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Identification of CATHEPSIN B as a Novel Binding Protein of the Cell Death
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ABSTRACT : Previously, we identified that the overexpression of IEX-1 induces apoptosis in ovarian cancer cells. Herein
we report a new binding partner of IEX-1, CATHEPSIN B, as a lysosomal enzyme which contributes to the various
apoptotic signaling in tumor cells. To investigate how IEX-1 regulates cellular survival and death event, we performed yeast
two-hybrid screening of rat ovarian cDNA library using IEX-1 as the bait and found CATHEPSIN B. In the present study,
CATHEPSIN B and IEX-1 proteins were overexpressed in 293T cells and their specific association was determined by
immunoprecipitation and immunoblot analysis. In addition, the endogenous interaction between CATHEPSIN B and IEX-1
was confirmed in HeLa cells. The current finding of lysosomal CATHEPSIN B as the IEX-1-binding partner implies that
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IEX-1 may involve in lysosome-mediated apoptotic signaling pathways.
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2 o AgATeA 2 A7Ahs BX-1 g0l
galsti oy, AEArE 3 M EAZTE] of 2] BAA
itk webA [EX-1 @ dgshe 23 aeds

WA A oA M ZAPD (apoptosis) = =3t <
oA et AT A AA R [EX-10] 2&et=X = Fgs] ¢A Xt
o

3
7] 918l yeast two-hybrid system= o] &3}tk 1 A3} [EX-1

o] of 3] t}okalk o7k o Al EolM A ZAPE S F =3 CATHEPSIN B ©H] A3} A3HgHe dhgic) 2 AjoMs glihF:
ZZeokAl 9] Ul CATHEPSIN B @ A 3} [EX-1 iAo A3S A7 H T western blot ¥4 22 213513
IYBZE o] A34ES 584 [EX-13 CATHEPSIN Bi= Al Z oAl MR9] 75 432 nE ASZ o d=, Ax
AR S FE8k= IEX-1 T A o] lysosome-mediated apoptotic pathwaydll st 7FsA)S AJAFSHCL

M E

Immediate early gene X-1(JEX-1, (& Dif2, murine
orthologs gly96, PRG1)-> A 2] 273} Al EAPE (apoptosis)
S A% 9% g AE 4 A 9l O ™(Charles et al.,

1993; Kumar et al., 2004), WA ZAKX-, UV-irradiation),
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stress <2 1721 2H(epidermal growth factor), inflammatory
stimuli(lipopolysaccharide, ceramide) 5] £l 93 %
719 Edo] 2AHAE AoR dHA Sl thKobayashi
et al., 1998; Kondratyev et al., 1996). -3¢} steroid hormones
(1 a, 25-dihydroxyvitamin D3), p539] 3t} 2do] <s)
[EX-18] W& o] Zadh= AR 4eiA Ut(Im et al,
2002; Kobayashi et al., 1998). IEX-19] @&Z7}= kera-
tinocytes} HeLa Al £2] AAE Z719} B o] 3l O H(Arlt
et al., 2001; Schilling et al., 2001), & 74+ hepatocyte
9} 293T Al x| AAF2] 7Hael] #d vk HI I
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(Arlt et al., 2003; Yoon et al., 2009). °]¢h= T2 A, Al X
AN oA Z3E YEE Zo] EXHA dE &
of, I[EX-1 @A TNF-¢ Asdd AAAA e PBBK
(phoshatidylinositol 3-kinase)®} AKTS| €43} oA, 12
3! anti-apoptotic BCL-2 family member?] MCL-19] &
AAE FLstes AoZ EAHTH(Osawa et al.,, 2003;
Schilling et al., 2001; Zhang et al., 2003; 7 &, 2011). =,
[EX-1& A9 AME S fFEstAY, A2 4 Z073: 33}
T ASA A #oJsle F ME A 715 A6 7HA
= ot Arlt et al., 2001; Arlt et al., 2003). %3t
[EX-1> daol A 838 7|55 adhs faatelH, fertility
of WH3HA oldtrir B 7 H S th(Schilling et al., 2001;
Tilly et al., 1991).

il A 23] & A(Protease: peptidase)= catalytic mechanisms
o w2} aspartic, cysteine, glutamic, metallo, threonic, _LZ]
3l serine proteases®E 7% ) X1 T Barrett, 1994). Caspases
= 7P %ol A+H cysteine proteasesE Al ZAPE Aol o
2 713E B Adsks 2A0E A Stk tE cysteine
protease = 31491 CATHEPSINS 19203 50] A0 2 W
TE 0™, ‘lysosomal proteolytic enzyme’ = L&A Utk
117§ €] human CATHEPSIN®| ¥ ..5|9) © #(CATHEPSIN B,
H LS FKCWX V181 0), 1% 5 %
CATHEPSIN B¢} Lo] 2]4Fdl| &4 3l (Turk et al., 2002),
CATHEPSINS 234 &ej<l preproenzyme o2 34 & o]
dest &Y FEUE FaFolM AEFEE 8| HthFelbor
et al., 2000).

A ZAPEE specific nuclease] &40l 3l Al E 9] plasma
membrane Woll Al A ot Al 7} Sol7h= w4 3
go]th, A EZAE ] A E YL death receptor} ligand 2
groll ] caspase-8 L+= caspase-10 18] 1. caspase-32|
g4o] =5+ extrinsic pathway? P|EZE o} ¢&
2l cytochrome ¢ #H|E ©]& ¢ intrinsic pathway”} &
A gk}, £H E cytochrome coll ©J3) caspases-9/-32] A
3l= membrane blebbing, cell shrinkage 12|31 DNA
fragmentation3} 75> A EAME 9] FE A 54 S fadtt
(Green & Reed, 1998). B3+ A TAPE & T}l 7] 202

Th3E proteolytic enzymes 53 2H8Hth L AHxd

L.

K
o

=19 cell damage ©== 4 stimulation 271914 caspase-

mediated proteolysisl] £]e+ Al EAE ZH o] CATHEPSIN

4 WA ERERE

< T2 proteases’} Hj gty HEGloH, ES
CATHEPSIN B, L 183 D7} Al A ZHo) &
A8 sl Zo] 88 A th(Koblinski et al., 2000). ¢
| £ 4= CATHEPSIN B7} #H] =W A 2AME 7] 4%
23t A7 AU F7HA71E AR delA Tk Caspase-2/
-89 9814 CATHEPSIN B 2l&FolA £H|H 3, v
EZ T2 o}l A cytochrome ¢ H]E Z715to] caspase-3/
-99] FA8E frishs 0= YeA Sivk B3 CATHEPSIN
B+ procaspase-13} procaspase—119] processing®| = #ol 5}
o] nuclear apoptosisE -F-E81= ] EAL¥ %t Vancompemolle
et al., 1998). CATHEPSIN Be] Al & W] @&k =71 2 7+
& TS B T (tumor) FRNA ThFEHA e oH,
o= AlX] oA AHHLE Aol UFS AlAbe
THTait et al., 1999). 3 o]2}gh o] ‘lysosomal path-
way of apoptosis’Z HHEATHLI et al., 2000). ZL#u}t
CATHEPSIN B¢ %A <l target protein-substrate= ©F
2 W AA gokeh B o]g ¢ 7142 CATHEPSIN B
inhibitor¢! Spi2A°l ol&] ¥d FLEEHoAE= HAF <1zl
NF- £ Bel| oJaf A H o] A= o] HiFom, o x|
712+ death receptors M7 2 3= A EAVE o] B0l
A THLi et al., 2003; Manna et al., 1998). ¥ A=
[EX-10°] Al % }—E"ﬂ ue} o 9A st 75 7HE F
A=A, AGA AEAE S FES & AEA Flstaxt
NEE 24 ‘:}‘337%_'3 A} stk My AFAA £ A
TAEL yeast two-hybrid A| 228 02 TEX-1S baitZ 3}
& human ovarian cDNA libraryl| A 1EX-13} 2 %3}=
il AS Folsttt. 1 FolA ‘lysosomal pathway of
apoptosis’ oA T8 TS 3= cystein protease member
?l CATHEPSIN B7} IEX-13} 75t A%ES Yepd
13t 21, yeast two-hybrid 235 HE o2 Ol{
,\ﬂizr.oﬂ,q = a}uﬂzl o] | xeJ og 7351,0}‘— L 3o
Atk o F wAe] AL [EX-1 S A o] 7HEA] Tt
FHE 58l ol FARE dSat old A%E T3l A=
Aol Z85= 59 lysosomal protease®] ]3] o] 42
2 7alse 718 A9 22 lysosomal permiabilization
o] 28 712}3} signaling pathwayoll #3 ¢+ apoptosis
pathway©ll % A+ AAIS 4 9l2oH, lysosome dys-
function?t #HAE AW A5 AL F Ae & WA
Aol &S AALBEA T
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1. MIZF 3 M 22O

& AFolA 293 AEFSL HeLa M| XF5 AHE-SHSATE Al
E S 98 DMEM(Welgene) i A1 S o]-£3192.M, 10%
fetal bovine serum(Welgene)¥} 1% penicillin streptomycin
(Welgene)& #71sted AHE-8lAth 37T, 5% CO, #4739
A W F7IE olE-ste] wFatsiTt

2. Z2j0|H HZE H 2=

pcDNA3-HA-IEX-1 Z2}A0| = DNA 224 Wy 7]
Zo dxE =] A% = Atk Yoon et al., 2009). Human
ovarian cDNA ZH-E Pfu DNA polymerase(Takara)E ©]
43 PCRS £3] Human CATHEPSIN B(BC010240) open
reading frameS ZZA|Zit} ARSH Zelo] = CTSB-(Sfil)-
F (5'- ATG GCC ATG GAG GCC ATG TGG CAG CTC
TGG GCC TCC), CTSB-(Xho I )-R (5-ACC TCG AGA
TTA GAT CTT TTC CCA GTA CTG)°|t}. PCR product
= ASE A Xhol# Sfil(Takara)S ©]&3te] pCMV-Myc
vector® SEYsto] G7]EA 8 Th

3. Immunoprecipitation2} Western Blot

e AEE FASH] 4T, 8,000 rpmoll A Y4123k
PBS(phosphate buffered saline)& ©]-&3] HXE A& %
o} NP-40 lysis&(50 mM Tris-HCl, pH 8.0, 0.15M
NaCl, 1% NP-40)& o|-&ste] Al W A ddS 5
sttt F28 A A7FS 94l Bradford protein assay
(Bio-rad)E AA3FATE 50 pgel dHAE 10% £ 15%
SDS @4 A7195S At NC membranee] T
A& transferdt ¥ anti-IEX-1(Yoon et al., 2009) %+ anti-
CATHEPSIN B, anti-HA(Satacruz), anti-Myc 33 & o]
ate] e A g Helslgith Al oM IEX-13 CATHEPSIN B
Tl g o] AgS gelsty] fJsA H A7 (Immunopreci-
pitation) AAI o H, AL 7)o Wi H =l
A E 3 tH(Yoon et al., 2009).

Zn gy o@

[EX-19] o9A AZS 433+ AES fEsEA Do}
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H7] 93 o2 IEX-19 A E W A2 HFEUE 3]
A AMPATAX yeast two-hybrid assayS 3 5+ Th
IEX-17 A%3t= DNA inserts 7] ¥418911, NCBI
blast searchE 33 23, [EX-13 73 2FE Hole
cystein protease?] CATHEPSIN BE % A&39th

QIZH 2F MZZMA IEX-112} CATHEPSIN B CHiHE
Ha =A}

Yeast two-hybrid system®] ZA3-S thA] g gols}7]
A A7F o A EFA HARZPEE skt F 2
< & A EFAA FArhdd(overexpression) A7l & A &
213}17] 918} pCDNA3-HA-IEX-13} pCMV-Myc-CATHEPSIN
B SHAUEE FEF WS ol&ste] 203T Al 25
transfectiondt SAt}. 12417+ Wl &F 3 A S A A3 lysate
250 gl anti- HA ¥+ anti-Myc &3 & o] &3} HIH
AHS A, anti-Mye I B anti-HASA & o] &
ato] western blotE AAIHATE Fig. 14#, Fob ddd
IEX-17 CATHEPSIN B %+ @2 o] QI7F A| £l A 2

b

1gG a-HA Input
55

43

- - IB: a- Mye

IeG u-Myc

34

26

B IB:g-HA

Fig. 1. IEX-1 interacts with the CATHEPSIN B in vivo. 293T
cells were transfected with 3 pg of pcDNA3-HA-IEX-1
and pCMV-MYC-CATHEPSIN B and incubated for 18
h. Cell lysates were used for immunoprecipitation with
the anti-HA (A) or anti-MYC (B) antibodies followed
by western blots with anti-MYC or anti-HA antibodies.
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HACE A%se 99T 4 A%tk o] AFHE wgow
5to] HeLa A 2ol A endogenous IEX-13} CATHEPSIN B
o] AghS dolr7] &l AA M E lysate 500 pgoll anti-
rabbit IgG £+ anti-IEX-1(Yoon et al., 2009) 18] 1 anti-
goat I1gG %+ anti-CATHEPSIN BE 4T 2714 HA
74X 7] & anti-CATHEPSIN B B+ anti-IEX-12 o] 43}
western blotS -3 3191t} I 2 3, endogenous level9] F+
gl Zo] ZAFAo 7 Adsl= AL sy E}(Fig 2A,
B). Fig. 25 53l 7 @A AlX YA 75402 43
BA 9| 7570l %‘%E A = Ak

IEX-12 156711 9] o}v] 2K amino acid)Z ©]F-o4 12
o, o2} F9]o] ERK phosphorylation site(14H3} H-9)E
7HA AL Q) e ™(Garcia et al., 2002), PEST like sequence$t
nuclear localization sequence(NLS) (Kruse et al., 2005),
transmembrane domain(TM) 18] N-linked glycosylation
site(NLG) S £3Fsty. itk ZLejut b4 7] 427 consensus
domain> EA| 84 eFom, F7ko] G B0l & HEH ]

A= Ao 4 A 9rh [EX-1 Tl d o] CATHEPSIN B

>

IP

IgG  1IEX-1 Input

T3

€— IB:0-CATHEPSIN B

IgG CATHEPSIN B
26

€— IB:o-1EX-1

17

Fig. 2. Enodgenously expressed IEX-1 protein interacts with
CATHEPSIN B in vivo. (A) To identify the interaction
between endogenous IEX-1 and CATHEPSIN B proteins,
HeLa cell lysates were immunoprecipitated with the
anti-[EX-1 antibodies or normal IgG rabbit (B) anti-
CATHEPSIN B antibodies or normal IgG mouse followed
by western blots with anti-CATHEPSIN B or anti-IEX-1
antibodies.

R TR RRY

e ghe] Al A%s] S1s) [EX-1 SR olA
S ARt 25 /4 EAW o)A, pCDNA3-HA-
[EX-1-ANLS(A58-64), pCDNA3-HA-IEX-1-ATM(A83-99)
(Fig. 3A) AHE-3}o] pCMV-Myc-CATHEPSIN B 44
S A A xEel| FHt mam;;q 12417} ¥ 3 anti-HA
A Z AGAAHS 33 & 2 anti-Myc ﬂxﬂ western
blotS A8t} 1 23, CATHEPSIN B ¥4 [EX-1-
ANLS9} IEX-1-ATM E5Fol] 23S 891319 thFig. 3B).
NEF- £ B(Arlt et al., 2008), p53 5] AlZA 43 A EAPE |
HAE S 9 ol ghfdo] Ageitty Ry e
[EX-19] 7HgA] Lk H-9](C-terminal region)®] CATHEPSIN

A
1 5864 $3 99 133 156
NLS ™ N-linked glycosylation
ants | I
P
o | 1 [T ]
B

1P:a-HA

Input
IB:a-Mye

IB:a-HA

IB:a-GAPDH

| — — —

Fig. 3. Identification of the CATHEPSIN B binding region
within the IEX-1. (A) Domain structure of IEX-1 protein.
Full length IEX-1 protein is 156 amino acids. IEX-1-A
NLS was deleted at position 58 ~64 amino acids and
[EX-1-ATM was deleted at 83~99 amino acids. (B)
Identification of the interacting domain of IEX-1 and
CATHEPSIN B. 293T cells were transfected with 3 ug
of pcDNA3-HA-IEX-1, IEX-1-ANLS, IEX-1-ATM and
pCMV-MYC-CATHEPSIN B and incubated for 18 h.
Cell lysates were used for immunoprecipitation with
the anti-HA antibodies followed by western blots with
anti-MYC antibodies.
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B ©ld AA] A¢E 7ol At o5 & k. Yeast
two-hybrid 2232 23}, IEX-1 full length> CATHEPSIN
Bo| 78 A] Eekat Aol QlEon g F whud e 7}
BA geEelo M o] A Aol o] Fo|E T/l
A 7HA o] AR AT AZANE Nork 2 A
2 o T A0 R 4#A 9o (Schilling et al., 2001),
£ A7) FAQ IEX-12> FE 7ol Y221 gonadotropin
| <&l 7 @A S dove Ao 2 U A
o} @A) GEA AN BCL-2 familyS A £ 3 T2 <179
H AR E FAF AT e Aotk T o]
& BCL- famlly ?JOJ MCL-1

7}\73: st o, PE?}
[EX-13 MCL-12 A ¥APE 3 AEE 248 *ﬁgl 7]
5o JFS nAE AL Y ME]'(YOO et al., 2009). A Z ]
& o] ZA3t= IEX-12 Al XAPE S § 5 35HA THKruse et
al., 2005), FIEZE g obeh 212 A E A7l AT Z5,
AZAPE S AT 7540 Atk B H vl 9Jth(Shen et
al., 2006). CATHEPSIN B ©# 2 & 2] 2Fol| A Hu] 5]
o] Bax && Bide} 22 P EZ= ol A XA S &
3 B k(Stoka et al., 2001). & & ol
Aol o3 cytochrome ¢ #H|l 9] A XAIE S 24T
7V5& A AE 4 o) T3 CATHEPSIN BE nEEC
o}of| A &AJ 42~ (ROS: Reactive oxygen species) T4 & 2]
HAOE FEsle] HEHo0= lysosomal permeabilization
& el gt & B gad aaso AX4E FH|Y
A =, Ao Ao E 9§ :3: XA oy 28 Al
4/\], O]’IEX1%%]' }‘\_}_/]\__/] “,-_._1_% zx—l }1—_ 740; o}
g4 stk &, REECEolE T3 A ZANE A A A
- o "1i9] 715l AFALRE JFS v 7l
Anty 58 5 9len o5 &3 [EX-1-> CATHEPSIN B
S NZE 718U 7S AXNE F itk o AFE F
& IEX-12 o 71419 Al 354 Z2E T8k
lysosome-mediated apoptotic 325 £33 of 2] AT AP
Bz 9 1 7lb°l 2HES ¢ 5 Uk w3 IEX—19]
M AUZTE A5 F lom, Yo7t Az A&
st *‘Hi—,_r ZAVESIE Wel7] S8 2 o ‘/}OH}
= ulgth

N FlO
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