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Polysialylated proteins
An approach to improving enzyme stability

and half-life in the blood circulation
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Naturally occurring polymers of N-acetyl neurammlC acid
(polysialic acids) are biodegradable, highly hydrophilic and have no

known receptors in the body. Following intravenous injection, polysialic
acids exhibit long halflives in the blood circulation and have therefore

been proposed as carriers of short-lived drugs and small peptides. In
addition, shorter-chain polysialic acids can be used as a means to
increase the circulatory half-life of proteins and thus serve as an
alternative to the non-biodegradable monomethoxy poly( ethylene

glycol). Recent work has shown that covalent coupling of a low
molecular weight polysialic acid (colominic acid) to catalase and
asparaginase leads to a considerable increase of enzyme stability in
the presence of proteolytic enzymes or blood plasma. Comparative
studies in vivo with polysialylated and intact asparaginase revealed

that polysialylation significantly increases the half-life of the enzyme.
The highly hydrophilic and innocuous nature of polysialic acids
renders them suitable as a means toprolong the circulation ofpep tides

and proteins.
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The prolonged presence of drugs within the vascular system
or extravascularly is often a prerequisite for their optimal use
[1]. For instance, many therapeutic peptides, enzymes and
other proteins, are removed from the circulation prematurely
and before effective concentrations in the blood or target tissues
can be achieved. Such agents could be more effective, less toxic
and also used in smaller quantities if their interaction with
corresponding receptors or substrates could be prolonged. To
that end, the half-lives of a number of short-lived proteins have
been successfully augmented [2] by their conjugation to low
molecular weight (750 to 5,000) mono-methoxypoly(ethylene
glycol). It appears that mono-methoxypoly(ethylene glycol)
forms a shell around the surface of proteins, thus sterically
hindering their interaction with factors that are thought to be
responsible for their clearance [3]. However, the low molecular
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Les polymeres naturels formes a partir de I'acide N-acetyl
neuraminique (acides polysialiques) sont biodegradables, fortement
hydrophiles et ne possedent pas de recepteurs connus dans I'organisme.
Apres injection intraveineuse, les acides polysialiques presentent une
longue demi-vie dans la circulation sanguine et, de ce fait, ont ete
proposes comme transporteurs de principes actifs a demi-vie courte et
de petits peptides. En outre, les acides sialiques a chafnes courtes
peuvent etre utilises pouraugmenter la demi-vie des proteines dans la
circulation et constituer par consequent un produit de remplacement
pour le monomethoxy polyetylene glycol non biodegradable. Des
travaux recents ont montre que la liaison covalente d'un acide
polysialique de faible poids moleculaire (acide colominique) a la
catalase et a I'asparaginase conduisait a une augmentation notable de
la stabilite de I'enzyme en presence des enzymes proteolytiques ou du
plasma sanguin. Des etudes comparatives in vivo avec de
I'asparaginase polysialilee et naturelle ont revele que lapolysialilation
augmentait significativement la demi-vie de I' enzyme. La nature tres
hydrophile des acides polysialiques et leur innocuite enfont des agents
capables de prolonger la duree de circulation des pep tides et des
proteines.

Mots clefs: Acides polysialiques -Acide colominique - Catalase­
Asparaginase.

weight of mono-methoxypoly(ethylene glycol) polymers, which
allows them to be excreted into the urine prematurely, renders
them unsuitable for prolonging the half-life of small peptides
(and conventional drugs).

We have shown recently that naturally occurring polymers
ofN-acetyl neuraminic acid (poly sialic acids) increase the half­
life not only of proteins [4], other large biopolymers and
microparticles, such as liposomes (Zhang and Gregoriadis,
unpublished observations), but also of small molecules [5],
such as conventional drugs and peptides. Polysialic acids
(figure 1) include the serogroup B capsular polysaccharide
from Neisseria meningitidis B and Escherichia coli KI, the
serogroup C capsular polysaccharide C from N. meningitidis C,
and the polysaccharide K92 from E. coli K92, as well as shorter
chain derivatives thereof.




