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A homology between codon sequence and the linkage in glycoproteins*®
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Glycoproteins occur widely in the animal kingdom, but only three fundamental
types of linkage have been observed, and their chemical reactivity depends mainly
on the amino acid residue constituting the aglycon moiety. These linkages are (@)
the relatively stable glycosylamine linkage involving the amido group of L-asparagine,
observed in all plasma glycoproteins'; (&) the alkali-labile, glycosidic linkage to the
hydroxyl group of L-serine or L-threonine, found in the submaxillary mucins and
proteoglycans® and in the membrane glycoproteins of the red cell? and the platelet?;
and (c¢) the alkali-stable, glycosidic linkage to the hydroxyl group of 5-hydroxy-L-
lysine, found in collagen* and basement-membrane glycoprotein®. Despite the close
structural similarity of L-glutamine to L-asparagine, and its frequent occurrence in
purified glycopeptides, glycosylamine linkages to L-glutamine have not been detected,
and a previous report that ester bonds to the carboxyl groups of L-glutamic acid and
L-aspartic acid occur has been withdrawn®.

Although there is virtually no structural similarity between the amino acids
whose residues constitute the aglycons for the substituted glycosylamines and glyco-
sides, several interesting homologies became apparent when the codons for the
various amino acids involved in these two kinds of linkage were compared (see

TABLE I
CODONS FOR L-AMINO ACIDS IMPLICATED IN GLYCOSIDIC LINKAGES

L-Amino acid Codon

Asn AAU(C)

Ser AGU(CO)

Thr ACU(GC, A, G,
Lys AAA(G)

Giln CAA(G)

Pro CCU(C, A, Q)

*This note forms part of a thesis to be submitted for the degree of Doctor of Philosophy in the
Department of Biochemistry, Georgetown University Schools of Medicine and Dentistry, Washing-
ton, D. C. Contribution No. 198 from the Blood Research Laboratory, The American National Red
Cross.
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Table I)7-8. In particular, it may be seen that one of the codons for L-asparagine
(AAU) can, by single base-substitutions, give rise to the codons for L-serine (AGU),
for L-threonine (ACU), and for L-lysine (AAA), known to be hydroxylated after
incorporation into the protein®. However, the codon for L-glutamine (CAA) would
require two base-substitutions.

Thus, it appears plausible that the amino acids linked glycosidically in glyco-
proteins and proteoglycans could have been derived from L-asparagine by single-
point mutations of the original codon. As L-glutamine would require two, separate,
point mutations, it appears unlikely that it would be found in glycosidic linkage on
the basis of this hypothesis.

It may be noted that collagen from the body wall of the earthworm has carbo-
hydrate linked to 5-hydroxy-L-lysine residues'®, whereas, 5-hydroxy-L-lysine is
absent from the collagen of earthworm cuticle and the glycosidic linkages are to
L-serine and L-threonine®®.

Ribonuclease is the only glycoprotein for which complete amino acid sequences
have been established for several species. Porcine ribonuclease contains'? glycosyl-
ated L-asparagine at residues 21, 34, and 76. In bovine ribonuclease, Asn,; has been
replaced by Ser (and Asn,¢, by Tyr)!3, and in rat ribonuclease, Asn residues 21 and
76 have been replaced by Ser (and Asnj,, by Gly)'*. These mutations between Asn
and Ser are consistent with this hypothesis, and the absence of glycosylated Ser
residues may indicate the absence of the appropriate transferases in this tissue.

Several further inferences may be drawn from these two observations. (1)
They imply an evolutionary relationship between the various types of glycopeptide
linkage, the N-L-asparaginyl being the most primitive. (2) They suggest that only one
of the two codons possible for L-asparagine, one of the six possible for L-serine, and
one of the four possible for L-threonine are encoding for the linkage region in glyco-
proteins. (3) They would require that glycosidic linkages to 4-hydroxy-L-proline
(CCU), which would also require a two-point mutation, will probably not be found
in animals. Although such a linkage to L-arabinose has been proposed as being present
in plant cell-wall glycoproteins®®, it has not been found in vertebrate collagens in
which 5-hydroxy-L-lysine and 4-hydroxy-L-proline occur in approximately equal
proportions. Similarly, it would be unliikely that 1-thioglycosides involving the
sulfur atom of L-cysteine would occur in glycoproteins (although other types of
1-thioglycoside occur frequently in Nature!®), as this would also require two, separate
point-mutations (Cys = UGU). (4) The other single-point mutations that could arise
from the Asn codon would be lethal in terms of glycoprotein biosynthesis, because
the derived amino acids would not have active groups capable of glycoside formation.
(5) The linking amino acid must form part of the recognition site in glycoprotein
biosynthesis, because the monosaccharide forming the linkage differs in each of the
three classes, and both types of transferase must be present in those tissues synthesizing
glycoproteins in which at least two types of glycopeptide linkage occur, namely,
fetuin!!, glomerular basement-membrane'”, human'® IgA and rabbit IgG immuno-
globulins!®, and the membrane glycoproteins?:3.
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Unfortunately, our knowledge of the amino acid and monosaccharide sequences,
of the nature of the recognition site in biosynthesis, of biochemical phylogeny, and
of structure—function relationships in the glycoproteins and proteoglycans is at
present too limited to afford verification of the validity of these speculations.
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