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USI NG CYTOSI NE DEAM NASES TO DI M NI SH RETROELEMENT
TRANSFERFROWPI GS TO HUMANS CROSS REFERENCE TO RELATED

WQRRBZO@ATI ONS Thi s application clains benefit PCTE82085024439

U S.C. 119(e) of U S. Application No. 60/694, 054,
filed on June 24, 2005, which is incorporated by
reference herein in its entirety. TECHNI CAL FIELD This
| NVEMLISIN W%?NEWAMWA%S”P@DMINI&H S

that havé decreased capability of transmtting

(B PRATIFMERT, IRANSIERIROMRICS TOHUMANS

particularly to transgenic pigs and porcine cells that

cont ai n non-porci ne cytosi ne deam nases. BACKGROUND
Treating @R&Sét@FEBﬁNGE T RIIAEEPDARPIJGARYONS

patients. an (. 1] ' t S. licati
Pat i o> BBkl s PobiRingh U AIRIBPUS. Application
oRBbievaisantled e Tt 2, RDOS tvtieh Bfinexpasted by reference herein in
el evated glucose levels. Currently the only way to
A8 $ABF®-and sustain insulin without the associ ated
ri sk of hyper- or hypoglycema is to replace the
patient's insulin-produci We islets of
Langer hans: either byTﬁgﬁt%F(g _ of a vascul arized
pancr egyg ﬁ‘fv.eﬁ’ﬂi’onit 1Ritds HahRnRpigsSlidordnd &R Bat have

e

However, suitab ﬁunan pancreas donors are very rare.
Ricgsagrdmapatslity qidtassinitiing setroplemenisstcksaporeng pndogeneus

for xenotyanspl antati.on t.Q. di abeti ' .
e b SRR RE S BRE st by sy R Bats ety B R e
RipbERld prkive vald thiebaftr Rilpsrcite ¢plosine dgarhimatesol ogi es,
such as stemcells. The patential for transm ssion of
viruses fromthe donor to host tissue remains an

i npedi nent to the use OBAGIKGROUND! antation for the
treatnent of diabetes, Although rigorqus hiosecurit s
and t Ercatig diabetes temaingtacsubeaitia g gfqrrmﬁ@ggﬁ%cﬁﬁheg?/ families,

PRt 4 R sy ] Bty s pl e e
i Bfetiafechiienpasuse foretdvatkddsludvae hvelsn@hirérelyrthe buellyoeayi td restore

e Bl Pl LN LA Lone AN
SO B bR e AT Aot eimpi Sy
arssglantofy Vascularized pancreas or by the infusion of isolated islets. However,
suitable human pancreas donors are very rare. Pigs provide a potentially unlimited
source of islets for xenotransplantation to diabetic patients, and can be developed to
the point of clinical applicability, potentially well before other developing
technologies, such as stem cells.

The potential for transmission of viruses from the donor to host tissue
remains an impediment to the use of xenotransplantation for the treatment of
diabetes. Although rigorous biosecurity and testing can eliminate most agents from
potential donor pigs, one agent in particular is recalcitrant to this approach. Most,
perhaps all, vertebrate genomes, pigs and humans included, harbor mobile nucleic
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i nnocuous to the pig, but are of nmajor concern for
xenotranspl antati on. Under |aboratory conditions in

wokeocio3sazan and pig cells are co-cul tured, PCT/US2006/024439

transm ssion of PERVs frompig to human tissue has

h&8 RefRABANY M GetcRAtal BRSSiORL. ﬁithmggia%ﬁ@t P%sé\/ﬁg 3,
It at, if an

282-286). 1t 1s unclear ram fications
funiconalbrisadtivs| pig oplduicahtdimvevefad typses pAAIGEIVE otroelédnents

t rized possibility that one or ,in

b e REGReR sy Bs PER G RS ettt e esmsselivas
BB EYRR 18 $hePpiBFh1R ard WTHHj6r dddcérh Fork HRERADERMtation. Under
%Esllcatlon of xenotranspl antation. SUMVARY The

Iahorairy sAnisopaeyhich himen andipigssivare sp-aulinregorarismdssion of
?Ek%'%we@ﬁggg&%gﬁ B 8Snd R uRied (ggﬁ% 8e &4 (1997 Nat

t1 ssues. rern, expressi nonpo
i RAR-286p it imseteaf what, if ahy manificytiasi this tdeamissias eeuld

i BF e tichusindPeoided garanbhftua iRy s Soperys dogibination
RitRBnsRl dgtnts ASuR dafftidoasd Nl SrfeBlddsasANHajbt BEHRSo At

cont ai n non-porci ne cytosi ne deani nases have reduced
wagrspread epplidation ghserotrensplentitidys t o hunman cel |'s and as
such, can reduce the risks associated with

xenotranspl antation from cross speci es gene transfer.

I n one aspect, the i nvenSUMMARYures a nucleic acid

const t_th includes.a transcriptional. unit.. the .

Cr ans 1 piefby et GR R HPRETE oficnRtint Sl siph ifaminase
pelgbestiden & pigl gellh bitkBduésd A duseiividhedsh bxpRALI6AG6EnoN-
encodi ng a non-porcine cytosi ne deam nase pol ypepti de.
R Qs deapungsenie- % Fumpnoytastie deaminases) k1 eefee sphipand

Asulel Bart £B11R8E LB AR Ihcflnbmicfidnlof Stk i o &1FAL PRRYR 10
can ank each side of the transcriptional unit. e
hunbe cellsacAga osnbtpigedells and tisuecthat contdin den-porviied witasine

i d. di at t OSi
GRS FoRD UL MNP GnSBTae: CHRM PG E B o
SIS b felfcthe Nsks aAGPREC yith ARLB FndplaAREBREG3 Ay cross species
APOBEC3B, APOBEC3C, APOBEC3D, APOB E, APOBECS3F,

AeEBEESr. and APOBEC3H. For exanple, the cytosine
deam I t.] .can be anAPOBEC3E pol tjde
uch A00% Rirsth R BReSE R FoR eI 5 BRRER SRiudes
AROREGH ) enitp@ptiadeeripticinl agit dn a Pb¥IBRG3fmlatory region
pol ypeptide. In some enbodi nents, the nucleic acid
seakiydinked (g BYclsic apidasquenge encptlingianondeoaping gylesine
deaminase polypeptide. An inverted repeat of a transposon can flank each side of
the transcriptional unit. An insulator element also can flank each side of the
transcriptional unit. The nucleic acid construct further can include a nucleic acid
sequence encoding a transposase.

The cytosine deaminase polypeptide can be selected from the group
consisting of ATD, APOBEC1, APOBEC2, APOBEC3A, APOBEC3B,
APOBEC3C, APOBEC3D, APOBEC3E, APOBEC3F, APOBEC3G, and

APOBEC3H. For example, the cytosine deaminase polypeptide can be an
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pol ypepti des (e.g., an APOBEC3F pol ypepti de and an
APOBEC3G pol ypeptide). The porcine regul atory region

w@a0v70e2322 constitutive pronoter or a tissue-speCl/UE106/024439

pronoter. In another aspect, the invention features an

[ | ne. hat inc nucl ei ¢ acid
R B R A bl b OB B R R ean be an
r APOBHCHY poByeptideapeh abh iuthiMAPOBETIE poIGh&tfdedh Sbme
sequence enipdlng_a non- porci ne cyt05|n¢ deanlnase .

p B‘gﬁiepﬁe? CHvEIciRqid seqHense enppdshBt pasiitwo eptosine leaminase

f gbhepiRIs H@ &?NP,dH;i P pﬁﬂekﬁ%?%baa}ts %9@%&%%1&%ﬁde).

porcCine cell (e.g., a derma a ger

( €hgporcine roggtoey mgicaraedg p,constttiva prembiet er g tissfpecific
a?Hkkné;en1cell or an enbryonic stemcell), or a
prodgenitor cell. The invention also features an

| sol at &farntliesiaBsece &hd int/B@tonl B 88 i1 e 811 that i
cyt osi ne deam nase. The cell further caﬂpﬁﬁgluge aa mcludes

nti8Pepie agid entrecd diba guelnis apigiroperust inslusyngrsiagulatory region

d ] B adl- [ ] pol ypeptide can .be

o ke o R R R G Bt fpyine
ARGBEe PAREBEIISA, THREARER Be aABBEGAE cofPOBEErcine cell (e. g.,
AP E%EE AP C3F, . APgSE%?G, and. APOBEC3H. For

eX ast)y ik ARt BEPing ofil e nbdemabiihobieD de cerahcal(ean an
A nedb igh AR %ﬁ%@, -
polypeptideg%?ﬁggﬁ@gg%gg’%g%E%CSG pg}égeptl ogﬁgﬁm%gdb,or
a2 RIAgERtXREeBEC3G pol ypeptide hi sone embodi ments, the

nucl ei ' e nge, encodes .at | east cyt.osi ne

deani ngggﬁ{p‘)' g?ti?/‘opng%? T geg Elrise"l.ng‘.s@atﬁi p%ﬁ@é‘ég\éﬁ%dgﬁb‘gﬁﬁﬁ nea-

apatcine cHfdeIBe@3ampnky PER éelictirthdrtan iRt AlcYeié 5&? Qhcoding
C

c&g be a constitutive pronmoter or a tissue-specifi
piiGRERPOICRG CEnRine deanzigssec (The ciesing deampinase fadmeptide can be

t i ' I icW e At nj '
R A g E ey o AT, RO AP GBRE ol s,
oAPOREIR HRPBEC3 Gj APOBEE 3Dy APOBRCBE, ARPGBBE3FNEPOBEC3G,

i nc l.eic aci onstruct, which includes a
P A OBR B afor e on e o¥ieeie demitarcallmapbrs crces an
ORROBHCBH tiHl® silh M GlHahen 2P S BE s ??@Eeﬁ&%%q | A9b&an

non-E%gcine cytosi ne deam nase pol ypep pressi on
oAPORECISHPYIuPentide sush assi venaeSPOBEE3 Guullypeptitie.din some

the.cells of the pi sults,. upon .
Rl Ry MR PR LT .
tiymeptilles (ecz. 1 anaABOBE(BEo1ypepaIRdRQUSOBBLR BVidI iRl de).
to the human cells. The regulatory region can be a
cgl%%'iegtﬂaﬁw éegb‘i“b??é‘t@ra epnsEufysRIQEHE ©F Ritissue-specific promoter.
In another aspect, the invention features a transgenic pig, cells derived from
the transgenic pig, tissue isolated from the transgenic pig, and progeny of the
transgenic pig. The nucleated cells of the pig include a nucleic acid construct,
which includes a transcriptional unit that includes a regulatory region operably
linked to a nucleic acid sequence encoding a non-porcine cytosine deaminase
polypeptide. Expression of the non-porcine cytosine deaminase polypeptide in at
least some of the cells of the pig results, upon co-culture with human cells, in
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pronoter. An insulator elenent and an inverted repeat
of a transposon can flank each side of the

W e@nsesrpti onal unit. The cytosi ne deam nase PCT/US2006/024439

pol ypepti de can be selected fromthe group consisting

P .
%%C&Q&E)(e:% &ﬁ%AP E&h[%:% AﬁgPCBE é%%é?%@%&@?%%é&v@sgﬁﬁ’ the
hpoeEcdl. Theregiaiogt wgioniven by b eengtitutilegmomate or a tissue-

ol vhbepti de can .he.an APOBEC3E pol ypepti de such as a
Rl tprtsfec ARy A Fleem And o s ol et P gsposon can
Plahly peptsideo fIne Rarddriptidiaraamt. APKPE s d@avhent 'p@ﬁ?pebﬂﬂde can
anot her aspect, the invention features a nethod for

raRelepgeditomthe gerp copsighingfel I REIBRGLIARABEC2, APOBEC3A,
WO NGB EEIAS APIHEPNY ARHBECTE APORRILT KBl 3G,

pl'g oocyte to estab cell,

amwgmﬁclas}gu Borcakinple) theudesine deanimise polyp ebtrdaln:aié buah,
es transcrjptio t hat j.ncludes a

AT B peliedde straon e AReBH sk poheptiftontande an

ATVICIG BOBBEPLIE Ach 82 RNE RPOBHERE poiyP&AId.Nase

pol ypepti de;” produci ng a porcine enbryo rom.the
conbi Heanatkdriaspact, dhe ineentiongfeatiires ponetherkfos mimkyng a4 tramsgenic

Bl R A R 9581 e Bl

boens gesstabliph @ cobinet Stll,ahOtradisenie pig @Ndnaladéswaid&el acid
repeat of ~a transposon can fl|ank each side of the
£ousHYeh MhiGhdReindesy franserRtiqngl apt thatingludes # egplatery region
. _ . C ; el udes

R A P b U R b R B S e
dgamineserodyheptde prodijceng agbrbiae embieliom gy coshlsined tdik

uclei c id construct, includes.a transcyriptiopal unit
PSR Mot Re Rl e i) s era g et Reso e
BHGHR) 16 d@%lé]i) SEGH @é&dﬁeﬁm&‘dlertg pPodleEHRQF Bk gb%i&lyigo Ade
deam nase pol ypeptide; transferring the injected
fnsplagqrickearns ged ppinyeyted repeatiof 2 ftransrioson eandflanki eanh sige offi the
LD}, ec: ilized egg to develop in the recipient
gjéiﬁ%?lhgg?%ﬁl%'e to produce the transgenic pig. In yet
anot h&he aspatitn albd featurveninetiod fof aiakiings BarRRédiOPig, Orhe
maki ng transgeni.c pig_cell. The nethod ing¢ludes
mﬁﬁ?og’da@#ﬁ@s latr%ﬁaﬂaa Sndklfie agig FeRSEY Infhe Frdlifndpegde produce
o 8j B46d Miz@eleg%,%& 'Eﬁécﬂucle'ihczic:i’(gbﬁgtrﬁctr'ﬁ&‘dh%t Plhscriptional
region operably Tinked to a nucleic aC|d seguence
anid dieit ingluden e negudateryregion opsiably luibedioaserleic acid sequence

e 1 K
Eegﬁgﬁaﬁgn{s ﬁgfﬁiﬂeﬂt feiv@les @hd alloWin@tHRURfcBlcd f@€ilided egg to
develop in the recipient porcine female to produce the transgenic pig.

In yet another aspect, the invention features a method for making a
transgenic pig cell. The method includes introducing a nucleic acid construct into a
pig cell, the nucleic acid construct including a regulatory region operably linked to a

nucleic acid sequence encoding a non-porcine cytosine deaminase polypeptide.
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includes a transcriptional unit, the transcriptiona
unit including a regulatory region operably linked to

w@2ma0bB7r aci d sequence encodi ng a non- por ci NBCT/US2006/024439

cyt osi ne deam nase pol ypeptide, wherein an insul ator

cach ShaaspiDnuRY FahE { BBk nfiobe TARRUEAR LR cane

aietlbd ihalndEOiaasucingiatSOpigeell0f) tahficleiddsd oGREactoth
i nclude a nucleic acid encodjng the, transposase.

The
tchiiep gdmsaiptiony ang oihe fgnggriviipnd upi daddeding g r%ﬂatory region
he
D R B o Gl R Ml byt 0,
dédminesspulypeptide dviscéie at nlfsutatctre:ﬂmennae@amewertcd regod of 2
he sane ani ng. as .gommonl v _under st 0o one o
St S e R R O R
Beh§Rdsse. AlhkROMEE ofBE MRdsposand cﬁﬁhﬁﬂud%l aSnuidié 4l efdoding the
equi val ent _to those described herein can be used to
peasnosess- (e tiapsnosen yil the seuree PEIraASPORGER CAaRe NYatest Pl s
SR BRI AT M UL B BSpic A Ehoruct | e
her ei Udess olthm:wrsp defiheeil alb yecheicalr ad Geientifi¢ teems used herein have
entiret I.Ln case of conflict, the

Sh5tar BaETIORES SORTORY RESIEPPRPY Pon L ATy Sl iy e art g

%&iﬁéﬁ ¥ invERRnBRIRES ah fhou B NGHSds AAdnAXAPLigRIAbLequivalent
ustrative only and not intended to be limting.

@ these flewtibedberaindanbo astddgesactite thednyomiont suatnblmnuéfthcbis and

om,t det ai | ed de iLQ
FRAR R are osiTined SR PR Gy ERALA R Hhiepfiina
bihen Eﬁeﬁnﬁéﬁﬁéﬂi&ed h@tin dne irﬁ@f@ra‘é&(ﬁﬁﬁ&f@eﬁdd ifghelt &firety. In
mutation _in S. cerevisiae by the uracil, excision

Gagerriapnilich) mcefmﬁle@énﬁﬁd@aégﬁ%mam Al cantse. i

f
SABTE B ARl B8 o A G ot tended
¢mbehnﬂum@d t he nedlan is |nd|cated The Y-aX|s

repor t he obser nunber CanR col.oni es

i TV s B el SvREes of e JSiEntg Pl B RRpePes from the
GO Rl dé%%@aes%ﬂgﬁ@rﬂ afd HoRAMEREMET spont aneous
nutatlon to CanR simlar to that reported previously
(Huang et al. (2003) Proc Natl Acad Sd USA 100,
11529-34; Rat t 1 aypascHIpTIORSF BRAVINGS 162,

1063-77). The data are representative of seven
i ndepdfithe h\ and pBrarereistogrants| t@mnép@tp APQBECHe stimylatashe
or

IRt 53 e Reads e tAS e BEEATR Bh ey @ ATOHEGRS, 2"

terPreks§i6A YQaReY ardincredécini thdimiedian frequency of mutation to Can®. Each X

represents the frequency derived from an independent culture and the median is
indicated. The Y-axis reports the observed number of Can® colonies per million
viable yeast cells. Yeast expressing the control vector showed a frequency of
spontaneous mutation to Can® similar to that reported previously (Huang et al.
(2003) Proc Natl Acad Sci USA 100, 11529-34; Rattray et al. (2002) Genetics 162,

1063-77). The data are representative of seven independent experiments. FIG 2
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Canl. APOBEC3G is tagged with the DNA bi nding domain
of LexA unless noted. The paraneters are identical to

wWO-k@708237F1 G 2 is a histogram summari zi ng t he PCT/US2006/024439

APOBEC3G dependent CAN nutator phenotype from seven
r

AR ERn SR Rl B e R RS e R i) £ 0B 3G and
tighto-ekpressivwtriggtive yuapige imieastin the dicguentytod tiudation to
fre ' nd the corre ngi.ng SEMs are_shown, The
el AT EGH G raseh v bt S e fopean e reker Aged
tThE pYRGidRdrs GRITHERcal@F1&- 13X 10 6 | this nunber was
assigned a val ue of one to normalize and highlight the

magni Flide isfk hiflegramEBEaBGzingtthe HP ORECi-dpren(es-GANY) .

Data fr.om Fl A and I1B_and FIG 3 are jncluded w t
a8t hobiRe dioms St e BRapr il Sorh BSUMRGLYR B -
il ey e deas yeuspadurdicixpiediing APOBROAES of HEor®RL Rector. The average
experinent and, anong the nedi an val ues of _the seven

&k Bermeraar Sufaliop,frgnencies epd He e R B EMS afsrbaanthe
%i ern@Refidh t%iddﬁédﬁ%ﬁ%{ &%%% E%’llegéiﬁ fhre VEEGT Sordtiol Fras 1.3 x

stogramindicating t G stTnulates nutation
i1 i Shiscameher svas @stignet hevatieadfiohe éxuirsiative pad highljeht ithe

Ur aci | I e inhihition i r.its
Rk AELERRCRE FidliainoPe O 1oy Bl mFis. 14
RR& B! YREBIG TR RY¥RAEd WRR A R SHYES KldHtiHaPerteifieh&aThe
to those described for FIGIA FIG 4A-4D denonstrate

VhEPOBIEYIES rriogg érdividpabeulugy Rrepeineineripwnhandamaengsthe
SRy S0 st v PlpePEhlk PRI IR L iR dpbBEnce
®f e’ siutmtaincthe gfowing edtuses. or  APOBEC3G. Data from

e T 3 SRR DR EACT S St 5
PARLYARS, M ORE BuSA TIRAGEONE 08 By
iU er its eblstih hy j.deleByn Susediviytuelly idestitrd pbersiyrssi Thet i on
I L

H st ogrgnes 3w aBMidngirite thad APOHIES @ frighetat i ST/ 0adition
the CANl gene of S. cerevisiae expressing Ugi and a

coHetiols iy Sc eagevisine APOBIREEams sHamatzag thatyppiputatioys

U AR AL B S Dy e

@ from N@GMOBECW%%&@S%E APHBBC3IG grpelsing cells were

ié]IFI ;t eg%ici:aqgmzl r\;vee:r 1%0 eed1 ttofa%leeset art]naa ysgg. S\Hutg’ggnes v\‘//\g(sa cgt%ggrgzed as
transitions (Trs), transversions (Trv), deletions (Del) or insertions (Ins). (B)
Summary of the base substitution mutations found in the CANI gene of S. cerevisiae
expressing a control vector or APOBEC3G. (C) Histograms summarizing the types
of mutations found in the CANI gene of S. cerevisiae expressing Ugi and a control
vector or APOBEC3G. Labeled as in FIG 4A. (D) Summary of the base substitution
mutations found in the CAN1 gene of S. cerevisiae expressing Ugi and a control

vector or APOBEC3G.
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i ndi cated position relative to the G -> T/A
transition nmutation site in APOBEC3G expressing cells

W@ 002/0®38y2 The base found nost frequently is iPdi/vs1006024439

bel ow. APOBEC3G consensus sites observed i n nodel

(£ ocShCEisSRaht Ml g 3 5P o e

Nudieated podﬂasa:elMd td the (¥@ne TpAmﬁmtla@ ﬁnﬁzﬁibnéﬁite m APOBEC3G
i ndi cat edlg Be7 0 e Iet er code _where D =
ABY= oy

RIR3CERE ¢ bse fagnd mash freqiendy 1y wém@mlbe@@ne
{Aﬁ’;?]@‘%%%gté:%gs':&g%% %g@%ﬁ%ﬁlﬂﬁ Fr{bﬁel 1%&9‘11% sBb Rl BRV-BFP or
ﬂ\éLV-ﬁﬁpaﬂ@FSbQWIll(btﬁdamﬁl)t ehak &(@ﬁCulJ’ BEJ{Z}I ]Glt, il B\@S 91). Multiple

%rg%)etsg]%r op s)%&ge:rptelr%glf éla%%%re qlg%%y et |°'R5 ﬁgfl’rﬁ =

IAVE/T, Ro£ 2968 =J&/Q anld Ot €AS Ghe GJC%@ﬁ@ﬁﬁof thsmegene is
IBianscrl ptase and |ong-terninal repeat, respectively.

ddfne. 3G expr essi on di m ni shes Tyl or

Ty HRT mﬁtswsbqa@eg@tﬁat (Y on%ﬁ? ﬁmmﬁhﬁ%&@?f of

H s+ col oni es or eac east el g

iretdepesmisitionc (A} A seematc degintidgeadtramposition &y Tt obBYERT
.ct ,one. st and error..of the .ne EC3F

de&&lg&h@%ﬁ}ﬂg@@% }mrr}}lgf%gse-?{j‘qlwg{. %}nA P(RC’]NEB{TAP LTR

Téﬁf‘EEEhﬁgng @éh%@qmegfa@a réFer Ok QY ﬁﬁ’set!ﬁ/ldll&'?gt feBhABErepeat,
act|V|t he conditions were identical to those

d@@éfm‘f@ (féﬂa)/éPOBE@ﬁ‘ ars3@ egmmmdmmbw%ﬁaﬂrﬁ%
?é(tpo%fa.lng&% t10§1|18 troté{ﬁaﬁtﬁ‘é %ﬁ&b&f fﬁ) 935}%3 e% rI]? rog ﬁ%cgoc%fhtlon,

expres on t e anspOS|Q|on (e}
By lehst et irtlepamizht cuMACREAEIE aRilgled 36Gd eadsreg Yatddepict one

decre sed t fre f H|s+ retrotransposjtion b
§tanday &H@eop @lue e@lé‘éﬁ% 3Frpedt "éﬁ‘l’ff%ﬁéll%§ djpndshes Ty or
I

T'yhﬂIyreHGﬁ‘ﬁ{s?&tlh&?Eﬁioﬁ%@&'ﬁf%&%ﬁﬁ@&ctﬁlfm e’]ﬁ% an%ﬁg Grere

pressing cultures failed
ddentindlds thask dbssoigbd ebasl e cel | counts i nd| cat ed t hat
{ Ih

h
Locy . 3 7S G BB sn St KRind Tod PR ot

ARCBECBNbr i %wpﬁsél@mn tHehaottAn8posHAVSY d dhréthbsdnal Ty1-
because here the g%l hi s3Al construct is single-copy

disdA] element yRABEE 35 e8fol (@ expressinigiscressdd the qumwmé His"
tﬁ%ﬁt@ﬂ%gﬁgéfsﬁa g\gd g@ fglldCieg ﬁ%ﬁsﬁﬂ? Xﬂ%ﬁ% %&Qcé&{yg@ likely

pnderedtamgtes H’dceusersemrahﬁrﬂse APIOB@EBE ande-3 GEMpadsing lReiures

f d
il d Y it Posdeplontse (anpormels e autaindisprobrudhey had

grown to saturatlon). Note that the vector control level of His" retrotransposition in
this experiment is much lower than that shown in FIG 6, because here the Tyl-
his3AI construct is single-copy and its endogenous promoter is under cellular
control the constructs used in FIG 6 are expressed from multi-copy plasmids by a
highly efficient GAL promoter]. The error bars indicate one SEM and they are
barely visible for APOBEC3F and -3G.
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hypernutati ons. (A) A schematic depicting the
LTR- dependent Hi s+ retrotransposition of Tyl harboring

W@ 2@@FPopassenger gene. Hi s+ retrotranspositi onPEWENL086/024439

wer e pool ed and the GFP-negative variants were

recov f Ok : | j Is

Vet or Tap A0l RS B APORME AP EERG AR 131 cDNA
heperaraiong dd) Apchématiedepioting ghaBER -depatalesteH s

transcri ptase | ong-term nal repeat, respectively,.
[BIOURNSRATEIR il HBR%P_%Bg a@EPoHéquﬁlgerg%%nH@ Picfrapsposition
SERNHRARRIRIURA ithd GFP IR cAakiaNS Welfec¥RirEd foR WNgAI N

the GFP passenger gene (and surrounding regions) (SEQ

pevvending e degerbgddnphe Matwialsandddsthads. QUUER,IDIRBT and LTR
tLi b E or. -.3F expressi,on are .

ForaPett A e AHEERER S tboe g RgRefuinat repeat

segoanedy. (Bes perhiatie siowihball Gfthesgenbini € @UR) strand base
underlined. Al of the nutations were recovered from

TYpstisginampations, thawreap foundrin thediFR pagsengss gene @nd pyrounding
}P@l@%&&ﬁﬂ@ 1Hed T ¥ HRTE e 'réfFJHaﬁ%ﬂlog&% g&@aﬁ@sﬁﬁ%@tﬁg@ﬁ to

at consensus position 6 a secon
ARIBEG G aom e3 O ergprehsmntape iNdOBEGIBows andiwdow theut88iped

because they occurred.in,H equence Al |

CRESHS st SrehE iy Tt SRS fdeined Ry of the
haust SEsRrdie grbiored 6ot Tyl skpBmente ixeeptahice BAD- ABHIStIAR 0N,
recovered by PCR and two produced snaller PCR products

avidchweers fran TsHRE expedments kateydugde APOSHRO3F isslmwn gt e

KRR R LR U AR SR B ER @ AroBRG3G
ahendtiPusated beangde sheyroounekdig HIBORDBgqueass. All of these raw

substitution nutatiqns .0 rved i ool s, of Hi s+
PEAYBEIE Hal3cEs ByrRmarizegip %ﬁ& n oW G -PEgRV CppiEols were

RHESPOL TRl whE GBS REd B)ﬁgCl%;a?a E@Dgl\lgkd(ﬁlzé’d sthter PBCRBR®8ucts

preferences surrounding tf C> T transition
sl esranttrsequened] @ikely delgtioss)si on of APOBEC3G or - 3F,

F
respectjvel v, .APOBEC3G shows 3. cl ear.prefer
o~ Sod byt sl i ehg iy dicba G Rt G A Sk 6 na
MEBEBEA3E Yit TPl EBNAS (ANCESUhmedds offth&GFD def ls@RBundi
i ndi cating rﬁ%_]rra_n AP&BE%G expre?sosi on i n%&eg@ilgiggney n e
cegion) Bise sdstigition gasations bsasved inaeplsipd Hip pimiyanspositions,

haBshal 0({091&% Pe é?e?\-e{%c%gdf'@dﬁhés('} QPosH sgé&&-emgw%n)gaase

experi nent. 0 anel's are i muhobt ot's
Prefernsesauroindingrtdr TAPOBECS G-t HisABS) oh Bité¥attkibiitabdd {os

(center |an t, not_invector o r..pl g APOBEC3F
(CERIREED eﬁ%f@?&ﬂ#& @eéfgefnee?lvelgngi’éﬁéﬁa &s a clear
preference for 5°-YCC, whereas APOBEC3F prefers 5°-TTC (Y = C or T the

mutated cytosine is underlined).

FIG 10 is a graph indicating human APOBEC3G expression in pig kidney
(PK-15) cells causes a 3-fold decline in PERV transfer to human 293T cellsin a
long-term co-culture experiment. The top two panels are immunoblots showing

expression of human APOBEC3G (HsA3G) in PK-15 cells (center 1ane), but not in
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respectively). Non-specific bands are shown as | oadi ng
controls. FIG1lAis a picture of PCR products froma

WO epreesnt ati ve sem quantitative PCR assay shpoi/ng006/024439

t hat hurman APOBEC3G potently di m ni shes PERV transfer
AP BPoLBNIIRCS! (S0 B LNE Bhpd gl i
wepattively). |N@1-sneedic-handmar@@®m salpadingwomgols.hat human

APCB t.ent| t f f i t
nurmmn R PR ppietr ok ST AP RES fohe cow
M%Vem fsa 08\)1 Né ﬂﬂaﬁﬁﬁnérmP@BECSE%dthtmlﬁﬁms%Q’ERv

gl g (SsA3F, SE APOBEC3F proteins FIG 14 is
Jfeare @igioi @m?@r?@‘u%fF ElBistthe pigspeefiprortr@. human

(HsAS )red)€

Shoop! (A0 EaRi 4 R (e antiblsy Bkl apsay

mwmg)ha@\l%ﬁﬁmqmmm pstentFhéintniskarRERV trahdférsiran @ig to

goxed | G 15Ais a graph of the relative infectivity
i Geltsep produced in the presence of a vector

cont I e1G98 id HSecubilicGRbRRCADRAOLE) BiABF, §BOIDINOLS, sheep
S

compari sons, data were nopnalized to

(A6, ISEQ 1D NO P, endpip (§$A933E|6£@ HPINO!éO)pMé@BEGéF pfoteins

ecto t.rol ., whi c was ar ned v

of ConEIE Ht RaemtiiGh ¢ itive st Bhpe AR ARt S0
B PED:I1 g Rb& (ans“; ISE@JD NOvI Y §heb§ (DRA3RISESEID NOV13)hesEpig
experinments. FIG 15B is a graph of the relative

(IASE: PEQNY JP: W#P@ﬁi%%mm i PherqqasesyEkBAtE 27 bewsd.

thoser g e T e PR R Bk R ol o e

hesaice, of auretor cmttrmd; onthe dedicdtedh4 8 pratainh TaficAROBEGRGaEshs,

ti. ' f
alh By comutized (8 5P BuBrbiOhe tAS BEPBRrd viebt pfosg of o
AR o3I of avhibMhPhrbittak M@nledi bYaRk off B8e. The mean a§/1d the

retrotransposon Tyl in Saccharonyces cerevisiae b
FEdhahihsen indepsndent gxperenaésar: shewo AN VEDNtotpyesest indbese
Thi s. exggands the range of cytosi ne deam nase targets
PP e nucl ear DNA and endogenous retroel ements,

whi ch FirgveBha b edph@if @il reRifiste pifyaivily@fMIEV-GFP produced in the
I mplications, respectivel These data .indicate, that
f?éeweéé@né@ﬁ e gertrugiscRarAmsteroare idantigd te those in TG 15A.
restriction is highly conservedand that the range of

APOBEC3 substrates may be far broader than originally
DETAILED DESCRIPTION

As described herein, human cytosine deaminases such as APOBEC3G and

3F are capable of deaminating the genomic DNA of a eukaryotic cell. Expression
of APOBEC3G or its homolog APOBEC3F can inhibit the mobility of the
retrotransposon Tyl in Saccharomyces cerevisiae by a mechanism involving the
deamination of cDNA cytosines. This expands the range of cytosine deaminase
targets to include nuclear DNA and endogenous retroelements, which have
pathological and physiological implications, respectively. These data indicate that

the APOBEC3-dependent mechanism of retroelement restriction is highly conserved
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antici pated. Because the APOBEC3 proteins do not exi st
outside of mammmal s, the results descri bed herein

WG b@rioon37t hat APOBEC3F or -3G can inhibit yeaspCTy$2006/024439

retrotransposition were unexpected. Therefore, the Tyl

e . .
B s R SRR thoriginaly
amppapatedt Bygausdithy ARGBECH puwtdihado netraxixt batsidead tranam{li,rthe

addj.ti,on .1 o. APCBEC3F. or, -3 ot uired.for

bl S et uiea RO BRGNS JC I G
R&FdalspRHINSSEE dle:qfectdd MERre k6 Fhd ey H8ARIBR$BEd hétein not
porcine cells reduces the capability of the porcine

ealy demagstratathaiemadititspronssationt of s arashanismduy importantly,

HRL O SRR AR SHEPLLARSROANRNn IOAPBRHTR §6] hnot
s, the'invention provides transgenic pigs and plig

e@uired fhaktredlpmestsesricfonpor ci ne cyt osi ne deani nase

pol ypeptide. Organs and tjssues fron]su%h transgenic

pi gs ANVENEEE SSUSMORERGRY REHEBI ARTEEIBI9T HEwaR 6YIPFES
JEEEAANS BRI LANEEH 4 ADEAP U RRRIRIRIRS, i
endageneus retnelpingstsds g, exdoivigses add geradasspopors itnthe human

deanmipnases. .Non-.Porci n t osi ne.Deani nas used

fielo R R By TSR P Pt S G P s pon-
PBAjiNt Gftoshil dndfisdolypegated |@F§ns@fndﬂﬁ§liestﬂ‘oﬁ&m SilohttiB@Inic
nodi fication, that has the ability to deamnate .
Pjasase neefulfpr yenpdiansplagtationstug (e theidecisased tigkpf tigpgmitting the
SREBT fotine Tt RO o b LA BB AR AL Ao
tpégsraxpressigy endddedis (yorsireniebinarasesat al yti c resi due,

e.g., D) X20-30PCX2-4C. See, Harris and Li ddanent

(2004) Nat. Rev. Immunol. 4:868-877. Am no acid
NPiSboichild ORGsinsiBL@hinass. and insertions can be

I ntroduced’into a known zinc-binding cytosine i
deam resesed batsim “ayidsingécandsasepohpepidds) gefstd i@any shain of

" cyt 0Si. eam nase" provij ded .t hat p ' .
AT T RS oa BBt fRach B R RN iy o
Sdhrhahtec e ingsas aidetls witiialcieidaddy hadihaecdr#ns thagellowing

rpolyqepiides i nc] ude single domain DNA cyt osi ne

RABESYRIedisammasedrain (R0 dgids sravaden stapdard one-
E&{ﬁr E@ggm?«%lg%y S iHpgh&s @9 %tﬁe%lﬁ)@@%ﬂﬂ& gdgealﬁj RASFCX,.4C.

inc exanpl e, activation | nducéd deam nase
(S&e O arridROBEG]dameAPQRBEERV ot ARSBEG A0 IAPGBESIC, Amino acid

N T W T

cytosine deaminase domain and the resulting polypeptide is a “cytosine deaminase”

provided that the polypeptide retains the ability deaminate cytosines to uracils.
Suitable non-porcine, mammalian cytosine deaminase polypeptides include
single domain DNA cytosine deaminases and double domain DNA cytosine
deaminases. For example, single domain DNA cytosine deaminases include, for
example, activation induced deaminase (AID), APOBEC1, APOBEC2,
APOBEC3A, APOBEC3C, APOBEC3D, APOBEC3E, and APOBEC3H
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APOBEC3B, APOBEC3F, and APOBEC3G pol ypepti des.
APOBEC3D and APOBEC3E al so can be produced as doubl e

wa@leovaiooe3cyt osi ne deam nases. See, e.g., Harri SPEIUS2006/024439

Li ddanent (2004), supra; and Jarnuz et al Genom' CS

é &?lg%hgg(%éugulge ‘ﬁ%%m% *ﬁl{sefﬁl | poprot el rplg

AROBESB |mmsﬁwmmmyﬂcaegmlmpd¢sd APOREC3D,and
ne.to, ura

}1;: es C
ATLBET BeS B bommbneee R dorbERoRaN SHOBRE deapminasetScgs o8-
b Ol LB et P00 o FarmAE QB READ0BE79(3):285-

predom nantly to t he c% | asm of nmanmal i an cel |

26r SPORECGIs andf%é?@@ are paitigulpdy awleathmmAyOBE&G

lg%;% lkath%r%&fn EW{J\%&R&% Cf%{alﬁf %&1&@ iRe ¥6! Ao known

BE CBMIR usARGRIsGRGo alrsoil deambrpeion td ﬁﬁ[ﬂl@/ﬁt}]lb m&];ﬂfcﬁ@cbrﬂ:b@vanety
into virions throu S I Ion, Wt ew

1 &t@vwaqﬁdpewgmgﬁgw @mﬁ%@b%@é PEeqosipgy yrtaghe
%%Efa%nébf ‘f@iﬂnnalhaﬁ?ceﬂ@ NAM RN slinfeb RYRES echisrlééh?i%ﬁﬁcﬁﬁﬁay

ahd during this process, APOBEC3G is capabl
d‘a;almwam mgoxpprtionyof AAAORECIG infp adral parfictes, w:hldzh) are T¢leased

esi s occur uenc

e MR habred: aPPRECHY 08 RS Ehe b RAed ino
RyrRels Mhtoagh SassasiafiGadith e Wnl Gag p@tﬁﬁﬁfﬂnd/ois tyiraNgknefnic RNA.
t he virus APOBEC3F i s a homol og.of APOBEC3G and
(Quse pirgtrayinys gnfers seelk it gpnasYic &U\Efg A Te¥prspransHpegnand during

Aok, AROBEC & EATLRAL 6r foinAgh B IIA yhoftel 18NS (C
r>e[§p diiesevesipns ddver asubiea hl@d'md;usmyl.thatahe}emlmrmitﬁig irtabévate
c t03| ne dea na e, can be.a cDNA .or cagl%l ncl ude

Vg cagpst ypstmutgtiony as feadraph Of the.gpnpnis §ffand of the

(v?ruQ) APOEE@QF‘lé?a RsebRGra®clECH? an&i@frmtseﬂwhqnfecmn bya
nucl’ei ¢ aci d sequence can encode a human APOBEC3

Aﬁ@M@@@hpmsmp e\d%@laEC%emBs?@dme@g CiesiNes Withivl @ﬁ@zgelocal

and 822 de S 8s of the human
%%3 © eﬁlangbgéﬁdfég Bﬁﬁsres pe%t ively. The nucleic
aCl d spRuRtkR @®idsquaicesncaiits ﬂle%lyﬁﬁﬁle@eamﬁWsél&(ﬂi’ﬂBﬁ)NA

pol ypepti de as descri bed_herein. Theﬁgheep and cow
@E@bds ARSFQaTS 198 afiagent Arr o1 3 upanshterbrogigns(s1gs 2 BRpemic

8M §i' : g@%dpghgx?ﬁ(ﬁ e ARIRLAeic 'd%l%J L‘raehb&betnserﬂo@é ?ﬁg[‘[ﬁﬁn

nation pre eren and are y
rA;B(DBE@ﬁF ot APAIBEC3/pblypsiitiee &nBambAswuend@s NM/i146298

S ?\ﬁ/[ (591‘89_5 | r?rg%dte t aéseggenr(]:gst of tH ﬂgman Q&OBEC3F and

APOBEC3G cDNAs, respectively. The nucleic acid sequence also can encode a

sheep or cow APOBEC3F polypeptide as described herein. The sheep and cow
APOBEC3F proteins have an active amino terminal DNA cytosine deaminase
domain, which elicits a broader dinucleotide deamination preference, and are fully
resistant to HIV-1 Vif.

Nucleic acid sequences having silent mutations that do not change the

encoded amino acids or sequence variants that do change one or more encoded
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encoded am no aci ds or sequence variants that do
change one or nore encodedam no acids, but do not

wa@b@iels7enzymati ¢ function, al so can be used.PEDDS2006/024439

exanpl e, the nucleic acid sequence of the APOBEC3G

- ' ' . A f
KR 18 52 bl e Ep e APl FBEHAlY REIHIRE gl For exampre,
fasicladdadd® Sequétideso thaAPOBEUBG ssediHetuil diffets flomshaodding
change t he encoded anm no_aci d at positiagn 11]?}@25%8. 'Irlrﬁs

serenen M BRI 822 gl & Tringition abyckzotide RAs!
i ) R
SAPIRSRI bl dheoniAalTRS o SSEE AR ARA AOSEGHEL )

e nucl ei ¢ aci
topehe embodifgniseiwy gkahdreCytrsineulctmindsc paliypeptidesi(e.g., the

SRR AT EARCHEE SR REHH o HShely Aflreiqaoi
wegd@rderein, the term"nucleic acid" includes DNA,

RNA, and nucl eic acid anal ogs, and nucleic acids that
are doubl estranded or single-stranded (i.e., a sense

Xel ingle strand). Nucleic acid anal ogs
Mg A0

at the base noiety, sugar noiety, or
phos phickeibadd bamstrutis off ther iaventiohdncledesammiodgic stidlsedrienys
hybrj.di zation, .or solubjlity of, the nucleic acid. .
FBERNE ARPHRAICIS WHEIFASETIRASE A Y558 PERE (ReJSYRr Teflslg acid

fiﬂdgu&&WAmeAq bi@nuAE a8 ABIBY land nuleR ki it iaREd Abtk-
5-brono-2' -doxycyti dnme for deoxycyti dine.

whrandddoasinglesstiadedh@.cs aganserpyianteptisenst single yoand)i Sarciednacid

of the 2'. hydr.exyl, of .t he rihos t

SnalSF e SRS o Bk bl el YRy 8 ph Bt packbone o
RRQERRAtR chaakbaiebike hiteidimdioh] @Golubility oftieaucleic acid.

nmor phol i no nucl ei ¢ acids, in which each base noiety is
|Mm%§satt@s at de pasponpeboacluds dgpranride fordpox %@fw@d 5-

R R A
s dificatiams o thei sngal. mPety, inSudereotfivatiomloMbe Rehydra9@ of the

ti | ei,c. Aci.d.Dr 7(3):.,187-195;
Ao S M S B 490 o) o el o ompte
apiditdetan bb Srod AR PR:IBE H iR d6leRakidin Wit RERM base
with, for exanple, a phosphorothioate or

phaishhis liokkd thiagést mepbetedomerphaliph o8 g mepidditcdeic apidgin
al k hpsphat r i.est ck: [ [
S RSP RO e85 ML toone
GRhe fak bysds iarkthied. ®eck N ithibRey afdeWieller (3091 ABtisense Nucleic
pronot er. Regul at org regions can be parcine r e%zl tory
rai g Blev-cA) B - 190 bt Spbdi &) Bieorgae d/ e
R Efg-@@! Yn de?&&ﬁ' the deoxyphosphate backbone can be replaced with, for
example, a phosphorothioate or phosphorodithioate backbone, a phosphoroamidite,
or an alkyl phosphotriester backbone.
The nucleic acid sequence encoding the cytosine deaminase can be operably
linked to a regulatory region such as a promoter. Regulatory regions can be porcine

regulatory regions or can be from other species. As used herein, “operably linked”

refers to positioning of a regulatory region relative to a nucleic acid sequence
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refers to positioning of a regulatory region relative
to a nucleic acid sequenceencodi ng a pol ypeptide in

wG@omhn/oee3tmy as to permit or facilitate expressPOnUST006/024439

the encoded pol ypeptide. Any type of pronoter can be
operably |jnked, t.o a.nucleic, acid.sequence encodi n
Scoine A PabRRPisdB SR NAY Sto et Gh e ale R icaion of the
\@ngd;uydtp&j,pfébﬁ@é_i on, tissue-specific pronoters,

constitutive pronoters, and pronoters responsive or
unr es poR51YPE of Bromagterrcen darastaklyilinked & 2 migleiapeid sequsnce

SRERULLS QPR USATARAT SRS bR ROLAE g tpgion
aisehd-spekcifibeyrofmoterss xamgibuivetphembierspand protroters psporsiveror

Q her ti.ssue specifi 0 ers, can resul.t in
SFEREPRIYS 00 BARpr LR ERIiAn o io SRS e i apatyey cau rosul

Qh pRa8rchtikl xpHBsiANEE £AIED GbiHdBNE Rt A RISILAIsOhd include, for
algha-ny05|n heavy chain pronoters, respectively. In

exhmples theddinrminslingremoiept Other Heguefspedifi¢ pramwiers han result in

expressipn of a nucleic aci lecul e w t .
SRR o Bul ool GriRo S5 it B apd pan inctude
uE€ albhini® or alphSMYBEin theintyi st@inIfromdtes, respectivetsanpl e, a
b-actin pronoter, such as the chicken b-_actin gene .
pr onot 18rothessipediments, p preyneler that facilitates the expression of a nucleic

%d&&%?écﬂﬁ%ﬂgoﬁﬁg@g%an%&ed Sy . nagggégg& A0e used (ie., 2

pronoter, or 3-p ogl ycerate pronot er
canstitaitivegalomaer)wdlol exenple,raaf-apiopmiete ssclcés the chinken B-

RS o, R S LA,
efHA9dioFBidse éGEAP I1R6mOier, toh 8 -k SRy Rrabkin e RPTK) promoter

pr oot ér an he ( enhancer is used as a pronoter.
S, befused,eag arpll as visxlpremotgrs sychee the hqupgs voais ghyppidine kinase

a5 iieh s 3080 BaliLr Bt o Bltomlc A3 WV EB IO i
t dvend @hb@dimehtsefugioatof ﬂmrbhmkeﬁ@t #tin Pysd prmno‘tdriag& tkee(_DMV
PSR i et BT oo U Bbpeckubl S Bt e
g6 HsER78 ek HA b g.ﬂg@@@ﬁwm.obe&erww@};m-%. VP 16

(transactlvator perEI_ to create a .
t et r acholexampleaftan adueible pramstsriipthiedetzdcyelite (fei-on promoter

SN NERC TR R M e

NdyRieiRla mifatddere: FeptdiSorTERYAE frsed td 1Bk abtivatiex domain of herpes
transcrlgtl on i s induced. Alternative inducible

ssiégrsV P A 6| (mansaethvaias pagigion to @eate abelrasyslmesspairaied
! . t 4 .
AP oANe} 50, P RS, AU O

r éeapidaice af antitietiqy trankeaiptiad istthimimal, while in the presence of tet or

dox, transcription is induced. Alternative inducible systems include the ecdysone or

rapamycin systems. Ecdysone is an insect molting hormone whose production is
controlled by a heterodimer of the ecdysone receptor and the product of the
ultraspiracle gene (USP). Expression is induced by treatment with ecdysone or an
analog of ecdysone such as muristerone A.
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ul traspiracle gene (USP). Expression is induced by
treatnent with ecdysone or an anal og of ecdysone such

W@200m002331 er one A. Addi tional regul atory regi onBCT/081006/024439

may be useful in nucleic acid constructs, include, but

are not_ J.imted pol.yadenyl ati on uences, .

£ ano rand il Gl BB BLog e FGER ngjd construots,
h0E) BBt A8 LoV IISREAR) bolyhd¥aSlatiof BEARAS S transTiidaicbhol

el ements, or introns. Such regulatory regi ons may not

[5eqUrDEess(§d-\an iatetnnd G PsoneeSEy Sy > enligpeasilpdiiciile
SJLRGH PP HPRSSPUEGors LBt LA, hpopey e
A4} PofasHekpbession tydiedting transoriytion stabititylofthe siRN&S  as
Jeelationsl SR ey, P i S HebiTegRIz B eaiu 6 DhoBgd in o
RIcROLES E%ﬁu@leasﬁﬁﬁi%cﬂ@ Qoididt HRithaluipisadslof iheMatleic acids in

el ements. Other elenents that can be included on a
rthe bal(s). Sbifficicntraxpragsion.dovister, sigioatetivegsthiepbipinnd without such

sel.ect apl.e rkers. Signal peptides can be used such
taﬁgﬁmtnﬁ elgﬁg%a'ed pol ypeptide is directed to a

part i coihef elemkhtdltidt chiob@inchided 6n g nuclefveacitbddnstunt feacme.
Non-limting exanples of selectable markers incl u&aggthe
3

Fgnshpentisies aresieriatle matkers. igeal papides cambhbtdyEe
PUSRCIARBIBE Rt s By o tial ) ik
t duyfaceli MNorklimitae (xaGplesafi selzaatilbmarlgusnimchde puromycin,
hosphor i, bosy t XGPRT)., h k

pRECRE A b S e T R G e
| RPEY BRI ERMStas A DHIGR £ h§erdfiydinSB PUesteratfensd, ng

a cytosine deam nase can include a t algb sequence that

etyoddine kinase K)ol and ¥andtinspatine prospherabasylieasfgese (XGPRT).
ni.pul ati on o I ' to

£ ARG PP alr%%%qﬁlhzr}g% ?egercﬁgg gtgglgé%a@?ﬂg%%ﬁ'ggc%% ences

can bemd goa®s drabdimetthen Mistdieidd agjudncemuediog aentsetieng

the cytosi ne deam nase pol ypeptide sych that the . ..

R AR S A R T T W@%ﬁo fane

t Sl bt ' | i DB FiclRate localizati
NG SR R P i
f brdstesioant Tag segeences GEFYe ingpirtetlan Hieonele®: aqid prsfuencesmeoding

(GST), and, Fl ag(t t ag. ,( Ko w_Hav .CT).. :
B S Py S AT B e
epRb A0S amii®S RIminds ofghelcitobiak dedtinasd %}&y}i&‘ptidélbeﬂ-mimiting
including, for exanple, germcells such as_an oocyte
oexampleyef engogrddganinelyde eesen flugieseratiprotein (6HB) pbritaione

SE- pa)mgfeelrallsb (éSlﬂ,daﬂ@FIacg%h Itags(%%aﬁsi\l&v Eﬂ&ifen, CT).

Nucleic acid constructs can be introduced into embryonic, fetal, or adult
porcine cells of any type, including, for example, germ cells such as an oocyte or an
egg, a progenitor cell, an adult or embryonic stem cell, a kidney cell such as a PK-
15 cell, an islet cell, a B cell, a liver cell, or a fibroblast such as a dermal fibroblast,
using a variety of techniques. Non-limiting examples of techniques include the use

of transposon systems, recombinant viruses that can infect cells, or liposomes or
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15 cell, an islet cell, a b cell, aliver cell, or a
fibroblast such as a dermal fibroblast, using a

wo 200700287Df t echni ques. Non-limting exanpl es PET/US2006/024439

techni ques include the use of transposon systens,
recombi nant. viruses that can infect, cel]s, or )

| PEBLRIEERY mithetp SRen e SoPpirBomictoipieSiar or calcium
eblssphatp pfedipi@fion, Thet 20 Eﬁp@BIe'o;i’ﬂeli\%'ring HubleldBCRIRGS RBRAL ©

precipitation, that are capable of deélivering nucleic
aci ds oiraspeson systems Hhe frerssriptignal unig of 2 hecleic acid construct,

tran el Y NI . el cid _.gaonst ruct .
E0BSTAGNAbalR b AL BSOS coding
nogibsine desniiass @olypeptide iclatiked b as yivestd tepd g ate@Bposon.
ng%g gébde, S flank%gwg an inverted repeat of a

t PE 33 FPOSe Sysfetps, iy %%§WW%§§GP1%§%?Y@?&W-
e I i . ; .
cramahe, Y egPy B8 kSR SR, Fog i

2098660854 A200DN\Gldte Unide ReM33K23):6873-81L), af@ SRipper have been

N ' ' Res. 31(23):6873-81 d Ski h .
o580 B bR mers At R G chen B3R S i Baoc Rickpie
| ollsudihe §lezbing, Bdautiptanspokdnié farfidlhdy uéE:flﬁ. 2{ 88f4pBhse can be

Beauty transposon is particularly useful.
t prredprbeants samg nyeleisracisthenmsisvet on sasbgitradededion aseparate

Cﬂﬁ%éi&ﬁ&ﬁceﬁstﬁ@ﬂ be introduced on a separate nucleic
acid construct. Insulator elenents also can be

i ncl udbguliator glementsedlep canite indndddrinatnuklzicaidt@isfuct to
expression of t cytosi ne deam nase pol ypeptide and
BRI et Qe VBT RermSameponasbose Hode igshidie
Se@warlt€d traxafipich ofhost gdhal.efde, RithkiGall O1%. icati
20040203158§ﬂ@ypi%alIy%rgn iﬁgulatoraﬁigﬁ%ﬁ?k?fg%1§aumrNO'

e2eM030HS8oT ypikally, pa iselatqclenent flanks cagh side of thettemseriptional

to . B e l.ransposon. =limtin
G AR BHRbE . RSBhaPlrL 15 ARRRRA0R, N e
abf iasilamntlemegts dmcl{ddNR}E niayieattddBthkad @gioﬁ |(®rremy t?’p@ﬁﬂulator
border-type insul ator el enents. See or exanmple, U S

Peipetts & border e dugylatey, chaments gSecs for smammlg, Udh Fatent Nos.

5 : Publd | ot
SIS o 8k S B oot o o

adeHoR0F158, adeno- associ ated virus (AAV),

retrovj,tuses, |lentiviruses, cci,nia.virus, neas]es .

vi r usedhk F%%ﬁ'\# P ‘}SG@HH@W@W@%@& Q%F%?TQSS\?PPE?Q virus
VgQAV}, Fetrov@fises<@ntiQiruss; vdcdBANinkr ﬁ@aslé\éé\tilluses'?‘ﬁ@[?)es edses,
USA 94, 12744-12746 for a review of viral and

neL Raving papdlones wrus\wieetrs. \est Bey eteal (1A9Di AricedVetb 4dnd. Sci.

PS03 AR T B ARLASATTARL i Ron- (T RIS B e are
rmddiffied do tie natice @apBm 4kl patfopeiitity bfthaRitus has been altered or
removed. The genome of a virus also can be modified to increase its infectivity and
to accommodate packaging of the nucleic acid encoding the polypeptide of interest.
Adenoviral vectors can be easily manipulated in the laboratory, can
efficiently transduce dividing and nondividing cells, and rarely integrate into the

host genome. Smith et al. (1993) Nat. Genet. 5, 397-402; and Spector and
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to accommobdat e packagi ng of the nucleic acid encoding
t he pol ypeptide of interest. Adenoviral vectors can be

weamiioy23mani pul ated in the | aboratory, can ef fPCT/E81006/024439

transduce dividing and nondividing cells, and rarely

e e B SR N R L
(228 %hat et B1 rdfivn is GaAeted from tidblddible sHABIAASRAV dée'hBﬁleCt@n

be npdi fi ed s‘%ghthat the El region is renoved from
t HOVHI5 5B 1t thg Auelgiom esading t Qapqimﬁpitlde astoceniove the

t ﬁ‘&sﬁé’cﬁ}aﬁhg Ed& Rﬂ)t&ﬁ SRAH g E%II'HQ b e | rﬁpfj%é%a ngﬂ%‘tovpﬂ%es have

renove thetra sactlvatln

V‘tpqeugls@hio)rttﬂnSdlEp lai X(aabty oﬂ&dﬂ ey 1t161&61n@ Aivifer die nkdt&tﬁﬂ)c%s
& aoc&fc vari Z (ﬂ‘? cell types, including, inter
lil P &> glnflr?% BEC epat ocyt es and epi t hel i al

cel | s. , Adeno- associ ated viral vectors

denmonsfSHOEAS50P3E H‘rﬁla(ﬁd%vb‘fechf ) é‘?@@ﬁsﬁﬁ@ a ypetrange oftropism
adrddarehyity) %}th&igh' théy eﬂﬂbﬁﬂ%@@éﬁﬂ%ﬁfy&éﬁ %Io glog Slicit an

not elicit an inf anﬂatory resp
elrflpmimatary F@PQWC XA Vleclbmiblmilteespdmﬁaihtegtﬁw and can infect

OB it s RAY e W Ebétn uspb oty sl aciq igibrain,
| skv,mal awBtlefarlddnGr Bedi aqangfaeﬁdmt{rﬁe @mmk fﬁf\gh&) in

mce) in animals. See, for exanp Pat ent
nimgals g e, o exgmypdss 19 FRaten Nk 5AA9/94ééqrcar®scr1ptlon of AAV
Relfpyviruses are the nost-characterized viral delivery
system and have been used in clinical trials.

Ret r oVvRetadvirugsstaos themalit-aharabtegiedniel 8¢liveagsydtdnd aBhfe been
eff(g(lj (gl é’ ﬁ‘}ﬂq ﬁ{%)ress on. Retrow ruses enter a cell

B e e D R e R ViRtors medisnieh maclgisacidiragfat e

| gTfiCieidieand@hregdl 62 "REGEBrRHS & érﬁ& %hllbyddn\é'ct?’ﬁlg n.to the plasma

Lentiviruses al so can be used el I'ver nuc eIC a
treeralieng anchyteerate jue thedemhromosmmmdmng atilndivisieh s.

Repl i f ng _H V. .ty ctors haye
e SRS b N HRE  RRE RS B, DRV,
ipaciodirng mhelividizlgl ells. SRepliddabh dekei@l FaV. typd PORLI PEQ6Ers
Nat|, Acad. Sd. USA 95, 11939-11944. Non-Vviral vectors

e Beendised {rbrasdics 2wiricty of eell typrsswabiding e hells: éSee,

amﬁad Gt al. ( mﬁpﬁw Erp%»y_ of the

li posc?rre IS us y]\?:éz?ligl‘é ale;{gglt ;ﬂé%dé? p osplr?%?I pi ds,

par tic Noaf\hl;al h¢og¢rs chiabe delivensi tbicells vie lpesctids| @hich are
aI I n_conpi nagl on. Wwth steroids,

esp cgf!ﬁg}l?’@l’ Eﬂ%y %Sr he ErHOsIIgR 95 hedireprmas isgisuaine r
chﬁib@&tlﬁﬁbf Bh&phIS &S %mcmﬁymﬁ@}ﬁwa@é R et ith &S

phosphol1p1ds usually in combination with steroids, especially cholesterol. Other

phospholipids or other lipids may also be used. The physical characteristics of
liposomes depend on pH, ionic strength, and the presence of divalent cations.
Transduction efficiency of liposomes can be increased by using
dioleoylphosphatidylethanolamine during transduction. See, Felgner et al. (1994) J.
Biol. Chem. 269, 2550-2561. High efficiency liposomes are commercially

available. See, for example, SuperFect® from Qiagen (Valencia, CA).
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| i posomes depend on pH, ionic strength, and the
presence of divalent cations. Transduction efficiency

wo@Rooriomsgnmes can be increased by using PCT/US2006/024439

di ol eoyl phosphati dyl et hanol am ne during transducti on.
See, Feigner et al. (1994) J Biol. Chem 269,

2550- 2561. High efficiency |liposones are commercially
Iyansgahl PigsSee, for exanple, SuperFect(r) from Q agen
(Val enci a, CAt)@ Transgeni ¢ Pigs The nucleated cells of
the t ARsayelsy dﬁ?lgesofgh%vwanﬁerg@inﬁm@mlsﬁrﬁn&owam gpycleic

3 . Lb . . e ;

R I P S ROl R SR iltudes founder
wahigeate peogensll af prbpenyf afiidfonaderprppggamy ofthet gregeny, and so

rogeny,..a forth, provided, that .the progeny
Rutapro el habiepibesey B I iiaie S podselifp o1 byammple, a
i ARAR Yofind @ URRNRY cAhEYedG8Brel8 aH&indlAnfh /S that contain the
additional animals that contain the nucleic acid
awelsicraged compirigues obt ai ned fromthe transgenic pigs
and cel. L2 f ; enisC. Pl gs..al
provi ddnegapifes gbb bR MRl el 83 B R
itﬂﬁﬂégbﬁicep?igﬁ hisd aﬁghﬁoﬁ&éd lsereia? Akseus'?]@ hérlahetﬂediveda €ilohy” ihdiontes
the pig_or can, pr Qgeny o uch cells. For ex | e,
Bhadithe oqlig ean fispled cggeﬁgy sa%: PR Pr GRACREFTY PhFirdcells.
T3 SJcéEm?lE,' S98Y tunk V] HinceRd, BEAY andlidath vall oHudsS Redry,
or other connectrve tissue can be obtained Tfroma pig:
Bhyoul, emubetleskhin dpoddtdsselced dihsr cophestive tifsueanag be hbtamed from
cel.l s, brain.cells,.hepatocytes.. kidne [ls,, and
it <Pl r plogbishe Sela ast B LRt i BBt
@1'6?&0@3&85, RIS Ve end ERN R BHELHiganPirihodPTBANS forRstample,
cells Tromtransgenic pigs can be transplanted into a
lelpeenan padicaed Tregrirangeams rigs.i Qrgans and eplis doan yarsgpric pigs can
[ . t i j ' :
g0 28 s BARLA, ol IR 08 s BALLEDL i con
ibettrapcplasted tchwhan diebaicqatisits.uct s i nt o non- human
animals to produce founder_lines, in i ch the nucl.eic
aci d YRS feqhniaves koSt iy tReatt A b ES@%%H&?QPC@HH‘;@“’ acid
[ REARIH R AdHEhiES ainbRQY %)rcld'ueé FRhHANineR iR WHIHERE nucleic
mcroinjection (U'S. Patent No. 4,873,191), retrovirus
reetii @netiugidnimtegraiad inte thergenomer fudh elmiquga madiede, Mithpein

t al. (1985), Proc. .Natl . S .
g ongenatEinpRroans LR o 37 S T8 De troxims
(l B8 eBnehraritfor itd 28 1iked (Vahkler Bdfendt b). (1985? Proc. Natl.
el ectroporation of enbryos (Lo (1983) Ml. Cell. Biol.

cadaBa- W84 8P, 64l 658),\53*;@ t9raating dite cHRLYWHE Bemeshat i c
(FhbRipsit'&h1.3%989) Cell 56, 313-321), electroporation of embryos (Lo (1983)

Mol. Cell. Biol. 3, 1803-1814), and in vitro transformation of somatic cells, such as

e

cumulus or mammary cells, or adult, fetal, or embryonic stem cells, followed by
nuclear transplantation (Wilmut et al. (1997) Nature 385, 810-813; and Wakayama
et al. (1998) Nature 394, 369-374). Pronuclear microinjection and somatic cell

nuclear transfer are particularly useful techniques.
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cumul us or mammary cells, or adult, fetal, or
enbryonic stemcells, followed by nucl ear

wao e@nsmi3ant ation (WIlnut et al. (1997) Nature BS8BUS2006/024439

810-813; and Wakayama et al. (1998) Nature 394,

369-374). Pronuclear mcro ction and s9

nucl eél?yprqaamswowieaﬁ%f%ué gf’ﬁﬁ IE}E?Z%PCI UBhdtthof estribed
LRGN e gw hﬁéh'félmhké& ONWED Qall IS dplpE aici1R8d agithe
nucleic acid construct described above is introduced

immomuciei entrining e gengic material frogethe spein heddand thayegs aife

h I j
RO T o RS SRR e A0 BRI, (RS iBhtea

RHRt ARl cESHS prbhﬁ@érrthéredlem;eétai €zga3chn be aasdfenat o amoipbat
injected into one of the pronuclei then the . inj ecgOpmthe

dggeledas.- etothapyidasts ek e Eengielend Allowgh o feve
'1%& lehbfenr’a\ré fé)“}frhﬁu&fthé‘tr %err?g%] femal e) and al | oned

eve e recil e to produce the
t r ans g[arsromanc gsll nhcﬂeasrcﬁrmsﬁet; adenbgenishig sell suchrasfacfetal fbroblast

trans i g.cell I flbr bl.

et acudess R fea diirelielind Snt b B i by
b&u’cl@ﬁfe@%%éfa@ th BitSH1AR a@0HbiRAceN. @@Gytéﬁcdrﬂ)eeﬁmmhﬂed ibya
conmbi ned ce Qocytes can be enucl eated by part

zpmaalmoas érstserc@nn m@@rth@ ndabbﬂ%’ranééw RIRFIHREIR C&"BL@% the

; Afised t
ﬁl]#]s g]gﬁrtcaﬁ)&%{r r‘géﬁgeve %ha)fﬁpg&fgééd/utépe sed to

&Gﬂlettf@sgd&@ms@mtccamahbleaﬂeﬂ ooayie ermcﬂtrtéamedomszyhesome
arrest ed at meiosis é | n, so:zer?éconve Lions,

aPQTVEREQNS,POGYERS Farested abmgiopis %Ite.néra 8BS Af {thpr 1¥r08ucmg a
a@?x@fﬁ%’eﬂﬁ)@o O Ch{ ﬁlsﬁ&bihﬁ%ctﬁ\eectlﬁg thdWodytéy) tA paidehe embryo is

I'vating t e bocyte), the porcine enbiyo I's
t tramsiérezdr todhe ovidhets of theipient imale.rabeirip? et 24 havay after

bout .20 4 h

cachprian. S 57y o, Diodt o6l 143 Rucegf. 1236243 U
apgreht 190, 2MEM 1. NRecified48mdidd can tRediepkeginfor pregnarey can

be checked for pregnancy ggroxr mat el y 20-21 days

ahpmoxinaiely 2812 ldays pEedimeipp el theembd¥iSd br eedi ng
techni gg@? @} %cﬁ%é"?e%gn ﬁ’es 8L Gsdiitb 'E?éa%e dPRb1saRA are

honozy [ ne eam nase pol ypeptide from
t RemioBydous tfortat eytozing demmhmrm@peandenﬁwm th&bnmd)hg@mzwgous
may not he re(ﬁjl red, however, .to obseryve ased

c AprndeT aigpalsy HOmOMEPHD HEY TG TPUUH, R Serie i
! BOSARAIE IS IRURsRRGH): BATE S htdan GAR! eSS on of

cytosli ne ase pol ypepti des can be assessed using
st andaiQhce elahsgm}msgs havietbieett gensratechickpression pcytosine deaminase

BB G S BY SRS lafhar 0t B LG can be
accomphshed by Southern blot analysis to determine whether or not integration of
the construct has taken place. For a description of Southern analysis, see sections

0.37-9.52 of Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual,

second edition, Cold Spring Harbor Press, Plainview; NY. Polymerase chain
reaction (PCR) techniques also can be used in the initial screening. PCR refers to a

procedure or technique in which target nucleic acids are amplified. Generally,
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t he construct has taken place. For a description of
Sout hern anal ysis, see sections 9.37-9.52 of Sanbrook

wW@e00a4002371989, Mol ecul ar C oni ng, A Labor at or yPOEDSZ006/024439

second edition, Cold Spr| ng Har bor Press, Pl ainview,

NY. Pol ) L sQ
SnepS: HEBEERRn 0 el BACHH BR reclon S b RBRRb BT Gnplovea
6 aesegmﬂﬁgo@uclbs@dmpmners Itlliht\ad‘é idéntical @@imﬂmh@e«meaee s

are anplified. |y, sequence information from.the

@@B@Sl@fstr@w&s q-féaf? @mn%%te thbemaplitics Y eabs wsed ip pRpHty

& pe&'ﬁé bﬁleﬁ’deb G BNSOLS JE11 BE RIBY, ?ncthnﬁﬁ ﬁeﬁéﬂ:@ [ﬁ}t?'tri:ﬁ‘)ltal

0 SIm r rn sequence to opp03|te str
tgemnhﬂ;tIQNAmrbetahmﬂuil'cmMA Pﬁme&uyplbellju&edﬁt() 4@ mpb]ebiydes in

uenesf svvellasR a,nc
3658 ot A A0 Sl B R e B ic RonPTdfadt. or
Ffé\l&escﬁbédﬁar forle¥RhFRIPFOR Prithed A LabAoRHMIaae4l & Dikfenbach
Ien th, but can range from 10 nucl eotides to hundreds

k@l@t, C@écksmng aon LalpeptorsPrgess 6995 elﬂuqlwc amsﬂs also can

T

ls&bti@fn?ﬂ Géqueﬁtmﬁhcalﬁﬁ;?or Netdiectd sagueisceclasal araplified. See, for

anplified by _ligase chajn_reactjon, nd .

cﬁxéﬁlﬁ’%?@ Ll %\%1.?3 éf’ﬁeEa%wgwee’géa f}f%%%i r@%ﬁt%&ﬁ &h E90) Proc.
'@a& ., US’A 87 qcsbgl 1%7@%& W@i@ye@gﬁm@%@ 234pidhi eds.

or exanple, Lew s 92) Geneti'c Engi neering
News, J&;ple;ss@uaif @lnivicledst acadl seq@m@@)wﬂhma ciasine degroigiase

5005 ool AR ORER E R Rt L O B BEb A0S o R osucs of

%érﬂg ias 631 BSad3essee asthy asbnigMdsythftihdldée, (dthout limitation,
APOBEC3 Fpand/ or. APOBEC3G pol ypeptide) in the tissues

oNomhean blpt Analysis oEtissan smpla%%@%@%fregw the apigtahir §tis
t t:
By D A e B e o
i immsiniagofbyhirdssiyz adridoevemsatnpsiceptaVWeBCR (R Ta@R )y slExpression of a

e S BRI AL LITHCE 02N o e i

E&%Wr@ﬁﬁﬂ fPorPdo-BuliRE wRB Hinl® ceMd, 9 h QEcréR8dtaRBLity of the cells to
pol ypeptide in at | east sone of the cells of the pig

ctuansmesRERY te gerhvsencglls.ure with human cells, in a
decreased ca abl 0
the hurmBhcEel [ albﬂé%rt %%éa,}é lg:g%%gl }l%e Egt%wafr%m @{E}E%y

Cécllfir&BREH S’Efbnsé@ﬁc sixannd gnd }bmlain aeus (mg t 293@ @as;ayan be
Transgenic p cells and human, cells (e,

VST Bopapedshy & ER PP saisay ise éa%rynzﬁl%eﬂmr%ﬁ% caregltured
e Iﬁgéromlﬁe[tflg 52 (éﬁ&aﬂ@ﬁsetﬁ' Z%QQXQ O%ﬁ‘c‘ﬂl trHél’ﬁgrﬁQ Eerémts free

appr gener ati ons ays
néiffusianef pealiintcdedulesancluding viral particles but does not permit diffusion

of cells. At the end of the culturing period, the human cells can be harvested and
tested for PERV reverse transcriptase activity (as a measure of infectivity) using an
ELISA assay (e.g., from Cavidi Tech, Uppsala, Sweden). It is understood that a

particular phenotype in a transgenic animal typically is assessed by comparing the
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di ffusion of small nolecules including viral particles
but does not permt diffusion of cells. At the end of

W0 b@7o0d3ruri ng period, the human cells can be PEF/USRDER4439

and tested for PERV reverse transcriptase activity (as

a.nmeagsure of infectivi sin )| 0L 1,
Pzt fofe raisstbghiniatio HdfsiPnbink MeREaM olfiteby o
tcBAkroBndRanh S nhalther1adke ke irinsgerid: ansgeni ¢ ani nal

typically is assessed by conparing thephenotype. in.the
t  ans JenRseerinipigs of e IHENtBGeR B S Wigh Bﬁ@h@%&ﬁ@ of interest
%é.g! Qbdreds Q%th%aﬁ%ﬁ&ﬁt%oﬂ%’d?ﬁﬁ% RREBBhds! BN ad AEY it
traiisgene. Transdgeni ¢ pigs of the inhvention can be
hhsdivaict - 0B pelacsylrtednsfeofse igan@r 8¢ resultigg pregenpangnals may

with transpl a tion-co t| bl e . backgrqunds S
meg%ﬂ%@% fﬁ‘f?eﬁﬁ z‘lrt’?eﬁg?@{frg%pﬁa?@n gug %’0@8 g Vi é %fsé‘? 8 ?as e
GERShittiP end s rBfo AR RSE Y ARNTRI1S antBthe ldecreased risk of
particularly useful for xenotransplantation due to

t he
depesegedeiettida. cfuch animals ean bepredirsd bids cxaEaple\arosiaies(a) 2
to h | h > ' . .
S BRER HEF RIS B g i
e ARpéc plproils ki fhat@yatal 6-1Bngdenosyl pugieapragesei Alfematively, 2

T e L 0oL SoRT 1R Pl MBS St Bl Bing
t&@%@%ﬁhﬂﬁt@t&ﬁ%mef" ternatively, a single line of
t e

ran I'C pigs can be produced by initially preparing
t he pi Ghe invemgpnt ik furthep degsribed i the follnyang sxanyes, which donot

inpvention is_ further. described in foll ow ng
cJifiihe ebvishe B i HaR piemerd 1S ghlis of Che

i nvention described in the clainms. EXAMPLES EXAMPLE 1
Met hods and Materials for 2-7 Yeast Strains.
Yeast nutation assays vver%%ﬂgtﬁﬁ L40 (MATa ' 3D200
trpl-901 | eu2-3112 adel ﬁ%‘gﬁtg@o ) 4- HI S3

URA3: : (| exAop) -lacZ GAL . Retrotransposition

assays wer e donMeitlods@ndSVatdvilaforEaanilés 27pl - hi sG

spt 3- 101 hi s3A200) or GRY1990, a derivat] f

"h whi deat Stews. %L‘ZaSb*a}lté&lP%é‘?Sa&%‘@e‘ieé‘%E%H&H‘fﬂ\gf‘@%ﬁ%m
: ?’9’999??8%’@%§§£% 4428 I¥R2S e Fi3H)),-BISORAS: : (zb&;zfg-gasc@ GAL4) (D).

ure 380, 30; Nissley et al. _
PRetrotriaspbsitide astaysSuere dsne 86DG128084A4 By uras SPiglis G spt3-

retrotr 0Si 1 ssays_\were [ WP [ MAT
01 fios PRl T T RS 565 ST bR P LS
y

anRda(R6Haakesk cbrBltivelyr Xpressed from the yeast PGK1 promoter (Nissley et
al., (1996) Nature 380, 30; Nissley et al. (1998) Proc. Natl. Acad. Sci. US4 95,
13905-10). Endogenous retrotransposition assays were carried in DG1141 [MAT o
trpl-hisG ura3-167 his3 A200 Tyl-2y2his3AI; (Curcio and Garfinkel (1991) Proc.
Natl. Acad. Sci. USA 88, 936-40). L40 ungl::kanMX4 was constructed by
amplifying the ungl::kanMX4 cassette from yeast deletion strain 36067 (R. Wright,

University of Minnesota), transforming 1.40 with the resulting PCR product and
selecting G418-resistant colonies (Wach et al. (1994) Yeast 10, 1793-1808)). ungl
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Natl. Acad. ScL USA 88, 936-40). L40 ungl ::kanMX4 was
constructed by anplifying the ungl ::kanMX4 cassette

wo c@moyx3ast del etion strain 36067 (R Wi ght, PCT/US2006/024439

Uni versity of M nnesota), transformng L40 with the

I t| ng (S%Cﬁalﬁgeéfby;'?&‘ gécieln%gétqgﬁocéi%@%ﬁl st%%r

llbﬁgﬂl&?}b@tl on was confirmed b y PCR and screening for a
nodest C 4 /nutator phenotype. Plasm ds. Constructs

wer e l%lé@ﬂldéncﬂm%%k’“%basé@ op pEybEex-g9 ot perkA (Invitrogen,

RahpRE A e AR MRAPCRECAR SB0RaPEALEDLNE

mﬁmﬁﬁg@nmmmnﬁ OBE(BIG-IRES-bROGBRrGadt lal. 1AG)3) Cell

TR R Rodiaish i P Erinee, ATPECIG i nHEh At Zeo

le8XAiRN0s ﬁ?%é@%gb@ﬁ%n e 0ald AFBBECIT oﬁﬁ%‘eadm frames.
subcl oned Trom pEF- (D Noia and Neuberdger (20 %

Nat ur dJgieas smbcltme)d ﬁi@n@EFEdgiFéDl Avda andoN elrb@m 62002 i\@ture

PPN P e SR Mo e BB B PR RS 2 B BBy s
&apélbhdtEthtd e Y B30 TeusEANT il aﬁd NBtII{Eﬁ@t)/o gemj)eUpi dx@hrdsyipa was
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T LRI SR OB B o
adt al.( wxz;r@(ra))hn Wley and Sons, Inc.). Several

o0 (TR L A ASPRIIETk SOESH G i
derivatives were transformed into 140 and selected using a synthetic complete
medium containing zeocin (300 ng/mL) and lacking tryptophan (SC+ZEO-TRP)
(Ausubel et al. (2002) (John Wiley and Sons, Inc.). Several thousand viable cells
from independent colonies were used to inoculate 2.5 ml SC+GAL+RAF+ZEO-
TRP (2% galactose, 1% raffinose, 300 pg/mL zeocin). Cultures were grown at
30°C for 3-4 days, concentrated 5-fold and a fraction was plated to SC+CAN-ARG
(30 pg/mL CAN) to obtain canavanine resistant (Can®) mutants. Viable cell counts
were obtained by plating a dilution to rich medium. Viable cells were counted after

2 days and Can® colonies were counted after 3-4 days of incubation at 30°C. The
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(2% gal actose, 1% raffinose, 300 ng/nL zeocin).
Cultures were grown at 30Q0C for 3-4 days, concentrated
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ng/ ML CAN) to obtain canavani ne resistant (Can R
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62997) J. Virol. 69, 4166 4172 Sinon et al. (1997) J

Vi rol 5259- 5267) Ret rotransposi tion Assa
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%E{)) anélrs MlSl n‘gg’é%ﬁi&g@i% saturation.
Appr OXiiSFRHT EladisféRfarf Stk JAeW R irSSOTIR A LTTeRk-GINC l@kat@ifatlon
SC-URA-TRP+GAI for 12 hrs and an aliquot was plated t
oprpxsmatsly 10'\qelipiniera spbaiBrerbinel m aEICHYR A+ ERPHAR for 12 hrs

[

bl o Bk Sy e e A s B O} RS Loy plaing o
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Cquency of Hist solomes. © " ©

lucAI transformants were grown 1 day in SC-URA-TRP+GLC. Cells were
transferred to SC-URA-TRP+GAL and grown for an additional 2 days at 30°C to
induce retroelement expression and reverse transcription. Retrotransposition was
quantified by measuring the relative active levels of luciferase to B-galactosidase.
All incubations for plasmid-based Tyl assays were at 30°C.

For endogenous retrotransposition assays, DG1141 was transformed with
pJG4-5, pJG4-5-APOBECS3G, or pJG4-5-APOBEC3F. Single colonies were
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transferred to SC URA- TRP+GAL and grown for an
additional 2 days at 30C to induce retroel enent

wezpreesiron and reverse transcription. PCT/US2006/024439

Retrotransposition was quantified by measuring the
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ERIRBIS o Rt igh (e rten HosraignyN s e o
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the resident plasm d DNA"was anp (as” above
Xt TC WG AHpToduGEQES ND:3) &l T e T‘Aﬁ RTC GGG By O EGA
ggﬁéqpiﬁo GIT ATC CGG ATC ATA TGA (SEQ I D NO 5) and

- CCG TCA TCT TGA (SEQ ID NO 6). EXAWPLE 2
APOBEC3G Stimul ates Miutation in Saccharomyces
cerevisiae via the uracil Excision Pathway To test
whet her human APOBEC3G cBXAMBLECGA t its hal | mark

gyg?te?rmhﬁﬁgd S'tlﬂl 5§63 Mudti af %Fo(;ﬁ ceg' lc’lesriegzgiae

via the Uracil Excision Pathway
To test whether human APOBEC3G could elicit its hallmark mutator
activity in yeast, a LexA-APOBEC3G fusion protein was expressed in the haploid

strain 140 and the accumulation of mutations that conferred resistance to the toxic
amino acid canavanine was monitored. Liquid cultures were grown from individual
colonies expressing APOBEC3G or a control vector and then plated onto a solid
medium containing canavanine. The numbers of canavanine-resistant (Can®)
colonies were determined after 3-4 days growth. In contrast to cells expressing a

control vector, those expressing LexAAPOBEC3G showed a 20-fold increase in the
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strain L40 and the accunul ati on of nutations that
conferred resistance to the toxic am no acid
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iy Abdian flofRsies BE uiiehdo LANRIFINUBY. a%id d%ﬁﬁlﬁat?cfn  was
APOBEC3G activity. Indeed, yeast expressing

APoRETBatelifdiold udads- folcbmhgn then it elservedtin bprfAJ((D@EmG-

e t he .ne
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slid MOM](BG—&@En&MD neacilgatced nepﬁrefcﬂi}da afdil 2cifioh ehechanism.
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However, Ugiresistant uracil excision

zﬂ%ﬁt PQﬁFlb?lléﬁ that same PHIAHRRBEGH G daduced utagilh mighttbisaspaired by
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CanR nutation virtual I’y i ndi stl gurs
liig iyeask preeesspairpddeyl andUngi ptdepepdens meclentsm. Together with the

exquisite specificity that Unglp has for uracil, these data indicated that the
APOBEC3G-dependent mutator phenotype was attributable to a DNA cytosine

deamination mechanism.
APOBEC3G is localized predominantly to the cytoplasm of mammalian
cells. Therefore, it was surprising that its expression in yeast caused high mutation
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absence of APOBEC3G (FIG 3). Thus, the majority of
APOBEC3G-i nduced | esions in yeast were repaired by an

wheghpextependent mechani sm Toget her with t he BXOUSRDE/@24439

specifi city that Unglp has for uracil, these data
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Yeast lacking Unglp due to Ugi expression also displayed an increased level

of C/G -> T/A transition mutations (64%), as would be expected of cells lacking
uracil excision repair (FIG 4C-4D). However, 5/7 of these transitions occurred at
positions that were not mutated in APOBEC3G expressing cells. Co-expression of
Ugi and APOBEC3G resulted in an even stronger C/G -> T/A transition bias (95%),
and 19/21 of these mutations occurred at sites that were also mutated in
APOBEC3G expressing (Ugi negative) yeast cells (FIG 4C-4D). These data further
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of CJG->T/Atransition nutations (64%, as would be
expected of cells lacking uracil excision repair (FIG

waam237However, 5/ 7 of these transitions occRCT/E086/024439

positions that were not nutated in APOBEC3G expressing
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yeast cells (FIG 4C-4D). These data
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found in control vector containi ngP
immediately adjacent to a preferred or potential APOBEC3G hotspot, 5’-CCC. In

contrast, only 1/12 of the deletions and insertions found in control vector containing
cells occurred at similar sites. The remainder (11/12) were distributed throughout
the CANI gene and were presumably caused by a variety of mechanisms. The
presence of deletions and insertions associated with APOBEC3G hotspots suggested
that C -> U deamination events are able to precipitate gross genomic instability.

This is further supported by our observation that a small (approximately 5%)

26



10

15

20

25

30

cells occurred at simlar sites. The remainder (
11/12) were distributed throughout the CANl gene and
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ywere compareg with those of cells expressing either protein alone. The robust

hypermutability of APOBEC3G was not significantly affected by HIV-1 Vif co-

expression. Therefore, a Vif-APOBEC3G interaction in yeast was not detected.

EXAMPLE 6
APOBEC3F and APOBEC3G Inhibit Tyl Retrotransposition
To explore the possibility that APOBEC3 proteins function to impede the

mobility of endogenous retroelements that replicate using LTR sequences, the
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EXAMPLE 6 APOBEC3F and APOBEC3G I nhibit Tvl
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'ogous Teconbi nati on, whereaS Ty |ntegrat|on
rustisypredmsinantly iywipriologepsasmmieation: wherspoEyt integrafon

HRT- hi sAl d
Bt s B eeftgss, RALGERBRSH4h afhan UBRT s AL,
rSpcA e biteedcliul ARCBHAIFV -0 freﬁl?@%@qﬁ%@ﬁédﬂcﬁs’) was
| G 6D, E). Levels of inhibition were rou

{235 WoSa AR CHT pr AJORHOAS SerersiondBls BULES, Leves of
A ROl PEIAPTy BOE GEUGLARiAIANSEILR! BRcARhse,

egra
indicating that neither the reverse transcrlptase nor the integration pathway were key
effectors of the APOBEC3-imposed retrotransposition block. These data further
highlight the utility of the yeast Tyl system for studying aspects of both APOBEC3

and HIV-1 biology.

EXAMPLE 7
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effectors of the APOBEC3-i nposed retrotransposition
bl ock. These data further highlight the utility of the

wQemsnoiByl system for studyi ng aspects of bot hPGIPUBHE3024439

and H V-1 biol ogy. EXAMPLE 7Tv| Restriction by
APOBEC3F = G ) S
Deam nat M A f

hal | mark anti d@bm\mtakmacjenmmmmfmeﬁﬁﬁﬁ% and - 3G,
it was asked vvhetﬁer thrs coul account for the

obser \f‘esjcw ¢ et Molceminabienily ¢ blmak @rti-rpirowdis] agtivitypd
gpfahgt L3@N wg&as%@ %@m@ymeéou@é adcBhA(Gb ABRBATON Tyl

nlnus Stran transition nutations wou be

fretustehnapositiat bibtle Miss, 4t wat egreetet $hat @g inordinetetnumbepodlis

?@i{ﬁ%@%@gﬁsogfré}p% SI tq %ﬁ)trgflgltlgrréﬁé?aéagg W%ﬁldh%gfoumﬁ? amongst
Rﬁ@ﬁ%ﬂ‘iﬁte%f ﬁR@@E@ﬁ&M@Qm 3and €SPEC trhivetiohs). a0 Ger®dl and 47

transitions were found anong the

ék_rb@mse@lmeé et TYRFBII83 tsanplan gcerraiof i thewresangs of
|
oPORE BHer T, mifonhBle ¢ P I Atiol] B ol

r@wdgSie WPOBRECI G lekpsed teniiilites rOmer occiived w&hmrajdlnucleohde
occurred wiithin the tri r}ucl otide 5

fessersBhoR CAbein ety pasienedby ti eot%waéétmerﬁﬁfeﬁkely
?1%@(5 €14 ﬁ@fse(ffanmﬁ)ﬁoﬁ HpPCRtéﬁtdr O JBBYnd GEEBrrBE Rithinthe

due at functional Hi s+éand not Hi s )
mna«;iemde&i veCe, wh:ahysztéd maist cargmp APE %eﬂefﬂr@dtsﬁat

aci | sidues Wt he r LI oL I ansnosq
:ﬁ?ﬁ’&%err’e SeagseTE rfjg?ise 4 Stﬁk}%% Sﬁré \)(% OF1 gi'n Iﬁ(}ue the
f @kt thet fAVidHdPESs" (ehk’dfrfdt i 1nﬁdgran(ts2Q9r%)an€1$'|zd:d 118 further
803-809). Therefore, to address the fornmer possibjlity

Arssible thatyresil fesidups iWikin dhesretratrapsonePN A EEZRTEGHS t he

Rl PSRRI ST AR L Rcpear

SE13$803-<809))1‘ H s+ |nt egrants and a subsequent screen
for unsel ected G-P- ive var

ts.  Twent .
i ndepeﬁ%ﬁ restpa gﬁﬁ es QRRERPGSS aggr%%% t(}/\gl‘g‘i.#/l for mutations, a
rt%{)ﬁﬁfeﬁ%fs?&%fthé’@ GAPBRAT 5 PRt vak s inGPhi PPBEPI 688 was

expressed. Each sequence cont ai ned at | east one
npibectd upstraard ofigistd AFTGS ADS Thiseaablehthe selectian off Hishiptegrants

CACe P Seh Pl W03 O FedsREP e R fpRpendent

FGEP I tantviidS tecabdredfrom retrotransposition experiments in which

APOBEC3G was expressed. Each sequence contained at least one mutation and as
many as 15 mutations. In total, 57 base substitution mutations were identified and
47 of these were minus strand C -> T transitions (FIG 8B, FIG 9A). Almost all of
the APOBEC3G-dependent transitions occurred within the consensus 5°-YCC,
identical to the preferred cytosine deamination consensus site in the CANI gene and
in a variety of other systems (e.g., compare FIG 9B and FIG 5). Moreover, many of
the C -> T transitions occurred at positions that were identical to those observed
previously in GFP-encoding HIV or MLV. A similar strand-specific transition bias
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t he APOBEC3G dependent transitions occurred within the
consensus 5 -YCC, identical to the preferred cytosine

wale@mooesri on consensus site in the CAN gene aPdI/Ug2086/024439

variety of other systems (e.g., conpare FIG 9B and FIG
Qﬂds ERQN &ith MBI OradsPRnS wete %uﬁ& ﬂpﬁose g%m%ccgrﬁéfa?e%

OS|t|ons that were |dentica serve
@ﬁpcmml the pres@rR-of NROBRGHRIGHC; M. 8B). Hiowiehat i 1n contrast to

%fﬁ%?i@e@éh@%ﬁ? e o GePURGL R b disinct 5™
TP cisesup [GIR dolisrved BraRiRsBeEh 2 HW@E&%%%]( h'_"h% Tyl
9C, FIG 8B). However, in contrast to APOBEC3G

A@@E@Fﬁﬂ’é’ﬁéﬁﬂ tl?ﬁtm}ﬁbllt@tb}bﬁgoB@@@iFr?’@d -9tani itmb}h (and possibly
t G
TR S e O

retrotransp03| tion can be inhibited by APOBEC3F and

-3G and nuch (and possi b) é of this effect can be
attributed to a cDNA cyt@i‘ﬁ% #hi nati on mechani sm

EXANprBsstorFofiifingn APOBEOSERA i tHE 3 Fbd tPABGS porcine
reduces transter T - GF Cl HEPEF‘S%QEHUUS TEerToviTusS orein

(PERV) to Sngoge BT eellor essi on

2§/t Q:Jregac? OVITUS %V{\/%Ss Ogl gd m'a“ A@%%@ V& Brseed psing, the

chienkgaleyain(QEVg pﬁﬁn@telsteldeﬁ% @i@bx@sslm{ K81 the hBorB$SE Séne as a
whet her the APOBEC3G protein can inhibit PERV

eelatable saarkss. (19 aseasaivhelber e ARQBEGHSmrefein aandnhibis BERV

SIS ik B9 IRt el ALEE G )
Pid1 R0 BAATEC # KCIa83) wild Eugene® @ea@m Rbcho i ppHedrgcicice,

t PK: 1 | | h f t he
LR R

‘dﬁdis%n F& tBede@xbbii@ehts BHERS RO PERORI lefidin i8 kimRE @ells were able to
ernatant _m xi ng experinents (Patience et al

od hpmea29%E eells 1rmngzggpemqtammlxmgﬁpmmts(fBattlence et al.,

Q

LIAPT Rl B3 3o K2 T L3Rty s RS ah R B ety
cell-Rie paficteslah8/onasogdidelirddl Gontt) g APOBEC3IG e)épressmn in PK-
antl odi es (Newnman et al. (2004) Curr Biol.

as gspafiymed gping S@epﬁ%wbﬁ@wa(lvw eladn20 ) Curr Biol.
@G@F}@ECSG (hA3G, or pig APOBEC3F (SsA3F) were
co [tured with human 293T cells for 25 days
(appr &X-thtdlsyexbessieg b vgetnea:cnﬁroh sjrantAROBROG3GEhA3G), or pig

ARTRCH BB noleedhoRBES! Riif Bt 2o edu Tor g5 8avs
Gagpkdssnare1yP30 8TRbdnerations); the two cell types were physically separated by

a thin membrane with 1 micron-sized pores, which permitted free diffusion of small

molecules including viral particles but it did not permit diffusion of cells. After 25
days, whole cell protein extracts were prepared from the 293T cells using standard
procedures. Cell lysates (10 pg) were tested for PERV reverse transcriptase (RT)
activity (as a measure of PERV transfer to the human cells) using the C-type

retrovirus RT™ Activity ELISA assay; performed as recommended by the
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nol ecul es including viral particles but it did not
permt diffusion of cells. After 25 days, whole cell

wEe@reias7Textracts were prepared fromthe 293T BPEI/1US2006/024439

usi ng standard procedures. Cell |ysates (10 ng) were
it i I e

wgllmgotvvhnen Gt prpeence bf buhan A PEBEIBG-SqiressigyPIEL L SALls, in
ed_ by t.hemanuf acturer

"’lss‘i{%l ¢ Gl deggglgilﬁ%%g@gﬁgs pf ingqction s qeisetehdIG 10).

s 61ed QQ?IGVI 02428 Sh@h hSrethig¥iol R nbYARD
APG3ECISG exg essi ng PK—e 115 celaiﬁg%lﬁﬁgﬂggnﬁhggyﬁi ed to

dFonaqtizity A EC§1WWW11 PBvIS| cslle Expiragsing dnosmpig vector.

A EHmEh] fasbies 1P B b o Human AR Bl PR B Sgion st

Iaa{diaionﬂ\gig PWPOBET i6 K-55 cdllstintiibits PERW tFifisfer BroSEPK S5 cells

Gi 2{)3(3]2 g an enpty vector. This experinent indicates
t'H ¢HSessi on of “human A3G (but not expression of

addi t 'S‘éﬁﬁj Qﬁtﬁaﬁpecﬁﬁcc‘gfa%x itafye’ %%31?%?;43? S.Eﬁ% Wefespejl?ﬁw%ed to

transfer f om PK- s td
Bagriitoy fearthg presdnge oﬁmjiegqatadu PERM DN\ inrtmadantA93& IR Semi-

SRR RBG I R 8o LS i B 2
quahlzpa'r icWs AMAFpritsrs PRI AIFEA ATIOWTTY AOC UTT AR @r@
g}gom c_DNA from human 293T cells and prinmers (forward

TR - B NQ@oreggre FAR ARG THARASTTT CEEQAG:@ NBCCTT-3",
. .
BP0 R T T O el B
#1951 1As venyditdaPER Vi DNA ©asldaectatbin2 9B T toklle gf3mR\in BNAprégshce
Rbbpes AP ehirepnd BRI ool eoBer fous ber gmgitarhere
S MES €ve§é ik e ay eﬁsﬁyee&@t REREmASLALLE a1 tn%glg

ensure that the human cell co-culturing conpart
waglpﬁ@me@tmsmt nmtemnmyedﬁqygolg etllss(i.¢i, mBorp-chimerism), PCR also

PCR
WS e bR P Gy iR S T RS M&M
(0 IATG GSEQM IEJQCIBLNO BVRY&Se 5’ G@@G@E@@
AAG ACA- 3’ D NQO 5) product). The |eft

pend13 otE@ iﬂél‘ﬁ)ﬂé) Ehdvip Rfﬁélﬂcth ol lfm 1gft paxel of BHadi B shewe that no
g@%ﬁ@kﬁod&tﬁéﬁ d%@gféh%’ 2§$’P£§ntl & £0mGHl 5#’ 18 ture e)éperlment
Xper |

The ri ane al’ns positrve an
ﬁé@aight/panebcn:rnthposllm‘m andateigarbrel mmrms Mioto-cleinefifi@dvas not
gétantltatlve real -time PCR assays were perforned in

dr eacti ons

Quantitative, real-time PCR assays were performed in 25 plL reactions
containing 10 ng of 293T genomic DNA, 100 nM primers, and 2x iQ SYBR Green
super mix (BioRad, Hercules, CA) and run on an iCycler iQ Multicolor Real-Time
PCR detection System (BioRad, Hercules, CA). Thermocycler conditions were
95°C for 5 min followed by 50 cycles of 95°C for 15 seconds and 60°C for 30
seconds. A melting curve analysis directly followed the cycling to verify

amplification of the PERV pol gene PCR product (amplified as discussed above).
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containing 10 ng of 293T genom c DNA, 100 nM pri nmers,
and 2x i Q SYBR Green super mx (BioRad, Hercules, CA)

wa@ea7/0037npn an i Cycler i Q Miulticol or Real - Ti meP®IZRS2006/024439

detecti on System (Bi oRad, Hercul es, Ther nocycl er

) %ﬁ%@lgﬁée@ ol Fhnlg

comtva vaimg| tlyesfod;lodmrtgelmmyrsf otveard (5t NE GAT GTrIgTGA a0 ¢yT

% 3 '@2@ G e grhoh o DGt AT SESCTG $RT-

kSerid G1zge<5h‘3)l 0UVBS). ATPdtd B RPmay déd%ﬁ fPE’#v

control usi ng the foll ow n% prinmers : Forwar
@Al @Pies FEAPIGADIEgTTer GAR,080 beigretin Bopics @IGallid PERA sansfer

E ct
3y Bt A R Kb e RS P S Sort BB
gdieeas dltﬂe&ﬁaxﬁfee ofdveerh € redend OO RRAhOEPOBACB Thus,

es ( ERV transfer was_apparent after 20’
eSS PR ARIQBBE g EK 15 celle mueitegrPIEON epster from
gl PR 1%ﬁ5&ﬂ%ﬁﬂéd3@r&eﬁ1§nsfer occurred in the

presence of human APOBEC3G Thus, expression of human
APOCBEC3G in pig PK-15 cells inhi b| ted PERV transfer

frompig PK- 15 cells t T cells. EXAMPLE 9
Artiodactyl double dea O‘H%@WEB n APOBEC3F proteins

NCBI BL&anegypmlwemﬁ%é dbfith APblmd:ilegmgﬁ@ and
eam nase domal ns as query polypeptl
Sever &‘iC%TrBLAaﬁéﬁafphqsmwéwfwmd ugingh gﬁ wHIn moum@
f
4RI AR 53 Piled, oy BEFRRARRY (cfBive ARSY
Angstes)OES Tsow crBEbB4A T2, wiSoh E&ggeﬁte;ﬁthe Iﬁ:‘éséncd?ﬁ?aee é 1ebd dhe A3
6 630, S nBan
Redeioan 5 IRM b A 88, Craban ko atset Na) BECHR0S, Sighet o
@%RORFS 11@): 6%%‘34)7%01)%& Egg\%ﬁ@%kgicgﬁfc g@;ﬁ%%&%&&&sﬁm No.

obt ai ned, sequenced and A3 pr ot ei ns
ﬁH%W@m@mg@t aki, Pe02Mydim @eneme,oﬁ AS-4@mi (Emsfepondmg

83@ The s gagrgé&e ous SE a“%‘gAgpr temsw1 htwo

potakive @ﬁleﬁhdiﬁg, domeine rd%&rﬁnﬁ@%cﬂﬁﬂn@ eBheEsHID o gk BBeep (Ovis
RACE. All three of these A3 proteins were simlar In

§rl£§ Q2) donkle dpmaind3 6DAA ePqueRErwasablaines usineceprmbination of
(ﬁh’té&?t@fe{?a%ﬁ r’?e%ﬁ geﬂn\gé %&% hMl)eﬁ#gQ ggﬁl Sﬁﬂﬁ@ g?o%lﬂs were
simxam in siael tpthg 323 amimt id EsABE pretia) ¢éxedptithe pigr &3 frodsin,
Bthf%x Ss 5‘%1 long'el? Aﬁe to a unique C-terminal, serine-rich extension. The
cow, sheep, and pig A3 proteins are referred to herein as BtA3F (SEQ ID NO:8),
OaA3F (SEQ ID NO:9) and SsA3F (SEQ ID NO:10), respectively. An alignment
of the amino acid sequences of BtA3F, QaA3F, and SsA3F is shown in FIG 13.
Amino acid alignments of the active deaminase domains (plus five residues
on each side) were made using Clustal W software (Higgins et al. 1994, Methods
Mol Biol. 25:307-18). The cow and sheep A3 active sites were 78% identical. Both
the cow and the sheep proteins shared a lower level of identity with the pig protein
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OCaA3F (SEQ I D NGO 9) and SsA3F (SEQ I D NG 10),
respectively. An alignnent of the am no acid sequences

wWOR0BHEBR (CaA3F, and SsA3F is shown in FI G 13PCEBIB2006/024439

acid alignnents of the active deam nase domai ns (plus

£ : _ . . \ ‘
(I RaTS PSR o B, B A S FRA R Vil Reicatto
EA30AF1G)14).The cow and sheep A3 active sites were 78%
identical . Both the cow a e she r.ot ei ns shar ed,

L o et Rt e p A TPTo RS AL PieseRi i 86 gpaminate
'Egﬁsﬁh‘éﬁ WiBirSdih88-s@hnd DRI 1 ihirBHAE tkatd3cBVRY BF S sd\Siofeins
56-62% i dentical to HSA3F (FIG 14). To test whether

s nzgniioserbesing annBreopirtasest mutataw essafiRifampicintrysistance (RifR)

d ] ine i t Qi ' le-stra t he
L T T N
BpuiB) @erd] aud it @cai iftapprotimabss 66k ofldvaty five MBEaY bacterial cells.
Rifanpicin resistance (RfR) is attributable to base
dipsassay terionnpratisiesfaropyst masyre of gityingtnRNAb e yfAsiR@ deangnase
it . [ (e f .
SERAE). S8 for Rffiplel HAGR 51, (ADBPPERH TS 2¥0 2062609245
tHeerie btoal (2002 Mdlesular Celbid), 124R$25% Krfpréssioniofisach dihe

R0 SR BB o Db R Bl o
FLold, 268 thhbheeWigier fRh thosé QitribR4tTe 1@ B3AERRF ﬁ%ﬁilg g'ower

of each of the arti odactl%/tlﬁsx A3 proteins increase

harRhat thasd esmsed aoldehly. BIA3E andGisA3F regpyegsion tigpered|adiisATD-

I b those attributable to
@%ﬁ@%‘%@%%ﬁ@h o%‘ﬂﬁ%ﬁg’n that those caused by

Hs A3G. AfBloAddtylaAsi BN)@Eth?iﬂé ésmhiantidn %rg@ﬁdneds Were examined by
HsAl D j ke i ncrease in RifR mutatio requency.
APTasamethe meremrAt alleadil e Indengadeat KR IR Byfopgrast to
B ATINeS o B BARGH O il AR Il B AR
HeABIGNs W2 lcimdol 6 eb € hi€ iand 53+ Cs sasperdivelys theastiotastyhA3F

B. I j de, posi ti 721 and 16 5' - TC.and
SRS LT BRS Pof By omdtty DASE RSty
shamathtd S SosmAEEY, WARB i f D57 -SpeGficleotidB/SHA3F also
preferentially deam nat essg%t@osn ne 1576, which is part

arefgrred cytosige A 8¢ dbryayer, rlsalckagrly deraingied cyipsisi 1386,
SRR VRN RS ARcRoR iRk ARPILDREE G IOR, Paon

CaesEys whaais dlmat fatl alwet bthRiaftid datiy Bt A 3ihpscaywereaapdbiasf al |
three of the arti ,odactcﬁl S A3F proteins_were caPabI e of

aminine AN drxiasiped srdizigeering ¢ FarERendigs shift in the patter of
QG SSPAMENGicHhbihtibh witein B ABBM@htion substrate. Since the

intrinsic DNA cytosine deamination preferences of HsA3F and HsA3G are apparent

in retroviruses like HIV-1, these data suggest that the physiological dinucleotide
substrates of OaA3F and SsA3F will be 5°- GC, and 5’-RC, respectively (R = A or
G).

As an initial step toward understanding the potential retroelement targets of

the artiodactyl A3F proteins, the sub-cellular distribution of these proteins was
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CIG-> T/ Atransition nutations within the rpoB
mut ati on substrate. Since the intrinsic DNA cytosine

wale@mioosr: on preferences of HsA3F and HsA3G arBCT/US2006/024439

apparent in retroviruses |like H V-1, these data

SRR R PP R £

wespeetied el Jalf Rikchambered)covéiglaases i(Nithd)alAfstr &g hirooar d

under standi ng the potential, r oel n rgets of

ﬂm%s?qq’MW% G Wi Sodias e e@fﬁrgiba@d DNA
dbSdthucRUARRPaPAd 6 28 WA HiAGIbYRGH heERI ok 1Y dell¥ Svere
cell fluorescence mcroscopy. Approxinately 7,500 HelLa
sell¢atedwning & eige dxinvertbParicropenpsat 4e0xctotad mypigaifivaion. In

Nunc f hr f i.n ti . I wer
EPRE 10 AEASE o all 5B P coh 061 RBIch Uik DB bR the
eatistdellCieSpecAltlr thanrtaddetyl ABRbraidinhmsd Mim AR ¢ribade) Gidre
i mages of the live cells were cqllected using a_Zeiss
m%vmnﬂzwt%lmgcmpwtm@@l@So%p@w%@rﬁomecc&llﬁ-Jh.ls
llpgtggxﬂ%tfﬁtgﬁﬁzét&nh@ ﬁ%?fl@iﬁ% it & ?orclffggﬁ%nd ]?T‘F},x%, indicating

ized to the eus and the entire ce
et lecdrtivedeyy]l Afepmatdinsodipht siniladF fiprctibaiteymbantthivimdication

o Bedenspicre et LY SR o of

| ocalization is identical to that seen for HsA3F and
HsA3G indicating that the arti odactyl A3F proteins
mght simlarly functi orEXAMPREADt the replication of

LTR- depe”@ﬁ%t&%@?%itﬁ%ﬁ@ BY ﬁﬁg&%ﬁlV_A}ﬁ ggxé/ins EXAMPLE
10 Retrovir —proteins
[t wadt wasiced wietiee the digodactyl d3AGryteind3buldriohibit mise
coul d i nhj hit th?\di nfectivity of H V- and MV-based

rpteptviby QfLY - and M ¥sbased rotrakizuses, Ipythesg syera genen
%@%haéi in?}{?vv\iﬁa[l@ﬁﬁlgﬁo ?&%ﬁ&féﬁrecﬁfb%ﬁ{ RardstRBsh ERici Ry

efficienc Ich correlates directly wth virus
whethaoirehatdsalnecly wathdviok priduation lefels) andi afyiraPBdertivity.

| | | b ' i fi,ed | ' s.. nedi
PR rel e ot Aen Dihegcs o B s 1 Fetce (R etambn
BloaRiaak ¢0%)fetaPBoWifib kérhlﬁ,(G@ﬂﬂﬁSBibﬁDHﬁm%QGﬁ}ﬁﬁcillin, and
(I'nvitrogen). HV-GEP [al so call ed CS- was produced

YrePuERE (yvigogmoc REVARPR [dep @lled hSes$] Figapeaduged by
FRTBNE 0L BRI AL ARl AR Bt o ot
A93pRishs Raithlal pl4dnaid-ndature céhtdlding®. 29 pHEKGE Y, 0. 04 0 ofiy

R B e Foh Y b7 L RKS/Rev, 0.07 g of pMDG (VSV-G Env), and
0.5 ug of an APOBEC expression or empty vector control plasmid as described
previously (Liddament et al. (2004) Curr Biol 14:1385-1391). After an incubation

period of 48 hr, virus-containing supernatants were clarified by low speed

centrifugation, filtered (0.45 pm), and quantified using a reverse transcriptase
activity based ELISA (Cavidi Tech). Reverse transcriptase-normalized supernatants
were applied to fresh 293T cells, and infection was allowed to proceed for 96 hr.

Infectivity (GFP fluorescence) was then measured by flow cytometry
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0.5 ng of an APOBEC expression or enpty vector control
pl asm d as descri bed previously (Liddanent et al.

W@ 2004)23Cur r Bi ol 14: 1385-1391). After an i ncubBCT/U82006/024439

period of 48 hr, virus-containi ng supernatants wer e

cI arlfled Iows gﬁentrlf ation, il réro'f45
Qﬁ]é\b"fﬁ tBlPFCé oF pF Pté LeqUTL e FF‘Eﬁ"XS 0
?éi:fdeﬂaf BNOERS xgéfh%t{oga%h@'ses-rﬁx% Riiral S¥RTat@ts were treated with
ranscri ptase-nornmal i zed supernatants were applied to
50 emtts/A0 PNase (Sigmarpdor tof293Ticed indeetiont | owed to proceed

FO oo PEFSAYF i B Ok 568 SRIGIARAN R RS in the
Gescign, o, ptsg U ot d iy
\%1 calnpaTiRoer FRRreENIos ofditd E f@%%%o‘(/\?%ﬁ?n %ﬁ'ﬁ %S%i %ﬂ a‘ﬁr%?s@ld
BT T B o s el
tHey adm'lfvftte“s |dﬁmgyst_m‘ted-ﬂ1m BERrtiokiheigl ABKS prqﬁms haygab leastione
SepRs TR v s et i fnf SRR Gns S RRE A3r

irRhiBF hdsyéihts vfh thb MTCRR g/ sampric RINAE bymplex
q%?%ﬁ%é??am@r#e%gmpot g}ﬁt Sanlt i- HV acti V|gt/}g es

ceduha g acdeas tOt&S@@blmg(m%WﬁlcmF protei ns have at
| east Vv T, -
o2 RGBT S T LR et tpeigiRunce oty
P Vifindhudda8, atibéactyd o3 mﬁﬁjsé lAGE]ird)tylnas Egpneaﬂlen of HEV ilheéif
H V Gag/ enom ¢ RNA conpl.ex a here ain access to
s BIRTEAIG oad B eF GO eh{h 1efHB (s plostaiegIny Sf caused a
:@gpﬁw Bh&l%ceo@ef J{IJ?F\/ BIFPSiaftefvity. E%Bfe@ﬁSﬁ oﬂﬁI‘b‘“l\/‘sflflhdfhftle to

artio or nouse pr ot el ns.
Eamfaﬂ&sﬂhe mfecmvmwf[mv -6FRgueduad methe PESASGE o Y d Ay any of

l'th | at t I
o borat RS b0 B AR S b BRS ERRRY it
Bogpegingp of HIV- 1 Vif did little to enhance t he
infectivity of H V-GFP produced in the resefn}rﬁu\g bl
MMA3 oExmgsm off M Ad basd&ﬁ@pﬁﬁcmaﬁlepm&cg‘vmo pregygnadly
t
ef:claogag%[ﬁd e udeg &ﬁﬁkﬁ has P%A?/ 81; ?e%t%iﬁi%%g Ibofittast,
| plsRQK Iaﬁdll HeASG 124;1’)\1!12’(136 ﬁﬁ‘mﬁiyybf Nﬁd\&lba@dlvbtgbéembsu dutto a lesser
avoi ds [
Coventiban PG Ror o misrL 8 1o BREfare ' AFEBrs giy yheher the
%0@ gfjdA e hictths s Hh4id, HRABF! I3E3@XKEUr oo, MmA3-

uses (FIG 15B). Therefore, to begl nto
asike Nmtvh‘es rdstm:tlan potedtialsythe AdEetivity 0é MlsV-ﬁf?S@@guced in the
b Enge%gnce ese A% pro e{_r\lgécv}va{s mkgrhtored %{ege%anlmﬁch like the HsA3F
and HsA3G proteins, expression of the artiodactyl A3F proteins reduced the
infectivity of MLV-GFP by 2- to 4-fold (FIG 15B). Thus, the HIV-GFP and MLV-

GFP infectivity data combined to suggest that the artiodactyl A3F proteins have a

relatively broad retrovirus restriction potential.
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like retrovirus restriction potentials, the
infectivity of MLV-G-P produced in the presence of

W@ b@30023832 pr ot ei ns was nonitored. |nterestinglPCT/Ie20N6/024439
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él odactyl A3F proteins and to test whether the
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E’éﬁéﬂ??@é%@ﬁ“%t‘iﬁa@e%ﬁ ERAShie QFRThESl-fectid utagenesi
c aahigre dtesudting ratiants weerd t@)stedsfom{gI\é-iné’ wstrieiidreattivity.
t d the ul tin nt.s e tested for
e Rl T i S, G5 G
t Blﬁc%ﬁlh Baiffof PRABG ditdbuténd iifisitiks BBV ThiRlivity, but 'the C-

zi nc- bi ndi ng domai n of HsA3G contributés to inhibit
Hemnmﬂl é@tﬂ]lWF glptarpate appf@rmemmpaﬁamamﬂythued\l -gﬁndtthfvr@t- e

t nd t h
B ﬁ‘[ ;B%gfzfngﬁ)?l{cfl%EOm? ] I:]:'b - gm&\* s %peglb tg rr%tamt @ﬁ levels
r ef aitivHil Vi laktiviey & Sonifas’@ tic Nitbrihiaglt0aA 3FyandlSs AGBHiticabinding
e Ntermnal OaA3F and SsA3F zinc-bindjing domain E -
Qq%ﬁlalrﬁ 5> epRiapgseera sy allp dnthe oxrtsperdiehitagninal domain
CHHERS AR APt QY S BB Yo o
SSSIBPE Thvesdatalaiere eseeraially sleninvearke yf thh HsABFeand ¢1sf3G Be- Q

RoPion R ieh g Facetoterte Ve Bt e rerBit A5 hincing

d@@iﬁhﬁh oTfthdsb pESteiRs OdtSlyRss re@bwlal DN A €L5QV dbahina RN NemA 3
deam nati on. MMA3 was cl ear | distinct, as both the N

awas elearlicdistingfi #rtoth fedN tanddhe§-taoniaplFing-bindingtdosnaier e
[ A &Qs&/?{ergg}{}eﬁigfﬁf&rd@}eg%m though both the N

‘ants of the human
and t haldwtglobih thd NAGdthe Gtengina! ddrhaif BoweQ mutants of the

fi I I f t t. I t ty,
< it i e oSt R aba Ryl pbosd ST S st an.
bﬁ‘etfdﬂrﬁgi &t q@tvaé Mﬁmﬁe@ttﬁﬁ\yo;ﬁﬁdeﬂﬁmftg site nilitants should be
they nmay “sti

deam nation [al t hough
unable to catalyze retroviral cDNA C — U deamination [although they may still

inhibit retroviral infectivity]. Minus strand uracils template the incorporation of plus
strand adenines, ultimately manifesting as retroviral plus strand G — A
hypermutations. Therefore, to directly test which zinc-binding domain(s) catalyzes
DNA cytosine deamination and to gain additional insight into the artiodactyl A3F
retrovirus restriction mechanism, the GFP gene from the aforementioned HIV-GFP
infectivity experiments was amplified by high-fidelity PCR, cloned and subjected to

DNA sequence analyses. HIV-GFP produced in the presence of a control vector
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inhibit retroviral infectivity]. Mnus strand uracils
tenpl ate the incorporation of plus strand adeni nes,

wabdorioexset y mani festing as retroviral plus strecmdus2006/924439

A hypernutations. Therefore, to directly test which

zi nc- bi ndi ng domai n(s) catal yzes t 0si ne
dehoveda losnbase guisy lap@ua%rmqﬁrmn% H 0§ muiations per base,

a a
S ABSIh 580 440 ket SAGHGRAPRPERON Sl s
emppdneadeinttbe presermmol HsAdH, BsA 35, gl thiedelf ithojarfPaiRctyd mre d

d b t I
Pl e syl heRERaD S EB R Rere besShaiery
| et ArR8S, whikh wewimet dXdfugiveBtefrb@EHIENCY A tEhnSRA Mutations.
nut at i ons per base, which is attributable to errors in

r BoA3Savith astermpal domaind -PCR muytptionoliled & cause Yerowisal

PREPUFRRH, B BRERE Rl BeniteadD B byt ©

SmfemmtyS’Dhé H]sA3Fr(ﬂr ‘(BrthﬂlﬂEZIB(t}bﬁlﬂlﬂgLﬁdnm mmtaaﬂt wal still able to

uslvely retroviral r)
 dgrtb B T RS leES G o Shves Sig Raretisal n &
(ﬁg,pegnmgt@hg on failed to cause retroviral

hypernut ati on, although this variant still
si gni fEc@ansybs;twmtimsmeﬂleH “ten@iRl (It @ot the iG-termifiad) ddsyadiof all

C.ter al nc in ant was stild abl.e

(R SR EB AR DARE et T BByl e BSVifal

oh hebhSitAtioBELSTHI, thedeldad doadbihedns [debtoastt e thabthe Nterminal,
stitutions in the N-term nal (but not the

czmérhw@ag yeapinaselomain pf the prtiodagiyl ABR peateinyiscetajyticamp that
p | t I

%g%lsdr?u él?algg ggﬁé}@gﬁtsa!ﬁﬁ ﬁlﬁgﬁéﬁgg&?a c@%ﬁtl %%%g&{ugﬁéh f@ll full levels of
destmvetis adstridtioat t he N-term nal, zi nc-binding
deam nase domain of the arti odactyl A3F proteins is
catal ytic and that both dean nase-dependent and
-i ndependent activities agneamaaut jed for full levels
of retrovi rus restricti on. EXAI\/PLE 12 Retrow raI

hvper mR¢ s dharty ME Ao eeite
As des oB mJtatl on s

o ASE SN, ”guéé%%%%oal ke ﬁ%@é‘ﬁa P&f*éﬁ%gd SsA3F
wenl odstied i Itm elﬁesé pfdtﬁmt W@hldhﬁ Q@T lﬂ&ﬁcﬁﬁiﬂapﬂyﬂbﬁhhﬁﬁﬂﬁ ﬂt@ﬁ@ﬂiased
toward 5'- respectlvely

oFo"@rd P @t Ohist Brodh cepemivobHE T PpEGoflop s
5 BRRAdoH! R bR A a0 anlahe AT BLo AR EDNA

am nation ferences att e to expression o
t Hearambiion peforkncas Ettyphostde sexpression of the artiodactyl A3F proteins

was examined. In terms of the dinucleotide mutation preferences, the base
immediately 5° of the targeted cytosine is a crucial target site determinant. HsA3F
and HsA3G overwhelmingly preferred 5°-CC (84%) and 5°-TC (84%), respectively,
whereas MmA3 preferred 5°-TC (61%) and 5°-CC (29%). Like mouse A3, the cow
and the sheep A3F proteins appeared to prefer a pyrimidine (Y) 5° of the
deaminated cytosine (93% and 79%, respectively). However, roughly paralleling the
E. coli rpoB mutation data, the pig A3F protein preferred 5°-GC (47%). This is
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was exam ned hi terns of the dinucleotide nutation
pref erences, the base imedi ately 5 of the targeted

WwW@2i00802322 i S a crucial target site deternm nant PCHESRP6/024439

and HsA3G overwhelmingly preferred 5 -CC (84% and
' 0 . .

foratficop i i CRBARAGHRS iy RS MIAS PORLERERiling 5°-

purthet @ éths IineﬁpmA@Ebphmgmenieammae@A atso ljas éfiepreference). In
.m dj.n 5 of the deani,in ed cytosin 3% and

EahioR, SlI0% e 4 3 Bon oo s e L e ApLyas PRFTIR & ho
Fyrithfdide dtRRE s?dd héthtvas mrbelam}ga T cBpIIbEHBA3G which

preferred 5'- 7% . This isnotable because this

pshstadt@Pdd. t he onI y exanpl e of an A3 protein

preferring 5 - purine-C wogl obul i n gene

deam nase Al D al so has t}é@%ﬁ@[#}, rence). In addition,

all of E nééi'eﬂrrﬁgﬂ}rﬁﬁ'es@ oemcmlandrot APOBEO3GYses

preferr é)lrrmdrnea e -2 position (which was
ybrgl

i nvar Ski| §brablpsts froap 9wesr old prizs WW%@% Gotedgwith >

J%Pd? @@E@Ggg%d %ggg%@t s()ﬁ r‘om a 9 year Eglégorbmh

pud plecdnhardeméﬂés selactiie Residtant ¢dloespwersgiicked cod sxpanded

odi ng_human AP h E or _bot d
Cio Sty AP B e EIPECPF oAPORECRGE ahpoalbr e g B RT-
ftrked and expanded. Col oni es expressing the APOBEC3F,
AP(BECSGlor bothwere |dent|f| ed by RTPCR.

‘ a3 o Vo Matuad QY ayETe) Flgglcally
ova
DS Sl P B e B
rRdiacdl ¢ bbimplfol cdicleatia@n expandtd amulex ﬂahdﬁdna:mﬁﬂs Iwese semebved
corona cells werge nmoved from poth types of ava by.
roghbothityes of P&%bzaﬁlrerﬂ# sty rﬁsr*ttr%ﬁlpsrmt%ﬁg I&Paya.lla
F@a lmaffécr@tf RerihettHifaadi ok Uﬁ?veglgrt?.% dyensi Pé&te%é”and Wells

, Petters and Wells (199 Reprod Ferti |

sLs3) J R@ﬁr@ﬂﬁ%} S Q&ﬁls%)pnehmntseplpl@mmte@ with 0.1%

f t f d
B Sttt o Chrnsabels pir BB REEed SIS AT H PR,
fbﬁrfeﬁedwéu%rdémaléné 10%/ 18ta] Gart Rehal 25 i &ﬁ&)haeaﬁ B(CB)

Hoechst 33343, "which were arrange col umm
(and 6 mg/ml Hoamsw@%nwhlcﬁdvemmmd irgld sﬁunmmmhe dtdiobp 9 mm

hysij.cal h b
SoRaBintet it Bk v af s oY RO pr SR dsRorie e f
BSHP SnPaj Ee%nt: @iltbplaérﬁné‘dcnwimﬁ BRtth@apiolieplge] dsitg aNB$ esll

was acconpl i shed using an cell transfer
transfer pipette. Whole cell transfer was accomplished using an ES cell transfer

pipette (Eppendorf, Westbury, New York) with a sharp, beveled tip (inner diameter
10 — 25 um depending on cell type).

Donor cells (i.e., transfected skin fibroblasts) were synchronized in
presumptive GO/G1 by serum starvation (0.5%) for 24 h. Microdrops containing
oocytes were spiked with a small volume of donor cells that had been trypsinized

not more than 3 h prior to enucleation.
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pi pette (Eppendorf, Westbury, New York) with a sharp,
beveled tip (inner dianeter 10 - 25 nm dependi ng on

w@edo/002spr) . Donor cells (i.e., transfected sSKPEI/US2006/024439

fibroblasts) were synchronized in presunptive G0/ GL by
seru starv 59 .for 24 h. M crodrops
CS?H Ptﬁ 5P ﬁlé%ffwgglw éﬁérpqnvé@&a%nt rGrauBM -1Q 6plets gfere
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prior to enucleation.couplets were
aﬂl%o, Edudl Se“a)tovcﬂaldwﬂup@nmtolﬁusicﬂl modipine(0s28drmannitol, 0.2 mM
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MAR0 V/@in for $0 @B, FElbwing (Gsid8 cMisTBe wetr@bumﬁe@mrﬁfkm%ﬁffered
HO 0.01% PVA). Cou lets were fused y exposure to

NSt Op(ufeﬁ% O S Wbt § 1156 babbre R vbon G ouplets were
f

| B3 IR A bl b hoh Qe Sy Bl i mbERt
aoteidivan sxmplerﬁhm@ with Oviemd] 6aCl,x B0 40 epposingithetr o560
1mm ga Si on tﬂasgpﬁr overlaid with mannitol nedi um
s%ﬁ%@%@ﬂ#@ﬂ ST @ Mk Cad 2X2H O and exposi ng t hem
to two pPi &ﬂﬂﬁ@#ﬁg%zeg%ﬁ%sokf@QMMbn kRatdnfO the
cul ture of cloned enbryos. ter activation

t rezatstarntasi clorted engrpesy enedbardughily mashedrdnd yokuned e 50 pl drops
t shed and_.c ed in 50 dr ops, of
I\I&gm PR R R sl i TV MR ER b B L ns GFica % BME
Ao &%ﬂiﬁ %%SA&’O@Q Qaﬁ £ 388/°0 inBYOCR in 3ird@MDut 2

at 38.5 Cin in air without a nmedi um change.

Fmelclw;lr1 pleane 0 Fpllowing U2 dria cumteafetad; adlf sg’emu(rw%l m addesd to

a%g %CIIOQIC%% CO1 E@aﬁmggdrregg%ev e 0%V\£ CCI'Oa eSS t0r ﬁ\ée 0}8}3?1}13))’\’ cre

f ekamﬁue& dhifypfoe Iueazm»gﬁeaazﬁg@aft@qbﬂlmbn and al&dvea @M§Bs at 2-4 cell

enbryos at el | ages were selected for transfer.
Sé?g?so‘(‘i?ﬂeéf’ltzgﬁ g‘?f @ﬁ%Fyo transfer. Pubertal crossbred

gilts gopg o%l&ﬁgﬁ&d’@%@é %E@r Syﬁb%ﬂﬁpé}g%%pedv%ftpaged 8o 10

Regunafte (contal ni Q nogest mg/day;

Moronghts, wédo xymodirqniddelt widlh Ragutsite féontaining 0 cldtraitreno gdst; fl®arg/day;
' h ing.far 17-19 da AUdonor 'I .

o bitatleh ER T NRirHanah oice! st B fe50 A Sesst e omprming

et 18701§1dz{3@t & driol gﬁts%&e kb diéaGvitfrldod QGVPMLSG (Folllgon &

Chorul on) . Reci pi ent Its were injected w t he

d @@Q@éoﬁfanﬂ’l@@(b laten ‘W@G AMhh G dFeltigom & ﬁ@mMr Bemplent gilts
Bk clt%? %b\snlfﬁaﬁgt]h%ﬁ%s%(geoo%ﬂtl\ﬁgé%gd ﬁé'GSa%mm%{etrgd toh[ﬁ:eGdonors.

Oocytes were surgically collected 46-50 h after hCG injection by flushing from the
oviduct with HEPES buffered NCSU-23.

To produce cloned pigs, reconstructed embryos were surgically transferred

into the oviduct of each synchronized foster mother by 20 — 24 h after activation.
Nuclear transfer embryos (N = 385) were transferred to three recipients, 2302, 5570
and 2175 on day 1. One week later, an additional group of reconstructed embryos
(N =360) was transferred to three additional recipients, 2306, 5638 and 2211. An
ultrasound scanner (Aloka SSD-500, JAPAN) with an attached 3.5 MHz
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ovi duct with HEPES buffered NCSU- 23. To produce cl oned
pi gs, reconstructed enbryos were surgically

wao e@n®623rr ed i nto the ovi duct of each synchr onP@BUS2006/024439
foster m)t her by 20 - 24 h after activation. Nuclear
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360) was transferred to three additional recipi ents
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days prior to the expected date o artuar
Rewiowingcrapa] Giltna¥02n 657 hasighdhtwee glven BinbL bEBGEs¢ asmd;ay 113,

oV EF G TRt RIS Py & o 2L ARt Op o LA Bt

0émpryo) tefisff, drRrM00¥iTal: clahd wad mbBullE TemBPESFoh Secipient 5570.
farrovvl ng crates. Glts 2302, 5570 and 2175 were given

2Opithe pangeestay, saeinient 2173 passedonméegenaraisl mywemst Toa rem@imng
B

f oyoy‘coauapwps entoved Hom tam ctaltﬂ%xﬁiagﬁﬁelﬂﬁymj dcﬁﬁm pf E51m126f715docaine

passed n ener ated nunmy. The. renai ni ng recipient
W@%&ﬁﬁ’gﬁf 7B PE AUV iR Yﬁlﬁeﬂraieeef%mﬂmg 20

f ﬁﬁﬂuﬁ&! 10 themesth@fia Qf tal@XHbQE Iahigh gt RERIE Ay AR 2R both

crate and given an injection of 15 nL of Lidocalne In
aherap péHhealterys wierenaxposedn Nrithesleim @bnﬂamﬂé pny (etises or mummies.

UMD A0S i SR G b RS

bahivhhare sheofterub mewtppéaxsnowfeeﬁgrg@@@d R&Epicher302ahE0 was
contai ned any fetuyses or nmunmm es. However, the

o BAGABEEREIA 4055 BET (REPABIAERA ﬁﬂietaémne))@néresthﬂelzeézsfip@lplent
hl’ P @LéﬁbéﬁéMHeﬁfbd%ﬁ%uB%g%% E%&ﬁer%&u?%ﬁ@d‘?o? 4 presence

bel ng gravi Reci pi ent Iven a gene
amitidred namiaie pr fﬂtmszs ;mene weed fonhdie) and eut hani zed
Reci pi eut hani ze

RN T QR TR R I

it s ot gy 84

cwlecfdomﬁsmsmnua}éx rexgvied |ﬁ@neﬂeaegplest Ay 1heo AM) otetadgf 5
1%3.516 dl'l\g)nes ha8 I\I/‘l delqugre]dl ,%fllve—bom transgenic clones were generated
from a total of 6 recipients.

All clones exhibited from moderate to severe arthrogryposis in the rear legs,
which greatly reduced their mobility. Clone 1 (700g) was manually removed from
recipient 5570 but was unable to nurse so was photographed and euthanized the next
day. Clones 2 (1000 g) and 3 (700 g) died within a few hours of birth. Clone 4 (700
g), who had a fairly severe case of arthrogryposis, died later on the same day.
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exanmple. O her sour
‘While the invention has been described in conjunction with the foregoing

detailed description and examples, the foregoing description and examples are
intended to illustrate and not to limit the scope of the invention, which is defined by
the scope of the appended claims. Other aspects, advantages, and modifications are

within the scope of the claims.
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aspects, advantages, and nodifications are within the
scope of the clainms. WHAT IS CLAIMED IS: 1. A

t L.adsgamsgenip pig, thamchaatddestiedf which sompristhi nhcleio mpidicopstruct,
a nucl.ei c. acid,construct, said nucleic i d, const ruct
conpPIARSAS SR PR AP gL bt sng a

I egeAllRbY reSbhDperPBf el td 4 AE6ictatidacqugice efcclitdgda non-
sequence encodi ng a nonporci ne cgt osi ne deam nase .
pol PoEpRS eposinhdtasiinasepohpsrlidsn Waered e PreRsiend saidmen-porcine
oyt as) . . .

ool 13\oBfher AR5 ol BltRER hilfoct Rl of GRS OFYRe Ble el
cel luppn co-cdiureasitehumapedils) intdgcrefsed aphbilktyl of stid cells to
transm t. porci ne endogenous.retroviruses tqo the human

el ISt POFEIng PGSR CoNGrUcEs e (e e Gy ei n sai d

r e uiRURIYednfOpigdTichid 1C MRsleld dald MBuRERYRESn isP cohbiButive
transgenic pig of claim1l, wherein said porcine
reguiremotey region is a tissuespecific or an

- ific.. .er.. 4. The. ' ' . .
R L T R S R

r epeptcifit ofah bARRPSASfC ploditkereach si de of said
transcriptional, unit. 5. The,tra_nslﬂeni c. pig of claim

14 wihsrteinseeds Blemd 1ayer o Prisreiy AbigsHaton glemerhand qrsinverted
sel Ak BF LRE nRfscftbRonATRBEC
AP E@g 0%%@9&@9\%@%@ 3ot b i e ond S
APOBHE3Fans ¢dRBHC3H, cladROBRG8EIn sendi AROBECHI. cy6asinfiieaminase is
t ransgeni ig of claim [ Lo nERp- i ne
oyt oo dudh e’ Emiin ShersabRBER ERREC
ABOBEASBECA A, APOBECSS,| ARIBECO0) APOBECBINS APUBEEIE] Of
claim1. 8. Tissue isolated fromthe transgenic pig of
cl ai AP@BEQC3FRABGBE 363 abABOBE&AEgeni ¢ pig of claim 1.

6. The transgenic pig of claim 1, wherein said non-porcine cytosine deaminase is

human APOBEC3F or human ABOBEC3G.
7. Cells derived from the transgenic pig of claim 1.
8. Tissue isolated from the transgenic pig of claim 1.

9. Progeny of said transgenic pig of claim 1.
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