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absence of endogenous prion protein ("PrP"). Mre particghar! y: tihis=p gn

I nvention relates to targeting nol ecul es that are capabl e of

di srupting

PrP geneg, PrP genes that are disrupted by 10 such targeting nol ecules and
t hus incapabl e of expressing functional prion protein, to cultured cells
transforned to have such disrupted genes, to manmals and b

fr'omthose transfornmed cells and to the transgenic progeny ﬂ mmMMImmm
ani mal s. 15 BACKGROUND OF THE | NVENTION Prions are infectious

t hat cause

_ spongi f orm encephal opat hies in humans and ani nal s.
distinct frombacteria, viruses and viroids. The predom nan at
< present is that no 20 nucleic acid conponent is necessary fo w Hmﬁ ﬁmmm

‘of prion protein. Kuru, Creutzfeldt-Jakob disease ("CID') a
Ger st mann- St raussl| er - Schei nker syndrone ("GSS") are fatal hunan'c00002*

neur odegener ative di seases caused by 25 prions.
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TRANSGENIC ANIMALS LACKiNG'PRION PROTEINS

TECHNICAL FIELD OF THE INVENTION

This invention relates to transgenic mammals
and birds ("animals") that are not susceptible to
spongiform encephalopathies (i.e., scrapie-like or
prion diseases), due to absence of endogenous prion
protein ("PrP"). More particularly, this invention
relates to targeting molecules that are capable of
disrupting PrP genes, PrP genes that are disrupted by
such targeting molecules and thus incapable of
expressing functional prion protein, to cultured cells
transformed to have such disrupted genes, to mammals
and birds derived from those transformed cells and to
the transgenic progeny of such animals.

BACKGROUND OF THE INVENTION

Prions are infectious pathogens that cause
spongiform encephalopathies in humans and animals.
Prions are distinct from bacteria, viruses and viroids.
The predominant hypothesis at present is that no
nucleic acid component is necessary for infectivity of
prion protein.

Kuru, Creutzfeldt-Jakob disease ("CJD") and
Gerstmann-Stridussler-Scheinker syndrome ("GSS") are
fatal human neurodegenerative diseases caused by
prions. Scrapie of sheep and goats is the most well-
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Scrapi e of sheep and goats
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- 2 studied prion disease. Bovine spongi form encephal opathy ("BSE" or
"mad cow di sease") is a prion disease that currently threatens the beef
industry in Geat Britain. Transm ssible m nk encephal opathy and 5 chronic
wasting di sease of deer and elk are also thought to be prion diseases. The
pat hol ogi cal characteristics of prion diseases include neuronal
vacuol ation, astrocytic gliosis, and anyTo?d“pIaques with filanents
conposed,of prion protein. 10 A major step in the study of prions and the
di seases that tEe .cause.mas he discoveny.and urification of a protein
desi gnated priB uéFS ePh o0 BAF9RS B0l (R e FPONELI@FRe 218, pp. 1309- 11
(1982); Prusi nencephallopaBihyc HeTBSR'Y Yor2 I'maap.c P42 S8addn { 1982} ; pMEKhNI ey
et al., Cell 3 .57 3 | et e pri,on proteln-encodi ng genes
have since bee%iSgEgﬁenggegégﬁféﬁﬂéh§9g¥5§3§§%dt9% $§%ﬁsb8ﬂ?§ B¥i rHl s.
PrPc is encode@rbgtaBgiiftigliaer.c ofyrarsati syaiiel € Baishlerertepthal ofathy 48ndpp.
*417-28 (198€)) ls I : f t S ace_of neurons. A
| eadi ng hy%ot ﬁggﬁglllésth%g?hgyid&ﬁs%&s%gér%e?%ée%ﬁ?]?&ﬁ%}ﬁ] éuf’:{i’)n\a/g‘?(s)i on of PrPC
into a nodifiethevghtcill b¢ PrRSH dliseastsral Biolpyilalogicphysi ol ogi ca
function of PréfaiachelikRaws oR98aH UXsddials | indfuadSnbdpghigal Wi th
acetyl choline receptor /inducing activity ("ARITA") remain to be confirmed
(Harris et al.vaPnpéatiray| asAgafytdd Jlu9sigs, Pl FwelobR P189eeF. The
PrP gene, howgyeh, risahentd idompdsd BRI ith ff¥oteaayl ned, i.e., hanster
(Basler et_al., Cell 46, pp. .417-28 30 (1 86%2, nouse (Locht et al., Proc.
"Natl. Acadl9sSci. UsA 832 8‘6.3063‘F§-eP6 1 &4 Sttt (F Eepscandrthe al .|
DNA 5, 315-24 §1886sesPubket thely alauseAMas) tHdimisd®nety 49a 320-29
(1991)), rat (Véstg%@gtand Pr.usi ner .Nugésfmiqg(f@s..l4, 2035-44 (1986)),
gnate

cattl e (Gbldna% rl lon of a protein prion protein

("PrP") (Bolton et al., Science 218, pp. 1309-11
(1982); Prusiner et al., Biochemistry 21, pp. 6942-50

15 (1982); McKinley et al., Cell 35, pp. 57-62 (1983)).
Complete prion protein-encoding genes have since been
cloned, sequenced and expressed in transgenic animals.
prpC is encoded by a single-copy host gene (Basler
et al., Cell 46, pp. 417-28 (1986)) and is normally

20 found at the outer surface of neurons. A leading

hypothesis is that prion diseases result from

c Sc

conversion of PrP~ into a modified form called PrP

The actual biological or physiological

function of PrPC

is not known. Suggestions that it is

25 identical with acetylcholine receptor inducing activity
("ARIA") remain to be confirmed (Harris et al., Proc.
Natl. Acad. Sci. USA 88, pp. 7664-68 (1991)). The PrP

gene, however, is found in all mammals so far examined,

i.e., hamster (Basler et al., Cell 46, pp. 417-28
30 (1986)), mouse (Locht et al., Proc. Natl. Acad. Sci.
USA 83, pp. 6372-76 (1986)), human (Kretzschmar et al.,
DNA 5, 315-24 (1986); Puckett et al., Am. J. Hum.
Genet. 49, 320-29 (1991)), rat (Westaway and Prusiner,
Nucl. Acids Res. 14, 2035-44 (1986)), cattle (Goldmann
35 et al., J. Gen. Virol. 72 pp. 201-04 (1991)), sheep




35 et al., J. Gen. Virol. 72 pp. 201-04 (1991)), sheep - 3 (CGoldmann et

al ., Proc. Natl. Acad. Sci USA 87, pp. 2476-80 (1990)), and goat (Westaway
and Prusiner, supra). The PrP gene is also found in chickens (Harris et
al., Proc. Natl. Acad. Sci. USA 88, pp. 7664-68 5 (1991)). Furthernore,
becausé PrPC is expressed in neurons of the brain (Kretzschmar et al., Am
J. Pathol. 122, pp. 1-5 (1986)) as well as3in |ynphocytes (Cashman et al.,
Cell 61, ,pp. 185-92 (1990)) and shows a high turnover rate (Caughey et

al., 10 J. 5-81 (1989): Borchelt et al., J. Cell. Biol. 110,
pp. 743-52 (1986?@*“?5?’\,@% aqsee%@m:mhgzm ogi cal

i npor t ance. ThppceauﬂaFSDOKQQGD)WrPGnd1qﬂﬁﬁﬂ%Wtéﬁ&@h déﬁﬁaﬁfﬁsiﬁ efndi cat ed
“ by several lin les Wwth PrPSC

, evi 15 The .i nf i ouUs agent” copurl
by .di fferent %‘lﬁggéélur eg Pﬁﬁgl ENe S5 éﬁﬁ fl@ncgpm 1%}61%,9\1&9812511'1‘15
‘Diringer et alet alat.ure_ae_@maml AMearB (Sk983)usa M by fEeales Cel | 35,

- 57-62 98 J 1-97 (11986 | udi 20
'gfflnlty pgélf?%g?Fgﬁgoﬁ%ggkgﬁfﬁgggﬁ aﬁ:ﬁ%ﬁ%/égﬁﬁﬂﬁ? %%EEF%%%dgggar 9

Proc. Natl. Ach@ureng. cfiSphgsbrppn d&ratZzEah®ds)dt HN0S g@ﬁyacrylan1de ge
el ectrophoresi g, (ﬁ%gmﬂletl rog._gNgt a USA.87 pp. 7240-44
(1990)) and HPLC (Satfar e Qb pB SEPrglg(lglﬁae% qaA’?caael]S U?SA 87, pp.

6373-77 (1990)}Ymplr9?¥ﬁe$ (Fﬁ§h§1§§c@§t iadi.l,i Geldf €1 hq:sp tmsempu e is

determ ned, at(ie [ a t atur | el e
~ (Dickinson_ et aI 36’) gnﬁpgﬁowgya R§9§ %%f%62§£;€§§ {Eﬁﬁéhﬁyd%fﬁ%%h'and
Mei kle, Mot0 GhnVbEOkehdt PRi215pB1 KP?@)(:l@M)Che&i:rle;tomb.t al., Cell

pp. 503-11 (1985)cetunt®io®! @io, ﬁRCG5Q3-gérQH99%§947§R36%%%é%3$e&tg87)

Carlson et al.,._ Proc._Natl ce et
al ., J. Gen, "to be “of con51derable phy51olog1ca1 importance.

The central role of PrpC j in scrapie-like
diseases is indicated by several lines of evidence.
15 The infectious agent copurifies with Prp°°¢ by different
procedures (Prusiner, Science 216, pp. 136-44 (1982);
Diringer et al., Nature 306, pp. 476-78 (1983);
McKinley et al., Cell 35, pp. 57-62 (1983); Hope
et al., EMBO J. 5, pp. 2591-97 (1986)), including
20 affinity purification on an anti-prp antibody column
(Gabizon et al., Proc. Natl. Acad. Sci. USA 85,
pp. 6617-21 (1988)), SDS-polyacrylamide gel
electrophoresis (Brown et al., Proc. Natl. Acad. Sci.
USA 87, pp. 7240-44 (1990)) and HPLC (Safar et al.,
25 Proc. Natl. Acad. Sci. USA 87, pp. 6373-77 (1990)).

Further, the susceptibility of a host to scrapie is
determined, at least in part, by the nature of its
Prn-p alleles (Dickinson et al., J. Comp. Pathol. 78,
pPp. 293-99 (1968); Dickinson and Meikle, Mol. Gen.

30 Genet. 112, pp. 73-79 (1971); Carlson et al., Cell 46,
Pp. 503-11 (1986); Hunter et al., J. Gen. Virol. 68,
PpP. 2711-16 (1987); Carlson et al., Proc. Natl. Acad.
Aci USA 86, pp. 7475-79 (1989); Race et al., J. Gen.
Virol. 71, pp. 493-97 (1990); Westaway et al., Neuron

35 7, pp. 59-68 (1991)). Finally, certain mutations in




Virol. 71, pp. 493-97 (1990); Westaway et al., Neuron 35 7, pp. 59-68
(1991)). Finally, certain nutations in - 4 the PrP gene, such as a proline
to |l eucine change in position 102, are tightly linked to norbidity in sone
famlial forns of spongiform encephal opathies (Hsiao et al., Nature 338,
pp. 342-45 (1989); Hsiao and 5 Prusiner, Neurology 40, pp. 1820-27 (1990)).
Furthernore, mice carrying a PrP transgeme 4ith the anal ogous anino acid
change sugcunb to a spontaneous scrapie-|like disease (Hsiao et al.,
Sci ence 250, pp. 1587 90 (1990)). However, to date there has been 10 no
way to prevent HHe RNBIRRE, SOMIRRES GF FFELLNGERP dRUTHINe iohangs dm sol ves
the above problgsgition redAf esrd O IGWERY S12ARAT kS nbekidne f li'?‘f:téo(?r{gil Prp
S

‘genes, and thus deVOJ of ﬁ i on_proteins. Those 15 transgeni'c ani not

only .survive andelid i | SPORYH £ PRBy SRFEPRAH OBa HHS #3® pri on
di seases. More eptaratl.c,ul Matuse tjmes |men349n456|(at98§)tOHsEraB gees that are
disrupted a us_incapapl e ex énesSSI ng_prion_protein, to PrP antisense
genes, to 2 rt‘fﬁJéHa el PRt t h32A5R7di(dP899dd genes or

anti sense geneiuxarmlannmmmmicse amlrxtyidg derrredrhnefencheser rayest or ned
cells and to tr pr e nlnals I S_invention. also
sHa L?S @]qcf' C%I on an'tl ggﬂgetg%ao-lspﬁ GEESS des to

relates to therape e i st
non-t ransgeni c ssanamle;-lamda hthlrme V\tidJstmaeeanaD.ncl Bcéphcepsyi, for m’

encephal opat hy., BRI p@gﬂ R OF g ts
construction of pl al?r:% d pBl e:slac@pt Pr%&ge rom lf\lgsde‘gst g\%%'ecg‘ ©&hd
‘plasnid  30%BNReSAY gio HHeHATE Zihﬁepib%%a%%nst ruction of plasnid
pRVPr PneoPA2 from pI asm ds pBl uescriptPrP-2 and

SUMMARY OF THE INVENTION

This invention solves the above problem. It
relates to mammals and birds lacking functional PrP
genes, and thus devoid of prion proteins. Those

15 transgenic animals not only survive and develop
normally, but they are not susceptible to prion
diseases. More particularly, this invention relates to
PrP genes that are disrupted and thus incapable of
expressing prion protein, to PrP antisense genes, to

20 cultured cells transformed with such disrupted genes or
antisense genes, and to mammals and birds derived from
those transformed cells and to transgenic progeny of
such animals. This invention also relates to
therapeutic administration of antisense

25 oligonucleotides to non-transgenic animals and humans
who have an incipient spongiform encephalopathy.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts construction of plasmid
pBluescriptPrP-2 from the Westaway cosmid and plasmid
30 pBluescript.
Figure 2 depicts construction of plasmid
PRVPrPnecoPA2 from plasmids pBluescriptPrP-2 and
pMClneo.



pMi ngo. - 5 Figure 3 depicts construction of "fragment 1" - and "fragnment
2" used to construct the targeting plasmd pRVPrP3. Figure 4 depicts the
synthesis of "Fragnent 3" by the pol ynerase chain reaction ("PCR') 5nethod,
using linearized pBluescript-PrP2 as the tenplate. "Fragnent 3" is used to
construct the targeting plasm d pRVPrP3. Figure5 depicts construction of
the 10targeting plasm dfromfragnents 1-8, 5and excision of the targeting
fragment fromthe targeting plasm d. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
In the description of the present invention, the following terns are

enpl oyed: 15 Critical sitfédureg} demicts teansieathon PEP" fyeneenttatl"i s
required for expHevFiragmehtl BCiseBlto RId AL PEOL e fe P&?éale% g sequence
~--"Nucl eoti de sequence i a targeting nol ecule that disrapts target gene
upan. 20 site-QggEPﬂlcp%&PEEPation of the targeting nolecule so as to
prevent expression of furdguerals ReDivte @il sESKEELS or Enbryonic stem

‘cells. Expressi rql, sequence -- Sequence of nucleotides that enables
and regulatés t?gﬁ c%ﬁ%t?gnﬁgf%%5593%¥ﬂﬁé§ﬁ§céi%%%u%ﬁ%%thﬁén(ﬁﬁgRaﬁiver
| i nked to that metbgdenue.ingoinnegaiseaede p@ihiawdr Dot -prRgassaggenent of  DNA
segnents at a -spagi.ti Lte (Qr, sites), wthin or between DNA
mol ecul es throﬁgﬂgg§§25paigkﬁg%e§g %gcﬁﬁhﬁgﬁ%f'E?Hﬁﬁ?iékEcFeEPBn --
Sequehce wit hi hargetingr gdaspade PR¥®rP3chosen for duplication in the
Figure 5 depicts construction of the
10 targeting plasmid from fragments 1-3, and excision of

the targeting fragment from the targeting plasmid.

DETAILED DESCRIPTION OF THE INVENTION

In the description of the present invention,
the following terms are employed:

15 Critical site -- Site (or sites) within a Prp
gene that is required for expression of functional
prion protein.

Disrupting sequence -- Nucleotide sequence in
a targeting molecule that disrupts a target gene upon

20 site-specific integration of the targeting molecule so

as to prevent expression of functional PrP protein.

ES cells -- Embryonic stem cells.

Expression control sequence -- Sequence of
nucleotides that enables and regulates transcription of

25 a nucleotide sequence when operatively linked to that
sequence,

Homologous recombination -- Rearrangement of
DNA segments at a sequence-specific site (or sites)
within or between DNA molecules through base~pairing

30 mechanisms.

Homologous region -- Sequence within the
target gene locus chosen for duplication in the
targeting molecule, having sufficient length and

homology to provide for site-specific integration of



targéting nmol ecul e, havi ng suf fi ci ent | ength and honol ogy to provide for
site-specific integration of - 6 5 the targeting nolecule into the target

gene | ocus by honol ogous reconbination. PCR -- Pol ynerase chain reaction.
PrP -- Prion protein. Prn-p -- Gene encoding prion protein. Target gene
| ocus =- Chronosomal site of target gene, including the PrP coding

sequence, PrP expression control sequences,-PrP 3' untranslated

sequences, and 5 and 3' PrP gene-neighboring regions 10 on the
chronosone. Targeting fragnent -- Targeting nolecule consisting of
fragment fromtie geargegt phasndliecuYar getongheoitecylet gerldNA smleay €,

Fi*near -or cir ﬁ610%3@§b+§ ol §H§?ighcally disrupting a PrP 15 target
gene in a transtected cel %y Ronn ogolus reconbination so as to prevent
expressi on of functional PCRrP-pPolgheragar gbaing rgaatiiah.-- Internediate in

“consttruction of targeting-pragnpplon 20 dPgifi rst step in producing the
< tTansgenic animals of this invention is to prepare a DNA sequence

"("targeting nol ecul e") tRER-Rs~TapaBeeceBFOSpaLI Prdan pratiesimupting a PrP

gene in animal cells carpyiqertyate D688saDd FRPARLIRG AN G
non-functional. The 25 targetiqg%nnlecule is then used to transtect aninal

cells and to IRt IRRef uhREHORPT PEre gBRBsCPAinRoSequUasldes. PR
transgeni ¢ anigRgresdicn Eontheh Hequedes) PRPOJUCANitha Hd13IsgeNi ¢ manmal s

and birds of thlg, JAVentiony P DN §#rgebl gg.olequles Ll A capable,
10 on the chromosome.
Targeting fragment -- Targeting molecule
consisting of fragment from targeting plasmid.
Targeting molecule -- DNA molecule, linear or
circular, capable of specifically disrupting a PrP
15 target gene in a transfected cell by homologous
recombination so as to prevent expression of functional
PrP protein.
Targeting plasmid -- Intermediate in
construction of targeting fragment.

20 The first step in producing the transgenic
animals of this invention is to prepare a DNA sequence
("targeting molecule") that is capable of specifically
disrupting a PrP gene in animal cells carrying that
gene and rendering that gene non-functional. The

25 targeting molecule is then used to transfect animal
cells and to disrupt the functional PrP genes in those
cells. The transgenic animal cells may then be used to
produce the transgenic mammals and birds of this
invention.

30 : DNA targeting molecules that are capable, in
accordance with this invention, of disrupting a
functional PrP gene resident in cells may be produced

using information and processes well known in the art.



accordance with this invention, of disrupting a functional PrP gene
resident in cells may be produced using information and processes wel |
known in the art. - 7 Any DNA targeting nolecule of the present invention
has two essential functions. Those essential functions are to integrate at
a native resident PrP gene ("target gene locus") and to disrupt PrP gene 5
expression associated with that | ocus so-thhat no functional PrP expression
i.s possibje. Those two essential functions depend on two basic structural
features of the targeti-ng nol ecule. The first basic structural feature of
the 10 targeting nol eculA®y PNR ga@argefinegiokeculatofir thehprekegtus t o

chosen regi ons jofvefta JrAh3R IR dGUSia1 TAA ML ngﬁ!:?%t §E§En9§a'i°t h

sequence identit% and length) causes the targeting nolecu 0 I'ntegrate
by. . base pai ri AYNFEERRAT SR EhoRhgRke rafechbiafat Yonrgshdens PhB site
chosen in the tanget("genedtogitnd mda@gﬁ:ﬁ@% C&iééuptbﬁPbogeHé
*yeconbinatign IS the Learr%%gfnent of, segnents at a sequénce-specific
site (or siPesPXPRECHMPT0R DA T | Al s st hthakenpai ri ng 20
mechani sms. Theupetdienal Pe@NtdxPrd==iadresid pobssiFrd | CUtREss 0f gy of

honol ogous recqnbi n i mes . cal ne targeting”. In gene

: e %Lignf§on$§ r%gd "u a tu "y i
targeting, an “EX8§&ABds PPGTGANTH FRFUL AW P25 LE REFRGtUFaAgnent ) is
introduced int deaklires Sife ther geiriged: ithy nmlleedle has one or mor e regi ons of
gene’y Y the regi ons. of AR S el RSaT (I YGAL HAEERE HEREar get i ng
mol ecul e r&9ul Fargesiing- sigdeictile iis egratiromfofrediomxogeabusrsequence.
GOV e ROBSIREAL (RORARNCR, THASIEH B Lk g SEhe ool <11

That homology (in terms of both sequence identity and
length) causes the targeting molecule to integrate by
base pairing mechanisms ("homologous recombination") at

15 the site chosen in the target gene locus in transfected
cells.

Homologous recombination is the rearrangement
of DNA segments at a sequence-specific site (or sites)
within or between DNA molecules through base-pairing

20 mechanisms. The present invention relates to a
particular form of homologous recombination sometimes
called "gene targeting". 1In gene targeting, an
exogenous "targeting molecule" (or "targeting
fragment") is introduced into cells. The targeting

25 molecule has one or more regions of homology with a
chromosomal gene to be modified or replaced ("target
gene"). The regions of homology between the target
gene and the targeting molecule result in site-specific
integration of the exogenous sequence. Of course, the

30 exogenous sequence may be designed to correct an
existing defect in the resident gene or to disable
("disrupt") a functional resident gene. The present
invention relates to disrupting PrP genes. Gene
targeting, which affects the structure of a specific

35 gene already in a cell, is to be distinguished from




("disrupt") a functional resident gene. The present invention relates to
di srupting PrP genes. Gene targeting, which affects the structure of a
specific 35 gene already in a cell, is to be distinguished from8 | other
fornms of stable transformation wherein integration of foreign DNA for
expression is not site- specific, and thus does not predictably affect the
structure of any particular gene already iBr-the cell. 5 The second basic
structurgl feature of the targeting nolecule of this inventionis a

di srupting sequence_between the honpl ogous regions. The disrupting
sequence prevehtReExEPERS Oh %?a?hﬁcF?%ﬁﬁforBFgéﬁan6ﬁ§ﬁﬁnfron1the Prp

target gene folho¥grgcibe a@ f GPé B8 NBRA QBraeﬂEEEbgfioﬁf ilhafot! aJigel~ gene
by the |ntegratedh%arget| nDIe ul e. C? in the art wll
fecogni ze t hatSP&% +%USa% ?%so?o hBrPPPcﬁéﬁéYtéﬁ&@@ﬁn&hﬁblecule

of -the presentstmeﬂxhr@noﬂaaynjaepmsmmfedehe aukbbbl 1% tdhe Ygiuct ural
- and functhyal require bel o escri bes

| S spec
‘the actual constructlong%? %.$9?ég@%%l?a?éEPFE§rggl%@GF 1 produce
t he transgeni ctargetbhgthel geebendf | tiviat ionentIba ﬁelbowu@QUQRSQuﬁsion

sets forth con h be ysed to design
other PrP genéééggége Oﬁ%tﬁgg%ggﬁ ?ﬁ&%gﬁaué 9& Bsto gioduce t ransgenic
m ce,’ hamst er sdisnbpting S¢mm$ncglgsevenhstEEprehscbansfaﬁ@n@ﬁhsnuﬂmnnals
and birds w LhopioflpAstLng Lo & )ﬁPpEaP&e{:hgeHEe%Sgtlln ) - 25

Par anet ers of etln no var i e practlce of
the presemtO i nmlﬁl‘éﬁﬂem‘hﬂﬁo% E%t}@hg‘?ﬁstbﬂtthérﬁgﬁogég@uéwr ddeons, what

regions of thejlesgritO8n€atfetsndRol&chieeduplicated as the honol ogous
regions of the targeting nolecule
One of Sklll in the art will recognize that
numerous embodiments of the PrP gene targeting molecule
of -the present invention may be constructed to fulfill

15 the structural and functional requirements specified
above. Example 1 (below) describes the actual
construction of a PrP gene targeting molecule used to
produce the transgenic mice of the present invention.
The following discussion sets forth considerations and

20 parameters that can be used to design other PrP gene
targeting molecules that may be used to produce
transgenic mice, hamsters, rabbits, sheep, pigs,
cattle, chickens and other mammals and birds without
departing from the scope of the present invention.

25 Parameters of the targeting molecule that may
be varied in the practice of the present invention
include the lengths of the homologous regions, what
regions of the target gene locus are to be duplicated
as the homologous regions of the targeting molecule,

30 the length of the disrupting sequence, the identity of
the disrupting sequence, and what sequence of the
target gene is to be replaced by the targeting
molecule.

The length of the homologous regions that

35 flank the disrupting sequence of the targeting



30 the.length of the disrupting sequence, the identity of the disrupting
sequence, and what sequence of the target gene is to be replaced by the
targeting nolecule. The I ength of the honol ogous regions that 35 flank
the disrupting sequence of the targeting - 9 nolecules of this invention
can vary considerably wthout significant effect on practice of the

I nvention. The honol ogous fl anking regi ons9nmst be of sufficient |ength
for effective heteroduplex formation 5 between one strand of the targeting
nol ecul e and one strand of a transfected cell's chronpsone, at the PrP
target gene | odwleauwkgseaf rithihelneentt tonfcamevaoyotoysiiderabilgns pronot es

het er odupl ex fQy; | e i £ s ' fficiency. ver, it will be
10 appr eci at edq{lf?;{dﬁe% clriieman %ﬁélﬁg%%tg??rﬁgélé #‘?Q?énﬁb@g&r ui ng per
addi ti onal hondlnogousidrase Pw rhaweingais yflanking shegiand masef beebfby
practi-cal diffi N ' t etl ecul e construction s_homol ogous
.régi ons excee agﬁhﬁi%ﬂgn&ﬁP'%b <%g5%%ﬁé%év§fkﬁ€$ﬁ?§gﬁ9?§n BrngRBP t he
length of eachbetwHergare ragiam icf Gthed ocdrddPindaseleenls, apadoabout 500

base pairs is St eferred. It should pe further noted that the precise
| engt h of ther‘l‘ﬁ"&r"f‘dﬁ)@ﬁi? ?ngql'(ﬁ-éeqi}ﬁfﬁée AP F Aol Eukke REY depend
in practice ontaiegydtoGined N dtud estidtd 8N Ry Shd eBehgtRNGr a£gEnd the Prp

gene. -For a digcussion of the Iength of honblogy required for gene _
targeting in SMRIGHIUSISHIRNT Practendistarodplexpformetioniand 11,
5586- 91 (1991) knuEh&ic-det iR doridifey at i fdidsyd N Cfﬁ'\gﬁlff g25 which
regions of the target dene l'ocus are duplicated as the honologous regions
in the tard8ti ﬁ@m@@ﬁqe@_ thate thsiinamrenta htkarget it efiikcPeRcyar get

gene sequence alrRf Hf A hdit iidia 19 sl ddishid LD FY5E eventually

diminishes and is offset by practical difficulties in
targeting molecule construction, as homologous regions
exceed several thousand base pairs. A preferred range
15 for the length of each homologous region is 50 to 5,000
base pairs, and about 500 base pairs is most preferred.
It should be further noted that the precise length of
the homologous regions in the DNA targeting molecule
may depend in practice on the location of restriction
20 sites in and around the PrP gene. For a discussion of
the length of homology required for gene targeting in
embryonic stem cells, see Hasty et al. (Mol. Cell Biol.
11, 5586-91 (1991)). '
There is considerable latitude in choice of
25 which regions of the target gene locus are duplicated
as the homologous regions in the targeting molecule.
The basic constraints are that the PrP target gene
sequence to be replaced by the disrupting region must
lie between the regions of the target gene locus
30 duplicated as the homologous regions in the targeting
molecule, and that replacement of the target gene
sequence must render the PrP gene non-functional. It

should be noted that the target gene locus nucleotide



lie between the regions of the target gene |ocus 30 duplicated as the

honol ogous regions in the targeting nolecule, and that replacenent of the
target gene sequence nust render the PrP gene non-functional. It should
be noted that the target gene |ocus nucleotide - 10 sequences chosen for
honol ogy in the targeting nolecule remain unchanged after integration of
the targeting nolecule. Those sequences &f the target gene |ocus are
merely replaced by the duplicate (honol ogous) sequences 5 in the targeting
nmol ecul e. Identity between the chosen regions of the target gene |ocus and
t he homdl ogousSeqeenens FRACERB £aFgBPMAd /Yl ddulthe &amee timsnhaddyeartieh

Lhe .targeting foheey! endrbhyensakherdiskugtaRdopeaiente dnllagly 1nto the

PrP target gene. The chosen’regions 10 of "honol ogy nmay he PrP
codi.ng sequencelégmleit Thoget spavensasyofhihet fteyged seneFdroamsanpies, in

‘an enbodi ment i pvept.il.o regi on coul d be
 l'ocated 5' fro%ﬁ%gpgégggﬁéé g%d%‘heBHB?EEPQ%%%%%;i%gOrUe i o1 LS Fhe

"l ocated 3' Froin ttize 15aPyget jpgemoPeefidrabl Ydenhea thr Pettmiceimttihen otaden and
5" termnal region of rhe PrP_codin guence will .Lie. between the chosen
honol ogous regléhéP%ﬁdF%hu ebgar§§%| 8§§ 90Pﬁeapﬁt&kFu&ﬁWﬂ}qgﬁﬁﬁence, so
that no portimsgidns hinpthentprgeeingcanlbeudxpiesthe mawes 4y ROi&h

referred, when the interrupti seqguence contajns _.a selectable marker (or
gny ot her geméhei%@?$ﬁ$l?%g?BTgF§f§ S@&ﬁVﬁSFiB ecé&&ﬁ“&ﬁhﬂ&rﬁ%ﬁ“ﬁﬂcﬁtmf

m ni mum  r equigask 1@é ker i Kedi ﬂEeSPﬁP?ﬂQQFe@ngehB:f rapR Whidd e e TRIEET
codi ng sequence, to prevent translational read 25 through that m-ght yield
a PrP fusidh RothamPlPgy, PrY liet Vithjn hBe PrPaccrday meauenceot ML t han

the requirenent imﬁo@oxs@cgé'ga}g;ﬁchgtt egey bhesBr P %Ewekéaﬁ\gl%e,t veen the

honol ogous regions (so that it w e iSrupted), the primary constraints

on choi ce of an embodiment of the present invention, one homologous

region could be located 5' from the PrP gene, and the
other homologous region could be located 3' from the

15 PrP gene. Preferably, the PrP initiation codon and 5!
terminal region of the PrP coding sequence will lie
between the'chosen homologous regions and thus be
replaced by the interrupting sequence, so that no
portion of the prion protein can be expressed. Even

20 more preferred, when the interrupting sequence contains
a selectable marker (or any other gene), is that there
is a termination codon downstream of the minimum
required marker coding sequence, and in-frame with the
marker coding sequence, to prevent translational read-

25 through that might yield a PrP fusion protein with PrP
activity. As a practical matter, other than the
requirement that some critical site of the PrP gene lie
between the homologous regions (so that it will be
disrupted), the primary constraints on choice of

30 homologous regions is the availability of the cloned
sequences and the existence of restriction sites
therein. Preferably, the regions chosen to be

homologous regions will not include sequences longer



30 honol ogous regions is the availability of the cloned sequences and the
exi stence of restriction siteS therein. Preferably, the regions chosen to
be honol ogous regions will not include sequences longer - 11 [|f than
about 20 nucl eotides that are known to occur elsewhere in the genone being
nodi fied. Extensive honology between the targeting nol ecul e and ot her (non
target) sites in the genone mght dimnisshiitatrgeting 5 efficiency by
diverting targeting nol ecules into non- productive heterodupl exes at
non-target sites. The length of the disrupting sequence separating the
honol ogous r egithad iabatte 20mytient ides cthate axe kheenvhoyoeensi der abl y

W thout -si gni fi ef.f e 0 rnaci | of . the. pregepnt invention. The
mi ni mum | engt heégé}]#ée(}(ﬁ slrnug{hlen %@Jegnﬁé%léiq%%%l%h%%' pgT‘E?nFﬁggrt ion of a
singl e base pahomoldgye letReerndihey tsamysioey wiel scebesahéubeharf (asa-shif t
ut ati-on and thus ul d.prevent, .expression of a functional prion 15

.prot ei n. Alter% i éﬁyfl S gl SN EETRS m%ﬂ&&t%%W&?bﬁthﬁgﬁeFéEEIt in an
ani no aci d subsffiftistiieoey aly @istdrtion} tsiddetihg hfoDsd@esr 9hebnpapd the
expression of onl ngp-fug@}iogﬂ rion protein. It should be recognized,
however, that Er§%%ﬁﬂéﬂﬁa teF Ha%rah i TR IRk PEESFe to reversion
to the wild type sequenade Niedidh @m@%mﬁé ogqugﬁcéhat reason,
di srupting sequences | onger than one base pair "are preférred. At the other

extrene, exces§PPETREAGGh thien home laaausp et g uencehawtatgebingl i kel y to
confer 25 any ﬁgﬁ@@hﬁgecﬁﬁe%f%dmﬁgfﬁﬁddHE*3%£&§¥¥*éﬁtﬂ@9€E§%§nikf99 @, and

~m ght dimnish efficiency of transféction. rgeting. sstvée 1T éngth
in this cohPexeffeckaep thempracige athdme refisitnoevémt vern theechosen

honol ogous reg,9Rs mAR ﬁ@ﬂg%ﬁr%%tt%%n%isgdﬂ€¥ﬁar§§auence is one base

pair. Insertion of a single base pair in the Prp
coding sequence would constitute a frame shift mutation
and thus could prevent expression of a functional prion
15 protein. Altetnatively, a single base pair
substitution could result in an amino acid substitution
at a critical site in the prion protein and the
expression of only non-functional prion protein. It
should be recognized, however, that a single base pair
20 alteration is susceptible to reversion to the wild type
sequence through spontaneous mutation. For that
reason, disrupting sequences longer than one base pair
are preferred. At the other extreme, excessive length
in the disrupting sequence would be unlikely to confer
25 any advantage over a disrupting sequence of moderate
length, and might diminish efficiency of transfection.
or targeting. Excessive length in this context is many
times longer than the distance between the chosen
homologous regions on the target gene. A preferred
30 length for the disrupting sequence is from 2 to 2,000
base pairs. A more preferred length for the disrupting
sequence is a length approximately equivalent to the

distance between the regions of the target gene locus



30 length for the disrupting sequence is from2 to 2,000 base pairs. A

more preferred length for the disrupting sequence is a | engt h

approximately equivalent to the distance between the regions of the target

gene locus - 12 that match the honol ogous regions in the targeting

nmol ecul e. There is wide latitude in the choice of the of the disrupting

sequence, since the disrupting 5 functioenlis-not sequence-specific. It is

necessary, however, that the nucleotide sequence of the disrupting region

not express a funct i onal EFIOH protein and not express a protein or

pol ypepti de toW%tt@atﬁb heahsnodpeguselriegilons sinaltye prafestriasy t hat the

10 di srupting 3 not be extensively honol ogous to sites in the

- genone of the trans ected cell. Such honology would be likely to dimnish

the .efficiency of the t@hgeelmg woHeclla¢itanié Minghthes@tryitle/ dfpaid its
of the present .invention it is preferred

function. 15 E
“that the disruptiRg sequen&%nﬁ eqUeRGar FAREE dhe [dIsTuldsht h a
‘sel ect abl e Srarkerctahoh ais dnetu:péqngneequpeeﬂflbn t hesq seeedidmiftys, the
length and |§ent|t% of thﬁgﬁﬁsruﬁ é g sgguence wi |l be 20 determned
largely by thdYEFELE abtd BrPUGAPAGT e&ﬁ@H@é‘c&n&faQ’@c@a}tséﬂlle‘xmssi on
contr ol sequenﬂﬁ@monTﬁwt3@*$ﬁégglg ﬂﬁﬁ&eﬁoggﬂepgﬁgﬁl eotleQn B Biwﬁ
e

sel ection of transfected ce t hat have taken up- |ntegrate
targeting nol ECtREESTHR %%W%%ro’é PSlyppptidsl §0Pﬁelckéi|0 wihd  depend on the

methods choserfdifsrdiielestion ot sl hecandrbansagnigaanigml production,
- The choi ce of those nethods, in turn, pen e speC|es of ani mal

on which 49 s M0 i ScHeenge PehcbpcedteRsivelynpbaolagouef ¢ ed
met hod for 30 gyqruicti AL Ofgd GRS ISP Enbi EH5nEPESELIPEY el oW, does

homology would be likely to diminish the efficiency of
the targeting molecule, and might severely impair its
function.

15 For some embodiments of the present invention
it is preferred that the disrupting sequence have a
dual function, i.e., be both a selectable marker and a
disrupting sequence. In those embodiments, the length
and identity of the disrupting sequence will be

20 determined largely by the selectable marker coding’
sequence and associated expression control sequences.
The selectable marker gene provides for positive
selection of transfected cells that have taken up and
integrated the targeting molecule. The need for a

25 selectable marker will depend on the methods chosen for
transfection of cells and transgenic animal production.
The choice of those methods, in turn, will depend on
the species of animal on which this invention is being
practiced. For example, a preferred method for

30 production of transgenic birds (described below) does
not comprise a selectable marker. In another example
(Examples 1 and 2 below), a preferred method for

production of transgenic mice involves murine ES cells,



not conprise a selectable marker. In another exanple (Exanples 1 and 2

bel ow), a preferred nethod for production of transgenic nice involves
murine ES cells, - 13 and a preferred nethod of transfecting ES cells is
el ectroporation, with which a selectable marker is preferred. The
preferred sel ectable marker is the antibiotic resistance gene, neonycin
phosphotransferase 5 ("neo"). A neo gene-wih-nmamal i an expressi on control
sequences is comercially available (Stratagene Coning Systens, La Jolla,
CA). Although neo is preferred for nmanmmalian cell selection, other marker
genes, such asandhanipdieferkiathsestithdyaif ofod:9¢ e tEIHGt BSEcehYQr 9aYCin B 10
pheosphot r ansf erase, xant hi.ne- guani.ne phosphori bosyl transferase, adenosine
- deani nase, aspgﬁgﬁFﬁggﬂﬁW%%¥gsgléhuﬁhﬁéguﬁxﬁ?%ﬁ??aﬁﬁ%sﬁﬁékér is

synt het ase/ asppregegred.ander haefaseddidyiooiei 8sgl - #By Pe pged with
appropriate cult ng.n@@ia. 15 In plasmd pRVPrP3, the targeting plasmd of
‘t he present in@Bﬁﬁ G tdEs EESHEF ANTEETHR £ NEBY Bin apliosPhgtrassfefas@2%

(codons 4 to 1§¥heel)t e APHBoL o0 witeHRAGS 1%y | SRkACE: Wt D g, LEaoment
containing a neo__ger)le urpd'er—t%%| cqr‘lvtlr ol of t % %%%ﬁ% e‘rzo?ﬁ'aﬁ8§as 20
and Capecchi, €8flReBgespgs cogmercipddy) javiilale (S$tcakssgene ¢hening
targeting ol egykeehns, #aSGb1HSd ali E@ﬁ 0| ecul e. wever, it
shoul d be recognigeq that a tafgg?png égﬁg%h (éghrﬁ§rPE§£§%re$n§%ﬁtion
coul d al so be BaBBdiladnased lcisedeicdiiobNA dthemw nexther dfeéds fUb@chtasgeting

i srupting. ooy SAALRE cdnBTel BipiRTRaHI LR oGy i B
Al ternat i v&9y, Paosphotiranstargeei, ngamthdte-eueniink SHUEBHSE Bosy NIl €
ek R S8BT e e e et s Sse
honol ogous and CAD (carbamyl phosphate synthetase/aspartate
transcarbamylase/dihydroorotase) may be used with
appropriate culture media.
15 In plasmid pRVPrP3, the targeting plasmid of
the present invention described in Example 1 below and
Figures 1-5, 72% (codons 4 to 187) of the PrP coding
sequence was replaced with a fragment containing a neo
gene under the control of the HSV TK promoter (Thomas
20 and Capecchi, Cell 51, pp. 503-12 (1987)).

In this discussion, the targeting molecule is
described as a linear DNA molecule. However, it should
be recognized that a targeting molecule of the present
invention could also be embodied as a circular DNA

25 molecule. A circular targeting molecule could comprise
a pair of homologous regions separated by a disrupting
region, as described for a linear targeting molecule.
Alternatively, a circular targeting molecule could
comprise a single homologous region. Upon integration

30 at the target gene locus, the circular molecule would
become linearized, with a portion of the homologous
region at each end. Thus, the single homologous region

effectively becomes two homologous regions, as



region at each end. Thus, the single honol ogous region effectively becones
two honol ogous regions, as - 14 | described in the discussion of |inear
targeting nolecules (see Watson et al., Ml ecular Biology of the Gene
(4th Ed.), Benjam n/Cunm ngs, Menlo Park, CA, p. 606). One differing aspect
of a citcular targeting 5 nolecule with a single honol ogous region is that
it inserts the disrupting sequence into-titye target gene and disrupts it
wi t hout replacing any of the target gene. A second differing aspect is
that the §ingle honol ogous region nust be within the target gene and 10
located 5' to aledcadstedonisn ditid idiasdcwsdd bom nof heiReRr eadyegiggquence. The

f onegoi ng di scussi on .focuses PrP gene . disruption by _honol ogous

r econbi nati on, ™ Cb‘rléa(fuc(ﬁe(?n%%tfs?rf dhsgehi ¢ %%—f—ﬁ%—%éﬂeﬁépé-gﬂ’—@ﬁl-&ﬁ
protein -- the ginepr(after mRU )gntp yanin/ demevegs , | Realet Parxenbadi ment  the
present invention a%zo provi des het erozygous ani mals having one gene

erfcodi ng pri or -pe&edi-n. MiThfmdlS 3FREGE PEaldt ChEFHLAK fappetdaged

agai nst  scrEapindlebie MiHGE P HAEl dyobs't r8hi8n! Wergd 29! evel ,
due to a gene dosage effect. (WId type aninals have two prion genes.) And
this | owered prAinG@IFSottdien disapnt idshfssguenemi intantheetasyaticgengai nst

25 Gane. di st upty oo s s A o] Varrar ol oL A Pof KBS LR B (i
invention, of geseuci Agseesirst stidif enting maRRdor hs ebbaphtihepathgleOne of
LY e b oo AP e e AGBS LY Bl PGB0l el

t echni ques 10f olocaded &,' rey alte lemyd icatk iorEiidwer oftéwdndihbepent

appr oaches. Th%oding sequence.

The foregoing discussion focuses on PrP gene
disruption by homologous recombination, for production
of transgenic animals devoid of prion protein -- the

15 preferred embodiment. However, in another embodiment
the present invention also provides heterozygous
animals having one gene encoding prion protein. Such
animals are at least partially protected against
scrapie. They produce prion protein, but at a lowered

20 1level, due to a gene dosage effect. (Wild type animals
have two prion genes.) And this lowered prion protein
level confers significant resistance against spongiform
encephalopathy. '

Lowering of prion protein levels, without PrP

25 gene disruption, is thus an alternative means, in
accordance with this invention, of producing resistance
to spongiform encephalopathy. One of skill in the art
can, for example, advantageously reduce prion protein
levels by application of well known antisense

30 techniques. Antisense techniques, for example, may be
applied in either of two different approaches. The
first antisense approach is production of transgenic

animals whose cells transcribe prion antisense



first .anti sense approach is production of transgenic aninmals whose cells
transcri be prion antisense sequences. The second antisense approach is
therapeutic adm nistration of antisense oljgonucleotides to non-transgenic
ani mal s and humans who have an incipient spongiform encephal opathy. 5

Ri bozyres are RNA nol ecul es with endoribonucl ease activity. Ri bozyne

sequences nmay b |ned w Lsense._sequences to specifically
inhibit-groduct%ﬁ#tﬁ ?§$;u¥?%€l%€&%§§t§Pﬁ3°gﬁ5§haﬂﬁﬁﬂq Mt enbodi ment of
this invention, tdrerayfeut] mradman ssikathionnofthandsizes@e advant ageously
reduce ‘prion prgt.ein. levels, | i nking ribozynme sequences to prion

anti sense sequeé;égo Wé;%ﬂﬁﬁégég ?iﬂagfﬁganéﬁﬁaﬁFb ades ang: thunans

- specifically townte havenn AL piént "BpBhk iRy ahes .pn protein.
such a 15 prion antisense-rjbozyme RNA hnlgcule nay@%?§§¥§ﬁéﬁif)indirectly
by transcrip®ion of a recdRIRITMEDNRre BNt nodecudesharidll | s of transgenic

-animals. Alter AVl ﬁ?{gh ' i sepge-ribazynme RNA nol ecyl e may

‘be provided di r%ﬁgzﬁoﬁby THher ap%ﬁ%e%gegdm Eﬁg’PP%oyﬁe&“Wﬁ?meﬁi%cm e

t o non-transgenf@bined nitlorantisesse Feequepeerear &b dpeairdicnlgf ribozyne

technol ogy, see, I | 83 C "R bo nd Their ,Medica

| npl i cations", jﬂh}tr?gﬁ ?é'ln@dn%édflb% '°i§o§¥¥?8ﬁiqop?°§€é,n‘pp.I“?,(FgD- 34

(1988?; Fbselofﬁd@ﬂﬁﬁﬁhd&némﬂﬂdiﬁéﬁﬁpbe ENASEmaYFntr&mJ1d&anguiFﬁghly

Speci fic Endqri e tivitigs", ture, vol. 6 334, pp. 585-91

Ciose) . it dRouPERITR RIFLLAS e nER! B8 aivgntanscieingF aduas

- practice of thepmiesemrauniantioveBd bpauinREng PPl HRE & dc?é'gngtdﬂt
rising sequences

| east a portion of the PrP target gene or DNA“cl ones™conp
bet ween whi ch aPTHOfsANtigAnssEeuenees; ptharegby §argetilings theuch DNA

clones necessar \neh iNeHud 165 £ éé@&vity specifically to the prion
TRNA, to inhkibit biosynthesis of prion protein. Such a

15 ﬁfion antisense-ribozyme RNA molecule may by provided
indirectly by transcription of a recombinant DNA
construct in the cells of transgenic animals.
Alternatively, such a prion antisense~ribozyme RNA
rnolecule may be provided directly by therapeutic’

20 administration of the RNA molecule to non-transgenic
animals or humans. For a general discussion of
ribozyme technology, see, inter alia: Cech, "Ribozymes
and Their Medical Implications", J, American Medical
Association, vol. 260, pp. 3030-34 (1588); Haseloff and

25 Gerlach, "Simple RNA Enzymes with New and Highly
Specific Endoribonuclease Activities", Nature, vol.
334, pp. 585-91 (1968),

It should be recognized from the foregoing
discussion that practice of the present invention

30 requires a DNA clone comprising at least a portion of
the PrP target gene or DNA clones comprising sequences
between which at least a portion of the PrP target gene

lies. Such DNA clones necessary for practice of the



- 1~ .present invention ray be obtained by a variety of neans.- Muse
(Locht at al. Proc. Natl. Acad. Sci, USA, 83, pp. 6372-76 (1586)), hanster
(Basler at al.,~~Cell, 46, pp. 417-28 (1986%), sheep (CGol dmann at al .,
Proc. 5 Natl. Acad, Sci., USA 87, pp. 2476-69°(1990)), cow (Goldmann at
al., J.-Gn. - Virol, 72, pp. 201-04 (1-091)) and human (Kretzschmar at

al,, bM5, pp. 315 P haye bee | oned and ,sequenced.

DNA clones suit Bleeéfngrljigﬁg% Elctgeﬁoygffﬁée p‘sl@gaﬁpeang’é'nf’i YATAE Y Athose

speci €s nhy be obsainsed bjouss | (vdaigt tée £LP pgepe §heni.ngoagt hads sq;sle

forth in the publications __cited above, by use of the sequences publTs ed

therein for chefifcalPPsy ST of 1 THP hend@NgEeso(BAGAST efeirdof, Sallhy

use of the pubIiahqdpgﬁqu@mwxggf$y9§§bppegﬂ&é% ?ﬁB& ashs %E ghigo | eoti de
etur es

probes which may  be used in well-known proc o Isolate™Prp
sequences from &3&EBmAdCaS.aSeior USAhbniRP}iBAASYE0 ThE9PUNI,i soad

.nucl eoti de seque I ne f¥o Néxy i eg, can bg.used tq.qbtain
a PrP gene from ggséﬁ%ltaﬁ‘gre?p%%’és,%% Zﬁ%peggﬁeﬁtoét :Bgn,(“bggaﬁse'
t he nucl eoti de séfdehs@arof(¥Xadtaanhmarrret colli ngbNAe8i, opp.acaskighl y
conserved (80*-9Q%gi ti It rd | t.ion, eyen the 31 untranslate
regions are con§§%§§§9;%&%g qﬂﬁéaggyéxﬁﬁ%ﬁdcxﬁﬂﬁ s?nahﬁeﬁgénﬁﬁda Z%NﬁrP
gene sequence frelvoes sejtaide tfor tadtice P6P tH8Ngrbeanta;divbherant

speci es has been depopnstrated b ol dmann at,al. (supra), who isolated a
sheep PrP gend 6% ggP?@nFREQ& Y R ARRIN8R by gpﬂﬁoﬁiﬁanﬁhérPPPP

fg\'Ausf’ﬁ The preGeracdlonied it ol o dr-eh 00R LR BuggbEaseguEnce | :
g published PrP gen€ sequence data to synthesize ol rgonucleotide
priners (represeREFRE AFSVE; by use of the sequences published therein
for chemical synthesis of PrP genes or portions
thareof, or by use of the published sequences for
15 chemical synthesis of oligonuclaotide probes which may
be used in well-known procedures to isolate PrP gene
sequencee from a cDNA library or a genomic library.
The published nucleotide sequence of a PrP gene from
one species, can ba used to obtain a PrP gene from
20 another species, without undue experimentation, because
the nucleotide sequencez of all known PrP coding
regione are highly conserved (80%-90% identical). In
addition, even the 3' untranslated regions are
conserved in hamsters, sheep and humans. The use of a
25 PrP gene sequence from one seguence to isolate a PrP
gene from a different species has been demonestrated by
Goldmann et al. (gsupra), who isolated s sheep PrP gene
by screening a sheep genomic library with a hamster PrP
CDNA.
30 The preferred mathod of obtaining a cloned
PrP gene saquence is:
(a) using published PrP gene sequence data to
synthesize oligonucleotide primers (representing the



ends of the desired DNA fragnenf), usi ng known techni ques, and (b) using
the primers prepared in (a) in known PCR procedures, wherein DNA fromth

ani nal

t echni-ques.

i nvention di sruptdF tHe T ciedtes

5 species of interest serves as the_tganate. DNA targeting
nol ecul es constructed to disrupt PrP genes
I nventi on

Ecording to the present

may be used to transfect animal cells using well known
Such transfection results in the DNA |.0 sequences of this
°ekf beRusens)

v h88d ghiXfR¥hcel | s. The

ceII'type’chosentéanhﬁq@g§jegﬁaon with the PrP targeting nol ecul e nust

pl uri potent.
devel opnent al

The defining characteristic of pluripotent cells is
plasticity, wikh ¥8ingsthecREiBeysf prepagedctivon 0f ia

e

be

transgeni ¢ ani MlgnoWd WoRProte@eks, RefEEAPDNAI 28 oRY +ARC KA 1SPEr M and

enbryoni c cel | s.

Qocytes and enbryonic cells are preferred in the practi

of the.presentd i ARARIeMH of Anterespeservessag khpotenpdase.in the choice
Of =20 pl uri pot ant [t | hCi t
120 B potent ol ype, B et R R R T e

i'nventi on.

For exanple, ES Ca

ure ar € not

for all species. dismpte-Rel | gambds yoscérd ngcabl eHezpgesent dmntemtdion red
for transfection_and, produc Lgn of trgns eni ¢ 5 ngnnals SUCh'%ia% S,
sheep and cattle™ mft £33 | °eﬁ5?§% SGre2BiTAdr °8 9§iH§&n§hf@ al ﬁ%%ﬂ
produced by ‘in Weddihi@idd ] | ZieRNer MR ¥e0LEenSERBLIGL! Sn FNeNAANed in
culture are preferred for the production ,of transgenic small nmanmmal s suc

as nice and RéhstRAANCNRAE AN y‘b‘"_h*% %@V?Bté‘f’“adﬁéwytliagdt@gg fansetgoseds r ed
prOdUCtlon‘ﬁ!ﬂ'ﬁ?ﬁ%ﬁ”&ﬂiﬁhéé@ §H9ﬁafsc§ﬂlEKen?heTEilﬁe%§?@ %%oﬁﬁn
(Bi a7 eferred fo

for

Krinpenfort at al
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| f

20

25

30

(1991)) 1s
PrP targeting meolesculs must

o/ Technol o 9, . 844-
for transfectionggith gge

be pluripotent. The defining characteristic of
pluripotent cells is developmental plasticizy, which is
ﬁecessary for production of a transgenic animal.
Pluripotent cells are exemplified by oocytes, sperm and
enbryonic c¢ells. Oocytes and embryonic cells are
preferred in the practice of the present invention.
Animal species is a major factor in the choice of
pluripetent cell type to be used in practicing the
present invention. For example, ES call culture
methods are not fully developed for all species.

Single-call embrycs (also called zygotes) are
preferred for transfection and production of transgenic
mammals such as pigs, sheep and cattle. Single cell
embryos are either obtained surgically or produced by
in vitre fertilization. Embryonic sterm cells
maintaired in culture are preferred for the production
of transgenic small mammals such as mice and hamsters.
Embryonic cells of a newly laid egg are preferrsd for
productior. of transgenic birds such as chickens.

The methcd of Krimpenfort et al.

(Blo/Techneloay 9, pp. 844-47 (1951)) is preferred for

ce

h

r



production of transgenic cattle and other |arge mammals in accord with the
present invention. In that meihod, immture oocytes are collected by

aspiration of follicles on ovaries from slaughtered aninmals. The 5 oocytes
are fertilized in vitro by standard techniqyés.™ The DNA targeting nol ecul e
I's placed in the pronucleus of the single-cell enbryo by mcroinjection at

an appropriate ] i nterval, after oocyte fertilization (between 16 and
23 hours for catPFgﬁpcﬁ‘PpePgnﬁﬁﬁngﬁ?qﬁﬁeﬁ%%ﬁ' ANE RSt LAFEPOBABEP LES

4

preferred for niarekepeet Witthofthso W@ eitgaldfantien 0 thetha®PActh¥g, The
enbryos are cultyred for an appropriate period follow ng mcroinjection
(ni'ne days for cAPPRERTEIRQCYLRE, aXiee GHeahad Jait c2BPb¥ationl 6fment and

T e eiPhear 20881 cABsARHTR 1Y Tl ) AR CUSa P i $8T° figY L D!

the oocytes were fertilized is used as reci ofr fwo cul tured
enbryos that Raveccyses epedfeytind zedmiar tvatrall sy srvemdaydbtashniaues.

stage. 20 In an alte ti ' | nj.ectiqn appraach for roduci n

t ransgenic nannaré? Pﬁ |E§?ﬁ§kgh§éb°§ﬁ§diﬁu%#), Q&ﬁ&yl%dﬁ??ograncéﬁPained
surgical |y from o8vtHecsdingllesupdioembatyed byamiiidsie] dot i osestnahed
manmal s, subjected to _m.,croinjecti,on of the PrP 25 targeting nol ecul e, and

transferred backa?BrPﬁglagﬁokaFeﬁEF&q&a%uﬂﬁqﬁﬁ ARRETD | bRYEARL g2 EERPL i ve

femal e for gestabbowsbhbest antl al3. holir® Fexhnaltadye)d, PPir8SPerBiaf1991)).
The use of ephryos rieved after 3A vivo fertiljization may yield a

somewhat hig%@r_hﬁﬁ%2%959n§8 EPETE3EN DlsmoRmcPhere amplerredi fene net hod
oo ror "oy LESEEBLASERA be ERVANG il O 8l by offarey o
singl e-cel | enbryhs embryoshap, cuddarlCT foxt am appvomatabe ME- 964 08832,
fellowing microinjection (nine days for cattle), and
;hey are then evaluated for devaelopment and normal

15 appearance. An animal that started estrous on the same
day that the ococytes were fertilized is used as a
recipient of one or two cultursed embryos that have
developed to the compact morula or ecarly blastula
stage. _

20 In an alternative microinjection approach for
producing transgenic mammals, including sheep and
catrle, early embryos are obtained surgically from
oviducts of superovulated, artificially insemirnated
marmmals, subjected to microinjection of the Prp

25 targeting molecule, and transferred back to the donor
female or another physiologically receptive female for
gestation (Ebert et al., Blo/Technology 9, pp. £35-=38
(1691)). The use of embryos retrieved after in vive
fertilization may yield a somewhat higher number of

30 transgenic animals per embryo, but the method is more
labor~intensive than tha method of Krimpenfort et al.,

described above. TFor a discussion of surgical



ES cel.l culture can be used to produce transgenic aninmals of the present
i nvention w thout 5 mcroinjection. For a discussion of the culturing of

ES cells and their use in the production of 1 ansgeni ¢ animals, sac PCT
pat ent publication WO 90/0154. ES cells are preferred for the productron
of smal.l transgenic manmals with short generation intervals and 10 | arge

litter size. Gen LRt e d a fac ors to be
consi der ed, becaﬁ%geéélﬁgqggc{é ? tﬁégg§ﬁeﬁgb6§ﬁl ﬁr?ﬁ'l I¥A% TR ant ages
of the ES call neida, ageetpar ﬁStentlpubamcbelaarwba@mybggggculture in

| ar ge nunbers, and they can ge efficiently 15 transforned by standard
el ect oporation techni ques. of Pohi RBLELERt FBPoPE HSRA tcamfasiuasd ES cel

cl'ones are |scﬂe§f§h§gby§@ Qﬁiﬁ9§étb¥etﬁﬁ|ﬁfkbgﬁ fgﬁv%n%?%§9r1ﬂ¥§HEV“th'n

the DNA targeting nolecule. Prior to use in production o transgenlc
animal.s, the el ddepisiectient cFones diecusalipredff dhet ioa lngsiony e bf

~dFsrupt ed Prp g??sceﬁfs Cﬂéstltég?‘ag?ﬁl QHetﬁ8ugngchl&§\éﬁ %|f Q:[rzx[ Itég] P

gene are injected into cultured ocyst s oW ng i € the
bl astocysts in (REHRALlS heSES E@TlBabeoarrpupémcauﬁonhmemr/msand FB gi ve

rise to chineric anyg@l I %§&7 INe n nly the _bady tissues
derived fromthe tran§§%n|é? cggéggéretﬁg hggéﬁPEQ VEF qqtransgenic
germeells transmnaﬂﬂqamicwmgmmﬁlsOW1bhfsnbrﬁggéﬁéeadhaﬁ ity and
hereditary prrncrples 30 Fusro wi th_bacterial protoplasts, calcium

phosphat e- neditt SREFRNTEESY ohi2@nd FERET BEAPRaADtAEYRAL aad: Rdtdmac ige
have been used t(hfé“féEEEEE ié"ﬁég@% YY) ”EHHEEEQ”tﬁE'E% cahfihough

those - 20 nethods may be used resen I nventi on are not
preferred. Produdi§iif fyqa%ﬁlggehi!eeeirdenmals- Advantages °f the ES

cell method are that ES cells can ba maintained in
culture in large numbers, and they can be efficiently
15 transformed by standard electoporation techniques.
Following electroporation, transformed ES cell clones
are isolated by use of positive selection for a marker
gene within the DNA targeting molecule. Prior to use
in production of transgenic animals, the selected ES
20 cell clones are analyzed for the presence of disrupted
PeP genes. ES cslls from a clone found to have a
disrupted PrP gene are injected into cultured
blastocysts. Fcllowing implantation of the klastocysts
in utero, the ES cells become part of the embryo and
25 giva rise to chimeric animals. In the chimeric
animals, only the body tissues derived from the
transgenic ES cells are transgenic. However,
transgenic gernm cells transmit the transgene to
offspring according to normal hereditary principles.
30 Fusion with bacterial protoplasts, calcium=-
phosphate-mediated transfection, and DEAE=Dextran=
nediated transfection have been used to introduce
foreign DNA into mammalian cells. Althcugh those



Transgeni ¢ chi ckens have been produced 5 (Salter at al., Virology, 157,

pp. .236-40 (1987); Bosselmar. et al., Science 243, 533-35 (1989); European
Pat ent Publication 0424044A1). However, avi an anatony and physi ol ogy nake
mani pul ati on and cul turing of the early'éﬁﬂ?yb i npractical. Therefore,
techni ques such 10 as direct mcroinjection of the pronucl eus of

I ndi vi dual cells, or el ectroporation of ES calls, which are preferred for
manmal i an syst eRBTRSZAE FY &8 (48R4 ol N R RPESRSRFEIAYRRt heRct EBBYoRYBhe

pr esent (nventhat PR edWrakystems, the nethod of Bosselman et al., ?5
descri bed below, is preferred. Even though the embryo of newy- laid fertile
bisrd egg has undergone S|gn|f|cant developnent It is still pluripotent.

| nj ecti on of a SB8BBRLEAON FE AXXE3 bearing the foreign DNA
("transgene") 20 into th oIk near the enbryo results in infection of
‘enbryonic cells and i nt egmRARTBILG L 1okeRE Ve neeen (produnede of those
.cells. The rSSUth&ﬁeQ'%&Sa@(gemﬂﬁﬁlggy"ciéb)tﬁﬁe ff%ﬂ@@lglggﬁg .carry the

‘transgene in their gern1ce||s ‘at—a userul freque etrc’ §creening

of the G 0 birdBOPERLBREd &Fy aloon AkanRE 2 4hi n%ﬂb&%aﬂlﬁ@%hdﬁpr@ggny
t est th | t {! t
esting are PHcanel @%m:ac&cﬁd rammmmz%gpr +J?f n éﬁgégﬁgenes

The preferred nethod production of trans rds

conpri ses: 30 (3§ |H§¥Ftil°ﬂ-§9cmé‘%’%ad?5§}@% % a@'ﬁ'rﬁculﬁ#m@% Uﬁvthﬁ

retrovirus- derlaaﬁlyeeh@&jhy1myra&xmaanmﬂ rfﬁéﬁéﬁdﬁﬂl {Eﬁhﬁﬁﬁbebqaeén
REPLACENENW}ﬁKEET ectl # etin nment - beari ng

retrovirus f toaﬁhgl§8F§ EL et IRF l %% he enbryo, (3)
screeni ng nemAyihdﬁvhddandﬂ%ﬂdx}dB éIHctroporatlon of ES cells, which

are preferred for mammalian systems, are not suited to

avian systems. For practice of the present inventicn
on avian syatems, the method of Bosselman et al.,
15 dsscribed below, is preferred,

Even though the embryo of newly-laid fertile
bird egyg has undergone significant development, it is
still pluripotent. Injection of a modified avian
leukosis virus bearing the foreign DNA ("transgene")

20 into the yolk near the embryc results in infection of
epbryonic cells and integration of the transgene into
the genome of those cells., The resulting birds
(generation "G-0") are chimeric, and carry the
transgene in their germ cells at a useful frequency.

25 Genetlc screening of the G-0 birds followed by
conventional animal breeding and progeny testing are
then applied to obtain birds homozygous for the
transgene. The preferraed methed for production of
transgenic birds lacking PrP genas comprises:

30 {1) inserting the DNA targeting fragment ints an

avian retrovirua-derived vector by
conventional recombinant DNA techniques,



5 integrated proviral/targeting fragnent DNA (eg., by a = bl ot

jprocedure), (4) mating viremc GO male birds selected i ﬁ@@gﬁ?ﬁzwwﬁ SHERT
'speci fic pathogen free females, (5) screening chicks (generation "G1") '
produced 10 in step (4) for integrated proviral/targeting -fragment DNA,

(6) mating G 1 birds to each other, and (7¥ screeni ng chicks (generation

"G 2") produced in step (6) for site-sp"e(?: fic integration of 15 the
targeting fragment (eg., by PCR techni ques or Southern hybridization

anal ysis). The precédingindiestussi ehel 06H§8€8,HNr | emigg%Fpges bet ween
production of transgenic g%ngglisf 20 and transgeni ¢ birds. d%oul d be
apparent that practice of “The pré’§er’|f‘tf’n9}éﬁt¥ ont avingWlypetaes requires

a suitable cloned PrP gefierfolecegstrueit oth®femdfg t argeting fragnent.
Such a gene can be pbfai ged-R¥inc0RYENL I ONal, reconbi nant DNA techni ques,
including use 25 of publi sﬁeﬁlgﬁi géggy F}F‘Ef)}?eéféﬁgﬁcdﬁrt(i%‘lo)arﬁm acid
sequences td synt hesi ze b goRaEREop T efel px bites detri ngs areefidit figh  avi an
DNA |ibrary. Another methegl. of,0Rt @haing, 2 %vci n PrP gene involves

screening an avi an Hgﬁ library with a frag it <6 u5‘5|3r'evi ously cloned 30
mammal i an PrP gene. ' Cne Tt ERY | Yiremih&S =t tmadiel biakdso skdeegniza i hat si nce

no antibiotic resistancestas Kes) i 6o 4500l p4d i t hod descri bed above
for production of#astran%%eni.c bi rd_,Fn%t/he di ??38??%8%5&& c?@ai(iﬁ§erted
into the cloned PrP Jene dlrs g € oristdhrctigsmesttine ¥G22 ") apgetivegdnol ecul e

need not b® an anti bi otiin rsgsélsta«r\)cef_org&rrh%egkﬁt}éhefg’rgfE:h'ilﬁbovg’ L, should
be apparent that the prf%.‘cf:;[gl’mceentObe}Arll s invention is not fint&detang
(6) mating G-1 birds to each other, and
(7) screening chicks (generation "G-2") produced
in step (6) for site-specific integration of
15 the targeting fragment (eg., by PCR
techniques or Southern hybridization
analysis).
The preceding .discussion focusses on the
differences between production of transgenic mammals
20 and transgenic birds. It should be apparent that
practice of the present invernition on avian species
requires a suitable cloned Prp gene for construction of
the targeting fragment. Such a gene can be obtained by
conventional recombinant DNA techniques, including use
25 of published chicken Prp protein partial amino acid
sequgnggs Lo synthesize oligonucleotide probes for
screen;éé_gn_avian DNA -library. Another method of
obtainiﬂg an avian PrP gene involves Screening an avian
DNA liprary with a fragment of a previously cloned
30 mammalian PrP gene. One of skill in the art will also
recognize that since no antibiotic resistance marker is
involved in the method described above for production
of a transgenic bird, the disrupting sequence inserted

into the cloned PrP gene during construction of the



5 particular aninmal species, a particular pluripotent cell type for
transformation by the foreign*DNA, or a particular technique for

i ntroducing foreign DNA into the pluripotent cell. One of skill in the art
will readily select cell culture and DNA de?2very systens 10 appropriate
to the -ani mal species. The nouse :.s a conveni ent nodel systemfor the

pr esent inventiogz In_addition to the obvious economes in feeding and

mai nt enance. t hat ~2&& RLCRAE RRed 8RRl Penanmantdpéoitds, reldsrange
litter size 15 agdnghort gestation period are inportant considerations for
rapid progress on the invention. Furthernore, experinental transm ssion of
scrapie to mice and hanst &5 GHRE ckne Lakeee, 1itpphouldsbagappatent

Zlotni k and RenntRat) th@mrafatdolosr Hnidp 20 o( 5 pLavi_ded
a valuable la oratorgngdgF-for _detef@h%?n%n%ﬁitgé u?g é?gt%émﬁgggcggoﬁs
agent -and st OdyPRY S 18t SIEP@ INARRE 18R, EXaRPFEECHSRXT DAuNipbEbow recite
«eXperinents perfoeriidtyperifer HamdfrndOi@YobPo-heas8psighhByleNEr a
transfer technolggétééug% essany for the p{agtige ff this i'nvention has

al ready been extended to %o 1% GHporTetduFinestBERIGNCANA dREep,
gﬁat s, hpi gs and taet pdufBpoteintatcedll. Scdrﬁmcrﬁf Zébéilpfi?lgﬁé- gg,\_.wwéordﬁr
that the inventi ri erei. e under st ood, the
fol | owi ng exanplggaa§§ ggﬁ%ééwﬁ%f¥té§;#ﬁﬁ%iQﬁﬁgéﬁéré?LéHtha§Y§ﬁéﬁé
exanpl es arel®orappropriatieveopheosesinmll \spasigg e not to be construed as
limting this invention in Thr ou al

-nmol ecul ar 35 cl oni ng react F@%m\fg&' ngﬁ"f A &Prb‘&hr?’g%%%%gﬁﬁfﬁgy%;bﬁgr- 23
in T. Maniatis ethel prekenécuinwentiicm.l - din it 59 i 6@ £10& b9Fvious

eccnomiss in feediny and mairntenance that accompany the
use of a small mammal species, the large litter size

15 and short gestaticn period are important conziderations
for rapid progress on the invention. Furthermore,
experimental transmission of scrapie to mice and
hamsters (Chandler, Lancet 1, pp. 1378-79 (1961} ;
Zlotnik and Rennig, L. _Comp, Pathol. 75, pp. 147-57

20 (1965)) has provided a valuable laberatory model for
determining the nature of the infectious agent and
studying the disease. While the Examples set forth
below recite experisments performed on mice, for the
foregoing reasons, the gene transfer technology

25 necessary for the practice of this inventien has
already been sxtended to commercially important
livestock such a sheep, goats, pigs and cattle (Pursel
et al. Sgilence 244, pPp. 1281~-88).

In order that the invention described herein

30 may be more fully understoed, the following examples
are set forth. It should be understocd that these
examples are for illustrative purposes only and are not
to be conatrued az limiting this invention in any
mannar. Throughout these examples, all molecular

35 cloning reactions were carried out according to methods



J. Sanbrook et al., Mdlecular X n-Laboratory Labor.atgry.£19 or Cloning -
A Laboratory Manual, 2nd Ed., Cold Spring Harbor Press (1 ,"KWMEP'J@Q,,E
commercial ly avail abl e enzynes except where otherwise noted. Exanple 17" ET
Construction OF Targeted DNA Mol ecul es For Disrupting Prion Encoding
Sequences 10 By Honol ogous Reconbi nati on We constructed targeting vector
pRVPrP-3 (Figures 1-5) by replacing codon%® 4 to 187 of the 254-codon PrP
open reading frane (552 bp extending from nucleotide 10 to 562), with a

1.1 kb fragnentinisl cofamiatng éhea HSV | f ol | owed by a neomycin
phosphot r ansf en Ne:, 116 NeO gene TONT ers—== e W2 00l at
kananycin and Cenecl tl%'fﬂj. e dratbion toetyer(ild@ls )caisi st ed of the
Vst away cosni f (& GOGk ot Balvd d NS Yy eCr | pl asm d

202345 ) L0\ A
pBl uescri pt, am@ﬁwai b manmal I an . expresstor—prasa-t_( see
Short et al ., Nuc clds Rs '16(%&;34. %ﬂgg@g( 88BPr Bredeact! 1|9i89¢ 1, atuiyig of r om
Strat egene O ofiPRY Sy Certy) adivd Iotlien eoRbmea eQQEH@r%éL:E}’S%ﬁ?rL%%'ee

; » PP.

neonyci n resi shated.pl asm d (see 25 Thomas and Capecchi, |

503-12 (1987) ; product literature from Strategene C oning Systens). The
West away cosm d consists of (BamH and EcoRl -cl eaved) pUCl8 (see product
literature from G BCO BRL, Gaithersbhdx@mpl®. 1Yani sch-Perron et al., 30

Gene 33, p. 103 (1983 V\{th an 8.9 kb BanHl -BanmH nobuse genom c insert
containing Prn-p exon Struction Of Targeted DNA Molecules Fo
Lo Disrupting Prion Encoding Sequences or
— By Homologous Recombination

| We consttructed targeting vector PRVPrp-3
(Figures 1-5) by replacing codons 4 to 187 of the
254-codon Prp open reading frame (552 bp extending from
nucleotide 10 to 562), with a 1.1 kb fragment
15 containing the HSV TK promoter followed b

phosphotransferase ("peo") gene.

Y a neomycin
. The peo gene confers
resistance to neomycin, kanamycin and G418

G C. .
(Genecitin®). DNA starting materials consisted of the

Westaway cosmid (a gift from David Weétaway) {(described
20 below), plasmid pBluescript, a4 commercially available

mammalian expression Plasmid (see Short et al Nuc,
Acids Res, 16, p. 7583 (1988);

- . product literature from
trategene Cloning Systems) and pMClneoPA, a

comm 1 i i
ercrally available neomycin resistance plasmid

25 Thomas and Capecchi, Cell, 51, pp. 503-12 (1987) ;
product literature from Strategene Cloning Systems)

{see

| The Westaway cosmid consists of (BamHI and
lEQQR¥f;%e?Y§d) pUC}B (see product literature from
GIBCO-BRIL,- Gaithersburg, MD; Yanisch-Perron et al.

30 Gepne 33, p. 103 (1985)) with an 8.9 kb EQ@HI-BﬁmﬂI,
mouse genomic insert containing Prp-p exon 3 (which
encodes the entijire prion protein) and part of the
adjacent intron. we subcloned a 4.2 kp BamHI-E¢oR1I
fragment containing exon 3 and the partial intron into

35 the (BamHI and ECQRI-cleaved multiple cloning site



(which encodes the entire prion protein) and part of the adjacent intron.
We subcl oned a 4.2 kb BanHl - EcoRl  fragnent containing exon 3 and the
partial intron into 35 the (BanH and EcoRI-cleaved nultiple cloning site
- 24 ("MCS") of pBluescript to produce a-fRhdst internediate plasmd,

pBl uescri pt PrP2 (Fi g. 1). We excised the Ul2 gone and its expression
control sequences ("neoPA expression cassette") frompMIlneo withQ and , |
5 and inserted i{"¥G68'0) wf -pBivesgaipdn tat privduBst Bl If Lrsit el {twmedioton

187 f d 3, | DRV P PA2
157) o O S, S agadunennysgCocp Bieing ahe Pl Sk AU e

I-nvol ved | i gati cIRIeA @yrd@eﬁxﬁr&@ﬁépm COB):rGlFrSagrmtce:B ('tﬂamﬂ 5 kb

Pst1-Clal fragmegg, r@% PcﬁlxUﬂé&%&@%ﬁ"?ZfrBQ“kg‘C’iﬁxetoh%i@r{’M Hind| SELLY and

Pr Pintroit sequenc et ween
"Eragment 2".5tHhd nserted i Ay bl&g%ﬁﬂdofllgﬂ\tlildmwm c&ﬂ&mhs t he

.neoPA expreSS| Oy tlegp g?éﬁeté@dégl +@y?adogyagcg§ engig n| duda P SEquence

downstream fromthe obljferated Bi non- codi'n uences exten I'ng to-
the EcoRl site, aHeiRAdiage (piaepldes BRVBEPRESE gl(é‘ﬁ-@(F@j 3). "Fragnent

3", required to reconstrumtetfngngggggg bghw@g;y LR S d.8d e
intron and the Xhol sjite at the 5', 6 and 1:'f t he ngoPAc??gsgettefq V\ﬁ/;s ‘generat ed

by potymerase cRA3PREhctRHFTY3 PCF3“Y°1U§Fin6‘-‘~BPﬁé&P| P& 3 HINAERENR - Pr P2 as
the tenplatm Trid. 5)e.rmvrm-a@meﬁ’er 1" Pehe( 8E@ kid Matd-c1ET )SEERERENCA

AGTCCTICLT TGP T g S5c 20ROTRL SRR AL Lk pa 100 SRdUSTcCS upcl roam
(5') TGAG GTTCCCOARG ARYSH (Paduance between the BamHI site and the Datl
site (Fig., 3). YFragment 2", the 1.7 kb XhoI-ClaI
fragment of pRVPrPneoPA-2 contains the neoPA expression
15 cassette followed by the remaining PrP coding sequence
downstream from the obliterated BstRII, non-ceding
sequences extending to the EgoRI site, and part of the
Bluescript MCS region (Fig. 3). "Fragment 3", required
to reconstruct the region batween the Pstl site in the
20 intron and the XhoI site at the 5' end of the neoPA
cagsette, was generated by polymerase chain reaction
("PCR"), using linearized pBluescript-PrP2 as the
template. The 5' terminal primer, "PS5" (SEQ ID NO:l):

(5')GCTTTCTTCA AGTCCTTGCT CCTGCTGTAG(3'),

25 s cemplementary to intron sequences upstrsam of the
BstI site. The 3' terminal primer, "PrP-Xho" (SEQ ID
NO:2):

(5') TCACTQGAGG GTTCGCCATGE ATGACT(3'),

is complementary to the intron=-exon boundary, and has
30 an artificial Xhol site (underlinad) near its 5' end.

We chtained the 0.49 kb "fragment 3" by digesting the

reaction product with PstIl and XhoI. "Fragment 3%



I's conplenentary to the intron-exon boundary, and has 30 an artificial
Xhol ,site (underlined) near its 5 end. W obtained the 0.49 kb "fragnent
3" by digesting the reaction product with Pstl and Xhol. "Fragnent 3" - 2
5 extends fromthe Pstl site to position =16 (Telative to the PrP

i nitiation codon). We isolated the 4.8 kb | I-11 fragnent of pRVPrP-3, for

use as a targeting fragment in 5 transfections (Fig 5). The targeting
fragnent - conpri 8¥52RAE RESPAtESs £&ETe §itmkied posbhiorntlPy (rhdativeseos

i ntron sefuence aRd pgptigﬁtuagiehpdgdgﬁw;coding sequence, and at the
other end, by the 3' 28%of the _PrP coding sequence and the 3' non-coding
region of the i0 PrP gene"eErERiREes ddierdu 8 o AGlathieailcfragmeon OF ES

.Cells And M ce WrUprPpspnypted Qee- psCanas i{ e¢troi poration 15
o réii ?§E££§6§%$#52%derived from

W cultured strajn AB.1l ngrine ggbg§3nic stem ;
agouti. sv129 Ti cey2BRALEFFLQARalEd9CEe- r SNt EAR get iRy KERREmeRE bi t ory
factor ("LIF')-esppeisesgchbl AebPAl catowtd | 51 a0k 8026 99RE oAbOLGVERY 2

days in DVEM 20% ECS, | i nes were rovided by A Brad

ggﬁh cel | 20 adl ey
(Mc:Mahon and Br atf8y® Fegoseqpgheesang 1@3@?)9“- Viehei 2EFi Blt sanaseding x
107 trypsini zed seguéscep and akc PHe igther enethestwads el ggireporaped
with about 10 g rkfied I-:. LIl targeting 25 fragpent described in
Exanmple 1 (abovgggﬁiﬁggéﬂﬂ SERvEPFE é§§x§€d®%@é$?%h?gmﬁe%§@6 Qfakb&rd
techni ques (3&e BePegahby, Chu et al., Nuc. Acids, Res. 15, p. 1311

(1987)) and a conmercially avail able apparatus (Bi oRad Gene Pul ser). our

el ectroporation 30 paraneters were 240 vééoo F.
. arple 2

Generation And Characterization OF ES
And Mice W ¥ -

lel culture and Electreoporatjon

15 We cultured strain AB~1 murine embryonic stem
("ES") cells (derived from agouti svi29 mice) on
irradiated G4i8-resistant,* leukemia inhibitory factor
("LIF")-expressing SNL76/7 feeder cells and passagad
1/6 every 2 days in DMEM 20% FCS. Both cell lines vere

20 provided by A. Bradley (McMaken and Bradley, cell &2,
1073-85, (1990)).

We distributed about 3 x 10’ trypsinized
calls in 1.4 ml PBs into 2 cuvettes and electroporated
with about 10 kg of purified Clal-gaclIT targeting

25 fragment described in Example 1 (above), in each
cuvette. For electroporation, we used standard
techniques (see generally, Chu et al., Huc, Acids. Res,
15, p. 1311 (1987)) and a commercially available
apparatus {BioRad Gane Pulser). Our electroporation

- 30 parameters were 240 v/500 uF.

* G418 (commercially available as Genecitin®, GIBCO
BRL, Gaithersburg, MD) is a neomycin-type antibiotsic to
which ES cells are normally sensitive and to which the
neo gene conferg resistance.



* (418 (commercially available as Genecitin(r), GBCO BRL, Githersburg,
MD) is a neomycin-type antibidtic to which ES cells are normally sensitive
and to which the pea gene confers resistance. - 26 identification of ES
Cells Wth the Targeting Fragnment Integrates &y Honol ogous Recomnbi nati on
We used a 2-step selection strategy to identify ES clones with the
targeting fragnent 5 integrated at the proper |ocus by honol ogous

reconbi nation. Singe the tarqgeti fragnent contains the neoPA cassette,
cel s that int egr%‘?%n'l:ﬁgﬂ-cﬁ’r'g ﬁ’cFl Eisn?-"(?]-a-scmkﬁbsﬂh%ﬂerghein@y random
insertion or by He#SE85uslie8oRSIaRYoAONSLOGRUS Reconbinaticygt ance. 10
Folkl ow ng el ectroporation, (10) 90 mm f eeder

[ Ne ﬁe Iated the calls ont o,
platés. After 24 hours we aliflel$88932 255E8P/SRlant Fawi sfratedy heofirst
selection step. identif9-E8 dapaeceewiitekeheCAbi-ddwsisy aptagrbRei €S into
i ndi vi-dual welds of Suel | plate, trypsinized them ™15 ahd resuspended
‘tAem We pl at eéd a 1;1%%%?%*;%6 ?ﬁetﬁél Ipr°§\é pé‘r?ﬁ%sbibﬁl@“?li?%@ﬂﬁt ed feeder
cells in 46-wel | ressheinations, sSidcpothed teheydtaify ' Fllgh@ht ScOhL 888
wel | in groups of % 2 %Auggg ggg tech il%‘i%ia (t:ee' general |y, Sanbrook et
al .., (supra), Chapter"9ayR:5a86e, gntFFg 4t ingagrate | Bk stnaerente
targeting sequentrtd nd eghnbmdsbpehosithegrubyr eeairvim af h S Yin dySe¢l about
50, 000 cells for e8¢ n L84 WG . VCR techniques were essentially as
descri bed by Sai KI gla’fgﬁg(gjé‘igé*r‘n@é?g’z‘éﬁf"pﬁ."P&'zﬁ‘fﬁg GomElYy reglelanes: 35
25 times for W0 nifpllewdny €leandoporatioat, %@ Glamdd tiyi¢&Iss "&8o (SEQ
-1 D NO: 3): (5')AT'I',q(§}ﬁ T. s I ch is conpl ptary to
the 3' end of the' neo%\& %\s%}%%_é& EA ?géarl \[Aﬁm\/g1 urgge added’ 6.9
(5' ) CCTGGGAATGAA@ESTEMEETIT GaadAer) , a8 the fivse salection step.
After 10-12 days we picked G418-resistant colonies into
individual wells of a 96-wall Plate, trypsinized them,
15 and resuspended them. We plated aliquots of the cell
suspensions onto frradiated feeder cells in 4§-~well
master plates, and peoled the remaining cells of each
well in groups of 12. We used PCR techniques (see
generally, Sambrook et al., (gupra), Chapter 14) to
20 identify G4iB8-resistant colonies with the targeting
gequance integrated by homologous recombination. We
lysed about 50,000 cells for each PCR analysis. Our
FCR tachniques were essentially as descrited by Saiki
et al. (Science, 239, pp. 487~91 (1988)), We cycled 35
26 times for 1 min. at 94° C, arnd 3 min. at 70° ¢, with
primers "P3" (SEQ ID NO:3):
(5')ATTCGCAGCG CATCGCCTTC TATCGCC(3'),
which is complemaentary te the 3' end of tha neoPA
cassette, and "P4" (SEQ ID NO14d):
30 (5') CCTGGGAATGARCARAGGTTTGCTTTCAAC(3'),
which is complementary to PrP genomic sequences
adjacent to the targeting fragment (Fig. 5). These
primers give rise to an 850-bp PCR product only when
the targeting fragment is integratad into the PrpP
35 locus. A positive centrol ES cell was genarated by

~In
=




J/hi ch.is conplenmentary to PrP genonic sequences adjacent EEPLEA@EM@# n%:
‘ragment (Fig. 5). These priners give rise to an 850-bp PCR product o IS§ BT
when the targeting fragnent is integrated into the Pr? 35 |ocus. A
positive control ES cell was generated by PLACE NT ,5I '1' - 27
transformng D3 ES cells with a construct that contained additional
f1 anki ng sequences (the 1.3 kb EcoRl -Xbal Fegnent shown in Fig. 1) ,
including the prinmer binding site for P4, absent fromthe targeting 5
vector. After traAgSdafed nuinesESqald JGligne ES6P-37/10 gave Positive
results in the BgRtgqh%%niar&git(iabOé%) . we used SOOPKEMA thybeitdi zation
analysis to copfirmthat cioné“ES -337/fi@nhédgoaeqll@ngg§rq@hgd by, &ge
targeting frag BI(ﬁPﬁéréBeﬂnbntt beowSo%h@gg apgl ysi s_was pro[%e' A""a
0. 650 kb Bst El I pEce&t: bfiﬁéSJHgn%iggpPi ng to thé 3" ent"otudhRdt bhget i ng
fragment, which hybridizes to both. 85d8&en®h§e®hdfrm09%10@§r%£e8ng
sequences. 15 Gener@tion of Chimeric Mce from Transformed ES ijs We
i njected bl astocysts from@LBLgIGar(%)}&gk mce with ESAP-37/10 cells, and
inpl anted the & q;_tdfé)/s s into foster HEt st Ny difotogda 1-QR)ne essential |y
as described by Br a yl(%"quvcﬁjLRﬁsi]dﬁ-Wd‘E&lll/t@aliy}Sit%eOfP Ghimeeric Mce", in
Ter at ocar ci nondgbarve ) Emiwey artiess Strmpgl| $ bA.Pr,act i cal Epprs&fc?ﬁ“ZS‘ge )
Oford IRL PresgniRn 15351, &1987 ybridization analysis to

ohe ESAP-37/10 had one Prn-p allele

10 disrupted by the targeting fragment

3!

Our probe in the

a 0.650 kb BSLEIT-ECORT
end of the tar ]

; getin
fragment, which hybridizes to both endo X

€Xogenous Prp Sequences

Southern analysis was probe A
I

fragment mapping to the 3

genous and

15 o . y , .
Generation of Chimeric Mice from Iransformed ES Cell
I S

We ims
€ lnjected blastocysts from C57BL/6 (black)

lmice with ESaP-37/10 cells, and implanted the

b .
lastocysts into foster mothers (genotype ICR)

essenti ]
lally as described by Bradley ("Production and

20 Analysis of Chimaeric Micen in
‘ Ieratocarcinomas and

ni .__A ]
Embrvonic stem Cells: Practical Approach, (E.J.

25 Example 3

CS7BL
/6J females. oOFf 22 fertile males, 9 high grade

and 3 ] -
medium (20 30%) grade transmitted the agouti

30 m i '
arker to their offsprlng. We determined progeny

genotype by PCR analysis of tail DNA (Hogan et al

. 3
MQDLQMLQL_DQ_LDEWMQQSE Embrvo, cold Spring Harbor Press

(1986)) . We used Primers pjg and P4

In sSeparate



and 35% nore than 90%

out 45% of the resulting offspring were partially,
chineric in agouti coat color. ,._ (E J. bertson; d Ro)REPKNRFdC@les ~.. .
re mated at age 7 weeks to C57BL/6J females. O 22 fertile %%W@f@m]*

grade and 3 d ne ium (2030%-) grade o ag 30 marker to their O fspring.

We determ ned progeny genot ype by PCR anaysis of tail DNA (Hogan et al.,
Mani pul ati ng the Mouse _ (1986)) . Enbryo transmtted the Cold Spring
Har bor Press We used priners P10 and P4 in Xeparate REPLACE N, J fit' T -

28 reactions to show the presence of the normal PrP allele (1.1 kb band).
Primer P10 (SEQHRdNAd)s b IHGTAQYRATAA JTGAGT AAGCCCAGC( 3')

hybri di zes to th((é PrF}>< szjguences t hat vverese%(;“cﬁ 8led5y "B MHe BidoPA ledsset t e
in the reconbined -dl 'Y &; ”§dnp| gfimer P10 (SEQ ID NO:5) :

(5') GTACCCATARA TCAGTGGAAC AAGCCCAGC(3"')
hybridizes to the Prp Sequences that were replaced by
5 the neoPA cassette in the recombined allele. Samples
were recycled 35 times for 1 min. at 94° ¢, 2 min. at
66° C, 1 min. at 70° cC. We.confirmed PCR genotype
results by Southern hybridization analysis. For
Southern analysis, we blotted and hybridized XbaI-

10 clgaved DNA with either probe A (see above) o:—;'probe
encompassing the neoPA sequence, derived from pMClneoPA
(Stratagene) .

Screening of 147 agouti offspring showed
about 50% to be heterozygous for the disrupted Prn-p

15 allele. Southern hybridization analysis confirmed the
p%esence of the disrupted gene (”Dgn—go"). Only a
single copy of the targeting Sequence had been
in?egrated into the mouse genome, as shown by the fact
that a probe specific for the neg gene hybridized only

20 a single Xbal fragment of the expected length, 4 kb.
Because the targeting Sequencé contained only a single
2bal site, each integration event should vield
additional fragments of 4.§ or 5.4 kb, depending on
their orientation relative to each other.

25 Mating of ggg—20/+ heterozygotes yielded 103
superficially indistinguishable progeny. PCR analysis
of the DNA of the 103 brogeny revealed that 23% were
homozygous for the wild type PrP gene, 52% were
heterozygous, and 25% were homozygous for the disrupted

30 PrP gene. Southern hybridization analysis confirmed
the genotype of the homozygous Ecn—go/o mice. The
average life span of these homozygotes has not yet been
determined, but no Spontaneous deaths occurred up to 13

weeks.



were recycled 35 tinmes for 1 mn. at 94 C, 2 mn. at 66 C, 1 mn. at 70 C
We confirmed PCR genotype re3ults by Southern hybridization analysis. For
Sout hern analysis, we blotted and hybridi zed XI 1o cleaved DNA with either
probe A (see above) or a probe enconpassim@he neoPA sequence, derived
from pMJ neoPA (Stratagene) Screening of 147 agouti offspring showed
about  50% to be heterozygous for the disrupted PrnZa 15 allele. Southern
hybri di zati on anal ysis confirmed the preBSRBRL&E 4t he di srupted gene ("L ")
Only a ‘“single copy of the targeting sequence had been integrated into

the mouse genome, as shown by tMa2¥eis ¢ a?raibrﬁéés,élﬁe@iffic for the neo
geme hybridized only 20 a singl eE22mO2ZY ted | ength, 4 kb.

Because the targeting sequence contained only a singlggy Xbal site, each
integration event should yiNorFherduianakygis r%r@mﬁlg nigeoreveslied no
dependi ng on st hgieh c@iti=3NAtEihre G I#H 10 r . Vejl P/ +
.héterozygotes r yielded 103 superf ic‘gfit a yli ndi St %ﬁfsﬂ%ﬁge pir{ggg‘r{g/.&.’P
anal ysis of theeBRRSEAh&e FRtRUERG\A NBARHRR fheion3traneerinsnbyygous

for the wild typesPng acho PRUNEIR dHRI Q7Y I0En] POEL ¢ 5 %uBEE-ROMDZYy gous
for the disrupted _3Q PrP ge E’§ out hern L}Qg/brl di zat 1 on @Baf ysis confirmed

t he genotype of fH& mgﬁg aa’haﬁ%/r(? 1% & T O ELRSRFagBLPPY  USFAR of

t hese-honozygot eanitds Pt pediydiesial defwibidiats MeadDe§ PRt d8LRHEa8eat hs
occurred up E% 13_.weeks. .- 29 Exanple 4 Analysis O Brain Tissue O

Honozygous n chI{I&"t IPEPH:%I ysis of Prn-p 0/0 mce revealed no 5
det ect abl e anount of full-length PrP nRNA. However, as

Examole 5

gomdfzrzogii SAnEa:tno_mp%/ 6) fM ice
We obsarved no gross abnormalities in the
15 homozygous zr_n;pﬂ’f mice. Brain anatomy, as judged by
microscopic examination of serial sec<ions, appeared
normal. Some mice showed localized vacuolizaticn in
the hippocampus, but the incidence was similar in wild

type, heterozygous E:P:.Dﬂi and homozygous P.r.n:a?.’f

20 animals., Thus, the hippocampal vacuolization is
unrelated to PrP gene disruption.

Example 6
Mice Devoid of Prion Protein

25 We subjected 57 homozygous .°:n-n°’° mice
(Qevold of prion protein) and 57 Exn-p*’* mice {normal
contrels) to scrapie inoculation. We inoculated the
nice of both groups intracsrebrally with a high dose
(about 107 infectious units) cf the Chandler =strain of

30 mouse-adapted prions. We sacrificed 4 animals from
each group arfter 4 days, and after 2, 8, 12 and 20
weeks. From each sacrificed animal, we racoverad the



expected, we detected a neo-PrP fusion transcript by wusing a neo probe or
probe A. Simlarly, Western analysis of brain extracts from Prn-p0"0 nice,
using anti-Pr? polyclonal antibodies revealgg no detectable 10 prior

protein. Exanple 5 Gross Anatony~of Honpbzygous Prn-p t ice W observed no
gross abnormalities in the 15 honozygous Prn-p0/0 m ce. Brain anatony, as

j udged by i crosfeEirc REFEEERNESF SefbetiGeEyi QREcrARPARISH, NaEEl .
Sone m ce, showed Iocalkﬁsd vaqullzaiﬁgf in  the hi ppocanpus, but the
i nci dence was si HYS& SHPIRIERD (§HR CTRiR B2 hbBECPEEIFEA+ eXAR LR8P gous

Z==1 22 111 20 ani mals. Thughe titerid PPOSRPPEL ¥86HO0LhaakHOBHapiknrel ated
to'PrP gene disruption. Example Resi stance to Scrapie Infection Mce

e 6 :
Devoid of Prior '3‘?‘9’25’*“\/@%5; eth e@Fi_SE?r hdhdzyaeYsdpea- po/ 674 ce 2l _
_,(de-VO: -dt of pr S\gr _dlaly@t.lel {ﬁneatrnﬁiﬁ c_fE\FbQ:% r@@f\%ﬂ%ﬁ%mgatﬂhr ebﬁbgkeldlscr aplt ﬁ
inocul-ation. nogul at e m ce of po roups intracerebrally wi a
‘hi gh dose (aboubefé%qxﬁéhﬁi4§X§lﬁﬁ?%ﬁ °?%ga?¥§ﬁdI8P1§PrHPﬁ 6P dgys
nouse- adapt ed priadter Whesderdt i mgg-vi 4hi sehsrbrgmaieach group after 4
days, and after 2, s, 12 a 0 eks. £romeach sacrificed.animal, we
recover-ad the - 3G - braiﬁ95§&19§$§%HV¥%¥ WPRCTPUFEY BEPEFAFREE on. we
al so subj ect ed t revierdiad thhat stwd oy eetrzxesi frednooontbe lnadorl, aanteo
m ca showed rapj S Qs At . days, and they . died at 171 .. 11
5 days. The E’ce")(?é\}/{(l;‘r’l ér%e prlﬁc‘%f%ileﬁ' a%%‘é%r’éhsﬁe Pt ﬂgsﬁéﬁadét?s“gf'tler
i nocul ation, whi dndizet4s deyce =fier 14k daps. —- Dh+thecobtrebpodisdy
tasts with brain or spleen extracts from mice devoid of
prion protein, no detectable transmission of scrapie
occurred.

5 The abova results show that mice devoid of
prion protein are completely protected against
spongiform encephalopathy. The above results also
indicate that mice davoid of prion protein cannot
propagate scrapie.

20 Mice With Reduced lLaevels of Pricn Protein

Heterczygous Prn-p¥* mice have only one gena
encoding prion protein, rather than twe. Such
heterozygoetes produce prion protein, but at a lowered
level, due to a gene dosage affect.

25 To test for scrapie resistance resulting from
a lower=than-normal (but non-zero) prion protein lavel,
we inoculated a prn-p®’* heterozygote intracerebrally
with abeut 107 infectious units of the Chandler strain
of mouse-adapted prions. The haterczygous mouse

30 appeared healthy 260 days after inoculation. 1In a
similar scrapie resistance test involving 2 group of
heterczygous 2;5;99’* mice, the heterozygous nice
appeared healthy at 150 days after inoculation.



The infectivity time-course experinent revealed that brain extracts from
control mce,. at 12 10 weeks after inocul ation, gave rise to disease in
CD-1 indicator mce after 140 days. in the gorresponding tests with brain
or spleen extracts frommce devoid of prion protein, no detectable
transm ssion of scrapie occurred. i5 The above results show that m ce

devoid of prion protein aTneGnanbgggkthbgtQﬁhqdpgﬂahﬁét
encephal’gpat hy. The above results al so, indicate a eh%2%§%5§§%ggfioﬂ

protei n cannot Tpalet SMUTR PPES DOSHFEAN tR Revabde thwpdl @ ofllRl4 on
Protein Heterozytgoas Ptnap) Prgepidve enle qnaigeRes HHuadidgprd on

priot ein, ratherﬁé&g&é¥€. é h_.hete oz%gotes groduce prion protein, but at
~a lowered |evel’, due %.%gﬁ L 98s85ePELPECPICSELI R SYBEheEgs fanfnns
resi.stance résulat npdsopartiskeprobaochonmayal At BPBngRErmPri ON protein
level; we inocgﬁﬁ§?h§&{$é§§¥/+ het erozygote intracerebrally w th about
< 107 infectious uni 0 andl er strain of nouse-adapted prions. The
"het erozygous nouse 30 appeared healthy 260 days after inoculation. Ina
simlar scrapie resistance test involvi Exampdeogp of heterozygous Prn-p0/+
nice, the heterozygous mce appeared healthy at 150 days after

i nocul ati on. The denonstrati on Gdisg & Eenteet L6 zygeus nce are nuch

nore resistant to scrapie than a mild- type.(i.e., Prﬁ-p ) nice indicates
that even a noderate redik? iegnelupively demvestrayat bRaks theniodservet

R i R R
caused by the absence of pricn protein, we re-
introduced prion gesnes into our transgenic P;n-pom
mouse strain and tested for restoration of scrapis
susceptibility. 1In this experiment, we used tgHaF-n-p

15 mnice. The tgHaPrn-p strain (producad by Stanley
Prusiner et al.) is homozygous for a chromosome bearing
' 30-50 copies of the Syrian hamster Prn=p gena. The
tgHaPrn=p mouse strain iz highly susceptible to hamster

. prions and somewhat less susceptible to mouse priong

20 than wild type (2:n:n+/+) mice. We mated Exn:ggg nice
with tgHaPrn-p mice and identified Prn~n°’+/H§£;g;ggﬁi
progeny. We backcrossed those progeny with Prn—,tgwO
mice and identified Prn-p”%/Haprn-p®* individuals. We
inocculatad (as described above) groups of 9-11 Prp-~

25 pgfbggu3323£21 mice with Chandler strain mouse scrapie
prions or Sc237 strain hamster prions., The mice
inscculated with hamster prion strain sc237 showed
neurological symptoms after 56 + 3 days, and died after
59 + 5 days. Aas of 140 days after inoculation, the

30 mice that received the mouse prions were without
disease symptoma,




10 resistance to scrapie infection and transm ssion was caused by the
absence of priori protein, we re- introduced prion genes into our
transgenic Prn- 0/0 nouse strain and tested for restoration of scrapie
susceptibility. In this experinment, we~uséd-tgHaPrn-p 15 rice. The
tgHaPrn-p strain (produced by Stanle Prusiner et al.) is honbzygous for a
chronosone bearing 30-50 copies cﬁEaﬁ§§C§yF1%ﬁnﬁhnster Pry gone. The

t gHaPr n- p,nDuse strain is highly susceptible to hanster prions and

sonmewhat e prions 20 than wild type (Prn-p+/+)
mce. W naﬁéa gﬁﬁﬁ%%igﬁﬁg%ﬁﬁﬁ¥ﬁﬁtngPrn p mce and identified Prn-g0/+

/[ HaPrn- O+ pro y. kc ossed tho ogeny with Prn-p0/0 mce and
identified Prn-pggrdyﬁﬁg - §§?€I i nocul ated (as descri bed
above) groups of 9-11 P n 25 p h q-n1ce wi th chandl er strain

noyse scrapie prions or 50237 % Ler prions. The mce inocul ated
Wwith hanmster prion strain Sc23§ owed neurologlcal synptons after 56 3

days, and died aiierroedr prdasenrionet Thak g@%ﬁ ?E&g’hé%#p he 30
?ni ce that rece?veg t hegmREshs prlongpmere w tHou I'seas ?

SEQUENCE LI STI NG (1) GENERAL | NFORVATI ON: (1) APPLI CANT: Wi ssnmann, Charles
Buel er, Hansruedii) Aaneirr MrChedudR@ehes, Marek (ii) TITLE OF | NVENTI ON:
TRANSGENI C ANINALS LACKI NG PRION PROTEINS (iii) NUVBER OF SEQUENCES: 5
(i v) CORRESPONDENCE ANRRSBONDIMNE ADDRESSEE: c/ o0 FI SH & NEAVE (B) STREET:
.875 Third Avenue (A) ADDRESSEE: c/o FISH & NEAVE

(B) STREET: 875 Third Avenue

(C) CITY: New York

(D) STATE: New York

(E) COUNTRY: United States of America

(F} ZIP: 10022

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
- (D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE: 14-NOV-1991
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Haley Jr., James F.
(B) REGISTRATION NUMBER: 27,794

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (212) 715-0600
(B) TELEFAX: (212) 715-0674
(C) TELEX: 14-8367

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
- (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GCTTTCTTCA AGTCCTTGCT CCTGCIGTAG 30



(G CATY: New York (D) STATE:  New York (E) COUNTRY: United States of
America (F) ZIP: 10022 (v) COWPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy
disk (B) COWUTER |BM PC conpatible (C) OPERATI NG SYSTEM PC DOS/ Ms- DCS -
(D) SOFTWARE: Patentln Release #1.0, Versidom #1.25 (vi) CURRENT

APPLI CATI ON DATA; ?A APPL| CATI ON NUMBER: (B) FILING DATE: 14-NOV-1991 (C
CLASSI FI CATI &R) ¥ @@Wﬁmﬂﬁﬁmﬂ@rmﬁ?mﬂ ON:  (A) NAVE: Haley Jr.,
Janes F. , (B) REGQ, STRATI ON NUMBER: 27,794 (ix) TELECOVMUNI CATI ON

| NFORMATI ON:~ ( Af 1 TEPEPHYGE 6660 (B) TELEFAX: (212) 715-0674
(C) TELEX: 14-8367 (2§&) TIe€N AR BBOYFD NO 11 (i) SEQUENCE
CHARACTERI STI CS:  (A) UBENGHHE:3pUGLRYE B5ifs (B) TYPE: nucleic acid (C)
STRANDEDNESS: si ngl e

Dgﬂ%gg@. 59 iS¥89¢e(xi ) SEQUENCE DESCRI PTI ON: SEQ
IDNO 1: GCTTTC TCA Al F AG 30 - 33 If (2) | NFORMATI ON FOR
SEQ ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 26 base pairs (B)

TYPE: nucleic aclgiy spourNcE DESCRIPTION: SEQ ID NO:2:

TGACTCGAGG GTTCGCCATG ATGACT 26

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
- (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

ATTCGCAGCG CATCGCCITC TATCGCC 27

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

CCTGGGAATG AACAAAGGTT TGCTTTCAAC 30

(2) INFORMATION FOR SEQ ID NO:5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GTACCCATAA TCAGTGGAAC AAGCCCAGC 29



(C) STRANDEDNESS: single (D _TOPOLOGY: linear (xi) SEQUENCE DESCRI PTI ON
SEQ 41D NO 2: TGACTCGAGG GITCGCCATG ATGACT 26 (2) | NFORMATION FOR SEQ I D

NO 3: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 27 base pairs (B) TYPE
nucleic acid (C) STRANDEDNESS:. single (D) TOPOLOGY : |inear (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NO 3: ATTCGCAGCG CATCGCCTTC TATCGCC 27 (2) | NFORVATI ON
FOR SEQ ID NO 4: (i) SEQUENCE CHARACTERISPPCS: (A) LENGTH: 30 base pairs
(B) TYPE;, nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi)
SEQUENCE DESCRLPTION. SEQ | D NO 4: CCTGGGAATG AACAAAGGTT TGCTI TCAAC 30 (2)
| NFORMATI ON FORE SECP TR NO 5: (i) SEQUENCE CHARACTERI STICS:  (A) LENGTH: 29
base. pairs (B) TYPE: nucleic,acid Q) .STRANDEDNESS:. single ., (D TOPOLOGY
“linear (xi) SEQUENCE DESCRI PTfON* 2EESS D NG macT Acdnitih C
AAGCCCAGC 29 -f@dct¥eénglapmioh. pAoteamsgeni ¢ mammal or bird having no
functional prion protein. 2. A transgenic manmal or bird one or nore of
‘whose prion protein-encoding genes in its germor somatic cells has been
di srupted by a targeting2. A transgenic mammal or bird one or more '

of whose prion protein-enceding genes in its germ or
somatic cells has been disrupted by a targeting

molecule.

3. A DNA targeting molecule capable of
specifically disrupting prion protein gene sequences in

mammalian or avian cells.

4. A mammalian or avian cell transformed
with a DNA targeting molecule according to claim 3,
wherein the DNA targeting molecule has disrupted one or
more of the cell's prion protein-encoding genes.

5. The mammalian or avian cell according to
claim 4, wherein the DNA targeting molecule is plasmid
PRVPrP3 or a fragment thereof.

6. The mammalian or avian cell according to
claim 5, wherein the recombinant DNA molecule is the
4.8 kb ClaI-SacII fragment of plasmid pRVPrp3.

7. A transgenic mammal or bird derived from

cells accordinq to any one of claims 4, 5 or 6.

| 8. A transgenic mammal according to any one
of claims 1, 2 or 7 belonging to a genus selected from
the group consisting of: (a) Mus, (b) Rattus,

(c) Mesocricetus, (d) Oryctolaqus, (e) Sus, (f) Ovis

and (g) Bos.



nol ecule. 3. A DNA targeting nol ecul e capabl e of specifically disrupting
prion protein gene sequences in mamrmalian or avian cells. 4. A mamali an
or avian cell transformed wth a DNA targeting nol ecul e according to claim
3, wherein the DNA targeting nol ecul e has di srupted one or nore of the
cell's prion protein-encodi ng genes. 5.;T@ manmal i an or avi an cel

according to claim4, wherein the DNA tarS%fing nol ecule is plasmd
pRVPrP3 o a fragment thereof. 6. The mammalian or avian cell according to

claimb5, wherein the recgnbi ngn ecule is the 4.8 kp dal- Sacl
fragment of plasnid pRVP?PS. %.Ei tréﬁ%g%%ﬁ%mﬁa%n%Tc%¥db?gdgaeF$9éB From
cells according to any one of clains 4, 5 or 6. 8. A transgeni c nmamal
‘according to any one of ;gl ai s r :ﬁ§l i o] epus sel ected
from the group consi$ti%g ongPﬁf %ﬁ?f“%t ﬁ%?g%s,eécggﬁﬁsgg?i%E?HB, (d)
Oryct ol agus, (€pnsiystipg)obvipdasadd ERVIBERS3, -amsb tlge A 8rkisgeale nouse

‘according to chabBerdineftDVh BC Baplected from the group .
consisting of plasmd pRVPrP3, and thé 4.8 kb0 dal- Sacll fragnment of that

plasmd. 11. A nethod of producing transgenic mammals or birds having no
functional prion proteini1Gonar nsithedd idie sfifc Mg €AAnS9as1 & kiR &

targeting nDIeCUIe.bg hnserting % di sr,uptiing nucleotide Sequence Into a
cloned prion g®hePiBAEnBRVEPY PRe LYNSHIMA BN (PRSI BnkeeMpYyising

sequences specthéecstepshefprion protein gene |ocus, and

(a) constructing a targeting molecule by
inserting a disrupting nucleotide sequence into a
cloned prion gene so that

(i) the disrupting insert is flanked by
sequences specific to the prion protein gene
locus, and

(ii) a functional prion protein can no longer
be expressed from the disrupted gene;

(b) introducing the targeting molecule into a
mammalian or avian cell;

(c) using a transformed cell having a prion gene
disrupted by homologous recombination with the
targeting molecule or a fragment thereof to produce a
transgenic animal characterized by cells with a
disrupted prion gene;

(d) Dbreeding transgenic animals carrying a
disrupted prion gene to produce descendants homozygous
for disrupted prion genes.

12. A method of producing .transgenic mammals
or birds according to claim 11, wherein the recombinant
DNA molecule that disrupts the prion protein gene is
plasmid pRVPrP3 or a fragment thereof.

13. A recombinant DNA molecule comprising a
sequence of at least five nucleotides from a prion gene



(i1) a functional prion protein can no |onger be expr Bk
di srupted gene; (b) introducing the targeting nDIeculeq?%?gAgjlnnkﬂgﬁFgﬂggr
avian cell; (c) using a transforned cell having a prion gene disrupted by
honol ogous reconbi nation with the targeting nolecule or a fragnment thereof
to produce a transgenic ani nal charactggkzgd by cells with a disrupted
prion gene; (d) breeding transgenic animals carrying a disrupted prion
gene to prodtibe desderdart © HAMZENGRYS S Qr i srupted prion genes. 12. A
nmet hod of prggHgkgg.grans enic nannals?oo% gﬁ#§§y§%&8rﬁfﬁge§§l@main111,
wherei n the reconbi nanf'" “BRE’ molPdcuP@ tillhansdi seapesce hee Phi;ORPLALEI N gene
is plasnid‘HRvPrPBaoscaibtagﬁenbftmgﬁgggtiﬁg. ﬁéregonbinant- nmol’ecul e
conpri si ng qnnﬁégugpégegf at least five nuc O%Ide% ??%ﬂ?ﬁeﬁﬂﬁoﬁfgene
REPLACEMENT SKEET *- tRe antisense orientation to a eukaryotic
expression control sequence, said antisense sequence being capable, upon
transcription, of inhif&tiqg t he bgosynthesis of prion proteins. 14. A
mammel i an or avian cell transTOTHRa i tH 2V Fare oredi Inanta N rd @ Cl €1
accordi ng t & deA9RIRan5, DNR tmahsgens cammrtcpicrl%ibnavliyg germ or
somatic cells transformed with a reconbi nant nol ecul'e “according to
claim13. 16. A nmethod of producing transgenic mammals or birds having
germor somatic cells it h%a treducshiameita 106 PE; B%&k%in, conpri sing
t he steps oEbmé@hchaqggugydg%f%ﬂ@§9qpknant anti sense eI
conprising a sequence of at |east flveé" Auél E6EPBBENRREMDAADIicAR cgane or
anal og t her 86f°r€apg to claim 13.

16. A method of producing transgenic mammals

or birds having derm or somatic cells with a reduced
amount of prion protein, comprising the steps of:

(a) Cconstructing a recombinant antisense DNA
molecule comprising a Sequence of at least five
nucleotides from a pPrion gene or analog thereof,

sequence being operably linked in the antisense

said

ori I i |
rientation to a eukaryotic expression control sequence;
(b) lntroducing the recombinant antisense DNA

molecule into a mammalian or avian cell:; and
©® using the cell transformed with a prion

antisense DNA molecule to produce a transgenic animal.

17. A pPharmaceutical composition comprising a

prion antisense oligonucleotide in combination with a

pPharmaceutically acceptable carrier.

18. An RNA molecule comprising a ribozyme
sequence fused to a prion antisense sequence, said RNA

molecule being capable of inhibiting the biosynthesis of
prion proteins.



sequence being operably linked in the antisense orientgag et
eUEaryoti C exgr egsi on Zontrol sequence; (b) introduci ngﬁm}gq\?’g@%ﬁwﬁant‘pwﬁw
anti sense DNA nolecule into a mammalian or avian cell; and (c) using the
cell transformed with a prion antisense DNA nolecule to produce a
transgenic animal. 17. A pharnaceutical 3tenposition conprising a prion
anti sense ol i gonucl eotige in conbination with a pharmaceutically

acceptabl e carrier. 18.° An RNACHBIBEORBE cOWbriclianyle rdrbozdity sequeRce
fused to a prdlorcaltisensedsequeacelasai fs RNA nol ecul e bei ng capabl e of
inhibiting the biosynthesis of prion proteins. REPLACEMENT SHEET - 37 19.
A reconbi nant DNA nol ecul e encodi ng an RNA nol ecul e according to claim18.
20. A pharnmaceutical cthposh tploarcaagit $¢419 RmpPsii @8 ANISENSE

ol i gonucl eofpirqgr{ uUsaqg Jd ripozynme . sequence in conbi nation V\njt“r?’ &
phar maceutical ly accepét}]a edig%%r'?%?l.eof% *r{&sgRatAadetbealymeonposi ti on

according E§WIRAGH 11 sromgo faridr eattiing sparghtenmyenggphal opat hy.

acceptable carrier.

21. The pharmaceutical composition according

to claim 17 or 20 for treating spongiform encephalopathy.



