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In  an  earlier  report (Lis, H., and  Sharon, N. (1978) J. Bid.  Chem. 253,  3468-3476) it  was 
concluded that  the  plant glycoprotein  soybean  agglutinin  contains  two  types of N-glycosidically 
linked carbohydrate  units,  both consisting of mannose  and N-acetylglucosamine, in  a  molar ratio 
of 9:2. Both were described to  have  the  same  core  structure, Mana(l+  6)[Mana(l+ 3)]ManP(l 
-+ 4)GlcNAc#l(l-+ 4)GlcNAc, but different patterns of branching. 

Here  we  present data showing that  the  asparagine-linked  carbohydrate moiety of soybean 
agglutinin is homogeneous and possesses the following structure: 
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\ 
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This conclusion is based  on  high  resolution ‘H NMR spectroscopy at 500 MHz  of the isolated 
glycopeptide, and at  360  MHz  of the oligosaccharide MansGlcNAc obtained  after  digestion of the 
crude  soybean  agglutinin glycopeptide by endo-P-N-acetylglucosaminidase H. The  revised struc- 
ture is identical in  all  respects  with that of the high  mannose N-glycosidic units of porcine 
thyroglobulin, of bovine  lactotransferrin,  and of the glycoprotein  from Chinese hamster  ovary 
cell membranes. 

Glycoproteins are  ubiquitous in nature, e.g. as enzymes, 
hormones,  lectins, immunoglobulins, and  structural  elements. 
To understand  the role of the  carbohydrate  units of these 
compounds in the biochemical  processes  wherein they  are 
involved, the  primary  structures of these  units  have  to be 
elucidated. 

Despite  the diversity of glycoproteins, their  carbohydrate 
components  have  many common structural  features (1-3). In 

particular,  the oligosaccharide chains N-glycosidically linked 
to  an  asparagine  residue of the  protein backbone appear  to 
possess  a  virtually invariant core structure of a pentasaccha- 
ride,  ManaGlcNAcZ.’ For  the oligomannoside-type structures, 
containing  no  other  sugars but only additional  mannoses 
linked to  the core  region, nearly all investigations led to  the 
following structure  in  its  entirety  (see below) or  to  partial 
structures  thereof, lacking one  or  more of the a ( l +  2blinked 
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FIG. 1. The 500-MHz 'H  NMR 
spectrum of ManaGlcNAczAsn. A,  
overall 500-MHz 'H NMR spectrum of 
glycopeptide MangGlcNAczAsn  from 
soybean agglutinin in DzO at 300 K to- 
gether with its structure. Asterisks, spin- 
ning side bands. B, structural reporter 

- b l w m )  5 0  L O  ao 2 0  
.~ group regions of the resolution-enhanced 

500-MHz 'H  NMR  spectrum of Man9- 
GlcNAczAsn in Dz0 at 300 K. The num- 
bers and letters in the spectrum refer to 
the corresponding residues in the struc- 
ture. B c L 
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chemicai and enzymic methods. Mainly on the basis of meth- 
ylation analysis, it was  proposed that two types of carbohy- 
drate moieties occur in SBA.'  One contains two branches of 
only a ( l  -+ 2)-linked mannoses attached  to the core penta- 
saccharide, and another one has  three branches, having the 
second branching point on the a ( l  -+ 3)-linked mannose 
residue of the core (Man 4)  (4). Since SBA is one of the very 
few, rather well characterized plant glycoproteins, the ques- 
tion arose whether these  structures would  be  specific for 
plants, implicating another way of biosynthesis and/or proc- 
essing of the carbohydrate chain than generally accepted to 
occur in animals (e.g. Ref. 5). 

During the last few years high resolution 'H NMR spec- 
troscopy has proved to be a powerful method for the deter- 
mination of primary structures of carbohydrate chains of a 
wide variety of glycoproteins (6). Recently, considerable prog- 
ress has been made in applying this technique for elucidation 
of oligomannoside-type structures (7-12). Therefore, it was 
decided to reinvestigate the carbohydrate moiety of SBA  by 

The abbreviation used is: SBA, soybean agglutinin. 

means of high resolution 'H NMR spectroscopy. 
Solutions  in  DzO (2 mM)  of the glycopeptide, 

MangGlcNAczAsn (4), and of the corresponding decasaccha- 
ride, MangGlcNAc (prepared by digestion of the crude glyco- 
peptide with endo-P-N-acetylglucosaminidase H, followed  by 
purification by ion  exchange chromatography on a column 
(0.9 X 60 cm) of Dowex  X2 in pyridine/acetate buffer, pH 3.4) 
were adjusted to pD 7. Deuterium-exchanged samples were 
prepared by a &fold lyophilization of the solutions, finally 
using 99.96 atom % deuterated DzO (Aldrich). The 500-MHz 
'H NMR spectra of the glycopeptide were recorded on a 
Bruker WM-500 spectrometer, operating in the pulsed Fourier 
transform mode at probe temperatures of  300 K or 330 K, and 
equipped with a Bruker Aspect-2000 computer. The 360-MHz 
'H NMR spectrum of the oligosaccharide  was recorded at 300 
K on a Bruker HX-360 spectrometer, equipped with a Bruker 
BNC-12 computer. Resolution enhancement was achieved by 
Lorentzian to Gaussian transformation from quadrature phase 
detection, followed  by  complex Fourier transformation (13). 
Chemical shifts at 300 K are expressed  in parts per million 
downfield  from internal sodium 2,2-dimethyl-2-silapentane-5- 
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TABLE I 
'H chemical  shifts of structural  reporter  groups of constituent 

monosaccharides  for  the  carbohydrate moiety of soybean 
agglutinin a n d  for a urinary  oligosaccharide  from  mannosidosis 

patients (1 1) 
Man&lc- 
NAc .Asn MandXNAc from 

" 

soybean 
from 

Soybean Mannosi. 
Reporter Residue,, agglu-  GlcNAc dosis 

group  tinin  anomer ~.___ 

Chemi- Chemi- Chemi- 

shift" shift' shift" 
cal cal  cal 

H-I of 
5.092 

4.610 a 5.229 5.231 
B 4.72" 4.714 

NAc of 2.015 

2.067' a 2.050 2.050 
B 2.047 2.046 

i 3  R 4.78" 4.772 4.77" a 4.776 

4 5.334 

4' 4.869 

a 
P 

P 

5,333/ 5337 
5.335 

4.866 4.872 
4.862 4.869 

a 

H-1 of 1 A 5.404 a 
B 

5.397 5.398 
5.409 5.407 

B 5.143 5.141  5.142 
5.308 %P 5.308 5.308 
5.049 a,B 5.043 5.048 

a 5.053 5.058 
a 5.059 5.063 

1 DR 5.042 5.036 5.040 

' 3  4.228 B 
4.237 4.239 
4.226 4.229 

4 4.098 .,B 4.090 4.089 
a 4.155 4.158 
B 4.149 4.155 

a 

4' 4.156 

H-2 of I A 4.109 
OI 4.105 4.106 
B 4.094 4.103 

B 4.023 
C 

4.016 4.025 
4.109 4.105 4.109 

Dl 4.073" a 4.064" 4.069" 
Dz 4.073" %B 4.072" 4.073" 
DI 4.066" a ,D 4.064" 4.066" 

." 

' I  For  complete  structure  and coding of monosaccharide residues 

" Data  acquired  at 500 MHz, T = 300 K, pD = 7. 
' Data  acquired a t  360 MHz, T = 300 K, pD = 7. 
" Value cannot  be  determined  more  accurately (k 0.01 ppm)  due  to 

'' Signals  stemming from the  main glycopeptide (see  text). 
'If for  a certain  proton lAS,t-,jl s 0.002 ppm,  the S value  obtained 

for this  proton at  360 MHz is necessarily an  average value,  since such 
a A8 is  not  detectable a t  360 MHz (cf. Ref. 12). 

see Fig. 1. 

interference of the  HOD line a t  T = 300 K. 

" Assignments may  be  interchanged. 

sulfonate,  but were actually  measured by reference to  internal 
acetone ( 8  = 2.225 ppm) with an  accuracy of  0.002 ppm. 

The 500-MHz 'H  NMR  spectrum of the  SBA glycopeptide, 
recorded  in DzO at 300 K, is  depicted  in Fig. 1A. The expanded 
structural  reporter  group (6, 12) regions are given in Fig. 1B. 
The  NMR  spectral  features  are  summarized in Table I. 

Integration of the  anomeric region of the  spectrum,  recorded 
a t  330 K, is  consistent with the  occurrence of 9 mannose 
and 2  N-acetylglucosamine  residues. The chemical shifts of 
the H-1's of GlcNAc 1 and 2 in conjunction  with  those of 
H-1  and  H-2 of Man 3 point  to  the presence of 
the  core  pentasaccharide, ie., Manp(1 4 4)GlcNAc/3(1 + 

4)GlcNAc/3(1+  N)Asn which is substituted a t  C-3 and C-6 of 
Man 3 by a-linked  mannoses (4 and 4', respectively)  (6, 12). 

Besides  the  above  mentioned  p-anomeric  proton signals, 8 
H-1 signals of a-linked  mannoses  are observed. On the basis 
of previous  findings (9, 11, 12) the 3 anomeric  proton signals 
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a t  6 5.05 ppm  are assigned to 3 terminal a (  1 4 2)-linked 
mannose residues,  pointing to  three  branches in the glycan 
structure.  Furthermore,  the  chemical shift of the relatively 
high field doublet of H-1 of Man 4' ( 6  = 4.869 ppm) is 
indicative of a substitution of this residue at  (2-3 and C-6 by 
d i n k e d  mannoses (A and B, respectively). This  is  evident 
from high  resolution 'H  NMR spectroscopy of glycopeptides 
from ovalbumin (9), from  the p chain of human IgM (9), and 
of glycoasparagines  isolated from  the  urine of a patient with 
Gaucher's disease  (10). In  addition,  the  set of chemical shift 
values of the  structural  reporter  groups of the  SBA glycopep- 
tide  (Table  I) is almost identical with  that of a  glycopeptide, 
containing 9 mannose residues,  isolated from bovine lacto- 
transferrin (1, 14). The close resemblance of this  set with that 
of the MansGlcNAc  oligosaccharide  from urine of mannosi- 
dosis patients (11) prompted  the  preparation of the  SBA 
oligosaccharide,  MansGlcNAc (see  above).  Indeed,  the  NMR 
spectra of the oligosaccharides,  MansGlcNAc, obtained  from 
SBA  and from  mannosidosis urine  turned  out  to be  identical. 
It is thus  evident  that  the  carbohydrate moiety of SBA is 
homogeneous, and possesses a single structure with three 
branches, having Man 4' as  the second branching  point  (see 
Fig. 1B). 

With  regard to  the 360-MHz 'H NMR  spectrum of the  SBA 
oligosaccharide, it  should be noted  that  this is in fact a 
superposition of the  subspectra of the a- and /3-anomer of this 
compound.  These  subspectra  are different with  respect  to  the 
chemical  shifts of the  structural  reporter  groups of the core 
residues (2, 3, 4, and 4') (see  Table  I),  but also with  respect 
to  those of the  Man residues A and D2 (1 1).  This  far-reaching 
influence of anomerization, which is due  to  the close spatial 
proximity of the A-D2 branch  and  the  anomeric  center of 
GlcNAc 2 (ll), has been  observed  also by Cohen  and Ballou 
(9) and by Atkinson (cited  in Ref. 9), but  has  not been 
perceived as  such.  These  authors assigned the signal, belong- 
ing to  the  H-1 of Man A in the  p-anomer of oligosaccharides 
Man,GlcNAc and Man6GlcNAc, as being  derived from  minor 
components of unspecified structures in mixtures of isomeric 
oligosaccharides (9). The  report of Cohen and Ballou allows 
the  deduction of an  additional proof for the influence that  the 
anomeric configuration of GlcNAc 2 exerts  on  the  chemical 
environment of protons of other  residues in the  chain,  since  it 
describes  that  the  above  mentioned signal disappears  upon 
reducing the oligosaccharide. From  the  spectra of 
Man.?GlcNAc (Ref. 9, Fig. 8a) and of  ManGGlcNAc (Ref. 9, 
Fig. 4),  it can be derived that  here  the anomerization effect 
upon  the  H-1 of Man A is even  larger  than in the case when 
Man Dz is present (lA6cr-ijl = 0.02 ppm) (cf Ref. 11 and  Table 
I). 

In  the  spectrum of the  SBA glycopeptide  (see Fig. l B ) ,  sets 
of N-acetyl  singlets  are  observed for GlcNAc 1 a t  S = 2.015, 
2.006, and 1.997 ppm  and for  GlcNAc 2 at 6 = 2.067,  2.069, 
and 2.071 PPm, whereas in the  spectrum of the oligosaccharide 
two signals are observed in the  N-acetyl region at 6 = 2.050 
and 2.047 ppm, in the  anomeric  ratio (a:P = 2:1), belonging to 
GlcNAc 2. This  indicates  that  in  the glycopeptide  a hetero- 
geneity  exists  which is restricted  to  the  peptide moiety. As 
reported  earlier (15-17), the chemical shifts of the  structural 
reporter  groups of GlcNAc 1 and 2 are sensitive to  the 
extension of asparagine with other  amino acids.  Amino  acid 
analysis ofthe  SBA glycopeptide  showed that besides Asn the 
following amino acids are  present in the  peptide backbone: 
Thr,  Ser, Glu/Gln, Pro, Gly, Ala, Val, Ile,  Leu, Phe,  and Lys. 
Per mol of asparagine a total  amount of 1.75 mol of these 
amino  acids  is  found.  The differences  in the chemical shifts of 
the  N-acetyl signals of GlcNAc 1 and of those of GlcNAc 2 
may  therefore be ascribed  to  the presence of small  amounts of 
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a variety of contaminating glycopeptides, each  with a  different 
peptide  moiety  but all with  the  same  carbohydrate  unit. 

The application of 'H NMR  spectroscopy for the  structure 
elucidation of the  carbohydrate  unit of SBA  leads  to  the 
conclusion that  this  part of the  compound is homogeneous. It 
rules  out  the  earlier suggested  possibility of a structure  with 
two branches only, whereas  the  second  3,6-disubstituted  man- 
nose  residue  turns  out  to be Man 4', a(1 + 6)-linked  to  the 
first one  (Man 3). These  unambiguous  assignments  can  be 
made  thanks  to  the possibility of 'H NMR  spectroscopy  to 
discriminate  between  Man 4 and 4'. 

The revised structure of the  carbohydrate  moiety of SBA 
is identical in  all respects  with  that of the N-glycosidically 
linked  Man9GlcNAc2  oligosaccharides,  found in  other glyco- 
proteins  such as porcine thyroglobulin (18) and bovine lacto- 
transferrin (14) and  in  the glycopeptide from Chinese hamster 
ovary cell membranes  (19). N-Glycosidically  linked  high man- 
nose  oligosaccharide units  having  the  same  branching  points, 
although  with a different  number of a(1- 2)-linked  mannose 
residues, have  been  found in many  other glycoproteins, in- 
cluding Aspergillus taka-amylase (20), ovalbumin (21, 22), 
yeast  mannans (23), human IgM (24) and  other immunoglob- 
ulins (25), ribonuclease B (26),  and  horse  pancreatic  ribonu- 
clease.:' It now appears  that  the  same  heptasaccharide, 

Mana(1 - 3 )  

\ 

\ / 
Mana(l-+ 3) Man/3(1-4)Gl~NA~p(l-+4)GlcNAc 

Mana(l+ 6) 
/ 

/ 
Mana ( 1 + 6) 

with  different  degrees of substitution by a(1 + 2)-linked 
mannose residues, is of general  occurrence  in a wide variety of 
organisms  from  yeast  to  higher  animals. 
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