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1. Purified ovomucin was isolated as an insoluble glycoprotein complex from
thick egg white. 2. A homogeneous glycoprotein, designated a-ovomucin, of
molecular weight 210000 and containing N-acetylglucosamine (6.7%, w/w),
N-acetylgalactosamine (0.6%, w/w), galactose (1.8%, w/w), mannose (4.6%, w/w),
N-acetylneuraminic acid (1.0%, w/w) and sulphate (0.7%, w/w), was isolated
from preparations of reduced ovomucin by sedimentation equilibrium in a density
gradient of caesium chloride formed in the presence of 4M-guanidine hydrochloride.
3. A carbohydrate-rich fraction, designated ,B-ovomucin (which is homogeneous by
sedimentation-velocity analysis in 5M-guanidine hydrochloride but which is
heterogeneous by analytical sedimentation equilibrium in a density gradient of
caesium chloride in the presence of 4M-guanidine hydrochloride), containing
N-acetylglucosamine (11.0%, w/w), N-acetylgalactosamine (8.7%, w/w), galactose
(19.2%, w/w), mannose (4.1%, w/w), N-acetylneuraminic acid (13.8%, w/w) and
sulphate (2.7%, w/w), was also obtained from preparations of reduced ovomucin
by the density-gradient method. 4. Mild acid hydrolysis of the unfractionated
ovomucin complex showed that N-acetylneuraminic acid occupied a terminal
position of the oligosaccharide chains. 5. Alkaline f-elimination reactions with the
unfractionated ovomucin complex indicated that N-acetylgalactosamine was
linked by alkali-labile bonds to hydroxy amino acids.

Ovomucin, first isolated from egg white by
Eichholz (1898), is present mainly in the thick
white fraction of the domestic hen's egg (Brooks &
Hale, 1961). Although chemical analyses of ovo-

mucin preparations have shown the presence of
hexose, hexosamines (Young, 1937; Odin, 1951;
Brooks & Hale, 1961) and cystine (Young, 1937),
compared with other egg-white proteins little is
known of ovomucin. This is probably because
ovomucin is difficult to purify and is completely
insoluble after isolation from egg white.
Our previous finding that ovomucin can be dis-

solved in solutions containing 2-mercaptoethanol
and either urea or guanidine hydrochloride
(Robinson & Monsey, 1964) has permitted us to
assess the purity of our preparations of ovomucin
with physical techniques and has thus helped to
make chemical analysis of ovomucin more mean-

ingful. Preliminary reports (Robinson & Monsey,
1966) have given the chemical composition of our

purified preparations of ovomucin and also have
described the interactions between reduced ovo-

mucinandlysozyme (Robinson &Monsey, 1969a, b).
Donovan, Davis & White (1970) have reported the
results of physical and chemical studies of unfrac-
tionated ovomucin and presented an amino acid
analysis for their preparation of ovomucin.

The present paper describes the fractionation of
reduced ovomucin by equilibrium sedimentation in
a density gradient of caesium chloride formed in
the presence of 4M-guanidine hydrochloride. The
value of sedimnentation-equilibrium density-
gradient methods with caesium chloride for the
fractionation of glycoproteins has been shown by
Creeth & Denborough (1970).

EXPERIMENTAL

Material&. Guanidine hydrochloride (British Drug
Houses Ltd., Poole, Dorset, U.K.) was recrystallized at
pHE4.6 as described by Katz (1968). 2-Mercaptoethanol
was purchased from Fluka A.-G., Buchs, Switzerland, and
redistilled under N2. Iodoacetic acid (British Drug
Houses Ltd.) was recrystallized from A.R. ether after the
addition- of light petroleum (b.p. 80-120°C. CsCl (99.9%
pure) was purchased from Koch-Light Laboratories Ltd.,
Colnbrook, Bucks., U.K. N-Acetylglucosamine, N-
acetylgalactosamine, glucosamine hydrochloride, gal-
actosamine hydrochloride, N-acetylneuraminic acid (type
II), N-glycollylneuraminic acid (type II) and NO-
diacetylneuraminic acid were purchased from Sigma
(London) Chemical Co. Ltd., London S.W.6, U.K.
p-Dimethylaminobenzaldehyde was purchased from
Kodak Ltd., Kirkby, Liverpool U.K. Tri-Sil Z was pur-
chased from Phase Separations Ltd., Queensferry, Flint-
shire, U.K. SE-54 (3%, w/w) on CQ support (85-100
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mesh) was purchased from JJ's Chromatography Ltd.,
Hardwick Trading Estate, King's Lynn, Norfolk, U.K.
Other reagents were, where possible, A.R. products or

laboratory-reagent-grade products. Neuraminidase (type
V) from Clostridium perfringens and galactose oxidase
were purchased from the Sigma Chemical Co. Glucostat
and Galactostat kits were purchased from Worthington
Biochemical Corp., Freehold, N.J., U.S.A.

All evaporations were carried out in a rotary film
evaporator under reduced pressure at 4000.

Preparation of ovomucin complex. The fractions of
thick egg white (400ml) obtained from about 60 eggs
newly laid from Thornber 404 hens by using a gauze

method (Brooks & Hale, 1959) were homogenized at the
slowest speed in a mechanical blender (MSE Ato-Mix).
The crude ovomucin complex was precipitated by the
addition of 1 vol. of egg white to 4 vol. of water and
purified with KCl (2%, w/v) at 00C as described by
Brooks & Hale (1961). The precipitate was extracted
with KCI until the extract did not contain substances that
absorbed light at 276nm. The purified ovomucin complex
was dried with acetone and ether at room temperature.

Hexose analy8e8. Samples (25mg) were hydrolysed
with 0.5M-H2SO4 (5ml) at 10000 in sealed ampoules for
various times. The hydrolysates were desalted by passage

through a mixed-bed resin (Amberlite MB1). Hexoses
were separated by paper chromatography and then
eluted with water and determined by the anthrone
method (Yemm & Willis, 1954). Galactose was also
determined by the specific galactose oxidase method
(Roth, Segal & Bertoli, 1965). Spectra of the chromogens
formed after reaction of the eluted substances with a

cysteine-H2$O4 reagent (Dische, 1955) were compared
with those obtained from authentic samples of galactose,
glucose and mannose.

HeXosamine analyses. Samples (1Omg) were hydrolysed
in 1 ml of 4m-HCI at 10000 in sealed ampoules for various
times. Optimum hydrolysis times were determined as

described by Ogston (1964), with internal and external
standards of glucosamine and galactosamine at concen-
trations similar to those found in the experimental
samples of ovomucin.

Acid was removed from the hydrolysates by evapora-
tion. Glucosamine and galactosamine in the dried residues
were determined by using a Beckman 120C amino acid
analyser. A column (20cmx 0.9 cm) of Zeo-Karb 225
resin (particle size 5-8,um) was eluted at 550C with 0.13M-
sodium citrate buffer adjusted to pH 5.25 with conc. HCI.
For identification, the amino sugars were eluted from

a column (1cm x 30 cm) of Amerlite CG-120 resin (200
mesh) at 500C with 0.35M-sodium citrate buffer, pH5.26
(Partridge & Elsden, 1961). Pooled fractions were

desalted on a column (6cm x 2 cm) of Dowex 50 resin (H+
form) and the hexosamines were degraded to the corre-

sponding pentoses with ninhydrin (Stoffyn & Jeanloz,
1954).

N-Acetylhexo8amines. Ovomucin complex (20mg) was

hydrolysed with 0.1m-HCI (5ml) at 1000C for up to 6h.
Samples (0.25 ml) were taken at 1 h intervals and tested
for N-acetylhexosamine by the method of Reissig,
Strominger & Leloir (1955). For identification by paper
chromatography ovomucin oomplex (approx. 10mg) was

hydrolysed in 0.1M-HCI (lml) at 1000C for 5h, and the
hydrolysate was neutralized with 0.1 m-NaOH and

desalted on a column (28cmx 2.4 cm) of Sephadex G-10,
which was eluted with water. The desalted extracts were
concentrated by evaporation before paper cbromato-
graphy.

Sialic acid8. Quantitative determination of the total
sialic acid content was performed by the thiobarbituric
acid procedure (Warren, 1969) after hydrolysis of samples
(4mg) with 50mM-H2SO4 (2ml) at 80°C for 1 h. For
identification of the released sialic acid, ovomucin com-
plex (20mg) was hydrolysed with 50mM-H2SO4 (4ml) at
80°C for 1 h. Then the acid was neutralized with a satur-
ated solution ofBa(OH)2 and the supernatant freeze-dried.
Sialic acids were extracted from the dry residue with
methanol (80%, v/v) before paper chromatography. The
presence of N-glycollylneuraminic acid was also tested
for by hydrolysing ovomucin complex (20mg) with
0.5 x-H2S04 (4ml) for 1 h at 10000 and testing for glycollic
acid by the method of Klenk & Uhlenbruck (1957).
N-Acetylneuraminic acid and N-glycollylneuraminic acid
were used as standards.
Amino acids. Dry samples (4mg) were hydrolysed at

11000 for various times with constant-boiling HCI (4ml)
in sealed evacuated tubes. Acid was removed by evapora-
tion and amino acid analyses were carried out with a
Beckman 120C amino acid analyser. Trytophan was
determined in unhydrolysed samples by the method of
Spies & Chambers (1949).

Sulphate. Ester sulphate was determined after hy-
drolysis in 6M-formic acid at 10000 for 9h by the method
of Jones & Lethan (1956).

Other analy8es. Tests for uronic acids and fucose were
carried out by the methods of Bitter & Ewins (1961) and
Dische & Shettles (1948) respectively. Protein was
determined by measuring the extinction at 276nm.

Paper chromatography. Descending chromatography
was used. For qualitative analysis hexoses were chroma-
tographed for 20h at 200C with the organic phase of ethyl
acetate-acetic acid-water (3 :1: 3, by vol.), ethyl acetate-
pyridine-water (5:2:5, by vol.), butan-l-ol-pyridine-
water (9:5:8, by vol.) or sym-collidine saturated with
water. Hexoses were detected with the alkaline-AgNO3
method (Bezkorovainy, 1983) and the aniline hydrogen
phthalate method of Partridge (1949). To detect galactose
or to confirm the absence of glucose, the dried chromato.
grams were sprayed with either Galactostat or Glucostat
reagents (Salton, 1960) prepared for quantitative
determination of the hexoses as recommended by the
manufacturers. For quantitative analysis of hexoses
chromatography was with the organic phase of ethyl
acetate-acetic acid-water (3:1:3, by vol.) for 40h at
200C. The RGIC values were 0.78 for galactose, 1.33 for
mannose and 2.48 for fucose. N-Acetylhexosamines were
chromatographed on Whatman no. 1 paper treated with
0.2 M-sodium borate buffer, pH 8.0, with the organic phase
of either ethyl acetate-acetic acid-water (3:1:3, by vol.)
for 15h or ethyl acetate-pyridine-water (2:1:2, by vol.)
for 24h. N-Acetylglucosamine and N-acetylgalactos-
amine were separated from glucosamine, galactose,
mannose and N-acetylneuraminic acid. For detection of
the N-acetylhexosamines the alkaline-AgNO3 method
was used. Sialic acids were chromatographed on Whatman
no. 1 paper with butan-1-ol-propan-1-ol-0.1 m-HCI
(1:2:1, by vol.) (Svennerholm & Svennerholm, 1958) to
distinguish between N-a cetylneuraminic acid and N.
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glycollylneuraminic acid. The organic phase of butan-l-
ol-acetic acid-water (4:1:5, by vol.) was used to distin-
guish between N-acetylneuraminic acid and NO-diacetyl-
neuraminic acid (Whitehouse & Zilliken, 1960). A
thiobarbituric acid spray reagent (Warren, 1960) and an
alkaline AgNO3 spray reagent (Bezkorovainy, 1963) were
used to detect sialic acids. Butan-l-ol-pyridine-water
(6:4:3, by vol.) (Blix & Lindberg, 1960) and the organic
phase of ethyl acetate-acetic acid-water (3:1:3, by vol.)
were also used to compare the released AgNO3-reactive
components with markers of galactose and mannose.

Ga&-liquid chromatography. For determination of
hexoses by g.l.c., samples (2mg) were hydrolysed in dry
methanolic 1 M-HCI for 24h at 800C and then neutralized
with AgCO3 as described by Clamp, Dawson & Hough
(1967). Methanol was removed by evaporation and the
residues were silylated with lOO,tl of Tri-Sil Z. A 1pl,
sample of silylation mixture was injected into a glass
column (2.74m x 6.3mm) containing SE-54 (3%, w/w) on
CQ support. A series 104 (W. G. Pye Ltd.) gas chromato-
graph fitted with dual-flame ionization detectors was held
at 1300C for 20min and then temperature-programmed at
J0C/min to 2000C. The programme rate of j0C/min was
necessary to resolve all the isomers of silylated methyl
glycosides of mannose and galactose. For this purpose a
gear train (with ratio of 90000: 1, obtained from W. G.
Pye Ltd.) was fitted to the temperature programmer.
Argon was used as the carrier gas at a flow rate of 45ml/
min after prepurification over a molecular sieve of Linde
5A.

Reduction of the purified ovomucin complex. A 2.5ml
portion of 0.5M-tris-HCl buffer, pH8.2, containing 0.3M-
mercaptoethanol and 6 M-guanidine hydrochloride was
used to reduce the purified ovomucin complex (50mg) at
2000 for 16h. The thiol groups were alkylated by the
addition of 1 m-tris (2.5ml) containing 4m-guanidine
hydrochloride and 0.36m-iodoacetic acid (Small & Lamm,
1966) for lh.

Gel filtration. Samples that had been reduced with
mercaptoethanol and alkylated with iodoacetic acid were
dialysed against either 6M-urea or 6M-guanidine hydro-
chloride. Columns (91 cm x 2.5 cm) of Sephadex G-200,
Sepharose 2B or Sepharose 4B were used, and eluted with
either 61-urea or 6m-guanidine hydrochloride.

Electrophoresis. This was carried out on cellulose
acetate strips (Pboroslides, 7.5 cm x 2.5cm; Millipore
Corp., Bedford, Mass., U.S.A.) at IOOV for 20min. The
buffer solution used contained diethylbarbituric acid
(0.331g), sodium diethylbarbiturate (1.848g) and water
(120ml) at pH18.6 (I0.075). The strips were subsequently
stained for lOmin with either Alcian Blue 8 GX (1%,
w/v) in acetic acid (5%, v/v) or with Millipore Ponceau S
concentrate (2ml) diluted with water (38ml). Excess of
stain was removed in acetic acid (5%, v/v) and the strips
were air-dried.

Analytical sedimentation in density gradients. This was
performed in a Beckman-Spinco model E analytical
ultracentrifuge fittedwith electronic speed control in 12mm
cells. The speed was 40000 rev./min. The temperature
was controlled at 2500 with the RTIC unit. The solutions
contained 4m-guanidine hydrochloride, 0.1 M-sodium
acetate adjusted to pH4.8 with O.Im-acetic acid, and
CsCl. The initial concentration of reduced-alkylated
ovomucin complex wasapprox. 2mg/ml. Densities were

measured in 0.2ml constriction pipettes at room tem-
perature.

Preparative sedimentation in density gradients. Reduced
ovomucin complex (250mg) alkylated with iodoacetic
acid was dissolved in 4m-guanidine hydrochloride (60ml)
containing CsCl at a required density of 1.33g/ml.
The solutions were centrifuged in an MSE Superspeed

50 ultracentrifuge (rotor no. 2418) at 28000 rev./min. at
25°C for 72 h. The polypropylene tubes (6.9cm x 2.1 cm),
after deceleration (without brake), were removed and
pierced at the bottom and the contents collected in eight
2.5ml fractions. Samples from each fraction were used
for measurement of density and E276. After dialysis of
the fractions against O.1M-Na2SO4 hexoses were deter-
mined with the anthrone reagent. When a Beckman-
Spinco model L ultracentrifuge (rotor SW 39) was used
ultracentrifugation was in polypropylene tubes (5.1 cm x
1.3cm) at 35000 rev./min at 2500 for 72h.

Analytical sedimentation. Equilibrium sedimentation
was performed in a Beckman-Spinco model E analytical
ultracentrifuge fitted with Rayleigh optics in a double-
sector interference cell under conditions suggested by
Yphantis (1964) to determine weight-average molecular
weights. The freeze-dried material (0.2mg) was dissolved
in 5M-guanidine hydrochloride (0.5ml) and dialysed
against 5m-guanidine hydrochloride for 24h at 00C. The
density of 5m-guanidine hydrochloride at 22°C was
1.1222g/ml.

Separate velocity-sedimentation measurements were
carried out by using schlieren optics. Before the centri-
fugation, the materials were dialysed against a phosphate
buffer (10mm-NaH2PO4 adjusted to pH7.4 with 10mM-
Na2HPO4) containing 0.1 m-NaCl, 5m-urea or 5M-
guanidine hydrochloride. Cells with 30mm aluminium
centre-pieces were used in an An-E rotor at 40000 rev./
min. The camera lens was focused at the midpoint of the
long-path length cells. Sedimentation coefficients were
determined by the rapid method described by Markham
(1960). Densities and viscosities of guanidine hydro-
chloride at 250C were obtained from Kawahara & Tanford
(1966).

Alkali-induced fl-elimination. Samples (16mg) were
suspended in 0.5m-NaOH (3ml) and stirred under N2 at
20-22CC. After 22h the alkaline solution was made up
to 5ml with water and portions (1ml) were added to
constant boiling-HlC (5ml) and hydrolysed as described
for amino acids. Further samples (lml) were added to
4M-HCl (5ml) and hydrolysed as described for hexos-
amines. The molar ratios of glucosamine and galactos-
amine were determined with the use of the Beckman 120C
amino acid analyser as described above for the deter-
mination of hexosamines.

RESULTS

The amount of insoluble purified ovomucin
complex was found to be equivalent to 0.2% (w/w)
of the total thick egg-white fraction. After reduc-
tion and alkylation of the ovomucin complex a clear
non-viscous solution wa-s obtained for gel filtration,
electrophoresis and ultracentrifugation.

Gel filtration. The reduced ovomucin complex
was eluted with either 6m-urea or 6m-guanidine
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Fig. 1. Chromatography with 6M-guanidine hydro-
chloride on Sepharose 2B of reduced ovomucin complex
(100mg). Samples from each tube were assayed for sialic
acids (0) and protein (A).

hydrochloride from columns of Sephadex G-200 at
the void volume of the column as a symmetrical
peak. As none of the applied sample, as judged by
E276 and reaction of samples of the column effluent
with anthrone reagent, was retarded by the
Sephadex G-200 gel there was no evidence of frac-
tionation on Sephadex G-200. However, gel
filtration on columns ofSepharose 2B in the presence
of 6M-guanidine hydrochloride showed the presence
of two fractions, one of which was mainly protein
whereas the other contained larger amounts of
resorcinol-reactive substances (Svennerholm, 1957)
(Fig. 1). When 6M-guanidine hydrochloride was
replaced by 6M-urea no separation of the protein
and the resorcinol-reactive components was ob-
served.

Electrophoresis. Electrophoresis on cellulose
acetate strips of the reduced ovomucin complex
resulted in a partial separation of acidic Alciano-
philic substances from a single protein band. As
the faster-migrating Alcianophilic substances were
not present in samples of the reduced ovomucin
complex that had been treated with neuraminidase
it seemed that electrophoresis was separating sialic
acid-rich components. However, subsequent at-
tempts to fractionate protein and sialic acid-rich
components present in the preparations of reduced
ovomucin complex with a Hannig continuous
electrophoretic separator (Hannig, 1964) were

I
Fig. 2. Sedimentation-velocity experiments with reduced
ovomucin complex (0.5%, w/v) in 5m-guanidine hydro-
chloride. Frames were recorded after 103min at 40000
rev./min. The temperature was 250C.

unsuccessful; occasionally a partial separation of
protein and resorcinol-reactive components was
achieved. Disc electrophoresis with polyacrylamide
gels (2.5%, w/v) in the presence of 6M-urea was also
unsuccessful; staining with either Amido Black or
Alcian Blue showed that the reduced ovomucin
complex remained at the top of the gel columns.

Ultracentrifugation. Fig. 2 shows the analytical
sedimentation-velocity pattern of the reduced
ovomucin complex in the presence of 5M-guanidine
hydrochloride. As determined by triangulation of
the peaks the slower-sedimenting component (2.7 S)
contained approx. 65% of the reduced ovomucin
complex and the faster-sedimenting component
(5.8S) approx. 35% of the reduced ovomucin
complex. As reported previously (Robinson &
Monsey, 1966) sedimentation in 6m-urea only
showed one schlieren peak (5.6S) at a concentration
of 0.5% (w/v) at 250C. Sedimentation in the phos-
phate buffer, pH 7.5, containing up to 2M-sodium
chloride showed mainly one schlieren peak (10.6S)
and two minor schlieren peaks (6.2S and 13.3S) at
a concentration of 0.3% (w/v) at 200C.
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:. :1
Fig. 3. Analytical density-gradient experiments on
reduced ovomucin complex in 4M-guanidine hydro-
chloride and CsCi after 18h at 40000 rev./min. The
concentration was 2mg/ml. The initial density was
1.42g/ml. The temperature was 2500.
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Fig. 4. Preparative density-gradient experiment on
reduced ovomucin complex. The tubes were fractionated
into eight samples of equal volume, whose density (A)
was determined. After removal of the CsCl and guanidine
hydrochloride by dialysis the samples were assayed for
hexose sugar (0) and protein (0).

Fig. 3 shows a typical schlieren pattern obtained
by sedimentation equilibrium in a density gradient
of caesium chloride in the presence of 4m-guanidine
hydrochloride. A low-density fraction accumulated
at the meniscus, and higher-density fractions, con-
taining three components, accumulated towards the
middle of the cell. Preparative density-gradient
experiments carried out in the MSE Superspeed 50
preparative ultracentrifuge showed that protein-
rich substances could be separated from carbo-
hydrate-rich components (Fig. 4). The hexose-rich
and protein-rich fractions were pooled separately
and freeze-dried after extensive dialysis against
water at 0°C. The protein-rich fraction (now
designated reduced oc-ovomucin) was redissolved in
4M-guanidine hydrochloride (15ml) containing
caesium chloride at a required density of 1.33g/ml
and further purified by centrifugation in a Beck-
man-Spinco model L ultracentrifuge (rotor no.
SW 39) at 35000 rev./min at 25°C for 72h. The
hexose-rich fraction (now designated reduced /B-
ovomucin) was redissolved in 4M-guanidine hydro-
chloride (15ml) containing caesium chloride at a
required density of 1.34g/ml and centrifuged in the
Beckman-Spinco model L centrifuge as described

above. Fractions (0.5ml) were collected and
analysed as described above for protein and
hexoses. Reduced a-ovomucin (50mg) and reduced
/3-ovomucin (60mg) fractions were recovered.

Figs. 5(a) and 5(b) show the analytical-sedimen-
tation-equilibrium patterns in density gradients of
caesium chloride obtained for the isolated reduced
a-ovomucin and ,B-ovomucin fractions in solutions
containing 4M-guanidine hydrochloride with initial
densities of 1.305g/ml and 1.425g/ml respectively.
The reduced ,B-ovomucin fraction is clearly hetero-
geneous, whereas the reduced a-ovomucin appears
to be homogeneous. Both the isolated reduced
a-ovomucin and 3-ovomucin fractions showed
single symmetrical schlieren peaks (820.W 4.1 S and
8.9S respectively) when subjected to analytical
sedimentation-velocity experiments at a concen-
tration of 0.3%/ (w/v) at 250C in the presence of
5M-guanidine hydrochloride. Partial specific vol-
umes, v3, of 0.701 and 0.649 were calculated from
the composition of reduced a-ovomucin and /3-
ovomucin fractions respectively and reduced by
0.01 ml/g to take account for the effect of guanidine
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hydrochloride on the partial specific volume of
proteins (Tanford, Kawahara & Lapanje, 1967). A
weight-average molecular weight of 210000 was
calculated from the Rayleigh interference patterns
of the equilibrium-sedimentation experiments with
the isolated reduced a-ovomucin fraction in 5M-
guanidine hydrochloride. Equilibrium was estab-
lished at 16300 rev./min at 220C within 27h.
Analytical sedimentation-velocity experimnentswith
the isolated reduced cc-ovomucin and ,B-ovomucin
fractions at concentrations of 0.3% (w/v) in the
phosphate buffer, pH 7.5, containing 0.1M-sodium
chloride showed multiple schlieren peaks (820,W
6.8S, 11.78 and 14.7S for a-ovomucin and 820,w
6.5S to 16.2S forP-ovomucin), which are attributed
to aggregation in the absence of guanidine hydro-
chloride.

Fig. 5. Analytical density-gradient experiments on the
glycoprotein fractions from reduced ovomucin complex in
4M-guanidine hydrochloride and CsCl at 250C. (a)
Reduced oc-ovomucin (1.5mg/ml), initial density 1.305g/
ml, after 18h at 40000 rev./min. (b) Reduced f-ovomucin
fraction (3mg/ml), density 1.425g/ml, after 18h at
40000 rev./min.

Carbohydrate analy8ia. The maximal release of
hexoses from the ovomucin complex as judged by
the anthrone procedure was found after hydrolysis
for 2h in 1h-hydrochlorio acid at 1000C. Galactose
and mannose were observed on paper chromato-
grams and their identities confirmed after reaction
of the water-eluted substances with the cysteine-
sulphuric acid reagent. Fucose was not detected on
paper chromatograms or by colorimetric analysis.
The charts obtained from the gas chromatograph
also showed fucose to be absent.
The maximal release ofglucosamine and galactos-

amine from the ovomucin complex was found after
hydrolysis for 4h in 4m-hydrochloric acid at 1000C.
The elution from the Amberlite resin CG-120 of
Elson-Morgan-reactive substances at the volumes
required for elution of authentic samples of glucos-
amine and galactosamine, and the occurrence of
arabinose and lyxose after ninhydrin degradation
of the desalted fractions, was taken as evidence for
the presence of glucosamine and galactosamine in
the hydrolysates.
The hexosamines were probably present as the

N-acetyl derivatives, as indicated by detection of
these compounds by the procedure of Reissig et al.
(1955). The maximal release of N-acetylhexos-
amines was found after a 5h hydrolysis in 0.1M-
hydrochloric acid at 100°C. Ovoraucin complex was
found to contain a measured 8.0% (w/w) of N-
acetylhexosamine. However, 46% (w/w) of a
standard solution N-acetylglucosamine was de-
stroyed during heating at 1000C in 0.1M-hydro-
chloric acid for 5h. Paper chromatography of acid
hydrolysates of the ovomucin complex that had
been desalted on columns of Sephadex G-100
showed the presence of both N-acetylglucosamine
and N-acetylgalwatosamine.
Almost all the sialic acid (95%, w/w) as deter-

minted by the Warren (1959) procedure was
released from the ovomucin complex in 30min on
hydrolysis by 50mM-sulphuric acid (Fig. 6a).
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Fig. 6. Rate of liberation of sialic acid. (a) Ovomucin complex (5mg/ml) hydrolysed in 5Omx-H2SO4 at
80°C. (b) Ovomucin complex (5mg/ml) incubated with neuraminidase at 37°C. Sialic acid was determined
by the thiobarbituric acid method.
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Table 1. Oompo8tion of ovomucin

The preparations used were: (1) dry ovomucin complex, aesh content 2.1% (w/w); (2) dry reduced
a-Ovomucin; (3) dry reduced fi-ovomucin fraction.

Composition

(g/lOOg)

(1) (2)
Protein (from Table 2)
N-Acetylglucosamine
N-Acetylgalactosamine
Galactose
Mannose
Total sialic acid (Warren, 1959)
Sulphate
Phosphate
Total

60.6
8.0
4.0
8.5
2.8
7.4
1.4
0.03

92.7

69.5
6.7
0.6
1.8
4.6
1.0
0.7

84.9

(mol/105 g of sample)

(3) (1) (2) (3)
28.1
11.0
8.7

19.2
4.1
13.8
2.7

87.6

36.0
18.0
47.2
15.5
23.9
14.6

30.1
2.8

10.0
25.5
3.2
7.3

49.7
39.2

106.5
22.8
44.7
28.1

Table 2. Carbohydrates of egg-white glycoproteina

Carbohydrate composition (g/lOOg)

Sialic
Mannose acid
1.7-2.0 0
4-6 0.4-4.0
0.9 0
4.6 1
4.1 13.8

Reference
Parkinson (1966)
Parkinson (1966)
Williams (1968)
This paper
This paper

Ovomacroglobulin

Ovoinhibitors

Ovoglycoprotein
Avidin

5.5 0

2.8-5.6

13.8
3.8

0.3

0

0

0

Neuraminidase (0.3mg) dissolved in 30mM-tris-
malate buffer, pH6.5 (12ml), containing 6mM-
calcium chloride liberated sialic acid (97%, w/w) in
6h at 37°C (Fig. 6b). The sialic acid present in the
hydrolysates and neuraminidase digests of the
ovomucin complex was found by paper chromato-
graphy to be N-acetylneuraminic acid. Glycollic
acid was not detected in the acid hydrolysates of
the ovomucin complex, and substances corre-

sponding chromatographically in RF value to N-
glycollylneuraminic acid or NO-diacetylneuraminic
acid were not found in extracts of the hydrolysate
and neuraminidase digests of ovomucin complex.
The results of the quantitative carbohydrate

analysis for the ovomucin complex, reduced a-
ovomucin and the reduced ,-ovomucin fractions
are given in Table 1. The monosaccharides present
in the carbohydrate moieties of cx-ovomucin and

0 Donovan et al. (1970)

0 2.1-3.7 0.1-0.3 Davis, Zahnley &
Donovan (1969)

4.5 9.0 3.0 Ketterer (1965)
0 5.8 0 Melamed & Green

(1963)

fl-ovomucin and other characterized egg-white
glycoproteins are presented in Table 2 for purposes
of comparison.
Amino acid compo8ition. For maximum recovery

of amino acids, 20h at 110'C was found to be
optimum for hydrolysis of the ovomucin complex
in constant-boiling hydrochloric acid. The rates of
destruction of threonine and serine during a 20h
hydrolysis were 3.46% (w/w) and 7.17% (w/w)
respectively. The amino acid analysis of the
purified preparation of ovomucin complex and
reduced ac-ovomucin and ,B-ovomucin is given in
Table 3. Amino acid analysis of the reduced
oa-ovomucin and fl-ovomucin showed the presence
of S-carboxymethylcysteine and the absence of
cystine. Glutamic acid and aspartic acid were the
major amino acids in the reduced oc-ovomucin pre-

paration, whereas seine and threonine were the

Ovalbumin
Ovomucoids
Ovotransferrin
ix-Ovomucin
,-Ovomucins

Glucosamine
1.2

12-14
1.8
5.4
8.8

Galactos-
amine
0
0
0
0.5
7.0

Galactose
0
1.5
0
1.8

19.2
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Table 3. Amino acid analy8i8 of ovomucin

The preparations used were: (1) dry ovomucin complex; (2) dry reduced oc-ovomucin; (3) dry reduced
,B-ovomucin.

Amino acid composition

(g of anhydro amino acid/1OOg of
dry sample)

(1)
4.3
1.7
1.7
2.6
5.6
4.6
4.3
7.0
3.3
1.8
1.8
3.3
4.1t
1.4
2.6
4.0
2.5
3.1
0.9

60.6

(2)
4.3
1.6
1.7
2.6
6.9
4.6
4.3
9.0
3.2
2.4
2.1
3.7
5.71
1.1
3.1
4.4
3.3
3.9
1.6

69.5

(3)
1.6
1.6
0.6
1.0
2.0
3.3
3.1
2.7
1.8
0.7
1.1
1.2
1.4t
0.5
1.1
1.9
1.0
1.1
0.4

28.1

(mol/105 g of total protein)

(1)
55.3

20.5
27.7
80.5
74.4
81.7
89.8
56.8
52.0
41.8
54.3
63.7t
18.0
38.3
58.7
25.7
34.5
7.3

(2)
48.2

18.0
23.7
86.3
65.5
71.1

100.0
47.5
59.7
42.4
53.2
76.21
7.2

40.3
56.1
29.5
38.1
11.2

(3)
44.5

14.9
22.8
63.0

117.0
126.0
75.5
65.1
40.2
56.2
43.4
47.0t
12.4
34.1
60.5
21.7
26.3
7.1

* Corrected for destruction.
t Determined as cysteic acid.
t Determined as S-carboxymethylcysteine.

Table 4. Stoicheiometry of the chemical changes resulting from alkaline fl-elimination

Amount in acid
hydrolysed dry

ovomucin complex
(mol/105 g)

36.0
18.0
45.1
49.5
34.1
33.5

Amount in alkali-
treated acid

hydrolysed dry
ovomucin complex

(mol/105 g)
38.9
5.9

33.3
37.2
Trace
13.1

* Corrected for destruction during hydrolysis.

major amino acids in the ,B-ovomucin preparation.
As similar amounts of tyrosine and tryptophan
were present in the reduced a-ovomucin and /3-

ovomucin, the determination of protein by measur-

ing E276 during the fractionation procedures was

justified.
Alkaline f-elimination. The ovomucin complex

dissolved slowly in 0.5M-sodium hydroxide and
showed an increased extinction at 245nm as com-

paredwith solutions ofreduced-alkylated ovomucin
complex. Further, the u.v. spectrum of the alkali-
treated ovomucin showed an inflexion point at
245nm, thus suggesting the formation of conju-
gated double bonds. Analysis of the hydrolysates
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Lysine
Ammonia
Histidine
Arginine
Aspartic acid
Threonine*
Serine*
Glutamic acid
Proline
Glycine
Alanine
Valine
Cystine (half)
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Tryptophan
Total protein

Moiety
Glucosamine
Galactosamine
Threonine*
Serine*
Cystine (half)
Lysine

Change
(mol/105 g)

+2.9
-12.1
-11.8
-12.3
-34.1
-20.4
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of the alkali-treated ovomucin complex showed
that appreciable amounts of threonine, serine,
lysine, galactosamine and cystine were destroyed
by sodium hydroxide (Table 4). An unknown
ninhydrin-positive substance was eluted from the
20cm column used for the determination of hexos-
amines in hydrolysates of the alkali-treated
ovomucin complex. This substance was eluted from
the ion-exchange resin after galactosamine but
before lysine.

DISCUSSION

In our experiments the yields of insoluble
ovomucin complex accounted for approx. 0.2%
(w/w) of the total thick egg-white fraction, or
alternatively 1.5% (w/w) of the total egg-white
solids. Yields of 2% (w/w) or more have been
quoted by other workers (Lanni et al. 1949;
Donovan et al. 1970) and it does seem probable
that our lower yields of 1.5% (w/w) may have
resulted from losses of ovomucin during the exten-
sive purification procedures (Robinson & Monsey,
1969a). However, in some cases other workers have
used different methods for the preparation of
ovomucin that often use precipitation at pH4.5
(Lanni et al. 1949). It seems likely under the con-
ditions we have used, where the pH value of egg-
white of newly laid eggs is approx. pH 7.5, that we
may have isolated only those ovomucin components
that form an ionic complex with lysozyme at low
ionic strength (Robinson & Monsey, 1969a,b).
Further, Brooks & Hale (1961) did show that their
method, which we have used, gave a product less
heavily contaminated and consequently smaller in
amount than the method of Lanni et al. (1949).

Because disc electrophoresis in urea, electro-
phoresis on cellulose acetate strips, continuous
electrophoresis on the Hannig electrophoretic
separator and gel filtration showed the absence of
other proteins, it is concluded that our preparations
of the ovomucin complex are free of other con-
taminating egg-white proteins. Further, if any
bound lysozyme had been present in our prepara-
tions this would have been separated from the
reduced ovomucin complex during gel filtration on
Sephadex G-200 in the presence of either guanidine
hydrochloride or urea (Robinson & Monsey,
1969a,b).
The addition of guanidine hydrochloride to the

caesium chloride solutions used for forming the
density gradients enabled us first to dissociate the
reduced ovomucin complex and secondly to separate
appreciable amounts of the reduced a-ovomucin
and fl-ovomucin. Further application of this tech-
nique may afford a simple method for fractionating
protein-glycoprotein complexes and mucopoly-
saccharides that cannot be completely dissociated

18

during ion-exchange chromatography and electro-
phoresis. However, we consider that it would be
unwise to calculate the buoyant densities and
apparent molecular weights from the schlieren
patterns of the analytical density-gradient experi-
ments until more is known about the distribution
of guanidine hydrochloride in caesium chloride
density gradients and its possible effect on the
density gradient produced during ultracentri-
fugation.
The failure to account, by chemical analysis, for

the total weights of the preparations of reduced
a-ovomucin and reduced ,B-ovomucin is not un-
precedented for glycoproteins and may have been
due to the application of hydrolysis conditions
found to be optimum for analysis of only the
ovomucin complex. In view of the finding that
reduced ,B-ovomucin contained 57.5% (w/w) of
carbohydrate, whereas reduced a-ovomucin con-
tained only 14.7% (w/w), it seems that such hydro-
lysis conditions may not have been optimum for
analysis of the fractionated ovomucin components.
However, at present the absence of other organic
substances cannot yet be proved.
The reduced ,-ovomucin fraction is distinguished

from all other known egg-white glycoproteins by its
high carbohydrate content, which represented
approx. 57% (w/w) of the material. Further, the
reduced fl-ovomucin fraction is the only egg-white
glycoprotein fraction that contains significant
amounts of galactosamine and large amounts of
sialic acid (Table 2). As a small but significant
amount of ester sulphate was found to be present in
the ,-ovomucin fraction, it seems that this fraction
may contain sulphated glycoproteins.
Reduced a-ovomucin is similar to the other egg-

white glycoproteins in so far as its carbohydrate
moiety contains mainly equimolar amounts of N-
acetylglucosamine and mannose. Future work
might show that the relatively small amounts of
N-acetylgalactosamine, sialic acid and galactose
found in reduced a-ovomucin are due to the presence
of small amounts of the reduced ,B-ovomucin in our
preparation of a-ovomucin. However, by the
techniques we have used so far, reduced a-ovomucin
seems to be homogeneous. As cystine was not
detected during amino acid analysis and addition
of a relatively large amount of dithiothreitol (3mg)
to the reduced a-ovomucin (4mg) did not change
the sedimentation-velocity pattern of this prepara-
tion, the apparent weight-average molecular weight
of 210000 seems to be that of the fully reduced
monomer unit, unless the reduced a-ovomucin
monomer units are cross-linked by bonds not sus-
ceptible to disulphide-bond-reducing agents or
5M-guanidine hydrochloride. However, our estima-
tion of molecular weight may only be approximate
because experiments were carried out at only one
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concentration of reduced a-ovomucin and one
centrifuge speed in the presence of only 5M-guani-
dine hydrochloride. Further, we have not at-
tempted to verify by N-terminal analysis whether
the reduced a-ovomucin contained a single poly-
peptide chain, although investigations with 2,4-
dinitrofluorobenzene and large amounts (240mg)
of ovomucin complex did not reveal the presence of
any N-terminal groups. If our preparation of
reduced a-ovomucin did contain a single poly-
peptide chain this would have a molecularweight
of 145000. Donovan et al. (1970) reported a
viscosity-average molecular weight of 163000 for
ovomucin monomer units. However, their prepara-
tion, which was obtained after precipitation at
pH4.5, as judged from their analysis, may be a
mixture of the a-ovomucin and fl-ovomucin frac-
tions. Further, their preparations differed from
ours in that the major sedimenting component in
6M-guanidine hydrochloride plus 0.2M-mercapto-
ethanol had a sedimentation coefficient of 820,W
1.4S. However, as the total sample concentration
used by Donovan et al. (1970) and the assumed
value for the partial specific volume required for
correction of their sedimentation coefficients were
not quoted, the corrected sedimentation coeffi-
cients given by Donovan et al. (1970) may be only
approximate for their reduced-unalkylated pre-
paration.
The almost total release of sialic acid from the

ovomucin complex by neuraminidase or by very
mild acid hydrolysis suggests a terminal location
for sialic acid in the oligosaccharide chains and the
absence of O-acetyl substituents (Faillard, 1957,
1959). Neuraminidase appears to cleave only sialic
acid residues joined to galactose or to N-acetyl-
galactosamine (Gottschalk, 1960), and hence a
terminal sialylsialic acid disaccharide is unlikely.
Sialic acid has usually been found linked ketosidi-
cally to galactose or N-acetylgalactosamine, and
sialyl - (2-+6) -N - acetylgalactosamine prosthetic
groups occur almost exclusively in submaxillary-
gland mucin (Graham & Gottschalk, 1960). How-
ever, the complete absence of other sialic acids can-
not be claimed, as there was a discrepancy of 5%
(w/w) between the direct Ehrlich and thiobar-
bituric acid assay procedures (Warren, 1959, 1960;
Gibbons, 1963). Because 24.1 ,umol/105g ofhydroxy
amino acids were destroyed by the alkaline ,B-
-elimination reaction, it does seem very likely that
at least some of the oligosaccharides present in the
ovomucin complex were linked to the polypeptide
parts through glycosidic linkages with the hydroxyl
groups of both threonine and serine. As 67.2%
(w/w) of galactosamine was destroyed during the
alkaline treatment, some of the glycosidic bonds to
the hydroxy amino acids probably involved N-
acetylgalactosamine and would be present mainly

in the reduced fl-ovomucin fraction. However, as
the ovomiucin complex (IOsg) contained only 18,t-
mol of N-acetylgalactosamine, and 24.1,umol of
hydroxy amino acids was destroyed during alkaline
treatment, it is thought that other linkages to the
hydroxyl groups of either serine or threonine that
are susceptible to alkali may be present in the
ovomucin complex.

Glucosamine, which was not destroyed during
the alkali treatment, may be linked to a polypeptide
through the more alkali-stable glycosylamine bond
(Neuberger, 1964). Loss of half of the total lysine
during the alkaline f-elimination reaction was sur-
prising, but a similar loss of lysine during alkali
treatment of proteins rich in cystine has been
reported. Bohak (1964) showed that some lysyl
residues were converted into lysinoalanine during
alkaline treatment of ribonuclease, lysozyme,
papain, chymotrypsin, bovine plasma albumin and
phosvitin, and suggested that lysinoalanine was
formed by the addition of the E-amino group of
lysine to the double bond of a dehydroalanyl
residue formed during a f-elimination reaction on
cystine residues. As shown in Table 4 cystine was
also destroyed during the fl-elimination reaction
with the ovomucin complex. Further, the elution
position of the unidentified ninhydrin-positive sub-
stance present in acid hydrolysates of only alkali-
treated ovomucin complex corresponded to that
reported by Bohak (1964) for lysinoalanine. How-
ever, we have not yet attempted to identify the
proposed lysinoalanine.

These studies indicate that the purified dry
ovomucin complex isolated from thick egg-white
may be a co-polymer of infinite size composed of
basically two types of glycoproteins, some of which
may be sulphated. Because ovomucin has for a
long time been thought to play an important part in
determining the gel-like properties of thick egg-
white, the presence in our ovomucin preparations
offl-ovomucin, which contained approx. 57% (w/w)
of carbohydrate, of which 14% (w/w) was sialic
acid, may be of special significance, even though the
,B-ovomucin fraction may only represent 0.1%
(w/w) of the thick liquid egg-white. Indeed, it is
known that small amounts of polysaccharides can
cause gel formation (Rees, 1969). The ease with
which both isolated reduced a-ovomucin and
,B-ovomucin derivatives self-associate suggests that
a similar association may occur between the
natural a-ovomucin and f-ovomucin fractions
present in thick egg-white and thus account
for the gelatinous and viscous properties of the
thick egg-white fraction. Further, it is possible
that increased strength might be imparted to
the thick egg-white gel by disulphide bonding
between the various a-ovomucin and fl-ovomucin
co-polymers.
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