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| NVENTI ON The present invention relates to optim zi ng DNA
sequences in order to ( t he erti of, ~a in of
interest -Titdg: artlﬁéPaYlfﬁérfﬁr@Pﬁ?oﬁ?Pro@'ﬁ‘gﬁé lﬁ’“a?etigré% ;Jf%g g gene

encodi ng the protein of interest by the use of the so-called gene- or
DNA 10 shuffllng technique to create a large |library of "genes", ex-
pressing said library of genes in a suitable expression system and

screening the expressed proteins in respect of specific char-

acteristics to determ ne _such proteins exhibiting desired proper- ties
or (b)?® 'ndﬂHEélEHéﬂﬁEﬂﬂﬂﬁﬁHﬂgéﬁ regul atory el ements such as 15 pronoters
or termnators hy, egf%@&hgn %5é%tf&%“¥é@éﬁe§hﬁée ﬂim121ndm%ﬁ§ | seduepces
transformng suita osts eremnth in operable conjunc- th a
structurahugeoedeexpoedahu}mpmqwsttMEtprapegémesand a pzm#@nmlqﬁ fipterest
desirablek?rqgert£es.l t he regu atory :QCKGRCUND OF EHE
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certain thdigastévhtyrexhitbirkstapgerhal hs@rdatid Setvgeledegena-aneg DNA
even bet ween nenbers of the sane species differences may exist. This 25
var i atli%on $Euf¢lEWMr§@C@@éﬂuﬁoﬂe>oG¥§p§Eeﬁiaﬂafﬁé ng%ma%YIéﬁel“geneS”, ex-
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basical ly 3 sarr?r% %l‘aggcte]il\slr%]{'—’yrjjl gés}gb %ﬁlg%en%?a% e%qu{a I\E&gﬁreggigﬁ gi%ltgg‘
billions oin&eecﬁeemﬂngethecéxpaesaéur@toeeinﬁ1Zatmeapect off tspecpfditeichar-

coded for in respect of the environment of the 30 ganlsn1 n questi on. :
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of life argy %§5$£y(5? 1m roGQVEHe g HBEP@xQ@tHEaEeEBYhEBE9EEHeﬁ%ﬂt sﬂ%ﬁ as
been found t atura 'y occurring bioactive nol ecul es are not

opti mlded poomobers orvhermisauses by gbnehathey afeapmubbyrganflm@ese ele-
especially when 5 the
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which it is intended. This has for many years been done b

screeni ng otreeninal £ao desiralle propsriuies oin nthegeemsletomrelemramce

Wi thin the tech- nical field of enzynmes for use in e.g. detergents, the
washi ng and/ or di shwashi ng perfornmance of e.g. naturally occurring pro-
tease0 | i pases, anyl ases and cel | ul ases have been i nproved sig-

nificantly, by in vitro nodifications of the enzynes. 15 I n nost

cases thesBACKGROUNB @Rt EHE hENVENBEON obt ai ned by site-directed
nut agenesi s resutti ti,0 0
tting geéxuse‘eﬁs%ﬁm Lc‘f]é%egﬁéﬁ Htein pEFESEMPHGOL certain

specific amno acid re een chiosen
biocactivity exhibits a certain variation between genera and even

between members of the same species differences may exist. This

25 variation is of course even more outspoken at the genomic level.
This natural genetic diversity'among genes coding for pro-
teins having basically the same biocactivity has been generated in
Nature over billions of years and reflects a natural optimization
of the proteins coded for in respect of the environment of the

30 organism in question.



either on the basis of their type or on the basis of their |oca- tion’
in the secondary or tertiary structure of the mature enzyne 20 (see for

i nstance Wiopstwsd no. 4,518, 584). I n this mannepcisks/oe@ar at i on
of novel polypeptide vari - ants andZwtants, such as novel nodified
enzynes with altered characteristics, e.g. specific activity, substrate
specificity, 1n tteddls gbtaetysthe datiitilohs PoEoptifEunrd! vakaly Virx
etc., 25 has successfully been perforned to obtain polypeptides with.-im
proved proyec: faeom the naturagoenviseameat andhit e beemnifeoand ithag dhe
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Ii- ses an ave ‘beeninmproved signiticantly.

3 variofs aldesy nbbdi whigBnahdy apps opal oy madkind pgeppetehlsyanthen
enzynes has been based on random nutagenesis, for instance, as

di scl 8sedhiey B8sesuged 591 Andupprdsloppgposes. As it is a cunbersome

and tinme consumn b{ ai pal tdsd ar | r t-qﬂ;].ﬁ-' h
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5' -ebd ambuarda¥h seqignaseerdOdiuttigenesdlsih@or Hnstanos, endidiim ithd eech-

3'-end is constructed and trans- fected into a rec A positive strain of
E. coli. "R&Sdnbi et sohec@zyBes) da i $FRd 1BnP %ol @2 LRLIRNHY, athesiwasiHaw
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rec positive mcroorganismin ich the circular, vector is anplified,
Thi s T os NS | AOReBBMEMEYI GRIGA 84 QY§bumoditied enzymes with 'altered

characteristics, e.g. specific activity, substrate specificity,

thermal, pH and salt stability, pH-optimum, pI, Ky, Vmax etc.,

25 has successfully been performed to obtain polypeptides with im-—
proved properties.

For instance, within the technical field of enzymes the

washing and/or dishwashing performance of e.g. proteases, 1li-

pases, amylases and cellulases have been improved significantly.



| ar vector nediated by the naturally occurring reconbination 5 nmechani sm of

the rec poWi98#&65%i cr oor gani sm which i ncj ude pro- kar yBEBOKI${0H04, 5
Bacillus and E. coli, and eukaryotes such as Saccharonmyces cerevi si ae.
One nethod for the shuffling of honol ogous DNA sequences has been

described by St dm@ltesraiisie qarErpl #ppecagat ForAgedifydnasgronsgms \and
91, 10747-10751:. Ste , v Q, 389 _.The
met hod cofE& RS s %?W%th%%%;%oﬂé\lagﬁ%kﬁgg %uta%eunee:%lgss’ bggﬁsﬁﬁgﬁaﬁz\%’t (D

PCR t echnigjyes.osBasiini Us Me@odhBBantnd WOgOBES1@e6t ai ni ng shuffl ed DNA
sequences are selected froma DNA i brary based on the inproved ,
function of the®sSxplessed pF@lRergomg sand time, CORSHTE NIHRURSESS O HRERIN

descri ped i . 95/ 2282318l ¢ -
shuffllgng pgfl@ﬁgﬁglg%ou\gg%%%\?or m‘g"ﬁéences.§”'E1?1\1 ﬁ%‘?ﬁ‘%g%? sif;atg%%gr?fnt%%e prop
met hod dessytikead a nfeWw 83422635ive metHoriscl fmw erapidhprepagats oherngfi atedi -

doubl e- st randed pol ynucl eo- ide into random fragnents of a desired

size fol | dicd BPYERBTIIes NGTes PEene $Y98REERRy of the fragnents into

full-length genggper et alA digadvant aggcioher eitid® Hedmidipd 9610 11
95/ 22625 is, however, that the diversity generated through that net hod

islim 564lteddeseriles he msthofd el ngdifyjgege gergsenzes ifasvidef | necomn
WO 95/22625). 25 Anot her .di sadvantage in the t hod WD 95/ 22625

[ es 1A Diriatd g MRS 10 (VLRI (Ferents DtHe OIAaRegeesrs san-
tenpl ate %@ﬁfgggts apfigdmpa! Yauebeotf1d@ked by a DNA fd¥dueeicd edfdsdasy 041~

interest i's WO 95/17413 describing a nmet Hod of gene or DNA shuffling b
r econbi natptar lofhweeti fate D@0 srqtbacés-endoandl laedNfes$eruehesreansod DEy

- either by rec ina- . . tipn of synthesi,zed doubl e-stranded fragpnents or
r econbi nat ]tﬁpao'i‘%uman 1nt%rPeron l%cwﬁer?er__gf‘_ d l?eqﬁ?&?c%%ucfetbe%r%'g%cgrans_
so-cal | ed fdpicdd oitlo &l ef@nts positiVd) s | 6f NG, abol easket ¥ Ohahf® were
design el enents. According to the method described in WO 95/17413 t he

r ecomBbnatidgntichiad and ispdai@d s andegigdainge @agkert-s that have DNA

sequences with uf ficjient,sequ ho enabl ridigzatli f
the dif- fefpeorﬁ%osneq%gnc%%'to giﬁ%)doﬁe%%'%g, nﬁ el%q}%/ f@%i%%eg a

t her ef or e mdtgo®ntat| shuigldhgadiend afismd ed of niaReadiiver sdftogersiat d456
relatively limted, Furthernore the met hod described is tine consum ng,

expensi ve,P¥ind Anori%Qi FeFordineioayt@fmipasidiaddy homologopgssiequenges in
§X|stepce §§cé£§% é@%:ﬁ?f@%&%fggﬁ '%Fé%éférﬁﬁng SQSSga}Bﬁ ngtﬁérevisiae
iterative in vitro reconbination nethods for pre- parlngynove

pol ypept i deittara ahirseaSimdd el dsnitisd sioeh df Bl sedhiEn endsapaiid ea oDNAeEnggment
performed in small v,ollér&e%orgorld amenabl e to 15 autongt] sation.

SUMVARY OFPSHES | RVENT OgOUfh &P ride I \En 3 SIRcBHs briefly
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during in vitro DNA synthesis 1 n order to achieve
usi ng thi svarianeshareuereparsd pogsshiEfibnghdaffiesent nesilkbsida asegoences

expedi - ent nner to sone _extent, even a greater variatiop than in
The above WenbpBibadaes nBRE S8abeRtes biunurlidl SETElnation | ualnd "ales"
very wal | migiedinradxansudtson to automatisation. In a
preferred enbodi nent the technique is used in conbina- tion with an

error-prone pol yherpatenther@bydi 0?3 0t ysabgreen Genencor Int. Inc.) dis-

closes a method for producing hybrid polypeptides by in vivo re-
combination. Hybrid DNA sequences are produced by forming a cir-
cular vector comprising a replication sequence, a first DNA se-
30 quence encoding the amino-terminal portion of the hybrid poly-

peptide, a second DNA sequence encoding the carboxy-terminal por-



greater variation in the library created. More specifically the-
present invention relates to a nethod 30 for the construction of a

library of nbi ned honol ogous pol ynucl eoti des from a nunber of
di f ferent g’Pagrsﬁiq%a single or 46 doubl e stRCHBEFMent al-
DNA tenpl ates and primers by induced tenplate shifts during an in

vitro pol ynucl eoti de synt hes usin , a_pol yner , Whereby A

ext ended PrqthePs &AL O|}'W‘RHC£OP? %Eg%?%d%ynFE€S|c£&f"§fr 5veCt°¥ gp trans-
denat uri ngr RAUEN Mo dOURlE é&i@ﬂ@'@dmlwéorbﬁﬁﬁlgﬁt &% #%Rich the circular
produce single stranded te ates B) annealing said prinmers to

t he si ngl\eecsﬁqmdcﬂaoaw& . This resulys dinessecombinatiqy) afit i nef B
primers ni_tiating y .yse ol

) cause S otede raSiTRERR TRy Y Sacbiarly qeclPhingl ¥R Ggtion

strand t on&satiaine dhetnst em:eobosltlve micPsorgasismpnmvhiieht emallaides, pro-
B. a tenplate shift is induced_by 15 a) I solating the newy
synt hesi ZERF¥I4RA eSBFFar?(fedB%ﬁ{-éH&‘édand E. colipiamnst Se‘FkW?FI%St StPatds

and repeagin (%]%s}&?%é% Deidrisize. A.e) using said extended priners

produced 1 n prinmers and tenpl ates, or b)
repeati ng st epOne bnethod. &€or 2the Cshuflié¢ingows phomessgosst ENA naeguendesr

o B by gl et "Atcr iveq e o a1, Brodtigt ! 1ada.
prodyeed $o] ynugheotyses ang amphafieghzsn: astemmer, 51994 d NBEBregacydpN

with specific prinmers to selectively 25 anpl |1!y honol ogous
pol ynucl ed10dedB8®f BRALereThe method concepnspehivfifd idghdh gousmrbPNysse-

nodi fications can. be nade cess, of the inyventi.Qn. For anpl e
T o eV GERuEY” I i e R | CTpBIgHER ac PBIHAE apeCoRETREnS
error-progen®d| yoRtasRing shafifNeHOMIRE JBthAlids afe Cgefmébtéan firont he DNA
tenpl ates, or a po- WO 98/ 41653

| ymer ase lhlarawma%ﬁcéwmthmelmmw yinstden ¢ $he wrﬁﬁe@ proteins.
mat ur to eff t r ct| her

nodi f]sc;t I ons V\A,Fli?% Q)eo scrﬁ%hggb JP =0 8escrf‘beg fhrﬁthllédr gssygggteztsh

i nventi on9kgP2625 i:elateet hedaOfne!Ehbderfblrf Whitgf fldingPess | leermo Badibns t DAY se-
i nproved properties in com g ri son to naturally occurring oIrTéEthides

of the safBeBF®RctRy-imporfagt ?l‘b?‘élﬂ‘?do@%%b%‘iinéﬁ %635
| | _ -
P oropti até veocleavd! %féce‘g?‘@?weibp“ Uy PRE ISR £- SLERRGed "hBL Pftuclpo

host systeinle into random fragments of a desired size followed by homolo-

20 gously reassembling of the fragments into full-length genes.

A disadvantage inherent to the method of WO 95/22625 is,
however, that the diversity generated through that method is lim-
ited due to the use of homologous gene sequences (as defined in
WO 95/22625).

25 Another disadvantage in the method of WO 95/22625 lies in
the production of the random fragments by the cleavage of the
template double-stranded polynucleotide.

A further reference of interest is WO 95/17413 describing a
method of gene or DNA shuffling by recombination of specific DNA

30 sequences - so-called design elements (DE) - either by recombina-

tion of synthesized double-stranded fragments or recombination of



10 to be expressed into the corresponding pol ypeptides and dis- s)l ayed,

sai d pol yp¥pobdEs3are then screened in & suitable assay, PCHPEY3494 i ve
results sel ected. In a still further aspect the invention relates
to a met hod for producing a polypeptide of interest as identified in

t he pre-PCB g@meﬂrgtpdo@@mlenmém/ @rm@rsgm@llgqlnéuacsépyﬁ&cleé@mea’és
- ' h i
et 1+ SPA SN EE! A9hsks SETTRECUIR, 404007, BHehBRSS "oRlcorAry

recover edoanthePhidtHard. descrlbed in Wo FM3yall413 ithd urtbembinhaalionspast o
the invention 20 relates to a reconbi ned/shuffled protein, which is

obt ai nabbe performedy amonhedepigndslamentai idpato havee | H%ntsm#ené;ﬁé \mtéh
nbi ned/ shuf f1 ed ,pr ot
her o (FPEESERPRE) sedtence! Miied) SUPLASHTY bOBFI8TYEPEER, Sestrh

term 25 'rghbainaBh@endeBotesbehabcsmbingaot ein is preferabl e obtained by
a method according to the invention. However a prior art known

r ecombi nat i on/ ¥RufI3/ Htf k2 chRPEEECSBC LSO ¢ ﬁ6§élé§s&h%e§1§ﬁdwtage that
95/ 22625 5 1413 S t n n
wth a m’é?‘ﬁo%) ccéogr:L ggﬁ)étr Ege#n\e/lgsnt ?g%aﬁ#%ggpderﬁ@?%’ 0 %1 glt Heggllggb e
recombi ne@tpioat @!el?pcrlbed is tifecaotiswgling,§ exidetisifvienalarabpestt safitidee for

i nvention are; WO 98/ 41653 8

a rel:%nb@h‘é@ﬂ@ﬁ&ﬁﬁ[téé’npr otease obtainable by any of the met hods _
according 1o ! iRJpIventhan e dil SAIPLSIIL ASROHULIS chedRAUANGR NN
at least contain two different partlal sequences m at | east two

di f f er entnesid cfdryrhfetmmt dadeowtive in vitra nmﬁimnmﬂ@huﬁéﬂmws Ifqaasgere—

obt ai nabl e met hods acc to t e i.nv a
conpri si P@r&%c%?%?%eﬁolypegédﬁgn VATIGN T a féag‘\ ?V\gé aﬁ'fsgrg?ﬁ
partial wdgdeos beaquege@%omed in s?aa’lqco{)@lﬁ‘ﬁéésmgrfd edmBagudenngs
| i pases obfalnable by any 1 of the nmethods according to the invention,
and lBonpnitsimag isation.reconbi ned sequence, which at |east contain two
different partial sequences from at least two of the different

w | d-type Pseudononas | i pases; a reconbi ned/ shuffl ed xyl anase
obt ai nablw%mbm&mqumhods according to the invention, and

conpri siNg a reconbl ned sequence, which at |east contain two different
partial sequendd$® PreseRn AnVPBREIONt \GONHSIS e‘?\lﬁl%\ﬂ)d thge ubyilldizaddon of
a reconbi f eltu t a o]

accordi ngt{‘é.“‘g{]ts‘:ﬁcleéf |Anr\?}(e%ni§|%¢l éaﬁgwgg g&pgphglggge% t’%%éio dy squJ;n%Z vi T h
at | gast pNmt aynthesisi ﬁheroameqoami abhieqaernms shufflnmg at Bb/easstlng/vothls
different w ld-type cellul ase; a reconbi ned/ shuffled anylas

obt ai nabl €CHRAAUYT ofS RIS iB1e e HR L e PR Ehel B R SRPF B nSXRy
conpri si Ngh@ LS8R NSy to TRAENGH e SHeRt ol %@%Bt%?ntvadﬂatt%r{j'{ﬁﬁ{ eqy

partial sequences 25 from at Ieast two dif erent w | d-type anyl ases
a r econbitrrexl/alioid Imeht ilonechsrethgistsai nabl e by any of t he met hods

according to t |nve fi ris a,rec nblned sgquen ich
at | east contai gli’?gef’g q.b n’?‘é?n{é:b‘g{ﬁeﬁfesa SO Yiom &F ﬁeasslflcﬁ%v@or
di ffgsentadgﬂtgjrdrypg; Iaammsa’ig_on a reconbi ned/ shuffl ed phytase

obt ai nable by any of
In a preferred embodiment the technique is used in combina-

tion with an error-prone polymerase thereby introducing an even
greater variation in the library created.

More specifically the present invention relates to a method

30 for the construction of a 1library of recombined hoﬁologous

polynucleotides from a number of different starting single or



met hods according to the invention, and conprising a reconbi ned 9
sequence, which at |least contain two different partial sequences from
at least t '{{erent wi | d-type phyt ases. 5 DEFI NI TI ONS Pri or
to discuss&ﬁﬁ f¥ invention in further getail, the f ol PEWDKESSAU 45 .
will first be defined. "Shuffling": The term "shuffling" neans
reconbinﬁéion of nucl eoti de sequence fragnent(s) between two or nore

horol 0gou@CHRLe pSTFAREPEotRYRRN YRS uPNANFenP Rl rut 28l yRrikmeet | dys {ndeced |
POl ynu- _ vem1 204 | dopcd@vhilos heeth SHDI PELAY $OL nabidddi 4 gﬁgéﬁésng%ggn&

nunber of nucl eotide fragnments” exchanged, conparison to
pol ynucl eatpelegndiase, stheenebnyg poi nt honol ogous pol ynucl eo- tides). 15

" Honol ogy,, of sequences or pol ynucl eotides". I n the pres- | ent cont ext
the degr €@’ of %%‘&fﬁmﬁm%éﬂ? YO é‘&ﬁ’idr?é‘d are ngt?‘ﬁél&@&r ¥ of

i dentisty bet weed 'Qensaqumnre alrRdlitaat i Bgus1 derdt4inded DN REmbRSLELT St
sequence fromthe second. e%)hom)l ogy mal; sui tnabefy be det eIrnE'i ned by ©
means of conput erPir@rgarslidiavstinandes 2@mpdatessuch as GAP provided in

h . . | f b ' [
Version b, Augitl OBt P8 brine YEONS o BHfple srRRaReH IR e

Madi son, W sconsipilatésh 53711) (Needl eman, S.B. and Winsch, CD.,
(1970), Journal of M- . lecular Biol o% 48, 443-453). 25
"Homol ogous”: Thee¥@RAINDH IR sy Ristmers iy tinttioatdng mymthesis doy ansedof

nucl gigc acid sequence ﬁ%ﬂ%ﬂéed' ze to a conpl enentary si ngl e- stranded
: e degr

nucl ei ¢ aci d sequence €e of hybridiza- tion nmay depend on a
number of factodps ¢cawseidimpdthefmhetsyafthesis,demid ty between the
sequences and thed? bridi zation conditions 30 such as tenperature and salt
concentration &% g atBf doully getyamdajto separate thg extended

Using the comput g5, 3O %Bcﬁﬁ'?:}fé’it%?npsl‘é‘lreas) with the fol- I owi ng
settings for DNA sequence conparison: GAP Creation penalty of 5.0 and
GAP ext enBi on petremplatd ghiXt iits iisiducedhédypr esent cont ext believed

t hat .ttwo DNA seguences will he able to hyhridjize 5 (usjng | ow stringenc
hybr i zat i on c%)ndﬁ?%;%slré% tgbef irh%"gi%e?%q‘esuﬁq % W%?@e%xﬁ‘ﬁrﬂgﬁd
degree of identityrpnefer abbm Qﬁleattemplé%taza%rerﬂyaecip{qif gtably il east

80% and even nore preferably | at | east 85% eterol ogous": If
two or nore DNA Secdtlenéekngnéadd| gxesnded pribersapgeducedofini dévtiasy likch

is less than abovlgrm fair?dj’ﬁ_eb/rrgala &Y e in the present context said to
" r

be "heterol ogous™. idizdtion:" Sui t abl e experi ment al
condi tions f or) repeltiorgristieps iA.d)wroorA.rr,e DNA sequences of interest

do hXRgldé?e the above process is terminated after an appropriate number
of cycles of process steps A. and B.a), A. and B.b), or com-

binations thereof, and
D. optionally the produced polynucleotides are amplified in a
standard PCR reaction with specific primers to selectively

25 amplify homologous polynucleotides of interest.

In specific embodiments various modifications can be made
in the process of the invention. For example it is advantageous
to apply a defective polymerase either an error-prone polymerase

30 to introduce mutations in comparison to the templates, or a po-



or not is herein defined as hybridization at |ow stringency as 15

descri bed WO W8LEB| bel ow. Mol gecul es to whi ch t hePETPES80PL0t i de
probe hybridi zes under these conditions are detect ed using a x-ray film
or a phos- phoi mager . “primer": The term"priner" used herein

especi al | Jymerass-that Hééﬂl@ﬁSﬁpmﬁl@“ﬁGRhﬁ%RﬁlYﬁH¢%ﬁQﬁ#@#|Qbﬁﬁb¢§b$|Eée'
(especi al I%th rely %gcgff)éé drertég}:edofr'{__q]ecolqﬁs%éﬂct ed accordl ng to :

gener al speci |ca i"ons” kKnowh "PCR A practi cal

appr oach” | Rhr &6 mod 188daYions will be désuﬁﬂﬁﬁdchérﬁwead to a
sequence:" The term"a primer di- 25 rected to a sequence"” neans that the

prinmer (preferbbl ¢ dyniher aspestihhg AoNendden offlake®ohSt Audrehed of
hi bi t f
ragment HeFEPLyHRY° po1yBEBEIAcE BB PEbLYeg P P A TIHN I, con-

identity pgriden to ﬁ&ﬂuearbyfoegntﬁin@fponypepsidemhoﬁhtheldamenb&bactlv-
consequently is 30 "directed to". The priner is desjgned to specifical

anneal atity, Wﬁ§r§8§uéhcel?F%ﬁﬁeﬁ? &@QQﬂﬁ%ﬂ?qth?@oﬁ?g%%?eHOQSW&F&§°§ﬂd§S
gi ven e t p e ya @t -
t he prlne?rOducg& R s%%%igPséé ﬁfSce§§"§F E?%BégT ét%e?§1gppgﬁéfﬁgegug%8
herein |ntcnnneaidomectormmshtDNA SEqueﬁoemedomptosadshmtabwethsagmgBtem,

nmeans the outer- 5 nost parti al ences of t PCR- f both |n the
5 and 5 58 LaxoTBRseRo befd  itrenor e sponding: gl BT ied Pyl 85,
am no aC'Hﬁa?Qﬁﬁtbﬁﬁé b@ﬁ?bé@ﬂldes beea&ﬁeﬂﬁéefE%néﬁwaﬁegueuieaeiea%eeay,
aci ds determ nes ol ded conformation that the pol ypepti de assunes,

and this andlgostutﬁe deselws neelediedogi cal properties and activity.
Sone pol ypepti des, consi.st. . Qf a_sin eptide_chain nnnoneric
whereas orhor Phc8 3rFon- rikoBes asbagtochE, {RBLLTEpcARrLEE 18" ieknoa
(multimerggy. pebauemﬂgnESpam?paptiaedbgslﬁtereetyaepaadaelfled in the pre-
"Enzyme" A protein capabl cataly5|ng chemi cal reac- 15 tions.
Spemhﬁc:sggesgopreﬁgﬁﬁesweer YnentVeHer f@UREEHIE a Podipugdestide en-
prOteasesc08$ﬁ8°%§9&aé EbE%&SS1sC€E5HE§§§§ed°§hto 2 sﬁ%&%ﬂﬂ%t%%%% said
Pe Ion o the

est erases Imtéerest Tnre resent
|nvent|onhase Gﬂiy@BSWMSEdIekpkﬁﬁygemid,ps&ybepside, pnnieahes;xﬂwp@@eade
cel | ul ases, | a es, é DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The preseﬁ?cPﬂ ERt BﬂdrBPﬁ% $efn its first aspect to a met hod for the
construction of a |'bF§ﬁ¥19§ reEH”bEHEGhQEWUEQHQMS 35 eBeky N4gleotiind@s thbam
a nunber of different startlng single or Franded parental DNA

t enpl2Q esrehdtpsi for & byedowigetl/s uﬁﬁ&qﬂenmp&ﬂmﬁaSWMmmthSanbmnlnab&e by

polynucleotld ynt hesi i_n ol se,. Were extended
primers of™ Pﬂoﬁﬁ] Q?%O{W%Qg re %‘iﬁﬁcﬁé& e301nvent1a;13 d@ﬂét Jm]r%]
parent al gedbhBisbaABHAEf DAA oY e tc',‘@)mprlslng the Proskiieen Sé 19l sclosed

stranded tenpl ates,
herein (vide infra).

In those final aspects of the invention, the term
25 ‘“obtainable” denotes that said protein is preferable obtained by
a method according to the invention. However a prior art known
recombination/shuffling technique such as those described in WO
95/22625 or WO 95/17413 may be used too, either alone or in
combination with a method according to the invention, in order to

30 obtain said recombined protein.

Accordingly, further final aspect of the invention are;



12 b) annealing said prinmers to the single stranded DNA tem

pl at es, c) extending said prinmers by initiating synthesis by use
of wo 98/a185x] pol ynerase, 5 d) cause arrest of bBemRARLASS! S
and e) denaturing the double sBrand to separate the extended
primers fromthe tenpl ates, B. -a tenplate shift is induced by

a) isolating the jeuhiseal/Resirzedqsi fobeesid anped i95baRdedy1qny of the
prinmers fromthe tenplates and repeating steps A b) to A e&
usi ng sarethadndedopdingr fopridirickuivent (oY), asndocomprising a pecombinedd

tenpl ate [ . . b) _repeatin teps ,A.b) . to A e C.. the above
process ;g%q‘t?%ﬁ’?ﬁ’nawéﬁc}éf %Erﬁgﬁsgpé’% ta'rlgt é:wr?urfﬁeff%rkﬂ paJ?)t'fl%Jqus%gu%zpces
process st@RSat. 1&gk Bvd) .d i fetthtByA)ld-@ypeOWroteases; Dbinations thereof,
and D. optionally the produced pol ynucl eotides are anplified in a

standard PCR r eactiesiomiimedy|sdeififiledpr Lapaset cokatnabhlel py any ofanphéfy

honol ogo n ides_ of j.nterest.. 20 Accqrding to the,
i nvent i oﬁé¥@§é%o#§%§?§%g8n§§ t}!eh%a PSR- anﬁNﬁoﬁ‘S’lrﬁﬁéPé?sea_,g E%%E&f’?'r&ed
pol ymer aseguéncde weiéhoaedlaaetseohtasn twoDNA fXE ey asestid Kewiftd-type
pol ymerase, T7 polynerase , E. coli DNA pol ymerase | or the Kl enow

f ragnment SAUEREEHol ynerase |, or ther- 25 nostable pol ynerases such as

Taq, Anplitaq, .V -y t he advant age f.t i nvention
is that it nakaesﬁlg%o * %%é%lll%ﬁfelef% }%g(;eﬁ‘ﬁ)% Or{%seaflé%agﬁ%sgocfb€$]en%%[ee%¥ ot of
the Iifr i nef s tilre methbdsr emctooding accotHeni Ei¥e®ivieS . and compridihg can

be acconplished by various neans such as choice of 30 polynerase, the
physi cal I%WH&# CIRARRIMM 1 i WYhCh At nkpadle eentain two different partiml of

the pol yg@%ﬁég?eﬁ grofit atte.rrpf%égé.f:" € twBuf foel]!t BRL! (iﬁrfﬁenraetnt Ce&‘%%@-t-{}%‘e

and addi ti vari ous chem ca I'S " known varl
pol ynmer aBesudeamnonaoultigdmedNA syn- thesis at different rates

(nucl eoti des i ncorporated pr ond). 5 For exanple has the Kl enow
fragnent of DNA ﬁ(ﬁcﬁﬁgﬂ&?éi/ﬁh&%ﬁﬁat gty lanasey bt eisablst eP¥orditt e@Lt othee

g. tie Tﬁ&t@@éynﬁéééﬁdil%mbo%eetinv%t?fé%n,w%%' Cf’ﬂ‘gré\?éﬁ’ggo‘i YPE @ﬁt?g?@éiso

display differences in processivity, I's e nunber
nucl eot i gleguemear ponbcldabeflenstt konpeinl @wd ydieffasrerdi Ssarct vd B sséqoentde

t enpl at efext end riner; inthe .. Kl enow polynerase is an exanpl e of
a pol yrre#lé%r& %teﬁe%%rr&a% (ﬁ%%ed%e%]\ﬂ'ttﬂ’_e Xylanasege choice of

pol ynerase is 4 heegbfib@nal/sAREEL1AA! AR AR obt&PRAKLL! 30 LhE Jrerage
extension of the primers. 15 These conditions nay al s0 exert an

i nf | uencBeBrdheasrapfing toj thheofinvrntiyneande compeising by vacatbjpoedt
T Onsedisndd, e PSR Ees AR Ha RIS oy Y BBl o
shuf fli nfremcat leaatt agenesifferdht wild-typespeailbilasesyodi ments various
nodi fi cati ons can be made
a recombined/shuffled amylase obtainable by any of the
methods according to the invention, and comprising a recombined
sequence, which at least contain two different partial sequences
25 from at least two different wild-type amylases
a recombined/shuffled laccase obtainable by any of the
methods according to the invention, and comprising a recombined
sequence, which at least contain two different partial sequences
from at least two different wild-type laccases;
30 a recombined/shuffled phytase obtainable by any .of the

methods according to the invention, and comprising a recombined



in the process of the invention. For exanple it is advantageous to
apply a deMs9¥/416530l ynerase either an egror-prone pol ymer a®6T/DK98{0g104
i ntroduce nmutations in conparison to the tenplates, or a po- | ymer ase
that will discontinue the polynucleotide synthesis pre- 25 maturely to
ef fect thsequemsé, ofhibke ntadweiast. cSudiain dofecdifferent pphyhbaisesquraces

could be pentioned is Kl enp ol yer havi n | ow processivity.
In anot het *¥Ru3dMi t gtqu ng}(v%%%#q o"ﬁla][sfg'ﬁyr%er ﬁy%ﬁﬁs be added after

each cycle, if the polynerase used is not therno- 30 stable. WO
98/ 41653 14 According to the invention the
starting single or double stranded parental tenplates nay be different

in that theEy_ g?ﬁ&ag different point nutations in the same native

pol ynul gene), or they can be honol ogous pol ynucl eoti des
(genes) i so- 5P£%§dtBer§@is‘5iQx_lghV\ﬂh£§‘ TAYeREigAPliN i Ag-the PCRet i1} heXe
can be conbi nati ons thereof. e tenpl ates used in the process of the

i nvent i onfat toniéngbyetosovbhbubissoweadefinetbntity at the DNA | evel of
e.g. nore than % % B5%,,80% 75%, £0%_-.65%, 60% 55%, or_.even
nore than 50%i‘3 kﬁ‘t’f‘?@??"iO‘ The %?anaf}}ileff&d\f%ta %Hg e gpination ot
pre-sel echgd1 £6FPHAt @ cfiRiice frRfmehHls Mbatvess Wwd ioFPreves ploaRatgors
of interest. The pres- ent reconbination nmethod of the invention wll

t hen lecopblypucleotidesi rpevlbdnguiat PoRBUEoPOdYPYE4aEREdeEr ddnieng PRdynu-
even further .. . [Lnpr I n ertje [ st . Sai.d
ot o sel ect SOF LHBP aed 11 rDoerhy stBgeBt e el of ShurihG®ioygR) havipdls
been i denhiihbed f shadlestige ofedgmestisn ddharded, inorgumisimigaon gtoi khe
error-prone PCR of tenplates of interest fol- i Io%d S(y gul)

screeni ngiBBRECPPANNHELEPEARRSt dd - Rir t REPAHABIBOINT OREPA0EOMSs ROl vgjucleo-
i nterest. tIQgstt agenesi s frequency (low or 20 high nutagenesis frequency)
of the error-prone PCR step is pref- erably adjusted in relation to the
subselfuent scr e®Hpmglogpacift PNA seqguepcepf orhpodynachenyideasicilny the pres-

limted the_error-prone P fr cy is preferab | ow (1. €. one to
two. mut at FBhe COREEREn the dusrsends W eulebi€oRIB0 dav( o Rt eriineps
25 thBedagiest o@f ideatpekymetasen’ ews! isequienceiseAnAidatiRy &S deriva-
i ndi cat ed above be obtained in different ways, such as by raising .. the
t enper at uE&oNoroRdEinfy ShERt f SeIMEeAgent Sras dbscrIeendn Whe homglagy)gay

When rai si t rt,hi r R@S [ re- ed .t
ine" coperlishRiy SEPReteiftntl o el REoEpmblicts: Riorgdh i tne
Wien 261 ngrehemuwsl age@®@AP DhvEOrided posstloe | GCE. phmyrem | packagat e Program
procedures are_nentioned in e.qg., WO 95/17413,. The process of the

i nvent i onMasBaladRgalthey Vb‘fsqwlﬁl’i?ﬁ]&age' YorsHer ¢ é_rrpf\&ﬂé@ti ,;.939[4ep.%n@_t—

;Eym;fecg%‘éteﬁor&pd(}f’cy%ﬂg g%{_lﬁg B SsPfehARIBM; 96, SRR {4, MR2BLEBHsShT N&isa
53711) (Needleman, S.B. and Wunsch, C.D., (1970), Journal of Mo-
lecular Biology, 48, 443-453).

25 “Homologous”: The term "homologous” means that one single-
stranded nucleic acid sequence may hybridize to a complementary
single-stranded nucleic acid sequence. The degree of hybridiza-
tion may depend on a number of factors including the amount of
identity between the sequences and the hybridization conditions

30 such as temperature and salt concentration as discussed later

(vide infra).



tide or at a specific position depending on the nature of the prinmer. -

Al so, the prinmers to be used nay be conpletely randomprim ers
(NNNNNNNNNEQ]% aning a mxture of the four bases (A T,_.1 is
used at a ?’élgﬁﬂzr position in the pril®er during syn- PCF%&?%Q?‘%

sem -random prinmers, or specific priners. If the extended priners

produced are tQ be separated from t he pmers during the process it .is
conveni ent to §§én9a§'2’1eeoc°mpuqeeﬁ“r1ﬁ’%?%§a_’? ne_%#ggl”lf% p?‘@%a_de %kP ngﬁ% R4ns
for sepanalifg, sdtt3ngBr ¢ber bRA gﬁﬁKéhcbscBhPEkﬂsgh:dGﬁ?Xb&%Btﬂpn penalty

According to fthe invention the nunber of cycles necessary =~ wll be leSs
t han 500p0fi rb.fbsandabd® |estensiam 208nakiy obr fald,y it ibsesis t hhe po@sent

cycl es. n_an .eapodi pent t he invention.the abgve_in . vitrq.
Shut 20 CopEey PELAGHBRnERSH EROADERLSBAHERESPn "Sidon8naPRE: 75 BYOeeHass
such as thasagdasss |84 ddendy THAZIzation conditibrid Saseaafdnagpeeildue
invention relates to a nethod of i dentifying pol ypeptides exhibiting

i mpr oved iffr dgey i metwaltynexhibipar sdggrer naf uddeny isycwprefriramly pept iades

of the sane bi tiv- 25 it ereby.a_libracy of reconbined ho Q S
pol ynucl gﬁﬁs%eg%%' "\S’FSdBE&é%E?mHea b&F8Shr 8@é$sa5‘9eeé'le8ng}?rientp5%§ﬁ1%%liy
appropri gite 148t gs5¢.tor, said vector is then transforned into a suitable

host system to be expressed into the correspondi ng pol ypeptides, said
pol ypept i des ar'detesplogpusfied Iifn tWaubraposeaddy  semiepers t mpsuadly ex-

pol ypgptides, sel e d. . .16 . : I enbodinment_ it .i
contg Ig’tlgdtt haatgéﬁﬁe%ofb§pelﬁqn&:tal§cy Wh%?hiﬁFerltaess% :ﬂ?:%r(ltlegg8§/’rgths St déd
library aheyexpeespedhaspeesentSdbhabke 58580080 pPbet Chététologessa. hybrid
with glll of bac- ~ teriphage ML3/fd) in order to display said reconbined
pol ypeptide 5 oRYPRadigALtaeB:of phibkealore baswpeiramental  copgiiensd for
aspect t i N Jreel.at e rrg)tﬂgo for |:rr%g )ﬁ\(}ﬁﬂl-i of
i nt erest %&#ﬁgﬁ%#}%?égeitﬁtot %gt E)hrogge - & r?élcgrso?efgg?ﬁ ersgcbeﬂa ectlé{rieZe
conpri si Ry angol yaudlesetindedesniot as hiybgisdzdtpohypeptlae ssrtingester red
into sujtable host, said.1 ost is grown to express said polypeptide,
and flﬁe é&iﬁf@%’ﬁddén detraé&ogéti@ﬂ'and purified. . The use of partial
random (sem - r apgNBe19lesCOPP! Gibilch T8l olidiMididIRIde (%msﬁer Gy i DaRRS
in a selected nunber or all posi- tionsn the primer) as inrtiation
poi nt f orundes Dtk sey mdnekitd ohs prrevidéd ecdedaius ingvel xposy Hillint ices & @hashe
conbi ned yse of shuf- fling and random nut agenesi s. It is
often as® lﬂa&frwith difficulties to obtain an in vitro reconbi nation
of pol ynucl eot ivgas refiat: dined| e b gt iN&Y used! hBkbefl BepRlcady1yByrt hevrsse
of an enbodi nent of the invention 20 even ver{'dl verse pol ynucl eoti des can
be f8Pcedaddicscortitnea PCR reactiesoridt ngnt eliganuekboetigent(esgpecdaddyt o
t enpl at es.dQy_ ” ; [ ye e . appl.ie naQ _
synt hesi s E(gg p&%eﬁe )o%%p%‘e&fnu%}ae/o%?rgse{%ggﬁl{%e%é%%gé@gdItgn%oen%r%%&negltegn

strand (idaxd specifiitertildiss Saaed oin t e aakt - SEPER At At cdld dgyeroach”
synthesis_of 25 the other polynucleotide is based the opposite strand.
This can B d&&spl {49948y i sol ating the conpl enentary strands from

the two tenpl ates, ek by; hevi &g EBeée_sﬁd\@?\%:l”a"I{}he r&fhed b%:zkiin@ri lrli/i-

Synthesis of DNA i's initiated by annealing er- er specifti part
rand@m orrestigd etel v reegeengeT nBesnso 3@t heke tperipleat ebprefesablingta be

SUitable\Psoelcyn}?rqage'PCLhirSeaCce}:nio%e) is constructed to exhibit at least 80%
degree of sequence identity to the sequence fragment of interest,
more preferably at least 90% degree of sequence identity to the
sequence fragment of interest, which said primer consequently is

30 “directed to”. The primer is designed to specifically anneal at

the sequence fragment or region it is directed towards at a given



per f or med £r separate reactions for the different te
pl ates or ?ﬁbfdﬂép one reaction. Synthesi3lshoul d preferabl yg}ﬁgmmwﬁgﬁ”?orned
under. conditions that favor production of relatively short new
fragrrents These fragnents can,subseguenpt | At ed
t enpl at es ‘Ef%%%’aa%‘r‘rr?hgﬁﬁf’?f’ﬁ?gyl éggﬁ!.élg\yP et& % n®fg §f{:a¢)’}‘? e%rbrﬂ?roﬁs
t hese fraggeaisiand as the starting materi al originates fromtwo
different strands, the newly synthesi zed fragnents nust reconbine in
order to pr oduc®Fiankinghgt Fhecrrerm DB banking” blsl%idnd’QﬁelﬂbrélédconneCtlon
reconbin 0 odi £ r
ext en- a‘}, ?lgnD p ms gélen't?g%ap%ﬁpertdl ﬂ?ageous frrlg E lgﬁcéur?é_r
conbi f5atlxﬁd3lst ep@@ti@ilseqxﬁem@@é swftmerrpd:mﬁsa@menuseldomrmhehe 5'twad 3°
st rands. The | ength of the prinmer and the annealing tenperature
utilized ¢RA$ h@fp?%%e%%Rdgf%gmﬁm%s if randompriners will anneal 15 and the
nunber of m smak he r
accommodat ed. Byﬁ?/gfglgé{y?%g tgr%?%n% Iengfh%gﬁ' tot haegiageasr?rllneeﬁl% 28felfed
tenperatute tde pPtdwdmd. t The nseqnennepr@fn daamrao acmnsieft@rnﬁMSevthg
random nut agen&si S thin a cerfain nucl [ wi ndow representjng,

ge hé:%’\r%

the | engt B et ig FRehod st E@lYH@pFﬁgéntqsbﬁPW% eBRprihd fedn
substgnt i en qar e 59 th A0 t ne ach
espec?j;l Ighfﬁe hlégﬁégﬁo - B o %?3%0 rs({ever alrgéggsgﬂgubssdt% uti olﬂ glsng
to each opbbypeptb.des con;smsrtarqi saqaéngée @od.ypepd ke ciﬁamccbmphemelryc),
random 20' ge zéture of all, four nuc tides in aIJB éo positi ons)
will ac- YBSE6RA ngolt SCheoFPTIISE gi VY ee‘iﬁ?'erl RITAFI206%4i t | BReYGPPEiges
cer- Rﬁhﬂtiﬂé%@@ﬂm ®1hi th@fu@@aﬁhkﬂ' taY'ltleJrOdh.%\él '&Q:eswrﬁe;h?l Sfesubsti -
tutions close to each other. Error prone PCR™(=high nutagenesis
frequency PCR) UBezymef A pppteide cdpabhesitbi ¢atquEm9r @remiecHCRreac-

provi{ ery low 30 o] |I|t for _having no g one base
substldfutli‘)éns pnecolnfelé 9%850 cSBFX&‘eFo%Oon arﬁ‘eﬁb e grg such as
tranS|atedmp@h&@@ptlpkbteases, carbdﬁ&drases, lﬁ?ﬂ@ésﬂﬂﬂdéﬂﬂﬁiases, oxi-
substitution of only one base within a codon oesn rovi de total
random nufageAEstasear RITiIIFGDvetfCas OFf sw#wmmﬁeec&s@um rgdpsdon
acid substjt b d _hy sups t

| evel (e.g tb F/iélt %ﬁlg%gteﬁcgﬁkgl%% a% 'Ie@cﬁgbgnq?%%%l#gs&%%r eégﬁggé QNAh as
substi t ut pmntéasbecoEr&phbesTGEeQaulasesTG@nmmsenw .ng Cysteine).

I n one enbodi nent of the invention the process is therefore per f or med
by us?%g random or sem -random priners having a |length of from6 to 200
bp, preferably from 10 to 70 bp, and better from 10 15 to 40 bp.

One of the advantages in the nethod of the invention is the r obust ness.
I n sone eDROUALLEDt BESORIPDIOK aOF PHESENCENDION ul | | ength tenplate

provides a further advantage  avol ding PCR con- tam nati on probl ens.
Furthernore it enLFbIH‘-‘E’reé’s}'g FABERFASD wFedptes in its first aspect to a

method for the construction of a library of recombined homologous

25 polynucleotides from a number of different starting single or
double stranded parental DNA templates and primers by induced
template shifts during an in vitro polynucleotide synthesis using
a polymerase, whereby
A. extended primers or polynucleotides are synthesized by

30 a) denaturing a parental double stranded DNA tempiate to

produce single stranded templates,




15 |less hands on, than other described nethods, thereby providing
excel l ent possibilities for automation. PCR- pri ners: The
PCR pri ner nstructed according to the standard 20 Pds in
the art. rnalP%gthey are 10-75 base-pdiZrs (bp) Ionqﬁﬁi%$£%%r for °
t he specific enbodi nent using random or sem - randonrprrners the length
may be substantia i t ahq r t S:
| f not otherw 5sDe hé}ﬁ??gﬁg tszr%lzL({P%llrmeearcst|tg(’?11 F)feireforrrg&e géraﬁ%rg?ﬁgltggl
the invention arelpeekprnmed according to standard pro- tocol s known in
the art. The term "I sqlati,on of  PCR fra gnent" nt ended to <Cayer
30 as broad a§)sFﬁﬁF9déHgaFF& oPr&HﬁFﬁrhVnénﬁﬁé ﬁéﬁgfﬁaaﬁbﬁﬁls

19 ever pkgfgrabhymbkasBCR fragment is isolated to an extend which
remove surplus of priners, nucl eot i des tenpl ates etc. In an
enbodbnment of ﬁhecansenam@aSthefDNAefsmghbﬁsis) and |s(are) prepared under

condi tions resultrn .o e |u i andom_mut.a

frequency. %‘?8‘16&{1% \rlrsérf Seﬁse é%p E uer?(?frtahteg seed{l}eer?ge(js)
(conprising the PM¥Amkfragiesd( She ﬁampmgtagepared by a standard PCR
anplification nethod (US 4, 683,202 or Saiki et al., (1988), Sci ence
239, 487B. 49@)te@pla e shifgedsuinencadghynut agenesi s frequency may be
obt ai ned by rf I P C

i ncrease ?ﬁ é’ﬁﬁ?&?‘%oﬁtgt%. O%ﬁ&%&r{tﬁ%%ﬁ&egl lép_ql%r |eng"{£gr?2{eﬁara: \clgyseg’ﬁebed

by 10 Deshl er (p:ka%)c,s Giddh AL, t]siﬁ@:lh&@,s Lm0 repeaking( 1988)s Aebh- to
nique, Vol. 1, No. 1, 11-15. 15 is also contenpl ated according to
the invention toAb§ﬁ}US1HQM§R94rﬁ#?ﬂﬁ@%ﬁwﬂF¥WQ%§|E#P??c%d aBcdPdi B§ dth

t hi s enbodi nent ﬁﬁ% m@ggeg% nmyt.ation) with a mutagenesis step
e physrca

using a suit- or chém'cal nut ageni zi ng agent, e.g., one
whi ch i n- d)cespeadrisiat isteps Ar.bisver Bil.ehg, inversions, scranbling,
dele- 20 _tio a d/or insertions i ng the reconhrnant

brotei n fGom &Hie AR PETReSht 3| arminabEl SRERE® ah SppTCB AR} CumAR o
the feconmbi nanyr Rfyi‘h%‘é“ oef”%@%ééé\’ stt@%sS'AUf 2P B.f ')‘30I BeGRNGE U or com-
accordance with the second and third aspect of the present invention
may be perf or fechahianse thfersiodndand expr es- si on vectors and

gg[;gfﬁgﬁ?lngé% fgﬁilfyléﬂgtgrodﬁgggﬂponnucleotlges are amp lgfnlngnagp

standard PCR reaction with specific primers to selectively
amplify homologous polynucleotides of interest.
20

According to the invention the polymerase may be a DNA or a
RNA polymerase, specific polymerases to be mentioned are such as
DNA polymerases like T4 polymerase, T7 polymerase , E. coli DNA
polymerase I or the Klenow fragment of DNA polymerase I, or ther-

25 mostable polymerases such as Tag, Amplitaq, Vent, Pwo.

One of the advantages of the invention is that it makes it
possible to control the length of the extension of the primers in
the reaction in a convenient manner.

This can be accomplished by various means such as choice of

30 polymerase, the physical and chemical conditions during the ac-



20 In the context of the present invention the term"positive
pol ypept i d&VQ a8/4165% s” neans resul ting polyypeptide variants [REI/DKISN0HEssi ng
functional properties which has been inproved in conpari - son to the
pol ypepti des produci ble fromthe corresponding input 5 DNA sequences.
Exanpl es, tobnswdch theprpokymerapes t eey. c@hl, becemperatulid f epefifens eagt con-
enhance or | owered biol g%ggl activ creased wash perfornmance,

oy o
t her nost aBFRFERELBRT ddRfo %Eb?Pi?t,gériggﬁbg??%}%a Pecificity, antibiotic

resistance etc. 1t js knowRORHEAUGRKHBust PB1IRESEBERT CEREYOGULO thie wiad syel-
identify- 10 ing positive variants depend on which property of the

pol ypept i tthesis at gliffidrenti tratesieénneleobidemngpcospdranedh s . disesomidin
t he change is desjred nunber of Ltabl.e screenin r .

sel ect? onF’ §§s?§ﬁ§‘p$8 has g@?egr]reﬁ‘f’wsélrégf“ef’%r o @gél PO YBESASE (‘:[al% gc‘t"lj\ﬁeﬂ/
are descr| hn SEPEES B8 the T 8rhse g (8bmBlrook
(Biotechn%?gggéﬁgb g%g?b$%&?ﬁ995) di-e g scﬁ béglapggygening éysten??oret
subtilisialvadB88)s having Cal - ci um i ndependent stability;

Bryan et al. (Proteins 1:326-334 (,1986)) describes a .20 screeni.ng assay .for
pr ot eases havinﬁoiygﬁﬁﬁﬁﬁﬁdagﬁgr ﬁpgﬁgéﬁﬁﬁ%erenFﬁf;%ﬂu?r006351éit > Vhich

PCT- DK96/ Q322 desfd RS murisd eedf NHuasssyidos LhBaspsrhd¥d befolrBd the po-
i nproved wash perfornance in washing detergents. An enbodi nment of
t he i h¥entliyoeresepdiseociatesnifmgmothee teppllaget/ext eadede purtisiarintagain the

protein(s), wherein the desir.ed biological activiity is perfo ce in
di sh- wash 56ERCHuRP LYTRE AT Gents. agxaeﬁ?ampale pP&s 3 p?di%‘%?d:l i Eﬁ£5§2‘ﬁ“8rted
llaundry det-ergantisiake disclosed in PCT- DK96/ 00322 and WD 95/30011

If, for instance, thé polypeptide in question is an enzyne 30 and the

desi red i npr ove@hkusboicsalofppedamerase tise thestefiparef gmimportant meams in
ance, the screenin C ien .perfor . of a filter
assay bas &G EHO égﬁg?¥8w§&§%%ﬁgn%kéﬁgg183 E? gﬁgTﬁélpéggﬁbination host

cell is incubat ethegl TcHidiltdlind My also dexétr@ngnUAHELushickaline taNdi id€ins
for the enzyne to be secreted, 5 the nedi um being provided with a doubl e

filter corp®i fihghe fRekymerasey bike ntatdPrgWhirhe POARE FWMtAdE oS 3k -

second fil.ter i.b it I in shi ndj ildty.

r econbi natt_’:;[g)rcli u%?t’ HIV geel‘}le&:srs%gl%ca!eﬁ%\ggﬁ g%ta%l ﬁe 1?6(:’11%{”3-9%3&?5?}?_3 u%s%%{}g?letratsoe
the i ncubaf low fidelityk, f ar Hadareter amgiulsi iy thmbénipge stedifdtied; farain
the 10 reconbinati,on host cell is separated fromthe second filter com
prising sAFAGENSSISThe first filter is subjected to screening for the
desirgd enzymatifg agiddd £¥c aBHbbAEMERESCSRINGURI B Picatiokd akafOhRNIRe
present on the second filter are identified. The filter used for

bi ndi ng t Hé e npreeeset pli tthersynysnti®n anfopr examplei ddi rig fadvantagepus
‘nyl on orlgér

éggﬂ;LgoagfelbfvéoBblymerase either an error-prone polymerase
to introduce mutations in comparison to the templates, or a po-
lymerase that will discontinue the polynucleotide synthesis pre-
25 maturely to effect the arrest of the reaction. Such a defective
polymerases that could be mentioned is a Klenow polymerase having

low processivity.
In another embodiment of the invention polymerase will be
added after each cycle, if the polymerase used is not thermo-

30 stable.



filter carrying the colonies of the expression organi smnmay be any .
filter that has no or low affinity for binding proteins e.g. cel | ul ose
acetate or“jag%\@a;@e. The filter may be pre-treated with any of the
conditions to sed for screening or npy be 20 treated dBET/REKI%/PRI04
detection of enzymatic activity. , The enzymatic activity may be
detected by a %/e fluores- cence, precipitation, pHindicator,

| R- absor bance c%?‘\’ifglcff%e © the RFeREtemi &8@ foratdeistt FoRILE Sizydeuplte
activity.stranded padérer&lEteshd I £OmANNKE Wff@r%m lﬁﬁfg Pﬂeinéfont in
immobiliz- 25 ing agent e.g. agarose,” agar, gelatin, polyacrylam dae,
starch, different mgiait euwdEtioms adp cthbi natmen pétiweobpblgnuglageinds.

If the i d functij,onal operty of. the pol ypeptide |s ot )

suf fici emj(?éy}'y%o’odggf teehrerlgn%g}éyg)ﬁe %/?m%]rﬂﬁ?‘w‘ n§¥9¥ﬁﬁcg$P{}bQE§ (%enﬁsde ey
be sulyj ecleged of oot hgtusy |l ®hidh may bel! BmpaRfiegbed mel, tﬁé}? can be
i nvention wherein honol ogous pol ynucl eoti des répresenting a ‘nunber of

mut at | onsCHRPIMRLLoRR thereof. Thewbeamplatess used in the progess of geee

is used a f’m es..at | n le i_s a back- Cr,Qssi
cycle w t%ﬂ% e |ﬁ?t|§§?l }pe(g%%g %%%Jr#eént ,gh%??%% @y ]bée)entltX h8twi %dat@%é
DNA fragnkenel Tof seebi nmoakeshaon-952serdds) 8%%a- 80%, bti5eNs.70M0N-55ensH%)
mut at i ons y also be elimnated by using 5 wild-type DNA fragnents as the
initially?Useds fRD HeFsdhan 0% identity. A so contenplated to be

withinp the inventigayl pePAdRERageoust 1148, 0avipa_Liekagigal HMdy sueh
as insulin, ACTH, glucagon, somat ostati n, Somatofropin, tt% nosi n,
par at hyr % sigrhatigiatgiqns with gimprwrerh mesgpesonisso el int eredtr orioe gbhids -

| ut ei ni zi hqr . . chqri.gni nadot r opi n, _hypot h m_c rel easing,
factors, &g:nt ?&gﬁ{%&nlﬁ@%gﬁi gﬁitg}or%ngg, artq?ﬁ/r 6F’He§ﬁ" | df% I”'rg‘leﬁ'on’é?comblne
rel axin, saicrimpooved mutdtrimropnet tdubdeAntsb M@t i fbr even furtKer
requirenent to the starting parental DNA sequences, en- codi ng the

pol ypept i HREE[ VRN 5k Wh (e &Fonertigs: ofhdptaresst 15 | east 50% 60%
70% 180% 90% o3 PIIpouml QOQUE- eggﬁ S . i | ess _honol ogous
will have I ess 5ol ;Etjr?ati on 16 Thiarac ascgegsg%(:c% el orr%ngerég%)rOPertles % 3%

al so contwsmestt awryadvoraliveen o ddret i Mvehtdywstanddnd -proceddeParented art
pol ynucl egti des that are honpl ogous as indicated 20_ above originating from

wild type ST 919di+) PERP goFRe. PCR of templpteshaf iHerast tfok-

parent al 1®ed a §9) besshedil o8/ d@Vect o’ a a t h, 0
about 50 bp to Iggjskb, )pererabe/@/ %%%lu?rpl%o%ple%glp}%g%%g, ér"n%{r?g plrr@reé‘?ee%n

about 20CFFacrerigricespé- intexdstil y Thbounuddfenssi® Xiudgueicy (low The

st ar biphn S S b DNA se- ences includin
Wi | dt-zpyge%q@g%ﬁ%(%%gﬁﬁgieﬁhc ce Peﬁﬂ%dpﬁgor-pr%@i 1 s&eﬂrlhsdréj%elff%r
modi f i catémaisl ¢t hetRofted uah melxianded the b ANGA eéﬂc%ﬁﬁfwﬂ&;é tyfnd

may al so pe the _outcone of DNA sequences havi ng been subjecte tol one
or nore cyesibf fuf FFEreaning ngapacisy olg pddimbiedsdthenesspr-pronedi PER

to the mEhfidifcy NBs preferably low (i.e. one to two mutations in each
template) (see WO 92/18645 for further details).

25 The arrest of the polymerase reaction in step A.d) may as
indicated above be obtained in different ways, such as by raising
the temperature, or adding specific reagents as described in WO
95/17413.

When raising the temperature for this purpose, it is pre-

30 ferred to use temperatures between 90°C and 99°C.



23 i nvention or any other nethod (e.g. any of the nethods descri bed
in the priWo%M4E658ection). When; gisi ng t he net hod o?CTWWW%ti on
the resulting recom bi ned honol ogous pol ynucl eotides (i.e. shuffled
DNA sequences), 5 have had a nunber of nucl eotide fragnments exchanged Thi s
resul ts in Wm assimhtchamigal @gﬁnnﬂwé%ﬁﬁ nos a& i Boswipi hit¥e Appropri-
pol ypepti h H8qt3 polypeptlde It is
to be qiﬁu?err qe%{)d(faet%aatﬂealngeg{%’ exc nggtsohér cgrqtenpl ated (i.e. nu-
cl eotide exchamgg wWiedeswest neher eavéhtwnchaegesnmaatm@lgammotﬂé) pas:mdrs
sequence) . MATERI ALS AND METHODS Specific Method Used in_ the
Exanpl es:to the) tememteﬁcé&. fFel ¥ & entn ehlife cPRtRRSt $he anreaking geae

nomol Sgoue guthiort ¥ EoecPRY e ST UG, (infioNs, I SRS 601 Phucieo-

fragment stidd asp it phageeeifdenpo<itidh depelflingThe risell hangrpoaf othe
DNA is m xed with DNA Pol yner ase, dNTP, a suitable buffer and priners
(bei ng eiRFE*eFandomoli- 20 gomers (length of 6-30 nucleotides) or
specific ol i goMELs, the (pLOMNS oo Gso0usile! £ROY 1 HESLoRb18tELPPLRAULANL P -
both types). C§ ?115 PCR mxt%re IS putlﬁ?%to a O!Q]IE:" CR th g?rmcycl elrD -
(either ers CQNENENNWI)IN)MI& mamnlgeatum{ture of thecfpurThmses (A, T,

t her mocyc s,heated to a tenper re of . OO0[err]C f eriod
of t Iet (G ChI 19 3588 nlnp (R LRLSL 420 MpSHEon 1 e E%l%m Rurbpd, g
¢2) Thergadd £4) [ Neerf Ol OV ¥ QMBI & r (dped 1eﬁ1cl indrs. | oned
(repeated): The terrpl ate i s denatured (typicall 100[err] C for 0-5

m nutes). Then Iﬁethenﬁe!rtaﬁmk‘-‘él iPor sy @Qd@@ﬁ%aﬂ#? te B0 sepamated from
bet ween 10[ err an 9 I nyt.e neal i

the pri rre%[“:f oP f’i 5| ng eﬁsg]f dp?Oée Litt N ?ﬁgb%f?}ﬂ’eg?a_%% e labgieg\o

98/ 41653 templates in ord¥t to prbuﬁ.del$ rﬁmne ageanst Eotensépurdton, a
tenperature _(90- 100[err]C) al- ., lowihg snall, extension of the prinmer to

be syt heRT9ERFERA tperke MWW”&@%‘IQ@W%WW ng. Alternatively a
short extensi O”Acc O%lv%%' ed (ttkﬂéo'ﬁ?\}éﬁtl%rﬁotﬁﬁcﬁﬁﬁﬁeét o0& %&féé] Q)ac%i%a??

i ntroduced to arger extensions of e priners to be generate
When t he w1lltbepéea$urthaneé'o@l®es ia welsie cdmere Desmttnan i 2001 aked pbamelly

t he tended d tenpl ates are again separated. This proce-
dure can %s?e'ble%{l) Wt?ﬁb Ttaf1y between 1 to 99 cycles). D)  Having
perforned the desi sRdedBBeheAt o¥CleR LR3I tH: adkshsneh! vEMAo shuf-
polyners can be purified fromthe oligoners used as prinmers. One way is

to i &9 at €l &ng a;sOnemhlseelcwﬂ‘tb anpiutdsesent  dandi conshnhf hjng heygaeshods

coding for the po tid nt er a suitable vector. This can

be done e?ltlﬁler %é‘i‘g?ﬁ) S(é]g:'rbéd l?ﬁ)%i qugol ating fragnents between 50

to 1000 base parfisitslaetpneatspddisitige aintéht DbhY reabeksorceid hRéthod of
tenpl ates or prim ers) or through col ums.

identifying polypeptides exhibiting improved properties in com-

parison to naturally occurring polypeptides of the same biocactiv-

25 ity, whereby a 1library of recombined homologous polynucleotides

produced by the above process are cloned into an appropriate vec-

tor, said vector is then transformed into a suitable host system,

to be expressed into the corresponding polypeptides, said

polypeptides are then screened in a suitable assay, and positive

30 polypeptides selected.




E) Then the purified (or the not purified) DNA polyners can be
assenbled in a standard PCR reaction (for instance 94[err]C, 5

m nutes, (Webgaresy, 30 sec, s5[err]C, 30 sec; 72[err]C 2 wcmpkesoolod
72[err]C5 20 mnutes, 4[err] Q. Specific prinmers or DNA
pol ymers generated by specific ~primers can be added in order to

generate a spethfhf MboRAMeR® it igoebatBhnplatBa 3eR& Ofhé NnpeLgpeptides
As nentioned in point D, this DNA poEyner can be purified and cl oned
into a veEt dnteresh- eadadeshy the shuffiafpllEbramp gxavexpressed as aps

the . PBERRHRs SRS BROSFEbC St aRfnat | OVRRobl SRR (b o nebas-

const ant tpreprage 1wi3padepninl otasp! ﬁbediEpléfleéﬁl)ﬁerébbﬁbﬂﬁéboﬁoiy]géptEﬁé
| abor_denandi ng than net hods described in the prior art, t her eby
providi ngnekbel serfagesef phage r fRACERKIAWL i on. Ni ne di fferent

pl asm ds ‘cont agpi 5o BN $eQUEREES COL e 5 on O AHLLELEN o VT I All3,f £Lhe

: o
H. | anugi nosa [ pase §€ne, A~ equi nol ar anount's. e varrant

genes copkadaedngr anpbWgpéftitie Evdmtatedtl aids isdritef st t i oug8opietba-
gene. . The DNA sequence of the H [|anuginosa |ipase_gene and the
ani no acitBids®§QEREE . oWhereby Fastechiar FYPWBsENT 2 BPodyrpslegtide encod-

The vari S ar.e i.ndj . cordi dar.d term.nhal. - as._ _.
doscr | beatoy B ' BRUEH EERLC ISRt hBIO A 4 PR M ab1e | 1RO A sgia
varipmt geses iwergreimf tbedxpress daid NBEkypept1889PKand ©he polypeptide

SPPRRP+NO4K+D96L+T231R+N233R+D234R+QR49R 20° 3' .
SPPRRP+AYecevssadNeRR+PBsi frpdoR 4' . STPRRP+N94R

5.
SCl RR+N94K+DO6 2 + : 10’ o/ ' -
D96L+E99K+V1872H§53gg' %ﬁ@f&f&%ﬁﬁ%ﬁé@w °% &RBiﬁE%%Lran
The fol | demngrdmepsndniiztwirese ofi badeisn im rd cselledteed number or allepokli-

I id m, xt 0..15 [ 1), specifi ' flank- 30 h
Gene (1 BABNF] at [¥9e  BELERR | Bop iiikdiemn BoBHe mipRycHeor PYA SypERRplS”

15 provide certain novel possibilities for the combined use of shuf-
fling and random mutagenesis.

It is often associated with difficulties to obtain an in
vitro recombination of polynucleotides that display relatively
limited homology. By the use of an embodiment of the invention

20 even very diverse polynucleotides can be forced to recombine.

According to that embodiment at least two templates (or two
pools of diverse templates) are applied. The novel synthesis of
the one polynucleotide can then be based on only one strand (i.e.
either the sense or the anti-sense strand), and the synthesis of

25 the other polynucleotide is based the opposite strand.

This can be accomplished by isolating the complementary
strands from the two templates, e.g. by having these strands la-
beled by biotin. Synthesis of DNA is initiated by annealing ei-
ther specific, partly random or completely random primers to

30 these templates and adding a suitable polymerase. This-can be

performed as either separate reactions for the different tem-



26 10* taq buffer (Perkin Elnmer), 0.5 [err]l taq enz¥ne in a total

vol - WENS465320 [err]l. e tube was set inPETHRIROHOE ner
2400 t hernocycl er. The fol |l owi ng PCR- program was run (94[err] C, 5

m nutes) 1 cycle: 5 (94[err]C , -30 seconds, 70[ err]C secondi?

cycl es(?I{lé‘rtrﬂSC o ANkt one regaGtipd.i nithesly # E’%Fie pretfe ably Be
PCR-reactdd é{uﬁnggrackﬁﬁ @ﬁ&ﬁgoﬁﬁﬁﬂekav% oduct? é? Loe tlvely
specific expecte size was cut out of the agarose puu

usi ng JEEhuﬂt(ﬁewnﬁﬁEﬂﬁHﬁﬂBIrﬂhése'mmagmanﬁsenhdibuﬁ&ﬁﬁmmmt&mtbmﬂssolmued
into a TA—vector (fram I nvitrog (.t.he ori al i n | 1 The
ligated pgrsdudibadEenRlatasRAse de on |trﬂ% adf@trh‘r%gjltf :‘? %q?#a %‘B‘F <é‘?r’eﬁn
(DH5ay.  carried opg? aﬁarﬁiéy@a&tr%gM%&% fghay SL04gRCedtaThany RSLERNe

of I nterest. Resul followmng 20 variants were found:
1. D137@mﬁxﬁiﬁmﬁﬁﬂovrwm13€Mo d2ffef§ﬁ$¥@ﬂﬁﬁﬂﬁkh@4KhBQ6neQQ49Fsﬁﬂth681zed
N94R+F95L . SPPRRP+D137G+D167G+E2

N94K+D96Lﬂr@sﬂ§i€%7f&¥?gR%e°° mbine 5937@&%7@52@59@% Aull length PCR
NIAKHDOGIERRIN BT A 3 B ARLEHIARHSANLA4OR 9.
N94K+D96L+E99K+E210V 10. SPPRRP+A19C+C36A+N94K+DI6L 11.
N94R+FI5L Nizo fB7chin cekedingnB0rapld PRBANLDISISHAORT no exterRy
éngﬁ Eﬁg;ﬁﬁ%%%@ﬂ@%%%ﬁ A+N9 Kk g%ﬁwﬁﬁyaéé%usly in order to enhance re-

combination, espec1ally if pools of templates are used for the
two strands.
The 1length of the primer and the annealing temperature
utilized in the process determines if random primers will anneal
15 and the number of mismatches between the template and the primer
that can be accommodated. By varying the primer length and the
annealing temperature the method of the invention provides a
means for achieving random mutagenesis within a certain nucleo-
tide window representing the length of the primer. The method of
20 the invention thereby provides substantial benefits compared to
other random mutagenesis approaches, especially the high prob-
ability for several base substitutions close to each other in the
primary sequence, e.g. the use of a completely random 20’'mer
{(mixture of all four nucleotides in all 20 positions) will ac-
25 cording to theory under given experimental conditions give a cer-
tain reasonably high probability for having several base substi-
tutions close to each other.
Error prone PCR (=high mutagenesis frequency PCR) does not
provide this possibility. Error prone PCR provides a very low
30 probability for having more than one base substitution wiﬁhin one

codon (coding for one amino acid in a translated polypeptide).



16. D137G+D167G+E210V 17. SCl RR+tN94K+D96L+(QR49R 5 18.
N94K+DO6L+E99K 19. N94R+F95L 20. SPPRRP+N94R+F95L+F113S+QR49R
Near |y al | wodsaligésans where represented (19 of 20) indicat- l;l@ﬂbgﬁléng&tle
bias for specific tenplates. St a8 stics:

10 Shuffl ed between at |east 2 tenplates Shuffl ed
between at | eaghhvd TR RS substitutioh of onilif‘eoﬁ@ulégéédwﬁ%ﬂ'iﬂn%e%o%ﬁ
t hen be subcloned fromthe E.coli. TA vector 1 nto the yeast vector .
pISCR6 aslopsBdirH Poraldd r agheht rERidof epuVyETESV209pt pubtein devekheds

w0 o7r 07300y = 1RERREE-of aMling oRBE SRR TR ERRCR AR S ARy BV

di f f er entorld posse vaubatitgeNen &&r eDNA 16¢8&r ated. awe@w&lﬁw Baebadal by

equi npl ar_._anmount s. . The followi ng 10 mutant genes were shuffl ed.
1. D237&HSIEREAR MAAWIFeS  thyss {PaSR+FubPAitutign tigoeewe: +EIOKTGT or
WO 98/ 41683 —c 4' . SPPRRP+D57G+N94K+D96L+QR49R

5 D111N+F£1fgfézfgﬁodlngepysggﬁﬂﬁﬂzmN94|<+D96L+T231R+N233R+D234R+Q249R
7' . SPPRRP+Al1J@G+C3EA-ENDHGiBRGE+ QX4 2Re ﬁd&enﬁiﬂﬂQﬂ%§W@ﬁ%cess s ¥R
10 SCIRR+ 4K+ §}+E239CH{¥%n e followng mxture was generated

in a SU|t§m Y {ping °Teﬁ?]Feﬁ%ﬁFﬂPQ?ﬁrﬂrlw9r§ hevipg) a

random prd fveiron( @Q:o 200 | )pref%rabqryr ]f'roJIIO*J.OKlt%nOI‘U t?#; fefnd %ﬁﬁp&a)from
0.25 MM dNTP, 2.5 mM [err] in"a total volune [err

The prtdﬁetWh§05@P ‘in a PE2400 thernDcycIer where the follomnng

program was ru%m69%&er%kCad%ag%g%%%Sln2§%§r%k%h%dﬁb%UE%e 1nvent10n is the

robustness. In some embodiments the constant presence of full
length template provides a further advantage avoiding PCR con-
tamination problems. Furthermore it is much less laborius, with
15 less hands on, than other described methods, thereby providing

excellent possibilities for automation.

PCR-primers:

The PCR primers are constructed according to the standard
20 descriptions in the art. Normally they are 10-75 base-pairs (bp)
long. However, for the specific embodiment using random or semi-

random primers the length may be substantially longer as indi-

cated above.

25 PCR-reactions:

If not otherwise mentioned the PCR-reaction performed ac-
cording to the invention are performed according to standard pro-
tocols known in the art.

The term “Isolation of PCR fragment” is intended to cover

30 as broad as simply an aliquot containing the PCR fragment. How-



15 m Kl enow enzyne was added, 25[err]C 60 m nutes, 35 err]C 90 m nutes.
Thi's proceworss/géer ated a hi gh nunber ofg small DNA poly- PCT/PES800104

originating fromall parts of the gene 10 [err]l was taken out
for test on agarose gel. - 10 [err]1 PCR mixture (0.25 nM dNTP,
1 [err]bV@@*pfﬁﬁ?ﬂaﬁﬂxﬁthQOPCBPérhgneatmy$ 1spIa¢mﬂNg@|F@qutenygyhlch

[err]l Ta nzyne tubelnthe‘

t her nocy &l E'roveTﬁéll)?ptlHE P%dpﬁﬂrﬁﬁs’ nucégaﬁaggge%égpéﬁga Ffas run:

(94[err] C, 5 mputgn) dmsydifent 94 er e 3anent1%ﬁCOﬁH§, BRAer f4gmeix (s)
seconds, 72[err]C 30 seconds) 25 cycles, 72[err]C 7 m nutes, 4[err]C

i ndef i ni tis.(a2®) prepargh \P@@préér}dﬁlmﬁerﬁ@h‘t Ang 1i1508 ad8Nes @egdum or

cl ear unbi_ased sme e ween 400 and 800 bp was isol ated
fromf’hel"g“@lh random” g aﬁ\agﬁf%s\ig r’%ﬁegyA §I ed PCR product was mixed in a
tube with a0 sPegihi Claw i mltag(eﬁésﬁlﬁDlﬁréd;@élﬂm:jﬂgﬁHE ONAe équaries es)

29 0.25 MM ANTP, 2 [err 10* Taq buffer MyCl [ err]. Then the
fol - (compiisg Nt atrrar B c&&ﬂ%sads TR begzr{reﬁm«ql@d gYmanLﬁ%%I)délrd
cycl e, y 3Q, s ar i o] 72keryq C 3
seconds) EAR a(r%fﬂffléa% &lfg%%g?c ?g riudtsgé 2%%[ Zc%?] %g?)r(\%:le%!;cma{le g1988 !
The PCR wdlthmie 83D ,r U870 aA9l.)2% agarose gel. A specific t hough weak
band of the expect ed size was isol ated. Additional PCR was run, usj rﬁg
specitPic priners I(l%l%nPFoﬁé@haE‘&V@gqn@%sdeﬁrequemﬂb BaYl Pey Qe ined by

PCR- pros\gﬁ% 5 W‘i‘% e e amgllflcatIQﬁ REBeR" QM dadh 4 Rgh i {Rreas

vect or ppropriate restriction enzynmes (BanHl/ Xhol).
The vect cﬂheanﬂd:fr&:orporaﬁﬁmrpraﬁjuumlmrteidam dicra ﬂnmragarmedged:ri}aed by

er e mdieater | (1982 camh 48} o BR-FborkepRgad i ome ke She £RER°"

over ni ghtp{4.pa- Vo]15 1t| Q» .2ty ,16[1eryd C the mixture was transformed into E

coli straln 19 clones were fully sequenced across the
genelb5 It 1s also contemplated according to the invention to com-

bine the PCR amplification (i.e. according to this embodiment
also DNA fragment mutation) with a mutagenesis step using a suit-
able physical or chemical mutagenizing agent, e.g., one which in-
duces transitions, transversions, inversions, scrambling, dele-

20 tions, and/or insertions.

Expressing the recombinant protein from the recombinant shuffled

sequences
Expression of the recombinant protein encoded by the shuf-

25 fled sequence in accordance with the second and third aspect of
the present invention may be performed by use of standard expres-
sion vectors and corresponding expression systems known in the

art.

30 Screening and selection




Result: 20 The follow ng 19 variants were found: 1.

STPRRP+N94R+N233R+D234R+(R49R 2. SPPRRP+N233R+D234R+(R49R 3.
DO6L+D167GwvdAks32S 4. NI94R 5. D167G 6. PCT/DK98/00104
SPPRRP+A19C+A28T+N94K+D96L+D111N+E239C 20 7.
SPPRRP+A19C+C36A+N94K+DI6L+(QR49R . 8. N94K+DO6L 30 9.

mgigigzg;mmﬁﬁi%ﬁégﬁélg@%?’ ;@?%%J%e +%14\g§1t10n the ter?’n0 "pOSJ_tlv:éo'

T32|+N94ReE9§EpD16éGﬂabﬁHﬁﬁé"]Meaﬁ@?KeHﬁ4KiE@6bolypéﬁtuﬂ£45&f£5hﬁ§2 98-
16. N94K+D96L+D1 STPRRP+S17T 18. N94K+DO6L+VI87A 10 1
SPPRRP+D§7&§N§QK% E%ER?%APE?BEStleS which h %FlbﬁéﬁpPQP§°V§ﬂ|&ﬁt§°m@@él-

represen@@d|ﬂﬁnﬁﬁ§|561¥pé§££des p?b@ﬁciﬁiesﬁ%aﬂ'Ehéeegkﬁéséon ing inpyt.

There_were no apparent hot spots with regard to nutation
seems®t o DNA &aganagisst rExamples onf tshehgeimproved prépertiescsan be alot
ed be ween at, | east 2

onnl at odifferent ase.g. enhgnce| of' hawaksr abipdBgioslt Lty ins

6 Slfrlebfsledd waiheparébrihgnsé, 4&1@1’&{0%&%%111ty oxidation sEAYiRkeY,
bet ween at Ieast 5 tenplates af f1 ed between at | eas

t enpl at eSubstrate spgcificity, anﬁh%1°%¥ﬁﬁ¥¢$&§tam§ﬁU6ﬁvés can then be

Bant -xbal 20 P agRPtEYSosho Y Ehohe) AL EnbECed BE neEd or0acRahA -7

shuf¥® eding posduémeevanithtsnpepead perhioAnpeopardet efgents polgpePide

97/07205£n question it is desired to change, and in what direction the
change is desired.

A number of suitable screening or selection systems to
screen or select for a desired biological activity are described

15 in the art. Examples are:

Strauberg et al. (Biotechnology 13: 669-673 (1995) de-
scribes a screening system for subtilisin variants having Cal-
cium-independent stability;

Bryan et al. (Proteins 1:326-334 (1986)) describes a

20 screening assay for proteases having a enhanced thermal stabil-
ity: and

PCT-DK96/00322 describes a screening assay for lipases hav-
ing improved wash performance in washing detergents.

An embodiment of the invention comprises screening or se-

25 lection of recombinant protein(s), wherein the desired biological
activity is performance in dish-wash or laundry detergents. Exam-
ples of suitable dish-wash or laundry detergents are disclosed in
PCT-DK96/00322 and WO 95/30011.

If, for instance, the polypeptide in question is an enzyme

30 and the desired improved functional property is the wash perform-



31 Exampl e 3: Anyl ase variant shuffling: 5

I n
Exanpl e 1, WQ9%H83shown how a nunber of gwltiple vari- RETOKIB/0§104
| anugi nosa | i pase were shuffled. In a simlar nanner, vari ants of

Bacillus [err]-anyl ases can be shufffled. Earlier patent
appl i cat iaee hatvke | gexeening vay afpsvenientlyy g operformgfades wsonert a

Bact 11 us SAeehes iy uald A BRL Ieihat: n10p aRgTLies, & o

t her nost ity dnder Calci ed conditions, inproved

wash- per f or nenggeLtecdmigihat 1o\ 10698 Y996h2dBZ44ed VWO /2 it aliligl me-
PCT/ DK97/ 00197) . _Variants of B. licheniforms [err]-anylase amyL
can be sHifum and ynday fPItARIGCONHEIWRDS £ e NFYMOCER dee i seerrt e,
subti kis : [ Qg}!ﬁ . ' I g / - ; e
exper |l‘3man 5e| gﬁ%ﬁ?éo gﬁ(ﬁﬁfc}relr t %&gﬁﬁdﬁ%condl?@eqé ohs & %x%ﬁ)%—e
1 except grivadeitmdifnddmy Nl lX&rerand | over sopised thatt @ iseddrat ef 1INe1s yaklinds+ S
were different. The PCR anplified band of approxi mately 1500 bp
is puri- $0NG|ad 1Mo R ERE@tar BiBdEBY HRPANIIALY -asThBs GaRIPind theahest

Al ternatiyel StLl.ciigQn  Si I rthin t ne .c . _
utilized %legll)él%%ei%é{:%l&b?gr ;t%c%f ﬁ%ﬁe@%ﬁ%ﬁé ?ﬁ?g%bteﬁgr%o %ac%??usa
pl asm d pfiD28the &irst chiltesrcctompebsingnichg tdrezyme wekdetygpe farorl the

gene, e.g. pJeENL descri bed i n W96/ 23874 25 Exanpl e 4: ) 32
Shuf £Pi ngF oA PerBs o dFRbL hbPoFBEBLatadafyPras&be seconf I f ke heom-
anyl ase identifd e D (am i

descri beﬁn@\%G %géé??%ggls S%e ?g‘r:%r gﬁéﬁe&:ﬁgps(l ggﬁ?igggllagt (r){Q?[ hgc{:rg%@%n%f
anmyL can fiexr abpéi desirefli ethzymad iRCRicisivigh wt andartthec ool e sprsnding micro-

The forward strand i s separated frqomthe rever, strand, hased on its
af finity RIP5IGUREATRF 5o e P SSCHhdd e 16 deeRtdiieton of ¢ he

two strands wi tgndNafhtdP uSeH Ry Yodritdid V@l’iéeeﬁ%ﬁ%iéc%ﬁrﬁ@ Hay 18e
nRNA) of the any- | ase encoded by SEQT1D no5 (W96/23873) can~be

anpl iL5i ecrhderoteinsdiinading filter e.guonypkomeer suitndcehtelosed Ege top-
tenpl at el PgaRirglgééertrh]eC cr’olonies of the expression organism may be

any filter that has no or low affinity for binding proteins e.g.

cellulose acetate or Durapore®. The filter may be pre-treated
with any of the conditions to be used for screening or may be
20 treated during the detection of enzymatic activity.

The enzymatic activity may be detected by a dye, fluores-
cence, precipitation, pH indicator, IR-absorbance or any other
known technique for detection of enzymatic activity.

The detecting compound may be immobilized by any immobiliz-

25 1ing agent e.g. agarose, agar, gelatin, polyacrylamide, starch,
filter paper, cloth; or any combination of immobilizing agents.

If the improved functional property of the polypeptide is
not sufficiently good after one cycle of shuffling, the polypep-
tide may be subjected to another cycle. _

30 In an embodiment of the invention wherein homologous

polynucleotides representing a number of mutations of the same



m nutes) + 99 cycles of (94[err]C, 30 seconds; 60[err]C, O seconds)+ 15
(72[err]C, 5 mnutes) using random priners of various lengths, Taq

pol yner ase /4 ndard buffer conditions as described in Exan} e 1
The resul ting approxi mately 1500 bp prodzct is cloned ei- PCT/PK/004
cloning as described in Exanple one (for verification 20 of the sequence of

the resul I into.B CI|| vec B110 utilizin f i
and Pst | %gggr%cﬁggﬁ 33 templa% +ﬁ85 rPBFnﬁPuE£XﬁPQtEYE&ﬁ B& %eﬁﬁ@@ﬁ
fronlthecEGEsahgaQYCle witﬁpthé Qn1€ih$ly5uség ONAZ@ raYymeas), Qﬁ%%ﬂ %Byfﬁ%
biotin tag) is clained is:

of shuffl%ﬁg‘B&F&ﬁMﬂ%ﬂPmﬁe§raEEﬁﬁFrsﬁﬁ@s ellmlnate%ayoprQSSGDhgaénmuta—

i sol at ed e r@@s t | t fo m.of a.,

pol ynucl é%t%f%e Eﬁac{ld angelrrg:ga;lt eljg anh@%gengng& also be ter ang'r}‘ra er# arY| 83409,
second vanidﬁtyperﬁNAffrhgmpntgnmslebélﬂmltlally usedEi@it DN msed BiL0,
sense and anti-sense strands are startin substrates to be
shuffled: and ®LS° °°nte"tpgjat§ﬁ’uf‘$?| RE t‘fﬂé:*}ﬂsrm bhed Weiend 1oy Bt Pedypep-

strands ﬁﬁ@ébdﬁﬁv1ng blolob@cﬁleﬁcéﬁ%léy SHEBaSE'QﬁgEQEnSth%Q%S gﬁh%a%%n,

| east one priner or one pair primers and conduc
mul ti - cyéPmatpstahinl esom@gotropin, tdwimerssingn paaea:tth;mnMehermone, pitu-

i) in a e e cyc rlner annea
Fsélated%s&rgﬁgg%ﬁﬁféeﬁé@g%gmg tBhd& &'ﬁhqﬁ¥§3téﬂﬂ lutelanlng hOFWPPe’
in B0 bﬁasionmeegoﬁuE@QQb@ﬂh Wthalldiflc eXdBHiethg factors, ankf H

generated in a_previo cycle act as both priners
tenplate§eFéCfBPﬁWPBP?hthe%Péﬁdéalmﬂﬂﬁensg hormonewheeébylnhe1nterferon,
pol ynucl on C I sufficient cycles until the
further gg%g gé%??ﬁgréTFﬁélgﬁésggég%é hant forns of the shuffled
pol ynucl eot i ded. requirem2nt tihetﬂ@tbedrtmﬁgcbam@htél xnhereé@uéﬂ@es, en-
|solated trand are bel ed with biotin. The net hod of
clai m 1, QR&PE; FhgadiP %é%ﬂ%%ﬂl%%ﬂ?é Sthﬁ%ﬁQNuP%oﬁbatséﬁey[ﬂmE et

diverse gnB® Gsa RAYNURILOL6lE tgohe o 9§§“ﬂ5&§i£gous. DNA sequences

being less homologous will have less inclination to interact and
recombine.

It is also contemplated according to the invention to shuf-
fle parental polynucleotides that are homologous as indicated

20 above originating from wild type organisms of different genera.

Further, the starting parental templates to be shuffled may
preferably have a length of from about 50 bp to 20 kb, preferably
about 100 bp to 10 kb, more preferred about 200 bp to 7 kb, espe-
cially about 400 bp to 2 kb.

25 The starting parental DNA sequences may be any DNA se-
quences including wild-type DNA sequences, DNA sequences encoding
variants or mutants, or modifications thereof, such as extended
or elongated DNA sequences, and may also be the outcome of DNA
sequences having been subjected to one or more cycles of shuffl-

30 ing (i.e. output DNA sequences) according to the method of the



4. The met hod of claim 1, wherein the first and second forns of t he
pol ynucl ecVPI&/4632 i ant s exhi bit nmore thag 50% sequence i denfGHPKIS/003e4

5. The net hod of claim4, wherein the pol ynucl eotide variants exhibit
more than 70% sequence identity. 6. The method of claim5, wherein the
pol ynuc| é8Veasipar canERYe it MoFhod hof- 909RBEqRENESS datthads described
The neth cl.aim6 b e polynucleotide variants exhibit nore

t han 95%§%e§&§n%§&| e%fp?gggtggh?' The nethod of claim 1, wherein the at

| east one pri n@Whens usdagpltéieemethadd@® thed.invenbBienmetHeo deeduld iaign decom-
wherein the at |least one priper or at least a pair of priners is (are)
partly r®i@6f homglogoys npehyRustertitdest iinG potypehtede ONBX FSAYGIREH
desired propeitVy, CHRH n&fh ' , C rd s p
(c) egpr @g&%ﬂ&%ﬁlﬂg scr eee% % ?1%31 ypegftél giferagnné@ﬁesé %’iﬂiﬁ%’u%&dsﬁéﬂ%ﬁ&e
pol ynucl det irdp llawenente o exk plegpet t yne athino a€lid mettdhdeh dtheclpolyddbtide
wherein the property is an . enzymatic activity. The thod of claim

, 12.
1, wher da¥iange 4 comparing 4t widh RELRRL flyPeRhgesr &% figmto be
nat ur al | el | | f egh-es tho
clain11,X?ﬁ%%%gpb?bﬁg%ggﬁﬁgﬂge%g}%?$néﬁ%ﬁgﬁgé?eﬁ gdcgﬂqégggﬁﬁ%§;{%i§1(k&ﬁ
st arti ng cehtticdat excharige whiltle deebododf mesailh 1in whkaergasatinl ¢dst amisno

[ ' ditions of inconplete elongation.
exteT3|(ﬂ;é¥gﬂ§%dd%n%%QQUcted under con np g

MATERIALS AND METHODS

Specific Method Used in the Examples:

A) DNA encoding different enzyme variants of the same gene or
15 different enzymes having the same type of activity encoded by

homologous genes are mixed. The DNA is provided as either PCR

fragments, plasmid, phage or genomic DNA.

B) The resulting pool of DNA is mixed with DNA Polymerase,

dNTP, a suitable buffer and primers (being either random oli-
20 gomers (length of 6-30 nucleotides) or specific oligomers

(length of 6-50 nucleotides) or a combination of both types).

C) The PCR mixture is put into a PCR thermocycler (either

cold or hot) in a suitable tube.

cl) The thermocycler is heated to a temperature of 90-

25 100°C for a period of time(typically 1-10 min) in order to dena-

ture the DNA templates.

c2) Thereafter the following procedure (cycle) is fol-

lowed (repeated): The template is denatured (typically 90-100°C

for 0-5 minutes). Then the temperature is lowered (typically to

30 a value between 10°C and 90°C for 0-5 minutes) to allow annealing

of the primer to the single stranded template. Now the tempera-



34 15. The method of claim 1, further conprising selecting
the starting substrates to be shuffl ed. 16. A nethod for shuffling

pol ynucl eowiodssti6ssonpri si ng (a) provi tdzi(éng at | east two vagd@pkodifiers of a
pol ynucl eotide as starting substrates be shuffled; and (b) shuffling

the at |l east two variant pol ynucl eot.ides by contacting the variants with a

popul at i @y f@@éfé@éi)’agéiﬂarttd %Ar}’aflﬁfmmrpr%\%@é%%ﬁ@ﬂgecqwiﬁ;dom@) aali-n

mul ti-cyclic polynucl eoti de extension reaction
at | east lomdngycsmall hexpensios arfhethet priher to Mberisanithdsl grNebat €he

ext ended I ner wherein the at | east one cycle is conducted with a
short er rﬁﬁi&?ﬁ??ﬁ?tHHﬁngqﬁqmﬁing' Albereabbrel ¥ &t eherbnestensgdon
tarti iy L) ] I Ahe subsequent cycl e he
oxt endoq Fatrod b1y 0730 bbbhnld Bt ARSseRl® O uE Rk sfdigsy ¥

si ngl &- saldmsled arger fof@mmiiidhs Wi Atharpenletd FEWE0FELERLERRS HREA Rbe
anneal ed fragnments, whereby one strand of an anneal ed fragnent prines

repl i cat (*GPPET T SottRACches far irluet Waerexdenddd natiimar stakeshpieby, t tae

ol ynucl i ' [ opiin for sufficient cycles . untjl the
Pur?her E%%ﬁ%‘é%ﬁgﬁﬁﬁ§¥§iéE ug%@pﬁggsﬁb?ESanﬁﬁqnf?ﬁ f?ﬁ?%hu%h?édproce'
pol ynuc! elmiriedean bk7 repetedeityed 2116 ddbwken Whaleigy theeBdgy [ i ng

substrates are | ahel ed, and separated fromthe extended priners generated
in step B) byHa¥engr RewEQ .thejgdesirgde nymhgindof sfyclasd athe geber-

ther 0T, 3538, AL P! 861 PRLYEUEL BOLCRPIGATE NPT O 5o 2IUELE
35 as primers. OREPWAGENENTSHEdlate and clone a specific amplified
band containing the gene coding for the polypeptide of interest
into a suitable vector. This can be done either on agarose gel
(typically isolating fragments between 50 to 1000 base pairs),
15 Dby beads (using an affinity label on either templates or prim-

ers) or through columns.
E) Then the purified (or the not purified) DNA polymers can
be assembled in a standard PCR reaction (for instance 94°C, 5
minutes, (94°C, 30 sec; 55°C, 30 sec; 72°C, 2 min)* 25, 72°C 5

20 minutes, 4°C).

Specific primers or DNA polymers generated by specific
primers can be added in order to generate a specific DNA polymer
containing the gene of interest. This As mentioned in point D,

this DNA polymer can be purified and cloned into a vector of in-
25 terest.

EXAMPLES

30 EXAMPLE 1



The f cIa|n116 wherein the starting substrat E&ﬁ engt h
of 50 bp tgﬁ%%?ﬂ 53 P "i‘é(»?/oﬁo!; t he

The nethod 25of claim erern
mul ti-cyclic polynucleotlde extension reaction is conducted with a
t her nost EhodP pol ymer ase. 21, The nethod of claim 20, wherein
the polynerase T1s Taq, Anplitaq, Vent, or Pwo. 22. The met hod of
claim 16, Viftes esttrond hadvanuhde - oycthe peltyouc leawnipdd £ ek tlensd ohs the

reaction is conducted with a polynerase selected fromth roup conS|st|ng
of T4 pollgﬁi%-%%?sféessrﬁﬁgl yikaseE” ECR cgpptapipatipg) ﬁﬁéﬁb‘;seg“ﬁr dy@ g to  hhe

KI enow Jheg£esgﬁﬁg B WAt 1 » temBl “@ﬁ&%b@rw&%@ckhls meth%d

pol yrrerase I's a reactlon mxture alter each cyc
met hod i les$alaborldemandhngethan mbehodulﬁe&ppﬂhad painuEIpniwdeart

extension reagtion is, onducte in t h ce of an RNA yIer ase.
24. Therff’e? RFOY% clléaﬁ r}:3?1?\%% ag:rllp@r pr one
pol yner ase. Iﬁine JBEfHEEHEdﬁﬂhéﬂﬁaénééhtaWEiﬁ?nDNheéﬂdﬁédé&bSé@ééaﬁﬁss

are natural variants he nmet hod aim 16 wher ei n at
| east twd ddifferiens subsipates ekhithie ﬁbreiamaﬁlagsaséuu3hﬁ@ ggast i tyere

27. The, met hod of ¢l aim 26, whereip,the _polynucl eotide yari ants exhi |t
Tor e thadnﬁfﬁés%%u%%%ém? 3ﬁtﬁpoun% 2! Bhe" SR AT é%es con é from3 WO

10 to seven mutations scattered throughout the gene.
The DNA sequence of the H. lanuginosa lipase gene and the
amino acid sequence of the lipase are disclosed in EP 0 305 216
The variants are indicated according to standard terminol-
ogy as described in e.g. EP 0 396 608, and WO 97/07202.
15

The following 9 variant genes were shuffled:

1'. N94K+DI6L+EIIK

2'. SPPRRP+N94K+DI6L+T231R+N233R+D234R+Q249R
20 3'. SPPRRP+A19C+C36A+N9I4K+DI6L+Q249R

4'. STPRRP+N94R

5'. SCIRR+N94K+DI6L+E239C+Q249R

6'. D137G+D167G+E210V

7'. D96L+E9IK+V1BTA
25 8'. SPPRRP+D57G+N94K+D96L+Q249R

9'. N94R+FI5L

The following components where mixed in a microtube:
2 pl plasmid mixture (0.15 pg/pl), specific primers flank-
30 ing the gene (1 pmol/ul), 2 ul 2.5 mM dNTP, 2.5 mM MgCl,, 2 pl




28. The nethod of claim 27, wherein the polynucleotide variants exhibit -
nore than 90% sequence identity. 29. The nethod of <claim 27,

wherein t®{Roguiess POl ynucl eotide variants exhibit nore ':Tg&gmgg%&ﬁgﬁuence

identity. 30. The nethod of claim 1626 wherein the pri el ed.
31. The nethod of claim30, wherein the label is biotin or digoxigenin.
32. Th t.ho i th s arc 6 to, 200 i,n
ength, e“g‘e S e S e gl BT R " el E e e vmer 4o tHF A vAY-
bp. ume B¥ J@etfpod of claim 33, wherein the prinmers are 15 to 40 bp.
35. The net hod of claim 16, wherein the substrates are fromnaturally

occurring orgamhanxuﬁecméiesentispadaﬁxkln1EﬂmerTQQOUEtthm@bydhﬁﬁﬂZMEe
wherein the starting substrates are linear DNA fragments generated by a PCR
reacti on.follpwing TREQRAD Was atitm'1€94°\ﬂzer5emnutetsie 1T stywke g

subst ate re cl oned mta vegbg The rret hod of cI a| m_16, wherein
the Sta § subil r 8868 ERco garlaﬁ?QQHqﬁQcﬁ aRYEhe§HE2°C, 38 minies,

met hod of %gnl@gsrelg eRZYy e is selected fromthe group consi sting of
car bonyl 4hydrola bohydrase, an esterase, a protease, a. lipase, an

anyl ase, a cel I'IlHeasBCRaﬁe@cxtﬂ@xsewa@nChﬁ:ﬂ & do I@'U%}t a¥@drose gel. A DNA-
REPLACEMENT SHEET
2 1M 200Rd of the spgpificrhexpeched efizel afas 161,-1tvvl¢e1rte|¢1f t bbestapariong

subst r at gx; enGRg W I g cted firom.the gr,
consi sti ﬁ%e of 1 ngp {ﬂgu“g%Tg%%PB XPEE gplaﬁbsstotﬁgt 3t r (@0}5\ ‘&loﬂed
10 PCR- product was cloned into a TA-vector (from Inv1trogen (the
original TA cloning kit). The ligated product was transformed

into a standard Escherichia coli strain (DHb5a) .

20 transformants where fully sequenced across the gene of

interest.
15
Result:
The following 20 variants were found:
1. D137G+D167G+E210V+Y213C
2. SPPRRP+D57G+N94K+D96L+Q249R
20 3. N94R+F95L
4, SPPRRP+D137G+D167G+E210V
5. N94K+D96L+ES9K+V187A+T2671I
6. D137G+D167G+E210V
7. NS94K+D96L+E99K+V187A
25 8. D57G+N94R+F95L+Q249R
9. N94K+D96L+E99K+E210V
10. SPPRRP+A19C+C36A+N94K+D96L
11. N94R+F95L
12. D137G+D167G+E210V
30 13. N94K+D96L+Q249R



t hynosi n, gf(?%ﬁhlg%/uoid hornmone, pituary hornones, somt&ﬁ%@mmm

eryt hr opoi teinizing hornone, 2%horionic gonadot
hypot hal am ¢ rel easing factors, antidiuretic hornones, thyroid stinulating

o oFor s PenhPh G B BPr UEREYRBAR, b TE0) ord Pyl setip, L

sel ected {g0m §PPRAPPNPARPDSESHPRG1RINDRIRFOLBARIOR 4ioR i ati on,
transcrlptlon termnatlon transl ati onal |n|t|at|on and operator sites

rel at ed tbGexprQ%GbﬁlﬁﬂGgEBéQV 42. The nethod of claim 16, wherein the

nunber of ycIgélggﬁ%§¥g+RgEE+Q%98RcycIes. - 43. A met hod for shuffling

polynucle% i de (a) providing at |least two variants of a

pol ynucl epg i deyagx+poe1,st8bki Nng substrates to be shuffled; and (b)
shuffling the at |east two variant pol ynucl eoti des by contacting the
variants WPth BIHBRPELALIi on of conpletely or partially random priners,
and condugji ng I = i | eoti de extension reaction
wherein 56' SgPﬁHk%#?gxghb§P+F%§§99bﬁgggycIe, the primers anneal to the
variant forms and priner replication of the variants t her eby
generating extended priners, wherein the at |east one cycle is

termi nated by aNeantyeaséd mnttaéncpaﬁameeret aepresented t k% ofit 80pxtivddcen:-
and (ii) in at

| eastt onelgﬁbééaﬁéﬁtbéﬁglgortﬁgeg%Féﬁdgamp§ates' priners generated in a

previ ous cycle are denatured to si ngl e- stranded fragnents,
whi ch  anneal in___ _new conhinations form ng anneal ed
fragments, whedtebytope: strand of an anneal ed fragnment prines

repliCatiOnTg#—;gg———————————ﬁ+heF—%G—FGPﬁF¥HPFheP—e*%eﬂdeﬁ—ﬁ++ﬁ€¥5+
wher eby the REEL8fde extension is continued for suffitdient cycles

until the fushherl extsegreenr heeL8abBChudBRplgeaEbi nant fogms of the
shuf fl ed pol ynucl eoti de.
Shuffled between at least 3 templates 2

The shuffled sequences can then be subcloned from the E.coli TA
vector into the yeast vector pJS026 as a BamHI-Xbal fragment
15 (see WO 97/07205), and e.g. screened for new shuffled sequences

with improved performance in detergents (see WO 97/07205).

EXAMPLE 2
Method 2:
20 PCR products of 10 different 1lipase variant genes were

generated as above and pooled in equimolar amounts.

The following 10 mutant genes were shuffled.
1'. D137G+D167G+E210V

25 2'. DY6L+E99K+V187A
3'. N94K+D96L+E99K



44. The nmethod of claim43, wherein the tenperature is raised to between

90 [err]C. and 99[err] C 45, The nmet hod of claim43, wherein the

starting sy8skunkss are |abeled, and the separated fron1th

prinmers generated in step (b) by use of 28he | abel . ?’fﬁ@l&%}gﬁﬁod

of .claim 43, wherein the nulti-cyclic polynucleotlde ext ensi on

reactiongis cgggﬁﬁgeggjgl gé?% ronmoting m sincorporation of

nucl eot i des h ‘{Iﬁ ]% %]alfgn 43, wherein the starting

substratés.rwn&ﬂIN4EﬁmmAwaﬁ25m bp to 20 kb. 48. The nmet hod of

claim 4%, wher e multi-cyclic #b nucleotlde extensi on reaction
ted

i s condu %ﬁ%ﬁﬁ%ﬁﬂﬁﬂ%ﬁﬂﬁé&i?%ﬁﬁ%a 2tPR Rt@&49Rroup consisting of
T4 POYYIErasmpe ] RAIEL ANk B 6 A 40N pol ymerase | and he

Kl enow fragnment of DNA polynerase |, and erein said pol ynerase i s added
to tie rBhct i SIPRABANA4R after each cycle.

REPLACENMENT 39

2 9 MAY 001§¢g%§+F951’ 49. The method of claim 43, wherein the
mul ti-cyTd? ¢ Sl RN G0t D IEL -2 BOSH@Iy ggaction is conducted in the presence
of an RNA pol yner ase. 50. The met hod of claim 43, wherein said
polynerase 1is an error- prone polynerase. 51. The nmet hod of claim43,

sher o1 10 EL21BA R SHORL L2k 5ot SefBLALEh YR LoDl ary P unelhe, et Mol

of claim | east

thar1050% sequenceli deaki tixtudS- (0. 1Thﬁg (b GHrRIdR BZimethe[£H
at least two starting substrates exhi f nore than 70% sequence
identitypmol), 2 ul 10* Klenow buffer (Promega), 0.25 mM dNTP, 2.5 mM
MgCl, in a total volume of 20 pl.
The mixture was set in a PE2400 thermocycler where the
following program was run: 96°C, 5 minutes, 25°C 5 minutes, 0.5
15 ml Klenow enzyme was added, 25°C 60 minutes, 35°C 90 minutes.
This procedure generated a high number of small DNA poly-

mers originating from all parts of the gene

10 pl was taken out for test on agarose gel.

10 pl PCR mixture (0.25 mM dNTP, 1 pl 16* Taq buffer

20 (Perkin Elmer), 2.5 mM MgCl,, 0.5 pl Taq enzyme) was added to

the 10_ul in the tube in the thermocycler. Then the following
standard PCR-program was run: (94°C, 5 minutes) 1 cycle, (94°C 30
seconds, 45°C, 30 seconds, 72°C 30 seconds) 25 cycles, 72°C 7
minutes, 4°C indefinite.

25 The PCR products were run on a 1.5% agarose gel. A clear
unbiased smear was seen. DNA between 400 and 800 bp was isoclated
from the gel.

Half of the purified PCR product was mixed in a tube with

two specific primers (40 pmol) flanking the gene of interest,



54. The_ neth claim 53, wherein at l|east two rt| n

substrat esw&?ﬁ’ﬂ?% nore than 90% sequencg9i dentity. 55. P?ﬁ@) ?‘l%ﬁd of
claim 54, wherein at Ieast two starting substrates exhibit nore than
95% sequence i dentit The -nmet hod of claim43, wherein the priners

are Iabel‘éd25 m¥7 ANTP, THe h‘ﬁat h8Y SrxIuiies, %héré‘il"lnl“lg%lzprl%rb e folro
70 bp. The gE#Hod of claimb56, mheremﬁ%&gf I S bg gln 0
d|g0X|gen3r‘Pinn95§tan Pﬁ@f958g5ﬁmbmﬁﬁn?¥? nt é“b??ﬁ%? r&¥%5%¢o
40 bp. ?QIPC ;ﬁesgggrq d OfSOQ’Eal r?O Seco e| nﬁh@ QE)' ré%rcsonegs%RE%,?_ E/éOO

bp.
SHEET 40 61. The net hod of

claim43, 72v(\;he7r enlllr?%%ees’su%str dgsflélrlécef romnaturally occurring organi sns of

di ffersent speci®se PCR2prodhe Reihothofog! ai M. 43, aeicie dée. shaspebdfic
substrates are linear DNA fragnents generated by a PCR reaction. 63.
The et ho‘@h@wm Hemkapanchep i fhehexegisthgssudswagt essakated ondddifienal

vectors. & gg%pg %dyqydﬂ$f%ﬁer§M¥§ Zﬂ%méf eét %b%go%ncpg er

substr at e% encoae varira enzymne

64, wherets &mﬁyﬂEyIShSEPERdeoﬁhQﬁlbb@ogboupoﬁQm@IStlng of car bonyl
hydr ol ase, carbohydrase, an esterase, a protease, a |ipase, an anyl ase,
cel | ul ase, an oki@afER-BAQMFtoand ERAUSesdced wrrtor THEIRetHH %#t%l§hﬁ

43, JWPGVEbBrobPEaEéaEEbEQlc%H%%t@%ﬂ?ﬁes (BamHI/XhoI). The vector and the
PCR product were run on a 1.5% agarose gel, and purified from
the gel.

The cut PCR-product and the cut vector were mixed in a 1li-

gase buffer with T4 DNA ligase (Promega). After overnight liga-

15 tion at 16°C the mixture was transformed into E. coli strain
DH5a.

19 clones were fully sequenced across the gene.

Result:

20 The following 19 variants were found:

STPRRP+N94R+N233R+D234R+Q249R
SPPRRP+N233R+D234R+Q249R

D96L+D167G+Q249R

N94R

D167G

SPPRRP+A19C+A28T+NO4K+DI6L+D111N+E239C
SPPRRP+A19C+C36A+N9I4K+DI6L+Q249R

N94K+DI6L |
N25T+D57G+N94R+E9IOK+D167G+T231R+N233R+D234R+0249R

25

w W 3 oY Ut W N
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Eneld ik

encode variant fornms of a pol ypeptide selected fromthe group consisting of
i nsulin, ACTH, glucagon, somatostatin, somatotropin, thynosin, parathyroid
hor mone, pituar hor nones, somat onedi n, erythropoietin, :
Iute|n|2|NﬂD9$K#5 ne, chorionic gonadggropin, hypothalan?@“@@?&ﬂgpﬁg
factors, antidiuretic hornones, thyroid stinulating hornone, relaxin,
|nterferon t hr onmbopoeitin (TPC» and prol actin. 67. The net hod of clalm
43, wher®9n ﬁ?ﬁﬁt@%ﬁ§$ng substrates have a function selected fromthe group
consi sti{g o¢ 1§f@nscription initiation, transcription termnation,
translational initiation, and operator sites related to expression of

genes. 138.DTé®G et hod of cl aim 43, wherein the nunber of cycles is fewer

t han 100, cycl 41 69. A
met hod f%§ ﬁf*TN%@RbB?§BU%}@B@Tg%%chonpr|S|ng (a) providing at
| easts tw@4yag3¢@4§9@ﬁ+gggplynucleotlde to be shuffled; and (b)
shuffling the at | east two variant pol ynucl eoti des by contacting the

vari ant s19 tRO4RHBRGLHR26BRof conpl etely or partially random priners,
and congduct] yclic pol ynucl eoti de extension reaction

wher ein ?E §9¥T§9§ﬂyé i?‘Igast one cycle, the prinmers anneal to the

vari antsi7. sTprrp+@ngrprine replication of the variants thereby generating
extended priners, wherein at |east one cycle is conducted W th
the Kl enbd fNagkeRP6btVERAR pol ynerase | and (ii) in at least one
subsgguent, Cgﬁ%ﬁkpiﬂ%?éﬁq§h‘ﬁ$59@£+ﬁﬂ§N+L1§1 generated in a previous
cycl'e are”denatured 1n anded fragnents which anneal in
new conbi nati ons form ng anneal ed fragnents mhereby one strand

of an nneal ed fra ment_prinmes re catlon the ot her to,form
further extendB¥lprh TREFEBES  HBTs0| DRRESEHRTER. rturarang ofitEls
contlnueglggrfgyfgbgbgﬁgccygh §agggLI the further extended priners |ncludes

reconbi nant forns of the shufiled pol ynucl eoti de.
There were no apparent hot spots with regard to mutation

15 exchange and it seems to be evenly distributed along the gene

Statistics:
Not shuffled 1
Shuffled between at least 2 templates 10.

Shuffled between at least 3 templates
Shuffled between at least 4 templates
Shuffled between at least 5 templates

= O o

Shuffled between at least 6 templates

The shuffled sequences can then be subcloned from the

E.coli TA vector into the yeast vector pJS026 as a BamHI-Xbal

20 fragment (see WO 97/07205), and e.g. screened for new shuffled

sequences with improved performance in detergents (see WO
97/07205).



70. The nethod of claim69, wherein the starting substrates are | abel ed,
and the sel@r%8t42e3from the extended pringrs generated in stRET/PEPS/AMI0dse of
t he | abel . 71. The nmethod of claim69, wherein the nulti-cyclic

pol ynucl eoti de extension reaction ‘+is conducted under conditions
pronoti ng m sincorporation of nucl eotides.

42 REPLACEMVENT SHEET :

2 9 MAY Fgmple 3: 72. The nmethod of claim 69, wherein the starting
substrat @g 13 &danEth sHuf fiyio 20 kb. 73. The nethod of claim 69
wherein thé starting substrates are natural variants. 74. The net hod of

claim69, wherein at least two starting substrates exhibit nore than 50%

sequepce identity. 5. .The . nethod of . claim 74 ereip. at _|east
tw. Starting MHEFARRES dini AR Fho chutes SF o Fipfe vagf
The metheds &ff #| AdRugbhosaEigise wére | SRSEL1EM0 I8t ArEiNgls¥bRbAAESS
exhi bit nore than 90% sequence identity. 77. The method of <claim 76,

wher ei n wvatridrdgastof tBecikiws tarampldses atas eehsbuffirede t han 95% sequence

identity. 78. he net hod .of clai m .69, erein, the prinmers are | abel ed.
oM e et nERT T Hakent ArpTigastens hane taper D88 Bafifpeaapt

0008 Pelhiond G B8t SAGLIEE sHORLELTAHE DOUTTCS. Bt 0clg 200

70 bpoi n gji¥Aties, e.g. thermostability, stability under Calcium-
depleted conditions, improved wash-performance etc. (see
W095/10603, WO96/23874, W096/23873, and PCT/DK97/00197).

Variants of B. licheniformis oa-amylase amylL can be shuf-
fled as follows. The variants are all located in the B. subtilis

15 expression vector pDN1528 described in W095/10603.

The experiment is carried out under the exact same condi-
tions as Example 1 except that the flanking 27mer primers used
to initiate DNA synthesis were different.

The PCR amplified band of approximately 1500 bp is puri-

20 fied from an agarose gel and cloned as described in Examplel.
Alternatively restriction sites located within the amylL gene can
be utilized to clone the library of shuffled genes into either
Bacillus plasmid pDN1528 or an E. coli vector containing the
wild type amylL gene, e.g. pJeENl described in W096/23874

25

Example 4:



82. The nethod of claim81l, wherein said priners are 15 to 40 bp in | ength.
83. The nethod of claim69, wherein the substrates are fromnaturally
occurring WOg8MI&Hs of different speci es, PCT/DK98/00104 i
43 REPLACEMENT SHEET 84. The nethod of claim
69, wherein the starting substrates:.are |inear DNA fragnments generated by a

PCR reaction. sh88f17hg 6Et 88 §enebakAr68inyhBbRbN obbesSkdlEyIhsest rat es
are cloned into vectors. 86. The nethod of claim69, wherein the starting

subst r at 88Yenabdethar pawd aser Adestifnednbyn8EQ. I87 noPhd amsinteodadfd )c laaidn 86,
wherein y .s sel f,rom the .gr.ou Lsti,ng of carbonyl hydrol ase,
SEELTB 5, 25LTENAT BTy EadiRLoBR0sLEY,

car bohydr ase, ; n anyl ase, a cel |l ul ase,
an oxi dase, and an oxi do reductase. 88. The net hod of claim69, wherein
the starting substrates encode variant forns of a pol ypeptide selected from

t he gt ouphBoherydrAgsErandsyirgntAcTl, tgl tbeagoRNASoodt @otydt iaan be ampli-
somat ot r @pLRA, :Lh LN a ..d ;hormone, pituary hornones, somatonedin
erythropg?%?iﬁ% %g?ghn9§?ﬁé %g¥h§ﬁg? gﬁgaﬂgﬁpgsgonadotropin, hypot hal am ¢

rel easing factohs, foanaidi steahd ibosggaeatedt BYbRl €hesriefidlrald R raher Mone,
relaxin, interferon, thronbopoeitin (TPO and prol actin. 89. The net hod

of clai nPBgedwRBr &FA BRELBLEAYt fAgSEUBPLANLAEnhareted: Magniedd e dleactsednd om
the gr OUBeBQE?k_EE&pg 8?6 Eflgn,ﬁﬁél g%#gﬁ?lsgh’t&%'gt’)g%g{{ot ranscri ption

termnatiron, translatronal "initia r sites related to

expriessi simdlagépeshe r8PerseTbergBihqeopblemanta®y twherma) Jre tHeThefy-of
cycl es is fewer than 100 c nmet hod of shuffling

ponnucIéBFPd€§F°é89pPVs§EQr¥%lggs (Wgéﬁdﬁﬁéﬂﬁ@ rians bes ampddd isfd and
popul ati 9u,9f+REl ynucl eoti des wi t hout shuffling second strands; and
Two primer strands are used as templates in a PCR: (94°C 5
minutes) + 99 cycles of (94°C, 30 seconds; 60°C, 0 seconds)+
15 (72°C, 5 minutes) using random primers of various lengths, Tag
polymerase and standard buffer conditions as described in Exam-
ple 1.
The resulting approximately 1500 bp product is cloned ei-
ther as TA cloning as described in Example one (for verification
20 of the sequence of the resulting clone) or into Bacillus vector,
pPTVB110 utilizing SfiI and PstI restriction sites.
The original template can be removed from the PCR at any

step (e.g. after 5, 10 or 20 cycles) based on the biotin tag).

25



44 REPLACEMENT SHEET synt hesi zi ng strands
conpl ement aY§) ¥8166%he shuffled first 33strands to form sHEWPEPUIUY ex
pol ynucl eot i des. 92. The nmethod of clain1u§ﬂ wherein the first

st rands is fromthe second strands b gﬂu wy m h biotin.
93. Thﬁ@#o@ﬁﬁ% aim9l, wherein the fi rst)l ' J '!l” : t)I of _
pol ynucl eoti des conprising diverse forns of a pol ynucl eoti de. 94. The

net hod of claim 93, wherein the diverse forms of the polynucleotide are
from natlr al | ya osetlred n§osr §hsi senssiruditiiber @ft spkithesry o095 recombénsdt hod

of claim9l.,wherein th ol. o ol.ynucl eotides exhiRhit_nore than 50%
geqﬁenl:erﬂ MIRIRYS P Og%gugfer%%lér% h8§°r8f ac | %,Oﬁhg?tfﬁr?ﬂE oo s )
pol ysucl epigresoexdibihle "OE aiied FoPesEAVEPNR t8RPLAtYs and7primdi§ E;?t hod
of claim 96, wherein the pool of polynucleotides exhibit nore than 90%

sequenceli@egrd tYemplage shifbs meumdngofancl il nvdvro whelphncl ket pdel sgh-

ol ynucl ' gﬁni | t nﬂp %.sequence identity. 99. The
ﬁet%od %?éé%egfm %l P ererltn t %Vglerfe?)(r?"st strands are cont act ed with at
| east orfe. conpttadraled IEAMiG@RPOMIol ynul@ot il aFRl R thdlsi ARigy 91,

wherein the first strands arc contacted with at | eéast one partly random
priner or at 3eastdePHAFing HParsntahddenpre ngtranded DNA template to

45 19 produce single stranded templates,
b) annealing said primers to the single stranded DNA
templates,
c) extending said primers by initiating synthesis by use
of said polymerase,
15 d) cause arrest of the synthesis, and
e) denaturing the double strand to separate the extended
primers from the templates,
B. a template shift is induced by
a) isolating the newly synthesized single stranded ex-
20 tended primers from the templates and repeating steps
A.b) to A.e) using said extended primers produced in
(A) as both primers and templates, or
b) repeating steps A.b) to A.e),
C. the above process is terminated after an appropriate num-
25 ber of cycles of process steps A. and B.a), A. and B.b),
or combinations thereof, and
D. optionally the produced polynucleotides are amplified in a
standard PCR reaction with specific primers to selectively
amplify homologous polynucleotides of interest.
30

2 The method of claim 1, wherein said polymerase is a ther-

mostable DNA polymerase, such as Taq, Amplitaq, Vent, Pwo.
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101. A nmethod of id TN tides exhibiting a desired property, -
conprising the net homm ‘HII,EM lmﬂrt her conpri sing expressing and
screeni ng pti de encoded s t he shuffled pol ynucl 'quf a '
desi r ed pr‘gf}g’%i/ﬁgg 102. The nethod of 3¢l ai m 101, wher ej n%’t%rtf@) 6’3{9“?‘ty i s
an enzymatic activity. 103. The nethod of claim91, wherein at |east one

extension cycle is conducted under conditions of inconplete elongation.
104. The nethod of claim 91, wherein the population of

pol ynucheot i dfise ERELHSA VREI AlaikOrIe Whe PEi®NENNB. poliferase e aebhad of
claim 104, wherein enzyne is selected fromthe group consisting of carbonyl
hydr ol aBelymerassw deusl agnTdspPelymeragepr Eﬂe@émnai%se,ﬁiancaﬁl BNa 2
cel I ul | das a Ldo S 6 t hpd

ol ai m HgLyRERREs CRRr Pl PRIGKLHD S23GEhitioe DR pojiatraiRl MEC a0

| east t woidapdiphe pasy niie| added eso atide wheaet hoh heixturaenafpekyaacheoytdes
encode a_pol ypeptide selected from the group consisting of insulin,
ACTH, C“gfucagon, somatostatin, somatotropin, thynosin, parathyroid

hor none, pituary hornones, sonatonedin, erythropoietin, |luteinizing

hor none, chorionjc gonadotropin, hypothalamc rel easing factors,

anti di udeti c Boenmaebpd oiyraliaim s, nwhereihy shadmpoedymenasieaxish,a RNA

[ nterferoT, t hronbopoeitin (TPO and prol acti n. 107. In a nethod of
shuf f1 i R§-¥#BFFATRt eoti des fromvariants by tenplate directed pol ynucl eoti de
extgnsi on of a popul ation of fragnments of polynucl eotides, the

| nprovenent wherein opposing strands of pol ynucl eotides to be shuffled
are sepdrat edThef 8ethednaificeniigof tthe oA ilhgo s epwhenaént Eaidskeffling

react | 09 L3, 6aNINCLE] o} fIB RS FAIGrRlrad, Y R 44 AR ELQULEAE A

vari ant
met hod ekrépBhsed 0YikeBIRI feddfs® PO N\gr idtyuls are

15 6. The method of any of the claims 1 to 5, wherein said
starting single or double stranded parental templates are dif-
ferent in that they contain different point mutations in the
same native polynucleotide (gene), or are homologous polynu-
cleotides (genes) isolated from nature.

20
7. The method of claim 6, wherein said starting single or
double stranded parental templates exhibit an identity at the
DNA level of e.g. more than 95%, 90%, 85%, 80%, 75%, 70%, 65%,
60%, 55%, or even more than 50% identity.

25
8. The method of any of the claims 1 to 7, wherein the ar-
rest of the polymerase reaction in step A.d) is achieved by

raising the temperature.

30 9. The method of claim 8, wherein the temperature is réised

to a value between 90°C and 99°C, preferably 94°C.

d
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separ at ed I n 109. The net hod

wherei n tﬁg(xgé{%%ﬁcl Emmmr“ﬁ“!ﬂ " I".lf fB&d exhibit nore th%ﬁTwsr@géﬁence
identity. rret Mods of* ¢l ai m 109, wherein the pol ynucl eoti des
to be shuffled exhiblt nore than 70% sequence identity. 111. The

met hod of claim 110, wherein the pol ynucleotides to be shuffled exhibit

nore t hgd, 90% e anenssd | denbinky of the2.claims ThetBethodidrilri Phd 1a -
wherein the polynucleotides to be shuffled exhibit nmore than 95% sequence

i dent i tyest dfithe polyherass heeRciion cimisten 0y, d ibeaehhevedebyt pddds to

be shuffled are ontacted with at |ea ne conpl etely random pri mer.
114. ing sREGE oL eagen 'alsrﬂc%b“f1 i{R’)"?'gjrel n the strands to be shuffled

aregcontacted with at |east one partly randompriner or at |east a pair of
partly random pri nmers. 115. The nethod of claim 107, wherein the
strandsllto ti?aheshmethed aJrfe ant adt etdlew chaams| élastOOrl@ prwhmremtgamo bp
'nlen% b\?ﬁ g % n__t.he_ strands
to be “F‘F’é% %?‘@Eb%?a%t%‘ap ? 18? PEaEPTBHE B?Vnﬁfm?&“‘t B985 i n
| engt h. 117. The method of claim 116, wherein the strands to
be shuffled are contacted with at |east one priner 15 to 40 bp in Iength.
12. Thgisethod of r@ﬂho@fofth%eﬁliin}lﬁnd- p’éth[i@pt ivheredmi seidng a

3102529 "Bt SemBERPR 1L PRRh fuTPhasE Renh AeRbt praltbiAca T S

poI ynucl eot I de for a desired property. 119. The net hod of claim 118,

wherein the propert¥ is an enzymatic activity.
13. The method of any of the claims 1 to 10, wherein said

primers comprise a population of specific primers.

15 14, The method of any of the claims 1 to 13, wherein said

primers are labeled, preferably with biotin or digoxigenin.

15. The method of any of the claims 11, 12 or 14, wherein
said random or semi-random primers have a length of from 6 to

20 500 bp, preferably from 15 to 300 bp, and better from 25 to 150
bp.

16. The method of any of the claims 13 or 14, wherein said
primers are 6 to 75 bp long.

25 :
17. The method of any of the claims 1 to 16, wherein said
starting parental DNA templates are at least 50%, 60%, 70%,
80%, 90%, or 95% homologous.

30 18. The method of claim 17, wherein said starting parental

DNA templates originate from wild type organisms of different

genera
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120. The nethod of claim . 107, wherein the vari ant :

pol ynucl eot i des are ' occurring organisms of different
speci es.  wd3dies: "mm;m ,I | ai m 107, wherein the
reaction is perforne one3§xtension cycle co%gu&%é%B@Wéer

conditions of inconplete elongation. 122. The nmethod of «claim
107, wherein the population of polynucleotides encode diverse forns of
an enzyne. 123. The net hod of claim 122, wherein enzyne is sel ected

from t heo gr ourhe ofétisdd ngfofamgardpnyhehydadmdsel7 car baBydrvismeian esidér ase,
a protease, a |ipase, an anylase, a cellulase, an oxi dase, and an OXIdO
reduct aartingparentalhkempdahed have @ AGRIHDOL fKEMe@kpoUthe0 b

popul at{ 9 50fyypol yp \AEEEQBWeSakdeT:WiQ@Sbg)} Lgasl tyg, V@Jdraent%referred

pol ynuc des ‘an erei n"the vari ant nucl eot | des encod

pol ¥pepiabale: s20®dedd rorkkd heesg:emmldgnaﬂo@utngwf bpnsol 2nkbACTH, gl ucagon,
somat ostatin, somatotropin, thynosin, parathyroid hornone, pituary

hor mones, somat onedi n, erythropoietin, luteinizing hornone,

choriony§ gonadot naPhBa *&\fpoéxh‘%' 3F GHe! emrﬂg hact®r $o, aniidbidinet E§id

hor nones, thyroid stinulatin ormone, relaxin, interfefon, thrombopoeitin
(TPC» aﬂuapnrm@cpanental templates are linear DNA fragmmmts generated

29 Y 200 lPCR 125. A nethod for shuffling polynucl eoti des,
conprls? reaqiiqNol ating a sense strand froman at |east one first
pohxﬂucleotlde variant and an antisense strand froman at | east one
second pol ynucl eoti de variant, wherein only the isolated strands are

t enpl atg% f orTR@ufekhag; of any(Bf suﬂﬁfclagmﬁhé i 5@ 2Ped Wheraids spidhe

pol ynuc n t n varj.ant W th
a p%g%#gﬁ%npag*g’%é%r }t%en%a%%gn?éézo% uc%clingrnt%a S&%chcﬁgfé !

pol ynuctechi de a exladsiddn to form shuffled doubl estranded

pol ynucl eoti des, wherein at |east one cycle is conducted with a shorter

extension tine than required for conplete extension of t he tenpl at es.
15 22. The method of any of the claims 1 to 21, wherein said

starting parental templates represent a polynucleotide encoding
an enzyme, such as a carbonyl hydrolase, carbohydrase, or es-
terase, such as a protease, lipase, amylase, cellulase, oxi-
dase, oxido reductase, etc.

20
23. The method of any of the claims 1 to 21, wherein said
starting parental templates represent a polynucleotide encoding
a polypeptide having biological activity, such as insulin,
ACTH, glucagon, somatostatin, somatotropin, thymosin, parathy-

25 roid hormone, pituary hormones, somatomedin, erythropoietin,
luteinizing hormone, chorionic gonadotropin, hypothalamic re-
leasing factors, antidiuretic hormones, thyroid stimulating
hormone, relaxin, interferon, thrombopoeitin (TPO) and prolac-
tin.

30
24. The method of any of the claims 1 to 21, wherein said

starting parental templates represent a polynucleotide contain-
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126.*~>A net hod for H“'“:I FM ﬂ Ieotides conpri si ng: (a)

i sol ati ng WOWHE d | eas§7 one first poPGHDKIFBAIH
vari ant and an antlsense strand from at | east one second

pol ynucl eotide variant, wherein only the isolated strands are

t enpl at 489f od MlCPq#f@al functio® ~ sNghf | g ERRNFEHIRAEEEN stiHdaElon he
pol y”“"'(%%%n@%ergl dmé’a'i; %.ﬁa@(oﬁont ﬂﬂ%}éﬂﬁa iﬁ%ia‘éﬁg @3&&@& £ on
of Frners-an i -cyc "ex

con a ful I°C p ynucl eot’i ensi on
to fornbihé%f|Qéldﬁﬂb'EOSERPBdelOﬂ|¢ﬁUQéﬁé§Ides wherei n at | east one
cycle is termnated by an increase in tenperature to term nate
ext ensi on. 49

REPH6CEQ§NT S%ﬁngethod of any of the claims 1 to 24, wherein said
number of cycles are less than 500, 200, or less than 100 cy-

cles.

26. A method of identifying a polypeptide of interest exhib-
10 iting improved properties in comparison to naturally occurring
or other known polypeptides of the same activity, whereby a li-
brary of recombined homologous polynucleotides produced by a
process according to any of the claims 1 to 25 are cloned into
an appropriate wvector, said vector is transformed into a suit-
15 able host system, to be expressed into the corresponding
polypeptides and displayed, and said polypeptide is screened in

a suitable assay, and positive polypeptides selected.

27. A method for producing a polypeptide of interest as iden-
20 tified according to claim 26, whereby a vector comprising a
polynucleotide encoding said identified polypeptide is trans-
formed into a suitable host, said host is grown to express said

polypeptide, and the polypeptide recovered and purified.
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