; e3ey\y06T\ 5+0 2 APR 2002 WD 99129902 specifically) forced nol ecul ar
evol ution of polynucl eotides to acquire desired properties. POLYPHHTABRIN
SEQUENCES 5 CROSS- REFERENCES TO RELATED APPLI CATI ONS Thi s application
derives prk\g;% [%odar om USSN 60l 067908) fried Decenber 8) 199p¢TARISIB6IS
€a by r

i ncor por at eference in its entirety for all purposes. |0
PCT/ U598l 25698 METHOD F TI NG POLYNUCLEOTI DE AND TECHNI CAL FI ELD The
i nvention reside \mm\ﬁm n| cal field of genetics, and nore BACKGROUND

15 A variety of a cl udi ng ratfonal desi gn and (]:][IIMH Immml"“um
evol uti on) have been G&&g" to opt| m ze protein functions ( oi ce

of approach for a gl ven optim zation probl em depends, in pan) oficke degree
of understandi ng 67 tHeé Trel ati onshi ps between sequence, structure and
function. Rational redesign typically requires extensive 20 25 30

F?ﬂh“l Sdg‘?hﬁé Z‘pZE{#&lt‘fgﬁ'dpb‘Effé?&s%@'aﬁbﬁﬁiﬂhﬂm@iﬁﬁrf?%hfﬁﬁSh{ Sq‘:
opti m sed. Directed evolut| onP ISP RE TG SRUPENEAS 1 i brarics of
nut ant nty ecul es followed by selection or screening for the desired
function.” Gene products which show i nprovenent with respect to the desired

property or set of proggidde]EFFERENGEY T REY. ATES APBLICANIGNS Sscreeni ng. The
genes) encodi ng those groaucfs can be subjected to further \ﬁXgCl es of the

process in order to ac frapritcatt FEpRAN tion can

i d isappiicatioredrsives prag twﬁpmum 60/67208 fidndy

i nvol ve few

progress andBFT’"l écts o*“cﬁuis {:Sjrgﬁrg{l?b ?Etg *gfbssgeﬁxvfeéyfo\{}"aﬁgﬁﬁaots%
generation. Such appr oaches have been used to cr eate novel functional
nucleic acids (3) 4), peptides and _qt hgr zg“ gyl ecules (3)) antibodies
(3)) as Il as enzymes and ot her E 7). These procedures are
fairly tolerant to | nagriidehifsh refifhs iR tednfichield UGt B¥PhbAL i on (7).
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specifically, forced molecular evolution of polynucleotides to acquire desired properties.

BACKGROUND

15 A variety of approaches, including rational design and directed evolution,
have been used to optimize protein functions (1, 2). The choice of approach for a given
optimization problem depends, in part, on the degree of understanding of the relationships

» between sequence, structure and function. Rational redesign typically requires extensive
/  knowledge of a structure-function relationship. Directed evolution requires little or no

20 specific knowlcd\'gc about structure-function relationship; rather, the essential features is a
means to cvaluaté the function to be optimized. Directed evolution involves the
generation of libraries of mutant molecules followed by selection or screening for the
desired function. Gene products which show improvement with respect to the desired
property or set of properties are identified by selection or screening. The gene(s)

25 encoding those products can be subjected to further cycles of the process in order to
accumulate beneficial mutations. This evolution can involve few or many generations,
depending on how far one wishes to progress and the effects of mutations typically
observed in each generation. Such approaches have been used to create novel functional
nucleic acids (3, 4), peptides and other small molecules (3), antibodies (3), as well as

30  enzymes and other proteins (5, 6, 7). These procedures are fairly tolerant to inaccuracies

and noise in the function evaluation (7).



PCT/ US98125698 _7 Several publications have discussed the role of gene
reconbi nation in directed evol ution (see WO 97107205, WD 981 42727) Q3 APR 2001
5807723, US 5.721,367, US 5,776.744 and WD 98/4164 US 5.8l 1,238. WO

98/ 41622, ) FHoddk623, and US 57093. 257). A PCR-based group pfr/usesrseos
reconbi nati on net hods consists of DNA shuffling [5) 6]) staggered extension
process [89, 90J and random prim ng reconbination [87J. Such nethods
typically involve synthesis of significant amounts of DNA during

assenbl y/ reconbi nati on step and subsequen-anplification of the final
products and the efficdenc fi: | f 1 catl [ wi {h _gene. si.ze

i ncrease. 10 Yeast cel e?;ra%&éﬁgggrgshggéﬁé%u%g&gﬁ | véoqg)g/g eél%r%cé’rwgoérr‘% °84%us
reconbi nat i ofirechd\e®olueien (3¢8 A0 A0 7205. WODErqoNI$H 8807723, UBI5|791362NsT or med
with a vector and partiall overlaggi n i,)n erts effici entlg jﬂ]Oi n the

i nserts togepﬁér”isﬂ"t‘ﬁéd%éi%ﬁé&b? érélloﬁ - WOV ALy WQ OB/HH633. anda |

coval ent | y-cbgg%j):,)p_lsqfn‘i d [91 ]. This nethod does not require PCR
anplification at any stage of reconbination and therefore is free fromthe
15 si ze consi der at i onsAiPURebasat grauptdfirssombinatidn midthedy eonsistshe DNAlsbufflidg

crossovers intropduced in one reconbinagion.event is limted.by.t

f 1ot ency o BF SHEFTRY BrrBTorrore Lory e FHeRbiping TrfcEhipdiondRk .
vivo reconbi gigthiRethemihsidsllyeintalive syEQRf BighiRAnMARSHADWARALRHt al genes
cloned on the same plasmd in a tandemorientation. One i nmethod relies on
honol ogous r &semblyfiesamininanigsisiepang seseqreat amplificagen pEthe dinpl pradusss 2ol the
chirneric ge . : i 1N, vides the N-term nal
part of the %kg‘?ﬁé?)z?l)fro el{dr‘fl,’a&élnn ge%éées'ggw(;&ﬁ%g{\%g esrparfg’e C-termnal part.
However, I®nly one cros¥easetelBawhiek possesraataetivddgystetri for Apmoleaels- Anot her in
vivo reconbi nati on nethod uses the sanme tandem oQrgani zati on of substrates
in a vector [62Pbingiemhave besnLpsst iorin WP ’ieﬁ?‘Bb‘E?“‘t‘,‘bl&lééW mtdwithas are

| i neari zed b ' i ' : . 25
Rocoab! aat i oredfEa8 e BAY veHABR AP EIMRAN IR (RAR ARl HEHE Tepiors
doubl e- st r andf tnmedégy apaiestore Bfanetithsl. ofvaldntipatosad plrsmidf9 1 hrBhislegtiedeaidedy a

~' >3 I fvit foll db | i f I

i ngl e ot 1 anBPTeRES R, Fapl BeatBR 4F 13 F1aHF of FRGORBHTIEY ead QFFPRF Sotrecirom she
This met hod BascdisifetatibndineehoideRis aitthod] FRMEEY, BqfuntVer bAEHQBVers
reconbi nati on on circular plasmd. 30 SUMVARY OF THE | NVENTI ON The

i nvention pr infoduesdrip oo tesombinadmexenhig limiisd by thesfEsicneeof tanafosmatienofsi t i on

of a desired J . h ent.aid. . i onul.aLi of.. 0 2
PR 2009 & vELaRSLY B gt R8P ret SEMRAL e RO AL A Bl on
under condi t bangerd svOeertaitgenesdiesddent thodayneydasat iinle andemtiesatdon. One
het er odupl exes., The. het er odupl exes are then exposed, to a cel| |l ul ar, DNA
repair sysft emefrl?dd_f)lfﬁ?é’f’ﬁ‘oﬂ? 8o4t 5‘_8@&’;5‘?%%@3&8’9 Pgmcéqmﬂ)ﬁ‘ﬁbﬁﬁef@b‘ﬁ de

vari ant s;@r eRaRRRRERM (DD YO RS g i thetandeaNprovidENte Nefeiniral Part of the target

pol ynucl eotides ar€ then 'screened or selected for the desired property. In
sone net hodsprai¢in. andaseendifirevides the &-texpndl dgrtt dloaveppiaonly e crassevee reai he

vitro. A sul LRl el PAL o BISLETARARNE /B0 FABLASHal e IS A1 o8l Ltk

extracts. In roducts anneal il n
het er odupl exefganizetiondfsubiteed ih atvectbofPB]. cBdfbre. trahbforsicer iacup| ckieeligr e t hus

exposed to the host cells' 10 repair, systemin vivo. In several

met hods, thePiaﬁ’t“l‘%&ﬂfc‘t”i*%ﬁz%H’\-l‘g?ﬂ?@aP s AIGENON L FHRED theirenta) £qUSERect 5 f or
het er odupk ex Akl p{;pé i Sfteatouch
can be agﬁi e(?%&?ﬁ#lg%ﬁ&é‘?gkpgﬁf&er?@g?g{vg??gi&ﬁéglzgmg irs d"g’??‘%ﬁﬁ@?@%??‘lée va?alkgnt
as a conponem¢pauf Thekndsaf lineat moleculertara degradeddbypod vl ekemiciedse activitpnt i s
provi ded as 0 nent of a.l5 second vector. Thg first, and seco vectors
are convert e3°lf°oqua%¥ea§PFaj@§ qS?WBEFﬁnW Sd'thl?'ﬁ[ém\fdikfﬂ‘dsamﬁi rSARBHAR OPthe -
pot ynucl eot i dguMassirait Slafgid|94 ]2 ThHaPREBOd BaseitilBar ddRardides iafg HidadvaRGgss &P,
single-stranded forns of the first linearized vector reanneal vm'tﬁ each
ot her to for fdemagsombipaiionaacgitsular iasmide- st randed forns of the second
linearizgg vector reanneal with each other to formlinear second vector)
and single-stranded |inearized forns of the fcrst 20 and second vectors
anneal with each to forma cir SUMMARM OF FHRPINXENEFHONNg a nick in |

The invention provides methods for evolving a polynucleotide toward

acquisition of a desired property. Such methods entail incubating a po;)ulation of



each strand. Introduction of the products into cells thus selects for

cirul ar heterodupl exes relative to the linear first and second VeﬁtZOéPR 2000
Optionally, in the above nethods, the first and second vectors can
converted wwpddReari zed forns By PCR Al ternatively) the fipgirasghsggcond
vectors can be converted to linearized forns by digestion with first and 25
second restriction enzynes. In sone nethods) poiynucleotide variants are
provi ded in double stranded formand are converted to single stranded form
before the annealing step. Optionally) such conversion is by conducti ng
asymmetric A I i : [ .

pol ynucl eot iapgg“&?iatt’?‘gﬁ‘%@&t‘@f%%gﬁ‘% {3}&%} f’ (?{rag%&lg? ‘?gén}lé ng!f'%%rﬁgl%g rprggg ch%?“des

pol ynucl eot icdmpuisssihartodupletes Feclmmiodipiexadare fthanrexpseedaod cplddlynDiiaeot | de
variant. The first and secon Stragds anneal in toge irﬁ%usati ng step to form
a het er odupl*8BeIr SYHERIGHEC g1 8eterodiRipXRS 49 PYRNBE PUBIUFIRAHPE IS conpr i si ng
first and seeqpmhiRal poiHukRBLIICET hE. THOYdsdRide ipBivAGBoRies bFeaRded defEd, and

t he net hod further 0 2 APR 2002 WO 99 29902 PC T/ US98l 25698 -4 conpri ses
i ncor por at i rsglecthé fdrithesdesiradi popennd pol ynucl eot i des as conponents of first

and second vectors. whereby the first an nd pol cl | des. occupy
opposite ends of the 17 chf‘é(%gmg%é%ﬁ1 ‘v%@%f’zes‘ggaﬁer?l’)‘f’%%cgﬁ%émr‘i&?@'féif%
si ngl e- suandedinfoorABuitblet iBpaif §ystm tdnterdpacd in &ted form of agindalexwhdd) each

other to formlinear first vectaor, siggl e-stranded 5 forns of the second
linearized vector reahmetier methedsdkapradustsofiagnsabinginglyding heteredyniexgs ereor
and singl e- b 1178 i t anneal
W th-each t o aREEintd AR RS e B idbick s s e RO Re KR BN N T
t he i nt ri@ducepar system isefivect s for transforned cells conprises the circular
het er odupl exes relatiye to the |inegr first.and secqond vector. 10 In sone
net hods. the first ani“%‘@&ﬂ&“&ﬂd?n !"é‘f)‘fq%a‘é‘_é“ r”é‘nﬁgf‘gi”ﬁaﬁa?fr“&ﬁ%h? lfosomal
DNA. In sorreserze{smqfexcrwﬁ»ﬁ@h Ve Ble RO trhiiCoriial icaild ConfitBaithotiduAeks. Qlici

pol ypeptide. In sone nethods. the popul ation of polynuclcotide variants
conpri ses atcahbasthio@dyferexample, hyrproviding adirbiqpbynucisetigroyariant dsareoofponent

pol ynucl eot i rjants _are at .l . Lol l.p_sone t hods)
t he pol ynuclcge%(ef’tﬁf/r e‘J egtgf.iagma S c%’é‘r‘%ﬁ%l égl%%é‘c{é&faggrxt\}gﬁﬁgirﬁeg %'?f ﬁgrgf’%f“ hods,

t he pol yrsucl gedrddectear Thafisst s gecomevecnts B tonvgase elindribed fattha@amien PCR or
cassette mutagenesis. In sone rret,gods, the host cells into which |
het er odupl ex®8 figst anq secprshpRipucigoside xarias]si ogrur A PPROSItE §ndsy 18 tirdneibatng ¢ he

popul ati on O%eepgeiﬁg@mra},deq%mysé Lﬁ@his@ﬁnéﬁﬁ"z@:cﬁf@cgorﬁgﬂﬂ%ilsvﬁ& @atc% b85Sk Brm

pol ynucl eot i ving at least 90% sequence ?0 identity wth one another.
Sone met hodslirfear filseyectwnyinglsstrandst dprmsfof thte seeandltlinsanizadaiebpr cranmetahwitiat i ng

vari ant polynucl eotjdes. ..Denethyl.ation can he achjeved by ,PCR anplification
or by passaythEOPEF AT HPRFE verR P BRI alRreRdbarabd ol e e

nmet hods 200cl affd@econt WetbB annik A vit easipad fotth Deifculdi hBRfdRiuple H8aring adiick in

het er odupl ex nol ecul es ibef ore exposi ng the heterodupl exes to a DNA repair

system N ck&cksnde Iaedustiongt te peadueth intqrells tpyselecisdarcinutphstermsuntsaes
further co ”pfe!]a;i@%got tﬁ% g@‘:&?{fﬁétsaﬂh L dofd veiG© ggﬁi%ﬁgl)f, %?9{3{%5'%:(99%}' P‘g(drgot | de

ariant. 1n so e polynucl eot| variant 1s screene 0 produce
a reconbi nanandreaindivectors candbecomtarey toriecatizdd foans\by BERprAltmeativelw, the first

catal yzed 30 therehy. In so met hods)..t he_reconbj ngnt proteip or secondary
ot abol e | SR PO SRR CATVSRER Sl oA A< RTS by RSBt kst and
CoNposi t pPN. secofl restART A<M 991 29902 -j _ PCT/ US98r 15698 I n sonme net hods,

t he pol ynucl eoti de varjants encode enzynes sel ected fromthe group
consi sting of proteasdssomepegiads, palynusisetde vananisaserrovided indaublestranded

anyl ases) oxidi i t . -t

ol ynacl eot | MR kBB 3e R RN B3 Betold O E WP Bovigndfly

consi sting ofuchrenwersion RGMdondhating gsymmadeampkfiedtion of senfirswint egdond

t hynosi n, parathyr oi ornone, .pi gnentary hopnopes) s t.onedi n,

ert hropoi et i ﬁ?W‘i&@P%@M@H%&PH@ﬁgﬁm&H&? %@ﬁﬁé’ _ h%ﬁ'f‘aggm{?ﬁﬁypert hal mi ¢
rel easi ngpf agbiQhiiectinl LakidH SiniG SBEUNARRSR oftthe/ §erbAl SAI AL i JarlAl, PR,
relaxin. interferon, thronbopoietic (TPO, and prolactin. In sone nethods,

each pof ynucfiesyaidisscond stiradpanngrbinitheringfbatieg stemio foom gdietereduplsst | des encodes

a plurality of enzynmes; form t js F_DESCRL.PTI OF
THE DRAW NGS Figure | R eSS E’Bg?%@‘e@?%i ¥}i¥t§?§§ﬂ5§8ﬁ?§§“¥ 5‘(51&? on
usi ng pol ynesecdad phighucidotides ispmoiddh denkilé stoanded &frmo indothie nitisodffarhezach
different sequence to 1 ~ anplify the target sequence and vector.



Figure 2 illustrates the -process of heteroduplex formation using
restriction enzynes to linearize the target sequences and vectdrl ABR§lte 3
illustrates a process of heteroduplex formation using asymetric ,' or
singl e prinppopRdogieri se chain Teaction (PCR) with one set of~dogBEgsf OF
each 20 different sequence to anplify the target sequence and vector. |
Figure 4 illustrates heterodupl ex reconbi nati on -.using uni que restriction
enzynmes (X and |1~ to renove the honodupl exes. Figure 5 shows the am no
aci d sequences of the FlaAfromR 1lupini-4-SEQID NO 1) and R neliloti
(SEQ ID NO:2). 25 Figures 6A and 6H show the | ocatjons of the unique
restriction SIMRISELICPIPREYNE 4 fifgkand; sseondmodpugiaetidsiRpueemmnguis ek fispands, C

and D show t ANA ' [p-vitro
het er odupl exgg or natcfog%l{%fﬁ\kg{iﬁ S)?Hédngg\%é@da&l%%g@? gﬁgg’)ﬁc‘fpg%%é%q‘f%x%g%) (b)
i's SEQ | D NOthd fir{t @hd soffEQedtars NGy Beamahbétb)g step sBigle-5BanbEd rms 30thkifgstr e 8
Il lustrates how.the heterodupl ex repair process created nosaic Jl aA genes
cont ai ni ng sCRRREAEEYSeH SraRaF Nty PORPLE Y B B G L85t Saels Sxprdesons vo
99RO90: - PGANSYBRE8ABnHilMkirfed vEAOMRaiiEl Wil Blch@thePRPBrATlindEiskopal anes
ut ahensi s ECB deacyl ase nmutants wi th enhanced specific activity ((a) is

pM7-2 for Muvestar. ndsingieratrqriged ligeasived formsof Magtfissiand sgcond-vepore ani@eal with

illustrates r0C . 0 r j_ne at.ions i n Mitant
o 2" and ot abten B 06 5 it e Rl Wellnd s S PERHRAR, THNE P Bk oo
speci fic act iwp safectffog thmsfdrnesvells carprises the chredlamictdredupiixeteldive Y@ the ECB
deacyl ase and inproved nutants Miutant 7-2, Mutant 16 and reconbi ned Mutant
15. Fi gure 1bnesdhHis apbsacondmecieylf DNA base changes and amino acid 10
substituid ons in reconf "E% e | ks

par ent al fdsequences of S?Q%t - &gé%%%?g%%ggb%}éﬁ\rmgghisgﬁi?%e%?mﬂ and
show t he DNActwemosomea DN A, In sdmenmsietholiCRhe polynucleotide variants encode variants of a

E

polypeptide. In some methods. the population of polynucleotide variants comprises at
least 20 variants. In some methods, the population of polynucleotide variants are at least
10 kb in length,
15 In some methads, the polynucleotide variants comprises natural variants.
In other methods, the polynucleotide variants comprise variants generated by mutagenic
PCR or cassette mutagenesis. In some methods, the host cells into which heteroduplexes
are introduced are bacterial cells. In some methods, the population of variant
/ polynucleotide variants comprises at least 5 polynucleotides having at least 90% sequence
20 identity with oné another.

Some methods further comprise a step of at least partially demethylating
variant polynucleotides. Demethylation can be achieved by PCR amplification or by
passaging variants through methylation-deficient host cells.

Some methods include a further step of sealing one or more nicks in

25  heteroduplex molecules before exposing the heteroduplexes to a DNA repair system.
Nicks can be sealed by treatment with DNA ligase.

Some methods further comprise a step of isolating a screened recombinant
polynucleotide ariant. In some methods. the polynucleotide variant is screened to
produce a recombinant protein or a secondary metabolite whose production is catalyzed

30 thereby.
In some methods. the recombinant protein or secondary metabolite is

formulated with a carrier to form a pharmaceutical composition.



deacyl ase gene nutant M 15 genes created by in vitro heteroduplex formation
followed by in vivo repair (SEQID NO:7). 15 Figure 14 il Iustrateasz h@f
process used for Exanple 3 to reconbine nutations in RCL and RC2 "t @Pzd
t her nost abive) ®rbsgzl i sin E. Figure 15 illustrates the sequengefyedsREosl and
RC2 and the ten clones picked randomy fromthe transformants of the
reaction products of duplex formation as described in Exanple 3. The x's
correspond to base positions that differ between RC 1 and 20 RC2. The
nutation at 995 corresponds to ami no acid Substitution at 181, while that
at 1107 corresponds t gnasméaHetddaahdlpsiyhteldotitd VatanRlenddd chiyhdrefedRli | 1 sin
protein sequence. Figure 16 shows the results of screening 400 clones from
the |ibrary frameshesgropycansisenpefpipesses Jingsasi dnylases quEpses. celbtlasepniamydases,

Civit A . | hala " . _ s .
ooti mat s 1 nAREE RERNHES aREbY, i biber mldtfods bl Boltdl dTal Il thchle
sorted and p milymhride selesaicfiohh tg gocieconsiding ofinswineACTH glatagoh. t he cl ones

exhi bit a phenotype corresponding to the dou?ge nmut ant cont zll ni ng both the
N 181 D and SRRIIRIGSSOMAATGPEh YRS, RRTR] PFMSOE-JUBPFHIRY 0NN eneral , a

t wo- step pr %ﬁﬁ%orhéaiefﬁsehg%peﬁgn.gh{e%ﬂ%x&hmk,' chod6MEadR8trd IR, H/pkhFal@Rd then

det erm nes which cel an 0 not possess a desired property. Selection
i s a form ofrekesing facrgs,iantidihieth houmomies.fthyraidi stimulatidg phyrane atelaxap interféron, ar e

achi eved si Iot neougl ﬁ/@ exgrgcasidon of a selection marker, which. in sone
genetic 0 v ivp FIFEIHFUN; peTi US98l 15698 circunst ances. al | ows

cell's expressing the narsk@e niethodsedtly poivhidiedtidé ke pepulBiotiof vaddnt vi ce
versa). Exenplary screening nenbers include |ucjferase, (3gal actosidase and

green f|ifor ersdyniclegridescanpodesa plustlity of gravries Sormipg adretabolie PaAWaY.oxi n

resi stance Eenes. Although spontaneous sel ection can and does occur in the
course of natural evolution, in the present nethods selection is perforned
by man. An exogenous DNA sBRIBEMDESSRIPEICNOEI THE DBAWRNGS ol ogous) to the
cell or honol ogous to the ce

| but in a posjtion,wthin the host cell
nucl ei ¢ acid in which ‘ﬁ\é‘eé!‘h\"ﬁé esithe WB?J%BPG?%E??%FX%ME“EQB&nous DNA
segnent s ar e,diyRkRsS&fhid RadtioRl(ACRY QHUBRAL Set RO pHRCRITHAASK ditferehiSequehdBgene i s
used broadly to refer to any segnent of DNA associated with a biol ogical

functi onl5 Thamplifyahewrgenssiquetse @ndveriorsequences and/ or the regul atory
DNA segment s that . f orFERaABHS IR Patsstal Eeil g AR AR
protei ns. Thenzyfieio Ndadlzd the Birgdieedienédsand végorhucl ei ¢ acid fragment does
not Figure 3 illustrates a process of heteroduplex formation using asymmetric
. or single primer polymerase chain reaction (PCR) with one set of primers for each
20  different sequen?e to amplify the target sequence and vector.
Figure 4 illustrates heteroduplex recombination using unique restriction
enzymes (X and Y) to remove the homoduplexes.
Figure 5 shows the amino acid sequences of the FlaA from R. lupini (SEQ
ID NO: 1) and R. meliloti (SEQ ID NO:2).
25 Figures 6A and 6B show the locations of the unique restriction sites
utilized to linearize pRL20 and pRM40.
Figures 7A, B, C and D show the DNA sequences of four mosaic flad
genes created by in virro heteroduplex formation followed by in vivo repair ((a) is SEQ
ID NO:3, (b) is SEQ ID NO:4, (c) is SEQ ID NO:5 and (d) is SEQ ID NO:6).
30 Figure 8 illustrates how the heteroduplex repair process created mosaic

JlaA genes containing sequence information from both parent genes.



15 conprise any nutations. A "wild-type" protein neans that the protein
wll be active at a level of activity found in nature and typi ca[]IzyApRiZIU
conprise the am no acid sequence found in nature. In an aspect, the ter
"wild type'yQbonddgy €Ntal sequercte” can indicate a starting 9hflf$§?fﬁé%9§6
sequence priof to a mani pulation of the invention. "Substantially pure"
nmeans an obj ect species is the predom nant species 20 present (i.e., on a
nolar basis it is nore abundant than any {))uter i ndi vi dual macronol ecul ar

i pecies in the conposition), and preferabty a substantially purified
fraction is a conposi tigfkeWBH&S thelghPsiONinfipt orsna%?&mepmmrfsﬁ%_@é | east
about 50 percent (on a nolar basis) of all nacronol ecul ar species present.
General |y, adeagylsseamutants withpnhanced sprsictacavitid(r) is obtp? fosdMutente-2.trad (Bisut
80 to 90 percq}%gé of, .al | cronol ecui ar 25 species present in the

conposi t i on. PRBELOTIAEPRRY I ) the object species is purified to essenti al

honpgenei ty (contam naFiguRNeGil@iraes teirodess shet ¢ort Bxamiple 2 erec@fipiaei ti on by
conventi onal detectjion nethods) wherein the composition consists

essenti aldy @utations nglutapal? andMagant 46 tosyjeldi BB degsylassecophispntvithynanel

nol ecul es “é&%&%‘ chﬁg g,gg el enental ion species are not considered
macr onol ecul ar specres. é% rcentage sequence identity is calcul ated by
conpari ng two opti nal | Figatei 1grshows gpouificaesvioessf wihktype ECBdaatylesenadr i son,
determ ning the nupber of positiqns at whi,ch the identical nucleic acid
base occurs ITRPrR YR mLiags &4 7t‘%?€‘@'%‘!“d6taﬂgr?fﬁfﬂ?é’?edggu%‘t@hed posi ti ons.

di vi di ng the nunber of pigat.qhadoReHokitioRSoftDNA MAsd HaAgesilBRinddcid 0 2 APR
Z002 WD 99129902 PCT/ USS8/ 25698 Q}g positions in the w ndow of conparison.
Optimal 80 i gsuhstitutions inacposrhined BB dedcylgss Mytant Lo Wik respest Wbaranial ssquenises
conduct ed by ut er,i z i mpl.ement ati ons of al gorithns GAP. BESTFIT.
FASTA. and Tﬁ&%# '2taﬁ'§qwtg¥ol§3i n CGenetics Software Package Rel ease 7.0,

Genetics Conputer G oupigufed®3 3GIBSI0CD 4ad E shbvvcths DINA dquendaef idaitsihensis ECB
natural ly-occurring is used to _describe an object that can be found in
nature as di geachilase pansmusent M- 14 8engsicaqatnd by ip PEEARSTOBIPIseiermation fallewed o) a

pol ypepti de B? i,pgt{&gﬁﬂrﬁgkbngﬁg‘ ence that is present in an organism
el

(i ncluding vituses at* can olated froma source in nature and which
has not b&en intenti onkiguwe IMoitluftrate theproeass usedifbeExafpde Atoregombine

nat ural | y-occurrjng, er ) th ermnaturally-gccurring 10 refers to
an obj ect as.""ﬁ‘\"’&c’ég{“ﬁ y%hﬁ;ﬂ%{*ﬁ@%ﬂéﬁag‘f&@“ : g‘e’d) i ndi vi dual , such as
woul d be typical for thguaPECiiGsratd theldchBéneef6f RCI BndPRED AR thedMesbsWhen it
is placed into a functional relationship with another nucleic acid

sequence. Fopidckadtaademly from thertransformante afthe teactionsprogeatsief duplaxfraratioo as

codi ng sequence 4f.it-incke S i L L RL | : ‘ i

cequence. CpaFREPS N EAeRpI S e NREreiREe HORE bORicts ARG SR RO g
typi cal | 20 coRG2URti¢Sn@Btion #4985 Come3pErRisad ¥mino aciali substismiqu antl 81 rwitikathatgt
regi ons, - conti auous and in reading, frang., Howgﬁr, si nce enhancers
general |y furd®7 epirespeids sepmamingacidsybstiyionat hbindhe sHptilisinproteinsequspets s

and intronic sequences fvs VIR e dlids B 1 kO bS400598FRs I otide
el enents may be operab eiﬁfse}% But not conti gurtoktSJs. 20 i’s"gfe)dé‘?’(?w% i ndi ng

affinity bet wesmted Hydweteeoch:mcbcefpmtibhgamtpaimdoraininieb@piviﬁy (Aireedwesidudl iamivityy
affinity of | east 1 06 M~. The term"cognate" as d rein refers
to a gene segéénf@c ﬁ%’t‘é( "é(%‘!'sﬁ? f%ﬁ?ﬂafvm%ﬁ’b”?‘lfﬁéﬁ?’sﬁ’é?#@%r eﬁ%f Zrﬂmbet ween
speci es. 250r agiveWirantddte saatkd hadplbaéd iadkescending order. Approximately 12.9% of the
clones exhibit a phenotype corresponding to the double mutant containing both the
N181D and the N218S mutations.

DEFINITIONS
30 Screening is, in general, a two-step process in which one first physically
separates the cells and then determines which cells do and do not possess a desired
property. Selection is a form of screening in which identification and physical separation

are achieved simultaneously by expression of a selection marker. which. in some genetic



in the human genonme. the human CD4 gene is the cognate gene to the nouse
CD4 gene, 25 since the sequences and structures of these 'two ggqelfp m

i ndicate that they are highly honol ogous and both genes encode ap gtgq n
whi ch func{igapeded Signaling T Tell activation through MHC gtf8598/25698
Il-restricted antigen recognition. The term "heterodupiex" refers to hybrid
DNA generated by base pairing between conplenentary single strands derived
fromthe different parental duplex 30 nolecul es, whereas the term

" “honmodupl ex" refers to doubl e-stranded “BNA generated by base pairing

bet ween conpl,&uRALAREY 2RbRY 'calssetxg?’e@ﬂﬁz e maied 14 5.80ve Réhils JNR PalsIM @F vRdP! ex
nol ecul es. 0 2 A PR 2002 WO 99| 29907 -9 PCT/ US98/ 25698 The term "nick" in

dupl ex DNA rverfsax Exemplane serosreng members inshuste Jeriitrass kgalastosidasreandeeeent wo

adj acent nucl eoti des on o strand, The,term" ".in dupl ex DNA refers to
an absence g‘("m‘35@“6?’0%?'e§ﬁﬁ%ﬂ°é’dﬁrﬁ%r§ “]chldgilqg"gsa?'?g% n(S?SlS%]%«Se HH}?F‘e_AEt et er m
"loop” in dupdRaneB¥seletiBh Sart ShdodtRs BEcuPTH the LELRSY dfardnpal@velatibslas tHeproegt
strand. A nutant or variant sequence is a sequence show ng substanti al

variatiof fmswhadsaleelionyipperdprmeditymatee sequence that differs fromthe wild
Lype or reference Sequanaesalo B R te tRnfishRe tdrkigh or HIETAbESE) BrmCRFd! ON

10 I. General The inventioR provides ‘et ho vi ng a”pol ynucleoti de
t owar d acquihsirblogouofo the debbutdnl a pogpier within Tiechosudrdl melesacidin whieh et hod are

a popul ation of at |easf t) ol ypucl eot i vari ant sequences that contain
regi ons of §f%q“h%5i“9§/°W’tW\i\g§g‘Hd1 EB°5§Pﬁ‘é‘r&§ﬁtS?ng§?1‘%%%’85%3\9%1‘“6 ints) or
regions of diyengeNsdypepiBesubstrates are annealed in vitro at the regions
of si Hilarity.&knneal Wle c?an regenerate initial substrates or can form
het er odupl exes, in whiTbh trongeonenused broadi do tafergp aay segtreohe DN Aassnciated
parents. The .products annealing are _exposed t of, a repair,
and optional“(‘&1 zhb'Pg’ﬁfciafc) FOR s YA ERY S ?éop?i?gr%qg%r%g%@éod %eaﬁegﬁwﬁ\tﬁg
Exposure caref®ntd’ rédwirddBr tbigRxpressibnaGeasd 4sh incladel Adriexpregsetd DN k&nhdgs | Nt 0
host cells and exposed to the hosts DNA rePai r system Alternatively,
exposur e canh®efor pxamale,Jorm EeCRABH OB FRIBEICEHIOR PRRTBIE BT e exposed to cel | ul ar

extracts containi ng ' aetddnalidiype” ABas that UR'RER|C APOSH G Boes no |
het er odupl exes to a repair systemresults 1n DNA repalr at bufges in
t he 15 comprise any mutations. A “wild-type" protein means that the protein will be active at a
level of activity found in nature and typically will comprise the amino acid sequence
found in nature. In an aspect, the term "wild type" or "parental sequence" can indicate a
starting or reference sequence prior to a manipulation of the invention.
; "Substantially pure" means an object species is the predominant species
20  present (i.e.. on a molar basis it is more abundant than any other individual
macromolecular species in the composition), and preferably a substantially purified
fraction is a composition wherein the object species comprises at least about 50 percent
(on a molar basis) of all macromolecular species present. Generally, a substantially pure
composition will comprise more than about 80 to 90 percent of all macromolecular
25  species present in the composition. Most preferably, the object species is purified to
essential homogeneity (contaminant species cannot be detected in the composition by
conventional detection methods) wherein the composition consists essentially of a single
macromolecular species. Solvent species. small molecules (<500 Daltons). and elemental
ion species are not considered macromolecular species.
30 Percentage sequence identity is calculated by comparing two optimally
aligned sequences over the window of comparison. determining the number of positions
at which the identical nucleic acid base occurs in both sequences to vield the number of

matched positions. dividing the number of matched positions by the total number of



het er odupl exes due to DNA m smatching. The repair process differs from
honol ogous 25 reconbination in pronoting nonreci procal exchange &2 APR 2002
diversity between strands. The DNA repair process is typically effected on
bot h conpomwemby/svoands of a heterodupl ex nol ecul e and at anyqrardsasyoar

m smatch is typically randomas to which strand is repaired. The resulting
popul ati on can thus contain reconbi nant pol ynucl eoti des enconpassi ng an
essentially random reassortnent of points,of divergence between 30 parental
strands. The popul ati on of reconbi nant pb?)’/nucl eotides is then screened for
acqui si ti on gkitdnéRisthé Khdeiosfohparisdhe QR aliynhean obseqaedte® R li¥nif at he

pol ynucl eotide per se, such as capacity of a DNA nolecule to bind to a
protei n or campBEsan yindpwicay becondycied by sampusngrddmplamentatioapef algerithmas nRNA
or a proteir = : ] huffling
PCT/ UBoer 15GUATTRESTUHST At s AP T ARTRAF tiegVibebisn SHATIL ShESme ekl

pol ynucl eot i Ridedsha10, Sensics Qompuey iCons), 585 Seiende . Mydivart WIt he ref erence and
ot her regions) or points) of divergence. Regions, of simlarity should be
sufficiert to supportn’aﬁﬁ@m ‘i‘arYb‘a@Y'%ﬁﬂirﬂ}%ﬁl‘gSé)}%@éc@Séﬁ JeSt that oo be

het er odupl e : 1 : I
up Xf%ﬁnd:ﬁxrhaﬂﬁ% Epa@ﬁc& fr\re]fﬂ{ séﬁgg %’txﬁ@ig{@ befdhé‘éa BVIRAN, W%%%ﬂ/oﬁl'c,azl

sequence identity wmth each other (e. g., east 50% /5% or 99% .

Ther e shoul cpdbepeatide erpiyrsialeplidd sequende Wt &5 prosepeinege enganiss(includisg virades)

reconbi nation_can,genera nore diverse pr ¢l h there are,starting
materi al s. 'I‘ﬁffsc,antbﬁéﬁp t‘?’f{g mBSORE ¥ nﬁ%érﬁgflgt Chg*’li’%é‘?‘&a%é‘“ﬁi"f"f@x Wﬁd’itdt"'lgat

| east t<vo psshhh INhe labBRISHE & Rewafly-distehtd.  GenteBNthe 1€ hdtenailpoadurigd t he
substrate being reconbined and the extent ©of the functjonpal change to be
evol ved. l0Di vigfess toyangbiasbaspresenbinga nesepaghological (ynsdiseased) ingliyiduaf. such as would
Reconbi nat i on. Of: -k g@&iefsr omvery closely related genes or even whol e
sections of sequences F PO Tor e di stantly rel ated genes or sets of genes
can enhance the rate oA nasleikutiddnoparably hiekdbwhenquisgildcedimtot faesbnalbl e new
properties. Reconhinatjon to create, chineric_or. npsaic genes can, be usef ul

in order to CHHNANTEP WHEARY T@“F@é&%‘ SCQPENCE, 5 OBINStARCed B ErorieAhANCE 1§ ngl e

gene or set Bidked b a LOdiAE S&HuRndRAY Rlindrélied the RahschipRdi/sAfe BRind OUNd i n
t he parents.w'lgfl%wnum;er gf dli fﬁugrr‘lt sut;%trrat es to besconbi nced é%gn vary

wi dely i¥ sisequéncenQpenablydinked meaay, thalghe DNAvsaquerces being liaked atdtypically 109

menbers. 20 The jnitial |l d f 1. peci f ]l eic acid
sequences ha(\:lolnﬁéh%tag?'i ‘6%2? Pre:a‘:f/a Q%Bwojéxgg?lgg;r?}éxmgoﬁxﬁggg&x%f gacjﬁ%ﬁﬁ rdRE 1N
net hods. Mt ghdiagsrafiey Hoeveo€re sinedlerthiineiy ganefullgfendioiRwhiesi s€pargddiiém kR uses

low-fidelity polymerization conditjons to inuoduce a | ow, |evel of point
mut ati ons r aPFAEIRRSF byveyeral Kilgbrses ant ipieqic SN“FB?%&?W\P&N)WM@%&CF%% SemA be

i ntroduced ,i ﬁ{]gm%ﬁgtihgmgkgﬁ@ Iaéiryrg}aggt(ﬁrg@dl% R kaapueheot i de-directed 25

mut agenesi s. gonucl eot i de- ect mut agenesi s,  a short sequence of
t he pol yifucl coti de i s Aspmifedbindingaffinatyhstweencioe exdmide.ladigagd amda rdceptonn

enzynme di gestion and..i s\ epl aced with assynthetic pol ynucl eotide in which
vari ous basgg’e?‘f}f\fgb‘ﬁ‘g% é@l“ﬁérogaaf’?%ﬁnxt@e%r‘i ginal sequence. The

pol ynucl eoti de sequenceheigfin 2spRateCasihsed hedi iR %reab seQueAQARRTE S

Chem cal nutagens include, for exanple. sodiumbisultate, nitrous acid. 30

hydr oxyl am nevolytianaslyiasd fenctipaathy relatad; hetwegnisaeciesy dior exampnle hutnoe limitatieyues
of nucleotid jN I dami. d] = i

2 ani nopur | ni o e lbric! e e QrARRE IORE Chlce senPIPBRUIAS CDa gene,
reacti on2j n ghecthe séqueiees and fteatireeofithese awe gendshindiedy thauthay arecighie

Soduence . InLermsLind Gionts Such ae Mol anne o RN WO
be used. Rang@ivafidt AEERFBNECUask Merestricted antigen recognition.
The term “heteroduplex™ refers to hybrid DNA generated by base pairing
between complementary single strands derived from the different parental duplex
30  molecules. whereas the term “homoduplex™ refers to double-stranded DNA generated by
base pairing between complementary single strands derived from the same parental

duplex molecules.



pol ynucl eoti de sequence can al so be achieved by irradiation with X-rays or
ultraviolet light. Generally, plasm d DNA or DNA fragnments so nut agergizzgﬁk 2002
are introduced into E. coli and_propagated as a pool or library of nutant
pl asm ds. Aliesmdsdavel y the small m xed popul ati on of speci f peTfdedBkss
acids can be found in nature in the formof different alleles of the sane
gene or the sane gene fromdifferent related species (i.e., cognate genes).
Al ternatively, substrates can be related but nonallelic genes, such as the
i mmunogl obulin genes. Diversity can also b8-the result of previous

reconbi nati on or shuffling. Diversity ca so . result, fromyresynthesi zi ng
genes 10 encodi ng natur%eqﬁrf’btr@ﬁhs‘n\#i’lt?xg%}f‘%fﬁg i‘?/g‘eég%f%e ?f;aa@é?phfﬁéemr
starting subsidnatbesveeneweladjdednt AldlediidBd-6n Bhe SRAUCTRERh Ogd)E iRUGIINEDNA N
sonme net hods, the substrates encode variant forns of a protein for which
evol ution of rafefei® asrabsange pf ene yregse pugieptides inernesirand of tg% fienlenettiedemn t he
substrates ca AG bur'gﬂp i o ituting a
nmul ti gene pat Eﬁ;?gﬁﬁplgﬁch n%%f%fgé‘fsr;é ngér @8% Ma{p?%%cf%ué:%oggeggfr?ﬁ?%ﬂ%ﬁg. or any
nunber of 5t he conponentA gamas or Variant feguenve ihoskgpersalsbdwiag esbsaaraloathdom
variants segnents t.o be evol.ved as DNA or F i ndi.ng.sequences. In

ot hods. |+ n WFPER YSILEPs ReGiTee SeueRce B ARt T BaVG SHEsFe any
essential reqdhadnRl Y1 SRUISUTEPosi§alish as a pronmoter and pol yadenyl ati on
sequence) required for expression nay al so be present as a conponent of the
substrate. 20 Alternatively) such regul atory sequences can be provi ded as
conponents of vectors used far CM@W& The starting
substrates can vary in length fr . 00) 10,000, 100,000) 1
06 or nori® bases. The starting substrates can be provided in double- or
single-stranded_form The starting substrates can be DNA or RNA and anal ogs
thereof. 25 I¥ mﬁlthe starting substrates can be genom c or cDNA. I|f the
substrates are RNA thergy ; ' ; = ' to
cDNA bef ore het er odupl ex fg?%’r’réltgflgﬁéﬁseggss%é’tggzL%loéﬁﬁ%gﬁgl‘l’%g%/{lﬁggggés‘p% oned
fragments, chequisaionyfayiasitedgiramedyf Thgvebrstrates forRigRnethpd arkiaqapilatompofauct s.

vet hods. - subabPA PR PaY RO UBER ARl BEPRERFER M 6T ey oo

for Genergt i nghéfedue okl bPAISK REve PRIRISPIURL NS 6 div@rg&Re e ThS QthsfritedArd QM afed
stranded DNA substrates, by denaturing the DNA substrates and incubating

under anneal i igicodidhe ragians oftipiadtyz aAnnsaling eanzegemprarGoniak subgr G| @S9 2
PC f/US981' 25 it f . t . e
e avence. denc b RFeRyPRE 1 FREp o AP bk IR Bl e, e

sequences hybprodizeotqmmealfrigtind xposdd thieghanestof BN Atrepadsand@pitionflyl 4/,
hybri di zati on cgonditions alile sel. ect edg&lo be .abot#e 25C | ower than the
ther mal nel t i T8 FOPASY SR FIFPAENE 2 PUNBEY JaReBIrg fanpefr viva g Whemi ¢

strength and fideald@Brobitk® ateSrdnb®rh&IRES %#Eﬁlsgag@‘é%os&?foitﬁ'@ﬁomﬁ repdiengt h,

pH and nucleic acid concentration) at which % of the probes
conpl enent ar ysystemt. hisliernatinely, seppsatgesan by br vitozas whentaneeaedimgeducsenriexrosedt

equi i bri um xR0} Blach Ul Y Runl RSnal B HbRH LyURA bR 7 201 00 of

heteroduplexes to a DNA repair system results in DNA repair at bulges in the
heteroduplexes due to DNA mismatching. The repair process differs from homologous

25  recombination in promoting nonreciprocal exchange of diversity between strands. The
DNA repair process is typically effected on both component strands of a heteroduplex
molecule and at any particular mismatch is typically random as to which strand is
repaired. The resulting population can thus contain recombinant polynucleotides
encompassing an essentially random reassortment of points of divergence between

30  parental strands. The population of recombinant polynucieotides is then screened for
acquisition of a desired property. The property can be a property of the polynucleotide
per se. such as capacity of a DNA molecule 1o bind to a protein or can be a property of an

expression product thereof. such as mRNA or a protein.



substrates are as foll ows. Equinolar concentrations (- 1.0 - 5.0 nM of the
substrates are 10 mxed in 1 x SSPE buffer (180 mM NaCl. 1.0 nMED[‘]I'A) 10 nv
NaH-PGa, pH 7.4) After heating at 96C for 10 minutes. the reaction ArAPR d00d
is i med awd /9002l ed at OC for ~ minutes; The m xture is tipemuuspsnsses ed at
68C for 2-6 hr. Denaturation and reannealing can also be carried out by the
addition and renoval of a denaturant such as NaOH The process is the sane
for single svanded DNA substrates) except that the 1 S denaturing step nmay
be omtted for short sequences. By approb@'rate design of substrates for

het er odupl ex formation, it is possible to achieve selection for

het er odupl exes relative to reformed parental honodupl exes. Honodupl exes
nmerely recondwSubgpenesrftoaSheflixat r at es and effectively dilute reconbi nant

products in subsequent_screening steps. In general, selection is 20
achi eved by designing EIB%tiSF‘é‘Fég"?E)@ﬁ"t%? Vﬁ'@f‘é‘r%&dﬁﬁ’@?&%p‘éﬁﬂuq&%ﬂ“ﬁé@aﬂ n
open- ci r ¢l egnowiGhe A dHRA Yimil BXE FBkIR réfafemgdm?&othemgengﬁb%@e of A

subsequent transformation step results in subst ~ al enrichment . 9.,
100- f ol d} f divetgencsi Regioas ofsingdanispowst bs suffirigatte shppanicanpealingstfhod i n whi ch

b . - areol § f i .
i Tforont | SBPYROHERRES St RS Sort R e o2 b Vel o o,
second substh@v esbstantial JehBatict edntifyt itls iR b (G Xt ¢sF0%.ITS VS 308, HETRA)! .

The two different pairs of primers initiate anplification at .different

poi nts on tHécteshoyldbest leasyspgiciont diygisiy Beiwasn sbgBaehNay IRcoipbingtionifanp 1| p2
primer pair§ahddhdl : |4 cati : kL | f..the
vector wt h%? éeunts"l'}‘g&srtg ?g?é&ghéfug ﬁelh@n{l?r&’%& %%{la% EBSCF?M?E? ?#at es}n?gtp ia(t:ati on
at the d0heieadsoonodmbytrates differmminct leastttep positienst The-degoed ofeliwerS(y depereizon
primer pair prine anplifjication in opposite directians around circyl ar

bl asm d - TéRulsgR R AF Bin b s Bine ReSBBAS il Bt Be bt deher o
doubl e- st r apggded.i DRRFH A batRetP0. 1 MBEEEc8Riohslis\WMABied). R&@mbinagibn 8Nd second
substrates occur at opposite ends of the 0 2 A PR 2002 WO 99D9902

PCT/ US98/ 256@8atiang fioae very closply relaisH igtnes & yesn whadeisrstiensafsequeness frade moreir ed
and anneal ed, I X{ and denat ur at i d { fiher order.
Reanneal i ns dgl;séinr\gl{ya{f feage%t%eﬁ qrﬁg‘gr& ﬁ%ﬁ%g%p@%‘eésg?hgﬁag %&gg‘é’ﬁﬂéﬁ Jlr %’ﬁ | ar

het er odupl exceuisition of degirable newPropettiecd aRBcEibiANibn tatrehfechimérid @tmmadaicpoi nt  of

PCR anplification. Introduction of the applificatio roducts into host
cel I s sel ect@ngsgianbrasefal oasdarie egmling desipblg feanyes SRR PERBS MR Rause

the former tg ‘eéﬁ‘[ﬁm’ g&%‘?ﬁ@i‘?&%ﬁ%fci-e%ie‘?{&itz%l}fuﬁé?ﬁﬂaltf?ﬁm!c%&»ﬁ'bundfnt%éFﬂ'gﬁts.

essential in't ove schlieme that anp ication is initiated a
interface béfhsramtsubfdiffatent subdtratbsetorbe sombined ban vary widely fRetizecfrom two to

anplificati, initiated.as .an ints on two vectors bearing
substrat es ’3&0\?6‘84@8@}*3{““%8’% I'ilﬁi g‘éﬁgghmf%?slo initiated at different
poi nts kpgt ween the vectSigitial SndlhgopeRties af the asRificielticddd tdquértel Riving

generates two linearizegd vectors in which the first and second substrates
respect i vel ynyadensyna bg aeated bya spmperpf diisrent meghads: Mutatioasrman be cregiedt he

vector. Den i r 124l T IRE Tl R md.ar to
{hat shown 107 i AR BABRERNE PRRAERAL G Alel PO AR S Alhs 8
conponent r antreduck hdowatvel bpadimt reuthtions rivdbmbcovenladeng stqeende. ABesmthedly.at e.
Initiation of anplification oufside the substrate coppopent pof .a yector has
the advant agBUEHogs oo bedntasucstBlse e mLRRIciF R pleenyslentifediresied ne
substrat® bohiRgehesishen ¥EEdnQEleodel diRYED nftitdendsis, & sRorEfdubdde @ teor nvo
substrates, the above schene can be extended to any number of substrates.
For exanpl e, pdynucifiotifais rpmpvedefrom thegfolynugleptidenpingarastriptipnsenzeme digestiaran be
divided into L9 i 5Ne .l - i Jil Lers,
an” the ot ns PBRRES iRl ARl b RRoBAP VB e AT RS nE W bl eI
and anneal edfram thebrginal shipieatodTip phasicieatidef soqumanco cdnadlsy tegalens tot ahamdcal r om

any substrate in the fjrst pool and aqn trand from any, sybstrate in the
second pool . MARPEETIL id”é!‘%a?f‘waéénsdf‘af'fg‘r‘ 2°r§t'5i’f§_?{’a§°§]§f’?:¥’(§f‘\_§£"i"ﬁf‘6‘s ﬁfl‘_ati ple
copi es 0fp a Nefblahe. RRrdneiHIbegt 86ld! ORRBEdntd WHikh 2Rt aaloBudgr! 1 i cation
in each vector starting 'at a different point. For each substrate. this

process genenuaiessidappchisorsan¢lode pirrospguanidipadybragopracibadamingpiizegovect or DNA
is divided o e t ide f t r o) .
ot 11 cat 1 oRCei i heRSE hefasbAiE sl 403k @ife pCRIneBHBR Blcelliihe pyeiqorige

oSt O he  véctor on o
substrate, aprtiesr hiegaby friutaAing eite eqeshoc.t Intsrepidtingagentsmrh asprdéflaviréect or on
the other side of the substrate, and a further 30 anplification product
m ght have an equal division of vector sequence flanking the substrate. In
t he subsequent annealing step. a strand of substrate can forma circular
het erodupl ex with a strand of any other substrate, but strands of the sanme

. N M



Here, first and second substrates are incorporated into separate co&i e@ of
a vector. The 10 two copies are then respectively divested with dif érAgR 2002
restriction enzynes. Fig. 2 shows an arrangenent in which, the restriction
enzynmes cutwaloe@ppesi te boundartes between substrates and vegdQugoghdéosal |
that is necessary is.to use two different restriction enzynmes that cut at
different places. Digestion generates linearized first and second vector
bearing f rst and second substrates, the f rst and second substrates
occupying different positions 15 relativelto the remmining vector

sequences. Denattuati on _and reanneal i n n n_circul.ar
het er odupl ex&€™ ﬁ‘ﬂn‘f'ﬁH@ﬁ?mﬁoWgcﬁﬁcpﬁéexcégglsaﬁgﬁéc‘?naé'ggénmg%g%ﬁ‘éﬂ&@& to
reconbi nat i orpdPaiuAREHde B Eenkd 3dh dlvbesdthizlédbeiradiuiog vt QgRWs uitdvallagi es
to those described with respect to Fig. 1. In one variation, tw pools of

substrat es arlight-oPensenllyaplasmigdPNAor FREBEYS &0 Bragenizedargdprsiucedrint E.wo
pool s are then;. L i ff : ey anneal i ng proceeds as
for two subsﬁag%&e{g.sro}e%é%%%éjha r oﬁg{llllg?l?on. t‘ﬁ%gleaggl?dshore substrates can
be~~~ toned into three Altermanivelyclopsneal! raixed poproatjoranfdpedific hilee acids cawte
result nolecules, cut wiith three or. nore zynes, cuttin t three aor nore
sites. 'lbis fj@%‘?{je‘l”a{’ﬁﬁ’ée E“HF%B"H’i ‘?f]?‘é‘ffgnﬁf“ ?‘ﬁﬂ%‘z&’ﬁ?@&"\?&é{‘%g‘ ‘SSF?H%C BIEFE ™ ng i n
the division &ffe%%ﬁl{ﬁfcd%ﬁéﬂi‘&%@.?céénﬁt@‘@eﬁ'&).’f ARes e ¥, 3LBsuARIs@hY bé Feldtbiebut

vectors. Alternatively) any nunber of subsStrates_can 25 be reconbi ned

pai rwi se in awnaliiedicgenssesichahtherimmunagiobeliniganss.oPivsrsety cam pligo b the result of
reconbi nation_annealing .with a $ . I aln_a further
vari ation. heﬁrg‘pgﬁurﬁ og&o datony s{')&eﬁf r%ggr%lgg%%sa&%srg %g{%éﬁzgﬁgg%lﬁ{}@gg BReS
vector-friee fakcsdinghstutahgrobedtsewioll blpdreatios coddnsaagent |y cl oned into vectors.
Such can be achi eved by asymetric anplifjcat.i onf of first and second
substrates as 30 shown §ib§ Séﬂ“@"}g %‘bs‘ﬁ?é‘}ﬁrﬁ‘?ﬁ i \Grght ISTRYP écﬂ?qnﬁﬁ‘°lb€RV%ﬂHEﬁ‘i fies
only one strand.Qf n?cfuﬂidg,' tﬁésu@m@pmcemmaﬁz ﬁ:ﬁh%?b?{bz&ﬁ FRNATEN vl ARAQT! t ©
strands can be anplifie romtwo different substrates. On reanrtealing
anmpl i fi cati ona mwormodifiedptopemylisplesizads [mpthef methods, thesubsipesianensideands of

the two substrates. Because anly.one strand is anmplifi fr each 2
APR 2002 WD 98 2800E e il (sae consitisd ‘F‘_&[@F“‘F %ﬁﬁﬁ@aﬁpﬁg%@ég“’gﬁt
ref or m hopPdupdrR¥ES cdnWcb® inloR@Br A nusiBRE bf e adthpbrie@S gdtles.UNPEREr thétREHs,
substrate). The process can be extended to allow reconbinati on of any

nunmber of subsitbstmatesscan spriginvasipeg seesnesistabe gyadved 3 PN Aws RS bindingd wi t h

and each pool LatByeek Ah R SiwBUERARS Fiesials AR iSEnk R D, BYP'

anpl i fi cati oneppémadliegslanly ssaeemes|sudeas aprbyornamhpolyadehylatipd sdqueratej on
products of the other pool,, and,not with each other. fAlte tiveiy)

shuf f1ing canTeBPEeiQrCIPEFSTARIRAY; HSONF RTESSRLASARSTIRRARY f ters %

reconbi napf s hAREMBEely, SRHNRLEALRAHRGEREs @h beiprlidatdd coRpBAChiSHDELIR §8d are
subsequent |y subj ected to heteroduplex formation with a third substrate.

Poi nt nut at i ofes cioaingadhssubswattnnuoduced at a 10 desired | evel during PCR

anplification. Fig. 4 10 D, t)

het er odupl exes rel ative °\é§?{§ﬁ§§f1}§§"‘e‘%§§?‘ 1°r gﬁénﬁhgécégﬁgt gsdt;gg?‘rlgf)%s are

idsol at eddby gmf)?“mbg'bomam &l}nfure;bﬂ:sesiem ghmﬁgecbm&é ca'x’lnbe prooRied & dsubfe- or
enatured and al ] owed, to anneal farm ot et.arodu es, an

reconst ruct ed SiRglswtanied e %I‘Fé‘ﬂ‘ﬁ%lﬂ@?‘éa‘ﬁﬁ Caa%ﬁéi‘r‘gr?g%ﬁéaﬁé gsdherepfyi ¢ h

restrictiog emsthgsﬁﬂgng\énbg&alf@%a@b?géd%\r(di@%xtJm\l.f\'. NBthe SUbAaled bt TAYA, mgt

t he second substrate, and vice versa for Y. Enzyne X cuts reconstructe
hormodupl ex f r ewhstrates dre typticatlylsevarsetteanaeribed ho (AN Avbedere beteraduplex formatidn.

homodupl ex fr g%s‘ir@;ﬁ:s %gnclg)cnﬁjm%%?é b @bfed fragments, chemically synthesized fragments or

PCR amplification products. Substrates can derive from chromosomal. plasmid or viral
sources. In some methods. substrates are provided in concatemeric form.
30
III. Procedures for Generating Heteroduplexes
Heteroduplexes are generated from double stranded DNA substrates. by

denaturing the DNA substrates and incubating under annealing conditions. Hybridization



Nei t her enzynme cuts heterodupl exes. Heterodupl exes can effectively be
separated from~- restriction fragments of honodupl exes by further @ eﬁg%{ﬁ
with enzynmes A and B having 20 ~ sites proximte to the ends of both-t
first and secembsubstrates, and |igation of the products i rtar/vsseksgs

havi ng cohesi ve ends corrpati ble with ends resulting fromdigestion 1 with A
and B. Only heteroduplexes cut wwth A and B can ligate with the vector.

Al ternatively, heteroduplexes can be sepgr ated fromrestriction fragnments
of honodupl exes by size sel ection on gel’s® The above process can be

general i zed cbidiliomdros H&E%H@ﬁl@:@ f&%aﬁb&@x‘é's@&&@@dé’ﬂeﬁ&é&ﬁ endire RETRERGN P! eXeEs
and honodupl exes with N enzynes) each one of which cuts a different
substrat e aréfferentisinqumstandsst Fanger seqmeemsdwpnéxxespesé'walﬂxeatffmghtectnm;ramres

di rectional | oni substrates for, heterodu J mat i,on ca

bt a1 ned by GBI PD B AL o BRASSH, 65 CoIoEL 1RE MiBEEM o
ends of a |'rﬁ1§§1’iz Hcﬂﬁig‘fm(}fQPﬂh@@éécmf:qﬁé&@'aﬂﬂd%&d%n@ﬁﬂn@ﬂ%d% dhgeph! ng
the vector with ifferent enzynes gestl ng or adapting first
and secoad smstwrapmmm(unéerrdeﬁp@t:pnmesltryng,tbmié,tan nucloic apidcohessirgdodatls of
only of the

substrates C\,gﬁ’@}ﬁ& %mlprgeg é'%gfe%en[ 6514 ‘z‘géa% o‘P‘%n&ll }gy%ég%eg%@%ggggor
fragment. Thb.@eac&arauﬂmﬂufme extended to any nunber of substrates by using
principl es 02 AP~ ZOO% WD 991 29902, PCTNS98I 25698 - 16 anal geous to
those described for Fifgemplary-epnditionsiptdenatypatiop and eenamratign of douklesiranded  wo
pool s bef or gyubigadi ) Rfar cOhdeRirikts (£ % Fih@ahb ts
formed by he#eroduafﬂ @g{r)nitilg%ﬁh aIfcl&lrlst a?fg{ \s(econ subzgrat ES,SB%%%H&
subsequéft | ynixadiar g& SISBEémffdu(dB@ngdﬂaGiat D orMED A 2 OtrthMr Nald 1Pt plaUat) | V

Vect d T f i | bstrat ted

vectors ot M BRRGIER s fard P R Rabe PR Bitr M SiReP apdedadll o
of cloning W8S aisutks! PTHedhixYurk &aded hcGn@] 4: G800 WrPeSht. MemdbiPatfonidnabl €. | 0
The vectors containing the DNA segnents of interest can be transferred into
t he host celfeansgalingaeaatsg besemisdout b heradilitign end ramovelgfa denawennt suchas host .
For exampl e, N@HCW%&QLS‘%% g s%é?&fsﬁrg?%&aﬁﬁe(% revfg{-"{{i‘iﬂfdzé/s E{dc#f f ‘lh! Or

prokaryotic ereas” calcium
el ect r ofdér atdeﬁmuﬂng(stbpmaseadoimned)fohemorcﬁqheﬂcas host s. Ocher met hods used to
transform manmal i an cells inc]ude he use of 5 PoI r.ot gp] ast

fusi on) |i posones, i)f?%mq ‘gné’tfd“‘?ﬁ‘féf‘é g‘ﬁ‘ﬁﬁ’xgﬂ%‘?%‘%-l ‘F!ssl tics
(see, generaﬂdsmc%ammkseeeua{ for héeemd%},}exéé rEFAhvé’f%%f&h%xc&ﬁ&c:ﬁLlso be
packaged in vitro and introduced by infection. The choice of vector depends
on the host hosiddgplekes. g}@mmchiplexas mareﬂ\atﬂcensmctparemeésulatramaxgitffu;twely
replication ereeognlz d |tn th1 desi gce ste & ec Kol naker

capabl e of "1y RELFFOMS 'Hé ?Sﬁﬂ‘é"ﬁ’ &4 W&gt (PéI I‘l%gé{'ﬁﬁl Fe%iUISatory 20
sequencey’ t achiepeDb¥ desighinsSiborated sugh e hyveioduplesishasd forhedbintupengirsiasif f | ed.

V. Types of Hos Cells In general any type of cells supporting DNA repair
and repl i catVerseshomoduplerrsreiasmed as Hown Bwlechise-oArsHseguent Sapsormaion steq.

cells of parelidif bubstinbhCatich zt(@geaéo%slamami&%le:g@fas&uﬁﬁmn'y used

in genetic engineering, suc ria) particularly |6, 17).
Suitable E. toll strai Elgumrlcshudeaﬁ;cthaﬂ in whmﬁwormbstratmquqncamm/sopamecA+

E. 1 XL-10-CGol d 183 d~ dSMVR- E|-|
ol aon s iabue pER R st et b o ) PP P Ay
Cam J)) . t'D}ﬂxcaE@ firs8@dd $¥dbnd s[u@@lﬂéiés\@?@mskﬂédzinl@scpm%ﬁlzs of the Samd (eetsiO.

rfra-.i. me~Bl, deoC, hV(rrnD
The two different pairs of primers initiate amplification at different points on the two

vectors. Fig. | shows an arrangement in which the P1/P2 primer pairs initiates
amplification at one of the two boundaries of the vector with the substrate and the P1/P2
primer pair initiates replication at the other boundary in a second vector. The two primers
30  in each primer pair prime amplification in opposite directions around a circular plasmid.
The amplification products generated by this amplification are double-stranded linearized

vector molecules in which the first and second substrates occur at opposite ends of the

)



30 rrnE)] (20. 2~. 28-42). Preferred E. toll strains are E.coli SCS110

[ Genotype: rpsl. ~S~r ~. ~hr. leu, ends, thi-1. lucv, Balk, galr, Zaé@pmaz
~sx, dam dcm supEa-1. d~lac proAB), (F. traD36, pro.9 B'lacl~zdl ~tl

whi ch havew®§gmbocel | ul ar mi smatch repair 0 z a P~ ZaaZ YOrRRd21362
PCTI US981 25698 - 17 systens ( 17). This strain type repairs m smatches and
unmat ches in the heteroduplex with little strand-specific preference.
Further, because this strain is dami and dcm) plasm d isolated fromthe
strain is unnethvlated and therefore par—tlﬁcul arly anenable for further

rounds of DNA du e oni tch r bel gw Qhe uitable
bacterial céeff€" ph&el ‘Hﬁ@ &Pgﬂ? H’é’g]gﬁs‘?gé n&lﬁa‘? r%“(ﬁgs "(jﬂ %U‘M CI | 1 us.
Pseudononas deadtGrafioh 60118 peiortabdk aY aidiet Srdex. qedahﬁmnggmau:mwamh@art o carry
out msmatch repair (43-48). M smatch repair systens in _both prokaryotes

and eukar yot@?%%‘%%oﬁﬁ%ﬂ QRSN ITeN)ariF APl AONIA IR EORe Nt each Srﬁltaéﬁe@rﬁce of
genetic fi d"i*é in¥ti288h bBG R\ﬁcﬁ%ﬂl hifRhd AN IntEEHT@u&T of tRe 5:9?11&%{?8??%5@&% @ 2

i npor t ant es 1n nitsmat repair 1 n prokaryotes, particular
nutt, have (noswletigseleats fonkierheatraduplédxas tefimive ve dmrhamﬂu;gemebccause the former

reconbi nati ons, . and i enope.st.abi|i Wl d-type or nutant S. cerevisiae
has been shémé@mwgﬁ%ﬁfﬂfﬁ%’f}ﬁﬁ@ﬁ E‘%B&Frr of heterodupt exes (49-56)) as

have COS-1 nonkey cel ligishardsserdtiaPinghé @Ebv%tsék%'rﬁbihﬂfan%bﬂﬁ%noﬁﬁﬁnﬁla%mt%eand
Saccharonyces. Manmalian cells have becn shown to 15 have the caggm ty to

repair G T tiptetacs hfa\seen;ﬁabﬂgnwdahsmmf thavederieHghiaapli{iggionsan
Marmal | d
b ey cut 1 Rt s Sy pdIB Bk d ORS Eblorhls 1Bl fives BRIt Blehafifiicayi gy G

enbryonilo stiginarelat differeng podias, befvwden ol westoss. Inyhpement ese. sGtt sl idagsst er

ovary (CHO, nouse fihroblasts (NIH3T3)) Kkidney er, nuscle, and skin
cells. Ghergeéﬂé‘éﬁ%?ilﬁe"é‘éf’ ‘éccéﬁrs i%‘t"E‘Féél'{CfliﬁH“G&éc"? S%SHHFS Eapscyvel¥uch as

mai ze, Tl Ce,ocxﬁbgad iffefeRt SRR on§?c¥$1ﬁ%30 URHGRERIDT HORARE ODe A alqdOPST S:
fish. lgae, fu {aspergll

. , ospora. neurospora), Insect (e.g.,
bacul o | epi depineala)g gcsena;dr\htnarmiukbxcs slrﬁﬂvrm wmswwruntﬁxgarles;cépt\vmﬂthe mcks
Publ i shers.

which is i corpo e relnb refe e). In
vivo repair 68‘&’u"§“§é‘f‘ﬁh° ‘)f\ﬁpaé“\‘)a?'}céfv tﬁp E%‘F?‘b‘f %cea?ﬁ‘dvcgﬁﬂgf ﬁ“g cells.
25 Use qf maub@tadnififdilon dfampdrafioadfiside thesdblirite a&ﬁbdrﬁﬁttdf@%bt@rm&@
substrates encode pol ypeptides that are expressed_ only in mammalian cells

or which ar edvantagedbal if smoyBesessANAMREER aﬂmemSP%mﬁormmépbsum@mtawrhand
yeast cells arg.advantageous for screening large libraries due to the

hi gher transformati on frequencies attainable in these strains. 30 V. In
Vitro DNA Repair Syst exithobsh 8ip. dlit exengliifive farowd stsoetes itegabanaigehbd cpi beluct s

Wt 1o, The CATESE Iy ER LU R Ea R e S Y AP pegvestor o

repai r - QQpededRfo SubstrRbd catRaB¥id&d inedivo3dde. Ol dos! is PERCplifiedFrotn e ~ 2002
WO 991 29902 PC T/ US98125698 - 18 Repair-conpetent cells are lysed in

appropri ate ngffmmqmn% ugottberenepbffom|anethen ideasinlifieasion predurs afedampuiresd i n
this cell exfhaGhe ffhstdefilel At mao%ubﬂ&é)s R 'THS %&alﬁﬁé bffe strand from any

substrate in the first pool and one strand from any substrate in the second pool.
Alternatively, three or more substrates cloned into multiple copies of a vector can be

25  subjected to amplification with amplification in each vector starting at a different point.
For each substrate. this process generates amplification products varying in how flanking
vector DNA is divided on the two sides of the substrate. For example, one amplification
product might have most of the vector on one side of the substrate. another amplification
product might have most of the vector on the other side of the substrate. and a further

30  amplification product might have an equal division of vector sequence flanking the
substrate. In the subsequent annealing step. a strand of substrate can form a circular
heteroduplex with a strand of any other substrate. but strands of the same substrate can

only reanneal with each other to form a linear homoduplex. n a still further variation.



for replication. VI. Screening and Sel ection After introduction of anneal ed
products into host cells, the host cells are typically cultured to a'ﬂ'z"X‘PRzou
repair and replication to occur_and optionally, for genes encoded by /
pol ynucl eotyyg88r4ds92 be expressed. The reconbi nant pol ynucl eotgdessd33E600€
subject to further rounds of reconbination using the heterodupl ex

procedt ues descri bed 10 above, or other shuffling nmethods described bel ow.
However, whether after one cycle of reconbination or several. reconbi nant

pol ynucl eoti des are subjected to screeni g or selection for a desired

property. In so i nstances, screenjng or selecti.on.in perfornmed in the
Sane host cEINUPlE HRSTAFECantePerIOFmIsh Y PEOFRINE T tiBEHisrat °ﬁ§?§&‘?&é§)=me in

reconbi nant gpolyy th EleborR¥iRER DOIVACIBEIRIRY S & vaitorS BEARREAT Y
nmet abolites Fgg?éd&gfeégﬂ%yﬂr?ﬁ%mlégae;fp?ﬁglsi o% pr ocductt s ar evi sl%l at e%lffar om such

cel |l s and sbeterdaplex formatiom withna thirdsubsirais irgarpesated istaBinkantopy of the

pol ynucl eot i des e isolated fromthe host, cells.in hLch recomnmhi nation
occurs and arescreeifey’ g?anélgldéecrte‘é?i"h?'ﬂmgf’ﬂlgfm l%‘éfdlef:%'l"va‘l < VEGPT %‘3?‘8%% in
sone net hodshird fubktfar@sh¢ 302 I9UPCR mplhficdVirdaNAi ffepdid pFinfe@ piesC Thei N @
bacterial host strain) but to screen an expressj Oﬁ}f{or oduct of reconbi nant
pol ynucl eot iaﬂ‘@ﬁﬁ?%mél?é%ﬂ“ﬁ?ta%‘hé’ép?’@.‘“f%@draé&#iﬁi-n PTOgeEsH EAT be FEPRART des

SUrTViVing Seagpings W alke! RELhBRAIAVIRRRhERBwAgl Ul products in

t hensel ves. r 1nstances. such reconbi nant pélynucleotides are

subj ected to further Aacbebhiative schemeifdrheeasiuplek fetrmationads showngnlbsg. 2at es.

Such reconbi pati.on c&n be  ef f Ierodlﬁxgl ex met hods desgri bed
s &

ted by the h
above or anyiGt HiEst 28 °I°P?1ﬁbbsfefg‘f’ﬁﬁr&éxc°m9?¥ﬁ‘&m9% L9 CopeS S A RBPhati%n are

fol | oweqoby (fyEbHES ark MERGSspoliivR ey BBdAGVIRT diffelefCick@itioN e@ynes. Fieh ahdwe
basis. Optionally, the stringency of selection can be increased at each

round. The nraruezgesfensinrwnih.nbe otstingion endyores guipa 9ERoHE bonrdagies betwderpr operty

Caralyti o actPuRt PR sl ohOb PR AR ER e R (et B

the ability th# cacatdifferentpladed. Digestivargemsaes linearigel ffst andxetsml vSior BEarinige
ability to function in nonnatural environ s%sz such 30, as ?frgani c.solvents.
I Bic

Ot her desi r dB8@P ser9ad suksgraiss. thy Biskanses rates PAEYRYNE YLIBICALPAILOBF ect ed
target, igecr.gti | i ; i a
g ven | drger ot fop BpRFlining FARTREnl, TRASIALN Ay IeElidRnt EORAISRpR

m cr oor gani srsulafiesenodinlexes ang Bndar bsmoduplaes. oF heRidhepo kambrod xeended es
sequences i ncl ude cag&gﬁfy to sgﬁgi fi C@:;g/ 02 R 2002 WD 991,29902

PCTI US98| 2548mbinaio eq M BRn HYOPOSTRIESPSYRE 202IG8QuR SIFAEEIFS O tRPSF equl at e
expressi on Qfes@ded AlthGedpelt 16 Fsh. A0Th Bk VREUSH GRS posle BE s@fstrhteardFeveed, and
properties. such as drug resistance, can be selected by plating cells on

the drug. Oeelisserasaelyickencd dute eger. Thetwapqoleaie dhepreuly vy difigrat gnayesence
on expregsi oy a&?eaung p&%@n@@?wgo %;ﬁﬁ&g.n& ABREAV AN AhrdeRE nfif! essi on
product of a reporter gene I'inked to the regulatory sequence. er
properties. sbshuasanapaioneding thaee cenpresspict of recwrmdahdtresrmudrecssultan be

d by FACST-~ I, | abel | ed antibody tp th tein_ Oth
e o e e Bt LRl Bt BR BB L bt
i sol ati ng pr@tegiditidréRMinkatibel iveetas forRé diffefig MQRE &vi’sﬁorﬁ@ﬂc@sor?é!{éeﬁd&@' yzing

the protein in vitro or in a_laboratory animal. 10 VII. Variations 1.
Denet hvl at i offianking the substrate moiety in the vectors. Alternatively, any number of substrates can

25  be recombined pairwise in an iterative fashion with products of one round of

recombination annealing with a fresh substrate in each round.
In a further variation. heteroduplexes can be formed from substrates

molecules in vector-free form. and the heteroduplexes subsequently cloned into vectors.
Such can be achieved by asymmetric amplification of first and second substrates as

30  shownin Fig. 3. Asymmetric or single primer PCR amplifies only one strand of a duplex.
By appropriate selection of primers. opposite strands can be amplified from two different
substrates. On reannealing amplification products. heteroduplexes are formed from

A
opposite strands of the two substrates. Because only one strand is amplified from each



Most cell types nethylate DNA in sonme manner, with the pattern of

met hyl ation differing between cells types. Sites of nethylation incl Lﬂjﬁ PR 2007
5-nmet hyl cytosine 15 (nbC), N4-nethyl cytosine (m " C) and N6-nethyl adeni é
(nB6A)) 5- hwdpayyssei hyl cyt osi ne ChnsC) and 5- hydr oxynmet hyl ur glydoRRided - 10
E. toll, nethylation is effected by Dam and Dcm enrynes. The nethylase
specified by the dam gene nethyl ates the N6-position ,of the adenine
residue in the sequence GATC, and the nethyl ase specified by the dcm gene
met hyl ates the CS-position of the internbi- cytosine residue in the sequence
20 CONGG - ' | yl at k on
reani ng t hat o G ebuiplide A8 nlRVARRn omeBbip TR RA B sl AR

met hyl at ed anamsiifled|sabstraeaThe proceddicaic biseachdby ta dfosr eocrabindfer?él.ankn sone
met hods. DNA substrates for heterodupl cx formatiqn are, at, | east partially
denet hyl at e§UBREIGH SUBralssUping eRalpgRys SEtegiey g prase Srsiber Vish respentia higt &t i on
of 25 subst a% r §:Ci I :

het er odupl eﬁgé& [ 'g%ge%rf% SE?@%%G@%%&;% éo%{%%ga éafé?gh%l Sggjr?‘%tﬁg% cyﬁue{lteed and
one strahd asymetdtyit amptjicatimpasuch timt bmplifartiom prodactsinhesterppohtancondy armeal, wi t h

the nethyl ated strand.servin the tenplate for,correctiqgn. 1f. neither
Strand 15 meCRARCAS SR G ha R BeEy Sol B SR Alemivifcan
strand pref enfNEG cadProcédd paidAsdAmRtiRMhiE M AR WificHPRESRbinAdtS thringd a
variety of ways. 1n sone nethods. substrate DNA is denethyl ated by

PCR- anpl i fi &&m kseroduplexsref firss anthieeand spigragrsnase Fysaqyesty pubjegtedoapl i shed i n
f th i n_t:he. het Lex. f oLaRL| :
561 20902 PCITCRUREE aythliBE AR SRR URte, PO Aons dndisOBimiMRccdta

an addi 10 ondksikeGiewvet éuwrirngsSPOR aimplifiedioho ef fect denet hyl ation. In ot her

met hods. denethylation.is effected by passagi,ng. substrat t hr ough

met hyl ati on defi ci ent- %ﬂoéﬁh%‘& W"'(eé?@?’g%i:ﬁ Ojggelf&‘gﬁﬂg%af;}ﬂiﬂe. PP'IS\I“?F &il%"?%‘? n

ot her met hoggmoguiisles 2F fsNA skdnd SRtches &k edididl W PCR aliplifidacdndRryFEt hY! ating

enrynes. Denethyl'ated DNA 1's used for heterodupl €x fotination using the
sane procedusenssateleenonsbEte aibsiraes dedemandepiiatiowsed ¢o snnissldgoeinglbpthi nt r oduced

into DNA-repair-proficient but restriction-e me-defective.cells.to
prevent deg?‘ﬁ‘&%ﬁq B@ix%e’f HECR @Oéqogaplﬁa&s.e?‘éégquéxg(légf%aliqg %83!%‘5‘? Ni cks
Several 16f tiith reRb@siSerzPme R taaE AU UR heva Siefintiel firh subsatd hadotdhe ¥eongsul t in
circul ar heteroriuplexes bearing nicks_jn each stracgd. Qegg ni cks can be
seal ed bef oskbstiater BLHFHYErFtos Yo gy BS dscutsreePnivugted Bameduptsx from thedist be

ef fected by JEGAIRALMLIYINA hiRess L HBlodRbRR ABAL LABRA Aeksgadli L ons.

Li gation forns a phosp ond to 15 | two adj acent bases
separ at ed byNeither anzyma coisdestadapbixesf Hetarbdupldxes ¢an effectidly bSeephiarg fofm ni cks

i ncreases the fre ncy of .ceconbinatjo fter introduction of )
het er odupl éiagnthﬂgerqggépzseéﬁxpgxp@le:ﬁ b%?‘"%ﬂ)ﬁ%avﬁgﬁw EBREA 3 B having
Anvli fi Qali QieSlokimaey/QItAd erts of Bethfuly filt snddesontisbiesrattboind ligaGérisah@ PCR

amplification step. t Optionally) such a step can be, perforned under
nut ageni ¢ cATRHUCIsGn® veeror hanirgci@sive ensls spmpatihls with gndseresydidng fom sligeations |

V1T Oter SURbAs” ot AR ol olar B e ot o

descri bed above can be us onjunction w I'i'ng "net hods.
For exanpl e, Alemeativaly, haedoduptexeseac yeseparafed fmreresulispbre kagrherft 6f ng) screeni ng
or selection, fqgllowed by a cle of shyffling by another nethod, foll owed
by a furt heﬂ‘°§§93f’%l°6efsq§'é¥7ée§ﬁi:"ﬁ%°'b‘?“ gly- Z@Fia&iﬁ‘feg&ff%éf canhfrgenFta z‘lddPrl?Lt s are
descri bed bysuW&a?e?.lb%?e@.%infk&ge ﬁi%&(@ ol? Rteroliiplones dnd hemSduped Rtk ?@e:rgfgmes.

Stemrer, 30 Science 270. | 995); Sternner et alL. Gene. 4, 49-53
( | 995); Steapmere ofpyhirtreutsadiffngsnt substra 40d seather suhssyte. Meterpduplexqsrcan.

i Vatl. Acad i . 107 4) A~ 0.
580 301 (19077 by Efeubpat bR Tuclsubdeb o NI ptey Bl zait Bl o
Crameri et adbtainedlbyaPOR amplifitRindchgynokordal DNA and pird(to dPRGB)te eV of a

981427 _'7. ., 0 2 APR_2002 99129902 PC1'/ US98/ 25698 -21 WD 98/41622; WO
98/ 0576a andinfgy vgﬂz?zrg.cwglo ¢Jgning sambe 3¢ Eﬁeﬂﬂw &HF%‘I’?&“&“ vector with two

30  different enzymes. and digesting or adapting first and second substrates to be respectively

compatible with cohesive ends of only of the two enzymes used to cut the vector. The
first and second substrates can thus be ligated at opposite ends of a linearized vector

fragment. This scheme can be extended to any number of substrates by using principles



incorporated by reference inits entirety for all purposes). I X Protein
Anal oes Proteins isolated by the nethods al so serve as | ead corrpounﬂ§ ARKr2007
t he devel opnent of derivative conpounds. The derivative conpounds can

i ncl ude chegpd eghgoppdi fications ©f anmino acids or replace am PO/ 838609 t h
chem cal structures. The anal ogs should have a stabilized electronic
configuration and nol ecul ar conformation that allows key functional groups
to be presented in substantially the sane way as a lead 10 protein. In
particular, the non-peptic conpounds haweléspati al el ectronic properties

whi ch ble to the. ti de. bi ndi i on, but |l typicall
e mich srml PEPEAE BAsECRHET RETr o straag. Sbiietsn by oM agdive .
mol ecul ar Wejo@htbelpstk FparedhaY thedvectd? ANGrAtieéI9! Rbdrivbika @Y8daBRYbrmled ByD.

| dentif cation of such non-peptic conpounds can be perfornmed through
several st arhgtareduptaxHonsationet fiss ané pgcopd suhsypiemtcan peliseqyeattrpndesgaanal ysi s)

configurati qﬁﬁ%ﬁ?‘ie“?"i%%maﬁé‘gﬁﬁa?‘%lsmt e and normal node dynami cs

anal ysis. Co rogr I"'enenting these techniques arc readily
avail abl 6. See Rein et al., Conputer-Assisted Mdeling oJRecepcor-Ligand

Interactions_ (Al an Li szé Neg York) 1989). 20 I X. Pharnaceuti cal
Conposi ti on . fm‘ i r expression products, and secondary
met abol i tes whose forﬁﬁgkwéu s%bgﬁzgé %’E%o@ﬂorﬁ%@fﬁ@@ &&sgﬁm%ﬁﬁﬁ%orgﬁ{l?rat ed

by the above nmethods are optiona ornulated as pharmaceutica

conposi t i onghe Betetodaplex fiposiion sep.cAmarieyad clomengoveciory wpizally veed ageatesic and a
phar maceuti cal | accergt able carrier. A variety of 25 aqueous carriers can
be used. e.gc.“,g"éé?régﬁ SHfaP% ed wat er, phosphate-buffered saline (PBS)) 0.4%

saline) 19. 3% gl yci ne, Ty REBof duEiding HeUDNANegMent BEinterdst canTBasMsfepledt i ONS
are sterile and generally free of particulate matter. The conpositions nmay

cont ai n pharintecibehos aell Py seedasd asthods, depending onsiip sxrgrod selluar hosgared to

appr oxi mat e i O Lcal i.f4 . ' 1 i . ering
agent s, oxi S s SR o SR AoBRIAHS RpioR ] Ritp Lo BBRABKHIT
acet ate, sodvhereastdateiirl@hosphitasaatenc NLipoiedion, oatleciopocdtionmayebeaned foodi um

is selected primarily based on flujid volunes,. viscosities, and so forth. in
accor dance vither GeHelaphests Qihgrm gés %Fga%mf%ra%ah%%léw&de theyusg oApR

200Z VO 1391 2@&9@:&,?Hbﬁlﬁ%&h&ﬁﬁgﬁ&m&k1mz§%§g\%\4§5§.§ng}iﬁ~%’ cilion Nayel

Rhi zohi um Fl aa” Genes Friom Reconbi nation O nbi um Luoi fri Flaa And
Rhi znbi um ~| bibBsiii¢sdsée, E¢retally, Sambrook et al., supra). Viral vectors can also be packaged in

vitro and introduced by infection. The choice of vector depends on the host cells. In
general, a suitable vector has an origin of replication recognized in the desired host cell. a
+ selection maker capable of being expressed in the intended host cells and/or regulatory

20  sequences to support expression of genes within substrates being shuffled.

V. Tvpes of Hos\ Cells

In general any type of cells supporting DNA repair and replication of

heteroduplexes introduced into the cells can be used. Cells of particular interest are the
25  standard cell types commonly used in genetic engineering, such as bacteria, particularly,
E. coli (16, 17). Suitable E. coli strains include E. coli mutS, mutL. dam’, and/or recA”,
E.coli XL-10-Gold ([Te/ A(mcrA)183 A(mcrCB-hsdSMR-mrr)173 endAl supE44 thi-1
recAl gyrA96 reldl lac Hte] [F’ proAB lacFZAMIS Tnl0 (Tel') Amy Cam')), E. coli
ES1301 muS [Genotype. lacZ33, mutS201::Tns, thyA36. rha-3. metBl. deoC. IN(rrnD-
30  rrnE)]) (20. 24, 28-42). Preferred E. coli strains are E.coli SCS110 [Genotype: rps!.
(Str'), thr. leu, enda, thi-1, lucy, galk. galt, ara tona, tsx, dam. dem. supE44. Aflac-

proAB), [F. 1raD36. proA™B™ lacl'ZAM13). which have normal cellular mismatch repair



Bacterial flagella have a helical filament. a proxi mal hook and a basal
body with the flagellar notor (68). This basic design has been ext ensOﬂdiPR 2007
examned in E. coli and S. typhimuriumand is broadly applicable to many
ot her bact wad ®/2a%02wel | as sone archaea. The | ong helical fibameryssasse

pol ymers assenbl ed fromflagellin subunits) whose nol ecul ar wei ghts range
bet ween 20, 000 and 65, 000, depending on the bacterial species (69). Two
types of flagellar filanents, naned plaig,and conpl ex) have been 10

di stingui shed by their electron mcroscopically determ ned surface
structures §ydms QI7ai Thik istréifeype Sepgaire enismawistahd stnbwbes initiehetabdupldie!l i cal
Il i nes, whereas caonplex filanments exhi.bit conspj.cuous. helical pattern of
al ternating “f‘ﬁ‘o‘b‘gg S‘éﬁ@'-‘@F‘Bg‘?/B@fe‘W@sg“’é‘i‘ﬁi?‘é"@f“éﬁci‘gﬂsFE@“éffaea(‘,’bﬁ%‘li &m | agel | ar
filaments ane LONSLARKLShH theRfaihes RARS NI fod M théteioR darddiFarR ndni¥le for
inplicati on)p rigrd structure tﬁat enabl és themto propel bacteria

ef ficiently furti®rirounds oEDNA dnpliixforaion3nismath repasr (fdechglivt)a Qrhdrhsuptablen
filaments Cﬁn aI.tler at e Qetween cl.ockwi se and. .countere§l Oka\%SG rotation
(68), alP KROWATHCEHRInFlds e RegANY S A RONY S SHE LS PAsH - £IeHERUPRIS: Wi t h
intermttentngSepnelld). Since this latter navigation pattern is found

t hroughout bacteria and archaea, (it has been suggested that conpl ex
flagella may reflect Enkayeimeraamiyekye alsaablsio samyuontinipmatchzepair (99t48)ity

design (b9) a4 W T f ek W ! j iLhe
structure ofM %ﬁ’g%’ r%%lﬂa%ﬁ%é%%ﬁ{oéﬁg&%% é:gdr{(s |°2%§ihést%ﬁ{é§l}tté£®a%§%ds and in
their fragi limpygartihele in thameiiienaaceofdeneia fdulisg duringddNAnsglichéat, Some of
deconposition (72). Schmtt et al..(75) showed that, bacteriophage 7-7-1
apoci T1 01 | She.8e56 et BEY {TeoBOHBIes i FYSREF HP0H FRPKRSTSIFS. PR BLIgH g
requires mobhhihy ate Horﬁél@égﬁﬁtchyzﬁybtgi%Mc%;c@fne'otf e recotfbMadbnd. ARd in
flagellins fromR 25 neliloti and"R lupirri are quite simlar,

bact er i ophagendmg stabititye sWildityperor emttarRSnedrevigiod hasieen shommtocampbetx f | agel | a

have been observed in.only three s [ 0f_.sol acteria:, Psau na
rhodos (73) ,MEIAEAIFRAT 0?%?{&5?18"?5&%'6?)??‘?{’ﬁc%%ﬁ(’%‘?c’?%us (S@r ﬁ%@f“é
R 1 'upi ni H13urdinB@s $&sSt are PRchid aR€Biadchirdhyues. Mantitaliah @elliawpbesh shodeaab | a.
whi ch were first isolated and anal ézed by hi g{;aresol ution el ectron

ni croscdpy dMe By capacity 40 regpif Or héq Pofn baseppirs Bya ghgrirpaipmaehagism (8738 ur t her
found t hat i : f r eF=Ya s [ j i .

conpl ex fil ;63 'n@%@ﬁ%géﬁgge'gf m?ﬁ%. g’gﬁgg@i rzli@gﬂrc]’s for b’fbﬁg{aﬁéﬁﬂgﬁg#&p‘%@e ties
of conpl ex fcultgeek kcan alBybevesad.uBiahcrelingslude steomdedls, ingigding emtiryobicatam nejls,

t hr ee- di mensi onal rt.ecqnstruction fromelectron nc aphs. JIracht enbere et
2l (73, 78y EOE S IR T S0 PRI LEoR): sk BHRNELE od  ha
the conpl ex (NIH3TBNkRIneY, [i¥er, Mubdi8iandskin@eNP AOBEr AicarlybiictdlRREA IntétestBhdude
Figure 6 shows the conparison between the deduced am no acid sequence of

the R 139pi ritlamycelds. sughjas maiferiech avhaaldersion. iYPere. sBREFasG iRhase2ed the R
liloti- FlaA,: - are. i ndi jcal: L
Conser vat | v ioiliislse Bl k16 CpeRTfl CeBtioRl sYERNSD, bt e B0, 1 &

~6% The R |lepidopteta) (e, MhithnRker"Fomt GeddsadChanes" 3@ Puilsbers N.IYn, (198 T)p

het er odupl ex f.orpati on followed by.in vivo repair in order to create novel
Fl aA nol ecul%@cgﬁdng‘lq’%&e&hgﬁn%x‘)éﬁ%"tnl‘i‘c'))ds 10 pRL20 containing R lupini H
13-3 Jla~t gene and pRYWHRGOMAbEURIn B WiBE VAR of praktarf@teand eBk A PR el 18,
Figs. 6A and 6B. These pl gsén)?ds vvere?i sol ated %rpﬁm.E.rg%ol [ §CS§?10 (}ree
from damS arldsedufimarppelianetelyisadvantyge imbertain applicrépn 1o WhighrsubstratesteadoqeRL 20
and pRVA0 DNA,wer e .digested w I = espectivel at .37C
for & hour . AAYEPRAG IR Gt ST I harRee e whER B Ghiet idor e 8
purified wi trhafrﬂ‘rﬁ'( Hmdcd?@RM I—%erbcrkl?icte(rﬁr ﬂﬂi&@as,d théaﬁhllSd\)andtaEébu_ isrror ﬁi'eé:ning
concentrations (2.5.n of the linearized unnet ated pR_.20 and pRVA0O were
mxed in 1 xlagehprasissdus tqthgglshwm Ww*%\f@mﬁe%awﬁlm@m@raﬁw 7.4).
After heating at 96C for 10 mnutes) the reaction mxture was i mredi ately
cool ed

30 V. In Vitro DNA Repair Svstems

As an alternative 1o introducing annealed products into host cells. annealed
products can be exposed a DNA repair system in vitro. The DNA repair system can be

obtained as extracts from repair-competent £. coli. yeast or any other cells (64-67).



at OC for ~ mnutes. The m xture was incubated at 68C for 2 hour for
het er odupl exes to ZOform ~ne microliter of the reaction mi xturelddPigged
to transform50 | of EE Wcoli ES 1301 nuiS) E. coli SCS110 and E. coli
JMLO9 conpewenbtrenb! s. The tranSformation efficiency wth E p&epliioshibes09
conpetent cells was about seven tines higher than that of E coli SCS110
and ten tinmes higher than that of E. coli ES1301 nutS) 25 although the
overall transformation efficiencies were 10-200 tinmes |ower than those of
control transformations with the cl ose) <dval ent and circul ar pud 9

plasmd. T r 110
ttansfor mmgﬂgn&%?nv%@fﬁr?cagé?g@ggdﬁ g&%ggﬁ’@bﬁ transFEngﬁlteg“ﬁgﬁd pl asm d
DNA was i sol mickdtiflesorDINAds énclibated il tbisesi! xtract and dnarsfdbhdad sreo vempdterg cells

anal ysi s. 30fB esults Figure 7 sho~t~s (a) the sequence of SCSOL (cl oned
fromE. col i 05818 ansformant |ibrary). (b) the sequence of SCS02 (clone

#2 fromE. coli SCS110 ,. 0 7 APR 2002 WD 991 29902 PCT/ US98l 25698 - 24
transformant library), (c) the sequence of ESO 1 (clone # 1 fromE. coli ES
| 301 tramfoﬂhﬁﬁrﬂﬂm@sl_@nm (d) the sequence of ES02 (clone #2 fromE.

i ES 130 f lib f f f
wldtype R | upini /| SAHRSHbof plrie? PloaSERYTERGR AR Puthon Qs ' sy

and ESO2 al It QQaﬂﬁtlﬁlnﬁedﬁWio@h@pﬂp&m rtplﬁ@&dh &god‘cnam optidhal §CEPgens
truncated. Fi gure 8 shows that recorrbl nation mainly occurred in the | oop

regi ons (unneficesekby B‘db’wo“d%@ I%Neﬁﬁifiamc F“BF‘QF’V"%@“& Céﬂdqsrcé'hbﬁ

5 1301, XL THTCbI sl P e R Bl H RO e e el

Fl aA r ectirbi staovesor dtl&brEb@ﬂﬂlmg&nELho&i descriteed bEhmt LHoweveO wheGRr Eﬁaamb agde bOHI
Variants Wth EnBanced Sgeci Li C ?}cht%iwt l r.[ g n%/{ sq)are armng.the nost
i nport ant i nEFGePPIATOMPLIES e AFROSTRNARHRCY BIC{SOu TS SR FYYITGd 8 SHFUR &

numer ous i NPQUEBH fSELQRARA YropBhp PR dohRSnstirRed. deterindBlcRbA m;mfbﬁﬁédlﬁs

wel | as |arge anounts of enzymes. The approach described here can
used with | i thelsemabdsticeBathabare fused for PO esgaiay b ath¢rdnstarcen sedomdisnt ept onyces

enzynes, sone enes in a |1, as ot her
het er ol oeousp%lﬁgucieojndgi5?%%%@8”?“8”& g%hyg%géamgv&vﬁ%%ﬁ%? Bh"gg ‘ﬁeb PI s are
criticallly negsegdionprodird a¢ gselmmfr@h@wmgummﬂ)m&ned iri vmfunarampﬁmaﬁd
AIDS, organ transplant and cancer (;herm atl eg {s] who suffer
oppor t uni st i ECPRIPERRT RXNUCEOHAETRTS Haae @’)})05%1@ Is pophisp rerembingiioR ed by
SO~~ a speci gs,f an%szE‘?E&lT:J:rleH%’r sél@ae&)ﬁ]%éwglceﬁs epﬁr%saﬁumelmsaﬁc eBRugnt | al
antifungal. Various antitungal agents wth significant reduced toxicity
have been geiseadyamdgdops tegloye DA tepeir kd oroheing lasiedalsh@esttahrmbm tofscréen an

ni dul ans echi nocandi n i_.de_chain clic

hexapept i de’ EEESHN pgagucbngzelﬁpg%papwotlxnrx‘xg%%&é Weﬁ'ilcc?gfouﬁc?y tﬁ'(fﬁecl%“ 6’3’1“ i ned

by enzymapi c phiyduclbotides s@iviviiBscreenitg ofeélbdivnlaadeindlintliasefubprlbéiRisdgacv| ase.
To nmaxim ze the converslon of ECB into intact nucleus, this reaction is

carried out atempeives.g rw\thw instanegs-Isughiseaipbigant pplvapelrtidss gerfubieated tacduthero

| ubilize t |
oL 172, RSt oFloPh AU RKE) SEcBHARERAAIRPYE LRl By
deacyl at e ECkhe isfgrodidpiiex mkthdls dgstiibadnabote &Gy deteee ghiffing thahedse Furthes 8. 0- 8. 5

and its activity,,is.redu ed at t he presence of re than ?.5%
cthanol ( 54) FWEO REFGoRC TR el 0wt B erPind faceen e peRiEson poin
i ncr ease Jkhe .eemvxroasxs 9 uéﬂ&ﬂyﬁ@@sﬁlﬁg&%gﬁﬁclmﬁkaﬁ beRRrAsAGR ExhrOh VANt |

condi ti ons. 0 2 APR 2002 WD 99! 799 CT/ US98/ 25698 - 25
The nature of screening or selection depends on the desired property

sought to be acquired. Desirable propeniies of enzymes include high catalytic activity,
capacity to confer resistance to drugs, high stability. the ability 1o accept a wider (or
narrower) range of substrates. or the ability to function in nonnatural environments such
30  as organic solvents. Other desirable properties of proteins include capacity to bind a
selected taréet. secretion capacity, capacity to generate an immune response 10 a given
target. lack of immunogenicity and toxicity to pathogenic microorganisms. Desirable

properties of DNA or RNA polynucleotides sequences include capacity to specifically



Relatively little is known about ECB deacyl ase. The enzyne is a heterodi ner
whose two subunits are derived by processing of a single precursor BrlokR& %02
(83). The 19.9 kD a-subunit is separated fromthe 60.4 kD p-subunit by a 1
S-am no aciWogpagde peptide that is renpbved along with a si grai/ussspsésge and
anot her spacer peptide in the native organism The polypeptide is also
expressed and processed into functional enzyne in Strepronyces |ividans,

t he organi smused for |arge-scale converﬁi on of ECB by reconbi nant ECB

deacyl ase. The three-di mensi onal struct are “of the enzynme has not been

det er mi ned) ya biven PRAMIE M Eer ST DRSPS FoliRtSéNprdsdioh bY opQaill 'ﬂﬁfcd%ﬁﬁu%b' y
rel ated enzynes Such as penicillin acylase that a structural nodel reFiable
enough to gukguenaes: diomeraf]thedtioye propertes seelyisdug resitanECRan dassieasibwi | | be
difficult to,build, W therefqQre decided to u disrected evolution (85) to
Mot ove. ¢ hi PFRBSPHs At s Ol BEEEUED LR bR B p S oot no
random pri mdng:xbaeaoRi dan b eetedted b fleR cdngddppbirdnstartald @geeseidn prddia’re+C)

have been described recently (86). Here, we further describe the use of

het er odupl eXePtes gpnnlitked io the regherseqysass- HoBen Brogeraies; sudeasfapasitk ahamced
specific actjvity.s o thi t i L4 Sj deacyl ase
it ant sy o SbrStnihbe RASRk ol e borbaRRbPRAT IR RutiEAERRY 10" |
t he presenceh®proldifo DHeriprspeties.aaehhy irgtunogericint eClack HeRoNkcah bescrdenyd by O

het erodupl ex formation and tn vivo msmatch repair . 20 Figure 12 shows the
physi cal mapsol@fngarasin damindividugtalipa roolgnicalls and analvzingthg erriain frovitre he

M7-2 and M : gaqg;;,l mut ants. Mutant M/-2 was obt ai ned through!
ut ageni c PCIJ:?QB‘E?&(?:BHE (flg?g%l’t |y on whole Streptomyces lividans cells

containildg w | d-type ECB deacyl ase gene, expressed from plasm d pSHP150-2*.

Streptonyces];gég .gw-z show | .5 tines the specific activity of cells
expressi ng the—2BHY. t ype ECB deacyl ase (86). Clone pMI| 6 was obtained

usi ng the random pri mngép&abiisat i on techni que as described (86, 87). It
shows 2.4 tines specific actrvity of the wi|d-type ECB deacyi ase clone. A
Met hods: 30 M7-2 and Nulestsel svres mohxlap Rl Avingamemangyr. withghe pyttemesfe

purified fro o] ] a i . ~ of
unmet hyl at edgk}g ylfghgﬁnngﬁﬁﬁ% é g‘%\ﬁ% g\%?sgp%lggég?;eﬁlbﬂ g%nomﬁlagné"?;s‘%l%l%sm
I S i e v S AR Ao S i

: ion. [ z
puri fi 1(_'ad ;J_Si @@%;Wdz%&ﬁgmwhﬁi‘b‘ﬁ%ﬁtd‘?‘gﬁgﬁ@%?;ﬁ;@g}qﬂ ‘Eigchrﬁrf@?i' Dam .
concentrati 0 AV
vere mxed | ooy Sglest L R gAAC SR by REL kBl le B LRI IR T 5
NaHZPQa, pH df.th§ adeaireaesithesinithgyseguergs Ga TG and tharnethyless, spetified budteidom

m xture is ;i med at el 0 d at O f.or ~ m.nutes...The m xture was
i ncubat ed at®%8 rxtg%yg?%%&xﬁg{;?%osftgnpof g}?d{‘{é“}a&ﬁﬁﬁ?[‘%f%s‘gf’ ¢ Hb‘{‘gf%od‘ﬁ‘chexes. One
mcrolit® OofCWEGH ©NA ifRf plant diEmammatiBastteh Qubjeans CQ meth9lafbn Akaning

that CG or CNG _sequences are methylated. Possible effects of methylated on cellular

repair are discussed by references [8-20.
In some methods, DNA substrates for heteroduplex formation are at least
partially demethylated on one or both strands, preferably the latter. Demethylation of
25  substrate DNA promotes efficient and random repair of the heteroduplexes. In
heteroduplexes formed with one strand dam-methylated and one strand unmethylated,
repair is biased to the unmethylated strand. with the methylated strand serving as the
template for correction. If neither strand is methylated. mismatch repair occurrs. but
showes insignificant strand preference (23, 24).
30 Demethylation can be performed in a variety of ways. In some methods.
substrate DNA is demethylated by PCR-amplification. In some instances. DNA

demethylation is accomplished in one of the PCR steps in the heteroduplex formation

'



E.coli ES 1301 nutS) SCS 110 and JM 109 conpetent cells. Al transformants
fromE «coli 10 ES 1301 nmurS were pooled and E. coli SCS 110 were qpphpmngﬁ
gl asm d pool was isolated fromeach pooled |ibrary, and this pool was use
to transforwp$2990yi dans TK23 protoplasts to forma nutant |ddanaoy2EE
deacyl ase activity screening. Transformants fromthe S. |ividans TK23

| ibraries were screened for ECB deacyl ase activity with an in situ plate
assay. Transformed protoplasts were allowed to regenerate 15 on R2YE agar
plates for 24 hr at 30C and to devel op i4P the presence of thiostrepton for

48 hours. Wen the col ani rew .Sl of Q. 7%.agar ose
Sol uti on’ conpRdirss et ahaft! by MahoRl ARELARHAFLCR o if herforfne 3975 8
was poured ¢ffect @gmethylaaed) RDYier agtiiods) detretaviadioalid effvettdtby pdesaging Bubsefael 8- 24
hr at 30C. Col oni es surrounded by a cleari ng zonepjrbg,rger t han that of a
control col BRy Getakimethyjaen deficiepbhost eallsi(eiE 29 & Spibaamgen: strajp)y dn gdieect ed

for furt her melighackenkaAbAn; aSELaohRd 1 AOYARATRLBIRR: bAgRat ed Tnto

20 M rmedi um cont'al ni n hi ostrepton and grown aerobi Ca C for 48
hours) & wDemhthybitedt DNAdy usedrfer nerbgupdek foomatteGRsugalmydaamepracetdinest y usi ng
HPLC. 100 gl _of. | e br.oth s used for a reaction,at 34, C for 30_m nutes
0. 1 M NSt BV AelsrosPEthats moatpegedt BpOfRs Hia B serr 00 e o
ECB subst r ap@.resth&idrne @&l in@ s fed8vEcedls fPpreden Me @ElihiBe oPihe ukRlethRgedOf

met hanol , and 20 pl of each sanple were anal yzed by HPLC on a 100 x 4.6 mm
pol yhydr oxykatérpHuplexesr t ami de col um (Pol yLC Inc.. Col unbia. MD, USA) at
roomtenperature using a linear acetonitrile eradient starting with 50:50

of AB (A = 93% acetonitrile. 0.1 % phosphoric acid: B = 70% acetonitrile,
0.1 % priosphori c aci d). g¢dli@deIGciendi ng with 30: 70 of A°Bin ?? nin at a flow

rate of 2.2 m/mn. The areas of the ECB an nucl eus peaks were

cal cul ated and subt r ae¢¥&R! Of %T’B%@dérf‘é&g‘%?g’d’ﬁg%n’@“?“HW”E%QWVCVB““

991 29902 PCL L \ LS i RaK SThds® sangy of
S, T1vi dan, 1 Qama S Raupl s SRR ERERT ook R TSl SR SalH SIS
activity. 2infroduicipg etetodtipiexes imb hpsrsiells. \Bealing cantte effected by trdatmeni wokul at e

~0-m nediu nd al |l oywed t row.at 3QC for. 96.hr. The supernatants, were
further 3 c@h@éﬁﬁsﬁt“@a‘gﬁ&r‘%}%d'%%‘éﬁ ?O“gp’i°5f'nxa'lga\‘f’6’1 fqres ‘h%*f%@ﬁ esighibend
filtratipn ygk twd BEY@AL Yasedibard2)oy W didk ifRIn€ éirdndlof dBhIO helpUd faAhtiA0f 10 KD.
The resulting enzynme sanples were diluted with an equal volunme of 50 nM

| CHzP04 ( pHSeRlimg afmiaks inczasgesibe Eeqispey efreeambipatiog gfteigatreductiamgé col um
(Phaznmaci a B i NJ, USA) . The binding buffer was ~0 nM
KH2POy ( pH E’f‘gﬁ%ﬁﬁé%‘ﬁféq‘té’?‘ﬁ*??%n buffer was 50 mM hi-izPCa (pH 6.0) 10
containing 1.0 MNaCl. Alinear gradient fromO to I.0 MNaCl was applied
in 8 colum vol unes wi3t a flowrate of 2._‘7 | min.. The ECB deacyl ase
fraction eluting at O: e RS erc- e BHICER YO 2428 he buffer was
exchangggl for ~0 MV KELReR of Bfd frritats BestiBed@®bid incloBe 4 PCRMUnifickild fEp.PUri ty
was verified by SDS-PAGE using Coonassie Blue stain) and the concentration
was det er mi Rptionallynguchiaste m%a@cmmediundmwygme‘a@emwns@iom@ddmpalCA)
USA) . A m)didfvi ed[ IBIPh'g: assay é\‘_/as used to determne the activities of the ECB
deacyl ase mitamt € o %@U%JS trate (84). Four pg of each purified ECB
deacyl ase nutant was used for activity assay reaction at 30C for 30 m nutes

in 0.1 M NaAc_ buffer (BI—J 5.5) containing 10% (v/v) MeOH and different
concenvati o IOt _.d530 Assays were performed in duplicate. The
reactions vere stOPPeeypyneRfldl BhederaaftbiiBRialh dIRHDEN Mloveddn be bild ikPLC

assays were carried out as described dbove. The absorbance values were
recoi ded, amonjihaiannvith ethershufflingumethodsn| fnylesareple.lonk easperformamesycle ofes i o vy

f the ti . fror iL,ch Ki t he. kcal
cal'cul at ed. "ASHPEBIHE Srthtiog G-t R ST Ear TR ey 3PP e
ECB 25 deacyhetsis fellowtd Gyal fuflhdrfceéle dt sqaddnitil digslection. Biler3Rdfibng Rrrhatylare
acetate buffer); and 10 (0.1

7. 7.5, 8 and 8.5 (0.1 M phosphate buffer):
o earbonat o datsribed by (OIS TRIS b 8,603 733 DRI 3R PTG st Sk teramerco

deacyl aggs W y\@-{ kY- _iden®- 4]\44\193&@_ f SRfdtH 5 5)
containing 1 g%gfret Ozrllgﬁ} ﬂggsngﬁgmﬁggwdt}ﬁdrlﬁm at ig?%bérgent {}i me

i nterval s, dheTettmolazyi _bﬁt.lé#9~é&3 (95 )y Svearemere Bmoar Ketl. idvad. fei. i8¥e9 hUif0i7é7- wi t h
the HPLC 30 3957V o355 SterbiSet. RBAYE370. 389-39 {13947 Cameri et al.. Nature Medicine.

2(1):1-3, (1996): Crameri et al.. Narure Biotechnology 14. 315-319 (1996):W0 98/42727.

~



WO 991 2990? - 28 B. Results PCT/US98r 25698 Fig. 11 shows that after one
round of applying this heterodupiex repair technique on the nutant M/-? and
M 16 genes, one nutant (M 15 ) from about 500 original transformanfd AR
found to pQasessee 1 times the Specific activity of wild-typerndbdsebs/pe
and evolved M 15 ECB deacyl ases were purified and their kinetic paraneters
for deacylation of ECB were determ ned by HPLC. The evol ved deacytases M 15
has an increased catalytic rate constant.1;~" by 205% The catal ytic
efficiency (1~"/Km) of MO is enhanced byla factor of 2.9 over the

wld-type e I | of l,a14 4 1 t i | ype and M 15
at differ en%’ %‘bf‘?&r h\gé 9%@%@3“9ﬁég@&é?%éﬁg?\gﬁ%}%é@&éyﬁ Egﬁkégéﬁ m  of

ECB. The reqasdipsractd¥ybfetdncdrits cadietvor ki parposdsyl t ype at pH 5-8. Al t hough
t he pH dependence of the enzyne activity in this assay is not strong) there
is a definite shift of 1.0-1.5 units in the optimumto | ower pH, as
conpared to 4 "%I%&ﬁfi?‘ggﬁ time courses of deactivation of the purified ECB
deacyl ase ' s nmeasured in 0.1 M NaAc (pH 5.5) at 30C. No
significant differenceProrirstisiidted bytheastiods alsy sxrvbat makeompdutdds fopeheand

mut ant ML5. The DNA tions with respect to.the wild,type eacyl ase
sequence an odctvﬁltgpﬁlﬁgﬁn%ﬁdgﬁylﬁ? °9wgog}#-n@ﬁ%‘iﬁryagmgwaw%%@ ‘P%@%&‘eg\}él ved
variants M-gediltAfHnd 38 ahinoMefls 3F fpRddiainozeids withhemicl skhicniresl B The

het er odupl ex reconbi nati on techni que can reconbi ne parent sequences to cre

“~e novel prangkagy shawudd bansiawabilined slecronic sanfipusstian Rnd molpenlas corifermitian K

whose acti vity i i.gher than of i (iF si x base
substituti onasl%lwﬁw&c P P"\‘}gr?uﬁg p%%csérf gleé%g Wgé%?ttagu%ll;}ltﬂe ﬁ%’% WE)Q%S éB’g%md @40)
wer e i nhigy i tgeeld. o gufticaiar ahéindhipeptic berpands (p@tpatia ricirociophdbernicd Whidh s

approach provides an alternative, tq. existing nethods,of recombi nati on
and is parti¥aremp3rapleds the o PF@E%&’HP‘QP%Q’I?&%“@@l‘r‘@’é"gk’%‘ichénﬁﬂé&ons.

Thi s et hod GBRChEs UAE the RIGIEAS, SEREIY 9iHe SthelBiLASwighJIR NG Bl

properties or to study structure-function rel-ationship. A 2 a W
991 29902 PGITHBIsIdABee by giwnRiuE | €HINoldentifdatomobsush inen-Paptid domrspoSodst i | i . s

Subtilisin E Variants This exanpl e denonstrat,es the e in vizr

het er odupl excafnii‘rﬁi '°8H°$%‘W”§ﬁég“%8§ stapdagg U‘S{quf)iﬁc 3158%1%8%‘%‘ ﬂ@l%s(g&&nce
i nformat 19N {daEist vehiThubdiRh eMtbraSEm{CHEPanalyBisQdrdtiontngl thody d)d@midiQnalysis,
thernostability of Bacillus subtilis subtiljsin E. Genes RC 1 and

encode t hennGemaweepBeramaipr inplermeming thess §ehniques aggeadilygopilabineSepReit tons

i noact o sUBSETPY SRl Th AN Rl SR AR B A s Rel Vi
|l ead to i nproagdyents in subtilisin E thernostability; the remaining

mut ati ons) both synonynous and nonsynonynous) have no detectable effects on
thernmostabi'lity. Al 65C, the single |0 ~~ariants N181D and N218S have

appr oxi ngg el yx 3pfipifdcaitidalddndidonnger hal f lives) respectively; than wld
subtilisin Eand varrants containing both nutations have half lives that
are 8-fold | onger (88)Polynuclesitifi¢setheiriexprassion produsts. angsesepdanamietaholites

subtilisin E i . f . ' e i Cl by
LSt Yl ARG RISl ol S By WSSl hEbRe:
bet <veen t hesgidnally farirldtedas phanndcbaicalxepositiofis. 1Suchaiconpositiod t@iprises
affecting thernostability) should %ener ate | ibr aLly i n, whi ch ,25% of the
one or more active agents, and a pharmaceutically acceptable carrier. A variety of
25  aqueous carriers can be used. ¢.g., water, buffered water, phosphate-buffered saline
(PBS), 0.4% saline, 0.3% glycine, human albumin solution and the like. These solutions
are sterile and generally free of particulate matter. The compositions may contain
pharmaceutically acceptable auxiliary substances as required to approximate physio-
logical conditions such as pH adjusting and buffering agents. toxicity adjusting agents
30  and the like. for example. sodium acetate, sodium chloride. potassium chloride. calcium
chloride and sodium is selected primarily based on fluid volumes. viscosities. and so

forth. in accordance with the parnticular mode of administration selected.

u



popul ation exhibits the thernoslability of the double mutant. Simlarly)
25% of the popul ation should exhibit wld-type |like stability, as N QL?MEZUUZ
and N218S are elim nated at equal frequency. W used the fractions o

r econbi ned woparsbi on as a di agnostic 20 A Methods ~e stratmgyusysgesssyi ng
this exanple is shown in Fig. 15. Slubtilisin E thernostable nutant genes
RC1 and RC2 (Fig. 14) are 986-by fragnents including 45 nt of subtilisin E
prosequence) the entire mature sequence apd 113 nt after the stop codon.
The genes were cloned between Bam H and Nde | in E. colilB. 25 subtilis
shuttle vectprxaNBERs resulting in pBE3-1 and pBE3-2) respectively. Plasmd
DNA pBE3-1 and pBE3-2 was isolated fromE.coli_ SCS110. About 5.0 ~g of

unmmret hyi at edERBMPRLE hniows izobianF lgarGengs Brogy Recombipatpad® HRhizobdomnAupini
respectively,, at, 37C.for 1 hour. - Af,ter agarose eel separation. equinoiar
concent rat i oRéd % bt MeD 1 ari zed unnet hyl ated pBE3-1 and pBE3-2 30
were mxed in 1 x SSPEBfdwHr{a¢Nagelladdverivhdirel filashefh. Adtddhal holk afilh Maddt POa, pH
7..1). Aftcr heating at 96C for 10 m nutes. the resction m xture was

i medi at 61 y easyIveh e flagelifasmoton (). Thiebasicdesign hasheen fxippstvely examizedir or 2
hr for heter I S ; : H%I@P T, | 25698
-30 One m crg'?#? ear%gf ry% ﬁng L}r}ég%:%r}dol\r{\gn%% gl{yé?gﬁ’c\%abgz t8sed td(?]%(r%gﬁtg Egj:?sn%l" ~0 ul of

E. coli ES 186 amtitaBa. Fhe bmiheB@bfilanearsdrépolymers ashitiled fropefiageliinsebunits, The

transformatiopn efficiency . with E.  coli 1 G tent cells s about ten
times higher *pesgme! a’d’%‘&“é&“ige gffgfi‘blig%(gpﬁng @i@)@sgﬁe&ﬁw qn@jﬁﬁchﬁgg of E.
coli ES 1301sjawies69BuTwo bfnagaRr GRsRss, hdited plainsha coRiple@NhAt begi enci es
were 10-250 %ﬁé? I Ewer ?%}Zer]f thagél_of t he ;Sr'ansf oﬁ mat i or?a\;\nﬁpt h closed, |

coval ent 1@nddigtinesished by dheiraiectipnmisyscapicaly determnedsufass sgustues{ ). Plain
SCS110 nut ant, Li brar nd fiv RI=P L 3 =S re
random y choggﬂl)ené%y%gﬁrgﬁ?th s%ée%ﬁag%ﬁéﬁtlcggﬁﬁe;sf %éc{amigo@l {?Hé}é‘eé%i n
plasm d m ni pehitiit Kednshrruodsitieliagirpalibeh of elereninigniicanand/giosvesAtitase 2. 000
random clones fromE. toll HB ] O.1 tant i bra‘% cYvere lpool eig ind t ot al

pl asni d DNA GhpEaciesisties fFomisigiiagetss nipereconsidated & Be tesppnsi§ledor thee

| sol at ed pl agsi I | ol drSpdPB4e & I bed
or evi ousl 5 (B R B LB P SR,
DB428 | i bf ar in visoes swejaddt-4d).t Wherereagelg wiplaie filameniseanpdicmaterbetvassi ng

t he assay descr, bed evi ous 88 on .

succi nyl }/AI a-‘:lﬂfl}a"‘-"ﬁ ﬁ%"rﬁ’\é‘lﬂﬁ? ﬁ|‘%él‘%§ﬁ%%tfﬂb°él. (68, all knowy flasghia sith complex flamgntshe
plasmi d |i br gdiate WRIVRISEKANR With |neriittdneSop78 Ri SThéethisAanetvIgafictpaneinTh )

pl ates. After 18 hours at 37C single colonies were picked into 96-well

pl at es cont afovnd ghroughoyt baxgerbandarchagds itrhapbean s psstedtbay complrxfiagplilamay wer e
i ncubat ed wi ' et -8 to grow to
saturation.’ ecg{tgﬂzés}gggbebgg%%mgoo&m% ggﬁﬂﬁ"t%‘gmﬁ%gwg gﬁ}% gég\)\ier e sanpled for
the ther@pstability asBifferinpipom in baterinl Bdgets innbk finesgaptum atiesr wer e

prepared for ﬁ?a%:err]nsg ocr)n%?teg L? tc:gnspicuous helical bands and in their fragility, the filaments are

also resistant against heat decomposition (72). Schmitt et al. (75) showed that
bacteriophage 7-7-1 specifically adsorbs to the complex flagella of R.lupini H 13-3 and
requires motility for a productive infection of its host. Though the flagellins from R.

25  meliloti and R. lupini are quite similar, bacteriophage 7-7-1 does not infect R.meliloti.
Until now complex flagella have been observed in only three species of soil bacteria:
Pseudomonas rhodos (73), R.meliloti (76), and R.lupini H13-3 (70, 72). Cells of R.lupini
H13-3 posses 5 to 10 peritrichously inserted complex flagella. which were first isolated
and analyzed by high resolution electron microscopy and by optical diffraction (70).

30 Maruyama et al. (77) further found that a higner content of hydrophobic
amino acid residues in the complex filament may be one of the main reasons for the
unusual properties of complex flagelia. By measuring mass per unit ength and obtaining

three-dimensional reconstruction from electron micrographs. Trachtenberg et al. (73. 78)



by transferring 10 ~1 of supernatant into the replica plates. The
subtilisin activities were 25 then neasured by adding 100 pl of activita/
assay sol ution (0.2 nM succinyi-Al a-Al a-Pro Phe-p-nitroanilide. 1000m@APR 2002
Tris-HC, 1Royyhéael 2) pH 8.0. 37C). Reaction velocities werp-~fpasghsed at
405 nmto over 1.0 min in a ThetnoMax m cropl ate reader (Ml ecul ar Devices.
Sunnyval e CAl. Activity nmeasured at roomtenperature was used to cal cul ate
the fraction of active clones (clones with activity |ess than 10% of that
of wild type were 30 scored as inactive)=23nitial activity (A;) was

red at ol y SBFIRG BOUDDFoBPs CUBRHER Tt S0 SCCRPoSe b Rbrars! Gk

i mredi ately ‘ i .

succi nyl - Al aFiphR-IHBwRlige Rorfatis ORBarlvelfihe AthcBMAminoSeidGhqudntt 8f fle R1AMY O
- 8. 0 P

2 APR 2D02 WO 99/ 29902 PCTIUS98!':5698 -31 CaCl~, pH 8. into each well.
Resi dual actHV3-8FlgAnand thasleducsd amanp adid eaquenge of thethe mehidasbidlrAoRerf®t Resul ts

In vitro heterodupl ex £0 tion. [N ViV Lr carried o as
descri bed ab'(%’\z}té:.géé I ?/’end(': a?)eggbsv % (l)%ﬁﬁ]gpést %I}dl coggé%%?ﬁ e’ﬁ%@% S%ﬁ B’gé‘fﬂ?g%ﬁd five
fromE. t9l | cdns1 30t overal iidnbityaisi 6% WEHeeR. Bl e dndiR. edilel Dfla A tvereSaBjeeBg €d.
Fig. 14 shows that four out of the #O(fn cl ones were different fromthe
parent genesto rHEg heseraduricx formauen foflawedbyin viva, Fprr dr grdepisi ieatseaval i on
from parent i sulting gents ranged from0%to SO% and
the ten poi nﬁ%u@gf%s&@rfh{aﬁg&ﬁét er odupl ex have been repaired w thout 10
strong strand-specific preference. Since none of the ten nmutations |ocates
within the dcmsite, the msnatch repair appears generally done via the E
toll Long-patch m snat@-h—%@%ér systens. The systemrepairs different

m smat cheg in a strandpREBEEEndiniB R Blpiki $H 1DB ADEgdleahe pRMAYIRGMAAL | on of
adeni ne in GATC sequences as the rrgjli‘or mechani sm for determning the 15

strand to beRmebiari e sonerase shomayisdigs 64aad Bt APrEtRIEHEs \@TGolaseibernds on
only one DNA ' ] Q%/cvg_ & 1 bi ased to the

unmet hyl at edcqs?{?g% ,0 %E?#Oh%ﬁ?rea?ﬁy a gggc g’?rhglrzliggé%r ving as the tenplate for
correcti on. Abomei.0 pgrof simathylareispRie20hankd pRMH0 DNAnwere digespdimithBaeul &d,  but

showed little strand preferepnce (23, 24). . These results shows . that jt is
pref erabl e tgcﬂ_é*hé?m?‘é‘f"i}‘"lahg? %I\élr? dote 4%‘556%???&??99%’8% %?"ﬁ?“_é?q‘i ci ent
and T andem I SR hia@burd e IR i PR Biep kir (ProfiRgs VRYSH), subtilisin E

therno-inactivation at 65C were estinated by ana yzi'ng the 400 random
cl ones from EfemBCicoheentravdrisi(RiSNDBAABe lindarizedyunmpithylatedpRD2Q aidi gRME@ S

obt ai ned from one. 96- wel | te.are s i,n, Ei 1 I in
descendi ng orgErRRsn * SsPEREer (o TRihar LinF By torBr i BRo e,
conpar abl e t 9.4).hefetheibitigdi 969 Fdt ORInMeRIthe RadioNiRbrél Madiremedidtelyicapied
Since this.rate is only half of that expected for random reconbination of
these two rmaAKELor p minwigs. c Hreonixtprgvas eubated #i6Sna ferekous fordsteraduplesestos
and 1107,y t g g, the hetier odupl exes have becn repaired wth | ower position
randommess. Sequence angl ysis of the clone exhibiting the highest
thcrnostability 30 anpOge nieroficet e€thedeadtitn mixaurs fveas e to tfansform 5@ pwEof £.01 |

SCS 110 heterodupl ex. |i ry ¢ i he .presence of both_N 181 D and
N218S nut at i 664 ES AdBhguhé: H@OQEELmréréﬂlﬂ AP romprenscelinlhe i s D428
library that e S6ibR SRRGenc RRICK] SRR 149 %&g{%ctcm cBllPwhs A%Bu?ﬁqé ifes?91 29902
PCT/ US981 25698 - 320f the clohes expressed N 181 D andl or N2185-type enzyne

stabiliti es, highet bamthatiof 8. @#6S63S lt1Rand teartisies highat thas HanelE. aaliESAB0 dmusspe

subtilisihe E_stability. ss than.. % | [ I . f ound, . i ndi.cating
t hat fewlzgewaglb?u d?‘ﬁ_u%ﬁ:f%lgﬁ?s\%%& g“%’h?{ﬁ Sfﬁﬁ%g}d‘l’vl&g lt6 hjgaﬁlgl\é%i%\lve ;'ﬁ"oth“ﬁP cess.
Tgi S i fs cgnsie&ﬁtﬁﬂkrah&fbhnztthﬂs 'Mtgtthé tlase, ?Watmvmm'i;&ulaﬁpuleﬁw prsmier e

identified in the ten sequenced genes (Figure 14). ile.point mutations
may provide useful di v@%‘ﬁﬁ?“%&“%ﬁﬁwqdﬁ‘%“fi?’ajf%}hﬁv\m6?11‘gEﬁHQ:ati ons, they
can al so be | £ qf.ar i i hened intl 'ar{H’ﬁ i

especially mﬁﬁ%ﬁ@%%gttﬁgnﬁﬁgp ?IQE%P(SE.HR{‘SO EX%I\/T%E% 4, é%ﬁl%@%%g as

Condi ti ons Fasolar¢rfréfatthese dowvl choneRéardutthen 2N A sequecitganalyssund t hat t he

effici ency of heterodu & reconbi nation can differ considerably from gene
to gene [717,57]. In thk¥ R pl e, we investigate and optim ze a variety of

parameters that inprov@igiee @Rhowala) te sediened MBQS01 (clone#l from E coli SCS110
transformant library). (b) the sequence of SCS02 (clone #2 from E. coli SCS110

\




DNA substrates used in this exanple werc site-directed nutants of green
fluorescent 15 protein from Aequorea victoria. The GFP nutants had_a sto
codon(s) introduced at different |ocations along the seguence that07 APR 25)02
abol i shed t{g@gm%%déor escence. Ffuorescent wild type protein geptgodiesnl Y
restored by reconbinati on between two or nore nutations. Fraction of
fluorescent col onies was used as a neasure of reconbination efficiency. 20
A. Methods A~ out 2-4 pg of each parent plasm d was used in one

reconbi nati on experiment. One parent plas@f#d was digested with Pst |

endonucl ease anot her rent with EcoRl. .Lj riz | agm re m xed

t oget her and ‘P%° @@E‘%{)ﬂ*&C\rgnt%%qgﬂﬁgaf{;g&fﬁéonﬁ%gﬁ %g'ncgg'ﬁ%ﬁtoﬁon 1 x (1
80 M NaCl, ZrdsMoRRIM libarl), B (i theReBlenpELTES)2 (clbive #2 frolreACdol BB IT0Xt Ur e was
heated at 96C for 4 mnutes, imediately transferred on ice for 4 m nutes

and the i ncubansformaptdibeasmk i Al éaxr sesuences pieresdifferepiirom pldgrpe Jelvsini figd and

amplified in . ' .t ' ] : of ..
sequence of iy EEE et CIREL SE60 E301 GREROe A dr b AR bpen
reverse piSi neeadthg FAmMEBTOESCT R MGSEATCERErS 8 shd@Rhatrrechndiisativameainiyx ed
together and purifjed using Q agen PCR pur.ificatign kit. Purified products
were mixed wi %u@eﬂw@sﬁf’epgwré ugma%wav%ﬁa@%&%‘ Bhnatpedicd
Anneal ed produGh S Welif i ALCInRI A ?ﬁrﬁﬁ’i é)ﬂAtJ&n%E RARFbmRY intoE. o/BRS200ZEMEY 1,
99179902 PCT/ US981 256987°-33 purified on Q agen columms and digested with
EcoRl and PsrXL th@pidand JM 109sanstransfodmants seregned fardurcsignal filan rerombinaatsEcoRl
di gested pGFP vector. dUTP was added into PCR reaction at final
concentrations 200 uM 40p.M 8 ~-M 1.6 ~tM 0.32 ~-M PCR reaction and

subsequeny cl E)@AEQ;[KE DC BeHeé1es EWslugorPOF EOBM¢hcaigsedtt Maribme Wil Zghanced
Reconbi nant plasmds were transforned into XL10 E. colt strain by a

nodi fi ed chen$resifictActiVa®or mati on nethod. Cells were plated on anpicillin
cont ai ning LB agar pl at ?pg | QUL i oradG d&sﬂﬂlﬂﬁ@ﬂ :

I ncubation at room terrp%?eg urecg{)érwgwgighgrﬁl lr?ﬁouor escence evgf%ﬁlesa‘.s dfﬁ B.
Resul ts. | . daftheeabitify tb ipeaiutommeronsiamotamatcandaryfridtabioditesfincibding many

experinments have, been perfornmed to test the effect of breaks j.n the DNA
het er odupl ex %’%f%é’s)eﬁsfwféliaéﬁirﬁe BroYR 8 BEF-om® ﬁpﬁr%ﬁédféﬁﬂéﬁ hegngan be

het er oduplsex Jsad Rkasitie méaichtiGador dirviddevieMiohioP ABreSoreplonsBesabizydies St | Ng
si ngl e-strand breaks and was

some or all of the genes in a metabolic pathways, as well as other heterologous enzymes
expressed in Strepromyces.
New antifungal agents are critically needed by the large and growing
/  numbers of immune-compromised AIDS. organ transplant and cancer chemotherapy

20  patients who suffer opportunistic infections. Echinocandin B (ECB), a lipopeptide
produced by sol'me species of Aspergillus. has been studied extensively as a potential
antifungal. Vanious antifungal agents with significantly reduced toxicity have been
generated by replacing the linoleic acid side chain of 4. nidulans echinocandin B with
different aryl side chains (79-83). The cyclic hexapeptide ECB nucleus precursor for the

25  chemical acylation is obtained by enzymatic hydrolysis of ECB using Actinoplanes
utahensis ECB deacylase. To maximize the conversion of ECB into intact nucleus. this
reaction is carried out at pH 5.5 with a small amount of miscible organic solvent to
solubilize the ECB substrate. The product cyclic hexapeptide nucleus is unstable at pH
above 3.5 during the long incubation required 1o fully deacylate ECB (84). The pH

30  optimum of ECB deacylase. however. is 8.0-8.5 and its activity is reduced at pH 5.5 and
in the presence of more than 2.5% ethanol (84). To improve production of ECB nucleus
it is necessary to increase the activity of the ECB deacylase under these process-relevant

. e <
conditions.



transforned in identical conditions as an unligated sanple (see Table 1 ).
The |igated sanples show up to 7-Fold inprovenent in-recombinatiorg) ApR dmz
efficiency over unligated sanples. In another experiment, dUTP was adde

into PCR re@@,tgbﬁ?‘b obO introduce ?0 additional breaks into Ijbgggbsyzg&gl r by
a

uracyl N-glycosylase in the host cells. Table 2 shows that

i ncorporation significantly suppressed reconbi nation. the extent of
suppression increasing with increased dUTP concentration. 2. Effect of
nlasm d size on the efficiency of 25 het.eysodupi ex formation. Plasm d size
was a significant factor affecting reconbi nat| on eff ciency) Two plasm ds
pGFP (3.3 kb) and a Ba%ﬂm“q&h%lnmlmme%ﬁ Bédgacylasapbpengymp)s aver e used
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Mut ati ons A series qof, GFP variants was reco[wbl ned pairwi se to study the

effect of di ichieaeHeilliasylasethat 2 At mods! efipblecaongh o guide assianabeffarm.
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pGFP vector. erodupl exes were transtorned into XL10 E. co strarn. The
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experinments and denonsirate, the endence. ec nati.on effi c ency on
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20 F i.gurc 12 shows the physical maps of plasmids pM7-2 and pM16 which
contain the genes for the M7-2 and M16 ECB deacylase mutants. Mutant M7-2 was
obtained through mutagenic PCR performed directly on whole Streptomyces lividans cells
containing wild-type ECB deacylase gene. expressed from plasmid pSHP150-2*,
Streptomyces with pM7-2 show 1.5 times the specific activity of cells expressing the

25  wild-type ECB deacylase (86). Clone pM16 was obtained using the random-priming
recombination technique as described (86, 87). It shows 2.4 times specific activity of the

wild-type ECB deacylase clone.

A. Methods:
30 M?7-2 and M16 plasmid DNA (pM7-2 and pM16) (Fig. 9) were purified
from E. coli SCS110 (in separate reactions). About 5.0 ug of unmethylated M7-2 and
M16 DNA were digested with Xfio | and Psh Al. respectively. at 37°C for | hour (Fig.
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relative tw@%y;gggdipl exes sinpl§ by transformation into host pcARMEEEdss4 C PCR
reactions with only one priner for each parent seeded with appropriate

anount of previously anplified and purified gene fragnent were run for 100
cycles. 30 ensuring a 100-fold excess of one strand over another. Products
of these asymmetrical reactions were ni xééd-and anneal ed t oget her producing
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evol ution of a para-nitrobenzyl esterase for aqueous-organic solvents.
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£ 1089,  ContRANEE Jur ORI LA M e R AT BV P B e P,
Addi son- V\es| gx¢h RBgadh g plate and allowed to develop for 18-24 hr at 30°C. Colonies surrounded
¢ by a clearing zone larger than that of a control colony containing wild-type plasmid
20 pSHP150-2*, were selected for further characterization.
Selected transformants were inoculated into 20 mi medium containing
thiostrepton and \grown aerobically at 30°C for 48 hours, at which point they were
analyzed for ECB deacylase activity using HPLC. 100 pl of whole broth was used for a
reaction at 30 °C for 30 minutes in 0.1 M NaAc buffer (pH 5.5) containing 10% (v/v)
25  MeOH and 200 pg/ml of ECB substrate. The reactions were stopped by adding 2.5
volumes of methanol. and 20 ul of each sample were analyzed by HPLC ona 100 x 4.6
mm polyhydroxyethy! aspartamide column (PolyLC Inc.. Columbia, MD, USA) at room
temperature using a linear acetonitrile gradient starting with 50:50 of A:B (A = 93%
acetonitrile. 0.1% phosphoric acid: B = 70% acetonitrile. 0.1% phosphoric acid) and
30  ending with 30:70 of A:B in 22 min at a flow rate of 2.2 ml/min. The areas of the ECB

and ECB nucleus peaks were calculated and subtracted from the areas of the
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assay. Stabilities of purified ECB deacylases were were determined at 30°C in 0.1 M
NaAc buffer (pH 5.5) containing 10% methanol. Samples were withdrawn at different
time intervals. and the residual activity was measured in the same buffer with the HPLC

30  assay described above.



~ 2 APR 2002 WO 991 2990? PCT/ US981 25698 -38 31. Worth. L. Jr.. Cark. S..
Radman. M and Modrich. P. 1994. Msnmatch repair proteins MitS and Mutt

i nhibit RecA-catalyzed strand transfer between divereed DNAs. Proc. 0 RaARR. 2002
Acad. Sci. WSA98b903238-3241. 32. Fox. M S.. Radicella. J. Pecaushg¥sprnot o,
K. 1994. Sone features of base pair msmatch repair and its role in the
formation of genetic reconbinants. Experientia 50:253-260. 33. Radicella.

J. P., dark. E. A. Chen. S. and Fox, MS. 1993. Patch length of |ocalized
10 repair events: role of DNA polyrrerase'381 n nutt-dependent m smatch
repair. J. Bacteriol. d75; 32-773 6. 34. Kraczkiew cz-Dowjat) A and
Fishel) R 1990. RecB—iegéglg%pendent processi ng of heterodupl ex DNA

stimul ates reconbi nati®ig. bif shaws aldit afierdnegeurd df apfiginp etiis hdreddogiet rephir~ J.

Bacteriol. 172:172-178. 3~. dman 1989. M snat pair and the.
fidelity of ‘GEHeqYeor E&Hﬁ%?ﬁ%ﬁ‘?d Eﬁ{lﬁ&?ﬁf%i{‘? ‘B%‘?‘r‘émé%ﬁmabﬂaﬁo@asn@}aland
Fox, M S. 1@8£forman® WaS3bHHdas pOisefan LriR@ the ThRIMRL fellvansr WRE-BfpR! 00y repair
in Escherichia coli. Cenetics 517:381-390. 37. Jones, M, WAgner) R and

Radman. M 1947.typd andeavolved &bkl ECBddaqvéasemwera autified dnd tieir kioktic paBeheters

50: 621-626. 25,38.,Lan =Rouaul E. Utz M 1) .G ,and man, M
Tog7- carc s8R AR RCRNGE ik SURPEE Ml il qet B M TR o
m smat ch r epiatfeasedaic ritetddstant 12/ b3Q098, TGk aasiinic EficleMéy (k.PRLK8f M25- N .
Chisholm G E. and Summers. 1987. DNA mismatch repair detected in

W_ C. 1987
human cel | eitenganced bypfactaeafl 2.9 @epthe wild-type ggymeq * -1 40. Laengl e- Rouaul t)
epalt i n Escheri ol o [ A Mok 30 pg A AEUTRER @ RAR o
| Or amerl0 G. vained ftom Ppei 8 weR deiGfilnedAs 200meg/mil of EEPai TheaéconeifedrMophage T7
het er odupl ex DNA. Mdl.. Gep, Gene 81: 541-547. A2. i i denberg) J. and
Mesel son. NtTOEFFHYe N8 AP wﬁ ?-J3i ]n’\'ﬁ’@_t*%*} Baap ReTEREE B N |
Acad. Sci. Ustivitd i éfiLas$APR nofistronl] thkiead 4 étinite Bhiftlof 10005 BRESRH: thd o?tgnuzkgg?'

Repair of DNA | oops invol'ves DNAm smat ch and nucl eoti de-exci sion repair
protei ns. Nawdpwenst: asgpmpared tojwildtype. Leune) W, Ml kova. A and Haber. J.

E. 1997. Gene targeting.b incur td curs b

assimlation of a sing e\g/?‘g 5%‘55?%3?@%@)‘3%‘[%& 8@@? %"%“e‘?@)gﬁw %‘Fe ﬁ\“&%t ch
correctiig. MIGGvasNadasurededll ModlaAclPh 595 at SBT. Q&bAgnificant BifferedERirz 00z WO
991 29902 PCT/ US981 25698 -3945. Hunt N. .and Borts. R H 1997. Mh 1 is

39 ter.
uni que anongSARibaVaTPhseyad Petyesh @ilﬁéyﬂeﬁ“iif“é’%Mlisty to pronote
crossing-over during neiosis. Genes Dev. 11:0890-9369. 46. Alani, E.. Lee,

S., Kane. M F.. Giffiipnk gaaqong&ege_a!%zhpwna%%sc@e&iewa?%%ﬁﬁénce

cerevisiae MSH2, a m spalred base recognition protein, also recognizes

Hol | i day~ j uamst the positionsiMahe aminyarid sBbstitutions Bt thg evadvrd, varignts Wit-2,8v116 and
Canard. B.,’ §{I§oks. P, . r.okgic eﬁo and Radman, M 1996. M smatch repair in
Xerropus €gg e t"r‘%%‘f‘g‘?‘ﬁ‘i%ﬁ‘% tShd’ Br eaks act as si gnal s rather than

exci si om@oi nts. 10 Pr The hdverolupl&¢ fRdombmation ethnttitie 10 feGorhBihe baredB. Ni col as.
A. and Petes, T. D. 1994. Polarity of neiotic 8Fne conversion in fungi:
contrasting IUGRCES (X pERIE BAYe Rropgiyp 4Becombinagon ot thaMird gnd M 16genesyielded

Ander sen. angji. Wosé%kiggyfsr}g%}gcgﬁfw gﬁgsﬂé perbdiy/(FHd. 193, EEixrbea'P@i r

fol | owi ng. transfornation o ces cerevisiae wt et er odupl ex
pl asni d DNA. stbsttutiohiin M1 \dac. (atGmisitionSASB 6! 37. 857,31 29 and 340 maneinhefed W

Kramer, M S y@&%’?@m , a}?d S. (}ﬁg?el . 1989, t er odupl ex DNA 20
correction i fro PB&;{}F&‘ LaPRWST SENT KON hht ch specific and requires
functi onzg This approach provides an alternative to existing methods of DNA
recombination and is particularly useful in recombining large genes or entire operons.
This method can be used to create recombinant proteins to improve their properties or to

study structure-function relationship.



PMS genes Mol. Cell. Biol. 9:4432-4440. 51. Baynton) K., Hresson-Roy, A
and Fuchs) R P. 1998. Anal ysis of damage tol erance pathways in
Saccharonmyces cerevisiae: a requirenment for Rev3 DNA pol yneri se i n 0Z5APR 2007
transl ati onygyshdvesis. Mol. CelT. Biol. 18: 960-966. 52. Al aairusssnsskeenan)
R A and Kolodner) R D. 1994. Interaction between m smatch repair and
genetic reconbination in Saccharonyces cerevisiae. CGenetics 137:19-39. 30
64. Bishop) D. IC, WIlliamson. M S.. Fogey S. and Kol odner. R D.

1987. The rol e of het er odupl eX correct| on- 291 gene conver sion in

Sacchar onyce . :

Kol odner. R =B ; < PRA—B T
transformation into Sa%ww&aﬁmﬁ&vessw@se ub/bﬂ:ro t@f&réd@l&'fom@ax%ﬂ()l 3409.
56. Wiite. J. H, Lusnak, K and Fo%el) S. 1985. M smatch-specific

post - nei ot i ¢ feléayyesdhu ingivorrepaiu &arcopm mlwg@e@agg@mwoafwa@vwﬁpneey

nbi . | B.
a1 e e TRBLAL 6 inkB4dHRe Hehositliy 8E padtiludlaaPBRRASE " D o
hg}a\ eg (idg%gxg?g% n 55 ggﬂdncBalg% Gﬂ?Rﬂ:?rmfddey}}]amabhsble BrmbthamHuhs:ACHeghx}aStél :

U ] 111
m smat ch repé?& JJ@H‘E“‘%‘I‘QS‘F@&??" RRTHiNS; linf\e‘f‘@é 4@%19352 éf'g‘“e? ), giving
5- et hyl cvt 0%{s8¢ arfflolacRBuB4RnForR Asn@lB/S%f W’I@S)I_ d%lB%@p'ﬂﬂ%] %cha&?oqs

DNA- substrat e sequence specificity of hunan m smatch repair acti~it

Nucl ei ¢ Aci dsmReayem2ats 1@ 8ubtiligi@ £ thermos@blityypiRe 120@ningdno@Lioen 0oth synonymous

PCT/ US98/ 25698 40 60. M

Ni ckol of f. ﬁ"°i§’§9"”ﬂﬁ‘§n€?"€ﬁ’° déE‘Aé aPleﬁt}g‘g}f PR g\cgﬂ?ﬂ?%q‘ét% d’\tr%\{q ége Singly | ess

ef ficient om &qambmsx%fdlm1 88eabeskpseRmately Bofold gi2ifold Rm@BhalElived)
intermedi ates in Chinese hanster ovary cells. Genetics 147: 743- 753. 61.

Deng) W P. aaweslivekoitomfwildsubnlisingoand mr@matcewammahqth @ptaﬁenséwenhphféwew

ool T ol 2 Sang et Y SRR BA e RSARNIIANRT & BodhITR deabiEl £ varlils |
A. 1991. Het eanthepefore beapad to éstimatetthacffisiendy H)Lmhmh ke;uan@ehfoﬁnawon iBi ol .
Chem 266:3744- EE omas and Ca

1. 6 Fol l.v i
1985. Effici &R 2%? 3 gler r%@“‘rﬁ’i"?ﬁﬁﬁg aeno‘ag%éwf’ﬁ‘%?‘ q)’Fe?béF’EfGL?ﬁl exes
i nj ected fsnt %&M':ﬁ&tﬁ&&sm& tﬁéh'xfo@ abmw;%cﬂﬂd Fé\‘l&kme Oblary B vlich 55%(%1’3{& 64.

Fang, W. . Y. and directed repair of
m smat ched s rpophlation eﬂub@@@gﬁlcmqﬁ@b@;ﬂfim d@é‘PlF muant o Similariyo 2y % of Her i chi a

1997, RermvalPBagan s e SRR Rk s bl e AR B finithed

Proc. Natl. Agael fréguiencyl) e Aséddthe Gr8etibnbOL thQEecfSﬁbdelbo;ﬁ:latﬁm)as@dlagneyt)c M,
Thr esher, R) Gifftth) J. and Mddrich, P. 1989) Gap formation is

associ ated with nethyl-directed m smatch correction under conditions of
restrictegy DNA synt hesig. pMagyage 31:104-11. ,, 67. Muster-Nassal. C and
Kol odner,” R. 1986. M smatCTh correction catalyzed by cell-free 30 extracts
of Saccharonvces cer evi m’atcgv@odermatgllhls,&smlemhowwﬁBAF%17618 7622. 68.

Rev. Cenci . 261 131 156, SUNTEB L HATCORp ech e esfl R afl G P 1 G a1

Hactcrial fl agsdchénis ﬂ‘ntluanﬁmtssuandab&mﬁhrﬁ prosmmeatxhé émﬁehiatuas seqhétite aﬂd 113
M crobiol. 39:451-472. 70. Schmtt. R kal . A, _and F. 1974

Plain and coniader ?heéﬁf@lq°§°'bfﬂ|"s%’t§‘6§)WFFl§’§°‘? Priwsen B%ﬁlﬁéyfféf irf ErgolilB.

structur nd, a Tl

Li ttuner %il @m)%{?tlé 9‘% réBhEr% t&tkahbginlp&g i thi])d ?E‘%z%%;écg C?am S intwo

strains of RthbplBlEm-\Mahh paﬁﬁfﬁ was isdlage from. £. dali S@S}llOM crobi oI 128: 789- 798.
1S 72. Schmtt. R. er ee Acke a cr...E. 4. Fipe

structure anal ysis of tf HB én‘iﬂl‘%?f g@yl d(BB%#&/’Sm%'? bi‘(mwcm&m!e% ch.

M crobiol . 10Qid4%2m} BPand Ndd 1. fespedtVel¢ 43 7°C for | hour. Afier agarose gel separation.

equimolar concentrations (2.0nM) of the linearized unmethylated pBE3-1 and pBE3-2
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7.4). After heating at 96°C for 10 minutes. the reaction mixture was immediately cooled

at 0°C for 5 min. The mixture was incubated at 68°C for 2 hr for heteroduplexes to form.
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reconbi nati on between the parental polynucl'eotide variants can generate
mor e r econbiinexbapot.ynucl eoti des than there are parental polynucl eotide
variants under conditipns to generate anneal ed pol ynucl eoti des conpri sing
het er odupl exes; (b) e%% 2t he heterodupl exes to one or nore enzynes of a

DNA repair systemin Vi heero@ieN fortbor@dgs 08 PérareNad CarR &tad!
pol ynucl eoti de variants or reconbi ned pol ynucl eotide variants; (c

screeni ng ordeseritsdiabeis- thive eleessitnm édcqioP YRl reyentdibrary andfive fromr £.tohd
desired funcidGagl, $R19r§5£s>’wex%- e@.céé'&%mgd n%meééghéfdcl?& %ﬁ!%%?hﬁ?ﬁdu‘?e
n or a property, co g (a

toward acqui Sitio ésired ruanctiona ri'srn
i ncubati ng aouvoptheadn donsfwepadidferal fioal tiapaemgenee Terfteanérxyhdvtdigrence

sufficient diversity that reconb nation f th arental pol ynucl eoti de
Vari ant s carPT oIS PR B0 BB TG hiFkebtn e S FiEh SR rrgsd drom
parental polyauskent &{3%1%45%6&&%%9 s if AMHetdrOdiDldxhade BEnaE iéB%ﬁloﬁFe q

pol ynucl eoti des conpri sing heterodupl exes ; - (b) 1ntroducing e annea
pol ynucl ot i tzesg ismarg-spetiffic phefetience.a DNA repair system and propagating the

cells under conditions.to sele for cel.ls receiving.heteraodupl exes
relative to cells rec lg?erfbo“ﬁ(?ﬁrhﬁdfﬂ Wgaé‘?n?alﬁgﬁfsomé}gﬁygﬁ{cq e ﬁ‘ét"é‘ls@aﬁbl exes
to parental jpdiyaseh@@ehsielly dsieani thed. cbR tEiPatthdnipRbih vedatOdyis@ehsy Jhkant s;

(c) screening or selecting the reconbi ned poléir}ycl eotide variants for the
desired functS6ABIePHrsGiEpEpt mEmachap infodrapeBPesifin HANGT wipdihg stag @idVé-de

toward acqui §idhiRNoPbe el ih;i) %f@&f@u&@% B RRRY echSRUR S e&@mirﬂar& the

i ncubating first and secon s of  parental polynucleotide varia
havi ng sUff f i sraadto bk sepaised \With attercslopliekesmatthyinteth ot GAFH seheenpes @ndrdy one
pol ynucl eoti BﬁAvs%;aing.an:psai? \%gs shown to be highly biased to the unmethylated strand, with the
methylated strand serving as the template for correction. If neither strand was
methylated. mismatch repair occurred, but showed little strand preference (23, 24). These
, results shows that it is preferable to demethylate the DNA to be recombined to promote
20  efficient and random repair of the heteroduplexes.
fhe rates of subtilisin E thermo-inactivation at 65°C were estimated by
analyzing the 400 random clones from the Bacillus subtilis DB428 library. The
thermostabilities obtained from one 96-well plate are shown in Figure 16. plotted in
descending order. About 12.9% of the clones exhibited thermostability comparable to the
25  mutant with the NI8ID and N218S double mutations. Since this rate is only half of that
expected for random recombination of these two markers. it indicates that the two
mismatches at positions 995 and 1107 within the heteroduplexes have been repaired with
lower position randomness.
Sequence analysis of the clone exhibiting the highest thermostability
30  among the screened 400 transtormants trom the £. coli SCS110 heteroduplex library

confirmed the presence of both N181D and N218S mutations. Among the 400

transformants from the B.sublilis DB428 library that were screened. approximately 91%

v



generate nore reconbi ned pol ynucl eoti des than there are parental

pol ynucl eoti de variants 0 2 A PR Z002 -44 under conditions whereby a
strand from any pol ynucl eotide variant in the first pool can anneqj 'kﬂm?
strand frog&byqdee) ynucl eoti den the second pool to generaberARYENM S

pol ynucl eot1 des conpri si ng het erodupl exes; (b) exposing the heterodupl exes
to a DNA repair systemto convert the heterodupl exes to parental

pol ynucl eoti de variants or reconbi ned polynucl eotide variants; (c)
screening or selecting the reconbi ned poﬁénucleotide variants for the
desired funcgtj T, i " i h 0
et er odupl ogbtarneB BB N I# D DRUFRARS- Ghe el e WHIR sbolfs. 006
The net hod of tielainsfotmarts homed roalynwil dvey dolNAbti leshaE stabijist. em conpri ses cel | ul ar

extracts. 6. The nmethod of clajm3, further c I.sj.ng introducing the
het er odupl exes into c&eF%P%gkaCEwl?f&ﬁ?%fgg&"&gé@%% ab&p"d&‘éﬂp@'al t he
DNA repai r syshddis Werd ok $n iH2 rédo¥binafion PR BT s Odnsistedt Witk thd H&:{ her

conprising introducing the products of step (b) into cells. 8. The nethod
of cl ai nd 3, thdtep@ew pofre manateak sgrepidentified|in thei tereseqfienced genes Gripuiedd).
honodupl exe nd t.he introducin tep.sel.ect.s for transforned.cells

recei vi ng h%ﬂ%?ﬁiﬁﬁ TBRIBHORSLY }?rgélsaf Bgetf\"la‘hﬁr%)’?ynéasoé%ﬁ i "f%%vg}lﬁf}loﬁg

homodupl exesppiRatidhs tgptcandisobe lodlemalic fMIRE®NBInithA of BédeBidial muthiDheP

sel ects for Fransforned cells receiving reconbi nant pol ynucl eoti des

resul ting fespaciadlyorhenitohmytatipefat gl exes in step (b) relative to
transforned cells receiving polynucl eotides resulting fromresol ution of
honodupl exes in step (b). 10. The nmethod of claim2, 8 or 9, wherein a
first padynBXeMPLEN. vapitirairing Gorditions et Ths Haterdnplex Batondfinaiohi r st vect or,

and a second pol ynucl gptide varjant is.pbrovided as,a, conponent, of a second
vector, and the method"f ?‘fekféi‘“‘lc‘gﬁ‘pfp?g 106h 9 ???’ﬂ@‘ﬁ"r’fég&‘? pateRfa8econd

vectors 0 RerhiR Jgngggr%bl‘g ffbn pdeR b LBRAN T 394 Fn%i%xﬂ:ﬁbl%&ihvéshgat@ hhgt and

second pol ynucl eotide variants ocCur at opposite ends, whereby in the

i ncubat i ng sipEmiz nedretsof partesers tratimprbve trgombingtion 4fficiardyzed vect or

reanneal wt ach other to formlinear f.ir i nal es stranded fornms
of the seconr'glN F‘i SHE%{{aittcfé‘Hecsl@é["ﬁ rex?,rg%llﬁ neal L\&/ﬁ'cﬁc%g%u%%gry&&equﬂ Wt near
second \GCt Qrotetflorifeghdes vicRinide A heiGRPamuzad had b 8®p@bddnly) intrbddceand second

vectors anneal with each to forma circul ar, het erodupl ex bearing a nick in
each st r and,differgnt lReations plong tersgauenesthatabolishedithgir Hyosessencenfiposeseeny wild
receiving t el 1 I j

Gor i ved {her B7% Biorah PSP EE RO AR EN PP LbmpRIBERARn RO AREL FRMAEE 11
met hod of clFEraeridhaf fluoessednt colbeie$ vasused sl a swmesurel of recdrobisatimee ficienayr t ed to
linearized fornms by PCR 12. The nethod of claim 10, wherein the first and
second vectors are converted to linearized fornms by digestion with first

and secopd restricti onseRzYHBERS -

About 2-4 pg of each parent plasmid was used in one recombination

experiment. One parent plasmid was digested with Pst [ endonuclease another parent
with EcoRl. Linearized plasmids were mixed together and 20 x SSPE buffer was added to
the final concentration 1x (180 mM NaCl, 1 mM EDTA, 10 mM NaH,PO,, pH 7.4). The

25  reaction mixture was heated at 96°C for 4 minutes, immediately transferred on ice for 4
minutes and the incubation was continued for 2 hours at 68°C.

Target genes were amplified in a PCR reaction with primers corresponding
to the vector sequence of pGFP plasmid. Forward primer: 5°-
CCGACTGGAAAGCGGGCAGTG-3", reverse primer 5'-

30 CGGGGCTGGCTTAACTATGCGG-3". PCR products were mixed together and purified
using Qiagen PCR purification kit. Purified products were mixed with 20 x SSPE buffer

and hybridized as described above. Annealed products were precipitated with ethano! or

1



13. The nmethod of claim1l, 2 or 3, wherein the popul ati on of pol ynucl eoti de
variants are provided in double stranded form and the nethod furtZPYr
conprising converting the doubl e stranded pol ynucl eoti des to singl APR 2002
stranded p{lo/dauedeoti des before~the annealing step. 14. Thepppihaghsgds Cl ai m
1, 2 or 3 wherein the converting step conprises: conducting asymetric
anplification of the first and second doubl e stranded pol ynucl eoti de
variants to anplify a first strand of the first pol ynucl eotide variant, and
a second strand of the second pol ynucl eo#ide variant, whereby the first and

Tho met nou BT lpgt collfint SRR IR SRRl Fali DM R G

pol ynucl eot prbeusamieeli gatal iatopPsovandeftoRh digesitdpGFP eectbor m  and t he met hod
further conprises inco‘rJllqor ati n%l t he heteroduplex into a vector. 16. The

met hod of claim 2, 8 8¥IBwaseddsdintorRCRE3eNen 3t dMabtonsenuaiges &ouMetonM.

[ fi d : ' [ ' bl ded
Form  and t AEMRIRBNE Forer PRI BRI S AR PN A Pafisift 3 cocond

pol ynucl got petesmd a6 aeReiBeNitovef first and 0 Z A PR 2002 -46 second
vectors, whereby the first and second pol ynucl eoti des occupy opposite ends
of the first and secoRecamekinay lasmdsesg rassiarmediine el Ageadh sagin by a

singl e St anashei Wil wrddiforkafisH mellBEACHRArY BEIAIon AKIAR cofaldin P

other to form/linear ]lII‘S vector, single-stran or e se

li neari zed wvgatplatesandrpnesh ovérhighea S° 0Ot fhBowedby mcubation earoosaempetamecsror
and si ngl e-stgog,?deﬂ | i near i zgd [orms of the first and second vectors anneal
with each t @t %GryAtth flupreserngs d4¥stoPPddupl ex bearing a nick in each strand,
and thepntroducing step selects for transfornmed cells receiving the
circul ar heterodupl exes or reconbi nant pol ynucl eoti des derived therefrom
relative to the |ineaB.fBesslts.and second vector. 17. The method of claim 2,

8 or 9, further conprisi seal | i C i . e odupl exes to form
coval ently-cl osed cir IE ctofdiga d re%gmin t(nlefhlﬁv"ntroduci ng step. .
18. The method of cl aTwmoldxperiviertehavetteen pérf@incdnsliesahoeffeqpol breakslip e des
are from chronmosonmal DNA. 19. ;[h,e nmet hod of cl ai%, 2 or 3, further
conpri si ng rAYRAeErRguBles 98 thegftigienc é'F“é’S?}’”Eaﬁ’é?“i 6 SXPSTREIY Bjeroduplex

subsequent i : i i . 1
q 62; g _ %aﬁ}n?d s g@{#@ﬂ(g@x«% ugsz'ssgg@lgs@m eﬂﬁfdg%mﬁ& ;dé)alﬂmb?ca% £ »g&&s

cycl e. e netho Im1, , Wherein the polynucleotide

vari ant s encrdgoamgudnygenticaldondifions aEtee unbigdiestisapiple (sa¢ allle 12 The liatedher ei n

t he popul ati on of pol ynuc Lde variants comprij.ses..at | east 20 variants.
25 e et Pt SRS -8 iereV et s R AR S SRt Ot ultpalilc oot | de
variants ar gamples.east 10 kb in length. 23. The nmethod of claim1, 2 or 3,

wherein the popul ation of pol ynucl eotjde variants conprises natural
variants. ‘ 0 7_ A PRIpguphergxperimentidUTRwpafdse mp LR reactipn gy ingodygser ei n

the pOpLﬁb&t ia%‘iti%al F&?Aa&? Hﬁ!} Q‘NA gﬁc?h 1%857}35} dfacyl N-glycosylase in the host cells. Table
' 2 shows that dUI\’/IP incorporation significantly suppressed recombination. the extent of

suppressien increasing with increased dUTP concentration.

2. Effect of plasmid size on the efficiency of

25 heteroduplex formation.
Plasmid size was a significant factor affecting recombination efficiency.

Two plasmids pGFP (3.3 kb) and a Bacillus shuttle vector pCT1 (about 9 kb) were used
in preparing circular heteroduplex-like plasmids following traditional heteroduplex
protocol. For the purpose of this experiment (to study the effect of plasmid size on

30  duplex formation). both parents had the same sequences. While pGFP formed about 30-

40% of circular plasmid. the shuttle vector vielded less than 10% of this form.



vari ants generated by nutagenic PCR 25. The nethod of claim1, 2 or 3,
wherei n the popul ation of polynucl eotide variants conprises variants
generated by site directed nutagenesis. 26. The method of claiml, %éPRai’DﬂZ
the cells Y@ofagherial cells. 27. The method of claim1, 2 pairndoshises her
conprising at |east partially denethylating the popul ation of variant

pol ynucl eoti des. 28. The nethod of claim 27, whether the at |east partially
denet hyl ating step is performed by PCR ar'gjl i fication of the popul ation of
vari ant pol ynucl eotides. 29. The method of4<tlaim27, wherein the at |east
partially denethyl ati i : { £ i of .the ...
popul ati on of vari ant n‘g% %}%E‘BPZ%B‘ ﬁ%%gg ?%g%agésgtc;%ggn}é{l&rg%ﬁ.tggﬁ%qfsﬁ%[bﬁdldmw
claim 29, whefregthaddakessinneingof aew loef @018 kb3 ends thatgensngacoaidad nivre

nmet hyl ase enz,?(rre. 31. The nethod of claim1, 2 ?‘F) 3,. wherejn the popul ati on
of variant pOffisalicTaetdidficulyis aypidedty it prosdusa snowade Fig. oingviieh eot i des
having at l%%o@.&%fﬁ%ﬂ?&?odcﬂ%&&é’en bdtraROfh AR fordd-andNE Met hod of
claiml, 2 or 3, turther conprising Isolating a screened reconbi nant

vari ant . 533. hefdredupi¢Neze drecfubsdqaiemi Bidserfedntthaveonpr i si ng expressing a
screened reconbi nant variant to produce a reconbinant protein. 34. The

nmet hod of claim 33 further conprising formulating the reconbi nant protein
with a carrier to form argidndeeeRbtGMiniRANOIDikiafdt Betwler’MOBRorO02 - 48
35. The nethod of claim 1, 2 or_3, wherein the, polynucleotide varjants
encode enzymes sel ect efy streRitGRP warianps veasedombineg pairwise 6o stydethe effegafes,

anyl ases, cug: I i P i d

iyt ases, e SRR R a5 on AYIBRGEy oFLARTER PLeafARERVER|
vari ant slencafglifediy BORrndsled endligaal Hack intd p6F B veargr. Elatesodublenres wére
insulin, ACTH, gl ucggon somat ost atin, somatotropin, thynosin, parathyroid
hor mone, pi gfEIIARGA fRIP - clbMEAIBmedi n, erythropoietin, |uteinizing
hormone, chori oni ¢ gonmﬁms@mr& cdWHRAY ihBbRIIGhE R hRARENE JraGtOMmIependent
antidiuretic hornmones, thyroid stinulating hornone, relaxin, interferon,

t hr onbopoi et expetifieMs and dempnsitase thie depdidenctloéresembindtiarf efficignen dn the distands

wherei n the pal ynucl eati de variants encode | ural it f e nes formng a
net abol i c pa?ﬂ\’/\g?’. mgg.“"%eb‘srf:e‘?ﬁ%‘&‘s ’31‘0’85‘3?‘?‘8"%’,5 gngs?le%s, aP 8%}/‘?’5@0' very

pol ynucl ept i gigsevidtidaglbhss are in concateneric form 39. The nethod of claim
1, 2 or 3, wherein the at |east tw polynucl eotide variants differ at

bet ween 0. 1- 25% of posHewewe, itapstilimemarkabls dhpt imematehepar hagheenable tone

popul ation o j i a8 doubl e stranded pol ynucl eoti des
and only onetegil'?léfﬁ‘gq%‘%&gda%ﬁgg%%%Bgﬁglgﬂ-]gg' is at least partially

denet hyl ated. 41. The k¢ hoadiiraf incllablerd rkpreg&narre@mbitioaibatwdee oheisiogle andl

property is an enzymatic agiivyity. 42, The, net hod .of, cl ai m.38, wherein
the functiongpe %@PPW?SSR&HXQ’%%?%I%W¥Pﬁ'ﬁ‘.‘m in the event of double
. ALa. A Ugg A&b!%ss%‘vxrA &gb{ e&Z}g@Asv‘gﬂal %sﬁ%-ﬂ@%ﬁhéﬁtaﬁc%@ onf\- ASE. A9h. A

SE. AL. AsY. A" h. ACE. A a@i A9. As9. A&?. A. ASh. A&( . A2 A92. A*'AS. AJAr . A. A& 9Y.
ALY. A@ AU. A&deansafingitha ability ofAthis method to recombine multiple. closely-spaced mutations.

4. Elimination Of The Parental Double Strands

From Heteroduplex Preparations.

25 Annealing of substrates in vector-free form offers size-advantages relative
to annealing of substrates as components of vectors, but does not allow selection for
heteroduplexes relative to homoduplexes simply by transformation into host.
Asymmetric PCR reactions with only one primer for each parent seeded with appropriate
amount of previously amplified and purified gene fragment were run for 100 cycles.

30  ensuring a 100-fold excess of one strand over another. Products of these asymmerrical
reactions were mixed and annealed together producing only 2 minor amount of
nonrecombinant duplexes. The last column in Table 3 shows the recombination

efficiency obtained from these enriched heteroduplexes. Comparison of the first three
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I X (b) exposing the heteroduplexes to one or more enzymes of a DNA repair system

in vitro to convert the heteroduplexes to parental polynucleotide variants or recombined
polynucleotide variants;
(c) screening or selecting the recombined polynucleotide variants for the desired

functional property.

2. A method for evolving a polynucleotide toward acquisition of a desired functional
property, comprising

(a) incubating a population of parental polynucleotide variants having sufficient
diversity that recombination between the parental polynucleotide variants can generate more
recombined polynucleotides than there are parental polynucleotide variants under conditions
to generate annealed polynucleotides comprising heteroduplexes ;

(b) introducing the annealed polynucleotides into cells having a DNA repair
system and propagating the cells under conditions to select for cells receiving heteroduplexes
relative to cells receiving homoduplexes, and to convert the heteroduplexes to parental
polynucleotide variants or recombined polynucleotide variants;

(c) screening or selecting the recombined polynucleotide variants for the desired

functional property.

3. A method for evolving a polynucleotide toward acquisition of a desired functional
property, comprising

(a) incubating first and second pools of parental polynucleotide variants having
sufficient diversity that recombination between the parental polynucleotide variants can

generate more recombined polynucleotides than there are parental polynucleotide variants
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5. The method of claim 1 or 4 wherein the DNA repair system comprises cellular
extracts.
6. The method of claim 3, further comprising introducing the heteroduplexes into cells,

whereby the heteroduplexes are exposed to the DNA repair system of the cells in vivo.

7. The method of claim 1, further comprising introducing the products of step (b) into
cells.
8. The method of claim 3, wherein the annealed polynucleotides further comprise

homoduplexes and the introducing step selects for transformed cells receiving heteroduplexes

relative to transformed cells receiving homoduplexes.

9. The method of claim 8, wherein the introducing step selects for transformed cells
receiving recombinant polynucleotides resulting from resolution of heteroduplexes in step (b)
relative to transformed cells receiving polynucleotides resulting from resolution of

homoduplexes in step (b).

10.  The method of claim 2, 8 or 9, wherein a first polynucleotide variant is provided as a
component of a first vector, and a second polynucleotide variant is provided as a component

of a second vector, and the method further comprises converting the first and second vectors
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linearized fonns of the first and second vectors anneal with each to form a circular
heteroduplex bearing a nick in each strand, and the introducing step selects for transformed
cells receiving the circular heteroduplexes or recombinant polynucleotides derived therefrom

relative to the linear first and second vector.

11. The method of claim 10, wherein the first and second vectors are converted to

linearized forms by PCR.

12. The methdd of claim 10, wherein the first and second vectors are converted to

linearized forms by digestion with first and second restriction enzymes.

13.  The method of claim 1, 2 or 3, wherein the population of polynucleotide variants are
provided in double stranded form, and the method further comprising converting the double

stranded polynucleotides to single stranded polynucleotides before the annealing step.

14.  The method of claim 1, 2 or 3 wherein the converting step comprises:

conducting asymmetric amplification of the first and second double stranded
polynucleotide variants to amplify a first strand of the first polynucleotide variant, and a
second strand of the second polynucleotide variant, whereby the first and second strands

anneal in the incubating step to form a heteroduplex.

15. The method of claim 10, wherein the first and second double-stranded polynucleotide
variants are provided in vector-free form, and the method further comprises incorporating the

heteroduplex into a vector.

16.  The method of claim 2, 8 or 9 wherein the population of polynucleotides comprises
first and second polynucleotides provided in double stranded form, and the method further

comprises incorporating the first and second polynucleotides as components of first and
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polypeptide.

21.  The method of claim 1, 2 or 3, wherein the population of polynucleotide variants

comprises at least 20 variants.

22.  The method of claim 1, 2 or 3, wherein the population of polynucleotide variants are
at least 10 kb in length.

23.  The method of claim 1, 2 or 3, wherein the population of polynucleotide variants

comprises natural variants.
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31.  The method of claim 1, 2 or 3, wherein the population of variant polynucleotide

variants comprises at least 5 polynucleotides having at least 90% sequence identity with one

another.

32.  The method of claim 1, 2 or 3, further comprising isolating a screened recombinant

variant.

33.  The method of claim 32, further comprising expressing a screened recombinant

variant to produce a recombinant protein.

34.  The method of claim 33 further comprising formulating the recombinant protein with

a carrier to form a pharmaceutical composition.
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inf%@i‘B M@ﬁ%%@m%up] COI‘lSlS gdg¥ u11 ﬁggpl){qr Sl%cu\g\%(yszomatostatm
somatotropin, thymosin, parathyroid hormone, plgmentary hormones, somatomedin,
erythropoietin, luteinizing hormone, chorionic gonadotropin, hyperthalmic releasing factors,
antidiuretic hormones, thyroid stimulating hormone, relaxin, interferon, thrombopoietin
(TPO), and prolactin.

37. The method of claim 1, 2 or 3, wherein the polynucleotide variants encode a plurality

of enzymes forming a metabolic pathway.

38. The method of claim 1, 2 or 3, wherein the polynucleotide variants are in

concatemeric form,

39.  The method of claim 1, 2 or 3, wherein the at least two polynucleotide variants differ

at between 0.1-25% of positions.
40.  The method of claim 27, wherein the population of variant polynucleotides are double
stranded polynucleotides and only one strand of each polynucleotide is at least partially

demethylated.

4]1.  The method of claim 1, 2 or 3, wherein the functional property is an enzymatic

activity.

42.  The method of claim 38, wherein the functional property is an enzymatic activity.



