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Cellular Uptake and Release of Surfactants
Used in Cosmetics

WF 22 & P RECRYE EEHANITRR C MB= Y T AR R (BT R=) T AR R)

H?ﬂﬁﬁﬂ&l This research investigated the cytotoxicity, cellular uptake and release of 4 kinds of nonionic
surfactants that are widely used for a variety of cosmetic applications: polvethylene glycol 10 monolaurate
(Peg 10 laurate), polvethylene glycol 10 monooleate (Peg 10 oleate), polyethylene glycol 2 monooleate
(Peg 2 oleate), and polyethylene glycol 10 monostearate (Peg 10 stearate).

A, Cytotoxicity of surfactants

Initially, the effect of each surfactant on mouse melanoma B16 cells (5 x 1074 cells per well, 24—well plate)
cultured in 1 ml TI/DF medium (DMEM-F12 containing 1% insulin—transferrin-selenium X sclution) was
determined from a concentration range of 50 to 2000 px g/ml.

After 48-h incubation (37 oC, 5% COZ2), results shawed that normal attachment, spreading and growth of
mouse melanoma B16 cells were observed for Peg 10 oleate, Peg 2 oleate, and Peg 10 stearate from a
concentration of 30 p g/ml up to 500 g g/ml. Cell morphology was not affected and viability was high at
91-97%, indicating that these surfactants did not have harmful effects on B16 cells al this concentration range,
On the other hand, Peg 10 laurate exhibited moderate cytotoxicity, At 500 u g/ml, cell viability was 72% and
cells were rounded and detached from the solid substrate, Regardless of the surfactant used, cell viability was
50% or lower when 1500 p g/ml and higher was administered.

Based on results, the number of oxyethylene group did not seem to contribute to eytotoxicity of the
surfactants as evidenced by results obtained for Peg 10 oleate and Peg 2 oleate that have the same oleate
moiety but have 10 and 2 axyethylene units, respectively, Cell viability was 90% or higher at 500 p g/ml for
both regardless of the number of ethylene glycol units. Comparing Peg 10 oleate and Peg 10 stearate, results
showed that the functional group also did not have any significant effect on viability at 500 1 g/ml. However,
the length of the fatty acid chain has an effect on cells. Among the surfactants used in this study, only Peg 10
laurate having the shortest fatty acid chain affected cell morphology, attachment and growth at 500 u g/ml,

Melanocytes such as mouse melanoma B16 cells secrete the black pigment melanin when under stress due
to exposure to sunlight. The elevated production of melanin is also evidence of stress caused by exposurs to
certain chemicals. During incubation of B16 cells in the presence of 500 u g/ml of each surfactant for 48 h,
black coloration of medium was observed only in the presence of Peg 10 laurate suggesting that this surfactant
induces stress to cells resulting to elevated production of melanin that was released by cells to the medium.
B. Cellular uptake and release of surfactants

To assess cellular uptake, the cells (2 x 10°6 cells seeded inte 100-mm culture dishes) were incubated with
100 g of each surfactant in 3 ml TI/DF, After incubation for 48 h, cells were collected and the surfactants
were extracted from the cells with CHCIZ:MeOH (2:1, v/v), then with CHCI3:2-propancl:water (7:11:2, v/v),

in a sonicated bath. The amount of surfactant was quantified by LC ESI MS. The stationary phase used was

Inertsil ODS Reversed Phase Column. The samples were dizssolved in MeOH. The column temperature was

Cellular Uptake and Release of Surfactants Used in Cosmetics
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250, and the injection volume was 0.5 ¢ 1. Gradient elution starting with 52% MeOH was carried out.

Peg 10 oleate, Peg 2 oleate and Peg 10 stearate were not detected from the LC ESI MS of cell extracts
suggesting that only minute amounts of each surfactant may have been taken in by cells and beyond detection
by the method used in this work. On the other hand, the presence of Peg 10 laurate in the cells was
confirmed and quantified. The amount of Peg 10 laurate that was found in the cells was 8 p g per dish
indicating that 8% of the amount that was administered (100 g g) was taken in by the cells.

Cytotoxicity may be linked to cellular uptake, Based on results, Peg 10 oleate Peg 2 oleate and
Peg 10 stearate that exhibited high viability even at high concentration were hardly taken in by cells. On the
other hand, Peg 10 laurate that exhibited moderate cytotoxicity was confirmed present in cells in quantifiable
amounts. This result suggests that cellular uptake may trigger cell death when this surfactant is administered
at high concentration. The life of the cell can be compromised if Peg 10 laurate enters the cells and the
amount taken up exceeds the cell’s degree of tolerance, or leads to cellular transformation eventually
resultinig to loss of viability.

The prerequisite for entry into cells is interaction of surfactant to the cell membrane. The results
suggest that Peg 10 laurate has stronger interaction to the cell membrane than Peg 10 cleate, Peg 2 oleate
and Peg 10 stearate. Our previous work on perflucrinated carboxylic acids showed that cellular uptake
increases with increasing perflucroalkyl chain length suggesting that hydrophobicity is a key factor in cellular
uptake (M. Kasuya and K. Hatanaka, } of Fluorine Chem, 188, 2016, 1-4). However, the results of the study
on surfactants showed otherwise. Cellular uptake of surfactant having shorter alkvl chain such as laurate was
higher when compared with surfactants that have longer hydrophobic alkyl chain such as oleate and stearate.
It is possible that in the case of surfactants, cellular uptake can be influenced by factors other than
hydrophobicity of the alkyl moeity.

The release of Peg 10 laurate from the cells was also investigated to assess the extent of accumulation.
B16 cells were cultured in 3 ml TI/DF with 100 x g Peg 10 laurate per dish (first incubation) and after 48 h,
the medium was discarded and cells were washed with fresh medium. The incubation of cells in 3 ml TI/DF
medium only was continued for another 48 h (second incubation) to determine whether the Peg 10 laurate
that were taken in can also be released by the cells to the culture medium. After the second incubation,
the culture medium fraction was collected and analyzed by LC ESI MS.

The presence of Peg 10 laurate was detected from the culture medium and quantified (0.9 u g per dish).
This was the amount released by cells to the culture medium and accounted for 11% of the amount (8 u g)
that was taken in by cells during the first incubation. This result confirmed that Peg 10 laurate can enter
the cells and could also be released by cells to the culture medium.

This research investigated the cytotoxicity, cellular uptake and release of 4 kinds of nonienic surfactants.
The effect of the number of oxyethvlene groups, the functional group and the length of the fatty acid chain on
B16 cells was reported. Moreover, this work provided evidence that nonionic surfactant such as Peg 10
laurate could be taken—up and released hy cells.

Amphiphilicity of the surfactant is essential for their role in cosmetics. The design and availability of
surfactants that can be taken up by cells but with low eytotoxicity is necessary to eliminate any potential
damage to human health and to advance the health benefits that could be derived from cosmetics.

Cellular Uptake and Release of Surfactants Used in Cosmetics
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FEETFIZBWTIo—JEEOERBEICOVNTHEA.

M58

ERRTE, FMOLOEREREEZA AL TEREREBICHAZELESOERFTEICOLTHEA
. ARSBBEEEAEFHICTA=-0HI1Z, 7o FThoBFA—ILERWNTHAEL. YD LEBEN
IZEEELz. chizdl, MO LOEBHEENBEG S LIEEIZLT-.

THEZREBEEO A 2UvIRNAETSLETRT . BELS FICREBMNLEERTI T FILETRL
TLWAIENS, UrI0 LA BREEShZIEA D21,

IR LcEV IR LA F VI —EHBRLEBSOTO—-TEEOERSEERA~ T, FIZRT
FIIT, BREHICEAENNL, M0 LAETRIZEHLELES. To—TOBEH+035 vEY
ELEBICELT. ERENXKEMENLI-. COZENS, 0L S, U0 LAF A —FIC
BEFBHASETL-CE DTz,

FHETE. VMO LOEEFRENEREERI=HD. V0 LAF L —ELBFRENRL
LR, EEFEEORATSHE, LEN-T. Y MOLOSFHOEBFOTELITZ. EEFEREMS
TORAPI~FNSIES TSI,

=r SHOLER L ERRED ' 2 I
L HAHUIRASES S L ok
B = =
| E
B s o
: E Hi WAL
| 5 b AR BEESFOL
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"#lr' | o= cerrerreremtrer et s
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BF 28 #H P MIATEGEABEDNLEFEEPTARERE R LREERMER TH B2 (2uCh 23wd)

Hfﬁrﬁ%f

LIZL®HIZ

EEO/ R ERERES L, BHLI O TAREMETATARIEEALTWA. =
OTHTFFIA TS A POHETUREERBEL, LEESHL L CARMEEROHILI0%
ZRELEL TWA[L). BSHL b TAKERETA TRIZEGE, i, TV-o5L, Hiltl, o5
TRIZATHND. TAKBLEOR, BIEDLLTESHLIORAKIIHTTHEET LA (EL
TFPP) S B E B G T 2 —BEAPFNERELS. PRIIEMLERE, 72 H
SEFESEL TEIREShS. EEnE2 2 BRI FoFEE L CRIA S, BT
ELTHICRARSh TA.

PPIZT Y2 5L TROBEICHEHESNABES ThHY, BESTr4HEHEh TV 5. PPIZES R E
FEEL TRV, FIAFESRLNA TV, PPOMMRIIEH LI B2 OBMER > 5m
L, BYIERMETT.6% #1377 H5.8%, AK554.5% K52.6%, IBH0.3%, TO0M(TAEN.2%
Thd, D ER D THEEAO—RARERKTFMG THHHNRE L AF LELo—ACMC)S
THAAF—E, TEREEL THFSNAS /=L OEREL L THFTE5. F2CENEE
TIPPOERAS PR THLLICF AL, FFIHRERRE CTHAPPLY B & & (L&
FMEL TS ACMCOBIE FEEIZ VORI R T o7,

2.5k
CMCERIIPPEREHZ L Fiom T Willlamson=—F A& BRIt~ TiT e,
Cellulose(CIl)-OH + NaOH — CII-ONa + H20 (1)
ClI-ONa+Cl-CH2-CO-0ONa—Cll-0-CH2-COONa+NaCl (2)
NaQH+CI-CH2-CO-0ONa—HO~CH2-CO-ONa+NaCl (3)

PP%80° COMBBMIZIVRBEE, BRLAEPPE v~ —0TF0iy—(ZHEAH AR —
(BR), NH-34)& R\ vCHIER2 mmbl FIoBReEL /. ZOBREPP 20 gb7&F-300 mL, Z7ooEREES ¢,
RELF R 5125 gB LU A 258K 20 mLE1 LEAE 7 Rah~FRML, 50° CT3.58%
MIAMRLTC. BUSHE, =/ R —oa ATl TR 2BREL, BREICA A 208K LEMZ T
HREEE, Bohi UL — e B ERIEE B o290 pmOS55WTARL, FEHEE
EEROEV -, BENSEES LESA77ATCEBL, =% RF-6(=8 /—N89%, A% /—
11%)3 LEFILE, = R-OFMzLvir LS EE B OMEW pmd 550 THIBSBEL,
HEHEE105° CTHBEET. ZORBRMAT ¥ —T L7 —THRL, Bbhi-ngi s
TSN T AR AF A a—APP-CMC)E LT, 4 OFINEO7ooFEEEd, 8, 16,

32 g), AKEB{LF U A(6.25, 12.5, 25.0 @& BV RS ICH W THLRERICERLT -7, 85
NI=PP-CMCIZHWT, 7—V = FBREH (L FFT-IRICXAE EESIT LR IBRER E2{T/-
fo. B RITETEITASTM D1439-94i2fE -7,
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3AER

PP 20 gizxfL, Z7OOFFEE(4~32 )b KB TR 4(6.25~25.0 g EREE{LZE, PPOAAR
F 2 AFNMCMUEZ T o1, BB FF 2 AF A (PP-CMOIZ oW T 77—V =Bk it
S (FT-IRG R ENCIAEREE 5T, CMIBEE(R ) DRIE B LUSSE R EE T2
 rid

FT-IRG T IIKBrEAIE Iz L0770y, HE4000-500 B - TR ERE LT R0k,
FT-IROFEFEILVCMEIZRK-3<1600, 1420 A —lcE—7a@ RSN, 1600 A —DE—271%
INR=NEOC=0 _BHEESOEELTL, 1420 M O —2Z AN RE 2 AF L ED-CH2-
OFFEERL TV, ZOZinb, FREHPICHLBERUAFALEFZHEL QAL bk, &
7o, ANF=NER—RA VR ORI THH1700 A - LEEHEAZ 7L T
WEDIL, ERBPOINR=NER I LETHVA T R THEIL, 200BFERT
PIBLTWAZEICEBLEZ NS, —H T, PPUSAORIG S CHR/ouE O B/ E
WIS IV T, CMEIZES<1600, 1420 M -0 — 213 E%L, $=(21740, 1610 4% —
DOE—sA@ERlIENE. PPIZIZ e ra—RITz, ~FFBEgFINTWS, 1740 41 —1%
AIF DR TF ThBH T IYa L B O AF AT AT LS A AER L EOC=0BiEE
b, 1610 d{H' XA F oo GO A ALLIEANARF L EOC=0MEIREZTRL T 5L
ZZ6N5. ZhiY, Bio/ooEBERORVEHES T, CMCAESHREEWIE bl
FT-IRG# LOPPHF DA a—=ARCMEL TWAZEdbiol, £2TC, CMEDERELRS
MTT B ERERESIT -7, FOFKR, 7ooFEER40 g, NaOHE #7.25 gD 44
BV TEREE AL E0.720CMCH SR TE L.
4315 . ¥

Williamson=—F A BT TPPISDOCMCE ATV, SRLIZCMCIZ2VTFT-IR
ICEAERERES, BRENEBSIXUREREZT o/, 1oB, &L TPP 20 gizifL
TZouEiReE#%4, 8, 16, 32 g, KEMbEF RO LB R%6.25, 125, 25.0 gD S TEREIG
E{TioTz. TOFERE, 7ooEEEE R &40 ¢, NaOHE &7.25 gDFRMFIcB O TEBRES L
V0.T2OCMCHBE R TEZ. ZOESRBOFT-IRICIAEREESIT O RiZ, CMEIzh ¥+
A1620, 1420 A4 — e — 2R Hlxhi. £, 7ooFERE R 16 gbl EizARBECMCHE
RS T, PPIZEEha 0T U BoM{ibSh - ENEREINAZ Lot
PLEXY, £FHBERR CHAPPLICMCEELE T AT ORIEEBZ R ETAEN TEE.

W
AR FCIX201 B/ NI R OBELZ b0 T, ZZICBRBOEERLET.

BE Tk ;

] dbiEEAF— Y/ SERRRER O —UCEREEEG. "2 BHLLITAL”.
http://www.okhotsk. pref hokkaido.lg. jp/ss/num/ohonou2012/4.p26-sebyoushi.pdf,
(ZH82015-12-14)
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VA = A R4 3!

W% & P R TERY BAB TR « =& EAl (A2 33%7)

&Hﬂmﬂﬂsﬂf?ﬂi iPSHila B A LS M0 EGE) Tl FIL TR I AN Tad 53
B ER T HEANCIVERTAILE AL, YOO E TH. Sox2iIEER T~
RS L ARSI ~OF AL N Ta s TS BT EL TN, Sox2 THOERICL
itk ma—ul bR HET5AsBERF 22 B8 A I LAMBRMR~DF Lo 7 a
HSI o E AT, AsclliE, Lmxal 2 X B OESHE FL4bicw A ma -~ L8 A5
LR — NI AR = — O ~DOF AL I N T TSI PR RETHAZLICNE B TL4 A
LNl S - YRTETHLZEBRESRL TV,

LWz Ascll B EF 27 A CME SR B AL, —a—or~O4 LR R L,
FOREE, Ascl Il HETEHA Ll TS REo MBI h, Z0Zihs, Ascl#r
AZROFMEMIELL T, pl9RE~OF L A7 HOBAZETIZEELE, Wiz, BIEFHAIE
ALz Asc I BETFE2RBENTOY IR BEER~VI—(2un—=0F L, 237 lO5EH
BTl Fo "V HRBOT- D2 P EONERBAVVECERITERF OB
(His—tag) @i &L . AscllZRBIHEET, His-tagENHBICENIZRE LImAscl #2713,
WTFhOBELRBEATERRLE, LHLESRS, WTFhb TEE S TR CREBE S Thol,
FTIT, FEESPLEBLN L S EORMET o, TOBR. NERICHistagZ @& LT
AsclliZ, B OBBTEEL, BHULY A JHEBLZ LR R, —F, CHRMIZHis-
tag® B E LicAsclLIZFBIMIC LY RFLAIRELLEDER T8 MBICRILE, 220, &6
N T @EEFEMRL T, Ascl ¥ 0B OBLREBES BRI, BF ., 7o BN
[CEATAHZLITEBTHD, LLRis, 8o ObHLHEOEE R F 70 <2811, Mialssg
A TAZLER 2 X RHLTWA, AscllbbHLHEOIEER FTHAZ L bR S BiEx
HIahvkEi L, EREM LA " 2B A pl9IRRICHRINL, ArFal—tal Dk,
EELAL—F-RMELFIAL THEEAOBRT2HEELL. TORR, MilaRicg e dlish
Ascll B IH BAEAF A LABALMIZ o, Ascll DIEFEBFEA L LT 0T, S{LigHeE
EWRSLE, PISHIMEICAscll # -~ 2 BEHIL, P MBELLE, —a—nrOH{k~—h—0
12TH5 B [ -tubulin® i e 24T o7, LAvL7edis, § M-tubulinfBiE o Mila AR5k

I o, BENHMY I H B FREEEFL TV L BN, +5
GOSN R Bl L OE A S ERNTALERDA,

Ul EOdsBRAFLDEL, KIBEE AV -Ascl 22237 OB - HRUCRRIIL . Ascll &2 8
D HEBGERESH AL HLMILE, Z2TBbhE SR L. Z2<ObHLHAEOEER %2
SAUENREE R RETAILETETALOTHY, BER TV EE ALy
{EHREORREILFSTHLOLMFEIND, SEBE., Ascl 7V EOBMAHEEL-&, #iiEs
R A~OAscN F RV HBEAIZL DN — AR =2 — 0 ~DF AL IR T a5 T R A,
HEiZiE, Sox2Z L U BB LBF AV IR T el F30 Va5,

EERF-Z s BEALL B XA v ) T s 53 J DR

17



@ 2016 e BRI AR

UVA/UVB BBEILTz A5 A PDAS = BB S DA =K 2y
ENTEI N2 N 7IRIEMEPIB LB L AR R

WE %8 #H P dbimERY: KFEFREEEER i & (ChhA 31)

T eat

ATFIE I H N B AR TR Lo TR EA AT = BT S M ERN O R R EEZHLMIZL,
FEM L O TRAREE AT =B HEME I CELHEMC VW THLMC TS EMELT
o i)

b B2 R R 6 T B e MeWokiiiad FIV », FIRELE38 (212, 10% fetal bovine serum, 3.7 g/] BEREA3EF M7 A
B TMZL% non-essential amino acid# & {rDMEMERHE (Thermo Fisher Scientific, Waltham, MA, USA)
T RS I2AR I OFIRIZEY VTUVA, UVBARETAUVC IR TSl A B L\ v 4 Tl 55k
TTFHEML, ROBHBHLEIRL, Thbh, #laEBEIL60 mm>' AT vy —1 LICIRRL T
—Hp e Lol o A B ERE, UVA (362.3 nm, 1.24 KI/m2)EB L TUUVB (313 nm, 37.9 J/m2)ZUSHIO
Optical ModuleX (7314 MRS, FROICTHMHE LA, UVC (254 nm, 0.464 |/m2)i2 H 378 E 57 GL-
15 (A3, WREHWTHRELE, BRICIVELAAT =0 B, Siegrist:Eberle® FEIZLOMEL=,
Fipbh, BAELSAIEEEEL TR E TN o Az EoE, PidE. #5a%553,000,000 cells/ml
I2425k5001 N NaOHZEINZ, 65° C TR Fa<—hL, BOEBEICEOEIR L FiF2DU 800
47 ¥R BER) (Beckman Coulter, CA, USA)ZE BV vT405 nm®D W EAFEL .. A =100 A IEMmL -
(Anal, Biochem., 159:191, 1986}, # O RUVBEN CII TR LB TEFEAT=viarba—
DOLIEOEMPRETHIIEARES N, UVVATLERE CRIBEOYIMEmBHAL00FEL LA T
[Eheholz, LLpdin, UVCTIRAT=DJHMIIE 0o, bz, BHELLURHEICHEL
BB &L TL0mM N-acetyleystein (NAC), 100 u M Trolox72BTMILE p M Mito-TEMPOIZ L~ TALEE
THZLCIY, UVBICEAAT7=OF B ERGLIC EABMIZEEIciEE L=, Fi, #2405 Mm%
ORI PTEREEE S (ROS) 120V v T2°, 7" —Dichlorofluorescein diacetate (DCFDA)DEE i B THEML 7242
%, UVBO SEAMR BB % THBENROSO EA BRI LA L, S6iz3ba-FY T EERIZ SV Th
tetramethylrhodamine methyl ester (TMRM) CEElL =424, UVBEM TEL WVERA OB IIMSEEINLE,

LB Rt UVBRAHZEV AT = OE D BRI EDY, b= FITIREN L O LR/ i
fE-TROSODIBML , ZOROSHIMAB AZ = O FEFHITM 52 LSRENT, UVBIZ KB HIZ0.29 188
BENATEVOEMLIZEETHLLEZLNS, -, ZOMNTHROSEH ET RN OLLHELHE
DI/ EPAT = EMEERTELILE, B0 S2F T TS0ERIclEd 245 5l
EHE{EAlC IRl cEa WAL L0, EhbIFShaL R TR FROS HEEAE L bR
TV BMito-TEMPOZ R ANZUVBIC L S AT = WiE DR LB TE -2 hb, AFIRIZ LTS
SRR L LB E AT LA el 2T 1l 0% FIM AL RS OISR &S
FIREfEZ-EALM LN, Sha - FUF UL LT AU Ru 2 2450 25§+ A oM R EOERICE
EThaZENTRIN:,

18 UVA/UVB St L1257 4 b DAS = Vil BIARDA H = X LI E I b2 N ) 2 HGm R B & 2 s 3
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A MR 30 3 AR O #RIEY - IR
MR R DJRIK & 725 5

W% & P DRMEEAA - SR by —VIREFR &= A WY (by @hD)

mﬁ:ﬂaﬂ AR, FE LM OB PEERORBRLILT, EEEETIRPHEmICHHIThIN
Do T HEEEREOENS, WD T TR | AL TV5. R T HERES - 5 5E
Z 1 LVOBMERL, HEBESEETHS. OO EEROEFTIE, SEFBRPIETRRE
AT REREYRIALOBREN, FITEAWNK T, EELEOHEIBILRIEOTR BRIz 270
BESH, EEICEORELL TBEARN AR S50 G ERLMIcTaIEE BrLLIZ.
[#r&FE R URESR I HREFRHERHRE FREICESETH20~22B0EE61 A L L. 75T
ORBEFEIZHLT, A 7+—LFa 2 T, BERIZEAEMOREEZH THLREEZ{To7.
BEEB M, FEMELTEE, (KF, BMI, #E0SE, FRGEN(DETFRHFE-FED® )%
InBody 730 (A2 RF 4« P S TRIEEL . DR IERZ Ko RIFEERS L OV 7THEEE
[ZoWTHIELE. Ko RFHEELL TABEAK S EE Corneometer CM825, U THREDFIRELL T
TR FE A5y FEHLE (TEWL) Z Tewameter TM300 (35 bt Courage and Khazakathi) Z VW TRIEL
7=, EIE20164E10 A /5201781 A 4 A MIC A Z B o R o A ZEtE5T7TH E~100
Hiz#— L TERL:. £EBREIERELEORTOLE, F—0RERZAVTHRDbENT:
FEMEICTREAZITY, —EEBT (FIE20£1T, BES0+5%) OEIRRE ORI T204 FEEAL
EReRs, MoEk2{Ton®, ThPhofllEzERLE. BESCiZERNSEBEICTLE
LB THEARKEICHIEL-BLEOZEREPOLLTHEEELE. BH{EAN-Aw—A—LLTRT
8-OHAGEHLEF » T EICTRIELE.
[FRIHEEFEOFEFEBS LU ERLCTLE,. #$8FEOFEFHESELAEKaRHD
IZTEWLEORM B EEILIED N0 T, BRGEEEZ7U 7T AmEktEottia=
T OH YA ZHEEE TS5, The/m? CLEEIZOT, ARAS B, TEWL, E5ICE{EAN AOIEHRE
ThAHRFE-OHAGIZ W THENTH NSRRI, HRERACTET. ZOBEMLFEE
o BE FIIEREHELoRVELY, oA EASERDE{TEWLIZEWERZERD B
fo. RPB-OHAGHL B IEHBEOEVWFERWE LS L THER2 L. SLICTEWLERF
S8-OHAGEDRFEFBBMLILIA, A ELZIEMRMBRERAED(EL).
[Z R LIS - AR Z ) L\ O MER 75 THNIEM ) OB &, MAREIZHLTE
JERREZ THAZL, bLAUTMMEHTE THAZI O BLD KEHir> THADMEITATHS.
FEFEORERD, FiomhES I CBTAERHECHADETLUARE FLa=7T"BE b
TWaA, FROABE TITHHM%E, BEHF THIRNEY La=T Oy 47 EU T OB R
BEChot-. ZZTSENITHMEER) 23 H L TRMET-7. TORBR, FRHEEDHE - I&E
R AEASEIES, TEWLAERWEVIBERETLE. SF0EEH RS DRVEIEY, WDKK
REFERED 2 25T, SNUTHRELEL, E5IC U TEECEE THATEWLEEB L AN A —H—
ThHRPE-OHIGEOMICEOHEMMGR LIRS LN LD, BEARN-ADREWIZY, ILosRY
THEEIUR O VA ATREME A E T, —ooEhs, BEELEOBESBIIIVRERRELELL,

HELNE 3 IR _EDOHHKES - RIETE 2 IR R ORE L 45 »
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B 61
i () 215+ 0.9
5 ) 1583 +5.0
& ) 50.7 £ 5.8
BMI (g/m?) 202+ 18
RRERGE (%) 259 + 4.6
BT HE M (e 5.90 + 0.50
AEAS R 2 551+ 12.1
TEWL (g/m?/h) 16.0 = 6.4

mean + 50 RBEENE - @EREERG/ S8 (m)

®2 BEGERICLL 28R

FOREO— 2L TBEAN-ARBEE TSI LRSI, LdsL, AR SRR OBRR
B, (R UEAERE, LEAAR ARYERITRR A SV REET RIEL TV HLOLERZDND.
&k, WEENEFHOLEFTENLOBNELELZ LIS,

[ A BF IR T AR 2 TAE BE A SR A B B A\ /B B JEBh AR & 22 (I KV e Z AT T 52405 °T
EFELE. ZTICERIELET

RiemEN  BRHEN

<S7kg/m? = 5.7kg/m? 4
ARAKSE ) 51.5+95 57.0 + 12.0 0.08
TEWL (g/m?/h)} 17.7+82 147 + 4.7 0.07
R 8-OHAG (ng/ma CRE) 93+ 63 68+26 0.06
mean £ 5D
3_-0 s
25 | ® b
£ 2 t o
r\-E ® e — L ]
a1 [ ¢ 2 ®
r — °
= 10 +o®
w [
¥ 5 r=0.351, y =0.36x+11.7
p=0,016
ﬂ_ ] 1 i
0 5 10 15 20 25

% 8-0HdG (ng/mg CRE)
E1 Rd8-OHdGETEWLEDER
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tu b= 2 A ZEAE O REE AT

W 28 & P TEERFRFE HENZER - sak L (738 L)

W SERE IG#:xzfﬁ?ﬁ#’fi'ﬂ[E:?éﬂ?ﬁ (GPCR) i 7PIBLE A B DR TRV ER = ES ., e,
BB, WM A R A S E LN Y AR G T A EEA SR ST S, 2, EEAD
4%, GPCREF— ¥y heLTHEY, EE-AIRIcB W CLEBR Iy ThA, Eob="2A%F ik
(5-HT2AR) %, #i & LMESLTFIREL o ERICBbL - TEY, 5-HTZAREFRBREICIMAS LN TER
I, ZheonEBROMEROET - WARCRSS, 5-HTZARE ¥ — ¥ wReLEEESOMEMTER TWES,
5-HT2ARIBT I ZHE7 73— BL, 207 7IU—ROVA AR TG AR L TS,
EALL TV MO T I ZF EE~OBTIEL B2 TLEI DI Z LM 2N BS, FIEMERIS5-HT2ARD
HEAE S TARIUE, FOIERI LS A H5-HTZARE L@ IR A > A I A iR - EE T
ERLIRERGET A TRIENANEL LS, ZhETOMIEDE, FEROS-HTIBR[1):5-HTZBR[2]®
SRS E AR TV AN, REMR o= S E RSN TURRY Y, RBFE TR, FEARD
TR REERS-HT2ARD S RIS 2{TIL T, B2 EEMOI Y At SR O BRI BN,
I ZEERBFRIEDRMEESHORIHICER TR BEELE

IHETOFR T, 5-HTZARDEFER (WT) BN R L CRIBOR I & XS i ZE Rk (ICL3)
LIPS 34— F | Zapocytochrome b562OFAZE RALRIL(BRIL)Z 8 A L7ZICL3 BRILZ(ERLIZEZA, WTE
Ht LB EAEMUL, £ZCICLABRILO A RSER - MR ERA L, EEP R LFORBETER
PEESELTLE- T, ZheDEHPREGFEERMSEICERLTHWAEE AN, TZT. &5
BT, ST TELLTBHALERE LSRR EREFRA, BEREREMmIL, FREiTmL TS
D7 FZAICBTACPCROE RFHALEIZ, HEEAE{FILEELB R M caoERFONMERL
L. ZheOER. PCRICE - TRASE I o U R RI -0 7 —[BlICHA L, BRELEREDIET)
i1, BRERLATECSREREICT oM, SEOERET DAy — A TREL, SRR, §iE.0 558
Lo THENT-IME 55 % cholesteryl hemisuccinateZ i Lo i iE % Aln-dodecyl- § —-D-maltopyranoside
(DDM/CHS) THlE L+ 0 Sk L WL, TR, BHESMNL 2B bhES LA LE
RS BAILY T, TIT, ZOKEREREEZ AV, HRicicrir KRR BlEfTo
FEERERAEZRAV, VoF it AV TR BT o0, BENERE, ZLF 7L ATHREL, &
Lo B LR 7 28T BhN R S XDDM/CHS TRlIE kL . SO oy B g o7 1 BT, His
Y NET 74 =T A=A LI N FT7 4= DR Iu= 77— CHlEE -, BRikic
FER/OV T NELBLTIN, HEBRTORERE D, WEMAEFBEL, T74=74—N7
Lrowtr o7 —RAOBROMEFRTLL. TORKE. OB ET 35 TEIRSFEZ3ELL L3
SHARTLINTERSE, Sblc, FAARIT R F74—O RN, TREA (ZIVEREEOY — 7ML TV
r COHBREOE—ZEEEL ., BREICERLE TR, #bicE, BRFa—Euy27x—XE
(LCPE) 2R, &AL LT 3fimOss b (L% v HMemMeso, MemGold, MemGold2)& L yAoY—=17
Tl LCPETIIMBEDI AIEEPLEBELL, ThETOT —FTi120-80 mg/mLO R E THEM{LIC
FEThL T B o & AiHala], LIAT, ICLI BRIL Tisdb k& ITizof0Rid, B P TEERPERNELT

tu b= 2 A ZEROILIFE R
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LEV, MEETRET oL Tahdole, Lol ERETIIEE-CRETHL<30 mg/mLLL ED
REFTREPTE TOHo, HEFTICHMSRVBRBESL TEY, BN EER THMEIFERET ook
B, ZrArBOERTSIEELR TV, REELT, 7L 7 ARMNEOIEE, Ao BMeE, L
TEELNR+ A THEIENEZLNS, S &I, 7L TR h—TREN TV AR S 3 20D
beds, WAT o7 OB, TLTELRSMEE(LR L2 BELFTAEREOBHLIEREOMASHE
FHRHLESSEEBBLTOWTETHD.

(&35 3mk]

1. C. Wang et al., Science, 2013, 340, 610.

2. D. Wacker et al., Science, 2013, 340, 615.

3. M. Shiroishi et al., Microbh. Cell Fact., 2012, 11, 78,

4. ]. Kiang et al., Trends Pharmacol Sci., 2016, 37, 1055-1069,
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25 # P EMKRY XM W E— (PAD JALDY)

FRBR] a7 mEOBEREY L CRREEOT LA RS, BRASREH
ShAKEMHTT, ChoDRENRELERPRAIBALATALEEHELT. BELRED
MLEEHELT. PAHBLUTALXUBIC DL TABILT3DOMEETLELE,

(DT LFUBETIILBEREOTLFICEHHEEAEHE

FLEXUEBIECT )L EBEREEINFOFILERRETIREEOBVHBTT . 7OUILEREE
FLEUBIEOPNBERARBOERIZIS>T. NFOSILOBREEEZRE LT LA TS
SZoLhBEEhTEYET (.Y, Sun, et al,, Nature, VO L 489, 133-136(2012) ). — . AWMRTIX. 7
JUNBEREORBY CEER7Z LY OBEERAFEI LIS CAEER LT AILERLELE. S
hix. &Fa2)—FTRALSES, P2ULBREDRBHH O 2)—FTHY. TILF B &R
DEBELTNSLEEAShET,

BHEMIZIE, FLEUEFMIOLEEUERAT YL PEF (BER) FET. B8O F7H)ILERR
& (FHYATEF NAVTAE LT HYILTSE, EFOFSIFILAZIYL—b, FTOULBF IO L+
FOULTER)FRREB T E=V L TEMEDTS VAL EETHETNAFOFILERELL. Chi
DNAFAFLEIBT o ANIZREEL, 5I-RYBERBETVELE FLXUBTF IO LERS
ILBEFESF LBELRBET AL, SEYLBOESHEVEEEZRLEL . COZEND, HBltaS
FAFYITHONALIIC. RIELAESFESFMTHLIZEY. NAFOF L OBEEL S ICA LR
THLIEWRENEL =,

Table 1. PILF B+ RIS ALIZERTHUILIRRES LOF -RYEER L

N fiir fRex | &M | 5l
50 I e (mN) (mm) | EE(%) | (kPa)
T2 LT EF+bis e ¢ 9
LSS UL 07.9 | 41.9 1.9 20. 4
o 12—EFBFL 239 L—}F+bis ;& e e "
< |+ 7L BRI L 005 | .5 | 468 e
5 |AYZRE LTI ILT=F+bis 59, 7 19 39 99
S+ TFIFMF R L shcach ' “‘
] FOILEF IO L+ PO T SF+bis o402 18 P 12
+7 XL ik ' 2
5 |7oUILTEF+bis 191 37.9 37.9 8.5
6 |2—EFDFi A% L—btbis 105, 9 13.6 13.6 5.3
T [AY7REAT ) LTZF+bis 245.3 17.9 17.9 12.3
8 |72ULRFRIDLATOYILTEF +bis 145.2 | 28.5 28.5 7.3
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(2) FAY B WO DHhFF AL

FAY SR ETTILE BELRBCAEISBEICROAIBEMRTY . L/ AL
RUBEELURBEEETA2MTTOT. TSVREQOHFALREFBATHLICES>T AR
BERBLTAARFOS LT AN MBEShELE. BAOEHT. THH B ILUE(S)-(-)-(3-
Chloro-2-hydroxypropyl)trimethylammonium chloridel 2k > TAF AL E{TLEL . AFFAEREGD
EUERHL-EBERE, BEORXESR. BNLTIREDHB IUNAFOSILERDILIITEE
HATLE, £ERPHIELOBRICHLTTRE THodh. BEARBAAIFILICEOMERTIZ
ETHY, FABRRZAASRLOSEEBNICHTFAEOBAZRE TS LIEERTL .

(3)TAHSHIILALOT I IEREIZEDTSITMELEEEICHT SRR
FAHEMI L3I, SEEOTY)LERE(FHIRATIF N-AVTOELTLYLTIE, EFOF
SIFNASHYL—RETFTIMELELT, FSTFES L, THMBEEKEH P TCAN (FHE YV L7
VESYL)ZESTHVELE. Boh-SRDOREELEBLLLCS, FHULTIFETSOMES

O BLEBVEEERLEL=.
25

2

15
1
0.5
0

U-CAN U-PAAM  U-NIPAAM  U-PHEMA U-SRMMEE

¥ 5 (mPas)

U-CAN: CANIZ EYSLIBL fo 9 JLs iz U=PAAM: TRULFEREITSTRLE 2 L0,
U-NIPAAM: N-A T O LT S L TFERETSTRLI= L3  U-PHEMA: 2-EF B FL
TF AR —ET ST s L U= A0 L i

Figure 1. HHEF2UYIFESET S0 Lo OREE

EolsY, SRREOBVES (B ENAFOFLADOFOFRELTHFBLEY., SEiEORLE
FOEL-. BB ETILFUOBERTORMELCHEDZ. N(FOFILORERLIZAL., BEEER
YIS S AUEL V=8, FSTMEICE>TEZFR ELELL.

CHALDTFRBRL. FEESLLTREFE(LEMELEHEFAAMKES BEFEBREEETE).
F-BMERERICEHEE~OBRBETFE.
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=47 alflE 7754 ARSI X A MAEHERE D fERA L
LI UOFEN~NDT7 T —F

WF 22 & P HAKFRY: B - MR FR(3E) 2R

TP RE |
E il T S BESREAER - DM T LA T O BETH S, T OHEIEROEEEE, EhiEihodEcE
BT, iR KA, BA, ATEEIE, BRIYE Y 2 i L RER R O
FHROBROMEEESA G, £, A, v, IR LNFOEERENFETHRS, T LOENON
BUEARE I SR Ty FOEBE LT, IFCEESEA CER LERESREERRT 30h0FERATIEL
ROz ENETOhD, I T, AETIR, b RhLAERMR L V) 2 F AR Fa i, RS
FRGT=A4 2 omFEFA2EETA LA E L,

1. fJ:wxjgm?ﬂﬁz%ﬁwfmmtm&%m%mﬁbﬁm¥f?mmmﬁ

== Al HA—HFAEROTESL om B oo, FEE500 mORE T AL AEERLE =
“icE AR TR A R L, SRR T O T L L, éﬁ’f&*hb*fxﬂ%iﬁibﬁ T5 &M
ﬁﬂﬁmﬁﬁtmﬁuf HtatrE MRl Zh S - kbt (REED, —h. LoV o=
L — ORI S— o L i— A EA T HREDT A ARER Ui, — 0 FOMBICITE hEIRE
WA A L, M) o= T AL — MO ERE S, TORBIREN L LTERL, ST
EERAGERICER L, BELEETRETES LICLE, \__T‘Fﬁ%%m}:l:i_fé&ﬁbuuz s
T hi— P TR ~E XA, — FOVET S, —hEln kR CEET S - LT, BlRATTOMRD
R AR Lo e A S e, m_'{‘ﬂilﬁ%‘ﬂﬁﬂ_ﬁﬁﬂht ﬁﬂﬁg:‘:tﬁ Lflﬂﬁﬁﬁihﬁpﬁhkﬁiméh
o, MEOHERIZ LT :-mmm SERTIRCE N A T R b el rEREY R o Ehes, Wi
EFAAERr BELRBEBECHA D L iibhaTs, T4 AOMRBICLY, BN TT I EkoESEThh bR
fao fe MARLHB OISO S e 5 2 LAWHETE 5, S8, WAL LTHIIE: Y OMBeT
JW{JEEH@!ME%’F;LEM‘J’%:&:EEI%?;

2. EHSF L NOT A R AR T A

Hlan= kY od ZEMOERSTHEIT—Y VT F 2T/ E LET AL AL, BROHRE-#h,
3 2., iAckROBET L - kEEE T TS L EA LA TS, AT TIL. MR ORI
WLz, HFAETIRE LEESF Moy BU~ 2ok f A2MRLE ERLELOLSES
FUALTRESNATVWST AL AL L T, BEFRCOMBERSECILE LT A0/ERicE Lz, &
Joa—ThOT e bETF oMY 2T NSRRI (HUVEC) 2 IER & b B RERAES Ml (NHDF)
IR AT, EHMEEE IR L= b A, ¥TF MO0 = 0E S ARCE LTV B EN TE
B Litbihoaf, £, FFF Mo 2 affiffT A AN THIVECE I L & =5, Eaeikic iR
HIARE D T A D bATE R, S@, BERTEOORSTEF AL ASERL, FEHERTL56FTO
HEABRALSTETHD, TF A AXEBOMKEEFELEY, B o EeRE~0EAeEis S #
HaRERE DI ~R 5 Z LT E 5,

e L
“Fluidic culture and analysis of pulmenary artery smooth muscle cells for study of pulmonary”™ Sato K,
Nakajima M, Tokuda S, Ogawa A, Amal Sei, 32(11): 1217-1221 (2016).
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BIEREE L B L o/ K BRIA TR KD
Bt WAL

BE 28 # P HREORE KRR ERIIER © IR E (3A L) LATY)

WFZERL |

AUETRE— MR O BRI, AUERAGEF oM S L RE FA LA AZ LT ER SIS,
fix OFE T O35, LA RRbOO1 23R ERE T WHEHFTHS, St A7 ThHRER T
W TH ARG+ Y—, BLUSERRCADDH, TOFREEM:, o #ix—a00 MM, oy Ek
A MIERRIC T R E B TH T,

ZBEROEICET, (EFENC SRS TERAT R TSN TRER FOMBICEREA
Tuvd, ZHhETIC, S E T (Hepatocyte Growth Factor) DIREER (LB T2 A TEROMB -k Lh
L. #llla MR Y OB SR TS ILEMIEL T3, R TIE, ShooRBeRREE
MR et c @ A TR R A F O A B LT S0 A Lal £ o W% S e 2B+ 5052
dEMTE,

L SR EECELE A LR ERTF O

BRI N TRERTIE, EEPIIE{FEETIZILT—ESIC L2 E 02T, BEN R
FESETHSLTRESAD, Tokw, EERICHT TR, BHEPEREEOIEHRLI ThaLE L
TV, Ll R F—ER iR CORESEEMELLLSS, BAes bz, 2O A TRERTH
M P THRMNBEEICFEETES L2 RAHLE, iy DN LRERFHREIERL. EEdickitsd
SLEMAFEMITERILE R, SO N LREETHEM T2 WS, #1237 Ko E g £ ik
LEICHFSELTWAZLDFAS L 2o, TGRS EEmEo SR EERICET 2mA
EFELISVIE R THD, o SiEfUICERERAETHELI L R A, SF0MEMmERE L
oL A, SEOEERGR - EE g EThs,

2, Zli A LR E T o B S H e

RS Lo A TRt ER T2+ /L0 e B LI S A TR EERTF I oWEL{To7-,
SN TR ERFORBRIZS NV RERIHICLOREREL, ZBIC, cMatZ FFE2RET5MMICHLT
INHE AT ERFEEREE, TOBE (V- aEEEtES) 238 L /-, Tof R, SN TiE
B AT =AbLL TRIET S L i ST,

LEREOFE RITR IR B PE THOY, SHROMERBIIS>AF SR ELRRAEDLOTHS,

BIERAE 2 BiE L1z R BN TR R T %t & e RE AT il



@ AEMEEA I HE

S PNVIBNESED 7 v F A Y IR DR

BE 28 #H P WITMAATBOAN RAEMERER RN £ o X —F%EAT 0 =il @b (H56 W)

WFFERE S
DEFsEOH Rl By

BEIRS 0L, EFESEF A THAE A EFO S 0 T OBESRIT 2TV, REREIFICHE
P TS T AL S TrE8is B 545 b REMIC L (Miura, Y. et al. PLos One, 10, e0142645,
2019), T AEEIL, EAREAHAZETHLNTWED, LBAOT - Fo A R TIEEE
Il Ty VeV, TITHEIIR T, TR AR INE S0 A BRI ERL ., MAEFERZE
BLL T TABOT TRz THEEN TS,
@ sk
[EBdhin] C5TBL/ENCr224 A - &M N-TEF /073220 A Mk s L, 5 &
IE, 15, 200, 1200 mg/kek L, £ 5HM P, 1M EICEBEE LMK RDEREZNE L, £, 20 ME
(IR AR R M 24T\ o, DL TS IL s, #5250 A #iCO0ln ERm AT, migrsmis
LELIT AL T-80C TRTELE,
(i BEREAEAT] peptide—N-glycanase FZ BT, MY A2 THbN-F S BB BB H 7= iz,
FE S TABORS SR EN 50, LB R &L =T Ssialic acid linkage specific
alkylamidation (SALSAMEIZ LY, RS TR (L L, Bris o i oMt M4 2-amincbenzaic acid (AA)
{fEL.. MALDI-TOF/MS T4 Lz, BENIMSAAI LD FEE —ZIZ-24 T, SALSA de GlycanZ IV THF
SFOMEMET AT L, I E T — 2B — 2 L, BB — 20— 2SI AR fER LY
— /ORI EETOF/TOF Series Explorer® R TiTo7, EbICH L —rmMO 22RO, BE—2
mHioE T s Fh FhofgiofEdy —smMEsiRL ., 7o ohERIC AV,
7agoER] hfholgs 7 BiEgicE S L TARY, L TABT v Fy AW TE
hENERLE, BRI ST T LT ABEERS S CRIEL 7 (BT A8 LR
BTV THELSY 0 (L T AR DWW THIEL, 87 B LEEL 7B oS LY
IR AL TAES BRI,
CREEER

227 A BrDCS5TBL/6NCriZ s 7 A-B %27 B Mk 5 L7 L 25, 200 mg/hgbh Lok &8 TR M D18
BEbi, #E5EELSBMEIZIZ00 me/kglt BORT25 % BAPLE LL, fik&izo0TiiEs
iR REED R,

it FOFEFARITEITV, ST AEEMEL E SNSRI EL L. ZhosfiMmoi#ico1h T, &
TEERESOPREW~~Los #5560 BL0LEES200 BioBWT, #E5REFEHIZ TR
EREHORSHENTAEmsmbent, T BEICES LT BOSEL, 5 2BHBICE W
TEERETFAICHNTAERARD LI, BLEXY, B BEOLTASBARSIZLY, = 7AiM
N ITROLT LS R EEEERAIONMEEORAZLEENI o, SEIOEBFLAVT.
Rz Eid 5 TABCEEEREOEERS. SEME BTSRRIV TN T S,

P NVEEREB D T v F A D L IR RO AT
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KEFEEFERBOKIEDIREEEFTH S

VIEI 25— L DT WA T =K LD FEHT

WF 22 & P WECRY: RYPFEERIIER - ik ok (SvE) 257)

HFgERR]|

ST —r AR TERENSY, EITERT A8 S EERA2BEXR (BX>300 nm)

T, i Ok e (EER60~90 nm) IZ AN ELR VL ZES LN TV S, LizhaTai—F -0
SISO FESE 26N, TOMMIEFAThHo.

HEEIL VIRaS—5 o0/ aEHLO SIBIC R IR S T 5 2 B ELL TTANGO
AN FIEL, 6122 ACTAGES, Secl2&y - EBF L& EEER oo L Tl A2 L%
HELTE (Saito et al. Cell, 2009; MBC,2011; JCB, 2014, CMLS, 2015).

AR A2 5T, EE, B TANGOLDER T -r/7 3+ —LLL TTANGOISERIEL .
A RSOTANGOUTANGOIL)E BIAL To7— 7 Wi 2o TV BT L AR IC L (Maeda et al.
MBoC, 2016), SHICH&EH I, WS KoM 2% K jtBlue-Native PAGE/SDS-PAGEIZLYFFITL ,
TANGOIL, cTAGES Z ik, Secl2Z M) 5722900 kDa® &L, TANGO1S, cTAGESZ B {#, Secl2
ZREHERBT00 kDaD B & ELBHL ToF7—F L EEiE-oTVAHZEE RIHL A (Maeda, et al, MBoC,
2016),

S5l S LU A5l 25 TAGESIZEVER exit sitelc i flil T AT —S - HiBlc B THS
ZEEMLAMCL TV (Saito et al. JCB, 2014) , LAL7AzANS, L0 L57E R IC EYSecl 20 07—
SHBIZ ST B0, TOAH=AAIFTH Tholz, SEhEEEZZ Tt CHRE L. cTGAESLSecl2
DI BN AL Z3EBICRER L, fE OR SRS D TGAES R EREL{ERE LY.
TOERELRGEIETOE R, BEFH L. Secl20cTAGESZ 4t LT-ER exit site~D LI, ER exit site
R ASarl OB B RIEEIL R L T —F OS5 TAZ LA H T ICIRLAC L= (Tanabe
et al., MBoC, 2016).

20164F B 13EHIN B SERFRR S

KRB MEFER R BOKUEDREEE T TH SN2 5 — 5 DM A H =X L D fFHT
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KW 7 74 < — Nl [E Ef L AR AT DAER &
aFtr—~DItH

F %% & P BEBIIEKRTE KPR LR - K RBRA (AFD LLUS)

TR

(1)DNAzyme# fRROREBREMEBIBEE L T o« N
ERRATD T AR~ OB REETE s M o e e D
ety kb Bl A

SARI O i AR A P A L L= R ”’-—“i:_:[—‘ -
B (Langmuir, 32, 221-229 (2016)) A6, o AT el
Yy -7V ITBENy -PCANA-T Y I T -rnm.::ﬂ::::;:':: ; -

BENR AN LT (GPTMS) D EEIZED 1S /

Bhs, TR 17 V2R (y -PGA/GPTMS e | prmcntes | F

AT V) A5, H e AN A EER L B 1 y-PGAIGPTMS 4 71 & FEWEH;T‘}:;:‘T&?::;T;;
TR ERIC RO TH A BR e LB L HIVEINA b LT LT €Y WA ENREE LT

BRbht, T CHLRIEE A oDNA, RO AFTA
vmed 12 THAHDNA/Hemin(~T7 kDa) {e R bkt
ERLL ORI, =3 (0 Bt R A Ao RS
HEZ L AR R T 5 /e B EL T
A, B2 (2) RIS JE (k&= DNA/Hemint 452t e
AT S, E6I2(3) A EE L2 ZDNA/Hemin T
AR K Sy AREE R I LA AR TSN RSN A E2 DNAMemin&HEEE] L TV AV W-PGAIGPT
B 2T DNA/Hemint ¥ -PGA/GPTMS /471 Tﬁnﬁ}iﬁ}é??ﬁﬁfrﬂégﬂhg ij-t#_'m;
yFIZKBERORETES L. ERERICIVF#A O (SEM) R i
(ERUZT -7 (E1), £HENE T FRE(SEM) BELY,
AR T 5 SO R iSO R AT, BEAK DNA/Hemin-encapsulated
E—%’ﬁ’ﬁ:lﬁﬂfﬂhu—lﬁr‘?‘ LSBT, v -PGA/GPTMSEksE @1/ Fibermat (ug)
SRV I et (E2) 5, —F TDNA/Hemin?s 0 03 056 09 12
{r}-if-ﬂ::hlti-kﬁﬁrh 4 EL;J:-*ZT:,fIATr:ef"@FHaM)ﬁ\@ﬁ N
EERICEOTDIC, TOEETIL vy -PCA/GPTMS TGO son 0, u'i__ Y,
FeE ,:Tt'rilﬂ,u;itﬂ ZENTERT, UL, AMNTRTE
2/ (“53 kDa) AL L £HED 4y T BA K &L= (73 kDa) b D ‘“‘““"hu
ERBLLTRATSILT, EEiciidEma s okshLy

- Pl R g 1 ﬁﬁfIJ‘]f‘l’shﬁ"h}:‘fLﬁJuf_]}’\fr'\fl-li?nlinﬂﬁ[Eﬁﬂiﬂﬁiﬁi‘f"‘? B3 4-AAPLTOOSM®A » 77 U 7RI
(2% 5 DNAMeminl E{ky-PGA/

O FETT 7. DNA/Heminfd, BATEDERAILAF 7 — LR GPTMST-#kdR (450,03, 06,09,
2, B L U TH2O2FRTE F4-7 /70 FE YL (4-AAP) LU AF LIVE DS OMN < MK

] MHGFET (BB | Bs(bAREEE
?_:tf:fﬂﬁfg{ttTDUS}{?}ﬂﬂﬁ)m{tﬂyf”yfmm%ﬁm%mﬁéu F (FE)

Bk 7 7% = — WA E A RATDIER L2 F £ v —~DIEH
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FZT4-AAPLTOOSOEE LA RS E, ImM H2O2MFTE T, JEFFTE F 1238V vUDNA/HeminZ [EE{LL =
AR OREELLEREIT-7= (R3), 2O R, DNA/Heminl@ E{LREROFETESITEWTOR,
B E24-AAPLTOOSDER{LAE S AR SEEORE) PRI, SHIZZORMEMEEREEIZFEL T,
T —IE P ICIERELT-DNA/Hemink D B2 T 27 224, IRIETEMEIRZE DRI It volc, ZORE
ik, v -PGA/GPTMST- @i O ERZ M EnmBELEMLT52LC, SNSRI TOS TORBEEET
REIPHITETOAZ LRI LY, 3510, ZOR LALLM SR, BRIk o iREERO1 ST
HDHExo [THMEL TIEEFME T/, R ICEELLLO TR, £EEE TIRRLN M-, 2ty
P —ZEEREL TWBDNA/ Hemin THE40% L E OB F TR HE TR Re bt i ERSTICEE (LT 2
Zli Rk SRR R SO ERREEE T 5 TES L b= (Langmuir (2017), FEHF &),
(2)T7F 20 TTE=—RNaABELTRROT 7 /ot —~DiEH

R ETODNA/ HeminZ RN HREIERREL L THOWERED S, Rl RO 2EEk
HBiELLTABTHA LS bl FITKRIS, TF /oL TEy Y — FEL THEEST DDNAT 74
v — Bl E T, BAANC T, SkaR (T
Al ) &5 - Ao iB 7 F s
T7E=— R 1ARS{DNA (FAM-DNA) &, 3" - FAM-DNA (Mw. 11 kD)

- I 5% AGAGA ACCTO GGGGEA OTATT GOGOA GO AAG GT -V

ISR LT 7 /20 T 7 w—LE Sic iR
P21 ASDNA (Q-DNA) S {b Lol -5 0F
(FAM-DNA/Q-DNA) i, 7TF /iicatadater — -
FEv—LLTHAATRETHEILBMEN TS, TF :
AL ETETE FIo B THFAM-DNAZSQ-DNA L K
AR L . FAM-DNA® H ¥4 38 LQ-DNAD %7l P
T A ETHER L IFIESHS, LsL, TF7 "' MR (Rlach Hode Cpacmcher
LRI T 7 5w — S OISR+ AL TO-

Y BHOQI TCTCT TOGAC CC .5

WF — RMRENR
Tl =77/ EREN

) (B)
DNA LR LS, Chulc LY - e aiEiE T e o
z T, —OFAM-DNA/Q-DNAZ - et ~ATL. § 570 ;
A, ZZTHL. ZOFAM-DNA/Q-DNAZ - /##E BRI A T e T,

BETSEn, 3 -l FF L AZM L 7-FAM-DNA
(FAM-DNA-BIO) LQ-DNA LD 8 & (FAM-DNA-BIO
/Q-DNAY AR TRTE D ElE{EL, RO T/
HENE~BEE L. B —BEOTEA T,
BohiRmicd LT, Ao 7 7Bl OHR, T )
A0 mM) RS w77y —IEHE, 77 /2 (10 mM) %

BlelyZ 7y ik, TNTRARYALEEEYE4 @maay 77/ ageer—LLTHA
TRERDNAT 7 # =—H &k (FAM-DN/Q-DNA)

(BUZRLT-, TORER, 77 /rzal iv7 7—i8i LT 55 1 ERDNAOESIE. (B)FAM-
ML A0 Is1 T, S8 R ASHER DNA/Q-DNA & [HE fk L 7= il & L o 777/
FNLREOAZRNT BRI REL TR L IR A2 A )

Shic, ZORERIR, b —LL T iSErens i

LTOAREA 0T Ao B B EE LT R E TRE S Bl DT LA RIRETH D L mme L=, ATF9E
TlE, B4 —LL TR A TR OBRMAT 7 /L T — 2RV RNC B TLE- 7o,
ERO iR~ R EA B BT L ATREE RS NS,

M7 7% < — WA EA A DIEK L5 F £ v —~DIEH



® ARMEEAN I

SR OB Y HIR L - ENERED
T Aot

WE %8 #H P KBRS EEEZE TR W (2L 2o~0)

BiFTERCR

RO B L TV D00 LTy NREEBMENE] offiEETh, LbiiE
REBERHEOMBESRLENS, £, EMAMm S LT, BEME - BEMETIIRITE A
BICERELTWeEWZ EEBHALERS YD, BB As DBIER &I TR, BEEICHER
THHFEMCERMIZ L > TLHETRALHBCH S, B, Arai & IEHEGH S HUE L 7o hiesk
fER @& % Agelasine D 757 &b L 1 4 0 BCG3185c ICFFRMICHAERT S Z L2 R L
fc (Arai, M., et al., ChemBioChem, 2014). = &2, HI# L2 @ BCG3185¢c O IZ /)
L. iSPEMRE D LI R E AR ESR Yy v FOFET S22 L 2 RWE L (unpublished data), A#F4E
M TIE BCG318be &4 — ' » b & LEEKH LR S ) — Fefth 2 oM S 2RIz T,
FT ORI oA S8 % HIE L siF 217 o7, BEICRH /2 Lo BCG3185¢ E 1T OHE
HHREICHRI) L TWizht, BCG3185c IHGTHAMNHERETARIC, b3BERTMET
BCG3185c O iMMERENTEZHAEIVHFEL Y, O KBEE LV TREASEE
BCG3185¢c OFEMEE(L = SICiBERA 2 )V —=0 Y EHET S = L TRtz o 238 oiiE
BEEHETSHZ LTSI L, BCG3186e (X AF 7 —CUiMETho1208, kAT 4
TREEBAREA—7 7 VBEARATH-T e, T 77 L BokEPE2#R~3lsE X RE
7o LT, YOLHiRBUVPTERTHONZERLE, L LM ETHSRELHRETS
ZLEMETHoE, £, Aral GOBEICH S AgelasineD & OEESEOR L ST X R
E'l‘ﬂitﬂi‘ﬁ Eirofcit, TOESHEEZRETAZ L LEBTH- -,

ZTHRREA R LB, AgelasineD O R uF Ao al—rarEdiTol, TOH
ﬁ:, BEIZ T En - REES R, » MZ Agelasine-D S LEEF A2 R L, Agelasine-D
HEAROROWIRE CHS - EAPRENSN, BSMMEREHRET S /BREICHD, 20
WO LY TRHEEREEE T2 L) - XF B bnThdtEL 005, Sz, KEHN
HEERALTWAT 2 /MREORE, 251880 %2Mm &8/ Agelasine-D et k2 HE¥T 5
:kf.MEM%U%?~¥yhtLtHﬁhﬁﬁ%mw%ﬁﬁﬁﬂé.$ﬁ#mmﬁﬂHM%&
e L TW S FETHD,

HORRSIE DR % B LB BB B O RGE B~ i
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BCG3185cDiE s &

AREDRAE—F
BCG3185cD X ¥R #n da i E AR T TR T iF
Araic D ET. MEERAIER DO H HAgelasi
ne-DOMERT 50 FTHH_EHFHIBA,

— AT RMMTATGERE T D >TLVEL

REHEERr v F—I77 o EBRETHS.

ABIRIZ KLY,
-Agelasine-DiE & (A& ER2 4T
"BHOCT X T —EREEED
HEekREREERT
J
HEEARNES LI-ERRTICRTILAL, [RELL TAgelasine-DAV KBS
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