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UVNARED

nstaauiaing i nadianiadaedaoianniinmina (somatic cell nuclear transfer, NT) il
AR MR iU TIA LA AR A galE  u AT lEFUnnsmnL g esa
(genetically modified) Windn i lndazaruwig (endangered species) wiiinnisinauilmrlszauna
a5 ludnduanoin 1w unz 1o uwz uy uy Nizsite wazued waas lifeudprninfingninauils
AR 11N Lﬁmmﬂﬁmmmmﬁw:mwnﬁll/’aﬁanm:s:wﬁmﬂﬂmqnmn Traanwindadnfinainaanslsl
ﬂuuiﬂi‘lﬁ‘ﬂﬂ'Jﬂuamﬂﬂﬁ“ﬂmﬂﬂmﬁm-&@@ﬂﬂmﬁu (incomplete or abnormal gene expression) v
ma‘ﬁnuﬁéﬁfiﬁlqﬂi:ﬁ-aﬁ (1) AN ATNIIVEILA YR s aunsslavinAnieed Tlaauils (NT) s
URautluwigasnuis (in vitro fertilization: IVF) uaznszfuliinadliugsia (parthenogenetic activation;
PA) (2) eRIR8aULATIRoURHUNNTLARI08NTS 1L telomerase lusngaunsrilassusnm Fiuds
128 IVF NT WAy PA HANIANEIWLLY 8R5n1sutiadinluszes 2-4 1ad Laz 8-16 laduamidat
NT uaz PA §IN91 (P<0.05) f288w IVF FE0u PA @101 NWHWNT 1TT0IHI80 LATURIAIRTAZ 1177
(P<0.05) 688 IVF uaz NT na1ansoulos telomerase wU91 10AA lidnazil lelomerase activity as
aaflaauiumadiienw sxdaul telomerase DL IVE kaz NT 510 2-4 DAGLAT 8-16
LIAR @:@QIui:ﬁuﬁn LLG\‘Q:L’?M@@M?:MN@;M WAT@1AR (P<0.05) luszezuanaloia  @ouszdy
Ul telomerase lufdan PA axsndausiszes 2-4 1ad QUDITTHINATAN LL@iﬂtLﬁM%u@i@ﬁ’lu
szuzuanalnfa (P<0.05) Wewfouiioueulo telomerase ludgewi 3 ofin wudn sesutewlnd
luszor 2-4 mad waz 2-16 wad umnstsiu wnlustezuaganioulnd telomerase Tumngow IVF uaz
NT Azgana1 (P<0.05) Ageu PA uazlusrazuaialeTasinnau PA was NT azfiioulnd telomerase 49
ni(P<0.05) Faew IVF fa'mmﬂm?ﬁnw’m%ﬁa@ﬂiﬁh shgaulaauilatuim reprogramme uail
MTLAGNBANUBIEY telomerase WinWALITUAIBOU IVF wazdaaw PA uradaledmnunisdnelu
BUIAMINAZANEINTUARIDANT B EUR Farantusasiinalnessiy  molecular  weann3

reprogramming Turdaaulaauils 14 DNA methylation



Abstract

Somatic cell nuclear transfer (NT) has become a powerful tool for propagating high valuable
animals such as genetic modified animals and endangered species. Although this techmque has
bheen successfully used to produce cloned offspring in sheep, cattle, goats. mice, pigs. rabbit and
cats. however, the calving rate born from these species was very low due to high abortion rate of
fetuses during gestation and neonatal penod. The incomplete genetic reprogramming followmng NT
or abnormal expression of developmental genes have been documented as a causes of
developmental failure. Therefore, the objective the present study were 1) to investigate the in vitro
developmental potential of buffalo embryos produced by in vitro ferlilization (IVF). NT and
parthenogenetic activation (PA), and 2) to examine and compare the telomerase gene expression
in different stages of buffalo embryos produced by IVF, NT and PA. The buffalo embryos produced
by NT and PA cleaved and developed to the 8-16-cell stage at a significantly (P<0.05) higher rate
than those derived from IVF. There was significantly (P<(.05) higher of PA embryos developed 10
the morula and blastocyst stages than that of embryos derived from IVF or NT. Telomerase activity
was detected in higher amounts in immature compared with mature oocytes {(P<0.05). In IVF and
NT embryos, telomerase activity was low in the 2-4-cell and 8-16-cell stages, the actwvity was
significantly (P<0.05) increased at the morula stage, reaching highest level at the blastocyst stage.
In PA embryos, low level of telomerase activity was detected from the 2-4-cell to the morula stage.
and the highest level of telomerase activity were found at the blastocyst stage (P<0.05). There were
no differences in telomerase activity of embryos at the 2-4-cell and the 8-16-cell stages among
three methods used for embryo production. Activity in the morula stage of embryos produced by
IWVE and NT systems was significantly (P<0.05) higher than that produced by PA system.
Telomerase activity in PA and NT blastocysts was significantly (P<0.05) higher than that derivec
from IVF blastocysts. These results suggest that the successful reprogramming of telomerase
activity in buffalo NT embryos follows a similar pattern to that in embryos derived from IVF and A
Further expenments are needed to study the expression of other developmental genes and the

molecular mechanism(s) underlying reprogramming such as DNA methylation in cloned embryos
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Fafusaias aulsignunslaaulls (Wilmut et al., 1997) aanariudniaaiaiilineWifianinulfauna
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Afa luailun rAnNE AU A UTMIveNNIsEURUE  (Reproductive  biology), cell differentiation LAz
celiular aging Aaninddgdsrauatiuaidalunisiaauidala (Cibelli et al., 1998; Kato ct al., 1998)
Wy (Wakayama et al.,, 1998) uwz (Baguisi et ai.,1999) uy (Polejaeva et al. ,2000) ud1 (Shin et al,

2002) uwar NIrANe (Chesne et al, 2002) usdmsinaniingnimeitlaauilsdeaglussiuiidaanan

L%

(< 5%) tHBIRINNITURITENININBINTANITANYUIUEARBALEATINZININ AINANTITDIN 1T TARUIS

o oy

wagiuvanetady tiu 9UaeesTadi ivinlaautie  (donor cell type) 99359 RTBU9AGAL W HUAT

=2 D

waa il (cell cycle) NITUARIDDNIBIEIL (gene expression, gene reprogramming) TBUTAARD LI 111
d’nﬂuﬁfa%’ﬂéﬂﬁm@mwﬁq dleannizadsnenodendanuain differentiated e undifferentiated
ad oariauiudsousell uanatniinisuanieenIestin et iR e Tun SRR
ndau N9l warnsiELITes fetus fludadofidrAmotnanis winmadi i Taauie a1ese
AnsniwyiariaaINanysnllunig reprogramming (incomplete reprogramming) &% MR35 WAL
TRIITDUANUAUA T URUNAFATYIBINITUNIUATNITANE T UEAaaR (Gurdon et al.,1999)

Telomere Tl DNA-protein structure ﬁwuu‘f—rvamﬂmaiﬂﬁuhmmgm‘ﬁaw TaafinasEeas
2RIUALLU hexamer repeat sequence (TTAGGG) (Zakian, 1995) WRlTY telomerase ATABLGBLULAY
@i telomere Wanysniagiaue 'Lurnaﬁﬁ"fﬂﬂwudmnjﬂ;*wmmmmﬁq ANNNENIT8Y telomere /Y
AAR maﬁ‘ﬁLLﬂqﬁwmajmg’w:ﬂmmmq‘um telomere  &uUAINANEUAARNNNITNILTR el
telomerase ana1 Fadludauniialunssuaunisurdrentad (cel aging) tilenisvinauaesewind
telomerase @AAY 1T LN [TAGITVHAULNGD uAT telomere  ArAURIBENINAN \luwn Wi
anTReasadilasull MITIadULAULINAT (senescence) WATAME (apoptosis)

iUl telomerase arliwuiiamiessnnlumaadiinly onduaadfuiug, adusde e d
human fibroblast ﬁLgﬂqluﬁﬂqﬂﬁiﬁnﬁm:wu telomere duaq 48 + 21 bo seNTuLieE 1 A%
(Hanley et al., 1990; Levy et al., 1992) Hastine LazALE (1990) WUINI8R lymphocyte axlAIHE19
184 Telomere aAad 33 bp ML annnsAnwlunsertalng Eisenhauer wazAnus (1997) Wud1A1s
viamees  eulnd telomerase Tuadldsruy antrum wazszurnaunieanid (preovutatory) sragly

ar d‘ f; Aﬂ' 1 - [l ] 0 o
TTALNY wararasinaulaldnnainialduda (ovulated oocyte) TuNsrAEWALHLIINATRNAIUTD

oulas] telomerase 9849 spermatogonia azalusriugs uasamaslussas pachytene spermatocyte
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uas spermatid wiliwun sinauaanaulsd telomerase lu epididymal sperm au ieninaadlauas
- = o = e « = o r; = a
wadegIUfausiu wudadinsmiaaeaeulmilly  eniilescar 4 1184
nisAnEnnsineuaauewlsd telomerase Tusngauaalailaannisdjauilutiesiusinag
(Xu and Yang 2000; Bett and King; 1999) wudniimsnisurauauln telomerase Tuynszazaassia
gou warunfiaailuszazuaialenda Xu wuaz Yang (2001) lassarudiwunisinauseaawlsd
telomerase wnsrozaaanIsuLiaslugadeulailiainnisiaautis Taeldiaad fibroblast aanluy g
Goaiuiwulusmsaunliainnisdjausludemases (VR wietalsfimudaliisasunisdnm
nmsrausedaulnd telomerase lusdeunszilafilaaannislaauily wrawiusainnsvia (vF nns
ANMINRTUARIBANTDIEY telomerase azifiudaiisinniiaNazua@tens reprogramme 286 b oW ld
SO,
N3 alAaua
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1. ANHIAMNENWUSTUDY cell cycle LAZNNTNIITUIRNaU LT telomerase 2891TA4 fetal fibroblast 494
“ X 4. .

N7ela AN INNITINAZIRUIN AN

2. Anwnisnienueadduley telomerase lusmeaunseilnsasmng 1 Aldannnnenia Taautia (NT)

nsdfjauslutiaannaes (IVF) uasfadeuiinsesuliiaadldulssines (PA)



N1SANUNISIR8E (Research design)
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1. MAwNTRBATad fetal fibroblast (FF) 1aegnaeaunsle (fetus)

vngnaeunseiieany 30-50 Fegluuagnunanlsasindadtinuagniengnseundradiagin
mﬁ'a?iﬁmﬂf]%u: penicillin 100 mg/m! , streptomycin 100 mg/ml UKT fungizone 0.25 mg/ml 19
neglnsdindauen A Wazetaduiznigluaan ué’qﬁmmuﬁmﬁ@iﬁtﬂﬁruﬂ:ﬁﬂmmn%m Aatiatding
Guln Trypsin-EDTA 0.25% laeninly incubate Tugeufignannii 37 °C ut 30 wit Yniledetton
WEINANAENBUILMARANENARNTUAA 15 mI FINEVMIZIREUTAd Dulbecco's madified Eagle's
medium (DMEM) (63388 10% Fetal bovine serum (FBS) 1Jua "M 10 Whil gaeadTiaauat)
Tingwwnzdsaldaumanadinaung 60 mm LLﬁ’Jﬂ’ﬂULéUﬂuﬁﬂUﬁﬁ CO, 5% frumil 37 °C uax
mm%uquﬂumm 20-40 Falus Faldnuwiemndnslmided e tadimoeen dredinis
fuatunanaintlidoie dameduisiaudnudaiiaadilduiudilululnnan  warfgumnd

“u

-196 °C Waliulimrnisvaanesaly

2. Anm cell cycle 194 FF Taul4iA3aa fluorescence activated cell sorter (FACS)
Sadfuduidliinazaeiigunngdl 37 °C i luiudadlunst 10 wiit doedRlaly
zdaalutingn DMEM @iudan FBS 10% adTiaselussosieund passage 1 (P1) [fiavad
wisfaudin ¥ subculture Tnegarins@uanineenudadredan PBS uddldduln Trysin-EDTA
0.25% toulkiradugauasuondhuaadifiunn wadildarilwizdninuidiinannuds  vad

lurzutllFundn passage 2 (P,) MauAn® cell cycle wivgad FF iflu 3 nqume

' 1
ar -

nauR 1 Cycling cells : Lm:LgmL'nafﬁmi'm'umuémﬁﬁimgn 7 10%  AuwLNUsTi
80% 'nmmum'\:fﬁv'm (80% confluency)
nguf 2 Confluent cellsznmztgmtwﬂuﬁﬁmLwﬁznguqﬁﬁ%?uqnﬁ’q 10% SAUULNANRNATUNAT
Lgﬂd {(100% confluency) WIRAUTRANAANY
newi 3 m'mﬁvmvnaa"lmi’nmm'l:témﬁﬁ%?uQné’a 0.5% {hu9an 5 4u (Serum-starved) tAndn
i ivgaeasiinveagadeyfiszusin (Quiescence)
tiadiszAnm cell cycle wndeslidunsdidun Tulinnaznouuda fix fau ethanol 70%

N 4 °C dluisn 10 Ui Jud1aien fixative 9onuda incubate #at1 PBS il propidium iodide



10lLg/ml, RNase 0.5 mg/mi Was Triton X-100 0.1% 737 °C w1w 1 F2lua WAIASEAL DNA finelATes

FACS Vantage flow cytometer diasizinanisnaaasinsldllsunsy WINMDI

3. Anmn telomerase activity LWALAIINEND telomere 984 FF
WeAnmAMuAIUSsENINg cell cycle WAt telomerase activity Fahuradildlunisnaasad
AR LA SRS TWALAALYE 2. 1feunANEn telomerase activity LATAINNENT telomere AN
3%5n17109 Kim WazAnLE (1994)
3.1 N17ANE telomerase activity
ATANATiAaureadLlmT telomerase aNAuudnNIIRGUNIN “Telomerase repeat amplification

PLUS it {Boehringer Mannheim) CRIIE:

protocol” (TRAP) 1agld Telo TAGGG telomerase PCR ELISA
s ueeniiil 3 Tuney
n. nsanallsau (1Buldsl telomerase) AN@ad
L'nﬂﬁ"l:‘,qnﬂﬁmﬁ'm Nonidet P-40 lysis buffer (Tris, MgCl,, EGTA, NaCl, glycerol, PMSF,
2-mercaptoethanol, sodium deoxycholate} war RNase inhibitor
2. nafisBunng telomeric DNA faemaiia PCR
GiniulnT telomerase Rafnldainda n. lunaasnaaas PCR #iflansazanslsznaudag primer
2 61 #8 P1-TS primer Sagniimaainiag biotin was P2 primer n&9R N
[fanos telomeric DNA TauanAamatia PCR
A. NIATIRUILTZANEATWANIINIaanlay telomerase
%1 PCR product AnNda 1. 11 hybridized gl probe ‘71"-3'1|.W'\:ﬁ'u telomeric DNA PCR product
a probe ﬁgnﬁﬂﬁﬂ’mﬁ')ﬂ digoxigenin (DIG) WA N hybridization product a1l
micro-titer plate dq hybridization product il biotin \nnzat Azgndufee streptavidin W coat
Aafu microplate Msdadsz@nininnisvineeeaeulad telomerase axsnpeanuniud
Imenis anti-digoxigenin antibody fﬁqﬁm@ﬂﬁ’umu“l'nﬁ horseradish peroxidase 8314 microplate
Ui uezamiiuansaraelfitewiaiiudvdesdiediuasarai  tetramethylbenzidine
(TMB)  substrate #4azgn metabolize andnduiufvdedlnoeuln! peroxidase 19
microplate U{jfi3e1 1Ud® absorbance fifiAanuenAE 450 nm U micro-titer plate reader
3.2 N19IAAITNENITDY telomere
AINEM19984 telomere AZQNAMUATALAZAGENSY “Terminal restriction fragment” (TRF) Tnold

Telo TAGGG Telomere Length Assay Kit (Boehringer Mannheim) Fautiseaniiy 4 uneu



n. n1sanm genomic DNA AMNIAA
[adsmetngnana genomic DNA Tmuandu DNA Isolation Kit for Cells and Tissues
(Boehringer Mannheim) G:mqnnmuL-mﬁud?mﬁm?]@ﬁqmmm”ﬁu cellular lysis buffer Fauflu
strong anionic detergent UWRZANSATANY Proteinase K WEIANTURINTESA RNA Thedia
ansarane RNase doulisiuazgnindalag n1stinasazane protein precipitation warluf
qqulo’v‘? genomic DNA FNNAMBINTS

9. nngeat genomic DNA
purified genomic DNA a1nda n. gatissfae Hinf I/Rsa | restriction enzyme Fadulod
Faapadatiafinlanizianzaaiu Telomeric DNA

A. gel electrophoresis Wat Southern blotting
1" digested DNA 4098 1. N1 run.0.6% agarose gei elecirophoresis WAL NINT
transfer Digested DNA a1n agarose gel W1 nylon membrane Tot11T Southern blotting

3.  Hybridization kar Chemiluminescent detection
blotted DNA fragments Qn hybridized Ny probe ﬁﬁqu:m’l:‘wﬁu Telomeric DNA ?ﬁqgnfﬁm
aa1nAle digoxigenin (DIG) FAaNY incubate At DIG-specific antibody ?ﬁ'aﬁ"um‘iﬁu alkaline
phosphatase Tne# Anti-DIG Avdufu DIG ﬁﬁmfai‘juu blotted hybridization WaaRANTI
AAIITMMIANNLITDY Telomeric DNA ooty CDP-Star dailu alkaline phosphatase

chemiluminescent substrate wazun U expose iy X-ray film sialy

4. Lwq:Lﬁﬂ@Lmaa"l‘ﬁﬂszﬁauﬂﬂﬂlﬁqnmwmﬁ’ammﬂngm (In vitro maturation; IVM)
dnselinszieannlsezidndlaly  NaCl 0.9%Ramunniitszann 30-35 °C el fiFins
awlu 34 'ﬁ"'ﬂm aafald 3 ﬂ%\n’;\"m NaCl 0.9% ﬁ:ﬁ penicillin 100 mg/ml, streptomycin 100 mg/mi
wax fungizone 0.25 mg/mi Wilnaurmussd 18 Ranunszuananeneuia 10 ml ’IzHaadlAa 1U1A 3-
6 mm AwuLuRiafals Qﬂ\.‘ﬁﬂ’cﬂ‘ﬂLLﬂ:&ﬂMﬁﬂLgﬂdLmﬂmﬂi (follicular fluid) inlunssuandauigmaadly
pENAINIMEBIAEINEIENADd stereomicroscope ARAGITENY 20-30 Wi draaadld 3 AFadaeing
HEPES buffered Tyrode's Medium (TALP-HEPES) uanitadl4fidisadiaiuiaadld (cumulus cell) i
WA 4-5 %u‘%u‘lﬂu.ﬂ: cytoplasm mjﬁmu@'lmm:t%mlunﬂmﬁ'\mm'}mgﬂq TCM 199 ﬁﬂzmaﬂglu
Earle's salt medium WAXLEINAE 0.25 mM pyruvate, 10% heat-treated fetal calf serum (HTFCS),
5 Hg/m! porcine follicle-stimulating hormone (pFSH), TﬂULgﬂQL‘nﬂﬁlﬂi 10 vles Aenen  WnEMAY
BE91UR 50 LU AW EENTUA 60 mm -?iﬂquc-’ifm mineral oil 10 ml 'luﬁau%mouauqmuqﬁ

39 °C luussanmiAaas 5% CO, warAarduguiiuaa 24 4alie wadldgnaznudniinisnszanusas



IAAUBNNITAR LT WA maamﬁmauwmLﬂnaﬂ"lm@nfakuiwmuam (first polar body) @] 7907 119714
Lﬂ%‘zanﬁmmm’l«ﬂm:mwmmﬂ% (periviteline space; PVS)

nnawnzdeaaad ilaviniduimoeiunssDausvnzdesly TCM 199 fiazaruedlu Earle's sal
medium WEZIATHNAE 0.25 mM pyruvate, 10% heat-treated fetal calf serum (HTFCS), 15 Llg/mi

porcine follicle-stimulating hormone (pFSH), 1 Llg/ml Luteinizing hormone (LH) waz 1 plg/mil

estradiol

s = o~

a9 6 eanuds daduwudvwazgtassaunedsznisfie fnuauialduanradlslnidnuan
1 =i . O & oa sﬂl a; i 1 L] PR ~1 o i o % =" =
desunliiaanamenisvide Wessanlafignainanlsesndaddowlnagidusiog  anlulailyives
WANAZANIUNITATLUL WA ABLUL alanuntlaseunisidelaonisBa udouni i e
wuind telomerase lumrgsuainnszlianldannislaawiia IVF uaznienseiuliuiedoes detusni
ansddnunifiesaniagou IVF waz PA dlunquacuauiAnansfonifisuamuniweasdasoud 1

AN laatiie lesaniznisuansaanaaaaulad Telomerase
Aanesusineiinniiunisluges 6 weuudslaun

5. ngvindfaudiaadlinsdsiuaadoqa (in vitro fertilization;IVF)
Timadeganutudaliludslulnsauman  wiazaiouar swim up luien Sperm-TL Tlegld

semen 100 LU #etinen sperm-TL 1 ml Malildadagas e e w1 99l mmmmm

druvtnlezuin 0.8 mi wantuntiui 400 g huean 20 ui @ml.@’m”nmmuuuﬁqlﬂmaa pellet 284

=,

maﬁamﬁﬁ’wmmn.wam"l.ﬂmmqmmmmwmaﬁaq‘%ua:ﬁ’] IVF luiaanmaas

GO IVE-TALP 163udan 4 mg/mi BSA wistumaainanly petr dish TuIAMEALNGN
50 LU dngauRisl Co, 5% arumndl 39 °C Hunanetieies 4 dalua tilafiziAes 24 $alua 3
dnadiatningn TALP-HEPES 3 aka wardnadneting IVF #n 2 s dai i ldlumeatingn vF fedeonls
Touldld 10 wewso LU lumasingn IVF ariimadegaanuidndy 2x10° d1wmi uasdl 10 pg/ml

heparin 0.2 mM penicillamine uaz 0.1 mM hypotaurine IWldgE@ag A UIadpaaLlwaa 24 49
T dadlgldwnz@easaudy BRL cell Tuvtadnen TCM 199 @3ugnu10% FBS Wunan 2 Ju

s -« ' ar & o a‘t/ ] o L] [-1 =t - d‘
AAaay  wedimuanisudsmAaninllmiszesdanivmasyviainlansrlatluinadn 5 4 el
Arssunudlusszuaialanga



6. nsaratINtawAatA (nuclear transfer: NT) u?‘a‘iﬂﬂuﬁq((:lonning) Toeldmad fetal fibroblast Nng
el
6.1 N19u6E3EIN donor cell (FF)

wad FF farlfinlaauiinfumadfiagszuing P2 G P8 wammzasliiemnsds
DMEM 75 PBS 0.5% fluina1 5 Ju Lﬁ@lﬁmﬂﬁfa@mw: quiesence {iagannnsAnmitinuwud
radnaylurzor GO/GT azliuammintrauilsiinduaadiegluszosfuaes cell oycle Midulasl
Trypsin-EDTA 0.25% tietlW FF wqmmnmuwmmﬁnlﬂumﬂélﬁmq udatudraliimnmznauiunan
5ud asnla i ldlunseinerlaauieiiiiaadiser

6.2 NVFIFAEINLTAR v

sl i =

YTARINNNITNTERNEUDY cumulus cell N1 incubate lu TALP-Hepes yiwaulad
hyaluronidase 0.1% wdaifthlanfignunmanagaaadlizuaaield cumulus cell waaaaNANLTAA 11

wwaadtangn (31

31

polar body) TUldlutneanlaauiiaiil cytochalasin B 7.5 Mg/mi waz Hoechst

33342 10 pg/m! 1 holding pipette Sulgaa luaanyuly PB agatumia 3 urilina 1 injection pipette
|wizwldentuadligaen PB uar cytoplasm 10-20% 88031 RTIad il DNA widestluiadld
Inetlauas UV huoan 2-5 3u% 1 injection pipette angad FF 1 a8 udninl1dfideednaseudng
Wiaenfugadliuazifiotutadls vdeadlifuaed FF W fuse Tmudiunszualviindoouwiias

electrofusion YWIAaN fuse udrltinamasalutngy TCM 199 @THA810% FBS Wuian 2 9l

ATIRALAINNANTATRINTT fuse UNTAAY fuse nuldnsesusiag calcium ionophore 5 UM Huaan
L : ;7

5 N UA9 incubate TutnuN 6-DMAP (dimethylaminopurine) tduaan 4 Galu wmadldldmnsi@es

sauAY BRL cell lunaatingn TCM 199 1&5uAa10% FBS Wuaan 2 4 arsany  wefrudnisuia

ar i o 5 ' - - i o ' < = ar ﬂ!‘ 1 s ) -
mAviiiwanaasfaniuasdyvain linstlintlunatdn 5 fu eldddauimunilussaruaials
=l

10

]

7. nMenszuaad L WuwieAaee Taeld ionophore (Pathenogenetic activation: PA) Wnimas lagniitat

Auaaradeanudaldlningn TCM- Hepes Wil calcium ionophore (A23187) 5 plmafluiaan 5 wid
annuugaa W ldmnzdodluings TCM 199 715 DMAP 2 mm. taadlilumnsi@nasiuty BRL
cell Tunaatinen TCM 199 @3uA9810% FBS Wluinal 2 Ju AsRaay  wefisusnisiuesnaaennly

mnziatsdniussyviavinlinsedodluoandn 5 fu eldfesuimuriuszer vanalada



8. Anw telomerase activity 1anouLilalaauls
TNTRALIEAW (immature oocyte) %mtﬂia‘:a: prophase | L’ﬂﬂﬁ‘l‘ﬂz’gﬂ {mature ococyte) ‘dﬁd‘ag:‘é".:ﬂ:
metaphase |l uarsagaunstiafiudniaunisin IVF, NTuaz PA luszar 2-4 1964 8-16 1744 Hagan

wasuaralanda urAnsinisviuaaseuls] telomerase Totld Telomerase ELISA kit m1u7%luda
3.1
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HRANTTIVIAERY

1. PInmNzIiBeaaad fetal fibroblast (FF) 9asgneaunstila (fetus)

] ) =4 [ o ar 2 ar =
ngneaunsciieangszuind 30-50 fu upnienedaazmaluaan ARl PudasAurean

&5

Mnsslnsdetladiaimfaliidugudng udadeoliiiuwaadifon Inalfdulesd Trysin-EDTA 0259

o

Flunan 20 wiiauunil 37 °C drasfusnldlumnsdosluihomnstodilsynaudan DMEM
ndneETianda 10% Wdeuiiil co, 5% qruunil 37 °C AEUFIANNNTI LRSS 2 B 4 G arld
waananuuzgliailuginszacty (317 1) Slamaduiinaufinaunisdos uiudaasd FF dao
DMSO 10% Twinowrnzideudafuliliulnnaumaadieriuiinimaasssialy  wnsdansad o
LAT passage VN 7 T Vi RlBITARUIIMAUFENAMRIHAEY AINMIANEANLTY FE 198 datnen
wiera Rl passage Fiu (passage 1-10) wd93N passage 15 WAGSTUWLNAITIAS UNaiTail
Snunuruvusuasilaunalniufiedouiusssusnransties fﬁuﬂu:‘nwmmmmaﬁﬁlﬂé’uum@m
(senesence) \TIRR  FF mﬂ@gné@uns:ﬁ@uwﬁqwmﬂﬁmﬂﬂgﬂmmmammuﬁﬁngﬂiwn‘]u

immortal cells Aaflanuusiiwgadgduatenden (§U 2) Teszarusaanaosldedalianins

¥ 1 dheausguinuead FE naudaanmsiwaziass 2 fe 4 Ju dhusadslnszans
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2R 2 nsilAsunlasanauFuasgiiadly immortal cells Aefidnwuniiugadginatomasn 3
ararunsanziasldedtaliddnds

2. NMTANHIIIRTTINVBATRA (cell cycle)

Warhradudazndsluturuiunisdensiad proppidium iodide Arandindu 25 plg/ml e lwaviges

walrusiuduns i ldimBuno DNA WefFinm cell cycle TnalfiATas Fiow cytometer Hanas
o o
naasduanslu 3N 3 uaz A19an 1



g g)\ ] GOnGl B

&~ 1 ol
“ “
& &
an b
& ] i

I < G204
T A o & T 'y
- a 1023 0 1025
FL2-Height FL2-Heihit

gﬂfﬁ' 3 wanaBalATUNTNARINATTARTAS (cell cycle) TaaaaanmalWlusuanaluscus GO/GT, S uas
G2/ (A) WANTRBALLY cycling @ GO/Gl = 67.5%, S = 12.9%, and G2/M = 18.1%. B) LA TEAGRI
LU serum-starved : GO/G1 = 89.9%, S = 3.5%, and G2/M = 5.6%.

FNT9T 1 LAASHANITAREIHATEIN TSN SRR AN A UAT993T9 02D 0T AR Lae 1LATE

Flow cytometer

Culture treatment % + SD of cells at different cell cycle phase

GG, S G/M
Cycling 68.2+26° 122423 183+25°
Confluent 728+53° 9.3 +3.4 145+ 13°
Serum-starved 88.8+6.2° 45+ 21 51 +2.7"

Different superscripts are significantly different (P<0.05)

1 T L2 v + ¥
AINNFNFRBINLITT  HARIMR TR LU AN L REIRTTsNanT2 0.5% (serum-starved (1U2a0

o
£ [

- oo o s e . X
2w Aanusandanzituninszassazilasunihusa AN HFUZULUINERATURNUNIZIREY 19

0

Wudnwousrengadluszasin  adasuganIsLamaegNsrar GO/GO 88.8%  TILANAIDLNaTTt

.
& -t -

ardynsatifdlaifisuiuniswnndsanudniluine iidiugnia 10%(cycling)  TuTadatvissay
y o o
W

GO/G1 68.2% UMIAGHIWITREIANULIFIFANA MWW sIRBavEaauRaiu (confluent) dmada)

U GO/GT 72.3% \Iaaneglusturaiaansiugnssi (DNA synthesis, S-phase) TrznIsuLiea

'
o -

G2iM) - wulunguitwnzi@ssanudnduinndnsaanmnsasluiieisa B diugndass lusme
unisddslunnzuazlanudniumadiWidssdviamgegadiaiiuinlasuiiods  wadhoglustus
GO/G1



3. mMawnzidoatad lalanaznszialignluiaainaasy (in vitro maturation, IVM)
wadlidauniansIAReimaaiieadiy (cumulus cells) MadNetauILLY (JUR 4A) Ao
waallaianziuldlasadomingy 8 lusa 1 514 JauanndlunszDe il 3 luda 1 5ld Wasaan

JuIaTaINBaAAATaINTs LA TUNALENNALAT A wIWNaL NG el evngadlgnlaldwins i

4
.

Goalu TeM 199 Whuaan 24 dalas ARITNGNRTWLLIINITNILANUIDITR AU RS 14 (gﬂ?} 4B)
Falfieuln hyaluronidase touaadiauaadlioanazny poiar body atfigerzuinadieniaad
wazildeniadly (periviteline space) (3U7 5) wadlianiaztily Ve, NT uar PA wlefifusing
anrensadlilavinfy 75% daganitlunsiledald 65% nswnzdnanadling: Seltaniios wen

ningaslalmnn inlnlaansinisgneaalinszdeninituzila

Ui 4 A) wadligounsuwmnnduasiimadinaadliseus 5 Suduly dnwous cytoplasm araus 8)

VISR LIANUAIRININITIRDINIL 24 99Tl aznudniinisnssanuredgaduavingad iy
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AITI9T 2 UAAISNLINIIAS AR ALA A RIINITANMAIRNINI IR 24 Falng

&l Auuiala uoula nuaulagn wasigumldgn
1A 58 465 348 75%
nsrie 391 1,667 1,017 65%

51 5 Waldisulad hyaluronidase ot aaa

waduazildantjuinad b (perivitelline space)

4. Ansinnianwaedautsil telomerase 981Taa FF

annsAnEnTiaureeulnl telomerase Wudngad FF Rmnsdadlustozusn (early
passage) ariinisvnauraseulnyd telomerase yAnndTasTmnsaalinans passage LIRRTING
el passage‘ﬁl 3 dnminaueedeulnd telomerase gandn passage # 8 uanAANLEaNL9N TG
Fotluszusin TmﬂmﬂwqmgmluﬁﬂmLWW:Lﬁﬂaﬁﬁﬁi%uqni'q 0.5% (fhutaan 5 Fu Wiemaziagaluria
swzRsnnRauadnfinm aziinasiauraseuls elomerase amauﬁ'mﬁﬂuﬁ’undumuauﬁ
wzaneenlng adiia i lusuatafinnincursaeuls? telomerase gandnilusuana daya
Auafunisvinaureaaulss telomerase T':@:Lﬂua:qeiﬂﬁ’mﬁﬂmanﬁqu?:ﬁw%mwmf reprogramming

WBUTAA FF NAWRINTaNAULTa4a L1 lunamnlaauiia



'

5. ANE" ANE1I telomere 1BUTAR FF

fAdulAAN A IME12784 telomere AANVIRA FF FlEaingniaent 2 Heu uazuidoeny 6 T
Tnefaadfiniz@asly passage A 3 wardaAnmiAIngng telomere 1041908 FF ffdounaian
auyniilu immortal cells Lﬁmmmgmlu passageﬁ' 15 (UsEHA0U 2 18U} AINNITANHINLG AN
819 telomere 1841184 FF lsa1ngnnssiisuazusinsrialiunnsiaiu (gﬂﬁ 6)  TOULRANLENITDS
telomere 199 immortal LIAAYTEINI TR FF #ldaangnnsziauazwinseiiodntion

M1 2 3 4 5

21.2( e
8.6

6.1
5.1/5.0/4.9] ==~

3.5

2.0/1.9

1.6/1.5

1.1

J -« -y - ull Lond
717 6 Souther blot LAAIAIINEIILDY telomere ANNDAA FF snnsiiseny 6 T 1964 FF angnnsrdodia
ey 2 Wew uat immortal cells AINEMN telomere TBIAGLEAE FF AnannizDouazwinszieliumn

] [ - . - ‘. - - v - N -
AU 10uEAAMNEI9T99 telomere 184 immortal 1TARATgININIAMIIad FF 1danngnnszlavazwinssis

\inYiat (Lane 1=low contro!, Lane 2=1gadMlusuaiaanwiniziionny 6 T Lane 3= padvlug uaiaan

gnnszilaifinlviang 2 1neu Lane 4= immortal cells, Lane 5= high control)
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nsUfauisswinunad linszileriumadag’ (IVF)
usagannIniaudszwinunadliniaadogituien  16-18 dalus arldsngen luszor
1 1848 (Zygote) wazazuuasaluszay 2-4 aAlALA 1-2 520 6-8 mad Tudii 3 sreizunganlu
Fuih 6 uazszuruaalndaluiui 6-7 (U 7) YBINTWATREN SRsn AR S e e
Fraups  seunsriiedlFannimin VFuaa i umnanii 3 Sanndnmed b lEFunnsU faudes
WanThindauszuzuanalaia 26 % whsenumanti wioniazdluinadnlbusisudfe

b
wazmAngn e

:al‘ o ' = -=" kR o = ar =i -ijf
EU‘V] 7 ﬁl'l’aﬂuﬂ?tu‘ﬂmiﬁ@’\ﬂﬂ"lﬁ‘wq IVF azeizuang imdaluiun 7 PEINTITEWIZLATA

BNTR 3. LARNANITWINUNTedasauUnIzUennAmlaedE IVF, NT uas PA,

No. (%) of embryos developed to

Method Culture
2-4-cell 8-106-cell Morula Blastocyst
IVF 131 84 (64)° 75 (51) 46 (35)° 43 (33)"
NT 205 164 (80)° 146 (71)° 76 (36)° 65 (32)"
PA 238 185 (78)° 171 (72)° 152 (64)" 146 (57)"

Different superscripts within columns are significantly different (P<0.05).



6. nastnudniiuA@sa (Nuclear transfer ; NT w5a Tﬂﬂuﬁq)
adRlduadfalidviunnlaauieldun WadFF fonsdoolutingn DMEM+0.5%FBS

WetninlMaaduganisutadaluszor GO/GT 199 Cell cycle Fauamlilummed 3 §msinisvas

uanu (fusion) sTUINNIRGIAUITRA FF uazdmsnnimuniumdeustursiemaainnisinlaay

Sauamalilemns1af 2 ArseunssielAauilearulimgstus 2 masninlunan 24-48 g luavimuniy

AagausturuaIRlFIAGILEATIDTeiIu 5 DaTuil 7 veanisvnnidos (3Ub )

31U 8 Aageunszianlasnnnisinlarauile szosuataledalu WAL 7 aaanismnndes



7. NNINTTAUIIAR LT LTIWLNAILeY (Parthenogenetic activation; PA)
[AA LBANNATUNITNITAUAIY calcium ionophore  @niisaiazwUsruasimunufgoy

] =X = ai' v - - - ' i ;2 o =5 o
srurane Aulasruzuaialnda (3Un 9)  lidwRaanusmsauiildainnisin IVF wianisinlaau

Tasauacalilumisai 3

N 9 Mgsunseliesruzuatalada wiui 7 289nsinidos udsRanannneesuGay - Calcium

ionophore

8. nsAnENIInaureusulmT elomerase Waadliuasfdounszileildainnisia IVE, NT uas
PA
nantsAnenasitnuraaeulsd telomerase lugadliuazfigouildainnismi IVF uanals
'Lug’dﬁ 10 n1suacssangdsultd telomerase q:;ﬂmm'lui:ud'mmﬂm:L?;mT'ﬁ'Lﬁqn navAaEII
wulniluadliseusraglussduganaranaadiaflumadlian Whnoeulnlufseuanasedes

lusros 2-4 WAA UASTIUE 8-16 LIAR NITN1IUTBUBULT telomerase NASNAUTDILOU TR LTiL

A ¥ " -
Tuluszoruegan uazaniinageiusturuaiainia



nsvinsureseulnd telomerase isaulraufiananslilu sU7 11 snnvvudn sduuy
nsuamseantaaeulnl telomerase udseulnauils axaduiufmdeu IVF A wulniuaniesnly
sTALURAN WufBeustus 2.4 Uat 8-16 LTaE Ltﬂzqzémﬁu%u";ui‘:u:u@gmuﬂuﬁuzgqﬁmlm:u:
vaalnTa

nsuaaseanyieniminauraseulml telomerase Tufageu PA uanililustil 12 aannsa
wiawudn msvinauzeseulsd telomerase aratlustium ludeaussor 2-4 wadaudiszuruesan
m?ﬁﬁqm‘ummuhﬁq:Lﬁuqa%ulmzuzumﬂ‘[m% FaumnenaFagau IVF uas NT 33n159naumes

wulmiGunnauiusstuzuagan

S 0.7 In vitre fertilization (IVE) d
= 0.6 T
=
S 0.5 -
<
& 04
=
£ 0.3 ¢
iy T
e 0.2 a
g b b
S 0.1 - b
g goi— = 1 —
1M LY 2-4 §-106 MR 130

sUR 10 uannfBunureasulsd telomerase Tutadla uatlufAgnu IVF stutanaq telomerase 4tan
i a‘l’ L PR ! - - ' L -
adlusswinamegninizideslalign wazanasfaiiloslurgoussus 2-4 A4S WatTroY 8-16 1184
L X : - - :
wulnianinauluszuruegan watasiugaaalustuzua1alnma (IM = immature oocytes, M=
mature oocytes , 2-4 = 2-4-cell embryos |, 8-16 = 8-16 -cell embryos, MR = morula , and

BL = blastocyst)
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1.6 - Nuclcar transfer(NT) d

Relative Telomerase Activity(Units)
>

IM M 2-4 R-16 MR BL

= v - « A s o o e . -
sUR 11 uamSiuiuwe newlad telomerase luasadld uazludzgen’. utrazaia wowlod
telomerase TUFOIUITL 2-4 VDRA UALITOT 8-16 1aad oy urrdum) tauledlasiiudulussozuagan
LazaniNg 1dA uITazUa A lPaA (IM = immature oocyles, M- mature oocytes , 2-4 = 2-4-cell

embryos . 8-16 = 8-16 -cell embryos, MR = morula . and 3L - blastocyst)

Parthenogenetic activation (PA) S

-

Relative Telomerase Activitv{Units)

I~
1
-+—

1M M 16 MR BL

U7 12 wan n e naula telomerase lunadly uazluwsimeau PAszozA197 1wl telomerase
Tudndousres 2-4 19ad 770z 8-16 19A8 WAz ITurNagal agluszaumi ewladazifuiiugsanl
STUTURIAIRDA (IM = immature oocytes, M= mature oocytes , 2-4 = 2-d4-cell embryos , 8-16 = 8-16 -

cell embryos, MR = morula , and BL = blastocyst)
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Flafouounisinsmasseutosd telomerase TuumazrztzanInisuLi s d vaaiesouile
AN IVE, NT waz PA Gauaadl¥lugui 7 wudn msinause newlolluGusumensuanad Ae szes
2-8 1004 UAT 8-16 Wad TBssaunzTiofitdnlng 3 33 azeglusssui IndiAueiu Tuszazneagan 6in
881 IVF uaz NT azilionlnd telomerase snnninlusingen PA vausflusrozuanalnfamsau PA uas
NT azilioulos telomerase mAnndtlussau IV daseu PAluszazianalnTa owleigafian s0aas

w lAunFaau NTUSSANAARBEIED IVF

2.0 b
| g | OIVF -

@ BNT .

;’i L6 | opa

214 -

2 12

2

s 1.0 -

o

_E 8 - i

w

=

8 06 -

ge o

= 04 :

o

2-4 2-16 MR BL

g 13 waminsnFauiounisinanmanaulad elomerase TuuAazszorsa i siinoad 99967

FauRlFann IVE, NT waz PA radin 10481 ks e Busiuae 10U Npasd A9 528 2-4 1DRa LaY
o« - 4 ed e ol . o P ar =5 P

8-16 A4 1eIIgaunsiianudniny 3 93 azaylussduiina@ma v luynsiluezaruanalntan e

AN PA Azm s uranewindgige saaa s ldundadau NTuazAtgaRasaaou IVF

(IM = immature ococytes, M = mature oocytes |, 2-4 = 2-4-cell embryos | 8-16 = 8-16 -cell embryos,

MR = morula , and BL = blastocyst)
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UNIATI

mnuamﬁf»'iﬂluﬂ%f:uﬂmﬂﬁtﬁudqmﬁﬂauﬁqmm?n reprogramme  N1TLEAINDNTDY
telomerase gene 1d Tnaziuldannnisldimad FE #finnsinaumeaeulsd telomerase Tussdufsn
vaevasnsamiLTadlafigaatsiugnssieenids aiseney Wltlndanantesls asnsadninléiings
wanaandadeuled telomerase 1A (telomerase reprogramming) Fansuanssanasanuloludn

. P ™ P oy L o = < [y~ \ = ar
saulaauthafrdreiunisuaniasnlussauildainnisin IVF e PA Galdiflunguacuauluniside

1
-

&
AT

o o [

n1? reprogramme 483 telomerase gene tufadudrAtyatitaniiaitisdidisnaauiinuniweg

o

ar = =i

widndail gene anwanusiaililednw lupiiiireuanifiaafun1sARILNINNTI99F288Y AREAIUNIT
v . 1
Hasauazninieiylusendnamanssd  sedusaaaulend telomerase Muwadlinsziioninizidaeaugnas
r-'ll =l - [ = :‘.’e c‘: b 8 1 nr <% ar c: ] O
anay Wanlfuusuiugadliseu nan1saduaitilauandanaiunisdduluny rat inudaadlisse
preantal azilszaueulesdl telomerase Al nilavmneanuiainialdudn (ovulated oocyte) (Eisenhauer
et al., 1997) wuananniinisadoluaadlala (Betts et al, 1999) uar@adlauyue] (Wrigth et al., 2001)
P -:llf - 1 " a4 1 4. - o ::i' . =] o
Awmnziaslilignluiawvaanifldnandneiuie @adlineunismiziaes (immature oocyte) Hszéiy
toulgyl telomerase ganiniEagRlaan (mature oocyte) UAIRMUWIZIELR 24 Talae nan1s3dsluinaaly
L L L' " 1
nerteluafaliuazainanunuman i biviudn wulsd telomerase IRg 18I UNTIEUIUNIIGNTBUTAA
1 518U 95N AAT s AuLas RNA anadlussas germinal vesicle breakdown 3aiily
nt. -] 1 . ' (-3 - 1= = as -:i‘ ° o«
surfasiillgnisgnuesaadld ursdnlsinudalifisnmnunsiduidnmmeinanusaeuled
telomerase TWSEMINANTINEIRLUTAR 12 TUTTH R
siugaaauled telomerase Tudagauntzila IVF szaz 2-4 Wad uazszor 8-16 1988 otly
seAuaaIarGug Inlusruruagauargianiusazuaalada  nan1sadsilduandnanuniduly
TAuasuyws  arwuaaaanisanasraaeuled telomerase lusrazusnraanisutingaddalingumidna
' a:il » ‘ ra‘l’ kY ar o=l - 1 P =
widuinirdanadngluuunisuasesntadenlniiadraiunisuamesntestuludiden fiwldou
annnislfauradaad ldunslddwaassadan (embryonic gene) Mulawudn BusevfsausEuuans
2ANTTHE 8-16 1188 FedUNUSAUNITIRNINIDuaulm] telomerase Tufagau ( Xu and Yang ,2000)
namfe udsnsUfjauiuedesd  mdewlfiaulnd telomerase Paranlutadlitaazansian
o VLA QR o . . .
Weasannlififiuiiazafainan  delinsuanseentavtiuressnaaulusser  8-16  wad  1ouls

5 . . - et £ ‘ P
telomerase axgnaivluinlmidanudrsiueulniiGugaauluiornegs  wanfingegaluszasy

analnda
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'luﬁqd@un?:ﬁaiﬂauﬁawud'\gﬂunummamaﬂnmm telomerase gene ratanuluFi9aw IVF
né1nie stAueulmy telomerase Tzor 2-4 1998 WAL 8-16 11ad  olusziUA uazaztfingaduly
?:ﬂ::ufagfa'ﬁLLﬂ:Qqqmlmzﬂzumﬂtm% HANNTIRETUAAIIANT reprogramme 994 telomerase gene
luigeulraniianintuszuzuaalnia lousad FF favd i haasdliasgnnsziuldidanmei
wulsd telomerase luszouruanaleda n1s reprogramme 294 telomerase gene lusgaunssilalnan
fandoiusdeulalaants  Sanudiszdueulnd telomerase luiseulalaauilsargignlus=ey

vanalnda

lurnsaunsehai ldirannisnsssuliutsiume (PA) wWud1 n1TNI5UARIDaNY®Y telomerase

' v
= L3 =

arFumunssasuanalnda  Wawfououssauianlmy telomerase TUUAATIEHSIDINITULUTIAR B

- '

fadaufilaann IVF, NT uar PA wudadideuildainnisinlaauiia (NT) fin1suasasesnnadianiusa
s T TRV o -
aaudildann IVF war PA  Tudludaisddnlusmdeuhindninunislasuilaiinisuanisan  waLnag
reprogramme 484 telomerase fudwmoaiufagau IVF usatalsiniudalifinisfigaddinisnian
apaeulad  telomerase  RBadeeiuARTINITAYIBATRIALERUANEUAINTT st IR LR UM B A
atinaly mmzdadlivanuatufafiaruguioiunInasuduln nsflasn waTnITREUNITaFIEaUAY
L o g dd 4w o . .
nssidpanmaany  nsAnmlusuianAsiasAnmanaw) Mngdeeiunisimunredsaseunsyiie
AaLAsTosENLLGA fesihiunagn auisracAaen Jeaciiiinsudinisuassesntesdumaniiifien

daansimunressasaulaauiindely warluawnsesnisuialussudtsmaisaioli agnals
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ABSTRACT

Telomerase, a ribonucleoprotein, has been described as an essential component of highly
proliferative cells as it stabilizes telomeres in order to avoid cellular senescence. In most
mammalian species, telomerase activity is present in germ cells but not in somatic cells.
The objective of this study was to examine the telomerase activity in swamp buffalo
immature and mature oocytes, and preimplantation stage embryos derived from in vitro
fertihzation (IVF), somatic cell nuclear transfer (NT) and parthenogenetic activation (PA).
Immature and mature oocytes, and embryos at 2-4-cell, 8-16-cell, morula and blastocyst
were collected and the telomerase activity was assayed by using a Telomerase PCR
ELISA kit. Telomerase activity was detected in all developmental stages evaluated from
immature oocytes to blastocyst stage embryos. Telomerase activity was detected in higher
amounts in immature compared with mature oocytes (P < 0.05). Embryos derived from
NT showed a profile of telomerase activity similar to that of IVF. In IVF and NT
embryos, telomerase activity was low in the 2-4-cell and 8-16-cell stages, the activity was
significantly increased (P < 0.05) at the morula stage, reaching highest level at the
blastocyst stage. In PA embryos, low level of tclomerase activity was detected from the
2-4-cell to the morula stage, and the highest level of telomerase activity were found at the
blastocyst stage. Telomerase activity in NT blastocysts is higher than that derived from
IVF and the activity is highest in PA blastocysts. These results suggest that the successful

reprogramming of telomerase activity in buffalo NT embryos follows a similar pattern to

that in embryos derived from IVF and PA.

Key Words telomerase activity, buffalo, nuclear transfer, in vitro fertilization,

parthenogenetic activation
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INTRODUCTION

Telomeres, the specialized DNA sequences located at the ends of eukaryotic

chromosomes, consist of evolutionarily conserved repetitive noncoding DNA sequence
(TTAGGG) that functions as stabilizing elements for the chromosomes during cell
divisions (Preston, 1997). Telomeres have been observed to associate with nuclear
envelope and may be necessary for initiation of homologue alignment during meiosis
{Cooper et al, 1998) and chromosome segregation during mitosis (Yu et al, 1990).
Telomeric DNA 1s not completely synthesized by conventional DNA polymerase during
cell replication and also loses 50-200 base pairs with each cell division (Olovnikov, 1973;
Greider and Blackburn, 1985). Telomere shortening correlates with the numbers of cell
division and when the telomere length reaches a cntical limit, it signals the cells to
undergo replicative senescence, in which state the cells develop a characteristic

morphology of large and flat and stop dividing (Faragher and Kipling, 1998).

Telomerase 1s a ribonucleoprotein that compensates for the loss of telomeric DNA by
adding repeated sequences to the chromosomal ends using its intrinsic RNA component as
a template for DNA synthesis (Dahse et al., 1997). The telomere hypothesis suggests that
telomerase activity is high in embryonic cells and that it decreases in somatic tissues
during development and differentiation. Telomerase activity has been detected in germline
cells (Wright et al., 1996; Eisenhauer et al., 1997), embryonic cells (Eisenhauer et al.,
1997; Betts and King, 1999; Xu and Yang, 2000; Wright et al., 2001), embryonic stem
cell lines (Thomson et al., 1998), cancer and immortalized cell lines (Kim et al.,, 1994;
Countér;t al.,, 1994). High levels of telomerase activity were detected in rat oocytes from

antral and preovulated follicles, but activity was significantly lowered in ovulated oocytes

(Eisenhauer et al., 1997). Reports in cow (Bette and King,1999) and human (Wrigth et al.,
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4
2001) demonstrated that telomerase activity could be detected in all developmental stages
starting from immature oocyte through blastocyst stage. Telomerase activity decreases
gradually during early cleavage stage but increases at the morula and blastocyst stages.
Recently, telomerase activity was also detected in bovine embryos derived from NT and
PA (Xu and Yang, 2001). They found that telomerase activity in cloned embryos follows
a similar pattern to that in the PA and IVF embryos, suggesting the successful
reprogramming of telomerase after NT. Most of the previous studies used telomeric repeat
amplification protocol (TRAP) method, in which the telomerase reaction product is
amplified by polymerase chain reaction (PCR) to assay telomerase activity as described
by Kim et al. (1994). However, the TRAP assay provides full sensitivity only when used
with a radioactive label, and it requires visualization of results by autoradiography after
gel electrophoresis, which is both hazardous and time consuming. Obyashiki et al., (1996)
developed a nonradioactive procedure using fluorescence-labeled primers and automatic
DNA sequencing to detect and quantitate telomerase activity. Furthermore, the telomerase
activity detection in RKQ colorectal tumor cells by standard radioactive TRAP, as well as
by the PCR ELISA (a nonradicactive ELISA-based assay) showed that the results
obtained with both procedures correlate well (Smilenov et al, 1997). The Telomerase
PCR ELISA provides a way to perform a highly sensitive photometric enzyme

immunoassay for the detection of telomerase activity, using nonradioactive ELISA

technique.

Our previous reports demonstrated that buffalo fetal fibroblast could be reprogrammed
after transfer into enucleated buffalo or bovine oocytes resulting in the production of
cloned b:ffalo blastocysts (Kitiyanant et al., 2001; Saikhun et al. 2002). However, there
has been no study on telomerase reprogramming of buffalo oocytes and embryos during

early development. Moreover, investigating the dynamics of telomerase activity in buffalo



12
13

14

120
121
122
123
124
125
126
1127
1128
129

130

embryos produced by IVF or PA could serve as good developmental controls for NT
studies. The objective of the present study was to investigate the dynamics of telomerase
in swamp buffalo oocytes and preimplantation stage embryos derived from NT, IVF and
PA by using the Telomerase PCR ELISA technique. Furthermore, the patter'ns of

telomerase activity in embryos derived from those three systems were compared.
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MATERIALS AND METHODS

Chemicals

All chemicals in this study were purchased from Sigma Chemical Company (Sigma, St.

Louis, MO) unless stated otherwise.

Qocyte Collection and In Vitro Maturation

Buffalo oocytes were collected and matured in vitro by the method previously described
(Pavasuthipaisit et al., 1992). Cumulus oocyte complexes (COCs) from abattoir ovarics
were collected by aspirating the antral follicles (2 to 6 mm) using a 18-guage ncedle
containing TALP-HEPES. After being washed for three times, COCs were
morphologically assessed under a stereomicroscope (x 200) and only oocytes with
compact and homogeneous cytoplasm were selected for in vitro maturation (IVM). All
selected COCs were cultured in 50 pl drops of maturation medium (TCM 199) (Gibco,
Grand Island, NY) supplemented with 10 % fetal calf serum (FCS) (Hyclone
Laboratories, Inc, Logan, UT), 0.2 mM pyruvate and 5 ug/m! FSH in a humidified
atmosphere of 5 % CQ; at 39 °C. After culturing for 22 hr, mature oocytes were subjected
to IVF, NT or PA. Immature (germinal vesicle) and mature (metaphase 11, MII) oocytes

were collected and stored at - 80 °C until telomerase activity was assayed.

In Vitro Fertilization of Buffalo Qocytes
In vitro production of buffalo embryos was based on the procedures reported in our
previous study (Pavasuthipaisit et al., 1992) with minor modifications. Frozen ejaculated

semen were thawed at 37°C and sperm was prepared by using swim up technique. Sperm
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samples (0.25 ml) were layered under 1 m! of TALP- glucose free medium in centrifuge
tubes. After 1 hr of incubation under a humidified atmosphere of 5 % CO; at 39 °C, the
top portion (0.85 ml) of the medium was removed from the tube. Sperm suspension was
centrifuged at 500g for 20 mun, and the resulting sperm pellet was resuspended to a final
concentration of 50 x 10° cells/m! in TALP for in vitro fertilization. A 10 ul aliquot
(5 x 10’ cells/drop) of sperm was placed in a culture dish with 50 pl of glucose frec-TALP
containing 10 pg/ml heparin to facilitate capacitation. Spermatozoa were incubated for
2 hr under a humidified atmosphere of 5 % C(O; at 39 °C. Ten in vitro matured COCs were

added to each fertilization drop containing capacitated sperm. After 18 to 20 hr of

insemination, presumptive zygotes were removed from fertilization drops and transferred

to in vitro culture.
Somatic Cell Nuclear Transfer

Cloned buffalo embryos derived from somatic cell NT were obtained as described
previously (Kitiyanant et al., 2001). Bnrefly, afier being cultured in maturation medium
for 22 hr, buffalo oocytes were denuded by pipetting in TALP-HEPES containing 0.2 %,
hyaluronidase. Qocytes with an extruded first polar body (MIl) were sclected for
enucleation and used as recipient cytoplasm in NT procedurc. The MII oocyles were
placed in TALP-HEPES supplemented with 10 % FCS, and 7.5 pg/mi cytochalacin B and
were enucleated by aspirating the first polar body and the MII plate with small volume of
surrounding cytoplasm. Successful enucleation was confirmed by Hoechst 33342 staining
and observed under ultraviolet light. Buffalo fetal fibroblasts were obtained from a 40-day
old fetus,—and cultured in DMEM supplemented with 10 % FCS and used for NT between

passages 2 and 6 of the culture. They were synchromzed to enter into presumptive GO by

culturing in DMEM supplemented with 0.5 % FCS for 3 to 5 days prior to the NT
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procedure. Immediately prior to NT, single cell suspension was prepared from donor cells
by trypsinization using 0.25 % trypsin-EDTA. Individual donor cells were transferred into
perivitelline space of the enucleated oocytes. Nuclear transfer units were washed and
incubated in a fusion medium (0.3 M mannitol, 0.05 mM CaCl;, 0.1 mM MgS0O..7H:0,
0.5 mM HEPES and 0.05% fatty acid-free (FAF) BSA) for 1 mun. Fuston was performed
by placing NT units in a fusion chamber between two platinum electrodes 0.2 mm apart
and overlaid with fusion medium. Cell fusion was induced by two DC electrical pulses of
2.1 kV/em for 20 psec (1 sec interval). After being co-cultured with buffalo rat liver
(BRL) cells in TCM 199 supplemented with 10 % FCS for 2 hr, the fusion rate was
determined. Fused NT embryos were activated by exposure to 5 pM calcium ionophore
A23187 for 5 min followed by incubation with 2 mM 6-dimethylaminopurine (6-DMAP)

in culture medium for 4 hr under a humidified atmosphere of 5 % CO; at 39 °C and

subjected to in vitro culture.
Parthenogenetic Activation of Buffalo Oocytes

The PA procedure was performed as described previously (Liu et al., 1998). Bricfly, after
being cultured in maturation medium for 22 hr, buffalo oocytes were denuded by pipetting
in TA];P-HEPES containing 0.2 % hyaluronidase. The cocytes with an extruded first
polar body (MII) were parthenogenetically activated by exposure to 5 uM calcium
ionophore A23187 for 5 min followed by incubation with 2 mM 6-DMAP in culture

medium for 4 hr under a humidified atmosphere of 5 % CO; at 39 °C subjected to in vitro

culture.



E‘209
210
211
212
213
214
215
216
217
218
219
220
221

222

223

224

225

226

227

228

229

230

231

232

233

Embryo Culture and Coliection

The IVF, NT and PA embryos were cultured under the same systems. They were co-
cultured with BRL cells in 50 pl of TCM 199 supplemented with 10 % FCS under a
humidified atmosphere of 5 % CO; at 39 °C. After culturing for 2 days, the embryos were
assessed for the first cleavage completion and transferred to 50 il drops of TCM 199
containing buffalo oviductal epithelial cells. Cleaved embryos were cultured under the
same system as with BRL cells for 7 days. Embryonic development to the 2-4-cell, 8-16-
cell, morula and blastocyst stages were recorded on Days 2, 3, 5 and 7 of in vitro culture,
respectively. At each stages, embryos were collected, washed twice in PBS and then

frozen at -80 °C until the telomerase activity was assayed.

Telomerase Activity Assay

The Telomerase PCR ELISA kit (Roche Molecular Biochemicals, Mannheim, Germany)

was used to measure the telomerase activity of buffalo oocyte and embryo. The original

TRAP method described by Kim et al. (1994) was modified.

Preparation of cell extracts

Cell extracts from oocytes or embryos were prepared as described by the manufacture
using lysis reagent provided in the kit. Briefly, pools of 5 frozen (-8G ° C) immature and
mature oocytes or embryos at each stages were lysed in pre-cooled 200 ul of lysis reagent

for 60 min and cell extracts were centrifuged at 16000 g for 2 min at 4 °C. The 175 ul of

supernatant was removed and the cell extracts were measured for the protein
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10
concentration using spectrophotometer and immediately used for the TRAP reaction or

shock freeze aliquots in liquid nitrogen and stored at -80° C until analysis.

Telomeric Repeat Amplification Protocol {TRAP)

Telomerase essentially requires integrity of its internal RNA component of the
telomerase-specific primer. Therefore, preincubation of the cell extracts with RNase
(DNasé-free) will fully destroy telomerase activity contained in the extracts and offers as a
negative control. Positive control was supplied with the kit. Positive control cell extract
was prepared from immortalized telomerase - expressing human kidney (293-cell). One
microliter of low (0.001 amol/ul) or high (0.1 amol/nl) positive control DNA template
(TS8) was mixed with | pl of lysis reagent and nuclease-free water was added to a total
volume of 50 ul. For each sample to be tested and the control template, 25 pl of reaction
mixture (biotinylated telomerase substrate PI-TS, optimized anchor-primer P2,
nucleotides, and Taqg DNA polymerase} and 5 pl of the internal standard (1S) were
transferred into a PCR reaction tube. One microgram total protein of cell extracts was
added into PCR tubes. The reaction tubes were incubated at 25 °C for 30 min, then
telomerase was inactivated by heating at 94 °C for 5 min. Samples were then subjected to

30 PCR cycles of 94 °C for 30 sec, 50 °C for 30 sec, and 72 °C for 90 sec.

Hybridization and ELISA

An aliquot of the PCR product was denatured in 20 nl of denaturation reagent containing
less than 0.3% sodium hydroxide and incubated at 15-25° C for 10 min The mixture was

transferred into a streptavidin-coated 96-well plate and hybridized with a digoxigenin

(DIG) labeled, telomeric repeat specific detection probe After shaking at 37" for 2 hr, the
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11
hybridization solution was removed and washed each well 3 times with 250 ul of
washing buffer for a minimum of 30 sec each and then removed washing buffer carefully.
One hundred microliters of anti-DIG conjugated horseradish peroxidase (HRP) was added
per well, covered with a cover-foil and incubated at room temperature for 30 min while
the plate was shaking at 300 rpm. The solution was removed and rinsed 5 times with
250 pl washing buffer into each well for a minimum of 30 sec each and then carefully
removed the washing buffer. The amount bound to DIG was determined by the addition
of 100 pl per well of TMB (3,3’,5,5._’-tetramethyl benzimide) substrate solution
prewarmed to room temperature, covered the wells with foil and incubated for color
development at room temperature for 10-20 min while shaking at 300 rpm. Without
removing the reacted substrate, 100 pl of stop reagent containing less than 5% sulfuric
acid was added into each well to stop color development. The absorbance of the samples
was measured at 450 nm using an ELISA microtiter plate reader within 30 min after
addition of the stop reagent. The experiments were replicated five times. For each
replication, each sample was assayed at least twice and an average value was taken. The
level of telomerase activity in each sample was determined by comparing the signal from
the sample to the signal obtained using a known amount of a control template. Relative

telomerase activity (RTA) of each sample was calculated using the following formula :

RTA = (As- Aso/ As,is)

(Arss-Atsso) / Arssis
Ag: absorbance of sample
Aso . absorbance of sample of RNase treated sample
As,1s . absorbance of internal standard (IS) of the sample
ATss . absroﬂr_bance of control template (TS8)

Arsgo : absorbance of lysis buffer

Artss s . absorbance of internal standard (IS) of the control template (TS8)
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Statistical Analyses

Data of the telomerase assay experiment was collected from five replicated on different
pooled-oocyte or -embryo samples (n = 25). Analysis of variance (one-way ANOVA) was
used to determine any significant difference between RTA of oocytes and embryos at each
developmental stages. The relationship of relative telomerase activity and dilution of
positive cell extracts was subjected to regression analysis. Difference between treatments

were considered statisstically significant at P < 0.05.
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RESULTS

Telomerase Assay Verification

To verity that the Telomerase PCR ELISA assay kit is suitable to detect telomerase
activity, we first determined the telomerase activity in cell lines known to express
telomerase activity and those known to lack the activity. As expected, telomerase activity
was found in high levels in the 293-cell, KB-cell (human carcinoma cell line) and buffalo
ES-like cell (established in our laboratory) but having low level in buffalo fetal fibroblast
and RNase treated 293-cell (Fig. 1). A subsequent experiment was examined a dose-
response relationship between telomerase activity and amount of 293-cell extract. Figure 2
clearly shows a dose response resulting from progressive dilutions. A linear relationship
was found between the telomerase activity and dilution (v = 0.93). These results indicated
that the Telomerase PCR ELISA assay kit is a suitable method for quantification of

telomerase activity

Telomerase Activity in Buftalo Embryos

Samples were taken to determine telomerase activity in all developmental stages from
immature oocytes through blastocyst stage embryos. For each replication, pooled-oocyte
or -embryo sample (n = S) was assayed at least twice and average value was taken.
Telomerase activity was presented in relatively high amounts in immature and decreased
signiﬁcanth( (P . 0.05) in mature oocytes (Fig. 3). Telomerase activities in [VF-derived
embryos at different stages are shown in Figure 4. Low levels of telomerase activity were
detected in the 2-4-cell stage and the B8-16-cell stage embryos. The activity was

significantly increased (P - 0.05) at the morula stage and was highest at the blastocyst
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stage. A similar pattern of telomerase activity with IVF embryos was also detected in the
NT system (Fig. 4), telomerase activity having low level from the 2-4-cell to 8-16-cell
stages and increasing significantly (P - 0.05) in the morula stage and reaching the highest
level in the blastocys.l stage (P - 005). In the PA system (Fig. 5), telomerase activity was
low and not significantly different from the 2-4-cell to the morula stages. A significantly

increased (P - 0.05) activity was detected at the blastocyst stage.

A direct comparison of telomerase activity among the various stages, from the 2-4-cell to
the blastocyst stages of butfalo embryos produced by IVF, NT and PA systems, is shown
in Figure 6. There were no differences in telomerase activily of embryos at the 2-4-cell
and the 8-16-cell stages among three methods used for embryo production. Activity in the
morula stage of embryos produced by IVF and NT systems was significantly higher than
that produced by PA system Highest telomerase activity was found in the blastocysts
from all three systems but telomerase activity in blastocysts from the PA and NT systems

appeared to be higher (P 0 05) than those the IVF
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DISCUSSION

The present study demonstrated that telomerase activity could be detected in buffalo
oocytes through all developmental stages of IVF, NT or PA embryos. Our results
confirmed the previous findings in rat cocytes and embryos, in which telomerase activity
decreased from high levels in oocytes from early antral and preovulated follicles to lower
level in the ovulated oocytes (Eisenhauer et al., 1997). A high level of telomerase activity
in the immature oocytes was also detected in the cow (Betts and King, 1999) and recently
in human (Wright et al., 2001) This high level of telomerase activity detected in
immature oocyte and decreased in mature oocyte suggests a possible role of telomerase
during meiosis of female germ cells in buftalo. [t has been reported that during germinal
vesicle breakdown process, the rates of protein and RNA synthesis declined dramatically
(Wassarman and Albertini, 1994). Moreover, as much as one half of the polyadenylated
RNA accumulated during oocyte growth was either degraded or deanylated during
meiosis (Wassarman and Albertini, 1994) These biochemical changes may be responsible

for the decrease of telomerase activity in oocyte maturation process.

In [VF system, the telomerase activities decreased gradually from immature oocytes to the
8-16-cell stage embryos. Enzyme activity increased again at the morula stage and reached
its highest level at the blastocyst stage. Our findings are in agreement with the previous
studies in bovine (Betts and King, 1999, Xu and Yang, 2000) and human embryos
(Wright et al., 2001). Betts and King (1999) reported that relative telomerase activity
decreased during bovine oocyte maturation and subsequent development to the 6-8-cell
stage but sTgniﬁcantly increased at the morula and blastocyt stages. On the other hand, Xu

and Yang (2000) demonstrated that telomerase activity was increased after fertilization

and then decreased gradually until the embryos reached the 8-cell stage. Telomerase
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activity increased again after 8-cell stage and reached its highest levels in the blastocyt
stage. Those authors suggested that a dramatic changes of telomerase activity in bovine
embryos coincides with the matemnal-zygotic transition during early embryonic
development. In many species, the timing of the in vitro developmental block reportedly
coincides with the stage when the regulation of embryo development switches from
control by maternal proteins to the control by embryonic gene products (Telford et al.,
1990). Our previous findings demonstrated that in vitro developmental block occurred in
8-16-cell stage during in vitro culture of buffalo 1VF system (Pavasuthipaisit et al., 1992).
The maternal proteins including telomerase gradually decrease during early cleavage until
approximately the 8-16-cell stage. Once embryonic gene transcription starts, new
telomerase proteins are synthesized and this will account for the increase of telomerase

activity after the 8-16-cell stage as demonstrated in our study and others.

QOur results demonstrated that telomerase activity in NT embryos was up-regulated as
early as the morula stage and reached highest levels at the blastocyst stage which was
similar to the IVF system. These findings suggested a successful reprogramming of
telomerase in buffalo NT embryos reconstructed with fetal fibroblast which displayed low
level of telomerase activity. High levels of telomerase activity were detected in
reconstructed day 7 embryos tested by TRAP assay, whereas the bovine fibroblasts used
as donor cells in the NT experiments were negative for telomerase activity {Lanza et al,
2000). Our results are consistent with recently report by Xu and Yang (2001) who
demonstrated that up-regulation of telomerase activity in bovine NT embryos began as
early as the morula stage. Another study by Beits et al. (2001} found that reprogramming
of telomerase activity in bovine NT embryos was observed at the blastocyst stage which
was delayed when compared with fertilization-derived embryos, in which high telomerase

activity was observed afier activation of the embryonic genome at the 8-16-cell stage
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In PA embryos, low level of telomerase activity was detected from the 2-4-cell to the
morula stage but the activity was significantly increased at the blastocyst stage. A direct
comparison of telomerase activity in buffalo embryos produced by different procedures
indicated that telomerase activity detected in the PA blastocysts was higher than that
derived from IVF and NT. The reasons for higher telomerase activity in PA blastocysts
than in IVF and NT blastocysts are unclear. Higher levels of telomerase in PA blastocysts
when compared to those produced by IVF and NT was also reported in bovine (Xu and
Yang, 2001). They suggested that the lower level of telomerase activity in NT blastocysts
might come from a loss of cytoplasm in the enucleation steps or possibly from the
variance between embryos, whercas the lower telomerase activity in IVF blastocysts
might come from the nonmaternal genes that could have been actually suppressed the
telomerase gene expression and, hence, reduced the telomerase activity. Chian and Sirard
(1996) found that bovine oocyte activation by sperm and PA induced different

cytoplasmic responses for protein synthesis.

Additionally, we also found that telomerase activity detected in NT blastocysts was higher
than that derived from 1'VF blastocysts which differed from the previous report by Xu and
Yang (2001) who demonstrated that telomerase activity in bovine NT blastocysts was
lower than IVF. This discrepancy may come from species difterence or from different NT
techniques employed or from donor cell types. The reason for higher telomerase activity
in NT blastocysts than that in IVF blastocysts is unknown. The lower telomerase activity
in IVF blastocysts may be due to the suppression of telomerase gene by sperm factors as
suggested by Xu and Yang (2001). At the same time, the telomerase gene from transferred

somatic nuclei may be stimulated by factors in ooplasm, hence, higher the telomerase

activity in NT system.
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When the data on a per cell basis of embryos were analyzed, we found telomerase activity
declined gradually from the immature oocyte through the blastocyst stagein IVF, NT and
PA embryos. The similar declined of telemerase activity on a per cell basis have been
reported in bovine (Xu and Yang, 2000) and human (Wright et al | 2001) IVF embryos.

The reasons of these patterns1s unkhown. Furhter studies are needed to examine the

underlying mechanisms,

In summary, telomerase activity has a trend involving an increase from the mature oocyte
to morula stage in both NT and IVF systems, whereas in PA system similar levels of the
activies are present until the morula stage but all three types of embryos have the highest
levels of telomerase activity at the blastocyst stage. These results demonstrated that
telomerase plays an important role in oocyte maturation and embryonic development and
there is successful reprogramming of telomerase activity in embryos produced by NT.
Further investigations are required to examine the relationship between telomerase

activity in preimplantation stage embryos and the survival of embryos after transfer mto

surrogate mother.
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Fig. 1. Relative telomerase activity (RTA) in cell extracts of positive and
negative cell lines. Cell extracts from 293-cell, KB-cell, buffalo ES-like cell,
buffalo fetal fibroblast, and RNase treated 293-cell were diluted to 100 cell
equivalents. Data are the means + SEM of five replications.
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Fig. 2. Relationship between relative telomerase activity (RTA) and telomerase
positive 293-cell extract. RTA was measured in 10-fold dilutions of cell extracts
using the the Telomerase PCR ELISA kit and absorbance was measured at 450 nm
to represent RTA of the corresponding cell dilutions. A linear relationship is found
between RTA and dilution factor of the cell extract (r = 0.93).
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Fig. 3. Relative telomerase activity (RTA) in buffalo oocytes and IVF embryos.
RTA was measured in 1 mg protein extracts from immature oocytes (IM),
mature oocytes (M), 2-4-cell embryos (2-4), 8-16-cell embryos (8-16), morula
(MR), and blastocyst {BL). RTA decreased from immature to mature oocytes
and increased significantly at the morula stage. Highest level of telomerase
activity was detected in the blastocyst stage. Different letters above the bars
represent significant differences (P < 0.05).
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Fig. 4. Relative telomerase activity (RTA) in buffalo oocytes and NT
embryos. RTA was measure in 1 mg protein extracts from immature oocytes
(IM), mature oocytes (M), 2-4-cell embryos (2-4), 8-16-cell embryos (8-16),
morula (MR), and blastocyst (BL). RTA decreased significantly from
immature to mature oocytes (P < 0.05). A significant increase of telomerase
activity was found in the morula stage and reached highest level at the
blastocyst stage.  Different letters above the bars represent significant
differences (P < 0.05).
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Fig. 5. Relative telomerase activity (RTA) in buffalo oocytes and PA embryos.
RTA was measured in 1 mg protein extracts from immature oocytes (IM), mature
oocytes (M), 2-4-cell embryos (2-4), 8-16-cell embryos (8-16), morula (MR),
and blastocyst (BL). RTA decreased during oocyte maturation and had low level
until the morula stage. A significant increase of telomerase activity was found in
blastocyst stage embryo. Different letters above the bars represent significant
differences (P < 0.05).
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Fig. 6. A comparison of relative telomerase activity (RTA) in preimplantation
stage embryos derived from IVF, NT. and PA_ Blastocyst stage embryos have
higher telomerase activity than other stages in all three systems. The telomerase
activity in blastocyst stage embrvos of PA and NT systems are higher than that
of such embryos in the IVE (P <0.05) Columns with ditferent superscripts
within each stage are significantly different (P< 0.05).
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