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Abstract

Posttranslational modifications are chemical changes to proteins that take place after synthesis. One such modification, peptidy-
larginine to peptidylcitrulline conversion, catalysed by peptidylarginine deiminases, has recently received significant interest in
biomedicine. Introduction of citrulline dramatically changes the structure and function of proteins. It has been implicated in sev-
eral physiological and pathological processes. Physiological processes include epithelial terminal differentiation, gene expression
regulation, and apoptosis. Rheumatoid arthritis, multiple sclerosis, and Alzheimer’s disease are examples of human diseases where
protein citrullination involvement has been demonstrated. In this review, we discuss our current understanding on the importance
of protein deimination in these processes. We describe the enzymes catalyzing the reaction, as well as their known protein sub-
strates. We review the citrullinated peptide epitopes that are proposed as disease markers, specifically recognized in certain human
autoimmune disorders. The potential autopathogenic role of citrullinated epitopes is also discussed.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Proteins are encoded by a surprisingly limited number
of genes in our genome. However, posttranslational mod-
ifications (e.g. phosphorylation, glycosylation, citrulli-
nation) can tremendously increase both the structural and
functional diversity of the proteome. Posttranslational
modifications (PTM) are common biological processes
that alter specific parts of a protein after synthesis. Nearly
all known proteins undergo some form of posttransla-
tional modification, and almost all amino acids can be
altered by one or more of these processes. The modified
proteins gain rare amino acids that can have critical influ-
ence on the structure and function of the molecule. This
review will focus on the conversion of arginine to cit-
rulline that was first described by Fearon (Fearon, 1939).

Peptide-bound arginine residues can undergo this
modification and the resulting citrulline remains part of
the protein as peptidyl citrulline. Citrulline is not a natu-
ral amino acid in proteins, therefore may induce immune
response. The importance of citrullinated autoantigens
in autoimmune inflammatory diseases (e.g. rheumatoid
arthritis, multiple sclerosis) has long been suspected.

1.1. The citrullination reaction

The conversion of arginine (Arg) to citrulline (Cit)
changes the charge of the amino acid (Fig. 1). Argi-

nine is strongly basic (p/ ~ 10.76) due to the presence
of a guanidino group that could easily be protonated at
physiological pH. The removal of the imino moiety (a
transformation referred to as deimination) is an enzy-
matic reaction catalyzed by peptidylarginine deiminases
(PAD). The resulting citrulline lacks the strong basic
character; it is a neutral amino acid similar to Asn or
Gln.

At the protein level, the reaction leads to a 1 Da mass
reduction for each Arg modified. Basic charge(s) are lost
that will influence the overall charge, charge distribution,
isoelectric point, as well as the ionic and hydrogen bond
forming abilities of the protein (van Venrooij & Pruijn,
2000; Tarcsa et al., 1996). The interactions of the protein
with other proteins might also be altered.

1.2. Enzymes catalysing citrullination:
peptidylarginine deiminases

The protein-deimination process is catalysed by a
family of calcium-binding enzymes, the peptidylargi-
nine deiminases (EC 3.5.3.15.). To date, five isoenzymes
have been identified. Their genomic organisation, sub-
cellular localisation and tissue-specific expression have
been more or less determined (for review see Vossenaar,
Zendman, van Venrooij, & Pruijn, 2003).

All PADI genes are localized in one cluster at
1p36.13; within a 300 kb region (Chavanas et al., 2004;
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