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Methods for the Isolation, Purification and Analysis
of Glycoproteins—a Brief Review *
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The glycoproteins, a very large group of conjugated
proteins, which are widely distributed in nature, have re-
cently become a focus of study in biochemical research
(130 refer to review articles on this subject). Glyco-
proteins are defined in this review as proteins that carry
covalently-bound sugaré. It is the convention to exclude

* Based on a lecture given at the Symposium on Structural Aspects
of the Carbohydrate in Glycoproteins, 147th Meeting of the
American Chemical Society, Philadelphia (Pennsylvania), April
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P.A.LEVENE, Hexosamines and Mucoproteins, Longmans, Green,

London 1925.

A.GRAVENSTUCK, Ergeb. Physiol. 28 (1929) 1.

K.MEYER, Advances Protein Chem.2 (1945) 249.

K.MEYER, Some Conjugated Proteins (A Symposium), p. 64, Rut-

gers University Press, Rutgers (N.J.) 1953.

D. AMINOFF, Bull. Res. Council Israel 4 (1954) 225.

E.M.GREENSPAN, Advances Internal Med.7 (1955) 101.

M.F.JAvLE and G. BoussIER, Exposés Ann. Biochim. Med. 17(1955)

157.

P.W.KENT and M. W. WHITEROUSE, Biochemistry of the Amino-

sugars, Butterworth Scientific Publications, London 1955.

J.SoNNET, Les glycoprotéines sériques a I'état normal et pathologique,

Editions Arscia, Bruxelles 1956.

10 G.BISERTE, Bull. Soc. Chim. Biol. 39 (1957) 93.

11 J.MoNTREUIL, Bull. Soc. Chim. Biol. 39, Suppl. 111 (1957) 3.

12 H.E.ScruLTZE, Scand.J.Clin.Lab. Invest.10 (Suppl.) (1958) 31,
135.

13 Z.STARY, Clin.Chem.3 (1957) 557.

14 F.R.BETTELHEIM-JEVONS, Advances Protein Chem. 13 (1958) 35.

15 T.C.LAURENT and B. BLOMBACK, Acta Chem. Scand.12 (1958) 1875.

16 M.SCHONENBERGER, R.ScEMIDTBERGER and H.E.ScrULTZE, Z.
Naturforsch.13b (1958) 741.

17 R.J. WINZLER, Ciba Foundation Symposium: Chemistry and Bio-
logy of Mucopolysaccharides (WoHLSTENHOLME and O’CONNOR,
eds.), p.245, Little Brown & Co., Boston 1958.

18 R.J. WINZLER, in The Plasma Proteins (F. W.PUTNAM, ed.), Vol.1,
p-309, Academic Press, New York 1960.

19 F.W.PurNAM, in The Plasma Proteins (F. W.PUTNAM, ed.), Vol.2,
p. 345, Academic Press, New York 1960.

20 H.E.ScruLrzg, K. HEIDE and H. HauPT, Naturwiss. 48 (1961) 719.

21 H.E.ScBULTZE, Schweiz. Akad. Med. Wiss.17 (1961) 77.

22 G.BasBANG, Fortschr. Chem. Org. Naturstoffe 20 (1962) 202.

23 G.EasTHAM, J. Amer. Geriatric Soc.10 (1962) 633.

24 C.D.WEesT and R.Hong, J. Pediatrics 60 (1962) 430

2% K.ScHMID, in The Hexosamines (R.W.JEANLOZ and E.A.BAvLAzs,
eds.), Academic Press, in press.

26 'W.H.Hrrzic, Die Plasmaproteine in der Klinischen Medizin, Aca-
demic Press, New York 1963.

% R.B.SpIro, New Eng.J. Med. 269 (1963) 566.

28 A.GOTTSCHALK, in Comprehensive Biochemistry (M.FLORKIN and
E.H.S1072, eds.), p. 17, Elsevier Publishing Company, Inc., 1963.

29 A.GOTTSCHALK, Chemistry and Biology of Sialic Acids and Related
Substances, Cambridge University Press, 1960.

30 R.W.JEANLOZ, Advances Enzymol. 25 (1963) 433.

-

o oo FSEEINSY

©

©

the nucleoproteins from this group of macromolecules. 3!
The sugars often found in glycoproteins are galactose,
mannose, fucose, glucose, glucosamine, galactosamine
and sialic acids. Bacteria and plants contain in addition
meuramic acid and many others sugars.*> 32 ~f The amino
group of glucosamine and galactosamine is generally ace-
tylated, whereas sialic acid possesses one or more acetyl
and/or glycolyl residues. Sialic acid is usually terminally
located and often linked to galactose **. The carboxylic
group of sialic acid, whose average pK is 2.6, is free and
contributes greatly to the acidic nature of glycoproteins.
The pK value of this acidic residue may vary greatly.3! It
should be realized that certain sugar-containing proteins
are devoid of fucose (fetuin,3 fibrinogen,3°), while others
are free of sialic acid (Gc-components®”) and still others
are lacking galactosamine (a;-acid glycoprotein38). Hex-
uronic acids are generally not found in this class of pro-
teins, unless the mucopolysaccharide-protein complexes
are considered as a special subgroup of the glycoproteins.
The polypeptide moiety is composed of the known amino
acids of proteins. Further, the collagens contain, in
addition, hydroxyproline and hydroxylysine.

** It is not yet known whether the linkage to this penultimate sugar
is of the a- or -type.
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solvents, light, or detergents, to mention the most im-
portant ones. The glycoproteins should be preserved in
their natural state. They should not be altered in their
primary and secondary structure or, in the extreme case,
grossly denatured.

It should be pointed out that, in contrast to certain
beliefs, the carbohydrate moiety (units) of the glyco-
proteins does not render these proteins stable or prevent
their denaturation. Glycoproteins are not sturdier than
any other proteins just because some of them are not
rendered insoluble when their aqueous solutions are
brought to a boil! Also the solubility of these macro-
molecules is not increased by the carbohydrate units
as compared with non-conjugated proteins of comparable
molecular weights and composition. It is true, however,
that many glycoproteins are very soluble at neutral pH’s.
The reason for this is that they carry a relatively large
number of sialic acid residues which provide a high elec-
trostatic net charge at neutrality. It is also true that
some of these proteins are soluble, even if they are
grossly denatured. a,-Acid glycoprotein denatured in a
water-ethanol-ether mixture (1:1 v/v) remains soluble
in this solvent. 7

The problem of solubilizing certain extracellular pro-
teins 4% may be illustrated by the following examples. To
render collagens and keratins soluble, general rules de-
rived from the study of the physical chemical properties
of proteins are considered. The collagen of the skin of a
growing normal animal is present in four different forms.
Physiological NaCl solution will remove the most recently
produced collagen. Slightly matured collagen can be
brought in solution by increasing the ionic strenght (I'/2)
of the extracting solvent to about 0.5. (Globulins are
rendered soluble by addition of salt, “salting-in”!) A
further part of the still insoluble collagen can be solubili-
zed by changing the pH from 7 to 3.5 effecting a great
increase in the electrostatic net charge. It is noted that
the change in pH is more effective than the increase of
I’/ 2 of the solvent. The remaining collagen is solubilized
subsequently by its transformation to gelatin?*-76, Kera-
tin can be dissolved on either side of its isoelectric point
but, because of its special properties, solution takes place
only below pH 2.5 and above 12. As secondary reactions
may occur at pH 12 the extraction is best carried out
near pH 2.5.7% 78

A different problem is posed by bone and teeth.?
Apatite must be removed first in order to make the
72 K.ScHMID, unpublished data.
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matrix acessible for further study. Since the introduction
of EDTA by SCHWARZENBACH, apatite can be dissolved
to the largest extent at neutrality. Under such conditions
the proteins are thought to be preserved in their natural
state. Collagen is isolated subsequently as indicated
above.

Cells and tissues require a different approach for the
study of their constituents. Bacteria and yeast are known
to have cell walls that are difficult to rupture. Besides
various grinding techniques, treatment with ultrasonic
vibrators and homogenizers, extrusion under high pres-
sure appears to be most effective for this purpose.4?
Animal and plant tissues can be homogenized much
easier than bacteria and yeast. For large-scale prepara-
tions it is best to use the pressure technique. In general,
insoluble cell wall particles and the cell contents are ob-
tained after separation by centrifugation.4? 43 The cell
wall fractions can be further degraded, chemically or
enzymatically, to solubilize its constituents and make
them accessible to further chemical studies. The cell
contents consist of organelles (nuclei, mitochondria,
microsomes, ribosomes, lysozomes and others) and the
cytoplasmic soluble proteins. The use of density gradient
in the separation of these particulates from each other
proved to be particularly useful.

Fractionation

The fractionation serves to separate glycoproteins or
groups of similar glycoproteins from each other. The frac-
tionation or separation of proteins is based on the differ-
ence in one of their properties of which the most impor-
tant ones are solubility, isoelectric point, electrostatic
net charge, size, sedimentation coefficient, density and
adsorption. The most frequently utilized fractionation
techniques, classical or modern, are matched with these
properties in Table 2. Two points of general interest are
worth mentioning: (1) The most effective separation of

Table 2. Fractionation of Proteins

Difference in property on which
procedure is based

Fractionation Procedure

Solubility Salting-out (precipitation)
Salting-in (extraction)

CoHN’s Methods

Isoelectric precipitation
Zone electrophoresis

Isoelectric point

Electrostatic net charge Zone electrophoresis

Size Gel filtration (Sephadex)

Sedimentation coefficient Ultracentrifugation
Density Flotation
Adsorption Adsorption-Elution

79 M.J.GLIMCHER, in Biophysical Science (A Study Program) (J.L.
ONCLEY, ed.), p. 359, John Wiley & Sons, New York 1959.
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proteins from each other and, therefore, the most effec-
tive purification is obtained if a combination of proce-
dures is employed that is based on different principles.
For instance: the initial separation by fractional preci-
pitation with AmSO, may be followed by ion exchange
chromatography on DEAE-cellulose and then by gel
filtration on Sephadex or by zone electrophoresis. (2) No
method exists which permits the separation of glyco-
proteins from each other on the basis of differences in
their carbohydrate content. Therefore, the preparative
methods used in fractionating glycoproteins are those
employed in protein chemistry in general.

Some of the classical procedures which were intro-
duced fifty to sixty years ago are still in use. It is of great
importance that only reagents may be added to a protein
solution that can be removed subsequently without harm-
ing the protein. For instance, it has been known for many
years that heavy metal ions form insoluble complexes
with proteins, but because these metal ions could not be
separated from the protein precipitate, one did not know
whether or not the proteins had been denatured. Only
through the relatively recent introduction of chelating
agents, such as EDTA and ion exchange resins, has it
become possible to remove such ions and to study fur-
ther the precipitated proteins.

Fractional precipitation by high concentration of neu-

tral salts such as (NH,),50,, Na,SO, and phosphates,

referred to as “salting-out,” is often used with signifi~

cant success, particularly as an initial fractionation.
Nevertheless, it should be mentioned that the final puri-
fication of myoglobin by recrystallization, for instance,
was achieved in high ionic strength pH 6 phosphate. 8
The pitfalls of the “high salt” methods have recently
been discussed by Drxon and WEBB. # Mention should be
made that dialysis against water often utilized for the
removal of salt occasionally leads to denaturation. Di-
alysis should be carried out against very dilute salt so-
lutions, for instance against 0.001M NaCl. Glycine ap-
pears to be another stabilizer for certain proteins.® Lyo-
philization may also lead to denaturation which may
be prevented by addition of stabilizing agents such as
dextran-10%'2 or must be replaced, if possible, by con-
centration by negative pressure dialysis.

A much better separation generally results if the frac-
tionation, that is to say precipitation or extraction, is
carried out atlow /72 in contrast to the relatively gross
separation obtained by precipitation at high I'/2. This
was realized by Coun and coworkers and by KEckwick
whose procedures have been discussed in detail by
EpsaLL,? HucHES,% ONCLEYY and PENNELL.™ The
solubility of a protein, like its electrostatic net charge,
was found to be a function of pH, ionic strength, tem-
perature, dielectric constant of the solvent, the presence

8 J.KerLIN and K.Scamip, Nature 162 (1948) 496.

81 J.PorATH and N. U, private communication (1964).

81a Brochure on Dextrans, Dextransulfates and DEAE-Dextrans for
Laboratory Use, Pharmacia Fine Chemicals, Inc., New York 1964.
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of organic solvent and of specific ions. Since the possibility
exists that in presence of ethanol, even at low tempe-
rature, certain proteins might be altered, CoHN elimi-
nated ethanol completely in Method 1282 and replaced
it by heavy metal ions such as those of Zn (Ala), and
Hg (Ala),. Ions of heavy metals form relatively insoluble
complexes with proteins at concentrations between
10—20 mM, and often a surprisingly high specificity is
observed. For instance, the low molecular weight, 3 S
human plasma a,-glycoproteins could be separated from
each other with the aid of Ba**-jons (in presence of 25%
ethanol at pH 6 and —5°C to reduce the solubility). 8
At concentrations below 1mM and above 30mM these
heavy metal ions effect salting-in of the protein.8!

‘Instead of heavy metal ions, increasing concentrations
of O-polyphosphate® or rivanol® have also been used
successfully for the fractionation and isolation of pro-
teins. Another group of procedures, very frequently em-
ployed in enzymology, is based on adsorption, especially
on Al,0,, Ca-phosphates and BaSO,.

Perchloric acid precipitation has been used widely for
special purposes in the study of blood. The seromucoid
fraction comprises the serum proteins that are soluble in
perchloric acid and are precipitated with phosphotung-
stic acid.® The major component of this fraction is a,-
acid glycoprotein,3® the minor components include hap-
toglobins, 3S a,-glycoproteins and many other proteins.86
Because of the ease in preparing this protein fraction,
the blood level of the seromucoid fraction has been deter-
mined in a very large number of disease states. It could
be demonstrated that the changes in the blood concen-
tration of this protein mixture are not of diagnostic value.
For the sake of completeness, mention should be made
that the term “ glycoprotein® is occasionally used to refer
to unknown serum proteins.

The modern methods are much more sophisticated.
They are based to a large extent on the relatively de-
tailed knowledge of proteins. Of the modern techniques,
ion exchange chromatography on modified celluloses,
which largely takes advantage of differences in the elec-
trostatic net charge and was introduced by SoBER, % and
gel filtration through Sephadex which takes advantage of
differences in size of proteins and was introduced by
PoraTH and FLODIN,28 8 are probably the most impor-
tant ones. The advantages of these well known proce-
dures, such as high capacity, mild conditions, suitability

82 D.M.SuURGENOR, R. B.PENNELL, E. L. ALAMERI, W. H. BATCHELOR,
R.K.BrownN, M.J. HUNTER and V. L. MANNICK, Vox Sang. 5(1960)
272.

83 K.Scumip, J. Amer. Chem.Soc.77 (1955) 742.

8 H.NITscHMANN, E. Rickrr and P. K1STLER, Vox Sang. 5 (1960) 231.

85 E.W.BoETTCHER, P.KIsTLER and H.NirscEMANN, Nature 181
(1958) 490.

8 H.E.ScrurtzE, K. HEIDE and H. HAvUPT, Clin. Chim. Acta 7 (1962)
854.

87 E.A.PETERsON and H.A.SoBER, in Methods in Enzymology (S.P.
Corowick and N.O.KAPLAN, eds.), Vol. 5, p. 3, Academic Press,
New York 1962.

88 J.PorATH and P.FrLoDIN, Nature 183 (1959) 1657.

8 J.PoRATH, Advances Protein Chem. 17 (1962) 209.
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for any scale, have been discussed extensively. Chromato-
graphy on Amberlite IRC-50 is often used with excellent
results,® although the capacity of this resin to retain
protein is far below that of DEAE-cellulose. Amberlite
IRC-50 is particularly useful for the chromatography of
relatively low molecular weight proteins (independent
of their isoelectric points).%: % By selecting the condi-
tions of chromatography so that the protein to be purified
is not retained and the proteinaceous impurities are ad-
sorbed, the recovery may be as high as 95%.% Zone
electrophoresis, a separation procedure which is also
based on differences in electrostatic net charge of the pro-
teins, is widely employed for preparative purposes in small
and medium scale operations.®® As supporting media
paper powder, starch granules, agar and polyvinyl chlo-
ride, etc. are used. Precaution must be taken that the
protein derived from starch or the amino acids from paper
are not analyzed! Paper electropherograms used for an-
alytical purposes may be stained for the polypeptide
moiety, preferably with amidoblack 10B (because the
color of this dye is independent of pH), for the carbo-
hydrate moiety, namely its sialic acid residues, by the
periodic acid-Schiff stain® and for lipids with oil red or
Sudan black. Electrophoresis in gels, such as starch gel
and cyanogum, are also utilized primarily for analytical
purposes, although attemps to employ these procedures
for preparative purposes have been described.®*® The
resolution of these methods is so high that genetically
determined variants**? %3¢ such as those of isoenzymes,
a;-acid glycoproteins®*® and haptoglobins®, can be se:
parated from each other. Of particular interest for an-
alysis® % is the micromodification of starch gel electro-
phoresis requiring approximately 0.02 mg of a protein
mixture. Ultracentrifugation, although extensively em-
ployed, often yields a poor.resolution. Normal human
plasma which contains over 150 different proteins®
resolves into only three peaks! However, removal of
large particles such as ribosomes, viruses, macroglobu-
lins, etc. is easily achieved by this technique. The use
of cetyl-pyridinium bromide for precipitating high mole-
cular weight mucoproteins and mucopolysaccharides
offers particular advantages.

90 K.Scumip, M.B.MAcNaIR and A.F.Burer, J. Biol. Chem. 230
(1958) 853 _

91 C.H.W.Hirs, in Methods in Enzymology (S.P.CoLowick and N.O.
KAPLAN, eds.), Vol. 1, p. 113, Academic Press, New York 1955.

92 P.FLopIN and J.PoRATH, Biochim. Biophys. Acta 13 (1954) 175.

9% W.MacGuckiN and B.F.McKENziE, Clin. Chem.4 (1958) 476.

9328 K.MARRAY, Anal. Biochem. 3 (1962) 415.

b H.CLEVE and G.A.BEARN, Progress in Medical Genetics 3
(1962) 64.

93¢ H.Barrsce, H.Rirrer, H. W.GoEDDE and K.ALTLAND, Vox
Sang. 8 (1963) 594.

% Ann.N.Y.Acad.Sci.94 (1961) 655.

%a K.ToxiTa and K.ScEmID, Nature 200 (1963) 266.

9% 0.SmirHIES, Advances Protein Chem.14 (1959) 65.

% J.A.Daawms, J.Chromatogr.10 (1963) 450.
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% L.KoRrNGoLD, Anal. Biochem.6 (1963) 47.

% H.E.SCHULTZE, in Sitzungsbericht der Gesellschaft zur Férderung
der gesamten Naturwissenschaften zu Marburg, 1963, p. 1.

325

If the solution contains lipoproteins which are known
to posses mannose, galactose, hexosamine, sialic acid and
fucose,? its density is increased to such a value that
all or a desired fraction of the lipoproteins are floated by
ultracentrifugation. For the subsequent separation of
the lipoproteins from each other, distribution in a density
gradient is employed,100-102

With regard to fractionation of proteins, the following
question should be answered. Considering the problem of
separating proteins from each other, one certainly has
to reflect upon the method which should be selected.
Obviously, one cannot expect to try out all available
procedures. After a clear formulation of the problem
and some experience, one usually will have an idea as to
which methods should be tried first. Based on the ob-
tained results it is often easily possible to make appro-

priate corrections. The progress of purification is judged

by the change of a property of the protein fractions
isolated at different stages of separation, such as the
increase of an enzymatic or hormonal activity, the
decrease of the electrophoretic heterogeneity or the
changein content of Fe or C- and N-terminal amino acids.

Criteria of Purity of a Protein Preparation

A protein preparation which is believed to be pure must
be analyzed for homogeneity. Further, it must be esta-
blished if the protein exists in its native form. Because of
the complexity of the protein molecules, as many criteria
of purity as possible must be applied. 4>4” Based on chemi-
cal properties the protein preparation must appear homo-
geneous as judged by analyses for terminal amino acid
and sugar residues. Based on physical chemical proper-
ties, the preparation must appear monodisperse as judged
by ultracentrifugation and electrophosoresis and by chro-
matography within the pH range of the stability of the
protein. It should be noted that these three techniques
effect a relatively limited resolution power. If starch gel
electrophoresis is used, impurities can easily be distin-
guished from variants of certain protein preparations.
Immuno- and gel electrophoresis are probably much
more sensitive than analysis by solubility for the detec-
tion of proteinaceous impurities. Purification must be
carried on until, for instance, maximum possible biolo-
gical activity is obtained. Crystallization, often difficult
to achieve and of extreme importarice for x-ray analysis,
is not a criteria of purity.

The chief procedures by which it is possible to establish
whether a protein is native or denatured are briefly dis-
cussed in the following. In general, denaturation is ac-
companied by aggregation of the protein molecules. Con-

100 0. F.pELALLA and J. W.GOFMAN, in Methods of Biochemical Ana-
lysis (D.GLICE, ed.), Vol. 1, p. 459, Interscience Publishing Co.,
New York 1954.

101 J,L.ONCLEY, in Brain Lipids and Lipoproteins (J.FoLca-Pr, ed.),
p- 1, American Elsevier Company, New York 1963.

102 F,R.N.GURD, in Lipide Chemistry (D.J.HANAHAN, ed.), p. 260,
John Wiley & Sons, Inc., New York 1960.-
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Table 3. Hydrolysis of Glycoproteins

Ranges of Reasonable Hydrolysis Conditions

Sialic acids

Fucose

0.025—0.2N H,SO,, 80°, 1 hr
0.1 —1.0N H,S0,, 100°, 30~60 min (4 hrs)

Galactose | °
Mannose | 1N H,S0,, 100°, 1-8 hrs

Hexosamines 2-4N HCI, 100°, 4-16 hrs

Amino Acids 6N HCI, 100°, 24-72 hrs

sequently, components with high sedimentation coeffi-
cients are observed on ultracentrifugation. The solubility
is decreased, the viscosity and the negative optical ro-
tation are increased. The trough at 233 my due to the
Cotton effect, an expression of the a-helix, disappears. 192°
On starch gel electrophoresis a poor separation into
several bands may be observed. Finally, the biological
activity is decreased or lost. However, in general, no
change in the chemical composition takes place during
denaturation. With regard to the special proteins, the
collagens, denaturation represents transition to gelatin
or, more precisely, rupture into the a-, 8- and y-com-
ponents?®? and, thus, reduction in molecular size.
Therefore, the viscosity and negative optical rotation
decrease greatly, whereas the sedimentation coefficient
increases slightly.

Analysis of Glycoproteins

For the qualitative analyses of the constituents of gly-
coproteins, hydrolysis with increasing concentrations of
acid for increasing periods of time is carried out.

The ranges of conditions for the liberation of the dif-
ferent constituents are given in Table 3. Sialic acid is
released first. Depending on the linkage of the sialic acid
residue, the stability toward hydrolysis is known to vary
greatly. 193 Increasingly stronger conditions are required
for the release of fucose, galactose, mannose and hexos-
amine. As can easily be seen, overlapping occurs in liber-
ating the different sugars. Occasionally,in order to quickly
determine the number of different monosaccharides pre-
sent in a glycoprotein, hydrolysis in 1N H,SO,, at 100°C
for 5 hours is employed. Enzymes which cleave off these
monosaccharides have been described by many inve-
stigators. Neuraminidases are the most widely used at
present. Fucosidase, galactosidase, mannosidase and N-
acetyl glucosaminidase preparationshavebeen employed.
Even acetyl residues can be removed enzymatically from
certain compounds.1® Some of the peptides, parti-
cularly those of valine and isoleucine, require the most
drastic conditions for complete release of their amino
acids. 1% Proteolytic enzymes with extremely broad spe-
cificity, such as pronase, are known to be capable of
12a E R.Brour, Sixth International Congress of Biochemistry, New

York 1964; Abstract 11-126.

103 R.A.GiBBON, Biochem. J. 89 (1963) 380.
106 D.M.MaRrcus, E.A.KABAT and G.SCHIFFMAN, Biochemistry 3

(1964) 437.
105 G.TRISTRAM, Advances Protein Chem. 18 (1963) 227.
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completely splitting the polypeptide chain of certain
proteins to free amino acids and small peptides.

The obtained series of hydrolysates are analyzed quali-
tatively for the different monosaccharides.! This can
be achieved by chromatography on paperl%-19% or on
columns % or by gas liquid partition chromatography. 110
The different sialic acids may be separated from each
other by column chromatography.?® The procedure of
StoFFYN and JEANLOZ for the identification of certain
amino sugars should be mentioned.11! Further, some
hexosamines can be separated by the procedures of GAR-
DELL*'? and Yos1zawa,!? by paper chromatography 114
or by chromatography of the acetyl derivatives on pa-
per!1% 16 impregnated with Na-tetraborate.1? Thin layer
chromatography and thin layer electrophoresis become
more and more important for the separation of sugars
and amino acids.18-12L After identification of the con-
stituents of glycoproteins, the hydrolysis conditions are
determined that lead to the maximum recovery of each
monosaccharide and amino acid.

For the quantitative analysis of the glycoprotein,
methods based on color reactions are utilized. These pro-
cedures are described in detail in the handbooks indi-
cated above. 8 42 13,4568 Crjtjcal evaluation of such tech-
niques, and particularly discussions as to their specificity,
are presented in the corresponding chapters. Four points
should be emphasized: (1) In general, these color reac-
tions are relatively unspecific. An exception is perhaps
the thiobarbituric acid method for the determination of
sialic acid (see below). (2) Nevertheless, satisfactory
specificity of some of these procedures is achieved when
applied to glycoproteins, because the carbohydrate
moiety of these proteins consists of a very limited num-
ber of types of monosaccharides. (3) In addition, sepa-
ration of the constituents to be analyzed (amino acids,
peptides and other substances) is often carried out prior
to actual quantitation. (4) The quantitative determi-
nation is further improved if appropriate standards are
employed, as it is known that the intensity of color

106 T.SmitH, Chromatography and Electrophoretic Techniques, Inter-
science Publishers, New York 1960.

107 E.LEDERER and M. LEDERER, Chromatography, Elsevier Publi-
shing Company, New York 1957.

108 H.M. RAUEN, Biochemisches Taschenbuch, Springer-Verlag, Berlin/
Gottingen/Heidelberg 1964.

109 K. ANNO and N.SENo, in Experimental Chemistry (Japanese -Che-
mical Society, ed.), p. 333, Maruzen Publishing Co., Tokyo 1957.

1o C,T.BisHoP, in Methods in Biochemical Analysis (D.GLICK, ed.),
Vol. 10, p. 1, Interscience Publishers, New York 1962.

11 p, J.StorFyN and R.W.JEANLOZ, Arch. Biochem.Biophys.52
(1954) 373.

122 S, GARDELL, Acota Chem.Scand.7 (1953) 201, 207.

13 Z.Yos1zawA, Tohoku J.Exper. Med.74 (1961) 69.

114 JE.Kirk and M.DYRBYE, J.Gerontol.12 (1957) 13.

115 S, R0oSEMAN and I. DAFFNER, Anal. Chem.28 (1956) 1743.

116 E.CaBi1B, L.F.LELOIR and C. E.CARDINI, J. Biol. Chem. 203 (1953)
1055.

117 A.QHKUMA, Proc. Japan Acad.38 (1962) 562.

18 C.J.PFEIFER, Microchim. Acta 3 (1962) 529.

119 C.G.HONNEGER, Helv. Chim Acta 44 (1961) 173.

120 K.STAHL, Arch. Pharmaz.292 (1959) 415.

121 G, PasTUskeR and H.TRrINks, Chemiker-Z.86 (1962) 135.
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Table 4. Quantitative Analysis of the Constituents of
Glycoproteins. Recommended Methods

Constituents Methods

Sialic acids Thiobarbituric acid
Resorcinol

Direct Ehrlich
Cysteine-H,S0,

Anthrone
Orcinol
SomMoGYI-NELSON

Fucose

Neutral hexoses

Hexosamines ErsoN-MoORGAN

HNO,-indole
Acetyl Methylester-Hydroxylamine-FeCl,
Polypeptide moiety Biuret

Lowry-FoLiN
Extinction coefficient
Automatic amino acid analyzers

produced by a given procedure differs greatly for the
different sugars.!?> If carbohydrates are to be deter-
mined in a dialysate, it should be realized that Visking
dialysis tubings had released glycerol which leads to
erroneous results, if the orcinol or resorcinol-disulfonic
acid procedures are utilized. These findings point again
to the necessity of employing the most specific tech-
niques available.'?*®

The procedures which are often used for the quanti-
tative determination of sugars and amino acids are in-
dicated in Table 4. As mentioned before, sialic acid may
be measured by the highly, but not absolutely specific,
thiobarbituric acid method.1? 124 However, since N-
glycolyl-neuraminic acid gives a much lower color yield,
62%,1% than the N-acetyl compound, the total con-
tent of neuraminic acid is estimated by the direct Ehr-
lich’s reaction!? or by the direct resorcinol reaction.12
These methods have been discussed by GorrscHALK.?.
It should be noted further that certain breakdown pro-
ducts of sialic acid1%%127-129 and other substances, in-
cluding ascorbic acid and deoxyribose will interfere
with the thiobarbituric acid method. The glycolyl and
acetyl residues are determined by special procedures. 2%
103,130,131 Fucose is assessed by DISCHE’s cystein-
H,SO, technique.5%5 The total amount of neutral
hexoses is measured either by the anthrone, orcinol, or

122 J. MoNTREUIL and G. SpiK, J. Pharmac. Belg. (new series) 18 (1963)
529.

123 1., WARREN, J. Biol. Chem.234 (1959) 1971.

124 D, AMINOFF, Biochem. J. 81 (1960) 384.

124a S A.BARKER, G.I.PARDOE, M.STACEY and J.W.HoPTON, in
Protides of the Biological Fluids (H.PEETERs, ed.), Elsevier,
Amsterdam 1964, p. 287.

125 |, WERNER and L. ODIN, Acta Soc. Med. Upsalia 57 (1952) 230.

126 1, SVENNERHOLM, Biochim. Biophys. Acta 24 (1957) 604.

127 E.H.THIELE and J.W.HuFF, Arch. Biochem. Biophys.104 (1964)
468.

128 R.G.SPIRO, J. Biol. Chem. 239 (1964) 567.

129 J.D.KARKAS and E.CHARGAFF, J. Biol. Chem. 239 (1964) 949.

130 E,KLENK and G.UBLENBRUCK, Hoppe-Seyler Z. Physiol. Chem.
307 (1957) 266.

181 J, Lupowic and A.DORFMAN, Biochim.Biophys.Acta 38 (1960)
212.
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the SoMoGY1-NELSON method. 35132 133 Paper and column
chromatography are used for the determination of the
ratio of certain neutral hexoses.3® For the measurement
of the hexosamines the ELsoN-MoRrGaN!#? and DiscHE-
BORENFREUND 134-Y0s12zaWA 135 techniques are usually
employed. Special procedures for the determination of
certain carbohydrate constituents are found in the men-
tioned handbooks (especially® 5!), The content of each
sugar should be determined, whenever possible, by two
independent techniques. The analysis of the carbohydrate
moiety is usually reported as percentage of free mono-
saccharides. However, an effort should be made to express
such results as monosaccharide residues, as is the custom
in reporting the amino acid analysis. The determination
of the sugars of glycoproteins is further complicated
because on acid hydrolysis the monosaccharides are
liberated at greatly different rates and destroyed to
varying percentages. Moreover, the destruction of the
free sugars also depends on the amino acid compo-
sition of the polypeptide moiety. To resolve this problem
of the over-all recovery, the use of isotopically labelled
free sugars and kinetic treatment of the sugar analyses
have been proposed.!’®* The polypeptide moiety is
determined by the biuret1% or Lowry-ForLiN method. 3%
137,138 The biuret value of certain proteins may vary
greatly.1% For example, collagen yields only 50% and
a,-acid glycoprotein 66%38 of the color produced by the
same amount of bovine serum albumin. The amino acids
are quantitated by an automatic amino acid analyzer,
based on the principle of MooRE and STEIN, or by gas
chromatography.137-13% The ratio of tyrosine to trypto-
phan can be determined from the absorption curve of a
protein dissolved in 0.1 N NaOH.140.141 Free sulfhydryl
groups are measured by titration with p-hydroxy-mer-
curi-benzoate or Ag-ions.!41:142 Cystine (and cysteine)
is best quantitated after performic acid oxidation by
the automatic amino acid analyzer.
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