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Recently, we have purified and identified novel neutrophil-activating cryptides,
including mitocryptide-1 (MCT-1) and mitocryptide-2 (MCT-2), which were derived from mitochondrial
cytochrome ¢ oxidase subunit VIII and cytochrome b, respectively, from healthy porcine hearts. We also
found the presence of many neutrophil-activating peptides produced from various mitochondrial proteins.
However, physiological roles of those mitocryptides and their involvements in various diseases associated
with the neutrophilic functions have not been elucidated yet. Here, we identified 15 novel
neutrophil-activating peptides derived from various mitochondrial proteins. We also developed competitive
antagonists against MCT-2 and MCT-3 and specific neutralizing antibodies against the functions induced by
MCT-1 and MCT-2. Moreover, it was indicated that these neutrophil-activating peptides including MCT-1 and
MCT-2 involve neutrophil infiltration in vivo.




mitocryptide-1 (MCT-1)

mitocryptide-2 (MCT-2)
CyC

o

mitocryptide-

mitocryptides
(MCTy9) DNA
(mtDNA)
cytochromeb N
MCT-2 G
formyl-peptide
receptor-like 1

cytochrome b 12 mMtDNA

cytochrome b MtDNA
12

b)

HL-60 cAMP

@
MCTs

MCTs mitocryptide3
(MCT-3)

®3) MCTs
MCTs

MCTs
MCTs MCT-1
MCT-2 MCT-3

MCTs



MCTs

HL-60 B-
(4) MCTs
MCTs
MCTs
HL-60
MCTs

cytochrome C oxidase

MCTs
MCTs MCTs
MCTs
thyroglobulin
Cys MCT-1
MCT-2 MCT-3
MCTs
MCT-1 MCT-2

fluorescence activated cell
sorting FACS

MCT-1

MCT-2 mitocryptide-CYC

mitocryptides

@
10
cytochrome b mtDNA
12
HL-60 B-
cytochrome C oxidase subunit I
(COX1) NADH dehydrogenase subunit

45 6 (ND4, ND5, ND6)
COX-1(1-13) ND4 (1-20) ND5(1-28)

ND6(1-6)  MCT-2
@)
MCTs
i2
MCTs
MCTs
MCT-3
HSP-70 MCT-3

HSP-70
MCT-3
(3) MCTs

MCTs



MCTs
MCTs MCT-1
MCT-2 MCT-3
HL-60
MCT-1 MCT-2 MCT-3
N
MCT-2
N
MCT-1(1-6)
MCT-2(1-4) MCT-3(1-9)
C
MCT-3
MCT-2 MCT-3
(4) MCTs
MCTs
MCTs
HL-60
MCTs
MCTs
MCT-1
B_
NMI1BI1
MCT-2 MCT-3
MCT-2
cytochrome b
140
g 120
%:__g 1w 000 RTTETEARTT N R~ Q
% g . O :MCT-1/NM1B1
Eg 60 O :hMCT-2/NM1B1
§§ 40 A :MLF/NM1B1
A 20 @ :MCT-1/1 uM control MAb
0
0 0.01 0.1 1
MADb (uM)
MCT-1 B-
NMI1BI1

MCT-1 MCT-2
FACS
MCT-1 MCT-2
MCT-1
MCTs

Marutani, T., Hattori, T., Tsutsumi, K., Koike,
Y., Harada, A., Noguchi, K., Kiso, Y., and Mukai
H., Mitochondrial protein-derived cryptides: are
endogenous N-formylated peptides including
mitocryptide-2 components of mitochondrial
damage-associated molecular patterns?,
Biopolymers (Pep. i), in press,
(2016). DOI: 10.1002/bip.22788

Hattori, T., Morikawa, H., Marutani, T.,
Tsutsumi, K., Kiso, Y., and Mukai, H., Effects of
mitocryptide-1 on inflammatory cells in mice,
Peptide Science, Vol. 2015, 253-254,
(2016). https://www.prf.or.jp/

Marutani, T., Nakashima, K., Tsutsumi, K.,
Hattori, T., Nishino, K., Shimizu, T., Kiso, Y.,
and Mukai, H., Mitocryptide-3: characterization
of its receptor molecules, Peptide Science,

Vol. 2015, pp. 251-252, (2016).
https://www.prf.or.jp/

Hattori, T., Araki, R., Watanabe, K., Marutani,
T., Nakashima, K., Nishi, Y., Kiso, Y., and Mukai
H., Functional analysis of mitocryptides with
their  neutralizing monoclonal antibodies,
Peptides, Vol. 2014, pp. 360-361,
(2015).
http://bulpepsoc.info/wp-content/uploads/2015/0
6/PEPTIDES-2014-electronic-version.pdf

Marutani, T., Hattori, T., Koike, Y., Harada,
A., Watanabe, K., Kiso, Y., and Mukai, H.,
Mitocryptide-2: structure-activity relationships
for the elucidation of ligand recognition
mechanisms of formyl-peptide receptor like 1,
Peptides, Vol. 2014, 6-8, (2015).
http://bulpepsoc.info/wp-content/uploads/2015/0
6/PEPTIDES-2014-electronic-version.pdf

Tsutsumi, K., Marutani, T., Hattori, T., Kiso,
Y., and Mukai, H., Investigation of ligand
recognition mechanisms of receptors for
mitocryptide-1, Peptide Science, Vol.
2014, pp. 177-178, (2015). https://www.prf.or.jp/

Nakashima, K., Marutani, T., Hattori, T.,
Noguchi, K., Kiso, Y., and Mukai, H.,
Structure-activity relationships of mitocryptide-3
on the activation of neutrophilic cells, Peptide
Science, Vol. 2014, pp. 175-176, (2015).




https://www.prf.or.jp/
Hattori, T., Nakashima, K., Marutani, T., Kiso,
Y., Successful acquisition of a neutralizing

monoclonal  antibody against a  novel
neutrophil-activating  peptide, mitocryptide-1,
Biochem. Biophys. Res. Commun., Vol.

463, pp. 54-59, (2015).
DOI: 10.1016/j.bbrc.2015.05.016

Vol. 144, pp.
234-238, (2014). DOI: org/10.1254/fpj.144.234
Kawashima, H., Sohma, Y., Nakanishi, T.,
Kitamura, H., Mukai, H., Yamashita, M., Akaji,
K., and Kiso, Y., Aggregation inhibitor of
amyloid-f peptide based on O-acyl isopeptide,
Peptide Science, Vol. 2013, pp.
101-104, (2014). https://www.prf.or.jp/
Marutani, T., Hattori, T., Koike, Y., Harada,
A., Watanabe, K., Kiso, Y., and Mukai, H.,

Endogenous N-formylated cryptides:
Investigation of their biological functions,
Peptide Science, Vol. 2013, pp.

249-250, (2014). https://www.prf.or.jp/

Hattori, T., Araki, R., Nakashima, K.,
Marutani, T., Ogino, S., Koike, Y., Hirooka, Y.,
Miyake, N., Murata, K., Watanabe, K., Kiso, Y.,
Nishi, Y., and Mukai, H., Mitocryptides:
Elucidation of their biological functions with
their monoclonal antibodies, Peptide Science,

Vol. 2013, pp. 247-248, (2014).
https://www.prf.or.jp/

Mukai, H., Hokari, Y., Seki, T., Fukamizu, A.,
and Kiso, Y., Identification and structure-activity
studies of novel cryptides hidden in
mitochondrial proteins, Peptides: Across the
Pacific, Vol. 2013, pp. 314-315, (2013).
http://www.5z.com/23APS/23APS_online.pdf

Kawashima, H., Sohma, Y., Nakanishi, T.,
Kitamura, H., Mukai, H., Yamashita, M., Akaji,
K., and Kiso, Y., A new class of aggregation
inhibitor of amyloid-f peptide based on an
O-acyl isopeptide, Bioorg. Med. Chem.,,

Vol. 21, pp. 6323-6327, (2013).
DOI: org/10.1016/j.bmc.2013.08.062

Hattori, T., Shirota, S., Marutani, T., Kiso, Y.,
Nishi, Y., and Mukai, H., Functional analysis of
mitocryptides with their monoclonal antibodies,
Peptide Science, Vol. 2012, pp.
277-278, (2013). https://www.prf.or.jp/

Sohma, Y., Yamazaki, M., Kawashima, H.,
Taniguchi, A., Yamashita, M., Akaji, K., Mukai
H., and Kiso, Y., Comparative properties of
AB1-42, AB11-42, and [Pyr''JAp11-42 generated
from O-acyl isopeptides, Bioorg. Med. Chem.
Lett., Vol. 23, pp. 1326-1329, (2013).
DOI: org/10.1016/j.bmcl.2012.12.082

Vol. 71, pp. 18-22, (2013).
http://www.jba.or.jp/pc/bi/

136
S46

2016 3 29
Mukai, H. and Kiso, Y., Cryptides:

endogenous bioactive peptides hidden in protein
structures, The 8th Takeda Science Foundation
Symposium on PharmaSciences, 2016 1 21

Hattori, T., Morikawa, H., Yamada, T.,
Marutani, T.,, Kiso, Y., and Mukai, H.,
Mitocryptides: candidate factors for
neutrophil-activating peptides in mitochondrial
DAMPs, The 8th Takeda Science Foundation
Symposium on PharmaSciences, 2016 1 21

Marutani, T., Nakashima, K., Tsutsumi, K.,
Hattori, T., Nishino, K., Shimizu, T., Kiso, Y.,
and Mukai, H., Identification of receptor
molecules for mitocryptides, a novel family of
neutrophil-activating peptides derived from
mitochondrial proteins, The 8th Takeda Science
Foundation Symposium on PharmaSciences,
2016 1 21

mitocryptides-3
38
88
2015 12 3

38 88
2015 12 3

2015 2015 11 15

Mukai, H., Marutani, T., Tsutsumi, K.,
Nakashima, K., Hattori, T., and Kiso, Y,
Mitocryptides: structure-activity relationships of
a novel family of neutrophil-activating peptides,
5th Modern Solid Phase Peptide Synthesis and its
Application Symposium, 2015 10 23
Queensland, Australia,

Mukai, H., Hattori, T., Marutani, T,
Nakashima, K., Tsutsumi, K., and Kiso, Y.,
Mitocryptides:  physiological and  patho-
physiological significance of a novel family of
neutrophil-activating peptides, 14th International
Congress on Amino Acids, Peptides and Proteins,




2015 8 4 , Vienna, Austria,

Mukai, H., Cryptides and their accumulative
signaling mechanisms for novel therapeutic
targets, 7th Annual AsiaTIDES, 2015 3 3

-3
51 2014
10 22
87 2014
10 16
&7

2014 10 16

-1
87

2014 10 16

Mukai, H., Hattori, T., Marutani, T,
Nakashima, K., Tsutsumi, K., and Kiso, Y.,
Mitocryptides: physiological significance of a
novel family of neutrophil-activating peptides,
The 15th Akabori Conference (German-Japanese
Symposium on Peptide Science), 2014 9 8§

, Boppard, Germany,

Hattori, T., Araki, R., Watanabe, K., Marutani,
T., Nakashima, K., Nishi, Y., Kiso, Y., and Mukai
H., Functional analysis of mitocryptides with
their neutralizing monoclonal antibodies, 33rd
European Peptide Symposium, 2014 9 3 |
Sophia, Bulgaria

Marutani, T., Hattori, T., Koike, Y., Harada,
A., Watanabe, K., Kiso, Y., and Mukai, H.,
Mitocryptide-2: structure-activity relationships
for the elucidation of ligand recognition
mechanisms of formyl-peptide receptor like 1,
33rd European Peptide Symposium, 2014 9
1, Sophia, Bulgaria,

Hattori, T., Araki, R., Nakashima, K.,
Marutani, T., Ogino, S., Koike, Y., Hirooka, Y.,
Miyake, N., Murata, K., Watanabe, K., Kiso, Y.,
Nishi, Y., and Mukai, H., Mitocryptides:
Elucidation of their biological functions with
their monoclonal antibodies, 4th Asia-Pacific
International Peptide Symposium, 2013 11 7

Marutani, T., Hattori, T., Koike, Y., Harada,
A., Watanabe, K., Kiso, Y., and *Mukai, H.,
Endogenous N-formylated cryptides:
Investigation of their biological functions, 4th

Asia-Pacific International Peptide Symposium,
2013 11 7

Mukai, H., Hattori, T., Araki, R., Nakashima,
K., Marutani, T., and Kiso, Y., Systematic
identification of neutrophil-activating cryptides
utilizing multiple solid-phase peptide synthesis,
4th Modern Solid-Phase Peptide Synthesis and
Its Application Symposium, 2013 11 3

ot _
2013 2013 9 19
2
86
2013 9 12
@3
- 86
2013 9 12

@ Mukai, H., Hokari, Y., Seki, T., Fukamizu, A.,
and Kiso, Y., Identification and structure-activity
studies of novel cryptides hidden in
mitochondrial proteins, 6th International Peptide
Symposium / 23rd American Peptide Symposium,

2013 6 24 Hawaii, USA
@5
2013
4 10
2016

http://b-lab_nagahama-i-bio.ac.jp/~h_mukai
@

MUKAI Hidehito

20251027
&)

KISO Yoshiaki

40089107



