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Met hods for Genetic Diversification in Gene Conversion
Active Cells The present invention relates to a nethod

woanostigosset ed and sel ective genetic diversifi caCrar2wb/001897

a target nucleic acid sequence or gene product by
exploiting the relationship between inmunogl obulin
gene conversion and hypernutation in
anti body-producing cells, as well as to cells and cel
Il i nes capabl e of said genetic diversification. Mny
approaches to the generation of diversity in gene
products rely on the generation of a very |arge nunber
of mutants which are then sel ected using powerful
sel ection technol ogi es. However, these systens have a
nunber of di sadvantages. |If the nutagenesis is done in
vitro on gene constructs which are subsequently
expressed in vitro or as transgenes in cells or
animal s, the gene expression in the physiol ogi ca
context is difficult and the nutant repertoire is
fixed in tinme. If nutagenesis is on the other hand
performed in living cells, it is difficult to direct
nmutations to a target nucleic acid where they are
desired. Therefore the efficiency of isolating
nol ecul es with inproved activity by repeated cycl es of
mut ati ons and selection with sufficient efficiency is
limted. Mreover, random nmutagenesis in vivo is toxic
and likely to induce a high I evel of undesirable
secondary mutations.In nature, directed
di versification of a selected nucleic acid sequence
takes place in the rearranged V(D)J segnents of the
i mmunogl obulin (1g) gene loci. The primary repertoire
of anti body specificities is generated by a process of
DNA r ear r angelethio dsfo®! Genetit Miviersificdiont
i mmunogl obulin V, D, and J gene segnents. Foll ow ng
anti gen encouim dsene iGomearsiamdectivg Dellssegnment s i n
those B cells, whose surface Ig can bind the antigen
with low or noderate affinity, are subjected to a
ThS @fé@ﬁdn%ﬂﬁbﬁ réleftesdd) ¥ REtBddffbr@adcted BndaylediyPgendid iaérbifidation ik S
taréeg (1:1%0%, a%% s uenc %r éiepe)éypcﬁlﬁc%t 9\/{%101 g 1%% %gg%ghgpsdbe gn
ln@p@xgwtillmgmeésnvaﬁs@n gndl| hgpepreptiothia ﬁ@@g)dyawdﬁwgrfgﬂ%wweﬂ ELY
collBbUERLhRABagRble bitgid RLHIRY @lersif@iine response (M stein
and Rada, 1995). The npuse and man i mmunogl obulin | oc
contain |arge pools of V, D and J gene segnents which
Mg appparlics oitipabesrdtion eflie/eify) dene praduct rpeandirtecnesgon da very
larsd Gl o@ﬁﬂtﬁntg\'zvl\ﬁ@xf 24 thh sbl§ctéaru§§gt el setléaﬁcﬁl té&@%@wb Yiowever,

random conbi nat i on. her speci es such as chi cken,
thesepyipoes hawuméﬁ@éﬁsaawatagﬁs gt teiptesrests {idPied @ O"Ee¥at egy
cotisGudemedhap stifzeduentlekpgi@sey i @roroe Etﬁfahs{gbrfeEm(cBls bt eﬁfmalsltg%)lc
exéfssm II; mttlbae P}(Js?o?%gcgln gﬁgg td1 ult gl%d%hqultcfnt Je;ﬁepcg}eﬁé)%é Tn@ qﬁt

lversitica
m%qgg}erﬁs 1@ @h@e otber hpng pgﬁon@@h@ living cells, it is difficult to direct mutat1ons to a

target nucleic acid where they are desired. Therefore the efficiency of isolating molecules with

improved activity by repeated cycles of mutations and selection with sufficient efficiency is
limited. Moreover, random mutagenesis in vivo is toxic and likely to induce a high level of

undesirable secondary mutations.
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conversion in a specialized | ynphoid organ, the Bursa

of Fabricius (Reynaud et al, 1987; Arakawa and
w@o@sssesarie, in press). During this process, SPCEEPRIOT001897

of sequences from non functional pseudo-V-genes are
transferred into the rearranged V-gei xe. The

twenty-five pseudo-Vgenes are situated upstream of the

functional V-gene and share sequence honol ogy with the
"Vgene. Similar to the situation in nen and mce,
Ingftirp.irecjed dirersifieationod a sflecled nualeic kgénquemedteires plcetinhkesarranged
v@baa e,l@tyom EE%%J@B&IH'@I@ ganetl&@ Tﬁpﬂr reB&IH: ki@t er s

the chi cken akawa AUt hree B cel |
Sp%“bfiSiE‘Fsr‘F genggpteq By atPF"é%?S %ffDNAgr ?”éﬁ’éfnf% ving rﬂi‘?é‘i“i“%" gene
imgomgb8in D (Al dkanag@éntsalfollpwiDMRden edvyopaenit shiraped )]

se%rfbggs mﬁosg‘%\”céllg %618% %&ﬂpé lg%b% ﬂ:{e %‘{{gm}ﬂ? Hyw%% m§ era’te &%9 are

qul re expression o

subj @f@ld\tpaatsmﬁd V#8 efc%wr%ﬁwv PratyeerpiEoy- Teﬁwsé-calwéfﬂ@&g i t

hy}t\ﬁhﬁutdttiah Ednaddey/th e P@SEEpctthiatiroAl WRich fici@ afdBineEdg tpefificities are
no r e recen

99
select ¥her %mg 'Ytéﬁ/mg ﬁfujér If(\ftmrr%%){l i)f ther%rlouﬁ))r?ll es sanse %&ﬁlnnag ada
199)?) cyt osine t o uracil (D| Noi a and Neuberger 2002)
However, the cytosine deam nation activity nust b e
further requl at because on es in
Top e S PSR RER O DR BFORPRRE P G e e which
capxBRicippte indiedV (DN eammgerhdnt sit thay rigifoant dixprisay s ctelied & lissid bye

raxﬂ&ﬁ Wn{bﬁaﬁcﬁ @ther s;?e@@!gaéﬁ@tﬂl&& &Eblpyo@eglfytﬁg QIdlp%rEnfpﬂy a d1fferent
f erent Specl es and envi ronments Based

Stritﬁ%é fop 46¥Féqpﬁ1§1rtpﬁaery EgéFHeﬁ‘i’lﬁ @&rf_ﬂg P aAfiop e reppagement §f 4 seﬁle

furlc 8@ 6lrkDdnA A kdgMent, fpther dik@is1ﬁsamﬂﬁ$ﬂﬂ& chiyipe ngutcam g8 odciirs byagene
ge needs, t di n f or to

coréft%l%rgrt\ i?x emtalhz%«g lgri"l‘}“éh ﬁbd Oﬁ%{l %he u Fnl%ncm? (ﬁeyﬁ%& §P al. B%?? et o

Argpwagnd Buéz@@lge) in pAgseld %lpsﬂl@ Promw, Grefelps oK SagpnCqniORREES

furdc iR GRh &S VIR arl R AR GE0EaAIBE 72O M he Rlentfive psdRQT)

and qt her nmenbe of the RAD5 econbi nati on repa
BT P BB SR Y FRE P BB B O LT he-

ger{eStihidnr et thegfituationRip @ik and Biigy afifptity owtuefionREEEtiganahoguie sakesnd
pla%y%b&ﬂﬁlﬁa%oﬁ BHGASd JrdeNEsen %ﬁﬁé&&ﬁh@éﬂaﬁa@ﬂéﬂ G€3996).
hyper rrut ation in the rearranged |ight chain .gene (Sale
et al., 2001) suggesting that a defect in DNA repair
Aublyeermrm kiepgifeistivied o irdpartaiir® forBainn sgenef donvgsige(@eakawa et al.,

20&9 ﬂYp%lrnﬁlltaﬁg}{/ ?Iél@ g%‘% ALy ?c%ﬂn&g%ﬁ%)ﬁ] ol =t zﬁ' éo%b Ko dtal,

een deve olt
20‘%9 ol e FeFesHm of @ﬁéﬁQv&thq)}%qeﬁﬁfa&tqagr{Apa) geﬁ% Whereas it was

initiallyTbHOEHdaUAIINS b DNA Sditing cgfme (Mirnats bedlt, $999), naretrékg eidies
mdgetn ?lat AQD %O ﬁ%\ingcy fti Y)%A%n Qeammat?o%t&grtogﬁp RS rﬁcﬂFBﬁ@o?a 8 I

r ep ar
‘Ne@bexgﬁrr @82>aféqwev¢rttye %VSIW‘@MHMPH @tl@w@uﬁfoemﬂm fﬁ@lﬂﬁwd because

onld @iAEERES iR e BPE 18 &)calh | la:erihe p;rclaééﬁn MR APH22 43k mmlv\o
human

0998 describe a
mog%ﬁﬁq5 n %ﬁ a@ﬁh@ sglec&%epogmrrgncs Pgaﬁophleﬁtlgxay%gﬁu%a lﬁn in dlffjeren%
spehiyymed Bodlizhvionmets. Bassiyadieffindingrhe bethis ABD| rhtations affect SWilf@h s

recliAli&dod B QNHCRRe Rt A SR %gg&re@a@t AR @8%hdMe of 2
segment or an exogenous gene operatively linked to

co- @sﬁrtt? Pt SR EHBE LR (st %08%;@aﬂet° ctal, 2083).

Analysis of DT40 knock-out mutants indicates that the RAD54 gene (Bezzubova et al., 1997) and
other members of the RADS52 recombination repair pathway are needed for efficient Ig gene

conversion (Sale et al., 2001). Disruption of RADS51 analogues and paralogues reduces Ig gene
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hypernut ati on. A significant disadvantage of this cell
systemis that human cells cannot be efficiently

w@emsossat | y mani pul ated by targeted integratiPOT/EB00&E)1897

transfected constructs insert primarily at random

chronosomal positions. WO 02/10099S al so descri bes

anot her cell systemfor generating genetic diversity

in the Ig locus which is based on the chicken B cell

| ine DT40. DT40 continues gene conversion of the
copveriop aidiesiticds hyplatmutatien imthp rerriangsd ligh cllainigegetele dipt-i28g) cel |
sufdddtihghg: o (BUE fSh @O Bl héhologouk 220 binatifld Mnls ARl Yene SolbeSsion

ell line has a high ratio of targeted to random

toﬁW?‘E’@"raEﬁn'r on of transfected constructs thus allow ng
efficient genetic mani pul ati on (Buerstedde and Takeda,

[ 98, : ti [ . of
o5 SRS 8, QI AR RRESECBL BB D
hypromtioy Bt meRsish HEIICH SpRIRDRAentES a faredt e ingopgtitutive
andlGREEARANNTHILRE! §OABNQIIGH 10 Brepiich @ndrdhilct 1AMBO4ISesired activity
by QGdLaY 8Lk gﬂ%lngxtiorl? ?Jr{grr mut at.l,on, ok L RGo 9&55 { 1?12&[9\%0\52/1009?8
segrren?. wever, € maln dul saa’van age o IS system
degerbetathpman Brekittlytmalpmacel Hng (Ramose whiclOnpptd p off direeesf orstietivey

hyfeSmit&ioh SGlPif Yudid BM reg SR This in¥ialed reRiBflc Ve Qﬂ%&?@a us
instability. The nutants al so Eﬁ‘\féﬁ?@a | ow proli

Yy . ration
rearanegd Y A PORY SERBARO 1t SRR Y CRIHER) SCTIRESS @Vﬁaﬁéfect
hyperingatisy. St stymificsnt fiodvanigesiihtsed! sf0im ig fubi itinen telly eameot be

. | A . n
oIS S5 BN BEEh LMo 1IE: B ARAN oM
prigdly Hraderggsonaseahpasitidy ant ages as wel | . SUMVARYOF THE

INVENTION In the first aspect of the invention there

' i ded_a.geneticall di fied |vophoid. cel
W S R o5 o B BORS eI Ul i Sl Rl 1o
whivy fspsedi erathé ehipkenhesH oD TéiDT 4¢ ednfinuhrasnenepngstiat o e ous
reaﬁ?ﬂg{ﬂ ﬁg@{&aﬂl lﬂnrﬂ%@&&ﬁ{%ﬁ&ﬁuﬁ% cgﬂ&uﬁbr@ %?r%te@ﬂ%t t @l ladgog ues

0] e. . ene, I.C enc e 1 ortan nol.ogous
TG AETN Ghp ACEDPL SLSFRET Pt gosehE ASPTERL ai ns
consirieth-tuy powhgrificoggustiecaiphitiva(Brenteidehd T akeddDIA9 1) docphigmg
1o WolodG80ob0 ANL:RY %%46 SERITRLIALS %e'i@%gh BeLYwnidnle él%iv!ad in

according to the invention is reconbiRation and repair
homelegopsTPapboation A AN AyepiE Ladhdd @ J5FTeR5T P &P CPBTTSIOER™ 2 The
sinfaBAnkoudhotibAin bihyiinitidn bfShe@drrinyelN Sghab Hdweve X #8si ng
dischier%aanfQﬁy sé/?tenq 1esrt1|1a¥t‘1:3ygj mIlterm ggll?h@i'V?%N% peggl* g&c%&ygﬁreﬁ&%d %{J e
mec g or deve

AN sm ene conversion oping their
X-iayrepsidil slgiioRorapdistabiiy he FHatwrlhEiadew gioliferagen rate and 2
lowEeAd it &ing BAGEIKRN, ThEBYER fhis sGs0W, is ftofy @inell bakihiitnt gene

divagiggaﬁgnaa% cy}le cell is derived froma chicken Bursal
Fyn’p ona. eﬁ?os(f "preferably, the cell is derived fromor
related to the DT40 cell line. In a further

ThEHFROH iFFEibn oveREm& &leldisAR SREMoNEe frdr il stbRY fidtpioRded fhrther

capabl e ﬁf directed and sel ective
advantages as well.

SUMMARY OF THE INVENTION

In the first aspect of the invention there is provided a genetically modified lymphoid cell having
gene conversion fully or partially replaced by hypermutation, wherein said cell has no deleterious
mutations in genes encoding paralogues and analogues of the RAD51 gene which encode

important homologous recombination factors. Specifically, the cell contains wild-type homologous
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genetic diversification of a target nucleic acid by
hypernut ation or a conbi nati on of hypernutation and

w@ems/ogBayer sion. The target nucleic acid nay POTBE®0OH001897

protein or possess a regulatory activity. Exanples of

proteins are an i munogl obulin chain, a selection

mar ker, a DNA-bi nding protein, an enzynme, a receptor

protein or a part thereof. In a preferred enbodi nent,

the target nucleic acid'is the V(D)J segnent of a
g G?C@&rnﬁ%%g ernbepdnthe wivetherptesoulr¢onmpjeation mEhamﬂ g ced ficcording
tohi@Gutkion [sYecBMﬁﬁaﬁbrﬂan@&béﬁ’%rcﬁﬁi@nt And Ha@Sehdl Poli®htion rate.

regul atory elenment or a RNAI sequence. In an

enbodi ment, in which the target nucleic acid is
‘H@W@eﬁﬁmﬁW@dmbymammmmmbwamwanweﬁgmyp@mmﬂtahuemﬁ@mdeEne
spEMIWRIR hs@ khe nIe&%m&?J)flgeréG&Q&g&pfgr &egelcgp%? tﬂeﬁ] ﬂo fabuhn

contai ns at | east one seguence ca erV|n as a
TCRFEIRES ERSFRABFS B lonErABPLe fhinken theepy %ngés mﬁa@b& Pifef@rehbd the pe]l
is Gerifver ftdaed cherda@dissBmiphontalidod pe@Qbly,MeGkIEk Gerdeil orh Sr rélfted to
nENPYERPYUs nucl eic acid operably linked to contro

nucl el c aci d sequences that direct genetic

diversification. In an additional enbodi nent, the

Inb AIr@Q termBiGht, e afliatholdfg R iBRHRM isl cBhablB 6f cﬁl%tztled A8 SMclend
that facilitates

eoh BT £ e £ CERRP BT Pl BEETTRAN vi ¢y,
hYI'ﬁmeu@@h el demrvonvanioh Bhetargit nedic agig ey tricais afoateits brgossess a
re@gtolrwacmyoéxatltle ok BbEiRL armmﬁn%glmﬂch ttyettctmaﬁet L

I%] he cel surface or outsid
D Pla?l%&r?te}@ a) eIz TR SEFPIATRID e or(,aénﬁrt @éregnln 2 RERfsed pmbodiment,

thes@b@ mtdlmoifd@rtheth)Ja@trm ot ayreamfangad Repe ideho bl Igé.he aci d.

Ex!quh% oﬁééuhﬂ r%mgﬂgg ggﬁsg% a tt'an SCI; ;Horll rrg% nt | 8&: c(;)rvaI F&?Au segjfcl)ence

genet ulate vers
of the target nucleic acid in the ceII according to

In id‘tﬁlbbd'iM&fﬁ,tnil ®klch t%hﬁgdﬁﬂ@lélc atil Hw@r@iﬁecﬂﬁ a@&nﬁlﬂzﬂioﬁ bicat i on

of actin atory varying the
it B seRa G, B e SRR ETE Bpekf ciie Bt P of
sequeranespabéet of pryvirzaguteat @nyersfoa doror Kr heleizetasclac biidiat | on-

i nduced deam nase (AID) or a DNA repair or

combi nation factor other than a RAD5 1 ana

In ?)%fﬂéelr %ttj)glmefrthtge target Puc']ﬂ,cé'l]clg AR F)Sp geélglﬁlnggg%@lda operably lmke to
corgrot iuviait radiseirabaciaa dicheigpmaiadiesri@incondi tional ly. I n a

second aspect, there is provided a cell Iine deri ved

froma cell according to the invention. a
In a5 2dditiqnplembediB ihadsrret muglpigacidds gxprepspbin the tbtrazfeoreﬁg tq the
invemidh ﬁlla@r&hﬂte@mattfd’dﬁfa&ﬁelectloﬂ ofcelldwiidh eﬂﬁl}ﬁ&(‘deslreﬁ laﬁfvﬁy IT8e

selful&vc%rgge {t F ‘?eﬁt‘?og? Ml acgm (:Q” ltiam?an etalnuclreqa f'icul‘; %rnéug the 0519 orfthe

avil ng C onv e S on
CellrfarrfﬁtCP ol qﬂtﬁldP &p P%le‘el@mbtyfelwkﬁeplmt@map &pan meqteplpptlslafonlthe el |

actitlBofA Gepth@dr BlcRica@8S MUt ati ons in genes encodi ng
paral ogues and anal ogues of the RAD51 protein, and

wherein said cell is capable of directed and sel ective
In afiithet ¢oebodiimoriy thd ifversign proyides for gentticarrgrpaminedutady thegensiac! ei c

d1v&§iﬁ&1t1chﬁ/of Ifh\é Redetiubiat he@n BE ¢ a%fmﬂ Rahd Ba@h. The modulation can
son and gene converS|on In a preferred
be bé%/{lg ga’r% (:15t aﬁtgtg éfi%]%'f‘}&’iy SGALEnEes; érlyérﬁmg the number of gene conversion

donors, or by mod1ﬁcat10n of trans-acting regulatory factors such as activation-induced deaminase

(AID) or a DNA repair or recombination factor other than a RAD51 analogue or paralogue. The

cell preferably expresses activation-induced deaminase (AID) conditionally.
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In a further aspect, the invention provides a nethod
for preparing a cell capable of directed and sel ective
w@emwsswsszli versification of a target nucl ei c arCTHER3005/001897
hyper nut ati on or a conbi nati on of hypernutati on and
gene conversion. The nethod conprises (a) transfecting
a |l ynphoid cell capable of gene conversion with a
genetic construct containing the target nucleic acid,
and (b) identifying a cell having the endogenous
Tn MseEr@A EspS6 (I prdideda @l tite detied §oh a pdiphadiod tofhg ipventipa In 2
pre‘feﬁ{)g%ﬁbom&lt GheCoelPfileth DT%§ GO fla@acloR mdredeur t her
enbo the genetic construct containing the
target nucleic acid further contains at |east one
In DMAGH 8bést, 6re & poajaadd t&ns@fsm(sﬁﬁ Y agisalzogeries :0pnpheid sillon
ha*\gmcﬁ]gtene cox%[ars}o{? ﬁl }tf %artfr%?gé{yrxle% el% b? hﬂ)% t1<-)r1p\§hel‘eM cell has no

C aCI C an
deletomrst m&rettoeﬂb gengs eg?cﬁ@g eeralqengs SRdaplpgyfs Qb fhe R{}Pﬂ BIEnEBLUNds

wh@xfemtsa[l@&ﬁ §s@63ab10 Br divkdida a&ﬂ@ﬁ&nﬁr&lg&&m G&ﬁfslmaﬁbnn@ a tlinfdeic Brapt
ents of the lo enmb

nugeéq; zg&itqypl BWCWU%{I oK é qu WattloH oPhyaennutatl ' cf C;gtene cor%vells{c}n \M]A ch
prefan@i esholimedtiee anetahiochidkén. t he 1 nvention furt her

conprises (c) transfecting the cell fromstep (b) wth

a further genetic construct conprising a re rterl%ene
In ¢ Bupfhen pspech fhe frvpriign prpifidesametend fpsprepHiive ¢ &‘ﬁ@@f‘ 1?1%61F5‘e° &
sel@cﬁbéjgenejtlﬂ d@er&ﬁﬁ‘aﬁciﬁ%f a ﬁxfg'&(ﬂddlem‘}daid by hipernfitida@ela einbinkien of

i nventi

0 er. co r.assion
lwg?mﬁﬂ??3ﬂ§m58?wﬁﬁoregu n&?es g@g@%ﬁ&ﬂﬁ_ %%gfggd
carghip oftiementversiom witlt 7 gengic es@@truﬁtgmrt@@aﬂ the &S mfcémaelfi apg(b)
ideRGtinY AL Qi MU ERFerSRANT RSB B dnf bt Dpart G @OFepldaq wiiDhStarget

particularly preferred enbodi nent, the target nucleic
ndEr %% s inserted into the cell by target ed
integration. In a further aspect, there is provided a

Ac%?&ll;'gotg Mer Qﬂl@oﬁﬁ{ehinﬁe %ﬁ&% @&sﬂfc%ﬂtﬁ&m@ﬁy {212 @ ndcleBidhetler

|V|ty, conprisin e steps of: %% % cult Engrcells
CORBROH BFTge BISIE FIROGHE POYRE I AP STt Lo e Hreet
e ehid il‘l(éﬂl&ui RntEXiPE asargwmecmuserc@enn treecis@iced bycd sdhele( b)
trags? g(fnl or, le\g&gc %ur?dg ofl tragsrfec&o% w1ﬂci cﬂsmg @or&iﬂﬁqg Qgﬂféh@tnh ents of

expresses a nutated gene product having
thetiprms.desi r ed act|V|ty and (c) establishing one or nore
cl onal popul ations of ceIIs fron1the ceII or cells

identified i sel ec R al
In 618 Ealrog{n}egc gwi sgf Fnog :Bc? (b: %el?l with Wﬁesn ac es éngglsc? gle qle%lém
thepneatics furhenepmgisatc) ltrmgfe@medle sﬁ‘ornééfp Q@t"}ﬂ‘v‘} fgfher $eﬁet’6ne

cox?s[fpcq an{iﬁﬁﬂﬁg a n%;oﬁeggerfe Qapaﬁtpg‘ bkiBe) infdeBoell bthathrzat @bcjeidaeipeat ed
until a gene product with an optin zed desired

activity is produced. According to a further
In & Albbetiemedtment, themefbmief iheinvHni@rfeibei compiiser{decantitjgaal expression

of 3 S %Q%? re%jl ?ry fagt'ér %%F@eln@d enftY iR O R He @ irQ@Olaldy ficheis

express trans-acting regulatory factor, when
aC‘F‘iﬁ}%oncléunedﬁ?aéH@Eel #a

According to a particularly preferred embodiment, the target nucleic acid is inserted into the cell

by targeted integration.

In a further aspect, there is provided a method for preparing a gene product having a desired
activity, comprising the steps of: (a) culturing cells according to the invention under appropriate

conditions to express the target nucleic acid, (b) identifying a cell or cells within the population of
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gene product with an optim zed desired activity has

been identified. The trans-acting regul atory factor
w@ 2005080555 or exanpl e, activation-induced deani PEEEP2005/001897

(AID) or a factor involved in honol ogous recomnbi nati on

or DNA repair, other than a RAD51 paral ogue or

anal ogue. I n another enbodi nent, the diversification

of the target nucleic acid is further nodified by

target sequence optim zation such as the introduction
celisfwhicly etpygews amtteted gype Hioing poying thyrdosired dohdty ad @yestatishing one

or HORLHBAY pophBicRs &{égﬂs I'ﬁ%fh ﬂﬁ%ﬁ?&%elﬁ fdeﬁn{ﬁgd iR Et@ﬁfﬁ End'sé]ééﬁﬂigt froan,
there 1's rOVl ]ﬁ v‘glg se of a cel t%? ov desued
saler FIPRSbRoBRI AR Sl P GEFEES e Rr%dr‘% vig e P&Pﬁ g

aciva.get nucleic acid by hypernutation or a conbrnatron
of hypernutation and gene conversion for the
preparation o ene product having a desired

In gpetejnhgdingent, 9&8@3{?@%@@‘9 1%3“‘?]41@13!‘—*?@3}3@8 gpne groduct yilh Pene

opfifkRtdefBd {AityA Rhysiical map of the chicken rearranged
g light chain | ocus and the yV knock-out constructs.
The | ocus contains a total of 25 yV g{nes upstreanrof

Acbaurdieg b @ rfraiﬂlervme‘eigmh the gempris divergidiRation aan By siviiehed it & exppele,
by g&g}%t%ﬁ@a\(mﬁ &ﬁgr%? 2 trits Q@A tde@itord Factbd) @hdﬂ)tﬁé@ﬂl prodd&ing a
an

s ar g %%eekgrfdée%%%%{v o B e Rl ™
facB Bdn}ps,if& eRdmple, dottvatiyrpiedasicicdanookAR)tor clageresvolysd ing t he
hor\%lcrﬂ?%)gs r%&) atiod ox(lﬁl’ Fa%lxe LindrGaR Rgbﬂ%%.rtaio -or 'Il@l@gue.

type ocus Izes as a 12-kb fragnent,
whereas ypartiai a d v loci "hybridize as a 7.4-kb and
In @o&eﬂ%ﬁb&ﬁ@&ﬂ%ﬁweﬁﬁ&aﬂ@ﬁf ke @drgt nulles} acd iDfugha tiadified Phhergdl D

ser%grgg PP@@?Z&?OQ%P% a%%f\bggyducnon ott I{g h ) %rEnIuIaXon hotgpog ?a%%%e%se@ Ge

EXpress
cogxpr essi on anal ysis of control and yV knock- out clones
(A) FACS anti-1gM staining profiles of representative

subcl ones derived frominitiall +
In ﬂ@g{leé@@e%%ﬁ,ﬂéeéﬁ?s%ggengdn t&vgﬁlpgovrfié/dl t? I ng&r zzillcca%aps ?&d Qggd
m@)@tcae basrdieniftdien pirasert st kcidby Birswiion etrrecsmllﬂiwgon

n le MHe S o AE prb &St M Giled @utity.
B e

partial cl ones. Al nucleotide substitutions identified

DESCHIPTRORNOFSEREHICHRES the region from the | eader
sequenceto the J-Cintron are mapped onto the

rearranged i ght chain sequence present in the
HRANGC £bn s Bdletioh QO phMﬂa&hdp(bﬂ&e eHickédrenrdd g I lightalmeh lodue

Vparti al cl one re s 0 d be t he
o erPR‘? kot Gy Re R RT U O Dol BT et
fuicBERIY $epmant. dhelkngeknet eratlyye $i @nneekvsehﬁ tsrgaqdentglr%@n of the

W? gr}dthﬁ)}_%sﬁ 9% oS dtrubIs is sﬁclw \Qr&h} theSeICRMIHEAERE are

tter
indicated. (B) Southemn blot analys1s of wﬂd-type and knock-out clones nsing the probe shown in

(A) after EcoR1 digestion. The wild-type locus hybridizes as a 12-kb fragment, whereas
y VPl and V- loci hybridize as a 7.4-kb and 6.3-kb fragment, respectively. (C) AID status. The
AID gene was amplified by PCR to verify the presence or absence of AID cDNA expression

cassette.

Fig. 2 sIgM expression analysis of control and yV knock-out clones (A) FACS anti-IgM
staining profiles of representative subclones derived from initially sIgM(+) clones. (B) Average

percentages of events falling into sIgM(-) gates based on the measurement of 24 subclones.
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Fig. 4 Mutation profiles of hypermutating cell |ines

(A) Percé&ntagesof sequences carrying a certain nunber
wWoRons08@s2 ons. Each unt enpl at ed nucl eoti de SubBRCT/ERL0DHMN1897

is counted, but gene conversion, deletions and

insertions involving nultiple nucleotides are counted

as a single event. PM point nutation; GC, gene

conversion; D, deletion; |, insertion. (B) Pattern of

nucl eoti de substitutions within sequences from yVand

t heXRCC3 knock-out clones. Nucl eotide substitutions as

pﬁ%ts @L%Ig%ﬁh%n &8&\4%&51 ps BUE mmask%u@éﬁhe&%qu B@files of

ransition S) to transversion (trv) are
the AIPSYV" SiOWR. V'L cloess s"ébwd?ﬂﬁéﬂf sehsdiricas gentifpddnpfated
sequikid i€ DL F3Bn HoHD B chdbt icQRnddkd B¢ 1O Rifon MU kdbie@ B0 BE &Hﬂ%arngéag

w thin a hotspot C
lightgpain SEARSHRS PETP™ F’éré% d’@eé‘é'“’r ese hi‘??k?&%"‘ﬁ*%‘%‘ﬁﬁ\gglaﬁ ve
AIDBEIS clages aB sHobd kipat o badw Bpehianeaualy, dypbnigele leletons,

mseruox% ant? géar% c%%vrelrs% tex'/eg\? : gglsonl}ilﬁca%? tﬁ&%ﬁcﬁ%&y&%} (RE}W A8%s wi thin

nces m unsor cell's and
comewrWR@we@éa@@%Q@mkém sorted IgM(-) AID RyV
cell s The nunber of nutatlons are counted for every 50

d are s [resp ondi n
R B RGP g e el (A DBrG AR SRERAERDY |\
rr;m{gl‘d/&emnmlba of zﬁutgmnﬁ E#sh nicherlated xypdlcatidvismgstitttien is egraegitbition
genec?:t)nx)elgmlg RGO %er&dn?m@dﬂ%n__gl ng.lltBYte%léBH&ést dr@é'buﬁécgas a Zmél@

tu mutagenesi s of ene (A rep cene
event @bk Byt rr{uaslow AC\aeRRoRgIsiaE S deadstign; éﬂnS%fhén@Hag%fﬁé ftb‘fr‘eou :
substMRBE MllidlelnRRoes £5a yY YnAROICAI QPO RGRVRIHes. WRETE Wit (D) in

Vi VO nut a eneS| S O GFP gene n (o40) erS|
subsliBt T pheans coBepAr DeRTRCREr o R S e Ao
transTér@on(tr@Seiso sivwe ) Barispnikedgensad uhtamlaee@mp&pmde cubstitutiop

mutd iSR! Mheadedl doc \ﬁ%ﬁ%tvﬁ{ﬂ]n fh%po%&ft& ﬁ‘((ﬁﬁlfl @Hg cé) @fﬁ%ﬁt\ﬁﬁ{@@ ARt C

di versifi cat nuclerc acid 6¥ tlog
shovgby aeresainssts iRl Toprngiue H‘V’ﬁ‘é? Gl 28 £ BHoalys oF SRoA nee PgPEH.

The systemis based on B cell Iines which .

\}9 g S’Str{ilstn[;ltl | Ve} Xucfzot{ € su stlt}{tmtng s?vlrt 1n gnggl (u g ﬁmr}% IQQMJtédn
AIDEYY mells |an($wr¢lim eBNA quuqmt@ rframtsplmd TgM(H AGDNY cells Thg mgpber of

mutEBls8RUbERa @Jr e‘%ﬂ} %tbﬁ Qﬁ@&@sh@&m ’&)Qﬁleﬁmﬁﬁw cRlgo88HE physical
recept or erein, "directed and sel ective

map%‘?f\‘}t?rlﬁli‘tfzfménaﬁﬁ?%“ lopus Prtpesc NG EHEEhi | i ty of certain
cells to cause alteration of the nucleic acid sequence
Of‘lg % SRE& &pﬁmﬁ@ghmglﬁ;noﬁ PEQ G612 QbhVerSioral #nd DERSPBInSutation
nucl el ¢ aci d, whereby sequences outS|de of these
regions are not subjected to nmutation. "Genetic
dl'«“lg @US sit 18 @thge@® s of b GFB génd (A1t ¥F @placemeof vestord(BY frderal

i R o 7 PR, R WGP RO R B, BB B

xmmkawmhﬁcﬁﬁgeﬁbygmegmmmwgamVWhvp@ﬂwutat|on, gene
conversion or a conbination ofhypernutation and gene

{ fers to the nutat f
peEARLEP B RN OE MBI EIGNEbove backar ound.

The present invention makes available a particularly useful cell system for directed and selective
genetic diversification of any nucleic acid by hypermutation or a combiraation of hypermutation

and gene conversion. The system is based on B cell lines which constitutively diversify the
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Preferably, hypernutation refers to arate of nutation
of between 10 5 and 10 3 bp 1 generation 1. This is
wQ@e@ansossi n excess of background mutati on rat eBCT/HP10051001897
are of order of 10 9 to 10"10 nutations bp 1
generation 1 (Drake et al. 1988) and of spontaneous
mut ati ons observed in PCR Thirty cycl es of
anplification with Pfu pol ynerase woul d produce
<O Obxl B nutations bp in the product, which in the
reaprrgsEmmugaEbbulindlitede ia o wittouf requiring sxjragehplpr Sl?miﬂhsum@albf
mtérgbﬁomﬁl%h\élec%lw L Rlch@R S thAdARREs NS cebntigenlk 83T, " Cene
conversion” refers to a phenonenon in which sequence
information is transferred in unidirectional manner
Asfuted Rrétf e diforDing g@adﬁveaivaaﬁat161ﬂ référeto @ellity oGengn cells to cause
altere%‘.grf eﬂ;]tge nuElfIETQch[ se eugxgscg ot s 3}?62)10 y 1%{1} O%F%%I%N]éoﬁ) QJr ¥ %egfg glgzlelc
aclée@qebycsequews quﬁ@e plalepr reeicy apinad Arbietrd tp é}%ilfl?n
(nucleotldes belng removed from one strand and

n’ re e to altertht hj:e %11 duaISn c tltder]%%r %;Qﬁgs o§n‘ilglgoﬂge)s in

B o}

G%F ‘mF%5“ or'ffation o ernutati on

a npgiede ag@n@enet@rﬁvers@pa@nn igén efrlla@@orﬁlaz tsrrﬂw mvelilt% PespE Yy wi t hi n

nydeBfutdtiBRHR GbRQbd i a M(u@)mltmi%ﬂﬁ%ﬁ{nuﬁﬁon Badehd ®aversion.
Hypernmutation takes place in the germ nal centers of
such speci es as nouse and human foll owi ng antigen

“Hgteinmitiot”irefers toGenaitaiony ensiegncit akees!l gk sageabpye bpokprad.y

Pre@fmwggmqtra&ﬁg&erk o K%téo@ﬁuﬁwn%@bmeeﬁﬁbrammp ogensrnlen

ut -associ at e hoi d tissue in such
Th@ HigER D xRl hﬁﬁ%md uggtenics, fpicirgof; OFﬂ%?:f é% dté i‘% of
mu@Aéds glehgeﬁetratﬁmd @kdkO& al. 1988)Ghd Els@Rtanty mitaiabiervedin POR

udo-V-genes are tr n

Thmg a}é{:;e% %&m éngls% 1th 91% elmneras&vvoulc?gééu%g {Ogﬁﬂ’? Erﬁtratel%glﬁpt in
thelprwleqhmhwh in ttifhmseﬁ Gﬁﬁ@voutdhlecowé far leéﬁrﬂw@é lix} 100jof e ‘Pbéef" ed -
mubbi&h n@ile) 84, i99munogl obul i n- producing cel | or cel

l'ine which is capable of diversifying its rearranged

i mmunogl obul i n genes. A direct connection between the
“Gémictrivartibrinefot tohyppeomaubreit vbich sndngédemsimsraifondins f or
um.& li]e%nonhlrn’? & b il 31]{)1?(91) éot?s@ﬁge fo I’t]hf: 0. BXR %Mv&ﬁsﬁ 1§ayr e Re feglﬁtd

peci artla or conmp | ete eetlﬁl 1
of g %I&ﬁ a@iynwgé ﬁfé@h%telaplwavd qop¥ie fioF adwmele%ﬁlf HEsRcefE g result

of BRAMEN r8da@nukBotid& bEm@ﬂdxln&ldﬂ ﬂorh ex@d8ant andiridaet iyvebir ynthafs

_hy ernutat on i,n.th % BH|IH | ocus. Del etion of
um§¥ N Aeﬁ%gwﬁggﬁ ﬁe g abol i shnment of gene

conversion and S|nultaneous activation of high rates
HySdrVReH %ﬂt g@l‘id c@ﬁ*/crsM@ @h&iﬁ@ nailed] Givérﬁlﬂ within &efn&Mhﬂbglebiﬁﬂg@)E S

u ne | d
seggieﬂ:ﬁ# 1% 8%18 E{chrg%tfxtlxo\r} éa%ces ggce Ehﬁ engl?rﬁluc si og %&ggp%gli?‘s 2R
and lower foll¢veire atgen givedtighGene ‘O@Iderflm t’cﬂteh@acé msm@tyéymphmd

ordPREMOIROBNE: A lratihQR the Eﬂ@@fs&fldﬂig@ymﬂlﬁﬁ? tifde T Qich Skcies as CthkCIl
onors.ailrec

avai | abl e pseuydo orrel
copy e SRR oRaee N s s P Bk st
updorypersendd-Atgeos arateredden the comarerds| (EH S%ménthW@ﬁlﬁmoﬂlcl on

pregeglﬁﬁ%ﬁﬁo@i%ér%% G c@ll Q%elf e B pfe?e?dbglraQ ﬁﬁhunﬁ@&b@tui SB&Bihgcell 6r

present |nve§t|gn éfg the first
celt ljupraghigh ’6\9?Palé%°fglvéfélf>1mgéf§/’§fréaﬁ$e\ﬂﬁf“&‘ﬁ1° PTGE™ o
genetically diversity a target
A direct connection between the initiation of hypermutation and gene conversion is for the first
time established in the experiments reported herein. Specifically, partial or complete deletion of

pseudo-V-genes in a cell line which continues gene conversion in cell culture leads to the
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nucl eic acid by a conbination of hypernutation and
gene conversi on, whereby the contribution of these two

w@b@sosssn can be regul ated by changi ng t he nuPdBEEP29D5/001897

t he gene conversion donors, their orientation or their
degree or |length of honol ogy. An advantage of the cel
system according to the invention over a cell system
with only hypernutating activity such as the one based
on the human Burkitt |ynphona cell |ine Ranbs (WO
actBBoR 2f Hypdrmainithid BLin0a2BB)linilaus Reletivb iof 4litpyeudageneratyiinie

theglﬁﬁgﬁrhéﬁt ed L&E EohbdrkiGahd &Hul@eohyagﬁfa{ﬂﬁtoﬁﬁlhpﬁteﬁﬂ gyr@ﬁﬁﬁtlon
conversion in one cell

p
RGOy P DB R TS PR Rl &0 R By ™ ene
sinCONMET Sdtioniot bidgpdoyutatiomne ertes oppethm theamesehserved ﬁqctbe f@@nlete '
pse%g ¥n%rd§llet%g ﬂg@fa{esﬂl&rﬁﬂlbg%f %&bﬁ?ﬁ;ﬁ&?enﬁa Qorlof laﬁ'éjd)ncorrelates

uences I nfl uence arget nucleic aci dd
Wltgggqe\gprtvymplhratas qngﬂp@qrsgmc@rq}géey Wlt@ﬁ’é“@@ﬂ%ﬁt?r %(ﬁw g ¥prsion an
hylkbyrﬂﬁa[tfﬁy fratstabikhdd tgbdin & f&blﬁrod:anﬁraﬁﬂ@}ﬁp b la&h otharhes, the present

in 6?“8& E)g %8? gts t%r( a ovede \C/Fa I‘ %yrﬁ]tem Wh%h Ql%ﬁrs {(J) ggne{weaﬁ}I (ﬁ\%rSﬁ?QHl%th e

mPseasdioye n@@mlmfmmm@gnd gfemopteasnont @eabw qogtrlwtwn of

thebBh Qlﬂ:n&flen; 08 vt Aped vg A ifg Akt @58 obiBe ¢t8EMneRiok 8B Prs,a
part of the target nfu?é’lfel c,acid stable by frequent

theEGH?)’éﬁ“%‘?%ﬁ?“ﬂ%fﬁeﬁbl“tg R °%€Y that the hypernutations
persist only in the non- convertlng part. This approach

Ani vagﬁgefoﬁ F@%g&tem%cot‘ ggﬁ e ﬁ?ﬁ% &l oqrer%QEIfjsy&QImzﬁi Jﬂﬁ/ r eg' on

emal n st act i V]Ié XR
hypeHing e Vi fBthe e Pasgfy%ltﬂéﬁﬁna&fb‘gvlaﬁ grhoga pgfidine Ramos
(worvmmm @Yl YOU ©F/1GB9TBR1s khe By emoimsegénm dtvkraﬁ@ntmnw essi on
ous r ec:ortbl nat n act

hy%egwﬁag]lpg Png%ene cquversion i prc e celk e aéx}p gré g%fgecgcﬁ %s ec%ni bg
intethabd infotthe tandet gehebygetel copversibe thendyy rjiqcioza hyp@pmfﬁpon since gene

colbQbi E&EEALL B0 enrgﬁgt%)d 1§ @Rt P cds BRIIPH @{Iﬁ&c@tﬁﬁta@ﬂﬁmbm
repal r. conpetence. partl cul.ar advant age

th
i G CEFTSYS Gt ORI RN G ST LR AR
cheaby tb ployucedesitdile varehis, sinsqpeoteaidngueme blbds arpveathingdvithregpdom
hyqe%u%aglo%t Fse&%&ﬂ&fvﬁtﬁﬁ ﬁgm&%‘ ?dlelﬁ cgl tc@apéeﬁlaugfggi% & l&féttégebééne can

Integratio honmpl ogous end %gno%s
alsp bwgd to kepp gaéttOéHle fepeelenypieit ?Ctsirf‘ﬂblie &y ff?ﬂé‘@@ PORY LS
eff&df ﬁi&t&ﬁe&@ﬁeﬂﬂlﬂﬁdﬁ)ﬂ peisi6t o8l§ intth CroRstnverdis a0 Mhisiagiraach iauseful
el g 2 egyence. h afle RRGAgaNG
When &T Bieg ng(gmdacgiecgﬁaeuﬁée 1063” %E%%ﬁggeg%glsr egon‘%l nat i gﬁyl nt o
the endogenous | ocus. Targeted |ntegrat|on allows to
directly insert any nuclglc aci d |ntq q é %
An@ﬁ%ﬁ%fsoéﬂ‘ﬁFe“ﬁb%‘TrﬁCi?thnglt% g IV pr R SR TP RESE B g
suﬂ@tb@dlcﬁlo@hmlogme Reathimagonactynmz gptre@dlmr’momﬁctwerwlésr@’ﬂ i S
PO AL LOMhat J1Rer it rate, radiati
02}16@5&2 nelﬂé/ tgbgﬁ}?%tctzhggeﬂr ep ace of atpﬁi |rr elarrragr{agéadm{/( D) J
resisiapfige Qﬁ“%@%@F??%WPthereof In a preferred
enbodi nent, the cells according to the invention are

A pasucular aQVanégc oF hqgﬁr%genttc%leﬁgrﬁénll %%/\Agﬁjl&mﬂgs'gg%sg&hé ﬁﬂﬂ%’i’ e cells

aC(@@mgéq-’@cp @wnﬁlq@ te/intpgyate ramsfeqtegmucleic acid constructs bygargeted integration
into the homologous endogenous locus.

“Targeted integration” is integration of a transfected nucleic acid construct comprising a nucleic
acid sequence homologous to an endogenous nucleic acid sequence by homologous recombination

into the endogenous locus. Targeted integration allows to directly insert any nucleic acid into a
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exanpl e, surface Ig expressing B cells in primry
| ynphoi d organs such as avian Bursal B cells. Lynphoma

w@edobs30s8eri ved fromB cells of primary | ynphoPdI/EP2005/001897

organs, are particularly good candi dates for

constructing cells and cell lines according to the

present invention. In the nost preferred enbodi nent,

the cells are derived froma chicken Bursal |ynphona

cell line DT40. The process of constitutive genetic
defirGl viednSisniat pisition Inoyprdfereé emhotliatentornuelriclacifemerdivg A gae BPHHT
of in e?estgsslﬁsgrtéd%y rt%g%te@ [n%gx%ﬁgn ilibMe Hﬁrﬁtﬂ&l&b@lmms&ﬁiﬁ eRcIERE

pro desired, novel or inproved, activity.

'wmmm%%%@@%%@ﬁ%ﬁFép%mﬁéﬁﬁmf|s a nucl eic acid sequence or

chronDsonaI region in the cell according to the

Ina gref erre emb Idrl}}l/e% Eéxte cenls %%r&m%ﬂo e%@h{%& £r§ 955&&1 ogf'efa%g to c@lﬁd

ctive I'ver ca I on. target nuclejc
which @iddree éagetaeecoe‘fetshe in vendslensdsndreols &ﬁ%@éwrse,on AndreFyfor
nﬁ)@mﬁ?ﬂa&@g QPRssRE BRAL & ﬂrﬁrﬁﬂSﬁﬁﬂh&ﬁ s Wdh EﬁavﬁﬂﬂBlﬁdﬂl Beellgene

pr odu ! transgene” cleic
Lymﬁlécimé %B’I 8‘&‘(?? gma,ﬁ.cglﬂ 1 “IPW SEPRRY AT G amc ?rﬁ' sﬁic h as
candplitet foosdreding catis @d cetllrlarsmmgéwhe F@fﬁﬂt él}(@mm Bl thegmost
prefdrfeAEFHIG RSNt B e O frm B eli@EPB A0k pHom@ BsHIGihé PT400N
unit which may be inserted into the genone of a cel
at a desired location. In one enbodi ment, transgenes
The ﬁrb&ssl JT BBy © Pbtic divifsifj@riesbyaspehauatidn 4nd gene conversion is used
min i I 0
in o SN AR B iDL B Al s BeR L S AR P vy
hunan |nnunoglobulln V-gene. In this case, the cells
A “t@ES ﬂfc@icf&@d ti92 hldRiclai¥ @hich@dr e@nosdnaticgitn ie & chifacdouirg o
the pg‘%%nit 6% ¥on Afr rmél?sﬂsig ec?eg F atgrec% ﬁn%fs?lg th %ege%ia C Qeer?i?étécgl: Yife F]aégeta
nuclriowrid cmbATol g@ggems mwnsemr,c aaémely cofgise gYERTIPE tféPSfj@Hfél
unit&NCRARE BGe 58kRet | on markers, DNA-bi nding proteins,
enzynmes or receptor proteins. For exanple, a novel
fluorescent selection marker can be produced by
As usadtharin g iransgene\ifa meleik eid thylechly picims inadriedintogeell yuckas by

‘tran. ?e%[]:% o ?Jnsd?lﬁuong op%gﬁﬁlw&a{s ée‘ﬂ@m%m&%@ g h&e@ﬁyg%ﬁﬁiaﬁdanﬁﬁbﬁ h

f erent
unit fvhlel@m@@@ anerted peodheregppros of ‘\‘/‘PGH gt %Slfﬁ%lﬁ@“% nver si on
donors. In one enbodi nent of the i nvention, the target

nucl ej,c acid directl r. in-
In O?er?fng?dé‘g?’t tr@%eéesﬁfe\}r@?%’logl | ca enes efogu%gﬁ“%g%% Og{lc aci d

produéitg celises frbgmentmofd-genes i eftriin ﬂ@ﬁ%rﬁén“élﬁlé ad&ida fEMepr oduct

1mm9ﬂog105‘uliﬂ Vcé@ﬁ%n glech@éasé 1hS cdRé z!tcgcﬁfﬂlﬁg & QiR RRien ardVidhories ef iyyman
roun fication an sel ection, a cel

amﬂé’%?“é‘%‘%ﬁ%&’]?ﬁé RS BY BUTST "8t h an i nproved activity
is search for. Alternatlvely the target nucleic acid

Altel—n§tn@]| rtﬁ&%%@&e}{c LR imdRb 1AL add, tof SRABEE b Pdnb ON
regu at ory el enent such as ronoter or enh r]?f%rex’amﬁe,

enc O P TN A FRGAT 1 PRI SR RS
novel latrdstentralkctinni@hrkdr cande pelducedyamitating ajape) magkei éih is

hypénggtllt%ﬁ ?chgq Wikl d %gﬂutaﬁ&gng kéne &ﬁ{/é;slcﬁﬁﬂth ﬁélfy‘ @tdﬂﬁ an

gene. product is regU|red to i g)t fy

kno@émqtrgersovgglraldﬁﬁrepﬁgloqe%?rﬁ giectﬁlaacspg;[n asgsﬁlecforg]@rsmn Jiloi

Tn one embodiment of the invention, the target nucleic acid directly encodes a gene product of

interest. Gene diversification of such a nucleic acid will result in a truncation of the encoded gene
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interest. In the enbodinent, in which genetic
diversification of the target nucleic acid takes place

wh008/0838hi nati on of hypermnutati on and gene cOPWEEB10051001897

addi ti onal nucleic acids capable of serving as gene
conversion donors are inserted into the cell genone,
preferably upstreamof the target nucleic acid. A
"nucl ei ¢ aci ds capable of serving as a gene conversion
donor"” is a nucleic acid having a sequence honol ogous
PYoguct prdn § rnge el ity ey eawrsiedVitFovampiued ofdfversifitativmednd gimagon, a
oAIOAMEESE BOHORSILS: vath &n RHENCC M ERES IR, t he

i mmunogl obul in | ocus of certain species. According to
one enbodi nent of the invention, a cell capable of
Alfgrpatizelis dhe sradt welbie et iy ereglilatey gbridnt &t Bxanplefa theridria get

re@l&l@cb@ kemee éugh zls%ro&@ﬁ?‘&r eﬂﬁﬁc@xdortiﬁ‘[erfe Eh?gei{l‘&A H@JAtl)hI% tﬁl@gng)g&unent

C host cel |
o] e G ol R R GR L iSSP i i 1
erpedepaséepuiiahke gtne ardiceis tegred B dehif €418 bdamyp QR hitleic acid of
MRSt ream and downstream of the target nucleic acid
sequences honol ogous to the desired chronposonal
integration site. Preferably, the cell is constructed

Inblye efo@liBd@it, Bgn}ﬁdh@erﬁﬁmgﬁmaﬂﬁn MRSt &kb&%&%ﬁ&%h&&ﬁfae of
nat.1 on

coYMbngtlo o% 1{3@? T an ﬁne canFrm?ﬁ ggc?ti,ogaﬁ glgc‘gehceacﬁse(:égal’lﬂg gf sgrv)(ng as
geﬂ%@@&mﬁl é?mtsﬁ@ l@e‘h%é ingatha/es i ginome, amatifably ubsyrprer aftite &t deomucleic
acgvents. I n another enbodi nent, transgenes according to
the invention al so conprise sequences which direct
hypernut ati on and/ or gene conversion. Thus, an entire
A ['rucleis adda pabbleofeérviex s h@as ctiflerfodRA®” b ehlbgtacid Bfling a
se?]eﬁc@ ﬁgrﬁc{]&otﬁ)ﬁpﬁg %Et%ﬁéle@p ac%nlgcfm%lggseof rcl:a r} %grfé ﬁcgnr\]/%rsel?ri (}onors are

ranscriptlon uni S an
pspudo-Yegeney @y the WV@&@‘P‘#IP @GHS@@@ﬁalaﬁple@rs r andom chr onosonal
integration Screening of clones having incorporated

nsgene by targeted i done by
Ac gm {0% 6%‘1% cflm él¥n affthes §nt18n acé]fc&%&? P#]c? gctﬁcfagf %e?ef;téva
leéﬁ‘%ﬁiOﬁ@fﬁhe targqt plislsiy @ﬂé¥§ ca@f@meél bynigsettiog thh@reietmueeit acghinto the

ho@ Gﬂlb@'ltdﬂgeﬁ:d ﬁ@gﬁﬁ&n&bﬁl &ﬁfﬁ'&iﬁ@rﬁosgﬁ‘n SiteVWhHr G pﬂ!pl)sgviﬁe transfected
sel ect ones, whi ch e stablely ntegrated the
oo R R e P T SR TF B e opgavcioes oologons

to gy ﬁ)‘@’éﬁ@@mlwymﬁ aitegatimnséel Ploferablycibadoll isabrisouvted by replacing the
endop@6ls wahed s%ez@cg f&Lor @ﬁﬁlytﬁ‘ansg-g&eoyﬁl&ﬁég@ﬁs bV BRL 019 Rr b CYU ot

further es a nethod fof preparing a gene pro
gy RIPHIOE él’p ‘a@%tuﬂreéfam&%f pagpmss 2 et farfbogcarrorsiva sdlr cel |
hyexpemiss @antand sel ection for cells bearing a target
nucleic acid with a desired activity. As used herein,
"selection" refers to the determnation of the
In aplher Epboslinght. Smeazenn easording torthetinvertion plep qohmprise saqupmtes which ei ¢
dir@Clhyderititattin afid@s Wink cdnfer@ond Sk, e %t@&duyéa})%le(bi‘ e{pp@smg @i3&he

B eAlish 15oted By, LIS Larcet niel Sl C ag 00n e

intq thy cg:gt and is actively d1vers1ﬁed even after random chromosomal integration.

Screening of clones having incorporated the transgene by targeted integration can be done by

Southern blot analysis or by PCR.
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nucl eic acid. The process of gene conversion and
hypernutation is enployed in vivo to generate inproved

W@e008/08152 bi ndi ng specificities in i munogl obuPCTEP2005/001897

nol ecul es. Thus, by selecting cells according to the

i nventi on which produce i mmunogl obulins capabl e of

bi nding to the desired antigen and then propagating
these cells in order to allow the generation of

further nutants, cells which express imunogl obulins
IIh%lRfPfPrged ierrprdoneatl trdnbgants mgortliog tohie itesion edtanatstlgeible iRNkerdene
vdh&@ bty Eglecﬁn\é@ﬁéx@st \Muéﬂfhaég aﬁ% hl rat%ﬁ e Eglls‘éeﬁ? Tﬁr?%leqqﬂe

lied for the isolation of ant s

TR “&ﬁytsﬁ)’seqﬁﬁl&%@ TrhR P Ry PRI e e are ) ot BenCol |
Sortlng (FACS), cell separatlon u3|ng nagnetlc

T%réslerﬁ h@éﬁm@iﬂ}tﬂegﬁpvn%p{ lgg{ﬁ)tdg E@D‘XI 6ene pro ucaxn}qii}é)% %?1:&1] e

|1 separation techniques st
a%lé’éyo%y ToPR RGPt G xnapsion att selecte@ for c@ebqamgl H{rERACS)ic g
wilea disied att®ity. 20had Breae{skisction rtfie tob@eﬁieﬁmﬂxﬁan&m ItHe presence of

ealteratidon f act WS f ine % %ISU ce
egﬁefng eﬁté E} ik @a‘t:g% qglnre quc&e?sfl)l{ a)é %[Ig a tVétﬁ,B{ tg e g5pe product

|nnunog
o5t sa%i? Bgetinprleiercid ot ip ééesaqdeacswmoﬁ@el regilatéry Spesivn b the target
mﬁbuamascent reagents which bind to the cell surface
nol ecul es. These reagents woul d be the antigen(s) of
interest linked (either directly or indirectly) to
Thelpgrsese afgerrtconvaisikieand hpamintatisn if ¢npdayedo evato ga_rma&ﬁmlﬂe;dd or

nd¥aLaaH) §p@mﬁ§1t§:§ﬁmnr&[n%§&uf1ﬁ M&gc%ﬁg %El%) d & q%{-;{'ce S accc)n{ul\%(% the

m_eg ‘%ﬂ% f | uor ophore known
LPHon W8 Pogter mﬁ’a’ﬁ%ﬁloatﬂfnéwp?'%e qfﬁ@ﬁng ‘i"’ltﬂredeFHE%%emﬁ@ thefe
protiapntiag thesg cdils pwrdehautbethe@fnetalien FFAGRerRRGRs el white e@%lss’
inSduh SR h c i s encased, in

1 heathlogﬁﬁ P?n %lﬁh gﬁgcﬂmm Eﬁ%ﬁ?ﬁﬁggm%%? Buffered
Saline). The streamis illunmnated by laser |ight and

A eaiely of®lettioh SrobBr@&sag Be dpPlied Flr URLBREENE ﬁutaﬂtm%ﬁ £ hdRigka

! | uor escent el ed antig
il ‘E?Ya? .968%1“?1%‘!‘1*?}%“’“%%1"? %&V@rt%da@gaﬂd%@?%) 0 Sopprating U3
, mﬁgmtlepdeFCéﬂ&I aptigon chydniabraghamethods asdaliel cellls@aitidnaahni o ghens
umah@agmg&gggggs can be steered by electric deflection
pl ates under conputer control to collect different
cell popul ations according to their affinity for the
Flifotesponce ctiated Cellteltagl(FANE) @ebe usédio {sbliis cdmaanﬁdrbams&iﬂkeu

d1ff%919guslm‘fﬂcle 91@1§cu¥¥'sj f&‘lgx rﬁ‘éﬂ sgkage cp aye%r ent ogl builms %%eosgnﬁ;ﬁt)lp €

antig inte can be easily-sép ara
or ?%Blété’né‘éklels%“eﬁ\/hrﬁ etpined ovith erecifig Frgrepdaet r%tlﬁftnifsg*élwh FAES the cell

surfiachiol&vess. AnGe xfe@&gﬁﬂtu&i bk @k akiig6n(d) Bf imAEP1IAEE (e1ther directly or
as

lIl C SCEIN arKers suc a grrescéem exa, S uI'CCn
B q?)ot ﬁ\ﬂ% T(atm ekn, Ln From Servi Sl}é ‘b%@?‘i&%’? 540 as
ﬂu%?SF%‘b?TafelRé@Fé’é oedny Eté%@mmbpne &gpwn to those skilled in the art. The cell
po;(ul'&h&ﬁs ﬁléd’ﬂf&&d&fe(ll nfd rtl%e%@ﬂ@nﬁﬂ%{ dhagsf af theAARS E}E&?ﬂl‘aﬂé g}

0 separate ons of cel
s Ao S e 5 BOPHL B 2 B
Buﬁfﬁf@tsehml é” Yo stream iaillpaingtédchy llaser lighveidgech cklis abdsiad foy
ﬂu&@E&@&@%lﬁ%ﬁﬂdmé oPnd ﬁ‘do?éségﬁtl{l}glgd anflgen u%'hte Q}B&aﬁon iff Bk e gre%

canSs r‘q% O har ose ar macil a
&8{; é é?ﬁl{: P%,m}o W]@tﬁ, vxth&h £a4g a small electrical charge. These droplets can be

steered by electric deflection plates under computer control to collect different cell populations

according to their affinity for the fluorescent labeled antigen. In this manner, cell populations
which exhibit different affinities for the antigen(s) of interest can be easily separated from those

cells which do not bind the antigen. FACS machines and reagents for use in FACS are widely
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appropriate antigen. This resin is packed into a
columm, and the m xed popul ation of cells is passed
W@@s5/081562 col uim. After a suitable period of |iPCUBRID®HINIST7
(for exanple 20 m nutes), unbound cells are washed
away using (for exanple) PBS buffer. This | eaves only
that subset of cells expressing i munogl obulins which
bound the antigen(s) of interest, and these cells are
then eluted fromthe colum using (for exanple) an
aveilble $8m edurderevriantidegeh aoBecionD@kasn, or irm beyvieproyiders fuckads| y
A%na%?éﬂcﬁ ggbo%toﬁés? I//Waﬁ%né%ﬂg édg@a!as/; romthe resin.
one ‘using a specific protease such as
factor X thrombi n, or other specific protease known
Aﬂo@xeﬁ AR which tah BQusEd‘lto tdp@atapdpubibnedfedisacchiddg arthd affenity bf om
th?iﬁ’ cg{], Fugt{:}cye{gpote\énés for a artPcharodijl[l Ie%&eaffc [’c}e ﬁyﬁg an}%hryeln My n?elaloﬁ] gs

corpora enresin
sugablpbsen(for Mamelp ﬁhﬁ@%b%@msf‘al’hﬁmﬁ% prse FSfCPYf‘lebﬂydPJéﬁéé(éthe f or
??6 taﬁhg‘éﬁ Yhe Febhn is Wech@to e blay ad tﬂefmlieﬂ PEMRLdnE cellflis bgen
rom

he resin, | easi ng popul a
ov&retpq C§1“\‘7§H] l}jfﬁr ae%%ﬁa[b p?réog %/llfl?ugaﬁ op orfe amp az'i) e els'5 un%ougé] ce‘ﬂg are
wishddewgstsing Fhrexqupis BB buffery/Ehigt [eawes Oplb’d\ﬂ &ﬁ@dﬁ of esfls pEESSIBr St

mﬁﬂuH&lo@ulH@ Qﬁ%o&@ Mh@an(glok PWRsil Bd Eh@@lélzlﬁtn% tHee81etd fom the
diversification of the_ target_nuclei

colH OISk (6 BBy CHE B R BHE O B g & sl orcheicalty
ckaemg mamlgamﬁmdlﬂceeﬁmdﬁﬁamayas éonf Adid)a spesifia proaest ench geHicton X,
tluio o%g'r s%l%%g%rﬁtgfgé/ o&h %Qho@ésk}ﬁ@& 1ln a3t Ifbycﬁ%e%taﬁﬂéeﬁ)ﬁom fhe

ocus. I S suggested t
coiunmwes amr@mﬁﬁéﬁﬁvaﬁbﬂfp Wil’élalﬁaﬁ equmfilﬁbﬁ‘é lqcélaw%@te &116 Wl@ifﬂ
reSEHBRE. A1RALIAY atbh-PedPYRas] ﬁﬂexﬁrﬁﬁefrypbﬂ niah 8e @iphsece

reg%\@?}% agt%gglgéﬁ@gtg No%; %%gfrglgaes%% ﬁ{gt é)o%ﬁ% I gfg:elg %Vhl%%{l %@Jblt‘%n in

affidpfedsiagizen dotdesphenonena can be nodul ated. In a
preferred enbodi nent, the AID gene is transiently
P e 1S ot T8 SRS UL o
dicHi siRatioR S PDENSIzs @udbiconaio! s des orsimted $y thia ereseattinvaiyrs |aptiyetion-
lngu%ép&gh%hggé @J]g)qp a&&%ﬁﬁ ?&blgg{es%X&tcgrmsrsﬁ ﬂ%&fe% drh@at@ene

expressi on c‘%%‘ t he ex0|3|’? tthhe Al D
ﬂl@mwé%éqbblﬁl 1%1% Ydstspggetsy ﬂrah%ﬂ@ o5 & ST TRE 8%10“ in the
rea%ﬂ&héeﬁ Wi se@hént fehﬁhg/@d DoBvepion &5t Mrihewidséncquf edj@adt dénar t her
seﬁleyﬁzeeg g’nldftc! agpat %murlatlon mtt}?e%er ﬁs@rg:g elﬁm?rg’igg %%r'}é‘gﬁtanf ro?f\ﬁ e%{ﬂjeéélon

expression is pr od uging a
bogmhemplpmwte nwﬁltlﬁedalnéésquéﬁm&’e@nw’t% “FH gEﬂ‘" ddrangisgtly

exBﬂ’e%ycﬁlﬂ thfcélff &ﬁlﬁﬁmgﬂkﬁr@& NS A6i) Féhex@tﬁlﬂe [A@B ehnthOextplrased wEs a
e.desire

[ nt
e PR L Jthg}%g{ﬂgegﬁg
thé geRinp G uiaj be sipe dewrdorivergiiane tn AThgxprrsivn el e

rego tﬂ)n' mﬂlﬁ%@ﬂ R AD 'El@ﬂ'n%kl&l Wwill pfe&enf BRQF digghiftchdh of the target

t1on of donors acti dependent
Seﬁﬂ?ﬁ‘@r]ﬁfﬁ:@i Y ?Xﬁresswn is sw1tche<¥ oaf} cel producing a gene prodgct with a

desired activity in order to prevent further mutations which can lead to the loss of the desired

activity.

The invention is illustrated by the following examples.
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chicken B cell line DT40. This shows that |1g gene
conversion and hypernutation are conpeti ng pat hways
waletoswgdsi rom t he same AID-initiated internedi BCEEP2005/001897
Furt hernmore yV knock-out DT40 is proposed as an i deal
nodel systemto approach the nol ecul ar mechanismof Ig
hypernutation and as a new tool for in situ
nmut agenesi s. Methods Cell Iines. DT40Crel which
di spl ays increased I g gene conversion due to a v-nyb
EXAMBDESe and contains a tanoxifen inducible Cre
reconbi nase has been descri bed previously (Arakawa et
al ., 2001). DT40Crel AID / was generated by the
1.t APein@shtel ﬁﬁMﬁhbgzlﬂb@ﬁn betdcoiverstdd &l EBydrniE466% bY a
(Arakawa et al 002). AIDR was derived from
Dfaaar} N@me‘hﬂf@er stable integration of a fl oxed
Al D- 1 RES- GFP bicistronic cassette, in which both AID
and GFP are expressed fromthe same b- actin pronoter.
Heaginjt iy repased st 4b\@éfd1 oFf WEPosrDRirpict 4 Rrfispeadept g Rypgpuutation in
chicXPedell tideD K46 This sthofs thatSf gddb eonbdradaSihEIgbamtistiontate bmpeek

i nt egr at the co {nto .t rearranged
oA LS PG RO P T el yRrRRs Y Eskpiiieo s
prée}GRd asTaidyeltngdelisysteago appioadh ﬂafmqtpyuy@eiebha@@x ofdg bripbrmuiationtahd
asqgév?{oblqg}zﬁ);ztumﬁ & re yV gene loci starting 0.4 kb
upst ream of yVZ% and endi ng one bp downstream of yV .
Al DRyVpart'al was produced in a simlar way as Al DRyV
Mbyhddgsansf ecti on of p yVDel 3-25 whi ch upon targeted
integration leads to a partial deletion of the yV |oci
starting 0.4 kb upstream of yV25 and endi ng one bp
dodaislinee @MY whiAB disflayls inceesed Igrzeneamatergbedyt togpemdt tiagsgene
anMVForn?amgg g}(l@%@%@) rgl\é!:og%ﬁlaéé h%%%&lrdesgﬁlgd gﬂl%@vﬁ@raﬁm et

erived fromD by "
al. ROD B PHIG ™ AN ovamesneraiedzy the targetpd rupiReebofidHE aﬂ%ffSPBW‘ﬁ’é 1
(Atdkanst 85000 AR WKREEZIRATKHOEHATDO Bk StabletistegrdHon Moxed

havi ng_under gone t ar get, i r on were .i.nitiall
ADBRE P Bt orE s tel i e e 8 e 4 i
acﬂ&ﬁfﬁrorﬁdﬁ@mmw vafaﬂ&bﬁivégﬁoﬁmbq‘lﬁfl’nﬁns&lcmﬁl ofyryal I}bSI-_B.(Flk gA). Stable
v . cl oni ant | t I
ST B R Bk gbtagt Al b
1dd;ne®d byl @swsp d@éld PE@R. éf‘angctmtygrémn k@B 125 gepults HQ@EU%)EWW fhe

enﬁlje gﬂfegEneqﬁc? ?Kﬁh&l 0. 4“1% stérﬁagry W?aﬂ%l E&{%—&e lﬁ@wﬁs@ee&rh& le

n franes t of the origin
A@iﬁ‘g’(“‘alyvampchlmdn(&r@bswm AR Vay, transfagting)of WV%FHg%ﬁ@lch

up&ptg.r\éggdslhtg atfo Rk 'tcP acﬁ%'ual-réélemnrb!f Kk %€ 1R Rrtnp b EL QQ hﬁfé@éim of
artificial nutations, PfuU tra hotstart

v{(Serhrdgernepr dpestree ot V¥ Celhepitnt e asisrPD P prned s
pr&ﬁﬂ&lﬁﬂb@drlﬂ@i (Ak@EvE-ef 2NTO2)PARGCIR TraPGRvaltbml I4b TGyt detetiai n

am(% gmi_wgg V&%{ﬁceeffg fg%%ﬁ agnsﬂg&sxsf%a@cx (@%ﬁ Gl casgucts

awa e pr onot er i ntron
Clpnsghaving widegepeltirgghed lrxﬁ,elawlw vr?reaglﬁaﬂd lft?mé“ﬁfé‘@’ lonerranse Bt e g
XIUSE3NBlefidAGML theh JoRHirted 1 SBktekok BMEASRisPr i mers. Bu-1 and
EFI a genes were anplified using BUL/BU2 (BU ,
Ig reversion assay. Subcloning, antibody staining, flow cytometry and quantification of
sIgM expression has been described previously (Arakawa et al., 2002). All clones used in the
study were sIgM(+) due to the repair of the light chain frameshift of the original C118(-) variant

(Buerstedde et al., 1990) by a gene conversion event.
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GGGAAGCTTGATCATTTCCTGAATCCTATATTCA; BU2,
GGGTCTAGAAACTCCTAGGGGAAACTTTCCTGAG  andEF6/ EF8 ( EF6,
WOHBSALEET CCGAAGAAAGAAGCTAAAGACCATC;  EFS8, PCT/EP2005/001897
GGGEECTAGCAGAAGAGCGTGCTCACGEGTCTGCC) prinmer pairs,
respectively. The PCR products of these genes were
cloned into the pBluescript plasmd vector, and were
sequenced using the ML3 reverse prinmer. Results
Targeted del eti on of yV donor sequences in the
I e RCRaANgedlintizeFOR-infvdiond drdfGinsmiiviony Mukitre bistatutolymerase
(S V\,%Eh%&é %gﬁ MG o ﬂ@cg‘ﬁongylor% Q{]Ueﬁb%ggﬁﬂg-%ge BRRIREBCR &nd Ig

flank the i nten tion end pomtsﬂﬁahﬁream
lighhthald SRAADEIPE UGS BrFfomnef pryugesrilAnRRY SHb s IMSosy |
profSOShEI-A@5@In BASSE I I MK AR ddnesdbere, sed@ORd] usink)ho V13

tar ed inte tion irst co ruc | - 25,
Ty PR Bt s L Mgt 00 SHip BB Rl
GEesAGATTARIATUTCCTEANTRITATATTCHS Bt es npost pseudogenes

&ﬁ@ﬁAdMé@Cﬂt\Eb@GAA@CTﬂ“G@MA &R dreibpaskt i ve

%gl\/é# | one, derived from DI40Crcl Al cells

f AAACKYNTANAGAIAI ) on and st abl e
GGGGemmA@MA@&G@GTG@C@@GAGDCTRES pfimatpeirsn@atpertiviip JbeRCR

entr e
e Yo Bt e B R B P B RN, B kO Rnceg,
uspng s AGIBirevesEdinel- one, named ATDR, has the advant age

that the appearance of deleterious Ig light chain

nmut ati ons can be easily detected by the | oss of slgM
Réﬁ%ﬂfsessmn and t hat GFP-nmar ked ATDexpression can be

shut down after tanoxifen induction of the Cre

r econpj nase trans ene inherited fr DT40Cr el (Arakavva
Thageted dcletigd ) doPSRRY F1e SHEPREETEN B0 PRE |

KN @A yOUhodk @S bistittsSverdthade byhionik PiRoic meqncwmmiﬂemuhq‘ c
111\%’5l deg dé’leq%xlx g’ntdgi.ét sQrQa%’?‘anﬁg eg}n%ga 1‘1&&9& #}ﬁ;sﬁhgﬁﬁ)sﬁf

e ght

rearran ocus. were | entl
trmrfers-@ 99pSpifPed ekﬂr#o@&%‘éﬁon Eresisegreadiop G icbx ed
PP VIS BEMRes alf REudbRBRNL RLS 9PV )rm&kae Fhe GROE! cbiidtriid) @y VDel3-25,
rearranged |'ight chain % ‘n@A E&IAI%}I ﬁ r!gene
defpfos Py chb@enﬁsr%{é% o) Efoe: A SriAwd i YpEe
deﬁeddtfwmbjmb@lﬁalj]’ adle Mraltava g1t 1202) b}ctranﬂafctl@hn@mmq mtegratlon Of a

9 C (V]
ST AES Dy | PEATRRY 1Y 5101 exitnaty

thipyV Kiavk pedorilctit TorAID Fasorsied sheny., remedc IR whwvan‘fage that
thk&?&{fangéﬂf d&ét&faﬁ‘ssxg GQM Lkgmb&tah&@ Late gasﬂ%ﬂe%ftem(\j/heﬂbsﬁ ISIBI[g)M
ete onl ~an a
B ioR &I é%w&rkf%‘gl& Pl ERoTH W’tiftffpﬁg@g‘ﬁb“&““m of
th¢ BdeEecamioinabd tBndgtneVigenited fdn) DTPHR (Adblewugel. 80020 f yV genes
in 5815‘ g%ﬁsi%”&%%f tnd Wﬁmo%ié th BonbtAEN S ARLATHR Qlox?egﬁ&c%bﬁéﬁbh@f

expressi on cassette were confirned
aCSGEPESWeTrC#PnEﬁI cottaipipippepddeletmng of thepjarange! lrsmhelﬁogus V) |
1d£rﬁ§9§@ﬁe'sé’;§§rr¥ry WV knock-out clones contain two floxed transgenes, the inserted gpt
marker gene in the rearranged light chain locus and the AID-IRES-GFP gene of the AID®
progenitor clone. Since the gpt gene might perturb the adjacent transcription or chromatin
configuration, the primary yV knock-outs were exposed to a low concentration of tamoxifen and
then subcloned by limited dilution. In this way, secondary yV knock-out clones could be isolated
which had either deleted only the gpt gene (AID?y V™ and ATD®y VP or the gpt gene together

with the AID-IRES-GFP gene (AID™yV and AIDy VP The disruption of yV genes in the
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Increased | oss of slgMexpression after deletion of yVv
genes in A) positive clones To estimte the rates of

wa@ledoengrssous | g nutations, slg expressi on was PEEEP206%001897

by FACS after two weeks culture for 24 subcl ones each
of the DT40Crel, ATDR, 0140 1Al D andyV knock- out
clones (Figs. 2A and 2B). Analysis of the controls
with the intact yV | ocus reveal ed an average of 0.52%

“and 2.27%slgM-) cells for the DT40Crel and Al DR

reTBRee bl cherin dgyesond the brpisiol o ATD b ey-ctbré8BHochsadite tviie céhfididd by
Shihdah blotRAMisQEE. 18Dk ¥ER SRR s RQALAASOUSl y ari sing

sl gMQ DT40 variants denonstrated that about a third
contai ned frameshift nmutations in the rearranged I|ight

Tndnenisest Inés o mprwﬁiblchtemalﬂloﬁ ey gback i AIDYRiiOSUsTes Of
th er @tirge%ﬂﬁe Iggpéﬁglélax%ﬁs 1% mu a 1<I)nts %Ié%x%eesgl?ntn\nefa% ?ﬁ%ﬁaﬁeﬁgy Eﬁ%?t

1990). This view I's nhow suppor
o9 8V oy ks el fou st SOXBOGrRathAf B> D49 &n@D , WK A Otk 6V

kﬁt@ﬂ @utlcQ§Js (Fl%f&/i Qad@ﬁﬁ ﬁnaﬁﬁﬂ\éﬁ'ﬁec‘ éogﬁ‘]olﬁ \9 Ehltl\llel n%cycl’t g§tlocus Vefl'ﬁiean

nes
aV/ﬁfaﬁf %3:9559( 520G N %&%@l@d&ﬁw ﬂ@lQSFﬁ%Céf @A@*\ﬁubrmes réspeafivgly, but
omé DBRV/foy the B afieA 3G wmud;sa%eysﬁ bﬂs%ma)neqaﬂp &Hs%g %191!01%-) D’{40
v g og 2 ye nock- ou
4 %%ﬁﬁﬁ?i{?t%&#ﬁq%par% BAB 5 Pettdn e Sremeed o
Ch(dF-“l g%egm@Aw%zﬁuW%)egardﬁﬁ ﬁ@mg@gte eftthe I beab cdnfrasichekitity on of
(Hubxerecmsemogem eﬁuﬁz’i@@ﬂ?ﬁo‘w‘%@ﬁp'oﬁ(ed'b? &k BABRSHA e Aﬁ% gau%

cat, eri hai n tations in AIDex Si ng
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Neverthel ess, the majority of AIDRyVpartial mutations
are single untenpl ated base substitutions as seen with

W b@se8BRYV cells (Fig. 4A, Table 1). Only 3 bBGEEP2005/001897

substitutions, which possibly are PCRartifacts, were
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DT40 and the Al D\|/V cl one (Fl g. 4D).

To identify the mutations responsible for the loss of sIgM expression in the AIDMyV- clone,

94 light chain cDNAs from sorted sIgM(-) cells were amplified and sequenced. Although one
short insertion and five deletions were detected in this collection (Table 1), 89% of the 245 total
mutations are single nucleotide substitutions within the VI segments (Fig. 5). Surprisingly, only

about 10% of the sequences contained a stop codon or a frameshift, suggesting that the lack of
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To identify the nmutations responsible for the | oss of
sl gM expression in the AID yV clone, 94 light chain

we DNwstssom sorted sl gM-) cells were anplifi eRCEHREP2005/001897

sequenced. Al though one short insertion and five

del etions were detected in this collection (Table 1),
89% of the 245 total nutations are single nucleotide
substitutions within the VJ segnents (Fig. 5).
Surprisingly, only about 10% of the sequences
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Ig praus sectficity ofdfypéryypentiout at i on .1t has been reported that
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atin ra ce | nes
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indirectly induced by AID. The default processing of this lesion in the absence of nearby donors or
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single nucleotide substitution (Fig. 6, right side). However, if donor sequences are available,

processing of the AID induced lesion can be divided into a stage before strand exchange, when a

shift to Ig hypermutation is still possible and a stage after strand exchange when the commitment
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The induction of Ig hypernutation by the bl ockage of

I g gene conversions supports a sinple nodel explaining
whowskyggssr nut ati on and reconbination is initi aP@UHEP2005/001897

regul ated (Fig. 6).At the top of the events is a

nodi fication of the rearranged V(D)J segnment which is

either directly or indirectly induced by AID. The

default processing of this lesion in the absence of

near by donors or in the absence of hi gh honol ogous
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dIfIC
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An Ig VT replacement vector, pVjRepBsr, which allows to replace the Ig light chain VJ gene by

any nucleic acid target is depicted in Fig. 7A. A potential target for mutagenesis can be cloned into
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hyper nut ati on The gene encodi ng G een Fl uorescent
Protein (GFP) is an exanple of a target nucleic acid

wokioshsissan be genetically diversified using theCOBP1005/001897
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type honol ogous reconbination activity. .The cel
aE%ordlng to claiml or 2, wherein the cell has an
unaffected proliferation rate. . The cell according to
8. Tanyellemerdof tc hgionsoftlatns 13¢ 7, wherie e célhiea DEH cell gr a[dkityative
rgpaisr proficient. .The cell according to any one of
claims 1 to 4, wherein the cell is an
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dexiinesd (AIDOM chi cken, sheep,

10.The cell according to any one of claims 1 to 9, wherein the cell is capable of directed and
selective genetic diversification of a target nucleic acid by hypermutation or a combination of

hypermutation and gene conversion.

11.The cell according to claim 10, wherein the target nucleic acid encodes a protein or exercises a

regulatory. activity.

12.The cell according to claim 11, wherein the target nucleic acid encodes an immunoglobulin
chain, a selection marker, a DNA-binding protein, an enzyme, a receptor protein, or a part

thereof.

13.The cell according to claim 12, wherein the target nucleic acid is a human immunoglobulin V-

gene or a part thereof.
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cow, pig or rabbit. .The cell according to any one of

clains 1 to 6, wherein the cell is a chicken Bursa
wo youplsose2 cel | . . The cell according to any oneP@I/EP2005/001897
claine 1 to 7, wherein the cell is a DT40 cell or a

derivative thereof. .The cell according to any one of
clains 1 to 8, wherein the cell expresses
activation-induced deam nase (AID). 0. The cel
according to any one of clainms 1 to 9, wherein the
145&& dell h@ordapmbslagn Uf wigh ¢ie Gt exketmdles etidonizinea ganeipiie
glﬁa&gyy Elbgal b QRrAh: By deigeget nucl eic acid by
ermutation or a conbi nati on of hypernutatlon and
ene conversi on The cel | cor 0 cIa
15 fhesel psort e oray i‘:}%f’f chifet B @ 14, 2o ﬂ@&%&f& e g‘%ﬁ“ poe
exaicadesamblaof segiil ata@geie @otersiantdynor Rr ik @rgbedulcleia@@@ r d| n g
to claim1l, wherein the target nucleic acid encodes

163He Aeﬁ“&@d&@ﬁé Q% 40 0&&%910 t@ 15 &k R Rer g KRIC acidis integrated
DNA- bi ndi ng protein a receptor proteln or

amfi’a?ec"hiof’il@?"%f“ a dgﬁ“f‘i]lé"’%t@f‘ Py é@&%‘} BeEg " Po cl ai m 12,
wherein the target nucleic acid is a hunan
17wamnaghﬁhgkmmy&@ehetnsHaop@m&m@h@memﬁﬁmmbmhéd@ewmww
afGod tg Icgl-zgrolthlclgL Qc'id.ge%gncemgtrdﬁéc@ anQtﬁ; dRfs@RlioRuc! ei ¢ acid
contains a transcription regulatory el enent or an RNAI
sequence. 15.The cell according to any one of
18 T qeb acpardingyoapiednd ot ohEmE By tp 11 R e el iparhe t‘éettafﬁeéa% el
" ofnl if e QUeBCR:t Gafiakl eleofondeceils fghpasSngmgainef edinnelris radh
d nor Egﬁaﬂggntarget nucl ei ¢ acid. 16. The cel
accor to aﬁy one of clainms 10 to 15, wherein the
t ar get nuclelc acid is integrated into the chronosong
19 gbe ol ehspriling 4 claie B Mistrib e todictrativridiferierian fopc sopvifpbihe
C@lobt 1RQGOKEH ABinttR: o8I ¥n EHRReIDurfEde 8 dtsidk Ihelo@ll. 16, wher ei n
t he target nucleic acid is operably linked to contro

20 S'F%cgﬁ gcic?r ]8%1 0. c% qHKB nhle e glg t1@:(:&2l 061 C% Y dnc@r%&?%écg%nyfor the actn]gty ofa

ctepartgpnudléicead. 17, wherein the cell expresses the target
nucleic acid in a manner that facilitates sel ection of

2166 Jeﬁ a&&ﬁﬁg {osah}n(gle otH.8R¢ B 1950, SABbEin @&iﬁﬁcﬁhi’ersﬁﬁhtd)n bee tageta

des ctivi accor

e Pt an Teseai Fateo Ll fofle Ao

activity of the target nucleic acid within the cel
22@he el ecoerding toslainf 2lg heesin tha mefitdsion jsky eigspqting regulatory sequences.

O;

23.The cell according to claim 20 or 22, wherein the modulation is by varying the number, the

orientation, the length or the degree of homology of the gene conversion donors.

24 The cell according to any one of claims 20 to 23, wherein the modulation is by a trans-acting

regulatory factor.

25.The cell according to claim 24, wherein the trans-acting regulatory factor is activation-induced

deaminase (AID).

26.The cell according to claim 24, wherein the trans-acting factor is a DNA repair or

recombination factor other than a RADS51 paralogue or analogue.

27.A cell line derived from the cell of any one of claims 1 to 26.
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O Thecel | according to claim 18, wherein the selection
is an indirect selection for the activity of a

WO es/08m52 nucl ei ¢ acid. 1. The cell accordi ng tPCHEP2005601897
of clainms 10 to 20, wherein genetic diversification of
the target nucleic acid by gene conversion and
hypernmutation i s nodul ated by genetic mani pul ati on.
2.The cell according to claim21, wherein the
nodul ation is by cis-acting regulatory sequences.

284 Tehugiel ansgeiomitiahgpnipining|adymh@i0 calihafify sanhenedrsipntiily or

Meyehigh18trbMBedibs hid¥rmMatidhl Wlerbih @a@é&ﬁ’ﬁ%fno dglgfgnogg ﬂmﬁmoﬁst ih Q8es

the | engt r the de onol ogy o

P et ARG P e kAT BB, SRS “Sehgh Brseoobi of
c |dapateg aBelpativoBpetintigerafiomtibing anmbgénirt thirgd nicteidoyid y

t rh%l&%mﬁz@l%ﬁ 89 SRl PF eﬁaﬁéngﬁ and%en-glggnvgx%oh according

to claim24, wherein the trans-acting regul atory
gAI D). 6. The

%%g 18 gj acti vati on-i nduced deam nase
U Frepg® ¢ cerbly ¢h Bacted e peletiverretis Siuralicationiofy
f dezgebmucieis a@dd @N&am@p@m oroat‘ combinaivh Iof]l@bd:rmﬁtaﬁcﬁ&ﬁcbg’enmohﬁfsmn

t Iaéhrllp w&lanﬁé 11 l0i el@&?éb?e%f%én}p&r@erg% \!v1f z{g@l?etlc

derived on1t
2 GO%WCNOHWN}W%C&HFW prd (Briflestidying o atldievipg e @dogenous
| Wrgahoord fresedeht thtasf igacgioneh GOAMST mitionadiall | y or
partially replaced by hypermutation, wherein said cel

el eter]j i enes codi :
o088 PGB R l TP OBt P Sl ARTRT: S0 Ry gucti
vvh@i @ﬁhﬁf eoafais @ depst Onegu‘éeacpaﬁbd @pable of pareug se d gema donse@diendonare
gen ek ieeetiuMat sid i cation of a transgenic target nucleic
acid by hypernutatlon or a conbi nati on of
on en version. 29, A nethod f
> Ef¥§ pa‘wﬁ&“&m& 81 Pam&% 55 ST S 5 g DEC G w0 i
geméﬂw@dUum@msu@m¢aﬁh@ﬂbgmma target nucleic acid by
hypernutation or a combination of hypermutation and

32@&@&&@@&@@% mnmerpma%m %31 fubthd @&ﬁﬁg&g @Quﬁsf{e&(ﬂ?ﬂﬂ%e‘ﬂ
eneti Cc

g truga hl e %ene conversion wth

SRR AT PHRE “t"’Ffémr?%FP’@lBrfS“ﬁ&é‘fpé’i‘t?f B Ppablefeips)
i d8venetl py hetagetmadldic da@vi Nng t he endogenous V-gene or a
fragnent thereof replaced with the target nucleic

33 @Eé rﬁietho@ac-:l;a@ﬂgio mn@%gﬁﬁg o bPrAhAR b(ﬂﬁp%%ng m%&h&alt he

netic construct containing the target nuclelc aci
fﬁ??ﬁé? @Hﬁﬁﬁ?ﬁ@rﬁ?hpﬁég?b one nucleic acid capabl e of
serving as a gene conversion donor for the target

34.ipohetiiod ofting 33, ¥héfhiethaemhroding cgokdivigidr & activatiomiR@cedr
3RemMhre b the locus containing the target nucleic
acid is constructed by multiple rounds of

35@$ cti n. 2. The nmet hod according to any one_ of

o 5P 4 Fsegp PHEm ST SPTiER ?*e yeraet g ad fgeried

t ihfie theetll chromosome at a particular location by targeted integration.

36.A method for preparing a gene product having a desired activity, comprising the steps of: (a)
culturing cells according to any one of claims 11 to 26 under appropriate conditions to express
the target nucleic acid, (b) identifying a cell or cells within the population of cells which
expresses a mutated gene product having the desired activity; and (c) establishing one or more
clonal populations of cells from the cell or cells identified in step (b), and selecting from said
clonal populations a cell or cells which express(es) a gene product having an improved

desired activity.
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fromstep (b) with a further genetic construct
conprising a reporter gene capable of being influenced
whooskgossar get nucl ei ¢ acid. 3. The net hod accordi/RBRD®001897
any one of clainms 29 to 32 further conprising (d)
condi ti onal expression of a trans-acting regulatory
factor. 4.The nmethod of claim33, wherein the trans -
acting regulatory factor is activation-induced
deam nase (AID). 5.The nethod according to any one of
370hainétBod2€:otding Bk]laimbre whdraintstaps (Dand@) arnitredtie¢le repeied | s
inserted into the cell chronpbsone at a particul ar
38 l’IﬁglﬂgtthrAcJaMlm% ¥ @5hd of M REEALdnPRisin SirstdPRE BB O51f genetic
preparing a gene product having a desired activity,
cOipifisify the steps of: (a) culturing cells according
to any one of clains 11 to 26 under appropriate
3900adéthddansrding texpemestaldiie 3¢ @Bgothenindicalversdioitidn ofthy)target
Cgv]ﬁtfgc a% & flethargé%lsL otk b tike popul ation of

expresses a mu ate gene product haV|ng

t he deS|red activity; and é 6%% shln e
%%m%%wWHWMWM%WwW W%%Wﬁw%wm“
i dtehddforfes dbwh-rsdurpon(dfjhe eamrebsiopbfactisragtifgreamiabgi febte] onal
popul ations a cell or cells which exvpress(es) a gene
41 %Qﬂé{ﬁd aPRN i h iy thRBéPéliﬁ thedQSl Ol r@fiaiodi thfor hcthaon-
accor to claim36, wherein steps (b) and
6¥w§4§ﬁWP§F8¥Pgely repeat ed. 38. The met hod accordi ng
to clainms 36 or 37 further conprising the step of
42806 éfaticeifacofdingge metohaof dibinsy19itd 26t Fedifine @9ordihgtoainhyfor
f ¢l wt o 38, wherein the
d§%§£§ﬂ¥@%§?§%ﬁ¥gﬁﬁﬁﬁ§$%g#gﬁﬁgﬁﬁ§|e,c acid is further
nodi fied by target sequence optim zation. 40 Thenet hod
according to any one of clains 36 to 39, wherein the
genetic diversification is switched off by
down-regul ati on of the expression of a trans-acting
regul atory factor. 1. The nethod according to claim 40,
wherein the trans-acting regulatory factor is
activationi nduced deam nase (AID). 2.Use of the cel
according to any one of clainms 10 to 26 or a cell line
according to claim27 for the preparation of a gene
product having a desired activity.



