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ABSTRACT 

An ovomucoid variant free from sialic acid has been prepared in a pure state 
by ion-exchange chrolnatography on DEAE-cellulose. The purified glycoprotein 
contained 10-I 1 residues of mannose, 2-3 residues of galactose, and 21 residues of 
2-acetamido-2-deoxyglucose. Gly~opeptides have been prepared by exhaustive 
digestion with Pronase followed by ion-exchange chromatography on Dowex 50 
(X2) resin. Three fractions were obtained, all with similar contents of mannose and 
hexosamine but with various contents of galactose. The sugar-aspartic acid ratios 
indicated that all of the fractions were heterogeneous, the major fraction having 
nlannose-galact~s~-hexosamine-aspartic acid ratios of 2.6 : 0.5 : 5.8 : 1.0. Cleavage 
of asialo-ovomucoid with cyanogen bromide and proteolytic digestion of the isolated 
fragments gave two heterogeneous glycopeptide fractions of similar composition. 
Both asialo-ovomucoid and the principal glycopeptide fraction were degraded with 
B-D-galactosidase, a-D-mannosidase, and //-N-acetylglucosaminidase singly and in 
sequence. Removal of much of the carbohydrate from asialo-ovomucoid had no 
appreciable effect on its anti-tryptic activity. By sequential degradation of the glyco- 
peptide, a pentasaccharide core ct-D-Man-C~-D-Man]-8-D-Man-P-D-GlcNAc~~-D- 

GlcNAc-Asn was obtained. Other structural features revealed by enzymic degradation 
are discussed. 

INTRODUCTION 

Ovomucoid, a glycoprotein of egg-white, has been known since 1894, but it 
was not until 1947 that a satisfactory method for its isolation relatively free from 
other egg-white glycoproteins was devisedI. Several aIternative methods for the isola- 
tion and purification of ovomucoid fractions have since been published2-6. Most 
of these products have similar physica properties and amino acid composition, but 
vary considerably in their carbohydrate composition. The glycoprotein has a molecular 
weight of -28,000 and contains 25 “/, of carbohydrate distributed among several 
units, the exact number of which may vary from one preparation to another. The 

units, composed of mannose, galactose, and 2-a~etamido-2-deoxyglucose, are attached 
to the polypeptide chain by an asparaginyl-2-acetamido-Z-deoxyglucose linkage. 
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Most preparations of ovomucoid vary in their content of sialic acid, \\hich is princi- 

pally, but not entirely, responsible for the elrctrophoretic heterogeneity observed 

in the glycoprotein. Even ovomucoid variants which contain no sialic acid can she\\ 

considerable variation in their total content of neutral carbohydrate. 

Ovomucoid has aroused interest as a powerful inhlbltor of trypsin activity’. 

and the protein component has been investigated to determine which structural 

features are associated \vith this property’*8. Little is known of the rkct on the 

inhibitory activity of removing carbohydrate. 

We now describe the isolatron and charactensation of an asialo-c,vomucoid 

from egg-white, the preparation of glycopoptides therefrom and their fractionation. 

and structural features deduced from the action of cao-glycosidases on the glyco- 

peptides. Further structural studies are described in the follol\lng p~pc’r. Since the 

exo-glycosidases were also able to remove the appropriate carbohydrate residues 

from the intact giycoprotcin, the effect of such removal on the anti-tryptic activity 

was determined. 

RESULTS 

Fractiomztiotl of’ owtnwoid. Chromatography of crude ovornucoid on DEAE- 

cellulose gave three fractions (Fig. 1~). Fraction II contained the major part of the 

carbohydrate, and was less rich in sialic acid than Fraction IZI (Table I). Analysis 

at various points on the elution peak of Fraction IJ indicated that it contained a large 

2 

Fig. 1. Chromatography ofovomucoid on DEAE-cellulose. For details, see Experimental. Fractions 
(16 mL) were combined as indicated. (a) Fractionation of crude uvomt~coid; (/I) refractlunation of 
Fraction II 
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component with no sialic acid but having the same hexosamine-hexose ratio as the 
total fraction. A similar detailed analysis of Fraction III showed that each of sub- 
fractions contained sialic acid. Fraction II was re-chromatographed on DEAE- 
cellulose (Fig. lb). The main component (IIB) was essentially devoid of sialic acid, 
but had the same hexosamine-hexose ratio as the original Fraction II. All later 
experiments were restricted to Fraction IIB, which contained 10-11 residues of 
mannose, 2-3 residues of galactose, and 21 residues of 2-acetamido-2-deoxyglucose 
(Table II). 

Fractions II and IIB were subjected to electrophoresis on polyacrylamide gel 
at pH 4.5, 6.5, and 9.5. Fraction II contained several components, but Fraction IIB 
showed only one major band at each pH value, with slight traces of a minor component 
at pH 9.5. When gel electrophoresis was carried out in the presence of sodium dodecyl- 
sulphate, the mobility of Fraction IIB was consistent with a molecular weight of 
29,000 f 500. With the exception of the minor fraction I, the fractions had similar 
anti-tryptic activities (Table I). No fractions showed anti-chymotryptic activity. 

Action of exe-gfycosiduses on ovomucoid IIB. In contrast to the experience of 
some workers, it proved possible to remove peripherally situated sugars from ovo- 
mucoid by the action of exo-glycosidases (Table III). All of the galactose could be 

TABLE I 

CARBOHYDRATE COMPOSITION OF OVOMUOOID FRACTIONS 

Fraction Yield 

(%) 

Hexose 

(g/1%?) 

Crude 
ovomucoid - 9.10 
I 1.0 2.56 
II 75.6 9.09 
III 11.1 7.85 
IIB 85.7 9.10 

aRatios are molar. 

TABLE II 

GlcNAc NANA 

(gIltJOg) (gllO&) 

Hexosaminel Antitryptic 
Hexosea activity 

(4 

16.50 0.48 1.41 0.614 
2.76 0.06 0.88 1.015 

16.15 0.34 1.40 0.542 
10.40 0.68 1.08 0.633 
16.55 0.09 1.41 0.516 

MOLAR CARBOHYDRATE COMPOSITION OF MAJOR OVOMUCOW FRACTIONS 

______ 

Fraction Man Gal GlcNAc 
(moI/mol of ovomucoid) 

Man/Gal GlcNAclMan GlcNAc/Gal 

-~__-~- _~~. _____ ~~ 

II 10.8 3.0 20.0 3.63 1.85 6.67 
III 8.2 2.8 12.9 2.94 1.57 4.60 
IIB 10.5 2.4 21.1 4.52 2.01 8.19 
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TABLE 111 

“Figures in braohcts are the number of reGduc% removed. The original glqcoprotein contamed f0 S 
mannose, 2.4 galactose, and 21. i hcuownme re~iducs. 

TABLE IV 

Aspartic acid 
Threonine 
Proline 
Glycine 
~hel~~lal~n~~e 
~f~il~-~~stlne 
Mannose 
C&lactose 
Hexosamine 
Man$Iial 
Heuosamine~Man 
I idd (“, 0 ) 

I.0 1.0 
0.3 0.3 
0.3 
0.: 0.2 
0 2 

3’) 3.4 
0.6 I.6 
6.0 10.1 

4.8 1.8 
7 I 2.3 

IO 

B 

I.0 
0.3 

0. r 

3.1 
0.8 
5.9 
3.0 

I.9 
33 

PI 

c 
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glucosaminidase). Removal of the sugars had little effect on the trypsin inhibitory 
activity of the glycoprotein (Table III). 

Fractionation of glycopeptides. In the ovomucoid molecule, there are 25-32 
residues of aspartic acid4** of which only a few (2-5) carry carbohydrate units. In 
order to relate sugar ratios to glycosylated aspartic acid residues, it was therefore 
necessary to digest the glycoprotein exhaustively with Pronase in order to ensure 
removal of all non-glycosylated aspartic acid residues. After digestion, the mixed 
glycopeptides contained aspartic acid as the major amino acid component, with 
threonine, proline, glycine, and phenylalanine present in much smaller amounts 
(Table IV). There was therefore a preponderance of glycopeptides having aspartic 
acid as the sole amino acid component. 
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Fig. 2. Fractionation of asialo-ovomucoid glycopeptides on Dowex 50 (X2) resin. Fractions (4 mL) 
were eluted with a gradient of sodium acetate buffer (PH 2.6) (see Experimental), combined as 
indicated, and purified by refractionation on Dowex 50 (X2) resin and by gel filtration on Sephadex 
G-25. 
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TABLE V 

MOLECULAR WETGHTS Ot‘ GLY(‘OPEPTIlSLS 

A ‘190 200 2000 y ‘00 3190 
c 2130 3000 1937 
Pl 1300 2140 2x70 
P? 2160 10-m I’)15 

“For key, see Table I\. i tiFor descrlptlon of method. see Experimental; the mean of three determma- 
twns. “Calculatad from compositional arx~lysls, Tnblc IV. 

Fractionation of the mixed glycopcptides on Dowex SO resin (gradient elution 

with sodium acetate buffer. pH 1.6) gave three fractions (Fig. 3). The first fraction 

(A) \vas always present in small quantity. accounting for IO”,, or less c)f the t~~tal 

glycopeptides. The elution pattern of Fraction B indicated considerable heterogeneity. 

whereas that of Fraction C, which comprised the major part <>f the giycopcptidc 

mixture, showed less ebidcnce of heterogeneity. Each of the three glycopcptidc 

fractions, even after re-chromatography on Dower 50. had carboll~drate---aspartic 

acid ratios which indicated that the fractions \vere heterogeneous (Table I\‘). Much 

of this heterogeneity appeared to be due to variation in the gL dactcw! content of t11c 

fractions, since their mannose--hexosaminc ratios Lvere similar. 

Further analysis of Fraction A produced conflicting result\. The 1~1;~1~1losc and 

hexosamine contents of A were similar to those of B and C. suggesting that each 

fraction contained carbohydrate units of similar size. How~~~~. the ,lspartic acid 

content of A was much lolvcr than that of B and C. so calculations 01 carbohydrate 

ratios related to one residue of aspartic acid indicated a much larger carhohydratc 

unit In A. Molecular weight determinations, based on csclusion patterns from cali- 

brated columns of Scphadcu G-25 and G-50. were made on A :tntl ( (Table V). 

These glycopeptides had simil:ir molecular weights, ctnd the balucs rndicvted carbo- 

hydrate units of’a size similar to that calculated from the analysi, for C‘. ,i\ possible 

explanation for this drscrepancy might he that ;I slight lo\a 01’ aspartic acid had 

occurred from the origInal, mixed glycopeptidcs due to tracts of glq~coa~yartamld~l~c 

or cndo-glucosaminidase 111 the t’ronasc preparation. Such trace act Ivity might oni\ 

become significant during cxhaustivc proteolytic digestion. The resulting small 

amount of oligosaccharidc could Chcn have co-c17rolnatogt-aphed I\ ith the small 

fraction of glycopeptide ~Iutcd from the Dowe\ column by the buirer of!owext ionrc 

strength. 

Fractionation of the mewed glycopeptidcs ~‘34 aI30 carried out on Dona 50. 

using gradient elutlon v,ith a pyridine--formic acid bulTcr (pH 3.5) cF:ig. 3). The 

proccdurc was similar to ihat ubed by Montreuil to obtain his homc~gencous glyco- 

peptidc fraction’. When water \v:tc used :IS cluant prior to applicntlc~ll 01‘ the butTcr, 
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Fig. 3. Fractionation of asialo-ovomucoid glycopeptides on Dowex 50 (X2) resin (H+ form). Frac- 
tions (IO mL) were eluted with (a) water to give combined Fraction Pl, and (b) a gradient of pyridine 
formate buffer (see Experimental) to give Fraction P2. Combined fractions were purified by gel 
filtration on Sephadex G-25. 

a small fraction (Pl), accounting for 11 Y/, of the total glycopeptides, was obtained. 

This fraction had a low content of aspartic acid and contained very small amounts 

of other amino acids. The ratios of carbohydrates-aspartic acid were similar to those 

found in Fraction A (Table IV). The bulk of the glycopeptides (68 %) was eluted 

with the buffer as a single fraction (P2) which had a carbohydrate and amino acid 

analysis similar to that of C. The molecular weights of Pl and P2 (Table V) were 

similar to those determined for A and C. 

Peptide sequence of Fraction C. The only glycopeptide fraction with appreciable 

amounts of amino acids other than aspartic acid was C. When this fraction was 

assayed for N-terminal amino acids by the dansylation technique, it was found that 

aspartic acid, phenylalanine (Phe), and threonine (Thr) were in terminal positions. 

After an Edman degradation, Phe and Thr were released. No phenylthiohydantoin 

(PTH) derivative of aspartic acid was observed, but analysis of the residual glyco- 

peptide showed that 609,; of the original aspartic acid had been released, and presum- 



ably was attached to carbohydrate because the herosc content of the residue showed 

8 similar fall in value. Dansylation of this residual glycopept~de indicated proline 

(Pro) as the main h’-terminal amino acid. with traces of Thr. ,I second Edman 

degradation rcmoccd both Pro and Thr. and nnalys~s of the rcslduc conlirmcd this 

as well as showin that there had hce~~ no 1~s of ahpwtic acid. Third and fourth 

Edman degradations gave no further relcasc of amino 3~2~1~ ;I:, PTN derikati\cs. 

From these results. it appeared that the malor part 01‘ C concisted (11’ Aan-(Carbo- 

hydrate). with <mallc~ amounts of Thr..l.,n-(Carbohydrate) and Phc.Pro.Asn- 

(Carbohydrate) also present. 

C;~~I~o/~f’/~ti~/~,,\ /i.oiu C‘#VBr fir~,~nwut.~. Other glycopeptides wcrc obtained from 

individual fragments of ovomucoid after its cleavage with cyanogen bromide. After 

cleavage. two fragments (II and 111) as well a4 unchanged ovomucoid (I) were oh- 

tained (Fig. 4). Each i’ragmcnt \c;ts digested with Pronasc and the product\ wcrc 

fractionated on Dowex 50 resin with a gradicnt of sodium acctatc butTcr as cluant 

(Figs. 5fr and 5h). A single. major uarbohydratc-colit~liti~ll~ _ (7 glvcopeptide \+as oh- 

tained from each fraction and analysic (Table VI) 4~mc‘d them to bc of similar 

composition. The molar ratios obtained suggested that heterogencit> prc>bahlq. 

occurred at all sites of gtycosylation 

4 cYior7 o~‘L~.\-o-~~!I~c~o \if/~r.w.\ 011 /~‘rcrcTiorf C‘. The action of purified eso-glycosidases 

acting singly and in xequcnce on Fraction C is shown in Table VII. Consideration 

of the molecular weights and the result5 of analysis led to the conclusion that Fraction 

C comprised taco glycoprptidec each containing three mannow rwidues but only 

one containing galactosc. Residues removed by glycosidaw action acre therefore: 

calculated on the bws of an Initial content of sly mannosc ~.es~dues. 

There wet-c no twninally locatrd ~EW~JG~~I residues in Fraction C. but galactosc 

was in a terminal position. All of the galactose in Fractions A and H, \vhich had 

relatively greater contents of plactose, \\a rcmovcd cquall!; easil; and was therefwc 
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Fig. 5. Fractionation on Dowex 50 (X2) resin of glycopeptides from C:NBr-cleavage fragments of 
asiaIo-ovomucoid: (~(a, Fraction II and (b) Fraction IIt. Fractions (4.5 mL) were eluted with a gradient 
of sodium acetate buffer (see Experimental), combined as shown, and purified by gel filtration on 
Sephadex G-25. 

terminal or linked to a terminal galactose residue. In C, nine of the 13-14 hexosaminyl 

residues were either terminal or adjacent to terminal hexosaminyl groups and could be 

removed directly by ~-~-acetylglucosaminidase. This loss of nine hexosamine residues 

permitted the release of three lnannose residues. Removal of galactose from the 

original glycopeptides did not allow the release of any mannose, but permitted the 

release of an additional hexosamine residue, indicating that galactose had been 

p-linked to a hexosaminyl residue. When tllis latter residue was removed, a further 

mannose residue could be released, indicating that the Gal-GlcNAc group had been 

B-linked to an unsubstituted a-mannosyl residue. No further hexosamine could be 

released after removal of this mannose residue, nor could the remaining two mannose 

residues be removed by ~-D-mannosidase. Analysis of the residual glycopeptjde, as 
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TABLE VI 

Aspartic acid 
Threonine 

Proline 
Glq’cine 
Alanine 

Halfq5tine 

“Molar ratios calculated \ctth respect to 1 nmi of aspark acid. 

Control 60 

7-o-Mannosidase 6.0 

,%I-Galactosldase 6.0 

p-N-Acetylglucosaminidase 6.0 

r-n-Mannosidase 3.2 

/I-N-Acetylglucosaminidase 3.2 

jLD-GalactovdaTe 6.0 

a-I>-Mannosidase 6.0 

/i-h’Acetylylucosaminidase 6.0 

r+hlannosldasc 2.8 

__ 
Ma/f (ii11 

II 
17 
0. 1 

I.2 
I2 
1.2 
0.2 
0.2 

0.2 
0.2 

“Ratios for sugar\ in residual glycopeptide were calculated on the basis of sis mannose residues in 
the orlglnal control. since there were two glycopeptides present (see Results). 

well as the results from methylntinn analysis (reported in the following paper), 

suggested that the basic core common to each glycopcptidc of the original fraction 

contained a /Minked rnanno~yl residue attached ritr R cli-.Y-ncet~lchitobinse residue 

to asparaglne. 

When carrying out digestlon of the glycopeptides with /~-,~-acetylglucos- 

aminrdase from jack-bean meal. it WIS observed that. for a giLen L‘~~ncrntration 

of enzyme. there \vas a oonccntratinn of’ glycopeptide above \\hich no rclcase of 

hcxosamlne wan obtalncd (Table VIII). When solutions containing glycopcptide in 

concentrations exceeding this value \\eere tested for en;lymc actlvltk Lkith /I-nitro- 

phony1 7-acctatiiido-3-de~~~y-/i-u-glucopv as bubUrate, ilttlc PI no enzyme 
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TABLE VIII 

EFFECT OF GLYCOPEPTIDE CONCENTRATION ON RELEASE OF HEXOSAMINE BY B-N-ACETYLGLUCOSAMINIDASEa 

~~ ~-.-___. 

Wt. ofglycapeptide Hexosffmiffe content Hexosamine reieased (“/$, of totar) 
(mg) (w&J 

24 h 48 h 120 h 

0.423 1.07 51 53 53 
0.846 2.14 31 59 65 
1.693 4.28 18 39 59 
2.539 6.42 9 22 44 
3.385 8.56 0 0 0 
4.485 11.35 0 0 0 

%ach incubation solution contained 3.2 units of ~“~-a~~yl~lu~o~rninidase in a final incubation 
volume of 150 JCL (see Experimental for details). 

activity was observed. In the presence of lower concentrations of glycopeptide, the 
enzyme activity over the period of incubation, as measured with the synthetic sub- 
strate, differed little from that observed in a control incubation containing no glyco- 
peptide. 

DISCUSSION 

Investigations on the structure of the carbohydrate units of ovomucoid have 

always been greatly frustrated by the di~cutty of obtaining homogeneous gIyco- 
peptides. This stems from the extreme variability of ovomucoid preparations. The 

most characteristic feature of early investigations was the considerable variation 
in the sialic acid content of different samples, depending on the method of prepara- 
tion’. More recently, ovomucoid has been separated by electrophoresis6 and by ion- 
exchange ~hromatograph~~4 into several fractions, all of which appear to have similar 

amino acid composition, but which vary in the proportions of some of their carbo- 
hydrate components. Both techniques gave a preponderance of ovomucoid variants 
free from sialic acid. This also proved to be the case for our preparation, where 
precautions were taken to avoid acid conditions that might cause removal of sialic 
acid. All asialo-ovomucoids prepared have had a small but definite proportion of 
galactose. The fact that sialo-ovomucoids have a higher proportion of galactose may 
indicate that these variants represent molecules in the biosynthetic pathway which 
have been processed more completely. The smaller variation in carbohydrate compo- 
sition of asialo-ovomucoid, together with its preponderance in ovomucoid prepara- 
tions, makes it the most suitable fraction for structural investigations. 

Heterogeneity is of general occurrence in ovomucoids from a variety of bird? ‘. 
This finding supports the idea of the existence of multiple forms of ovomucoid, 
rather than that of a single form mixed with non-ovomucoid contaminants. More- 
over, the fact that heterogeneity has been found in ovomucoid from the eggs of 



individual hens’” is evidence Ihat heterogeneity does not BI‘ISC from mt\~ttros of 

eggs with different phenotypes. 

It is increasingly accepted that, for the carbohydrate units of ‘~11 gl>copt-oteina, 

heterogeneity is the rule rather than the exception. Kccentl). it ha\ hccn aho~n that 

o\otnucotd glycopepttdcs isolated fl-nm diilI’crent \itcs of glycnsylrttiott ha\c similar 

carbohydrate composition and show heterogenetly’ I . Similar rc\ult~ \vcrc obtained 

when our preparatton \\a‘; clcs~cd with cyanogen bromide. and ~~lvcnp~ptidcs from _ 

isolated fragments Marc euaminsd. t\.cn structural hetcrogcncit! can ~KUII’ at single 

glycosylation sites. A recctit sludq of sixteen glqcopeptidcs frc)t;l Y ,-:iciil glycoprotcit~ 

concluded that oarbohydrak units of dif‘fereni >lructt_trc must ha\c artscn i‘rom Ihc 

satne glycosylation site”. Clvalbumin carbohydrntc untts. u hich or-igtnated f‘rom ;t 

single glycosylation site. also shotved considerable hcterogutt~it~‘.‘,I’. ;tnd e\cn 

ovalbumin glqcopeptides that appeared homopctieous by ion-c\icttatigc chrotiiato- 

graphy. elsctrophoresi3. and ultracfntrtfu~~ition \vcrc hetcrogcncouC ‘, 

None of the fracttonatton procedures described hetx~n IIJ> tuulteci III the 

isolation of glycopepttdcs having SLI gar rattos that are whole numbers tvith respect 

to aspartic acid. The glycopeptides had similar content5 nf’ rtlanno~~ and 2-acrt- 

amide-2-deoxyglucosc, but showed variation in thctr contents %?I‘ galactosc. I313 

lack of whole IIUIII’CXX ratios, parttcularly for galactosc, is charnctcrt\tie, ot‘ almost all 

ovomucoid glycopeptides isolated SC’ far. It is not satisihctor>- to rclatc the sugat 

ratios to galactose. since sonic glycopeptides almost ccrlarnly have no galuctosc. 

Moreover, since it IS the carbohydrate prcscnt in much the smallest amount. small 

et-rot-s in its assay wtll produce considcrnblc variation in the r;ttt\J\ of‘ tnanno~e and 

hexosamine. 

BWLIUS~ of the impossibility of obtaining hon~ogeneou~ products, our in\cstiga- 

tions of structure wcrt” performed or1 glycopeptides in their hetcrogencaus state. 

It \+a~ hoped that the action cjl‘glqcostdascs tntght result, at bomc \titge ofthe degrade- 

tiOn. in the production of a homogeneous fraction that wcwld probid? an indicattcm a:, 

to the sites of hetcrogenetty. Howebcr. the large nutnhcr of’hc\o~~n~nc I.O,I~LI~S ~thich 

were found to be pcriphcrally located in the glycopcptidc ntadc tt CICN that such 

degradative studies ~lould have to be allied to mcthylation ,lnalq>i\ bct’ore the finct- 

details of the glycopeptidc btructure could bc eluctdatcd. 

While the results Jc\crihed do not permit the assignment of any definiti\.e 

structures, they allo~v certain 1~catures to be noted. If Fractton C’ cnntatn~ tbo glyco- 

peptides, only one of \\hich contains galactosc, then each ha\ the ~?cnl:rsacchartdc 

core common to most ;tspnraSinyI-carbnhydrnte glyqk~pticies. ;tnd gal;tcto\e atlcl 

hexosatnine arc in the pertpheral locations a\ shown trl I. 

lI-t,-MLttl-/(-Lo-,-o-(I;stl 

(/,‘-D-GlcNAc),-Y-D-M~~ 

I 
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The results leave undecided the question as to whether, in cases where s is 
greater than 1, the hexosaminyl residues are linked to each other or to different 
positions of the a-linked mannosyl residues. They also leave open the possibility 
that there are terminal hexosaminyl groups attached to O-4 of the P-linked mannosyl 
residues (as is the case for ovalbumin glycopeptides) and to the hexosaminyl residue 
to which the terminal galactosyl group is attached. These points have been elucidated 
by methylation analysis of the various degraded glycopeptides (see following paper). 

renewal ~ef~od.~. - Hexose was deter~~ined by the phenol-su~phur~c acid 
method1 6. Mannose and galactose were determined, after hydrolysis with 2~ HCI for 
3 h, as their alditol acetates by g.1.c. I7 These hydrolysis conditions gave maximum . 

yields of mannose and galactose. For g.l.c., a glass column (1 m x 0.2 cm) of 5 % of SP 
2340 on Gas Chrom Q (10~200 mesh) was used. This column, when programmed 
from 210-240” at 2”/min with an initial post-injection period of 3 min, gave satis- 
factory separation of mannose and galactose derivatives together with reasonably 
rapid removal of the hexosamine derivative from the column. Hexosamine, reducing 
sugar, and amino acid determinations were carried out as described previously’ *. 
Determinations of hexosamine after hydrolysis with ~-toluenesulphonic acid” gave 
results identical to those obtained by our sbndard procedure. Protein determinations 
were carried out by the method of Lowry ef at.20, with bovine albumin as standard. 
Pronase (Cambrian Chemicals Ltd.) was purified by acetone fractionation” before 
use, and had no detectable P-o-galactosidase, a-D-mannosidase, or /I-N-acetylglucos- 
aminidase activities, 

Siulic acid determination. - Sialic acid was determined, after release by hydro- 
lysis in 0.05~ H2S0, at 80” for I h, by a modification of the method of Warren2’. 
Sodium sulphate was omitted from the sodium arsenite and thiobarbituric acid 
solutions. Following colour development, 2-ethoxyethanol (2.7 mL) was added to 
the cooled reaction mixture (4.3 mL). After mixing, the absorbance at 545 nm was 
measured. A standard curve was prepared with N-acetylneuraminic acid. The intensity 
of colour produced was 16% lower than that obtained after extraction with cyclo- 
hexanone (7 mL) as in the original procedure, Since other carbohydrates may inter- 
fere in this method, especially when the carbohydrate-iV-acetylneuraminic acid ratio 
is > 5: 1, acid hydrolysates were first passed through a column of Dowex 1 (X 10) resin 
as described by W~tehouse and Zilliken 23 The fraction etuted with the buffer was . 

~~op~li~d, the dried material was dissohed in water (3 mL), and the sialic acid 
content was determined. 

Trypsin ~~~~bif~o~z. - Tryptic activity was measured as described by Laskowski2”, 
using Hammerstein casein (British Drug Houses Ltd.) as substrate and bovine 
trypsin (Miles Laboratories Ltd.). Anti-tryptic activity of the ovomucoid fractions was 
expressed as the weight required to i~~bit completely I mg of trypsin. Chymotrypsi~ 
inhibition was measured as described by Erlanger et ~1.~‘. 
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epididymis as described by Findlay and Levvy3”. Further purification was necessary 
to remove traces of a-D-mannosidase and ~-D-galactosjdase activity. The preparation 
was dialysed against 0.05~ sodium phosphate buffer (pH 6.5) and loaded on a column 
(27 x 1.6 cm) of Sephadex CM-25 equilibrated in the same buffer. Elution was 
carried out with (I) 0.05~ sodium phosphate but&r (pH 6.5) and (2) the same buffer 
containing 0.1~ sodium chloride. The fraction in the latter eluant, which contained 
the major part of the ~-~-acetylglu~osamin~dase activity, was washed on an Amicon 
PM 10 filter with phosphate buffer to remove sodium chloride, concentrated, and 
refractionated on the same Sephadex column with eluant (2). After washing and 
concentration, the preparation was further fractionated with acetone, the fraction 
precipitating between 20 and 35 % saturation limits being taken. The precipitate was 
dissolved in 0.05~ sodium citrate buffer (pH 5.0). The preparation contained no 
detectable P-D-galactosidase or a-D-mannosidase activity, and had fl-N-acetyl- 
glucosaminidase activity of 5’7 units per mg of protein. 

(b) ~-D-~~~QC~O~~~e ga~~ct~~yd~o~~se ~~-~-ga~~ctosidase, EC 3,2.1.23). ,&D- 
Gaia~tosidas~ in jack-bean meal is closely associated with ~-~-mannosidase and 
~-~-acetylglucosaminidase, and had to be extensively purified to remove traces of 
these enzymes. An acetone-dried powder was prepared from jack-bean meal and 
extracted as described by Snaith and Lewy 32 The extract, after freezing and thawing, . 

was centrifuged and the supernatant subjected to pH adjustments and heat treatment 
as described by Li and Li 33 The precipitate obt~ned between the fractionation . 

limits of 40 and 60% saturation with ammonium sulphate was dissolved in, and 
dialysed against, 0.05M sodium phosphate buffer (pH 7.0). The enzyme solution 
was loaded on a column (53 x 1.6 cm) of C)EAE-Sephadex A-50 equilibrated in 
0.05~ sodium phosphate (PH 7.0), and elution was carried out with the same buffer, 
P-D-Galactosidase was not adsorbed and was collected. The P-D-galactosidase- 
containing fraction was recycled twice, after which it was free from m-D-mannosidase 
and ~-~-a~etyl~ucosa~nidase. The fraction was concentrated by ultrafiltration, 
using an Amicon stirred cell with a PM 10 membrane. The activity of the preparatjon 
was 1.0 unit/mg of protein. 

(c) a-D-Mannoside ~~n~o~ydr~lase ~~-D-~an~l~s~da~e, EC 3.2.1.24). cl-D- 

Mannosidase was prepared from jack-bean meal as described by Snaith and Levvy3’. 
The product still contained a small proportion of ,!I-D-galactosidase. The purified 
enzyme was heated with pyridine at 37” for 20 min (2 mL of pyri~ne per 10 mL of 
enzyme solution). After cooling and centrifugation, the supernatant solution was 
brought to 60 % saturation with acetone and allowed to stand for 15 min at 0”. The 
precipitate was collected, and dissolved in 0.05M sodium acetate buffer (pH 5.0) 
cont~ning 0.1~1 sodium chloride and O.lm~ zinc sufphate. The above treatment, 
while decreasing the specific activity of the original, purified cl-D-mannosidase to 
about one-third, effectively removed all traces of j?-D-galactosidase, The linal prepara- 
tion had an a-D-mannosidase activity of 13 units/ mg of protein. 

Prepuratim of u~~a~~-~vo~ucoid. - Ovomucoid was prepared, using the 
method of Lineweaver and Murray’, from the separated egg-white of unfe~ilised 
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was maintained at 25 mL/h. Fractions (4 mL) were monitored for hexose and com- 
bined as shown in Fig. 2. Combined fractions were purified by one or more re- 
fractionations on the column of Dowex 50. The fractions were concentrated in vacua, 
desalted by gel filtration with Sephadex G-25, and lyophilised. 

A further sample of mixed glycopeptides (I 50 mg) was loaded on a column 
(150 x 2 cm) of Dowex 50 (X2) resin (H’ form) which had been well washed with 
water before use. Elution was carried out with (a) water (1 L) and (b) a gradient 
produced by equal volumes (500 mL) of 0.2~ pyridine formate buffer (8 mL of 
pyridine, 12.5 mL of formic acid, 479.5 mL of water) and 4~ pyridine formate buffer 
(160 mL of pyridine, 250 mL of formic acid, 90 mL of water) in the mixing chamber 
and reservoir, respectively. The flow rate was maintained at 30 mL/h. Fractions 
(10 mL) were collected, monitored for hexose, and combined as shown (Fig. 3). The 
fractions were evaporated in vacua with addition of water, purified by gel filtration 
on Sephadex G-25, and lyophilised. 

Glycopeptides from CNBr-cleavage fragments. - Ovomucoid (150 mg) in 70 % 
aqueous formic acid (15 mL) was treated with cyanogen bromide (150 mg), as 
described by Beeley7. The resulting fragments were separated on a column (125 x 
2.6 cm) of Sephadex G-25 equilibrated in 4~ acetic acid. Elution was at a flow rate 
of 20 mL/h. Fractions (4.5 mL) were collected, and their hexose content and ab- 
sorbance at 280 nm were determined. Fractions II and III (Fig. 4) were combined 
as shown and, after lyop~lisat~on, were refractio~ated on the Sephadex column. 
Three further samples of ovomucoid were treated, and Fractions II and III from each 
sample were combined to give total yields of 108 and 103 mg, respectively. 

Fractions II and 111 were each digested for 48 h with Pronase, as described for 
ovomucoid. The digests were fractionated on a column (35 x 2.6 cm) of Sephadex 
G-25 equilibrated in 0.1~ acetic acid. Elution was at a flow rate of 25 mL/h and 
4.5-mL fractions were collected. The hexose-containing fractions were combined, 
concentrated, digested with Pronase for a further 48 h, and again separated from 
released peptides on Sephadex G-25. The glycopeptide mixture was loaded on a 
column (150 x 2 cm) of Dowex 50 (X2) resin and eluted with sodium acetate buffers 
as described above (Figs. 5a and 5b). Only one major ~rbohydrate-cont~ning 
fraction was obtained from each of the original Fractions II and III. Analysis of the 
fractions is given in Table VI. 

Action of glycosidases on ovomucoid and glycopeptides. -- All incubations were 
carried out at 37” in an atmosphere of toluene to prevent bacterial contamination. 
In most experiments, the substrates were subjected to further incubations with the 
enzyme in order to ensure that the limit of action of the enzyme had been reached. 

(a) ~-N-AcetyZgIuco~ami~idase. Ovomucoid (150 mg containing 88.4 pmol of 
hexosamine) was incubated with enzyme (80 units) in 0.05~ sodium citrate buffer 
@H 4.5) cont~ning 0.1~ NaCl and 0.01 y0 of bovine plasma ~bumin, the total volume 
of the incubation mixture being 5 mL. The release of hexosamine” and the activity 
of the enzyme were measured at intervals. After 48 h, the glycoprotein was separated 
from released hexosamine on a column of Bio-Gel P-6; after combination of fractions 
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and lyophilisation, the glycoprotein was subjected to two further incubations with 

enzyme. T.1.c. of the monosaccharide fraction with ethyl acetate--pyridine-watcl 

(10:4:3) showed that the only sugar released was 2-acetamido-2-deoxyglucose. 

Analysis of the degraded glycoprotein confirmed that the mannose and galactose 

contents remained constant. In the case of Glycopeptide C ~ 254 mg (containing 671 

pmol of hexosamine) was incubated as above with 270 units of enzyme in 35 mL of 

solution. 

(b) a-D-hitrnr?o.vi~/tr.sc,. Ovomucoid (50 mg containing 18. I ~rmol of mannosc) 

was incubated with x-D-mannosidase (20 units) in 0.25k1 sodium acetate buffer (pH 

4.5) containing mrvl zinc sulphate in an incubation volume of 4 ml,. The enzyme 

activity and release of reducing sugar’s were monitored at intervals. After 48 h. the 

glycoprotein was isolated as described above and subjected to a further incubation 

with 20 units of enzyme for 4X h. In the case of-the glycopeptido, I23 mg (containing 

140 Llrnol of mannose) was incubated with 40 units of enzyme in IO mL under the 

same conditions. 

(I.) B-D-Gafuctosi~usc. Ovomucoid (24.3 mg containing 2.1f /IrnOl of galactose) 

was incubated with 0.6 unit of /I-I>-galactosidase in 0.125~ sodium acetate buffer 

(pH 4.2) containing 0.01 I’(, of bovine plasma albumin, the final incubation volume 

being 0.5 mL. Enzyme activity and release of reducing sugar” \\crc monitored at 

intervals. After 48 h, the glycoprotein was isolated as described above nnd subjected 

to a further incubation with enzyme. For the glycopeptidc. 31 mg (containing 6.3 

prnol of galactose) was incubated with I unit of enzyme in 1.5 mL under the SUII~‘ 

conditions. 
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