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8 9 HyOo= MEAA Akst AEHAE fste] AlXZ A%, F4, =3 9 AEo| JFS vl
sk F(ROS)O|T, & Aol BEAHL H0.9 Al 542 H3fA7|= 4 Hepol =8 2= A
Q& Hepol=ol A EE o557 YA §A 2 &4 HEHE = 23 gl By & i
Hy0,2 FEH A3 A Y AA E(HaCaT N 2)] AtHo| tfst HEefo|= 59 &3} antE vjug 23}, ook
gt A Fefo]l =] AlFATVL dEE AT E3] AIAHQI(C) B8 a3 HEpo| = FAdo] g Ao
oA ZEgth & A3 o)A C-NH,, CC—NH,, CCC—NH,, CCCC-NH; 59| Zol7l t& A AH ¢l §4 HElo|=
E9 ME S A4S AT C-NHy, 9@ CC-NHo= 1.0 mM ©]3lof| A F-23k A2 =400 gldA|qt
CCC-NH; 9 CCCC-NH,= AtjA oz 738t AE =4S Bt C-NH9 CC-NHy= H,0,2 SEF AX
EA4& &stAAth CC-NHy&= C-NHy, C, N=oFAE AJAHQI(NAC) ¥ S FEHE| 2(GSH)E T A2 S &3t
7} =9tk FAIEZ E4HoR AX Y ROSE £33 o, H.0.= ROSQ A4S S7FAIFATHH0, &
Z A A CC-NHy= C-NH,E T} o] 53202 ROS AL A5t 1, C, NAC, GSH THE &34 o] g},
2 Aol At oheFet A|AH Q] F HERO|E F 53] CC-NHy7l Hi0,2 28 Al E =43 ROS A4S
FHEta Bt oz &3k 7= FAkst EA0] S3S AlAFEL)

o

Abstract: Hydrogen peroxide (H,O,) is a type of active oxygen species (ROS) that causes oxidative stress in cells and
affects cell growth, proliferation, senescence, and death. The purpose of this study is to find active peptides that attenuate
cytotoxicity of H)O,. A positional scanning synthetic tetrapeptide combinatorial library was screened to predict the sequence
of potentially active peptides. As a result of comparing the effect of peptide pools on H,Or-induced death of human
keratinocytes (HaCaT cells), various active peptide sequences were predicted. Especially, peptides containing cysteine (C)
residue were predicted to be active. In follow-up experiments, the cytotoxicity and activity of cysteine-containing peptides
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of different lengths, such as C-NH,, CC-NH,, CCC-NH,, and CCCC-NH; were examined. C-NH; and CC-NH, showed
no significant cytotoxicity up to 1.0 mM, but CCC-NH,, and CCCC-NH, showed relatively strong cytotoxicity. C-NHa
and CC-NH; alleviated H,O»-induced cytotoxicity. CC-NH, was more cytoprotective compared to C-NH,, C, N-acetyl
cysteine (NAC), and glutathione (GSH). When intracellular ROS was measured by flow cytometry, H,O; increased ROS

production, and CC-NH, suppressed ROS production more effectively than C-NH,, and it was as effective as C, NAC,

and GSH. This study suggests that CC-NH, of the cysteine-containing peptides of different lengths has an antioxidant

property that safely and effectively alleviates H,O»-induced cytotoxicity and ROS production.

Keywords: hydrogen peroxide, oxidative stress, cysteine-containing peptides, reactive oxygen species, keratinocytes
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HRE= AR kg, 3¢, 2
glAaot =4 AR} Gt} 42 YR AEHAS AP}
of W& Faleh A=l AEH o R mEE] ok
TH1-3]. EAdARAZE(reactive oxygen species, ROS)-2 AL}
AEHAO] 7Y Fa3t uiziAlolm, Al Aed =
oA ROS= A2 Y AlS BAk2A -5k 7531
9t pro-oxidant®} FAkSE A|AE] Alo]o) EdFom QI
Al AEYAE ook AN, B AR HRS
=22 59 dgat #Ro] QlrH4-6]. A= ROSE <l
et 4k} AEHAE WA[EL] sl thtRt Ak} Hol A
AE 7HAAL QIAIRE Wo] FEle 2asto] AAJEl= ROS
= AAoR JMA|, chalE gl Ajsrute) $sks fest
of w3} 9 Zg Awo] dQlo] HTH7.8]. wFoAE
ROS9| 1) S ZHAAE 1x20] 2A48S &3AIA
AIEE 7159 A e Al AFER o]ojRITl7].

HOr= oot 8415 33 M2 Al He 2ol
Al ABAE B0 382] T o] 7Hod A Aks} gkl
ol AT AEgE wifE AoR o=, ol
HE3do] =2 B 1Fel A83ITH9, 10 oheket v
Zo] Al2Ejlo] O el Ateke of A WA A=
el AIAH]QD Aulike ofE BE T, S5EER 9
AZHQIF 22 2R BlE B} w2 o3t Ak
AR olgel Agke Alm o) thilae okysien
i mgele] AThe ehgslelel WAL S 27
3t 2= QITHIL12).

2 Qo] BHL HOR sk AE B4} Al A8
dlg mRHoR AshiylE B4 Aelol=g waehe
Zolek. 24 Bejol=e] Bhulo]) 91 27 gy et
o= %3} Zo]H 2P (positional scanning synthetic peptide

uls

sl ok 8] A, A9 Al 3 &, 2023

combinatorial library, PS-SCL)= Z|4-3k0] Adzdos 3t
A HEfo|E MES 7|0 §-83F Eqtolrh o Ao
Al PS-SCL-2 whalal Jaff a49] 7|12 Bolds dA+dh=
o] AREE|QICH13]. L Fof 3ol AR woieh= F
7ol ERAl fAF gl Setanlat EFRIC] SR 7
2 BoldE AqE flsl AREEIQITH14]. dRbAQl et
ol X3} lojEyoi= HEZE|ES] e
160,000 (20 x 20 x 20 x 20)7§2] 7@ HEelo| == 3|
oF gic}. whH PS-SCL Aol FUsh thefdS g8t
7] $aiAl= 80 (20 + 20 + 20 + 20)7[19] HElo|= ZE4to|
sl PS-SCLE] 7t Hefol= &2 4 719 914 3k
Zlo|H 2| Z)(OXXX, XOXX, XXOX 4 XXX0)&E =L
74712 2071 389 etole E2 F/dEct ZF 519
glo|Eg|g|9] O 2|9 op|icil X7|= =0 R AoH]
I X A= B 20 7)) opficAle] FE ERbEe] HE
Z FE: ofd ol 2] AE2 PS-SCLS Al
|ato] YuldepdAlEE A55 = (ormelanocyte - stimulating
hormone, o-MSH)2.2 Z}=tel Ajazo] wizhd $44e- &yt
Hog AAleh= Heto| =5 st 15].

2 Aolli= WA HOol =35 I 2=
o] Ao tigk 91X A7 T HEZEelE 23t
glo|Hefz|o] ofg] HElo|E £59] AVLE H|WsIch
1 Ak, it 24 et =] AJEAS0] ASEGLS
], 53] AlZE(cysteine, C) T HEfe|=rF /o] &
= 2R ASEHQ weEbi & AdoA CNH,
CC-NH,, CCC-NH,, CCCCNH, 5-9] Zo|7} thE A|2H|¢]
Sh HEfo|EE0] Al 54T A4S ARIICE 2 A
T A= ot AlAH]QD 3 HElelE & 59
CCNHy7F O, 2 F-=4 A2 =/d3 ROS A3/ o4
shal gtz o= AsIA7l= AR EAJo] S Ho

U=
ik

il
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2.1, A|eF

HOs, Lcysteine (C), Neacetyl cysteine (NAC) ! glutathione
(GSH)= Sigma-Aldrich (USA)OA L1811 Lecysteinamide
(C-NH:)= Watanabe Chemical Industries, Ltd. (Japan)ol|A]
TRk E Aol AR PS-SCL2 C-Etto] ofu|=
3k "HEgEo|ER =92 Peptron Co. (Korea)
oA FJBHTE. PS-SCLO] 4 72 5} efo]H eZj(OXXX-
NHb, XOXX-NHs, XXOX-NH,, XXXO-NH)= 2}z 20 714
9] Hefo|E E2 == O YIR|= 20 719] o}
Ak F shol, X $JA]= 20 7 opjieAke] SE 3%
otk Ago] AeJH 7iE HEto]=4= Peptron Co. (Korea)
oA stk

2.2, M= HHQ¥

=83t QIXE ZPEAJAMIE HaCaT A|3Z(CLS  Cell
Lines Service GmbH, Germany)Z- 5% C0,2} 95% 5712] 37 C
of| A wekstoITt. A% HiAl= 10% fetal bovine serum, 3
AA|(100 UmL HUA=, 100 yg/ml AEHEDR]AL 025
pgml  EEHEA B)7F H7FE DMEMF-12 Hj%]
(GIBCO-BRL, Grand Island, USA)o|c}.

2.3 Mz MEE 2

A|3E ABZ8-0- 34, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) 2402 Z7siGicH16]. that 24 A=
of Sfsl MIT/} el senbt Ao Bl 22
ZEko @ i} Mg T, AJZE 1.0 me/ml MTT (Amresco,
Solon, USA)7} sZoFel uliek wix|ollA 2 h &<t vietstsl
Tk ufjorele HE]ar Az il PAJE formazan P&
£ dimethyl sulfoxideZ <3t & SPECTROstar Nano
microplate reader (BMG Labtech GmbH, Germany)Z ©|-&3}
o 570 nmojlA| SF=E S5k

24, fMl= 2A

A W ROS AL A BapHom ZAsidc
[17]. Al =4 #2] 1 h & F2 HZEES aypsin-EDTA &
M ARgsto] HiF EHolERRE EESIGitE AEE
Combi 408 415-2]7|(Hanil, Korea, 316xg, 3 min)= 24
Al7]12L phosphate-buffed saline (PBS)Z= A|&gt &, 10 uM
2¢,7-dichlorodihydrofluoresceindiacetate (DCFH-DA)Z 30 min

Slo] =35ial, Hjo]el= BD CellQuest (BD Biosciences,
San Jose, USA)E ARE-3to] EA81%Ict dlofel= AlE U
ROS Aoz 2l &S DCFH-DA &3S 2= Ao
ZA| Alo|E A|Lof| tigt Bl&(%) = FAISICE

25, S/ 24

dlojel= 3 3] o]e] SRQl Ao Hat = =
ZHSD)E EFFECE AE ATH= SigmaStat v.3.11 £ZEF)
o(Systat Software Inc., San Jose, USA)E Al&3lo] £A|%]
o8 HEAEQILE ok te 15 Heto] 2 p <
0.05 =Zof|A] U BAF B (one-way analysis of variance,
ANOVA)S ARgste] A= ley 18 ohs Dunnett®] ]
AES ARSI ZF A TS diRd) vlasielt: E
L Duncan®] th5 9| HAES ARgslo] RE OES
A= H)asteic

3. 2 1t

3.1, QIZH ZEHEEMZOIA H0:0f oISt M= =4
ROS MM R

HO0,7} Al2E A= o] uX|= J3re 21817 fls) 2l
2 ZAFINEEE SR 5= O 48 h B e
AIFLE 0.1 mM O oJsf A2 AEgo] oF 21% 4
sHom 02 mM HOo = oF 66%, 03 mM H0004
= oF 82% fsiiti(Figure 1A). o] Bi= HO7F AlE
H =% HOoi] i ojEFoF Aol APES SEs)
P2 HojZe)

the A= BO7F ROS Aol x|z Fake AL
Bk MEE AlEielel Wit 2H Q] DCFHDAR 4[5}
L ROS A o= o] F7IRE AL Jehs FAlE #4]
712 eIk AlEE o] =S HOol 1 h k=&3t 2
T} 0.1 mMefxl= frefgh F&Fol FISIANE 02 mMefil= 3
FE Ue= AIEEE 9F 8% S7IFHAL 03 mMojlA= oF
61% 573 (Figwe 1B). ©] Zik= HO,7}F 02 mM o)
9] “sreol A AlR2S] AlSt AEHIAS FEI9ES HolErk

32, x| A7Hd BN BERtEE|S X3 2lol=az)
PELIS
H0,0| A 548 9slshe B4 Tefol=o] Al
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Figure 1. Effects of H,O, on the viability, reactive oxygen species (ROS) production of human HaCaT keratinocytes. In (A), cells were

treated with varying concentrations of H,O, for 48 h for the viability assay. In (B), flow cytometry for the ROS production in human

HaCaT keratinocytes exposed to H,O,. The cells treated with vehicle, and exposed to H,O, for 60 min or not. Cells were washed,
detached, centrifuged down, labeled with 2°7’-dichlorodihydrofluoresceindiacetate (DCFH-DA) 30 min and suspended in
phosphate-buffed saline (PBS) for flow cytometry. The ratios (%) of fluorescing cells to the total gated cells are presented. Data are

presented as mean + standard deviation (SD) (N = 3). Duncan's multiple range test was performed to compare all group means to each

other. Groups that share the same letters (a-d) do not have significantly different means at the p < 0.05 level.
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CHFigure 2A). 2 ¥ £JX]of| C, methionine (M), asparagine
(N), proline (P), Q, serine (S), threonine (T), valine (V),
tryptophan (W) ! tyrosine (V) -3t FEfo=
3 RYELS Z47F OF 27%, 2F 27%, 2F 27%, 2F 37 %, °F
38%, 2F 24%, °F 33 %, 2F 34 %, 2F 30 %, °

th kel g3 %), A499 A 3 5, 2023

E’JOIHEHE oz g Aol 3
FAZAM Zo ZF HEpolE Z& 1.0 mM 52 2 2|8}t
i 204 48 h uljskich 1O, §
Hefo]
Hefo]

Aof|A 4 HH ]9 lysine (K) 2715 a5t
M|E B2 oF 20% FAAIHIL THE
250 ot ool gloick 02 mM O} gl =
19 §1%0] € = glutamine (Qo] 31E] e}

HlEgEfolE 2
o]— E}— 0]7]'

34% F7HAF

Z°] Al

OF 24% Z7}A]

ZtKFigure 2B). 3¥ ¢JZo] C, glutamic acid () %
phenylalanine (F)E FHi3t FElol= Fo] Al HEES
217} OF 47%, 2F 34%, °F 37% Z7M A3 h(Figure 2C). 49
{#Jel| alanine (A), C, aspartic acid (D), E, F, glycine (G),
histidine (H), isoleucine (I), leucine (L), N, P, Q, S, T, V, W
2 YE FRa Helo]S Fo| AE AERS 247} oF 19%
OF 39%, F 20%, 2F 16%, <F 10% <F 21%, 2F 20%, °F
2%, 2F 19%, °F 28%, °F 33%, 2F 33%, 2F 27%, °F 17%,
OF 31%, 2F 39%, ©F 29% Z7HAZtH(Figure 2D). 1 2]9]
Relo]= FES Relek o] Yoirk o] ATe HOose|
Al 54e Selehe oiddt geto|=9o] S AAkst
gom B3] ALEl S T Hetol =t 4
o] £& Ao ATk
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Figure 2. Effects of the tetrapeptide pools on the cell viability of

human HaCaT keratinocytes cultured in the absence and presence of

Hy0Os. Each panel represents the result obtained from tetrapeptide pools with known amino acids at each of the four positions. O positions
of the peptide pools (i.e. OXXX-NH,, XOXX-NH;, XXOX-NH,, and XXXO-NH,) are occupied by the specified amino acid residue. X

positions of the peptide pools are occupied by equimolar mixtures

of the 20 kinds of amino acids. Statistical significance of intergroup

differences was determined using one-way ANOVA followed by Dunnett's test. *p < 0.05 versus vehicle control; #p < 0.05 versus HyO»

only control;

Jwp < 0.01 versus H,O, only control. A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G,

glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine;
T, threonine; V, valine; W, tryptophan; Y, tyrosine; NAC, N-acetyl cysteine; GSH, glutathione; and AA, ascorbic acid.

g

3.3. AlAF|2! HEO[E7}F 0, B MZE =4
ROS 4ol O|X| = Fet
A 20 B HIE o= 25 2lolHe] o
e Aol 712510, SR oAl MBS 2=
7iE HEfo]= CNH,, CC-NH,, CCC-NH, 2 CCCCNHE

ol

9

Ea

st o4 ATE stk

o] 47} J“EMC—O] HO, §5F ZHoflA] Al A&
£ vAlE FFS C, NAC Y GSHe} vlaslgict. 1 4
3k CNHE 1.0 mM7EA] ZJA| E20] Yefb] ¢igkom
HO0, =& A] 1.0 mM CNHOA 9F 23%2] (-2J5h Al
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Figure 3. Effects of C-NH,, CC-NH,, CCC-NH,, and CCCC-NH, on the cell viability of human HaCaT keratinocytes cultured in the
absence and presence of H)O.. Cells were treated with vehicle (control) or each substance at the indicated concentrations for 48 h.

Duncan's multiple range test was performed to compare all group means to each other. Groups that share the same letters (a-f) do not

have significantly different means at the p < 0.05 level.

B3 waks ek CCNH, E3F 1.0 mM7FA] A &
/do] VFERA] gdgkom H0, =& Al 0.5 mM CCNHO]|
Al oF 39%9] fofgt AlE Be avg Hch ¥
CCONH= 0.5 mM opgoflA fofeh Al =45 HAal
CCCCNELE= 025 mM olAollA S-olat A3 B8 1Yl
t} HO, k& Al & HEPO|= 025 mMoflA| 22 oF 49%,
OF 37%9] MEZ BE a5 R ckFgure 3).

Jg,m

) etel ekl A, 41494 A 3 &, 2023

TS AFofAs CNH2F CC-NH, 2] AZ U] ROS 234
of thet A3ES 0.5 mM H=9] C, NAC 2 GSH} H]ws}
St o2 HEPo|EE2 0] lﬂEOﬂH A B8 Ho
ALfatgct. BOel o8l FgS Ueldi= *ﬂi—J g0l
oF 32% S8l HO0 28l S71et @32 CC-NH,,
C, NAC 2 GSHoj oJaf oF 32% 7rasieli C—NH;Oﬂ 9]
3 oF 24% 745t Figure 4).
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Figure 4. Effects of C-NHp, CC-NH,, C, NAC, and GSH on the cell viability, reactive oxygen species (ROS) production of human
HaCaT keratinocytes. In (A), cells were treated with C-NHy, CC-NH,, C, NAC, and GSH at the 0.5 mM and incubated in the absence

or presence of HyO, for 48 h. In (B), Flow cytometry for the ROS production in human HaCaT keratinocytes exposed to HyO» in the
absence and presence of C-NHp, CC-NH,, C, NAC, and GSH. The ratios (%) of fluorescing cells to the total gated cells are presented.

Duncan's multiple range test was performed to compare all group means to each other. Groups that share the same letters (a-h) do not

have significantly different means at the p < 0.05 level.
4. 1 FH

Abg} ZEd2 ROSS] Vo] PAISE 52 Zatshe
B A AES 0 7150 WSS Zefict
[18]. o} GolA] thr] YAk BUL QIRE ZAFAA
Zo|M AJE U ROSE Z7HA17] 31 214 GSH 2 ghutathione

disulfide (GSSG) =ellx1®] GSSG Hle= A S7HAIA
om 2A AL lactate dehydrogenase (LDH)Q] W&t
F7HAFE19]. e o] 22 ROS A4S S7HA71AL
A kel wld vl HdsE STRzien A
GSH % GSSG gFgollAe] GSSG Bl 57HAIZITH20].
ROSo|| of3t SFEkA 23 AIAH|Ql 22 B Bk o
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Ao g 715Ec12,21,22]. Thioredoxin 1 (Tix1), peroxiredoxin
1 (Prxl) 2 glutathione reductase (GSR)Z} Z+& B2 kG-
SRR AlEE W Ao ARkE SShAA 4lst AE
A8 QIRE MliE AMEREE AEZE HIsh:s JoR
HA QIeH23]. Bl o FARAIQl NAC= HO2
HAl oA Trx19] SRS S7HAI71AL Prxl, GSR,
phosphatase and tensin homolog (PTEN)Q] Aks}&-S- 734X
AoEN HOE Qe &% Al Wf A Thaol
413t gk AEE 2dsto] Ml EES S7HIXITH24].

$2]9] FE AFtollA] CNH7F QITE SAE MNT-1 A
329} A} human epidermal melanocytes (HEM) Af|3Z 0| 4]
tyrosinase (TYR), tyrosinase-related protein 1 (TYRP1) 2
dopachrome tautomerase (DCT)2] mRNA 2! Thal2] wig] 4=
2ol FakE mAA] gar fdehd IS Aste] ot
=35} oln|ieAl 20 £ = 7P 83291 anti-eumelanogenic
24 % sht= wl vl ois]

2 dtlals IR 2R Ao A TRt Ao
AIZEIR]D T el HOE F=4 AR AEd
of MRl PR AL 1 A 24 HElo|=59
AIZHIQL B fEfo]=9] o7t AojdeE Oyt =
Z0A Al A& S7F A7) oA AA| =4
B3E #olA)7] o] CCNH7t 7F st = 24
o] f=r3t 2|49 Helo|== AlmEH: olF S sl=
A= CCNH= ol ok ROS AAdeolal= 1 oA
a7} C, NAC, GSHe} HISIA|TE KO0l thigh All2 &
T A= 7P =uTh 34 A AR RO Qe
224 o A2z gollA] CCNHy7} Alskelo] Aljszof| ZE]
= HOE Eoj5= QA A2 i At fx=9] W
HAe 2Aslo] Mg Hoshks AR AYshr] oH7]
ol FF A WAUSE At UM es dasith
B3 CCNHy7F C, NAC, GSHET) =2 A2 =g 35
aNE HQ7| el 1§88 flste] a5 kS
BIkHE in vivo 2 QP G97t 37w Basich
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