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HZN{ '+Bromoacetlcamd e IBK D'EA NMP e 0cHN \/ N FmocHN~ \/ °N
Ho O DIEA, DMF 0
o)
1) 20% piperidine
o 2) Fmoc-Abu-OH, HATU, DIEA, DMF o o & AN 9 RLNH2 &
1) 20% Piperidine O AllocO 3) 20% piperidine ACHN\//Z/ _)L H\)J\ \_4 Iy i
2) Fmoc-Pro-OH |~ N 4) Ac,0, DIEA, DMF TN NEL NH, — N« N'NNOET
DIC, HOBt, DMF N—""N" N’ 5) PhSiH, Pd(PPhs),, DCM — [ = H Monoethyl fumarate \/7 H
— { : H H 6)95% TFA S HATU, DIEA, DMF 9
AEP inhibitor
1) 20% piperidine
2) Fmoc-Abu-OH, HATU, DIEA, DMF NPh-succinate
3) 20% piperidine HATU,DIEA, DMF
4) Boc-Ahx-OH, DIC, HOBt, DMF
5) PhSiH, Pd(PPh;),, DCM
6) Monoethyl fumarate, HATU, DIEA, DMF o) o
AcHN o NH NPh-fumarate (4)
? ‘ Z)OL 4 HATU, DIEA, DMF
SR A
o Q TN \
Z/O OEt N | o
Control 2
o N
I e
o k}
L ¢
AcHN O
NH
1) 95% TFA < g * 9 H N
2) NPh-amine (2), CDI, DMSO S N\\UJ\N/N 'AAN/\'/N O N7
U H o5 H (] \
o] Q AP-1
?VNHZ >¥0E\
o Nt
o |
H I MNH ©
N~ \H/ ~TON—
H :
o - k’>
Control 1

Scheme 2. Synthesis of AP-1, Control 1, 2 and AEP inhibitor.
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1.2 2335 BN 59 AEPSIe) Sold 2% gal

Mo

AP-1°] AEPY9 active siteol] £A3st= thiold} ¥F-gd =% Lolr 7]
918 buffere] #F=Ze DTT (100 equivalent) S 73 3 AP-1S A
Y 3to] emissions A3} (Figure 6b). pH 7.4¢ w] AP-1 A
A% RFU < 292 #9ew pH 4.5¢ W= pH 7.4¢ wre AN
A Frhs =l ol A EZ el thiold AAHE AAIF7] wEel
g2 AZ3. LC-MSE ¢ samples #43 ZA3 DTTE AP-19]
A3 Ao s 3 g3yt Bgon o= AP-19 I3 A3 F
7h= AEPY] active siteel thiol¥e] A=l Ao o] dojd R

< ¢ 4 9} (Figure 7).

(a) (b)

1200+ 2500-
- pH7.4 (+ DTT)
10004 200040908088 0000000000 0008000
800+ = pH4.5 (+ DT
=) o 15004
L 600 T T e RSO A
m 1000 FOGE0E = == T T S L ke ko e
400+ © pH7.4
200 500 = pH4.5
c L 1 ] 1 1 c T T
450 500 550 600 650 700 0 50 100
Wavelength (nm) Time (min)

Figure 6. (a) Fluorescence emission spectra of AP-1 (ex. 450 nm) ,(b)
Fluorescence emission intensity of AP-1 in buffers in the presence and

absence of DTT (ex. 450 nm, em. 550 nm). (YA o] A5},
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DAD1 B, Sig=470.16 Ref=off (C.\CHEM32\...DICALSCIENCEYMEDICALSCIENCE _TEST 2017-09-06 12-36-10022-0301.D)

mau | & o) E
s B > 0

04 < . Z - b

Tl

85

a : 5 ;s 12. 15 17.5 mir
MSD1 TIC, MS File (CACHEM32\1\DATAMEDIICAL SCIENCE\MEDICALSCIENCE_TEST 2017-09-06 12-35-10\022-0301 D) ES-API, |

9000000 -} ﬁ

8000000 | ®
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2000000 | mgﬁ ﬁg

1000000 | S° © r— mheieN

&
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T

118817

75
S Spectrum

*MSD1 SPC, ime=17.801 of CACHEM32\1\DATAWEDICALSCIENCE\MEDICALSCIENCE_TEST 2017-08-06 12-36-10'022-0301.0 ES+

-
-
100 Max: 1.E4036e+8D6
Q M 0
7N
0 Mo, (o] ¢
&0 i i B O o WS
e g A B e N N
, N T ﬁ W /)ﬁ\\o \
Ho~ _OH
60 S
SH o
w
2 CagHgsNg0,0S, Exact Mass: 873.35 3
- ~
=
* ¥ [M+H]*
fie]
20 o™~
= N
5 E
b
5 -
100 200 300 400 500 800 700 800 900 mz

Figure 7. Mass spectrometry data of AP-1 in the presence of excess DTT,

showing a mass peak corresponding to a DTT adduct.
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AEPste] Solxlel ZAde] o AP-19 AzWsts zAsy] 98,
AEP7} FH3 RAW 264.7 AE 3504 AP-19 £33 EXS

m

lstich. AEPS) 84 24% 2eldr] A Suae ¥ g2 o

o] pH 4.5 (active)®} pH 7.4 (inactive)olA] Ad3}sic}. AP-1& o
WAo] ¢S u <oFst JFL =lglon pH 7.4¢ ul= Aol o3 A

AT 4 9= A5 A5E vehisich. Te) wls pH 4.5 2%
A w AP-19 3 202 Zy}sgon o] o] AEP
Solmel Agel A& el FAss] A PeT Aol Loji

+ Control 1, 25 A sle] & 2702 A3A39 . Control 1, 2

o] ¢k, pHel A#gle]l #Fond A= T/ flden o=

AP-18] §3 2&e] 37k AEPste] Solgel 2@l o) vhehdrbs

o
s

(a)

Bl (Figure 8).

(b)

1000+ 1500+
Hl Active (pH 4.5) Control 1 Control 2 Il pH45

E= Inactive (pH 7.4) = pH7.4
1000+

RFU

500+

P

o ) D Q ) q? N ©

Protein Amount (ng) Protein Amount (ng)

Figure 8. Fluorescence emission intensity of (a) AP-1 (at 540 nm; ex.450

nm) and (b) the control probes at 5 «M in the presence of different

amounts of RAW cell lysate.
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1.3 SDS-PAGES °] 43 AP-19 %x &4 94

AP-19 %4 &84S Loliy] 93 AEX FEEF Aol AlZelA
AP-1¢} Controls AHE ¥ A" dWd WEES SDS-PAGES &
# st

RAW lysateell#] AP-13} Control 1 2% 2435 AEPE AgAe
2 %A on Control 2& o}FAE HX| A I= AL FAsgc. =
g o8] F%9 probeE X A AP-12 10 nM9] x4 &A s}
¥ 5§28 HAYdox mAFEA ", Control 1 o]¥t} Y& 5ol
1 nMA %At (Figure 9). °o]= AP-194 electrophile®
fluorophoreZ} QA3 7] W&o =28} a4 7Fo] ul$Ao) 43¢

WF Aoz =hA,

AP-1 Control 1 Control 2
i 10 100 1000 1000+inh. i ] 0o 1600 1004 oM
73
AEP - e .

25

(KDu)

Figure 9. Comparison of the AEP labelling by AP-1 and the control probes
in RAW cell lysates.
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9 AEE EUE Aokl AEoNAY = FAAHG AYAE 2AF
28, RAW 264.73 NIH-3T3, HCT 116, HT22 Alxe] AP-13
control £& g3 ZA3} RAW lysateo]x2] AP-12] WAL
Control 1Rt} dgxul & =88 RE Aolgl= A ZejA] A3 Ad
A3 wr$AS Bk, =3, RAW lysate 2 Atolgl: A Ee] AEP
inhibitor AX e F 3ste] AP-19] %A|7} AgA oz A& A& &<
st} (Figure 10).

{a} AP-1 Control 1
H 2.5 5 10 S+inh, 1 2.5 5 i0 )
' 7
ALEP — ‘ i a7

- et emmm—

o5
{KDat

(b AP-1 {c) AP-1
1 .9 5 16 (nkd) 1 3 14 inbd
—
-

-
Pt 37
AEP e s D - --

245
Wa}

Figure 10. Comparison of the AEP labelling by AP-1 and the control probe
intact (a) NIH 3T3 cell, (b) RAW 264.7 cell and (c)HT 22 cell.
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1.4 Confocal microscopy< °©] &3 live cell imaging

Atolgl= NIH 3T3 Al Ee] AP-1 % control & A3l AEP
e 3 2 dv)R3 & T8 FFESST. AP-1 2 control £ cell
of X2 § 30, 60, 120, 180&°] ARE W] FF oA S LT
F Pearson’ s correlation coefficients (Rr) < T3le] =28

X139} lysosomeZte colocalization =5 A %3t}

AP-1 (10 mM)# Control 1,2 (5 mM)<& X 5 30, 60, 120,
180% AHe Wel I AT AL A% AP-19) FF V= 24
A F7kE F ool Fel= ¥FF FEvE 3A FUEHA ge w9,
Control 1 Ajzke] z|dell wet A& S/}, o] AP-12 AEPSH
A el uk-g-of o3 3ol Axrst Frhst= ¥bd Control 12 v A
2l ukgeo] o3 JFeo FHHolgta Rz, o]RAE sy sl
AEP9 #84& 9dAlst= AEP inhibitorE Ax g3 ¥ AP-1, control
5 9 A3F 2L 27 XY FH oA Y S Y5 JF A
55 A% 23 AP-1E 2XE AEE I FFS e A7)

FAZ F e AFE F71E 24 284y, Control 12 A

< FA3te, Control 1°] Hv] A9

9 wkgell o FFe A7t FASHE AS Fdd}sd. =3 AEPSH

o] Agto] dojyx] A tlAed & electrophilee] $+= Control 2%
A As Wl Aol AUE FFo] o3tA ydehdes A B 5 s

¥
ofN

Figure 112 probe?} lysotracker A}o]¢] Pearson’ s correlation
coefficients (Rr)& A ¥ R SR lysosomal cysteine protease?!
AP-1, Control 1,28} lysosomee°l] A€l Z
¥ 3= %% 2 lysotrackers °|§3to o]F ¥FF AZ7} dnhy

AARA=AE Fds8sic. (W Rr = +12 F A% 7He] €A

s

T

o)

m

u}

g >N
_?l_ll

rlr

ruN

b

3] ©
%:I'é"
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etz gt Rr=02 AAAA 7 & vebdct) AP-19 Rr 35 B4
A|7ko] = dol wtgl +0.20]4 +0.67}A] 7}k 2 Control 1 +0.2¢]
A +0.47A) F71gS #elsgdch. =3 AP-19 Rr 7to] Control 1 X2
o 34 =S RS ¢ F Utk o] ZHESE F3 Control 1 &3 I3
A7l F7he v 5elA A3 9% FA ) 7]A3sta AP-1°] AEPS R}

A& HYHos WPy & 4 .

+

{al} - AP {b}
604 % AP-1 + inhibitor = 0.87 o AP
g Control 1 . - Conirol 1
2z 2 0.8
g 40+ &
£ £ 0.4l i I
5 B 1 1
2 204 ™
3 8 0.2
=3 R Control 2 . 8
1] . - s 0.0 . + %
3] 1 2 3 (4] 1 2 3
Time (h) Time (h}

Figure 11. (a) Quantified mean fluorescence intensity of AP-1, Control 1,
and Control 2 in the absence and presence of an AEP inhibitor, and (b)

lysosomal colocalization ratio.
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J0min 50min 120min 180min

AP-1

Lysotracker

Merge

Bright Field

Figure 12. Representative images of NIH-3T3 cells treated with AP-1 at
10 «M.
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30min 60min 126min 180min

Control |

Lysotracker

Merge

Bright Field

Figure 13. Representative images of NIH-3T3 cells treated with Control 1
at 10 #M.
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30min &0min 120min i80min

Control 2

Lysotracker

Merge

Figure 14. Representative images of NIH-3T3 cells treated with Control 2
at 10 «M.
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Control 1 Control 2

Frobe+inhibitor

Lysotracker

Merge

Figure 15. Representative images of NIH-3T3 cells pretreated with AEP
inhibitor (50 M), and labelled with AP-1, Control 1, 2 at 10 «M.

_23_



T3, ¥ Koo &4 AEPE ##3l7] 9138 human colon cancer
AEQ HCT-116 AZoll AP-1< 32 ste] AEPS S S T 27 x|
< 53 #ZFH . Figure 165 1 HCT-116 AlE U lysosome
el Rr = +0.8°]32 32| Rr = -0.22.% 4313 lysosomeol] A £
3 AEPg}e] Z el o3 J33 A37 Ao 3 i AEP &5

#FAE 5 g, o= %9l AEP7} E34 Add 7l S AAS
4 9lth. =38, SDS-PAGES A3 23 =28 Fxo nld st J3
=3 Zylstg o off target?! cathepsin ¢kdA Fx| = A S ol

(h) 1.0+
0.84
0.6+
0.4

0.24

Colocalization ratio

0.04

0.2
Lysosome Nucleus

AP-1
1 5 10 (uM)

AP-1 (Active AEP) 2% | Hoechst (Nucleus)

(c)

T .-

. = CatB
25 :

D
Lysotracker (kDa)

Figure 16. Live cell imaging of active AEP in HCT-116 human colon
cancer cells: (a) representative images of cells labelled with AP-1 (10 «
M) for 2 h, (b) cellular colocalization, (c) protein bands labelling active

AEP in HCT-116 cells.
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AT A7 ZIel w2 gz=stojwe] MY AAAA FLT A4S

3}= p -amyloid peptides (AB)7} AEPES A3 A7y Bys uf
7b deh® mEbs & A7 w O AMED HT-22 AEF B
-amyloid peptides (AB)E #23 ¥ AEP 4 W3l 2 A=

Kl

Mo
[+3

WIS A F 23 nAS I FUF 23} AgHd
FHE AZre] Aol wet E38 733 A3 g =23,
A2 skA] &S wel: A4 AEP7} cytosolel itk A E A€
F A 7do] Ao wiEl B4 AEPE dif-E AlETHOE o] TS s
g} (Figure 17).

)
i
>

w
i

r
-

ILysotracker

Figure 17. Live cell imaging of active AEP in HT-22 cells : (a)
representative images of cells labelled with AP-1 (10 M) for 2 h and (b)
subcellular activity of AEP upon treatment with A8 (0.8 «M).
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2. Peptoid® 7]¥vte® 3F mitochondria-targeting transporter®]
b s

(Z A7+ 7379 333 AAYD 2y A7} FF5ATE F
A APasion JPEo|= golHege] A 2 A= FFAYED &
& g3 A7 #3359t
2.1 Mitochondria-targeting peptoid (MTP)¢] tj#}el & 34

£ dFdA = mitochondriael AYgHA A FF EFHY

mitochondria-targeting peptoid (MTP)ZE tlxel 9 3HA 549},

4 solid phase synthesis techniques °]&3 peptoidE ¥4 3}
o] HPLC=E AAT ¥ JA3E & & IEF I3 524 fluorescein
< ZA%3}9 . Mitochondria WE 29 E7Z 93] FAsES == 2
o} A/ 7 E ol &34}, A/FA F7|E = chirality’d 99 Nsch,
Nspe #7)¢} chirality’} $& Nch, Npm 7] & o] &3l5len oA}
4 7] NLys$t Nbtgs AH&3te] A{A Z7|ek FA}A 7|7 ubE
HE 7T ol &3t 4FA JFEJ=E F453% . Control A7HA =
71&¢] cell penetrating sequence® €#% arginine 7|5 o] &3}
o] MTP-6% 34393 arginine® peptoid WA Nbtg 75 o]
£3te] MTP-75 #A3sich. mix|2te 2 Lysine? peptoid #AH<
NLysE °]&3te] MTP-8% #4349},
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Peptoids Sequence HPLC elution (% ACN) Net charge

1 CF-(Nlys-Nech-Nbtg)s-NH; 38.97 7

2 CF-(Nlys-Nsch-Nbtg)s-NH; 40.00 7

3 CF-(Nys-Npm-Nbtg)s-NH; 35.09 7

4 CF-(Nlys-Nspe-Nbtg)s-NH; 35.71 7

5 CF-(Nlys-IVdp-Nbtg)s-NH, 43.13 7

6 CF-(Arg)s-NH; 30.88 7

7 CF-(Nbtg)s-NH: 29.20 7

8 CF-(Nlys)s-NH; 26.32 7
""""" Nch  Nsch  Npm  Nspe  Ndp | Mys  Nbtg

T S T A I | -

Table 1. Mitochondria-targeting peptoids (MTP).

(F=de] 34 F AAHAHF)
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2.2 ¥ 23 dn]7 & o] &3 live cell imaging

MTP~7} mitochondriad]l A€gzez A3 3=z Lolir] 93 S
= Zolgl= Hela A|Ee] MTP ¥ mitochondriast A€g=ql A3}
3= % £42< MitotrackerE HE § ¥ 23 IvAS T3 live
cell imaging A3% F33sct. FF onx= 47 MTPE 1A%
T Az AT FHeol &QJ3}ct (Figure 18).

o

MTP® mitochondria A9 & #2357 98l Mitotrackers A&
Pearson’ s correlation coefficients (Rr)& A %3stgct (o]d Rr
+1 & F Az 7o ¢4 FF S JehAI g Rr=02 A33A7E a2
Yelddh). Figure 198 ®9 Rr #°] MTP-1 = + 0.69, MTP-2
+0.81% mitochondriael ¥& AYAS Rgen ywz MTPE Rr
Zro] +0.4 ©]3E mitochondria®l ¥]Z&A Y& HeAS Jehglct.
MTP-13 29 Rr %9 Alo]+ chiral residued E=EYoezx A=
helicity® <3 xzpo]2 FZF}, T3 MTP-33 49 FRoAHE
achiraldt #7]& o] &3to] 45 MTP-3Et}l chiraldt A7 & o] 43}
o] §4¥ MTP-49] Rr 3]l o ade & I & 9. o=
235 §3;A chiraldt 71§ Zt= MTP7) achiraldt +2%

o Ee Rr e ueE e HAT & A i

Ze A7)
mitochondrial proteinel4 #APHez WMAFE mitochondrial
targeting sequence (MTS) %A <&A JYAF+Z (amphipathic
helices)E 7IA 2 Qo= AAS s E o] £ AFA A"k MTP
% helical MTP® A% © 4% mitochondria $% ¥¥<& 714z

o

s

4 9o o] circular dichroism =% 59 F
2~

T 7

gt Rom F3d 2
7 AEE B BAE 5 9L Qo= gt



IDYORIIONN

d.LIN

JOYORIIOU W

O8I0

th MTPs at 5 ¢

18. Representative images of HeLa cells treated wi

Figure
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r=0.16 r=0.26 r=0.28 r=0.81

Figure 19. The Pearson’ s correlation coefficients for MTPs 1-8.

ME T3S SAF7] 98 2oksl= Hela celldl MTPE A3 5
TAE EX7E ol&dtd Ax FHAEE FAFS. Figure 20a°l
fluorescence intensityE XEW MPTE Az A§ o FAE 3T A
ore N=EXRct 3u), fluorescein®t I ANERTG 28 AE
fluorescence intensityZ7} 28] AE = AL 3 9.

MTP-1~4¥ 74z v 33 A7]15 el HoE Hol AlE FIE
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Lo% MTPEY nEZEg ol EAS 3el3dtr] ¢ mitochondrial
membrane potentiale FA3s= A¥ed JC-1 assays 3 34},
%4 AE HelAe JC-1 dyet mIEZE=gol Yol red ¥3< =w
A% 3, mitochondriad 7]% °]A2% membrane depolarization
o] doj} 7% JC-1 dyer mitochondria®lA wA U2 F A EA
A green 3<% 97 "}, w2t JC-1°] YE & red} green I3

%9 #&S% =A3%d mitochondrial membrane depolarization<
%3 & & A P Figure 20bE 2@ MTP-1~4% ¥EdE AX
2SS QoA dedes AE }I¥ & 9en MTP-57
mitochondrial membrane de-polarizatione] <ol A& A 4
AGeH ol Udell ZFAE v Fo] S W MTP-59 & AEZFIHE7}
mitochondrial membrane depolarizationdE oJx= AE J3F& u|x
At oy A ZIAet 3 5% AEFIAALHY G2
A< Ye  mitochondriael Ag=A"<ed MTP-1,27}
mitochondria 5°]% FEA 2% A& 7beAol 7HE o AXNE
sact.

o
o
UL
e
|\

(a) T (h)

1054

MTP AW, (%) 1Cog (M)

1 a7 =100

3
=
rS
sl

2 84 >100

3 112 >100

Mean Intensity

-
=)
w
aal

4 103 >100

5 45 156

Figure 20. (a) JC-1 assay, (b) fluorescence intensity measured by FACS.
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3. High temperature requirement protein A (HtrA)g} A€¥zlo =
Agstd 82 S 943t € & 9+ activity-based probes®] 7%
3.1 HtrAel| Seol¥e=® ZA3%sl+= activity based probes 34

2 A< 7€ ¢¥x HtrA peptide substrates® 3F3L3to] HtrA
of dejzxjez A & 9= HtrA 4 7|4k Z2BE e 2 34
35l

44l solid phase synthesis technique® °]-&3] peptide® ¥4 3t
of HPLC=E AAsIGct. A7 dA3E & & =T 2354 J3F &2
9l fluoresceins A3 39l en electrophile serine proteaseg}te]
2% A 5848 FAHCAAE AHHes: WgE 5 9+ diphenyl-

phosphonateg A}-83to] &4 314},

R R
ChzNH, o 0
P(OPh)q, AcOHM 33%HBr-AcOH
RTH F1OPM, Acon_ CszN)\§"OPh e BN f-}’oph
0 OPh OPh

1a, 1b 2a, 2b
R=

pY
&

Scheme 3. Synthesis of diphenylphosphonate electrophile.
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Ahg

0 o
Q-c — OJYH : NJ\rNH-Ahx-Fmoc
O L TV L,

e
2-chlorotrityl chloride resin Az

Swell - Fmoc-AA,-OH/DIEA/DMF - CHECK loading (Fmoc quant.) - deprotect - Fmoc-AAz-OH/DIG/HOBY/DMF- deprotect
- Fmoc-AA,-OH/DIC/HOBt/DMF - deprotect - Fmoc-Ahx-OH:: STOP (do NOT deprotect)

AA,-AA;-AA,
S_K-F 1.D tect (F
G-K-F Fmoc-Gly-OH: Fmoc-Lys(Boc)-OH: Fmoc-Phe-OH 2 Gg);?Delé”(Dr\;InFoc)
L-K-F Fmoc-Leu-OH: Fmoc-Lys(Boc)-OH: Fmoc-Phe-OH 3. Resin cleavage
P-S-A Fmoc-Pro-OH: Fmoc-Ser(tBu)-OH: Fmoc-Ala-OH ’
R-R-| Fmoc-Arg(Pbf)-OH: Fmoc-Arg(Pbf)-OH: Fmoc-lle-OH
M-I-F Fmoc-Met-OH: Fmoc-lle-OH: Fmoc-Phe-OH
O
CbzNH, R
R_H o)
*g P(OPh);, AcOH CszN)\D.f"‘OPh o
OPh
_ (0] AA; O
Ri= \M'/ 33%HBr—AcOH\ H = H \ O &H
5 HO \ﬂ/\ﬁ \/\/\/\NH
\( (6] AA, O AAy COOCH
s )\ i o (0]
BrHNT R~ Ph
OPh 10)
PyBOP, DIEA, DMF
Lo
eo_ 2 IR K Yo
NN \/\/\/\
pho-f" N TN NH

Scheme 4. Synthesis of HtrA target activity based probe

(dEd3} FFOE FHD)
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Peptide Target Structure
sequence
o
7 H NH
f‘fﬁ’” o)
i DR HO e \f % H =
BB @-R-R-V) HTRA 1 & 2 “AE,N.AAA?”J:[HJEJ\EHJ{;’IJ
H_,N)“*.‘IH
o
HP-2 (F-I-M-V) HTRA 2 ol S \r\_\.ko e 5 _
SIS SESSES TV,
< Hoo /-'\"H QA 'r,_\
g
A
A ’jj oH I{.."‘\
HO \"l__\] 0 = \/
HP-3 (F-K-L-V) HTRA 1 s j S A o @
C
HP-4 (F-K-G-V) DegP
g
ot J
s "2/"%
HP-5 (A-S-P-V) no S N
Elastase {”Jgﬂ-x\/\iul\gﬂ\j‘n H_go S
N .

Table 2. Structure of HtrA-targeting activity-based probe.

(F=zdd $522 FA4)
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3.2 SDS-PAGEE °] &% A2 dad g Aolgl= Ao 2] g4
23

HtrA probed 3z =E&AF YA Leotir] $3ll  serine
protease familyel <3}= trypsin, chymotrypsin, neutrophil
elastaseel HtrA-targeting probe (HP)E 2|8 ¥ owjd Wc$
FZsg ). trypsinel WAL HP-57F 78 =2 A4S 2gon
chymotrypsin® HP-57} A 34 HP-2, 4= <A w339t}
neutrophil elastase= HP-1& Al9d Uwx] =28 Eo] 7s}A 1A
e RS 92 4 &Y °lE neutrophil elastase’t P1$]x]el

oz

valine® A3%37] Wz F=3 (Figure 21a).

®3 recombinant HtrA 1 & 2, DegPel HPE g ste] haid wi
s #AF39v}l. Figure 21bE X HtrA 1 & 29 matured IE
(38 kDa)& EAstlon DegP (45 kDa): EXT S £ & 4
ol HtrA 1 & 2, DegP BF F53FH°=2 24 kDadl 3 2= gz
< ® A3t o] mature proteinel4 ¥, active site’} 3=
protease domain°]gtx Xojxic}, =3 Ao ZFHo]| ulg} T EHo
s mA=HE FAAe] 254 tEd HtrA 1ol HP-3, 57 & A9A
S E9 3 HtrA 2% HP-2, 37} DegP+ HP-2, 3, 47} =& A9 &
Bgon HP-12 S e AdgHe] @2 Aoz yeygd.

HPe] AYA L &3}7] 13l FHS T serine protease inhibitorg!
Pefabloc Sc® HtrA 1 & 2, DegPell AXzg 5§ 2 AI& AP
A3 DegPv A7} A=A & dbde] HtrA 1, 2+ ®A7F A=
A& &5}, o] S F3 HP7F human HtrA¢ o Aegzoz ukg3
As Fd3sloh (Figure 21b).

o
e
X
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{a)

Trypsin

Chymotrypsin ————

Elastase

(b} HP-2 HP-3 HP-4 HP-5 HP-2 HP-3 HP-4 HP-5

{-) inhibitor (+} inhibitor

Rh
HtrA 1

i (e ; ———
i ]

Protease
domain

Protease
domain

Deg.p — | o—

Protease o —
domain

Inhibitor: Pefabloc Sc

Figure 21. Comparison of HP probes reacted with (a)trypsin, chymotrypsin,

elastase, (b) HtrA 1 & 2, DegP proteases.
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T3, Aolg)E Hela celld] AE 34 2 AL 27| 9319
HtrA probeE A3 F 2= 2ES 2P c}t. Coomassie blue
E A S Wt w2y HP7F sk Gl AukS AdYxod w7
st AE F9F $ 9 on HP-3¢ 571 713 7Ask AdAE Jehd A
< sy, o] AL wigoew A I} RS X9 HP-3S
HeLa cellel A2 ¥ imaging 235 AW ZF cytosolel A3}
H2? 5 A9, o] AFrt 22X 9 HtrA 7

o] Astel] 2J3F Az Felstr] ¢l F3F o] immunoprecipitations

(a) HpP-1 Hep-2 HP-3 HP-4 HP-5
1Qud 10uM 1M 10uM UM
75

— 25

Coomassie Bloe

— 20

(b} HP-3 Mitotracker Merge

i

o

Figure 22. Comparison of the HtrA labelling by HP probes (a) in intact
HeLa cells, (b) live cell imaging of HeLa cells.
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2 A7 dYEdazs AYzier A= A Iy ZzH
(activity-based probe)E tlAdl 2 FA3ste] ZzrBFo) Ay 2 =
& W3S AIE A g5t 23 vEZEL s gl &
EAFEAE MLt & AFNA AT 4 VA
AH-&3taLAt kg,

XA . asparaginyl endopeptidase (AEP %+ legumain)$} A €=
o7 ZAdstE= A 7wk =2 HE A 59 ). naphthalimide 535
2H&3ll legumain¥® A¥93 Z3 A photoinduced electron transter
(PeT)E <& turn-on FZ Hkgo] doJUyrZE tjxely AuEe =Zgn
AEP pobe-1 (AP-1)& A 3sch. Zolsl= AE FEE 3o
SDS-PAGEE &3 AEPe] A¥gxez A= A& #Adsgen ot
g Aol celld A F ¥ 23 dvAE F M F3F
colocalization & A =3 Z3} AP-10] 4% A S vwd AIsHA uk
ke A FAF 5 U oI AAE F i3
X4 AEPS AE Y =
AFste, ¢ 2 F=olE v FET B F3

]

=
A AEPS] 71574 7%5& Adss b g0

=
(&l
e
|z
2
i
%
>,
)

—

=4, peptoid 7]¥+9] mitochondria-targeting transporter #lo] X
g s HEL AE HelAY £ 5% F4 2 2&S S, V&
9] peptide 7]¥Fe] mitochondria-targeting transporter’} Zt+= A
< FAShEA SRS Hastua & AFeA = backboned] R A}l
27 A7} €°] 9+ peptoid 7]14¥Fe] mitochondria-targeting peptoid
(MTP)S #Ast9d. 49 MTPE Hela cellel A& 5 ¥ 23

_38_



mitochondrial membrane potentialel w|X]= JFFS Fsigon 3
2 FAZ NS o g3 AE FHES FResin. of
mitochondria®l W3 AYA FFsHe] 7134 & MTP-1,25 L2333
on, o]% 3£ FE E3 mitochondrial serine protease?l HtrA
2 4 7Ivk =2 Bl A3t &8§F AFo|r).

A, HtrAel Az ez HA3si= &4 7|9k =225 A3 o
#7}A] serine protease familyel <3+ trypsin, chymotrypsin,
elastase, HtrA 1, HtrA 2, DegP<%}9 Adg=a ul$A& SDS-PAGE
£ &3l &< %o FF immunoprecipitation® o 7}x AEE
53 §4% HtrA probed] A3}33 5S4 @Asta, HirA 2% g7le
Z 371991 MTP$2 conjugationste] o]-&3 A&e] gleoew e}
HtrAel] A&=A<el enzyme activity assays |3tz ko).
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1. 237171 2 A <F
1.1 A&7)7]

'H NMR# 3C NMR NMR 2" &2 VNMRS500 (500 MHz 'H,
125 MHz PCOEZAZYH <Lozcd. NMR $¥WE& CDCl,
DMSO-dsE AF&3tg92n, chemical shiftes EFEZQ tetra-
methylsilane 2. 2% ppm 99 E 7]E3Y}. dlo]gf= chemical
shift multiplicity (s=singlet, d=doublet, t=triplet,
m=multiplet), coupling constant (Hz), integration® <«°=% 7|F
3lg9 ). Flash column chromatography+= Silica gel 60 (Merck
-Millipore)S o] &3¢, wl$EAML  AgilentAly Agilent
Technologies 6130 AZF #A7] (LC-MS)E °|&3%ich. High
Performance Liquid Chromatography (HPLC) A A+ KnauerA}9
Azura preparative HPLC EYZ column< Sunfire C18 OBD
Prep Column (Waters)& AH&33ich. o] FA4-E DWelA 10:90=
acetonitrile (£ A) ¥ 0.1% formic acid in DW (&4 B)E T4
=}, Fluorescence =#HL Spectramax M5 microplate reader
(Molecular Devices)E A&3t92en live cell imaginge Carl
ZeissAte] LSM 700& AH&3tgich. 33 {FAIE £471= SONYA
SH 800& A£34tl. Cell & lysate labeling A 3elA gel

imaging2 ChemiDoc MP Imaging System (Biorad)& A}%3t%t}.
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1.2 A<

ol

A42

Al

ok
2

o
L

Aldrich-Sigma, Fisher Chemical,

Alfa

Aesar, TCI, Acros S°lA 43t AA o] L3519}, watere 3
T AH&3i ).

Compound 1

Figure 23. Compound 1

4-((2-((2-(2-(Dimethylamino)ethyl)-1,3-dioxo-2,3-dihydro-1

H-benzoldelisoquinolin-6-yl)amino)ethyl)amino) -4-oxobutano

ic acid (1)

A A

=
&=

wjet

Zg 230 7]1F4 FA3I 6-((2-aminoethyl)

amino) -2-(2-(dimethylamino)ethyl) -1H-benzoldelisoquinoline
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-1,3(2H) -dione (50 mg, 0.15 mmol)< anhydrous CH»Cl; 3 mL
of $A3] 59 F ice bathelA 0 CT=E FH| g}, o8 T2 ¥d Fg2
Ao+ CH,Cl, : diethylether = 1 : 1&v]e] succinic anhydride
(16.01 mg, 0.16 mmol) & %ct. § §A& WA F2 vt Igx
) dropwiseZ A3 Yt} A4 overnight ¥¢ F 74 5%
sto] =g IA|E A, £58: 88.1 mg (139%) ESI-MS: m/z

calcd. for C22HosN4Os5 [M + H]':427.19; found:427.2
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Compound 2

o o)
AcHN O RLNHz 0
H N
DENGG Y Re R
@) \

Figure 24. Compound 2

4-(2-(((S)-2-Acetamidobutanoyl) -L-prolyl)-1-(2-amino-2-o0x
oethyl) hydrazinyl)-N-(2-((2-(2-(dimethylamino)ethyl)
-1,3-diox0-2,3-dihydro-1H-benzoldelisoquinolin-6-yl)amino)

ethyl) -4-oxobutanamide (Control 2)

Rink amide MBHA resin(500 mg, 0.325 mmol, 1 eq)& N,N-
dimethylformamide £vjo]A] 1587 AE&A 7}, 20% piperidine /
N,N-dimethylformamide& 2 1584 39 3z 3oy Fmoc group
< dwo]lt} (deprotecting). Bromo acetic acid (0.67 g, 4.875
mmol, 15 eq) & NMP (4 mL)e] £3]ste] A €& 5 DIC (0.9
mL)E Y3 1A17+ w-$3kct. Fmoc hydrazine (250 mg, 0.975
mmol, 3 eq)& NMP (2 mL)el] 5o # 3] ¥ 5 DIEA (170 L,
0.975 mmol, 3 eq)¥ Y3 overnight #3338}, Fmoc quanti-
ficationste] #Ae] loading & 34t (0.2 mmol/g). Allyl
chloroformate (42.52 1., 0.4 mmol, 4 eq)S NMP 1 mLe] =9
8-S Ao Y3 DIEA (69.86 £L, 0.4 mmol, 4 eq)d ¥ ¥ 1
A7y wbg-gkc}, 20% piperidine / N,N-dimethylformamide £°
2 1584 3 ¥ A3 Fmoc groups Weldtl. Fmoc-Pro-OH
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(202.42 mg, 0.6 mmol, 6 eq)3} HOBt (81.072 mg, 0.6 mmol, 6
eq)E N,N-dimethylformamide (1.2 mL)e] =9o dAe] Y3 DIC
(93.96 L, 0.6 mmol, 6 eq) = Yol ¥ overnight uH$3tc}.
Deprotecting & Fmoc-Abu-OH (97.62 mg, 0.3 mmol, 3 eq)$%t
HATU (114.07 mg, 0.3 mmol, 3 eq) & N,N-dimethylformamide
(1.2 mL)el ¢ #zle] Y2 DIEA (104.8 ¢L, 0.6 mmol, 6 eq) <
Yo]F ¥ overnight ¥F$-3tt}. Deprotecting ¥ acetic anhydride
(47.2 1L, 0.5 mmol, 5 eq)S N,N-dimethylformamide 1 mLei
9l gdg #Ae Y3 DIEA (87.1 ¢L, 0.5 mmol, 5 eq) s ¥
H 5%7 vk33e] AC cappings g}, #]%e] phenylsilane (308.1
L, 2.5 mmol, 25 eq)E ¥ ¥ tetrakis (triphenylphosphine)
palladium (28.9 mg, 0.025 mmol, 0.25 eq)E *7}5t2L argon 7}~
2 FIEYAE =3} AF|IHA 147 HEFe] Allocs AATEE. 95%
TFA cocktail (v/v, TFA : DW : TIS=95 : 2.5 : 2.5)& o] &3}
1A Mg § 364 2ozl AAdEe] 38 §95 T2 dkd =
23] Rk, dFe delgde AAEES Eoy] $9d  TFA
cocktail(x3), acetonitrile : DW = 1 : 1 (x3), acetonitrile (x 3)
o7 #A& AoJd §AqS ¢ T2 utg FgxFe] Zo] B2 AE &
A7 AH AL A FT $571F ol &3] ¥5F § HPLCE prep
3lc}l. Eppendorf tubee] ¢ peptide (3 mg, 0.010 mmol, 1 eq)&
DMSO 200 xgLe FoFct. od7]9] compound 1 (4.09 mg, 0.010
mmol, 1 eq), HATU (3.65 mg, 0.010 mmol, 1 eq), 183 DIEA
(3.34 1L, 0.019 mmol, 10 eq)E ¥ol& 7 2Z A3l W53},
g ¥ HPLCE AASSc. £5F : 0.5 mg (7.2%) ESI-MS: m/z
calcd. for C35H47NgOg [M + H]7:722.35; found: 722.4
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Compound 3

0

AcHN @)
g g
‘ A

| O
N ) N

O

Figure 25. Compound 3

Ethyl(E)-4-(2-(((S)-2-Acetamidobutanoyl) -L-prolyl)-1-(2-
amino-2-oxoethyl) hydrazinyl) -4-oxobut-2-enoate.

Compound 29 Alloc AA7R FELQ3A A3, 1893
monoethylfumarate (43.239 mg, 0.3 mmol, 3 eq)?} HATU
(114.06 mg, 0.3 mmol)E N,N-dimethylformamide©°l] £3}]3}o] 4
Ao Yo]® ¥ DIEA (104.51 xL, 0.6 mmol, 6 eqQ)d ¥
overnight ®¥F3$-3kc}. 95% TFA cocktail (v/v, TFA : DW : TIS =
95 : 2.5 : 2.5)E 1A%t &9 full cleavage s ¥ HPLC=E AA 3%
. 55 5.7 mg (12.9%) ESI-MS: m/z calcd. for CigH29N507
[M + H]": 440.215 found: 440.2
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Activity-based probes for HtrA

Compound 4

OPh
CbzHN™ P
& ~OPh

Figure 26. Compound 4

Benzyl(1-(diphenoxyphosphoryl) -3-methylbutyl) carbamate
(1a)

T vHY Z¥+2 39 benzyl carbamate (1.19 ml 9.25 mmol)3
acetic acid (60.00 mL, 48.46 mmol)e Y3 ¥ o]o] triphenyl
phosphite (2.81 g, 9.25 mmol)®# isovaleraldehyde (1.00 g,
13.87 mmol)= Y¥olErt. 82 TelA 247t &3, 34 T¢ 557]
Z o]&3te] wolddE acetic acid®E EIAFIZL 40 TCTE 7L
methanols ofF A%d H7IsE ¥ -20 CelA overnight gt} ¥kg-
T ded 3 st F2AZ s sk A £5F 09 g
(21.5%) ESI-MS : m/z calcd. for Ca5H2sNOsP [M+H]*: 54.17;
found: 454.2 'H NMR (500 MHz, CDCl3) 6 7.43-7.02 (m, 15H),
5.12-5.06 (m, 2H), 4.63-4.51 (m, 1H), 1.87-1.68 (m, 3H), 1.01
- 0.89 (m, 6H).
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Compound 5

OPh
BriHaN" PC

3 OPh

Figure 27. Compound 5

1-(Diphenoxyphosphoryl) -3-methylbutan-1-aminium bromide
(2a)

T v 8239 compound 4 (0.73 g, 1.6 mmol)E ¥< ¥
33% HBr-AcOH solution 2.5 mLE ¥ Ar2e]A 1h Hk-5-3}. 3
A T FF7]E AL 291}, Diethyl ether 50 mLE Y3 -20 Tej
A overnight, ¥& F thid FE o3 3o FEAZE 9. F}AA
A, £55: 0.2 g (48.73%) ESI-MS:m/z calcd. for C17H23NO3P
[M+H]* :320.13; found : 320.1 'H NMR (500 MHz, CDCl3) 6
9.01 (s, 3H), 7.37-7.03 (m, 10H), 2.24-2.03 (m, 1H), 1.95-
1.88 (m, 2H), 0.89 (dt, J=13.7, 6.8Hz, 6H).
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Compound 6

OPh
CbzHN™ ~P.

& ~OPh

Figure 28. Compound 6

Benzyl (1-(diphenoxyphosphoryl)-2-methylpropyl)carbamate
(1b)

T HY E¥+2 39 benzyl carbamate (1.19 ml, 9.25 mmol)$}
acetic acid 60.00 mLE ¥ 5 triphenylphosphite (2.87 g,
9.25 mmol) &} isobutyraldehyde (1.00 g, 13.87 mmol) S #H7}3}9
82 TelA 2x7 Hkgdth. 3A FE FF7|E ol &3t Weld:
acetic acid® 28lF3 40 ColA 7}493 methanold °o}F &%Fut H
7Fgk ¥ -20 TCelA overnight ¥k&%tc}. wbg F ohid 34 o 33}
A% F9t. AN A F£5F ¢ 3.43 g (77.32%) ESI-MS :

4
et

m/z calcd. for CysHzsNOs;P [M+HI]*: 440.15; found: 440.2 'H
NMR (500MHz, CDCl3) 6 7.39-7.05 (m, 15H), 5.19- 5.08 (m,
2H), 4.45 (ddd, J=19.5, 10.8, 4.1Hz, 1H), 2.43 (ddt,/=13.7,
11.0, 7.0Hz, 1H), 1.10 (dd, J=14.8, 6.5Hz, 6H).
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Compound 7

OPh
BriHaN" P.

& OPh

Figure 29. Compound 7

1-(Diphenoxyphosphoryl)-2-methylpropan-1-aminium
bromide (2b)

Compound 58} 22 ies 3FAZct. sk A, £55: 1.8 ¢g
(63.6%) ESI-MS: m/z calcd. for C;4H2oNOsP [M+H]": 306.12;
found: 306.1 'H NMR (500 MHz, CDCl3) 6 9.03 (s, 1H), 7.36-
7.07 (m, 4H), 3.82 (d, J=13.5Hz, 1H) ,2.66 (ddd,/=18.8, 11.7,
6.8Hz, 1H), 1.33-1.24 (m, 2H).
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Compound 8

NH

H2N\T7

HN

L,
)

HN

BN

HoN NH

Figure 30. Compound 8

5-(((6S,9S,12S)-6-Acetyl-1-amino-12-((S) -sec-butyl) -9-(3-
guanidinopropyl)-1-imino-8,11,14-trioxo-2,7,10,13-tetraaza-
nonadecan-19-yl)carbamoyl) -2- (6 -hydroxy-3-oxo-3H-xanthe
n-9-yl)benzoic acid (P1)

2-Chlorotrityl resin (500 mg, 1 eq < N,N-dimethyl
formamide $wloA 15%87F SHAZIth. Fmoc-Arg(Pbf)-OH
(1459.7 mg, 3 eq)E N,N- dimethylformamide®] o] @ %o Y&
¥ DIEA (391 ¢L, 3 eq)® H7Iste 1.5A% wubg o).
N,N-dimethylformamide, CH,Cl,2.& dA& AHF ZF N,N-di
methylformamide® #HA& HAEAN F 20% piperidine / N,N
-dimethylformamide&¥ & 1588 3 s Fmoc groupx
WolWe}l (deprotecting). (°]F2] wkg< H T o wioh A -F&
-deprotecting FA & ¥E-3c}.) Fmoc quantification® 213 3lo] 4

o) loading %< =A% (0.2 mmol/g). Fmoc-Arg(Pbf)-OH

_50_



(194.6 mg, 3 eq)®?s HOBt (40.53 mg, 3 eq)E N,N-dimethyl
formamide©] %<9 £e& # o] Y3 DIC (46.4 xL, 3 eq)d ¥
¥ 1.5A17t ¥kg-3t. Fmoc-1le-OH (106. 02 mg, 3 eq)¢t HOBt
(40.53 mg, 3 eq)E N,N-dimethylformamide®] &3]3t} #H R 2
< ¥ DIC (46.4 1L, 3 ed)¥ ¥ 1.54% #ks ¥tk Fmoc-
Ahx-OH (116.63 mg, 3 eq)2 HOBt (40.53 mg, 3 eq)¥T
N,N-dimethylformamide®] £33l d R 22 5 DIC (46.4 pL,
3 eqE YL 1A% kg sk}l 5-carboxy-fluorescine (75.26 mg,
2 eq)® HBTU (75.85 mg, 2 eq)E N, N-dimethylformamide®l
e A& HAe Y Folo] DIEA (51.7 ¢«L, 3 eq)E 93 1.54
7+ ¥kg 3o}, "bgo] Euhd N, N-dimethylformamide, isopropanol,

CH:Cl,2 2 #3& AT 7 §2Ax I}
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Compound 9

Figure 31. Compound 9

5-((6-(((S)-1-(((S)-6-Amino-1-(((S) -5-methyl-2-oxohexan-
3-yl)amino) -1-oxohexan-2-yl)amino) -1-oxo-3-phenylpropan
-2-yl)amino) -6-oxohexyl) carbamoyl) -2-(6-hydroxy-3-oxo0-3
H-xanthen-9-yl)benzoic acid (P2)

Compound 83 Z& Wi o =g 3+A 3},
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Compound 10

Iz
ZT

[NERE{

Iz

NH,
Figure 32. Compound 10

5-((6-(((S)-1-(((S)-6-Amino-1-0x0-1-((2-oxopropyl)amino)
hexan-2-yl)amino)-1-oxo0-3-phenylpropan-2-yl)amino) -6-ox
ohexyl) -carbamoyl) -2-(6-hydroxy-3-oxo-3H-xanthen-9-yl)

benzoic acid (P3)

Compound 83 #Z& vy o g 3HA]

ol

o},
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Compound 11

H @] H 0]
N\/\/\)L
H%N\AN
o = 0
\OH

Figure 33. Compound 11

5-((6-(((S)-1-(((S)-1-((S)-2-Acetylpyrrolidin-1-yl) -3-hydro
xy—-1-oxopropan-2-yl)amino) -1-oxo-propan-2-yl)amino)-6-o0

xohexyl) carbamoyl) -2-(6-hydroxy-3-oxo-3H-xanthen-9-
yl)benzoic acid (P3)

Compound 83 7Z& wiy oz 3sHA 3},
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2.2 Direct labeling of endogenous AEP in intact cells and cell

lysates.

Labeling 24-26 A7+ Aol RAW 264.7 cells (350,000
cell/well)3} NIH-3T3 cells (350,000 cell/well), HCT 116
cells (350,000 cell/well), HT 22 (350,000 cell/well)= 24 well
plateo] wje¥dtgdc}. AEP inhibitorE 90% %o Axstz AP-1 =
+ control probeZE FXx° o 608 FoF sty t. (final DMSO
FES 0.2% vwe R §A59}.) PBS buffer® A3 F sample
bufferg g sle] celles &MAT F &lF lysatess EoMA 12.5%
SDS-PAGEZ #3 stgch. x5 922 ChemiDoc MP Imaging
System (fluorescein ex.460-490 nM/em.532 nM, Rhodamine
ex.520-545 nM /em.602 nM)°o® ¥A 39}, lysates labelinge
RAW 264.7 cell& °] &3l #A3YPsHAct. 5 mM DTTE &73= 50
mM citrate phosphate buffer (pH 4.5)¢14 1 mg/mlE 3433
AR w3t 25 119 lysates ABE 90% E<9 AAAE A s}t

T gE 608 59 AP-1 =& control probe® %A 3tgc}t. x5
MES 12.5% SDS-PAGEZ #4d 332 Chemidoc 2AHYE gelS 27
to] &4 359t}

oL:I:I-'

2.3 Live cell imaging of active AEP

Imaging 24-26 A7} Aol NIH-3T3 cells (350,000 cell/well),
HCT 116 cells (250,000~350,000 cell/well)e 1 well plate®°i
W eFstgiet. AEP inhibitorg 90% ¥ HAYs}L AP-1 =&
control probesE FXx°| wa 30, 60, 120, 180% 9t =g 3tgic).
(final DMSO F%5% 0.2% wute 2 #3389 }.) Lysotrackers 5%
¢t A2 F PBS buffer® A]& 332 Phenol red free DMEM< 4
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3 confocal microscopy® 2354 t}.
2.4 Live cell imaging of MTPs

Imaging 24-26 A7+ Ae] HelLa (150,000 cell/well)S 1 well
platee] "Wkt ct. MTPE ¥ $% 5 Mol 2& F 60% 5 A
stgch. (final DMSO $%% 0.2% v|we= {x3%ct) 60% F
Mitotracker® 15% %< AH#stgd. PBSE A3 F Opti-MEM
media® Y3 Green background suppressor 2 HW& X7 F

confocal microscopy® &3},
2.5 JC-1 assay of MTPs

Ad 24-26 A7 Ao Hela cells (30,000 cell/well)& 96 well
plated] wWj¢kstgic}t. JC-15 FHF FE 7.5 Mo @A 3087 &3
¥ PBSE Al# 3. MTPE FHF % 10 1 ME s 94 30+

ZF A8 3 ¥ microplate reader® ¥3FE &A 59 ).
2.6 Flow cytometry

A& 24-26 A7+ Aol HeLa cells (350,000 cell/well)< 6 well
plateell wjF3sgct. MTPE HF ¥E 5 Mol 2& F 607 &< A
34}, (final DMSO $%% 0.2% n|wtez fx89t.) 60% F
cell$ wWolWd & 2% FBS/PBS 500 gLl @€ X 5 flow
cytometry A8 E Z+ MTP9 AE £F5E EAs9
2.7 Direct labeling of serine protease family in purified

protein

50 mM Tris buffer (pH 8.0)¢l4 0.05 mg/20 pxL=ZE 3)A st =
A ®A 359, 25 1«19 lysates A EE 1A7F FF A3} A7 (45
T) £ o2 308 F9 A2olx HtrA probe® HF $5 1 Mo 2
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A ®A&G. mx"H AE 12.5% SDS-PAGEZ &332

=
Chemidoc Z2/YE gelE 2335t 4319},
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Abstract

Development of chemical probes that can
monitor the activity of the proteases associated

with neurodegenerative diseases

Jong-Ah Hong
Department of Next-generation applied Science
Graduate School of

Sungshin University

The main purpose of this research is to develop chemical
probes that can selectively monitor the activity of various
proteases, and apply these probes to study the pathogenesis
of neurodegenerative diseases. Specifically, we intended to
develop chemical probes for asparaginyl endopeptidase (AEP)
and high temperature requirement protein A (HtrA), together
with mitochondria-specific peptoid transporters that can

deliver the chemical probes to the mitochondria.

First, a ‘smart’ activity-based probe targeting AEP
(AP-1) was developed by incorporating a naphthalimide

fluorophore that was designed to induce a turn-on
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fluorescence signal in response to the enzyme activity. AP-1
successfully generated the fluorescence enhancement upon
reacting with AEP in cell extracts and live cells. The
optimization of the overall scaffold may improve the
fluorescence enhancement, which can be potentially used for

time-lapse microscopy.

Second, peptoid-based mitochondria-targeting transporters
were designed and their cell penetration and mitochondrial
localization were quantified by live cell imaging and flow
cytometry. In addition, their mitochondrial toxicity and
cytotoxicity were also evaluated. A promising candidate
MTP-2, which demonstrated remarkable mitochondrial
localization with minimal mitochondrial toxicity, was
identified. This peptoid-based mitochondrial transporter will
be used to selectively deliver the HtRA probes to the

mitochondria in our future research.

Finally, HtrA selective activity—-based probes were designed
and synthesized. Their selectivity and reactivity were
examined by using various serine proteases including HtrAl,
HtrA2, DegP (bacterial HtrA), trypsin, chymotrypsin, and
elastase. Several probes that can selectively label the HtrA
family proteases were identified, and a library of compounds
with a different electrophile and varying sequences may

result in more selective probes in the near future.

Overall, we developed protease specific chemical probes and
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mitochondrial transporters that can provide a versatile and
robust method to study enzyme functions in biological
systems. The long-term goal of this research is to utilize
these chemical tools to elucidate the functional roles of the
cysteine and serine proteases in the pathogenesis of
neurodegenerative diseases, and discover a potential disease

marker.
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