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S U M M A R Y  

Phenol extraction of horse, sheep, cow, pig and human e rythrocyte mem- 
branes and human, milk fat globule membranes gave glycoprotein fractions, all of 
which were shown by gas chromatography to contain the reduced disaccharide t~-D- 
galactosyl (I-3)-N-acetyl-l=-galactosaminital after treatment with alkaline borohy- 
dride. Cow and pig erythrocyte membrane glycoproteins were .round however to 
contain much lower amounts than the erythrocyte membrane gtycoproteins of the 
other species tested. After gel filtration, a tetrasaccharide was isols.ted from horse and 
sheep glycoproteins containing the disaccharide plus two molecules of  sialic acid. 
Periodate oxidation together with paper chromatography of alkaline degraded 
f?agments showed these two molecules of  sialic acid to be linked to positions C3 and 
C6 of  the galactosyl and N-acetylgalactosaraine residues respec,cively. Evidence was 
obtained for a similar structure from pig and cow erythcc,.:yle glycoproteins and 
human milk fat globule membrane glycoproteins although the complete structure was 
not elucidated. 

In all native glycoprotein fractions, the unsubstituted disaccharide ~-D- 
galactosyl (l-3)-N-acetyi-D-galactosamine we.s found to be present to different. 
extents. 

Haemagglutination inhibition tests against human anti-T serum, Arachis 
h)'pogoea and Vicia graminea by desialylated glycoproteins showed the presence of 
the T-antigen, confirming the chemical findings. Inhibition was found to be proportio- 
nal to the chemically detected amounts of disaccharide in each fraction. Evidence for 
a second carbohydrate chain in horse, sheep and human ery~hrocyte glycoproteins 
with a sialic .~cid substituted N-acetylgalactosamine residue as the terminal sequence 
was obtained using the agglutinin from Helix pomatia. 

I N T R O D U C T I O N  

Reductive alkaline cleavage of the glycoprotein from human erythrocyte 
membranes resulted in the release of  a tetrasaccharide with the structure N-acetyl- 
neuraminyl (2-3)-p-D-galact osyl (1-3 )= [N-~cetylneuraminyl (2-6) ] -N-acetyl-D-galactos- 
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aminitol. This structure was shown by Thomas and Winzler to be the n~ajor 
alkaline-labile oligosaccharide of ~he human erythro~zyte membrane ]1 ] anti it i; the 
structure required for blood group M and N activity [2]. Earlier work by Klenk and 
Ulflenbruck [3] had shown that the T-antigen (Thor~sen-Friedenrei,:h) is a cryptic 
receptor of human erythrocytc membrane glycoprotein and is ~orm lily masked by 
sialic acid. Subsequent investigations revealed that t~e immunodominant structure of 
the T-antigen is the alkaline-labile disaccharide ~-D-$;alactosyl(l-3)-N-acety!-D-galac- 
tosamine [4, 5], the asialo form of the tetrasaccharide isolated by Win.,ler. 

The T-antigen has been ~por ted  to occur on the erythrocytes of a variety of 
species after neuraminidase treatment [6], an~] in humans it has clinical relevance in 
that it is responsible for e rythrocyte panagg'utination by naturally occurring serum 
a,,,ibodies after microbial infection [7, 8]. The presence of the free T-~.ntigen has also 
been reported to occur on the surface of mammary carcinoma cell; [9], thus dis- 
tinguishing them from their normal counterpart. 

We previously reported the presence ov pig peripheral lymphocyte membrane 
of an alkaline-labile sialic acid-covered disaccharide of the structure/I-v-galactosyl- 
(l-3)-N-acetyl-v-galactosandne [10] and an alkaline-htbile tetrasaccharide, identical in 
structure to that reported by Winzler [1 ], on the membrane of the bovine milk fat 
globule [11]. The detection of the T-antigen on erythrocytes of different s~ecies 
suggested to us that the above disaccharide or tetra~.saccharide mey be present on the 
erythrocyte membranes of different species. In this paper we investigate this possibility 
as well as structm-es present on human nulk fat globule membranes, in order to 
correlate chemical findings with previously known serological properties and deter- 
mine whether this alkaline-labile structure is a common component of different types 
of membranes from different species. 

M A T E R I A L S  _'..ND MF.THODS 

Materials 
Animal blood was obtained from freshly slaugheered animals and prevented 

from clotting by addition of sodium citzate, (1 vol. 3.8 ~ sodium citrate solution to 
5 voi. blood), human blood was obtained from outdated blood samples (Blood bank, 
University Clinic, Cologne). 

Human milk wvs collected fr.'~h from the Fr~uenklinik of the University of 
Cologne and pooled. 

The disaccharide/]-D-galact osyl(1-3)-N-acetyl-v-galactosamine, isolated from 
human brain gangliosides (12), was a gift from .Prof. W. Gielen (Pharmakologisches 
Institut der Universit~t, K61n). 

Neuraminidase (5.00 units'ml) was obtained from Behxingwerke Ltd. (Mar- 
burg~. Monosaccharides for gas ~hromatography, N-acetyl-neuraminic acid. lr~owex 
50 × 8 and Dowex 1 × 8 were obtained from Serva Ltd. (Heidelberg). Sodium boro)ay- 
dride was purchased from Fluka Ltd. (Buchs, Switzerland). 

Acrylamide, N,N'-methyl~nebisacrylamide, ammonim~ persulphate, sodium 
dodecyl sulphate and N,N,N';N°.tetr.~wnethyleth~lenedianfin¢ (TEMED) were all 
purchased from Serva Ltd. 

Agglutinir~-containing e:ttracts from Helix pomatia, ,,~rachis hypoooea, Vicia 
gramine~ as well as anti-T froffL human serum were prepared as described by Dahx et 
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al. [13]. A crude mYxovirus B-Lee preparation was a ~ift from the late Prof. A. 
Gottsch~dk (Tfibingen) and was centrifuged and membrai~e filtered before use. 

Membrane fi!*-ers (pore size 0.45 llm) were obt~!dned from Millipor¢ Ltd. 
(Bedford Mas~. U.S.A.) ancl all other reagents for gener~:Ll use were purchased from 
Merck Ltd. (D.~rmstadt). 

Glycoprotein isolation 
Whole blood was centrifuged at 2000 × g for 1 ~: rain and the serum and buffy 

coat removed. The erythrocytes were washed three t~mes with physiological saline 
(0.9 o//o w/v) and then haemolyse¢~, by the addition of 20 volumes of distilled water 
at 4 °C to the packed erythrocytes. The erythrocyte gkosts were allowed to sediment 
overnight at 4 °C, augmented by the addition of  5 ml of  acetic acid (1.5 M) to 101 of  
suspension. Milk fat glc,bule membranes were isolated from 201 of whole human milk 
as previously described [14]. The erythrocyte ghosts alad milk fat globule membranes 
were ~suspended in distilled water and centrifuged at 3000 ×@ for 30 rnin. The 
resulting pellet was again resuspended in distilled water a~d recentrifuged. This 
washing process was repeated three times. The washed pellet was then resuspended in 
physiological saline and extraction of the membranes carried out with 90 ~o phenol at 
65 °C as describ~-~d previously by Uhienbruck et al. [13]. The glycoprotein solutions, 
after dialysis against distilled water, were membrane filtered and lyophilized. The 
lyophilized products were stored in a desiccator over CaCl,  until required. 

Chemical treatments 
(I) DeMalylation of  olyeoproteins and oligosaect,arides. Desialylation of glyco- 

proteins or oligosaccharides was carried out by mild hydrolysis (0.05 M H z 8 0 , ,  
80 °C, l h) followed by neutralisation with Dowex I (OH-- fo rm)  resin. The resin was 
removed by centrifugation (2000 ×g  for 5 rain) and washed tl~e,e times with distilled 
water, following which the combined supernatant and washings were lyophilized. 
Incubation with neuraminidase was found to be equally as effective as acid hydro- 
lysi~. 

(2) AIkaline-borohydr~dc treatment. Alkaline borohydridc treatmeat of  glyco- 
protein samples was performe~ by dissolving glycoprotein (1-5 mg at a concentration 
of  I n~ /ml)  in 0.05 M NaOH,  containing 1.0 M NaBH4 and incubating in the dark at 
50 °C for 24 h. Trehalose was then added as an interred standard (30/~g) and excess 
borohydride destroyed by adjusting to pH 6.0 with Dowex 50 (H+-form) resin until 
no more gas was evolved. After centrifugation (2000 >~g for 5 rain) the supernatant 
was removed and the resin washed three times with water. The combined supernatants 
and washings were lyophilized and boric acid removed by repeated evaporation with 
methanol. 

(3) Alkaline treatment. Alkaline treatment of ~he glycoprotein samples was 
performed by dissolving the glycoprotein (5-10 mg) in water (5 ml) and adjusth~g to 
0.01 M with a solution o f  0.2 M barium hydroxide. The solution was incubated at 
80 ¢C for 15 mi~, cooled and neutralised with 0.05 M H?.SO4. The resulting precipitate 
was r e m o ~ d  by centrifugation (2500×0,  10 min) and the supernatant dialysed 
against distilled water. The dialysate was lyophilized and used for paper chromato- 
graphy [16, 171. 

(4) Periodate oxidation, Periodate oxidation of  native or desialylated glyco- 
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proteins was carried out by dissolving the sample m 0.02 M sodium acetate buffer 
(2 mg/ml, pH 4.5) contairfing 0.01 M sodium Feriodate. The r~action was cooled in ice 
angel left in the dark at 4 °C for 24 h after which, excess borohydride was added to 
reduce any remaining p.~riodate. The excess borohydr;.de was then destroyed by 
ac[iusting to pH 6.0 with 2.0 M acetic acid followed by dia:~sis overnight against 
distilled water and lyophilisation. It was later found however, that  dialysis directly 
after periodate treatment brought  about  the same result. 

Analytical procedure~ 
(1) Sialic acid. Total sialic acid was released by acid hydrolysis (0.1 M H2SO,,  

l h at 80 °C) and assaye(I by the method of Aminoff  [18] using N-acetylneuraminic 
acid as a standard. Free sa l ic  acid was assayed directly without prior hydrolysis. 

(2) Hexoses and hexosamines. Hexoses were determined colorimetrically by the 
method of Disch~ and D,%nilchenko [19], using D..galactose as a standard. 

Individual hexoses and hexosamines were determined by gas chromatography 
of  their trimethylsilyl derivatives, after acid hydrolysis (3 M HCI, 4 h at I00 °C) and 
reacetylation as described previously [11 ]. Samples ~ere run on columns of  3 °/o SE-30 
and OV-17 on Gas-Chrom Q using a temperature programl~le of 125-230 °c 2 at 4 °C/ 
rain. 

(3) Disaccharides. Reduced disaecharides released by alkaline borohydride 
treatment were examined by gas chromatography,  as previously described [20]. after 
removal of sialic acid by mild acid hydrolysis. Reduced disaccharides were t,aeasured 
as above using an isothermal programme of  250 °C. 

(4) Sephadex chr, matography. Glycoprotein samples (10 mg) that  had been 
treated with alkaline borohydride ant[ freed of  boric acid, were dissolve6 in water 
(2 m l ) a n d  applied to a column of  Sephadex (3-25 (1 ~< 100 cm) previously equilibrated 
with 0.1 M acetic acid. ~?he column was ¢luted with 0.1 M acetic acid at 4 °C and 
fractions were collected and assayed for sialic acid and h~xose. 

(5) Paper chromm'ography. Pro(tucts f rom alkaline hydrolys:s of membrane 
glycoproteins w~re run o a Schleicher-S,~hfill paper No. 2045b Mgl (Schleicher-Sch011 
Ltd. Dassel, G.F .R. )  in n-butan-l-ol/pyridin~/water (6 : 4 : 3, v/v). The spots were 
developed with Ehrlich ~pray [17] an(L standards of N-acetylneure.minic acid with 
or¢inol spray [21]. 

Alkaline-labile oligosaccharidvs, released in a reduced form by alkaline bore-  
hydride, were run in ethyl acetate/pyrh:line/acvtic acid]water (5 : 5 : l : 3, v/v) using 
the. ~ descending technique... Neutral  ancL reduced sugars were visualisc~ by alkaline 
siiv.~r nitrate [21 ] and sialic acid-containing compo~znds by a periodate-'~.ifiobarbituric 
acid method. The paper was sprayed on a horizontal surface with an aci¢: ': ~olution of  
N~tIO4 (100 ml H2SO4, 0.02.. ~ M containing 0.5 g NaIO4) and left at room tempera- 
ture for 15 rain before drying. This was followed by spraying ~ ith a solut ica of sodium 
arsenite (2 g sodium arsenite dissolved in 100 ml of 0.5 M HCI), leaving for 10 rain 
and then drying. To develop the colour the pap,:r was sprayed a third time (6 g 
thiobarbituric acid dissolved in 100 ml 0.5 M N a O H )  and heated for 10 min at 100 °C. 

(6) Sodium dodecy,~ sulphate polyc~crylamMe gc I elect rophoresis. Sodium dod~.cyl 
su;phate polyacrylamide gel electrophoresis was pe:rfor:,'L¢(l on 10 ~,~ acrylarnide gels 
using the discontinuous system of  Laemmli [22]. Sampk:~ (50-100/zg) were appliet~ to 
the top of  a spacer gel, Pyronin G being used as a ma~'ker. After electrophoresis the 
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gels were stained for prote~.n with Coomassie biue [23] or for carbohydra te  by 
period~te-Schifl"s reagent  [24]. 

(7) lmmunol¢~gica/assays. Haemagglutin=~tion tests were per formed using the 
serial dilution system of  Cooke Ltd. (Cooke llnstruments, Zoll ikon,  Switzerland).  
Desialylated erythrocytes w e ~  prepa.-ed f rom outda ted  blood (Blood bank ,  Oniver= 
sit~ Medical Clinic, Cologne)  by incubat ing a 2: ~ .,'usp~nsion (20 ml)  i ,  phospha te  
buffered saline with 200/~1 of  neuraminidase  solution for 1 h at 3"/°C. Cells were then 
wa~hed with phosphate-buffered saline and  2 % suspensions used for asskys. 

RESULTS 

Anal l'Ms of  glycoprotei~ fractions 
Glycoprote in  fractions f rom horse, sheep and  pig erythrocyte membranes  

showed patterns on sodium dod¢cyl sulphate ge! electrophoresis similar t.o those 
obta ined f rom h u m a n  crythrocyte membrane  glycoprotein.  Several bands were 
present over a large mol¢:cul~ r weight range, most  of  which stained for bo th  protein 
and  carboity~rate,  w ~ h e r  these represent difli~revt glycoproteins or different aggre- 
gation products ,  which is very possible [25], was not  d.etcrmined. Glycoprote in  frac- 
t ions f rom cow erythrocyt¢ membranes  and  h u m a n  milk fat globule membranes  did 
not  reveal distinct ban~s, a l though the glycoprc,¢e:in fraction from cow conta ined a 
large molecular  weight staining region (Fig. 1). 

The carbohydra te  an',dy~:is of  the different $:lycoprotein fractions is shown in 
Table I. It ca~ be seen that  hma~n,  sheep and  horse erythrocyte glycoprotein fractions 
form a group in tha t  ~t~,ey possess r¢lati'¢ely highe~ amounts  of  N-acetyl-galactosamine.  
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Fig. I, Sodium dodecyl ;ulph~;t© gel electrophore~is patterns of the ~dcoprotein fractions using 10 ~/~ 
acrylamide containing 8¢1s, ,Samptcs (75/~g} of lyophilized glyt:oprotein from (l) human erythrocyte, 
(2) horse,  (3) sheep, (4) pig, (5 )c~w,  (6) human milk fat ~lobule membr~mes were prepared as described 
by Dahr et at. [?.3]. Gt.ls w~re stained for protein with Coomassi¢ brilliant blu= (a) and for carbo- 
hydrate with periodate-t~cbiff reagent (b). 



407 

TABLE I 

MONOSA( 'CHARIDE COMPOSITION OF GLYCOPROTEIN FKACYIONS 

Siali¢ acid is calculated as N-a=etylneuraminic acid. Variation was l'ess than 10 ~/o of each value. 

Monosaccharidc 
(,amol/100 mg 
glycoprotein) 

Erythr ocytes Milk fat globule 
membranes 

Ht~rse Sheep Cow Pig Human Human 

Fucose 1. ! 4.3 3.7 4.9 3.7 24.4 
Mannose i. 7 I. 1 I. 1 7.8 6.3 15.6 
Galactose 28. ~ 35.0 105.6 37.8 28.9 55.6 
Glucose f~. 5 6. ! 13.9 8.3 2.2 45.6 
N-ac©tyl~ 

galactosarnine ~. 7.,5 38.9 34.8 13.6 20.8 8.6 
N-acetyl- 

glucosamine 5.0 11.3 76.0 19.9 12.7 34.4 
Sialic acid 33.:? " 33.5 42.3 14.2 48.7 5.2 

T h e  o t h e r  fraction,s frc,m pig  a n d  cow e r y t h r o c y t e  m e m b r a n e s  a n d  h u m a n  m i l k  fat  
g lobu le  m e m b r a n e s  ar,. ~ re la t ive ly  h igher  in N - a c e t y l g l u c o s a m i n e  (Tab te  I). 

Alkaline borohydride treatment of glycoprotein fractions 
(1) Identi/~cation of disaccharide. T h e  lyoph i l i zed  g l y c o p r o t e i n  f r ac t ions  which  

h a d  been  treate ' , i  w i th  a lka l ine  b o r o h y d r i d e ,  de s i a ly l a t ed  a n d  a s s a y e d  gas  c h r o m a t o -  
g raph ica l ly ,  she,wed ~L single p e a k  on  c o l u m n s  o f  SE-30  a n d  OV-  17, c o r r e s p o n d i n g  t o  a~ 
s t a n d a r d  o f  / ] -B-ga l ac to sy l ( l -3 ) -N-ace ty l -D-ga l ac to samin i to l .  Th i s  r e d u c e d  d isac-  
cha r ide  was  F, resent  in all  the  f r a c t i o n s  t e s ted ,  a l t h o u g h  t hose  f r o m  c o w  a n d  p ig  
e r y t h r o c y t e s  a n d  h u m a n  m i l k  f a t  g lobu les  c o n t a i n e d  low a m o u n t s .  

T h e  ar~tount o f  ::he u n s u b s t i t u t e d  a lka l ine- lab i le  d i sacchax ide  was  d e t e r m i n e d  
by  o m i t t i n g  the  des ia l~ la t ion  s tep  p r i o r  t o  the  g a s - c h r o m a t o g r a p h i c a l  ana lys i s .  T h e  
t o t a l  a n d  th.~ u n s v b s t i t u t e d  d i saccha r ide  c o n t e n t  o f  e a c h  f r a c t i o n  is p r e s e n t e d  in 
T a b l e  II.  

TABLE II 

fl-QALACTOSYL(I-:t)-N-ACETYLGALACTOSA~MI~IE CONTENT OF GLYCOPROTEIN 
FRACTIONS 

Values in br~ckets are the percentage of  disaccharide recovered after periodate oxidation against an 
untreated control. 

Disaccharide Erythrocytes Milk fat globule 
Qumol/100 rag n~,embr~mes 
glycoprotei.3) 

Horse Sh t ep Cow Pig Human lq~uma~, 

Total 
disaceharide 19.3 18.3 1.0 2.3 20.3 4.3 

Unsub~ titt~ted 
disac~he ride 3.8 8.3 0.3 i .8 2.3 1.5 

Substitute.:| 14.9 10.8 0,7 0.4 18.4 1.3 
disac,:haxide (76 Yo) (58 ~/o) (70 ~/o) (17 ~/~) (92 ~/o) (30 ~/o) 
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(2) Sephadex -~hromatography of horse and sheep alkaline-labile oligosacchari- 
de~. Apart  from the human erythrocyte membrane glycoprotein, horse and sheep 
glycoproteih fractions contained the highest amounts  of  substituted disaccharide 
(Table II). These two fractions therefore were subjected to Sephadex gel chromato- 
graphy after alkaline borohydri~e treatment, in order to isolate alkaline-labile 
oligosacchaxides. After passage through Sephadex G-25, sheep erythrocyte glyco- 
protein showed the pr~sence of  three peaks (Fig. 21). A similar pattern was observed 
with horse glycoprotein. Tubes from each peak were pooled and lyephilized. 

t ~ I $ 
o.15 . . . .  :.\ . . . . . . .  

O 25 50 75 ~00 (ml) 1L~3 

Fig. 2. Fract ionat ion on Scphade~ (}-25 o f  sheep vrythrocyte membrane  glycoprot©in fraction after 
alkal ine borohydrid© treatment .  The  boric acid free p r o d u ~ s  were dissolved in water (2 ml) and  
applied to  a column (1 x 100 cm). equil ibrated and  eluted witit 0.1 M acetic acid at  4 °C with a flow 
rate o f  10 ml/h.  Samples o f  th© fractions ( i  ml) w¢ro analysed for hcxose A4=o=,, - - r l - - ;  sialic acid 
A sso.,., --I--, Fract ions were pooled as indicated. 

0.10 

~c~o5 

The lyophilized pro(luct of peak 2 w ~  dissolved in water (2 ml) and after 
passing through a column of Sephadex G-15 the elutate showed the presence of  two 
peaks (Fig. 3 shown for sheep erythrocyte glycoprotein). Fractions were pooled and 
the major peak (fraclion 2A) lyophilized and assayed for free and bound sialic acid 
and fl-D-galactosyl(i-3)-N-acetyl-D-galactosaminitol. The ratio of  sialic acid to disac- 
charide was found to be approximately 2 : 1 in both horse and sheep glycoprotein 
(1.93 : I for sheep, 1.90 : 1 for horse). No unsubstiruted disacchaxide or sial;¢ acid 
was present in tiffs fraction, and when a total hydro]lysis of  this fraction was carried 
out,  the only monosaccharides detected by gas chromatography were galactose and 
N-acety~galactosaminitol in a ratio of  i : 1. Fraction 2B from Fig. 3 was found to  
contain small amounts  of  unsubstitutcd disacchaxide only. There was no evidence for 
a pe~ k containing a trisacchaxidc. 

(3) Paper chromatography of alkaline-borohydride treated olycoproteins. Paper 
chro~latography of  alkaline~borohydrlde products from horse, sheep and human 
e ry throc~e  membrane glycoproteins gavv a thiobarbituric acid-positive spot. An Rr 
value of  0.20, relative to  lactose, was found which was identical to that  of  the tetra- 
sacch~vride isolated from horse and sheep glycoproteins by column chxomatogra~hy. 
Treatment  of  this spot with neuraminidas¢ or weak acid and rechromatography 
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g C,.3 

.5C 75 (ml) 100 

Fig. 3. Frac t iona t ion  on Sepha,dex G-15 o f  f ract ion 2 f rom Sephadex  G-25 (Fig. 2). Ly0phi l ized 
fraq:tiort 2 was dissolveC in water  (2 ml)  and  appl ied  to  a c o l u m n  (I × 100 cm)  o f  Sephadex (3-15, 
equilibrt~ted and  e lu ted  with 0 . i  M ~cetic acid at  4 °C with a flow rate  o f  10 ml]h.  Samples  o f  tbe  
fra~ tions (1 ml)  wert: analysed for he~ose A4aoam, ~ [ -1 - - ;  sialic acid A s so ~ .  - - i  I - .  Frac t ions  were  
poc led a~ indicated.  

revealed a spot ~dem:iral to thal of/]-galactosyl(l-3)-N-acetylgalactosaminitol, which 
could also be identil$~:d, after e~ution from the paper, by gas chromato~,~raphy. Tiffs 
wa:; the only spot found after alkaline borohydride treatment of desialylated glyco- 
proteins. 

Pet iodate treatment o f  :~lyeoprotein fractions 
Native glycoproteins that had been treated with periodz~te, alkaline borohy- 

dride reduction and d~:sialylation were examined by gas chromatography for the 
pre ~ence of the disaceharide fi-gal~ctosyl (1-3)- N-acetylgalactosaminitol. The amounts 
of disaccharide obtained after per]odate trealment of glycoproteins is expressed as a 
pereentafe of the umrea~:ed contro! in which periodate was absent (Table II). Samples 
that were desialylated pr~:or to peri3date oxidation were found to c¢ntain no reduced 
disacchari~e, this being completely destroyed duril-,g the reaction. 

Alkaline treatment o f  glycoprotein j;oactions 
Alkaline treatment of all the glycoprotein fractions tested followed by paper 

chromatography gave a spot with e n RF value of 0.09, staining with direct Ehrlich 
rea~gent at rt~om temperature, which is known to be specific for chromogens [26]. The 
pro:lucts from pig and co'~" erythrocyte glycoproteins and human milk fat globule 
membrane glycoproteins however, showed weaker staining spots. The spot corre- 
sponded to that obtained from alkahne treatment of human erythxocyte membrane 
glycoprotein. This 2.one h~m previov.sly been identified from chromato~aphs  of 
alkaline treated bov.ine salivary mucoprotein as 6-O-sialyl-chxomogen, which had 
aris,,~n from 6-O-sialyl-N-acetylgalacto~,mine [16]. 

Elution of  t~ s  spot from the chromatogram, followed by treatment with 
neu:aminidase and ~chroma~:ography, revealed the presence of  a zone corresponding 
to siaF.c r~cid and a zone con'esponding to chromogen I [16]. Alkaline trcatm.ent of 
the de~ialylated glycoproteins revealed c.~romogen 1 as the only spot. 
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lmmunolog/cal assays 
The inhibition titres between the different glycoprotein fractions and the 

agglutinins outlined in Materials and Methods are .,~hown in Table III. It can be seen 
that the strongest inhibitors of  human anti-T serum, A. hypogoea and V. o~raminea 
agglutinins are human, horse and sheep er.vthrocyt¢ glycoproteins. Cow erythrocyte 
a~d human milk fat globule membrane glycoprotc~ins had no detectable inhibitory 
activity against these agglutinins and the pig erythrocyte fraction fell intermediate 
between these two groups. 

T A B L E  I I i  

H A E M A G G L U T I N A T I O N  I ~ H I B I T I O N  O F  A G G L U T I l q l N S  B Y  N A T I V E  A N D  D E S I A L Y L -  
A T E D  G L \ C O P R O T E I N S  

V a l u e s  e r e  e x p r e s s e d  as  t h e  r e c i p r o c a l  o f  t h e i r  i n h i b i t i o n  t i t res .  V a l u e s  r e p r e s e n t  t h e  m i n i m u m  a m o u n t  
o f  i n h i b i t o r  r e q u i r e d  t o  b r i n g  a b o u t  i n h i b i t i o n  o f  f o u r  a g g l u t i n a t i o n  dose s  o f  a g g l u t i n i n .  G l y c o -  
I~ro~-in samp.tes ~t  a c o n c e n t r a t i o n  o f  5 m g / m l  a n d  d i s a c c h a r i d e  o f  2.5 r a g / m l  w e r e  u s e d  a g a i n s t :  
1. M a l y l a t e d  h u m a n  e r y t h r o c y t ¢ ~  o f  g l o u p  O .  2. Desialylate~d h u m a n  e r y t h r o c y t e s  o f  g r o u p  ~ o r  
M N .  3. H u m a n  e r y t h r o c y t e s  o f  g r o u p  A .  4. H u m a n  e r y t h r o c y t © s  o f  g r o u p  O.  

G i y c o p r o t e i n  S o u r c e  o f  A g g l u t i n i n  
f r a c t i o n  

H u m a n  a n t i - T  t ,4. h y p o g o e a  t it. g r a n t i n e a  a H .  p o m a t i a  3 M y x o t : i r u s  "~ 

H u m a n  e *  2 7 .  e 2 ~° g 2 s 0 2 s 2 to  2 e 
H o r s e  o 2 e 2 ° 2 9 ~ 2 ~ ~ 2 7 2 a 
S h e e p  e 2 ~ o 2 s 0 2 3 t ~ 2 9 2 a e 
P ig  e Z o 2 ~ Z 2a e e 2 e ~J 
C o w  o 0 0 0 ~ ~ 0 ~ 2 t 
H u m a n  n t i lk  f a t  o o o o o o 2 s 2 s 2 t 

g l o b u l e  
m e m b r a n e  

f l G a l ( l - 3 ) G a l N  2 ~ 2 5 e z N . T .  

* Le f t  h a n d  c o l u m n  r e p r e s e n t s  n a t i v e  g l y c o p r o t e i n s ,  r i s h t  h a n d  c o l t ~ , m  r e p r e ~ n t ~  dc~ ia ly l a t ed  
g b ~ o p r o t e i n s .  ~ G a I ( I - 3 ) G a l N ,  ~ -D-ga l ac to sy l ( l - 3 ) -N-ace ty l . I~ .ga l ac to san~ ine ;  N . T . ,  n o t  t e s t e d ,  

Only human milk fat globule membrane glycoprotein was found to inhibit 
H. pomatia agglutinin in its native form, although hue~an, horse and sheep erythrocyte 
geycoproteins were inhibitory after desialylation. My~oviral receptors wen present on 
ali glycoproteins tested and in every case this receptor was destroyed after desialyla- 
t:~on, ex~pt  human erythrocyte glycoprotein where it was substantially reduced 
although not completely abolished. 

D I S C U S S I O N  

Carbohydrate analysis of the different glyceprotein fractions revealed that 
horse, sheep and human erythrocyte membrane glycoproteins possessed relatively 
high amounts of N-acetyl-galactosamine and, after edkaline borohydride treatment 
and desialylation, relatively high amounts of the dise ccharide p-D-geda~¢osyl(l-3)-N- 
acetyl-D-gala~,tosaminitol. Glycoproteins from pig and cow erythrocytes and human 
milk fat globule membranes, on the other hand. showed higher amounts of N-acetyl- 
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glt, cosamine and iowel amounts of the: above di~;accharide. Ti~.i~ prc~ba.L,ly represents a 
difference in the amom-':ts of alkali-labile aad alicali-stable ch=til.s ~ithin v-he different 
membra.n¢ ~lycoproteh:,.s. The amounts of u~s~bstituted dtse.cchE ride fi>und in the 
nmive glycopro~eins corresponded to the perc, ntage of disacchaide destroyed by 
peiiodate, with the exc:eption of human milk ~'at globule memb:~me glycoprotein 
wh.~re an exa~'~ correlation was not possible. 

The different amounts of disaccharide p~ese~:t in the glycoprotein reflected 
their ability, after desialylation., to inhibit the ha emagglutination ~ctivity of human 
anti-T serum and A. hypogoea, which arc specific for the disaccharide ~-galactosyl- 
(1-:t)-N-~cetylgalactosami~e (4, 27). IF. ~ r,~minea -~'as also inhibiteJ and as this lectin 
is known to be., blood group N specific as '  yell as req airing the ~bove disacchaxide [28 ], 
it c tn be stated that the serological evidtllce confi~Tns the che:nica~ evidence for the 
pre;ence of the above disa~charide. 

The disacchaxide fl-~;alactosyl(l-3)-N-acetylgalactosaJnine is seemingly wide- 
spread in nature, occurring ~n many non-rrembrane proteins such as pig submaxillary 
gland glycoprotein [29], fet¢in [30] and "'autifreeze" glycoprotein from Antarctic fish 
[20] as well as on other membranes such as human erythrocyte membrane glycopro- 
tein [1 ]. We have also shown it to be prest~nt on bovine milk fat globule membrane 
[11 "~ and on pig lymphocyte, plasma membrane [10]. In most cases it is further 
sub:;tituted by sialic acid or fucose, a i tho tgh  the T-antigen has b ~ n  serologically 
detected on certain mammary tumour cell ,~t~rfaces [9]. 

Alkaline-labile fragmer,,ts of horse m~d sheep erythrocyte gl3coproteins were 
sho~vn, after purification on Sephadex ge|s, to contain a tetras~.cchar/de which 
possessed two molecules of sia~ic acid linked ro the reduced disacchar~de ~-galactosyl- 
(l-3)-N-acetylgalacto.,;aminitol. Treatment by periodate showed that galactose could 
be either monosubstituted by si[dic acid at C3 ~r disubst~tuted. N-acetylgalactosamine 
was shown, by chromogen formation in an alkaline medium followed by paper 
chromatography, to t~  substituted at C6 by .,;ialic acid [16, 11 ]. As no alkali-labile 
N-acetylgalactosamim; was detected the sialyl-~:hromogen must have ~g~.nated from 
~he ~Jkaline-labile tetrasacchaxid,~ and in order to fit the periodate oxidation data the 
second molecule of sialic acid m~st be linked ~ o the C3 position of ~;al~ctose in the 
tetra~accharide. This structure, shown in Fig. 4, was further supported by paper 
chro~natography of alkaline borohydride treate¢ ~. glycopro:eins. In vie'.v of the known 
specificity of neuraminidasc [31], the sialyl linkajes are shown as 0~ in Fig. 4. 

This structure i~ identical to that isolated from human erythro-~-~¢e membrane 
by VVinzler [1 ] and recently shown to be present ,)n bovine milk fat globules [11 ] and 
rat b:ain glycopeptide,.; [32]. 

protein 

Sial ic ecld 
2 

0 
SiaUc ~;cid (c(Z-3)Galactose{81- ' , l |N-acety|-Gelactos.;mlne 

Fig. 4. Proposed s:r,,cture o f  alkali-labilo tet~'asaccharide. 
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Glycoproteins from pig and cow erythrocyte membrane and from human milk 
fat globule membrane were also shown to contain an alkali-labile oligosaccharide in 
which the (=6 position of  N-acvtylgalactosamine is substituted by sialio acid. As intact 
alkali-labile oligosaccharides were not isolated f rom these fractions, it is not  known if 
the gatactosyl moiety is substiluted by one or more sialic acid residues, al though the 
total amounty of sialic acid and galactose presem suggest that  the galactose residue is 
ovly monosubstituted and hence would b~ at position C3 to satist~ periodate oxida- 
tion data. 

Horse, sheep and human erythrocyte glycoprotein fractions also showed 
evidence for a second sialic acid substituted carbohydrate chain, as the agglutinin 
from h'. ponmtia was inhibited only after desialylation. This would suggest a terminal 
N-ac~tylgalactosamine residue masked by sialic acid. Alkaline borohydride treatment 
follow~ 1 by desialylation and gas chromatography failed to detect the presenc~ of  an 
N-acctyigalactosaminitol p~ak and so it is not known whether this carbohydrate 
group is linked directly to protein or is the terminal sequence of an alkali-stabl~ chain. 

The- inhibition of myxovirai haemagglutination was not found to be propor- 
tional to the amount  of  sialic acid present and or.her factors as well as sialic acid 
contem must be important  such as topographical distribution and molecular weight. 

It is of interest to note that human erythrocyte membrane glycoprotein is very 
different from human milk fat globule m©mbrane glycoprotein, the former possessing 
high amounts of alkali-labile oligosaccharides and the T-antigen, after desialylation, 
whereas the latter possesses very little. The bovine erythrocyte, by contrast, exhibits 
the opposite relationship. Previous work [11] showed the bovine milk fat globule 
membrane glycoprotein to possess relatively high ~mounts of  alkali-labile material 
(and the T-antigen after desialylation) whereas the res-'.dts in this paper show very 
little to be present on bovine erythrocytes. Previous reports have shown bovine 
erythrocytes to be devoid of T-antigen [4], but  the results presented here show that 
chemically the immunodominant  disaccharide can be detected if only in low amounts,  
presumably too low to be detected by normal haemagglutination inhibition tests. 

The results presented in this paper show that chemical findings on alkali-labile 
oligosaccharides can be correlated with known serological properties of  cells lind in 
view of  the existence of the T-antigen on turnout  cells [9], these methods may prove to 

usefu| in determining the chemical structures of  anti~,cns associated with different, 
as well as malignant cells. 
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