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Generation of diversity in combinatorial libraries

Biotech evolutionary methods, including coﬁbinatorial libraries
and phage-display technology (PARMLEY & SMITH 1988; SCOTT &
SMITH 1990; SMITH 1993), are used in the search for novel
ligands of diagnostic, biomedical and pharmaceutical use
(reviews; CORTESE 1996; COLLINS 1997). These methods, which use
empirical procedures to select molecules with required
characteristics, e.d. binding properties, from large
populations of variant gene products has been compared to the
process of natural evolution. Evolution includes the'generation

of mutation, selection of functionality over a time period and



of nutation, selection of functionality over a time period and

-2- the ability of the systens to self-replicate. In particular natural
systens use reconbination to reassort nutations accunmul ated in the sel ected
popul ation to exponentially increase the conbinations of nutations and thus

I ncrease the ,a.wggg f variants in the population. This |atter ct,
nanely the intro u%:gto?on of reconbi nation w thin nutant genei’gﬁlggg@ﬁﬁ? _
recently been applied to biotech evol uti"dgiary net hods, although it has been
used to increase,ihe size of initial phage-display libraries (e.qg.
\AATERHaJsr‘:‘%fggai"f’lfr’si)hugl%—|| f&elﬁé;te@aaé?ﬁ%gﬁﬁpg’r%%ﬁ%-195“6)1.’&% R 1994a,
1994b and nk¥¥raieacdydtanis I esaNbirdabheihaMA0Stod ReALLSEE OMmita tBhs

nol ecul es can be acheived in vitro by PCR anplification of a m xture of

smal | overdapgtedagignt $hei t Ifeleobad, pomulatisn witehoekPrETRNRERY1995)
primer ol igonuc] Lot Sk el.kg : | ye reactign. The
met hod i s not aps%I i%:a I?a toq}gggxrlrgi hgt fﬂggggvtﬁu%%l g&%&’fﬁ% &gr?&g%gztéég( hi ghl y
nmut at ed) sembEceosfi nearidntsneimodheelpopmlanibn gh Thdeollegresf ddpect,

over | appi ng _sequences.at_the site recomhi nati on., STEMVER 1994b and
CRAVER, " 1S, RS ABEr SR ishe o T RREHREI oA st SR g, pnes
reconmbi natha drilly Felceatl ¢ b&atolapbl 084 ¥dayivteRAMER 18Rl ek HdRBDNSE r at e
the use of the nethod in conjunction with phage-display, even though their

method i s *HIUEY to Pe§i SssnotspBwtputidcreasnstdy elige. ob. 5-ifiddAl of the
bases are mfé-%éﬁawﬁhargﬂ&o%.gw EC108018 RANABLPHCS o3,
reconbi nati on over “exristi ng rmtagen SIS nethods are 1I ely to |ncreése with
t he nunber3OIIYRR AlS9t ;0fFI86Het 89 @)r. STEMYERORI94a ( SPBNIERNG O9KY) .tedéhpoi nt

"out that this. i . h el f-evident ct _that e nunber of variants
creat ed by&rrau %eg%ééltél%itt‘(ﬁ?go TS Sag%p%%aaﬁé’é’so?nnéﬁxi"??leﬁljf?‘r%tcaﬁﬁ Be

Struct ur esadlkseiaredadih t viters .18y , PER | dpdfliyat Dovi eoSi H0mixicdel @F swadneas the
use of reconbination between nutated vari ants%i el ds ngvel variants as an

exponent | SPVFUHRRRIGY FFAINERERi EER AERiAR O3B} | SRt Yithenr o SIEPER
phage- di spiggs) i Rr3me?s odi §ohikieotlad Qé@&/&d@ssﬁgi(ﬁ'@t@ébﬂ £8rarive the

PCR reaction. The method is not applicable to recombination
within a fully randomized (highly mutated) sequence since the
method relies on high homology of the overlapping sequences at
the site of recombination. STEMMER 1994b and CRAMERI 1996a do,
" however, demonstrate the usefulness of in vitro recombination
for molecular evolution, where CRAMERI 1996b also demonstrate
the use of the method in conjunction with phage-display, even
though their method is confined to regions of low mutant
density ( ca. 0.5-1% of the bases are mutated in their method)
as they state "the advantages of recombination over existing
mutagenesis methods are likely to increase with the numbers of
cycles of molecular evolution, (STEMMER 1994b). We point out
that this is due to the self-evident fact that the number of
variants created by mutagenesis introducing base changes in
existing mutant structures is an ‘additive i.e., a linearly
increasing function, whereas the use of recombination between
mutated variants yields novel variants as an exponential
function of the initial number of variants. The classical

phage-display libraries are thus at a grave disadvantage for



t he generation of novel variants; e.g. to enconpass all the possible
variants of an octapeptide sequence 20[err]=2.56 x 10[err] different

vari ants woul d be required. MARKS 1992 state the inportance of
reconbination in the generation of higher specificity in conbinatorial
libraries e. | ai ning anti bodi es of higher specificit | di ng
constants ing?ﬁgﬁ?%$%1of reshuffling |ight and heavy chains¥gﬁﬁgmg&£9

i mmunogl obul i ns di spl ayed i n phage-disptay libraries. These authors do not
i nstruct how the shuffling of all the.light and heavy chains in. a h

popul at i orF et BFATESEs 9 l:flﬂ"l‘?lcﬁ’éirr’@ngﬁh Bed actti RE™PEEE. aﬂ}, 5P%ect or
al | owi ng necihjiRaty O andeavys angd bieiieptidienseyaencecketirndgsone af'fer the

other, i.e. an optimal heavy chain first selected froma heterogenous heavy
chai n popudififenentn venéaptesendd be re@bi¥®bant |ight chain, then by '
preparing a new |library, an optimal |ight chain in conbination with the

presel ected optimal heavy chain. The extensive tine consum ng sequenti al
optim zat iMARKS r A9egi estane r the | impbirtages ficl udengnicinetdwausimuthei onal
l'ibraries, in vivo nutagenesis, error;:ppne PCR as,well as.chain _shuffling
are summarySRRration gﬁgeg’lggﬁﬁd SPEGH LEA Y &Y 1 GO AR A LFFEESPBund t o
phage and phagerdli st Bhingbhatissdies JEeMeghebrsydaFiat ey gonenAnddng
containing extrenely |arge nunber (}é‘(iiéer'r] to 10[err1i\) of variants. The
vari ant gefenstaptehtin Fhe fogpdof ¥eshmfldanaptiahti fngeR8aBY haPEaREnt ous

bact eri ophgage, sML3, fvelil )in aRHakBeafdaagn OBNRissi NTgeked i nto
t he genone 04% éouplﬁ'g%e %;Fé%‘%ygh p%]%ggmag. ,&ﬁggem dis dgfi ned as a
pl asm d coatthorsgia hetpdaietgiay owl theplshuffling ofi gld dhethght and

et ous Baet SEARPLoAE o TSl BUEe" RLSRELINRL! RUORLIE cradiaotal 10 of

Escheri chi Becatheiiisd, .4ai byi afenited willdwing recombination. Heavy and

4 light chains were selected one after the other, i.e. an optimal
heavy chain first selected from a heterogenous heavy chain
population in the presence of a constant light chain, then by
preparing a new library, an optimal light chain in combination
with the preselected optimal heavy chain. The extensive time
consuming sequential optimization strategies currently utilized
including consensus-mutational libraries, in vivo mutagenesis,

error-pone PCR as well as chain shuffling are summarized in

Figures 5 and 6 of COLLINS 1997.
General background to phage and phage-display libraries

Gene libraries are generated containing extremely large number
(10° to 10%°) of variants. The variant gene segments are fused
to a coat protein gene of a filamentous bacteriophage (e.g.
M13, £d or f1), and the fusion gene is inserted into the genome
of the phage or of a phagemid. A phagemid is defined as a
plasmid containing the packaging and replication origin of the
filamentous bacteriophage. This latter property allows the
packaging of the phagemid genome into a phage coat when it is

present in an Escherichia coli host strain infected with 2



filament ous phage (superinfection). The packaged particles produced, be

t hey phage or phagem d, display the fusion protein on the surface of the
particles secreted into the nmedium Such packaged particles are able to
inject their genonmes into a new host bacterium where they can be
propogat ed as phage or plasm ds, respectively. The special property of the
system |l ies W&lsﬁg”fhe fact that since-the packaging takes [}3115%3 3
individual cells wusually infected Bby¥=-a single variant

phage/ phagem d, the particles produced on propQgation,contain_the,gene
encodi ng %Héa‘ﬂ%ﬁft‘?%l BDAZGy | zﬁ‘fp‘iﬁ e%éangh Pﬁ% pgﬁf{cﬁ%‘is?saﬁ&%gé%’
Several cyghascad, ald idldyy phiehecdd Yhabenial dEspiehichet fugidheroedinr ed

properties due to the particular property of the variant protein displayed, -
e.g. bindiomgthe gupaee coff drhe PRFELCHRT etenretefndBrPi Bl RRflyms Srghe,
foll owed Db Lficali of__th Iy « S0 ;l-e tihg ol 80hLadi on of
a smal | ntﬁ/r?ggrgg%)? %‘nfa#iec?%rf? aé{e oﬁggghgérﬁg]{éﬁeggéé%oggﬁﬁ%s.1I?l$ﬁe§pri mary

st ruct ur e mfstt Hesec ardinimgnt shexzen they =y ape dipropbgatedt @¢ hghagsyuenci ng
t he hypernutated segnent of the variant , ffici i ng

) f
combi nat orRASTEAS, FEIRECtIFRdYe THe s&’%}%gggr%?e&éﬁt%r gg%@g%t%r %QF gt he

potential of this drRehrabegknathesindst cthe fwkagibgr wn@sdi yhacd tynof the
variants which can be generated in the primary library. Mst |ibraries have
been generinddgriByalr aselde natpual bf I%’@gq@&dDNﬂPYpr ehar WADRs i fRrdant

Escheri chi i ct 0L 4 Qe sTH S auBbd €Sna R rBbbdst £ Yedtftaga. 0.1
to | x .10[e&fﬁ%%/ggg%%§%§'nt éﬂ?éﬁ%%}aer% {i{ré:a%;gd phlz'algtg‘rD‘klAéfI The hci: ghest
cl oning efthei gany reepodied tef p@Fwiedlarecorbianint Sigpkavedcr oyr &8ei nsert
DNA) is obtai,ned,using_.special_ |anpbda vectors | | C i-ngl :
filament ou%aiﬁ?ﬁgg 5e(§3’%§a|8§'i %g‘é?f%id), ‘:El}'cr:lf%tsI s%%c%%g%}fl\@ni%%ﬁsﬁ%tlgg grogcket t ed
by a dupl i gpdrieen egthibbeihd | e requsrehagmperties due ta epki pattiovlpackagi ng
origin (AMBERG 1993; HOGREFE 1993a+b) . TBe g\lA const ryct d'i S
ef fi ci ent | BroReRtyoic dehe | Yardanth@retenr ALAPLEYSGo) §- 9 ndEndinp &P 2
paCEag! ng %ﬁfﬁﬁuﬂr larhde nBasteld OpRANE160aE bR &N duReubé ) OfbTIBNER
ackagin X. _
P gne by amplification of the enriched clones leads to the isolation
of a small number of different clones having these properties.
The primary structure of these variants can then be rapidly
elucidated by sequencing the hypermutated segment of the

variant gene.
Efficiency of producing combinatorial libraries

There are a number of factors which limit the potential of this
technology. The £irst is the number and diversity of the
variants which can be generated in the primary library. Most
libraries have been generated by transformation of ligated DNA
preparations into Escherichia coli by electroporation. This
gives an efficiency of ca. 0.1 to 1x 10° zecombinants
/microgram ligated phage DNA. The highest cloning efficiency
reported ({(of 10’ recombinants per microgram insert DNA) is
obtained using special lambda vectors into which a single
filamentous phage vector is inserted, in a special cloning

site, bracketted by a duplication of the filamentous phage



Infection of a strain carrying such a hybrid phagem d by an ML3- hel per
phage al | ows exci sion and secretion of the insert packed in a fil amentous
phage coat. Neither AMBERG 1993 nor HOGREFE 1993a+b instruct on how the
met hod may be used to introduce reconbination during this procedure.

Al t hough they mention that the efficiency may be inproved by the use of
type |ls resWOi9%B3®h endonucl eases during the construction §/00533
concat enmers used as substrate for the iagwvitro packagei ng no exanples are
given and in the ensuing five years no exanpl es have appeared in the

i t er at ur eepTiwatirov/edgkegiieg c orbain i {AMBERY nd888F o HOMREBE 1 d893aMR) hi gh

ef fici ency, of invitro | anbda packagi but; LLZes the, capggity of
t he cl oni *ﬁeveﬁ]‘gr bcilonu%t%r‘llﬁga g%sm?e v%é’?gtr:h(%) EP?%%#H&%y copi es (say
8) of therpbngeidsliarecobhser hedti n safxelr corsthaging Oients¥ tde dampdasi ng

I nnovati ve aspects of this procedure s the discovery of .a nunber .of
pr ot ocol sPREECFIRPRAIS 0Oy nthedts df? | ¥F GE° h?ﬁgﬁgrigﬁ??%% aftgs. one
type i s papebetian! yrelf igti@ih, dabrilad Bhages Gisesai ghugenid sbar anf or ced

to integrate into the hybrid concatanmers oriented in the sane orientation.
Any vari aMi3ef hehpepr phage| aldawsh axsdsinnt 2pdstperethion Rfattite IREEEnot

work efficiently.. — _The. f LY S trihebaRRANRBRE! €958S
SZYBALSKI pfﬁgﬁdt é‘gchaes&a aernggu%u%g%of&%é\}ekﬁgsp rcat I ons for t?ﬁé I'ls
restricti goOGRRERNUGI9Bashs,insteoti g proci shet methbdg mafy A usedr toval of

cl oned DNA, gene assenbl use as._a universal_restricti n ~cl eavage
of singl e-@t“%&ﬁﬂ%ﬁ BRECTRLRRAGTH NGRS lﬁnfﬁ?cfeo#]u{e t g‘z{rjité"eoaégrrgltl ?’catign,

printing mention that the efficiency may be improved- By &n®ludd e itype
reactions and localisation of methylated bases. They do not give any
i nst ruct i FFsasFasFrioRionc ndpsyeladses BFrifgedhen FIRSIHELEPEN 05 the

reconbi ”atéo%% Wehlid Plsg.ﬁ' %s MLLBEEFA LHPSEnE: fn YA EHS NpaclayEingalner i al
library. ef erence |1 st Amrberg, J,. Hogrefe, H., ovejoy, H, Hay,
B., ShopescampBesMalrki gavenRandndnSthge enguing 15088 | YER¥Hit Q)i @¥ampies). 3,

Col I ns, ‘{iave(']é%lgazgrepgag? tq'les Hli%gfcaéunré\{b Fhe }%&e&&r@ldescﬁ'?gé& in our
invention also uses the high efficiency of the invitro lambda
packaging , but maximizes the capacity of the cloning vector by
using a cosmid vector (8) in which many copies (say 8) of the
phagemid are inserted in each construct. One of the surprising
innovative aspects of this procedure is the discovery of a
number of protocols for the de novo synthesis of large
hypervariable libraries. One type is particularly efficient,
in that phagemid/cosmid vectors are forced to integrate into
the hybrid concatamers oriented in the same orientation. Any
variant of the protocol which does not ensure this feature does

not work efficiently.
The use of type IIs restriction endonucleases

SZYBALSKI 1991 teaches a large number of novel applications for
type IIs restriction endonucleases, including precise trimming
of DNA, retrieval of cloned DNA, gene assembly, use as a
universal restriction enzyme, cleavage of sgingle-stranded DNA,

detection of point mutations, tandem amplification, printing
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wherein n, a, b and j are intégers and n>3 a>1 b >3 and |j

> 1,
wherein Xerr] ... Xerr] is a hypervariabl e sequence and B, X, Z and
Q represent adenine (A), cytosine (C), guanine (G or thymne (T),

(i) Zrepresents Gor T at a GT ratio of about 1:1, and/ or (i)
Z represents Cor T at a CT ratio of about 1:1, and/ or

- 8- (Ti1)wDsspoksents A or Gat a AAGratio of about 1pdyErPesmossad/ or
(iv) Z represents Aor Cat a A'Cratio of ~about 1:1, and wherein

subsequences Blerr]...Blerr] and/or Qerr].Jerr] represent
recogni ti ol adotresoker méamsal GIcladam:Bcnzatrms,, San Miwycai Ppt he15-226r ecogni tion
sites are qrientated such ha Bhelr cl eav si_te ugon cl eavage

4a

gener at es & COMESrvE-BnG- i RRt4Re (L°n3mb Ped83sdPynated

Stemmer, W.P.C. (1994b) Proc.Nat..Acad Sci.Usa, 91, 10747- 10751
Stémmer , W.P.C (1995) Gene 164, 495-53

Szybalski, W., Kim, 8. C.; Hasan, N. and Podhajska, A. J.
{1991) Gene, 100, 13-26.

Tsurushita, M., Fu, H. and Warren, C. (1996) Gene, 172, 59.
Waterhouse, P. , Griffiths, A, D., Johnson, K. 8. and Winter,
G. (1993a) Nucleic Acid Res. 2265-2269

According to a first embodiment the invention concerns a bank
of genes, wherein said genes comprise a double stranded

DNA sequence which is represented by the following formula

of one of their strands:

5'B1B2B3. . .BpXn+1- - -Xn+aZn+a+1Zn+a+2¥n+a+3 - - -Xn+a+bOn+a+tb+

1---Qn+a+b+j3’

wherein n, a, b and j are integers and

n>3,a>»11l, b>3andj > 1,

wherein Xn.1...Xn+a+p is a hypervariable sequence and B,

X, 2 and Q represent adenine {(A), cytosine (C), guanine

(G) or thymine (T),

{1) Z represents G or T at a G:T ratio of about 1:1,

and/or

{ii) 2 represents C or T at a C:T ratio of about 1:1,

and/or



Restriction of this sequence with a type Ils restriction enzynme as thus
described, followed by religation |eads to the reconbination of the
hypervari abl e regions |located 5 and 3' of the cleavage site. This is the

essence of the nethodol ogy which we designate ,,cosm x-plexing™. It is
essential in_this procedure that the fragnents generated on cl eavage by the
restriction @%ﬁé"%ére religated in the correct PCT/EP98/00533

orientation(,,head-to-tail"), whereby the Z sequences are chosen for the
four libraries ((i) toiv)) so as to epgure this (see below yet stil
al lowing all possible amino-acids to be encoded at the cleavage site. If

this correct pigntabhadebsniidls 8RsYrad I Aetetld Jie adolltagtic reduction
t o

in both the percen correctly reconstltuted usi on- protei-.n genes a
reduction in ad/qar oportion of nolecul es which can be packaged in vitro in
t he | anbda- packagi ng extracts (which requires the correct orientation of
the cos-sites), as well as a reduction in the proportion of in vivo

exci sabl e phagpsi d zcepbeesbatsnd ke cosirizl AGeneat EHBSf (abdwei St DN Ui r es
the correct orientation of consecutive phage replication origins).

-9-  correct We%®ifation correct orientation incorrect orientation
(head-to-head ligation) To prevent the problens arising fromfalse
orientation (head- to-head) nentioned in the previous paragraph, the four
gene |i brari esubbgaduenced Bp. clBy rmdvier Min.abpl - sePrratag depregent

cosm x-plexing. In fact with respect to the formation of reconbi nants the
libraries behESROH tiENs &HERA 0% ELELTHTHPN SARBRET o ABHDMHETRIB H-R8ac h

other: four 'f@é@g‘dﬁ&o‘ﬁ%&&é&nﬁ% %%@aﬁ@éfédysu\eheﬁﬁa@mﬁetﬂews&é ns four
possi bl e cohesive ends, e.g. library (i) with Z= Gor T contains:

site upon cleavage generates a cohesive end including the

two bases designated Z.

Restriction of this sequence with a type IIs restriction enzyme
as thus described, followed by religation leads to the
recombination of the hypervariable regions located 5' and 3' of
the cleévage site. This is Ehe essence of the methodology which
‘we designate ,cosmix-plexing“. It is essential in this
procedure that the fragments generated on cleavage by the
restriction enzyme are religated in the correct
orientation(,head-to-tail"), whereby the Z sequences are chosen
for the four libraries ((i) to iv}) so as to ensure this (see
below) yet still allowing all possible amino-acids to be
encoded at the cleavage site. If this correct orientation is
not ensured there will be a drastic reduction in both the
percent of correctly reconstituted fusion-protein genes, a
reduction in the proportion of molecules which .can be packaged
in vitro in the lambda-packaging extracts (which requires the
correct orientation of the cos-sites), as well as a reduction
in the proportion of in vivo excisable phagemid copies from the.
cosmid concatemer { excision requires the correct orientation

of consecutive phage replication origins).



It is evident that problens of false orientation will arise on mxing the
different libraries, e.g. the ,,AClibrary (iv) wll contain AA AC CA and
CC sequences which can pair in the false orientation with, respectively

each of the cohesive ends generated in library (i). A specific

enbodi nent of the invention concerns a bank of genes wher ein
subsequences WYL Blerr] or Jerr]. Qerr] r epr eSRGWERSIOASINI t | on
sites for restriction enzynes and -
10 - wherein the recognition sites «9e orientated such that their
cl eavage site upon cl eavage generates a cohesive end I ncluding the two

bases desj d Z. er, §§§ I f1.Cs ' ] ns a bank of
genes, & é%éf%lfﬁgggd%esivea%n %g 8&58§€£§#%8F§°§ rand end f or med
by the tworbasesidesi(hpadetohead Eiugatiesn) a specific enbodi ment concerns a
bank of genes wher ej each gene is provid s di splay vector,

especi al | § éé'INI?ﬁaG?xﬁﬁé§é>or ML3 IFKé'ﬁﬁé@%iﬁk}%ifﬁﬁﬁagenidf""%hother

enbodi mentxeé/¢he dnvention concerns a set of four gene banks accordi ng
to the invention wherein the gene banks are characterized as foll ows:
- first gdhe-bamc-Y/CF¥presents G or “F--prefer®ffiG¥d |-y -at a-"=* GT

To prevent the problems arising from false orientation (head-
to-head) mentioned in the previous paragraph, the four gene
libraries mentioned in claim must be kept separated during
cosmix-plexing. In fact with respect to the formation of
recombinants the libraries behave as 16 separate sets which
cannot recombine with each other: four libraries maintained
separately, where each set contains four possible cohesive

"ends, e.g. library (i) with Z= G or T contains:

5! ---=3>XGT/Y---->,  ----- >XGG/Y~---- >, ---=-5XTG/Y---->,
and ---->XTT/Y----->"

3! mm--e- y/CA %X< -- = —------ y/CC x< S, y/AC x< -
=== Tmmees Y/AR X< ----

It is evident that problems of false orientation will arise on
mixing the different libraries, e.g.

the ,AC library (iv) will contain AA, AC, CA and CC sequences
which can pair in the false orienﬁation with, respectively each

of the cohesive ends generated in library (i).

A specific embodiment of the invention concerns a bank of genes

wherein subsequences Bj...Bpn OY QOnia+b+l- - -Qn+atb+]

represent recognition sites for restriction enzymes and



- second gene bank: Z represents Cor T, preferantially at a CT

rati o of about 1:1; - third gene bank: Z represents A or G
preferentially at a A:Gratio of about 1:1; and - fourth gene
bank: Z represents A or C, - preferentially at a A:Cratio of about
1:1. A spec&;i%ﬁgggodinent of the invention concerns a set_of four

gene banks wh&Ps ch gene is provided as display vect Rff /ERPSHESE? o] | y
as ML3 phage or M3 |ike phage or as -10phagem d. Anot her

enbodi nent of the invention concerns a bank of wher ei n sai d genes

conprise a doufrereE® &ﬁ’&eaeBﬂﬁP’s‘é‘tﬂﬁ’eﬁ&EeS are q‘éﬁtﬁge?eﬂf%é‘ﬁﬁéd by the

fol I owi ng forwﬁ@lpfcma@e site ghﬁx Eléa{@%@%enerates a cohe¥i%eekhan, a, b
and j are |ntefers and a>1 > 1, wherein

Xerr]...Xerr n¢%u<%\1nq/§éluev§w¢&ﬂ%e95éqaem@t%dﬁ B, " X, Zand Q
represent adenine (A), cytosine (C), guanine ((3 or thymne (T), and
wher ei n four sets of oligonucleotide sequences conprising Z[err]

Further, a specific embodiment concerns a bank of genes,
wherein the cohesive end is a 2 bp single strand end

formed by the two bases designated Z.

Further, a specific embodiment concerns a bank of genes wherein
each gene is provided as display vector, especially as-M13

phage or M13 like phage or.as phagemid.

Another embodiment of the invention concerns a set of four gene
banks according to the invention wherein the gene banks

are characterized as follows:

[}

first gene bank: 2 represents G or T, preferentially at

a

G:T ratio of about 1:1;
- second gene bank: % représents C oxr T, preferantially at
a

C:T ratio of about 1:1;
- third gene bank: Z represents A or G, preferentially at
a

A:G ratio of about 1:1; and
- fourth gene bank: 2 represents A or C, preferentially at
a

A:C ratio of about 1:1.

A specific embodiment of the invention concerns a set of four
gene banks wherein each gene is provided as display
vector, especially as M13 phage or M13 like phage or as
phagemid.



and Z[err] are present, preferentially at a ratio of (r)y:(ii): (iti):
(iv) of about [err] wherein the four sets are characterized as

fol |l ows: first set: Z[err] represents G and Z[err] al so represents
G second set: Z[err] represents C and Zn+a+2 represents T,

third set: Z[§&6%m§§@fese”t5 A and Z[err] represents A or C,
preferentially a ratio of about 1:1;3nd fourth §@¥thammﬁq
represents T and Z[err] represents C or C, preferentially at a C G
rati o of dovekthelr emkodimddr @fnthe invention concerns a bank of genes

-12- sequ nc B[ =] err and/ or present
recognition SI Ie Se l‘% rq )l oﬁo E’S)srﬁasa d%h‘gé' %t%%ée& D&ge%%?j'}ﬁ“[ I-on
sites are ori e@mmxecwwépidﬁﬁncbheby ﬁleeemagewmg SoiulE 6hemge

generates a cohesjve end including the two bases designated Z. A
speci fic embodtheht B¥Xanisinvention concerns a bank of genes wher ei n
the four sets of .oligonucl eotide sequences are present at a ratio of

(i) :(ii) : (iii) :(iv) of (Oto 1): (O to1l) : (Oto1): (Oto 1) with

the proviso thatBgBBLasiBgKie 1 . . . Xgha Bl 1208+ bEnPRES N Ena BRI NAN @
speci fic enbodi nent of the invention concerns a bank of genes wherein

subsequences BierrPa+a+Bf+¥Y] and/ or
wherein n, a, b and j are integers and
n>3 a>1,bs>3andis>1,

wherein Xp,q1...Xn4a+p is a hypervariable séquence and B,

X, Z and Q represent adenine (A), cytosine (C), guanine

(G) or thymine (T), and wherein

four sets of oligonucleotide sequences comprising Zpsze1
and Zp.a5.2 are present, preferentially at a ratio of

7
(L) : (ii) : (iii): (iv) of about 1:1:;: , wherein the four

sets are characterized as follows:

first set: Zp,as1 represents G and Zp,n,5 also represents

G;
second set: Zp,.n.1 represents C and Zp,5,2 represents T;

third set: Zp;z,] represents A and Zp,..2 represents A or

C, preferentially at A:C ratio of about 1:1; and

fourth set: Zp4.a41 represents T and 2p,5,2 represents C or

G, preferentially at a C:G ratio of about 1:1, and wherein



derr] .Qerr] represent recognition sites for restriction enzynes and
wherein the recognition sites are orientated such that their cl eavage
site upon cl eavage generates a cohesive end including the two bases
desi gnated Z. Furhter, a specific enbodi nent of the invention concerns a
bank of genes wherein the cohesive end is a 2 bp single strand end
formed by theWawsB¥ies desi gnated Z. Anot her enbodi nent afcTires/eosssent i on
concerns bank of genes wherein said genes conprise a double stranded
DNA sequence which is represented hyjzhe following formular of one of

t heir strands: - 13- wherein n,

a, b and j are integers and n a>1 b>3andj > 1, wherei n

X{err] . x[errF6H§e§°ﬁ§d%rvaﬂmaﬂpg/gédhaﬁﬂb+and Qn+a£b+32r%PRF333Fepresent

adeni ne (A ne ani_ne Qr th m ne ein the
fol l Iowi né )si X Iggf‘t% & gsol%ﬂcl &ESFi {d%g F§iTaR e%n%éﬁgrl §’Sﬁﬁej>’(’[ g’ | Z[err]
and Z[err] arer&begﬁmt;o@rﬂwsaalry ofieritatatli Sudh dHak theid: o(lleav&ge(l V)

:(v) :(vi) of about 3:4:3:4:4:1, wherein the six sets are characterized as
fol | ows: fi r§ﬂt§ePP°R{%}ﬁﬁvﬁ9§pﬁé§%¥ﬂ§9ﬁAa crhnsier end preludiagt thel y

two bases designated Z.

A specific embodiment of the invention concerns a bank of genes
wherein the four sets of oligonucleotide sequences are |
present at a ratio of (i):(ii):(iii):(iv) of (0 to 1}:(0
to 1}:(0 to 1):(0 to 1) with the proviso that at least one

of said setg is present.

Further, a specific embodiment of the invention concerns a bank
of genes wherein subsequences B;...Bp and/or
On+a+b+1- - -Qn+a+b+j represent recognition sites for
restriction enzymes and wherein the recognition sites are
orientated such that their cleavage site upon cleavage
generates a cohesive end including the two bases

designated Z.

Furhter, a specific embodiment of the invention concerns a bank
of genes wherein the cohesive end is a 2 bp single strand

end formed by the two bases designated Z.

' Another embodiment of the invention concerns bank of genes
wherein said genes comprise a double stranded DNA sequence
.which is represented by the following formular of one of

their strands:

5'B1B2B3...BpnXn+1- - -¥n+aZn+a+lZn+a+2¥n+a+3- - -Xnsa+bQn+a+b+



at a ratio of about 1:1:1 or Xn+a represents C, Gand/or T, preferentially
at aratio of about 1:1:1, Z[err] represents Gand Zerr] represents G
second set: X err] represents A, C, Gand/or T, preferentially at aratio
of about 1:1:1:1, Zerr] represents C and Zn+a+2 represents T, third
set: Xerr] represents A, C and/or G preferentially at a ratio of about
1:1:1, Z[err]WOH8R¥9ents A and Z[err] represents A f our eioTAERSONI3C! 1 |
represents A, C, G and/or T, preferentigtly at aratio of about 1:1:1:1,

Z[ err] -14-

represents A and Z[err] represents C fifth set: Xn+a represents A,
C, Gand/or T, preferentially at a ratio of about 1:1:1:1, Z[err]
represents T and -2asa+b+j presents C sixth set: Xlerr] represents A,
Z[err] represents T and Zn+a+2 represents G ,, Si ngl e-tube” net hod
Pr obl em '

wherein n, a, b and j are integers and
n>3 a>1, b>3andj > 1,

wherein Xp,1...%Xn4+a+b 15 a hypervariable sequence and B,

X, Z and Q represent adenine (A), cytosine (C), guanine
(G) or thymine (T), and wherein

the following six sets of oligonucleotide sequences
comprising Xnia: Zpn+a+1l 804 Zpn4.ap42 are present, preferably
at a ratio of (i}:(ii):(iii):{iv):(v):(vi) of about
3:4:3:4:4:1, wherein the six sets are characterized as

follows:

first set: Xp,.5 Yepresents A, G and/or T, preferentially
at a ratio of about 1:1:1 or X,,; represents C, G and/or
T, preferentially at a ratio of about 1:1:1, Zp,g41

represents G and Zp,542 Yepresents G;

second set: Xp.s represents A, C, G and/or T,
preferentially at a ratio of about 1:1:1:1, 2p4a41

represents C and 2,542 Yepresents T;

third set:; Xp.p represents A, C and/or G, preferentially
at a ratio of about 1:1:1, Zp4a41 represents A and Zp;a+2

represents A;

fourth set: Xp,p represents A, C, G and/or T,

preferentially at a ratio of about 1:1:1:1, Zp,5.1



A nmet hod shoul d be devel oped which allows cosm x-pl exi ng w t hout

mai nt ai ni ng separate |libraries. This would have the advantage of reducing
mani pul ati on, involved in screening the four separate libraries, as

previ ously described. This would offer a saving in both tine and materi al s.
Thi s has been acheived in two separate versions of the invention. Solution
It is possibwWesd8el ect conbi nati ons of nucl eoti des wi t hi RCTFPIYMIF| ve
ends generated by type Ils restriction ythin the aforenmenti oned sequence,
i.e. ZZ, in which all the clones are present in a single library and in

whi ch the posepbeketysoh dmal Ip.qnbenemtesamtdufiing |igation, and the

associ ated |l oss of efficiency associated with this, is elimnated. At the
sanme tinme the nunber of subsets, defined by the nunber of different

cohesi ve endsﬁ%ihcgeggnﬁggﬂg%}qe %ﬁgsfg'ni&'h € aRaPL Pt eract (recombine)

wi th each other, is red om sets, as in the previously
descri bed vergsidrahciRe1yeihad rat@cbor Adsitgni:ngithe maquences  The
conbi nati ons "of 2 bp single-strand cohesive end sequences which can be
gener at ed at repreisentberahd (.l asepoesantss C; AA CA GA TA AC
CC GC TC AG CG GG TG AT CT GT' TT O these, the sequences
wth an inverted symretry axis (palindronmes: AT, TA,L GC, CG), can pair in
both orientatiQ .age t eli nj nat ed SOSIMX zphexi ng
libraries for®t }%%gés%ﬁéag#%xtne%aegg\?e#' ré“‘ar*elrrar{e%ig% 12 sTDe(c?Eléinces are
actually 6 Sexs, ojz begrptaty pairs ( e.g. CC+GG AA+TT, CA+TG. By
choosi ng one para’t ner fromeach pair (total of 6) a single set of cohesive
ends can be generated which can pair only in the correct ,,head-to-tail™
orientation. The actual choice of sequences takes the codon usage into
account, aSugltrget metho -
15- ZZ are chosen as the 2nd and 3rd position of the codon. Determ ning
are the aRrefdemci ds which are encoded by either a single or only two
codons( single codon nethionine (TG and tryptophan (GG ;6 after elimnation
of the paldmehahshouldbgdeveaped whish ellewssosmixpiexdrgithoutmaipiping separalh)| e
encodi ng libpees iThisaseiuld have e advantage aficducifgmanipulaipn inyaived dy sereening 1€ di ne
(Hi s) and fou sepaiatclitedries,)as pravionsly dekeribesi Thisswop!didiffer asaving jor bodintimeande quence i s
requi r ed. npedrial ThHighaAGetipachtihel id efasdpbratelvatsidnhef thoinptntiomnt ary sequence GT
must be avoided. This is the only possibility of encoding Cys. However, the
i ncl usi onggfutieXS W thin the hypervari abl e sequence often causes probl ens of
m sf ol di ng; j8pekstbiao sQETRbhBIRatRs 6f iRlcbides Gthinghd @hesivbepdsiastatedby type r edox
potenti al 1Rfedffof WithindR R emehtiond@Seqhidtids, i 4EZZ, G WhicR alf the Aloflesaurespresentn Whi ch
Qs codongy akifigiel; &g"ﬁa@%& whid theabsitid of Fal R riefitattinking Bgtion) afiR ey
appl i cati QUL sy aﬁaiﬁr)( labdoci@R Wit ét,lipaa.watémmmmma hembequence

iitiBe

other,

AA IS chosgllg. GIRQ £ofl§ ive Shdd LN E: béoRkaRAduHiats | ne
(Lys) als iat%xlgt &f{ng{]& (l‘ecgmgi %&Oﬁ rd gé%i fiok 16 sé?se, as‘;n the previously

described version of the method, to 6.

Designing the sequences

The combinations of 2 bp single-strand cohesive end sequences which can be generated at ZZ
are theoretically as follows:

AA CA GA TA
AC CC GC TC
AG CG GG TG
AT CT GT TT

Of these, the sequences with an inverted symmetry axis (palindromes: AT, TA, GC, CG ), can
pair in both orientations and are thus to be eliminated from cosmix-plexing libraries for the
reasons given above. The remaining 12 sequences are actually 6 sets of complementary pairs (
e.g. CC+GG, AA+TT, CA+TG). By choosing one partner from each pair (total of 6) a single
set of cohesive ends can be generated which can pair only in the correct ,,head-to-tail*
otientation. The actual choice of sequences takes the codon usage into account, assuming that



el imnated. The consequence of this is that TC nust al so be included so
t hat phenyl al ani ne (Phe) and isoleucine (Ile) can be encoded. The
elimnation of the conplinentary GA is wi thout consequence since other GG
codon(s) encode argenine (Arg) and glycine (@y). The elimnation of CCis
then w thout consequence, since alanine (Ala), proline (Pro), serine (Ser)
and t hr eoni neWOPB8¥tan be encoded by CT-contai ni ng codons.  P/Ers#/essihe
argunentation for the selection of zZZ-d8aquences designated ,, conmbi nation A"
bel ow. For the sake of conpleteness: if the doublet AA were left out and,
consequentdZyard thasercasitbe2hd antl 8ri pasition of thbeodonDeictendhibgare the anhino@eids G n and
Lys. | n orwich dreemodaitsy efther assildvranlyaivd bedonf{sidgtossdommtthiofinBTG) anA
(conbi nat itgptdpharGE); Bfey clifiraticd fiRcpalifdromid sgebcdsahdrfsd dndy siglodvdeds ei t her
AG and CT &bl encdding @parfidacdd(AspiiadpaBide (Afn), ISR QOP), HisiBine (Misy b S -
Conbi nat i GRRsiRe A, Fohdsde ASp, 23k, HiS BSETRRK Aﬁf‘seﬂ@éﬁé‘ﬁ&é‘quﬁ% BEIle&iﬂg'AQ: the
probl em  pagthe default ﬁﬁpﬂhge&hﬁﬂne%tary sequence GT mﬁ:@ﬂ@é‘}?ﬁ&ehoﬂnﬁs the 0 lA'Xh T
able'sequence

combi nat i QRsdimility of enc s. However, the inclusi s within the

é‘cr: Gr often causes pro f mxsfoliﬁ T%the fo or f dimeri ares, dependent on cA ?g
C G the redox potent' envxr en d to create a hlch Cys GA
TC codons are il b&?g e ‘EF 3"&% P‘f “%1 g

Conpl ementBSPY eg}éh f ee??ﬂ“ d’hc enc cac ‘h c code; the
sel ection 35‘!‘ (€ %lygg in bold

type. Al eplimingied. Thexagnsequerch of (‘295515 ‘h@ mug giso be@ “deﬁiﬁ% that nhrry alanine; GCA AGA
GAC AAC TCBh@yand isplsueimylienen ke sncpiqdy Theelimiationg! tiggomptimenae @S GGC CAT
ATC TTG GoWthogpeonsequence since other GG codon(s) encode argenine (Arg) andglysine (Gly). The ATT CTA
GCT CGC  elimination of CC is then without consequence, since alaning(F¥la), proline (Pro), serine (SeXTC
CGG and threonine (Thr) can be encoded by CT-containing codons. This is the argume@aGion for CGT
CTT  Lys thd/edlectiBinef ZZ féqoencesSiesignatddicombinption AYyelow/al Stop AAA ATG TTC
CCA AGC ACA TGG TAC GTA TAA
- 16-  AAGor the sake of chhplefenkss/iETheBokblet AA were left out and 'E&ﬂéeﬁEﬁilmincluded
CCG TCA AGEen AG must be included to encodd Glul Gfh and Lys. In order to encode Al{¥ad Prd, €ither ACT
GI'T CT (combination B) or CA (combidation C) must now be included. This leads to tefinclusion -

of either AG and CT (combi. B), or CA and TG (combi. C) as complimentary pairs.

Combinations B and C thus do not represent an adequate solution to the problem.

combination A combination B combination C
AA TT AA TT AA TT

AC GT ' AC GT AC GT

AG CT AG CT AG CT

CA TG CA TG CA TG

CC GG CC GG CC GG

GA TC . GA TC GA TC

Sequences chosen are shown in bold type. Complementary pairs are adjacent to each other.

Table 1: Genetic code; the selection of XZZ codons used according to combination A is
shown in bold type.

Ala Arg Asp Asn Cys Glu Gln Gly His Ile Leu
GCA AGA GAC AAC TGC GAA CAA GGA CAC ATA TTA
GCC AGG GAT AAT TGT GAG CAG GGC CAT ATC TTG

GCG CGA GGG ATT CTA
GCT CGC GGT CTC
CGG CTG
CGT CTT

Lys Met Phe Pro Ser Thr Trp Tyr Val Stop
AAA ATG TTC CCA AGC ACA TGG TAC GTA TAA



Tabl e 2. Frequency of the am no-acids, conparing the selected conbination A

(above) and the natural frequency of all codons. Am no- aci d
natural frequency Conbination A Al a 4

1 Ar g 6 2 Asp

2 1 Asn 2 1
Cys . WO 9833901 2 0 G u  PCI/EP98/00533

2 1 dn -16- 2 1
Ay 4 1 Hi s

2 ~ AAG TIT CCC AQT eACC TAT GTC TAG , ' 1
Leu 6CCG TCA ACG 3  GTG TGAys

2 1  cCT TCEetACT GIT 1 1
Phe ' 2 TCG I “Pro

4 1 TCger : 6 1
Thr 4 1 Trp

1 1 Tyr ' 2 1
Val 4 _ 2 St op

3 ‘ 1 Total 21 64 24

Creation of a set of four oligonucleotides according to conbination A
Gene |ibraries can be created according the requirenents of the conbination

A, by creating four sets of nucleotides in which Xerr] are: 1) NGG
i) NCT

Table 2. Frequency of the amino-acids, comparing the selected combination A (above) and the
natural frequency of all codons.

Amino-acid natural frequency ~ Combination A
Ala
Arg
Asp
Asn
Cys
Glu
Gln
Gly
His
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val
Stop

Total 21

N,—-Mp—t-‘u—-—u-own—uu-am'—y—wcv—-—-lo—n

o+

Creation of a set of four oligonucleotides according to combination A

Gene libraries can be created according the requirements of the combination A, by creating
four sets of nucleotides-in which X +aZnsar1Znsas2 8TE:

i) NGG

i) NCT



-17- iii) NA(Aor © iv). NT (Cor G, where Nis CGAor T. After the
synthesis of these oligonucleotides they can be conbined to obtain a

si ngl e-tube cosm x-pl exing gene library, whereby to obtain the relative
codon frequencies given in Table 2 the gene libraries i) to iv) are present
in the final mxture at a ratio of 1: 1: 2: 2, respectively. As explained
above this mYOE% | al ways give a correct orientati on oRCTEPIS®EI3BON Of
type Ils restriction enzyme-cl eaved frﬁgnents havi ng the 2bp

si ngl e-stranded cohesive ends ZZ. rnatively: a set of six

ol i gonucl édt i ddNA(Benfdrming to conmbination A Gene libraries can be created
accor di ng i¢. notiif(Comt3)on of conbination A, in which both Stop and cysti ne
codons ar ewhdre Nin@@&d, ordhd i n whi ch each of the other ami no-acids is each
represented by a single codon, by creating six sets of nucleotides in which

X err]Z[ erAﬂeZElﬁr iuhaeﬁsaofthase ohgoﬁt?eleo@d&ﬂhé&)c%b@éonﬁﬁhe@t@ébtiﬂ kingtblube NCT i)
(A Gor ﬁﬁix‘-ﬁ( xmg le whé\@_@ t¥ bl).»tam tl?e-rx@latlﬁic dobn Fr&lﬁexﬁ!é@hﬂ@r?insraglt these

ol i gonucl enf, .meratﬁéaw@ :§:2:49h8 1vely
cosr x-p ggg 1&@& e ﬁ@wxm éﬁ el aoge \zﬁmﬁ“ pxrxsésem .
the final ll.?P a ra rg%rlxen hg%g 22 ﬁﬁe'ﬁ&%f CO‘T:"V tI%%
expl ai ned above this m xture will al vvays gl ve a correct orient atlon on
religation of t I1s restrjcti nzy cl eaved ts having the 2bp
si ngl e- st rﬁ?ﬁ!@ﬂg‘ggh@ssﬂ/‘éfs%’@ﬁ °°“§\ %"‘é&“g\ﬁff?f“ na f?‘H‘r‘gw ous sets this
single-tube library represents sjx- subsets whi ch are unable to reconbi ne
wi t h each Gromdibragiat sandestraterl aecgrding apodification of cqmbinglionghiimyhislebath 8iephas been
al tered rcaafexting codpngate glimingied) aad inawhichesch of e ptheramingsasidy is e@gnsi der at i on
of the cerrepreseniedibye singlectodwnibycreating sisdetd of nusipotides ini whigh ¥xiZagnZeaenbi nat i on
The ami no-z®i d at the reconbination site is determ ned by the

- hyper vaj i abk#, GegmEsG or (h@ osEIGT anm no-aci ds whi ch may be represented
at this pdpiti NCT s defined for each subset as presented in Table 2.
Consi der atilipn @A, GheChwmber of clones needed in a ,,representative" library
The m ni nek) numyec of clones required in a library to include all possible
am no- aci dysequgmees in a random peptide containing 'n' amno-acids is 20",
i.e. for nv,-p 2ferr]=5.12 x 10[err] In fact, at a confidence limt of say
95% this figure nmust be sone three-fold hi gher to allow for the

statistic SAﬁér tﬁ@&ﬂihhﬁgof thes® oli§ducidotilesthdy e bk bomtlifledb B6thih & SinfnBlrsbel | QUre may
be hi ghe cosmix-plexing gene library, whereby to obtain the equimolar codon frequencies for each

amino-acid the gene libraries i) to vi) are present in the final mixture at a ratio of 3: 4: 3: 4: 4:

4: 1 respectively. As explained above this mixture will always give a correct orientation on

religation of type IIs restriction enzyme-cleaved fragments having the 2bp single-stranded

cohesive ends ZZ. -

Again, as with the previous sets this single-tube library represents six-subsets which are
unable to recombine with each other during cosmix-plexing.

**% the following section has been altered radically. The last Tables are no longer necessary.
Consideration of the central amino-acid codon created during cosmix-plexing
recombination

The amino-acid at the recombination site is determined by the 5°-hypervariable segment. The
set of amino-acids which may be represented at this position is defined for each subset as
presented in Table 2.

Consideration of the number of clones needed in a ,,representative library

The minimal number of clones required in a library to include all possible ammo-acxd
c}uences in a random peptide containing ‘n> amino-acids is 20", i.e. for n=9, 20°= 5.12x
!, In fact, at a confidence limit of say 95%, this ﬁgure must be some three-fold higher, to
allow for the statistics of sampling , i.e. ca. 1.5 x 10'% In practice this figure may be higher



- 18- due to, e.g. non-random synthesis of the oligonucleotides used to
generate the library as well as biased codon representation (for a detailed
di scussion see Collins 1997). Consideration of the nunber of reconbi ned

cl ones generated by cosm x-plexing The cosm x-plexing strategy is based on
the concept tRadogdRegyNitial selection. experinents clone populations wll be
enriched for sequences which contain structural elenents basEd/Brp80eaE3
primary sequence in the varied segnentlS'Even if the optinmal sequence is not
present due to the limtations inmposed by the limted size of the initial
library. cOEP-Ehresrandomisyphesisef desbigenvisleptides upadop densrats by 4saell such a
sequence b%%?ssd/mongepaesmaw@(f@uné@mleéﬂlsmrensmdhm WaM s in which the 5'-
and 3'-,,halves" of the varied section are reassorted e.g. for the

hyper var i afousideratigreef thelsuinbér e rrgcobdsned dexts gendried by zogmhie;pléxdiy sequences
encodi ng the am no-proxi.mal five am no acids are reconbined with the
sequences Theaginbgpleting sieatdpg iybasedion tersdhcepOtlisit in i¥itidl séledtida experinefts tidfe
cohesi ve ep@iﬁxlﬁ&ﬁ@ﬂmmlehﬁcﬂea For bequétRed WIHEN Enkad $tﬂii!tl§r£! clelchio 8skeg BRERE S, 1N
whi ch one E@ KRS sefRRAA tHeVERA0Rh@E BVEH el RAmW Ly u@xﬂ:‘é &iot m@en@am

subsets, IGiatists inpasee by Bk hhﬁt@c‘}’m Jf%ktxﬁltxglel% t &mbSplk Pﬂ#} gul d be
obt ai ned Wﬂk'?ik&l%%@?ﬂﬂcﬁn H3tdvidin %eﬂ our - t ube

@
pr ot ocol dg %%BREH s inf vl tﬁ?@araﬁ&§”€tﬁ o'fﬂi% Fé}&g&&uﬁéﬂ%ﬂ 0‘” sgets
S Forab ey ?5% TR teS%qH@cmas?dgqs%a| oier

r econbi nan v Yo

of vari ant s \é o °®, S W‘é‘ﬁ‘arl abl e
segment , W&a é’rFl?m\R/h Ls é‘ff 8°%‘[:8F?d5°sse lylﬁ’é" %Eﬁ“‘P Bt ocol 16
subset s ar éﬁsé 1 ?ﬁ?ﬁ“ﬁﬁ %Pcwl?lﬁ?twnwmbaw B AtEhat i on can
t ake pl aces“h\s?s’ n’on h ’F‘i H’vagﬁﬁgﬁt%dt‘%leé? thap equishecobtained Withe nunber

of novel rEXBRIEE %?W"@H?f‘ be formed within each of the 16 subsets is
(I\l/'16)[err15 Sunmn for all sixteen subsets, the nunber of reconbinants.
whi ch can Barty éh’@%aé qurtubg progocql depgribed. faur ﬁf}pﬂraN[lémr]aS legch confainingdsiguni ng

N[ err]/ 16 Bubstieargusadan or equal to the theoretical number of variants (20",
see above) which can be encoded within the hypervariable segment, otherw se
it will teRdndom 26Smbindton viohld generay, fortasbieof I olonesyN? esebiibifiarits) BssaintngaN’e
created. eidbsstimpoespnt fonky theqpaiah! minbériof vattiant (208 cendbiond) twhivh ca@be t ake

pl ace. |f eledédwittin thethyperyariable sdgiieht, otherWigliowilitedd w0t he nunber of novel
reconbi nants which can be forned within each of the 6 subsets is

(N 6) [ er r] FoSteTouneibk pfotathol 165dulisets dRcpdated chdlrepesiififg #hodl SaRIAIHIGNt S Whi ch
can be genedodinbilation in laké Matl) fr¥hd thialthe fibrhtyGondfifofN Bt hirdnMubitel b6 1 S
l'ess than @pvepetdahbihtht Which %%%rh%@%ﬁﬂmrofﬁe I‘Sas‘ixbéfkté ’Suﬁlﬁﬁ bove)

whi ghtgago?ﬁﬁgaﬁg stuBéétEhh g@x‘g V:Q@J cﬁf; rléﬁggénera? ?1@’%{1@1'6 ‘M_"
a le e
;)P\cl)ggélljfg Ié& P the 5o en? d“’bh*&g‘he gf%’aréabggesgﬁ‘f‘@t ‘Hj ft"vnfel’“%ﬁ‘?a gi ven

nunber of ClFoénes during cosm x-pl exi ng gui ded reconbi nati on.

For the single-tube protocol only 6 subsets are created. each representing a pool within which
recombination can take place. If the total library consists of N clones then the number of novel

. recombinants which can be formed within each of the 6 subsets is (N/6). Summmg for all six
subsets, the number of recombinants which can be generated is 6 x (N/6)*= N/6, again
assuming N’ %6 is less than or equal to the theoretical number of variants (20", see above)
which can be encoded within the hypervariable segment, otherwise it will tend to 20™.

It is thus clear that the single-tube version of the invention is superior not only in terms of
time and economy of the procedure but in the potential to generate a greater diversity from a
given number of clones during cosmix-plexing guided recombination.

A specific embodiment of the invention concerns a bank of

genes, wherein the six sets of oligonucleotide sequences



A specific enbodi nent of the invention concerns a bank of genes,
wherein the six sets of oligonucleotide sequences

-19- are present at a ratio of (i): (ii): (iii) (iv) :(v) :(vi) of
(0Oto 1) (Oto 1) (0 to 1): (0 to 1): (0to 1) (0 to 1) with t he
provi so that one of said sets is present. Further a S&g%lflc
enbodi nent of he |nvent|on concerns a bank of genes whél ¥ gene
is provided as display vector, espé ital 'y as ML3 phage or ML3 | i ke

phage or as pha em d. rt her S i f Ddl nt of ntion
concerns a baﬁf presept g%h@’sr\?ﬁé?e‘?ﬁ @ﬁ (ﬁtbﬁb él’f&é(ﬁvf:)l\lﬁlg E:ence i s
conprised by goDhA 1pglond flysBp escodi mota Pepid dfa Qh :40 to l)prmﬁttﬁi nto be
di spl ayed. Further, a specific_enbodi nent of the inyention concerns a
bank of gEhesPrevibFaditat 2Edleact ipne RE s3id sprsyis presgpry - 16.
Further, a specific enbodi nent of the invention concerns a bank of
genes wherein the restriction enzyne is a tyoe IS restriction enzyne.
Furt her, &upberfis spﬁniﬁﬁuanmboﬁimémtiquEheiinvenni©arnsneetnaﬂa-bank of
genes which is characteri zed, i uence

Blerr]....B[ePf] opgs? h‘éh"r"eet’tf’gr?r‘f:t’o%e‘é? tle"‘ PSPVt‘hée‘fl)as PG Veeror,

egpecially as M13 phage or M13 like phage or as phagemid.

Further, a specific embodiment of the invention concerns a bank
of genes wherein the double stranded DNA sequence is
comprised by a DNA region (fusB) encoding a peptide or a

protein to be displayed.

Further, a specific embodiment of the invention concerns a bank
of genes, characterized in that n = j = 6, a = 14 and b =
16. '

Further, a specific embodiment of the invention concerns a bank
' of genes wherein the restriction enzyme is a tyoe IIS

restriction enzyme.

Further, a specific embodiment of the invention concerns a bank
of genes which is

characterized in that

(a) subsequence By...B, is the recognition site for the

restriction enzyme BpmI {(CTGGAG) and subsequence
On+a+b+1- - -Onsasbsj 18 an inverted Bsgl recognition site

{CTGCAC) ; or

(b) subsequence Bj...Bp is the recognition site for the

re-striction enzyme Bsgl (GTIGCAG) and subsequence



restriction enzyme Bpml (CTGGAG and subsequence ~Qerr]...qerr] is an

I nverted Bsgl recognition site (CTGCAC); or (b) subsequence
Blerr]...B[err] is the recognition site for the re-striction enzyne
Bsgl (GIGCAG) and subsequence - 20-
derr]... QerH IS an inverted Bpm recognition site . (CTCCAQG) .
Further, a sp@@%838%&nhodi nent of the invention concerns a bRTEPos0SH
genes which is characterized in that thgghypervariable sequence
Xerr]... Xerr] contains NNB or NNK wherein N = adenine (A,

cytosei ne (C),Qmgreibae «(-Gh+akbiNyds @ inveffdd BpmI Becogyitisinneit€),
guanine (G or tljrt]é/m' r‘;e (T); and K = guanine. (G or thymne (T).

Anot her enbodi AEFCA t he i nvention concerns a phagem d pROCCS4/ 7 of

t he sequence shown in Fig. 6. Still another enmbodi nent of the invention
concerns a phagem d pROCOS5/ 3 of the sequence shown in Fig. 7.

Anot her enBudthent fspeied Linvenkodimentnobr hke dnventiddnf oenddras a bank
producti on of JJ@r

phageni d- di spl ay S%l ersarwlheiéz,irl Ega&%%alocﬁct%%?‘ Fhé’t')%r r}}l? ﬁé"grgtmﬁ%elé’ﬁréﬁﬂ%nm ly
packaged recondéedqethce Xpn,1... Xpiasp contains NNB or NNK wherein

N = adenine (A), cytoseine (C), guanine (G) or thymine

(T) ; .

B = cytosine (C), guanine (G) or thymine (T); and

K = guanine. (G} or thymine (T).

Another embodiment of the invention concerns a phagemid

PROCOS4/7 of the seguence shown in Fig. 6.

Still another embodiment of the invention concerns a phagemid

PROCOS5/3 of the sequence shown in Fig. 7.

Another embodiment of the invention concerns a method for the

production of large

- phage-display libraries or

- phagemid-display libraries,

containing or consisting of optionally packaged recombined
display vectors, wherein recombination takes place at the
cleavage site(s) for a restriction enzyme (cut (B) enzyme;

arrow in Fig. 3) and wherein

(a) to {b) a double-stranded DNA prepéred from Escherichia
coli cells containing a display vector population,
consisting of M13 phages or Mi3 like phages or consisting

of phagemids according to the invention; a cosmid



di spl ay vectors, wherein reconbination takes place at the cl eavage
site(s) for a restriction enzyne (cut (B) enzyne; arrowin Fig. 3) and
wherein (a) to (b) a double-stranded DNA prepared from Escherichia
coli cells containing a display vector popul ation, consi sting of M3
phages or ML3 |i ke phages or consisting of phagem ds according to the
i nvention; a ‘E8§ﬁ??fgl - 21RCT/ERSB{99S33 5
restriction enzyme for cut (B); and a r@dt—iction enzyme for cut (A are

sel ected, wherein (i) the cut, (B) enz cl eaves the display vectors in
the region enc%ﬁ?ﬁﬁr%ﬁézﬁF§ﬁf% 58ﬁ$W%g§B%F“HiZ &8¢ Brotein (arrow in

Fig. 3) and gepesetEscibd @UeyROEctY BUEL [AX AlreCabEstNE eRtlareither ei n each
cohesive end is a 2 bp single strand end fornmed by the two bases desi gnated

Z, and (ii) the cut (A enzyne cl eaves the display vectors and the cosmd

vector and genggat URAN e | - rJ 0 ,ve ends
(fusA) which d??fe?ﬁ? rom t(%b)sgf{zr%g“gugp %%gee% ;1:21% 8%%83(‘% ,‘)e%%%§§ ﬁ?h&? spl ay
vectors are cl eagbonvérndodihg the stispayed gidpridenay ndisplaydd piloredinspl ay
vector and the cosnid,vectorggre cl eaved with the second restriction

enzyne, (e) tRAEFRY R I dpI3R7 FERPEHRE S MBIANG AW FPATTHRAL

cl eaved cosm dc¥REEDFS drill)l WHeFORC BhaABEShesivel endtie d RUBHI Ohreoduct is
subj ected to a | anbda packagi ng and transduced into an Escherichia col

host, (g) ifsteandeEnddoaredor ithenhve hagesadgehgngiiassént and t he

(ii) the cut (A) enzyme cleaves the display vectors and
the cosmid vector and generates upon cleavage unique non-
symmetrical cohesive ends (fusA) which differ from those

resulting from cut (B),

(c) the display vectors are cleaved with the first

restriction enzyme,

(d) the display vector and the cosmid vector are cleaved

with the second restriction enzyme,

(e) the cleaved display vectors are ligated with the

cleaved cosmid vectors forming concatamers,

(£f) the ligation product is subjected to a lambda

packaging and transduced into an Escherichia coli host,

(g) if wanted, selection is made for a gene present in the

ligated display vectors,

{h) the transduced display vectors in the Escherichia coli

host are

- either in the case of a phage-display vector



| i gated di splay vectors, (h) the transduced display vectors in the

Escherichia coli host are - either in the case of a phage-di splay vector
-22- spont aneously packaged in ML3 or ML3 |ike phage coats - or in
the case of a phagem d-di splay vector packaged by i nfecting the
Escherichia coli host wwth an ML3 type hel per phage (superinfection),

(i) the packd¥R®HPUp| ay vectors are passaged in a fresh POIFERIRPISIH g
coli host and phage- dlsplay or phagemd?2. display libraries are forned
and, if wanted, (j)_the passaged display vectors are - either in
the case of aspnagenap@,@lnwa«péc@ged in Mgosralitdukike phe¥afedten M3 or ML3
| i ke phage coats - or in the case of a phagem d-di splay vector
packaged by infecting the fresh Escherichia coli host with an ML3 type

hel per phage (-sweinntketc¢asy ofnd phageniildagésplaplwector pivdgpgeddbdi spl ay
libraries are farne speci fi,c_enbodi ,ment of, the i tion concerns a
met hod whi ch 1nfe|°§18ﬂaF€%t%‘§‘f§&°Pha t??gtlns‘ﬁ Et‘é’pfsh g¥§r}e@) atype IS
restriction engifRy phagbetdsbrintséeiabl,y Ball, DraI I I, Bsgl or Bpm.

(i) the packaged display vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-

display libraries are formed and, if wanted,
(§) the passaged display vectors are

- either in the case of é phage-display vector

spontaneously packaged in M13 or Mi3 like phage coats

- or in the case of a phagemid-display vector packaged by
infecting the fresh Escherichia coli host with an M13 type

helper phage (superinfection) and
phage-display or phagemid-display libraries are formed.

A specific embodiment of the invention concerns a method which
is characterized in that in steps (a) to (b) a type IIS
restriction enzyme is selected, preferably Bgll, DraIll,

Bsgl or BpmI.

Further, a specific embodiment of the invention concerns a
method which is characterized in that for cuts (B) and (A)
the same restriction and/or restriction enzyme is

selected.

Further, a specific embodiment of the invention concerns a

method which is characterized in that as cut (B) enzyme



Furt her,

I's characterized in that for cuts (B) and (A

and/or restriction enzyne is sel ect ed. Further, a specific enbodi nent
of the invention concerns a met hod which is characterized in that as
cut (B) enzy -23 - and as
cut (A enzy@ocﬂsﬁgglrent enzynes are used (Fig. 3), pr HEERIB0SIE gl or

a specific enbodi nent of the invention concerns a met hod whi ch
the sanme restriction

Bpm as cut (B) enzyme and Dralll as =-23-cut (A) enzyne (fd or M3

replication origin_cut). Further .. a_ specific enbodi nent .of _the inven tion
concerns a angn%fh%’ﬁ V\m)cr?ngméhg’rgfﬁ’%r‘\ctzgﬂz

step (h) and fpae@ikrablyecldsgl BSE

FREF 525284 ‘Tt /e in
RI(4d9 MESKBY &8z¥H€ s Dra1rI M3 type

hel per phage. Further, a s eci?i c_enbodi nent of the invention concerns a
met hod whi ch CStcHA) aeRBYPe lfd ort Hhd xanligetéen@Eigin cut) .that the

ophagem d and the cosm d are identical and, further, presence of and

cl eavage with cut (A) enzyne is optional and/or cut (B) enzyne and cut
(A) enzynéFumther, a speeificnlemboBimemerqf ahepénvén ctisnbednoents of t he

et on SongkaBseunycy, 17 IRLBLEh L IR LG D, I TP (1)

t he

step (h) and facultatively in step {j) M13K07 is used as
M13 type helper phage.

Further, a specific embodiment of the invention concerns a
method which is characterized in that characterized in
that the ophagemid and the cosmid are identical and,
further, presence of and cleavage with cut (A) enzyme is
optional and/or cut (B} enzyme and cut (A) enzyme are

identical .

Further, a specific embodiment of the invention concerns a
method which is characterized in that in step (i) the
multiplicity of infection (MOI) is less than or equal to
1.

Further, a specific embodiment of the invention concerns a
method wherein the cosmid comprises an £4 or M13

bacteriophage origin (replication/packaging) .

Further, a specific embodiment of the invention concerns a
method wherein in step (e} a mol ratio of display vectors
to the cosmid vector within the range of from 3:1 to 15:1

and preferably 3:1 to 10:1 is used.

Further, a specific embodiment of the invention concerns a
method wherein in step (e} a vector concentration

(comprising display vectors and cosmid vectors) of more



1. Further, a specific enbodi nent of the invention concerns a met hod
wherein the cosmd conprises an fd or ML3 bact eri ophage origin
(replication/packagi ng). Further, a specific enbodi nent of the invention
concerns a met hod wherein in step (e) a nol ratio of display vectors
to the cosmd vector within the range of fron13 1to 15:1 and
preferably 3WO%BFNh: 1 s used. Fur t , a specific enbodGFERP8RHS3% he

i nvention concerns a met hod mhere n in step (e) a vector concentration
(conprising displa vectors nd cosm d vectors) of nore - 24-

t han 100 [erF}‘BR gj %ﬁﬁiﬂls U2FOt her enbodi nent of the invention
concerns a net hod for t he production of large - phage-di spl ay
extension |ibraries or hagem d- di spl ay extension |ibraries, wherein
an ol i gonﬁ!@lté@m gebedinent ot wention CoRgerns s methedeferdthat o a
restriction Bﬁu@ﬁﬂ% (5¥)1‘9 t he cohesive ends ZZ as defined above to
yield a sequ quence) -or a gene conprising a double stranded
DNA sequence which is represented by 't he follomnng formul a of one of

hei r ran
t he stra d% phage-display extension libraries or

- phagemid-display extension libraries, wherein

an oligonucleotide cagsette of 4 bases in length is
inserted into a restriction site {cut (B)) via the
cohesive ends ZZ as defined above to yield a sequence
(supra sequence) or a gene comprising a double stranded
DNA sequence which is represented by the following formula

of one of their strands:

5'B1..BnXn+1--Xn+aZn+a+1l2n+a+2¥n+a+3- -Xn+a+d2n+a+d+12nsacd

+2Xn+a+d+3- -Xn+a+d+bQn+a+d+b+1l- -Cn+a+d+b+j3’

wherein d is an integer and a multiple of 3, preferably
within the range of from 6 to 36; n, a, b and j and B, X,
Z and Q have the same meaning as in any of the preceding

claims; and wherein

(a) to (b) a double-stranded DNA prepared from Escherichia
coli cells containing a display vector population,
consisting of M13 phages or M13 like phages or consisting
of phagemids according to the invention; a cosmid vector;
a restriction enzyme for cut (B); and a restriction enzyme

for cut (A) are selected, wherein

(1) the cut {(B) enzyme cleaves the display vectors in the



5 Blerr].. Blerr]..Xerr]Z[err]Z[err]2[err]..Xerr]Zerr]

+2[err].. Xerr]..Qerr] wherein d is an integer and a nmultiple of 3,
preferably within the range of from6 to 36; n, a, b and j and B, X

Z and Q have the sanme nmeaning as in any of the preceding cl ainms; and
wherein 0&%} (b) a doubl e-stranded DNA prepared from Escherichia
coli cells coRCArAPMY a display vector popul ation, conEFTEPIPOTF M3
phages or ML3 |ike phages or consisting25- of phagenids according to the

invention; a cosmd vectar: restri.cti on £nz , far cyt ;..and a
restriction en?SHAE™ en°°%&chﬁ}Ee (%SP;FXegeP%%"‘t]E%, %h”‘gjrséfqﬁyea ?’g‘@é(’in) t he
cut (B) enzynmeagd epRsratke dhs@haynoreaipmetiicdlN@ohesive ends;

-25- region encoding the displayed peptide or displayed protein and

gener ates uni qHReFRIR SpFRecPPesive ife2ehdP SARELR| FFr@ReheRBhesi ve end
S a2 bb Singkgendd ad eiddehior SRtk Yidblignkiag hases designated 2, (11)

the cut (A enzyne cl éaves the display vectors and the cosm d vector such
t hat uni que non-synmmetrical cohesive ends are forned which differ from

those resulting,fy cut . ( cl he_di spl ay..vectors are cut.w.th the
cut (B) restri g'ﬂ')o(r}’ enffr?e?%‘x ?’&é‘fmga cé)ﬁﬂvgﬁs@é?'tdé‘ngaYn"se@r%f’ &8 \cl)ghtehe

cl eavage site wbéhid vectdrheuthZzh£OheHigue AoklSsymmetdicdh@chesivd i ng

di splay vector and the cosm. d vector are cleaved with the cut (A
restriction enqu%1are formed which differ from those resulting from’ cut

(B),

(cl) the display vectors are cut with the cut (B)

restriction enzyme,

(c2) a DNA cassette is inserted into the cleavage site

with their ZZ cohesgsive ends,

(d} the resulting display vector and the cosmid vector are

cleaved with the cut (A) restriction enzyme,

{(e) the cleaved display vectors are ligated with the

cleaved cosmid vectors forming concatamers,

{f) the ligation product is subjected to a lambda packaging
and transduced into an Escherichia coli host such that the
DNA cassette lies betweeen two hypervariable sequences

(extension sequences),

{g) if wanted, selection is made for a gene present in the

ligated display vectors,

(h) the transduced display vectors in the Escherichia coli

HOS'C are



(e) the cl eaved di splay vectors are ligated with the cleaved cosm d vectors
form ng concat aners, (f) the ligation product is subjected to a | anbda
packagi ng and transduced into an Escherichia coli host such that the DNA
cassette lies betweeen two hypervari abl e sequences (extension sequences),
(g) if manter ﬁﬁh tion is nmade for a gene present in the |igated display
vectors, (f]ot eﬁﬁransduced di spl ay fgctors in the Escher® 8IS host
are _ TevT . 26- - either in the case
of a phage-di splayn¥£cf,pr, n Y, Lo, ML3 or. M3 |ike
phage coats - o?lr?r?hfhga%%gg %f Sggg%a%%%&é-%g?gﬁf‘%/ vect or packaged by
i nfecting thespsohaneoidly patkadmbtinaMitl ean NI ltikeephage kdaper phage

(superinfection), (1) the packaged display vectors are passaged in a
fresh Escherichia coli host and phage-di splay or phagenmd- di spl ay
libraries are-fegned, tlendasel ofa tidgemid-didglay Veer8aSsANadedi 5P ay
vectors are - either in the case of a phage-di splay vecCtor

spont aneous| y ipéerbies the FEsheriqis cpké hostgeriddars M13 type or in the

case of a phagem,dsdj AV, il ) ed by infecting the fresh

Escherichi a C%F?bgggéﬁ%§tlésé§§ %%ﬁég?i%ﬁghelper phages (superinfection) and
(1) the packaged dispiay vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-

display libraries are formed, and, if wanted,
(J) the passaged display vectors are

- either in the case of a phage-display vector

spontaneously packaged in M13 or M13 like phage coats
- or in the case of a phagemid-display vector packaged by
infecting the fresh Escherichia coli host with M13 type

helper phages (superinfection) and

phage-display or phagemid-display extension libraries are

formed.

Ancother embodiment of the invention concerns a method for the
reassortment of the 5'- and/or 3'-extensions in the
production of large recombinant
- phage-display extension libraries or

- phagemid-display extension libraries,

comprising the sequence as defined before wherein

recombination takes place at one or the other, or



phage-di spl ay or phagem d-di splay extension libraries are f or med.

Anot her enbodi ment of the invention concerns a nmethod for the

reassortment of the 5 - and/or 3'-extensions in the production of |arge
r ecombi nant - phage-di splay extension libraries or -

phagem d- di spl bginsion libraries, conprising the sequence as

defi ned before erern reconbi nation takes place at one TERS/0833Aer |
or -27- .27 - consecutively at both

t he cl eavage site(s

racketti

77 he insert tt Wher ei
(a) to (b) a d% ee%‘étt"rv éfeatEf\%kgggﬁa?t%ae‘fal}%iesr%gﬂﬁf?%Sﬁsliebrfa%s‘ngfif‘ﬁ‘ggcrale:2

contai ning a digdl ByserEOEapoPtXls) ONwhereGONSi sting of ML3 phages or
' of phagem ds as display vectors as defined

cosmd vector; a restriction enzynme for cut (B) ; and

ML3- | i ke phages or consisting

bef ore;

a

restriction eyl oW bl A15:36heR! fith BIBLELE sron ddchobigneyt (B

enzyne cl eaves t

di splay vectors int I'on encoding t

peptide or di spbhiecelintoonbainigne déaplay exarorqpepubatiymmet ri cal

Spl ayed

cohesive ends at__. _sel ect ei ther - H' -punction of extension and
cassZ{Ye (cIZaS%ﬁ%ligi%QN?f %gg?éﬂéqgscPFO%{{EES%WE£H§€8§n?§i?ﬁfsﬁﬁ815$nding
site Blerr]...BfepKdgamids as deépgdvbeter€)as @efinal béford ;- kunction of

extension and cassette (cl eavage by the

t he bi ndi ng sj fesmid vector; a restriction enzyme for cut (B); and

restriction enzyme for cut (A) are selected, wherein

(i) the cut (B) enzyme cleaves the display vectors in the
region encoding the displayed peptide or displayed prbtein'
and generates unique non-symmetrical cohesive ends at

selectively either

- the 5'-junction of extension and cassette (cleavage by the

restriction enzyme recognizing the binding site B;...B, as

defined before), or

- at the 3'-junction of extension and cassette (cleavage by the

restriction enzyme recognizing the binding site

Qn+a+b+l- . -Qn+a+b+j as defined bEforE, or
Qn+a+d+b+1- - -Qn+a+d+b+j as defined before}, wherein each

cohesive end is a 2 bp single strand end formed by the two

bases designated Z,

(ii) the cut (A) enzyme cleaves the display vectors and
the cosmid vector and generates upon cleavage unigue non-
symmetrical cohesive ends which differ from those

resulting from cut (B),

(b) the display vectors are cleaved with the first

restriction enzyme,

restriction enzyme recogni zi ng



Qerr]...Qerr] as defined before, or Qerr]...Qerr] as defined

before), wherein each cohesive end is a 2 bp single strand end forned
by the two bases designated Z, (ii) the cut (A enzyne cl eaves
the display vectors and - the cosm d vector and generates upon cl eavage
uni que non- symetri cal cohesive ends which differ fromthose

resul ting fr Qe WHELB) - (b) the display vectors are.cPEHFEOMBH t he

first restriction enzyne, -28 - -28- (c¢)

the display vector and the cosmd vect Of are cleaved with the second

restriction et@ymhe digplayheectmawad theptegmitevestorapee |dlgaved with the

cl eaved cosm d, ve rs for§1 % concateners, (f) the ligation product is
rfh{fa of

subj ected to ¥ S55ER %t’%?ﬁ: PP R84 R%d i nto an Escherichia coli
host , (g) if wanted, selection is.made for a gene present in the |igated
dlsplay vect ors, ( ) the transduced display vectors in th Escherichi a
host are - ée}Here ddeayedcaieryry yephage- e prgRtFC WA FD t aneousl y

packaged [0 Mg 8fedkoriee 008 GMliing soMladdhdly oase “of

phagem d- di splay vect ors packaged by infécting the Escherichia coli host
wth an ML3- type hel per bacterl ophage (superinfection),

(f) the ligation product is subjected to a lambda

packaging and transduced into an Escherichia coli host,

(g) if wanted, selection is made for a gene present in the

ligated display vectors,

~ (h) the transduced display vectors in the Escherichia host

are

- either in the case of a phage-display vector

spontaneously packaged in M13 or Ml3-like phage coats

- or in the case of phagemid-display vectors packaged by
infecting the Escherichia coli host with an Ml3-type

helper bacteriophage (superinfection),

(1) the packaged display vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-
display libraries are formed and, if wanted

(3) the passaged display vectors are

- either in the case of a phage-display vector

spontaneously packaged in an M13 or M13-like phage coats

- or in the case of a phagemid vector packaged by

infecting the fresh Escherichia coli host with M13 type



(1) the packaged display vectors are passaged in a fresh Escherichia col
host and phage-di splay or phagem d- display libraries are fornmed and, if
want ed (j) the passaged display vectors are - either in the case of a
phage- di spl ay vector spontaneously packaged in an ML3 or ML3-1i ke phage
coats - or in the case of a phagem d vector packaged by infecting the
fresh Escheri ¥P®EWi host with M3 type PCT/EP98/00533

-29 - hel per phages (superinfection) sd phage- di spl ay or
phagem d-di spl ay 1libraries are forned. speci fic enbodi nent of the

i nvention conckehsern phetdead (shpehinfectiionthandicteri zed in that in steps (a)
to (b) a type Ils restriction enzyne is selected, preferably Bgll,
Dralll, Bsgl or Bpm. Further, a specific enbodi nent of the invention

concerns a pHRG§EQE 31BN olrS pRaGenid - Aikspedy | TE Hrtati elsObré UfSruidd). and
(i1) the sane restriction site is sel ected. Further, a specific
enbodi nent of the invention concerns a met hod which is characterized in

that as cu : U ' [ ent . re’
used, ° ©B EPReEERY ibqeinay BF G srlnfltd Wil e Enbe i AR S
(A) enzyne (fdierchéBacgtiizedt iontimat gim sitepsufg). to Himt hetypea Xlmecific

enmbodi nrent of the,ipvention concerns .a nmet hod ich i characterized in
that in step (ﬁ?sgﬁﬁctlon enzyme 1is Selected, pre%gréﬁly ggi§, 6&af¥i,
- BgsgI or BpmI.

Further, a specific embodiment of the invention concerns a
method which is characterized in that for cuts (i) and

(ii) the same restriction site is selected.

Further, a specific embodiment of the invention concerns a
method which is characterized in that as cut {(B) enzyme
and as cut (A) enzyme different enzymes are used,
preferably Bsgl or Bpml as cut (B) enzyme and Dralll as

cut {A) enzyme (fd or M13 replication origin is cut).

Further, a specific embodiment of the invention concerns a .
method which is characterized in that in step (h) and
facultatively in step (j) M13K07 is used as the M1l3-type
helper phage. '

Further, a specific embodiment of the invention concerns a
method which is characterized in that in step (g9)
selection is made for the presence of an antibiotic

resistance gene.

Further, a specific embodiment of the invention concerns a
method which is characterized in that in step (i} the
multiplicity of infection (MOI) is less than or equal to
1.



facultatively in step (j) ML3KO7 is used as the ML3-type hel per phage.

Further, a specific enbodi nent of the invention concerns a nmet hod whi ch
is characterized in that in step (9) selection is made for the presence
of an antibiotic resi stance gene. Further, a specific enbodi nent of

t he inventiogﬂﬁ) %rons a met hod which is characterlzed in that in step
(i) the "‘lgé Lity of infection (MJ) is less than or PEEERSS/0053 1.
- 30- Further, a specific enbodi nent of the invention concerns a

met hod wherein the cosnid conprises an, §g.or M3 bact eri ophage ori gin.
Further, a specific enbodi nent of the invention concerns a met hod

wher ei n i negkEieA L %p@@kfiéténﬁa&iﬁmghépc‘)ﬁ)th\éeﬁh%étlon caﬂcéé}ﬁ; gosm d vector
wi thin the range ‘371 to 15:1 and preferably 3: 1 1's used.
Further, a spetgthad eamememe sfosmid ¢<Pmmntﬁe@nanom:@rnwla met hod
wherein in or._¢C ncentratlon (conprising display vectors
and cosm d ve?%ér"%gr:"ac’fp\{.‘(rgr‘%E 5r1§)1} ‘han 100 [err]g DNA/m is used. Anot her
enbodi nent of the invention concerns a method for the de novo
production_of | arge &e di splay libraries, or

‘phageni d- d?‘é’b‘l"}é";i"'l B EREcEic’ enbodipgRt, ¢ itHhe BNKE%%’@S’eHEQ%e%%? def i ned
before, and mewndd QHeaBhR 1R JREOTRY NRLHON rAEELT & RE shPaf WHARIUr € as

to the cosmid vector within the range 3:1 to 15:1 and

preferably 3:1 to 10:1 is used.

Further, a specific embodiment of the invention concerns a
method wherein in step (e) a vector concentration
(comprising display vectors and cosmid vectors) of more

than 100 pug DNA/ml is used.

Another embodiment of the invention concerns a method for the

de novo production of large

- phage-display libraries or

- phagemid-display libraries,

comprising .DNA sequences aa defined before, and
subjectable to recombination according to a procedure as
defined before, wherein recombination takes place within a

DNA sequence as defined before, wherein

a) a display vector, consisting of an M13 phage or M13-
like phage or consisting of a phagemid-display vector
comprising a bacteriophage replication origin,
facultatively a gene for a selectable marker, preferably
an antibiotic resistance, a lambda bacteriophage cos-site
and a "stuffer"-sequence {Figure 5 upper right),

containing two binding sites for a type IIs restriction



defined before, wherein reconbination takes place within a DNA sequence
as defined before, wherein a) a display vector, consisting of an ML3
phage or ML3- | i ke phage or consisting of a phagem d-di splay vector
conprising a bacteriophage replication origin, facultatively a gene for
a selectable égé% preferably an antibiotic resistance, a | anbda

bact eri ophage 'C te and a "stuffer"-sequence (FigurePSTEBNMASH| ght ),
containing two binding sites for a typgilJs restriction

- 31- enzynme di fferent fromany of the enzynes as defined before (cut
(B) and cut (AHZYuheiEEATeRE oﬁthmoagvte% tdiee eprvens s defiipedikafayent

orientation anteyhers bia 6HADYS GFetn HSRCEALCHA CheayadmALe

non-synmmetrica ffer one ano at t two Si
b) a PCR-gener i ativierggnbnor baratiishngnd avheref tbaecoliedilve endsequences as

defined before, inclu hyper var| bl e referably
X err] accor di $FF% c?"ia% L gléaﬁ(fe#ﬁ PR, ’X%fas 54°% '{lﬁegégf%@%t Il's
restriction oﬁl@tf&;tﬂ&tﬂdtﬂg—;&lwsﬂe&gp%d n (a), but in this case both
oriented i nwards towards the hypervariabl e sequence (Figure 5 left side)

and where on cl eavage by this restriction enzyne two non-symmetrical,

singl e strand snds pea-dehbeseal fagibonc.anallshiheroencoatcde where th the

first end (a' in I's conpl enentarytoo of the en
Fi g. 5) gener aseghenreshes| definadkbedorér azgr:elmdmg gajthe) and the second end

(b" in Fig. 5) I n end (b in Fig. 5) generated
é%§ é¥§pga$q§ gé‘ ce(fg) pref) %9

on the large v raghe Ythe two cl eavage reaction

systems (a) an®p(p). malzmaumm@mamgstb%@a% Mecbyding k6 £RStriction
enzyme are m xed together 1 n approximtely equinolar proportions and

subj ected to |igesntien,nbrackersbhyethdé PR |tiygesEis fresgadatsoront ai ni ng
the reStr'Ct'°Qn£¥ﬁa”ﬂin%kﬂg'9£kéﬂ‘d%%lﬁéé in {(a), but in this case both

oriented inwards towards the hypervariable sequence
(Figure 5 left side) and where on cleavage b& this
restriction enzyme two non-symmetrical, single strand ends
. different from one another .are generated, where the first
end (a' in Pig. 5) is complementary to one of the ends (a
in Fig. 5) generated on the large vector fragment in (a)
and the second end (b' in Fig,., 5) is complementary to the
other end (b in Fig. 5) generated on the large vector

fragment in (a),

c) the two cleavage reaction systems (a) and (b) still
containing the active type IIs restriction enzyme are
mixed together in approximetely equimolar proportions and
subjected to ligation in the presence of DNA ligase;

fragments containing the restriction enzyme binding sites are
constantly removed ("stuffer" fragment and outer end of
the PCR product) whereas

the other two components, namely the large vector fragment and
the insert.sequence (central fragment from the PCR

reaction) are driven to form

2,



constantly renoved ("stuffer"” fragnent and outer end of t he PCR
product) whereas the other two conponents, nanely the | arge vector fragnment
and the insert sequence (central fragnment fromthe PCR reaction)
are driven to form -32 - A a
concat aneric gybrld if the ligation is carried out at > 100 [err]g
DNA/ M (Fi gur B33% B) a circular hybrid if the ligation iBCHERSOERS out
at < or 40 [err]g DNA/ i, dl.ggin the case of protocol A) the DNA
i s packaged into | anbda partlcles and transduced into an Escherichia
col i h&3t a concatam@riicnhyheiddisfe tbe pigatdes iB) cansi®@Nmuts atr ansf or med

I n an EscheLBbc?#ZDﬁ)‘All Rga?%ﬂsdﬁ)SpPg) I f wanted, selection is nade for

a gene present ay vectors, f) the transduced
di spl ay ve®boascincilwer Eadirddi £hithe Qliation hfstcaa'lr&ed out at & blree in the
case of a phage dlSp|%¥ vector spont aneousl y packaged in ML3 or

ML3-11i ke phage QoK@ PNA/mL, I n the case of phagem d-di splay vectors
packaged by i nfecting the Escherichia coli host with an ML3-type

hel per bacteriophage (superinfection), (g) the packaged display
vectors are paddiged the £asecoh protquadhd) i ke @b@oms Rraskagai igtage- di spl ay

or phageni d- 1amb35554é9&41e%rgﬁaeé%éHE%uESH”faké“E% BbhlRed co14

host,

d2) in the case of protocol B) the DNA is transformed in

an Escherichia coli host,

e} if wanted, selection is made for a gene present in the

ligated display vectors,

£) the transduced display vectors in the Escherichia coli

host are

~ either in the case of a phage-display vector

spontaneously packaged in M13 or Ml13-like phage coats

- or in the case of phagemid-display vectors packaged by
infecting the Escherichia coli host with an M13-type

helper bacteriophage (superinfection),

(g) the packaged display vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-
display libraries are formed and, if wanted

(h) the passaged display vectors are

- either in the case of a phage-display vector

spontaneously packaged in an M13 oxr Ml3-like phage coats



(h) the passaged display vectors are - either in the case of a
phage- di spl ay vector spont aneousl y packaged in an ML3 or ML3-|ike phage
coats -33 - - or in the case
of a phagem d vector packaged by i nfecting the fresh Escherichia col
host with ML3-type hel per phages (superinfection) and

phage- di spl ayf< Logenmid-display libraries are forned.  ACHFOpHIS3
enbodi ment of the invention concerns a nethod which I's characterized in
that in steps (a) to (b), as type Ils -33.restriction enzyne, preferably
Bpil, Bsgl or Bpm is sel ect ed. Further, a specific enbodi nent of the

| nvention CONCLNSnatne cggéwawghsgeﬁdgt&rt%etﬁa&z dBythat in step (f)
and facultatively in step (h) "ML3KO7 is used as the 3-type hel per

phage. Fur timfectangptbe f fxeshniFfsgheehchid qdid hastrvitdnMidne®as a
met hod which s characterized in that.in, step (e) selection is nmade for
t he presencetﬁﬁyﬁﬁ'gﬁF%ﬁfo ?%?erln#Fgéfg?hﬁggpgene. Further, a specific
enbodi nent of the invention concerns a met hod which is characterized in
that in step (g) the mul tiplicity of infeqtion‘éN(] IS Igss t han or
equal to age-gigphay erRhagmRid-gispiay ildPzArich %’%ihé@?fﬂ% a
phage- di spl ay i brary or a phagem d-display library in the form of
packaged particl es obtainable according to any of the
A specific embodiment of the invention concerns a method which
is characterized in that in steps (a) to (b), as type IIs
restriction enzyme, preferably Bpil, BsgIl oxr Bpml is

selected.

Further, a specific embodiment of the invention concerns a
method which is characterized in that in step (f) and
facultatively in step (h) M13KO7 is used as the Ml3-type
helper phage. |

Further, a specific embodiment of the invention concerns a
method which is characterized in that in step (e)
selection is made for the presence of an antibiotic

resistance gene.

Further, a specific embodiment of the invention concerns a
method which is characterized in that in step (g) the
multiplicity of infection (MOI) is less than or equal to

1.

Another embodiment of the invention concerns a phage-display
library or a phagemid-display library in the form of
packaged particles obtainable according to any of the

methods as described before.

Another embodiment of the invention concerns a phage-display



net hods as descri bed before. Anot her enbodi nent of the invention

concerns a phage-di spl ay - 34-

| ibrary or a phagem d-display library in the form of di spl ay vectors
conprised by Escherichia coli popul ati on(s) obtainable according to any
of the metho 03833001 S descri bed before. Anot her enbodi nent of the

i nvention concérns a phage-displ ay libraries or phagen HCTERBAPPES

whi ch are characterized by a gene (ggqes) as defined before and
obt ai nabl e acgardin to the invent]dn, wherein the term"large" as used

bef or e i J1PEPrYeg*a’ PhpgenddsdisplaydiPxRrintn dhghderm of

preferential | yiL08 at0vA0LE£4 It 8B 15) Pikherichifakdiy, anot her enbodi nent
of the invention concerns a profein or peptide conprising a peptide

sequence encod®spudptiopln) obtajngbdecacesrdicl hedamefaft dhandethnds rabl e by
affinity %?H%%%&?Beargﬁﬁgngs on a defined target by neans of a
€ etor

fromlibraries as i ned e.
-35 - Detailed Description The invention pertains to a novel conbination
of reconbhigggher embodiment of the invention concerns a phage-display

libraries or phagemid libraries which are characterized by

a gene (genes) as defined before and obtéinable according

to the invention,.wherein the term "large" as used before
is defined as in excess of 106 variant clones,

preferentially 108 to 1011 variant clones.

Finally, another embodiment of the invention concerns a protein
or peptide comprising a peptide sequence encoded by a DNA
sequence as defined before and obtainable by affinity
selection procedures on a defined target by means of a

from libraries aé defined before.



DNA t echnol ogi es to produce | arge hypervari abl e gene banks for the

sel ection of novel |igands of pharnmaceutical, diagnostic, biotechnol ogical,
veterinary, agricultural and bionedical inportance with an efficiency
hi gher than was hitherto attainable. The size of the hypervariabl e gene

bank is presently considered the nost essential factor limting the

useful | ness o\yotyﬁ@”f’r’et hodol ogy for such purposes, since, asPEHERIPS cal
nmet hod, it depends on the diversity (nunber of different variants)
initially generated in the bank ( hypeB¥ariable gene library). In contrast
to this traditional opinion we consider that, when a highly efficient

met hod i s péevueheacses@siglignent ed here, to generate a large proportion of

t he possi bl e conbinations of nmutated segnents of the wvariants from
a presel ected subpopul ation, a population enriched for the desired
struct ur almel AR erated L£h 1 Ly ha

r epr esent eTé-L%I ﬁr@%%ﬁu aﬁeggag%%r%%c iﬁg ﬁe?%ﬁ%&ﬁgnN#s\%%ﬁgﬁgﬁ%ntof t he
origi nal mauitathnolegiesx to pgdedutenbergeofhypegnisble defer Bankdi fiexl. The
first part of the invention gegt ins fo novel. seguen_ce whj.ch al |l ow

r econbi nati¥n SHEREACRy Pér PRVELLFLS ﬁq@g’ﬁ‘&@% BRtHAg FegreRsi¢donai ns)
variabl e paRitedBfioDEgPELL i NPetiARhayed abhicidRinat Ghkal piBRageéphagen d
display ljibraries using type Ils restriction endonucleases both (a) to

i ntroduce dgpoFtancegt wikh sare officienapi nhigher arkhan bwaso héhbexte
oriented %ﬁ%&hﬁ%ﬁé.for a ligation reaction, where the ligation products
are then recloned at high efficiency after in vitro

-36 - packaging in a | anbda packaging m x. The entire protocol vyields

efficiencigs (clone er .i nput in excess of any desgcribed.t.echnol ogy
(>10[err] 'I?Teo égepgf %‘%r}&a%m%\%ee@% ‘i‘gk léor?d]\éﬁﬁ??%ﬁf%iﬂdemd
(vect or) sesHeenmest akseheiatolfacabe Qlimifefyf @heboidefilenpsodwE | oe of the

initial librairies and for reconbinational procedures to generate increased
di versi ty RMAHIFOR1IPHE FPBr SHGh oPWEPAsSSe c S4B ubPD Pt aBTRAF i8R LaRethPde. I n

par ti cul arj UGBS BRCS RN g DY AGAYY" Chhumher Cl N fddlentN6/28904E8f | ON and
use of phage/ phagem d-di splay conbi natorial libraries.
initially generated in the bank ( hypervariable gene library).

In contrast to this traditional opinion we consider that, when
a highly efficient method is developed, as presented here, to
generate a large proportion of the possible combinations of
mutated segments of the variants from a preselected
subpopulation, a population enriched for the desired structural
elements will be generated- which would only have been
represented in a population approaching N* where N is the size
of the original population and x is the number of segmerits to

be recombined.

The first part of the invent_ion pertains to novel sequences
which allow recombination within hypervariable DNA sequences
encoding regions (domains) variable peptides or proteins
displayed in combinatorial phage/phagemid display 1libraries
using type IIs restriction endonucleases both (a) to introduce
a cut at the site of recombination and (b) to generate
oriented substrates for a ligation reaction, where the ligation

products are then recloned at high efficiency after in vitro



The inventors recognise that the main factor thereby determ ng the
efficient generation of further variation is the efficient production of
conmbinatorial libraries fromthe initial libraries, via reassortnment of
smaller elenents (specific peptide sequences within the hypervariabl e
region, and/or reassortnent of structural domains ) which contribute to the
properties seVeEEMO¥ or . The invention presents such a net hBaI/ERs0ess3has

t he uni que property that the reconbi nati3g.site may be within the
hypervari abl e regi on whereby no restriction is inposed on the sequence
wi thin theackagiaayvani ablambdapackaghne| wied. Thet enhire \pxiopochle yimtlidsd can
be used to rt. _donmi r i o] |t f Jheteroneric
pr ot ei ns (%’f’%f%%%gaggnpqgggge%g ?‘{/\gng’ﬁl%n%@%) d:l[rff%#‘ke)eh%y \?zr Faﬁtdep%r;e; éag'? i de
chai ns), etethmilogyi dsichroiomerapar yherogamabigarediomas, without resorting
to recloning isolated DNA fragnents or generating new l'ibraries

cont ai ni ng new synthetic oligonucleotides. It is noted that this nethod
thus of fer gombatiRtsl BEDGvdctdrTReEn8Bs U@ beorbEesL ORireMbZh iR fhy UCt Ur e
for a predeterm ned property on the basis of a presel ected clone popul ation
(subpopul abbbln) thel ipredusikion t R gbbeet inttial ndidxséries poysi bifer
variabilit . . re : . .

- 37 - qua ?‘?%rﬁlﬁ'\}lg#fgﬁélieIB%g% urg'%i nt?ha%ensegﬁéera%récg arsl?gt u(rhe%err%'fybe

obt ai nabl ewbthin yhe Hebravgl ost a aselpees subpephilat ibre atethpdtine desi gnat e

cosm x- pl exi ng| er.r I,s based on the desi of the cloning vectaors, the
i nserts usBﬁrg]ﬁ“grcﬁﬁﬁ%asﬁ%}?nSFssﬁé‘ i éﬂmFg‘g‘&Fﬁ naht fﬁﬂ"ﬁ%otf(?&'olté"‘,e whi ch
in particubghertfidn @haavage ot t bRapbpgdqiiaacaigpidNA WokBikytrilahs

restriction,  enzynmes, i) subsequent igation to concatamers which
are iii) p&ékﬁ%}é’&ﬁ-n vitro with a | anbda packagi ng systemfor iv) efficient
transduction into E.coli strains, where they are then v) repackaged I n
vivo in filamentous phage coats. ~ The use of cosm x-pl exing , So

defined, ®&he iaventmins ogspgoise thrtagdiephagentactopophdrebyodeymmeimgt es an

cr oS S SEEELAO M VAEL AN St oL LI SO WL By,

the predepesvaudieibn of poapRdtorial prldpeaties. from the initial
libraries, wvia reassortment of smaller elements (specific
peptide sequences within the hyperxvariable region, and/or
reassortment of structural domains ) which contribute to the
properties selected for. The invention presents such a method,
which has the unique property that the recombination site may
be within the hypervariable region'whereby no restriction is
imposed on the sequence within the hypervariable region
involved. Alternatively the wmethod can be used to reassort
domains of proteins or subunits of heteromeric proteins
(proteins composed of two or more different wvariant polypeptide
chains), each of which can contain hypervariable regions,
without resorting to recloning isolated DNA fragments or
generating new libraries containing new synthetic
oligonucleotides. It is noted that this method thus offers a
saving in both time and materials when optimizing a structure
for a predetermined property on the basis of a preselected
clone population (subpopulation) and in view of the geometrical

increase in possible variability offered may represent a



In particul ar subpopul ati ons which are enriched fromthe original library
for a specific property will be enriched for a consensus notif ( a
degenerate set of related sequences within the varied region(s) which al
exhibit the required property to sone extent) which may (probably wll)

I nclude the optiml sequence in terns of the required property.

Reassort ment oVOPSHEE regions or portions of a single hyperva®cratroseesss
sequence by cosm x-plexing7 will increase3lhe probability of obtaining the
opti mal sequence. The subpopul ations may be isolated by differenti al

af fi ni ty- baed isardvelynneyela fgarrredn é?rltfé'-t SOBP EAFE CHIRIRLUTBEoBaY Res

based on @gthar abqgsbﬁgg %ﬁ 589éf y R ggiggscfig xgnmple 1 substrate

properties such ation ticular protein kinase
enri ched by blndlng on antlbodles whi ch recognise the nodified ( in this
case phosp % substrate cl.eavage .of .t he

le 2
-38 - varia g;(g% ’f‘ax't}’slleﬁ‘dngel actitvPIE e Be t he

phage or pi@ﬁ@n d gF e\theusuorbmyﬁd vécBoas, | Nties acinsurdeet weea aahn@r rd nal
protein structure ancheﬁ% and its ligand, i mobi | i sed to, or later trapped

on, a surfREPInaties |k eAPPEIAY uFPRRTOERAR sDhe W&@Fon whrlcy thsi on
| b h
2 A Ol OUSRSE AL AT ek LIS B

reconbi nati'on site within the gene 1 ga t hen
occur by t hEIsgeneeatrmtx;fn f mnﬂmesconﬁiinat or i ghbbedment esligamael e ed

clones in which Epe adj |0@_ % g §%f|0|en% é "shuffled” I t her
si ngl y or bR AT h% ParEa tRer s#kt% ﬁ% des
this cassepé@cagzl}@er&yﬁdnexmnge) Eeaiuient transduction into E.coli
-39- Figure | egends: .
strains, where they are then v) repackaged in wvivo in
filamentous phage coats. The use of cosmix-plexing T, so
defined, on a heterogeneous phage/phagemid population
generates an enormous increase in novel variants at any time
during further experimentation, e.g. after any enrichment step
for structures having the predetermined property or

properties.

In par;icular subpopulations which are enriched from the
original library fer a specific property will be enriched for a
consensus motif ( a degenerate set of related sequences within
the varied region(s) which all exhibit the required property to
some extent) which may (probably will) include the optimal
‘sequence in terms of the required property. Reassortment of
these regions or portions of a single hypervariable sequence by
cosmix-plexing’ will increase the probability of obtaining the
optimal sequence. The subpopulations wmay be isolated by
differential affinity-based selection on a defined target, or
enrichment procedures based on other desired selectable
properties {example 1: substrate  properties such as
phosphorylation by a particular protein kinase enriched by
binding on antibodies which recognise the modified ( in this

case phosphorylated) substrate; or example 2: cleavage of the



Figure 1. Diagrammatic representation of the steps involved in creating
reconbi nation within the hypervari abl e regions of cosm x-pl exi ng7

i braries. Doubl e-stranded phagemid froma nunber of clones (which nay be
a cosmd itself) and cosmd DNA(if the phagemd is not a cosmd) are
cleaved with a type Ils restriction enzynme (cleavage sites indicated by
a small baﬂ’y(”%)-"?% n the hypervariable region and |iEGFERS0FFet her
at high DNA concentration so that | concat emers of the DNA nol ecul es
are forned, which are all oriented inm<tthe sane direction, e.g with

respect tUatrhenwllsega%k%@blgm?gﬁwoqe@e'néswlwge relaits odre .
formed. T t & O g t o] site( e type
Ils rest I‘IQ-' %’g %ynoe(}n é}@hat 5%‘%}]‘&‘%%3’; é%&;edndglgr ealrfo?%r%e %/\Hhﬁlrgh

| i gation cdaﬂwéehoram taainimix oprotdin estiweatdinedanehdrbr andi liteo-Xigang
stfuctures. Wien the cohesive ends gpeéﬂuced on c%eavage by the restriction
enzyme ar okt dF68s R oD AaFdr bRE AunPqBB I8 %ach restriction site
wi t hin each pl asm d/ phagenmid, only ring closure and the forrrati on of
concateners can be formed. At higher DNA concentratijons Sf .. over 200
[err] g/ n )Theondavension fEurgharonCcarers bEher ePEPREILLON nofe ERESHTT
presentati f he ; nol r uct ur e T 2 and
3. The Ilgarlizi%orr%etgro ggt‘gﬁs%lgd(égrtoéan‘%]rrgj\%rc??gpéi}r%aéé gg(b:%ggltﬂg e%xtract
wher e t he Di¥ertedpaakageite i niecomblmatidm batter ivighige thwagens abatkhear DNA

of 37 to 80,0 geaved & £ am08 0% ner S "oy Nend OLLOUNG B

further combinatorial llbraries from selected clones in which
the adjacent regions may be efficiently “shuffled“, either
singly or both at a time. As far as we are aware no other

system provides this “cassette" insertion/exchange* feature.



particles carrying the cosm d-phagem d hybrid DNA are added to Escherichia
coli cells (shown as large ellipses in the diagranm) into which the DNA

injects itself. In the cell it is <circularized by closure of the cleaved
cos-site using the endogenous DNA |ligase. It is then propagated as a | arge
cosm d- -40 - phagem d hybrid,

replicating fWOPBBIE pl asmid DNA replication origin(s). M.3PEWERSSHessper
phage (e.g. ML3K0O7) is added to these cells in the step referred to as
superinfection. On entry of the hel per3Bh'age single strand replication is

i nitiated Fyowret hegandsyeplication origins present in the individual copies
of the phagem d contained in the concatener. During this process the phage
are al so packaged into ML3 coats, and secreted into the nedium The

phagem d gHrndre har peageamhsiede Hprasprtdaticanibiothehecepd timvelved second

.passage, i.e. transduction into an E.coli host and repackagi ng by
super i nf e @56 HRE h"'?l‘é‘?%“ﬁlqﬁge Yithinc cthe PYBEFHRE R8s F $HEGEN *f ar e

used i N a SRl bPBxPAGT LN Q dilRg0r der to ensure that a particular variant
protein is presented only on the particle carrying the gene for that

parti cul arPaxpliexstrpndedi phagemids fromed numhen I9fs clones hiviHich BRY ke ent
process i ich.a Vel f e a1 i ff agem d.c be

pr oduced prbr\gﬁa%g@%‘ggr%%egff S)I i%%egggﬁlprhut B%ﬁ gblégﬁhggéwp#hggdingérﬁ

i |l ust r at esodniel)DNAret r vieaved fwitdiedawheypd hel osmestpietdang7 epephecol s

carried out as shown i,n Figuyr 1. .Different variants, K are designated b
di ff erent S3YPHE f&ltﬁﬁeg\bﬁai@ab?%srﬁ%. ?ni?’f‘%l]ly bl é’-"g'g?'%ng i DNA iys

cl eaved Wik via¥BlbliesS R@gibhCt BAA eNZyded) thdithiegat ken RiIGRUCHNA S
illustrated as a concatener in which each phagemd is oriented in the sane
ori ent at i FPRCATEYPF480CE] BraBAong songptamerpofficie APereleruliesr 8r¢ anbda

packi ng a | 0GaG k0 b NL 9 t Ly ol I ed; 'I IN§es)tn ar €

shown, vvhgfrj%gy, 'fg#l e?anﬁ%e glt?)ﬁleéﬁggp%'gsegéf’ %mf.( ggggpﬁgglem damayt be

present perespEdt. On rdpachayi mgckhgismnerpgigen d.er e robtpalniadrasicer e

present before cl eavage an? I,hgﬁatio . Theé&rot ocol as_s er.e._in which
on

Phe: 13- pet iRy P B PERTY ori ] VECRRES (IRECPRRL PRk (1oL T 90r T mo. A
are identisiie(d)s Sofplheartyyd i Tieniesiitadonl enygmefi caidiontdtennstarting
with dOUblgohesive ends are formed which on ligation could form
palindromic (i.e. head-to-head or tail-to-tail) structures.
When the cohesive ends produced on‘ cleavage by the restriction
enzyme are themselves non-palindromic and unique to each
restriction site within each plasmid/phagemid, 'only ring
closure and the formation of concatemers can be formed. At
higher DNA concentrations (i.e. over 200 pg/ml) concatemer,
formation will be preferred. A more detailed presentation of
the molecula; structures formed is given in Figures 2 and 3.
The ligation product is added to an in vitro lambda packaging
extract where the DNA is packaged into a lambda bacteriophage
coat as a linear DNA of 37 to 50 kb cleaved at a lambda cos-
site. In the following step, referred to as transduction, these
. particles carrying the cosmid-phagemid hybrid DNA are added to
Escherichia coli cells {shown as large ellipses in the diagram)
into which the DNA injects itself. In the cell it is

circularized by closure of the cleaved cos-site using the

endogenous DNA ligase. It is then propagated as a large cosmid-



stranded DNA -41 - Figure 3. The
diagramillustrates a variant of the protocol illustrated in Figures 1 and
2 in which reconmbination is achieved between different phagem d vari ants.

The cross-over point for the reconbination is the cleavage site for the

type Ils restrjctl enzyme B ( shown as a hollow arrow) cleaving
preferential Wb\%’%sﬁ&n a hypervariabl e region or between twoPelErS0e533

vari abl e regions (see also Figure 4, m@re additional cleavage sites within
ot her variabl e r,ggi ons, may be_recqnbi ned si rrultaneouslag%d Again, a

] > ¢ e S
ment i oned RYRSEMEAFfYRFed 1 FeRbiRpt 189 A¥BRabBfi BRI D cEkigarisel f, in

whi ch caseydiangddli t ivan -ehpanalipe, COBELE i@ .4INRESKDFY id Naddis gxanmpl e
cl eavage with the restricfion enzyne A is optional. Al though Figures 2 and
3 are al nothesejeasiieainths isdepdrdternede ot dntsuperipfeduiens. ¢ ehergchene

in Figure b rec |n 1. e, hybri of t.he two,sides aof .different
vari ants. ‘%e%gsgla%lﬁﬁgié}@ r#eae%ggg%eéfsotrrea‘)Pl usggﬁlr‘]lcf%telorneégnﬁ?h%’tfiﬁ%bf‘ﬁ?@ for
sel ecti on Expeni3neapdi¢aridrherights aesens th Sches dediviidhdle dqupdesods two
Fi gures. Figyre 4. Cosn x-pl exjng7 strategies. The |eft part of the
figure show® (RRAGRIGr FEPFabRes CR Wit RAFCALCBRE o dPWE AEh & Hidk IPHBFESBor t i on

of the pepindl@mgePaetehlsdr O5aK-8da0 Mt s agatBhagRd secrthed QHEoPars
designated 'N variants' show that 'there are different sequences on either

side of tHewq Besiums Thetphagewid craabagbarvestedpfzgmnthe Dhpematante
variant clghes, dm | eaved g\@&_@ﬁg pe; lIs I.GL.lon nzyme and
religated to y%:(aa!Fh the in%i%ate _ u%ﬁgégbflf%bot %Igga&r#tg%gnégfgwa%{hi n the
limts of Etdevdichostngnedffepackagyng |Iby aupesiafdct iwirt lwiahshélmyuiphtgen of
preenriched variants fromthe prinmary |ibrary (say 4 10%err] Ionesé t hen
one- si xt eent hn8‘f:e%§a}rypo§g%%‘|’ee e‘é"&?ﬂb%?‘ﬁﬁﬁ“?%(l er¥?3é(cé Be IBET-AER.
procedure in order to ensure that a particular variant protein
is presented only on the particle carrying the gene for that
particular variant protein. It is noted that this is a highly
efficient process in which a yield of more than 10° different

phagemid can be broduced pro microgram of ligated input DNA.

Figure 2. The diagram illustrates the DNA structures formed
when the cosmix-plexing?7? protocol is carried out as shown in
Figure 1. Different variants are designated by different
patterns for the whole plasmid. Initially double-stranded DNA
is cleaved with a type Ilg restriction enzyme A. The ligation
product is illustrated as a concatemer in which each phagemid
is oriented in the same orientation. The products of 37 to 50kb
introduced after in vitro lambda packing and introduction into
the E.coli cells (shaded ellipses) are shown, whereby, for
example 8 to 10 copies of a 4.5kb phagemid may be present per
cell. On repackaging the same phagemid are obtained as were
present before cleavage and ligation. The protocol as shown
here in which the Ml3-packaging/replication site and the
restriction site for enzyme A are identical, is simply an
efficient method of amplification when starting with double
stranded DNA.



-42 - The construction of "extension |libraries" is shown bel ow the dotted
l'ine. In this case a project-specific-cassette containing a biased
codon distribution encodi ng sone sequence el enents previously defined as
advant ageous for binding to the target is insertied into the hypervariable
sequence at the t QF Ils restriction cleavage site. The | arge Iibraré t hus
gener at ed enEHﬁ¥§% lorotein containing three segnents (dons GERSSOM33ng C),
whereby the central domain A is encoded by the project- specific cassette,
and is bordered by the hypervariable damins B and C The formuli for the
nunbers of variants obtained are nade for the protocol in which four

separate lpjugei &5 afge CapsdFdict elhustrhtesr ightarsiate aff ttie fpgorecol
illustrates how the variant protein niggt‘big&rtg a Egggﬁt Enotein. The
vari ants déilastzatedorhnt hEigurensilon2?d bréar V2 arBiERpetd F2hav8 &5 ar ger
surface of_J ctd d 4 exhlbBbhidt AR ANOTHOT cHBEE-SRBEI i C
b®nding'tgc?ﬁéggéfFﬁggwggré§F£%$%§ttg?gg%hﬁgy be a %ell, a ?partially)
purified podnei foar thepiiedembinat B yiee, thentdisanpge hsi kon€onrthe nfyRi ne,
cell receptor or .in fact any def|[ned surface Qr | C p | '
possi bl e dd& SESHHETESAB 8P¥¥ﬂ8 gf r@%@ﬁpigﬁe% g%?%é?s%§§§yghg?§égg%%able
to physi clyeteRah8tk0ly withihha \WyPderdfardabieepeatbr (rulisstueasn ngyof | ask,
mcrotiter plate, a planar surface), or a particle é e..g. beggst,naggetic
beads, or dkfdgrens vArhaklp-reginnse PRy AP FIOURR. 4 ‘ﬁ}geg’&ré TEPRYen

di rect ed %ﬁ%%h%%g(Qgggsrpiéhiﬁgwgﬁéf!v%EiEB@Ee§e§€bd?“ﬁgy ®eOredofiboRéedd

pr ot ocol s excel 'ent properties for the highly efficient
const r uct isimudftangpeskyl i abgeih baar nest terkdxienthonFigwrart edeg@piich can

S48 - each phagemid may be a cosmid itsélf, in which case the
addition of another cosmid is unnecessary. In this example
cleavage with the restriction enzyme A is optional. Although
Figures 2 and 3 are aimost identical it should be noted that
the products of the scheme in Figure 3 are all recombined, i.e.
hybrids of the two sides of different variants. Repassaging is
needed before use in the recombined 1library for selection
experiments for the same reasoné discussed in the previous two

Figures.

Figure 4. Cosmix-plexing7 strategies.

The left part of the figure shows the hypervariable DNA
sequences encoding the variable portion of the peptide or
protein presented on the phage/phagemid. The four Dbars
designated ‘N variants’ show that there are different sequences
on either side of the type IIs restriction cleavage site.
Phagemid DNA from the variant clones can be cleaved with the
type IIs restriction enzyme and religated to yield the
indicated number of recombinant clones, within the limits of
the cloning efficiency. If one starts with a subpopulation of
preenriched variants from the primary library (say 4x10°
clones) then one-sixteenth of éll possible recomwbinants (10%)

can be cobtained.



be used with the cosm x-pl exi ng7 method. The left side of the figure shows
the preparation of the hypervariable cassette to be inserted into the
cosm d- phagem d vector. The cosm d- phagem d vector containing a "stuffer
fragment” is shown on the right. Both the PCR-product containing the
hypervariablevﬁfﬁﬁggﬁe, shown as a |line of asterisks, and the vector
containing the "stuffer" are cleaved with the same type || s BEEPI$RI5I30N
enzynme(s). It is noted that the recognition sites for this(these) enzyne(s)
are oriented in opposite directions, i.g.-outwards fromthe stuffer in the
case of the vector, and inwards in the case of the PCR-product. After

cl eavage nEii¢ hepnsheubypenvafi abkeensisnet 1 ibraxriea i isershednnbelotetNect or
contain an he .qrigin type.lls restri.ction enzynme recognition sites.
The vect or%og‘tﬁ%éi nddFe-ar 2*,“ howdVer §8S§Pgn&d tBF “F8RCHEI S FaRaRt ke

cohesive efset&initei & beasedi codHIRIQA Y ibRE ch8SA{ASL 4R YREWBECe
cl eavage, so that a ligation of insert and vector |eads to an oriented

i nsert.i on SFCPPREHVPERVARYSAY Sefipedms |advantiageons foe Maxtiog tanthse
d i . ) i t tt t h
eer L0t aomegr 0S4 cuhBedcly Ba8TERe Shvbelfvd s BRI, b thbr Pt out

insert fragne gate to one an ion
at hi gh DNMIgorestmticticon ciedvage tditecoThienledg®rriinace ehud Rneestéd ction

enzyme any_| i(g‘%\ti on groduct resenbl.i ng e in initial uncleaved or

h
partial |y TTENEY VeRfBreUt BORAIPIBEC PRI SBE R didRMaiYS Bl Ra?RM. This
conbi nat i om of wherebyedhaorepkhNdagRhEn CRNEY dhRda apd checkegyage. of
unwanted |igation products, drives, especially at high concentrati on
wher e t he FRAFHREIQFatsatitey andsis dasdezedebyothe jhypervahidilied dpwats a
di sadvant ageyndhe formation of oriented concateners of the structure
required for highly efficient cosmid packaging. The primary cosm x-pl exi ng
l'ibrary is formed finally by transducing the packaged cosm d- phagem d

i's superi.nfected with, an

hybri ds i ap_E.cpli_host, which contains, .or

V31 ke NS oFOBRETe, FThe i ARed Sare VRF4G85G eebtHined ars made for
-44 - a sefignbMichqlager FRACKRUfAY SePBrBeE 01 Botia dsNase! &isit@lceea ! hat
i ndi vi dual phage clones are derived fromsingly infected cells. This is

necessary in order that each phagem d particle carries the variant encoded
Whi cht he Togof i Rt in o ne"E Cagkele Ailsitatbl® BAFKEM MRELER T o
phageni d. Pra¥signinight drirchrtde delrgierepratelinn The vampianear sabéetedgi on
of the geng GRCU"Jekfen @ °) Mol rPoRlh It IR0 O OBt e 1arger
surface of interaction and thus to exhibit stronger and /or
more specific binding to the defined target. The target may be
a cell, a (partially) purified protein or peptide e.g. enzyme,
antibody, hormone or lymphokine, cell receptor or in fact. any
defined surface or particle suspension, possible coated with
one of the aforementioned targets, which is amenable to
physical separation, i.e. the wall of a zreceptacle (tube,
tubing, flask, microtiter plate, a planar surface), or a

particle ( e.g. beads, magnetic beads, or droplets in a two-

phase liquid system).

Figure 5: Driven directed cloning (DDC)
This figure illustrates an example of a cloning protocol which
has excellent properties for the highly efficient construction

of hypervariable libraries and extension libraries, which can



phageni d according to the scheme illustrated in Figure 1. Wth extension
|ibraries, either the left (5) or right (3") extension, or both,
can be reassorted by cleaving with a type Ils restriction enzyne
recognizing a site bordering either left end, the right end (opposite
orientation),_ or _both ends respectively, as described for the
sequences B[ YOP®P¥%rr] and Jerr]...Qerr] in claim3. PEREPHROS]

hypervari abl e sequences in the descripth n of the invention inplies in
general that we try to use set of ol i génicl eotides in which ,,randomn zed
sequenlces" banaedd etithothactdsmixt-platdiog7neathad tThe keftmside PéusBiein
“natural proteins, whereby the frequency ,of .stop-codons_ .S T are
awar e t hat TRER*RcFRAVA E%ﬁl?ﬁ%?? 2§L§§§¢2§%%2§F§vﬁ5®§9%§[ﬁ%%#%?gglggin t he

constructi ga of ndefi £t ethebhkhBl atddiid-phagemid/ vector. The cosmid-
-45 - Exanple 1 Cosm xpl exi ng- using the four-tube-nmethod (according to

g | _?_i ms 1- /%)Cx?gea;d vaal\gzy cg@imiaixmna "BHuGERT chEagnant "sé§uehries © - CA.
r 1 N _ .
5 1O AGEEAGRP KRN FBF | FRRCARRES: ¢ P A e TR 5 2T N CA
? TCGGG%@T Gcfg%\l >I\<D&m‘{rzer W\NN% XNM¢ eraf] GEECRARSGGAGETEChS' vk GT: 5
CCEEET e \ CaCC 3'
means A, C mt@ing@gA.t[he,r r‘lé%'r#%e?!‘}DK.[a%[e;]ﬂS%‘%G‘”éﬁﬁGE,};EY:SaEéaﬁH\Q’/{%?rf’ws:x C
and A NONA RCR Lion SHERGHCCHT TG otda TNRARER- Recognition sites

for this(these) enzyme({s) are oriented in opposite directions,

i.e. outwards from the stuffer in the case of the vector, and
inwards in the case of the PCR-product. After cleavage neither
the hypervariable " cassette to be inserted nor the vector
contain any of the original type IIs xestriction enzyme
recognition sites. The vectors and insert are, however designed
to have non-palindromic cohesive ends at their termini,
generated by the restriction enzyme cléavage, so that a
ligation of insert and vector leads to an oriented insertion of
the hypervariable region. In addition, the wvector cannot
undergo ring closure in the absence of the insert cassette nor
can the insert fragments ligate to one another. Since the
ligation is carried out-at high DNA concentration and in the
continued presence of the restriction enzyme any 1ligation
product resembling the in initial wuncleaved or partially
cleaved vector or PCR-product will ‘be immediately recleaved.
This combination of oriented non-palindromic cohesive ends and
recleavage of unwanted ligatioh products, drives, especially at
high DNA concentration,where the formation of ring closure of a
vector- insert-hybrid is at a disadvantage, the formation of
oriented gzggéégﬁg?:wqg%gﬂéhe structure required for highly
efficient cosmid packaging. The primary cosmix-plexing library
is formed finall& by transducing the packaged cosmid-phagemid
hybrids into an E.coli host which contains, or is superinfected

with, an M13-like helper phage. The phagemid are repassaged in



5' TCGEGGTACCTGGAGCA 3'  Kpnl (GGTACC) and Sacl (GAGCTC) restriction enzyne
recognition sites are marked in bold type inportant vector DNA- Sequences:
pROCOS4/ 7: Eco471 1| 5'

GGCGAGCT CCCGTGCAGCGCTCCAGGTACCCC CATATCAGAGCTGAA 3

Bpmi pR(X:()%} - ferl: Eco47l 1 |

Eco47I 1| éza':’%é‘g}d Bsgl. 5' GGCGAGCTCCCGTGCAGCGCT¥CI/EP98/00S33 |
AGCGCr CCAGGTACCCCGATATCAGAGCr GAA 3 -44 - 952 bp
Eco47111 fra t : I id p 22 . Kpnl
(GOTACD) . GacieERad PRRgsmagkasity, SE%%4’9?€‘F”{)A‘?§£%‘ g%%%p‘rﬂ“ Brecag
restricti onchagnzymd viidoagniphags gloses adre ndydiedd Exbal @hhgpjb idfectaar st
codon of the _rmature plll protein i ndi cat ed. t he generation

of doubl e- GeldRde FrHRA s A8eS SRR )(é épnailr%e%ttr*&ﬁd@@qhyﬁéaaaw%b%rw

ol i gos Nm%a%lemgvam Gn A0 NN Gl aLEnamP! | Thed Ysi RGet NyeSingl e
stranded DNA ol i gos NONA PCR-L and NONA PCR-R as PCR-priners accor ng to

the followiftgpagionodnl theREbhusk: patdi@ghugrshqmwvarhza;bl &hBNB- cbligdestave to
be kept strictly separated! Amplif] t|o
a6 L pCRISTASRS 80 “ci"c?'“ercg sche' edghit gfpr3 "[r)‘rNiA"s%!{é%g(B?—?%‘?“b’)d'loo M

TritonX-100 1 % Taq DNA pol ynerase (Prorrega) I n storage buffer
A:. gl ycerol 50[err]
Recombination can be acheived within the hypervariable region
of the gene encoding the protein or peptide presented on the
phagemid according to the scheme illustrated in Figure 1. With
extension libraries, either the 1left (5') or zright (3')
extension, or both, can be reassorted by cleaving with a type
IIs restriction enzyme recognizing a site bordering either left
end, the right end (opposite orientation), or both ends
respectively, as described for the sequences B,-B, and

Qneasrs - +Qnaasi in claim 3.

The use of hypervariable sequences in the description of the
invention implies in general that we try to use set of
oligonucleotides in which ,randomized sequences™ encode amino-
acids at ratios near to that normally found in natural
proteins, whereby the frequency of stop-codons is reduced. We
are aware that for certain applications biased subsets may be

preferable in the construction of dedicated sublibraries.



Tris-HC (pH 8.0) 50 nM NaCl 100 nM EDTA

0.1 inMD T 1 mMTriton X-100 1% TE-buffer (IX)

Tris-HCl (pH 8.0) 10 mM EDTA 0.1 mM 1. Transfer 2 [err]l

of a 10 pnol/pl solution of the hypervariable oligos NONA-CA -CT, -GA and
-Gr'in a 0.2 PCR reaction tube (4 tubes). 2. Mx the followng in one -

Eppendor f r eadtPP¥HMupe: - ddH err] O PCT/EPIB/00533
276.75 [err]l PCR- buf_fay_ (10X)

45.0 [err]l NONA PCR-L (100 pnol/pl)

9.0 pl - Examplel NONA PCR-R (100 pnol/[err])

9.0 [err]|Cosmixplexing using the fouriiibémethod (sribrding ity claims 1-10)

9.0 [err]l Taq DNA pol ynerase (5 U err])

2.25 [err]1a) Lbraryigamesdsion 78 p[err] of this mxture to each of the PCR tubes
containing.the hypervariable oligos (step 1). 4. Mx 45 [err] MgCl[err] (25
m and 45 g?ﬂw leotidei¥dpuene$ O i n an Eppendorf reaction tube. S. Preheat a PCR

oo PG b iy T el

[err]1 of

3). 7. Putyphgcrubes directly into the thernmocycler (sinplified hot-start)
and run t he TcebaiaoT e AT ATINN),RRNGINN).GCTGCACGGGAGCTCGCC 371 94 [err]C
30 sec 2. 94 [err]C 10 sec

3. 52 ’@Nh-gﬁ 10 sec 4. ,repeat 9 tines
step 2 and¥"FCGGGGTACCTGGAGCAGNN),YYNCXNNRGCTGCACREGACGRCAPCT, 11 c 8. Take an

al i quot of éNRqu._rr] to run a 4.5 % agarose gel. 9. Add 200 [err]1 ddH err]O
to each tubSecRticragtTdbide RRABAMNBERS GRTEGICBoWAGETEEbenol and resuspend
the DNA in 120 [err] TE-buffer. For cloning the anplified oligo-DNA are
cut W th KptereXmneinSAce andiGsH: A.102GwelCT; ¥r G BIND; Ri§snd Ao Yb@ aih My #id Apot h enzynes.
As vect or - DNA gROCOS4/7 or a derivative thereof nanmed pROCOS4/7-Stufferl

whi ch cont §PH4 %%é&g&,gé‘te@%},r agment for easier control of the double

di gest r ealt$EF ft hout any consequences regarding the final
cloni ng regelhhecrR} gestions are done according to the follow ng protocols:

buffer B +shéectad@Talcsrcdasea#1CI (pH 7.5) 10 nM MyCL2 10mMM BSA
0.1 ng/m Triton X-100 0.02% buffer A (X) Tri s-ace'gatewg&pH 7.9)33 nmM
My- acet at e KpnI (GGTACE)andipck(GAGET G} restriction enzymeseogaifopFiterirpated inbgl 998 0 5 v

important vector DNA-Sequences:

PROCOS#/7:

Ecod 7111 :
Sacl Bsgl Kpnl il
5 GGCGAGCTCCCGTGCAGCGCTCCAGGTACCCCGATATCAGAGCTGAA S
Bpml

pROCOS4/7-Stuffer]:

co£ 7111 Eecod7111
Sacl Bsel _Kpnl
iplll—» .
5' GGCGAGCTCCCGTGCAGCGCT... e AGCGCTCCAGGTACCCCGATATCAGAGCTGAA3
Bpmi
952 bp Eco4711] fragment
of piasmid pBR322

Kpnl (GGTACC), Sacl (GAGCTC), Bsgl (GTGCAG), Eco47111 (AGCGCT) and BpmI (C'.I‘GGAG) {estriction
enzyme recognition sites are marked in bold type. The first codon of the mature plII protein (GAA)is
indicated,

For the generation of double-stranded DNA inserts the single-stranded hypervariable DNA
oligos NONA-CA, NONA-CT, NONA-GA and NONA-GT are amplified using the single
stranded DNA oligos NONA PCR-L and NONA PCR-R as PCR-primers according to the
following protocol:

Remark: the four hypervariable DNA-oligos have to be kept strictly separated!

PCR-Amplification of DNA Oligos



-47 - Vector DNA Digestion 1. For the restriction digestion of the vector
DNA with Kpnl set up the follow ng m xture:

pROCCS4/ 7- St uf f er | X [err]l (200 [err])

buffer B + TX-100 (1 0X) 150 [err]1 BSA (10
mg/ M = 100X 15 [err]l Kpnl

X [err]| (40)()“'%)"’”3""'01 ddH err] O PCI/EP98/00533

to 1500 [err] incubate at 37 [err]Cf 3 hr and stop the reaction by

i ncubat.i S’t G?Ié&rr]c for 20 min. 27 "Fake an aliquot of 3 [err]l and run a
I [err] uncl eaved DNA as a control. 3. Extract with
phenol , pRg! i13lof \Not,ﬁf,et hanol and resuspend the DNA in 820 [err]1
TE—buffer*rmA ore a129 [err]l. aliquot of the digested DNA at - 20 [err]C
and m x the foIIovm ng for the digestion with Sacl:

pROCOS4/ Tragbitiifpelyhdgsn(Promega) 800 [err]1 buffer A
(10X) instorage buffer A* 100 [err] !l Sacl

X [err]l 30% ddH err] O : to
1000 [err?“@l lﬁL?J)'I étqgga:ﬁxw [err]C for 3 hr. 5. Take an aliquot of 3 [err]

and run gplra% agar ose.jg@t usi ng uncl eaved and single-cut DNA as a control.
6. Extrad@tmi th phenolimyreci pitate with ethanol and resuspend the DNA in
550 [err]TrtopX-Hdf fer. 1%l i go DNA Digestion 1. For the digestion of
doubl e- st,I[Eabngedu&ds) oligo DNA with Kpnl set up the follow ng four

M Xt Ur €Sy NONA- CA, -CT, -GA or -GT dsDNA 100
[err]l porClERE0 19mMy tfer B + TX-100 (I 0X) - 50 [err]|
BSA (10 ng/ M = 100X) 5[err] . Kpnl

X [err] (UUfndfr 2 pl of a 10 pmol/ul solution of tighchiyipeermidbl® oligos NONA-CA, -CT, -GA and -GT ina 02

to 500 [e‘P‘r R reapriop bt @ tes)-37 [err]C for 5 hr. NOTE: Don't heat up the oligo
?f°%ﬁwr“l§l!l‘b‘fn"'5PPe?§’°‘{’é‘Fﬁ“f‘1‘“b§nd run an 4.5 % agarose gel with

uncleaved DNA as a,goptrol. 3. Extract with phgpel , precipitate with

et hanol and resusp@aﬂlb{,ﬂg(lw in 110 [err] TE- ’uf‘f,er 4. Store an 10

[err]l aliquot of WNONARORESH®PmES at - 20 [errb@ mnd set up the follow ng

four m xtures for NONAHCRR@GOPmoMDt h Sacl : 9.0 NONA- CA, - CT,
- GA or . - GT/ Kpnl dNTPs (10 n¥jeachier 1 ] | 9.0 Pl buffer A (10X)
50[err]| Taq DNApolyer G UMb 225 ]

X [err]l (#9Rndd 78 wl of this mixture to each of the PCR tubes containing the hypervariable oligos (step 1).
4. Mix 45 nl MgClz (25 mM) and 45 ul ddH;0 in an Eppandorf reaction tube.
5. Preheat a PCR thermocycler to 94 °C (if possible use 2 heated lid).
6. Transfer 20 pl of the MgCl; solution (step 4) into each of the PCR tubes (step 3).
7. Put the tubes directly into the thermocycler (simplified hot-start) and run the following program:

1 94°C 30sec
2. 94°C 10sec
3. 52°C 10sec
" 4, repeat 9 times step 2 and 3
5. hold at 4°C

8. Take an aliquot of 5 ul to run a 4.5 % agarose gel.
9. Add 200 ! ddH,O to each tube, extract with phenol, precipitate with ethanol and resuspend the DNA in 120
wl TE-buffer,

For cloning the amplified oligo-DNA are cut with Xpnl and SacL Also the vector-DNA has to
be cut with both enzymes. As vector-DNA pROCOS4/7 or a derivative thereof named
pROCOS4/7-Stuffer]l which contains a DNA-Stuffer fragment for easier control of the double
digest reaction can be used without any consequences regarding the final cloning results.
Digestions are done according to the following protocols:

buffer B + TX-100 (1X)
Tris-HCI (pH 7.5) 10 mM

MeCl2 10 mM
BSA 0.1 mg/ml
Triton X-100 0.02 %
buffer A (1X)

Tris-acetate (pH 7.9)33 mM
Mg-acetate 10 mM
K-acetate 66 mM

Dithiothreitol 0.5 mM



ddli[err]O to 500 [err]l I ncubate at 37
[err]C for 5 hr. 5. Take an aliquot of 5 [err]i and run an 4.5 % agar ose

gel using uncleaved and single-cut DNA as a control. 6. Extract with
phenol, precipitate with ethanol and resuspend the DNA in 55 [err]

TE- buffer. The vector-DNA fragnent may be purified using the follow ng
protocol : PWOI%B381i on of Vector DNA Fragnments by Gel ExtPer/EP®0s33l. To

separate the pROCOS4/7 vector DNA fragnment fromthe stuffer fragment
prepare a horizontal 1 % agarose gel -u§ing a one-tooth conbs. 2. Mx the
DNA with 1/10 vol gel |oading buffer, load onto the gel and el ectrophorese

at 100 V Mertar[DNAQigestiopr agnent s are cl earl% epar ated. 3. Put the gel on
the UV tr &iFeythe smstrcHon digestignef the xreioglNA with Agnlyetjpth g ect or DNA

fragnent. 4. Extr beb gal0se slice using t(ﬂ)@ ETsorb gel extraction
pl
kit (Genoned GrvbH, aﬁ&éﬁ%ﬁimoum 150 b

-48- or- and i nsergsAiindmponent s are Irgatmgi and transforned according to -
the following col s:kpni on of DNA Fragnents thg@oategrity of vector and
insert DNA fragnent®Hi#y agarose gel el ecttvbﬁﬁhéresi s (I %and 4.5 %

ctively). The co r n of the ns rt be estimated by, conparing
its ethi d ‘%g,dﬁ ;’FJ/’ ‘f’ ﬁ‘éﬁ nu“y | i ke assenbl ed
p 0.

ol i gonucl § §,ﬂ, NAia 530 1 @ELLEeL er M ne the

absor bance sadre e Beihe d.gu&dbugaseommarx tl(el'&‘&mn ]the.(ﬁﬂe'hﬂnvﬁt)\&c! 50 mv

| [err] 10rr1vltre|tol 10 mM 25
[err]ig/m Li gat i RR@COSHEBtuler{lmb t he appr rnl at e rat io of insert to vector
DNA a series of tesg“ff‘ffr“déoc’ﬁ)ons may be perf assenbl e |igation
reactions conposed gifi: veck, agrrent

X [err]l (0.5 [err] T4DNAI|g se buffer (10X) 1
[err]l incubate at 37 °C for 3 hr. '

5. Take an aliquot of 3 pl and run a 1 % agarose gel usmg uncleaved and single-cut DNA as a control.
6. Extract with phenol, precipitate with ethanol and resuspend the DNA in 550 ul TE-buffer.

Oligo DNA Digestion
1. For the dngesnon of double-stranded (ds) oligo DNA with Apnl set up the following four mixtures:
NONA-CA, -CT, -GA or -GT dsDNA 100 1
buffer B + TX-100 (10X) 50 ut
BSA (10 mg/ml = 10030 5
Kpnl Xul(4000)
ddH,;0 to 500 pl
incubate at 37 °Cfor 5 hr.

NOTE: Don’t heat up the oligo DNA.

2. Take an aliquot of 5 1 and run an 4.5 % agarose gel with uncleaved DNA as a control.

3. Extract with phenol, precipitate with ethanol and resuspend the DNA in 110 ul TE-buffer.

4. Store an 10 pi aliquot of the digested DNA at - 20 °C and set up the following four mixtures for the digestion

with Sacl;
NONA-CA, -CT, -GA or -GT/Kpnl 100 pl
buffer A (10X) 50pl
Sacl Xul(400tn
ddil,O to 500 pl
incubate at 37 °C for 5 hr.

5. Take an aliquot of 5 u! and run an 4.5 % agarose gel using uncleaved and single-cut DNA as a control,
6. Extract with phenol, precipitate with ethanol and resuspend the DNA in 55 yul TE-buffer.

The vector-DNA fragment may be purified using the following protocol:
Purification of Vector DNA Fragments by Gel Extraction

1. To separate the pROCOS4/7 vector DNA fragment from the stuffer fragment prepare a horizontal 1 %
agarose gel using a one-tooth combs.

2. Mix the DNA with 1710 vol gel loading buffer, load onto the gel and electrophorese at 100 V until both
fragments are clearly separated.

3. Put the ge!l on the UV transilluminator and excise the 5.5 kb pROCOS4/7 vector DNA fragment,

4. Extract the agarose slice using the JETsorb gel extraction kit (Genromed GmbH, Germany).



ddH err] O to 9 [err]l epare three
twofold dilutions of the insert DNA's in ddH err]O and add 1 [err]l of
undiluted DNA as well as 1 [err]l tch dilution to one of the ligations
reactions. 'E: The aimof this is to create vector to insert DNA (V/1)
ratios of 1:5 to 2:1. dd 1 unit T4 DNA |ligase to each reaction and incubate
overni ght at W89%/8M] C. E: As a control one reaction w t houtPOTmEPesessBNA and
one without |igase should be included.48d | vol ddH err]O to each reaction
and incubate at 65 [err]C for 10 mn. recipitate the DNA with ethanol and

resuspend i tyr fhdikbet NA fraddaedts!irk Gfated sid2fansfornddactdrding vt following col |

JML10[ err] $ls with the content of each tube and plate dilutions on
icillin cont aining LB agar plates. ge-Scale Ligation o create the
| i brari es saindipNAduigmeidtst he fol | ow ng m xt ures: : vect or DNA
f ragnment gm g 4of thetotal L ,
insert DNA ¢ the integrity of vector and insert DNA fragment ié Qﬂ Qr Q/:e
optimal V/I- ?\éléqha. e concentration of the i m%l i’ be esnm EY cro 1 orhs

P Wit nda ds of known quanti emblécdd eE To ne the vector DNA
p] (1/10 of :@3 nfd ne W@ hbsorbance at 2607280 nm. 'gase
X [err]l(2 U/[err g DNA ddH[err]O

to create a NAN#aebuter(1Xf 0.05 [err]g/[err]l abate overnight at 15 [err]C
xtract Wthiﬁh@ﬂdm pred@mitate with ethanol and resuspend each of the
ligation m ¥ uyres # ‘%‘ufflm ent TE- er to adjust the DNA concentration to
0.1-0. 2[err]§7'[°}arr]‘ paration of Conpetent Cells noculate 20 m of LB
mediumwi th a singls g,g,pl ony of E. coli JML1 JQerr] and incubate at
37[err] C and 180 rpmmght Next day inoculate 2x1 liter of LB nedium (2 Xx
21 Erl enneyeuigatibask) at 1 % w th the overnight grown ure and i ncubat e again

at sane condl tions until an opt| ca b
reached. tra g E%W‘;“ l’;“‘n%:j;l ‘BY“?{;&ZN'&%TePﬁPg%‘Gﬁ?Sm&E?ﬁ F P utbnéffubes
(GS3), chi | IFRE ligalpy centrifuge for min at 8000 rpm and 4

[err] C (Sorvall R%Qopgnkmgnuge GS3 rotor) .xjeesipd the supernatant.
Resuspend each pel mebnanigabbhied(10% i ce-col d dSH[ err] O, centrifuge again

(step 3) and decantddf.Re supernat ant

-49 - . Resuspend each o ect
each of tvvo ﬁﬂ‘i'P i toone: t"ie‘ﬁ g ‘se“ ugea"glﬁgdllrfﬁfg‘i“ ﬁé’?ﬂalr’f%égsq nt the
op,eT eﬂbNAr(v/l)Qamonfstéﬁﬁ cold sterile glycerol

super nat ant . &ye
(10 99, col |d@@ﬁnxm4lnwlngadaaaeadhlramaiadmubaaevemacMr| fuge tube. centrifuge
for 15 min aE: ASOEdtrel pma reaatibn adt]uiu naaereDUhend thnailmshwﬁbehéwé end the
bacteri al p@timldmowcmfeaaionw@em%qeaﬁ 1130 ycer ol (10 %9. 8. Fill

fa :' ;g;gt ;S m:;é?ﬂ‘g%ﬁ tTEI?h 4 E‘E%E;F ﬂd ‘ S wmtl theé co O L tugeea%g Ll'atg QﬂJﬂHQ %§
icillin con mngl.

ge-Scale Ligation

-

o create the libraries set up four of the following mixtures:

vector DNA fragment X pl (1/4 of the total prep.)

insert DNA X I (to create the optimal V/I-ratio)
T4 DNA ligase buffer (10X) X ul (1/10 of the final vol)

T4 DNA ligase X ul (2 U/ug DNA)

ddH,0 to create a DNA conc. of 0.05 pg/ul

ibate overnight at 15 °C.
xtract with phenol, precipitate with ethanol and resuspend each of the ligation mixtures in sufficient TE-

‘ar to adjust the DNA concentration to 0.1-0.2pg/ul.
pavation of Competent Cells

aoculate 20 m! of LB medium with a single colony of E. coli IM110A and incubate at 37°C and 180 pm
rnight,
Jext day inoculate 2x1 liter of LB medium (2 x 2l Erlcnmeyer flask) at 1 % with the overnight grown
ure and incubate again at same conditions until an optical density of ODgpg = 0.6 has been reached.

“ransfer 250 ml aliquots of the culture into centrifuge tubes (GS3), chill the cells on ice and centrifuge for

min at 8000 rpm and 4 °C (Sorvall RCSC centrifuge; GS3 rotor). Decant the supernatant.
esuspend each pellet in 250 ml of ice-cotd ddH,0, centrifuge again (step 3) and decant the supernatant.



and store at -70 [err]C. Transformation of E coil Cells by Electroporation
1. Place freezed aliquots of conpetent E. coli cells on ice and |let them
thaw. 2. To each aliquot add up to 2 [err]g DNAin less than 10 [err]l and
i ncubate on ice for I mnute. 3. Fill the suspension in a prechilled

el ectroporation cuvette (0.2 cm pathlength). place the cuvette in the

el ectropor at i 3¥O88/3801and gi ve a pul se at a voltage of 2.5 kVeCuweemposssty of
25 [err]F and a resistence of 200 [err] -@8ene Pul ser and Puls Controller,
Bio-Rad). 4. Imediately add 1 ml of LB nedium (supplenmented with 20 mM

Q ucose), HiResugpral dathepalis! in123 dilef Beusldeilis Oomwlldcreachivt thp pidpaoin brembe cdntrifuge 4gaibe. 5.
| ncubat e f @tep 3) dnodscantthe Sferfaht | C and pl ate on LB agar pl ates containing
anpi ci | | i n6(ReBpepe renchqelletrin)10 mi nbcmlﬁetemivelmmgm Yo teolBat [atd of the alquolsi@Tdne GI&

det er mi ne quﬂ{@ﬁ%g&?:"ﬁﬁe@ggtmﬁ @gﬂﬁ!@G W#ﬂefﬂtons of t he transforned
cell's. ; e ?‘gf B/ appi ci I I | n
medi um i auﬁg S ’é“'g'ﬁ%’e éﬂ”"b"f‘ ?Ted?‘@w&{e '"?'EH')‘

1b) Reconbinatl oh &or reconbl nation within the hypervari abl e Sequences

accor di Ng treankiBAnakionior 2 dsh Celt:®§ RietRpéritiodgd Net hod the libraries can be
presel ected. For this purpose the E. coli cells containing the phagend
libraries arlii;acs piFreseel cainppgedt . f-‘ommmmiﬁé\epﬂa'ges progeny phages
present i ng2f 6‘taé4 §°%1§§P

dob it »% vette “H roundwgf ?
panni ng ac mg: f):; S QFEZF ampacny %ﬁigﬁgéﬂgﬂﬁﬁwzﬁ% gNadCl

St ocks PE ligé ¥ Ef o
475 m H Oy ‘lnP Yﬁﬂ} e rn‘lil%{ mediu (ﬁp&h@r@d wifil 2@ mBt dfebse), ixhad e bdpefislon +2

Herr]0 Oiran@Eppehtiddredtioondel 1 | pH 6.8. 7 1. Use a disposabl e pasteur
pi pette to 5plncdbatafcs it raguir et 3MRE hndaa&pa:naiﬁeadarl\mw@&tapﬁmmwmmdrw RE. mlp Gachbate\K6
| awn  gr owvesay 41|3 " on a LB/ kana cin. i nocul ate 20 m of
LB(2X)/ Km sli c

e es
i ncubat e oy W: 'gg ?‘%%FF‘PE" sé'héé l{mti%mrm’ﬁ\ ‘?g‘r‘ff iiat Atg{g]ce?lx 500
m  LB(2X)/ Km ed! um |n 2 | Erlenrreyer flasks) W|th 10 m preculture and

I ncubate overni ght (37 [err]C, 180 rpn). 3. Next day centrifuge four 250
m aliquots for 15 mnutes at 8,000 rpmand 4 [err]C (Sorvall RC5C

cent ri f uge;lb) Re®mbinatipy . Transfer the supernatant into centri fuge bottles,
cent ri f uge Fantecombinatioprwitiethe hypervagiable B2qugeden agearding tothasfourdubet r i f uge
bottles. 4#osntigpleting m6thod the Lbtaripr@niy preselexted: Forthispusposetie Enealitsalle on i ce
for at | easpnainimgthephagemiddorares fre gpetfectedwith M13KOB bxiperp E9S( 1388 ot or ) ,
decant t he phagss preserding fusiomptateina ageharensted andussd forghe figst ropndigfpPansingm and
renove | astaceqrdiogto gindardonethpdsrergat ant using a pi pette.

Preparation of M13K07 Phage Stocks

PEG/NaCl-solution:
(16.7 %/3.3 M)

100 g PEG 8000
116.9 g NaCl

475 mi HzO

PBS-buffer (1X):
8.0 g NaCl
02g KCt

1.43 g Na,HPO, +2H,0
0.2 ng PO

HOad1 ]

pé 68-7

1. Use a disposable pasteur pipette to pick a single, well separated M13K07 plaque from a £. coli WK6 lawn
grown overnight on a LB/kanamycin (Km) plate, inoculate 20 m! of LB(23(/Km medium (100 nd Erlenmeyer
flask) with this agar slice and incubate overday at 37 °C on a shaker at 180 rpm.

2. Inoculate 2 x 500 ml LB(2XYKm medium (in 2 1 Erlenmeyer flasks) with 10 ml preculture and incubate
overmght (37°C, 130 rpm).

3. Next day centrifuge four 250 mi aliquots for 15 minutes at 8,000 rpm and 4 °C (Sorvall RC5C centrifuge;
GS3 rotor). Transfer the supernatant into centrifuge bottles, centrifuge and transfer the supernatant again into
fresh centrifuge bottles.

4, Add 0.15 vol. of PEG/NaCl soluation, mix and incubate on ice for at least 2 hours,

5. Centrifuge for 60 min at 8000 rpm (GS3 rotor), decant the supernatant, centrifuge for some sec at up to 4000
rpm and remove last traces of the supernatant using a pipette.



- 50 - 6. Resuspend each PEGpellet in 2.5 m PBS solution and coll ect the
resuspended phages in one SS34 centrifuge bottle. To clear the suspension
centrifuge again for 10 mn at 12000 rpm(SS34 rotor). Recover the

super nat.ant (pipette) add NaN3 to a final concentration of 0.02 % and
store the phages at [err]C Packagi ng of Phagem ds (keep each |ibrary
separate!) 1. ‘?ﬁ%ﬁﬂﬁate 100 m of LB/ Agp medium (I | Erl enREVEPISOOSIIK)
with I m of E coli JNﬂlO[err] cells t tai ni ng phageni ds (fron1overnight
culture or resuspen | s) and incubate at 37 err] C and 180 rpm.unti

e o Sphre] -
?(:))Fg(r)r] gﬁin:‘%,géd%‘?’ pfi%ﬁfg%?:alﬁ i}%ﬁa‘lm mmm Iq% %gbgeug%%wﬁl ngrgr!at

37 [err]C a m over ay centr 10 min at 8000
rpm ( GSA into a fresh bottle and repeat the
centri fuggﬁ?%ﬁggs%fgg%a%*E%Q(a)&lfgay}%gaw)PEG NaCl solution and incubate on
ice for atl Inekte 100V SFUBIAnp ediukv@N Erledniéghe fids)with @ nilof . ad# JUOMD Cells pmainicHA
rotor), debtmemidslremsvepdghnattandr rempknded @i badtidvbate a3t PC dnd ge0tpromtiEPREpg 20BVe t he
super nat agt2.sanpl etely. 6. Dissolve the pellet in 1 m of PBS buffer and
transfer thgadsob HiNIBROT idcRsofkfontcd BNG W chw/niif; AEbAON 31 0615 RARKD dottid@anddag 10

m n at 13@0% °cpnad (Soaincévemightt ri f uge), recover the cleared solution and add
NaN3 (fi nal Nexprdayemttrifagd fonlOohin @t @20 {P@r(ﬁ% rotogt dsragt the suerfatantyijto 2 frish Retileragd

Procedur e ipg E@gf 1’0 tl%ﬂ sol LUt i on: PBS- buf fer )
cont ai i Eé eﬁn A j@ :9% g y%?anagia ‘%ﬁﬁu ‘ﬁg%t&%h%g%%zof@

M cr oti ters Bhsadlseahe Edubzl in It faaas]bhﬁeeﬁndl twsmdhessalhmnﬂa afy ERfandbre irdadtigt ibe, PBS)

i nto the Wehthifizofor 40 S BOCO npne (batth ¢eatrifuged, atceve( el Hearsdesmlitiv kg add NalNy (fisalibat e
over ni ght cedcerdraficdror .62 %y stat at4east 2 hours at room tenperature. Shake out
the wells, slap the plate onto a paper towel and wash the wells once with
T- PBS sol lhﬂweﬁg’(wﬂmwmw@ lamyaapargte!) manual | y) - 2. Blocking Fill the wells
wi th 400 | ﬂs]]1 of bl ocki ng solution and incubate at roomtenperature for -
1 hour. TE% mtan,g,gwgl,i-ﬁmgoap the plate onto a paper towel and wash the
wells once with T-PBS” 3. Binding: Fill the coated and one uncoated wel |l
(as a contBlakipg whaibn: 100 [err]I of phage preparations diluted 1:1 with skim
m | k powd diBS{buey sintaining 2 Podkisy mijk powdeO[ err] phages/wel | ) and i ncubate at room
terrperaturE?mnguﬁgérto 3 hours.

glycine (0.1 M; pH 2.2)

—‘

1. Coating of Microtiter Plates:
Fill 100 i of ligand solution (100 pg/ml PBS) into the wells of a 96-well microtiter plate (Nunc maxisorb) and
incubate overnight at 4 °C or at least 2 hours at room temperature.
Shake out the wells, slap the plate onto a paper towel and wash the wells once with T-PBS solution (ELISA
plate washer or manually).
2. Blocking;
Fill the wells with 400 pi of blocking solution and incubate at room temperature for ~ 1 hour. Shake out the
wells, slap the plate onto a paper towel and wash the wells once with T-PBS.
3. Binding:
Fill the coated and one uncoated well (as a control) with 100 p! of phage preparations diluted 1:1 with skim
niilk powder (usually ~ 1010 - 1011 phages/well) and incubate at room temperature for 1 to 3 hours.
4. Washing:
Remove the solutions using a pipette and sfap the plate onto a paper towel.
In the first round of panning wash the wells once with T-PBS, incubate for 10 min with 400 pl blocking
solution, wash again with T-PBS and finally two times with water. During all further rounds repeat the T-PBS
washing steps three times. All washing steps can be carried out manually using a pipette or with an ELISA
plate washer.
5. Elution:
Slap out the plate and fill the wells with 100 pl of elution-buffer, incubate at room temperature for 15 min and
transfer the solution into an Eppendorf reaction tube containing 6 pl Tris (2 M),

" 6. Determine the titer of eluted phages as described under 3.1.3,

Reialection of £ coli Cells (keep each library separatel)

" 1. Mix the eluted phages and 10 ml of E. coli IM110X log-phase cells and incubate for 30 min at 37 °C.
2. Collect the celis by centrifugation (3 min, 8000 rpin, SS34 rotor) and resuspend the pellet in 400 gl of
LB/Amp mediom.

3. Plate each suspension on one LB/Amp agar plate (@ 14.5 cm) and incubate overnight at 37 °C.



4. Washing: Renove the solutions using a pipette and slap the plate onto a
paper towel. In the first round of panning wash the wells once with T-PBS,
i ncubate for 10 min with 400 [err]l blocking solution, wash again with
T-PBS and finally two times with water. During all further rounds repeat
the T-PBS washing steps three tinmes. Al washing steps can be carried out
manual |y usi WO&3PYPette or with an ELISA plate washer. 5. FOTEESMSIB| ap
out the plate and fill the wells with_%QQ [err]l of elution-buffer,

i ncubate at roomtenperature for 15 mn and transfer the solution into an
Eppendorf reaction tube gontaining 6 [errll Tris (2 M. 6. Determne the
titer of AReRess o pipanpingpopuintions of theye 0 ndividpal cloges gpriceed topyads E col |

Cel |'s (ketipdingene’s 315cxpspted Fps ragambinatian thephagemid RNAchagtoippiaiedaceerding 0 ni  of
E coli JMeswdadprotoge)s,sigise cel Is and incubate for 30 min at 37 [err]C 2.

Collect "the cells ce [ fugation (5 mn. 8000 rpm SS34 rotor) and
resuspen tf?f‘é‘"‘tﬂgPf%gei‘%ﬁé%gf'ggf‘]‘ff’mg Y53/ Anp nedium 3. Plate each

SUSPENSi Of) RERs ARG ei kAT -0 R B in B RLPLE/ARS MbdivkfanPust 800 #RAN iREIREE &3 AV er ni g hg )

at 37 [ erLgsfunp medium.

- Aft er Dheutzeunido ¢im 0é3RFCg Lpapul ati ons of about 10[err] i ndivi dual

cl ones en? iPrehraseithe BWA nging Jsquicld Plagpidiviiaiprsp SpinKitsXBraered §mbH Germapy) ssedvdingate thon t he
phagemi d PRACHRLHE sYPBIST-at ed according to standard protocols, e.g.:

Preparatign oImP,rﬁ e 'Igi q\(lf f e] rgeelgglgt;i Gl b S4s engl o eei nf ect ed
. %%.3‘8%% g SR oo 582 g

iEnﬁgch): :at ?%i’ggﬁ ﬁ'gxsik’ /l; g@:@%\% ;mu E??I; ::‘rg%o ;t%% (E}?E “%%5?;?’ af%ulxr] C for

1 G he) J. d 1, s

B e e
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of 2.9x 16BMLPLBIEively Wit out 2 x 10[err] phagenid nol ecul es/[err]g DNA.

Ther ef or eD.‘LO .Lnerfrﬂ]e%lof Iy nmbi ned DNA contains nore nol ecul es than the

t heor et i calEhunber PoTe % ey ent variants that can be created from 10[err]
clones Faepi-geathgnation the phagem d DNA of each preselected library is
cut separsa@l y e.g. wwesaMBpml or alternatively with Bsgl: Digestion of the
phagem d Di CIKEBB‘—’)buESemﬁ (1X) NaC 100mM Tris-HCl (pH 7.9)

MgCh
50 mM Dithiothreitol 1mM

1. Set up the following reaction
phagemid-DNA 10ug

Bpm] (2u/pl) Sut
NEB3 (10X) 4ul
BSA (1 mg/ml) 4ul
H20 up to 40 pl
incubate at 37 °C for 5 hr.

2. Take an aliquots of 4 ul and run a 1 % agarose gel to check the digestion.
3. Extract with phenol, precipitate with ethanol and resuspend the DNA in TE-buffer.

Digested phagemid-DNA’s are religated at high concentration (= 0.2 pg/ul) to favour
formation of concatemers, packaged into A phage particles and used for the transfection of £.
coli cells (according to ,,Packaging of Bacteriophage A DNA. in vitro; protocol I“ p.2.100-
2.104, in: Molecular Cloning- a Laboratory Manual, Sambroock et al (eds.), 2. ed., 1989,
Cold Spring Harbour Laboratory Press). Transfected phagemids are separated by packaging
reinfection using M13K07 helperphages (see above).



MyCl [err] 10 MM Dithiothreitol 1 mM 1. Set up the follow ng
reacti on phagem d- DNA 10[err]g Bpm (2u/[err]) 5[err]1 NEB3 (I OX)
4[err]l1 BSA (1 mg/ m) 4[err]l H20 up to 40 [err]l

i ncubate at 37 [err]C for 5 hr. 2. Take an aliquots of 4 [err]l and run a 1
% agarose gel to check the digestion. 3. Extract with phenol, precipitate
with ethanol WapsdMWyspend the DNA-in TE-buffer. D gested prewEmssdesBiNA' s
are religated at high concentration ([er52-0.2 [err]g/[err]l) to favour
formati on of concateners, packaged into [err] phage particles and used for
t he transf &xhimple 2f E. coli cells (according to ,, Packagi ng of

Bact er i oph#&psmixplexing Bbidg the oué-tube-method (axcaiding'to plaiZis 11017 and 44P4, i n:

Mol ecul ar C oni ng- a Laboratory Manual, Sanbroock et al. (eds.), 2. ed.
1989, Col d 28pLibragy gtaetation Laboratory Press). Transfecteéd phagenids are
separated by packagi ng reinfection using ML3KO7 hel per phages (see above).
-52 - Exardigwuckoifeseapsapdsexi ng usi ng t he one-tube-net hod (according to

gl ainms 11- %N%QQ)S-AN@G Zgg, Li brgr Xl generation Qigonucteotide sequences:
mUMT&Wﬂw%?T%WQGWPjT%5W@CCTGTC
G 3 NONAGSmaleE.NCE:

GECTCT GAT GSAGCEASTERTACAM BABET e CAG AT IR es) TH EECEAEAGR EHECTCETEIEEST CG 3
NONACOS- NAM

5' CISCTOGAMQ&M‘GCA NNB err NAI\{gNN rr TGCTCCAGAGICTTCCTCCTGICG 3'
NONACOS- NTS GGCTCTGATGGAAG, CGT AGC %NAMNNB),TGCTCCAGAGTCITCCTCCTGTCG 3

5" CECTCTCATEANYARTECCAGC NNB) [ er r ] NTS(NNB) , TGCTCCAGAGTCTTCCTCCTGTCG3!

where N nmean .
ca Cg @ccé%r 'rG@AQE;Iccﬁggkwkwmﬁ)ﬁbc&wA&aﬁa&ﬁmﬁ3

where Nmeans: A, C,GorT;B: C,GorT; M: AorCand S: C,Gor T,

NONACOS-PCR-L:_Bpil Bsel
5" GGCTCTGATGGAAGACGTGCAG ¥’

NONACOS-PCR-R:_Bpil Bpml
5’ CGACAGGAGGAAGACTCIGGAG 3’

Bpil (GAAGAC), Bsgl (GTGCAG) and BpmI (CTCCAG) restriction enzyme recognition sites are marked in
bold type. Bpil cutting sites are marked by arrows.
important vector DNA-sequences of pROCOS5/3:

Bsel Leod 71T

5° GGCGAGCTCCCGTIGCCAGCGGTCTTCAGCGCTTGCCGTCTGACCGT
Bpil
Ecod7Il __Bpit lplli—
AGCGCIGGAAGACGCi-TCC%GAGGGTACCCCGATATCAGAGCTGAA 3
Bpm]

Bpil (GAAGAC), Bsgl (GTGCAG) Eco47111 (AGCGCT) and Bpml (CTCCAG) restriction enzyme recognition
sites are marked in bold type. Bpil cutting sites are matked by arrows, The first codon of the mature plil-
Protein (GAA) is also indicated.

To create libraries according to the one-tube method the hypervariable oligos NONACOS-
NGG, -NCT, -NAM and -NTS are amplified using the PCR-primer NONACOS-R and
NONACOS-L as described in example 1, except that the oligo-DNA’s don’t have to be kept
separate.

After this pROCOSS/a-\'ector-DNA and double stranded (ds) oligo-DNA are digested with
Bpil and ligated at the same time according to the following Protocol:

Digestion/Ligation
1. Set up the following mixture:

pROCOS5/3 DNA 200 pg
NONACOS-NGG, -NCT, -NAM and -NTS ds DNA 100 ul
Bpil 200u

buffer G (10x) 40 pl



S' GGCTCTGATGGAAGACGTGCAG 3' NONACOS- PCR-R: Bfrl BDM 5’
CGACAGGAGGAAGACr CTGGAG3'  Bpil (GAAGAC), Bsgl (GIOCAG andBpml ( CTCCAG
restriction enzyme recognition sites are marked in bold type. Bpil cutting

sites are marked by arrows. i mportant vector DNA-sequences of pROCOS5H/ 3:
Bs-z! - -Fco4711 5'

GGOGAGCTr CCCCBWRAMBGET: Tr CAGCGCr T GACCGT PCT/EP98/00533 t
Bpi | E~coJ7111 Byi T¥p2/ '

AGCGC! GGAAGACGCA TCCAGAGGGT ACCCCGATATCAGAGCTGAA 3
Bpm T Ble(GAA cloas/gzb ( GTGCAG) Eco4711| (AeﬁGCT) and Bpm (Cr CCAQ)

restriction en t|on S|tes are YpdeoP Hl bol d ty pe...Bpil cutting
sites ar g‘ g’ ?g%an ?ﬁ‘%‘t‘?’tﬁ&ﬁﬁfﬁm’&‘l‘e ‘?%E"“‘i’?ﬁ?“lﬁb”‘ﬁol C oysf gghti n
(GAA) is”a eani QoL F%ﬁéﬂ%@&‘? es accor ding to the one-tube

met hod t erv |abI oI| I}A gd S are
i f Brhioogtay °§% 58 N&'\TR&?}%“‘L ‘gl‘% ETb d i
o e A A S e

Af ter thl?—;)gﬁc 5/3 vect or- DNA and doubl e stranded (ds) ol i go- DNA are

dlgested atighy | ga at the sane ti cordln to the, foll ow ng
Pr ot ocol F 3ng spqopdh %tg& ethpds af, ple o4 be used,

pROCOS5/ gxm at-one library is used instead of four separ%lé})rfrgs.r] g

NONACOS- NGG, -NCr, -NAM and -NTS ds DNA 100 [err]| Bpi |

200 u buffer G (I0x) 40 [err]|
BSA (10 ng/ m) 4l err]l

H20 - up to 400 [err]l incubate at 37

[err]C for 2 hr, add 200 units T4 DNA |igase and continue the incubation at
15 to 30 [err]C over night. 2. Take an aliquot of 3 [err]l and run an 1 %
agarose gel as a control.



This protocol favours the production of concateners of the desired product,
that can be packaged for exanple in E. coli JML10[err] cells by
[err]-packagi ng according to exanple 1. 2b) Reconbination For panni ng and
reconbi nation the sane nethods as described for exanple 1 can be used,
except that one library is used instead of four separate |ibraries

-54- WO 98/33901 d ai ns 1. A bank of gerewErosioessei n

sai d genes conprise a double st r antéd -DNA sequence which is represented

by the followi ng formul a of one of tPeir st rands: 5'Blerr]B[err]
Blerr].. Xerr] 1...Qerr]' ©¥@i®{pereinn, a, b andj are

I nt egers and n>3 a>1 b>3andj > 1, wherein

Xerr]...Xerr] is a Qypervariable sequence and B, X, Z and Q

represent aderk ranapt genesi nehg®in ggidi genes comprise ardauble (1),

(i) Z represeg%a% -Bg@cs%q%{[?% %@%{tﬂngisag%?s]én%’edaﬁgl gl?ed/ or §i )

[
Z

Z represents out 1% (i
represents A ofoXicMirg AoBmudai of dnenloduthéis, strandand/ or (iv) Z
represents Aor Cat a AACratio of about 1:1, and wherein

5'B3B2B3...BnXni1. - -XniaZn+a+1Znia+2¥ntra+ld - - -Xnea+bPn+asb+

1---Qn+asb+j3’

wherein n, a, b and j are integers and

n>3,a>1l, b>3andj > 1,

wherein Xp,.1...Xpn+a+h 18 a hypervariable sequence and B,

X, 2 and Q represent adenine (A), cytosine (C), guanine

(G) or thymine (T),

(i) Z represents G or T at a G:T ratio of about 1:1,

and/or

(ii) 2 represents C or T at a C:T ratio of about 1:1,

and/or

(iii) 2 represents A or G at a A:C ratio of about 1:1,

and/or

(iv) Z represents A or C at a A:C ratio of about 1:1, and

wherein

subsequences Bj...Bpn and/or Qnia+bs+l- - -Qn+a+b+j represent

recognition sites foxr restriction enzymes, and wherein the
recognition sites are orientated such that their cleavage

site upon cleavage generates a cohesive end including the

T 0 Y




subsequences Bl. B[err] and/or Qerr] {err] represent recognition
sites for restriction enzynes, and wherein the recognition sites are
orientated such that their cleavage site upon cl eavage generates a

cohesive end including the - 55 -

two bases designated Z. 2. A bank of genes according to claiml1, wherein

subsequences WO9%B¥Perr].. Blerr] or Qerr]...Qerr] represECREPISBHOIHI tion
sites for restriction enzymes and ¥herein the recognition sites

are orientated such that, their_c vage site upon cl eavage generates a
cohesi ve end in® a?ﬁ%?g'; tdﬁé’l?%t%éggs designated Z. 3. A bank of

genes according to claim1l or 2, wherein the cohesive end is a 2 bp
single strand end forned by the two bases designated Z 4. A bank of

genes acco?di ny RaaRf GENEPRFROTEING 8O Ghfertn ¥ TR FUPSREUPRCGH ovi ded
as displ ay vecggr:,sﬁrz,ggl%le‘%'bgjz, _gfhg,aﬁk,gﬂg%egen{é/ﬂ%éagsﬁtabagsi@és as

phagem d. 5. n ccording to any of the preceding

clai ms, wher ei pot hes gtoRthankenAfe < halasherdizedhasrecogrfitiibavaites -
first gene bank: Z represents G or T,tgreferentially at GT.

. a
rati o of aboutaze lorientatesesusl ke thahk: cleavagrestif JReTFleavage
preferantial ly al. ared a cohesite bdd@ih0108:APQe twdi bases

designated Z.

3. A bank of genes according to claim 1 or 2, wherein the
cohesive end is a 2 bp single strand end formed by the two

bases designated Z.

4. A bank of genes according to any of claims 1 to 3, wherein
each gene is provided as display vector, especially as M13

phage or Mi3 like phage or as phagemid.

5. A set of four gene banks according to any of the preceding
claims, wherein the gene banks are characterized as
follows:

- first gene bank: 2 represenﬁs G or T, preferentially at

a

G:T ratic of about 1:1;
- second gene bank: Z represents C or T, preferantially at
a

C:T ratio of about 1:1%1;
- third gene bank: Z represents A or G, prefefentially at
a

A:G ratio of about 1:1; and
- fourth gene bank: Z represents A or C, preferentially at
a

A:C ratio of about 1:1.

N
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- third gene bank: Z represents A or G preferentially at a A G
rati o of about 1:1; and - fourth gene bank: Z represents A or C,
preferentially at a A:Cratio of about 1:1.

- 56 - 6. A set of four gene banks according to claimb5, wherein each

gene is provided as display vector, especially as M3

phage or ML3 |i ke

phage or as pREYBRPYL 7. A bank of genes, wherein said geamresogsss se a
doubl e stranded DNA sequence which ég represented by the foll owi ng
B

formul a of one of their strands:

[err]. Blerr]

X err] X[err]

wherein n, a, b and j are integers and n > 3 a>1 b>3andj > 1,
wher ei n X[ & r | A s¥tepit] £o8r agénp danksi abter@mmetmelam 53 whereiX edland Q

t ad A h T d
wheran e et ooy Red g epdRT GuS S ABERC Lo 1R ﬂ@aé[)err?“

and Zn+a+2 ar e gHaReoi MRheleke Prfe! ¥rads aphidfdnidQf

7. A bank of genes, wherein said genes comprise a double

stranded DNA sequence which is represented by the

following formula of one of their strands:

5'B1B2B3...BnXn41. - -XnsaZnia+iZnia+r2¥neasd -

1---CQn+a+bsj3’

wherein n, a, b and j are integers and

m>3,a>1,b>3andj>1,

-Xn+a+bQn+a+b+

‘wherein Xp.1...Xpnsa+b 18 & hypervariable sequence and B,

X, Z and Q represent adenine (A), cytosine (C), guanine

(8) or thymine (T), and wherein

four sets of oligonucleotide sequences comprising Zp,z41

and Zp.z4+2 are present, preferentially at a ratio of

(i) s (ii) : (iii) : (iv) of about 1:1:2:2, wherein the four

sets are characterized as follows:

first set: Zp.z+1 represents G and Zp,z,3 also represents

G;

gsecond set: Zp,.g.1 represents C and Zp.542 represents T;

third set: Zp,5.1 represents A and 2p.5.2 represents A Or

KR 0 R



(ir)y:(it).(iii):(iv) of about 1:1:2:2, wherein the four sets are
characterized as foll ows: first set: Zerr] represents G and Z[ err]
al so represents G second set: Z[err] represents C and Z[err]
represents T; third set: Z[err] represents A and Z[err] represents A
or -57 - C, preferentially at
A:Cratio of Xb339011; and fourth _set: Z[err] represeRCTEFIRNISH3
Z[err] represents C or G preferentﬁakly at a CGratio of about 1:1,
and wherein sequences BLerri.. Blerr] a?d/or Jerr]- +a+b+j

repr esent T e BFGTeTETR 18t ¥s2t B+ G &P PF RPNz yhEls @RRerein t he
recognition sites are orientated such that their cleavage site upon

cl eavage generates a cohesive end including the two bases designated Z.
8. A bank of gefrartdceetdi Bg+he1 creprasentghdr and Efea i Wergesents Coir

ol i gonucl eoti de_sequences are_present_at a ratig of JO'E;:):(ii):(ii_i S(1v)
of (0 to 1): (Pt @Prefegentdal}y(dtd At rati eh PRSIk s REnReERIN cast
one of said sets is present. 9. A bank of genes according to claim?7
or 8, wherein subsequences B[err]...B[err] and/or Qerr]... Qerr]

repr esent gseEpues 81 -si- Bgsadidfon @l aibhion- @zayEs; aegresentin the
recognition sites are orientated such that their cleavage . Site upon
cl eavage gener XEPRIEGREs BhEBnEeT ke tFiS§iPRe®NZYMes, Wherein the

recognition sites are orientated such that their cleavage
site upon cleavage generates a cohesive end including the

two bases designated Z.

8. A bank of genes according to claim 7, wherein the four sets
of oligonuclectide sequences are present at a ratio of
(1) s+ (i) : (1id) : (iv) of (0 to 1):{(0 to 1):(0 to 1):(0 to 1)
with the proviso that at least one of said sets is

present.

9. A bank of genes according to claim 7 or 8, wherein
subsequences Bj...Bp and/or Onia+b+l: - -Qnsa+bs+j represent
recognition sites for restriction enzymes and wherein the
recognition sites are orientated such that their cleavage
site upon cleavage generates a cohesive end including the

two bases designated Z.

10. A bank of genes according to claim 7, 8 or 9, wherein the
cohesive end is a 2 bp single strand end formed by the two

bases designated Z.

11. A bank of genes wherein said genes comprise a double
stranded DNA sequence which is represented by the

following forxrmula of one of their strands:

L



two bases designated Z. 10. A bank of genes according to claim?7, 8 or 9,
wherein the cohesive end is a 2 bp single strand end forned by the two
bases designated Z. 11. A bank of genes wherein said genes conprise a
doubl e stranded DNA sequence which is represented by the foll owi ng
formula of on f their strands: - 58-

5' B[err]...éﬁgsw"‘?‘.’l. X[err] 1 wherein n, a, b and j ar ECTEPSHN’3 and
n>3 a>1 b>3andj >1, whered8=X[ERR... X[ ERR] is a

hypervari abl e ence and, B, X,_Z and Q pepresent adenjne (A), cytosine
(C), guanine 5%§H§F%Pﬁyﬁ§ﬁ§nt#7:'§ﬂﬁ§ é#é%ﬁ*% Qﬁﬂ+ﬁomﬁ%ﬁr%£5§&w§ +of

ol i gonucl eoti de sequences conprising Xn+a, Z[err] and Zn+a+2 are present,
preferably at a ratio of (i) : (iit) :(iii) : (iv): (v) : (vi) of about
3:4:3:4:4:1, whelpa4hg3si x sets are characterized as follows: first
set: Xlerr] represents A, Gand/or T, preferentially at a ratio of about
1:1:1 or Xn+a represents C, Gand/or T, preferentially at a ratio of about

1:1:1, Z[err] yherein n, a, b and j are integers and
ns>3, a>1 b>3andj > 1,

wherein Xp.j...Xp4a+b 18 a hypervariable sequence and B,

X, Z and Q represent adenine (A), cytosine (C), guanine
(G) .or thymine (T), and wherein

the following six sets of oligonucleotide sequences
comprising Xnia, Zp4as+1 and Zg+a+2 are present, preferably
at a ratio of (i):(ii):(iii):(iv):(v):(vi) of about
3:4:3:4:4:1, wherein the six sets are characterized as

follows:

first set: X,,; xepresents A, G and/or T, preferentially
at a ratio of about 1:1:1 or X, represents C, G and/or
T, preferentially at a ratioc of about 1:1:1, Zp,a+1

represents G and Z2p,5,2 represents G;

second set: Xn.5 Yepresents A, C, G and/or T,
preferentially at a ratio of about 1:1:1:1, Zp.a41

represents C and Zp,.,,2 represents T;

third set: Xn,5; represents A, C and/or G, preferentially
at a ratio of about 1:1:1, Zn,541 represents A and Zp.a42

represents A;

fourth set: X,y represents A, C, G and/or T,
\
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represents G and Zn+a+2 represents G second S t'
G and/or T, preferentially at a ratio of ﬁa

er represents A C
err] represents
C and Zn+a+2 represents T; third set: Xn+ & Hr C and/or G
preferentially at a ratio of about 1:1:1, nts A and Z[err]

represents A fourth set: Xn+a represents A C, Gand/or T,

59 a ratWeesmdabout 1:1: 1, Z[err] represents A and Z| ePC’l‘IEP93/00533
represents A fourth set: X err] #8Presents A, C G and/or T,
preferentially at a ratio of about 1:1:1:1, Zn+a+l represents A and
Z[err] r epPEeERFentially atf pr pRtiR(of JahPNts dpt ekdnt ZnMa+C, G and/or T,
preferentially at_a fuand f about 1:1:1:1, Z[err] represents T and

Z[ err] r epF BBERTEES ntam2 sEIPTSEF] Clepresents A Z[err]

represents T and Z[err] represents G wherein Blerr].. B[err]
and/or Qerr] ...Qerr]represent recognition sites for restriction
enzynmes and whéléth sée: r{ogomepirenents A, ¢, G and/oxr T,

preferentially at a ratio of about 1:1:1:1, Zpn.a41

represents T and Zp,.542 represents C;

sixth set: Xn,5 represents A, Zp.az.1 represents T and

Zn+a+2 represents G.

12. A bank of genes according to claim 11, wherein the six sets
of cligonucleotide sequences are present ‘at a ratio of
(1) s (i4) : (d44) : (iv) : (v) : {vi) of (0 to 1):(0 to 1):(0 to
1):(0 to 1):(0 to 1):{0 to 1) with the proviso that at

least one of said sets is present,

13. A bank of genes according to any of claims 7 to 12, wherein
each gene is provided as display vector, especially as M13

phage or M13 like phage or as phagemid.

14. A bank of genes according to any of the preceding claims,
wherein the double stranded DNA sequence according to
claim 1 or claim 7 is comprised by a DNA region encoding a

peptide or a protein to be displayed.

15. A bank of genes according to any of the preceding claims,

characterized in that n = j = 6, a = 14 and b = 16.

16. A bank of genes according to any of the preceding claims,
wherein the restriction enzyme is a type IIS restriction

enzyme. __
\._._. -

R0 THIS SHEET HAS BEEN
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sites are orientated such that their cleavage site upon cl eavage
generates a cohesive end including the two bases desi gnated Z. 12. A
bank of genes according to claim1ll, wherein the six sets of

ol i gonucl eoti de sequences are present at a ratio of
(H)y:(Cit):(iii):(iv):(v): (Vi) of (0Oto 1):(0to 1):(0 to 1): (0 to 1): (0
to 1):(0 to 1)WOP8¥%he proviso that at |east one of sai PCHER98/0#533
present. 13. A bank of genes accordin% to any of clains 7 to 12, wherein
each gene is provided as display vectorb0especially as M3 phage or M3
| i ke phage or as phagem d. 14. A bank of genes according to any of the
precedi ng chai S rding to
pr ece: 18 MR bank d¥geRkl Ad& AW €o &ﬁﬁ@@%EPL rB804AIF 218408]

60 1 or cl ehargeterizedpinsekitby a DNA regi on encoding a peptide or
a protein to be displayed. 15. A bank of genes according to any of the
precedi ng cl ai s, characterized in that n =j =6, a =14 and b = 16.
16. A bank of gea;aSS\mzm;uénag BP. /B, s the pecspdivignchitesor thewherein
the restriction enzyne is a type Il S restriction enzynme, specially
Bgll, Dralll, BygstoictHpm enzynd BpmbdRCEAGHeant sabsenuenee to any of the
preceding cIain& ch acterlzed I n-.that éﬁégﬁgsubseqyence Bl...Bn
i s the recognit FBhashtl fop+ana+] * al“e&PF’?fF?%r‘Ps O%ﬁ FCTGRAG) and
subsequence s;&ié%édAC)vcﬁﬁrr] is an inverted Bsgl recognition

(b) subsequence Bj;...Bp is the recognition site for the

re-striction enzyme Bsgl (GTGCAG) and subsequence

Qn+a+b+l-- -Qn+a+b+j is an inverted BpmI recognition site

(CTCCAG) .

18. A bank of genes according to any of the preceding claims,

characterized in that the hypervariable sequence Xpii--»

Xn+asp contains NNB or NNK wherein

N = adenine (A), cytosine (C), guanine (G) or thymine (T);
B = cytosine (C), guanine {G) or thymine (T); and
K = guanine (G) or thymine {(T).

19. A phagemid pROCOS4/7 of the sequence shown in Fig. 6.
20. A phagemid pROCOS5/3 of the sequence shown in Fig. 7.

21. A method for the production of large

\
‘\
This Shee

St | (1)

containing or consisting of optionally packaged recombined

display vectors, wherein recombination takes place at the

AL
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siteCTGCAC); or (h), subsequence B[err]...B[err] is the recognition
site for the re- S tHes RemrRepmeBSsgl ( GTGCAG) and subsequence
Qerr] ..Qerr] is aniny il Hlicognition site ( CTCCAG) . 18. A
bank of genes according ﬂpr ecedi ng cl ai ns, characteri zed
in that the hypervari abl e sequenc re]... X[ err] contains NNB or

NNK wherein WO 5denine (A), cytosi ne (O, guanine (G roremypisse (T);
B = cytosine (C, guanine (G or thym né (T); and K = guanine (G or
thymne (T). hagem d

: < s 6 19.. A
PROCOSS/ 3 of tFRERFfFEEedEhefF ShERFEFACRIQR opgYme ](SHB z%)p&‘f of the
sequence showni¥bwriih 8. 3) 28hg Avnakagam d pROCOS5/ 3 of the sequence
scheme shown in Fig. 7A and especially of the sequence shown in Fig.

7B. 21. A nethod for the production of |arge - phage-di spl ay

| i braries or - bhagenm d-di spl lsRKak L0l Qf,

consi sting of gap)t itoogaﬁqy@pgg a%%ﬁ%é‘k‘g%% %g%%repa&egp?geﬁ%%%%z%\%ﬁerei n
reconbi nati on ¢elkexglllacecatailing a disphapgesctidre popullatienyestriction
enzynme (cut (B) enzyne, arrqw in Fig. 3) a}geg \i\_{nerein . (a-b) a
doubl e- strandé b 2l f Ik ?Efcﬁﬁrm?]ijal Rhages gE| FRLHHERMi ng a
di spl ay vect oroGmulditR ace88dsld '8 ahy of tWe3 HRaasngroMidd;l ke phages
or consisting of phagem ds according to any of the preceding clains; a
cosm d vect or ;¢egmid vector; a restriction enzyme for cut (B}; and a

restriction enzyme for cut (A) are selected, wherein

(1} the cut (B) enzyme cleaves the display vectors in the
region encoding the displayed peptide or displayed protein
(arrow in Fig. 3) and generates unique non-symmetrical

cohesive ends, wherein each cochesive end is a 2 bp single

strand end formed by the two bases designated 2, and

ii) the cut (A) enzyme cleaves the display vectors and the
cosmid vector and generates upon cleavage unique non-
symmetrical cohesive ends which differ from those

resulting from cut (B},

c) the display vectors are cleaved with the first

restriction enzyme,

d) the display vector and the cosmid vector are cleaved

with the second restriction enzyme,

e) the cleaved display vectors are ligated with the

cleaved cosmid vectors forming concatamers,

f) the ligation product is subjected to a lambda packaging

and transduced into an Escherichia coli host,
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restriction enzyne for cut (B); and a restriction enzyne for cut (A
are selected, wherein Thissm?gtﬁjgggegmpﬁ&a (B) enzyne cl eaves the display

vectors in the regi it Bl di spl ayed peptide or displayed
protein (arrow in ijﬂg i‘ﬂm Er ates uni que non-synmetri cal
cohesive ends, wherein | nd is a 2 bp single strand end

formed by t h®QWE3MWAses designated Z, and (ii) the cuPCY/RPOS®NSSITE

cl eaves the display vectors and the =62cosnmid vector and generates upon
cl eavage uni que non- synnetrLcaI,cohﬁfive ends which differ £on1those
resul ting g) if wanted, selection is made for a gene present }n e
REPLACED ligated display vectors, - 62 - g) if wanted,
selection is made for a gene present in the | i gat ed di splay vectors,

h) the transduced display vectors in the Escherichia coli host are

s orohas B GRS S Rlnd MR0R Y Ve dRHP s cnEPROLANARISLY AREKAgCd 11

ML3 or ML3 Ii age e case of a gem d-di spl ay
vect or packagrésbyare infecting the Escherichia coli host with an ML3 type
hel per phage (superinfection), i) the packaged display vectors are
passaged in a fresh Escherichia coli host and phage-di splay or phagem d-

display librati gsegéf {0rdRA akd offa VLA display vector
spontaneously packaged in M13 or M13 like phage coats

- or in the case of a phagemid-display vector packaged by
infecting the Escherichia coli host with an M13 type

helper phage (superinfection),

i) the packaged display vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-

display libraries are formed and, if wanted,
j) the passaged display vectors are

- either in the case of a phage-display vector

spontaneously packaged in M13 or Mi13 like phage coats

- or in the case of a phagemid-display vector packaged by
infecting the fresh Escherichia coli host with an M13 type

helper phage (superinfection) and

phage-display or phagemid-display libraries are formed.
22. Method acdording to claim 21, characterized in that in

steps(a) to (b) a type IIS restriction enzyme is selected,

preferably BglI, DraIlI, BsgI ox BpmI.

23. Method accqgéigg\&g\claim 21 or 22, characterized in that
—_
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J]) the passaged display vectors are - either in the case of a
phage- di spl ay vector TMS$amH&EEﬂu&ﬁﬁm@ackaged in ML3 or ML3 |i ke phage
coats - or in the en1d di spl ay vector packaged by

i nfecting the fresh Esc m!’ mﬁmmg host with an ML3 type hel per phage
(superinfection) and ay or phagem d-display libraries are
f or ned. 22 WOR¥B8 according to claim 21, characterized i RCI/BP48/0D533
steps(a) to (b) a type IIS restriction-68zyne is sel ected, preferably

001 o0 L BB QU PO 2o A U AL Bz 2

characterized

phage- di spl ay ¥&sdOctiRaNeaRoMESLY seldeteliaged in IVI13 or M3 like phage
coats - or in the case of a phagem d-display vector packaged by
i nfecting the fresh Escherichia coli host with an ML3 type hel per phage

(super infegt] ofdeialé! acoordiiadesdtaps10b-PEAdSHUaRl dYa | i chakes are

f or med. accor gto I m?2 aracterized int
steps(a) to (bas acut:/p(eB)I leBzyest andtasorcuenikircenzynse|ddfedent e:;mwiesr ably

Bgll, Dralll, Bs B §C0 din Ia|m2 or 22,
characterized #H t“rfiﬁd Mgf o?)CU?Eé\%éa%ngd ?‘ﬁ% ?rh% 8 &8¢ r{®% i on and/ or
restriction  en®hdy/Ehd Dra@eChedeut (A) enzyme (£d or M13 replication

origin cut).

25. Method according to any of claims 21 to 24, characterized
in that in step (h) and facultatively in step (j) M13K07
is used as M13 type helper phage.

26. Method according to any of claims 21 to 25, characterized
in that the phagemid and the cosmid are identical and
presence and cleavage with cut (A) enzyme is optional

and/or cut (B) enzyme and cut (A) enzyme are identical.

27. Method according to any of claims 21 to 26, characterized
in that in step (i) the multiplicity @f infection (MOI) is
less than or equal to 1.

28. Method according to any of claims 21 to 27, wherein the
cosmid comprises an £4 or M13 bacteriophage origin

(replicétion/packaging) .

29. Method according to any of claims 21 to 28, wherein in step
{e) according to claim 21 a mol ratio of display vectors
to the cosmid vector within the range of from 3:1 to 15:1

and preferably 3:1 to 10:1 is used.

30. Method according to any of claims 21 to 29, wherein in step

(e) according to claim 21 a vector concentration

TN O A THIS SHEET HAS BEEN

REPLACED




24. Method according to claim?21 or 22, characterized in that as cut
(B) enzynme and as cut (A enzyne different enzynes are used (Fig. 3),
preferably Bpm or Bsgl as cut (B) enzynme and Dralll as cut (A) enzyne
(fd or M3 replication origin cut). 25. Method according to any of clains
21 to 24, characterized in that in step (h) and facultatively in step
(j) ML3KO7 i WOBRMIeq as M3 type hel r_ phage.  26. Met REWERSM053i ng t O
any of clains 21 to 25, characterized’i that the phagem d and the

cosmd are Id@ésnu;ﬁa.sﬁ@ddasswpc@ecmrsaaelacémae%bbspLtsf (reenzyne is
optional and/or cut (B) enzyme and cut (A) enzyne are identical.

64  27. Met HeeRmdctt dishNRImainys ofsed.aims 21 to 26, characterized in

that in step (i) the nultiplicity of infection (MJ) is_less t han Qﬁb
equal to 1. 28. Method according to any of clains 2?@%%\
cosm d copp!ixenetttiod Eorr tik3pbadieticaplefgange gi n

(replication/ packagi ng). 29. Method according to any of clainms 21 to 28,
wherein in step (e) according to claim21 a nmol ratio of display

vectors to eLPE g\“@llrg_btzlgg gange of from3:1 to 15:1 and
preferably 3: 1 %ﬂgﬁo 171 aéﬁe% " . thoé according to &ny of claims 21

to 29, wherein in step (e) accordlng to cIa|n121 a vector concentration
DN T T Used. BRASNER BBy pRPSRHon daviett et o Rige T ol¢
phage-di spl ay extension libraries or

an oligpnucleotide cassette of d bases in length is

inserted into a restriction site (cut (§)) via the

cohesive ends Z2 as defined in any of claims 1 to 18 to

yield a sequence or a gene comprising a double stranded

DNA sequence which is represented by the following formula

of one of their strands:

5'Bj1..Bpn¥n+i- -Xn+aZnsa+lZn+a+2¥n+a+3 - -XnrardZnra+d+iZnia+d

+2Xn+a+d+3 - - Xn+a+d+bOn+a+d+b+l- -On+a+d+b+j3’

wherein d is an integer and a multiple of 3, preferably
within the range of from 6 to 36; n, a, b and j and B, X,
Z and Q have the same meaning as in any of the preceding

claims; and wherein

(a) to (b) a double-stranded DNA prepared from Eschexichia
coli cells containing a display vector population,
consisting of M13 phages or Mi3 like phages or consisting
of phagemids according to any of the preceding claims; a
cosmid vector; a restriction enzyme for cut (B); and a

restriction enzyme for cut (A) are selected, wherein

(i) the cut (B) enzyme cleaves the display vectors in the

_—
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- phagem d-di spl ay extension libraries, wherein an ol i gonucl eoti de
cassette of d bases in length is inserted into a restriction site (cut
(B)) via the cohesive ends ZZ as defined in any of clains 1 to 18 to
yield a sequence or a gene conprising a double stranded DNA sequence
which is r%presented by the followi ng fornmula of one of their

strands: WO 98/53501 65 wher ei n RETIEPIZOOSI3Nt eger
and a multiple of 3, preferably wi t hi n ~téde- range of from6 to 36; n, a, b

i s and whEPSHEE oTeeie, 8 APPTE slcBin O Abeaves RAEaRer | ohi o

coli cells contatngegefaths pindyudeadiv syadisth-dbaDNcolisiesehdg; of ML3 phages
or ML3 |i ke phages or consisting of phagem ds_according to any of the
precedi ng cl ai ¥Bergigoeashy capbegdve end ekt & & PBnsEAm®EFardcerd (B); and a

restriction engggﬁeé%}éc&ﬁe (AR 35§e§e&ﬁit reghgrein (i) the cut (B)
e di

enzyme cl eaves t splay vectors in regi on encodi ng the displ ayed
pepti de or displayed protein and generates uni que non-symretrical cohesive

ends; wherein egch cohesive end is a bp single,strand _end fornmne t he
two bases desi gﬁé & cut ((iAi?) ef’ﬁgm%u‘f%?%eseﬁg?n%l%‘flﬁv&cgﬂ’és cﬁ‘gglt
vectors and theosasdl dedtasdt (uchUehat NAidliy @48 - BpimeLTBRL ! E6RésZRNESI ve
ends are forned which differ fromthose resulting fromcut (B (cl) the

di spl ay vect or §ngfeaketfqgmad thachuiifyr from Fheso rasviying %f'Om cut
(B),

(cl) the display vectors are cut with the cut (B)

restriction enzyme,

(c2) a DNA cassette is inserted into the cleavage gite

with their ZZ cohesive ends,

(d) the resulting display vector and the cosmid vector are

cleaved with the cut (A) restriction enzyme,

(e) the cleaved display vectors are ligated with the

cleaved cosmid vectors forming concatamers,

(f) the ligation product is subjected to a lambda packaging
and transduced into an Escherichia coli host such that the
DNA cassette lies between two hypervariable sequences

(extension sequences},

(g) if wanted, selection is made for a gene present in the

ligated display vectors,

(h) the transduced display vectors in the Escherichia coli

host are

——
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(c2) a DNA cassette is inserted into the cleavage site with their ZZ
cohesi ve ends, (d) the resulting display vector and the cosmd vector are
cl eaved with the cut (A) restriction enzyne,

- 66- - either in the case of a phage-display vector spont aneousl y
packaged in ML3 or ML3 |i ke phage coats - or in the case of a
phageni d- di spWP833E or packaged by i nfecting the Eschercribposnssli

host with an ML3 type hel per phageg§superi nfection), (1) the
packaged di splay vectors are passaged in a fresh Escherichia coli host
and phage- di spra§loreprdydiiegcase ofyia phager AhFRIMEsVeFt® or ned, and, i f

want ed, bbdnt DS AISPIREKALSR! Y MACLY' f18M ike phage BbAPEr in the

case of a phage-di splay véctor spont aneously packaged in ML3 or ML3

| i ke phage coats - or in the case of a phagem d-di splay vector
packaged by infecting the fresh Escheri chi oli host with type
hel per phages _(sﬂBeW n‘?}é%ﬁa(?ﬁ) °£n?1 phagem18h§ég§%$¥ pY%S/ S pﬁﬁ%ﬁ%‘%i’ﬁi spl ay
extension |ibrghfestfe the Eseh8Bfbhia $61iAnBBE otk ain 18 egpssort ment of

the 5 - and/or_3'- extensions in the production of |arge reconbi nant
helper phage (superinfection),

(i) the'packaged display vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-

display libraries are formed, and, if wanted,
(3) the passaged display vectors are

- either in the case of a phage-display vector

spontaneously packaged in M13 or M13 like phage coats

- or in the case of a phagemid-display vector packaged by
infecting the fresh Escherichia coli host with M13 type

helper phages {superinfection) and

phage-display or phagemid-display extension libraries are

formed.

32. A method for the reassortment of the 5'-~ and/or 3'-

extensions in the production of large recombinant

- phage-display extension libraries or
- phagemid-display extension libraries,
comprising the sequence defined in claim 31, wherein

recombination takes place at one or the other, or

—consecutively at both the cleavage site(s) ZZ bracketting
\
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- phage-di splay extension libraries or - phagem d-di spl ay extension
l'ibraries, conprising the sequence defined in claim 31, wherein
reconbi nati on takes place at one or the other, or -consecutively at
both the cleavage site(s) ZZ bracketting

67 I nfecting the fresh Escherichia coli host with ML3 type hel per
phages (supew é?qlon) and phage- di spl ay or phagem d- 533
extension libraries are f or ned. 3267 A nethod for the reassortment of

the 5' - and/og,3' 3 sertgétjgg% s, t BRePLAgduction of large recombi nant
- phage-di spl ay ext'ension Tibraries or - phagem d- di spl ay extension
l'ibraries, conprising the sequence defined in claim 31, wherein

reconbi nati on takes ce at .one or the.o r._Qr onsecut i at both
the cl eavage SPfefS) Q%g Br%‘&"k‘é][%’lsrﬁangedt#gf iRREDAFSS gg%’gé‘%cgfg%%er ein
(a-b) a doubl gu3tr apded EbK:RIeR7y addiEpraFsedwtidrC ipoputation, cells

contai ning a display vector popul ation, consistingﬁéf ML3 phages or
ML3- | i ke phagesnsistdngi ofi W3 athasiesgerwi a3 akike pPhggep| ay SRREEEEEAccor di ng
to claim 31, c ] tor; LGtd f ; 3); and a
restriction e ny%é@g%;ﬂﬁg Q%u?%p&)ayaﬁrgégéf%c%ée%ﬂ\}é re?ngiaﬁﬂu%l%i t he cut
(B) enzyne cl edgaidt recdospl ayrasmtiationnenigne forr egkofBenaadi ng t he

di spl ayed peptide or displayed protein and ner at.es .uni que

non- symet ri cACSESRESEOR &R %m%ttg“ cut (a) are stlected, wherein

(i) the cut (B) enzyme cleaves the display vectors in the

region encoding the displayed peptide or displayed protein

and generates unique non-symmetrical cohesive ends at

selectively either

- the 5'-junction of extension and cassette (cleavage
by the restriction enzyme recognizing the binding site
By...Bp in claims 1 and 31), or

- at the 3'-junction of extension and cassette
(cleavage by the restriction enzyme recognizing the

binding site Opiatb+l- - -Qn+a+b+j in claim 1, or

On+a+d+b+l- -« -An+a+d+rb+]j in claim 31), wherein each

cohesive end is a 2 bp single strand end formed by the

two bases designated Z,

(ii) the cut (A) enzyme cleaves the display vectors and
the cosmid vector and generates upon cleavage unique
non-symmetrical cohesive ends which differ from those

resulting from cut (B},

(b) the display vectors are cleaved with the first

restriction enzyme,

(c) the display vector and the cosmid vector are cleaved

I i -
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selectively either - the 5 -junctionmof extension and cassette

(cl eavage by the restriction enzynme recogni zing the binding site B[err]
_ .Blerr] in claims 1 and 31), or

-68- with the second restriction enzyne, (e) the cleaved display vectors

are ligated wth the cleaved cosm d vectors form ng concateners, (f) the

| i gation prod¥MO®8B¥0subj ected to a | anbda packagi ng and tr apetuesshosdt 0 an

Escherichia coli host, (9) if .wanted, ggel ection is nade for a gene

present in the Ilgated di spl ay vectors, (h) the transduced di spl ay

vectors in the E¥ehbrEheiseernsd messTictieR(§R4YTen the case of a

phage- di spl ay vector spontaneously packaged in ML3 or ML3-|ike phage coats
- or in the case of phagem d-di splay vectors packaged by infecting the
Escherichia coli (edsthei thewed\/llﬁ-spypy fetpers Faet 'digepédgeth the -
(superinfection), t he aged di.spl ay _vectors are passaged in a
fresh Escherlchlélééﬁﬁdhﬁg?m ﬁﬁ%& §$+%é/9ﬂn°6ﬁ§ 8hfd- di spl ay
libraries are fornmed and, if wanted, (j) t he passaged display vectors are

- either in the case of a phage- dlsplay vect or spont aneously packaged in an
ML3 or ML3-1ike pfagsheohigation product is subjected to a lambda

packaging and transduced into an Escherichia coli host,

(g) if wanted, selection is made for a gene present in

the ligated display vectors,

(h} the transduced display vectors in the Escherichia

host are

- either in the case of a phage-display vector

spontanecusly packaged in M13 or M13-like phage coats

-~ or in the case of phagemid-display vectors packaged by
infecting the Escherichia coli host with an M13-type

helper bacteriophage {superinfection),

{i) the packaged display vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-

display libraries are formed and, if wanted,
(j) the passaged display vectors are

- either in the case of a phage-display vector

spontaneously packaged in an M13 or Mi3-like phage coats

- or in the case of a phagemid vector packaged by
infecting the fresh Escherichia coli host with M13 type

_helggs;ggfges (superinfection) and
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- or in the case of a phagem d vector packaged by infecti ngthe fresh

Escherichia coli host with M3 type-helper—phages—{stuperinfection) and
-69 - phage-di spl ay or phagemni d-display |libraries are forned. 33.

Met hod according to claim31 or BZLHnmmmﬂWUI that in steps (a) to
(b) atype Ils restriction enzyne i ) | rably Bgll, Dralll,
Bsgl or Bpml . WO3833%Ret hod according*tocl'aifl 31 of 32, charect/erdsmesisi n
that for cuts (B) and (A) the sane restriction site is selected. 35.

Met hod according to claim31 or 32, characterized in that as cut (B) enzyne
and as cut (A) enzyne different enzymes ggge used, preferably Bsgl or Bpm
as cut (B) enzyne and Dralll as cut (A) enzyne (fd or ML3 replication
origin is cut). pBagehdidplhyaoroptaggnid-dmplaly Libramsiex] ate Baormed.
characterized in that step (h) and facultatively in step (j) ML3KO7 is
used as the ML3-type hel per phage. 37. Method according to any of clains

31 to 36, charagf eryathd RckBatihd & Rabs) 3§gééxecﬁ ,OQ-hg&aE@&eiié?f jhhe

presence of an antibiotic resistance gene. . Method according to any of
clains 31 to 37%hathaimcttepiszdd) i vot flit a nypeeplg iesthrd crubrigrivme isof

Infection (M )selfecl:teesg, tpr}ae%eggbf)g%gl‘llt,oD]féIII: Bsgl or BpmI.

34. Method according to claim 31 or 32, characterized in
that for cuts (B} and (A) the same restriction site is

selected.

35. Method according to claim 31 or 32, characterized in
that as cut (B) enzyme and as cut (A) enzyme different
enzymes are used, preferably Bsgl or BpmI as cut (B)

enzyme and DralIll as cut {A) enzyme (fd or M13 replication

origin is cut).

36. Method according to any of claims 21 to 35,

: "
characterized in that&step}e’:n[ (h) and facultatively in
step (j) M13K07 is used as the Ml3-type helper phage.

37. Method according to any of claims 31 to 36,
characterized in that in step (g) selection is made for

the presence of an antibiotic resistance gene.
38. Method accoxding to any of claims 31 to 37,
characterized in that in step (i) the multiplicity gof

infection (MOI) is less than or equal to 1.

39. Method according to claims 31 to 38, wherein the

cosmid comprises an f£d4 or M13 bacteriophage origin.

.40. Method according to claims 31 to 39, wherein in step
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39. Method according to clainms 31 to 38, wherein the cosmd conprises an fd

or ML3 bacteri ophage origin. .40. Method according to clainms 31 to 39,
wherein in step 70 36. Met hod
according to any of clainms 21 to 35, characterized in that in step (h)

and facultatively in step (j) M3KO7 is used as the ML3-type hel per
phage. 37. wepasisaaiaccording to any of clainms 31 to 36, chighagdogbdsss£d 1 N
that in step (g) selection is made for qphe presence of an antibiotic
resi stance gene. 38. Method according to any of clainms 31 to 37,
characteri zed{én accoxtdiamg ta stajm (3il) onrhé2nalm¢blliaﬁi10y06fdisﬁ1@m ion (MJ)

Is |less tha tg 1. th C t I 1to 38
wherein the co%c% &ﬁpFPE‘&d vr?Cftg lgﬁbgb%g cejltain%phgg]g t-'(;aor [ig'l %
Met hod accor damg ﬁﬁeﬂéﬂﬁny 311te0 AD: 1W|1erﬁsad1 n step (e) accordi ng to

claim31 or 32 a nol ratio of display vectors to the cosm d vector
within the range 3:1 to 15:1 and preferably 3:1 to 10:1 is used.

41.. Method acgp! Qidichd scBirfBndled @14dmsHE" €h Nd N wHe@Bik&n step according
to claim31l or 32 a vector concentration (conprising di splay vectors

and cosm d veéebrajcamfdimg sot bimim 31 oroez[erv¢gﬁwmcen§rm 42.

Met hod for the de novo t on S i braries
or - pha BTTRE fa rs el CO%%JfT%r‘fesch: gl\ﬁ«é "g(f ences

according to enanoiodh@M/m :ilstt.(hed 18, and subj ect able to
reconbi nati on according to a

42, Method for the de novo production of large

- phage-display libraries or This Sheeltliliilllaelenliﬁii‘l)ﬁ

- phagemid-display libraries, l ‘“ll
comprising DNA sequences according to any of the claims 1

to 18, and subjectable to recombination according to a
procedure according to any of claims 21 to 41, wherein
recombination takes place within a DNA sequence according
to any of the preceding claims, especially claim 21 or 31,

wherein

a) a display vector, consisting of an M13 phage or M13-
like phage or consisting of a phagemid-display vector
comprising a bacteriophage replication origin,
facultatively a gene for a selectable marker, preferébly
for an antibiotic resistance, a lambda bacteriophage cos-
site and a‘“stuffer"-sequence (Figure 5, upper right},
containing two binding sites for a type IIs restriction
enzyme different from any of the enzymes according to the
previous claims, wherein said two sites are oriented in
divergent orientation and where the cohesive ends
generated on cleavage are non-symmetrical and differ from

one another at the two sites, and
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-71 - b) a PCR-generated fragrent—conprising part of one of the sequences
according to any of clainms IT"to 3% —+heluding a (the) hypervariabl e
sequence (s), preferably according to claiml, bracketted by the sane

type Ils restriction enzynme binding sites defined in (a), but in this case
both oriented inwards towards the hypervariable sequence (Figure 5, |eft
side) and wheMOBRPWleavage by this restriction enzyme two nporapssiosssi cal
single strand ends different fromone another are generated, where the
first end (&' in Fig. 5) is conplenentar% to one of the ends (a in Fig. 5)
generated on the |large vector fragnent 1 I('a) and the second end (b' in

Fig. 5) .is co enentar to the other end (b in Fi 5) generated on the
| arge vector Fgggﬁeﬁfm‘ epggyated aﬂﬂ%n’fm‘i)‘"?ﬂ%‘a?ﬁié F}aé}écPFoﬂn% & (a)
and (b) still %QahéhEéEQa&EG&éﬁﬂq 8 h¥Peot |S1d 88 i &ld @R, eNRYTRI B F JM xed
together in approxi mately equi nolar proportions and subj ected to |1gation

in the presencdtbﬁ)DhMPErgasEabHawﬂgqsﬁnseé@hteﬂrﬂﬁﬁr&hﬁy restriction enzyme
bi ndi ng sites staptly r ane ("stuf fragne n nd of
‘the PCR produc%%*%he €a§20+3+1 har3t t% cné? %hnﬁ ﬁ% éi ‘ar ge
vect or fragpen h r e C C ir t he
g@ﬂgeh B% ng n%am% gvel A?Ié fé‘ét!f’icé o@ﬂ@%ﬁ% %’ﬂ}c}l g

PCR reaction) are driven t a concataneric
ligation is camited¢ defénedain >(aﬂ)00 buer Lhgt B chsd Manlr @Bienved - B) a
circular hybrid i e |lgatl ol §,80000ed Ol coq@lng Yrizudl §7{I8

side) and where on cleavage by this restriction enzyme two
non-symmetrical, single strand ends different from one
another are generated, where the first end (a‘' in Fig. 5)
is complementary to one of the ends (a in Fig. 5)
generated on the large vector fragment in (a) and the
second end (b' in Fig. 85) is complementafy to the other
end (b in Fig. 5) generated on the large vector fragment

in (a),

c) the two cleavage reaction systems (a) and (b) still

containing the active type IIs restriction enzyme are

mixed together in approximately equimolar proportions and

subjected to ligation in the présence of DNA ligase;

fragments containing the restriction enzyme binding sites

are constantly removed ("stuffer" fragment and outer end

of the PCR product) whereas

- the other two components, namely the large vector
fragment and the insert'sequence (central fragment from
the PCR reaction) are driven to form

- A) a concatameric hybrid if the ligation is carried
out at > 100 pg DNA/ml (Figure ), or

- B) a circular hybrid if the ligation is carried out

at < or = 40 ug DNA/ml,
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-72 - d1) in the case of protocol A) the DNA is packaged into |ambda
particles and transduced into an Escherichia coli host, d2) in the case
of protocol B) the DNA is transforned in an Escherichia coli host, e) if
want ed, selection is made for a gene present in the |ligated display '
vect ors, f) the transduced display vect-ors in the Escherichia coli host
are - eithdVOpP§3e case of a phage-di splay vector spont arewmedspogsackaged
in ML3 or ML3-1ike phage coats - or in7ghke case of phagem d-di spl ay

vectors packaged |nfect|n the Escherlchla L._host with an ML3-typ

hel per bacterioﬁﬁh% e Ofi BRgtocol &y Fﬁ% B%%KE@?@cgﬁgﬁﬁaﬁnW%ctors
are passaged in rf&fé a@sﬁ'&‘i@scﬁh& EPidsdieel 2A€o P dhsciesBERYa Mol i
phagem d- di spl ay braries are fornmed and, if wanted (h) the passaged

di splay vectors best, - either in the case of a phage-display vector

spont aneousl y packaged in an ML3 or ML3-1i ke phage coats - or in the case
of a phagem d vector packaged by infecting the fresh Escherichia coli host
Wi th M3-type heappriphagecdstUpEr pabEsddI0m) 8RE DNA is transformed in

an Escherichia coli host,

e) if wanted, selection is made for a gene present in

the ligated display vectors,

f) the transduced display vectors in the Escherichia

coli host are

- either in the case of a phage-display vector

spontaneously packaged in M13 or Ml3-like phége coats

- or in the case of phagemid-display vectors packaged by
infecting the Escherichia coli host with an M13-type

helper bacteriophage (superinfection),

(g) the packaged display vectors are passaged in a fresh
Escherichia coli host and phage-display or phagemid-

display libraries are formed and, if wanted
(h) the passaged display vectors are

- either in the case of a phage-display vector

spontanecusly packaged in an Mi3 or Mi3-like phage coats

- or in the case of a phagemid vector packaged by
infecting the fresh Escherichia coli host with M13-type

helper phages (superinfection) and
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-73- phage-di spl ay or phagem d-display libraries are forned. 43.

Met hod according to claim42, characterized in that in steps (a) to
(b), as type Ils restriction enzyne, preferably Bpil, Bsgl or Bpm is
sel ect ed. 44. Met hod according to clains 42 or 43, characterized in that
in step (f) and facultatively in step (h) ML3KO7 is used. as the
ML3-type hel pRP9%8H3¥9L.  45. Method according to any of thercrmpssmossd t o
44, characterized in that in step {8-selection is made for t he
presence of an gﬂ.{ﬁ?@_ .G oaresi.st 164.1 . a rgi to any of
the clains 42 t , (Hlsrpc agfg%tglﬁl%ieé%??ltsﬁétéﬁilni\gs?%e}gg(gg??%hfeg multiplicity
of I nfection (MJ) is less than or equal to 1. 47. A phage-di spl ay

i brary or _a phagenid-display |ibrary i t he form pof packaged

partici es*dbt g‘?ﬁgﬁgeaﬁﬁﬁ’ﬁgﬂ?%g“l (Fléﬁé 42, czbﬁ‘?ac?ltﬁf"?rﬁ?g]llq (}%3% i 48. A
phage- di spl ay gkeBgarny)otoa (BNaaTtdpdi 3PkayYedd HcRi¥ni Bnzyme, t he form of

di spl ay vectors conprised by Escherichia coli popul ati on(s) obtai nabl e
accordi ng to arpferabhy BpafnsBel or Bpmd 4% selecxed.phage- di spl ay

| i braries or phagemd |ibraries, characteri zed by genes according to
any of clains 1 to 20 and obtai nabl e according to any of clainms 21 to

46, wher giegthbde akebrdingatgailadmeondi ag 43, eharaet@dizedll in3fhat and
42 is defined as in excess qof 10‘_[lerr], vari ant ) '
REPLACEVENT ShmE=ptep (f) and facultatively in step (h);M13KO07 is used

as the M13-type helper phage.

45. Method according to any of the claims 42 to 44,
characterized in that in step (e) selection is made for

the presence of an antibiotic resistance gene.

46. Method according to any of the claims 42 to 45,
characterized in that in step (g) the multiplicity of
infection (MOI) is less than or equal to 1.

47. A phage-display library or a phagemid-display library in
the form of packaged particles obtainable according to any
of claims 21 to 46.

48. A phage-display library or a phagemid-display library in
the form of display vectors comprised by Escherichia coli

population(s) obtainable according to any of the claims 21
to 46,

49. Phage-display libraries or phagemid libraries,
characterized by genes according to any of claims 1 to 20
and obtainable according to any of claims 21 to 46,

wherein the term ,large® according to claims 21, 31, 32

and 42f—largefis defined as in excess of 109 variant
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46. Method according to any of the clains 42 to 45, characterized in
that in step (g) the multiplicity of infection (MJ) is less than or
equal to 1. 47. Phage-display libraries or phagemd libraries,
characterized by genes according to any of clains 1 to 20 and

conpri sing ~an excess of 106 variant clones, preferentially 108 to

10[ err] VMG 98[890L | ones. 48. A phage-display |ibrary orecareresmsosss
phagem d-di splay library according_bgdclain147 in the form of packaged
particles. 49. A phage-display library or a phagem d-display |ibrary
according to ckabned; prefdrentaailpfiof spl aplieeaniant cloneapri sed by

Escherichia coli popul ation(s). 50. Protein or peptide conprising a
pepti de sequence encoded by a DNA sequence according to any of clains 1
_ to 18. 50. Protein or peptide comprising a peptide seduence encoded by

a DNA sequence according to any of claims 1 to 18 and
obtainable by affinity selection procedures on a defined

target by means of a library according to claim 48 or 49.
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