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10 \ ' BACKGROUND OF THE | NVENTI ON-

The Ameri ation is aging. The fastest grow ng segnment of the

popul ati on psgggg‘ggons over 85 years of age, who are expect eBCTYSHRBE: over

30 mllion by the year 2040. This denographic surge is creating
significant needs for drugs for the treatnment of age-rel ated
di seases and has led to increased interest in the aging process 15 and

di seases associated with it, including cancer.

Organi sns age, in part, because their cells have a finite capacity to
continue dividing. As they reach that lint, cells becone senescent. Cell
senesgence has been traced to the ends of a cell's chronbsones, the
telomeres. Wth each cell ¥rvps | ose sone DNA and
becone shorter. At sone pcfm%r,rmmms.gms critical. Cells
sense this and arrest chronosone:replication to avoid further | oss.
Hence, the cell is no |onger able to divide. Not al |
cell s becone senescent. Single-cell organisns and certain manmal i an
cells have no fixed cell division [imt. Investigators have di scovered that
many of these cells contain a ribonucl eoprotein enzyne called tel onerase.
Tel opgrase 25 repl aces gherebd OF PEE N fom the tel oneres
during cell division. (E H racKkouart, (19 u. Rev. Biochem
61:113-29.) ConsequeTtid jxmetiban pepulationsis agingerThe fastest grbwingesegment oft the
critical | engi h, and the cell éénever treach senescen

Part1 cul aroPUIRPB IS BSOS, ONeR BSHERTRIAEE: A0 & SXREGIep o Aumber w20 willighny
hurren Canag el 241 OTHsHefogtiph® suré |earhy! i AthoF HERA 16/ AARS or the

256:271-28 Thi s hel ps "expl ai n"why cancer cells continue "dividing
wi t hout betestnen ofcagegelated diseases and has led tooinengaspd Snterest potheragingsproesssi n t he
battle agajnsi: Cel . - ACLlvity in cancer cells can
be i% I bi tadé]g,&lf%g&c%%%céaré%el ?Eg‘%gﬁg?gé:ct%eé' to reach senescence and cease
di vi di ng. Organisms age, in part, because their cells have a finite capacity to

continue dividing. As they reach that limit, cells become seneécent. Cell senescence has
been traced to the ends of a cell’s chromosomes, the telomeres. With each cell division,
the telomeres lose some DNA and become shorter. At some point this shortening

20 becomes critical. Cells sense this and arrest chromosome replication to avoid further
loss. Hence, the cell is no longer able to divide.

‘Not all cells become senescent. Single-cell organisms and certain
mammalian cells have no fixed cell division limit. Investigators have discovered that
many of these cells contain a ribonucleoprotein enzyme called telomerase. Telomerase

25 replaces the DNA that is usually lost from the telomeres during cell division. (E.H.
Blackburn, (1992) Annu.. Rev. Biochem. 61:113-29.) Consequently, the telomeres never
shorten past the critical length and the cells never reach senescence.

Particularly interesting, investigators have found that the cells of many
human cancers have telomerase. (C.B. Harley, Mutation Research 1991 256:271-282.)

30 This helps explain why cancer cells continue dividing without becoming senescent. It
also suggests a potent weapon in the battle against cancer: If telomerase activity in
cancer cells can be inhibited, the cancer cells ai'e expécted to reach senescence and cease
dividing.
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Devel opi ng met hods to regul ate tel onerase activity requires sources of
purified tel omerase and, in particular, purified human tel omerase. Puri*fied*
t el omer aswo 98/45450 woul d be useful in devel oping and testi ngcpesdyssof20"
nmeasuring tel onerase activity, for 2 exanple, to evaluate the assay
and for use as a standard in the assay. Assays for 5 tel onerase are
usef ul in charact er iRevelppingnmethodsetd negnlatepebnmeacﬁw reqjuirke souness afost
cancer ce ress telo urifi.g el orre ase _wou ef ul

||
t han crudé’u%ﬁ%gelo{ngfaﬁﬁé rase %‘iﬂ‘a V‘B‘ﬂ%d ?‘f‘?tﬁs Mﬂg&re ustors

i nhi bi t or syculd 6 tuksfal B éev@fopmg and m&:ﬂig%wyﬁsf fedduring ftelothetase ¥edvig, &ssays.
Moreover, purified telonerase would facilitate a t hor ough

bi ocheni c&XamBies jo Fealuate thecassay, gadfos use an a stasdqrd inithe assay. yssagisdfer i nsi ght
10 sfor :iﬁ%h%@ E?@Lse?ﬁl H%ﬁ&%&eﬁﬁhgac%ﬁ&r c%ﬂyhﬁg@féancé%% iy ﬁééaﬁs%'xﬂ&?f ase

al so woul sef ul reparati on ant | 'es agai nst
t el oner as e:an&ncchllan:prbmhekmml cPurifiedutelomerase woublkbe spee bseftlythars efude as

reagents t r|f human tel oper.ase and may be useful in cance

di agnosi s @Pg}? agano'g&?q fﬁ d(a)l ' a‘&r%d%’#?“r?&aﬁﬂwml%e ani no
aci d SeqUQﬂﬁﬁlerase actxvxt}“fxp[anirb @Bsay$. eMreb%r,Cbmﬁém:eldﬁrww&ua fAGHBRNENt S
of the ribonucl eoproteéin. Wi here is a need for

purified tthoronshk hinshemical musm ofsthe enzyme’s mechanism, whxghrmyemym insightposed

t echng cal ' r
expr ggsed f?ﬁa#érg@gﬁcel ?s onl’ yﬁﬁﬁ’a%/e?r{é g{v?/?sabgglgancem%rg% ggﬁmebset i mat ed
t hat hunaruseful in theomeparatiopeiaritibodiep agsiastitélomeragée Such amliumssfwdlﬁd imarase

activity haye. onl y about one hundred nol ecul es of t enzynme per
cel | . The Beigspeciplly UsebyloasiPagsEs to yricy Ipmas telomerase ajf may 08 dyiefuhishpancer

structure disgdosRior JIDEHRRE. 'Pcﬁ'lfiédrtbfohfci‘ésh%ibo ”B’e'I? pRivide &hihe a@ﬁss'%

conparatively very h| gh | evel s of non-telonera I bonucl eopr ot el These
ot her information nsefulcionloning the varipus compenents efithe aiponydieaprotein: f i cat i on

propgkties simlar t u i ch makes
puri ?lgcat ion of tel o%pgse o%nﬁ?ﬁ@ﬁ%g‘&h?i%mﬁ@%’%gm{ﬂ%g oﬁﬁe t here
i s a need Humianpenzyfnectrs ipesedtectadeal ehatlepges. f Telombtaseis 4 dren‘nmnﬁcﬂeopme%
particul ar UMVARY OF, THE I NVENTI O\I

Human t el PFessed inaumanscells only inevery @%@éﬁlﬂ%o?ﬁ hag bgen, gtimajed,tha

cyt opl asm Gpg rkki@%nctslek RESCHR MR Rveld WP tIGh¥BEPActd nﬁ vEQ: ?]
fractions 30 conta ning telfonerase activity are in-t epurlfled

fracti ons hundsgshmoleculas of the enzyme pepcelhi aheifaqtcshaartdommsm acompleRNA
Co”p%e”t Bﬁltp-éjmnteﬁl Siftichi?e m\feimtﬁgfes its purification. Human cells also possess

comparatively very high levels of non-telomerase ribonucleoproteins. These other

ribonucleoproteins might have chromatographic purification properties similar to the

telomerase ribonucleoprotein, which makes purification of telomerase from human cells

difficult. Thus, there is a need for purified telomerase and purified human telomerase, in
25 particular. '

SUMMARY OF THE INVENTION

Human telomerase has been purified to over 60,000-fold purity over
cytoplasmic crude cell preparations. Two polypeptides that co-purify with fractions
30 containing telomerase activity are present in the purified fractions in approximate
stoichiometric amounts with the RNA component of human telomerase have been
isolated. One polypeptide has amino and sequences consistent with nucleolin. The other

polypeptide has amino acid sequences consistent with elongation factor 2 homolog.



| sol ated. One pol ypeptide has am no and sequences consistent with

nucl eol in. The ot her pol ypepti de has am no aci d sequences

consi stent with elongation factor 2 honol og. WO 98/ 45450
PCT/ US97/ G§B8b4/45450 In one aspect, this invention

provi des nethods of purifying tel onerases The steps POEUSYA4012n t he
nmet hod depend on the |evel of purification one desires. A net hod to
purify tel onerase fimonaaspeonuhis invenon iprovidesaneth6eds o Mshrify B tkiemerase.

bi onol ecules, for exammle, a nuclear extract of 293 cells, to at |east

50, 000- 1 o 5:eBS incTisana i Beiigeaend Phc kexekRiPoritamren s desisur A y)

i nvol ves: method to purify telomerase from an irnFux(e]Qonﬁé_thi%ﬁrcbﬁ‘ﬂi&iﬁgeo merase with a
first matrix that binds nol ecul es bearing a negatlve charge, for
exanpl e, PioRwdtawles} ferexample; apauackear eytract of 293taslisnteradeast 60,000£61dr or gani c
bi omg) ecul 5483 to Hudd WUl Eob 48 FelBRE blrif freRleseCt I N9 the

t el ofrer asé€; & ng the telonerase with
a matrix that binds nol e¢l) comtacting the émhérae withaJirst Marb@aOd8indd OF exanpl e
POROS[ err] Heparin 20 HE-1, separating tel gnerase from other organic
bi onol ec u}@éwm&tbeaan&atneﬁtw& ﬁ"&t&qﬂé" ple, RPOROSP 158 HQ senarating

t el oner asgyj £ th ic bi 1 Gl BPE‘E Wi th
a second na??‘i:g?s? hrg%n %i ﬁx(‘jgrg%c 101#81%%3? g(sagg(e)g@?%gl atb%%a | ve%‘ﬁé@f g‘?‘?gf or
exanpl e, BeURRENEr&E . crr], separating tel onmerase from other organic

bio ecules that do not hind to t trix and collecting. t he

tel o@er ase; (g °°“m°%“g e E?om?raﬁe W%?éﬁ??‘ﬁ&hﬁmmlﬁ%e Wi th

an af fini byaragped posiivé igargncfor example POROS® Hepavin 20 HE-11 sémﬁxg&aonieﬂ{se

exanpl e an ol i gonucl eotide having the sequence 5'- cgttcctctt 20

cct gcggccff°11?,°g"€0°¥8361°1bﬂ8@ﬂe€8@@%¢49m0¥)‘3}n%@ﬁ5¢ MY an collasting ¢hef r om ot her

organi c telo:HerasQi onol ecul es that do not bind to the affinity agent and
ete

collecting t | oner ase; and (5) separating
the tel onerase from ot her3)¢ansacting the rebdmeratecwith a second manixr tattgindso

nol | ar _si.ze hape. or buoyant densit fo epar at i ng nol ecul es
accgj di ng “l%e%ﬁ‘?}eaﬁn% aﬂ%ﬁ‘ﬁfé@’%&g‘éf: %)Oégﬁg?:ﬁ) {fQ% Barad®grm and

col I ecti Neeloieradd from bleP 6Bfa@fcbiomolecules that do not bind to the matrix and/ E0IREBAASE
can be isolated to at |east 500,000-fold purity by adding a second

affinity $eetslomemse:anti-nucl eolin antibodies or anti-TMG anti bodies.
Tel onmerase can be purifi rﬂ:tﬁ;’ﬂﬂ t | QH[' . at ast .

1, 000, 000-f ol d) by frindh ¢ ' i A% ?’!‘Xﬁiﬁ%ﬁg’l"tye?%“&k ARG PRSI 30
The puri f affidityofor pelomerase, for example dimeligotaciedtideiavingothe cequenss 51 @gitdrtett

]E ?Lgﬁ: ﬁ:,%ct\gcéghcc? 0! (?)Hiegro 'ﬁg{))azﬁgé %el&bl I, tsélparrg%tnrg Ité(lbm%?agg rfx"aotnll 2 e}' glg%gi%r ase

biomolecules that do not bind to the affinity agent and collecting the telomerase; and
(5) separating the telomerase from other organic biomolecules
according to molecular size, shape, or buoyant density, for example separating molecules
according to size on a TosoHaas TSK-gel*G5000PWy, sizing column and collecting the
25 telomerase.
_ Telomerase can be isolated to at least 500,000-fold purity by adding
a second affinity step using anti-nucleolin antibodies or anti-TMG antibodies.
Telomerase can be purified to substantial purity (e.g., at least 1,000,000-fold) by further
isolating it by gel electrophoresis.
30 The purification protocol also can include the step of contacting the
| telomerase with an intermediate-selectivity matrix, separating telomerase from other
organic biomolecules that do not bind to the intermediate-selectivity matrix and collecting
the telomerase, preferably before the affinity step. |



organi ¢ bi onol ecul es that do not bind to the internedi ate-selectivity

matrix and coll ecting the tel onerase, preferably before the
affinity step. WO 98/ 45450 4
PCT/ US97/ 06012 Tel onerase can be isolated to ! .
di fferent woesi4s4sef purity by altering, changi ng t hepspysemeer2of , or
elimnating any of the steps in the puri 4 cati on pr ot ocol . However ,

any protocol wll inglude contacting. the t.e i inity agent.
Cont acting the tel onbPIBETARF FAT ?'ﬁogées‘{]moéfgje%gfgesgﬁtq\ggilhgﬁ%gﬁérﬁ acul es
bearing a éhanging @B kéqtenceé, @€ elimimiting ahy iof ehechrepsgia ths phtificatien tpraroedler r ed
step or steps to include in the )r ot ocogo. . .

i nvent i on Hpwevesy aqy aeasosnl M‘Hi%“%?%?‘&ﬁ dhetelpmerase with ap affipity agent.

t el omer ase | - ,L,ﬁ%s

20, 000-f ol g,mé%trq%egétélsﬁﬁasggg@, %8%& 8?%da§?§%§§%giggl%gl§§ 1t‘bgl d, %t | east
500, 0G0- f ohefarive ehargeast pbsifive chaige fivthe nk@t preférras sseps existeps totincludein they

conpared to cruge cell extracts of 293 cells. The tel onerase can be
ani mal , e %4n and, nore particularly, human. The invention also
provi des t el OTRE ASRNHRISISS provides [Putified ¢e1omerasé had Snodepacicubitly,

reconbi nantly. . I n anot her, _aspect . this jnvention
provi des atelasmerassi kaving plolegst 200Q-ald get least 3000-EQjdpat; leash goé)réﬂtfe*deétt leatt

sequence. L RgboBREATEEIduARNPRORILIS: B A9, B0 895! aciele 1 TROOAEIA

amno acid ot el n ‘cohponent "o umah tel onmerase. I'n one enbodi ment
the 10 incesasebrebative purity compared ital enide rcell extraassipf 282 cellsn  Theptelomdrase

ot hor G B BHBALREmA R a1 PR RAFRLesl - PG o A R RES
that speci tdigiérale H;\é’.gé bS“tltii urifidafion siept ¥BoVR, 8P récdmbametigli ng a protein

conponent of human oner ase. . . . I n,_ anaqt her
aspect, this inventi &mapethen aspectathivinyemsionprovides p recombinant pglygucleotide

operati vol yoRpiagS ditidotle AR EBAR Ph R TARRERL 188% Clskourve

conporgnt amineacids ofw prakinroengpoaent of human tefomerise. {Thene embodimedtithes t he
RNA and protein,conponents of telonmerase core enzyne. 25 In _one_ ..
Shbod et TeGORBIRRE BRBPRGIRpe bR GRS i SXPISROT, il ek, beratively

pol ynucl eotﬁ'n#gd with the nutiBétideCRidrcé S an expression control sequence
operably linked to a nucleotide sequence encodi nlg t he RNA conponent
€0

of telonerase. Thi's ilnapathenasppetothisiinyention:proyidesp polynucleotidgprohg, or primer
reconbi nant, tel ongr L Sls ' ﬁﬁ@E{Tpi E&% Hiushan
I nventi on. that specr{ﬁca‘i‘@eh%%ek%}x&ga ?é\i&é‘?\%%‘ﬂgfigépe RS i‘%@lgr??%réfprowdes
a conpesititelemes®®r i sing 30 reconbi nant human tel onerase nmade by the

nmet hods of this invention. . . . . . .
' In another aspect, this invention provides a recombinant cell comprising a

e o
-

recombinant polynucleotide comprising an expression control sequence operatively linked
to a nucleotide sequence encoding a protein component of mammalian telomerase,
wherein the cell produces the RNA and protein com;ionents of telomerase core enzyme.
25 In one embodiment, the recombinant cell further comprises a recombinant polynucleotide
that comprises an expression control sequence operably linked to a nucleotide sequence
encoding the RNA component of telomerase. This invention provides a method of
making recombinant telomerase comprising culturing a recombinant cell of this invention.
In another aspect this invention provides a2 composition comprising
30 recombinant human telomerase made by the methods of this invention.
In another aspect this invention provides methods of inducing an immune
response against telomerase comprising inoculating an animal with purified telomerase or

with an immunogenic fragment thereof, such as a protein component. This includes



I n anot her aspect this invention provides nethods of inducing an inmune
response agai nst telonerase conprising i.noculating an animal with purified

t el oner ase or wi th an i munogeni c fragnent thereof, such as a
pr otein c Thi s incl udes WO 98/ 45450
W slso PCT/ US97/ 06012 § i nduct i on BETAISHUNGOLZ
| mune response that | eads to the production of antibodies, as wel |

as a cel | -indutitonedf d humoml uampnmuponse that leads to the production Bf aftitobRE, ASpect
this |nvent| nals es a Do I de fragment of a proteln
conmponent %? ﬁﬁﬁ'é:ﬁﬁtr&‘{d) ‘? Fet,sﬁgn‘%hen presented to an ani rral as an 5
i mmunogen, elicits alphafgetierlaspict 888 im@RAOMARS ptdVidER% pEITPYEY gmem of a

I n anot her aspect, this invention provides a conposition corrprl
anti body CIOEHR FerBRoNeNE Af uman flomerape wihiche avhep preseniedito an qnnnaxeasrm

conpogent 3 BRI EF
DESCRI PTI dﬁu&@% Bﬁf&?\fﬂ@‘gﬂ&r @eﬁ?medxageg immune tﬁslpgo.ns& depicts a four-step
protocol for purifyingarothen rmpeas,etlns invention provides a composiﬁdnﬂcoxﬁpxw?glzﬁ s a

depi ot s o SEPOR oF zadioc HAesiest 1ot SRRCTEAALY ot PISHIR Sponent of huma

Fig. 4 depkelhferaesecond si x-step prot ocol for purifying tel onerase. 15
Fig. 5 shows the results of a priner elongation assay froma CHAPS S-
100 extract of 293 cells (lanes 1-5) and fromthe PO?OS[err] 50 HQ ani on

exch3p chromat o I g the four-step
purl?l cation procedure. ﬁiﬁ‘ﬁ?ynﬁﬁék‘fﬁfr%ﬂ]oﬁ the results of a

primer el ongation astgy lfdepn?ma fedrasi@®y ptocol for purif?ﬂ@&él@hie?d%ef romthe

POROS[ err] 50 HQ an ange chr omat ogr y active pool (lanes 20

1-4) and the PCROS[ F‘%ﬁ&’ﬁ‘h B8-Siep- REO%P&?&P@@ f¥ipg jelemenase pool (I anes
5-8) in the |

Fig. 7 shows the resuilglt’ gs%e?&gp %ﬁrir%es(rﬁ?%qeg%@?%gggé%’éngrtglrﬁnéer?erorrerase

preparation fromt heny Hodepitsnd séqont \six-step protocol dot punifyjnpoteloplesases 1- 4) ,

t he PgROS Q0 HE-1 chro o] acti ve po adj to the
sal t 1concentratlon u gdg silpwi 1 #‘TF’E P?‘Wegﬁ%gﬁ%?f‘ ﬁsg%g@mja#mggé'the
PORCS er r | 106e@atach of 293 Eeills @éﬂeb \1e5)nmal fréth2h6€ PORCE®S0 HQ amoa)exétﬁng@e
four-step 'Bg(r)lflcatlon roced I g. 8 shows the

resul ts of“MopAtogEAPhy agHYe: ‘PQHI@S% 8109 i the: fonesiep :I’S‘@ﬁcatwn progedupar at i ons
;Lgmt LgePCP]g?g[S[e(ra; ]r ] Sper %rggane c{ﬁgﬁn%fgg?Wagﬁ%ﬂ&P%ﬁ@{&anéé&hﬂ%| ﬁ ﬂle
fi ve- st ep preparation from the POROS® 50 HQ anion exchange chromatography active pool (lanes
20 1-4) and the POROS® Heparin 20 HE-1 chromatography active pool (lanes 5-8) in the
four-step purification procedure. |
Fig. 7 shows the results of a primer elongation assay from a telomerase
preparation from the Oligo 5 affinity isolation active pool (lanes 1-4), the POROS®
Heparin 20 HE-1 chromatography active pool adjusted to the sait concentration used for
25 affinity isolation (lanes 5-7), and the POROS® Heparin 20 HE-1 active pool (lanes 8 and
9) in the four-step purification procedure.
Fig. 8 shows the results of a primer elongation assay from telomefase
preparations from the POROS® Heparin 20 HE-1 chromatography active pool (lanes 1-3)
and the POROS® Spermidine chromatography active pool (lanes 4-6) in the five-step
30 purification procedure, and from the Superose® 6 active pool (lanes 7-9) in the first six-
step assay.



30 purification procedure, and fromthe Superose[err] 6 active pool

(lanes 7-9) in the first six- i step assay. WO 98/ 45450
PCT/ US97/ 06012 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON l. DEFI NI TI ONS Unl ess defined -

ot her wi se WQP8/43d8chni cal and scientific terns used herein. pcTusyid@ye t he
nmeani ng commonly understood by a person okill ed inthe art to which this 5

invention belongs. The followng references provide one of skill with a
gener al def i ni t PETAJLELD, BESCRIPHION, OF THIINVENTION | nyent i on:

Si ngl eton et al nayoRgary of M cr obi ol ogy and Mol ecul ar Bi ol ogy
(2d ed. 1994); T‘Fgr'r'dge Dictionary of Sci ence and Technol ogy

(Wal ker ed., 1988); Unldss-iafined okherwise all keshilgalnd sCishtific serms used hddeirt i onar y

of Bi ol og 1991). As used herei t he, foll ow ng..ter have t he. nmeani ngs 10
ascr | bed tavE Hi o SoBimenft FidtraboiEhy,R ppfith Wined e it o Whitn 8

" Pol ysiucl gfivérition beRings.s The follewing TeferénesP provilleqdnefGkAD Wit ¢bdkiab
(ribonucl eot i des, deoxyribonucl eotides, related naturally occurring

st r uct ur aldefinitionnfsmany of the tarms uspdtin dhis dnveption: o Singleten eltlo Pictionarnefil ogs
t hereof) Iy ' ' : . cahndhigse PRlid

occurring dg rﬁ%glé?%ﬁﬂ@??%ﬁ?&fﬁ%ﬁ@é@ﬁ%ﬁég.?%@h%?rzﬁ nat u;r"g?ﬁ y oc%g&rafng 15
anal ogs t hSiewt andTeshndlogy (Véalker ed:| 1988); and: Helet & dvarhainy T&e Harperv@oliiis t he
nucl eoti deg, . th I pkages t ween t i.ncl ude_non-naturally
occurring é‘fﬁ?’l‘f@? % ﬂ%&%g@glgug% “segﬁem“faét}e P‘giywé%??ﬁpé hayf,th; meagings

l'i m gt i onyscRHRERNAEMNHIOS speeifidl edBRASA™M dat es, net hyl _
phosphonates, chiral -methyl " phosphonates, 2-O-nethyl ribonucleotides,
peptide nucleic "Polymiclestide Prefers 1o apolymercompreed cfimisleotitiy noity eot i des
can be syn ' 0 2 ly NG 1] e sy.ni hesi zer.
"Nucl ei c a@gﬁh{@%dgga’l 4%/&%“?&? é&féarr%lgéh qgn&ﬂh@%’ltc%é 0 &g%ls‘y i

" A i gonucl &g syshetit-phaatirally edoaring enaldigrtherpof) linked eiatphdeshodiere bahdsy no
greater thap apout 50 nucleotides. It will be understood that when a

nucl eot i defe?éiﬂlm ly occurring struciyral varipgty, #ad FEiRHC sepmameRlly pecarmings, T, G
Q, YBis a&aﬂ;gsrrzﬁérgg@sm, f¥erm includ &CAlitRIGEe ?g@ers i which the ﬁacnéd&gwf' ch

"U' repl aces . . Convent _hotation Is use erein
t o descr i bandpihe inkages hetweendbemdnelude non-naturallytogeurring tsynthetic anadogsf such

i recti on B 16 e YE) Sk ACuRRINET ahelsiotss, BibHolipinRic). BB, o
the 5'-dirpiespldhates, chiral-methyl phiospitinars, 2-D-methyPriBomretbdiites) epiidenmikleot | des
to nascent RNA transcripts is referred to as the transcriptjon
directi on. act%UMsf'LrMﬁ &%an?“fh PolyaHeleatides sar be a@%wmrwﬁmp&p s
a2 B o D et e P e N S e e e

| ocat ed 5' pelymudigstiges.ci@ligonucleotide”- typically refers to short polynucleotides, generally no

greater than about 50 nucleotides. It will be understood that when a nucleotide sequence
is represented by a DNA sequence (i.e., A, T, G, C), this also includes an RNA
sequence (i.e., A, U, G, C) in which "U" replaces "T." |

25 Conventional notation is used herein to describe polynucleotide sequences:
the left-hand end of a single.-stranded polynucleotide sequence is the 5’-end; the left-hand
direction of a double-stranded polynucleotide sequence is referred to as the 5’-direction.
The direction of 5° to 3’ addition of nucleotides to nascent RNA transcripts is referred to
as the transcription direction. The DNA strand having the same sequence as an mRNA

30 is referred to as the "coding strand”; sequences on the DNA strand having the same
sequence as an mRNA transcribed from that DNA and which are located 5’ to the 5’-end

of the RNA transcript are referred to as "upstream sequences"; sequences on the DNA



of the RNA transcript are referred to as "upstream sequences"; sequences on
t he DNA WD 98/ 45450 . . 7

PCT/ US97/ 06012 strand having the same sequence as the RNA and which
are 3' towdessasend of the coding RNA transcript are referred to as
"downstr eam sequences. " S | " Reconbi nant 'EE)T’VW@P@& I de"

refers to a pol ynucl eoti de havi ng sequences that are not naturally

j oi ned t ogwanskhavipg thengaimef jequense asdhe RNAednd axhinhbaraaritto She 3° eral gfiwhel eot i de

Fr anst or nioE R, fecitinc e Ptk 16 s *ABbseBR ShBisF 2o ho 1 ecombi nant
pol ynucl eot i de "Retombigamrpotyiicieotide Brefére ¢6 atpolviiicléotas hivthg sequeddes
gene is then expressed_in the reconbinant host cell to produce,

e.qg., a "thatgrsnetratutally joiasd togsther.n Anamplifigdior assembled rgegmbinanteot i de may
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any of t hemaesform a suitablethiasetell. udeblost weld that esmprispsabé acoombinand polyauctedtiden
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and eukar Joreed feftiar Rombinans boss csl."r (Thgigend s heh epeReq dnthe 7. g
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such as CHO, R1.1, B-W L-M African Green Mnkey Kidney cells (e.g. COS 1,
CCos 15 P?!YIBSJGOQC,‘@ BRY sarye Arpresading fungtien €68 . IATRMOWTergiaof replication,
"EXp§@ssi 5als: Y rs : ' i _

pol yidcr caofSik BREALONEREE) of REfl “ablofrill HEINEPARIHEINE sef of those
transl at i aoytimefly ased in exprassiog eukanyetic orjmanmealiapemaleio/adigs, linchhding t foer et o.

"Operatively |jnked" refers to . fynctional .rel ati onshi et.yween two
oo i n Rl REkariates. ot B B coti-and qubByotes; moiisine toriample, Bogh
regul at e tshHaae yeddt: £13) madifialibs céily, Mbhdfh BRe@telld fe. 8L, /810 PR inildl Selis

transcription of the sequence). Expression control” sequences can

i ncl ude, fsueh ax &3P eRadd Bo.HedM, African GreeniMenkey Kidsewherllsdeg. 8091 ofOSer s
(e.g I n ' ' ' transcription '
ter ml'%at o?’gfﬁéi& gt gspﬁg%hﬁi é@i aﬁé@ﬁi@ﬁx%aﬂ&. gnals for introns, and

stop codons. ‘Zﬁpre:ts;i_on control sequence" rtiéﬁrsnbfzsnﬁqhbtide(sb@xe'_hcdﬁ gigrs to a
vect or conprisipg.a reconbinan . pol ynycl eoti de conprij'sjn
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cosntd, PP B tple chdferBrion} PR SRR, on e Yuher AU, ibtociion oy
I ncor por atef the sequencd)h EEXpressivnl corbrol RjuEides lca inclivle, for example and without

"Encoding” refers to the inherent property, of specific sequences of
limitation, sequences of promoters (e.g., inducible or constitutive), enhancers,

transcription terminators, a start codon (i.e., ATG), splicing signals for introns, and stop
codons.

25 "Expression vector" refers to a vector comprising a recombinant
polynucleotide comprising expression control sequences operatively linked to a nucleotide
sequence to be expressed. An expression vector comprises sufficient cis-acting elements
for expression; other elements for expression can be supplied by the host cell or in vitro
expression system. Expression vectors include all those known in the art, such as

30 cosmids, plasmids (e.g., naked or contained in liposomes) and viruses that incorporate
the recombinant polynucleotide.

"Encoding" refers to the inherent property of specific sequences of

nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as



nucl eotides in a polynucl eotide, such as a gene, a cDNA, or an nRNA, to
serve as WO 98/ 45450
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and macr onol ecul es in biological processes havi ng either a defined
sequence OVOP845458t i des (i.e., rRNA t and NRNA) or a pcrussgbiined
sequence of am no acids and the biol ogic properties resulting therefrom
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gene occuiFPngr FP@L% &ﬁ’é rg'ErF% 1§ 8% GRCCARg tgoipéo%rq{’gﬁ% M?gﬁ'i‘fﬁﬁﬂeaﬂrl y
through 15:DNAW@E$§)&heﬁﬁ§E $§PR¥ifie@s B "huélboriaaegienté enddAing'@ ShindMcid t hi n
popul ati ons. Gene nutations can be silent (no change in the encoded
pol yp@pt i @equme"rrmch@ns: 8 gucleotide sequencss that geesdaganera’g versienscef cagh adenci d
sequences VALI r 0] %ﬂ'@& rom mRNA
transcri ptasndé#é gée S &{e Sﬁﬁeﬁaﬂlﬁé\’/g%gﬁg‘?{mé@ N\A‘/!ghoug%gt e protei 'H%’d%
encoded byprbhmmna(RNA may mclude introns. " Hybri di zi ng speci fical I y to" or

“specific hybridizatjon "sel e bridize to,' e%grs to

tive
t he bi ndi ng, dupl exi °’8r"aﬁ95tr raf a‘é’fﬁa"“fﬂﬁq mp %Y’HWPBF‘B@E‘F‘%
pr ﬁ‘;?{ Iecn);!s%)é)ﬁ : Hﬁfﬂktshﬁﬂlg@ﬁetﬂ‘yﬁbﬁé)t AGIB1iS PAHRINRS aHRC Rl tRGEEH

co sequence Is present in a conplex mXture
(e g1y t otmutation, andamay epltdn phepotypic polymorphlsm within populatjons. 1Gene,

"stringent ot will
hybri di ze Bﬁ%ﬂgéste#ﬂ%néﬁ ?Je‘ﬁi §{° %}fagg arge éé‘agﬁdg% %ﬁi’egﬁ‘@&%g n:i‘aap éﬁgg"’sser ext ent
to, or not cﬂypepudes havuag hitered amirveacid eeuencess . " Allslic Ivndam hlycbrefeh wat i on”
and "strin @ébl’l‘gl zati was h tjons! in the_context of
nucl eic a m&“s%@ﬁt‘%éh‘gﬁu‘faﬁ’é?ﬁ ag,yell as the proteins

northern héﬁ%aég Bittepps are sequence dependent, and are different under
di fferent envi ronnment al paraneters. An extensive qw de to the
hybri28i zati on of nuctByhridizing spécifiGdiy to" oo specific hybidization 1@93?161:!&{9& atory

e\ o M. P

preferentiaily to a particular nucleotide sequence under stringent conditions when that

sequence is present in a complex n_xixtute {e.g., total cellular) DNA or RNA.
The term "stringent conditions” refers to conditions under which a probe
25 will hybridize preferentially to its target subsequence, and to a lesser extent to, or not at
all to, other sequences. "Stringent hybridization" and “stringent hybridization wash
conditions” in the context of nucleic acid hybridization experiments such as Southern and
northern hybridizations\ are sequence dependent, and are different under different
environmental parametérs. An extensive guide to the hybridization of nucleic acids is
30 found in Tijssen (1993) Laboratory Techniques in Biochemistry and Molecular
Biology--Hybridization with Nucleic Acid Probes part I chapter 2 "Overview of principles
of hybridization and the strategy of nucleic acid probe assays”, Elsevier, New York.
Generally, highly stringent hybridization and wash conditions are selected to be about 5°



of hybridization and the strategy of nucleic acid probe assays", Elsevier,

New Yor k. Cenerally, highly stri-ngent .hybridi zati on and wash
conditions are selected to be about 5[err] WO 98/ 45450
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melting point (Tm for the specific sequefice at a defined ioni
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and pH) atC lower thamithe tsamabmelting peipgcim)stag b erecififoienuence at a glefingseioisct | y
t ched Vi t |t
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aci ds whi ch have norge, t han 0. conpl enen ar&ﬁrﬁﬁlfgues on filter in

a Sout her ns‘B‘Pg?R}r@H@‘r"ﬁn%PFﬁs es“%%"?%? rﬁ\j’aﬁc“ﬁ‘é@éﬁ’t{% ‘at 42[err]
C, witsh the hyhy & of Striy éﬁtqlmuaﬁén Qbﬁdlﬁ’é’tﬁrf&t ﬁgsndmoﬁwml e of

hi ghly stringent wash condi t lons is 2 C for about 15
m nut es. ApcmRpligmsneary fueleici agids whigh have pore ﬂmd@rqomwem@maeamesm aash

5 B S R S o R €.
Stri ngencymaaﬁgbbridizatlemmgh&ﬁ:ﬁ@i Omndvmhﬁ Aingsxainple/ ot lﬁgmtrmg&ﬁdw

han 100 nucl des, i
T SSC ot aopdiions 1 0.bs M avaC 925 foriabul ko mbtite| A5y cmple o syranaspt %é%' j
for aglupl Eéndiﬁonsestn 0. ZXDSSC R aiL@9° ofor 15’ﬁiﬁlu€é3t(k&e%anib§oék é"al Sl%?aat 40 C

for 15 m nufes. gener al | aS|g [-to-noise ratio of
hi gher) thdescmaonolﬁﬁﬂ/bufferrbr Qften, rarlaglaSMgpmyb&aShns meMby elN’\U.r

bl ypept ; t ; hybri di zat i on.
"ol ypept 1 aBuru.past i @agyp bRl Gand Bl st ncb SRRl bt dbnisce | °"
rel at ed natwasRlfbiya ﬂﬁﬁlékl’dfﬁﬂ.gstmuf& (61100 aEROfdes, RNk SSOiHA5? C for 15

non-natural ly occurring 20 apal ogs thereof l'inked via pept.i de bonds,

rel ated nafRipwiesy AfteXaAmpl ﬁbowwmkwa%fqr@rﬁ@kxo e.g., Finae Hancd0l: i ¢

non- ngg ur al r 004

synt hesi zeghx?gﬁ&eéxggmx?ssﬁam ng agefgﬁggnnt e fg’éﬁtﬂl ﬁ‘pﬁéﬁ ﬁﬁggllggghrda
term 2x"(or chigher) thaxymamab'se,rvccbfm'rm umelamdgnolpmixthamartwalar hybridization
"peptide" t | cal,l fers to ot ol ypept i des. 25

Convent i on§¥ ¥t8?1 tgctinn.of ?]épe&t‘hc f’gb By pol ypeptide sequences: the

| eft-hand end of a poiPoBgRplidk? sty €5 a Polyindrvonipdhéilof Ahitborachl residaes,
r| ght - hand end of a pol ypepti de sequence is the car boxyl -term nus.

" Ant i body" related, natyrally, ogenriing ﬁfm%raj (Hasiants¢ and syphete agawapifallyoccurring

| ob I adblieE D
Speci T3 cal 1keg? St Ukl yRP il el Witeq Blew'alt) UPRRLR SHEHEA valtleE
i mmunogl| obuln'drsygthane; nomahtualy occurring adadogscthereof. | Syﬂtﬂet;c polypeptidesocanche

del ta, epsid gtrt]xesalged Tor g)?arr]x?ﬁlg rlvitlsmge grlx %tr}togm 55 polypepwse synthesizer. The term
"protein” typically refers to large polypeptides. The term "peptide” typically refers to
short polypeptides.

25 Conventional notation is used herein to portray polypeptide sequences: the
left-hand end of a polypeptide sequence is the amino-terminus; the right-hand end of a
polypeptide sequence is the carboxyl-terminus. .

"Antibody" refers to a polypeptide substantially encoded by an
immunoglobulin gene or immunoglobulin genes, or fragments thereof, which specifically

30 bind and recognize an analyte (antigen). The recognized immunoglobulin genes include
the kappa, lambda, alpha, gamma, delta, epsilon and mu constant region genes, as well
as the myriad immunoglobulin variable region genes. Antibodies exist, e.g., as intact

immunoglobulins or as a number of well characterized fragments produced By digestion



as the nyriad i munogl obulin variable regi on genes. Antibodies exist, e.g.,
as intact I mmunogl obulins or as a nunber of well characterized
fragments produced by digestion WO 98/ 45450

PCT/ US97/ 06012 Wi th various pepti dases This includes, e.g., Fab'
and F(ab) WR?%¥454%% agnents. The term "antibody," ads PEFUHTIOIN, al SO
I ncl udes anti body fragnments either prodﬂleed by the nodi fi cati on of
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pr ot ei ns methodologﬁg ot her bi ol ogi cs. Thus, under designated i nmunoassay .
condi tions, the specified antlbodles bi nd preferentlally to a
partiScul ar protein Amcangibodiof speeifigalibinds tojrer jig spacifically immmporeactive ot her
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parti cul aof fhregiresence of the prot&m/nr the tpyeseficei ofahetesygegeohs popilatioreyf freteimed t o
sel ect anti ecif noreactive wWth art, | ar

prot ei n. F’Eﬁf S’i&ﬁiﬂ?&‘c‘%o b\ﬁg%redeﬂgpgg%unoasis ygle E°‘h3ﬂt i nely
used t o0 SghiddidiHins &‘Ilty'tg a&ﬁmﬁﬂe feits ahd Mo her bxnd'lH‘iLHi‘éﬁiﬁ%ﬁ' ve with

a protein. See Harl ow and Lane (1988) An bod| es, A Laboratory
Manukl | Caingumpioj atherHproteins mm inathe csnmpleNewesztﬁq@mﬁm te acpaetein tpndeomcbf

IUN0ASS Buadicions seabiPh T EnbRdy BARH Ll fob 3 SARRGE R Dbl °

specific | ersto an
assay thatA véridty be&nmnnezstsaybfmdmascns}pbsuiadaalsbgect antibodies bpe“cﬁioany anal yte.

The i mungassay is.characteriz { he_use of spe I,fi c i.ng 20
propert i edMBMNGreacHve; WﬁpérPa&Pﬁ“f RIgtem, Farexample, f‘ eaﬂ':rﬁ;%@r quantify the
anal yte. immunoassays ar routmely used%@&k&’% ?nal éﬁﬁﬁﬁﬁsts edifiniyopol ogi cal

conpatibility or matching together o |nteract|ng surfaces of two
pol yHucl emmmgreadtim:sthh laeprotain. nBéecHatlow apd Lape (1988) Antibodies; 14 bakpratory

conpl enmen rih t.he .contact e
compl ementirat S Ud Spring HATBOSPyiEoR, NI Yptk PEE ERPRRR L ibimlcy R
second 25 fonna&whwwimmsdﬂatld‘anmbemwcd eatbrntifie Sptifiniremoetorédetivity s st
pol ynucleotide is identical tqg t nucl egti de seguence of ;[cglf
pol ynucl eoti de bi ndi " RIVRPASEAY; "Gferﬁ Froan assay, thas prilizes (ﬂ”e%’tt‘g to specificallyry, ;s
the pol ynygle SRAMERES Hndifle @
poI ynucl eot | dgﬁ 0 t’g’nggﬁcgleuence 'S g"r?s Wd HM%EPBFE&E&E g

" Con2@r vatpropertiesoaft 4 particulat’ antitfody s0 nsmlametamet;wﬁiurtqwmﬁyrthaawyuppept i de of

an 30 amno acid,th.a f t.oaIIyS|m m no =\1foIIOW|ng

si x groups each \@mpé?fﬂ*‘tﬂfﬂ ?‘ﬁg a i 6@4 ‘iﬁﬁ?‘gp@gﬁiﬂé%rc{far‘ oan

substi t ut itegeahdraif ifitdfactif® slifices of two polynucleotides. Thus, the two molecules can be
described as complexnentary, and furthermore, the contact surface characteristics are

complementary to each other. A first polynucleotide is complementary to a second
25 polynucleotide if the nucleotide sequence of the first polynucleotide is identical to the
nucleotide sequence of the polynucleotide binding partner of the second polynucleotide.
Thus, the polynucleotide whose sequence 5’-TATAC-3’ is complementary to a
polynucleotide whose sequence is 5'-GTATA-3’.
"Conservative substitution"” refers to the substitution in a polypeptide of an
30 amino acid with a functionally similar amino acid. The following six groups each
contain amino acids that are conservative substitutions for one another:
1) Alanine (A), Serine (S), Threonine (T);
2) Aspartic acid (D), Glutamic acid (E);



1) Alanine (A), Serine (S), Threonine (T); 2) Aspartic acid

(D), utamc acid (E); WO 98/ 45450

: . PCT/ US97/ 06012 3) Asparagine (N,
G ut am ne WQ 98/45450 "~ 4) Arginine (R), Lysine (K); )
I'sol eucine (1), Leucine (L), Methionine @), Vaiine (V); d’CT/US”/““u

6) Phenyl al anine (F), Tyrosine (Y), Tryptophan (W. 5
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bi onol ecul €" refers to an arganic nol ecul e of bi ol og}uca 1 origin,
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obj ect carfOBRPEEBLIR: DeGies, canpat, b dete IMRPSILGR by copvemsoad: i de

sequence Zfdtectioh Mdithdds) BF 88 QBinpbﬁnéﬂ cORGAY bfs@hﬁmngagxe\er ng@s) that can
be isolated froma source in nature and whi ch has no een

i ntenti ond?lP‘}ml?B@N sRegicsy '1Rrganis hiormoleawls? seforsytojan organic molecule of biological

nat ugal | y- n

ri bo%gcl eoprot el H %’orrprnsx mﬁle}cearcédsf carbohydrateI%Hﬁ oel‘ééé{to éﬁ gﬁf‘@ me of
eukaryot i anolecgiem((dﬁﬁthlﬁon&)l, stabilizetss(eaghi BSHAY, aml ﬂeinﬂmr iohespecxé?ﬁare nooNA
sequence of a, .eukar ot| teI o e. Telgnmerase is _furt characteri zed by
an Y?ﬁxﬂf %‘eﬁ’ﬁ‘éﬁ%g RRPes of this g’i“&%t | east part of

the tel orrerl c repeat "Namrally-déf:u&ﬁx@" Saetabﬁﬁecﬁfbeﬁ Sﬁe&":@feh‘é'td)fh% fhft ol the

protein corrponents As used herein, "anim oner ase, nal i an
t el oner aseobjest ¢an b fewnd i mﬁasﬁcr mnmle,mmlﬁpmdc 25 @olynhcleotide sequencan be
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acid sequemama®, andrwhxch has notRiéén dntenticrediysmudifibd b enBriethe ldbofbrydie
sequences. Hu }r,lotcel orrer ase contains the

"Telomerase" or "telomerase ribonucleoprotein complex" refers to a

ribonucleoprotein enzyme of eukaryotic origin identifiable by its ability to polymerize a
25 DNA sequence of a eukaryotic telomere. Telomerase is further characterized by an

RNA component having sequences complementary to at least part of the telomeric repeat

of the source species and by one or more protein components. As used herein, "animal

LU

telomerase,” "mammalian telomerase" and "human telomerase” refer to telomerases that
can be found naturaily in various multicellular animal, mammalian or human cells,

30 respectively, or having polypeptide components wiﬁ the- same amino acid sequences, and
RNA components with the same nucleotide sequences. Human telomerase contains the

RNA component, "hTR."” .(United States patent 5,583,016, Villeponteau et al.) The



RNA component, "hTR " (United States patent 5,583,016, Villeponteau et al.)

The _ WO 98/ 45450 _ ) : 12
PCT/ US97/ 06012 term"tel onerase"” includes all allelic forms of
tel onerase, including wild-type and mut ant f or ns.

"Tel omer ad¥OP#$8 n conponent” refers tg.A protein conponerRCTAISTAGD12
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vitro. mutant forms. "Tel onmerase associ ated protein” refers to a

protein that binds t,,ﬁ. tohe .t el onerase %gsre enzyne but that .i.s not
necessary for tel omerSOMERSERFPELR FIMRANERL, refpgs o 4 protein component of the

" Tel onmer agometake béee dn2gel * refers to a protein which, when included wth
tel omerase core enzyne, inproves telonerase activi %@fl n vitro. '
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"ot onor a SRRt 1ol ARRRAE pRic SunRoBl, bSPRL A3 TeBihigtt pig e’

t el oner aseitréne assay nethod for detecting telonmerase activity is the TRAP
assay. See _ y et al., Internagtjonal Application W) 95/13381.
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nucl eotide addition to a tel onerase substrate or prinmner. e radioactivity
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20 Phosghor | erfer screen _exposed to..a. whi ch the radioactive
products gmeragg%ore[estggéﬁ;airgﬁxﬁoﬁ é‘goﬁrg?pa&‘?ﬁgﬂ wg&d a control experinent
can be conpared by ViTelomhdr¥se related protéinmeeférd ScdtieoiveiyrtormlofierRE protsiar eens.

See also the commercjally avail abl e TRAP-eze[err] .. t el omer ase assay
kit (OncorPmPRRNSHelomerssg assogiptedprotainmand, igiomerase activity factors. The
"specific activity"” rNEES i éi@fthe@ﬁ' : ivity 25
per anount of protei'?ell&rtlﬁga unlctﬁ$§}c')l &%II.Q%W ' Jf%lem%ﬁemgg#rified

t el ok®r asdetlomefases One assayometheddop detpeting felomerasg\activitis the JRAP assay. See

2000-fol d 4 ncreased, rel at.i v unity. resn, a telonerase

or epar at | GHRHALGe 3o ghrtosl Abfijcrton. W70 $3A0aBE! Tk asfil FRRGsAE prpount
specific aftradiohétivel nuicRoEIR iné@pbfitddintd EloRgatiahi ppotucts, @b%ynucleoﬁdes,l formed 2000
times greater than the specific activity of telonerase of crude cytoplasmc

30 ext reycRusleotide gdditianite H-I_Elﬁﬁlﬁﬁsé SEW_E%PII primefa s The &9{!0%@”& n bel ow, and
as measur %ﬂc&kofafkt@ can be measﬁfddgﬁimgﬂalﬂgﬁgf tHa ﬁéﬁ.fiél S€5 bhddGlaher ei n bel ow

in Exanple I. IS estimte onerase preparation
havi 29 abdRtosplalroagerT sireen exposastoch gell ait which e radioactiveopiodses afe

separated. A test experiment and a control experiment can be compared by visually

using the PhosphorImager™ screens. See also the cothercially available TRAP-eze™
telomerase assay kit (Oncor); and Morin, Cell 59: 521-529 (1989).
The "specific actiflity" of telomerase is the amount of telomerase activity
25 per amount of protein in a unit volume. .
"Purified telomerase” refers to telomerase preparations having at least
2000-fold increased relative purity. As used herein, a telomerase préparation has 2000-
fold increased relative purity if the specific activity of telomerase in the preparation is at
least 2000 times greater than the specific activity of telomerase of crude cytoplasmic
30 extracts of suspension-capable 293 cells, described herein below, and as measured by the
' primer elongation assay described herein below in Example I.A. It is estimated that in a

. telomerase preparation having about 100,000-fold increased relative purity, about 6% of
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PCT/ US97/ 06012 the proteins are telonerase, while in a tel onerase
pr.epar ation havi ng about 1, 000, 000- fold increased relative purity,
about 60%wad okAsaser ot ei n nol ecul es are tel onerase. i,bgdgg;y OF
PURI FYI NG TELOVERASE 5 1Bhi s invention provides purified -
tel omerase and nethods of nmaking it. In particular, this invention

i s direct edietpsotginsiare exlomenasen| WRIle isr2 Frlomerase prepatation haming abour 1,000,000-
reconbi na . This..in ' [ : bl e

I sol at ed ﬁoéénﬁjifny éé?eqatw_g?é‘ﬁ%’ %@g& gggﬁ ﬁ%ﬁ%ﬁ g%eu{r)igéleefchggﬁ }%%gdr%%%se' crude
extracts of normal cells, cancer cells, i mMmmortalized cells, human or

ani mal tissues, , s _eXNr.essi t el omerase 10
recombi nantty. M%&BS 8{: Jﬁﬁ{p : é‘ : E el onerase Activity
I'n netshods of purifyirRQ iheduiBRpReAdeS purifidd fefiindta@fdHd hehdad Sfﬂiaﬂﬁgtiﬂeln

presence or anount of telonerase or telonerase activi ty 1n a prepalration.

Several asparyiculag this iaventionds dirpeted to purified mapunaliantas humam telonfegase tand

pur pose of 1 ] at i . by, . ef er net hod of
measuri ng F%g}‘@&’ggf] h?(gn%rg%el vﬁﬁé lg‘?gﬂbéi‘@ﬁ%‘?gessep ﬁ@%h[g%géﬁr%r isSthted frolh any

el ongat i oncglksexyresding Iclomeride, for @rampieh @thderexkzacTof @okmal cdlie] OaceediR] | V.
this assay, . heasures the amount, of radi oactive nugl eoti des

i ncor por at HEMPFReliZedfeflf AR Prjamimal tissues, Aok Gr AE0m SRILS CRprEsHing tlomesasse.
The U”trécﬂﬁﬁiﬂ%ﬁﬁ?.t ed is neasured as a function of 20 the intensity of
a band on a phosphof nager screen exposed to a gel on which the

radi oactive products are separated. A test experinent and a control

experinment can 2161 ed b RYEVRN phosphoi mager screens. This
assay i s based anﬂéﬁﬁ-ﬁmﬂ‘%{e—w—& by GB. Mrin, (1989) Cell
59:521- 529. In methods of purifyif@ tdl6merRSS aVis loften LSERAIRY dterndifé thei tY 1S
t he dot bl ot assay. The-dot bl ot 25° assay is useful for routine

screeni ng DESERFSCOT; AMOus of telpmerase of FRlemerasr) 2¢tivia i dsprgparation. Sevegalsassayscan

be caqqied b ' e \ | : : med
aut or 1 ol aiEtiR, Pk . AL tecld iR, 360 Mhe st 0r Obechiin HE R il
The dot bl die most preferzd sagthod ofroeksuringethe ispexifio activitypotT telogneassti iy theyprixher
sanpl es at youghly the e | evel, of . . rity.and | ess _effective far
sanpl es at 4??‘58%9%??53& ASEY ﬁﬁwedﬁﬂeﬁ’@ﬁ%?ﬁ’t”ep 'nasmgysbh‘s assay
preferred agasired e ARG F Radiactiob duti¢btidts ihéotpordted Bt pélymicotidee dot

bl ot assay is | provi ded in Exanple |.B. . .
synthesized on a primer sequence. The amount incorporated is measured as a function of

20 the intensity of a band on a phosphoimager screen exposed to a gel on which the
radioactive products are separated. A test experiment and a control experiment can be
compared by eye oh phosphoimager screens. This assay is based on an assay described
by G.B. Morin, (1989) Cell 59:521-529.

Another assay fbr telomerase activity is the dot blot assay. The dot blot

25 assay is useful for routine screening because it has high throughput and hundreds of
assays can be carried out in a single day with a good portion of the labor performed
automatically. Results are available by the afternoon of the second day. The dot blot
assay is most effective for comparing activity of samples at roughly the same level of
purity and less effective for samples at different stages of purity. Therefore, it is not a

30 preferred assay for determining relative purity.. A protocol for the dot blot assay is
provided in Example I.B.

Other assays involve detecting the presence of the RNA component of

telomerase. The sequence of the RNA component of telomerase for several species is



O her assays involve detecting the presence of .the RNA conponent of

tel omerase. The sequence of the RNA conponent of telonerase for several
species is WO 98/ 45450 o 14 '
PCT/ US97/ 145450 known. A pol ynucl eoti de conprising the sequence for
t he RNA corrponenf of hunman tel omggase ("hTR') has bBEWUSEMGI2ed.
Human genom ¢ DNA encodi ng hTR has been cl oned, sequenced and

pl aced on \deReS| A polymididetiae chRBAsiH thBueske 08 e RRANEGHhibhe bf h -15

kb insert containi ng human t el onmerase RNA conponent gene sequences. one

28- 5  telomesasgepRERebpsMeen isclatedymdtumangenpmic DNA encoding h'mirl:gs)bcez_rcc
tt T n cessi.q ynoer .,
5025, 1 <o sCHRBEREind placed of BERNE. N ackb}5; RRTSRRAIAE N ToRfius an
cont ai ni ng~516ckbehnfn Cﬁﬂﬁ&iﬁiﬂgﬂﬁhﬂm?)_ (dlﬁngéra%Rflﬁld &ﬁh{:ﬁﬁ?th Qéﬂg sefieences. _I_Clone 28-
hTR. Pl 1, was_depgsited wtlh e Anerican Type
S 82 1w Tom i B RSs o Gl st g e it
accessi on TwaResn 28dision Himber ATRSE WFWQWQEGWSEO%L&H?]T&S

Saul I  Al-H ndHI || Tragment of clone 28-1 also cont an
sequence. kinHindIHc%aet énsert conwining sequencpsdrom lankdacslionie28-1 thaAEQntiR the: 1,

bel ow. The i 1.-ndi cat ed. aboy he seguence j.ndi cated by
stars and seaﬂ&lcg%tf%h .e?gaggqu § . WehE°RO lﬁ%f‘gftg dlg‘eeé‘f%’ﬁ%ﬂ Wﬁjgﬁdﬂf’ﬁed. 15
1 CTGCAGAGC#ITe WMMWW&%}#WCC 75926.

GACGIFCCTQ-%%EnggxI%G&CJQL%%HWHMHI fragment of clone 28-1 also contains

the hTR sequence. The sequence of the Pstl fragment is provided in SEQ ID NO:1,

below. The nucleotides of hTR are indicated above the sequence indicated by stars and
numbered 1 t0-451. The template region is underlined.

15 # :
1 CTGCAGAGGATAGAAAAAAGOCCCTCTGATACCTCAAGTTAGTTTCACCTTTAARGAAGG

GACGTCTCCTATCTTITTTC7GGGAGACTATGGAGT TCAATCARAGTGGAAATTTCTTCC
-PsTl- :

20 61 TCGGAAGTAAAGACGCAAAGCCTTTCCCGGACGTGCGGAAGGGCAACGTCCTTCCTCATG
AGCCTTCATTICTGCGTTTCGGAAAGGGCCTGCACGCCTTCCCGTTGCAGGAAGGAGTAC

121 GCCGGARATGGAACTTTAATTTCCCGTTCCCCCCAACCAGCCCGCCCGAGAGAGTCACTC

25 - CGGCCTTTACCTTGAAATTARAGGGCANGGGGGETTCGTCEGGCGGGCTCTCTCACTGAG
181 TCACGAGAGCCGCGAGAGTCAGCTTGGCCAATCCGTECEGTCGGCEEGCCECTCCCTTTAT
AGTGCTCTCGECGCTCTCAGTCGAACCEGTTAGGCACGCCAGCCEGCCEACGAGGGAAATA

1 10 20 30
30 L 2 T 2y R T 22 3

241 RAAGCCGACTCGCCCGGCAGCGCACCGGGTTEGCGCAGGGTAGECCTGEGAGEEETEGTCET
TTCGGCTGAGCEEGCCETCGCGTGECCCAACGCCTCCCACCCEGACCCTCCCCACCACCSE

40 50 60 -70 80 90
35 LA R L L L L L e L L L 2 2 L 2 2 L Ty aarary
301 CATTTTITGTC CCCTAACTGAGAAGGGCETAGGCGCCGTGCTTTTGCTCCCCGCGCGE
GTAARAAACAGATTGGGATTGACTCT TCCCGCATCCGCGGCACGAAAACGAGEEECGCET

100 110 120 130 140 150
40 R R g L L L L L s s
361 CTGTTTITTCTCGCTGACTTTCAGCGGGCGCARAAGCCTCGGCCTGCCGCCTTCCACCGTT
GACAAAAAGAGCGACTGAAAGTCGCCCGCCTTTTCGGAGCCGGACGGCGGAAGGTGGCAA

160 170 180 190 200 210
45 ddeddedddleh ik hbdrdibbbhhdbdrihdddkrdobddrbhddhhdthr
421 CATTCTAGAGCAAACAAAAAATGTCAGCTGCTCGCCCETTCCCCCCTCCCEGEGACCTRE
GTAAGATCTCGTTTGT T TT I TACAGTCGACGACCGGGCAAGCGCGCAGEECCCCTEGCACG

HTR
50 220 230 240 250 260 270
dededdededdkdddh kbbb hbhdbbrdhbddhdrdhhdhrdhhddhbhdbdhdidddiid
481 GGCGGGTCGCCTGCCCAGCCCCCGARCCCCECCTEGAGGCCECEETCGECCCEGEROTTC
CCGCCCAGCGGACGGETCEGEEELTTEGEGCGEEACCTCCGECECCAGCCGEECCCCGAAG




_PST1- 20 61

TCGGAAGT AAAGACGCAAAGCCT TTCOCGGACGT GCGGAAGGGCAACGTCCTTCCTCATG
AGCCTTCATTTCTGOGTTTCGGAAAGGGOCT GCACGCCTTCCCGT TGCAGGAAGGAGTAC 121
GOCGGAAAT GRRyGHETZYAT TTCCOGT TOOCCOCAACCAGOCCGOCCGAGAGAGT GACT 57106012
COGCCTTTACCTTGAAAT TAAAGGGCAAGGGGGGT TGGT CGEECGRGCTCTCTCACTGAG SR

181 TCACGAGAGCCGOGAGAGT CAGCTTGGOCAAT CCGT GCGGT CGBCGROCGCTCOCTTTAT
AGTGCTCTCGGCGCTCT CAZBCGAACCREY TAGGCATIUCCAGCCSETGGOGAGRGAAATA 330

Thhh kbt dhbrrrehdribds

[2 22 AL X2 XL Ras s X X"
1 54 'rccsaﬁc@cacccm'rsc QCgmeeAmgcrcmrmccscmmrcrcm
T it *ReEoTecErEddTEAGATeeCECTTCT GAGACAGTCGGCGCCCAGAGAGCCE

AAGCCEACT CGCOCGRCAGCGCACCGRGT TGCGGAGGGT GGGRCCT GRGAGGGGT GGTGGC

TTC@T@@G@@Q@@&I@Q@@@W@A@%@@W@A,MﬁL,

40 50601 Gc;CGA&%CGAGGTTCAE&CWTCAGGCS&AGGAAGAG GeRGCaaGTCCccaed 01
CATTTTITGICTAACCCTES ‘ mffmmscscsc

GT. CAGATTGGGATJ € CcTCT T CC“C%GGCA

450
100 110 Tl fedede 0*****t*f*-bl\vgg-.*********jkébi****t** 259**40* 361
CTGITTTTCT CGEA LAGEEICtBGR Y dc

% % : : ! (e .' < A
160 17Q5, CGCT%GTTGGTG%,&& -
CATTCTAGAGCAAACAYSAASSEREAN SR E AEe

GTAAGATCTCGTTTGT LT T TTACAGT CCACCACCEEECAA ACTGACTG GTGTGCT T'I'GGCAGGA
g?rg 58 A 8c cccemgg TGGGGC%GACTGAC%%%? TCACACGA AAccc'rcc'rc60

25 501 GCCCTTCCTGCGTGGGTITCTCCCGTCTTCCGCTTTTTGTTGCCTTTTATGGTTGTATTAC
CGGCAAGGAC_GCACC CAAGAGGGCAGAAGGCGAAAAACAACGGAAAATACCAACATAATG

961 AACTTAGTTCCTGCTCTGCAG (SEQ ID NO:1) (§ = "7" 1Is A OR T)
TTGAATCAAGGACGAGACGTC '
30 _ -PsT1-

For the sequence of the RNA compbnent of telomerase of humans, mice,
yeast and ciliates see Feng et al. (1995) Science 269:1236-41; Villeponteau et al., United
35 States patent no. 5,583,016; WO 96/01835 (Villeponteau et al.), WO 96/01604 (Andrews
et al.), Blasco et al. (1995) Science 269:1267-1270; Romero and Blackburn (1991) Cell
67:343-353; Lingner et al. (1994) Genes and Devel. 8:1984'-1988.; and Singer and
Gottschling (1994) Science 266:404-409, .
| Reverse transcription PCR ("RT-PCR") is a useful assay for determining
40 the amount of telomerase RNA because it is very sensitive. A protocol for an RT-PCR
assay is provided in Example I.C. See also, United States patent application 08/770,565,
filed December 20, 1996. Other methods for specific RNA detection can be used, for
instance, Northern Analysis. A protocol for a Northern Analysis is provided in Example
I.D. The major limitation of using any of the hTR assays to detect telomerase is that the
45  presence of hTR does not mean that active telomerase is present. For example, normal
somatic cells and some fractions from partially purified telomerase have significant
quantities of hTR but no detectable telomerase activity.
Another very sensitive assay for telomerase activity is the TRAP assay,
described in Harley et al., International publication WO 95/13381; Harley et al.,
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PCT/ US97/ 06012 280 . 290 300 310

320 330 PIE 20 20 20 I S S S0 20 0 b S0 S S0 b 20 b b I S S b b b b S S S b b b I I S S b b I b P b I b b b P I S b b b I I b b b
541 T CTGOCACCGCGAAGAGT TGGGCT CTGT CAGCCGOGAGTCTCTCRRG 5

AGGCCT GGOGCTTCTCAACCOGAGACHST CGROBCCCAGAGAGOCRE T/US9 /06012

340 35 360 370 380 390 601
GGCGA\GGGC@EEET datien PSSV Fad

OOGCT COOGCT CCAAGT CCGGCGTCCTTCTCCTT%WM P (1994)

400 Sgiegce 266 201142015. 430 440 450.

CGOGGCGOGAT TCCCT GAGCT GT GGGACGT GCACCCAGGACT CGECT CACATGCAGT T

GCCIZCCIZCITFAAGGEACFCGACACCCFGCACGFGGGTCCFGAGCCGAGFGFACGFCAA 15 721
- §0GCATCCGTCACCCCT CGOCGGCAGT

GOACAACCACCCOCCT TGOGGET AGCACGOGT AGGCAGT GOGGAGOGGCOGTCA 781
TGTGAACCCCCAAACCT Generah ErasideraNenssT GCTGCAAATTGGCAGGAG 20
G} CEGTC
(_ (&GA

CCCCCGAACACT TGGEGEEGET TGNy fefins w
ACGT GAAGGCACCT CCAAAGT CGGCCAAAA%AA ' 001
R(Y 3CEHE d-6¢Get céthaminating

GOCGTTOCTG TOCRCTTT TGTTCOCTT IATG(JIIGTAT',I'AC
CGGCAAGGA %% : plivteS e Vi REAROEMIAR, 2 method that 961

AACTTAGT T Giel &S iR(orhszhte théﬁﬁvaDﬁN@O@)fold(;ﬁxrcx volves the\fddwing steps:
TT T CAAGGACGAGACGTC 3 -PsT1-

For the sequence of the m%@%mm@ﬁmséobﬂmmmec@qr

yeast and t fgeet al . (1995) Science 269:123641; Villeponteau
et al., (cRmb! gé’“éﬁgrstgates patent no. 5,583,016; WD 96/ 01835 -

(Villeponteau et al.), Vm}aisblaﬂxﬁgzlel()mmaewlmm Ether or@ilné:gﬁln);moclglalnwmat al .
1995) Scigence 269 7-127 ro and Bl ackburn

g?: 342%- 35§e r}l_rf'ﬁtéﬁe‘ft’aé?mgf m°?e‘f§§ﬁ;ge%‘?‘?e§ nEgARY| ge, é’rl"}BE’-P@Q’@R%%I Si nger

and 50 HQ; o

15 (3) further purifying the telomerase with a matrix that binds
molecules bearing a positive charge, for example POROS® Heparin 20 HE-1;

[Serase from an 841

_(4) further purifying the telomerase with a second matrix that binds
molecules bearing a negative charge, for example, SOURCE 15Q®,
(5) further purifying the telomerase with an affinity agent having -
20 specific affinity for telomerase, for example the oligonucleotide 14ab, which has the
sequence 5’-cgtteetett cetgeggeet-3’(SEQ ID NO:7); and
(6) further purifying the telomerase from other organic
biomolecules according to molecular size, shape, or buoyant density, for éxample
separating molecules according to size on a TosoHaas TSK-Gel*G5000PW,, sizing
25 column.
Additional steps optionally can be included in the purification methods in
order to produce telomerase preparations with higher relative purity. Telomerase can be
- further purified with an intermediate-selectivity resin (preferably a matrix containing
spermidine) before affinity purification. See Fig. 2.
30 The specific purification steps used and their sequence is at the discretion
of the practitioner. However, the following guidance is provided. In general, it is
preferred to begin with steps having high capacity and relatively low selectivity, followed

by steps having intermediate capacity and/or selectivity, followed by steps having low
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This i nvensmﬁwm%enmlm si%e, sHRRG BT BuRYians densityy SWhHe purification wvith
t s t
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Specific affinity matrices have relatively low capacity, but high selectivity,

and are preferred later in the purification process when telomerase is present with fewer
15 contaminating materials. This step can be a sole purification step and is most useful

when telomerase has at least 40-fold increased relative purity.

2. Source of Telomerase
Purification of telomerase begins with an impure source compdsition, such
20 as a nuclear extract or crude cell extract, preferably rich in telomerase activity. Single-
celled organisms with no limits on the number of cell divisions, such as Tetrahymena or
yeast, make telomerase and are good sources for cell extract in the preparation of
telomerase from such organisms. However, in multicellular organisms, especially
mammals, not all cel_ls make telomerase. Therefore, sources have to be identified from
25 the cell types available. In mammals, germ cells and tissue, cancer cells and tissue and
immortalized cell lines are all sources of telomerase activity. In rodents and possibly
other non-primate mammals, some normal somatic tissues, e.g., mouse liver, are sources
of telomerase activity.
Immortalized cell lines are a particularly useful source of crude telomerase
30 preparations because they can be cultured and harvested in large quantities, thereby
providing cell extract for large-scale telomerase preparations. In particular, in the
preparation of purified human telomerase, 293 cells are preferred. 293 cells are of

human embryonic kidney origin that have been transformed with fragments of adenovirus



10 (1) providing an inpure preparation containing
tel onmerase, for exanpl e, a.nucl ear extract;

(2) isolating telonerase fromother organic bionolecules with a

first mat rW69§}394t50b' nds nol ecul es bearing a negative charge, for exanpl €,
POROS[ er r ] 50 HQ@ 15 18 (3) fUPETIERY7E0E2f yi ng
the telonerase with a matrix that binds nol ecul es bearing a positive
charge, f (GRS r 2 _ .

(4) furt hgtrg'p%?lﬂ%ﬁ (n(g e[e%{ ngeb\?\?t lrglEgécsognZinrra'It‘l}e ?(eut]ﬁ %hlﬂhgrows

mol ecul es iBemeReigyex cnhgm,a wes adaptagieto growtteinasuspensicBCRsiTRar ard Ghuznan,

(5) furthe [ MoY)] i el an_affi. y t havj ng_20
specific a¢1]9§5r> M f‘g& {"%? rsog%ﬁ%ow i ?Y‘f’éa fé‘?fﬂ&ﬂ? Amerigan Typy,
whi ch has Ciiieure CollectiGie GA'FOCE (Recegdbh N ATCCTREQYF?3), - 3' (SEQ ID NO 7); and

(6) fgrt her purifyi ng t he teI onerase from ot her organic bi onol ecul es
according to nol ecul GFuds;nugleag gxmact can bp pegparad @émmgfwleeﬁzmpcﬂoplasm

separ at | n%ﬁph@&l&ké‘eﬁ e O bl e H&aﬁédzgeseﬂpﬁo&g | on a i’lg(fﬁogoﬁﬁwcan

sizing 25

be included in the plhe cmdatcelbrcxmroaﬂsbelpnepared in ﬁnnyhacaltmamkﬂdmerany,

t el oner ase eparati ons wth her, Tel o se can be
further pu?eﬁafs cgﬁ W ﬁmF?‘F ?Pg&f 4t gg’ea‘t"t%ﬁg SY%%SWPI(ngegewam getailed
matrix congm@tdtolis provided ns mmpxélme)ngeefeng Wl dsYsubpenkibh %ﬁim&et.% 898t 9

2. 30 (I)wmflc purification steps used and eir
sequéﬁce |§P‘%R°ftbﬁ§le§|‘§é?]§!lﬁ bnMEM, 5% gewber qaifassrumi 3igék NaHO@ey %, nathe

fol |l owi ng [ hed Lf 0 begin
W th steps&E%w ng %ée;\ggg%ﬂ'i/ and T?eéfﬂ, s‘*eg’mmsye ecrt:l%l tsﬁéf‘g'ﬁxﬁ%\ed

by steps hmlmgntamedrm@oﬁ atles cdtsﬁmlhgddwﬂlowergmcnom t Qnefawolwdoxhhacﬁt eps
havi ng | ow

PCT/ US97/ 0% 5 # cell-culture specy éﬁf‘ﬁa&‘}iﬁ“ﬁ Igreecharchies of celfs. GaRracters includa ng
mol ecul es Ragktiag Bi@l%gigglgﬁgsﬁemd‘@ﬁfdﬂﬁon DE), céiﬁkqsﬁnﬁaﬁsw V)] &ﬁ@%%hk)l and

are useful as earlg ecause telonmerase Is present
guant 15t i es(Sonthc8an WCWEM -ication nethods typically w I | begin with

| arge anounts of I esins, purifjcation

Wi t h ani on exchange reS| ns %@éarﬂéhﬁxﬁi%}%o;@@%ré@ﬁgﬁﬂ% IPW&"ZS/’" tures

puri fi cat i Gvhich fdcilitates iaxge bcate mmnhngp,l #lsoldreusbfud fompurifoingthuveéin telomerase.
Purification

h b d.
ctops havi SERGiRtEY inEfils cEl SBFERT Bl T cobtineagssrctyas Mumslva  Brrid’
after hi ghlyﬁﬁihaﬁiaWDﬁicﬁRBurﬂtE’Qflﬂn B&hé)d%x‘i&t (abﬁ@Sr edil iebk&nity dh@ BRUT

sel ectivit separation based on nol ecul ar size, Shape or guoyant
densi \/é:pra@eg}m'r fcpkd dymphomg)tlipes. Also, HeLa cells (cervical carcinoma) have
telomerase activity. Extracts from HelLa cells are available from Computer Cell Culture

Center (Mons, Belgium).

Nuclear extracts from 293 cells are a preferred source ef telomerase. The
crude cell extract from mammalian cells used in the methods of this invention can be
25 whole cell extract or cytoplasmic extract.
The amount of impure preparauon needed to purify telomerase depends, in
part, upon the abundance of telomerase in the cell, the amount of telomerase lost at each
- step, and the unltimate degree of purification and amount desired. Example III describes
the use of 128 liters of 293 cell suspension culture in a procedure that purified
30 telomerase more than 3000-fold.
As purification advances, telomerase becomes both pufer and more dilute.
In this state, telomerase can be lost due to telomerase sticking to tubes, tubing, tips, etc.
This loss can be minimized by the addition of detergent. In particular, the addition of up



10 Internmedi ate selectivity resins is preferred first, the internedi ate
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25 | 4, Matrices The Bind Molecules Bearing A Positive Charge
A preferred method of purifying telomerase involves, as a second step

between two anion exchange purification steps, contacting the telomerase with a matrix
that binds molecules bearing positive charges, separating telomerase from other organic
biomolecules that do not bind to the column and collecting the telomerase. Ina

30 preferred embodiment the matrix comprises heparin. In particular, POROS®
Heparin 20 HE-1 (PerSeptive Biosystems, Cambridge, Massachusetts) is useful as a
matrix at this stage. Other useful matrices that bind molecules bearing positive charges
include SP Sepbarose® CL-6B and Resource™ S (Pharmacia, Uppsala, Sweden).



protocol is provided in Exanple Il1. 293 cells are grown as suspensi on
cultures in 8 liter 10 spi nner .bottles in Joklik's - MEM 5% newborn

calf serum 2 g/l NaHCJ err], 1 % non- essential amno acids, 1 %
glutamne,. 1 % penicillin/streptomycin at 37. The cultures are
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do not hhibit te

Tween[err]-20 (non-ionic detergent Szyr S . Inr oner ase
acti vi ty, mattcesdncladedaatdtbis step generallyr havetlowerbingding capapities but can be more

3. Mat r | ' C. i ng. .A Negative. e .
A pr of or r SSiEeilye e R a0, HERRY W RO PUBATARE CTPer. et o o
i nvol ves celomarase nip intezadtiohs text asemord Borhples thaanchasges alvhe"Bid areattabat bi nd

nol ecul es beari ng negafi ve charges, separating telonerase from ot her
or gafﬁj c bitPerbfic as, for e{q‘}gyledguxgbod?es. Binding charagtexjistics c%n include, for example,

combinations of electrostatic attraction, hydrophobic/hydrophilic attraction, affinity for

particular components, such as nucleic acids or particular amino acids in the protein,
affinity for chemical functional groups on molecules, and the variety of compounds
known and used in prbtein purification for semi-specific separation of molecules. In

25 particular, and without limitation, this invention contemplates the use of the following
intermediate-selectivity matrices.

Matrices comprising a polyaxh_ine, such as spermidine or spermine are
preferred in this step. These molecules contain primary and secondary amines amidst
hydrocarbon chains. Both charge and hydrophobic interactions may be involved in

30 binding telomerase.

Matrices comprising polynucleotides are useful in this step. In the case of

human telomerase, polyguanylic acid retains telomerase activity. Without wishing to be

bound by theory, these matrices are believed to be useful because telomerase is an



not bind to the matrix and collecting the tel onmerase. Matrices binding

nol ecules with a negative charge -are useful in purifying tel onerase
because. at pH between about 6 and 10 about 9, the tel onerase conpl ex
appears townessgdo | east | ocal negative charges. In a P@f/@gﬁorﬁg
enbodi ment of the invention the matrix i3l an ani on exchange résin pgc ed in
a col um. Ani on exchange resins bind negatively charged_ nol ecul es.
One benef jeazysne that synthegizes d)l?igi P coptams e RIMA ﬁﬂ‘%‘ytrﬁfé"t@f"ag}b Isppresumed

pr epar at'%‘hhie boXGainb WhidH ﬁﬂbﬂﬁaﬁﬁﬂﬁﬁ'é&%ﬂfoleoddes._ these resins. 15

In isolating human tel onmerdse, anion-exchange resins characterized by
tertiary or quater navigtrizes camprising divalent gretal jengare \alspeusehi indbis stepsul t s.
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steps, contacting the telomerase with a matrix that bi nds nol ecul es
beari ng pdbat the preteisrepanot beeyssevaredig Thus.oeach anetak mush be: tested empirigally for its

bi onol ecul es..t h i.n o |00 tel rase.
in'a s bl picdith vt g T Blod o QbstasBlnd e £

parti cul arreleR6dR6¥{etdridrase must be éffipieni.n 20 HE-1 (Per Septive Bi osystens,
Canbri dge, Massachusejts) is useful as matri x at this stage.
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20 boronic acid is complicated but essentially involves interaction between diol groups on

proteins with the immobilized acid.
In one embodiment of the invention, the telomerase is contacted
sequentially with at least 2, at least 3 or at least 4 intcrmediate-éelectivity matrices.
Since contaminating proteins are uh'likely to behave like telomerase on matrices having
25 different characteristics, the use of more than one matrix improves the level of
purification at this step. Sequences producing higher yields and purifications can be
determined empirically, and matrices having higher capacity are preferred earlier in the
sequence. Some combinations of two matrices in the series are not preferred due to their
similar modes of separation, for example, one divalent metal column followed by
30 another, spermine followed by spermidine, poly-L-lysine followed by histone.
Another intermediate purification step in a method to purify telomerase
involves separating the telomerase from other organic biomolecules according to

molecular size, shape, or buoyant density and collecting the telomerase. This can be the



hydr oxyl apatite, telonerase is separated from ot her organi c bionol ecul es
that do not bind to hydroxyl apatite and the telonerase is collected.
Hydr oxyl apatite is a crystalline form of cal ci um hydr oxyl phosphat e
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biomolecules, than are the agents in the other steps of the method. Affinity agents

Q)

having specific affinity for telomerase include, for example, oligonucleotides that are

25 complementary to the RNA component of telomerase, oligonucleotides (RNA or DNA)
having a primer sequence recognized by telomerase, antibodies that recognize epitopes of
telomerase or telomerase associated proteins, and compbunds that inhibit telomerase. A
preferred affinity agent is Oligo 14ab, an oligonucleotide whose sequence is given in
Table 2. Anti-nucleolin antibody and anti-TMG antibody also are useful.

30 Oligonucleotides comprising a nucleotide sequence complementary to a
sequence of the RNA component of telomerase (e.g., an "antisense sequence”) are useful
as affinity agents. In one embodiment, the oligonucleotide is attached to a retrievable

label, e.g., biotin. "Peptide nucleic acids,” polymers having an amide backbone and
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purification. Preferred matrices are
tested in parallel with a control non-specific oligo. Depletion refers to the retention of

telomerase by the oligo; recovery refers to the subsequent release of telomerase from the
25 oligo. | '
Oligo 14ab is the preferred oligo for affinity puriﬁcation. Oligo 14ab
hybridizes to a region of hTR that is accessible in the holoenzyme.
Oligo 5 also is a good oligonucleotide for affinity purification. While not
wishing to be bound by theory, Oligo 5 is a strong non-processive primer, so it may not
30 be acting as an antisense ligand; it may be acting as a primer ligand. Using Oligo 5 and
eluting with varying salt concentrations, telomerase activity has been recovered in a set

of fractions containing low levels of detectable protein (10 pg/ml), making this a highly
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bi onol ecul es, @ 'ag ¥re the aggnts i p o=l stepgg'Eg gﬁﬁ deehod.
Afigsty ageng®zocisan  haviBg spe@RELISTEETAsY vy f oBodd ' SEBEIASE: i ncl ude,
for exanple, oligonucl eotides that ageessible regabpl cretd vy &1 tkDamelbhife.
conmponent of tel gnerase, .0ligonucl eotides (RNA or DNA) havi ng a
primer sechi@ifce LUEYBIcIeoHde BEAUERLESpr ase, anti bodi es that recogni ze

epi t opes . f N@?f.ase or tel omerase associ ated proteins, and
corrpoundsq{nﬁarz |(Sn%(|2bllbf tel’'omerase. A preferred affinity agent is
digo 1l4ab, an JIBIQIANC gastacgeccvitaieagita aggtiagasa - g3 VBIOTIN Tabl e 2.
Ant i spucl. i i and anti-TMG anti body al so are useful. 30

ai 98 ucl gﬁi @éﬁé‘?@aﬁ%& ng a nucl eoti de sequence conpl enentary to a
sequence of thes’RNBIOTINGgotctiefc igttagpmt age 3¢e. 9., an "antisense sequence")
are useful as_affinity agents. In one enbodi nent, the

ol i gonucl dMgee (SEQIPNAM: to a retrievabl e : | abel, e.g., biotin.
"Peptide nucl ei® _agy 1 Wala) j de abackbone and

WO 58/ 45450 P SBICPN ﬁ@é&%iig&@&c‘%@c@d&?gﬂé 3

PCT/ US97/ 0Blige 13 (SEQ IDNO=Mhed bases, are also useful as affinity agents.
The bel can b or_bhot h ends. L After contacting the

tel offerase wit hfqt'hogxm]' éﬁa‘:ﬁg‘icﬁigcc?g%%aé:ﬁtn.mgﬁé,\'gf finity agent is

contact ed @ligh14 (SBQIIDNOENt that binds to the retrievable |abel, e.g.,

streptavidin or_ derivative agent. Preferably, the binding agent is
attached to a nitTBIOTEYB¢ictagonkgaAcEstEga aggeggcags -

Oligo 14ab (SEQ ID NO:7):
5’ - BIOTIN - cgttcetett cctgcggcct -3

30
In another embodiment of this step, the affinity agent is an oligonucleotide
having a primer sequeﬁce recognized by telomerase. The oligonucleotide is contacted
with the telomerase and dideoxy nucleotides under conditions for a primer elongation
reaction. This results in chain termination of DNA synthesis by telomerase. [Under
35 these conditions, telomerase may lock on the chain terminated primer. The primer and

the telomerase attached to it is isolated. The oligonucleotide preferably includes

sequences that have been found to be efficient primers in the primer elongation assay.



5 that have not bound to the retrievable affinity agent, and therefore

are. not bound to the bi ndi ng agent, are separated or renoved from
the m xture. By releasing tel onerase from t he affinity agent,

tel onerasayb 9s/isass f i ed. The use of Qbﬂuiabels
is well known in the art. The retrievabl @ | abel and g agent
can be any sort of ligand and ligand partner. In a referred 10

enbodi nentThis insludes Fhee‘iﬁab?f@elséfﬁ@Fs‘F%d gy selpmerase 28 KelhiAsRetiglomeria sequence

| mrunoPur :ﬂrlél'L such as M Mﬁ?gt rF%‘f'e‘ih&p(eP 'lﬁhﬁi teBﬁféﬁs‘érs?thhzesCéioﬂx&ﬂ: Daaper

53157). | trievable I's_an antigen and
t he bi ndi rsgqtmyrem (TEAGGCﬁpbnuoauq 3t lend olﬁ |smg@ stmdadﬂlﬁer(and RNA) primers.

iy oacne<Tig, 4a ongpRsigRias For 5Plakn Hhb B s S R reeblbh s oo

under svar i @qAGGG), swthmg '8 hherrzeé kyﬁhéﬁzddtﬁcr bihedilaherassane ideptifipd

beads vmth attached NeutrAvidin are to the mxture; (iii)

beads ar e ineforexampld, (B H. (Blackbnza, (189 D HiBSH - é&”hat has stuck to
the oli onucleotlde ed
fromt hg re@ﬁ% H&é e ?v%gr]% @ggﬁﬁg n%d’/gh%%dl}%(f@ﬁg%sgsl al
(tel omer aslﬁ-uﬁgme wmfhf \lweﬂeesubsequently etreled with Nm:ltnAMf ’ 1d1% tieads. e Controls dyere 20n-
d i gonucl eoti des_co nmen a 0 e

et ol PR aliggy Soaea (L CTARAEHIIEND: S biferk PR es Tor

Io'n' 9qpue ! ﬁ&ﬁ'@gﬁuﬂ?ﬁiﬁﬂn in this embddimbRrENPAS e (TTEGGG)L(BEQ IDANO: zgl ven

the anti sense ol i gos was tested in parallel
with a conThobequencesqfcuseful oligpnugleotidep isegivem in Fakled.t o the retention of
tel onerase by the oligo; recovery refers to the subsequent rel ease of -

tel omerase fromthe 25 ol i go. A igo 14ab is the
preferred oligo for affinity purificatitase@ igo 1l4ab hybridi zes to
a region of hTR that is accessible in the hol oenzyme.

Aigol% al so idigeged ol i g¥irecl®Bt i de fRRscatdgYiapty puri f PexfdraRnRcaMi | e not

W s_hl ng to be éet heory, ;£ i go '§elo§1e?:.§tp§:9ﬂ& NOKJY ggﬁs&&g,e pri mer,
so it may not(sg D NO acting as an antisensé || gandiedovesfp\bfbee fonieranpe as

a primer |igand.Md48ng O igo 5i&ind Non-telomergti ng WPQdd depls tn sal t

concef ration el rase actjyity h?? recover e é% ;{;e Yelonerase of
fractTons contsH %IEFOW | evel gyof de gg,_gfgg @Pg_mgzei ngz eb@l l g?orﬁ)sme
maki ng this a(shogttd yo 8) WO 98/ 45450

24 PCT/ US97/ 06012 enriched preparation of

tel onky ase01i| Eﬁuéiécﬁtd@ s%fm&&wrrer ase activity was 29% (See Exanpl e
L11).

M2/TS (SEQ ID NO:10)
5’ - BIOTIN - aatccgtcga geagagtt - 3’

30
With the various pﬁmet oligos used, the efficiency of depletion correlated
with the strength of the primer in a telotnetase'primer elongation assay. The M2/TS
primer showed the best ability to deplete and retain the activity. Some telomerase
activity was eluted with DTT from a biotinyl-SS-(TTAGGG), (SEQ ID NO:8) primer
.35 depletion (the DTT breaks the disulfide linkage in the primer, releasing it from the
beads). The yield was only' 1-5%, but the purity was likely high (protein concentration
was below detection by standard protein assay).
In another embodiment of this step, the affinity agent is an antibody that
specifically recognizes an epitope of telomerase. Antibodies useful as affinity reagents

40 include antibodies against nucleolin and antibodies against the tri-methylguanosine



Tabl e 1: ol i gonucl eoti des conpl enentary (anti sense) to 5

human t el onmerase RNA. O i go Nane Si ze (nt) Description
Per f or mance anti-P 31 Direct antisense Good
depl etion - hTR, covers

i nhi bits 2{%‘??‘%/1%4?". S (RGHUSHTO600Q

P3 Anti sense hTR pl ug Good depl eti on,

a priner tepRkGYS %a? SR RYE 'féﬁnﬁf JI girﬂ{ﬂg rsﬁ-z%ﬁ nuclear RNAs. One goﬁﬁ@ of antibodies

30 Ant i sense
recovery ofhat maymegogsize human telomerase @ré gmmxes that recogmmhe telomerase ofnse

E¥§ (gggre °§§§§F‘§H glﬁmsi gnnbodles maydgogléJ Paf%: %m;h human telo%rase dus\ﬁﬁ? It ;Zﬁgze

hTR to Keavéloghe.p IPeinkan sequences of the 80 kD and 95 kD Drotem subunits of Tetrahymena
accessi bl e region recovery of tel onerase.

Tabl e 2:
0 i gofuc| eWlqmerasschaye heea analyzed fop segions Qfntigemicinnand | surface probability. Eyom
B OTIN - O BEHRES ojvb Pebifis!sBr @040 BOUA aneor thé oPkTHabk Ben dedigheal SEQ ! D

NO 3) : cgcccttctc agttagggtt ag

adigo 5 (Smsbmepﬁda)have the following segbences:BI OTI N gccgagt cct gggt gcacgt
cccat agct & Adigo 13 (SEQ ID NGO 5): 25 - BIOTIN -
gaacgggcca tgacattttttgttt - 3 adigo 14(SEQIDN06)

5' - BIOrl @RM'FMFRWS VW@M (SEG) ID NO:11) QSOQQ) gf’o’iﬁn( SEQ I D

NOL 7)) : cgttcctctt cctgeggect -
I'n ari@therG@rﬁQﬁil nent of this step, the affinity agent is an

ol i gonucl e Cairzidd C t el oner ase.
The ol i gon gglf, ge IS con% ac{ ea (Sﬁwﬁrmﬁem?e?gﬁggeﬁgnd di deoxy
nucl eoti deGPWOder conditions for a prinmer el ongat I on reaction. This
results in I Q..Larm ti e nmerase. Under 35
these condpg*ﬂgl:'lgn“ﬁi:’n ET a@gj %&@‘@hﬂﬁ #ﬂ‘@rlﬁﬁ‘?&% ed pri mer. The
primer andThese peptiétewéiR! xﬁ&@t@?ﬁs@aﬂ@%ﬂe IR chéosi@ Tatparhifla p
ollgonucleotlde preferably I ncl udes sequences._ t hat have been found

t o beldef f | sgquemcep fonthispyrposen selgetingefor shrfpepaprobabilissisyvery important because
antibodies against external features of telomerase are most likely to immunoprecipitate

the telomerase activity from other organisms. In another embodiment, antibodies are
raised against fusion proteins bearing a portion of a telomerase polypeptide component
and made in, e.g., an E. coli expression system. In another embodiment, the antibodies

20 are from humans afflicted with autoimmune disease. In another embodiment, antibodies
are identified from among antibodies that recognize epitopes on enzymes that are
functionally related to telomerase, e.g. DNA replication enzymes and reverse
transcriptases. In another embodiment, the antibodies are raised against peptides from
the sequence of human telomerase proteins.

25 | In another embodiment of this step, the affinity agent is an inhibitor of
telomerase activity that binds to telomerase. Telomerase inhibitors aﬁd methods of
assaying for them are described in Prowse et al., United States patent application
08/288,501, filed August 10, 1994, When attached to a retrievable label, these
compounds provide a hook by which to isolate telomerase.

30 After the molecules that do not bind to the affinity agent are removed, the
bound telomerase is released from it. When the affinity agent is an oligonucleotide,
extremes of ionic strength (e.g., high (about 500 mM NaCl) or low (zero) salt), exposure

to high concentrations of mucleotides, and the use of cleavable oligos (disuifide oligos



WD 98/ 45450 25
PCT/ US97/ 06012 Thi s includes the .sequence synthesized by tel onerase
as well.as non-teloneric sequence prinmers such as M2/ TS. For exanpl e,

human t el omeo ssas4synt hesi zes tel oneric DNA sequences (;’g’,ﬁ@({s‘m{]
onto the 3' end of single-stranded DNA 3dnd RNA) priners.
ol i gonucl eotide for isolating hupan {el onerase can have the seguence 5

( TTAGGG) [ &tomn jncEabl¢ B) R@%?eenSé‘ﬁ%é‘hEEfQ"§ I reiease 2ag PoRnd.EnRYme:, cWASRIPE 8BS ar e
i denti fi e@io0 5 collifin Wit s ‘@MRidhs JE ifbreRRifE loRS StrengltP ldasdd RiomErast/ 8- 381.

h
The above eﬁ%odlnen was tested using biotinylated oligonucleotides as

priners, which \/\/ere%mbqlb&ﬁmyafﬁmty celagth matrix withtbonnd delampseaselsvasCont r ol s
wer e non-

11 gonuct bl aal 2 TejesSed ierial MBS aBfypad il e Pheh ST kel e, e (>
M/ TS andvéx?Ttémas aSieent Q1N 10). While Th ¢his espetiifient aélotteedss lproteins

ol i gonucl eofides is given in Table 3
TABLE 3 were likely belowy ﬂgdnmﬁmg detectlon, tg}szrgsl*lh p’dlcated mgeggry,fsw, Qther proteins

Per f or MNGRre bound to th? égé@-%@[ £hid the specificity of thid GHEE depldtfohWids ~ G00d

depl eti on,

recovery tfght el onerase M2/ TS : 18
Non-t el oneric

e, AT SRG iy e signifisantly increases,fhe, puriny.of

18 10  t16@¥AN. € For example, if 2Bl o158 1448RIffihirg Btep 36 Fllowed by affinity

(TTAGEG) [err tel omeric _primner recovery SEQ I D
NO 8) 25 purificatiogowite mw@eolseqnmé@m telomerasq\js pusifiedpto ﬂbDW\@OJz@Qé'

5 - BI OTI - aatccgtcga gcagagtt - 3 30 Wth the
vari ous p; ﬁer ol i gos used, the efficiency of depletion correl ated

with the strength of7. theRuufmwBasedt@:hMeaﬂa&zcnﬁmpelm@ﬂym

eIty .
The M2/ TS biljt | et d t th
activi ty, o ¢ of olBrgtened medidq of M Aenpan ghe iy RoRoRRoR Remit |
bi ot g gyl - J&%f@s%ﬁﬂml@ﬁﬁ@eﬂ)&aﬁ@ @loﬂéiaﬁ@fro%other df bl@fho(éc{lﬁs DIT

breaks the disul fide I'i nkage i n primer, releasing it fromthe

beads). Tiaecordimgdowaeleanansize, Shape, nrtbupyant slensity, Matricasithat separgte mplesules n

concentr ata'cgor}dmg to size‘,"@x?chbﬁl. é)e\f’ qulhgisﬁ 'cﬂfb&%o&xtaﬁﬁ%airg egﬁe%ga?fyrhs@ﬁﬁ aaﬂhis
stage. A preferred matrix is a TosoHaas TSK-Gel*G5000PWy, sizing column.
Telomerase in these fractions was purified to greater than 60,000-fold relative purity.

20 Fractions containing telomerase activity at this stage were separated by SDS-PAGE.
They contained about 50 visible protein bands. Isolating the bands from the gel resuits
in a substantially pure protein. '

Purified telomerase is useful to produce aﬁtibodiés against the protein. It
also is useful as a control in assays for detecting telomerase in a sample. Recombinant

25 telomerase, produced in cells, is useful for immortalizing those cells. Immortalization is
useful in the preparation of self-replicating cell lines.

. TELOMERASE RELATED PROTEINS
After purifying telomerase using the protocol presented in Fig. 4, the
30 proteins in fractions containing telomerase activity were examined by gel électrophoresis.
Two polypeptides were identified in the purified fractions that co-purified with
telomerase activity and that were found in approximate stoichiometric amounts with the

RNA component of telomerase. One protein, designated b120, had an apparent



I n anot her enbodi nent of this step, the affinity agent is an antibody that
specifically recogni zes an epitope of tel onerase. Antibodi es useful as

affinity reagents 40 i nclude antibodi es agai nst nucl eolin and anti bodi es
agai nst t hgolokjsadgpt hyl guanosi ne WO 98/ 45450
PCT/ US97/ 06012 436 28 PCT/US9B06012

("TMG') cap structure found on various small nuclear RNAs. One source of
ant i bodi emolecular mas$af 12@kDr e SHPS-PAGHEL nAnothet proteins desigraiednf 105 OHAE #n t hat
recogni ze_t he tel gnerase o ot ni sms. Those anti bodi es may
cross rea&pﬁqWﬂM?ﬁs&%DQ@&Béﬁép%&g horol ogy. Primary sequences

of the 80 kD and 95TipRiteiaeiwers Attt hardbemisdd, aTKa® P&eéswgéfﬂagﬂsﬁz e have

been anal yzed for regi ons of antigeni C|t¥) and surface probabi rom
this anal Yihproweass andhe aming gqadtsmyeggep therfragments wera d@e&ﬁntd)b}ﬂam-been

goa 0 °‘=°W@E%%§Q@W&%&§&&? r ALY 5 RE WA S alo 1199830 ot e

10 GP Muomole sequﬁkdx@Eé’Kﬁﬁﬁe rylafdidd gIEbly Qah@ele%&bspmﬁ

protein @I_\M?S LALL RFLLSLERFN IL (SEQ 1D NO13) - 95
kD pr ot ei ﬂ:ectrometry,-l-h 1600} r IHRQ Acid sequences (pm; peptidessderivad doobsi ng
Tet r ahy "epB20P4rA 103 Wére confpREPEHAR knb®h dnfhs a@idrsﬁgéézceéﬁl ﬁﬁf‘s&é\%nf:é)r surface
probabi | i ty | S verg i mportant because ant | bodi es agai n ext er nal
features é#ta Gepbanke are nost likely to immnoprecipitate t he

t el rase act t 0 n t h enbodi nent, anti bodi es
ar e%e r ai Is\éltl gg%é nst %’%gl on {’%ﬁ?t &%‘? gxg%neﬁ 3"‘58}&?’8%? O FIdSeAUENSRS: [ ase

pol ypept | iflenticabpm seruences of elorgadontattori DhoMoldg. ("BF2E"). CSkd NENUnfifid P11, ,
system .ot her ??E odi.pent, the antibodjes 20 are from humans

afflict ed BRtigR ding;sequences ot-unidentified humssgenen: I The coding es

are ident 3HERN YKEQQ ooV nes
that are Sequbtices Bg%t | on%n%€ rel a?&§ ﬁ)&{kgmr asgeea %pé%o rep tion
enzynes asinpied, ePNA clones fromy human imypatues myeloidicelt line Km)prommpmm
ant die r tides f t.he enc f human
Cel l)llr%gr ;SEI rzﬁ*pelﬁ%‘z-gg ?@BM%@ Cession # ﬁ?ﬁ@an%m,m éﬁmxmﬂ%nﬁr this

step, t hexsafaiedrﬂrbm BEPNA librafy) whokt figheniceqt homologou§ ﬁi Qlﬁ”ﬁéa'%ﬁﬁ tﬁ&& yi tgyg t hat
binds to ép@oma ase. Tel onerase |nhibitors and nethods of rassaying

for them nosqueYiqusly beaneidentificd. Elgngaten Bctarek fyngtions: indhpl i cat i on
08/ 288, 50¢ansidcafitn OF AHAVA LA the! %ﬂson‘/éhe?‘o%&ﬁﬁé%%qs Zetefibl 1S VARICAd 208!

t hese
"elongation factor 2 homolog. "

20 Peptide fragments of y105 were identified as having amino acid sequences
1dent1ca1 to sequences of nucleolin. Nucleolin is a nucleolar resident protein understood
to function in ribosome assembly. See, e.g., M. Srivastava et al. (1989) "Cloning and
sequencing of the human nucleolin cDNA," FEBS Letters 250:99-105 and M. Srivastava
et al. (1990) "Genomic organization and chromosomal localization of the human

25 nucleolin gene," J. Biol. Chem., 265:14922-931. GENBANK accession no. M60858
J05584. Polypeptide y105 is referred to herein as "nucleolin."”

IV. USES OF TELOMERASE RELATED PROTEINS

Telomerase activity can be immunoprecipitated from nuclear fractions with

30 anti-nucleolin antibodies. Because it binds telomerase, nucleolin is a telomerase
associated protein. Nucleolin functions in vivo as a telomerase activity factor.
Accordingly, this invention provides methods of isolating telomerase in
which telomerase is contacted with nucleolin and the telomerase-nucleolin complex is



conmpounds provide a hook by which to isolate telonerase. 30

After the nolecules that do not bind to the affinity agent are renoved, the
bound tel rggag‘sjos rel eased fromit. Wen the affinity agent is an '
ol i gonucl eBt’"de; extremes of ionpg strength (e.g., MGWPaHeUR 500
mM NaCl ) -or |ow (zero) salt), exposure to high concentrations of

% clgg;az i5?1 g%natem €robr Bthes oramitlating atdiccutdsi g!;ﬁor(ecﬁrﬁbdd‘imw. @hia@fsity marrix

PCT/ US97/ Gemppising nucleolin d,gpfiaqted Wih) telomierass, and, gypiaminating mpelequlesiare t o

rel ease t %H&Jﬁgme@ﬁ%ix%%ﬂ&e?@nﬁodi:?em, fdcidhiinds TRkt dBRviSdd i fone
solutions of I ncreasing 1onic strength releases telonerase.

When t he MEATRILOS ligindy. schanGSiEghitathione lor tbiatindstreplayidin asd thenscontacted

boi |l ed, and.,t rel eased materi al anal yzed on a silver .st.ained. SDS gel,
her & ver it (o GpSpotoriH ihiles e tormaléCs Rnadbn siathhly i e
exper i mentdetiQhiF8 voige the blhding partner. In ARtker! enitidiméit] Rlohé@sd hdtbdia@l with
detection, this result indicated that very few other ;)[o‘tei ns _were
bound to tmyeleghn (¢ithey namrallyy or by prirrontack with; telomerase) ishiselated:from taymixture
depl etion ; sve [ ‘ol Ny : : I ng a second affinity
step signi a‘?aarﬁ?ffl‘mft%(?éaglgéggmpﬁémguarnlnt%}m%)efohﬁgmb&?g%'orrerase. For exanpl e,
if an oligo 14ab af fNuwclé¢olinsdppparsgo ffohdtiondd the procéssrofttglomerase asgamiblf iagdt i on

AL e o B SR A 2,200, 200,000
Shape or Bi6viaey meidds b¥ making natural or recombinant tellorers I f OlvaRdxprddsing t he

invention, the affinity purification step is 15 foll owed by a“step
i nvol vi ng reeqrabinantmyclecliniepocl thatexpoassesrothergeomponpnts of [telomemse. Such

according tg@.n - i n ' rices that
separ at egn%ﬁ%cr{!gﬁll'g%‘%ggc tia?%{gg%é@%?ﬁcgnf%a%ﬁ%%aéﬂgﬁgggeﬁ%rgfxlxgécl usi on
chromat ogr aphy, ar e ‘Fip émvientibry proddesi methodshofSscreening conpo@ads & jdenfifyr agedts
matrix is TqQsoHaas TSK; Gel * GG000PW err ], sizing, col um. . Tel rase
'n tHidse fRaicAlieD e eciion of EIPrerasyassecisd RIRicloD, 960 A orgleplin oF EFEH,
purity. 20yith 1di6REfal@n The ALEGAY gihetaRly GRVIINS Borticting! 4 dorAdoundl itk lipoe wer e
separated by SDS-PAGE. Thg%gcont al ned about 50 visible protein

il

bands. | sdeloniengsetassocinediprotein wjth teforsernses and determining whether thet i al | y
pure protein. ... eurified tel onprase |s. usef
P b arAsRisIaioneysam b tppmepspaphiatd fioei sl ERREatd i ekl o), fhe,
control i npresenoy of ti codgcnad) NAn hiRératied fRkicatss thatsthengent aRenorivnisae 25
tel onerase,, produced in cells, i's useful for imortali Ziingtg t hose cell s.

I

| mortal | ZRipdigg tp the associated protein BRAINZOLALASIPURIED BIOSF telomegase canibsg
cel | 11 neSqetermined by a variety of means, including by the methods described determining

whether telomerase can be co-isolated or co-detected with the associated protein. These
methods are useful in identifying agents that can modulate telomerase assembly or
activity in vivo. . '

25 Nucleolin and EF2H are believed to function as telomerase activity factors
in vivo. This invention provides methods of screening compounds to identify agents that
alter telomerase activity or function. The niethods involve expressing a recombinant
telomerase activity factor, such as nucleolin or EF2H, in a cell that produces telomerase,
contacting the cell with the agent, and determining whetber telomerase activity or

30  function is altered, e.g., by measuring telomerase activity or telomere length. In another
method, the compound is contacted with the telomerase activity factor and/or telomerase

in vitro, and the ability of the telomerase activity factor to alter telomere activity is



I11. TELOVERASE RELATED PROTEI NS After purifying
t el onerase using the protocol presented in Fig. 4, the 30 proteins in
fractions containing telonmerase activity were exam ned by gel

el ect r ophoWeis&5450 Two pol ypeptides were identified i L fied
fractions that co-purified with 3@l omer ase acti vi tyggkaﬁ?ﬁgio%\ere
found in approximate stoichionetric anounts with the RNA conponent
of tel onerdgisominedandreompared wWish iilgabilisyl th AR€Y, telombrase apipity evithout the presence
WO 98/ 454%2 compound 28

PCT/ US97/ (51132 P * nol ecular mass of 120 kD on SDS- PAGE. Anot her

protein, designated Thidnveitith 4180 provides metREE B inkiBiting e 1BMmerRE AssfnbhPor KD
on SDS- PACE% The proteins were further characterized.

The pr ot eifflomaEAse apivify#nyivqyby inhibitingthe, activityofaetelomerase-activity facton, duch
sequesgice : yay = . el.ect rospray nass
pect s onets puCkohd SREAE HEbH GEhGIARE shelFiR yotvq innfidh fefbiRdcil

" Fent ono| @sssewpliec activityf bypproviding tier apih with paanisense dwlealeditected against

nano- el ect’#lggpr &ass di z(g)ectrorrel nt\§, " Natyre 379:466-469. Amino acid
sequences rﬂrg%lg  hegding e, telpmcTasy activity’ fagen o In Apotherembediments thsar ed

Wi t h KnowmnanadRGneslvel eRResaicamAnt AdMERREsAN ¢ersions of a @ eacgﬁ?}Pank- 10
Peptide fragnments of bl20 were identified as having am no acid seqguences

i dent i cal REOKWAsE 3¢ adegpy againydhe Barural actyity ofthess proteineFSech mudats din
Nomu et wal " tCld . dj e f unidentified
heas® 28 g expppie, SR 80 ol BB phgBe BRI el 0

( KI AA000 1 -chhsitdive )aminol acid gubstitaticrsy additiofis, rdaletions ynd the like. sanpl ed cDNA

cl ones from human i tur el 0] L1l G.1,":(1994) DNA Res. 15
(JAPAN) 1:27-35. GE@%NR‘@E ﬁdoﬁFgﬁﬂﬁfé ! 1&#2&?4"3'98 telomerasey
| sol at ed freja@dapro@ thadBisd YuMBSIEE oS BEYE GE chi® bb PRRbRARY nyﬁk I
factor 2. Its €p_ function has not 1previ gusl ygbeen |d§.ﬁ%| |e‘§.g’ g
El ongat i ofWpdwbef soreennieronig. i Ghienat al. (1991)FransNatladcad Ssf. (R4 S8r0ST8e
ri bogsene. o%‘éﬁt. : ' k erei.n "el on i on
fact gsr) 2 r?(?%'o%/og. 'fdgg"ﬁé%ie&-ﬁﬁ% uﬁgraﬁ:g%%,t fEe ﬁi&%{egow&m%aft\ﬁer e
i dent i f i edraascriptionsigactivaton, the iydass €l aadscription proteide NSéeCPields And Sdggnces of
nucl eol i n. h%sl ol k&@:%‘é nucl eol ar, resi dent protein understood . to
function it 3&76 bl §e msthod ig based qp thepropartias, af the yepst Galé pogtein,
"Cl oni Ny affich consists SEEBRABI EorRfind &5&5@ S?P ' i,g?]% trans Jriﬁﬁ, tters
250: 99- 105 qndf?\}l’eri vggt ava P%F al . Q(f%g b@n c or gg zéJta'Fon and
chronmoson@rtivasionl i Bolymusleotifles, msuailynexpression vectors,cancoding awe , liybrid pioteins are
Che 265, -93 cession no. MO . .J05584,
Pol y22pt i QRGeS SOpe BEDHAEREERMrRe: i yrfa Ghlf vA-binding nitin fused to
a polypeptide sequence of a known protein (e.g., nucleolin or EF2H). The other
polynucleotide comprises the Gal4 activation domain fused to a polypeptide sequence of a
second protein to be tested (e.g., cDNA from a library). The constructs are introduced
into a yeast host cell. Upon expression, intermolecular binding between the attached

25 mojeties of the two fusion proteins can reconstitute the Gal4 DNA-binding domain with

the Gal4 activation domain. This leads to the transcriptional activation of a reporter gene
(e.g., lacZ, HIS3) operably linked to a Gal4 binding site. Variatio.ns of two-hybrid
systems have been used to study the in vivo activity of a proteolytic enzyme. See
Dasmahapatra et al. (1992) Proc. Natl. Acad. Sci. (USA) 89:4159. Alternatively, an E.
30 coli/BCCP interactive screening system can be used to identify interacting protein
sequences (i.e., protein sequences which heterodimerize or form higher order
heteromuitimers). See Germino et al, (1993) Prbc. Natl. Acad. Sci. (U.S.A.) 90:933;
Guarente (1993) Proc. Natl. Acad. Sci. (U.S.4.) 90:1639. Once such cDNAs encoding



V. USES OF TELOVERASE RELATED PROTEI NS Tel oner ase
activity can be i mmunoprecipitated fromnuclear fractions with 30
anti-nucleolin antibodies. Because it binds telonmerase, nucleolin is a

t el omer asewp ggis4502SSoci ated protein. Nucleolin functions in vivo as a

tel onerase activity factor. 31 Accor di ngl YCT(y§94/06012

I nvention provides nethods of isolating telonerase in whi ch -

t el onmer as sudhsingesanting tpodypeptidesrare lidankifind athely ey bectseddonswresning @ dank of onpl ex
S 8/ S . - <1 120, .o

e/ Uso7 6pRgnd 8% st ojesyle logaries o jdeotify 3857V IIEY AP AR binding, one
enbodi nenigteraaiad.fi nity matrix conprising nucleolin is contacted
with tel onerase. and contami nating nol ecul es are washed fromthe
matrix. In another enbodinment, nucleolin is first derivatized wth one

of agairvyol | porisuc Iines g THIMBRANEORERA wmﬁm and

t hen contacted W el o . EX TS
captured on an af fi dhisyinverttiomalso provides polymaticatides having trinclebiidelseqgemes t ner .
I n anot her_enbodi pent . te rase assqci.ated wth ucl eolin (either
natural Iy, "0t %éeg%’e&?fecr& cPr_°3ﬁ_% ’{rg Ohe PESE c!ogxqogaxtapg&(i?mm% mi xt ure
using an gdlémerabe as¥Béiated prOETNSIanl M omMeEdse AU IBOaLibre NNURRELIES sequences that
Nucl eolin appears to function in the process of telomerase assenblé and 10

t el oner asE0%Agi telomETass relatsd protsinsiae inherantfroas ther argine Geiskwauence of Thi s
i nveqy i on s 3R LAY | edLBki . r qui

t el o%rag@%’ﬁ%?“ﬁvo \E%E ?(dgﬁég'g?%g% c@g@%ﬁ%&{uﬁéﬁg cﬁé?’?eo [ é‘?ﬁ{ﬁ a cell

t hat expr psepastionof recoomiyinam poty nntlebtidessed for. expresking telomeraselrélatednc| ude

t hose that _express reconbi nant C§Fn8gnents of tel onerase.

Thi s i nveRTENS 1} STHCHSSRRESHORSY creeni ng conpounds to identify agents
15 that alter th@n%ﬁ&@ﬁibé%ifx}ﬁéﬁt,%ebSly%&E&&ﬁ'&?ﬁ?&bﬁ%dseﬁﬁ&kE'd?_%waCh as -
Wi

nucl eolin or EF2H, ) tel omerase. The net'hods generally involve
cont act i n§r £erPESdING encodingacprotein componentof telemerssss c Suchepolpmuniestides:axs/ or

w thigelo , ril | h ciabion. et ween the
t el o%rser as g_ﬁ %Z%gbfat e ?egtxg}tﬂné %‘8% %%P%Se esf"lzyl ?reﬁazgabﬁﬂgmdb
presence eéqueheesaafrthe pratein/Sonpobentaifitelomerude @fd Gsedith dkedtd degrgierate sdts 6f S

t el oner ase éo t?fi ndiB to the associated pratein,.,. Binding of an
associ at e@OyBElSpte; RFopey Y prmerts ngade the aming a¢id seavengesyy Ag iy Mellet y of

means, | NgnbWhie ol skiled e tHEOHS, i @Spretrftle 46 SQET AMiNY acid seguen\é@seé

tel omerase can be co-isolated or co-detected with the associated protern.
These amingragidy greoded by ssfew codonscasrpassibler(preferablysuniquet cadens)ninchrden o

I ; . ' ' lvo. 2
Nuct 251 | eSS iRk buber, of possith€ boi¥ireleqritel Ini€ epdRs e sequengs ; Thoss oo
in vivo. TDoipsimery are then usgdoto stebe P wibplify pilymuwictide sequeacasdfintl cDNAI denti fy
agents th altebhiﬁel rase activity or funpction. The nethods
n

i nvol ve e i 95 BeROMis rally occurring polymucleotide sequences encoding
' telomerase associated proteins are identified by sequencing positive clones or amplified
sequences. | '
25 In another aspect, this invention provides polynucleotide probes and

primers of at least 7 nucleotides that specifically hybridize to a naturally occurring
sequence encoding a telomerase associated protein or its complement. Probes and
primers are useful for detecting polymucleotides enco&ing telomerase protein components.
The detection of telomerase protein component mRNA is useful in detecting cancer in a
30 cell because most cancerous cells express telomerase.
In another aspect, this invention provides methods for detecting a
polynucleotide encoding a protein component of telomerase in a sample, comprising the

steps of (a) contacting the sample with a polynucleotide probe or primer comprising a



tel onerase activity factor, such as nucleolin or EF2H, in a cell that

produces tel onerase, contacting the cell with the agent, and
determ ning whether tel omerase activity or 30 function is altered, e.g.,
by neasuri gg%tel onerase activity or telonere length. In another '
met hod, #¥nd is contacted with t3he tel omerase acti viPCy/Usawbeni2

and/ or teI oner ase in vitro, and the ability of the tel onerase
activity § ﬂée &fOatakdse7 ﬂu@le@ﬁﬁs&hﬁ@pb&iﬁbﬁdlv Bybridizes to a nucleotid¥GRRa&E5450
PCT/ US97/ 06 determ ned and conpared with its abili ty to alter

t el oner as eeleam {rom, thg; nugleqtids spqupnce<af the telomerase pateiniromponens and. (b)

This inve | f Y Or
O R T T e e e R e
activity tempouent polynhuciéotide. aSpenific! hybridization ﬁﬁﬁhﬂeslmdelcmioardfctﬂiz ralorherasde
met hoﬂs I nval ve inhibit.i gﬁFtEI quer ase assenbly or activity by

pr ovitli ng PFHERcompopFatin the SaRleonse nol ecul e directed agai nst

or RNA encodi ng t he 1 sh@R®Y Apectahisiinvenvioh pesvades thethodPfdrahhiBiingdkIeRRtase t he
met hods i nvol ve expressing nutant, non-functional versions of a telonerase

activity expression e gell s@maraqméﬁmlmw epdawith antipkibieryupelynuslactide that of
these pro Ghsd 20 o) f n&&?fz he
native pré éec:l]f?]cal% nt's %@l Sl themv%‘;r}g? non p&ﬁﬂ%&de E%grva |vef"yﬁ1 no
aci d subs ummmorprpalymdﬁohdmm bedai mitiserss moldculaca Iribbzyme, a sense molecule, or

Bot h, nucl eolin and EF are usef for, identi ng ot her tel onerase-
184" pRdeErh e wa%‘ev%ﬁ?qox tHjomere, aniloRs

rela ! Ecan be performed, for
exanpl e, using a f%&ymféle%ﬁa&emat efide @xPression cOitrdl lexplessibd 991)
Proc. Natl. Acad. SCI . (USA) 9578. 15 This screen identifies

pr ot ei n- prconmlrseqmrscaewmly linkadto a nuclenyide sequenct preadingna pmtezn

transcrlpt n | el ds
and Song. conponert s fnplese bid kRS iRtk hb@REGIL b bR ciofiiasd.
properti edn®he ehboilingent, tGe ndetiwdinvolves providing vitel el with ansdxpre@ixoﬁ apparatol e
doma| ps responsi lefor DNA- bi ndi ng and transcri pti onal actlvatlon
Pol ykticl ecf9 RSB B PR RIO Af10¢ BHaEd PrOFES OF sIBHERE: e the RMATCamRAteR
are 20 e | yrap! exge £ mtRé | 4
DNA- bi ndi ng g%%%éfgge?ﬁv% il tgatg?)fé%ygpt | dégéﬁgaignce ofa?d{éﬁnom
prot ei n ( eomponenis b diei tibopucigsprogein Fincbe complemented wigpay sxpressing apparatus
conpri ses main fused to a pol ypeptide sequence of a
second protyeé%ﬂl%?J ﬂag%%érsc[%iﬂaﬁ? rﬂ? , CDNA froma library). The constructs are
i nt roduced into a yeast host cell. Upon expression, internolecul ar

) f A

bi ndi @ proteins can
recofistitu aLactivation

domain. This | ep@o KKSE'[ ranscri pt i onal activation of a reporter .gene
(e.g., lacz, H operably linked to a Gal4 binding site. Variations of
t wo- hybrid ‘Purified telomerase, telomerase associated proteins or natural or synthetic

peptides derived from them also are useful for inducing an immune response in animals.
Accordingly, this invention provides polynucleotide and polypeptide vaccines for eliciting
25 a humoral or cell-mediated immune response against telomerase, telomerase associated
proteins or cells expressing it. This invention also provides methods of producing
antibodies that recognize telomerase or telomerase associated proteins, both polyclonal
and monoclonal. Antibodies that specifically recognize telomerase or telomerase
associated proteins are useful affinity agents in methods for isolating those proteins, or as
30 controls in immunoassays for them. The methods involve immunizing an animal with
purified telomerase, a telomerase associated protein or a fragment of any of them.
Antibodies that specifically recognize telomerase or a telomerase associated

protein-also are useful for detecting the presence of these proteins in a sample, such as a



systens have been used to study the in vivo activity of a proteolytic

enzyne. See Dasnmahapatra et al. (1992). Proc. Natl. Acad. Sci. (USA)
89:4159. Alternatively, an E. 30 coli/BCCP interactive screening system’
can be usedgdwmygsggpnti fy interacting protein sequencei,c(rimsgmm% otein

sequences which heterodi nerize or form hi3gher order

heteromul tiners). See Germno et al. (1993) Proc. Natl. Acad. Sci. (U S A)
90: 933;  cell or tigsup Resayse geigmerasg ds pIqsgnt in mosk cancers, the identifigatign of 639.
Once such Eiiisra&48¢ id the diagnosis of Bdrita te i

PCT/ US97/ 06012 2 guéhgni nltsé)r a‘t:gxtlﬁeﬁgo 0 ypepltéb:{"ge“sa asf eDF ‘é‘h’%% Ehleed, t hey
may be useprefence of telomerage avithaamitibodies is inexpensiveaod odfers spegd and eadel nol ecul e

i braries) 4l 0l tify agents which dnhibit the bindin . .
i nteract i Oﬁgnﬁecg%?om%e g‘iﬂ‘?ﬁkﬁﬁ@?&'&ﬁ%ﬂg\f&b@h@ %EE%EHQSY?C?IEE%ED
PROTEISNS  immunize a subject. This invention al so provides pol ynucl eoti des

havi ng nucl eoti de sequences encodi ng tel onerase rel ated proteins,
i ncl udi ng protein cond®QLPERLAS o polyRrcieptide vaccine foreliciting aasimmuneyespomse)

roteins apg:tel Livdst¥ il : Tl ly! t
gncodia f el g%e’észstéelg@éﬁgfgg%ﬁ i?gc/)eltsea?ﬁns arrgjrglé xrlllﬁﬁi éﬁ?&% g%@%%ga%%
sequence opolyhecleotitié encoding yhregrtalage slrnout embodiment, itiee inadenogEhitsmalugteany | de
sequences ca ed. in .pL.eparati of reconbi nant .
poﬂynucl eof? 8@8@? ter M}%Féﬁsi Iﬁ&n{z{g%}pgp%s%péqs%pggmgmems "_fﬁPlétPé‘Ptﬁ@si n

vari oip expsé Bfisiufidgeny ¥ Bifwn in the art and is described for € t&é&ﬁc@'ﬁﬁﬁ ﬁ%gt difh
pol ynucl eoti de conprises_ the i‘?guence of cDNA y or genombc \.TAP &

encodi ng aifplnseraationab ppbication 8Y O34/ Q3205 o S\accipge Kopprising dhese materialsiare 15

obt ai ned, e £ ] r [t am no
acia | AR gsbeed Sl PR erprilon S dhe R R af " o
create degemeente sets of pol ynucl eoti de probes or priners that
encode the am no acid sequences. As is well known to one skilled in
the art, it is preferable to select am no acid sequences contai ni ng

am nogsci ds encoded by as few codons mﬁﬁl e (preferably uni que codons)
in order to 20 decrease the nunber  of posSi bl e pol ynucl eoti des t hat
encode t helsequdELOMERASE ASSAXPROTOCOLS primers are then used to probe

or anplify pol yrAucI e%«; g %s; om cDNA | i braries or genomc
DNA. Naturally oécurn‘rrg‘p’u%tﬁ'evﬁl%e sequences encodi ng

tel omerase associ at ed) pAsshgi ns are identified by sequencing positive clones
or anplified guences. 25 | n anot her aspect, this

i nvention provides pdl meéc???%ﬁ_ﬂ‘i away, dgsegibed in this grample ds de Séﬁnd%’a@ 7
nucl e | deQedeiaininyPfetfricCativity Btk PuffostLofddtntihitl 'r¥1afle € Phcity 6k a

telomerase preparation.

The 40 ul telomerase reaction should have a final concentration of:

1. 1X Telomerase Buffer (see below)
2. 1 mM MgCl,
25 3. 2 mM dATP, 2 mM dTTP, 8 uM dGTP
4. 1 pM or 0.25 pg/reaction of oligo primer M2/TS
5. 20 uCifreaction of (o’?P-dGTP (0.624 uM dGTP, spec. activity
800 Ci/mmole; NEN)
30 1. To start the reaction, combine 20 ul of the 2X reaction mix with an equal volume
(20 pl) of enzyme extract.

For RNase control, add 1 pul of RNase A at 5 mg/ml to buffer mix just before
adding extract. '



sequence encoding a tel onmerase associated protein or its conplenent. Probes
and primers are useful for detecting polynucl eotides encoding

tel onerase protein conponents. . The detection of tel onerase protein
conponent nRNA is useful in detecting cancer in a 30 cell because noSst
cancer ous YOI%45450pr ess tel omer ase. | nPeTYOBSRIsoRS Pect ,
this invention provides nethods for det eéti ng a pol ynucl eot i de
encodi ng a pr ot J f QN a sanple, conprising the
steps of (a) cgﬁ@c‘?o?lggxgﬁlgﬁgg&w%w\nﬁ?‘ig{oﬂgﬁynucI eoti de probe or priner
conprising@.a Incubate at 30°C fod/D @éin{totd rolume=40 ul). 32

PCT/ US97/ Q6012 .se e of | east 7 | eqti.des_ . that

speci ficaPty hy9rSteR E"@E“?‘b%éggﬁc‘l‘le?ftfﬁdémge‘&h’é}?egaj& mM Tris 328 ﬂgtaéﬂ 208M t he
nucl eoti de SeqEpER) &indifig 1OOYUPMASERN2SE Al (St6ck P RB!mANG0K ilution).
detecting whet her the pol ynucl eoti de has specifically hybridized to the

t el onfer ase pr offiénal concentratiorcisrifopg/ml}-pol ynucl eoti de. Specific hybridization
provi des det j fagb r Rr hn component in the
3. 9°1 S5kingR 9'37+0%f 5 R volume % SHR)

sanpl e. 's invention provides
met hods f &r i niTobélimingtetpebeine radd S0 ul of 10 N Tes PHDA. 5, 10.5%CSDS, amhpri si ng

providing the cell with an inhibitory pol ynucl eqt i de Wt -
specifically bi3§9é‘gt”61 E’%Wﬁg-aﬁmﬁhﬁlﬂ’m’é’ r?éeul’s yB aed Pd8% ¢ g. |
MRNA.  The SDQ;QHQH@JL}{)&&MH%)?OU de can be an antisense nolecule, a
ri bozyne, a sense nolecdle, or 10 a decoy that encodes an inactive decoy

t el ok®rase anal og. Reconbi nant pol ynucl eoti des t hat
i ncl ude expression rol. expressi,gn ontrol sequences operatively
| i nked to a nucl eot &??gtls@&uence enégdflnlgoégd tein conponent of

tel omerase are useful in nmaking | angelpoge8Ds of reconbi nant tel omerase.

I n one enbodi nent, the nmethod involves providing the cell with an

expressi on apparatus 15 for recéﬁmlréﬁl(l%ﬂﬁf@gsi on of the rel ated
proteins of telonerase and the RNA( c water Of telonerase.
Alternatively, a cell that already expresseS one or nore of the

conpdfent s of the ribonucl eoprotein can be conpl enented with an expression

appar at us Q. e t of her .copgponen 20 VI . METHODS OF

P T Netan 1 R ARt 18 e TR ...t1§o *DrEl OVERASE

Purified tRl onBxiee: with arsguaisvolans ¢L40LE ©f PCIAS(pRenddichivRbfob@tiscamyly nt het i c
peptides derived fromthemal so are useful for inducing an i mune response

in ani mal s. alcohoh@&ZSa24i 1 g Transfer aquepns-phase fo fFedh uBes pol ynucl eoti de and

pol ypepti de vagsblss I ddf’%ﬂ% Mm l;gégib LHxRne
response ;hgai nst 1€ otérglgégycé e (?glsgf %’?som a géco(goﬁﬁlfér ﬁﬁtﬁfh
20 oligos) containing 100 pg/mi of tRNA (10 mg/ml stock; 100 x dilution. 30 pug
carrier/tube) and 2-3 volumes (500 ul) of cold absolute ethanol.
9. Let sit -20°C for 30 min or overnight.

10.  Spin in microcentrifuge for 15 min at room temperature.

11.  Discard supernatant and dry pellet in a speed-vac, or air dry overnigh!:.
25 Optional; rinse pellet with 50 ul of cold ethanol.

12.  Resuspend pellet in 3 ul of sequencing loading dye (99.9% formamide, 0.05%

xylene cyanol, and 0.05% bromphenol blue).

13.  Boil for one minute, and chill on ice.

14. Load samples onto an 8% acrylamide/7 M urea sequencing gel and run at 1500 V
30 (50 W). (until BPB is about 2/3 to 3/4 of the way down).

15.  Transfer gel onto Whatman filter paper and dry at 80°C for 35 minutes, and cool

for 15 min before removing gel from dryer.



proteins or cells expressing it. This invention al so provides nethods of

pr oduci ng anti bodi es that recogni ze tel onerase or tel onerase

associ ated proteins, both polyclonal - and nonocl onal . Anti bodi es that
speci fi cal o 9seiseni ze tel onerase or tel onerase assog| [ Ot ei ns
are useful affinity agents in nethods foRSisolating those p?’gﬁ‘f&ﬂy,&%? as
30 cont ré)l S Lh i m"rupoa'ssags for them &e met heds i nvol ve i nmuni zi ng an
ani mal wit Ko pose gel G PhASPRIMagEr sreen (Meleeylarbxnamics)s oEypical Expeswres n or
a fragment of apys ekwédiéand 24 hours. Ant i bodi es t hat

specifically recogni ze tel onerase or a tel onerase associ at ed
protein also are useful for detecting the presence of these proteins in a

| e, h _ .
Zgnp S Suenes A b) W&!&%@ﬁ;ﬂggsomnmée” or tissue. Because

t el oner asel) s10p¢ Telenierdse Buffet cancers, the identification of
tel omerase aids in the diagnosis of cancer or pre-cancerous states.
Detecting t&@wonene Presence of telonerase with antibodies i gokngXRENSi ve

and of fers speantf®dmkase. Bstock) ed fagkhner asdigl | MMUNOOSN10x
fragments of it also are useful in vaccines to 5 i rmuni ze a subj ect.

A pol ypepti de or pcil nucl eotide vaccine for_eliciting an i mmune response
agai nst t el bnegrads cé’i‘rp"r'isses an i mtnoYeni cs°t°ef“‘6nera%8 6! ypept Fd® anal og
or.al0 2 pSpgrricinset+4 d8Ckencodi nt t h® analimgmM| n one wewbodi meatgl t he

I MMmunogeni C3 aAlgk0d bears any /HCyC assggl et MHCgCGgss || 3Qiﬂdi ng
notif. The use of fragnments of self_proteins 10 as i nmunogens 1. s known
inthe art &and9F% described for Cytoto¥ic TiMhocyt & Bi mi ngo0 #1 in
Internationdd ¥podicati on WO 94/ 03205. MVacciadesMconprsiosmmg t hese miat eri al s

are s§seh i n treating di seaggsmassoGigatgd W th fie OV&lp §X4PT essi on
of t oner ase, such as cancer. =~ 15
EXAMPLCES | . TELOVERASE ASSAY PROTOCOLS DERC 3.58% imer

El ongati on Ad3tggnatively, make (-)BME, aligyotAdsml. Add 3.5 pl BME to give 1¥ke
primer el ongHtF6n*¥¥ssay described in thi's exanple is the standard for 20
determ ni ng spegjfi ctivity for the purposes of determning relative
purity. of g §lop ﬁc%\?tb‘ﬁ’erase prepar ation. The 40
[err]9” tel onerase reaction shoul.d have a final concentration of:

1. 1X Tel ogBapsfereul fer (see bel opdock) (fipalY- 1 ™ Moghberd

1. Tris.Cl pH 7.5 ' 1M 10 mM 100 pl
2. EDTA 200 mM 20 mM 1 mi

25

3. Cold dNTP’s

Use e.g., Pharmacia (Uppsala, Sweden), 100 mM stocks.

Combine 10 pl of dATP and 10 ul of dTTP in one tube and store at -20°C
or -70°C. '

30 Do not use the same tube more than 3x since dNTP’s are unstable with
repeated freeze/thaws. If making a dilution, use 10 mM Tris.Cl pH 7.5 (do not use
water since the acidic pH will destroy the nucleotide). |
4. Oligo Primer

35 Prepare sequence on synthesizer or buy commercially (e.g., Operon).

Gel (10% acrylamide/7M Urea) purify the crude oligo, and concentrate
using a C-18 column. Dry in a speed-vac, and resuspend pellet in 10 mM Tris.Cl



25 3. 2 nMdATP, 2 mM dTTP, 8 [err] M dGTP 4. 1
[err]Mor 0.25 [err]g/reaction of oligo. primer M/TS 5. 20
[err]O’/reaction of ([err]P—dGTP(0.624 [err] M dGTP, spec. activity

800 G| mml e; : To start the reaction, conbine 20 [err]l
of the ZXW@a@t‘Q" mx W|th an equal vol (BErrisokéie of
enzyne extract For RNase control, add 1 [err]|l of RNase A at

5 g/ i i e . el
0 98/ 45488 Hb'?' 5T €A 399 1d 45% PEIIOK Gisually obtained, Aboﬁfjﬂdlf' 8f the' diffolis lost during

PCT/ US97/ gelomrification, and 5% to 30-imiest fromctbe cobmm nP:ﬂfe@Jasmmfy 300%0

51970 500 e sns posped RIS Re i 4t o e, pfelnbih B e E

7.5 and 2Qeadidg the absorbance at 2B0PA). P@Rimé forth 6!% thet 1 jap e 30f pdfinse A

(Stock= 10 nmg/m ; 100X dilution). 5 Final concentration is 55
[err]g/m}. 4, I ncubate at 37[err]C for 15 mn (total volune =
oH 7.5 0 505 o, Tpmentid ACVIRCBRERGY™ T B0 LS ek Rl
0
concent ratli on &lombing sompaheptsrof] A¥say Miand 0. 18% SDS; nmake up
fresh each tine 10 For 1 m: 10[err]l 1.0 M
Tris . 25 [err]l 20%S[DS ]
30 [err]l PK (10 nmg/m) Final 0.935 m
Depc water 15 6 Vol Ncubat 37[err]C for 15 m T&é,‘r)ﬁﬁ‘ho%ﬂ une =
140 [err]l). tract h an equal vol une ( err of PCIA
(phe®dI : chl orof orm i soaﬂnﬁlul 1OXHTZB al cohol (25:24:1%). Transfer
aqueous phase to fresh I%E ci pitate DNA ddi ng 40
[err]l of 2.5 MNH[err]é)%(fﬁ(good *‘QS)rm'Mgé itating small géﬂ& _ _
oligos) containing 100 pargl o/ M 100 ;eNAGAPO ng/ M stock;y M x dilution.
30 [err]g carrler/tub@}v‘and 2-3 vol unes (500 err]l) of cold
absol ut e et hanol . 0.4 dT¥B[ err] C for 30 l‘rmi\LIor over ni ght .
1.0 ul 0.25 pg/ml Oligo M2/TS
15 - 13.8pul depc H,0
V= 200 ul

Add 20 ul of test extract, mix and incubate at 30°C for 90 min.
20 3. Add 160 pl of 0.5 M NaOH, 12.5 mM EDTA (Final Conc = 0.4 M, 10 mM),
mix, and let sit at room temp for 5 min.
4.  Transfer samples to a Silent Monitor, Biodyne® B (0.45 M) 96-well plate, then
- place plate on vacuum manifold to filter sample. _
5. Turn off vacuum and add 200 y.l 0.4 M NaOH to wells, and apply vacuum until
25 filter is quite dry
6. Peel off membrane filter, rinse in 2X SSC (to neutralize NaOH), and place in
50 ml of prewarmed prehybridization mix (6X SSC, 1X Denhardt’s, 20 mM
NaPhos pH 7.2, 0.4% SDS, depc H,0) for 1 hour at 65°C.
7. Make riboprobe using Stratagene RNA transcription kit (HindIII-digested
30 pBLRep4 DNA'template, T3 RNA polymerase). To stop the reaction, add 1 ul
of RNase-free DNase and incubate at 37°C for 15 min, PCIA extract (equal vol),
add 1/10 vol of 3 M NaOAc and 2.5 vol cf ethanol to precipitate the RNA probe.



10. Spin in mcrocentrifuge for 15 mn at room tenperature. 11.
Di scard supernatant and dry pellet in a speed-vac, or air dry overni ght. 25
Optional; rinse pellet with 50 [err]l of cold ethanol.

Resuspend vpeb/gdssen 3 [err] | of sequenci | oadi ng dye (99 de,
0. 05% xyI ene cyanol, and 3)7g05% brorrphenol 58/5957%%592

Boil for one mJute chill d sarrpl es onto an
8% acryl ani de/ W@ﬁ g ng d&é&"ﬁrﬁﬁ‘?dﬂ 186’ "‘1&3':0"\/8 (50 W.
(until BPB is qaﬁg{ylﬁlracgtgmﬁ(émbthe way down). 15. Transfer gel
onto Whatman filter er and dry at 80[err]C for 35 mnutes, and cool

for 15 ni 8 bef di)@ndézﬁ) hBy gading r59mlonf>mbe per filter and incubatgrevrenightBHS5°C.
35
phosphoi magger sbéefxéeny’( Rﬁ)ﬁt% 9&%&92&&% C. % S texaf?gr estrgIﬁker thiter 1o

are bgtween 6 avathaéldtionr Rinse quickly, transfer ﬁlter to frds)x solutionHiisedrd ©elsh iRoase
Assay Sol utions

for 10 m radlgacuve \ms;elg;aﬁepeat ash fo%lf'frzxgrg t%tgqsofgk)ls mcl?ltln% )%;a-} at

(1x) @& cl0x 1. Tris.d pH7. 1 M
500 mM 50 MM 5m 10 2. Spermd| ne [err] 3HA . 1
M 1010mM Remove filterfirom wash soitipnrang |drain off excess liggid[ Seal in bag and
14.3 M 50 [err]
1 M 10 mM e to PW%E f'ESM 1%)6“-'[ #;T &e&l Lnd qua,gtnake ﬁﬂg&%ﬂd
5 W 500 mvl 50 mM 6. EGTA
0.5 M 10 oM mvi . 200[err]| 15
DEPC 3.565 ml G- —M—XRT‘P S8X| ternatively, make (-)BME, aliquot 1 m. Add
3.5 [err]l BME to give 10¥RNA Preparatibgf Ore use. 2. Stop Sol ution
20
1. RNA s extracted from column fraction: 300 ul/reaction.
2. Prepare 1 ml 10% SDS, 100 mM EDTA solution freshly before use: 200 ul
15 _ stock 500 mM EDTA, 800 ul stock 10% SDS up to 1 ml.

3. In each reaction, add 30 ul of above SDS, EDTA buffer and 5 pl of stock
Proteinase K (10 #g/pl) to each reaction, so the final concentration is: 1% SDS,
10 mM EDTA, 50 ug proteinase K. |

4, Incubate at 37°C for 10 min.

20 5. Phenol:Chloroform extract twice (be careful not to take the white interphase '
material).
6. To the final supernatant, 30 ul of 3 M sodium acetate is added, and the nucleic

acids are precipitated by addition of 900 p,l 100% ethanol and incubation at -70°C
or dry ice for 30 min. '

25 7. To spin down the precipitate, microcentrifuge at full speed for 15 minutes, draw
out all liquid, and use 200 pl 85% ethanol to rinse the pellet, then use speedy-vac
to dry the pellet. | o

8. Resuspend the pellet in 30 ul Depc water. Take 1 ul resuspension into 100 ul

Depc water, and read OD,g,,. Use OD260 = 40 pg/ml to calculate RNA

30 concentration.



Conmponent (st ock) (final) _ amt/ 10

m 1. Tris.d pH7.5 . 1M 10mM

100 [err]l 2. EDTA 200 nmM 20 mv
1 nm 25 3. Cold dNTP' s Use e.g., Pharmacia '
(Uppsal a, WRF4HH0 100 nM st ocks. Conbi PRI/WSY7H0s012] | Of
dATP and 10 [err]l of dTTP in one tube aﬁ% store at -20[err]C or

-70[err]C. 30 d 9y Snt sanme tube nore than 3x since
dNTP' s are unst abl eb°vvi th Eirst Suid SOINA #%'g%'ze/thayvs. | f making a

dilution, Lse 1DakeNd.Trtod. £ RMIA tatie form rach tglomerase fractinns,candsis muimed indth
acidic pHwII t he nuleotld 4. digo Prinmer 35
Prepare sequenc&eg’né€éﬁ ‘%(Wr#é‘r cially (e.g., Operon).

Gel (10% acryl WMM) fr@khré gy m{ammuga(w}sl &tal SO'ODF @iE POwWHEY Hal.

using a G 18 colum. Dry in a speed-vac resuspend pell et |n 10 19\

Tris. @ Use 90 OLyanisienly542,87 mg/ml, which is 1 OD unit = 33 pg.
PCT/ US97/ 06012 ° % 0 &E?JWE‘
About hal fﬁof tRe rleg%@lgséltggstlé\ urf%me&gl{lgé %ﬁsjﬂ cgl [ oﬁm Eﬁg!’?opto
30% i s | ost froof Eppendotfuube. Preferably purify 300 to 600 [err]g and
resuspend %I nal eI let in 40 L&é&%l of buffer. Determ ne the concentration
by eadlg% B?GPB% T 280 nm Assune for an oligo that 1 OD =
30 [err]g/m. 5 B. Tel onerase Actiyvity Dot Bl ot Assay
1. Combi ne conponents of Assay M Xx: 1 Rx 13Rx
Fi nal 1q ' Vol St ock
Conc (In 40 ul) 10 4.0 [err]l 10X HTB
1X 5x 1st stand sys. buffer (BRL): : 4 ul 52 pl
0.1 M DTT (BRL): 2ul 26 pl
10 mM-dNTP (BRL): 1pl 13 pl
RNAguard® (Pharmacia): 1 pl 13 pul
15 Depc H,0: 1 pul _ 13 ul
TOTAL: | 94 117 pl

Add 9 ul/each reaction, and incubation at 42°C water bath.
4. After 1-2 min incubation, 1 gl Superscript II RTase (BRL) is added to the
20 - mixture, and incubated for 60 min at 42°C.
5. Stop the reaction by heating the tube for 10 min at 95-98°C. Chill on ice, and
spin down the vapor.

c. PCR_Amplification of cDNA with Specific
25 Primer Set
1. PCR reaction buffer:

1 Rx 13 Rx
primer 1: 1 ul 13 ul
30 primer 2: 1 pl 13 pul
2.5 mM dNTP: 25 pl 325 pul
-5 pl/pl Taq polymerase (BM): 0.4 pl 52 ul

5 mg/ml T4 gene 32 protein (BM): 0.04 pl 0.52 ul



0.4 [err]l 100 mM dATP 1 nmM

0.4 [err]l 100 mM dGTP . .1 mv

0.4 [err]l 100 mM dTTP 1 nmM

10[err]| 5 [err]Jg/mM Aigo M/TS 1l [err]M1

13.8 [e ]Yvogs"g‘ﬁ epc Herr]o 39 20. oPFENSﬂ/%Olz

2. Add 20 [err]l of test extract, mx and incubate at 30[err]C for 90
mn. 20 3. 10x T&ER vhfier {mj]l of 0.5 M NaCH, %2.§)nM EDTA 447 ngl Conc =
0.4 M 10 n\V), mx, and let sit at roomterrpfor m n.

4. Tr ansf edOuGifnlas32B dATE | ent Monitor, Bi o@yheflerr] B (6.%%d[err] M
96-wel | pl ate,; pl ace plate um mani ofllter
sanpl e. De@Eq‘ﬂo'Turn of f vacuum and add 2 féif"irj]l 0. 41#1%3 tl

wel |'s, and apgQTABcuum until 25 Cfiltger gdls quite2sqy. 6.
Peel & f nenbrane filter, rinse in 2X SSC (to neutralize NaOH), and pl ace
in 50 m of prewarned prehybridization mx (6X SSC, 1X
Denhardt's, 20 nM NaPhos pH 7.2, 0.4% SDS, depc H[err]O) for
1 hour at 65[ er Ig .l of first strand cDNAkadd f&abpﬁbbow;sl?% rexction dyffen QA& drop

transcription ki pBLRep4 DNA tenpl ate, T3
RNA pol yner ase). %#ﬁ&?fi&u %lgirlggc‘{l on&&éggklmf’&rr] I of
RNase- f r ee2DNas SetalrpicmrmimmﬁbﬁPGR ﬁﬂﬁlfffcﬁﬂl&x fRrhTIO clone:, 94°Q fore3d sea¢ 72¢€ qonl

vol ), 3 M NaQAc and 2.5 vol of ethanol to
pr eci ]pﬂ tate t he'ﬁil%’ aﬁoﬁg mm’ 0 cycles.\wp 98/ 45450
37 PCR, 5 pl Eﬁﬂe%@&d&?@ n?xed wxéh 10x DNA sequenBing' 1batiifg 10

m nut es and di sso e RNA I'n 100 [err]
(di et hyl pyr ocar Bpsand Joadgd pn]6% native polyﬂ;rylarmddygnil(do not fxdedt tolpye-main thegged)d

Next | day. heat R aP uBfs Lt 0 BB e e W Seefirr] € and (1 anst o

filter to 5 It will be casthas ohwtammbsﬁhwlammﬂ &dtlivalerits 8Ntheabotd pidtdcols

|."I

- fresh 5sol ution, discard wash into radi oacti ve waste.and
repea Wash four nore tines for 15 minutes each at 65[err] C.
10. Renove filg. eTef&&ﬁééﬁ@ﬁAsﬁéﬂééd&{Bg%F%&ﬂi EH%EE;‘S excess liquid. Seal in°
bag and . Scan screen and
quanti t at e lusi n@e@paumems C. RT-PCR Assay
20 cm long gel '

1 mm comb with 16 wells
20 5% Acrylamide gel/7 M Urea in 1x TBE
Run the gel O/N at 125 V for about 12 hr. (the BPB and XC will have run
off the gel). U2 will be near the bottom, and hTR will be about 1/4 of the way down
into the gel.
hTR runs at about 700 nt with respect to DNA markers when using a 5%
25 gel. It appears as a doublet.
RNA pellets (made from 50 to 100 ul of a telomerase fraction) are
resuspended in 15 ul of sequencing dye (deionized formamide with dye), boiled for a few
minutes and quick chilled before loading.

30 Note:
If a 1 mm thick 6% gel is used, and run overnight, hTR runs at about 1 kb.



a. RNA Pr eparati on: 1. RNA is extracted fromcolum fraction:
300 [err]l/reaction. 2. Prepare 1 m 10% SDS, 100 mM EDTA
solution freshly before use: 200 [err]l 15 stock 500 nmM EDTA,
800 [err]l stock 10% SDS up to 1 ml. I n each reaction, add 30
[err]| of Vwhoeses4SDS, EDTA buffer and 5 [§6r]l “of stock PCT/US97/06012
Proteinase K (10 [err]g/[err]l) to each reaction, so the final
concentration Is: ¥ 303 em thick 5% gel s used, a{mwmeo VBgsi-%Wﬂ AR hfis@se
K. 4, | ncubate at 37[er rﬁ

Phenol : Chiabouf 450 miexhTRuNS ad & émebeba@drvéﬁlgl thxsanethod,t!akef tHecfradtions are not

I nt er phase To the final

super nat arﬁurlf§8 ngraﬂpl SW gle)sﬁac&lgt t==p%oradded and the nucleic
acids are precipitated by addition of 900 [err]|l 100% et hanol and

I ncubation at -70[err]C or dry ice for 30 mn. 25 7.

To sp?n d t Bt at e, microcentrifuge at full speed for 15 m' nut es,
draw Siftl b1 ot 9% el !5 GgARPof BBl ﬁ&rﬂﬁh B0 £ 0

rinse the pellet, en usé speedy-vac e peel

8. ReSLmBNiblptdﬁiepellet in 30 [err]] Depc water. Take 1[err]l
resuspension into 100 [err]l. Depc water, and read ODerr].
Use OD260 = 40 [err]g/m to cal cul ate RNA 30 concentration.
WO 98/ 4545%) Electroblotting 38

PCT/ US97/ 06012 First Strand cDNA Synt hesi s.

1. 10Take 0.1 to p‘[‘%‘?ﬂ'}'@sﬁﬂlﬂﬂmsf orm each tel onerase fractions, and is
m xed with exaner, up to 10[err]|.
Random hexaner, fro'In'l%eem(f:;ns,feQ g‘r’ﬁ%‘éﬁg ﬁrﬁ?’%?ht ot al 50 QD unit powder/vi al .
5 Use 9(rmabsfemirT/ rih ix TBE fom@/7ir, using OtPS A. 1 OD unit = 33
[err]g. 2. Denature at 95C for 10 mn, chilled on ice, and spin
down t he vapor on -the top of -Eppendorf tube. 3.

Prepare thg, reapﬁn%mmwbwembmne '
1 Rx - 5x 1st stand sys. buffer (BRL):
4 [erld | BY-qresshipk using a Stratagene crosslinken:; qutgeetting (120 mj).

2 [err]l 2Erosiir] With the RNA on the membrane face up.

5. Probe _ :

Use either PCR (R3C and U3B primers) to make a radioactive 154 nt

20 fragment, or I hexamer label the 154 nt hTR fragment using Klenow. Probe at 65°C,
and the final wash is in 0.1x SSC. Perform blot using Church Protocol (below)

6. Phosphor-Imager Analysis
Expose the blot for 5 hr on a phosphor—ima'ging plate (e.g., Fuji). The
25 exposure time can be shortened when using concentrated extracts. Film exposure: 2-
7 days, depending on the signal.

CHURCH PROTOCOL
Prehybridize in 50 to 100 mi of Church solution (500 mM Na,HPO, pH 7.2,
30 1 m MEDTA, 1% BSA, and 7% SDS). Prehybridize a few hours at 65°C
Probe with 0.1 ug of 3?P-5’ end labelled oligo (forward rxn) (specific
activity of probe should be ~ 10° - 10° cpm/ug). Probe overnight at 65°C.



10 mvk dNTP (BRL): | - 1 [err]l 13 [err]|

RNAguard[ err] (Pharnmaci a): . . 1 err]l _ 13 [err]l
15 Depc H err]O: 1 [err]l

13 [err]l TOTAL: _

[err]l WO 9850 [err]l Add 94iterr]l/each reacti ofCT/HAY/06012

I ncubation at 42C water bath. 4. After 1-2 mn incubation, 1

[err]] Superscri ptRemoyerileefroprbag atsroammpmmrn@ng @inse manually in 2% $8Gr e,

The tube FersdS by BAAGAG Lo i, for 1 guines waghh 360 bl ek S35 Hapit 030,

t he vapor quickly get rid of hot label which might non@ﬁﬁlmwlshclcﬁ uﬁﬁn&hbﬁﬂéﬁ with

PCR reaction
ggfe ]E: Ie]; 'c 2 Wash blot 5x, in 2x SSC (r'FL), 0. 1% SDS 5 minutes per wash, 500 mhpery
13 Rs  wash at) rT° pri rrer 1. 1
[err]l %,errg primer 2:

1 [err]l Iqt]lx, in 0.1x - 2x SSC2nd Wcﬂéﬂ?’m h¥?rfdm]g Ito.:x_ni_p

2.5 [err [err]l err err aq
polygrera]slésopém)forggnﬁnb 4 [err]l . 5.2 [err]l 5 nm/nm T4
gene 32 protein (BRhace wet blot on fikteP paped| Wrhp w1th Saran 8 b2z, 48 elkbose to film

WO 98/ 454@2’8

PCT/ US97/ 12 . 10x TCR buffer (BM. }

2 foerr]l 26 [err]l 10 [err]Ci/[err]l [err]-32P dATP
0.5 [err]l 6.5 [err]l Depc Herr] O

10. 56 [ er Nptes: 137. 28 [err]l TOTAL

18 err]l 234 2. [err]l o rst strand
cDNA,[ ad!:l 18 [err]t of ayfi?é“%&’? thapqus, Plef, stagh m%[% Blot after the of
m ner al ofikstibfottifr@ thec@eshd  neifabd wielk t ube.

2. Washes for 1 blot: 4 liter; 400 mi 20x SSC and 3600 ml ddH,0.
15 Remove 1 liter and add 15 ml 20% SDS to 3 liter. (2x SSC=300 mM NaCl, therefore
about half that of hybridizing salt concentration) | .
3. Church solution (100 ml): 1 g BSA to 50 ml 1 M NaPO, pH 7.2,
15 mi H,0, dissolve, then add 0.2 ml 0.5 M EDTA, and 35 ml 20% SDS.

20 II. PROTOCOLS FOR CRUDE CELI, EXTRACT FROM 293 CELLS .

This preparation prefers a minimum of 107 cells, either suspension or
adherent cells. It can be scaled up for larger numbers of cells proportionally.
Preparation of as much as 7.7 x 10' cells has been done with excellent activity but
slightly higher background. Furthermore, the whole procedure should be performed at 4

25 °C and on ice. |

Grow cells to midlog phase. Adequate additional cells for counting should

be provided: the calculation of buffer amounts is dependent on the number of cells

rather than volume,

Either CHAPS or CHAPSO detergent can be used. These show little
30 differences in obtaining active extracts.



2. Set up condition of PCR anplification for hTR clone: 94[err]C for 34
sec, 72[err]C for 10 45 sec, . 72[err]C for 1.5 mn, 20 cycles.

3. After PCR, 5 [err]l of the product is mxed with 10x DNA sequenci ng
| oadi ng dye, and. | oaded on 6 % native pol yacrylam de gel (do
not need tWOZ#/ds4s@in t he gel). Run. at 250 vol tgc1iose796o1al N.
Dry the gel and Pl exposure. 42 |t will be clear that one can
substi t ut e_ known uivalents in the above protocols. 15 D.
Tel oner ase®RNA @éggEFFon By Northern Analysis 1. Gel parameters
20 cm | ongwash Buffer 1 mmconb with 16 wells 20
5%Acry|am'deg MUrealn Ix T the gel ON at
125 V for about (the BPB an?%%éw | h%cv)'em‘br un 05%ﬂoff t he gel).
U2 will be near1tMef'l'la"B'{-'-"Solﬁr{“I Ar8 hTRLQi WM be aBBOA 1/4 oF Whe way down

into tshe gel. 1 M Mg hTRsraizs atz3gRout 70018pp W th respect to
DNA mar kers whe S % 25 . It ap s as a_doubl et.

RNA pell ets (mageM #(gﬂ] 50 to 100 [e?(p;] T"Mo_f a gg%marase f?‘gction) are
resuspended in 15M[BETE] | of sequencingMdye (d20anized fa00kni de with dye),
boiled for a fepppe H,0 m nut es and qui ck chibl gd hefoge. ygaghng 30

Not e: If a1l mMmthick 6%g I's used, and
overnight, hTR runs at about 1 kb. V\D 98/ 45450
4g k10 les:l.s Buffer (g 5?@@5@7&%@@?) . |f a 0.4 gm
thick 5%gel is ed, and run at 10 35-4 TR Lyn about
450 nt. hTR runéggghga single band u hi s d, bu d the f R2BE ons
are not BuMi Trdd, Clh&8hsdnpl edOsmMar and0Ohe sign8POuil | be6pOopl 5
2. Et Br StaiRi fi9mgcl 1 gpMStain g gel fOSo?Q 30 m ggi p30.5
[err]g/m of EtBr I n lx TBEto seeth SNRNP pr0|
.5 ME 1 mM 20X 120 pl
15 0.1.M PMSF ' 0.1 mM 10N . 50#1 60 ul
- BME 5 mM 3 15 18 pul
10% Detergent 0.5% 5001 25001 3000 pl
100% Glycerol 10% 1 mL 5 mL 6000 ul
DEPC H,0 : 8.36 mL . 41.785mL 50.14mL
20
B.  Procedure
1. For adherent cells, grow two sets of 15 cm plates and use one for counting.
Once cell count has been determined, rinse the other set twice with 20 mL of cold
25 PBS. Add 10 ml. PBS and scrape the cells into a 15 mL centnfuge tube.
Continue to step 3.
2. For suspension cultures, grow to a density not exceeding 10° cells/mL (about 6-7
X 10°/mL is preferred). After establishing cell count, pellet cells in 50 mL
30 centrifuge tubes at 200 g/4 °C/5 min. Resuspend in cold PBS equivalent to

original volume.

3. Pellet the cells in a clinical centrifuge at 200 g/4°C/5 min. Resuspend thoroughly
in Wash Buffer at a concentration of 10° cells/100\ and transfer to

35 - microcentrifuge tubes. Spin cells down at 13 k rpm for 1 minute.



3. El ectroblotting 10 Geni e Transfer apparatus.

The transfer is done onto Hybond N+. . o Transfer; rT[err]
in 1x TBE for 0.7 hr, using 0.95 A 4, Fi xi ng RNA onto Menbrane
15 wo 9sis4s0 UV-crosslink using a Stratagene crosslinkefycautpsetting
(120 m). Crosslink #3th the RNA on the ‘nménbrane fTace
up. 5. Pr obe Use either PCR (R3C and U3B
primers) 4.0 melkemeyer Wabh Buffer and) ssuspeng pellet ip dgtergant lysis byffesak aner | abel

final wash | ROEAE0R G I0pR AR and \aRReClo fiprfiria wimtuge pbde,) "°

6. Phosphorbeldwy eLedveadry ke or 30 min. Parafilm top of tube«jfaieemed metessaryf or 5 hr
on a phosphor-imaging plate (e.g., Fuji). The 25 exposure time can be
shortened when using concentrated extracts. Film exposure: 2- 7
days, dependi ng-on the signal. . '

CHURGH PROTOCOL Volume Beckmann CentrifygepTube di ze in 50 to R®#oIni of Church
solution (500 mM Na[err]HPO err] pH 7.2, 30 = 1 m MEDTA, 1% BSA, and 7%
SDS). Prehybri di ze 1ankew thiokwwallad nfifocpalyadiomer TLS 55Probe with

0.1 [err]g of [err]P-5 end |abelled oligo (forward rxn) (specific
activity of probey 3@yl d dia-walleQ[miced polydifmer | cpri [ err] grLS Bsobe

overnight at 65[err]C. WD 98/ 45450 _
41 . 1V3idmep9 7/ 06012 Sw 4Renove bl ot
from bag at room% grr!%lératpt?r}gl and rinse manually in 2x SSC (heated. to

hybri di zation T[err]) twce, for 1 mn per wash, 500 m per wash. This is
to qui ckl et rid of hot | abel i ) £ ifically stick
to tfle mefr anbrepart the pripe? swiing Bufet HtisFihe bl AR S0AERE bpiBHRE, "' 0 10
- SDS, 5 m nut esypRtedtfipe 1540 @1 Hoplthe SW41 rotor, set the XI-80 Ultra at 28.5k rpm

for 100,000 g. For the TLS 55 rotor, set the tabletop Ultra at 39k rpm.

6. Spin the lysed cells for 30 ‘minutes.
7. Collect the clear aqueous portion of the supernatant (this is the extract). Aliquot
the extract into 100\ portions and freeze on dry ice. Store at -80° C.

II. FOUR STEP METHOD FOR PURIFYING TELOMERASE
20 A method of making human telomerase that is 3,550-fold purified

compared to that in crude cell extracts is described. This method comprises four steps in
succession: 1) CHAPS detergent S-100 extract preparation from 293 cells; 2)
chromatography of the S-100 extract on POROS® 50 HQ matrix; 3) chromatography of
the POROS® 50 HQ active fractions on POROS® 20 Heparin HE-1 matrix; and 4)

25 chromatography of the POROS® 20 Heparin HE-1 active fractions on Oligo 5 affinity
matrix. Protocols for each step are provided.

In the first step, 7.3 x 10'° 293 cells were collected from 128 liters of

suspension culture and CHAPS extracted as described in Example II to yield 883 ml of
CHAPS S-100 extract. '



5  wash at rT[err]. Wash blot 1x, in 0.1x - 2x SSC and

0.1% SDS at hybridi zi ng tenp. _ (500 M) for 30 mn.

Place wet blot on filter paper, wap with Saran or bag, and expose to film
O N 10 Not es: 1. | f doing nore than one

bl ot, starWQ3¥#8#Mg the second blot after the first ptowsomosomn t he
second 5 m nute wash. Washes for 1 blot: 4 liter;

205 mhers 555, 2nd MeTee A Qe oGk Sha Bl R, I,

of hybri di PORPSFa5Q Hepoalemhy atd radtions containing telomerase adivity wer€uinbined for

| ut 100 t 1 M NaPHA 15mM H O,
di ssol ve, - FgAl saireodl p o \ihitaep whspesmrms sobcligns: 200 11 Lo
PROTOCOLS FOR CRUDE HBRoO res mﬁe@e% (& Bicsystems, Cambridge, MA, cathitgs

preparation prefers a mnimumof 10[err]| “cells, “either susp n5|on or
adher ént coumber 1-25&13519‘8385@“@@!14991 incan ¢qualyvolumerafcdsfenfA (26 mM Hepes pH

proportiongl n ceIIs has
been done \?\ndt %12 %‘%e $Cl?'ft ﬁﬂ?l wRQ/’ %@%’ &§Cé¥gﬁ sf‘?’gﬁ?‘%‘ﬁ#ﬁhe ckground.
Fur t her nor Bithiduereitbly 102 mmmmlmeﬁmmmnpmupﬁaé or M Benz#midine, 1 h®f r] C and
on ice. I1s to m.dl oat%xphase Adequat e additional

cel I's for Sedinm Mgtabisylfite) eq“ﬂ‘brateﬁé”lﬁ’r 10 mdd Nali (butlercd{ 100 M YaCh anddhe

£ cher - o VEERIAT L) pey e XK 299 Cromapprnlt ol PRt

di ff elQanceyppsalmb‘imdq:nngatdogmmbsxﬂsd@t)e-n) WO 98/ 45450
A
T USSTIO012, T ptumn s ruon G sy P, Ul

20 nmL Swibétiyicatalog number 13-2192M WEPES coldmh was equilibrated With 3 colum?00[ err]
1t volumes of ‘puffer A/100 mM NaCl, followed by a high salt wash with 3 column
volumes of buffer A/2000 mM NaCl. Fipally, the column was re-equilibrated with 3
15 column volumes of buffer A/100 mM NaCl. Binding capacity of the column was
. determined by loading. increasing amounts of CHAPS extract until telomerase activity
was detected in the flow through fractions. Capacity of POROS® 50 HQ was found to be
in the range of 20 milligrams of CHAPS extract per milliliter of resin.
1.6 grams of CHAPS extract was loaded on a 80 ml POROS® 50 HQ
20 column at a flow rate of 20 mi/min. The column was then washed with 3 volumes of
buffer A/100 mM NaCl. A first elution was performed by Washing the column with a 3
column volume medium salt step (buffer A/480 mM NaCl). Telomerase activity was
recovered by a high salt step (bt;ffer A/1050 mM NaCl). Fractions from the high salt
elution were dialyzed separately against buffer A overnight. Fractions were scanned for
25 telomerase activity by primer elongation assay. ‘Active fractions were pooled. This was
repeated several times to process the entire 6.8 grams of CHAPS S-100 extract.
To determine the relative specific activity of telomerase for the CHAPS
S-100 extract and the POROS® 50 HQ active pool, protein concentrations for each were
. determined (Coomassie Protein Assay Reagent, Pierce Product #23200, Rockford, IL),
30 and the preparations were compared for relative telomerase activity by the primer
elongation assay described in Example I. (Fig. 5.) The dried gel was exposed to a
phosphorimaging screen for 4-16 hr. The screen was scanned and the gray scale

adjusted in order to produce an image that appeared linear with respect to the
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O e 8 e g e gy b Vi el P
concent r at LW efiract ¢fane Gb Ipenektdas etier e]amﬂ'@.xahﬁﬁjf’tﬁff teloniepasd Jprimer elongauon products

mcrocentrlfuetubes cells down at 13 romfor 1 m
gS ul of the POIQOS" 50 HQ active pool (lane 7) I%—Ienc:e these vor1umes each

15 contain one arbitrary unit of telomerase activity. This arbitrary unit is only relevant for

this particular comparison.

Using the measurements of volume, protein concentretion. and volume per
telomerase activity unit, simple calculations provide the total units and total protein
amount, from which the relative specific activity of telomerase was derived for the two

20 preparations (Table 4). The specific activity of the POROS® 50 HQ active pool
" (0.037 units/ug) is 5.8 times greater than that of the CHAPS S-100 extract
(0.0065 units/ug). Therefore, the human telomerase in the POROS® 50 HQ active pool
has 5.8-fold increased relative purity compared to that in the CHAPS S-100 extract. The
total units of telomerase activity in the POROS® HQ active pool (28,800 units) represents
25 65% of that in the CHAPS S-100 extract (44,150 units). Therefore, the POROS® HQ
chromatography has a yield of 65% for telomerase activity.

In the third step, 24 ml of a POROS® 50 HQ active pool was subjected to
chromatography on a POROS® Heparin 20 HE-1 column, and fractions containing
telomerase activity were combined for a total active pool of 6 ml. Chromatography was

30 carried out as follows.

POROS® 20 HE-1, was obtained from PerSeptive (Cambridge, MA,

catalog number 1-5229-06). Handling of the resin, packing and equilibration of the

column was performed in the exact same way as described for the previous resin, except
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PCT/ US97/ 06012 4. Renmove Wash. Buffer and resuspend pellet in
detergent lysis buffer at a concentration of 106

cel | s/ 18. 5&/‘3 ‘%Fd transfer to appropriate ultrafuge tube (see "
bel ow). Leav 6'?1 ce for 30 mn. Parafil HFt op of tube if deRCEUSITOSERSArY.
5, Vol une Beckmann CentriTuge Tube

Rot or tha / k o
Toele t a XK 16/20 chrorﬁitogxiaphy &Wﬂ%@aﬂﬁﬁgﬁpgﬂ%f Qgﬁfalog number

TLS 55 18-8773-01) was used. JBigdipg capqg;@:ywaaq datermined to be in the range of 15 mg/ml

Swi4l 10tesn 5. Prepare the proper sw ngi ng bucket ultrafuge rotors and

chill the appropriate ultracentrifuge to 4 C. For the SW1
rotor, set the XL-80148.4mailligrardi8 o POROS® 50 HQ pooled matdrial wkod 1daaed Enarﬂ_i

th T855 th letop Ut t 39k
the 13oeq mbHOSE Hepirk Hi: beolug ata fiow Tote of 155 i Tholmmhas fisous
portion of whiiddSiiRes \Aluhs, &ftﬂwﬁrlpmdtﬁ:mucqct)t firéY d1644  was gerfo%efa bryr the

extract into 100[err] portions and freeze on dry Ice.

I11. FOUR mmmmmms Felune veuorERdbEnSalt step (buffer A/347 mM NACI)

Comar ed t SoPafes? HERRG] BAOREDaE b wl ey BOF GREE AHR0 NP compr i ses

four st epsFraetions from mwhcglﬁsnltcaluu&)) wéidAfialyged sspganily 2gdifiét buffer ACHvernight.
prepayati % froom 293 cells; chromat ogr aphy of the S 100 extract
on pé!?os FActiens weyenscanned: f°8}el‘&‘HF‘8§Fa%‘3’dﬂ%(ﬂ?¥yP%m°’ elongationssaporbmliver r] 50

ch ot XSrﬁ'Bﬁ?"'e‘;f IO T er 1] 20 Heparin HE L active fractiohs on digo
5 affinity nithe relativer specifiolastivigr of tetdmerasepfoa the BORGS?&EO HQ active
o " Bholisiue-BORCHrBin 2 BRb Ec ik H ek TR ovpel i Samsibe o
Il to yiel abdd@Forrtheoprevious step. PiddtionSof ke ¥ p_fb?hra_nons in the primer elongation
15 assay are shown in Fig. 6; measured and calculated values are shown in Table 4. These
' data indicate that the human telomerase in the POROS® Heparin 20 HE-1 active pool is
6.8-fold purified compared to that in the POROS® 50 HQ active pool. The cumulative
purification after this third step is the product of all previous steps. Hence, the human
telomerase in the POROS® Heparin 20 HE-1 active pool has 6.8 x 5.8 = 39.4-fold
20 increased relative purity compared to that in the CHAPS S-100 extract. The yield of the
POROS® Heparin 20 HE-1 chromatography .is 75% for telomerase activity, and the
cumulative yield after this third step is 49%. _ |
In the fourth step, 0.14 ml of a POROS® Heparin 20 HE-1 active pool was
subjected to chromatography on an affinity matrix using Oligo 5 as the affinity ligand.
25 Fractions from the affinity column that contained telomerase activity were combined for
a total active pool of 0.4 ml. Affinity chromatography was performed as follows.
UltraLink™ Immobilized NeutrAvidin beads (Pierce, Rockford, IL, catalog '
number 53151) were pre-treated with an equal volume of buffer A/100 mM NaCl
supplemented with 1 mg/ml BSA, 0.2 mg/ml tRNA and 0.2 mg/m! salmon testes DNA
30  for 1 hour at 4° C. The beads were then rinsed with 5 volumes of buffer A/100 mM
NaCl.

Oligo 5, an antisense DNA oligonucleotide (National Biosciences, Inc.,
- Plymouth, MN) covering nucleotides 407-436 of the human telomerase RNA was
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PCT/ US97/ 06012 In the second step, this extract was
subj ected to chromatography on a POROS[ err] 50 HQ col um, and
fracti ons wi®od/isusy N9 tel onerase acti vi t¥ wer e conbi ned for petmuseroéit ot al
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wer e15li al yzed separ aibelrgladgaspesificoadtivity of telomerase fair. thésewo preparapons ¥asanned

for 25 tel operase activity by primer elongation as . Acti fractions
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6.8 grams ng#i? e1b2{d §drh e POROS® 50 HQ, the POROS® HépariicHE 171 thée
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of active fractions was not desalted. To determine an accurate relative activity, the salt
concentration of the preparation loaded onto the affinity column (POROS® Heparin

25 20 HE-1 active pool) was adjusted to be the same as the Oligo 5 affinity active pool.

Titrations of the two preparations in the primer elongation assay are shown

in Fig. 7; measured and calculated values are shown in Table 4. These data indicate that
the human telomerase in the Oligo 5 active pool is 90-fold purified compared to that in
the POROS® Heparin 20 HE-1 active pool. The cumulative purification after this fourth

30 step is 90 x 6.8 x 5.8 = 3,550. Hence, the human telomerase made by this method has

' 3,550-fold increased relative purity compared to that in the CHAPS S-100 extract. The
yield of the affinity chromatography step is 29% for telomerase activity; the cumuiative

yield of telomerase activity for this method is 14%.
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bet ween 5-25 at the | ower end and 1000- 2000 at the upper end.

Tel onerase _activity was neasured in arbitrary units and was derived from
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tel onerase was derived for the twp 20 reparatiog\? (a'II;ialebI e, 4). The
specific activity ofnithe Srtgpampibed; thsdir §ISRS asp pe same as in the):
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t hat i.n t - extract . e.. . i i r
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65 % of t hiak ai tBtal B&riveH ISP of50.430mE X ChisthatograpHsb Vas! perifopmedTdscfolibwse, t he

PORCS h t hy has. el d of % f el '
oty " poRO SRR Vened i Sl ks SO o 11 50
HQ active ' t10 \ Rk |
Heparin ZOpéé-b f% %ant &g‘%‘ﬁﬂf rla?:ltzlgt-)%?’s) “(’:agﬁ{]%‘?ﬁ Sgﬁlﬂmybm{ g?g ner ase
activity wehosphaserbdjmsted topHal Q.0 with KOH)te afow| beads ® hydrateh Theahydgatedhy was

30 carrjed out as foll o . . P rr 3
nas Bt ai rsads sy Bansaiised s plompmple fplime And rinsed with capbgcftes s 26 bda
1- 5229- 06) yoltriked! T8 bed vbluthes @F ia0.2 M Glérfradind detfydtochiogitie ¢Sigafa)-OlEM
colum was perfornmed in the exact sane way as described for t.he previous
resin, excéqsium phosphate were added. The solution of spermidine-coupling buffer was
re-adjusted to pH 10. (20 ml of 0.1 M sodium phosphate-0.22 M Spermidine + 1.5 ml
of 1 NNaOH = 0.2 M spermidiné-o.l M sodium phosphate pH 10.0). The beads were

25 rotated with the spermidine solution overnight at room temperature. The spermidine

solution was washed off with 20 bed volume of coupling buffer. The remaining reactive

groups of the POROS"® 20 EP beads were quenched with 2 bed volume of 0.1 M

ethanolamine made up- in cdupling buffer. The mixture was rotated for 2 hours at room

temperature. The mixture was washed with 20 bed volumes of coupling buffer. The .
30 mixture was washed with 10 bed volume of buffer A/100 mM NaCl and packed into

columns for chromatography.

The POROS’-Spermidine column was equilibrated at 4° C with 10 column
volume (CV) of buffer A/100 mM NaCl prior to the application of the sample. The
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i ndi cate that tﬁé%ﬁﬁgg‘l{fgﬂ'm&@l\fﬂaﬂe PORCS[ err] Heparin 20 HE-1 active
pool i@ 6.8-fold purified conpared to that in the POROS[err] 50 HQ
active pool. The cunul ative purification after this third step is

the product of all ermtemswg:eebged Rlceash steph éelomemase being essentialbhelnteddfrom
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Fol Pows,  TbgartCS0 1 Sedve' ool T by e PRI s R A0, Bl 91208

(Pierce, Rag.Bfx05.8, =I363-foki pirdfied comparemwvtnercmss)mmemt emegmedfmet h
an equal voI urre a buffer A/ 100 suppl emented with m
BSA, 0.2 PeTRHEng 0919%?‘%’3816){ mﬁp% dox telomamasestivity s 2 the

4[err}20C Tﬁ@ldl%ﬁﬁg%héé@rf&utﬁ%? glla?%i with 5 volunmes of buffer A/100 nM

an anti sense DNA ol i gonucl eoti de
( Nat i onal Bi osci encesQligné. affimty chromatqgmphymf ROROS® sparmidine activeofraations
407-436 of I hefies lfmmrz]mttg omrgraarsc‘%1 actor ot 90 with 29% yield (as it did with POROS®
Heparin 20 HE-1 active fractions). Thus, this 5-step method produces human telomerase
that has 90 x 363 = 32,660-fold increased relative purity compared to that in CHAPS §-

25 100 extracts. The yield of this 5-step method is 4.2%

V. SIX STEP METHOD FOR PURIFYING TELOMERASE
A method of making human telomerase that is 65,320-fold purified
compared to that in crude cell extracts is described. This method comprises six steps in
30 succession: 1) CHAPS detérgent S-100 extract preparation from 293 cells; 2)
chromatography of the S-100 extract on POROS® 50 HQ matrix; 3) chromatography of
the POROS® 50 HQ active fractions on POROS® Heparin 20 HE-1 matrix;
4) chromatography of the POROS® Heparin 20 HE-1 active fractions on POROS®
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3, 5520 f ol dhé humam telomenaseain the Superose® G actiner pobl fin2foldtinémased putifiedS S- 100

extract. The i gl e affinity chr ogr a .step.is..29% f or
t el omer as é’°§&?ﬁe\‘}‘!‘93}!‘a&‘-ﬁé§%gﬁgﬁ)ﬁ midine active 9?& d “PE‘%%%‘E‘BL‘%EPM ty
for this rigenats fifthlsfpis 2 x 9.2 x 6.8 x 5.8 = 725.7-fold relative purity compared to the
CHAPS S-100 extract. The yield of the Superose® 6 chromatography is 20% for
telomerase activity, and the cumnlative yield after these five steps is 2.9%.

25 . Oligo 5 affinity chromatography of Superose® 6 active fractions may
purify human telomerase to the same extent as for POROS® Heparin 20 HE-1 active
fractions. Thus, this 6-step method would produce human telomerase that is 90 x 725.7
= 65,320-fold purified compared to that in CHAPS S-100 extracts. The yield of this 6-
step method is 0.85 %.

30

VI. SECOND SIX STEP METHOD FOR PURIFYING TELOMERASE
A method of making human telomerase that is over 60,000-fold purified

compared to that in crude cell extracts was executed. This method comprises six steps in
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A nmet hod of maki ng hunan tel onmerase that has 32,660-fold increased .

rel ative RypiogNssgpnPared to that in crude cell extracts is described. This
net hod conprises five steps in suggession: 1) CHAPS REEPIEM6013. 100

extract preparation fromb5 293 cells; 2) chromat ography of the S-100

extract osucBE.iRlaﬁﬁ ety PosficeHQmugenization and nucle}y extracirprepagatqrhiromf293oells;

POROS[ er r ct | ve act i.ons_on d' ri .Z.OJBHS-El

mat ik, 4P SR SRR oot pajagraphy
fracti OnS oPthe POROS@B@%@Q[@&W frbaos ¢t penwrmeparmrub HE-I hiafitgygr aphy of
t he PCROS[ err] spermdine active fractions on_oligonucl eotide 5

affinity ohromatographyt ofcthe PQRQSH Heparim 40 -1 setiyp fractions o SQURCE 15Q®
di f [
Prer ! "ralfl Rty 8r e SOORKRCE Y nilif 8P radelol B Aol fan

In the 5- affhﬂtymﬁammndtﬁ)a:hmmatbgtaphjeef thechabaffinithmatranective fractiviscontast ep
met hod. | of ,a r] Heparin. HE-1 active
pool was 'rskGel* E#Qf)&?%’&‘?ﬂn%ﬁp A ofo &ﬁ%}% Qs]ﬁ,pg ¢ PrideSared (i.e.,
not commercially available) 15 POROS[ err] sperm di ne colum, and
fractions containing tel onmerase activity were conbi ned for a total
active pool of 4. 15 BrtparationdfiNugiean hytragss performed as foll ows.
g%[err] Sper m di ge Vel epared in the foll ow ng manner. Dried

P err] 20 EP (Perseptive 1-6129-03) was placed in coupling buffer (0.1
M sodi um pho2oBakls ardj arsadetioviouspirhnkforthedi Humak @fibryyonie kidmey kelh dinet 0

hydrate. The hydr ated 20 beads were transferred to a dl sposabl mm
and ri nseMQFFECEIBWFﬁQd‘Bu’F’f%'FP?”SPHthB?ﬂ with an optjmgal hacv aff‘sﬂ'% ?\po? l51¢11'e
of a 0.2 Nospgy ugsr &?a&mﬁ WY OF 24 BonkeS] B Were bbidined from Gk W'the
phosphate were a sol u ion of sperm dine-coupling buffer was

r e- adj ust dorm of wet tell pelkas oh doy ic. 1293 wmmmm%mmgmmmmrﬂMe +

iol.so . Th@nﬁ@gﬁifﬂ%&%‘gﬂf@i{es 0{)%?( ?@353%%20@%‘5‘%5 ne soI ngﬁég%s?m ght-

at room t eipwsRl} washeBhwvicepiar PBSI (O£ Mg free), snapofrozeénoas avevet velbpellt,oddd Wi th 20
bed vol ume of coupling buffer. The r rral ni ng &eég tive groups of the
POROS 20 Ehinped @8 dmiee- q(Rreesneerlisican be stred #6180nk-bof 0. 1 M :

et hanol am ne nmade up in coupling buffer The m xture was rotated for 2
hours at room tenperature. The m xture was washed with 20 bed

vol unes of coupling 2uffeCrudgExt@Ots i xture was washed with 10 bed vol une

f byff A/ 100 nM Nadl d d t . h hy.
‘CI)'he ot - Sper m di ne col atﬁr;n \R/Zéégﬁf}h?ﬁ %cépgﬁe%gmgﬁ%u%a%l%%ograp Y
¥ ﬁ' une ( Cvhedshrday tHear cefié h0susheddedin Rhieqnalt vohirhie of: jigldotdibuffer Hf Cdlis anpl e.

e

kept on ice and disrupted using a dounce homogenizer fitted with pestle B and 10
up-and-down strokes. _ .
b. Cytoplasm and nuclei are separated by a low speed spin:
25 homogenate is centrifuged for 10 min, 4°C at 2500 r[fm in a Beckman JS4.2 rotor (1780
Xg). Supernatant is decanted into clean bottles, and pellet is kept on ice for nuclear
extract preparation (see below, step j).

Alternative 'Step b.

30 If time does not allow for nuclear extract preparation, the nuclear pellet
can be stored, but buffer must first be supplemented with glycerol. Measure the volume
of homogenate from step a (to be assigned to y variable in the equation below). Add

80% ice-cold glycerol to the homogenate to obtain a final concentration of 10%. Mix
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PCT/ US97/ 06012 sanpl e POROS[err] Heparin 20 HE-1 active pool was
di al yzed in buffer A to or bel ow 100 nmV NaCl) is applied to the _
colum and chromatographed at a flow rate of 0.6 CV per m nute. The

col utm wasWPH8is4Mshed at the sanme fl ow ggte with 5 CV of bedfesomsdR0
mM NaCl . The proteins were eluted at the"Sane flowrate with the foll ow ng

steps: 5 f &k @L\/mga%,a
-3 CV of b‘ﬁefl%'e;m,%\wlj%%ne 0138(9#%%&?61 IB%E&AX%M il CV o %ul}fer A 200

mvl KOl - 80 i Nal@!o 7 Centnfuge exactlyas Qv step thuSfap fmezgamlm/pmats afid store at

Fhe. porcs Sest s etloat Gt osk ApCrES e ik I BRBRMA Atncn s O

relative SpeCI fic @ct l Wikasufd nieeédmﬁé aﬁ&efsapezhbﬁme(tb\be ﬁx@ﬂrﬁtj ons
was determned. Titrations (%aéﬁaratlons in the prinmer

el ongat i onvagigble,inthe eqyasian bF’(?“ﬁr Adgs Méﬁ%‘&‘? é do the supegnatany (te pbinva| ues
h T t
€S0 T4 802 MR, o DA 208l

I n the PORistdreindd by the equkm)nrxrpmlﬂy@- 8Sact I ve pool. The currul ative
purification after this fourth.,step is 9.2 x 363-fold
purified conpared to the pete eéggqragpnt ford %% %1‘“ pmina

PORCS] e 1] BaRBRfI4TR foteh | SOV 155, Riherhily 3004 QipehlAFBIB Sl dothditer. 2N

t he cunul ative 20 yield after these Tour steps iIs 14.6 %

aigd0s af fini ty chr omat o%yr apt‘MeWngS{eeqfrqle thnJQIWF%hkraﬁt i ons
urifies cq d with
Boros or | Hberhatait BERGARF A 2905 H 4B il %‘?ﬁ"?ﬁ%ﬁ“gﬁi’@%ﬁ&iﬁ

met hod proGemgsnﬂmunametoalmmmm about30 niihat has 90 x 363 = 32, 660- foI d

I ncreased rel ative purity,_conp dto fhat jin S, S extracts.

The yield of this 5-step fret ho§°§°§tﬂmf%‘me by CCMWIWE@@ d%

PURI FYI NG AHdRVEi#\Sra Sorvall GSA rotor, Decant thﬁ SUBLrAREnOind @hin e Eiét very
| u

tel omerase that i1s 65,320-fold purified conpared to t
cel| W8xtrawel. i s described. This method conprises six steps in 30

suecession ) SS9 Spoen by LA IFEP ARk SURAPSEE! e
chr omat ogr f5héie wblume measurddnin Wsﬂsxfe] adﬂﬁlgl'ﬁmﬁmum&suflfam) fahd mesuspend

POROS[ err ] arjin Z‘g’ HE-1 matri x é chromat ogr aphy of the
POROS] er r ] Ying 2 01398‘?%1'@‘5&"?‘8}1335 ® APOROS er 1]

h. Dialyze in buffer A containing 50 mM NaCl overnight with

20 one change of buffer. : _
i. Collect the dialysate. and centrifuge for 30 min, 4°C at 15K
rpm in a Sorvall §S-34 rotor. Filter the supernatant through Mira-cloth. This is the
"crude cytoplasmic extract.” It can be sxiap frozen and stored at -80°C, or loaded
directly onto the TosoHaas super Q column. The crude cytoplasmic extract is typically
25 about 230 ml at 25 mg/ml protein and 10 pl is sufficient for telomerase activity in the
conventional primer elongation assay. |
j- From step b, measure volume of nuclear pellet. Resuspend
the nuclei in 0.5 volume of Buffer C.
k. Add slowly while vortexing, another 0.5 packed nuclear
30 volume of buffer C containing 1.2 M NaCl.
. Dounce homogenize (5 to 10 strokes) with pestle A.

m. Transfer to glass beaker on ice and stir for at least 30 min.
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PCT/ US97/ 06012 sperm dine matri x; 5) .chromatography of the

POROS[ err] Sperm dine active fractions on Superose[err] 6 sizing
col umm; argp B9iesaky omat ogr aphy of the Superose[err] 6 sizin 09601
active fractions on Adigo 5 affinity matBi x. A protocol for rTunning the
Superose[err] 6 colum is provided. Protocols for all other steps
were provided previouslyn 5 Centrifuge for 75 min, 4G atH8Korps ép2 ServallBS-3he
first four steps are the sane as in the 5-step method. In the fifth
st ep, 0. 0"/ of material fromthe POROS[ err] sperm di ne active pool
collected in Exanple |1V vas sTrinsfer aopdrnataitrtordialysjs bagsyandndialy s peeroighf er r |
6 sizing colum, and the_fracti,ons nt aj Qi tel omerase activity
vere combPhedk Rdiouss pgaiBst bype g@erconmxmngol@ﬁtgﬁﬁaég n . Superose[err] 6
chrongt ography was perfo%rred o1& thOWhilysafé and centrifuge for 30 min, B?€ & 15K
Superose[err] 6, PC 3.2/30 colum from F}har macia is pre-

equi | i br atpm iniat Sor2alCSS<¥ fotorf Clayified supexnatantiis the Tradeopucler €xtract40 Snap

poRCS] or r Fregprora ot PO B RSISARAGE shupdlls okt dbble B0 BRRLYC,
at a f| ownjgii® pedteiRCankder0 4l i Rufficient forf felometiskdtivity hafile. confentionhkassdy.

O err] absorbing protein elutes fromthe colum between 1.00 m and
1.4 m. The peak of 15 tel omerase activity is eluted between 1.4 and 1.6

m, g the traiging ﬁﬂgA#o#ﬁfc@ﬁ;Cﬂfomamg@hfrOt eins.
The rel ative spécifi y O el onerase tor these two preparations was

determ ned. Titratidns ofThetmcteanexirasp mageriadis subjectadetorthe fellowding igmt i on

assay are shown in Fig, 8: sured.and cal ed- es. are shown
in Table 5’?“%%‘?&% ghepmatographye afs‘e‘5 ‘?’Rgsa% gR Tesip R@%Eﬁ@#ﬁﬁ gﬁ’éﬁa}l&sﬁ? ¥n the

Super ose[ eréiukgéxdé&}iﬁ\iﬁ eQ64 voluinof Bypb buffdrawatiihipg 100 ntM NaCl and thesieryed t 0
that in the [err], spernidine active pool. The Cﬁ_rlul at{ye purification

af ter thi ds pagked byt grpvity ipa XKo50/3Q chrematograghy-colymn(PRgImAciady at i ve purity
conpgged to ”‘ﬁy <% CriifeS ot G gigt%@&tcmaihﬁacvsy@éeﬂlyeﬁmhﬁ&ié%m&err]

6 chromat ograp 0% for nerase actirvity, and the cunul ative
yi el d af t esquilibeated fwithe3 sblapm voluries06f hyge buffer containing 100 mM NaGlJollgwed by

affinity chyopatography..o peroselerr]l. 6. active fractig

purify hunﬁaﬁ‘g @BM%@écﬁﬂﬁ&@?%Mﬁuérﬁrco‘m Zm H’%&ﬂqlh The

HE- 1 acti V@jumn is thenfré 2GhiliBffed With'S, collthfi vohisies [of Hypo bffeo cortaifing A00aniIManN
: 725.7 : = 65,320-fol d fDuri fied conpared to

that in CrsC. SCapariny,afithe resin fiomdelpmerasge 3y 1n the Jagge of 20 mg of fuglear, XAy | <

0.85,% 30 U COND SI X STEP METHOD FOR PURI FYI NG TELOMVERASE

A nmethod OQCI‘MI%ISI ?{tmrrgﬁll’ztel onerase that is over 60,000-fold purified

conpared to that in 8rudehcetypimkprepatasionstartnpwithediX 104 celise60bgraosnfi i ses
stx steps <I:er1]1s), 650-700 ml of crude nuclear extract or approximately 4.7 grams of proteins are
loaded on a 300 ml column at a flow rate of 20 ml/min. The column is then washed

with 3 column volumes of hypo buffer containing 100 mM NaCl. A medium-salt wash

25 step is performed with 3 column volumes of hypo buffer containing 404 mM NaCl.
Telomerase activity is recovered by a high-salt elution with hypo buffer containing 1050
mM NaCl. Fractions from the high-salt elution are dialyzed separately against hypo
buffer containing 50 mM NaCl overnight and scanned for telomerase activity by
conventional assay before being pooled and subjected to the next purification step.
30 '
C. ' Heparin Chromatography |
1. 100-120 m! of combined active fractions from the previous step, or
approximately 660 milligrams of proteins are loaded on a 60 ml Poros Heparin 20 HE-1
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PCT/ US97/ 06012 succession: 1) Dounce honogeni zati on and nucl ear
extract preparation from 293 cells; 2) chronmat ography of the nucl ear
extract on POROS[err] 50 HQ matrix; 3) chromatography of the

PORCOS[ er r WOst/4850act i ve fracti ons on POROS[err] Heparin 20ptfmwdomesbia X; 4)
chr onmat ography of the POROS[err] I—|epari§|420 HE-1 active fractions on SOURCE

15 err] et rix;.5). chro to rap of the,S rr trjx
active fr%?& p@’%?@"?élﬁe ?ﬁ’zﬂﬁs ikinti ?68 Ngﬁ‘ﬂ éﬁ'gl %ﬁgﬁﬁ’t"ogr aphy
of the 14gfyaisfindidquilibritidnofadié ic¥Rnin iaqierfaﬁﬁed)m the same wayTa'S’ﬁeﬁﬁ'ibe@EfQPO
PWerr] sizing _colunn. Protocols for all steps are provid

A Preptie Predensaesing exeeRf thay an &d¢ 26/30 chromatography column (Pmannacxab:eq psgd

293 cells i ne.

These cel?ﬁgrow reggﬂﬁéﬂ?ﬁmg@ggﬁgﬁﬁgéﬂ tureggym tﬂ?‘ﬁ“{ék’f )41 #a‘t#vest

densisSty oéol@mh xé(then washed &fithr ]:olnmhl whpres ofi hypo taxfifér ﬁontbiningglm)l mbd DaCP4

hours. Cells btandfro he f.qr m of t cel]

Dol ot s o HedfSinal Sk Np i wRBpied. it 3 et yolpmmss, ot Bl BhfréEforkiitog, 15

and provi peglmv Ne@P! Tedemerase? ackivif(ie réchverel by A high+¥aif @fhtioh iveithsh: iigek Ur €)

The 293 cells are harvest ed, washed tw ce in_ PBS ( Ca/l\/g ree), snap
r

frozen ascentsisingd4Bp mi Nakl. - Erastions from the PMI%“WF@@I}' sepasatelye| | s
can be st ghfitke Bpo BRHE' Sdntaiting 250 i N¢Cl oyermight and scafined fgr i Cgrla@“ racts

20 are packed
cel |10vol usaivity by conventiomahassay Hefotdbeing pboled and smb;eqmeﬂ\tbeﬁelmxmurﬁtpaﬁbn

vol une of ice-cold buffer H Cells are kept on ice and disrupted
using a d¥EPrce honogeni zer fitted with pestle B and 10 up- and- down
st rokes. b. Cytopl asm and nuclei are
separated by a | ow speed Spl n: 25 hom)genate |s centrifuged for 10 mn,
4[err] C at 2500.r prit PR exphangg Chre : Xg) . Super nat ant

is decanted into clgan b I e
~extract preparati onT(see QJAPOW ste 'ﬁ%d %VE%IJEB&ES Q{S&Pe g{e%og@é?gp%g 30

| f t15re dapproxindately [240vrhiliigrame lo€ proteins avecdilutedepArwith hypo binfferptidraabejngl | et
- loaded on a 16 ml Source 15Q column frbm Pharmacia. The column is usually run at

maximum binding capacity at a flow rate of 5 mi/min on an FPLC (Pharmacia).

Depending on the number of fractions pooled from the previous step, two consecutive
runs are required. Handling of the resin, packing and equilibration of the column is

20 performed in the same way as described for the preﬁous resin, except that an HR 16/10
chromatography column (Pharmacia) is used and that binding capacity for this column is
in the range of 10 mg/ml of resin. The column is then washed with 3 column volumes
of hypo buffer containing 100 mM NaCl. A medium-salt wash step is performed with 3
column volumes of hypo buffer containing 307 mM NaCl. Telomerase activity is

25 recovered by a high-salt elution with hypo buffer coniaining 1000 mM NaCl. Fractions
from the high-salt elution are scanned for telomerase activity by conventional assay
before being pooled and subjected to affinity chromatography.

Starting with nuclear extract from 2 X 10" celis, this partial purification

scheme yields 10 ml at 10 mg/ml protein and 2 pl is sufficient for telomerase activity in

30 the conventional assay. Relative purity of teldmerase is 100 fold over the crude extract
with about a 30% yield. The telomerase concentration, by quantitative RNA analysis, is
0.3 pmoles/ml. This material is suitable for affinity chromatography.



can be stored, but buffer nust first be supplenented with glycerol. Measure
t he vol une of honobgenate fromstep a (to be assigned to y variable
in the .equation below). Add 80% i ce-cold glycerol to the honpgenate
to obtain ' concentration of 10% M x : 0

52 wo biiRaso PCT/ US97/ 06038 wel | . Thé v’\?@(%é?”é? 80%
glycerol to add. x, can be determ ned by the equation: x = 0.

| y/0.7. (ewffedsf§ uge exactly as in step b. Snap freeze nuclear pellets and
store at -80C. The addition of gl ycerol does not change any of the
foll owi ng extraction steps. C. Measure the

vol ure Of%ﬁﬁf \A?LLD%WHEPE‘SCKGH wv.mqoknwmdz, 1 mMEGDAE 10 mMITEC]

equati on Add M i ce-cold to the supernatant to obtain a
final condddjasabefore gse: 1SOMATTY kmmsodxmmbdmhumte { mM\Begzamidine apty

can lge Eggw ned by the equation: Xx 0. 15y/ 4. 85.
cen?i ernatant for 1 hour, 4[err]C at 40K rpmin a
Beckm_an 45Ti rotor (100K Xg). Carefully decant supernatant into a clean

container. 10 S

super nat aBufferér --&0 i HERES-KQH, pH 7.9; Eﬁﬂ\ngg/Eg #Mﬁbﬁﬁe E%(gpyfg@l g
SOl i d_ aImanl YR ke e (( M DTH' 1 G Wik Mbisulfite; 1 mMBaidahiding, [ n the
cold room 2Ot m n. ) Col | ect

preci pi t a0 imM @PMSF; 4ndy5 pg/mi keupeptifor 30 nin, 4[err]C at 10K rpm
in a Sorvall GSA rotor. Decant the supernat ant and drain the pellets very
15 10 el | . Resuspend pellets in buffer A
cont ai ni ngypfdr EV-NYGnM HEPES-KOH, pH 7.9; hﬁS\nﬂl/[lMgCIEﬁOSSmﬂd EGTA;$ 29 mM( bef ore
addi ng ammoni um sul f at e? and resuspend pel | et using a dounce
honogeni z&aGli 28 Bcglyparnl pestle A h. Di al yze
I n buffer cont 5 ' { and

bt for & Ada YIS BidveBe P ol DEF! 1 R Sty Mbthoclfye; 1 QNP DA and
centrifug®.f eiMIMBFn. 4C at 15K rpmin a Sorvall SS-34 rotor.

Filter the supernatant through Mra-cloth. This is the "crude

cyt ob-'? asmc extract. " It can be snap frozen and stored at -80[err]C, or

| oaded ﬂﬁff&cl'mamm&oﬁ) 9.95 2NAM NIgCY; M BGTAT 10% |
cytopl asm cypeoxtract is typically 25 |i5ﬂiabout 230 énﬁniat 25 ng/m protein and

10 [err]| glycesokf 0il%MP-4Por tel onerase activity in the conventi onal
primer elo S ol ehodthiaiRP alkd
nmeasur e vd?%ﬁ’é‘spgejﬁ%c'?%a}%wllp g esug%demx(’i‘Mew‘bls"uﬁtt’h1 %c el In O.PS

vol unme of @i PMISF k. Add slowy while

vortgélng, anot her 0.5 packed nucl ear

E.  Affinity Chromatography.

485 pl of Source 15Q active pool at a protein concentration qf
approximately 7 mg/ml were supplemented with 100 ug of poly dT oligonucleotide
(30-mer), 125 pg 6f polyuridylic acid (Sigma, St. Louis, MO, catalog number P-9528)

25 and 500 picomoles of oligonucleotide 14ab as ligaﬂd (2’-O-methyl, biotinylated, disulfide
linked, RNA oligonucleotide, Yale University, New Haven, CT) in a total volume of 500
ul. Oligo 14ab has the sequence 5’- cgttectett cetgeggeet -3” (Oligo 14ab) (SEQ ID '

. NO:7) and covers nucleotides 361-380 the human telomerase RNA.

After a 30 minute incubation at room temperature, the mixture is added to

30 4-6 x 10° particles of MPG® Streptavidin beads (CPG, Lincoln Park, NJ, catalog number
MSTRO0510) equilibrated with buffer A/700 mM NaCl‘ and the beads were allowed to
sediment for approximately 10 minutes. The beads were then subjected to magnetic

separation, the supernatant was discarded and the beads were washed with 100 pl of



30 vol ume of buffer C containing 1.2 M Nad .

1. Dounce honogeni ze (5 to 10 strokes) with pestle A

m Transfer to gl ass beaker on ice and stir for at |east 30 mn.

WD 98/ 45450 53 ’
PCT/ US97/ WSD985450 n. Cent ri f ugectaseiiisors n,

4[err]Cat 18K rpmin a Sorvall SS-34 56 r ot or.

Xl 2 th?g’ u?gﬁZWH%MT g’@}e%c%h a| ni %Qﬂs%sﬁmmﬁ ;@dlf l,z'ﬁgmm&qh“ffer A Or 2

p. -~ Colsupsiemefred dvitl 560aindd Tnid KENPHI §. Blgnd 100 i DTTH) and incul]»at?:chat odm
rpmlnaSorvaII 4 rotor. Clarified su er nat.ant the 'crude.nucl ear
extract . "CIBRgRLIe For 20 PHRHES With fTegpeft ZeSpsp ’%t?f’erf'?"d’“% ﬂ‘ﬁ’é?cgféir
extract g o E@Eéﬁé @Uthe geﬁihtaﬁi containing teloffiéfast a&iﬂﬁyew& F0Hectsd hﬁf r]l

S suff|C|ent or telonmerase ctivity in the conventional assay.

B. 5Fi r awsed\as énfobsubseqyent Qhrificationgr aphy 1. .The
nucl ear extract material is subjected to the follow ng ion exchange
chromat ography. A Poros 50 HQ resin from Per Septive Biosystens is

resuspended i rEan eGeldExchasion$ize Chiymatobrabher cont ai ni ng 100 mM Nad and
the slurry I's packed by gravity in a XK 50/ r onat o col um
(Pharmaci a). 15 Trackmg telomerade aGHIVILY USH)ZSIZe,f “?Dscl}' ﬁragh(ﬁgﬁﬁ’FFr ac

system (R idimaterial. Tﬁa'etd:e&atnateﬁdt b 132cmdtrm vol umes of
hypo buff COI‘I{iaH’lI ng 18‘8ﬁfm\/| maClmfo | owed Ao salt wash with

3 cdDum uehulmarmlpdj fﬂo;tpMMﬁmty chnmogm@yzséppm WSK;FTC’J@*GWOO Wxol urm
th t hmd ' 100
oo "SRR COS TS i Tkttt A CER e 10 Butle B BN S0

ng of nUCélﬁéB ifthe Suihe Qlfffer at ReMowrratk iolf 2550 rplmhnr éFelomerase activity profiles and

&2.

3. In a pi cal preparation starting with 2 qlf\ﬁceJLs rans of
cells), ‘Aventitics gire detgrmaingd, forilp VéS!?‘FSa@'FCW‘S a &LH}!? of
proteins ﬁsﬁgegﬁ flowrate of 20 M/ mn.
The col um |5°P?1emu° %e%eﬁﬁeh%dog%%@%@anes of hypo buffer
contldi ni nBuffe®’BHVONEM TrigthyladiineyCOs) 1 mMSEGTA; 1 mM BET; 4 mM d%ith 3
col um vob&m&s of hypo buffer containing 404 mM Nad . Tel oner ase
activity overed by a high-salt elution with hypo buffer containing
1050 . mM NaCl . Fractions fromthe high-salt elution are dial yzed
separatel y agai nst hypo ) buffer contai ning 50 nM NaCl overni ght and
scanned for teloner bl $i8  conventi onal assay before being

pool ed and subj ect egy} Qn{iﬁbead?&ﬁéqtﬁﬂéésfdffp%bh&"frﬁgxﬁ&ts of b120 and y105 are

20 ° determined as follows. Acrylamide gels were prepared using standard protocols and
stained with silver stain. In gel redﬁction, acetamidation and tryptic digestion were
similar to published procedures (Jend et al., Analyt. Biochem. 224, 451-455 (1995);
Rosenfeld, et al., Analyt. Biochem. 203, 173-179 (1992)). After washing with 100 mM
NH,HCO, and acetonitrile, gel pieces were swollen in the digestion buffer containing 50

25 mM NH,HCO,, 5 mM CaCl, and 12.5 ngul" trypsin (Boehringer Mannheim, sequencing
grade) at 4°C. After 45 min, the supernatant was aspirated and replaced with 5-10 pl of
the same buffer without trypsin to keep gel pieces wet during enzymatic cleavage (37°C,
overnight).

Peptides were extracted by three changes of 5% formic acid and

30 acetonitrile and dried down. Approximately 100 n! of POROS R2 sorbent (Perseptive
Biosystems) was placed in the tip of a pﬁlléd GC 100F-10 (CEI, Pangbourne) capillary.
Note that the resin is not packed, and that no frit or other micro LC assembling is

necessary. A new capillary and a new portion of resin are used for each analysis to



30 C. Heparin Chromat ography - 1.
100-120 m of conbined active fractions. from.the previous step, or

approxi.mately 660 mlligrams of proteins are | oaded on a 60 m Poros
Heparin 20wbkskssso WD 98/ 45450 ' 54
PCT/ US97/ 06012 colum from Per Sgptive Bi osystens P HF Y at e of
8 mM/mn. Handling of the resin, packi ng and equilibration of the

col umm i sapsd fcesssRAntafnihdiions aven wedhe dambansle ldvell Doied peptide miX@repwasyi ous
resin, except that_an_ XK 26/ 20 c,ar ongéog&ap@g colu éPQar cia) is used
and that Bisselvedin i a5, forgiic agids lqaded, gnto; the pre-¢qutlibrated capillany washed o
resin. Th | ¥es$n it B3 'thér@i:réﬁﬂhgl hpppo buffer
cont ai ni né"‘?ﬁ%’%ﬁhﬁgm ekl A nmedi ﬂﬁr?;cs%r‘?llﬁmgsh step 1 gfpglelﬁbr med with 3
col utm vokrioa volunisy jsol(fold targerathamithe regin volume, eating/imigand pepsidener ase

activjty is recovered by a high-salt elution with hypo buffer
cont a ni n§FPY%T- M NaCl . Fractions fromthe high-salt elution are dialyzed

separatel y agNdndsdlecisBpraP 4é perforamdi i an APT 2O APeRGMNEGheroSeix)i ght and
scanned for tel onerase 10 activity by conventional assay before being

by . [
pool ed an@®ntaris),canada) Mass pecteometpr 2y descrbed(Wilm et al., Anglyr. Chem. 68:1-8
D. Seco J n r . 1. . 20- 40
i of conbia SRpR S iy el QUL 8 PRI-4299 (19960 R prssuryy ok seectict
appr oxi rratg&i_admﬁél@ Inwhasé Fgrterudnnsmitpr_ﬁngsmmgawmfcﬂ ll)gt GﬁiellisiZe \f?:t thehglgﬂbnbmbs_ser
The 101 imToec [Py Db FPCLfesolution Was st 5 HACARERTYS crorl BR SnPBip | ot o
of 5 m/mya 1FBLC (Phar naci a) . Dependi ng on the nunber of

fractions pooled fromthe previous step, two consecutive, runs are
requi red. Handl i ng dBenbask was isearchrdcto;identify @obpeptides cantabying thetamine 8¢idm i s

20 perforned jr ri ' {1, except
that an rreaaryy Sl 03 K10 BachRRT NGOl Ooibalk GORSE 10ARNY Y00t
bi ndi ng capagired seqiericks fromoy1d5raridselongation fiotort 2 homelvge(Gehbdrk DR1163) of
resin., The columm is then S %d with 3 colum vol unes of hypo

buf f &9 COW&WQS"EWN‘M\Q’C%. A medi umsalt wash step is performed with 3
col um vol unmes of hypo buffer containing 307 nM NaCl. Tel onerase activity
is 25 recovered by a high-salt elution with hypo buffer containing 1000
nM NaCl . Fractions The present inyentipe providesqovel m&od-bfprmfmaml@@w-

tel omeras %ﬁ%k\éﬁﬁ? gwg%g{l}ei Beafl '}%-&ﬁ&?&j the above deBé&igtioh if iR it ngtnd

subj ect ed ograp
restrictive. Many variations of the invention will become apparent to those skilled in the

20 art upon review of this specification. The scope of the invention should, therefore, be
determined not with reference to the above description, but instead should be determined
with reference to the appended claims along with their full scope of equivalents.

All publications and patent documents cited in this application are
incorporated by reference in their entirety for all purposes to the same extent as if each

25 individual publication or patent document were so individually denoted.



Starting with nuclear extract fromz2 X 1011 cells, this partial

purification schene yields.10 m . at 10 ng/m protein and 2 [err]l

is sufficient for telonerase activity in 30 t he conventional assay.

Rel ati ve de)% géﬂ tel omerase is 100 fold over the crude extract

wi t h about B el d. The tel onerad@ concentration, by quaottiusai/beos: RNA

anal ysi s, 0.3 pnoles/m . Thisymaterial is suitable for affinity

chr omat ography. gl » WO 9@/ 45450 % |

PCT/ US97/ 06012 3}0 o - 55
™

100%

Buf fers Blf fer H-10 rrMHEPES— d_pH 7.9; 2 mMMMd [err]; 1 nmM
EGTA;, 10 nM KC1 o Add just before use: 1 nM DTT; 1 nmM Sodi um

Met abi sul fite; 1r’r1ﬁBergz @ne anﬂS & 2 mM PVBF Buffer A --20
nM HEPES-KOH, pH 7.9; B mvr MyCl [err]; 1 mM EGTA; 10% gl ycer ol Add
just before use: 1 mM DIT; 1 nM Sodium Metabisulfite; 1 mM Benzam di ne;

0.2 nmM PMSF; and élerr]g/ mu Leupeptin 1 Buffer C -20 mM HEPES- KOH,

pH 7.9; 1.5 nM My er4; O« nNM EGTA; 2 NaCl ; 25% gl ycer ol
1 mM DIal; 1 n Sodi ¢ bt abi sulfite; 1 nM Benzam di ne;

F 15 Hypo Buf 20 mM HEPES-KOH, pH 7.9; 2
nv \ygdl [err] 1 GTA; 10% « glycerol; 0.1 % NP-40 Add j ust
before use: 1 nM ;1 mM SpdiumBetabisyfite; 1 nM Benzam di ne; and
0.2 nmM PMSF 20 - “E. CAf finit%y Chronatography.

485 [err]| Sour. 15Q active pool at a protein concentration of
appr oxi mat el 7 were suppl enmented with 100 [err]g of poly dT
ol i gonucl eot S (309®r), 3&S [err]g of polyuridylic acid (Signs,
St. Louis, , gﬁ)og hunb& S P- 9528) 25 and 500 pi conol es of
ol i gonucl eot&de 14ab a$ |ig&hd (2'°B nmethy?, biotinylated, disulfide
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| i nked, RNA ol igonucl eotide, Yale University, New Haven, CT) in a total

vol unme of 500 [err]l. Aigo 1l4ab has the sequence 5 - cgttcctctt
cctgcggecet -3 (Aigo 14ab) (SEQ ID NO 7) and covers nucl eoti des
361-380 t keobgrgsagy t el oner ase RNA. Af t {1, nut e

i ncubation at roomtenperature, the m xtuw% is added to SO%T,&Z?-%@G@
10[err] particles of MPHerr] Streptavidin beads (CPG Lincoln Park, NJ,
cat al og nunber MSTR0510) equilibrated with buffer A/700 M NaCl and
the beads were_allowed to sedi ment for approximately 10 m nutes.
The beads were«then subgected #o magnetic separation, the

super nat ant wag! di scarded and f*he beads were washed with 100 [err]| of

WD 98/ 45450 56

PCT/ US97/ 06012 buffer A/700 MM NaCl . The beads were resuspended in
20 [err]l eluti®pn buffer (Buffer A suppl enented with 500 mM Tris HC
pH 8.3 and 1004 DTT) @nd incubated at room tenperature for 20

m nutes with frquent rasuspensi on. The beads were again subjected

to magnetic seghration, st he supernatant containing tel omerase activity was
col | ected "and % used as is for subsequent purification.

F. Gel Excluston Size Chromatography Tr acki ng

tel onerase activity using size exclusion chromat ograph can be

performed on afginity purified material. The eluted material (150 [err]l, 2
frol 10 t elpadrer &se/ [ er rﬁ |) & om 14ab affinity chromatography is applied
to a TSK-Gel *E&abooPWer Y] % ‘' colum (30 cm X 7.8 mm TosoHaas), al ready
equi |l i brated i;""buﬁ er "B". The colum is eluted in the same buffer
at a flowrate of 250 [err]l/m n. Telonerase activity profiles and

hTR quantisties are determ ned for the various fractions. Enzymatic activity
as wel |l ag .~ HTR cencentrati ons peak between 7.0 mM and 7.4 m of
eluent. 13 Puaffer "B H.2 MTriethylanine-Cerr]; 1 mMEGTA; 1 nM DTT;
1 mv Myd oerr]%;-‘.’c 1%g s o3 ycerol G Amino Acid
Sequence al ys3s = o The am no acid sequences of peptide
fragmentsgﬁf b120 and y105 are 20 determ ned as follows. Acrylam de gels
were prep8ted using standard protocols and "stained with silver
stain. Ingel rgduction4 acetam dation and tryptic digestion were

simlar ted pihidished prdtédlures (Jeno et al., Analyt. Biochem 224, 451-455

-l

(1995) ; % SPARostnfeldmet &., Analyt. Biochem 203, 173-179 (1992)).
ne- '
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NH err]HCO err] and acetonitrile

I—,[ U ieces were swollen in l.gestion
buf fer containing 50 25 nMNJ HM , mM Cadl [ err ]| TS SHE _
ng[err]l[err] trypsin (Boehringe m g“mw(ménci ng graﬁgpwg BE_EN

R L . .
4[err] C. After 45 min, the supernatant was a%pl?ated and repl = cv N4

[err]] of WO98/M5450 { ho sane buffer withog@)_ trypsin to keep PET/ysowes2 wet
during enzymatic cl eavage (37C, ver ni ght).

Pept i des W@rqgtd%%%tm:three changes of 5 %formc acid and 30
acetonitriTe an rre wn. Approximately 100 nl of POROS R2 sorbent
(Perseptive Bi osystens) was placed in the tip of a pulled GC
100F510 (CEl, Pangbpurne Llkary. ... Note that.the resin.i.s not
packéd, and t hat noP’fri t}‘dﬁag?‘#torr %r@xgg!_teogxggaéﬁg{ophaniugpure ComposiiR essary .
A new capidntaifivg dghnic biowolszles @Bmptisihg Tofitadtiny theaslofefase #ith ANAfMRyS O

WO 98/ 45450 ] ) ) ) _
PCT/ BS97/3gent baving specific affinity for telomerase, separating telomerase from other orggpic

it r o veRmoRChRS U UOARE b ol BRI (LB g HPARRBER o (e

pre-equilibrated capillary, washed and eluted wth 60% nmethanol in 5
% formc acid into fhe sgrayi capil.l . _The el ution volune is
10-fd1 d I arger thani't he f@%f‘ﬁ%&ﬁ%ﬁé%ﬂﬂ@gu n good peptide 5

recogery. (a) contacthiatGe 16MEF206 WithYa natrBEhRObiB I mdtecaRs APl |1 |

(Perki n-El mer Sci ex, Ontario, Canada) mass spectroneter as descri bed
(W fh et bgaring apasitive chaeg, orepmatrix that binds mpieggles beering @ negative chargeyyt .

Che 66, 4 NS el i . ol e
vl so; *PaRALElomENg trom SBEr RHRGHHGhgleBilef B B) b0 bina 1p e pilBEIT
10 5 specilleatingptheGenidasepantl r esol uti on was set so that fragnent nmasses
coul d be assigned to better than 1 Da. ., . . nbank
was Qearched to identify@EPYBEIRE @@stéemaé? l’ﬂlﬂ’gﬂ fffinityagent hayipg spec%c
sequencesaffinity Ter eldthera&e] sbathting’ RRPAR frot DR drfanicBidRMIEcuE P Yo 05584)

cont ai ned sequences from yl05 and el ongation factor 2 honol og (Genbank
D2116&3) 180t bind ¢mthe; affinity agant saé sollecting he wlomerase. The
present invention provides novel nethods for purifying tel omerase.

Wi | e specific exanples have been provided, the above description is
illudtrative and no8. The methwidrofodlainel chimpyisings | ati ons of the invention

will Jbecone apparent to those skilled . in the 2 art ypon revjew of this
speci4ication. The scopeEaafc"PﬁEm%%ﬁ?WﬁS{} ,ﬁ{qqmglﬂg{t%g@s

get 3'3{” ne_ﬂmwghwyibhmﬁgea QE@itive chirgkNSepahiting télBfterdse ficet othe brgafiet ead shoul d
e daeterm ne

biomolecules that do not bind to the matrix and collecting the telomerase;

5 (b) contactixig the telomerase with a matrix that binds molecules
6  bearing a positive charge, separating telomerase from other organic biomolecules that do
7 not bind to the matrix and collecting the telomerase; |
8 (c) contacting the telomerase with a second matrix that binds
9 molecules bearing a negative charge, separating telomerase from other organic
10 biomoiecules that do not bind to the matrix and collecting the telomerase;
11 . (d) contacting the telomerase with an affinity agent having specific
12 affinity for telomerase, separating telomerase from other organic biomolecules that do

13 not bind to the affinity agent and collecting the telomerase;

14 _ (e) separating the telomerase from other organic biomolecules
15 according to molecular size, shape, or buoyant density and collecting the telomerase.
" This Sheet Has Been Replaced
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with reference to the appendec’ th their full scope~—of
equi val ent s. ’"’"”m'm m m i ons and pat ehTHISoSHEETNHAS BEEN
cited i.n this application are * ed by referephce i'fREPllACED

entirety f\pp oglshgspur poses to the same extent as if each 25 oyt

publication or patent docunment were so '6'1d' vi dual | y denot edPCT/US97’°6°12V\D
98/ 45450 . 58

PCT/ yS97/ 06012 [ery]  The methd&@&éﬂl?é@gnher compnsinf the step of contactmg the
PCT/ US97/ 06012 [err] I S CLAI MED : preparation o

mamra i antelemenass with qmmmnndxmaaelecgvm mauis tsepagamm)telqswasmgemmm@ (in

203 Col | s FEARIEDIOSOIERIch Ttk oA @ he Rreelit BlecutR i U85 Bifheie’ ©

enri ghed KHe relvmidradeng a cel | extract with an oligonucl eotide
conplenmentary to tel onerase RNA conponent, and col l ecting protein
t hat binds the oligonucl eotide.

1 5. The method of claim 3 wherein the first and second matrix that

2 bind molecules bearing a negative charge are anion exchange resins, the matrix binding

3 molecules bearing a positive charge comprises heparin, the affinity agent is an

4 oligonucleotide having a sequence compléinentary to a sequence of the RNA component

5 of telomerase, and the step of separating comprises separating according to size.

1 6. The method of claim 3 wherein the first matrix that binds _

2 molecules bearing a negative charge is POROS® 50 HQ, the matrix binding molecules

3 bearing a positive charge is POROS® Heparin 20 HE-1, the second matrix that binds

4 molecules bearing a negative charge is SOURCE 15Q®, the affinity agent comprises an

5 oligonucleotide comprising the sequence 5°- cgttectett cetgeggect -3° (SEQ ID NO:7),

6 and the step of separating comprises separating according to sizé on a TosoHaas TSK-

7 Gel*G5000PWy, sizing column.

7. The method of claim 4 wherein the intermediate-selectivity matrix
2 comprises a polynucleic acid, a polyamine, a divalent metal ion, a positively charged
proteinaceous material, or aminophenyl;boronic acid.
1 8.. The method of claim 6 wherein the impure composition is a nucjear

2 extract of 293 cells.

9. The method of claim 6 further comprising separating telomerase
2 from other organic biomolecules by gel electrophoresis.

10. A composition comprising human telomerase having at least 2,000-
2 fold increased relative purity compared with crude extract of 293 cells.

_—
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3. The protein conposition of 1m 2. wherein the oligonucleotide contains
a seguence selected fro imnmﬂ ﬁ!ﬂti ng of ol i goqHps SREEr HAB BEEN
NC 4), oligo 1l4ab (SEQ 1D NO 7gsuet el ueg # TS (SEQ 1 DJNC 103ep cef: '
The preparation of any preceding claim which is between ~J. ' At
fol d noreWO98/454plire t han the extract. 5. The prepar at i @CTASYHOGD12
preceding claim which is at |east ~20, 08 fold nore pure than the

extract. 6. The preparation of,  any _precedi ng cl ai which is at |east
~60, 0b0 fold nore puile ttﬁﬁ"ﬂ‘?@“mm °f€£?t‘?‘a‘g)t‘."ﬂemm7[9mﬂ"mﬁ8 3 AStenr i chi ng

mamves i an TRidRferdas& fildliveGRiTRy.1 Si ng conbining a fraction
contalning telonerase protein with an affinity agent having specific
activity for tel onerase, and collecting a nore enriched fraction

contajnin rotein that bj | Q-1 . of claim
7 whbrein the affiriy %gﬁﬁ‘l’%’gg%‘?%ﬂf‘%%‘xh%gﬁ@g{‘imé%mgrp?%écr?ﬁ‘gﬁm& -
recogpi zedghono-Rld ivreased peiativei purity compared inithcenipé exteact of 293 oelissproduceds e
RNA

conponent . 9. The nethod of claim7 or 8, wherein the binding
to thd af fhynsteRs efgent i nproves purity by at | east about 90-fold and

reducgs yield by no nore Pééhti’&iﬂigtteﬁﬁfétaseﬁ&naﬁfﬂpﬁﬁtm&'ﬁoﬁbﬁtﬁhﬁx r-9,

wherein the oligonucleotitde contarns a sequence selected from the

gr oup Sconsorganio diapolyrhérg with 4 SEDmatfix K@t Hindsaholgenlesbasringrmegativenebarge, and
M2/ TS SEQ 1D NG 10) . Jd1. T | aj 110,
furth8r cd%%‘g%&l%ﬁ?ﬁ&?ﬂ‘ other, greapis #‘%‘Bﬁﬁ%\‘gﬁ %pd@koﬁ%?gére&%a@ég%r otein
with gn anifiRceneCthene®nitidséi X, and collecting protein that binds. 12. The

met hod of any of clainms 7-11, further conprising conbining a.fraction
cont ani ng t el oner as®) sPRaeting the telomerase P"B&‘ %%ﬁ%@égM? T%?ficgl?éh as a

heparign MafLiX).a GHifliveUnhfife! sfrating teldh¥idie Trd dtheP bRghhic biomolecules that do
10 not bind t6 the matrix and collecting the telomerase;
11 . (©) coniacting the telomerase with a second matrix that binds
12 molecules bearing a negative charge, separating telomerase from other organic
13 biomolecules that do not bind to the matrix and collecting the telomerase;

14 (d) contacting the telomerase with an affinity agent having specific
15 affinity for telomerase, separating telomerase from other organic biomolecules that do

16 not bind to the affinity agent and collecting the telomerase;
17 (e) separating the telomerase from other organic biomolecules

18 according to molecular size, shape, or buoyant density and collecting the telomerase.

13.  The composition of claim 12 wherein the impure composition is a
nuclear extract of 293 cells, the first métrix that binds molecules bearing a negative
charge is POROS® 50 HQ, the matrix binding molecules bearing a positive charge is
POROS® Heparin 20 HE-1, the second matrix that binds molecules bearing a negative
charge is SOURCE 15Q®, the affinity agent comprises an oligonucleotide comprising the
sequence 5’- cgttcetett cetgeggeet -3°, and the step of separating comprises separating
according to size on a TosoHaas TSK-Gel*G5000PWy, sizing column.

] N W b~ W e

14. A polypeptide fragment of a protein component of human

2 telomerase which, when presénted to an animal as an immunogen, elicits a humoral or

cell-mediated immune response.
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13. The method of any of clai’ 3 | sing . successi vel Tk o
fractions containing ' telmmm&m&@“ﬂ a plurality mlg 4%@ BEEN
i on exchange matrixes. 14. Thes f clains 7- 13 __fut'the

%

conpri si ngyeeghimhNng a fraction containing t el omer ase {Eﬂﬁﬁ'% Wt h an
Intermedi ate selectivity matrix, and cob3ecting protein tha l6)| nds;
wherein the internediate selectivity matrix is a matri x that bears at |east
one of the foll owi ng substituents: hydroxyapatite, a pol yam ne (such

; o ! oxyap: : ueh.
o B e o £ 8.8 R ompgoyie SbafAE M seBilor dnfibynkapetihdl | on
pol y2L | ypkéifitallyobinds td a pedtyincionip@nentuftivean tiomerasas - hi st one), or

am nophenyl -boronic acid. 15. The nmethod of any of clains 7-14, further
conprising separating a fraction containing the tel onerase protein by

gel filtration chrojgtog 'Eﬁ; E@{,@gﬁg S ﬁl@&ﬂlé@ﬁu nkf. The
nmet hod of any of cliz;?ms' é—a‘?@i‘n& ert tEgBtﬁe one a_sega.i g ?anri chec ?rom an
extract ohat encodes 4 polypegide haxingea deasty S tcohseautivesamino egids @ preteimd of claim

16, wherein the. exf(t)]%act ii@& detergent or nuclear extract of 293 cells.
18. A pr ePRRANER ORI PSIE¥- according to any of claims 1-6, obtained

according to a met hod of any of claims 7-17. 19. The conposition or
met hod of any preceding claim wherein the tel onerase protein is_, human.

20. A method for id&htifFheiecombinant pelynucientide of claigy B CoEprising gn
conpyi sing ¢ cl ] SoeratvelyPli | i iHY kdohehdr. t he presence
of the ag%ﬂ’fgsgﬁ% %ODP%P & rgés}e pr epgg{l?%eﬁ ﬁ%??g?glhgéébt eg(%y of cl ains
1-6 and 18-109. : '

1 18. A polynucleotide probe or primer that specifically hybridizes with a

2 polynucleotidé encoding a protein component of human telomerase.

19. A recombinant cell coxizprising_ a recombinant polynmucleotide
comprising an expression control sequence operatively linked to a nucleotide sequence

encoding a protein component of mammalian telomerase, wherein the ceil produces the

WD

RNA and protein components of telomerase core enzyme.

20.  The recombinant cell of claim 19 further comprising a recombinant
2 polynucleotide that comprises an expression control sequence operatively linked to a

3 nucleotide sequence encoding the RNA component of telomerase.

- 21. A method of making recombinant telomerase comprising culturing a
recombinant cell comprising a recombinant polymucleotide comprising an expression
control sequence operatively linked to a nucleotide sequence encoding a protein

component of mammalian telomerase, wherein the cell produces the RNA and protein

(7 S VR S

components of telomerase core enzyme. -

22. A composition comprising recombinant human telomerase made by
2 the method of claim 21.

e
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