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ABSTRACT 

The acidic oligosaccharide fractions released from hen ovalbumin and 

ovomucoid by hydrazinolysis contain both sialyloligosaccharides and sulfated 

oligosaccharides. The sialyloligosaccharides were converted into neutral oligosac- 

charides by sialidase digestion, and separated from sulfated oligosaccharides by 

paper electrophoresis. Structural studies of these neutral oligosaccharides showed 

that the oligosaccharides of ovalbumin have different structural characteristics 

from those of ovomucoid, i.e., all sialyloligosaccharides from ovomucoid con- 

tain a pentasaccharide, cY-D-Manp-(1~3)-[cu-D-Man~(l~6)]-~-D-Man~-(l~4)- 

GlcpNAc-(l-4)-GlcpNAc, as a common core, and the smallest oligomannosyl 

core of the sugar chains from ovalbumin is cz-D-Manp-( l-3)%-D-Manp-( 1+6)-[(u- 

D-Manp-(1~3)]-P-D-Manp-(l~4)-GlcpNAc-(1~4)-GlcpNAc. By methanolysis 

followed by N-acetylation, sialyl oligosaccharides, free from sulfated oligosac- 

charides, were recovered quantitatively from the acidic fractions of ovalbumin and 

ovomucoid. Methylation analysis of these sialyloligosaccharide mixtures, before 

and after sialidase digestion, showed that all sialic acid of both glycoproteins occurs 
as a cY-Sia-(2+3)-D-Galp group. 

INTRODUCTION 

Ovalbumin and ovomucoid are two major glycoproteins of hen egg-white. 

The carbohydrate chains of these glycoproteins are all asparagine-linked and no 

mucin-type sugar chains are included. The oligosaccharides released from the two 

glycoproteins by hydrazinolysis can be separated into a neutral and two acidic frac- 
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tions by paper electrophor~sis’,*. Structures of the neutral OIigosa~ha~des of both 
glycoproteins were elucidated previously2-7. These studies indicated that hen 
ovomucoid contains several sugar chains that are different from those of hen oval- 
bumin, although both glycoprotcins are formed in the hen oviduct. 

We have recently found that the acidic oiigosaccharide fraction obtained 
from ovalbumin contains sulfated oligosaccharides as well as sialyl oligosac- 
charides’. The structures of the sulfated oligosaccharides were elucidated by the 
study of the sialidase-resistant, acidic oligosaccharides’. Subsequently, we ob- 
tained the intact sialyl oligosaccharides, free from the sulfated oligosaccharides, by 
metha~olysis followed by ~-acetylatjon. The intact sialyl oligosa~harides of 
ovomucoid, free from siatidase-resistant oligosa~cha~des, were also obtained by 
the same procedure. We describe herein the details of the isolation and structura1 
study of the sialyl oligosac~harides obtained from hen ovalbumin and ovomucoid. 

EXPERIMENTAL 

~solQ~i0~ of acidic 0~~gosQcc~ur~de ~uc~~o~s from her2 ov#i~Q~i~ and hen 
ovomucoid. - The acidic oligosaccharide fraction of ovalbumin was obtained by 
hydr~inolysis of GP-F, isolated by Dowex 50 (H’) column chromatography of 
ovalbumin glycopeptides as reported previousIy4. The major acidic fraction (A-l), 
which comprised 30% in molar ratio of total acidic oligosaccharides (Fig. la), 
was recovered from paper electrophoretogram by elution with water and used for 
the structural study described herein. 

i-1 0 IO 20 cl-) 
DISTANCE FROM ORIGIN (cm) 

Fig. 1. Paper electrophoresis of oli~osa~harides liberated from ovalbumin and ovom~id and their 
sialidase digests. (a) Radioactive a~igosaccharides liberated from ovalbumin GP-F by bydmzinol~is, 
followed by sodium borotritide reduction; (b) A, fraction obtained by paper electrophoresis of the 
radioactive oligosaccharides liberated from ovomucoid by hydrazinolysis, as reported previously’; (c) 
Fraction A-l in (a) incubated with ~~f~r~~ucr~r sialidase (100 munitsl50hL for 18 hat 37”); (d) Fraction 
A, incubated with sialidase as in (c). Arrows at the top indicate the migrating positions of standard 
oligosaccharides: (7) lactitol; (2) compound 6; and (3) compound 4. Paper electrophoresis was per- 
formed in pyridine-acetate buffer, pH 5.4, at a potential of 80 V/cm for 1.5 h. 
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The acidic oligosaccharide fraction of ovomucoid was obtained by paper elec- 
trophoresis of the oligosaccharide fraction, liberated from ovomu~oid by 
hydrazinolysis, as reported previously2. The major acidic fraction (A,), which also 
comprised 990% of the total acidic otigosaccharides (Fig. lb), was recovered and 
used for the structural study described herein. 

Oligosaccharides. - Reduced oligosaccharides 1 and 2 were obtained4 from 
ovalbumin GP-V and GP-VI by hydrazinolysiss followed by sodium borotritide rc- 
duction; 3 was obtained as reported previously’; 4, 5 and 6 were obtained from 
human cerulopiasmin’#, and 7 and 8 from human prothrombin’ ‘. 

~et~u~~fy.sis. - Radioactive-labeled oligo~ccha~des were dissolved in dry 
methanol containing 5OmM hydrogen chloride and kept for 4 h at room tempera- 
ture. The solution was evaporated, and the residue was freed from hydrogen 
chloride by three evaporations with methanol. Since the reaction products were 
partially N-deacetylated, they were dissolved in a solution of sodium hydrogen- 
carbonate and N-acetylated with acetic anhydrid~ before paper electrophoretic 
anafysis. 

At1 other experimenta procedures and materials were the same as described 
previously7$“. 

RESULTS 

Isolati’on and fractionation of the neutral portions of sialic acid-containing 

Olig~SACc~~~~deS o~iA~n~d from ov~l~~min and ovomuco~d. - By exhaustive 
sialidase treatment, -30% of Fraction A-l from ov~lbumin and 70% of Fraction 
A, from ovomucoid were converted into neutral OIigosaccharides (Figs. lc and d, 
respectively), The siaiidase-resistant acidic oligosa~cha~des from both samples 
were not converted into neutral oligosaccharide by the second, exhaustive sialidase 
digestion. 

ELlJTlO~J VOLUME ImL) 

Fxg. 2. Bio-Gel P-4 column chromatography of Fraction A-IN (a) and A,N (b). The arrows at the top 
indicate the elution positions of D-glucose oligomers. The numbers indicate the number of I)-glucose 
units. 
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Fig. 3. Sequentia: exoglycosidase digestion of oligosaccharides I-V. The radioactive products were 
analyzed by Bio-Gel P-4 column chromatography. The black arrows are the same as in Fig. 2 and the 
white arrows (I and 2) indicate the elution positions of authentic 1 and 2, respectively. The black 
triangles indicate the elution positions of Oligosaccharides I-V. (a), (c), (e), (g), and (i): Oligosac- 
charides I, II, III, IV, and V incubated with diplococcal @-D-galactosidase (1.5 munits/ pL). respec- 
tively. (b), (d), (f), (h), and(j): The radioactive peak in (a), (c), (e), (g), and (i) incubated either with 
diplococcal N-acetyl-P-D-hexosaminidase (10 munitsi50 ,uL; solid line) or with jack bean IV-acetyl+-o- 
hexosaminidase (3.5 units140 FL; dotted line), respectively. All enzymic digestions were performed for 
18hat37”. 

Bio-Gel P-4 column chromatography of the neutrai oligosaccharide fractions 
obtained by sialidase digestion of the acidic oligosaccharides of ovalbumin and 

ovomucoid (Peak A-1N in Fig. lc, and A1N in Fig. Id, respectively) gave quite 

distinct fractionation patterns. As shown in Fig. 2a, the sample from ovalbumin 

was separated into five peaks having elution positions of 14.3 (I), 13.6 (II), 12.9 

(III), 11.8 (IV), and 10.9 (V) D-glucose units. On the other hand, the sample from 

ovomucoid was separated into seven peaks having elution positions of 17.6 (A), 

16.5 (B), 15.5 (C), 14.5 (D), 13.4 (E), 11.7 (F), and 10.4 (G) glucose units (Fig. 2b). 

Structural study of the neutral oligosacchatides obtained from rhe acidic 
oligosaccharide fraction of ovafbumin by sialidase treatment. - All five oligosac- 
charides (I-V in Fig. 2a) liberated a D-galactose residue by treatment with di- 

plococcal ~-~-galactosidase (Figs. 3a, c, e, f, and i, respectively). Subsequent treat- 

ment, by diplococcal ~-a~etyl-~-D-hexosaminidase, of the products from I, II, and 
III, released approximately one Z-acetamido-2-deoxy-D-glucose residue (solid lines 
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in Figs. 3b, d, and f, respectively)“. No 2-acet~mido-~-deoxy-~-~exose was re- 
leased from the products from IV and V by djplocvccal P-~~acetylhexosaminidase 
digestion (solid lines in Figs. 3h and j), By jack-bean ~-acet~l-~-~-he~osam~nidase 
treatment, the de~alactos~~ated I and IV were converted into an oligosaccharide 
having the same elution position as authentic 1 (dotted lines in Figs. 3b and h), and 
degalactosylated II, III, and V into an oligosaccharide having the same elution pas- 
ition as autheutic 2 (dotted lines in Figs. 3d, f, and j). The structure of the product 
derived from I and IV was established by sequential digestion with jack bean LX-D- 
mannosidase and /S-D-mannosidase, methylation study, and periodate oxidation 
(data not shown) as 1. By the same series of analyses, the structure of the product 
from 51, fII, and V was estab~shed as 2, The results, so far described, indicted that 
~l~~osa~b~des i-V are a series af hyb~d-tee, sugar chains4 having a ~-~-Galp- 
~~44)-~~-Glc~~Ac (~-~e~l~act~aminy~) group** and various numbers of@-& 
GIcpNAc residues linked to either a hepta- or hexa-saccharide core (1 or 2). 

9 10 

In the ~~thy~atiun analysis of ~lig~~cch~d~~ I-V (see Table I>, detection 
of 1 mole each of 2-U-me&$- and 3,&di-Q-methyl-mannitol for oligo~ccharides 
I and II indicated the presence of group 9 and group 10 in these Ul~~~a~ha~dcs. 
Detection of -+l mole each of 2-U-methyl- and 3,4,6-tri-O-methfryl-mau~tol for 
~~g~a~h~de III indicated the presence of group 9 and a/W-GlcpNAc-(1-+2)-D- 
Manp group. As just described, one of the Z-acetamido-2-deoxy-Pglucopyranos~l 
residues of Oligosaccharides I, II, and III does occur as part of a P-D-Galp-(l-+4)- 
~-~-Glc~~Ac group. Detection of 2,3,S-tri-O-methylmanitol for Olipsac- 

charides IV and V indicated that the P-D-calp-(134)-~-n-GlcprJAc-(l44)-ru-Xr- 
Manp group is included in these oligosaccharides. 

*As reported sarlier I3 diplocowal B-N-acetylhexasaminidase cleaves the B_D-GlcpNAc-(l-+2)-, but , 
not the fl-D-GlcpNAc*( 1-4 or 6)-D-Man linkage. The 8-o-GlcpNAc-(l-t2)-o-Man linkage of the /SD- 
G~c~NAc-(~~~)-~-D-GI~~Ac-(~~~)]-D-~~~ group is cleaved by the enzyme, but that of the B-D- 
GlcpNA~-(1~6)-~~-ctcpNAc-~l~Z)]-~-Ma~ group is not. ‘Be enzyme can remove only cme 2- 
acetamido-2-deoxy-Dglucose rcsiduc from P_~-G~cpNAc-~~~Z)-a-n-Manp-f2~3)-~-D-GlcpNAc- 
(1-24)]-~-a-PGfcpNPz~-~l~~~~-~M~-~l~6~]-~~~~M~~~~~~4)-~-~~~-~]G~cNAc awl coIfyeft it to 
~-r>-G~c~~Ac-(~~2)-n-~Ma~-~~~6)-~-~-Gic~~Ac-(I-r4)]-~u-~-Manp-f1~3)]-pf~-Ma~-(t~4)- 
U-~3~-l]~ic~Ac, ~~cat~n~ that the GQNAc-4 group cannot be removed by the enzyme, and that this 
group also steriealiy mhibits the enzyme action cm the 8-o-GlepNAoO~2)~D-Ma~-~~~6)~~-~- 
Mar&--. but not on the~-D-GtcpNAc-f~-r2)-a-D-Man~(X~3f-B-n-Manp-(l-* group. 
*%ipk~~ccal fi-D-galactosidase hydrolyzes the P-D-Ga@-(l-+4)-, Rut not the -(1+3)- and -(%-@+I- 
GlcpNAc Inkage@. 
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In order to locate the D-mannopyranosyl residue to which the N-acetyllac- 
tosaminyl group is linked, the radioactive-labeled Peak A-IN (Fig. lc) was incu- 
bated with a high concentration (3.5 units/40 wL) of jack-bean N-ace@-P-D- 

hexosaminidase. All nonreducing 2-acetamido-2-deoxy_D-giucopyranosyl groups, 
including those linked to O-4 of the ~-D-mannopyranosyl residue, are removed by 
this digestion*. When the incubation product was analyzed by Bio-Gel P-4 column 
chromato~aphy, two radioactive-Iabeled peaks having elution positions of 11.8 
and 10.8 glucose units were detected (Fig. 4a). Structures 11 and 12, respectively, 
were attributed because the peaks were converted into a radioactive-labeled com- 
ponent (9.4 glucose units) by incubation with jack-bean a-D-mannosidase (Fig. 
4b). The elution position of 9.4 glucose units is almost the same as that of authentic 
8, indicating that the N-acetyllactosaminyl groups of Oligosaccharides I-V are all 

linked to the a-D-mannopyranosyl group of the cw-D-Manp-(143)~/3-D-Manp 
branch**. That the radioactive-labeled component in Fig. 4b is a mixture of com- 
pounds 13 and 14 was confirmed by the following experiments. A D-galac- 

*Although the 2-acetamido-2-deoxy-B_D-glucopyranosyl group linked to O-4 of the B-D-man- 
ncpyranosyl residue is resistant to jack-bean N-acetyl-P-D-hexosaminidase’5, it is removed when the en- 
zyme concentration is raisedI up to 3.5 units/#pL. 

**Jack-bean ff-~mannos~da~ cannot hydrolyze the ru-(l-&)-linked D-mannosyl group from a-D- 

Manp-(l~6)-~R~a-D-Manp-(1~3)~-~-D-~anp-(I~4)-~-~-GicpNAc-(l~4)-~-[~H-1]GlcNA~0I in 
which R represents sugar residues when the substrate concentration is <I nrno~~ pL (ref. 17). How- 
ever, the group is cleaved by the enzyme when the substrate concentration is raised up to 20 nmoW 
&I.. 
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Fig. 4. Sequential exoglycosidase digestion and periodate oxidation of the radioactive-Iabeiled compo- 
nents of A-1N. The radioactive products were analyzed by B&Gel P-4 column chromatography. The 
black arrows are the same as in Fig. 2, and the white arrows (1 and 2) indicate the eiution positions of 
authentic 8 and 15, respectively. (a) Component of A-1N (5.0 x 16 c.p.m., 25 nanomol) of Fig. le incu- 
bated with jack bean ~-acetyl-~-~hexo~inida~ (3.5 units/40 FL); (b) the radioactive peaks in (a) in- 
cubated with jack-bean a-D-mannosidase (4.0 unit&O FL); (c) the radioactive peak in (b) incubated 
with diplococcal @-D-galactosidase (1.5 munits. pL); (d) the radioactive peak in (c) incubated with di- 
plococcal N-acetyl-fl-D-hexosaminidase (10 mu&,/SO pL); (e), the radioactive peak in (c) incubated 
with jack bean N-acctyl-P-D-hcxosaminidase (0.5 unit&O CL); and (e) the radioactive peak in (e) sub- 
jected to periodate oxidation. All enzymic digestion were performed for 18 hat 37”. 

topyranosyl group was removed from the compounds by diplococcal P-D-gafac- 

tosidase digestion (Fig. 4c). Approximately 10% of the radioactive-iabeled com- 
pounds of the peak in Fig. 4c released one Z-aceta~d~2”deoxy-~-D-glucopyranosyl 
group by incubation with dipiococcal ~~acetyl-~-D-hexosaminid~ (Fig. 4d). This 
result indicated that 10% of the ohgosaccharides of peak A-1N illustrated in Fig. 
lc contain a ~-D-Galp-(1~4)-~-~-GlcpNAc-~l~Z)-a-~-M~p group. Since the 
ratio of 10% was the same as that of Oligosaccharide III to total oligosaccharides, 

the totality of the radioactive-labeled fragment having an elution position of 6.5 
glucose units in Fig. 4d was produced from only Oligosaccharide III. Therefore, 
the ~-acetyllactosaminyi group of Oligos~cc~~a~des I, II, IV, and V is linked at O-4 
of the ~-~~mannopyranosyl group of the a-D-rvlanp-(l--,3)-8-D-Manp branch. That 
the N-acetyllactosaminyl groups of Oligosaccharides I-V are linked only to the LY- 
D-mannopyranosyl residue of the a-D-Manp-(l-+3)-/3-D-Manp branch was further 
confirmed by the following experiments. All 2-acetamido-2-deoxy-~-D-gIuco- 
pyranosyl groups of all the oligosaccharides of the peak illustrated in Fig. 4c were 
removed by jack-bean ~-acetyl-~-~-hexo~minidas~ digestion (Fig. 4e). This 
radioactive component was completely converted into 15 by periodate oxidation 
(Fig. 4f). The trisaccharide 15 could be obtained from 16 but not from 17 and its 
~-D~maunosylated derivatives. On the basis of all the data described herein, struc- 
tures 19-23 are proposed for Oligosaccharides I-V, respectively. 
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Structural study of the neutral o~~g~s~c~horides obtained from the acidic 
oligosaccharide fraction of ovomucoid by sialidase treatment. - By incubation with 
diplococcal P-D-galactosidase, 2 D-gahCtOpyranOsyi groups were removed from the 
compound of Peak A of Fig. 2b (Fig. 5a), whereas only I group was removed from 
the compounds of Peaks B-G (Figs. Sb-g, respectively). All seven degalactosyl 
peaks of Figs. 5a-g were converted into a radioactive-labeled oligosaccharide 
having the same elution position (7.3 glucose units) as authentic 
(~an)~~~lcNAc~~3H-l~~lcNAcol by incubation with a high con~ntrat~on (3.5 
unites pL) of jack-bean ~-~cetyl-~-D-hexosam~nidas~ (data not shown). That the 
pentasaccharides derived from the seven fractions have structure 18 was confirmed 
by sequential digestion and methylation analysis (data not shown). Therefore, the 
structures of the oligosaccharides, in the seven fractions illustrated in Fig. 5a-g, 
may be written as 24. Structural studies by sequential giycosjdase digestion, 
methyIation analysis, and periodate oxidation revealed that most of these oligosac- 
charides are identical with the neutral oligosaccharide fractions obtained from 
ovomucoid by hydrazinolysis**‘: Fractions VI and VIII are identical with N-3b and 
NGb, respectively. Fraction IX is a mixture of N&a and N-6b, and Fraction X is a 
mixture of N-7a and N-7b. Fractions VII and XI gave the same analytical results as 
the two degalactosylated oligosaccharides of N-4 and N-7a. Since the detail of the 
structural studies of oligosaccharides in these fractions was reported previously7, 
the data of st~ctural analysis are not presented herein, and only structures 25-31 
are presented. 

Oligosaccharides from Peaks A and B (Fig. 2b) are di- and mono-p-Dgalac- 
topyranosyl derivatives of oligosaccharides from Fraction VI, and oligosaccharides 
from Peaks C-G are mono-P-D-galactopyranosyl derivatives of oligosaccharides 
from Fractions VII-XI, respectively. In order to locate the ~-a~tyllacto~minyl 
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Fig. 5. Diplococca 1 P-e-galactosidase digestion of radioactive Peaks A to G in Fig. 2b and sequential 
exoglycosidase digestion of radioactive-labeled AIN. The radioactive products were analyzed by Bio- 
Gel P-4 column chromatography. The black arrows at the top are the same as in Fig. 2, and the white 
arrows (I and 2) indicate the elution positions of authentic 5 and 7, respectively. The black triangles in- 
dicate the elution positions of Peaks A to G, respectively. (a)-@): Peaks A-G incubated with diplococ- 
cal B-D-galactosidase (1.5 munits/40 PL), respectively; (h) radioactive-labeled AIN incubated with jack 
bean N-aeetyl-P-D-hexosaminidase (3.5 units/40 pL); (i) the major radioactive peak in (h) incubated 
with a mixture of dip1 ococcal @-D-galactosidase and diplococcal N-acetyl-&D-hexosaminidase. The 
minor radioactive peak in (h) also gave the two peaks in (i) by the same treatment (data not shown). 

groups of these oligosa~ha~des, a mixture of radioactively labeled A-G was 
exhaustively digested with jack-bean ~-acetyl-~-D-hexosamin~dase. Analysis of the 
digestion product by Bio-Gel P-4 column chromato~aphy showed a minor peak 
(13.2 glucose units) and a major peak (10.3 glucose units) (Fig. 5h). Since the elu- 
tion position of the minor peak was the same as that of authentic 5, it derived from 
Peak A only. Therefore, the major peak, which has the same elution position as au- 
thentic 7, derived from Peaks J&G. The compounds from both peaks of Fig. Sh 
were converted into mixtures of 32 (Peak 1) and 18 (Peak 2) by incubation with a 
mixture of diplococcal p-D-galactosidase and diplococcal N-a&yl-P-D- 

hexosaminidase (Fig. 5i). These results indicated that the N-acetyllactosaminyl 
groups of the compounds from Peaks A-G are rather randomly located at O-2 and 
-4 of two rr-D-mannopyranosyl residues of the trimannosyl core. 

Bructures of the sialic acid-containing oligosaccharides of ovaibumin and 

ovomucoid. - As is evident from Figs. lc and d, the acidic oligosaccharide frac- 
tions obtained from ovalbumin and ovomucoid contain sialidase-resistant acidic 
ol~gosaccha~des, We have recently confumed that the sialida~-resistant acidic 
oligosaccharides of ovalbumin are sulfate-cont~ning oligosaccharides’. In order to 
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obtain a sialyloligosaccharides mixture free from the sulfated oligosaccharides, the 

methanolysis procedure described by Slomiany et al.” for the specific removal of 

the sulfate group from sulfate-containing glycolipid was attempted. For determin- 

ing the optimal conditions for recovering intact, sialylated oligosaccharides quan- 

titatively, authentic 4 (1 * lo5 c.p.m.) was methanolyzed, and the reaction product 



282 K.YAMASHITA,Y.TACHIRANA, A. WITOI, A.KOBATA 



SIALYLOL~GOSACCHAR~D~ OF OVALBUMIN AND OVOMUCOID 283 

I)GIcNAc--+4tlMon---w3 or 6lfMon--+.4f3GlcNAc-+.4 
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analyzed by paper electrophoresis. As shown in Fig. Cia, 70% of the radioactivity 
was recovered as an intact acidic oiigosa~ch~ide~ and 30% was converted into an 
oligosaccharide having a less-acidic charge than the original oligosa~charide* This 
less-acidic oligosaccharide was considered to be an N-deacetylation product be- 
cause all the radioactivity was detected as 4 after N-acetylation of the reaction mix- 
ture (Fig. 6b). Since the mobility of the degradation product indicated that only 
one acetamido group had been converted into a free amino group, N-deacetylation 
might have occurred only in the Z-acetamido-Z-deoxy-D-glucitol residue. Based on 
these preliminary data, Fraction A-l (Fig. la) was methanolyzed and the product 
N-acetylated. When the reaction mixture was analyzed by paper electrophoresis, 
-70% of the radioactively labeled camponent behaved as a neutral eminent 
(Fig. SC), indicating that complete des~fation of the sulfate-containing oligosae- 

k-1 20 (+I DISTZNCE ~~~~*~l~lN (cm) 

Fig. 6. Me~anolysis of radioactive o~g~a~ha~des. The radioactive product was analyzed by paper 
e~ectropho~sis as in Fig. 1. Arrows at the top are the same as in Pig. 1: (a) authentic 4 subjected to 
methanolysiq (b) authentic 4 subjected to methandysis followed by N-acetylation; (c) radioactive- 
labeled Fraction A-l subjected to methanoiysis followed by N-acetykion; (d) the radioactive-labeled 
Peak A-IS in (c) incubated with sialidase (50 munitsM FL) at 37” either for 18 h (solid line) or for 6 
b (dotted Iine); (e) ~~~a~~ve-~beled Fraction A, subjected to ~tb~ol~is followed by N-acetyl- 
ation; (r) the radioactive Peak AIS in (e) incubated with siaiidase (50 rn~~~0 FL) at 37” either for 18 
h (solid line) or for 6 h (dotted Ike). 
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charides had occurred, whereas the sialyloligosaccharide of this fraction remained 
intact. The acidic oligosaccharides (A-IS, Fig. 6c), which remained intact after 
methanolysis, were completely converted into neutral oligosaccharides by sialidase 
digestion (solid line, Fig. 6d). When Fraction A-IS was incubated with sialidase for 
a shorter time, whereby a part of the origina sialyloligosaccharjdes still remained, 
no additional acidic oligosaccharide was detected between the neutral and the orig- 
inal acidic peaks {dotted line, Fig. 6d). This result indicated that the sialgioligosac- 
charides of Fraction A-1S contain only one sialyl group. &o-Gel P-4 column chro- 
matography of the neutral oligosaccha~de fraction of Fig. 6d gave exactly the same 
fractionation pattern as Fig . 2a (data not shown). This evidence further confirmed 
that all sialyloligosaccharides from Fraction A-l were recovered intact after 
methanolysis. 

Approximately 30% of Fraction A, (Fig. lb) was also converted into neutral 
components by methanolysis, followed by ~~-acetylation (Fig. 6e). This result indi- 
cated that the sialidasc-resistant oligosaccharides of Fraction A, obtained from 
ovomucoid also contain a sulfate group. The acidic components resistant to 
methanolysis (A$) were completely converted into neutral components by 
sialidase digestion (solid line, Fig. 6f). The neutral components gave exactly the 
same fractionation pattern as shown in Fig. 2b, indicating that all sialyloligosac- 
charides of Fraction Al remained intact after methanolysis. Partial desialylation 
gave only neutral components, in addition to intact Fraction AIS (dotted line, Fig. 
6f), indicating that all sialyloligosaccharides of Fraction A1 also contain one sialyl 

group* 
In order to locate the sialyl groups in oligosa~ha~des of Fractions A-1s and 

A#, these fractions and their desialylation products (Fractions A-1SN and AISN) 
were analyzed by methylation [see Table I), which indicated that the sialyl groups 
of all oligosaccharides of both fractions occur as an a-Sia-(2--+3)-, and not as an fy- 
Sia-(2-+6)-D-Galp group. 

On the basis of the aforementioned results, structures 34 and 35 are proposed 
for the sialylohgosaccharides of ovalbumin and ovomucoid, respectively. 

DISCUSSION 

As discussed in a previous paper’, ovatbumin and ovomucoid contain neutral 
sugar chains having different structures. All neutral sugar chains in ovomucoid con- 
tain the trimannosyl pentasaccharide ~-D-Manp-(l~3)-[~-D-Man~-~l~6)]-~-~- 
Manp-(1~4)-~-D-Glc~NAc-( l-+4)-D-GlcNAc as a ~mmon core. On the other 
hand, the smallest oligomannosyl core of the neutral sugar chains of ovalbumin is 
a-D-Manp-(l-+3)-a-D-Manp-( l-+6)-[a-D-Manp-( l-+3)]-P-D-Manp-( 1-+4)-p-D- 
GlcpNAc-( 1+4)-D-GlcNAc. These characteristic structures were also found for 
the sialic acid-containing sugar chains of ovomucoid and ovalbumin, as reported 
herein. This observatiotl strongly suggests that the acidic oligosaccharides, though 
in small proportion relation to the total oligosaccha~des liberated from both glyco- 
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proteins, are derived from ovalbumin and ovomucoid, and not from other con- 

taminating glycoproteins. 
Structurally, all of the sialic acid-containing sugar chains of ovalbumin belong 

to the hybrid-ty~ sugar chains. An interesting finding is that two of these chains 

[sialyl derivatives of IV (22) and V (23)] contain the cr-Sia-(Z-t3)-~-D-G~~-lp-(1~4)- 

P-D-GlcpNAc-(l-+4)-cu-D-Manp-(1+3) group. From the current knowledge of the 

biosynthesis of asparagine-linked sugar chains, the structures of these sugar chains 

are unexpected because the formation of the @-D-GlcpNAc-( l-+2)-cr-D-Manp- 

(l--+3) group by i%acetyl-/&D-gh,tcosaminyhransferase I (ref. 19) is considered as 

a prerequisite for the removal of two cY-D-mannopyranosyl groups from 36 to form 

the trimannosyl core’“, and for the addition of other 2-acetamido-2-deoxy-P_D- 

glucopyranosyl groups *’ Interestingly, both sugar chains do not have the 2- . 

acetamido-2-deoxy-~-D-glu~opyranosyl group linked at O-4 of the @-D-man- 

nopyranosyl residue, whereas all others contain this residue. The structural re- 

quirement is also observed for the sugar chains of ovomucoid; oligosaccharides of 

Fraction XI, which have the j?-D-GlcpNAc-(l-4)-cu-D-Manp group, lack the p-D- 
GlcNAc-4 group. How these peculiar sugar chains are formed is, therefore, an in- 

teresting subject for future study. 
The linkage of all the sialyl groups of the sugar chains of both ovalbumin and 
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ovomucoid at O-3 of the ~-D-gah3OpyranOSyi residue is noteworthy. So far, both 

cx-sialyl-(2+3)- and -(2+6j-P-D-Galp linkages have been found in the sugar chains 

of glycoproteins*. Occurrence of the (2+3) linkage in asparagine-linked sugar 

chains, however, is rather limited as compared to the (2-6) linkage, and in many 

cases both (2-3) and (2-+6) linkages coexist. Furthermore, there is evidence that 

the distribution of the (243) linkage might be regulated by the specificity of the LX- 

(~~3)-sialyltransferase. Thus, the (u-(2+3) group was found only on the f3-D-Galp- 

(1~4)-~-D-Glc~~Ac-(lj4)-D-~an group among the three ~-acetyllactosamine 

outer units of the tribranched sugar chain of ceruloplasmin’O. Interestingly, sialyl 

groups of human chorionic gonadotropinz3 and human placental &&cocere- 

brosidasez4 occur only as the a-NeuAc-(2-+3)-D-Gal group. These observations are 

in good accord with the observation reported by Van den Eijnden and Schiphorst2” 

that human placenta preponderantly contains an cu-(2--+3)-sialyltransferase. Possi- 

bly, hen oviduct may also contain only an a-(2+3)-sialyltransferase. 
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