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1 METHOD The present invention relates to a nethod for
enriching the GC content of a DNA nolecule and it

wounodsivessstel ates to the production of DNA nol eeadirs62003/000274

that encode a polypeptide with altered properties
conpared to a naturally encoded pol ypeptide. The
listing or discussion of aclpri or - publ i shed docunent in
this specification shou Tsﬁg)ﬁecessari ly be taken as
an acknow edgenent t hat e docunent is part of the
state of the art or is common general know edge. All
docunents |isted are hereby incorporated herein by
Thefpeesent énventiongretases tne satithed fereennicliing tld GC content of a

bi ot echnol ogi cal _.and i ndustry i nporfance, as
DRHymelscabaag of Budhestelatre. 4 b, erricomel BREy Trejecutes
transgeni_c r [ S

il TR nBBPoRYF RTARAY, FOBLRRS, Shopflel o3h atplly
eﬁéﬂﬂeﬂcﬁdlgﬁe pigosi tion of the gene based on the codon
usage “pa rn of target host (Perlak et al., 1991;
Narum et al., 2001; Val enci k and MDonal d, 2001,

Shi mshek et al ., 2002; Yadava and Ockenhouse, 2003). .
Thailistipgowediscussian 82 poies-pabishedhdeainpent 1athisspseifigation

SaaHl ot g ik AR S et e s dh Tt e B Ement
, i i _
R R

dStwRkehisdanéd e @by marporagaiha s by ecfersncen GC
content, while nmulticellular eukaryotes are generally
GC-rich, especially at the 3rd position of codon

NI T T —
SB35y SETRGEL B L, RSB T BIRTER o nd
hbRPEHIR%s EXpRAQidAD A firsticemonbbfektive of gene modification is
to change the nucleotide composition of the gene based on the codon usage
pattern of target host (Perlak et al., 1991; Narum et al., 2001; Valencik and
McDonald, 2001, Shimshek et al., 2002; Yadava and Ockenhouse, 2003).
This process usually does not change the amino acid composition of the
gene product. Large scale genome sequencing revealed that there are
remarkable divergences in nucleotide composition among different
organisms (Ou et al., 2003; Tredj et al., 2002). Significantly, many
microorganisms are low in GC content, while multicellular eukaryotes are
generally GC-rich, especially at the 3 position of codon (Tablel). Genome
sequence analysis showed that warm-blooded animals and monocot plants
have strong base compositional heterogeneity in genomes, consisting of
relatively homogeneous regions, called isochores (> 300 kb in size), which
differ in GC content and gene concentration. It is believed that the heavy
(GC-rich and gene rich) isochores were involved at later stages (Bernardi,

2000). Evidence suggests that GC-rich regions are more active in



differ in GC content and gene concentration. It is
bel i eved that the heavy (GC-rich and gene rich)
woO20shaeysss were i nvol ved at | ater stages (Ber nBC@iSG2003/000274
2000). Evi dence suggests that GC-rich regions are nore
active intranscription in QI ants and ani mal s because
their superior bendability®“and BZ transition ability
O o e et ma B
Z kAR AbilRY fakief bpet chpsnmit fbonfS@Pativh N odeasVAT-rich
2003). This 1s consistent with the findings that
refgiinsr attrecte oluonAdtin icondersatien dha biodaos [tyansgpptes diflerbert

aqg}O l%gglhy 1 bg@g‘lj_'lgrpogqa%\g 2:303 . (ig) ’1esr l%%gg%et:ng-‘lg@ﬁhet}l%g&ndlrl}lgsf ﬁlrgt

e . e ) a P
he PR artgnTr aRs i kPulegig AR LeBOpBS i higher
oﬂgﬁhfsﬁfs %@ﬂak Rt hEr 1991 Ndrehi &ral Cod0 NIShEALK & al§21002).
8.89 40.72 5 5.79 51.80 Bacillus 46.77 37.57 25.37
36.57 thuringiensis Candida 43.96 37.53 28.74 36.74
al bi cans_ Pl asnmodi um 32. 07 22.23 17.23 23.84_ fal ciparum
Tehlec har Sipperaripensgl $8Csementgm Hre cading aesigns phdlifferent
Ar abi dgpsi s 50.93 40.49 42.33 44.58 thaliana Mize
Olggl58'%42. 79 60. 50 53.323 Rice 58.46 46.43 61.61 55.50

Organism Codon GC content (%)

1 letter 2™ Jetter 3% Jetter Coding region
E. coli 58.89 40.72 55.79 51.80
Bacillus 46.77 37.57 25.37 36.57
thuringiensis
Candida 43.96 37.53 28.74 36.74
albicans
Plasmodium 32.07 22.23 17.23 23.84
falciparum
Saccharomyce 44.53 36.55 37.85 39.64

S cerevisiae

Arabidopsis 50.93 40.49 42.33 44.58

thaliana

Maize 56.66 42.79 60.50 53.32
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Sugar cane 59. 00 40. 28 65.57 55.62 Muse 55.62 42. 22
59. 30 52. 38 The data were based on the Codon Usage
woatnsioaessd from t he Genbank website PCT/SG2003/000274
(www. kazusa. or. i p/ codon/ ). A second objective of gene
nodi fication i s to inprovs enzyme/ protein properties
through directed protein evol ution approaches
(Stemmer, 1994; Craneri et al, 1998; Leung et al,
Ri®89; Spee 848 ., 199346Zkkcolo et &1.61 1996) whixhO
are based on random change of the nucleotide and
eptide co ition. Dr d evol uti echnol o
S %galbeeen ?gggiouti oni zi r@cé e field ggnjp?ltr otein 5582
engi neering, not only by producing the nodified enzyne
MidsB i mproved @gctiviti eg)(43 i eder et 58l39 2002; Xn3gt
al ., 2002; Zaccolo et al., 1999; Zhang et al., 1997),
i datgy ygieaRised O ihe’ Cogap. Usags, o frony e Genbank
' ubstrate specificity (Leong
Wé\t[’%@&%@ ; sgor-F5do /§ 1998; Rothman et al.,
2003), and protein solubility (Yang et al., 2003), but

al so contributing significantly to the understanding
Aokesnduobjactive aoid geum anodifightion| ist tonstpirpge ginzyme/protein

e T e
CTENGE 4, 957 LEGE, 0, 080! s U 14ER! Aol .

1966 Vigdidly QréBhiron Stagloms cl'lé?%é\(of%é SiuRSideehnd! peptide
1999), StEP (Zhao et al., 1998), SliPE (Buchhol z et

canppsifiod 1 Piredtegenmiutien teehmdiogi exhgenbedmndvofutionizing the
reconbi nation (Coco et al., 2002), and synthetic
fighl,pf [praigin Regdeating| not oply2hy prRdusigetic; modpded spaBMme
t agenesi,s ..ch i t he, fi i of | [ase
Y TSRSt a2t £, 2600 Ra gl 20P o YaRRdtD
S . 9 : ' ' 'Y T
a‘(’zg%%&%h%{tg %:[I a?]l.’, Q?gg%,;jﬁlefli_ﬁgéstgﬂ%yd@ﬁ&rry 2.V €999; Giver et
al., 1998; Miyazaki et al., 2000; Flores et al., 2002; Wintrode et al., 2003),

substrate specificity (Leong et al., 2003; Yano et al., 1998; Rothman et al.,

2003), and protein solubility (Yang et al., 2003), but also contributing
significantly to the understanding of structural and functional relationships
of proteins. Some of this progress has been attributed to the development of
two types of key methodologies associated with PCR. The first is DNA
shuffling (Stemmer et al., 1994; Crameri et al., 1998) and its derivative
methods such as ITCHY (Ostermeier et al., 1999), StEP (Zhao et al., 1998),
SIHPE (Buchholz et al., 2001), degenerate homoduplex gene family
recombination (Coco et al., 2002), and synthetic shuffling (Ness et al.,
2002). The other is the random mutagenesis by changing the fidelity of

_DNA polymerase using Mn"" (Leung et al., 1989), nucleoside analogues

(Spee et al., 1993), or nucleoside derivatives (Zaccolo et al., 1996). These

random mutagenesis methods are unable to promote AT to GC transition,
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random nut agenesi s nmet hods are unable to pronote AT to
GC transition, 4 except one error-prone PCR approach

wagbesg4eribal anced dNTP and hi gh concentrat i onsPof/SiER003/000274

and My to force AT to GC transition (Fromant et al.,
1995). However, the presence of M al so caused
frameshift errors due to nucl eotide deletion and

. , ¢ : .  iaish

AR SO EPATTCR abrnch 0l il lotl TR L gy

c@fRhira@bALOf Was™ fapatiaer™ &prfsee A Ded QU thahsitidhdirdghant et
that the DNA fragnents | onger than 400 bp coul d not be

alari9195h i Hdwiewer, ke pressevecel Mn hialgo cosekfamatshof eoford/ue
(Fromant et _al.,, 1995). The Al bD protein of 'antoea. .
toyi mypsdeeiidepdedetions and: dinperiipn dErepae o hat- di1§%§}>s which

al bici di hyt ot oxi.n_produced by a nt j | ng
bt e BB RD Aa B RREGHY Yeslaly 16 apPIGRlctwas
i L
FFASEonfp B35S i 08] 0000, 8 RLPL 68 a0
bpwoRldmet be amplifibdtiedhé gavence dfeliighscoakbntration of Mg™
untransformed control plants and the transgenic plants
(TEeprasg st alg 199%)1 evel of Al bD devel oped typi cal
synptons (Zhang et al., 1999). However, the overall
expression |level of AlbD in transgeni c sugarcane was

T SR
digetseal®licigins te Photdtatiacptcducedi hta Relepiiy ddihg tf@hogen,

I'ess satisfactory performance of transgenic sugarcane
Xagtionsinasydbigimeons (Kleasig &Brth, X1 99%)bThé¢ trenngenin stigetaine

rial (Zhang an i rch, ubl i shed data). sol.utj.on

plats FEPESENE| T'lxpEfoe OiFaleD; i BOhHaY 9P &@@,roté?t%%se

b [tering t leoti Sj. L |
sy bl iR, e CRTRN AR C® o) Mg
aBDHBE HanGedile paltd!exbldssilol 105V 66 I ATHTE dRhRR I HfRcal

I'n the study described in"Exanple 1, we have
spaptiths $hhang ehely, dppPpddboweler, the overall expression level of
AIbD in transgenic sugarcane was very low (Zhang et al., 1999). The poor
expression of AlbD, especially at the stem apex that is the key route of
systemic infection, might account for the less satisfactory performance of
transgenic sugarcane against systemic infection of X. albilineans in field
trial (Zhang and Birch, unpublished data). A solution to improve AlbD
performance is to modify albD, either by altering the nucleotide
composition following the high GC content pattern of sugarcane (Table 1),

or by enhancing the catalytic efficiency of the AlbD enzyme.

In the study described in Example 1, we have established a new approach of
mutagenesis to combine GC-enrichment and directed protein evolution as
one method. Instead of random substitution of nucleotides, we exploited the
nature that dUMP can conveniently replace dTTP and pair with dGMP

under certain conditions to promote AT to GC conversion (Fig.1). We show
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nmut agenesi s to conmbi ne GC-enrichnment and directed
protein evolution as one nethod. Instead of random

weoeubwstouessti on of nucl eotides, w e exploited thecnaGaes/ 000274

that dUWMP can conveniently replace dTTP and pair with
dGWP under certain conditigns to pronote AT to GC
conversion (Fig.l). W sho that this GC-enrichnent

Lis. . . . _

o RO GO EEDEAORA, b NI, 1P BN yqlyga

elsAthék \tvhhanﬁﬁovéc?éia@gfti@?)rb&mbg.rmé HREPBAd thus be used
al'ternative'to the natural™ evol uti on process whi ch was

adehiiewettotfonetiomal raltefmativichte heeragerat evolut®® pradess which
i sochores in warnbl ooded ani mal s and nongcot plants
wasdieliered ¢ aggount Zop the emargpnga ©f, Gogngh isqohofigy jn parm-

B el e mioBet bl BB bl o PROR Virk S

2&5\5 nol ecul e, but in a particular enbodi nent the

enr’ichment | eads to a change(s) in codon(s) of the DNA
nol ecul e so that different am no acids are encoded

whi ch means that the resultant DNA nol ecul e may encode
Itavilbby ppprecigéediibahthe fizst step of i approgch wpr beawed to enrich

OB R Si PR TR R SRS 8 Saer
S S S

nf8&fE abl thah dffigene iy QERIS, ardSenvBliéd ashich HBgns that the
m croorgani sns wwth GC-rich genonmes.. Thus, a first

rassitant DINA trhelecnleemtaiyoancpdea pelypeptidst hvaith fattered, typically
.enriching the GC base pair content of a DNA nplecul e

iMREOVieE: AEPeEdRFpribei Mgthoranay alse mru@)top&ieé%tdngﬁgbaéem&-

ohERELABRUEE el 0 0 Bk Bt 5l B poen
i . ‘ "  dad.

D A e Tos. TAPHRH, TRIBE ufad Ol ARRpt Rk

eukaryotes, especially higher eukaryotes, as well as in the microorganisms

with GC-rich genomes..

Thus, a first aspect of the invention provides a method for enriching the GC
base pair content of a DNA molecule the method comprising the steps of (a)
providing a DNA template molecule in which at least some of the A
residues are base paired with U residues and (b) replicating the DNA
template molecule provided in step (a) under conditions in the replication
reaction medium in which at least some of the U residues base pair with a G

residue.

It will be appreciated that by encouraging the U residues to base pair with
an incoming G residue in the DNA strand that is being synthesised in the
replication process, A residues are being replaced by G residues. Further

replication of the DNA containing the G-U base pair will fix the mutation in
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reaction nediumin which at | east sonme of the U
resi dues base pair with a Gresidue. It will be

wapprs@adsat ed t hat by encouragi ng the U resi dueBCrsGhasmo274

pair with an incoming Gresidue in the DNA strand that
IS being synthesised in th@ replication process, A
resi dues are being replaced by G residues. Further
r [ [ : I
ot RSPty L e A BN A BB {1t aite ARG iPRS Cause
ad AJUlot GOgrdNAiciDmhasitionasnbe patdhaDNAenelketelet is to
cause an AT to GC transition nutation in the parent
DNA nol ecul e. Conveniently, the DNA tenpl ate nol ecul e

in (a) is pr ed by replicating a.first t | ate
Crpyeuay.ithe mﬁﬁﬁ@@fﬁe Shecilerim tabisymaituoed B siaicating
e Y, l.. of ] S t [
a TRRE Pl DAV dleoy Rt B BusSRbg P T SRE et e s
sdRERIrafRa iR HCox the T FesRIRS N\ st tePRte arddfephRBId by U
the first feplication reaction nediumfor producing
reshtes eoofunDiAsdoeny| teirgpliteomoldoald.i s otlAwoedspl AP is
al ong wi_th dATP, dCTP and dGIP, whereas dITP i
pregentcia the Hid aapliqasion rRagtipe %‘?@%hthTaP%@iltEeﬁ’&U?P?‘?nd

i.cal .concentyation t he, deoxynucl.eot.i | N
DR S Ralie 5T 4hS BsBORRTA JeRBIRE FIRE ST AR d(ER Al
; [ I | QRS
A00E, IRTRATSITTE, B DALy Weralt GuEaREE T Br PRt iestee
dUNW. Tipical galkcthieati@ls of the eleexymutlevtidediuyed tin dfis tkaction
i nvention the nmethod conprises the steps of {)11)
angr 300 1eVingach of dATR,edg TRt and]E Tib laad P @OUNIJUTP, but any
repl.icating the first tenplate nmoJ.ecul e .in the
sidble FonceRaliOfmas Yo bae i togsB VALY erd s Auisisposs ot
d@fTPthe T residues of the first tenplate are repl aced
y U residues to forma second tenpl ate nol ecul e and
(3) replicating the DNA tenpl ate nol ecul e produced in
step (2) under
Thus, in a particularly preferred embodiment of the invention the xmethod

comprises the steps of (1) providing a first template DNA molecule, (2)
replicating the first template DNA molecule in the presence of dUTP so that
at least some, preferably all of the T residues of the first template are
replaced by U residues to form a second template molecule and (3)
replicating the DNA template molecule produced in step (2) under
conditions in the replication reaction medium in which at least some of the

U residues base pair with a G residue.

The first template DNA molecule is one in which it is desirable to enrich the

GC base pairs, and examples of such molecules are given below.

In step (3) above, conditions are produced in the replication reaction
medium which favour the base pairing of the U residue in the template

strand with an incoming G residue in the strand being synthesised rather
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conditions in the replication reaction mediumin which
at | east sone of the U residues base pair with a G

woesisider31 The first tenplate DNA nol ecul e i S ORETISB2003/000274

which it is desirable to enrich the GC base pairs, and
exanpl es of such nol ecul es Are given below. In step
(3) above, conditions are produced in the replication
theRGiHOsh ﬁ%@hﬁﬂ%% k&id b \RiHtabl 6o RAESNPEI HE .Qef%hgiﬁ@d Yy
residue in the Tenplate strand wth an I ncom ng
anelyisthge thenptdubictst ofintle reactipns ppt DB sequeneidietd debémine
V#@Et&« an i ncom n% A residue. Suitable conditions can be
et theraRas Peemgniht tor@dusansitinn andatiemendoif so,
hg%/lVDNA se uEnci qgt.to det er m.ne Whethel?r1 or nat. there
5 THAh ST AT EleRS. ¢ PRRYPRIPEY-msbliehlg noopehitiony gy be
S | . .
s s "l ALl (REEOhETptlcarl ARG mogium
vatdcl pdomepdsi thatbrinyifgactdtber oEtHeU® M ThbaaeoMpysisalljethe
bringing together of the and U bases. Typically the
aggainis one whehwinicrdasentireepelesityt frnhpotesr the ypolanémnmasment)
t),.of t repli cation reaction

t ol.ar .envi r onmen
%Eﬁ? GeRliEatiog, reaption,medium andfon igh agippe @ylogal, molecular
-ati i rages,. f tion of
R e T
e ouga ydueasleg| | ' y rﬁ?@% 3 i Eﬁﬁp
Ilear om PEG300 - SE%OB%BEQS%%‘?E@E%I%(PJ effec \%a@ EG
3988 dPE@sdraniREBBI6@0 ¢ RER00MtamhavdEmEDg effeatshan RESd in

pol. r with nol ecul ar_ wei ght of 300, PEGB000 has a
Wléﬁﬁ SPNGRtEione IO mgpms e Phlaypodymer avitlc inpelecular
i td i f.avour the.fornmtjo G U base

‘%eggl?ljs&i épb?ﬁﬁsﬂ@gpha[ssam ecg},lags\gﬂghjt 9#18@ ‘arge excess

of dGIP over dATP in the second replication reaction
medi um Thus, typically, the second replication

Aredlodri way nefdproduciont conditi @0 wdi et civont tHETH bt 6TRG-U

600m\Ml dGTP and 12mM dATP. Concentrations in the range
bgse pairsip this step is the presence of a large excess of dGTP over dATP

in the second replication reaction medium. Thus, typically, the second
replication reaction medium contains 200uM each of dCTP and dTTP,
600uM dGTP and 12pM dATP. Concentrations in the range of 20 pM —
2000 uM may be used.

Typically, the second replication reaction medium has both an excess of
dGTP over dATP, and contains an agent, such as PEG, which promotes the

bringing together of the G and U bases to form a base pair.

Conveniently, each of the two replication reactions are polymerase chain
reactions (PCR). Thus, in a particularly preferred embodiment of the
invention, a template DNA molecule (eg a natural DNA template) is
subjected to a first PCR reaction in the presence of dATP, dCTP, dGTP and

dUTP in order to make a DNA molecule in which at least some, preferably
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2000 mM may be used. Typically, the second replication
reacti on nedi um has both an excess of dGIP over dATP,

wanwsmasisai ns an agent, such as PEG which proROTS62600800274

bringi ng together of the G and U bases to form a base
pair. Conveniently, each of, the two replication
reacti ons are pol ynerase cﬁgai n reactions (PCR). Thus,

i i f i . .
oGP ARy N AP SOOI e, ity
dUAMisap@bentsinsa biaet egees® oefl HATP, ACRF 8REG TN PR fEhdly,

presence of dATP, dCTP, dGIP and dUTP in order to make
dATINAIGCHP endl dGTR atkhiprbseat al eamncsotratiop of 260abl,y&hatdas

the T residues on ejthe r are replaced by U
ddd bﬁj@f§$ef¢3ﬂéiac%m§?tf@fﬂﬁ¢0£§8‘éﬁ®2 gﬁheS? ROBCERbIaRiONE YaaY de
r P, . r.ef I IP, dCT nd
o B e POl T o e iR R sfra BE il ay
b bSvRIES I DNA PoBRAGAN el BthrPT P RO Xg il 1&S PCR.

concentrations may be "altered by the skilled person
W t hout inventive effort, for exanple they may need to

be varied if a DNA polynmerase other than Tag is used
g RGR mroductmoatpamgd {iecepmtainiignly rgeidmes) is then used

containing U resi is then used as a tenplate for
a%a%IE‘B%e%éﬁseﬁ%gﬁi%nd PCR is typically carried out
in the presence of dATP, dCTP, dGIP and dTTP, but in
this case there is a nolar excess of dGIP over the

Tokhecohd TEER de axpieully eatriieedut antha phdeace @XGRSEP OUCTP,
dGIP, dCTP and TP over dATP. Preferably, dCTP and

desfiitPand dTie dwitin dhis 200ertherd &TR melap exsesstofad GEBOmwer the
offe shic dsaphiciiaidse pnda TBOR SO ORGP riehE pod T1TP
oFG e, S5<BHAT. Al TRTIEE 05, G oG
p'teisglfr% l@ﬂé@(ﬂ;ﬂ\g APERTP isprédeat ALAZHMVRTHERE IceterdtRitions may
be altered by the skilled person without inventive effort, for example they
may need to be varied if a DNA polymerase other than Taq is used in the
PCR. MgCl, is typically present in the reaction medium, for example at a

concentration of 3.5mM.

The method of the invention does not appear to produce frameshifts, and it
could be used on any length of DNA molecule which can be amplified by
normal PCR reactions (for example a 15 kb gene has been amplified by
PCR)

The method of the invention may be used to enrich the GC base pair content
of any DNA molecule where this is desired. Although the method uses
double stranded DNA, it will be appreciated that it may be applied to RNA
molecules or single stranded DNA which have been converted into double

stranded DNA molecules, for example by reverse transcription and cDNA
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concentration of 3.5mM The nmethod of the invention
does not appear to produce franmeshifts, and it could

woeowsgagi3on any | ength of DNA nol ecul e whi ch caaTis62003/000274

anplified by normal PCR reactions (for exanple a 15 kb
gene has been anplified by J2CR) The nethod of the
invention may be used to enrich the GC base pair

qt i BB ; .
Pl O e R L o GRERAEY P copent
ofeDapo nedleailesi wihiet hate aeglatieclappivi @4 base ga¥content, or an
mol ecul es or _single stranded DNA whi ch have been
uadpsieahledovnts Batsopar contanldar thexpatpaseioewhichothe DNA

exanpl e reverse tr.anscriptio nd 9 synt.hesi s.
SgIRR DIt ¢ b e Bt LRt otEd PV e 01 FerabiepiotAbIe 1
of.: .

A EANE RO micHR R e WOy Hoh B Tt Bhitn
theas gerReayi i leighéreaikatpstes, Rehiel QP ¢intie thh hbility BE thAYA genes
nolecule is to be put. In particular, as noted above
t¢ be capeaspedin highahtukatyoteert ai n genes from

m croorgani sms have a significantly | ower GC content
than genes in higher eukaryotes, which may limt the

i At t expressed 1 Q. hi r
1y Rty RERFAIEER: £F; BTN EPRRPLof R BRE motccute
t@%%?s@@hﬁ_cl@é&‘isemwé?fthhﬂ%Wfdpéﬁ&%ér% fowRShER 45%, 40%,

enriched is | ower than 50% (for exanple | ower than
34%843000%r 2B4% bB0e anvafibin butlsd Aeplicabénto ardify Ak enes
applicable to . nodify the genes with GC content higher
Wlﬁhﬁ}% conteat highes dhan RANyas srmmor hangatof GG epnterd ould
inisignificant.inprovenent. of enzynme properiies, and
e oSt Q8! up Py RUERT BE e mrmpkrBediRy and HETEggATples

I ose GC base pair content is to be enriched
ai[{%;éiifiélﬂb%}&dg. part of a gene or a cDNA. More preferably,
the gene or cDNA is

Preferably, the DNA molecule whose GC base pair content is to be enriched

is all or a part of a gene or a cDNA. More preferably, the gene or cDNA is

one which has a GC base pair content of lower than 50% (though it may be
higher, as noted above), preferably lower that 45% or 40% or 35% or 30%
or 25%. It is particularly preferred if the gene or ¢cDNA encoded a
polypeptide of interest, particularly one where it is desired to produce
mutants with altered properties. As is described below, a further

embodiment of the invention is the production of mutant polypeptides.

It will be appreciated that a variety of DNA molecules will be produced by
the method of the invention and unless the context indicates the contrary,
the reference to a singular DNA molecule is a reference to more than one
DNA molecule. In order to obtain a single DNA molecule, it is particularly
convenient to clone the DNA molecule whose GC base pair content has

been enriched. Methods of cloning are well known in the art and are



10

15

20

25

30

one which has a GC base pair content of |ower than 50%
(though it may be higher, as noted above), preferably

woOauesro4ed3at 45% or 40% or 35% or 30% or 25% | PCT/SG2003/000274

particularly preferred if the gene or cDNA encoded a
pol ypepti de of interest, pmicularly one where it is
desired to produce nutants wth altered properties. As

o587 008 L LIPS B i) v

MiléduleCangc h ahbskatdigt mania! iGN SPrindNAarfBreRiek£SCold
W || be produced by thée nethod of the invention and

Spnhg $farboe WANt@SA. iWher the DN Aemotarnteamhost #C base pair
reference to aﬁi&ngul ar DNA pol ecul e i.s a reference to
corjprt hasieenfarisiad rpceden @ Polpepiider it i pasicyiasiyauselul to

DGt LA Bt FRuB8ibh Jeelr, {nf SRHRRAER vesdor
s@m ?E«Sﬂtﬁﬁﬁd thdeLBOG8a9f EdRBHPEOART Gndethniag¥A khntrol

t and arelO described in detail I n standard

cleriend 1® chable dg bBeotied pklygeptids 6 be e2PR3JedNnl eechdsan host
Cl oning, a |aboratory manual, Cold Spring Harbor .
cell.cBuis, the DNshmelgewlgrpay beponagsimto praamidiapgxpression

mol ecul e whose GC base pair content has heen enriched
veEbabeTa AR SpTan Tackor iR f ety RoGetdh ¢ o

cl one the DNA nol ecul e into an expression vector. The

expression vector suitably contains the necessary

TypRAS ProldryOfic avebtdr’ Phashdtls ofteC PUC LS, pUCENt SBRB22 and
enabl e the encoded pol ypeptide to be expressed in a
pBR328n awaidable elffom TRisradt Rabbitories dRitlnomd, KeAcl GhAQ;

DR R RESTE, B, S AR oo
gl . : . :

BB OB ST, DO B A
Bﬁﬁéseﬁgp Reetofs pl_Nﬁ'g‘K, PNHEEAA pNIKR & 3 N H K23 %i8ble from

pDR540 and pRI'TS avai'l abl e from Pharmaci a (Pi scat away,
StydtagtisAlonis Systens(Ba JohiadeA &20p7, UBA).or s,

A typical mammalian cell vector plasmid is pSVL available from Pharmacia
(Piscataway, NJ, USA). This vector uses the SV40 late promoter to drive
expression of cloned genes, the highest level of expression being found in T
antigen-producing cells, such as COS-1 cells. An example of an inducible
mammalian expression vector is pMSG, also available from Pharmacia
(Piscataway, NJ, USA). This vector uses the glucocorticoid-inducible
promoter of the mouse mammary tumour virus long terminal repeat to drive

expression of the cloned gene.

Useful yeast plasmid vectors are pRS403-406 and pRS413-416 and are
generally available from Stratagene Cloning Systems (La Jolla, CA 92037,
USA). Plasmids pRS403, pRS404, pRS405 and pRS406 are Yeast Integrating
plasmids (YIps) and incorporate the yeast selectable markers HIS3, TRP1,
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Bl uescri pt vectors, rNHBA, pNHL6A, rNH18A, pNH46A
avai |l able from Stratagene O oning Systens (La Joll a,

WQAB2A®E1 USA). A typical manmmal i an cel |l vect BCT/SG2003/000274

plasmd is pSVL avail abl e from Pharnmaci a (Pi scat away,
NJ, USA). This vector usesllthe SV40 | ate pronoter to
drive expression of cloned genes, the highest |evel of
LETRY 8881 ORABEIPISsrhRl "OR 841314 80 tdre eeR 0dbst Rfereeblagmids
such as COS-1 cells. ‘An exanpl e of an induclble
(Yepsel i an expression vector is pMSG al so avail abl e
from Pharmaci a (Pi scataway, NJ, USA). This vector uses

the glucocorticoid-inducible pronoter of the nouse
PRS2 0 P P Bl i Btver
: I
OO A2 e B, DI AR S PR 4 pctors

siibde @87 DNIBAnedRited niaasfopmefios. ThBS Gdeth6 RSARS kavdn to
rRS406 are Yeast Integrating plasmds (Yips) and

those sktadaire theharty Seet fos efxenpde; | the maviesr by HC $3 Lidiregsten

L RA3, . Pl i ds, pRS413-416 Y ,
a5 o ﬂfgvlgerp Vet Ton g genesicapRgipeng of Rlantsy Genetic
PR e oW SRR ST SR, (MBSt 0
19

grtors and vectors suitable for DNA-nedi ated
transformati on. These net hods are known to those
skilled in the art. See, for exanple, the review by

CP. Lichtenstein and S. L. Fuller, "Vectors for the
The nevprtigh gilsee drsIHdeso PN amobeculase paichedefen ke basg pair

oiftgnt” pschiarda 3. ¥ AP e T hales BRRR fopefoia o
vEQRbt, 06K ab ah e%g&@lﬁﬁ RRtdr, content prepared by the

above net hods, " i ncluding those cloned into a

In a further step of the method, the DNA molecule enriched for GC base
pair content, whether cloned or not, is sequenced. This may be done using

standard DNA sequencing technique, such as the Sanger dideoxy method.

It will be appreciated that sequencing the DNA molecule gives information
concerning the coding sense of the molecule (if the molecule encodes a
polypeptide). Thus, from the sequence, it is possible to determine whether
the coding sense is retained (in which case the DNA molecule will encode
the same polypeptide as the parent; this occurs generally by the AT to GC
mutation occurring in the third base position of degenerate codons) or
whether it has been altered (in which case the DNA molecule will encode a
different polypeptide to the parent molecule, which may have different
properties).
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vector, such as an expression vector. In a further
step of the nethod, the DNA nol ecule enriched for GC

woasws/pei3t cont ent, whet her cloned or not, is PCT/SG2003/000274

sequenced. This may be done using standard DNA
sequenci ng techni que, sucq as the Sanger di deoxy
method. It will be appreci &t ed that sequenci ng the DNA

P T BRI Bl e e
mtB%'ch:e Py an)m}\)/\lg Ritfon it ORI t%;‘é%?%k@ fhe shmb DobFeptiBe as

eferm ne et her the codin ense is retfained (in
thetpatdnt gaslectileebiNAismlse cekieedvfdr the (¢O dase pairsantent to be
_ polypeptide as the parent; this occurs generally by
ingteesedr se @s OT imprexd BanssEiption; ergiranslatien imrergripdiost cells.
posi ti pn of degenerafe. codons)., or et her it .has, been
InGPeF SHOPPHIRRTCH & ASSIronE TORANTSP ARG raF P B s 30
| i f t ' i ch
e e BN R olREBicltBs o Bl oA T3t AL SR rBperth
circunstances, it is desirable to retain the coding
sense of the DNA nol ecule, for exanple when it is
AdBsihee embodirpne of thhangemtiorp pryyides iadmetod fer pakig a
nol ecul e, but it is also desired for t

] e bas ai.r
myknt pnlypeptiste ity aliered BYPSHISsy C?Wﬁﬁﬁi}‘e“{ﬁ & Ylfgeﬂ“éﬁ

or stransl at.| A certai t | lis . s
erlonel % AT iSRG IS e ol eorkkithd ) curichipe
thBeGe! BRE SIS SortiRt oft e IHINA HNQUK BceRERACS the method of

pol ypeptide with altered properties. A further
therfiretihsprrt ofifthé hevehtivenfh) exppessinigdthe Eolypditnld dneoded by

maki ng a nutant pol ypeptide with altered propertjes
the daPldy sepleenlenehgss) é&e&&e@al@ qepigat has bgewiepaighesgn step

| e e,. t he net hod r..sin a). ent.iching the GC
(agg%qéf G’éisiﬂeﬁﬂﬂg QW?WPﬁﬁg%Bmaﬁ%Fégﬁ%ﬂﬁS%m ding to the
nmet hod of the first aspect of the invention, (b)
expressing the pol ypepti de encoded by the DNA nol ecul e

Itwhilb ®e Gpphesiatedathiit o tHierimbuwlimbeeat ntheMNehatbleculs tvelpose
GC base pair content is to be enriched is one which encodes a polypeptide
and so typically is all or part of a gene or cDNA. The polypeptide is any
polypeptide of interest whose properties it is desired to alter. Typically, the
polypeptide is an enzyme or antibody or an antigen or an other type of

therapeutic protein.

This method allows for the simultaneous enrichment of GC base pairs in a
DNA molecule and production of DNA molecules with altered polypeptide

coding potential.

The polypeptide may conveniently be selected for altered properties using
methods well known in the art. Typically, the properties of the polypeptide
which are altered are solubility, thermostability, catalytic activity (if the
polypeptide is an enzyme), substrate specificity (if the polypeptide is an
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(a), and (c) selecting a pol ypeptide with altered
properties. It will be appreciated that in this

wenhsduymsnt , t he DNA nol ecul e whose GC base paPCT/SG2003/000274

content is to be enriched is one which encodes a
pol ypepti de and so typical is all or part of a gene
or cDNA. The pol ypeptide i< any pol ypepti de of

i nt erest whos roperties it .is desi al te .
crgyOnpro MRl dissricettingyl G Yoo hroasriss
aﬁ?cﬂsd’"&ﬁ.i gen or an other type of therapeutic protein.

Is nethod allows for the sinultaneous enrichnent of
GC base pairs in a DNA nol ecul e and producti on of DNA
nol ecules with altered pol ypeptide coding potential, .

IiTthe qast pfeprymes.ihis p@"ﬁ@glﬂrg'n5¢syrabl@ iodmrpwel thegr catalytic

pliperticey ahOGE 1 ' Gechr Dbl uBSrae ShesifiRypd i dbroved
. " U L %

oHpSF T8 L BIARE I 15, i RoEE! U Mg

cStRaiptRIncoshe Gbbed bf grdddct tthen#dn/ 18 Rbindecaks&s, ahd datalytic

enzyme), protein stability, ligand affinity, and
actinityn ohro ecddterminpdrlyy dse shangsoobithe cofacke prapertiss, e.g.,
enzymes, it is particular|]y desirable to inprove their
cemteasion jof Ny Bpde NARILAGYISE VeBachange their substrate
specificity. The inproved enzyne can be sel ected
either by nonitoring the rate of substrate consunption

Other! 81120556t pbb gé, sfueh%tﬂheﬁnodtabiﬁw@arﬁ%qy,afﬁhfﬁy,

catalyticactivity can 'be determ ned by the chahge o
ahdeincabiactogicabr propettiess car. e, selectedrbased GhNABIE dknown
NADH or vice versa. Qther desired protein properties,

techoiquas in the fields abbiachgmigny ppd dpramEiegt y, and
i mmunol ogi cal properties can be sel ected based on wel |
known techniques in the fields of biochem stry and

ThE MR also includes mutant polypeptides prepared according to the
method of this embodiment of the invention. It will be appreciated that once
a mutant has been selected and the sequence of the DNA molecule encoding
it has been determined it will be possible to make the mutant by any
standard protein engineering method, such as those including site-directed

mutagenesis.

In a particular embodiment of the invention, the method was applied to the

albD gene of Pantoea dispersa SB 1043.

Two mutant enzymes were selected, one of which contains the mutation
Ser40Gly (termed AlbD-M1), and the other contains the mutations
Glu25Arg, Lys27Glu and Ser40Gly. The amino acid sequence of the AlbD-
MI1 mutant is given in Figure 3, and the nucleotide sequence of the DNA

molecule encoding it (albD-M1I) is given in Figure 4.
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The invention al so includes nutant pol ypeptides
prepared according to the nethod of this enbodi nent of

woheosioasssnt i on. It will be appreciated that oneeTaG2003/000274

nmut ant has been sel ected and the sequence of the DNA
nol ecul e encoding it has bign determned it will be
possi bl e to nake the nutant by any standard protein

TR a(‘@@ddnﬂgasgﬁéth@ld’ﬁhe%ﬁ?éhtﬁﬁll %%Qfﬁfesi Pl trltglb% ggllyll?gmide

site-directed nutagenesis. a particular e

wifer¢iheSeir4l as boen réplecaiethanbthesamppl heid regidubeTRé BRino
gene of 'antoea dispersa SB 1043. Two nutant enzynes
agidr avhieh aeplages obrrdBf mai bB ewntamine epid. nit & iperticularly

Ser 404, t er med bD-M.), and the other contains.the
PRFAES SRR ot s e HslicadinasipyTontion aniviey of
[ e ng . i tven 40, Ej .
S A oo A0 Hom Bt b IR Tl A o
waiiclo dtldigiontl1aGHIPS) hass bekdny egpladed b P Ua®y, 4&n314L%F§MS ha® been
second aspect of the invention provides a nmutant Al bD
repdagadeby iGdu iﬂ/raé?cepref&fﬁdl@imasthb@ébicicﬁnI@&edﬁ:oati@nacﬂileilty
j id i.due. The _anino acid which repl aces
o oSl Pl b e T 2. s
4 f . I ac er 40 i pce. the .al bi ¢i di.n.
oRECHPRIGY SoXT I AR e P R i ot dbisdin.
e il ; ; ( [.C
B e Py, HphdRRcal TR (e el
Zhasg beeh 1989).aced by Qu is also preferred since the

al bicidin detoxification activity of this nmutant was
increased 1.7 fold conpared to the wild-type. These

AP PP oh O, ERAES S miidFedde pboding
2 RO FOLES okl Jhereht SSred Rbs BB loc AR pqiher
amficd uated eesidhley Nlic | eetitdler etgidstin@nts, the polynucleotide is
contained within an expression vector, especially a plant expression vector.
A further embodiment is a transgenic plant containing a polynucleotide
which encodes a mutant AlbD polypeptide wherein Ser40 has been replaced
by another amino acid residue. Vectors and transgenic plants can be made

using methods well known in the art (see Zhang et al, 1999 for details).

Of course, in relation to the second and third aspects of the invention and
embodiments thereof the amino acid sequence of the mutant AIbD
polypeptide may differ from of a naturally occurring AlbD polypeptide at
other positions than those indicated above. For example, the mutant AlbD
polypeptide may differ at further positions from the sequence shown in
Figure 3. Variants (whether naturally-occurring or otherwise) may be made
using the methods of protein engineering and site-directed mutagenesis well

known in the art.
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repl aced by another amino acid residue. In particular
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expression vector, especially a plant expression

vector. A further enbodi IS a transgenic pl ant
contai ning a pol ynucl eot i whi ch encodes a nut ant
I pept ide I

B0 SRR LB, SFE RIER, MERG0RE) B0EHORY and

subkfftitonSarkither RMeetvating e tdadsonvehativeowm pﬁkﬂchﬁra%
(see Zhang et al, 1999 for details). OF course, in

inchidatvapiantoof the mﬂppnmlcbmdhelm sudhabpegesdonot Bld)stantlally

al%e@éﬁ%%%&@? of e "{éﬁagf PR HES JOITppHAES g g pegants of
|

ol TG RS RSB

R ERIRIR i RTHY AR MBR DAl R Sa 01 IhEfiRle. 2t

her posi t s fromthe sequence s Figure .
Variants (whether naturally-occurring or ot her wi se)
may be made using the methods of protein engl neer i ntg

Itawdl beta@pmm@t@dé atnmtvagl@nte&aé c\@énprlsfeﬁ swhsiaptielhe aflrof tw

"varjants" of th
sqhars SBRan Taafenr e s Pak PRBHLERIA; bitdut 5y fraybstantially
0 f o/ V I i r 0
P T W
oﬂmﬂ%t(lééﬂl b@hkisald Séq&bﬁ@ Byh&substanviatly fofl-lefehs @& theant
pol ypeptide. In particular we include variants of the
cmpripiagtdt densnBeYe pseferabdn 20Ye stitlonows pmﬁt@bbﬂ?ﬁ%t $§% or

alter the ivity, faor, e e the acti
1§%6dinadho R seawticersd 8, %%@Blmgmvi?t will be
appreciated that a variant that conprises
substantially all of the sequence shown in Figure 3
x%oﬁ%ﬂﬁﬁ% SibthifonsT Sk YhtenBYd combRhAMnsaulcH =8!Gy, Ada;
ant at least 80% preferably 90% still nore
Vi, dies Laiot Asp5Gdu; 98, €3Ini 866 ThreLgs,| ArgyfantiRhes Ayd
sequence. By "subst anti ally full-length" is nmeant

It is particularly-preferred if the polypeptide variant has an amino acid
sequence which has at least 65% identity with the amino acid sequence of
naturally occurring AlbD (for example the sequence on which the mutants
discussed above are based, for example as indicated in Figure 3), more
preferably at least 75%, still more preferably at least 90%, yet more
preferably at least 95%, and most preferably at least 98% or 99% identity
with the said amino acid sequence, most preferably with the amino acid

sequence given in Figure 3.

It is particularly preferred if the polypeptide variant has an amino acid
sequence which has at least 90% identity with the amino acid sequence

shown in Figure 3, more preferably at least 92%, still more preferably at
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conprising at |east 80% preferably 90% still nore
preferably 95% 98% or 100% (ie all) of the sequence

wofhodshaod3ul | | engt h pol ypepti de. By "conservat PC&/5G2003/000274

substitutions” is intended conbi nati ons such as Qy,

Al a; Val, He, Leu; Asp, G ;6; Asn, G n; Ser, Thr; Lys,
Arg; and Phe, Tyr. It is plrticularly preferred if the
i oLj [ , , OBt
1oRd By ROt PR a8, 26 ISR BAERGRIY B

98% JA@9es aldnyitP At thiengiddmbd 4¢id sey@enizke the sequence
on which the nutants di scussed above are based, for

exanple as indicated in Figure 3), nore preferably at
east 75% stil], mare preferably at |east 90% .yet .
ThebercericransBts Idsnticheivesa i ol RRtdes maveh @ dfigrmained

l.east .. 98% %. 1 [ .t ' ' '
udRSbIE Rupttsh s BBty B okt 3t GAEMAeREh L the
UliveRity o Wicdndin | GeddticPaTémputias | Growst gad ed Willt e
pol ypépti de variant has an am no acid sequence which
appasciated| #has tpeP@Ht iidentifyt is valchlatdtk imnelation diodpslyq et
shown in Figure 3, nore preferably at |east 92% still
whosesqguenessamvg eenelicaad optismllyyet nore preferably at
| east 96% and nost preferably at |east 98% or 99%
identity wiwth the said am no aci d sequence. The

\ . . I .
TREAERhERAIG DB ARRL) b pHEISaR i REOIBERL W
o, tIB., A @hogTR®. 0dnd [Giboh,yvarki (1994), Glegtalrsi n
_CGenetic Conputing Goup and it will be appreciated
impravinge rthe nserisiténty tof psogrebsitie amadtiple sequeniconalignment
pol ypepti des whpse. sequences have been al i gned .
Kl e yenCe W LN R Ly SRPCGICnatH vengitiss et preight

s r Thonpson, J.D.
il ERUCE VS SelPRA 24 RTS8y T O Lt W -
i mproving the sensitivity of progressive multiple

sequence al i gnnment
The parameters used may be as follows:

Fast pairwise alignment parameters: K-tuple(word) size; 1, window size; 5,

gap penalty; 3, number of top diagonals; 5. Scoring method: x percent.

Multiple alignment parameters: gap open penalty; 10, gap extension

penalty; 0.05.
Scoring matrix: BLOSUM.

A fourth aspect of the invention provides a kit of parts for enriching the GC
base pair content of a DNA molecule in a replication reaction medium
comprising (a) dUTP and (b) an agent which is able to increase the polarity

of the replication reaction medium and/or act as a local dehydrating agent.
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penal ties and weight matrix choice. Nuc. Acid Res. 22,
woRaIB/04880) . The paraneters used may be as f ol POWSG2003/000274

Fast pairw se alignnent paraneters: K-tuple(word)

size; w ndow size; 5 gap ﬁ@nalty; 3, nunber of top

di agonal s; 5. Scoring nethod: x percent. Multiple

J : | .10 . .
TR ARACTRLSY § 00 JRARRNE erd r Efijation
reh @68 IARRRCANDDr hbCad AISEH! (WhyRFfitigdgsera iKiat R@lfye@@lér&

for enriching the GC base pair content of a

glyobk putferably REGPBS@at i on reacti on medi um conpri si ng
(a) dUTP and (b) an agent which is able to increase
the polarity of the replication reaction nmedi um and/ or

act as l.ocal.. dehydr at i.n t. 17 L cally, .
Rk AR AEPAL ARG SRS U hoRkY ot Bfavine
oﬁtezﬁb At AAPlifieAI] RACTBA! HPhaRI4RTPAGC TS EGTPGRAM dTTP,

dehydrati ng agent 1s a polyethylene glycol, preferably
aE& 13 bi{bstabie DA ol ynterabdsuddi 4s Bhg.parts further

conprises other reagents for carrying out a DNA
anplification reaction, such as dATP, dCTP, dGTP and

TTP, and a .thernostabl e. ol yner gse .such.as Tag.
R Sl AT R R RS
L , oo Fi q
Lkt R R S A s E R et
GC-enri chnment nutagenesis. The first rounodf
anplification is conducted in the presence of dUTP and

Figure dlis 2 schenmtic diFERm GhGRemichiemt mpriegenssis sThesligroundhef
TR e BB RAGES ATE ATBRALo r
CHENCE T s BRUPGAIP e

in the presence of excess amount of dGTP and minimal concentration of dATP.

Figure 2 shows the LxxxGxxG and GxSxG regions of various esterases and
lipases. Bhc, Bacillus halodurans carboxylesterase (Takami et al., 2000);
Sac, Staphylococcus aureus N35 carboxylesterase (Kuroda et al., 2001);
Lic, Listeria innocua carboxylesterase (Glaser et al., 2001); Bsc, Bacillus
subtilis carboxylesterase (Kunst et al., 1997); Tme, Thermotoga maritimal
esterase (Nelson et al., 1999); Tpc, Treponema pallidum caboxylesterase
(Fraser et al., 1988); Pcl, Pseudomonas cepcia lipase (Derewenda & Sharp,
1993); Bse, Bacillus stearothermophilus esterase (Kugimiya et al., 1992).

Figure 3 shows the amino acid sequence of AlbD-M1

Figure 4 shows the DNA sequence of albD-M1
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| i pases. Bhc, Bacillus hal odurans carboxyl esterase
(Takam et al., 2000); Sac, Staphylococcus aureus N35

woanizou9d3est erase (Kuroda et al., 2001); Lie, PC®IS62003/000274

i nnocua car boxyl esterase (d aser et al., 2001); Bsc,
Baci I lus subtilis carboxyl ggterase (Kunst et al.,
1997); Tme, Thertnotoga maritimal esterase (Nel son et

Eample9PON G@@nrﬂ?ﬁ%ﬁ?ﬂ%@tmﬂi FordBMy RS Bk ERhE lreﬁ"ﬁﬁltion

(Fraser et al., 1988); Pel, Pseudononas cepcia |ipase
of proteinndand&nFparep, 1993); Bse, Bacillus

st ear ot her nophi l us esterase (Kugimya et al., 1992).
Figure 3 shows the am no acid sequence of AlbDM

6Fi ure 4 shows the DNA sequence ofal bD-M 18 Exanple 1:
Kn&f-"é’nri chment nmethod for in vitro nol ecul ar

TREOGELE O Begobfka%k Sbidod ﬁﬁ&ﬁgﬁ%ﬂ!ﬁmg Yre oAkl rgﬁ'are

genes of rm bl ood ani mal s an ts are 1 n°gener

activeimthnsciptiontthanter ABtdiicn coiasrpape. Menkiditroorganisms,
counterparts. Many m croorgani sns, however, are
haweves Hire A heisbrin geaquentssienees: Elave vaedesdribe aanonml 5C-

GCenri chment nut.agenesi rotocol t enpl oys dUTP to
CREERiRER! B e oLy oL Thanece AT TP and
[ [ o} i-an IS- 0

PSR 0 T PR BN Mg b A e
tisig btk 16 PeRERESa GANAR Ibraty 8LaIAY WHich! &icee A carboxyl
phytotoxi n, a key virul ence factor of the plant
chtgtaserdaphbleaifiegradin@atthcdimphytatdiihj amkeg virdtanog fadter of

enzynes with enhanced activity, AlbD- M showed

thg) Bl bact g Refhaesrskaniforigeas stlailipens. Anang rcgvatved
et SipLRehh a5, AN IHSPEF BB B
B e e e U A T el
anglysist of thednotangs tddato adembificationofod “O{lL¥RpEedixxG” motif,
which is widely conserved in lipases/esterases and associated with the
catalytic oxyanion hole. These results indicate that combination of directed
protein evolution with GC-content modification should be a useful

approach, in particular, for modification of AT-rich genes for transgenic and

heterologous expression.

Experimental protocol

GC-enrichment mutagenesis. pQE60-GFP carrying a GFP gene was used
as a template to generate a chimeric * DNA’ by PCR using forward primer
5’-GGTCCAGGAGG AAAAAGGC-3° and reverse primer 5°-
GTTCTGAGGTCATTACTGG-3’ (10 pmole primer each) in 50 pl reaction
mixture containing 1 x PCR buffer (Bio-Lab), 200 uM each of dATP,
dGTP, and dCTP, 500 uM dUTP, 100 pmole template DNA, and 0.5 unit of
Taq DNA polymerase (Bio-Lab). PCR was performed for 30 cycles
consisting 3 minutes at 94°C followed by 40 seconds at 94°C, 30 seconds at
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protein evolution with GC-content nodification should
be a useful approach, in particular, for nodification

woR00504983ch genes for transgeni c and het er ol 0gBa%/5G2003/000274

expression. Experinental protocol GC-enrichnent
mut agenesi s. pQE6O- GFP carrying a GFP gene was used as
a tenplate to generate a c|]1' meric ' DNA" by PCR using

sgglc wngf}ai ELg:S bé@%hd? at @gﬁ%@&@ﬁﬁ%&t@%ﬁﬁe&m

vaschyed as EaOtafmph&ﬁtfbﬁrsem)ﬂd FHend i !iﬁktd”ﬂﬂmluéﬁnEQEe same
buf fer (Bio-Lab), 200 nM each of dATP, dGIP, and dCTP,

CQ@@RW ayutescringl phove exoapt athet @NMMM@CE améd }r_lOOf glc\)/l
r

pDitRend Sy 3304 PR S EY weroine |m; 5%"@#’@8 adte

CSRESHOR A ot d O RAY, BM, ARt IAT RS coitsB RS Swas

recdie@dato A2 Nl ahRsé ASthERERE dindsaRsl. aTRE | PCRa k@fuct was
using the sane condition as described above, except

digested3by Bamkl Gindaktind D amdphgated Hy! @qpegs;ﬁ%p vectdd PE60
(OBRGERY had BhSuiamrd orienb gali9rR00 T ﬁ%aﬂweésc@ﬁwphenotype
of R Bt R BB BGRCR bR bt ey Rasial i geety

AtdtlorpRidckdsgat ed to expression vector pQEGO
Ftl I\% ang transfornmed into E. coli DH5a. The

fl uorescence phenotype of G-FP provided a useful
i ndi cation of the nutation frequency at the early
Comstrtction orﬁ)fpréést noptadionyctlilparypf adD sareeningn for

g AR A SN ST g et
ﬂF@ii%Zrbg ggnéi&/aé ub&EIBY 3%EmpPatd 85 SE AL Gte® HIVERS futiA! 168y
by GC-enrichment mutagenesis method described above using forward
primer 5’-CGCGTGGATCCGTTTGATGGACA-3’and reverse primer 5°-
GATGAATTCCCCTGGAAAAGCTTATCCC-3’. The PCR product was
digested and inserted into pQE60, which were then transformed into the E.
coli DH5a. The transformants were screened for enhanced albicidin
resistance on LB plates containing a sub-lethal dose of albicidin against
wild-type E. coli DH50, (pGST-albD). The colonies showing better growth
on albicidin selection plates than E. coli DH5a (pGST-albD) were then

selected for DNA sequence analysis and quantification of enzyme activity.

Purification of AlbD and variants. The coding sequence of albD was
amplified by PCR using forward primer 5°-
ATGGGAGGATCCTTTTGATGGACA-3* and reverse primer 5’-
CTCAGCGAATTCAGCTTATCCC-3’. The PCR product was digested by
BamHI and EcoRI and fused in-frame to GST (glutathione S-transferase)

gene in expression vector pGEX-2T (Pharmacia). E. coli DH5a containing
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by GC-enrichnment nutagenesis nethod descri bed above
using forward prinmer 5 -CGCGIGGATCCGITTGATGGACA- 3' and

woevwsrggs3pri ner 5' - GATGAATTCCCCTGGAAAAGCT TATCECT/81G2003/000274

The PCR product was digested and inserted i nto pQE6O,
whi ch were then transfor into the E. coli DH5 . The
transformants were screen for enhanced al bicidin
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miatas.sEhe celsl Ware rEiNspsedpte e @Bhhbffst {pHidt) and lysed by
quantjfication of me activity. Purification_of

n

ustng 3 Krepch dresses .&#ﬁi?r%%éc{m@-éé@asm: at 410Qinsb Tk lysate
amplifi R S| raar ' :

AT BB AR S P B b FOI g spgprmgrant was

1Odgiiagé:\st ed %y Bgrr&}%ﬁ%@éﬁ* &?Jéelﬁe f usg%q?ﬁ?@rna cc%lgmésal_nd

waghed avith oPBSSbhuffensfpH a54) t@ememone enpii-gpscificaltecbound
pGEX- 2T (Pharmacia). E. coli DH5a containi ng20 the .

pesgingy AibPuwies separated framvias Typaduiclagsed fiemi the atfismty

o SRUERR Bied b h L RSB By L 0B
ARgEERAN I SRt SRRSO, Sk °C

PRBsnifeervdantaaimier I (U gddcard]. 1RQIbIPMafidits Sreipuridiedising
The supernatant was | oaded in the pre-equilibrated

tha santd matho8ephar ose 4B affinity col unm and washed with
PBS buffer (pH 7.4) to renove non-specifically bound
proteins. AlbD was separated from GST and rel eased

f AfEinity .6 . di gasti ith.
AN R GHBA Bt o LR, i SR e A AP O
WaSt @stEinmaed Usy HateDsssRAGRiRNE SESK GUHBh as GRe iiRdicator as
described previously (Zhang et al., 1998). A 20 pl PBS buffer (pH7.4)
containing AlbD (0.006~0.025 puM/pl), and albicidin (15 ng/ul) was

incubated at 28°C for 5 min. The reaction was stopped by adding 10% SDS
to a final concentration of 1%. The reaction mixture was added to the pre-
punched wells (3 mm in diameter) on the bioassay plate and was incubated
at 37 °C overnight. The remaining albicidin at the end of reaction was

calculated by the formula: albicidin (ng m’)=4.576 ¢ (0.135W)

, Where W is
the diameter of inhibition zone. AlbD activity is presented as the percentage

of albicidin degraded by the enzyme.

Kinetics analysis of wild type AlbD and its variants. Enzyme kinetics of
AIbD and variants were determined using p-nitrophenyl compounds, the
commonly used esterase substrates. The reaction was conducted in 165 pl
PBS buffer (pH 7.4) containing enzyme (0.3-0.6 pM), and 3 mM p-

nitrophenayl compounds at room temperature for 5 minutes and O.D,5 was



10

15

20

25

30

PBS buffer containing 50% gl ycerol. The Al bD variants
were purified using the sanme nethod. Assay of

wablkmisouelsn det oxi fication activity. Al bicidin PCT/SG2003/000274

detoxification activity was determi ned by plate assay
using E. coli DH5a as the %gdl cator as descri bed
previously (Zhang et al. 98). A 20 m PBS buffer

derdrthiddd. Mq@ﬂlétidﬁgas&bb Rd Qsé@@leq{f?r%ﬁc%csgr)am @nﬂk Athous

albicidin (15 ng/m) "was incubated at

spéerometet | (Avsaslist oppedblyin addopeg 10HhSDGifferest feﬁ@}me
concentration_of 1% _ The reaction m xture was added to

copeetirationsc Aedl then (caleptatedn KovVdixatid &), /&n, bpd.ineweaver-
B?‘H as | ate and was incubated at 37 C overnight.

g Hgﬁ%(?lﬂl ng albicidin at the end of reaction was
calculated by the fornmula: albicidin (ng m) = 4.576 e

where Wis the dianeter of inhibition zone. AlbD

Ragulty g dissuppiesent ed as the percentage of al bicidin
degraded by the enzynme. Kinetics analysis of wild type

FAtanlishitent of therG anémricloney e itaBehéhs nfthobD and
vari ants were determ ned using p-nitrophenyl

Isnopelatdted EUETPARTERh YvideBduRatiaraa8omURBEHiRtiss ofH’IeTP
reaction was conducted in 165 ml PBS buffer (pH 7.

ie JANA mirabe qnzyaretlom Aosding) to & rBlesadf codon-antlcodon
t h d t tenmperature for 5
$ﬁ SR e %ﬁ@@)"iﬂg%n PAUGYER i AEL, reemeckivelet egng the
roqr n_the At
spec rowgr | a) tI§ an%qug aﬂs% COPELOR W‘g duplex
sgbigssentye &émeqorﬂmngﬁﬁi 1 PNG:G g@intnge ?@hﬁw Futd B

/" V and K /K by Lineweaver- Burk eguatio Resul ts an

eﬂpbﬂiﬁd&toancﬁalmﬁie Sitheonteat of e G emgemnﬁsiﬁg error-prone
t agenesj s_met hod | sot ope-| abel ed dUTP has been
épprqag;hdﬂenC%d?mmd@p@@«ﬂqm JRGRreagtiensTwere conducted in

the presence of dUTP, but lacking dTTP and dCTP, respectively. The result
showed that the PCR product was well amplified in the absence of dTTP,
but no PCR band was detected in the reaction lacking dCTP (data no
shown), indicating that T can be replaced with U completely by Taq DNA
polymerase. We then used the chimeric ‘DNA”’ containing U instead of T as
the template to conduct the second round PCR with normal concentrations
of ANTP (200 pM each). No significant base changes were detected by
sequencing the amplified fragments. The data suggest that Taq DNA
polymerase favours U:A pairing under standard PCR conditions. To
promote U:G pairing, we enhanced the polar environment of the reaction
system by adding a highly hydrophilic molecule PEG3500 to the reaction
buffer. In addition, we decreased dATP concentration to 8-20 uM, and
increased dGTP concentration to 500 uM during the second round PCR
(Materials and Methods, Table 2). Analysis of more than 33,920 bases
amplified using this protocol showed that these modifications increased the

base mutation rate up to 1.3%, and amino acid mutation rate up to 2.5%
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in DNA probe preparation. According to the rules of
codon- anti codon recognition (Lewin, 2000), U can pair
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translation. U G pairs are also common in RNA dupl ex
structures. W reckoned thgé such a U G pairing
potential could be exploit to increase the GC

(S0 196 ORIAEO5LcAEASD HEE SNl SR ons
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and dCTP, respectively. The result showed that
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bigenpl ate to conduct the second round PCR with nornal
concentrations of dNTP (200 m each). No significant
base changes were detected by sequencing the anplified
,Ifragrrents. The data_suggest that Tag DNA pol ynerase
bl &r Basg mbstivtiongireqieacy of SHdandicROrRnt ondaganssis* To
pronote U. G pairing, we enhanced the polar environnment

of the reaction system by adding a highly hydrophilic
nol ecul e PEG3500 to the reaction buffer. In addition,

decrea C NLratiop to 8-20 mvt _and :

d)foﬁ)cr e_asedg\g%*%@gégeﬁc cegr%e?vgtd i %trsle tgasgdﬁuw d%lmr?g {35 Relative AT

CYERREHA" r ound PCR ( Mdfegsition] s anfeavath@ds, mTatidne 2) . substitution
lysis of nore than 33,920 bases anpli &kbfhc®hNY frequency (%)

this protocol showed that these nodifications

gl Ncreased tfhe base nutation rajg Up to 1,3% and anjno
aci d nut atlgon rate up to 2. 5‘%25?1( Tabl e Zf‘SB/NO 8.6

nucl eoti da.inserti on Qig. #el etipn, has been detected.
Anmong t hose mut ated bases, nore than 98 % were AT to
GC conver st anzg Tabl erd:24The npgsmal error rate of Taq
DNA pol ynerase i s about 0.01% (Ti ndall and

G: 1130 - -
C: 1436 CtoT:1 0.07
12 9780 1.17 2.15 99.1
A: 3046 Ato G: 58 1.90
AtoT: 1 0.03
AtoC:1 0.03
T: 2180 TtoC: 51 2.34
TtoA:2 0.09
G: 2004 GtoA:1 0.05
C: 2550 - -
16 9960 0.95 1.97 97.8
A: 3102 Ato G: 51 1.64

T: 2220 T to C: 38 1.7
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Kunkel , 1988; Barnes, 1992). This GC-enrichnment nethod
thus represents over 130-fold increnment in the rate of

wounb@todersl whi ch is dom nantly AT bias. Tabl e BCTRa&3@®3/000274

substitution frequency of GC-enrichnment mnutagenesis*
dATP Anal yzed bases Cbserv base Base nutation Am no
acid Relative AT concentration transition frequency

(o9 —utation subsﬂuggoi Q% (@SLY) fequency (9% frequency
(% 5510 1.31 2.53 98“6¢"A 1718"A to G 47 2.74 T:
1228 T to G. 2f1. 95 %0&}30 C 4436 Cto T: 1 0.07 12
9780 1.17 2.15 99.1 A: 3046 Ato G 58 1.90 Ato T: 1
0.03 Ato G 4590. 03 T2 80 Ttogki 51 2.34 Tto A 2
0.09 G 2004 Gto A: 1 0.05 C. 2550 16 9960 0.95 1.97

207.8 A 31320 Ato G 51 1.64 T:08220 T toi1@s 38 1.71k3

TtoA: 3014 G 2041 - | 0. .05
A: 2700 AtoG:35 1.30
AtoT:2 0.07
T: 1933 TtoC: 34 1.76
TtoA:1 0.05
G: 1776 - -
C: 1226 CtoT: 1 0.04

* The data were obtained by analysis of the 64 amplified PCR fragments
using the GFP gene as template.

Effect of base substitution on amino acid composition of protein

We analyzed the influence of enhanced GC content on amino acid
composition. For the convenience of discussion, we defined the amino acid
residues generated by the GC-enrichment mutagenesis as gain mutation, and
the amino acid residues eliminated by the mutagenesis as lose mutation
(Table 3). From the 13040 amino acids analyzed, we found that the most
frequent gain mutations were RGPSAE (Arg, Gly, Pro, Ser, Ala, and Glu)
by the GC-enrichment mutagenesis, and the most common lose mutations
were KLFYN (Lys, Leu, Phe, Tyr, Asn) (Table 3). Therefore, changes in
composition of DNA would result in changes in amino acid composition as
well. Noticeably, among those gain mutation favourites, i.e., RGPSAE, Arg
and Glu are charged residues while Pro, Ala, and Gly belong to
hydrophobic residue group. Previous studies indicated that the properties
most correlated with the proteins of the thermophilic bacteria are high
percentages of Glu, Arg, and Lys, and low in uncharged polar residues in

proteins (Haney et al., 1999; Vieille and Zeikus, 2001; Tekaia et al., 2002).
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obt ai ned by analysis of the 64 anplified PCR fragments
using the GFP gene as tenphate. Effect of base
substitution on am no acid conposition of protein W
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G u) by the GCenrichnent nutagenesis,
logestwonfoseatunnhentooghywirag dthéMNni{deyscid residudd)evas Proved
éﬁﬁa (Table 3). Therefore, changes in conposition of
u vieulmapiovsuthermastahidityeel protainsnby aeinerovspogpetinments

el | . e l.y,,,amn gai n nutation . .
Pl Ak 00 g i o . 003 Bt iffecgiedpstent with
tHee Sddase MHARi P! Qudi n 0 hydrophobi ¢
re% due g\rl\%ilﬁlll. lgrgg?lﬁj?hg?u%]ﬂgs&/i% [ ca(?lgé%;%lﬂé? ﬁﬁtlgem 1
egpenfietly idebrentst GEoedbmt ROOWA (Sinber & Ph&keYS 20004 TR dj et
thernophilic bacteria are high percentages of Gu,
alyr 3002 dMaysoveanthel GW-enrichmérdrmethgenésis appsirs e have the
tendency to increase the lumped pool of the amino acid residues that are

associated with protein thermostability.

Table 3. Change of amino acid composition caused by GC-enrichment

mutagenesis
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proteins (Haney et al., 1999; Vieille and Zei kus,
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*The data were compiled from the analysis of 64 variant sequences (11,306

amino acid residues).

Directed evolution of albicidin detoxifying enzyme

To test whether this GC-enrichment mutagenesis approach can be used to
improve enzyme activity, pQE60-albD containing albD was used as a
template to generate an a/bD mutant library. From 63,000 clones, two al/bD
variants, designated AlbD-M1 and AIbD-M2 with high enzymatic activity
were identified based on their resistance to albicidin on plate assay.
Sequence analysis of the two variants showed that there is a non-
synonymous mutation at Ser40 (Ser to Gly) in AIbD-M1, and three non-
synonymous mutations at Glu25 (Glu to Arg), Lys27 (Lys to Glu) and
Ser40 (Ser to Gly) in AIbD-M2. For quantitative analysis and kinetic
studies, AlbD and its variants were expressed as GST (glutathione S-
transferase) fusion proteins, which were selectively bound to Glutathione
Sepharose 4B affinity columns. The pure recombinant AlbD and variants
were released from the columns by thrombin digestion (Materials and
Methods). As the chemical structure of albicidin has not yet been identified,
we compared the relative enzyme activity of AlbD and its two variants
using the purified albicidin. Results showed that the detoxification activity
of the evolved variants AIbD-M1 and AlbD-M2 was increased by 3- and
1.7-fold, respectively, in comparison with the wild type AlbD (Table 3).

Kinetic characterization of wild type AIbD and variants

The kinetic parameters of AlbD and variants were determined using 5 p-
nitrophenyl compounds as substrates (Table 4). The results showed that
AlbD has a wide substrate spectrum showing strongest catalytic activity
against p-nitrophenyl butyrate (C4), followed by p-nitrophenyl valerate
(C5), p-nitrophenyl caproate (C6), p-nitrophenyl propionate (C3), and p-
nitrophenyl acetate (C,) (Table 5). Mutations in the two AlbD variants in

PCT/SG2003/000274
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(11, 306 am no acid residues). Directed evolution of
al bi cidin detoxifying enzy To test whether this
GC-enri chnment nut agenesi s ?zproach can be used to

e TRL0Y4 SOP Y A¢ o L o005 AR 53 I5% e BRicent
increments in enzyme activity. AIbD-M1 exhibited 30-, 13-, and 43-fold
increase in the K,/K, value on p-nitrophenyl acetate, p-nitrophenyl
caproate, and p-nitrophenyl butyrate, respectively. The other variant AlbD-
M2 showed a moderate 2-fold increase in K.,/K,, value for p-nitrophenyl
compounds with fatty acid chain of C,, Cs, and C4. The data indicate that
substitution of Serd0 with Gly significantly increased the catalytic
efficiency of the enzyme, whereas the substitution of Glu25 with Arg, and
Lys27 with Glu simultaneously reduced the positive effect of Ser40Gly on
catalytic efficiency. It could not rule out at this stage that Glu25 and Lys27
might also play a role in enzyme activity.

Table 4. The enzyme activity of AlbD and its variants

Enzyme Mutation Enzyme activity
(units)*
AlbD - 874
AlbD-M1 Serd0Gly (A118G) 263.4
AlbD-M2 Glu25Arg (A74G) 1471
Lys27Glu (A79G)
Serd0Gly (A118G)

*One unit of AlbD enzyme activity is defined as digested albicidin (ng) per

min per pM enzyme. The data are means of triplicate repeats.

Table 5. Kinetic parameters of AlbD and its variants AlbD-M1 and AlbD-
M2
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identified based on their resistance to al bicidin on
pl ate assay. Sequence analg is of the two variants
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been identified, we conpared" he rel ative enzynme

activity ofirofheRiDréptd ts two_variants using,the
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respectively in Pnnrpnri son-with the wild tvpe Al hD

3.8 x 107

A(biﬁa,hrﬂ e 3)p-niti€p]&ﬁﬂj:aﬁroz€ehar act er bzatdg‘on of zl/.\zi;lrd-J1 trype Al d3D
and variants The kinetic paraneters of A bD and
variants yer e detgla ned usipg, ppni trophiepyl 2200
conpounds as substrates (Table 4). The results showed
that Al bD has a. w de substra nectru how ng
st rongest PEEPEPY PP act i vi tytl'zé (?nst pmﬁs’f 1Egophenyl
butyrate (C4), followed by p-nitrophenyl valerate
(C5), p- NHEEisAbpigongapr oat e 1EEW), p- ni #Fdphenyl 23
propi onate (C3), and pnitrophenyl acetate ( ) (Table
5). Mut at p-ginghehahacttiie t wo Al bP4wtfi ants 927 gener ab.6x 10"

22727

did not change the substrate specificity, but there

Aene Si gnp-fikBRmd clboed ement s kB xefrzyne act kvi'ty. 2.0
Al bD-M exhi bited 30-, 13-, and 4 -fold

p-nitrophenol butyrate 23x10° 2.8x 107 1217
p-nitrophenol propionate 1.3x 107 1.0x 107 7.6 x 107
p-nitrophenol acetate 1.3x107 1.5x 107 1.2

* K, and Vi, were determined by Lineweaver-Burk equation. The data are

means of triplicate repeats.

The structural and functional implications of the Ser40Gly mutation

We are curious to know why Ser40Gly mutation could result in such a
significant increase in catalytic efficiency. To probe the structure-function
relationship, we compared AlbD with other esterases and lipases. AlbD
shares less than 25% homology with other enzymes except several
conserved short stretches of sequences. Besides the previously identified

“1BG(A)xSxG'"" (AIbD numbering) motif, which is a conserved motif of
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neans of triplicate repeats. Table 5. Kinetic

araneters of AlbD and its variants AlbD-M and

Al bDM228 Enzyne Substrate (M K (M'.S ) AlbD
p- ni trophenyl caproate 2.5 1f)"3 1.1 x | Ol 55.6
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the potential role of “**L(I,V)xxxGxxG*” motif. Protein structure analysis
of the lipase of Bacillus stearothermophilus (Bse in Fig. 2) showed that the
L V)xxxGxxG*” motif is located close to the catalytic triad (Tyndall et
al., 2002). Superposition of a lipase of Pseudomonas cepacia (Pcl in Fig. 2)
with several lipases from other sources showed that 5 amino acids within
the motif are involved in formation of the oxyanion hole and in stabilizing
the region around the oxyanion hole (Schrag et al., 1997). In serine
hydrolases, catalytic triad together with the oxyanion hole form the active
center. The catalytic role of the oxyanion hole is generally established to be
in stablizing high-energy intermediates and the transition state through
hydrogen bonding (Zhang, Y. et al., 2002). Significantly, both AlbD-M1
and AlbD-M2 contain a Ser40Gly mutation which is located within the
S V)xxxGxxGY” motif. Our findings are consistent with the protein
structure analysis, and highlight that changing the amino acid within the
motif could significantly influence the enzyme catalytic efficiency. This
could be a promising clue not only for investigation of the structure-
function relationship and but also for protein engineering of lipases and
esterases, which are widely used in industry and in biotechnological

applications (Jaeger et al., 1999; Bornscheuer, 2002).
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waceaisyuediol i nest erase catal ysi s:

Zhang, Y. Kua, J. and McCammon, J. A Role of the
catal ytic triad and oxyanion hole in

study. J. Am Chem Soc. UA, 10572-10577 (2002).38
Zhao, H., Gver, L., Shao, é Affholter, J.A &
Arnold, F.H Mol ecular evoI3 tion by st ?rggered ‘@
m’on rocess (StEP) in vitro reconbination. t.
Cg‘i)%t ech. 12, 258- 2((31 (1998).39 CLAIM5 . A nethod for
enriching the GC base pair content of a DNA nol ecul e
the nmethod conprising the steps of (a) providing a DNA
1t enplAametigd Gy gneichingthiechCatask pastcontere offa DN\ Aolecule

i dues e, base paired with U residues and (b
{ 2;: i u%un? od 158 ng ke steps il @¢ mravighng m@&& rempigic

o ChSIECuIEAR RIS et QGRE B hETA' BRIabES e Blas paired
pai r with ' ae§duesidide (bR re 'ﬂﬁhg%eam@§$eﬂ&1£% f%ldo%éﬁ e

1 wherein the DNA tenplate nol ecule In S produce
by r @pdvided iingstapf {a)stindanpdrdidomNAn milee ealRatibnt RQction
presence of dUTP so that at |east sonme of the T

r esi U ingwhich; stdeastsopleatiotherd resighes beasenyaitywith a G
residues to forma second tenplate nolecule. 3. A

nmet h %Sl‘i%e(:ordi ng to Cains 1 and 2 conprising the
steps of (1) providing a first tenplate DNA nol ecul e,
(2) replicating the first tenplate DNA nolecule in the

2pr esdnnetiafd sudoRling tbh@khimtl wWhasin SRMBNA térﬁglai_e molecule
residues of the first tenplate are replaced by U

resi #uéd) soprodnaed byersphidatingrpl fitse tenplate DN Ansho{ele in
r epl ate nol ecul e produced in ste

(2) i{}?f‘gtgi gg%qtﬁ:ggf Bﬁﬁ?t gqr),ni):f@q{@t least some of the T residues of the

first template are replaced by U residues to form a second template

molecule.

3. A method according to Claims 1 and 2 comprising the steps of (1)
providing a first template DNA molecule, (2) replicating the first
template DNA molecule in the presence of dUTP so that at least
some of the T residues of the first template are replaced by U
residues to form a second template molecule and (3) replicating the
DNA template molecule produced in step (2) under conditions in the
replication reaction medium in which at least some of the U residues

base pair with a G residue.

4. A method according to any one of the preceding claims wherein the

conditions in which at least some of the U residues base pair with a
G residue are provided by an agent which is able to increase the

polarity of the replication reaction medium and/or act as a local

dehydrating agent.

an ab initio eNESER03/000274
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replication reaction nediumin which at |east sone of
the U residues base pair with a Gresidue. 4. A nethod

weaeewsrid9siyg to any one of the preceding clai ns ROBISE2003/000274

the conditions in which at | east sone of the U

resi dues base pair with a % resi due are provided by an
agent which is able to incre¢ase the polarity of the
replication reaction medi umand/or act as a | ocal
dehydrating agent.40 5. A nmethod according to Claim4

Siher eA nmetho@xaeeding TRV ArwHEER ah St of dF P dv%r

present in the reaction nediumduring replication.

A netdfoHP aecdCEPngr d6TRI iai predentr inStheheenetion thediage dtlrmg
which is able to increase the polarity of the reaction
medi dFPUAGRIOSr act as a |ocal dehydrating agent is

pol yet hyl ene glycol (PEG. 7. A nmethod according to
Claim6 wherein the PEG is PEG300- PEG000. 8. A

gret hod nagked Gb&ﬁdir% BTlaph 4 B SRKIE&%ﬂi I‘[z[grei"l’c qu h is able

wherein the DNA replication is a poly ase

r eacttd ancredse thenmilhdty af ther tﬁanﬂoﬁ @n@;ﬁumoarﬁl/@ﬁ actt% a local
precedi n&r cl ai ms wherein the DNA nol ecul e whose GC

base dshydragipgiagent ispolyethileanglyend PEGNpri ses al | or
part of a natural gene or cDNA. 10. A nethod according
to daim9 wherein the gene or cDNA has a GC base pair

700(2“r @[‘tmle War at 11%0%/8 Clﬁn"%l\&ﬂﬂ;réﬁcﬁf dippg; 1,0 %@3@?-

erein t e gene or c ehcodes a polypepti
of i mmo. 12. A nmethod according to C ai mwherein
t he pol ypeptide is any of
8. A method according to any of the preceding claims wherein the

DNA replication is by a polymerase chain reaction.

9. A method according to any one of the preceding claims wherein the
DNA molecule whose GC base pair content is to be enriched

comprises all or part of a natural gene or cDNA.

10. A method according to Claim 9 wherein the gene or cDNA has a GC

base pair content lower than 50%.

11. A method according to Claim 9 or 10 wherein the gene or cDNA

encodes a polypeptide of interest.

12. A method according to Claim 10 wherein the polypeptide is any of

an enzyme, an antibody chain or an antigen.
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an enzynme, an anti body chain or an antigen.41 13. A
nmet hod according to any one of the preceding clains

woanprsisng t he further step of cloning the DNACT/SG2003/000274

nol ecul e whose GC base pair content has been enriched.
14. A nmethod according to 1ai m 13 wherein the DNA
nol ecul e whose GC base pair content has been enriched

i3s cl bt crdi i A ethod .
accor% ?ﬁ%h?g agﬁgiraé%%ﬁﬁf t@ep{}r&g@ég{r%%&@?%i%ﬁﬁs comprising

conprthsifmghtthsted ustt dleningt e ONAS aslendk AghéRecNase pair
nol ecul e whose GC base pair content has been enric e%.

16. Aontenhbas heeoewtichgdt o G ai m conpri sing the further
step of selecting those of the DNA nol ecul es whose GC
base pair content has been enriched wherein the coding

' 17., A .h di
35 o HATeCo B RFClaidy 13 Sl 6 PG, Gyl whose
t hos&© | N '
has Ea eLbagﬁ ?P%g |f6\i/hit gfrag ibﬁéré \ggﬁﬁgeﬁnggﬁ %gﬁﬂg eaeﬂr:l ersggﬁon
al t evedtor18. A method according to C ai mconprising

the further step of expressing a pol ypeptide fromthe
gene or cDNA whose GC base pair content has been

nriched.,, 19. A | ecul e I ched for GC base pair
1300t EheictpedapEdhys Fhatinr sf the Dipaine elamawommrping
14. 20 At beg § g fokar L Gth b
altered pr opert?esfo%:eél%gélgg tfﬁg e %%@g%%lgf&éé&e%%’%e
by apgirwentdithagbbet ehichddne met hod conprising (a)
enriching the GC base pair content of the42 DNA
nol ecul e according to the nethod of any of Clainms 1 to
2 . .
1%. ’ SAb)method according to Claim 15 comprising the further step of
selecting those of the DNA molecules whose GC base pair content

has been enriched wherein the coding sense has been retained.

17. A method according to Claim 15 comprising the further step of
selecting those of the DNA molecules whose GC base pair content

has been enriched wherein coding sense has been altered.

18. A method according to Claim 11 comprising the further step of
expressing a polypeptide from the gene or cDNA whose GC base

pair content has been enriched.

19. A DNA molecule enriched for GC base pair content prepared by the
method of any of Claims 1 to 14.

20. A method for making a mutant polypeptide with altered properties
compared to the polypeptide encoded by a given DNA molecule, the

method comprising (a) enriching the GC base pair content of the



expressing the pol ypepti de encoded by the DNA nol ecul e

whose GC base pair content has been enriched in step
woades/oaysdi (c) sel ecting a pol ypeptide with altecesdG2003/000274

properties. 21. A nethod according to Caim20 wherein

the pol ypeptide is any of 25 enzyme, an anti body chain

or an antigen. 22. A nmethod“according to Caim?21

oher DI ARIGAY RERLIAE bSHEMARGY PP LIRS P12, (b)

sel ected in step rove _ .

pr opexpiasinghe pélygi%pﬁdé eAB6Q TN the! ONA Al dRA e WARSR! BC
the enzyme is encoded by the al bD gene of 'antoea

di sp®aa¢ pair. contenit kast bewil ypechdddin gepp@),eshdye) belecting a
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met hod, of of ai 20 to 23. 25. A nutant AlbD

pol yﬁ@bfﬂe@ggéﬁg%ﬁﬁe@gr%mpms-been repl aced by anot her
am no acid residue. 26. A nutant Al bD pol ypeptide
according to Caim25 wherein Ser40 has been repl aced
2WM t h AChyeth@d acfordit i ' |

Caim25 or 2 6 V\heg?fet% %ﬁgggokgg%ggg%%ggpg@g%g%gﬁy of
Ar g, ahyes2ymieasn beebodyeghsned ahyanGen.and Ser 40 has been
replaced by Ay. 28. A polynucleotide encoding the

nmut ant Al bD pol ypepti de according to C aim 25.43 29.

o S A D 16 S DL 1 o
cont @h 116 whief! M&usée%%éléaea%%éb 9 & %ﬁb@eascatalytic

properties.

23. A method according to Claim 22 wherein the enzyme is encoded by
the albD gene of Pantoea dispera.

24. A mutant polypeptide prepared by the method of any of Claims 20 to
23.

25. A mutant AlbD polypeptide wherein Ser40 has been replaced by
another amino acid residue.

26. A mutant AIbD polypeptide according to Claim 25 wherein Ser40
has been replaced with Gly.

27. A mutant AIbD polypeptide according to Claim 25 or 26 wherein
Glu25 has been replaced by Arg, Lys27 has been replaced by Glu
and Ser40 has been replaced by Gly.

28. A polynucleotide encoding the mutant AlbD polypeptide according

to Claim 25.
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31. Akit of parts for enriching the GC base pair
content o f a DNA nolecule in a replication reaction

waraiswayssonpri sing (a) dUTP and (b) an agent wRCTiG2@3/000274

able to increase the polarity of the replication
reaction nedium and/or act, as a |ocal dehydrating
agent. 32. A kit of parts é cording to C ai mwherein
the agent which is able to increase the polarity of

the replication reaction nediumand/or act as a | ocal
20ehy duatxmyssagentctos canfiliig ol pnecl @b tiddhecoBng 1k Claim
of parts according to Claimor 32 further conprising

ot her28|=eagents for carrying out a DNA anplification
reaction. 34. Any novel nethod of enriching the GC

base pair content o f a DNA nolecule for in vitro

38Y0! W iRs fhid et O5iflaldH b Polynucleotide according to Claim

31.

32.

33.

34.

28.

A kit of parts for enriching the GC base pair content of a DNA
molecule in a replication reaction medium comprising (a) dUTP and
(b) an agent which is able to increase the polarity of the replication

reaction medium and/or act as a local dehydrating agent.

A kit of parts according to Claim 31 wherein the agent which is able
to increase the polarity of the replication reaction medium and/or act

as a local dehydrating agent is a polyethylene glycol.

A kit of parts according to Claim 31 or 32 further comprising other

reagents for carrying out a DNA amplification reaction.

Any novel method of enriching the GC base pair content of a DNA

molecule for in vitro evolution as described herein.



