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ABSTRACT 

A large number of ohgosaccharide fractions having blood-group II .wtivit! 

were obtained by degrdddtion with allaline borohydride of sheep gastric-glyco- 

protems which had been enrlched for these blood-group actwltws by &inltychromato- 

graphy on an antI- adsorbent column The approurm,ltc molecular weights of the 

oligosaccharides were estimated from their elution profile5 on BIO-Gel P4 and from 

monosaccharide cornposItIons The fractions of smallest molecular weight with both 

I and I actiwtles were mixtures of hexa- to octn-saccharides From d comparison of 

the mhlbltsry actIwtIes of these wth fractions of higher molecul w weight and with 

synthetic ohgosacchandes, It was concluded that the antIgemc detcrmInant rccognrscd 

by antI- Ma IS a tnsaccharide, wherea those recognrsed by other type5 of anti-l 

and by anti-i dntlbodies are longer than tnsacchandes 

INTRODUCTION 

Human, monoclonal autoantibodies having I and I spccificrtie\ rccognI\c anti- 

gemc determmant, on oligosaccharide precursors ofthe mqor blood-group antigens’ ’ 

and of ccrtam erythrocyte gangliosides3-6 The monoclonal dutodntibodreq of III- 

diwdual donors apparently recognise different oligo\acchdride dom.uns on branched 

(an&l) and hnear (an&i) precursor-chains In order to detine plewxly the antlgenlc 

determmant recognlsed by each antIbody, It IS necessary to purify and chCwclcterise 

I- and i-active ohgosaccharide chains of vdriow sizes M LICLIS glycoprotcms arc Idc,tl 

sources of oligosaccharides for antigenic analysis, since thclr oligowccharidc chain\ 

can be readily released by degradation with alkcllme borohydride’ In the course of 

antigemc analyses of glycoprotems from human and animal origins we observed 

that sheep gastnc-glycoprotems are an abundant source of blood-group I md I 

antigens’ 9 The highest blood-group I actmtles were found In glycoprotelns lacl,mg 
m blood-group A and H activities, and both the I ‘u-id I activities could be spcc~f~c,Illy 

enrrched by affimty chromatography usmg ‘1 column of msolubIhsed .mti-I ‘mtitody 

In the present studies, a pool of sheep gastric-glycoprotemh selected for strong 
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blood-group II actlvitles \\ere further enrlched for II antigens by preparative scale, 

afimty chromatography and subJected to alkalme desradatlon m the presence of 
trrtlated sodium borohydrlde Chromatography on Blo-Gel P4 of o1Igosacchandes 
thus released ylelded 21 fractions- 17 of which showed blood-group I and/or I actlvrtles 

by radio-lmmunoassays 

XlATERI4LS 4XD METHODS 

PI cpal atlon of deep gastrti-glj cop1 otetm hnstrtg blood-g1 orip It a~ trl tt) 

Fresh_ sheep stomachs (abomasa) were obtained m batches of thirty from a 
Iocal abbatolr In a screenmg procedure to select I-active samples for extractlon, 
several strips were cut from each mucosa homogerused m lsotomc salme (1 ml/g 
of \\et tissue) at full speed for 1 mm on an MSE blender, and centrifuged at 2,000~ 
for 10 mln, and the supernatant solution was tested m haema&utmatlon-Inhlbltlon 
nssays” at 4” \\~th antI- serum Low’ Glycoprotem extracts were prepared as 
described previously’, from those sheep stomachs (- I in 4 of those screened) which 
gave haemagglutmatlon mhlbltlon nt dilutions of I 4 or greater Two pools of II- 
nctrve glycoprotems designated pool A (32 mdivldual extracts) and pool B (S In- 
drvldual extracts) of 3 3 and 0 9 g, respectively. were obtamed 

A preparative-scale adsorbent column was made by conjugatmg 2 g of purified 
anti-1 antIbody_ Low to 110 ml of Sepharose 4B (ref 11) Glycoprotem-pools A 
and B were dissolved m ammomum acetate buffer (1 “/,. pH 7 5) at a concentration 
of 15 mg/ml, and enriched for II activities by affimty chromatography m 11 batches 
The yield of enriched glycoprotem was 508 mg ( 12 ‘%, of the ongmal material) 

C~II bo/z_sd ate arlal~ ris - Monosaccharrde composltlons were determined by 

SIC, as described previously’ Hekose analysis was performed by the phenol- 
sulphurlc acid method’” ustng D-galactose as the standard 

Lkgt adatroll H rth alhalure bolo11~ (11 rde of the em rcktl, dwep gl~ cop} otems 111 
the JII esence of ~odrrrnz bol ott rtrde - The degradation was performed by a modlfica- 
tlon of the method of Iyer and Carlson7, suggested by Dr_ E A Kabat The larse 
quanttty of radloactlvlty used necessitdted that the reactlon was performed as a 
trltlum-labellmg service (TR5) at the RadIochemIcal Centre (Amersham, Great 
Brltam) To sheep glycoprotem (50s mg) were added dIstIlled water (24 ml), NI sodium 
hydroxide (1 25 ml), sodium borohydrlde (920 mg), and trltlated sodmm borohydrlde 
(5 CI, 5 Cl/mmol), and the solution was heated at 50” for 16 h The mixture was then 
concentrated to dryness on a rotary evaporator The vessel was cooled with solid 
carbon dioxide and acetone (6 ml, --5 molar excess relative to borohydnde) was 
added to decompose residual sodmm borohydnde” The resulting 2-propanol was 
evaporated under dmunlshed pressure Acetone (6 ml) was evaporated from the 
residue, followed by water (20 ml, adJusted to pH 4 with glac:al acetic acid) and then 
methanohc 0 05 “/o ace& acid (10 x 50 ml) The yield of rddloact!vlty was 50 mC1 (1 ‘;/J 

*Caution this reactlon IS porentdly explosive 
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A solution of the residue m dmlled water (100 ml) was dlalysed’3 rn V~chrng 

23/32 tubmg (exclusion hmlt. mol wt S,OOO) agamst I-htre changes of dlstlllcd 

water. and the dlffusltile materlal was collected 111 three successive fractions D1.11 I 
contamed 5 successwe dlalysates each obtalned after 30 mln DA iI contcrmed 3 

successwe dlalysates, each obtamed after 24 h, and d fourth obtCuncd ,tfter 4s h 

Dual IIT was obtamed after dlalysls for 96 h The material renmntng III the dlal_vw 

tubmg after this period was termed non-dial Dual I and II were combmed, ‘md all 

of the solutions were concentrated under dnwmshed pressure, ccntnfufed, ,md lyo- 

phlhsed 

A solution of dral ! + II 111 dlstlilcd v’&cr wCi\ dc\alted by passage through 

a column (20 x I 5 cm) of Dowex AG5U (H ‘) resm FraLtlons (5 mi) were collecred, 

and those which contclIned radloactrwty were combined and lyoph111scd ScIntIlI,LtIon 

counting wds performed III ‘1 Trlton-toluc,ic-bClsed sclntllldnt (hquld scmt~kmon 
cocktarl T, Hophln and WIIII~I~) on an LKB WdklC SIOO llquld scrntIllatlon counter 

Gc+pei nwatron C/II onrrrtogt ctpl~~ - BIO-Ccl P-C (Elorad LaboratorIes Ltd ) \\‘I\ 

pac4ed Into two Jclchetcd colun~ns (90 x 2 5 cm) heated at 55” by ‘1 CIILII~~IIII 
clrcalator The columns were connected m series ‘md eluted wth dIstIlled w&w ‘lt 

IS ml/h, and fractions (I 5 ml) were collected The coluwn\ were c,dlbratcd wth 

3lue Dextran (mol wt , 2 x IO”, PharmacIa) and .m awl hydrolysate“L of dc\tr,m 

T2000 (Pharmacla) Peaks corre\pondlng to o-glwosc ol~gomcrs cont,unlng 1-I 6 
residues could be resolved (Fig 2) These pe,lks were uwd” a\ cahbr.ltlon po~nis 

to designate the size of unhnown olIgosaccharIdes III terms of hcxow unrts ,\- 
acetylhexosamme residues behave ‘1s 2 hexose units In this cystcm OlIgosacchandc~ 

were detected by the phenol-sulphurlc acid reaction or by scIntIlIatIon counting ‘I\ 

described above 

P l rnld lIl,az-l~olt~lge /I C’ - Whatman No 40 p‘lpcr was used Descend!ng p c 
was performed wth .A I-butanoi-,~ynd~ne-wC~te~ (35 39 26) or B, ethyl xet‘ltc- 
pyrrdrne-glacial clcetlc clc~d-watc~ (5 5 I 3) l-ilgh-voltage p c I6 u.14, perfol meJ III 

0 06~ sodwn borate buffer (pi-l 9 5) at SO V/r,m for 2 or 3 h on ‘L Miles HIVOI~ 
apparatus (Miles HIvolt Ltd S’~orcham, England) The r,tdIo.lctI*re nut21 1.114 were 

located following chr ozwtograpliy wth a P,rchard model 720 I R ldIoclirom‘ltogr,l~i 

scan ncr 
-lIIIl,oclIC CI,ICf~I 5L’T - Blood-group I .md I acttwtxs were Li\ws2ed b) 1aJ113- 

~mmunodssays8 In wli~ch glycoprotelns or olIgo~acchar1de fraction\ ~crc urcd ‘L\ 
lnhlbrtors of the blndmg of- Clntl-I or antl-1 antIbodIe\ to radio-IodIn,tteJ I- 01 II- 

actwe glycoprotems Several antI- ser‘l (Ma, Step, Low, Gra, Ind Ful) and .mtI-r 
sera (Tho, Den, NIC, and GallI) weI e used each IS hnown to cont,un a monoclonA 
antrbody rzxtlve wth various domams on a brdnchcd, I-actlvc olgowz_‘landc 
sequence’ s ’ or a hnex, I-ackIv_ sequence’, respectively In the radIo-Itn~n.lno_~~~‘ly~ 
a fraction (termed 20 x 2X) of t+e ovanan-cy5t glycoprotem’ I7 OG wris wxl d\ .t 

reference glycoprotem 55owmg blood-grouo II actwty 

Blood-group A nnd H dctwltws were dctcrmmed by haem,igglutln,ltlon- 
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mhibrtion assays with human anti-A serum and UIe-1 cwoperts lectm, respectively, 
as described previously’ 

RESULTS 

The activities of the origmal glycoprotem-pools A and B and of the spectfically 

enriched eluate as mhibitors of the 7 anti-I sera (Table I) are comparable to those of 
correspondmg fractions m analytical experiments described earher However, pool A 
differed from pool B and from the previously studied sheep glycoprotemsg m showmg 

strong blood-group I activity, correspondmgly, the specific eluate obtamed III this 

preparative expertment showed very htgh blood-group I acttvlty The 1 and I activtties 

of this eluate were substantially higher than those of the reference, Ii-active substance 

OG (ref- 1) 
Moderate blood-group -4 and H activities were present m the origmal pools 

A and B and m the It-active emate (Table I) 

Monosaccharide anaIyses of pools A and B, and of the specific eluate, showed 
that they contamed 72, 70, and Sl y0 of then- weight as carbohydrate, and theu- 
composltlons were slmllar to correspondmg fractions studled prewouslyg 

TABLE I 

BLOOD-GROUP I AhD I 4CTIVITIES (DETERMIhED BY RADIO-I~lM_JNOASSAYS) c- hD BLOOD-GROUP A AhD H 

W~-IVIT~ES (DETERLYIMD BY HAEHAGGLUTINATIO~-IhHIBrrlON ASSAYS) OF SHEEP GASTRIC-hlUCINF 

BEFORE AVD AFTER AFFINTY CHROMATOGRAPHY ON AN AhTI-1 IMClUNOADSORBE~+ COLUMN 

Pool A Pool B Eftmte front Refc , e,tcc 
mm-f coIla?ltt g~~cop~or~rrr OG 

Ant14 1Ma 

Step 
Low 
Da 
Gra 
Phi 
Ver 

Am-1 Den 
Tho 
NIC 

Galh 

07 
20 

; 
1-J 
75 

32 
1, 
19 

190 
46 

OS 
28 
10 
10 
3s 
95 

90 
160 
li0 

>lOOO 

01 09 
2 14 
06 5 
07 42 
02 5 
06 19 

3s 23 
17 13 
27 56 

24 58 
II 18 

~ollcetttr atloll (pgjnd) gn tttg ita~‘ltaggItrttItattoJt-ttt]Itbtttolt 

Anu-A 6 16 12 - n 
Anti-H 25 12. 50 - 

=---) Prevrouslj shown to lack blood-group A and H actwttes17 
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DC! I - II CPSO, -cl *zs rncj 

36mg 0 nexo5r 532 .- SO* CPm 

Ftg I Flow dugram of the alhahne-borohydnde degradation 01 the glycoprotcm, ha\mg blood- 
group 11 acttvtty and the fractlonatton of the degraded mwerlal by dlal>slb 

Degt aclmot~ wrth nlkrd~ne hot O/IQ rh rrlc III tftc JJI L’FCIIC e of sochm /JoI ott lttcfl - 

A flow dlagrdm of the yields of dry werght, hexose, dnd radIoactIvIty, foliowIng the 
degrddatlon and dIalysIs procedure, IS shown In FIN I 

Two-thirds of the alkah-treated matenal wds not dIalysdble This non-dIalysablc 
fraction was not used In the present studies However. In studies dcscrIbcd III det,ul 

elsewhere’ 8, It has been shown to consist of partially degraded glycoproteIn\ with 
Incomplete elImmcrtIo,l of the carbohydrate chains and with blood-group II ‘IctIvItIeb 
which were lOO-1,000 tmies lower than those of the undegraded eluate Furthcrmorc, 
It was shown that the lmkages of the resIdua1 carbohydrate chains to protean In the 

non-dial fractron could be cleaved when subJected to d 5ccond degrdddtlon with 

alkahne borohydnde under the same condItIons As expected. there 1~~1~ a LIcl\ of 
GalNAc-ol* In this fraction 

Ft nc tromitron of dmlymbk ohgo WC ( IIUI ICIL’I - Only the dIal I + II frdctIon 
was used In the present studies for the purIficatIon of olIgosac&drIdes FIN 2 shows 
the radIoactIve profile of the dial I + II fraction obtamed after chromatography on 
the cahbrated column of BIo-Gel P4 21 pooled fractions (A-W) were m.tde Is 

Indicated Of each BIO-Gel fraction, ~2 x IO’ c D III was analysed by paper chromato- 
graphy (solvent A) for 24 or 48 h (results not shown) IncreasIng mIgratIon of the 
mam radIoactIve peaks In the order A to W Indicated that the maJorIty of ohgo- 
saccharides had been fractionated according to their molecular weight Fractions 
A to F showed, In addItIon, multIpIe, small, fast-mIgratIng peaks, IndIcatIng the 

presence of some components of low molecular weight In these fracnons These 
findmgs are In agreement with the work of YamashIta et rd 15, who showed thdl 
charged olIgosaccharIdes (for example, slalylated olIgosaccharIdes) of low molecular 

*GalNAc-ol = 2-acetamtdo-2-deoxy-D-galactttol Except for r-fucohe, all of the sugars mentioned 
m this paper xe constdered to be tn the D series 
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weight chromatograph near the void volume of Bio-Gel columnc equilibrated in 
water 

Motrosndtuttrle cotttpostttotts of jtuttottr 21, f, I\‘. L, NWI S - Fractions A, 
F, K, L, and S were selected for monosaccharide an,ilysis (Table II) Gal and GIcNAc 
were the main components and they all contained GalNAc-ol Small proportions of 
L-Fuc and GalNAc were also present As predIcted_ slallc acid was detected III fraction 
A The average number of monosaccharide residues per oligosacchdride chain (t<ihcn 

ds mol of monosaccharide per mol of GalNAc-ol) in frcictions A, F, !<, L, and S were 
1 S 6, 12 4, S 2, 6 9, and 3 1, respectively 

Assq s of blood-gt onp I mrtf t uct~~tttes of oltgowzlccht rde_ftm ttotts - The 21 
fractions from the column of Bio-Gel P4 were tested ‘is inhibitors of cuiti-I serd Md 
and Step and anti-i serum Den, certain of the fractions were also tested wrth antI- 
WOJ, Low, Gra, and Ful, and antI- Tho Then- mhlbltoly actlvltles, eupresced as 112 
of hexose glvmg 50’:/, inhibition of bmding, are sho\\n in Fig 3 With fractions A 
F, K, L, and S, on which monosaccharide-composition dsra were available (Table If), 
it was possible to calculate approximately the inhibitory activities in terms of nmoles 
of oligosaccharides, and these ‘we shown in Table III With fraction R. deduction\ 
on its approximate composition could be mdde from its elution profile on the column 
of Blo-Gel P4 (see below) The mam sub-fraction (LIZ) of L, obtamed ‘lftcr p c 
(see below), was also tested as dn Inhlbltor of arm-l Ma In Table III the Inhlbltory 

10 

9 
8 
7 

v) 5 
z 
X 
i 4 

z 

E 3 

u” 
2 

1 

0, 

BD 

1 

160 280 320 360 

Elution volume ( ml) 

Fig 2 Preparattve chromatography on Blo-Gel P4 of the desalted, dial I - II fraction The column 
was pre-calibrated with the molecular weight markers Blue Dextran CBD) and dextran hydrolysate 
(glucose ohgomers 1-16 arrowed) The dlstrlbutlon of radIoactIve matenal IS shown by the unbroken 
hne, 21 fracnons (A-W) were obtamed as shown 
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Anti-l Step 0 
Low Q 
Gra G 

8 Ful F 

Anti-1 Den l 
Tho 0 

A B C D E F G H J K L h\ N P 9 R 5 T U V W 

FIN 3 Actlvltles (blood-group I and I) of ohgosaccharlde fractrons A to W obtamed by chromato- 
graphy on Bto-Gel P4 of dtalysable oltgosacchartdes (dtal I T II) released by treatment of sheep 
gastnc-mucms n~th alhahne borohydrtde All of the fractions were tested by radio-rmmunoassays 
as mhtbltors of ant4 sera Ma and Step and antt-1 serum Den Certam of the fractions were also 
tested \%tth ant14 WOJ, Los, Gra, and Ful, and antw Tho 

acttvittes of fracttons A, F, K, L, LE, R, and S are compared wtth those of synthettc 

oltgosacchandes (dt- to penta-saccharides))“› prevlousty studled’ ’ 

Inhrbrtor) actrllt,es nvth antr-I sera Ma and WOJ, nhrd~ are kno~tn to ~ec- 

ognrse ’ ’ 2o 21 the scguetzce j&Gal-( I ---, 4)-&GlcNAc-(I + 6) - Fractions A-S showed 

mhlbltory activltles with an&I Ma (Fig 3). those with the smallest molecuIar weight 
(fractions S and R) were eluted from Blo-Gel P4 m the region of 4-6 hexose umts 

(Fig 2). Fractions S contamed Gal, GlcNAc, and GalNAc-ol m ratios of - 1 1 1 

(Table II), m agreement with Its elutron position on Blo-Gel P4. Fraction R, etutmg 

closer to 6 hexose units, would be predlcted to be tetrasacchande(s) contammg these 
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TABLE III 

277 

COMPARISON OF THE AMOUNTS OF OLIGOSACCHARIDE FRACTlONS A F K. L, LE AND s AhD 01 SEVERAL 

SYNTHETIC OLIGOSACCHARIDES REQUlRED TO GIVE INHIEIITIOV WITH ANTI-1 A\D AhTI-I SER i I\ R %DIO- 

I~lWUhOASSAYS 

Olrgo- HexoAe content pet Amour f,trg) of he \OSL (tnnol o/ obgowc chande) 

saccharde trr~tol off actloP grrmg SO:: idtlbmon 
~5 actrotn (ttI~lof) (ttg) Atrrr-I Allrt-r 

- 
Ma Step Dr ,I 7x0 

A 8 82 1 59 IO (6) 25 (16) 50 (31) 70 (44) 
F 6 34 1 14 15 (13) 55 (45) 500 (439) 300 (263) 
K 2 99 0 54 7 (13) 120 (222) 500 (926) nt 
L 2 65 O-48 4 (8 3) 220 (458) 1000 (3083) nt 
LE 3 0 54 4 (7 4) nt” nt nt 

2 0 36 IO (28) I= - - 
096 0 17 15 (88) - - 

sv kzrhctl~ oIlgosucchal I&3” 

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

-3) 
‘Gal 

6)’ 

P-GaL-(I~4)-B-GlcNAc-l$ 
/?-Gal-(144)~fi-GlcNAc-(1 

1 

3)\ 

61’ 

Gal 

/I 
@-Gal-(1+4)-&GlcNAc-(I 
&Gal-(I-+4)-p-GlcNAc-(I -+3)-Gal 
/XiaI-(J+4)-GlcNAc 

(12) - - - 

(12) - 

(500) (1000) - (1600) 
(100) (2400) nt - 

“In order to convert the mhlbltory actlvltles of the olgosacchande frdct1ons (determmed as rcg of 
hexose glvmg SOY6 mhlbltlon) Into nmol of ohgosdccharlde gnmg mhlbttmn, rt wds necessary to 
calculate approximately the hexose contents (mot) per mol of ohgosacchar[de These vatues \\ere 
calculated from the ratlo of Gal to GalNAc-ol rn fractions A, F, K, L. and S (gwen m Table II) 
ox- from the proposed cornposItIon of fraction R as 2 1 J and fractton LE as 3 2 1 with respect to 
GaI/GIcNAc/GaINAc-ol (see Results and ref 23, respectively) *Not tested cInactlve at highest 
level tested “Taken from refs 19 and 20 

monosaccharrdes III ratios of -2 1 1 The most-active fractions with antI- 1Ma 

(50% mhlbltlon vaIues at 7-8 nmol) were fraction L, whrch contamed hepta- and 

hexa-saccharides (Table II), and sub-fraction LE, the maJor component of which 

has been shown to be a hexasacchande” 

Eight of the fractions were also tested w&h antI- WOJ (Fig 3). fractions A 

and P gave 50% mhlbrhon at 30 pg of hexose, but fractions B, C, D, F, G, and N 

were machve at the highest level tested (30 jig of hexose) 
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Frachon K 

Paper chromatography 

Iodays 

Paper electrophoresls 

KB & 

12 

KC 

3h 
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Frachon L 

7 days 

12 
LB - 

ttt 

12 
LC A 

ttt 

2 4 

LD 
I& 

+t+tt 

2h 

Rg 4 Preparanve p c and subsequent high-voltage p e of the preparative, Blo-Gel-P4 fractions 
K dnd L DIrectIon of mlgratlon IS from left to right In p c , the fractions taken are designated by 
capital letters KA to KF and LA to LE The p e fractions are designated by numbers as shown 

Inhlbrtory activitres 11rtJr anti-1 step and otJle1 antrsera knobs II to J ecogmse the 

~-Ga~-(I+4)-~-GicNAc-(~~3) c/lam of the branched, I-actrve strrrctwe5 6_ - In- 
hlbltory actlvltles with these antI-I sera were found among ohgosaccharlde fractions 
A-L, which were hexasaccharldes and larger, with the exceptIon of fraction A, 
substantially larger amounts of ohgosaccharldes were reqmred for mhlbltlon (both 
m terms of hexose and approximate nmol) than with antI- Ma (FIN 3, Table III) 

Wth ant14 Step, fraction C was a relatively poor mhlbltor among the fractions 
of hrgh molecular weight, otherwIse, there was an Increase m the mhlbltory actlvltles 
of the fractions L-A with mcreasmg molecular weight The 50°/,-mhlbltlon values of 
fractions on which structural or composmonal data are available are shown m Table 

IX; they ranged from 16-458 nmol for fractions A-L 
Less informatIon is avaIlable with anti-1 sera Low, Gra, and Ful, but, as with 

Step, ohgosacchandes smaller than hexasacchandes were not active, and the mhlbltory 
actn.Wes of the fractions of larger molecular weight tended to Increase with increasing 
molecular weight (Fig 3) 

Inhbltory actmtzes wth antt-z sera Den and TJZO krtorvn to react4 wtlr tJle m- 
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bramhed ohgosacchm de /l-Gal-(1 --+ 4)-/I-GkiVAc-( i-+3)-/I-Cd-(I-, -I)-[I-Glc NAL- 

(I+3)+Ga/ - Tnhtbttory acttvtttes toward these antt-t set-a were found among 
fractions A-L Fractton A was by far the most acttve tnhtbttor (Fts 3 and Table 

111) The 50”/,-tnhtbttton values of fractions B-K were of the sdme order wtth respect 

to hexose, namely, 500 ~tg wtth antt-t Den and 300 /tg wtth thaw ftacttons tested wrth 
anti-t Tho However, tn terms of nmol of oltgosacchartdes, these tnhtbttton value\ 
1~ ould represent tncreastng acttvtltes wtth tncreastng molecular weight (cs g 926 and 

439 nmol, respecttvely, for fracttons K and F wtth antt-t Den Table 111) 
Sub-$ a~tronatron of olrgosacdm Irk ft act!om h’ and L - The It-acttve fracttons 

obtatned tn the greatest yteld were B, K, and L (2 5 2 5, and 2 mg of helose respcc- 
ttvely) Fracttons IS and L betng the fractions of smallest molecular wctght hnvtng 
both I and I acttvtttes, were selected for structural studtes They were found to constq 
of mtxtures of oltgosacchartdcs They were first SubJected to preparattvc p c (solvent 
B) for 10 and 7 days, respectively, the radtoacttve profile\ are shown tn Ftg 4. 
Fraction K was dtvtded tnto 6 sub-fracttons (KA to KF) and fraction L tnto 5 sub- 
fractions (LA to LE) The mmor fracttons KA and LA were not studied further, 

the remdtntng sub-fracttons of K and L were subjected Io p e tn borate buffer for 
3 h (fracttons KB to KF) and 2 h (fractions LB to LE) (Ftg 4), 25 sub-fracttons were 
thus obtained and 6 of these (KC,, KE,, KF2 KFJ, LD,, and LE,) were selected for 
further study On the Bto-Gel-P4 column, each fractton was eluted as a stngle peal,, 
except for KF, whtch gave two peaks (KF,a and KF,b) The approxtmate yteldc 
(tn ilg) of the oltgosacchartde fractions were as follows KC,, 120. KE,, 200, KF, 
160, KF,a, 55, KF,b, 115, LD2, SO, and LE2, 600 The structural analyses of these 
fractions are described tn the adJoIning paperz3 

DISCUSSION 

In these studtes, a large number of oltgosacchartde fractions havtng blood- 
group I and I acttvtty were obtatned by alkaline degradatton of I- and t-acttve, sheep 
gastrtc-glycoprotetns that had been spectfically enriched by affinity chromatography 
ustng an anti-1 tmmunoadsorbent Although the glycoprotetns had been selected for 
htgh blood-group I acttvtty, only 12 % of the macromolecules expressed the vdrtous I- 
and t-anttgentc determtnartts These and prevtous studtes’ 9 wtth pooled and tn- 
dtvtdual, sheep gastnc-muctns tndtcated that the It-active molecules are generally a 

sub-populatton even tn anttgentcally very active preparattons of protem Wtthout 
the spectfic enrlchment, the anttgentc acttvtttes of the oltgosacchartde fractions would 
have been dtfficult to demonstrate, even by radio-immunoassays 

Of the 21 oltgosacchartde fracttons obtamed after chromatography on Bto-Gel 
P4, 17 showed blood-group I and/or I acttvtttes Each fractton was a mixture of 
oltgosacchartdes, although the anttgentctttes of the constttuent oltgosacchartdes were 
not analysed tndtvtdually, considerable information could be deduced frotn the 

anttgemc actlvtttes of the fracttons Inhtbltory acttvlttes wtth antt-1 Ma were found 
m fractions M-S of lower molecular weight m addttton to the fracttons A-L of htgher 
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molecular weight which were also active with other types of antr-1 and antr-i antr- 

bodies The smallest of these fractions R and S, were estimated to contam Gal, 

GlcNAc and GalNAc m ratios of -2 I 1 and - 1 1 I, respectively The sequence 
/3-Gal-(1+4)-P-GlcNAc-(I +6)- recogmsed by anti-1 Ma IS usually not found m 

glycosphmgohprds m the absence of branchmg6 It ~111 be of Interest to mvestigate 

whether the sequence p-Gal-( 144)~&GlcNAc-( l-+6)-GalNAc-ol extsts m fractton S, 

as the mmrmum, naturally occurrmg, “Ma-active” structure m these glycoprotems or 

whether the antrgemc activity of this fraction is carried over from the neighbourmg, 

more-active fractron R, whose composition is compatrble with the sequence 

p-Gal-( 1 
\ 

3)\ 

6)’ 

GalNAc-ol 

p-Gal-( l-+4)-/r-GlcNAc-(l/l 

Structural data are available for the fraction (L) havmg most activity with anti-l Ma 

two of its malor components (LE, and LD2) contained the sequence”’ 23 

P-Gal (or &GlcNAc)-( 1 

\ 

3), 
’ GalNAc-ol 

6)/ 

f 
/j-Gal-( 1 +-l)+GlcNAc-( 1 

The mhibitory activities of fractions K, L, and (sub-fraction) LE (- 13-7 nmol 

grvmg 50% mhibmon) were of the same order as the activity of synthetic tri- and 
penta-saccharides contaming the sequence &Gal-(1 -+4)-/7-GlcNAc-( l-6)-Gal 
12 nmol of these were required for 50 % mhrbition (Table III) These data mdrcate that 

the antrgemc determmant recogmsed by anti-l Ma is no longer than trisaccharide 

With anti-1 WOJ, several of the ohgosaccharlde fractions tested were lackrng 

m mhlbltory acttvmes or were considerably less acme than with ant14 Ma This 
raises the possibihty that some of the (1 -+4,1-+6)-lurked chams m these fractions 

may have external substitutions which mask reactrvitres wrth anti-1 WOJ, but not with 

anti-1 Ma There IS a precedent s 6 for such maskmg with a bovme-erythrocyte glyco- 

sphmgohpid contammg the sequence cA-Gal-(1+3)+Gal-( 1+4)-j.l-GlcNAc-(l + 6)- 
Untrl recently, the antigemc determmants recognned by anti-1 antibodies, 

other than Ma type, and by arm-r antrbodres proved difficult to elucrdate. Neither 

ohgosacchartdes contammg the “type 1” cham-sequence P-Gal-(1 +3)-P-GlcNAc- 

(143)~&Gal-, nor the “type 2” cham-sequence /?-Gal-(1 +4)-j_?-GlcNAc-(I +6)-/3- 
Gal-, which are major components in human ovarian-cyst glycoprotems were found 
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to mhlblt these antIbodIes m mh!bttIon of precIpItatlon assays and m radio-Immuno- 
assays’ ‘O ‘l However, It was reported that the type-2 cham-vanant p-Gal-( l-+4)- 

/j-GlcNAc-(1+3)-/WZial- was mvolved m the antlgemc determmant of an antI+ 
antlbodyz4 and detailed antlgemc and structural analyses of punfied, I- and I-active 
glycosphmgohplds from erythrocytes have clearly estabhshed that the specIlicItIes 
of anti-I antIbodIes (other than those of Ma type) and the maJonty of anti-1 antI- 
bodies Involve the l-+4,1 43 sequence’- 6 A gl ycosphIn,oolIpId with I-actlvlty had 
the sequence /&Gal-(1 +4)-&GlcNAc-( 1-+3)+Gal-( l-+4)-fl-GlcNAc-(I --+3)+-Gal- 
(I +4)-Glc+Cer, and a related, branched structure with the sequence 

p-Gal-( l-+4)-/II’-GIcNAc-( 1 
L 

(j’\ 
3)’ 

P-Gal-(1 -+4)+GlcNAc-( I +3)-/?-Gal-(I+4)-Glc-+C 

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

had blood-group I actlvlty However, the lack of InhIbItIon with paraglobosIde3 -( 
[&Gal-( 1-+4)+GlcNAc-( 1+3)+Gal-( l-4)-GI c-+Cer] and the very low actlvltles 
of the chemically synthesIsed ol~gosaccharIdes’” 

/I-Gal-( I +4)-/I’-GlcNAc-( I --+3)-Gal and /I-Gal-( I -+4)-/I-GlcNAc-( I 

‘X 

6), 

3) 

)Gal 

/I 
p-Gal-( I -+4)+GlcNAc-( I 

suggest that, unhhe antr-1 Ma, the maJorIty of antI-l and antI-1 antIbodIes may 
recognlse sequences longer than trlsaccharlde In the present studies, the lack of 
mhlbltory actlvmes among the ohgosaccharldec smaller than hexasacchandes and 
the mcreasmg antlgemc actlvltles with Increasing molecular wclght ‘ire In support 
of this concept From the structural dnalyscs III the crccompanylng paper23, It I\ 

known that fractions K and L contamed olIgosacchandes having the repeatIng A’- 
acetyl-lactosamme sequence /I-Gal-( 1+4)+Glc‘JAc-( I -3)+Gal( I -+4)-/I-GlcIu Ac 
However, It IS possible that the mcreasmg InhIbItory actlvltles dre due to the presence 
of branched, multivalent ollgosaccharldes 

The trlsaccharlde sequence recogmsed bq lIit~-I M,L IS now well-documented 
and this antIbody has proved useful m detectmg ~~LrcuIrulatIon of blood-group pre- 
cursor m gastric cancer trssues of secretors” Future studies with punfied hexa- 

saccharides and larger ohgosacchandes should en‘tble the size of the antIgenIc deter- 
mlnants of other, monoclonal, an&l cind antI-1 asit1bod1es to be defined Such III- 

formatIon ~111 render these autoantIbodIes oowerful tools In bIologIca chcmlstry 
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