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1.1. HtrA Al

HtrA Al @@ Es g A (High Temperature Requirement A serine
ool AEH A ¥hE @A 4 g s =
A= o A ZEHoHA R, AE A @iz thabe] A4l o
gs shob[1]. AzZF HtrA ddglel& HtrAl, HtrA2(Omi), HtrA3,
HtrA4 u 7} W7} glow, o] M A&, AXEAEA apoptosis),

AEe TRP T AEA Ao Bol@rH2]. Hua AL 74

o]
=
@]
=
D
o))
w0
e
=
i)
i)
rlr
=

[3, 4], Alx A 4 T4S dste #H] @¥idolt. HirAle ¢4

|
e AAste] T oA TVlss FdeE Aer yeuu (5] ET
HtrAle H4 <9%% (Duchenne muscular dystrophy) 3Fx}9] A
oA wdo] Frtshm, 5 WEleke] A ARds AAFSE8].
HtrA2+ Omighes o002 % &84 ow (9, 10], AxAEAL 243
AstA dd=o] vk 7] Aol HtrA2+ AE#HA wbgow 24
dE s ZREoAR wAF o, AEZAEA @A A3 A (Inhibitors

of Apoptosis Proteins, IAPs)® &A4& ZHE3t= 7S ZE=vH(l1,



12]. HtrA2: AP} A o]=59 JhA#H o] A (cysteine—aspartic
proteases, caspase) A 7|5 Addta, ol F& AEAEAE A
hop. o gk ApEAL GA L mEZEolr e £ 2 Wil dd 3 o
A dAs] 2dEH, o] B N-Tdk Ewlo] AAH o] [APSIE] 4
2ol 7hsafi X tH13].

HtrA3(PRSP)x= 77} vl A7 o] Foixl wmid e, HirAld %2

ME A S B F dido] Ved fFAMIEe T RE 7ol AVl

3 9Jth. HtrA13 HtrA32 mRNA 23 s€le oz 7k FA oA FAF
SHA e [14, 151, olol wal HtrA3E A# Aol Fok oA
#oJg 7ol AAEHAT, olF Qlstr] st FrF AFUF LFHTH

[13].

HtrA4+= HtrA side]e] ol WA iz 7pg #Hol BauEglon,
22 323 (GenBank) ol c¢cDNA A9 (AK075205.1)2 S=930v
[13]. HtrA4¢] 75l #d A4+ off FHepAv, th&E HtrA ZE o}
AEH T4 FAARES vtgog AFE AEHA "ol fAFs x4

Ao gl s spsado] A7E T 9.

vl @l o} HtrA (DegP):= ulrelg]ololl ] wruld 2 §xo] Za3 ol
< %tth. DegP& AFZ & (chaperone) ¥ X ZHOLAZA o]F 7]&& 74
W, n2ah g2 AEdA 2AA MAHAY 38 @ aqe @
& 3ch[16, 17]. ol& %38l DegPt slZd @wd HAgA F1& WA

shul, welelol AEY Qe BAFT18]. DegPol AEAL:
deol B5 Atolo] mEHO] Qlom, QI Hira Auele f4}
UEe FRac

i}
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)
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P oAE

=

‘
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1.2. HtrA 1289 x4 54

dlm

HtrA sidee] 7z Wiv= A2 o8 7324 545 7FA e, o)y
sk AEsHA T)sel 7]o g

A, HirAl2 A9 HEo] = (signal peptide), && FAF 4 A}
A% =H <l (insulin—like growth factor—binding domain), 7}23 A
T2 EolA  AdlA Edel(Kazal-type serine protease inhibitor
domain), EHA A ZZHokAl  Ed <l (trypsin—like protease
domain), Z2]al PDZ ZWIRIZbA] ©Al 74 Fo Lreles £9sta 3
o olg st Tl FAS B HtrAS vt A&7 7eS Fdsy,

55 PDZ B wud-aud FEAE] FL@ JL Wk

PDZ =vdE& Aogsta 9o [20], YA Al1d FEefo] =, A& FAF
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HtrA2% HtrAl 9 HtrA39=E Fxzx oz sty EAS 71x 31 Q)
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rot

A3, o5

QA Eu

Y

HtrA & e] EYAl fAF ZE2EH oAl ZwlS vl o
v W =& BEEAe] #FEEY. a4 dA4e dF Al
(catalytic triad) 9} EEF HEEZ(GNSGGPL# TNAHV &)+ HtrA
gzl AAelA dHHA FAET14]. ZeY HtrA29] @71 FH
(short—form) & t& AW S 22 F Axe A Ax Fof A 27
Afolell 6471 2] ofvliAt Z7)7E whA Qlthis t2A ApolE Hlvh[14].
olg gt 22 ztolE HtrA29 thE HtrA gz AW E 119 7154 A
olF YElE Fo% Q4E A&t

HtrA sjd g o] PDZ =w|Ql &A= o5 Z=dQle] 54 fHetol=9}
o A Sold= Aduh= Aol Fl¥ddv. HtrAl, HtrA2, HtrA39
PDZ ="l Z+7Z DSRIWWV-COOH, WTMFWV-COOH, FGRWV-
COOH Hetol=9l HAAE ol FH, o] HFA| 7-x+= PDB tlo]gHo] A

lelA HtrA1(2JOA), HtrA2(2PZD), HtrA3(2P3W) A I== g
18k 4= Qlp[22, 23], o] HEFO] =52 wlo] A 2 E (micromolar) ol A
B uto] 42 & (submicromolar) £+ A% 3l=E Holw, =& AH
Sold& dFstt. oy d Feolt: tte FA9 JHEolE gholH Y g
E 3 M13 "tz estA e Fo oy "] §3E JHE A5 &
AuArk(24]. WH HtrA49 PDZ =vQle obA Fx7b ghe A ok tA
Rk HtrA g8 e PDZ =vlQl b 723 AR e E ), o5 hel
Aetol = A2 wAYUFS] T80 A& 7Fsdel A7l= L .

2
rd

o

S

- . il
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DegS  Ecol sssa  A——(C__ O

O
DegP  Eicoli Mg O———( O O —
Bt i aoli i O : C : ||”| transmembrane
eg .coll aa
bkt Hoapienr 00 O—— O GD—-»——— insuin rowh factor binding doman
HirA2-L  H. sapiens  458aa —HH—:>—©7 O Kazal protease inhibitor domain
HtrA2-S  H. sapiens  361aa ( ) < :) Trypsin-like protease domain
e O S S G —
s s s O—3F— - I——

signal peptide

PDZ domain

1. 1z HtrA S22 =rQ Fx ujx ¥ HtrA W2 @d 9 =
W] EFA Y] FH M9 A (B 192 [14, 19, 20, 25]°04 FHas}

o

7 HirA sidegle] a8 2E Wl HitrAl, 5 7FA HtrA2 T3 A
(HtrA2-1L % HtrA2-S), 1812 ¥ 7}FA HtrA3 E3A (HtrA3-L Y%
HtrA3—-S)9 Ldel % HlwE X33t}
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o}, HtrA19 F2

9] 74 [29-34] | A]

hya
sl

=X
[e)

W [26-28]2 A
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-
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1.3. HtrA19] 7]

)

@311 TGF—- B (Tumor Growth Factor—beta) A% Y A=

o}H[35].

5o

[e

Bl

S

i=]
RUN

3

A =AogHE HFsITH4, 9, 36,

T | o}A| 2}2]

Ay
[e)

I}

v
=

o

o

HldE &

=4

=
a

ATP 9
1=

]

= | oA

oz ATLE %A

=

-

o}

YA
AT m&EAR 2g Hitel HirAl

PN

T

=

.

sk
=

Al

.

[}

foig
“

o

-

HtrA1l
& 2
yHo7 7

o [2, 38], ©]

]

=

N
oju
o
G

i

o
sl
o
™

fite)

24& A

g
-

ECM (extracellular matrix) 2]

A 3rh[31].

I9 Y HtrAl1¢ ECM

T oIt [39].

i
=

g el M

171 9%

5]

=]
o

12 Ay ECM

5]

24

Thy

o

pig

+ ArH(32, 40, 41].
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st [42—44], ©]
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1.4. HtrA19 2¥ W

A%

273197 (neurofibrillary tangles)& B/d3sto] AAAES] 75& W3l

FETT[49]. HirAlS B JAFAE 2eiste] s4= ¢
stetal FA & &Rtk p-otdEo| o T %R HtrAlS &AL 27]
=HuHE Fastel d & 54 JAFARY AFE AASeH[36, 47, 50,
51]. 284 AD9 #4474 9138 29212 ApoE4 (Apolipoprotein E4) t#
A= p-otdEolE AA ArRE Walsta HtrAle 2Hd 9 Vse
Adfete] ABME S 7FSA0H[62-58]. webA HtrAlel &4
AL ADOlA BR%oF p—ofY

flilo

EN

ol FHE Fola AFAMEE HFdh=

T
=
>
—
rlo
b
l-'O
ot
&3
=

S

d (age—related macular degeneration, AMD) ]
o= Fosk oddks st [59-65]. 53] WHr M4 Y] (retinal
pigment epithelium, RPE) ¢} Bruch % (Bruch’ s membrane, BrM) 2] <}
445 fASE ECM x£2 49 A5 Ay PRl #ofdtH[66-68].
ARMS2/HtrAl +32 &2 &7 SNP(single nucleotide polymorphism
rs11200638) HtrAl @9 d Wd& S7kA717 [37], ol BrMo +%
A FAAS &A1 71 92kt A" 3 (choroidal neovascularization,
CNV) #@4& FHeth[68, 69]. HtrAl& ECM T4 229 d=zd
(decorin), I B ZMYH (fibronectin), LetA¥ (elastin) AH S= wlls
o] BrM 44& AstAlZith. oj2]gh ECM 3= d#e] BrMS dol &
o] CNVE =8k, FAlel ECM #3f 4t=zo] &

g
o
fru
N
1
ol
e
m
[-421
iy



H ARBE FHa Hestd AuHE otsAzlt. E=9, HtrAlS TGF-48
—ALK5-SMAD2/3(TGF— B type 1 receptor(ALKb5), Smad2, Smad3
proteins) A& ZAEE oAlste] I 9 AF 2HE WaEEtH, ol dF
g ek gshE vhESstete] )l SENbAA el 7o stth(70, 711.

HtrAlS g9 HA AN E T3 98 sto([72]. 49 IS
FA8= ECM =9zl TGFBIP (transforming growth factor—beta
induced protein) & W3l o=N Axg 714 I+ A5G AAT,
HtrA19 &/ 3k= ECM ect8A4d S sty 9T ke AlE ~Eq
A5 FAsY gy WA s TS Eeth

oF BEelAE HtrAlS F % 9 =7 weto] we} Adnkd 93-S
TYIT[26]. Fadeld= TGF-8 A2 E -8t A T4 olgs
oAk (73], HtrAl %
75]. Wb f)ekel A= HtrAlo] #pdd = o] oF Alxe] 43S 9

3

=]- O
ks ot

hs

ﬂg{_lz
o
P>
rr
2
1o
fatil
)
oX
=)
2
o,
m{ru
o[\
N
N
>,
o
O,
3
-

i

C S, SAFA = HirAl 2d a7t do] 7heAd s S
71W [26, 73, 76, 771, ECM &3 &5 oAste] Ax ol 545 2
AT BarE eH[78].

ZHAAANA HirAlS A= ECM A+ ol1# 7 (aggrecan) ¥ 118 =
eHls welstel A= E4E 7FEERT(33, 79, 80]. HERE, HtrAlS
MMP—1 (matrix metalloproteinase—1) 3} MMP -3 (matrix
metalloproteinase—3) & &4 3lslod ECM F7F 235 FX s, o]= A
g e ofsA 7181, 82].

A+ 5 (pre—eclampsia) ol A1 &= BWF ECM Al 7+ S 243t HirAl19
A s 7F BiNke] x4 Sk S s (83, 841, ol & Q& ¥t
I ejol A AA ZF FQ FAbo] wA s

W A W W = (progressive multifocal leukoencephalopathy, PML) 4



293 A= HirAl 5AWHo|7F ECM 24 Zol & fdste] g3 +
= &AM ¥dF% A4AE xSk [44], o]l CADASIL (Cerebral

Autosomal Dominant Arteriopathy with Subcortical Infarcts and
Leukoencephalopathy) % CARASIL (Cerebral Autosomal Recessive
Arteriopathy with Subcortical Infarcts and Leukoencephalopathy) 2}
#2 Hdy gk g dgel 7ot [85-91].



1. HtrAl, HtrA3, HtrA47} W78t A= thks Wa s Al oo

1 . Al

AT (F E+= [44]19A4 ZH3}AR).

Biological site Pathology E;&I‘:agical HtrAs involved  References
Placenta Pre-eclampsia TGF-B HtrA1, 3 and 4  [92-95]
Eyes ﬁigsg;geéftajM’B‘;‘cu'ar TGF-B HtrA1 [86]
Cerebral blood  Small vessel disease TGF-B,
vessel (CARASIL, CADASIL) NOTCH3 HtrA1 85, 87, 96]
Multiple sites Cancer TGF-, HtrA1, 3 and 4 [97-99]

P NOTCHT '
Neurons Alzheimer's disease TGF-p HtrA1 [50, 100]
Bones, cartilage  Osteoarthritis TGF-p HtrA1, 3 [101, 102]
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1.5. HtrAl:
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7+ 23

Ry

A4 AMD

FA4 37 RPES W3}
AMDS} 54 AMDE ¥t}

L

g oleH[37].

E
il

J 0]

A

3

RPES$} Bruch = o} ol

T -

2 = (fovea)

[103-106], %7]

F4
7144 AMD

il

)

pze]

)A
{|z

&4 AMDe]

Ay EAS g

=

T

aho] wi

gethe

o]

s 79 5 (polypoidal

2ol
|

uH
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o

e2

ofAlo} el

-

T

choroidal vasculopathy, PCV)

)

il
=y
ﬁo

o
o
X
%o
o

X

retinal
742

=
=

pluripotent stem cell—derived

(induced

Ay
fn i

iPS—RPE A
pigment epithelium celD) oA 1293 ARMS2/HtrAl th¥g-H# =}

tH[107].
s

fibulin—like

EFEMP1 (EGF —containing

7149

HtrA1l

’

of

]

extracellular matrix protein 1)3 TSP1 (thrombospondin 1) ¢

ojiy



=

stk (68]. oled MES] 714 A 849 FUhE HtrAle] @A &
3 4 TU7FE sk gz Fx ol ko] gl

ABRAow, HtrAl ECM #3l2t Wnt(Wingless—type MMTV
integration site family) % TGF—-p8 A% A4 FAzZES £33 =< 4ykd
4 WA Fast s s, olgd HAYUSTS A5, BEAdA
AREH A, 2 T HIE £ Snkd
Attt webA HirAlS =9l A A5E s fash gae] =

F Aee rlw,



o (HRat)

A Fibronection, Fibremodulin, | J
/d [ Vitronectin, TSP1,EFEMP1 ];GF‘} R
| | | EFEnpq | TGFB1 el

PAI1 smad2/3

© 7 Fibronection fragments ?;’Q@b \

= =

7 (Fibulin Tropoelastin

Bruch’s membrane ‘

% 2. HtrAloe] AlZ9] 714 (A Bz29™) & £33t Bruch el WX+
AT (B 292 [37]A4 ZAsAS).
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(TGF— B, TGF— g RIl(transforming growth factor—beta receptor II),
GDF6 (growth differentiation factor 6)) & Wz 4 L8345 %3
g Aol F&Fe
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(latent electrophiles) & A}-g3hc},

2 5 Q=R AR A4 mEzolth 22 /14 RAAL Hekel= A
of AHgEM, Rk Fol4S ko7l 3 eelnee R swow AXu
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olgdA Jide Htr A
HtrAlel &4 & A8 es 248 ¢ olg By ofYg}, Z2H ] F3x-
g4 A (Structure—activity relationship, SAR) =
A 284 5 A
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ow P2-B—-tBu ¥ P3-2—-Nal Z8< HtrA29 AuAs dAlsts A
° 2 etk T3, P3-Lyst DegP A€AS s b I&-HUAS
e Wlth46].

£3], LFLV-DPP Z&B: HtrAlel da] %<& Aais mgown,

HeLa Al¥ 4 U-87 MG A¥9A @49 % &4 iy S 4334
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SH—-SY5Y Al W vEZCeolo| i HirA2 S4S A34o=

o

Ry
Attt SDS—-PAGE #4 A3, LFLV-DPPE =& AdAFS wgon H
T4 g4 9 a7t g3 449 (human serum albumin, HSA) 32 B E 0]
2 Aol AL gl [115].
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P3 S Abu
+  2-Nal: not favorable for HTRAL, 1

¢  Abu: favorable for DegP

1
! i
I —HN"c— H
but favorable for HTRA2 : o 1
*  Lys: essential for DegP P1-Val ! i
P essential for general i P-Cpa |

]
TN TN TRAsselectivity PN
b O P8, O j\/ ! © i

OPh

N/\/\/YN\;)kNJ\WN - N ﬁ"OPh i :
H o o p M ¢ i p-tBu |
'—N"c— i
I
P4 P2 i 1
*  2-Nal: generally favorable ¢ Leu, p-Cpa: favorable for HTRAL, 2 i OO Z'Nal:
¢ [-tBu: not favorable for HTRA1 i H
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% 5. HirA EAEX HEIHEO|E ZZHS FX-84 34 ( 1
HE [46]04 ZHRS).

g7 z2B o Fxe 7+ 2 (P1, P2, P3, P4)9 ofnial Wgo]
HtrAl, HtrA2 “12] 3 DegPel wx& Aelgdz &4,
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/
O/ OPh

DPP

LFLV-DPP P4 P2

T%4 1. LFLV-DPP H E#fElo|t =g 8,



2. 2% 4 uF

2.1. HtrA &4 X EgolfEelolt 22 H O] A
2.1.1. Egto]AqElo|= g1 golrug g A (¥ golBelg e A

o PR & AN FEATE Bal SrhE AT Aol FAHS

v}

2 AT E A ATE vg o 1, 24 ZEH F HirAd A9 4
olg® HElo]l= A AAE vlFOoR Flo] MYl Z2HE T 9 A
AT 53], P2 YA AeAdS /14357 ¢18 Abu(aminobutyryl),
B —Cpa (B —cyclopropylalanyl), Leu(leucine), Nva(norvaline) & T
3 7E 2SS WY golrggE AlFskA. o] #AelA  carboxy
fluorescein (CF) ®l17} X3¥ Egto]J el H 7S ®BF 14 F e
T A3 7]+ (Solid Phase Peptide Synthesis, SPPS)® $Ad3stal, ol&
Val=DPP o}v]w=Abat AgA itk A9 Fol= tA| preparative HPLC

AAE Tl ATHor 5 £R0 ZRHEE FEGI



£ 2. ESfo|flEo|E Z2 1 ol e AE QA Z=21).

Compound Name Sequence MV(\)Ilc:igc;l;\Itar
1 DS-4-173  CF-Ahx-Phe-Abu-Val-DPP 1009.06
2 DS-4-174  CF-Ahx-Phe-B-Cpa-Val-DPP 1035.10
3 DS-4-175 CF-Ahx-Phe-Leu-Val-DPP 1037.12
4 DS-4-176  CF-Ahx-Phe-Nva-Val-DPP 1023.09
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Abu B-Cpa Leu Nva
\(aminobutyryl) (B-cyclopropylalanyl) (leucine) (norvaline) )

TZ2 2. Egto|gEle]lE T2 H glo]H 3,
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(A) 1 2 3 4 LRV _

155

21 -

In gel fluorescence

(B)

155
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3 4 LFLV 12 3 4 LRV

— S G D — — — — 4 rhHtrA2

In gel fluorescence " Coomassie staining -

a8 6. 3AY ZEEB (1M AFIT dwAd HirAl 2 HtrA29] o3k

A9 kg4,
AMzed A HirAl® HtrA2(50ng)ol] sk 34 Z28 (1M A
e 9 Q-8 A rhHtrA, recombinant HtrA (rhHtrA1,2, 36kDa)



(C) Cell Lysate Media Cell Lysate Media
1 2 3 4 LRV 1 2 3 4 LFV 1 2 3 41LFV 1 2 3 4 LFV
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In gel fluorescence

a8 7. 34 2B (1 M) U-87 MG, HelLa Al W) A&} 584,
(C) U=87 MG Az wjFq 3 M golAojEe] 1M w528 Agd =
282 ¥A% F SDS-PAGE (45Tl 247 <t 2b48%). (D) Hela
A ZpolAlo]Ee] 1M s8] AHd Zz2HE A% § SDS-PAGE
(45CelA 2A13F &<k epil=). « & I3 &
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2.1.3. HtrA &2 &4 A3 1Cs
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S T 2 2BV HirA13 HtrA2ef djsl] A=
t}. Compound 2+ HtrA1¥} HtrA2 EFolA 7Hd A8 s A a3 (1Cs
0.69xM 9 1.4pxM)E Holv, AR A a&delA vFde 45
skt

walk, P2 Ao FAS =23 compound 3% HtrAl13} HtrA2] tha
Zt7F 1.8 M 2 9.5, M ICsaks Holw, F & b oA adelx &
2ol & UERHH. ol &4 P A8 S A Vs s BoFes ARE,

g3 238 A3, Egto]HEols TeHE L oFH 0T HirAlS A
AAA o7 EAsE HtrAle %71 ol

- A )
NS FFH 7wy 3 AA s 22 F7HA Aol o8 F UAes
AAFGITE o] EgtolElo]lt T HI TEALE AL G4 Eo]F

ohuk, Ag wbE oM Al Ak 2] W SolF Aol AN #F
Hom, ol Aty 9t 2B dAe AE 271 HAI FF
Aol Fadt FAR dob 3. ol A= EdolfiEolE ZrH

%29 AAHE To) AWH T8 WAL 9% T 5 9L Zelh

|



2.2 HtrA 4 "A Egto|fetol= A9 A

2.2.1. Egfolfigle| = AejA Zho]B ] &4

2= A= 3Al Z2H MEE viEoR dto] At ZeHE Ut
I Bl gAY 53], P2 f1AelA e ZrB o Yol AafA M=
& o r A=A By =¥ o] #AA Cbz 52 acetyl
capping group®] X3 EgtolflElol= HEg HFE 1Y PEol= A
714 (Solid Phase Peptide Synthesis, SPPS) & /4 3}al, ©]E Val-DPP
ofn| Ak Ak, A3 $ol= ©A] preparative HPLC HAE &3

HATEHoR w2 £k Z2EE SR



£ 4. ESto|fEto|E A A ol D (1A AsfA).

Compound Name Sequence Molecular Weight
5 SJ-2-89 Ac-Phe-Abu-Val-DPP 579.63
6 SJ-2-52 Ac-Phe-B-Cpa-Val-DPP 605.67
7 SJ-2-92 Ac-Phe-Leu-Val-DPP 607.69
8 SJ-2-94 Ac-Phe-Nva-Val-DPP 593.66
9 SJ-2-58 Cbz-Phe-Abu-Val-DPP 671.73
10 S)-2-74 Cbz-Phe-B-Cpa-Val-DPP 697.77
11 SJ-2-70 Cbz-Phe-Leu-Val-DPP 699.78
12 SJ-2-73 Cbz-Phe-Nva-Val-DPP 685.76

P3
7N P1

9-12 CG=Cbz

7N
58 CG=Acetyl CG_ N\)j\ /OP
o (B Al

h
)
DPP

PZ-amino acids

ST e TS

N G N G N G N G
oo H o H o Hoo
Abu B-Cpa Leu Nva
(aminobutyryl) (B-cyclopropylalanyl) (leucine) (norvaline)

724 3. Edolfgeel = A A ol .
P1 At2]l& valine, P3 A2l phenylalanine 2 3117 3}3l, CG(Capping

group) 9} P2 AWk WS F AdA B E.



2.2.2. Covalent dockings &3+ AajA|< HtrAl A3 &4

EgtolFElol = 7INE AA 8FS =F AFE Hlw 45
7} 1Cso 32 ABIAZS s,

[e)
P’
A sl =4 A4t AdA wud 2 A Aseg R
PN
T

= YEhdH, deh deas v A dgEs deds AsAR Bt
= Tt
= oA 24 Ad, AdAsd A% =S dehde des

compound 8, 6, 10, 7, 11, 9, 5, 12 =A% YEY T Acetyl—capped
A AS v g S wl= compound 8, 6, 7, 5 =AZ JAF7t A Hb
ol skAN o] AFNE ICs0 #F HluFP s W ke o]zt UsdH
[Cs0 A#ellAl HtrAlel tfsh 94l 53 compound 6, 8, 5, 7 A=
et o, 53] compound 6°] =7 HFek 1G5 EFolA 3 Ads
= Bt =7 e AsArE @Al Afels MAAE dAS5Eke A
B2E, Aoz SAH IG5 @A dAste A¥FS B AL compound

6ol Wl EA ANAZ AT AL AwP A
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Compound 62 A% wWAYUEH 724 54 BHop FAHCE o]sst
71 918 covalent docking %4
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2.2.3. HtrA &2 &4 A3 1Cs

EEEERELEEE!

oA AEHE Boh FALOR BAF] A8 4317
o7 AHg Jhsd % 71490 H2-optE BT 1Ch %S 5

gakaltt.
1 E

o

o] Aals Fal AxF HtrA L AIXA HtrAlel tha] ¥HgA4S Hadd
glolAetols TR HE 7|uto g AAE AfAES Auxdorw Hreldd
=

BA A3 compound 6(P2— 8 —Cpa)= HtrAl1¥ HtrA20] thal| zhzt

3.66 M % 9.98 M9 ICs #= WEH, 71 Z=d oA 5a3E B
Ak, 53], Ac—capped A& A (compound 5-8)7F WAoo
Cbz—capped A 34| (compound 9—12)Ht} 53 HAFS HIPoH, o=
capping group®| AAI7F AsjA e Gl 9 gEAed F FFE V=
A& Atk Wb, Cbz—capped A& A= &3l E7F wol 1Cs #holA &
sol wAsl o, HAE AEFFolE 504M o8 ICs #he B
o}
P2 #AglE FASZ A% compound 7 HtrAl¥} HtrA2] 3] zt
7} 11.0 M3} 10.9 e M8 ICs @& WEb™, F+ &4 3 oA 5239 A
o7} AA &Skt ol A I AYAES FHE] ode F Use UE
Hoh, 5AFSHAl, compound 5 FE3F HtrAl¥ HtrA29] ois z2+2z 11.0x«M
# 0 10.9pMe ICs #& Kol BRI AEFEES dEld. a9y
compound 8 HtrAlel s8] 8.02xM, HtrA2e] tis] 23.1 M2 ICso
e Hol, 7 g b oAl adelA EEst AolE “eldo] AEA A s
AZA L 7hed S FJAAZH.

st 719 HEZHEO|= AE|Al LFLV-DPP+= HtrAl¥ HtrA2e9]
el 2tz 7.6 4 M/5.85 M B 12.M9 ICs #S YEFL o= Blu

=

32
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2.2.4. Neutrophil elastase &4 413} 1Cso

kst proteasee] thE AsfAC] HAEAdS glet7] 9@ neutrophil
elastases U O = ICs #t= =743FSIth. Neutrophil elastaseel tjsh
AA wyes HEPo]= Pl YA o] &
st Zox deA, olE V|Wte® oA a¥E &<lstr] 93 Agde A
etk olF 98 AxF dnAds
compound 5-8< X5 A5 @99 M S =E neutrophil elastase®]
s}

gl e Ads o4 35 Bole AL ged 5+ .

[
o
T
=
=
:94
il
S
=
=
>
kr
N
)
o
48
9
=
o
olr
tlo

B ™ compound 6
2 neutrophil elastase°] el = 0.3132xM2 1Cs0 #<S YERUH, 7}
2 gt 9 a5 2otk Compound 5+ 0.3489 ¢ M, compound 7
2 0.6938 M, compound 8 0.6690xM2 #H=S YEeEFHAT. A,
Cbz—capped A& A (compound 9—12) ZofA+ compound 115 =4
T Adem, 0.6517 M ICsp #k&= HEFHT. U™ A Cbz—capped # 3l
AEE Gl E7F Hol ICs #hellA & Wwo] dAgsgleon, HAsE Ak
Faol o483 50M ©]de 1Cso #h= EAT

ARPE—19 M XA neutrophil elastase &4 4 A& F712 13
3t th. 18 Y neutrophil elastase® T2 I TolW EA5le] 9Fo] A
a, AE el S BEEA Tk wEbA, HirA G4 oAl /9
FEF= AA e FHow AHET.

olel gt A¥= HtrAol theh AsiA] 7fdels &a& SoldS Zststa vl
Sola oAAE FHastetr] flst FrHAR] T x
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Neutrophil elastase activity assay

160+

140+

100

200

300 400 500
time (sec)

600

DMSO

control1
control2
compound 6(1)
compound 6(2)
compound 6(3)
HA1 1

HA1 2
HY-6-18 1
HY-6-18 2

1% 13. ARPE—-19 A XA 2 Neutrophil elastase &4 F4A.

HA1S HtrA FAAZS, HY-6-182 LFLV-DPP9 A &4l compound=

o m gt



2.25. A BEE =4 MTS &

1%

AsAl ErelB e o) A 545 F7kst7] A8l Hela A2, U-87 MG
AE 783 HepG2 AEZ AFg3to] MTS %A (methanethiosulfonate
assay)= T 2 AEZFoA AsA e GHAE AT F AE
AEE (cell viability) & A8 e, Aa|AL] AxE 54 BF7F A3 of
g &} Zol Yergt

MTS &4 A3, 25 AEFAA Al Az
o % 80% olFo® uEy, FAHE AsiAlEel AlE F4ol A9 Ae=

AE AEEo] AA

o



HepG2 cell

U-87 MG

HelLa cell

Angera 192

bl
o

KAungern 199

inhibitor/HY-6-18/activator inhibitor/HY-6-18/activator

inhibitor/HY-6-18/activator

AX 3% Bt

=
L

19 14. EZolHEro| = AF Ao ot

HtrA 24 A

o
.

Folth, HAL

A3, 489 A=

o},

Els

g o)

3 4] compound

LFLV-DPP2 A

, HY—=6-18+

=
=



2.2.6. A A7) AL 58 74 Colony formation 4]

A Al 2tolB Y AE F2A Al mIHE Friskrl Hel
MDA-MB-231 A3, A549 A3, 183 H460 AXE AFE3o] colony
formation ¥4 F33stAtt. 2+ AlEZFo] AaA (compound 6) T+
AAMHADE AHEst &, Axe Z24Y A (colony formation) &<

=
[€)

1>
=2
=)
B
rlr
o
o%
tlo
J
rO
Ol
ol
2
i

Hrlslg o, o= =& A A7 AE

BE AZANA FEY 4 PP WS et FEE vt ol
JoiH o 7as

fou, HirA 4AMHADE A B¢ F2Y F71
Aol wAEGIT ol AR s AsfAle FTFS

rlr

71l gl v Bo e Has s FF A=

MCF=7 Mgt & A4 Axs dxzae=

Hm FAsA AEE BFstel BAsE 2



inhibitor(compound 6) activator(HA1)

MDA-MB-231 cell

(A) control

&

(B) control inhibitor(compound 6) activator(HA1)




(C) control inhibitor(compound 6) activator(HA1)

H460 cell

¥ 15. MDA-MB-231, A549, H460 A X9 colony formation #4.

Age 7 MEAN BY 2AOR F ol wEstel ATt dx2E Al

EAUHA Fe AL), ANAE AT AL, BHAS A S ALY A
A& FYsent



-{o

2 AFdAM = HirA 845 EACRE st A2 Efto|fEglo] = 74t
Z2H 9} AHAE A, 11 ol a&A4S HUIsHY T A =

al
st el sl wkSAd oA 7iAE Aes B 53], compound 2+ ¥
a4 SolAdT W2 v 5old AFE Fd HEd dwA AL ¢

B BA A ueblch oled 54 948 B8 bsAS A,

rlo

A A A Egoletol= 7w Ad A 1Cs #e HA skl
HtrA gaef dist 494 94 595 Fr7kskith. Compound 6-& HtrAl
of whal 7HE W2 1Cs b= WEr™, 7B A oA avE =i
¥ neutrophil elastaseo] thdF ICs0 FA1elA Bl 504 oA a7}

#H#E o], FF A= HirA &40 os Aeides o 743sty v

o] A= HirA §4F gAO R a3 289 Aajal A 9l

o3 WAS AFaEH, HtrA B9 Zske] Ak 9 X g4 7] 9l



Al AANA B s G oy, o] ajdsior & B A A
7h ol vk AA, dyrivte] v SolA A ZAlE ¢ds] sjdekA X
3ttt ol = /A sH7] Y3ll, PEG(polyethylene glycol) 3 & =4 T+
T840l UM WS Edete] SR Ags Foln AuAdE A3l
ghe Weks 1HE Sl

A4, & Aol Egelfgel = Ynk AefAlel A4S SR AR H
Egfgto]l = VRE A AE FA et vludorA EgtolflEto] = HA 9
skl = S Folth olgd HIEe AsA
o 7x4 W] wE a5 HIE ATH R oldst: Hl olnpA g Zlo
th P2 Ag] B oyt P3 A E &EE oFW A9s dstd
HEZetol = Al ghelrn & el Hlawsks Zlo] Fdd A
2 F S

A, 71E AA A Val-DPP 93l=E A& W2ls dol, tiAl €3l
s &E3 A ZrH 9 AsAe FHE AET F U dE =
Val—DPPo| 4 diphenyl phosphonate WAl boronate ester, phosphonate

-S4 electrophiles & 4-3}¢
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4.1. A 717] 2 A| ek

4.1.1. A8 717

N Azt E 183 - A2 7] (Liquid Chromatography)+ HP 1100
pdg AZEA 7] (MS)+ Electrospray ionization (ESI) ®219] Agilent
Technologies 6130 R &5 Ab&ste] #3831 01 columne Agilent
XDB-C18E €& A&t NAa=ntE 7=  (High Performance
Liquid Chromatograph)+ KNAUER #|ZtAFe] AZURA EEES ALE3}]
FH3F o™ columne Luna C18% AFE3Fth. RFU % ICs datate
Molecular Devices SpectraMax M3E AF&3tSlth stgE JAE §3
flash  column chromatography+  MerckA}2] Silica gel 60
(Merck—Millipore) &AMtk 1H NMR¥Z 13C NMR A#HEZHS
JEOLAFS] INM-ECZ500R/SI(500 MHz 1H, 125 MHz 13C) &+3A=
FE dojxlen, NMR &#v]Z+ CDCI3, DMSO—d6, acetonitrile—d3,
D20E AF£3F9tE. Chemical shifty 5522l tetramethylsilane . & 4
Bl ppm©@9E  7]F35% e dlo]E=  chemical shift multiplicity
(s=singlet, d=doublet, t=triplet, m=multiplet), coupling constant
(Hz), integration® £©o %2 7|53tk A3 o]v]4d& EVOS FL imaging

system & A}FE3}ST



4.1.2. A<k

HEg-o AF8¥ AleF2 Sigma—Aldrich, Thermofisher Scientific, Alfa
Aesar, TCI, Acros, Novabiochem, ChemlImpex, Fisher Chemical,
Cayman Chemical, Biosesangelxl T-¢stel A glo] Ab&skqdTt.
Wateri= 3 2} /T 5 AFESISITh Aol AH8-E Ego|fEols Z2H
(compound 1-4)°] AL FFH7&d AXY 25 AFERS 35
ATE S FoEHE dATdol TR

ME wg=  Hela A2, U-87 MG M2, HepG2 AxE,
MDA-MB—-231 A3, A549 A3 7183 H460AE BF St=r MXEF 2
oA FufetRd o (ARPE-19 AX& SAbdistw oAdsr Zwlx] w
ATANA AFekATh), vl wiA= GibcoAle] Dulbecco’ s Modified
Eagle’ s Medium (DMEM), DMEM:F12 H+ Roswell Park Memorial
Institute Medium (RPMI-1640)%& A}&3to] AMxZe]| w2} Fetal bovine

Serum (FBS) ¥ penicillin/streptomycing & 38r&}o] AF-g-3}% o},



4.2. Ay
4.2.1. EgolHetol= AaA9] &4

Aefol == uAAY FHEelol= A H (Solid—Phase Peptide Synthesis,
SPPS) & AFg3le] &4 w3ttt 2—chlorotrityl chloride resin (100-200
mesh), 1% DVB (1.00 mmol/g, 300 mg, 0.30 mmol)= DMF (7.5 mL)
of Yol Aelx 30% &< W&EAIZT. FEO)E = flal ofn]
+A4FS DIEA(116.3 mg, 0.15 mL, 0.90 mmol, d = 0.74 g/mL) %}t
DMF (1.5 mL)el &sfstol H7et %, A8k wnbst 1.543F &<t wbg
Al Z . o] % DMF2F CH:Clo2 AlH skl A4 %, 20% piperidine (774
mg, 0.9 mL, 9.09 mmol, d = 0.86 g/mL)& DMF (4.5 mL)°] &%3}o]
33] wWHE3}o] Fmoc deprotectione F333 o™, o]F thA] DMFEH
CHyClo2 A A3l Deprotection &, H&A71 d %S capping group
o] @& Hst= o] :=4H(0.90 mmol) @ Oxyma Pure (85.3 mg, 0.60
mmol), DIC(109.35 mg, 0.135 mL, 0.90 mmol, d = 0.81 g/mL)<&
DMF & (2.0 mL)ol &ate] fefol= A3t WS 133

B F ¥ MeOH, DMF, CH.CLZ AlHatdth @7 CH,Clyol
BEA 715, FE8A ZHA 222-EYEFEARE 1 oM EA
CHoCly = 1:1:8, v/v/v)= Ab&sto] A2olA 2413k &t jEg-A17A JEto]

Azg FElo]=o] HATU (1.1eq), Oxyma Pure(l.leq), DIEA(2.2eq)
£ DMF(1.0 mL)el &%t 713t 5 wubslgith. Valine—diphenyl
phosphonate (Val—DPP, leq)x DIEA (1.5eq) %} &7 DMF (0.5 mL) el
TH 3T Val-DPP& d=elA 533t @A stst 5, vt < fEol=

gole] A7kl 37t Aol W WA



Supelclean™ LC—18 SPE TubeE& AF&3}o] WE2o] 4 HEo| =5 3
(Distilled water, DW) 2 A& 3t ¥ Acetonitrile (ACN) oA A



= H )
SPPS 1
Gm e R‘N/\[rN\‘)koO TFE/DCM/ACOH
H ?
O p2

[E— .

1-4 R'=Ac
5-8 R2=Cbz
Y To )Y
0) -BF+H3N E’_Oph - O \/(
H H H H 0
1\ : N OPh _ R‘I\ R N /7
R N/\n/ OH > N/\n/ N Plopn
H o Po HATU, Oxyma Pure, DIEA, DMF H 5 P2 Hpng

T2 4. EFolFElolE AFA L EAHA T HE.
Compound 5% 99 P2 o}v] =42 Abu, compound 63 102 P2 ofn]
A2 B —Cpa, compound 73 112 P2 o}u]xAF2 Leu, compound 8%

122 P2 o}m Ak Nvao|t}.



4.2.2. HtrA 33 7142l H2-opte T4

HePol B 1A el FA W (Solid—Phase Peptide Synthesis,
SPPS) & A}g3le] &A= tt. 2—chlorotrityl chloride resin (100-200
mesh), 1% DVB (1.00 mmol/g, 300 mg, 0.30 mmol)< DMF (5.0 mL)
of ¥ol A&eA 30% &t BEAIAT. HAEol= A w2 fdl ot
A2 DIEA(91 mg, 0.12 mL, 0.90 mmol, d = 0.74 g/mL)$%}
DMF (1.5 mL)el| &3afste] 7tk ¥, ZstA mrbebs 1.5A1%F &<k vk
A7tk o] % DMF$ CHoCloZ M At AlF F, 20% piperidine (688
mg, 0.80 mL, 8.08 mmol, d = 0.86 g/mL)& DMF (3.0 mL)°] =33}
o] 33] HFE3}o] Fmoc deprotections T3 o w, o] thra] DMF$}F
CH:CLZ A& 3ttt Deprotection ¥, WaA 7l dlAS& et ofu| Ak
(0.90 mmol) 2} HBTU(N,N,N" N’
—Tetramethyl-O—-(1H—-benzotriazol—1-yl)uronium
hexafluorophosphate, 341 mg, 0.90 mmol), DIEA(183 mg, 0.25 mL,
1.80 mmol, d = 0.74 g/mL)<S DMF €9 (2.0 mL)o] &3 3slo] HAElo]=
A% W& APy qUrt. o] F DMFS} CH:ClLZ A=A atgich. o, ofw]x
AF % Fmoc—Lys(Dnp) —OH2 o}v]%=AFS 0.45 mmol, DIEA 0.9 mmol,
HBTU 0.9 mmol AR§-38te] aF=wk &t ike-S Jaeqltt. o2 442
RbEste] Yot MEs ¥ §F, WAl Fmoc deprotections =3ttt
iR Eto 2 #HFle] & HEpo]=E DMF (5.0 mL)el AMAIE A7),
Mca—OH (7—Methoxycoumarin—4 —acetic acid, 0.45 mmol), DIEA 0.9
mmol, HBTU 0.9 mmol& DMFel &sir7 H7kg § ZFstA wwkshr
s woh Whes st wbg F #dlAS MeOH, DMF, CH.Cl®

A= 59l



g2 CHzCleoll SaA7]1aL, 288 A ZHEd (2,2, 2-Eg&F 22 ohA
EAF : triisopropylsilane @ CHyCly = 95:2.5:2.5, v/v/v) & AF&3}] A2
of| A 7.5A1%F &F ¥EEAIA HEol=E FEledlth. EEld PEol=s A
7}& diethyl etherel] HAA|Z]3, 1500-1800 rpmolA] 1& Z<¢F AR
gt H AFTds AU, o] FAS 109 wkEst § AGE VHFE
Ao AxAFT. AdE EFe] == preparative HPLCE ARE38F

EAAZSG . FAEtolE £ (>98%)+= A& HPLCE &

it

N
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Exact Mass: 2437.1990
Molecular Weight: 2438.9260



4.2.3. Az &z HirAlo 23 2 A x|

Recombinant HtrAl (pET29)-> BL21(DE3) E. coliolA Y2 —313}4
AzviEag9E F& GAEHJH. BL21(DE3) Al¥xs ¥
Luria—Bertani (LB) ®¥i#]2} 100 mg/mL %34 (Biosesang) & 3X3H3t
HjZ] ol A 37C A conical tube® 3dFEW F<QF wjkstgltt. o], MEE
6—8A1ZF <k 37TColA LB ®i#], 100 mg/mL <y ad 2 34 mg/mL
29 Y = (Biosesang) = X33F v A oA ODgpp0] ©F 0.8¢] =&d
7HA EFepaAeA wFE ek g Bde 18THA 0.5 mM IPTGE
20N 7 Feb FE3kSlT

AE= 4TolA 3,590 rpmo 2 2083 AR E st #3591, 3
HAE AL —80TCeA sdsto] & A7kA Basiler. w249 Al

= 95 YA s F resuspension buffer(50mM Tris pH 8.0,

d

B

500mM NaCDel @Azl H, 253 w3l (sonication) & &3l £33k
Atk LB 4Co)A 13,000 rpmzE 1A 7 9 AR ste] @A st

o] &3ll&& Ni—NTA @ (AL wigd™d 0.75 mL #x) % 4 HAa
IAIZE &<k, Aol whet sk &9k 4TeolA RS A AT

AgE Y AL washing buffer (50mM Tris pH 8.0, 1M NaCl, 20mM
imidazole) & # X H3 2] 50uvta A HEHAoH, AHEH #HL2 elution
buffer (50mM Tris pH 8.0, 200mM NaCl, 10% glycerol(v/v), 300mM
imidazole) & Alg3l #HAE EZHAT. AHH} EF AAoAME
Bradford W& AbE3ste] a4 EA 55 &ttt

HEAOR, @axve A7 WAl AZeEIHI(size  exclusion
chromatography) & &3l F7I= AA=ESw, storage buffer (50mM

Tris pH 8.0, 200mM NaCl, 10% glycerol(v/v))Z w3satict o] 774



off 4 Cytivarle] PD-10 €% ZHHo] ALFHIAT AAE 849 TE+
Bradford W o2 4 d% dHWU(BSA)E ZTFO07F 3t =4stP o,
AEse] —80ToA BAHG )

4.2.4. Az Gz g4 EA

A% e s HirAl¥ R&D SystemsolA st Az HirA2, A3t
ST dEgAgAd @mAS Z+7F 50ng® 50mM Tris pH 8.0, 0.25%
CHAPS assay buffer 20 Lol A3ttt 2t @il AS 1M 559 =
FH E3sto] 45TelA 243 FF WESAIZATE ©o] %, SDS—PAGE
sample bufferg F7}eto] wkg-S FRAH. shidd WAL 12%

SDS-PAGEE %3 #4231, ChemiDoc MP Imaging Al A~®lS AFg-3}9

4.2.5. 2pol B A, vk wiA "l AZF oMo T B4 E A

e AEFes @FAEFSIEAMe, A Fsglor,
Dulbecco's Modified Eagle Medium (DMEM)e] 10% Fetal Bovine
Serum (FBS), 100U/mL #HUYA™, 100xg/mL AESEROA
(Pen/Strep) & FH7kete] wjkstalth. IZF %2 Sigma—Aldrichell A
w3tttk HeLa A3} U-87 MG AlXE= 24—well platee]l 2 X 10° Al
X/wellZ2 &5 F, 37C, 5% CO, #ANA SAEA AP d 18-20

AIZE s Qv eFskd T vk WA E AR AR wAISE & 2B (10 ¢

M)E H7tetglen, A2E 243t Ft wgegith. }F DMSO sk=e
1% vRbo 2 FAstdrh. 7k dolAf wiekdls A% H, Qlakebz e A
A (PBSE 7 W AFHES Y. G4 HrA @99 A4l iy s



H7re7] Yal SDS—PAGE sample bufferS H7}sle] AES £330t}
SDS—PAGE sample buffer d7} &, 2F=55 FH3te] 85T A 10
2+ 714 (3% vk} vortex) 3 H, 12% SDS—PAGEZ &t 2pad e
el e Y AR A Aste] FA ST

17 g3 FAdER Ao A9 dHL assay buffer(50mM Tris pH
8.0, 0.25% CHAPS) 2% 3A3}o] 50 ug/wellz FH3F1L, dF AT
fz3% HtrAl(10ng/welD & F7bsta, ©h& Alxdd= H7bskA g A¥
S APt 4 Azl 5 M TR EffolHEolm Tz H
LFLV-DPPE #H7I3t H, 45CA 1A Tt 2Ed s Syl v
$& SDS—PAGE sample bufferE #H7}sto] SHA AT TAH whulz >
12% SDS—-PAGEZ #&53oH, 83 2~z A5 A

=3

O

N

4.2.6. HtrA17} HirA2] ther 1Cs0 574
(1) EgfolflEtol= 22 B

HtrA g4 g4 7141 H2—-opt
(Mca—-Ile—Arg—Arg—Val—-Ser—Tyr—Ser—Phe—Lys(Dnp) —Lys (12.pu
M) # 50mM Tris pH 8.0, 0.25% CHAPSZ A ¥ assay buffers A}
g3tel  SAT. Eto]fEtelE X2 H= 96-Well Black/Clear
Bottom Plate(Falcon)°ll % %7} 0.5uM ~ 25 Mo HEE spots
Aotk 100ng?] Axg ¥ AE 150,L9 assay buffere] #Aske]
7hstad Tk AdolA 10w &43s H, 50.LE 714 &aqE F7kekdln
g% A3 (excitation 328 nm, emission 393 nm)it 37 TCoA
Spectramax M3 ¥ #57|2 30% Aoz 2417 F<k FSHHA

ICs0 %< GraphPad Prism< AHE-3 Bl 37745 S8l AAE Ao
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4.2.11. Covalent docking

Covalent docking Schrédinger? Covalent Docking YIZZ¢S A}
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ABSTRACT

Development of Chemical Probes for Exploring and

Regulating Serine Protease Activity
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Graduate School of

Sungshin University

Age—related macular degeneration is a progressive degenerative
disease of the macular region of the retina, with hyperactivation of
the HtrAl serine protease being a key pathological mechanism.
HtrAl degrades extracellular matrix, weakening retinal structure
and inducing abnormal neovascularization, leading to vision loss.
This study aimed to develop an activity —based probe capable of
selectively tracking and modulating HtrA1l activity, providing a tool
for age—related macular degeneration diagnosis and therapeutic
development.

To overcome the limitations of the existing LFLV—DPP probe, the
tetrapeptide structure was simplified into a tripeptide design. Valine
was fixed at the P1 position and phenylalanine at the P3 position,

while various hydrophobic residues were introduced at the P2



position to improve enzyme selectivity and cell permeability. The
tripeptide—based probe synthesized wusing solid—phase peptide
synthesis demonstrated superior cell permeability and improved ICsg
values compared to its predecessors. The probe exhibited efficient
labeling performance in HelLa and U—87 MG cells and successfully
detected HtrA1l activity in human serum.

Additionally, a tripeptide—based inhibitor was synthesized using
the probe's structure as a template. This inhibitor exhibited greater
inhibitory effects than the LFLV—-DPP—derived inhibitors. The
tripeptide—based probes and inhibitors developed in this study
demonstrated enhanced enzyme selectivity and inhibitory efficacy,
establishing their potential utility for the diagnosis and therapeutic
development of age-related macular degeneration and related
diseases.

However, additional research is required to address the issue of
non—specific binding to serum albumin. This work provides a robust
tool for advancing enzyme research and precision medicine, offering
a platform for selective detection and modulation of HtrAl, as well
as validation of disease—related biomarkers and development of

novel therapeutics.
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