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CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This application is a

cont i nuatworssiomspart of U. S. Patent Application serial noPCTAGNEBBNGE2,
filed 23 January 2002 and U.S. Provisilonal Application serial no.

60/ 409, 080, filed 6 Septenber 2002, both of which are incorporated herein
by reference in their entirety. STATEMENT REGARDI NG FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT [0002] This invention was made with United States
government support awarded by the follow ng agency: NIH GvB5682 The United
States has certain rights in this invention. BACKGROUND OF THE | NVENTI ON
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BACKGROUND OF THE INVENTION
[0003] Bacteria have been used to produce a wide range of commercial products. For
example, many Streptomyces strains and Bacillus strains have been used to produce antibiotics;
Pseudomonas denitrificans and many Propionibacterium strains have been used to produce
vitamin B12; some other bacteria have been used to produce vitamin Riboflavin; Brevibacterium
flavum and Corynebacterium glutamicum have been used to produce lysine and glutamic acid,
respectively, as food additives; other bacteria have been used to produce other amino acids used as
food additives; Alcaligenes eutrophas has been used to produce biodegradable microbial plastics;
and many Acetobacter and Gluconobacter strains have been used to produce vinegar. More
recently, it has become common for bacteria, such as Escherichia coli (E. coli), to be genetically
engineered and used as host cells for the production of biological reageﬁts, such as proteins and
nucleic acids, in laboratory as well as industrial settings. The pharmaceutical industry supports
several examples of successful products which are human proteins which are manufactured in E.
coli cultures cultivated in a fermenter.
[0004] It is not an uncommon occurrence for normal bacterial proteins to adversely affect
the production or the purification of a desired protein product from an engineered bacteria. For

example, when E. coli bacteria are used as host cells to generate a large quantity of a desired



product encoded by ,a gene that is introduced into the host cells by a
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03/ 0708%1%6? %ep%gé 811 s%%glﬁc regions of genomic DNA and more difficult still if one of the
objectives of the method is to leave no inserted DNA, here termed a “scar,” behind in the
organism after the deletion. If regions of inserted DNA, i.e. scars, are left behind after a genomic
deletion procedure, those regions can be the locations for unwanted recombination events that
could excise from the genome regions that are desirable or engender genome rearrangements. In
building a series of multiple deletions, scars left behind in previous steps could become artifactual
targets for succeeding steps of deletion. This is especially so when the method is used repeatedly
to generate a series of deletions from the genome. In other words, the organism becomes by the

deletion process genetically unstable if inserted DNA is left behind.

BRIEF SUMMARY OF THE INVENTION
[0007] The present invention provides methods for reducing the genome of an organism

preferably without leaving scars in the genome.
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elements for expression of useful products as well as genetic control elements which offers an
unprecedented opportunity to fine tune or optimize the expression of the desired product.

[0010] The present invention also provides materials and methods for targeted deletion of
genes and other DNA sequences from a bacterial genome without leaving any residual DNA from
the manipulation (scarless deletion). Since the methods of the present invention seldom introduce
mutations or leave residual DNA in the genomic DNA sequences around deletion sites, the
methods can be used to generate a series of deletions in a bacterium without increasing the
possibility of undesired homologous recombination within the genome. Some of these methods
are also useful for making similar deletions, for example, in bacteriophage, native plasmids and
the like, as Well as in higher organisms, such as mammals and plants.

[0011] 'The first deletion method is linear DNA-based. To perform the process, first, a

linear DNA construct is provided in a bacterium and a region of the bacterial genome is replaced



| i near DNA construct is provided in a bacteriumand a region of the
bacterial genone is replaced WD 03/070880 PCT/US03/01800 4 by the |inear
DNA constwoa/otdssough honol ogous reconbi nati on ai ded by aP€yAdiSesrwrsesi di ng
in the bacteriumthat can increase the frequency of honol ogous

reconmbi nati on. Next, a separate gene previously introduced into the

bact eri um expresses a sequence-specific nuclease to cut the bacterial
genome at a unique recognition site |ocated on the Iinear DNA construct.

Then, 3 [N in3E BUED E6nBagi tﬁﬁgx'{gﬁqltoh‘glﬁgﬂg B BhABR IRIE g? léﬁsxé&@m@esti@ihg & tHen

t he gengi nic DNA at one en near DNA construc er goes

honol odausrinachatichm atdrease Wict freqaesdyn flhamoioastecombfation.qNers e stacat genec| ose
to the other_end of the |jnear DNA construct. The net, result is a precise
del et | GKSBPUSY W@@g‘&?ddlﬁtott ROYESTHIR CXNTOT9EDY SCAMENCSEHEC MuFkaRs tP utihSo | i near

DA ba%%gteﬂgi\%n?yég§%gﬁ'iﬁﬂg?e%PgﬁBGn Ofe WBMEN on bR 1%%‘2{;%}\12&;3‘%%&%%. SHEHENSRAL hat

fl anks one e acteri al“genone region to the” of her of

whi ch issquetlenéngimderddo@osaiilbNeehdheibgdusan ki sargbidn dicgnornic DXA htwhelzadior i al
genone region_to be deleted, are engineered into a vector in whjch the two
sequendialingas DNk gensrugiosndergoce Bemoloemis recompinpligisith g simiday genemics N i ¢
nucl ea L Lte i I b I i e . Si de
oF e SEORRLLL B Bl b LaPo RTIABRTSA bR THERL Gt O

| i near deNfiohf a gial af @d gemghele t he bacterium by expressing inside the
bacterium a nucl ease that recogni zes the sequence-specific nuclease

recognil®®2d sit eThmiecend sicthed iy alee bnear ABY AibasedThleve BeqoRIAces, Anedhd gBes

h I . nbi pat i it h. the bacter.i . ided.b t

rest i g eRian e T Rttt ids SREY ol ERAT R o 0Pt 1o o a3 e

r econbigfd io@¥hich 1P ﬁ@hﬁéalm%c%d&n@e fhat BeHks the GRRInt OF tHd 1R LRI FeRdhU4dEion to
artifactual in its genone is thus produced. [0013] The second net hod

descri hedlelebrsly erecagingbrsd e awsetdr trowhish thectavossegednses ard loatgdorexbio eagh other.
bact eri I1 %gnoms wth a dﬁsirﬁg DNA se&i‘ugenﬁ%. Ln this case 2 deiired DNA
sequenc® PREPIEHIUCIGTFRPYEC HBHEIEERE TR SHB IS B heTe] HiodPALHY PePiace
the selsfl@thd &8 Ruée®MIhdEREGs IntlolucddNBtoVESicRiiunfhdd LEAGE DASPRCES are
the sane as for deleting a targeted region. [0014] The third nethod is

sui ci degepératediinbideatbe bactdimem dyesplcsanginasieitie bectativnna nhélsase gt herd goigedt thens
an origin of reqplgj cation contralled by a pLormt er and sel ect e marker,
such as*IHRCERCHIOTHS eaﬁ%@ﬂeﬁms@%ﬂécuﬁs& HEpPEehgrety % n of a
bact eri i : : i NAG : :
R e R T e SRR e e i
f | anks banteriemdo acreash dot feequahcygetiiomes]ogoas oscotnbitatiode Achatbramndwithe tathted of

bact er {HIeiga iae! FeiaMr R Soi sop dtRgrodiced | 1 O °
[0013] The second method described above can also be used to replace a selected region of
a bacterial genome with a desired DNA sequence. In this case, a desired DNA sequence that can
undergo homologous recombination with and hence replace the selected region is engineered into
the vector. All other aspects are the same as for deleting a targeted region.
[0014] The third method is suicide plasmid-based. The specific plasmid used in this
method contains an origin of replication controlled by a promoter and a selectable marker, such as
an antibiotic resistance gene. To delete a targeted region of a bacterial genome, a DNA insert that
contains two DNA sequences located right next to each other, one of which is identical to a
sequence that flanks one end of a bacterial genome region to be deleted and the other of which is
identical to a sequence that flanks the other end of the bacterial genome region, is inserted into the
plasmid. The plasmid is then introduced into the bacteria and integrated into the bacterial
genome. Next, the promoter is activated to induce replication from the ectopic origin introduced

into the bacterial genome so that recombination events are selected. In many bacteria, the



plasmd. The plasmd is then introduced into the bacteria and integrated
into the bacterial genone. Next, the pronoter is activated to induce
replicatiwo oBoossd he ectopic origin introduced into the IpaTitsos/ad8ogenone
so that reconbi nation events are sele8ted. In many bacteria, the WO
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del etion of the targeted region of the bacterial genone and these bacteria
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bacteri um of” t he pr esent invention or conprising a reduced genone bacteri um
of t he eliprimgientof imnaassagn bactegal whneproidscts. nAroeiered rdeedgrnonierhgctaria péni c
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det er m pa/t ﬁrenﬁkéﬂg%t%ﬁis%a%@ﬁee?ﬁﬁ%@f the present invention is a live
vaccine conprisin reduced genone bacterium of the present invention in
t o whi §001v4s be€Thd priesemd iroredtion is also directed to DNAs and vectors used for carrying out the
methods of the present invention, methods for preparing the DNAs and to kits containing vials
which vials contain one or more DNAs or vectors of the present invention and optionally suitable
buffers, primers, endonucleases, nucleotides, and polymerases.
[0018] The present invention is also directed to live vaccines comprising a reduced
genome bacterium of the present invention or comprising a reduced genome bacterium of the
present invention into which is introduced DNA encoding antigenic determinants of pathogenic
organisms operably associated with expression control sequences which allow the expression of
said antigenic determinants. Also within the scope of the present invention is a live vaccine
comprising a reduced genome bacterium of the present invention in to which has been introduced
a DNA, derived from a pathogenic organism and optionally having an origin of replication, said
live vaccine being capable of inducing an enhanced immune response in a hose against a

pathogenic organism. The said DNA is preferably methylated at a methylation site. The invention

is also directed to a live vaccine produced from a pathogenic organism by deleting from the



a DNA, derived from a pathogenic organismand optionally having an origin
of replication, said |I|ive vaccine being capable of inducing an enhanced
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preferably nmethylated at a nethylation site. The invention is also
directed to a |live vaccine produced froma pathogenic organi sm by del eting
fromthe WD 03/070880 PCT/US03/01800 6 genone of that organismthe genes
responsible for pathogenicity while retaining other antigenic
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with a
method illustrated in Fig. 3.

[0024] Fig. 5A-C illustrates a specific example of a suicide plasmid-based method of the
present invention.

[0025] Fig. 6 shows three plasmids that can be used in the suicide plasmid-based method
illustrated in Fig. SA-C.

DETAILED DESCRIPTION OF THE INVENTION
[0026] Bacteria in their natural environment are exposed to many conditions that are not
normally experienced in standard industrial or laboratory growth, and thus carry a large number of
condition-dependent, stress-induced genes or otherwise nonessential genes which may not be
needed in industrial or laboratory use of the organisms. This invention began with the realization
that much of the genetic information contained within the genome of a bacteria strain could be
deleted without detrimental effect to use of bacteria cultures in processes of industrial or
laboratory importance. It was recognized that a bacterium with a reduced genome might be
advantageous over ﬁative strains in many industrial and laboratory applications. For example, a
bacterium with a reduced genome is at least somewhat less metabolically demanding and thus can
produce a desired product more efficiently. In addition, a reduced genome can lead to fewer

native products and lower level of certain native proteins, allowing easier purification of a desired
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percent (40%) to sixty percent (60%) smaller than the genome of its native parental strain. The
term “native parental strain” means a bacteria strain (or other organism) found in natural or native
environment as commonly understood by the scientific community and on whose genome a series
of deletions can be made to generate a bacterial strain with a smaller genome. The percentage by
which a genome has become smaller after a series of deletions is calculated by dividing “the total
number of base pairs deleted after all of the deletions” by “the total number of base pairs in the
genome before all of the deletions” and then multiplying by 100.

[0029] Another aspect of the present invention comprises a reduced genome bacteria in
which about 5% to about 10% of its protein coding genes are detailed. Preferably about 10% to
20% of the protein coding genes are deleted. In another embodiment of the invention, about 30%

to about 40%)to about 60% of the protein encoding genes are deleted.



nunber of base pairs deleted after all of the deletions" by "the total
nunber of base pairs in the genone before all of the deletions" and then
mul tiplyiwo obp7@88@®. [0029] Anot her aspect of the present PETASDS/GI800
conprises a reduced genone bacteria i which about 5% to about 10%of its
protein coding genes are detailed. Preferably about 10%to 20% of the
protein coding genes are deleted. In another enbodi nent of the invention,
about 30% to about 40%to about 60% of the protein encoding genes are

del et e 03/ . ! he
types S0 o, e A e o ik AR b DR BLcqlpRRE MM b e ¢ he
del et i daletzl] andrihobe theeislenoh ofidhehskynaf ddeeisclyhéfectatheradé ofsirvivalaindand
proliferation of the bacteria under specific growh conditions. Wether a

| evel @Folderptipn af e baeteria andes spespiiagyiow thy epnsitins o Whetheredeysl of agsiccedechis.
E 0 d i i . i i . . |
e aparRpEpIEIeRac Y Sick b aopibl Bh el Slale LSt | IRUAERISEERIERY FalkC! |

DNA segugieeactdppiblé e ogeappitcatity bixenot eslbthed Hhyddieias, Hdeerss uffect a8 delbainga ng
culture_ conditions. Such neasures may turn an unacceptabl e adverse effect

to an &NApsesnee Goia the penoma mpy Ye redpeeddronpdsaressighas depging caligeoxi mat el y

about - Sonctighy SREEETes Shb ] o RERLRhme Bt BEFY Ala A ERLAGT TR O
par ent kefsitabB), thedi6lifetatidh Ratt eappesarly thb 8arth ¥etheiparentdVtginp &lokvevbd, ar | y,

preferred doubling tinmes of bacteria of the present invention nmay range
f r om abtltferatipn rajesntangingsrars abeis o, 10fe, dé%h30Ys 3070 d8%| to Fheutthats oweatheh t he

present, i nyention be engineered b e .met hods.of the. present invention
o opt i DL R afb RS FETuRAIE Seol o i BERNE Mbre el P srlef e

pr oducdb@linf tim ks vaBriR "ojPEH_é%ésenfﬁhQ@rﬁioWrﬁ%h%q B dpBuf BEBNRIMERo about
proteins, by way on non-limting exanple insulin, interleukins, cytokines,
gr owt hthree heres, growth factors, erythropoietin, colony stinulating

factor i.nterfero nt i bodi es nti body fragnents r.an t her . usef ul

r econbmo;r]fa] pr gf@n%c?em@??@cgﬁﬁnﬁmpnt&%r&we ‘?’?ﬁg‘eﬁ@di’yttﬁ%%ﬁ%@ai ?%tﬂﬁr oduct ,

a VvacchReematRaiiehto oﬁtim%%ﬂé?Pésfeio"f a9£i%%so&ées§i. é.?ﬁ?cﬁéﬁtg) fof ﬁ&eﬁ}éducﬁﬁﬁ of
bacteria nay al so be used as a background to express industrially useful

pr oduc dssisdgitodists drtmse picalubty meydfeubcangbinit iprateinptborwadorat @slimntthgeaxdmple
products such vanillin, shikimc acid, amno acids, vitamns, organic
aci ds, DFHHRREeTiepkias, Cé(F?éﬂ“é*%ﬁWﬂh}POT{%@Hﬁ%@FR}%% BtOTTaEEEPROJetBy 6AREEd i n t he
bact er i@ RikinP% eds 0, i j i

other Samaiiin@ FRAUEAHRR:h, bRles 2 nilBBL7 FlghEyts RETY hF QYT EL R g

6, 372, $r@einbdthk refomitihanih pardact mepbeatiatradutiepeidncthy vieirerenpehnent, a

diagnostic product, or a research reagent. The bacteria may also be used as a background to
express industrially useful products such as commercially useful metabolic intermediates and end
products such as vanillin, shikimic acid, amino acids, vitamins, organic acids, and the like, and
chemical compounds not naturally produced in the bacteria but produced as a result of metabolic
pathway engineering or other genetic manipulation - (see, e.g., U.S. Patent No. 6,472,16 and
6,372,476, both of which are incorporated herein by reference).

[0032] Below, E. coli is used as an example to illustrate the genes and other DNA
sequences that are candidates for deletion in order to generate a bacterium that can produce a
desired product more efficiently. The general principles illustrated and the types of genes and
other DNA sequences identified as candidates for deletion are applicable to other bacteria species
or strains. It is understood that genes and other DNA sequences identified below as deletion
candidates are only examples. Many other E. coli genes and other DNA sequences not identified

may also be deleted without affecting cell survival and proliferation to an unacceptable level.
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i's the sgq?\fehcéskh‘fi‘é cbilif¥n in E. coli, and all of them may be deleted. For purposes of clarity in this
document, we use the term IS element and transposable element generically to refer to DNA
elements, whether intact or defective, that can move from one point to another in the genome. An
example of the detrimental effects of IS elements in science and technology is the fact that they
can hop from the genome of the host E. coli into a BAC plasmid during propagation for
sequencing. Many instance are found in the human genome and other sequences in the GenBank
database. This artifact could be prevented by deletion from the host cells of all IS elements. For a
specific application, other specific genes associated with genomic instability may also be deleted.
[0035] Shown in Fig. 1 is illustration of the E. coli genome, which natively, in the K-12
strain, comprises 4,639,221 base pairs. Fig. 1, shows, on the inner ring, the scale of the base pair
positions of the E. coli K-12 genome (strain MG1655), scaled without deletions (see also Blattner
et al., supra). The next ring progressively outward shows regions of the K-12 genome that are

missing or highly altered in a related strain O157:H7, and which are thus potentially detectable
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cellular energy to no benefit. Thus, the flagella genes may be deleted in generating a bacterium
with a smaller genome. Positions of flagella genes on an E. coli genome map are shown in Fig. 1
and Table 1.

[0038] One type of E. coli DNA element, already mentioned, that can be deleted is the IS
elements (or transposable elements). IS elements are not important for bacteria survival and
growth in a cultured environment and are known to interfere with genome stability. Thus, the IS
elements can be deleted in generating a bacterium with a smaller genome. Positions of the IS
elements on an E. coli genome map are shown in Fig. 1 and Table 1.

[0039] Another type of E. coli DNA element that can be deleted is the Rhs elements. All
Rhs elements share a 3.7 Kb Rhs core, which is a large homologous repeated region (there are 5
copies in E. coli K-12) that provides a means for genome rearrangement via homologous

recombination. The Rhs elements are accessory elements which largely evolved in some other
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encodes the receptor for the lIytic phage T1.

[0043] One general method to identify additional genes and DNA sequences as deletion
candidates is to compare the genome of one bacterial strain to one or more others strains. Any
DNA sequences that are not present in two or three of the strains are less likely to be functionally
essential and thus can be used for identifying candidates for deletion. In the examples described
below, the complete genomic sequences of two E. coli strains, O157:H7 EDL933 and K-12
MG1655, were compared. DNA sequences that were not found in both strains were used to
identify targets for deletion. Twelve such identified targets from E. coli strain MG1655 were
deleted, resulting in a bacteria strain with a genome that is about 8% smaller. The bacteria with
the reduced genome grow at substantially the same rate as the native parent MG1655 strain.
[0044) The DNA sequence of a uropathogenic E. coli strain CFT073 H7 (see Welch et al,,
supra), was recently determined and its sequence was compared to the K-12 (MG1655) and
O157:H7. Results show that only about 40% of all coding genes found in any one of the genomes
is present in all of the genomes and CFTO73, K-12 and 0157:H7 are composed of 67%, 43% and

68% strain specific island genes. Based on this information, as much as about 60% of the protein
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[0047] Gram-negative bacteria, such as E. coli, have two cellular membranes, the inner cell
membrane and the outer cell membrane. Two membranes are separated by a periplasmic space
(PS). Bacterial proteins with appropriate signal sequences are secreted through the inner cell
membrane into the PS by at least two different systems, Sec-system and Tat-system. (Danese et
al., Annu. Rev. Genet. (1998) 32:59-94; Fekes et al., Microbiol. Mol. Biol. Rev., (1999) 63: 161-
193; and Pugsley, Microbiol. Rev. (1993) 57:50-108 [sic]. Hynds et al., (1998) J. Biol. Chem.
273:34868-34874; Santini ef al. (1998) EMBO J. 17:101-112; Sargent et al., EMBO J. 17:101-112
[TAT] all of which are incorporated herein by reference.

[0048] The Sec-system recognizes an appropriate signal peptide and transports the protein,
using cytoplasmic ATP and electronmotive force, into the periplasm in an unfolded state. After
cleavage of the signal protein, the new protein folds with the aid of chaperones, peptidyl-prolyl
isomerases, and a thioredoxin linked system which catalyses disulfide bond formation. See, e.g.,
Hynds et al., (1998) J. Biol. Chem. 273:34868-34874; Santini et al. (1998) EMBO J. 17:101-112;
Sargent et dl.,, EMBO J. 17:101-1 12 [TAT] all of which are incorporated herein by reference.
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enzyme systems, linked to cellular cytoplasmic metabolism through the inner membrane, to
undertake these processing tasks, presumably because this is the organelle in which most inner and
outer membrane proteins are processed. By contrast, it has proven very difficult to obtain proper
folding of recombinant protein chains expressed in the reducing environment of the cytoplasm.
Often proteins aggregate into insoluble “inclusion bodies.” Whilst initial inclusion body
_purification might be simpler, the proteins need to be re-dissolved and re-folded, a process that is
unpredictable and difficult to control, and for some proteins, so inefficient as to be unworkable at
industrial scale.

[0051] Recombinant proteins are generally produced in the periplasm by expressing fusion
proteins in which they are attached to a signal peptide that causes secretion into the periplasmic
space. There the signal peptide is cleaved off .Very precisely by specific signal peptidases. Second
generation recombinant human growth hormone is manufactured by this method by Genentech

(Nutropin, Full Prescriber Information.) and Pharmacia. Not all proteins can be successfully



readily released with other periplasmc proteins by specifically disrupting
the outer nenbrane, substantially free of the nore abundant cytoplasmc
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pr Ot el Ipepﬂmls:dfapalﬁiﬂ olf enediatipg tdayispoktrafragpoteinad thewkripddsted space Bﬁeratlvely linked to
at least a second DNA sequence coding for a desired heterologous protein. The signal sequence
maybe native to the protein to be expressed. Preferably, the protein transported into the
periplasmic space is biologically active. Expression of the recombinant DNA construct may be
under the control of an inducible promoter or a promoter that is constitutively expressed in the
host bacterium. The use of inducible promoters is particularly advantageous when using the Sec
system which is known to be saturable. For example, lac-based promoter/repressor, inducible by
the non-metabolisable galactose derivative, IPTG, may be used. Such promoters allow fine tuning
of expression and secretion through the Sec system thereby optimizing periplasmic expression.
[0054] The recombinant protein may also be co-expressed with chaperones/disulfide-bond
forming enzymes to ensure proper folding of the recombinant protein. DNA sequences useful for
periplasmic expression of recombinant protein include but are not limited to those described in
U.S. Patent Nos. 5,747,662; 5,578,464; 6,335,178, and 6,022,952. Thomas et al., Mol-Micro,
(2001) 39 (1) 47-53; Weiner et al., Cell, (1998) 93, 93-101; and Current Protocols in Molecular



[ 0053] Reconbi nant DNA constructs useful for periplasmc expression in the
reduced genoine bacteria of the present invention conprise a first DNA
sequence wodBngstor a signal peptide capabl e of nedi ati ng@Crrisnymsord of a
protein to the periplasmc space oper&tively linked to at |east a second
DNA sequence coding for a desired heterol ogous protein. The signal sequence
maybe native to the protein to be expressed. Preferably, the protein
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and 6, Gai56952. Tﬂpﬁf@ﬁuﬁte@@igeﬁ&'ha% BESH dele{té’@ﬂﬂ coti fodindwin &FputdBiener et
al ., Cell, (1998) 93, 93-101; and Current Protocols in Ml ecular WO
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affecti ng t he abi ity of the organismto grow on m ni mal, nmedi um
ake, trace element uptake; environmental sensing; defense and protection; and periplasmic
protein secretion and processing. Among the genes or full operons which have been or will be
deleted are those coding for sugar and amino acid transport proteins, unlikely to be needed in
defined minimal media say for biopharmaceutical production.
[0058] To monitor efficiency of the recombinant protein transportation into PS, either of
three commercially available tags: E. coli alkaline phosphatase, Aequoria green fluorescent
protein (GFP) or human growth hormone protein may be used according to the methods described
above. The human growth hormone protein is currently most preferable for final demonstration
purposes and will be used in ELISA and gene chip-based measurements of the recombinant
protein localization to PS.
[0059] One can test the consequence of deleting one or several genes or other DNA
sequences from the genome. For example, after one or several genes or other DNA sequences of

the genome have been deleted, one can measure the survival and proliferation rate of the resultant

bacteria. Although most of the above-identified genes or other DNA sequences may be deleted



[ 0057] By searching for signal peptide-like sequences in annotated MG1655
dat abases, and <cross-relating these with the literature we have identified
181 prot ewo3nhmso t he najority of which are believed to IPETrEes/ SN
periplasmc proteins. A nunber of the®e proteins have been classified
according to function into several groups excluding: adhesion and nobility;
nutrient and salt uptake, trace el enent uptake; environnental sensing;
defense and protection; and periplasnmc protein secretion and processing.
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consequence tested.
[0061] Testing the consequence of deleting a gene or other DNA sequence is important
when little is known about the gene or the DNA sequence. Though laborious, this is another
viable method to identify deletion candidates in making a bacterium with a reduced genome. This
method is particularly useful when candidates identified by other methods have been deleted and
additional candidates are being sought.
[0062] When the consequence of deleting a gene or other DNA sequence has an effect on
the viability of the bacteria under a set of conditions, one alternative to not deleting the specific
gene or other DNA sequence is to determine if there are measures that can mitigate the detrimental
effects. For example, if deleting lipopolysaccharide (LPS) genes results in poor survival due to

more porous cellular membranes caused by the absence from the cellular membranes of the

transmembrane domain of the LPS proteins, culture conditions can be changed to accommodate



[ 0060] The consequence of deleting one or several genes or other DNA
sequences to be tested depends on the purpose of an application. For
exanpl e, wben/ohisgh production efficiency is the main con®ernSowmseh i s
true for many applications, the effect?7 of deletions on proliferation rate
and nmedi um consunption rate can be the consequence tested. In this case,
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i n Posfi@died ethlis.al - J. Bacteriol. 179: 4426-4428 (1997), Miyrers, J.P.P.
et al., Nucl. Acids Res. 27:1555-1557 (1999), Datsenko, K A et al., Proc.
Nat | . A0@@#] Sci .S@iec Eodidn GEADHIS 2A0R)ctiagDNPASE@Iencds. frah badterial [andmesAci ds
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Acad. Ssgzilr'less? Zlélgt?c?n? -v?e%ﬁgan( 212 BIQIO se%{lgnce is precisely deleted from the genome without
generating any other mutations at the deletion sites and without leaving any inserted DNA in the
genome of the organism. However, due to mistakes, such as those made in PCR amplification and
DNA repairing processes, one or two nucleotide changes may be introduced occasionally in
scarless deletions. Described below are some novel scarless deletion methods, either linear DNA-
based or suicide plasmid-based. These novel methods have been applied to E. coli strains in the
examples described below. It is understood that the specific vectors and conditions used for E.
coli strains in the examples can be adapted by one of ordinary skill in the art for use in other
bacteria. Similar methods and plasmids can be used to similar effect in higher organisms. In
some instances it may be more appropriate to modify an existing production strain rather than
transfer production to the minimized genome E. coli strain.
[0065] The methods of the present invention are not limited to use in reducing the genome

of bacteria, for example, the present methods may be used to delete DNA from bacteriophage such

as P1, P2, lambda and other bacteriophage. Such methods permit the engineering of



| i near DNA-based nethods and the nethods disclosed in Posfai, G et al., J
Bacteriol. 179: 4426- 4428 (1997) and Posfai, G et al., Nucl. Acids Res.
27: 4409-wO0D3/0(@B899) are suicide plasm d- based nethods. [POUAAP3/Ese known
nmet hods for deleting DNA sequences fr®@m bacterial genonmes introduce
extraneous DNA sequences into the genone during the deletion process and
thus create a potential problem of undesired honmol ogous recombination if
any of the methods is used nore than once in a bacterium To avoid this
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r two towtihendte Henohbeleasnte ey g beirlBhd oRt ARIIANA 'add tdim seful
gel etions. Described bg?owtggér{% sone negg\%g?gscarl ess %g{ietcllon r@?ﬁ%c}s, el %er
| i near WRPErtipRRidhe Blaswidsei de pl asm d- based. These Bo\éle{3 Imet ho?f have been
lie E. colj _strains int xanpl es descri ped bel ow IS
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bact er idhagsseuiathd nethyRitionRT thd michaiinasictt, pidkapina€ DA BBORSR “sBYs{Y, ek hods
permt .t he engi n&eri ng of WO 03/870880 PCT/ US03/ 01800 18 bact er i ophage
genones}s’s}gmgg BPRCEREES PREIORS a5 emamin PO fhanaouddbe e caes id dormaakesing site

lim ! I ! I t.he U ch bacteri ophage
For & e Seuaed PREBRK WS olPRE o kbl B ghe PhEMPEC kT PRo €At on
ar e usefu¢ ufing thesktldtiph meethd dasofitospredeat inlveﬁticﬁlﬁhbﬂéb%a éﬁl{aﬁéih? t8abity tb Bick u
elimnate harnful elements (e.g., virulence genes) fromthe plaSmd and to
i mpr ovémgtpﬁ 0 SEWHIC ATy t ¥8% of the pl asni ds. [0036] The \évell knova

Iy t L I . has as scri be apove for
r ansdiore i aoat b BBl RRRER i ncIER of P MBS PP iyBicie BBt e of
P1, howewns fwo institivatseduenbésyOh ihdteticiagaaéck, 150 iPFdtid BBrARE sfba‘%&%ﬂ@ gﬂ‘qgam c
DNA for transduction. |n particular, the packaging site (pac) sit ~of P1
is a GRY&E L genoms; d\noflifrdeSimrihereashgenst Ad algsuithis isjmrssible that when P1 is used

in transduction that one or more of the insertion sequences could end up jumping into a genomic

locus of the organism. Therefore, it would be advantageous to engineer the P1 genome to delete
the IS sequences using the methods of the present invention thereby preventing genomic
contamination where P1 is used as a transduct.

[0068] In the above description, the present invention is described in connection with
specific examples. It will be understood that the present invention is not limited to these
examples, but rather is to be construed to be of spirit and scope defined by the appended claims.
[0069] Among the embodiments of the present invention is a Shigella flexneri having a
reduced genome. Recently, the complete genome sequence of Shigella flexneri 2a strain 2457T
was determined. (The sequenced strain was redeposited at the American Type Culture Collection,
as accession number ATCC 700930.) The genome of S. Jlexneri consists of a single-circular
chomosome of 4,599,354 base pairs (bp) with a G+C content of 50.9%. Base pair 1 of the
chromosome was assigned to correspond with base pair one of E. coli K-12 since tﬁe bacteria

shows extensive homology. The genome was shown to about 4082 predicted genes with an



met hyl ase of P1 limts the anmount of genomic DNA into the phage coat.
However in the absence of dam associ ated inethylation of the packagi ng
site, pacwagBnmssd DNA becones "sloppy", that is, it norecrasdsdyopackages
portions of genom c DNA than woul d bel%t he case if the packaging site were
nmet hyl ated. Therefore, it would be advantageous to engi neer the Pl genone
to renbve dam gene using the deletion nethods of the present invention

t hereby enhancing the ability to pick up and package genom c material. dam
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was dgj gy K nced strain was redeposited at the Anerican Type
Cul ture C{I)EP ectaPl(%n, ?'seg(ggcessi on nunber ATCC 700930.) The genone of S.
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al so "o%) slrr(la %v%ilg?ﬁ‘a?r%inlsr?gqo%ﬁQrcg%ngsnglcg%g&%gg terilc\é)%ing antigenic determinants sufficient

to induce an immune response in a host and preferably a mucosal immune response in the

intestinal wall of a host.

[0071] Shigella flexneri is potentially well suited for this strategy in that its virulence

determinants have been characterized and have been localized to a 210-kb “large virulence (or

Invasion) plasmid” whose nucleotide sequence has been determined and has been deposited as

GenBank Accession No. AF348706 which is incorporated herein by reference. (See also

Venkatesan et al. Infection of Immunity (May 2001) 3271-3285). Among the likely candidates for

deletion from the Invasion plasmid.is the cadA gene which encodes lysine decarboxylase.

[0072] The deleted Shigella invasion plasmid may be introduced into a reduced genome E.

coli thereby allowing efficient expression of certain Shigella invasion plasmid genes capable of

giving rise to an immune response in a host inoculated with the E. coli. The invasion plasmid may

also be engineered to delete harmful genes from the plasmid such as the genes responsible for

vacuole disruption. Preferred candidate genes for removal from the invasion plasmid include one



Genom cs of Shigellaflexneri Serotype 2A strain 2457T", Wi et al.,
submtted for publication.) It is striking to note that based on its DNA
sequence,wBhBgaisBa i s phyl ogenetically i ndistinguishabl ePCrarsoEo1seol i .
[0070] As is readily apparent fromtHhos disclosure, having the S. flexner
sequence in hand, its genone may be readily reduced using the nethods and
gene sel ection paradi gns di scussed herein. A reduce genone Shigella may be
useful for the expression of heterol ogous (reconbinant) proteins or other
usef ul I i ' LR h L es t :

genome B0 R e R B e e D RS psemt
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of | 'it¥8%$®% 2001% 3271-3285). Anong the likely candi dates for

del et i ofict FBIPHESPHEE i on plasnid is the cadA gene which encodes I|ysine
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i ntroduced into a reduced genone E. coli thereby allow ng efficient
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03/ 070880inREng B$pBs0dB860the d6sizd produet.genes sel ected from t he group

consi sting of ipaA ipaB, ipaC, ipaD and virB. The present invention also

allows the addition of other genes to the reduced genone-E. coli into which

the invasion plasm d has been introduce s to optim ze expression of
BRIHRS Nt

genes fromthe introduced, . ifi f pl asm d. [0073] The present
inventié#Eﬁ%gﬁﬁggiﬁﬁﬁﬁéﬁéﬁﬂﬁggﬂﬁge vacci nes conprising a reduced

[0075] An example of the construction of a linear target DNA is as follows: To generate

primer a+b (Fig. 1), 20 pmol of primer a was mixed with 20 pmol of primer b and PCR was
performed in a total volume of 50 ul. Cycle parameters were: 15 x (94°C 40sec/57°C or
lower[depending on the extent of overlap between primers a and b] 40 sec/72°C 15 sec). Next 1pul
of this PCT product was mixed with 20 pmol of primers a and ¢ (Fig. 1) each, 50 ng of pSG76-CS
template and a second round of PCT was performed in a volume of 2 x 50 pl. cycle parameters
were: 28x(94°C 40sec/57°C 40sec/72°C 80sec). The resulting, PCR-generated linear DNA-
fragment was purified by Promega Wizard PCT purification kit, and suspended in 20 ul water.
Elimination of the template plasmid (e.g., by Dpnl digestion) is not needed. pSG76-CS serves as
a template plasmid to generate linear targeting fragments by PCT. It contains the chloramphenicol
resistance (Cm") gene and two I-Scel sites, and was obtained by the PCT-mediated insertion of a
second I-Scel sites, and was obtained by the PCT-mediated insertion of a second I-Scel
recognition site into pSG76-C, downstream of the Noil site. The two I-Scel sites are in opposite

orientation.



genone, for exanple, E. coli, or a reduced genone, for exanple, E. col

into which has been introduced genes encodi ng anti gens capabl e of i nducing
an i munewpaspoisse in a host who has been inocul ated w t RCrhiSoyexsed ne.
Reduced genone vacci nes nay be DNA ba¥ed vaccines in containing a DNA
known to be capabl e of inducing a desired physiological response in a hose
(i.e., immune response). [0074] One of the nmajor advantages of a reduced
genome organi smaccording to the present invention is to provide a clean,

m ni W'N&%Pﬂﬁéa?Dﬁ@;ﬁr’&%eg%gﬂésg%i&eﬁ@l ggl'éﬂB%'ﬁ\Sl may be introduced to not only
al | ut it also affords the opportunity
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"nto palBic "GoRmerTEREbCEhotNg e Lot RRESRs 9 Bea of EEEMIE'ET <1
0pposi ts‘?nth@ilk@ﬂl% @ﬁﬁﬁtﬁal IYMRA QRS Oﬁﬁcbrtﬁgﬁélqﬁ&%ﬁ&ﬂ-&ggencg ExDauebetiveie e

DNA- baséd scarl ess deletion nethod | [0076] The novel DNA-based scarl ess
del et i ouquaackodesghated e\, ;Basie(ﬁun Frgvénffhoﬁl andicies beene fouandidiciicaesistween Thse

ol o g SSar RO el PR, Mol B STISETL LY, SPACK e e

Wi th an, ardohfingdiéd solhi4k the sequences A and B match sequences in the genome of the host which
straddle the proposed deletion. Sequence C of the insert matches a sequence in the host genome
just inside sequence B of the host genome. Then the bacteria are selected for antibiotic resistance,
a selection which will be survived only by those bacteria in which a homologous recombination
event occurred in which the artificial DNA inserted into the bacterial genome. This recombination
event occurs between the pairs of sequences A and C. The inserted DNA sequence also includes a
sequence B, now positioned at one end of the insert, which is designed to be homologous to a
sequence in the genome just outside the other end of the insert, as indicated in Fig. 2. Then, afiter
growth of the bacteria, the bacteria is transformed with a plasmid, pSTKST, which expresses the I-
Scel sequence-specific nuclease. The I-Scel enzyme cuts the genome of the bacteria, and only
those individuals in which a recombination event occurs will survive. 10-100% of the survivors
are B to B recombination survivors, which can be identified by a screening step. The B to B
recombination event deletes the entire inserted DNA from the genome, leaving nothing behind but
the native sequence surrounding the deletion.
[0078] To repeat, the first step of the method involves providing a linear DNA molecule in
a bacterium. The linear DNA molecule contains an artificial linear DNA sequence that has the

following features: one end of the linear DNA sequence is a sequence identical to a genome



sequence. The artificial sequence contains one or nore recognition sites
for a sequence-specific nuclease such as |I-Scel, which cuts at a sequence
t hat doeswoaB/oossur natively anywhere in the E. coli K- 12PCgarsonelsor eci se
insertion of the linear DNA nol ecul e 2nto the genone is achi eved by

honol ogous reconbi nati on aided by a systemthat can increase the frequency
of honol ogous reconbi nation. When the sequence-specific nuclease is
introduced into the bacteria, it cleaves the genomc DNA at the uni que
recogni r | - s
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Bto B reconbination event deletes the entire inserted DNA fromthe
genone oppesiteidgciat. hi ng behi nd but the native sequence surrounding the
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colonies containing the inserted DNA sequence later. Alternatively, a linear DNA molecule can
be provided in a bacterium by transforming the bacterium with a vector carrying the artificial
linear DNA sequence and generating a linear DNA molecule inside the bacterium through
restriction enzyme cleavage. The restriction enzyme used should only cut on the vector but not
the bacterial genome. In this case, the artificial linear DNA sequence does not have to carry a
selection marker because of the higher transformation efficiency of a vector so that a bacterium
with the inserted linear DNA can be screened by PCR later directly.

[0080] The second step of the scarless deletion method involves replacement of a genomic
region by insertion of the artificial DNA molecule. The bacterial cells are engineered to contain a
system that increases the frequency of homologous recombination. An example of such a system
is the Red recombinase system. The system can be introduced into bacterial cells by a vector. The
system helps the linear DNA molecule to replace a genomic region which contains the deletion

target. As described in the examples below, a vector carrying a homologous recombination



| inear DNA nol ecule is a sequence identical to a genone sequence within the
genone region to be deleted; between the two ends of the |inear DNA, there
is a recoynioBiotnsssite that is not present in the genone @CTiUse3/mod eri al
strain and an antibiotic selection ge2e. The artificial DNA sequence can
be made using pol ynerase chain reaction (PCR) or directed DNA synthesis. A
PCR tenplate for this purpose contains the unique recognition site and the
genom ¢ DNA sequences on both ends of the artificial |inear DNA sequence
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expression vector for the unique sequence-specific nuclease are not compatible with each other,
such as the case for pBADafy and pKSUCI, transformation of the two vectors have to be
performed for each deletion cycle. Transformation of the two vectors can be avoided in additional
deletion cycles when two compatible plasmids, such as pBADafy and pSTKST, or pKD46 and
pKSUCS5, are used. An example of using two of these vectors that are compatible with each other
is described in the examples below.
[0083] The above scarléss deletion method can be modiﬁed to make a series of deletions on
a bacterial genome more efficient (an example of which is Procedure 4 in Examples below). The
first step of the modified method involves making insertions of a linear DNA molecule
individually in bacterial cells, preferably wild-type bacteria cells, in a parallel fashion, resulting in
a set of strains, each carrying a single insertion. This step can be carried out as described above.
The second step of the modified method involves sequentially transferring individual insertions

into the target cell whose genome is to be reduced. P1 transduction is an example of the methods



systemthat can be used in E. coli is pBADapy, which is described in
Muyrers, J.P.P. et al., Nucl. Acids Res. 27:1555-1557 (1999). Anot her

pl asm d pwDA8otsscri bed i n Dat senko, K. A et al., Proc. RamlusofHewma Sci .
97: 6640- 6649 (2000) may al so be used.24Qx her plasm ds that can be used
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obtained as a result of the above homologous recombination.

[0085] This novel linear DNA-based method can also be uéed to replace a region of a
bacterial genome with a desired DNA sequence. In this case, a desired DNA sequence that can
undergo homologous recombination with the bacterial genome to replace a region on the genome
is engineered into the target vector. All other aspects are the same as described above for deleting
a region of the bacterial genome.

[0086] Regardless whether the method is used to delete or replace a target region in the
bacterial genome, a marker gene for selecting incorporation of DNA carried on the target vector
into the bacterial genome is not necessary due to the high incorporation efficiency. Simply
screening 30-100 colonies by PCR usually allows the identification of a clone with desired
modification in the bacterial genome.

[0087] As a specific example, Figs. 3 and 4 illustrates using this method for introducing an
Amber stop codon in the middle of a gene. As a first step, a DNA fragment with the desired
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. reference 1n 1ts entlrety? containing Oﬁg arab(l:)nose an clﬂoramp%
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(for example, 1:1,000, 1:10,000 and so on) of cultures is then plated on a non-selective medium
such as LB. Next, the colonies are screened for desired mutations. If a growth phenotype is
known, the screening can be done by patching on appropriate media. Otherwise, the screening is

done with colony PCR followed by restriction digestion and electrophoresis or by sequencing.

Suicide plasmid-based method

[0091] The suicide plasmid-based method described here can be used for both scarless gene
deletion and gene replacement. The basic element of the method involves a plasmid vector named
Interlock plasmid that contains an antibiotic resistance gene and a replication origin under the
control of a promoter. The Interlock plasmid also contains one or more sites at which a DNA
insert can be inserted. When the method is used for scarless deletion, the DNA insert includes
two DNA sequences located right next to each other, oriented similarly, one of which is identical
to a sequence that flanks one end of a bacterial genome region to be deleted and the other of which

is identical to a sequence that flanks the other end of the bacterial genome region. When the



Anber stop codon in the mddle of a gene. As a first step, a DNA fragnent
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When the nethod is used for scarless deletion, the DNA insert i ncludes

specific nuclease to cut the bacterial genome and select for recombination events.

[0093] The suicide plasmid-based method can also be used repeatedly in a similar fashion
as the novel liner DNA-based methods described above to generate a series of deletions on a
bacterial genome.

[0094] Fig. 6 shows plasmid embodiments that can be used in the suicide plasmid-based
method. pIL1 is an Interlock plasmid and pPBAD-Sce-1 is a plasmid for expressing a sequence-
specific nulcease I-Scel. pIL4 is a combination of both. The tet promoter used in pIL1 and pIL4
is tightly regulated and thus ﬁas advantages over other control mechanisms such as a temperature
sensitive element which is more leaky. An example of using pIL4 for gene replacement is shown
in Fig. 5A-C to illustrate the suicide plasmid-based method of the present invention. Fig. SA
shows that the insertion of a DNA insert into pIL4 and integration of pIL4 into the bacterial
genome. With heat activated chlorotetracycline (CTC), tet repressor is inactive, the O and P
promoter is functional, and the plasmid replicates. After removing CTC, tet repressor binds the
promoter for O and the P promoter and the replication is blocked. Chloramphenicol resistance can

be used to select for integrants. Fig. 5B shows using the induction of the ectopic origin to select
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SA in LB + 1 ug/ml c¢Tc (cTc — chlortetracycline freshly autoclaved in LB media. A stock of 100

U

pg/ml is autoclaved for 20 minutes and then stored in the dark at 4°C. It can be used for up to
5 days. Alternately, a solution of 2 ng/ml of anhydrotetracycline can be substituted). Then
plate on LB + Chloramphenicol (Cam 25 pg/ml) + cTc (1 pg/ml), and grow overnight at
37°C. Grow colonies in equivalent media and prepare plasmid miniprep DNA. Analyze by
gel electrophoresis and select a clone with an insert.

5. Transform the verified plasmid into a recd positive strain of E coli (such as MG1655).
Outgrow for 1 hour in LB + 1 pug/ml cTc. Plate a portion of the outgrowth on plates
containing Cam and 1 pg/ml cTc. Grow overnight at 37°C.

6. Pick a colony into 1 ml LB and plate 10 ul on a Cam plate. Grow overnight at 37°C.

7. Streak a colony on a Cam plate to be sure that every cell present contains the integrated
plasmid. Grow overnight at 37°C.

8. Pick a colony into 1 ml LB and plate 100 ul of a 1:100 dilution on plates containing 5 pg/ml
cTc. Grow overnight at 37°C.
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tet reprewoms/ 0780 nactive, the 0 and P pronoter is functiPpcmaiSp3/ensdo t he
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mut ant , Probhe hj arerseccopuavitmd.yeehapri ner PCR. To nmake a del etion

in the ge a fug0 BNAf the deS|red endp0| nts of the deletion should be
used. Th ghgps prRioc fragment shoul d be phosphorylated for cloning.

2. Create a pbyphsohAThdHhssit- E@rrﬁiég ditagskiphntid enPpBADLSE Mo rb&Bpodifveand

6) with the restriction enzyne . Dephosphoryl ate the vector. 3.
Perform a bI strein bf@@bh@mcbfasM@ ldéi;)t r@ugnwdforildaam orLBurd ugtal 9T<14 vect or.

4. (Note: s ste atenti al . Ie|n hi hr o h
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(such as JS5) e sk at carshopBRID-Qff or 1 hour in LB + 1 ug/m cTc
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verified plasmd into a recA positive strain of E col.i h as. MG1655
P Kanamycin (50 pg/ml) +pGlucose (0.2%) and grow overn?ght at( 33’}%& shail )

9. Dilute the overnight culture 1:10,000 in the same media and grow an additional 16-24
hours at 37°C. |

10.  (Counter selection step) Dilute 10 ul of the culture into 1 ml 1xM9 minimal salts (to
minimize growth rate). Split this into two tubes of 0.5 ml each. To one add Arabinose to
0.2% and to the other add Glucose to 0.2% (to serve as a negative control). Grow 1-2
hours at 37°C with shaking.

11.  Plate 10 pl of the Arabinose tube onto LB + Kanamycin (50 pg/ml) + Arabinose (0.2%)
and 10 pl of the Glucose tube onto LB + Chloramphenicol (25 pg/ml) + Kanamycin (50
pg/ml) + Glucose (0.2%). Grow overnight at 37°C.

12. (Screen for mutant) Perform step 9 of the primary protocol.



Qutgrow for 1 hour in LB + 1 gg/m cTc. Plate a portion of the outgrowth on
plates containing Camand 1 gg/m cTc. Gow overnight at 37C. 6. Pick a
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7. Streak a colony on a Camplate to ¥e sure that every cell present
contains the integrated plasmd. G ow overnight at 37C. 8. Pick a col ony
into 1 mM LB and plate 100 gl of a 1:100 dilution on plates containing 5
gg/m  cTc. Gow overnight at 37C. WO 03/070880 PCT/US03/01800 28 9.
(Screen for mutant) Only a fraction of the countersel ected colonies wll
contain the desired nodification and the others will be reversions to wt.
The proportion of nmutant to revertamxAmPIESdepend on the | ocation of the
nodi fication in the cloned fragnent. Sonme kind of screen nust be perforned
to idelﬁlwl}@;i he desired nutant. For the production of Anber nmutants, the
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Co- transfornlt e insert-carr | | nt erl ock %Iasnld and pBAD-Scel into a
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PBAD- Sqﬁdo)lpsc% -AdtbviditredA TP RN GDkitd, OTIwd/ I cePélfts KA iamppbsitet @reefon)/ M .
G ow for 2 hours at 37C with shaki ng. 7. Pellet the cells in a

m cr ocdf097]f uge Tlow pBADy@qcp)thed;mld msmm fohenhapdng recopbinssivaof linea DNA-
(I'ntegrati on step) Resus dt lIs in 1 m LB + ranpheni col . (25
G0 ) RS b S SO Ty PR e speso Mg b og i g B3
shaki n e overnight culture 1:10,000 in the sane nedia and

gr ow a%%%ﬁﬂ%ggﬁ)g?g 24 hours at 37C. 10. (Counter selection step) D lute

10 | of[0e983 cul t’ﬂh@PKSU@lJplmdmﬁb(@BnMrﬂtiAn@essi@i ]Ns AF41)27ﬂ‘D))if<m' expragsiapfiscel,
rate) Spljt, this into two tubes of 0 _one_add Arabi nose to

. 2% aﬁ’iﬂastdﬁnf’% PG Kl (@if&bgee't% d. @‘%"(”f‘& ls7é’r %2% 428 (@gaY @9 control ).
Gf oW 1-2rcf1S Bbstai! 6. W HN MBAKIRE Res. 27: 4409-4415 (1999)). The Xbal-Not! fragment

(carries the Kan gene; the Notl end was blunted by Klenow polymerase) of pSG76-K was ligated
to the Xbal-Dral fragment (carries the I-Scel gene and the pUC ori) of pUC19RP12.

[0099] The pKSUCS plasmid for tetracycline-regulated expression of I-Scel was derived
from pFT-K (Posfai, G. et al., J. Bacteriol. 179: 4426-4428 (1997)) and pKSUC1. The large
Xbal-Ncol fragment of pKSUC1 was ligated to the Xbal-Ncol fragment of pFT-K carrying the tet
Iepressor.

[00100] The PKDA46 plasmid for enhancing recombination of linear DNA-fragments into the
genome was described in Datsenko, K.A. et al., Proc. Natl. Acad. Sci. 97:6640-6649 (2000).
[00101] The plasmid pSTKST (GenBank Accession No. AF406953) is a low copy number
Kan® plasmid for chlortetracycline-regulated expression of I-Scel, derived from pFT-K (Posfai, G.
et al., J. Bacteriol. 179: 4426-4428 (1997)) and pUC19RP12 (Posfai, G. et al., Nucl. Acids Res.
27: 4409-4415 (1999)). The Xbal-Pstl fragment from pUC19RP12, carrying the I-Scel gene, was
ligated to the large Xbal-Pst] fragment of pFT-K. This plasmid expresses I-Scel when induced by
chlortetracycline. Replication of the plasmid is temperature-sensitive (Posfai, G. et al., J.

Bacteriol. 179: 4426-4428 (1997)).

The plasmid pSTAST, a low copy number Ap® plasmid for chlortetracycline-regulated expression
of I-Scel, was derived from pFT-A (Posfai, G. et al., J. Bacteriol. 179: 4426-4428 (1997)) and
pUC19RP12 (Posfai, G. et al., Nucl. Acids Res. 27: 4409-4415 (1999)). The Xbal-Pstl fragment



f the Arabinose tube onto LB + Kanamycin (50 g/nl) +
,%\rlébiplngtsg (18 |20/§ and 10 Al of the d ucose tube onto LB + Chl prarrphen|3(7:(cj:l
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i nduce agyent. his was done by taking the target cell carrying pBADafy and preparing
electrocompetent cells as described (Posfai, G. et al., Nucl. Acids Res. 27: 4409-4415 (1999)),
except that 0.1% arabinose was added to the culture 0.25 - 1 hour before harvesting the cells. 4 pl
of DNA fragments (100-200 ng) were electroporated into 40 pl of electrocompetent cells. The
cells were plated on Cam plates (25 pg cam/ml) and incubated at 37°C. The usual result was to
obtain a total of 10 to several hundred colonies after overnight incubation. A few colonies were
checked for correct site insertion of the fragment by PCR using primers D and E.
[00104] Next was the deletion of the inserted sequences. This was done by prepéring
competent cells derived from a selected colony from above by the CaCl, method (Sambrook, J. et
al., Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY (1989)). The plasmid pKSUC1 (~100 ng) was transformed into the cells by standard
procedures (Sambrook, J. et al., Molecular Cloning: A Laboratory Manual. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY (1989)). The cells were plated on Kan plates and
incubated at 37°C (pKSUC1 and PBADafy are incompatible, thus selection on Kan eliminates
pBADoBy from the cells). The colonies were checked for correct deletion by PCR using primers

D and E. A colony was selected carrying the correct deletion. At this point, the cells carried
pKSUCI. The next step is to delete this plasmid.



chlortetracycline. Replication of the plasmd is tenperature-sensitive
(Posfai, G et al., J. Bacteriol. 179: 4426-4428 (1997)). The plasm d
pSTAST, awbaoworuspy nunber APR plasm d for chlortetracycli meTrisgabsoed
expression of I-Scel, was derived fr¥dm pFT-A (Posfai, G et al., J.
Bacteriol. 179: 4426-4428 (1997)) and pUCL9RP12 (Posfai, G et al., Nucl.
Acids Res. 27: 4409-4415 (1999)). The Xbal -Pstl fragnment WO 03/070880

PCT/ US03/ 01800 30 from pUC 19RP 12, carrying the | - Scel gene, was |igated

to th_e Gﬁcgﬁ Xba e{let{on%ggg th?oug I%]f-lr rA érrplé p dpil] asﬁp%%?ﬁio%ﬂyl. -lé cel

when in by c racyc T ne. £70R 0
t enper agdl6®r £6&Mhd piv fE) & ﬁsﬂ%elec@d Wfil' in ,LB] at ﬁagtlﬁﬂéﬂionsélg&we%ﬁﬁnéﬁ@S
(1997)). Del etion Procedure [001 Thi s describes the process used to

r epeat emr;ocwhnég tl@l cstls ore fieslomeditem 3é tioms. Glonmeteng e¢lls were preperedgoneitheedur e

of a 1o AogH AR e ByppaRe T Th P e RO A T Rl of

pri mer @ansmrhﬁd%&oﬁﬂ@éorﬂﬁét@fﬁrcel% wﬁfEH\xFé% Bfe@‘oﬂ%ﬁgldtéb %E&B WhRhUOR 104n 50
| . The cycle paraneters =~ used were 15x(94C 40sec/57C or omer (dependi ng on

t he ovesdnaipivefAndp escitaB) wad seﬂ@dtéle@ toﬁ;ﬂ‘@mk)ng atendied cadbniehen K@Rami Ammdms
were taken, added_ to 20 of priners A and C ng
pSG76- cﬁ%Aﬂ@ per &P Pﬂloay Gt laﬁr%seefn 9%@6 ravmf @éﬂg@wn ymﬁ%sa n%@f&%g

t ubes

28 94 HIRER PR BN AP ERF AR o o mRCuciioh aRACIR, BISyHE B RS S
step, Pherselgeatin coadidioRCtho Auhpiif bddid) fRukd in tli@§pdm5eﬁﬁousnb$ 6i§ﬂ3A]Ddx fraﬁiﬂa
fragment was suspended in 20 gl water. [00103] Next was the repl acerrent of
a genoniaegerfeagtion opiheicgHertion of the artificial DNA- fragnent. This was
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el ect r odoalpteineocairlid 2 as descri bed (Posfai, G et al., Nucl. Acids Res.
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[00109] To delete the inserted sequences competent cells are prepared from a culture derived

from a selected colony harboring the right insertion. Cells are transformed by pSTKST , plated on
Kan+Cam plates and incubated at 30°C. A colony from this plate is inoculated into 10 ml of
LB+Kan supplemented with heat-treated inducer CTC (25 pg/ml final concentration) and grown at
30°C for 24 hours. This step serves induction of the expression of I-Scel. Dilutions of the culture
are then spread on LB+Kan plates and incubated overnight at 30°C. 6-12 colonies were checked
for correct deletion by PCR using primers D and E. A colony was selected carrying the correct
deletion.

[00110] To eliminate the helper plasmids from the cell, the culture is grown at 42°C in LB
(no antibiotics added).

Procedure 3
[00111] Since pBADofy and pSTKST carry compatible replicons, repeated transformations
of the plasmids are not required when consecutive deletions are made in the same host. The two

plasmids are maintained in the host cell throughout consecutive deletion constructions by



Har bor, NY (1989)). The plasm d pKSUCL (100 ng) was transforned into the
cells by standard procedures (Sanbrook, J. et al., Mlecular Coning: A
Labor at oryoNManumBe Col d Spring Harbor Laboratory Press, EoradiSgpoisny

Har bor, NY (1989)). The cells were pl®ted on Kan plates and i ncubated at
37C (pKSUCI and pBADa(3y are inconpatible, thus selection on Kan elim nates
pBADa(3y fromthe cells). The colonies were checked for correct deletion by
PCR using priners D and E. A colony was selected carrying the correct
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delete this plasmd. WO 03/070880 PCT/US03/01800 31 [00105] This del etion
i s don®henpessgh. binec reppraivarnd nb TES ToKBuIeraiinetsepBAaDa (c8Ys mpust hegrowy af 3@, t he

et nocTifizhe« niGEburek Sehedio Bulieaitr 2. SReprue Piehgtt it pSERPL widr o
pr epar ggndform & ihitehe c@lhgxg[&%ﬁ&e, Lh@NSHIGh AR ch et b@ih%%}srnﬂﬁg’ frfdht 9@1% isldéla 'r%d,

pl asm d pBADa(3y (100-2 ng) was transfornmed into the conpeten
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del eti R RYRYSI dargeting fragnent and repeating the steps above.
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conditi ng Anp i s added) results in the spontaneous | oss of pBADa(3y
from a?&’rr%g—%ggfracti on of the cells. Deletion Procedure 2 [00107] This

procedy(a1Bp Si MHials thOpRIQRAGERIIre With R¥ebnk&utie®actshsye RDKRIde ihhi S
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over ni §lis aae tragrformgrdity the plaamids opbr & thaegiang of the first deletion construction.

[00114] Technically the procedure is identical to Procedure 2, except that individual

insertions are transferred by P1 transduction to the deletion strain already harboring pSTKST.

After each P1 transduction step, I-Scel expression is induced to remove the inserted sequences.

Results

[00115] Twelve consecutive genomic deletions have been made from E. coli strain K-12
MG1655. The twelve deleted regions were selected for deletion, in part, as a result of comparison
of the genomic DNA sequences of E. coli strain O157:H7 EDL933 and strain K-12 MG1655. The
deletions are listed on Table 1 below. The sequence numbering is taken from the published K-12
sequence.

[00116] The first deletion MD1 was made using the method described in Posfai, G. et al.,
Nucl. Acids Res. 27: 4409-4415 (1999). Using this method for creating MD1 deletion left a 114-
bp pSG76-CS vector sequence, including a FRT site, in the chromosome at the site of deletion.
MD2 through MD6 deletions were made using Procedure 1 described above. Deletions MD7

through MD12 were created using a combination of Procedure 4 and Procedure 1 or 2. Strain



for correct deletion by PCR using priners D and E. A colony was sel ected
carrying the correct deletion. [00110] To elimnate the hel per plasmds
fromthe welB/o7asBe culture is grown at 42C in LB (no antiPoiratSoeeisedded) .
Procedure 3 [00111] Since pBADa(3y am# pSTKST carry conpatible replicons,
repeated transformations of the plasm ds are not required when consecutive
del etions are nmade in the sanme host. The two plasmds are nmaintained in
t he host cell throughout consecutive deletion constructions by WO 03/070880
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particular genomic locus. Correct-site insertion occurred in 1-100% (normally 20-100%) of the
colonies. Flanking homologies in the range of 42 to 74 bp were used. Longer homologies give
better insertion efficiencies. Correct-site excision between the duplicated sequences occurred in
1-100% (normally 10-100%) of the colonies and depended on the length of the duplicated region.
Longer duplications are usually more effective. Length of the duplicated sequences was in the
range of 42 to 50 bp. Variations in the efficiencies of insertion and excision existed between
seemingly identically repeated experiments and are not fully understood yet.
[00120] Procedure 3 was tested by re-creating deletion MD2. Correct-site insertion of the
linear DNA-fragment occurred in 6.6 % of the colonies. Deletion of the inserted sequence was
very efficient. Twenty-five resulting colonies were replica plated on Cam-+Amp+Kan and
Amp+Kan plates, and 19 of them proved to be Cam sensitive. Five of these colonies were then
tested by PCR, and all 5 showed the predicted loss of the inserted sequence.
[00121] Table 8 and Table 9 show a more precise description of the deletion endpoints of
genes that have been or will be deleted from the landmark. E. coli strains MDS12, MDS40 and
MDS?73 (Tables 8 and 9) are the endpoints of the deletions for intermediate strains that were used
to construct the landmark strains. The genes listed in Table 9 identified by “b” numbers and are



M51655. The twel ve del eted regions were selected for deletion, in part, as
a result of conparison of the genomi c DNA sequences of E. coli strain
0157: H7 BRDI3B7@sE strain K-12 MGL655. The del etions arePCirdisestosn Tabl e 1
bel ow. The sequence nunbering is take# fromthe published K-12 sequence.
[00116] The first deletion MD 1 was made using the nethod described in
Posfai, G et al., Nucl. Acids Res. 27: 4409-4415 (1999). Using this

met hod for creating MDL deletion left a 114- bp pSGr6-CS vector sequence,
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t hrough MD6 del eti ons were made using Procedure 1 described above.
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duplicated region. Longer duplications are usually nore effective. Length
of the pﬁugs st washed geiand dinesasith watehand finally resuspended in water (at 1/1000 of the

original culture volume). 25ng of either pBR322 DNA or methylafed BAC DNA or unmethylated
BAC DNA was added to 100 pl of the cell suspension and subjected to electroporation using
standard electroporation protocol, e.g., 1.8 kV and resistance of 150 ohms in a 0.1 cm
electroporation cuvette using an Invitrogen Electroporator II™ device. BAC DNA methylated at
the EcoK sites and pBR322 DNA were prepared in E. coli strain MG1655 using standard
protocols. Unmethylated BAC DNA was prepared in E. coli strain DH10B.

[00125] Table 3 shows that both strains, MDS31 and MDS39, are efficiently transformed by
pBR322 DNA with molecular weight of 4,363 base pairs and by methylated BAC DNA with
molecular weight ’of 100,000 base pairs. The efficiencies of transformation with methylated BAC
DNA for strains MDS31 and MDS39 are comparable with the efficiency of transformation for
strain DH10B which is currently regarded as one of the strains with the best transformation
efficiency.

[00126] When transformed with unmethylated BAC DNA, the efficiency of transformation
for strain MDS39 was higher than the efficiency of transformation for strain DH10B (Table 3),



range of 42 to 50 bp. Variations in the efficiencies of insertion and

exci sion exi sted between seemngly identically repeated experinents and
are not fwblog/ounsser st ood yet. [00120] Procedure 3 was testPed/usy3/omocr eati ng
del etion MD2. Correct-site insertion 3¥f the |inear DNA-fragnent occurred
in 6.6 %of the colonies. Deletion of the inserted sequence was very
efficient. Twenty-five resulting colonies were replica plated on
Cam+rAnp+Kan and Anp+Kan plates, and 19 of them proved to be Cam sensitive.

Fi ve ofyhilbesecfaiokas Fravefoemh R or besih &UDBY] ReRIovanthedlthe SihawRd of he
predicted | oss of the inserted sequence. [00121] Table 8 and Table 9 show a

nor e pré‘%ﬁf@@IB@QQé@f beith sfraing Nﬂ)fe”cﬁéﬂldéﬂlﬂﬂB efbiplovnetEicishcy qﬁatrﬁesfon'mg‘tlom@le been

|l fr t VDS I\/DS40
vos73 pran eSS & Ter 88 bl BT HS pate PN AG 48155k RSston 1t B ABBPat o
st r ai NBedalidd VIBH3E lyﬁe*tiif gtﬁanp%ﬁlfemq{sﬁah?s HANGEBAKMIDS I 48 rmf Bgaigenes |isted
in Table 9 identified by "b" nunbers and are WO 03/ 070880 PCT/ US03/ 01800

34 basHW1adW t he diereghwoikomgh é@SlﬂJEGVcaiecBlhapbmle ptesalce,of Seesdicd jnsstjona and

i n GenBank ssion No. . 4000 nuirber able 8 is al so_based on
Bl at t n%?qu@i‘ce;[ggl% EFﬂP&““@P&P%E?‘b%%gt i%ﬂrdg; forgef 1%%31’3#&8‘?9?5 delefing ef or mat i on
Fr equeaaytlxl;&é)ﬁa&%gshdén% 18 Seqflefder il S11H 939, f&re@l%éa@sc QPRI Sy e'd%a

genone of coli deleted strains in a way t ost acterl a ceI

wi |1 ntestqiance. fheientpgntatod theidietaas iﬂMDSiiO\ardstraamhn Tbdes.8 a'ﬁld@ priecess of
host genone is calle

exogenous, .DNA i n tion into terial
transf EﬁsHlélpgéﬁalaﬁ\éngé 25 S 16 %aﬂtsaan%sz@g@éwaﬁfemaaqi groygh Plé'«aactensﬂcs

t r ansf loes odlrg@S@ SBB bel ereis need in the art for E. coli strains with
hi gh e@icﬁ?néy o tra%é’w;rrratuon [00123] E. coli strain MDS39 was

constr [m)tl‘es{] by neklecigopafatibel @hipet Caprayprapuridyas dd<ribed af the hevigegame) in
parental E. coli_strain M31655 and was found to be efficiently transforned

by el eEterBpRrrar vl @mﬁfb’hagﬂ@f@l%ﬁk‘,ﬁ?’ Vs R & @Pmt Snthen eellrdueret o
| nt akey ?d %ﬁé&%gé?on%% v@f@ﬁ? R{lc@ n 106 tc%lld'vga*tgtj an,[%rn?gpn gg%gld%% gf"y@er%p

makes t particularly va he “w de ran

appl i cay rape&ed b&RARGhtiFivatEsispéRipnt AansffHaEtp e c%flfp'eﬁbtﬁmysug\elﬁﬁed 00,4 ml
strain I\/D839 in harbori ngoand stably maintai ni ng exogenous , three

st r ai n$9% e, Ninugtedan 40 wbestionkrd Hersdat B9der st andard growth
con ot o, °P b SRR g el AR Sl MR B
resuspgdevi hdvark8ttah@ ofl/5H@06h £0. 110 cleird Bt R &HEtTté‘ﬁs@ng’ e B ropéraftg 1P
ei ther pBR322 DNA or nethyl ated BAC DNA or unnet hyl at ed
device (Invitrogen). Cells were then diluted with 1 m1 LB, incubated in a shaker for 1 h, and plated
on selective medium.
[00130] Several experiments were done, results may vary by an order of magnitude. The
average of 2 typical, independent experiments (2 parallels each) are shown in Table 5.
[00131] Transformation efficiencies for MG1655, MDS40 and DH10B used chemical
transformation methods were also used. Competent cells were prepared by a simple method. A
50-ml culture was chilled and harvested by centrifugation at ODss50=0.4, then washed twice with
1/20 volume of ice-cold CaCl® solution (10 mM Tris pH 7.5, 15% glycerol, 60 mM CaCl2) with
repeated centrifugation and suspension. Cells were then incubated on ice for 1 h, aliquoted in 200-
pl portions and stored at -80°C.
[00132] For transformation, cells were typically mixed with 100 ng plasmid DNA,
incubated on ice for 30 min, heat-shocked at 42 °C for 2 min, then 0.8 ml LB was added. Cells
were incubated at 37 °C for 0.5-1'h, then dilutions were plated on selective medium. Results are

shown in Table 6.



BAC DNA was added to 100 gl of the cell suspension and subjected to

el ectroporation using standard el ectroporation protocol, e.g., 1.8 kV and
resi st ancwoaB/01B80 ohns in a 0.1 cm el ectroporati on cuvet PETUSOIIYISHN

I nvitrogen El ectroporator I1TM device3¢6 BAC DNA net hyl ated at the EcoK
sites and pBR322 DNA were prepared in E. coli strain M3Gl655 using standard
protocol s. Unnet hyl ated BAG DNA was prepared in E. coli strain DH OB.

[ 00125] Table 3 shows that both strains, MDS31 and MDS39, are efficiently
transf 2 DNA with nol ecul ar wei ght of 4,363 base pairs and by
nethylg;rgEﬁl rzwtggﬁ%lgth nol ecul ar wei ght of 100, 000 base pairs. The
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sequenchkw aoohthSBE thphaeelithskes descri bed herein were used to delete the

sequence,. The endpaints of the deletions in S40 are.strains in Tables 8
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at -80C. [00129] The cells were typically electroporated with 10-100 ng
quantities of plasmd DNA at 1.8 kV and a resistance of 150 Qin a 0.1-cm

el ectroporation cuvette using the El ectroporator |



device (Invitrogen). Cells were then diluted wth 1 m LB, incubated in a
shaker for 1 h, and plated on selective nedium [00130] Severa
experi merwe oaoressaone, results may vary by an order of na@oirtusd®o1sthe
average of 2 typical, independent exp¥rinments (2 parallels each) are shown
in Table 5. [00131] Transformation efficiencies for M3L655, MDS40 and DH OB
used chem cal transformation nethods were al so used. Conpetent cells were
prepared by a sinple method. A 50-m culture was chilled and harvested by
centrifugation at 0OD550=0.4, then washed twice with 1/20 volune of
ice-cold CaCl2 solution (10 MM Tris pH 7.5, 15% gl ycerol, 60 mM CaCl2) with
repeated centrifugation and suspension. Cells were then incubated on ice
for 1 h, aliquoted in 200- | portions and stored at -80C. [00132] For
transformation, cells mere typlcally nlxed with 100 ng plasm d DNA
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37 =4 CL Il Lf) cdbvuUud 0C 0 ry~ COONddiIi 't Cr 0Lt) a)
cam T- MNco Or NI- NLOTr | O*k COr r*r I NT- 1" M A* * d)
tk V1 a Wo-08/07@880 a 'a "O -0 -0 "O"O"OL CCCCC C C ecvuSosnisen U)
"'T'Ta YYYYYYYYYYYY 383-a-a0 0-0-0-0-0.0-0 aHcccec
ccccccccec WW1O0Qr) COCOMO Ol NLO rr LG COOMCOI™ N
Mti CO Md d COOMMLC MO r LC) Or NNNMNr- f Nr O COCON
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ONNco Nt NO co 00 Or N COd LIt LONOOaO NMr mO r
O L) 00N O N O O SheOND et @cb&?ﬂﬁﬁ% fPrafiod L) LO - GO 00
) T I’18186 eletions (3)
keep dnaJ 14168,15298 (+)
*delete GP1 15388,20563 IS186, gef, nhaAR, IS1
[IS186 15388,16730]
[1S1 19796,20563]
keep rpsT 20815,21078 (-)
keep pheP 601182,602558 (+)
*delete GP2  602639,608573 ybdG, nfnB, ubdF, ybdJ, ybdK, IS186
{IS186 607231,608573]
keep entD 608682,609311 (-)
keep glk 2506481,2507446 (-)
*delete GP3  2507650,2515969 b2389, b2390, b2391, b2392, nupC, IS186, yfeA
[1S186 2512294,2513636]
keep alaX 2516061,2516136 (-)

IS2 deletions (3 not already deleted)

yaiY, yaiZ

Keep yaiN

*delete GP4
[1S2

keep hemB

*delete GP5

[1S3
keep dd1A

keep ygeK

*delete GP6
[1S2

keep glyU

keep ribB

*delete GP7
[1S2

keep glgS

378830,379126 (-)

379293,387870 yaiO, b0359, IS2, b0362, yaiP, yaiS, tauABCD
380484,381814]

387977,388984 (-)

389121,399029 b0370, yaiT, IS3, yaiU, yaiV, ampH, sbmA, yaiw,

390933,392190]
399053,400147 (-)

2992482,2992928 (-)

2992959,2996892 b2856, b2857, b2858, b2859, IS2, b2862, b2863
2994383,2995713]

2997006,2997079 (-)

3181829,3182482 (-)
3182796,3189712 b3042, ygil, 1S2, yqiGHI (fimbral locus)
3184112,3185442]

3189755,3189955 (-)

IS5 deletions (6 not already deleted)

keep ybel
*delete GP8
keep Int

686062,686970 (-)
687074,688268 IS5
688566,690104 (-)
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NCOC®d d d) C
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L) COI° OO O Qeeptpd 1386329,13%¥3833/(070880 PCT/ US03/ 01800 38 TABLE 2

SECOND SET OF coma OELEHIDS 1

14168, 1 *dglégéti%@laljwss 2%%36%@?5'@ geﬁ g}%?iz }(%aAR%RS%%11 ’fl 8L 153
88, 1673(5)%&2%% S1 19796, 20563] 815 21078 (-) keep pheP

601182, 602558 (+) “erel et e 9% g 3 ybdG nfnB, ubdF, ybdJ, ybdk,
IS 186 {1S186 6 ?@% 608573 8682, 609311 (-) keep glk
2506481, 2507446 (-

eep gnd 2097884,2099290 (-)
*delete GP10  2099418,2135739 IS5 plus entire O Antigen and Colanic Acid
clusters
[IS5 2099771,2100965]
keep yegH 2135858,2137507 (%)
keep proL 2284231,2284307 (+)
*delete GP11  2284410,2288200 yejO and IS5
[IS5 2286939,2288133]
keep narP 2288520,2289167 (+)
keep gltF3358811,3359575 (+)
*delete GP12  3359747,3365277 IS5 plus yhc ADEF (K-island)
[IS5 3363191,3364385]
keep yheG 3365462,3366589 (+)
keep arsC 3647867,3648292 (+)
*delete GP13  3648921,3651343 yhis and IS5
(IS5 3640666,3650860]
keep slp 3651558,3652157 (+)
flagella
Region I
keep mviN 1127062,1128597 (+)
*delete GP14  1128637,1140209 flgAMN flgBCDEFGHIJKL
keep me 1140405,1143590 (-)
Region II

keep yecT 1959975,1960484 (+)
*delete GP15  1960605,1977294 flh, che, mot, tap, tar, IS1
keep yecG 1977777,1978205 (+)

Regions Ila and IITb try deleting both in one action
keep sdiA 1994133,1994855 (-)
*delete Gpl6  1995085,2021700 fli, plus amyA, yec and yed ORFs
keep rcsA 2021990,2022613 (+)



*del ete GP3 2507650, 2515969 b2389, b2390, b2391, b2392,
[1S186 2512294, 2513636] keep al aX 2516061, 2516136 (-)

nupC, 1S186, yfeA
| S2 del etions (3 not

al ready dwbesedssiKeep yai N 378830, 379126 (-) *del ete GP4 3CIAGB3/BBIB70

yai O b03509,

1'S2, b0362, yai P, yaiS, 4%auABCD (
387977, 388984 (-) *del ete” GP5 389121, 399029 b0370, yaiT,

| S3, yai U, yaiV,

ai npH, sbmA, yaiw, vyaiY, yaiZ [IS3 390933, 392190] keep ddl A 399053, 400147
(-) keep_ygeK 2992482,2992928 (-) *delete GP6 2992959, 2996892 b2856, 5
b2857, bAAF8gioR2859, |S2, b2862 b28b3 [Ibz 29924383, 2995713 Keep utyyu
2997006, 2997079 (i) %@@p r| ;g& q 482 (-) *delete GP7

3182796, 3189712 h%g% Qﬁ?é I Ogrés()& [1.S2 .
3184112, 3185442] kee gS 3 sJBHENE%nHBtH

al ready del et ed)
keep | nt

- *del ete GP8 687074, 688268 | S5
688566 690104 (- ) WO 03/ 070880 PCT/ US03/ 01800 39 keep tpx

1386329;&m£ﬁaﬁaﬁg ) *delete GP9 1386912, 1396646 yc] G ycjT,
aeybbP ydalss 19650,524324@H8, 1395262]

nppA, ynal, 1S5,

yc] Y, ycglZ,
keep fur

1396798, 13 97550 (*‘d%letek@PpS g @2@@9 ) 63518 3RPAObnt)s. associated ORFs

keep ybbB

keep ybfA
*delete GP19
keep ybgA

keep yncH
*delete GP20
keep nhoA

keep nikR |
*delete GP21

529356,530450 (-)

728357,728563 (+)
728616,738185 RhsC element & associated ORFs
738224,738733 (+)

1524964,1525176 (+)
1525914,1531648 RhsE element & associated ORFs
1532048,1532893 (+)

3616219,361662 (+)
3616623,3623309 RhsB element & associated ORFs #

may need to leave something here to separate converging ORFs?

keep yhh]

keep yibF
*delete GP22
keep yibH

3623310,3624437 (-)

3758974,3759582 (-)
3759620,3767868 RhsA element & associated ORFs
3767870,3769006 (-)

the rest of the IS elements

keep appA

*delete GP23
[1S1

keep cspH

keep phoH

*delete GP24
[1S3

keep serX

keep baeR

*delete GP25
[IS3

keep fbaB

1039840,1041138 (+)
1041253,1049768 yceZYC (EPS), ymeDCBA (EPS?), IS1
1049001,1049768]

1050186,1050398 (-)

1084215,1085279 (+)

1085329,1096603 ycdSRQPT (hms homologues), IS3, ymdE, ycdU
1093468,1094725]

1096788,1096875 (-)

2162298,216302 (+)

2163172,2175230 P2 remnant, IS3, gat operon
2168193,2169450]

2175532,2176656 (-)

[1S2 380484, 381814] keep henB



*del ete GP10 2099418, 2135739 1S5 plus entire O Antigen and Col anic Acid
clusters [I1S5 2099771, 2100965] keep yegH 2135858, 2137507 (+) keep prolL
2284231, 2284307080-) *del ete GP 11 2284410, 2288200 yej O anaCir&so03/)18@b
2286939, 2288133] keep nar P 2288520, 2889167 (+) keep gl t F3358811, 3359575
(+) *delete GP12 3359747, 3365277 1S5 plus yhcADEF (K-island) [IS5

3363191, 3364385] keep yhcG 3365462, 3366589 (+) keep arsC 3647867, 3648292
(+) *del ete GP13keeggX, 3653334399,B578486¢-)l S5 (| S5 3640666, 3650860] keep
si p 3651558, 3652 187lefetP24 agii78a69,R6809600 yhh KEES 1MyinNBL127062, 1128597 ( +)
*del ete GP14 11284851 113632080 8504y f | gBCDEFGHI J keep me 1140405, 1143590

(-) Region II keqt@eﬁ/%ggﬁ%ggg%hg@ _384 (+) *delete GP 15 1960605, 1977294
flh, che, not, tap, tar, IST eep yecG 1977777,1978205 (+) Regions Illa

and Il1b try deletin ot h 5417195‘/38 ]tj BQ keep sdi A 1994133, 1994855 (-)
*del ete G316 199 éﬁt 07%7” ? 8 A, yec and yed' ORFs keep rcsA
2021990, 2022613 ()¢ I 0 é§66%gﬁ/9t71% 0800 40 hsd region
[1S150 3718262,3719704]

keep glyS 3719957,3722026 (-)



keep uxuR 4552145, 4552918 (+) *del ete GP17 4553059, 4594581 yji ORFS, plus
ncr BCD, hsdRMS, nrr, tsr keep ndoB 4594719, 4596971 (-) Rhs el enents keep
ybbP 5196w0,032288¢ (+) *del ete GP18 522062, 529348 RhsD el ecgniso®omssoci at ed
ORFs keep ybbB 529356, 530450 (-) keef2 ybf A 728357, 728563 (+) *delete GP19
728616, 738185 RhsC el enment & associ ated ORFs keep ybgA 738224, 738733 (+)
keep yncH 1524964, 1525176 (+) *del ete GP20 1525914, 1531648 RhsE el ement &
associ ated ORFs keep nhoA 1532048, 1532893 (+) keep ni kR 3616219, 361662 (+)
*del ete GP21 3616623, 3623309 RhsB el enent & associated ORFs # nay need to
| eave sonmething here to separate coni glng ORFs? keep yhhJ

3623310, 3624437 (-) keep yi bF 375897 2J9 39582 (-) *delete GP22

3759620, 3767868 RhsA el enment & associated ORFs keep yi bH 3767870, 3769006
(-) the rest of the IS el enents keep appA 1039840, 1041138 (+) *del ete GP23

68]
coop_oapt oo ey oL e b B s DD S 3 DS 3 RS oo

1085329, 1096603 ycdSRQPT (hns honol ogu¢s), 1S3, yndE, ygdU [TS3
1093468, 1094725] keep [ser X 1096788, 1096875 (-) keep bapR 2162298, 216302
(+) *delete GP25 2163172, 21 3RBIB P2 remant , Mi3$31 gat operon pMp3
193, 2169450
2168 ] (transformants per (transformants per (transformants per
microgram DNA) microgram DNA) microgram DNA)
pBR322 2X10° 2.2X108 2.7X10°8
Methylated BAC 2X10° 0.6X10° 1.2X106
Unmethylated BAC 1.8X10° 4.0X10° 3.0X10°
Table 4
Deleted Periplasmic Protein Genes
Deletion | Gene, b# | MR Gene MR Gene Product
GP16 b1920 fliy cysteine transport protein (ABC superfamily, peri_bind)
GP16 bl1919 yedO D-cysteine desulfhydrase, PLP-dependent
GP2 b0578 nfnB dihydropteridine reductase, 02-sensitive NAD(P)H reductase
GP4 b0365 tauA taurine transport protein (ABC superfamily, peri_bind)
GP9 b1329 mppA periplasmic murein tripeptide transport protein; negative
regulator of antibacterial resistance
MD?2 b1386 tynA copper amine oxidase (tyramine oxidase)
MD6 b3338 chiA endochitinase, periplasmic
MD9 b4316 fimC periplasmic chaperone required for type 1 fimbrae
MD9 b4290 fecB KpLE2 phage-like element; citrate dependent Fe(III) transport
protein (ABC superfamily, peri_bind)
GP7 b3047 yqiH putative periplasmic chaperone
MD1 b0282 yagP putative periplasmic regulator
GP12 b3215 yhcA putative pqriplasmic chaperone




keep fbaB 2175532, 2176656 (-) WD 03/070880 PCT/ US03/01800 41 keep yhhX
3577399, 3578436 (-) *delete GP26 3578769, 3582674 yhhYZ, 1S1, yrhAB [IS 1
3581059, 3&B13AGIsskeep ggt 3582712, 3584454 (-) keep cspA 3PLTARB3/BRINVEO0 (+)
*del ete GP27 3718262,3719704 1S 150 431 S 150 3718262, 3719704] keep glyS
3719957, 3722026 (-) WD 03/070880 PCT/ US03/01800 42 Table 3 Transformation
Efficiencies for E. coli Strains MDS31, MDS39 and DH1IOB DH1IOB MDS31 MDS39
(transformants per (transformants per (transformants per m crogram DNA)

m crogram DNA) m crogram DNA) pBR322 2X108 2.2X108 2. 7X108 Methyl ated BAC
2X106 0. 6X106 1.2X106 Unnethyl ated Bdfle 5. 8X106 4. 0X103 3.0X106 Table 4
Del eted Periplasmc Protein Genes Deletion Gene, b# MR Gene MR Cene
Product GP16 b1920 flit cysteine transport protein (ABC su erfam | , peri
bind GP16 b191%Tmedfrimaeh Bifieicirass FowAT a68.SAiRs MUEIESS IMBR4 (P AAdS
nfnB di hydropteridine reductase, 02-sensitive NAD(P)H reductase GP4 b0365
tauA taurine transport protein (ABCDH]1eE am | , peri bind) GP9 bl329 nppA
periplasmc nmurein tripeptide transport protein; negative regulator of
anti bacterial resistance MD2 b1386 tynA copper am ne oxi dase (tyram ne

oxi dase) MD6 b3338 chi A endochitinase, periplasmc

DH10B MG1655 MDS40
(transformants per (transformants per (transformants per
microgram) microgram) microgram)
pUC19 1.3X10° 2.9X10° 1.3X10°
BAC 8.8X10° 3X10° 6.5X10°
Table 6

Transformation Efficiencies for E. coli Strains MG1655, MDS40 and DH10B

DH10B MG1655 MDS40

(transformants per (transformants per (transformants per
microgram) microgram) micrograimn)
pUCI19 45X10° 3.7X10* 1.6X10*




MDO b4316 finC eri lasm c chaperone re uired for type 1 finbrae MO b4290
fecB KpLE2 phage-like elenent; citrate dependent Fe(lll) transport protein
(ABC su ewbaniotosgo peri bi nd GP7 b3047 i H putative peripl apeirasohexser one
MD1 b0282 yagP putative periplasmc r&ggulator GP 12 b3215 hcA putative
peripl asm ¢ chaperone WO 03/070880 PCT/ US03/01800 43 Table 5
Transformation Efficiencies for E. coli Strains M3655, MDS40 and DH 10B
DH10B MGL655 MDS40 (transformants per (transformants per (transformants
per mcrogram mcrogram mcrogranm pUC 19 1.3X108 2.9X108 1.3X108 BAC
8. 8X106 3X106 6.5X106 Table 6 Transfpgpm@yi on Efficiencies for E. coli
Strai ns M3L655, MDS40 and DH1OB DH10B MG1655 MDS40 (transformants per
(transformants per (transformants per mcrogram mcrogran m crogran
pUCL9 4.5X105 3. M4 1. 6XR4n WO 08V R7R880 RidldewSO3/ 0g@R o4 Table 7
Media Strain Average Std dev Max @Jupfpubling time MOPS M nimal MEL655
120.41 0.63 0.82 MOPS M ni nal MDS1 i .43 6.91 0.61 MOPS M ni mal MDS39

129.57 2.30 Q885 \WRESAM DlERissMPS4Y, 428 26 8630 0-61 45

MOPS Minimal MDS12 123.43 6.91 0.61
MOPS Minimal MDS39 129.57 2.30 0.62
MOPS Minimal MDS40 128.26 5.30 0.61

MOPS Minimal DHI0OB No growth

Rich Defined  MG1655 38.38 0.25 0.83
Rich Defined MDS12 49.05 4,05 0.84
Rich Defined MDS39 54.38 1.05 0.85
Rich Defined MDS40 51.19 1.77 0.86

Rich Defined DH10B 45.40 2.30 0.62



MOPS M ni mal DH1O0OB No growt h Rich Defined M31655 38.38 0.25 0.83 Rich
Defi ned MDS12 49.05 4.05 0.84 Rich Defined MDS39 54.38 1.05 0.85 Rich
Defi ned MDB4G/0FBSA9 1.77 0.86 Rich Defined DHLOB 45. 40 2P80/IGIHEISWD

03/ 070880 PCT/ US03/ 01800 45 Table 85MDS12 MDS40 MDS73 del |end rend

del eted del eted del eted MD1 263080 324632 del eted del eted del eted NMD2
1398351 1480278 del eted del eted del eted MD3 2556711 2563500 del eted

del eted del eted MM 2754180 2789270 del eted del eted del eted MD5 2064327
2078613 del eted del eted del eted MD6 3451565 3467490 del eted del et ed

del eted MD7 2464565 2474198 del eted del eted del eted MO8 1625542 1650785
del eted del eted del eted MD9 4494243 4744 del eted del eted del eted MD1O
3108697 3134392 del et ed del et ed del et ed I\/D11 1196360 1222299 del et ed
del et ed"efZet ed 4278MB%§?%1 dﬁ %te et ed g 5388 20562 del et ed
deleted ed6026 Zﬁi 572 4 ftghed dghet ed, 1250762402215959 del et ed
deIeteddgﬁ4337933éeﬁ§%a70 del &t-ad dehgﬁed2§85n38912258&aw29 del et ed

del et eda€RGE29930d412386890 detiededt ed dek et edsGRDP 31827987273189712 del et ed
del et edd€RB 8870885688867 del<tedd delMBbed 2@932138691?27%]96645 del et ed
de|etedd%%gﬂgd2099§§%p 33573§é1eted MD6 3451565

eleted MD7 2464565 2474198
deleted deleted deleted MD8 1625542 1650785
deleted deleted deleted MDo 4494243 4547279
deleted deleted deleted MD10 3108697 3134392
deleted deleted deleted MD11l 1196360 1222299
deleted deleted deleted MD12 564278 585331
deleted deleted GP1 15388 20562
deleted deleted GP2° 602688 608572
deleted deleted GP3 2507651 2515959
deleted deleted GP4 379334 387870
deleted deleted GP5 389122 399029
deleted deleted * GP6 2993014 2956890
deleted deleted GP7 3182797 3189712
deleted deleted GP8 687083 688267
deleted deleted GP9 1386912 1396645
deleted deleted GP10 2099418 2135738
deleted deleted GP11l 2284421 2288200
deleted deleted GP12 3359797 3365277
deleted deleted GP13 3648921 3651342
deleted deleted GP14 1128620 1140209
deleted deleted @GP15 1960590 1977353
deleted deleted GP1l6 1995135 2021700
deleted deleted GP17 4553059 4594581
deleted deleted GP18 522062 529349
deleted deleted GP1l9 728588 738185
deleted deleted GP20 1525916 1531650
deleted deleted GP21 3616623 3623310
deleted deleted GP22 3759620 3767869
deleted deleted GP23 1041254 1049768
deleted deleted GP24 1085330 1096545
deleted deleted GpP25 2163173 2175230
deleted deleted GP26 3578769 3582673
deleted deleted GP27 3718263 3718704
deleted deleted MD40 167484 173447
deleted * @GP28 331595 376535
deleted GP29 1588878 1599265
deleted GP30 3794575 3805725
deleted GP31 3886064 3904195
deleted GP32 2599182 2612802
deleted GP33 3738738 3752058
deleted GP34 4055987 4073034
deleted GP35 1349431 13648395
deleted GP36 2876582 2885242

deleted GP37 149715 156883



del eted del eted GP11 2284421 2288200 del eted del eted GP12 3359797 3365277
del et ed del et ed GP13 3648921 3651342 deleted deleted GP14 1128620 1140209
del et ed dwbhaeBes@P1l5 1960590 1977353 del et ed del et ed GP1®#CTASBILBB0R021700
del et ed del eted GP17 4553059 4594581 46del et ed del eted GP18 522062 529349
del eted del eted GP19 728588 738185 del eted del eted GP20 1525916 1531650
del et ed del eted GP21 3616623 3623310 del eted del eted GP22 3759620 3767869
del et ed del eted GP23 1041254 1049768 del eted del eted GP24 1085330 1096545
del et ed del eted GP25 2163173 214230 s debetiededlel et ed GP26 3578769 3582673
del eted del eted GP27 3718263 3719704 del eted del eted MD40 167484 173447
del et edMAE?28 3315954376535 MRfTRet ed G0 1588878 1599965 del et ed GP30
3794575 3805725 del eted 6064390419 del et %igPSZ 2599182 2612802
del eted GP33 3738738 375205§ Eﬁg etedgggb 4535987 4 del eted GP35

1349431 1364839 del eted GP8ﬁm£836592Gﬂ8852ﬁ&oedeleteﬂw@ﬂ@? 149715 156883
WD 03/070880 PCT/ US03/ 01800deUfedabl egd: ) Cosnionned) RESP20MDS40 MDS73 de

| end rend deleted gp42 4304000 4311000
deleted gp43 557000 563000
deleted gp44 764000 770000
deleted gp45 1555000 1561000
deleted gp46 2382000 2388000
deleted gp47 2447000 2453000
deleted gp48 4547600 4553000
deleted gp50 747000 752000
deleted gp51 1727000 1732000
deleted gp52 2859000 2864000
deleted gp53 4488000 4493000
deleted gp54 2520000 2524000
deleted gp55 4086000 4090000
deleted gp56 1250000 1253000
deleted gp57 1650000 1653000
deleted gp58 2186000 2189000
deleted gp59 2474000 2477000
deleted gp60 3358000 3360000

deleted gp6l 3864000 3866000



del et ed
2318063
del et ed
1555000
del et ed
1727000
del et ed
1250000
del et ed
3864000

GP38 674793 682616 deleted GP39 997082 1003880 del eted GP40
2334712 del eted gp4l 3503000 3510000 del eted gp42 4304000 4311000
owod3HFBBO0 563000 del eted gpd44 764000 770000 delcetusds/gsdd
1561000 del eted gp46 2382000#72388000 del eted gp47 2447000 2453000
gp48 4547600 4553000 deleted gpSO 747000 752000 del eted gp5l
1732000 del eted gp52 2859000 2864000 del eted gp53 4488000 4493000
gp54 2520000 2524000 del eted gp55 4086000 4090000 del eted gp56
1253000 del eted gp57 1650000 1653000 del eted gp58 2186000 2189000
gp59 2474000 2477000 del et edrapp6® 3358000 3360000 del eted gp6l
3866000 WO 03/ 070880 PCT/US03/ 01800 47 Table 9 genes (identified

by b- nufBE? ) T UEEETEY o PERER d8tSET SR SEFafH SMOT: 560947, b0248, 00249,
b0250, BA25L0243025%345 00203, vbR54020026252,b0256, pbHRA5Ho2590268s, bQ259,

b0260,
b0270,
b0280,
b0290,

b0300 W30%1337, b1338, b1l339, bl340, bl341l, bl342, bl343, bl344,
)

b026D1024302825° . bBRES, b

b027 02450 22P270 'bﬁz'?’m 54'bg%6’ 0376 1927 8o ’
gg%@ﬁisl 8%2 %@%gglﬁogﬁg% . bﬁz?’bomzﬁ%bo% 9, ng‘zg

b028

640245028363, , PBEZ6 R0260268B 57 BOREGO

I 7 I
2.0 ) 28596 bOPB6, b8R8 ho2bdd28800bB2RI,
b02%0302002923, b®R93 boB299306h (0357, bEERY6 PoBP2FP31H0298, b0299,
blk45, bl34é, bI3z47,
1348, b1349, b1350, bl351, b1352, bl353, bl354, bl3s5, bl356, bl357, bl3s8s,
b1359, b1360, bl361l, bl362, bl363, bl364, bL365, bl36s, bl367, b1368, bL3s9,
b1370, b1l371, bl372, bl373, bi374, bl375, bi376, bl377, bl37s, bl379, bL380,
b1381, bl382, b1383, bl3s4, bl3s5, bl3se, bl3s7, bl3ss, bl389, bl390, bl39l,
1392, b1393, bl1394, b1395, bi396, b1397, b1398, b1l399, bl400, blaol, bl4ao2,
b1403, bl404, b1405, bl406, bl407, bl408, bl409, blalo, bl4ll

MD3: b2442, b2443, b2444, b2445, b2446, b2447, b2448, b2449, b2450
MD4: b2622, b2623, b2624, b2625, b2626, b2627, b2628, b2629, b2630, b2631, b2632,

b2633, b2634, b2635, b2636, b2637, b2638, b2639, b2640, b2641, b2642, b2643,
b2644, b2645, b2646, b2647, b2648, b2649, b2650, b2651, b2652, b2653, b2654,
b2655, b2656, b2657, b2658, b2659, b2660

MD5: Db1994, b1995, bl1996, bl997, bl99s, bl999, b2000, b2001, b2002, b2003, b2004,

b2005, b2006, b2007, b2008

MD6: b3323, b3324, b3325, b3326, b3327, b3328, b3329, b3330, b3331, b3332, b3333,

13334, b3335, b3336, b3337, b3338

MD7: b2349, b2350, b2351, b2352, b2353, b2354, b2355, b2356, b2357, b2358, b2359,

b2360, b2361, b2362, b2363

MD8: bl540, bl541, bl542, bl543, bl544, bl545, bl546, bl547, bl548, bl549, Dbi550,

b1l551, bl552, bl553, bl554, bls55, bl556, bl557, bl558, bl559, bl560, bl561,
bl562, bl563, bl564, bl565, bl566, bl567, bl568, bl569, bl570, bl571, bl572,
bl573, bl574, bl575, bls76, bl577, bl578, bl579

MD9: b4271, b4272, b4273, ba274, b4275, b4276, b4277, b4278, b4279, b4280, b4z28l,

b4282, b4283, b4284, b4a285, b4286, b4287, b4288, b4289, b4290, b4291, b4292,
14293, b4294, b4a295, b4296, b4297, b4a298, b4299, b4300, b4301, b4a302, b4303,
b4304, b4305, b4306, b4307, b4308, b4309, b4310, b4311, b4312, b4313, b431l4,
b4315, b4a31l6, b4a317, b4a318, b4319, b4320

MD10: b2969, b2970, b2971, b2972, b2973, b2974, b2975, b2976, b2977, b2978, b2979,

b2980, b2981, b2982, b2983, b2984, b2985, b2986, b2987

MD11l: b1138, b1139, bl140, bll4l, bill42, bli43, bll44, bll4s5, bllse, bila7, bll4s,

b1149, b1l150, blls1, blls52, blis53, bils54, blls5, bll56, bll57, blls8, blls9,
bl160, bll61l, blle2, bll63, bllé4, bliés5, blles, blle7, blles8, blle9, bll70,
b1171, bll72

MD12: b0538, b0539, b0540, b0541, b0542, b0543, b0544, b0545, b0546, b0547, b0548,

b0549, b0550, b0551, b0552, b0553, b0554, b0555, b0556, b0557, b0558, b0559,
b0560, b0561, b0562, b0563, b0564, b0565

GPl: b0016, b0017, b0018, b0019, b0020, b0021, b0022

GP2: b0577, b0578, b0579, b0580, b0581, b0582

GP3: b2389, b2390, b2391, b2392, b2393, b2394, b2395

@P4: b0358, b0359, b0360, b0361, b0362, b0363, b0364, b0365, b0366, b0367, b0368
@GP5: b0370, b0371, b0372, b0373, b0374, b0375, b0376, b0377, L0378, b0379, b038O
GP6: b2856, b2857, b2858, b2859, b2860, b2861, b2862, b2863

GP7: Db3042, b3043, b3044, b3045, b3046, b3047, b3048

GP8: Db0656

GP9: bl325, bl326, bl327, bl328, bl329, bl330, bl331l, bl332, bl333

GP10: b2030, b2031, b2032, b2033, b2034, b2035, b2036, b2037, b2038, b2039, b2040,

b2041, b2042, b2043, b2044, b2045, b2046, b2047, b2048, b2049, b2050, b2051,
b2052, b2053, b2054, b2055, b2056, b2057, b2058, b2059, b2060, b2061, b2062

GP11: b2190, b2191, b2192

GP12: b3215, b3216, b3217, b3218, b3219

GP13: b3504, b3505

GP14: bl070, b1l071, bl072, bl073, bl0o74, bl075, bl076, b1l077, bl078, bl079, b1080,

b1081, bl082, bl083

GP15: b1878, bl879, b1880, blssl, bilss2, blss3, biss4, blsss, blsss, blssg7, blgss,

b1889, blgo0, blsol, blsos2, bls93, blsos4

GP16: bl1l917, bl91l8, b1919, b1920, blo2l, bl922, blo923, blo924, bl925, bl2e6, bl927,

b1928, b1929, b1930, bl931l, bl932, b1933, bl934, bl935, bl936, ble37, blo38,



b0302, b0303, b0304, b0305, b0306, b0307, b0308, b0309, b0310 MD2: b1337,
b1338, b1339, b1340, bl341, bl342, bl343, bl344, bl345, bl346, bl347,
b1348, bMB0Y3/0DBSGO0, bl1351, bl352, bl353, bl354, b1355, bP8FAISOHABHY,
b1358, b1359, b1360, b1361, bl362, b#B363, bl364, bl365, bl366, bl367,
b1368, b1369, b1370, bl1l371, b1372, bl373, bl374, bl375, bl376, b1l377,
b1378, b1379, b1380, b1381, b1382, b1383, b1384, bl385, b1386, b1l387,
b1388, b1389, b1390, b1391, b1392, b1393, b1394, bl1l395, b1l396, b1l397,
b1398, b1398,93b14080, k4], biB1A0R19243p 402, HE404p1BdA0B347D AR, D497,
b1408, bl1409L95p1410, bl411 NMD3: b2442, b2443, b2444 %2445 b24%§3 b2447,
A

b2448, G‘Bﬁﬂgﬁig?%ﬁﬁ?, S b2522, BPAes v hidedh i 2b2s, B2h26, 062

2252628,
b2629, b2630;3:b2631ss. NABSY, be3bZ 638512634, h2685043826863550 26356, Hm23é"8,8,

b2639, b264B435p2641, b2642, b2643 b2644, b2645, b2646, b2647, b2648,

b2649, ?582%2@5%1%@%,%@@ §65°§2§§ﬁ°2 h2655, b2656, b2657, b2658,
b2659, %gﬁa DS 0: 0509415411895, BIRG6 b1 bROHA4eD1998, 1999, b2000, b2001,
b2002, dp20083480200483, 432005, b2006, b2007, b2008 MD6: b3323, b3324, b3325,

b3326, %g ,2?359EB§§§4@§%,§§8§,38 53%%5 %%ggﬁ %%g,%, b3334, b3335,
b3336, B3B37s0ab3 830N os 2040, BLAa0 o1 bas Sk osD28kas, B2@53, 0102350302355,
b2356, daz@wgggbz:&s&é,b@a%, Ezobzsag;égzzbz@@slg,, 422862020823 53099D3:20451, 540090 h 1541,
b1542, 4 1 b};ﬁg %%35945 gigé b1548, b1549, b1550, bl551,
b1552, %ig;%ﬁﬁﬁg;%gﬁﬁ'b 55, PH 1556 *B1557"° b1558, b1559, b1560, b1561,
b1562, vpi&68015h 156451, bk565, vdt566, bl567, bl568, bl569, bl570, bl571,
b1572, bl1573, bl574, b1575, bl576, bl577, b1578, bl1l579 NMDO: b4271, b4272,

ba273, B42.7453194245:6, 04276, bP427 £63184%480, 06379, 1042803042812, DA2E2,
b4283, hA428493:64285%7, b2, A28 B3 042881, bA28Y, ptEsRIBp3 15429136, b4R92,

b4293, b42914933p4 20539, PR 96, P134DOPO34B4 X983, P29, PHA30B 345430147 HA362,

b4303, .b430%i hEI0 HA3D6C05230722 04308, b4309, b4310, b4a31l, b4a312,
b4313. 4314830024315, 5431 653c043D7c26hA348, 1434903243206 WDI0E3129692 h2970,
b2971, 492972370B297308, KBITY bH20753712GPRL2. DBEIFT, bER87 B3I THIGPG16. BTIBO.

371 9, O b 37 33 .
b2981, %gﬁgmsgz?%éz,bzé%« %2933%243@2?@% s0,02987 MOLL: B1L38,,,51139,, b1140,
b1141, 425.01143, 'b1144, 1145, biid6, 'b1147, bll48, b1149, b1150,
b1151, dp31582357p115374, 1135154034341 5557 7h RSB, ¥BBI1S7 03450158581 1B5ER, 13583,
b3584, b3585, b3586, b3587
GP34: b3871, b3872, b3873, b3874, b3875, b3876, b3877, b3878, b3879, b3880, b3ssl,
b3882, b3883, b3ss4
@P35: bl289, bl290, bl1291, bl292, bl293, bi294, bl295, bl1296, bl297, bl298, b1299,
1300, b1301l, b1302
GP36: b2754, b2755, b2756, b2757, b2758, b2759, b2760, b2761
@P37: b0135, b0136, b0137, b0138, b0O139, b0140, bO14l
GP38: b0644, b0645, b0646, bL0647, L0648, L0649, 0650
GP39: b0938,, b0939, b0940, b0S41l, b0942, b0943, b0S44, L0945 ‘
GP40: b2219, b2220, b2221, b2222, b2223, b2224, b2225, b2226, b2227, b2228, b2229,
b2230
gp4l: b3376, b3377, b3378, b3379, b3380, b3381, b3382, b3383
gp42: b4a084, b4a085, b4a086, b4087, b4088, b4089, b4090
gp43: b0530, b0531, b0532, b0533, b0534, b0535
gp44: b0730, b0731, b0732
gp45: b1483, b1484, bl485, bl486, bl4s7
gp46: b2270, b2271, b2272, b2273, b2274, b2275
gp47: b2332, b2333, b2334, b2335, b2336, b2337, b2338
gp48: b4321, b4322, b4323, b4324
gp50: b0716, b0717, b0718, b0719
gp51: bl653, bl654, bl655
gp52: b2735, b2736, b2737, b2738, b2739, b2740
gp53: b4265, b4266, ba267, b4268, b4269
gp54: b2405, b2406, b2407, b2408, b2409
gp55: b3897, b3898, b3899, b3900, b3901
gp56: bl201
gp57: b1580, b1581
gp58: b2108, b2109, b2110, b2111, b2112
gp59: b2364, b2365
gp60: b3213, b3214
gp61: b3686, b3687, b3688, b3689, b3690



b1160,
b1170,
b0545,
b0555,

b0565

b0578,
b2394,
b0366,
b0377,
b2862,

b0656
GP10:

b2040,
b2050,
b2060,
b3218,
b1075,
b1879,
b1889,
b1921,

b1931,

b1161, b1162, b1163, bl164, b1165, b1166, b1l167, b1l168, bl1l169,
b1171, b1172 MD12: b0538, b0539, b0540, b0541, b0542, b0543, b0544,
bOBOG3/0DB5M 7, b0548, b0549, b0550, b0551, b0552, POFABN3/LBHGS,
b0556, b0557, b0558, b0559, bO560, b0561, b0562, b0563, b0564,

GP1: b0016, b0017, b0018, b0019, b0020, b0021, b0022 GP2: b0577,
b0579, b0580, b0581, b0582 GP3: b2389, b2390, b2391, b2392, b2393,
b2395 GP4: b0358, b0359, b0360, b0361, b0362, b0363, b0364, b0365,
b0367, b0368 GP5: b0370, b0371, b0372, b0373, b0374, b0375, b0376,
b0378, b0379, b0380 GP6: b2856, b2857, b2858, b2859, b2860, b2861,
b2863 GP7: b3042, b3043, b3044;1 kB@45, b3046, b3047, b3048 GP8:

GP9: b1325, b1326, b1327, b1328, b1329, b1330, b1331, b1332, b1333

gk 31, b2032, b2033, b2034, b2035, b2036, b2037, b2038, b2039,
éd% “'b2042, b2043, b2044, b2045, b2046, b2047, b2048, b2049,
b2051]. - b2@5RctepiafbEwinp208ehonedD&5s ghi2f68]y diz@fEeredid 068t lch2650,
b2061, b2062 GP11l: b2190, b2191, b2192 GP12: b3215, b3216, b3217,
saaliey thagpha genoppef ityREYS PEPIUSat 070, b1071, b1072. b1073. b1074.
b1076, b1077, b1078, b1079, b1080, b1081, b1082, b1083 GP15: b1878,
b1880, b1881, b1882, b1883, b1884, b1885, b1886, b1887, b1888,
b18902. b189fhe bict&9dm obTBIB, 1, Hh8fn PG onkeEli9 bEnetiodldyl Engilski%o be 920,
b1922, b1923, b1924, b1925, b1926, bl927, bl1928, b1929, b1930,
lsas Ry sinaka3harythe zanorpa of3is nasiye perenbsiay andywhergin theseag trepatson the

PCT/USO3/01800 48 193@5&%1 40, b1941 b1942, Db1943, Db1944, Db1945, b1946,

b1947, BESHE Tepgng o

b4331,
b4341,

b4325, b4326 b4327, b4328, b4329, b4330,
b4332, b4333, b4334, b4335 b4336, b4337, b4338, b4339, b4340,

b4342, b4343, b4344, b4345, b4346,
3, The bacterium of Claim 1, wherein its genome is genetically engineered to be at

least 14% smaller than the genome of its native parent strain.
4. The bacterium of Claim 1, wherein its native parent strain is an E. coli strain.

5. The bacterium of Claim 1, wherein the genome of the bacterium is genetically
engineered to delete from the genome of the bacteria one or more DNA selected from the group
consisting of flagella gene, a restriction modification system gene, a lipopolysaccharide surface
gene, an insertion sequence, a rhs element, a toxin gene, a pathogenicity gene, a fimbrae gene, an
invasin gene, a periplasmic protein gene, a membrane protein gene, a prophage, a pseudogene, a
K island, a bacteriophage receptor, a non-transcribed region in the genome of the native parent
strain and a gene or other DNA sequence that is not present in both of any two bacteria strains of

the same or related species of the native parent strain.

6. An E. coli bacterium having a genome that is genetically engineered to be smaller
than 4.27 Mb.
7. A strain of E. coli bacteria having a genome i$ genetically altered to be smaller

than 4.00 Mb.



b4347, b4348, b4349, b4350, b4351, b4352, b4353, b4354, b4a355, b4356,
b4357, b4358 GP18: b0497, b0498, b0499, b0500, b0501, b0502 GP19: b0700,
b0701, bOWOD3/0bBIO3, b0704, b0705, b0706 GP20: bl456, bl1#ET/UshidB8) b1459,
b1460, b1461, b1462 GP21: b3482, b34®3, b3484 GP22: b3593, b3594, b3595,
b3596 GP23: b0981, b0982, b0983, b0984, b0985, b0986, b0987, b0988 GP24:
b1021, b1022, b1023, b1024, b1025, b1026, b1027, b1028, b1029, b1030, b1031
ggggb b2880, b2881, b2082, b2083, b2084, b2085, b2086, b2087, b2088, b2089,
. b2094, b2 - , . b3443,
ho44d. basde” pastdre RE iR ElPdeRatinie BaRf (Aot o DRORA, D3
GP28:  bgaibie B8idh 6f khedd Fequbfiahsithdud Athdubing 2ears, HRSREthol 038R Prising BR3Steris0E24,
b0325, b0326, b0327, b0328 ,bOSng b0330, boag;, 33, b0334, b0335,
b0336. b0337, boBeknggnageficigdANY segipndq, theerikisial FUERPEAAMIEI§EIES O
b0345, 0347, 49  .h03E 0 , - h1507,
b1508. %%@%@fl%ﬁgég?n%%@%ﬁ%“ﬁggﬁggﬁﬁgﬂggégf%%%éég%gg?égg%g@?@ggggégmﬁgéz6,
b3627, h3f2Go beIERMd, 3R3Rd byAG3duendd GBRbaGRBLidehRANG,a drBTM8 sedpB7CIon 8710,
b3711, b3712, b3713, b3714, b3715, b3716, b3717, . b3718, b3719,  b3720, .
b3721 wBghtdEnkied fezenprs regiom e dejeieds ongha gder gshpsequesissaambebihies dgatical;

b2488, h2489, h2490 . 4 : b3574 577,
hatos. Boegoniagatmel §ibi the 8RR (e o DML e ARt § secdbpelifie Micloh> 1
b3871, fb’ég%rﬁtioﬂi) 38/ BotwbIBRé seiR3BIPnunitRSY 6ne 1386, 0na3B #ld olf BRARecaBBRO,

b3881, b3882, b3883, b3884 GP35: b1289, b1290, b1291, b1292, b1293, b1294,
b1295, hwkgsle, mddT seqenoanuphierdiaree op fimoghensnd of thedimapDiypgeologylesthe o755
E(Z)zgg’ g%ég}gﬁo%%i Ci]% ’noP%r%?e%m i@%@%@noﬁezg%e b@ﬁéﬁﬁm?om& b0136, b0137, b0138,

introducing the artificial DNA sequence into the bacteria under conditions

favoring homologous recombination between the first and third sequences and sequences in the
genome of the bacteria;

introducing into the bacterium whose genome contains the correct site insertion of
the linear DNA molecule an expression vector for a sequence-specific nuclease that recognizes
the recognition site;

expressing the sequence-specific nuclease in the bacteria; and

collecting the bacterium that survives the expression of the sequence-specific

nuclease and contains the correct deletion.

9. The method of Claim 8, wherein the artificial DNA sequence is introduced into
the bacterium by a vector carrying the artificial DNA sequence.

10.  The method of Claim 8, wherein the artificial DNA sequence is introduced into

the bacterium directly.

11.  The method of Claim 8, wherein the artificial DNA sequence further comprises:
a selectable marker gene between the sequence numbers one and two on one end
of the artificial DNA sequence, and the sequence number three on the other end of the artificial
DNA sequence.



8: b0644, b0645, b0646, b0647, b0648, b0649, b0650 GP39: b0938,, b0939,
55840, b0941, b0942, b0943, b0944, b0945 GP40: b2219, b2220, b2221, b2222,
b2223, b28D43/0DBER5, b2226, b2227, b2228, b2229, b2230 gPpeirUHIGRG) b3377,
b3378, b3379, b3380, b3381, b3382, b3383 gp42: b4084, b4085, b4086, b4087,
b4088, b4089, b4090 gp43: b0530, b0531, b0532, b0533, b0534, b0535 gp44:
b0730, b0731, b0732 gp4S: bl1483, bl484, b1485, b1486, b1487 gp46: b2270,
b2271, b2272, b2273, b2274, b2275 gp47: b2332, b2333, b2334, b2335, b2336,
b2337, b2338 12gp48themshod ohEBRR, 8, b3 the43R4nephitciMOiitbasdRTXKeer, D0718,
b0719 gp5l: bl1653, bl1654, b1655 gp52: b2735, b2736, b2737, b2738, b2739,
b2740 gp53: b4265, b4266, b4267, b4268, b4269 gp54: b2405, b2406, b2407,

: , 900, b3901 56: bl1l201 gp57:
51580, b1581 opber kaioncd poThan 8 e top Y 4 330 mals gdugie D030
gp60: bIxBendy3d homghsions b6AHinakidh 8Zwebd BRinchBORA mBREIR MO AIRREP

800. 49 CLAl . W CLAIM 1. - A bacterium having a genome that
:DST ggﬁgﬁflgéﬁlﬁ??%&l%@’é‘fe@awgﬁlgg%@@g@ Bed tecoybingpasyistam.t han the genome of its
native parent strain. 2. The bacteriumof Caim1, wherein its genone is
genetically engineered to be at |east 8% smaller than the genome of its
native parentldst r ai metind fohgiaRing afdeestion 3 HNW oS RS édubht® from the genome of a

bacterium without introducing scars comprising the steps of:

providing a bacterium containing an expression vector for a system that can
increase the frequency of homologous recombination and an expression vector for a sequence-
specific nuclease that recognizes a recognition site which is not present in the genome of the
bacterium, the expression of the sequence-specific nuclease is under the control of an inducible
promoter and the two expression vectors are compatible;

introducing an artificial DNA sequence into the bacterium, the artificial DNA.
sequence comprising: on one end a sequence number one identical to a genome sequence on the
left flank of the genome region to be deleted, followed by a sequence number two identical to a
genome sequence on the right flank of the genome region to be deleted; on the other end a
sequence number three identical to a genome sequence within the genome region to be deleted;
and a recognition site between the sequence numbers one and two on one end of the linear DNA
molecule, and the sequence number three on the other end of the linear DNA. molecule, the
recognition site not present in the native geﬁome of the bacterium;

expressing the sequence-specific nuclease; and

collecting the bacterium that contains the correct deletion.

15. The method of Claim 14, wherein the linear DNA molecule further comprising:
a selectable marker gene between the sequence numbers one and two on one end

of the artificial DNA, and the sequence number three on the other end of the artificial DNA.

16. The method of Claim 14, wherein the system that can increase the frequency of

homologous recombination is the phage A Red recombinase system.



genone resulting fromthe deletions. 3. The bacteriumof Caim1l, wherein
its genone is genetically engineered to be at |east 14% snaller than the
genone ofwpDtos/ommBl ve parent strain. 4. The bacterium of CPpairmst3/omher ei n
its native parent strain is an E. col3 strain. 5. The bacteriumof Caim
1, wherein the genone of the bacteriumis genetically engineered to delete
fromthe genone of the bacteria one or nore DNA sel ected fromthe group
consisting of flagella gene, a restriction nodification system gene, a

|| popol ysacghar | 4 ndiA6PmaRfiae dcfilioh B feldeAbng 8K BAGEriu of RSclghEITeNt, 3
toxin gene, a pathogenicity gene, a finbrae gene, an invasin gene, a

peri pl agndrae pofdresfkgemeseqaente Mithaneinproddodiga spanehe mefirodphmpeising the steps
pseudogene, a K island, a bacteriophage receptor, a non-transcribed region
in the Oé‘enorre of the native parent strain and a gene or other DNA sequence
that is not pres il I I : or

rel ated species gg&‘{lﬁglgﬁdg\%e:awgft%agr@ éérrr% H%s?i%&&%l%%B%b&zbﬂamgg%? gg@ﬁ havi ng
a genorreplidafibn tentagREblycid lejtagriihaponadert smdum anibidterresisthiatrgede;27 Mo. 7. A
strain of E. coli bacteria having a genonme is_genetically ,alterﬁg8 o be
smal | er than 4. Gosevng yBNSIBYGEY0 tecrrciosohy @%ﬁ‘b@lsegﬁompn?\esﬁ??? f or

maki ng a _del et ' ) ' gi on
or  knowne St Eed et 87 RS ey SFELNA ihBhecs RERENES e sRRBETREE

st eps Olanks fRKIaB@riaNseabinefregibato BINfelaed it baesidé hied tietotdr ONA séenseguence
conprising: on one end a sequence nunber one identical to a genome sequence
on t he iflefticaktogrieqednce Heat @e&l@n@e bacigyiad genumpegins| @ 1B otheppidened by a
sequence nunber two jpdenti.cal tq . n : h dght flank of
the genone regi orfr%f%%n%l?aecke 3;W1§1n@‘§ﬁ’§&§1{ %@?M@%%}é&@g&u@ﬁ%% nunber three
identical to a gapanRtsEtéeneRywiddlirbmblte afeagiRingelkt bivtdri tehadettdicit; toand
a sequence-specific nuclease recognition site between the sequence nunbers
one andsctopbfophaceda mrshich theheector hagnintaprgied inte Bebaeterial@eneME; sequence nunber

three on the other .end o e |i.near ecule, the . it siteis
not present in thaé:tléi%t?ﬁgeﬁlfs%eq{aﬁg:lglﬁé)tmépt)ﬁ'}%@m%}’%ﬁ?’%%ﬂijaclitnr}gm £ }%gl%glr%?'!lo% P%élqal DNA
sequencgtbPfdl ihethBaeh&hé;angnder conditions favoring honol ogous
reconbi nat’i on between the first and third sequences and sequences in the

genoi ne of the badewtifymyg tanteriaduwhich thaganonteaegian tebé deteinh beebagarishated.
contains the correct site insertion of

18. The method of Claim 17, wherein activating and inactivating the tetracycline

promoter is achieved through adding and removing a tetracycline inducer.



the linear DNA nol ecul e an expression vector for a sequence-specific

nucl ease that recognizes the recognition site; expressing the
sequence-wpagsifis8o nucl ease in the bacteria; and coll ecti ngCrhmsobesoeri um
that survives the expression of the s8guence-specific nuclease and
contains the correct deletion. 9. The nethod of Caim8, wherein the
artificial DNA sequence is introduced into the bacteriumby a vector
carrying the artificial DNA sequence. 10. The method of Caim8, wherein
the artifici (1S ' t ' i tly. 11.
The met hod of>'cl st FRglosReraind RASRF RN By I3 REHER! HE LR

conpr i sgsiomedegioh € kadw e sdRibh& willkuir iheidvweian atsber, Sequehedcompristigthe sepand
two on one end of the artificial DNA sequence, and the sequence nunber
three offithe other end of the artificial DNA sequence. -WD 03/ 070880

PCT/ US03/ 01800 51 12.. T d ' ' SEOH -specific
nucl ease is I-Sce?#““qggQ%ﬁggﬁggﬁgﬁhgﬁ%%§g%ﬁ$%m®§p§%§¥&2§%pr|S|n aégystem
that capplibgionasstrdbiia by the @iLRgMinefpriaskt, ag aUESbibHE esistad ke ahdbh vepBndde

l'i near D&A nol ecul e and the genone of the bacterium the system being the
phage RecHisgwelshsrageogyiaanestic; 14. A nethod for nmaking a del eti on of DNA of
known sequence fromthe me_of. bacter i i t:h. i i cars
conprising the stEBQ%Sg?ggggdP%PHB%gh%X%F%$Pﬁﬁ?@%ﬁpﬁﬁﬁ?ﬁﬁ&gﬁg§§%P§¥§ion

vector. §é21['i1_el?ce§ Yoeh@ ekl aaiothefWhadEfo e MENAI8qLROE 15 iBénthtanidl 0@quhce that
reconbi nati on and an expression vector for a sequence- specific nucl ease

t hat r efagssithebacteriad goymig fegivngp be deletedipn anersiste apddsepthe; RNAhequgese e of
the bacierium the expression_of the sequence-.speci.fic, nuclease i s under
t he conﬁea{lca:ﬂfo %ﬁequﬁﬁ‘ifctﬁ?)tl fiﬂ“&b FW&@F&F‘&@@? OPRdcE oggﬁrog%%ri Lif*vectors are
conpati bl e; i ntroguedHighial badibiid (vith Me FIdr SEAIRMELhE TIOA iliertbact eri um the

artificial DNA sequence conprising: on one end a sequence nunber one
i dentical to a gemmnévaimguenttracyelingpromasértantllexpising thebecigamtmibe apghionc to

be del eted, fallowed by. equence nunber t identical to a genone
sequenc@ﬁﬁﬁf’7 °?F@ﬁ?“¥mgﬁﬁeg?“?ﬁ%?ééﬁ%ﬁ%dﬁﬁpﬁ%ﬁ‘F%ﬂ Zgﬂgpg%ed; on the
other end a Sequegﬁ&gﬁﬁﬂ?%tottﬁ@ SRtdAeR WiEd tht Qe&oﬂﬁé%gﬁ%‘iﬁt@QEC Bhdidiar the
genone region to be deleted; and a recognition site befween the sequence
nunber s gameneatexpnssion vecer frd sefludnbe spdcrfeamuchidse that recognizes the recognition
site;
expressing the sequence-specific nuclease in the bacteria; and

identifying bacteria in which the genome region to be deleted has been deleted.

20.  The method of Claim 19, wherein the sequence-specific nuclease is I-Scel.



nol ecul e, and the sequence nunber three on the other end of the |inear DNA
nol ecul e, the recognition site not present in the native genone of the
bact eri unMivoegprm8si ng t he sequence-speci fic nucl ease; andPcolusey0isng t he
bacteriumthat contains the correct d®l etion. 15. The nethod of O aim 14,
wherein the linear DNA nol ecule further conprising: a selectable marker
gene between the sequence nunbers one and two on one end of the artificial
DNA, and the sequence nunber three on the other end of the artificial DNA
16. The neth of i i i

frequency of 9(flh o] néqfqgg{c? ?g ]férerg ﬁﬂnﬁlg aag ng%‘t@}i g@g %Igg?p%g%téer&? %eeﬂ %?%‘ggﬁg Hﬁrll\glge

syst em sdfleDd WHESBAhEONAISRBEALENA thdstlekied régioRrichodndedgo hadologow del eti on
in the genone of a bacteriumat a selected genone region of known sequence
Wi t hout TecambaRpierge madkag commsingghegf@rcipri sing the steps of: providing

FonEeLe L TR P S B Dy

resi st apdplig&idh controfed by fie tardNéind1gembter,Hnd ahhativieet edsistdnd @eddNA i nsert
conpri ses two DNA sequences |ocated next to each other wherein one DNA
sequence is i dent iksgitings BNSeigershigio thisaector, [thmiBIA meerp sermptises thegdNone

region to be ed{[e(:)l et ?d.on ong cst&gee aond fItFe 'Oc&]ehfaa'i %es_equence is identical
to a se&ffélﬁg% hi® ?clnéﬁﬁ?g TRE“OEE D VA e%aé _rrpgregi 0n on the other side;
transform ng bact gah&owhing bhabteriy 86thhe ¢Rrabhiaftfing the TINA ihdsier t ;
inactivating the tetracycline pronoter and exposing the bacteria to the

antibiotic to seligastivitog thetatreyding praveterendrxposing e tagkstip i thgraatieiatit tn o
t he bacteri enone; act,iyati the tetracycljin ropoter in the bacteria
oy oReptaey SERe i a5 B g e kBl AT bR Bl MR i ng
bacteria in whi ch bR TRRIES1IRANplotida ifl el REriAS Whednhe otRbaths 18.
The nethod of Claim 17, wherein activating and inactivating the

t et r acy aitegreted pmtortint genoies; awhi eved t hr ough addi ng and renoving a
tetracycline inducer.. WD 03/07088Q .PCI/ US03/ 01800 53.19. nmet hod for

meki ng a del et onl‘f‘?’imtfﬂﬁg g%‘?ﬁf?em Ohlﬁ\hcig’ﬁc?F ?ﬁegﬁ?%%n%f%“a@ﬁ@am rﬁBﬁB?‘F{aW}tggi on
of knowm,SERUERGRenMe! hout introducing a scar, the nmethod conprising the

st eps

22.  The method of Claim 21, wherein activating and inactivating the tetracycline

promoter is achieved through adding and removing a tetracycline inducer.



of : providing a vector that conprises a tetracycline pronoter, a |anbda
origin of replication controlled by the tetracycline pronoter, an
ant i bi ot iwores7ss@nt gene, and a sequence- specific nucl ezse/useragm ti on
site; inserting a DNA insert into theSvector, the DNA insert conprises two
DNA sequences | ocated next to each other wherein one DNA sequence is
identical to a sequence that flanks the bacterial genone region to be
del eted on one side and the other DNA sequence is identical to a seguence
that fl anks e bagc i al r.egi : 2% b8 Em i ng
bacteria wt g’t he%{ggﬂg? fg%%?%?ﬁg%%eﬁ%d%&%‘ﬁ%ﬁ%&?ﬁaﬁ ctl v%‘%’?ﬁgflgﬁg
t et r acy g¢queicdwhereinghe DINA ssgposdertgd thesdiatddargian tcan tthdergmhotnologows t o
select for bacteria in which the vector has integrated into the bacterial
genone; T¢RmbarAtiennige matlpd soamsisiedhs sepsPfahi ch the vector has integrated
into the bacteria | . f - ifi c
Ul case 1 hat T eoBiRO08 i ealy BELERRH A0 Wik lin ProfoRs 1aRRE: SRER ok
sequenceesiieaidd cantidUed bage tkifadybiéndyacieter,ain anidiotidecdistintigege, had haequente:
whi ch the genone region to be deleted has been deleted. 20. The nethod of
C ai m 19peapfierdlepse FReosBHORFE®- speci fic nucl ease is |-Scel. WD 03/070880
PCT/ US03/ 01800 54 _21. h ' SE ' a

fnse mgaédﬁﬁtA 1?1961{ o {h%\%gla%}q ?RIZ\ Jﬂgéjt %im s L ]g@ﬁi he

bacterial genone W seqguence erein sequence a
sel ect edediREEORYT 8 adiEBE leftedRPlR@ M Zhe batQDcaRimgN, the met hod
conprising the steps of: providing a vector that conprises a tetracycline
pronoter, a | ambdarassfoghimgdcteriepiithdbe vestorcontaing the INYAtiAerg et r acycl i ne
pronoter, and an anti.biotic resistant gene: _Jnsert] ' 1 g
Phe vector -t ho DA RamHs B liRFTOBE AR Brgnd B5Guhe B Getiti IRFRGOLRL®
sel ect edek@dbPPackirid svIRac e veabr BRNARBsated ihRNEE BAdTENY gBdeheria with the
vector containing the DNA.insert; inactivating the tetracycline pronoter
and exposi ng t he baedncing inte thébacieria ibivdticle the yectorhascntegeatedointa the bactpal
whi ch the vector has.int eigorﬁ ted into the 'ﬁﬁCt‘ﬁri al genone. a,[gltivati.ng t he
t et r acy GEPOMRS B SHIPRION YOI OTateBYICE SPRP R PSR A EEPEF 2L ITREUGP AL ed
into thegjgenone; and identifying bacteria in which the selected genone
regi on has been replaced with

expressing the sequence-specific nuclease in the bacteria; and

identifying bacteria in which the selected genome region has been replaced with

the DNA sequence.

24.  The method of Claim 23, wherein the sequence-specific nuclease is I-Scel.



t he DNA sequence. 22. The nethod of Claim 21, wherein activating and
inactivating the tetracycline pronoter is achieved through addi ng and
renovi ng wotoanr@eycl i ne i nducer. WO 03/ 070880 PCT/ US03/ 01200/USSH0BB0 A
met hod for replacing a selected regi 0% of a bacterial genome with a DNA
sequence wherein the DNA sequence and the sel ected regi on can undergo
honol ogous reconbi nation, the nmethod conprising the steps of: providing a
vector that conprises a tetracycline pronoter, a |anbda origin of
replication sont! lhafod¥odifit Sl HACHG! infific DLRRI 6o bfbrdftf i Rlckfed

resi stant gene, and a sequence-- specific nuclease recognition site;

i nsert i gghotncMioh RERNOWH BEquehdre theanéthod carhpridibgthierssps bf:conpri ses t he DNA
sequence for replacigg the sel ected region of the bacterial genone;

transforming bact BiOVEIN & Heqip i OrrIsEL AT PEREC BRAICA 7S Epqenition site

| nact1 Vgﬁd 2% HRA #gﬁ%&gy Ghd OB IER TBhEL AN aegéﬁﬁaice Ghet PERRACHRAdrRAI bndnfte
antibiotic to selec or bacteria in which the vector has integrated into
t he bacfegidnao byl oni dtiersddtlgidrifie bihtoof wikich écidentical forn seqiiafve thee flask< the has
integrated into the bacterial genone an expression vector fgr a
sequenchacipiad genanaeeicapsehe phet sidegyireBdhe o PYAtHReceharedpgated next to
expressing the seguence- |1 LD b and: kfiyi ng
oart o SO PR S AP (AL RIRE L RO Bt N BB S dg

DNA sequgi@e theldvo DN svatieieds o tHelwatior;23, wherein the sequence-specific
nucl ease is |-Scel. WO 03/070880 PCT/US03/01800 56 25. A nethod for naking
a del etion in theintjwdoningdic eckraantebaeisiigit a sel ected genone region of

k , th hod i Si ; .of ¢ | di : h
koo, seauence, | LG EONPLL MBS S 0581 cBlH ELDRAS GG 1

sequencggcloNns tod ravdihiRed te kélRBhitioALItE;0 @ sequence that flanks a bacteri al
genone region to be deleted on one side and the other of which is
identical to a sedudueinghiato the semesbactesia asystemrthall cap anraense thediegyersy ethe

on'the YERPIEOT - RAbEo Rib s FEHCIRE SudERe R oD Insh e rBEle it
i's | ocapgderia; and

identifying bacteria in which the genome region to be deleted has been deleted.
26.  The method of Claim 25, wherein the sequence-specific nuclease is I-Scel.

27.  The method of Claim 25, wherein the system that can increase the frequency of

homologous recombination is the phage A Red recombinase system.



outside the two DNA sequences on the vector; introducing the vector into
bacteria; introducing into the sanme bacteria an expression vector for a
sequence-wpaaiofisso nucl ease that recogni zes the recogniti @TAISOE)1800
introducing into the sane bacteria a ¥ystemthat can increase the frequency
of honol ogous reconbi nati on and at the same tine expressing the
sequence-specific nuclease in the bacteria; and identifying bacteria in
whi ch the genone region to be del eted has been deleted. 26. The method of
G ai m 25, whegein AEHﬁt&%%%?ﬁa@ﬁ:%%efc‘cf‘cd%’ﬁbﬁ@P@bé&eﬁaﬂ g@ﬁ‘dme $#h a Thigaet hod
of Claim 25, wherein the system that can increase the frequency of

honol ogseguenecwhtricmahe BINA seduercemaighe sgledRatiregmaaab undsgo bymbgpus\O

03/ 070880 PCT/ US03/01800 . 57 28. A method_ for replacing a selected region
of a badt¥rieapalioan FRedcommigres LE§iGRHEE wherein the DNA sequence and the
sel ected regi on CaRoyigrARclap ik fbitses hSEARALAIdAL miliEsdRb A Hion site
conprising the steps of 7 providing a vector that conprises a

sequenc end flecDNAcsequerice dwerepleciog thd setectedirtgon afithetbaeteiiblenenuenbeaeiidhe

repl acing the sel ected regi on of the bacterial  geno wherein the
sequencés %@&?-me@%ﬁ@&%@%&m Hliedh lacpted onisidea DBIA Sritienereon e vester
sequence on the V‘?ﬁt}éﬁubirfg%éQQ&&jiﬁ%ﬁaﬁf‘eﬁXECtOr into bacteria; introducing
into the sane bacteria a-systemthat can increase the frequency of

honol ogous r econbiimaddueing ihtotthe same bagtériatosystem thanenlinateeitike fequerer eSsi on

vector for a sequence-specific nuclease that recognizes the recognition
site:; elsPwlegongrecABbERE®nce- speci fic nucl ease in the bacteria; and

eplaced. 2o Thit T B aE e RinOGRRR SRbRARE 0ol R SR el

nucl easeutikade-tb@igbcogdlles THeaccophltn sie; Cl ai m 28, wherein the systemthat can
i ncrease the frequency of honol ogous reconbination is the phage 2 Red
reconbi nase syst erfkpssing\thssequancenipgsifirducdassopip thpbagieiaasadof clai m 14, 17,

19, 21, 23, 25, Orid%r&fgiﬁé Pftégc‘? a?ﬁ}a\ﬁﬁiicﬁ 166%6%81!;1g ir@%?ﬁ R bce:I r%i rzpce?’d]ha%%er:ne %eBlsaltcgé

genone is at | east € genone I'ts ‘natrve paren rain.

29.  The method of Claim 28, wherein the sequence-specific nuclease is I-Scel.

30.  The method of Claim 28, wherein the system that can increase the frequency of

homologous recombination is the phage A Red recombinase system.
31. A bacterium produced by the method of claim 14, 17, 19, 21, 23, 25, or 28.

32. A bacterium according to claim 31 wherein its genome is at least 5% smaller than

the genome of its native parent strain.

33. A bacterium according to claim 31 wherein its genome is at least 7% smaller than

the genome of its native parent strain.

34. A bacterium according to claim 31 wherein its genome is at least 8% smaller than

the genome of its native parent strain.

35. A bacterium according to claim 31 wherein its genome is at least 14% smaller

than the genome of its native parent strain.



33. A bacteriumaccording to claim31 wherein its genone is at |east 7%
smal l er than the genone of its native parent strain. 34. A bacterium
accor di ngwoe3ofmBm 31 wherein its genone is at | east 8% swarluso3/otsen t he
genone of its native parent strain. 3. A bacteriumaccording to claim 31
wherein its genone is at |east 14%smaller than the genone of its native
parent strain. WO 03/070880 PCT/US03/01800 58 36. A bacterium according to
claim 31 wherein the genone is at | east 20% snaller than the genone of its
native parent3etrah BactddumAcBaging'th &lalia%h Qﬁw?eiﬂﬁ{&_ ofnb YRMBISE B0 BN ALy MOT €
genes encoding a protein which i's secreted into its periplasmor processed
in the pban thegsnoms ofies watont. paBBt sthaibact eri a according to claim37 wherein
said one or nore genes are selected from the group consisting of fliY,
yedO, nfnB, tauA, nppA, tynA, chiA finC, fecB, ygiH yagP, and yhcA 39.
An i nproved hod j [ ' ' [

conpri si ng: ﬁ?t r odAufgigﬂaﬁi%ﬁ%‘gﬁ%h %g%c{ng{?%vggg%?%%rﬁ?%%gh% %@&iﬁg%%&% 5,
6, 7, 32whi8Bjs s®dretc@hnto3d 6, periptasiior prooession theqrepiplasinnig deletsA encodi ng a
protein having a signal sequence operative linked to an expression control
sequence; grow ng the bacteriumunder nutrient conditions suitable for

expression ofsd he pralglin, eneads R)gcl%'ﬁ‘ﬂ ﬁﬂere%a&d%eo&%o%%}?&%ré Hlected fro

expressi ng reconbi'nant proteins®in a bacterium conpri Si I'ntroducing Pht o
a bact ertheigroapcongdsting dfdliv] sed0,JMmB, tmeLtapp £,a5pAj chi AgfiaCNAB, ¢5ED ¢hghy add
protein having a signal sequence operatively linked to an expression
control 3§’ééuence, growi ng the bacteriumunder nutrient conditions suitable
for expression of the protein encoding DNA 41. The nmethod according to

cl aim 38 wherein the expression control sequence is constituitively

expressed. 4239. TheAmbhpsedareiodi figexplessingiredoabiNde bRitéIné en BcRiTRES! on
control sequence is constituitively expressed 43. The nethod according to

cl ai m 3&oRpESBIg intEedusingrintost bastasivat aesprdingioatdim 1.2, and, 5 Adlc3DI38, Y.édodGr .
VO 03/ 0709%%% \B(g:c-[érl%%%%nosiln%oepDNA encoding a protein having a signal sequence operative linked

to an expression control sequence; growing the bacterium under nutrient conditions suitable for

expression of the protein encoding DNA.

40.  Animproved method for expressing recombinant proteins in a bacterium
comprising introducing into a bacterium according to claim 31 a vector comprising a DNA
encoding a protein having a signal sequence operatively linked to an expression control sequence,

growing the bacterium under nutrient conditions suitable for expression of the protein encoding

DNA.

41.  The method according to claim 38 wherein the expression control sequence is

constituitively expressed.

42.  The method according to claim 39 wherein the expression control sequence is

constituitively expressed

43.  The method according to claim 38 wherein the expression control sequence is an

inducible promoter.



59 44. The nethod according to claim39 wherein the expression control
sequence is an inducible pronoter. 45. A nethod for replacing a selected
regi on ofwaobaoiseri al genone with a DNA sequence wher ei nPCRAISDMAI88EqUENCE
and the sel ected regi on can undergo h¥nol ogous reconbination, the nethod
conprising the steps of: providing a vector that conprises a
sequence-specific nucl ease recognition site and the DNA sequence for

repl acing the selected region of the bacterial genone, wherein the
sequence- specisf i ¢ 1H4GhA&RSEadcBAREMOdIAM 9 FBerbih the eANBGi AR LsdqlendMan
sequence on the vector; introducing the vector into bacteria; introducing
i nt o thendmitde pmwotageri a a systemthat can increase the frequency of

honol ogous reconbi nati on; introducing into the sanme bacteria an expression
vector for a sequence-specific nuclease that recogni zes the recognition

site: expressisng AmARAUBARGIRREH dolicRHELioRSLa bikibdle (BAGhE Wi R 191U
identifying bacteria in which the genone region to be replaced has been

r epl acedequetée whtreimtht DINIA eéquehead anddbe selbmediegicniven sadgrenbemspgoud i C

nucl ease is |- Scel. 47.(££e met hod_ of clajm45 wherein the systemfor

i ncr eas P FRPPHIRBI8g G Snctht eAmBRTIFARG R SteBS OFe phage X Red recombi nase system
48. A |linear DNA YN oTo b &Bﬁ{
identical toag ﬁ%ﬁgﬁ-%aﬁgﬁ%ghﬁﬁﬂ?ﬁgg?gggﬁngﬂﬁﬂﬁﬁﬁ? eﬁgg%%%e réﬁ?@% to
be del etard thedldNAcCsnterice for splgtiap tie seiuetadaegivnof thddattieral gehoma, Whereintethe
sequence on the rjight flank of the gggfn1e region to be deleted; on the

ot her efBIUSNSEERFSHICUGFRBRICCOFTERN Fitpdpiqeated outside the PO SABGhesUEIGVEHPH t he
genonme region to; e X -speci fic nucl ease recognition site
bet ween t he sequeﬁ@%xﬁﬁkggﬁgVaﬁﬁgﬁgﬂgﬁﬁﬁg’on one end of the linear DNA

mol ecul e, and t he istesfigigantoUR®sdmé Bact@iasybiat bk ingagbe tie frfichtyne@r DNA
nol ecul e, wherein the sequence specific recognition site is not present in
t he gendREOMZOPHECHIGIHIPEM WO 03/ 070880 PCT/ USO3/ 01800 60 49. The |i near
DNA of claim45 f . CONPri. Si ect ahl e .marker n et ween
sequence nunbers glﬁltté@%%? 1\% tg%g%%eegaé:?]eg‘laoa% e%ﬁree%fllgﬁgg(gof%iagee%ﬁé%% ,echﬁr?d t he
sequenc eubleadeahat rédvpazed thelrb&gaith@rsitend of the |inear DNA sequence.

expressing the sequence-specific nuclease in the bacteria; and

identifying bacteria in which the genome region to be replaced has been replaced.
46.  The method of Claim 45, wherein the sequence-specific nuclease is I-Scel.

47.  The method of claim 45 wherein the system for increasing homologous

recombination is the phage A Red recombinase system.

48.  Alinear DNA sequence comprising: on one end a sequence number one identical
to a genome sequence on the left flank of the genome region to be deleted, adjacent to a sequence
number two identical to a genome sequence on the right flank of the genome region to be deleted;
on the other end a sequence number three identical to a genome sequence within the genome
region to be deleted; a sequence-specific nuclease recognition site between the sequence numbers
one and two on one end of the linear DNA molecule, and the sequence number three on the other
end of the linear DNA molecule, wherein the sequence specific recognition site is not present in

the genome of the bacterium.



50. The linear DNA of claim45 wherein the sequence specific nucl ease
recognition site is an I-acel recognition site. 51. The |inear DNA of

cl ai m 45 wbese70ssd he sel ectable marker is an antibiotic PETIGSOHMS gene.
52. The linear DNA of claimb51 wherei@ the antibiotic resistance gene
confers resistance to chloranphenicol. 53. A bacteriumconprising an
expression vector for a system capable of increasing the frequency of

honol ogous reconbi nati on and an expression vector for a sequence-specific
nucl ease thaygr ecagpizes I?Nﬁ"&%@di‘mtztsoﬂﬂnﬁéﬁ&ni[{tﬁisﬁ@ d S1RbIPANERENSereDebitRn
genone of the bacterium ~the expression of the Sequence-specific nucl ease
bei ng usegendehamtioms oxd arclf twaron cxcteai bif éhefineanDIA segnehoshardethe s¢quentemmmber
expression vectors arg %onpatible, and further conprising a |inear DNA
sequencdrepaphedthsg-end of BirdneAtDN Asegiet€e nunber one identical to a genone
sequence on the left flank of the genone region to be deleted, followed by
a sequence nunber two identical to a genone sequence on the right flank of
t he genone r Qi on The lineardeNat efdtiaimni st kereinhke segnence sps@fic andeasauedognitivhr ee
identical to a genone sequence within the genone region to be deleted; and
a sequefideisepderce] recpgiliensée-r ecogni tion site between the sequence nunbers
one and two on one end of the linear DNA nol ecul e, and the sequence nunber
three on the other end of the Ilinear DNA nolecule, the recognition site
not present isn, t hghedinemeDYANsTicimofs wheeinahé edléatable frirkef canmcibaiticum of
claim 52 wherein the |inear DNA nol ecule further conprises: a selectable
mar ker &RSHRBANGEEEREN t he sequence nunmbers one and two on one end of the
artificial DNA and the sequence nunber three on the other end of the
artificial DNA. 55. The bacteriumof claim52 wherein the systemthat can

i ncrease t he sbr equeReneaf DNAGTIGB0ISWhEERTHE Aaibicty lesistahe: gnagenfrs Red
recoi nbi nase system WO 03/070880 PCT/US03/01800 61 56. The bacterium of

cl ai m 53esiianceitpchlhrmphieaicohbl e maker is an antibiotic resistance gene.

57. The bacterium of claim56 wherein the antibiotic resistance gene
confers resistance to chloranphenicol. 58. The bacteriumof claim52

wher ei n the ggquencgacifsh bbGpAsial 8R 8L rbssidm Ve for Dstoth ¥pEblelof Gmddsingl NY
a sel ectabl e marker gene, a replication origin under the control of a

pr onot ethe Gequienseof hammlpptusceroprtiisition aad fanesprefiign sewiurdnate seppaesespecifio a
second

nuclease that recognizes a recognition site which is not present in the genome of the bacterium,
the expression of the sequence-specific nuclease being under the control of an inducible promoter
and wherein the two expression vectors are compatible, and further comprising a linear DNA
sequence comprising: on one end a sequence number one identical to a genome sequence on the
left flank of the genome region to be deleted, followed by a sequence number two identical to a
genome sequence on the right flank of the genome region to be deleted; on the other end a
sequence number three identical to a genome sequence within the genome region to be deleted;
and a sequence specific nuclease recognition site between the sequence numbers one and two on

one end of the linear DNA molecule, and the sequence number three on the other end of the

linear DNA molecule, the recognition site not present in the native genome of the bacterium.

54.  The bacterium of claim 52 wherein the linear DNA molecule further comprises:
a selectable marker gene between the sequence numbers one and two on one end

of the artificial DNA, and the sequence number three on the other end of the artificial DNA.

55.  The bacterium of claim 52 wherein the system that can increase the frequency of

homologous recombination is the phage A Red recombinase system.



DNA sequence and in the sane orientation, one of which is identical to a
sequence that flanks one end of a bacterial genone to be deleted and the
ot her DNAeaqgueisse i dentical to a sequence that flanks tReTatsh&oisend of
the bacterial genone region to be del@ted. 60. The vector according to
claim59 further conprising a third DNA sequence disposed between said
first and second DNA sequences. 61. The vector of claim59 wherein the

sel ectable marker is an antibiotic resistance gene. 62. The vector of
claim 61 wherein the selectable marker confers resistance to

chl oranpheni col . 63. The vector of claim59 further conprising a sequence
speci fi ¢ nuch@aseThe baderininh bHelai 52 whérkin fheeeleetablomakfer | aai amtibdtivhesigantet he
sequence specific nucl ease recognition site is |-Scel. WO 03/070880

PCT/ USOZ"§1800 62 65. A kit conprising one or nore vials, said vials
containing one or nore DNA selected fromthe group consisting of the DNA
of clains 48, 49, 51, 52, and 53, and optionally a- buffer, nucleotides, a
restriction gnhdonTh¢ baseiandf elaipob§ mbhessethe@atibitik rdsistaict gemd copfaame or nore
vials, said vials containing a vector selected fromthe vectors of clains
59 60, Wiistagoe togrhloyampheniegld optional ly a buffer, nucleotides, a
restriction endonucl ease, and a polynerase. 67. An E. coli having |acking
9% of its protein coding genes when conpared to its native parent. 68. An
E. coli havifg abThé bddertifia of clains 5P bleasimthe gedurgic@sprefichieitasoRpseeld to its
native parent. 69. An E. coli having about 21.5%of its protein coding
genes when conpared to its native parent. 70. A bacterium/| acking one or
nore DNA sel geted,fr t.h . i.sting of fl . ,

restriction ﬁ%difﬁsﬁﬁﬂ%ﬁ°§?§ﬁgggégﬁggb§r¢ d%ﬁ%?%égbgﬁ%bsagﬁgﬁnggghSene, an
i nsert i gt aPePronoter, b SnsSHRAEINA cBmipeiXin a0BREDNA egtdiee adjacdrt Yo H&5tend a
finbrae gene, an invasin gene, a periplasmc protein gene, a nenbrane

pr ot ei nD§¥nesquangsravghm e, samepsisn@bgarmse of whidhsis igraticaldo b aequsneoibabijanks

gte (r: Sir)f,loca%edea}‘glncﬁlﬂ' a_l;[atz%?l% éelngren% t6%¢ Idglre]:teldréntc"l Lgl'?e &EenrcﬁﬁAosfeqaer}l%e E‘cﬁetnl[igﬁ t& grsgq"l]}ence

—

that flanks the other end of the bacterial genome region to be deleted.

60.  The vector according to claim 59 further comprising a third DNA sequence

disposed between said first and second DNA sequences.

61. The vector of claim 59 wherein the selectable marker is an antibiotic resistance
gene.

62. The vector of claim 61 wherein the selectable marker confers resistance to
chloramphenicol.

63.  The vector of claim 59 further comprising a sequence specific nuclease

recognition site.

64.  The vector of claim 59 wherein the sequence specific nuclease recognition site is

I-Scel.



gene or other DNA sequence that is not present in both of any two bacteria
strains of the sane or related species of the native parent strain.

WO 03/070880 PCT/US03/01800
62

65. A kit comprising one or more vials, said vials containing one or more DNA
selected from the group consisting of the DNA of claims 48, 49, 51, 52, and 53, and optionally &

buffer, nucleotides, a restriction endonuclease and a polymerase.

66. A kit containing one or more vials, said vials containing a vector selected from the
vectors of claims 59 60, 61, 62, 63 and 64 and optionally a buffer, nucleotides, a restriction

endonuclease, and a polymerase.

67.  An E. coli having lacking 9% of its protein coding genes when compared to its

native parent.

68.  An E. coli having about 15.6% of its protein coding genes when compared to its

native parent.

69. - An E. coli having about 21.5% of its protein coding genes when compared to its

native parent.

70. A bacterium lacking one or more DNA selected from the group consisting of
flagella gene, a restriction modification system gene, a lipopolysaccharide surface gene, an
insertion sequence, a rhs element, a toxin gene, a pathogenicity gene, a fimbrae gene, an invasin
gene, a periplasmic protein gene, a membrane protein gene, a prophage, a pseudogene, a K island,
a bacteriophage receptor, a non-transcribed region in the genome of the native parent strain and a
gene or other DNA sequence that is not present in both of any two bacteria strains of the same or

related species of the native parent strain.



