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B3] AgHAE @ou, oE So] B wwo oA HAAddA AMEE upel o] eSS gt
(Escherichia coli) 0157:H7& 47] O%-4Add2 vhad ey ABEE 2 (Bacillus subtilis)E WEAQA d2

2 AT % vk

ofsh X W ANdE Fxstel A APATH ae olEe B Ay nh AAsA 49s] 9% 4
om, B wyel AWzt 719 Aol s FHHE AL ohu,
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“ (¢} ) H-\\-(EE/YH N’\rr“‘j‘u’ﬁr” N/\rrﬁ Nz\ﬁn\ﬁﬁwnﬁl_‘?
OO H,vv\/\/\/\gNH Q N:JNI'? o] N;NHO N:INHO o] N:_JNH

A FAE Fo)A Hele]= 1S Rink obM= MBHA @lX4olA CEM Focused Microwave —Synthesis
System(Discover )& AH&3te] A28 LAY Hetole FA AAE o] &3t Axsrt. A7) A& HE=
21| e(dichloromethane, DCM; Daejung Chemicals)o 2 A2 3%t fﬁ, -2 eu k7] (shaking incubator)oll
DMF(N,N-dimethylformamide; Fisher)¢} DCMS] 1:1 &3} &3} A W1 30 o] WA 3Att.

o]3  GHGGGHGHGGGH-Resin®] A1¥gS zt:= g oA #HEelo]l=9o] N-"who] Fmoc-His(Trt)-OH (5 equiv.;
Beadtech)$} Fmoc-Gly-OH (5 equiv.; Merck)9] TFES AAA AT, &XvjAd FEFo]= 1S Fmoc-12-0}v] ==
o) 7} =2 aminododecanoic acid)< HG 12 HE|= 9} 1-1]d FE| Ak AH sl wbalom A3t}

A7 #AALE AR 5 #Fe TFA(trifluoroacetic acid, 99%; Sigma—-Aldrich) : 1,2-¢]€lcig]&(1,2-
ethandithiol, 98%; Merck) : E]2o}<Z:(thioanisole)o] 95:2,5:2.59] H|&EE Z3+E Ach(cleavage) &No

2 2 A7 ol AYstar, g &9 tert-FE HE o e Z(butyl methyl ether)® Av}(triturate)stAtt.

GRwd Fefol= 12 (18 Aol 94 HPLCOR 0.1% TFAC] &3} 0.1% TFAC] oMEVEZRZ Ay A}
(linear gradient)& ©]-&3te] GAl3tdtt.

FzIviA] fEtol= 2 (PA 2) 34

S mAE FAujA HEol= 2= Rink obu= MBHA @ @delA CEM Focused Microwave Synthesis
System(Discover) & AR8-8te] E2 Q1 LAY fetol= 4 dAES ol&sto] Alxsigle. 7] dE HER

Zwek(dichloromethane, DCM; Daejung Chemicals)o® AFH3 & 32 E8]%7]|(shaking incubator)ell
DMF(N,N-dimethylformamide; Fisher)®} DCMe] 1:1 &3 g3} st/ a1 30% oA #2313 t}).

{0

0

i)

o]%  GHGGGHGHGGGH-Resin®] A E<& zt= # oA HEeto]=¢] N-=ubo] Fmoc-His(Trt)-OH (5 equiv.;
Beadtech) ¢} Fmoc-Gly-OH (5 equiv.; Merck)®] £3ES AZAAZTE. Fuld fAetol= 28 71Xy &4 A
o7 A37] Y&l Fmoc-Lys(Fmoc)-OH(Sigma-Aldrich)E GHGGGHGHGGGH-Resine] €AA3}Fal thA] Fmoc-12-°}7] =
L7k =4Haminododecanoic acid)S HG 12 FE| =9} 1-9]7 F-E 25k A5 Fapebs WA om sl

A7 A4S AR F YRS TFA(trifluoroacetic acid, 99%; Sigma-Aldrich) @ 1,2-o%®tt)E]S(1,2-
ethandithiol, 98%; Merck) : El2o}y<(thioanisole)o] 95:2,5:2.5¢] H|&R &3 dAt(cleavage) &NO
2 2 A7 o) Aeta, £33 N tert-Fd wE o H Z(butyl methyl ether)® Aul(triturate)sdtAct.

Gl Fefel= 2% (18 AW A4 HPLCLZ 0.1% TFASl &3 0.1% TFAS] oMHEYUEZIRZ A3 A}
(linear gradient)E ©]-83}e A5} ).

MALDI-TOF(matrix-assisted laser desorption/ionization time-of-flight; Bruker Ultraflextreme) &

qgow =45,

B RS AAS] 956 ol de] £EE 2t Y Aeel= 47 £5Hh AR Aol B
KR
S

off 2
Mr o [

[AAle] 2] FZvld fetol=e] 8o & A7 =1 d5

A7 A FujA HElo)zo tiate] 4=8d oA 2] 2H FS TEsy] Y8 TEM(JEM-0311 HR,
300 kV and JEM-1400, 120 kV)& Ab&3te] SAHIFHE 1), A8 NS £3et= 47| 3ehy] 19 ¥zl
W FElol= 19 SHAY AFS E& HE 9.5 nn WL AT AAHS zhe wlo|mRuE v dolg y
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=uHH(NFs)S Wy, A2 TEM(cryo-TEM; JEM-0311 HR ; 300 kV, ==H9) SAHE Esto I+ A

4.2 o =84 NFs9 EAE &FAg 4 A}, whA 2719 7R 2 FAE dAANE et 7] 314

29] FFujAd Felol= 29 FHANE FEI Ay, NFso] H A3 Aol BF 7] Ay dAAAS x5}
2 A7 (hydrodynamic diameter, RH)+= 27 6.6 pum 2

= 49 O gastdn. st z
FATNY Merol= 29] NFsSl TN 54 4B 8.2 )R A e
o}

4.9
oj= 1 tiH] ZAgh wkd
TEMS. 2 ZA3t 24L& 5.7 mzZ 238 F7iste] vtd A3E Yepigdit.

71 A5 5 I A9 Zo(hydrophobic core)e] A7 F7F @42 7HA FEY Zd7he=¢] ¥ =
Yol wpE P Ex} S €l uwpE AR dde Hoz st 4 k. Ay 4 ARleA Y &
4 AJoeze] WistE 3 HGl2 fEtol= IF JAIA Al ko] dAStH o2 A3k I Al T1&F(pyrenyl group)d}
FEfol=o] B-AE Fx 3 FHo] ZslEoR i, AvHor Ui HYNFs)e 4ol7l fasts Z23E
AT, = (DY 2FEHOZREY M3y 4A-Ado] =H S FElol= 12 Ikl wrEF o]
=% oA (interdigitated bilayer assembly) F+&& UERH wHH | XA FElolt 2= 1R ol AT
Hjd 25 2t AS g 4 AT

&7 AAld e sl=Ed-g A fEte] =9l HGl2 Y E Y= B-HNFs)o]l 54 oS Qe A4S (u =

1-8-3to] Al

[*]

47314 A (paramagnetic)©] Cu” o€ W7ol olo] Fa s 4% Aol WASE B9 He swARe uE 2t
[e]

AR 72E 2dE FAS A= 1(f)). 53], FmA Fetel= 29 A= 478 mmol A 455 e

fru

@do] & (blue—shift)ho =4, M=o} TE FAQl oA (excimer)ol X FEHo= FHE HAY
oAz A e e & 5 AUk o HGlz HMelelmst (i o] &S BESoRA AU aF
(pyrenyl groups) Zt9] BT} 7Ph& B4 B3 Ago]l FLrEASS Eah. FAuA Perol= 1 9 29] Y]
B thate] TEM olvAE 54 2 Y(staining) s T4 FaE AZF

922 FASAHE 2).

0 ole 24 ahe] NFsehe] ATAS MALDI-TOR/TOF A#=AWS Ap&ale] 4aatgitl. = 2 (o)A Bheldt

(o]

S Qe vhe gol (i’ ol AR AF m/z9 WS FUvPA HErol= 18] A5 1491.9914 1553 8%, )

A Erel= 29 A9 2089.0014 2136.02.2 F7HEIES AT F AT

Z7lH o7 A7) e o] o] NFs¢} ZAE3A eSS =437l Yol FTIR (Fourier transform infrared) SHAHE

Apgate] B 2EY S0 N-Hoh (=C AFre] WES ZAFoRH & 2 ()9} o] B 5 UUTE. A7) Cu

o] 29 H7lol we} N-HY AZF vy 3500004 3490 om 0% A2star, =C9 HsF v 1494004

1508 em = Z7Vgtomy, 7] Cu o]0l HG129] 3|~ElY 7|9t ZAulo]Est(chelation) 1SS ARE &
2

ATk, T FHuld FEol= 19] 1543 cmilﬂ ol = II(amide I1) W= 337} A %
P

& d52 5 A

oo o1& ATE Wsol BAE ARAR Gt AL NaBlE Brhele] #E ol Lol uE 8L Fa) A
Mo Felsks WES ASST. ¥ 2 (o), (DS o] 37] B4 Ak Bal e A4S F4S &
A% 4 glon], FAMY Wetel= 1& AHEF A 11.9 m USl, FANY PEol= 28 AST AS 216

[AAlof 3] F5 o] gt $XujA FHEelol=e] B2 33 YwXz2H & F(supramolecular fluorescent

nanoprobe behavior)

oy . _ ~ + 24 24 24 24 24 24 o+ 24 _ 24
T4 NFsel &4 23 MI3te=E 3<lslr] 98, Ag, Ca , Co , Cu , Fe , Mg , Mn , Ni , Pb %= 7Zn I

o
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e v R 2 Ahgatel AskEg Sk,

Bl IFHujA  FHEelol=e]  AAWNA-FE(critical micellar concentration. CMCO)E &3 E34

I

o]%

tilo

[
(fluorescence spectometer; Perkin Elmer LS-55)5 Al&3le] A3 ol o]&3le] FL &M F&
AFAZA NFse] 58S SA3AT. 7 3FdA] W& 939 ZE t’]E(mtensity ratio, Iae/Iys) = S
A3}, w2 S v RS 4 5 JAJATHE 3). FHHAd ek , 29 dAnA-F

1=
2427y 7.5 pM 2 6.1 pMES YeRen, ojet #e& ‘%L% S o2 HEH %Oﬂ‘%”é
& goaloA] ZEA 129 Yx=Z 2 H (supramolecular 1D nanoprobe)® ARESE = 9)

BN AEF FE ol F FANY Mepel= 1o waAE R N9 A9 24 olee BE

7t Skl ke AelolEskE 23 @abe] Aol

53 = 3()dd ¢ 5 ARel, BolA 7.6 nhe] FAuA Feol= 28 AHEE A 2ol&(Ag)e] 7ol
mel ggo] wlerdon SR AT 4 AT B = 3(0)AA & & ARl Lole(ag)e A WP
WES A FAAD B, 0 ol e 2% ARE UMY A JoRee FAT 5 A

2 77he] ol2e] ArbElo] Qi APel e A3} Lol &(hg)e Cu” ool FAMA Wetol= 25}

<= 4 A
of 2% 523E dovle AS WA (= 3(0)), FAMAE Hetel= 20] AgNOsS 7Fskal o] % NaBH, =
o

s
o

A4How FANEL FEF A3 % 3] TN Avel el o] AL dulm veht THe] o] WA
AL ¢ 5 AEd o)k Ag the AL & & AN

371 éﬁri$‘3 Gy Herol= 2= AEHom Lole(Ag)e] FHL A AZ(light-wp)el 75

43
e e QAU $39 sholnels Ws2el A% $Ue wasa 9ee AEA F5g

[HA]od 4] AlEe]n] (cell-imaging)

HeLa A|3(epithelial cervical cancer cell line)i= DMEM(Dulbecco's modified Eagle's medium)3} 10%
FBS(fetal bovine seume)o] F3tE wixolA wjdsldt, BE Al¥EE= 100 units/mL YA (penicillin),
0.1 mg/mL 2~E=:NEulo] Al (streptomycin) 2 0.25 mg/mL I3 E|2]A B(amphotericin B)7} &35 AA-g3
7 &R A FFEO 37 TolA FEF WY =70 5% C0, H 95% FLolA 12 AZF &< wjdsisict. &8
4 AgCl HAES S WA fstel 1.0 mie] HAMVEES X¥s= pH 6.89] HEPES(N-2-
hydroxyethylpiperazine-N'-2- ethanesulfonic acid)9] 924 o2& X33H| &+ HAE AFE3SY. MEE
37 TollA] HEPESe 10 pMe] xlufAd elol= 2(PA 2)¢F A HA 1A < 295, o] F 1.0 mM 2AE
YEFS 2335 pH 6.89] 20 mM HEPES M3 &0z Al zp] A3 free PA 25 AABIGITH. o] F AxE
£ 150 pMe AAbe-S ek 20 mM HEPESO Al 307 o wF3l3ic).

AAAEE Fvid FEtol= 7IRE NFso) F4S a3l AL B=oldhd S8 F77F 7hssA =
Byl = TAHY delHE AAskA= 10%9)\'——"]’, 10 uMe] NFE ApE-sto] HeLa Al thate] ix A=

APe AN A ok 03%e) ¥ AL AEES eIt 53 47] AAdEERE Hd Ag o2 o
8% Nsol MEAQ) @ BE P4 5 Tl FUuIY Pelol= Aol Poo HET 5 Yu 3

3
k. Ag' ol®o] ;AT LhevnAL Solnels NFerh FF BAE FESHE GAA S AT 9EA
2 5 aE @k e, Ag olel el BlE FHle) Agel A9 BE Alxel gl WA He 54

2 vhehy) dEe] NFso EWo] RAd Ag ool FejE BUsE HYe Frhw SRS

&

A Hela AEE 10 pMel FAwj4 Mefol= 2014 Ag o] glo] 1 A7+ B9k 37C 9] €5 afol A wjekat
A EFNaCl) Al AP EF(NaN0s) S 23HsF 20 mMe] HEPES W3 £ (pH 6.8)& AAHsta, FF&
et =4 o312 AZstG (e 4(b)).

150 pMe] AgNOsoll Al 1 AIF &<t 37T &% sholA] HjYdet A3 & 4(c)olA AT 4 Ad&= A Zo] Ax

401« i
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of glolA 4.2 ol Hi AEe] FY 37 HAE Qe 5 A o] ARERH FHrly Hrel= 2=

AES T8 5 glov] AE o] Sole(g)Fe] H5AEe Ba P4 A5 eI & 5 ). 1]
5 v FElol= 2% 'TAT', oF27]d- % 2]21-8] %] FE}o]=(arginine- and lysine-rich peptide)9} 7
S AE T3 HAelol== x5l A= ko), NFso 9Fo] ZAgtE G129 EAZ <lste Ax F3= 7}
oAl st Sl2ERS ¥slsie HElol=s AU S Bl Axdy Adszgst 4 glon, ok
2194 xS £33 5 glgo] d4HA Aot
[0075] [AAd) 5] &+ 24 (antimicrobial activity) 34
[0076] Ag Y= UA-NFs9| 8kt 42 a3-84d e Eoll 1 (Escherichia coli)157:072F I34-%4d e g o}

ol mpAe) 2 B - e 2 (Bacillus subtilis)®) 47 Ad] AAS S8 2ASII T

[0077] Ag Y= AF(AgNPs), NFs (Fxmi4d fEele]l= 2) B Ag Y947 =9 E NFs(AgNPs-NFs) (FxIviAd sEfo]=
2) S F7)Fol A ®Badatar, LB(Luria-Broth) ®iA ol 10 ug/mLE &+ (Escherichia coli)157:H7%} v}A

Ha MBEXA(Bacillus subtilis)E AEs wgst T, 7] AdTS 247 ujAdEo] wgFde
FASAT. o]F, mAES AF FHL 600 oA FHEE A HE St EAERTHE 5(a) 2
#] 3] &
5

=
(). =ezie #Ag 5 gl wps o], opdl tizstell wske] AgNPs-NFs7} &3t
A

= A5, A7) A= A4S A Adsks As #AE ok 7d A3 F didtel Wi wjge) EE
EE AN A3 = 5(b)9F ol AgNPs-NFs7h EAjsh= 45 T defel Az dol s & & o
25E A7) Bde A stellAe vdEel AY AESHA &ttt

3 F==3F £ 9y, A7AH O Z ANPsE
Foll ePect A& 5 gle e FoId s ARlsin. W ANPs H= NFs @5 O

Ko
2 A gTe VAR 49 AnH o AssAE et

z
m
(/J
49
J&
r&
_\Jruﬁo

[0078] T 5(0)E A7) A8E st Ho| Fd3 Ao ® 12 AIZF A3 5 GFP(green fluorescence protein) =& o]
UER] AlZrete], 24 AIZE AT Foll = ANP-NFE A &gk YmA] Al Aol A oiidato]l AAsdles &
S A

@ 5 AT o= ApNPs-NFs: 1@-84 uheleorel thgol A AgNPsol Hls vhS &<
o,

A
S AY JES FAD 5 den, o] A= B7] =5 (a), (b)) Aapsh dAsh= Aol
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e
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c —p §
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e 1Y
%250 --o--Pbu_
@200 ey
= i,
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EH5
a) b) Control AgNP AgNPs-2 Fs 2 NFs
£
=
8
®
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34
=
=
=t
© 2
™
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