WD 2005/ 080552 PCT/ EP2005/001897 1 5 10 C 15 20 Methods for Genetic
Diversification in Gene Conversion Active Cells The piesent invention
relates to a nethod for directed and sel ective genetic diversification of a
25 target nucleic acid sequence or gene product by exploiting the

rel ati onshi p between i mmnogl obulin gene conversion and hypernutation in
ant i body- prquslmg o&ell s, as well as to cells and cell Ekg S20558 Le of
said genetic dlverS| |cat|on Many approaches to the generation of diversity
in gene products rely on the generatleh of a very 30 |arge number of

mut ants whi ch are then sel ected using powerful selection technol ogies.
However, these systens have a nunber of disadvantages. |f the nutagenesis
is done in vitro on gene constructs which are subsequently expressed in
vitro or as transgenes in cells or animals, the gene expression in the
physi ol ogi cal context is difficult and the nmutant repertoire is fixed in
time. If nutagenesis is on the other hand perfornmed in living cells, it is
difficult to direct nmutations to a 35 target nucleic acid where they are
desired. Therefore the efficiency of isolating nolecules with inproved
activity by repeated cycles of mutations and selection with sufficient
efficiency is limted. Mreover, random nutagenesis in vivo is toxic and
likely to induce a high | evel of undesirable secondary nutations. WO
20051080552 PCT/ EP2005/ 001897 -2 In nature, directed diversification of a
sel ected pgcleic acid sequence takes place in the rearranged V(D)J segnents
of the inmmunoglobulin (Ig) gene loci. The primary repertoire of antibody
specificities is generated by a process of DNA rearrangenent involving the
jqgining of imunoglobulinV, D and | gene segnents, Follow ng antigen
encounter, the rearranged V(D) T 5 segnents in those B cells, whose surface
g can blnﬂ the antigen with |ow or noderate affinity, are subjected to a
second wave of diversification by hypermutation. This so-called somatic
hypermut ati on generates the secondary repertoire fromwhich increased

bi ndi ng specificities are selected thereby allowng affinity maturation of
the hunoral imune response (MIstein and Rada,
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Methods for Genetic Diversification

in Gene Conversion Active Cells

The present invention relates to a method for directed and selective genetic diversification of a
25  target nmucleic acid sequence or gene product by exploiting the relationship between
immmumoglobulin gene conversion and hypetmutation in antibody-producing cells, as well as to

cells and cell lines capable of said genetic diversification.

Many approaches o the generation of diversity in gene products rely on the generation of a very
30 " large number of mutants which are then selscted using powerﬁll selection technologies. However,

thess systems have a number of disadvantages. If the rmitagenesis is done in vitro on gene

constructs which are su'bsequen.tly expresscd 7 Vitro of 8 tansgenes in cells or animals, the gene

expression in the physxological context is difficult and the mutant repertoire is fixed in thme. I

mutagenesis is on the other hand performed in living cells, it is difficult to divect mutations fo a
35  target nucleic acid where they are desired, Therefore the efficiency of isolating mc_)lecules with

improved activity by repeate& cycles of murtations and selection with sufficient efficiency is

. Ihmited. Mdreo{ref, random mutagenesis iz vivo i§ toxic and likely to induce a high level of

undesirable secondary mutations.



1995). 10 | The nouse and man i nmunogl obulin |l oci contain |arge pools of V,
D and f gene segnments which can participate in the V(D)J rearrangenent, so
t‘hat significant diversity is created at this stage by random conbi nation.
O her species such as chicken, rabbit, cow, sheep and pig enploy a different
strategy to develop their primary Ig repert'oire (Butler, 1998). After the
rearr angenentyob,.a..si0gl e 15 functional V and J segment, piued Mloiser
diversification of the chicken | i ght chain gene occurs by gene conversion
in a specialized Iyrrph0| d organ, the -Bursa of Fabricius (Reynaud at al.,
1987; Arakawa and Buerstedde, in press). During this process, stretches of
sequences from non- functional pseudo-V-genes are transferred into the
rearranged V-gene. The twenty-five pseudo-V- genes are situated upstream of
t he functi onah rdrgénesdinesiShamne! seete rckic koteiagy tlsbhcetidte: Mo2@edgene.

Simlar to thgps 'ngHéh'és'oPﬂﬂaﬁnﬂlm&EELQbuﬁrﬂ@gg W06, TﬂJthﬂ&txé@e&E@:Eb’fVaﬁ%Poch” after antigeh

encount er takes by hypernut a |on in th I"'eni.c germnal centers of
the chicken (BFAR %g%"’a § by’2 prpesgey DNA ﬁﬁm%?%v°§%qj°%él fic activities of
| g repertoi r enfogpghetliindi D; ad &gves sexpnneFdlrene e@m:adnamteethaahmpged’,?@m?)

hypennut at Boﬁeﬁi@ﬂsﬁﬁ%%gﬁs%&%a&%%m%@gﬂh&ﬂwﬁwmgéﬂwg lara  2000; Revy

et al., ~- uir pr essi.on of th Actl tiop | nduced Deani nase
(AID) gene. V%beftea%afcfo’lggﬁve Oﬁedf‘i'f“fl § %’P%‘B@%"d B5*¢° a DNA edi ti ng
enzynme ( Mir arieggiatiom gatsgateﬂt@@sgc)oedarmﬂetm@eﬁeeWbmquﬁehse@mdmmm@tﬂe aehat Al D
directly mdisilécesmwmwmge@ﬂiyma@a ofAffe HeMdA BintiBe teBhokth AiBich afd@adaNOI @ and

' Neuber ger, However, the cytosine deam nation activity nust be
further re uI at ed because only differences in the type, the |ocation and

t fe proced8ing of the Al D-induced DNA 30 nodification can explain the

sel ective OCOH @R wh iGN Bl RihinOirzebyit MLDatd eneisiuaifhiel ent  speci es

and B cell enyironme t&evﬁﬁ%@%émm&,ho%& ki %ﬂicmm&c is I%gfsdadh&s AlP,yrut ati ons

affect switch reco |nat|on pernutation, It was

suggest ed t h&TPR °B“%E?Ts°‘?%§’eﬁsﬁd%‘ﬁgh‘°&?n: rébbﬂrf{')“’ F%iefmdptgam%‘t’yaﬁdfff%ﬂ% tch

recombi nat i omtafedieic Stelaptiheir 2ROE); Ir BparnietButlat 192). After 20083manc8benfufabinedd s of DT40
knock- out Ifmtﬁﬁ&ﬁaxﬁllV&QlT §1§ ﬁﬁtﬁ@ﬁw&sﬁﬁaﬁﬁ%‘éc?ﬂ:@éﬂ%g%ﬂ&%\f&rs%& g -, 1997) and
ot her nenbers of .the orrbl naﬂgl on refgalr \ga %Fgg needed for’

ef ficient |g°°§%°ﬁseﬂm@5??€f %‘%1 ‘(1%%{?3 ooty Byﬁ“ %’b h of RAD51

anal ogues andra}wammd@g@@fsidﬂr edmeb@mmgmgen@ssmtc@é}@ﬁﬁﬂs@%ﬂomﬂ EP2005/ 001897

-3 conversi Oﬁmﬁaﬁldsdﬂﬂiﬂ@%&eﬂ%ﬂﬁisﬁﬂéﬁitd t@eﬂeah‘ Fédhﬁgcﬁ@%ét@&%ﬁﬁir ebde@hly- chai n gene
(Sal e et al. Ecnes arem ?{edfupéﬁiggneégheggcuonaﬁ; enean shgr%:t qulﬁrr]me omolggg%%ﬁlep-y horol ogous

reconbi nati on can ene conversi on £ on Recent 1y,
first cel P9 s¢gat é‘ﬁ*éaf Wéwm%@nﬂ%@ﬂ%é@nmﬁﬁmwﬁ%wg*ﬁémﬁﬁ@%enon of

somati c place by hypermutation in the splenic germinal cenfers of the chicker: (Arakawa et al., 1996).

Alltbres B cell specific activities of Ig repertoite formation — gene conversion (Arakawa et al.,
(’ 2002), hypermutation and isotype switch rccomEination {(Muramatsu et al., 2000; Revy et al,

25 2000) —requirs expression of the Activation Induced Deaminase (ATD) gene. Whereas it was

iuitially proposed that AID is a DNA editing enzyme (Muramatsu et al, 1999),' more recent studies
. Indicate that AID directly modifies DINA by deaminetidn of cytosine to wracil (D Noia and

‘Neuberger, 2002) However, the cytosine deammauon activity must be firther rcgulated becanss
only differences in the type, the location and the processing of the AID~mduced DNA

30  modification can explain the selective occurrence of tecombination ox hypermutation in different
species and B cell environments. Based on the finding that ce_rtain AT muiations affect switch
recombinztion, bat not somatic hypermutztion, it was suggested that ATD nesds the binding of a
co-factor to start switch recombinatior. (Ta et al., 2003; Barreto et al, 2003}

35 Analysis of DT40 knock-out muatants indieatas that the RADS4 gené (Bezzubova et al., 1597) and
other members of the RADS2 recombination repair pathway are nesded for efficient Ig gene
conversion (Séle et al., 2001). Distuption of RAD3] analogues and paralogues reduces Ig gene



hypermutation in the i munogl obulin |locus to generate mutants of a target
gene in constitutive and directed manner. These cell systens allow to
prepare a gene product having a desired activity by cyclical steps of

mut ati on generation and sel ection. Thus, WD 00/22111 and WD 02/ 100998
descri be a human Burkitt |ynphoma cell he (Ranpbs) which is capabl e of
directed cons&bg&%kMgigilo hypernut ation of a specific ngehﬁﬁﬁ:ﬁﬁhg7region.
This mutated region can be the endogenous rearranged V segnen? or “an
exogenous gene operatively linked to eéntrol sequences which direct
hypernutation. A significant disadvantage of this cell systemis that human
cells cannot be efficiently genetically mani pul ated by targeted
integration, since transfected constructs insert primarily at random
chronmosomal posidsicond indicbs A 24108 BrralSidizid s EeaSleanoi e cel | system

for generati “&gﬁgiﬁﬂgﬂtg de?cyﬁ%_ii}zj& teYeid b?hotinlaﬁgo{lsgecl)ﬂﬁﬂ§on SR, LS DAREM, ON the

chi cken B cel| ne DT40. 0 continues gene conversion of the rearranged
|l ight chain i F$Bul i n gene during cell culture (Buerstedde et al.,
1990). Inportantly, this cell Iine has a high ratio of targeted to random

i ntegration OfeckliRBSf BELEGs 20 SRS dGBick AiSk B h Oy 6f Lihaab €Nt genetic

mani pul ati on (Buersteddée and Takeda, 1991), Accordin to WD 02/100998,
del etion in ﬂ%ﬂ@%@%%&ﬁ‘ﬁ@&%@g@@&“ﬁ? gfnﬁé%ﬁﬁﬁﬁffagtéﬁétgﬁm%%n%@gei nvol ved in

honol ogous: r ebitsiteiatasn Thyc-IDierselpaitrrrdede fo pedddbavinas éesifed adjeilye  conver si on

&?d a si rruhl L BRABUEsREE iéau@ﬁoing@sﬂo?mQ_ﬁsaautrﬁ&,imo@iz111nﬁd wea/langed V lslegmﬁnt :
wever, the n | S ta?e Q .tQ%s remis that the mutant cells have

a DNA repair %%#Bieé ﬁ%?%%urg%%rmg .'élcri‘etuémcf yo@{v%gh 13@&?%%/5 og%r?%t? Nk v and

chf orosondl i eeresiie o ysoecifreuqrinagirgionalhi ouiatresiar denty frepdorerat i on rate and

a 1 ow gene tiangRtd NGeuehidr & L43eAus gdib Beively Bukbdtb SonGYISiqedtds Shiffatdty suited for

efficient gene . diversiti I nd | ect] ré t .invention

over comes thggﬁ?ggl%%%%%g%%ﬁggﬁPﬁgﬁgﬁﬁggﬁgﬁ%ﬂéﬁ%ggﬁ%ﬁﬁﬁ%EE?EVides further

30 advant age<Tainiyatmpticalypponpiaed ey faged injesRionTPeREE Foetranstigsdiserhspect of the

i nvention t herieailst priosictedsanag@rigis cal | y nodi fied | ynphoid cell having 35

gene conveggsion fully or partially replaced by hypernutation, wherein said

cell has no i OUs tations in genes encodj.n ar.al ogyes and
anal ogues of %ﬁ@h&%fg%ﬂ?%a%ﬁ?ﬂ?ﬁc%ﬁ? & EORIRG ETS T ‘g'ﬁ'g ?%&%g%wsr econbi nati on
factors. Specihichisbdsddyn the phickend dell o ATAI INY0 sentfogks gypp eomvestiarl obous WO 2005/ 080552
PCT/ 552005/ 00:L8Bed Hglﬁrch"a;ﬁﬁﬁﬂﬁ&gﬂbﬁ%ﬂru@ﬁetiuﬂﬂgtcafoilmre[@g&rsﬁéﬂdielﬂﬁ., isagyact honol ogous
reconbi nati on chi pery,.the .accordin t.g the inyentjon is
reconbi nat i o'nrfmpa%%ﬁ&f’ epséiiéﬁrhnﬁra(s) JEE% R ﬁaarﬁggﬁéagdoﬁa ngr%l?%?ar’r??é)? ijf}?n gfgft%der ation rate.

20  constructs thus allowing efficient genetic manipulation (Buerstedde and Takeda, 1951). According

to WO 02/100998, deletion in DT40 of the paralogues of the RADS1 gens which are fnvolved in

homologous recombination and DNA repair led to a decrease in gene conversion and 2

=

simultaneous activation of hypermutation of the rearranged V segment. However, the main
( disadvantage of this sﬂfstem is that the rutant cells have a DINA repair deficiency as reflected by
25  X-ray sensitivity and chromosomal instability. The mutants also have a low proliferation rate and a
low gene targeting efficiency. Therefore this system is poorly suited forx efficient gens

diversification and selection.

The present invention overcomes the disadvantages of the prior art systems and provides further

30  advaniages as well.-_
SUMMARY OF THE INVENTION

In the first aspect of the invention there {s provided a geﬁeﬁcaﬂy modified lymphoid cell having
35  gene conversion fully or pé.rtia]ly replaced by hypermutation, wherein said cell has no deleterious

mutations in genes encoding paralogues and analognes of the RADSI gene which encode

important homologous recombination factors. Specifically, the cell contains wild-iype hom«):logous



The cell of the invention is an i munogl obul i n-expressing B | ynphocyte
derived fromaninmal 5 species which use the nmechani sm of gene conversion
for devel oping their immunoglobulin repertoire. These species are for
exanpl e chi cken, sheep, cow, pig and rabbit. Preferably, the cell is
derived froma chicken Bursal |ynphoma. Most preferably, the cell is derived
fromor related to the DT40 cell line. 10 In a further ?gﬁgﬂ%gﬁﬁ t he cel
accordi ng to YRS i on is capabl e of directed and se 3 g%%etic
diversification of a target nucleic actd by hypernrutation or a conbination
of hypei mutat on and gene conversion. The target nucleic acid may encode a
protein or possess a regulatory activity. Exanples ofproteins are an

i mrunogi obulin chain, a selection marker, a DNA-binding protein, an enzyne,
a receptor prebgibfiaidh fadodhd o HlbﬁfaﬁﬂcfmolokdﬂsIacoﬁﬁzﬁhh@fzﬁﬂdn@ﬂh@t‘.HImBﬁMg 15 the
target nuclei g aGl,ehbs lteLL%by]YaQJE%) al? é@g%ﬁem%d h%gar o 08ed:

i mmunogl obul i n gene. es of regulatory nuc e|c acl ds are a
transcription regul atory elenent or a RNAI sequence. In an enbodinent, in
whi ch t he tar@b@dhﬂ&bsﬁmma@hdnmmm@mmmms@ﬁﬁ@ﬁBb@ﬂﬁqﬁﬂﬁhﬁmamiﬁmmﬂﬁ

hyper mut at 1.0n58d . B8N1E, GORYELSh Beas LS bl 4. AREAL AliNLhiBekbia | Vet | On

contains at |east one 20 -sequencé cap servin ene conversion
donor for the™PEfiget™s ER?FI@F‘E? foz ppgrle ﬂhﬁkeﬁt S]TEEH’ Heye f’éﬁﬁ%ﬂ'i ?féfﬁrf‘ % PRElt ar get
nucleic acid mgmaﬂﬁ@m@gbﬂQUSmﬂmmbmmehaamd&mmameamaknmﬂédnmmdmﬁﬁncontrol
nucl ei ¢ aci d gegtenges. t hat direct genetic diversification. lam 25 In an
addi tional enbodinent, the target nucleic acid is expressed in the cel
according to the nvention in a manner that facilitates selection of cells
mh(éh exhi Bi t Ina fugbes prpbodimend ttie valltagrordifihie the iyychiisg fsiceprblod Airdgied apd eiertivet sel ecti on
for- the acti Vg-cﬁe.}ic @tersﬁibﬁoﬁ &'El @%Et nﬂﬂ%la@ﬁﬁrh?&jn@taﬂ\'jnt)m #mtihgioegl |, on the cell
zg{ fegfleoﬁr for grﬁl du atLtonhe %e.n% conve?sion ?he. taﬁ% ntugelcy acld yee-in%oge a%%%’c’ag %6&(3:5?&%5 age f 3‘? t Ihg:‘jl rect
enmbodi nent ; ﬂﬁ@hWﬁvgﬁﬁiEﬁmﬁﬁéﬁﬁﬁ@ﬁmﬁﬁﬂmQQWé@W@“ﬁﬁhﬁ§ﬂﬁﬁmﬂﬁﬂﬂﬁhte t he genetic
di versi fi cat | - oddidy bﬁteinaangﬁtrmenuedemr@mﬁﬁloﬂh phifithirfd® HoRdrtfered am:b:ﬂmfmg to the

| nvent i on. 5 The Jmdkbal Lo &A )J@gmgyofmﬁége&%w&m%ggmg&; ' ng regul atory

sequences, by varying i ene. conversi on donors y
nndlflcatlon1%?”*?gﬁ?”ﬁ@?@ﬁﬁmﬁﬁﬁﬁ?éF@FﬁpP%E$%?§“¥ﬁﬁﬁ ﬁgng%FWVE?lon i nduced

deami nase 35 (AID) or a DNA repair or reconbination factor other than a

RAD51 anal og q@an@ﬁlbc@&{eﬁ, 0 G them@t S8 did @ra%ﬁﬁeam YooRKRERS §ES

activation- |%duce t1deaa nase 15 gonq#% v&é ég%a gE%(QQSSZ

PCTI EP2005/ 0 B R e I R ST e 13 euf% Bt SUTded 2" €&l 1ine derived
froma celPf awpdredrnags wgervias 4 sweeprvirem dojepfoghe tpetfudeicadd enbodi nent, the cel |
line is DT40 or a nodification thereof. In a third aspect, there is provided

a transgeni ¢ ORI A ARk QALY R o SRR i Gledabiy linked o

control nucleic acid sequenses that direct genetic diversification.

- 25  Inan additional embodiment, the target mucleic acid is expressed in the cell é.ccord]’ng to the
‘invention in a manner that facilitates selection of cells which exhibit a desired activity, The
selection can be a direct selection for the activity of the target nucleio acid within the cell, on the
cell surface or outside the cell. Altematlvely, the selection can be an indirect selection for the
' activity of a reporter nucleic acid.
300
In a further embodimens, the invention provides for genetic means fo modulate the genetic
diversification of the target necleic acid in the cell acco;diug 1o the invention. The modulation can
be by modification of cis;acting regulatory soquences, by varying the number of gens conversion
donors, or by modification of trans-acting ;egulafox}r factors such as acﬁvaﬁon—induced deaminase
35 (AID) or a DNA repair or recombination factor ofher than a RAD51 auaiogua orv_paralogua. The
cell preferably expresses activation-induced deaminase (ATD) conditionally. ' .



5 havi ng gene conversion fully or partially replaced by hypermutation,
wherei'n said cell has no deleterious nutations in-genes encodi ng paral ogues
ahd anal ogues of the RAD51 protein, and wherein sdaid cell is capable of
directed and selective genetic diversification of a transgenic target

nucl eic acid by hypernutation or a conbi nation of hypernutation and gene
conver sion. |\Ra3gshksierred enbodi ment, the animal is chicken. In a
further aspect, the |nvent|on provi des a nethod for prengpﬁﬁmgm@E?T capabl e
of directed and selective genetic di versification of a target nucleic acid
by hypernutation or a conmbination of hypernutati on and gene conversion. The
nmet hod conprises (a) transfecting a | ynphoid cell capable of gene
conversion with a genetic construct containing the target nucleic acid, and
(b) 15 i dent ithyictgd Bpebifthdre i@Widage dliRe BRAQGEAPLLE «V-GR@NELSEERRNI #f a part
thereof repl ead ek iddiend 2 A8L priSL Bl ol figficCOT ding 10 @ Further
enbodi nment e genetic construct contal ning e target nucleic acid further
contains at |east one nucleic acid capabl e of serving as a gene conversion
donor for thelniw@%amremmvﬁhdhmgaﬁﬁmo{hﬁmhmuaceﬁ@ﬁm@i11jﬂ1pmgd tshe target

nucl ei c acsdhmg&@cm%hwﬂ ggméaym oS Ky B L ARSE8ELE 0 nQh, MUl ti pl e Tounds

of transfectl n Wth ¢constructs _containi ferent conponents of the
locus. CIn %“@WﬁﬁﬁFﬁﬁﬂﬁm“ﬁW?%Hﬁﬁﬁ*%ﬁﬂﬁﬁ%ﬂ%ﬂ*&ﬁgFR§D§%¥¥e h a desired
activity is ivhdbin st it damblaeidhedd of scleiBe tehrtic divpsdintiproma famtdirdasst onpri ses (c)

transfecting ke aa@whygeﬁ&m@to@pmﬁmmmompamﬁféﬁeﬁ DELend6RBL#H:CIm sCONST T UCE

conprising a_r e being influenced by the target nucleic
acid. In a fﬁFﬁgéﬁgﬁﬂﬁﬁyﬁ% Bfﬂ%ﬁﬁ%thod of the invention further conprises
(dj condi ¢ onal expression of a trans-acting regulatory factor. In a

preferred e nm&ﬁ&@@peot o3 @vdnkicd b nBtGhd E‘c@&bﬂa&ig@'béﬂ cipﬁﬁt;o@&rebt& anc30

activation-induced cordi.n arti Ia ly preferred
enbodi ment , ts BGtIVf" 5&116 c?‘versgﬁcftmn t%ta(r:%etdmclmc aclc‘ﬂc:j P’?&rxﬂl?ah% oip ctmﬁ f by targeted

i ntegration. H@mllf?fm&aﬂfla?nﬁ prayersipgJagmethod W@PI@ESK@ ffﬁ!ﬁwgdéi&lpbpquﬁé‘! hod for
preparing a ek opfeitiisbrsibiomihA Genttic @St €ahtainAE thi Migdt Yuclelc P &) Ng t he st eps
of . (a) oy tye G& & RPLRDf 1 ate
conditions to gg%?esghgﬁg%tg@%%ggﬁhgwgg%wgg¥§ﬂé%@?ﬂ%%g%fﬁgy|%% a cell or
cel I's withi n"™K&*Hopul ati on of WD 2005/ 080552 PCT/ EP20051001897 -6 cells

whi ch expresses a mutated gene product having the desired activity; and (c)

eg t aPI } shi :j ngA&B}emg 19k Pl &b@d&&@h& @%yéoaéuh@&&a@ig &ﬁh&énua&@mdtﬁmeﬁel | or cells
identifie In St

| at |
or ool | whi ERazb ek R RS e SRR A A n BB i r o0

20 nuclem acld The locus containing the target nicleic acid can be consinicted by a single

transfection or multiple rounds of transfection with constructs containing different components of

* the locus.

Q In the embodiment, in. which salecﬁdn for a cell with a desired actvity is indirect, the method of
’ 25  the invention firther comprises (cj transfecting the cell from step (b) with a further genetic
construct comprising a reporter gene capable of being influenced by the target nucleic asid.

In a further embodiment, the method of the invention further comprises (&) conditional expression
of a trans-acting régula’cory factor. Tn & prefeared embodiment, the trans-acting regulatory factor is
30 aciivation-induced deaminase (ATD).

According to a particularly prefetred embodiment, the farget nuclsic acid is fnserted into the cell
by targeted integration. '

35 Ina forther aspeot, there is provided a method for preparing a gens product having a desired
activity, comprising the steps of: (a) culturing cells according to the invention under appropriats
conditions 1o express the target nucleic acid, (b) identifying a cell or oells within the population of



activity. 5 In one enbodi nent, steps (b) and (c) are iteratively repeated
until ‘a gene product with an optimzed desired activity is produced.
According to a further enbodi nent, the genetic diversification can be
switched off, for exanple, 10 by down-regul ati on of the expression of a
trans-acting regulatory factor, when the cell producing a gene product with
an optim zed @e9h tivity has been identified. The t -act |

regul atory fact'o({%gﬂaaﬁé:be, for exanple, activation-i nducé)g?%gia%ﬁﬁ’!dr?gsgé (Al D)
or a factor invelved in honol ogous recdrhination or DNA repair, other than a
RAD51 paaal ogue or anal ogue. 15 In another enbodinent, the diversification
of the target nucleic acid is further nodified by target sequence

optim zation such as the introduction of Ig hypernutation hotspotc or an

i ncreased GC ceBorhich prpresses s nautafed pqndregdva ipiecibe defred Rty preis@ nttablishiveent | on, t here
[ S pr Oyi fje‘d Fﬁ&oﬂ@@n&@ﬁopﬁatﬁl%lo% ce@s@@;ﬁ%@eﬂ@ﬁceﬂiﬁéﬁ@é&gﬁ@%@, a_é‘dl‘glec%.@glnﬁﬁti ve gen_eti c
di versificati %cfggal %aé%r%et nucgsel (:chamsdﬁ b%( 2¥ ernut ati.on och a é:onbl nation
of hyper mut at | OR aha HERE “EShTE "SI h RPFET * FR %Pcé%uﬁ’?%?"iwvﬁ *4*yene product
havi ng a desi®#®é#vactivity. DESCRIPTION OF THE FIGURES C 25 Fig. 1 yrV gene
deletion (A) A physical map of the chicken rearranged Ig |ight chain | ocus
and the W k -out.. canstructs.. The cus .'.cont ai ns tagtal of 25 wV genes
upst ream of 8%5?%%?5% §I:'Ss gannd;(ﬁtﬂ.en%&g%krﬁjg%ﬁg-u%g%ge%'tprr%daceﬁgm@l “of yrV genes by

t he target ed JPHRiEgA%FTdaHvif s peeced pwWDel | - 25 and t he pi wwDel 3-25 constructs
is showmn below. Only the relevant EcoRI sites are indicated. (B) Southern

bl ot anal ysi sy ofaWMid Setad - 1 Odersd I " shown in 30
(A after coRIA Al £y on?ﬁl%ﬁ%&wbﬁ%&ﬁpﬁ%l %aﬁ&%ﬁlbg% Igiﬂczﬂéig%a%%gﬁﬁz kb

di gres I Ol \ taxgpe, ocus fy

fréagment, Nhet SFE PR RPRIewRIrRIor o & o0 G TR B O diogeZroA 0B and 6. 3- kb
fragment, respeoivelij.an (iEriza] dBirgtagivitshas tinadentifitd g éme-awasremhplyi fi ed by PCR
t2 0 }/elrv: fy thecpr &ﬁ&?ﬁ%x%pl@&?ﬁﬁ&%&%cll ééhnﬁaa &@r&@.ﬂizt%&%}toﬁéhliu cassz%;A ; e-FA?ég Fig.

s expressi gn anal ysi's of control an nock- out cl ones
anti ol st APHIRGR Br B e S Sla et A CGE ShEL R | ved T rom
initially slgM+) clones. (B) Average percentages of events falling into
sl gM-) gab eSn AaELEnRNmbIl Che ARASHLEBAEIMe 10kt nddeicS DG FRRL §10did0:AREH/ 080552

PCT/ EP2005/ 0 9 7 .Fl.g. l.a.lLight chain sequence. anal.ysi the yi Vv
| nrock- out cl gg?%%%\?ﬁ%ia%‘%nsu%?so I tré“gmt(lf ¢ %a%%?%o‘né\?é%ﬁ ' I’%%aﬁ%ﬁ at cl ones.

Al'l nucl eoti d&™&ubstituti ons identified in different

In a further aspect of the present invention, there is provided the uss of a cell capable of directed
20  and selective genetic diversification of a target nucleic acid by hypermutation or a combination of
hypermutation and gene conversion for the preparation of a gene product having a desired activity.

DESCRIPTION OF THE FIGURES

25 Fig. 1 ¢V gene deletion (A) A phfsical map of the chicken rearranged Ig light chain locus
and the WV knock-ont consiructs. The locus contains a total of 25 WV genes upstream of
functional V segment. The knock-out strategy of WV genes By the targeted integration of the
pyVDel1-25 and the py'VDel3-25 constructs is shown below. Only the relevant EcoRI sites are
indicated. (B) Southern blot analysis of Wﬂﬁ—typc and knock-out clones using the probe shown in

30 (A) efter EcoR1 digestion, The wild-type locus hybridizes as a 12—1:5 fragment, whereas-
yV?™ ¥ and wV oot hybridize as a 7.4-kb and 6.3-kb fragment, respectively. (C) AID status, The
ATD pene was ampﬁﬁe& by PCR to verify the presence or abssnce of ATD ¢DNA expression '

cagseiie.

35 Fig. 2 sIghf expression analysis of control and yV knpck—out cloues (A) FACS anti-Tght
staining profiles of representative subclones derived from initially sIgh(+) clones. (B) Average
percentages of events failing into sIgM(-) gates based on the measurement of 24 subclones,



sequences in the region fromthe | eader sequence to the J-Cintron are

mapped onto the rearranged 5 |ight chain sequence present in the

Al Dapr ecursor clone. Miutations of the AID W and the AlDxwwPa" al clones

are shown above and bel ow the reference sequence, respectively. Deletions,
insertions and gene conversion events are also indicated, Hotspot notifs

(RGYW and it syo coaepdoesyrent VWRCY) are highlighted by bold ﬁ@ﬂ@ﬁ&ﬁmaﬁgﬂo Fig. 4

Mut ation profiles of hypernutating cell lines (A) Percentages of sequences
carrying a certain nunber of mutations/- Each untenpl ated nucl eotide
substitution is counted, but gene conversion, deletions and insertions |
involving nmultiple nucleotides are counted as a single event. PM !
poi ntnut ati on; GC, gene conversion; D, deletion; I, insertion. (B) Pattern
of nucleotide substitutions within sequences from W and the XRCC3 hock- out

cl ones. Nucl eotmgerg]@hﬁcuhﬂeqieuéela%@s @%er&ocQ—%uﬁ%@ﬁ@sI@QﬂM@ﬁr@@@f events are

excl uded. The tr@gs iti nsyersion (t(v) are al so
shown. (C %f@%ﬁf pal’l% °181Ff]g£%“§t’ﬁ‘1“g 5 bé*&“‘ﬁ%?d‘feé’a%l‘?dd[ém@%tst i tution
mut at i ons. Neae@ds gk r@z@e ﬁpru the iyadvi seabrines tetheiest igtpo tre mgbpeft offRBYAttenzed t S

conpl eneng %@mﬂ@q&nc@%@ywﬁr&%@%%mﬁﬁm oiﬁlyﬂﬁﬁg@mepom tive cells
cells. 20 Fi Distribution of

as an i ndi cg&tﬁ% ng, pont aneousl y igfg“ "fﬁ%

nucl eoti de YTt SEPE AE SR FROYY D ?:Ic@réﬁﬁﬁﬁ’(‘?’é%e TF?PB%WEVnE%?“P’ﬁd Al D W
cel | s and wittshfigas aabidde seguiencess ferabnnderd Edspbghilts RCAPBAYIsV cel | s The nunber
of  nutati ORSnRkEnt GRS SChifrQERYSIN 1805 bp, and are shown together with the
correspondi ng physical ff maps of the |ight chain genom c | ocus or the cDNA
sequence. 25-Fig. 6 A nodel explaining the regulation of 1 g gene conversion
afd 1 g hyber muti 4 Wptatioipgoiiley of hypersputaingreel! Brpethe Birmisges ehrem@¥® gene (A) 1g VI
repl acement cat®mk Odestaid MBnbdr B ivkaéhs. FIH AR RESHSRls SubRints @Ra, tay

hyper mut at | onor . repl aceneent vect.o in.vivo nmut ageneSI s of
GFP gene byg%ee%"(el"e}cslé’?f\?‘%ﬂ%)‘ﬁséﬁd B R T n“de"t‘é‘%s( I'E £ "BESCRI PTI ON OF

THE | NVENTI EXpiHRG poittasiating Cl‘fch9@ﬂ%°P‘(9ﬁ101}’rﬁk@§ﬂ°a>\ia¥SP*ai§‘P -dB)Fafrarof 1ektide | y usef ul
cel | syst enhx%ﬁ&ﬁon@hfﬂ%ﬁe@@nc@s%m%ﬁ'a&ﬂﬁd)ﬂt@@ Qx&ﬂ@&ﬂcﬁoﬂéé Wedlssdidei cati on of any

nucl ef ¢ 8daitRYPENIIALL 00, 9L, 8.SOIDL0ALI AR, Ol INBSLAULELI on 35 and gene

conver si on. e SYS |tut|vely
di versify tH@SWIE(G@&?F@]B@%S@ ﬁm@wz@%@m@‘mwlafe@meo&ﬁ%@wn. mrunogl obul i n
V-gene i n VindtiidnsWithdulocdi@igeyihin QoXinlo8ORd ¥ W bitlts cSinplehtnt WBCH) AreaS an

interacti Onsh}%&@p%eﬁ&ées gﬁlﬂﬁg?ngﬁuﬁ%{pﬁ%l s §n ﬁma%!aé&éﬂﬁe%?qf&%e&gagﬁz&? B cell

antigen receptor. |recte and s versification"
refers to the ablllty of certain cells to cause 5 alteration of the nucleic
acid seqiience Bif. SDigqiedid df gudeeifie amstinftosnitbigemous wquetesiBgesired nucl ei c

AID®MWV cells and within eDNA. sequences from sorted TgM (-) ATD™MyV" cells The number of
mutations are counted for every 50 bp, and are shown together with the comrssponding physical

maps of the ]igﬁt chain genomic locus or the cDNA. sequence.
25 Fig. 6 A model explaining the regulation of Ig gene conversiom and Ig hypermutation

Fig. 7 In sita mutagenesis of the GFF gene (A) Ig VI replacemesnt vector. (B) &z vive
mutagenesis of the GFP gene by hypermutatior, (C) wV donor replacenaent vector. (D) & vivo .
utagenesis of GEP gene by gene conversion and hypermutation,

30 |
DETAILED DESCRIPTION OF THE INVENTION

The present invention makes availabls a particulatly usefisl cell systemn £or directed and selective
genetic diversification of any nucleic acid by hypemmutation or a combirzation of hypermutation

35 and gens conversion, The system is based on B cell lines which constifufively diversify the



aci d, whereby sequences outside of these regions are not subjected to
mutati'on. "Genetic diversification" refers to alteration of individual

nucl eoti des or stretches of nucleotides in a nucleic acid. Cenetic
diversification in the cells according to the invention occurs by 10

hyper nut ati on, gone conversion or a conbination of hypernutation and gene
conversion. % ation" refers to the nutation of a [.C idin a
cell at a rat‘eﬂéé gs\r';dgb%gckground. Preferably, hypernutat iﬂ(#(férpeqmé(?@%l?o arate
of nutation of between 10°5 and 10'3 bl generation 1. This is greatly in
excess of background nutation rates, which are of order of 10-' to 10"10 15
mutations bp -1 generation 1 (Drake at al. 1988) and of spontaneous

mut at i ons observed in PCR Thirty cycles of anplification with Pfu

pol yner ase wotskthngod oluaelosilin U5t B-vidro witioatréq@tisy cRipeciulbmtimiilaeh product , which in
the present C AR MR RGERYo1dfs of B8 EnkAPM S bel) a&@&r&gpm}.he observed

mut ati ons (Lundberg at al., 1991). 20 "Gene conversion"” refers to a
phenonenon i n which sequence information is transferred in unidirectional
manner from oAewsiidaoh.dgousl aad sletie dvesifidatonttfe k. he@slie oirahinedisioonsemay be the
result of sa [N8voR o M IBHASEi SWhehds B aRShc b ENPINRE 8503008k £ QPN iAGndf0M a _

honol ogous secltéer]lge or thetr,dgs%.l%t of msm%itjcth r%ga%r nucl eoti des bei ng
renoved from Bhe S PARE S A FE 1 KB T eRIFSORMRERi s using the ot her
strand) after the formation of a heterodupl ex. 25 Hypermutati on and gene

conversi on gefmRiiedd dveRaitdibrtkefdd 1 Qksstioh Y mAvidlMl fhofedtites brerttegl slkditieanV( D) T
segment of B calilis, isHRek %yﬁ%s%}citgp Eh?%%ﬁssam%!rd%g% Bk G, Q&L nal centers of
uran tol I ow ng anti 1

such species as nouse and h R ‘gen stinulation. Cene
cofiver si on®t RBERIGE &0 P FEPHER PP PR B A AY S REVEFE Bursa of
Fabricius or the gut-associated |ynphoid tissue in such species as chicken,
30 cow, rabbi @@%m%&n AR 1P ACPERAGN cia® » R b R BcSE daGbART On. 1 n

chi cken, str fromthe upstream pseudo-V-genes are transferred into
the rearr ang?de%\rf’?%ﬂwe%‘ﬁﬁ%rffff?m ‘g\é‘ﬁaﬁr"g‘i‘%%‘“t get“ﬁagn I%pf"‘“ég%ﬁip FRTERt i on,
therefore, t Heiséalehilydrexereof batizmendimstaton etee waidh a7e dprdirnftdnodd Sbul m pr oduci ng
cell orI ge: !mﬂtaii&h@bm&gﬁaﬁo}&s(éﬁﬁ&@m @as%aqiisyﬁfa&io&s%ﬂua&né ibﬁard’e@iﬁ?(f@n?_ed f

i mrunogl obul i.n. genes. dir. onnecti.0n be N dnjtiiation o
hyper mut at i onr’lnl“élﬂﬁlY GeRE Pglgrha%lrwsﬂlgg&lnpﬁqyén F Soerwoi’l%%mcf%fefgt%%l? imr}lemeng{fpaﬁil i shed in the
experi ments riepeficeahipiar & preseotysesciopli eeguntyor lepidhep | BI04 beehmpreét e del etion of
pseudo- V- genesutatidas @uibdd et hij, l@1)Whi ch conti nues gene conversion in cell
culture leads to the WD 2005/ 080552 PCT/ EP2005/:001897 -9 activation of
hypermutation in the i munoglobulin |ocus. Deletion of all pseudogenes
results if A SBBFREHARH P 28 nsma bowih tmencs flogpdons Tt EhRous acti vati on
of hi gh r at esmidifectiayb@sanan frah b6 homolophiediiela s itdelhat Garconkrsian e hesuitiogenes

results in tRe, oW kaM Akl 98N8 HQRY R B8 auence, or the result

of mismatch repair (nucleotides befag removed from cne strand 2nd replaced by repair synthesis -

( using the other strand) after the formation of a heterotduplex,

25
Hypemmutation and gene conversion generate natural diversity within the immunoglobulin V(DI
segment of B cells. Hypermutation takes place in the germinal centers of such species as ouss
and human following antigen stimulation, Gene conversion takes placé in primary lymphoid

- organs like the Bursa of Fabn:cius or the gut-associated Iymth'id tissue in such species as chicken,

30  cow, rzbbit, sheep and pig independent of antigen stimnlation. In chiél;@n, stretcheé from the
upstream pseudo-V-genes are transferred uto the rearranged V(D) segment. According to the
present invention, therefore, the cell or cell line is preferably an immuro globulin-producing cell or

cell line which is capable of diversifying its rearranged fmmunoglobulin genes.

35 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 completo deletion of

psendo-V-genes in a cell line which continues gene conversion in cell culture leads to the



si mul t aneous activation of hypernutation at rates |lower than the ones
observed for the conplete 5 pseudogene del etion. Therefore, the nunber of
avai | abl e psoudogene donors directly correlates wth gene conversion rates
and inversely correlates with hypernutation rates. Gene conversion and
hypernutati on are established to be in a reciprocal relationship to each

ot her. Thus, ﬁnﬁm&ﬁﬁﬁﬁgt invention for the first time provides a cell
system whi ch allows t0 genetically diversify a target n&fﬂ@?@mﬂgpﬁ7by a
conmbi nati on of hypemmtati on and gene toOnversion, whereby the contribution of
10 these two phenonena can be regul ated by changi ng the nunber of the gene
conversion donors, their orientation or their degree or |ength of honol ogy.
An advantage of the cell systemaccording to the invention over a cel
system wi t h omkiyationty P@édibthidd in i inBifibdglobliy 1o6ud CRIe@S of ) Gse@iB@nddai@dn ON t he human
Burkitt | yrrphﬁ’x%o]%ﬁ:laént c!f%'egccog%q}aéand giéul ta sgc%%a%gnﬁo%g%harﬁgo e%.(tagi&’:p 998) is the

ability to conpi ne generl versiticatron by hypérnmutation and gene
conversi on i nWHTE REYR of et PsERoRrs ré“}msl’ﬁﬁ‘“ék"ﬂféﬁ“ﬁ%ﬂ EHEATHEESH be i ntroduced
i nto the tar getuligens stytigofitypeonues & iaeniotd dm dhyonsatdomidhpenpitt at | on, since
gene ' conver sis0n.dANALS,, GRRDE nERIL A SELAGhI Lo bR &infls &@ﬁf&%&é likely to

i nfl uence the %ar et nuclelcd,aC|f acﬁlet¥ in a_favorable m@%.(gbne
conversi on ang EPTRTE RS ARV RGeS Tilormegre i res SEP° SHERE8 o produce
desi r abl e varlyampsatiosirerstebliedto bes t mdrredaqipdinsiey b bolckis:. @me thoprisitned wit h
random hyperigttah FoRShimst BRCHAQREENO Byt Which QRWER GE Sk 8d-ig Almpdt0 @ Ccertain
region of the tar ke e target

ene, can .. al so be ysed to e art _of t
el o c aci d BURHRE PP udRht RS el o SR HAT IR G el SPY BT Fhat t b
hyper mut atlf orfaesqier Blezanergiinpe realacd by sheaingbrrvesber ity sppapanversiphiiaserappr oach i s
useful when thdreridnatiget thiiedQioflendgGbtho@fftyai NS regi on whi ch shoul d remain
stable for optimal activity. 25 An advantage of the cell systemaccording to
the invention over a cell system based on the suppression of honol ogous
reconbi nat i orf*"geniEe eibcH! ienrce g Bty sty g el egbr ¥y 02/ 100998) is
geneti c st abihypetmytatifig atitvisy :o€hlak the @b bagd tretth HutharcBurkdir yvedhonpiredl lin Ramat | on r at e,
radi ati on s r §Go9b/3N¢Lm@HS oEMMJEAPR dhinf I RELE SR q%@:s&a%ﬁ)%' cul ar advant age

of the present cell systemover, all kpown systens |s.the ability of the cells
accor di ng t o THEPHVEH BT EoTTR Ve F@“??%%@T%%* AT &P aci d construct s
by targeted inpdgrdatt riargst grbebyizéve cdnormivh hegdu samdmdegyenbirs, sregw. 35 " Tar get ed
integration” chSerdiddld6@fdtnlo0theierediolbBRSE LG LS e UChBb e Bk gt &ORST rUCt .
conprising a.n ﬁ%ﬁlcazg%Hm seqﬁenceeponDI%&p%jﬁ%p. ng@gggeagus nucleic acid
sequence by ROnBIGg0uE o Hat P ER It 8> the  ardogenous T ocus. Target ed
integrati atersipradere disirable varipnis, finsere-tognd yearges| bispke 1 eddingdrithrapomO 2005/ 080552
PCT/ EP2005/ 0@#&Btations. Pseudogenes with sequences identical to a certain region of the target gene can

also be used to keep a part of the target nucleic acid stable by frequent conversions having the

effect that the hypermutations persist only in the non-converting part. This approach is nseful
(’ ‘ when the target nucleic acid contains region which should femain stable for optimal activity.

25
An advantage of the cell system according to the invention over a cell system based on the
suppre’ssiou‘ of homologons recombination activity in gene conversion active cells (WO
02] 100998) is genét@c gtability of the cell reflected in a normal proliferation rate, radiation
resistance and DNA repair competence.

30
A particular advantage of the present cell system over all known systems is the ability of the cells
accozgiug to the invention to integrate transfected nucleic acid constructs by fargéted integration

info the homologous endogencus locus,

35 “Tergefed integration” is infegration of a transfected nucleic acid construct comprising a nuclsic
acid sequence homologous to an endogenous nuclsic acid sequence by homalogons racombination

into ths endogenous locus, Targsted integra.ﬁon allows to directly insert any mucleic acid info a



-10 defined chronobsonmal position. In a preferred enbodi nent, a nucleic acid
encodi'ng a gene product of interest is inserted by targeted integration
into the i mmunogl obulin I ocus in place of the rearranged V(D)J segnent or a
portion thereof. 5 In a preferred enbodi nent, the cells according to the
invention are derived or related to cells which undergo 1 g gene conversion
in vivo. Cellgqouhi g%dergo g gene conversion in vivo are, for exanple,
surface Ig expre55|ng cells in primary | ynphoid organngﬁﬁﬁmgﬁwgvTan
Bursal B cells. Lynphoma cells, deriv fromB cells of primary |ynphoid
organs, are particularly good candidates for constructing cells and cel

| ines according to the present invention. In the nost 10 preferred

enbodi ment, the cells are derived froma chicken Bursal |ynphona cell line
DTgO . The peese aﬁoneiomaewﬁohmﬂmv&ee@ee@tﬁee M@ 25k Eﬂc&iﬁﬂg b Be ﬁ%ﬁum pernmut ati on
and gene con r.esen ention. to.produce gene
products wit %‘%‘E&?& J?s%sgr%%g)ﬁt%getad im%ggmng i) thg \?In%moghogv%fm ﬂ)%l{s n plaiegf %g ‘target nucl eic
acid" is a nﬁ%@%$%WBHF%m§%ﬁd@%%%ﬂﬁﬁichronDsonaI region in the cell according
to the present invention which is subjected to direct and selective genetic

i ver sif | §ath Qb A8 o SALELEIG 51l fAE ) & NELa BBgROCTOUS. O

transgeni ¢ and onprise one or nore transcription_ - units encodi ng gene
products. 20"8 “Ii‘ﬁlgfé‘dg KaP BTFrsionivipe Gille iirhemderes [ geng (RITEO8 48P §%#51 ecul e whi ch
is inserted s, sarfcelk kxpregsisg B odisin pymary [prmhoi freped shabims @ka B Bdlsct | on.  For

exanple, a tzryep@gea@s éEﬁVed%@ﬂﬁEéﬂ§cﬁ @n@%ﬁ&@b@gpuepahe@ﬁ@ Shption unit which

may be |nsert e i red ocatlon C In one

embodi ment , (r%%ﬁ%s ﬁoen%méhf‘g srr'r’rn% B%aﬁfff‘%mﬁ C{i}}m Ehe tém'%onf BEREn
qﬁunogld%uﬂﬁﬁmf%%¢%¥@@M%Wﬂ@a@éﬁ@@ﬁem&ﬁﬁ%@M%%ﬂ§ﬂ®$mwmﬁéﬁe§”0Preferably, t he

target nucleic acid is a human |nnunoglobulln V-gene In this case, the

cel | s accor dfh O(.‘LSQ thcghgmﬁt‘ﬂv r&l& t%%rs%ga.%on bﬁ%c'p%\%{ltatmg gcne P»H\rfr?s f_llzs %@& | body variants

capabl e of binding to ané Iven ant ernat rve e target nucleic
acid i s a néhHiFHTEHBGHED PPﬁmﬁmﬁﬂW§®§Sé@?dmmﬁﬁﬂweﬁeﬁﬁ9@¢é“@@he 30 encodi ng
sel ection markers, DNA-binding proteins, enzynes or receptor proteins. For

exanpl e, 1@ Anﬂyg@tlnucﬁélcléaﬁ %&ﬁa&c a3 Leﬁ&megpchgﬁgsléﬁaﬁ e RERLOHHGRI by nmutating a

known mar ker n or i nat | ermut ati on and gene
conversi on W P% e’htéﬁx %ﬁ?ﬁ%ﬁ ﬁé‘%e"ﬁf{lﬁ ?’Fﬁfﬁ%@?"% eqiftip "eéS“{fi?t‘F’%/ gli‘eé?ﬁa f1 uor escent
spect r um semeitgriban breitor ednavrer gl tomsadnoiisy c@Brise preormerdnirotititnent of t he
invention, tuheed.aigedepotgi c acid directly encodes a gene product of
interest. Gene diversification of such anucleic acid will result in a
truncati on of the encoded gene WO 20051080552 PCTI EP20 0 510 0 189.7 -11
product ¢t iARuse ewafgEmispnel s snupleis ppigrplegiinghich s serigyipipz wlhdieh ospund of

di versi fi catineirtiaivaliamah@ied. FdBsamgle, a transgens may comprise a heterologous transcription

tinit which may be inserted into the genomeé of a cell at a desired location.

( In one embodiment, transgenes are immunoglobulin V-genes as found in immmoglebulin-
25  producing cells or fragments of V-genes. Preferably, the target rucleic acid is 2 human
immunoglobulin V-gene. In this case, the cells according to the invention are “factories” of human

antibady varianis capable of binding {o any given antigen.

Alternatively, the tarsef nucleic acid is a non—imxﬁunoglobulin nucleic acid, for exa'mple a gene
30  encoding selection markers, DNA—bindi’ng proteirﬁ, enzymes or receptor proteins. For example, 2

novel fluorescent selection marker can be produced by mutating a known marker by

hypermutation or by a combination of hypermutation and gene conversion with help of other

known marlcers with a different fluorescent spectrum seyving as gene conversion donors.

- 35 In one embodiment of the invention, the target rmeleic acid directfy encodes a gene product of

interest. Gene diversification of such 2 rmcleic acid will result in 2 fruncation of the encoded gens



cel | expressing the gene product with an inproved activity is search for.

Al ternatively, the target nucleic acid is a regulatory elenent, for exanple,
a transcription 5 regul atory el enent such as pronoter or enhancer, or
interfering RNA (RNAI ). In this enbodi ment, an additional nucleic acid
(reporter gene) which is influenced by the target nucleic acid and encodes
an identifiap &ﬁﬁ&b roduct is required to identify celg-g/gapsbngst he

t ar get nuclelc ac interest 10 In the enbodi nent, in which genetic
diversification of the target nucleiclheid takes place by a ~ . conbination
of hypernutation and gene conversion, additional nucleic acids capabl e of
serving as gene conversion donors are inserted into the cell genuine,
preferably upstreamof the target nucleic acid. 15 A "nucleic acids capable
of serving asrredugenaa demnv dlitsiiory damor. Witsvay muwd bivesifelid ahlaslicig, @ sequence
honol ogous  t Oceli B@relsRE BOEend Yith @it B GlptbvedEXRNE 88c1QEr. Nat ural gene conversion
donors are pseudo-V-genes in the inmunoglobulin |ocus of certain species.
According to one enbodi nrent of the invention, a cell capable of directed and
sel ective 20 ﬁkﬁ%?@%ﬁ@@ﬁ?ﬁ@ﬁﬁ%ﬁﬂﬁhéwﬂéﬁgﬁ@mﬁdﬁbém@ha@@@ﬁ?@mconstructed by
inserting thercfuifoglemeriititds froddr 6k chiaficer, & BerfaRORNA galAl). iskalgeted

I ntegration agnagdltggafl ﬂu@l@gac %gﬁ!%@%wmaﬁ ls gnﬁuancF &)%{lﬂtwhérgef_lﬁa%ip Qi Gad the t ransf erred

constructs may contalnagP ownst qet nucl ei ¢ acid
sequences honBfYgaue=if ﬁ%%mﬂ%§FﬁﬁﬁméﬁF@Wﬁ@@ﬁéﬁnﬁﬁ¥%ﬁﬁﬁF?%ﬁ”@P@e
Preferably, tieetell is constructed by replacing the endogenous V-gene or
segnents thereof with a transgene by honol ogous reconbi nation, or by 25 gene

targeting, ch t t he LCOMBS 2 target for the gene conversion
and/ or QBer qi%ﬂﬁ%gb gmﬁ %W“'mmm°3ﬁﬁ@&ﬁﬁ§ﬁ%ﬁF?%ﬂ§§ fes according to

t he i nvent i orrorbisstoiediypringsiosadgrenoessinh iddkionaldindeotidtypde efstrdtziabn and/ or

gene conver sig@i.conlB¥ishdoRf a@ Mbdtb@nth QCHS s o IR ARG fupRUBILEShRImRlGENE 30
product and %hﬁectlng hyper mut ati on and gene conversion to this
transcription unit is transferred into the cells and is actively

di versified even after random chronosomal integration. Screening of clones

havi ng i naer pmaﬂe&dcmsta@amwm@ B g cdnddr @R e ksnheg-atid RingaANn be done by
SO Ut h ern b l Ot ﬁ%&%b}xla&%elg [&0 t?e\{arg%claﬂg a%ld@an%?&? g(/ngtgr%gr% COIT QXOEE&QIQ gje 0 0 1 8 9 7 B 1 2

In a preferre nes ‘ac e rnvention contain
asel ectabl e ﬁﬁ?%@??ﬁ%ﬁém“WWF@ﬁ*ﬁPW&W§ﬁ§§P§@?F%n of clones which have
stablely integrated the transgene. This selectable marker gene may

subsequent |y AB&rdi g ARV ELhh b @SRRI AR, 1 O cPhnid JPRELLNVAL &Hoy Ot her means,

20  diversification of the target mucleic acid is constructed by inserting the target mucleic acid tnfo the

host cell by targsted integration at a defined chromosomal site. For this purpose, the transfected
construets may contain upsiream and downstream of the farget nuéleic acid sequences homologous
to the degired chromosomal integration. site: Preferably, the cell is constructed by replacing the
endogenons V—_gc:ne or segments thereof with a transgene by homologous recombination, or by

(-x 25  gene tarpeting, sﬁch that the transgene becomes a target for the gene conversion and/or

hy_pemmtation gvents,

_In another embodiment, ﬁamsgenés according to the invention also comprise sequences which
direct hypermutatian and/or gene corversion. Thus, an entire Jocus capable of expressing a gene
30 product and directing hypermutation and gene conversion to this transcription unit is transferred

into the cells and is actively diversified even after random chromosomal integration.

Screening of clones having incorporated the transgene by targeted integration can be done by
Scuthern blot analysis or by PCR. '
35



5 _The present invention further provides a nethod for preparing a gene
product having a desired activity by repeated rounds of cell expansion and
selection for cells bearing a target nucleic acid wth a desired activity.
As used ‘herein, "selection" refers to the determ nation of the presence of
sequence alterations in the target nucleic acid which result in a desired

activity of the gene product encoded by the target nucl I in a
desired actiJW?ﬁgﬁ@&¥ﬂe regul atory function of the targéﬁh%?%&%@g@gﬁc aci d,

The process of gene conversion and hyd@rnutation is enployed in viva to
generate inproved or novel binding specificities in immunoglobulin

nol ecul es. Thus, by selecting cells according to the invention which
produce i mmunogl obul i ns capabl e of binding to the desired antigen andthen 15
pr Iolpag\?\,;[q i ng t hesfeeal #r&oéiﬁen@ftﬂ%@nlieg aecoai#g%metm_@mgwamsgmdbgmw getn@ﬁr (rjrut ant s
cells ich expr i_un Q S ng i ave indi o the desire
anti gen maybe V?%cgﬁgfwésal Y O\%g?ﬁesevflﬂ?}l%fm Sstagﬁéf& Stﬁ@%?%a%sgﬁﬁ'F g%se%?%aﬂ?febe applied for
t he isol at i on RFkeRERCART SPPRICAINS raotid §Y erbinagpnes npotivatef by ottPhyengis. i ncl ude

Fl uorescence Activated Cell Sorting (FACS), cell separation using 20

magneti ¢ pastiGl B8, ﬁ@}.&ogg%eg 5&@&%@&2@@Jggggﬁg @%@:&&@h&&%@g@el | separation

techni ques such as use_o Styri ( rescence Activated Cel
Sorting (FACSfdgﬁﬁwﬁﬁﬁﬁgﬁﬂmfﬁ“%§@?§?%mé?FP?“E%“@%@”%%%@@“H?ETﬁ@ir differing
surface nol ecuitesdesifedrotidiyarpiedhesin Fdeodnthefp oddeetnimiondgleptowice s. Cel Is in
the sanpl e  2%:qdncaR@Rdihrd tol tQMrdeQmddd: =510 4rhi8T et 18 2 Sdsitthi RAGk W hdbeRRRGIL | C

fl uorescent reagent s, i eh. Dind.bo, Lhe, cell, SHrLage Mol oculgs, These
reagents woul d € ?he an I gen sfro Pt 87 est |H?edn’e|¥ﬁ8r I'tectly or
ingirectly}”témﬁwaﬁiescent mar kers such as fluorescein, Texas Red, mal achite
green, green fluorescent protein (GFP), or any other fluorophore known to

t hose skilled cel | ul.ation, . s L ntr ed into the
vi brating f|o%#@ﬁ%%%gg%%??%%gnfﬁ%@?ﬁ%@ﬁ?%§?ﬂ¥‘E"%%%ﬂggﬁﬁﬁ??§%ﬁ$ assi ng out
of the chambePoPdidipsarsiEetiss i immuempploieli moleclsg fTpus by polegting oedlgropprdipg * ( Phosphat e
Buf f ered Sal i medutionhieh gtdo@amaninglobtlihd tapablabfdohdibyto thaseir=d kitighhtndaliad each cel |l is

measured foy bl URLORERNES ordaNIIEREL Mlorfb ARG Aleadd @ud dritREE3GENT | abel ed
antigen. The vibra th m _causes |t reak up into

n i n e cell, stre . 1o. b
droplets, whi EH"E% h§m§m§ﬁ€?“W%ﬁ@%?ﬁ?gﬁ&ﬂ?ﬂ§W§?ﬁm é?ém%roplets can be
steered by electric deflection plates under conputer control to coll ect

Si fferent ce: hgma@gﬂsagcﬁ@@&oéaées@ﬁpﬁrapﬂuagoﬂt& idolan bf rifieids lﬂﬂvﬁlya de@itod ;tNhhe b
uorescent |a ant.i Ln thi r.,. C Q at |. i ch exhibit
different affini G_?yé’gfe eomfcﬂi?e}%%mrﬁsﬁffnfeg%ﬁ%g?a%ﬁﬁ °’i’““n%‘g‘%*‘%92’t"9%° n 3’%’%@%‘ sily separated
from those? catgrgic pRickhages pormalgimily pritedsnd elgersll sommtian RvEERTSHES® and reagent s
for use in FAGSc.ati@swhaeidy WO 2005/ 080552 PCT/ EP2005/ 001897 13 avail abl e
from sources worl d-w de such as Becton-Di ckinson, or from service providers

such as :
Fluorescence Activated Cell Sorting (FACS) can be used to isolate cells on the basis of their

differing surface molecnles, for example surface displayed immunogiobulins. Cells in the sample
- 25  or population to be sorted are stained with specific flnorescent reagents which bind fo the cell
surface mélecules, These reagents would be the antigen(s) of interest linked (either directly or
indirecily) to ﬂ_uorescent markers such as fluorescein, Texas Red, malachite preen, green
fluorescent protein (GFF), or any other fluorophore known fo those skilled in the art, The cell
populatir;)ﬁ is then introduced into the Vibratiﬁg flow chamber of the FACS machine. The cell
30  siream passing out of the dhaniber is encased in a sheath of buffer flvid such as PBS '(Phosphate
Buffersd Saline}. The stream is ilfuminated by laser light and each cell is measul;cd for
flnorescencs, indicating binding of the fluorescent labeled antgen. The vibration in the cell stream
causes it to break up info droplets, which carry a small electrical chargs. These droplets can be
stesred by electric deflection plates under computer conirol to collect different cell populations
35  according io their affinity for the ﬂuofescent lzbeled antigen, In this mamner, cell populations
which exhibit different affinities for the antigen(s) of interest can be sasily separated from thoss
cells which do not bind the antigen, FACS machines and reagents for use in FACS are widsly



Ari zona Research Laboratories (htlp://ww.arl.arizona.edu/facs/). Another
met hod which can be used to separate popul ations of cells according to the
affinity of 5 their cell surface protein(s) for a particular antigen is
affinity chromatography. In this nethod, a suitable resin (for exanple

CL- 600 Sepharose, Pharmacia Inc.) is covalently linked to the appropriate
antigen. This packed into a colum, and the m x t|on of
cells is passggfﬁgggpéghe colum. After a suitable perlogqgﬁﬁgﬁ% GH&Yi on (for
exanpl e 20 minutes), unbound cells are Bwashed away using (for exanple) PBS
buffer, This leaves only that subset of cells expressing ( 10
|nnunoglobullns whi chbound t he antigen(s) of interest, and these cells are
then eluted fromthe colum using (for exanple) an excess of the antigen of
interest, or by.iemznsmRburEakoiYwaE sue ¥ Bicablodnso br@aM kdnghe bld@dadchgen from t he
resin. This R&EKI i e such as factor X

t hr onbi n, ornqg %%Rggggﬁ#ﬁg&%? F%aseiiﬁ%ﬂ% %%%t ose skilled in the art to

cl eave the antigen fromthe colum via an appropriate cleavage site which
has previ ous| ynbencthadebiipet gted tsgptet pdpgatian bl gdreciBing to & KidED| ex:

Al ternatived y,theﬁcéil@ﬂfa&l%ﬁ;‘étnsjﬁra&&ﬁ&lﬁﬁaiﬁgmifs%m Mog‘apﬁ_‘tﬂ; )ﬁﬁ’éikxﬂethoﬁﬁy be enpl oyed
to renove the gﬂf ﬁﬁf resin, there £as lg? at populatlon of
cell's which eﬁlf’iflEl [ Or%“iiﬁle @ ?BBIPMQF%@%WIEQF?G?)‘F it The present

i nvention pr owpdedafq‘aettgelt ﬁlesrﬁsmnss{taclﬂmtea@Iunreellrﬁamnswﬁmwﬂmhn@c@emaﬂae regul ate
genetic 20 dicMehsiohing 2k QRuidle foha of ifd88tn (m&tneteeo AGhieh), wAsudeMoAst rat ed by

the present i vent or s tlva n ﬁ{% s a factor which
regul ates gene célr?\ilyeyrdsm Orexm%?%bu&%h %ms tfﬂiat(f& é%Of(G fRE™ T Munogl obul i n

logus. It % Surygesbbes viidboud B 4ofuemia tee%:eﬁ%ﬁ %ttﬂinelatﬂ%w% t he
rearranged V(Blkhssegn@ndalppad cagss bihaniany Bfsit0rbtdtpadticdothmigyesence of

adj acent do n 0 Eteavﬁ?ﬂyﬁ%ﬁéonﬁtﬂﬂeshor@s Db Hons B A Sﬂe‘c'?tﬁc ﬂr&?ea}e ek ks sRRSgNC e

Ther ef or e, regul atj on of Al D expressian enomena tF‘
modul at ed. ﬂ‘%?“‘%’?@t@'ﬁ%’&‘%ﬁ%ﬁ?%ﬂ‘tmtht’%éﬂlg&t%‘h@@htéd?ﬂ? By aest By expr essed
in the cell cemtrralvmlamayprambtafrlgeﬁge st ehighihes peogipvdly bdepincogaiagphte the AltiEPrcan be

expressed undgkn @mpel. Meda@é@%&.s\setﬁp 19@4 oF exetb@ehrygsa Itft;»ee tng,togga@ycl i ne
responsi bl e gene g%% resgrl on s Xpl essi on may be

Shut down by FHE G BIET SH- B ~Ph o s B L B S nduced
reconbi nat i onaf8viy focthé setisenfffiniedse Al D expression will pr event further
diversification of the target 30 sequence. Preferably, AID expression is

swi t ched of f 'i“h@ Stte.ggt %ggz.kénﬁpo(rig%lf%%h@grs%ng mﬁ.gch%{‘sxgqg&% aﬂx%ttﬂe&lah ‘QS:? o ed activity

in order to preve oss of the
desired aCti YITPoiqré®e Wy RtlGas = fopprst Bt Br By Rt 61 9% ng exanpl es.
35 WO 200510865862 dR2GHAERZY0SY i 8Rch reguldtd-genc conversion as well as hypermutation in

the immunoglobulin locus. Tt is suggested that AID induces a common modification in the

DJ

rearranged V(D) segment leading to a conversion tract in the presence of adjacent donor
( sequenceé and to a point mutation in their absenoe. Therefore, by regulation of ATD expression,

b 25  both phenomena can be modnlated. In a preferred embodiment, the ATD gene is transiently
expressed in the vell containing a target mcleic acid. For examplé, -AID can be expressed under a
drug-responsive promoter such as the tetracycline rcsponsible gene expression system, Otherwise
the gene expression may be shut down by the excision of the ATD expressfon cassette by induced
recombination. Switching off the ATD expression will prevent ‘_ﬁlrther dwars;ﬁcaﬁon of the target

30  sequence. Preferably, AID expression is switched off in the cell producing a gene product with a
desired activity in order to prevent farther mutations which can lead to the Toss of the desired
activity.

The mmvention is illustrated by the following examples.
35 '
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EXAMPLES 1. AID initiates inmunogl obulin gene conversion and hypernutation
by a "comon internediate 5 Herein it is reported that ablation of VWV donors
activates Al D dependent Ig hypernutation in chicken B cell |ine DT40, This
shows that 1g gene conversion and hypernutati on are conpeting pathways
derived fromthe same AID-initiated internediate. Furthernore wW hock- out

DT40 is r pr .an ideal nodel systemto approach the nol ecul ar
nechanisn1of0ﬁ8%ﬁ%8%%ﬁﬁtation and | 10 as a new tool fof “TREEIYY1EY
nmut agenesis. Methods Cell lines. DT40B#4 which displays increased | g gene
conversion due to a v-nyb transgene 15 and contains a tanoxifen inducible
Cre reconbi nase has been described previously (Arakawa of al., 2001).

DT40c"i AiD t-was generated by the targeted disruption of both AID alleles of
DT40Cr | (Arakgweviefrpal ., 2002). AID was derived fromDT40 r 1AID-r_ after
stable integration of a flexed AID IRES-G-P bibistronic cassette, in which
both AID and GFP are expressed fromthe sane (3- actin pronoter. AID rV was
derived from A Riyinii-3aShasibob@in fin¥ ¥olelsictPardftiygervhdthiioShpbl € 20
transfectants which had integrated the construct into the rearranged |ight
chain | ocus wer &OPRER Infegpdiatei ed by | ocus specific PCR Targeted
integration of pgiVDell-25 results in the deletion of the entire yrV gene

| oci starting_.0..4 kb u ream of V25 and endjn bp dogwnstream of qi V
1. C AID Vp"nT&T {Ker %@%%ﬁ%@a&"ﬁ Gﬁwgﬁ%”f"ﬁﬁugfes &@Sflepﬁ’glmz%%’ﬁe%mﬁ?’? ransfection
of pi yVDel 3- 25shjidsindtvell lipp B0t Bisgowedatiirgeergrmiriionand bpauyiatioy agg opepetinigal  del et i on
of the W | 0Chain§hsRdivdiGioR 46 sdidd AUPSEEEAM REdiaR rnM¥dnareINAnRR 6 BFs00nE DP

downst ream of _4r V3, |l cul ture and ectrqporation re perforned as

vt ousl . QeREPIRES R AR e G EhE R IR R A D SRR ST 51,
DT40cm  by'0detseafier! fonririvguiedoels 72 - 170 of XRCC3 gene fol | owi ng
transfection of XRCC3 | nock out constructs. C ones having undergone targeted
i ntegration eﬁmidE'i tially identified by |ong-range PCR and the tCC3

del etion was thén confirmed by Southern blot analysis. 30 Ig reversion
assay. Subol oning, antibody staining, flow cytonetry and quantification of

S: gM expr essi ont?mn@.teﬁgo@emﬁ Hi&iﬁgs iﬁ)d’rﬁééié&lé&% Vonfeﬁfoﬁ&ﬁ%_vﬁyb?bﬁsgﬁmzf)pz?ﬁ Alhl .

cl ones us in the ugd: r +). e.to.the.repair . o [ chain
Framsohi 1 of s Rt ke SRR PRt ol R s DB (Pl d% 80 DO

gene conver sidbR08) B A W oS! beDSBgpdTuHPREpEnATD sty of DT40™
(Arakawa et al, 2002), AID® was derived from DT40%™ AID” after stable integration of a floxed

AID-IRES-GFP bicistronic cdssette, in which both AID and_ GFP are expressed fom the same f-

actin promoter, ATD®YV" was derived from ATD®by transfection of pyVDel1-25 (Fig. 1A). Stable
20 transfectants which had mtegrated the construct into the rearranged light chain ioous were then

identified by locus specific PCR. Targeted integration of pwVDel1-25 resulis in the deletion of the

entire WV gene loci starting 0.4 kb upstream of wV25 znd ending one bp downstream of wV1,
(/\ ARyl g produced in a similar way as AID™'V" by transfection of pyVDel3-25 which

upon targeted integration leads to a partial deletion of the \ﬁV loci starting 0.4 kb upstream of

25 Va5 and ending ome bp downstream of yV3. Cell. culture and electroparation were performed as
previously described (Arakawa et al.,, 2002). XRCC3™" was derived from DT40%! by deleting
amino acids 72— 170 of XRCC3 gens following transfection of XRCC3 kneck-out constructs.
Clones having undergone targeted integration were iniﬁall§ identified by long-range PCR. and the
KRCC3 deletion was then confitmed by Sonthemn blot analysis.

30 '

Ig reversion assay. Subcloning, antibody staining, flow cytometry and quantification of
sIgM expression has been descsibed previously (Arakéwa eizl., 2002). All clones used in the
study were sIgM(3) dus to the repair of the light ohain frameshift of the original C118(-) variant
(Buerstedds et al., 1990) by a gens conversion event. '
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15 PCR To mnimze PCR-introduced artificial nutations, PfuUtra hotstart
pol ymerase (Stratagene) was used for anplification prior to sequencing.
Long-range PCR, RT-PCR and Ig |ight chain sequencing were performed as
previ ously described (Arakawa at al., 2002). The pronoter and I-Cintroit
region of Ig light chain plasm d cl ones were sequenced using the ML3 5

forward and rexefsssish mers. Bu-1 and EFl a genes were a ng
BU / BU2 (BU, GGGAAGCTTGATCATTTCCTGAATGCTATATTCA; BUZ2, %&}EfPhO%QOH%

GGGTCTAGAAACTCCTA( 3GGGAAACTTTGCTGAG) ahdl- EF6/ EF8 ( EF6,

GGGAAGCTTCG( 3AAGAAAGAAGCTAAAGACCATC, EF8,

- GGGECTAGCAGAAGAGCGTGCTCACGEGTCTGCC) priner pairs, respectively. The PCR 10
products of these genes were cloned into the pBluesciipt plasmd vector, and
were sequenced URIRaGe bhigiViGR-misvierdetifivklzmetions, REEIh tosstart pdyakaseget ed del etion

of TV donor SQ%@E&Q%&! aacdtfdaen;rz@e&&uqsﬂgec&e&ueﬂbg Laaglehga PERREPCRWR WV knock- out
constructs wverge, Y. .cl oni n nom c enc nk the intended
del etion end p&t r?amsequ PSR R RAT afsdifﬁ"r@{sg’g%?ﬁ %df(g‘iihfv?% goéfp ®(guani ne
phosphori bosyIprommclain@r%mecs,‘lee)%loea@s@tcem(wr&lidms veste seghenced 2@@ e MiBjpon t ar get ed
I( nt \e/grS atl ons vtfc!r}ﬁarﬁ&nﬁ?e@er&?ﬂﬂﬁ:?srﬂlgfmdmwg%lderegéplﬁ%&%ﬂéﬁ%b ksztgsgu;iotgenes

yr o yr con ct, pyr el etes

nost pseudogengGG%%Eﬁﬁg%%%gg‘gT ?HT% ’?H%f ace I gM positive (slgM+))
clone, deri v@ﬁGﬁﬁﬂﬁM@@TAﬁﬁwmﬂiﬁk@m%Wﬁ@% 2002) by transfection
and st abl e i nicegrattorecohaasshboxach AbBAEEES; fisnt ernal ri bosome entry site)
G AN aenBoot GRAR hEnd 0. hans BEL Al B U pkRgck out

constructs. Thi one 6 advant age that
(_L the apfearafiesodiscdateerer @it @Bﬁiwpt@ﬁerdﬁecmfn&ﬁ%r@uee% be. easily
detect ed by t hénglttesss afespgdd. 25 expression and that GFP-marked AID
expression can be shut down after tanoxifen induction of the Oe

reconbi nase transgene inherited from DT40O"' (Arakawa et al., 2002).

Fol | owi ng traRef®Bti on of the TV knock out constructs into the Al DR clone,
nycophenol i c acr d resistant clones containing targeted del etions of the

rearranged | P‘;\%qq“of S Jer e i de tiafi ecé g};ggm r| mary wW knock. out
cl ones contai n Fiiey By dPRp Sgames 1 gy iepedp 6 “*30 narker gene in the
rearranged |ight Teqay moﬂ@eﬁfsnsawu werh erad&biﬁdnﬁESn@@efgenes vefich flipds thA| D"
progenitor cl aRgiedSifaendphits, gp&reagleﬂﬁiomsgéa& oftSloked b (dufi@ie Bl RGREY
transcription Qe %%&Etm o) C{l} ] é{\@%{mkmck outs were
exposed to a ‘i*owmé ncen ¢ I Sﬁ o,fz&tﬂ r’r{’)011 etrel and OI?‘EZ% su oned by limted
di lution. 1 n BRTsIGaeletes albrstidesesps G5 RwbHH whowut heroressestiPdse-#sol at ed
whi ch had 2ei t ketes el Blu@GendiTly Y24 eV Btip. I8NEaltAMRM MR G DRKEVP" a) or the
gpt gene tog eut.err}veelr’i from DT40% AT cells (Arakawa ot al., 2002) by transfection and stable integration of a
floxed ATD-IRES (internal nbosome entey site) -GFP transgene, was chosen for the transfection of
the WV knock-out constructs. This AID reconstituted clone, named ATD®, has the advantags that
C. the appearance of delsterious Ig light chain nmitations can be easily detected by the loss of sIgM
25  expression and that GFP-marked ATD expression can be shut down after ‘tamoxifep fnduction of
the Cre redombinase transgene inherited from DT40% (Arakawa et al., 2002).

Following transfaction of the WV kmock-out constructs into the ATD® clone, mycophenolic

acid resistant clones éeniau;ning targeted deletions of the rearranged light chain locus were
. identified. These primary yV knock-out clorles confain two ﬂox_"ed transgenss, the inserted gpt
30  marker gene in the rezmranged light chain locus and the ABD—IRES—GFP gerle of the ATD®
progenitor clone, Since the gpt gens might perturb the adjacent transoription or chromatin
~ configuration, the primary IyV Ienockrouts were exposed to ‘a Jow concentration of tamoxifen and
then subcloned by limited dilution. In this way, secondary WV knock-out clones could be isolated
which had eithar deleted oﬁly the gpt gene (AIDRNV" and ATD®Ny VY or the gpt gene togefher
35 with the AID-IRES-GFP gene (ATD ¢V znd AID™wVP*™). The disruption of wV genes in the



35 with the AID-M5-G-P gene (AID t'yrV and AID4-TVP "at). The disruption of
yrV genes in the WO 20051080552 PCT/ EP2005/ 001897 -16 rearranged |ight
chain |l ocus and the excision of Al D over-expression cassette were confirnmed
by Southern blot analysis (Fig. 113) and PCR (Fig. 1C), respectively.

I ncreased | oss of slgM expression after deletion of w genes in AID positive
clones 5 To eﬁbizﬁﬁ@gsg{ue rates of deleterious | g nutatiopgr/rEsiogs/@xer €ssi on
was measured after two weeks culture for 24 sub clones each of the
DT40i t, AIDR DT40r 'AID' and TV knoldk-out clones (Figs. 2A and 2B).

Anal ysis of the controls with the intact w | ocus reveal ed an average of
0.52% and 2.27%slgM-) cells for the DI40c" m and Al DR subcl ones
respectively, but only 0.08%for the DT40c"kAl D' Previous analysis of

spont aneousl| y wreraggehightdhgioen) anBfd Bkoltion of AT eyprterprairnonta vateednfidrdby about a
third contai neghufitrabeshiskt R L 008 @i d) hepL@arr anged [ight chain V
segnent which were regarded as byproducts of the Ig gene conversion activity
(Buerstedde et al., 1990). This view is now supported by the finding that
the AID negat|WEMEW&EQESIFM@“te“m’t#f@ﬁ@kﬁ‘\‘fvlﬁf&‘ﬁg@mPH%%CIP’@?St the 1 g gene
conversi-on activi Tyssnﬁdteanlrétesbﬁﬁ%mslg&htgwﬁ@gexﬁ:’as&nvtamlh@h&ihayntgjsy, subcl ones

of the AIDp05|t|ve cl on RW/)- rapidly
accunul ate slg éli(s %rri%g erea OfsubcII !onES O%T%Dhe | B ngatl ve yiV
knockout cl onelswt(lcﬁlltlbibtlasiﬁlas@f&taﬁd 2B). Anadysibhc/conjrpldAyithrtteigdcny Shghevepledzii gs. 2A and
2B), This suggesis ordNRtand2¥eydels @}cem@or@lé Dmedaﬁayﬂ%aa@&egeomgmu@ ally

i ncreases the ra e £ 1.QW ch in D expressi ng
cells. 20 ReplQAd 0%89%“91 ]Bf“to é‘gﬁ %f%lﬁ@é‘]’algfl ?mﬁwst'l al’“rs'r]{‘ﬁ 3%”)((8%'%4% t he absence
of (W donorl8 W@Héwzwffdd@t Frewik (iird eguipinefl frpesghitpegipatieds Sribearamingidight t he
rearranged i ghimvEh@mmwch%gﬁ@mesamrprodtxﬁ&fm/xglgﬁaedﬁveﬁmhacﬁhqnes wer e

sequenced 5-6 . i . ing l, changes
(Fig. 4A TabI: %%ﬁ 84 el?%zqﬁg%%m%qr ﬁ%ﬁw eﬁ%{ on %h{#ge%% e V | eader and
the 5 end of P¥fe Al (f*‘?“ﬁt“’PJﬁ}éShVW"thﬁ‘feH”S% 5 Rop FaNEES AP EH PRI PRy r V ¢l one
(Fig. 3, aboveldhHererisecsiehbeds of thahId BosBigni asde-obtalot R AIDWIVFEr si on tracts

seen in wld-t n

substituti oﬁs i Qgﬂ) ap? al:émﬂg ﬁ%ﬁg ﬁ%h%hoggbﬁlergig%ﬁggngsﬁg%h ﬁ‘ggltl de
changes, nut atkilft?%ﬁrmé Pla@f @iﬁ% W\‘ivearﬂedﬁ@t VB bery A THes. %Pé‘lkzﬁﬁfﬁ@@?ﬁ&ﬁ@% si on events
in Al DRyiV, wtathe cﬁreﬁdnbftﬁ@e&ladgass drbeticuly H@RRaghe i of tReristaigadntanged | i ght

chain locus, ¢onki Eﬂ?nﬁ&% gene conversion only recruits the W genes on
the same chronpsone S ?ever5| fication of the rearranged light chain

gene (Carlson et at, 30 1990). No sequence diversity was found in a
col | ecti on2mof RQ[Baclezh@hMIg:M dngsnebuegurneen if homdahef yAlidlers' yrV cl one (Fig.

4A, Tabl e 1) g'ugﬁfyhtﬂ& ntexﬂ? 'der{%}iég niu&tlcrn%ﬁ% ﬁgeailrgt{gedt]_@ﬁ cﬁmt\ﬁ’%égrﬁ&ts%f: tivi ty.
Sequences derl ve fromthe Al DRyr Vpa one occasi onal 5y di s cPI ay stretches
of rrutations the WV knock-out clones were sequenced 5~6 Weeks after subcloning: A total of 135 nucleoti]

changes (Fig. 44, Table 1) were found in the 0.5 kb region between the V leader and the 5' end of
.
( the J-C intron within 95 sequences from the AID™yV™ clone (Fig. 3, above reference sequence). Tn
25  conirast to the conversion tracts seen in wild-type DT40 cells, almost all changes are single base_:

substitutions and apart from a few short deletions and di-micleotide changes, mutation chisters
were not observed, The lack of conversion events in ARV, which still cox}taiﬁs the WV genss
of the unreatranged light chain Iocus, confirms that Ig gene conversion only recruits ﬁ:ua wV genes
on the samse chromosome for the diversification of the rearranged light chain gene (Carlscn etal.,
30 1990). No ssquence diversity was found in a collection of 95 lght chain gene sequences from the
AID" V" clone (Fig. 4A, Tablo 1), indicating thet ATD s required for the mutation activity.
Ssquences derived from the AIDRM VP clone occasionally display stretches of mutations
which can be accounted for by the remaining WV1 and wV2 (Fig. 3, below reference sequence).
Neva_rthéless, the majority of ATDRyyPa mutations are single untemplaté& bage substitations as
35 seen with the ATDNV cells (Fig. 4A, Table 1), Only 3 bass substitutions, whick possibly are PCR



whi ch can be accounted for by the remaining w | and gi V2 (Fig. 3, below

ref erence sequence). Nevertheless, the magjority of AIDRyrVa" tnutations are
singl e untenpl ated base substitutions as 35 seen with the AIDRy,V cells
(Fig. 4A, Table 1). Only 3 base substitutions, which possibly are PCR WD
2005/ 080552 PCTI EP20051001897 -17 artifacts, were found in 92 sequences of
the AID -yrr" ' confining that both the gene con . t he
mut ati on acti ﬁﬁogédaghfgil DPxvVpa"'al are Al)) dependent. é&%go@vf%%gltl on
activity of the W knock-out clones ctddely resenbles somatl C

hypernut ati on The di scovered Ig nmutation activity in the W knock out cl ones
with a predom nance of single-nucleotide substitutions suggests that

somati ¢ hypernutation had replaced I g gene conversion. There is however a
difference betatifetn, Wekae’om@ﬁbbaqdcﬁbesﬁtﬂb&]ﬂ)f’tyﬂ“i‘lclmcdnﬂnﬁdg&arﬁhbﬂmbge\ip-1 1 and

Al D 4W- cl Onecﬁm‘é'ﬁgangth%%Bﬂo%& .eisg)%wpager ange%pt er Bcells in that the
cl ones show very ~ ew nmutations | T bases and a preference for
transversion nmutations (Fig. 4B). Ig hyperrirutations are typically

| ocal i zed wi t hibBn@neuthkidn 6divinh te HIXSaLEbemnganay cequreRaticM t h pref erences
for the Conp ?ﬁ%@t&é’o Det er mi ni ng Regi ons (CDRs) of the V(D)I segnents,

wher eas no or ew nutations are present in the downstream C regi on (Lebecque
and Gearhart, 15b0dscovye Jepylation qiistvae (¢ agk-ortiglenep pitigpregiminesa ot he Al DRWV-

cl one foll ow amnghlckaie sdmﬁlﬁdnmggematsbﬁaﬁﬁ@aawanma&bly&nggwas ext ended to

t he pronoter n ntron of, th nged .l i rahai N gene
(Fig. 5). Altﬁgr%le mnf‘tl%tl&lhgﬁ%maa%gs %ﬁnegmnl%esn%”w ?bsu%ar(s)nr%n Aﬂﬂ%\ﬁd in the

i ntron dovmstﬁ?deﬁﬁﬁﬁf cleiyeangd ledpngrrettions in gdvoingd ecplkr B qqllsiinteah Beclenbsskaw Wrycoi nci des
Wi ( h the CDRI1 sanshGEdRE A/T Wads 64l a@fefreale $0 nidkvehie oS [eem)0f gene conversion

1 DTA0, (umpubl 1 she a5l BB TR i B ol BRI Tt 0n
conpl ement WR®Hh prfprgpces Agphe CWWN%TSDﬁwmlﬁ)??@@ﬂsé@ﬂﬁbafﬁ?ﬁ@?%ﬁ&ﬂ&%fﬁ:on i n hunans
and mce. |t wWaSeaptioay o uGiaNont LO0¢teH thh h@hmh&iﬁ&dg&ﬂam@mﬁdd%ﬁﬁl par al ogues

i nduces 1 g hypgpymig :i’x?e%;@i!e wﬂeﬁer%m‘?m& & %“?Jfbions%cgt%gs il s@rﬁﬁ&ﬁ‘r e the

hypermut ati on activit ene negat par’al ogue -
negative bXckFFEENGRIHE Frs Wéﬁ?t@f‘eﬂﬁ@%ﬂ%@rﬂﬁﬂﬁéﬁWP ?fﬂtcﬁ"éﬂﬁeﬁb@ 1 cI one 25
and the rear r engecho Wic. Herdsichereiosegfentdde B twpekser afiteheigubcl oni ng. Sim | ar

to the nutati %su%aea%w atstmcﬁlﬁdéyé&é&m&fm@mﬁ\ﬁ@@meacm;ev' ously

reported (Sal e}n&h referre ?eéof eneconverso m 0 tmgbl ct?re sg%er}gx?gate&r om the
XRCC3"' ' cel | §7% P?ran%\/ P ETBRprer erence ra ce of nmutations

in AT bases %ﬂFﬁO@aﬂmB)mutaR@v@Wﬁ@@%%GW@Wfiéh%(ﬁ Wat“*@ ferpeRcR@OERCC3 mut ant
was about 202. & cbdidhehiONIETY (FB.aIT), kivwh Reotibdd oW hyperdnaaen ancudad @icsvas a cl ear
sl ow growt h phenotype of the 30 XRCC3 nutant conpared to w |l d-type DT40 and

t he Al DRer cl one (Fig. 4D).
. Tt was previously reported that the deletion of RADS1 paraloguss induces Ig hypermutauon

- in DT40 (Sale et al., 2001) To compare the hypermutation activity in the ¢V gene negatiVe and
Q RADS51 paralogue negative backgrounds, the XRCC3 gene was disrupted in ths DT40% clone

25 andthe rearr&ﬁged VT genes were sequenced 6 weeks after subcloning, Similar to the mutaton '
spectrum in the AID™y V" clone and what was previdusly reported (Sale ¢t al., 2001), the mutations
in the sequences from the XRCC3™ cells show a transversion preference and an absence of ‘
mutatiors in A/T bases (Fig. 4B). Neverthsless the mutation rate in the XRCC3 mutant was about
2.5 fold lower than in the AJDR\VV‘ clone and there was a clear slow growth pheﬁotype of the

30 XRCC3 mutant compared to wild-type DT40 and the AIDIWV‘ clone (Fig. 41).

To identify the routations responsfnle for the loss of sIgM expression in the AIDR\VV“ clone,
94 light chain cDNAs from sorted sIgM(-) cells were amplified and sequenced. Although one
short 1 ingertion and five deletions were datected in this collection {Table 1), 89% of the 245 total 7
35 mutztions are single nucleotide substitutions within the VI segments (Fig. 5). Surprisingly, only
about 10% of the ssquences contained a stop codon or a frameshift, suggesting that fhe laclk of



To identify the nutations responsible for the loss of slgMexpression in the
AlD'W- clone, 94 light chain cDNAs fromsorted slgM-) cells were
anplified and sequenced. Although one short insertion and five deletions
were detected in this collection (Table 1), 89% of the 245 total 35

nmut ati ons are single nucleotide substitutions within the V7 segnents (Fig.

5). Surprisi about 10% of the sequences cont @i codon or
a franeshlflws%gséogbggl ng that the lack of WD 2005108055?%%%2(%%{%%?/ 001897
18 slgM-) expression is mainly caused8by amino acid substitutions which
affect the pairing of the Ig Ilight and heavy chain proteins. Ig |ocus
specificity of hypernutation 5 It has been reported that high Al D expression
in fibroblasts (Yoshi kawa at at, 2002) and B <cell hybridomas (Martin and
Scharff, 2002}IgMepetsresion F meioly ended biLrmith b isbsitiolshils{Re the hidop aNiRgeNnes.  To
rul e out thathgﬁgﬁ@§%Hggg§ggmgeletions had i nduced a gl obal hypernut at or
phenotype, the 5 ends o he genes encoding the B cell specific marker
Bu-1 and the translation elongation factor EFI- a were sequenced for the

Al Dpyr V cl onelsl@ng spedficy pigiyeermowtetionp del eti on was found within 95 C 10

sequences af the Iﬁb!s‘bleﬂ@@ﬂ&d&ﬂ@lg@mﬁx féﬁoﬁh Bﬂébestmssmﬁ&alepb@ 28mbsh bt uti ons

wthin 89 sequs nost |ikely
represent PCR glr ac?gdagfnhm&0§‘ ?(#9 laa m eguefltmufhmm% cc%efiﬁants 1% ‘

hyper mut at i onT9 %B@éﬂt%Psiuﬁ@e%?%hdfelh@tﬂldeﬁéaEicrbéhirpgfmll@efwéensqﬂ@dhﬂ c. Discussion
15 The resul t &deleimmpabscatoaing hiel ceﬂbtﬁcxﬁlﬂﬁaﬁ(kﬂmﬂ am‘thetuﬁmaﬂitﬁalbﬁgynoﬁ)&&udogene donors
abol i shes 1g ﬁﬁn%verec%ge\ﬁcee%i%rﬁ\n% r?'asmglt cl)n\e/ p tlonwas 0 9 ctivity

whi ch cl osel y resenb ures s are et ween t he
negw acti vilfy wmdsoide Pe! H‘?i?)@ﬁﬁﬂ‘f‘a?’ﬁ‘@ﬂ#* nrlﬂ@rlclaa’ém&l)wnw@m Yepenwedfce, 2) a

pr eédoni nance Eﬁlaﬁaﬂl@h)ﬁAﬂﬂ@é@Qigbsdﬁstﬁkbha&ﬁplr&dﬁmc&ﬂﬁfactﬁﬁms@rﬁ&Eﬂpﬂirtﬁih&)n of the

mut ati ons vm'thi ? LLanscr %96 re4[ e preference for hotspots
and 5) Ig gene speC| PEREY! nsllﬁuce(% Al qfﬂiiaer nee P\?v'f % regard to Ig
hypermutation in vivo is the rel atlve | ack of nmutations in A/IT bases and a
predom nance Pisedgs@ESver sion nutations in the yrV knock- out clones.
However, this difference is also seen in hypernmutating EBV transforned B

cel | |iness (Bachtheqels Widdhstrard BQGie doldtion dfihe BlabPsoudogdld Qabrs aGkhdITneNUt ant s of
RAD51- par al Og:lér%%rsxgnslg !D%}Geamljn %Lvaies a2 rgtgajﬁ)m% 19% %ﬁch cpgly%ge%b F%rh%perm% he 19

hyper mut ator activit or me nes nterestingly,
the rate of [T§eBgups r?ﬁtfve?prbeﬁewaﬁtwthedmrreerhwmvﬂamedg@éh@hu gher than the
rate of | g geRenderNRERtdRinkide dflig:le ddiekubphage, 3) fiothmioAnf texapi-dmat i on f or

this could bg‘,ﬁm% 5%b§@@é{&réla9r@fmteﬁc§‘§}ﬁ)tsﬁoqsqndﬁ E‘gén@qvc&ﬂﬁy ghd ﬁge?ngrjctl on

i denti cal g&&% and a?aﬁ Jequences and ‘g , g gyreb
of Ig hyper PSR BETHR S LIS BYopsfregdiie e ‘ag?nf)’ﬁ dpports a sinple
and a predominance of transversion mutations in the ¢V knock-out clones. However, this
difference is also seen in hypermautating EBV fransformed B cell Iincs_ (Bach! and Wabl, 1996;
- Faili ef al., 2002) and DT40 mutants of RADS1-paralognes (Sale et al., 2001) indicating that part

(e of the Ig hypermmtator activity is missing in transformed B cell lines. Interestingly, the rate of Ig

25  bypermutation in the ATD™V clone seems higher than the rate of Ig gene conversion in the
DT40% progenitor. An explanation for this could be that some conversion tracts are limited to

stretches of identical donor and farget sequences and thus leave no trdce.

The induction of Ié hypermutation by the bleckaga of Ig pene conversions supporis 4 simple
30 model explaining how hypermutation and recombination Is initiated and reguiated (Fig. 6). At the
top of the svents is a modification of the rearranged V()T segment which is either directly or
indirectly indnced by AID. The default processing of this lesion in the absence of nearby donors or
n the ebsence of high homologous recombj.naﬁon activity leads to Ig hypermutation in form of a
single ﬁucleoﬁde substituﬁon (Fig. 6, right sidé). Hovs.raver, if donor sequences are available,
35 processing of the ATD induced Iasio;x can be divided into & stage hafore stzand exchange, when a
shift to Ig hypermutation is etill possible and a'stage after strand exchange when the commitment



30 nodel expl ai ni ng how hypernutati on and reconbination is initiated and
regulated (Fig. 6). At the top of the events is a nodification of the
rearranged V(D)l segnent which is either directly or indirectly induced by
Al D. The default processing of this lesion in the absence of nearby donors
or in the absence of high honol ogous reconbi nation activity leads to Ig
hypernmutati o of a single nucleotide substituti right

si de) . Fbmevgwbgm?ﬂébnor sequences are_avail able, 35 proggggﬁ%gmggw%he Al D

i nduced | esion can be divided into a sthge before strand exchange, when a
shift - to Ig hypernutation is still possible and a stage after strand
exchange when the conmm tnent WO 2005/ 080552 PCT/ EP2005/ 001897 -19- toward

| g gene conversion has been nade (Fig. 6, left side). Wereas conpl etion of
the first stagevard BGete t@Serdion Raspedh knadei(P@ 6, 1@nidef whdhas cRBADGI Fak alsegpes, t he
second stage i ggg?; t protein. 5
Thi s dlfferenéQM?% c%ﬁ%%?ﬁhog& 1?%%&%%tmﬁ%%%%%%ﬁgﬁggé%g%ﬁﬁéggé% .
par al ogues noﬁmﬁﬁﬂﬁﬂﬁﬁE%P%é§€mig gene conversion, but also induce Ig
hypermutation (Sale et at, 2001) whereas dlsruptlon of the RAD54 gene only

decr eases |g genem%gméimq@m&ﬁﬁ@aagﬁmﬂm@hm otk kD51 pEBeued OGS, &l SO
predi cts that Iom/ I.on act|V|€g%prevents l g

gene conver siBHa8 e&%ﬁm? ?‘?mfeﬁ’én B‘Fté]é‘é’ﬁ%éd?ﬁyp%ﬁ éf’l‘(’)ﬁ RO ETEuch a | ow
honol ogous r edembiiviaf oA tde et desrpasey Iengrng hduvdpin (Brezuboras dn L989AYTBhuman and
murinb B cel | &of@¥ed prédfe ﬂalaigm’g&ﬂlﬁarQ%%@Juﬂe&ﬁlb%&pdcﬁﬁypﬁ@ﬁs g&sence of near by

candi date dongrs. i, formof i carlanded sﬁgqg‘sﬁrﬁ (380 U0k ch.cken

ger m nal cent er Have s ene conver a1 on
hyper mut at {%n atintemkishihe fb%reﬁa@ why h%geﬁflm% BTHE 2P PR pgvae @W@Slwﬁewrﬁ@ck out DT40
cl Ones area pawpsefidits oenewdaﬁmiaﬁsaclnms w&&rﬁmmm@ém&gﬁeﬂ&hﬂi%@bﬁk&f

trans-acting E O St cngéh%e%&éd%gmheg%&é c%&{l&ﬂ tﬁ%ﬂ;{;&%ﬁﬁ&tﬁn ﬁTsLagetﬁene

conversi on ypermufation. Conpared to alte Ive anl na cel
cul ture systeilrgﬁ ¥t offers the advant ages of. 1) parallel analysis. of Ig
gene conversion and I g hypernmutation, 2) conditional AID expression, 3)

easy genong nodi fﬂhgwg{mq,mg&ﬁ@mb%m&*ous&gapo%fﬂ%weﬂtg@}sem@r ol i feration
and repair proficiency | ocus specificity of g/ pernut ati on. The

ability to indge® tbﬁéﬂ%O §ffj°é6?’”f1$ %cf?fwéﬁffwn&tr?gwﬁw PP T8 8608 BRI | ne ght
al so find appidetermptgon @pniynr@itedhmﬁve)ggmal@q@cﬁmssysbmwmﬁrsnﬂs adveptgepl ace t he

chi cken anti bgdy p&ml dﬁﬂysm'bﬂg b P Sont¥¥sich aﬁlxghygemraorggumﬁsmgxp@&@nt hen to

simul at e ‘anti hod a uratl from conti nuously
cvol ves. by | G RH AT AT 260 ey A O G AP ARRESTASg P by

gene conveéPsi @ﬁﬁa{fﬁ @mswa@qﬁwwwm%@egmmm@e aﬁnﬁiga@émqmma%ﬁ’es cent
Pr ot ei n ( GFP)thd ISraneEMampRhi@ldfadapliaiee n bdtéchh @1g6. CRE boskiby €13 replace the

chicken antibody coding regions by their bumen counterparts and then to simulate antibody
affinity oaturation from a repertoire which continuously évolves by Ig hypermutation.

25 2. Targeted in vivo mutagenesis of GFP by gene conversion and

hypermutation

The gene encoding Green Fluoresoent Protein (GFP) is an example of a target nucleic acid which
can be genetically diversified using the cell system of the invention, in particular the DT40 cell

30  line. The GFP gene inserted into the Ig light chain Jocus by targeted imsegration will be subjected
io hypermutation and its activity with respect to color, ntensity and half-life will evolve wifh time
{Fig. 78). If a combination of hypermutation and gene conversion is used to modify the GFP
activities, variant GFF sequences which can serve as gene conversion donors for GFP are also
nserted inio the Ig Tocus  (Fig. 7D)

35 AnlIg VIreplacement vector, pVjRepBsr, which aliows to replace the Ig Tight chain VI gene by

any nucleic acid farget is depicted in Fig. 7A. A potential target for mutagenesis can be cloned info



can be genetically diversified using the cell systemof the invention, in
particular the DT40 cell 30 line. The GFP gene inserted into the Ig |ight
chain locus by targeted integration will be subjected to hypermutation and
its activity with respect to color, intensity and half-life will evolve with
time (Fig. 7B). If a conbination of hypernutation and gene conversion is

used to nodi fwobdensssss activities, variant G-F sequenceﬁ wﬁ% fofB, serve as
gene conversion donors for GFP are alsg inserted into t ocus (Fig.

71)). 35 An I g VJrepl acenent vector, ‘r?\Qj'Reszr, which allows to replace the

lg light chain VJ gene by any nucleic acid target is depicted in Fig. 7A. A
potential target for mutagenesis can be cloned into WD 2005/ 080552

PCT/ EP2005/ 001897 -20 Spel site, which is conpatible with Xbal, Nhel, Avrll
and Spel sit eipel sfomhigkiarmpdpeible triileXah Rhqgeivdl and el site. Fonssenrectk GRAtaect he 1 g |i ght
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hypermuta-_tion.or a combination of hypernutatiqon an ne_caonver si on,
conpri si nd*ef etng* a??gglfexbar tsggfapt’ hecpca'é’nepﬁ%n\?é—r ﬁ%-BnSF\SIL i ﬁ“aa"’lng
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conversion activity and having no dele- terious nutations in genes encoding
par al oguesEHTPEHalB§aEdongf hIRES CHFAILERA. PRTALABERS a6t ANFIRIURS and

'sel ective o iedSihAB841 BRoRE1g . transgenic target nucleic acid by (a)

hypernutation or (b) a “conbination of hypernutati on and gene conversion
conpri sing insertiﬂgaa genetic construct containing (a) the target nu-
cleic akid oreiflpgdt Heox adgareatnd epbdacralaniiye | dnserohblcasaasncet capabl e

of Serving amAdele £onyershaR1d9uohdidf by Neaf AhPSLrRUELELEnAEY] (H)t & the

gl obul'rTn 1 ocus o
combination of hypermutation and gene conversion <Zomprising
inserting a genetic comstruct containing (a) the target nu-
cleic acid or (b) the target nucleic acid and at least one
sequence capable of serving as a gene conversion donor for
the target nucleic acid into the immunoglobulin locus of a
chicken, sheep, cow, pig or rabbit B cell having immuno-
globulin gene conversion activity and having no deleterious

mutations in genes encoding paralogues and analcogues of the

RADS51 prctein.

' 3.A method for directed and selective diversification of a
transgenic target nucleic acid by (a) hypermutation or (b) a
combination of hypermutation and gene conversion comprising

- inserting a genetic construct containing sequences which di-
rect hypermutation and/or gene conversion and (a) the target
nucleic acid or (b) the target nucleic acid and at least one
sequence capable of serving as a gene conversion donor for
the target nucleic acid into the genome of a chicken, sheep,

cow, pig'or rabbit B cell having immunoglobulin gene conver-



chi cken, sheep, cow, pig or rabbit B cell having i muno- globulin gene
conversion activity and having no deleterious nutations in genes encodi ng
par al ogues and anal ogues of the RAD51 protein. 3. A nethod for directed and
selective diversification of. a transgenic target nucleic acid by (a)
hypernutation or (b) a conbination of hypernutation, and gene conversion
conprising inserting a genetic construct containing sequences which di-
rect hypermutation and/or gene conversion and (a) the target nucleic acid
or (b) the target nucleic acid and at'*%ast one sequence capable of serving
‘as a gene conversion donor for the target_nucleic acid into the genone of a’
chi cken, $H¢¥p, acesviityi Ft PaABhrg @%éﬁ?lﬁﬁ@%’ﬁ@u?mﬁ}%ﬁﬁmﬁ ANgeFRNDnver

23 S1 on gy Adaayhag BRAdehenBElous JRIUGHd and R Geges iy encadi ng

par al ogues an I"ogues t he RA otein. 4. The net according to any
one of claims 1 to 3, wherein the ceII contains wld-type honmol ogous
reconbiﬁa’fhennml’icxd argorginge thet hott asoor dEng iy lorfe oB, clwgdigmeint o

4, wherein the | 1. _has .an un e rollfer tion rat The nethod
accordi ng ttho acﬁ?/ n&°6F%rs} rr‘%ﬁlcfi gyg% RS r?%st he® 2 lngtbﬁR raecptajr‘f_
proficientity/. The nmethod according to any one of clainms-1.to 6, wherein the

cell is a chi cken Bursal |ynphonma cell. 8. The method according to any one of
cl ai s to 7, wherein the . cell is a DT40 cell qr a derivative thereof.

9. The n%t?ﬂaﬂ qecdas nBCFBTAAPIore® ofP¥I & 2Tt &S iNheteit? fhewhgyein
expresses afd i@t alzd NPuceds #2881 BASE oML PeraltQctha-dme hod according to any

one of claims 2 to 9, wherein the target nucleic acid encodes a protein or

exercises a regulatory activity. 11.The nethod accordlng to any one of
cl ai ns ©-Flae 10ethpsy epgcording to any one of claims 1 to. 5, wherein

the cell is DNA repair proficient.

7.The method according to any one of claims 1 to 6, wherein

the cell is a chicken Bursal lymphoma cell.

8.The method according to any one of claims 1 to 7, wherein

the cell is a DT40 cell or a derivative thereof.

9.The method according to any one of claims 1 to 8, wherein

the cell expresses activation-induced deaminase (AID).

10.The method according to any one of claims 2 to 9, wherein
the target nucleic acid encodes a protein or exercises a

regulatory activity.

11.The method accorxrding to any one of claims 2 to 10, wherein
- the target nucleic acid encodes an immunoglobulin chain, a
selection marker, a DNA-binding protein, an enzyme_; a recepF

tor protein, or a part thereof.

12.The method according to any one of claims 2 to 11, wherein
the target nucleic acid is a human immunoglcbulin V-gene or

a part thereof.



the target nucleic acid encodes an i munogl obulin chain, a selection

- marker, -a DNA-bi nding protein, an enzyne, a recep- tor protein, or a part

t hereof. 12. The method according to any one of clains 2 to 11, wherein the
target nucleic acid is a. human i mmunogl obulin V-,gene or- a part thereof.
-24- 13. The nmethod according to any one of clains 2 to 11, wherein the
target nucleic acid contains a transcription regulatory elenment or an RNAI
sequence. 14. The nmethod according to any one of clains 2 to 13, wherein the
target nucleic acid is integrated into“he chronosone at a defined |ocation
by targeted integration. 15. The nethod according to any_one of clains 2.to

14, whetdi-Ahet METDAYRCAREPLRE &Q ET% Fper 861 w13 4Bd2 t 59cdritr HNNFRRIR ei ¢

aci d sequangesthbgbrdidiRele gengtiq dbMeashis Gat £ 0Anste:Phs oet:had BoEeordi ng

to any one of clarms 1 to 15, wherein the cell expresses the target nucleic
aci d in askEwent tdatanf BYARL sgoeensél-ection of cells conprising nutants of

said nucleic acid having a desired activity. 17.The nethod according to

claiml r el I i t ~gel i of At agt vty of
t he targgf)fﬁgcﬁgir&gg&gc%géaf%ﬁﬂ ;t%e agl I I%r?%not%hg%c%teﬁ“fys%r gcggdr Q%Hu%\%%%/ré t he
cell:. 18. Ee netrdmer anvolding acddclis mni®gmdiez@di intbe thel ebiricowsame &t

indirect selection for the activity of reporter. nucleic acid. 19.The
net hod ac@bﬂﬁﬁ{fQQ)%%9a ﬁ@no%yc#§¥ﬁ§tfgt& INHALEn  geneti c
diversification of the target nucleic acid by gene conversion and

hyper muii 8if 1108 ingtERdUl ¢ €erB¥ngi EoadhN®nd eglll alaivmssenuescea., hekhrsn
met hod according to any one of clains 1 to 19, wherein enetic
di versi fi C&6 OFPEFCEhE UGkt AGdPeilS aPPRTBPyenkinked to control nu-

cleic acid sequences that direct genetic diversification.

16.The method according to any one of c¢laims 1 to 15, wherein
the cell expresses the target nucleic acid in a manner that
facilitates selection o©of cells comprising mutants of said

nucleic acid having a desired activity.

17.The method according to claim. 16, wherein the selection is
a direct selection for the activity of the target nucleic

acid within the c¢ell, on the cell surface or outside the

cell.

18.The method according to claim 16, wherein the selection is
an indirect selection for the activity of a reporter nucleic

acid.

19.The method according to any one of claims 1 to 18, wherein
genetic diversification of the target nucleic acid by gene
conversion and hypermutation is wmodulated by cis-acting

regulatory sequences.

20.The method according to any one of c¢laims 1 to 19, wherein
genetic diversification of the target nucleic acid by gene

conversion and hypermutation is modulated by varying the



conversion and hypermutation is nodul ated by varying the -25- nunber, the
.orientation, the length or the. degree of honol- ogy of the gene conversion
donors. 21.The nmethod according to any one of clains 1 to 20, wherein
genetic diversification of the target nucleic acid by gene conversion and
hypermutation is nodul ated by a trans-acting regulatory factor. 22.The

nmet hod according to claim?2l1l, wherein the trans-acting regulatory factor is
~activation-induced deam nase (AID). 23.The nmethod according to claim 21,
wherein the trans-acting factor is a PRA-repair or reconbination factor
other than a RAD51 paral ogue or anal ogue. 24. A nethod for preparing a cel
capabl e ofnuipert efhandeentatidne ghaetlengdivearsi theaticgres of thomel-

nucl eic acid q¥f_Qﬁgeggg%agaﬁ%%gﬁé%ﬁX) igg?ion of hypernmutati on and gene

conversioﬁx€6npr|5|ng trans I'hg a chitken, sheep, cow, pig or rabbit
B cell having i munogl obulin gene conver- sion activity and having no
del et er cauSheutngdiiond aocgedesg ens ogivygopar alfogiiesinandl anal euesviodrd fre

RAD51 protein with _.a qgn%%jc construyct containing th target.gu | ei ¢ acid,
and (b) iHHEFESi AFVETSAH TR Che oRh3hE oragt f&’ggn%?ﬁ‘e
thereof repbmeedsibihhahle ApraahubHeiShCiaCbadntde Bt RO AGEAILtithd O

claim 24, wherein the geneti'c con- struct containing the target nucleic .acid
further comsithstony fas&Pone nucleic acid capable of serving as a gene
con- version donor for the target nucleic acid. 26.The method according to

claim 24,0 5, i : C I ni,Rg t e ugl.ej ¢ aci.d. |
constr uggégh%y rnrru tlc-? %F%g?§&% ss%? ?'?%%lgf ébgt'i oﬁ&ltz%{lgzg?gTﬁée&nr%’t f}%ﬁﬂg
accor di ng tegahgtorme Dactbai ne 24 tivald dntithbreaddnpeasings¢cXAlpansf ecti ng
the cell fromstep (b) with a

23.The method accoxding to claim 21, wherein the trans-acting
factor is a DNA repair or recombination factor other than a

RADS51 paralogue or analogue.

24.A method'for preparing'a cell capable of directed and se-
lective genetic'diversification of a target nucleic acid by
hypermutation or a combination of hypermutation and gene
conversion comprising (a) transfecting a chicken, sheep,
cow, pig or rabbit B cell having immunoglobulin gene conver-
sion activity'and having no deletericus mutations in genes
encoding péralogues and analogues of the RAD51 protein with
a genetic construct containing the target nucleic acid, and
{(b) identifying a cell having the endocgencus V-gene or a

fragment thereof replaced with the target nucleic acid.

25.The method according to claim 24, wherein the genetic con-
struct containing the target nucleic acid further contains
at least one nucleic acid capable of serving as a gene con-

version deonor for the target nucleic acid.

26.The method according to claim 24 or 25, wherein the locus
containing the target nucleic acid is constructed by multi-

pie rounds of transfection.



further genetic construct conprising a reporter gene capable of being
influenced by the target nucleic acid. 28. The nmethod according to any one of
claims 24 to 27 further conprising (d) conditionally expressing a

- trans-acting regu- latory factor. 29.The nethod of claim 28, wherein the
trans-acting regulatory factor is activation-induced deam nase (Al D) 30. The
nmet hod according to any one of clains 24 to 29, wherein the target nucleic
acid is inserted into the cell chronosome at a particular |ocation by
targeted integration. 31. A nmethod for'%?@paring a gene product having a
desired_ac- tivity, conprising the steps of;. _(a) transfecting a chicken,
sheep, 6w i Q‘ed’rth‘gb%n? Oﬁd&g‘ﬂl SPavt ‘i”?ﬁ‘ruﬂggf:)&ﬁ&ﬂsn Yenk® %gn\/‘é‘Prstrﬁ'b‘?F
activity afshgiand Niegng el etghiseuscauGati@nscen: geres saepdi () pasahogues
and anal ogues of the RAD51 protein wth a genetic construct containing a
transgeni CWERF GECCBLEI FORGT VST CIMBGTRINY At TeRASESEnFedeq faRadle
capabl e of,¢ $gI '%&é‘gil?flﬁeﬂgaa B ”E?x'és!t%'}g%‘%n%éacfl%rié h&-d@rget nucleic acid;
(b) culturing the cells under appropriaté conditions to express the target
nucleic acid, (c) identifying a cell or cells within the popul ation of '
cel | s vt chhexpecisss accordingdtgemayprotricet hakhagst et desi 2&d fagttihert v;

d (d bl.i shi e _cl.onal | at | f_cells f he cel |
or ool |5 Comperr e 1O0 sRned Bk W BRSO QrBSCrEnarS s  ons

a cell orileelhs, Wiedoexpress(es) a gene product having an inproved desired
activity. -27- i 32.The nethod according to, claim31, wherein steps (c) and

(d) are iteratively repeated. 33. The nethod according to,clains 31 or 32
f U t her? LoHRE | BREHOY Pie G off swWRERFAG GFF GorRRtT ok vap SFRBEIALERY

34. The nmekhedoaC G HIt ¢ 2N - 0RQuBEachahMBndset Q233 Wwherein

30.The method according to any one of claims 24 to 29, wherein
the target nucleic acid is inserted inteo the cell chromosome

at a particular location by targeted integration.

31.A method for preparing a gene‘product having a desifed ac-
tivity, comprising the steps of: (a) transfecting a chicken,
sheep, cow, pig or rabbit B cell having immunoglobulin gene
conversion activity and having no deleterious mutations in
genes enceoding paralogues and analogues of the RADSl prbtein
with a genetic construct containing a transgenic target nu-

‘cleic acid and optidnally at least one sequence capable of
serving as a gene conversion donor for the target nucleic
acid; (b)) culturing the cells under appropriate conditions
to express the target nucleic acid, (c} identifying a cell
or cells within the popuiation of cells which expresses a
mutated gene product having the desired activity; and (d)
establishing one or more clonal populations of cells from
‘the c¢ell or cells identified in step (¢}, and selecting from
said clonal populations a cell or cells which express(es) a

- gene product having an improved desired activity,



the diversification of the target nucleic acid is further nodified by

target sequence optim zation.
31 to 34,

wherein the genetic diversification is switched off by down-

regul ati on of the expression of a trans-acting regulatory factor. 36.The
met hod according to claim35, wherein the trans- actlng regul atory factor
activation-induced deam nase (AID).

»
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32.The method according to. claim 31, wherein steps (c¢) and (d)

33.The method according to claims 31 or 32 further comprising

are iteratively repeated.

the step of switching off genetic diversification.

34 .The method according to any one of claims 31 to 33, wherein

the diversification of the target nucleic acid is further

modified by target sequence optimization.

35.The method according to any one of claims 31 to 34, wherein

the genetic diversification is switched off by down-
regulétion of the expression of a trans-acting regulatory

factor.

36.The method according to claim 35, wherein the trans-acting

regulatory factor is activation-induced deaminase (AID).

35. The net hod according to any one of clains

i's



