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Dansyl glyco-asparagines were prepared from a partially fractionated mixture of hen 
egg white glycoproteins. Reverse-phase high performance liquid chromatography 
(HPLC) on a silica-based octadecyl column yielded ten such derivatives in a virtually 
pure state. The detailed structures of the glyco-asparagines were identified by 
500-MHz 1H nuclear magnetic resonance (NMR) spectroscopy. Two of them were 
found to be of the oligomannoside N-type, four were of the intersected-hybrid N-type 
and another four were of the intersected multi-antennary N-type. In monogalactosy- 
lated, intersected structures the galactose residue was proved by 1H-NMR to be attach- 
ed in 13(1-4)-linkage to the GIcNAc/31-4Manc~l-3 branch. 

Dansyl glyco-asparagines turned out to be suitable derivatives for 1H-NMR spectro- 
scopic analysis. The combination of HPLC and high-resolution NMR spectroscopy of 
such derivatives proved to be a powerful technique in studying the (micro-)heteroge- 
neity of sugar chains in glycoproteins. 

Abbreviations: dns, dansyl (5-dimethylaminonaphthalene-l-sulfonyl); ODS, octadecyl-silica; WEFT, water-eli- 
minating Fourier transform; DSS, sodium 4,4-dimethyl-4-silapentane4-sulfonate; OVA, ovalbumin; OVM, ovo- 
mucoid; OVT, ovotransferrin. 
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Complete elucidation of the structure of the carbohydrate chain(s) of a glycoprotein is 
a prerequisite for understanding its biological function. One of the most perplexing 
features of glycoproteins is the heterogeneity of their carbohydrate chains. Although 
quite often readily detectable, the detailed characterization of the heterogeneity of su- 
gar chains in glycoproteins is largely restricted by the fractionation and identification 
techniques available. Hen egg white glycoproteins are known to be extremely heteroge- 
neous in their carbohydrate chains [1, 2]. We now report the fractionation and characte- 
rization of their glycans without laborious pre-purification steps (cf. [3-20]). We have 
used reverse-phase HPLC to fractionate the dansyl derivatives of the glyco-asparagines 
obtainable from ovalbumin, ovomucoid and ovotransferrin. The separation by HPLC is 
based on hydrophobic interaction of dansyl groups with silica-bonded octadecyl (ODS) 
groups [21]. The structures of the dansyl glyco-asparagines isolated by reverse-phase 
HPLC were subsequently identified by 500-MHz 1H-NMR spectroscopy. 

Materials and Methods 

Materials 

Glycoproteins prepared from pooled hen egg whites according to [22] were partially 
fractionated as described [23], yielding a mixture of ovalbumin (OVA) and ovomucoid 
(OVM), and ovotransferrin (OVT). Pronase| a product from Calbiochem (San Diego, 
CA, USA), 5-dimethylamino-naphthalene4-sulfonylchloride (dansyl chloride) from 
Pierce (Rockford, IL, USA), and acetonitrile from Mallinckrodt (Grossostheim, W. Ger- 
many). All solvents used for HPLC were filtered through a Millipore filter (pore size 
0.45/~). 

Preparation of Dansyl Glyco-asparagines 

Glyco-asparagines from the partially purified OVA/OVM mixture and from OVT were 
prepared by repeated Pronase digestion. The OVAJOVM compounds were separated in- 
to five fractions (A-E) by Dowex-50 anion-exchange chromatography, as described [24]. 
Dansylation of glyco-asparagines was carried out according to the method of Gray [25]. 

Fractionation of Dansyl Glyco-asparagines by Reverse-phase HPLC 

The HPLC system consisted of an Altex (Rochester, N.Y., USA) Model 110A solvent delive- 
ry system, an LKB (Bromma, Sweden) Model 11300 Ultragrad solvent gradient maker, an 
Altex Ultrasphere ODS reverse-phase column (5/~; 25 cm x 1 cm i.d.) protected by a Bio- 
Rad (Richmond, CA, USA) Microguard column (5 cm x 4 mm i.d.) packed with Bio-Rad 
Bio-Sil ODS reverse-phase hydrocarbon (10 #), and the following components from Per- 
kin Elmer: a Model-7105 valve sample injector, a Model~650 fluorescence monitor, and a 
Model-56 recorder. For analytical purposes 2-5 nmol of dansyl glyco-asparagines in 5/~1 
water, and for preparative purposes, about 500 nmol in 50/~1 water were applied to the 
column. The column was eluted with a linear gradient from water to Z5% acetonitrile 
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containing 25 mM sodium borate buffer, pH 7.0 at 3.0 ml/min for 8 h. The effluent was 
monitored by a fluorescence detector (excitation, 313 nm; emission, 550 nm) and col- 
lected when appropriate. Non-dansylated glycopeptides are not retained by the co- 
lumn under the applied conditions. 

500-MHz 1H-NMR Spectroscopy 

Prior to IH-NMR spectroscopic analysis, the dansyl glyco-asparagine fractions were re- 
peatedly treated with 2H20 at room temperature. After each exchange treatment, the 
materials were lyophilized. Finally, each sample was redissolved in 400/~1 =H20 (99.96 
atom% 2H, Aldrich, Milwaukee, Wl, USA) for examination in a 5 mm tube (528 PP, Wil- 
mad, Buena, NJ, USA). 500-MHz IH-NMR spectroscopy was performed on a Bruker 
WM-500 spectrometer (SON hf-NMR facility, Department of Biophysics, Nijmegen Uni- 
versity, The Netherlands), operating in the Fourier transform mode and equipped with 
a Bruker Aspect-2000 computer [26, 27]. The spectral width used was 5 kHz, which with 
a data memory of 32K gave a digital resolution of 0.3 Hz. Pulses (90 ~ 12.5/~s) were used. 
For solvent-peak suppression, a WEFT-pulse sequence (180 ~ composite pulse-delay- 
90 ~ , pulse-acquisition) was applied [28]. Resolution enhancement of the spectra was 
achieved bythe Lorentzian-to-Gaussian transformation [26, 27] routine, implemented in 
the Bruker software package. The probe temperature was 27~ and was kept constant 
within 0.1 ~ Chemical shifts (&) are expressed in ppm downfield from internal sodium 
4,4-dimethyl-4-silapentane4-sulfonate (DSS), but were actually measured by reference 
to internal acetone (~ 2.225 in 2H/O at 27~ with an accuracy of 0.002 ppm. 

Results 

Fractionation of the OVA/OVM/OVT Dansyl Glyco-asparagines by Reverse-phase HPLC 

Glyco-asparagines (120 mg) from hen OVA/OVM were separated into five fractions (A-E) 
as reported by Huang et al. [24]. Fig. 1 shows the fractionation profiles of the dansy[ 
glyco-asparagines A, B and C by reverse-phase HPLC. Glyco-asparagine sample A (1.I 
mg) was separated into the subfractions AI and A2 in a ratio of 55:45 (Fig. la); sample B 
(1.2 mg) into the fractions B1, B2 and B3 in a ratio of 30:35:35 (Fig. lb); and glyco-aspara- 
gine fraction C (0.6 mg) yielded one major, Cm (67%), and four minor components 
(Fig. lc). Glyco-asparagines D and E were both eluted as single peaks. Glyco-asparagines 
(8 mg) from hen OVT were separated into two fractions (F1 and F2) in the ratio of 1:3. After 
separation by preparative HPLC, all fractions except the four minor ones of C were sub- 
jected to 500-MHz ~H-NMR spectroscopy. 

Determination of the IH-NMR Characteristics of the Dansyl Glyco-asparagines 

1H-NMR spectra of 2H20 solutions of the glyco-asparagines were recorded at 27~ As 
typical examples, the overall spectra of fractions B3 and C= are depicted in Fig. 2. In all 
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Figure 1. Fractionation of OVA/OVM dansyl glyco-asparagi nes A, B and C by reverse-phase H PLC. Detailed con- 
ditions for HPLC are described in the text. 

spectra, the dansyl group can be recognized from the set of aromatic-proton signals in 
the region between ~ 7.6 and 6 8.9, and from the relatively high singlet at 6 2.900, equiva- 
lent to six protons, stemming from the dimethylamino function. For interpretation of 
such ~H-NMR spectra of glycans in terms of primary carbohydrate structures, mainly 
the so-called structural-reporter group resonances need to be considered [26, 271 . This 
implies the assignment of the signals from the anomeric protons (6 4.4-5.4), the mannose 
H-2 and some H-3 and H-4 atoms ((~ 3.9-4.3) and the N-acetyl methyl protons ((~ 1.95-2.15) 
(see Fig. 2), with the guidance of reference data of related compounds. The chemical 
shifts of the structural-reporter groups of the various components of the 
OVA/OVM/OVT dansyl glyco-asparagine fractions are compiled in Table 1. 

The Oligomannoside-type Fractions D and E. The oligosaccharide moieties of the ho- 
mogeneous dansyl glyco-asparagines D and E appeared to be of the oligomannoside 
type, containing six and five mannose residues, respectively. The arrangement of the 
mannose residues in E could be inferred directly from the close similarity of its 1H-NMR 
spectrum with that of underivatized Mans(GIcNAc)2Asn, isolated either from the urine 
of a patient with Gaucher's disease [25] or obtained as ovalbumin fraction V by Kobata 
and coworkers [2, 3]. A similar reasoning holds for fraction D in comparison to 
Man6(GIcNAc)2Asn, being ovalbumin fraction IV [2, 31; the II-I-NMR spectrum of the 
authentic fraction IV has been included in the 1H-NMR spectral atlas comprising 72 N- 
glycosidic carbohydrate chains of glycoproteins [27]. The complete structures of D and 
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Figure 2. Overall 500-MHz IH-NMR spectra of OVA/OVM dansyl glyco-asparagine fractions B3 (A) and Cm (B), 
in 2H20 at 27~ During the recording of spectrum B, the HO2H-resonance (HOD) was suppressed by the 
WEFT pulse sequence (see text). The occurrence of the asterisk-marked doublet-of-doublets at ~ 3.26, clearly 
apart from the bulk of skeleton-proton signals, has been proposed to be correlated with the presence of GIc- 
NAc-9 in N-glycosidic carbohydrates [9, 31]. However, since it cannot as yet be assigned to a certain proton [9, 
32], it is not considered here as a structural-reporter group signal. 
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T a b l e  1. ~H C h e m i c a l  s h i f t s  o f  s t r u c t u r a l - r e p o r t e r  g r o u p s  o f  c o n s t i t u e n t  m o n o s a c c h a r i -  

d e s  f o r  d a n s y l  g l y c o - a s p a r a g i n e s  o b t a i n e d  f r o m  h e n  e g g - w h i t e  g l y c o p r o t e i n s  b y  r e v e r s -  

p h a s e  H P L C .  

Chemical shift a'b in 

Reporter Residue a 
group 

= Asn(dns) ~ / ~  e 4~-Asn(dns) = ~ Asn(dns) ~ A s n ( d n s )  

A1 A2 B1 B2 

H -1 G I c N Ac- 1 4.789 c 4.790 c 4.789 c 4.789 c 
GIcNAc-2 4.582 4.588 4.580 4.586 
Man-3 4.730 ~ 4.705 4.734 c 4.703 
Man-4 5.048 5.067 5.048 5.068 
Man-4' 4.917 4.888 4.916 4.888 
GIcNAc-5 4.519 4.539 4.516 4.539 
GIcNAc-5' - -  4.558 - -  4.555 
GIcNAc-7 4.536 4.537 4.516 4.516 
GIcNAc-7' - -  4.518 d - -  4.516 a 
Gal-8 4.471 4.471 - -  - -  
GIcNAc-9 4.410 4.443 4.408 4.443 
GIcNAc-10' - -  4.588 d - -  4.586 d 
Man-A 5.048 - -  5.048 - -  
Man-B 4.926 - -  4.928 - -  
Man-C . . . . .  

H-2 Man-3 4.161 4.155 4.159 4.151 
Man-4 4.291 4.281 4.288 4.278 
Man-4' 4.161 4.155 4.158 4.156 
Man-A 4.068 - -  4.068 - -  
Man-B 4.005 - -  4.005 - -  
Man-C . . . .  

H-3 Man-4 4.039 4.044 4.036 4.042 

H-4 Man-4' n.d. 4.192 n.d. 4.191 

NAc GIcNAc-1 2.027 2.029 2.027 2.029 
GIcNAc-2  2,065 2.070 2.065 2,069 

G Ic NAc-5 2,051 2.091 e 2.051 2.091 e 

GIcNAc-5 '  - -  2.046 ~ - -  2.046 ~ 

GIcNAc-7  2,080 2.079 2.082 2.082 
GIcNAc-7 '  - -  2.095 f - -  2,095 f 

GIcNAc-9  2,065 2.065 2,065 2.065 
GIcNAc-10' - -  2.124 f - -  2.124f 

a For complete structures and designation of  monosaccharide residues, see Fig. 3. In the table-heading, com- 
pounds are represented by schematic structures, acording to Ref. 27: ~-, = Man; o-, = GIcNAc; I1-, = 
Gal. 

b Chemical shifts were acquired at 500 MHz for  ZH20 solutions at 27 ~ C; they are expressed in ppm downf ie ld 
f rom internal DSS. 

c Partly obscured by HOZH-line at 27~ (6 = 4.76); visualized by WEFT-technique. 
d,e,fAssignments may have to be interchanged. 
n.d. Value could not be determined by inspection (6 < 4.0). 
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~Asn(dns)  ' ~  Asn(dns} 
# 

B 3  C m  D 

= = Asn(dns) 

E 

; ; Asn(dns) 

FI 

~Asn(dns) 

F= 

~Asn(dn 

4.789 c 4.788 4.785 4.787 4.790 4.786 

4.584 4.579 4.594 4.594 4.603 4.600 
4.736 c 4.745 c 4.785 4.785 4.697 4.686 

5.052 5.055 5.347 5.097 5.058 5.055 

4.941 4.918 4.874 4.873 5.005 5.002 

4.518 4.531 - - 4.553 4.542 

. . . .  4.548 4.545 
4.535 . . . .  4.515 

4.470 . . . . .  

4.441 4.413 - -  - -  4.465 4.466 

5.087 5.046 5.097 5.097 - -  - -  

- -  4.928 4.909 4.908 - -  - -  

- -  - -  5.052 - -  - -  - -  

4.158 4.188 4.235 4.253 4.176 4.147 
4.296 4.252 4.114 4.077 4.247 4.284 

4.158 4.163 4.148 4.148 4.150 4.147 
4.068 4.069 4.069 4.069 - -  - -  

- -  4.006 3.988 3.978 - -  - -  

- -  - -  4 . 0 6 9  - -  - -  - -  

4.042 n.d. 4.004 n.d. n.d. 4.046 

n.d. n.d. n.d. n.d. n.d. n.d. 

2.027 2.026 2.029 2.030 2.030 2.030 

2.065 2.069 2.068 2.069 2.083 2.083 
2 . 0 5 4  2 . 0 5 1  - -  - -  2 . 0 6 0  2 . 0 5 8  

. . . .  2.051 2.051 

2.079 . . . .  2.083 

2.065 2.064 -- -- 2.068 2.064 
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Figure 3. Structu res of the main components of the hen egg white glycoprotein dansyl glyco-asparagine frac- 
tions separated by reverse-phase HPLC. Designations of monosaccharide residues used for hybrid-type struc- 
tures are indicated in At; those for multi-antennary structures are given in Az, and those for oligomannoside- 
type structures in D. 
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E, listed in Fig. 3, are in agreement with earlier chemical, enzymic and spectroscopic 
studies on ovalbumin [3, 4, 6, 9, 10]. 

Careful comparison of the chemical shift data for D and E with those for the corre- 
sponding, underivatized glyco-asparagines [27, 29] demonstrates that the presence of 
the dansyl group at the N-terminus of the amino acid affects the resonance positions of 
the Ash protons, and of the structural-reporter group protons of the core GIcNAc-resi- 
dues 1 and 2 in the carbohydrate chain (for the coding of the monosaccharide residues, 
see Fig. 3). The H4 signal of the GIcNAc-1, characterized by its typical, relatively large 
Jl. 2 value (9.8 Hz), is shifted upfield from 6 5.07 to 6 4.79. The chemical shift of H4 of GIc- 
NAc-2 is less influenced by dansylation, changing from ~ 4.605 to 54.594. The N-acetyl sig- 
nals of both resid ues shift downfield upon dansylation of Asn, for GIcNAc-1 from ~ 2.012 
to 6 2.029 and for GIcNAc-2 from ~ 2.060 to ~ 2.069. 

The Intersected Di- and Tri-antennary Fractions t:1 and 1:2. Like the OVA/OVM fractions 
D and E, the dansyl glyco-asparagine fractions F1 and F2, obtained from OVT, were found 
to be homogeneous. The relevant parts of the 500-MHz 1H-NMR spectra of these frac- 
tions are presented in Fig. 4. Their oligosaccharide moieties appeared to be of the inter- 
sected di- (F1) affd tri-antennary (F2) type of branching. Taking into account the above 
mentioned effects of dansylation on the ~H-NMR features of the N,N'- 
diacetylchitobiose u nit 1-2, the structures of F1 and F2 could be readily deduced by com- 
parison of the data listed in Table I with the 1H chemical shifts reported [27] for the inter- 
sected di-antennary heptasaccharide isolated from the urine of a patient with Sand- 
hoff's disease [30], and the intersected t~'i-antennary glycopeptide isolated from conal- 
bumin (ovotransferrin) [11], respectively. In the latter preparation, being F2 in the form 
of the unblocked glycopeptide (Asn-Arg), we detected by 1H-NMR [27] a small amount 
of the glycopeptide analogue of F1. However, we were unable to separate these two gly- 
copeptides from each other and hence unable to establish unequivocally the 1H-NMR 
features of F1 as a glycopeptide. 

The Intersected Hybrid-type and Penta-antennary Fractions A, B and C. The relevant 
parts of the 500-MHz 1H-NMR spectra of fractions Cm, At, B3 and B2 are presented in 
Fig. 5. The signals indicated by dotted lines in the 6 4.7-4.8 spectral regions of Figs. 5B, C 
and D were obscured by the residual HO2H lines in the spectra recorded at 27~ under 
standard conditions, but could bevisualized bytheWEFTtechnique. Two effects of app- 
lying the WEFT pulse sequence, namely, virtually nullifying the HO2H line, by making 
use of its short T2, and simultaneously disturbing the signal intensity ratios in the spect- 
ra by suppressing narrow signals (e.g. the N-acetyl singlets) more effectively than broa- 
der (lower intensity) signals (e.g. anomeric doublets), are readily traceable from a com- 
parison of the overall spectra of Cm and B3 (Fig. 2). The dotted lines in Fig. 5 are assigned 
to the H-1 atoms of GIcNAc-1 (6 479;J1, 2 - 9.7 Hz) and Man-3 (6 473-4.75; J1, 2 ~< 1 Hz) [27, 
29] (see also Table 1 and Fig. 4). 
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Figure 4. Structu ral-reporter group regions of the resolution-enhanced 500-MHz ~H-NMR spectra of OVT dan- 
syl glyco-asparagine fractions F1 (A) and F2 (B) in ZH20 at 27~ The numbers in the spectra refer to the corre.- 
sponding residues in the structures. The relative-intensity scales of the N-acetyl proton regions differ from 
those of the other part~ of the spectra, as indicated. The asterisk-marked signals at 6 4.4 ppm probably belong 
to the H-~ of dansylated Asn (compare Fig. 2A). 

245 



C m  
GIcNAc#(1-2) Man ~ (1-3) 

5 4 \ 
Man. ( I -3 )  GIcNAc i3 (1--4)Manff(1-4)GJcNAc~(1-4)GIcNAc~ ( l -N) Asn (dns) 

A \ 9 / 3 2 1 
Man.(I-6) / 

/4" 
Mana(1 ~61 

B 

1 

A ar~omerrc * protons 
I 

I 3 

A B i il 4 " "  4' ] 5 

r, !i .! L vl I 

f- 
Man H-2 atoms 

uor~ 
{suP'~r esse d ) 

57 ~ '~Ccpmi ~ ~8 ~,6 U.  ~Z 4o ;I  

NAc CH 3 protons 

9 
5 

2 : 

acelate 

hL- -~ -  2~0 

A1 

Gal 3 (1-4) GIcNAc ,~(1 ~4} 
,8 7 

GIcNAc ~(1-2) Man ~(1~3) 
5 4 \ 

Mana(1-3) GIcNAc/~ (1--4)Man#(1-4)GIcNAc#(1-4)GIcNAc# ( l -N) Asn (dns) 
A \ ~ / 3  ~ 

Mana(1-6) 
/ 4 "  

Man~(1-6) 
B 

NAc CH 3 protons 

B anomerFc protons Man H-2 atoms 2 

B 4 '  

2 7 5  8 9 

a~eUl~ 

f 

52 ~ & ( p p m )  50 ~8 46 44 42 40 20 18 

Figure 5. Structural-reporter group regions of the resolution-enhanced 500-MHz IH-NMR spectra of 
OVA/OVM dansyl glyco-asparagine fractions Cm (A), A1 (B), B3 (C) and Bz (D), in ZH20 at 27~ The num bers and 
letters in the spectra refer to the corresponding residues in the structu res. The relative-intensity scales of the 
N-acetyl proton regions differ from those of the other parts of the spectra, as indicated. The signal,s indicated 
by dotted lines in spectra B-D, at ~ 4.7-4.8, were obscured by the residual HOZH(HOD) lines in the spectra re- 
corded at 27~ under standard conditions. However, they could be visualized by the WEFT-technique as illust- 
rated in spectrum A (the asterisks indicate spinning side-bands). It should be mentioned that the WEFT pulse 
seq uence affects also the relative-intensity ratio of NAc signals to anomeric signals. Glyco-asparagines B3 and 
Bz were found to be contaminated with Bz (25%) and A1 (10%), respectively, as can be inferred from the lower- 
intensity signals in spectra C and D. The assignments of the signals attributed to the minor products are indi- 
cated below the spectra. 

246 



C 

B3 

B 2 , 
52 ~ ,~ (ppm) 50 

Gal# (1-4)  GIcNAct } (1-4)  
8 7 \ 

GIcNAc ~(1~2) Man ~(1~3)  
5 4 \ 

M a n . ( I - 3 )  GIcN&c # (1 -4 )Man#(1 -4 )GIcNAc#( I~4 )GIcNAc#  ( l - N )  Ash ( dns ) 

M a n . ( I - 6 )  
4" 

anomeric protons Man H-2~H-3,H-4 atoms 

7 5 

2 

i 
HOD 

8 9  

H=2 
4" 

3 
H-2 H-3 

A 4  

r~ 

NAc 
CH 3 protons 

:9 

i 

: x l~  acet~t~ 

I 
!i~, i 

10"/7"" - ~7 [, " t 
7/IO" 5 9 5 

~o 20 

D 

B2 

GIcNAc, I (1-  4) 

GIcNAc,{ ( I~2)  Man ,~ (1 -3 )  
5 4 \ 

GIcNAc/~ (1~4) - -  Man,~ (1-4)GIcNAc~( I~4)GIc  NAc/{ ( l - N )  Asn (dns) 
9 / 3 2 1 

GIcNAci~(1-2) M a n .  (1~6) 

s' /I 4" 
GIcNAc/~(1- 4) 

10' / 
GIcNAc! i (1 -6)  

7" 

4 

~ '~ '~ '~ -  4 : 4 �84 

A 1 ~ 

anomeric protons Man H-2,H-3,H-4 atoms 

! uoc) 
i~ ~ 3 

i , 

2 5 9 : 7 + �9 + 

\ F 

H-2 H-2 

4' 3 
H-Z, 

4' H-3 

S 9 
H-2 H-2 

52 ~ ~(ppm) 50 4B A6 ~ ~2 

NAc CH 3 protons 
2 

7 i 9 

5 ,  i 5" 

~o 20 18 

247 



Taking into account that the carbohydrate portion of OVA/OVM consists of only man- 
nose, N-acetylglucosamine and galactose [1-20], and that the ~H-NMR parameters of the 
reporter groups of such residues for N-glycosidic carbohydrate chains are fairly well- 
established [27, 31] the following structural elements of the A, B and C dansyl glyco- 
asparagines can be recognized. The Man/31-4GIcNAc/31-4GIcNAcf11-N-Asn(dns) moiety 
can be verified to be present in (all components of) each fraction based upon the afore- 
mentioned chemical shifts of the H-1 atoms and NAc protons of GIcNAc-1 and -2, in con- 
juction with the occurrence of the typical, broad-lined Man-3 H-2 doublet I27]. Signals 
in the 8 4.8-5.3 spectral region, having J1. g - 1.8 Hz, can be correlated with anomeric pro- 
tons of o~-Iinked mannose residues. More specifically, those at 8 5.0-5.2 belong to o~(1-3)- 
or ~(1-2)-Iinked mannose, whereas those at 8 4.85-5.0 are attributable to ~(1-6)-Iinked 
man nose I27]. Each of these signals has a counterpart in the 8 3.9-4.3 spectral region, the 
mannose H-2 region. In the ~ 4.4-47 spectral region, a galactose residue at the terminal, 
non-reducing position,/3(1-4)-linked to a N-acetylglucosamine, is recognizable from a 
sharp-lined anomeric doublet at 8 4.47 (J1.2 - 7.6-7.8 Hz) [27]. Other, somewhat broader- 
lined anomeric doublets in this region can be assigned to/3-1inked N-acetylglucosa- 
mine; they are accompanied by a corresponding number of N-acetyl signals around 8 
2.0. 

The Hybrid-type Fraction Cm. The presenceof four H-1 signals with J1.2 - 1.8 Hz in the 
8 4.8-5.3 region and of three H4 doublets wffhJ~, g - 8.0 Hz in the 8 4.4-4.7 region of the 
spectrum of Cm (Figs. 2B and 5A) points to four a-Man and three ~-GIcNAc residues in 
Cm, in addition.to GIcNAc-1 and Man-3 showing their anomeric signals at the edges of 
the HOEH(HOD) line (8 4.7-4.8). Furthermore, four o~-Man H-2 signals (6 3.9-4.3) and four 
N-acetyl signals (8 2.0-2.1) support this conclusion. The chemical shift value of the most 
u pfield anomeric doublet, 8 4.413 is characteristic [9, 31] for the intersecting GIcNAc-9 re- 
sidue in "hybrid-type" ]5] structures, The chemical shift data for the structural-reporter 
groups of Cm (see Table 1) appeared to be largely identical to those obtained by Carver 
etal. I9] for their ovalbumin glycopeptide C3, at 360 MHz and room temperature. Perfor- 
mance of double-resonance experiments for the four sets of a-Man H4 and I-I-2 signals 
corroborated most of the assignments in [9]. However, the signals at 8 5.055 and 8 5.046 
were found to be coupled to the H-2 signals at 8 4.252 and 8 4.069, respectively. Since the 
latter had been unambiguously assigned to Man-4 and Man-A, respectively, ]9, 27, 31], 
the assignment of the H-1 signals just mentioned has to be interchanged, as compared 
to [9]. Nevertheless, the structu re of Cm is the dansyl analogue of C3 in [9] and of GP-I II-A 
in I2] (see Fig. 3). 

The Hybrid-type Fraction B1. In comparison to the spectrum of Cm, that of fraction B1 
(not shown) reveals the presence of two anomeric doublets coinciding at 8 4.516 (Jl. 2 - 
8 Hz), while the doublet at 8 4.531 is absent. Moreover, an additional N-acetyl singlet is 
observed at 8 2.082. The newly observed set of H4 and NAc chemical shifts is consistent 
with the presence of a terminal GIcNAc-7 residue that is ~(1-4)-Iinked to Man-4. It is in 
perfect accordance with the data for GIcNAc-7 in the intersected tri-antennary glyco- 
peptide F2 derived from OVT (Table 1), as well as for its oligosaccharide-alditol analogue 
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obtained from hen ovomucoid [12]. This structural feature is.supported bythe opposite- 
ty directed changes in chemical shift (A6 - 0.03 ppm) shown by the H-2 signals of Man-3 
and -4, going from Cm to B1 (see Table 1, compare with the step from F1 to F2), and by the 
upfield shift of H-1 of GIcNAc-5 from ~ 4.531 to 4.516. The appearance of the Man-4 H-3 
signal at ~ 4.036 is indicative of the 2,4-disubstitution of Man-4 [12, 26, 27[. The structure 
of B1 is included in Fig. 3. It is identical to that of GP-II-B [2, 5], whereas the NMR parame- 
ters are in accord with those for agalacto-A3 [9] and for AC-BA [17], recorded at 360 MHz. 

The Hybrid-type Fraction A1. The spectrum of A1 (Fig. 5B) differs from that of B1 mainly 
by the presence of an additional anomeric doublet at 6 4.471 (J~. 2 7.6 Hz). This points to 
the presence of a galactose residue in A1, ~(1-4)-tinked to one of the terminal N-acetyl- 
glucosamine residues in B~. The precise location of this galactose in the oligosaccha- 
ride chain can be deduced from the shift effects introduced in comparison to BI (see 
Table 1). One the the N-acetylglucosamine H-1 doublets coinciding at ~ 4.516 in the 
spectrum of B~ (GIcNAc-5 or -7) has moved downfield to 6 4.536, while the positions of 
the other anomeric signals are unaffected. Moreover, in the N-acetyl region, only the 
signal which was unambiguously assigned to GIcNAc-7 shows a small but significant 
[27] upfield shift, from ~ 2.082 to 2.080. Apparently, the shifted H-1 signal belongs also to 
GIcNAc-7. The concerted effects on the H4 and the N-acetyl protons of GIcNAc-7 prove 
the galactose residue to be linked to GIcNAc-7/3 (compare [27]). The structure of A1 is 
given in Fig. 3. It should be noted that the 1H-NMR parameters for a structure identical 
to our HPLC-fraction A~, namely, for ovalbumin glycopeptide A3, or AC-A, have been 
described in I9] and [17] respectively. Carver etal. [9] proved independentlythe location 
of galactose to be Gal-8,/3(1-4)-linked to GIcNAc-7, by (1H, ~H) nuclear Overhauser en- 
hancement studies, tracing effects upon presaturation of mannose H-2 resonances. 
The NMR-deduced structure forA1 (orA3 [9])is identical to that elucidated along chemi- 
cal and enzymic routes for ovalbumin GP-I by Kobata and coworkers [2, 5]. 

The Hybrid-type Fraction B3. Considering the signals of relatively high intensity only, 
the spectrum of dansyl glycopeptide fraction B3 (Fig. 5C) looks quite similar to that of 
AI (Fig. 5B). A striking difference is that the set of two doublets at 6 - 4.92 in the spect- 
rum of A1 is replaced by only one doublet at 6 4.941 (/1.2 1.8 Hz). The latter is coupled to 
the H-2 signal at 6 4.158. Therefore, B3 is lacking one of the c~(1-6)-linked mannose resi- 
dues as compared to A1. Obviously, this missing residue is Man-B. The apparent remo- 
val of Man-B, going from A1 to B3, results in shift effects on H4 of Man-A (from ~ 5.048 to 
5.087) and of GlcNAc-9 (from 6 4.410 to 4.441), whereas the resonance positions of the 
other structural-reporter groups remain unaltered. In particular, the H-2 resonance of 
Man-4' is not influenced at all by removal of Man-B, corroborating earlier statements 
that the mannose H-2 resonance position is sensitive to substitution of a-Man at C-3, 
but not at C-6 [27, 33]. The structure of B3 (see Fig. 3) has been described for ovalbumin 
fraction GP-I 1-A [2, 5]; parts of its 1H-NMR data have been reported for AC-BB in [201. For 
data of the agalacto analogue AC-CC, see [18, 19]. 
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The Penta-antennary-type Fraction B2. The spectrum of fraction B2 (see Fig. 5D) shows at 
6 4.8-5.3 the presence of two anomeric doublets of relatively high intensity. They stem 
from the c~-Iinked mannose residues 4 and 4' in the main component of Bg. Around the 
HO2H (HOD) resonance, the H-1 signals of GIcNAc-1 and Man-3 are observed. The/~- 
anomeric region of the spectrum (64.4-47) contains seven relatively intense doublets, all 
havingh. 2 - 8 Hz; one of these belongs to GIcNAc-2(6 4.586). The N-acetyl region of the 
spectrum shows eight singlets that can be ascribed to the main component. The signals 
at 6 2.2029 and ~ 2.069 are attributable to GIcNAc-1 and -2, respectively. The close re- 
semblance of the chemical shifts of the H4 and H-2 atoms of Man-3,-4 and -4' for B2 (see 
Table 1) and those described for the oligosaccharide-alditol 11 purified from a hydrazi- 
nolysate of hen ovomucoid [12] demonstrates that they have in common the intersect- 
ed, penta-antennary type of branching. That means that B2 contains Man-4, 2,4-disubsti- 
tuted by GIcNAc-5 and -7', respectively; and Man-4', 2, 4, 6-trisubstituted by GIcNAc-5', 
-10' and -7', respectively. These branching patterns are corroborated by the occurrence 
of a mannose H-3 signal at ~ 4.042 (Man4), and a mannose H-4 signal at 6 4.191 (Man-4') 
(compare [12]). Furthermore, GIcNAc-9 occurs in ~(1-4)-Iinkage to Man-3. The structure 
of BE has been included in Fig. 3. As can be inferred from comparison of the lower inten- 
sity signals in Fig. 5D with the spectrum in Fig. 5B, preparation Bg is contaminated byA~ 
( -  10%). 

The only primary structural difference between compound BE and the ovomucoid frac- 
tion 11 [12] is the nature of the N,N'diacetylchitobiose unit. In B2, it occurs in the form 
of a dansyl glyco-asparagine, whereas in ovomucoid fraction 11 it is present as a red uced 
oligosaccharide (GIcNAc-2, 6H-1 4.626; GIcNAc-I-OL, 6H-2 4.255). The impact of dansyla- 
tion of Asn on the chemical shifts of the carbohydrate structural-reporter groups has 
been described to be limited to those of GIcNAc-1, GIcNAc-2 and (H-1 of) Man-3 (see D, 
E and F2). The same holds for reduction of GIcNAc-1 [12]. However, upon comparison of 
BE and fraction 11 another two significant shift alterations are observed. In the spectrum 
of BE, an N-acetylglucosamine H4 doublet is present at 6 4.555, as the counterpart of the 
doublet at 6 4.545 in the spectrum of fraction 11. Concomitantly, one of the N-acetyl sing- 
lets at 6 2.055 for fraction 11 is absent from the spectrum of B2, whereas in the latter a sig- 
nal occurs at ~ 2.091. Going from fraction 11 to Bg, the chemical shifts of the remaining 
H-1 and NAc signals show deviations not larger than 0.002 or 0.001 ppm, respectively. The 
unexpected effects on one of the N-acetylglucosamine H-1 atoms and on one of the NAc 
methyl groups must stem from an interaction of the dansyl group with these particular 
protons. It could be that a ring current shift is responsible for the effects observed. 
Since our data for H4 and NAc of GIcNAc-g in the hybrid structures B1 and A1 show per- 
fect agreement with those described for the corresponding glyco-asparagines without 
a dansyl group [9, 31] the shifted signals are most likely to be assigned to GIcNAc-5'. This 
is corroborated by molecular (CPK) model building of such a penta-antennary struc- 
ture. Starting from the fairly well-established conformation of an intersected di-antenna 
[27, 34], the introduction of GIcNAc-7, -7' and -10' does not necessarily introduce pro- 
found changes. A dansyl group attached to Ash can only reach the environment of pro- 
tons of GIcNAc-5 and -5', in certain rotamers around the N-glycosidic bond. The most 
probable assignment of the N-acetylglucosamine H-1 and NAc signals for B2 have been 
listed in Table 1; however, definite assignments require further (conformational) stu- 
dies. 
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The Penta-antennary-type Fraction A2. Fraction A2 contains a mixture of an intersected 
penta-antennary product similar to B2 (60%) and a hybrid type of structu re (40%). Upon 
comparison of the spectrum of A2 (not shown) with that of Fig. 5C, the minor product 
appeared tO be identical to AI. The penta-anten nary, major product contains an additio- 
nal galactose residue in/3(1-4)-linkage to an N-acetylglucosamine as compared to B2. 
This is evidenced by the H-1 doublet at 6 4.471. The identity of this galactose residue is 
proved to be Gal-8 by the shift of the N-acetyl signal of GIcNAc-7 from 6 2.082 for B2 to 

2.079 for A2, combi ned with the shift for H-1 of GIcNAc-7 from ~ 4.516 to ~ 4.537 (corn pare 
[13]). The structure of the main constituent of fraction A2 is included in Fig. 3. 

Discussion 

In the present study, we have reported the detection and the detailed characterization 
of the structural basis of the heterogeneity of hen egg white glycoproteins by employing 
reverse-phase HPLC to fractionate dansyl derivatives of ovalbumin glyco-asparagines, 
followed by high-resolution 1H-NMR spectroscopy to determine their structures. The 
latter have been compiled in Fig. 3. 

As to the separation procedure, the following is noteworthy. The introduction of the 
dansyl group afforded the possibility of further fractionating mixtures of glyco-aspara- 
gines that could not be separated completely by Dowex-50 anion-exchange chromato- 
graphy [24], or other methods (for OVT, see I271), on the basis of the interaction of this 
group with silica-based octadecyl chains. Owing tO the fluorogenic nature of the dansyl 
group and to the high resolving power of HPLC, fractionation of dansyl glyco-asparagi- 
nes by reverse-phase HPLC appeared to be far superior to conventional methods such 
as gel-permeation chromatography, ion-exchange chromatography and high-voltage 
electrophoresis I21]. 

Furthermore, dansyl glyco-asparagines turned out to be suitable derivatives for 1H- 
NMR spectroscopic studies aimed at primary structural analysis. The signals from the 
dansyl protons do not interfere with the carbohydrate structural-reporter group reso- 
nances (Fig. 2). The effect of dansylation of a glyco-asparagine on the chemical shifts of 
the relevant carbohydrate signals are largely restricted to those of the core residues GIc- 
NAc-1 and -:2. This allows easycomparison with 1H-NMR data for unblocked glycopepti- 
des [9, 27, 311 and oligosaccharide(-alditol)s I12, 131. The basis of the unexpected in- 
fluence of dansylation of Asn upon the chemical shifts of the structu ral-reporter groups 
of GIcNAc-5' in the penta-antennary compounds (A2 and B2) requires further investiga- 
tion. 

The galactose residue in A1, B3 and also A2 is attached to GIcNAc-7. Galactose could be 
located in this branch on the basis of the shift effects exerted upon the GIcNAc-7 repor- 
ter groups by its attachment, in comparison to BI and B2. In particular, the reproducibili- 
ty of X H-chemical shifts in the N-acetyl regions of the spectra permits such structural as- 
signments on the basis of (relative) shift effects that are in the order of magnitude of 
0.002 ppm (compare !27]). 
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