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& TPP1 RiXITimAIARIPE B 1 7 B IRRLE K& H I 8ERY &2

FRwe 2l £ RRE, FERC N, E PLATE, R BT, ki (PR BE R R PR 2
GBI TP 40001652 1110 FE 22 B2 B IR 12 e RO e B9 7 L DO )11 R 7 637000)

8 ZE. Hi UL TPP1 Z MG, XF ok 8 H 1a(Potla) Flsmhr (R4 4 1 1b(Potlb) ZE AL b 1) & £ K I
SRR I e r e A ORI . T RIS 80 RNA 30 H AR 6 /1N BUFE iR 55 47 2B 40 e o W5 TPPL fY
iR 5, R GPE D/ S IR R Dt SR 2438 WA A1 U544 Potla 1 Potlb 7 iy b ) 58 7 , T8 4 i oy A i JI5E 46 R 1
WEFE A B AGHN TPPT [AIR 5 X e (AR B AR 3P D R Y 5% W, SA-Bgal Je (0,46 0 4H M 3% 5% , Western blot £ U BEER fL. 1Y) P53
ORI P21 S8, &5 TPP1 Z 25 K2 65% i MEF 4fdr Potla F1 Potlb AfEE 7wy b, W38 w0 T a8 # ik xt
WA 5% (1=10.96, P <0.01) ; TdT-FITC il 25 5 7R , K2 50% MANAEAE TPP1 32 F4| J5 Hi B TAT-FITC BH M, Hrp
90% K TAT-FITC PHEAS S HBLAESRL L, M AE 45 2] B 20 TdT-FITC BFHPELIM A 4. 7% (1 =14.37, P <0.01) {7 T¥iks
L/ TAT-FITC FHPESS S <3% (1 =17.59, P <0.01) ; B-gal 40 ( 40 M52 % I RHE bR ) 25 R BUR , 78 TPPL 3Z B0l )5
B-gal BH: 2 A 2843 53K 25. 7% F122. 0% , .35 v T X BRZH AN 1. 7% (¢ =18.23,P <0.01;¢=16.9,P <0.01) ; iff—2&
5T 20, TPPL A2 2061 19 40 -85 PS3* " Bk, P21 K3k W38, 853 TPP1 J& Potla Al Potlb & {v 78 Stk b 4
T, 0] TPP1 S8 A A i 8 AR IR IF5 S P53 RIS 4 32 4 .

KRR : Uik ; TPP1 s Potl s 4l &
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TPP1 confers telomere end protection by recruiting Potla and Potlb to telomeres
GUO Xiao-lan"? | XIE Chuan-mei’, WU Feng-xia®, QING Yu-feng’, YANG Ming-hui’, TANG Zhong*, ZHOU Jing-

guo2 , YUAN Guo-hua’ , ZHU Dao-yinI (' Department of Immunology, Chongging Medical University, Chongqing 400016, *Institute of
Rheumatology and Tmmunology, The Affiliated Hospital of North Sichuan Medical College, Nanchong 637000, Sichuan, China)

Abstract: Objective To characterize the effects of TPP1 knockdown on Potla and Potlb localization at
telomeres and on the telomere end protection. Methods Knockdown of endogenous TPP1 in mouse embryonic
fibroblasts ( MEFs) with the retrovirus vector encoding shRNA targeting TPP1, IF/PNA-FISH was performed to
determine the localization of Potla and Potlb at telomeres, and TdT-FITC was applied to characterize the effects
on the function of telomere end protection, cellular senescence was analyzed by SA-beta gal staining, and phos-

3 serl8

phorylated p5 and p21 were examined by Western blotting. Results Potla and Potlb were unable to lo-
calize at telomeres in about 65% of MEFs with TPP1 knockdown, while that was found in less than 5% of
MEFs without TPP1 knockdown (¢ =10.96, P <0.01). TdT-FITC positive cells were detected in 50% of
TPP1 knockdown MEFs, as compared with that of 4. 7% in the control MEFs (1 =14.37, P <0.01). Further-
more, 90% of TdT signals appeared to co-localize with telomeres in TPP1 knockdown cells, which was signifi-
cantly higher than that of 3% in the control MEFs (¢ =17.59, P <0.01). The SA-beta gal positive cells, a
hallmark of cellular senescence, were found in 25.7% and 22.0% of TPP1 knockdown cells by shTPP1-1 or

shTPP1-2, paralleled with marked induction of p53™"* phosphorylation and p21 expression in those cells.
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Whereas, cellular senescence occurred only in 1.7% of the control MEFs (¢ =18.23, P<0.01; t=16.9, P

3 serl8

<0.01), and increased p5

phosphorylation and p21 expression were not detected. Conclusion TPP1 is

required for Potla and Potlb localization at telomeres, and knockdown of TPP1 results in telomere end accessi-

ble and elicits pS3-dependent cellular senescence.

Key words: telomere dysfunction; TPP1; Potl ; cellular senescence

o TR VASRNER 7 1 RPSS R % NS b N G RSN A
DNA Filsihr 45 G 8 A, BA MR IR 4544, LA
DRAP G (AR S AN 1 e At 50 5 A e R A R A 5
Ui DI RE R B M e BRI A AR R
SR o DRI 2 S 1 s 42 M K R 7 4
AT |52 MR T e R PR 2 SRR

L 20 47 200 i s R 1) B 11 DX 3 1 e
AR i 1T e B B U DA 4 405 4 DNA 17475 % DNA 45
15 52 i (DNA damage response, DDR) , Y {6 {4 4 Fl
FERAAFED S HiR RS E 1 1 (protection of te-
lomere 1, Potl ) fi/EiX FF A MEH 02—, 45
e 3R A 3 8 5 (overhang ) BLgE DNA |, Potl A
H ki gk DNA A%, il i TPPL SR MR
S 5 uiRRUEE DNA AHEAEH] , SR 4E4 2 vk o
(Y SE R IE IR T BRI

WroE R W, /N B Potl 25 1 (AL 4 Potla Al
Potlb) 5 fi Tyt fAsbi, 3 H 5 TPP1 M H AR,
{H 2 TPP1 275 520 Potla I Potlb {34 i i K H:
UL DR AP E AN EL T it o Ry i, ASBIF S8 ) 390 5 5
FBREST I RNA THRHAR A R0 S UG it
AEFEZH I ( mouse embryonic fibroblast, MEF ) f) PN 4
TPP1 SR J5 W5 TPP1 3k 52 BN 5, XJ Potla F
Potl b 7E s 1 5 (37 S HXTDR-A v o T 7 A= FR) 5

1 w57
11 2R A A

FE L] lipofectamine 554 T Invitrogen 2\ 7] ; tubulin | Flag
Hl c-Mye Hi ik B 36 [ Sigma 24 w42 44; P53 F1 P21 14 T* Santa
Cruz; it PNA #8411 F Molecular probes .,
1.2 7%
1.2.1 TPPI shRNA Fk#kautgd  /MNEL TPP1 () mRNA
5% B GenBank (G1:22823923) ,%: IR siRNA 4 5 35 11 5],
%31 shRNA, shTPP1-01 ({i T TPP1 mRNA J% %1 () 487 ~
507) #1 shTPP1-02 ({3 F TPP1 mRNA J¥%1#) 731 ~751) , shT-
PP1-01 J¥ %1 : IF X 4% 5'-GATCCCCAATCAGGATTCAGATGTG-
CAGTTCAAGAGACTGCACATCTGAATCCTGATTTTTTTA-3'; &
M 4% 5"-AGCTTAAAAAAATCAGGATTCAGATGTGCAGTCTCTT-
GAACTGCACATCTGAATCCTGATTGGG-3' . shTPP1-02 J¥ 41 : IE
4% 5'-GATCCCCAAGCTGTGTTCACTGTGTCTGTTCAAGAGA-

CAGACACAGTGAACACAGCTTTTTTTA-3'; 2 S %k 5'-AGCTTA-
AAAAAAGCTGTGTTCACTGTGTCTGTCTCTTGAACTGCACATCT-
GAATCCTGATTGGG-3', H.rpRIZE 43> TPP1 () mRNA 4557
AR T A, RHATR 53 A B P N DD A 45, GATCC 2l BamH
1 ZhHER 3T 51, AGCTT Sy Hind T 5 M A S0 F 51, ¥4 L)
E SCHERINS G Fr s i T K BEKHiR G, 4 95 CBME R %
e W E I (R o IBASSTE A XUE DNA 28 fR
W UIRG Bel 1L 1 Hind 1l 22 5 KA a5 K HL5E 1] 5 B 22 59 2 S i
BB Retro-pSuper ( 5 A7 BRI R R PUIEITEARIC) , 28 EcoR 1
F1 Hind 1 U] %5 5 1521 14 FHM: 52 & Retro-pSuper-shTPPL , f&j#
shTPPI1 ,
1.2.2 20 85 35 i e % ok shTPP1-01 FiI shTPP1-02
53 G e R AL B A B 293 T, 4% Y B AR 4% lipofectamine Plus 15
VEUEHH AT, EE IR : OF 1 x 10° 4> 293T 40l T
10 em 0I5 FR 8,37 “CHHAR 5% CO, 3G TR @ T —/Mak
BHIRA 750 pl TCIITE A DMEM K52 22y 4 g shTPP1 JiT
KL DNA,SRJE A 20 wl 555450 Plus, 52323 505 T 05 — /M
RS 750 wl LIIER) DMEM $5 525681 30 pl #4410 Li-
pofectamine, 15 min J5 5% &4 Jii ki DNA fIR &Y AEA Li-
pofectamine ({1535 5 i iR R IR 57, 2 IRUICE 15 min Q)T
293 20 Jfa (¥ 15 % 5 TCIMLIE 1) DMEM, 85 )5 B A F iR &
JiUk: DNA 8R4 ,37 CHERE 5% CO, 5574 ~6 h J5 , )y
5t4r DMEM Hi3 gt ARZidf 37 ; @ 24 h J5 i8R 293T 40 a5 57
I MEF 413,48 h J5 FFRUCEE 293 T diiffa s 95 i ek
MEF 401,72 h JG /A 2 pg/ml (YRERS 8 R JE17 0 1% . LA RT-
PCR #;ll shTPP1 il MEF Py 4 TPP1 mRNA %) 3% ik, TPP1
S5 :5'-ATGTCCGATTCAGGGTTGCTGG-3", FiFE5 14
J¥41]:5'-TCATACCTGGGTTAACTCAGACTCTGACTC-3', PCR J%
I 4194 °C 5 min, 94 C 30 5,55 C 30 5,72 C 30 s,3£25 4
1R,
1.2.3 Ay 9¢ 6/ b K A% 8k 9 Y6 JR AV 24 22 ( immunofluores-
cence plus peptide nucleic acids-flu orescence In Situ hybridiza-
tion, TF/PNA-FISH) &1l TPP1 %t Potla/Potlb Sk &8 {37 1 5% 1)
L&A shTPPL 4% S 3 (19 293 A% F7 b Ik e
MEF 4iiff1,2 pg/ml EEMEE Lk 2 R34 E 2 ik shTPPI 11y
MEF; 4% Ji il % 47 Potla-Mye 5 Potlb-Flag (i T % 4 #it
Potla fYPiiA, LI Myc 5§ Flag A B4R Potla-iE TRl &1k, 18
FHHGI Mye 5 Flag 1972k W) Potla 5% Potlb 7k ) i
SRR R AN 35 Y 72 h T AR AN S $ 1 x 10° /L 4%
FhF 8 FLAY chamberslide b, Z: 8 SCHk [ 6 | /F IF/PNA-FISH,,
1.2.4 gk 2K vy ot 520 PR M8 BE L RL i (telomere terminal deoxy-
Uridine tranferase assay, TdT ) ¥l 2< 25 {3 §' (1 S L ik
shTPP1 fg MEF #% 1 x 10* /L3280 T 8 FL#Y chamberslide H13:7%
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FHE A A TPP1 Fk X mr (R 8 1 1 e Qe i i S D) RE B2 1741

B gt 4 P AL YRAE TAT 9255 DR & 410 (54 2% 2R W
i PBS) 2 & 10 min, PBS B£%4¢ 5 min x3 W ; QB 7 0. 1%
Triton X-100 f¥) PBS ZE i & FAEH 10 min, & 1 K, KRG
PBS % 5 min x3 Y @A 50 wl/fL FITC F5ic ) i 4 R s
WER R, B L 35 R, 37 C B 30 min, PBS YEIS min
% 3 Y @A JE A St FITC B4EAR (1: 500 5 PH R B ) |
WA EMEE 1 h,PBS PEI% 10 min x3 Y ;GMA FITC FRicd Y
FPiRPUA(1:2 000 B R , HOCEIRBEE 1 h, PBS %
% 10 min x3 ;@ PR E E : A 4% ZRHEEN) PBS % AR
FH 10 min; DINA 2438 4REHE G ¥ /E PNA-FISH; @ DAPT &2 4t
JEBEA

1.2.5 #0552 A9 #6590 ( senescence associated-Bgal staining,
SA-Bgal) JFAREE SR MEF 40 i 5% 4 shTPPL 72 h J5 , 8128
MR 3R (2 wg/ml) i 2 J IO 1 > 10° 2 it FH - 24 e 2 it 25
F1 Western blot Kyl g1k PS3 7K F-H1 P21, [H] L 5 x 10*/
FLEERN T 6 FLANME IR, 24 h 5, &9 2% WEEM 0.2%
S RERY PBS [ 5 min, PBS JE3% 3 G MIA SA-Bgal JL A
[1 mg/ml X-gal, 40 mmol/L pH 6. 0 Citric Acid (C, Hy O, ),
5 mmol/L Fe, (CN)¢, 5 mmol/L Fe; (CN),, 150 mmol/L. NaCl,
2 mmol/L MgCl, | ,37°C W4 8 h J5 M L5H .

2 #R

2.1 494 TPP1 &k 298K % Potla f= Potlh £ MEF
a0 e P R GA R
Western blot 455 B, #MEA4: Potla il Potlb £ %% 4tshTPP1
) MEF 21 g b 9335 7K 7 5 5% e 25 3R JBORE Y MEF rh B4R —
AR RKEREARE (K D), S EH TPPL ik 5 X4k
R Potla Al Potlb 7 MEF 2033k 2R (1 B R

1 2 3 4
Potla-Myc— 'S —

Pot1b-Flag—

e —r—E

1 Potla 1 Potlb EHMRIE

2.2 TPP1 %t Potla #= Potlb {23345 b & A5 69 %

IF/PNA-FISH &5 B : 7 25 #ARFE Je i) MEF 4L b, 4p
U5k Potla 5% Potlb i 3RIK (4R (0, DLIET 2,3) 55 e {4 iy it br
A% R R AT JB 7 2% 38 (5 5 TTAGGG-FISH (£ {5, WL 2 .3
AB)HIE S, i 2.3 o C BRI E 655 M7 shTPP1 1R
G MEF 4l /B SIS Potla B Potlb 7E NG L
HIZRE, W 2 3 o F iR, Je Ok B JLF- A smbi 4 5 5
5 Potla g, Potlb SRE(ES KA G, a4 &I, i TPPL
Ji RA 35% Ze A 4B s 0T I Potla il Potlb () 3R3k, 1
1 65% () MEF 40 Jifirp Potla F1 Potlb A A& A 78 i b, i 7E
2R B HFOR B 5% 1920 R BEKS Potla F11 Potlb 5 {3 ¥E
sk |, 4878 TPP1 /& Potla il Potlb 7EsH: I B BT b5 o
2.3 TPP1 % 2|34 )5 5 8% k2 2 58+ %

TdT-FITC 5 PNA-FISH M45 & nY L8045 R % B, 78 shTPPI
YEFG () MEF 4 rf, TdT-FITC FEIER1E 5 (G, WLE 4E)
ki PNA-FISH 2258 (5 5 (4060, WK 4A,D ) B4,
WNE 4F S8 55, 5 7R it R o 1T B 52 20 1l 109 8 At 1 2%
FARYE 5 WiAE2S 2R ARFE e 0 X B 4 v, LT 3% 8
W] TAT-FITC BAMERIE S, WK 4C A & fE S, RIS
B ZBNRYT, ERAT R, K2 50% By 4 i 7 TPP1 3%
SIS B TAT-FITC BH A, 1 25 2% 4 Xt B8 40 41 g o (A
5% ;ifii H7E TPP1 32 B4 J5 (g MEF 1, K £ 90% TdT-FITC
PP 5t AR SR [, < 3% BT A 26 40 i oty |- L 3] TdT-
FITC [,

2.4 Fp) TPPL &A% p53 4R 8164 2 L 2 %

shTPP1 E FH T AR 55 35 () MEFs J&5 , 418 24E K B 0 2% ,
B 7 S 30 9 BRI 2 A R T A S U, (AR
AR IJER . B-gal e fa s L ULIE 5, @78 shTPP1 fEH /5,
K2 30% ) MEFs 2 3035 €0, ( B-gal FHPE SR ) , R A 200 i
SRR PERRAE BRI 40 i A e 2 ) R4 20 I 1Y 10 A% 2
i (E5), [T, Western blot 4347 & 3, TPP1 52 30 il i) 41 ity
S8 PS3EEER AL, P21 AP BIEGR (K 6) .

A B.C: # 35 H AR MAaey MEF a4l ; D E F. 354 shTPP1 #9 MEF a4 ;A D vh TTAGGG R4 R AL 242 3 Aa ) 49 3% #2425 5 ;B \E: A 98 %

HixAam| Potla #9 & & ;C F: b4 X155 5 Potla R AT E4

E 2 Potla 7£ MEF th)RiER E AL

( x200)

A B.C: 3532 &K f4aeg MEF 2940 ;D E F. %t 4 shTPP1 ¢4 MEF Zgf 48 ;A DA TTAGGG R 4T R 4x 2 A M 69 s 4512 5 ;B B A 0% 3%

Hik il Potlb 49 & ik ;C . F:sb 4 X455 5 Potlb 2 Az 509 T A

E 3 Potlb #£ MEF HIRIERENR ( x200)
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A B.C: #3= B 4K ke MEF 20 o0 ;D E F: 4% % shTPP1 ¢4 MEF Zmf2 48 ; A \D: A TTAGGG R4+ R A% 4 3 M 69 sn 4245 5 ;B B A & &

Kkt TdT &9 &8 ;C Fosb B T L TAT R A58 E4

&4 TdT-FITC #i shTPP1 3t MEF & & (% 37 1E 3 B 2 i

A E#HAM; B: sh-TPP1-1; C: sh-TPP1-2
B S D& TPP1 RiXFHM B-gal REAME(ER)
1 2 3

—
P21ﬁ'_“
e S X i

vy-tubulin—

-

P53sis—

1% #4k; 2: sh-TPP1-1; 3 sh-TPP1-2
6 P53%r830 P21 pyRiEKE

3 i

TEFRATAR A FE o, B 2 h 2l 3t B F 336 5% S0
B0 RNA THEEOR  # TPP1 (1) shRNA #42 T5&
IR SR BE 1) 25 AR Retro-pSuper H, £5 FI| L [7] TPP1
i) shRNA ( Bl shTPP1 ) G&A5 24 i MEF 2 g P I 14
TPP1 75 5% 5 /K V- 338, JF 5 & ATM K #i¥) DDR,
FATHEN L PR AT RS, TPP 2 B4 5 520 T Potl
DI fE , NI B kLD e 55 15 & DDR, h T UESE
AR, AL Rk FIFE shTPPL /E FH i) MEF 33k
ST Potla Fl Potlb, WAL TPP1 ik 5 XF Potla
FI Potlb &7 LA K DI EE AT . PNA-FISH/IF L5645
WA, T TPPL fFEAIL 5 2L Potla il Potlb NREAE
PitEskr |, )R Western JIESZ Potla F1 Potlb 7E TPP1
REAR A 4 M rh 4 B K B 3R . BRI B
TPP1 X}F Potla F1 Potlb AYsihr 28 v &b A AT/

AT R, 7R/ AR N B Potla/Potlh JEH 5]
SRR AR AN FR E , T B (AR i [R] 5 5
TEIRL, 4B ke A . FRATT R BLAM ] TPPL J5 52
T Potl FENRL_E A RE N7, XA AT LA | AR v 2k 25 A
o, R BOG 0 RE RE A7 BF SR SR, sk kAR
DDR J& , 2k 2 Potl #4525 5 350y (o Aol g RAR A i 2 2 I

P10 BXFRE 2RI T BE 4 A T LA 3 Ao v R A i 5 4R
VRIENE 5 B Wik (TAT-FITC) £5 LAKi™ o fEA 52
t TAT-FITC 5 PNA-FISH AH45 & 1945 B 8w, K2
50% ) 4f e #E TPP1 22 246 5 38 TdT-FITC [HH:,
1M 90% () TdT-FITC FH 15 5 5 Bl hr, R L 32 7R
TPP1 iz 210l J5 S Boubr 2k KA, 5l
IRA SR . E—25 70 7R, TPPL [FRAIRS , 34
T U P53 & AR AL , TR CDK A4kl 4 P21
FEIRAK A S 35 A S Tl %, ik
7, 30 TPPL LJ5 , Potla £l Potlb /N EE 5 diki 2t &,
SRR AR, BT PS3-P21 A S 45 5l
%, TSR A0 A A 1 52 B RR 1, AN R 2 e
MU RS SR RRIE o SR D BE SR 15 T P53 AR
2 it 5 2 AT REAE I o iR e R R ¥R VR,
(AT — 2L AR IESE

SE Lk
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