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Peptidylarginine deiminase (PAD) catalyzes the post-translational modification of proteins through the conversion of arginine
to citrulline in the presence of calcium ions.

In rodents, PAD has been classified into four isoforms, types I, II, III, and IV, which are distinct in their molecular weights,
substrate specificities, and tissue localization. Of these isoforms, only type III was detected in epidermis and hair follicles.
Although the role of this enzyme in these tissues is not yet clear, indirect data have shown that several structural proteins
such as filaggrin, trichohyalin, and keratin are substrates for PAD. In this study, we cloned the fulllength cDNA of human
PAD type III (3,142 bp) from cultured human keratinocytes by the reverse transcription-polymerase chain reaction and by
rapid amplification of cDNA ends methods. This ¢cDNA contained a 1,995 bp open reading frame encoding 664 amino acids
(Mr = 74,770). To explore the physicochemical and enzymatic properties of human PAD type III, we constructed a plasmid for
producing a recombinant human PAD type III in bacteria. The enzymatic characteristics of the recombinant enzyme were
very similar to those of the rodent PAD type III. Based on the enzyme's activity towards human filaggrin and trichohyalin,
it appears that the enzyme prefers catalyzing the modification of arginine residues in filaggrin. These data imply that human

PAD type III may function as a modulator of filaggrin in these tissues.
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GAGTGTNGG@TGGCGGC@@G@MGTC@A@C@G@WCAGA@AWC@WAGCAT&Q@GCG 90
S L QRIVRVYV SLEUHUZPTS A 17

TGTGTGTGGCTGGCGTGGAGACCCTCGTGGACATTTATGGGTCAGTGCCTGAGGGCACAGAAATGTTTGAGGTCTATGGGACGCCTG 180
vcVvVAGVETTLVDTIYGSV?PEGTEMMTFEVYGTUPG 47

GCGTGGACAT 'CTACATCTCTCCCAACATGGAGAGGGGCCGGGAGCGTGCAGACACCAGGCGGTGGCGCTTTGACGCGACTTTGGAGATCA 270
DI YISPDNMEUZ RGRERADT RIRWRT FIDATTULETITI 77

TCGTGGTCATGAACTCCCCCAGCAATGACCTCAACGACAGCCATGTTCAGATTTCCTACCACTCCAGCCATGAGCCTCTGCCCCTAGCCT 360
VVMNSZPSNUDTILNDSHVQISYHSSHEUZPTLUPTILATY 107

ANCGMWACMCWA@TCWAMMCNMWGWAWW 450
v DI SLDO CDILNTCGCETGRIGQDI RNTFVDIK R 137

GGCAGTGGGTCTGGGGGCCCAGTGGGTATGGCGGCATCTTGCTGGTGAACTGTGACCGTGATGATCCGAGCTGTGATGTCCAGGACAATT 540
Q WVWG?P S G Y G GILULVYVYNGCDU RUDUDU PSCDUVQDNC 167

GTGACCAGCACGTGCACTGCCTGCAAGACCTGGAAGACATGTCTGTCATGGTCCTGCGGACGCAGGGCCCTGCAGCCCTCTTTGATGACC 630
DQHVHCLQDILEUDMSVMVLRTOQGZPAATLTFUDTDH 197

ACAAACTTGTCCTCCATACCTCCAGCTATGATGCCAAACGGGCACAGGTCTTCCACATCTGCGGTCCTGAGGATGTGTGTGAGGCCTATA 720
K L VL HTS S YDA AIKU®RAQVF FHTIU CGT?PET DVCEAYR 227

GGCATGTG CTGGGCCAAGATAAGG'I'GNCTATGAGGTACCCCGCTTGCATG@GATGAGGAGCGCITCI’I‘CGTGGMMCCK;‘TCCTTCC 810
HV L GQDI KV S Y P RL HGDETETURTFFVEGTL S F P 257

CTGATGCCGGCTTCACAGGACTCATCTCCTTCCATGTCACTCTGCTGGACGACTCCAACGAGGATTTCTCGGCATCCCCTATCTTCACTG 900
DAG FTGILTIST FHVYVTLILUDUDSNETU DTFSASTZPTITFTTD 287

ACACTGTGGTGTTCCGAGTGGCACCCTGGATCATGACGCCCAGCACTCTGCCACCCCTAGAGGTGTATGTGTGCCGTGTGAGGAACAACA 990
T V V RVAPWIMTU®PSTTLUPZPLEVYVCRUVRNNT 317

CGTGTTTTGTGGATGCGGTGGCAGAGCTGGCCAGGAAGGCCGGCTGCAAGCTGACCATCTGCCCACAGGCCGAGAACCGCAACGACCGCT 1080
C F VvV DAUVAETILARIEKAGT CI KT LTTIUCGCZPAOQAENTR RNDTRW 347

GGATCCAGGATGAGATGGAGCTGGGCTACGTTCAGGCGCCGCACAAGACCCTCCCGGTGGTCTTTGACTCCCCAAGGAATGGGGAACTGC 1170
I Q DEMETULSGYVQAZPHI KTZLUZPVVYVFDSUZPRNGETLQ 377

AGGATTTCCCTTACAAAAGAATCCTGGGTCCAGATTTTGGTTACGTGACTCGGGAACCACGCGACAGGTCTGTGAGTGGCCTGGACTCCT 1260
b FPYKRTILGEPDTFGYVTH RETPRIDIR RSUYVSGULDS F 407

TTGGGAACCTGGAGGTCAGCCCTCCAGTGGTGGCCAATGGGAAAGAGTACCCCCTGGGGAGGATCCTCATTGGGGGCAACCTGCCTGGGT 1350
G N L EV S PPVVANGZ KEYZPILGRTIULTIS GG GNTULUPG S 437

CAAGTGGCCGCAGGGTCACCCAGGTGGTGCGGGACTTCCTCCATGCCCAGAAGGTGCAGCCCCCCGTGGAGCTCTTTGTGGACTGGTTGG 1440
S GRRVTQVVRDTFLUHAQI KYVYOQPZPVETLTFVDWIL A 467

CCGTGGGCGNTGGANAGMTCNAGCTWPCCMGT&C&AMMGGGCWCGGAWGGCCAGCWM 1530
V G H V D E F V PV P D G G F RMLULASUZPGA AT CTF 497

TCAAGCTCTTCCAGGAAAAGCAGAAGTGTGGCCACGGGA CCTCCTGTTCC TTGTTGATGATGAGCAGGTCAAGACCATCT 1620
K L F Q EKQKCGHGRALTLTFAQGVVDDETUGQVZE KTTIS 527

CCA’I‘CAACCAGGTGCTCTCCAATAAAGACCTCATCAACPACAATAAGITTGMCAGAGCTGCATCGACI‘GGAA 'CGTGAGGTGCTGAAGC 1710
I NQ VL SN DLINTYNZI KTFVQSCTIDWNRETVTLIKTR 55

GGGAGCTGGGCCTGGCAGAGTGTGACATCATTGACATCCCACAGCTCTTCAAGACCGAGAGGAAAAAAGCAACGGCCTTCTTCCCTGACT 1800
ELGLAETCDTITIDTIUZPAQLTFI KTERIKIEKATA ATFTFUPUDTIL 587

TGGTGAACATGCTGGTGCTGGGGAAGCACCTGGGCATCCCCAAGCCCTTTGGGCCCATCATCAATGGCTGCTGCTGCCTGGAGGAGAAGG 1890
vV NMILVL G KHLGTIUZPI KU PFSGZ?PTITINSGT CT CTCTLETETI KV 617

TGCGGTCCCTGCTGGAGCCTCTGGGCCTCCACTGCACCTTCATTGATGACTTCACTCCATACCACATGCTGCATGGGGAGGTGCACTGTG 1980
R S L LEZPILSGLHCTT FTIDT DT FTU?PYUHMULUHGETUVHTCG 647

GCACCAATGTGTGCAGAAAGCCCTTCTCTTTCAAGTGGTGGAACATGGTGCCCTGAGACAGCTCCCACCCACCATCCTGTCCCCCTGGGG 2070
T NV CRIKUPVFSF KWWNMMYV P end . 664

CGGGCATTGGCCAGGTGGTGGAGACAGAGACAGGCCCTGAACGATAAGCACCAAGAGACCCAAGGCTCCAGATGGAACACTGAGGGTGAC 2160
CGTCCCTCTCAGAAGCTTTTCCCTGGAGTGTCATGCCTCACCTGCAACCCATGTGGTTCTCAGACTTGAATCTTCTCGGCCCCCAAAAAT 2250
GAAGGACCTCATTTCTTATAGCCTCTCCTGTGATTCAACACAACCCATGGAGATGTCCCCTTCTCACTCTGAAATCATCCATTTGGGGAC 2340
AAATCCACATTGGGGTCTAGAAACATCCACGTATCTCATCAGCCATCTTGTCCTGTGCATCCTAACAGAGGAAGGATCCATGATTCTGCT 2430
TTGGTCCAATTGCTTCCTCTCTGCAGAGGAACAACCCCAAAACCAGACCACTCCACGCAGGACAGGCAGGAGAGATTCTTCCTAAAGCCT 2520
CCCCCATAAAAAGGGAGCTGTGGATCCACTTAGATCAGGGCGGAACCATCTTTCACCCGGCCAAGCTCCTGCCCAGATGTTGACCCTCAC 2610
CCAGCGTGAGCTTTCACATAGTAGGAGCTTCTAGATGCATGTGCAAGCAATGAGACGTTCTCCCTTAGCCTTATAAACTCCCCATGATCTG 2700
ACATGCAGAAATCCAGCCTTGTCCAGAATCCTCCTGGAAT TGCTTGGAGGACGAAAGTATGCTGGGGGATGGGTGGGTACTAGGGAGACT 2790
GGGTACAAGGGTGAAAAGTAGTTCCCATAATACACATGGTTGACTATGGTGATCCACCTTGTGATGGTTAATATTAGGTGTCTGGAGAAG 2880
GTTGCTTCATTGGCCCTGGGACTTCTCTCTGCAGGAGGAGAGAACGCTGCCTCTCCTCTGGATTGGTCTCAGGCTCTCTGTTGGCCTTTG 2970
GTCAGCGTTTCCACATCCTGCTCTGCTGCAGGAGAGGGGGCTAAGGGGCTGGATCCACCAAGGCAGCTCACAGCGGGAAAACTCTGGGAC 3060
TGAACCACTGAATTCAGGGGATGGGGGTGGGGGCCCGGTTCTCGAGGTGTGTGCCAGCTACACGTGTGTTCTGTATGGGTCCAGCTGCGT 3150
TTCCATCACTCGCTAATAAATCAACAGAAACAC 3183

Figure 1 Nucleotide sequence and deduced amino acid sequence of human PAD
type Ill. The DNA sequence is numbered from the first nucleotide of the cDNA. The
numbers are on the right of each line. The deduced amino acid sequence is displayed
below the nucleotide sequence in one letter code starting from the putative initiation
methionine. A putative polyadenylation signal is underlined. The amino acid sequence
indicated by wave line is that of a synthetic peptide for producing antiserum.
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Substrate specificities of the recombinant human PAD type Il to-
wards various arginine derivatives.

Substratea

Recombinant Type llI

Native Type lllb

mol/min/mg Relative activity (%)° Relative activity (%)°

Bz-L-Arg-O-Et 1.96 100.0
Bz-L-Arg-O-Me 1.13 57.6
Bz-L-Arg-O-NH2 1.43 73.1
Tos-L-Arg-O-Me 0.36 18.2
Ac-L-Arg-O-Me  0.52 26.5
Bz-L-Arg 0.39 19.7 11.6
Ac-L-Arg 0.14 7.2 11.6

L-Arg-O-Me 0.11 5.7
L-Arg 0.08 4.2 8.9
Protamine 4.28 218.6

100.0
26.8
88.4
27.4
32.1

15.3

141 .1

@ Concentration of each arginine derivatives were 10 mM and that of protamine

was 4mg/ml.
® Terakawa et al, ¥

° Relative activity was calculated on the basis of the activity towards Bz-L-Arg-

O-Et.

100 T T T

80 |

Conversion rate of Arg to Cit (%)

Time (hr)

Figure 2 Time course of deimination of filaggrin unit and trichohyalin
by human PAD type Ill. Each protein was deiminated by the enzyme
as described in Materials and Methods. At the indicated times, the
reaction was terminated by EDTA, and the citrulline residues in
each preparations were determined by amino acid analysis. Conver-
sion rate of arginine residues to citrulline residues of each protein (-
O -, filaggrin unit; - @ -, trichohyalin) was shown.
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