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L2 AlEelX hTERTE sHEAA7I™ o] S7hs 1
w3h7b AdE e, = mTR knock out F A nlgdA < A
Al %4 (aneuploidy), XA 2e &3, AEAAL o] #HAHHI| =
6‘]‘23,\@14'15.

EE MxEY hMEZoA = telomeraseo] oJ&  #A W
telomere”} ¢FgH o7 FA AT 17 AR Slof = telomerase
AT gleol® 738k telomere®] AolE FX|sh=d ©] 7]
A& ALT (Alternative Lengthening of Telomeres)©|2} 3™ A
z3gto] o&f do] FA7F HE Row d#HA A Y. Telomere
of A%3to] telomere HolE XA s= o] ©@¥zo] gl=t °ol&
‘Shelterin’ ©]8} W93t TRF1, TRF2, TINZ2, Rapl, TPP1,
tankyrase 183 POTI1%" 2150 o]o] &jgsitt. o] & w3zl
TRF1 (Telomeric repeat binding factor 1)< telomerase”’}
telomereo] A¥sh= S W3 OZHN telomereZd o] 7} FrolA] A
sl SA A ZAAAo g 2 2 TRF2  (Telomeric repeat
binding factor2)+ 3’ overhangS telomere duplex part® A¢]
A#A T-loop (Telomere—loop) Aol TAgFoZ A Loh-&
§3tolt} 23] (degradation) O ZHE] B3 3= 33 s}t (Figl) *
%25 TRF27} Aol=|d o]FuAl telomere DNAS] Zo] W g}oli=

P34l 37 overhango] EO] &



AFgE PinX1+ telomeric ©¥4 TRF13% 4% A%etes @
MR hTERTS hTRY} @A o2 A3sto] telomerase T E
£ JAFTGIL in vitro assayE Fdl HIHFG . Yeast
homolog?] ¢ PinX1¥ rRNAS®} snRNA processingol = #o] 3t
1 43 de=d yPinX1l 9A] FEHAA] telomere Zdo]7Aa9)
telomerase BAEE A gt g A oh* 0 PinX19] ofv]
tro| &= glycine rich domain(G—patch)©] +=d] o]+ RNA ZAg+
RElZR7  d#EA 9l FIEEAV]oE=  TID  (telomerase
inhibitory domain)¢] Ql&dl o] o] hTERT ZAdsho]
telomerase @4 EE A= 212 in vivo, in vitro’delA]l 8&
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A mammalian telomeric DNA

HEnIRsaI G-strand overhang
(et 2-50 kb duplex telomeric repeats ¢
[TTAGGG]n
s [CCCTAAN
— Non-telomeric
DNA
t-loop

large duplex loop

75-200 nt ss DNA

B exposed
telomere end

——
TRF1 dimer ({) l pairing

duplex DNA

TRF2 dimer || vajon
b l 3' overhang

checkpoints, DNA repair, telomerase

Fig 1. Proposed Structure, Formation, and Function of T Loops*
(A) The DNA structure at the ends of mammalian chromosomes and
description of the proposed configuration of T—loops. (B) Speculative
scheme depicting a possible mode of T—loop formation based on the
in vitro biochemical activities of TRF1 and TRFZ2. T-loops are
proposed to mask telomere termini form cellular activities that can act
on DNA ends.
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1. Northern blot analysis

WMol theFet EA oA PinX1 mRNA  HEtS
=743l7] $138 BD Bioscience®Z 5 F-ull st Rat tissues Northern
blots& 7}A| 1 Northern blotS A A8kt Rat PinX1AC 50ng ¥
T Al AlFE B —acting 0.1% DEPC (Sigma, Steinheim,
Germany) watero] 343 F 100CoA 58 F #o WA
% DNAZE 37TColA] 3 A7+%52 rediprime™ 1T labeling system
(Amersham Biosciences, Freiburg, Germany)< ©]&3}o] [a—
32pP1dCTP labelingd}th.  ©]% Microspin'™MG—50 column
(Amersham) <& ©]&3to] F9d4a XEAE DNAE st
Z=H|l¥E blotg 7}A2 ExpressHyb Hybidization solution (BD
Bioscience, CA, USA)& Ag3te] 65TeA  shAzE F<t
prehybridizatione G333t A} R0z wEkstrt 95TCeA] 5+
FeF 2ol WHAAZ probeE Y 1247 ©]% hybridizations
813ttt Hybridization 5% F 2X SSC, 0.05% SDS<
APAFTENow AF2oA 1084 3 W, 65CelA 0.1X SSC,
0.1% SDS 20&4 29 M7Adstth. Membrane®] 715 AAS %

blotZ O % o} Medical X—ray film blue (AGFA, Belgium) &



—70CA 3¢ =3t signalS &3t} Pinx19) signal &<l

off
2

T #9l 0.5% SDS buffers membraneo] ¥i 10%
probeZ #| 73 T 2X SSCE AF2ofx] 10% %<t rinsedt &
919} FUg WHORE B —actin hybridizatione A&tk TINA
2.10 softwared ©o]&3sto] WALs Z % (radioactive intensity) &

et

2. ¥4 PinX1 stable cell line A%}

7}. pEGFP C1 rPinX1 €24
pCMV—HA rat PinX1& ¥ %% 1.25units® Top—Pfu™

DNA polymerase (Bio—online, Seoul, Korea) 2} t}22] Primers
o] &35ty (forward: 5° —GGA ATT CGT CGA CCC ATG TAC
CCA TAC GAT GTT-3" , reverse: 5° — CGG ACT CAG ATC
TAT GTC GAT GCT AGC GGA GCG-3" ) PCR =33ttt (94T
/30sec, 56 C/30sec and 72C/2min, 30 cycles). PCR products
¢} pEGFP-C1 plasmid (BD Biosiences Clontech, San Jose, CA,
USA)E 80 units®] Sal 1# Bgl T2 A& ¥ phenol extraction
W ooghE FHdE ElA DNAE A $ ddH00l 55 Azt
olg A A& vectore} insert= 7}A 1l Ligation (Takara)y &2

Asts E3] F2Y3 DNAE sequencing (Macrogen, Seoul,

10



Korea) & &3l &<lstcy,

Full (71kDa)

& patch: BMN A binding dom ain

KEAED (RN A processingll BHMHS= protein)

Fig 2. Structure of rPinX1 stable cell line

1. ¥4 PinX1 stable cell line A3}
7 "o} AHolAE (embryo fibroblast)¢l NIH—-3T3+

10%9] fetal bovine serum (GIBCO™, NY, USA)$} penicillin
(100 unit/ml), streptomycin (100ug/ml)©] &f-%¥ Dulbeco’ s
modified Eagle’ s medium (GIBCO™, NY, USA) A= A}&3}
o] wjekatith. 100mm tissue culture dish (NUNC™, Rochester,
NY, USA)el A7} 80-90% ArebAl =™ 10mle] PBSE ¥iL 2
H A 2 500ul? trypsin (Invitrogen) S 911 A-2oA 50%
7+ ¥F-2-3kt}, Transfectiono] ¥ 23 Plasmid DNAY Qiagen Maxi
Kit (Qiagen, Gmbh, Germany)E ©o]&3}o] Eg 3ttt Gwellol
NIH-3T3E =X 3to] 70% A2E7F A2t=% 10% FBS7t 39
DMEM culture media® 9al wleFeteh. Welfect-EX'™ PLUS

(Welgene, Korea)E o] g3l 24 pEGFP-C1 WA PinX1

11



£ NIH-3T3 cell line] transfection?tt}. Hygromycin selection
< 913 pHygro®} pEGFP C1E 0.4¢ 0.69 H]&2 DNAES &4
3F3L DNA: enhancer Q: Welfect'=1: 3: 5 H]&=& 3} OPTI-
MEM® (Invitrogen, MD, USA)oll 2]4&}o] 3417+ transfectiondt
T media® WA F 37CS] 5% CO, AE 7] AEE <
g3 Atk 48A17F ¥ transfection& &S ¥¥  dvlF
(Olympus CKK 41, Japan) 2% &<l & (Fig2) cell& 1: 30002
2 31X 35le] 96welle] MEES EE3TE 3-4Y 7HF 0% 125ug/ul
°] HygromycinB (A.G Scientific, CA, USA)7} &% medias
v FHA I stable A|ZFE AEEIT FFS 9 G
A5 selectiondlo] 24welld]l %31 F YAl 6well2 &ATI

10cm culture dish®@ 71 & 1: 122 3]A13&}o] wjeksic}

Fig 3. GFP
oLim expression of rPinX1
transfected NIH-3T3
NIH—-3T3 cells
transfected with
Py tul 8 pEGFP—-C1 showed

PFDL 153
green fluorescence

(left)

12



T}. Western blot analysis

M 9] rPinX1 S gRlsh| 215t
immunoblotting= A A3t} Transfectiondt ™A PinX12] w3
= FFgAH sAlo] westernsto] £tk AEFE 10ml PBS ¢
ZaHog 2 A3 3 100ul? Lysis buffer (50mM Tris—HCL
[pH7.4], 200mM NaCl, 1mM EDTA, 1X protease inhibitor
cocktail, 10% glycerol)E 10cm culture dishell Y il scraper
(Coastar, Mexico) & MEE E& F AFolA] 302 HH-ggirt. Al
32 9 % 13000rpmellA A4liEgfste] s dwt wrt 2X SDS—
loading buffer (100mM Tris—HCl [pH 6.8], 4% SDS, 0.2%
Bromophenol Blue, 20% glycerol) & %% Y1 100Co|A 587t
e & 12% SDS—PAGE gelel 719 %3tk PVDF membrane
o] 20V&E 1A]%ZF transfer (240mM Tris—base, 1.92M glycine,
20% Methanol) T}, Transfer’} ¥4 membranes 5% skim
milkell A & 1AZE FE A2elA blockingdttl 5% 0.1%
TBSTolA AA3Fe] AAEA] (mouse monoclonal anti—GFP,
Santa—Cruz) & 1: 300022 3|43} 4TCollA 3FFF<t HEg-AI7]
T 1X TBST® 10&3F 491 Algste] Eoh. HRP conjugated
Anti—mouse IgG ]2 AE 1:70000.2 31Xl A2 oA 40%

ZF ¥ A 71tk 1X TBSTOA 1027F 31 AlY £ blote] ECLY

13



(Amersham) ¥ & 3 film =% (Amersham) g+t}.

3. 3’ overhang®# 9 Telomere lengthZ%

7}. plug £H] € gel A7|9%F

Stable cell 1 X 107 cells/ml 100uls& F%< PBSel
resuspension ¥ 2% low melting agarose (Bio—Rad, Hercules,
USA)E YErh 100ul?] E=3HS plug molds (Bio—Rad,
Hercules, USA)el ¥ $ 4ToA 5% ¢ Fo] =3
Plugs7} =85 25mle] LDS solution (1% LDS, 100mM EDTA
pH 8.0,and 10mM Tris pH 8.0)o] Y1 37TColA 55rpm3
FerxoA stFsd ALt F tad plugss 20% NDS
(2mM Tris, 6.8mM N-laurylasarcosine and 127mM EDTA, pH
9.5)e €1 2A17F HAC® 29 Mgtk Plugst 4TCel A&
A74A waistel FoAH7E TE buffer®  &A AP 27

Adeolzt. ARis @Fow BAMH Fow AL

20units® Hinf & F7I12 Y311 AE T 1.2% pulse field
electrophoresis gels (Bio—Rad, CA, USA) <l PFG marker (New

England Biolabs) 8 &7 0.5X TBEZ AFgsle] A7) o5 35)o]

14



+t}. CEFF—-DRRIII system (Bio—Rad, Hercules, USA)E o] &
6 V/cm, ramped pulse times from 1 to 15s, 14TCeolA 1647+

running gt}

}. In—gel hybridization

A719% & gels EtBr stainingd}e] Gel (Viber lourmat,
France) A& A2  tifgdz A3ty Gel> 2X SSCe
A2 oA 4087 Gt F gelS AFEStE 3MM papers 8% 24l

ol offR Al T2 Um 2023 Aol Axd F

i1}

HolA Fr7tz 208-& AlBE olw gelo] T3] gFobx ok
HARE Az Algro]l AojAW A& DNAEC] 3MM paper® #74%
FoerR ARbE Fo AA A7 Aol Hastth Gelol
05| 100mle]  hybridization solution (5X SSC, 5X
Denhardt’ s, 10mM sodium phosphate)ol]l Y1 37 TColA]
prehybridization@th. [y =*P]JATP labeled d(TTAGGG),,
d(CCCTAA), 183l d(CA)y» probeds ®&7] Sl
oligonucelotide 30pmole®} [y —**P]ATP 30pmole, 15units
(TAKARA, Tokyo, Japan)® T4 polynucleotide kinaseE Y1l
total 30ulE 3o} 37TColA 1A%t kinasingdt 3 20ul9

ddH, 0= 2o 50ul?] HES RS Microspin™  G-50

15



column(Amersharm) o] ¥3 3000rpmeolA 2%7F Y& 3o}
Hybridization bufferell probe® Yil 53 AT & gel& Yl
3FFE<¢t  hybridization3ttl. Hybridization® gels2 250mle]
0.25X SSC®E 533 3W, 500mle] 0.25X SSC=E 3t A7 3W
hybridization25= ¢ Fd3s 37TA A3y Foh o] %
H|5o]4 Agg AAsH7] 218 —70TCelA 3027 dd ¥ 0.25X
SSCE Ar2o)a 3+ Al F7t2 A3 X—ray film blue

(AGFA, Belgium)el —-70TCoA 3slF%< wE3ste]  whAL

olr

BEE =A3de] 3 overhangs I3ttt Deprobing(probe
AA) 2 FAel gels W8] fl8) 500mle] W (0.6M NaCl,
0.5M NaOmell 3023t 294 go] Ad2elA 7HEAl &5
Aggk & 500mle F3 (1.5M NaCl, 0.5M Tris, [pH
41)0llA 303 291 Aol AHelsh § kA Age W
FA3sA d(CCCTAA), probeE hybridizationd}®] telomere

]

()
o

i
e

g gt

t}. Bal31 nuclease sensitivity assay
20% NDSeo H3 =9l stable cell line vector PDL 43
plugE TE bufferZ &A TAZM 2" AAs & yrew ze}

Bal31 nuclease &&EHS 200ul ¥ AE&oA 3087 HE A7

16



T, A AR GFAS Y A2oA 107, 30TelA 10+
WS- A7t} Agaroseo] AlTtair aydor HFIS 4 9
10unit® Bal31 nuclease(NEB)E Y2 % A5 AT
HE&gk -, 30CeolA ShAIRE, FAIZE, MAIZE HA

o]% 1ml2] TE bufferE Y1 Ao FHAIZE o] Fof whe-&

g A7tk #=8]9 plugE Hinf 1 A8 3 1.2% pulse field

o

o
T, Eﬂ

o

electrophoresis gelsell A7] d&3th. Gels AXE
A7 d(CCCTAA), probeE hybridizationd}] telomere signal©]

time coursee°l] W} AR = & Eelsit)

2}. MTL (Mean telomeric length) &3
olu]x] B3} kS 95 GS—800 (Bio—Rad, Hercules,

USA)Z 55 2739 Quantity one (Bio—Rad, Hercules,
USA)& ©]83}9] densitometer® 374, histogram= 1HT}
MTLS 74371 $38] luminoscent image analysis system¢!
Las—1000 plus (Fujifilm, Tokyo, Japan) o dAE&& A3 &
Image Gauge Version 3.12 (Fujifilm)E o]g3to] #4931t} 1 X
25 gridsE telomere lanes¥} molecular size markero] 16 MTL
(Mean telomeric length)& 743 3 33 7} #¢1<] optical

densityE® EXCEL Microsoft) & =74 2 =Z7|5 AAksioh

17



MarkerES 7FA3L 25709 girdel sig

rr

2 A71E logio
(A7) 2 Axbsttt (Fig 4). 7 A& sidsts MTLa#S
3o 34& o] g3y 3tk MTL= X(MW; X ODy)/ 2 (0D))
MW i 8o sil3d3s= DNA length, OD;: i F&eo didate=

optical density.

Standard Curve

y=-9.3479%+ 24 124
R%=0.93058

Wum ber of Grid

1] 0.5 1 1.5 2 2.5
LOG [size m arker]

Fig 4. Measurement of mean telomeric length.
Profiles were read in a densitometer and collected into a grid.
(A) Grid of boxes with molecular size standards (MW) overlaid.

(B) Telomeric sizes a re then calculated as described in the

text.

5. Cell growth

MFEE 5 X 10°%ells/mlZ 3|4 & 6welld] 1ml¥ T EZ38k
5 37C9 5% COy M vjek7|ofA] mieksit}. b (1day) H-E

22 7tAS % 17974 hemacytometer (Superior, Germany)=

18
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olg3te] dwAow 1008 Fusty AxE =

N\

7

Foich,

O

Hj ekl e 10% fetal bovine serum (GIBCO™, NY, USA) 7} 354

DMEM (GIBCO™, NY, USA) S o]Enit} wAls F3ich

6. Senescence associated—galactosidase (SA— B —gal) staining

assay

d7# 9@ Cover glassel 5 X 1072 A¥E £33 ¥ 37C9
5% COy AMZEMF7IolA AZE A3}t A7k 1X PBSE 27
A3t & 2% formaldehyde, 0.2% glutaraldehyde® 3%%t
13t} 1X PBSE 1#37F Al 3 1mg X—gal stain buffer (Img
X—gal, 40mM citric acid/sodium phosphate, bmM potassium
ferrocyanide, bmM potassium ferricyanide, 150mM NaCl, 2mM
MgCly) 1ml& 31 % 37TelA s+ Rbg-gth 1X PBSZ 29
A % F H & E @8] mountdct. 2009  EHojste]

HAu| A 07 blue A= HF3T},

7. Telomeric repeat amplification (TRAP) assay

TRAPeze® Detection kit (Chemicon, USA)S ©o]g&3}9]
telomerase FAEE SA3tE KitoA AdH+= wWivwd =A=
w}2} RNase inhibitor7} #7F8 1X CHAPS 200ul (lysis buffer) =

Ardgels we F o deeld 30w weAIn ozl

19



A Fuel gFeng

Z]

g
o

4Co)A 12,000Xg 207 94
A=t gz FEE =Asle] 0.lug, 0.5ug, 1.0ug? A=
sl Al (ysate) & &3lA7E A4 &2 4 dxd, AFHAX
ok tETE  o]83ste] TRAP assay (telomeric repeat
amplification protocol assay)E AA] 3R Y.  Telomerase

reaction mixtures U3} o] FH|3ic}

10X TRAP Reaction Buffer 5.0ul
50X dNTP MiX 1.0ul
TS primer (25uCi [y —**P]ATP end—label) 1ul
TRAP primer mix 1.0ul
Taq DNA polymerase 0.4ul
ddH20 39.6ul
Cell Extract 2.0ul
Total Volume 50.0ul

o] MixtureE 30TCeol|4 30% i+ § PCR amplification (94T 30s,
55C for 30s, 28 cycles)& Fddth. Ai=as A7 Fstd
13% nondenaturing polyacrylamide gels®] 0.5X TBE bufferE
o]-g-3fo] runningdto] 80TeIA] gelo] RoJA|%] = F2|5lo]
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1. ¥4 PinX1 sequence alignment

LD PinX1< G—patch domain®’ 7} lysine
(Saccharomyces cerevisiaed|A+= KK/ED domain®. = <& 4
<) repeat= 3%t 331702] amino acid® ©]Fo1A At} (Fig2).
GenBank database = 5-¥ | rattus norvegicus
(XP001065542), mus musculus (NP082504), homo sapiens
(AAS19507), Caenorhabditis elegans (NP495955),
Saccharomyces cerevisiae (AAM18461)2] sequence® o] 4
715 vl oW MAeE AR 70%, WA HAe 90% LA
Atk ofu|wAl AEE vlwst A¥ (clustalW) WA PinX1& F
o 90%°] fFAMde HAem Atk 70%9 FAMES HERSIT
(Fig3). Internal regione B3l S w PinX19 G-patchE X

§het ofn| 7] Wdzho] WA el HejlA 91% Y], KK/ED domain

o

EFeE regionolA 98% YA SR a FFEEHAY] wdd

.
M
rlo

=

o

=

80%LAsH= Aom yEhsith 2 Aol clonedto] #Q
WA PinX19] upstream 97| 11370E AFF 9970, <) 65709}
Hls] & A3 WAl FH7F 89% LA, AbH = 24%2] homology

g =90
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. 100kp of exon —H— 4000 of nitron

Fig 5. Structure of Rat PinX1

Rat PinX1 consisted of 331 amino acids containing the G—patch
domain (RNA binding domain) at the amino terminus region and
an internal region lysine rich KK/ED domain. Exons are shown
as boxes and cording regions are in black. Blank boxes are
transcribed but not translated region. Numbers represent the

rPinX1 amino residues represent encoded by 7 exons.
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Fig 6. Multiple sequence alignment of PinX1s

The ClustalW program was used to align all the protein

sequences. In the result of sequence alignment among human

(Homo sapiens),

rat (Rattus norvegicus) and mouse (Mus

musculus), rat encoded a protein about 70% identical to the

human

PinX1. In

case of Caenorhabditis elegans and

Saccharomyces cerevisiae, 29% and 22% similarity was found,

respectively. Gray boxes indicate the G—patch sequences and

the KK (E/D) repeats of S. cerevisiae is indicated by yellow box.

Residues that are either identical (*), strongly similar (:), or
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weakly similar (.), respectively, are indicated.
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2. WA tissue°lA 9 rPinX1 mRNA 23

PinX10] thekgh wix F7]SolA waE T 9=x &elat

B

71 918 Rat MTN™ BlotS ©]€3lo] 750bp2] **P—random priming
PinX1ACE %A 3t9] Northern blots AAISA . 1 A3 A%, o,
spleen, |, zF, &5, A%, %A 1.75kbe]  rPinX10°]
ubiquitousdtAl W HI Sles s, 4.8kbollA kT

] k2 mFeA =

i)
i
i)
&
0Q
=
i
ol

rPinX1 mRNA W&o] 3z

>
& b4 bq'{@" o

FLFFFIIE S @
95

- 75

" b = 44

.
- 2.4

L . * L 135

Fig 7. Expression of PinX1 in rat tissues
Northern blot membranes with Rat MTN™ Blot (BD
Bioscienece, CA, US) were hybridized with PinX14C (top
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panel), and re—hybridized with B —actin (low panel) which
generated the two mRNA isoforms, 1.8kb and 2kb. Each lane
contained 2ug of poly (A)+ RNA from the rat organs. The
transcript of rat PinX1 was found at 1.75kb and 4.8kb.
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3. WA PinX1 T & MERLS

rPinX1¢] kg o] AMEZA o] w]x

b

A

= Y&l disll Lot
7] #18te] #9l NIH-3T3E ©]838o] ™A PinX1 #T# stable
AEZTE AZeSltt rPinX1E& A#HAAIZ stable cell lines 7%
subculturedl= & #A] PinX1 stable cell line®] PDL©] 100°] ¥
o] 7ba A thZ+<2 pEGFP C1 vector stabled= T2 A cell®] A
T E57F =HAY (Figh). %k olyet in vitro agingell Wzt =
717F AX 3 F&ell JEHE H AT Senescence associated—
galactosidase (SA— B —gal) staining assayS 33 A3} NIH-
3T3 cello|y vector stable cell lineZ}= ©E7] PinX1 stable?]
late passage cell®] pH 6.0°]4 SA—-B —gal?] &AJo] F7}3t 71 &

ol AE 31348 FAsFI T (Figh).

[ [ar]

nBE B3

- - - -

g EEE

5 X 8 %
w 3§08 3 &
210-
115- Fig 8. rPinX1 protein expression in NIH-3T3
26—
- Stable cell line checked for protein
- expression western analysis with anti—GFP
o - - . .
- antibodies.
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Cell growth curve

6e+3
—&— Vector PDL 37
—O— Vector PDL 140
5e+3 1| —y— Pinx1 PDL 38
—v— PinX1 PDL 143
4e+3
L]
8
‘5 3e+3 -+
2
% 2e+3
=2
le+3 1
0 -
T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18

days

Fig 9. Growth curves of stable cell line
Cell suspension (6000cells/3ml) was incubated at 37° C in
humidified atmosphere with 5% COZ. Culture medium was
replaced in every two day. NIH—3T3 overexpressed PinX1
shows slower growth rate at 143 PDL.
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Yec PDL 28 Yec PDL 140

rPinX1 PDL 37 rPinX1 PDL 143

Fig 10. Expression of SA— B —gal in rPinX1 stable cell line

Stable cell line at early and late passage were subjected to in
situ SA— [3 —gal staining at pH 6, and examined by bright field
microscopy. rPinX1 stable cells at late passages show blue

stain. Cells were observed at x 200 magnification.
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4. WA PinX1 3}PFo] 3’ overhang¥ telomere Zo] FAo| n
e %

Telomerase <F/d<l human fibrosarcoma cell line HT
1080141 PinX1, tankyrase 181 Tin27} telomere Zo]Z
g Bk QMG at % olel fAlebAl AbE PinX19] of e
mutant construct® HT—-1080 cell lineo] ¥}od AJHS wf
PinX1 full construct®} C—terminal deletion (+254—328 amino
acids) @] A-%-ollA telomere length7} Zrolx]= Zo] W% Qup*,
T Aol A4 w3} Al 37 overhang®l 60~80%7F FHAEATHY.

rPinX1 stable cell& 100PDL oJ&o® A& wjks  uj

telomere Ao] ZrAagl Wis #AAZE Aok dHA UTh ol &
HlEr o 2 Wi PinX1 stable A9 3 overhang¥ telomere
Z0]E in—gel hybridizationg Eal #4139t}

rPinX1 Stable cell lineCZ%F dojz DNAE 7FA| 1L
plugE A Z3dte]  pulsed field #A7]Y9% 3 Z  in—gel
hybridization® %3] signal® &<l 3’ overhang®
glst7] A telomered] @A 7}Ekl 3' overhang 9718} A
7191 d(TTAGGG) = probe® 3&}to] hybridizations] ¥ A}
hybridization signale] HA&% A &5 &21sSth(Fig 11, A). ©]

WS F3] DNAZF nativedt JE|el A& dlst & FU3 gelS

30



o 23 Fr A<l A7 d(CCCTAA), =
hybridizationdt1tH(Fig 11, B). Telomere Zo] ##& 3|
gelE WAAA FUd*  probeE  AMESO]  hybridizations
T35t telomere dolE #H&ASAT(Fig 11, C). PinX1 stable
cell line PDL 43, 100, 1579 telomere Zo]&E v]luw A} late

passage®| 4] telomere Zo|7} Zrolx W= signal®] smearing¥®

o

ne R

N

flo
ok

F Sl9th Vector ®ixi PDL 43, 99, 1539
telomere 57 A] telomere® Zo]7} 5.5~25kb3 o™ H TRF
length+ 16.2kb% Tt} Vector thEToA telomere WIE SIREo
@2l W=7 PDLo] Aol wef Wst glo] AA A 4] = AA
PinX1 stable cell line°lA PDLo] ¥H=& ZFx ©d wEr}
AFEFR o m o]= histogram A& ElAE g1 & F AT
3" overhangS =7 A] optical densityZS gel EtBr
A2 (Fig 11, D), telomere length internal control (Fig 11, C) ¥
d(CA),» probe (Fig 11, D)E A=sto] nlw EAste] Bk},

o]Z %3] rPinX1 stable cell line®] PDLo] & Z4 2 telomere

o

o

Zdol= Zo]EQA 3’ overhangs W3l ¢lo] dH3HA H-44

O

sttt wetA] PinX1e #rdo] 37 overhang® A8

AF19l0] telomere o] A= AsrS o 5= A}
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A. d(TTAGGG),

B. (CCCTAA),

- 3'overhang

C. d(CCCTAA),

- telomere length
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E. Telomere length histogram
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F. Bal31 nuclease sensitivity assay
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Fig 11. G—strand overhangs and telomere length of rPinX1
stable cell line

Stable cell lines were at various PDLs and end-—labeled

33



oligonucleotide in—gel hybridization to Hinf I digests of agarose
embedded genomic DNA. Prior to hybridization, the gels were
stained with ethidium bromide to insure equal loading of
genomic DNA. (a) Native gel probed with d(TTAGGG),. (b)
Native gel probed with d(CCCTAA),. (C) Denatured DNA
probed with d(CCCTAA),. (D) Denatured DNA probe with
d(CA) 2 quantitaion of relative intensity and EtBr staining. (E)
histogram of telomere length. (F) Bal31 nuclease sensitivity of
d(CCCTAA),.
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5. WA PinX1 stable cell line?] telomerase %=

rPinX1 &) 93] FE5% telomere ZHo] A7}
telomerase AT Ao o3t AJAAE dolrR 7] I3 stable
M2 telomerase T EE  telomeric repeat amplification

(TRAP) assays &3l vl w438t PDL 1302 vector thx

T3 rPinX1 stable cell lineC.ZHE FE3 AE detNS 37)9
F%(1.0ug, 0.3ug, O0.1ug)°llAl TRAP assayE F33{tt 5%

3 Ao we} telomerase FAE HAE FH QO vector thFE
T3} rPinX1 stable cell 7Fe] 5313t telomerase &4 %2 #}ol&

Fole 4 9lgin,

F.at Piri1

: £ 5
(e} m hu]
g 2 £

Con, (ug) 10 03 01 HI 1.0 03 0.1 HI

Figl0. Telomerase activity of rPinX1 stable cell line

The telomerase activity was examined by the telomeric repeat
amplification protocol (TRAP), using TRAPeze® telomerase
detection kit (Chemicon). The TRAP assay was performed with
1.0ug, 0.3ug, O0.1ug cell lysates prepared from stable cell line
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PDL 130. Band signal was analyzed by Quantity 1 (Bio—Rad).
Telomerase activity in rat PinX1 stable cell line was not shown

a decrease compared with that in the vector transfected cells.
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V. 2 Z

Telomeret= @A &3, end—to—end TS A5
9 Tlse Zte A SRR, QR FelA G 7k
3’ overhang©] G-rich sequence® H.EF |3t} Telomere”Z} Al
7Ise 7] A ol3tel A= dNHe] o] FQa
stk wheba of e FelA I @Al s 54 gk A
T AT 2 AT = WB-F344°]47E 22 rPinX1 cDNA
= 7 5AS A7 skalth

Telomerase inhibitor24 X.1%® A}t PinX1+ LA
TID domain %o hTERT, TFR13%} ZA%3}o] telomerase &7
T5 Adstty. hPinX1 2o TRF13 84 x5t Sl &
AGAe] AATof g rPinX19 vheFst 7154 regions Y

o] mutantE A Zste] NIH-3T3¢] transfectionste] =

18
o2

2
o

23] 942 dAg 27 HAe] s AL FAT & Y

2 Aol A= G-patch region®] WA, F ok AFRREe] @V A S

jus)

LA B fAS ma QAL O AT
rPinX19] 71599+ E ¢35+ pEGP—CI1 rPinX1 stable cell
S A&t A oAy e FAE oY stable cell2 i

okslm Al rPinX19¢ "3 o] %O} %9\/\‘],]—_7_ stuke]  cell  lineRto]
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rPinX19] &dS FASH3E o] stable cell line¢] PDL100< W
o}7tH A a3 W3l 9 telomere length®] Ao] A7l w3

Sth PDL 1000°]737k4 2] 713 A& wF $o telomere ZAolzt
27 #Ed Ade A (10-15Kb) % ©h=7 rodent]
telomere length7} AbgFR T A ow A7] wjolel F=H
Zo] 79k w3t @Al X717 PDL 10001407 H|R=3 Zow
Hol w3} dAAS telomeredo] ZAh dto] & f¥ Ho=
Ata ¥t Telomere 4ol 749 tJEo] 3 overhangZdo|® AlXE

w3kel AR BA (AR =3 o= 60-80% 9]

l

3’ overhang©] 7rAaskgch) 7 9oy rPinX1 ke 2
3" overhangell= F&F& VIAA = o= gl Hth
rPinX19 93t telomere Ao A7} telomerase B %
AAel eJgt ZAo]#] o} & A} stable AXEe= FHT LT o
AE RolA] eghtt, B w=SA LA = HIHEA telomerase 43
T A7 B2 H=ut! w3 Fe=S 9Hs SA-B gal assay9
positive 2= A& rPinX1 stable cell lineol A vector x4
vt RS W Zo® g v rPinX1 @WAE e A
o in vitro TRAP assay® Fqdof & o= ARt} o]
rPinX1¢] telomerase A& &¥%E €<lst7] 918l rPinX1-GSTH

& wwdel Yol FAS Amstgdont 7o) Hal Felsh 2ol
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Abstract

Characterization of necleolar protein PinX1 function in Rodent

Yoon, So—Mi

Department of Mediacl Science

The Graduate School, Yonseir University

(Directed by Professor Young Nyun Park)

Telomere consists of the double strand and a single
stranded 3’ overhang. Human telomeres and various telomere
binding protein complexes protect the ends of linear
chromosomes. In somatic cells, telomeres shorten until they
reach a critical length at which they are no longer able to be
cell division and induce replicative senescence. However
immortalized human cell and tumor cell maintains chromosomal
stability by telomerase enzyme that 1s ribonucleoprotein

complex. Telomerase identified as the catalytic subunit TERT
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and RNA template, TR.

PinX1 is TRF1 binding nucleolus protein which locates
to human chromosome 8p23. TID (telomerase inhibitory
domain) of C—terminal directly inhibits cellular telomerase
activity and leads to progressive telomere shortening. PinX1
overexpressed cell line has effect on cell growth which is being
correlated with telomere shortening. The depletion of
endogenous PinX1 increased telomerase activity. These results
suggest that PinX1 i1s a putative tumor suppressor and might be
useful for cancer therapy.

In our laboratory rat PinX1 gene was cloned from WB—
F344 cell line which encodes a protein of 331 amino acids with
73% similarity to human PinX1 and 91% to mouse. rPinX1
locates to chromosome 15pl2 and protein located to nucleolus
which was assessed by co—localization with fibrillarin. In this
study, northern analysis revealed that rPinX1 mRNA is
abundant in heart, liver and testis. To examine the rPinXl1
effect on cell and telomere maintenance, we established rPinX1
overexpressed NIH—3T3 cell lines. The growth of rPinXl1

stable cells in NIH—3T3 slowed down after 100 population
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doublings. Cells exhibited increased size and a flattened
morphology and they were stained positive for the SA— 8 —gal
assay. We found no detectable 3° G-rich overhang size and
the telomerase inhibition in stable cell. However, the telomere
length was progressively altered at the late passage of stable
cell. The cellular senescence was induced as result of the
shorten telomere. Given its ability to induce crisis, telomere
shortening, PinX1 might be a new target of cancer therapy as

rodent model.

Key words: rPinX1, Pin2/TRF1 binding protein, telomere, 3’ overhang,

telomerase activity, senescence, cell growth, NIH—3T3 cell,
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