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Antimicrobial activity and mechanism of action of a novel cationic c-helical
dodecapeptide, a partial sequence of cyanate lyase from rice

Norihiro Takei®| Nobuteru Takahashi¥, Tomehiro Takayanagi®, Atsuo lkeda®, Kenji Hashimoto®

Masahiro Takagi™, Tsutomu Hamada ) Enchi saiton, Akihito Ochiai®,

Takaaki Tanaka®, Masa'n,lulu Taniguchi &5+ _-*§1=%.—.
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AFEILIE ALY CL 14-25). a dodecapeptide, that isa partial region near N-terminus of oranate brame (Ol EC4.3.59.1 ) from
Recorved | Mowember 2012 rice (= suttea L joponim], contains three arginine and toma lysine residues., [owas 2 novel cationic -
Recoived i royisea fonm helical antimicrabial peptide. The antimicrobial activicy of L 14-25) against Porpfyromones gimzivalis,

15 December 3012
Arcepied |7 December 3012
Availanie oriine 15 December HiLZ

a PETHIL'!I}."IUJ PRTho@eEn, was guanticatively evaluated by a chemiluminesoence method thal measures
AT derved from viable cells The S0 growdh-inhibivory concentration of CL 14-25) against P gingivalis
colls wias 145 . CL14-25), even ar a concentration of SO0k, had oo bemolytic activicg. When glant
umitamedlar vesicles | GUYs jthat mimic the membrane composition of Gram-negative bacteria were used,

Hﬁ;mmr:;suh‘“ pepRice mic rscopy image analysis suggested that CE 14-25) disrupted GUYs in a detergent dike manner. There-
Cationis e-Nelical pepise fore, CL 19-25) appears o exhibit antimicrobial activiey through membrane disrepgion. To investigate
PorpiFananas Jiegerali the contnbutkon of catien i amino a0k residues in Ol 1425 o s antimicrobial activity, we synthesized
Giant undamellar vesle Four trumcated CL analegs, nwhich one or ewo catbanic amdne acid residues were deleted [roam the M-
M mbrane-active pepice and C- terminiof O 14.25) The degress of calcein leakage from large mnilametlar vesiches [LLIVE] and

3.3 -dipropyithiadicarbocyanine iodide {(4i5C:-5) release from £, gingivals cells induced by trumcared €1
analogs were closely related to their antimicrobhial activities. Ol analogs, which were truncated by remaos-
ing an arginine residoe from the MN-termines and a fysine residue from the C-terminus matntained cheir
amtimicroblal activity, However, CL anabogs, which were furmher truncaied by removing bwo arginine
resbdues Troms e M- terminus, and an argining and 2 tysing resldee from the C-rerminus, rarely exhibiced
antimicratxial activity.

£ 2012 Elvevier Inc. ANl rights reserved.
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Wound healing activity and mechanism of action of antimicrobial and

lipopolysaccharide-neutralizing peptides from enzymatic hydrolysates of rice
bran proteins

Masayuki Taniguchi,”* Kazuki Saito,| Ryousuke Aida,'|Akihito Ochiai,| Eiichi Saitoh,”jand Takaaki Tanaka'

Department of Materials Science and Technology, Graduate School of Science and Technology, Niigata University, Nitgata 950-2181, japan' and Groduate School of Technology,
Niigata Institute of Technology, Niigata 945-1195, jupar

Received 5 December 2018; accepted 4 February 2019
Available online 21 February 2019

In our previous study, we identified multifunctional cationic peptides from enzymatic hydrolysates of rice bran
proteins (RBPs) that have antimicrobial and lipopolysaccharide-neutralizing activities. In this study, we investigated the
potential of the peptides REP-LRR, RBP-EKL, and REP-SSF to promote proliferation, angiogenesis (tube formation), and
migration in human umbilical vein endothelial cells (HUVECs). To determine mechanisms of wound healing actions,
angiogenic and migration-promoting activities of these peptides were evaluated following pretreatments of HUVECs
with specific inhibitors. In these experiments, the cationic peptides RBP-LRR, RBP-EKL, and RBP-S5F induced cell pro-
liferation at low concentrations of 0.1 pM or 1 pM. Moreover. the three cationic peptides had angiogenic activities at
concentrations more than 1 pM in tube formation assays, and their effects were similar to those of LL-37. Subsequent
scratch migration assays exhibited that RBP-LRR, RBP-EKL, and RBP-S5F promote wound closure at optimum concen-
trations of 10, 10, and 0.1 pM, respectively. In further studies, we performed tube formation assays using HUVECs pre-
treated with SU5416, which inhibits vascular endothelial growth factor (VEGF) receptors, and suggested the possibility
that the three cationic peptides induce angiogenesis by activating VEGF receptors. In corresponding scratch migration
assays using HUVECs, pretreatment with the proliferation inhibitor mitomycin C did not alter the effects of REP-LRR and
RBP-EKL, and significant contribution to wound closure were mediated by cell migration regardless of proliferation
rates. In contrast, REP-55F contributed to wound closure exclusively by promoting cell proliferation. The present data
indicate that RBP-LRR, RBP-EKL, and RBP-55F are candidates for use as wound healing agents.

@ 2019, The Society for Biotechnology, |apan. All nghts reserved.

[Key words: Angiogenic peptide; Cell migration-promoting peptide; Proliferation-promoting activity; Wound healing activity; Multifunctional
peptide]
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Identification and characterization of multifunctional cationic peptides from
traditional Japanese fermented soybean Natto extracts

Masayuki Taniguchi,” |Ryousuke Aida,'|Kazuki Saito,” Akihito Ochiai,|Satoshi Takesono,” Eiichi Saitoh,”

and Takaaki Tanaka®

Deportmer: of Matesnls Sciemce ord Techrofgy, Gradirate Schoel of Sceme ond Techrology, Migatn University, Nogote 850-2 181, jopor" ord Grodeote Sclhoo! of Techmolngy,
Miigam it of Techreology, NEgada 45- 1195, lapar

Received 2 Aupust 2008 accepred 24 Seprember 2006
Awailable opline 16 Ocinber 2013

In this study, we investigated the lipopobysaccharide (LPS =-neutmlizing and angiogenic activities of cationic peptides
derived from the traditional jJapanese fermented prodect Natto, which is made by fermenting coolied soybeans using
Barciilis subrlis. Instlally, we prepared 20 fractions of Natto extracts with varioos isoelectric poinis (pls) using
amplialy e fres isoelectric focusing (A utofocusing L Cationic peplides were then purified from frctions 19 and 20, whose
pH values were greater than 13, wsing reversed-phase high-performance liguid chromatography, and were identibied
using matrix-assisted laseridesorption onizationtime-of -Bight mass spectroscopy. Among the 13 identified catbonic
peptides, seven (KFNKYCR, FPFPRPPHOK, COSSEPQDRHOQIC QORFDORSPD, ERQFPFPRIPHOK, CEIPRPRPRPOHPE, and
EQPFRPIPFPRPOIR) lad pr's greater than U5, positive nel chiarges, and differing molecular weights These peptides were
then chemically synthesized and applied to chromogenic LPS-meutralizing assays using Lism iz amebooyte lysates, amd
S eMective (neutralizing) concenrrations of L.G6-55 pM were demonsirated, In addition, tube Formation assays in
human umbilical vein endothelial cells revealed ang ogenic activities for all bot one (CEIPRPFRIRPOHPE) of these seven
cationic peptides, with increases im relathee tube lengths of 23-31% In the presence of peptides af 10 p&L Subsequent
experimenis showed negligible hemolytic activity of these peptides ar concentrations of up to 300 M in mammakim
redl Bkgandl colls, Collecrively, these data demonstrare that Six cationic peprides Trom Naiio exteacs, with fhe exceprion of
CEIFRPRPREMOHIPE. have LPS-newtralizing and angiogenic activities but do not induce hemolysis

@ 2018, The Socety for Bistechnnlomy, Japan. All mghts reserved.

ey wartds: Mathe somacs: Catonic pephides: Lipopolysacchande-neumalzme peptides: Angingonic peprides: Nom-texic pepoikdes]
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Cationic peptides from enzymatic hydrolysates of soybean proteins exhibit
LPS-neutralizing and angiogenic activities

Masayuki Taniguchi,"* Yusuke Noda,| Ryousuke Aida.'|Kazuki Saito,” Akihito Ochiai,'|Eiichi Saitoh?and
Takaaki Tanaka'

Department of Materials Scdence and Technelogy, Graduate School of Scence and Technology, Nitgata University, Nifgata 950-2181, Japan' and Groduate School of Technology,
Nifgata Institute of Technology, Nitgata 845-1195, jopan®

Received 12 June 2018; accepted 16 july 2018
Available online 31 july 2018

In this study, we prepared fractions containing multifunctional cationic peptides by separating the commercial
soybean protein hydrolysate Hinute-AM into 20 fractions. These fractions contained peptides with various isoelectric
points (pl), as indicated by ampholyte-free isoelectric focusing (autofocusing). Thus, we purified and identified the
cationic peptides from fractions 19 and 20, which had pH values greater than 10, using reversed-phase high-perfor-
mance liquid chromatography and matrix-assisted laser/desorption ionization—time-of-flight mass spectroscopy.
Among 19 identified cationic peptides, NKNAKPPSPR, PGKKNAIV, KSGPGMSPR, NVSKPPRVV, RKVGAGGRKPLG, and
LPCVIGGVPKRY had high pl values and were included as chemically synthesized peptides in assays of various functions,
including lipopolysaccharide (LPS}neutralizing and angiogenic activities. Chromogenic LPS-neutralizing assays using
Limulus amebocyte lysates showed that 50% effective concentrations of these six peptides were between 1.63 and
2.65 pM, and were higher than that (0.12 pM) of polymyxin B. Moreover, in tube-formation assays in human umbilical
vein endothelial cells, all of the six cationic peptides except LPCVIGGVPKRY exhibited angiogenic activities similar to
those of the positive control LL-37. In addition, the six identified cationic peptides had no hemolytic activity at con-
centrations up to 500 pM in mammalian red blood cells. Our results demonstrate that five of the identified cationic
peptides, excluding LPCVIGGVPKRV, have multiple functions and little or no hemolytic activity. These data indicate that
fractions containing cationic peptides from Hinute-AM have the potential to be used as dietary supplements and
functional ingredients in food products.

@ 2018, The Society for Biotechnology, [apan. All rights reserved.

|Key words: Hydrolysates of soybean proteins; Cationic peptides; Lipopolysaccharide-neutralizing peptides; Angiogenic peptides; Non-toxic
peptides|
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fBEntification and characterization of multifunctional cationic peptides from
enzymatic hydrolysates of soybean proteins

Masayubki Talliguchii'l' Ryousuke Aida,'| Kazuki Saito," Toyotaka Kikura,! Akihito Ochiai,| Eiichi Saitoh,”

and Takaaki Tanaka'

Deparimen) of Maperiik Soemce and Techrashige Gendie fe Schood of Sdepce and Techwslngy. Miggio Liniveraky, Wigoto 950-2181 lopan” and Gruduote Sosonl of Technofogy,
Mrgita keilifare of Techoalngs Mgt B85- 1195 irid
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Im this studdy, we wed the commercial soybean protein ydrobsate Hinobe-DO6 as a nowvel starting material froan
which to purify and identify multifundional cationic peptides. After fractionation, Hinute- 06 was separated ingo 3
fractions with varylng lseelectric points (pl) by augphe te-free Soeleoric focusing (autofocusing). Subsequently, we
purificd and identified the cationic peptides from ractions 19 and 230, which had pl values grester than 12 oviog
reversed-phase high-performance ligoidl dhromatosraphy and matric-assisted Laseridessrplion isnization—time-of-
il mass spectrometry. OF the 83 cationic peptides identified, 14 had high pl valoes and net charges preater than - 2,
and were chemically synthesized and assayed for varioms binactivities, incleding hemolytic. antimicrehial, lipapoly-
saccharide (LIPS )-neutral izing. and angiogenic activities. None of the 14 cationic peptides tested exhibited hemolytic
activity toward mammalian red blood cells at concentrations up to W0 phL Flve of the catlonde peptides exhibited
antimicrobial activities agamst al least one of four homan- pathogenic macroorzanisms ested. In addition, in chro-
magzenic Lirs-neuvtralizing assays wsing Limmies amehaorte lysates, the 58 effective concentrations of these 14 peptides
were between (0063 and 5.2 ph. Tobe-formation assays in buman vmbilical vein endothelial oells showed that each of
the 14 ratiomic peptides exhibited sipnificant angiopenic activities at 10 pA, wich valoes similar to those of the positive
control LL-33 Our Fesulcs demonsteate that the ¥ dencified cationic peptides have multple functions with negligil e
hemlytic activity, These data indicate that the cationic peptides isolated from Hinote- 06 and fractions containing
these catiomic peptides have the potential to be used as maltifunctional ingredients for bealthcare applications.

o 219 The Socicty for Bistechnology, lapan, Al ights: resernved.

Ky warls: Hydrolares of sevtesn prateing: Motfancional catsonac pepicles: Antimsoobial peptides: Lipopokeoc hatide-rectralicirg peptides:
Angiogaric paprides; Mon-tooe poptides|
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ABSTRACT

Background: Extensive peptidomic studies of human saliva have resulted in considerable advances in the field
of proteomics,. As the next generation in salivary research, a comprehensive understanding of the biological
functions of in vivo peptides generated by proteolysis in the oral cavity has been long awaited. A cycdopedic
functional analysis of salivary peptides may bring promising therapeutic agents and novel clinical applications.
Highlight: (1) This review article refers to bioactive peptdes hidden in salivary parent proteins, (2) Functions of
the peptides as anti-microbial, anti-viral wound-dosing, and anti-pain are described. (3) Biological sig-
nificances of the repeated structures in salivary proline-rich proteins are emphasized.
Conclusion: Human salivary proteins have the ability to generate bioactive peptides upon proteolytic cleavage.
© 2016 Japanese Association for Oral Biology. Published by Elsevier BV. All rights reserved.
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The PBII gene of the human salivary proline-rich protein P-B produces i )
another protein, Q504X8, with an opiorphin homolog, QRGPR k=t

|E‘|'|,;-|;|j Saitoh™, Takuva Egga“,lﬂ]{ane Imai”, Satoko Isemura®, Tetsuo Kato®, Akihito Ochiai”,

Masayuki Taniguchi®

* Graduei Sdisel of Technology, Nilgaa dncnnirs of Tehnology, Migss 9951105, Jopan

" Deparmen of Denial Hygiens, The Ninpee Dentel University Colege an Milgei, Niges 55 18580, Jopan

* Lafiprawry of Chemisoy, Tokye Dennd Colepe, Totyo 10700062, Japon

4 Depertment of Maeriels Scdenie and Technolegy, Groduse Sohond of Soience and Technology, Migein Uoiveraty, Migem 9502141, Jopen

ARTICLE INFO

Kipwirls

DpEirphin

Human sivary profine-rich protein P8
Varnt procaln Q504X

VEI gone

Altermative spllicing

Moa-canonical splice site

HEHs B
BRI D KRR HEE
55> Ta—(#)

ABSTRACT

Objectives The MCRIL gene database and human-transcriptome database for alemative splicing were wsed o
determine the expression of miNAs for P-B (SMEIB) and variamt form of B-B. The iranslational product froem the
formier m RMA was identified as the protein named P-B whereas that from the later has not yet been el ucidated.
tm the present study, we investligated the expresston of P8 and it varkane form ar the proteln level,

Lemigne To identiby the wanant proteio of P-B, (1) ctionic proteins with o higher Bockectrnc point in human
paoled whole saliva were perifed by a wo dimensionzl liguid chromatography; (20 te pepuide fragments
generated o the in-sobution of all proteins digested with brypsin separated and analyzed by MALDFTOPF-MS:
and (3] the presence or absence of P-H in mdividim] saliva was examined by 15%% S0E-FAGE

Hesulis The peptide SEET 6 T PPPYSCTPHMMHCER™, CPHHHHERHHYPCNYCFCYPE™,
R HHYPCAYCRCYPR™ and HHYPCNYCPCYPK™) present in the variant protein of P-B were identified. The
pepride sequence  (GEFYPPGPLAFR)PFGPORVIFFPTRIPYGRGE™) In P-B {or the varant) snd  sequence
(1" FPEPEAP Y GPGIFFPEPPOR) In P-B were Ident fled. The sum of the sequencs |dentified Indicared a 91.23%
sequence entry for P8 and 79.76% for the variant. There were cases [nowhich P-1 esdsoed indndividaa] saliva,
but there were cases in which it did not exist in icdividoa] saliva,

Coencusiprs The vadant protein is produced by excising a non-canonical intmoa [(CC-AC pair) from the 2non-
coding sequence af the FBI gone. Both 18 and the variant are subpect to protenlysis in the oral cavity,
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