation wth alkahne borohydrlde Prewous data on two of the 
ohgosaccharldes are Included for comparison The fractions were analysed, before 

and after treatment wth exo-/l-D-glycosldases and an endo-P-D-galactosldase, on 
Blo-Gel P4 and by p c , by direct-msertlon m s (after flethylatlon), and by g 1 c -rn F 
of the dewed, partially O-methylated aldltol acetates Each fraction contamed l-3 

ohgosacchandes, each of which had 2-acctamIdo-2-deoxy-D-galactitol (GalNAc-01) 
at the reduced end and mvolved one of the structure5 

P-D-Gal-(1 +3)-GalNAc-ol, /3-D-Gdi-( 1 

h 

3’\ 

6)’ 

GalNAc-ol, 

7 
/i’-D-G~cNAc-( I 

/j’-D-G~cNAc-( 1 
h 

or 3,6)-GalNAc-ol 

7 
/I-D-G~cNAc-( 1 

The maJonty of the ohgosaccharldes contamed the unsubstltuted, “type 2” blood- 
group precursor-cham sequences, /l-D-Gal-( 1 -+4)-J?-D-GlcNAc-( I ‘6) and smgle or 

repeatmg p-D-Gal-(1 +4)-/?-D-GIcNAc-( l-+3), which are recogmsed by vdrlous 
antl-blood-group I and I cold agglutlnms The “type I” sequence, /&D-Gal-(1 -+3)-p- 
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D-GlcNAc-( I +3)-, was nor detected The “type 2’ sequences were lmked to GalNAc- 
01 either directly or through mtervemng P-~-Gal-(1 43) or P-D-Gal-(! +3)-j&D-Gal- 
(l-+3) sequences, and formed the bachbone structures of the ohgosaccharldes studled 
In certam of the ohgosacchandes, the backbone structures were substltuted wth 
V-L-Fuc-[l-2) (assonated wth blood-group H), or wth V-L-Fuc-(142) and +D- 
GalNAc-(l-+3) (assocrated wth blood-group A) In others, there was ewdence for 
substltutlon wth P-D-GIcNAc-( l-+4,3, or 2) or /?-D-Gal-( l-+3) of unknown antlgemc 
actl\lty The ohgosaccharldes contam 3 mam regions, namely the core region, the 
backbone conslstlng of ‘type 2“ precursor-chams which, when accessible, would 
react with various antI- (If lmear) and antI- (If branched) antIbodIes, and the perI- 
phcral region associated w&h various blood-group isotypes 

INTRODUCTlON 

Gastric mucms of certain sheep are rich sources of blood-group I and I antigens, 

and the antlgemc actwty can be enrIched by &inlty chromatography on an antI- 
lmmunoadsorbent column’ A glycoprotem preparation thus enrlched was degraded 
wth alkahne sodium borotntlde, and the released ohgosaccharldes were fractionated 
on Blo-Gel P4 as described m the precedmg paper 3 The two fractions (K and L) of 
smallest molecular werght wth both blood-group I and I actwties were further 

fractionated by p c and p e . and several tntlum-labelled ohgosacchande-fractions 
were obtamed The ollgosaccharrde (LE2) obtamed m greatest yield was a hexa- 
saccharlde wth the structure’ 

/I-Gal-( l-+4)-/I-GlcNAc-( 1 

h 
3j6)-GalNAc-01, 

7 
p-Gal-( l-+3)-/3-Gal-( 1+4)+GIcNAc-( 1 

contammg the novel. tnhexosamme core-region (LE,l) wth t\\o GlcNAc residues 
hnked to GalNAc-01 * In contrast, a second ohgosacchande fraction (LD,) contamed 

the commoner core-region 

/i-Gal-( 1 
\ 

j)\ 

6)’ 

GalNAc-ol 

f 
P-GlcNAc-( 1 

*Except for L-fucose all of the sugars mentloned m this paper are consldered fo be m the D sews 
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We now report further structural characterlsatlon of LDI and of four fraction\ 
of higher molecular weight obtamed from the Blo-Gel-P4 peak K 

MATERIALS AND METHODS 

Olrgosac~harrde fi actrons - The prepalatlon and fractlonatlon of trltlum- 
labelled ohgosacchandes from sheep gastnc-glycoprotelns having blood-group II 

actlvltles IS described In the preceding paper3 Sheep gastnc-mucln having blood-group 
II actlvlty and weak blood-group A and H actlvmes wds ennched for I and I actlvItlc\ 
by affimty chromatography on an antI- lmmunoadsorbent co1u11~1~ and degraded 
with alkaline borohydnde/borotrltlde Chromatography of the dialysable ol~go- 

saccharrdes on Blo-Gel P4 gave 21 fractions (A-W), of which A-L showed both 

blood-group I and I actlvltles In radio-Immunoassay% Fractions K and L. the mobllrty 
of which on Blo-Gel P4 corresponded to dextran ohgosacchandes havmg IO-12 and 
9-10 ~-glucose residues, respectively here selected foi structur&l amlys~s, ds tliq 
were the shortest ohgosacchandes haven, = both I and I actlvltlcq These fractlonc \\erc 

obtamed m highest yield (7 and 6 mg, respectively), but were mixtures of c,evcr,d 
ohgosacchandes P c of fraction K yIelded 6 sub-fractions (KA-KF), and fraction L 
ylelded 5 sub-fractions (LA to LE) that were subJected to p c Of the 25 fraction\ 
thus obtamed, four 5ub-fracElons of K (KC,, KE,, KF?, and KF,a obtaIned III 

yields of 120, 200, 160, and 55 irp, respectively) and two sub-fractions of L (LE? 

and LD2 with yields of 600 and SO ,L[ g, respectively) were an,dy$.cd further 
Statmdard olrgosacch I&T - The stmdClrd of high molecular wclght 

[k/&Gal-( 1+4)-I/J-GlcNAc-( 1 --+2)-%-Man-( 1 
1 

3) 
>/J-Man-( l-+4)-/;-GlcNAc-( I -+I)-GlcNAi 

6) T6 
/? I’ 

/I-Gal-( I +4)-/I-GlcNAc-( I -+2)-g-Man-( 1 c/-Fuc 

abbreviated to (Gal), .(GlcNAc),(Man),(Fuc),, W~F obtalned tram rn~munoglobul~n 
glycopeptldes’ by hydrazlnolysls” The standard 

x-Man-( 1 V-Fuc 

4 
I 

I 

j’\ 46 

6)’ 

P-Man-( 1-+4)+GlcNAc-( l-+4)-GlcNAc 

7 
r-Man-( I 
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abbreviated to (GlcNA~)~(Man),(Fuc),, was obtamed from the foregomg standard 
by dIgestIon with euo-glycosldases The tetrasaccharlde cl-Fuc-(l-+2)-P-Gal-(I-+4)- 
j&GlcN4c-( l-+3)-Gal was obtamed from H2 glycohpld by dIgestIon with endo-B-D- 
gaIactosxdase’ The tnsacchande p-GaI-( I -+4)-&GlcNAc-( I +3)-Gal and the dl- 
saccharlde jj-GlcNAc-( l-+3)-Gal were obtamed from the tetrasaccharlde by dIgestIon 
with exo-glycosldases These tetra- to dl-saccharides were kindly donated by Dr 
MIchlko N Fukuda The branched penta- and tn-sacchartdes 

/?-Gal-( 1 +a)-/3-GlcNAc-( 1 P-GlcNAc-( 1 

1 1 

3 
\ 

6)’ 

Gal and 3)’ Gal 

6)’ 

/&Gal-( l-+4)-/3-GicNAc-( l/ fi-GlcNAc-( I/ 

were kmdly supphed by Professor S David (Unlverslte de Parls-Sud, Orsay) All 
of the standards were labelled by reduction wth sodmm borotrltlde 

Chromarograph~ - AnalytIcal Blo-Gel chromatography and lsolatlon of 
fragments formed by dlgestron with endo- and exo-glycosldases were performed on a 
column (0 9 x 150 cm) of Blo-Gel P4 (200-400 mesh) at X)-25”, usmg dIstIlled water 
at 4 ml/h (Z-ml fractions) Ohgosacchandes were detected by scmtlllatlon countmg 

Descending p c was performed on Whatman No 1 paper wth A, ethyl acetate- 
pyndlne-water (10 5 3) for 16 h, or B, ethyl acetate-pyrldtne-acetlc acid-water 
(5 5 1 3) for 40 h Ohgosacchandes were detected by radlochromatogram scannmg 
(Model 7201, Pacbard Instrument Company Tnc ) 

Monosaccharde am[ws - Monosaccharide analysis was effected by g 1 c of 
tr~methyls~lylated methyl glycosldes’ Methylatlon mvolved the Hakomorl method’ 

Permethylated ohgosaccharrdes were Isolated by chromato,oraphy on LH20 columns 
eluted wth acetone-methanol (1 I), and hydrolysed” m 0 2% sulphurlc acid-90‘j; 
glacial acetrc acrd The partrally O-methylated hexltol acetates and 2-deoxy-2-(A’- 
methylacetamldo)hexltol acetates \\ ere analysed by g 1 c -m s and ldentlfied accordmg 
to the data described by BJorndal et al ” and Stellner ~‘t n/l’, respectively Dlrect- 
msertion m s of permethylated ohgosacchandes was effected on a Fmmgan 3300 
spectrometer under the condltlons descrrbed In Table III 

Drgestton n rth eve-g/J cosidase3 - fi-D-Galactosldase and 2-acetamldo-2- 
deoxy-fJ-D-glucosldase, Isolated from Jack-bean meal13, appeared to be free of 
contammatmg exo-gljcosldase actlvlly when assayed by p-mtrophenyl glycosrdes, 
but some contammant actwlty was found when usmg natural substrates Only very 
weak cr-D-glycosldase actlvlty was detected, when Gal and GlcNAc residues were 
cleaved, they were therefore consrdered to have been /3-D-lmked The /ii%-galactosrdase 
of C. lampas and the 2-acetatmdo-Zdeoxy-j2-D-$ucosldase of T COT~W~ZIS obtamed 
from Selkaguku (Miles Laboratorles Ltd ) were stated to contam t0 5 oA of contaml- 
nant 2-acetamldo-Zdeoxy-+ or -/?-D-glucosldase or ‘1- or P-D-galactosldase activity, 
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respectrvely, when assayed byp-mtrophenyl glycosldes and we found no contammant 

actwty agamst natural substrates 

Enzyme drgestrons were performed for 16 h at 37” rn 0 02~1 cm-ate-phosphate 

buffer (pH 5) with - 10 unns/ml for the Jack-bean enzymes and 0 5 unit/ml for the 

other enzymes In anaIytlca1 experments. 0 5 nmol of ol~gowcchande tn Ci total 
volume of 20 /ti was drgested, and iabeiied fragments were detected by I adrochromato- 

gram scannmg after p c In preparatwe experiments, 20-40 nmol of substrarc In .r 

total volume of 60 [[I was drgested. and chromatographed on Bra-Gel P4 as dcscrrbed 

above 

Dtgcstron II rtlr c fir~o-~-D-gcIlcr~to~t~~~l~~ - The endo-/&o-g_ainctosldase of 

Ewlwt rclrrtt jicrtttdtr was Isolated r~s descrrbed prevrouciy~ .md hrndly supplied by 

Dr Mrchtko N Fuhudn Trmated, reduced oirgosaccharrdes (0 5 nmol contarnrng 

- 2 x IO’ c p m ) were treated wrth 2 5 muntt of enzyme m ‘L total volume of20 ![I 

of 0 iu sodium acetate buffer (pH 5 S, 0 125 umt/ml) After drgestron for 16 h <rt 

37”, the enzyme was precrprtated by heatm g at 100” for 1 nirn and the wpernatant 

solutlon was subJected to p c Fragments contammg trrtrated reduced termrnr WL‘IC 

detected by radrochromatogram scanw~~~ DIgestron wth n hghcr concentr,ttron 

(10x ) of enzyme WCLS effected In the same total volume (1 25 umtjmi) Prep,u-atrvc- 

scale drgestron of fraction KEI (30 ,q) was performed III a total voiu~nc of 100 ~II 

wth 0 05 umt of enzyme (0 5 umt/ml), the sample ~~1s then ci-rromato~r~~pl~cd on 

Bro-Gel P4, and Iabelled fragments were detected by wnttlfatton countmg One umt 
of enzyme actrvrty was defined CLS descrrbed prcvrously’A 

RESULTS 

Getrer cd pt opt tire of tlte ohgowc elm I& ji NC trotI\ - (a) C/If omutnyt qdt I 1111 

&o-Gel P4 nfrtl estunutrotz of ohp SNC clwt tdc TI-_L~ Several stand,wd olrgosaccharrdes 

were used to cahbrate the BIO-G-1 F4 column FIN 1 show a graph of their elutlon 

volume against thcu- size expressed ‘1s “he\ose umts ’ As defined by Yam,tshrt.r 

et nl I’, a hexose resrdue behaves rls 1 umt and ,m IV-acetylheuosnm~ne resrdue ‘1s 
2 umts, fucose behaves as 0 7 unit With standard tetrasacchnrldcs and h~ghcl 

sacchartdes, a straight-hne corlel,Ltton was obtalned and used to estrrnatc the number 

of hexose umts In the unhnown ohgosaccharrdes Thus, three sub-fractron\ (KE, 

LD?, LE2) of K and L of 11, 9-10, and 9 hexose umts, respectrveiy, h,rd vaiucs whrch 

were In good agreement wth those obtained by chromatography on the dc\tr,m- 

cahbrated column of Bra-Gel P4 descrrbed m the preccdrng paper3 

Therefore, the remarnmg sub-fractrons (KC,, KF2, and KF,a) were not rc- 

chromatographed, and were regarded as havmg lo-12 hexose units A\ the \ub- 

ft_tcttons chronatographed as srngie peaks on Bto-Gel P4, they were conwdtrcd to 

contam olrgosacchandes havmg closely related composmons The probable compost- 

trons of the ohgosaccharrde sub-fractrons were deduced from the g I c data and from 

the number of hexose umts gwen on Bra-Gel-P4 chromatography 

The cahbrated column of Bra-Gel P4 was crlso used to purrfy fragments reicased 
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(Gal),stR\an 1s t GIcNAc)~ (Fuc), 

50 60 70 

Fracbon number 

Frg 1 Chromatography of ohgosacchande fractlons and then- enzyme-degradation fragments on a 
cahbrated column of Blo-Gel P4 0, standard ohgosacchandes, 0 ohgosaccharlde fractions and 
fragments characterlsed m the present studies (see Table I) The column was cahbrated’s m terms of 

hexose umts” on Bw-Gel P3 a hekose residue chromatographs as 1 umt, A’-acetylhexosamme as 
2 uruts, and fucose as 0 7 umt 

after dtgestton of the ohgosacchartde fractrons wtth vartous glycostdases Theu- 
elutron volumes (expressed as fractton numbers) are shown m Ftg 1 The larger 
fragments KEzb and LE,I (obtamed by usm g endo-/I-o-galactostdase wrth KE2 

and exo-B-D-galactostdase wrth LE,, respecttvely) had elutron volumes that fell on 

the cahbratton lme between the standards with 4-13 hexose untts Smaller enzyme- 

degradatton fragments obtamed from fracttons LE2, LD?, and KEI had elutton 

volumes that fell on a strarght lure wtth shallower slope These fracttons were LE2a, 
LD,a, KE,I. LEJ, and KE,c, for whrch m s _ g 1 c , and p c data (described below 

and summartsed m Table I) suggested the composmons GalNAc-ol (LE2a), Gal- 

GaiNAc-ol (LDla and KE, I ), GlcNAc-GalNAc-ol (LEJ), and GlcNAc-Gal- 
GalNAc-ol (KE,c) 

(6) P c. auaJ_v.m of ohgosaccJzat me contposltlon Labelled ohgosaccharldes and 

fragments released by enzyme drgestton were chromatographed stmultaneously wtth 

standards (ddr- to penta-sacchartdes) Esttmatton of the stze of unknown ohgosacchar- 

Ides was made by usmg the followmg observattons (I) the loss of one restdue from 
an ohgosaccharrde approxrmately doubles the dtstance mtgrated from the orrgm; 

(II) thts distance IS greater rf the ratto of N-acetylhexosamme (or fucose) to hexose 

of a parttcular ohgosacchartde IS Increased For example, a sample wrth a nngratton 
dtstance that IS 1 3 ttmes that of the standard trrsaccharrde Gal-GlcNAc-Gal-01 IS 
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Fig 2 Dmxt-Insertton mass spectra of permethylated ohgosacchandes A, LEd, B, LEc, C, LDn, 
and D, KG Spectra d and B are reproduced from ref 1 w&h permIssIon 
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hkely to be a fast-runnmg trlsaccharlde having a higher HexNAc/Hex ratlo than the 

standard, e g , with composltlon (HexNAc), (Hex), HeuNAc-ol the HexNAc-ol 
being the reduced and labelled component detected on radlochromatogram scannmg 

(c) Metlzpfatzozz azzafJsz3 Table II shows the partially U-methylated aldltol 
acetates obtamed from permethylated ohgosaccharlde fractions, ldentdied by their 
retention times m g 1 c and by their mass spectra Table III shows the maJor frag- 
ments found by direct-msertlon m s of the permethylated ohgosaccharIdes The Inter- 
pretatlon of the characterlstlc fragment-Ions, shown m the text and In F,g 2, were 
based on those given by Karlsson et cd ’ 6 and Watanabe et cd ’ 7 

(d) DzgeA trozz 11 zth endo+D-galaL toszdase The endo-j?-o-gaiactosldase hydro- 
Iyses7 the lactoglycosyl series havm, = the common structure R+/&GlcNAc-( 143)- 

/I-Gal-( l-+4)-Glc(or GlcNAc), where /&Gal-( 1 +4)-Glc(or GlcNAc) IS the susceptlbIe 
hnkage In the erythrocyte glycosphmgohpld H,, Y-Fuc-(I +2)-/)-Gal-( l-4)$- 
GlcNAc-(I +3)-/I-Gal-(1+4)-p-GlcNAc-( l-+3)-P-Gal-(1 +4)-/3-Glc-( 1 +Cer the 

mlddle /&Gal-(1 +4) hnkage was the most susceptible, bemg spht with 0 125 umt/ml 
of enzyme, whereas the /&Gal-(1 -+4)-Glc hnkage was only cleaved at 1 25 umt/ml 
Furthermore, the R-+/3-Gal-( l-4) hnkage was reslstant to dlgestron unless R was 
GlcNAc attached to O-3 or O-6 of Gal If two GlcNAc residues were attached at 

posItIons 3 and 6, as m 

8..GlcNAc-( 1 

\ 

3)\ 

6)’ 

fl-Gal-(I+, 

/’ 
P-GlcNAc-( 1 

dl_gestlon occurred with 1 25, but not with 0 125, umt/ml of enzyme 

It was consldered that 125 murut/ml of endo-P-D-galactosldase (1 x enzyme 
concentration) would cleave slmllar lmkages m the ohgosaccharlde fractions, m 
addltlon, 10x enzyme concentration (1 25 umt/ml) was used to ensure th& all 
susceptible lmkages were dIgested This speclficlty, together with mdlcatlons from 
Blo-Gel-P4 and paper chromatography on the composltlon of labelled fragment\ 
released by the enzyme, enabled predlctlons to be made on the structures of the core 

regions of dlgestlble fractions Fractions LE2, KF,a, and KC, were not dlgested by I x 

or 10 x enzyme concentrations Fractions LD2, KEI, and KF2 were partially dlgested 
by 1 x enzyme concentration and, to the same extent, by 10 x enzyme concentration, 
suggestmg that only part of these fractions had dlgestlble lmkages 

Oizgosacclzazzde strzzcttztes - (a) Ftactzorz LE2 Structural data on LE, ‘md 
the fragments, LE,l, LE,2, and LE,a (see Table I), formed on dIgestIon with exe- 

glycosldases, have been reported1 The Blo-Gel-P4 profiles (Fig 1) and data for 

partially-O-methylated aldltol acetates (Table II) are shown for comparison with 
those of the other ohgosaccharlde fractions The mass spectra of permethylated LE2 
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and LE,l are rncluded m Fig 2 and the characterlstlc fragments found are included 
m Table III_ 

(b) Fractmz LDz This fraction chromatographed as a broad peak on Blo-Gel 

P4. elutmg m a posItIon correspondmg to 9-10 hexose umts (Fig 1), and was estimated 
to contam hexasacchande(s) with composltlon’ Gal-GlcNAc-GalNAc-ol 3 2 1 
Consecurive digestion with the Jack-bean meal exo-glycosldases (&o-galactosldase 
followed by 2-acetamldo-2-deoxy-j?-o-glucosldase) gave a sm_gle product, LD,a 
(Fig 1, Table I), the compositlon of which was confirmed as Gal-GalNAc-ol 1 1 

byplc 
Dlgestlon of LD, *vvlth exo-D-D-galactosidase (Jack-bean meal) gave three 

labelled products detected by p c (solvent A) accounting for - 30%, - 30 “/0, 
and -4Oo/ respectively. of the radloactlvlty The first product behaved as a penta- 

saccharlde (1 6 x relative to the orlgmal hexasaccharlde LD,, and 0 4 x relative to 
standard trlsaccharlde Gal-GlcNAc-Gal-ol), corresponding to loss of one galactose 
residue- the second behaved as a fast-runnm g tetrdsacchande (3 7 x relative to 
orlgmal hexasaccharlde LD2, and 0 9 x relative to standard Gal-GlcNAc-Gal-ol), 

corresponding to loss of two galactose residues. and the third was considered to be 
the product of digestion with j?-D-galactosidase and contaminant 2-dcetamido-2- 
deoxy+D-glucosldase, because it chromatographed close to the standard GlcNAc- 
Gal-01 (0 9 x relative to standard GlcNAc-Gal-01, and 2 0 x relative to standard 

Gal-GlcNAc-Gal-ol) This product IS su,, ODested to be the core ohgosdcchande 
Gal-(l-+3)-GalNAc-ol, the fi-( I-3) lmkage IS proposed, because it IS difficult to 
cleave by Jack-bean galactosldase’3 The lsolatlon of this disaccharide, and not the 
trlsaccharlde L&l or disaccharide LE22 obtamed by srmllar treatment of LE2 

(Table I Frg I), suggested that LE2 and LD, had different core-region structures 
Fraction LD-, was not digested by 2-acetamido-2-deoxy-/3-D-@ucosldase from 

T cormtrrs mdlcatmg that Gal was the only termmal, non-reducmg residue 
Analysrs of the partially 0-methylated aldltol acetates derived from LD, 

(Table II) revealed 2,3,4,6-tetra-O-methyl- and 2,4,6-trl-0-methyl-galactose, 2- 
deoxy-1,4,5-tr~-O-methyl-2-(N-methylacetam~do)galact~tol, and 2-deoxy-3,6-dl-O- 
methyl-2-(IV-methylacetamldo)glucose, confirmm, = that galactose was the only non- 
reducmg terminal residue and mdrcatmg that (I) Internal, 3-substituted galactose 
residues were also present, (II) the GalNAc-ol had substltuents at both positions 
3 and 6, and (~1) the GlcNAc residues were lmked at posltlon 4 

From the composltlon, the exo-glycosldase data, and the partially 0-methylated 
aldltol acetates derived from permethylated LD,, two possible lsomerlc structures 
(1 and 2) can be proposed 
B-Gal-(1 +4)-/I-GlcNAc-(1-+3)+Gal-(I 

4 
3 

\ 

6)’ 

GalNAc-ol 

7 
/?-Gal-(1 +4)-/3-GlcNAc-( 1 

1 
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p-G&( 1 

\ 

3)- 
:Gal~Ac-ol 

6)/ 

/‘I-Gal-( I -+4)+GlcNAc-( l-+3)+-Gal-( 1+4~+GlcNAc-( I/ 
2 

There was cvldence for the presence of both structures from m s of permcthylated 
LD, (Fls 2C) The three largest fragments (with W/Z 726 930, and 914) could not be 
obtaIned from a smgle ohgos&cchande havm g the coniposmon proposed for LDZ 

therefore, more than one component wab present 
Structure 1 IS suggested to be the mam component of LD, <IS -70x, of this 

fractton was resIstant to dIgestIon by the endo-B-D-,nalactosldase and wets therefore 

lackmg the susceptible, Internal /I-Gal-( l-+4)-/I-GlcNAc-sequence DIgestion <tt I x 

<md 10x concentration of the endo-B-D-galactoblddsc gave 3 product accounting 

for -30 7; of the labelled GalNAc-01, with moblhty In p c (solvent /I) I 4 x rclatlve 
to that of standard Gal-GlcNAc-Gal-01 This mlgratton I\ compatlblc with the 
product being the f‘lst-runnmg tnsacchande 

Gal-l 

4 
Gal NAc-01 

7 
GIcNAc- I 

Thus, It can be deduced that -307; of LD, has an ohgosaccharldc bequcncc 
with an Internal /I-Gal-(l-+4)-/%GlcNAc lml\age, ds shown 111 the long cham of 
structure 2, which gives the permethylated fragment III/Z 914, and that -7O’x of 

LD2 has the structure 1 
(c) fiaactmz ii’F,a This fraction wds estnnated from g I c to have the compo- 

sItIon Gal-GlcNAc-GalNAc-Fuc-GalNAc-ol 2-3 2 1 1 1, consistent with elutlon 
from dextran-cahbrated Blo-Gel P4 m a posltlon correspondmg to IO-12 hexose umts 

Analysrs of the partially U-methylated aldltol acetates derived from per- 
methylated KF,a (Table II) gave 2,3,4-tn-0-methylfucose, 4,6-dl-O-methyl-, 2,4,6- 

tn-O-methyl-, and 3,4,6-tn-U-methyl-galactose, 2-deoxy-1,4,5-tn-O-methyl-2-(N- 
niethylacetam~do)galactltol, and 2-deoxy-3,4,6-tn-U-methyl- and 2-deoxy-3,6-dl-O- 
methyl-2-(N-methylacetamldo)glucose, mdlcatmg the presence of (I) termmal fucosyl 
groups, (zf) Internal Z, 3-, and 2,3-substituted galactosyl residues, (111) 3,6-substituted 

GalNAc-01, and (IV) non-reducmg, termmal and internal, 4-substituted GlcNAc 

residues The major fragments detected by m s of permethylated KF,a (Table III) 
can therefore be Interpreted as follows 
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HexNAc-+ 
HexNAc+Gal-+ 
HexNAc-+Gal+GalNAc-olt 
HexNXc+ Gal+ 

T 
Fuc 

HexNAc+Gal+HexNAc+ 

T 
Fuc 

HexNAc+Gal+HexNAc+ 
HexNAc+Gal+Gai+ 

lllj-: 

260 
464 
726 
639 

854 

710 
669 

On account of the blood-group A activity” of the parent fraction K, it is 

likely that the GalNAc residue detected by r g.1.c. in KF,a is the terminal, non-reducing 

residue linked to the Fucosylated galactose as follows. 
z-GalNAc-( l-+3)-P-Gal-(1 -+4)-&GlcNAc-(l-+ 

I 

2 

1 
ci-FUC 

The following structure can be proposed as the major component of KF,a: 
/I-GlcNAc-( I +3)-/?-Gal-( 1 

4 

3/6)-GalNAc-ol. 
I 

x-GalNAc-(1-+3)+Gal-( l-+4)-/I-GlcNAc-(1’ 

i 

2 
1 

rr=-Fuc 

The relatively low abundance of permethylated fragments with nt/~ 710 and 669 
(compared to those of )n/~ 726, 639, and SS4) suggested that they were obtained from 
a minor component of KF,a having the one chain lacking in fucose [GalNAc-( l-+3)- 
Gal-(1 ~4)-GlcNAc-(l-1 and the other havin, m an additional galactose [GlcNAc- 

(1+2/3)-Gal-(l-3/2)-Gal-(l+], respectively. The presence of such a minor compo- 
nent would account for the high galactose ratio and for the small proportion of 2- 

substituted-galactose residues (alditol acetate of 3,4,6-tri-O-methylgalactose; Table 
III)_ 

Digestion with exo-dycosidase was not performed, on account of the limited 
amount of this fraction availabIe; but, consistent with the proposed structures, this 

fraction was resistant to digestion by the endo-/I-D-galactosidase. From the known 
specificity of this enzyme, neither of the sequences 



HEXA- TO OCTA-SACCHARIDES HAVING BLOOD-GROUP Ii ACTIVITY 297 

r-GalNAc-( 1-+3)+Gal-( 1 -+4)-/I-GIcNAc-( I -+ 

T 2 
1 

z-Fuc 
or x-GalNAc-( I -+3)+Gal-( I -+4)-/I-GlcNAc-( I-+ 

have digestible linkages. If the terminal residue on the longer chain were GlcNAc, 
the small proportion of unfucosylated GlcNAc-( I --+3)-Gal-( l-+4)-G!cNAc, which 

gave the permethylated fragment with m/z 710, would have been digested. 

(d) Fraction KC,. This fraction was estimated from g.l.c. and the eiution profile 
on dextran-calibrated Bio-Gel P4 to be an octasaccharide with composition Gal- 

GlcNAc-GalNAc-01 4: 3 : 1. 

Analysis of the partially 0-methylated alditol acetates derived from per- 
methylated KC, (Table II) revealed 2,3,4-Qtetra-O-methyl-, 3,4,6-tri-O-methyl-, 

2,4,6-tri-O-methyl-, and 2,4-di-0-methyl-galactose, 2-deoxy-3,4,6-tri-O-methyl- and 
2-deoxy-3,6-di-O-methyl-2-(IV-methylacetamido)glucose, and 2-deosy-1,4,5,6-tetra- 

O-methyl- and 2-deoxy-l,4,5-tri-O-methyl-2-(N-~~~ethylacetan~ido)galactitoI, indi- 
cating the presence of (i) internal 2-, 3-, and 3,6_substituted Gal residues, (ii) non- 

reducing, terminal Gal and GlcNAc residues, (iii) additional, 4-substituted GlcNAc 

residues, and (iv) 3- and 3,6-substituted GalNAc-01 residues. 
Treatment of KC, with the exo-/l-D-galactosidase from C. /UII~~MIS and the 

exo-2-acetamido-2-deoxy-P-D-glucosidase from T. cot-mrtm, with p.c_ (solvent B) 
of the digests, revealed two major products from the former which migrated 2.5 x 
and 5.S x relative to the original material, and one product from the latter which 
migrated 2.0x relative to original material. These results were consistent with the 
loss of one Gal, two Gal, and one GlcNAc, respectively_ 

Consecutive digestion with Jack-bean meal exo-P-o-galactosidase and eso-/I- 

acetamido-2-deoxy-/I-D-glucosidase gave several products, the fastest migrating of 

which co-chromatographed on p.c. (solvent A) with LD,a and which was assigned 
the structure /I-Gal-( l-3)-GalNAc-01. 

Fraction KC, was resistant to endo-/I-D-galactosidase. The mass spectrum of 

permethylated KC, is shown in Fig. 2D, with an interpretation of the fragments 
found. All of the data are consistent with the following structure for the major 
component of KC,: 

/I-GICNAC 

I 

I 

v6/3 
/I-Gal-( 1--+4)+GlcNAc-( 1-+3)+Gal-( I -+3/6)+Grrl-( 1 

‘3), 

6)/ 

GalNAc-01. 

s: 

p-Gal-( l-+4)-/&GlcNAc-( I 
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Thus structure does not account for the permethylated fragments wtth III/Z 710, 914, 
and 930, or the presence of 2-substituted Gal and 3-substituted GalNAc-ol In KC, 

These would be accounted for by the followmg structure 

/?-Gal-( l-+4)-/I-GlcNAc 

I 

1 

613 
/I-GLcNAc-(1 -+2)-fi-Gal-( 124)~p-GlcNAc-( 1+3)-/I-Gal-(1+3/6)-/I-Gal-( l-,3)-GalNAc-ol 

Thts latter structure hns an internal P-Gal-( l-4)-GlcNAc linkage, but the 2-substrtu- 

tron of the Gal restdue by GlcNAc could account for the resistance of KC, to endo- 
B-D-galactosldase No evrdence was found by mass spectrometry for the presence of 

FIX resrdues or Gal substituted at posrtron 4 m KC, (Tables II and HI) and, therefore 
the non-reducing, terminal linkage GlcNAc-( l-2)-Gal-(1 + IS proposed This 
hnkage has recently been reported u-r hog gastnc-mucm’” 

The unusual branched structure 

/‘M3sL4c-( 1 

4 
3/6)-B-Gal-( I--, 

/? 
/?-Gal-( 1 

IS also proposed m both Isomers of KC,, partrcularly to account for the identification 

by m s of permethylated fragments with M/Z 669, 710, and 914 (Frg 20) the carbo- 

hydrate cham of the mayor component of KC,, grvmg the fragment m/z 669, could 
not have the alterndtrve sequence Gal-l +Gal-1 -+GlcNAc-l+, as thus would be 
mconsrstent wrth the products of exo-galactosldase actron (no fragment with a 

mrgratton compatible with that of a fast-runnmg pentdsacchartde wds obtained) 

the alternative sequences grvmg rn/= 9 14 (Gal-l -+GlcNAc-1 *Gal-l -+GicNAc-I -+ 

or Gal-l +Gal-1 -,GlcNAc-1 +GlcNAc- l-) are not present m the minor component 
of KC,, as these do not grve rise to the fragment III/Z 710 

(e) FI acttotz ICEI This fractron was eluted from cahbrated Bto-Gel-P4 m a broad 

peak correspondmg to 11 hexose umts (Frg l), and was esttmated by g 1 c to contam 
heptasacchandes havmg the composmon Gal-GlcNAc-GalNAc-ol 3 3 1 

Analysis of the partially O-methyfated afditof acetates derived from KEI 

(Table Hi) revealed 2-deoxy-3,4,6-tn-U-methyl- and Zdeoxy-3.6-dt-O-methyl-Z- 

(IV-methylacetamrdo)glucose, 2,4,6-tn-O-methyl- and 2 3,6-tn-0-methyl-galactose, 
and 2-deoxy-I ,4,5,6-tetra-U-methyl- and 2-deoxy- 1,4,5-trr-O-methyl-2-(N-methyl- 
acetamrdo)galactttol, mdrcatmg that (i) GlcNAc was the only non-reducing, terminal 

sugar; (II) Internal, 4-substnuted GlcNAc resrdues were also present, ([IL) Gal resrdues 

were 3- or 4-substttuted; (11) two types of GalNAc-ol were present, 3- and 3,6- 
substrtuted The characterrstrc fragments found on mass spectrometry of permethyl- 

ated KEz (Table III), with m/z 260, 464, 669, and 710, could therefore be Interpreted 
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as the sequences GlcNAc-+, GlcNAc-+Gal --+, GlcNAc+Gal--+Gal+, and GlcNAc-, 
Gal+GIcNAc+, respectively 

Treatment of KE, with the 2-acetanndo-2-deoxy-P_D-glucosidase preparation 

from Jach-bean meal (contamm g some contaminant P-D-galactosidase) gave several 

products, one of which (KE21) co-chromatographed on Bio-Gel P4 (Table I) and 
p&per with LD,a (see above), which was assigned the structure P-Gal-( l--+3)-GalNAc- 
01 This hnhage IS, therefore, proposed for KE, 

Of fraction KE2, -30% was dgested by I x and 10 x concentrations of endo- 
j&D-galactosidase, chromatography of the digest on cahbrated Bra-Gel-P4 gave 
three labelled peaks KE,a, which co-chromatographed with the original material 
and contamed -70% of the radioactivity, and two labelled fragments, KE,b and 

KEzc 
The analysis of the partially O-methylated alditol acetates derived from methyl- 

ated, non-digestible material KE2a (Table II) mdicated that it contained some 4- 
substituted Gal and that the GalNAc-01 residue was 3.6-substituted Together with 
the data given above for the parent fraction the followmg structure cdn be proposed 
for KE,a, the major component of fraction KE2. 

,%GlcNAc-( I +3/4)-j&Gal-( i-+3/4)-p-Gal-( 1 
L 

3) 

> 
GalNAc-ol 

6) 

/i-GlcNAc-(l-+4)-8-Gal-( I +4)+GIcNAc-( I/ 

In the GlcNAc-Gal-GlcNAc chain of this structure, the substitution of the galactosyl 
residue at O-4, rather than at O-3, by the GlcNAc residue could account for the 
resistance of KE,a to endo-/i-D-galactosrdase In the GlcNAc-Gal-Gal chain, the 
galactosyl residues could be 3- or 4-substituted This cham IS similar to that found in 
KCi, m the absence of the branch (GlcNAc-1 --, or Gal-1 +GlcNAc-14) at galactow 

From analysis of the ongmal fraction KE2 and of the labclled fragments KE,b 
and KE2c, obtamed from the reduced and tritiated end of the molecule after digestion 
with endo-fi-D-galactosidase, structures could be proposed for two minor components 
Fragment KEzb mrgrated on cahbrated Bio-Gel P4 m a position corrcspondmg to 
7 hexose umts (Fig 1, Table I), and m p c (solvent A) as a fast-running tetrasaccharide 
(1 1 x relatrve to standard Fuc-Gal-GlcNAc-Gal-01 and 0 8 x relative to standard 
Gal-GlcNAc-Gal-o,) Fragment KE,b was, therefore, thought to have the compo- 
sition (GlcNAc)z(Gal),GalNAc-ol From the known specificity of the cndo-/j-o- 
galactosidase and the data from analysis of KE, reported above, the following was 
considered the most hkely structure for KE,b 
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/)-GlcNAc-( l-+3/4)-B-Gal-( 1 
\ 

3 
\ 

6,/ 

GalNAc-ol 

/?-GlcNAc-(ll 

This would be derwed from such a structure as the followmg. which has the enzyme- 
susceptible sequence and the composltlon and h&ages proposed for KE, 

/II’-GlcNAc-( 1+3/4)-~-G&( I 

4 

‘>\ 

d 

GalNAc-ol 

-7 

j&Gal-( I -+4)-P-GlcNAc-(I -+3)-/I-Gal-( I -+4)+GlcNAc-(I/ 

T 
cndo-/3-D-galactosldase attach 

The second fragment (KE2c) nugrated on Blo-Gel P4 m a posltlon corre- 

spondmg to 5 hexose unrts (Frg 1 and Table I), and m p c (solvent A) as a fast- 
runmng trlsaccharlde (1 S x relatwe to standard Gal-GlcNAc-Gal-01 and 0 S x 
relat.ve to standard GlcNAc-Gal-01) Analysis of the partially 0-methyldted aldltol 
acetates derived from KE,c (Table II) sho\\ed 2-deoxq-3,4,6-trl-0-methyl-‘>-(A’- 
methylacetamldo)glucose. X4,6-trl-O-methyl-galactose, and 3;deoxy-1,4,5,6-tetra- 
0-methyl-2-(N-methylacetamldo)galactltol, consistent with the followmg structure 

for KE,c GlcNAc-( l-3)-Gal-( 14 3)-GalNAc-ol 
This would be derived from such a structure as the followmg, which has the 

enzyme-susceptible sequence and the cornposItIon and lmkages proposed for KE, 

j?-GIcNAc-( l-+3/4)-/?-Gal-( l-+4)-/?-GlcNAc-( l-+3)-/I-Gal-( 144)-/I-GlcNAc-( l-+3)- 

/&Gal-(1 -+3)-GaINAc-ol 1 
endo-/CD-galactosrdase attack 

(f) F~rtcrzon KF, This fraction was estimated by g 1 c and by chromatography 
on dextran-cahbrated BIo-Gel P4 to have the composltlon Gal-GlcNAc-GalNAc-ol 

3 3 1 wth a small proportion of fucose 
The analysis of the partially 0-methylated dldrtol acetates derived fiorn KF2 

(Table II) revealed 2,3,4-tn-O-methyl-fucose, 2,3,4,6-tetra-O-methyl-, 2,46-two- 
methyl-, 2,3,6-tn-O-methyl-, and 3,4_6-tn-O-methyl-galactose, 2-deoxy-3,4,6-tn-O- 
methyl- and 2-deoxy-3,6-d~-O-methyl-2-(N-methylacetam~do)glucose, and 2-deoxy- 
1,4,5-tr~-0-methyl-2-(N-methylacethylacetam~do)galact~tol, mdlcatmg the presence of (I) 
non-reducing, termmal Fuc. Gal, and GlcNAc residues, (II) Internal Gal residues 
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lurked at posrtrons 3, 4, or 2. (III) a 3,6-substrtuted GalNAc-ol resrdue Wrth thcsc 
data, the malor fragments detected on mass spectrometry of permethylatcd KF, 
(Table III) could be mtcrpreted as follows 

Gal+ 
GlcNAc-+ 

Gal-+GlcNAc+ and GlcNAc+Gal-+ 
Gal+GlcNAc-+Gal+ 
GlcNAc-+Gal+GlcNAc+ 

GlcNAc+Gal-+GalNAc-oIt 

Fuc+Gal+GlcNAc+ 
Fuc-+Gal+GlcNAc+Gal- 

tt1/= 

219 
260 
464 
669 
710 
726 

639 
843 

The presence of termrnal Fuc, Gal. and GlcNAc was further suggested by 
treatment of KFI wth specific exo-glycosrdases ‘rnd CmCrlysrs by p c (solvent f?) On 

treatment wth C /~U~MIS exo-/l-D-galactosrdase, only ‘L part of the fractron wd\ 
drgesttble, gwng one or more products chromatographrng as a broad peak 2 x 
relative to orrgrnal (and undrgested) maternal, and 0 9 x relatrve to smndard penm- 

saccharrde (Gal),(GlcNAc)lGal-ol Thrs result 1s conrutent wth the forrwtron of 
fast-runnmg hexasaccharrde(s) wth composnron (GlcNAc),(GCrl)lGalNAc-ol by lo\\ 
of one galactose resrdue from the non-fucosylated components ‘md no drgcstron ol 
fucosylated components Treatment of KF2 wth the 2-acct‘tmrdo-2-deoxy-/l-D- 
glucosrdase from T COIUII~LI~ ga\e a nxqor product N hxh mgrcrtcd 1 5 x rclatwe to 

the ongmnl material, and 0 75 x relatwe to standard pentasacchCu-rde (G.r1)2(GlcNAc)Z 
Gal-01 Tms result IS consrstent wrth the loss of one GIcNAc rcsrduc, to give ci slo\\cr 
runnmg hexasacchande than that obtalned by dIgestton wrth the C kmpr~~ /I-D- 

galactosrdctse 
Of fractron KF,, -3OyL was drgested by I x and 10x concentration of the 

endo-/I-D-galactosldase Analysis of the dgests by p c gave three labcllcd pcahs 
KF,a whrch co-c-,romatographed with the orlgmal maicrlal and clccouutcd for -7O’x, 
of the radroactwrty, and two Idbelled fragments KF?b and KF?c 

The followmg structure IS proposed for KF,a the mqor component of KF, 
[ &- ‘A-FUC-( l-+2)-]/&Gal-( l-4)-GlcNAc-( 133)-G&( I 

‘_ 

3/G)-G‘tlNAc-ol 

/SGlcNAc-( I -+4/2)-G&-(1 +4)-GlcNAc-( I 

Thus structure \\ould grve all the major permcthylated fragments (except ~II/= 726, 
whrch wds obtamed m relatrvely small amounts) and the partrally O-methylated 

aldrtol acetates obtamed From permethylated KFI It IS proposed that, In the GlcNAc- 
Gal-GlcNAc cham, the galactosyl resrdue IS 2- or 4-substrtuted, as thus 

of thus to endo-/l-D-galactosldase 
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non-analysis data, the galactosyl restdues m the Fuc-Gal-GlcNAc-Gal- chain 
could be 2-, 4-, r-x S-substituted but, on account of the known blood-group H actwlty 
m tile origmal glycoprotem, the xc-Fuc-( 1 -+2)-Gal linkage IS likely and the remammg 
galactose would be the (l-+3)-hnked residue detected 

From analysts of the original fraction KF, and of the labelled fragments 
KF,b and KF+, obtamed from the reduced and trltlated end of the molecule after 
digestton wth endo-b-D-galactosidase, structures could be proposed for two minor 
components Fragment KFlb co-chtomatogtaphed wth KEzb obtamed by treatment 
of XE, with endo-/3-D-galactosidase and was therefore suggested to have the structure 

/I-GlcNAc-( I +3/4/Z)-/)-Gal-( 1 

h 
3/6)-GalNAc-ol 

7 
/I-GlcNAc-( 1 

This \\ould be derived from such a structure as the followmg, which has the enzyme- 
>usceptlbIe sequence and the composltlon and h&ages proposed for KF2 

b-GlcNAc-( l-+3/4/2)-/?-Gal-( 1 

4 
3/6)-GalNAc-01. 

[&- Z-Fuc-(I +Z!)-]/&Gal- 7 
(1-+4)+GlcNAc-( 1+3)-P-Gal-(l-+4)-p-GlcNAc-(I 

r 
endo-/3-D-galactosiddse attack 

This structure has the sequence gwng the permethylated fragment with ntl= 726 

detected In fraction KE2 (Table III), and only one termmal /I-GlcNAc residue and 
one possible, terminal D-Gal residue which were released on treatment with the 

specific exe-P-D-glycosidases 
Fragment KF,c co-chromatogtaphed wth the fragment obtamed by dIgestIon 

of fraction LD, (Isomer 2. see above) with endo-/J-D-galactosidase and WdS therefore 
considered to have the structure 

/I-Gal-( 1 

\ 
3/6)-GalNAc-01, 

I 
/I-GlcNAc-( 1 

this would be obtained by dlgestton of a third component of fraction KF, wth the 
structure 



HEYA- TO OCTA-SACCHkRIDES HAVING BLOOD-GRO!J!’ 11 ACTIVITY 303 

P-Gal-( I 

1 

3/6)-GJNAc-of 
/I-GlcNAc-( I +3/4/2)-/?-G&- 7 
(1-+4)+GlcNAc-( 1+3)+Gal-( l-+4)-/ILGlcNAc-(1 

t 
cndo-/I-D-gafactosIdase attack 

In these studle\, conwderC\ble strucrurdl Info1 nwt!on W’~S obwncd on ohgo- 
sacchande fractions whlcb were ..vafabfc only In 50-500-p, L = ~Illount~ I-Ill\ \\rl\ Ill‘ldc 

posslbfe by the use of calibrated columns of BIO-Gcf P4 for est!m,tt!on of the we 

and cornposItIon of ofI,oosaccharIdes ‘md thclr enzyme-degradation products T~I\ 
!nformat!on was supplemented by C1ppIy!ng caf!brat!on rules to p c The ~I~SCIICC 01‘ 

tr!tIum-fabcffed, reduced, terminal GdfNAc-of cn,!blcd scnsIt!ve dctcLr1on of the 
ohgosacchandes Also, Import.mt structurdf data were deduced by the we ol- &in 
endo-/?-D-gafactosldase kno\\ n to cfeavc specIfically certain Intern,!1 /i-u-gdf,!cto\l I 

I!nkages’, and extens!ve uw w&s made of d!rect-!nscrtIon m \ of peg metf~yfatcd 

of!gosacchar!des to !ndIcate the m!!nbeI and SIZS ofbr.mcfws present T~LIC ttchntq!!c, 
were used In conJunctIon wth the more cl~tss~cal methods of exo-gfyco\ldasr dlgcstlon 

and s 1 c --In F of partially 0-mcthylatcd ald!tol acetates derived from permethylatcd 
of~posacchar~des 

Of the I2 ohgosaccharlde structures proposed, .iff h,td GC~fNAc-of dt the re- 

duced end In the maJorrty of the oh_eosacchandes, thlb residue \\<I\ 41own to bc 3 6- 

dlsubstltuted, fol mmg a branched-core rqon, In two ohgosdcchCtndc\, thccorc 1eg1o11 

was unbranched wth GafNAc-01 substI:utcd .!t posrtlon 3 only The 111,Is~ S~CLLILII~~ 

obtarned for the partlafly-0-methyl&ted afd!tof .uzct,!tc of the d!substItutcd G,!fNAc-of 
confirmed that reported by Wranli and Tuopy’” for 3_6-d!-O-ace:yf-2-dcoly-I ,4_5- 

tn-0-methyl-2-(iV-methylacctam!do)galact!to! The appropriate \pcct!um for 3- 
deoxy-I ,3,4,5_6-penta-0-mc~~~~~l-~-~~\~-~-i7et~~~~l~!cet~~~!do)~~~fact!tof w,!\ af\o obt.uncd 
on analys1~ of the fragment LE,a which was the flroduct ot- sequentI.! dIgc>tIon of 
fraction LE2 by euo++$~factos!dase and exe-2-dcetam!do-2-dcouy-/&D-gfucos!dC!w 

(Tables I and II) I ,3,6-tn-O-acetyl-2-deoxy-4,5-d!-0-methyl-, I ,6-d!-0-acetyl-2- 
deoxy-3,4,5-tn-O-methyl-, or I-0-acetyf-2-dcoxy-3,1,5,6-tetra-0-methyl-I-( /V-methyl- 
acetdm!do)-@actItof, wh&! would be dewed from 0-dcmethyf,ttIon of the termlnaf 
GalNAc-of res!due, were not detected 0-Demethyfatlon or A’-demethyfatIon ha\ 
bren reported to occur dunn< the preparation of partI,!ffy-0-methylated afdllof 
acetates from permctbylated ollgosc!cchar!des’“-” 

From our studies of sheep gastnc-muclns and worh from other labordtor!cs 011 

human ovanan-cyst gfycoprotelns’3 2L dnd the ,odstr!c niuc!ns of- man’“, horse’“, 
and hogz7, some senerahsatlons cdn be niadc regdrdlng the 5tructure5 of of~go- 
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saccharlde chams ImLed ~za GalNAc-0-serme/threonme to protein The ohgo- 

sacchartdes have core and backbone sequences as follo\\s 

Utzbl atdzed cot es 

&Gal-( l-+3)-GalNAc (human horse hog, and sheep glycoprotems) 

P-GlcNAc-( l-+3)-GalNAc (horse gastric-mucm) 

BI mdreii COI er 

/?-Gal-( 1 

\-I 

“‘\ 
,GalNAc 

6)’ 

(human, horse hog and sheep glycoprotems) 

/I-GIcNAc-( 1 

A 

3, 

fd 
GalNAc (sheep glycoprotems) 

/7 
/:-GlcNAc-( 1 

To these may be added the dlsxcharlde sequence &IialNAc-( l-+3)-GalNAc Isolated 

from prg’ 8 and human ovanan-cyst” blood-group substances However, this se- 
quence was not substituted further ,md may represent a chain-termmation point 
rather than an ohgosacchande-core structure 

Backbone art wm er 

/I-Gal-( 1~3)+GIcNAc-( t-+3) 

p-Gal-( l-+4)-IJ-GIcNAc-( 1+3/or 6) 

Thebe are commonly kno\\n as ‘type 1” and ‘ type 2’ precursor-cham se- 
quences, respectwelyzg In ovanan-cys t and gasrrlc glycoprotems of man It appears 
that the preponderant hnear-backbone sequences are of type 1 and that (I +4,1-•,6)- 
hnked. type 2 chains occur at blanch pomts- In the gasttx mucms of hog, horse and 

sheep. the preponderant sequences detected have been of type 2 Jomed by (l-3) 
hnkages m hnear chains and (1 -+6) hnkages at branch pomts Ewdence has been 
presented for the presence of some type 1 chams m hog gastrlc-mucm30 31 As In 
glycosphlngohprds of erythrocyte membranes’?, the (l-4.1 -+6)-hnkage sequence 

has not been detected m the absence of branchmg, suggestmg that the (l-+3,1+3) 
and (l-4, l-+3) lmkages are the preferred (or the first syntheslsed) sequences 

Branched and lmear cham sequences of type 2 are antlgemc determmants of 

the blood-group I and I antigens, respectwely” 32 33 In the present studies, the 
mdwdual purtfied ohgosacchandes could not be tested for antlgemc actwtles on 
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account of the hmlted amounts avarlable However, the parent fractions K and L 
inhibited the antI- antibodies Ma and Step and the anti-i antrbody Den III radio- 
immunoassays, and sub-fraction LE (of which LE, was the malor component) was 
a potent mhibitor of anti-1 Ma 3 Anti-l antibody Ma specifically reacts3s-‘6 wth 
the sequence b-Gal-( l--+4)-j?-GlcNAc-( l-+6)- and substrtutron of the termrnal 
galactose with ~-FIX-( I+?) block thus reactrvny33 34, whereas wbstrtutron wth 

u-Gal-(l-3) or cc-srahc acrd-(Z-3) does notJ7 ” The followng structure proposed 

for LE2 IS consrstent wth reactrvrty wth antI- Met 

/&Gal-( 1+3)+Gal-( l--+4)-/&GlcNAc-( 1 
L 

3/6)-GalNAc-ol 

p-Gal-( l-+4)+‘-GlcNAc-( 1’ 

However n IS not l.nown whether the non-reducrng. tet-mrnal /I-Gal-( i-3) substrtu- 

tron would block reactwty wth antr-1 Ma Thus, It 15 not possible, from the rnhibrtory 

activity of fraction LE, to deduce whether the galactose IS on the /&G,tl-( l-+4)-/& 
GlcNAc-( l-+6) or the &Gal-( 1~4)+GlcNAc-( l-+3) chain 

An unsubstltuted Ma-specific sequence was also found In fraction LDI (ISOIIIX 

1) and proposed m fraction KC, Fraction LD?, whrch was the second, m‘rlor compo- 

nent of fraction L, contams, m addition, the sequences /&Gal-( I +4)-/I-GlcNAc- 
(143)-Gal- (LD,, isomer 1) and /?-Gal-( 1+4)-/?-GlcNAc-( 1-+3)+Gal-( I --+-I)- 

GlcNAc- (LD2, rsomer 2) These sequences are Jnvolved In the antrgemc determmant\ 

recognrsed by anti-1 antrbodres, other than those of ‘Ma type -, and the rnaJor ity 

of anti-1 antrbodres’7 32 33, and would account for the antrgcmc actrvrty of fractron L 
wrth an&I Step and rtntr-i Den3 

There was no evidence for the presence of type 1 sequences m .my of the ohgo- 
saccharrdes of the present studres It ~111 be of interest to determme \vhether the 
lack of type 1 chams IS related to the selectron by affimty chromatography of glyco- 
proteins havmg blood-group II activities or whether the gastric mucms of sheep differ 

from human mucms in having exclusively ohgosaccharidcs with type 2 scqucnccs 
In certain of the ohgosaccharrde fractrons, there W&S evrdencc for substrtutron 

of the terminal galactose of the backbone structure wth blood-group-H-assocrated 
Y-Fuc-( 1+2) (fractron KF,) or blood-group-A-assocrated o-Fuc-( l-2) and P 

GalNAc-(1+3) (fraction KF,a) Ln other fractions, there was evidence for substitu- 
tion wth /&GlcNAc-(I -+4), P-GlcNAc-( I -+2), or p-Gal-( l-+3) of unhnown antigemc 
specificmes The terminal, non-reducing sequence V-GlcNAc-( l-+4)-Gal has been 
found m human ovarian-cyst glycoprotems’4 and hog gastrrc-n~ucm’7, and terminal, 
non-reducing GlcNAc-( 1 -+Z)-Gal has been reported prevrously m hog gastrrc-mucrn’ ‘) 
It ~111 be of interest to mvestigate to what extent GlcNAc-( l-+2) and GlcNAc-( l-+4) 
substrtutrons (wth ‘A or /I configuratron) mask the reactivrties with various anti-1 

and anti-i antibodies 

From our studies of hexa- to octa-saccharides of sheep gastric-mucms having 
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blood-group II actlvltles. the followmg structural model can be proposed, which conslsts 
of (0) a core region. (b) a bachbone region havmg (l-+3)- and (l-,6)-hnked N- 
acetyt-Iactosamme [o-Gal-( l-+4)-GlcNAc] branches wth I activltles, and hnear, 
repeatmg, (I-+3)-lmhed N-acetyl-lactosamme umts w&h I actwltles, and (c) a pen- 
pheral region wth blood-group lsotype actwltles 

Pertpitrr) Bachbotre 

~-FIX-( l-+2) 

@-GfcNAc-( I -+2) 

,%GicNAc-(l-+4) 

I 
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