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ABSTRACT 

‘H-N.m.r. spectroscopy was used to elucidate the primary structures of the 
carbohydrate moiety attached to asparagine at residue 53 in the first domain of 
turkey ovomucoid, a serine proteinase inhibitor. The carbohydrate moiety is a 
heterogeneous mixture of three structurally closely related complex-type oligo- 

saccharides. Of the total carbohydrate moiety, 61% is tetra-antennary with 
terminal galactose and with an intersecting N-acetylglucosamine, and containing 
an additional N-acetylglucosamine (10’) attached to mannose (4’). Another 23% is 
tri-antennary with terminal galactose and with an intersecting N-acetylglucosamine. 
The remaining 16% is tri-antennary with terminal galactose (6 and 8 only), with an 
intersecting ZV-acetylglucosamine. 

INTRODUCTION 

Ovomucoids are glycoproteins that constitute a major component of the 
protein (==lO%) of avian egg-whites. Their structure is three tandem, homologous 
domains’. They specifically inhibit serine proteinases, and thus have been the 
subject of detailed inquiry for a number of years2. The primary focus of these 
investigations has been the polypeptide portion of the glycoprotein, whereas little 
work has been reported on the oligosaccharide portion other than the sites of 
attachment. There are four or five different sites of glycosylation, which is depen- 
dent on the species of the bird3. The carbohydrate moiety is attached at all sites on 
the protein through an N-glycosylic bond formed from the amide group of an 
asparagine residue and the reducing end of an N-acetylglucosamine-oligosacchar- 
ide. The structures of the carbohydrate moieties in hen ovomucoid have been 
elucidated4J, although the specific sites of attachment to the protein for any one of 
the carbohydrate moieties are not known. 

Turkey t~eIe~g~~~ g~IZ~~avu~ is a Phasianoid bird whose ovomucoid has four 
sites of asparaginyl-linked oligosaccharide: at residues 10 and 53 in the first domain, 
at residue 75 in the second domain, and at residue 375 in the third domain; glycosyl- 
ation at residue 175 is observed3 at -50%. The structures of the carbohydrate 
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moiety attached to these four sites have not been reported. In conjunction with our 
investigation on the classification of almond glycopeptidyiamidase as an amidase 
enzyme6, we isolated the carbohydrate moiety attached to residue 53 from the first 
domain of turkey ovomucoid and determined the primary structure by ‘II-n.m.r. 
spectroscopy; one-dimensional and two-dimensional ‘H-n.m.r. spectroscopy were 
used to make chemical-shift assignments. 

RESIJLTS AND DISCUSSION 

Turkey ovomucoid was isolated and purified to homogeneity. Upon controlled 
proteolytic digestion, a glyco-octapeptide encompassing residues 50-57 from the 
first domain was isolated7: HUN-Tyr-Gly-Thr-Asn(C~O)-Ile-Ser-Lys-Glu-COAL. 
Almond glycopeptidylamidase catalyzes the hydrolysis of the amide bond between 

asparagine and the attached N-acetylglucosamine (2-acetamido-2-deoxy-D-glucose) 
in a glycoprotein with release of the complete, intact carbohydrate moiety6. The 
enzyme was used to remove the carbohydrate moiety from the glyco-octapeptide. 
The free carbohydrate moiety and polype~tide chain were separated by gel- 
exclusion chromatography. Chemical analysis of the carbohydrate moiety showed 
the presence of mannose, N-acetylglucosamine, and galactose. After equilibration 
of the carbohydrate moiety in ‘H,O, the lH-n.m.r. spectrum and the homonuclear 
two-dimensional ‘H(‘H)COSY spectrum were recorded at 470 MHz. The ‘II-n.m.r. 

spectrum for the carbohydrate moiety is shown in Fig. 1, and the resolution- 
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Fig. 1. lH-n.m.r. spectrum at 4711 MHz of the carbohydrate moiety from the first domain of turkey 
ovomucoid. Internal reference: acetone (2.225 p pm,), 



Man H-2 atoms Man H-3 

5.2 5.0 '1.8 '1.6 9.9 9.2 Ppm. 

Fig. 2. The resoiutioff-enhanced ‘H-n.m,r. spectrum of the anomeric-proton region and mannose H-2,3 
region of the carbohydrate moiety from the first domarn of turkey ovomucoid with assignment af the 
signals. 

enhanced anome~c-proton region and Man H-2,3 region are shown in Fig. 2; 
acetone (2.225 p.p.m.) was used as the internal reference for the assignment of 
chemical shifts. The ‘H(‘H)COSY spectrum for the region 3.2-5.2 p.p.m. is shown 
in Fig. 3. These spectra were used to elucidate the structure of the carbohydrate 
moiety by comparison of the chemical shifts with those reported for other struc- 
tures4.8-J”. The anomeric mixture of N-acetyl-cl- and ~-glucosamine residues at the 
reducing end of the free carbohydrate moiety were retained for n.m.r. analysis and 
not reduced to the alditol. The reduction was unnecessary for the n.m.r. analysis 
because anomeric mixtures of ol~gosa~harides generated from enzymic hydrolysis 
of the ~,~-diacetylchitobiose of the core structure are routinely used for n.m.r. 
analysis, and the assignment of n.m.r. signals for these anomeric mixtures is well 
documenteds. 

The core structure for an as~aragine-linked oligosaccharide is a-Man(l--+3) 
[~-Man(l~~)~~-Man( lj4)~-GlcNAc( 3-+4)cr&GlcNAc. The attachment of 
specific sugar residues at the non-reducing end of the core structure defines the 
oligosaccharide as high mannose-, hybrid-, or complex-type. Each of these types of 
oligosaccharides has a distinctive set of ‘H-n.m.r. signals8. Examination of the ‘H- 
n.m.r. spectrum in Fig. 1 and Fig. 2 reveals immediately that the carbohydrate 
moiety is a complex-typo of oligosaccharide because the n.m.r. signals for the 
anomeric protons of only the three mannose residues in the core structure are 
present; no anomeric-proton n.m.r. signal for the additional marmose residues 
found in high mannose- or hybrid-type oligosaccharides are observed8. In addition, 
the “triplet” at 3.281 p.p.m. is characteristic for an intersected oljgosacchar~de’*, 
namely an ~-acetylglucosamine residue attached to the P-Man in a (I-4) linkage. 
The two regions of the spectrum that were analyzed closely in order to elucidate 
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Fig. 3. IH(lH~COS~ spectrum of the carbohydrate moiety from the first domain of turkey ~vomuc~id 
between 3.2-5.2 p_p_m_ 



the primary structure of the c~b~hy~at~ moiety were the anomeric proton and 
mannose W-2,3 region between 4.0-5.3 p.p.m., and the N-aeetyl group reg$:ion 
between 2.~2.1 p.p.m. The chemical shifts of the n,m.r. signals in Fig. I and Fig. 
2 were tabulated and compared to the ~~b~~shed cbern~ca~ shifts for corn~~~x-t~e 
ol~~osacc~~~~des for assignment of the nmr, signals to specific sugar residues4J+-tz. 
The spectrum in Fig. 1 was inte~ated to qua~t~tate the area under each signal. The 
details of the analysis are outlined next. 

The carbohydrate moiety isolated from residue 53 of the first domain of 
turkey uvomucoid is heterogeneous. It is a nl~xtu~e of three structnra~ly closely 
related oligosaccharides whose structures are: 

Table I lists the chemical-shift data for such strnct~re” 
The anomeric proton of GtcNAc-Z has two resonant signals at 5.188 p.pm, 

V1.2 = 2.7 Hz) and at 4.696 p.p.m, (J1,2 = 8.0 Hz) which correspond to the cy and 
j3 a~ome~s of the sugar’” in a ratio of -2: 1, ~espect~yel~. Two signals are also 
observed for the anomeric proton of GicNAc-2 at 4.620 and 4.610 p.p.m= (JrS2 = 
8.6 Hz) for the ty anomer and the 8 anumer (of G~c~Ac-~~, res~ectiyely~~. Four 
signals are found for the anomeric proton of Man-3: 4.‘710,4,699,4,6!?4, and 4.682 
p,p.m, The proton signals at 4.6% and 4.728 p.p.m. are those of the auomeric 
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proton of Man-3 in structure A for the LY anomer and p anomer (of GlcNAc-1), 

respectively. The proton signals at 4.682 and 4.694 p.p.m. are those of the anomeric 
proton of Man-3 in structures B and C for the LY anomer and p anomer (of GlcNAc- 
l), respectively. The proton signals for the a anomers are shifted upfield from the 
p anomers in the sugar residue that is two sugars removed from the anomeric sugar, 
whereas the opposite is observed in the sugar residue attached to the anomeric 
sugars. The broad singlet at 5.057 p.p.m. (Fig. 1) appears as a shouldered singlet 
upon resolution enhancement (Fig. 2) and as two signals in the COSY spectrum 
(Fig. 3) with chemical shifts of 5.057 and 5.061 p.p.m. These signals are for the 
Man-4 anomeric protons in structure A and in structures B and C, respectively; the 
signal at 5.057 p.p.m. for structure A is shifted upfield from the signal observed in 
the agalacto-oligosaccharide 4. Three signals are observed for the anomeric proton 
of Ma&‘: 4.908 p.p.m. for structure A, 5.015 p.p.m. for structure B, and 5.003 
p.p.m. for structure C. A down~eld shift of the Man-4’ anomeric proton in struc- 
ture A is observed compared to the agalacto-oligosaccha~de4. The upfield shift of 
0.012 p.p.m. in the proton signal for Man4 of structure C from structure B clearly 
indicates* the absence of Gal-@. The integration of the three resonance signals for 
the anomeric proton of Man-it’ shows that the ratio of the three species is 61:23: 16 
(A:B : C). The signals for the anomeric protons of the mannose sugars are all 
characteristic4+8J0 of an intersecting GlcNAc-9. 

Two proton signals for the anomeric proton of GlcNAc-5 are at 4.570 p,p.m. 
for structure A and at 4.576 p.p.m. for structures B and C. The large downfield 
shifts of -0.030 p.p.m. from the agalacto-oligosaccharides4**Jo are indicative8 of 
the presence of Gal-6. There are also two proton signals for the anomeric proton 
of GlcNAc-5’: 4.593 p.p.m. for structures A and B, and 4.547 p.p.m. for structure 
C. The upfield shift of -0.045 p.p_m. for the anomeric proton of GlcNAc-5’ in 
structure C from structures A and B is characteristic of the agalacto-oligosacchar- 
ide”. One anomeric-proton signal for GlcNAc-7 is detected at 4.533 p.p.m. for 
structures A, B, and C, and one proton signal for the anomeric proton of GlcNAc- 
7’ is found at 4.538 p.p.m. The magnitude of the downfield shift (approximately 
0.017 p.p.m.) from the agalacto-oligosaccharides4,8 indicates8 the presence of Gal-8 
and Gal%. Two anomeric proton signals are observed for the intersecting GlcNAc- 
9 residue: 4.456 p.p.m. for structure A and 4.461 p.p.m. for structures B and C. 
The n.m.r. signal at 4.456 p.p.m. is downfield from the shift observed in the 
agalacto-oligosaccharide4. The anomeric-proton signal for GlcNAc-10’ at 4.585 
p.p.m. is the same in the galacto- and agalacto-oligosaccharide$. 

The anomeric proton signals for the galactose residues in structure A are 
4.479 (Gal&), 4.485 (Gal-6’), 4.471 (Gal-S), and 4.486 p.p.m. (Gal-g’). In structure 
B the anomeric-proton signals of the galactose residues are found at 4.472 (Gal-6), 
4.485 (Gal&‘), and 4.471 p.p.m. (Gal-8). In structure C the anomeric proton sig- 
nals for the two galactose residues are at 4.472 (Gal-6) and 4.471 (Gal-8). These 
signals are the same as have been reporteds,rO. 

The chemical shifts for the N-acetyl groups on the eight GlcNAc sugar 
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residues are listed in Table I, and are approximately those observed in other 
studies”.‘*. However, we did not observe the large downfield shifts for two N-acetyl 
groups of 2.122 and 2.093 p.p.m. in structure A as were reported for the agaiacto- 
oligosaccharideJ. Instead. we found the A’-acetyl groups for GlcNAc-IO at 2.084 
p.p.m. and for GlcNAc-7’ at 2.039 p.p.m. Apparently the galactose sugar residues 
do have a considerable influence on these n.m.r. signals. 

The data from the homonuclear two-dimensional COSY spectrum (Fig. 3) 
allowed for the assignments of all of the H-2 protons, which generally agree with 
the chemical shifts reported 5, ll%lj The cross-peaks of the COSY spectrum indicate . 

the chemical shifts of the protons that are coupIed13. Thus, the chemical shift for 
the H-2 proton coupled to the anomeric proton in each residue could be assigned, 
and the assignments for the mannose H-2.3 residues could be verified. In addition, 
it was possible to observe other cross-peaks and to make chemical-shift assignments 
for other coupled protons. The H-2 proton of GIcNAc-10’ has approximately the 
same chemical shift as the H-2 proton of GlcNAc-9, and both cross-peaks in the 
COSY spectrum (Fig. 3) are distinct from the other GlcNAc sugar residues. These 
data indicate that the GlcNAc-IO’ sugar may its& be considered to be “intersect- 
ing”. The three mannose sugars yielded the most data from the COSY experiment. 
There is some indication from this data that the ?riplet” characteristic of the inter- 
sected oligosaccharide’” may be the H-5 proton of Man-4, however this is far from 
certain and further analysis of the system is necessary. 

The structures of the asparaginyl-linked carbohydrate moiety isolated from 
residue 53 in the first domain of turkey ovomucoid determined here are not surpris- 
ing, based on the work that has been done on the elucidation of the structures of 
the carbohydrate moieties from hen ovomucoidJ.-5. The specific sites of attachment 
for the carbohydrate moieties in hen ovomucoid are not known. In the case of 
turkey ovomucoid, we found that a heterogeneous mixture of three oligosacchar- 
ide structures comprises the carbohydrate moiety located on a specific site, residue 
53. However, they all had in common a complex structure with an intersecting 
~-ac~tylglucosamine residue. 

EXPERIMENTAL 

Materials. - Turkey ovomucoid, turkey ovomucoid glyco-octapeptide from 
the first domain, and almond glycopeptidylamidase enzyme were obtained as 
previously describedh. The carbohydrate moiety from the hydrolysis reaction of 
turkey ovomucoid glyco-octapeptide with almond glycopeptidylamidas~ was 
isolated as described earlierh. The intact carbohydrate moiety was equilibrated in 
deuterium oxide with intermediate lyophilization: three times in 99.8% ‘H,O 
(Baker), two times in 99.96% ‘H,O (SIC), and two times in 99.996% ‘H,O (SIC). 

SpEXWXCOp~. - The equilibrated carbohydrate moiety was dissolved in 0.5 
mL of 99.996% ‘H,O for ‘H-n.m.r. analysis. A NicoIet NTC-470 spectrometer 
operating at 469.9 MHz was fitted with a S-mm probe which was equilibrated at 
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23". A sweep width of ilOO Hz (quadrature phase detection) and a 90” pulse-angle 
were used. The ‘H-n.m.r. spectrum was recorded using a 16K data-block, and the 
f.i.d. was transformed using a resoIution-enhancement factor and zero-filling to 
32K data points. Homonuclear, two-dimensional quadrature-detected correlated 
spectra (2D-COSY)14 were recorded using a 512 x 1024 data-block, which was 
transformed after zero-filling to 2048 data points. Chemical shifts were determined 
relative to sodium 4,4-dimethyl-4-silapentane-1-sulfonate using acetone as the 
internal reference (2.225 p.p.m.) 
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