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Abstract

Antizyme (AZ) plays an important role in inhibiting the growth of the normal cells
and tumor cells, which could degrade the ornithine decarboxylase (ODC) by carrying
it to the 26S proteasome, causing the inactivation of the ODC and inhibiting the
intake of the polyamine. ODC, a key enzyme in the biosynthesis of the polyamine, is
involved in the cell growth, differentiation and anti-apoptosis. However, the
relationship between AZ and apoptosis is unclear. To understand the overexpression
of AZ causing the programmed cell death (PCD ), we have established a Doxycycline
(Dox ) induced Jurkat T cell Tet-On system to evaluate the phenomenon of DNA
ladder, cell survival, apoptotic bodies and releasing the cell death signal “cytochrome
¢” from the mitochondria. At first, we found that with the increasing doses and the
prolonging time of the transiently transfected AZ in the human leukemia cell (HL-60),
human acute-phase leukemia T-cell (Jurkat T cells) and rat's macrophage
(RAW264.7), showed that the cell survival rate and the apoptotic bodies were
notoriously increased. Besides, AZ interfered the protein expressions of Bcl-2 family.
Inducible AZ largely enters mitochondria resulting in cytochrome c release from
mitochondria to cytosol following Bcl-xL decrease and Bax increase. To explain the
relationship between AZ and Bcl-xL, we analyze: (1) In vitro: Ultracentrifuge for
observing AZ and Bcl-xL interaction. (2) In vitro/In vivo: Pull-down assay for
observing In vitro/In vivo AZ and Bcl-xL's interaction in the mitochondria level, to
find out the interaction between AZ and Bcl-xL, these two hypothesis help us to

clarify the apoptotic mechanisms of AZ.
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AZ 4= ODC 12 2 polyamine 2 & m&é %% % ¥ & (Coffino et al.,2001) » ¥ & 4
P2 B R A s i j’% cip HEE PN B A B I 4 AZ Himve
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A gga F BEY & 3R %2 (Human promtelocytic leukemia HL-60 cell) # & %
77 10%:h3 iBikre2 5 3 (GIBCO BRL, Grand Island, NY) 7 RPMI 1640 3% %
AEEWITCT 7 5% 5 "R %4 -

IR PES

OO Yl R SR e B B T B 5x10°m %% 41 * K ePBSik s~ = ¥
4v »~ 50 pl mitochondrial buffer (25 mM Tris, pH 6.8, 1 mM EDTA, 1 mM DTT ,
0.1 mM PMSF and 250 mM sucrose) » 12,000 rpmég. 10 A 45 {5 =B~ + K & ‘w¥e
Boom TR G R soks o £ 4% 30 pl mitochondrial bufferfé 2 %% f% @
{72 18 ef B o ot ¢h o total proteins B E_f* sk gold lysis buffer (10% viv
glycerol , 1% v/v Triton X-100 , 1 mM sodium orthovanadate , 1 mM EGTA , 10 mM
NaF , 1 mM sodium pyrophosphate, 20 mM Tris, pH7.9, 100 uM

-glycerophosphate , 137 mM NaCl , 5 mM EDTA , 1 mM PMSF, 10 g/ml
leupeptin) » & 4°C 2 30 &~ 4511358 i mre > * 12,000 rpmég~ 4°C30 4 48 >
#-t ik 4o ~ loading buffer>t 95°C10 4 48 » #-3-v F 3z » SDS-PAGE ¥ §a T ik
2_ts » &4 F|polyvinylidene fluoride(PVDF) » * ;% 3*PBS-0.1% Tween 20 ;% is 3
&= 10 A4 0 Ris % - il [anti-AZ(MDBIo, TWN), anti-ODC, anti-p53,
anti-p21, anti-Bax, anti-Bcl-2, anti-Bcl-xL,anti-cyclin E, anti-cyclin D, anti-cyclin B,
anti-cyclin A, anti-cyclin-dependent kinase(Cdkl), anti-Cdk2, anti-Cdk4,
anti-cytochrome c, anti-caspase 9, anti-caspase 3, anti-Apaf-1, anti-PARP and
anti-actin antibodies(Neomarkers)] (1:10000 z’v’ﬂﬁr% » 1% PBS-0.1% Tween 20
% 0.1% #4559 F-9 5 (Ef-f#i% )2 > blockingis 5PVDFF Jis 6 - % » £ 1%
PBS-0.1% Tween 20 % jif 3 =% & =x 10 A & > 2 & ¥ 3 & T
horseradish-peroxidase(HRP) =% = 48 (1:10000 > 4] * PBS-0.1% Tween 20 § i*
Hrffie) £ 1] B > * PBS-0.1% Tween 20 i£jif 3 =0 & =t 10 A 4 > B {5 Fuff &2
FLRAE B 4@ * K w1 F 4 k2 P 2 (Amersham Pharmacia Biotech,
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F e 1| PrdimieirifF o e PBSi% 4] * cytospindg.« fcoverslipst » 2 {5
12 3%bovine serum albumin %% /8 T blocking 2 -] BF - m-AZE WT-AZ %z e &
A ‘%'J%“gd FLAZ$hE (1:50) 2 #+Bax4i8(1:100) & 4C i * 16 | pF > 12 PBSiii%
{8 £ 4¢ » goat anti-rabbit I1gG 55 % fluorescine isothiocy anate(FITC) £ goat



anti-mouse 1gG conjugated® % rhodamine(Santa Cruz)s= 24 37°C * & 2 /] FF s
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1,000 rpma s B~ 17 0k cnim Pz o el dm e 4e ~ 50 pliw e DNA ladderis #1475 i
(50 mM Tris-HCL, pH8.0, 10 mM EDTA{= 0.5% Sakosyl){= 5 ul 3¢ 4 %K (0.5
mg/ml){s » 2 » 55°C-Kiz » K &8 £ 4c » 1yl RNase A (5ug/mh) * &= | pF > 2.
{8 ZP~4 § P pE{Eph 4 ~ & £ shphenol:chloroform:isoamylalcohol (25:24:1) 7 &
¥23 {5 > 11 12,000 rpoma.s 10 4 460 %+ % 4+ DNAloading 7% i% (10X ; 20%
Ficoll 400, 0.1 M NaEDTA, 1% SDS, 0.25% bromophenol bluef= 0.25% Xxylene
cyanol) » & * 2% agarose'” 50 &k 4F:& 7 7 A & 7 (Liuetal.,1999) -

Pull-down assay

B~ 1x 1070 » & % 20 mM Tris-HCI, pH7.5, 1 mM EDTA, 1 mM PMSF -
1% NP-4073 2. - B F #-w% 3 B4 4 90 ugeiHise-AZ 4°C2. T2 % 1/ pF > &
fee %4 4% 30 pl Ni-NTA-agarose =3k + (sigma, P6611, 15 mg/ml, HIS-Select™
Nickel Affinity Gel)ss % A58 ™ 1 ] pF > 2R{* 1.5ml, 10 mM Tris—HClI,
100 mM NaH2PO., 25 mM imidazolef= 1% NP-40 (20 mM Tris-HCI, pH7.5, 10%
glycerol, 100 mM NaCl, 15 mM imidazole) itz » #-3% &} hie F#* 100C
Laemmli buffer # % 2. 2 & * anti-AZ g anti-Bcl-xL 7 # 48 %“ﬁ“ d
western-bloterdt 4 47 2. » B {8 £ iE 4canti-rabbit 2t anti-mouse IgG peroxidase » &
% ® % p ECL kit CAmersham, Co) -
AL F EHL

50 L% AZ 2 Bel-xL B & 9B o &3 fE R0 Fen7 kA (0.1~1.5 mg/ml)
T 4e » 50 mM Tris-HCI £ 250mM NaCl » &% &2 ¢ - @ g4r? /2 » 380 pl
AD ¥ - g RA > 400 pl, 50 mM Tris-HCI § 1% Blank o & {5 » F-v B efmsf
fd & 280 nm endAg B i 3w (42,000 rpm)ip] 2. - sedimentation velocity 5k G
ey i'jgd Sedfit software % :* % Svedberg value(S) -
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st FH 4] SPSS 10.0 4RiE 7 S A 45 0 F st (5 diedh P ovalue /)t 0.05
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S 8
Hho R AZHImE R R R st APFREIY ATE L4
‘w4 R (pCMV-Tag 2b-amtizyme ; WT-antizyme ) » #WT-antizyme §* £ 12
FpL AT 2 R pF g 4 (Transiently transfection) 2 Jurkat T ~ HL-604-RAW 264.7
Wi o BB gt o A BEFRAZE S w3 A X TR > A F Mk
4 (Fig. 1) "E ¥ W AAZDNASE R F > i cnd 354 FR° o d 301
e 7 1 o WT-antizymedd 4 wre | 2 Bl % > Fpt 20 #3XAGE
Antizyme'w*2 tk > FF 3 E HAZAFIE » - BE P e FEB L RPH
(pTRE2hyg-antizyme ) » £ #-§* 484 % Jurkat T (JK)-Tet-On & stim?e (Fig.2) ;
L S e » Do ¥ i AZZ FI & IR o (Fig.3)4r#77m » AZA Tl 4 Jihlm iz &2 5t
pe 2 (JK-Tet-On-vector) ‘m? 75 52§ £ B » fote » DoxexdAZ ik F1 & 15 o
JK-Tet-On-antizymesnim?® § 3w 35 5T '%% > 44 §8k 41’?]"1757 DNA 5 £ v % m
%l AR R AZY & T HEBC-2 TR A A 3 4 B AZIE » Tl R
g% % > @ i3 = cytochrome cﬁ@iﬂﬁwﬁ o 3 e AP ugEBel-xL s b 2
Bax 3 4r (Chao et al., 1998) 124zt % &% » A PEFAZ I Aehimbe = 1 & §_
A RORREE T A B e W RLIT o 2@ 0 AZ Sldechimte ¥ = 7 g Bax
st ff - Bel-2 72% a5~ ﬂf@,ﬁﬂﬁl%ﬁ wow =~ # dicytochrome ¢ I iwmfe BT
2o 1w k- A o Casepases i@ 4 iF it o & F 4 ) cytochrome c %
JK-Tet-On-antizyme jw %z e 048 £ L& B > HAZ A RE 4 (Figd)» ® &
Brrad e BRI W A A NEP e it P R A B L AZNE %
G AZSEESHme b X m e B o LA T 3 BT AZm S8 M R PR B
FD il R AR 2 g v prag A AR g re F S 40P 02 24 i (Hoshino etal,
2005) > @ AZj " e 3 4 2 e Mg & 2 ¥ i 220DC (Newman et al., 2004 )
B 5 ARRE M o FRa § vl o~ R AR i & kAR cytochrome o 1 > 22 AZT & B %
(Hoshino et al., 2005) « 2 i e75F B % % 45 U1 AZiE » T[4 448 &2 cytochrome cf¥
NE AL G M o s ARAZAFIAE T L F AR - B PR
A2 2R B3 HN DR F2ASRH L AR 2R F o PR RS SEP
AZ22 ODCHri st #cytochrome cff ! e $H4p B 1+ - 2% > 5 7 B f2AZ22 Bel-xL
SEZF IR EEr S APFRTE2 T (DIn vitro(2)In
vitro/In vivos B B 0 B oA R ke et 2 B Admie s CHATR R eniE Y 2 3
AR BB o In vitro: R % F A Y AR B E e N FRER
(AZ:Bcl-xL=3:1 > AZ:Bcl-xL=1:3)p. % ¥ i 11 AZE Bel-xL &% BB 3 M eniF
2 T o B IRAZE Bel-xLz B T & &g F chkf il o (Fig.5)In vitro/In vivo:,‘fggl
Pull-down assay# s.wild type AZ(1-228) £z Bel-xL - HL-60 ~ Jurkat ~ K-562¢2 U-537
fn¥e 4% IB(Immuno-blotting assay) e 3% L% 3| AZ(1-68) chd-9 B A 7| &
Bel-xL7 ¢ 4t @ AZ(1-228) thi-v H A 7|22 Bel-xL4r G 3 4pdtieniz 5 0 F]t
T RER AZfrBel-xLegg s B & (8% o



Bk

B H ez AZ S B 8-0DC# 4 3T =i & %] (Morris et al., 1991; Pegg et al.,
1995; Shantz et al., 1999) - * AZ75 24.54-29 kDa= #&7; ;% (Pegg etal., 2006 ) -
R enAZA & 5245 kDa o 7R E_ Fl A RNAFR & sy 2 &2 % - BAUGHTIT en
Kozak 7 7].% & » EiEmMRNA# &= 39 & (Gandreetal.,2003) ¥ - * & > 29
kDasPAZ 5 7 — BUELR 710 1€ 2 a0 5938 » R AURR o ot b0 F B 3R O R AAY
o 5B AZE R R AR B R o 22 ¢ 3 428 (Hoshino
etal., 2005) -

m AZ finvivo #5%° 0 » FF AZ ErhgiwmreavgE B3 M (Tsuji et al,
1998 ) { st —HHF EREBR £ IRAZE 3 PrdPhkmre 2 £ i 4 (Fongetal.,
2003) « Fl¢t 0 30 BiF AZ 4vie e A e R cytochrome c XFEE
EFEPRME F0 Foh o d FREPEAWIFED R Tz o0z
doie B e chd o= B0 o ApaE 2 T Gl A mbe E = ,L;L el R ]
W FREELEEFE T BT E Y 9 Jurkat Tet-On % o 2 3 A ity
g 4 AZ T HL-60~Jurkat 22 RAW 264.7 ‘w8 X A 4 AZ 3 Tet On Jurkat
T e e AZ £ Becnim®e B2 e fw iz dp vt § 80 F el 4o e B = i e«
bR BT KM AZ i~ FlRAREE 22 eh cytochrome ¢ B A F G £ ”ﬁ

BB 5 BRI G P AR AZ AR ARG Ei%kii%ﬂ‘:i“ﬁwﬁﬁliiﬁm’?é F
<o AE R A RAZ i B E AZ 25 cytochrome ¢ R SRAR 0 3
R T A S WD B = o SRR AZA T RS A A e
AZ i@}i%zﬁ,&r@auywsiae%lw s = Q1 AZ B BB @ z‘,  hin B AT
T3 BT iR B - > AZ &~ Pl SRR T 4R Bol-2 Rk
5142 cytochrome ¢ enf#+c » % = > cytochromec v iy ® 434 4 eh A ﬁ” e
gfl"\%“' FZOAZGI e k= Vo anks % k3 ODC 4% 26S F-v HATRECE 2 -
Fr oo BRE LI AZ B Eme SR BRCUT A BIF e et @
ODC = 9 ek % 2 o

TOHBRATOAZAPT (v ek 3 > B25d AZER LI 142w - s
FIA RBAEFARFT Y e BEH R AZ 2 Bel-xL = 5 2 F 3 et e 4182
% 50w rdgd (DIn vitro(2)In vitro/In vivo & f& 7 e ehd R4 22 ~ o @ 1Y
FIRDEF P ATRE L T T UE R (D)Invitro: AZ ¥2 Bel-xL &% kB
B MeniT 2.7 > Foa kg FakEy o H 3R %R (2)In vitro/ln vivo:
WT-AZ(1-228)in3v A #|fr Bel-xL § 3 4pdtieni= 5 » o FRAEE 1 k0T
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Fig. 4
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Fig.5
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Fig.6
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