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4 F USs BT

Human cellol &= HTRA1, HTRA2/Omi, HTRA3/PRSP 12|31 HTRA4 9]
27 homologus HTRA protein®] At} o] AAHolz 2EHY2E W

2104 Mxe =5, Al

dd %A 58 %4d3slal mitochondrial
= e}

homeostasisZ 4| gt

Hyddg, add Ao sol 2 E & Ak’

o
o

71¥€e] HTRAS &4 SAHS 93t substrate® A& ¥ H2-optimal
substrate peptide (H2-OTP, IRRVSYSF(Dnp)KK)= H
weightE 7FA 3l AZFHE7F vrol Ao &3 of skAZF Ak ot

Ao Al e mlal bkl il Al Fade] £2 VEE FA s

_

A 2 molecular

7] 93] Solid Phase Peptide Synthesis (SPPS) techniques ©]-&3}o] U
el ofmxAtow o] FoX tetrapeptides ¥ ¥ AMC

(7-amino-4-methylcoumarin)E #¢ HTRAE ©EACZ sl I3 712 S

_‘I_



Sttt Peptide-AMC  (7-amino-4-methylcoumarin)  substrate:
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Figure 1. Structure of 7-amino-4-methylcoumarin
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2. NABAMEFAA e & HTRA €49 ste] &4
ATRA (all trans retinoic acid)= #E|x=ol= Al HET A9l &4
ARrEEolm 53070 o] el FHAte] AL A Hofsty] wiEo] AR B
E d¢ Agd B4 7)o L3S skeletal myoblast?} neuroblast=
g ugFe AEe E3E =S olgdk ATRAE FY3L
neuroblastoma celll * 2]t neuron-like cell2 &38}7} #t}, ©

ke
B
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Figure 3. SH-SY5Y cells undergo morphological changes during RA-induced
differentiation (A) Undifferentiated SH-SY5Y cells cultured in complete growth
medium. (B) SH-SY5Y cells treated with 10 tM RA for 4 days
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3. HTRAZ Al o2 3+ cyclic activity—-based probe?] &4
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Figure 4. Structure of Cyclosporine
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inhibition a) Chemical structures of the natural product Ahp-cyclodepsipeptides
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1. HTRAE Ao 2 st 33 7148 4
1) HEZGH o= 7nk gto]B el A
2 A eE AR A E vEeR 1, 240 Z2H 5 HTRAC A94
ol HElol= AAAE HIE O Z o] Solid phase peptdie peptide
synthesis (SPPS)E ©]£3}o] H2-Optimal substrate peptide (H2-OPT)XE.
o #2 HEZDGHE|=E A F AMC (7-amino-4-methylcoumarin)
2 & HPLCE A A8k

Synthesis of fluorogenic substrates for HTRA (Ref. Hauske et al. Bioorg. Med. Chem. 2009, 17, 2920-2924)

Qo P9y B
Q- — O*O)KrN\n/\N)krNY\NHBOC
o MoB o

—
2-chlorotrityl chloride resin

Fragment 1

Swell - Fmoc-P1-OH/DIEA/DMF - deprotec- Fmoc-P2-OH/DIC/HOBt/DMF - deprotect - Fmoc-P3-OH/DIC/HOBt/DMF- deprotect
- Boc-P4-OH/DIC/HOBt/DMF:: STOP (do NOT deprotect)

P1-P2-P3-P4

V-L-F-L Fmoc-Val-OH: Fmoc-Leu-OH: Fmoc-Phe-OH: Boc-Leu-OH
V-3-F-L Fmoc-Val-OH: Fmoc-B-Cpa-OH: Fmoc-Phe-OH: Boc-Leu-OH
V-L-K-F Fmoc-Val-OH: Fmoc-Leu-OH: Fmoc-Lys(Boc)-OH: Boc-Phe-OH

AcOH:TFE:DCM = 2:2:6

Qo P9y P O 4 PO 4 P
N_ > N . C P
GOJ\‘/ \H/\HJ\‘/ T]/\NHBOC (resin cleavage) HOJ\rNj]/\N)H/NW/\NHBoc
P, O P; O P, 0 T B 0O

Fragment 1
ﬁutylchlorofomate (1.5eq)
N-methylmorpholine (2 eq) in DMF, 0°C for 2h,
= (6] H P, O H E4 and then 7-amino-4-methylcoumarin (2 eq) in DMF
N - N - room temp overnight
0”0 ”)K( {\”)K( 3 NHBoc
P, O (¢]

Ps

Scheme 1. synthesis of fluorogenic substrate for HTRA

compound sequence
1 Leu-Phe-Leu-Val-AMC
2 Leu-Phe-B-Cpa-Val-AMC
3 Phe-Lys-Leu-Val-AMC

Table 1. Sequence of fluorogenic substrate for HTRA



2) Enzymatic assay

Eine:

A o] ZF enzymes

?l_

&) 3

[e2Ne]

)

9]

7143 34

[e)

3171 918l HTRA<]

Fe the

fluorogenic substrate?] H2-OPT <}

dAdet P37 d (HEEE 10 uM) ¥H8-A1Z1 % microplate reader”’] &
Abgel RFUZS =439t enzyme assayS ¥HEa] ® ko HTRASH
HES-S 314 ¢+ % B o AMC (7-amino-4-methylcoumarin) A] 2F9]
LA Azhete] CDClel 5o NMRZ Rl ot Ak Ado] .
1ml assay bufferol] =¢o] AMC %o &3 = 2 FFS FANEUS U=
wAZE il whekA H2-OPT ¢F 2] ofv| il 7js7F @ol Eol& Al
T P3712S recombinant HTRA 7} A4&3 7142 Q284 Hae= A

o2 F=4

RFU

1400
1200
1000
80C
600
400
20¢
kol

RFU

i

F Qe

Enzyme 20ng

LF3V-coumarin

—e—LF3V BO2
HZ-OPT o 1p.oereos
- M@@W@&»Ww
//.,%Myﬁ}-%-&‘ DRMSC BO4
DMSO
© 206 40 e 80 100 120
Tirme {min}

Enzyme 50ng

LF3V-coumarin

HZ2-0PT —s—iravpo2
. M.W@@%W@WMMW@ —&—H2-0PT DO3
@/M DMSO Do4

BMSO

¢ 20 40 60 8C 100 120

Time {min}

RFU

1600
1400
1200
1630
830
600
430
200
o

1800
1400
1200
1000
800
500
400

200 T

4

enzyme 20ng (duplicate)

LF3V-coumarin

—o— LF3V BCE
—e—H2-OFT BO7
DHS0 BOZ

40

80

Time {min}

Enzyme 50ng (duplicate)

LF3V-coumarin

H2-0OPT —® LRV D0e

 potesetoettetetiote  —S-HOPTDN
o DMSO D08

DMSO

g 20 40 @0 80 180 120

Time {minj



Enzyme 100ng Enzyme 100ng (duplicate)

1600 1600
1400 . 1400 .
1200 LF3V-coumarin 1200 LF3V-coumarin
1000 1000
pol pu ]
L 800 —e—LF3V FO2 L se —e—LF3V FO6
“ a0 H2-0PT % e H2-0PT
—e—H2-OPT FC3 —e—H2-OPT FO7
400 o F 400 oo £
200 HEetutetge, oo 0et agatee P DMSORR 200 o{:mv.vwm et este, O DMSOFOR
0 DMSO 0 DMsO
¢ 2 40 60 80 100 120 0 20 40 60 80 100 120
Time {min}

Time {min}

Figure 6. Measurement of signal change of fluorescent substrate at various

HTRAZ concentrations



2. NABAEFAA Z3tdeel & HTRA &4Wste] &4

1) Cell differentiation

SH-SY5Y, SK-N-SHZ neuron-like cell2 ®3}A]7]7] 9dte] ATRA (H
TE5% 10 uM)E 3¥¢7Y media (DMEM, 10% FBS, 0.1% P/S, ATRA)E
ot 54 ol wor FEI W wEE ubx EEAIZT
SH-SY5Y®9 4% 75T flaskel Al #l= ATRAE Adstod® w371 2 5
AT SK-N-SHe| A 18X ¢ol 24 well plateE ©] &3t 54 9]
A Avd ATRAE A ehA] &2 Ao nld] M7l 7Fs5o] A 3 neurite

outgrowth 7k A ¥ AL #F T & AUk

Figure 8. Cell differentiation of SK-N-SH
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2) Selectivity in SH-SY5Y/SK-N-SH

ATRAA o] W& HTRASY & WHsE ##sH7] S8 F&35 &E3td
SH-SYS5Y/SK-N-SHell A& d+elA 7 Z&o] =i HTRA A o]
AT DS-01-94 (HF5= 10uM)= A3t SDS-PAGEE &3ttt 24
well plateo] welld 4X10° cel/mlZ 7+ § Z2HE AH|g 57 247 F<b
37CCO; incubatore] W 5 RIPA buffers A 23le] lysisE a3 F
BCA assaye &3l 99z AHZFS 3 ¥ medias media”l 2, lysate>
lysate7] 8] @l dgs FdstA FL3 F SDS-PAGEES & ZAE ©
A =5 8l cell lysate AMEZAA g AsAl Hol= W=7}
HTRA® F4€tt. SDS-PAGE 23 ATRAE A stAS wol= HTRA

of 24L& anA AA FsshA ¥ Aew Bl

Figure 9. Structure of HTRA probe (DS-01-94)
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Media Lysate

(+) E09(+) A-beta (+) E09 (+) A-beta
L (JATRA (+)ATRA (+)ATRA (+)ATRA 1X (JATRA (+)ATRA (+)ATRA (+)ATRA

Figure 10. 2" generation probe with SH-SY5Y/SK-N-SH

3) Live cell imaging
24 well plateo] welld 4X10° cell/ml® 7+ 5 Z2HE A g3t 247

¢t 37C CO; incubatorell WX % lysisE 2 dsl7] do) dFanFdog

oft

e
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gure 12. Cell differentiation of SK-N-SH (ATRA #HF %% 10uM)

_13_



3. HTRAZ A2 & 3= Cyclic Activity-based probe®] &4

4) hexa-peptide library®] A

Peptoid®] #4842 #FFHg7<sd AL uF ATFHAe] T5AdTE S5

g el o cyclization W3S 93k linear peptide o @A S FF33817]
=9 A ool a5k

cyclizationS ¢13l HEol=9] < £ cysteines FFsdow FAdH

A cleavage cocktailZ& HEFo] =7} # R A ¢ro} A S WA 5]
resinol A FElol== B EA 7l H LC-MSZ o] &3l 249 &AL 3o
314

peptide sequence

1| Fmoc-Cys(Trt)-Val-Thr(tBu)-Ala-Val-Ser(tBu)-Phe-Cys(Trt)-OH | DS-04-61

2| Fmoc-Cys(Trt)-Val-Ser(tBu)-Ala-Val-Ser(tBu)-Phe-Cys(Trt)-OH DS-04-62

3| Fmoc-Cys(Trt)-Val-Tyr(tBu)-Ala-Val-Ser(tBu) -Phe-Cys(Trt)-OH | DS-04-63

4| Fmoc-Cys(Trt)-Val-Tyr(tBu)-Phe-Val-Ser(tBu)-Phe-Cys(Trt)-OH | DS-04-64

5| Fmoc-Cys(Trt)-Val-Thr(tBu)-Leu-Val-Ser(tBu)-Leu-Cys(Trt)-OH | DS-04-65

Table 2. sequence of hexa-peptide library

5) Valine-DPP-DCA &4
cysteine?} A3} o] activity based probe®] warhead H-E O 24 EfA SR
3} serine protease?t ZA St Valine-DPP-DCAE A st &4 Al
TLCZ Wg &dE59 4HE A3 5 WS RN HAF =22
LC-MS® massE 9<% 5 flash column chromatography@® * Al

]_
™ RbE Al o] &3 &l DME7E €3] AAEA oF 4% deHje |
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AT}

6) Valine-DPP-DCAE ©]-& 3 peptide cyclization

NH,HCO; buffer (pH 8)° peptide® =%=7F 0.1 mMeo] HAHF =<2
Tris(2-carboxyethyl)phosphine hydrochlorideE o] o33} 2430l A7) =
AS HAax3 3 5 dA A3 Valine-DPP-DCAE #H7Fsle] cyclization
HEs Bl F -80ColA €99 F s4:1xE ¢k DMF7F o= A
7hE o] FAAZ7 E7se 9ol hyper C18 columns ©]&3te] o
st DMFE A|AS ¥ s4x0xE st orn o] LC-MSZ masss &
3 AF¥H o= cyclization WSOl olHZ AS AT+ USdTh

Preparative HPLCE o] &3lo] s+ =R 83t
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Step.1
o
DCM, DIEA
®/>Jv oph o
HaN">p- +  BocHN OPfp rt.
| EE——
OPh Exact Mass: 357.06
Exact Mass: 306.13 Molecular Weight: 357.23
Molecular Weight: 306.32
Step.2
Tt
S o P o P o P o
H ° H 3 H T
S N W N PN
:om,mxovb:o_mmzou/m
Trt
Step.3

HO. O. (o]
U0

HooC

oK NP 1,3-dicholroacet UHZ N_ B0
~ ,3-dicholroacetone ~,
Y)Y T oen o oY T oen

o o mII O P, O Py O B O
Zé Z&F Z/¥F z/&ﬁ Z&ﬁ
N N <N <N < “OH
o Hoo s "o m ™o r ™o i

50% TFA in DCM Cl o

Ho Qopn

—— o

Exact Mass: 486.09
Molecular Weight: 487.31

Exact Mass: 478.19
Molecular Weight: 478.48

HO. O. o
CLO

1) hex-6-CF
» HOOC. SH
] o] P. o P, [o] P [¢]
2) Full cleavage by O H H 5 H ° H T H
X N~~~ N N N N
cleavage cocktail N <F2L/:\ /‘\Fz\_Jﬂ /\:/z\_J_\ v~ o
o H o p " o " oep o Nen

HO. O. o]
@
HOOC.
e O

1) 50mM NH,4HCO; buffer (pH 8) in
0.1m M peptide, TCEP, 1h, rt
2) 2mg/ml solution of DPP-DCA, 3h rt

zT
z

Scheme 2. synthesis of cyclic—activity based peptide probe
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Osp OPh

OPh
HO. o o \(J\NH HO. o. 0 \H\
CoO o 0 S

07 NH HNT o
o
Exact Mass: 1713.62 Exact Mass: 1699.60 Exact Mass: 1775.63
Molecular Weight: 1714.86 Molecular Weight: 1700.83 Molecular Weight: 1776.93
DS-04-61 + hex-CF cyclization DS-04-62 + hex-CF cyclization DS-04-63 + hex-CF cyclization

Ny, HNTT
HTN .
a o
~ o f
Exact Mass: 1851.66 Exact Mass: 1721.68
Molecular Weight: 1853.03 Molecular Weight: 1722.92
DS-04-64 + hex-CF cyclization DS-04-65 + hex-CF cyclization

Figure 13. structure of cyclic-activity based peptide probe
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m. 2%

H =R M JdFE vtgo =z 3to] A A, peptide sequenced A
% HTRAE B o= &&= 3 71dS sk, 7€ 483 = 3l
+ H2-OPTe} vluste] Hozx EHo 848 Hristax st o

T A} tetrapeptide 7]%WF substrate ¢ 749 ofr|:=4Fe] Jl4=7} A o] HTRA
7} substrate ©.2A AA A o= Ao = FAHECT covalent probe 9
A4 sequence ¢l o3 MEA BT} nucleophile ¥ & A7FY] w34 o
A oEst= W substrate ¢ -9 sequence & <124 o] FAoFo] HES
ol AAAA FFS mAA HER G mHdA opnxike] =9
unbiased libraryS & -8&3F screening ¥ biopanning% o AE=ES H& 7fA
d substrates 27 A3 FEHEATE A= E 5 Sk
EAZ, B AFdoA Jhetd HTRAES EACR 3t &4 7bl 228 5
o[-g3ste] 7]ES Al AFE HJY HelLa, USTMG Al=E7} ofd
SK-N-SH¢} SH-SY5YolAe] HTRA &4wsls sastaz shglch o
ATRAE Adgste] #19 F AEZE Neuron-like cell2 F&3] #A7 F
°] HTRA ¢ 24 W3E =48 Bovt. d3dn 43 SDS-PAGEE £3F
A8 A7 SH-SY5Y 9 4% HTRAL ¢ wd#we] o2 Axrc e
Helw ATRAE AHEdte]l neuron Z H|S=gh PEIE E3A 71
HTRAL ¢ 43571 ##2d = sldoh o+ AA 4357 dojyt
=

:‘.’*:’

A GBS Ve AE Ao, AREE ZRBE Y AXFEHE G FEe] EA
laf &HQlo] XA A% &= Avk. SK-N-SH Alx¢] A-¢ 1A Z28
HTRAL ¢ &AW3tE gld up Aoy, 24t 2285 AMESl=

g AEFTE A F7Eske] EEdE el ghelo]l FolskA FdTh 1A =
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V. A3

1. 2437171 5 AleF

1) A& 7]7]

A ARt E 1)y -dZFEA 7] (Liquid Chromatography)®= HP 1100524
2 AR 7](MS):=  Electrospray ionization (ESI) 219  Agilent
Technologies 6130 = &S AF&3ste] st o™ columne  Aglient
XDB-CI8E &S At&3tdtt. dAAA=ntETHE  (High Performance
Liquid Chromatograph):= KNAUER A ZtAle] AZURA 2 49& A&3te] 4=
gstF o™ columne Luna CI18& AF&3st3lth. RFU data®™ Molecular
Devices SpectraMax MbHE A-&3} T}

Cell imaging& EVOS™ FL Imaging System AMF4300<& A}-g&3&to] 43
= AT},

2) AleF

HEg-of] AF8-% Al 9F2 Sigma-Aldrich, Thermofisher Scientific, Alfa Aesar,
TCI, Acros, Novabiochem, ChemImpex ©I 4| Asle]l Al glo] A3
th. water= 3 A TRTE AFESEA T Peptoidd @4 FFHe7] =
AAY w4 AFEAe] FeAFE T FREFA S cyclization WSS
1%k linear peptide® 42 FFHg7=d dgdd FofFol 333

.
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2. AW

ki)

1) HTRAE gA LS = s+ FF 714

et

3

@D Solid Phase Peptide Synthesis (SPPS) techniqued ©]&

rob

tetra—peptide &4
1.1 Fmoc-Val-OH (P1) %%t

2—-Chlororityl chloride resin (500mg, 0.5 mmol, leq)=
Dimethylformamide(DMF) &2 30%7%F swelling A ZIth. Swelling ¥+
5<%t Fmoc-Val-OH(P1)E 2o AW Fi =3 2%7F ZopAH 71%
3k vial (1) & #4H]3 5 Fmoc-Val-OH (Beq)E 9t} of7]o] DMF=
3ml H7tsle] solidE F#3] =<ltl 308 5 swellinge] Evd &3 &

HEW 724 vlEsE 2 22 F vial (1) 9o &45 HUbdd. o

o

DIEA (3eq)E 713 & F4S da &5 F7]5 woju = & 243
ZoF HhgS wuith ¥kgo] EuUW we &S E¢ Bz DMF$ DCM

o7 Zhzh AN FEe] AlFE &

-

e
N
PN
o
o

1.2 Fmoc-Leu-OH (P2) %%+

Fmoc-Val-OH (Pl)°] H24% resing DMF £wz 30%7%F swelling 27!
Q@
[e)

t}. Swellinge] #4¥ &1lE& S8R Wi Fmoce Al A3 thS amino acid

Ll

B28 = A 20% piperidine (DMF : piperidine = 1:4)S resing &

]7@

Ad Az HAOg §/ F4e 2 5o ¥U1E M F 5&EF W

ool BAE F 39
WE EYE U DMFe DCMO = 7} 4H¥ Fi3] AHsiE & dxe
t}. ttA] DMF &1 E o] &3}9] resing 30% 7+ swelling3tt}. Swelling &

%9t Fmoc-Leu-OH (P2), HOBt (coupling reagent), DMF, DICE <H]

HE
ol

olo
o
o

H

L

B3t} Fmoc deprotects #4l % Wks-

op

rr

_2']_



3] v} Fmoc-Leu-OH$} HOBt7} 423 %7} 7ol
(2) & 43 H 7] Fmoc-Leu-OH®} HOBtZ 3eq® % 1L
2 solids & xoEn 307 §F $vE YR 2235 22 F vial
(2)9] &g H7bgk & DIC Beq)E #H7FS & F al
715w F 2A17F FQF RESS Kotk wkgo] EFud Nk SWiE &

B3 DMF, DCM2 2 Z}z} 4HX F83] A F sl & dxsg,

=
e
R
o
<

B

oi

1.3 Fmoc-Lys(Boc)-OH (P3) 5=t

Fmoc-Leu—-OH (P2)7}#] ¥ -# ¥ resing DMF &uj&2 3087t swelling Al
21Tk, Swellinge] #4¥ &vlE& &8 XU Fmocs #|lA3] & amino

acid® Fzd ¢ A A 20% piperidine (DMF : piperidine = 1:4)& resine

=53] A Axw H7sk § F4S G E50 FU|E wd & 5E7F
HES-S Huith o] #AS ZF 3 W&t} Fmoc deprotectS €W F ub

S gule ¢ wun DMFS DOMo 7 44 228 Ads)z &

Y

BN
b
e
o

Al DMF €& o] &3¢ resine 30%%F swelling3Ftl. Swelling
¥ += &9 Fmoc-Lys(Boc)-OH (P3), HOBt (coupling reagent), DMF, DIC
& &8 9. Fmoc-Lys(Boc)-OH ¢ HOBt7} 23 2%7F ZolxHd
73 vial (3) & 4|3 F o 7]9] Fmoc-Lys(Boc)-OH ¢} HOBtZ 3eq
# Y3 DMF 3ml2 solide & xolEt. 30 F &vWe &9 Hla =
235 2 F vial (3)9 &9 7t F DIC Beq)E H7IE & ¥4 =

e
23 250l ¥/1E W 7 247 9 WS Btk wgo] Euw
5

1.4 Boc-Phe-OH (P4) #2t

Fmoc-Lys(Boc)-OH (P3)7}#]  ##¥  resing DMF &dj& 30&3F



swelling A Z1t}. Swellinge] €4 &vjE &2 EWi Fmocs AA3 o
S amino acidE 73 4 A 20% piperidine (DMF : piperidine = 1:4)
= resing S0 AA AR FE ] FAES B &5 v7E wd
S 5EF WgS Bt o] AAHS F 3 WHE3S Y. Fmoc deprotectS #
H & g &wiE &2 Ui DMFe DCMOo & 7} 4H¥ Z23] A A 3
T ¥ 7dzx%g. oA DMF &wl& ©] &3t resing 3027t swelling gt
Swelling ¥&= ¢t Boc-Phe-OH (P4), HOBt (coupling reagent), DMF,
DICE <+Hl&| £t Fmoc-Phe-OH7} ©}Yz2t Boc-Phe-OH (P4) 1A
oo glsth Boc-Phe-OH (P4) ¢ HOBt7} &3 %7} Zolxd 7
33k vial (4) = 4% 5 o] 7]o] Boc-Phe-OH (P4)2} HOBtE 3eq® 4

i DMF 3ml& solidg # FHo#th 302 ¢ &viE &2 Hula Z235
G2 % vial 49 & A7 & DIC Beq)s H7HE & F4& 2 €

1.5 Cleavage cocktails ©]€3F Resin full cleavage

Acetic acid (AcOH) 2ml, 222-Trifluoroethanol (TFE) 2ml, DCM 2ml
(Acetic acid (AcOH) : 222-Trifluoroethanol (TFE): DCM = 2:2:6,

cleavage cocktail) &S 7|3 vialdl ¥Er HEZE ZE2aE 7]$
cartridge®] %! Resing swelling 3% il cleavage cocktails &A=
Aez Yer. 48 % 2% ¢u ¢ge thgof 500ml H A & ¥ &

A2 & 7ARh Shakerol A 3AIZE Fot WHgS Hlth F7 o] dolo 2 A

A7 & dbSo] Eur] Aol 500ml S+ flaskE ice bathol]l ¥z X



diethyl ether& 9 &=t} Hk-&o] £4YW diethyl ether’} £+ 500ml &

flaskel ®bE &HS L=tk @2 &R0l 1A pumps ©]&3 resings

o

e
o

st AdTh 1t Acetonitrile (ACN)¥ DCMO. 2 747} 491X AgFo =
AojFth, 1 ¥ Evaporatorgs ©]&3 SulE& F#3 <8t} Evaporator
9] water bath %+ 35Co & 3t} &uj7} oj=AE Fgr7lH T2 flask
o &wlE 7R vial (5) o &tk DCM2Z flaskE Al #H3ste] ¢ &
Aol IAH st} Vial (5) o &7 CFA] evaporation A 7] white

%
solid (Exact mass:705.43 g/mo)S ¢S < Ut}

@ Peptide-AMC coupling
2.1 amino-4-methyl coumarin § %}

FKLV (50mg, 0.059 mmol)< 25ml &<+ flaskel ¥ il stirring barg Y9+
t}. DCM (anhydrous) 2mlE #7Fgk % ice bathE W3 F stirrings 3l
solidE& ¢ % 4-methlymorpholine (4eq), isobutyl chloroformate (4eq)E
H7FgE % ice bath® W A= 2417 &t WS HT 24 ¥Hg &
7N 3%k vial (6) amino-4-methyl coumarin (4deq)E& % 32 DMF (anhydrous,
Hdg Iml 05mlE #H7Fsl AMCE FIth Vial (6)°] &5 5 flaskel
over-nightoZ wW&S Rt LC-MSE o] &3 Hbkgo] %

ko
N
N
ot
o
2

=4 &< ¥ Evaporations &3t} Evaporation Al DCM= #7}3h
3] 4 Y3 acid WA 7F YA A skt}d. Evaporation©] EuH

=
& 57 (Exact mass:i862.48 g/mol)S <d<& 4 3t} Flash column

o

B

chromatographS 3 37] A TLCE A& S E|ste] HojE F Rf

e AT = A

My
i)
rot

ANGwE Adegin. 2 A= AN

R

Hexane: Ethyl Acetate = 1: 2& A}&3Fth Column flask 250mlell 7 7l &
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W2 HA silica gelS 5 cm@E Fols& & AL E FES S8 2
silica gelS packing A1Z1t}. Packinge] %3+ 5ot loading®d sample2
DCMo & 3|Alslo] FHla] & & packingo] €uY¥ pipetS o] &af w¥H S
el 8 B silica gele] dolA @Al st H7Fskt HIlE 0= 2cm
A% pipete ©ol&3 FAZYHA HEg 5 v A e &S Ze=v A
NEuE 23] F2 F ol test tubed: w® F ZEAE do] &)

= H]—.L_:Tq_. _g_u

= -

i

jur}
lo
)

A TLCE #ol By 22 Fds Hols &9
tube £AE 7] =38 E£h. Columne] €4 22 449 tube §Y9718] &
o} EvaporationA] Z1t}. Z} vialo] oj®l &dlo] S0k =4 & 7E3E &

LC-MSE # o] massE &<t} (Exact mass:862.48 g/mol)

2.2 Trifluoroacetic acid (TFA)E ©]&3% Boc (protecting group)

deprotection

Columnes %3] #23 Producte]l TFA 1mlE #7}3F % stirring bars 4

I 4% 45 DCM<=
of Hujgk g I =@ 14 (Exact
4 At} Deprotectione] Z =4 2lst7] ¢
s}

d LC-MSE &3] massge &<2lstt}.

Evaporationdth. AF W A] 7

N
N
e
i
iuf
Y
ofo
=
il
ue Hob
)
N

Ll
ne
o

mass:662.38 g/mol)

2.3 Preparative HPLC

Preparative =~ HPLCZ o] &3} <] sl EAT EY§) CiA=
FKLV-coumaring ACN 1mloll ¢l 3 Nylon filterol] o 3A]# S H]3c},
S22+ 01% formic acid/ACN¥ 0.1% formic acid/DWE  AF-&3S T
FKVL-coumarin 93 el #2af ¥ 4 vk &8s =4 -80C J%

oA 2413 o] d™ F sk ol wAdxE 3§ 2 EP tubeol &
C

A FAS S4% FH 80



® Enzyme assay

EPtube®l Assay buffer (50mM Tris, 200mM NaCl, 0.25% CHAPS, pH
R0)E 4w 37CoA 307 d+u. black plated LF3V-coumarin,
H2-OPT, DMSOE 1ul¥ spots HolFth. Enzymed %S 20ng, 50ng,
100ngo] = Al bufferd]l 214 3 spot2 Hol®= well otgiol welld 80ul®
H7Fsch, dYs"y Assay buffer® spotS Hol%E  welldl H7pso)
reading A F fAS HolF FH  kinetics: 4%l (kinetic
fluorescence 120min, interval 30s, 37T, excitation 328nm, emission

393nm, auto cut off)
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2) AAAEFAM E3pgefol & HTRA &/ Wste] w4
@O ATRAE ©]-&3% SH-SY5Y9 #3t

SH-SY5YE widsle 75T flaskol ATRA (HF:s% 10uM)E A3t
media (DMEM, 10% FBS, 0.1% P/S)E 3«vuit} Zol3 7} neuron-like

cello] & wji7-x] Aglal+H oF 64 = At}

@ ATRAE &3 #3¥ SH-SYSYE ©]-&3 SDS-PAGE

ATRAA ] 679¢ 5 ¢d3] o] gty neuron-like cello] H3lS
o] AEE 24well plateo] welld 10%ells/mL7} A A XS ZolEr}, v
& 9 71¥9 media (DMEM, 10% FBS, 01% P/S)E AAg H
Opit-MEM 200uls & gttt o] wf Opti-MEMo|+= ATRAE A#stA &
=t} Probe (DS-01-94, HAZF 5% 10uM)E A3 5 sd=2 IRA CO,
incubatorol]l Al 2A] 7F=<¢F x| Eh 2A17F Fo ZF well9) mediaE eptubecl
%71 % PBS(Phosphate buffered saline) 1ml2 5%3F 23] A2t}
RIPA buffer 50ul 2] 3te] cell lysis 38 % eptubecl 20ul® & F3kc}.
Gl AT & media sample YA FS Sugo = F UL cell lysate
sample 25ugl 2 FU3sle] 5X bufferol 243 5 100CoA 583F 273
otk vortex dFATE o] A WHE sampleES  gelol welld 35ul¥
loading% 80VZE HA/WAIA 2™ Chemidocs o] &3dle] &3S ol g on

coomassie stains &3] @A bandE <153
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@ ATRAE ©]&3 SK-N-SHE #3}¢ SDS-PAGE

75T flaskel SK-N-SHE F#3] wldAzl F 24well plate] 5X10*
cells/'mL7} S|4 AIXE 7t 5 ATRAFA ST = 10uM)E A 2|3}, 3dwjt}
media (DMEM, 5% FBS, 01% P/S)E wv¥TH 6-99 FH Ax7}
neuroblast-like cellZ 3}ttt Fi#3] o] o 37t Aoty A
HH 71E9 medias AlA ¥ PBS 200ulZ 374 3 AMAH & Opti-MEM
o7 wAS. 24247k CO; incubatore] WA F UL F A2
Opti-MEM 2. 2 Zrol+ % Probe (DS-01-94, HF 5%

A COp incubatoroll A 2A17b&<QF A el ghet. 247 $ PBS Iml= 1#4 F
28 AlE % 100ul RIPA bufferd e ¥ 2037t ice batholl A shakings %
3l cell lysats 1027 vortex$ W dAEE7|2 AT

(14000rcf, Smin, 0C) F=dvF HajA vz AHFS & 3+ 5 media

o

sample T A US Bugl 2 F U3 cell lysate sampled 20ugl = &
d3&te] 5X bufferol 33X ¥ 100ColA 5&3F 273%Entt}h vortex %
t}. ol& Al BHE sampleE 2 geldl welld 35ul% loading% 80VZ 7/l A A
o1 Chemidoce ©]&3to] 3Fe &A3A oW coomassie stains &3

97 bandE 8<lehlct.

@ A-batas A3 A Ee] SDS-PAGE

24well plated] 712 media(DMEM, 10% FBS, 0.1% P/S)& AA g F
PBS 200ul® 57+ 3HHA A #3ktl. Opti-MEM 200uloll A-bata (HF 5%
10uM)E A 2ld FH 48A]7+&<t CO: incubatorel] <£Th U & 7]E9
media (DMEM, 10% FBS, 0.1% P/S, 10uM A-bata)& AA 3 ¥
Opit-MEM 200ulE A ]ttt o] o Opti-MEMel+= ATRAE A@lstA &
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=t} Probe (DS-01-94, HET 5% 10uM)E A3 FH L= IAA CO,
incubatoroll /] 2A] 7FE <t HEX] Sk}, 2417 S0 Z} well®] medias eptube©l
7% % PBS(Phosphate buffered saline) Iml&E 5%%F 23] A& 3lc}.
RIPA buffer 50ul #2]3te] cell lysis 2138 % eptubecl 20ul% & F3kt},
Gy F% ¢ media sample G A HFS SugS 2 F U3l cell lysate
sample 25ugo & FU3le] 5X bufferol 241g 5 100TColA 583+ 273
Eulth vortex A FAch o]FZ A WHE sampleES geldl welld 35ul%
loading% 80VEZ H/MAIA 2™ Chemidocs o] &3te] &3S 3Hels gl om

coomassie stains F3] @A bandE <15

® Live cell imaging

SH-SY5Y, SK-N-SH &t probe #2 ¥ cell lysig 3t7] 2% PBS® %
2ol AH F GRANAL 5o ATRAE AL e ax Fe u

o FYAY) AEE FeAsginh
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3) Cyclic Activity-based probe?] ¥4

D Cyclizations $13F Valine-DPP-DCA®] 3H4

1.1 Valine-DPP &4

50ml &< flaskell stirring barE % il benzyl carbamate (1.398mg, 9.25
mmol, leq), Acetic acid (3ml), Isobutylaldehyde (1.267ml, 13.87 mmol,
1.5eq), Triphenyl phosphite (2.424mg, 9.25 mmol, leq)s=o = H7F &

condenserE A x|dt} 82T A 24 7Fs<k W3S HuUlW TLCZ benzyl

carbamate®] consume< 3213t} rotary evaporator® 3]%A compoents

[t

S Y3 methanols H7Fgt). -20Col A overnighte = AZAAAZ

t}S ¢ filtration ¥ cold methanol® A2 3 % %= <to] A methanolS
gl & LC-MSE &Aool & A=A &gdgktt. (Exact mass: 439.15,

Molecular weight:439.45)

100ml &< flaskell product®} stirring barE Y3 33% hydrogen
bromide/acetic acid 10mlE #7}3 % room temperatureo| A 2.54]7F& <k
HES-S B ult}. rotary evporator® Acetic acidE F3#3] A7 % Diethyl
ether 60ml %7} & -20ColA overnighteZ AMZAAAZ 7 3
filtration ¥ cold diethyl ether® A& 3 T F = <to] A methanolS ¢
< LC-MS=Z 3ol & HAE=A  FQlgky.  (Exact mass:  306.13,
Molecular weight:306.32)

1.2 Valine-DPP-DCA 4

(EC-02-85 §4) & flaskell stirring bar ¥ 3 Boc-aminooxyacetic acid
(200mg, 1.04 mmol, leq)E ¥ DCM 5mlS #H7F % pyridine (92.34 pul,
1.144 mmol, 1.1 eq= %<2 % Pentafluorophenyl trifluoroacetate

(TFA-OPfp)E #H7F % room temperatureo] ] WA ®¥+3S HUTH TLCZ
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550l wWgol # 7t 9l&=A g9l ¥ Boc-aminooxyacetic  acid©]
consume¥| ¥ evaporation@tt}. Ethyl Acetate (EtOAc, d:0.902 g/ml) 12ml
of A&s & F = Zurld &713 T flaskE 5% NaHCO3 10ml=

AHE 3T A AH A A Al Atk 2] FEE €
sEast 47 AL HA F B EEe Frh 2wl o pEg 9w
A @ A mEa deld B/ 3w W Erh F2% 91 3 2 g

FZ2A7F F7 AL g T F EE5o T Zur]e oy FES 9
THA g 5 223 dolA F71E 3W W Foh mpRMA R £F3& dole
H 1= flaskoll %7 MgSO, H7bste] A3 =& A A
%  Evaporation@t}. product® LC-MS¢9 NMR=Z 3Zelsdtth  (Exact

filtration

o

mass:357.06, Molecular weight: 357.23)

(EC-02-91 §4) & flaskel EC-02-85 (265.8mg, 0.74 mmol, 1.2 eq),
valine-DPP (2349 mg, 0.61 mmol, 1 eq)& DCM 10mlel F#3 =<2 %
DIEA (257 pl, 1.48 mmol, 2eq)E 7} ¥ room temperature®l| ] overnight
stirring ¢ttt TLC (A7/lx27 HEEA=2:1)2 EC-02-857} Yold#] &4
<9l % evaporations &3} LC-MSZE mass®<¢ % flash column
chromatography (HE:EA=1:1, Rfg 0.345)2 %3] AAlg 3 product?t &
o} LC-MS=Z &9l gt},

(EC-02-94 §+4) &< flaskel EC-02-91 (120.6 mg, 0.25 mmol, leq)E ¥
il 50% Trifluoroactic acid in DCM 1.5mlell & =<2l ¥ A=A 1A7HE

W8-S Rt rotary  evaporatorZ @ SulE  AlA hed

e

1,3-dicholoroacetone (48.2 mg, 0.38 mmol, 15 eq)E ¥ % DMF 500ul

A7 & 204 overnight stirringdtth. LC-MS=® product’} A EH A=
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A golgtt}. (Exact mass:i486.09, Molecular weight: 487.31) LC-MS®
mass&<¢l ¥ flash column chromatography (HE:EA=1:1, Rf#k 0.35)E &3l

AAe FH product® XoF LC-MS=Z ghelsht},

@ Cyclizations |38t hexa-peptide®] T4
2.1 Peptoid®] A FFA7IEd AAY wgy A7E A
ol

3 FEstlen A dHLS FFHeried

1o,
of
offl
re
-
il

2
(o,
0%
ro,
oy
)
b
o
0%
o

T35

2.2 hexa—peptide®] hex-linker - %:

hexa-peptide resine 100mg (0.124 mmol, leq)S catridgeo] =71 % DMF
2 Dimethylformamide(DMF) &w 2 30%7F swelling A1 Z1t}. Fmoc A7
= 938 20% piperidineS resino]l H7} & 587 shaking3dttl. o] #HH S
% 39H WHE3 ) Fmoc deprotection®] E4yH DMFEF$ DCME o] &34
resing F9] AAHAF=dH AHY wFE s DCMeZE o). pumpe ©]
Skl resing sl HAEAA EIHLAHHE  wE FHe DMF=
Dimethylformamide(DMF) &wj 2 30%3t swelling A7t} Swelling ¥+
59t Fmoc-6-aminohexanoic acid (hex-linker), HOBt (coupling reagent)&
Aol AWES. T Ak 2E7F A2y ZokA™ vialol
Fmoc-6-aminohexanoic acid (131.5mg, 0.372 mmol, 3eq), HOBt (50.27mg,
0.372 mmol, 3eq)S ®ail DMF 4ml& H7Fsto] 2 =<Avh 302 H o &
S resindl H7F 3+ ¥ DICE ¥ il 2A]7F59t shakingS Z1 8t} 24|37+
%o DMF¢ DCM< ©| &3t resing Fid] AlHaAF=d Al whi-g
= DCM2o. = 3t}

2.3. hexa—peptide®] &34 H =

hex-linker7}A] H23 resing DMF® Dimethylformamide(DMF) &=
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w

07t swelling A7t} Fmoc A AE & 20% piperidines resindl 3 7}
5 587t shaking?dtth. o] 34 S & 3 wHE-3 Y} Fmoc deprotection®] #
U™ DMFES DCM<S ©] &3t resing &3 AlFHs| T A& nhig
= DCMo &z 3t} pumps ©] 839 resing =
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Abstract

Development of chemical probes to study protease
activity in the pathogenesis of neurodegenerative

diseases

Eun Chae Park
Department of Next Generation Applied Sciences
Graduate School of

Sungshin University

In this study, fluorescent substrates and cyclic probes were synthesized
to identify and explore various biochemical pathways of HTRA (High
Temperature Requirement A serine protease), an important regulator of
physiological processes.

First, a fluorescent substrate targeting HTRA was synthesized. In a
previous study, we developed an active—-based probe that selectively
targets HTRA family proteolytic enzymes including HTRA1, HTRA2,
and DegP. In this study, we attached 7-amino-4-methyl coumarin to the
previously reported tetrapeptide to generate novel fluorogenic substrate.
Second, after differentiating the neuroblastoma cell lines SK-N-SH and
SH-SY5Y into neuron-like cells through ATRA treatment, changes in
HTRA levels in the two cells were observed through SDS-PAGE using
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a second—generation fluorescent probe that selectively targets HTRA.
Third, a library of cyclic activity—based probe targeting HTRA was
synthesized. Previous studies included non—natural amino acids for
optimization, and although this probe has a small mass, high cell
permeability and excellent selectivity, non-specific bindings with serum
proteins were observed in samples concentrated with high protein
concentrations. Cyclodepsipeptide is a type of peptide that exhibits strong
inhibitory properties against serine proteases, and strong HTRA
inhibitors based on this structure have been reported. In this work, we
designed and synthesized cyclic activity—based probes based on the
sequences of the reported cyclodepsipeptides to increase sensitivity and

stability of HTRA probes.
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