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EERNICEB T D% X7 B O AEAERIZZ N7 E#HE EAE ] (protein-protein
interaction, PPI) & METAL, o 7 IURESHER KGR EOBEEREE ZH U EYORE
RFETE, THHEIEOHEFHIAR IR THD 1, PPL T OFEE L GERE L TRV . FrCHIiErN
BT D HERE PPl ZHET D Z LT 2IaETFE LR VED,

TIVETIZ, VAV RESEREDIEREIERN & LT ZEORSFEELPAIE ST
iz, L Lo, EROKGFRIBEOFE T, # v/ BF Lo CIRVWER T
AHESTS Z LN TH - 25, TEICR Y, BB O AR fragment based drug
discovery & W\ o 7= FIEIC LV | AKSF PPI BRESEORFZE NI > TETWAS *, —F
T, BFEPREVWRTF RO a7 v nolchpHbaWmit, A< ng o
7 EEEEDOERICHET 5 EEZ S, BT PPILEESERZED TS o FiyT
{EEWTIXBAF 7 PPIHEISHE A HIFFCE 2 b 0D, < OA, MlEE A FEE U720 md
L 72> T D, MIFNIZBIERRER P 0 PPIBAEIIT, 7oAy AT 4 I =—X
Aol T2 HOT 2R R & 7R D ATREMED B D

H2fi CPP arYah— 3tk AEE RN E

o FALE M OBRERMEZ YGET 7o, e R FERBRF I TEBY, 200 ED
& U CHIFBE S E~=—7"F R (cell penetrating peptide. CPP)DOFIH 3L T 5 89, CPP
T 2 T 5T F R Th Y, 1989 FIZHHTH CPP L LT Tat X7 F K
(Arg-Lys-Lys-Arg-Arg-GIn-Arg-Arg-Arg) 235 L S 7= 1% Tat ~<7°F Rid, HIV-1 IZHKRT 5
Tat & > X7 & region Il ® 49 75 57 MLERECANCHIYS -5, Tat =7 F K D3 FLLIKE,
700 FEXELL Eo> CPP 23 STV . £< D CPP X 10 75 30 FREARE DT X/ i T
RENDHFALAED L FWPBIEDORTF RThs M, £ LT, CPP LEIN T-& D
AL LA AN a Yo/ — NI, MRNICREET L B2 5T
% B 5l 2. 1Z . nuclear factor (erythroid-derived 2)-like2 (Nrf2) & Kelch-like ECH-associated protein
1 (Keapl) & @ PPI BREIE X FICFIT HALDH, Nrf2 [T RBLL . B LERICF G- L
TUW5, ZD PPl #LET 5 14 71~ 7F F(Leu-GIn-Leu-Asp-Glu-Glu-Thr-Gly-Glu-Phe-Leu-
Pro-lle-Gln)iZ, MM A% T & 22U 72, THP-1 MRS L CHIRMETR M 2 /R S 2o 7z
Y —FHT, 14 EESTF RO N KIC Tat X7F REE L= Y 24— MM heme
oxygenase-1 DIEHLAHIIR L, MAE~DOEZENF L L TWD ERBRENTZ, iz, tho s
N—=T1F, MRRANTe T T B THDL WA THAERT DY 0 —
(Pro-Leu-Phe-Ala-Glu-Arg) % 41 L T, Nrf2-Keapl @ PPl fHE~7"F K(Leu-Asp-Glu-Glu-Thr-



Gly-Glu-Phe-Leu-Pro) & Tat 7" F Raar Y af— a 952 8T OMEMT v Mok
DY A TR L T D Y,

o FAbA L CPP & D P a i — g TS & h4y 1 PPI ILEIR 2 A H 4 5 BRI
%, RO A7 O ELEEME b RET 2 M ENH S, CPP BRI SR MEZ A L TV
TH, oy oaryall—yva ALY FEEERENIDEILT A REENE 2 b D,
Flo, A Ta S —RFDOCPPEZICL A AT H—F v by LLITA U Z—47 > N TOEA
N, BRYE T HEBERICEET 5 TRENE L H 5, HEIGME & BOE M A AT U CRMET
HZETERDE I BRFBEZHONCL, V— NMeAEMORAIHSC R ZED 5 Z L3 E
BCTHDH, LoLRns, CPP FIMIC L 2 3BRIGIE DR BRI IR IC B 2 BF2E13 % < s
SN THDICHE 2L 6T, BEEMEITSNT LM STy, £, o re L
THBRAEEZ RV DGAT, FEEM & U COMAEREEMES NI Y AR Z KIF
L. CPPIZ X A IEEME D2 EHEICFHE CTE AN ENEZ BND

i
o T
s S o)J\o/\/\s’S*

Luciferin-Peptides

Intracellular

0
Ho’[’“-[N\ N 0
s S o)Lo/\/\s’S*
l Reduction and luciferin release

0 0
]
o [N\ /N:Q\ A s —[peptie
S S OH U

Luciferin

l Oxidation by cytosolic luciferase

OfN N
T ¢ Luminescence
S S OH

Oxyluciferin

Figure 1. Schematic illustration of the principle of detecting cytosolic delivery based on luciferin—
luciferase reaction.



arYas—va AW S CPP ZBIRT DERICIE, MONDREENRH D EEE LYY,
BRI ORI R L EO D E S L E X BN D, #HEkD CPP oG ENEEZ O L DD
FEAM R T RS L7 #FSEIZ 72\, Boisguerin S, 0GR TR L 72 22 FEXEO CPP 3T
fifi L AU OFECIREE 72 & DM, BOEEMEICH BT 5 Z L 2H LML T0nD Y, o
D&MD, CPP ZHWTH SOt 2 3GET 512X, a2y —3a 12k
SLH | CPP BRDEE MM Z i U CBAF7e CPP Z Wi 2 Z L NEE L W2 5, #Lt
T SN2 TF ROBSERMEFF MO FITZ N, L LR S, X7 F RAMREICE
Bl T Cidel, MK ECHEDS L<IF= RY—ANTR 7 vy 7SR TNT
HEOLIIBIZE IS, Wender B, M7=V Ny T 2T —8 LDORIGNIEEDN T
TP D IR & W LTV S (Figure 1), AFETIZ, DAL T 4 FiEQEHETL U o
—ZN LTV T 2 VM LT T F R, Vo7 =T —BEFRE SH7- HEK293 #ifig
THEET %5, Wender HI2825E, Ly 7 = /“Cﬂkﬁfﬁéﬂtf\7? RSB I BIET S
LB SN EFA ALY DAV T ¢ REEANAE L Tl F A — L2 H T 52
TF R, U —ERy DRIV, %iow/7;)/ak\ML D I B
= T—POEMCEIO RO TF LN T2 o~ END, F0OH, Mk
%%Lt«7%h%i/%/ AWNIZ N T v T ENTARTF RIZEICHF ST, Ml
KEINTZATF REFHITE 5, AFRICE N TIE, 2 OFR % W TG M % 7EAh
L?’:o

%5 3 Hi DOCK2 FHFE3E

/551 PPl PREFHOER & LT, A% TIiL dedicator of cytokinesis 2 (DOCK2) &
Ras-related C3 botulinum toxin substrate 1 (Racl) & @ PPI (275 H L 7=, DOCK2 | L Al fc 12 %
BLTWBH 77 =X 7 AT RAZHLRT-(guanine nucleotide exchange factor, GEF) TH ¥ |
DOCK homology region 2 (DHR-2) domain %41 L C Racl EEA L. VU > SERDilEE %7585
% (Figure 2)%%°, DOCK2 K~ 7 2 Tld, 7 v S T HIKLD ZIK Y o /B ~ Dl E NN
BLE S5 2 & O DI FERER AR T 1k B S SUS 23Es L7z Y, & 072 % DOCK2-Racl

DHR2 | |

DOCK2
|
/ Racl \
Migration and activation
. of lymphocytes

Figure 2. Cell migration induced by intracellular PPI between DOCK2 and Rac1.?
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Figure 3. Structure of CPYPP, a first small molecule inhibitor of DOCK2.

@ PPl HEIX, B HEM OSSO RIEMER B OIRRICAEZN L B 2 b Tnd, 2012 4FIZ,
#]0> DOCK2-Racl @ PPl fHEZE & L TR/ 1{b&% 4-[3-(2"-chlorophenyl)-2'-propen-1'-ylid
ene]-1-phenyl-3,5-pyrazolidinedione (CPYPP)A 15 & 417~ (Figure 3)%, CPYPP |& DOCK2 @
DHR-2 domain (Zf54& L, 22.8 UM @ ICs fili C Racl OiEMAL 2 FLE L7z, F7=. 100 uM O
IREET T flilads L OB Ml Dl E 2 522l iifil Lz, LaxL72285 ., CPYPP |% DOCK2 @
H7 77U —T&h% DOCKL £ LN DOCKS5 (Zxf L T GEF kP& L, DOCK2 (2%}
T HBERRMEZ RS 2202572, DOCKL 1323 Al il =012 IZ . DOCKS (3B TR B -
L CW\W5 72, DOCK2-Racl @ PPI FLEIEH 24547 £ 121L DOCK2 ~D RPN HEL &
5. TTENEYREOHFSALEW THIUX, 1EMER L OIREN A B35 mTREM:2N
&1, DOCK2 &R )72 PPI BREIROAIFL L, DOCK2 BHEMEM OfFH ks L ONARIE OB %
IZHBRTZ %,

FAH WITETTE R L UATR L O

AHFZETIL, DOCK2-Racl @ PPl ZfE#f & L, CPP LD Yo —3 g &V [k
WA SGE L CH 4 PP BRE R A AN 3 2R FEOMEL HiE L7z, MlaN 2R & L
e FEFRSORIFETFIEIIEERMAREE TH D . FKETEME & BOF M & OFE R 2
/LUt ERELT A ENEETHDL B X,

%2 ETIE, o PPIIRERITE S HEEaW L0 bEN TGN & BRI E 2 7R &G
BT, 77 —VT A AT LA AT Y —= 72X % DOCK2 fHE~RTF ROESHRFHI S
WTHRRD, 3 BTIH, A7 =2y 72T —8 DRGSO IZFHERIC X
% N GEEYE A T CPP DStk JOWTHL CPP OERRIZOWTim U5, 26 4 T TIE,
PPl fLENTF K& CPP L Do v Vo —3 g T K D3GR & BoE it o ZBbic o
T, f<HSETIE, SHIIRTTF FOMEEHRLZEAETZHEONRIZONTEND,



% 2 = DOCK2 EIRAIIHERTF FOBER

FA T =T AR TS AR == T

DOCK2-Racl @ PPl # fHE T 51 (L& & LT CPYPP 23ty ST\ 5 23, PPIFH
FILMEIIEC M DA —Z—TH Y . £72 DOCKL & DR AR S 722, PPI OBLEICIT
BRI EIRNETERT 20ERH Y, FEN LY REWHSEwHRE L T
D LB 20, BIARRS FALEICB TR, — A7 IR T3 & T (K51 PPI PR
Oy B bR v U U RME SR i FE (topological polar surface area, TPSA) IR & < & 2%
7EEDERRT v MIUIZ W LRS- ¥, PPL ISR 5 4 > 87 B OB R
1,500-3,000 A2 L ## X h %, DOCK2-Racl ¥4 TlE 1,744 A2 LHE STV D 2, (K5
F DOCK?2 [H#E3HE CPYPP 0%y Tl 324.76, TPSA |Z 49.41 A? (ChemDraw (Z TH ) TH %
—F. Wb EM DS L L TIE 1,000-5,000 FEEE AT S AL, FERZ R EHE LD
JNNETERT A Z ENAREEVWR D, 77—V T A AT VAR Y —=0 7%, BERF
VR BEBREEAT BT F REBUST A FEOOLE O TH S %, 2T 2 R
a7 7 —Y BICRTHZ LT, BIZ NI EEEETDHRTF RET VX LAY
V—=2 79252 LT 5(Figure 4),

Step1.

React phage library with target
protein-immobilized beads

O A

# protein

Repeat step 1to 4
for 4-5 rounds.

Step 2.
Wash out non-specific binding phages

§ #
o

Step 3.

2 Q Elute target-binding phages

Y & &
2 " e
o

bacteria

Step4. Analyze DNA sequences
Amplify the recovered phages

Elucidate binding peptide sequences

Figure 4. Schematic illustration of phage screening system.
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Ac-Val-Ala-Lys-Tyr-His-Gly-Tyr-Pro-Trp-Asn-Arg-Arg-Arg-OH

Linear peptide 1

Ac-Val-Ala-Lys-Tyr-His-Gly-Tyr-Pro-Trp-Asn-Arg-Arg-Arg-NH,
Linear peptide 2

S S
Ac-Leu-Asn-Arg-C;l/s-VaI-AIa-LyS-Tyr-His-GIy-Tyr-Pro—Trp-C;/s-Arg-Arg-Arg-NH2
Cyclic peptide 3

Figure 5. Structures of peptides obtained from phage screening against DOCK2.

EHD LIIBRIRORTF REFOR LT 7 7 — ¥ L #HEICHE E{L L7- DOCK2 R &
L72#., Racl Mz CT7 7 7 — V& BAMICHENG L7=, DOCK2 L OfiGEMiFE L7 7
—V&ENY, HEEL, FROBEL 4 BV IE LT, fonle7 7 —Y b, EHD7
JBERAN & RIE LIS, OL DD 7 FAZ =BT LI ENTE, Thbb, BIEL
=7 2 BRECHNE . BRI o 2 e & F — 7 (Val/Leu/Trp-Ala-Lys/Arg/Leu-Tyr/Phe/Trp
-His/Met-Gly-Xaa-Xaa-Trp) 33 L O C RIANTHEEL D Arg FREE 2 A L T ie, TAvD OFFSIIE
PAARTTF R EBIRATF RO ThEsd S 47z,

BLBI O FEFEIPE D e b i@ > - T2 B8 DO ELSI Val-Ala-Lys-Tyr-His-Gly-Tyr-Pro-Trp-Asn-Arg-
Arg-Arg 1 X OBROES] Leu-Asn-Arg-Cys*-Val-Ala-Lys-Tyr-His-Gly-Tyr-Pro-Trp-Cys*-Arg-
Arg-Arg (Cys*fil TP AV 7 ¢ REEBEZME) 2 > MEESIE L, BEASNTTF N1, 2 B8 KO8R
RARTF R 3 0 PPIBREIEMEZ LT 25 2 & & L7z (Figure 5),

528 EHRICET D PPIBHLEEM: O

A7 F R 1,28 L 312 L % DOCK2-Racl @ PPI R E1E A & enzyme-linked immunosorbent
assay (ELISA)IZ THE¥AMi L7=(Table 1), EHNTFF 1 BLO 2 @ IC, fHIZENE I,
dithiothreitol (DTT)RFEAET DI TAUSMETIE 33 nM & 12nM, DTT JEFEE F Tl 31 nM &
11nM Tholz, —F, BIRSTF K3 D0HE, DTTAE/EFTiEL6.0nM, DTT IEFEFT
X22nM & AT ¢ REEGDHRT 510 S TIIIEENES Lz, BEHETEH nM

Table 1. Inhibitory activities and binding affinities of peptides obtained from phage screening

Inhibitory activity, 1Csy (NM) Binding affinity, Kp (nM)

Compound
DTT + DTT - TCEP + TCEP -
1 33 31 13 17
2 12 11 N.D. N.D.
3 6.0 2.2 1.8 0.18

DTT, dithiothreitol; TCEP, tris(2-carboxyethyl)phosphine; N.D., not determined.
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F—H—OIEEEHEFRF L TS OO, PPILFICITERRMEENEE LW RS,
TF RIFER G EERT DB, — B0 ZEEEA AT D720, s B HER &

BT T KT ENEUNCHE SN TF RREWBIRE 2 R~ &t B2 b
724, £7-. DOCKL & OBEIRMEABF L2 2 A, 1, 2B L3 1E, 1.0uM E TOREET
DOCK1 IZ%}9 % PPI PHLETE M 27~ &7, DOCK2 ~D#HEAHI L7z,

DOCK2 & D#IFnE %Ki~ 7 X > 4ng(surface plasmon resonance, SPR)¥: CaEffi L 7=,
1B I3 D KpfiEi, tris(2-carboxyethyl)phosphine (TCEP)AME(ET D wHISE TIZE N T
13 nM & 1.8 nM, TCEP JEfF(E FCIX 17 nM & 0.18 nM T -7z, ELISA DR & [Flkk

2, BRIREEDOBZIZ LY DOCK2 & DFFMENEI T2 Z Enbirolz, Fiz, 31X
DOCK2 IZ & % Racl @ GTP-GDP AZ#a/hix & 35 nM @ |Cs fill TRHE L 72,

T7 =T A AT VAR Y == 7L OEFF L2 1, 28K TV3 1%, DOCK2 & E3R
NICHEA L, Racl & @ PPl #fHET L Z LB LN E /o7, EEMEE LD ERIRIEED
J773 DOCK2 & OBIFRIMENRFE L, —ED I T+ A—1 a Y EBRT 5 Z &L BRI H S
LTWheEEZLND,

93T AN RIS T D Ml A o0 B ETEME O R4

AlElEE OMLEREEIL, B b B Mgk TH D MINO #ifidz FV TRl L 7= (Figure 6),
MINO #iifida DOCK2 FHE~TZF R T 30 HAiLE L7-%, 7oAy =17 L— Dk
MFrorN—lCBLEL, 20L&, FTHUFx r N—ICEMaEELZFEST D
sphigosine-1-phosphate (S1IP)Z N x 72, X HIZ 4 FEALE L7-t%. FHIT v o _R—IZBEIL
ToARRRER 2 R U 7o, MERRiEAE O TG MEIX, SIP 71E F CTRTF RE 2 e WEEZ Rk
FR(BEFEFIETME 0%). S1P FEAFAE N CRTF RE NN 2 72 VB2 Bo it FR(BAETEME 100%) & LT
HH L,

Addition of cells to

Upper chamber
an upper chamber

Lower chamber

|oge>. %320

Incubation with peptides Incubation for 4 h in the presence
for 30 min of S1P at a lower chamber

Figure 6. Schematic illustration of cell migration assay. MINO cells were treated with peptides at
37°C for 30 min. A portion of the cell suspension was added to an upper chamber of a trans-well
plate, and cells were further incubated at 37°C for 4 h. Cells that moved to a lower chamber by
sphingosine-1-phophate (S1P) were counted. Inhibitory activity is represented as percentage of

inhibition calculated based on the number of moved cells of vehicle control.
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BT F R 20%, 10 uM & TOWREE CHRlfmilE 4 2 B L 720> o 7= (Figure 7). Bk~
F K31, 10 uM 123\ T MINO Hifla il % 52 iE L, X7 F FOBR{LIC L 501
WNKFEREA OB S EME O B2 E L WD afeEn %z bhiz, —J5 T, 3.3 uM
LUF O EE TIIBREIGPER 2 H VT, 3 DFOEMMEME =D EHER L7z, £ Z T, CPP &
DY al—a Al LY EEEN A SE X R, MllEEOEEE b BT L
Ex0,

120

100

80

60 @2
u3

40

%Inhibition

20

0 I T
110 3.3uM 10 uM

-20

Figure 7. Cell migration inhibitory activity of linear and cyclic DOCK2-inhibitory peptides.

S S
Ac-Cys-Val-Ala-Lys-Tyr-His-Gly-Tyr-Pro-Trp-Cys-Arg-Arg-Arg-NH,
Cyclic peptide 4
ICso: 4.7 "M (DTT+), 1.6 nM (DTT-)

Figure 8. Structure and inhibitory activity of cyclic peptide 4.

120

% 4555

100

80

60
@3

m4

40

%Inhibition

20

0 ;l

-20

-40
Figure 9. Comparison of cell migration inhibitory activity of two cyclic DOCK2-inhibitory peptides.
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CPP LDaryYalf—a lrh, GloOmEMNS 3 omESifkaz L. N RIZ
PET D 3 ODT I /IR Leu-Asn-Arg % R L7287 T N 4 Ak L 7= (Figure 8),
41%, 3 LFRIFREED PPI FRETE M &L OSHERabE & D RRETEME % 7~ L 7= (Figure 9), = Z T, 4
ZY—RXFFRELT, CPP LDarval— g i LD EBREOUEE RS
ZEELT,

At /MG

NRTFROTH LAY Y == THATO, mWIENE & IR 2 WY L 724> DOCK2
PRE G E L TERIRNTF R 3 2R L7z, 3 Z48ik L7z 4 1. DOCK2 & Racl & ®
PPI % 4.7 nM @ ICs fifi CRHE L, DOCKL I[ZIXEM L2y o 72, £72. 10 uM DR FEET MINO
HO O3 A % SE TN L7z, K%+ DOCKR2 BHESK CPYPP & Ebis LT, 4 1 3EMER L O
BPVEICENLTEY . PO AEEMITEL EVCE CTOERICHE L TV D ERm@Ini, L
DAL S, 415 3.3 UM LLUT O YL CIIMifalz 4 PLEE 9, B2 R -+45 72 rTRetE
Noolz, Do, BEEEMEOUGEIC LY WEERFIEENM 325 2 & 2 RET o4
EnbhDHEBEZ LN,

14



% 3 5 CPP DEZ it o Lk

95 L8 BEEN CPP ool it M AT

CPP ZFIM L7c <7 F FOREEMEOUEFITZ < HE SN TN D, LinL7ea 5, CPP
BRIROIRAL L 72 5 L5 7¢ CPP BARDIOEEMED LRFHT, 12 & A EfThhvTnvien, £
2T, B 0OFHliRICRE W T, #E0> CPP O %t@xb BT M 2 7”9 CPP
% DOCK2BHENRTF R4 tparvvar—va ilflnsZ et Lz, F1ETRAL
V72Vl 2T = EDORIGIZESWZRIZ XY G RN A TS L7, AR
WTC, xRN T2 ) AL DRNRES 3 0mICHIE L, 343005 60 43 FE TOMME T
HAE 2 e s & & LT, BT F ROBGEMEL BIESRTH 517 = U 2 (50 pM)
DA 100% & U THHRFRE L, fHUbICERL, £X7F PO L7 e FUVEITH L
TIEMER Y AV T 4 NEEE ZA9 5 luciferin-linker Z St &, vy 7 =) o TEMLZ
(Figure 10), Luciferin-linker ™ & A% i3 experimental sections (27~ L 7=,

BEIZHE STV HEEMD CPP DG Mth( FA4 M, WEBHE) 0 &, Gk
HERE 2 2 8 L C 13 FlKE 2 RN L 7= (Table 2), Tat ~2 7' K penetratin®®, X-pep®. Oct4-PTD*,
KST peptide™ 3 X O pVECH XKD & v 87 BIZHsk+ 5 CPP Tdh 5, PTDAIXT R /I
ERRIZ LD a-~Y B REE A HR L7 Tat X7 F ROFEERTH 5 *, Nle-Pen I3, penetratin
? 13 {i7. Met 7% % norleucine (Nle)|Z & #a L 7- 758K T 5, OligoArg* 35 L T MAP® |3 A
THINCHREFSNT- CPP Th 5, MPG*, transportan® 35 L 08 S415-PVE T, 2 FfEHD RS F R
MHRDHFATESNTHY , MPG IFIERES N A A B T 7 F /L (nuclear localization
signal, NLS). transportan (3477 = % &R Y H 2 R ENTF, Shs-PV [THLET T K&
NLS Z A" TRk ST\ b, ik CPP (21, Langel & 73 Hela iz AV 7=REEDOTF
VE OB ME 2 3l L 72~ 7"F R (Tat ~X7"F I, penetratin, pVEC, MAP) 3 & £/ T % ¥,

s 13 FFEHOBESN CPP (21X, luciferin-linker & O S0 7=, LEIZIGTTCys b L
< 1% 3-mercaptopropionic acid (Mpa) % A L7, T 7cb b, Tat 7 F R, PTD4, X-pep ® C
K~ Cys fifi £ penetratin, Nle-Pen, KST peptide. pVEC. oligoArg. MAP. MPG., transportan,
BB LN S45-PV D N Hifill~0 Mpa 5217 -7-, Octd-PTD % 8 ifiZ Cys A L T 7=,
Cys B LU Mpa D/Lv 7 = U AEAR C(luc)F L T Mpa(luc) DA 1E Figure 11 1278 L7,

(0]
OJL"E:H:@ T s o) [ IR o~

_— =

_S._N
(@)
= _
Luciferin-linker Peptide

Luciferin-modified peptide

Figure 10. Luciferin modification of peptides using luciferin-linker.
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Table 2. Classes and sequences of evaluated CPPs modified with luciferin

CPP Class Sequence M.W.

Tat peptide Cationic H-GRKKRRQRRRPPQC(luc)-NH, 2217.6
PTD4 Amphipathic H-YARAAARQARAC(luc)-NH, 1703.0
Penetratin Cationic Mpa(luc)-RQIKIWFQNRRMKWKK-NH, 2730.3
Nle-Pen Cationic Mpa(luc)-RQIKIWFQNRR-NIe-KWKK-NH, 2712.3
X-pep Amphipathic H-MAARLC(luc)-NH, 1059.3
Oct4-PTD Cationic H-DVVRVWFC(luc)NRRQKGKR-NH, 24429
KST peptide  Cationic Mpa(luc)-KSTGKANKITITNDKGRLSK-NH,_ 2643.3
pVEC Amphipathic Mpa(luc)-LLIILRRRIRKQAHAHSK-NH2 2693.3
OligoArg Cationic Mpa(luc)-RRRRRRRR-NH, 1751.1
MAP Amphipathic ~ Mpa(luc)-KLALKLALKALKAALKLA-NH, 2361.1
MPG Amphipathic ~ Mpa(luc)-GALFLGFLGAAGSTMGAWSQPKSKRKV-NH_ 3330,0
Transportan Amphipathic Mpa(luc)-GWTLNSAGY LLGKINLKALAALAKKIL-N H2 3325.0
5413-PV Amphipathic Mpa(luc)-ALWKTLLKKVLKAPKKKRKV-NH2 2860.7

C(luc), luciferin-modified cysteine; Mpa(luc), luciferin-modified 3-mercaptopropionic acid; Nle, norleucine.

@)
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HO~ . N N: i o HO™ " —N jij o}
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I:S S O)J\O/\/\S/S I:S S o)

)J\o/\/\s/s
\N

C(luc) H fo) Mpa(luc) le)

Figure 11. Structures of luciferin-modified Cys and Mpa. Mpa, 3-mercaptopropionic acid.

N7 = ) TTER L7-BEA CPP (1.9, 5.6, 17, 50 uM) T, M7 =T —FE2EH LT
HEK293 i & JLEE L 7= (Table 3), Tat X9 K, PTD4., X-pep. Oct4-PTD. KST peptide 3
X OV pVEC DESHEIENEIL, ARG R IZEB W TIEED - 7=, Penetratin, MPG 35 & O\ transportan
DEZIE EILFRRE CTh o 7223, FAORUSHE AR OTARILE N E LR - 72 (Figure 12),
Penetratin OAMILEL ¥ JA I FAZR00>THI 40 53 THRORIZE L 72, MPG OEL Y JAZ IR FE 1T < |
VIEA FEROBRERIE . 60 TR ER->T-, — 5T, transportan (X7 I1X°< By
AENTHI20 0 Tl R E o Te, 29 LIZBB)OIENE, BOFEE A 71 = 2 L0072 R
\ZHREIRIT 2 FTREMEDNE X AL D, Nle-Pen 1, penetratin & [RIERD 2B 2o L7y, ELY A
HIIE S Tz, 1347 Met & Nle ([ZEH#T 2 Z LT, EEBMENKELZLZZOND,
OligoArg I&, 50 UM (2B W TEH L WEEEPEZ 7R L7223, 17 uM LR CIER&E <K L7,
RY AT A UMD CPP X, i+ uM DL EDRE I W CifalE 2 mHaEE L, SIS
WEA ) T2 2 LA BN TND P, 20725, 50 M IZ331F 5 oligoArg O FEIER V) 3A T
IXEEEERIC X5 ATREMED B D, MAP 13 50 UM (23T penetratin & [7]%8 O & T H
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STEH, HIROAEFREIMET LTz, AIREEMEIC X0 MR Mk E L, CPP OHY A

FHEHR S LATMIRNAL > 7 = 7 =B ORI LV EEEMEP B M Iz B2 5

%%is%Pv%H% 50 UM TERE 7o fafEENMEZ R L7223, 17 uM B8 L TUV5.6 UM Tl
FIEEEE. THR L. BOEEMEIftho CPP & bl L CEd-o 72,

Ml Eo 2 L7 e RULVEN LY 7 = U AERG CPP & B L., fillaskicisnw s 7
= U UNEBET 256, BEERMESBRICEHME SN D L& biLd, L LA, Langel
Sid, IS NTA S 7 = U AR CPP IRIZ & A ESR LAV EHE LTS ¥, A
FRSCCRLE L7 b O b E O, ZhVE TICHHM L 7= 40 FFELL o> CPP ClE, Az
FHIFFEF T <. PTD4 L% S L IXENLL T OFRINIEE Th o7, FHLIRE DKW
CPP DOESNIZHETH D Z LD, MM RB N T, —RIERE LTy 7 = U AER
CPP 233 fif S U5 AlREMEIXR W R Sviz, E£72, —HiD CPP 23 flfash Cofig L., B
WPEN S RICEHM Sz & LTH, DOCK2 [HENT T REDa Y o7 — b Oz
FIEMEA TN 95 2 & T, FRICE D CPP O AMEITHINT T 2,

Table 3. Cellular uptake of thirteen known CPPs

PP Cellular uptake (ratio to luciferin 50 pM)? Cytotoxicity (% viability)®
1.9 uM 5.6 uM 17 uM 50 uM 1.9uM 5.6 uM 17 uM 50 uM

Luciferin 5.3 11.8 34.8 100.0 N.D. N.D. N.D. N.D.
Tat peptide 1.9 25 4.9 115 94.6 100.9 90.7 945
PTD4 21 2.8 5.4 10.7 91.7 93.6 87.4 89.4
Penetratin 2.0 4.2 13.9 30.5 93.5 91.7 93.8 88.5
Nle-Pen 21 5.8 17.3 42.1 85.1 92.9 86.2 73.5
X-pep 19 21 41 6.0 97.5 100.0 95.9 98.0
Oct4-PTD 15 2.4 5.0 8.1 90.6 94.9 91.1 83.6
KST peptide 2.3 39 8.4 18.0 90.5 94.6 96.2 85.5
pVEC 19 24 5.0 11.3 98.4 101.4 95.9 95.7
OligoArg 19 3.7 38.6 274.1 93.4 90.6 93.9 94.8
MAP 21 25 7.1 324 88.8 99.1 85.8 64.4
MPG 35 54 11.2 234 99.2 99.7 100.3 99.7
Transportan 2.9 4.6 13.3 28.9 100.8 109.1 101.5 91.7
S4.3-PV 3.0 94 36.1 41.0 94.3 95.5 85.2 554

2 HEK293T cells were treated with luciferin-CPPs at concentrations of 1.9, 5.6, 17, and 50 uM at 37°C for 2 h. Total
uptake from 3 to 60 min was calculated as ratio to luciferin uptake at 50 pM. ° Cytotoxicity is represented as

percentage of viable cells compared with vehicle treatment. N. D., not determined.
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Figure 12. The uptake Kinetic curves of four luciferin-CPPs with different T.x. Nle-Pen is a

penetratin analog with norleucine (Nle) substitution at position 13.

N TNy T 2T —E & ORI EED N T TR & N CBEX CPP o gz it 4
AT 52T, —BRIIESEERH DL EMESNTVWDEIXTF RThHhoThH, Z1LE
DT IIRE R EZNH D Z ENH L E o7, HIENELY IAHORRIRF) 72 2 E)
{22 TC, penetratin <> Nle-Pen, oligoArg & W\ o 7=hF 4= 7 732 CPP & L, g rED
MAP <° transportan, S4,3-PV [ZE R < HAKICE L TRV WP CPP |2 X 2 EHEE R D
HrpsRE ST, = R A b= AAFESRE TOERIZLVEEZE A =X L%
R4 52 LT, A% 2O LRG0 ZRZHATE 2NN H 5, <7 F N
MR PE & OB ENE X LIS e o Te, AFE TR, BERED AT 6T Gk Eo#l
SN HRTF FOFE HEE L. Nle-Pen, oligoArg 3 L T S413-PV % DOCK2 fRESRTF
tparyval—a WS CPP & LTEIR LT,

5281 B CPP OE%R

FHLEICBWT, vz v 77 —EOMGNT X 2LFRN & A T 5
PEDILEZIZ LV, CPP OELEHIMT 5 2 ENAMREL Ie o7z, £ 2T, ARFEMRZ VT
BT CPP Z 72 ICHUG T2 Z & &Gt L7z, £< D CPP RmRLHE~TF N, AL
AL RTEE NS T RN O RSN TN D, FRZ T A NV AIZHKT 5 A7 RENE
&N BT, GBI N E ~DOEFER CICEEREE Ao TEY, 2o LeH
VORI ENGETTR CPP AL SN A RN H D, AW TIL, HINS Bl A A > 7
NT P TANVRICHRT DX R ETHD PBL-F2 [ZHEH Lo, MIlRANTHI LK
PB1-F2 (%, C ¥ifllOo~NY WA EZ S LT hay R THIRICERT L 2 ERLT
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W5 B 2 DAY I AREEITAYS D 70 A7 6 90 iz DECHI(Gly-Ser-Leu-Lys-Thr-Arg-Val-
Leu-Lys-Arg-Trp-Lys-Leu-Phe-Asn-Lys-GIn-Glu-Trp-Thr-Asn)IZid, Lys X° Arg & Vo 72 HAE
T /BB IO Leu R Val &V o mBUKMET I BAZ < EENTVD, ZiUEZ < D CPP
ICHRLNDREE B L TS, ZD7H, PBL-F2 ® C umflEds I ZMam & oBifidE, S
DI Z M A R T AR B D & B R T,

PB1-F2 ® 70 i/ & 90 fLDEHIHN 6| 10 FRIT D DOEH S E S A2 F e 12 DO~ TF R
Z Rk EF L7=(Table 4), &5 EC4100 N K2 Mpa Z {4 L T luciferin-linker % it &8, /L
7 x Y MEMIRPFL 2D PRI2 2 AR LT-, Ziuh 12 D7 F (1.9, 5.6, 17, 50 uM)
T, W7 =7 —BE%E L. HEK293 Mz AL L, JEadia ik 4 3 L 7= (Table 5), 75
KL D 83RLDT X/ Wik I 2 E e 7T RA, OES| & bl U C v B i 2 9
MZd 0 | 74005 83 (LITH YT 5 PFS OFGEEIE ) e & iR > 7oo BUKBY D5 & 1A
AT 5 Trp R0 Phe (7 F FOJFE “HE~OFAICHEGT D LN TWD %, PF5
B L PF6 MNHLFEMFRIL &L BUKMEIR L2 2 <A T2 2 L IIhoFFEAR L Rk TH D5, ~
7'F RHAFTIZ Trp, C UmfiliZ Phe 23ECE L TN D Z & AEFERIEICRY) Lz wREME 25
Z 1=, MIREREEMEIC OV TIE, PF2, PF3 35 X OV PF4 IR S JEIRAF AR O AE 7R & 10—
20(E T SH72b DD MOFERIZH Lo T EERITBE SN o2, LEDZ Lk,
PF5 Z#H CPP & L .DOCK2 flERTF K parvvar—ra VRHTL 2L E L,

Table 4. Sequences of PB1-F2 C-terminal region and luciferin-modified fragments

Compound Sequence M.W.

PB1-F2(70-90)? GSLKTRVLKRWKLFNKQEWTN -

PF1 Mpa(luc)-GSLKTRVLKR-NH, 1641.0
PF2 Mpa(luc)-SLKTRVLKRW-NH, 1770.2
PF3 Mpa(luc)-LKTRVLKRWK-NH, 1811.3
PF4 Mpa(luc)-KTRVLKRWKL-NH, 1811.3
PF5 Mpa(luc)-TRVLKRWKLF-NH, 1830.3
PF6 Mpa(luc)-RVLKRWKLFN-NH, 1843.3
PF7 Mpa(luc)-VLKRWKLFNK-NH, 1815.3
PF8 Mpa(luc)-LKRWKLFNKQ-NH, 1844.3
PF9 Mpa(luc)-KRWKLFNKQE-NH, 1860.2
PF10 Mpa(luc)-RWKLFNKQEW-NH, 1918.3
PF11 Mpa(luc)-WKLFNKQEWT-NH, 1863.2
PF12 Mpa(luc)-KLFNKQEWTN-NH, 1791.1

& This PB1-F2 originated from influenza A virus subtype HIN8. Mpa(luc), luciferin-modified 3-mercaptopropionic

acid.
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Table 5. Cellular uptake of PB1-F2 fragments

Cellular uptake (ratio to luciferin 50 pM)? Cytotoxicity (% viability)®
Compound

1.9 uM 5.6 UM 17 uM 50 uM 1.9 uM 5.6 uM 17 uM 50 uM
Luciferin 4.1 10.0 31.8 100.0 N.D. N.D. N.D. N.D.
PF1 19 2.7 5.2 11.2 100.9 100.2 93.1 87.0
PF2 2.3 31 5.7 16.7 84.0 89.6 84.3 83.8
PF3 21 31 75 30.1 88.5 80.0 79.1 87.8
PF4 24 3.2 9.8 30.7 77.7 85.3 80.5 80.1
PF5 2.3 3.0 18.7 216.3 94.3 924 97.3 88.5
PF6 19 34 12.0 198.2 935 94.4 925 86.0
PF7 1.9 2.8 6.2 30.3 88.6 98.5 99.6 95.9
PF8 25 33 8.0 345 94.2 93.7 88.1 94.0
PF9 4.0 3.0 6.5 13.6 95.8 106.0 93.7 93.8
PF10 2.7 35 7.3 18.2 92.3 93.6 92.8 102.5
PF11 24 33 8.0 14.7 100.3 99.6 104.0 101.9
PF12 18 24 4.7 9.7 93.0 98.8 97.6 99.4

& HEK293T cells were treated with luciferin-CPPs at concentrations of 1.9, 5.6, 17, and 50 uM at 37°C for 2 h. Total
uptake from 3 to 60 min was calculated as ratio to luciferin uptake at 50 pM. ° Cytotoxicity is represented as

percentage of viable cells compared with vehicle treatment. N.D., not determined.

FI3H NV — A RS 5 72 o DL IEE

CPP I X D& R A 1 = X AFH3 IR STV RN b 00, =R ¥ —IEKFH
EESHRE L, TRV — K= R A R =V ZAREE L, HAICE-oTiIEInD
@n’:ﬂ’a\ﬁf‘%é EEZLNTND B, oo R4 b= ZORKITIBN T, S0
JAE~DOEREIITY R — LD OOMHNEETHY, = NV — LAADBHERIETH
HZEEFALTEY NY —ABRHARET S 7 7 a—FnER S Tn5s Y flziE, Ml
I F L R T I UBME LR TANRT X UBFEEERN N T AT 2 v gy
AL L THRET B 2 LR SN S Lo F Lo D7 I UAEED pK1E 8.9 L 6.2
ThHI2D, pH DMETFTDIZHONTE ) hF A, PAhFA LRI e hAbsid
(Figure 13)*, => FY — ANKAT H BT FY —AHNO pH MK F L, Y71 b ik
émk:%VyVTQy%E@%Aﬁ%iékWhbyxﬁyV@%)IVFy~A@§
aRMEE S, = RY — AROBFENRSI X Shb, £2, R BFF M
ﬁ@a%ﬁﬁﬁl&ﬁ@zéﬂ\ﬂ%%@5@¢ﬁxﬁlﬁwf\I?VVVT:V%E
ITE/ 7 m F AR TH D Z &b MifaEEEORBS I NS, £ 2T, gy
FLY NI T IVEME LT VE I VBT ) v—a2=y MNDA)ZHHUTEEI L, CPP ~
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DERIZ LD EEMEOUEEEZ B Lz, MEHMns CPPIZIE, =2 F¥A h— &I
X 2BEF RN RIE I TWD Tat X7 F K (Gly-Arg-Lys-Lys-Arg-Arg-GIn-Arg-Arg-Arg-
Pro-Pro)Z 4R L 7= %, Tat ~X7F R~ DA HAIZIE, Fmoc JECH#EL-T I /=y
R Fmoc-DA-OH B)& AL THWA Z & & Lz, 7 /=y M & LTHET 5 2 L T
NTF FEPOEBDONMLE~D DABARARETH D MONTF F~OERER G ES &
25,

! >:o B:o P B:o 5

| H> - . H> L H> |

: NHy NH 1o NHy |

: 3 @3 Lo @3 :

A TAN HsN L1 HaN 5
pH 7.4 pH 5.5

Figure 13. Major protonated structures of diethylenetriamine-conjugated polyaspartic acid at pH 7.4
and 5.5.
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o} OH
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Boc” > N
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(e} (e}

5% Pd-C (55% wet), H, Fmoc-OSu, DIPEA

H
SN N
2 OH Fmoc™ OH
B

Boc oc

MeOH o NH MeOH-H,0 (1:1, v/v) ] NH
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N -Boe AN -Boe
H H
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Scheme 1. Synthesis of a glutamic acid analog conjugated with diethylenetriamine (DA).
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7 2 /W= b 5%, N-carbobenzoxy- -glutamic acid a-benzyl ester (6) % J5UEF & L TA AL
L 7= (Scheme 1), 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI)¥ & O
ethyl cyano(hydroxyimino)acetate (Oxyma pure®) D ##7E F. 6 & N* N*-bis(tert-butoxycarbonyl)-
1,4,7-triazaheptane Z#i & L 7 24537-, #c\ T, 5% Pd-C % F\ T benzyloxycarbonyl (Cbz)X&
B LW benzyl (Bn)#k 2 BRIZERE Lz, 56472 7 %, N-(9-fluorenylmethoxycarbonyloxy)
succinimide (Fmoc-OSu) & s &8, HHIE T2 5%, 6 076 3 A7 v 7| 69% DI TEHRL
L7,

Tat 27" F KON KHANZ Cys ZHE Ly 7 = U > TESR L7=~27F 9 (H-Cys(luc)-Gly-
Arg-Lys-Lys-Arg-Arg-GIn-Arg-Arg-Arg-Pro-Pro-NH,) z FaAHE1E & L, DA CiE#h L7=35E 1K 4
fE(10-13) 2 7% 5l L 7= (Table 6), X7 F K 101L 22D Lys, ~~7F F 1113 Lys & Arg (2% L
TOEOBEDOARFAET., XTFF K121X6 2D Arg, X7 F F 131250 Lys BL 6
SO ArglZOWT DA TEH# LT, 215 D~LTF RO HPES(pH 7.4)F & O+ (oH
SHNZHIT HIERDEMEZFE L, WTNDORT T R R TII+9 BREDOER TH 57135,
PRSI B W TUE DA B EOH N 2 DI ONTRIBEVB KT L5 ENbnoT-, 772
bbb, AR L AT, =0 FY— LN TOBMESRMFICBNTED 20T I 7 R
7'u kAR,

Ny T 27— BEFEEL LI HEK293 Mifld %, ARk L7z Tat X7 F RaFER(6.3, 13, 25,
50 UM) TARLER L, JEEFiaE 2 574l L 7o, FICIE 2 RRIFIC 7 7 > M35 & 9 DR T
IFNTHo7=DIzxt L, DA TiE# L7-FHa ki3t 10 5%l Wﬁk@@f$<ﬁw
IAENT-(Figure 14), F7z, 10 7512 CTOINIRELIT, DA FKIEOEN LT LR ME M IZ
ST, 336 21 4y E TOMRE FirifEa ., BEMRTH L1 7 =) (50 pM)%E 100% &
UCHERHETH L9 LT 128 KX 0V13 OMAENELY IAA S ITH K L Ty 7= (Table 7),
F72, WTNOLTF RICoWT baEEIEIIA bR o Tz,

Table 6. Sequences and estimated net charges of DA-substituted Tat peptides

Compound  Sequence Number of DAs Estimated net charge®
pH 7.4 pH 5.5

9 H-C(luc)GRKKRRQRRRPP-NH, 0 9.0 9.0

10 H-C(luc)GRXXRRQRRRPP-NH, 2 9.1 10.7

11 H-C(luc)GXKXRXQRXRPP-NH, 4 9.1 12.3

12 H-C(luc) GXKKXXQXXXPP-NH, 6 9.2 14.0

13 H-C(luc) GXXXXXQXXXPP-NH, 8 9.2 15.6

2 Net charge was calculated using the following pK, values® for the DA unit: pK,, = 8.9 and pKy, = 6.2. X represents

DA unit.
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Figure 14. The uptake kinetic curves of DA-substituted Tat peptides.
Table 7. Cellular uptake of DA-substituted Tat peptides
Cellular uptake (ratio to luciferin 50 pM)? Cytotoxicity (% viability)®
Compound
6.2 uM 13 uM 25 uM 50 uM 6.2 uM 13 uM 25 uM 50 uM
Luciferin 13.7 275 495 100.0 N.D. N.D. N.D. N.D.
9 3.3 7.0 11.8 22.3 102.3 108.6 104.5 104.7
10 3.0 5.6 9.9 19.9 125.8 108.8 108.2 115.2
11 3.9 8.3 11.7 27.2 94.8 97.2 91.6 96.8
12 5.4 10.8 16.9 33.7 95.4 100.8 104.7 95.2
13 4.1 7.9 13.3 30.1 122.3 118.3 112.7 1111

& HEK?293T cells were treated with luciferin-CPPs at concentrations of 6.2, 13, 25, and 50 uM at 37°C for 1 h. Total
uptake from 3 to 21 min was calculated as ratio to luciferin uptake at 50 uM. ° Cytotoxicity is represented as

percentage of viable cells compared with vehicle treatment. N.D., not determined.

Table 8. Sequences of FITC-labeled DA-substituted Tat peptides

Compound  Sequence Number of DAs Estimated net charge®
pH 7.4 pH 5.5

14 H-C(FITC)GRKKRRQRRRPP-NH, 0 9.0 9.0

15 H-C(FITC)GXXXXXQXXXPP-NH, 8 9.2 15.6

2 Net charge was calculated using the following pK, values* for the DA unit: pK,;, = 8.9 and pK,, = 6.2. X represents

DA unit.
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FITC Hoechst Merge

Figure 15. Cellular uptake of FITC-labeled DA-substituted Tat peptides.

T RY—=AbDORHMEEL TWDH Z & 2R T H72DIZ, 9 BLWN 13 12251 T,
O AFEMIR 14 B L OV15 AR L., ﬁ%g~®Mﬁ%ﬂﬁLkﬁwm&OﬁﬁﬁﬁNf
F R (50 uM)C 30 47 [EJ4LEE U 7= Hela fflifid &, ILAE sUBEISEE C@l%2 L 7= (Figure 15), DA Ci&
LTV 14 TITMIENIZ By MROEER A BIL, XTF IR FY—LHNIZ KT
T EINTND ERB STz, —J7 T, DA TE#i L7z 15 TldabaRz A MInE NIc A
STV, ZOZENS, B R F Lo o7 I UEL2 AT 5 7 0% I U ERER DA
TTat X7 F ROT I JBFEEEZEHRTH LT, = RV — 200 OB MMt S v,
B ~OBITHEELTZEEZ DD, L LARND, BERMEO L ENRIIREN TH
D, It eoarval—va NIRRT LI ERHABENPMETH D,

AR /M

Ty FAL A OIEE B2 ET S FBEO > L LTCPP OFIHNREZbND, LavL
I3 G, H—ORHiiR TEE D CPP DIE M 4 L iat LI RIdd e, ar
27— a WD CPP OBPULHETfE Cld vy, Z22TCT, v 7z ey 7x
7 —8 & OISO R R ISR W TRGERMEZ ik U, @ - itk % 7~3 CPP
% DOCK2 fHETF REoaryvar—raZHWSZ &L LT, 13 FEEOREE CPP
ERHMEi L7 L 2 A, —HRICEERERH D EREINTVEINTF RThHoThH, AiHl
RICBWTIIBSEEIEIEL R H D Z ERH B2 E 72D | oligoArg, Nle-Pen 35 L T S445-PV
DM D CPP LV b @hoTo, E7o, FiB CPP OREAAZ B L, AR 71>

24



VT ANARED S R TETHLPBLI-R2ICER LTz, 2 Fay RU 7THBE~OERIC
FhH L TWD CHIBLSNZ DWW T, #nEd A G T F ReA, fHMiiL7-L 2 A, 74-
83 (ICHIYS % PF5 RNEWEBEIEZ R LTz, S5IC, =2 R¥ A b—T A 2LV ED A
END CPP OFE ~DEEE A LT 572012, XTF ROLREMc L= KV —L4
B OREEZRF Lz, 7a b AR VHRICE D= Ry —20MEEsBER L, =F
Lo U7 I UREE R SHIE A LT 7 v 2 X IR EIR(DA) Z kG, AL, Tat <7
RO Arg BE O Lys & DA ICEELT 5 Z & C, TR IEEZFZRT 5 L 512720 Mg~
DI AL BIFTIR LD, DIRITRE TH -7, ULEOFEREN S, R - BEE R
fesB S 17 oligoArg, Nle-Pen, S415-PV 3 K OVPF5 % DOCK2 fLERT7F R4 Lt parva
F—a WD Z LT, EEEMEOWER LOEBNEEOH R, 2 6 0MEE
REtc&pEEZ LN,
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¥4 CPP 2> Vo — a2 k% DOCK2 BSETF K ORIz R 5E
EMEom E

B a2 a s — b ol A L EE PO R AT

%2 B TR L7l DOCK2 [HEANTF K 4 OfFEEME 2 g L, MldilEE OB ER
Pz m B3 572D, 8 3 B CEE L7 4 fifHD CPP (oligoArg, Nle-Pen, S4,3-PV. PF5)
toarVaf—varEhEtT szl L,

40 C RIRIZCPP iR L 4D a2 Y 27— F(16-19)I2o T, DOCK2-Racl @
PPI P ETEME A ELISA TR L7= & Z A.oligoArg & D Y =7 — |k 16 D ICs fE 1% 8.0 nM
L4 LRIREOIEMEEZ R LT (Table 9), = ¥ 27— b 3FETIXAETEDNEES L. 17 1%
95nM, 181X 71nM, 19X 32nM @ ICxfETH »7-, K\ T, 037, 1.1, 3.3, 10 uM D
JED Y2 — T MINO A2 4LBE U, MifcilEEs O BTG M 2 -0 L 7= (Figure 16), 4
X, 10 uM TilEEZAEFEL7=H DD, 3.3 pM BLF CIHEEZ R E 20 o7, 16 B3 XL 19
Tl 3.3 uM IZBWTHIFEEDS 89%LL FRAFE S4L, CPP D a Y a i — a2 kb
TEPEDSKY 3 550 L C Uiz, 19 O MERIIESR To PPI FLEIGMEIX 16 LV H 89\ 2 L2255  PF5
(2 X D ELEEIEOUE T oligoArg LD B RE W ERIBI T, 17 B X OV18 1%, 10 uM Tl
FEAT, 3.3 uM TIIKI 60%F2 & DRl E A HE L, 1.1 uM IZB W T H 5 WOBREIG 8]
Baniz, hoa Yo F— N EIRERBOFEN RS Z LiE, ERA =X LDE
BICERT 2N H 5, £z, MalEE I~ efila e 2 LBEELTBY, 47
H =7y NHEOROERNEEL TCND LB X bz, —J T, CPP DOEFEiME L =
Va— FOUEEREEETIZ, 2 b 0me 8 EE L Z2 R L Tnb 7290, DOCK2
FHEEIC &L 2 fiailE & OB EN B CTh 5 L g ST,

Table 9. Sequences and inhibitory activities of CPP-conjugated DOCK?2-inhibtory peptides

) S
Ac-C;‘;s-VaI-AIa-Lys-Tyr-His-GIy-Tyr-Pro—Trp-Cirs-Arg-Arg-Arg--N H,

Compound CPP CPP sequence M.W. Inhibitory activity, DTT(+), ICsq (NM)
4 None - 1834.1 4.7
16 OligoArg RRRRR 2615.1 8.0
17 Nle-Pen RQIKIWFQNRR-NIle-KWKK 4044.8 95
18 S4,3-PV ALWKTLLKKVLKAPKKKRKYVY 4193.2 71
19 PF5 TRVLKRWKLF 3162.8 32

Nle, norleucine.
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Figure 16. Cell migration inhibitory activity of CPP-conjugated DOCK?2-inhibitory peptides.

F2Hi arYa s — FOEEEERb

CPP L DAY al—a /Nl & o THEBIEMESHETR L7z 16 3 LU 19 OEEMEIs >
WT, 7= ey 7 =27 =B EDRISITHESWZFHERZ FHWT 4 LT 25 2
Ll Lz, FHBICHW D72 D> 7 = U AEHRIL Scheme 2 D X 9 1IC#&%EF. Gk L7z,
U= FKXFFRTHD 4 1ZTVALVT 4 FEBICKVBEMEZIERL TWDHTeH, 7o
U a8 AT 572012 N RIT Cys 3 2B8I%, 3 20 Cys FEDMIgA LT KU v
FEORHEILAE TIT DM H - 72, Diphenylmethyl (Dpm)iiZEIc x4 B 22 @M E < .
2.5% (vIV)D triisopropyl silane (TIS){F7E . 60%LL_E o trifluoroacetic acid (TFA)IZ L V) frE S
2%, —J7T, 4-methoxytrityl (Mmt)JE I ZEE~DREZ M & < . 1%D TFA THIR#E S h
%o & ZC, Fmoc [EAHAEKIZIHWT, 1{ZIZ Cys(Dpm)., 2 firds L 12 {i7iZ Cys(Mmt) % &
AN L7z, 7T FfthEIZ TFA-scavengers (TFA/m-cresol/thioanisole/H,0/TI1S/1,2-ethanedithiol =
80/5/5/5/2.5/2.5) % N 2 TR T 20 3 FALEE L, Mmt &, Boc %5, tBu LB LN Trt A£a7E e
WCRE LTz, 2oLk &, Dpm EITHER S, Pof i3 — 2 BR#E Sz, SO Nn7- B2
TF RO 2 MBI 12 i1 Cys I TY AL 7 ¢ RiEGEZHEE L =%, 95% TFA
(TFAITIS/H,0 = 95/2.5/2.5) LR L, WEHED 2L 7 v R U LVEAEEHT LIRS F R a2 TG
L 7=, Luciferin-linker & [t &, 4, 16, 19 DL 7 = U AEHA 20, 21, 22 24k LT,

N7 2T —EB xR L7 HEK293 Miffd 4 3 fiHD /Lo 7 = 1 &6 DOCK2 [HE~T
F K(6.3. 13, 25, 50 uM) THLEE L 7= (Table 10), 20 & tb_C, 21 B XN 22 OHIAEANELY
IABEITZ L, CPP a2 Va i — a VICKDEERMEOUENRE SN, £z, 211X
50 uM (ZH\\N T 22 L 0 bW ifaEEM AR Lz, 202 E0vh, DOCK2 [HEANTTF K 4
OREFER A A E3 5 L0 ) mIZB O TE, A< BTV oligoArg &A% L <13
AL 2 PRSI 72 CPP & 2 5,
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Fmoc-o

Sieber amide resin

¢ 1) Solid-phase peptide synthesis

Dpm Mn|'11 Boc f?u Tr|1 tBu B(ljc Mn|'11 F'tlJf F'tlJf F'tlJf

| I
Ac-Cys-Cys-Val-Ala-Lys-Tyr-His-Gly-Tyr-Pro-Trp-Cys-Arg-Arg-Arg- CPP]O

2) TFA-scavengers®

3) NH4HCO;, MeCN, H,0
4) 95% TFAP

5) HPLC purification

SlH Sl S
Ac—Cys—Cys—VaI—AIa—Lys—Tyr—His—GIy—Tyr—Pro—Trp—Cys—Arg—Arg—Arg—LCPPJ—N Hs

6) Luciferin conjugation
7) HPLC purification

HO'J'I"- N N 0
— |
(s SI;L IS SO s
S ?
Ac—Cys—Cys—VaI—Ala—Lys—Tyr—His—GIy—Tyr—Pro—Trp—Cys—Arg—Arg—Arg—[ CP P}—NHE

Luciferin-modified DOCK2 inhibitory peptides

Scheme 2. Synthesis of luciferin-modified DOCK2-inhibitory peptides. ® TFA scavengers, TFA/m-
cresol/thioanisole/H,O/triisopropylsilane/1,2-ethanedithiol = 80/5/5/5/2.5/2.5. ° 95%TFA, TFA/triiso
propylsilane/H,O = 95/2.5/2.5. Dpm, diphenylmethyl; Mmt, 4-methoxytrityl. CPP sequences: 20,
none; 21, RRRRR; 22, TRVLKRWKLF.

Table 10. Cellular uptake of CPP-conjugated DOCK2-inhibitory peptides

Cellular uptake (ratio to luciferin 50 pM)? Cytotoxicity (% viability)®
Compound

62uM  13uM  25pM 50 pM 62uM  13pM  25uM 50 uM
Luciferin 17.9 29.7 55.9 100.0 N.D. N.D. N.D. N.D.
20 5.8 8.7 145 22.8 104.8 112.3 114.8 126.4
21 6.2 10.6 22.3 61.0 108.0 104.4 99.7 717
22 11.6 21.3 36.1 66.8 99.1 107.5 97.1 85.9

& HEK?293T cells were treated with luciferin-CPPs at concentrations of 6.2, 13, 25, and 50 UM at 37°C for 2 h. Total
uptake from 3 to 60 min was calculated as ratio to luciferin uptake at 50 uM. ° Cytotoxicity is represented as

percentage of viable cells compared with vehicle treatment. N.D., not determined.

F3HT /MG

DOCK2 [HE~NTF K 4 ® C KMNZ oligoArg & L ILPFS 2> v a2 —va v Lz
K16, 19 1, 3.3 uM OIEEEIZHVT MINO M diiE 2 89%LL FRAE L, 4 & il LT
EMITR 3 FHR L7z, DWT, vy 7=V ey 72T —8EDRINIEDNTZRIZ
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THOEEMEZ T 572, 4, 16 BL V19 DL 7 = U AERGA 20, 21, 22 AR LT-,

50 uM DIRFEIZEIT 5 21 B LU 22 O ~DEY IAZEIX, 4 DR 3fETH-7-, ZD
B, 16 B LN 19 OfifnlE L ETREOHEMRIT, CPP 2 Y a F—v g I K S
WMENSE L Z SICERT S LRI 7e, £72, oligoArg & PF5 A thEg§ 5 & 16 35
L V19 iR TOIEMIZIFSE TH S —F T, ELISAIZL D 19 @ PPI FHETE ML 16 L

b 4 £555 < BEEEPEOFARRFIZC 21 TlI@miRE TOMEEEE MR SNz, ~TF R4
DFEFIENE 2 SET D &0 9 SIS BUWTIELL PFS 1T oligoArg & A& LI BICHEH & & 2 bz,
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%5 F HEAHLZ LD DOCK2 [HEA~TT R OMfailEELEEEDm =

BLE N-AF LT I EEOFH

mmm@iﬁﬁ%é%’ﬁiﬁékbcw:yynﬁ%yaykiﬁﬁéiﬁf@ﬁ
WHEOm EEBEE Lz, N-ATF AT I BOBENTREEZER L, BEErEssm B4
mfﬁb'riz»a% %28 %= T, DOCK2 HERTF N 4 OBRKEE LR LT\ 5 347 Ala, 5
A7 Tyr, 67 His, 7A7Gly, 87 Tyr & LI 1042 Trp 2. N-AF /LT I JBRICEH L 7-5
BIRQ23-28)2 G LT, 2N OFEER 6 fFHD PPl fAEEME%L ELISA Tl 2 &,
N-MeTyr® {4 24, N-MeGly’ & 26 . N-MeTyr® {& 27, N-MeTrp™® {& 28 TILIEMEA 12 L . N-MeAla®
{23 3 L O'N-MeHis® {& 25 @ ICs fEIL %2 65 nM, 260 nM & K 12855 L 7= (Table 11),
N-AFIUACIZ L BT F REHD a7 4 A— 3 Y 2kiE, DOCK2 & OFFIMEIZ A T
HY . 2005 10 ALOEFINC X D SEARHEE Y DOCK2 (2 IR ST D Z L AR
S,

28 VAT 4 NG OLH

DANT 4 FEEEIC L 0BG ATER L T\ 5 DOCK2 LENRTF R 3B L4 @ PPI
PLETEMEIL, FEE TR OGS L BITHISRMEIZRB N TIHWZ &b DOCK2 & D
BAMEICIIREENEE L EX b5, £72. £ FBLXOEW~OEREGOB A TR, VX
w74%FAiﬁﬁ EMICE DI, BT HIENREE LY, £ZT, VALTZ 4R
WAOREL LT, XFSFFAD 2 5D TE Y LEIZK LT a,a-dibromoxylene % <
ISR THRET D L AMFI LT, 20L& 2 oOfER OB 2 bS8 5729
p-. M-3 LT o-xylene D EM:(K%E V72, DOCK2 LE~NTF K 312xt LT, p-xylene 4 ﬁ
& 29, m-xylene ZEA& 1K 30, o-xylene ZEA& (A 31 Ak L. PPIBHEIEMEA ELISA (2 CREM L
72L& 2 A, ICxEIZZF N1 100 nM, 19 nM. 6.7 nM T - 7-(Table 12), Hifi i 1D
HED e b B 31 TIHEMEDMERF S, B RDICONTHEI LTz, £/ N-XAF AT I/
fE COEBERF LI-BEENOT X BES ST RR0 . VALV T 4 REGEBEL T
WDEBALIZ W TIE, xylene FREE DO R E SO FRAEAIN THIFEIZIZRE S HEL 20
ZEmbholz, ZOXHIZ, DOCK2 [AENTF RO ANLT 4 R % o-xylene 12 L5
BBICE T D 2 LIRS,
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Table 11. Inhibitory activities of DOCK2-inhibtory peptides substituted with N-methyl amino acid

S S
Ac—C;/S—VaI-AIa3-Lys-Tyr5—Hisﬁ—GIy7-Ty3-Pro—Trp10—C§s—Arg—Arg—Arg—N H,

Compound Substitution Inhibitory activity, DTT(+), ICso (NM)

4 None 4.7
23 N-MeAla® 65
24 N-MeTyr® N.D.
25 N-MeHis® 260
26 N-MeGly’ N.D.
27 N-MeTyr? N.D.
28 N-MeTrp®® N.D.

Table 12. Inhibitory activities of DOCK2-inhibtory peptides with xylene bridging

o (o]

Ac-Leu—Asn—Arg—C)I/s-VaI-AIa-Lys—Tyr-His-GIy—Tyr-Pro—Trp-C;I/s-Arg—Arg-Arg-N H,

Compound Bridge type  Bridge structure Inhibitory activity, DTT(+), ICsq (NM)
3 None 6.0
29 -Xylene 7N\

p-Xy J <\:) \ 100
30 .

m-Xylene I PN 19

VAN
31 0-Xylene "W/ 6.7
~I—/ \—h-

W AgBIUTmICLDT I EEE

%< O CPPIZHMT D08 E LT, 7 VBESIC A B L0 Trp BNEET 52 &3 d
b %:J“Lé Arg | ifﬂiﬂ’ﬂﬁ%%%ﬁkﬁ“é U URRE DY AL &R KA L, MR o~ DR
REEEBICH G LTS Y, Trpid 2V a2 ) 7' I v OFiR I & BUk MR E/ER -7
:i/*ﬁl—ﬂ’ﬁﬁﬁ ENLTRHEA L, 7T FOIRE —EHE~OHAZEET L EE 25T
W5 M ZZ T, DOCK2 [HENTF R 4 OFEFNZHOWT, Arg b L < 1% Trp DEIES DK
D, BEEEEEZLET LI AELL, B 2 BEOT U F LA V== 71280 T
B 45 U 7= 438 & F — 7 (Val/Leu/Trp-Ala-Lys/Arg/Leu-Tyr/Phe/Trp-His/Met-Gly-Xaa-Xaa-Trp) %
BZ L L, 4D 2L Val & Trpll, 417 Lys & Arg ICE#RTX D REMNH D LB 2 1=, &
BRICEHAR 32 2 Ak L. PPIBLEEMEZ ELISA ICCRHME L72 & 2 A, ICs MBI 2.6 nM &
Ff S 7= (Table 13), F7=. MINO HMif@lZxt¥ 2 EREEMES 4 & [F% CTh > 7=(data not
shown), 207 Trp B L V4 7 Arg ~DEH T, PPl BLEEMEIZE L -T2 b 00, BIFF
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(2 U CIROE M I dE S LR 7z,

WA REEEHLL CPP oL Yol — a rOEY

4 O 247 Trp, 447 Arg EHAA 32 TIX PPIIEMEIIMERF S22 & s, 32 12%x3 % CPP
arVa—a BRI oxylene ZUEIC X0 EFEEM: R K OSIIEGEE O PR ETEME 2
BT ERELE,

32 D N KB IO CRKOMNGIT Arg % 4 FFET ORI L7 33, & 51T o-xylene (2 &V 2445
L7-iBiER 34 2 3kGt, AR Lz, T bRBEk 2 o PPIBEETEYE A ELISA (2 TRiAfi L 7=
LA ZNTN A1 0M B L U5.4 nM O ICs fEZ 7R L 72 (Table 14), 32 O~ Arg fif
R X O o-xylene ZE4G 1%, DOCK2 FLEMEMICK L CTHAS NIz, DWT, MR OIEM %
R L7z, 33 35 KT8 34 1% 0.37 uM 128V TR 80% DL EEMEEZ R L, U — RXTFF K4 L
g2 & EMEIEE X 30 f5E5E L 7= (Figure 17), OligoArg f&ffiFs L TF o-xylene ZE4& I
X A BRI DU E LR T D720, 34 DL T = U AEHK 35 24 Rk LI E & 24
L7z, 35 OFGERBARILGERIBTHI LY 72 ) V ERRETH Y | HEEL IS L O CPP
AV a s —va Al KD EEMYEOUE N RS S - (Table 15),

Table 13. Sequences and inhibitory activities of DOCK2-inhibtory peptides substituted with arginine
(Arg) and tryptophan (Trp)

S S
A(:-Cirs-/'laﬂ@-Alrst-ﬁuﬁ\“-Tyr-His-GIy-Tyr—Pro-Trp—C3'/s-ff3\rg-/3\rg;|-Arg-NH2

Compound AAZ AA Inhibitory activity, DTT(+), ICso (NM)

4 Val Lys 4.7
32 Trp Arg 2.6

Table 14. Sequences and inhibitory activities of DOCK2-inhibtory peptides

s (e} s
Ac-—C;lfs—Trp-AIa-Arg—Tyr-His-GIy—Tyr-Pro—Trp-Cgl/s—Arg-Arg-Arg-NH2

Compound Bridge type  R! R? Inhibitory activity, DTT(+), ICs, (NM)
32 Disulfide - - 2.6
33 Disulfide RRRR R 4.1
34 0-Xylene RRRR R 5.4
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Figure 17. Cell migration inhibitory activity of CPP-conjugated DOCK2-inhibitory peptides.

Table 15. Cellular uptake of DOCK2-inhibitory peptides conjugated with CPP

Cellular uptake (ratio to luciferin 50 pM)? Cytotoxicity (% viability)®
Compound

6.2 uM 13 uM 25 uM 50 uM 6.2 uM 13 uM 25 uM 50 uM
Luciferin 17.9 29.7 55.9 100.0 N.D. N.D. N.D. N.D.
35 133 213 66.2 1434 97.3 102.9 101.9 97.9

2 HEK293T cells were treated with luciferin-CPPs at concentrations of 6.2, 13, 25, and 50 uM at 37°C for 2 h. Total
uptake from 3 to 60 min was calculated as ratio to luciferin uptake at 50 pM. ° Cytotoxicity is represented as

percentage of viable cells compared with vehicle treatment. N.D., not determined.

HSHE /M

CPP a v al—a LV USNDOFEC LD EEH MO EL HE L .DOCK2 fHLE~TF
RAD N-AFNT X BREHR, YAV ¢ REEEOEE, Arg BEO Trp Ick 57 /7
BT LTz, 4 OBMEEZ LT 57 2/ BBIZxT 5 N- A FLL Tk, PPIBREIEME T
KELHEI L. DOCK2 [TERIE 2 BB IZRBak L T\ D 2 &R S 7z, DOCK2 DfHE
WIZESEANTF FED BBRIRASTF FRARIEBZ O, VAL T ¢ REGERITTSRMEIC
LERREE~LERTH L 2R LIz, 208 &, BUKMARREEDEANICL Y, BRIk
1E DL EME & FEIEME DO 7 OUEZ WFE L=, 2 DO Cys FE I OMISHE /7 % xylene (2 XD
ZRE LIz 2 A, “OOERTHOEN S > & b8 < 725 o-xylene 224K 31 T PPI [
EIEMEAHER Stz F72. < D CPPIZ Arg =0 Trp W a £ 5728, DOCK2 [HERTF
R Arg 36 KON Trp FRIES A 09 2 & C, G LZ SE TE RV LTz, 4 D2
fr% Trp, 4 7% Arg CTEHLL7- 32 @ PPI FHEIEMEITHERF S 72 b D D MR TOIEM:IC
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BACIX 72 v o 72, PPl BLETRPED HERE S 7= 32 122V TC, oligoArg % i 2 sy E| L C Rl &
L7233, BEOEHIZ oxylene TZEB L 34 1XL biz, V—FKXTF K4 Ll L TH
30 fissd ) ICHIflE A 2 BAE Lz, D2, Ay 72 Ny T 2T —8 LDOKIRNITES
WIZRHIE RISV T, 35 DREIRIEIIEIEMR TH oLy 7= U ERBRE TH o1z, Z
D e, 34 ORI MREERLEIEMEIL, CPP 22 Y a7 —3 3 3 LN o-xylene 42
2 L0 g s e Lz 2 CICERT 5 &R I,
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o5 6 FE fian

AR PPl OFRES L, Fiz 2R FEE LTI SN TWD, 7T RiE, K11k
B LA RO TR Z R B EERT 22 M TE LD, PPITREICEHT 2 &%
Ao d, LLRns, £ 056, Mz Eim LW A iftE J:iﬁofb\éo CPP
RO EHEFEEOREMITZ BE SN TS L 00, BEEMETLT L LS T
W, EO7w, FRERIEME & BE R & OB E S L LAY & foi b 2 R T
ORERIT AN Z R L LIz F R D W57 0 PPI FHESR 24510 L 7= AISEAT5E 0
HRIZEMTE D LB 2T,

Fo LB NME S LAY L 0 LN PPI BLEIRME 2~ & & 32 C, DOCK2
HESRTF FORGZHEIEL I 77—V T A AT VA AT V== T 5 iTo70, TT 77—
CEHWT, Racl &HiA LT DOCK2 I[ZBIFMEZRTXTF ROT X LRIV —=7
Zipat L7ofE R, DOCKL 12kt L C@RMEAZ A5 DOCK2 [HERTF N4 2RI L7z, 4
hLDUX%%ﬂ@PH%AMM@K@E?@%L\muM@%ETﬂMWO%%@ﬁ%

2Tl L7z, K51 DOCK2 [HEH TH 5 CPYPP & XTI IEMERS ORI
%TL PPI ORLEIIFEH EREO R EVLEMNEFITH D LRI ni-, —J, 41133
UM LR O B Clidfifaile A 2 PLEE 3, BEmrEMRnE B 2 b7z, CPPIZ L% =
YValr—varemET ozl s L,

V= RRXFFRA~DCPP a2 al—alirb, Vo7 ey 7T —
B L DRINT IS WG R 2 Hvy, CPP o gzt % b U 7o, 13 T D BEXN CPP % ¥
fliLice 2 A, —BIIESGEELRH D ERESNTNDINTF RThHoTH, ZOEEH

ZIMEL N B - 72, OligoArg, Nle-Pen 35 KX OY S4.5-PV 23, fthd CPP & kb L T B AF72 5
BHimE R Uz, £, BB CPP OEERLE LT, A B VTV IS RAE T E
PB1-F2 (& H L. C i~ U I AAEEDE S BLS & Gie 7 F FadHili L7z, £ OfEE,
TANLN D 83 (LIZFY T~ B~ 7" F R(PF5) 3 e b i IS ME 2 s LTz,

WNT, BIFeBEimEs2 R LI CPP 2 4 L arya—ya v L, EHEMER X O
i L ETE RO HR 4 B g L7z, OligoArg 3L WNPF5 & Do Yo7 — hTlE, &N
%31%ﬁb M S g Lz, & 512 DOCK2 [HENT T ROfEELE i Z Rt L,
7'F ROMjiEZ oligoArg 2 53E L CTHELE L. o-xylene V > 5 — CHUE L7=iFE kR, U —F
Nf?F4&%&Lfmﬁwﬁﬁwﬁi@%ﬁﬁ%%L\ﬁ@@ﬁ@ﬁhk%ﬁ%bfw
toé&%’cw TR A RS 2N EBEX BN TEY, CPP 2 Yo — B

T 572010, MR E R T 20 T COBMiR ETRALETH D, Ll
@%\mm$®J/A%%%%&¢5Dmxﬁﬁ%£@i\%m@ﬁ%%%%&#é%ﬁk
AT, RE BMOMIBICIER TE 5 alieER & 5, 4%, ERfRRELSZE L
AT W2 D,
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LLED X 51, PPl LEHEAT T ROMIGNIER HROIEFIEM &, B ~DFREL O
FABE 2 BATEIZ L 7= 2 MR R PIE 2R CT& 72, X7 F NI & » TR OB @ILE K
REETH Y, 9 LIEFRETIEZ, PPI ZHET 27 F REELOARIZKEZ ST T
xHrEZLND,
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A

AW OMERZE G2 CTFTSWE Lz, RHIEMN TS 57— X7 0 I &V A
TUT AT AT F T 4 — T R) =S 7707t oL RE  —JI&EE
i+ S LEETR NI RGN - L E 9,

AWFZEITHAR . TTALFIIERT U —F v~ — Vv — RRAME LB X0 ek arsen =
JEWFER EWRBREELO ZTHREOL L TITbA b DO THY . T ZIZESEHLE L ET
i—a‘o

LB DERRTFRENCBWTE R T ) L AR TS 2 THE £ Lo ulb Pt
B YL = ER 112"/ 1 S o0 | o =2 105 T S B 1= W % NI e o S S [ k=2 | o [
TAFE e R BIK, TP TR EREIRIS, o2 2T
BrEmA A T LSRR B E R e AR, ST LFRREZEAT AR TR
N L ET,

L& DO EBENCME 2 TR 272 & F LTcon Ay FTERT EREATE R e
K. e FOEET EATZER SORE L oMy FOTZERT BEAE R SO
RR{EE, SeAEW I FARGERT EEMISER AR AT TAEM S IR EENEE
M, ST FOEsr TENER /MMUseE R, Tl =y M EEMER K
MBIER, TTEMEAIIERT EMTE R & AR RIZIEEI 2 L E 9,

AWFED CRO v 3P A L k& THMTEX £ Ui oAb 5e it AR5
HlEHN N LR,

ba3

1 IFREMRE T

il

\;

ABFFEICE U TR TS 2 W2 & & Lo o R BT JE T T ZE R ) IR0 —
b STTAMEARPITERT LA E R = e STARRINIIERT TEAER Fh
FAEK, TTBHANNIIEAT EENER AR ST ANAIERT AR ©,
TEHMBARIIIERT PR R, ERAHAEK =y PEEEE U s oo
EERABAR L = N BENTER PWIE— . TEM S FO5EDT e AT, T
A=y b MIEETR, SUEWEENITEET EEMEE PREERK, ST ERENT
e fE L TRRICEHFH N LET,

KA OPEITKE L, 4t BISTROEREREETIER I S50 I I B 72
CHOE, CEELERY E L, Z IR L EFET, £, ARSCOERIC BT
0. HWECHERTEE E LA TR RS RERICATIER R M
BRUERe . PERRIE S S, RS TS BB = » h (TR
F 11362 FEE I VR < SO LS

RIS, AR SAERUTEE L CHAR D T 7o 2 IGEE L TV T2V T2 BRI R S BER 72 L
ij—o
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Experimental sections

Peptide synthesis

DOCK?2-inhibitory peptides 1 and 3 were synthesized by Scrum Inc. (Osaka, Japan). PTD4, KST
peptide, pVEC, MAP, MPG, transportan, and S4,3-PV with an additional Mpa moiety at N-terminus
were prepared by Chinese Peptide Company Ltd. (Hangzhou, China). Other peptides were
synthesized on Biotage® Syro Wave™ peptide synthesizer (Biotage AB, Uppsala, Sweden),
Symphony® X peptide synthesizer (Protein Technologies, Inc., AZ, USA), and/or manual shaker
using Sieber amide resin by standard Fmoc-based solid phase peptide synthesis (SPPS). Crude
peptides were purified with preparative high performance liquid chromatography (HPLC). The
purity of each peptide was ascertained by analytical HPLC, and the structural assignment was
performed by MALDI-TOF MS.

The general procedure is described as follows as the synthesis of Tat-Cys (H-Gly-Arg-Lys-Lys-
Arg-Arg-GIn-Arg-Arg-Arg-Pro-Pro-GIn-Cys-NH,): The peptide chain elongation was performed
using Symphony® X peptide synthesizer. After Sieber amide resin (211.3 mg, 0.15 mmol, 0.71
mmol/g) was swollen in N-methylpyrrolidone (NMP) for 20 min, Fmoc groups were removed by
20% piperidine/NMP for 7.5 min x 2. Coupling reaction was carried out with Fmoc-amino acid (0.6
mmol), N,N'-diisopropylcarbodiimide (0.6 mmol), and ethyl cyano(hydroxyimino)acetate (Oxyma
Pure®, 0.6 mmol) in NMP (1.5 mL) for 2 h at room temperature under N, atmosphere. After
elongation completed, the resin was washed with NMP and MeOH, and dried to yield 844.5 mg of
H-Gly-Arg(Pbf)-Lys(Boc)-Lys(Boc)-Arg(Pbf)-Arg(Pbf)-GIn(Trt)-Arg(Pbf)-Arg(Pbf)-Arg(Pbf)-Pro-
Pro-GIn(Trt)-Cys(Trt)-Sieber amide resin. A portion of the resin (112.6 mg) was treated with
TFA-scavengers (TFA/m-cresol/thioanisole/H,O/T1S/1,2-ethanedithiol = 80/5/5/5/2.5/2.5, 1.2 mL)
for 2 h at room temperature. After addition of diisopropyl ether (DIPE), the mixture was centrifuged
and the supernatant was removed. This procedure was repeated again. After the residue was
extracted with MeCN/H,0 containing 0.1% TFA, the extract was filtrated and lyophilized. The crude
peptide was purified with preparative HPLC using Phenomenex kinetex 5u XB-C18 column (250 x
21.10 mm 1.D.) at a flow rate of 8 mL/min with a linear gradient of 7% to 17% of MeCN/H,0
containing 0.1% TFA over 1 h. The fractions containing the product were collected and lyophilized
to give 8.0 mg of Tat-Cys. Mass spectrum: MALDI-TOF (a-cyano-4-hydroxycinnamic acid,
monoisotopic) Cr3H137N37016S: [M+H]" 1821.14 (calcd. 1821.08); elution time on RP-HPLC: 7.00
min, elution conditions: Phenomenex kinetex 5u XB-C18 column (4.6 X 100 mm I.D.), a linear
gradient of 5% to 45% of MeCN/H,0 containing 0.1% TFA over 20 min.
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Synthesis of luciferin-linker

Luciferin-linker was synthesized as previously reported (Scheme 3),%® and was purified by silica
gel flash chromatography (DIOL60, Fuji Silysia Chemical Ltd., Aichi, Japan). '"H NMR (300 MHz,
CD;OD): & 8.41-8.49 (m, 1H), 8.08-8.18 (m, 1H), 7.96 (1H, d, J = 2.1 Hz), 7.81-7.93 (2H, m), 7.43
(dd, 1H, J =9.0, 2.4 Hz), 7.27 (ddd, 1H, J = 6.8, 5.1, 1.5 Hz), 5.46 (t, 1H, J = 9.3 Hz), 4.41 (t, 2H, J
= 6.1 Hz), 3.77-3.87 (m, 2H), 2.95-3.05 (m, 2H), 2.12-2.25 (m, 2H); LC-MS (MeCN/H,0/
ACONHy,) CyH17N305S, [M+H]* 508.1 (calcd. 508.0).

(e}
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a HO/\/\S/ >z b /S N
HO >"YsH ——> U > CI)LO/\/\S N

3-Mercaptopropanol =

O
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|
Luciferin-linker Z

Scheme 3. Synthesis of luciferin-linker. Reagents and conditions: (a) methoxycarbonylsulfenyl
chloride (1.1 eq.), 2-mercaptopyridine (1 eg.), MeOH, 0°C, 30 min, 83%; (b) triphosgene (0.37 eq.),
pyridine (1 eq.), THF, 0°C, 30 min; (c) D-Luciferin K" salt (0.17 eq.), NaOH (1 eq.), H,O, rit., 1 h,
two steps 8.0%.

Luciferin modification of peptides

The general procedure of luciferin modification is described as follows as the synthesis of
Tat-C(luc) (H-Gly-Arg-Lys-Lys-Arg-Arg-Gin-Arg-Arg-Arg-Pro-Pro-GIn-Cys(luc)-NH,):  Tat-Cys
(4.7 mg, 2.1 umol) was reacted with luciferin-linker (1.2 mg, 2.3 umol) in N,N,-dimethylformamide
(DMF) (18.7 pL) for 3 h at room temperature. The mixture was diluted with a small amount of
MeOH before addition of DIPE. The resulting suspension was centrifuged, and the supernatant was
removed. This procedure was repeated again. The residue was dissolved in MeCN/H,O containing
0.1% TFA, and filtrated. The filtrate was purified with preparative HPLC using Phenomenex Kinetex
5u XB-C18 column (250 x 21.10 mm 1.D.) at a flow rate of 8 mL/min with a linear gradient of 24%
to 34% of MeCN/H,0 containing 0.1% TFA over 1 h. The fractions containing the product were
collected and lyophilized to give 2.9 mg of Tat-C(luc). Mass spectrum: MALDI-TOF (a-cyano-4-
hydroxycinnamic acid, average) CggH140N3002:Ss [M+H]" 2218.32 (calcd. 2218.64); elution time on
RP-HPLC: 14.35 min, elution conditions: Phenomenex kinetex 5u XB-C18 column (4.6 x 100 mm
1.D.), a linear gradient of 5% to 45% of MeCN/H,0 containing 0.1% TFA over 20 min.
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Modification of DOCK2-inhibitory peptides with luciferin

The general procedure of luciferin modification of cyclic DOCK2-inhibitory peptides is
described as follows as the synthesis of 20: Fmoc-Cys(Dpm)-OH was introduced into position 1, and
Fmoc-Cys(Mmt)-OH into positions 2 and 12 instead of standard Fmoc-Cys(Trt)-OH. Fmoc SPPS
was carried out on Syro Wave'™ peptide synthesizer using Sieber amide resin (28.6 mg, 0.02 mmol,
0.70 mmol/g) to obtain 108.9 mg of Ac-Cys(Dpm)-Cys(Mmt)-Val-Ala-Lys(Boc)-Tyr(tBu)-His(Trt)-
Gly-Tyr(tBu)-Pro-Trp(Boc)-Cys(Mmt)-Arg(Pbf)-Arg(Pbf)-Arg(Pbf)-Sieber amide resin. A portion of
the resin (40.8 mg) was treated with TFA-scavengers (TFA/m-cresol/thioanisole/H,O/TIS/1,2-
ethanedithiol = 80/5/5/5/2.5/2.5, 500 uL) for 20 min at room temperature. After addition of DIPE,
the mixture was centrifuged and the supernatant was removed. This procedure was repeated again.
After the residue was extracted with MeCN/H,O containing 0.1% TFA, the extract was filtrated and
lyophilized to give peptide powder, which was a linear peptide protected with Dpm groups and
partially with Pbf groups. The peptide was dissolved in MeCN (20 mL) and H,O (20 mL), and
NH4HCO; was added to the solution until it turned basic. The mixture was vigorously stirred for 18
h at room temperature. After the solvent was removed by evaporation and lyophilization, the
resulting residue was treated with 95% TFA (TFA/TIS/H,O = 95/2.5/2.5, 500 uL) for 2.5 h at room
temperature. After addition of DIPE, the mixture was centrifuged and the supernatant was removed.
This procedure was repeated again. The residue was dissolved in MeCN/H,O containing 0.1% TFA,
and filtrated. The filtrate was purified with preparative HPLC using Phenomenex kinetex 5u
XB-C18 column (250 x 21.10 mm 1.D.) at a flow rate of 8 mL/min with a linear gradient of 21% to
31% of MeCN/H,O containing 0.1% TFA over 1 h. The fractions containing the product were
collected and lyophilized to give 1.1 mg of a cyclic peptide that had a free sulfhydryl group on a side
chain of Cys', and formed a disulfide bridge between Cys” and Cys*. Mass spectrum: MALDI-TOF
(a-cyano-4-hydroxycinnamic acid, monoisotopic) CgsHisN2015S3 [M+H]™ 1936.52 (calcd.
1936.90); elution time on RP-HPLC: 4.65 min, elution conditions: Phenomenex kinetex 5u XB-C18
column (4.6 x 100 mm 1.D.), a linear gradient of 20% to 70% of MeCN/H,O containing 0.1% TFA
over 25 min. The obtained peptide was reacted with luciferin-linker to give 1.0 mg of 20. Mass
spectrum: MALDI-TOF (o-cyano-4-hydroxycinnamic acid, average) CigoH137N31023Ss [M+H]"
2334.43 (calcd. 2334.75); elution time on RP-HPLC: 8.95 min, elution conditions: Phenomenex
kinetex 5u XB-C18 column (4.6 x 100 mm 1.D.), a linear gradient of 20% to 70% of MeCN/H,0O
containing 0.1% TFA over 25 min.

Bridging with xylene moiety

The general procedure of xylene bridging is described as follows as the synthesis of 31: A
starting linear peptide Ac-Leu-Asn-Arg-Cys-Val-Ala-Lys-Tyr-His-Gly-Tyr-Pro-Trp-Cys-Arg-Arg-
Arg-NH; (6.7 mg, 3 umol) was dissolved in 30 mM NH4HCO; (900 pL, 30 pmol). A solution of
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a,0'-dibromo-o-xylene (0.8 mg, 3umol) in MeCN (200 pL) was added, and the mixture was stirred
overnight at room temperature. After addition of 50% AcOH/H,0, the mixture was filtrated and
lyophilized. The crude peptide was purified with preparative HPLC to give 31 (2.1 mg). Mass
spectrum: MALDI-TOF (a-cyano-4-hydroxycinnamic acid, monoisotopic) CiosH157N35021S;
[M+H]" 2321.41 (calcd. 2321.18); elution time on RP-HPLC: 5.33 min, elution conditions:
Phenomenex Kinetex 5u XB-C18 column (4.6 x 100 mm I.D.), a linear gradient of 20% to 70% of
MeCN/H,0 containing 0.1% TFA over 25 min.

Synthesis of (S)-benzyl 15-{[(benzyloxy)carbonyl]amino}-8-(tert-butoxycarbonyl)-2,2-dimethyl-
4,12-dioxo-3-0xa-5,8,11-triazahexadecan-16-oate (7)

(S)-5-Benzyloxy-4-{[(benzyloxy)carbonyl]Jamino}-5-oxopentanoic acid (6, 851 mg, 2.29 mmol)
and 1,4-bis-(tert-butoxycarbonyl)-1,4,7-triazaheptane (632 mg, 2.08 mmol) were dissolved in a
solution of 0.5 M Oxyma Pure® in DMF (4.58 mL, 2.29 mmol). EDCI (439 mg, 2.29 mmol) was
added to the mixture. The mixture was stirred at room temperature for 2 h. The mixture was
neutralized with 1 M HCI and extracted with ethyl acetate (AcOELt). The organic layer was separated,
washed with 1 M HCI, water and brine, dried over Na,SO, and concentrated in vacuo. The residue
was purified by column chromatography (silica gel, eluted with 0-50% 2-propanol/hexane). The
residue was dissolved in AcOEt then washed 3 times with sat. NaHCO; and brine, dried over
Na,SO,, and concentrated to give 7 (1.1 g, 81%). *H NMR (300 MHz, DMSO-dg) 5 1.36 (9H, s),
1.38 (9H, s), 1.69-1.87 (1H, m), 1.92-2.07 (1H, m), 2.16 (2H, brs), 2.93-3.06 (1H, m), 3.07-3.20
(6H, m), 4.02-4.17 (1H, m), 4.95-5.20 (4H, m), 6.80 (1H, brs), 7.28-7.40 (10H, m), 7.80 (1H, d, J =
7.5 Hz), 7.83-7.94 (1H, m). *C NMR (75.5 MHz, DMSO-d) & 26.47, 28.02, 28.21, 53.66, 65.51,
65.91, 77.52, 78.53, 127.72, 127.82, 128.01, 128.33, 128.39, 135.90, 136.84, 156.12, 171.13, 172.01.
HRMS (MALDI-TOF): m/z calcd. for C34H4sNsNaOg [M+Na]*: 679.3319, found: 679.3339.

Synthesis  of  (S)-15-({[(9H-fluoren-9-yl)methoxy]carbonyl}amino)-8-(tert-butoxycarbonyl)-2,2-
dimethyl-4,12-dioxo-3-0xa-5,8,11-triazahexadecan-16-oic acid (Fmoc-DA-OH, 5)

A mixture of 7 (1.1 g, 1.67 mmol) and 5% Pd-C (4.46 g, 0.84 mmol) in MeOH (15 mL) was
hydrogenated under balloon pressure at room temperature for 2 h. The catalyst was removed by
filtration and the filtrate was concentrated in vacuo to give crude (S)-15-amino-8-(tert-
butoxycarbonyl)-2,2-dimethyl-4,12-dioxo-3-0xa-5,8,11-triazahexadecan-16-oic acid (8) as colorless
foam. Compound 8 was added to a solution of (9H-fluoren-9-yl)methyl (2,5-dioxopyrrolidin-1-yl)
carbonate (572 mg, 1.7 mmol) and N,N-diisopropylethylamine (0.269 mL, 1.54 mmol) in
MeCN/H,0 (4 mL, 1:1 (v/v)). The mixture was stirred overnight. The mixture was neutralized with
0.1 N HCI at 0°C and extracted with AcOEt. The organic layer was separated, washed with 0.1 N

HCI and brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by column
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chromatography (diol-silica gel, eluted with 20-100% AcOEt/hexane) to give 5 (926 mg, 1.414
mmol, 86 % (2 steps)) as a white foam. The obtained foam was dissolved in AcOEt then
re-precipitated into hexane (300 mL) to give a white powder. *H NMR (300 MHz, DMSO-dg) & 1.36
(9H, s), 1.38 (9H, s), 1.69-1.87 (1H, m), 1.92-2.07 (1H, m), 2.16 (2H, brs), 2.93-3.06 (1H, m),
3.07-3.20 (6H, m), 4.02-4.17 (1H, m), 4.95-5.20 (4H, m), 6.80 (1H, brs), 7.28-7.40 (10H, m), 7.80
(1H, d, J = 7.5 Hz), 7.83-7.94 (1H, m). *C NMR (75.5 MHz, DMSO-dg) & 26.77, 28.05, 28.23,
31.83, 37.04, 37.39, 38.19, 46.23, 46.65, 46.86, 53.53, 65.70, 77.56, 78.56, 120.10, 125.30, 127.08,
127.64, 140.71, 143.81, 154.7, 155.58, 156.13, 171.37, 173.64. HRMS (MALDI-TOF): m/z calcd.
for Ca4H4sN4NaOg [M+Na]™: 677.3162, found: 677.3174.

FITC modification of peptides

The general procedure of FITC modification of peptides is described as follows as the synthesis
of 15: A starting peptide H-CGXXXXXQXXXPP-NH, (12.2 mg, 5.5 pmol) and fluorescein-5-
maleimide (2.4 mg, 5.5 pmol) were mixed in phosphate buffer (pH 6.86, 87 uL) and MeCN (113 pL).
After stirring for 9 h at room temperature, the mixture was lyophilized. The resulting residue was
dissolved in MeCN/H,O containing 0.1% TFA, and filtrated. The crude peptide was purified with
preparative HPLC to give 15 (1.2 mg). Mass spectrum: MALDI-TOF (o-cyano-4-hydroxycinnamic
acid, monoisotopic) C116H190N40020S1 [M+H]" 2640.56 (calcd. 2640.44); elution time on RP-HPLC:
10.93 min, elution conditions: Phenomenex Kinetex 5u XB-C18 column (4.6 x 100 mm 1.D.), a
linear gradient of 5% to 45% of MeCN/H,O containing 0.1% TFA over 20 min.
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Physicochemical properties

Tablel6. Physicochemical characteristics of luciferin-modified CPPs

Mass analysis [M+H]*

HPLC analysis®

Compound Sequence Mglecular calcd @ obsvd ® Condition F.Zetentio.n Purity
weight time (min) (%)
Tat-C(luc) H-GRKKRRQRRRPPQC(luc)-NH, 2217 63 2218 64 2218 32 A 1435 988
PTD4-C(luc) H-YARAAARQARAC(luc)-NH; 1702 96 1703 97 1703 78 B 607 96 4
Mpa(luc)-Penetratin Mpa(luc)-RQIKIWFQNRRMKWKK-NH, 2730 34 273135 273101 c 1976 98 8
Mpa(luc)-Nle-Pen Mpa(luc)-RQIKIWFQNRRXKWKK-NH,? 2712 30 271331 271313 c 19 84 98 6
X-pep-C(luc) H-MAARLC(luc)-NH, 1059 33 1060 34 1060 50 c 1841 96 7
[C(luc)®] Oct4-PTD H-DVVRVWFC(luc)NRRQKGKR-NH, 2442 87 2443 88 2443 81 B 770 973
Mpa(luc)-KST peptide  Mpa(luc)-KSTGKANKITITNDKGRLSK-NH, 2643 25 2644 26 2644 20 B 609 95 4
Mpa(luc)-pVEC Mpa(luc)-LLIILRRRIRKQAHAHSK-NH, 2693 29 2694 30 2694 48 B 12 14 975
Mpa(luc)-R8 Mpa(luc)-RRRRRRRR-NH; 175111 1752 11 1752 03 A 1477 96 5
Mpa(luc)-MAP Mpa(luc)-KLALKLALKALKAALKLA-NH, 2361 05 2362 06 236179 B 2134 953
Mpa(luc)-MPG Mpa(luc)-GALFLGFLGAAGSTMGAWSQPKSKRKV-NH, 3329 96 333097 333093 B 16 45 96 1
Mpa(luc)-Transportan Mpa(luc)-GWTLNSAGYLLGKINLKALAALAKKIL-NH, 332504 3326 05 332569 B 18 44 98 4
Mpa(luc)-S4ys-PV Mpa(luc)-ALWKTLLKKVLKAPKKKRKV-NH, 2860 66 2861 67 2861 61 B 1173 98 1

3 Calculated average molecular weight of [M+H]", ® observed average molecular weight using MALDI-TOF MS

linear mode, © HPLC analysis was carried out in conditions A, B, or C. HPLC conditions: Phenomenex kinetex 5u

XB-C18 column (4.6x100 mm I.D.), a linear gradient of (A) 5% to 45% of MeCN/H,0O containing 0.1% TFA over 20

min, (B) 20% to 70% of MeCN/H,0O containing 0.1% TFA over 25 min, and (C) 5% to 55% of MeCN/H,O

containing 0.1% TFA over 25 min.
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Table 17. Physicochemical characteristics of luciferin-modified PB1-F2 fragments

Mass analysis [M+H]* HPLC analysis ©
Compound Sequence Mo.lecular caled @ obsvd ® Retentign Purity (%)
weight time (min)
PF1 Mpa(luc)-GSLKTRVLKR-NH; 1641 02 1642 03 164174 18 16 951
PF2 Mpa(luc)-SLKTRVLKRW-NH, 1770 18 177119 177097 19 22 970
PF3 Mpa(luc)-LKTRVLKRWK-NH, 1811 27 1812 28 1811 95 1901 9% 1
PF4 Mpa(luc)-KTRVLKRWKL-NH, 1811 27 1812 28 1812 03 18 26 971
PF5 Mpa(luc)-TRVLKRWKLF-NH, 1830 27 1831 28 1831 02 2195 959
PF6 Mpa(luc)-RVLKRWKLFN-NH, 1843 27 1844 28 1844 18 2109 96 2
PF7 Mpa(luc)-VLKRWKLFNK-NH; 1815 26 1816 27 1815 94 2090 96 2
PF8 Mpa(luc)-LKRWKLFNKQ-NH; 1844 26 1845 27 1845 08 2009 96 8
PF9 Mpa(luc)-KRWKLFNKQE-NH, 1860 21 1861 22 1861 02 18 58 955
PF10 Mpa(luc)-RWKLFNKQEW-NH, 1918 25 1919 26 1919 04 20 47 978
PF11 Mpa(luc)-WKLFNKQEWT-NH, 1863 17 1864 18 1864 20 2271 971
PF12 Mpa(luc)-KLFNKQEWTN-NH; 1791 06 1792 07 1792 02 20 45 96 7

3 Calculated average molecular weight of [M+H]*, ® observed average molecular weight using MALDI-TOF MS
linear mode, © HPLC conditions: Phenomenex kinetex 5u XB-C18 column (4.6x100 mm 1.D.), a linear gradient of

5% to 55% of MeCN/H,0 containing 0.1% TFA over 25 min.

Table 18. Physicochemical characteristics of luciferin-modified Tat derivatives

Mass analysis [M+H]* HPLC analysis ©
Compound Sequence Mo.lecular caled @ obsvd ® F.{etentio.n Purity (%)
weight time (min)
9 H-C(luc)GRKKRRQRRRPP-NH, 2089 50 2090 51 2090 27 507 975
10 H-C(luc)GRXXRRQRRRPP-NH, 2261 69 226270 2262 82 489 967
11 H-C(luc)GXKXRXQRXRPP-NH, 2349 83 2350 84 235072 476 955
12 H-C(luc)GXKKXXQXXXPP-NH, 2437 98 2438 99 2438 88 471 96 6
13 H-C(Iuc) GXXXXXQXXXPP-NH, 2610 16 261117 261125 465 950

3 Calculated average molecular weight of [M+H]", ° observed average molecular weight using MALDI-TOF MS
linear mode, ¢ HPLC conditions: Phenomenex kinetex 5u XB-C18 column (4.6x100 mm 1.D.), a linear gradient of

5% to 55% of MeCN/H,0 containing 0.1% TFA over 25 min. X represents the DA residue.
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Table 19. Physicochemical characteristics of FITC-modified Tat derivatives

Mass analysis [M+H]* HPLC analysis ©
Compound Sequence Mo.lecular caled @ obsvd ® Retentlo'n Purity (%)
weight time (min)
14 H-C(FITC)GRKKRRQRRRPP-NH, 2120 41 212009 2120 16 1142 96 4
15 H-C(FITC)GXXXXXQXXXPP-NH, 2089 50 2640 44 2640 57 1093 930

3 Calculated monoisotopic molecular weight of [M+H]", °

observed monoisotopic molecular weight using
MALDI-TOF MS reflector mode, ® HPLC conditions: Phenomenex kinetex 5u XB-C18 column (4.6x100 mm I.D.), a

linear gradient of 5% to 45% of MeCN/H,0O containing 0.1% TFA over 20 min. X represents the DA residue.

Table 20. Physicochemical characteristics of DOCK2-inhibitory peptides

Mass analysis [M+H]" HPLC analysis*

Compound Sequence Mqlecular caled @ obsvd ® Condition Retentiqn Purity

weight time (min) (%)
2 Ac-VAKYHGYPWNRRR-NH, 174397 174393 174412 A 11 68 992
4 Ac-C*VAKYHGYPWC*RRR-NH, 1834 14 183389 1833 65 A 12 49 987
16 Ac-C*VAKYHGYPWC*RRRRRRRR-NH, 2615 07 2614 40 2614 34 A 1234 995
17 Ac-C*VAKYHGYPWC*RRRRQIKIWFQNRR-NIle-KWKK-NH, 4044 81 4043 21 4043 23 A 1520 992
18 Ac-C*VAKYHGYPWC*RRRALWKTLLKKVLKAPKKKRKV-NH; 4193 18 4191 48 4191 77 A 16 66 976
19 Ac-C*VAKYHGYPWC*RRRTRVLKRWKLF-NH, 3162 79 316171 3161 76 A 1584 992
23 Ac-C*V-MeAla-KYHGYPWC*RRR-NH, 1848 16 184791 1847 65 B 443 990
24 Ac-C*VAK-MeTyr-HGYPWC*RRR-NH; 1848 16 184791 1847 69 B 363 993
25 Ac-C*VAKY-MeHis-GYPWC*RRR-NH, 1848 16 184791 1847 69 B 378 96 4
26 Ac-C*VAKYH-MeGly-YPWC*RRR-NH, 1848 16 1847 91 1847 68 B 406 972
27 Ac-C*VAKYHG-MeTyr-PWC*RRR-NH, 1848 16 1847 91 1847 87 A 12 26 97 4
28 Ac-C*VAKYHGYP-MeTrp-C*RRR-NH, 1848 16 1847 91 1847 84 A 13 06 835
29 Ac-LNRC#VAKYHGYPWCH#RRR-NH, (p-xylene) 232173 232118 232117 A 1389 991
30 Ac-LNRC#VAKYHGYPWCH#RRR-NH, (m-xylene) 232173 232118 232137 B 540 994
31 Ac-LNRC#VAKYHGYPWCH#RRR-NH, (0-xylene) 232173 232118 232141 B 533 985
32 Ac-C*WARYHGYPWC*RRR-NH, 1949 23 1948 91 1948 69 B 520 99 6
33 Ac-RRRRC*WARYHGYPWC*RRRR-NH, 2730 16 2729 41 2729 49 B 309 91
34 Ac-RRRRC#WARYHGYPWC#RRRR-NH, (0-xylene) 2834 31 283348 283316 B 419 99 4

Disulfide bridge was formed between C* residues. Xylene-based bridge (p-, m-, or o-isomers used) was formed
between C# residues. ? Calculated monoisotopic molecular weight of [M+H]*, ® observed monoisotopic molecular
weight using MALDI-TOF MS reflector mode, ¢ HPLC analysis was carried out in conditions A, or B. HPLC
conditions: Phenomenex kinetex 5u XB-C18 column (4.6x100 mm 1.D.), a linear gradient of (A) 5% to 45% of
MeCN/H,0 containing 0.1% TFA over 20 min, and (B) 20% to 70% of MeCN/H,O containing 0.1% TFA over 25

min.
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Table 21. Physicochemical characteristics of luciferin-modified DOCK2-inhibitory peptides

Mass analysis [M+H]* HPLC analysis ©
Compound  Sequence Molecular ca1eq = obsvd ® REENtion bty (%)
weight time (min)
20 Ac-C(luc)C*VAKYHGYPWC*RRR-NH; 233374 233475 2334 43 895 96 6
21 Ac-C(luc)C*VAKYHGYPWC*RRRRRRRR-NH; 3114 67 3115 68 311591 802 980
22 Ac-C(luc)C*VAKYHGYPWC*RRRTRVLKRWKLF-NH, 3662 39 3663 40 3663 09 972 987
35 Ac-C(luc)RRRRC#WARYHGYPWC#RRRR-NH; (0-xylene) 333391 333492 333490 689 97 4

a

Disulfide bridge was formed between C* residues. 0-Xylene-based bridge was formed between C# residues.
Calculated average molecular weight of [M+H]*, ® observed average molecular weight using MALDI-TOF MS linear
mode, ¢ HPLC conditions: Phenomenex kinetex 5u XB-C18 column (4.6x100 mm 1.D.), a linear gradient of 20% to

70% of MeCN/H,0 containing 0.1% TFA over 25 min.

Recombinant protein preparations

Proteins were prepared as previously described.? All recombinant proteins were expressed in an
Escherichia coli BL21(DE3) culture induced overnight at 16°C. The cell pellet was collected by
centrifugation, resuspended in lysis buffer (50 mM Tris-HCI (pH 8), 300 mM NaCl, 5% (v/v)
glycerol, 1 mM DTT, 20 mM imidazole, 5 U/mL Benzonase (Sigma-Aldrich, MO, USA)), disrupted
by sonication, and then the crude lysate was centrifuged at 33,798 x g for 1 h. The supernatant was
loaded onto a 5 mL Ni-NTA superflow cartridge (QIAGEN, Hilden, Germany) using an AKTA 10S
system (GE Healthcare, IL, USA), and the cartridge was washed with wash buffer (50 mM Tris-HCI
(pH 8), 300 mM NaCl, 5% (v/v) glycerol, 1 mM DTT, 20 mM imidazole). Protein was eluted with
elution buffer (50 mM Tris-HCI (pH 8), 300 mM NaCl, 5% (v/v) glycerol, 1 mM DTT, 250 mM
imidazole), and further purified by size exclusion chromatography using a Superdex 200 column
(GE Healthcare) equilibrated with TBS (T9141, Wako, Osaka, Japan) containing 1 mM DTT, 5%
(v/v) glycerol, 5 mM EDTA.

Phage library construction and panning

T7 phage libraries displaying random peptides, which were generated by mixed-oligonucleotides
as template DNA, were constructed by using T7Select 10-3 vector from Merck, according to
previously described methods.* Biotinylated His-Avi-SUMOTEV-DOCK2(1192-1622) was
immobilized to streptavidin (SA) M280 Dynabeads (Invitrogen, CA, USA) in PBS (045-29795,
Wako) containing 0.5% BSA (blocking buffer). After washing in PBS containing 0.1% Tween 20
(PBST), beads were incubated with phage libraries for 1 h, and washed with PBST. Bound phages
were competitively eluted by FLAG-His-TEV-Rac1(1-177) (1 mM) and were incubated with
Escherichia coli BLT5615 cells (Merck) in logphase growth for phage amplification. After
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bacteriolysis, phages were recovered from the culture supernatant by centrifugation and

PEG-precipitation. Recovered phages were dissolved in PBS and used for the next round of panning.

DOCK2-Racl binding ELISA

The wells of a Nunc Maxisorp microplate (460-518) were coated with streptavidin (Wako, Osaka,
Japan), and were blocked by PBS containing 0.5% bovine serum albumin (BSA). Biotinylated
DOCK2 protein was captured by the streptavidin, and mixture of synthetic peptide and Racl protein
(2.5 nM) was added to the wells. After washing with PBS containing 0.1% Tween 20, bound Racl
protein was detected using horseradish peroxidase (HRP)-conjugated anti-FLAG antibody
(A8592-1MG, Sigma, MO, USA). The amount of HRP in wells was measured by SuperSignalTM
ELISA Pico Chemiluminescent Substrate (37069, Thermo Fisher Scientific Inc., MA, USA).

Binding analysis by SPR

SPR biosensing experiments were performed on a Biacore 3000 instrument equipped with
Sensorchip SA at 25°C (GE healthcare). For immobilization, HBS-EP+ (10 mM Tris-HCI, pH 7.4,
150 mM NaCl, 3 mM EDTA, 0.05% SP20) was supplemented with 1 mM DTT. Biotinylated
His-Avi-SUMO-TEV-DOCK2(1192-1622) was immobilized onto an SA sensorchip (GE healthcare)
using SA-Biotin capturing. Immobilization levels were approximately 4000 RUs. To study
interactions, HBS-EP+ supplemented with/without 0.2 mM TCEP was used as a running buffer.
Peptides were injected for 120 s at flow rate of 50 mL/min and the dissociation was followed for up
to 1500 s. Data processing and analysis was performed using BlAevaluation software ver. 4.1.1 (GE
healthcare). Sensorgrams were double referenced prior to curve fitting of concentration series to a
1:1 binding model to determine the binding rate constants ko, and ke The dissociation constant Kp

was calculated from the following equation: Kp = Kesif/Kon.

Cell-free GEF assay

Mixtures of peptides, His-Avi-SUMO-TEV-DOCK2(Met1192-Met1622) (10 nM), and
BODIPY-GTP (1000 nM) were incubated in assay buffer (20 mM Tris-HCI (pH 7.5), 150 mM NacCl,
1 mM DTT, 10 mM MgCl,, 0.01% Tween 20, and 0.01% BSA) on 384-well plates (784076,
Greiner) at 25°C for 1 h in the dark. FLAG-His-TEV-Rac1(1-177) (10 nM) preincubated with GDP
(100 nM, Wako) and anti-FLAG M2-Tb (61FG2TLA, Cisbio Bioassays, MA, USA) for 30 min at
25°C was added to the wells, and TR-FRET signals (excitation = 320 nm, emission = 486 and 520
nm) between BODIPY-GTP and anti-FLAG M2-Th on Racl protein were detected by an Envision

plate reader (PerkinElmer).
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Cell migration assay

MINO Iymphoma cells (ATCC) were grown at 37°C/5% CO, in RPMI 1640 medium
(Invitrogen) supplemented with 15% FBS (Invitrogen) and 1% penicillin-streptomycin (WAKO).
MINO cells were adjusted to 3 x 10° cells/mL in migration medium (RPMI 1640, no phenol red
(Invitrogen), 0.1% BSA) and incubated with peptides at various concentrations for 30 min at
37°C/5% CO,. Then, 100 pL cell suspension was added to the upper chambers (5-um pore size
inserts) of the transwell plate (3388, Corning, NY, USA). Subsequently 200 uL of a mixture of 10
nM S1P (S9666, Sigma-Aldrich) and the indicated concentration of peptide in migration medium
was added to the lower chambers of a 96-well transwell plate. After incubation for 4 h at 37°C/5%
CO,, the number of viable cells that migrated from the upper chamber to the lower chamber was
determined using a CellTiter-Glo kit (Promega, WI, USA). Luminescent signals of viable cells were

measured by an Envision plate reader (PerkinElmer).

Cellular internalization assay

Cellular internalization was evaluated as previously described.* Briefly, HEK293T (ATCC) cells
were transfected with an internal reporter construct to express luciferase. Transiently
luciferase-expressing cells were seeded at 1 x 104 cells/15 puL/well in DMEM (Dulbecco's Modified
Eagle's Medium) containing 10% fetal bovine serum (FBS) on 384-well plates (3570, Corning, NY,
USA). After 2 h, 15 pL of compounds diluted with Hank's Balanced Salt Solution (14025092,
Invitrogen, CA, USA) containing 10% FBS were added to the wells and the luminescence was
immediately measured by Envision (PerkinElmer, Waltham, MA) every 3 min (0.1 sec
detection/well) for 2 h. For cytotoxicity analysis, the number of viable cells in the wells was
determined using CellTiter-Glo kit (Promega, WI, USA).

Microscopic observation of fluorescein-labeled CPPs

HeLa cells were seeded for 20 h before the treatment of fluorescein-labeled CPPs. After seeding,
50 uM of the peptides and Hoechst 33342 (Thermo Fisher Scientific, Waltham, MA, USA) were
incubated with cells for 30 min. Cellular images were obtained with SP8 confocal microscopy (Leica,

Wetzlar, Germany).
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