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Introduction

Peptidylarginine deiminase 5 (PADS), which is the
same protein as PAD4, catalyzes the citrullination reaction
of an Arg residue to yield a citrulline residue (Cit) in
peptides and proteins, such as histone and eukaryotic
translation initiation factor 4Gl [1-3]. Ca®’-dependent
citrullination of the Arg residues of histone by PADS5 has
come into focus as a novel post-translational modification
linked to transcriptional regulation in eukaryotes [4,5].
Recently, it has been reported that citrullination of cellular
proteins by PADS5 might cause rheumatoid arthritis [6].
However, the target proteins that are related to rheumatoid
arthritis, are not well known. We previously reported that
PADS citrullinated histone proteins in vivo [1,2,7].
Therefore, we assumed that histone citrullination is related
to rheumatoid arthritis. However, the citrullination
mechanism of histone subunits by PADS5 is yet to be
studied in detail. In order to investigate the effect of
post-translational modifications, such as acetylation on
PADS recognition, a series of the N-terminal peptides of
histone H2A and H3 was prepared, as shown in Fig. 1, its
citrullination reaction by PADS was examined, and the
citrullination sites in vitro by MALDI-TOF/MS were
determined.

H2A-N20: SGRGKQGGKARAKAKTRSSR
Ac-H2A-N20:  Ac-SGRGKQGGKARAKAKTRSSR
H3-N20: ARTKQTARKSTGGKAPRKQL
Ac-H3-N20:  Ac-ARTKQTARKSTGGKAPRKQL

Fig. 1 Primary structures of the N-terminal synthetic
peptides of histone H2A and H3. H2A-N20 and
H3-N20 consists of the N-terminal 20 amino acid
residues of H2A and H3, respectively. Ac-H2A-N20
and Ac-H3-N20 represent the N-terminal acetylated
peptides.

Results and Discussion

PADS recognizes the Arg3 residue in histone H2A
as well as the Arg3 residue in histone H4 in vivo [7,8]. In
addition, it has been reported that the Argl7 residue in
histone H3 was predominantly citrullinated and the Arg8
was also partially citrullinated in vivo [9]. In these studies,
the N-terminal acetylated H2A and H4 and the N-terminal
non-acetylated H3 were examined with respect to PADS
recognition since the N-terminal Ser residue in histone
H2A is predominantly acetylated in vivo, but the
N-terminal Ala residue in histone H3 is not acetylated in
vivo. However, the N-terminal acetylation effect of histone
subunits on PADS recognition is yet to be studied. In

addition, the N-terminal non-acetylated H2A was also
reported and the N-terminal analysis of histone H3 has not
been studied in detail. Therefore, in order to investigate the
N-terminal acetylation effects of histone H2A and H3 on
PAD4 recognition, a series of N-terminal peptides of H2A
and H3 was prepared by solid phase peptide synthesis,
purified by RP-HPLC and treated with PADS.

When non-acetylated H2A-N20 was treated with
PADS in vitro, two peaks were observed on an HPLC
profile, as shown in Fig. 2. Peaks 1 and 2 corresponded to
an original H2A-N20 peptide and to a product containing
one citrulline residue, respectively, which was confirmed
by MALDI-TOF/MS analyses.

Fig. 2 HPLC Profiles of PAD5-treated H2A-N20 (left)
and Ac-H3-N20 (right).

To determine the citrullination site in the product
(peak 2 in Fig. 2), the peptide was treated with an enzyme,
Arg-C, in the presence of H,'*0 and purified by RP-HPLC.
We employed H,'*O to determine the citrullination site.
Citrullination increases only one mass unit from the
original peptide with the Arg residue. To identify the
citrullination site easily, H,'°O was employed, since the
'80-labeled citrullinated peptide possesses three mass units
that are different from the original peptide with the Arg
residue. MALDI-TOF/MS analyses of the Arg-C digests of
the citrullinated peptides indicated that the Arg3 residue in
non-acetylated H2A-N20 was citrullinated along with
Ac-H2A-N20 [10]. This result suggests that the acetylation
at the N-terminal amino group of histone H2A is not
significant for PADS5 recognition. However, a minor
product was also observed on the HPLC profile (data not
shown). PADS recognizes the Arg3 residue of histone H2A,
which is localized at the second position of the type II
B-turn structure [11]. The Arg3 residue is closely localized
at the N-terminal moiety. Therefore, one can speculate that
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the N-terminal acetyl group of histone H2A stabilizes the
B-turn structure for PADS5 recognition and the
de-acetylation caused destabilization of the B-turn structure
at the N-terminal moiety, resulting in a loss of specific
recognition.

Next, the N-terminal acetylation effect of histone H3
was also examined with respect to PADS recognition.
Ac-H3-N20 was treated with PADS, and the products were
separated by RP-HPLC. Two major products were
observed in the HPLC profile, as shown in Fig. 2.
Surprisingly, the N-terminal acetylation of histone H3
dramatically affected the PADS recognition. It has been
reported that the N-terminal histone H3 peptide was
citrullinated at the Argl7 and Arg8 in in vitro, as well as in
in vivo, experiments using histone H3 [9, 10]. However,
MALDI-TOF/MS analyses indicated that Ac-H3-N20 was
predominantly citrullinated at the Arg2 residue in vitro in
our experiments (peak 3 in Fig. 2). In addition to Arg2
residue, Arg8 residue was also citrullinated (peak 4 in Fig.
2). Previously, we reported that PADS5 specifically
recognized the Arg residue, which was localized in the
type II P-turn structure in the crystal structure of the
complex of the H2A peptide and PADS (PAD4), as
described above. The type II p-turn structure consists of
four amino acid residues, and needs a -Arg-Gly- sequence
in the turn moiety. However, the N-terminal H3 peptide
does not possess the -Arg-Gly- sequence, which affects the
specificity of PADS5 recognition. Therefore, PADS
recognizes not only the Argl7 residue but also the Arg8
residue of histone H3 in vitro. The crystal structures of the
complex of the histone H3 peptides and PADS were also
reported. However, it was difficult to estimate the
difference between the turn structures of Argl7 and Arg2
with respect to PADS5 recognition. In addition, it seemed
that the N-terminal moiety of the H3 peptide did not
possess the specific turn structure in the crystal structure.
Therefore, one can speculate that the acetylation of the
N-terminal Ala residue (Ac-H3-N20) induced the f-turn
formation at the N-terminal moiety of histone H3, resulting
in the induction of a dramatic effect on PADS recognition.
This result also suggests that Argl7 originally may not be
a suitable substrate of PADS since the —Pro-Arg-Lys-Gln-
moiety cannot form the type II f-turn structure [11, 12].

To obtain the structural information of PADS
recognition, CD measurements of the synthetic peptides
were performed. In the aqueous solution, the specific
secondary structures were not observed for the synthetic
histone peptides. However, the CD spectra of the peptides
did not correspond to that of the random-coiled structure.
The CD spectrum of H2A-N20 was almost the same as that
of Ac- H2A-N20 as well as H3-N20 and Ac-H3-N20.
These results indicate that acetylation does not affect the
secondary structure. To estimate the structure under
hydrophobic circumstance, such as the binding pocket of
PADS, CD measurements of the synthetic histone peptides
were also performed in 30% TFE. The CD spectrum of
H2A-N20 in 30% TFE was almost identical to that in
aqueous solutions, indicating that the secondary structure
of the histone N-terminal peptide did not change under the
hydrophobic conditions. CD spectra of the other synthetic
peptides also showed identical results to that of H2A-N20.
Further structural analysis is needed to elucidate the
structure function relationship concerning the N-terminal
acetylation.

In conclusion, N-terminal acetylation is important for
PADS5 recognition of histone H2A and H3. The
de-acetylation of H2A loosened the PADS recognition,

resulting in citrullination at the Arg3 and another Arg
residue of the N-terminal H2A peptide in vitro. In addition,
the acetylation of H3 caused a dramatic effect in PADS
recognition; PADS predominantly citrullinated the Arg2
residue of Ac-H3-N20. This result suggests that N-terminal
acetylation causes a critical structural change in the
N-terminal H3 peptide in vivo. These observations
provide insight into the recognition mechanism of PADS in
vivo.
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