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Abstract: Skin carrys out protective role against harmful outer environment assaults including ultraviolet radiation, heavy
metals and oxides. Especially, ultraviolet-B (UVB) light causes inflammatory reactions in skin such as sun burn and
erythma and stimulates melanin pigmentation. Furthermore, the influx of UVB into skin cells causes DNA damage in
keratinocytes and dermal fibroblasts, inhibition of extracellular matrix (ECM) synthesis which leads to a decrease in
elasticity of skin and wrinkle formation. It also damages dermal connective tissue and disrupts the skin barrier function.
Prolonged exposure of human skin to UVB light is well known to trigger severe skin lesions such as cell death and
carcinogenesis. Haloarcula vallismortis is a halophilic microorganism isolated from the Dead Sea, Its growth character-
istics have not been studied in detail yet. It generally grows at salinity more than 10%, but the actual growth salinity
usually ranges between 20 to 25%. Because H. vallismortis is found mainly in saltern or salt lakes, there could exist
defense mechanisms against strong sunlight. One of them is generation of additional ATP using halorhodopsin which
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absorbs photons and produces energy by potential difference formed by opening the chloride ion channel. It often shows
a color of pink or red because of their high content of carotenoid pigments and it is considered to act as a defense
mechanism against intense UV irradiation. In this study, the anti-inflammatory effect of the halophilic microorganism,
H. vallismortis, extract was investigated. It was found that H. vallismortis extract had protective effect on DNA damage
induced by UV irradiation. These results suggest that the extract of halophilic bacterium, H. vallismortis could be used
as a bio-sunscreen or natural sunscreen which ameliorate the harmful effects of UV light with its anti-inflammatory and

DNA protective properties.
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PRSI %745]—5— Aoz Mautel] EA45HH bacter-
iorhodopsin®} =2 Fs4dS Zteth FAUvAE S5
st @3lo]=H(Cl) FolAQl o|FxZE T3l Alx 9
Bol e ajol S48 Bskel 47 WA
ATPE HATHI).
B AT AL A9HE AUAYOR o] ok

AdA TAE, H vallismortisE in vitro A8 53]'04
x].g/\—]oﬂ p,]z'SL 6}015. DNA 5:)\1- §]i.‘:a—]£ y,]lﬂ,p“
FolA g1 Bttt ©] Yoy} 3jfof 25311 7]
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A AFEAZA Y TS sk

2.1. @Z(H vallismortis) £2|
B Aol A8 H vallismortis= 20143 6ol A
= AsfiQtel] X7 Ak HIgHY M Axol
NEE Tt ARSI
A AlBoA A2 1 g B 1 mLE FHSk] A
I 84 10 mLe} £&3ke] 30 s 7 vortex 3+ Az, ©]
-E—;é]g]_zﬂ 10! ~ 10702 /\11] JM o]_og\q .,]/‘4
2 TEE ARl halophilic archaeal JLAHRA|(1 L
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2.2. @ (H vallismortis) =&

=T 8T colonys T=AHF AT (Korea
research institute of bioscience and biotechnology)®l <]
Foto] A7IAEE EHSAT WS 16S rRNA
gene sequences wA1317] 918t A F A EEFE ge-
nomic DNAE & A £, 27F (5-GAG TTT GAT
CCT GGC TCA G-3") primerSt 1492R (5’-CGT
TACCTT GTT ACG ACT T-3°) primerS ©]-&3}o]
A FZ A7 T, DNA sequence +41-2 A A5
o AlFEAHE R 2418 918 phylogenetic tree™
BioEdit (Ver 7.2.3)2} MEGA 6 (molecular evolutionary
genetics analysis) ZZ13-& AL&3le] B39

16S rRNA gene sequences EUIE EXtaxon DBE 5
3 EAskdom, nAE 57 AAZ 16S rRNA 971
A o] sl 99% ol/dold 7|&d BaH vA=
S Fuste] Y FFZ, 97% vtolH AlFstzoz
7S FASAVE 2 082 RS

2.3. @F(H. vallismortis) HIQF

H. vallismortist= 1.9+ WA ?] halophilic archaeal 2}
A\l A(1 L7]5F) : yeast extract 5 g, casamino acids 5 g,
Na-glutamate 1 g, KCl 2 g, Nas-citrate 3 g, MgSO; -
7H,0 20 g, NaCl 200 g, FeCl, - 4H,0 36 mg, MnCl, -
4H0 0.36 mgE AHE-3FATE A3 pHE 5 N NaOHE
o] &3t 7.0 ~ 725 SHFAY H. vallismortis LG
halophilic microorganism< 2F 105 ~ 107 cellsymL2] &
R 7] WAl HSR F, 2535 ~ 40 C, 571F
0.05 ~ 0.5 vvm (volume of air added to liquid volume
per minute)®] & FAISHHA 79 Hj <SSt TH

2.4. @AZ(H vallismortis) Lysate M|&=

A& A AL 22 1% PBSE F+ ¥ T} 10
cm plate &, 1 mM PMSF7} 38 27k 1 x cell ly-
sis buffer 500 uLE 7}t Cell & 5ol Zof H9gh
tubedll &7t} d5oll AX|E JElE sonication T}
4 T, 10 min YAEe)te] F5H(cell lysate)= Al
tubeoll &371Th 20 C, 48 hE 52 AXIoh

2.5. NO (Nitric Oxide) Assay
Raw 264.7 A]EF(ATCC number: CRL-2278)Z o|&
gt Griess§ 22 NO FAGAY A3dS AASATh

Al thAMEQ Raw 2647 HNEFE 3 x 10°
cells/well®] EEZ 24 well ZH|°]E0l 10% =2 %
Ejo}d o] £&E DMEM HIA|Z 231, 24 h 52+ Hl
FAA. oloA, HFFE 1, 10, 100 ppme] FE=Z
NEE 343 Az WA= WA olw, NOA 3
A =2 Q1 NG-monomethyl-L-arginine (L-NMMA)E %
4 tzro2 7 A3t 30 min S vl S,
A=Y 2.2 LPS (lipopolysaccharide)E 1 ug?l ] 2]t
24 h B3 Al I3 S A-E 100 uL F 3N 96 well
Z# ol Eol &1L, Griess 8A-& 100 uL2 7l 7
oA 10 min 3+ ¥FEAI7]13L, 540 nmell A o] FEEE S
Ao =A Age NO A 35 st

2.6. I3lxs

33} A ARE FRlskr] sk, L-ot2rda
LS o]&ate] slr)9f o] B3 A3 &4 H|
Estth 1A, 1 M L-ot27]d3 1 M QI4F 58
ApH 74)& 1:48 FanlE TA4g T 96 well
plateol] 80 uLA EF3FATE 7100 1 M 4t $HE8
H-& o]83t H. vallismortis lysates ZHZF 100, 1000
ppm O 2 323k 8918 100 uLA welloll H713F & =
Fol FAU o] %, x| HFFE7H 0.1 Me| HE
5 1M QA 8o g M3 x=T §HES 7
welloll 7FgE & 70 CollA 4 h &<+ WHSAIZ T
, 233 BEAZ 420 nmoll A 96 well plate®] &%
ZAsta, B3 AFT vl 9k A, T A5 &
T Zpol & o] &3l 33} Al &S ALtstaTH10-12].
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7. AR Rl ZHERMIE B

2 A9 Aol A" AR 2l 2 A
3 (HaCaT)= ATCC (USA)OlA F43tth AlxE
Dulbecco’s modified Eagle’s medium (Gibco-BRL,
Gaithersburg, MD)°ll 10% -$-Elle} & *(fetal bovine se-
rum)3} 1% penicillin/streptomycin solution®] 7}
G =304 vl ket Al 27} v kg Zek20l
oF 80% %S w 0.25% trypsin-EDTA (Invitrogen, USA)
£ ol&st] Alth mide ST

2.8. Real-Time PCR (gPCR)

UVBell €3k DNA E3A =S B71str] ffs) Azt
el M EZF(HaCaT)E AHE-SH] CPD assays 3l
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S 5FATE 35 mm W8 S o] Ee] 2 x 107 cells/well
o] A ELE gl 2 23l H vallismortis
lysateE SHFTol 5 6 h ¢ 3 TE=2 A A
3tal 28-S AAZ F UVBE 20 ml/em’ZE XA
ok O Al H vallismortis lysates 5o = 223}
324 h & MEZE #5°] RNA easy mini kit (Qiagen,
USA)S.Z RNAE #8l3te] A & 1.5 ug® RNAS
GeneAmp® RNA PCR kit (Applied Biosystems, USA)E‘
o]g-3}e] A AKreverse transcription)3FH T & A}
Hkg-o MycyclerR’ PCR 7]7](Biorad, USA)E 013-3]'04
T35ttt /4 %¥ ¢cDNAE Tagman universal master
mix (Applied biosystems, USA)%} 32} oAl =
g}o]ME 0] 83} real-time PCR system (Applied bio-
systems, USA) 2.2 Td-S =743}t Real-time PCR
o] AFg¥® zlo]lmE GAPDH, XPA, XPC, ERCC4,
ERCC5°]th.

2.9. CPD (Cyclobutane Pyrimidine Dimer) Assay

UVBoIl 2]3F DNA &4 =S Hristr] 98| 21zt
8 Z-EANEZF(HaCaT)E AHE-3Fe] CPD assays 3!
33+t HaCaT MEFE 2 x 10 cellsiwell EEZ 12
well plate] 231 37 C, 5% CO, AW ]E]llA] 24 h
Wl FSFATE. H vallismortis lysateE S50l = 6 h
LAY FEE AAY dta E2S AAS 5 UVB
2 20 ml/em’ 2 ZAVSFITE. ©HAl H. vallismortis lysate
E SFF =59 AEslal 24 h & AIEXE A5 ge-
nomic DNAS AA3t3tE AAIS DNAS 55 5
A3l OxiSelect™ UV-induced DNA damage ELISA
Kit (cell bilolabs, STA-322)2 ©]-83}>] DNALEA A=
= SAsA
210, /n Vitro SPF xf-tgat 2 UVB 45 HIt

SPF 50, PA+++21 Aol H vallismortis lysate2}
butyloctyl salicylateE 3%% & FH7}ste] A=kt
83 35 em’9 vitrosking 3} 3 ®(hydration
chamber; 15% =8|AH &H o2 3}A|Z] desicator)
oA 20 h &<t A H T 7] T 3 ddde
Z+Z} 70 mg (2 mg/em?)? FH 3] vitroskin ¢l FH o)

VE2A =23 5 2ol 10 min WAL =X
= AAET ] 43§ 15 =55 1 AHE AA
AT =X H R ¢F-2 vitrosking | ZT o2 AE-3)
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53 AEE T3t AE] SPFF PA A&
=

UVB &5 H71E {3l H. vallismortis lysate} eth-
ylhexyl salicylateE 1000 ppm©] H =5 AA|FZ2 34
3k % UV/Vis 833715 o]&3l AL 947 230 nmF-
Bl 400 nm TXIoA FFEe} FAEE S5

ol 10

ANy

211, SAX 24
A dde Hopd Z2FHAE e,

Student’s t-test'H= ©]-8-3+] p-valueZ} 0.05 VITFI 7

T FAACE FoAHo] de HeE AASATH

3. 2t & nH
3.1. o F(H vallismortis) 22|, &
FANAM AH T AFE NaCl 20%2] 3L 2l
halophilic archaeal LW} A| o A SLZF v gl uj, 3t
el Mg Mg F2A4S Yelle 58948 ¥E
st wEg 394 7ol tisl] B =
T2 D714 E(16S tDNA gene sequence)s EUZ
EZtaxon DBE &3l AleEAHERE 7How 74
3t A3h 7= Ry AF RFFFA H vallis-
mortis CGMCC1.2048/rmB" (= ATCC 29715, = JCM
8877)2k 99.84%2] “&-5dS el (Figure 1), °1&
H. vallismortis LG halophilic microorganism ©.Z ™
%}1[13] 2015 6 3YAE KCTC (3+=A 33t
T)ell 718she] =EFHE KCTC 12830 BPE H-of
*tt. H. vallismortisi= FENSTFHOZ IPJ o2 B3
20 ¥4 e Fe= AepdTHi4]. =3 1
wod BEoRA HEel oF £5Ae UEnH,
A FUR F5ol ojale] @Ale] Eel7} ol FoiA
w, 43 tE F2 AMAsE YERATH1S).

it r2

=
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3.2. H. vallismortis LysateQ| &}

Asjido] o) 7R @Fuee 1 Fel we Al
ZA REES FITHI6). Ho vallismortis lysate©]
UVBe] o3 g7 AFHg 14 axE 1] 93|
Raw 264.7 tHA A4 NO A &e SAs
ST Raw 264.7 2 M 329 LPS (lipopolysaccharide)
2 NO e a3 5 HSs= 1, 10, 100, 1000

E=Enl
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[ Halparcula salaria HST01-2A' (FJ429318)

Haloarcuia argentinensis JCMA737 (EFG45681)

|'— Hakarculs marismortui ATCC43049' (AY506298)

58

|_ Haloarcula quadrara 80103001 " [ABD10964)
Halkarcula amyloltica BD-3 (DOAS4B18)
Haloarcwia valilsmartls LG haloghllle mlcroorganlsm
Halparcula vatismortis CGMCC1.20480nB' (sATCC 29715 =JCM BB77) (EFE4566E)
Haloarcula tradensis HSTO3' (FJ429316)
—— Hakarcula salaria HST01-2R' FJ429317)
Haloarcula amylolytica BD-3' (DOS26513)
Halomicrearcula patucida BNERCI clone 2' (ABTEE180)
Halparcula fradensie HST03' [FJ429314)

Halparcula fradensis HST03' [FJ429313)

Halomicrearcula micols YGHS32' (KF582044)

— w‘[ Halparcula valismortis CGMCC1. 2048 rnA [EFB4A568T)

0.0

— Maloarcula marismortui ATCC 43049° [AY596287)
. Hakarcula amyloktica BD-3' (DO826512)
— Haloarcula hispanica ATCC 33960 (CPD02921)
Halparcula faponica JCM T785' (AB355986)
Halomicrobium katesi D5M 12286 (CPO01685)

Figure 1. Homology of isolated halophilic microorganism from salt pond to H. vallismortis.

ppme| FXZ H vallismortis lysateS *2] & 3} T
FNE=T 2= NOAA JAI=ZE<Q L-NMMA
(L-NG-monomethylarginine) & *| 2]} ¥tz thu]
gupt g a3E UER A S48 vl
A3} H. vallismortis lysate= 100 ppm F% ©]/dol A
FeETEY 58 NOAAd dAES BEYTh
(Figure 2A). X, H. vallismortis lysate2] SHEIIT 4
P4, UV 24, 122A40HE FAEDE 3

3l ZHzhe] 2ol A3-e 2yt Th dFollA 1
week W3 & X 2]3H9S W, 100 ppm F% ©] Fell A
FeETEY 52 5o FEEHE Flsa
(Figure 2B), UVB 4 h A} & A 2]3l9 S o, 100 ppm
TE o olA U ETHRY 52 5] dHaH
£ 213l thFigure 2C). &=, L&A (50 T, 80 )
oNA 4 h ¥R F AZEAe #, 50 TollA 4 h 5t
o A== & 371 100 ppm F5 o]/l A
A== AL FAsIAAIT, 80 T o] 4o LA =
A= FHEHo] ojX= AS &3t th(Figure
D).

(

3.3. H. vallismortis LysateQ| S'=stg i}

UVBell &l aRAxs F3aAo] dojuA =
H Ao SAE FIEES Azxst 9 45
el A ©TH17). L-ot2r)dd 2538 o] 831y
H. vallismortis lysate®] 33} A &4 Z83tAth
Ag A3} 242 100 ppm, 1000 ppme] H. vallismortis
lysate S FH7FeF FEL AUzl Bls) 2z oF
59.5%, 38.9% AEo] F3T dod|= AS IRl
a1, oF 40.5%, 61.1%°] ¥ddst a3E IRt
(Figure 3).

J

3.4, H vallismortis Lysate DNAZAF 21X & DNAM
k=G

UVBell 23 ZHA M £ o] DNAEAS AEtE &
HE FIstr] 9l @A Eo| UVB A A, =
H. vallismortis lysateS * 2]3}o] DNAZS] v d
Z+719] dimer BRBEE SH AT H. vallismortis
lysate= 0.1, 10 ppm2] T2 A 2|3t < wj v]A g
ol w8 27}k 30%, 61% CPD A A 55 B
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100
8
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% 60
[
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s
20
0
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LPS Thpm 10ppm 100com  1000ppm | Tppn 10ppn 100com  1000ppm L-NHMA
(10ppn)
50°Cc 4 h B0C 4 h

Haloarcula vallismorfis |ysate

D)

Figure 2. NO supression effect of H. vallismortis lysate. (A) The NO suppression activity of H. vallismortis lysate was
evaluated by NO assay. (B) H. vallismortis lysate sample were made in 1 week sun exposure condition. After sun exposure, the
NO suprression activity of H. vallismortis lysate was evaluated by NO assay. (C) H. vallismortis lysate sample were made in 4
hours UVB exposure condition. After UVB exposure, the NO suprression activity of H. vallismortis lysate was evaluated by NO
assay. (D) H. vallismortis lysate sample were made in high temperature exposure (50 ‘C, 80 C). After thermal exposure, the
NO suprression activity of H. vallismortis lysate was evaluated by NO assay. Each bar in the graph represents mean + S. D.

120

100

Glycation (%)

Oppm 100ppm 1000ppm

Haloarcula vallismorfis lysate

Figure 3. Glycation suppression by treating H. vallismortis
establish
glycation experimental model. Glycation suppression ratio was

lysate. L-arginine and glucose were used to

calucluated by following formula. (absorbance before reaction
- absorbance after reaction) / glycation group absorbance.
Each bar in the graph represents mean + S. D.

S}
=<

oistebE5ts] %), A 4198 A 4 &, 2015

A Th(Figure 4A). I UVBOI 9]¢t DNA<EFoll T3l H
vallismortis lysate”7} DNA 41-& ©33F= NER path-
way HARIAE ] W ofH FFE HA=A &
o}lE 7] 93] mRNA H3dS S35t Th 22 A 2o
UVB ZAF A, 32 H vallismortis lysateS * 2] 5}
DNA g2l XPA, XPC, ERCC4, ERCCS 3
Zke] s SAHS A3 FA el vls| H. vallis-
mortis lysate A 2] F% JEZOE DNAFTA
T o] mRNA o] F7tehe 2S£ F AU
Ch(Figure 4B). H. vallismortis lysateS UVBZAF Z A
ﬂ% g].glj\_fl uﬂ DNAA:)\]— HP;(] ;@;_374,7]. o]L—_ 7—] o=
UERZ I, ©]= UVBel 93 DNALE/S NER 41
Gud A BAL FTANLOT o FolAe

& g AT o2 H vallismortis lysate= A2 A
of thet daHRE 7S + A= ASE 7

"ot A3AAHOZ H vallismortis lysater= UVBO]
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Table 1. SPF/PA Validation Performed by SPF-290S
Vitroskin
UV type . -
SPF value Increase ratio PA value Increase ratio
Control 57.94 + 3.02 - 16.75 + 2.50 -
H. valli tis lysats
vatsmortis Lysate 65.76 + 16.74 13% 2055 + 5.87 22%
(3%)
Butyloctyl Salicylat
utyloetyl Salicylate 6434 + 1476 1% 2022 + 2.11 20%
(3%)

2

O0ppm

1.8 oZppn

=5pn

led 1.6 u{Obpn
100 B4
g ] =
E i
E &0 E .
g 40 E 05
0 0.2

0 ppm 0. Tepm 10ppm

=}

Haloarcula vallismortis lysate

(A)

XPC

XP4 ERCC4 ERCCS

Hafoarcula vallismortis lysate
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