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WD 2005/ 049831 PCT/ S&003/000274 1 METHOD The
present invention relates to a nethod for enriching

woeodsesopnt ent of a DNA nolecule and it farthﬁ{:'r/s(;zoos/ooozm

relates to the production of DNA nol ecul es 5 that
encode a polypeptide with altered properties conpared
to a naturally encoded polﬂpept|de The listing or

di scussion of a prior-pq&h& docunent in this
specification should no arily be taken as an
acknow edgenent that the docunent 1o is part of the
state of the art or is common general know edge. Al

The piesehns idventiod ratated 1ty & byethod formparrivhéng ey GChcdntent of a
reference. The genes encodi ngﬁthe traits of

DINA gunlestilsgaediiit ntharmelales thmpmdalﬁb@n ofabiA smolecules
nmes . and anti bodi es |y nodified for
ik sageds @ aﬁapea & Sth BB ROPeRse epped 10,4 Riguralty

ap%zg{? dee of gene nodifi cat| on is to change the
nuc eot onposi tion of the gene based on the codon

usage pattern of target host (Perlak et al., 1991,
Narum et al., 2001; Val encik and MDonal d, 2001,

'Bhe isting cetdisdussiono2y pﬂaﬁ-@ubliﬁmd dosensud is ghis Bp&ﬁﬁcation
Thi s process usyal | y does nota&&E e t he am no, ac

%hﬂﬁi giotinsressarily be daker As apr edggmyat dhaf| the ﬁBWEHt

e BUADSH e R S, R B ] SR i, A

&6&&%&@%@&&%&& 1&%%m%ﬂ%eﬁ%ﬂefereﬁ@@ 2) .

Significantly, many ” m croorganisnms are lowin GC
content, while multicellular eukaryot es are generally
GC-rich, especially at the 3°" position _of codon

Thrageary eneadipghe @ag@oﬂfebi@technalogsqa& anf gdestphiaportance,
o AL i e
T e

I clenipeaht nyottofidieccorepesdtion of titngerdd baSEdb:&i ihewedon hhge
It)aht(tecnqeoafvtérget host (Perlak et al., 1991; Narum et al., 2001; Valencik and
McDonald, 2001, Shimshek et al., 2002; Yadava and QOckenhouse, 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 multiceitular eukaryotes are
generally GC-rich, especially at the 31 position of codon (Tablel). Genome

sequence analysis showed that warm-blooded animals and monocot. plants

have strong base compositional heterogeneify in genomes, consisting of -

~ - relatively homogeneous regions, called isochores (> 300 kb in size), which

30

. differ in GC content and gene concentration. It is believed that the beavy

(GC-rich and gene rich) isochores were involved at later stages (Bernardi,

2000). Evidence suggests that GC-rich regions are more active in
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(GC-rich and gene rich) isochores were involved at
| ater stages (Bernardi, 30 2000). Evidence suggests
whabos@gegsich regions are nore active in WO 2009c@A4L8d0b/000274
PCT/ SG2003/ 000274 2 transcription in plants and
ani mal s because their superior bendability and B- Z
transition ability favor opgn chromatin confornmation,
whereas AT-ric regqgion ttract, chromatin oys
{EieBRtaR b R ehd AnGERs BepaRE P sBRtipRbendatiligg B-
Co - C Thi e | o ,
Lty Rbutty 1ARCepe okt Mgl bl Nifich
1egomnitiraclk phrssséh eoadénsation thahtindeps gediiseptibitatabert
et _al., 1991; Narumet al., 2001; Shinshek et al.,
@rbRjch, 1989 Vinlograbon 2003 prlls icorsistenhwithntherfindings that
isnms* to O

codi ng regqi of different orga ani sm _ .
h%w%@%%:ﬁéﬁl@h(%n%sﬁrq CORBIOTY FHDEEFSEd BRATY oty bigher

' reqi . 9 . S .9
BRI 5t 5, EL MyferH 2opPos hilgo it 2002)
Candi da 43.96 37.53 28.74 36.74 al bicans Pl asnodi um
32.07 22.23 17.23 23.84 falciparum Saccharonzyce
T4bke3136 ComBitisdh 60 (B2 cantadr pvilk sediugbedimnsof different
50. 93 40.49 42.33 44.58 thaliana Maize 56.66 42.79
@gaBBIs3. 32

Organlism Codon GC content (%)
1% fetter 2™ fetter 3™ etter 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
Jalciparum

Saccharomyce 44.53 36.55 - 3785 39.64

5 cerevisiae

Arabidopsis 50.93 40.49 42.33 44.58

~ thaliana

Maize © 56.66 42.79 . 60.50 5332
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WO 2005/ 049831 PCT/ S&003/ 000274 3 Rice 58.46 46.43
61. 61 55.50 Sugarcane 59.00 40.28 65.57 55.62 Mbuse
Wb .2005/A498322 59.30 52.38 * The data were basedpefsth®senoz74
Codon Usage Tabul ated fromthe Genbank website

(www. kazusa. orj p/ codon/). A_second objective of gene
nodi fication is to inprove %nzyne/protein 5
properties through directed protein evolution

Rjpger oaches (S8elner, 19941643 Craneri 6&t6lal ., 1998&5.50
Leung et al., 1989; Spee et al., 1993; Zaccolo et al.
1996) which are based on random change of the
RUSAEBRS de ard-U9%pti de éﬁﬁg%sition. BPrect ed 55.62
evol uti on technol ogi es have been revol utionizing the

M}o‘ﬂsg of prothiﬁri engi neer%%t%gzl ngggvggl §g% pr oduci ng 3g

e nodi fied @nzyme lo wi trvities

= —X — ; ccolo-et
gﬂ.he %@@wmzwmdém the Cﬁg@ﬁsagph@aw@f%ﬁaopy thecfenpyuk
et a.l‘,[.E 199§'3 G ver /eté Qj 1998; Myazaki et al.,
‘Q'SB%},G aQrIpre v Wntrode et al., 2003),

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

Aokedvdd bvhjeciaadfegerdd modifiodion ﬁuttcﬁliﬁ?rmtenizﬁmbiprgtein
15 significantly to the understanding of structural
prapeftigsciirowgh direstad inyatdin syolusforp apprsiaches Ediemmer, 1994;

Pl - I50Be 5B Bl RSS! 8 BE LSRR et a,
DB, VAR ot bl Phan St (PARETRIAGIR and peptice

é@hb@ﬁﬁoﬁ.@he@@d'e%icﬁ%bﬁﬁ&@%ﬁfs iverbeen AVORNionBiiRE the
éZhao et al., 1998), 20 Sli PE (Buchholz et al., 2001),
elgenf paoteinh engideqrings nptnenly dmy pyodueiognthienapidified Gagyome
et _al., 2002), and synthetic s l {.ng S l .,
wiiboyprened getiwitios £Glicder am%nﬂﬁé;ag% s§ "r\‘f» %95%2?@% et
he, 4 ' f .. USj u ts
Lalr’. l’éél%j%%agnénegc .égg@?dgqg%ﬁ%sgﬁogg& d(ﬂ%% o Ltle., 9od: 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),
SHPE (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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- system c.infec

(Spee et al., 1993), or nucl eoside derivatives
(Zaccolo et al., 1996). These 25 random nut agenesi s

wolbepoa e unable to pronote AT to GC transit il@‘?ﬂsc%:ﬂooozm

2005/ 049831 PCT/ SG20031000274 4 except one

error-prone PCR approach using unbal anced dNTP and

high concentrations of MC 4nd My++ to force AT to GC
al .,.  1995). wever, .t he

%#%gi @Eogré%ﬁgécﬁgmaﬁmm alapeest ANEE and, high

Is H +i NSEIL ] F nt .et al-
OUFFEA R AENE, ARGA0H-, A7 Rabh A0k KGR TR Elof tyomant
ALNGIISYNELwEREd, Y Sreséice P T 8lsbQAuERBfrafh¥shi¥®errors due
constrained by the finding that the DNA fragnments
toongmiedtiten deldidbn pmdc dnkettiont (Beoman! ief | ald, | 8995 which
presence of high concentration_of Mr, (Fromant et

dininisheddhe charaeeofrnbiginingifunetionad vagaalsdiis pepplictipaowas
R R, 85 B S BB 400

BRRORIMRBABe IR A thé LRERMAcE o g cofdetlratid of Me™

transgeni ¢ sugarcane plants expressrng hig evel o

@lkbiadt ek 41Qt1996).el op chlorotic disease synptons in
I nocul ated | eaves, whereas all untransfornmed control

plants 15 and the transgenic plants expressing | ow

% BroBoniorcinoalel Geioee il Spi40Y Y o by pbierase tha

[ sgep r ver
et pl P oA B8t by F o i BB itoeen.
EbntBmonhs Wﬁﬁﬁé&zﬂsf(ﬁlhahg & IBir8E N 999) B eOfran$&Hi € Blifarcane
i nfection, mght account for the | ess satisfactory
plenfsoexmessing fhigld levelnefjehibd slidaratadevehmnictdorotic disease
I bilineans in field 1 trial

[ f X
PPRERESa Y Hmcpgﬁgf? &gﬂa@m .@%@ﬂ%ﬂ ntrapstosmed eanrel plants

SR FaiehBic, BiEhlotRRESnk NobIaVRE hE AIBPC e ElobRS tyPical
Hindhtofs CAngNt st 189). Moweias! ﬂfE”SvérZHbéx?r&siono%vayof

énhancing the catalyti¢ efficiency of the AlbD enzyne.
AlbD in transgenic sugarcane was very low (Zhang et al., 1999). The poor

3

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, ecither 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.

- Inthe 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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25 In the study described in Exanple 1, we have
establi shed a new approach of nutagenesis to conbine
WO2erwdsgd3nent and directed protein evolution ai'CT%@:@l)osmoozm
met hod. | nstead of random substitution of nucleotides

we exploited the nature that dUMP can conveniently
repl ace dTTP and pair with dGwW 30 udder certal n

@’I%\%t‘\ﬁ()&% %‘gtgt %@J@E}g (R%%%&'gl lgln g?rapﬁqgsevolved
QG PR oL DRl Deid e TR DEHRod BB b Wed

dhenpitvied fonutlichd] Mitrhfives8the afn@a] eVokitidiPprocess which
functional alternative to the natural evolution
pes belisvethia hccoums foetliceermergencaof difiriclo nsacheres in warm-
ﬁﬁﬁggnce o GC rich isochores in warms bl oo

sSmdlsyaRd daenppatnplanscipeltier et aky ZOOQDMmogradov,
?/@@gradov 2003). It wll be appreciated that the

st step of the approach can be used to enrich the

GC base pair content of any suitable DNA nol ecul e, but
in a particular to enbodinent the enrichnment |eads to

H weitisvegapipscintedahaioihe SHrsioftep bEHNpprodcts vhebs aséd &b enrich
different am no acids are encoded whi ch neans that the

s@ Cthase peivcantendcl] aynmyjiablec DORA mletyise put de avparticular

Gub iyt st sEBahhent TGR 10 aoRa et Sodenies fihe DNA
Iﬁm&ﬁ[’é 9 thhY, Eitrer e Uufinlo) £id8 TP BRI SAILEHEaroithl The

parent 1s ave | nprov n usage

festltantIDBIFS ntsledile MEKYEIELE podpRgtidal {wthhalehel, typically
eukaryotes, as well as in the m cCroorgani sns Wi th

igproved zg@p@w@s Thermﬁ;hochnfamdso hspised tofscleot GC base pair-

|nv nt.i on v d for enrjiching the GC, 20
LR EENS ictr reimpriae foRis: GPEnERSTHPRB s the paront

Eﬂ{}gcf@lé&lé hgupt fifle Qi?nér?%ed p&s)a/ | d'LR%;;% P LERLALS in

I 'n which a sone

- 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 ()
providing a DNA tempiate 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 1I.:he 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 synthésised 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



resi dues are base paired with U residues and (Db)
replicating the DNA tenplate nolecule provided in
woeog/@psander conditions in the replication peg&ichfRn024
medi umin which at | east sonme of the U residues base

pair with a G 25 residue. It will be appreciated that

by encouraging the U residues to base pair with an

Ok 5 i DR D oghtd, P, bt Streif iy cause
M AR O &ﬁﬁhﬂﬁﬁiupa\ﬁoﬁ ihqRd ?b&%ﬁt D‘N’Atlﬁ‘ﬁ%c 1.

repllcatlon of the DNA contalning the G U base pair

will fix the nutation in WO 2005/ 049831

PCT/ SG2003/ 000274 6 at |east sonme of the resulting
Crpvenicridy the DN Hemplate umle@ﬂﬁ em(a) s nrodueadby r%;ﬂmtmg

5 %33#% ﬁ%@ﬁﬁfwwfﬂéﬂﬁf@t gﬁbiﬂ%ﬁ Br & eirtléﬂ?ﬁﬁ(sgao h]ag af least
S5 A 8 g o ef Mo 0

1®8itkies oefennll secahdl ©mpldte ﬂor&alal&soﬂfertﬁ@rdsl AUTP is

tenplate are replaced by U residues to forma second
preapntametheoliest weplication atehefiomoraiiymd for Fpriogucingethense¢and

]{) fi rsi?ée llctﬁé#lggabﬁCtl on rredqlargs%l@l\a&%g’um
o SO SOEHTTe B0 Koo 6 ST s

dypesat ﬁi@ﬂ%ﬁbéﬁiﬂtﬁﬂ% oFfthé B6o I@Mﬁb@ akédl ﬁ§th'1’§§é‘adt{bn
this reactlon are 200M each of dATP, dGIP and

and BN eddhFof AT PardGTR uinda8Cd Pc amd SOOpAL diﬁ‘ﬁP,nhmt beeny
used althoug_h typically there is an excess of dUTP.
Spsta plfusoncenTationy may bearsed afhengh padcalibtharednin srcesieol
qyggntl on the nethod conprises the steps of (1)
(E) fding a first tenplate DNA nol ecule, (2)

15 replicating the first tenplate DNA nolecule in the
presence of dUT? so that
Thus, in a particularly preferred embodiment of the invention the method

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

20 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.

25  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 xeaction
medium which favour the base pairing of the U residue in the template

30 strand with an incoming G residue in the strand being synthesised rather
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at | east some, preferably all of the T residues of the
first tenplate are 20 replaced by U residues to forma

weooshagipl ate nol ecule and (3) replicating Q,E%,S%mmzﬂ

tenpl at e nol ecul e produced in step (2) under
conditions in the replication reaction mediumin which
at |l east sone of the U residues base pair with a G

e S [ Le a DNA npl ecul e, is one._in
s Sy e Encing ol 0T uM B PR Bk e Biferind by
andl & | rEN | .
o LT prlucty ol b seacche b7 ONAL SEElL to bcermine
relpithemor pot theae haobeenradi AT tohGChirimyest ntigidRaRd, if so,
airing of the Uresidue in the tenplate 30 strand
iOPh, THANY s maptationss| Gosvenicntiy, stitebld beidifions may be
i sed r.ather WO 2005/ 049831 . PCT/ SG2003/ 000274 7
BB RS iRk OB aHnaE 4 deeondsarplisiencesaahion grsdium

GHicRores ' ; ' hg RiPauss t.he
react ?g n ggésrlg)ﬂll\&qge%e% %&H%o%g{eerér# e méﬁ-ﬁjé}m%?“y the
gentt iscore Whivhbieercases the polariy {dndBfidds A8 PHkrelv@fonment)
;gd if so, how many such nutations. Conveniently,
ithe enlicetipmireacion meditie andderwhivheattbys adoog, amlecular
replication reaction_nedium which

E&gﬁﬁ%@ 'gg :ﬁggﬂéf‘ﬁcfﬁﬁﬂr@mwﬁ dhe dprmaitonph frUlbasespairs). A

PR i SBGR. o BuSBAOHEhE LT 99353 Mty o

- B800. RBGE dronh PETT 00~ P 300020 l‘i’dve\’g(ihmg% Eﬁfsét Wheused in

| ocal , nol ecul ar dehydrating agent encour ages
ahwifblraonesntatiot BEGHO peans)a PEG pobanéd sdlhamolecular

sui t.abl gent., | ol yet hyl ene gl.ycol (PEG,

8"&;‘:%&%%@» fEG8089 s Ampeisonlas WaRIEIHBOOOPEC3000 can
have simlar effect when used in a suitable
concentration. PEG300 neans a PEG pol yner with

mebew iy ofgireicifl 388it -
wei ght of 88’8”0_ 5 Ko hlelroa\%a(?ﬂ%? %?éﬁﬁﬁgﬁgfﬁ?#ﬁ%h?&%U
basegraifsandhis stee if thenmes@reff akbe basss PAAGTP By dA TP
St is the presence of a |arge excess of dGIP over
HlA%E)s: second replication reaction medium. Thus, typically, the second

replication reaction medjum contains 200pM each of dCTP and dTTP,
600pM. dGTP and 12uM dATP. Concentrations in the range of 20 pM —
2000 pM 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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in the second replication reaction nedium Thus,
typically, the second replication reaction nmedium

wWonne01983200M each of dCTP and dTTP, 600M dGTPCcasd:2003/000274

12M dATP. Concentrations in the range of 20 M- 20
2000 M may be used. Typi cal I8 the second replication
reacti on nedi um has both an®xcess of dGIP over dATP,

EICOR P40 A0S 5 R L S,
ARTP ipreGaritviand aitlhyexRaebv&f dATP, HOTH &P Gﬁt 'Fx‘%ﬁcrably,

reactions are pol ymerase chain reactions
AA TP, iCTP coldad GYP pare frresent| ak ateorcentratiaf of IZGOuM, whereas

tion, a tenplate DNA nplecul e Leg a natural DNA
Eﬁﬁﬁ@?s¢1§ at@db]@é@‘é@l%%ﬁﬂm\ét e permeniteons majebe

f CIP,..dGIP t
MR e AT A LR o
y&(?duesgélﬁ&g?ft her fﬁggnd rg%ce)&rﬂgrp@n cf} ?%%ﬁlueuIe)gR
Typically, dUTP is present in a nolar excess over
dATP dCTP or dGIP._ Preferably, dATP, dCTP and dGIP

Ihé BGR pepdudicontainingedldVa (io sontaimiog\Vy residuesiss thieRsed
res gt at a co&g)gi%ratlon of 500pM These
g ]l% rq;ﬁ"sseﬁQQ altered by the skilled person

i t hout inventive effort, for exanple they nay need

to be varied if a DNA pol ynerase other than Taq is
Thedebond PETPERLypidaley Ciftiedr @dunt theopiedéatiensr d®, (a@TP

cont ai ni n% Uresidues) is then used " as a tenplaté for
dGdEcantdPTR, bubimrthds sessotherePBR imlatyeiaeas lof AR ioadr the

t t f dATP, dCTP, dGIP _and dTTP, but
Sther Hitet eeBimriratides, andimiglatoatcess o bAGIE ACH A TP

8%# 5Aggpﬁré}w;ﬁéf?ténﬁe§f TP We PriPnd at FO0hRE, 6P is

present at 600pM and dATP is present at 12uM. These concentrations may
be altered by the skilled person without inventive effort, for example they
may need to be varied if a DNA polymerase other than Tag is used in the
PCR. Mg(l, 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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over dATP. Preferably, dCTP and dTTP are present at
200M dGIP is 15 present at 600M and dATP i s present

wab 2008MqogBiese concentrations may be altered bycthe2003m000274

skilled person without inventive effort, for exanple
they may need to be varied jf a DNA pol ynerase ot her
than Tag is used in the PCR MO 2 is typically

SUAIERD: IDplsARyERERR SE64IRe HRHBB p e B eomn

STEDN imFAREERS WhcPRALUERIAERIR 360 6 haRP %a{rtcongégm' 8k an

be used on any | ength of DNA nol ecule which can

angesifatdy loy Glbbas! p2CRonteat foots plgosexanphiehahd DNA
ene has _ been anplified by PCR) 25 The net hod of

kb

ECelodnto b Mylnertisder. s taied @ oy Eoraxagsle ipdiable 1,
SERABLanr OMn o o FBo85 Bl 8 Slambiuly et G domtent
PR BBl Ao P A A o s senes

@by exprdsédinchighetdukadfdtsd, r anded DNA nol ecul es, for
exanpl e by reverse transcription and cDNA WO

2005/ 049831 PCT/ S&003/ 000274 9 synthesis. Typically
he nethad .is used.to_ enrich the, GC base i r__content
Eiffls RISy relsrg iberaCdase p@lraqutwffj thoy Anmeiecule

[ 0 r b Ly S ai
BE bE o Bitticq 81682 (HAF B0, /e BIETRE SriC o 0%,
88908096 or 13% it 'thé MivdhtionSs ARLHpIRANR {bAho8iRTh ge%cs

in Table 1, 5 certain genes from nicroorgani sns” hav
BiignGA cantehy highwe tha@BC5@%naseatminbh @hagen of GO coh@he could
which may |im¢t the ability of these genes

eukaryot.es,
¥f‘éﬂ§éﬂe&5@l@§§@@nﬂwﬁ¢r§ﬁ@ okt PEEperites, jagd such examples

Eﬁe:eélgmlb?}k}% preferred if the GC base pair content of
‘cul e

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, aé noted above), preferably lower that 45% or 40% or 35% or 30%
or 25%. It is particulatly 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 -
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lo to be so enriched is | ower than 50% (for exanple
| ower than 45% 40% 35% 30% or 25% but the

WwOVesi404311 S al so applicable to nodify the gengérssihdoBooez7s

GC content higher than 50% as a m nor change of GC
content could result in si %gl ficant inprovenent of
enzyne properties, and suchl xanpl es are gi ven bel ow.
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| 'ower that 45% or 40% or 35% or 30% 20 or 25% It is

q:xattﬁntchasdvﬁeyl qurished eadodds a pelypeptiderit iDpeticniadyarseful to
SBaHFEBDER ol 5 B Ser B b

d h
.fﬁﬁtvag GORRIRT Rn® O hltksadty  HePSlipn R AL sl ol oot
élbnwﬂkd 10R91aBRPIR Endb &S fﬂ% %1&6% B ¥xEsselifin! E‘Hh%ﬁéﬂ BSst

wi |l be produced by the met'hod of the invention and
call. e’Eims; e DDA exdleculdimayt be cldvedciatd a atammalibe expression
reference to_a singul ar DNA nol ecul e |s a reference to
Yiester @higio & pant ORPIassIoacector or dntey aipiokery ol (Variera
single DNA nolecule, it is particularly convenient to
cl one the DNA nol ecul e ‘whose GC base pair content has

PR BB R e 8 o DRI, 4L RS R o0 TR, B
pBRELY badailablelefrol Bivrad ahdbsrdtorkeudRichawnd, a@A USA);
Sanmbr ook & Russell (2001) WMol ecul ar d oning

P AOPAL opkKeRAehl PKEGRE-SpriTABSHAr bud PREES waglatle from
i R o e

W%@ﬁéc ors tNﬁgR;”‘ xpress’i Woﬁ@%‘e&presm on

Seghféne Clomng Systems (La Jolla, CA 92037, USA).

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 Jolia, CA 92037,
USA). Plasmids pRS403, pRS404, pRS405 and pRS406 are Yeast Integrating

plasmids (YIps) and incorporate the yeast selectable markers HIS3, TRPJ,
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suitably contains the necessary transcription and
transl ation control elenents to enable the encoded

wolMewqbésde to be expressed in a chosen host  gekrkaa003000274

Thus, the DNA nol ecul e may be cloned into a mamal i an
expression vector or into pl ant expression vector
or into a prokaryotic vectofr:. 10 Typical prokaryotic

I i20 2P B nd BR329.
LEUD ol B TR PRSEI B il PRI Cofipmed PhiSiRids
§). PTrc99A, pKK223-3, pKK233-3, pDR540 and pRI TS
aval |'abl e from Pharmacia (Piscataway, NJ, USA); pBS
vectors, Phagescript vectors, 15 Bluescript vectors,
E{\IHSA, PNHLG6A, pNH18A, pNHAGA available from .
a0k drpgsiamation; vegtasy dnelege deaobenteriumoectorg3 whicksdpliver
t ¥Rt cal | i cell vector plaspid is pSVL
e PRy PRI, OnGE veotepitiiuge, Baffistmfectiatyandrppgors
YEEH 58 TNANRe ltl%h@foﬁhﬁ‘gﬁ.efhﬁé% g{e'tﬁ’c?ds 28 known to
expression of cloned genes, the highest level of
thope ekdlashimbiengtf Seg) dor RxAmpNY, itie RedbRdbie B, E8dttsnstein
such as COS-1 cells. An exanple of an inducible

aithova Li- drullstpr ¥Wesioss fore thoogenetic paBieeningoof phinitsiy | @Generic
rom Phar magi Pi t anay, , . US, Thi s vector
Beriy e Bo Yt o SEDY itk ) WD fetaemie (iess Tid.

e mamary tunour virus long termnal repeat to
rive 25 expression of the cloned gene. Useful yeast
pl asm d vectors are pRS403-406 and pRS413-416 and are
eneral ly available from Stratagene C oning Systens
@ ipeention @kooRhies DBRY .méeleasles dmrivRed Ofdr FRSBAL pair

RS405 and 06 are Yeast Integrating 30 plasmds
‘E)Oﬂ’fﬁ%t) PEﬁP&r&ﬁ gg(r B algeV% Heetieds inglirding Abose mipnest doto a

4l LB ST 0 T 2 L

pl asm ds (YCps). .
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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Plant transformation vectors include Agrobacterium
vectors, which deliver 5 the DNA by infection. O her

woech@y@ogsncl ude ballistic vectors and vectors per/sG2003/000274

suitabl e for DNA-nedi ated transformati on. These
met hods are known to those skilled in the art. See,
for exanple, the review bylZ P. Lichtenstein and S.

L
ifloonft $APGriPeVORRER frdiio0 skbfbss o s PhivpEplide.as

thd pardifithole6OR! B it BY £188'deSIr&Y fdrliBe TO HasEBhir @dtent to be
InCluding those cloned into a vector, such as an

iaErzaesd soas te dtprovel rahsvriptiburdrheanstatem of cartean hethealls.
t he DNA_ nol ecul e enriched for GC base pair content,
Inneibre cirenmstagcey itnstdesirable dgr dhe sadingricaserty becaligsrbso

S] andar d.DNA sequenci ng..t.echpi gue, .such as the
e DNARI e ensRes s goreprint wih dird rsti® na
sequenci ng the DNA nol ecul e gives information
concerning the coding sense of the nolecule (if the

Aofethier enthwiideat af theliiperiondploviddius, method fdremaking a
sequence, it is possible to determ ne whether the

routinh ol ppepides witht altered gropesties cepmpargdt tee timnpolypeptide
mol ecyl.e wi l.l e e he, s 0 eptide.as , the . ..
PRPERE D5 Risivert LA Talrehles ¢ BYFLHE RIGIEE @henriching
YR e Bl il drftnd ERTAnbRolRE fodipdink Bt imethod of
theiffse saeet bh ﬁld:]ﬂ%eﬂ‘@dal?,({t%b @xpt'ésbing RBO §Rlepeptilt fepteddd by
pol ypepti de to the parent nol ecul €, i ch may have

the DN Ye moleqile peidsc 43¢ . bad® r2f0srB4sBas been enriched in step
PCT/ SG2003/ 000274 12 |.n sQ circunstances, it is
(absand%b geleglingp aplyp@neg%wa{frﬁﬁt% BEORSTtiEhe DNA

nol ecul e, for exanple when it is desired to express
the sane pol ypepti de as

It will be appreciated that in this embodiment, the DNA moiecule whose
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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the parent nolecule, but it is also desired for the GC
base pair content. to be increased so as to inprove

WwOa0ed4bghi on or translation in certain host Cgit8c2003/000274

In other circunstances it is desirable for the coding
sense to be altered so that the DNA nol ecul e encodes
.a polypeptide with altered BWoperties. A further
enbodi_nent of t e.i nvention rOV|des a net hod for
FRANIIRG). Frotein sbiliy iisand; Ang) framggolaeigalrproperties
%ﬁrgagﬁd to the pol ypeptide to encoded by a given DNA

e, the nmethod conprising (a) enriching the GC
base pair content of the DNA nol ecul e according to the
nmet hod of the first aspect of the invention, (b)

Exi{ireasisé of ehigmps) iy pepirtidalaclyodutirdbloyto itripeo@Nheir catalytic

mol ecul e whose GC base &alr content has been enriched

PIOpSILEs a@d}jor bnhacheage sBied tsuhgirate p&nﬁﬂﬁiﬂm d&hai nnpr_oved
B ol bl L i
EAPEidnr e 3cBT6F BRfindt Todiol e E"‘ﬁg%??&opﬁ’a"%ﬂ?{“"

astiviiyNéan Bbﬁid@@h‘z‘iﬂ@@m}dﬁw shape o tHey@sthtiod Q)r@f)ertles e.g.,
i nterest whose properties it is desired to alter.
qamiecsion pf NAB' 20 Vpapricelweiss. an enzyne or anti body
or an antigen or an other type of k therapeutic
protein. This nmethod allows for the simultaneous

O ieETE RN RRARFIEE bl P e BBl R,
&Rl qﬁﬁhﬁﬂolegic@mm ertite ch®| P aRIdHR] THa¥ed Ol SRER Nkhdwn
be selected for ‘altered properties using nethods well

fecbmiquesnint the falds offpicheainlistry adekinpmopalogiyes of the
pol ypeptide which are altered are solubility,

therm)sta(kj)i lity, catalytic acLi vity (if the 30
PRe HBER o b R s s RESS PR Gtk e

method of ﬂllS embodlment of the invention. It Wﬂl 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

muiagenesis.

"Ina particular embodiment of the invention, the method was applied to the

albD gene of Pantoea dispersa SB 1043.

Two mutant enzymes were sclected, one of which contains the mutation
Serd0Gly (termed AlbD-M1), and the other contains the mutations
Glu25Arg, Lys27Glu and Ser40Gly. The amino acid sequence of the AlbD-

- M1 mutant is given in Figure 3, and the nucleotide sequence of the DNA

molecule encoding it (albD-M1) is given in Figure 4.



13 enzyne), protein stability, ligand affinity, and

i mmunol ogi cal properties and so on. In the case of
wWO2yiPswsdit IS particularly desirable to inproperk8&iosoeoe274
catalytic 5 properties and/or to change their

substrate specificity. The inproved enzyne can be

sel ected either by nonitori ﬂi‘é the rate of substrate

' f product formati In song
kg A o R R P T s
Comar e an. or KA SIRSAy BAGRE! AhER addorjdyg: Tho amino
deisli vddchrispiices pRedr iags be saph aasinbhe&idoSt i phditularly
anttj bogy affinity, and i nmmunol og_l cal properties can

eteapd af Gly papdecesdier ié) singe tharalbicidinrietpriBication ietivity of

j:el bi ochem st d i mmunqgl ogy... 15 The .

s i€ el v BRI e s es- fepangant i
e ¢ . . o

IS o SRS et ol Ao R (520 Mg pocn
repdadedey Gilide tadsh it i8idi oM

encodi ﬁgw [ taﬁag bggﬁe déel?g?l‘ran'gﬁgg@iﬂ)tlei\sivinli Iaetbe pOSSI e.fdgiﬁty

ob thiglautam was amregsedahy fdd amdapatedriottbenwild-type. These

j t hod,. such as those inc|udjng

bt p ceto0 e a8 es ctte el JoF debariBing albicidin,

' t t ' ' i hg. net hpd s applied t
to RECCRARE whlen' ArpéR o Meuiclfly 1R B, Tecs BB Samipte
Thisenkr £N199%s were sel ected, one of which contains
the nutation” Ser40dy (ternmed AlbD-ML), and the ot her

contains the mutations d u25Arg, Lys27d u and

5(3[1.4&(3 g The. ami no acid sequence of the AlbD- M .
YAaspect t\the invengiog fherefore dneludea palynwleotide encoding

£ BMERCAIBD O oPhlRae TEEH' SerfO' B tertEiel by duotter

15 amino acid residue. In particular embodiments, 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 AIbD polypeptide wherein Ser40 has been replaced
by another amino acid residue. Vectors and transgenic plants can be made

20 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 AIbD polypeptide at

25 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. | |

30
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WD 2005/ 049831 PCT/ S&003/ 000274 14 Thus, a second

aspect of the invention provides a nutant Al bD

another am no acid residue. The amno acid whi

repl aces Ser40 may be any amino acid. It is

particularly preferred if }Z§y repl aces Ser 40, since
ty of .5 this nutant

articularly preferred if Wy repl
s “Prerl AT 45 BelneBighr B fis1vAq dosspiens.rrdein And

. . Y : | aced b

byt ¥Gh, Pl RRELARE 6D AReIEEAASR, TR Byl G

Hichede vdieans bf ﬂieckbdlyﬂ?tﬁi@i Hheat dueh ch@hidd 8 noPbubstintially

nmut ant was increased 1.7 fold conpared'to the

git¢rdthe yetivity o the saidipahytpeptide cindpari delto xief inchge amarignis of
re useful . for detoxifying albicidin, 1o for exanple

%@el?pul&eﬁwé@% Bhere syciyehaness (dp 1o pibskandially cter the activity,

X e aZh et al-, 1999). A third aspect of, the
fof Rt of RS s YisroPRCAE ooy i, SeSB R o ng
a nutant Al bD pol ypepti de wherein Ser40 has been
repl aced by another is amno acid residue. In
hawill bel apprevidtedithming srariahe thad| comjgises tsublstantally all of the
contained wi thin an expression vector, especially a _
sHguence shewadndriguecd gnay be pmxphJ@rIYemmf dsn {'substantially

SRS s AR08, By OIS, S-S ED ov
TR SO B Sy B St

Y&hpriking s jéa3t B0, préfetabie 089 RelIghor prel@@Blyf95%, 98% or
details). O course, in relation to the second and

10i%dicgiheef the sequense iof e fulblengtidpolypbpliderent s
t hereof the am no acid sequence of the nutant Al bD
pol ypeptide may differ fromof a naturally occurring

b o O oE ot e )
B SSoRRLISRL LRl L REn RO AR RER RS By, Al
Val, YRS PlehdAspRG I iAdne Glat SEXTHRTyD Aot hed PhE! Pyp. t he

sequence shown in Figure 3. Variants (whether
natural |l y-occurring or otherw se) may be made

Wwol }pepdogsle wWherein Ser40 has been repl aced b¥CT/SG2003/000274
ch

-

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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usi ng the net hods of protein engineering and
site-directed nutagenesis well known in the art. 30
t he pol ypepti de we include insertions, deletions an
substitutions, either conservative or
non-conservative. In partictlar we include variants

f t pol ypepti de re suc nges do not
e ISt Dt PR et lERe, 96, Gl Rt e ferably at least
U} %‘?@enﬂéﬂv@ﬂ“ﬂe%&@%m o b0 uffent@r | ants of 5
t he polypepti ere such changes do not
substantially alter the activity, { for exanple the
activity as di scussed above of the said pol ypeptide.
The petdenbsequppeeiieatitubetiveaiendwioepdlgpeptides maydrpdéisesined
sybstantjally all of the sgquence_shown jn Figure 3
vye b';é‘ltﬁiéﬁt pemputer yrogeapes, Togexample the, (GAY | grograsm 4t the

LPPERN,) §F oiRRobstl GeriBo e Pulis rdt cond it be

) " t: 1 Sy .
sapuenen 81 erubemstee Ly bl degitat e

phesesafeycddtdvedoth atigndd optifiatlyal | ) of the sequence
of the full |length polypeptide. 15 By "conservative
substitutions"” is intended conbinations such as Qy,

T utigpfencapay eyl oe Sicg il ey PRl oiroggem

WO 200000049831 PCT/ SG20031000274 15 By "vari apb$is62603/000274
d

(ISR DEDiAn o) ST TR e 0008, CRAMATNe.

has at 'l e dent | e am™no ac

Bestoenige thé sed@ithvagyurodl Emgegsiwi PaLAIe Dsdghence xdigangent

t he sequence on which the nutants discussed above are
thaeugh seqreneravwpightiag, ipoditiux epedific Aiapupendiics rapdeweight

r ef erahl t least 759 [ re preferably at

Hé’%c%%'% ’ﬁffﬂté{espﬁéﬂf%&a%ﬁg& | east 95% and nost
preferably at |east 98% or 99%identity wth the said
am no acid sequence, nost preferably with the am no

P Paradfet&e aued aRyBe/ A follows: gur e 3.

Fast pairwise alignment parameters: K-tuple(word) size; 1, window size; 3, .

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

Multiple alignment parameters: gap open penalty; 10, gap extension
penality; 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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It is particularly preferred if the polypeptide

variant has an am no acid sequence which has at |east
WQPpobsientitty with the amino acid sequence  showgris@003/000274
Figure 3, nore preferably at |east 92% still nore
preferably at WO 2005/ 049831 PCT/ SG2003/ 000274 16

| east 95% vyet nore preferab?y at | east 96% and nost

T S 0 T A W i
P@Jcﬂ%@ TobdfinP ShaRe R 463 18BN @&ﬁé%@%ﬁeis Mél&gﬂwlene

sul tabl'e conputer prograns, for-exa

%{)}Qﬁ»‘l,@fbi&aﬁlﬁ@]ﬁ@ﬁ'ﬁﬁ@ysi ty of Wsconsin Genetic
nputing Group and it will be appreciated that

percent identity is calculated in relation to

EmbRaRnyy. the 18het ariis i SAJDAsascRhE: 1SAgRgtstor canying
[ i T
GER A Hpfifed Popltot 8 o 8AT%. Mg’ UCTP 38R 4T,

and ARh&YhEHIE @Nﬁrp%mh&iaka s@éh B gggessive mul tiple

sequence al i gnnent rough sequence wei ghti ng,

position specific gap penalties and weight nmatrix
choice. Nuc. Acid Res. 22, 4673-4680). 15 The

phednweriien yeldnewybe desethes) impwrorerdeieil phy refiesance to the
l.i gnirent rameters: K-tuple rd) size; 1, wi ndow

Bl PiTg BorEBERRR Biehied Sd BitblF Sheif"ui agonal s. 5
Scoring nethod: x percent. 20 Multiple alignnment
paranmeters: gap open penalty; 10, gap extension

Panak 1)is a SclidmatiSdgtang ofSCrénsichiBeAtSbtagendis AHediisttround of

aspect of the invention provides a kit of parts for
ampliGeatioy is isendysted in the presence of dUTP and the absence of dTTP.

Chimeric PCR product is used as the template for the second round of amplification
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. Bhe, 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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base pair content of a DNA nolecule in a replication
reacti on nmedium conprising (a) dUTP and (b) an agent

whhed3ohgssabl e to increase the polarity of thepersero03/000274
replication reaction nedium and/or act as a | ocal

dehydrating agent. 30 WO 2%)5/ 049831
PCT/ S&003/ 000274 17 Typicatly, the agent which is

i NGI . ol ari the replication .
Baind R 18 F Gt pPBL dhe b o A e, grotution
'Qﬂggbtéiﬁs andehy@inby! ene glycol, preferably PEG 3350.
5 nveniently,” the kit of parts further conprises
ot her reagents for carrying out a DNA anplification
reaction, such as dATP, dCTP, dGIP and dTTP, and a
PHEIMAEL abl e DNA pol ymer ase such as Taq. The invention

34 ot DS WA S0 ol it e o
SNy S bk PRI s A oo

howkiéi, aas iAThrich ie %Bﬂ@@%ﬁs@qhﬁaddﬁ?ﬂl@f@%%cﬂﬁe d bR Od-
the absence of dTTP. Chineric PCR product is used as
emachraen stegnesis peotsecbtiat eopldyodUdibtd féptade SHTR Zind

e L BRSSO 5 e e
B BRI AR B4 0 S oA Bpor

&dteras@ 0RPAble oPdgradiPAT RERGHARoRME ;dt_ske%'g’g’ifliﬂgnce factor of

carboxyl esterase (Kuroda et al ., 2001
thesplant &acteriok pathogeth Kwyirewtenaes allilfhamecAmbnglthe evolved

2001) ; Bstg, acillus, _subtilis carboxylesterase (Kunst
ezyapes wilbgnnancedactiviyy Alljpdyd shawediupdio 43fld ingrease in

@gﬁ@%‘{ ee?ﬁ%i’gn%}? %?%f@/e&" giov-gr}[ -e, 828( %‘?}%L:gfﬁﬁ Sequence
9HINAS ReBfisAel BAAENERELENERFS =%(ggﬁ)§%;ex§8§ gﬁlgliif,

Bse, Bacillus stearothernophilus estera ugi m
which 1992dely?Bonserved 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
3-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 yM each of dATP,
dGTP, and dCTP, 500 pM 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



10

15

20

25

30

Figure 3 shows the am no acid sequence of Al bD M
Figure 4 shows the DNA sequence of al bD-M WO

woQadAsHs 1l PCT/ SG2003/ 000274 18 Exanpl e 1! Apcr/sG2003/600274

GC-enrichnment method for in vitro nol ecul ar evol ution
of proteins and enzynmes Summary s The GC-rich genes
of warm bl ood ani mal s and pllgnts are in general nore

SO0 et AL RGRRAS o 7200 MG, ISP ER ek SontahardT e
SRl BRAE Bs B [P RERSY S0t Saniifice B0 R dhe spme
andditionoawtdescribed abeveyt excephanste 3rse st MECE NariT 100 pM

GC conversion. W used io this nmethod to generate a
pelyeteylene ghropl 36 581 BBGIAHW) hwencindksled in P @R yuffer, dGTP

t . bl f d ' bi cj dj hytotoxin, a
CRySfifionnbas  Betmc o NG Mk AP donceaimagrevas

R RL2 T bhisSy b GiRRP hORafE B, RERIERet was
diysseas By | Bam H e ah A7) ‘én&fﬁ%fﬁé@rﬂ@kx i‘&%oﬁ vedioP HeJE60
the wild type Al bD. Sequence 15 anal ysis of the

(IAGESN) anil trensfaemed fiitoak.coli I Sa. The Fudressutdexshienotype
t which is widely conserved in_|ipases/esterases
gg@‘tal’s Q&Vlé@fﬂé uiet ndication of (the mautatigm fiegneney at the early

j,ndi cate that conbination of directed
éﬁﬁ;@zzl%tﬁé&%bgﬁsbn with GC-content nodification should
be a useful approach, in particular, for nodification
of AT-rich genes for transgenic and 20 heterol ogous
Eopsasxition. bXpeAilbpnt alutatiohoc libr erﬁﬂihf@%enin% for

- nut afqenesi s. pQE6O-GFP carrying a P gene was use

angiorangnist withoenfaanced: albicidin resistance DNGS ThglbPCRarrying
R AP0 Vs BB a 1&iRplite 13 generate a diverse mtation library
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 pQEGO, which were then transformed into the F.
coli DH50. The iransformants were screened for enhanced albicidin
resistance on LB plates containing a sub-lethal dose of albicidin against
wild-type E. coli DHSo. (pGST-albD). The colonies showing better growth
on albicidin selection plates than E. coli DH50 (pGST-albD) were then

selected for DNA sequence analysis and quantification of enzyme activity.

Purification of AlIbD 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
BamHl and EcoRI and fused in-frame to GST (glutathione S-transferase)

gene in expression vector pGEX-2T (Pharmacia). E. coli DH50, containing
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GITCTGAGGTCATTACTGG 3" (10 pnole prinmer each) in 50 |
reaction mxture containing 1 x PCR buffer (Bio-Lab),

wOQoiMseagh of dATP, dGIP, and dCTP, 500 pM dbiRscHfd9000274
prol e tenplate DNA, and 0.5 unit of Taqg DNA

pol ynerase (Bio-Lab). PCR was perfornmed for 30 cycles
30 consisting 3 nminutes at 24C fol | owed by 40 seconds

l B Ao SRR T RS
Wéﬁlﬁh@j U wigs hgﬁ%gteﬁﬁbf c'éﬁgffjug%n%d :;f |r5 gﬁﬁ ;@rr]rg for 10

round®anplification using sang

Be90Es DERe 381 ver&feaRpeddil i3 PBSMMNBOZand) Lt BYed by
pol yet hyl ene gl ycol 3350 (PEG3350) were incldded i'n

iR uFfeach RieiRre (dhPeest (AfiineAminso) aic i b6 gdi. tTheoBBate
and dATP concentration was reduced to 12 pM unl ess

%@ﬁ@w@gﬁ%a’c cR008. roradop@R prBdiict sl halsgeenaanbyvas
SRR o s e it SRR SR EA ffinificoTingn and

h ' 1
e oS RARYFEH L1 18 By fomhagithlly bppnd
protéing.z AlhIO nwas aepagitedChingi rGSTi and eélcAddiDfroth abk oaffinity
Iibrar%yand screening for transformants with enhanced

el digeégostvaiﬁh éhIQﬁ:@lT-(&im@ddﬁyhh dor 5 hd all 0C. The
. t.e at e n te_.a dilverse O =
O BRI Bes P Bing crens DSMARIE A0 ARiRdcHs 80 °C in

BB IR SSARARY SHRUE AR SE A i U5t gy uing
1BAEAR TSREETGGAAAAGCTTATCCC- 3' . The PCR product was

di gested and inserted into pQEEO, which were then
transforned into the E. ‘coli DH5a. The transfornmants

re screened for ephanced albicjdin 20 res|istance on_ .
%@w ok ubicidh Q?W"hécaél%%cql@ma‘}ﬂ detoxifigatiogactivity
i W | q-t | bD) ... The..
\?%? éfr%lf‘é&nxfsf%(io%ynépagee FE{S%& élls%l\%:_%‘?‘ c(o?zeghﬁtlx W) the' Wicator as
described previously (Zhang et al., 1998). A 20 ul PBS buffer (pH7.4)
containing AlbD (0.006~0.025 pM/ul), and albicidin (15 ng/nl) 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 ¢ ®1¥W) 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

AlbD and variants were determined using p-nitropheny! 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 temperatare for 5 minutes and 0.Dygs was
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on albicidin selection plates than E. coli DH5a
(pGST-al bD) were then selected for DNA sequence

veo abosmiysezand quantification of enzyne activitypcrSG2003/000274

Purification of AlbD and variants. The codi ng sequence
of albD was amplified by PCR using forward prinmer 5'-
ATGCCGAGGATCCTTTTGATGGACA- 3' “and reverse prinmer 5' -

: - 3 .oduct was

g‘?g es@ es E/B ga%i -Egs%g’ é&eoﬁgﬁglﬁgﬁﬁgé POz ip the, Adagus
§ottrhEePNEADstala) ST @ aBBtaiB0 siRE | WithXP Lgn
vlgictor p.GEXi(ZT (Pﬁegr macia). E. coli D%cg c%ﬁtt%g‘l’ilﬁi ng %ge
COBBNrIGSns, BT IBE0ABNREER XY, /V20 drte KGSTKAIRDDI finksi@iver-
éﬁgﬁ,truct was grown in LB nmediumat 30 C overnight.

EgP#iOter e harvest ed by centrifuging at 5000 rpm
for 10 mnutes. The cells were resuspended in PBS
buffer (pH7.4) and |ysed by wusing a French Pressure

RebdirPumpiskNsipAM nco) at 1100 psi. The |ysate 5 was
centrifuged at 18000 rpmfor 60 mn at 4 T. The

ESRANRRRG Hdhe d@i’eg@i’ca' eﬁf‘@;ﬁ%@éﬁé&i& Me@!&i ed

G uthione Sepharose I ni um and washed
- : I. - 0
e R 7L by bl b QBB Rt Sale i oY a7
ine (Y Ae prébieo prépaeatidd. | Actording® lto NMhebyules oS bb&sh-htiddbdon
thronbin (Sigma-Aldrich) for 15 h at 4 T. The lo
R gndtopUd im0 M eUetan prid with AgrIGSraapaiivaty] durbnpetdhe
at -80 i PBS huffer nt ai ni ng, 50% gl ycerol . The
Rogpar PN Transdetinn 1y E fals i A1soncogmbe Mok e duplex
f bi.ch.di i ficati -y t L Qi ¢i di.n
AR, e EhPa URbE ek B 10 Bhie sl Splld be
dis6 crEasecibki GOHR Flet i g
%?slgiri? bedﬁg?revieousl y (thg%g %@gtﬁfgé}%&:’%& %§m§oer5?r ré)ge
BGRs appropedy.. Hgncee dwodndepandanb PCRO r&6ions 2eerd aphjluctad dn

e B 35 R, A0S e, e
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 Tag 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 enbanced 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 pM, 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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to a final concentration of 1% The reaction m xture

was added to the pre 20 punched wells (3 mmin
woaomiargsion t he bi oassay pl ate and was i ncubapegiscaios/ooor74
37 C overnight. The remaining albicidin at the end of
reactl on was calculated by_the fornula: albicidin (ng
4.576 e (0.135W, whed® Wis the dianeter of

5’2?%12 whol Hipforde 3RRoh S delfod teﬁﬂ@é“r%gt Among
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Enzyme ki netics of nd variants were

(Thiermprmeah etrop pite f I TagoD DRV pEbmébse isCaimP 0] %gq&hdau and
esterase substrates. The reaction was conducte

Kunﬂiss kA8 Brarpgs1 1992). "BloistGCranmighereny mecthod 3hos fepisents

PRk DR mepringt R oo, o8 TS0, Waichi dominantly AT

26435/ 049831 PCT/ SG2003/ 000274 21 determ ned. For
kinetics assay, we used the Kinetics programin the

At hous spectroneter (Australia) to obtain slopes with
different enzyne concentrations, and then cal cul ated
Kable. Base sabstituticn, frequenty oéﬁﬁ»ennehxﬁanﬂ(m&tug@hbﬁéﬁ S
Resul ts and di scussion Establishnment of the

GC-enri chnment nutagenesis nethod | sotope-| abel ed dUTP
has been wi dely used in random subst it ut| on of dTTP

NA pro dar a1 OIT. L.L.Ul ding—to—the—+ules—of
codon- ant i g‘gaégzﬁff é)g’%eé"ﬁfi 28n ‘?“E%ﬁ’ﬁ“ﬁ“‘mzo%ym Uagidn Relative
prasentraiipn h A or G redpetion vel v, frequendyitp) t h@utatph 0C €S S subdtitution

translation. U G pairs are also commp
o frr 9
lex structures. W reckoned that such éﬂ& ) equency (%)

aac +

%Clrlng pogSEl tTat——Tout-d—be—exptorted—+to ...c ease—the
cont ent the target genes W¥ing errorprone 986
A: 1716 AtoG: 47 2.74
T: 1228 TtoC: 24 1.95
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 Tto C: 51 2.34
Tio A:2 0.09
G: 2004 Gto Al 0.05
C: 2550 - )
16 9960 095 1.97 97.8
A: 3102 Ato G: 51 1.64

T: 2220 TtoC: 38 1.7




PCR approach. Hence, two independent PCR reactions
were conducted in 15 the presence of dUTP, but | acking

W BRsaasksg CTP, respectively. The result  showegciRaboosra
the PCR product was well anplified in the absence of
dTTP, but no PCR band was detected in the reaction
| acki ng dCTP (data no shov@?, indicating that T can

= a LN LA NO aga N

CA C U VV O - AW,

Ve then used the chi mBFi43" DNA' %-¥bnt ai ni ng U i nst ead
of T as 20 the tenplate o cond t he second round
PCR with no@‘ngqﬁconceﬁ%ﬂ‘%?i ons 8@# dNTP (200 gM each).
No significan ase c s wer etected by

| sequenci ngc“‘fe'lh%esgznpl [ f?%&gfr agneﬁ'?g. The data suggest

| bpat Taq DNRy pol ynerase favourggfJ A pairyRg Under gg¢
| standard PCR conditions. To pronote U G paliring, we

| enhanced thg pgbar enyiwg@nagrent oig the reaction 25

| system by addi ng a highly hydrophilic nol ecul e PEG3500
to the reaction buffgeTin addeti on, we decreased
dATP concentration to 8-20 pM and increased dGIP
concentrat ini®%d 500 Modld4 ng t hes second round PCR
(Materials and Methods, Table 2). Analysis of nore
than 33,920 bases anbwiMited ust¥g this protocol
showed that these nodifications increased the 30 base
mut ation rd&tellip to 1. 3% and anino acid nutation rate
up to 2.5% WO 2805/ 049831 PCT/ SG2003/ 000274 22 (Table
2). No nucl®ot®8e i nseltibn or ¥ etion has been
etected. ; 0
wer e GC conversion (Table 2 The normal error

AT to ). .

- Falbe gataragromiiasand b aslysissob By 64 eraplifiedrPhdu fragaents
Kunk 8, Barnes. 1992). This GC-enrichnent nethod
Pﬁ‘@%%b%ﬁfkﬁgﬁ%a%{é&l’é?%so-fo| d increnent in the rate
of nmutation, which is domnantly AT bias. Table 2.

e sybstitution frequengy of GC-enrichnment
Kifcrs ahbase sub

O

as¢ subsfgution on aminoe 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
10 (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)

‘.\\WS". i

by the GC-enrichment mutagenesis, and the most common lose mutations
were KLFYN (Lys, Leun, Phe, Tyr, Asn) (Table 3). Therefore, changes in
composition of DNA would result in changes in amino acid composition as
15 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

20. proteins (Haney et al., 1999; Vieille and Zeikus, 2001; Tekaia et al., 2002). |
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dATP Anal yzed bases Cbserved base Base mutation Am no
acid Relative AT concentration transition frequency

WY 20081088310 substitution (ELM frequency (% pcr/sG2003/000274

frequency (% 8 5510 1.31 2.53 98.6 A1 1716 Ato G
47 2.74 T: 1228 Tto C 24,,.95 G 1130 - - C 1436
Cto T: 1 0.07 12 9780 1.17°2.15 99.1 A: 3046 Ato

T roreuRg i Tabth 4 Shcved it it st bftuiog] o AT v 1afeg i due
o lasSmuatickbinIORO(dhalted), Mid Hi&-(g%ai‘y. &%&%ﬁu&‘i’s Somerbnty

1,64 T. 2220 T to C. 38 1.71 WO 2005/ 04
gedvweribowerephilie proteinssand teligved @ ROBatE® adaped to

P

iugl%g%(gnl%rg%l?%7 tg@{ %‘%O r!ggi fbeo _e%gu%%)of 9ts Sﬁiglll' ISJI%agghg its
resonance stabilization (Vieille and Zeikus, 2001). Proline, which has the
lowest conformational entrophy than other amino acid residues, was proved
useful to improve thermostability of proteins by numerous experiments
(Vieille and Zeikus, 2001; Zhang et al.,2002). Our data are consistent with
the genome analysis studies that amino acid compaosition pattern is
essentially driven by GC content in DNA (Singer & Hickey, 2000; Tredj et
al., 2002). Moreover, the GC-enrichment mutagenesis appears to have the
tendency to increase the Jumped 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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hi gh tenperatures than Lys residue because of its high
pKa and its 5 resonance stabilization (Vieille and

WOl 256E304985201) . Proline, which has the | owest PCTISG2003/000274

conformational entrophy than other amino acid
resi dues, was proved useful to inprove _
thernostability of protei nszﬁy numer ous experi nments

b e ' , |.,.2002). Cu
o S R BB e aRESEE it apaiencemi 306
tandhoaiFid fesathied). COMPOSi tion pattern is lo essentially

driven by GC content in DNA (Singer & Hi ckey, 2000;
Tredj et al., 2002). Mreover, the GC enrichnent

j do.have the tendency to increase
megﬁﬁpeeé}g i%%%? Sg% ﬁ%‘h@"&%‘*ﬁ%‘ﬁ%ﬁ “PMe¥¥8ues that are
b5 aestaivhethed this GOk Rhidea ARSSFHebist 6&&&@&21 Be fsed to
Change of am no acid conposition cause y
@opeove chapme achinity ep@EGS-AED 2605ARMOB IUAD was used as a
PCT/ 003/ 000274 - - - - - T 01 MN
(PIRP IS Fo Renerals an ¢/AP mutantibrery. From-63,000 clones, two afbD

X - -

vattahls, fellahhibl %fbtb—l\ﬁ ﬂndv@lyp-wf \yslnﬂla X Ygig;%ymz\l/tic 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 varianis were expressed as GST (glutathione S-
transferase) fusion proteins, which were selectively bound to Glutathione
Sepharose 4B affinity columns. The pure recombinant AIbD 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 iis two variants
using the purified albicidin. Results showed that the detoxification activity
of the evolved variants AIbD-M1 and AIbD-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 Kkinetic parameters of AlbD and variants were determined using 5 p-
nitrophenyl compounds as substrates (Table 4). The results showed that
AIbD 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 AIbD variants in
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PCT/ SG2003/ 000274 26 *The data were conpiled fromthe
anal ysis of 64 variant sequédces (11,306 anino acid

il U ot chEnes e Hehstioks SpREBin e W sighifednt
PHRERASS 5 ORI ABREREY kGG 3350 o

igeiehsd Eint ¢hd) SKIGVAY, evalite 2bA Ppitirapheryl Phédtdte, Fb-2Mrophenyl
63, 000 clones, two al bD variants, désignated AlbD-M

sapiroalid Ridp-witrdphenyh betyrgtentdspectotely. The odererariant AlbD-
iLdentified based on_their resistance _to al bicidin on

tshoxedag moderale drfoldeingrrasg d4p Kof Ky aluayéor proitsophenyl

hat . i NON- n tati.on at
SRRl i BEES pbit G 0 Y o AR SR St that
?tgﬂ%ﬁﬁ’)ﬁﬁgﬁ orUBRH°"with! OB U SRriffdnthO ibfbhsed Ve 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 - 87.4
AlbD-M1 Serd0Gly (A118G) 263.4
AlbD-M2 Glu25Arg (A74G) 147.1
Lys27Glu (A79G)
Serd0Gly (A118G)

*One unit of AIbD 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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Ser40 (Ser to Ay) in AlbD M2. For quantitative
anal ysis and kinetic studies, AlbD and its variants

WEhGsRsNzessed as GST (glutathione S 15 transfgEa8§€)003/000274

fusion proteins, which were selectively bound to

G ut at hi one Sepharose 4B a£ inity colums. The pure
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not yet been identified, we conpared the relative

enzyme activity of AlbD and its two variants 20 usi y.s™)
ifi d that the

%bomf'(:a;;ﬂ:%f%e@@@abryahty of thex@mol ved manpants  ssg
Al bD-M and bD- M2 was |ncreased by 3- and 1.7-fold,

respect i velnjoplicnyl @bmpar i son 3he W Iqu Lype Al bD,
(Table 3). Kinetic characteri za%l on of Wl d type A‘ﬁbE)

and vari argﬁﬁogl@nyfn@m{gl netic par am;t ers of Al pD and
variants were deternined using®5%- nitridsH&nyl 526

conpounds s (Table 4). The results showed

t hat Nb[garamghlé'%é{ng Eéa%substra?éx!sqdectrunﬁffis;:H@f/\/l ng 38x107
strongest catalytic activity against p-nitrophenyl
butyrate (5P e’f°b?°f‘%"&/\/ed by p- gBkrphenylsgsaberate 56 x102
(C5), p-nitrophenyl caproate (C6), p-nitrophenyl

RE:BRH onatep,ﬁu%:)m] aheep 30 nitsophenyl acgtate (C2) g0

(Tabl e ations in the two AlbD variants in WO
2005/ 049831 P 003/ 000274 1 pegener d not
change the‘”%u o speci fi cit B 0Aqbut tﬁslegr gbvvere 2200

significant |ncrerrents in enzyne activit bD- M

exh| bi t ed PGopherebbutyraling 43- f of §* W' ncr eadS WA the 2277
K, ,,/K ,, value on p-nitrophenyl acetate,

p- Nni t r ophemjtorhesipopbedee, and pzmiﬂfropher%ﬁbdﬂbutyr at 23
respectively. The other variant AlbD 5 M2 showed a

nmoder at e Zrdfibidudt Reficase in Keqkisz, , valdagiokor 9.6 10™
p ni trophenyl conpounds with fatty acid chain of C2,

wand CA L The, fdafdl ndi categkhafe  substy figsion of 59

Ser 40 with y signitficantly increased the catalytic
efficiency of th enzyms wher eas_ ;t he supstifution
GLu25 wi t HFAPE g‘ﬁ’ 25310 Hlib Bl

p-nitropheno! propionate 1.3x 107 Lox 107 7.6x 10"

p-nitrophenol acetate 1.3x107 1L5x 102 12

* K, and V_,, 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 stretiches of sequences. Besides the previously identified
“103G(A)xSxGw7” (AIbD numbering) motif, which is a conserved motif of
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12).2 AlbD-ML p-nitrophenol caproate 2.5 x 104 4.2 x

10-' 1680 O

We further examined the protein 3-D structure information to investigate
the potential role of “34L(I,V)X)Q§GXXG41” motif. Protein structure analysis
of the lipase of Bacillus stearothermophilus (Bse in Fig. 2) showed that the
“HIL(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 i'egion around the oxyanion hole (Schrag et al, 1997). In serine
hydrolases, catalytic iriad 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
NI V)xxxGxxG*” 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; Bomscheuer, 2002).
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met hodh$ sretlod icommiising dhasgiepasf (@Aiproviding ntDMA derbpliste
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resi dS@gﬁ gﬁdllé?fg)ﬁééf epgi E@{ ?B g tﬁ %Q %h%\e@e\ln&pli t%i?@?%l %‘@Eﬁcéﬂe
provi geavided sihegtep afa) tmnldsr esiliibhe a8 the fddfication reaction
replicatjon reaction nediumin which at |east sone o
t he UMGHngiaswhighat deast sainerofathe U residuesehase @i with a G
met hod_according to Claim 1l wherein the DNA tenpl ate
mol ecGFBIG n (a) is produced by replicating a fast

10 tenplate DNA nolecule in the presence of dUTP so that
at |least sone of the T residues of the

2. A method according to Claim 1 wherein the DNA template molecule

in (a) is produced by replicating a 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

15 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

20 some of the T residues of the first template are replaced by U

e \ﬁ
St

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.

25

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

30 - dehydrating agent. | |
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first tenplate are replaced by U residues to forma
second tenplate 15 nolecule. 3. A nethod according to
wbhaoeso4¥szand 2 conprising the steps of (1) pregt”Gh@sweee274
a first tenplate DNA nol ecule, (2) replicating the

first tenplate DNA nolecule_in the presence of dUTP

so that at |east 20 sonme of *the T residues of the

first tenplate are replaced by U residues to forma
second tenplate nolecule and (3) replicating the DNA
t2npl a4 embiblod cAlcording A CE it SkB&refre hin %gﬁ of dGTP over
conditions in the replication reaction nediumin

whi ch GATPexsdCEBner TTPhis picsaniidups rebeiden RRidiumi diliving
a Gresigdue, 25 4. A nethod according to any one of

t he pr&REEANE: cl ai ms wherein the conditions in which

at |l east sone of the U residues base pair wwth a G
residue are provided by an agent which is able to

Sl iy S bl Qlairh o SRS AP LERILER is gple
2005/ (4 988 tadeGhe FSIS OOMR Atactiéh BnedfufBindRH act as a local

according.tg Caim4 wherein an excess of dGIP over
dATP éilﬁh}i@'ﬁpnﬁrﬂgéﬂﬂlppb@thjdcwglycnl (PEG).eacti on nedi um
during replication. 5 6. A nethod according to Caim
4 or 5 wherein the agent which is able to increase

Tocal 2 dabbhdopeddiink SR CIalhy B WHELE 168 pEE, i€ Tadagoo-
io 7. PRG&Iod according to Claim6 wherein the PEGis
PEG300- PEGS000.

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.



8. A nethod according to any of the preceding clains
wherein the DNA replication is by a polynerase chain
weaodi/ons31ls 9. A nethod according to any one etT&B2003/000274
preceding clains wherein the DNA nol ecul e whose GC

base pair content is to be enriched conprises all or

part of a natural gene or c . 20 10. A nethod

or dj LA; int . CDNA has a GC
e par oedrdcEbRine #5he. el iine eodling Slgms coripriomg
accor diheduttheCkpnofciohinkOtheMBRNa thd r i
encodes a pol y%?gti de of I nterest. Zlgélllg.%ﬁo%eg}h@ggﬁe par
accor dionientdaghbeemendchdder ei n t he pol ypeptide is any

of an enzyme,. an antibody chain or an antigen. WD
2005/ 049831 PCT/ S&G2003/ 000274 41 13. A nethod

or dj f ~the ecedi.ng, cl ai
s eor b8 Ao RRfy & LG PE SRR G LNE mecute whose
ol ecub€ BaRePRIrZetait ' .
enriched. s 14. A net Elgg%gglégr P%%fl%soa%i%(?%ﬁﬁfnmﬁgfgﬁshm
t he DN&ctarl ecul e whose GC base pair content has been
enriched is cloned into an expression vector. 15. A

met hod according to any one of the preceding clains
risin ko the.further step of sequencing the DNA
151 ecdt @ithed doeeinglo A ope of the precusinaelains comprising
enric : ‘ fh&ql : [ ' 5
1 conpr ikmg?r%&%wreﬁfﬁﬁ her ugltq%%ég[b QQ%IS eﬁﬂ?ﬁ%ﬁ%%@%seogq hese

DNA mphirauhesit haobeerd€nigdrd. pai r content 15 has been
enriched wherein the coding sense has been retained.

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

15 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.

25 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

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




17. A nethod according to Caim 15 conprising the

further step of selecting thése of the DNA nol ecul es.
whose GC base pair content has been enriched wherein
codi ng sense has been altered. 20 18. A nethod

accor dilii moecjecanerdingly dorfieiredting of Bay ¢fi{Haimert tg t1é-p(bb¢xpfessmg

expr essi ‘EJO| ypeptide fromthe glene or cDNA wh
GC basd® fg’&‘f’? ‘@Sﬁf'%%if—'d Py 4, A rasicile s S& bpse PR pRglent has

?ﬁleecu'b?%n err%é ‘?n stépo }, %d F ise?efpl? a ;10 peél@nkv&f’? I?e{?%d(; ;g'g mrés

meki ng a nut ant poI ypeptl de with altered properties
conpared to the pol ypepti de encoded by a gi ven DNA

mat.ec ulanetiiddeaccatting el DBh 2O WRdréiR tHeolypeptie® s £1yiof@n ehgme, an
GC base pair content of the 42 DNA nol ecul e

accor damt@b@thamph@mm)d of any of Cains 1 to 12,

(b) expressing the pol ypepti de encoded by the DNA

m)I ecul e whose GC base pai r content has been enriched

$a o1 R risoh aPRF AT o 38maE nibfifi B Solpeifie i et g hes
Wner ei eLQ e gxeég&a%.&ﬁgﬁem%@&@p?@n% an

ant i body alrn or ant d accor di ng

to d ai m 21 wherein the poI ypeptide is an enzyne which
has been selected in step (c) for inproved catalytic
@3operA imethod 2&ordivgrte Clurd 22 ehereititiigertzgmEisadnood2d byttier &b gene
the enzyne is encoded by the al bD gene of Pantoea

di sperdhPargapa dispaiat ant pol ypeptide prepared by the

met hod of any of Clains 20 to 23. 25. A nutant Al bD

pol ypepti de prepared by the nmethod of any of Cains 20

23 rein Ser ced
2 no ARG L Teaplte PanSa B nh PR ol o R K
according to Caim25 wherein Ser40 has been repl aced
with dy. '
25, A mutant AlbD polypeptide prepared by the method of any of Claitms 20 to 23

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 AlbD 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 éncoding the mutant AIbD polypeptide according to Claim 25.
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27. A mutant Al bD pol ypeptide according to Caim25 or
26 wherein 3 u25 has been replaced by Arg, Lys27 has

WwoenoyEpssaced by G u and Ser40 has been repl acedr362003/000274

Gy. 28. A polynucleotide encoding the nutant Al bD
pol ypepti de according to CIA%'gm 25. WD 2005/ 049831
PCT/ S&003/ 000274 43 29. expressi on vector

cont ai ni ng a pol ynucl eoti de according to Claim 28. 5
30. A transgenic plant containing a pol ynucl eotide

&% or dAmgxpresibaiverto? Sonfainind a@cﬂymicl&ﬁidesaﬁfc%fd to Claim
enriching the GC base pair content of a ng

in a réplication reaction rredlumcorrprlsmg (a) dUTP

and 10 (b) an agent which is able to increase the
polarity of the replication reaction nmedium and/or

30 or 9t Rty PRI T et et Gloim

to i n@Bease the polarity of the replication reaction
medi um and/ or act 15 as a |ocal dehydrating agent is
a pol yet hyl ene gI ycol. 33. A kit of parts according to

al m31.or .32 f ther orrprl sing other reagents for
rr yﬁwi“ gf p Cg &{9 rkegetpain copEng ot anPNA

I the GC base pair .conte
D D n e P ?@eéﬁ‘fﬁf\,ﬁ%@%owdmm GoMatiieg o) LAY and
her ei (b) an agent which is able to increase the polarity of the replication

reaction medivm and/or act as a local dehydrating agent,

32.  Akit 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.

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

reagents for carrying out a DNA amplification reaction.

34. Anynovel method of enriching the GC base pair content of a DNA.

- molecule for in vitro evolution as described herein.




