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ABSTRACT 

The M-, N-, and MN-glycoproteins obtained from human erythrocytes by 
phenol-water extraction were purified by gel filtration and digested with Pronase and 
trypsin. The products of degradation were fractionated by gel filtration on Sephadex 
G-25 and DEAE-Sephadex A-50 and the fractions were examined by poly(acrylamide)- 
gel electrophoresis in the presence of dodecyl sodium sulfate, analyzed for carbo- 
hydrate and amino acid contents, and tested for M and N blood-group activity. From 
the results, it is suggested that the glycoprotein chains are composed of a hydrophobic 
moiety devoid of carbohydrate chains and a hydrophilic moiety containing carbo- 

hydrate chains of different compositions, irregularly distributed along the protein 
chains and linked to L-asparagme, L-serine, or L-threonine residues_ The M and N 
activity typical for the undegraded glycoproteins, and the “basic” or “precursor- 
type” N activity, were found in different glycopeptlde fractions. 

INTRODUCTION 

Glycoproteins obtained from human erythrocyte stroma and showing blood- 
group M and N activities are degraded by proteolytic enzymes to (a) an insoluble or 
readily precipitable fraction that contains a low proportion of carbohydrate residues, 
plus (b) a glycopeptide fraction that contains a higher proportion of carbohydrate 
residues than does the original glycoprotein *e-4_ The biological activity is lessened by 

proteolytic degradation , *s3 Two types of carbohydrate chain, having different com- 

positions, are present: one is composed of N-acetylneuraminic acid, D-galactose, and 

2-acetamido-2-deoxy-D-galactose (N-acetyl-D-galactosamine) in the ratios of 2:l:l; it IS 
alkali-labile, and is linked through an L-serine or L-threonine residue to the protein 
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backboness6 (Type I). The other kind of chain contains D-galactose, D-mannose, 
L-fucose, 2-acetarnido-2-deoxy-D-glucose (IV-acetyl-D-glucosamine), and a small 
proportion of N-acetylneuraminic acid; it is alkali-stable, and is probably linked to the 
protein backbone through a 2-acetamido-l-N-(r_-aspart4oyl)-2-deoxy-~-D-gluco- 
pyranosylamine bond’*’ (Type II). Th e p resent report describes the fractionation and 
examination of the products of proteolysis of M and N blood-group glycoproteins, in 
order to ascertain the relative distribution of the two types of chain along the protein 
backbone. 

EXPERIMENTAL 

General methods and material. - The glycoproteins were prepared by phenol- 
water extraction9 of erythrocytes of human blood having blood-group 0 activity, and 
were purified by gel-filtration on Bio-Gel P-300 in 50 mM pyridine acetate buffer at 
pH 5.5. Pronase was obtained from Sigma Chemical Co. (St. Louis, MO.) and trypsin 
from Worthington Biochemical Corp. (Freehold, N. J.). The amino acid analysis 
was performed with a Beckman Model 117 automatic ammo acid analyzer. 

The blood-group activity of the glycopeptides was determined by the inhibition 
of hemagglutination2, with rabbit immune anti-M and anti-N sera obtained from 
Ortho Diagnostics (Raritan, N. J.). 

Gel electrophoresis. - Poly(acryIamide)-gel electrophoresis was performed in the 
presence of dodecyl sodium sulfate as described by Weber and Osbom“‘, except that 
ethanethiol was not added. A mixture containing a solution (50 ~1) of the glycopeptide 
(4 mg/ml) in 10 mu disodium hydrogen phosphate-potassium dihydrogen phosphate 
buffer containing 1% of dodecyl sodium sulfate @H 7.1), glycerol (2 drops), buffer 
(150 d), and 0.05% Bromophenol Blue (6 ~1) was deposited on the gel (2.2 ml), and 
a current of -7.5 mA was applied for 4 h. A sample of human q-acid glycoprotein 
was applied as a standard. The gels were stained at room temperature with the periodic 
acid-S&X reagent according to the method of Zacharius et aZ.l’ (except that the 
12.5% solution of trichloroacetic acid contained 50% of ethanol in order to avoid the 
elution of glycopeptides), or with a 0.2% solution of Coomassie Brilliant Blue con- 
taining 10% of acetic acid and 50% of methanol. The excess of stain was removed 
with a solution containing 5% of acetic acid and 25% of methanol. 

Carbohydrate determination. - The sugar components were determined by gas- 
liquid chromatography after methanolysis, according to a modificationl’ of the pro- 
cedure of Clamp et al.’ 3, and by the following calorimetric methods: neutral sugars 
by the phenoI-suhuric acid reagent’ 4; 2-amino-2-deoxy-D-gallactose (D-galactosamine) 
and 2-amino-2-deoxy-D-glucose (D-@UCOSamine) by treatment with Z&pentanedione 
at low and high temperatures according to a modification’ of the method of Ludo- 
wieg and Benmaman’ 5, after hydrolysis in 3~ hydrochloric acid for 2 h at 110”; and 
sialic acid by the resorcinol test 1 6. 

Digestion zuith trypsin. - A 2% solution of M-glycoprotein containing 0.02% of 
trypsin was incubated under toluene for 2 h at 37”. The flocculent, light precipitate 
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(MT,,3 was centrifuged off at 30,00040,000g, and washed twice with water, and an 
aqueous suspension of the precipitate was lyophilized. Trichloroacetic acid was added 
to the supematant liquor until a concentration of 5% thereof was reached, and the 
precipitate was centrifuged off and discarded. The carbohydrate contents of the start- 
ing material and of the precipitate (MT,,J and the yield of the precipitate are reported 
in Table I. The supematant liquor was extracted three times with ether (to remove the 
trichloroacetic acid) and concentrated in vacua to 10-15 ml in a rotary evaporator at 
a bath temperature of 40”. The concentrated solution was used for the fractionation 
on Sephadex G-25. 

TABLE I 

CAREOHYDRATECOKPOSITIONOF M-,N-,AND MN-GLYCOPROTEINS AND OFTHEIRPRODUC~SOF 

DEORADA~~ON~~~SINANDPRONASE,AND =LDOF~~ROD~C~SOFDEGRADAT~~N 

Substances Yzeld Cp) Carbohydrate components (%)b 

Gal Glc Man Fuc GNAc GalNAc NANA 

Starting mnterials 
M-Glycoprotein 9.0 
N-Glycoproteln 11.0 
MN-Glycoprotem 10.2 

Degradation, wir?z trypsin, of M-glycoprotein 
Precipitate: 

MT,,, 0.19 3.8 
Sephadex G-25 fractton: 

MT, 0.45 14.2 
DEAE-Sephadex A-50 
fractions: 

MI-I 0.25 14 5 
MI-II 0.09 10.7 

0.1 1.4 0.5 2.4 4.8 19.2 

0.2 1.6 0.5 3.1 5.5 19.2 
0.5 1.5 0.5 2.8 5.1 19.3 

0.3 0.2 

0 1.9 

0 20 
0 0.3 

0 3.0 0.9 1.7 

08 3.2 8.6 31.4 

0.9 
0.2 

0.5 
0.4 
0.5 

0.9 
0.8 
1.2 
0 
0 
0.7 

1.3 
0.7 

4.7 10.4 29.8 
0.9 5.9 29.2 

Degradation, with Pronase, of M-, N-, and MN-glycoprotein 
Precipitate: 

MP,,t 0.11 4.4 0 5 0.5 
NP,,t 0.13 4.9 1.7 0.5 

MN,,, 0.10 7.2 0.7 0.3 

Sephadex G-25 fractions: 

MPA 0.35 17.4 0.1 3.3 
NPA 0.35 19.1 0.1 3.1 

MNP, 0.31 19.2 0.1 2.7 
MPB 0.08 9.5 0.8 0.5 
NPB 0.06 14 3 0.6 0.9 
MNP, 0.10 13.7 0.4 0.9 

DEAE-Sephadex A-50 
fractions: 

MNPA-I 0.04 17.9 0.6 9.1 
MNP,-II 0.20 16.6 0 1.2 

42 0 1.4 

4.5 0 1.2 

5.0 0 26 

5.1 9.6 29.2 
6.6 10.9 39.8 
6.2 10.3 31.6 
0 7.2 31.3 
0 7.5 38.3 
0 9.5 32.5 

17.5 5.3 21.8 
4.6 10.6 33.2 

"Weight of starting materials: 1.0 g. bAbbrevrations: Gal, galactose; Glc, glucose; Man, mannose; 
FUC, fucose; GNAc, N-acetylglucosamine; GalNAc, N-acetylgalactosamine; and NANA, N-acetyl- 
neuramimc acid. 
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Digestion, mith Pronase, of M-, N-, and MN-glycoproteins. - The pH of a 2% 
solution of glycoprotein (M-, N-, and MN-glycoprotein, respectively; 1.0 g) mM in 
calcium acetate and containing 0.02% of Pronase, was adjusted to 7.5 with solid 
sodium hydrogen carbonate, and the solution was incubated under toluene at 37”. 
After 24 h, the concentration of Pronase was increased to O-03%, the pH was readj- 
usted to 7.5, and the incubation was continued for 2448 ,h. The heavy, dense precipi- 
tate formed during the digestion was centrifuged off at lg,OOOg, was washed twice 
with water, and lyophilized (MP,,,, NPppl, and MNppt, for M-, N-, and MN-glyco- 
protein, respectively). The carbohydrate contents of the starting materials and pre- 
cipitates, and the yields of the precipitates, are reported in Table I and the amino 
acid contents in Table II. The supernatant liquors (MP,,, , NP,,, , and MNP,,,) were 
treated with trichloroacetic acid, and then fracttonated on Sephadex G-25 as described 
for the supernatant liquor from the trypsin degradation. 

TABLE II 

AhlINO ACID COMPOSITION OF M-GLYCOPROTEIN AND OF ITS PRODUCTS OF DEGRADATION WITH 

PRONASE“ 

Amino acids Substances 

M- Glycoprotem MPA MPB 

ASP 1.89 1.05 1.35 2.16 
Thr 2.98 3 08 3.56 3.98 
Ser 3 18 3.46 4.51 2.50 
GlLl 2 62 2.60 1.66 2.22 
Pro 1.79 1.42 0.79 4.91 

GUY 1.54 5.47 0.55 0.41 
Ala 1 69 2.34 0 66 2 39 
Val 2 64 2.95 1.70 0.67 
Ile 1.71 6 85 0.63 0.74 

Leu 1.76 441 0.02 0 59 

TY~ 0.52 0.80 0.30 0.85 
Phe 0.58 1.64 0 0 

LYs 1.28 0.36 0.98 0.58 
HIS 1.11 0.79 1.03 004 
Arg 1 58 2.01 0 30 3.09 

Txpressed m moles/IO mg of glycoprotein. 

Digestion, with Pronase, of rJle products of trypsin degradation of A4-gi’ycoprotein 

(MT,,, 9 MT-I, and MT-II). - The glycopeptide fragments obtained by trypsin 
digestion before and after fractionatton on Sephadex G-25 (MT,,, , MT-I, and MT-II, 

see following paragraphs) were digested with Pronase for 24 h at 37”, as described for 
the M-, N-, and MN-glycoproteins, to give the fractions MTppl-P, MT-IP, and MT- 

HP. These fractions were compared by poly(acryIamide)-gel electrophoresis (see 
following paragraphs) with the fractions (MP, and MP,) obtained by direct Pronase 
digestion of M-glycoprotem. 
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Fractionation of glycopeptides obtained by trypsiin or Pronase digestion of M-, IV-, 

and MN-glycoproteins on Sephadex G-25. - The concentrated solution obtained by 
removal of the precipitates and trichloroacetic acid treatment of the trypsin or Pronase 
digests of -900 mg of glycoprotein was fractionated on a column of Sephadex G-25 
(bed volume, 550 ml) in water. Fractions (4 ml each) were collected every 10 mm, and 
aliquots (0.05 ml) were used for calorimetric determinations with the phenol-sulfuric 
acid, resorcinol, and ninhydrin reagents. The fractionation of the digest of M-glyco- 
protein with trypsin gave only one fraction in the void volume (MT,) (see Fig. 1). 

FRACTON NUMBER 

Frg. 1. Fracttonation, on Sephadex G-25, of the soluble products of the drgestion of M-glycoprotein 
(about 900 mg) wrth trypsin. [Bed volume of the column, 550 ml. Fracttons (4 ml) were collected at 
lo-min intervak. Aliquots (0.05 ml) were analyzed for carbohydrates by the phenol-sulfuric acid 
method (- absorbance at 490 run), for sialic acid by the resorcinol method (- - -, absorbance 
at 580 mn), and’for peptrdes by the ninhydrin method ( - - -, absorbance at 510 nm).] 

Fractionation of the digests of M-, N-, and MN-glycoproteins with Pronase gave two 
fractions partially excluded (MP, and MP,, NP, and NP, , MN, and MN,, respec- 
tively). The fractionation of the digest of MN-glycoprotein is illustrated in Fig. 2. The 
yields and carbohydrate compositions are reported in Table I, and the amino acid 
composition of MP, and MP, in Table II. 

Further fractionation on DEAE-Sephadex A-50, of the glycopeptides obtained by 

trypsin or Pronase digestion. - An aliquot (100 mg) of the materials obtained in the 
void volume of the Sephadex G-25 fractionations (MT’, MP,, NP,, and MNP,, 

respectively) was further fractionated on a column of 0-(2-diethylaminoethyl)- 
Sephadex A-50 (2.5 g) that had been equilibrated with a 2Om~ disodium hydrogen 
phosphate-potassium dihydrogen phosphate buffer (pH 7.0). Fractions (2 or 2.5 ml) 

were collected at 10-15 min intervals. After 20 fractions had been obtained, a linear 
gradient of sodium chloride was applied by using equal proportions of the buffer 
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MNPA MNPe i 
_- f ! 

42- : 

fRAC?-/ON NUMBER 

Fig. 2. Fractionation, on Sephadex G-25, of the soluble products of the digestion of MN-glycoprotem 
(about 900 mg) with Pronase. [Bed volume of the column, 550 ml. Fractions (4 ml) were collected at 
IO-min intervals. Aliquots (0.05 ml) were analyzed for carbohydrates by the phenol-sulfuric actd 
method (-, absorbance at 490 mu), for siahc acid by the resorcinol method (- - -, absorbance 
at 480 nm), and for peptides by the ninhydrin method ( - * -, absorbance at 510 nm).] 

solution and the same buffer solution that was 0.5~ in sodmm chloride. The fractions 
were tested (on aliquots) with the phenol-sulfuric acid reagent. The material obtained 
by elution, from the DEAE-Sephadex columns, of the trypsin digest of the M-glyco- 
protein was further fractionated on Sephadex G-25 (MT,,) (see Fig. 3) and thus 
arbitrarily separated into Fractions MT-I and MT-II. The fractionatton. on DEAE- 

MT-I MT-XC 

40 20 30 40 50 60 70 a0 90 100 

FRACTiON NUMBER 

Fig. 3. Fractionation, on DEAE-Sephadex A-50, of the glycopeptides (MT,) obtained by digestion 
of M-glycoprotein with trypsin, followed by fractionation on Sephadex G-25. [MTw (100 mg) was 
adsorbed on a column of DEAE-Sephadex A-50 (2.5 g), equilibrated with 0.02&i phosphate butfer at 
pH 7.0, and eluted with the same buffer solution. Fractions (2 ml) were collected at IO-min intervals; 
after collection of 20 fractions, a linear gradient of sodium chlonde was applied by mixmg 300 ml of 
phosphate buffer with 300 ml of phosphate buffer that was 0.5&l in sodium chloride; the phenol- 
sulfuric acid test was performed on aliquots (0.1 ml).] 
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Sephadex, of the material obtained after Pronase digestion of the M-, N-, and MN- 

glycoproteins, followed by fractionation on Sephadex G-25 (MP,, NP,, and MNPA, 

respectively) is illustrated for MNP, in Fig. 4; it gave two fractions (M-, N-) MAW,+-1 
and (M-, N-) MNP,II, respectively. The fractions were desalted by filtration on 
Bio-Gel P-6, and Iyophilized. The carbohydrate content and yields for MT-I, MT-II, 

MNP,-I, and MNp,-II are reported in Table I. 

MNP,,-I MNPA-II: 

P 03- -03 
?I 

-02 h 
5 

-01 s 

B 
P 

20 33 40 50 60 70 80 90 300 110 720 i30 

fR&CT/ON NUMBER 

Ag. 4. Fractlonatlon, on DEAE-Sephadex A-50, of the glycoprotem (MNP,) obtamed by Pronase 
digestion of MN-glycoprotein, followed by fractionation on Sephadex G-25. [MNPA (100 mg) was 
adsorbed on a column of DEAE-Sephadex A-50 (2.5 g), equilibrated with 0.02M phosphate buffer at 

pH 7.0, and eluted with the same buffer solutlon. Fractions (2 ml) were collected at IO-min intervals; 
after collection of 20 fractrons, a linear gradient of sodium chloride was applied by mlxmg 300 ml of 
phosphate buffer with 300 ml of phosphate buffer that was 0.5hr in sodium chloride; the phenol- 
sulfuric acid test was performed on aliquots (0.1 ml).] 

Fractionation of the material obtained by trypsin digestion of M-glycoprotein 
on Bio-Gel P-100 gave results simiiar to those obtained by fractionations on DEAE- 
Sephadex A-50, and the carbohydrate compositions correspond to each other. 

RESULTS 

Degradation, with trypsin and Pronase, of glycoproteins having blood-group M 
(M-glycoprotein), N (N-glycoprotein), and MN (MN-glycoprotein) activity showed 
the formation of a light, dr5cultly sedimentable fragment with the first enzyme, 
whereas the second enzyme gave a heavy precipitate that was readily centrifuged off. 
The yield of the precipitate obtained by Pronase digestion was almost identical for the 
three glycoproteins (1 l-14%). Precipitates obtained by both enzymic degradations 
showed a low content of carbohydrate, with a very small proportion of sialic acid and 
no (or only traces of) galactosamine. The main carbohydrate components were galac- 

tose and glucosamine, the other carbohydrates (sialic acid, fucose, mannose, and 

glucose) being present in trace proportions only (see Table I). The amino acid analysts 
of one of the precipitates (MP,,J showed a large proportion of hydrophobic acids 

(see Table II). 

Fractionation on Sephadex G-25 (see Fig. 1) of the supernatant liquor from the 
trypsin degradation of M-glycoprotein gave one main peak of material eluted in the 
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void volume (MT,), with duly a small proportion of peptides of low molecular 
weight and amino acids. Fr_actionation of this material on DEAE-Sephadex (see 
Fig. 3) gave a sharp, main peak (MT-I) and a “tail” fraction (MT-II). The carbohy- 
drate content of these two fractions (see Table I) indicated the presence of both types 
(I and Il) of chain in the first fraction, and a preponderance of Type I chains in the 
second fraction_ Further degradation of these two fractions with Pronase gave two 
fractions (MT-IP and MT-III?) that were shown, by disc-gel electrophoresis, to be 
similar to the fractions obtained directly by Pronase digestion of the M-glycoprotein 
(MP, and MP,). 

Fractionation, on Sephadex G-25, of the supematant liquor from the Pronase 
digestion of the M-, N-, and MN-glycoproteins gave a main peak in the void volume 
(MNP,, illustrated for MN-glycoprotein in Fig. 2) also, and, in addition, a slightly 
retarded peak (MNP,), besides a large proportion of peptides of low molecular 
weight and amino acids. The yieids of the first fraction (MP,, NP,, and MA?Pd were 
37, 35, and 32%, respectively, whereas those of the second fraction varied from 7 to 
10% (see Table I). A low content of mannose and the absence of gIucosamine indi- 
cated that Fraction MNP, contained mainly Type II chains, whereas Fraction MNP, 
contained both types of chain, as shown by its composition (which was similar to that 
of the starting material). Further fractionation of Fraction MNP, on DEAE-Sephadex 
A-50 gave, however, in the ratio of 1:4, two distinct Fractions, MNp,I and MNp,-II 
(see Fig. 4), which showed very different contents of carbohydrate (see Table I). In 
relation to the second fraction, the tist fraction contains about 8 times as much 
mannose and 4 times as much glucosamine, and 2/3rds the proportion of sialic acid; 
this indicates a large preponderance of Type II chains in Fraction MNP,-I and of 
Type I chains in Fraction MNp,-II. 

Comparison of the various glycopeptides by disc-gel electrophoresis (see Fig. 5) 
showed, in the component of high molecular weight of the trypsin digest (AU,) of 
M-glycoprotein, the presence of two components (MT-1 and MT-II) incompletely 
separated by chromatography on DEAE-Sephadex. The main glycopeptide compo- 
nent of the Pronase digest of the M-glycoprotein (MPJ had a molecular size lower 

Fig. 5. Electrophoretic patterns, in poly(acrylamide) gel-dodecyl sodium sulfate, of the fractions 
obtained after digestion of M-glycoprotein with trypsin and Pronase. [The gels were stained xmth the 
periodate-Schlff reagent, and the color intensity is given by the depth of shading. The products of 
protaolytic digestion of M-, N-, and MN-glycoproteins gave no color with Coomassie Brilhant Blue.1 
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than that of MT-I, and was heterogeneous. Fraction MP, also migrated faster than 
MT-II, and showed little reactivity with the periodate-Schiff reagent, most probably 
because of losses (during the staining procedure) owing to the low molecular weight. 
The glycopeptides obtained by trypsin and Pronase digestion (MT-IP and MT-III’) 
gave patterns similar to those obtained directly by Pronase digestion (MP, and MP,, 
respectively). The precipitates obtained by trypsin and Pronase digestion (MT,,, and 
MPpJ were heterogeneous. Al1 of the products of proteolytic digestion of the M-, 
N-, and MN-blood-group active glycoproteins gave a positive reaction with the 
periodate-Schiff reagent, but they gave no color with Coomassie Brilliant Bhle. 

Proteolytic digestion of M- and N-glycoproteins is known to lessen the 3iologi- 
cal activity . 2*3 The glycopeptides that possess the highest molecular weight showed 
specific, blood-group activity. The Fractions MT-I, NT-I, MP,. and NP, inhibited 
hemagglutination by anti-M and anti-N sera, respectively, at a concentration of 
- 1 mg[ml for a sera titer of 1:8, whereas the untreated glycoproteins showed specific 
inhibition at a concentration of 40-80 ,~g/ml (see Table III). The precipitate of the 
Pronase digest (MP,,J and the glycopeptide fractions (MT-IT, NT-II, MP,, and 
NP,) of lower molecular weight were inactive, or showed a very weak, unspecific 
inhibition of anti-M and anti-N sera at a concentration of 10 mg/ml. The readily 
precipitable fractions of the trypsin digest (MT and NT,,3 always showed weak 
N-activity, independent of the specificity of the starting material (see Table HI). 

TABLE III 

M- AND N-BLOOD-GROUP ACTIVITY OF M- AND N-GLYCOPROTEINS AND THEIR PRODUCTS OF 
DEGRADATIONWITHTRYPSINANDPRONASE* 

Substances Blood-group activity 

M N 

M- GIycoprotein 

Trypsin digest 
precipitate (MT,,3 
supematant liquor (MT-I) 

Pronase digest 
precipitate (iVW& 
supernatant liquor fractionated on Sephadex G-25 and DEAE- 
Sephadex A-50 (MP*-II) 

N- Glycopro rein 

Trypsin digest 
precipitate (NT,,,) 
supematant liquor (NT-I) 

Pronase digest 
precipitate (NpPJ 
supematant liquor fractionated on Sephadex G-25 and DEAE- 

Sephadex A-50 (NPA-Ix) 

128 

<1 16 

8 <I 

8 

<l 

Cl 8 
Cl 8 

-Cl 

64 

<I 

8 

*A maxima1 ddution of a 1% solution at which 4 agglutinating doses of antiserum were completely 

inhibited. 
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DISCUSSION 

The differences in the carbohydrate and amino acid composition of the fractions 
obtained by proteolytic digestion of erythrocyte glycoproteins indicate the high 
asymmetry of the chemical structure of these glycoproteins. This asymmetry has been 
reported2-4, and is in agreement with the current concept of membrane structure: the 
hydrophobic portion of the glycoprotein is anchored in a lipid bilayer, or spans the 
membrane”, whereas the hydrophilic portion, rich in carbohydrates, is exposed on 
the external surface of the erythrocyte. This chemical asymmetry of the molecule 
explains the strong tendency of isolated glycoproteins to aggregate in aqueous 
solution’“. 

Human erythrocytes contain one main type of glycoproteins that show the same 
pattern in dodecyl sodium sulfate-poly(acrylarnide)-gel electrophoresis, regardless of 
the method used for isolation lg. On examination by dodecyl sodium sulfate-poly- 
(acrylamide)-gel electrophoresis (see Fig. 5, M, and ref. 19), the glycoproteins isolated 
are usually found to be not compIetely homogeneous, but it has not yet been estab- 
lished whether the additional fractions, which react less intensively with the periodate- 
Schiff reagent, are products of autolysis of the main glycoprotein, or whether they are 
minor glycoprotein components of the erythrocyte. These fractions, which have lower 
molecular weights, include a lipid component that is the fastest-moving on electro- 
phoresis; they seem to form, with the main glycoprotein, strong micelies that can be 
separated only by the action of detergents. 

The insoluble fractions obtained by proteolytic digestion of the glycoproteins 
are readily dispersed in a solution of dodecyl sodium sulfate, and they were shown 
by electrophoretic examination (see Fig. 5; MT,,, and MP,,3 to be heterogeneous. 
This heterogeneity, the low content of carbohydrate components, and the high pro- 
portion of hydrophobic amino acids suggest that these insoluble fractions constitute 
the hydrophobic center of the micelles, and that they contain that part of the glyco- 
protein that is embedded in the erythrocyte membrane. This hydrophobic portion of 
the glycoprotein is more strongly aggregated than the original glycoprotein, as shown 
by the insolubility, in water, of the precipitates obtained by digestion with Pronase. 

Most of the carbohydrate chains of the degraded glycoproteins are found in the 
soluble glycopeptides. A more heterogeneous glycopeptide mixture is formed by 
extensive proteolysis with Pronase than by limited degradation with trypsin; this 
observation suggests that the heterogeneity of the glycopeptides is a consequence of 
the internal heterogeneity of each glycoprotein moIecuIe and not of a heterogeneity as 
between individual glycoprotein molecules: each glycopeptide fraction represents a 
different fragment of the glycoprotein molecule, which has a heterogeneous distribu- 
tion of oligosaccharide chains along the protein backbone. Some fragments of the 
glycoprotein chain contain only Type I or Type II carbohydrate chains, whereas 
others contain both types of chain, but in distinctly different proportions. The exist- 
ence of both types of chain in the same glycoprotein molecule seems more probable 
than the existence of Type I and Type Il chains in separate glycoprotein molecules, 
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but some microheterogeneity of the structure and distnbution of the oligosaccharide 

chains cannot be excluded, and some of the glycoprotein molecules may not be 
identical. 

The M and N blood-group specificity probably depends on the structure of the 
alkali-labile, Type I oligosaccharide chains ‘. The fractions of MP, and iVP, (which 
contain, almost exclusrvely, Type I chains) did not inhibit the hemagglutination, 
probably because of too low a molecular weight or lack of additional, structural 
requirements2’. The specific, blood-group M or N activity was always found in the 
glycopeptide fractions of higher molecular weight (MT-I, NT-I, MP,, and NP,; see 

also Table III). The hydrophobic, precipitable fraction from the trypsin digest always 
showed blood-group N activity, regardless of the serological specificity of the original 
glycoprotein. Blood-group N activity has been detected in M-erythrocytes and M- 
glycoproteins after partial degradation (for a review, see ref. 21) and the N-glyco- 

protein is considered to be a precursor that can be transformed into an M-specific 
substance by genetic control 22*23. The results presented here demonstrate that the 
“precursor-type”, blood-group active, N immunodeterminants are situated on a 
fragment of the glycoprotein molecule different from that where “typical” M or N 
determinants are situated; this observation may be helpful in the elucidation of the 
mechanism, as yet unknown, of genetic control of biosynthesis of M- and N-specific 
structures. 
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