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A 173 A&

A% Wk ofye} ot T AR WAS B0l Qe AR dEA
Atk (Miedema et al., 1988; Oh et al., 2002; Nishikawa et al., 2005;
Skapenko et al., 2005). ™9 @& Ao x4 Ql 2= FHA
Hel Ay T Ao Asgko] glow olE A mely| 9l
Zidovudine, Efavirenz, Saquinavir, Methorexate CyclosporinA 2}
2 ofmo] JpEHJ oY, FaE UEY] 98 n8Fer Folgt
el vl A Aol oy HARS ofr]eks Ao r BaH v (Carr
& Cooper, 2000; Jain et al., 2001; °o]=< & A+, 2010; Lv et al.,
2015; Cho & Bae, 2017).
TS =0 vEA AEe vA= FAES ¢stsh)
A F3 FEho] = (Cell penetrating peptide, CPP) &
o] &3 oFE Hdo] FEWI QIrk(Vives et al., 2008). CPPE °F& %
B k=l AE TS TN Ao E KA,
PP7} & Stk
(Stewart et al., 2008). CPP2] A F3}4d Al
N Urma xRl AlEE Ttk 3w CPP& Sh
(Hyun et al., 2007; Jang et al., 2014), 37 A o] tjs+ A &lA]o]
slth= eHAI7F L9tk (Zahid & Robbins, 2015). 3 CPPe] %4 AlxE
AYA e s F AdAFd s 3A Edlo] 7S ol &
sto] AR F4 AE AEE CPPE /NI PANE FapAdo] st shA| o]
(Svensen et al., 2012). oJo] we} & A= AE FaAdo]
Ale] TAEE A8 oz Fitel= CPPE /HEstal &l
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1.2 4 #F

1.2.1 THAX

Z7] AXgA AR FAHA AesHE AL
54 TAZZ £33 Miller, 2011).

Nishikawa et al., 2005; Skapenko et al., 2005).

THA WY A9 =% (Acquired immune deficiency syndrome,
AIDS) < 1zF e A3 wvio]l g A (Human immunodeficiency virus,
HIV) el oe] Zw THEZZE 5o W A5 F2ss 2974
Agolty (Miedema et al., 1988). HIV A&AL7} 8ta] 2 H A HIV Y]
S Wellshs thekst FulERvtol e AA7F i Eglow, o= s
AIDS+ A&7} 7l vt s oz Qg 9tk (Arts & Hazuda,
2012). FHERo| Y 2Ad JAALE A A A &} S e qa
AAA Y WE&ELWME HIVY F45 ad#ow Adsts Jlow B
Hol AIDS A geol de o]&H i oy, oy F2E&S of|st= 4
o2 HuFAH(Golucei et al, 2018). JHALEA oJAAS] A4,
TEFoE HFEI mep vEZEot 54, ANy, AW odTE
of7]8tm (Carr & Cooper, 2000), @HARHEA JAA = v EA
AL AL AZe ol XA dFd lad AFEE FEstt(ain

et al., 2001; Lv et al., 2015).
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TAZ7F &dste o] e s W 954 We Aot (Asano et al.,

o] sfvfolm, dute] AT AlE

of ¥4 4 wol WyS sttt (Choy & Panayi,

2001). FutEl~#dde] ABAZ, A9 tAabs Ak TAHXES

T2 S-S Adste WEEHAH O E (Methotrexate, MTX)

AA 7 RAH o2 AFEE T 2 (Cutolo et al,, 2001), N W 7
=

4, A, BEAE T F2Eo] o

—
<o)
<o)
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du
o
sy
Au
[
r o
i)
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Y+ Aoz RIHEATY(Cho & Bae, 2017).
Cyclosporin A (CsA)E TAIX9 Interleukin—2 (IL—2) S AA

st W AAAR, g oF=ef ot X5 ayrt A2 Artdy A3l
A AA, T AAS A metEd AMEE = oFEol AR, A
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1.2.2 AX 53 HEol=

X
o
1
o
i)

FE}o] = (Cell penetrating peptide, CPP) = AlX 53}
A FEFO] == (Vives et al., 1997), HIV-1 |92 TAT

23 d4#H A} (Green & Loewenstein, 1988). CPP=
A EEl e, AEAF ofEd o] AE T3 5o
S kES AE YWHE dgets SRHAIEZ FET O A (Stewart et
al., 2008), CPPE oF& WHA® o] &3] & A7 Jay¥a vt
(Copolovidi, 2014).

CPPe T34 o Td= FHA JdAA ojFFoz 744
AxeE adFor Fashs vhefe FmA CPPrE Ad sl
(Ferna’'ndez—Carneado et al., 2003). Leucine (L)3¥ Lysine (K)
o7 o]Fofxl vl CPPE UxE sEoAE AXE Faabx|
(Hyun et al., 2007; Jang et al., 2014), M3 AdeAiJo] glof H]ZA
Ao OFE A AL o] RS ofr]d <7} 9tk (Zahid &
Robbins, 2015). #4485 H23t a17] gl 24 Ao ozt d=94d
< A4S CPP7F s A (Martin et al., 2010), F3Ado] Wk
A7} 2tk (Svensen et al., 2012).

A, CPPY] Al 73 712 Wes] sl #] ekgkon, A4 F39)
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1.2.3 A gaZde] &

7] YaZee] % M3 ulele] 95k Hele] Hfejo| =S udss
71201tk (Smith, 1985). 57| 93] Wl N-weko] sEfo]= o]
= A gaZeo] goluse Axd ¥, mAe] g Aol

oA gaEeo] glolHelglE Al Xdhe WHOE slolHEE HF2
AlZsEl o] Qit shol B = BlEe AARE A u| =) A uA] S o] §

gtk SVISE §F 93 WA RAAE 3 s BdavER

Aot g 27 Az Aol Qlth wehs] e g ofe] wpA| v =g}
1

Qalel, WEHE w9 glv) G Lol Hetol=

o] A|AELE- Tpx]9] o]y whizl Rtenl fERo]| = WolAE AA| ST
AeA == wtHgol 3 3] =9 Tl wAlE FEol =
Y Hased F Aok AFlol tk(Pande et al, 2010). FESE 314
FHAE o]g3 WH(Smith, 1985) Rt} FA=Fe] & E|HElol=E
& Sidhu, 2000).



1.2.4 Biopanning

Biopanningg 3% tyAZg o] 7|&S o] &3slo] A
ghofr e FollA Ao dier el 9= Eel
g o]tk (Hoogenboom et al., 1998). Biopanning

AR A S 9A gAaZo] glolBefge] mE A 5, nF o] A

rlo
k]
é{
o
=4
B
2

4 ke AL AHee AAG T, B AR FAE LEao]
ZEah Qde AW BAL Fabd wEas otk 2ol A
BN A HA e el Fstel FER F he AE wgol

AtgEm R A a7 Skt w4 el sk Msido] & aAE
% Az 4 Atk (Paschke, 2006).

UTE EA 2] 5Ado] Wehs] ¢zl A -%oli= ELISA (Enzyme—
linked immunosorbent assay) plate, Immunotube, Polystyrene coated
beadell A4 1A st= WS AFE-Eth(Adda et al., 2002). &4, 374
ko] EAo] Weel A o2 A Al AAAM FxAQd WS
of718 #H7t e Afols AEXE I 1A= Cell-surface
panning WS A2} (Siegel, 1997; Shadidi et al., 2003; Martin
et al., 2010).

Cell-surface panning=> ¥4 A8 3 54 A8S FAl ©] &3}
EA g HgAdol & A vks Aot #Aolth(de Kruif et al.,
1995). o] WY& HloH

g a1 Qs O ©
Hge] &4 A ALE Aol F F o5& 34 taZele] sholneel)

AlZ1aL, A A" Aol dieh 3ol e kA Rk A Sk
=
=



A2 A9 ¥ "1 49 AR

2.1 Al 4 A3 A=

AV T Ao A fFalgh AME JurkatT AME, AR B ®Z A9
A frEet stolre=rt A F3B6 AE, A= 3 SAIE HL60
MXEE 10% FBS (Fetal bovine serum) 2 1% Antibiotic antimycotic
solutiong #7Fst RPMI1640 WA & AFg3te] 37C, 5% COp 2719
bl eF7l ol A weFellth =5 A U20S AIZE 10% FBSS}

1% Antibiotic antimycotic solutions %7}t DMEM ®jX] & A}-£3}¢]

Y wEd el =9 Zgto]lH = Bioneer (Daejeon, Korea) oA
A28kl th. nPfu Forte polymerase, 10 XnPfu Forte buffer, dNTP,
ST Agtas, T4 DNA A4 a4, TOPscript™ RT DryMIX (dT18
plus) & enzynomics (Daejeon, Korea) |4 w35t 3lch. XL1—Blue
competent celle Agilent (California, USA) oA Fuja} a1,
RPMI1640, DMEM, FBS, Antibiotic antimycotic solution, DPBS,
Trypsin—EDTA+ Welgene (Gyeongsangbuk—do, Korea) oA vl
3kttt EZ—Link Sulfo—NHS—-LC-LC-Biotine Thermo fisher
(Waltham, USA) A F+ull3F3l 3L, Anti—Biotin MicroBeads, MACS
Cell Separation Column, MiniMACS Separator+= Miltenyi Biotec
(Bergisch Gladbach, Germany) A F-ullst3ict. TAMRA &3S 3£ 3
LKR, LK1, LK2, LK3 eo]=(LKR: 5-TAMRA-LKKLLKLLKK
LSSGGSSGGLKKLLKLLKKL, LK1: 5—TAMRA-LKKLLKLLKKLLS
ATSSRALKKLLKLLKKL, LK2: 5—TAMRA-LKKLLKLLKKLSSWS
LWSGLKKLLKLLKKL, LK3: 5—TAMRA-LKKLLKLLKKLICRWPSS
RLKKLLKLLKKL)+ Anygen (Gwangju, Korea) oA |23} t}.



TRIzol Reagenti= Invitrogen (California, USA)o|A Fujs}sd L,
Rotor—Gene SYBR Green PCR Kit& Qiagen (Hilden, Germany) ¢l 4|
Tufsksdtl. GAPDHSE} 1L2 2 elo]w = GENOTECH (Daejeon, Korea)
oA A ztst et

: B e



2.2 A gaZdo| Folr Ax

Oligonudeotide
Forward Reverse
primer1 primer1
Forward Reverse
primer2 primer2

Secretion Displayed .
Promoter Signal Protein plll coat protein

—|/—1_ [ —
Sl Sl

Selection
marker
Amp*

Phage
Plasmid origin

@ Ecd
ﬂ Vi o
s === |

(Sidhu, 2001)

pll —

[Z¥ 1] 3R] fgAEH o] Zelrg Az 34

A Hagde] ghojree Ax S A WY 2.2.19 Az
A= Axzeh A W 2.2.29 34 =Y Ao w o]Folxit

10 2 M E g



2.2.1 AxF A0 E A=z

pDR—D1 #x|uj=9] pll 99 wud oks sl F9] 5 Wke] X%
SH1 Ak §8] Atole] Fefo]= Wol A, LKKLLKLLKKL (X)sLKKLLK
LLKKLE $tZ3tete Selawadl eeo]l=, ATGGCCGGATTAAAAA
AACTTTTGAAACTTCTGAAAAAGCTC(NNK) s TTGAAGAAATTG
CTCAAGCTGCTTAAGAAGTTAE A4ste]l Axd sAv=s Az
SAHLH 1, 2). o15 g8 A S uwFU eI =g SAT A Do)
AR 3y Zglo]u (FOR 13 REV DE 13 $%3 v, =354
DNAE ¢Hdst SAT AMEs 7HA1 ¢l Zeko]9 (FOR 28} REV 2) &
A EsA . o] 9k o] FF @ DNAS pDR-D1 HA v =5 Sf]
2 Adsly 4S5 T4 DNA 9285845 Ayt Axd
Z Axs. PCRo| AbEE Zefolr o) HAE o33 ¢
(FOR 1: 5'-CCGGCCATGGCCGGATTAAAAAAACTTTTG-3',
REV 1: 5'=CGGGCCTAACTTCTTAAGCAGCTTGAGC-3',
FOR 2: 5'-GAGGCCCAGCCGGCCATGGCCGGATTAA-3",
REV 2: 5'=GTGGCCTCCCGGGCCTAACTTCTTAAGCAG—3").

i

1 A '_' 1-II



Oligonucleotide

ATGGCCGGATTAAAALMAACT GAAACTTCTGAAAMAGCTC(NNK) TTGAAGAAATTGCTCAAGCTGCTTAAGAAGTTA
|CCGGCC ATGGCCGGATTAAAAAAAC G
| GAGGCCCAGCCGGCC

FOR1

REV 1 |GCTCAA6€TGC1'I’AAGAAG‘I'I’A GGCCCG|
ATGGCCGGATTAA| FOR2

REV 2 |CTGCTTAAEAAG1'I’A GGCCCG@M}

ATGAAA f/ TTACTC — GCG — GGCCNNNNNGGCC — GAG // CTG — GCGGCCGC — TCAAGCCGGACAG — GAGGGA /f GAGTCT — STOP

pelB signal peptide Sffl site Myc tag Not | site genelll(aa230~406)

(21 2] A= SAe = Az 34
NNK+= 207019 opwlicabs Fabgl® A st A&tk N A, T, C,
G 971 & stis A48k, K= T,G 971 < stus #d3d.

rol

12 2 M E g



2.2.2 37 =¥

A 29 &l AxF H$Av=5 XL1-Blue competent cell®
ANFAS Fo] AAEe T, SBHIA| (Super broth medium; 32 g
Tryptone, 20 g Yeast extract, 5 g NaCD) ol Y11 37ColA4 250 rpmCl.=
LAIZE mfjeksiolnt. mierel AR5 do| & 5, duAd ZHolEe =
3to] colony forming unit (cfu) ® 34| tiAEdo] gho] B 2] o] thdd-&
gt AREa AL, WAl mjekd o] HEeAFo]Z - (10 pg/mL)
ZHU A" (50 pg/mL) = Wil 2A1%F F7HA 02 wjeketo] FAASH
XL1-Blue &S Aoz FAAZh o]F VCSM13 Ao 34|
(4.08x10" Pfu) ¢} ZFHIU AR (50 pg/mL)S HA713 WA & 712 Yo
2A17F wjekst &, Jhuuto]l Al (70 pg/mL) & Bl wjeFste] F A o
aad tigvs AEAoRE FAANA 4] 2HE FESATH (I 3).
12A17F 3wkl S 4TCoA 12000 rpmOl. & 58 YAEg el d&
J5 Nl PEG (Polyethyleneglycol, MW:8000, 40 mg/mL) ¢} NaCl
(20 mg/mL) & AHgstar 4Tl 1AZF vH-A1Z v 12000 rpm o=
5% dAEEs] SAE JHAIFIL, 1% BSA (Bovine serum albumin) &
M 7}st TBS (Tris buffered saline, Tris—HCI, pH 8.0, 0.15 M NacCl,
10 mM Tris) €902 o] % 0.2 ym ZHZE o3sle] st &
3lgskitt. XL1—Blue st wiF4 (OD 1.0) 50 pLel 33k 144
AF-E A& FAsto] 4 pl YolF3laL, Ad2ollA 156+ WA|g 5 37 CelA]
250 rpmO. 2 154 WHAIA #edst 5, A9dd FdolEo dsto]

cfuZ 7hg &Rl

il

v

13 A ‘._, ‘_]l



Library in M13 phage

Helper phage

(Paschke, 2006)

[Z9 3] slolBgE Hlg& AA®E °] &3 M13 g evA] £
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®A AXS H|2™ X

JurkatT A¥E 4333 PBS (Phosphate—buffered saline, pH 8.0
137 mM NaCl, 2.7 mM KCIl, 10 mM Na:HPOy4, 2 mM KH.PO,) £H0oF
33 A3kl wjA e =old= amineS AAI AT AAE JurkatT
AlZE PBS (pH 8.0) &4 o= FolE U+, 0.2 mM EZ-Link Sulfo—
NHS—LC—-LC—Bioting Hz|stal A-2olx 30%3F WHAIA AT
H Q' %X ®Ego] £ JurkatT MXEZE 100 mM =g4lS H7hst
PBS (pH 8.0)&9 o= 33| AlHste] o] Hleds A|AT 5 PBS
(pH 8.0) &4l EolF3ltt.

2.4 Cell—surface panning
Hl Q'8 ¥A8E JurkatT AES XA 8HA] @42 U20S AIXZE 49
T3t 3% BSAE 71k PBS (pH 7.4) 02 FolF 5, A-2olA
153+ WA 8ko] Blockingsh3lth. Blocking WH-g-o] £
% MPBS (0.2% (w/v) nonfat dry milk in PBS, pH 7.4) &0 0 2 1A 7k
BlockingdF 44| 9} 4]o] 37TelA 2A13F vhGAI AT o] Al3Ee} 3449
W55 78351 2 mM EDTAS 0.5% BSAE 37+t PBS (pH 7.4)
O 7 Fo]F%l a1, Magnetically activated cell sorting (MACS)
(Miltenyi Biotec, Inc) &= H| @B -S A8t JurkatT MXEE 23k
o] 9l AEQ X =N Anti—Biotin MicroBeadsE Y11 4 CollA
158 Y221 # 11, MACS Cell Separation Columnel &% Yy 25
71t & MiniMACS Separatorell AoF3ltk. MACS Cell Separation
Columng 2 mM EDTAS} 0.5% BSAE 7kt PBS (pH 7.4) &90=
73] AolE F, HE S bk Bled e A% JurkatT AlEE AHA
o7 BEEATH(IY 4). o]F B3 JurkatT AlEE &3} m
ANEZAF g9 (pH 2.1) 200 pLo® ZFojF % 30% HA° 7 1083

£
]
(@)

v
15 -":lx_i ""l"; -]



wyrate] sbaaldar, 2M Tris—base €9 24 pL2 5343 § 4TColA
13000 rpme 2 1+ & sto] A7 23d ASaE o
AN BAE XL1-Blue tidat #jkf(OD 1.0)e Pl Z-=clA
15% W3 3 37ColA 250 rpm o2 158 WA A thgd+tol 73
atoith. XL1-Blue tid+ sFe] AR5 dojie &, uAdd Z8o]E
Tete] akx: A9 orbE glskEd ARE-ERla, WAl XL1-Blue

MFel e AW 2.2.290 BAW WHOE FANA A £YL fE
s wAE Restel orlg Falsdnt FER e A4 F o
g age) 79l wA = ALgS,

16 ' ”H k'_' 1--'H ) ]



(@)
HIQEIS HX3 d (©)

JutkatT M|zt
HIQEIS BX|5HX| 42
229 U20S MEE A=rt

IX| A Z2|0|
2tojeeiels 2=

M XIS
37°COIA 2412
RN

HIQEIT Zetsts
3 HIQEI XHY PEg Ber

4°COIM 152 HESAIRICH

M|Zo} MX| ER2S

Zaoz gt

LS AYO0| Us
ZY || 20iE =
MEgHOZ MIXBICt

X 0
HIQEIS BX[SHK| %2
U20S Mzt S 00
MZLOf| ZEBHR| 242 PR Q.
XIS 20| RIsict 'L J’ o?

T
2212 715101
HIQEIS HX|3t
JurkatT MZZS
20N 22/3ict
I (de Kruifet al., 1995)

[2¥ 4] Magnetically activated cell sorting ©]€3F Cell-surface

panning



25 AX 54 a8 5%

HL60, F3B6, JurkatT, U20S AXE Z}ZF 24 well culture dishol
well B 5x1071E5 432 44 Az wiekdt & TAMRA (6—carboxy—
tetramethyl—rodamine) @ 8% %X " FElo]|=F A sqlch. <44
AIZF vjoFst 3 Trypsin—EDTAE g 3ste] AEE 48351311, DPBS
(Dulbacco’s phosphate bufferd saline) 2 23] A%t & DPBS 200 uL=
Zo] fFAIE BAVIE B F FEE SH&H. FgEel= Ax
F3 585 AU A 9 FEE e, Student’s t—testS
o] g3to] A A3 p values #e] 0.0577kQ1 F& 2t o=
Horon Excel 2016 Microsoft, Inc) S AFg3fo] A&}

2.6 MEF| =9 oA P4
LK3 $Efo] = (LKKLLKLLKKLICRWPSSRLKKLLKLLKKL) 2 134
A RS o) gste] FAS ¥, HEtol=E STV s N-
&5 obAlEslalgit HPLCE ol &3to] FA e Hetol =8 33
w2 oF 99.2%30 k. HPLC 4ol AHg-e Zd s ol s3] 24,
e g3k 2ok 29 Zorbax C18 (3.5 pm, 4.6x150 mm),
A} A 0.1% Trifluoroacetic acid (TFA)E H7I3t &, o] 54 B:
0.1% TFAE #7}3t Acetonitrile (ACN), ¥4 H: o] BE
I mL/min®] %02 ta9 AR SHFAH(0-5%: 5%, 5-30%:
5—70%, 30—40%-: 70—100%, 40—50%: 100%).

lo mELE

A

M

offt X

o]

18 .__:Ix_s _'q.l_'\-'_ T



2.71L2 JAs 54

LK3 #E}o] =, Cyclosporine A (CsA), LK3 Hlelo| =9} CsAE
24 well culture dishel 27} X@lsta 208 BXg F, 5x10°719
JurkatT A3 wjeke) 400 uLE Y3l 100 nM Ionomycin , Phorbol
12—myristate 13—acetate (PMA) (10 ng/mL)E Az st AXE
A 3telAt 6417 & AEE 835}o] TRIzol Reagent 400 pLZE #9]
%31, chloroform 80 pLE ¥l wRHeE & 4TCoA 11000 rpmC. =
15% A& ste] RNAZE 2388 4SS AT A5 Al
Isopropanol 200 pL, Glycogen (8 pg/mL) &
AlZ1 % 4TCe)A 11000 rpm o2 107 YA st RNAS HAAF 1,
AH9E RNAS 70% EtOH/DEPCE AH3E & 15 puLe 0.1% DEPC
treated waterel] Fo]F%t}. 0|2} o] #F2]d RNA 1 uges TOPscript™
RT DryMIX (dT18 plus) (enzynomics, Inc) & AH&-38to] cDNAZ A}
3t 3 Rotor—Gene SYBR Green PCR Kit (Qiagen, Inc)E A}g3}9]
JeFatolth. qPCROl AH8-® GAPDHS}F IL29] xaholw A dE tf3- 3
2t (GAPDH FOR: 5'=TCGCTCTCTGCTCCTCCTGTTC-3', GAPDH
REV: 5'=CGCCCAATACGACCAAATCC—-3’, IL2 FOR: 5'=GTGAAT
ATGCTGATGAGACAGCA—-3', IL2 REV: 5'-GAAGGCCTGATATGT
TTTAAGTGG-3").

2
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A 3% AEd¥

3.1 Bx TAZH o] goluee) Az B

K 259 <%xujA CPPHyun et al., 2010; Jang et al., 2014)+=
A FAo] mj$ o Aow RuEgoLt AE duio] gti=
377} 912tk (Zahid & Robbins, 2015). 38, 9] tAZgo] 7)<
T2 Ahe fetelt golB Y E Al xste] AET AlE A8
b el B M2 AEAdL o, M Fado] Ytk AR o]
B 1%tk (Svensen et al., 2012).

b 2 AT s AlE FAdo] sk oE 4 LK EEQ
Fzvid CPPe 4 AMEE AAS & 529 AdE HFdTorA,
AZ FaAo] =2 FAl TAHXe A”/igdo] 3= CPPE 7|#staxt
sttt ol 5 8l WA LKKLLKLLKKLLKLAG °o]FAl9] 4% HE&
AAG & LK 28 Alole] 729 Ad, X =Y HAetol=
LKKLLKLLKKL (XXXXXXXX)LKKLLKLLKKLZ pIll ]3] thuz o]
N—zehe] & sh= 97 fAaEd o] gtoludg & AxqAnt. A3
A u =] Az &S oF 83.3% Fow, AxH A yArZgo
grolBefg] o] thFd e FF F X 9yt 7H7F 1.4 x10° cfu, 9.1
x10° cfu/pL ot

—
o
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3.2 BiopanninggS %3t TAX I3 FHeloj=9 AEH
77

=] gAZH o] 71&S o] gsto] AxF 1.4x10° cfu] Ao
Fepol = grolB gl oA TAH X spdo] Sl HEefol=E
Fol ot

ol 3l JurkatT AMXE X4 AX=Z A3, Biopanning WY =
Cell—surface pannings ©]&3}3it} HIE0]A el 23}do] = HMEfo|=E
AABEZ] 918 JurkatT A3 ¥l 10-1009 @2 <] U208 AxE
ARESEGITE 5 A S WS A AbE 919 e 4 A 7EA]
At & 5ARANA FHE IR 1), FY Ao st AbE 34 9

_

30
rlr
2
e

ol
32

e,

HAE (% Bound)i= 4HAA7IA] AMA3] F7FRAT SR A 5453
7 (29 5). o] A 4] A S Fa] TH X 39

A A 7F AEEA S o v]| et (Samli et al., 2005).
o] 4WAl A AN AL THA| 2470F JoE dEste] DNAE

FE3 5 plll 9]y @d N-geke] §3%, CPP 7919 V- d=
S Y

Abstaitt. 1 Ad CPP H-919 ofv|iit Mds &1d &+ A%er,
o2 W% AR LKI-LK16° % W9 (E 2)

21 A=



[ 1] Cell—surface panningS ©| &3t TAHE J3A 33X xA4¥E

7343
1Round 2Round 3Round 4Round 5 Round
JurkatT Cell 106 10° 10° 10% 10°
U20S Cell 107 107 107 107 107

Inputphage 4.69x10'° 6.06x10% 8.10x10° 3.58x10° 3.85x10°
Outputphage 5.47x10% 7.98x10* 3.33x10% 2.00x102 2.03x10°
% Bound(10%) 116.63 131.68 411.11 558.66 5272.73

Enrichment - 1.13 3.12 1.36 9.44
Ok Ael MXEZ JurkatT AXEE, 24 A8 AX=Z U208 AXE
ALt Ad Ay 3.1 AFE 9 tyAZd o] golBHEE

ITHA A Qo F9 FAZ ALEston, AbE A E FF 5o
U A By £l A2 AFEE T % Bounds £ #HA|
3 A= 942 HAEo|Y, Enrichments A& AW 34 oy

% Bound?] fold increase= 2| wm| 3t}

Do

o
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[2¥ 5] Cell-surface panning®] Z+ Round® % Bound(107%)
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[£ 2] A TaZde] 71¢% A9F TAZ Ay F1 Weo|=9
obel it Mg

Peptide Sequence of peptide Frequency
LK1 LKKLLKLLKKL LSATSSRA LKKLLKLLKKL 5 (20.8%)
LK2 LKKLLKLLKKL SSWSLWSG LKKLLKLLKKL 3 (12.5%)
LK3 LKKLLKLLKKL ICRWPSSR LKKLLKLLKKL 2 (8.3%)
LK4 LKKLLKLLKKL LLGMKLPY LKKLLKLLKKL 2 (8.3%)
LK5 LKKLLKLLKKL ACVINYIF LKKLLKLLKKL 1(4.2%)
LK6 LKKLLKLLKKL DSAVICCQ LKKLLKLLKKL 1(4.2%)
LK7 LKKLLKLLKKL FGFPALLV LKKLLKLLKKL 1(4.2%)
LK8 LKKLLKLLKKL LLGGARPP LKKLLKLLKKL 1(4.2%)
LK9 LKKLLKLLKKL LRNGRPLR LKKLLKLLKKL 1(4.2%)
LK10 LKKLLKLLKKL PIWMSCVA LKKLLKLLKKL 1(4.2%)
LK11 LKKLLKLLKKL PTIACVLD LKKLLKLLKKL 1(4.2%)
LK12 LKKLLKLLKKL RRFPKSHR LKKLLKLLKKL 1(4.2%)
LK13 LKKLLKLLKKL SLWLGMDL LKKLLKLLKKL 1(4.2%)
LK14 LKKLLKLLKKL SVFRFWLF LKKLLKLLKKL 1(4.2%)
LK15 LKKLLKLLKKL TRVSMQKH LKKLLKLLKKL 1(4.2%)
LK16 LKKLLKLLKKL WSWDRRAS LKKLLKLLKKL 1(4.2%)

24 3 ,-"{FT -.l:.?;' |
—

| 8}



=) ]
202 ARGERQITE ZH2he] Mol dld st fEo|=E S d o R
g4 E29 TAMRA (6—carboxy—tetramethyl—
rodamine) & X A3} A|¥Eo e & FAHXE FAT7]E A XE
&5 S48 1 23 LKR fEfo]=of tidt Ahz el H
7} (Relative MFD) 7} LK1 $1Elo] =+ HL60, F3B6, JurkatT, U20S
A A Z42F oF 1.4, 5.4, 5.9, 13.4901, LK2 o] == 7bz} oF
0.9, 5.7, 5.6, 16.3°]3lt}. LK3 fJefo] =+ HL60, F3B6, U20S A3 A
747k oF 1.8, 8.2, 21.691 W9, JurkatT A Zo|M& < 57.79]30th
(1% 6). o] A7+ LK1, LK2 HFepo]Ex TAH 2z dist A=A o]
A Wk LK3 HEPol== TAH 2 Adeido] glom, LK EE Alo]e
2l9 ofmiAl Aol ICRWPSSRe 98] TAH®S %43 Abs 283k

(~f

=3}
3

ol

A= Ao AEy LK3 FEeo] =9 Fo
g THXE 53 285 At ol 93] TAMRA %A% LK3
HEP)EE 40 52 Axe] HEd §, fFAxE BA7|E Ax 53
a8 M, 100 nM, 1000 nM & = j A
@335 YEbl= Jurkat TAIES] B]E&2 Z42F oF 1.01%, 14.11%, 87.0
7%, 95.24% A TH(1H 7).
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ol Ell W jl

HL60 F3B6 JurkatT U20S

[Z¥ 6] LKR, LK1, LK2, LK3 #Eelo]|=9] NX T3 &

HL60 A3, F3B6 A, JurkatT A3, U20S A3 ZH2+e] TARMA

FAE FAeol=2 100 nM F52 st 12417F wjFst 5 fA)

WAZIE 72 A7 deldE #3e] Hat AV1E SY 3 fERe
4 tixel LKRel tigh LK1, LK2, LK3¢] %]l

ettt S5 Ao R 33 A8st Ao Ao,
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[
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3.4 LK3 Helo| =9 AX T3 7]|A

TAHzel deido] Q= Ao R yepd LK3 fHEo| =] M 73 7[H&
AT LK3 Efo] =7 Alxuhs A5 Faeh=A Al EAI A
A=A O] EAI A oA 2719
4C ZANA TAEES S & FAE B47]12 LK3 fete] =9 A%
T3 58 W3E SAst Ad A3 LK3 fEel=9 TAHxE 734
BES AT 24004 AAE ThekA of= =1 din] A9 100% Ha
(1 8A). ©] A¥= LK3 Hepo|=rt o |qA] o241 iAol EAI A
2 AETe F34e ousith

LK3 fetol =9 AdEAfo]BEAIA BRE TAFEZ] 9 TAH X
cheFst QlmAlo]EAIA A A1l Methyl— 8 —cyclodextrin (M ACD, Lipid
raft A¥ AEAFO]EA A oJAA]), 5— (N—ethyl-N—isopropyl) amiloride
(EIPA, Cdc42 &4 dEAto]EAA A A]), Chlorpromazine (CPZ,
Clathrin w7l SlXAfo]EAIA AAA]), Sodium chlorate (NaClOs,
Heparan sulfate proteoglycan w7} dEAFO]EAIA A |A]) & A 2]t
7o LK3 Hetol=o) Alx 53 a8 WstE S5kt 1 23,
LK3 Felo|=9] TAHYE T3 &2 gAAIQ MACD, EIPA, NaClOs &
A z20elA AAE JhebA e 23 dibl 42 °oF 50%, 19%,

10% ZAagom, 53] CPZE AHest 7oA 84% o] AA #A

ATH Y 8A). o] A= LK3 Fetol=7F Alxw 8= v 7)]sto]

3tA, LK3 Helo|=o] FEAE 53} A8 4T A gAS

18%, 50% #2313 8B).

28 A ‘._, ‘_]l

ok A um oF 91% A om, MACD, EIPA, NaClOs,
CPZ A& zANA dAE 7}8kA &2 =7 oiv] 7z} <F 47%, 52%,
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W

120
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RELATIVE CELL UPTAKE(%)

[2¥ 8]

JurkatT A|X2F U20S A xE

100

81.46

*%
15.85

*
| 49.77
" *kk
0.39

90.35

w/o inhibition 4°C MBCD EIPA NaClO, CPZ
100
81.83
*%

d 52 97 ** ”

N 4822 50.28
I 8.72 I
w/o inhibition  4°C MBCD EIPA NaClO, CPZ

QLA EAA A ZZ0A LK3 HEeo]=9] TAE(A) ¢

SSAEB) 734 58

il

A=A A
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gkl & 100 nM F=9 HElo|=F AP stal 1A7F F7HE 0= wjekst
H FAE EAVIE 4 AEZ7F UedE 338 B ARE SAE
AEAPO|EA A A ZAA LK3 FEFO|=9] JurkatT AXE(ZH 8A)
g U20S A2Z(2¥ 8B) 53 af& WskE dAE 7IekA & =19

th &<l H]& (Relative cell uptake (%)) 2
et It 532 o® 33 dst A3l Ao, Error bare
EFHAS YERAT (+p <0.05, #¢ p <0.01, #+x p <0.001).
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3.5 LK3 HElo|=9] ¢kE 24 &Y

LK3 Fetol=29] ok& 4t 58 & ZAtstazt &gk, o & <l
lonomycin¥} PMAE #8]3}o] TAHES Interleukin—2 (IL—-2) S
gAdstet & IL-2 S JAStE oFE<Ql Cyclosporine A (CsA) &
G=og At 203 CsAgt LK3 HElo| =5 A Al s Z7of A
GAPDHell tigh IL—29] %% Q] mRNA &d %S q—RT PCRZ <l
skttt
7 A3 GAPDHell tfgh IL—-2¢] A4 <l mRNA @S CsA
1.5 nM 52 A2 e A oF 116.58%, &3t do] wazkal
oF 127.18% 2w gk zfo]7k glgieh. WhA, CsA 1.5 nM$} LK3 Sefo]=
100 nM, CsA 1.5 nM¢$} LK3 HEo]= 300 nME 87 Agd =1
M= Ztzh oF 78.93, 82.05%, B/J3s} =70 WE Y Fojvgt Aol E
BT LK3 fEtol=7F TAEZS IL-2 ddzde] 9T v A olg

LW SHol Y njark
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*%k

n.s.
n.s.

160 -

n.s.
[ ——|
140 -
120 -
100 -

IL2/GAPDH mRNA (fold change)

80
60 -
40 -
20 A
0

lonomyecin (100 nM)

& PMA (10 ng/mL) - + + + + +
CsA 1.5nM - - - - + + +
LK3 100 nM - - + - +
LK3 300 nM - - - + - - +

[Z¥ 9] LK3 Selo]=9] CsA &% 59

CsA¢} LK3 el =5 /fEA o R Ae)st 2713 CsA9 LK3 Felo|=E

7 AHggt 274, lonomycin? PMAE Aglste] A stst JurkatT
AEZS] IL-2 mRNA HdZ WH3E gRT-PCRE Fl&qlvh. 1L-2
mRNA @2 GAPDHe| tfgh Aozl dadgdow Asstlon,
Ionomycin¥} PMAE A sl# &2 A9 Addel IL-2 mRNA
W o] tidt fold change® YEMIATH =202 33] At 239
Avjol 7} 3F 2H9] qRT-PCR A3zke A3}t Error bars
FHAE YeERI T (+p <0.05, *+ p <0.01).

=
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Al 47 =9

e Al Ae CPPe Al AglAo] gl Whd
ME FHAALE 32 Aoz deA 3tk (Svensen et al., 2012).
_]

B oAge gt AE Fg0) £ FAe] THAE v AuAol

o
A7, LK3 HEete]=xF TAE tjgh Mol 9l&& 2l 4 St
(7% 6). M13 v g ux] 9] plll ¢y @izef wdy LK1, LK2
Hepol=9] Jhu] 71 LK3 FEpo| =9 7ty FRu Wol A 37 of A

%%0] LK3 Feol=rntt Aa4o] =4 Yehd #ow woA
(Bazan et al., 2012).

THZ] Aegdo] Qe 2oz Ay LK3 fepol=9] sk ue&
TAE 53 &85 A A3, LK3 gEO|=E 1 2]
87%, 1000 nM FENA < 95%9 F& AE F3Ado] g+ Wi
10 nM == F 14%9 AdE A FH4S BATH(IH 7).
LK3 #Eelo]=9] AZ F342 10 nM F5EolA 70~90% 2 AE F3H4

33 2] 8-1



o] 9l LK 252 oxlvjAd CPP(ang et al., 2014) 9} vl w3dtH *F2
FAO 256 M o] FelA AE FiaAo] Sle AlE AHE
CPP(Mi et al., 2003; Zahid et al., 2010) ¢} ¥]w3s}H F= F2 At}
Hepol = rojHelg] o] Azt HAdol A st npe}l o] v CPP2
AF MAS AAtL F29 AEs E8dste] AxE T34 LK 2
CPPH.U} whobg Ak, 8742 729l M=z Qlall TAEol st Au/d=

744 5 lE AoR melxt,

43 Fastgon, 59 AmAo]EA 2

L a
Azl AR o2 At (TIE 8). MBCDZ} Lipid raft?]
ZUAHE B okt AlEHe] Zd|AHES 124 (depletion) A A
AlzERe] =g Adol T7hshaA BISolAQl LAl EAIA A &7t
Uehd A0 2 RojFdtk(Mahammad & Parmryd, 2008). LK3 efo] =g}

e TAEY ALY 58400 el 35 749 At

LK3 Sepo]=o] ok ub 585 A dah, TAXY IL-20] 9%

ol k8-S A F = 2FE<Ql Cyclosporin AE TAHYE YHZ Hksh=
g0l =% st (2d 9). LK3 HElo] =7} CsAE TAH
e or gxteto] kg s yelll=Alo dsie In vivool A9 7t
Aol Fasttt
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Abstract

Development of a T cell selective penetrating peptide
modified from the amphipathic cell penetrating peptide

Min Kyoung, Kim

Biology Education Major
Department of Science Education
The Graduate School

Seoul National University

This study aimed to develop Cell Penetrating Peptide (CPP) which
has high cell permeability and selectivity to T cell.

For this purpose, phage display library of peptide variants with
random sequence which is modified from the amphipathic CPP
known as having high cell permeability were prepared. And peptides
with affinity to T cells were screened. Among these, we choose
three peptide sequences with high affinity. These peptides were
synthesized and tagged with fluorescence labeling, and the cell
penetration efficiency was measured with a flow cytometer. Among
the three peptides, LK3 peptides showed high selectivity to T cells.
In addition, LK3 peptides pass through T cells in a cell membrane
receptor—dependent manner at the nanomolar concentration, and

carry immunosuppressive drug cyclosporin A to T cells.
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As a result of these study, we conformed construction and screening
method of phage display library which is modified from amphipathic
CPP could be useful for the development of cell selective CPP. Our
study expected to contribute in the development of a variety of
target cell—selective penetrating peptides. LK3 peptide in this study
i1s highly selective to T cell and has drug delivery ability. It can be

used in the development of T cell selective drug carrier.
keywords: Cell Penetrating Peptide (CPP),

Phage display technology, Biopanning, T cell
Student Number: 2016—21592
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1Round 2Round 3 Round 4Round 5 Round

JurkatT Cell 10° 10° 10° 10° 10°
U20S Cell 107 107 107 107 107
Inputphage 4.69x10° 6.06x10% 8.10x10° 3.58x10° 3.85x10°
Outputphage 5.47x10% 7.98x10% 3.33x10® 2.00x102 2.03x10°
% Bound(10%) 116.63 131.68 411.11 558.66  5272.73
Enrichment - 1.13 3.12 1.36 9.44




Peptide Sequence of peptide Frequency
LK1 LKKLLKLLKKL LSATSSRA LKKLLKLLKKL 5 (20.8%)
LK2 LKKLLKLLKKL SSWSLWSG LKKLLKLLKKL 3(12.5%)
LK3 LKKLLKLLKKL ICRWPSSR LKKLLKLLKKL 2 (8.3%)
LK4 LKKLLKLLKKL LLGMKLPY LKKLLKLLKKL 2 (8.3%)
LK5 LKKLLKLLKKL ACVINYIF LKKLLKLLKKL 1(4.2%)
LK6 LKKLLKLLKKL DSAVICCQ LKKLLKLLKKL 1(4.2%)
LK7 LKKLLKLLKKL FGFPALLV LKKLLKLLKKL 1(4.2%)
LK8 LKKLLKLLKKL LLGGARPP LKKLLKLLKKL 1(4.2%)
LK9 LKKLLKLLKKL LRNGRPLR LKKLLKLLKKL 1(4.2%)
LK10 LKKLLKLLKKL PIWMSCVA LKKLLKLLKKL 1(4.2%)
LK11 LKKLLKLLKKL PTIACVLD LKKLLKLLKKL 1(4.2%)
LK12 LKKLLKLLKKL RRFPKSHR LKKLLKLLKKL 1(4.2%)
LK13 LKKLLKLLKKL SLWLGMDL LKKLLKLLKKL 1(4.2%)
LK14 LKKLLKLLKKL SVFRFWLF LKKLLKLLKKL 1(4.2%)
LK15 LKKLLKLLKKL TRVSMQKH LKKLLKLLKKL 1(4.2%)
LK16 LKKLLKLLKKL WSWDRRAS LKKLLKLLKKL 1(4.2%)
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