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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention
The present invention relates generally to in vitro nethods for

mut agenesi s and reconty ' : More 10
particularly, the presﬁ%‘%@%ﬁrﬁn bﬁé Ex%é'ﬂﬁn gRraginNd €efficient nmethod
for in vitro nutagenesi s an reco | nat I on of pol ynucl eotide
sequences based on pol ynmer ase- cat al yzed extension of priner

ol i gonucl eoti des, followed by gene assenbly and optional gene
anplification. 15The U.S, Bovernmégsas icettaiorrigbts iRahixt ipvkntiog pursuant to
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regarding its pCESHNaNGPQLG-E0949 sreasrpsbsathe @HHigy of Naval Resewreh.ror

conveni ence, the reference materials are nunerically referenced

and grouped in the 20 %eﬁ&ﬁsﬁﬂﬂm’%ﬁw@%

Proteins are engineered with | Vi ng ei r perfornmance

for practical applications. Desi rabI e properties depend on the application
of ir1tere Bieldagf ¢h ' Iudetighter bi nding to a receptor, high

catal ytic activity, resen {}hﬁ& r%ﬁ?e' Fé&éranirh% AR LibYmbBo8EGEPL 2

wi der (or narrower) ran e rate
mutagenesis and recombmatmn "of polynucleotide sequences. More
10 particularly, the present invention involves a simple and efficient method for in

vitro mutagenesis and recombination of polynucleotide sequences based on
ﬁ&fa}ﬁierase»-catalyzed extension of primer oligonucleotides, followed by gene
assettilily and optional gene amplification.

15 2. Description of Related Art

The publications and other reference materials referred to herein to
describe the background of the invention and to provide additional detail
regarding its practice are hereby incorporated by reference. For convenience,
the reference materials are numerically referenced and grouped in the

20 appended bibliography.

Proteins are engineered with the goal of improving their performance
for practical applications. Desirable properties depend on the application of
interest and may include tighter binding to a receptor, high catalytic activity,
high stability, the ability to accept a wider {or narrower) range of substrates, or

25 the ability to function in nonnatural environments such as organic solvents. A
variety of approaches, including 'rational’ design and random mutagenesis
methods, have been successfully used to optimize protein functions (1). The
choice of approach for a given optimization problem will depend upon the
degree of understanding of the relationships between sequence, structure and

30 function, The rational redesign of an enzyme catalytic site, for example, often
requires extensive knowledge of the enzyme structure, the structures of its
complexes with various ligands and analogs of reaction intermediates and
details of the catalytic mechanism. Such information is available only for a
very few well-studied systems; little is known about the vast majority of

35 potentially interesting enzymes. Identifying the amino acids responsible for
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Directed evolution, inspired by natural evolution, involves the

20 generation and selection or screening of a pool of mutated molecules which
has sufficient diversity for a molecule encoding a protein with altered or
enhanced function to be present therein. It generally begins with creation of a
library of mutated genes. Gene products which show improvement with
respect to the desired property or set of properties are identified by selection

25 or screening. The gene(s) encoding those products can be subjected to further
cycles of the process in order to accumulate beneficial mutations. This
evolution can involve few or many generations, depending on how far one
wishes to progress and the effects of mutations typically observed in each
generation, Such approaches have been used to create novel functional

30 nucleic &cids (12), peptides and other small molecules (12), antibodies {12), as
well as énzymes and other proteins (13,14,16). Directed evolution requires
little spetific knowledge about the product itself, only a means to evaluate the
function to be optimized. These procedures are even fairly tolerant to
inaccuracies and noise in the function evaluation (15).

35 Tﬁe ﬁ’i‘.‘iiérsﬁty of genes for directed evolution can be created by
mtroducing new point mutations using a variety of methods, including
muitagetiic FOR (15) or combinatorial cassette mutagenesis (16). The ability to
reconibifie genes, however, can add an important dimension to the
cvaluﬁaﬁary process, as evidenced by its key role in natural evolution.
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DNase I, and are reassembled (17,18,19). The non-random DNA

20 frapmentation associated with DNase I and other endonucleases, however,

introduces bias into the recombination and limits the recombination diversity.

Furthermore, this method is limited to recombination of double-stranded

polynucleotides and cannot be used on single-stranded templates. Further,

this method does not work well with certain combinations of genes and

25 primers. It is not efficient for recombination of short sequences (less than 200

nucleotides (nts)), for example. Finally, it is quite laborious, requiring several
steps. Alternative, convenient methods for creating novel genes by point
mutageiresis and recombination in vitro are needed.

30 SUMMARY OF THE INVENTION
The present invention provides a new and significantly improved
approach to creating novel polynucleotide sequences by point mutation and
recombihation in vitro of a set of parental sequences (the templates]. The
novel polynucleotide sequences can be useful in themselves (for example, for
5 DNA-based géthputing), or they can be expressed in recombinant organisms
for diredtedt evolution of the gene products, One embodiment of the invention
involves ‘priming the template gene(s) with random-sequence oligonucleotides
to getierate a pool of short DNA fragments. Under appropriate reaction
conditidtis, these short DNA fragments can prime one another based on
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DNA fragments can prine one anot her
cycles of denaturation followed by extremely abbreviated annealing/extension

20 steps. In each cycle the extended fragments can anneal to different templates
based on complementarity and extend a little further to create “recombinant
cassettes.” Due to this template switching, most of the polynuclectides
contain sequences from different parental genes (i.e. are novel recombinants).
This process is repeated until full-length genes form. It can be followed by an

25 optional gene amplification step.

The different embodiments of the invention provide features and
advatitages for different applications. In the most preferred embodiment, one
or more defined primers or defined primers exhibiting limited randomness
which correspond to or flank the 5 and 3' ends of the template

30 polynucieotides are used with StEP to generate gene fragments which grow
into the novel full-length sequences. This simple method requires no
knowledge of the template sequence(s).

In another preferred embodiment, multiple defined primers or defined
primers exhibiting limited randomness are used to generate short gene

33 fragments which are reassembled into full-length genes. Using multiple
defined primers allows the user to bias in vitro recombination frequency. If
sequence information is available, primers can be designed to generate
overlapgiitiy recombination cassettes which increase the frequency of
recombitiation at particular locations. Among other features, this method
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features, 2§ hi s ik iygthesis of single-stranded NA agments using mesophilic or
thermophilic polymerase with random-sequence oligonucleotides as primers
(primers not shown); b) Removal of templates; ¢} Reassembly with
thermophilic DNA polymerase; d) Amplification with thermostable
polymerase(s); €) Cloning and Screening (optional); and f} Repeat the process
30 with selécted gene(s) (optional).

PIG. 2 depicts recombination in accordance with the present invention
using déftined primers. The method is illustrated for the recombination of two
genes, where x = mutation. The steps diagrammed are: a) The genes are

35 primed with ‘defined primers in PCR reactions that can be done separately (2
primers per reaction) or combined {multiple primers per reaction); c) Initial
products are formed until defined primers are exhausted. Template is
removed f{optional); d) Initial fragments prime and extend themselves in
farther cycles of PCR with no addition of external primers. Assembly
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FiG. 4 is a diagrammatic representation of the results of the
recombination of two genes using two flanking primers and staggered
extension in accordance with the present invention. DNA sequences of five

20 genes chosen from the recombined library are indicated, where x is a mutation
present in the parental genes, and the triangle represents a new point
mutation. |

FIG. 5 is a diagrammatic representation of the sequences of the pNB

25 esterase genes described in Example 3. Template genes 2-13 and 5-B12 were

' recombined using the defined primer approach. The positions of the primers

are indicated by arrows, and the positions where the parental sequences differ

from one ancther are indicated by x's. New point mutations are indicated by

triangles. Mutations identified in these recombined genes are listed (only

30 positions which differ in the parental sequences are listed). Both 6E6 and
6H1 are recombination products of the template genes.

FIG. 6 shows the positions and sequences of the four defined internal

primers used to generate recombined genes from template genes R1 and R2

38 by interspersed primer-based recombination. Primer PS50F contains a
mutaticn (A—)T at base position 598) which simultaneously eliminates a

HindIll restriction site and adds a new unique Nhel site. Gene R2 also



pol ymerase(s); e) Coning and Screening (optional); and f) Repeat the
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process. The out | i ned!Gt% ghover the wgpulisf elosequensinguicntgeaes remnieadefingbnes are

prined with one @ahdrRadedfdciBbination ek LihaOrirsentuss-tY olsiRlsiRYE pri ner
10 ext ensi on‘fci)r 0

.a short..tinme; c) In the. next cycle of S
fragnments are E#€™ ud“?gaﬁgd]ﬁtiﬁfﬁtsﬁf?%‘ﬂg“f%%%een re%tt%eesgquaeﬁae %’)’5{ gﬁ%ed
further; ¥ Denantafigr therstepnepdon. Crosses indisateciositignesdirantations frem persabit ed
until full-lengtingeiesnd RS, WRIE trihbRl Dhdcad paditions of new poidJAu@iRnge! ) €)
Ful |l -1 ength gene.swgée uri fi eq;f‘ or amplified_i ndaePch{eeact i on t
with external prf T§°e€oﬁ?rl"&ﬁ1a 7;”?3’“@’6?)%“0355% Fepeat ThEFFrseedi® it h

sel ected 15 mutagjom intxpytuced by the mutagenic primer PSOF,

15 FIG. 9 depicts the results of applying the random-sequence primer
recombiristion method to the gene for Actinoplanes utahensis ECB deacylase.
(a) Ttie 2.4 kb ECB deacylase gene was purified from an agarose gel. (b) The
size of the random priming products ranged from 100 to 500 bases. (c)
Fragments shorter than 300 bases were isolated. (d) The purified fragments

20 were used fo reassemble the full-length gene with a smear background. (e} A
single PCR product of the same size as the ECB deacylase gene was obtained
after conventional PCR with the two primers located at the start and stop
regions of this gene. (f) After digestion with Xho I and Psh Al, the PCR product
was cloned into a modified plJ702 vector to form a mutant library. (g)

25 Introducing this library into Streptomyces Hvidans TK23 resulted in
approximately 71% clones producing the active ECB deacylase.

FIG. 10 shows the specific activity of the wild-type ECB deacylase and
mutant M16 obtained in accordance with the present invention.

30
FIG. 11 shows pH profiles of activity of the wild-type ECB deacylase
and mutant M16 obtained in accordance with the present invention.
FIG. 12 shows the DNA sequence analysis of 10 clones randomly chosen
35 from the‘liﬁrary/Klenow Lines represent 986-bp of subtilisin E gene including

45 nt of its prosequence, the entire mature sequence and 113 nt after the stop
codon. Crosses indicate positions of mutations from R1 and R2, while



FIG 4 is a diagrammatic representation of the results of the
reconbi nation of two genes using two flanking prinmers and staggered
extension in accordance with the present invention. DNA sequences of five

20- -+ , :* genes chosen fromthe reconbined library are indicated, where X
Is a nutation present in the parental genes, and Lapgl e
represents a“ﬁ%%“ﬁ’g'?nt mut ati on. Pb’pﬁ%}l{éﬁg s a
di agrammatic representation of the sequences of the pNB 25 est erase

genes described in Exanple 3. Tenplate gengs 2-13 and 5-Bl2 were

reconbi ned using the defjned prjnmer approagh. The positions of the priners
are indicated bgﬂ%ﬁﬁl‘?ﬁ\/\)?fm’éﬁdp‘ts’r?@nb&inFY"o?f’éntV\ﬁEF"E“E%EmﬁgP‘é dyring fifences
differ randoueprinig redvaibiration pmcesedi cat ed by x's. New point

mut ati ons are indicated by triangles. Miutations identified in

t hese reconbi ned genes are listed (only 30 posi tions which differ
in the parental sequEitet:Thsrmoptabiliydndexprofies pigthy sgreened clones fromgthe 5 o
reconbi naki on prReEuibrsieal proliticet cigihg diffegein @dlymerases: a) library/Klenow, bFl G 6
shows the positi e f fheqf e d,,iqn rlﬂggrﬁi

primers used tohgg%gﬁgtgear gg%gﬁips%g?cfngeeheds) ;ﬁpo /?gdr%“ gatng 1é&gnes Pﬁalt'nd R2 35
by i ntersper sed Nvrindlied Rasdrhl heBiiATA) after. incdbatiore bt PFCFwanndedi a3Sara

mutati on (A->T at base position 598) which sinultaneou anel i mnates a '
Hindl 11 restri ctipds ﬁt‘ge SRarmag) deergiogfabilityn Rate ‘T’\H&Is"é"iefsle. Ml so

contai ns a nut atdesdendingGrdrt. t he same base position, which elinminates the
H ndl || slite. FIG 7 is an el ectrophoresis gel which

shows the results of the
DETAILED DESCRIPTION OF THE INVENTION

In one preferred embodiment of the present invention, a set of primers

with all possible nucleotide sequence combinations (dp(N)L where L = primer

lerigth) is used for the primer-based recombination. It has been known for

15 years that ofigndeoxynucleotides of different lengths can serve as primers for

initiatioh of DNA synthesis on single-stranded templates by the Klenow

fragment of E.coli polymerase 1 (21). Although they are smaller than the size

of a normal PCR primer {i.e. less than 13 bases}, oligomers as short as

hexanucleotides can adequately prime the reaction and are frequently used in

20 labeling reactions (22). The use of random primers to create a pool of gene

fragments followed by gene reassembly in accordance with the invention is

shown in FIG. 1. The steps include generation of diverse "breeding blocks"

from the single-stranded polynucleotide templates through random priming,

reassembly of the full-length DNA from the generated short, nascent DNA

25 fragments by thermocycling in the presence of DNA polymerase and

nucleotides, and amplification of the desired genes from the reassembled

products by conventional PCR for further cloning and screening. This

procedure introduces new mutations mainly at the priming step but also

during other steps. These new mutations and the mutations already present

30 in the template sequences are recombined during reassembly to preate a

library of novel DNA sequences. The process can be repeated on the selected
sequences, if desired.

To carty out the random priming procedure, the template(s) can be

single- or ‘défatured double-stranded polynucleotide(s) in linear or closed

35 circular fofm. The templates can be mixed in equimolar amounts, or in

amounts weighted, for example, by their functional attributes. Since, at least

in some cases, the template genes are cloned in vectors into which no

additiohal mmutations should be introduced, they are usually first cleaved with



5 restriction-digestion analysis of plasmds fromthe 40 clones.

FIG 8 shows the results of sequencing ten genes fromthe defined

pri nmer-based reconbination |ibrary. Lines represent 986-bp of subtilisin E
gene i wcltuding 45 nt of its prosequence, the entire mature sequence and 113

10 nt _af he stop codon. Crosses indicate positi ations
from parent w%ytsﬁ&ss; gene R1 and R2, while triangles i ndi‘g‘f’%‘%’g |{ I ons of
new poi nt mutations i ntroduced during the reconbi nation
procedure. Circles represent the mut ati on introduced by the

mut ageni ¢ primer P50F. 15 .. Fl depicts, the results of
appl yi ng the r afeRFstOBFREpRISIepse(shand purified from 3‘Fé(8 S ﬁ‘gffeﬁﬁ{"ﬁﬁb‘l‘ﬁﬁﬂ to the
gene for Acti nopian esvlathizh cars | denbiGBdd dp chdilicge .annealed to randog)-séfjnen®. 4 kb

ECB deacyl ase 0GRRaUGmRUEd ik Lthd HOBAN AUADMSoflerdsbln ElSpresence of 1 20

of the random pr ng products ranged from 100t o 50Q bases.
Fragnents short @ TRESPPLiaGD apquats o BNEPs; s Sexanygleotids) PREFS 7Fi B Tagment s
20 wer e Usdthough 1omes saidbinrintees (up ltd 24 basgs)mayste beiskd, alepersling

background. (e) ,4 “‘&Pé‘r‘nga‘y‘%mgé gngqgg L BANE T uddll &dingS BRIoR! 5ﬁ?%§gtthe ECB

deacyl ase gene was ] arter conventional PCR w he two
primers | ocat ed sgthesie SFhas tthe gligoguelpptides prime the DN efnintegest o jvarighshe, (1)
After digestion pasitibne<iieng 1@ ehtire Rarfit, refibe aRCRr@ ket to generate shovas cl oned
|t roductng ¢ hi S8 BREpSSF aepibfele B Bad hiha or Bl bert Buar e 1o

appr oxi neel y 7E9snis ek asrhsge cnisripcprperatiops wad peispriaing, thesg sbort DNA

FIG 10 ShOWE t RRpfRAR eiléoccoagahi ydiﬁtﬁnﬂtfﬁﬁﬁﬂhe Widefl rduyipnely ESBbIEMRAC Ydartich and
mut ant ML6 obtai ned..in cor.dan Lth th e Y | Qn

FIG 11 shows pﬁ"ﬁ%gﬁlﬁ’e eo?h"gtcp S\I/&%ﬁ?ntgh%mfrﬁg% tdfgeﬁg’%gd%?%gl?se

and nutant ML6 divmeiaged anA dec orakserelledyi itfio t Rul-lgnath o RSN RNt Jepppted

]lfl G 1% Slhogls t RRerklify Bl HEINE Praabite h§ ttfrD éstémebnm PEISmEASE OTHere@liREN 35
romthe |ibrary, engw, Lin repr.esent 986-hp il 148 e

i ncl udi ng*® fatl ﬁ?m?)f‘&? 1“%"“8?‘6?8% qence. ﬁggteﬁtiumr&eﬁ’ r%okv EYBE’ g@guence
and 113 nt af t erressnible thep of the original templiemDNEr Jhseessenwricesatad RoErthens of
mut ati ons from Rlnpmdd B9 a Wbhveftional PCR and cloned into a vector for expression.

Screening or selection of the expressed mutants should lead to variants with

improved or even new specific functions. These variants can be immediately
20 used as partial solutions to a practical problem, or they can serve as new
starting points for further cycles of directed evolution.
Compared to other techniques used for protein optimization, such as
combinatorial cassette and oligonucleotide-directed mutagenesis (24,25,26),
error-prone PCR (27, 28), or DNA shuffling (17,18,19), some of the advantages
25 of the random-primer based procedure for in vitro protein evolution are
summarized as follows:
1. The template(s) used for random priming synthesis may be either
single- or double-stranded polynucleotides. In contrast, error-prone PCR and
the DNA shuffling method for recombination (17,18,19) necessarily employ
30 only double-stranded polynucleotides. Using the technique described here,
mutations and/or crossovers can be introduced at the DNA level by using
different DNA-dependent DNA polymerases, or even directly from mRNA by
using differant RNA-dependent DNA polymerases. Recombination can be
performed nsing single-stranded DNA templates.
a5 2. In contrast to the DNA shuffling procedure, which requires
fragmentation of the double-stranded DNA template {generally done with
DNAse 1) to generate random fragments, the technique described here employs
random priming synthesis to obtain DNA fragments of controllable size as
"breedirig blocks” for further reassembly (FIG. 1). One immediate advantage is



triangles indicate positions of new point nutations introduced during the
random pri m ng reconbi nati on process. FI G 13

Thernostability index profiles of the screened clones fromthe 5 five
| i.braries* produced using different polynerases: a) |ibrary/Kl enow, b)

l'i brary/ T4, i ry/ Sequenase, d) library/Stoffel and e

Nor mal i zed r%%@%ﬁact ivity (Alerr]/Aerr]) after i ncubat%#%@%%err] C
was used as an i ndex of the enzynme thernostability. Data were
sorted and plotted in descendln order 10

DETAI LED DESCRI PTI. ON OF THE | v ad D referred
enbodi ment of t AT s%‘?’t‘t’c‘isn?fe‘m 8?? a?fvét%t(Dg?s"pIr PR3 | Bxofifede” s With all
possi bl e nucl eobli:dmakﬂqamhdns elmwbleamrlqonscl(dp(m)el_swwlt)éﬂe ﬁgal:repﬁsembb'

| ength) is usedpLgt; ﬁgﬁ ﬁq@? </ econbi nation. It has been known for
15 years that |godeoxyn eotldes of dlffe[ent | engt hs an serve as
primers for 3. Sinpg);the fapdem B‘meAa"seyﬁt paRylation, of ; frgthstie ﬂded

t enpl at essby t hemklestitiew that contain all fonfigasatin efery postidn, piwlyyare uaderndin( 21) .

Al t hough they ar e rimer
(i.e. less than tﬁ%‘sg&g‘h’eh& h%ﬂgorre & bwﬁ The sequeme &M&%ﬁgg&;&feot | des
can adequately phemgo tf‘ﬁ'é1 b@&lﬁ*ﬁl"ﬂw *é’ﬁd“&?’é"ef P%&W?Naﬁm Pepitings, so

| abel i ng reacti Qnae(v&ar)nucl'Ebmm&xafempaE&imm pahm, tm:se laeafceexaexpem of gene

fragrrentsfollov&? [%{ I RarPG tlonls
shown in FIG 1 s%g&g F’%gﬁﬁ %n‘lgr atio | verse "bred’igl ng’ bl ocks"
from t he 3&i ngl e@ﬂhﬁﬂ&?"ﬂ%%@'@ﬁ%ﬁ%Wﬁmﬁpé%fapﬁ?rﬁ‘ﬁdméﬁ’fcﬁfﬂﬁ“ i M ng,
reassenbly of thaﬂ{wdr:ﬂr&[md]zm&mm@e generated short, nascent DNA 25

fragnents by thd{ rmc;fﬁl NG, | gpnt h% I?I&E%%ﬂﬁgs Of; 1R2NA grpwerﬁb?l\hﬁgag&d

nucl eot i des, anpll ca esired genes & Teassenbl ed
products by con\nemqrarvalhemckewdem”tmpb@l@m esq fghd B SERPISEENtERY S

procedure i ntrodueass BRVEyRtHeatdddrn tRIIHUOH Rimikhet the rdridon Isdxepudpiotidal so
15 pritner using polymerase and the four deoxynucleotide triphosphates. Thus
the resdction is independent of the length of the DNA template. DNA fragments
of 200 bases length can be primed equally well as linearized plasmid or A DNA

{29). This is particularly useful for engineering peptides, for example.
S. Since DNase | is an endonuclease that hydrolyzes double-stranded
20 DNA preferentially at sites adjacent to p_yrimidine nucleotides, its use in DNA
shuffling may resuit in bias {particularly for genes with high G+C or high A+T
content) at the step of template gene digestion. Effects of this potential bias
on the overall mutation rate and recombination frequency may be avoided by
using the random-priming approach. Bias in random priming due to
25 preferential hybridization to GC-rich regions of the template DNA could be
overcome by increasing the A and T content in the random oligonucleotide
library.

An important part of practicing the present invention is controlling the

30 average size of the nascent, single-strand DNA synthesized during the random
priming process. This step has been studied in detail by others. Hodgson and

Fisk {30) found that the average size of the synthesized single-strand DNA is

an inverse function of primer concentration: length = k/f JInPc , where Pc is

the primer concentration. The inverse relationship between primer concen-

35 tration and output DNA fragment size may be due to steric hindrance. Based
on this guideline, proper conditions for random-priming synthesis can be
readily set for individual genes of different lengths.



during other steps. These new nutations and the nutations already present

30 In the tenpl ate sequences are reconbi ned during reassenbly to
Ccreate a | i brary of novel DNA sequences. The process can be
repeat gd.on the sel ected sequences, if desired.

To carry out the random primn rocedure, the tenplate(s) can

si ngl e-yor de‘ﬁgt%ﬂm douBI e- st ?agded pol ynucl eot i (rjrg(s) |(n) |PCH@§P8/Q§P56C| osed
35 circular form The tenplates can be m xed in equinolar anounts, or
in anounts wei ghted, for exanple, by their functiona

attributes. Since, | east

I n sdﬁe cases, he tenpl at e genes
are cloned in vector ss"i“i?t%’zm Aipofygrerases are C““'m&ﬁd‘i"?‘}aﬁi?afyms&‘t ?fotrei@ shoul d

be introduced, t eyt amecens DMAl fyaghiensst canl aratdbved irha variety of fashions. For

restriction endo%&{p@n%?ggé%e&ggergyggﬁggw%gm@ygr ’i‘?%&oﬁfcﬁase%x e§gl ting

| i near 1 ng, annea
random sequence DNAP°WW|{%E%’QR‘HT€§“&WF&PH%B&%thﬁs‘BNA poI ymer ase

in the presence of For single-attarRipfir Slyriualestidentaniplated (piifiRdarlyHeoraBRNAl eot i de
primers are prefge;pgs arversegik%SiéSst'&@ﬁﬁfed Fo%’?&%no%ﬁ:ﬁh‘% #Psid 0 24

bases) may al so ase and

condi ti oni ng use@“&ﬁﬂ%@“@'&ﬁ‘id@ﬂ#ﬁrﬁnﬂ#@“ﬂ”ﬁ activitysif it ‘F‘Fé%‘l’é’m“FI‘FeWﬁe

ol i gonucl eot i des i nt erest | QUS04 OS.I tions
along the entire 'Fg’feg%'?s reglo ﬁancﬁ?téa%"f(‘f" Nicliﬁst 0 %@ﬁer’é‘f’wt e m
DNA fragnents coe%kyeamﬁsaﬁxyin&@p@a&h(m)rand of the tenplate DNA Due to 10

events su as base m SRL !

fragmentsggl so contai Eiﬁ@n% %I onscg%%ré];‘rS t‘r?loll;'lt&}2 btem%ﬁgﬁ% {1&5
reaction faf@@ﬁ’dﬁmiﬁ% synthesis jgiog  rEngstadimepys e@am forr the sBP® anot her
based on nadtBAPDRY Yragienth e AhGmpseat coakidetdtdnlisitd ideftify bl rg@m&s by
(SRS e PRFRRI AL aldhel B RES 808 Bl boTRSLABL R
sequences nost SFMEFH vm aqwesetvéhe tegpplgtes and give suﬂ”lw’éé?ﬂﬁ @nﬂrﬁ&eu%f at he

ori gi nal rrplatg% fied by
a conventional angmﬂggﬂ ﬁgg&g&%@f@ﬁ%&%%ﬁgégs 'Y Short as dB(N?Jz'

Screeni ng or sel ead be)nsa{dfthmec}émgas&mﬂmsmu&dmm* dAdwadgﬂuRﬁattoant S

Wi th _ | MM OMRHA prEYER sPaesPHOVHES a lcbiehieRNRiethb RS ak@/shal S can
be i medi ately

nascent DNA fragments and makes this random priming recombination
technique very robust.

20 In many evolution scenarios, recombination should be conducted
between oligonucleotide sequences for which sequence information is available
for at least some of the template sequences. In such scenarios, it is often
possible to define and synthesize a series of primers which are interspersed
between the various mutations. When defined primers are used, they can be

25 between 6 and 100 bases long. In accordance with the present invention, it
was discovered that by allowing these defined primers to initiate a series of
overlapping primer extension reactions (which may be facilitated by
thermotycling), it is possible to generate recombination cassettes each
containing one or more of the accumulated mutations, allelic or isotypic

30 differenceés between templates. Using the defined primers in such a way that
overlappifig extension products are generated in the DNA polymerization
reactions, exhaustion of available primer leads to the progressive cross-
hybridization of primer extended products until complete gene products are
generated. The repeated rounds of annealing, extension and denaturation

35 assure recombination of each overlapping cassette with every other,

A preferred embodiment of the present invention involves methods in
which a set of defined oligonucleotide primers is used to prime DNA synthesis.
FIG. 2 illustrates an exemplary version of the present invention in which



20 used as partial solutions to a practical problem or they can

serve as new starting points for further cycles of directed

evol ution. Conpared to other techni ques used for protein
opt i~m zatton, such as conbi natori al cassette and

ol i gonucl eoti de-directed nutagenesis (24, 25, 26), error-?rone PCR
(27, 28), or prc RN ng (17,18,19), sone of the advant aﬁ%@%’o 956 of
the random primer based procedure for in vitro protein evolution are
summari zed as foll ows: 1. The tenpl ate(s) used for random

primng synthesis y_be either . gPnal e-. or. doubl.e- stranded

pol ynucl eot i des Flerf’%ac%‘ﬁ??‘"ﬁ?f? sy &afeﬁflo‘%?g’g?’@ﬁga‘?‘?&mm;& oLg‘mtv‘ﬁ%"

shuf f1 i ng nmet hostifmers fasilitates e igemerdtivn, dfignagyandomestiendedl yreeomiingtios0

only doubl e-str grgRek 2o ¥ UddeR! dei@mineUbl NHajbRchRGRMIGIURL U6 64akibRd here,
mut ati ons and/ or_crossovers can %g introduceld at the DNA | evel by using
di fferent DNA- dgm%fﬁg%ﬁ%ﬂ? PologAls THRPIRE, i rectly from nRNA by
usi ng difberent RNA-ahtiserdemboddiiéntpof \ther et Reendiohi ivatano plteraatiee

per formed using .55kt kAR 4. P DR LSRR B34 redoimbination i@ the prdbe@Ntrast to
the DNA shufflin rocedure, whjch r;{\g#lr S ion of the

( . fragment a
doubl e- st r anded plathp s pgdstale Snifif ppresent m"ent%nmgéesl) to
gengr ate r andonréaua@m!ﬁbﬁintv«fm:m wé‘qa?ﬁ@#sbwh b:eljrdeézaei;?gri;agzlsed to
random pri nm ng &%Qf : Rkl AR Wl HeOR! Eusl ze as
"breedi ng bl ock§¥__ Qr%;’t ﬁg(r)(mr'easse ly (FIG 1;%01? irl?medi atoe advant age
i s 10 extension step} gHer fo,denatigptions Ben o Splollewsd, Py jandeflase | and
5'-3" exonucl easéhesdihg of the extended! frapnieatsend, teapthtd béguendes aingd @atinesd cont r ol
over the size of, [0 fi r Vi g D! debbiCd d ene
fragnents. tp &MDSI ﬁ@?é%? e Srlaﬁ?c??nte%xﬁl rg ar’ede% popéuﬁﬂa]f?eon of
synt hetic ol i gocondsntration of primassang demplpte; upidfidd lenetly seapentes piesBads. n every
posi tion, they ahis proécboistailédl staggered extendidigior StEPN githoagidranaedk paineeuence

0l as. ThasSequencs NRlel game! sikedlddGnimesis is not ndaf B! dc@f M RY | ds Wi th

the tenplate strands at_nmany positions, so at every
nucl eoti de of t KEfredpsinare f‘@i&féﬁ{‘?d%@ﬁ&ﬂ%e,l’rffﬁ%%"e at the extrene 5'
term nus) shoul d be nothisaiethbd,ca BiidfiahAsalihp egteasioy stepis)ois psedl ucgemerake t hi s
way, the pafl:ially extended primer. A typical annealing/extension step is done

under conditions which allow high fidelity primer annealing (Tannealing greater

20 than Tm25), but limit the polymerization/extension to no more than a few

seconds {or an average extension to less than 300 nts). Minimum extensions
are preferably on the order of 20-50 nts. It has been demonstrated that
thermostable DNA polymerases typically exhibit maximal polymerization rates
of 100-150 mucleotides/second/enzyme molecule at optimal temperatures,
25 but follow approximate Arrhenius kinetics at temperatures approaching the

optimum temperature (Topt). Thus, at a temperature of §5°C, a thermostable
polymerase exhibits only 20-25% of the steady state polymerization rate that it
exhibifs at 72°C (Topt), or 24 nts/second (40). At 37°C and 22°C, Tag

polymerdse is reported to have extension activities of 1.5 and 0.25
30 nts/second, respectively (24). Both time and temperature can be routinely
altered based on the desired recombination events and knowledge of basic
polymerase kinetics and biochemistry.
The progress of the staggered extension process is monitored by
removing aliquots from the reaction tube at various time points in the primer
35 extension and separating DNA fragments by agarose gel electrophoresis.
Evidence of effective primer extension is seen from the appearance of a low



10 both nutations and crossover may happen nore randomy than, for
exanpl e, with error-prone PCR or DNA shuffling. 4,
The random primed DNA synthesis is based on the hybridization of a

m xt:urg of hexanucl eotides to the DNA tenpl ates, and the conpl enentary

strands are | zed fromthe 3'-OH termini at the randgm nucl eoti de
15 pr%%g‘ﬁgﬁzng pol ynerase and the four deoxynucl eo?ﬂ%ggg%sy“ '
tri phosphates. Thus the reaction is independent of the |ength of

the DNA tenplate. DNA fragnents Ojf 200 bases length can be prined
equal ly wel |l as linearized plasnid r‘[r(ri%DNA Ca 29). This is
rticurty, bt SRC R bt s N < o

i nce se | isw : VBEEY rol yzes doubl e-stranded _
DNA preferential |y atyic Gfe 3gthe CaiintRioRYbroblsd| RiAUERALIIRSY DR USE N
DNA shuffli n%umag result 1n bias (particul arl%/,f_or enes with

hi gh G+C or hi gh®SReaentially), SEEP gepesates pey DA %f{t%ﬁ*m?‘ém gdhe |
di 1g:;est i gn.s Ef Lte)_cits eafly tydes yidtle ndritaih MMSegmegméﬁgespmm thuellf_&i-ént{nﬁt ation
rate and reco 'Qﬁ%ﬂlﬂ@ (] B YarRf: DY cycles of L.ogst he
random prim ng agp QacﬁgegBiUgg&i)ﬁn raﬁgg'r‘ﬁ%\é% i ¥dcy etsc? %tSEPédﬁ ®
preferential hyb

] prim ng_due 25
gl rglan ieldsof PNA|9f Apppogimatesf g‘? <f Shppinitiab teppleteoul d be
over cone by i ncremeemeatioche An asuehphrieonnt that idealizéd) epolyareesm cairg aeattiogot | de
l'i brary. N . ' cg'h;gg% RE<REgsent

i nvention is contro jf?\r getnﬁgé%gh%%%g}t%ggugggﬁggﬁ%he na %ent, 4

si ngl e- st *and Dl\H°’§%]Mﬂﬁ’g%‘iaEB@”mﬁt?l¥lbxtlﬁé'fql Huepgh the same numbey ofistpspr ocess.
Thi s step has bekriprattitd] e differahet Bitivednythio theproceskiatgn®e obsttved by PCR, Fi sk

n 1 nver se f unct Pane oyt ot &t Qi By L RS 1EPE el SBALAP LR | ©
Plerr] is templaty 4 cpRocHERtions ok loss theni bme/viRnd; pRratrs &t 18159Pids hi p
bet ween pri er CQRCAMvs. 386 fod. extdefcyRlhs 30 ot oRMIi A 1 AU ictige Y be
ue to steric hindrance. Based oh this guideline, proper
condi tionssfor readiom gmditiony) thy AtEPowiudd barxHseted to give a less visthidsingar§et f or
i ndi vi dual genesyRfch b LLe B mbRABIRReight with increasing number of cycles. When
significant numbers of primer extended DNA molecules begin to reach sizes of
greater than 1/2 the length of the full length gene, a rapid jump in molecular
weight occurs, as half-extended forward and reverse strands begin to cross-

20 hybridize to generate fragments nearly 2 times the size of those encountered
to that point in the process. At this point, consolidation of the smear into a
discrete band of the appropriate molecular weight can occur rapidly by either
continuing to subject the DNA to StEP, or altering the thermocycle to allow
complete extension of the primed DNA to drive exponential gene amplification.

25 Following gene assembly (and, if necessary, conversion to double
stranded form) recombined genes are amplified (optional), digested with
suitable restriction enzymes and ligated into expression vectors for screening
of the expressed gene products. The process can be repeated if desired, in
order to accumulate sequence changes leading to the evolution of desired

30 functions,

The staggered extension and homologous gene assembly process (StEP}
represents a powerful, flexible method for recombining similar genes in a
randotfy or biased fashion., The process can be used to concentrate
recombination within or away from specific regions of a known series of

as sequerices hy controlling placement of primers and the time allowed for
annealing/extension steps. It can also be used to recombine specific cassettes
of homologous genetic information generated separately or within a single
reaction. The method is also applicable to recombining genes for which no



Si nce dozens of polynerases are currently avail able, synthesis of the
short, nascent DNA fragnents can be achieved in a variety of fashions. For
exanpl e, bacteriophage T4 DNA pol ynerase (23) or T7 sequenase version 2.0
DNA=pol.yrerase (31,32) can be used for the randomprimng synthesis. 5

For single-stranded pol ynucl eotide tenplates (particularly_for RNA
tenpl ates), grqgg(d;gqsge transcriptase is preferred for randolfﬁf"'ﬁﬁ"?S'Wﬁ‘a6

synt hesi s. Since this enzyne | acks 3'->5'" exonucl ease activity, it
is rather prone to error. In thfé,pr esence of high concentrations
of dNTPs and Mh[err], about 1 base in

1 be ) every 500 is ,
ni si ncor por at edSyigHce fpformation s availablg, bk, forr whigh lf‘ﬁlffu?‘?écﬁ 8Rd cBndi ti ons,
the PCR can be samiplifidation pritneishan be prepared. Urdikel othep récombipratiominadheds usi ng
t her nost abl e po _ OE|¥Q shor. ase DNA,of 1 nts. An
g%?%t %etﬁ & egﬁc%s;s lr.;an rbe mn %ﬂx%le e u@ﬂ@e

i nportant consi ) Is to 1de outine .. .. _experrmentation
the reaction coPRveRtsnel prereiyresvEthout omplexispraratinsyar PHERcRSIAR steps.

primers can anneal tSonidef tTRtahRgesabdt@ Ydinsdrpfimet efibodiMén®ngd thlei cat i on
at 15 hi pegr il %Ez?gr%rs%%m%dha%"f& fwgund that random priners as
short as dp(N)[ rr]m Can Be Used Wi th PCR to generate the
extended priners. Adapting the PCR to the random prim ng
synthesis provi des argeOstep Mettd dvel A Gedilirenid@atdiDsfiparent molecules fri@scent DNA
fragnents and nmakes bﬁet&i smc[ua}:@sdom primng reconbi nation t echni que
very robust. 20 4ssem P ‘I'n many evol uti on scenari os, reconbination
shoul d bavcondu@t ed Defined primerpspphennsstiitgdriar teolorrionsefiseerainationr whi ch
sequence i nformagdnes) i S avail abl e for at |east sone of the
tenpl at e sequenges. sych scenarios, .it .is often . possi ble to
define and synt %E‘Si zé&g PFege § °°Hﬂ?’fnf?'3?’§ f{/?,ﬂ'lleé’ﬁyg? & s &Y ae

bet ween t he var extessiomytimes.ons. When defined prinmers are used, they can be
25 bet wvean 6 BRkeddibiRaARE roceithan bl cASLALHARGRML fink.he present

invention, it was di scovered that by allow,n hese, def i ned
primers £9 initiPate PGEPOFSE °BF B (e obd °rb\§‘§‘¥]f’§ﬁﬁ?¥§ %r‘*’ﬁ@?'sgﬁ Hsi on
reactions (whi clpolyayclendidemci |itated by thernocycling), it is
possi bl e to gengr at eTheGRERENMvoRE 8RS DRt GfrcAA6dY by DNase 1 GPNStAENI NG oOne
or nore of the ac‘gurru ated nutations, allelic or isotypic 30

di fferences bet BRI EAM®at es. Using the defined priners in such a way that
over | appi ng ext &nsi oHnjverselrine=racan lpamed.at ed in t he DNA pol yneri zati on

reacti ong, exhawgsti Qﬂeﬂ{edqsyﬁielr@éaih&ida{c? 1{£ﬁ£edlr&§&bme9s &a}aec;emse@&eﬁa&exﬁe c { 0SS-
ucts un conpl ete gene products are

hybri di zati on of i mer extended pr i

generated. The &%éﬁm%%m'guﬁﬁéﬁﬁ% 5% TR SR on and denaturation 35
assure reconbi nati on of each overlapping cassette with every other.

A preferred enbodi neqt waf bd RSHrRiR&ER tholy/ AMddGA the 1248, $RsralBRiHIAMEentd)

of the present invention are possible. Exemplary embodiments include:

25
L Recombination and point mutation of related genes using only defined
flanking primers and staggered extension.

2. Recombination and mutation of related genes using flanking primers

30 and a series of internal primers at low enough concentration that exhaustion
of the primers will occur over the course of the thermocycling, forcing the
overlapping gene fragments to cross-hybridize and extend until recombined
synthetic genes are formed.

35 3. Recombination and mutation of genes using random-sequence primers
at high concentration to generate a pool of short DNA fragments which are
reassembled fo form new genes.



whi ch a set of defined oligonucleotide priners is used to prinme DNA

synt hesi s. FIG 2 illustrates an exenplary version of the present
i nvention in which defined prinmers are used. Careful
desi-gn iand positioning of oligonucleotide priners facilitates the
eneration o -random ext ended reconbi nati on rier dis

gsed to det é&ﬂ%@“?ﬁe maj or reconbi nation (co-segregation) CT’US”’ESS'QP events
al ong the |l ength of honol ogous tenplates. 5 Anot her

enbodi nent of the present invention is an glfét,er native approach to
prinmer-based gene assenbly and reconhi nati

In the presence, of
tenpl ate. Thus, as i*ﬂ%?%%%%nﬁgW%“%%%ﬁff%%%m@ el udes
reconbi nati on i genskate A peslay DNA Grapatnts etlichbife passymblet taformmewgemdsl owed t o
proceed only briefly (by limting the tine and | owering the tenperature of
the 10 extension step) prior to denaturation, Denaturation is followed
by random 5. Beoprabinption spd ppiatien 1of sgls-seradaderpi@icisotdes singe
sequencessand cond brrierd defined primers §Rl dthgpkred ktemsoroto. forihheaw pamesess i S
repeated nultiple tinmes, depending on the concentration of prinmer
and tenplate, until full |ength sequences are nade. Thi s process
i s called staggfred Recpwhinption using dsfined prigensavidgrinitad randqmnese pkmors can
al so be used f Oknant 0% o0a6R tBA0I6f the hicléblitde PRMnY withinttht pSikeAt as Wi th
defined primers. Thus defined prinmers are preferred. In
this nmethod, a brief annealing/extension stggé;) Is used to generate
the partitl |y extendétmplesmlpragtice ghving uah iMigesbaindstegembingtion; s done
under conditi ongnettdGe as fodwddi gh fidelity primer annealing (Tannealing

greater 20 than Tnferr]), but limt the pol ynerization/extension to
no nore than a few seconds (or an average extension to | ess than
300 nts). M ni num ext ensions EXAMBLB L of er abl y on the order of 20-50

nts. It has been de strated tha t her nost abl e, DNA pol yner ases
{ypi cal Ly oxhtbr ¢ iR ol Bibons pmep et SERLRE Rl 0573 25
nucl eot i ées/ second/ enzyne oI"eC S e ptl rat %aerrpﬁra?ures,

This example shows how the defined primer recombination method can
be used to enhance the thermostability of subtilisin E by recombination of two
genes known to encode subtilisin E variants with thermostabilities exceeding
that of wild-type subtilisin E. This exampie demonstrates the general method

20 outlined in FIG. 3 utilizing only two primers corresponding to the 5' and 3'
ends of the templates.

As outlined in FIG. 3, extended recombination primers are first
generated by the staggered extension process (StEP), which consists of
repeated cycles of denaturation followed by extremely abbreviated

25 annealing/extension step(s). The extended fragments are reassembled into
full-length genes by thermocycling-assisted homologous gene assembly in the
presence of a DNA polymerase, followed by an optional gene amplification
step,

Two thermostable subtilisin E mutants R1 and R2 were used to test the

3o defined primer based recombination technique using staggered extension.
The positions at which these two genes differ from one another are shown in
Table 1. Among the ten nuclectide positions that differ in R1 and R2, only
those mutations leading to amino acid substitntions Asn 181-Asp (N181D) and
Asn 218-Ser (N218S) confer thermostability. The remaining matations are

35 neutral with respect to their effects on thermostability (33). The half-lives at
65°C of the single variants N181D and N218S are approximately 3-fold and 2-
fold greater than that of wild type subtilisin E, respectively, and their melting

temperatures, Ty, are 3.7°C and 3.2°C higher than that of wild type enzyme,



25 but foll ow approxi mate Arrhenius kinetics at tenperatures

approaching the opti mum tenperature (T[err]). Thus, at a
tenperature of 55C, a thernostable pol ynmerase exhibits only
20+ 25%:0f*t he steady state polynerization rate that it exhibits

at 72[err]C( or 24 nts/second (40). At 37[err]C a C, Taq
pol ynerase is {)g{{%zﬁzed to have extension activities of 1. Sr}%{é}%%%fg‘

nts/ second, respectively (24). Both tinme and tenperature can be routi neI y
altered based on the desired reconbi natlon events and knowl edge of basic

pol yner ase kinetics ; | ochem str. pr ess of the
st agger ed ext enﬁ%ﬁchb'a&'cg?gg?’g ’ﬁ‘i?ﬁ}b{’&“% cppts that yield seq“ ﬁ?’}%“ﬁ‘lgi quot s
from the reacti bothtthbe fahcticuel mustivhswillpgiventiss torentymeesprhiaye half Boes at

extensi on and SEBRY atd Bfprblitalely? 9154 eealdh AUA"ARCHORI YRCLIAADRTES! S-

Evi dence of effective prinmer extension iIs seen fromthe appearance of a | ow
nol ecul ar wei ghP"""éq‘?ﬂé‘P new dejeleripys mptatigng,ag datredpsdinto iR Fe£SRES qWingo| ecul ar

wei ght w sh i nctieasichgbiayidreprocksle [Furthermore, the overall poitdnhiitagerickis rgene
anpl i fication PLQ &%(VWR t(fxlé' r&gﬁ%{rg{\&?ptla% gah eest:ma.ted fro@ﬁ(g%nc%%ﬁu%l ly),

St EP generates ne I'n an a e nan

early cycl es whiei¥Fiygmemde o Bmagégwemgsofctw recepdingd rY@“’t"ﬁ bRy diif ther ent
t enpl at e genes. pbindaitdpenesaimte i yéragzmdhet poPpBation? Shdbill exiSoiwil Sy b

gener at es o "F%te v@x%@) rrpl ry?ltg‘lﬂguql‘ %r?()f a@gprd%mga tXn40 tinmes

the initial npar’i son, [3) |deaI|zed

pol yneradé chai W%&’Gf"?%ﬁﬁ)’hke actl“tY ab‘ﬂdéésfmrnggéﬂé MM fiaE tsingle | s
nul tiplicative whitasgivesin ollmllag-lﬂ:er&ﬁhﬁjm Fihfle point mutéfizhadis JHcfdalesOf

approxi mat el y 1 g ‘g rQ]fth he samg WI&%J?'EC u%é {%P?ower)
In practice, the di rence TWo pr processes e obser'ved by
PCR, grinitig Thlsétasmn c@ah?@“‘hﬁ@h%%lﬂye poiptapptapensais r¢tan 10) cycl es
when starting with . tenpl ate at concentrations of |ess than 1
ng/ ul anqspri mers at 10-500-fold TABLE 1
DNA and amino acid substitutions in thermostable
subtilisin £ mutants R1 and R2,
Base Position Amino acid
Gene Base Substitution in codon Amino acid  substitution
780 A G 2 109 Asn—Ser
Rl 1107 A>G 2 218 Asn—Ser
1141 A>T 3 229 synonymous
1163 A->G 3 233 synonymous
484 A->G 3 10 synonymous
520 A>T 3 22 synonymous
598 A->G 3 48 synonymous
731 G-A 1 93 Val-slle
R2 745 T-C 3 97 synonymous
780 A->G 2 109 Asn—>Ser
995 A->G 1 181 Asn—Asp
1189 A->G 3 245 synonymous

Mutations listed are relative to wild type subtilisin E with base substitution at
780 in common.



excess (vs. 106-fold excess typical of gene anplification). Under simlar
15 reaction conditions, the StEP would be expected to give a | ess
visible 'snear', whi ch increases in nolecular weight with

i ncrieasi iy nunber of cycles. Wen significant nunmbers of prinmer
ext ended DNAvyrD!IH;ZCUI es begin to reach sizes of greater than 1/2
the I ength of $24%) | | ength gene, a rapid junp in nol ecuPGFUS98N5956

wei ght occurs, as hal f-extended forward and reverse strands begin to cross-
20 hybridi ze to generate fragrrentsén;early 2 tines the size of those
encount er ed _ to that point in thé process. At this point,

consol i dation ofMTtﬁg"gr?égbl‘?th?% a di screte band of the

appropri at e nol etrededureisr dgfitedyaimen baset recapbittgjoriusingitivh anking primers.

continuing to subjeciy} %ﬁ%ggre%kﬁgﬁég.acwcgrdmd a&;ﬂhmygb_%. to all ow

conpl ete extensign of the Prl med_ rove exponential. gene ‘

anpl i fication. J88Q.ID.NO: 1), undegified sapysgog)is Ndel sestyighop sitghapd PIB (@cessary,
conversi os t 0 dotGAGT CTAGA GGATCIIGATTARS (SDQ.ID. Net o)y hndetingestgaente &s

anpl ified (opti afalar SRkl Urreaponding 1o $V1dkAPh® dafRhE! Bl enzymes
and ligated into expression vectors ?@r_ sp%eenl ng. of The
expressed gene pEIRFGETEY, Wrrrcussa dercresorphination. r eqnditionsl (100 dinal eume)y

order to accunulmi®pmenpiadsia DNAGRELSnihE géied 81 tafld RRGmBNA atIL i1 PRerefuseesi red 30

[@X

functi ons. Th t : Xt ensj.on " aTay o) S .gene
assenbly pr ocessas(’t , 15 pmol of g”?gﬂgéggﬁﬁg‘egquﬁgsr ?.ggu ’eé(.lgb € %et hod
for recomi ning » lye mdE Megle and 0.25 U Tag polymsersen Progran: Ssaigutesdhi on.

The p][ ocess canfgsec,uwdycm o@GO%@d%hﬂﬁQﬁ’C,S_second? ngmfélﬂ;rﬁ&idt(aﬂc&i'échig or
away Tromspecirtlc reglons o own series o o seguences Dby
cont 101 Vi ngr ot acite(ElsPRRRRiRe ML R 5t Fimap Quith o S e

anneal i ng/ ext ensilestroptapsis ahd pudfiedalsng QREXSE gelt axtractioontit. n@his pacified c
cassettes produd® iwal EFRLIBE QLA NIRN&Id BarhBf MdRidcRReIRRCPBELRAPAr at el y

O S Thineehe iy A hpthP 8! 051 23 BB ERL © T

14 s equBrrubtiinDB42ftangretens cells fodl exiplessiby end sereevting; has fdesteibednal 5’
and 3' ARkic (8§t 1 on prinmers can be prepared. Unlike other
reconbi nati on net hods,
DNA sequencing
20 CGenes were purified using QIAprep spin plasmid miniprep kit to obtain

sequencing quality DNA. Sequencing was done on an ABI 373 DNA
Sequencing System using the Dye Terminator Cycle Sequencing kit {Perkin-
Elmer, Branchburg, NJ).

25 Results
The progress of the staggered extension was monitored by removing
aliguots {10 ul) from the reaction tube at various time points in the primer
extension process and separating DNA fragments by agarose gel
electrophoresis. Gel electrophoresis of primer extension reactions revealed
30 that annealing/extension reactions of 5 seconds at 55°C resulted in the
occurrence of a smear approaching 100 bp (after 20 cycles), 400 bp (after 40
cycles), 800 bp (after 60 cycles) and finally a strong approximately 1 kb band
withinn this smear., This band {mixture of reassembled products} was gel
purified, digested with restriction enzyme BamHI and Ndel, and ligated with
35 vector generated by BamHI-Ndel digestion of the E. coli / B. subtilis pBE3
shuttle vector. This gene library was amplified in E. coli HB101 and
transferred into B. subtilis DB428 competent cells for expression and
screening (35).



t he staggered extension process can be run in a single tube using
conventional procedures w thout conplex separation or purification steps. 5
Sonme of the advantages of the defined-prinmer enbodi nents of the

present;i ¥hvention are summari zed as fol |l ows: 1. The St EP

met hod does S@E egylre separation of parent nol ecules from

assenbl ed pr 2. Defined priners can be uEEHUBB8s ¢ he
| ocati on of reconbl nat i on events. 3. StEP all ows the
reconbi nation frequency to be adjusted by rying extension tines.

4. The reconbi nati roc can_be car/fed out jn a sin u

5.  The process can&B"eg?EP %’&‘%ﬁf"’r{ﬂﬁ“’glﬁ‘@‘f‘g”?ﬁgﬁt 'gh'ﬁbsf v"é{randed
pol ynucl eot i des plate format descibed prﬁxmspr(ea)ewboaveaajslomwéyc agreinetly mlced by
DNase | or otherygy, rommaételyzs’%r}gﬁﬂx%mgﬁacm1 Among tlZeseacﬁJe"%loYi@gQ@é priners

can be used. 20 Defned priners. exhi bi randommess
can be used to iFfOREAFYO! the double mP'%&t-P‘f%aB%'f?Weo‘%“gﬁu ‘E?#Fﬁ’g'l WsEFLct ed
areas of the gerapprommately 23%, the single muksniviike| phibmotpgrwascipatoaxtindssly #2%s e
skilled in the g ‘r,ﬁ.ie gﬂgpoq%]gqp; tely 385, & H{E-Fb%% ovention
are possi bl e. Exerrp y g%o I ment's 1 Nnc Eﬁ’éomaely i i

Reconbi nati on arf&¥Riessite thevalies prnseted when &6 ﬁ%ﬁ@?‘?ﬁ?‘ﬂ@m&%ﬁ%’nﬂ@ﬁ’r%d
flanking pri ner&nandasbaggeéceﬁbﬁxmahanomer completely freely? . Reconbi nati on
and nut ati on of rel atg tg%ggs ‘%j ’}&u{o c}Q«Qi 19&4‘%%&”%9 01 gene ki a series
of internal priners at w_enoug conc ration that ex t1on

of the priomers viaeir %%‘E}P%rweﬂ'h@"lﬁﬁér%’é Geestdovith, H ﬁ’tﬁf’@c‘?‘?”i‘(g ¥ige ci ng t he
over | appi ng geneynxftroaQUHM%) Hie@l $hiE Qfisertld o biiléE Biza Mebpeosimasly Nkb)l Tiespnbi ned

synt heti c genesda%k?ose ugl% 5% of?’éxc above 11§rary hE@chgn%th} h&@ t@%krwttﬁéi on of

genes using ran concentration to
generate a pool We%ﬁfhﬂhmﬂ‘g ng?fgrré"h!ss qlgrice ary met mesibers of the s38WlisHH| ed to

f orm new genes. library and should be removed from our calculations. Taking into account
15 this factor, we find that 55% of the library {25% active clones/45% clones with

correct size insert) retained subtilisin activity. This activity profile indicates a

point mutagenesis rate of less than 2 mutatidns per gene (36). Five clones with

inserts of the correct size were sequenced. The results are sumnmarized in FIG.

4. All five genes are recombination products with minimum crossovers

20 varying from 1 to 4. Only one new point mutation was found in these five

genes.

EXAMPLE 2
Use of defined flanking primers and staggered extension
25 to recombine pNB esterase mutants
The two-primer recombination method used here for pNB esterase is
analogous to that described in Example 1 for subtilisin E. Two template pNB
esterase mutant genes that differ at 14 bases are used. Both templates (61C7
and 4G4} are used in the plasmid form. Both target genes are present in the
30 extension reaction at a concentration of 1 ng/ul. Flanking primers (RM1A and
RM2A, Table 2) are added at a final concentration of 2 ng/ul (approximately
200-fold molar excess over template).



4. Reconbi nati on and nutation of genes using a set of defined priners to
generate a pool of DNA fragnents which are reassenbled to form new genes.

5. Reconbi nati on and nutation of single-stranded pol ynucl eotides using 5
one:or smore defined priners and staggered extension to form new genes.

6. Reconbi naéail{%n using defined primers wwth limted randommess at nore
than 30% or M7 &4#2n 60% of the nucl eotide positions withPAVIRBOSS ner .

10 Exanpl es of practice show ng use of the primer-based
reconbi nation met hod are as foll oys.

EXAMPLE 1 Use of defi ned/%sanki ng primers and staggered
extension to 15 recombi "8BYRE enhance the thernostabil i ty of
subtilisin E hi.s exanple.sho h t efined priner
reconbi nation met hod® o™ used 1 e reﬁgmuisné' 0?6&%]}1 q#c%a?ﬁge fRET nost abi | | ty

g4 -

of subtilisin E by recon O @i genes—KmowT to—encuode
subtilisin E vari antsmmEanﬂ%&iLLes-exceedjm ___________ that. of
wild-type subtilisin E. This exanmpl e denpnstrates th ﬁzéleral net hod 20

outlined in FIG 3 utili EMJ@ only %@%?QAEBTPE %UPON‘PW@ 5 and 3

ends of the tenplates. RM2A GGA GTGSCDOACIAMTTCAM TEG(BEQ, IDeX0es)ded
reconbi nation prinmers are first generated by the staggered
extension process (StEP), which caonsists of repeat ed cycl es of

denat uration fol | one§9¥ &7 reaseirglatas briad; op &y agtiyity in organic solvent and
anneal i ng/sext ensdoatairst @ (BYA olinatiest endhd Fildugpe requente Clons saabivad | nt o

full-length 96@&!@&%@&@4@@9@@ ifd 19%{%! 89&;&%9%9& @&ﬁf 4y in the
presence of a pol ynerase, 1ol owe nby an optional gene anp I'cation

with wild-type. Eight mutations are shared between them, due to common

ancestry. The gene product from 4G4 is significantly more thermostable than

the gene product from 61C7. Thus, one measure of recombination between

10 the genes is the co-segregation of the high solvent activity and high

thermostability or the loss of both properties in the recombined genes. In

addition, recombination frequency and mutagenic rate can be ascertained by

sequencing random clones.

For the pNB esterase gene, primer extension proceeds through 90

15 rounds of extension with a thermaocycle consisting of 30 seconds at 94°C
followed by 15 seconds at 55°C. Aliquots (10 ul) are removed following cycle
20, 40, 60, 70, 80 and 90. Agarose gel electrophoresis reveals the formation
of a low molecular weight ‘smear’ by cycle 20, which increases in average size
and overall intensity at each successive sample point. By cycle 90, a
20 pronounced smear is evident extending from 0.5 kb to 4 kb, and exhibiting
maximal signal intensity at a size of approximately 2 kb (the length of the full
length genes). The jump from half-length to full length genes appears to occur
between cycles 60 and 70.
The intense smear is amplified through 6 cycles of polymerase chain
25 reaction to more clearly define the full length recombined gene population. A
minus-primer control is also amplified with flanking primers to determine the
background due to residual template in the reaction mix. Band intensity from
the primer extended gene population exceeds that of the conirol by greater
than 10-fold, indicating that amplified, non-recombined template comprise
30 only a small fraction of the amplified gene population.

The amplified recombined gene pool is digested with restriction
enzymes Xbal and BamHI and ligated into the pNB106R expression vector
described by Zock et al. (35). Transformation of ligated DNA into E. coli strain
TG1 is done using the well characterized calcium chloride transformation



st ep. Two thernostable subtilisin E nutants RL and R2 were

used to test the 30 defined priner based reconbi nation techni que
usi ng staggered extension. The positions at which these two genes
di ff-er if rom one anot her are shown in Tabl e 1. Anobng the ten

nucl eoti de p05|t|ons that differ in Rl and R2, only

mut ati ons |e§&ﬁ’?ﬁé #% amino acid substitutions Asn 181- Asp @ﬁf@fﬂfos%?ﬁd

Asn 218-Ser (N218S) confer thernostability. The remaining nutations are 35
neutral with respect to their effects on thermostability (33). The

hal f-1ives at 65[err] C of the si né-l”e variants N181D and N218S are
appr oxi mat el y 3-Rr8regust gTeansformed colonies gy grigcted fnehBiagarplptgs confpinife) § ¢ ype
subtilisin E, rmmhuvafapychaad their nelting tenperat ures,
Tlerr], are 3.7[err] G,and 3 err] C. higher thn f §nENZYyNeE,
16 respecti ngy AR E)cm rulécgg%)egﬁmﬁsgnl eveepxgale? baYt sequences
cont ai ni ng percanyof clomess exriressingi ah astive rsterass 30w 1oy a‘@ﬁ% [cplggies o

enzynes whpse hainf:keldl A#88nd¥m are sequcnc&ﬁe{xﬁlﬁﬁde@t@-ﬂ&m%ﬂﬁé ftpekie fpqfenkp| d
greater than thatftg V\%‘gm%g} betl S cozr%ﬁ'éatln provi ded no new
del et eri ous nutaliongcar Jaiced PitS RESE genes during 5 t he

reconbi nation process. Furthernore, the overall point nutagenesis rate
associated with the reconbi nati on progxamean be estimated fromthe

catal ytic activity profile of a small sanpling of the reconbined
variant library. |f thBecombinatiomaf pNB ¢stérasecgrnes using tinterspemed o, 25% of the
popul ati om0 shoul d exhi bi tinterhal defiped primers and sthggeredcamkansion 25% of t he

popul ati on shoul d ham%dﬁeﬂ&&@d%trét@s that tﬁé\ll&mw%écﬁﬁeﬁhéd%rﬁﬁl vity
and the remai ni ng 50% shoul d _have sin

N218S) - | i ke act i VEPSPPREM (EHREISt °?&1t%’§$‘h‘§s igvy! n&%ﬁ’é%% (Bidies § lf’°%”|‘ie
fraction of the Mumgamgﬁlq . eeropdEstion z gfimesutafions \wrdsent yipe the kmr¢nsr | over)
activity. This fgagth@Q can be used to estinmate the point nutagenesis rate.

15 TABLE 1
15 :

Experimental design and background information
Two pNB esterase genes (2-13 and 5-B12) were recombined using the
defined primer recombination technique. Gene products from both 2-13 and
5-B12 are measurably more thermostable than wild-type. Gene 2-13 contains
20 9 mutations not originally present in, the wild-type sequence, while gene 5-
B12 contains 14. The positions at which these two genes differ from one
another are shown in FIG. 5.
Table 3 shows the sequences of the eight primers used in this example.
Location (at the 5' end of the template gene) of oligo annealing to the template
25 genes is indicated in the table, as is primer orientation {F indicates a forward
primer, R indicates reverse). These primers are shown as arrows along gene
2-13in FIG. 5.



DNA and ami no acid substitutions in thernostable

subtilisin E mutants Rl and R2. Base

Posi ti on Am no acid CGene Base Substitution
i n"'codon:* Amino acid substitution 780 A->0G
2 Asn- >Ser R1 1107 A- >

2 gg‘”“zm Asn- >Ser 1141 PC“’“;?\”!“é’s%

3 229 synonynous 1153 A->G

3 233 synonynous 484 A-> G

3 10 synonynous TABL%‘Q 520 A->T

3 22 synonynous 598 A->G

3 48 Syn%lfﬂ@ﬂ:ﬁs of primers used in this examipid G->A

1 93 Val - R2 745 T->C
3 97name orientAticy mlbk:‘ation sequence 780 A > G

2 109 Asr—>Ser Q95

1 191 RM1A n- >ASp 76 GAGCACATCAGATCTA’E% (SEQ. ID. Ro ;)

3 245 RM2A  syrnynous+454  GGARTEGECTOMAGRTCAGTGCHSEQr B). Ak \4)3 to

wild type subtiliggn E witg base &UbStIMAMTA&bGGCTGGGGC&&QsE@ 180 NBP B}

17 MWat er i.gl s and t hods f
based reconbi nati gﬁ usi ng two fl amaong HﬁW%C%G&&Ggﬁ (é&gql?mﬁbg@fl ned
primers, P5N (5'-8CGAG CGIHG CATAT40GT GGICAGAGATTACGATCGAAXSHSOEQ) I. NW©7) 1) ,

under | i ned sequengg is Ndek restr i OnoeRiTARETERBALEAAG $50, I. NOGACT

CTAGA GGATC CGATT,C- 3" ( SEQ

BanHl restri ctlonSJs te), c rrespo%gpn %J‘J‘gg%%‘g‘“?‘fmgs%‘f IPEFQ 9)
respectively, wer®ldsed fok recont¥iat i CACGECAUCAAGHRITIEHCT (FECQ. IMNO: 10)
vol une) : 0. 15 pnol plasm d DNA containing genes Rl and R2 (m xed

at 1:1) were us a enpl ate, 15 pnol of each flanking priner, 1
ti mes Taq buff e(al\g“ﬁ"‘ﬁm"r?ﬁid(}‘fI thoks

5 Defined-primer based recombination

1. Preparation of genes to be recombined. Plasmids containing the genes
to be recombined were purified from transformed TG1 cells using the Qiaprep
kit (Qiagen, Chatsworth, CA). Plasmids were quantitated by UV absorption
and mixed 1:1 for a final concentration of S0 ng/ul.

10 2. Staggered extension PCR and reassembly. 4 pl of the plasmid mixture
was used as template in a 100 pl standard reaction (1.5 mM MgClz, 50 mM
KCl, 10 mM Tris-HCl pH 9.0, 0.1% Triton X-100, 0.2 mM dNTPs, 0.25 U Tag
polymerase (Promega, Madison, WIj) which also contained 12.5 ng of each of
the 8 primers. A control reaction which contained no primers was also

15 assembled. Reactions were thermocycled through 100 cycles of 94°C, 30
seconds; 55°C, 15 seconds. Checking an aliquot of the reaction on an agarose
gel at this point showed the product to be a large smear (with no visible
product in the no primer control).
3. Dpnl digestion of the templates. 1 pl from the assembly reactions was

20 then digested with Dpnl to remove the template plasmid. The 10 ul Dpnl
digest contained 1 x NEBuffer 4 and 5 U Dpni (both obtained from New
England Biolabs, Beverly, MA) and was incubated at 37°C for 45 minutes,
followed by incubation at 70°C for 10 minutes to heat kill the enzyme.
4, PCR amplification of the reassembled products. The 10 ul digest was

25 then added to 90 pl of a standard PCR reaction (as described in step 2)
containing 0.4 uM primers 5b (ACTTAATCTAGAGGGTATTA) {SEQ. ID. NO: 11)
and 3b (AGCCTCGCGGGATCCCCGGG) (SEQ. ID. NO: 12) specific for the ends
of the gene. After 20 cycles of standard PCR {94°C, 30 secands; 48°C, 30



10 each dNTP, 1.5 mM MgC [err] and 0.25 U Taq pol ynerase. Program 5

m nut es of 95[err]C, 80 cycles of 30 seconds 94[err]C, 5 seconds
55C. The product of correct size (approximately 1kb) was cut from
ant 0. 8% *agarose gel after el ectrophoresis and purified using

Q AEX |1 gel ion kit. This purified product was di gested
wi th Ndel anﬁé%&and subcl oned into pBE3 shuttle 15 PCT/\V@’@?%%.% Thi s
gene library was anplified in E. coli HB101l and transferred into

B. subtilis DB428 conpetent cells for expression and screening, as

descri bed el ere (35). 27 DNA se cing .2

Genes were puri F?cgﬂd%ﬁgg‘l]dnﬂﬁ\(‘ép’j drong bgpd ohihg Wﬁ?ﬁ%ﬂgﬁ‘g}‘” %wﬁglteai n
sequenci ng qual wtyn BAreadiipg weis Ch&lied\brs artl aaeose el whitddnlP d 3erififint band

Sequenci ng Syst Melo rgionat or Segquenci i er ki n-

El mer, Br anchbur@}g%%l??lﬁ B%S@‘g b ‘{ﬂf{engu [ SEW&EEOL o .&‘Bh{?& g%ﬁg v|E(')4r:ogr ess of
the staggered e®befid gmdnslonedrbackr Bip Bhe r ewppippiay plasmid pNBIGAR angt s (10
ul) fromshe reaghifAnédiBelatropaniiiifto!TaTePQi Nts in the prinmer

extensi on process and separating DNA fragnments by agarose gel

el ectrophoresis. Cel electrophoresis of priner extension reactions reveal ed
30 t hat ame88t$ ng/ ext ensi on reactions of 5 seconds at 55C resulted in

Z 88 bp (af chur rW@G%e]l%lftﬁ?@ﬁcoﬁ%ﬁ&Q@&Mr#é@r&@ﬁzoi@ﬁaﬁslﬁﬁxﬁﬁoggre&yc| |e|S)

p (after cycles) .. . er cycles) and finally a
strong approxi marers? Pr el steese gﬁha?agmqﬁ/i#‘ﬁi “ﬂ??t?b’g‘%a&?&‘l’ﬂ%te and
(mixtureldf read§¥nd]tbel clonexderhihited pitialgpetivity and thermostahillyf within 20Pgeft ed with
restrict ijo B egz ﬂﬁ@pﬁamlhl geaedahlgﬁIVeq?@Q Aio«)/ga;? aﬁlaun}ebg% inactive (1éé§&£§9r
gener ated by BanHl- Ndel di gestion.o col i .. subtilis
shuttle vector. rﬂ?% %I\Uﬁaerﬁ% ﬁ“ﬁﬁg gfglw%véa}“ﬁ%bF?‘??Sgd'e?%tséugﬁegpia ]Iﬂﬁllﬁ% gﬁd
transferred int enBagemediei Féw DBIREG withpiechighest|thermostabiiypraves wereand
screening (35). sequenced. Two clones (6E6 and 6H1) were the result of recombination

15 between the parental genes (FIG. 5). One of the remaining two clones

4

contained a novel point mutation, and one showed no difference from parent
5B12. The combination of mutations T99C and C204T in mutant 6E6 is
evidence for a recombination event between these two sites. In addition,
mutant 6H1 shows the loss of mutation Al072G (but the retention of

20 mutations C1038T and T1310C), which is evidence for two recombination
events (one between sites 1028 and 1072, and another between 1072 and
1310}. A total of five new point mutations were found in the four genes
sequenced.

25 EXAMPLE 4
Recombination of two thermostable subtilisin E variants
using internal defined primers and staggered extension
This example demonstrates that the defined primer recombination
technique can produce novel sequences containing new combinations of
30 mutations present in the parent sequences. It further demonstrates the utility
of the defined primer recombination technique to obtain further improvements
in enzyme performance {here, thermostability). Thie example further shows
that the defined primers can bias the recombination so that recombination
appears most often in the portion of the sequence defined by the primers
35 (inside the primers). Furthermore, this example shows that specific mutations
can be introduced into the recombined sequences by using the appropriate
defined primer sequence(s) containing the desired mutation(s).



19 The thernostability of enzyme variants was determ ned in
the 96-wel | pl ate format described previously (33). About 200

cl ones were screened, and approximately 25% retai ned subtilisin
acri:vi tiys *Anong t hese active clones, the frequency of the double
mut ant - | i ke (high thernostability) was tely
23% the si ng\bgg%ﬁégznt-l i ke phenotype was appr oxi matel y 42‘9’&%8%059& and
wild type-like phenotype was approxi mately 34% This distribution is

very close to the val ues expected when theﬁd\o t her nost abl e mutati ons N218S
and N181D can reconbipe with each of her ely _freel

Twenty clones were r &TAGHFRFOHing &g t?‘?‘B‘r?f%&ec?Bﬁ‘fL‘“ﬁé %e of BxgrRlst 10
Their plasm d DNR4 wedeRZ)swbrat edorabided] ivgogt d¢ ﬂpﬁd@dl\uremezanebompn Ni ne

out of 20 (45% SﬁEéréal%x&é}&reﬁb 3 SRwsARBOY BBieh Yinterdd?) - Thus,
approxi mately 55%, of the above br ar had no act|V|t¥ due to | ack, of the

correct subtili sPRmErsgispd to ﬁ?é?ée Tcombiaed, POBTR; 8 demgplatergenes Bl i | i sin
library amd shouim& [:2] methtsvednip!eom’ﬁmm @ad)ltuéxaamerasmuﬁaionr(geﬂ‘mwbmcount 15

thi's factor, e Lt T afuble, bREARchABYRE 45 SLAREILATY: o ones

wth rrect Ze Insert} retained I'sin hi s
activity profil eaddsd st eique Nhel site. This prijpenis Berddtg drmendratethet @ﬂec{ﬁéss t han
2 nutations per gatRiohsS6dan kisdeb€liaRcgucslit fito the populativilSelr '&'é‘coﬁafbuiehe

correct 81 7e el g REAIENs Sl AR W LLScALS SUILR GAE% ol Lifine o

4. Al five genesarere m hi nun of ossovers 20
varyi ng fitom 1 tBuptiomH—3G ghthensamepmise positiana whinh elimingten thg Hindlilisitse five

ng:‘neSf def d il Thus restriction analysis (cutu?g by NheC} andt Huﬁﬁﬁ'\/&;;;anaom clones

e of define an rinqers and,staggere ensi on

to reconbi ne pNB® "é%‘f%‘? ‘gmmgg? aibised Wrary “will él'i‘?'i% o Sficiener of
reconbi nati on netdeonibingtah dmlraéttimtrptl@txesbm specific mutation via the maatagdenigous t o
that described i BrfXAmBlfiedod Halysitis 'rLAcﬁ:hﬁy Ficked\Rnb&@0ded t&o&y%rovxd

est er ase rrutant s . that differ at 14 bases are used, Both at es
(6107 KRS i aiaan B e FpoRITARrL BT YR R P B yanes

are present in tferi@defined primenthasad reoombieatin. on at a concentration of 1

P_g/ u: Fl anking prinmers (RM 1A and _ RVRA, Table 2) are added at a
e;ggsscgcgreni ;?ru § ?th gn&%&o gappr oxi mately 200-fol d nol ar
Defined-primer based recombination
20 A version of the defined primer based recombination illustrated in FIG,
2 was carried out with the addition of StEP.
1. Preparation of genes to be recombined. About 10 ug of plasmids

containing R1 and R2 gene were digested at 37°C for 1 hour with Ndel and
BamHI (30 U each) in 50 pl of 1x buffer B (Boehringer Mannheim,
25 Indianapolis, IN). Inserts of approximately 1 kb were purified from 0.8%
preparative agarose gels using QIAEX II gel extraction kit. The DNA inserts
were dissolved in 10 mM Tris-HCl (pH 7.4). The DNA concentrations were
estimated, and the inserts were mixed 1:1 for a concentration of 50 ng/ul.
2, Staggered extension PCR and reassembly. Conditions (100 ul final
30 volume); about 100 ng inserts were used as template, 50 ng of each of 4
internal primers, 1x Taq buffer, 0.2 mM of each dNTP, 1.5 mM MgCls and .25
U Tag polymerase. Program: 7 cycles of 30 seconds at 94°C, 15 seconds at
55°C, followed by another 10 cycles of 30 seconds at 94°C, 15 seconds at
55°C, 5 seconds at 72°C (staggered extension], followed by 53 cycles of 30
35 seconds at 94°C, 15 seconds at 55°C, 1 minute at 72°C (gene assembly).
3. Dpnl digestion of the templates. 1 ul of this reaction was diluted up to
9.5 ul with dH20 and 0.5 pl of Dpnl restriction enzyme was added to digest the



TABLE 2 Primers used in the reconbination of the pNB

est erase genes Pri mer Sequence
RMLA GAG CAC ATC AGA TCT ATT AAC (SEQ ID. NG 3)
RMBA- , .+ GGA GIG GCT CAC AGT CGG TGG (SEQ ID. NO 4)

Cl one 61C7 was _isol ated based on its activity in organic solvent and 5
contains 13 DRR¥#3% i ons vs. the wild-type sequence. C on&CHER8FE6

i solated for thernostability and contains 17 DNA nutati ons when conpared
with wild-type. Eight nutations are shared between them due to conmon
ancestry. The gene product from 4G4 is sig@ficantly nore thernostable than
t he gene productDRA dempiatedor %W@f{ut@n@nﬁﬁ%ﬂg poghatiop @5 FBIChIeF il MipBtfeen 10
tﬂe genesbils th%@ﬂﬁﬂ&fi@g@-ﬁi?&bﬂﬁedhb&n{ﬂs@hirﬁﬂimmlemﬁﬂead:tio;i. and hi gh
thernostability or t 0sS...0f .. bot rQ ies.int r | n nes. In
addi tion, reconb‘?‘nat iq%rll2 Fre ﬁ%tr'\c’élyog;rr?gss%g%%é’m%uc?sat gegé%g%gp?sgg?%gi ned by
sequenci ng r andofinad Fejame): 30 pmol of each outside priger RcandNi3Be 4k Spgefegchd, pri ner
eﬁtensi OnlsprOceeﬁLM&ma&ufmﬁmﬂ&éﬁsudowaquﬁd&aﬁémnmmﬁn' :lwic?t%lltlzsébf38 by 18
t her mocycl e consj sti . seconds, at, err o . wed by
seconds at 55[erff .§°%ti(§au(gt0‘3§ s(’ﬁgfé‘trr F flgnrméu%gﬁ%%gd Tfhbﬁ?rg%gxr? cycl e

20, 40, 60, 70, woglahandat thagarres sizge The produetopasarisified apd sahkdloned jinto
formation PBE3 @hutlle vedtorTONRIS ey mejyghasl amPRERA’ in B &Eﬂmo?%ndWhi ch

i ncreases in avepage size - vera ntensity at eac

successi ve sanpl éa%g?’ﬁetdz M9 @ycﬁ"gmgo,%%gzgﬁmpe&n{ pcfgsngﬁrnc e88iara Ao

evi dent ext endi nepréaning, @s Slekdsibed elsektiere {37 Ehbinkristabiligy of enzyme varigntgi nal
signal intensitywad aderdlidd i8ithSPRLAKHIAREHMAL dedendd previbvBoBh). of the ful

| ength genes). The junp fromhalf-length to full |ength genes appears to
occur bet ween cycles 60 and 70. The intense snear
is anmplified thr&¥§lsediepging es of pol ymerase chain 25 reaction to nore

clearly define the fulh £eoguB16f ARG ORNR ROR B sdliendhg. Genes
m nus- prinper contr ol

the P BT il oatpe R A e S R B PR er R x| Band
intensity from quality DNA. t Sequencingevasedone nded ARIRY 3PN Sequcoring Systerds t hat
of the control Dbysifk@Rd ®fe Terminator Cycle Sequencing kit (Perkin-Elmer, Branchburg,
NJ}.
Results
20 1} restriction analysis:
Forty clones randomly picked from the recombined library were
digested with restriction enzymes Nhel and BamHI. In a separate experiment
the same forty plasmids were digested with Hindlll and BamHI. These
reaction products were analyzed by gel electrophoresis. As shown in FIG. 7,
25 eight out of 40 clones (approximately 20%) contain the newly introduced Nhel
restriction site, demonstrating that the mutagenic primer has indeed been
able to introduce the specified mutation into the population.

2) DNA sequence analysis

30 The first ten randomly picked clones were subjected to sequence
analysis, and the results are summarized in FIG. 8. A minimum of 6 out of
the 10 genes have undergone recombination. Among these 6 genes, the
minimal crossover events (recombination} between genes R1 and R2 vary from
1 to 4. All visible crossovers occurred within the region defined by the four

35 primers. Mutations cutside this region are rarely, if ever, recombined, as
shown by the fact that there is no recombination between the two mutations
at base positions 484 and 520. These results show that the defined primers
can bias recombination so that it appears most often in the portion of the

sequence defined by the primers (inside the primers). Mutations very close



than 10-fold, indicating that anplified, non-reconbined tenplate conprise
30 only a small fraction of the anplified gene popul ation.

The anplified reconmbi ned gene pool is digested with restriction

enzyhres Xbal and BanH and ligated into the pNBLO6R expression vector
descri bed by al. (35). Transformation of |igated ' . col
strain vé?&hq%& I s done using the well characterizedDgépygb&Fgﬁloride
transformation procedure. Transformed col onies are
sel ected on LB/ agar plates containing 20 [err]g/m tetracycline.

The nutagenic rate of fhe process is det rﬂrﬂ\e nmeasyri.n e
percent of cl oné%g°33FbFJé§§‘?'ﬁ‘}d°é‘??‘aé%f°ﬂ?h°re(§’f e’%ﬁﬁ ?‘“qﬂsﬂmgﬁ'gﬁ 'Hlo’ﬁ’,d col oni es
5 pi cked &u5randbascasebstiagitencdd] and U5 alveyslefingia ahe paitlageni c

frequency Hower, [H2CseqRIA0 s BB ¥ NBoRE kit itk RHutMions SEHRERRIION.
EXAMPLE 3 Reconbi nat 1 on, of &FNﬁFESt erlng genes usi ng

i nt er sper sed 10 bases apart can be recombined {basg ppsitio st | {05 s and st agger ed
ext ensi ons Twenty-tHria¢ Rew )t@in rtutddomsnedre adtesiucéhin thecten rgenessper sed

defi ned primer  guring the phEEAHAALLA L6 OO CoN BRI WSS LY Blind GUENCES

t hrough poi nt - tagenesi s _an nati on of mutations present
in the parent mutations pecgrapcwEhich jsa rate that has pean-determined opfizagl dpr and
backg ; ound i nf orgdRérhfiflg mutant libraries for directdtDerjziNRe eddhetiony®5)0 e Snmftatick3 and
5-B12) were rec i.ned..uskn . i A er, re [ hation

t echni que. Gene regc?ﬁgf’%%? r"g'rrng gt‘}h %qﬁgongnﬁggwmgﬂggffg %?gpénl asur abl y
mor e t heri®ost abldistripgiad plopgthegsee- Gene 2- 13 contains 20 9 nutations
not originally present in, the wild-type sequence, while gene 5-

B12 contains 14. The positions at whichthege two genes differ fromone

New point mutations identified in ten recombined genes

Transition Frequency Transversion Frequency
G—>A 4 A>T 1
A->G 4 A->C 1
CoT 3 C-o4A 1
T->C 5 C>G ¢]

G-oC 1
G->T 0
T A 3
T—>G 0

A total of 9860 bases were sequenced. The mutation rate was 0.23%

15 4) Phenotypic analysis
Approximately 450 B. subtilis DB428 clones were picked and grown in

8G medium supplemented with 20 ug/ml kanamycin in 96-well plates.
Approximately 56% of the clones expressed active enzymes. From previous
experience, we know that this level of inactivation indicates a mutation rate on

20 the order of 2-3 mutations per gene (35). Approximately 5% clones showed
double mutant (N181D+N218S)-like phenotypes (which is below the expected
25% value for random recombination alone due primarily to point
mutagenesis). (DNA sequencing showed that two clones, 7 and 8, from the ten
randomly picked clones contain both N218S and N181D mutations.)

25



anot her are shown in FIG 5. Tabl e 3 shows the sequences of
the eight prinmers used in this exanple. Location (at the 5 end
of the tenplate gene) of oligo annealing to the tenplate 25 genes is
i ndi-cat:ed*in the table, as is priner orientation (F indicates a forward

primer, R n%’gagg,ﬁﬁnr everse). These priners are shown as agfows al.ong gene
2-13 in FIG 5.

TABLE 3 Sequences of priners used in this exanple
nane orientation |ocation sequence 24 RMLA F -76
GAGCACATCAGATCTATTAAC (SEQ ID. NO LE RMVRA R

+454  GGAGTGGCTCACAGICGGTIGG (SEQ | B S2 F

400 TTGAACTATCGGOpHatatiyn E@@Acﬁmpms nsis ECB deacylase by F

1000  TTACTAGGGAAGCCGCTGHER resm-vﬁsins\mw ination method g7 F

1400  TCAGAGATTACGARGEM AAfple SER mdthbd {¥Qised Yo generate short DN&&ragments R

g0 Arfocoook EARE e Bt e (o0, et e

280 CACGACAGERATRIr trogiRepsis; [32)- NOhe poyified DNA, mixed witht @ Me}drs and

I\P/Et hods 5 f ekRbd Bﬁ&rﬁéx‘s,r@rdeﬁn%tﬁﬁﬁa ByQisoaing] Aed hﬁiﬁhesxs is then ca%:ued out
reparation of genes.tq.be reconbj m cont t he genes

to be reconbi ne s\%rtg ?lWﬁ){‘fg Cgﬁéﬁ%‘r?fg’ﬂmf@? ce § ﬁ?‘lnﬁ’g e Q aprep

kit (Q agen, Chatsdioxerucleas)actifityaserttus tweredau arimingaredichis sypthediset pti on

and m xedqol: 1 T Qeydsi Cﬁ% PR Rfeh&bd QR4 Q; noPd - byl Bkonmclease - The

St aggered extension P and reassenbl err | asm d_m xture
99 rlon is carged out at pH 6. 6ywhere e 3~]->5' exonutgeasg act?vxty of the

enzyme is much reduced ({36}. These conditions favor random initiation of

synthesis.
15 The procedure involves the following steps:
1. Cleave the DNA of interest with appropriate restriction

endonuclease(s) and purify the DNA fragment of interest by gel electrophoresis
using Wizard PCR Prep Kit (Promega, Madison, WI}. As an example, the
Actinoplanes utahensis ECB deacylase gene was cleaved as a 2.4 kb-long Xho
20 I-Psh Al fragment from the recombinant plasmid pSHP100. It was essential to
linearize the DNA for the subsequent denaturation step. The fragment was
purified by agarose gel electrophoresis using the Wizard PCR Prep Kit
{Promega, Madison, WI) (FIG.9, step (a)). Gel purification was also essential in
order to remove the restriction endonuclease buffer from the DNA, since the

25 Mg?* jons make it difficult to denature the DNA in the next step.
2. 400 ng (hbout 0.51 pmol) of the double-stranded DNA dissolved
in H2O was mixed with 2.75 pg (about 1.39 nmol) of dp(N)6 random primers.

After immersion in boiling water for 3 minutes, the mixture was placed
immediately in an ice/ethanol bath.

30 The size of the random priming products is an inverse function of the
concentration of primer (33). The presence of high concentrations of primer is
thought to lead to steric hindrance. Under the reaction conditions described
here the random priming products are approximately 200-400 bp, as
determined by electrophoresis through an alkaline agarose gel (FIG. 9 step b).

35 3. Ten yl of 10 x reaction buffer [10X buffer: 900 mM HEPES, pH
6.6; 0.1 M magnesium chloride, 10 mM dithiothreitol, and 5 mM each dATP,
dCTP, dGTP and dTTP) was added to the denatured sample, and the total
volume of the reaction mixture was brought up to 95 ul with Hz0.



was used as tenplate in a 100 [err]| standard reaction (1.5 mM MO [err],

50 mv KO, 10 MM Tris-HO pH 9.0, 0.1% Triton X-100, 0.2 nM dNTPs,
0.25 U Tagqg pol ynmerase (Promega, Madison, W)) which al so contai ned
12} 5 ng of each of the 8 primers. A control reaction which

cont ai ned no ' was al so 15 assenbl ed. Reactions were

t her nocycl ed ou 100 cycles of 94[err]C, 30 sggyﬁﬁ%s"’s%[ err]C,
15 seconds. Checking an aliquot of the reaction on an agarose gel
at this point showed the product to be a Lgfge smear (with no visible

product in the no priner ,contr.ol f the

tenplates. 1 [err]l fromTfe ’&?séhﬂ}tyf' Pga%t¢%&°%?%mt %?sé‘ioﬁ Ai gest ed
with Dpnl to remwmlmﬂmmﬂmwonme@mdrwmtapmns the
di gest contai ”ecbulsu!e NE&'éftESé aftd AL entlifBAU ar( PRGAD gb&@i@%&&(&%“@w

Engl and Bi ol abs, S I ncubate C tor 45 m nut es,
fol |l owed by i ncdﬁ’ﬁ’f %F‘Wﬁ%‘é&ﬁe]l'@“mg&f’ ﬂl@%ﬁ‘u?@%’eﬁ‘&fm&f@%ﬁ RFP9d PHEL enzyne.
4, PCR a&npl i f 1228€ fay35abintitee. r eassenbl ed products. The 10 [err]| digest

was 25 then ad‘i‘ﬁ&' bl #0nk eé&el;l.smf?fdege%& eréri] P&ﬁcézﬁ?a%hﬁ Rt (RS

described in step contal nin M primers
( ACTTAATCTAGAGCETRRIRES "'SE'G fgyn, nygigotidq precursors. Becafsq thg reaction was

( AGCCT C&%ATCmt@Smcohﬁqumﬂﬁinuﬁﬁe&ioﬁhﬂediﬁfc digeeticd) e newly of
the gene. After gg,g&ggigéde&oﬁctss%g_n a%? 094&&&4% §egltseconds 48[ err] C,

30 a strong band of the
correct si®ze (2 kb) @/as \A‘f?i'l?ﬁ@m“tesam Mthéﬁa?%Waé&e!ﬂlﬁﬁemc@he&ked on

an agarose gel, o\rlx%él.llﬁg %tog%%%? 4,530 % 2dd 85 Vd_lgl bl ﬁ?l n the
S

| ane fromthe no- prlrrg con rol Tfied and
cl oned back int onixh.eeexpre55| on plasm d pNB10O6R and 5 transforrred by
el ectroporation into TGl Four 96

wel | plates of col on| es r'ghgu p’f'mCdn? lfoﬁuagtgnr’%r’i&?’ﬁed Passmﬁethe whole
assayed for pNB ’é%‘tbéﬁé%‘ﬁtui‘ﬁhﬂ‘mh Geatriopn1{0 fin gemeqye throismplnte nd proteins)
Appr oxi matsel y  and Centricon-10 filters (to remove the primers and fragments less than 50

bases), successively. Centricon filters are available from Amicon Inc (Berverly,
MA). The retentate fraction {about 85 ul in volume) was recovered from
Centricon-10. This fraction contained the desired random priming products
{FIG. 9, step c) and was used for whole gene reassembly.
20 .
Reassembly of the whole gene was accomplished by the following steps:
1. For reassembly by PCR, 5 ul of the random-primed DNA
fragments from Centricon-10, 20 ul of 2x PCR pre-mix (5-fold diluted cloned
Pfu buffer, 0.5 mM each dNTP, 0.1U/ul cloned Pfu polymerase (Stratagene, La
25 Jolla, CA}), 8 ul of 30% (v/v) glycerol and 7 ul of H20 were mixed on ice. Since
the concentration of the random-primed DNA fragments used for reassembly
is the most important variable, it is useful to set up several separate reactions
with different concentrations to establish the preferred concentration.
2. After incubation at 96°C for 6 minutes, 40 thermocycles were
30 performed, each with 1.5 minutes at 95°C, 1.0 minutes at 55°C and 1.3
minutes + 5 second/cycle at 72°C, with the extension step of the last cycle
proceeding at 72°C for 10 minutes, in a DNA Engine PTC-200 (MJ Research
Inc., Watertown, MA) apparatus without adding any minerat oil.
3. 3 pl aliquots at cycles 20, 30 and 40 were removed from the
35 reaction mixture and analyzed by agarose gel electrophoresis. The
reassembled PCR product at 40 cycles contained the correct size product in a
smezar of larger and smaller sizes (see FIG. 9, step d).



10 60% of the clones exhibited initial activity and thernostabilty
wi thin 20% of the parental gene values. Very few (10% of the

cl ones were inactive (less than 10% of parent initial activity
val ues). * These results suggest a |low rate of mut agenesi s. Four
mutants with | ghest thernostability values were ced.
Two cl ones (éﬁg&é%QGHl) were the result of reconbination ng’UE&%Hg%Ebet ween
the parental genes (FIG 5). One of the renmining two clones

contai ned a novel point nutation, and one shovved no difference from parent
5B12. The conbi natiopn of nutations T a 4T [ nt 6

evi dence for a reconﬁ%é‘f’ﬁ’rﬁ‘ﬁlyeff’éﬁstemﬁg’fl @H“?thg s'trsnii)%: ﬁugbgtlon
mut ant 6H1 showsnighiied ds Sa ofecandt aCRoreaé’tikﬁﬁ&ﬁc(xbcmtmh@ Ithed eﬁﬂﬂ erimefs 20

mut ations C1038 LoABAmEIB1060) e BRALS the 1t AE BRR. TIY arhMilichmOSIbeaatd ON
events (one bet weenﬂ’sr?tééoloﬁ and 10726%%nd anot her %mitv\ee(r)lﬂ:?O?Z and
1310). A tot aI d‘fasfaﬁ\%l°ﬁ’éw poi nt nutations were found in the four genes

sequenceds 1. 2.0 jl of the PCR reassembly aliquots were BXAR femplate in
Reconbi nati on Of P BJL RLIPPER RS HQWwM}?'eH tEn¥@ 0. RN each primers of
using internal detine

riners an t'a gerec ext ensl on Thi s

exanpl e denpnst P&eEE Bh FT‘&WQ%CFWG CRACAGSTSHB) SEQ: B NO: 13) and
t echni que can prRAREE (3 ACHCCHEIMTGACSTGGHTCAGQ| F)YSEQUWIL.OND] mqt ilcmmmf 30

T o Preseiigdd SR AP0 REI0 R Ko, Jd e Blontf U BL &S, {10

utility reconbl n ontec ueto obt ai n
further i¥pr overﬁ?fﬂf"s!") glycerol, 2 5 Ujaf Téﬂi’me‘iﬁé‘? fParRagACc Y adiprsy ém) and 2.5 U

t her nost abi | i ty)w%mﬁiﬂ$&tﬁg&ﬁhﬁfdoﬂﬂm that the defined
priners can bias the I‘ECO}G‘.%I qrt%llbgtgonsgt '_Izélﬁtf rs B8 Jceg %%mocydes weé%appears

nost often in the portlon o1 ‘the sequence he priners
(inside the pri merfoimedr eatth avithot ., minhtes Ax2TPI é%mesc A ES%pend fli.T

mutations minutds3ft 7c) fah&mug,ﬁga&m 4 58ndRoORRsNEA § FANGRE S DY
using the appr opr| ate rimer_sequence(s) containing the
desired mt ati orR9°C, 1.0 minutes at 55°C and 1.5 minutes + 5 second/cycle at 72°C with the

extension step of the last cycle proceeding at 72°C for 10 minutes, in a DNA
Engine PTC-200 (MJ Research Inc., Watertown, MA) apparatus without adding
any mineral oil. |
3. The amplification resulted in a large amount of PCR product
20 with the correct size of the ECB deacylase whole gene (FIG. 9, step ¢).

Cloning was accomplished as follows:
1. The PCR product of ECB deacylase gene was digested with Xho I
and Psh Al restriction enzymes, and cloned into a modified pIJ702 vector,
25 2. S. Hvidans TK23 protoplasts were transformed with the above
ligation mixture to form a mutant library.

In situ screening the ECB deacylase mutants
Each transformant within the S. lividans TK23 library obtained as
30 described above was screened for deacylase activity with an in situ plate assay
method using ECB as substrate. Transformed protoplasts were allowed to
regenerate on R2YE agar plates by incubation at 30°C for 24 hours and to
develop in the presence of thiostrepton for further 48-72 hours. When the
colonies grew to proper size, 6 Ml of 45°C purified-agarose (Sigma) solution
35 containing 0.5 mg/m! ECB in 0.1 M sodium acetate buffer (pH 5.5) was
poured on top of each R2YE-agar plate and allowed to further develop for 18-
24 hours at 37°C. Colonies surrounded by a clearing zone larger than that of a

control colony containing wild-type recombinant plasmid pSHP150-2 were



Genes encoding two thernostable subtilisin E variants of Exanple 1

(R1 and R2) were reconbined using the defined prinmer reconbination
procedure with internal priners. FIG 6 shows the four defined internal
priners used to gener ate reconbi ned progeny genes fromtenplate genes R1L 5
and R2 in thIS exan'g Primer P50F contains a nutation (A>T at bsge

position 598) WO 422 e | | minates a Hndl Il restriction site BRYUSD

si mul t aneousl y adds a new uni que Nhel site. This prinmer is used to
denonstrate that specific mut ati ons ,can al so be introduced into

t he popul ati on of  reconbi ned «?’?1

of .re u S ecific design of the
defined pri mer . ndigalvedt E’P?oﬁ%ﬁ?zﬁ%h&kai s resultm%n%{}% ﬁd the same
base position, phjpei'heeldrnimmmeé dnizgmd-iegphessions atid  secretion level, afil uwere

restriction analysls LoUldg %szmebnﬁ}ﬂs'*gﬂ&e' obiofibs 0 RIORES

sanpled fromthe reco rary w cate the efficiency of
reconbi nati on afBPSSAUSTH BresprvRAting podimARIRa nspeC| fic nmutation via the

mut ageni cs primer. Sequence anal ysis of random y-picked

(unscreened) cl opes RLOVEHESECK dea; lasef&{{tgﬁ}gr |nf ormation on the
reconbi nati on a during defined
pri ner - based reconblﬁa P pasitive tfansmmants“ﬁ&%é’??‘&?@“éﬁﬂ 2Rl fsdRentation

Defined- primer badkin catanitgRjid/an thbstrepton and allowed £o g:ewat@n"cotort%e defi ned

primer based re onbln ion illustrated in arrled out
with the additi g‘ﬁm@f [*‘ETD » all cultures were su]ﬁ?cgbdatroa%?l'g Taind u%ﬁ%g o be
reconbi nad. Abowsubstrteid0ooful qzﬂwstslnh#sthwas used for an GIPLEireAckep F¥130éﬁ@rl3@ gene

were di gest ed ah ﬁ]&;&fhﬁe E»rg ente bpzz“i Wﬁal&cm@'s s?“fb% 7/%) MeOH iando (30 U

each) in 50 [er oehrin ,I\/ann ei m
| ndi anapol i s, | K§/™} PFSE??S"“B‘T“% o%%&?ﬁg}geaf %W@?’? B 1Pt Em 0. 8%
preparative agarPosrBCg:elyhydmxyegxyl}wcamidegelumxwfastm@rmﬂn) and daedDWA | nserts

wer e di ssol veg !{aﬁenggtrﬁgﬂg%[édi&tlig a GB¢ te43f thﬁxﬁm RO GRBLLRiduQNFadier €

estimated, an e | nser were mxed 1:1 for a concentration of 50 ng/ul.
2. Stadfered &ftesdrbR2PER and reassenbl y. Conditions (100 ul final 30
vol une) : about 100 ng inserts were used as tenplate, 50 ng of each of 4

internal priner$y,.kX%ala%s RUEH® ge 1&, s €ach dNTP, 1 5 nmM MgC [err] and
. 25 U cycl es of conds .at

94[err]C, 15 secondsAfier the HPLC assa%?é’r FﬁIG’“”FB]It‘FrSMH P%WFHEPSITYF cycl es
of 30 seconds atm@édpBweldihed ns@b@aitalagd 50-ml fermentatibmedinh@Gndsllsesbnds at

r2[err] C oSt agggy ‘;‘ggov?ﬁ%séoﬁﬁ rJnQ'fJ.r ?‘63%0 %. ﬁﬁe&a\’%-ﬁﬁ Rt wze then

seconds at 94[err secon err mnute at 72[err gene
assenbl y). centnfuaﬁd at 7i99R18 "G# é%ﬂlﬁ'ﬂéiﬁs 6‘F‘°tsl‘i€°rf1éﬁ?‘ﬁ¥savt"‘é§ re- ""[‘%J“Sﬂ( of this
reaction was di lagt16@oog foP 20 minutes. The Inperhetahis! contalidingl tiecECH @eapldsd. 5
[err]] of Dpnl rrgéttmrlé Sl i 0 vger}g¥gpedv¥z%§2oagged to digest the
The supernatants from the positive mutants were further concentrated
25 to 1/30 their original volume with an Amicon filtration unit with molecular
weight cutoff of 10 kD. The resulting enzyme samples were diluted with an
equal volume of 50 mM KH2PO4 (pH 6.0) buffer and 1.0 ml was applied to Hi-
Trap ion exchange column. The binding buffer was 50 mM KH;PO4 (pH 6.0},
and the elution buffer was 50 mM KH,PO4 (pH 6.0) and 1.0 M NaCl. A linear
30 gradient from O to 1.0 M NaCl was applied in 8 column volumes with a flow
rate of 2.7 ml/min. The ECB deacylase mutant fraction eluted at 0.3 M NaCl
and was concentrated and buffer exchanged inte 50 mM KH2PO4 (pH 6.0) in
Amicon Centricon-10 units. Enzyme purity was verified by SDS-PAGE, and

the concentration was determined using the Bio-Rad Protein Assay.
35
Specific activity assay of the ECB deacvlase mutants
4.0 ug of each purified ECB deacylase mutant was used for the activity
assay at 30°C for 0-60 minutes in the presence of 0.1 M NaAc (pH 5.5), 10%



DNA tenplate for 45 mnutes, followed by incubation at 70[err]C for 10

m nut es and then this 10 [err]|l was used as tenplate in a
10-cycl e PCR reacti on. 4, PCR anplification of reassenbl ed
products.* PCR conditions (100 [err]lI final vol une): 30 prml of
each outside_pri rrer PSN and P3B, 1x Taq buffer, 0.2 5 of

dNTP and 2.5“% 824 pol ynerase. PCR program 10 cycl es O?C'?{@S”’os’s‘
seconds at 94[err]C, 30 seconds at 55[err]C, 1 mnute at 72C. This program
gave a single band at the correct size. The product was purified
and subcl oned into BE3 shuttle v8&tor. This gene library was

anplified in E (#3 MePEgrd %ﬂ?&g/ml of ECB substrates 204l 8&°ﬁchtr8a°§°n%mlr i s DB428
conpet ent cel | s vweaarlosdedr @ss adlydCholllydroxyethyl aspaemidegcohasn desor Léed

el seanere (35). TAPLIPSRANWikioh AbioBRHNTRAAE kAT ste of 22 i/ aiBSTAlEL o1 M ned

in the 96-wel | or mat descri VI OUS

sequenci ng "reaction products wege,mpnitqregd at %m%&l%ﬂlﬁ? PR BMECathosen for
sequenci n(k;. Genegqdisition systemen‘!iae BUBI rduicRils Ppeiald ralindiptefipally pin tegiitals andl
mniprep kit to gl %lgﬁg y DNA. Sequenci ng was
done on an ABI é%g& equenc °§°u¥’3°feach%{ﬂah{' usi ng the Dye Ter m nat or
Cycle Sequencing ki tAEPéP‘R’i‘PPEFCI"reW aBF’a?@YnBBF gound of applying tyis random-

Results 20 prirdihg RS4d teChrigie @ﬂ&ie}’ﬁlcﬁﬁype ECB deacylase gene, orkQhfitént!| ones
random y pi cked th combi I br aty est W th
restriction enz m{ﬁ 926192 r@?ﬁ?l%an TR se"’%?%’t%’e‘d t?(BOSsesszgtgneg tﬁg t he

sane fortd pl asmpdgﬁ‘a\eﬁé'ﬂdmﬁé%q E’éd-WPH?nHHFRdI FIG 3hgh@aniat therpativity of

reaction productigisBaebanahiéadd piatdelo elae el HRRARIGSd Enzyhs ot QVBrodd FI G 7,
25 ei ght cpfjt of 40 cl ones (approximately 20% contain the newy
I nt roduced Nhel restriction site, denonstrating that the
mut ageni ¢ prinmer has indeed been able to introduce the specified
nmutation into the popul ation. ExamMpik DNA sequence anal ysis 30
The first ten random y picked clones were subj ected to sequence

15 Improving the thermostability Bacillus subtilis subtilisin E

using the random-sequence primer recombination method

This example demonstrates the use of various DNA polymerases for
primer-based recombination. It further demonstrates the stabilization of
subtilisin E by recombination.

20 Genes R1 and R2 encoding the two thermostable subtilisin E variants

described in Example 1 were chosen as the templates for recombination.

(1) Target gene preparation
Subtilisin E thermostable mutant genes R1 and R2 (FIG.11) were
25 subjected to random primed DNA synthesis. The 986-bp fragment including
45 nt of subtilisin E prosequence, the entire mature sequence and 113 nt after
the stop codon were obtained by double digestion of plasmid pBE3 with Bam
Hl and Nde | and purified from a 0.8% agarose gel using the Wizard PCR Prep
Kit {(Promega, Madison, WI). It was essential to linearize the DNA for the
30 subsequent denaturation step. Gel purification was also essential in order to

remove the restriction endonuclease buffer from the DNA, since the Mg2+ ions

make it difficult to denature the DNA in the next step.

{2) Random primed DNA synthesis

35 Random primed DNA synthesis used to generate short DNA fragments
from denatured, linear, double-stranded DNA. The purified B. subtilis
subtilisin E mutant genes, mixed with a molar excess of primers, were
denatured by boiling, and synthesis was then carried out using one of the



anal ysis, and the results are sunmarized in FIG 8. A mninumof 6 out of
the 10 genes have undergone reconbi nati on. Anong these 6 genes, the

m ni mal crossover events (reconbination) between genes R1L and R2 vary from
l1te 4. Al visible crossovers occurred within the region defined by the

four 35 grirrers. Mut ati ons outside this region are rarel I f ever,
reconbi ned, O I8/42832 shown by the fact that there i s R&T{US nat i on
bet ween the two nutations at base positions 484 and 520. These
results show that the defined priners can bias reconbi nati on so
that it appears npst often in the portion3gf the . sequence
defined by the (plaviseDA ﬁgmaﬁmg}frlﬂm%%a’f%‘ﬁé DNy priyperase L

t oget her al so t éngdteriophageel4 DNKQ @olytieradsé cinde TangEqaenadsaserdatb X0 thNA ons 731
and 74%@%&@% substitutions 1141 and 1153 always remain as a
pair). wever, the sequence of clone 7 shows that two nutations
as close as 33 Undenjitss eptimg) performanch eonditioppidohipcteniarkagp 3¢ P¥bn at

1107 gnd §1_41). polymerase gives siniﬁ%ﬁ&&xﬁxési&&@@lﬂ@%ﬁ&ﬂh&ﬁoﬁﬂgﬁehﬂﬂ@esm&l f
introduced int n_genes . urin €l s glﬁer [ rate o
0. 23% corr esponds %eg"‘f—%\?e ﬁeésxl/mbcz)ion?NA pglymerage {%t eé%iilécj)ﬁ%%btehre es, Of\r/a%?ch s a
rate that has bewnthgsiges PAA&agmoents pre usually larger. Some graputf Maglrhasdnt

libraries for difeegicRiie@ BiiHg @NOsyrtHeti8 inlonder Td1QoMd1adhe OlBngths of the tYypes
are listed in Tabl gi.zed\@t ations.are . npiply transitions and are evenly 10

di stributed al on gene. ) '
TABLE 4 10 Short, naskny N6 fragmantardoplse b amnedrited grithnPGRepsipgconbi ned
genes the Stdffel e of Tag DNA fEIYRBGYe or Pfir DNARSYRERsONAN
Frequency . >Ati e g : . . A->T
1 mRortaxt consideration is to 1denﬂfy by routine expenmetﬁggonéhe reaction
C T conditio@s which ensure that ti@ shoft random primers can anpeal to the

templates and give sufficient DNA amplification at higher temperatures. We

15 have found that random primers as short as dp(Nh2 can be used with PCR to
generate fragments.

2.1 Random primed DNA synthesis with the Klenow fragment
The Klenow fragment of E. coli DNA polymerase I lacks 5-3'
20 exonuclease activity, so that the random priming product is synthesized
exclusively by primer extension and is not degraded by exonuclease. The
reaction was carried out at pH 6.6, where the 3'55' exonuclease activity of the
enzyme is much reduced (36). These conditions favor random initiation of
synthesis,
25 1. 200 ng {about 0.7 pmol} of R1 DNA and equal amount of R2 DNA

dissolved in H20 was mixed with 13.25 ug (about 6.7 nmol) of dp(N)s random

primers. After immersion in boiling water for 5 minutes, the mixture was
placed immediately in an ice/ethanol bath.
The size of the random priming products is an inverse function of the
30 concentration of primer (30). The presence of high concentrations of primer is
thought to lead to steric hindrance. Under the reaction conditions described
here the random priming products are approximately 50-500 bp, as
determined by agarose gel electrophoresis.
2. Ten pl of 10 x reaction buffer [10x buffer: 900 mM HEPES, pH 6.6; 0.1
35 M magnesium chloride, 20 mM dithiothreitol, and 5 mM each dATP, dCTP,
dGTP and dTTP) was added to the denatured sample, and the total volume of

the reaction mixture was brought up to 95 pl with H20.
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T->G 0 A total of 9860 bases were_sequenced. The
mut ation rat &"Q32230, 15 4) Phenotypi c anal ysi s PCT/US98/05956

Approxi mately 450 B. subtilis DB428 cl ones were picked and grown in
SG nedi um suppl enented with 20 ug/ m kanarrym nin 96-well plates.

roximately 56% of the clones _express ve e Frqom previ ous
Q)F:Berl ence, \>//ve Bnow ?‘H’a‘[‘mfsﬁﬂ"uf‘é\}@r) ﬁ?ﬁ&%"%ﬂ%@f’gm %‘gﬂﬁ Atht ati on
rate on 20 1 (BbehringeteMandhen 3indishapdlion V) peas grbied. AB3he cépporgrtsatel y 5%
cl ones showed gﬁ@%ﬁa@gg% 4RBEL DRI el oheo DliRuPES (whi ch

is below the expecte e for random reco on al one
due primarily t 3290 for 1-2 seconds i3 maigrofieete yove ehepirLig c'?‘ﬁ%"%’fﬁwed t hat
two clones, 7 arte8eactisowad @ritcesut at 22°C for 3 hewamdonl y pi cked cl ones contain

bot h N218S and N181 tati )

EXAMPLE 6 PrfdS 6¥qu‘i?uq?h"za°f‘%‘?1“ Seperds e |ﬂ‘°£ Foarentratens 8 ecs
deacyl ase by  template and the four nucleotide preprrsergnBesar s thareagtioneemrarmed i on
met hod out under | donkiikbSs KA TRInEmize NexoitRbBIflici TiguatRd, tthe GRRGY at e

short DNA fragnent ture | i near. doubl e-stranded DNA
(e.g., restricti Sﬂ&ﬁ%&%ﬁ?"s&sm’em’t eg’ﬁﬂ???iaeéft%c?? eeﬁxgea ‘ectrophoresis; 22).
The puri ficed DNA. mi xafter\id hbugs atp223€, the reaction wosctesmingfedphy pesting the

denatured by DOidafp «ABG %mwefdosml 5 fBERa OO ball olild to the reactidtSl N9 Lhe
Kl enow fragnent of "E. col1 DNA pol ynerase is enzyne | acks

5'->3' exonucl ed®&Wetivity, so that the random priming product is
synt hesi zed 10 s. TR Ghhidony @iriynelly prio i die rwe tpaafied by apedsing thetwitldgr aded by

exonucl ease. Th%'eaction mixture through Microcon-100 (Amicon, Beverly MA) {to remove the
15 template and proteins) and Microcon-10 filters {to remove the primers and
fragments less than 40 bases), successively. The retentate fraction {about 65

ul in volume) was recovered from the Microcon-10. This fraction containing the
desired random priming products was buffer-exchanged against PCR reaction
buffer with the new Microcon-10 further use in whole gene reassembly.
20
2.2 Random primed DNA synthesis with bacteriophage T4 DNA polymerase
Bacteriophage T4 DNA polymerase and the Klenow fragment of E.col
DNA polymerase I are similar in that each possesses a 5-3' polymerase
activity and a 3'-5' exonuclease activity. The exonucleases activity of
285 bacteriophage T4 DNA polymerase is more than 200 times that of the Klenow
fragment. Since it does not displace the short oligonucleotide primers from
single-stranded DNA templates (23), the efficiency of mutagenesis is different
from the Klenow fragment.
1. 200 ng (about 0.7 pmol) of R1 DNA and equal amount of R2 DNA
30 dissolved in H20 was mixed with 13.25 ug (about 6.7 nmol} of dp(N}s random
primers. After immersion in boiling water for 5 minutes, the mixture was
placed immediately in an ice/ethanol bath. The presence of high concentra-
tions of primer is thought to lead to steric hindrance.
2. Ten ul of 10 x reaction buffer [10x buffer: 500 mM Tris-HCI, pH 8.8;

35 150 mM (NH4)2804; 70 mM magnesium chloride, 100 mM 2-mercaptoethanol,

0.2 mg/ml bovine serum albumin and 2 mM each dATP, dCTP, dGTP and
dTTP) was added to the denatured sample, and the total volume of the

reaction mixture was brought up to 90 ul with H20.



reaction is carried out at pH 6.6, where the 3'->5' exonucl ease activity of

t he enzyne i s nmuch reduced (36). These conditions favor random
initiation of synt hesi s. 15 The procedure involves the

f ol l-'owi.ng* st eps: 1. Cleave the DNA of interest with
appropriate restriction endonucl ease(s) and purify the

fragnent of VR by gel el ectrophoresis usi r?é*WSQW%CR Prep
Kit (Promega, Madison, W). As an exanple, the Act i nopl anes

ut ahensi s ECB deacyl ase gene was cl eaved as a 2.4 kb-l1ong Xho 20

| -Psh Al fragnment fromthe reconbi nant ﬁ)lgtéfsﬁﬁngHPlOO. It was essential to
linearize the DNA fJEntwitss (fewqiR il efefist TF 0N POTmEERse ThPFPERETENt was
purified by agaxmaetshegs) dizabdlia DIND fas iaddeds IAlIGtht kempéreatsdwE€hiedcpy Ki t°
(Promega, Madisgn \ < ) bef i Lso
essential in genﬂwa)p“gtbg?g?lgg trc’f;%%\g%) etaﬁg%ges‘%??g{lik%%k é%'ggﬁggﬁrgage buf f er
fromthe DNA ssagerdsiineg mizgpfuge to mgye all e Hayitktorthg bottqm.dihereacipy %8 denat ur e

t Ee ([j)NAb: § the é%ﬁ&d Sﬁte&d37°0 ftlar 30dminutes. Undé the ré&@loﬁl@or(d&bﬂdtdg&:rﬁﬁ%pﬁbl ) of
t he doubl e-str ed DNA.di ssol.ve . n mxed with 2.75
[err]g (about iﬂ%%ﬁfﬁP?’BP"ﬂH{W%ﬂ%WSﬁ?’ﬁ?%@?&'%' Af t er

i mersion in bo#l i ngiftenB@rmifiptes 3t BY 10 theseacting wiscictminated by soelingdthe

i medi ately in @J}nﬂlgqé%eaﬁplicep?{)@m 3 ice-cold ﬁzo was adds@ 1 hE rRictbhie random

primng products I's an i1nverse function of the concentration of
primer (33). Theugresence of hi gh concentrations of priner is
thought 49 |eadsto StRr idhdbinNpHBEL Produbdewerehpurififachy passiy diet whois
05T gs o SEiy i AT BAALE Slif BRI
agarose gel (Fl @&d Migpeqn-1) filtgs (to remove the primegs and fragmpnts lqss then 48 x
reaction bUH er p{;j&@% fﬁuéhﬁ%/lﬁ@y.ﬁggfwe:aﬁ%ﬁa;ﬁvéi gbm 6&; ul i .vofunfd) Ywal
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vol ume ofist he r primineaprodiocts wee bulier-chchoagist agajnst BCBIeqcen ppifegivith theerr ] Q
WO 98/ 42832 new Microcon-10 further use in whole gene reassembly.
PCT/ US98/ 05956
2.3 Random primed DNA synthesis with the T7 sequenase v2.0 DNA
polﬁrmerase

20 Since the T7 sequenase v2.0 DNA polymerase lacks exonuclease
activity and is highly processive, the average length of DNA synthesized is
greater than that of DNAs synthesized by the Klenow fragment or T4 DNA
polymerase. But in the presence of proper amount of MnCl; in the reaction,
the size of the synthesized fragments can be controlled to less than 400 bps.

25 1. 200 ng {about 0.7 pmol) of R1 DNA and equal amount of R2 DNA
dissolved in H,O was mixed with 13.25 ug (about 6.7 nmol) of dp(N)s random
primers. After immersion in boiling water for 5 minutes, the mixture was
placed immediately in an ice/ethanol bath. The presence of high concen-
trations of primer is thought to lead to steric hindrance.

30 2. Ten pl of 10 x reaction buffer {10X buffer: 400 mM Tris-HCl, pH 7.5;

200 mM magnesium chloride, 500 mM NaCl, 3 mM MnClz, and 3 mM each
dATP, dCTP, dGTP and 4TTP) was added to the denatured sample, and the
total volume of the reaction mixture was brought up to 99.2 pl with Hz0.

3. Ten units (about 0.8 pl) of the T7 Sequenase v2.0 (Amersham Life

35 Science, Cleveland, Ohio) was added. All the components were mixed by
gently tapping the outside of the tube and were centrifuged at 12,000 g for 1-2
seconds in a microfuge to move all the liquid to the bottom. The reaction was



27 4. Ten units (about 5 [err]l) of the Kl enow fragnent

of E.coli DNA pol ynerase | was added. All the conponents were

m xed by gently tapping the outside of the tube and were
centrifuged at 12,000 g for 1-2 seconds in a m crofuge to nove
all the liquid to the bottom The reaction was carried out at 5

22[err] C for 2%t es. The rate of the ECTASYUM6depends
upon the concentrations of the tenpl ate and the four nucl eotide
precursors. Because the reaction was carried out under conditions
that mninze exonucleol ytic digestion, t@&newy synt hesi zed

products were n&PTEE FFa AP Cdoral Lminntesapirder fheeispctiopronditions described 5
After 35 mi nut egeithe ddrbinlgemih oa@&we%?mamfm-ae@s}sk.by cool i ng

the sanple to Oferr]C o ce. . 1 r]l of .ice-cold H20 was added to the
reaction k¢ %‘?&flr'@‘.nutes at 25%’ the redbrién gas t“‘?ﬁ?tﬁﬂalﬁ'd‘éﬂ‘?ﬁ?ﬁ ﬁ’ﬁed
products were psamplectl O7¢ @atei NPA heofeelcdld HO was addedetuc theOrzactont ur e

t hrough Cgntric Dzeh 00 (to renove the tenplate and proteins) 15 and
Centricon-10 filters (to renove the primers and fragnents |ess than 50
bases), successPvel yThecandeme primed | predustsy ware, pusifiedhPe Fessing Ahg adhelel nc
(Berverly, reaction Miture tAugR Medb@hel obr (@Cleinove the hatiplal anli §rétkins)i N

vol une) was rechgrﬁgmunqm filters [t Ceplrigon. 10, Jfhis fraction gontained
the desired randaom Briorhy’ prEg e, smove the prm ;‘i& agnenfedess e 4 was used
for whol e gene basesheivsespsively) The retentate fgagtioye (bpyt 65 HiHp Wi wpsne was
acconpl i gbed Dby rédafert® krb@VWhe 8Li&b&BSIO. This fraction containing tHe desirE@Faddgassenbl y

by PCR, 5 [err]l_.of the.rando i me . fra ts fram

Gt r con- 10, e und PRebRe 538 Rk Sthanste pasineg PO 1erdiBE Foftopin e

Pfu buffer, 0.5newMgrehordNIfarther usg/if mhplplgend noassgmPyu pol ynmer ase
(Stratagene, La 25 Jolla, CA)), 8 [err]l of 30% (v/v) glycerol and 7

Fandom pr i med DR 1 BETHER B ebeEANE or e s 5P weioe € SR iedenfRe o 1
i mpor t antlsvar i alflzeé DNAtpolysnegasef ul to set up several separate reactions
\é\“h g\”fergnt CO?_CGQHi;[ﬁIr 'gpiﬁé I&&E%?iaiﬁgﬁts& E.{&Sti ﬁNﬁ%@{yﬁﬁ?&s@@,%ﬁ@Hﬁii Onéo
: er incuhation rr or m r S ernocycl es were
per f or med, each?ﬁﬁ?’ﬁnﬁ‘%g‘“%%%‘}é’mé?a éf%ﬁsr%]% PXEYRISA0E %%Dvﬁqgg[aé?“r]c and
1.5 minage dlsermofable doand Ty BNA payme@€s. he Btafekefragmenh Spwivwst ep of

the |ast cycle processivity, elREREGEH bfiflePln dvefadeQF odl) ST HE@StidbdbedorPNA ENGi Ne
PTC- 200 (M) Research W\t er ar.at us w t hout

I ng, , t own ap
addi ng afy ni nePACGRFS: As @ result of its'lowet pracessivily, [‘te%a-']' Iapsalliaﬁﬁétf‘gmﬁ‘fd cycl es
20, 30 and 40 wédeliyenoved from the 35 reaction mxture and
anal yzed by agariose §¢hgQhisuk '00P10586] 8 RINA and equal andoBA6SERDIME PCR
product at 40 cyg

smear of |arger désf!?glsvgrfﬁg‘lnll&’gjr ‘g%d?tggg (W(é;tg‘reggtﬂf %33’,%’&%%8‘9’3’)%““9(”% random

primers.

25 2. Ten pl of 10x reaction pre-mix {10x reaction pre-mix: 100 mM Tris-HCI,
pH 8.3; 30 mM magnesium chloride, 100 mM KCl, and 2 mM each dATP,
dCTP, dGTP and dTTPF) was added, and the total volume of the reaction
mixture was brought up to 99.0 ul with Hz0.

3. After incubation at 96°C for 5 minutes, 2.5 units (about 1.0 ul) of the

30 Stoffel fragment of Tag DNA polymerase (Perkin-Elmer Corp., Norwalk, CT)
was added. Thirty-five thermocycles were performed, each with 60 seconds at
95°C, 60 seconds at 55°C and 50 seconds at 72°C, without the extension step
of the last cycle, in a DNA Engine PTC-200 (MJ Research Inc., Watertown, MA)
apparatus. Under the reaction conditions described here the random priming

as products are approximately 50-500 bp.

4, The reaction was terminated by cooling the sample to 0°C on ice. 100 pl
of ice-cold Hz0 was added to the reaction mixture.



The correctly reassenbl ed product of this first PCR was further
anplified in a second PCR reaction which contained the PCR priners
conplementary to the ends of the tenplate DNA. The anplification procedure

was-:asf:dl ows: 5 1. 2.0 [err]l of the PCR reassenbly
aliquots were used as tenplate in 100-[err]l standard P%
reactions, WNXH4BAt ai ned 0.2 nM each priners of PCUHE8A856 5
GGTAGAGCGAGTCTCGAGGGGGAGATGCS) (SEQ ID. NO 13) and pshR22 (5'

AGCCGGCGTGACGTGGGTCAGC 3') (SEQ ID. NO 14), 1.5 mM MyCl [err],

10 MM Tris-HO [pH 9.0], 50 mM KC1, 200 [e?ﬂMeach of the four dNTPs, 10
60% (v/Vv) gl ycerdl, 3hé repdom paigpedoprofusts Seerg prpfieh by Rsgrsdhe W9 and 2. 5
U of R&mﬂaﬁ Wﬁfﬁi‘m{gﬁthﬂﬁfoﬁ@ﬁm {td_Pembot k}a:,teﬁébate and proteins)

2. After incubati [ O re
per f or med, each a%h Iﬂﬂ’i&éﬂr%ngnﬁg es a Ferr?%&a% Bd-ljdm n tes at E%?‘e}r@] C and
1.5 eshs supcespdElyr ¢ Tios retentptsvertiny (aheyt (65oMain YoumBleMadCycl es
of 1.5 mnmutes aec&;Ered from me%i[c@usd-fo m&frmﬂm&aﬁtngaﬁ{e aesix}earamhxa 5

m nutes + 5 second/. at, Jaler]l C it h t tensi tep of
the last cycle proce %l nél"% e fggnst Rreactlxoneﬁﬂ 88

Engi ne PTC 200 (N W@s@amﬂﬁ mxﬁeerusmmmm%rmm&%ar atus w t hout addi ng

1

any mneral oil. 3. The anplification resulted in a
| arge anount of roduct .20 correct ze of the ECB
deacyl ase whol e %gR %fﬁq %Pgﬁse?themw‘ép&umngg%lﬁ‘& eS8t conpl i shed
as foll ows Pfu DNA Polymeraﬁh@ mn}slyomlmﬁtﬁblﬁcmﬁé&eme gene was

digested with X sLesses an mherexerad td 8N exDhu 16k Nl Gility Ot ElbRY HBE pos?sesk gl oned
|ntoarmd|f|ed 702vctor IVId K23

pr ot opl ast s were t afery ?ﬁ?ﬁaﬁﬁvﬁ ‘f%‘é“ﬁﬁ‘b’?/sé”‘““°“%d"'h‘y§af xPure to
forma nutant |igyfgEYyes.

1. 50 ng (about 0.175 pmol) of R1 DNA and equal amount of R2 DNA
15 dissolved in H20 was mixed with 6.13mg {about 1.7 nmol} of dp(NJ12 random

primers.

2. Fifty ul of 2 x reaction pre-mix {2 x reaction pre-mix: 5-fold diluted

cloned Pfu buffer (Stratagene, La Jolla, CA), 0.4 mM each dNTP], was added,

and the total volume of the reaction mixture was brought up to 99.0 ul with
20 H20.

3. After incubation at 96°C for 5 minutes, 2.5 units (about 1.0 ul) of Pfu
DNA polymerase (Stratagene, La Jolla, CA) was added. Thirty-five thermo-
cycles were performed, each with 60 seconds at 95°C, 60 seconds at 55°C and
50 seconds at 72°C, without the extension step of the last cycle, in a DNA
25 Engine PTC-200 {(MJ Research Inc., Watertown, MA} apparatus. Under the
reaction conditions described here the major random priming products are
approximately 50-500 bp.
4, The reaction was terminated by cooling the sample to 0°C on ice. 100

ul of ice-cold H2O was added to the reaction mixture,

30 5. The random primed products were purified by passing the whole
reaction mixture through Microcon-100 {to remove the template and proteins)
and Microcon-10 filters {to remove the primers and fragments less than 40
bases), successively. The retentate fraction {about 65 ul in volume) was
recovered from the Microcon-10. This fraction containing the desired random

35 priming products was buffer-exchanged against PCR reaction buffer with the
new Microcon-10 further use in whole gene reassembly.



In situ screening the ECB deacyl ase nutants Each

transformant within the S. lividans TK23 |ibrary obtained as 30

descri bed above was screened for deacylase activity with an in situ plate
assay " met hod using ECB as substrate. Transformed protoplasts were
allowed to regenerate on R2YE agar plates by incuybation at
30[err]C for v§o %ours and to devel op in the presé’ﬁz’é’sﬁowﬁ

t hi ostrepton for further 48-72 hours. Wen the colonies grew to

proper size, 6 m of 45[err]C purified- agﬁéose (Sigma) solution 35
containing 0.5 I n sodi um&€et ate buffer (pH 5.5) was
poured on top o%e‘ggﬁs%@fégﬁf’h%m and allowed to further devel op for
18- 24. houFer seass8zblyr by} ECR,C0 ghofethe sandomupdaed WAafr@érmms ng zone
l'arger than thatgqpf Nﬁcrocon-lo 20 ul&fﬂi‘krr‘élk S0P Y- fo R dirdledd &&e\é"ﬁgﬁ’bﬁ%

reconbi nant plasn d

nore efficient @@W@%I%&o FHé"ﬁl‘:l“Pﬁ’gPﬁ‘rPGW“f?ﬁP Gretpesne pdolla,
properties or i risnovtH;CGwaymixedriassi on and secretion |evel, and wer e
chosen as potentq al I 3Rt Sgoc TRES e e
subsequent presedrvat Pg%] téﬁ%'%?r%% ptl;]] gatlcoﬁﬁ g ‘&8{1&&1 %M%E’Ms%a&o t he ECB
deacyl ase nut antesriormed, each with 1.0 migiteit @515 diQ ininate aAPSE ondd it mingte e '
i noculated into Q@s&ﬂon&ﬁc&&@@i 93°CORith the extensmn@@‘éﬁ'd!‘@ﬁecﬁ&t@lﬂ@'pﬂ&eéﬁé?”] 9/ m

t hi ostrepton and al |l owed grow at 30[e ours.

this step, all caﬁl'f%Pe@’VJé)r E“%‘H‘Eﬁ e‘t‘i‘t%d£ EI]IPE’G %%Q:%‘}p Mn@”&‘&‘ﬁ‘a@c 10

substrat eco 100 [vestedtdws)MAVaBh£atils NithotPditizRely hiferarbilHPLC reaction at
30[err]C for 30

nut es, i ence_of 0 M H 5.5),
10% (v/v) MeOH and 28d% stBed o W“{“BP]&?‘%X% 90 Rrereinney Fal he 56 Gt 11 of
each reaction nmimiEgre apdsnplyzadely ageresecgel electrophoresigThel BagrsmpledB@Xyet hy |
aspartam de col Wibddd ab 48 FO&s EohkaidaCkne|cUir®d $¥ product in a smR&EbOBEdef i | €

|ve of

gradient at a fl Qwra lgré)l%‘GSZ 2 m/mn. The ECB-nucl eus was 15 det ect ed
at 225 nm
15
{4} Ampilification

The correctly reassembled product of this first PCR was further
amplified in a second PCR reaction which contained the PCR primers
complementary to the ends of the template DNA.

20 1. 2.0 ul of the PCR reassembly aliquots were used as template in 100-ul
standard PCR reactions, which contained 0.3 MM each primers of Pl (5
CCGAGCGTTGC ATATGTGGAAG 3') (SEQ. ID. NO: 15 and P2 (5
CGACTCTAGAGGATCCGATTC 37 (SEQ. ID. NO: 16), 1.5 mM MgClp, 10 mM
Tris-HCl [pH 9.0], S0 mM KCl, 200 mM each of the four dNTPs, 2.5 U of Tag

25 polymerase (Promega, Madison, WI, USA) and 2.5 U of Pfu polymerase
{Stratagene, La Jolla, CA).
2. After incubation at 96°C for 3 minutes, 15 thermocycles were

performed, each with 60 seconds at 95°C, 60 seconds at 55°C and 50 seconds
at 72°C, followed by additional 15 thermocycles of 60 seconds at 95°C, 60
30 seconds at 55°C and 50 seconds (+ 5 second/cycle) at 72°C with the extension
step of the last cycle proceeding at 72°C for 10 minutes, in a DNA Engine PTC-
200 (MJ Research Inc., Watertown, MA) apparatus without adding any mineral

oil.
3. The amplification resulted in a large amount of PCR product with the
35 correct size of the subtilisin E whole gene.

(5) Cloning



Purification of the ECB deacyl ase nutants After the HPLC
assay, 2.0 m pre-cultures of all potential positive mut ants were
then used to inoculate 50-m fermentation nmedi um and al | owed 20 to
grow at :30[err]C, 280 rpmfor 96 hours. These 50-m cultures were then
centrifuged at 0 g for 10 mnutes. The supernatants were re- trifuged
at 16,000 g fv%‘?;%g% nutes. The supernatants contai ni ng thé’cﬁ’g%’sg’g%(?yl ase
mut ant enzynes were stored at -20[err]C The supernatants
fromthe positive mutants were further concentrated 25 to 1/30 their
orlglnal volume with_an Anmicon filtrationdmit wt | ecul ar

wei ght cutof f of 10 Rigce ficshoaNA fraguents YeRe gga?fﬁﬁegg"%é dﬂf?"?"d’f&?’%th an
equal vol ume of polmekbdés] eerd Rikerfivg rgold 6f @nab PCRe amplifikd] réhssembleds appl i ed

KH or r]POerr] ( 'TH‘%% | Bl MEP&’%% B‘Sedeﬁﬁ?@c‘?ﬁq% ftg'r’lt"‘%/\/ass?%%om‘
KH err] P err] (btisinE mptantilibgarky NaCl . A | i near 30 gradient fromoO

to 1.0 M Mad was apprhe ednuamﬁﬁﬂ&&mmumhmmhpanﬁdmw Wizard DNA- rate of
2.7 m/mn. The eacy fr

and was concentra%ﬁa%ﬁ L Eewf%‘(‘r%us%trig oéé%%%[errﬁ(; err ]] (pH
6.0) in aecmmeéemsror%nsawemqﬁ tBle WalEomdhe f i ed by
SDS- PAGE, and gel and punﬁétebﬁmedwcntpr@ﬁkm&oﬁegeemamd WHi MBpoitigs Bi 0- Rad
Protein Assay. 3 ; . peci fic i v cyl ase
mut ant s Were ligated "Z?’O"T’ rg]"ne’atfég"é(cﬁ&'%ﬁ{rl??‘%gdd‘% %ggc %ngggmﬂ ant
was used ¥or t heshagts vertoy. assay at 30[err]C for O- 60 m nutes in
thg 26 gs[ence] o; m@; 1M B&A@Bl{)@%&p&}ntfb@@/o Were]transformed vﬁ'xththe above ligafidd V) MeOH
an err]g subst r at ch feaction nixtur

was | oaded onto ‘a”‘ﬁtﬂeg 7 ETB& PRt l&f%tﬁiﬂutgsap?g ‘% 2t tgfi’g‘ 100
m and el uted Wﬂhpmﬁefh@edmpmbmmwdmumwﬁ 1@@%&%@@?«2 2 m/mn.
The reagtiom, %eazscmmee&xmttcemsede@t tradforid At &ﬁcwodsd on an

| BM P-C datsa i nt e(j?latteg Bﬁ’gﬂ‘éu Lff rlmt.xlttgrg tos%xsx}x gxqgthqus%rary of &%%Lgtlﬂs rpl‘s?' varian

numer i caI}
4. Based on the DNA polymerase used for random priming the short,

nascent DNA fragments, the five libraries constructed here were named:

library /Klenow, library/T4, library/Sequenase, library/Stoffel and library/Pfu.

About 400 tranformants from each library were randomly picked and
20 subjected to screening for thermostability [see Step (7)]. '

{6) Random clone sequencing
Ten random clones from the B. subtilis DB428 library/Klenow was
chosen for DNA sequence analysis. Recombinant plasmids were individually
25 purified from B. subtilis DB428 using a QlAprep spin plasmid miniprep kit
(QIAGEN]) with the modification that 2 mg/ml lysozyme was added to P1 buffer
and the cells were incubated for 5 minutes at 37°C, retransformed into
competent E. coli HB 101 and then purified again using QlAprep spin plasmid
miniprep kit to obtain sequencing quality DNA. Sequencing was done on an
30 ABI 373 DNA Sequencing System using the Dye Terminator Cycle Sequencing
kit {Perkin-Elmer Corp., Norwalk, CT).

(7) Screening for thermostability
About 400 transformants from each of the five libraries described at
35 Step (4) were subjected to screening. Screening was based on the assay
described previously (33, 35), using succinyl-Ala-Ala-Pro-Phe-p-nitroanilide
(SEQ. ID. NO: 25} as substrate. B. subtilis DB428 containing the plasmid
library were grown on LB/kanamycin (20 pg/ml) plates. After 18 hours at



used to calculate the specific activity of each mutant As
showmn in FIG 10, after only one round of applying this random

pri m ng based technique on the wild-type ECB deacyl ase gene, one mnutant
(ML6) frdm 2,012 original transformants was found to possess 2.4 tines the

10 speC|f|c activity of the wild-type enzyne. FIG 11 shows that the
activity of WO98/42852  \115” has been increased reiative to t AP

wi | d-type enzynme over a broad pH range.

EXAMPLE 7 15 | nprovi ng the hernostability Bacilus subtilis

subtilisin E usi ng.the uence

reconbi nat i on nif ffodingle colonies were Pckﬁl“émeﬁgﬁ%’pe&% Fg'ﬁ?ggophél use of
vari ous DNA pol ;sm;r«&faa@cﬁmxedmm per well. 'mewplateba&ﬁsdshakeoafm inabbhater] atl t
further denonst tabi.ljzat S kSJ

reconbi nati on. %L& ?ort'zqeim%rsag le td_é@ célf%&i to tlgﬁh%ndl 'F]%.t Jt:ehlk %v'eﬂe &:ulﬁy

t her nost abl e suldpwhi sind) the supersatents were sampled d@s@aelmqswb%ma@ 1 were

chosen asgt he tﬁrﬁme%%afg%rwen%@&tym; -»a@ duplicated for each gfokth ﬁw%mgene
preparation Subtilisin % bl e nu enes R1 and
R2 (FI G 11) wer &gnwell containige 10l 9f sypernatanim, sw%éﬁ ”%en The

986-bp fragnent nhdaexhﬂédlu&gagdllnigsloo mt ?fék‘éuﬂiy &Eaﬁbﬂb&ﬁohl (ei2nmM qicomgpalence, the
entire mature sequence an nt after c

obt ai ned by dou sPEFrRpssr-pitheaniide, BRIy NOBES: W?%ﬂ'ﬁﬁ 260 ng(‘si(alnﬁ?"i\,eand Nde
1 and purified fpH®DA3D @IRegEsroedcies wasi mepstvd AN ﬁeﬁlprwp in

Kt (Pr osubsequedp? Bk hierbbt %%a&??@ea%aﬁé: bideb N2l CAE AN OF the

ste uri cat I on"was al so essenti al
in order to measured qiéﬁ%é"‘f’h@“%f”ﬁ? eﬁffdow ealrdate dhe Hadion firasive r om t he

DNA, since the MQ{n@é (donle® REth activity less thatilBE® dfthadlofivuetwlie viede depat a8 e t he
DNA i n the next .

5
Random pri nmed Dl{f& gﬁt ﬁ%"s?al acmlgom? %‘%?ﬁer a ﬁ%%féwéngﬁ)ﬁé at
from denat ur ed, ﬁ|5|°‘ﬁ&ir1° Hiauiss &y dnmadigtely Wg I?Hé‘l ﬁfLR"FY?‘E’&d 7GR | s

subtilisig® E mMitsafitiof q02EM BuX@hi W NlaPréPheip-nicatfite GSEQ IDTENG:, 28T €
denatured by bol 'ob%ﬁs%éyrﬁ'éeos'lé R EaENERCAN W Radi AR P8 OF the

was measured after 40 minmte incubation.

(8) Sequence Analysis

20 After screening, one clone that showed the highest thermostability
within the 400 transformants from the library/Klenow was re-streaked on
LB/kanamycin agar plate, and single colonies derived from this plate were
inoculated into tube cultures, for glycerol stock and plasmid preparation. The
recombinant plasmid was purified using a QlAprep spin plasmid miniprep kit

25 {QIAGEN) with the modification that 2 mg/ml lysozyme was added to P1 buffer
and the cells were incubated for 5 minutes at 37°C, retransformed into
competent E, coli HB 101 and then purified again using QlAprep spin plasmid
miniprep kit to obtain sequencing quality DNA. Sequencing was done on an
ABI 373 DNA Sequencing System using the Dye Terminator Cycle Sequencing

30 kit (Perkin-Elmer Corp., Norwalk, CT).

Results
1. Recombination frequency and efficiency associated with the random-
sequence recombination.

35 The random primed process was carried out as described above. The
process is illustrated in FIG. 1. Ten clones from the mutant library/Klenow
were selected at random and sequenced. As summarized in FIG. 12 and Table
5, all clones were different from the parent genes. The frequency of occurrence



foll owi ng DNA pol ynmerases: the Klenow fragnent of E. coli DNA pol ynerase I,
bact eri ophage T4 DNA pol ynerase and T7 sequenase version 2.0 DNA

pol ymer ase. Under its optimal perfornmance conditions (29),
bact er.i:ophage T4 DNA 5 pol ymerase gives simlar synthesis results as
t he Kl enow fr nt does When T7 sequenase version 2.0 DNA

pol yner ase (§%9 2is used, the lengths of the SPATHRS0596 DA
fragnents are usually | arger. Some anmount of MiCl 2 has to be

i ncl uded during the synthesis in order to control the I engths of the

synt hesi zed fragments w thin 50-400 basegﬁ Short, nascent

DNA fragnents c% Bsineretariatien) WIMIL% iR3gjn the recombingd gens of f |
fragment of Taqrdoiéd freh\A0ey @SrY%) tubthatiddNbdonn] fherkpaeed vilue of 50%. Thxsl rrpor t ant

consideration i ﬁ; &%%&tﬁa%éw%afegﬁg&{ég h%@ﬁ&h%é’i&%nﬁrf?ec%ﬁ%& o e

condi ti ons whi ch ensure t rs can” annea
tenpl at es and gWwith the sepfem erimepigahriags. | FiSc 42 P’G%S%stﬁhgqﬁ#te’tl@%@m*ﬁures Ve
15 have f eanTek febothbihal G @HRspdtéd)Rveh tASsethatiate @iy ¥POPhpatr] can be used

with PCRto enerate nts. ... . 2. ri med DNA
synthesis with the l&’ B P RY ﬁ% o Tokes °?subhhmmm°’?ﬁ%mﬂ%%’§%é$§]§8nent of
E. coli DNA pol mmuo@amoﬁmsmeachofmmm@mch so that
the random pri mspg r%@%&n&s&%ﬁh@@&&t&ﬁ% from one 96-weRXfdtt Sk/&lo¥miy Pri ner

extensi on and i t xonucl ease. The reacti on was
carried out at ge +GPlo dceﬁ‘é“ mg>§dﬂex&maxsa%‘y a2 \Aft (e oflonege
enzynme i somuch e:éﬂbitaddﬂ(eﬁﬁz)shbnhyes:empmﬂlet tootle fatant withndenNil81D iaatli on of

synthesis. 25 nz188 dduble m@ D Qtficabks inR'ME N181iD Qd&% Ua'
amount of R2 DNA ble m Qigilssof'la %Hiltwa &r? wgs %u)} vm@&ﬂ

[err]g (about 6394 ikeIY2155 Biadrs fremdBit have been randomlye °§°mWPt’%r

I mrer si on i n boBkquegcarariadysisf ¢irthd clohe ekibkifing e higkdst teermasability among pl aced

i medi ately in Me écﬁa%(x&f msﬁﬁﬁgnts from the library/Klenow showed the mutation
15 N181D and N218S did exist.

2. Frequency of newly introduced mutations during the random priming
process

Approximately 400 transformants from each of the five B.sublilis

20 DB428 libraries [see Step (5)] were picked, grown in SG medium
supplemented with 20 ug/ml kanamycin in 96-well plates and subjected to
subtilisin E activity screening. Approximately 77-84% of the clones expressed
active enzymes, while 16-23% of the transformants were inactive, presumably
as a result of newly introduced mutations. From previous experience, we

25 know that this rate of inactivation indicates a mutation rate on the order of 1
to 2 mutations per gene (35).

As shown in FIG. 12, 18 new point mutations were introduced in the
process. This error rate of 0.18% corresponds to 1-2 new point mutations per
gene, which is a rate that has been determined from the inactivation curve.

30 Mutations are nearly randomly distributed along the gene.



The size of the random primng products is an inverse function of the 30
concentration of prinmer (30). The presence of high concentrations of priner

i's t hought to lead to steric hindrance. Under the reaction
condi ti-oris descri bed here the random prim ng products are
approxi mately 50-500 bp, as determ ned by agarose gel

el ect r ophore §P§3’42832 2.  Ten [err]l of 10 x reactlo‘FF'lg‘\{ﬁ’F/@ﬁ”‘[ 10x
buffer: 900 nM HEPES, pH 6.6; 0.1 35 M magnesi um chl ori de, 20 mM
dithiothreitol, and 5 mM each dATP, dCTP, dGTP and dTTP) was
added to the denatured sanpl e, and the tota&ol une of t he

reaction mixture was brought up to 95 ‘Féﬂvlfﬁ with Herr] O

3. Ten units (about 5 of th n t_of E. coli DNA

pol yner ase (‘B&‘@Iﬂ";ﬁ é WE ‘I"Fei 83&“&8&% feR rapdgm, o5 added.

Al'l the conponents y ?appl ng the outside of the
t ube and were centrifugedat Jsﬁédbh‘doxg Ol e 2 EC URE s tiinlond.

m crof uge to novejad4 t BRitibd qlshsknmont he lepd Oom Substitution The ra@wtion was
carried out at 22cerr|C B&x 3 h@uCs.  transversion GlyoGhhe r aswmonymogshe

ext ensi on depends cgpon t kg concanjgr at i ORsnsibnt N€  ser—sser teymlya{oﬁ and the

four nucl eotide prggursor Bec e the _reaction rried out
under conditions Chat ni ﬁ&m ze ei’o%nucl eofms?‘l"c di g‘é‘@f."%ﬁ ymrg\f/ﬂ‘m

synt hesi zed produft% wer Blhot dégrGaded %“&”&et ectHpisr ext eﬁ:eonym“s 4.
After 3 hours at 22§ err] @9 the rmeacti on wassitiob er m Mai-e@n by Cephkdyrgud he

sanple to O[err] Cegp iCeyoed00 [&Lyd | Ofuah&es,epl d Hppidid O Wash-spiddpsbub 0 t he

reaction Xt ur The ran om pri med Broducts wer e
purified by passi r?ﬁInt b\ﬁ%l e T° "r’%sé i on nﬁgx't'ure t hegagn °

M crocon-100 (Ami &8, Be\ﬁé"rl y MOPA(to rtepeeeion he 1Bis-olle  t pespymepumapd
proteins) and M cregon-1@s4i | ters:(to recdueiod he pHiswEE S an@h-synonymous

fragments |ess th%@ 40 bgses), spugcessi \@lhiion The r@atl_em at e ndlFduliis (about
65 [err]l in volume) was recovered from‘g crocon-10. This

fraction containi fg®the 5% Aesi rETFERom ph n'i‘l?\g pP BT E Ras
buf f er - exchanged &#&i nst 1RER r edetd on  tramsiion  p[yplepha yj t h syieeymeaty

M crocon- 10 furtloss useiisn wholssgene naas®menbl y. Ala-Ala synanymous
C#7 478 T-C transition lle—lle synonymous
C#9 731 A-G transition Ala—Ala synonymous
C#9 994 A-G transition Val-»Val synonymous
C#10 1111 A-G transition Gly->Gly synonymous
C#10 1112 AT transversjon Thr—>Ser DON-SYNonymons
5 The mutation types are listed in TABLE 5. The direction of mutation is

clearly nonrandom. For example, A changes more often to G than to either T
or C. All transitions, and in particular T-C and A-G, occur more often than
transversion. Some nucleotides are more mutable than others, One G—C, one
C—G and one C—A transversions were found within the 10 sequenced clones.
10 These mutations were generated very rarely during the error-prone PCR
mutagenesis of subtilisin (37). Random-priming process may allow access to a
greater range of amino acid substitutions than PCR-based point mutagenesis.
It is interesting to note that a short stretch of 5' C GGT ACG CAT GTA
GCC GGT ACG 3' (SEQ. ID. NO: 16) at the position 646-667 in parents R1 and
15 R2 was mutated to 5' C GGT ACG ATT GCC GCC GGT ACG 3' (SEQ. ID. NO:
17) in random clone C#6. Since the stretch contains two short repeats at the
both ends, the newly introduced mutations may result from a splipped-strand
mispairing process instead of point-mutation only process. Since there is no
frame-shift, this kind of slippage may be useful for domain conversion.



20 2.2 Random prinmed DNA synthesis wi th bacteri ophage T4 DNA

pol yner ase Bact eri ophage T4 DNA pol ynerase and t he Kl enow
fragnent of E.coli DNA polynerase | are simlar in that each
possesses a 5 -3 pol ynerase activity and a 3'-5" exonucl ease

activity. The exonucl eases activity of 25 bact eri ophage
pol yner ase i WO 842852 han 200 times that of the Kl enow &Tﬂéf&)'?}g?‘rent .
Since it does not displace the short oligonucleotide priners from

si ngl e-stranded DNA tenplates (23), the eff|C| ency of nut agene3| S is
di fferent froamthe Klenow fra

bout
0.7 pnol) of R13pREmRaHsayekdifterspl, RNA ﬁgﬁ’m&%ﬁ’ in ﬂ‘ed'lmg%%‘?? gg I(—|?e?lrj] O
was nmxed With ptacgss [err]g (about 6.7 nnol) of dp(N)[err] random

primers. After imvergion i ol #, ﬁm&%&n%&%&% nmeseﬁueﬁkw e was
placed imediately in an"ice anor bat h he presence of |ageh oncentra-

tions of primer @ Itel%‘ﬂgﬁ%nd?@lyl gagpmbined; apf cngYY PR, fgutations . Ten
[err]l of 510 x hqacduced THshge thdsd Puinb uirtations 508y prﬁblt&eﬂUd;veﬂlﬂy&be 35

150 mM (NH[ err]) F,er rlll% evolﬁt't?zgap %Qﬁéyu mecﬁ'loglléhqgc retBb on of

2- mer capt oet hano ovi'ne serum al bum n an nmM each
dATP, dCTP, dGTengfigial mutations idensified) GRrEviowslh h eSPaBRl §‘%ﬁrp| e, and

the total vol unem@htiédi@ate is this high. RAECHIIAY effox kate alwiag randung printipg t 0 90

[err]] with H20. rr]I) of
the T4 DNA pol y nt;éoc(,iegse 1s] p:trgo lﬁl}ly méportant for %ucces%)glﬁf Ju?g ﬁﬁ%l anaé‘QT (?

was addede Al tsnle*eerommeﬂtxgowblemx@a cggosing dlfferent PP WE’&EFpF-‘Hb the
outside of the trh'é?ﬁfyﬁl@dﬂx\éﬁé&:ﬁﬁﬁ NohdifistEe @heé tanlidmOpmig f aslediia? breedmg

d h I
vas 5" Poar e R S5 iEur i Pt il ek ] MRecADEETC ! 0"

-
-

condi ti ons descriatsed her e the random pri m ng products are
appr oxi mat el y 50- 500 Th@Klenow fragment4f E.cottHRL polaklertbe | b&xteritphZgé[T@DYA, t he
reaction WS ter ml naetrgs%, e%(t)xgnasg ertmt}r? 2.0 DNA polymerase, the Stoffel fragment of

Tag polymerase and Pfu polymerase have been tested for the nascent DNA
fragment synthesis. The activity profiles of the resulting five populations [see
Step (5)] are shown in FIG. 13. To generate these profiles, activities of the
individual clones measured in the 96-well plate screening assay are plotted in

20 descending order. The Library/Stoffel and Library/Klenow contain higher
percentage of wild-type or inactive subtilisin E clones than that of the
Library/Pfu. In all five populations, percentage of the wild-type and inactive
clones ranges from 17-30%.

25 EXAMPLE 8
Use of defined flanking primers and staggered extension
to recombine single stranded DNA
This example demonstrates the use of the defined primer recombi-
nation with staggered extension in the recombination of single stranded DNA.
30
Method Description
Single-stranded DNA can be prepared by a variety of methods, most
easily from plasmids using helper phage. Many vectors in current use are
derived from filamentous phages, such as M13mp derivatives. After
35 transformation into cells, these vectors can give rise both to a new double-
stranded circles and to a single-stranded circles derived from one of the two
strands of the vector. Single-stranded circles are packaged into phage
particles, secreted from cells and can be easily purified from the culture
supernatant,



sanple to OC on ice. 100 [err]l of ice-cold Herr]O was added to the

reaction m xture. 10 5. The random prined products were
purified by passing the whol e reaction m xture through
M crocom- 100 (to renove the tenplate and proteins) and

M crocon-10 filters (to renove the prinmers and fragnents |ess than 40
bases), succWOPMIPL  The retentate fraction (about 65 [er¥GHUFHO3 une)

was recovered fromthe Mcrocon-10. This fraction containing the
desired random 15 pri m ng products was buffer-exchanged agai nst PCR
reaction buffer with the new M%%ocon- 10 further use in whol e

gene reassenbly. Two defined primsrsrifor, qrample. HRHIPRK tQ Printedsadspt et he T7
sequenase v2.0 id¥plates) are used hed &Woﬁﬁa&e%gle stranded genes. Ship®fe bihe T7

sequenase v2.0 %efsh e¥1n§ire§ %gfol ?1?% ’%83%&@%}&%% Extended reft re@iiiddoy and is

hi ghly processi aver ag e
greater than th&timsss msWﬁﬁ@élfﬁéﬂe stregased W@‘F&?ﬂ Hm%ﬁgﬁﬁﬁ??)owhm DNA
pol ymer ase. BuUt cérbidtéI6f fepsis eptleaiof REpGatiGTRUNMedHy diteindlyiaBbiehtedcact i on,

t he size of theam\{ef%ge/s gedfr g controlle to Iessn%aan 400
bps. 25 e?%%%u@ GFY&%WB’% BT E St of R2
DNA dine mllrleugthrxem[séqui@nmhm -gastbteg lzqmommzssgqne @sdegnbbaipout 6. 7

nnol ) of dp(N)[q&éﬂregeaBQQfIHnNApolymerasaordxméﬁbyfg&xe@mpmh&hQtepln boi |'i ng
water for 5 m nutes in an

te
i ce/ et hanol bat h. Th'g‘ep%"?é‘ﬁﬁe“o?’eh‘?%e%n?ﬁ?f‘smg pr°°ess 18 f”l"ﬁ B‘LZb Yof primer
is thought to | eedoving sliqupiscliul) dram te. re@@ion tube (100 ul stating eelnjok) &f 10 X

reaction buffer vgﬂ&fé tﬂh@ tﬁﬁts e MJrekéﬁﬁg ancpkéeralén DNA frag:mentsa@o mv

nmagne m chl ori de,

D T, T BESEE B PR RRET o BT O AN PP SHOn 25 SR e
total vol unme of apperaregcdifiipwrimoleguler waighb 'smegtiteatlp it oth® rocepd whiicthh
Herr] O mcrcéies in hSRcHR @J&gﬂtaﬁﬂyhc@aﬁné gﬁ:‘i& humBér. tlhﬁialTFea%ﬂuenase

v2.0 (Arrersham Lif ‘ﬁ Sci nce ev Ian gl) adgl & t he
conponent'd wer e A} 'é‘ﬁf‘sbﬁm set to SR YD 3tohe t ube

and were centri fsggmd.mangﬂbﬁbfogovﬁe@lrbylv@y brief am'{eahngsfettmdm step(s} (ergcr of uge
to nove all thedst@lyigh 49 éeb&dQPEépQQE’ed TRfoueR 9556 O cPBicrements prior to

reaction sampling. Typically, 20-200 cycles of staggered extension are

required to generate single stranded DNA ‘smears’ corresponding to sizes
20 greater than the length of the complete gene.

The experimental design is as in Example 1. Two thermostable
subtilisin E mutants R1 and R2 gene are subcloned into vector M13mp18 by
restriction digestion with EcoRl and BamHl. Single stranded DNA is prepared
as described (39).

25
Two flanking primer based recombination
Two defined primers, PSN (5'-CCGAG CGTTG CATAT GTGGA AG-3’
(SEQ. ID. NO: 18), underlined sequence is Ndel restriction site) and P3B (5'-
: CGACT CTAGA GGATC CGATT C-3' (SEQ. ID. NO: 19}, underlined sequence is
é 30 BamHI restriction site}, corresponding to 5' and 3' flanking primers,
respectively, are used for recombination. Conditions {100 ul final volume):
0.15 pmol single-stranded DNA containing R1 and R2 gene {mixed at 1:1) are
used as template, 15 pmol of one flanking primer (either PSN or P3B), 1x Tag
buffer, 0.2 mM of each dNTP, 1.5 mM MgCl; and 0.25 U Tag polymerase.
35 Program: 5 minutes of 95°C, 80-200 cycles of 30 seconds at 94°C, 5 seconds
at 55°C. The single-stranded DNA products of correct size (approximately
1kb) are cut from 0.8% agarose gel after electrophoresis and purified using
QIAEX II gel extraction kit. This purified product is amplified by a



carried out at 22C for 15 mnutes. Under the reaction conditions described
here the random pri m ng products are approxi mately 50-400 bps. 4,
After 15 minutes at 22[err]C, the reaction was term nated by cooling the
sahpl e 't‘o O[err]C on ice. 100 [err]l of ice-cold Herr] O was added to the
reaction 5 L Xt ure. 5. The random pri med oduct wer e
purified by Bvé)spssf“ﬁ%&the whol e reaction mxture tH ﬁH 5?
M crocon-100 (to renove the tenplate and proteins) and
M crocon-10 filters (to renove the prirrersgﬁnd fragrrents | ess than 40
bases), successi vel & The retentate fract err]l in volune)
was 10 r ecoverEltemal FCRK Capdiiog R Tbﬁna*ﬁélgmﬁr 3ctq Béﬂf:_y RERE 3y t he
desi red random pmol of each f}:anldmgr;gum,oﬂuﬂqsbm b2 M rof eaahhdlVifed.SagM nst  PCR
reaction buffer 1 add 25 U 1 ﬁi'nQ:té Lgttdgeé 58 d ole
Md Tagpoymeﬂgndom prinme X e ﬁh

gene reassenbly. ynt hesi s W t

using the Stoff &0 sepengmenP4°6 39 seconds at 551%q1 BRN%%W% 38@ PCR product
Simlar tq the I Dﬁgﬁmf mw%@fnﬁ afi® BhmBNAn® QididiHed 36to| pBE GBS | el _

Ly agrent of a0 pohi PALY Rt ¥ nanna f Ens LD apa Satned ek o

fragment has | owubtilis DB428 cqzmlmee:sqeu& tfor, expressiond iand sgrepningeas descebet age of

only 5-10 nucl e%iéedﬁéfel{@é)orﬁehﬁos%ﬁmy of mzyﬂksmﬁs%méma lﬁecﬁybs of its
| ower processivit royed delity.

1. 50 ng (abo ’(Plaﬁ@r‘ﬁﬁb‘%s“&edﬁiev V4 equal anount of R2 DNA
di ssol vedwi n H er r ] OThaprotooté desnilts hn Ghel gerfemtion f faveb s¢quindesontajning

dp(N)[err] randQiel combinations¥f nfiRLthms %%m the paren?al sequg_&:@s b4kl bs ngeil.OX

reaction pre-mx [10x reaction pre-mx: 100 nmM T 8. 3;

pH
30 nmM nagnesi umft?fﬂ"d?‘i‘t&@nsim%cﬂm‘”ﬁﬁw ‘EICW%%P&P d’?—@iﬁ‘e variants that * gcTp,
dGITP and dTTP) vexemackihermatuble then thetpakent ehdymes, (afs it Beanigladt i on

.m xtur € Was brought B % p%?enQ flo?x{ ﬁ-le ab\%é Q:ah\[p r-based rec ]:1 After
i ncubation at 96[err or m nut .5 units . rr 3 of the
30 15t of f &he% P%\ﬁ‘ﬁ’érﬁ’ eisrrw%ae E’NASB%ﬂefﬁﬁ? 'Fle ?Ft%ﬁ?% fordRen. |

Nor wal k, CT) optimal perf@sancdech wﬂalraﬁge-dflapph&hcﬁmmﬂl astonaveloper f or ned,
each with 60 secq Pq g,;e%zgmesfoﬁba&gmr]e%m@gn%gggds at 55[err]C and 50

seconds at 72[err|C e extens]on_ st of the Iast
cycle, in a DNA Engi Rgipthe mmw%gaé&m‘fsmes usipg 1 IA-geRyndens) PN
appar at us. Underpdisineeraseaidi simle:eundtctedm de sarpldies)] altemativenproragoid aare pri m ng

35 200" 0dUChg, é&ﬁbl@@ci}rxﬁsﬂ A N Pz}% a template. BI dbing st'EJQﬁ reaction

wastermnated by coo mg eto on_l ce.
of ice-cold H erRPaRNAfgdhe toninte aPé rsRenfeRt BNa po ymerase {reverse
transcriptase) as the catalyst, the methods described herein may be modified

to introduce mutations and crossovers into c¢cDNA clones and to create
molecular diversity directly from the mRNA level to achieve the goal of

25 optimizing protein functions. This would greatly simplify the ETS (expression-
tagged strategy) for novel catalyst discovery.

In addition to the above, the present invention is also useful to probe
proteins from obligate intracellular pathogens or other systems where cells of
interest cannot be propagated (38).

30 Having thus described exemplary embodiments of the present inven-
tion, it should be noted by those skilled in the art that the within disclosures
are exemplary only and that various other altemaﬁves, adaptations, and
modifications may be made within the scope of the present invention.
Accordingly, the present invention is not limited to the specific embodiments

as as illustrated herein, but is only limited by the following claims.



5. The random primed products were purified by passing the whol e
reaction m xture through Mcrocon-100 (to renove the tenplate and proteins)
and M crocon-10 filters (to renove the primers and fragnents | ess than 40
bases), ‘successively. The retentate fraction (about 65 [err]l in vol une)

was 5 reco d fromthe Mcrocon-10. This fraction | Nl t he
desired randa’Yﬂg"y“()‘?{sg primng products was buffer-exchaﬁﬁ%@?@gﬁst PCR

reaction buffer with the new M crocon- 10 further use in whole
gene reassenbly. 2.5 Random prijned DNA synthesis with PCR using
Pfu DNA pol ynerase 10 Pf i %ﬁ@! ynerase i s extrenely

t hernost abl e, and the enzyne BIBL s an inherent 3 to 5

exonucl ease activity but does not possess a 5'-> 3' exonucl ease

activity. Its base s 4 u y B&Se IRt 8&c
be 2 x 10[err]. * ﬁ?m; Mufg%égi o {g lmm%uué%lg%ﬁl%mﬁ and

equal amount of R2 di ssol ved in Herr]Owas mxed with

6. 13ng (about 1.2 nnEloflara JOPK NPFErAdaptiam domatural and artificigr sysers. The

2. Fifty [err]| of UiversiteBoss,mngrborni X (2 X reaction pre-mXx: 5fo|d

di luted cl oned Pfu buffer ‘g Stratagene, La Jolla, CA 4 mM each
dNTP], was addecd-  GColdberg, DgBqg 1f3F| e ""#‘ﬁl‘t@ 8 i, peareh, optimize ?fha‘l“ﬁ xt.ure
was brought up to 99“&%‘@??“]&{"%M eaqingy . After
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cycles were performed, each with 60 seconds at 95[err]C, 60 seconds at

55[err] C and 50 seconds at 72[err]C, wthout the extension step
of the last cycle, in a DNA 25 Engi ne PTC-200 (M) Research Inc.,

Wat ert own, MA) apparatus. Under the reaction conditions described
here the ngj m prim ng products are appro 0- 500
bp. %qéﬁz%&?‘he reaction was term nated by cooling ?ﬁﬁ%&%{%?sg
O[err]C on ice. 100 [err]]l of ice-cold Herr]O was added to the
reaction m xture. 5. The random gi.ﬂed products were purified by
passi ng the v\holgq “;%a tion. mxtur &2 hrough, M rocon-_lOO to
remove the tenpldte fei’ns) 1994b. DNA T Eb’% Hop (to
renove the primers a r &‘T jonyigr molec arevm’g‘e?g )oc a

successively. The retentate actlon (a out 65 [err]l in volune) was
recovered fromtig Mesomed: M. 5,468, /3 racti on containing the desired random

35 primng products was buffer-exchanged agai nst PCR reaction buffer
with the 20. neveoks, Jr OG AN-M.QJid, 0. Kinelinet 3ad FnHWIabld. I9Te Staageenb| v.
36 (3) Readeethslin vitfe Eeoluinnl &f Rretvin Function: Enzgme Evblotion dgssenbl y

by PCR, 10 [err]| of Rendomepqmbination plniopyrdfSeqyensas,d. Molecular Biology,dm
M crocon-10, 20 [err]A™%f 2 X PCR pre-mx (5-fold diluted cloned Pfu

buf f er, 0.5.nM e P 0..1U/ [er Ioned Pfu oly ase
(Strat agene, 1oI I 5k1 aﬁ Henm Eéf,%é ,mﬁ a\%&l of ¢ ed on

i ce. %‘ ﬁ‘énchﬂ cqiia 14Li€6s5:1
t her nocycl es vvere per f ormed each vmth 1 0 mnute at 95[err]C

1.0 minute at 55f@rr |Keinbesk, . 6. Md\Vdgelstein, B. 1983, A tdexhfiqae fdl/ragdiclkBelinl
72[err]C, with the edNYsistittien eplooficl¢dse filagiménts ychigh ppaifieadiivily. Anal. at
72[err]C for 10 mi nutBiechemn13R:BNAK. Engi ne PTG 200 (M Research Inc., 10

Wat ert own, MA) a%%)ara us wW_t hout adding any mneral oil

L e o oS A el Bﬁﬁ%ﬁ%@ﬁmmgmage%d o

24.  Ehrlich, H.A,, PCR Technology, Stockton Press (1989).

25. Oliphant, A. R, Nussbaum, A, L., and Struhl, K. 1986. Cloning of
- random-sequence oligodeoxynucleotides. Gene 44: 177-183.

26. Hermes, J. D., Blacklow, S. C., and Knowles, J. R. 1990. Searching
sequence space by definably random mutagenesis - improving the
catalytic potency of an enzyme. Proc. Natl. Acad. Sci. USA 87: 696-700.

27. Leung, D. W, Chen, E,, and Goeddel, D. V. 1989, A method for random
mutagenesis of a defined DNA segment using a modified polymerase
chain reaction. BioTechnique 1: 11-15.

28, Chen, K. and Arnold, F. H. 1993 . Tuning the activity of an enzyme for
unusual environments: sequential random mutagenesis of subtilisin E
for catalysis in dimethylformamide. Proc. Natl. Acad. Sci. USA 90:5681-
5622.

29. Sambrook, J., Fritsch, E. F. and Maniatis, T. 1989. Molecular cloning:
A Laboratory Manual, 2nd ed. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY.

30. Hodgson, C. P. and Fisk R.Z. 1987, Hybridization probe size control;
optimized 'oligolabeling’. Nucleic Acids Res. 15:6296.

31. ‘Tabor, S. and Richardson, C. C. 1987. DNA sequence analysis with a
modified bacteriophage T7 DNA polymerase. Proc. Natl. Acad. Sdi.,
USA, 84:4767-4771.

32. Tabor, S. and Richardson, C. C. 1989. Selective inactivation of the
exonuclease activity of bacteriophage-T7 DNA polymerase by in vitro
mutagenesis. J.Biol.Chem. 264:6447-6458.



product at 40 cycles contained the correct size product in a snear of

| ar ger and snmal l er sizes. 15 (4) Anplification

The correctly reassenbl ed product of this first PCR was further

anptifi:ed in a second PCR reacti on which contained the PCR priners

conpl enent ar ends of the tenplate DNA. 20 err]l of
the PCR reas&érgq/‘{}g:él iquots were used as tenplate in 100- [@FFPF”’OSL
standard PCR reactions, which contained 0.3 mM each prinmers of P1 (5
COGAGCGITGC  ATATGTGGAAG 3’ ) (SEQ ID. NOy%S) and P2 (5

CGACTCTAGAGGATCCGATTC_ 3 ) SE ID NO. 16 mM Mgd [err], mv
Tris-HO [pH 9. 0% 5 gé{:hl t*ﬁ’é“’F adr n‘ﬁE“’!}"’B‘lof Taq
25 pol yrrerase ‘su @n \éf“% a?"% B?mﬁ?gyus

pol ymer ase agene CEa jﬂoH 2. Af ter
incubation at 963gr r]&cliQf Wﬂtéss%hy 'H?,ﬁg/éél RS PORI €, Sutton, K
performed, each W th Fogtes0QMSMaGINGS] 58, S COORItAbadhk ubtls and 50
seconds at phBE, gehd| enbotinsy b—)‘u&ddhztyl estedasd 5 ddIRIZIBENRNES aAfl 60
seconds at 95[err] C, High-18@el expressbadn Behefithido&fic Gend 18N B754B. seconds (+ 5
second/cycle) at 72[err]C with the extension step of the | ast

cycl e proceedi ng3®t 7ZperH.jandAspold, (. Hnlr?ﬁ?eé) timjpationrpi R uffling-fochigh
200 (M Research | nc ﬁd"Wt‘%f”BWﬁqu%‘b‘é‘f‘ ]ﬁf?e‘bﬂf‘}fﬁédf’ ﬂap%g any m ner al

oil. Theaan fLe nt of. PCR
33 m3lIP, & @kxcﬁar tcqugi‘ch

product Wi th the"35 pecrera Gl B 2ha Clny e

(5) doning preparations of deoxynbonuclelc acid polymerase. J. onl Chem 31

Since the short DNA faagments were generated with five different DNA
pol ynerases, there were five pools of final PCR anplified reassenbled
37. Shafikhani, S., Siegel, R. A., Ferrari, E. & Schellenberger, V. 1997.
Generation of large libraries of random mutants in Bacillus subtilis by
PCR-based plasmid multimerization. Biotechniques, in press.

38. Ebel, T., Middleton, J. F. 8., Frisch, A, and Lipp, J. 1997.
Characterization of a secretory type Theileria parva glutaredoxin
homologue identified by novel screening procedure. J. Biol. Chem. 272
(5): 3042-3048.

39. Messing, J. 1983. Methods Enzymology 101:20-78.

40. Innis, M. A. et al., 1988, Proc. Natl. Acad. Sci. 85:9436-9440.



products. Each of the DNA pool was used for constructing the correspondi ng
subtilisin E nutant library. 5 1. The PCR anplified reassenbl ed
product was purified by Wzard DNA- CleanUp kit (Pronega, Madison,
W) ; dirgested with Bam H and Nde 1, el ectrophoresed in a 0.8%
agarose gel . _Th 86- bp product was cut fromthe el and purified
by W zard Pcﬁqf%é‘g“ it (Promega, Madison, W). Products gmmsyslogﬁfe |
ligated with vector generated by Bam H - Nde 1 digestion of the pBE3 10
shuttl e vector. 2. E. coli HB}/O conpetent cells were
transfornmed with the above ligation ‘ ] xture to forma mnutant
library. About 4,000 transformants f PO B %IsFlﬂtG)r(ary wer e pool ed,
and reconbi nant plasm d m xture was isolated fromthis pool. 3.
B. subtilis DB428 ccapeircntromirkean:were transformed with the above 15

i sol ated plasm d m XH)URRPLEI@NTSr NErangser adnobd ary of the subtilisin E

vari ants. 4, Based ofrizxhresBNA pol ynerase used for random
primng the short, nastarRE DNALfelifents, the five libraries
constructed here were naned: e %] brary/ Kl enow, |ibrary/ T4,

| i brary/ Sequenase, |ibrary/ Stof fIéolrian i brar y/ Pf u. About 400

tranformants from @achriiEbsmhyweNeos: I Rdd8thyeibh O ed1d12Ride subj ect ed
to screening for ther segieads| vdiyg peBReSbe Rafdbhn] primer Sequences (6) Random

cl one sequenci ng Ten random clones fromthe B. subtilis
DB428 |i brary/ Kl eHdh WEMPER OF SEQUENCER:hodfen for DNA sequence anal ysis.
Reconbi nant pl asm g% \é@{&d’&g&“\ék g)L:JsX: 25 purified fE((?\]mAgEN)SU\?\; ![ Ihi tshe

DB428 using a Q Aprep i m ik s
modi fi cation that 2 mobeel s S s g ati%ftéaitaufefoer and the
cell's were incubated fior coryy st @mends 37[err] C, retransfornmed into

conpetent E. coli HB 101 szam:tdaen purified again using Q Aprep spin plasmd
mniprep kit to obtai HEsEABERET B qual ity DNA. Sequenci ng was done on an 30
ABI 373 DNA Sequenci ng¥sy3teM%3i ng the Dye Terninator Cycle Sequenci ng

kit (Perkin-El ner I (7) Screening for
thernostability N %gfpﬁﬁﬁ%%p 4909, transformants from each of the
five libraries descrihed cakrudsr: 1BM Pc csripElibid) Were subjected to screening.
Screeni ng was based oncl veerasperysysTEM: windowsdescri bed previously (33, 35),

=

.
H

usi ng succi nyl - Al a- Al dPPEEFTRRE: pMiFresof ptd e (SEQ ID. NG 25)
as substrate. B. s(ub;t im'nsE ,II;)B4281 contai ning the plasmd l'ibrary
were grown on LB/ kana xpljpﬁggé%ﬁm'fﬁ‘) plates. After 18 hours at

{B) FILING DATE:
{C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: 60/041,666
{B) FILING DATE: March 25, 1997
{C) APPLICATION NUMBER: 60/045,211
(D) FILING DATE: April 30, 1997
{E) APPLICATION NUMBER: 60/046,256
{F) FILING DATE: May 12, 1997

(viii) ATTORNEY/AGENT INFORMATION: .
{A) NAME: Oldenkamp, David J.
{B) REGISTRATION NUMBER: 29,421
{C)} REFERENCE/DOCKET NUMBER: 330187-84

(ix) TELECOMMUNICATION INFORMATION:
{A) TELEPHONE: (310) 788-5000
{B}) TELEFAX: (310) 277-1297

{2) INFORMATION FOR SEQ ID NO: 1:
(i} SBEQUENCE CHARACTERISTICS:
{A) LENGTH: 22 nucleotides

(B) TYPE: nucleotide

(C) TOPOLOGY: linear

{ii} MOLECULE TYPE: oligonucleotide



37[err] C single colonies were picked into 96-well plates containing 100

[err]l SE kananyci n nedi um per well. These pl ates were shaken and
i ncubat ed, at 37[err]C for 24 hours to let the cells to growto
sat urat'ion. The cells were spun down, and the supernatants were

sanpl ed for nostability assay. 5 Three replic - assay
oot el

pl ates were ed for each gromh plate, with |1
containing 10 m of supernatant The subtilisin activities were then
measured by adding 100 ml of activity assay solution (0.2 mM succinyl-Al a-
Al a- Pro-Phe-p-nitroanilide (SEQ ID NO 25)4e100 nM Tris-HC, 10 nM

CaC [err], (xi) BEGUBNE: pEblrip®fdil Gke ngé{{i,on vel ocities were neasured
at 405 nmover 1.0 mn. in 10 a ThernmoMax m cropl ate reader (Mol ecul ar
Devi ces, Sunnyvet@eA@ARTT ACA THT Y GRA G measured at room tenperat ure was
used to calculate the fraction of active clones (clones with
activity less tr@n 10% of that of wild type were scored as

i nactive). |niti'% PORRATY FP5F5R fRidonBasured after incubating one assay

pl ate at 5 LUt es by immedi ately adding 100 [err]|
of prewarned (37] er(g] %ﬁ%ﬁ%ﬁﬂﬁ;m ution (0.2nM

succi nyl - Al a- Al a- Pr o- e cpesiducOBidel de (SEQ |1 D. NO 25), 100 nmM
Tris-HO , pH 8.0, 10 rid CaOd@r: riipedrnt o each wel | . Residual activity (Ar)
was neasured after 40 mnute incubation. (8) Sequence Anal ysis
20 Af-tle POIECPERPRY oLifeeudryide t hat showed the hi ghest
thernmostability j 1.0 ransformants fromthe

| i brary/ Kl enow vvas(xjr")e-szs Urmé%ﬂklté%c%&ﬁ%b%’%% ItD 1@(ﬂB;'kananyci n agar plate, and

si ngl e col oni esc@ekid efk he@rrd bis ol ate were i nocul at ec;i nto tube
cultures, for glycerol stock and plasm d preparation. The

reconbi nant plasmd was purified using a Q Aprep spin plasmd mniprep kit
25 ( Q AGENf2WHHEPRYAMEO SR FEC AR MBh3that 2 ng/m | ysozyme was added to
P1 buffer a i ncubated for 5 mnutes at 37[err]C,
retransformed into " %%%E&m%ﬁé {gé figa coli HB 101 and then purified
agai n using Q Aprep spimrr{aﬁas,mcﬁeotide mniprep kit to obtain

sequenci ng quality DNAc) Sempuesyci rigeayas done on an ABI 373 DNA
Sequenci ng System using the Dye Term nator Cycle Sequencing

{ii)} MOLECULE TYPE: oligonucleotide
{xi} SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GAG CAC ATC AGA TCT ATT AAC 23

{2) INFORMATION FOR SEQ ID NO: 4:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 nucleotides
{B) TYPE: nucleotide
{C} TOPOLOGY: linear
{1i)}) MOLECULE TYFE: oligonucleotide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

GGA GTG GCT CAC AGT CGG TGG 21

{2) INFORMATION FOR SEQ ID NO: 5:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 21 nucleotides
(B) TYPE: nuclectide
{C) TOPOLOGY: linear
{ii) MOLECULE TYPE: oligonucleotide

{xi)}) SEQUENCE DESCRIPTION: SEQ ID NO: 5:



30 kit (Perkin-Elnmer Corp., Norwalk, CT). Resul ts
1. Reconbination frequency and efficiency associated with the random

sequence reconbi nation. 35 The random prinmed process was
carried«out as described above. The process is illustrated in
FIG 1. Ten ¢lones fromthe nmutant |ibrary/ Kl enow were sel ected

at random an&’os"é’d%ﬁﬁced. As summarized in FIG 12 and Tabl BCT/US98/05956 5
all clones were different fromthe parent genes. The frequency of
occurrence 39
of a particular point nutation from parent % or R2 in the reconbjned genes
ranged from 40% N?f)oﬁf‘rfqeﬁc?ﬁé"ﬁfﬁagaround t he expected val ue of B0% This
i ndicates that the two parent genes have been nearly randomy reconbi ned
w th the randomgpy imBorubBoR Hofl e 1bl¥e: k2 al so shows that all ten nutations
5 can be reconbined or dissected, even those that are only 12 bp
apart. (i) SEQVENCE CHARRSIERIATICR] t he rates of subtilisin
t her noi nactivati on at @b[IEFFIEC Z3ynuclectides  gnal yzi ng t he 400 random cl ones
fromeach of the five 2331&35’?’1 Beleofdds r yct ed at Step (5). The
thermost abi lities obtai“hed 1H8h 5H8*06-wel | plate are shown in
FIG 13, plotted i n;despendhddve.dal.APRbeTat el y 21% of the clones 10
exhi bited thernostability conparable to the nutant with the N181D and
N218S doubl e nut at {xanseqiincs sesmirembesstchat xohe: NL81D nut ati on from RC2
and the N218S nutation from RC1L have been random y reconbi ned.
Sequence anal ysiT@ T2 (958 PLRJITE €Rhi ti ng t he highest thernostabi?ity anong
t he screened 400 transformants fromthe library/ Kl enow showed the nutation
15 N181D a j I S - .. 2. Frequency of newy
i ntroduced nut a%é%ﬁﬁr}‘?ﬁﬁg I@t‘%ﬁe&%a:[rll)dbg)r'n 7|o'ri m ng

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 nucleotides
(B) TYPE: nucleotide
(C) TOPOLOGY: linear
(ii)} MOLECULE TYPE: oligonucleotide
{xi)} SEQUENCE DESCRIPTION: SEQ ID NO: 7:

TCA GAG ATT ACG ATC GAA AAC 21

{2) INFORMATION FOR SEQ ID NO: 8:
{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 nucleotides
{B) TYPE: nucleotide
{C} TOPOLOGY: linear
{ii) MOLECULE TYPE: oligonuclectide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

GGA TTG TAT CGET GTG AGA ARG 21

{2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 nucleotides
(B) TYPE: nucleotide
{C) TOPOLOGY: linear
{ii) MOLECULE TYPE: oligonucleotide
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
AAT GCC GGA AGC AGC CCC TTC 21

{2) INFORMATION FOR SEQ ID NO: 10:



process Approxi mately 400 transformants from each of the
five B.sublilis 20 DB428 |ibraries [see Step (5)] were picked, grown
in SG nedium suppl emented with 20 ug/ M kanamycin in 96-wel |

pl at'es and subjected to subtilisin E activity screening.
Appr oxi mat el A 77-4%4% of the clones expressed active enzgrres,
whil e 16- 23%" %482 r ansfor mant s were i nact i ve, presumabl §CTNS98I° 956
result of newy introduced nmutations. From previ ous experience, we 25
know that this rate of inactivation indicates a nutation rate on the order

as a

of 1 to 2 nutations per gene (33%¢ As shown in
FIG 12, 18 new poi@g bk Qin Lt roduced in the pr ocess.
This error rate of (0? ]@&or_@mesﬁgﬁgﬁig;;@ new poi nt nutations per

gene, which is a rate halypfrasudiefnadlet erm ned from the inactivation curve.

30 Mut ati ons ar elchempénpey:andeat y di stri buted al ong the gene.

TABLE 5 . DNA and ami no acid residue substitutions in the
ten random (ii) MOLECULE TYPE: oligomucleotide| gnes from Li brary/ Kl enow
Base Substi t uf, ] ' S itytion Clone #
Position Substit u{’ﬁlgn%mﬁgﬁelg&éﬂﬂoﬁuﬁﬁ Iﬂfﬁ%l g‘g Type CH#1
839 A->C cac cactac@NSeersi@e acyr A y->Ay synonynous 21

CH2 722 A->G transition Ser - >Ser synonynous
CH2 902 T->C transition Val - >al synonynous
CH#2 1117  (2) INTORMETION FOR SEQR gRSNAerKi:ion Ser - >Ser synonynous
Ct#4 809 T-> transition Asn- >Asn synonynous
Ct#4 1098 ‘12335 mgimcfaﬁ.?‘rzﬁﬁzéﬁfgson Ady->Ala non- synonynous
CH4 1102 T- &% TypE: nucibd@lsS! tion Al a- >Al a synonynous
CH6 653 C- A Tororocy d LBHaSYEr Si On Hs->l1e non- synonynous

{ii) MOLECULE TYPE: oligonucleotide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

ACT TAA TCT AGA GGG TAT TA 20

(2) INFORMATION FOR SEQ ID NO: 12:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTE: 20 nucleotides
(B} TYPE: nucleotide
{C}) TOPOLOGY: linear
(ii} MOLECULE TYPE: oligonucleotide
{xi} SEQUENCE DESCRIPTION: SEQ ID NC: 12:

AGC CTC GCG GGA TCC CCG GG 20

(2} INFORMATION FOR SEQ ID NO: 13:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 nucleotides
(B) TYPE: nucleotide
{C) TOPOLOGY: linear
(ii) MOLECULE TYPE: oligonucleotide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

GGT AGA GCG AGT CTC GAG GGG GAG ATG C 28

{2) INFORMATION FOR SEQ ID NO: 14:

{i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 22 nucleotides



CH6 654 A->T transversi on His->lle non- synonynous

CH6 657 T->C transition Val - >Al a non- synonynous
CH6 . 658 A->C transversi on Val - >Al a non- synonymnous
CH6 +* 1144 A->G transition Al a- >Al a synonynous
CH#6 114 A->G transition Al a- >Al a

CH7 §V098142832T_ >C transition I[le->lle Pﬂ@é@@%s

CH9 731 A->G transition Al a- >Al a synonynous
CH9 994 A->G transiti g? Val - >Val synonynous
C#10 1111 AQB PE: nu tra Siti Gy->Ay synonynous
C#10 1112 Ac% pOLOGYCtlf 1 Yersion Thr - >Ser non- synonynmous
5 The nutation types are listed in TABLE 5. The direction of
mutation is (ii) moLEdtd Yysansagasieotsae exanpl e, A changes nore often
to Gthan to either T or C. Al transitions, and in particul ar
T-C and A-G occur(lq#brS@QTWt!%nEsmmmN SEQ ID NO% fgnsver si on. Some nucl eoti des
are nore nutabl e_than ot hers G- >C, one C->G and one G >A

transversi ons wéfe F ST ‘iﬁFﬁ”fFr?GFr%"fo sequenced cl ones. 10 22 These

mut ati ons were generated very rarely during the error-prone PCR

nmut agenesi s of s@ptinkéhirol 36k -seRaMa@M 2.1 M ng process may all ow access to
a greater range of am no acid substitutions than PCR-based point
mut agenesi s. (i) SEQUENCE CHARACTERISTIC®Yr esting to note that a short
stretch of 5° C GGI ACS! GE¥ETBTR2 nucleotides GCC GGI ACG 3' (SEQ ID. NO 16)
at the position 646- 66 i TP F‘é"r"r %“iﬁ and 15 R2 was nutated to 5 C
GGT ACG ATT Gcc Goc Gaf? ¥ *|D. NO 17) in random cl one
C#6. Since the Str&w%ﬁﬁ&i@' Q&tmgmeféotmpeats at the bot h
ends, the newly introduced nutations may result froma spli pped-strand

m spai ri ng process{xinsiequmicn DEpmRImrIonu el rmmoonky process. Since there is
no frame-shift, this kind of slippage may be useful for domain
conver si on. CCG AGC GTT GCA TAT GTG GAM3 & Conpari son of different DNA22

pol ymerase fidelity in the random prim ng

(2) INFORMATION FOR SEQ ID NO: 16:
(i} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 21 nucleotides
{B} TYPE: nucleotide
{C) TOPOLOGY: linear
{(ii) MOLECULE TYPE: oligonucleotide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

CGA CTC TAG AGG ATC CGA TIC 21

{2} INFORMATION FOR BEQ ID NO: 17:
{i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 22 nucleotides
(B) TYPE: nucleotide
{C) TOPOLOGY: linear
(ii) MOLECULE TYPE: oligonucleotide
{x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

CGG TAC GCA TGT AGC CGG TAC G 22

{2) INFORMATION FOR SEQ ID NO: 18:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 mucleotides
{(B) TYPE: nucleotide
{C} TOPOLOGY: linear



process During random prim ng reconbi nati on, honol ogous DNA

sequences are nearly randonmly reconbi ned and new point nutations
are also 5 i ntroduced. Though these point nutations may provide
useful:dtrversity for sonme in vitro evolution applications, they
are problematic reconbi nati on of beneficial mnutat] ady
identified pWé\?Pfd%}éffy, especi ally when the mut aﬁ%ﬁ%ﬁgﬁggfs this
hi gh. Controlling error rate during random prinm ng process is

particularly inportant for successfully applying this technique to 10
solve in vitro evo(l.y)t [Wolal oﬂpggrr%n Ig uc(iQo 05y di fferent DNA pol ynerase and
nodi fyi ng the reaction condi t1ons, " FHhE Fandom prim ng nol ecul ar breeding

techni que can be agdiustREndOpieRBTANG SHYt@No.l{dhraries with different error

rates. The Kl enow fragnent of E.coli DNA pol ynerase I,
bact eri ophage T4ediic &5r T6c cac ped yaesase, T7 sequenase version 2.22 DNA
pol ynerase, the Stoffel fragnent of Taq pol ynerase and Pfu

pol ymerase have been tested for the nascent DNA f ragnent
synthesis. The &%t FATPIPLFPE 882 &F ®Phé®t esul ting five popul ations [see
Step (5)] are shownj Repfefrs ddnack@n@efigrate these profiles, activities of

t he i ndi vi dygl ren@ies: iRaskf®dsi n the 96-wel |l plate screening
assay are plotted in 268 ryer: m@esgendi ng order. The Library/ Stoffel and

Li brary/ Kl enow cont ai AchiTgln®pcy: linear percentage of wild-type or inactive
subtilisin E clones than that of the Li brary/Pfu. In all five
popul ati ons, per cefthyELRGFLE FEPER LiEPYIE°HA i nacti ve cl ones
ranges from 17-30%,, sfmece pmscrIpTION: SEQ ID No; 18: . EXAWPLE 8
Use of defined flanki ng prinmers and staggered extension

to reconbi ne si kgt s icrardedabfe can ¢ Thi s exanpl e demonstrates
the use of the defined priner reconbi- nation with staggered
extension in the reconbi nati on of single stranded DNA. 30 Met hod
Descri ption {2) INFORMATION FOR;SHQ)|TB-¥9t r2Anded DNA can be prepared by a
variety of met hods,(i{n% &mncg cmcmafsac%:i:y from plasm ds using hel per phage.
Many vectors in curienty 4seal 61 nucleotiges derived from filanmentous phages,
such as ML3np deri vat i MeSrypr Ahlc@botidD transformation into cells,

t hese vectors can gi vecriteeobet:hiineaxra new doubl e- st randed
circles and to a single-stranded circles derived fromone of the two
strands of the vectidt MORWEF aV: rAARRYcYF®es are packaged into phage
par ti ol es, secr et el g .Gel |8, A0k SAN:He-$R5! LY, Puri fied from the culture

super nat ant .
CGA CTC TAG AGG ATC CGA TTC 21

{2) INFORMATION FOR SEQ ID NO: 21:
{i) SEQUENCE CHARACTERISTICS:
{2) LENGTH: 18 nucleotides
{B) TYPE: nucleotide
{C) TOPOLOGY: linear
(ii) MOLECULE TYPE: oligonucleotide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

GGEC GGA GCT AGC TTC GTA 18

{2} INFORMATION FOR SEQ ID NO: 22:
{i) SBEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 nucleotides
{B) TYPE: nucleotide
{C} TOPOLOGY: linear
{ii) MOLECULE TYPE: coligonucleotide

(x1} SEQUENCE DESCRIPTION: SEQ ID NO: 22:



WD 98/ 42832

PCT/ US98/ 05956 Two defined prinmers (for exanple,
hybridizing to 5° and 3' ends of the tenpl ates) are used here to
reconbi‘ne single stranded genes. Only one of the prinmers is needed
before the fm“g anplification. Extended reconbination prinmers
are first gemerar&t’by the staggered extension process (St PES/USSHE5%86 5
consi sts of repeating cycles of denaturation followed by extrenely

abbrevi at ed anneal i ng/ extensi on step(s). The extended fragnents
are then reassenbl ed into full -Ig/rj@th genes by
t her nocycl i ng- agsl S$h@Ard PGPS gene assenbly in the presence of

a DNA pol ynerase, followed by a gene anplification step.

The progress of the staggered extension process is nonitored by 10

renovi ng al i quoti® (SEPRMADICY FoRNSEMED meaedi on t ube (100 ul starting vol une)

at vari ou(% tsiEme oi nts ilrg the primer extension and separating DNA
fragnments by (A‘Egggymcﬁﬁgﬁrophorem s. Evidence of effective

primer extension is sgg ’:g‘ﬁ’bear ance of a | ow nol ecul ar wei ght

! . . : nucleotide . . .
snear' early in the Rgpqgﬁ,goﬁglﬁ‘hear increases in nol ecul ar wei ght
Wi th increasing cycle nunber. Initial reaction 15 conditions are set

to allow tenpl at e dénabrEcats oYre( foigoaxasdiae 94[ err] C 30 second

denaturation) followed by very brief annealing/extension step(s) (e.qg.
55[err]CG-1 to 15 si&thFBVENGEPRSSREPAINN rS¥agP BR:28Rcycl e i ncrenents prior to
reaction sanpli I -200 cycl es of staggered extension are
required to genglkgea eélg‘lh%%}"l.e%%zf régrnded DNA ' smears' corresponding t¥§ sizes 20
greater than the length of the conpl ete gene. The

experi nent al deszgnxfogmeon BorsedRb &ol.24TWO t her nost abl e

subtilisin E mutants RL and R2 gene are subcloned into vector ML3npl8 by
restriction digesti{dh SERUERCECCBRRCTERIGTRSH . Singl e stranded DNA is prepared
as described (39). 25 (R} LENGTH: 18 magleptidaki ng primer based recomnbi nation

Two defined priners, Ff%}\@ggmg;&;&lg:gme CATAT GTGEA AG 3’ ( SEQ
ID. NO 18), underlined sequence 1S Ndel restriction site) and P3B (5'-
CGACT CTAGA GGATC (@OATdLEcuiE T¥rREQiidobke1biad 9), underlined sequence is 30
BanH restriction site), corresponding to 5 and 3" flanking priners,
respectively, are (@bl GEQUENCE BREGRAFITEAN: | WA, IDOINd24:i ons (100 ul final vol une):

AGT GCT TTC TAA ACG ATC 18

{2) INFORMATION FOR SEQ ID NO: 25:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTE 4 amino acids
(B} TYPE: peptide
{C) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
{xi) SEQUENRCE DESCRIPTION: SEQ ID NO: 25:

Ala Ala Pro Phe



0.15 prol single-stranded DNA containing Rl and R2 gene (m xed at 1:1) are
used as tenplate, 15 pnol of one flanking prinmer (either P5N or P3B), 1x
Taq buffer, 0.2 mMof each dNTP, 1.5 MM MyC [err] and 0.25 U Taq
pol ynmerase. 35 Program 5 mnutes of 95 err]C, 80-200 cycles of 30
seconds at 94‘&5”%%% 5 seconds at 55[err]C. The si ng}e st randed
DNA products Zoct size (approxi mately 1kb) SR&IB9%6, om

0. 8% agarose gel after electrophoresis and purified usi AEX
Il gel extraction kit. This purified produc anplifi e

43 conventional PCR Condition ul fi naI mww Mg'RM
tenpl ate, 30 pnol of each fla primer,

of each dNTP, 1.5 nmM MyCl12 and 0. 25 U Tagq poI ymner ase. Program 5
m nutes at 95[er + isahi lses of 30 seconds at 94[err]C, 30
seconds at 55[er%_14&¥|ire at 72[err]C.. The PCR rodu t 5 .
purified, digested wikh Ndel methpdpaian melingybiruhiss p‘BE@g%‘H‘Eﬁdt I e
vector. This gengoliridicbtides Sro&mak|I‘éasedoxientdﬁxpmmpol;hiB&l@dtx@ndrhérbﬁnséﬁrred

[No B o gemuisiihishd SolRiaduaQRE V\gpfea&e%snjc%h@( RhfASE Yiraagd

screeni ng, ernDstablllty of enzyme
variants is det efemiag nuglegtifis ap ghe same P°sm°n1f¥/\ﬁﬂ1 tepiatR PYIBRIARCtidR $8idi bed

previousl ys(33) . mlthod comprising: This protocol results in the generation of

novel sequences cont a%ngg ducting epzymo. e-ca?a\f edmbﬁ%é&gﬁow&% kgps from

t he parental sequence as ‘nove
Screeni ng al | ows ransien-gRspence| efatdle%‘ﬁdcﬁpqwz?rﬁ’%?llan% Pregence of aid are

nor e thermostab:c Rerhplatd pbOniéoBAé BNZYHESa m{-\lﬁboEXﬂﬁﬂi ecorl%pnses short

As is apparent fro ve ex onbi nati on 15

may be used to efﬁ%‘i’ge(’t“ﬁg? %gg&%a’d?e ?lf%l%”ﬁgm{eggful catal ysts for

t heir 10 opt i n@ll dg@ﬁmﬂd@ﬁ PPO&HW %IEOQJ aﬁfg@lq)qh‘aaﬁpql fragreend®is as wel |
as to devel op or o) auowxﬁgehu@m@ﬁ%aﬁaé&r%ﬁeﬁfstbaﬁh@l SinkeCirHeglguNCt i on

st udi es. cification describes using
DNA- dependent DNECRAitons, tﬁm‘bﬁl‘""#@?ﬁ@% ﬁaim‘f%%? e-stranded DNA as
tenpl ates, alternativdl probeting sidapasl Q!Dannealed fraa’h@}ﬁs with polymergsp mandey ng

Si nglhe- tst ralndted %ﬁ&xsaghﬁﬂnjeﬁﬁﬁm %x’fh@dnng' w&rabﬁms.suandea fragmeRtsOtLi N MRNA
as the tenpl ate D [eyerse
transcri ptqgse) asz’h% 8%?3&9’8? °°‘Pﬁ‘és’ﬂ%”%?%in§ Bgl FrDe &ée nerer n ’rray be

modi fi ed e} repeating steps b) through d} until said fragment pool contains said
mutagenized polynucleotides.

2. A method for making double-stranded mutagenized polynucleo-
tides accarding to claim 1 wherein said single-stranded fragments have areas
of complementarity and wherein said step of incubating said pool of annealed
fragments is conducted under conditions in which the short polynucleotide

5 strands or extended short polynucleotide strands of each of said annealed
fragments prime each other to form said fragment pool.

3. A method for making double-stranded mutagenized polynucleo-
tides according to claim 1 wherein said step of incubating said pool of
annealed fragments is conducted in the presence of said template
polynucleotide(s) to provide random repriming of said single-stranded

5 polynucleotides and said template polynucleotide(s).

4. A method for making double-stranded mutagenized polynucleo-
tides according to claim 1 wherein at least one of said primers is a defined
sequence primer,

_
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to introduce nutations and crossovers into cDNA clones and to create

nol ecul ar diversity directly frbnlthe MRNA | evel

optimzing protein functions. 1‘ ug sinplify the ETS
(ekxpregsion- t agged st M“ﬁ“ﬂ @qulu l cat al yst di scover
In addition bove, the presemt inv&ntfon is also us robe
proteins froh&ﬁﬁpﬁggte I ntracel | ul ar pathogens or other sy Fﬁﬂgm&ﬁgfe cells
of i nt erest cannot be propagated (38). 30 Havi ng

t hus descri bed

exenpl ary enbodi nents of the present inven-

it should be noted §¥ those skilled in t art that the within disc

are exenplary only
nodi fi cations migesbaccomitie Wi ddiin twhereincatieasdfont e sgid esiewts isna elafinedn.

d t Adeethod op Fekmgorblarstrandrd Py@genized Aobaurishs,

Accordingly, thg.prLeseimd-nvention is not limted to the specific

enbodi nents 35

foll ow ng cl ai ns.

as Illustrated herein, but is only limted by

1. Shao, Z. and Aréol dAFfmethbd mmmanmmwammimumd

altering eX|st|
Hol | and, J.

?Ss%%ﬁ%‘?oﬁa‘%ﬁﬁ w120 UL of il lprinfirs M2 a2

Uni versity Pres?NHﬂW?Bﬂqmﬁ' ) Cbldberg, D. E. 1989. Cenetic a

in search, opti
Readi ng. 4.
evol ution of
465- 523.

m zation and nachine | earni ng. Addi son- Wesl ey.

S 0oty 1 ks S8 NSkl BB SIS

blologlca nacronD ecu sens
tides according to claim 4 wherein sa1d primer comprises from 6 to 100

nucleotides.

8. A method for making double-stranded mutagenized polynucleo-
tides according to claim 5 wherein said primer comprises from 6 to 100
nucleotides.

9. A method for making double-stranded mutagenized polynucleo-
tides according to claim 6 wherein said primer comprises from 6 to 100
nucleotides,

10. A method for making double-stranded mutagenized polynucleo-
tides according to claim 4 wherein at least one defined terminal primer is
used.

11. A method for making double-stranded mutagenized polynucleo-
tides according to claimm 5 wherein at least one defined terminal primer is
used.

12, A method for making double-stranded mutagenized polynucleo-
tides according to claim 6 wherein at least one defined terminal primer is
used.

13. A method for making double-stranded mutagenized polynucleo-
tides according to claim 1 wherein said primers are defined sequence primers

exhibiting limited randomness at one or more nucleotide positions within the

primer.
R
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5. Rechenberg, |. 1973. Evolutionsstrategie: Optimerung technischer
Systene nach Pri zi pi en der biol ogi rom.—Fr ommann-

Hol zboog,, Stuttgart 6. Br ady, GOk it Agjzat i on strategi es gl eaned
from bi‘6l ogi cal evol uti on. m'ﬁm IH[HHIHOG 7. Muhl enbei n, H.
1991. The parvpégﬂzs%enet I c al gorithm casLfumcts om optim zer.

Paral l el Conputing 17:619-632. 8. Pal, K. F. 1993. Gen&FTUSE%GEPit hns
for the traveling sal esnman problem based on a heuristic crossover
operation. Bio. Cybern. 69: 539-546. 0. ,ﬁal , K F. 1995. Genetic
algorithmw th local ,Qptip zation. Bj.o. bﬁ? . 73, 335-341. 10.
Joyce, G F. 1992 ul(rg‘éctg&“‘%?ﬂde‘gﬁ{na#‘né%‘ TrorRded sruingsrized PRbRRGlean,
267:90-97. 11. tdesrascerding. tolaith U% whiieine sdid chrivens wbmprise- frem eatd 100

bi ocat al ysts f orniddetides. future. Chem Eng. Sci. 51:5091-5102. 12.

Abel son JN, Ed. 1996. Conbinatorial chemstry. Methods in

Enzynol ogy, 267. Academ c Press, Inc., San Diego. 13. Wirren MS, Benkovic
SJ. 1997. Conbi natoril@l nAmethddafor makiog dohblestranded muthgeyizad pblyudidot €

resi dues in gl ychids Hceidin hde: . 2L 0f ei n

Engi neeri ng 10: 63-68., 1%&@\9%% q%ﬁh%éaﬁgdq%{Bé%%egﬁ%s?ml‘gsg?eﬁca%g di spl ay
of proteases and™V region °§1‘B’6F"6‘?’ﬂ.‘)‘1‘g‘€€’ﬁl"’éFd'i nhi bitors. Methods in Enzynol ogy
267: 52- 68. 15. Mdore, J. C. and Arnold, F. H 1996. Directed evolution

of a para- ni ygobe : .g%ﬁgﬂg- gg@] sol vents. Nature
Bi ot ech. 14: . 4%284}62?%0%%?&2%& gfﬁ%ba{% son,nggt. .g%ﬁcg‘ylgé&ueé)?, R T
1988. Conbi nat ordge ageprdipg fe.claim 1 whengin spisbprirasrs agesdefingd stspiensie primeers

i nformati onal conhisttingolimipsdotaBiitinness at moSE CHIQBOYS of e irRide6tidddositas 57.
17. Stenmer, Wmﬁxin%eﬂrgrg%?- Rapid evolution of a protein in vitro by DNA
shuffling. Nature, 370:" 389-391.

17. A method for making double-stranded mutagenized polynucleo-
tides according to claim 16 wherein said primers comprise from 6 to 100
nucleotides.

18. A method for making double-stranded mutagenized polynucleo-
tides according to claim 16 wherein two or more defined primers specific for
any region of the template are used.

19. A method for making double-stranded mutagenized polynucleo-
tides according to claim 1 wherein said primers are defined sequence primers
exhibiting limited randomness at more than 60% of the nucleotide positions
within the primer.

20. A method for making double-stranded mutagenized polynucleo-
tides according to claim 19 wherein said primers comprise from 6 to 100
nucleotides.

21. A method for making double-stranded mutagenized polynucleo-
tides according to claim 19 wherein two or more defined primers specific for
any regions of the template(s) are used.

22. A method for making double-stranded mutagenized polynucleo-
tides according to claim 1 wherein said primers are random-sequence

primers,
-
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18. Stemmer, W P. C 1994b. DNA shuffling by random fragnentation and
reassenbly -in vitro reconbi nati%l ution. Proc. Natl.
Acad. Sci . - USA, 91:10747-10751. 19. No. 5, 605,793. 20.
Moore, :d." C., H-M Jin, O. Kuchne-_.__'.-_ Wrnold 1997. Strategies

for the inv Ev:lutlon of ProteyM yme Evolutl
Random conbi Héi 1°6f | nproved Sequendest. s I ar Bi ol SW ?sﬁ)gyss

press. 21. Klenow, H and |I. Henningsen. 1970. Selective elimnation of
t he exonucl ease activity of the deoxypibonucleic acid polynerase from
Escherichis coli I | m ted e Si s Nat | Sci, 65:168
22. Feinberg, A P % W"Lég di‘%?w%chghm’g#j BYYRUEIEPO!l abel | ng

DNA restriction teicslmdhaaececlémagﬂmhﬁsmttbe fengths of said primeescare riomy6 tAnal .
Bi ochem 132: 6- 2]43&1uc1e%§des15!€§33| N. G 1974. DNA synthesis on a

doubl e-stranded DNA tenpl ate by the T4 bacteri ophage DNA pol ynerase
and the T4 gene 32 DNA unwi nding protein. J. Biol. Chem 249:
5668-5676. 24 Ehr 2&ch, A ihethod fRiCRaRieg dowtleglyandsd ovitegsnized peipnyck089) .  25.
diphant é%@.la £ claim ﬁ?%@lie&rmhm Kmpld8 eiebeii(sPf

random sequence 4&9 0 eoxynucl eoti des, Gene 44: %Ogﬁ‘ (sP'are

removed from” said DNA pool after generatmh 0 sa.ldl short polynucleotide
fragments.

25. A method for making double-stranded mutagenized polynucleo-
tides according to claim 1 which includes the additional steps of isolating said
mutagenized double-stranded polynucleotides from said DNA pool and
amplifying said mutagenized double-stranded polynucleotides.

26. A method for making double-stranded mutagenized polynucleo-
tides according to claim 25 wherein said mutagenized double-stranded
polynucleotides are amplified by the polymerase chain reaction.

27. A method for producing an enzyme comprising the steps oft
a) inserting into a vector a double-stranded mutagenized
polynucleotide made according to claim 1 to form an expression vector, said
mutagenized polynucleotide encoding an enzyme;
5 b) transforming a host cell with said expression vector; and
<) expressing the enzyme encoded by said mutagenized
polynucleotide,

28. A process for preparing double-stranded mutagenized
polynucleotides from at least one template polynucleotide, said mutagenized
polynucleotides having at least one nucleotide which is different from the
nucleotide at the corresponding position in said template polynucleotide,

5 wherein said process comprises:

(a8} performing enzyme-catalyzed DNA polymerization from
random-sequence or defined-sequence primers in the presence of said
template polynucleotide(s) to form a DNA pool containing short polynucleotide
fragments and said template polynucleotide(s);

10 (b) denaturing said DNA pool into a pool of both single-stranded
fragment polyrucleotides and single-stranded template polynucleotides;
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26. Hernes, J. D, Blacklow, S. C, and Know es, J. R 1990. Searching

sequence space by definably random mut agenesis - i mprovi ng the

catal ytic potency of an enzyrre Proc. Natl. c Sci. USA 87: 696-700.
27! Leurig, D. W, Chen, E., H(ﬂﬂ I"g 1989 A nethod for random
mut agenesi s I ned DNA se I fied pol rase

chain reacti %%g%echm que 1: 11- 15. Chen, K gndyg\ET(Hp(?{osqé.s

1993 . Tuning the activity of an enzyne for unusual environnents:

sequenti al random nut agenesi s of subtilisi n E for catal yS| s [ n
di et hyl f or mam de. Proc. Natl Acad. Sci .
Sanbrook, J., Fritsch, E© palloxing %ﬁﬁ“&‘ﬁ‘lsga“qed a@wdemeéeﬁﬁ%rﬂ P(?Flotﬁl ng
A Laborat ory Maanwdal, QidereshneQligd corplitiong, tarfoar o gpbdr af doybliseramied
Col d Spring Harg&g e@ﬁol 38eotid dgson, C. P. and Fisk R Z. 1987.

ro

Hybridi zation p e size control fpt| m_zed ' ol | gol abel | n&ﬁA Nucl ei c
Aci ds Red5 15:6296. 31. (d) Tisehating saigpeolpfcapaeaiech polympuclepti

sequence anal yspélyietaBe aunder conditi\@di whicH haclt chi ephsipa W sE]&Admﬂileyner ase.

Proc. Natl. Ac a%:ra%ggpo@ degJ %A’fm%xd' a‘Bl@Z p%217%b?1taxﬁag ex&ﬁ@&lr dotﬁ:lc—and

Ri char dson, | ve inactivation exonucl ease
activity of bac?@ﬂ@ﬂmﬁéuwﬁm&%l ymerase by in vitro mut agenesi s.

J.Biol.Chem 264:6447-64%p. repeating steps (b) Bwrough’/N@o0untll saidd DNANGL6t, F. H.
1997. F“QSt onal orﬁax%m%one{téﬂacal O&ﬁ{)le-sh'anded polynucleotides contains said

mutagenized polynucleotides.

29. The process according to claim 28 wherein said pool of single-
stranded fragment polynucleotides and single-stranded template polynucleo-
tides contain single-stranded fragment polynucleotides having regions
complementary to regions of other single-stranded fragment polynucleotides in

5 said pool such that these fragment polynucleotides anneal to each other in
step [¢), and prime each other in step (d).

30. The process according to claim 28 wherein said single-stranded
template polynucleotide(s) anneal to at least some of the single-stranded
fragment polynucleotides, in step (c}, so as to provide random re-priming of
said single-stranded fragment polynucleotides in step (d).

3l. A process for preparing double-stramded mutagenized
polynucleotides from at least two template polynucleotides, said template
polynucleotides including a first template polynucleotide and a second
template polynucleotide which differ from each other, said mutagenized

5 polynucleotides having at least one nucleotide which is different from the
nucleotide at the corresponding position in said first template polynucleotide
and at least one other nucleotide which is different from that at the
corresponding position in said second template polynucleotide, wherein said
process comprises:

10 {a) performing enzyme-catalyzed DNA polymerization either
from a set of random-sequence primers or from at least one defined-sequence
primer, upon said template polynucleotides under standard DNA polymeriza-
tion conditions or under conditions resulting in only partial extension, to form
a DNA pool containing poiynucleotide fragments and said template

15 polynucleotides;
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mut ati ons di stingui shed by random reconbi nati on of honol ogous genes.
Proc. Natl. Acad. Sci. USA 94: 799 -~ J., Cantwell, C.,
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expression in chia coli. Gene, 151, 37-43. 35. Zha8CHYSYFear nol d,
F.H 1997. Optimzation of DNA shuffling for high fidelity

reconbi nation. Nucleic Acids Research, 25:1307-1308. 36. Lehman, |. R
and Richardson, C. C 1964, The deox |.eases of Escherlchla
coli. IV. An exonucl ease BEEFRATE ?%@Uéﬁg infp pippplf both singlesstranded | g of

deoxyri bonucl ei ciragmenit pmmmm .and mnBledtranﬁdenmplatc polyn28leotitizg. 37.
Shafikhani, S., Siegel, Ry %llomﬁg '%ﬁ@&xhgle-@raxﬁie&%@kﬁ&éﬂ?ﬁégef saucy gool 7

Generation of |arge I|brar|es random nutants in Bac
PCR- based pl asmi 30 11t |%‘Eﬁ1@ﬁ copfiiop® n iy e 2 P???p‘?feg‘§3’ e'%tﬁmde‘ﬁbel T.,
M ddl et on,s J. F.arffealedFpolpmitieoides; and Li pp, J. 1997. Charact eri zat i on
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I dentified by novel screenlng roce 272

(5):
3042-3048. 39. PobEREpysgunder congitions \yhich,resulti WiAr Rpgtial xtengen phsaid 40
Innis, M A et dduble-sBfded Bopauclddtiiés to\Cath aSDNA pidbl Betidfinidddéktended

double-stranded polynucleotides; and

10 {e) repeating steps (b) through (d} until said DNA pool
containing extended double-stranded polynucleotides contains = said
mutagenized polynucleotides;

provided that, when (1) standard DNA polymerization conditions are used in
step (b) or (2} full extension is the result in step (d), if at least one defined-

15 sequence primer is used, at least one such primer must be a non-terminal
primer.

32. The process according to claim 31 wherein said first template
polynucleotide differs from said second template polynucleotide in at least two
base pairs.

33. The process according to claim 32 wherein said two base pairs

are separated from each other.

34. The process according to claim 33 wherein said two base pairs
are separated from each other by at least about 15 base pairs.
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SEQUENCE LI STING (1) GENERAL | NFORVATI ON: (i) APPLI CANTS: Frances

H Arnold Zhi xi n Shao Joseph A
Aff hol ter Hui m n Zhao Lori
GVver ¢ " (ii) TITLE OF I NVENTI ON: Reconbi nation of Pol ynucl eoti de
Sequences Uswsg?ifs'&ned or Random Priner Sequences (i ik NUVBER EF
SEQUENCES: 2 V) CORRESPONDENCE ADDRESS: (A .
Qppenhei mer Pons Snith (B) STREET: 2029 Century Park East, Suite
3800 (© CATY: Los Angeles (D) STATE: CA (E)
COUNTRY: USA (F) zI P: 90067 (v) COWUTER READABLE FORM
(A MEDI UM TYPE: Fl oppy di sk (B) COMPUTER: | BM PC conpati bl e
(C) OPERATI NG SYSTEM W ndows (D), SOFTWARE: M crosoft Word 6.0
(vi) CURRENT APPLI CATI O¥ RATA— ~TK) APH |-CATHEON-NOVBER: 3 (B)
FI LI NG DATE; ( C)¥ CLASSI FI CATI ON: (vii) PRI OR APPLI CATI ON DATA:
(A) APPLI CATI ON NUVMBER: 60/ 041, 666 JB) FI LI NG DATE: March 25, 1997
(C) APPLI CATI ON NUMBER: 60/ 045, 211 D) FILING DATE: April 30, 1997
(E) APPLI CATI ON NUMBER: 60/ 046, 256 _
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(F) FILING DATE:
(A) NAME: d denkanp, David J.
(© REFERENCE/ DOCKET NUMBER: 330187-84

(viii) ATTORNEY/ AGENT | NFORVATI ON:
(B) REGQ STRATI ON NUMBER: 29, 421
(i x) TELECOVMUNI CATI ON

May 12, 1997

| NFORMATI ON: (A) TELEPHONE: (310) 788-5000 (B) TELEFAX:
(310) 277- 1297wologkass)NFORVATI ON FOR SEQ I D NO. 1: (i) SEQUENCE
CHARACTER! STI CS: (A) LENGTH. 22 nucl eoti des KCEYUSHYEs6

nucl eot i de

ol i gonucl eot i de
1: CCG AGC GIT
(2) | NFORVATI ON

(C) TOPOLOGY: linear 2/14ii) MOLECULE TYPE:
(xi) SEQUENCE DESCRI PTION: SEQ | D NO
GCA TAT GIG GAA G 22

FOR SEQ I D NO 2:
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(i) SEQUENCE CHARACTER! STI CS: (A) LENGTH 21 nucl eoti des

(B) TYPE: nucl eotide (O TOPOLOGY: i near (i1) MOLECULE TYPE:
ol i gonucl eoti de (xi) SEQUENCE DESCRI PTION. SEQ ID NO 2: CGA CIC TAG
AGG ATC CGA TTC 21 (2)
| NFORVATI ON FGR ks, D NO. - 3: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 21 nucl eoti des (B) TYBE34nucl eoti de PCT/USY805956
TOPOLOGY: |inear (1i) MOLECULE TYPE: oligonucleotide (xi) SEQUENCE
DESCRI PTION: SEQ ID NO 3: GAG CAC ATC AGA TCT ATT AAC
21 (2) I NFORMATION FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 21 nucl eoti des (B) TYPE: nucl eotide (O
TOPOLOGY: |inear (i) MOLECULE TYPE: oligonucleotide (xi) SEQUENCE
DESCRI PTION: SEQ ID NO 4: GGA GIG GCT CAC AGT CGG TGG
21
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(2) | NFORMATI ON FOR SEQ I D NO. 5: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 21 nucl eoti des (B) TYPE: nucl eotide (O
TOPOLOGY: |inear (i) MOLECULE TYPE: oligonucleotide (xi) SEQUENCE
DESCRI PTI"ON: SEQ I D NO 5: TTG AAC TAT CGG CTG GGG CGG
21 (2) I NEORNVATION FOR SEQ I D NO 6: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. P He¥%2oti des (Bl /TXPE: nucl eoti de PCT/USIBNSIE)
TOPOLOGY: |inear (1i) MOLECULE TYPE: oligonucleotide (xi) SEQUENCE
DESCRI PTION: SEQ ID NO 6: TTA CTA GGG AAG CCG CTG GCA
21
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(2) | NFORMATI ON FOR SEQ ID NO 7: (i) SEQUENCE CHARACTER! STI CS:

FIG. 5

(A) LENGTH. 21 nucl eoti des (B) TYPE: nucl eotide (O
TOPOLOGY: |inear (i) MOLECULE TYPE: oligonucleotide (xi)
SEQUENCE "DESCRI PTION: SEQ ID NGO 7: TCA GAG ATT ACG ATC GAA AAC
21 (2) I NFORNVATI ON FOR SEQ I D NO 8: (1) SEQJENCE CHARACTERI STI CS:
(A) LENGTH: PP 3%#8%32o0ti des (B) TYPE: nucl eotide FPCT/USISN595E)
TOPOLOGY: |inear (i) MOLECULE/TfYPE: ol i gonucl eot i de (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 8: GGA TTG TAT CGI CTG AGA AAG
21 (2) I NFORVATION FOR SEQ I D NO 9: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 21 nucl eoti des (B) TYPE: nucl eotide (O
TOPOLOGY: |inear (i) MOLECULE TYPE: oligonucleotide (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 9:
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SUBSTITUTE SHEET (RULE 26)



AAT GCC GGA AGC AGC CCC TTC 21 (2)
| NFORVMATI ON FOR SEQ I D NO 10: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 21 nucl eoti des (B) TYPE:
nuel eoti de (O TOPOLOGY: linear (ii) MOLECULE TYPE:
ol i gonucl eoti d (xi) SEQUENCE DESCRI PTION: SEQ I D NO 10: CAC GAC AGG
AAG ATT TTG Atg98/M283 6/14 21 PCEFSHURSORVATI ON
FOR SEQ I D NO 11: (1) SEQUENCE CHARACTERI STI CS: (A) LENGTH:
20 nucl eoti des (B) TYPE: nucl eoti de (C) TOPOLOGY: Iinear
(ii1) MOLECULE TYPE: oligonucleotide (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 11:

0

O]

5 = 2 2 o

P250R
——

23
Y

e ool
P200F

underlined base is the mutagenized base at position 598)

. GGCGGAGCTAGCTTCGTA-3' (SEQ. ID. NO: 21)
P200F: 5-GATGTGATGGCTCCTGGC-3' (SEQ. ID. NO: 22)

P8OR
ettt
—e R
P8OR

PSOR: 5-CAGAACACCGATTGAGTT-3' (SEQ. ID. NO: 23)
P250R: AGTGCTTTCTAAACGATC-3' (SEQ- ID. NO: 24)

(mutagenic primer,

B o
PSOF
——
=
PSOF

forward primers: PSOF: 5

reverse primers:




ACT TAA TCT AGA GGG TAT TA

| NFORVATI ON FOR SEQ ID NO 12:
(A) LENGTH: 20 nucl eoti des

TOPOLO®Y:" | i near

DESCRI PTI ON: | |
20 (2) | NngﬁgW‘
(A) LENGTH: 28 nucl eoti des
TOPOLOGY: |inear
DESCRI PTION: SEQ I D NO 13:
28  (2) | NFORMVATI ON FQR_SE!
(A) LENGTH 22 nucl eot i

NO 12:

!t.ya‘iw'x,,;ky\vlwu e Y e
¥
tes

f‘hdmwwwwwwvw

4
i

Lo o 20 e e o i g w0

A iy P D e we o e A
L1
2]

153
i3

FOR SEQ ID NO 13:
(B) TYHE:

nucl eot i de

P o w0 o e TR e e W

3
[
4

FIG. 7
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20

(i) SEQUENCE CHARACTERI STI CS
(B) TYPE
(ii) MOLECULE TYPE: oligonucleotide
ACC CTC GCG GGA TCC CCC GG

(O

(xi) SEQUENCE
(i) SEQUENCE Creis%ésT| Cs:

nucl eot i de
(ii) MOLECULE TYPE: oligonucleotide

(9

(xi) SEQUENCE
GGT AGA GCG AGT CTC GAG GGG GAG ATG C
- LENCE CHARACTERI STI CS:

Nhel + BamHI

HindI + BamHI

Nhel + BamHI

HindITl + BamHI



57 (B) TYPE: nucl eotide
MOLECULE TYPE: ol i gonucl eoti de

14: , .AGC CGG CGI GAC GIG GGT' CAG C
(2) | NFORVATION FOR SEQ I D NGO 15:
(A) LENGTH: 2Z3yd\bipdgpt | des
TOPOLOGY: |i near (i1) MOLECULE
DESCRI PTION: SEQ I D NO 15:
22
(A) LENGTH: 21 nucl eoti des

(2) | NFORVATI ON FOR SEQ I D NO 163/14

(© TOPOLOGY: Iinear (i)
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO

22
(i) SEQUENCE CHARACTERI STI CS:
(B) TYPE: nucl eotide (O
TYPE: ol igonucl eotide PCTAISY8/08450UENCE

CCG AGC GIT GCA TAT GIG GAA G

(i) SEQUENCE CHARACTERI STI CS:

(B) TYPE: nucl eotide (O

TOPOLOGY: |i near (i1) MOLECULE TYPE: oligonucl eotide
r’ TAA clone
He—2ed ' R}
— ¥ e~ e ¥ —— R2
Defined-primer based recombination
v v Ve v i
S ia Hx— % o 2
"4 .. 3
v . 4
R % —— 5
e DB A =Y. e 6
74 "4 % Y .
— 5636 e 8
Yo H— o SIA "4 [}
B4 v_ v L~ . -/ 10
e ¥ -3 -3 v RER
Freqency 3 ¢ 8 82 8 RARE
Bae TS & s N ZEES
position 11 ) 11 i I 11 !
FIG. 8
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 16: CGA CTC TAG AGG ATC CGA TTC
(i) SEQUENCE CHARACTERI STI CS:

21  (2) I NFORMATION FOR SEQ I D NO 17:
(A) LENGTH 22 nucl eoti des (B) TYPE: nucl eotide (O
TORPOLO&Y:" | i near (ii) MOLECULE TYPE: oligonucleotide (xi)

SEQUENCE DESCRI PTI ON: SEQ I D NO 17: CGG TAC GCA TGI AGC CGG TAC G

22 (2) | NFOEMB23R FOR SEQ ID NO 18: (i) SEQUENCEPEHERISOFER STI CS:

(A) LENGTH 22 nucl eoti des (B) TYPE: nucl eotide (O
TOPOLOGY: | i near (ii) MOLECULE TYPE: oligonucleotide

9/14

{d) Reassembly
71% clones produce
active ECB deacylase

product isolation jem
{g)Transformation
and screening

P1
P1

-{c) Random primed

X
X

(f) Digestion
and cloning

S8 b) Random [
priming

I3
8
8
5 =
4 a
eS8 E
o 5H0
g52 %
8 <
oGS
—
8
B
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 18: CGG TAC GAT TGC CGC CGG TAC G
22 (2) INFORVATION FOR SEQ I D NO 19: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 22 nucl eoti des (B) TYPE: nucl eotide (O
TOPOLO&Y:* | i near (ii) MOLECULE TYPE: oligonucleotide (xi) SEQUENCE
DESCRI PTION: _SEQ I D NO 19: CCG AGC GIT GCA TAT GIG GAA G

22 (2) INF 28 FOR SEQ ID NO  20: (i) SEQUENCE EAEREBASI¥ST| CS:
(A) LENGTH 21 nucl eoti des (B) ]'[YFF‘ nucl eoti de (O
TOPOLOGY: | i near (ii) MOLECULE TYPE: "ol 1 gonucl eoti de (xi)

SEQUENCE DESCRI PTION: SEQ I D NGO 20: CGA CTC TAG AGG ATC CARA TTC

21  (2) INFORVATION FOR SEQ I D NO 21: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH: 18 nucl eoti des (B) TYPE: nucl eotide (O

TOPOLOGY: | i near (ii) MOLECULE TYPE: oligonucleotide

35 ¥ v l T 1 1 l T ¢ ¥ ‘ T & 1 ‘ T 3§ l LR ! L) l L] L | I 1 1 '-

[ —~a-- \i6: y=1.3450+052353x R2=0.99135 a ]

[ —e— pSHP150-2: y=-0.07572+0.23373x R2=0.99523 ¢ ]

1 &) 80 P J

3 , :

| - p ]
= : ,

I'd -

ﬁ 25 - . ]

B X , :

P Y 4

3 . . __

20 )

] . e - _

g X 2 ]

V4

g 15 ! ]

L , ]

X , :

g - ’ ]

’

N . ]

= 10 = / ’ B

“ i Wild type i

Q 5+ . .

- rd ]

L 7 )

L7 1

o L N SR IO I | | TS ENC T I S [N S ST S S S |

o 8 16 24 32 40 48 56 64

Time (min)

FIG.10



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 21: GGC GGA GCT AGC TTC GTA

18 (2) INFORMATION FOR SEQ ID NO 22: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH: 18 nucl eoti des (B) TYPE: nucl eotide (O
TOPOLOGY: "I i near (ii) MOLECULE TYPE: oligonucl eotide (xi)
SEQJENCE DES SEQ I D NO 22: GAT GIG ATG GCT CCT
cce I ﬁ?g’%% FOR SEQ I D NO 23: (i) SEQUENCEPCT/US98/05956
CHARACTERI STI Cs: (A) LENGTH. 18 gpug{gotides (B) TYPE:

nucl eoti de (C© TOPOLOGY: |inear

50 0 vV F L) L] l.l‘ L L g ! | S L § r L | | S § 3 : T r
- | —e—psHP1502| 1
L - - -
8 [ > ,§n16 ]
% 40
L A= r
5 | e T ]
3 R & e 1
~
I3} 30 ~
2 R N i
A Y
R N
3 3 ' ]
g 20 .
g I T ]
Q
3 - /
§ i ._/ \' :J
Z 10
8 a
m " Reactign: 30 C for 60 min )
0 X .3 1 [ N B 1 TS B A | i [ M. S . ) | S W T | [ 3
5 8 7 8 9 10
pH

FIG.11



(ii1) MOLECULE TYPE: oligonucleotide (xi) SEQUENCE DESCRI PTI ON: SEQ I D

NO 23: CAG AAC ACC GAT TGA GIT 18
(2) | NFORVATION FOR SEQ I D NGO 24: (i) SEQUENCE CHARACTERI STI CS

(A)s LENGTH: 18 nucl eoti des (B) TYPE: nucl eoti de

TOPOLOGY: |inear (1i1) MOLECULE TYPE: oligonucleotide 50 SE ENCE
DESCRI PTI ON: e@84%P0\O 24: AGT GCT TTC TAA ACG ATC PCT/USY /05956

18 (2) | NFORVATION FOR SEQ I D NGO 25: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 4 am no aci ds (B) TYPR/tpeptide (O TOPOLOGY:

| i near (ii1) MOLECULE TYPE: peptide (xi) SEQUENCE DESCRI PTI ON: SEQ

ID NO 25: Ala Ala Pro Phe

¢

N
F
S
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o o
2 8 83 E88888
§ 2
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g
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8
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54  Amended Clains for 4351 3A WO 1. A process for preparing a
reconbi ned DNA nol ecul e from one or nore single- stranded or

douhl e- st randed tenpl ate pol ynucl eoti des, conprising the steps of: (1)
Generating a pool of DNA fragnents by (A) Providing a reaction
m xture cont aiwhBgargss (1) at |east one copy of each tenplate
pol ynucl eoti de(s); (2) multiple copies of at |eastrPasosiesbssned or
| i mted-randommess- defi ned pri ner, or nultiple copies of
at | east one set of random priners of 13/14 t he
formula (N)[err] each 'N being independently dAMP, dGWP,
dCwP, or dTMP, and L being the Iength in nucI eoti des of
each prinmer in a set; = -
DNA pol uner ase enzyne, dAiP dGTPMgI{BT ;ié%g esand a
pol ymeri zation reacti on ngdi uee [ nat uring any double stran
pol ynucl eoti des present in said :?a?t:'s- on m xture, under denaturatio
conditions,thereby form ng a pgof. cont &.ni ng single stra
tenpl at e pol ynucl eoti de(sg and sfngl e stTaded priners; (© Alo
the anneal i ng of said single strpnded pringrs toget %nth sai d singl
stranded tenpl ate pol ynucgeoti defs) under @n nNa&] %5 dre ons,
Optionally, adding to thegreaokipn m xture a ol ymerase enzyme, dA
dGTP, dTTP, dCTP, and a DA : pol yneri zati O ac WTen ingelive Ltype
(E) Initiating an enzyme-gat al yzed DNA pol ymeri zation sg/ gsis feacti
sai d reaction nExture,, under ROI yMerigation cgnditi ORS;

(F) Allowing said DNA polgnerization synthesis reactio ‘#] to continue unthl
at | east partial extension g 13&urred, resulting ¥#Mhe formation of
DNA fragments; (G Repeating steps (I.B)-(I.F), if and as needed,
until said reaction m xture contains a pool of DNA fragnents, the
average DNA fragnent size(s) being shorter than the | ength(s)
of the tenplate polynucl eati defsp i
range being sufficient to<a| | ow aN18HEnsN2s&8riypef t he DNA
fragments to anneal to orQ an8fh t 0 f/)rm upon further denaturation(s),
anneal i ng(s), and extensi®ns, a cule which is at least as |ong]
as at |east one of the teygpl apé onnucre.otl des; (I1) Reassenbling theJDNA
fragnents into at |east c@e rec i ned, fcul-length DNA nol ecul e by ]
(A) Denaturing any doubl e~ str&fided pol ynuclsemames na&ama in said reagtl on
m xture, under denat urg}tl on ndi tions, tth[_.b form ng a pool

cont ai ni ng single -3- 02 \»-\WT or inactive type‘
[}
B ot , S
g o 20 40 60 80 100
 ~1
=~ Hﬂ.13h Clones
= 1
< [T T T i T L
= - N181D + N218S type 1
< o8 L. \.{. -
» 5 “, N
% 0.6 L ~. —
E F S :
. 4L ‘e N181D or N218S type 3]
.‘=.: - \ ;
o o2 E *4 ]
| WT or inactive t 7
@ X ."""’*» ve type
g or a " N 1 2 A a L A 1. **tepe ll - ]
g o 20 40 80 80 100

FiG.13c Clones
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stranded DNA fragnents; (B) Allow ng the annealing of said single

stranded DNA fragnents together with one anot her, under annealing
condi tions; (O Initiating an enzyne-catal yzed DNA pol yneri zation
sydthesi s reaction in said reaction m xture, under

pol ymeri zat i |t|ons (D Allow ng said DNApoI nerization
synt hesi s regE‘E?”Z‘ﬁ ®o continue until at |east parti al VB0 t he
anneal ed DNA fragnents has occurred; (E) Repeating steps
(I1.A-(11.D), if and as needed, until at |east one DNA nolecule is
formed which is at least as long as afsfpygast one of the

tenpl ate pol ynucl eoti des, thereby obtalining at | east one

55 full-1ength DNA nol ecul e, at |east one of the
full-length DNA nol ecul es havi ng a DNA sequence
whi ch represents a reconbi nati on of the

nucl eoti de sequence(s) of at |east one of the

tenpl at e pol ynucl eoti des, thereby obtaining a
reconbi ned, full-Iength DUArmotecwutre~(TTTYT Wierei n at | east one of the
reconbined, full-lerdth DNA} nilaep W NBL8S type (A) encodes a gene product
having at | east one gltengd}] enffanced property relative tp the
properties of the gerre prodpct encoded by the tenpl ate

pol ynucl eoti de(s) Or x os F(B) haseat |east one altered or enhanced
property rel ative togthe prgperties OJ t he

tenpl ate pol ynucl eotFde(s) ér ) both (111.A) and (111.B); (I3/)
Provi ded that: > (ApA4 L only interppitsid ome218Salypeprovi ded in stgp
(I.A 2), then the pogyneras¢ chain reggtion](PCR), using PCR prinefs, is
perfornmed upon the pfol gfs PNA fr S resyldi romstep
(I.Q until at | eas{)'gone%?ec;'onbi ned, full-length W‘Ioqu Verrg‘]{pzecul eis
obtai ned, at |east ofe said [reconbi ned, full:length % . ol gcul e
falling within the dgscri g iFomof—step oy (B) | ext ggsi on
can occur under the fonditi®ns uti I?"zed in #eps F) t in

tep (I.A 2), termnal or fﬁ&nﬁ'fg primers are not(éﬂ?ﬁl ded vmthout al so
providing multiple copies | east one internal priner; (C© The
concentration of primers binding per tenplate is bel ow that which produces
such, a high | evel of steric hindrance that prinmer extension would be
inhibited and thereby results in failure to achieve, in step (1.G, a DNA
fragnent size range which is sufficient to allow at | east some of the DNA

= 1 ~
: [ N181D + N218S type ;
o . . h
8 o8| - ]
E - ., _
> % %, 181D or N218S type ’
—]

s 02 [ :
§ : w or in:\mtwe type
E [ P S W—t
[ 0 g———nt— 25— 100
F

=

HG.13¢ Clones
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f.ragments to anneal ,to one another to form upon f i.on
anneal i ng(s), and extensions), a DNA nol ecul epvxlni cﬁkm&ﬁygﬁ& ﬁ
as at .l east one of the terrpl ate pol ynucl eoti des; and St ep
(1.A Zl) or step (1.D). or both steps (I54A. 4) and (1.D) are ﬁdg i ng
thts process. 2. A process for preparing a reconbi ned DNA % uI e from
one or nore single- stranded or doubl e-stranded tenpl ate pox eot i des,
conpri si Agehd] SlpRsTR4351I3a Wenerating at | east one reconbi ned DNA
fragnment by (A) Providing a reaction m xture contai ning:

(1) at | eaglr&d8s 6atedringad ichRBla DD RIoKeUG! sth I0f8 OF hiore single- (2) at
| east Onﬁr&ﬂ%d%fr d@hbib%ﬁ%ﬁdé)ﬁ"ﬁ‘enﬂﬁétb% nhas@@id”e@l cOohdiff URsteafIgRMess-

def i ned fneé&é? indPh bBBIof D Afragm wat er ; and (4) optionally,
a DNA polyner ‘?’r&ﬁ&l}{ 're é};g,oog{g ing: dCTP and a DNA

pol ymer i zatlon RAG! f each temnolaps Q@H@élb’&do‘%@s)a”y doubl e stranded

| | d
Egné{‘ffoﬁgf'tﬁzﬁrrﬁ @geéd%te%gzﬂ‘&tﬁ REbh D Hofiok c}}iﬁqztefi-rahﬁb%{esg QBAhH at![:’)ra].nded

tenpl ate pol ynu

|

B8 o) o] i : isf%%‘% e et
Al'l ow ng the anneal i ng of sa “%J,%@ % {hdr:% l\glhqee B th said
singl e st randed terrpl at a[n e")1 i annea
condi tions; dtlo%? 5H‘d?ﬁt'tothe reaction mxtureaDNA
Bg: Y or | zat ,egf,y;‘(%)a t'ogﬁfl\fmad NA poiumgg;érepénz%EdA‘?gTdeTﬁ”é’n‘?’ PP, and a
REPL ACEMVENT SHEET polymenzat:on reaction medium; (E)
Initiating an'BPapasriogeayioublesiards ‘Pﬁé‘?‘f‘i%?tt‘idﬁ?]p ’Pth'Essiakd rﬁé&%‘ﬂ gn in
sai d mixture,  eaBRqes depgtiiration, Coﬂﬁ’(‘é!@'r‘s' ormpiag; pPol GRRfRINghEngle

(F) Allowi ng said dﬁél"?’ﬁﬁ@"%&?'b’%‘%‘?‘ﬁ?ﬁ %S‘tnﬁléc"‘t“iaGﬁ PBm@E?‘mgl nue unti |
at least  pHptAllawies thednnealingaf wid sipgle strapdad Pimer tPQletf‘ﬁrvet i on of
DNA single f r agptesnded)template pOl‘/le@eqiléB@&tqnﬁ% 3pnegling porlitionsy | t he
DNA fragment (&) nallyradeinggtozthel reasting mixture a DNA polyBaass eﬂﬁﬂ'ﬁe'tq%f

tenpl ate pol ynudl iddéPsYCTRmrd a BHAD reaction nixture cont ai ns
DNA fragment (s) pofymrizetion reectioe megsimDNA fragnent size(s)

short er than (Eidnitietng arf shzyofe-catalyzeshBNAtRolymosrizatien evitheris S%aCf'@H! ineddt one

DNA fragment haveaction rdeurs egpden pelynierieationeqondgionsis a reconbi nati on of
t he nucl eot i déF)Niigpwdme efid DNA palymiedzation ayethesistre@ctiosrtplcantinue until at
pol ynuc! &t de( Yartial extension hasheceingd, obtuiting inghaforiration ob PAIA tragmbditsed DNA
f ragnent; {G) Repeating steps {I.B)-(I.F}, if and as needed, until said reaction mixture
contains . a pool of DNA fragments, the average DNA fragment size(s} being
shorter than the length(s} of the template polynucleotide(s}, and the DNA
fragment size range being sufficient to allow at least some of the DNA
fragments to anneal to one another to form, upon further denaturation(s),
annealing(s), and extension{s), a DNA molecule which is at least as long
as at least one of the template polynucleotides;
{I) Reassembling the DNA fragments into at least one recombined, full-length DNA
molecule by
{A) Denaturing any double stranded polynucleotides present in said reaction
mixture, under denaturation conditions, thereby forming a pool containing single
stranded DNA fragments;
{B} Allowing the annealing of said single stranded DNA fragments together with
one another, under annealing conditions;
(C) Initiating an enzyme-catalyzed DNA polymerization synthesis reaction in said
reaction mixture, under polymerization conditions;
(D) Allowing said DNA polymerization synthesis reaction to continue until at

least partial extension of the annealed DNA fragments has occurred;
{E} Repeating steps (Il.A}-{Il.D}, if and as needed, until at least one DNA
molecule is formed which is at least as long as at least one of the

template polynucleotides, thereby obtaining at least cne

REPLACEMENT SHEET

14 DEC 998 |




(11) Form ng at |east one reconbined, full-length DNA nol ecul e f t
reconbi ned DNA fragment(s) by % ) Denaturing a%p IQME?\&D% @ﬁEET
pol ynucl eoti des present in said reactfon m xture, er” denat uration
condi tions, thereby forning a pool containing single : stranded
tenpl ate pol ynucl eot i de(s) FankepgHODRASHH18EEE 0at ¥t one of the full-length
fragment(s); (B) All OnASdSRIaNSRg NONATsesaéibeShgh fetbicHigigd DNA
fragments together with sai decombifhtifl & Bk nabdetid &Mk Ss) of at least one

pol ynucl eotide(s), under anngahé inQ8RdyrRBRotides, therebfdbth er]d ating an
enzyme- cat al yzed DNA pol ynerb2ahbiney smméasgﬁ BNASAGELAS 1 N sal

react i on(ny whefeh aﬁ@gﬁrorﬁcﬂf)fﬁ@?éc%ﬂ%&r%@ @Lﬂﬂ h thHRA molecules (D) Allow ng said

oxt enal on-of - [hARoddry G °€j€‘é 50 Jeohe eaﬂsreuryr hgﬂceh aig vt
: @9"@ f::l 4} or g neegg)dé” 5 e jé one DNA

Repeating st eps

nol ecul e S st one,. of
mlccul o S G Al Eiphedt dﬁgg ﬁetﬁa gt .
full-1ength W B leqtide fone of the full-length DNA
nol ecul e J&%\ )agadé c)e V\:hl ch represents a
reconbi ng}lr OV d i de sequen ast one
of the te Ié811 rI IIBS ar %éq,\!é hen the polymerase
r econbi n&F" fuI I g shr i’ agggfr ;m Ifra“ ? ?ﬂmh{hﬁ é’éf’f gwg of the

nbi d f ul I tBduct
L:\Slongl 2’? I eagt "% &'d °8Fa"é%éﬁ£9éat PRl ey:om@ned ”e'PQ%I"aRN e tgct he

properties of tHB° ngoyyitpipdhe dpvgsipsian 8y sterdltienpl at e

pol ynucl eot i dEfd) rﬁx’fienslon Caf‘B)CCH%“%f thegeriditinns UAI“%%I actens bEHdhchan.
propertyiy el ati V&P flgf2hde P?‘B pletriflaskingorimegs are not providedeiheyitealso

pol ynucl eot i d 0‘6@“9 multiple copiep gt At |epst ong)intgrel primeriB) ; (1V) Provi ded

t hat : W"émmﬂr%ftﬂfwf%)bmﬁmrﬁf semplatel inelowr thaspitich e i s bel ow
t hat whi ewdy%*‘ducesuch a Bightevg! pf gfleric bindranee thatairineer teixtansignceouldde pri mer

ext ensi on woul d beinhibited and thereby reshitdin tadurgrtd achieve iy stapsihiG) sa Dhlﬁf ailure
to achi eve, in steffagmens)sizeatangeadich is sufficient to allowrtlepsirsdmeghthetDNAVIi ng a
DNA sequence whi chiragipenrtsdatasneal to one another to forracopdsi fuatheodensturatien(s,

nucl eoti de sequencerreplingisiaand eatensionts),of DNAgnolecule which is at l¢astps &kirng

pol ynucl eot i de( s) ; anatlileast one of(tB} tShgpte(dalyucteotidése@mndl . D) or both steps
(1.A 4) and ((DiCBteprlcA @éof stapgtiDilor both stépss(l.A.4) apddEBE are performed during

57 this process,

2. A process for preparing a recombined DNA molecule from one or more single-
stranded or double-stranded template polynucleotides, comprising the steps of:
(I} Generating at least one recombined DNA fragment by
{A} Providing a reaction mixture containing:
(1} at least one copy of each template polynucleotide(s);
{2} at least one coy of at’least one defined terminal or limited-randomness-
defined terminal primer;
{(3) water; and
{4} optionally, a DNA polymerase enzyme, dATP, dGTP, dTTP, dCTP, and a
DNA polymerization reaction medium;
{B) Denaturing any double stranded polynucleotides present in said reaction
mixture, under denaturation conditions, thereby forming a pool containing single
stranded template polynucleotide(s} and single stranded primer{s};
{C} Allowing the annealing of said single stranded primer(s) together with said
single stranded template polynucleotide(s), under annealing conditions;
{D) Optionally, adding to the reaction mixture a DNA polymerase enzyme, dATP,
dGTP, dTTP, dCTP, and a DNA polymerization reaction medium;




3. The process according to Cdaim1l or 2 wherein, in

average size(s) of the DNA fragnents is approxi mat el RﬁﬁﬁAéEﬁEﬂﬁgHEﬁ
tenpl ate DNA sequence(s). 4. The process according to Caim1l wherein,
step (I.F), said DNA:polynerization s?ﬁthe& s reaction is allowed to

cont i nue unt i(E} hitlatingeneamgyme-catalyead DN pelgimedzapion rsgntheais reagioh.in shid The
process accor di regction Elixtura, Linder blywhetzation comdisdrap (1. F), said DNA

pol yreri zat i dR) Ajowingssiaki DRAGiolyomerizatiod byntkebid @actdr todtmntinné uhtiledt | east
about 24lesstc| eopartiaseshanvsorbrenNoanded, feguitiag h tarfoah&ibnpsfiogs. 6. The
process accordi frgghent@@ai m 5 wherein said synthesis reaction is allowed to
continue unti{G) RepéaigtstaiolB) SO MUt A dagmeans RRENpranitghnt Yel

anneal ed pri ner extefded BSorPfHRCEEHDIAS BOK Al tde(sH @itNsSid WoGT R MikAir

synthesi s react ;eMtaing INA @aBehehBsICANAiBY € BidragelDONtrRARnRYELRPI des have
been added to e@l%?te?ﬂﬂ@@’tr%dleﬁ B lof thebtemiite DBRESSoMRER)! h BEstdhed @i m 1 or

2 wherein, in SHep f 4 BRALs U@n&fwﬁ@h%ﬂ?éé § ré&nﬂnﬁ%ﬂo%%n' ¢
primer. 9. They xd@%a <38 fo@a egétnanje a3 %rgn oiffticataes). (1 - O
and (I11), the t%g; thBﬁ’ﬁ oln (? i@gqy e reactl on

m xture, {11} %‘Qr ing &t Wagfﬁﬁre E‘Bfn Hn Y@?Frtﬁé Féc%ﬁw'b%e‘de”pl ate

pol ynucl § ﬁ
ent

e é%bze T

glng?/%ell zr 2 \/\/nereﬁﬁaﬂggﬁj ttergg(fx 9%}? Legﬁ %{3 ?ﬁd ﬂﬂg P r@ﬁé%slglﬁgl ti onsngt |t :Ol zed
. .

b i 1 (er '31%04” %%qu%%ﬁﬁéné?gv 550 M‘ﬂaﬁmgs %og R 18 (e

t enpl at 59 ?tE?é‘éie? enplareRP ucieotife (sl F%"t%ﬂ 8 dfiAte and a

second terrpl @ WHRIRLRD eRpympecatal AONEREE §‘°db86’ft syreestien & A 3

wherein said fj lr%a(cnf’ér’f‘fﬂ“é‘f% PS/H‘EIE’I”%%’“SB CANEIFIERS from sai d second
tenpl ate pol iRl eptnggaid PNA pelymerizatipg syptheaisresrion to eantingeaiil gtess

accor di n@aﬁ“o Ol Perial axipRgen oh thesanpegled IRNA fragmentid has 9sFdfel from each
ot her. {E) Repeatmg steps {ILLA) - (I.D}, if and as needed, until at least one DNA

molecule is formed which is at least as long as at least one of the template
polynucleotides, thereby obtaining at least one full-length DNA molecule,
at least one of the full-length DNA molecules having a DNA sequence
which represents a recombination of the nucleotide sequencel(s) of at
least one of the template polynucleotides, thereby obtaining a
recombined, full-length DNA molecule;

{ll} Wherein at least one of the recombined, full-length DNA molecules:

{A) encodes a gene product having at least one altered or enhanced property
relative to the properties of the gene product{s) encoded by the template
polynucleotide(s) or

{B} has at least one altered or enhanced property relative to the properties of the
template polynucleotide(s} or

{C} both {lIl.A) and {lI1.B);

{IV} Provided that:
{A) The concentration of primers binding per template is below that which
produces such a high level of steric hindrance that primer extension would be
inhibited and thereby results in failure to achieve, in step {l.G}, at least
one DNA fragment having a DNA sequence which represents a
recombination of the nucleotide sequencel(s) of at least one of the
template polynucleotide(s}; and

{B} Step {l.A) or step {1.D} or both steps {I.A.4} and {I.D} are performed during

this process.
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16." The process according to Claim1l 5 wherein said _nucl.ept .

separ at eg fromeach other by at |east sgbout 15 nucl RéM&é@Eﬁ?ﬁ§HEET
process according to Gaim1l or 2 wherein at |east one said tenplate

pol ynucl eotide is DNA obtained as a reverse transcript of an RNA nol ecul e.
58718. TReTpe pumess amweding g Claim Gl 6 whefdin, 2n Whedr (BIEN, Beileiigh Boie(gorar e at

| east 6 thecDNatfrapesentoRGBpproddmatbietha@GRsE) areenempltd DNA figibddbwher ei n
said priner(s) are from®6 to 100 nucl eotides |ong. 20. The process

according to Claim19 wherein the priner(s) are from6 to 24 nucl eoti des

long. 2%, THEBroReSs asdording 86 Giatd 1t Wh&lef, M tep'11.8, WNEDNA p&Findrifatldy | engt h

DNA ol egyihthbsia retkcBom iEAllo e@dcot&‘)nﬁr'ilﬁa mhm?éﬂéﬁsx&héf Sachefnbaed p(; R . 22,
The procegsecagrording to Claim21 wherein said full-length nol ecul e('s)

are first isolated fromthe reaction m xture and then arrpllfled by PCR

23. The BI 9R&$RodaES iy tO cld Hﬂ&#zmﬁref-k r& %ﬁgp 0B %’NRS of said

term nal oREIMERELish inhddlsAehRth & RIGHER oo TRl oess accor i ng
to d ai ”hi'rcl%tx Sk Pobn 384 'ch g 8 efined prrner(s) exhibit
randommess at one or nore nucl e p03| |ons W|th| n the priner(s). 25.

The procgsgy, @cregw trc% @trg% WheLA g%ﬂg%s',mt@ﬁ?ﬁ Jemagss: det ! ned
Al bt %iag oy acve el mgsﬁ Bog 1 one

i mted- r?, ormess de ndomm ess g t han 60% of
t he nucl dot a 8n§§$ $ mawnt L nt esis reaction 1s allowe to
continue cut 0 nucleotides een ed to each annealed primer.

8. The process according to Claim 1 or 2 wherein, in step ({1.A.2), at least one of said
primers is a mutagenic primer.

9. The process according to Claim 1 wherein, between steps {I.G) and {I}}, the template
polynucleatide(s) are removed from the reaction mixture.

10. The process according to Claim 1 or 2 wherein said template polynucleotide(s) are
RNA and said DNA polymerase enzyme is an RNA-dependent DNA polymerase.

'1 1. The process according to Claim 1 or 2 wherein said template polynucleotide(s) are
DNA and said DNA polymerase enzyme is a DNA-dependent DNA polymerase.

12. The process according to Claim 1 or 2 wherein full extension can occur under the
conditions utilized in step (IL.D}.

13. The process according to Claim 1 or 2 wherein at least two different template
polynucleotides are provided in step {l.A.1}, the template polynucleotides including a
first template polynucleotide and a §econd template polynucleotide.

14. The process according to Claim 13 wherein said first template polynucleotide
differs from said second template polynucleotide in at least two nucleotides.

15. The process according to Claim 14 wherein said nucleotides are separated from
each other,

186. The process according to Claim 15 wherein said nucleotides are separated from
each other by at least about 15 nucleotides.”

17. The process according to Claim 1 or 2 wherein at least one said template
polynucleotide is DNA obtained as a reverse transcript of an RNA molecule.
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27. The process according to Claim1l or 2 wherein nultiple copie
| east two priners are provided in step (I.A 2). 28 mﬁ‘@mﬁé&%%
to Claim1 wherein the priners are random priners. . The process
according to daim28 wherein full extession can occur under the conditions
utilized1BnThd pcéds docordidPdto Glakn NTRCEEHeRGLHId bidel(§) 4k 3t IagPswher ein
steps (| nBledtidef)orgte not repeated, in step (1.G. 31. The process
according to Gaim1l or 2 wherein step (I.A 4) is performed only once
during the. ProsesssseatordifPtd Ciald) 1B%ﬁlﬁ¥ﬁfsam%rfn%r(§%qréﬂ%%fb 1082 The
process AgAEdtlelthrigt Claim 1 or 2 wherein step (I.D) is perfornmed only once
during the process and step (l.A. 4) is never perfornmed therein. 33. The
process a0CPhelh@BedsCadcortiifg fCki 16! Phdtbin! 8BHMENG AL diPeilds | ength DNA
ol ecul egyctédtidel §dhg(! | - E) .~ has a DNA sequenc I'ch represents a

reconbi nati on of the d - ?t - 59
nucl eot i g¢, SRALBRCRS. by ﬁoeé@ W8 3 GBI S AliMBNGh INA B8Facielsy ard N
process %ﬁﬁ‘%\g&*‘%%ﬁ n"?‘érgi ?hl ﬁ{a%g?n%)ﬁ\%?ragngks p'%m i‘?cr%erén"ﬁf)m
reprimng the te ate polynucleotidesS”in step (1.G or in s_tepl(ll)zor
I n both e . d (11). ~.35.,.The proce ccarding t im1 or
wher ei n %{t i %f%%f&#eg& g Ip ?'S}F%le&t"éﬁeﬁg'l“ t?ifla-gﬁgg Nmafedefiied

full -1 ength ‘?T%P@cﬁ‘leée?)cr ERAPEE B e feaBRies byt ding to daim 1 or 2.

36. A i ned, full-I th ecul e prepared according to the
proces;egg'n@’egg cisslcj)?c“‘%r } F%?%&?@L?’EE’JWBH@&WFE!I°I?§P’Qﬁ§ﬁnwnﬁl‘@ﬁ”ﬂﬁﬂsécul e
encodes 3red¥ﬂ¥,-'df) Buttee f'ng at | east one altered or enhanced property

[ h ertjes of the gene product(s) encoded by said
E)ﬁllb\aﬁrl)?/ggu;) Ehes p'ﬁ°g?gﬁt %&ec PJlr?gp to Haim Tor2 wher%in saicFi) Iimited-ra(nd)omness-deﬁnedy
it

primer{s} ex randomness at one or more nucleotide positions within the primer{s).

25. The process according to Claim 24 wherein said limited-randomness-defined
primer(s} exhibit randomness at more than 30% of the nucleotide positions within the
primeris}.

26. The process according to Claim 25 wherein said limited-randomness-defined

primer{s} exhibit randomness at more than 60% of the nucleotide positions within the
primer{s}.

27. The process according to Claim 1 or 2 wherein multiple copies of at least two
primers are provided in step {.A.2}.

28. The process according to Claim 1 wherein the primers are random primers.

29. The process according to Claim 28 wherein full extension can occur under the
conditions utilized in step (I.F).

30. The process according to Claim 29 wherein steps {I.B}-{l.F} are not repeated, in
step {l.G).

31. The process according to Claim 1 or 2 wherein step (I.A.4) is performed only once
during the process and step {1.D} is never performed therein.

32. The process according to Claim 1 or 2 wherein step {1.D) is performed only once
during the process and step {l.A.4}) is never performed therein.

33. The process according to Claim 13 wherein at least one of the full-length DNA
molecules, in step {ll.E}, has a DNA sequence which represents a recombination of the

) ”m"c””'ﬂﬂ!” ”,1' I Illl REPLACEMENT SHEET
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pol-ynucl eoti de(s) or has at | east one altered or enhance?@& gert

relative to the properties of said DNA mol ecul REPE AGERMENT SHEET
pol ynucl eoti de(s) or both (a) and (b). 37. A process for preparing a
gene product conprisi.ng ‘the steps of 59 inserting into a vector a

r econbi nﬁ@ble(ftléib'seh@é}ngeg o@%le‘%@é ﬁi%’ke‘?‘nd?étggﬂﬁ%leoﬂdes according to the
process of Caim1l or 2, orm an expr ion vector, the

oo b8, Tid blocb &gl o% ﬂb%r‘r‘é?&ﬂ%é‘%w%\ﬂ %ﬁerptr H8hh rando
ot or i 0 bl LS Y R Do g o e o
the geney Jof; QK Gfy. €nco e reconbi ne

nol ecul e; erein sal d reconbl ned, fuI | -1 engt h DNA m)l ecul e encodes a

tenpl ate §"° ‘?cu e%(§?ar8 £ efeEsdr
engncedacpﬁ%%@?tt to the properties of its t enpl St e

ol nucI 38. The process according to
E:I alym 37 %% ?‘ig%rg‘é% ééﬁdf“"P%‘g‘%pfﬁpéfte ggcor d:§'§3 torthe RieerseSs accor di ng
to dainF v?,h%rr 8B rotamnkingds fulllepgthy PNA moleculen gene product prepared
according to the process of C aim 37. 41. A
met hod of &P6PIAE r%g%f’ep‘?f g‘m}dwaémg. atdeass REe @ltered oF §nbansad proneryyrelativg to
property, corﬁﬂe pRjties of the gene produgyls) engioded By #gidDhyd maleatien tegnpletnpl at e
pol ynuci eot i d@‘gy'&f?@‘%’dﬁ@ Prof first and second priners respectively
hybri di ZI ndiaf @t faast engseltesad openhanced aroaperty helathemisl e erprarjesuel said Ddds and
its onpl @gtesule’s template polynuglpgtidedgraduct i ng a multi-cyclic
pol ynucl eothoma(aéﬁnérﬁb}l on reaction on the tenplate pol ynucl eot i des
prined fromthe first primer and not the second priner under conditions of

37. A process for preparing a gene product comprising the steps of

gene proggc{- Jl \él ;08 qlt or r]har%ced erty relative to
t he props&%&eﬁ §?h {lggg);th &QER@& PR o' s

inserting into a vector a recombined, full-length DNA molecule prepared
according to the process of Claim 1 or 2, to form an expression vector, the
recombined, full-length DNA molecule encoding a gene product;

transforming a host cell with said expression vector; and

expressing the gene product encoded by the recombined, full-length DNA
molecule;

wherein said recombined, full-length DNA molecule
encodes a gene product having at least one altered or enhanced property relative to
the properties of the gene product{s) encoded by said DNA molecule’s template
polynucleotide(s) or
has at least one altered or enhanced property relative to the properties of its
template polynucleotide(s) or
both {1} and {2).
38. The process according to Claim 37 wherein said gene product is a protein.
39. The process according to Claim 38 wherein said protein is an enzyme.

40. A gene product prepared according to the process of Claim 37.
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I nconpl et e extension, whe _ xtensi on product prined fromthe
first prinmer anneal s Hmmmmﬁmmmﬁ ate pol yrﬁiﬁ%bﬂq&é’iiﬁrﬁﬁﬁ&ﬁ t
ext ensi on cycl es and under oes furfthet * extension therebyﬁ%%t?ti ng

r econbi nant incom)l et exf‘%ﬂs' on products and subsequently f ’ ‘*7“’1—{‘

| engt h_r econbij nanit;, ext'dhe Ofiﬁ”ewlﬂ%eolynucleonde toward gegpisitionsripalesirasy Epe))
ful I -1 BNGEH rCBBRSIN8ant ext ension products with the second primer and
ext endi ng t 8 seE_'ES’Htijﬁ?Wl%twnfotﬁmprhtmbd)le'nmlmmsam&mdimfeﬁg;t hnd ecombi nant
ext ens PBers respeciyyedyibyhirilizing to at least one of strand of theA2mplateTjudynetdocidesafndGisai m
41, wheempement tenpl ate pol ynucl eotides are single st randed.

43.  The m@nhodceiduycti¥g Mﬂ‘i-c))@'ﬂ@b@liyﬁuél&ﬁidfe%ﬁﬂéhs’a‘&r?re@&kdﬁrﬂhctg 'g;f&é conpri se
e

al | el i polyaielantides$iimed from the first pri #the secohdprifik 1RGSR ﬁ"\ L
el LY, S

£

p&x
r ecomnbi ' '-- SN . . 1 E’h d of
claim 2@%@?%%@%“ %fra t B}p’)l}‘l ?iﬁ%t}def 2% %‘%@Hﬁ%‘&e’ﬁ?%ﬂdes and u“éb?&?o&@ "g‘F" f ewer
t han 30&‘t?ﬂ§&%§ﬁﬁhﬁggimﬂngﬂ:@mimt tyemplete extension products and subsequeagy full-The
met hod NSt rasambinant wiiensiomprotects;i rst priner i s extended by an
average of 20550 centictiogittdefallfengtierceamnbinam exeatien products with the second primer  47-

The net mebexénditgilia¥ditnd pHeTLto Fobh olitié StandBP ATCRARE rioldP a8t Sfténsfinl 00
nucl eot peidactsn | engt h. 48. The nethod of claim 41,

wherein at | east one of the first and second priners conprises a random

B0 e°%§3;§g,h8363$f ol SRE B0 BE bl L SBiek R af b Rlhen e R S s wnate

st rande full-1ength reconmbi nant extension products into nultiple
cBpfes of a vector, _ 50.  The nethod of claim 41,
further conprisind>scr EBaMsHogrfsiainadiiwipreinghe template ppdymicleotidespomwpaise
full-l eﬁH?IFF ¥8Esi on products or expression products thereof for an
altered or enhanced property relative to the tenplate
pol ynucl eoti des oddexpfassieddmfodimg s, fufRéredfmprising amplifying the double ol.
The net boshdel fell-tdn@tiddbcontbiasiieRtchdion pREWtat e pol ynucl eotides are RNA
mol ecul es, and the multi-cyclic polynucleotide extension reaction is
conducted with a y8Ver §§e method of lARAE W REER Ehe ﬁrst?rimer iﬁext];ndedb an 52.
The net Rogapl oFée@JeF{h%&aog Hids tlded pdMEldensi 0P oyt toring the formation of

a plurall Cicnee” 8

ext ensi on product a y ri'ng the nethod.

46.  The method of claim 41, wherein the first primer is extended by an
average of 20-50 nucleotides per extension cycle.

47.  The method of claim 41, wherein the first and second primers are 6-100
nucleotides in length. .

_ 48.  The method of claim 41, wherein at least one of the first and second
primers comprises a random nucleotide at one or more nucleotide positions within the primer..

49.  The method of claim 41, further comprising cloning the double stranded
full-length recombinant extension products into multiple copies of a vector.

30, . The method of claim 41, further comprising screening or selecting the
double stranded full-length extension products or expression products thereof for an altered or
enhanced property relative to the template polynucleotides or expression products thereof,

51.  The method of claim 41, wherein the template polynucleotides are RNA
molecules, and the multi-cyclic polynucleotide extension reaction is conducted with a reverse
transcriptase.

' 52.  The method of claim 41, further comprising monitoring the formation of
extension product at a'plurality of times during the method.

53. The method of claim 41, wherein the template polynucleotides are of
unknown sequence. . .
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53.

The nethod of claim4l, wherein the tenplate pol yﬁﬁf:l@ot i}geg%?zeﬁiof
unknown sequenge.
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(57) Abstract

(54) Title: RECOMBINATION OF POLYNUCLEOTIDE SEQUENCES USING RANDOM COR DEFINED PRIMERS

A methed for in virre mutagenesis and recombination of polynucleotide sequences based on polymerase—catalyzed extension of
primer oligonucleotides is disclosed. The method involves priming templaie polynucleotide(s) with random-sequences or defined-sequence
primers to generate a pool of short DNA fragments with a low level of point mutations, The DNA fragments are subjected to denaturization
followed by annealing and further enzyme~catalyzed DNA polymerization. This procedure is repeated a sufficient number of times to
prochuce full-length genes which comprise mutants of the original template polynucleotides. These genes can be further amplified by the
polymerase chain reaction and cloned into a vector for expression of the encoded proteins.




