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Abstract: Cathepsin K (CTSK) is considered a critical pharmaceutical target in the treatment of osteoporosis.
CTSK exerts proteolytic activities against regulatory proteins besides its collagenase function, which may
account for some of the adverse reactions when blocked by active site-directed inhibitors. Exosite inhibitors
that can discriminate between the therapeutic collagenase and other biological activities of CTSK specifically
inhibit the collagenase activity of CTSK without interfering with the other proteolytic activities of the protease.
Active recombinant CTSK was expressed in Pichia pastoris, and purified by n-butyl sepharose and SP sepharose
column chromatography. Herba Ecliptae is a common traditional Chinese medicine in the treatment of bone
diseases. Collagenase assay and benzyloxycarbonyl-Phe-Arg-7-amido-4-methylcoumarin (Z-FR-MCA) substrate
assay based on CTSK are applied to verify the exosite inhibitors. #n-Butanol extract of Herba Ecliptae are
the most active fraction and eclalbasaponin IX isolated from n-butanol fraction is the potential exosite inhibitor
of CTSK.
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MAVEAM K (CTSK) A&V B I 5 5 i) — il
e IR B, R S R T A A, B
[ BE IR BRI SRR EAHEY, 2§
W FE A s, AR CTSK JE R ik 138
o T EUEUR M B AN ARE B 5B A R R i A ) 3
IR, CTSK 3 DR Bl gk /) BB B 9% 1 B A it
A M BETE BB O P 5, AN REA R 1 AR
JEP, DR, CTSK il 712 4715 Jo ok A 2 4 i R 1
Mz —. HATImPK AT A RBEFE L CTSK W PE AL
RONBR AL, MG BT EY). WA R EoR, fEH
FIEMEAL & (active site) FJ CTSK #1517, AL
I SR B A 1, (RIS A CTSK Wi oAt 1E % 25
FKfEEEYE, SBAETRARNAREULEAR
Ko AFIEEHS LK% Bromme #(#% 4T 44
b2 RN EER AT IR R R AR Al K 53520
(glycosaminoglycans, GAGs) R —FME G, Wl
WREZ#H % (chondroitin 4-sulfate, C4-S B{ CSA), H
A CTSK k5 —A CSA 5+ FIRME WA B A
TR, R A B ST, TR, B 0] CTSK
5 GAGs W E & HIER, TiASZ CTSK i AL
MR AE TG M, FRONARTE AL A (exosite) 17O
T HRIK BT 2R 1 A AL A SRR R AR R T I
PRIGTT B BB A 254 1) B2 7 1)

SRRE, T 2015 R (P EZ L) SRIE T
WM& Ecliptaprostrata L.1) T F5 5, Bk
JHE . wfak i TRk, FE SR FiEas).
R B HG | BRI B A A o
IR PR MRE S5, A2 pl o 6 R =il AR e, ey
H. BRI SRS PR 2 TR,
o BA W PR B A I, AR 2B
W) SRR B ) s 2 e B UMR106 AR
“F 2 ) 8 B Tl T Al P 10, BB RS 2
53 ) B T R i i 2 P TS 35 S 7S R A 0 ) R o
P MRS HE T2 [RT b, AT T 0L AN B R S I A
G FARAM I CTSKOUEPE A 77, DU 977 1% 75 38 3 AR
kNI TR NINE SRR e Ak LI PAlR

MRS A
PSR BRI A

BRAR, 2 E NRBRES ~FEERFEZRET
HIRK 2 N BEEE RS, Ecliptaprostrata L. )T 1
o EEEy . HA CTSK HIHEREERERIAH MR GS115-
pPICI9K, i ANF & & LL K % Dieter Bromme 256

RO AR RER HoR/ g B R/ e e 0 B R
#£ (yeast extract peptone dextrose medium, YPD) . Z% 4}
HE&HMREFER (buffered glycerol complex medium,
BMGY) FIZEHE & FEER; 53 (buffered methanol
complex medium, BMMY) ¥4 H Invitrogen 2 &l;
Benzyloxycarbonyl-Phe-Arg-7-amido-4-methylcoumarin
(Z-FR-MCA) W EH HA WAKO ], 1 BRI E
K E Affymetrix /A #]; E-64 (L-3-carboxy-trans-2-3-
epoxypropionyl-leucylamido-(4guanidino)-butane) . CSA
B E A E Sigma A F]; n-Butyl BUEFEAEA SP
IR e ¥EAT I 3 35 E GE Healthcare A #); AL g IE
MR B0 W EH Amico Millipore 2 &

NESEE KoLt (LB50, Perkin-
Elmer A &]); GeneSnap %t/ %1% 24 (MD, Syngene
Inc. Frederick A #]); J21-M i .00l (3£
Beckman 2 &)); A HIKIX (Bio-Rad 2 A)); FLK
BbRAX (35 Molecular Devices 2 &]); Beckman Du
530 76t (F8E Beckman A A]).

HRERBGIE R0 SR EAM,
#3100 g, 537 10 f5 2= 95% LBERNRAEEL, BEIX
2h, E3 R, GIFIER . R RIERY 11.0g 5
— A IE T BE A CFR SlE A S bk
AL, g 5 TBAL LG 00 ke 4 =128, i A
BkERAL 1.6 g« LBR LBEERNAL 2.2 g IE T FEHRAL 3.6 ¢
=R T HEARAL 2.1 go 7393 Fl DMSO FiE 15T 59K B
40 mg-mL ™' LR BEERE (1.1 V.
VI IX) RO FE R 2 8 53 1 T Bl Ar & AT JE
SEAE] (FHEILE 1), DMSO ¥, %R 10
umol-mL ™" f R «

ANRLEARM K BB &ML DUl HEAER
BERETE, R85 G R E K 20 pL #F8T 5 mL YPD
BrgRdE, 37 CHEFR 1 Ko ¥ YPD BiFRE WK 5 mL,
N BMGY 1534 50 mL, 200 r-min ' #/K 28 ‘C1f
7% 1~2 K, i Beckman Du 530 460 6E i £ %
fE (OD) N 6. BT 1000 r-min ' &> 10 min,
W B AR A4, 430l BT B T 2x500 mL BMGY 5
FRdk, 9% 24 h )5, EHEFT 2x200 mL BMMY
Br R 5, THEPK 28°C 200 r-min ' BT 7RIk 2~
3R, FRIMA 100% FEE 1 mL 753 KB, BiR0E
I, 4°CF 6000 r-min ' B0 10 min, B S0, W44
% 40 mL, 7T -80 CukfE. difbidfEunT: Bk
B2 20 mL, I 0.6 mg-mL ™' B & B0 CTSK,
F 20% CER WO pH & 4.0, T 37 CHEE, FIH
Z-FR-MCA JEEV) LI R I AR . HUABEWR 5 ul &
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Figure 1 Compounds isolated from butanol extract of Herba Ecliptae

F 100 mmol-L™" BEBANZE rPF (pH 5.5, & 2.5
mmol-L™" DTT 1 2.5 mmol-L™" EDTA), HMIAJEY
1 mmol-L™" Z-FR-MCA ¥ 5 uL JF#E& M, Al
1 min % /6155 slope, B % CTSK i VEA 58, K k1%
WE T UK b, frgt—Saith. B &OamEd G K e
T, IR R #2835 %) 2 mol- L', F 4 °C. 6000
r-min ' B0 10 min, FER BT N S IE T B G
PEEEIR A, RARBR AR EBE N (100% 70% 50%
1 0%), CTSK Eg#peii T2k, H Z-FR-MCA SZHf A
SEPEVE, VoMU S RS YE R AL, ) Millipore
10KD T FLid JEFEEALE 6 000 r-min' B L» 10 min, Y&
5 LER . B2 SP-BERNEREI AT, K SR RE vt
it (0% 30%- 50% F1 100%), UCEEWEPESE i o0&
Jf, F Millipore 10KD i fLid JEHEMELE 6000 r-min '
B50 10 min, YO BIEWR, 9 ERAEER 1.5 mL, R
15 T-80 ‘CUKAH, #% M.

HAEAR K 4E  KHERBIKITERIE
CTSK HH4 . Haifh CTSK 1 uL A 100
mmol-L" BEERANZE M (pH 5.5, % 2.5 mmol-L™"
DTT A1 2.5 mmol-L™" EDTA) 15 pL, F25IH 16 pL
B R ARSI AT S R . GIE T AR SP k4l
Ja, A 5xSDS EFEZZ M 5 L, 95 Chn#k
5min J&, FE, 10% SDS-PAGE #EAZ Ik 70 55, ik
RS g 20 min, FHZB-HEE 4:1) B
v, K GeneSnap #4477 & 91T .

HOEBRE K IRE Bk B0 e R I PR 2
WED . BUKSE G CTSK B 5 pL, 2Bl

5 uL AFERE A0 E-64 (04 24 5. 8+ 10 15
A 20 pmol-L™") ¥V T 100 mmol-L™" R84 2% b
W (pH 5.5, % 2.5 mmol-L™" DTT # 2.5 mmol-L™
EDTA) 40 pL HEHE 30 min 5, MHPBUAWR 5 uL,
T 990 uL BEFRENZZ oI+, A 1 mmol-L™' Z-FR-
MCA JEWHER 5 pL M 30 s J&, fERFLIREEAR X
(3£ & Molecular Devices A a]) M 1 min N
slope 1 (R EUGH K 460 nm, WK1 355 nm).
EARN: B (U)=slope/MEFE M E (L) x &iH
AR (L), 1 U=4.68x10° mg.

(ALNEABE K 51 HF  Michaelis-Menten 7 %
(Kw) KHAELIEERS BT, SR 200 pL, H
100 mmol-L™" BEERANZE MW (pH 5.5, & 2.5 mmol-L™'
DTT 1 2.5 mmol-L™" EDTA) iR HC ] il &Kk FE A
2 nmol-L™' CTSK, fIA 5 uL RFEZLIKE (0.5, 2.5,
5. 10, 15 20. 25. 30 fl 40 pmol-L™") Z-FR-MCA
JRYIEE 30 s, WIE 1 min K2 slope 18, J7ik
A L.

PAECDE K BEM SR 200 pL,
Fl 100 mmol-L™" BERINZZ I (pH 5.5, & 2.5
mmol-L ™' DTT #12.5 mmol-L ™' EDTA) %It il 28k
£ 2 nmol-L™' CTSK, fF/MAEANFIEE 22 C. 28 C
37°C) NWEE, 4 0AE 0. 0.5, 1.2, 31 4h, Jn
A 1 mmol-L™" Z-FR-MCA J&#) 5 pL 15 30 s, &
1 min P56 slope 18, kAR L.

BEIRBERRIEME SRR 50 pL, Al T A
JRJE 75 R AE 100 mmol- L' BEERENZE M (pH 5.5, &
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2.5 mmol-L™' DTT #12.5 mmol-L™' EDTA), #¢4 )i &
WPEHN 0.6 mg-mL ™, AT 528 =ik
N 400 pg-mL " B RE BRSO LR R, IE
TEEEAL AN A E B AL 100 wmol L1 AR B LAY
(I+ I, V. VIL IX) AUHIZERR, MKIF CTSK (B4
WPE 400 nmol-L™") A1 CSA (2K E 200 nmol-L™)
NS A T B B R, A e s BT
ik 50 pL. JB%), 28 CHFE 4 h, WHEMA 5 uL
100 pmol-L ™" E64 2 11 M. K 10% SDS-PAGE it
K E, RIS 20 min, H L8R LEE-
HEE (4:1) Bt TRRER a 5455 0KEH
GeneSnap WM BT E &M, LIMEL 3 K, FK
HE 3 HIK

Z-FR-MCA FEM 5550 MBSO . LR O FE
FOAL IE T B AL AN — G B AL 43 B 100 mmol -1
BEFR AN 0T (pH 5.5, % 2.5 mmol-L™' DTT, M12.5
mmol-L™" EDTA) Hi %R B A 25 pgrmL
IR (1. I V. VL IX) Fi 3R R & 25
pumol-mL™", FEuIlr, A& NMAERN 1 mL. N
AN IZ R 5 nmol-L' ff) CTSK ¥ & 5 min, FIIA
JEX) 1 mmol-L™' Z-FR-MCA J&¥ 5 uL, W& 30s,
5E 1 min )% slope [ (KHEIEIK 460 nm, W)
WO 355 nm). SERG BB REZE (AR,
PHAE X RRL (B64, v ML S HmHIFD) . HE A M
H1Z (%)=100—(1=Vi/Vo)o Hert Vi FI Vo 53 3R 7RAF
FERAAELESN R 58615 5

ZrFESW AR ES 3 R, LR
F KA SPSS18.0 A HEAT BN R T7 % (one-way
ANOVA) F3#7, FrilEHE L x £5 FRoR,

Es

(RAEAEE K 4 FRE AR

XFil % CTSK AN[RI I B B R EAT B I LUK 43 BT
(Bl 2), 5 5 A4S 5 1 CTSK, N —IRBO%
i, HIKEEE N 99.9%, ikFB|4ifutriE, 1Eh e AL
B BEAEET, 75— M IS
)G, FE R —0r B IS K 57« 48 N o I T 2
BIERERL S, HPLEE R CTSK 44, ERE R £
HAh R (12670, KEME BRI AT 50%. &
SPHE4fb R, R —%REM CTSK 44, TLHIRM
HAh 2675, SEEEIER] 99%. NILLW S EE, W
234 CTSK.

Xof e 28 T 4 ) £ 19 CTSK M 10 43 3547 1 52 0

&, BE64 MY Z-FR-MCA (1 : 1) ¥4 5 CTSK i

4 5

Figure 2 SDS-PAGE analysis on identification and purification
of cathepsin K (CTSK). Run 10% polyacrylamide gel with
CTSK solutions 10 pL in different purification process. 1:
Fermentation broth before activation by pepsin; 2: Fermentation
broth before activation by pepsin; 3: After n-butyl agarose
column purification; 4: After SP agarose column purification;
5: After ultrafiltration using Millipore centrifugal filter unit with
My 10000 cut-off

ghar, K E64 MR EE R 1n) i 52 M i B JE
3A GEREIR, 2 E64 WK N 20 pmol-mL~' i, A 5E
SN B S K4 &, BE E64 IRFEMITH R, CTSK 5
Z-FR-MCA 454 MRS 5 FAK . L7 y=
—0.2095x+4.014 5, R=0.996, 3% CTSK #EH 19.16
umol-mL ' ANHN E64 1) slope 1 A 4.0145 dA-min”",
2, BTSN 12.04x10° U, 41%T 56.4 mg.

2 ELAEAR K SKRYESEDMBEN

XFl % 1 CTSK BT IS HHE 5, Knv Ke
M K../Ky K Michaelis-Menten A RITHHE, A
AR A R (B 3B), BEETEIE K, 9%
I slope B FH i, &M 25 min J&, FUEE TP,
SN2k o AR B 43 #r 45 REOR K N 8.77+1.70
umol-L ™", K 9 9.99+1.10 57!, Koo/ K 9 1.14£0.90
(10°s™" mol L),

W% ST 22 °C (k)28 CH 37 CHIFaE M.
HER - pH 55 R, L 4hFH, &% 20% CTSK
W 7E 28 CHI 37 CHAFR, 30 min ¥ H J5 CTSK
ol A BEE BRAR . 39.5% A1 5.3%; 7E 1 h J&, 28 CHI
BRI 19.5% 35, 37 CH I E LR ATEE (B 4.
3 REREESEHRIWISEEIETE ML S HHI ik

HEEANFERBGEA (ETRE. A, 2R
SRR AR ) A CTSK 51k 5 Ji B fifgvif 1 i
AR AR, BEEIE TR, AMEBA 28R 48
7F 400 pg-mL~" SR BRI IMEIVE T, 25N 78.3%.
95.6% I 68.9%; 5 F e A ] Jise J5 B A o 41 ) 1
F o SR FBAHEEUIHE1T Z-FR-MCA JEYI4E & 525
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Figure 3 Plots for the determination of CTSK concentration with different E64 concentrations (A) and plot for K, and K¢ according

to Michaelis-Menten kinetics (B).

Determine the fluorescence units (FU) per min ( ‘slope’) for enzyme incubated with inhibitor

E64 concentrations (0, 2, 5, 8, 10, 15, 20 pmol-L™") at a constant Z-FR-MCA substrate concentration (I mmol -L™") and for Z-FR-MCA
substrate concentrations (0.5, 2.5, 5, 10, 15, 20, 25, 30, 40 umol-LfI) at a constant 5 nmol ‘L' enzyme concentration, which measured
at £,355 nm and £, 460 nm. Z-FR-MCA: Benzyloxycarbonyl-Phe-Arg-7-amido-4-methylcoumarin

ZER R, BEELMEE. & T A R L EE AL
FOHIE B S, #EEE 50%, T REF A ) CTSK i 5
FEAEH TGN S S5 IE T AL CTSK 5
JEE &5 A INEIAE 9 25.9% o A ik 3557 12 L 6 it 7%
PERE T IE TR, Ak, &R 2R 2
AL Z-FR-MCA W51 & 3% = T 1E T BESRAL (K 1)
4 FRENBBR B EIETE MRS HNHIFIF ik

MIE T B0 20 25 15 2 10 32 B B H R A,
FRPEREF (1. II. V. VIL IX) fRZERS
EW (B 1), % 5 I 4 4] CTSK i i
B AR PE AN Z-FR-MCA 5. 455 B 58 2%
B IX R al 2657 K EEAE N CK KA 70.3% (&
SA), BEMEREF (1. 1. V. V) Ffil 3RS R1
HHIVE T 6 MEEYInt Z-FR-MCA ¥R S om0 3%
% (K& 5B).

g

CTSK 1] 771 P R 7 1t 40 1) 8 - 40 o 2 DR e
R R, TSRS A B 0, T LR e R
ATURE F 248 R SO0 10 R 4% P SR A o i A TR I P 7 4

k

M € CK CsA 1 2 3 4 L]

Figure 5
activity (B) of CTSK.
6: Echinocystic acid
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Figure 4 Stability of CTSK under different temperatures was
tested against the substrate Z-FR-MCA (1 mmol -L ™).
were tested at 22 C (room temperature), 28 ‘C, and 37 C at the
time points of 0.5, 1, 2, 3, and 4 h. The residual activities were
plotted against time

Samples

Table 1

Inhibition effect of different fractions of Herba Ecliptae

on collagenase activity and Z-FR-MCA substrate activity of

CTSK. ‘P<0.05,

ok

P<0.001 vs n-butanol

Fraction of Z-FR-MCA binding  Collagen degradation
Herba Ecliptae inhibition /% inhibition /%
n-Butanol 259+ 1.7 783 +£8.7
Petroleum ether 723+29™ 95.6+10.3"
Ethyl acetate 60.4+3.1"" 68.9+6.2
Dichloromethane 60.5+22"" 0.0+02""
120
= 100 +
£ 0
E
= 60
; 40
=
< 20
[
?\I; 0 + * * + +* * *
CTSK E6d 1 2 3 4 5 6

Inhibition effect of compounds form butanol extract of Herba Ecliptae on collagenase activity (A) and Z-FR-MCA substrate
1: Eclalbasaponin I; 2: Eclalbasaponin II; 3: Eclalbasaponin V; 4: Eclalbasaponin VII; 5: Eclalbasaponin IX;
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PEFRET CTSK il 7% & W UAC g 4 bl A T DLIA 3]
80%, 1 /N B A B T LRI ZE M bt 1. SR, IR
UGB, BE T IR BB BY A B VA TR AS SREE 1) 4
Flt CTSK il 71 22 /0 2 g PR 5 SR R e, 3
JE N 5 G 8RB B AL e g L, BRI A F
odanacatib E A AR D@ T T IITAIG R GRS, (38 m 1
J BT R RURUR T TR o B T B B R e U R R B4,
CTSK i B 22 B Al B 451 Y, i il R s Jik 52
FRAFYEALNS T BRIRERE AL (thyroglobulin
processing) EgAE!S 1 TGF-14 ##, F5 % 310128,
B 1200, 3 BV R A A T R 51 A 2 AN R,
FE TS B PR R B A 293 T Bk . Bromme
AL B AR TR AL S, SRR FIE R A
O =l foe I o A AR CTSKC 1 750K 38 4 H A%
PR AT A5 A1 5] ) 22 A 1k 1) R, R B2 5 R BTE T
Y, A& YA I S SR TR T AL B A R R
FE A IR 2 PR RE, (H K 22 H0ik & W 1) 24 38 2 BE R 1%
ANERE . Bk, K PRIG T B W i) Hh B 2 2 2
MPEIER 2R . B S T FH T B AR
Be 5 TR BEAE B R ks, 9T ), R
o3 S AR B R AR, B P AR A
HHER R s B b B BUE R AATE PE ) CTSK 4R
PEAT A5 o

CTSK s i 75 5 oI IR B 1 % | 1) % AN 44k 15
B, B2 20 mL W45 B3k 13 CTSK £ 56.2 mg.
K Z-FR-MCA JEV S MR, SR dl . gifk
R, DUHERAS SR BB . A id FE 4w 20 A 4l
th, KHBREBEN, mAHORE THEE, RS2 T
Al 2R  %F CTSK #EAT 1 B zh 1) 2 B iy A g PRt
%, BEEN 1B K,=8.77+1.70 pmol-L ™", K., =9.99+
1.10 s, Koo/Kn=1.14£0.90 (10° s"mol "'L), 5
TRCIROE KSR ), A i 46 73 B A0 B & CTSK. #2
JETESEER R, 7E 22 CHAET, 4 h J5UIHE 2 20%
RAENE; 28 C &AM T 18 RTE, 3 h FEAKIE; 37 C%
PEF 1 h WEARKE. BIUILARFIER 28 CTFHE
4 h F T B A e 56

CTSK JEFEPEH R &2 30E T 0l & 40 i, JHAEHAE
MR IERAEAHEET RS REE 95% 1 T B
J, A PR AL A5 R T L A R B R A ) T Y e
JRH) ol A a2 45 B&f#. Z-FR-MCA #& CTSK AT
G RURY), fERT CTSK vl s, BA DRI
B MCA, KHEK 460 nm, k3K 355 nm.CTSK
KRRV FR-MCA 454, BEUF I MCA %
@, ikl MCA 7= 4= 2615 5 kAL CTSK 1)

WEE; ) R SR B T SR TR CTSK i 57);
Z-FR-MCA SE56 4 W7 400 1) 700 4 FH T3 Ve s i 2 R
TG PERL R

T IR T R BB RS 259 5 R I A R0
R, 88 53 IE T R A 2 0 A0 o 11 i Ji o
fiE s, ELAMH| Z-FR-MCA 5 CTSK 45 & AUl &, =2
FLB A ) AR M AT i A BGHR AL o 28 B T kA £
P2 T8 AL B AR B A B0 5 1 00 o R JB e g v 1k, MR
HAi Z-FR-MCA W& PERIFEAR 38, 8T 60% DA |,
A A BE S AL AT M . BAR AR HERR T R A7 A S
PhAL s A 70, (E 07 3k e PR AR S O TR R A 40
TEVEAE DS AT AT BE A B S PR AL AU 7R o B R
IE TR FE Sy BRI B H RNy, RRERTH
(I I V. VI IX) FOOR3ERS 208 TU3F =5 351k
A (1), EACE R R IX RIS A
B2 JE e gt i Ak, TT A B b R AR A R T
P2 IE B YR G o AT Fo 0T 8 5L % E AL S I T R
AL AT R o AT TR I, I CTSK JRiE A7 i
DRI 70 2 T R A AE 1, R R T R A SR R IR TR
R 43 B B 22 B U5 EAT 6 1k -
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